


���������

� 	 
 � �� � �

� � � ����� 
�� ����� � ��� � � ��� �

� �"!�#%$'&)( *,+,&.-0/21 35476847!9&;:<1

� = �� �>� � � ?@
 � � �A� � BDC

�.� � ��� = � � � �A� � � �

� � � E �.� �F� � ���G� H ?@
I� � � 	 �.� �

JLKNMLOQP�J>RTSVULMXWZYQ[ \2]_^a`cbedafhgjik`2lnmaopfrqsln]ut

v9wxwzy|{2}Z~����"��{G���0� ��x�



���h���_�n�e����s�����e���h�n�Q���u���p�c�����n����� p¡

¢�£a¤¦¥h§8£¨¥h¤.©�ªc«c¥9¬®c°¯T±_²�²r³�³�³µ´a¶�·°´°¸®¹a¶sº¨»°�¼k½8·p®¹p¾®¸®¿eÀaÁk½_ÂeÁcº�²®ÃsÄc¾�º®°¬�²e®¹a¿�¶p¯T½Å¬µeÆ�»ÈÇsÉc£�¤ÊªcËÌ£¨Í
ÇsÎ¨§8§8¥s£�¤.Ë|£¨Ï�É�§8ÐÑªe¤¦Ë|Éc£Nª°Ò0ÉcÎµ¤.¤¦Ó¨ËÌÍVÒ0É®ÉcÔÈª°£¨ÕN§8¥sÖ×ªe¤¦¥sÕNÒ0É®ÉcÔaÍrØ
Ù ¥s¥Zª°Ö|Í8É5¬a�°¯T±_²c²p³�³�³µ´�¶a·°´°¸®¹�¶rº¨»°�¼k½8·p®¹p¾®¸®¿eÀaÁA½�ÂcÁ°º�²®ÃsÄc¾�º®°¬�²a·eÚeÛÜ½Ý¬®eÆ�»ÈÏ�Éc§VË|£¨Ï�Éc§8ÐXªe¤¦Ë|Éc£
ª°Ò�ÉcÎµ¤ßÞ�à�áxâ�ã�äeå¨ænçeè�é7êTèÊärë�à�ì<äeíhápîµË|£¨ÇsÖ|Î¨Õ¨Ë|£¨«QÕ¨ÉpïV£¨Ö|É�ªcÕ�ª°Ò¨Ö|¥xÍ¦ÉcÏ×¤�ï<ª°§8¥9Ï�É�§<Õ¨¥rª°Ö|Ë|£¨«LïVËÌ¤¦Ó
¤¦Ó¨¥z«c§¦ª°©¨Ó¨Í.Î¨Í8¥sÕNËÌ£ðÐÑª°£añXÉ�Ï�¤¦Ó¨¥z¥hòµª°ÐÑ©¨Ö|¥hÍVË|£,óÜÓ�ª°©µ¤¦¥s§.ô®Ø
Ù ¥s¥Zª°Ö|Í8É5¬a�°¯T±_²c²p³�³�³µ´�¶a·°´°¸®¹�¶rº¨»°�¼k½8·p®¹p¾®¸®¿eÀaÁA½�ÂcÁ°º�²®ÃsÄc¾�º®°¬�²sÆaÆ0õeöc³µ¹eÀµÂ�½Ý¬®eÆ�»ÈÏ�É�§<Õ¨Épï.£µ÷
Ö|É�ª°Õ�ª°Ò¨Ö|¥zÍ8ÉcÏ�¤�ï<ªc§8¥�¤¦ÉQÍ8Ë|Ð5Î¨Ö×ªe¤¦¥�¤¦Ó¨¥ ���� p¡ ÇsÉcÐÑ©¨Îµ¤¦¥h§sØ
óÜÉc©�ñµ§8Ë|«cÓa¤ Çøúù°ûcû ô5Òañýü�Õ¨Õ¨Ë|Í8Éc£�þ�ÿ ¥sÍ¦Ö|¥�ñ
ü�Ö|Ö¨§8Ë|«cÓ�¤¦Í�§8¥sÍ8¥s§ � ¥sÕ2Ø���Éx©�ª°§_¤kÉ�Ï�¤¦Ó¨Ë|Í�©¨Î¨Ò¨Ö|Ë|Çsª°¤¦ËÌÉ�£LÐÑªrñßÒ�¥<§8¥s©¨§8É®Õ¨Î¨Çh¥sÕ2îaÍ8¤¦Éc§8¥sÕLË|£Qª9§8¥h¤¦§8Ë|¥ � ª°ÖÍ8ñ®Í8¤¦¥sÐNî�É�§�¤¦§¦ª°£¨Í¦ÐQËÌ¤8¤¦¥sÕ2î�Ë|£ ª°£añ,Ï�Éc§8ÐNî�É�§9Ò�ñ ª°£añ,ÐQ¥rª°£¨Írî�¥sÖÌ¥sÇh¤¦§8Éc£¨Ë|Çcî�ÐÑ¥sÇÊÓ�ª°£¨Ë|Çrª°Önî�©¨Ó¨É°¤¦É°÷
ÇsÉc©añ®Ë|£¨«¨îT§8¥hÇsÉc§8Õ¨Ë|£¨«¨îTÉ�§LÉc¤¦Ó¨¥h§_ï.Ë|Í8¥cîAïVËÌ¤¦Ó¨ÉcÎµ¤L¤¦Ó¨¥N©¨§8Ë|Éc§LÇsÉc£¨Í¦¥s£�¤ÑÉcÏ.¤¦Ó¨¥È©¨Î¨Ò¨Ö|Ë|Í8Ó¨¥s§sîT¥hòµÇh¥s©µ¤
¤¦Ó�ªe¤X¤¦Ó¨¥,É��ÑÇsË|ªcÖ.¥sÖ|¥hÇh¤¦§8Éc£¨Ë|Ç���Ö|¥,ÐÑªrñ%Ò0¥ Î¨Í8¥sÕ ¤¦É ©¨§8Ë|£a¤ýÍ8Ë|£¨«cÖ|¥,ÇhÉ�©¨ËÌ¥sÍXÏÅÉc§X©0¥s§8Í¦Éc£�ª°Ö	�Ý£¨É°¤
ÇsÉcÐQÐÑ¥s§8ÇhË×ª°Ö�
TÎ¨Í8¥cØ
��¥s§8É°¤¦ÓN©¨§8Ë|£�¤¦Ë|£¨«��Ý§8¥ � Ë|Í¦Ë|Éc£��
�î� û�� ª°£®Î�ª°§_ñ ù°ûcû��



������������������ �!������h���_�n�e���

"$#$%'&)(+*,%

-/.�021�354�6 6�387�9�:;.<.;=�>�3?1�@BA C<3D.E.�C�9GF;.<.�H�A >	0<4�3D9�C<3D6 IJA K	0!.�>L>MA F�6 9 N
4�C�=O4�3P3D9�K	0!3DA C�:B9�QR9�CS3D.OF;9UTD9 4 >R.�C�4�F�6 IBV .�K	0�TD9�7�9�C�>RAWQR9

4�F;.<1�35VX9 TP3D4�A CY4 >Z0!9�V�3[>	.;\]387�9^>X1�F8_R9�V�3`A >^6 A H 9�6 I'3D.Y6 9�4�=J3D.ET?1�C�4�a�4PIY:;TD.�a`387�b
cedgfihkj5l/mon`p]q;rGlsl�j5tumwvyxzf|{�} ~L���?� �U�k���D���������?���������
�24Y=�9�T8C�A��9 TD9�V 7�.�>R9U�<1|� .�CS3DTD.<1�QR9U9�CS\�4�A >R4�C<3w1�C�.<1�QMTD4 :<9

9M> 3�=�9�>M4�QM.�A T�VX9 6 6 9��<1|� A 6]\�4�1�3wK�9�3P3DTD9U6 4Y0�TD9�K�A[�9�TD9�b
c�n`l�j5� ��f$��ju����j5l|v`� 9�C�>��9�9R>Y��� �+�?��p  �¡�¡����

¢¤£�¥�¦¨§s©]©«ª«¬<!®$¯ °�±�²M³�´�±!µY¶!·R³�¸¹²EºE³�²z» ·Z´�³�¼�²z½s³�²Y¾M¿ ºÀ¯ ´�·Z¯�Á!¼[³�²z´�±!ÂÃ²z°Ä» Å2Æ|» ·L²zµY´�±Ç²z½!»
È »�¼�¶�Éu´�±Ê½!°�Æ|»�µG²z½s³�²�²z½/»XË¨¯�³�±Ê½/» ¼�ÆÌ·Z» ºY°�Í�»E´�²zµ�ºY°�µL²U» Â�·Z»�Â�´¹°�Á/µ�»�·Z·Z°�·ZµUÎ|» ¸�°�·Z»Y²z°;°
ºE³�±�ËÏ°�²z½/» ·�Æ�» °�Æ!¼�»JµZ»�»S´�²�ÐÏ¾�³�ºÑ³�¼�µZ°/É5½!°�Ò�» Í�»�·�É5Æ|°�µL²z´�±!ÂÓ´�²�°�±Ï²z½/»J¾P±<²z» ·Z±!» ²Y¸�°�·
¯ °�Á!·R³�Â�» °�Á!µ�³�±!¶|Ô�°�·�·R³�±!¶!°�ºÀ·Z»�³�¶/» ·Zµ�Ò�½/°Ä¶!°�±�¿ ²Yº�´�±/¶Ç²z½!»O·Z´¹µZÕÊ°�¸y·Z»�³�¶!´�±!ÂÊ³'¸�»XÒ
Æs³�Â�» µg²z½s³�²5½s³ Í�»y±!°�²gË�»X²5·Z»�³�¯M½!» ¶O³^Í�» ·LË�ºE³�²zÁ!·Z»�µL²M³�²z»�Ð)Ö oM×�^afho�ØwÙ ½!´�µgº�³�²z» ·Z´[³�¼/½s³�µ
±!°�²ÚË�»X²ÚÎ|»�» ±OÆ!·Z°;°�¸�·Z»�³�¶S³�µ�²z½!°�·Z°�Á!Â�½!¼�ËO³�µ�²z½/»	º�³�±;Á!µZ¯ ·Z´�Æ!²zµÚ°�¸�Û)°�¼�Á!ºY» µ^Ü�É/Ý2É/³�±!¶SÞ
Ò�» ·Z»�³�²¤²z½!»�²z´�º�»�°�¸5²z½!» ´¹· È ·ZµL²GÆ!·Z´�±�²z´¹±!Â�µ�Ð�ß	±/¶Ä²z½!°�µZ»Y¯�³�·Z» ¸�Á!¼�¼�Ë<à8¯M½!» ¯MÕ�» ¶ÃÍ�°�¼�Á!º�»�µ�É
³�¼[³�µ�É;Ò�»�·Z»�µZÁ!Î/µZ»�á<Á!» ±<²z¼�ËO¸�°�Á!±!¶J²z°�¯ °�±�²M³�´�±J²z½!°�Á!µR³�±!¶!µ�°�¸]º�´�µL²M³�Õ�» µ�Ð

â ´�Í�» ±S²z½/´�µ�¯�³ Í�»�³�²�És¾�½/°�Æ�»¤²z½s³�²yº�ËJ»�·Z·Z°�·Zµ�²z½!´�µ�²z´�º�»�Ò�´�¼¹¼�±!°�²	Î|»¤µZ°E±<Á!ºY» ·Z°�Á!µ
³�±!¶|Ô�°�·i°�Î2²z·ZÁ!µZ´�Í�»`²z½s³�²iË�°�Á�Ò�´¹¼�¼�Î|»)¶/´�µZ¯ °�Á!·R³�Â�» ¶¤¸�·Z°�º,·Z»�³�¶/´�±!Âw²z½!»`º�³�²z» ·Z´[³�¼�¯�³�·Z» ¸�Á!¼�¼�Ë�Ð
¾w¶!´�¶'²z·LËJ²z°�º�³�Õ�»�²z½!»G²z»XÅ;²	Î|°�²z½'´¹±�²z» ·Z»�µL²z´�±!ÂO³�±!¶Ó³�Á2²z½!°�·Z´�²M³�²z´�Í�»�É�³�µ^¸ã³�·�³�µ^´�²	Â�°;» µ�Ð
ä Á2²G²z½!» È »�¼�¶Ê´�µ�Í�³�µL²�å)¾�¯�³�±!±!°�²U½/°�Æ�»Y²z°B½|³XÍ�»�µZÁ!·Z·Z°�Á!±!¶/» ¶Ç´�²G»�±!°�Á!Â�½¨²z°'¯ °�·Z·R³�¼5´�²
¯ °�ºYÆ!¼�»X²z»�¼�Ë�Ðuæ<°^¾iÎ|» ÂyË�°�ÁU²z°	¼�»X²uºY»5Õ;±!°�Ò$³�Î|°�Á2²g³�±�Ë�¶/» È ¯�´�» ±!¯�´�» µ]²z½s³�²]Ë�°�ÁU¶/´�µZ¯ °�Í�» ·�Ð

Ù °�Æ/Á2²i²z½!»gº�³�²z»�·Z´[³�¼�´�±¤¯�°�±�²z»XÅ;²�É�²z½!´¹µiÆ!·Z» à8¸ã³�µZ¯ ´¹¯ ¼�»)¯ °�±�²M³�´�±!µi²z½/»)°�Æ|» ±!´¹±!Â�·Z» º�³�·ZÕ<µ
´�±�²z»�±!¶!»�¶E²z°�¼[³�Á!±!¯R½S³�¼¹°�±/Â!É2¼�°�±!ÂU¯R½|³�Æ!²z» ·Ú°�±O¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼�³�¼¹Â�°�·Z´�²z½/º�µ�Ð)ç5½s³�Æ2²z»�·�è
´�µBÆ!¼[³�±!±!»�¶+²z°éÎ�»ÓÎ<Ë+¸ã³�·S²z½!»¨¼�°�±!Â�» µL²BµZ´¹±!Â�¼�»Ó¯R½|³�Æ!²z» ·S°�¸Sê]ë�ìÄíyî�ï�ð�ñSò)ð�óUôuõ2ïöìzî
÷ îMð�ø�îMù�óYó�ú�û2ø`å	´�²OÒ�´�¼�¼	»XÍ�» ±�²zÁ|³�¼¹¼�Ë È ¼�¼�³�²J¼�»�³�µL²�²z½!·Z»�»'Í�°�¼�Á/º�» µÓüã±s³�º�»�¼�ËÏÛg°�¼�Á!ºY» µ
ý ßUÉ ý ä É«³�±!¶ ý çwþMÉ]³�µZµZÁ/º�´�±!ÂS²z½s³�²�¾M¿ ºÿ³�Î!¼¹»�²z°S·Z» º�³�´�±Ä½/»�³�¼�²z½�Ë<Ð��i´�Õ�»�²z½!»�µZ»�¯ °�±!¶2à
¼�°�±!Â�» µL²�¯R½s³�Æ2²z»�·	ü?ç5½s³�Æ2²z»�·���þMÉ<´�²5Î|»�Â�´�±!µ)Ò�´�²z½YÆ!Á!º�Æ!à8Æ!·Z´�º�´¹±!Â¤´¹±�²z·Z°;¶!Á!¯X²z°�·LË�ºE³�²z» ·Z´�³�¼
²z½s³�²U¯ °�º�»�µGÎ|»�¸[°�·Z»Y²z½/»EºE³�´�±¨²z» Å<²�Éu´�±!¯ ¼¹Á!¶!´�±!ÂB¶/°���» ±!µU°�¸w»XÅ2» ·Z¯�´�µZ» µ�²z°'Â�» ²G²z½!»�Îs³�¼�¼
·Z°�¼�¼�´�±/Â!ÐÊß ¼�°�±!ÂÃÍ�°�Ë;³�Â�»J¼�´�»�µ�³�½!»�³�¶iÉ5³�±!¶ÏµZ°�ºY»O´�ºYÆ|°�·L²M³�±�²�Æ/·Z°�Í2´�µZ´¹°�±/µ�±!» »�¶Ç²z°ÄÎ|»
Î!·Z°�Á!Â�½�²w°�±OÎ|°<³�·Z¶�Î|»�¸[°�·Z»yÒ�»^»�ºGÎs³�·ZÕ�Ð��/Á!·L²z½!»�·Zº�°�·Z»^¾`Òw³�±�²Ú²z°Uº�´�±!´¹º�´���»w²z½!»^µZ½!°;¯RÕ
°�¸�²z·R³�±/µZ´�²z´�°�±¨Î|» ²PÒ�» »�±Çç5½s³�Æ2²z»�·
	B³�±!¶Ê²z½!»E±!»XÒ ¯M½s³�Æ2²z» ·�É]Î�» ¯�³�Á!µZ»Jç5½s³�Æ2²z»�·
	JÒw³�µ
°�·Z´�Â�´�±s³�¼�¼�ËYÒ�·Z´�²Z²z» ±S³�±!¶SÆ!Á!Î!¼¹´�µZ½!» ¶Sº�°�·Z»^²z½s³�±O²z½/´�·L²PËEË�»�³�·Zµ	³�Â�°/Ð

ç5½s³�Æ2²z»�·SèÓÆ!·Z°�Æ|» ·�ÉÚÒ�½!´¹¯R½ ¸�°�¼¹¼�°�Ò�µY²z½/»'ºE³�²z» ·Z´�³�¼y´�±$²z½!»'Æ!·Z»�µZ» ±�²JÆ!·Z»Xà8¸D³�µZ¯ ´�¯�¼�»�É
Î|»�Â�´¹±!µ�Ò�´�²z½Çæ<»�¯X²z´�°�±Ïè<Ð�Ü���s»�·Z°�µ�³�±!¶��y±!»�µ�ÐÄæ<» ¯ ²z´�°�±Çè;Ð�Ü�´�µ�³�±/°�²z½/» ·GµZ°�·L²G°�¸w´�±<²z·Z°�à
¶!Á!¯ ²z´�°�±�Éi³�²�³�¶!´��|»�·Z» ±�²�¼�»XÍ�»�¼8åk´�²^½s³�µ�¸�°�Á/·^µZÁ/Î!µZ» ¯ ²z´�°�±!µ�³�Î�°�Á!² ä °<°�¼�»�³�±Ó³�±!¶ÄÎ!´�²PÒ�´¹µZ»
¯ °�ºYÆ!Á2²M³�²z´�°�±!µ�Ég³�Æ!Æ|»�³�·Z´¹±!ÂÃ·Z» µZÆ|»�¯X²z´�Í�» ¼�ËÓ´�±ÇÆ!·Z»Xà8¸D³�µZ¯ ´�¯�¼�» µ���Î�É���¯�ÉwÜ�³2Ég³�±!¶,ÜXÎiÐ Ù ½!»
±!» Å<²UÆs³�·L²�É`è;Ð Ý;Éu´�µU³�Î|°�Á2²GÂ�» ±/» ·R³�²z´�±!ÂÃ³�¼�¼gÆ|°�µZµZ´�Î!´¹¼�´�²z´�»�µ�É«³�±!¶Ê´�²�Î|»�Â�´�±!µ¤Ò�´�²z½Ïæ<» ¯ ²z´�°�±

�����



´�Í ��������� �!�
�s�����e���h�n�Z���u���e�c�����u����¦�Ê����r�#"%$ �&(' �*)�$ �_�n�u�8�,+��h�n�e����h���_�n�e���-�. $ �u������0/p�u��|�21/�21�3

è;Ð Ý2Ð�Ü�� â »�±!» ·R³�²z´�±/Â ä ³�µZ´�¯¤ç5°�ºGÎ/´�±s³�²z°�·Z´[³�¼,4`³�²Z²z»�·Z±!µ�Ð���³�µZ¯�´�¯ ¼¹» µ�¸[°�·�æ<» ¯ ²z´�°�±Jè;Ð Ý2Ð�Ü	½s³ Í�»
³�¼�·Z»�³�¶2Ë'³�Æ!Æ|»�³�·Z»�¶'´�±BÆ!·Z´¹±�²�Ð^æ<»�¯X²z´�°�±Äè;Ð Ý2Ð Ý�Ò�´�¼�¼i¶!»�³�¼«Ò�´�²z½BÎs³�¯RÕ<²z·R³�¯RÕ;´�±/ÂY´�±'Â�» ±!»�·R³�¼8Ð
ß	±!¶�µZ°	´�²iÒ�´�¼�¼�Â�°y°�±�É�´�¸/³�¼�¼�Â�°;» µiÒ�»�¼�¼8å�³�±�°�Á2²z¼�´¹±!»)°�¸;²z½/»)»�±�²z´�·Z»Úç5½s³�Æ2²z»�·`èw³�µ«¯�Á!·Z·Z» ±�²z¼�Ë
» ±<Í;´¹µR³�Â�»�¶B³�Æ!Æ|»�³�·Zµ�°�±O²z½/»6587:98;(<OÒ�» Î!Æs³�Â�»�²z½s³�²w´¹µw¯ ´�²z»�¶O°�±SÆs³�Â�»�´�´8Ð

Ù ½!´�µy´�±�²z·Z°;¶!Á!¯ ²z°�·LËJµZ» ¯ ²z´�°�±J½|³�µ�²zÁ!·Z±!» ¶B°�Á2²�²z°Y½s³ Í�»¤ºY°�·Z»�²z½s³�±S²PÒ�´�¯ »G³�µyº�³�±<Ë
»XÅ2»�·Z¯ ´�µZ»�µG³�µG¾^½s³�¶Ê°�·Z´�Â�´�±s³�¼�¼�ËÃÆ!¼[³�±!±/» ¶�Ð ä Á2²GºE³�±�ËÓ°�¸5²z½/» º ³�·Z»�á<Á!´�²z»YµZ´�º�Æ!¼¹»�É«´�±2à
²z» ±/¶!» ¶U²z°	·Z»�´�±!¸�°�·Z¯ »5²z½!»Ú·Z»�³�¶/» ·�¿ µuÁ!±!¶/» ·ZµL²M³�±!¶!´�±/Â^°�¸sÎs³�µZ´�¯Ú¶!» È ±/´�²z´�°�±!µ�É�°�·]²z°¤³�¯�á<Ás³�´�±�²
·Z»�³�¶!»�·ZµyÒ�´�²z½S²z½!»>=L°�Ë2µ	°�¸yê]ëkì@?|ïPù�û!ñ8ð�î0ACB�îMù ô|ëED�ùGFXì�Ð6�y²z½!» ·	»XÅ2» ·Z¯�´�µZ» µ�Ò�» ·Z»GµZ´�ºYÆ!¼�Ë
´�·Z·Z»�µZ´�µL²z´�Î!¼�»�É2³�µ�²z½!»XËE¯�·Z´�» ¶O°�Á!²�²z°�Î|»^´�±!¯�¼�Á!¶!»�¶�½!»�·Z»IH ³�¼�²z½!°�Á!Â�½�É2Î|» ¼¹´�»XÍ�»y´�²Ú°�·�±/°�²�É2¾
¶!´�¶S·Z»J=L» ¯X²�º�°�·Z»�Æ�°�²z»�±�²z´[³�¼k¼�»�³�¶/µÚ²z½s³�±J¾Ú³�¯X²zÁs³�¼�¼�Ë�¸�°�¼¹¼�°�Ò�» ¶JÁ!Æ�Ð

K Ë�±/°�²z»�µi°�±�¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼<³�¼�Â�°�·Z´�²z½!º�µ�½|³XÍ�»gÎ|»�» ±U³�¯�¯ Á!ºUÁ!¼[³�²z´�±!Âw¸�°�·iºY°�·Z»)²z½s³�±
¸�°�·L²PËÃË�»�³�·Zµ�É«µZ°J¾	¸�»�³�·�²z½s³�²�´�±ÓµZ»XÍ�»�·R³�¼)·Z» µZÆ�» ¯X²zµ¤ºGËÄÕ<±/°�Ò�¼¹» ¶!Â�»�´�µ�Ò�°;» ¸�Á!¼�¼�ËÃÎ|»�½!´�±!¶
²z½!»�²z´�ºY» µ�ÐL4)¼¹»�³�µZ»�¼�°;°�Õ�É�¸�°�·5»XÅ/³�º�Æ!¼¹»�É<³�²5²z½!»�»XÅ2»�·Z¯ ´�µZ»�µ`²z½|³�²�¾M¿ Í�»�¯�¼[³�µZµZ» ¶O³�µ5·Z» µZ»�³�·Z¯M½
Æ!·Z°�Î!¼�»�º�µ�üã·R³�²z» ¶'Ò�´�²z½Ã¶!´�M�¯ Á!¼�²PËS¼�»XÍ�»�¼ ý 	Y°�·^½!´�Â�½!»�·MþMÉ|±|³�ºY» ¼�ËB»XÅ2» ·Z¯�´�µZ» µUÜN�2ÉuÜN	2É!	�è;É
³�±!¶éÜ�Ý��2å«¾M¿ Í�»E³�¼�µZ°S´�º�Æ!¼¹´�¯ ´�²z¼�ËJºY» ±�²z´�°�±!»�¶Ä°�·¤Æ|°�µZ» ¶Ê³�¶!¶!´�²z´�°�±s³�¼uÁ!±!µZ°�¼�Í�»�¶¨á<Á!» µL²z´�°�±!µ
´�±E²z½!»¤³�±!µLÒ�» ·Zµ�²z°U»XÅ2»�·Z¯ ´�µZ»�µwèG³�±/¶ÄÜ�Þ�Þ!üãº�þMÐuß	·Z»y²z½!°�µZ»^Æ!·Z°�Î!¼�»�º�µ�µL²z´�¼�¼|°�Æ�» ±�OP4g¼�»�³�µZ»
´�±!¸�°�·Zº ºY»	´�¸�Ë�°�Á�Õ;±!°�Ò+°�¸«³�µZ°�¼�Á2²z´�°�±Y²z°�³�±<ËE°�¸�²z½!» µZ»	´�±<²z·Z´�Â�Á!´�±!ÂUá<Á!» µL²z´¹°�±/µ�Ð]ß	±/¶�°�¸
¯ °�Á!·ZµZ»U´�¸`±!°�µZ°�¼�Á2²z´�°�±'´�µyÕ;±!°�Ò�±B²z°;¶s³ ËBÎ!Á2²	Ë�°�ÁÃ¶!°�º�³�Õ�»GÆ!·Z°�Â�·Z» µZµ^°�±Ä³�±�ËB°�¸u²z½/» º
´�±O²z½/»�¸�Á2²zÁ!·Z»�É!¾5½!°�Æ|»�Ë�°�Á�¿ ¼�¼�¼�»X²�º�»¤Õ<±/°�Ò�Ð

¾	Á!·ZÂ�» ±<²z¼�ËÃ±!»�» ¶ÄË�°�Á!·�½!» ¼�ÆÊ³�¼�µZ°JÒ�´�²z½Ä·Z» µZÆ�» ¯X²¤²z°SµZ°�ºY»�» Å;»�·Z¯ ´�µZ»�µ^²z½s³�²�¾	ºE³�¶!»
Á!ÆÊ³�µ¤¾yÒw³�µ�Æ!·Z» Æs³�·Z´�±/ÂO²z½!´�µ¤ºE³�²z» ·Z´[³�¼8ÐU¾	¯�» ·L²M³�´�±!¼�Ë'¶!°�±�¿ ²�¼¹´�Õ�»U²z°J·Z» ¯�» ´�Í�»�¯�·Z» ¶!´�²¤¸�°�·
²z½!´�±/Â�µ�²z½s³�²�½|³XÍ�»'³�¼�·Z»�³�¶2ËÌÎ�» » ±ÏÆ/Á!Î!¼�´�µZ½/» ¶ÇÎ<ËÇ°�²z½!» ·Zµ�ÉÚ³�±/¶Ïº�°�µL²Y°�¸y²z½!» µZ»S·Z» µZÁ!¼�²zµ
³�·Z»'á<Á!´�²z»S±|³�²zÁ/·R³�¼RQL¸�·ZÁ!´�²zµ%SÓ²z½|³�²EÒ�» ·Z»T=LÁ!µL²EÒw³�´�²z´¹±!ÂÓ²z°¨Î|»UQLÆ!¼�Á/¯RÕ�» ¶�Ð S Ù ½!» ·Z»�¸[°�·Z»
Æ!¼�»�³�µZ»�²z» ¼¹¼sº�»y´¹¸�Ë�°�Á�Õ;±!°�Ò Ò�½/°�¶/» µZ» ·LÍ�»�µ5²z°GÎ|»y¯�·Z» ¶!´�²z»�¶�É�Ò�´�²z½E·Z» µZÆ�» ¯X²5²z°�²z½!»	´�¶!»�³�µ
¸�°�Á/±!¶S´�±J»XÅ2»�·Z¯ ´�µZ»�µyÞ;ÉsÝ��2ÉsÞ�Ý;É|Þ��2É|è�Ý2É,V ý ÉkÜ(�WV2É�Ü�ÜN	;É|³�±/¶ÓÜ�Þ��2És³�±!¶|Ô�°�·Ú²z½/»�³�±!µLÒ�» ·�²z°
»XÅ2»�·Z¯ ´�µZ»�µ�Ü(�W�;Ð

Ù ½s³�±!Õ;µ^²z°YX�»(�CZ^»�³�±Ã°�¸ â °;°�Â�¼�»U¸[°�·^¼¹»X²Z²z´�±!Â�º�»U¼�°;°�Õ'³�²^²z½!»�µL²M³�²z´�µL²z´�¯ µ	°�¸ È Í�» à
¼�» ²Z²z» ·^Ò�°�·Z¶!µG´�±Ó²z½!»Y¾P±<²z» ·Z±!» ²U³�²�²z½!»YÎ�» Â�´�±!±!´¹±!ÂS°�¸�Ý[��� ý Éu³�±!¶¨²z°]\�°�Î!´¹±_^+´�¼�µZ°�±¨°�¸
²z½!»
�yÆ|»�±P`	±!´�Í�» ·ZµZ´�²PË�¸[°�·w½!´¹µw¯�³�·Z» ¸�Á!¼�·Z»�³�¶!´�±!ÂE³�±!¶SºE³�±�ËO¶!» ²M³�´�¼�» ¶OµZÁ/Â�Â�»�µL²z´�°�±!µ�Ð

¾iµZ½s³�¼�¼;½s³�Æ!Æ!´�¼�Ë¤Æs³ Ë�³ È ±!¶!»�·�¿ µ`¸[»�»5°�¸Ia�Ý2Ð ��	y¸[°�·]»�³�¯R½U» ·Z·Z°�·]´¹±¤²z½/´�µ]¶!·R³�¸[²]Ò�½!» ±U´�²]´�µ
È ·ZµL²`·Z» Æ�°�·L²z»�¶�²z°	ºY»�É�Ò�½!»X²z½!»�·«²z½s³�²u»�·Z·Z°�·uÎ|»5²PË2Æ|°�Â�·R³�Æ/½!´�¯�³�¼8É�²z» ¯M½!±!´�¯�³�¼?É�°�·u½!´¹µL²z°�·Z´¹¯�³�¼8Ð
Ù ½!»	µR³�ºY»y·Z»XÒw³�·Z¶�½!°�¼�¶!µg¸�°�·5´�²z» ºYµ)²z½s³�²5¾`¸�°�·ZÂ�°�²g²z°GÆ!Á!²�´�±�²z½/»�´¹±!¶!»XÅkÐ]ß	±/¶YÍ�³�¼�Ás³�Î!¼¹»
µZÁ!Â�Â�» µL²z´�°�±!µ�¸�°�·^´¹º�Æ!·Z°�Í�» ºY» ±�²zµ	²z°O²z½!»U²z»XÅ;²�³�·Z»UÒ�°�·L²z½ÊÞ�Ý�Ô¯U»�³�¯M½�ÐOüb�/Á!·L²z½/» ·Zº�°�·Z»�Ék´�¸
Ë�°�Á È ±!¶B³UÎ|»X²Z²z»�·�µZ°�¼�Á!²z´�°�±�²z°Y³�±O» Å;»�·Z¯ ´�µZ»�É;¾M¿ ¼�¼i³�¯X²zÁs³�¼�¼�ËY·Z»XÒw³�·Z¶OË�°�ÁOÒ�´�²z½O´¹º�º�°�·L²M³�¼
Â�¼�°�·LË�´�±!µL²z»�³�¶J°�¸«ºY» ·Z»�º�°�±!» Ë�É!Î�ËOÆ!Á/Î!¼�´�µZ½!´¹±!ÂUË�°�Á!·w±|³�ºY»�´�±O²z½!»¤»XÍ�» ±�²zÁ|³�¼iÎ|°;°�ÕI��csþ

ç5·Z°�µZµ�·Z»�¸[»�·Z» ±!¯�» µU²z°ÃË�»X²Zà8Á/±�Ò�·Z´�²Z²z» ±ÏºE³�²z» ·Z´�³�¼�µZ°�º�» ²z´�º�»�µ�³�Æ!Æ|»�³�·Y³�µYd����!¿�å�²z½!´�µ
´�ºYÆ|°�µZµZ´�Î!¼�»	Í�³�¼�Á!»�´�µy³UÆ!¼[³�¯ »�½!°�¼�¶!»�·Ú¸�°�·Ú²z½/»�³�¯X²zÁs³�¼�±<Á!ºUÎ|» ·Zµw²z°�Î|»�µZÁ!Æ/Æ!¼�´�»�¶J¼[³�²z» ·�Ð

e ³�Æ!Æ�ËJ·Z»�³�¶!´�±!ÂEf
\�]_^a`cbpdafhgGgih.^�j�l bpdafr`2l�^ Z�Ð8kyÐ8l�Ð
m:n�o�p frlbj mrqWqts

-`7�9¤4�1�387�.�TgA >	9M>Z0!9�V A 4�6 6 I�:;TD4�3D9�\[1�6�3D.�387�9vu)=�=�A >M.�CGw�x�9R>M6 9LI � 1�F�6 A >X7�A C�:_y�.�K	0�4�CMI
\�.�T5AW3[>^0<4�3DA 9�C�V 9UA CSak4�AW3DA C�:'4E\[1�6 6�=�9�V 4�=�9Y\�.�T�387�A >�K�4�C�1�>MVXTDA 0!3

\�TD.�K 387�9�=�4�3D9�387�9YV .�C�3DTD4�V�3	ak4 >�>MA :2C�9 =<b
c�qkhkj5t�z|{kj5hkj5h�}wv�~ TD4�0;7Ó-`7�9 .�T I �z (��¡����



�h�h�p�e�u�h����°�#���c�_�n�� �#����. �°�Ê�u���b. ��$¨���p��$ ���b. �h��Ý�8�"�t�p�c� �#�%� � �#�Ü��/p�u�8�

"��������������2���U�T�J�����¡ £¢8¤T���i�G��¥

¢¤£iÇ®�¥[®|¬<Ó°�¸gÛg°�¼�Á!º�» ý ´�µ�ò)ð�óP¦�ú�û|ù;ïPð�îZú�ùG§)íi§�ø2ð�îZú?ïDë!óTF�É«³�±!¶ÓÒ�½!»�±Ó¾	Æ!·Z°�Æ|°�µZ» ¶Ê´�²
¾]Òw³�µ5µL²z·Z°�±!Â�¼�Ë�´¹±!¯ ¼�´¹±!» ¶�²z°U³�¶!¶�³¤µZÁ!Î!²z´�²z¼�»��Úê]ëkì©¨¤ú�û�AEð�ñ ÷ îMð�ø�îMù�ó�óYú�û2ø�ª�«iú¬;ì®D�ì¯F�ïZÐ
K Ë¨»�¶!´�²z°�·ZµG½|³XÍ�»O¶!» ¯�´�¶!» ¶Ê²z°'²z°�±!»�¶!°�Ò�±ÌµZÁ!¯R½Ç» Å;Á/Î|» ·R³�±!¯�»�ÉuÎ/Á2²G²z½!»�¸D³�¯X²U·Z»�ºE³�´�±!µ
²z½s³�²�Æ!·Z°�Â�·R³�º�µÚÒ�´�²z½B³U¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼I°|³XÍ�°�·�½s³ Í�»G³�¼�Òw³ Ë2µ�Î|» »�±Jº�Ë�¸D³ Í�°�·Z´�²z» µ�Ð

�y±'²z½!»�°�²z½!» ·y½s³�±!¶Ã¾M¿ Í�»�°�¸[²z» ±BÎ|»�» ±BµZÁ!·ZÆ!·Z´¹µZ» ¶B²z° È ±!¶B²z½|³�²�És´¹±BºE³�±�ËSÆ|» °�Æ!¼�»�¿ µ
º�´¹±!¶!µ�É�²z½/»ÚÒ�°�·Z¶�QL¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼S	´�µ)¼�´�±/Õ�»�¶UÒ�´�²z½�¯ °�ºYÆ!Á2²M³�²z´�°�±s³�¼2¶!´�M�¯ Á/¼�²PË�Ð]¾P±!¶!»�» ¶�É
æ2³�ºGÁ/» ¼�X�°�½!±/µZ°�±iÉ�´�±Ä½!´�µ�¸ã³�º�°�Á!µ�¶!´¹¯X²z´�°�±s³�·LËB°�¸)²z½!»�kg±!Â�¼�´¹µZ½Ã¼[³�±!Â�Ás³�Â�»JüLÜ�è�����þMÉkµR³�´¹¶
²z½s³�²�²z½!»�¯�°�·Z·Z»�µZÆ|°�±!¶!´�±/Â�±!°�Á!±UQö´¹µw±!°�Ò Â�»�±!» ·R³�¼�¼�Ë�Á!µZ»�¶S´�±'³�±S´�¼�¼�µZ» ±!µZ»�Ð SÏç5°�¼�¼�»�³�Â�Á/» µ
²z» ¼¹¼5ºY»�²M³�¼¹» µU°�¸�Ò�°<»�É`´¹±ÊÒ�½/´�¯R½Ì²z½!» ËÊ·Z» Æ�°�·L²�²z½s³�²CQP²z½/»O¯ °�ºGÎ!´¹±s³�²z°�·Z´¹¯ µG°�¸�²z½!»OµZ´�²Zà
Ás³�²z´�°�±¨¶!» ¸�»�³�²z»�¶¨Á!µ�Ð S±^ ½�ËÓ´¹µ�´�²�²z½s³�²�É«¸�°�·�º�»�É«¯ °�ºGÎ!´¹±s³�²z°�·Z´¹¯ µU³�·Z°�Á!µZ»�µG¸[»�» ¼�´�±/Â�µ�°�¸
Æ!Á!·Z»¤Æ/¼�»�³�µZÁ!·Z»�É;Ë�»X²�¸�°�·wºE³�±�ËO°�²z½!» ·Zµw´�²w»XÍ�°�Õ�» µ�Æ!Á!·Z»¤Æs³�±!´¹¯GO

¾?²�¿ µ«²z·ZÁ/»g²z½s³�²u¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼<Æ/·Z°�Î/¼�» ºYµ`³�·Z»5°�¸[²z» ±�³�µZµZ°;¯ ´�³�²z»�¶�Ò�´�²z½G½<Á/º�°�±!Â�°�Á!µZ¼�Ë
¼[³�·ZÂ�»�±<Á!ºUÎ|» ·Zµ�Ð>X�°�½!±/µZ°�±i¿ µ^¶!´�¯ ²z´�°�±s³�·LËO» ±<²z·LËB³�¼�µZ°E´¹±!¯ ¼�Á/¶!» ¶Ã³Yá<Á!°�²z»�¸[·Z°�º²kgÆ!½!·R³�´�º
ç5½s³�ºGÎ�» ·Zµ�É/Ò�½!°E½|³�¶'µL²M³�²z» ¶S²z½s³�²y²z½!»¤²z°�²M³�¼i±;Á!ºGÎ|»�·y°�¸uÒ�°�·Z¶!µ	°�¸u¼�»�±!Â�²z½'Ý ý °�·y¼�» µZµ�É
´�±$³ÄÝ ý à8¼�»X²Z²z»�·Y³�¼�Æ!½s³�Î|» ²�É)´�µSÜ�É Þ�³2Ü�É è�Ý ý É Ý�V�V2É V�V�è;É Ý���Ý2É ³�³�³2É ý Ý��2É�Ü�Ý�V2É ý ³�Þ2É ý ��Ý2É Ý����!Ð Ù ½!»
¯ °�·Z·Z»�µZÆ|°�±!¶!´�±!Â'±<Á!ºUÎ|» ·G¸�°�·U³¨Ü(��à8¼�»X²Z²z»�·G³�¼�Æ!½|³�Î�»X²G´�µ�Ü�Ü�É�Ü�Ü�Ü�É�Ü�Ü�Ü�É�Ü�Ü(�!åg³�±!¶Ê´�²�¿ µ�°�±!¼�Ë
Þ�³����yÒ�½!» ±U²z½!»�±<Á/ºGÎ|»�·u°�¸s¼�»X²Z²z»�·Zµ]´�µ��;Ð Ù ½<Á!µg³YQö¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼<» Å2Æ!¼�°�µZ´�°�±8S^¯ » ·L²M³�´�±/¼�Ë
¶!°;» µ�°;¯ ¯�Á!·�³�µw²z½!»�µZ´���»�°�¸«²z½!»�³�¼�Æ!½|³�Î�»X²wÂ�·Z°�Ò�µ�¸[·Z°�º²�G²z°SÜ(�U²z°YÝ ý ³�±/¶JÎ�»XË�°�±!¶�Ð

ç5°�º�Æ!Á!²z´�±!ÂGºE³�¯R½/´�±!» µ�½s³ Í�»	Î�» ¯ °�ºY»w²z·Z»�º�»�±!¶!°�Á!µZ¼�ËYº�°�·Z»	Æ|°�Ò�» ·Z¸�Á!¼|²z½!·Z°�Á!Â�½!°�Á2²
º�Ëé¼�´�¸�»�Ð ß	µE¾UÒ�·Z´�²z»S²z½!» µZ»SÒ�°�·Z¶!µ�Éw¾�Õ;±!°�Ò ²z½|³�²E²z½!» Ë$³�·Z»BÎ�» ´�±!Â¨Æ!·Z°;¯�» µZµZ» ¶ Î�Ë ³
¯ °�ºYÆ!Á2²z» ·`Ò�½!°�µZ»�µZÆ|» »�¶�´¹µ`ºY°�·Z»Ú²z½|³�±BÜ(���!É �����^²z´�º�»�µ`¸ã³�µL²z»�·u²z½s³�±�²z½!»w¾ ä®K Ù Ë2Æ|»i	����
¯ °�ºYÆ!Á2²z» ·^²z°OÒ�½!´�¯M½Ä¾M¿ º ¶/» ¶!´�¯�³�²z´�±!ÂE²z½/» µZ»�Î|°;°�Õ<µ�É«³�±!¶ÄÒ�½!°�µZ»�ºY» ºY°�·LË'¯�³�Æs³�¯ ´�²PË'´�µ
³�¼�µZ°Yº�°�·Z»¤²z½s³�±ÊÜ(���!É ������²z´¹º�» µ�Â�·Z»�³�²z» ·�Ð Ù °�ºY°�·Z·Z°�Ò�¿ µyºE³�¯R½/´�±!» µ�Ò�´�¼�¼�Î|»�»XÍ�»�±B¸ã³�µL²z» ·
³�±!¶Bº�°�·Z»¤¯�³�Æ|³�¯�´�°�Á!µ�Ð ä Á!²�²z½!» µZ»U³�ºE³[� ´¹±!ÂE³�¶2Í�³�±/¯ » µy½s³ Í�»G±!°�²y¶!´�ºY´�±!´�µZ½!»�¶SÆ|» °�Æ!¼�»�¿ µ
¯ ·R³ Í2´�±!Â'¸�°�·�³�±!µLÒ�»�·ZµG²z°B¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼gá<Á!»�µL²z´�°�±!µ�å)á<Á!´�²z»�²z½!»E¯ °�±�²z·R³�·LË<Ð´�yÁ/·G°�±!¯ » à
Á!±!´¹ºE³�Â�´�±s³�Î!¼�»Ä³�Î!´�¼�´�²PËÏ²z°Ì¯ °�ºYÆ!Á2²z»'µZ°Ì·R³�Æ!´¹¶!¼�Ë$½s³�µO·R³�´¹µZ» ¶ °�Á!·O»XÅ2Æ|»�¯X²M³�²z´�°�±!µ�Éy³�±/¶
Ò�½!» ²Z²z» ¶Ï°�Á!·E³�Æ!Æ�»X²z´�²z»J¸[°�·�º�°�·Z»IH Î|»�¯�³�Á!µZ»�É5´�±Ï¸ã³�¯ ²�É`²z½/»JµZ´� »J°�¸^³Ä¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼
Æ!·Z°�Î!¼�»�º ¯�³�±S´�±!¯ ·Z»�³�µZ»^ºY°�·Z»^²z½s³�±ÓÜ(���!É ������à8¸[°�¼�¶OÒ�½/» ±]µÄµZ´�º�Æ/¼�ËE´¹±!¯ ·Z»�³�µZ»�µwÎ�ËÄÜ�Ð

ç5°�ºGÎ!´¹±s³�²z°�·Z´�³�¼�³�¼¹Â�°�·Z´�²z½/º�µU¯�³�±ÏÎ|»O¶!» È ±!» ¶Ï´�±/¸[°�·ZºE³�¼�¼�ËÊ³�µ�²z» ¯M½!±!´¹á<Á!»�µU¸�°�·U²z½!»
½!´�Â�½2à8µZÆ�» » ¶¤ºE³�±!´�Æ/Á!¼[³�²z´�°�±^°�¸�¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼�°�Ît=L» ¯ ²zµ�µZÁ!¯M½G³�µiÆ|»�·ZºGÁ2²M³�²z´�°�±!µ�°�·!Â�·R³�Æ!½!µ�Ð
^¨»Ú²PË;Æ/´�¯�³�¼�¼�Ë¤²z·LËG²z° È ±!¶�Æs³�²Z²z» ·Z±/µ`°�·g³�·Z·R³�±!Â�» ºY» ±�²zµu²z½|³�²5³�·Z»Ú²z½!»ÚÎ|» µL²)Æ|°�µZµZ´�Î/¼�»�Òw³XË2µ
²z°�µR³�²z´�µZ¸[Ë�¯ »�·L²M³�´�±O¯ °�±!µL²z·R³�´�±�²zµ�Ð Ù ½!»�±;Á!ºGÎ|»�·w°�¸«µZÁ!¯R½JÆ/·Z°�Î/¼�» ºYµÚ´�µÚÍ�³�µL²�É/³�±!¶J²z½!»�³�·L²
°�¸�Ò�·Z´�²z´¹±!ÂGµZÁ!¯M½JÆ!·Z°�Â�·R³�º�µÚ´¹µ�»�µZÆ|» ¯�´[³�¼�¼�ËY´�ºYÆ|°�·L²M³�±<²w³�±!¶B³�Æ!Æ|»�³�¼�´¹±!ÂUÎ|» ¯�³�Á!µZ»¤³GµZ´�±/Â�¼¹»
Â�°;°<¶S´�¶!»�³U¯�³�±SµR³XÍ�»�Ë�»�³�·Zµ�°�·w»XÍ�» ±J¯�» ±�²zÁ/·Z´�» µw°�¸]¯ °�º�Æ!Á!²z» ·Ú²z´�ºY»�Ð

¾P±!¶!»�» ¶�É�²z½!»Ú¸D³�¯X²`²z½s³�²)Â�°;°;¶Y³�¼�Â�°�·Z´�²z½!ºYµu¸�°�·`¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼2Æ!·Z°�Î!¼�» ºYµ`¯�³�±�½s³ Í�»y³
²z» ·Z·Z´ È ¯yÆs³ Ë�°��S½s³�µ�¼�»�¶Y²z°�²z» ·Z·Z´ È ¯	³�¶2Í�³�±!¯ »�µ5´�±E²z½!»yµL²M³�²z»y°�¸k²z½/»^³�·L²�Ð K ³�±�ËYÆ!·Z°�Î!¼¹» º�µ
²z½s³�²Ú°�±!¯�»	Ò�» ·Z»	²z½!°�Á!Â�½�²Ú²z°UÎ�»	´�±<²z·R³�¯ ²M³�Î!¼�»	¯�³�±O±!°�Ò,Î|»^Æ|°�¼�´�µZ½!»�¶�°��SÒ�´�²z½�»�³�µZ»�É/³�±/¶

¶



Í2´ ��������� �!�¸· ¹»ºL¹�¼t½ ¾¿�¸À´ÁÂ����L�r·LÃ
�W$ �Ä�p��Å �k�a�Ä���Ü�ºE³�±�Ëé³�¼�Â�°�·Z´�²z½!º�µU²z½s³�²Y°�±!¯ »OÒ�»�·Z»JÕ;±!°�Ò�±Ç²z°ÄÎ�»JÂ�°<°;¶Ï½s³ Í�»S±!°�Ò Î|» ¯�°�ºY»OÎ�»X²Z²z» ·�Ð

æ�²M³�·L²z´�±!Âé³�Î�°�Á!²ÄÜN³�èG�!É�¯�°�º�Æ!Á2²z»�·�µZ¯�´�» ±�²z´¹µL²zµ�Î|»�Â�³�± ²z°Ç»XÅ2Æ|» ·Z´¹» ±!¯�»Ã³ÊÆ!½!»�±!°�º�»�±!°�±
²z½s³�²	Ò�»U¯�³�¼�¼¹» ¶UQ��u¼�°�Ë;¶i¿ µ��i»�º�ºE³[SE�®4g·Z°�Î!¼�»�º�µy²z½s³�²^µZ»�» º�»�¶B²z°�±!» »�¶Æµ!ÇG°�Æ|» ·R³�²z´�°�±!µ
¯ °�Á!¼¹¶B³�¯X²zÁs³�¼�¼�Ë�Î|»¤µZ°�¼�Í�»�¶J´�±ÉÈYübµ�Ê�þMå2Æ/·Z°�Î/¼�» ºYµÚ²z½s³�²�µZ» » ºY» ¶O²z°�·Z»�á<Á!´�·Z»6µ�Ê^¯ °�Á!¼¹¶JÎ|»
½s³�±!¶!¼¹» ¶¨´¹±ËÈYübµ�¼�°�ÂÌµ«þMå`³�±!¶�µ�¼�°�ÂÌµéÒw³�µG°�¸[²z» ±¨·Z»�¶!Á!¯�´�Î!¼�»�²z°´ÈYübµ«þMÐ K °�·Z»E¶!´�M�¯�Á!¼�²
Æ!·Z°�Î!¼�»�º�µGµR³ Ò ³B·Z» ¶!Á!¯ ²z´�°�±Ê´�±Ê·ZÁ!±!±/´�±!Â'²z´�º�»E¸�·Z°�ºÍÈYü8Ý[Î/þ^²z°_ÈYüLÜ�Ï��GÎsþ�²z°´ÈEüLÜ�Ï Þ[ÎsþMÉ
»X²z¯�Ðv�y²z½!» ·	Æ!·Z°�Î!¼�»�º�µy·Z» º�³�´¹±!» ¶B¶!´M�¯�Á!¼�²	´�±'Â�» ±!»�·R³�¼?ÉsÎ!Á2²	²z½!» ËOÒ�»�·Z»�¸�°�Á!±!¶B²z°�½s³ Í�»
´�ºYÆ|°�·L²M³�±<²�µZÆ|» ¯�´[³�¼)¯�³�µZ» µ�²z½s³�²U³�·Z»EºGÁ!¯M½¨µZ´�ºYÆ!¼�» ·�Ð K ³�±�ËÓ¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼gá<Á!» µL²z´�°�±!µ
²z½s³�²�¾`°�±!¯ »y²z½!°�Á!Â�½�²�Ò�°�Á/¼�¶E±!» Í�»�·5Î|»^³�±!µLÒ�»�·Z» ¶�½s³ Í�»	±!°�Ò Î�» » ±�·Z» µZ°�¼�Í�» ¶�É!³�±/¶Y²z½!» µZ»
Î!·Z»�³�Õ<²z½!·Z°�Á!Â�½!µS³�·Z»'¶!Á!»'º�³�´�±!¼�ËÏ²z°Ê´�ºYÆ!·Z°�Í�» º�»�±�²zµE´�±+³�¼�Â�°�·Z´�²z½!º�µE·R³�²z½!»�·Y²z½s³�± ²z°
´�ºYÆ!·Z°�Í�»�º�»�±�²zµÚ´�±SÆ!·Z°;¯ » µZµZ°�·�µZÆ|» »�¶!µ�Ð

ä Ë'ÜN³�è��2É2µZÁ!¯R½J·Z»�µZ»�³�·Z¯R½�Òw³�µy³�¶2Í�³�±/¯ ´�±!ÂUµZ°�·R³�Æ/´�¶!¼�ËY²z½s³�²y³GµZÁ!Î!µL²M³�±�²z´[³�¼k¸�·R³�¯ ²z´�°�±
°�¸�²z½!»SÆs³�Æ|» ·Zµ�Æ!Á!Î/¼�´�µZ½!»�¶Ï´�±Ï¼�»�³�¶!´¹±!ÂR=ö°�Á!·Z±|³�¼¹µ�°�¸	¯ °�º�Æ!Á!²z» ·�µZ¯�´�» ±!¯�»�Ò�»�·Z»S¶!»XÍ�°�²z» ¶
²z°Ì¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼^³�¼�Â�°�·Z´�²z½!ºYµ�Ð�ß	±!¶$²z½!»Ä³�¶2Í�³�±!¯ »�µEÒ�» ·Z»�±�¿ ²�Î�» ´�±!ÂÌºE³�¶!»Ã°�±/¼�ËéÎ�Ë
Æ|»�°�Æ/¼�»J´�±Ï²z½!»J¯�°�·Z»S°�¸	¯ °�ºYÆ!Á2²z» ·�µZ¯�´�» ±!¯�»�åwµZ´�Â�±!´ È ¯�³�±<²�¯�°�±�²z·Z´�Î!Á2²z´¹°�±/µ�Ò�» ·Z»S¯�°�ºY´�±!Â
¸�·Z°�º Ò�°�·ZÕ�» ·Zµ5´�±E» ¼¹» ¯X²z·Z´¹¯�³�¼!» ±/Â�´¹±!» »�·Z´�±!Â/É;³�·L²z´ È ¯ ´�³�¼s´�±�²z»�¼�¼�´�Â�» ±/¯ »�É�°�Æ|»�·R³�²z´¹°�±/µg·Z» µZ»�³�·Z¯R½�É
ºE³�²z½!»�ºE³�²z´�¯�µ�É	Æ!½�Ë2µZ´�¯ µ�É�µL²M³�²z´�µL²z´�¯�µ�É�³�±!¶ °�²z½/» · È » ¼�¶!µ�Ð ¾�Òw³�µS²z·LË2´�±!ÂÏ²z°é¯ °�º�Æ/¼�»X²z»
Ûg°�¼¹Á!º�» ý °�¸�ê]ë�ì�íyî�ï	ð�ñ�ò)ð�óGôuõ2ïöìRî ÷ îMð�ø�îMù�ó�ó�ú¹û2øsÉ«Î!Á2²G´�±/µL²z»�³�¶¨¾^¸�» ¼�²�¼�´�Õ�»�¾^Òw³�µ
µZ´�²Z²z´�±/ÂÊ°�± ²z½!»Ã¼�´�¶ °�¸G³ÊÎ|°�´�¼�´�±!ÂÊÕ�» ²Z²z¼�»��Ó¾�Òw³�µO¯ °�±!¸�·Z°�±<²z» ¶ Ò�´�²z½+³Ê¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼
»XÅ2Æ!¼¹°�µZ´¹°�±J°�¸u³�±!°�²z½!»�·wÕ;´�±!¶�És³UÆ!·Z°;¶!´¹Â�´¹°�Á/µÚ»XÅ2Æ!¼¹°�µZ´¹°�±J°�¸«±/»XÒ ´�¶!»�³�µ(f

Ù ½!´�µOµZ»�·Z´�» µO°�¸�Î|°;°�Õ<µ�Òw³�µJÎ|°�·Z±,³�²O²z½!»ÃÎ�» Â�´�±!±!´¹±!ÂÌ°�¸YÜN³�	�Ý2É�Ò�½!» ±+¾Y±s³(ÐÑ�Í�» ¼�Ë
Ò�·Z°�²z»U°�Á2²�³Y¼¹´�µL²^°�¸`²z»�±�²M³�²z´�Í�»G¯M½s³�Æ2²z» ·	²z´�²z¼�»�µ	¸[°�·¤³'Ü�Ý�à8¯M½s³�Æ2²z» ·^Î�°<°�Õ�Ð�ßÚ²	²z½|³�²^²z´�ºY»
¾�¶!» ¯�´�¶!»�¶é²z°Ê´�±!¯�¼�Á!¶!»Ä³¨Î!·Z´�» ¸�¯R½s³�Æ2²z»�·O³�Î|°�Á2²O¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼	³�¼�Â�°�·Z´�²z½!ºYµ�É =LÁ!µL²O¸�°�·
¸�Á!±�Ð_Q e »XËÃ¼�°;°�Õ|ÉkºY°�µL²�Æ�» °�Æ!¼�»�Á!µZ»�¯�°�º�Æ!Á2²z»�·Zµ^²z°O¶!»�³�¼uÒ�´�²z½Ã±<Á/ºGÎ|»�·Zµ�É�Î/Á2²�Ò�»�¯�³�±
³�¼�µZ°�Ò�·Z´�²z»¤Æ!·Z°�Â�·R³�º�µ�²z½s³�²y¶!»�³�¼�Ò�´�²z½BÆs³�²Z²z» ·Z±!µ�Ð SÇ¾P±S²z½!°�µZ»�¶s³ Ë2µy´�²�Òw³�µy»�³�µLËO²z°YÂ�´�Í�»
³J¸D³�´¹·Z¼�ËÃ¯ °�ºYÆ!¼�»X²z»Y¶!» µZ¯�·Z´�Æ2²z´�°�±Ó°�¸L=LÁ!µL²�³�Î|°�Á2²G»XÍ�» ·LËÓ¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼5³�¼¹Â�°�·Z´�²z½/º ²z½|³�²
Òw³�µ�Õ<±/°�Ò�±iÐÌß	±!¶Ç» Í�» ±ÇÎ<Ë ÜN³�	�	;É)Ò�½!»�±Ç¾M¿ ¶ È ±!´�µZ½/» ¶$³ È ·ZµL²Y¶!·R³�¸[²�°�¸	³�Î|°�Á2²�Þ[�����
½s³�±!¶2Ò�·Z´�²Z²z» ± Æs³�Â�» µO¸[°�·E²z½s³�²S³�¼¹·Z»�³�¶2Ë;à8°�Í�»�·ZÂ�·Z°�Ò�± Î|°;°�Õ�Éw¸[» Ò�» ·E²z½s³�± Ü(���Ê°�¸^²z½/°�µZ»
Æs³�Â�» µÚÎ|»�¼�°�±!Â�» ¶E²z°Yç5½s³�Æ2²z» ·yè<Ð`¾)½s³�¶J³�Î!µZ°�¼�Á!²z» ¼�ËE±!°U´�¶!»�³¤²z½s³�²5Ò�½s³�²Ú¾M¿ ¶O¸�°�·Z»�µZ» »�±J³�µ
³UµZ°�·L²�°�¸�QöµR³�¼[³�¶J¯�°�Á!·ZµZ»�S�Ò�°�Á/¼�¶J»XÍ�»�±�²zÁs³�¼�¼�ËE²zÁ/·Z±J°�Á2²w²z°�Î|»^²z½!»¤ºE³�´�±J¶!´�µZ½�Ð

Ù ½!»SÂ�·Z»�³�²�¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼Ú¸[»�·Zº�»�±�²M³�²z´�°�±Ì°�¸UÜ(³�è��Ã½s³�µ�¯ °�±�²z´¹±<Á!» ¶Ç²z°Ó¯R½;Á!·Z±�ÉÚ³�µ
º�°�·Z»U³�±!¶'º�°�·Z»�Æ�» °�Æ!¼�»�½|³XÍ�»GÎ|»�Â�Á/±S²z°EÆs³�·L²z´�¯ ´¹Æs³�²z»�Ð®Ò	»XÒ ´�¶!»�³�µ�´¹º�Æ!·Z°�Í�»�Á!Æ|°�±B²z½!»
°�¼�¶!»�·)°�±!» µ�É<Î!Á2²5·R³�·Z» ¼�Ë�·Z» Æ!¼�³�¯�»Ú²z½/» º °�·gº�³�Õ�»w²z½!» º °�Î!µZ°�¼�»X²z»�Ð`æ;°¤°�¸�¯�°�Á!·ZµZ»�¾M¿ Í�»y½s³�¶
²z°�³�Îs³�±!¶!°�±�³�±�Ë�½!°�Æ|»�µ«²z½s³�²u¾�°�±/¯ »�½s³�¶U°�¸/Î|» ´�±/Â^³�Î!¼�»5²z°yµZÁ!·Z·Z°�Á!±/¶G²z½!» È » ¼�¶�É�²z°yÒ�·Z´�²z»
³�¶!» È ±!´�²z´�Í�»UÎ�°<°�ÕB²z½s³�²¤µZ»X²zµ�» Í�» ·LË;²z½!´�±!ÂO´¹±Ã°�·Z¶!» ·G³�±!¶ÄÆ/·Z°�Í2´�¶/» µ�°�±!»Xà8µL²z°�ÆÓµZ½!°�Æ!Æ/´�±!Â
¸�°�·g» Í�»�·LË�°�±/»ÚÒ�½!°�½s³�µg¯ °�ºGÎ/´�±s³�²z°�·Z´[³�¼!Æ!·Z°�Î!¼�»�º�µ`²z°�µZ°�¼�Í�»�Ð]¾?²�¿ µ�³�¼�º�°�µL²g±/»XÍ�» ·)Æ�°�µZµZ´¹Î!¼�»
²z°�¶!´�µZ¯�Á!µZµ	³UµZÁ!Î2²z°�Æ!´�¯G³�±!¶SµR³ Ë�É�Q e »�·Z»�¿ µÚ²z½!» È ±s³�¼�µZ°�¼�Á!²z´�°�±!�u»�±!¶S°�¸]µL²z°�·LË�Ð S¨¾P±!µL²z»�³�¶�É
¾�ºUÁ!µL²	·Z» µL²z·Z´�¯ ²�º�Ë2µZ» ¼�¸]²z°Y»XÅ2Æ!¼[³�´�±!´¹±!Â�²z½!»¤ºY°�µL²y´�º�Æ�°�·L²M³�±�²yÆ!·Z´�±/¯ ´�Æ!¼¹» µÚ²z½s³�²yµZ»�» º ²z°
Á!±!¶/» ·Z¼�´�»�³�¼�¼«°�¸`²z½!»G»�M�¯ ´�»�±�²	¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼«º�»X²z½/°<¶/µy²z½s³�²	¾M¿ Í�»U» ±!¯�°�Á!±�²z» ·Z»�¶'µZ°�¸ã³�·�Ð
ßÚ²gÆ!·Z» µZ»�±�²5¾M¿ Í�»y³�¯ ¯�Á!ºGÁ!¼�³�²z»�¶�º�°�·Z»Ú²z½s³�±�²PÒ�´�¯�»�³�µ)ºUÁ!¯R½Y·R³ Ò$º�³�²z»�·Z´[³�¼2¸�°�·uÛg°�¼�Á!ºY» ý
³�µw¸�°�·y³�¼�¼k°�¸«Û)°�¼�Á/º�» µ¤Ü0Ó;ÞU¯�°�ºUÎ!´�±!»�¶�Ð

Ù ½!´�µ5µZ½!» »�·5ºE³�µZµg°�¸kº�³�²z»�·Z´[³�¼/´�º�Æ!¼¹´�» µ`²z½s³�²g²z½!»y°�±!¯�»Xà8Æ!¼[³�±!±/» ¶ËQPÛg°�¼�Á!ºY» ý S�ºUÁ!µL²
³�¯X²zÁs³�¼�¼�ËJÎ|»�¯ °�º�»GµZ» Í�»�·R³�¼«Æ!½<Ë;µZ´¹¯�³�¼«Í�°�¼�Á!º�»�µ�Ð>Ôg°�ÁÄ³�·Z»G±!°�Ò ¼�°;°�Õ;´�±/Â�³�²	Ûg°�¼¹Á!º�» ý ßUÐ
Ûg°�¼¹Á!º�»�µ ý ä ³�±!¶ ý çÃÒ�´�¼�¼�»XÅ2´�µL²«µZ°�º�»�¶s³ Ë�É�³�µZµZÁ/º�´�±!Â�²z½s³�²«¾M¿ º ³�Î!¼�»)²z°w·Z»�ºE³�´�±¤½!»�³�¼�²z½�Ëkå
³�±!¶Êü�Ò�½!°�Õ;±!°�Ò�µ0O�þ5²z½!»�·Z»�ºE³ ËS³�¼�µZ°�Î|»^Ûg°�¼�Á!ºY» µ ý Z�É ý kyÉ!Ï�Ï(ÏXå!Î!Á2²yµZÁ!·Z»�¼�Ë�±!°�² ý ]Ð



�������(� �2�¸· ¹»ºL¹�¼t½L¾6�¸À´ÁÂ��!���r· Ã Í2´�´

�u�e�e�_�n�8�� $ /e�Ý���_�Õ. ��"�s�u�Ä. �e�_�G�u�n�8��c�#$ �p�e�_�e�u�%$ � �¯����. �°�¦�u�h�Õ. � �$ . �p�¦�Ê���e�n�#"����%���L. ��". �s�u��"h�_���e�n�#"����%���L. ��"�u�Ä��. �e� & ��. �u�A�e�n�#"h�u�%���L. ��"�u��Ö0/e�8�h�b. �%$

K Ë�Æ!¼[³�±�´�µi²z°yÂ�°yµLË;µL²z»�ºE³�²z´�¯�³�¼¹¼�Ëy²z½!·Z°�Á!Â�½�²z½!» È ¼�» µi²z½|³�²]¾M¿ Í�»Ú³�ºE³�µZµZ» ¶�µZ´¹±!¯ »	Ü(³�	�Ý
³�±!¶Ä²z°O²z»�¼�¼]²z½/»�µL²z°�·Z´�»�µ^²z½s³�²�¾yÎ|»�¼�´�»XÍ�»Y³�·Z»�µL²z´¹¼�¼]Òw³�´�²z´�±/Â�²z°JÎ�»U²z°�¼�¶iÉ�²z°O²z½/»�Î�» µL²�°�¸
º�Ë�³�Î/´�¼�´�²PË<Ð«¾`¯�³�±i¿ ²w³�µZÆ!´�·Z»y²z°�¯ °�ºYÆ!¼�»X²z»�±!» µZµ�É<Î!Á2²�¾`¶/°�Òw³�±�²5²z°GÂ�´�Í�»�Æ/·Z°�Æ�» ·5¯ ·Z»�¶!´�²5²z°
³�¼�¼|°�¸k²z½!»	Æ/´�°�±!» »�·ZµgÒ�½!°U½s³ Í�»	Î|»�» ±�·Z» µZÆ�°�±/µZ´�Î!¼�»	¸�°�·5Õ�»XËY´�¶/»�³�µ�å;µZ°U¾`Ò�°�±�¿ ²wµZ¯ ·Z´�ºYÆE°�±
½!´�µL²z°�·Z´�¯�³�¼/¶!» ²M³�´¹¼�µ�Ð �sÁ!·L²z½!»�·Zº�°�·Z»�É�Ò�½/» ±!» Í�»�·g¾`¼�»�³�·Z±EµZ°�ºY»X²z½!´¹±!Â�²z½|³�²�¾]²z½!´¹±!Õ�´�µ5¼�´�Õ�» ¼�Ë
²z°J·Z» ºE³�´�±Ä´�º�Æ�°�·L²M³�±�²��[�OË�»�³�·Zµ�¸�·Z°�º ±!°�Ò�ÉiµZ°�º�»X²z½/´�±!Â�²z½s³�²¤¯�³�±Ê³�¼¹µZ°OÎ|»�»XÅ2Æ!¼[³�´�±!»�¶
» ¼¹» Â<³�±�²z¼�Ë�´�±�³�Æ|³�·R³�Â�·R³�Æ!½E°�·)²PÒ�°/É<¾u¯�³�±i¿ ²�Î|»�³�·)²z°�¼�»�³XÍ�»y´�²g°�Á2²�Ðgç5°�±�Í�» ·ZµZ»�¼�Ë�É<¶!´�M�¯�Á!¼�²
ºE³�²z»�·Z´[³�¼!²z½s³�²5·Z»�á<Á!´�·Z» µ�³¤¼�»�±!Â�²z½�Ë�Æ!·Z°;°�¸k´�µgÎ�»XË�°�±!¶Y²z½!»yµZ¯ °�Æ|»	°�¸�²z½!» µZ»yÎ|°;°�Õ;µ�É<Á!±!¼�»�µZµ
²z½!»¤µZÁ!Ît=L» ¯ ²�ºE³�²Z²z» ·w´�µÚ²z·ZÁ!¼�ËO¸[Á!±/¶s³�º�» ±<²M³�¼?Ð

�ilYÉ�´�²�¿ µg¯ ¼¹»�³�·)²z½s³�²)²z½/» È » ¼�¶Y°�¸«ç5°�ºGÎ!´¹±s³�²z°�·Z´�³�¼/ß	¼�Â�°�·Z´�²z½!ºYµ)´�µ)Í�³�µL²�É2³�±!¶E¾u¯�³�±�¿ ²
¯ °�Í�» ·Y´�²E³�¼�¼8Ð×^ ½|³�²�³�·Z»J²z½!»JºY°�µL²E´�º�Æ�°�·L²M³�±�²�²z½!´�±!Â�µ�²z½s³�²Y¾M¿ ºÀ¼�»�³XÍ2´�±/ÂÄ°�Á!²�O K Ë
Î!´�Â�Â�» µL²5Î!¼¹´�±!¶�µZÆ�°�²�É<¾]²z½/´�±!Õ�É�´�µgÂ�» °�º�» ²z·LË�É�Î�» ¯�³�Á!µZ»y¾M¿ Í�»	³�¼�Òw³ Ë;µgÎ|»�» ±EºGÁ!¯M½YÎ�»X²Z²z» ·�³�²
Í2´�µZÁs³�¼�´���´�±!Â	³�±!¶Uº�³�±!´�Æ!Á!¼�³�²z´¹±!Â^³�¼¹Â�»�Î!·R³�´�¯5¸�°�·ZºUÁ!¼[³�µ«²z½s³�±U°�Îr=L» ¯X²zµu´�±GµZÆs³�¯�»�Ð Ù ½!» ·Z»�¸[°�·Z»
¾g¶!°�±�¿ ²y³�²Z²z» ºYÆ2²�²z°�¶!»�³�¼k´�±�²z½!» µZ»�Î|°;°�Õ;µ5Ò�´�²z½�¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼�Æ!·Z°�Î!¼�» ºYµ�²z½s³�²�³�·Z»^·Z» à
¼[³�²z» ¶�²z°�¯ °�ºYÆ!Á2²M³�²z´�°�±s³�¼�Â�»�°�º�»X²z·LË<É�µZÁ!¯M½G³�µ«¯ ¼¹°�µZ»gÆs³�¯RÕ;´�±!Â�°�¸;µZÆ!½!»�·Z» µ�É�°�·i¯ ¼�Á/µL²z» ·Z´�±!Â�°�¸
¶s³�²M³wÆ�°�´¹±�²zµ«´¹±@µ�à8¶!´�ºY» ±!µZ´�°�±s³�¼:kgÁ!¯ ¼�´¹¶!»�³�±�µZÆs³�¯�»�É�°�·]»XÍ�»�±¤²z½/»wæ�²z» ´�±/» ·i²z·Z» »5Æ!·Z°�Î!¼�»�º ´�±
²z½!»�Æ/¼[³�±!»�Ð K °�·Z»yµZ´�Â�±!´ È ¯�³�±�²z¼�Ë<É�¾]²z» ±/¶�²z°¤µZ½�Ë�³ Òw³ Ë�¸�·Z°�º Æ|°�¼�Ë2½!»�¶!·R³�¼/¯ °�ºUÎ!´�±s³�²z°�·Z´�¯ µ�É
³�±!¶Ê¸�·Z°�º ³�Æ!Æ!·Z°<³�¯R½!»�µ�²z½s³�²�³�·Z»EÎ|³�µZ»�¶ÊÆ!·Z´�º�³�·Z´¹¼�ËÄ°�±Ê¼¹´�±!»�³�·�Æ!·Z°�Â�·R³�ºYº�´�±/Â!É«´¹±�²z» Â�» ·
Æ!·Z°�Â�·R³�º�º�´¹±!Â/É)°�·�µZ» ºY´�¶!» È ±!´�²z»JÆ!·Z°�Â�·R³�ºYº�´�±/Â!Ð Ù ½!°�µZ»J²z°�Æ!´�¯�µY³�·Z»O²z·Z»�³�²z» ¶ÇÒ�» ¼¹¼Ú´�±
ºE³�±�ËY°�²z½/» ·gÎ�°<°�Õ;µg°�±Y²z½/»�µZÁ/Ît=L» ¯ ²�É�Î!Á!²5²z½!»XË�·Z» ¼�Ë�°�±EÂ�» °�º�» ²z·Z´�¯�³�¼/´�±�²zÁ/´�²z´�°�±�Ð 4gÁ!·Z» ¼�Ë
¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼�¶!» Í�» ¼�°�Æ!ºY» ±�²zµy³�·Z»�»�³�µZ´�» ·w¸�°�·wº�»^²z°�Á!±!¶!»�·ZµL²M³�±/¶�Ð

¾Ã³�¼�µZ°+ºGÁ!µL²Ó¯�°�±!¸[»�µZµ¨³ Î!´[³�µ¨³�Â�³�´�±/µL²¨³�¼�Â�°�·Z´�²z½!º�µ'²z½s³�²Ê³�·Z»Ï»�M�¯ ´¹» ±�²Ó°�±/¼�Ë ´�±
³�±é³�µLË2ºYÆ2²z°�²z´�¯�µZ» ±!µZ»�Ég³�¼�Â�°�·Z´�²z½!ºYµ�Ò�½!°�µZ»OµZÁ!Æ|»�·Z´�°�·UÆ�» ·Z¸�°�·Zº�³�±!¯ »�¶!°;» µZ±i¿ ²�Î|» Â�´�±Ì²z°
QLÕ;´�¯RÕ�´�±8SYÁ/±�²z´�¼k²z½!»�µZ´���»¤°�¸]²z½!»¤Æ/·Z°�Î/¼�» º » Å;¯�» »�¶!µÚ²z½/»¤µZ´���»¤°�¸«²z½/»¤Á!±!´�Í�» ·ZµZ»�ÐgßoÂ�·Z»�³�²
ºE³�±�Ë,Æ!Á!Î!¼�´¹¯�³�²z´�°�±!µJ±!°�Òw³�¶s³ Ë2µÃ³�·Z»¨¶!» Í�°�²z»�¶+²z° ³�¼�Â�°�·Z´�²z½!º�µJ°�¸G²z½s³�²'Õ<´¹±!¶�Ð ¾�¯�³�±
Á!±!¶/» ·ZµL²M³�±!¶YÒ�½�ËU²z½/»�¯ °�±�²z»�º�Æ!¼[³�²z´�°�±�°�¸�Á!¼�²z´�º�³�²z»w¼�´�ºY´�²zµ`½s³�µg´�±<²z» ¼�¼�»�¯X²zÁs³�¼s³�Æ!Æ|»�³�¼�³�±/¶
¯�³�·Z·Z´�»�µ�³�±Ì³�¯�³�¶!» ºY´�¯�¯�³�¯M½!»X²�å]Î!Á2²�´¹±$ê]ë�ìUíyî�ï	ð�ñ�ò)ð�óGô`õ2ïöìzî ÷ îMð�ø�îMù�ó�óYú�û2øÌ¾y²z» ±/¶
²z°EÂ�´�Í�»GµZ½!°�·L²	µZ½!·Z´�¸[²y²z°�³�±�ËBº�»X²z½/°<¶/µw²z½|³�²	¾ÚÒ�°�Á/¼�¶B±/»XÍ�» ·y¯ °�±!µZ´¹¶!» ·	Á!µZ´�±!ÂEºGË2µZ» ¼�¸u´�±
³�±�³�¯X²zÁs³�¼/Æ/·Z°�Â�·R³�ºSÐwü Ù ½!»�·Z»y³�·Z»�É�°�¸�¯�°�Á!·ZµZ»�É<»XÅ2¯ »�Æ2²z´�°�±!µ`²z°¤²z½!´�µg·ZÁ!¼¹»�É�»�µZÆ|» ¯�´[³�¼�¼�ËGÒ�´�²z½
·Z» µZÆ�» ¯X²y²z°EÎs³�µZ´�¯�¯�°�±/¯ » Æ!²zµy´�±S²z½!»�¯ °�·Z»G°�¸]²z½!»GµZÁ!Ît=L» ¯ ²�Ðyæ<°�ºY»�´�º�Æ/·R³�¯ ²z´�¯�³�¼�ºY»X²z½!°;¶!µ
³�·Z»JµZ´�ºYÆ!¼�Ë¨²z°;°ÓÎ|»�³�Á2²z´¹¸[Á!¼�³�±!¶|Ô�°�·�²z°;°Ó´�±!µZ´�Â�½�²z¸�Á!¼�²z°ÓÎ|»J»XÅ2¯�¼�Á!¶!»�¶�å�°�²z½!» ·ZµYÆ!·Z°�Í2´�¶!»
´�±!µL²z·ZÁ/¯X²z´�Í�»^» Å!³�ºYÆ!¼�» µw°�¸iÒ�½s³�² `�d®] ²z°�¶!°/ÐWþ

�/Á/·L²z½!» ·ZºY°�·Z»�É]³�µ�´�±Ó»�³�·Z¼�´�»�·	Í�°�¼�Á!º�»�µ�°�¸5²z½!´�µ�µZ»�·Z´�» µ�Éi¾M¿ º ´�±�²z» ±<²z´�°�±s³�¼�¼�ËB¯�°�±!¯ »�±2à
²z·R³�²z´�±!Âé³�¼�º�°�µL²S» ±�²z´¹·Z» ¼�Ë °�± qeo¯Ø0Ù�or`�]ul�^�j ³�¼�Â�°�·Z´�²z½!º�µ�Éy» Í�»�± ²z½!°�Á!Â�½,¯ °�º�Æ!Á!²z» ·ZµB³�·Z»
´�±!¯�·Z»�³�µZ´�±!Â�¼�ËÊ³�Î!¼¹»Y²z°B¯�³�·Z·LËÓ°�Á2²Y³�¯ ²z´�Í2´�²z´�»�µ¤´�±ÊÆs³�·R³�¼�¼�» ¼?ÐJ¾M¿ º Á!±s³�Î!¼�»E²z°Ú=öÁ/¶!Â�»YÒ�½|³�²
´�¶!»�³�µY³�Î|°�Á2²�Æ|³�·R³�¼�¼¹» ¼�´�µZºÀ³�·Z»J¼�´�Õ�» ¼�Ë¨²z°ÃÎ|»JÁ!µZ» ¸�Á!¼ È Í�»O°�·U²z»�±ÊË�»�³�·Zµ�¸�·Z°�º ±!°�Ò�É)¼¹»X²
³�¼�°�±!» È ¸¹²PË<É�µZ°¨¾�½s³�Æ!Æ!´�¼�ËÇ¼�»�³ Í�»SµZÁ/¯R½ á<Á!»�µL²z´�°�±!µY²z°Ó°�²z½!»�·Zµ�Ò�½/°Ì³�·Z»SÒ�´�µZ» ·�²z½|³�±$¾MÐ
æ<»�á�Á/» ±�²z´[³�¼�ºY»X²z½!°;¶!µ�É/Î�ËO²z½!» ºYµZ» ¼�Í�»�µ�És³�¼�·Z»�³�¶2ËO²z» µL²�²z½!»¤¼�´�ºY´�²zµÚ°�¸]ºGËO°�Ò�±Ã³�Î!´�¼�´�²PË�²z°
¶!´�µZ¯�» ·Z±OÒ�½|³�²w²z½/»�³�·L²z¸[Á/¼kÆ!·Z°�Â�·R³�º�ºY» ·Zµw°�¸i²z°�ºY°�·Z·Z°�Ò,Ò�´�¼¹¼�Òw³�±<²w²z°�Õ;±!°�Ò�Ð

Ù ½!»�º�³�´�±�¶!»�¯ ´�µZ´¹°�±�²z½s³�²5¾]±!»�» ¶!»�¶�²z°¤º�³�Õ�»wÒ�½!»�±YÆ!¼[³�±!±!´�±/Â¤½!°�Òé²z°�Æ!·Z»�µZ» ±�²g²z½!´�µ
ºE³�²z»�·Z´[³�¼uÒw³�µ¤Ò�½!» ²z½!» ·�²z°S°�·ZÂ<³�±/´�� »Y´�²�Î<ËÓÆ!·Z°�Î!¼�» ºYµ¤°�·�Î<ËÄ²z» ¯R½/±!´¹á<Á!» µ�ÐBç5½s³�Æ2²z» ·
�
´�±BÛ)°�¼�Á/º�»UÞ2É|¸�°�·y»XÅ/³�º�Æ/¼�»�É/Òw³�µ^¶!»XÍ�°�²z» ¶B²z°J³�µZ´�±!Â�¼�»GÆ!·Z°�Î!¼�»�ºSÉ/²z½!»UµZ°�·L²z´�±!ÂE°�¸`¶s³�²M³
´�±�²z°Ó°�·Z¶!» ·�åwºY°�·Z»O²z½s³�±Ï²PÒ�°Ó¶!°���» ±Ï²z» ¯R½/±!´¹á<Á!» µ�Ò�» ·Z»'³�Æ!Æ!¼�´¹» ¶Ì²z°¨¶!´��|»�·Z» ±�²�³�µZÆ|» ¯ ²zµ
°�¸]²z½s³�²yÆ/·Z°�Î/¼�» ºBÐwç5°�ºUÎ!´�±s³�²z°�·Z´[³�¼«³�¼�Â�°�·Z´�²z½!ºYµ�É!Î<ËJ¯�°�±<²z·R³�µL²�És´�±�Í�°�¼�Í�»¤º�³�±�ËJ¶!´��|»�·Z» ±�²
Æ!·Z°�Î!¼�»�º�µ�É�Ò�½!´�¯R½'²z»�±!¶'²z°OÎ|»�³�²Z²M³�¯RÕ�»�¶BÒ�´�²z½Ä³EµZºE³�¼�¼�»�·	·Z» Æ|»�·L²z°�´�·Z»G°�¸)²z»�¯R½!±!´[á�Á/» µ�Ð�¾



Í2´�´�´ ��������� �!�¸· ¹»ºL¹�¼t½ ¾¿�¸À´ÁÂ����L�r·LÃ
�u�e���n�u�_�n���e�Ê�u�e�� ���e�e� � �b. ' . ���µ�u� ' ��$ . ��"9�p��$ �_�u�n�_�����n�#��$ �Ä��s�u� �ÜÛ �Ü�*�s�_��x�*�s�_����W) � �#�Ü��$ ���u�8�e�_�u����x��Ý���h���_�n�e����s�����e���h�n�Z���u���e�c�����u�

È ±s³�¼�¼�Ë�¶!»�¯ ´�¶/» ¶U²z½s³�²g³	º�´�Å2»�¶GµL²z·R³�²z» Â�Ë�Ò�°�Á!¼�¶�Ò�°�·ZÕGÎ|»X²Z²z»�·]²z½s³�±Y³�±<ËGÆ/Á!·Z»�³�Æ!Æ!·Z°<³�¯R½iÐ
Ù ½<Á!µ�É�¸�°�·'»XÅ/³�º�Æ/¼�»�É	²z½/» µZ»ÊÎ|°;°�Õ;µS²z·Z»�³�²B²z½/»¨Æ!·Z°�Î!¼�»�º °�¸ È ±/¶!´�±!Â µZ½!°�·L²z» µL²ÃÆs³�²z½!µ
´�±éæ<» ¯ ²z´�°�±Ïè;Ð Þ2É)³�±!¶ÌÆ!·Z°�Î!¼�»�º�µU°�¸w¯�°�±!±!» ¯ ²z´�Í2´�²PËÄ´¹±Ïæ<»�¯X²z´�°�±Ïè;Ð ý Ð�Ü�å)Î!Á2²�º�³�±�Ë¨°�²z½!» ·
µZ» ¯ ²z´�°�±!µJ³�·Z»'¶!»XÍ�°�²z» ¶$²z°ÌÎs³�µZ´�¯B²z» ¯M½!±!´¹á<Á!»�µ�ÉwµZÁ!¯R½,³�µE²z½!»'Á/µZ»'°�¸ ä °;°�¼¹»�³�± ³�¼�Â�» Î/·R³
ü?æ<»�¯X²z´�°�±Çè;Ð�Ü�þMÉ]Îs³�¯RÕ<²z·R³�¯RÕ;´�±!ÂÇü?æ<»�¯X²z´�°�±Çè;Ð Ý�þMÉuºE³�²z·Z°�´�¶Ó²z½/» °�·LË$ü?æ<» ¯ ²z´�°�±Çè;Ð�	�þMÉu°�·G¶2Ë;à
±s³�º�´¹¯�Æ!·Z°�Â�·R³�ºYº�´�±/Â�ü?æ<» ¯ ²z´�°�±Oè;Ð è�þMÐ Ù ½!»y¸D³�º�°�Á!µ Ù ·R³ Í�»�¼�´�±!Â�æ2³�¼�»�µZ·Z» Æ�4g·Z°�Î!¼�»�ºSÉ2³�±/¶
°�²z½!» ·g¯�¼[³�µZµZ´�¯w¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼2²M³�µZÕ;µg·Z»�¼[³�²z» ¶�²z°¤¯ °�Í�» ·Z´�±!Â/É<¯ °�¼�°�·Z´�±!Â/É;³�±/¶YÆs³�¯MÕ<´¹±!Â/É�½s³ Í�»
±!°SµZ» ¯ ²z´�°�±!µ�°�¸g²z½!»�´�·�°�Ò�±�ÉiÎ!Á!²�²z½!» ËÃ¯ °�º�»�Á!Æ¨µZ»XÍ�» ·R³�¼`²z´�º�»�µ^´�±Ó¶!´��|»�·Z» ±�²�Æ!¼[³�¯ »�µ�³�µ
²z½!» ËJ³�·Z»�²z·Z»�³�²z» ¶JÎ�ËO¶/´��|» ·Z»�±�²wºY»X²z½!°;¶!µ�Ð

¾M¿ Í�»Uº�»�±�²z´�°�±!» ¶'Â�·Z»�³�²	Æ/·Z°�Â�·Z»�µZµ	´�±S²z½/»�³�·L²	°�¸`¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼i¯�°�ºYÆ!Á2²z´�±/Â!É|Î!Á2²^¾
¶!°�±�¿ ²wºY»�³�±E²z°�´�º�Æ/¼�Ë�²z½s³�²y³�¼�¼�¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼|Æ/·Z°�Î/¼�» ºYµ�½|³XÍ�»�³�¯X²zÁs³�¼�¼�ËYÎ|»�» ±�²M³�º�»�¶�Ð
^+½!» ±'²z½!»U·ZÁ!±/±!´�±!Â�²z´�º�»G°�¸5³E¯ °�ºYÆ!Á2²z» ·	Æ/·Z°�Â�·R³�º Â�°;» µ^Îs³�¼�¼�´�µL²z´�¯�És´�²zµ^Æ!·Z°�Â�·R³�ºYº�» ·Zµ
µZ½!°�Á!¼�¶/±�¿ ²5» Å;Æ�» ¯X²`²z° È ±!¶�³^µZ´�¼�Í�» ·)Î!Á!¼¹¼�»X²)¸�°�·`²z½!» ´¹·`±!»�» ¶!µg´�±�²z½!´�µ)Î|°;°�Õ|Ð Ù ½!»wºY»X²z½!°;¶!µ
¶!»�µZ¯ ·Z´�Î|»�¶O½/» ·Z»^Ò�´¹¼�¼k°�¸¹²z»�±�Ò�°�·ZÕJ³UÂ�·Z»�³�²�¶!»�³�¼�¸ã³�µL²z» ·Ú²z½|³�±J²z½!» È ·ZµL²	³�Æ!Æ/·Z°�³�¯M½!» µw²z½|³�²
³ÓÆ!·Z°�Â�·R³�º�º�»�·Y²z·Z´�»�µ�å�Î/Á2²�¼�» ²�¿ µE¸D³�¯ »B´�²N�¨ç5°�ºGÎ/´�±s³�²z°�·Z´[³�¼�Æ!·Z°�Î!¼�»�º�µEÂ�» ²�½<Á!Â�»BÍ�»�·LË
á<Á!´�¯MÕ<¼�Ë�Ð ^¨»y¯�³�±�» Í�»�±�Æ!·Z°�Í�»	·Z´¹Â�°�·Z°�Á!µZ¼�Ë�²z½s³�²w³¤¯ »�·L²M³�´�±EµZºE³�¼�¼?É�±s³�²zÁ!·R³�¼|Æ!·Z°�Î!¼�»�º Ò�´�¼�¼
`�orm®opf ½s³ Í�»w³w¸�»�³�µZ´�Î/¼�»gµZ°�¼¹Á2²z´�°�±¤´¹±¤²z½/»g·Z»�³�¼�Ò�°�·Z¼�¶iÉ�³�¼�²z½!°�Á!Â�½�´�²]´�µ«µZ°�¼�Í�³�Î/¼�»g´�±GÆ!·Z´�±!¯�´�Æ!¼�»
üãµZ» »�²z½!»�²z½!»�°�·Z» º °�¸5æ�²z°;¯RÕ;ºY»XË�» ·^³�±!¶ K »XË�» ·	´¹±Äæ<» ¯ ²z´�°�±Äè<Ð�Ü�Ð Ý�þMÐ�¾P±'°�²z½!» ·	¯�³�µZ» µyÒ�»
¯�³�±!±/°�²�Æ!·Z°�Í�»S³�µUË�» ²U²z½s³�²�±!°Ä¶/» ¯ »�±�²E³�¼¹Â�°�·Z´�²z½/ºÿ¸�°�·�³'Â�´�Í�» ±ÇÆ!·Z°�Î!¼�»�º »XÅ2´�µL²zµ�É`Î/Á2²
Ò�»GÕ;±!°�Ò ²z½s³�²	µZÁ!¯R½'º�» ²z½!°;¶!µ^³�·Z»�Á/±!¼�´�Õ�» ¼�Ë�É/Î|» ¯�³�Á!µZ»�³�±<ËJ»(M�¯�´�» ±<²^³�¼�Â�°�·Z´�²z½!º Ò�°�Á!¼¹¶
Ë2´�» ¼¹¶Ó³�Â�°;°;¶ÃÒw³ Ë'²z°JµZ°�¼�Í�»U²z½/°�Á/µR³�±/¶!µ¤°�¸5°�²z½!»�·�Æ!·Z°�Î!¼�»�º�µ^²z½s³�²¤½s³ Í�»�µL²zÁ!ºYÆ|» ¶Ä²z½!»
Ò�°�·Z¼�¶�¿ µwÂ�·Z»�³�²z»�µL²w» Å;Æ�» ·L²zµ�üãµZ» »�²z½!»�¶/´�µZ¯ Á!µZµZ´¹°�±S°�¸LÒv4`à8¯�°�º�Æ!¼�» ²z» ±!»�µZµÚ´�±'æ<»�¯X²z´�°�±'è<Ð�³�þMÐ

k)Å2Æ|» ·Z´�»�±!¯ »GµZÁ!Â�Â�»�µL²zµy²z½|³�²^±/»XÒo¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼]³�¼¹Â�°�·Z´�²z½/º�µ�Ò�´�¼�¼«¯�°�±<²z´�±<Á!»�²z°�Î|»
´�±�Í�»�±�²z» ¶�És¸�°�·�±!» Ò ¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼�Æ/·Z°�Î/¼�» ºYµ	³�±!¶B¸�°�·y±!»XÒ�¼�ËJ´�¶!»�±�²z´ È »�¶JÍ�³�·Z´[³�²z´�°�±!µ�°�·
µZÆ|»�¯ ´[³�¼s¯�³�µZ»�µ5°�¸k°�¼�¶E°�±!»�µ�å2³�±!¶E²z½s³�²�Æ|» °�Æ!¼�»�¿ µÚ³�Æ!Æ|»X²z´�²z»�¸[°�·5µZÁ!¯M½J³�¼¹Â�°�·Z´�²z½/º�µ`Ò�´�¼¹¼�³�¼¹µZ°
¯ °�±�²z´¹±<Á!»E²z°'Â�·Z°�Ò�Ð Ù ½!»J³�·L²U°�¸w¯ °�º�Æ/Á2²z» ·GÆ!·Z°�Â�·R³�º�º�´¹±!ÂB¯ °�±�²z´�±;Ás³�¼�¼�Ë¨·Z»�³�¯R½!»�µG±!» Ò
½!»�´�Â�½�²zµÚÒ�½/» ±SÆ!·Z°�Â�·R³�ºYº�»�·Zµy³�·Z»¤¸D³�¯�» ¶OÒ�´�²z½J¯R½s³�¼�¼¹» ±!Â�» µwµZÁ/¯R½Ã³�µÚ²z½/» µZ»�ÐÌÔ)» ²w²z°<¶|³XËk¿ µ
º�» ²z½!°;¶!µy³�·Z»�³�¼�µZ°�¼�´�Õ�»�¼�ËY²z°�·Z» ºE³�´�±J·Z» ¼¹»XÍ�³�±�²�Ð

K °�µL²y°�¸i²z½/´�µwÎ|°;°�ÕE´�µwµZ» ¼¹¸¹à8¯�°�±<²M³�´¹±!» ¶�É/³�¼�²z½/°�Á/Â�½O²z½!»�·Z»�³�·Z»�¸[·Z»�á�Á/» ±�²w²z´�» à8´�±!µ�Ò�´�²z½
²z½!»Ä²z°�Æ!´�¯ µJ¶!´�µZ¯�Á!µZµZ» ¶�´�± Ûg°�¼¹Á!º�»�µÄÜ0Ó2Þ2ÐÞ�«°�Òwà8¼¹»XÍ�» ¼�¶!» ²M³�´¹¼�µO°�¸GºE³�¯M½!´�±!»Ä¼[³�±!Â�Ás³�Â�»
Æ!·Z°�Â�·R³�º�º�´¹±!ÂG½s³ Í�»�Î|» »�±E¯�°�Í�»�·Z» ¶O»XÅ;²z» ±!µZ´�Í�»�¼�Ë�´�±E²z½!°�µZ»	Í�°�¼¹Á!º�»�µ�É<µZ°G²z½/»�³�¼¹Â�°�·Z´�²z½/º�µ
´�±G²z½!»ÚÆ!·Z» µZ»�±�²)Î|°;°�ÕG³�·Z»�Á!µZÁ|³�¼¹¼�Ë�µZÆ�» ¯ ´ È » ¶U°�±!¼�Ë�³�²g³�±Y³�Î!µL²z·R³�¯X²`¼�» Í�»�¼8É�´�±!¶/» Æ|»�±!¶!» ±<²`°�¸
³�±�Ë�º�³�¯M½!´�±!»�Ð e °�Ò�»XÍ�»�·�É2µZ°�ºY»�³�µZÆ�» ¯X²zµw°�¸«¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼�Æ!·Z°�Â�·R³�º�ºY´�±!Â�³�·Z»�½!»�³ Í2´�¼�Ë
¶!»�Æ|» ±!¶/» ±�²u°�±G¼�°�Òwà8¼�» Í�»�¼�¶!»X²M³�´�¼¹µi²z½s³�²]¶!´�¶!±�¿ ²)³�·Z´¹µZ»gÎ|»�¸[°�·Z»�å�´�±GµZÁ!¯M½G¯�³�µZ»�µ�É�³�¼�¼<»XÅ/³�º�Æ!¼¹» µ
´�±�²z½!´¹µ)Î�°<°�ÕY³�·Z»�Îs³�µZ» ¶E°�±�²z½!»>ß:ßIàGáU¯�°�º�Æ!Á2²z»�·�É�Ò�½!´�¯M½YµZÁ!Æ|» ·ZµZ»�¶!» µg²z½/»�ß�àGá�ºE³�¯R½/´�±!»
²z½s³�²�Òw³�µG¶!» È ±!» ¶Ì´�±¨»�³�·Z¼�ËÄ»�¶!´�²z´�°�±!µ�°�¸�Ûg°�¼¹Á!º�»BÜ�Ð]Z^»X²M³�´�¼�µU³�Î|°�Á2²@ß:ßIàGá¨³�Æ!Æ|»�³�·G´�±
³�Æs³�Æ|»�·ZÎs³�¯RÕSµZÁ!Æ!Æ/¼�» ºY» ±�²	²z°Y²z½s³�²yÍ�°�¼�Á/º�»�¯�³�¼¹¼�» ¶Çê]ë�ì�íyî�ïwð�ñyò)ð�óUôuõ2ïöìzî ÷ îMð�ø�îMù�óRâ
ó�ú¹û2øsÉ<Ûg°�¼¹Á!º�»�Ü�Ér��³�µZ¯�´�¯ ¼¹»UÜ�å2²z½!»XËk¿ ·Z»¤³�¼�µZ°Y³ Í�³�´�¼[³�Î!¼¹»	°�±O²z½!»�¾P±�²z»�·Z±!»X²�É;²z°�Â�» ²z½!» ·�Ò�´�²z½
¶!°�Ò�±!¼�°<³�¶s³�Î!¼�»G³�µZµZ» ºGÎ/¼�» ·Zµy³�±!¶SµZ´�ºUÁ!¼[³�²z°�·Zµ�Ð

ß	±!°�²z½!»�·�¶/°�Ò�±/¼�°<³�¶|³�Î/¼�»`·Z»�µZ°�Á!·Z¯ »�É�³�¯�°�¼�¼�» ¯ ²z´�°�±	°�¸2Æ!·Z°�Â�·R³�ºYµ«³�±!¶¤¶|³�²M³Ú¯�³�¼�¼¹» ¶Yê]ë�ì
?|ïPù�û!ñ8ð�î0AãB�îMù ô|ëED�ùGFXì�É/´�µ�¯ ´�²z»�¶J»XÅ;²z»�±!µZ´�Í�» ¼�ËO´�±J²z½!»¤»XÅ/³�º�Æ!¼¹» µÚ°�¸]²z½!´�µwÎ�°<°�Õ�Ð�\�»�³�¶!»�·Zµ
³�·Z»y»�±!¯ °�Á!·R³�Â�» ¶E²z°GÆ/¼[³ Ë�Ò�´�²z½Y´�²�É<´�±E°�·Z¶!»�·g²z°G¼�»�³�·Z±O³�Î|°�Á2²�¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼�³�¼¹Â�°�·Z´�²z½/º�µ
´�±OÒ�½|³�²�¾g²z½/´�±!ÕYÒ�´�¼¹¼kÎ|»^²z½!»¤º�°�µL²�»�M�¯�´�» ±�²	³�±!¶Sº�°�µL²�» ±[=L°�Ë;³�Î/¼�»^Òw³ Ë�Ð

¾P±!¯�´�¶!» ±<²M³�¼¹¼�Ë�ÉÚÒ�½!´¹¼�»BÒ�·Z´�²z´�±/Â¨²z½!»Ã´�±<²z·Z°<¶/Á!¯X²z°�·LË$ºE³�²z» ·Z´[³�¼�³�²O²z½/»'Î�» Â�´�±!±!´¹±!ÂÌ°�¸
ç5½s³�Æ2²z»�·Gè;É�¾�Òw³�µ¤Æ!¼¹»�³�µZ» ¶Ä²z°O±/°�²z»�²z½s³�²�´�²^Òw³�µ¤±s³�²zÁ!·R³�¼u²z°Jº�»�±�²z´�°�±ÄµZ°�º�»�Ò�°�·ZÕ'°�¸



�������(� �2�¸· ¹»ºL¹�¼t½L¾6�¸À´ÁÂ��!���r· Ã ´�Å

���%$ $���u�� Û �%$ �J��2�0/p����h���_�n�e������0/p�u����k��������z���,1G�[���ªÄä�ä�äoê!îMù�û8FMù�å�ïDúãð�ûEF

º�Ë´4g½�Ð Z�Ð�²z½!» µZ´¹µ¤³�¶2Í2´�µZ°�·�É K ³�·ZµZ½s³�¼�¼ e ³�¼�¼8É!X�·�Ð)üLÜ(³2Ü(�GÓ|Ü(³�³��<þMÉi³�µ�Ò�» ¼�¼g³�µ¤µZ°�º�»UÒ�°�·ZÕ
°�¸ æ lnq ²z½/» µZ´�µ5³�¶2Í2´�µZ°�·�Ét��Ë2µL²z»�´�±��y·Z»�üLÜNV�³�³NÓsÜN³�	�V�þMÉ<³�µ`Ò�» ¼¹¼s³�µ`µZ°�º�»ÚÒ�°�·ZÕU°�¸ æ lnq ²z½!» µZ´�µ
³�¶2Í2´�µZ°�·�É Ù ½!°�·R³�¼�¸�æ<Õ�°�¼�» º üLÜNV�V�è(ÓsÜN³�	�Þ�þMÐ`æ<Õ�°�¼�»�ºS¿ µ5³�¶2Í2´�µZ°�·�É�ßyÅ;»�¼ Ù ½<Á!»UüLÜ(V�	�ÞNÓ|Ü(³�Ý�Ý�þMÉ
Òw³�µy³�¼�·Z»�³�¶2Ë�Æ!·Z»�µZ» ±�²y´�±'ç5½s³�Æ2²z»�·i	2Ð

¾M¿ º ´�ºYº�»�±!µZ» ¼�ËBÂ�·R³�²z» ¸�Á!¼]²z°�²z½!»�½<Á!±!¶!·Z»�¶!µ�°�¸g·Z»�³�¶!»�·Zµ^Ò�½!°O½|³XÍ�»�½/» ¼�Æ|»�¶Ãº�»U²z°
¸�» ·Z·Z»X²^°�Á2²	±<Á/º�» ·Z°�Á!µ^º�´¹µL²M³�Õ�»�µw²z½|³�²^¾wºE³�¶!»G´�±'»�³�·Z¼�ËS¶!·R³�¸¹²zµ	°�¸u²z½!´¹µ�Í�°�¼�Á!º�»�É/Ò�½/´�¯R½
Ò�» ·Z»O°�·Z´�Â�´�±|³�¼¹¼�ËÓÆ|°�µL²z» ¶Ç°�±Ì²z½!»O¾P±�²z» ·Z±/»X²Y³�±!¶ÇµZÁ/Î!µZ»�á<Á!»�±�²z¼�ËÊÆ!·Z´�±�²z»�¶Ç´�±ÌÆs³�Æ|»�·ZÎs³�¯RÕ
¸D³�µZ¯�´�¯ ¼¹» µ�Ð ä Á2²w¾5¸[»�³�·Ú²z½s³�²w°�²z½!»�·Ú» ·Z·Z°�·ZµwµL²z´�¼¹¼�¼�Á!·ZÕJ³�ºY°�±!ÂU²z½!»�¶!» ²M³�´¹¼�µÚ¯ °�¼�¼�»�¯X²z» ¶�½!»�·Z»�É
³�±!¶Ã¾ÚÒw³�±�²	²z°�¯�°�·Z·Z»�¯X²	²z½!» º ³�µ^µZ°;°�±Ä³�µ	Æ|°�µZµZ´�Î/¼�»�Ð Ù ½!» ·Z»�¸[°�·Z»G¾ÚÒ�´¹¼�¼«¯R½!»�» ·Z¸�Á!¼�¼�ËSÆs³ Ë
a�Ý2Ð ��	¤²z°�²z½/» È ·ZµL² È ±!¶!»�·�°�¸�»�³�¯R½E²z»�¯R½!±/´�¯�³�¼8É�²PË2Æ|°�Â�·R³�Æ!½!´�¯�³�¼8É�°�·�½/´�µL²z°�·Z´�¯�³�¼|»�·Z·Z°�·�Ð Ù ½!»
587:98;(<OÒ�»�Î!Æs³�Â�»¤¯�´�²z» ¶J°�±BÆs³�Â�»�´�´�¯�°�±�²M³�´�±!µ	³�¯ Á!·Z·Z»�±�²�¼¹´�µL²z´�±!Â�°�¸)³�¼�¼�¯ °�·Z·Z» ¯ ²z´�°�±!µÚ²z½|³�²
½s³ Í�»¤Î|» »�±J·Z» Æ�°�·L²z»�¶O²z°�º�»�Ð
\�]_^a`cbpdafhgGgih.^�j�l bpdafr`2l�^ Z�Ð8kyÐ8l�Ð
o�p frlÕj mrqWqts

ç«4�3?1�TD4�6 6 IXN�èi4�K TD9R>z02.�C�>RA F�6 9E\�.�Ty387�9UTD9�K�4�A C�A C�:'9 TDTD.�T[>#é
4�6 387�.<1�:27�NuA CEK�I�.�0<A C�A .�C�NuK�IB\�TDA 9�C�=�>�VX.<1�6 =�7�4�QM9UVX4�1�:;7<3g4E\�9�aéK�.�TD9�b

c ��{uh]� �rê�r^�C{upi��j5��j5mÚ�ìëU� ê^hu� r�íuv y|.�K	021�3D4�3DA .�C�4�6 y�.�K	0<6 9�î�A 3 I �z (�������

ïñð�òEó(ô]òIðöõNôr÷*ôrõNô8ð ø�ôtù�ú \�» ¸�» ·Z»�±!¯ »�µ5²z°
ªÄä�ä�ä ê/îMù�û8FMù�å�ïDú�ð�û8F	´�±!¯ ¼¹Á!¶!»�³G¼�»X²Z²z»�·5¯ °;¶!»
¸�°�·�²z½/»'²PË2Æ|»Ã°�¸�²z·R³�±!µR³�¯X²z´¹°�±/µ�É�´�± Î|°�¼�¶/¸ã³�¯ »ÃÆ!·Z»�¯ »�¶!´�±!ÂÊ²z½/»'Í�°�¼�Á!º�»Ã±<Á/ºGÎ|»�·�Ðû�/°�·
»XÅ/³�º�Æ/¼�»�É
d ªÄä�ä�äÀê/îMù�ûEF(ü6ý¿þ¯ÿ��k¿�ºY»�³�±!µB²z½!»CªÄä�ä�äÀê!îMù�û8FMù�å�ïDúãð�ûEFÄð�û ò)ð�óGôuõ2ïöìRî%F�É
Í�°�¼�Á!º�»ÄÞ��2Ð Ù ½/»'¾Äk�kÌk ±!°Ì¼�°�±!Â�» ·�Á!µZ»�µE²z½!»�µZ»'¯ °�±�Í�» ±/´�» ±�²O¼�» ²Z²z» ·E¯ °;¶!»�µ�ÉwÎ!Á2²�²z½!»
¯ °;¶!»�µÚ³�·Z» ±�¿ ²5²z°;°G½s³�·Z¶E²z°G¶!» ¯�´�Æ!½!»�·(�©d �¿ýE¿<°�±!¯�»yµL²z°;°;¶E¸�°�·
Q�kg¼�»�¯X²z·Z°�±!´�¯^ç5°�ºYÆ!Á2²z» ·Zµ�É S
d ���Y¿«¸[°�·´QL¾P±!¸[°�·Zº�³�²z´¹°�± Ù ½!» °�·LË<É S×d����G¿«¸[°�·_Qzæ;°�¸[²PÒw³�·Z»�kg±!Â�´�±!»�» ·Z´�±!Â/É SÓ³�±/¶¸d	��
Y¿«¸�°�·
QRæ<´�Â�±s³�¼I4g·Z°<¯�» µZµZ´�±/Â!É S�»X²z¯�Ð�å�dìý ï� ¿2ºY»�³�±�²TQzç5°�ºYÆ!Á2²z» ·Là8ß	´¹¶!» ¶RZ^»�µZ´�Â�±�°�¸i¾P±�²z» Â�·R³�²z» ¶
ç5´�·Z¯�Á!´�²zµ�³�±!¶Ãæ�Ë2µL²z»�º�µ�Ð S



���0/p�u���� � �



�2���e�R�����[��r�°� Û �_�u�c�¦�Ê�u��k�k����������Ä��$ ����I1��z�����/����Ä$ �_����E3����N�¯1���®����"��Ì�h�n�x�°�%. �Õ. ��"h������ �#����. �°�Ê�u���b. � ���

���� �"!$#&% '(#*)$#(+

*-,/.103254�(768, #92z(;:=<Ä%Y( #Ê*?>;254A@

B�.<1�>X7�4�6 6|>R9�9 H 9�4�6 6�=�4öIB9�TD9^I�.<1DC�C�=�9�387�9�K�NE au7�9�C¤I�.<1�7�4�QR9Y387�9�K�N)387�9LIJ4XTD9�C�.;3wa�.�TP387S387�9¤>M9 4 T8V 7�b
c nkju�!�!j5tu� rUv�} � -u7�9GF�9 T8V�7�4�C<3g.;\"H!9�C�A VX9 �8j`�R~¤� v|�!� �����E �vil;} ���� �  � �

u5K�A =J387�9G4�V�3DA .�CY4�C�=ETD9�4�V�3DA .�C�.<\k>M.Y=�9�C�>M9G4�> a�4 T8K .<\]7�1�K�4�C�AW3 IXN
9�QR9�T I�0!.�>L>MA F�6 9GV .�K�F�A C�4�3DA .�CY.;\i9�QR9�C�3[>�K�4öIEF;9�9%î�0!9�V�3D9 =O3D.O3D4�H 9¤0�6 4�VX9�N

4�C�=YK�4�CMIY4U6 AW3P3D6 9¤0�TD.�F�6 9�K a]A 6 6/F;9^0�TD9M>R9�C�3D9�=�a]7�A V 7YK�4öIYF;9y>�3DTDA H�A C�:O4�C�=YF�A I�4 TDTD9�b
c �I{uf�hul2r¤��zU{irGl,ëUfs��v|} � -`7�9�u)=;QR9�C<3?1�TD9G.<\u387�9KJ«6 1�9�y|4 TDF<1�C�V 6 9 �z (�������

-u7�9LC�9�6 =O.;\]V .�K�F�A C�4�3D.�TDA 4�6k4�6 :;.�TDA 387�Ky>�A >U3D.;.SQM4 > 3w3D.OV .;QR9 T
A CJ4�>MA C�:;6 9�0<4�0!9 Tw.�Tw9�QR9�C�A CJ4�>MA C�:;6 9YF<.;.�H�b

c hirGnufih2ê f«p�ê«j5h�M�j�t �z (� � ¡��
xO7�A 6 9g_R.�> 3D6 A C�:Ã4 :;4�A C�> 3w4�6 6«K�4�C�C�9 TÚ.;\]0!9 .�0<6 9

AW3�7�4 >¤F<9�9�CYA K	0�TD9R>Z>R9 =J1�0!.�C�K�IOK�A C�=S387�4�3w387�9^> 1�V VX9M>L>�\¹1�6s.�C�9R>
4 TD9E387�.�>M9�au7�.�7�4�QR9U4EC�4�3?1�TD4�6�\�4�V�1�6W3 I'\�.�T)>R.�6WQRA C�:J021NINI�6 9R> b

�!A \�9�A >�\[1�6 6�.<\]021OINI�6 9M>RNg4�C�=Ãak9�4 TD9YVX4�6 6 9�='1�0!.�C
3D.�>R.�6WQR9U>X1�V�7O4 >Y\�4�3D9�387�TD.�a�>U.�1�T	a�4öI�b

c �2j®ë l;r�}Úmwv�M�h`p^�z (��� � �

P ©RQ	§/¥�S�T!®k©�Uk¥WV�¦Ê´�µB²z½/»ÊµL²zÁ!¶!Ë�°�¸�²z½!»ÊÒw³XË2µÃ´�± Ò�½!´�¯R½ ¶!´�µZ¯�·Z»X²z»Ì°�Îr=L» ¯X²zµÃ¯�³�± Î|»
³�·Z·R³�±!Â�» ¶Ä´�±�²z°�Í�³�·Z´�°�Á!µ^Õ;´�±/¶!µ^°�¸gÆs³�²Z²z» ·Z±!µ�Ð@�/°�·�»XÅ/³�º�Æ!¼¹»�É|²z½!»�°�Îr=L» ¯X²zµ�º�´�Â�½�²�Î|»YÝGµ
±<Á!ºUÎ|» ·ZµYX�Ü[Z Ü[ZRÝ\ZRÝ]Z�Ï�Ï(Ï�Z�µ^Z�µ`_�É/³�±/¶OÒ�»�º�´�Â�½�²ÚÒw³�±�²w²z°�Æ!¼�³�¯�»	²z½!»�º ´¹±S³G·Z°�Ò�µZ°U²z½|³�²
»XÅ/³�¯X²z¼�ËbaÄ±;Á!ºGÎ|»�·ZµG°<¯�¯ Á!·GÎ|»X²PÒ�»�» ±¨²z½!»Y²PÒ�°Ã³�Æ!Æ�»�³�·R³�±!¯ »�µ�°�¸Ú»�³�¯M½Ê¶!´�Â�´�²casÐY^+½!»�±
µed+Þ	²z½!» ·Z»w´�µg» µZµZ» ±<²z´[³�¼�¼�ËG°�±!¼�Ë�°�±!»ÚÒw³ ËU²z°G³�·Z·R³�±!Â�»wµZÁ/¯R½�Q��]³�±!Â�¸�°�·Z¶YÆs³�´�·Zµ�É S¤±s³�ºY» ¼�Ë
Ý!Þ�Ü<Ý�Ü�Þ�ü8³�±!¶U´�²zµ]¼¹» ¸[²Zà8·Z´�Â�½�²u·Z»XÍ�»�·ZµR³�¼ãþMå�µZ´¹º�´�¼[³�·Z¼�Ë<É�²z½!»�·Z»�¿ µ)³�¼�µZ°¤³yÁ!±!´[á�Á/»�µZ°�¼�Á2²z´�°�±GÒ�½!»�±
µed ý Ð K ³�±<ËO°�²z½!» ·Ú²PË2Æ|»�µw°�¸«¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼kÆs³�²Z²z» ·Z±/µy³�·Z»¤¶!´�µZ¯�Á!µZµZ» ¶SÎ|»�¼�°�Ò�Ð

�u´�Í�»�Îs³�µZ´�¯Y²PË2Æ|» µU°�¸�á�Á/» µL²z´�°�±!µ�²PË2Æ!´�¯�³�¼¹¼�Ë¨³�·Z´�µZ»YÒ�½/» ±Ì¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼gÆ!·Z°�Î!¼¹» º�µ
³�·Z»�µL²zÁ!¶/´�» ¶�É!µZ°�º�»¤º�°�·Z»�¶!´M�¯�Á!¼�²w²z½s³�±J°�²z½!» ·Zµ�Ð
´�þ�k)Å2´�µL²z» ±!¯�»��`ß	·Z»^²z½!»�·Z»¤³�±�ËB³�·Z·R³�±/Â�»�º�»�±�²zµ�f ²z½|³�²�¯�°�±!¸[°�·Zº ²z°U²z½/»�Æs³�²Z²z» ·Z±IO
´�´�þOç5°�±!µL²z·ZÁ!¯ ²z´�°�±!�`¾P¸«µZ°/É!¯�³�±JµZÁ!¯R½Ã³�±�f Î�»�¸�°�Á/±!¶Bá�Á/´�¯RÕ;¼�Ë,O
´�´�´ãþTkg±<Á!ºY» ·R³�²z´�°�±!� e °�Ò ºE³�±�ËO¶!´���» ·Z» ±<²y³�·Z·R³�±!Â�» º�»�±�²zµgf »XÅ2´�µL²�O
´�Í/þ â » ±/» ·R³�²z´�°�±!�5çÚ³�±B³�¼�¼«³�·Z·R³�±!Â�»�º�» ±<²zµ�fih�Éjf Ê É!Ï�Ï(ÏÚÎ|»�Í;´¹µZ´�²z» ¶OµLË2µL²z» º�³�²z´�¯�³�¼�¼�Ë,O
ÍsþP�yÆ!²z´�º�´���³�²z´�°�±!�
^+½s³�²Y³�·Z·R³�±!Â�» ºY» ±�²zµUº�³�Å2´�ºY´�� »E°�·UºY´�±!´�ºY´�� »�k«ülfÓþMÉuÂ�´�Í�»�±Ï³�±

°�Ît=L» ¯ ²z´�Í�»�¸[Á!±/¯X²z´�°�±ek2O
k�³�¯R½�°�¸;²z½!»�µZ»gá<Á!»�µL²z´�°�±!µ�²zÁ/·Z±!µ«°�Á2²i²z°�Î�»)´¹±�²z» ·Z»�µL²z´�±!ÂwÒ�´�²z½¤·Z» µZÆ|»�¯X²«²z°>�]³�±!Â�¸�°�·Z¶�Æs³�´�·Zµ�Ð

m



Ý �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

��� ' . �_������xwÝ� �ÜÛ .�s�%. $ $ �_��r/�.���e� � � � � ' �8���p�u�%��$ �J�T��°��� � . ��"�$ . � Û ��Ü�Ä�T��z���:) �h�¦�Ê�u�+2��$ $ )��e�%$ ��� � �_�

�/°�·�»XÅ/³�º�Æ/¼�»�É�¯�°�±!µZ´�¶!»�·Y²z½!»'á<Á!» µL²z´¹°�± °�¸^»XÅ2´�µL²z»�±!¯ »�Ð Ù ·Z´[³�¼	³�±!¶ » ·Z·Z°�·�á<Á!´�¯MÕ;¼�Ë
·Z»XÍ�»�³�¼¹µ�²z½s³�²�ÉsÒ�½!» ±Æµbd»�2ÉsÒ�»G¯�³�±/±!°�²^Æ!¼[³�¯ »yX�Ü[Z Ü[ZzÝ]ZzÝ]Z(Ï�Ï�Ï�Z#�]Z#�\_GÆ!·Z°�Æ|»�·Z¼�ËS´�±<²z°Y²z» ±
Æ|°�µZ´�²z´�°�±!µ�Ð Ù ½!»	²PÒ�°OÜ µÚºGÁ!µL²ÚÎ�°�²z½OÂ�°U´�±�²z°G» Í�» ±2à8±<Á/ºGÎ|»�·Z» ¶OµZ¼�°�²zµ�É;°�·�Î�°�²z½�´�±<²z°U°<¶/¶2à
±<Á!ºUÎ|» ·Z»�¶'µZ¼�°�²zµ�å|µZ´�ºY´�¼[³�·Z¼�Ë<É2²z½/»UÞ�µ�³�±/¶_��µ	ºGÁ!µL²^¯R½!°;°�µZ»GÎ|» ²PÒ�» »�±S²PÒ�°�»XÍ�»�±!µ	°�·�²PÒ�°
°;¶!¶!µ�åkÎ!Á2²	²z½!»�Ý�µ�³�±!¶ ý µ^Á!µZ»U°�±/»G°�¸`»�³�¯R½�Ð Ù ½<Á!µ	Ò�»G¯�³�±�¿ ² È ¼�¼«» Å/³�¯ ²z¼�Ë È Í�»GµZ¼�°�²zµ	°�¸
»�³�¯M½'Æ|³�·Z´�²PË�Ð Ù ½!´�µ^·Z»�³�µZ°�±!´�±/ÂO³�¼�µZ°OÆ!·Z°�Í�» µ	²z½s³�²	²z½!»UÆ!·Z°�Î!¼�»�º ½|³�µ�±!°�µZ°�¼�Á2²z´¹°�±BÒ�½!»�±
µed 	;É/°�·w´¹±JÂ�» ±!»�·R³�¼kÒ�½!»�±!»XÍ�» ·Ú²z½/»�±<Á!ºUÎ|» ·�°�¸«°;¶!¶JÍ�³�¼�Á!»�µw´�±zX�Ü[ZzÝ]Z�Ï(Ï�Ï�Z�µ`_¤´�µw°;¶!¶�Ð

¾P±G°�²z½!» ·iÒ�°�·Z¶!µ�É[�u³�±/Â�¸�°�·Z¶�Æs³�´�·Z´�±/Â�µ«¯�³�±�»XÅ2´�µL²]°�±/¼�Ë^Ò�½!»�±@µ{d ý[| cUÜ)°�· µed ý[| É
¸�°�·ÚµZ°�ºY»	´¹±�²z» Â�» · | Ð5ç5°�±<Í�»�·ZµZ» ¼�Ë<É<Ò�½!»�±Rµ'¶/°<»�µÚ½s³ Í�»^²z½!´�µ�¸�°�·ZºSÉt\�°�ËP�UÐtZ¤³ Í2´�»�µ�½s³�µ
¸�°�Á/±!¶'³�±S» ¼�»�Â�³�±�²wÒw³ Ë�²z°�¯ °�±!µL²z·ZÁ!¯ ²	³UµZÁ!´�²M³�Î/¼�»�Æ!¼[³�¯ »�º�» ±<²�üãµZ» »¤»XÅ2» ·Z¯�´�µZ»�Ü�þMÐ

e °�Ò�º�³�±�ËO» µZµZ» ±<²z´[³�¼�¼�Ë�¶!´��|»�·Z» ±�²�Æs³�´�·Z´�±!Â�µ�É~} Î É/»XÅ2´�µL²�OP�i°�²zµ�É;Ò�½/» ±]µÄÂ�·Z°�Ò�µ(�
} Ç d Ü!å
}���d+Ý�	�å

}*h�h*d Ü�è\Z è�³�Ý�å
}*h � d+Þ�³]Z V��W³]Z 	 ý �kå

}*h���d+Ý���	]Z V2Ü ý Z V�³2Ü[Z Ý�V��kå
} Ê%Ç d+Þ]ZWè[³�³]Z ý ���]Z ³ ý Ý]Z �2ÜN�]Z ý V�V�å

}^��doÜ!å
}���d ÜN���kå

}�h Ê d Ü(�WV]Z�Ü ý�ý å
}�h � d+Þ�Ý�	]ZWè�Ý2Ü[Z V����kå

} Ê � d+Ý]Z�	�Þ�	]Z Þ�Þ�è\Z�V�	2Ü[Z Ý����kå
} Ê ��d ý 	]Z�V ý �]Z�Ü(��V]Z ����	]Z��2ÜN�]Z ³�Þ�	IÏ

ü���þ

� Ù ½!»`Í�³�¼�Á/» µ�°�¸j} Ê�Ç ³�±!¶(} Ê �)Ò�» ·Z»)¶!» ²z» ·ZºY´�±!» ¶�Î�Ë K Ð(l�·R³N=L» ¯MÕ<´?É�ç	ÐNX<³�´¹¼�¼�»X²�É�³�±!¶¤ßUÐ ä Á!´
´�±�Ý[��� ý ³�±!¶�Ý������2å<µZ»�»v?�ïzõWA<ú�ùvªPû!ñ8ð�îZó�ù;ïDúÕå�ùy�]û!ú���ìRî%FMùN§¹ú�F��Äü8Ý����W��þMÉ/ÜN�2Ü0Ó|Ü(³��!Ð �Úß+µZ»�³�²Zà
°�¸¹àD²z½/»Xà8Æs³�±�²zµ`¯�³�¼�¯ Á/¼[³�²z´�°�±�µZÁ/Â�Â�»�µL²zµ]²z½s³�²�} Î º�´¹Â�½<²uÎ|»�·Z°�Á!Â�½!¼�Ë�°�¸s°�·Z¶/» ·wü ý µR���(Ç�þÄÎ � h�� Ê
Ò�½!»�±Ó´�²¤´�µ�±/°�±E� » ·Z°ÊüãµZ» »�»XÅ2» ·Z¯�´�µZ»Ú��þMåu³�±!¶Ó´�±Ó¸D³�¯ ²�²z½!´�µ�Æ/·Z» ¶!´�¯ ²z´�°�±'²zÁ!·Z±/µ¤°�Á!²¤²z°JÎ|»
Îs³�µZ´�¯�³�¼¹¼�ËE¯�°�·Z·Z» ¯X²�´�±B³�¼�¼�Õ;±!°�Ò�±J¯�³�µZ» µ�Ð ä Á2²�±!°�µZ´�ºYÆ!¼�»�¸[°�·ZºUÁ!¼[³G´�µy³�Æ!Æ|³�·Z»�±�²�Ð

Ù ½!»¤Æ!·Z°�Î!¼�» º °�¸ �u³�±!Â�¸[°�·Z¶B³�·Z·R³�±!Â�» ºY» ±�²zµw´�µ�³GµZ´¹º�Æ!¼�»�µZÆ|» ¯�´[³�¼�¯�³�µZ»¤°�¸u³UÂ�»�±!» ·R³�¼
¯ ¼�³�µZµy°�¸u¯ °�ºGÎ/´�±s³�²z°�·Z´[³�¼�¯R½s³�¼�¼¹» ±!Â�» µy¯�³�¼�¼�»�¶ o��¨^��e]��sdamaopf p fhd���j×oN�Èq Ð�¾P±Äæ;» ¯X²z´¹°�±Äè;Ð Ý2Ð Ý;Ð�Ü
Ò�»yµZ½s³�¼�¼sµL²zÁ!¶2Ë�³�±O³�¼¹Â�°�·Z´�²z½/º ¯�³�¼¹¼�» ¶�Qö¶|³�±/¯ ´�±!ÂG¼�´�±!Õ;µ�É S¤Ò�½!´�¯M½Y´�µÚ³�¯ °�±�Í�»�±!´�» ±<²gÒw³ Ë�²z°
Â�» ±!»�·R³�²z»�³�¼�¼!µZ°�¼¹Á2²z´�°�±!µu²z°�µZÁ!¯R½YÆ!·Z°�Î!¼�»�º�µ�Ð ^ ½!»�±�µed ÜN	2É�¸[°�·)»XÅ/³�º�Æ!¼�»�É�²z½|³�²)ºY»X²z½!°;¶
±!»�» ¶!µÃ²z° Æ�» ·Z¸�°�·Zº °�±/¼�Ë ³�Î|°�Á2²ÊÞ�Ý[��� ºY» ºY°�·LËo³�¯ ¯�» µZµZ» µÄ¸�°�·Ã»�³�¯M½ �]³�±!Â�¸�°�·Z¶ Æs³�´�·
³�·Z·R³�±!Â�» º�»�±�²«²z½s³�²u´�² È ±/¶!µ�Ð Ù ½;Á!µ«²z½!»gÍ�³�¼¹Á!»g°�¸�}�h � ¯�³�±GÎ|»5¯ °�º�Æ!Á!²z» ¶G´�±U³�·Z»�³�µZ°�±s³�Î!¼�»
³�º�°�Á!±�²�°�¸«²z´�º�»�Î�ËOµZ´�ºYÆ!¼�Ë�Â�» ±!»�·R³�²z´¹±!ÂE³�¼¹¼k°�¸«²z½!»¤Æs³�´�·Z´�±!Â�µy³�±!¶S¯ °�Á!±�²z´¹±!Â�²z½!» ºBÐ

Ò	°�²z´�¯ »�É�½!°�Ò�»XÍ�»�·�É�²z½s³�²`} Ê �5´�µ]³�æ Ù[��o ±<Á!ºGÎ�» ·rH ·Z°�Á!Â�½!¼�Ë@���yÜ(� h � É�°�·u³�Î|°�Á2²5Ü(�����
K ¾Ä4)àDË�»�³�·Zµ�ÐÊüb\y» ¯�³�¼�¼)²z½s³�²�³¸Q K ¾Ä4)àDË�»�³�·%S'´�µ¤²z½/»E±<Á!ºUÎ|» ·U°�¸Ú´�±/µL²z·ZÁ!¯X²z´�°�±!µG»XÅ2» ¯�Á2²z» ¶
Æ|»�·gË�»�³�·5Î�Ë�³�º�³�¯R½!´�±/»w²z½|³�²�¯�³�·Z·Z´�» µ5°�Á!²w³�ºY´�¼�¼�´¹°�±�´�±/µL²z·ZÁ!¯X²z´�°�±!µ5Æ|» ·5µZ»�¯ °�±!¶�É;±s³�ºY» ¼�Ë
Þ2Ü[Z ����	]Z ³���Ý]Z �����jZ �����!ÐWþ Ù ½!» ·Z»�¸[°�·Z»G´�²�¿ µ	¯�¼�»�³�·�²z½|³�²	²z½!»G» Å/³�¯ ²yÍ�³�¼¹Á!»G°�¸"} Ê �GÒw³�µ^¶/»X²z» ·Là
º�´¹±!» ¶GÎ�Ë�µZ°�º�»5²z» ¯M½!±!´¹á<Á!»g²z½s³�²u¶!´�¶ `�d®] ´�±�Í�°�¼�Í�»5Â�» ±!»�·R³�²z´¹±!Â^³�¼�¼<°�¸!²z½!»Ú³�·Z·R³�±!Â�» ºY» ±�²zµ�Ð
¾P±!¶!»�» ¶�É�²z½!»�·Z»Ã´�µS³ÊºUÁ!¯R½�ÉyºUÁ!¯R½+¸D³�µL²z»�·�Òw³ Ëé²z°Ç¯�°�ºYÆ!Á2²z» } Î ÉyÁ!µZ´�±!ÂÏÆ|°�¼�Ë2±!°�º�´[³�¼
³�¼�Â�» Î!·R³2Ð Ù ½!»)´�±!µL²z·ZÁ/¯X²z´�Í�»`º�» ²z½!°;¶�¶!»�µZ¯ ·Z´�Î�» ¶¤´�±¤» Å;»�·Z¯ ´�µZ»©	Ú±!» »�¶!µLÈYü ý Îrµ«þ|°�Æ|»�·R³�²z´�°�±!µ�É
Ò�½!´�¯M½ÇºE³ ËÊµZ» » º ´¹±!»�M�¯ ´¹» ±�²�å5Î!Á2²�´�²UÎ|»�³�²zµG²z½!»OÂ�»�±!» ·R³�²z»XàP³�±!¶!à8¯ °�Á!±�²�ºY»X²z½!°;¶ÌÎ<ËÇ³
Ò�½!°�Æ!Æ!´¹±!Â�¸ã³�¯X²z°�·	°�¸)°�·Z¶/» ·o�UüZübµR���(Ç�þÄÎ]� h�� Ê�þMÉk³�±!¶Ã» Í�»�±BÒ�½!»�±Æµ$d Ü(	Y´�²^·ZÁ!±!µ¤³�Î|°�Á2²
Ý��U²z´�ºY» µw¸D³�µL²z» ·�Ð®�y±S²z½!»¤°�²z½!» ·�½s³�±!¶�É!²z½!»¤» Å!³�¯ ²wÍ�³�¼�Á!»¤°�¸�}*h �%� Ò�´�¼�¼kÆ!·Z°�Îs³�Î!¼�ËO±!» Í�»�·
Î|»¤Õ<±/°�Ò�±iÉ!»XÍ�» ±'³�µ�¯ °�ºYÆ!Á2²z» ·ZµwÎ�» ¯ °�ºY»^¸D³�µL²z» ·y³�±!¶S¸D³�µL²z»�·�Ð

^¨»U¯�³�±Ó³�¼¹µZ°�¯ °�±!µZ´¹¶!» ·v�u³�±/Â�¸�°�·Z¶ÃÆs³�´�·Z´�±!Â�µy²z½s³�²¤³�·Z» d p ]ulW�
Ù]� ´�±'Í�³�·Z´�°�Á!µyÒw³ Ë2µ�Ð
�/°�·«»XÅ/³�º�Æ!¼�»�É�´�²�¿ µiÆ|°�µZµZ´�Î!¼�»`²z°	³�·Z·R³�±!Â�»)µZ´�Å<²z»�» ±¤Æs³�´�·Zµi°�¸<Ò�»�´�Â�½�²zµ�X�Ü[Z Ü[ZRÝ\ZRÝ]Z�Ï�Ï(Ï�Z ÜN	]Z ÜN	\_
²z½s³�²]µR³�²z´�µZ¸[Ë6�u³�±!Â�¸[°�·Z¶�¿ µ]¯ °�±!¶/´�²z´�°�±G³�±!¶G½s³ Í�»5²z½!»�³�¶!¶!´�²z´�°�±s³�¼�Æ!·Z°�Æ|»�·L²PË¤°�¸/Î|» ´�±/Â�QöÒ�»�¼�¼�à



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s Þ

+�. �p�u�$ ����. � �#"h�u�Ê�e��. � ���u�p�8��µ�h��$	�c���u�.�r�p�Ä$ �e����h�Ý�u�e�#"��h�°��$W$ �¦�Ü. �x�bÖ0/°�Ê�u�_���$ �Ê�b. �z�bÖ0/e���n�8�¡��q�¦�Ê�°�#���$ ����. ��" � �Ê�n�e��t/�$ �_�

Îs³�¼[³�±!¯�» ¶�É S¤´¹±U²z½!»wµZ» ±/µZ»Ú²z½s³�²`²z½!» ËGÒ�°�±�¿ ²`²z´¹ÆY³	Îs³�¼[³�±!¯�»ÚÎ|»�³�º Ò�½!» ±�²z½!» Ë�³�·Z»wÆ!¼�³�¯�» ¶
´�±O²z½/»�³�Æ!Æ!·Z°�Æ!·Z´[³�²z»�°�·Z¶!» ·(�

¢�£ £ ¤ ¢�¥ ¦ § ¨ ¦ £ § ¢�§ ¢x© ¤ ¢�¦ ¢�ª ¨ ¢x¢ ¢�£ ¢ ¢�¥ ¢ ¥ ¢�© « ¢�§ ª ¢¬¦ ¥ ¢x¢ ¢xª ª « Ï ü��þ

¾P±�°�²z½/» ·]Ò�°�·Z¶!µ�ÉsÜN�tÏ��R®PÜN	�¯SÜ ý Ï���®Ü	�¯D®�®�®�¯Ú�8Ï��R®bVod �rÏ��R®PÜ�Ü°¯D®�®�®�¯BÜ ý Ï��R® ý ¯SÜN�rÏ���®8è;å<³�±/¶
´�±U²z½!´�µ`Æs³�·L²z´�¯ Á!¼�³�·u» Å!³�ºYÆ!¼�»5Ò�»�³�¼�µZ°�½s³ Í�»�³�±!°�²z½!» ·`Õ;´�±!¶�°�¸|Îs³�¼[³�±!¯�»�É!ÜN	�¯�	�¯D®�®�®�¯�V&d
Ü�Ü�¯¨Ü(	`¯ ®�®�®¬¯'è;É<½!» ±/¯ »^³�¼�µZ°YÜN	�®RÜN	`¯ÓÜN��®�	�¯ ®�®�®O¯ÓÜR®�V&d Ü�®RÜ�Ü�¯ ®�®�®�¯¨Ü(��® ý ¯ÓÜN	�®Lè;Ð

K °�·Z» °�Í�» ·�É�²z½!»�³�·Z·R³�±!Â�» ºY» ±�²�´�±Çü��þw½s³�µ �Èln`2l���Ù\� ×<l�g®] æÃ³�ºY°�±/ÂO³�¼�¼L�]³�±!Â�¸�°�·Z¶
Æs³�´�·Z´�±/Â�µ¤°�¸5°�·Z¶!»�·YÜN	r� Ù ½!»Y¯ °�±!±!»�¯X²z´�±/ÂJ¼�´�±!»�µ�³�²¤²z½!»YÎ|°�²Z²z°�º °�¸g²z½!»Y¶!´[³�Â�·R³�º µZ½!°�Ò
²z½s³�²w±!°�ºY°�·Z»^²z½s³�±OµZ» Í�»�±OÆ|³�´¹·Zµw³�·Z»�´�±!¯�°�º�Æ!¼�» ²z»�³�²�³�±�ËOÆ|°�´�±�²�É!³�µÚÒ�»^·Z»�³�¶O¸�·Z°�º ¼�» ¸[²
²z°�·Z´�Â�½�²�ås³�±/¶J°�±!»¤¯�³�±JµZ½!°�Ò�²z½|³�²	³GÒ�´�¶!²z½J°�¸«µZ´�ÅO´�µw´�º�Æ�°�µZµZ´¹Î!¼�»�Ðwü?æ<»�»�» Å;»�·Z¯ ´�µZ»Gè<ÐWþ

^+½s³�²¤³�·Z·R³�±!Â�» ºY» ±�²zµo±°hO± Ê Ï�Ï�Ï�± Ç#Ê °�¸gX�Ü�Z�Ü[Z�Ï�Ï(Ï�Z ÜN	]Z ÜN	\_�³�·Z»G²z½!» j×os^aqr] Îs³�¼[³�±!¯ »�¶�É
´�±Ã²z½!»UµZ»�±!µZ»�²z½s³�²(² Ç#Ê³�´ h a\± ³ ´�µ�ºE³�Å2´�º�´���» ¶�O Ù ½!»�ºE³�Å2´�ºGÁ/º Æ|°�µZµZ´�Î!¼�»GÍ�³�¼¹Á!»G²zÁ/·Z±!µ
°�Á2²w²z°�Î|»@��Ý�	�V2Ð©�y±!»¤µZÁ!¯M½SÆs³�´�·Z´�±!ÂLH ²z½!»�·Z»�³�·Z»�Ü�Ý2É �!ÜN	U°�¸«²z½!» º×H ´�µ
Ý�Þ ý ÝUÜyÞUÜ ý ÜN	�Ü�Þ�ÜN�6�UÜ ý è6³6	UÜ�Üi�UÜ�ÝUÜ(�@V¤è6	UÜ�Þ6³�ÜN	�Ü(��Ü ý Ü�Ü>V�Ü���Ü�ÝtÏ ü�µ�þ

ß º�°�·Z»'´�±�²z» ·Z»�µL²z´�±!ÂÌá�Á/» µL²z´�°�±$´¹µY²z°Ç³�µZÕÏ¸�°�·Y²z½/»É�u³�±/Â�¸�°�·Z¶ Æs³�´�·Z´�±!Â�µY²z½|³�²S³�·Z»
µZºE³�¼�¼¹» µL²y³�±!¶S¼[³�·ZÂ�»�µL²�´�±J¼�»XÅ2´�¯�°�Â�·R³�Æ!½!´¹¯^°�·Z¶!» ·�Ð Ù ½!»G³�±!µLÒ�» ·Zµ�¸�°�·�µ{d+Ý ý ³�·Z»
X[7°¶Ì7 ;]¶�·�¸�;~¹�º�· 9�¸q»^¼~¹�<�º�½25q¾�¿RÀ�ÁRÂ�Ã`Ä�9°Å�Æ�Ç"È~»I<�¼�Â�½�Ã�Æ^Ä�5^Èj¾�Å�ÇR¿�Á�À�É
À�Á�¿�¼~½�¾�ÅL5�Ã�È°º�»R· 7E<�7!9�·�º^ÈjÃ�Å`½`¼°Á�À�¿�¾ 5�Ç�»I<Ì9°Æ^Ä�ÂL;�¹�¶`¸L;]¶�Æ�Ç`¹�¸�ÂRÄ^_ ülÉ<þ

´�¸iÒ�»¤Á!µZ»�²z½/»�¼�» ²Z²z» ·Zµi7!É\¶kÉ�Ï�Ï�Ï É]¿kÉ]À�´�±!µL²z»�³�¶O°�¸«²z½!»�±<Á/ºGÎ|»�·Zµ�Ü�É/Ý2É!Ï(Ï�Ï ÉsÝ�Þ2É/Ý ý Ð
^¨»5µZ½s³�¼�¼�¶/´�µZ¯ Á!µZµ]ºE³�±�Ë�²z»�¯R½!±!´[á�Á/» µi¸�°�·«¯ °�ºGÎ/´�±s³�²z°�·Z´[³�¼�°�Æ2²z´�ºY´���³�²z´�°�±�´¹±¤¼[³�²z»�·iµZ» ¯ à

²z´�°�±!µg°�¸�²z½!´�µ5¯R½s³�Æ2²z»�·�ÐÌ�	Á!·gÂ�°<³�¼8É<°�¸k¯ °�Á!·ZµZ»�É�Ò�´�¼�¼/Î|»�²z°�µZ°�¼�Í�»�µZÁ!¯M½EÆ!·Z°�Î!¼�»�º�µgÒ�´�²z½!°�Á2²
»XÅ/³�º�´¹±!´�±!Â�º�°�·Z»^²z½|³�±'³�²z´¹±�ËOÆ|°�·L²z´�°�±O°�¸«²z½!»�µZÆs³�¯�»¤°�¸`³�¼�¼kÆ|°�µZµZ´�Î!¼¹»�³�·Z·R³�±!Â�» º�»�±�²zµ�Ð
ÊTõ(ó5Ë!ò~Ì,òIð�Í�Î�Î�Í8ó5ÏbðËù�Ð�Ñ�ÍEõGôrù�ú �«»X²�¿ µ5¼�°;°�Õ�Îs³�¯RÕY¸�°�·w³�º�°�º�»�±�²w³�²5²z½/»	»�³�·Z¼�Ë�¶|³XË2µÚ°�¸
¯ °�ºUÎ!´�±s³�²z°�·Z´�¯ µ�Ð�ß Æ|°�µL²z½<Á!ºY°�Á!µ¤» ¶!´�²z´�°�±Ä°�¸®X<³�¯�á<Á!»�µ
�i��³�±s³�ºB¿ µoÒ�ì�åRîXì ù<ïDúãð�ûEF�ó�ù;ïDë,â
ìzóOù;ïDúlÓ/õ<ì#FUì�ï5ô�ë[Ô8FZúlÓ/õ<ì#FSüb4)³�·Z´�µ(�)Ü�è�Ý���þy´�±!¯�¼�Á!¶!»�¶Ê³�±Ê³�ºGÁ!µZ´¹±!ÂSÆ!Á8����¼�»�´¹±ÃÍ�°�¼�Á!ºY» ý É
Æs³�Â�» ý Þ ý ��Q Ù ³�Õ�»G³�¼¹¼k²z½!»U³�¯�» µ�É/Õ;´�±!Â�µ�Ésá<Á!» »�±!µ�É|³�±/¶�=z³�¯MÕ;µ�¸[·Z°�º ³�±S°�·Z¶!´¹±s³�·LËO¶!»�¯RÕO°�¸
Æ!¼[³ Ë2´�±!Â�¯�³�·Z¶/µ¤³�±!¶Ó³�·Z·R³�±!Â�»U²z½!» º ´�±Ó³Yµzá<Ás³�·Z»UµZ°�²z½s³�²^»�³�¯M½Ã·Z°�Ò ³�±!¶Ä»�³�¯R½Ä¯ °�¼�Á!ºY±
¯ °�±�²M³�´�±/µ�³�¼¹¼«¸[°�Á!·yÍ�³�¼¹Á!» µ�³�±/¶Ä³�¼�¼«¸[°�Á!·	µZÁ/´�²zµ�Ð S,çÚ³�±BË�°�Á'¶!°�´�²�Oö�i��³�±|³�ºB¿ µ	µZ°�¼�Á!²z´�°�±�É
µZ½!°�Ò�±Ã´¹±Æ�u´�Â/Ð]ÜG°�±'²z½!»U±!» Å<²^Æ|³�Â�»�É|¶/°<»�µ	» Í�» ±Ãº�°�·Z»���¾?²^»XÅ2½!´¹Î!´�²zµ�²z½/»U¸[Á!¼¹¼«Æs³�±!°�Æ!¼�Ë
°�¸]Í�³�¼�Á!»�µ	³�±!¶S°�¸uµZÁ/´�²zµ	³�¼�µZ°Y°�±BÎ|°�²z½Sº�³�´¹±J¶/´[³�Â�°�±s³�¼�µ�Ð^üb4g¼�»�³�µZ»¤¶!°�±�¿ ²y²zÁ!·Z±S²z½!»�Æs³�Â�»
Á!±�²z´¹¼�Ë�°�Á�¿ Í�»¤Â�´�Í�»�±�²z½!´¹µwÆ!·Z°�Î!¼�» º ³U²z·LË�ÐWþ

ä ËÇÜ�è�è[³S³�µZ´¹º�´�¼[³�·^Æ/Á8����¼�»UÒw³�µ¤º�³�Õ<´¹±!Â�²z½/»�·Z°�Á!±/¶!µ¤°�¸wæ�²�Ð24u» ²z» ·ZµZÎ!Á!·ZÂ/Éu³�±/¶Ó´�²
¯�³�ºY»¤²z°E²z½!»�³�²Z²z» ±<²z´�°�±B°�¸`²z½!»GÂ�·Z»�³�²^ºE³�²z½!» º�³�²z´�¯ ´[³�±]�i»�°�±!½s³�·Z¶´k)Á/¼�» ·�ÐRQ Ù ½!´�·L²PË;à8µZ´�Å
°�M�¯ » ·Zµy°�¸uµZ´�ÅJ¶!´��|»�·Z» ±�²y·R³�±!Õ;µ�É!²M³�Õ�» ±S¸�·Z°�º µZ´�ÅO¶!´���» ·Z» ±<²�·Z»�Â�´¹º�» ±<²zµ�É2Òw³�±�²y²z°�ºE³�·Z¯M½
´�±O³�	Õ�T	¤¸�°�·Zº�³�²z´�°�±YµZ°¤²z½|³�²�»�³�¯R½E·Z°�Ò�³�±/¶E»�³�¯R½�¯�°�¼¹Á!º�±�Ò�´�¼¹¼s¯ °�±�²M³�´�±E°�±/»y°�M�¯ » ·�°�¸
»�³�¯M½J·R³�±!ÕJ³�±!¶S°�±!»¤°�¸«»�³�¯R½J·Z»�Â�´¹º�» ±<²�Ð e °�Ò�¯�³�±J²z½!»XËO¶!°�´�²�O�SãÒ	°�Î|°;¶2Ë�Òw³�µ	³�Î!¼�»�²z°



ý �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

����Ö � ��)¹�®�Ê�b. �x�bÖ0/°�Ê�u�

×�ØÚÙ~ÛRÜ\Û�Ý9Ë|Í¦Éc§8Õ¨¥s§�Ë|£ð¤¦Ó¨¥5ÇhÉ�Î¨§_¤9Çsªc§8Õ¨Í�Þ
��Éýª°«�§8¥h¥sÐÑ¥h£a¤9Ë|£ ª°£añNÖ|Ë|£¨¥ßÉcÏkÏ�ÉcÎ¨§sØ
��ßVÓ¨ËÌÍ�ÇsÉc£���«�Î¨§¦ªe¤¦Ë|Éc£,Ë|Í�Éc£¨¥5ÉcÏ�ÐXª°£�ñ
ï<ªrñµÍ.¤¦ÉXÍ8É�Ö � ¥ßªÑ©0É�©¨Î¨Ö|ªc§�¥sË|«cÓa¤¦¥h¥s£a¤¦Óµ÷Çs¥s£�¤¦Î¨§_ñð©¨§8É�Ò¨ÖÌ¥sÐðØ 


È ±!¶O³�µR³�²z´¹µZ¸ã³�¯X²z°�·LË�º�³�·Z¯M½!´�±!Â¤°�·Z¶!»�·�Ðgæ<°@kgÁ!¼�»�·)¶!» ¯�´�¶!»�¶�²z°�·Z» µZ°�¼�Í�»w²z½!»�·Z´¹¶!¶!¼�»�H »XÍ�»�±
²z½!°�Á!Â�½Ì½!»�½s³�¶ÌÎ�» ¯ °�ºY»E±!»�³�·Z¼�Ë¨Î!¼�´¹±!¶Ê´�± Ü�è�è;ÜO³�±!¶ÊÒw³�µU¶!´¹¯X²M³�²z´�±!ÂÃ³�¼�¼5°�¸w½/´�µ�Ò�°�·ZÕ
²z°'³�µZµZ´�µL²M³�±�²zµ�Ð e »�Ò�·Z°�²z»E³Oº�³N=ö°�·¤Æs³�Æ|»�·¤°�±Ä²z½/»�µZÁ!Îr=ö»�¯X² � »XÍ�» ±<²zÁs³�¼�¼�ËÃÆ!Á/Î!¼�´�µZ½!»�¶Ó´�±
à ìzîZë|ù�û�A/ì¯§�ú�û2ø!ìRûÃõ�ú8ïãø!ìZø!ìá��ìRû]A!ð;ð�îÚë�ì�ï�â�ì�ì�õ�ã�F0åZëCByìRû|ð;ð;ïÜF0åLë|ù ô´Asìzî(äJì�ïöìzû8F0åZë|ù ô!ôuìRû
ïöì à §¹ú�F%FZú�û2ø!ìzûzåÏüLÜ�è�V�Ý�þMÉ2V��NÓ;Ý�Þ�³á�8É�´�±'Ò�½!´�¯R½Ã½!»U¯ °�±!µL²z·ZÁ!¯ ²z» ¶'µZÁ/´�²M³�Î!¼�»�³�·Z·R³�±/Â�»�º�»�±�²zµ
¸�°�·y²z½/»U³�±s³�¼�°�Â�°�Á!µ	²M³�µZÕJÒ�´�²z½ÉµÊ·R³�±!Õ;µ�³�±!¶´µÊ·Z» Â�´�ºY» ±�²zµyÒ�½!» ±´µ d Ü�É�Þ2É ý É2�2É�è;É2V2É
³2ÉkÜ�Ü�É�Ü�Ý2É�Ü�Þ2ÉkÜN�2É�ÜN	2É2Ï(Ï�Ï å!°�±!¼�ËE²z½/»�¯�³�µZ»�µÚÒ�´�²z½Pµ�ºY°<¶ ý d+ÝU» ¼¹Á!¶!» ¶S½!´�ºSÐ

Ù ½!»�·Z»�¿ µ«°�Î�Í2´�°�Á!µZ¼�Ë�±!°yµZ°�¼�Á2²z´�°�±¤Ò�½!» ±�µ{d+Ý2Ð ä Á2² kgÁ!¼¹» ·�Òw³�µ«µL²zÁ!ºYÆ|» ¶¤Ò�½!»�±@µ{d
	2É|³�¸[²z» ·�½s³ Í2´�±!ÂY» Å/³�ºY´�±!»�¶B³ãQöÍ�» ·LËJ¯�°�±!µZ´�¶!»�·R³�Î/¼�»¤±<Á!ºUÎ|» ·%SE°�¸]µzá<Ás³�·Z»U³�·Z·R³�±/Â�»�º�»�±�²zµ
²z½s³�²g¶!´¹¶!±�¿ ²`Ò�°�·ZÕ�Ð e »�µZ½!°�Ò�» ¶�²z½s³�²�³�±�ËY³�¯X²zÁ|³�¼/µZ°�¼�Á2²z´¹°�±�Ò�°�Á!¼�¶Y¼�»�³�¶�²z°�ºE³�±�Ë�°�²z½!»�·Zµ
²z½s³�²�¼�°;°�ÕS¶!´�|» ·Z»�±�²�É�³�±!¶Ä½!»U¯�°�Á!¼�¶!±�¿ ²�Î|» ¼�´¹»XÍ�»�²z½s³�²¤³�¼�¼]µZÁ/¯R½ÄµZ°�¼�Á2²z´�°�±!µ^½s³�¶Ã»�µZ¯�³�Æ|»�¶
½!´�µy³�²Z²z»�±�²z´�°�±�Ð Ù ½!» ·Z»�¸[°�·Z»¤½!»�µR³�´�¶�ÉÌQL¾5¶!°�±!°�²�½!» µZ´�²M³�²z»^²z°�¯�°�±!¯ ¼�Á/¶!»^²z½s³�²w°�±!»�¯�³�±!±!°�²
Æ!·Z°;¶!Á!¯�»�³Y¯ °�ºYÆ!¼�»X²z»Gµzá�Á|³�·Z»U°�¸gÞ�	Y¯ »�¼�¼�µ�Ék³�±/¶B²z½s³�²y²z½!»UµR³�º�»G´¹º�Æ|°�µZµZ´�Î!´¹¼�´�²PËO» Å;²z» ±!¶!µ
²z°�²z½!»�¯�³�µZ» µ>µ{d Ü(�!Érµed Ü ý Ï(Ï�ÏÚ´¹±OÂ�» ±/» ·R³�¼k²z°E³�¼�¼k°;¶!¶!¼�ËO»XÍ�»�±J±<Á!ºUÎ|» ·Zµ�Ð S

kgÁ!¼�»�·�±s³�º�»�¶¨²z½!»�Þ�	J°�M�¯ »�·ZµK±\ægÉ�±�ç5É^±[è]É^±\é<É`±\ê É^±\ë!É^ìNægÉ^ì¬ç5É`ì¬è]É�ìOé<É�ìOê É�ìOë!É
í ægÉ í çgÉ í è]É í é<É í ê É í ë!ÉqîïægÉqî5ç5É�î5è]É�îïé<Éqî�ê É�îïë!Éq�ðæ5Éq�Nç5Éq�Nè]Éq�áé<Éq�ðê�Éq�ðë!É�kqægÉ�kjç5É�kjè]É
k�é<É�kqê É�kqë!É|Î|³�µZ»�¶Ã°�±'²z½!»�´�·y·Z»�Â�´�º�»�±�²zµ^³�±!¶Ã·R³�±!Õ;µ�Ð e »U°�Î!µZ» ·LÍ�» ¶'²z½s³�²¤³�±�ËBµZ°�¼�Á2²z´�°�±
Ò�°�Á!¼�¶S³�ºY°�Á!±�²�²z°U½s³ Í2´�±!ÂG²PÒ�° qeo p ^afh^®]_o µzá<Ás³�·Z» µ�É2°�±!»^¸[°�·��u³�²z´¹±E¼¹»X²Z²z» ·Zµw³�±!¶J³�±!°�²z½!»�·
¸�°�· â ·Z»�» Õ�ÐLk�³�¯R½Y°�¸|²z½!°�µZ»�µzá<Ás³�·Z»�µg´�µ)µZÁ/Æ!Æ|°�µZ» ¶Y²z°¤½|³XÍ�»y¶!´�µL²z´¹±!¯X²g» ±�²z·Z´¹» µg´�±�·Z°�Ò�µÚ³�±/¶
¯ °�¼�Á/º�±!µ�å;µZ°G½/»	Î|» Â<³�±EÎ�ËEµL²zÁ!¶2Ë2´�±!ÂG²z½!»yÆ|°�µZµZ´�Î/¼�»y¯�°�± È Â�Á!·R³�²z´�°�±!µ5¸�°�·�Xá±°Z�ìðZ í Z¬î°Z¬��Z�k�_�É
Ò�½!´�¯M½Ó½!»Y¯�³�¼�¼�»�¶$ñ ^®]uln` q�Ø0Ù�^afhopq ÐYß �u³�²z´¹±Äµzá<Ás³�·Z»Y¯�³�±ÓÎ�»�Æs³�´�·Z»�¶ÄÁ!ÆÓÒ�´�²z½Ê³ â ·Z» »�Õ
µzá<Ás³�·Z»�²z°	¸�°�·Zº ³�Q â ·�ò�¯�°�à*�u³�²z´�±Uµzá<Ás³�·Z»�S^°�±/¼�Ë�´¹¸2²z½/»�µzá<Ás³�·Z»�µ)³�·Z» dafp] æ d¬��da`�^�j ²z°^»�³�¯M½
°�²z½!» ·�É�º�»�³�±!´�±!Â�²z½s³�²¤±!°¨üb�u³�²z´�±�É â ·Z»�» Õ/þyÆs³�´�·�°�¸g¼�» ²Z²z» ·Zµ^¯�³�±ÄÎ�»�¸[°�Á!±/¶Ã²z°�Â�»X²z½!»�·^´�±
º�°�·Z»	²z½|³�±O°�±!»�Æ!¼�³�¯�»yÒ�½/» ±O²z½!»^µzá<Ás³�·Z» µy³�·Z»�µZÁ!Æ|» ·Z´¹º�Æ|°�µZ» ¶iÐ��/°�·w»XÅ/³�º�Æ!¼�»�É;´�¸�Ò�»^¼¹»X²
±Kdôó�É\ì�dôõ|É í d÷ö!É\îKd?ø2É]æzdôùYÉ[çzd÷úUÉ�è�d÷ûUÉ;³�±!¶iéYd÷üUÉW�u´�Â/Ð/Ü�´�µg»�á<Á!´�Í�³�¼�» ±<²



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s �
�8$ �%/e�u�_�� � �¯/(�<� � �e�_����%/p�u��¨�Ê�n�Õ��µ�_�u�_�n�u�8�-5�_�u��. �ÜÛ ��z� � ���Ä. �u��¨�%. "h��µ�#�Ü� Û . �p�Ù ÿ ü.ó���h�n��r�e�Õ. Û �°���p�e��¨��� Û �_�ý5��¢lþ�ü�ó h Ê �#�Ì�®. $ . ����� �����#�Ü��/r���_�

²z°�²z½!»6�u³�²z´�±�É â ·Z» »�Õ�É/³�±!¶ â ·�ò�¯ °�à*�u³�²z´¹±Jµzá<Ás³�·Z» µ
ÿ�
�
î ± ì í
í ì ± î
± î í ì
ì í î ±

���
� Z

ÿ�
�
è é ç æ
ç æ è é
æ ç é è
é è æ ç

���
� Z$³�±!¶

ÿ�
�
î�è ±\é ì¬ç í æ
í ç ìNæ ±[è î�é
±\æ î�ç í é ì�è
ìNé í è îïæ ±[ç

���
� Ï ü���þ

�y¸/¯ °�Á!·ZµZ»5Ò�»5¯�³�±GÁ!µZ» ^a`2t µY¶/´�µL²z´�±!¯ ²]µLË;ºUÎ|°�¼�µ«´�±�³�±�µÕ�®µÚ�u³�²z´¹±�µzá<Ás³�·Z»�å<³�¼�¼�²z½|³�²
ºE³�²Z²z»�·Zµ	´�µ^²z½s³�²^±!°OµLË2ºUÎ|°�¼]°;¯�¯ Á!·Zµ	²PÒ�´¹¯ »U´�±Ó³�±�ËÃ·Z°�Ò °�·^²PÒ�´�¯ »U´�±Ó³�±�Ë'¯�°�¼¹Á!º�±�ÐUæ<°
Ò�»�ºY´�Â�½�²5³�µ)Ò�» ¼¹¼!Á!µZ»�±<Á/º�» ·Z´¹¯ÚÍ�³�¼¹Á!» µ�XN�]Z�Ü[Z�Ï�Ï(Ï�Z�µ�c�Ü�_y¸[°�·`²z½/»w»�±�²z·Z´�» µ�Ð��/Á!·L²z½!»�·Zº�°�·Z»
Ò�»�¿ ¼�¼r=LÁ!µL²y·Z»�¸[»�·w²z°CQL¼[³�²z´�±Sµzá�Á|³�·Z»�µ%S'ü�Ò�´�²z½B³�¼¹°�Ò�»�·Z¯�³�µZ»ÉQL¼�S;þMÉ/´�±!µL²z»�³�¶S°�¸u¯�³�²z» Â�°�·Z´�� ´¹±!Â
³�µzá�Á|³�·Z»^³�µg»�´�²z½!» ·Ì�]³�²z´�±�°�· â ·Z» »�Õ|É�Î�» ¯�³�Á!µZ»y°�·L²z½/°�Â�°�±s³�¼�´�²PËU´�µ�³^µLË2º�ºY»X²z·Z´�¯w·Z» ¼[³�²z´�°�±�Ð

kgÁ!¼�»�·�¿ µS³�µZµZ» ·L²z´¹°�± ²z½s³�²�²PÒ�°�	7�ö	¨¼[³�²z´�± µzá<Ás³�·Z»�µO¯�³�±!±!°�²JÎ|»Ã°�·L²z½!°�Â�°�±|³�¼	Òw³�µ
Í�» ·Z´ È » ¶SÎ�Ë Ù ½!°�ºE³�µ^ç5¼�³�Á/µZ» ±�É/Ò�½!°Y·Z» ¶!Á/¯ » ¶S²z½!»¤Æ!·Z°�Î!¼�»�º ²z°E³�±B»XÅ/³�º�´¹±s³�²z´�°�±O°�¸�Ü�è
¸�Á!±!¶s³�º�»�±�²M³�¼�¼�ËÄ¶!´���» ·Z» ±<²�¯�³�µZ» µ�É`³�¯�¯ °�·Z¶!´�±!ÂS²z°'³J¼�» ²Z²z» ·¤¸�·Z°�º e Ð]ç	Ðuæ<¯R½<Á/ºE³�¯R½!»�·�²z°
ç	Ð!��Ð â ³�Á/µZµ�¶s³�²z» ¶éÜ(�Jß	Á!Â�Á!µL²EÜNV ý Ý;Ð ä Á2²�ç5¼[³�Á!µZ» ±¨¶!´�¶Ó±!°�²�Æ!Á/Î!¼�´�µZ½Ó½/´�µG³�±s³�¼�Ë2µZ´�µ�Ð
Ù ½!» È ·ZµL²G¶!»�º�°�±!µL²z·R³�²z´�°�±Ä²z°'³�Æ!Æ�»�³�·¤´¹±ÓÆ!·Z´�±�²�Òw³�µ�Î�Ë â Ð Ù ³�·Z·LË � ò)ð�óGô]ïöì¯F¤îXìzû�A�õ�F��
íiF%FMðtåRú�ù;ïDú�ð�ûGñ�îMù�û
	å ù�ú�FXìiô]ð2õ�î�§�� ù[� ù�û�å�ìRóOìRû|ï2Asì#F�F0åRúãìRû�å�ì¯F�°å�É�Æ|³�·L²gÝGüLÜN³��!Ü�þMÉ!Ü�è[�NÓ2Ý���Þá�8É
Ò�½!°Y¶!´�µZ¯ °�Í�» ·Z»�¶S´�±J½!´�µw°�Ò�±SÒw³XËO²z½s³�²v	G�É	U¼[³�²z´�±Jµzá�Á|³�·Z»�µ�¯�³�±SÎ|»¤¯ ¼[³�µZµZ´ È »�¶J´�±�²z°SÜ�è
¶!´���» ·Z» ±<²w¸D³�ºY´�¼�´�»�µ�ÐÚüã¾P±'æ<»�¯X²z´�°�±'è;Ð Ý2Ð ÞGÒ�»�µZ½|³�¼¹¼kµL²zÁ!¶!ËO½!°�Ò�²z°�¶/» ¯ °�ºYÆ|°�µZ»¤³UÆ!·Z°�Î!¼¹» º
´�±�²z°�¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼�¼�ËE´�±!»�á�Á/´�Í�³�¼�»�±�²Ú¯ ¼�³�µZµZ»�µw°�¸`³�·Z·R³�±/Â�»�º�»�±�²zµ�Ð þ

kgÁ!¼�»�·�¿ µS¯ °�±[=L» ¯ ²zÁ!·Z»¨³�Î|°�Á2²J²z½!»Ó·Z» º�³�´�±!´�±!ÂÇ¯�³�µZ»�µ]µ d Ü(�!Évµ d Ü ý É
Ï�Ï�ÏOÒw³�µ
QLÆ!·Z°�Í�» ¶8S�²z½!·Z»�»`²z´�º�»�µ�É�Î�Ë¿X/ÐN4u»X²z»�·ZµZ» ± � íyû!ûkõ�ù�ú�îXìÌA/ì#F«ó�ù;ïDë��ìzóOù;ïDúÕåRúãìRû8Fwüb4)³�·Z´¹µ(��Ü(³���Ý�þMÉ
ý Ü�Þ(Ó ý Ý�èð�8É)Î�Ë�4`ÐL^¨» ·Z±!´¹¯RÕ�» � � ù�ë!îXì#FG¦2ìRîZúÕåLë�ï¿A/ìRî��Uì�õ2ïÜF0åZë�ìzû��Äù;ïDë!ü�â à ìRîXìzú�û/ú�ø|õ�û2ø��]å
üLÜN³2Ü��<þMÉ!Ý�	 ý Ó2Ý�	�èð�8É/³�±/¶�Î�Ë e Ð:�ÚÐ K ³�¯(Ò	» ´�µZ½ � íyû!û|ùG§�F�ð�ñ
�Äù;ïDë!ü�EÿÓüLÜN³�Ý�Ý�þMÉ!Ý�Ý2Ü¯Ó2Ý�Ý�èð�8Ð
�u¼[³ Ò�µ5´�±O³�¼�¼/²z½!·Z»�»^³�·ZÂ�Á!º�»�±�²zµ5Î|»�¯�³�º�»yÕ;±!°�Ò�±�É;½!°�Ò�»XÍ�» ·�å!³�±!¶E²z½!»^á�Á/» µL²z´�°�±YÒw³�µ�µL²z´�¼�¼
Á!±!µZ» ²Z²z¼�» ¶'Ò�½!» ±Ä¯ °�º�Æ!Á!²z» ·Zµ^Î|» ¯�³�ºY»�³ Í�³�´�¼�³�Î/¼�»�ºE³�±�ËBË�»�³�·Zµ^¼[³�²z» ·�Ð@�y±/»U°�¸`²z½!»GÍ�»�·LË
È ·ZµL²w¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼�Æ!·Z°�Î!¼�» ºYµ5²z°�Î|»	²M³�¯RÕ;¼�»�¶EÎ<Ë�ºE³�¯R½/´�±!»	Òw³�µÚ²z½!» ·Z»�¸[°�·Z»	²z½!»^»�±!´�Â�ºE³
°�¸5Ü(�c�ÓÜ(� â ·�ò�¯�°�à*�]³�²z´�±Jµzá<Ás³�·Z» µ(�ÌZ^°�²z½!» Ë�»XÅ2´�µL²�°�·�±!°�²�O

¾P±�ÜN³���è;ÉG�5ÐNX/ÐG4`³�´�Â�»�³�±!¶�ç	Ð ä Ð Ù °�ºYÆ!Õ;´�±!µiÆ/·Z°�Â�·R³�º�ºY» ¶¤²z½/» Ù ÿ ü�ó ¯ °�º�Æ/Á2²z» ·i²z°
µZ»�³�·Z¯M½B¸[°�·	³�¯ °�Á!±�²z»�·Z»XÅ/³�º�Æ!¼�»�²z°ÚkgÁ!¼�» ·�¿ µ�Æ!·Z» ¶!´¹¯X²z´�°�±�Ð Ù ½!» ËJµZ» ¼�»�¯X²z» ¶S°�±/»¤Æs³�·L²z´�¯�Á!¼[³�·
Ü(�*�UÜ(��¼[³�²z´�±Uµzá<Ás³�·Z»ÚQz³�¼�º�°�µL²5³�²)·R³�±!¶!°�ºSÉ SG³�±!¶�²z½/» ´�·`Æ!·Z°�Â�·R³�º ²z·Z´�» ¶U²z° È ±/¶Y³�±!°�²z½!»�·
µzá<Ás³�·Z»�²z½s³�²^Ò�°�Á!¼¹¶ÄÎ|»�°�·L²z½/°�Â�°�±s³�¼u²z°J´�²�Ð ä Á2²�²z½!»�·Z» µZÁ/¼�²zµ^Ò�»�·Z»�¶!´�µZ¯�°�Á/·R³�Â�´�±/Â!É]³�±/¶
²z½!» Ëé¶!»�¯ ´�¶/» ¶$²z°ÌµZ½<Á2²O²z½!»'º�³�¯R½!´�±/»'°�� ³�¸[²z» · È Í�»Ã½!°�Á!·Zµ�Ðoß	¼�·Z»�³�¶2ËÏ²z½/»'Æ/·Z°�Â�·R³�º
½s³�¶JÂ�» ±/» ·R³�²z» ¶J» ±!°�Á!Â�½S¶s³�²M³G¸�°�·Ú²z½!» º ²z°�Æ!·Z»�¶!´�¯ ²�²z½|³�²	³�²w¼�»�³�µL² ý Ï VG�ÃÜ(� h�h ½!°�Á!·Zµ�°�¸
¯ °�ºYÆ!Á2²z» ·Ú²z´�º�»^Ò�°�Á!¼�¶SÎ|»�±!»�» ¶!»�¶O²z° È ±!´�µZ½J²z½!»¤·ZÁ!±!f

æ<½!°�·L²z¼�Ë ³�¸¹²z»�·LÒw³�·Z¶/µ�É5²z½!·Z» »Bº�³�²z½!» º�³�²z´¹¯ ´[³�±!µ�ºE³�¶!»Ã³ÓÎ!·Z»�³�Õ<²z½!·Z°�Á!Â�½é²z½|³�²EÆ/Á2²
¼[³�²z´�±Sµzá<Ás³�·Z» µy°�±�²z°EÆs³�Â�»�°�±!»�°�¸uºE³N=L°�·wÒ�°�·Z¼�¶B±!» Ò�µZÆs³�Æ|» ·Zµ(�©\�Ðkç	Ð ä °�µZ»�É�æ|Ðkæ|Ð�æ<½/·Z´�à
Õ;½s³�±!¶!»�Ék³�±!¶ÉkyÐ Ù Ð,4)³�·ZÕ�»�·	¸[°�Á!±!¶Ä³Y·Z» º�³�·ZÕ�³�Î!¼�»�µZ» ·Z´�»�µy°�¸`¯ °�±!µL²z·ZÁ!¯ ²z´�°�±!µ�²z½|³�²yË2´�»�¼�¶
°�·L²z½!°�Â�°�±|³�¼,µL�¿µJµzá<Ás³�·Z» µg¸�°�·�³�¼¹¼8µ��¸	 � ÷ îMðtå[ü��¤ù;ï%ü�í6å�ù�A�üt?8åRú*ü[���BüLÜN³���³�þMÉ2è�Þ ý Ó!è�Þ�è;É
V���³(ÓrV�	�Ý2ågò)ù�û|ù�A<ú�ù�û � ü��Äù;ïDë!ü
��ÇüLÜN³�	��<þMÉuÜNV�³(Ó2Ý���Þá�8Ð Ù ½<Á!µ�Éi³�¸[²z» ·^·Z» µZ´�µL²z´¹±!ÂJ³�²Z²M³�¯MÕ<µ
¸�°�·¤ÜNV��UË�»�³�·Zµ�É8kgÁ!¼�»�·�¿ µ�¯ °�±[=L» ¯ ²zÁ!·Z»^²zÁ!·Z±!» ¶S°�Á!²w²z°�Î|»G³�¼¹º�°�µL²w»�±�²z´�·Z» ¼�ËYÒ�·Z°�±!Â/Ð

Ù ½!»�´�·¤¶!´�µZ¯�°�Í�»�·LË'Òw³�µ¤º�³�¶/»�Ò�´�²z½!°�Á2²¤¯�°�ºYÆ!Á2²z»�·¤½!» ¼�ÆiÐ ä Á2²@4)³�·ZÕ�» ·�Ò�°�·ZÕ�» ¶¨¸�°�·
ý5��¢lþ�ü.ó É�³�±!¶�½/»wµZ°<°�±�Î/·Z°�Á/Â�½<²)Æ!·Z°�Â�·R³�º�ºY´�±!Â^µZÕ;´�¼�¼¹µ]´¹±�²z°	²z½!»wÆ!´�¯X²zÁ/·Z»�Î<ËGµZ°�¼�Í2´�±/Â	²z½!»
Æ!·Z°�Î!¼�»�ºo°�¸,4)³�´¹Â�»�³�±/¶ Ù °�ºYÆ!Õ;´�±!µu´�±U¼�»�µZµ]²z½s³�±Y³�±�½!°�Á!·�É�°�±Y³ ý5��¢lþ�ü�ó Ü�Ý��W	 K ´¹¼�´�²M³�·LË
ç5°�º�Æ!Á!²z» ·�Ð � æ<» » ÷ îMð:å[ü�?[Ô!óGôLü�íÚô!ô�§�úãì�A��Äù;ïDë!ü �"!JüLÜN³�	[�<þMÉ�è;Ü0ÓrV�Þ2å��j�OüLÜN³�	�Þ�þMÉ�è�ÞNÓrV2Ü�Ð �



	 �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

�¨��� Û �_��¨�%. "h��µ�#�Ü� Û . �p�Ù ÿ ü.ó�u�8��� � �9�u�n�8��Ü�Ä�T�$# �T�J�T�h� �x� �Ä� �8�n�u�8�&%�t/�$ �_��u���Ê�e� ' �8�n����$ ���

�i» ²�¿ µB²M³�Õ�»Ê³é¯ ¼�°�µZ»�·S¼�°;°�Õ,³�²BÒ�½s³�²B²z½!»¨»�³�·Z¼�´�» ·SÆ!·Z°�Â�·R³�º�ºY» ·ZµB¶!´�¶iÉ�³�±!¶ ½!°�Ò
4)³�·ZÕ�»�·�¶!·R³�ºE³�²z´�¯�³�¼�¼�ËO²z·ZÁ!ºYÆ|» ¶Ã²z½!» ´¹·�³�Æ!Æ!·Z°<³�¯R½iÐ@4)³�´�Â�»�³�±!¶ Ù °�ºYÆ!Õ;´�±!µ^Î�» Â<³�±'Ò�´�²z½
²z½!»¤¸[°�¼�¼�°�Ò�´�±/ÂOÜ(�c�ÓÜ���µzá<Ás³�·Z»(}$³�±!¶S´�²zµwÁ!±!Õ;±!°�Ò�±S°�·L²z½!°�Â�°�±s³�¼�º�³�²z»�üãµMþ('û�

} d

ÿ����������
�

�,ÜÊÝÏÞ ý ��	$è×V�³
Ü�VéÞÏÝ�� ý èö	ö³ö�
Ý�³��ö	éÞ×�¸V ý è Ü
Þ$è×��³�Vö	+Ü��ÏÝ ý
ý 	$è×�éÝö³ö�¸V ÜÊÞ�ö�¸³ ý è×VéÞ+ÜC	éÝ	�� ý è Ü¨ÞéÝ�³×�¸V
è ý ÜCVö�éÝ�³éÞö��	VéÞ�	×�¸³ Ü��éÝ ý è³éÝ�V Ü�	éè ý �éÞ��

������������
�

³�±!¶ ' d

ÿ����������
�

��)*)*)�)*)�)+)�)*)
Ü )*)*)�)*)�)+)�)*)
Ý,)*)*)�)*)�)+)�)*)
Þ )*)*)�)*)�)+)�)*)
ý )*)*)�)*)�)+)�)*)�,)*)*)�)*)�)+)�)*)	 )*)*)�)*)�)+)�)*)
è-)*)*)�)*)�)+)�)*)V )*)*)�)*)�)+)�)*)³,)*)*)�)*)�)+)�)*)

������������
�
Ï ü�.�þ

^¨»�¯�³�±Ê³�µZµZÁ!º�»�Ò�´�²z½!°�Á2²¤¼�°�µZµ¤°�¸5Â�»�±!» ·R³�¼�´�²PËB²z½|³�²�²z½!»�·Z°�Ò�µ¤°�¸�'eÎ|» Â�´�±ÃÒ�´�²z½ã�!É)Ü�É
Ï�Ï(Ï É�³2É<³�µ`µZ½!°�Ò�±�Ð Ù ½!»wÆ!·Z°�Î!¼�» º ´�µ]²z° È ¼�¼2´�±U²z½!»Ú·Z» ºE³�´�±/´�±!Â6³��^Î!¼[³�±!Õ�»�±�²z·Z´�» µ�É<³�±/¶U²z½!»
°�·Z´�Â�´�±s³�¼ Ù ÿ ü.ó Æ!·Z°�Â�·R³�º Æ!·Z°;¯ »�» ¶!»�¶U¸�·Z°�ºo²z°�ÆU²z°^Î|°�²Z²z°�ºSÉ�¼�» ¸[²u²z°^·Z´¹Â�½<²�Ð Ù ½!»Ú²z°�Æ�¼�» ¸[²) ¯�³�±�¿ ²gÎ�» È ¼�¼�»�¶�Ò�´�²z½��!É�µZ´�±/¯ »i�¤½s³�µÚ³�¼�·Z»�³�¶2Ë�°;¯ ¯�Á!·Z·Z» ¶Y´¹±�²z½!»w²z°�ÆY·Z°�Ò °�¸/'$Ð]ß	±!¶E´�²
¯�³�±�¿ ²`Î�»^ÜÚ» ´�²z½!»�·�É�Î�» ¯�³�Á!µZ»Ú²z½!»�Æs³�´�·�üLÜ[Z Ü�þ]³�¼¹·Z»�³�¶2ËG°<¯�¯ Á!·Zµg³�²u²z½!»Ú¼�»�¸¹²`°�¸/²z½!»�±!» Å;²`·Z°�Ò
´�±éü�}�Z0'oþMÐ�^¨»�¯�³�±iÉ�½!°�Ò�»XÍ�» ·�É�²z»�±�²M³�²z´�Í�» ¼�Ë'´�±!µZ» ·L²G³JÝ2Ð Ù ½!»�¶!´¹Â�´�²�Ü�¯�³�±ÓÎ|»�Æ!¼�³�¯�» ¶
±!» Å<²�å/³�±!¶SÆ!·Z» ²Z²PË�µZ°;°�±OÒ�» È ±/¶O²z½/»�¼�» Å;´¹¯ °�Â�·R³�Æ/½!´�¯�³�¼�¼�Ë�µZºE³�¼�¼�»�µL²Ú²z°�ÆS·Z°�Ò,²z½|³�²�ºY´�Â�½�²
Ò�°�·ZÕ¨¸�°�·1'$É`±|³�ºY» ¼�ËË�/Ý�Ü ý ÞE	8�8V8³/è;ÐÏæ<´�º�´¹¼[³�·Z¼�Ë�É«²z½/»OµZºE³�¼�¼�»�µL²U·Z°�Ò�µU²z½s³�² È ²�Î|» ¼¹°�Ò
�/Ý�Ü ý Þ8	8�8VE³/è�³�·Z»�Ü��sÝ!Þ ý �8	sèrV8³G³�±!¶OÝ�Ü��,V8�!Þ/èr³ ý 	2å!³�±!¶Y²z½!»�µZºE³�¼�¼¹» µL²g¼�»�Â�´�²z´�ºE³�²z»Ú·Z°�Ò
Î|»�¼�°�ÒÌ²z½/» ºo´�µ)Þ8� ý �E	�ÜW³/Ý/èrV2Ð�Ò	°�Ò�É�Á!±/¸[°�·L²zÁ!±s³�²z»�¼�Ë�É�²z½!»ÚÂ�°�´�±!Â^Â�»X²zµ]²z°�Á!Â�½!»�·(� Ù ½!»�·Z»�¿ µ
±!°BÒw³ ËÄ²z°'¯ °�º�Æ/¼�»X²z»�³�±/°�²z½/» ·G·Z°�Ò Ò�´�²z½!°�Á2²�¯�°�º�´�±!ÂB´¹±�²z°B¯ °�±8°!´¹¯X²�Ò�´�²z½Ì³SÆ!·Z»XÍ2´�°�Á!µ
¯R½/°�´¹¯ »�Ðuæ<°wÒ�»)¯M½s³�±!Â�»5Þ8� ý �,	�ÜW³!Ý/è8V�²z°yÞE� ý �E	!ÝE³�Ü<èrV�üãÎ!Á2²i²z½s³�²i¶/°<»�µZ±�¿ ²�Ò�°�·ZÕ	»�´�²z½!» ·MþMÉ
²z½!»�±Y²z°�Þ8� ý �E	E³8V�Ü<è2Ý2É/³�±/¶EµZ°G°�±�¸[°�·5µZ»XÍ�» ·R³�¼|ºY°�·Z»yµL²z»�Æ!µ�É;Á!±�²z´�¼ È ±s³�¼�¼�ËEÞ8� ý 	�Ü��E³!ÝsèrV
¯�³�±JÎ�»�¸�°�¼¹¼�°�Ò�» ¶JÎ�Ë ý ÞE³/èt�/Ý8VE	8��Ü�Î|» ¸�°�·Z»	Ò�»¤Â�» ²�µL²zÁ!¯RÕJ³�Â<³�´¹±�Ð

¾P±Bæ<»�¯X²z´�°�±Jè;Ð Ý;Ð Þ2É<Ò�»�¿ ¼�¼�µL²zÁ!¶2ËYÒw³ Ë2µ5²z°U»�µL²z´�ºE³�²z»�²z½!»^Î|» ½|³XÍ2´�°�·�°�¸�µZÁ!¯R½OµZ»�³�·Z¯R½!»�µ�É
Ò�´�²z½!°�Á2²Ä³�¯X²zÁs³�¼�¼�Ë Æ�» ·Z¸�°�·ZºY´�±!ÂÏ²z½/» ºSÐ æ<Á!¯R½ »�µL²z´�ºE³�²z» µS²z» ¼�¼¤Á!µ'´�±+²z½/´�µB¯�³�µZ»Ó²z½|³�²
²z½!»É4`³�´�Â�»�Ó Ù °�º�Æ!Õ;´�±/µ�º�» ²z½!°;¶Ï»�µZµZ» ±�²z´�³�¼¹¼�ËÊ²z·R³ Í�» ·ZµZ»�µ�³�±é´¹º�Æ!¼�´¹¯ ´�²�µZ»�³�·Z¯R½é²z·Z»�»O²z½|³�²
¯ °�±�²M³�´�±/µÚ³�Î�°�Á!²ÚÝrÏ �Õ�OÜ(� h�� ±/°<¶/» µ�Ð K °�µL²�°�¸�²z½!°�µZ»	±!°;¶!» µ5Î|»�¼�°�±!Â¤²z°�°�±!¼�ËE³¤¸[» Ò ¼�» Í�»�¼�µ
°�¸Ú²z½!»E²z·Z» »�å`ºY°�·Z»E²z½s³�±Ì½s³�¼�¸Ú°�¸Ú²z½!»�ºÿ¶!»�³�¼gÒ�´�²z½Ê¯R½!°�´�¯�» µG°�±Ê²z½!»�·Z´�Â�½�²U½|³�¼¹¸Ú°�¸Ú²z½!»
µZ´�Å;²z½Ã·Z°�Òo°�¸('éÉi³�¸¹²z»�·�³�Î�°�Á!²¿����°�¸`²z½!»T³���Î!¼[³�±!Õ;µ^½s³ Í�»UÎ|»�» ±'²z» ±<²M³�²z´�Í�»�¼�Ë È ¼¹¼�» ¶'´¹±�Ð
ß ²PË2Æ!´�¯�³�¼�±!°;¶!»J°�¸�²z½!»OµZ»�³�·Z¯R½Ç²z·Z» »OÆ/·Z°�Î|³�Î/¼�ËÌ·Z»�á<Á!´�·Z»�µ�³�Î|°�Á2²Oè[�'ºY» ºYµSüãº�»�º�°�·LË
³�¯ ¯�» µZµZ» µMþ`¸�°�·5Æ!·Z°;¯ »�µZµZ´�±!Â/É�²z°G¯R½!»�¯RÕ�Í�³�¼�´¹¶!´�²PË�Ð Ù ½/» ·Z» ¸�°�·Z»�²z½!»�²z°�²M³�¼s·ZÁ/±!±!´�±!Â�²z´�ºY»�°�±O³
º�°;¶!»�·Z±�¯�°�ºYÆ!Á2²z»�·5Ò�°�Á!¼�¶OÎ|»^·Z°�Á!Â�½!¼�ËY²z½!»	²z´¹º�»y±/» » ¶/» ¶�²z°UÆ|»�·Z¸[°�·Zº Ý&�BÜ(�WÊ � º�» ºYµ�Ð

4)³�·ZÕ�»�·�É�°�±�²z½!»g°�²z½!» ·i½s³�±!¶iÉ�Ò�»�±�²«Î|³�¯MÕ	²z°w²z½!»)º�» ²z½!°;¶^²z½s³�² kgÁ!¼�»�·�½|³�¶�°�·Z´�Â�´�±s³�¼�¼�Ë
Á!µZ»�¶B²z°EµZ»�³�·Z¯M½'¸[°�·	°�·L²z½/°�Â�°�±s³�¼]ºE³�²z» µ	´�±ÊÜ�è�è�³2Ð>�u´�·ZµL²^½!»G¸�°�Á!±!¶Ä³�¼�¼«°�¸u²z½/»�µZ°�à8¯�³�¼¹¼�» ¶
]ufh^a`2qsmaopfrqe^�j�q °�¸�}ÚÉ2±s³�º�»�¼�Ë�³�¼¹¼sÒw³ Ë2µ�²z°U¯R½!°;°�µZ»^µZ°�ºY»	°�¸i´�²zµ�»�¼�» ºY» ±�²zµ�µZ°U²z½s³�²5²z½!»�·Z»�¿ µ
»XÅ/³�¯X²z¼�Ë�°�±!»	» ¼�»�º�» ±<²5´�±E»�³�¯R½E·Z°�Ò�É;°�±!»	´�±E»�³�¯M½E¯ °�¼�Á/º�±�É2³�±!¶�°�±!»	°�¸�»�³�¯M½YÍ�³�¼�Á!»�Ð��/°�·
»XÅ/³�º�Æ/¼�»�Ék°�±/»G²z·R³�±!µLÍ�» ·ZµR³�¼`´�µ¿�EV8�8³/è!Þ ý Ý�ÜW	2Éi´�±_k)Á/¼�» ·�¿ µ�±!°�²M³�²z´¹°�±iÉkº�»�³�±!´¹±!ÂE²z½s³�²^Ò�»
¯R½/°<°�µZ»`²z½/»Ì�Ú´�±¤¯ °�¼�Á!ºY±¿�2É�²z½!»�V�´¹±�¯ °�¼�Á/º�±�Ü�É:Ï�Ï(Ï É�²z½!»©	�´�±¤¯ °�¼�Á!ºY±¿³2Ð k5³�¯M½�²z·R³�±/µLÍ�»�·Là
µR³�¼<²z½s³�²]´�±!¯ ¼¹Á!¶!» µi²z½/»*a�´�±K}w¿ µ«¼�»�¸¹²zºY°�µL²«¯ °�¼�Á/º�±�·Z»�Æ!·Z» µZ»�±�²zµu³�¼�» Â�´�²z´¹ºE³�²z»uÒw³ Ë¤²z°�Æ/¼[³�¯ »
²z½!»Y²z»�± as¿ µU´�±�²z°'µzá<Ás³�·Z»2' Ð Ù ½/»Y²M³�µZÕÓ°�¸ È ±!¶/´�±!ÂB²z·R³�±!µLÍ�» ·ZµR³�¼�µU´�µ�Éu´�±Ê¸D³�¯ ²�É]·R³�²z½!» ·
»�³�µLË<É«³�±!¶Ã²z½/»�Â�´�Í�»�±ÃºE³�²z·Z´�Åz}+²zÁ!·Z±!µ�°�Á2²�²z°J½|³XÍ�»�»XÅ/³�¯X²z¼�Ë´V��WV�°�¸)²z½!»�ºSå�²z½!» ·Z»E³�·Z»
·Z» µZÆ�» ¯X²z´�Í�»�¼�ËÃü?è�³]Z#³�	]ZRè�	]Z#V�è\ZRè[�jZ#V ý Z#V�Þ]ZRè��]Z#³��]Z#	�Þ�þ)²z·R³�±!µLÍ�» ·ZµR³�¼�µw¸�°�·�aGdoüÜ�jZ�Ü�Z(Ï�Ï(ÏNZ¯³�þMÐ



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s è

���e� � � � � ' �8���p�u�%��$ �J��°��� � . ��"�$ . � Û ��t/�$ �_��¨��� Û �_��¨�%. "h��µ�#�Ü� Û . �p�� � �¯����. �°�¦�u�h�Õ. � ���/����Ä$ �_������®����"��Ì�h�n��q�¦�Ê�°�#��n� � �n�¦�¦�Ü. ������0/p�u�

�y±/¯ »¤²z½!»�²z·R³�±!µLÍ�»�·ZµR³�¼¹µ	³�·Z»¤Õ;±!°�Ò�±�É/Ò�»�¿ ·Z»¤¼�»�¸¹²wÒ�´�²z½B³�±B»XÅ/³�¯X²y¯ °�Í�» ·�Æ!·Z°�Î!¼¹» º °�¸
Ü(��µL²M³�Â�»�µ�É�Ò�½!´�¯R½G´�µiºUÁ!¯R½GµZ´�ºYÆ!¼�» ·�²z½s³�±¤²z½/»g°�·Z´�Â�´�±s³�¼t³���à8µL²M³�Â�»5Æ!·Z°�Î!¼�» º ´�±�ü�.�þMÐiß	¼�¼�Ò�»
±!»�» ¶�²z°�¶!°w´¹µ�¯�°�Í�»�·�²z½!»`µzá<Ás³�·Z»)Ò�´�²z½^²z» ±�²z·R³�±!µLÍ�»�·ZµR³�¼¹µk²z½|³�²«¶!°�±�¿ ²«´�±�²z»�·ZµZ» ¯X²8H Î�» ¯�³�Á!µZ»
»XÍ�»�·LË�µZÁ/¯R½SµZ»X²�°�¸«²z» ±J´�µw»�á<Á!´�Í�³�¼�»�±�²Ú²z°E³G¼�³�²z´¹±Oµzá<Ás³�·Z»3' ²z½|³�²�´¹µw°�·L²z½/°�Â�°�±s³�¼k²z°L}wÐ

Ù ½!»¤Æs³�·L²z´�¯�Á!¼[³�·Úµzá<Ás³�·Z»(}Ç´¹±¨ü�.�þ5½s³�µ�É!´�±J¸ã³�¯X²�É!»XÅ/³�¯X²z¼�ËE°�±!»¤°�·L²z½/°�Â�°�±s³�¼�º�³�²z»W�
ÿ����������
�

�+ÜÊÝéÞ ý �ö	$èöV�³
ÜCVéÞéÝö� ý èö	�³ö�
Ýö³���	ÏÞö��V ý è Ü
Þéè×�¸³öV�	 Ü��éÝ ý
ý 	$èö�ÏÝ�³×�¸V+ÜÊÞ�×�¸³ ý èöVÏÞ+Ü�	éÝ	ö� ý è ÜÊÞÏÝ�³ö�¸V
è ý Ü�V×�$Ýö³éÞ���	VÏÞ�	ö��³+ÜC�éÝ ý è³ÏÝ�V+ÜC	$è ý �$Þ��

� ����������
�

4
ÿ����������
�

�$Ý�Vö��³ ý èÏÞö	+Ü
ÜÌè ý ³éÞö	��ö�éÝ�V
Ý���	 ý Véè×�,ÜC³éÞ
Þ�	�³×� ý ��VéÝ ÜÌè
ý V+ÜÊèö�ÏÞ�	�³×�$Ý�+ÜÌè×Vö�éÝ�³ ý Þ�		�³ö�éÝ$è ÜÊÞ�V ý �
èÏÞ�� ÜÊÝ×� ý 	öV�³Vö�$ÝÏÞ�	ö³+ÜÌè×� ý³ ý Þö	+ÜCVéÝ��éè×�

� ����������
�
Ï ü65�þ

Ù ½!»	¶s³�±!¯�´�±!ÂU¼�´¹±!Õ;µÚ³�¼¹Â�°�·Z´�²z½/º È ±!¶!µÚ´�²�É2³�±!¶OÆ!·Z°�Í�»�µ�´�²zµ�Á!±!´¹á<Á!»�±!» µZµ�É!³�¸[²z» ·�¶!°�´�±!ÂG°�±!¼�Ë
³�Î|°�Á2²�Ü�ÏWèo�BÜ(� � º�»�º�µ�°�¸i¯ °�ºYÆ!Á2²M³�²z´�°�±�É<Â�´�Í�» ±�²z½!»¿V[�WV�²z·R³�±!µLÍ�» ·ZµR³�¼�µ�Ð��sÁ!·L²z½!»�·Zº�°�·Z»�É
²z½!»¤¯ °�µL²�°�¸«²z½/»^²z·R³�±!µLÍ�» ·ZµR³�¼�à È ±/¶!´�±!ÂYÆ!½|³�µZ»�És³�Î|°�Á2²��Uº�´¹¼�¼�´�°�±�ºY» ºYµ�É2´�µ�±!»�Â�¼¹´�Â�´�Î!¼�»^Î�Ë
¯ °�ºYÆs³�·Z´�µZ°�±�Ð Ù ½<Á!µ5²z½!»	°�·Z´�Â�´�±|³�¼s·ZÁ/±!±!´�±!ÂG²z´�º�»y°�¸«ÝY�JÜ(�WÊ � º�»�º�µtH Ò�½!´�¯M½�°�±/¯ »yÒw³�µ
·Z» Â<³�·Z¶!»�¶�³�µu²z½!»�´�±/»XÍ2´�²M³�Î!¼�»5¯ °�µL²`°�¸/µZ°�¼�Í2´�±!Â�³yÆ!·Z°�Î!¼�»�º ¸�°�·]Ò�½!´�¯R½G²z½/» ·Z»w³�·Z»^Ü(� � � Òw³XË2µ
²z° È ¼�¼|´¹±Y²z½!»	Î!¼[³�±!Õ;µtH ½s³�µ5Î�» » ±�·Z»�¶!Á!¯ »�¶�Î�Ë�³�¸[Á!·L²z½/» ·5¸D³�¯ ²z°�·5°�¸�º�°�·Z»�²z½s³�±ÃÜ(� h Ê�ü�fWþMÐ

^¨»^Ò�´�¼�¼�µZ»�»^¼[³�²z» ·�²z½s³�²y³�¶2Í�³�±!¯�» µÚ½s³ Í�»¤³�¼�µZ°�Î|» »�±OºE³�¶!»^´�±OºY»X²z½!°;¶!µÚ¸�°�·ÚµZ°�¼�Í2´�±!Â
³���à8¼�»XÍ�» ¼wÆ/·Z°�Î/¼�» ºYµ�¼�´�Õ�»¨ü�.�þMÐé¾P±/¶!» »�¶�É^ü�.�þG²zÁ!·Z±!µY°�Á2²Y²z°ÓÎ|»B·Z» Æ!·Z»�µZ» ±�²M³�Î!¼¹»J¶/´�·Z» ¯ ²z¼�Ë
³�µ�³�±Ã»XÅ/³�¯X²^¯ °�Í�» ·	Æ!·Z°�Î!¼¹» º üãµZ»�»G» Å;»�·Z¯ ´�µZ»�Ü�è�þMÉsÒ�½!´�¯M½B²z½!»U¶s³�±!¯ ´�±/ÂE¼¹´�±!Õ;µyÆ!·Z°;¯�» ¶!Á!·Z»
°�¸�æ<» ¯ ²z´�°�±éè;Ð Ý2Ð Ý2Ð�ÜOµZ°�¼�Í�» µE³�¸[²z» ·�»XÅ2Æ|» ±/¶!´�±!ÂÄ°�±/¼�Ë Ü�Ï ÞD�$Ü�� h¬h º�»�º�µ�Ð�k)Í�» ±ÏµZ°!Ég²z½!»
kgÁ!¼�»�·JÓW4)³�·ZÕ�» ·	³�Æ!Æ!·Z°<³�¯R½B·Z» º�³�´�±!µ	³�Î�°�Á!²	³U²z½!°�Á!µR³�±!¶S²z´¹º�» µwÎ�»X²Z²z» ·w²z½s³�±J²z½/»¿4`³�´�Â�»�Ó
Ù °�ºYÆ!Õ;´�±!µ^³�Æ!Æ!·Z°<³�¯R½�Ð ä Ë¸Qö¸D³�¯X²z°�·Z´�±!Â�SY²z½!»GÆ!·Z°�Î!¼�»�º ´�±�²z°Y²PÒ�°�µZ» Æs³�·R³�²z»GÆ!½s³�µZ» µ�É|°�±!»
¸�°�·^²z·R³�±/µLÍ�»�·ZµR³�¼�à È ±!¶!´¹±!ÂS³�±!¶Ä°�±!»�¸�°�·^²z·R³�±/µLÍ�»�·ZµR³�¼�à8¯ °�ºGÎ/´�±!´�±!Â/É2k)Á/¼�» ·¤³�±!¶_4)³�·ZÕ�»�·^»�µLà
µZ» ±<²z´[³�¼�¼�Ë¤·Z» ¶!Á/¯ » ¶G²z½/»5¯�°�ºYÆ!Á2²M³�²z´�°�±s³�¼<¯�°�µL²`¸[·Z°�º ³�Æ!·Z°;¶!Á!¯X²�É�7Rh07 Ê É�²z°�³�µZÁ!ºBÉ�7Rh�¯�7 Ê ÐÙ ½!»¤º�°�·R³�¼k°�¸i²z½!´�µwµL²z°�·LË�´¹µw¯ ¼�»�³�·(�gç5°�ºGÎ/´�±s³�²z°�·Z´[³�¼�Æ!·Z°�Î!¼�»�º�µwº�´�Â�½�²�¯ °�±!¸�·Z°�±<²�Á!µ
Ò�´�²z½Y³^½<Á!Â�»�Á!±!´�Í�» ·ZµZ»w°�¸|Æ|°�µZµZ´�Î!´�¼¹´�²z´�» µ�É�Ë�»X²`Ò�»wµZ½!°�Á!¼¹¶!±�¿ ²)Â�´�Í�»ÚÁ/Æ�²z°;°�»�³�µZ´�¼�Ë<Ð«ß µZ´�±/Â�¼¹»
Â�°;°<¶O´�¶!»�³¤¯�³�±O·Z» ¶!Á!¯�»y²z½/»�³�ºY°�Á!±�²Ú°�¸i¯ °�º�Æ/Á2²M³�²z´�°�±EÎ�ËEºE³�±�ËE°�·Z¶!»�·ZµÚ°�¸iº�³�Â�±!´�²zÁ!¶!»�Ð

 Ñ/898\ÎÕôtù;:�ôrõGùðÑ ùvóáË�ôYõNô\Í�Î=<�ò�õ5Î?>Ìú K ³�±�Ë�°�¸|²z½!»�¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼!Æ!·Z°�Î!¼�»�º�µ`Ò�»�µZ½s³�¼�¼
µL²zÁ!¶2Ëé´�±é²z½!´�µY¯M½s³�Æ2²z» ·�ÉÚ¼�´�Õ�»]�]³�±!Â�¸�°�·Z¶�¿ µ�Æ!·Z°�Î!¼�» ºÑ°�¸^Æs³�´�·ZµE°�·P�i��³�±s³�ºS¿ µYÆ!·Z°�Î!¼¹» º
°�¸Ú²z½/»�µZ´�Å;²z» »�±Ê½/°�±/°�·�¯�³�·Z¶!µ�É)°�·Z´�Â�´�±s³�²z» ¶Ï³�µ�³�ºUÁ!µZ´�±!ÂÃÆ!Á8�(� ¼�»�µU°�·_QLÎ!·R³�´�±Ê²PÒ�´¹µL²z» ·Zµ�Ð S
æ<°�º�»�·Z»�³�¶/» ·ZµUº�´¹Â�½<²GÎ�»EÆ/Á2²U°��éÎ�Ë¨²z½!´�µG»�º�Æ!½|³�µZ´¹µU°�±Ì·Z» ¯�·Z»�³�²z´�°�±s³�¼)²z°�Æ!´¹¯ µ�É]Ò�½/´�¯R½
²z½!» ËÃ·Z»�Â<³�·Z¶Ì³�µU³O¸�·Z´�Í�°�¼¹°�Á/µ^Òw³�µL²z»Y°�¸5²z´�º�»�Ð�æ<½/°�Á/¼�¶!±�¿ ²�¯�°�º�Æ!Á2²z»�·Zµ¤·Z»�³�¼�¼�ËÃÎ|»Y¶!°�´�±/Â
Á!µZ»�¸[Á!¼kÒ�°�·ZÕEOOß	±!¶JµZ½!°�Á!¼�¶/±�¿ ²w²z» Å;²zÎ|°;°�Õ;µw³�Î|°�Á2²�¯ °�º�Æ/Á2²z» ·ZµÚÎ|»�Æ!·Z´�º�³�·Z´�¼�ËY¯ °�±!¯�» ·Z±!»�¶
Ò�´�²z½JµZ´�Â�±!´ È ¯�³�±�²	³�Æ!Æ!¼�´�¯�³�²z´�°�±!µ�²z°�´¹±!¶!Á!µL²z·LËS³�±!¶|Ô�°�·ÚÒ�°�·Z¼�¶SÆ!·Z°�Â�·Z»�µZµ0O

^¨»�¼�¼8É�²z½!»�³�Á2²z½!°�·«°�¸;²z½/»`²z»XÅ;²zÎ|°;°�ÕyË�°�Á�³�·Z»g·Z»�³�¶/´�±!Â�½s³�µu³�Î/µZ°�¼¹Á2²z» ¼�Ë�±!°�°�Îr=ö»�¯X²z´�°�±!µ
²z°�Á!µZ» ¸�Á!¼2Ò�°�·ZÕ�³�±/¶�½;Á!ºE³�±�Æ!·Z°�Â�·Z» µZµ�Ð ä Á2²)½!»wÎ�» ¼�´�» Í�» µuµL²z·Z°�±!Â�¼�ËG²z½s³�²5³	Î|°;°�Õ�µZÁ!¯M½E³�µ
²z½!´�µ5µZ½!°�Á!¼�¶EµL²z·Z»�µZµ � oe] æ dcgaq °�¸kÆ!·Z°�Î!¼¹» º µZ°�¼�Í2´�±!Â/É�²z°�Â�» ²z½!» ·gÒ�´�²z½EºE³�²z½!» º�³�²z´�¯�³�¼/´�¶!»�³�µ
³�±!¶ �,d�g¨o�j�q ²z½s³�²w½!»�¼�ÆO²z°�µZ°�¼�Í�»�ºE³�±�ËO¶!´�|» ·Z»�±�²wÆ!·Z°�Î!¼¹» º�µ�É!·R³�²z½!» ·Ú²z½|³�±S¸[°;¯ Á/µZ´�±!Â�°�±
²z½!»�·Z»�³�µZ°�±!µ]Ò�½<Ë¤²z½!°�µZ»�ºY»X²z½!°;¶!µ)³�±/¶Uº�°;¶!» ¼¹µ]º�´�Â�½�²uÎ|»�Á!µZ» ¸�Á!¼8Ð ^¨»�µZ½s³�¼�¼;¼¹»�³�·Z±Gº�³�±<Ë
Î|»�³�Á!²z´�¸[Á/¼�³�±/¶�Æ|°�Ò�» ·Z¸�Á!¼sÒw³ Ë2µ5²z°�³�²Z²M³�¯RÕ�¯�°�ºUÎ!´�±s³�²z°�·Z´[³�¼sÆ!·Z°�Î!¼�»�º�µ�É2³�±!¶E²z½!»	»�¼�» Â<³�±!¯�»



V �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

���n�_�n��@�k�e�«�¨�%$ $ /e��$�u�e�_�8�����Ö � ��)¹�®�Ê�b. �x�bÖ0/°�Ê�u��r���n�u�e�%"h���°�%$�$ �Ê�b. �z�bÖ0/e���n�8��0$ �Ê�b. �x�bÖ0/°���n�_��®����"��Ì�h�n�x�°�%. �Õ. ��"� Û �%$ �J��s�u�Ä. �e�_�G�u�Õ. ��$ �A�Õ�p�n�u�J�T����n���u���/�$ �b. ��$ . � �Ê�b. �h����e� � � � � ' �8���p�u�%��$ �J�T����e�c���n�b. �h���Ü�_�s��Ä$ � � �u������$µ��. �n�u�Õ. � �u���� ' ��$�#|��$ ���0+G�b. "��s�����e�x�n���Ê�u�_�Ü�Ü���A%

°�¸�²z½!°�µZ»yºY»X²z½!°;¶!µgÒ�´�¼�¼/Î�»�°�Á!·5º�³�´�±Yº�°�²z´�Í�³�²z´¹°�±�¸�°�·gµL²zÁ!¶2Ë2´�±/Â¤²z½!» ºBÐ)ç5°�ºGÎ!´¹±s³�²z°�·Z´�³�¼
¯R½|³�¼¹¼�» ±!Â�»�µ�Æ|°�ÆBÁ!Æ'»XÍ�» ·LË;Ò�½!»�·Z»�É|³�±!¶B±/»XÒ Òw³ Ë;µy²z°�³�Æ!Æ!¼�ËO²z½!»�²z» ¯R½/±!´¹á<Á!» µy¶!´�µZ¯ Á/µZµZ» ¶
´�±O²z½/´�µw¯M½s³�Æ2²z» ·	³�·Z´�µZ»¤»XÍ�»�·LË�¶|³XË<ÐÚæ<°�¼�» ²�¿ µw±/°�²y¼�´�ºY´�²Ú°�Á!·�½/°�·Z´� °�±!µ�Î�ËS³�²Z²z» ºYÆ2²z´�±!Â�²z°
¯�³�²M³�¼�°�Â�´�±'³�¶!Í�³�±!¯ »�Ò�½s³�²w²z½!»�´¹¶!»�³�µy³�·Z»�Â�°;°;¶J¸[°�·�Ð

�/°�·'»XÅ/³�º�Æ!¼¹»�É^´�²S²zÁ!·Z±/µB°�Á!²B²z½s³�²B°�·L²z½!°�Â�°�±|³�¼�¼[³�²z´�±,µzá<Ás³�·Z» µÄ³�·Z»¨» ±!°�·Zº�°�Á!µZ¼�Ë
Á!µZ»�¸[Á!¼?ÉyÆs³�·L²z´�¯�Á!¼[³�·Z¼�Ë$´�± ²z½!»Ä¶!» µZ´¹Â�±,°�¸�»XÅ2Æ|»�·Z´�º�»�±�²zµ�Ð ß	¼�·Z»�³�¶!Ë$´¹±oÜ�è�V�V2Éi�/·R³�±CB¯�°�´�µ
ç5·Z»X²Z²�D»G¶!»�4`³�¼�¼¹Á!» ¼iÁ!µZ»�¶Ä³ ý � ý ¼�³�²z´¹±Sµzá<Ás³�·Z»�²z°EµL²zÁ!¶2ËJÒ�½|³�²^½s³�Æ!Æ|»�±!µyÒ�½!» ±'µZ´�Å;²z» »�±
µZ½!»�» Æ�H ¸�°�Á!·y»�³�¯R½'¸�·Z°�º ¸[°�Á!·	¶!´��|»�·Z» ±�²^Î!·Z» »�¶!µrH Ò�»�·Z»�¸�» ¶'¸�°�Á/·y¶!´���» ·Z» ±<²y¶/´�»X²zµ�³�±/¶
½s³�·LÍ�» µL²z»�¶�³�²u¸�°�Á!·u¶!´�|» ·Z»�±�²]²z´�ºY» µ�Ð � �E�ìzóOð�ú¹îXì#FÌAF� í�ø�îZúÕå�õ�§8ïzõ�îXì�üb4)³�·Z´�µ(��æ<°;¯ ´GD» ²�D»©\�°�Ë;³�¼�»
¶�¿ ß	Â�·Z´�¯ Á!¼�²zÁ!·Z»�É�²z·Z´�ºY» µL²z·Z»Ú¶�¿HD»X²�D»�ÉsÜ�è[V�V�þMÉ/Ü�è(Ó2Ý�Þ;Ð � Ù ½!»�¼[³�²z´�±Uµzá<Ás³�·Z»	³�¼�¼�°�Ò�» ¶�½!´�º ²z°¤¶!°
²z½!´�µ�Ò�´�²z½¨ÜN	�µZ½!» »�ÆB´�±!µL²z»�³�¶B°�¸Ì	 ý åsÒ�´�²z½'³ â ·�ò�¯ °�à*�]³�²z´�±Bµzá�Á|³�·Z»G½!»�¯ °�Á!¼¹¶'³�¼�µZ°E½s³ Í�»
Í�³�·Z´�»�¶J³�±/°�²z½/» ·�Æs³�·R³�º�» ²z» ·�Î<ËY²z·LË;´¹±!Â/É<µR³ Ë<É2¸[°�Á!·�¶/´��|» ·Z»�±�²wá<Ás³�±�²z´�²z´¹» µ5°�¸i¸[°;°;¶�°�·�¸�°�Á!·
¶!´���» ·Z» ±<²wÂ�·R³[� ´�±!Â�Æs³�·R³�¶!´�Â�ºYµ�Ð

ä Á2²y´�¸iÒ�»¤½|³�¶S¸�°;¯ Á!µZ»�¶J°�Á!·�¶!´�µZ¯�Á!µZµZ´�°�±S°�±J½/´�µy³�Æ!Æ/·Z°�³�¯M½J²z°E³�±!´�ºE³�¼�½<Á!µZÎs³�±!¶/·LË�É
Ò�»Yº�´¹Â�½<²�Ò�» ¼¹¼`½s³ Í�»YÂ�°�²Z²z» ±ÓÎ|°�Â�Â�» ¶¨¶!°�Ò�±¨´�±Ó¶!» ²M³�´�¼�µ�³�Î|°�Á2²GÎ!·Z»�» ¶!´�±/Â!Éu³�Î|°�Á2²�·Z°;°�²
Í�» Â�»X²M³�Î!¼¹» µgÍ�» ·ZµZÁ!µÚÂ�·R³�´�±!µw³�±!¶E²z½!»	¯�°�µL²zµ�°�¸�Â�·Z°�Ò�´¹±!Â�²z½!»�ºSÉ<» ²z¯�Ð�\�»�³�¶/» ·Zµ5Ò�½!°�³�·Z»�±�¿ ²
¸D³�·ZºY» ·Zµwº�´�Â�½�²Ú²z½!»�·Z» ¸�°�·Z»�½s³ Í�»�¶!»�¯ ´�¶/» ¶O²z°�µZÕ;´�Æ�²z½!»^Ò�½!°�¼�»	²z°�Æ!´�¯�É2»XÍ�» ±O²z½!°�Á!Â�½J¼[³�²z´�±
µzá<Ás³�·Z»^¶!»�µZ´�Â�±!µ�³�Æ/Æ!¼�ËY²z°Y³¤Ò�´�¶/»	·R³�±/Â�»�°�¸«µL²zÁ!¶!´�»�µ�Ðwü Ù ½!´¹±!Õ�³�Î|°�Á2²�²z» µL²z´¹±!Â È Í�»^Õ;´�±!¶!µ
°�¸yÆ!´¹¼�¼�µ�É)°�±ÏÆs³�²z´�»�±�²zµ�´�± È Í�»JµL²M³�Â�» µ�°�¸yµZ°�º�»J¶/´�µZ»�³�µZ»�É È Í�»B³�Â�»JÎ!·R³�¯RÕ�»X²zµ�ÉÚ³�±!¶ È Í�»
Ò�» ´¹Â�½<²�Â�·Z°�Á!Æ/µ�Ð þ K °�·Z» °�Í�» ·�Ég³'¯ °�±!¯�» ±�²z·R³�²z´�°�±Ê°�±Ç»XÅ2Æ|» ·Z´¹º�» ±<²M³�¼5¶!» µZ´¹Â�±Ç¯ °�Á!¼�¶Ì¼�»�³�¶
·Z»�³�¶!»�·Zµ�²z°Jº�´¹µZµ^²z½!»�¸D³�¯ ²�²z½s³�²�¼[³�²z´�±Äµzá<Ás³�·Z» µG³�¼�µZ°J½s³ Í�»�´¹º�Æ|°�·L²M³�±�²G³�Æ!Æ!¼�´�¯�³�²z´�°�±!µ^²z°
¯ °;¶!´¹±!ÂY³�±!¶S¯ ·LË2Æ2²z°�Â�·R³�Æ!½�ËÓüãµZ»�»�» Å;»�·Z¯ ´�µZ»�µ�ÜNVNÓ2Ý ý þMÐ

k)Í�» ±J²z½!»^²z°�Æ!´�¯�°�¸ �u³�±/Â�¸�°�·Z¶JÆs³�´�·Z´�±/Â!É;Ò�½/´�¯R½JµZ»�» ºYµy³�² È ·ZµL²w²z°�Î�»^Æ/Á!·Z» ¼�ËO·Z»�¯ ·Z»Xà
³�²z´�°�±s³�¼8Éi²zÁ!·Z±!µU°�Á2²G²z°B½s³ Í�»�Æ!·R³�¯ ²z´�¯�³�¼g´�º�Æ�°�·L²M³�±!¯�»�Ð Ù Ð`æ<Õ�°�¼¹» ºÿÁ!µZ» ¶Ë�]³�±!Â�¸�°�·Z¶ÊµZ» à
á<Á!» ±/¯ » µy²z°Y¯�°�±!µL²z·ZÁ!¯X²�æ�²z» ´¹±!» ·w²z·Z´¹Æ!¼�»�µLË;µL²z»�º�µ�É/Ò�½!´¹¯R½BÒ�»�½|³XÍ�»�³�Æ!Æ!¼�´¹» ¶S²z°E¶s³�²M³�Î|³�µZ»
á<Á!» ·Z´¹» µG´¹±Ïæ<»�¯X²z´�°�±×	2Ð�� � µZ» »2�Äù;ïDë!üÌ?8å ù�û�A<ú¹û|ù[��úbå ùJI+üLÜN³���V�þMÉ)Ý�è�ÞNÓ;Ý�V��5�8å�³�±!¶Ç´�±Ê²z½!»
ÜN³�	[��µ�É:kyÐ�X/Ð â ·Z°�²z½Y°�¸ K °�²z°�·Z°�¼[³�ç5°�·ZÆ|°�·R³�²z´�°�±Y³�Æ!Æ/¼�´�» ¶T�u³�±/Â�¸�°�·Z¶YÆs³�´�·Zµ`²z°�²z½!»�¶!»�µZ´�Â�±
°�¸�¯ ´¹·Z¯ Á!´�²zµ¤¸[°�·�ºGÁ!¼�²z´�Æ!¼�´�¯�³�²z´�°�±�Ð��/Á/·L²z½!» ·ZºY°�·Z»�Éi²z½!»�³�¼�Â�°�·Z´�²z½!º�µ�²z½s³�²�»(M�¯ ´�»�±�²z¼�Ë È ±/¶
�]³�±!Â�¸�°�·Z¶�Æs³�´�·Zµu³�±!¶�¼[³�²z´�±¤µzá<Ás³�·Z»g²z·R³�±/µLÍ�»�·ZµR³�¼�µ�É�µZÁ!¯M½�³�µi²z½/»gº�» ²z½!°;¶¤°�¸2¶s³�±!¯�´�±!Ây¼�´�±/Õ<µ�É
³�Æ!Æ!¼�ËY²z°G» Å!³�¯ ²�¯�°�Í�»�·5Æ!·Z°�Î!¼¹» º�µ�´�±�Â�» ±!»�·R³�¼8å!³�±!¶�²z½!»	Æ!·Z°�Î!¼�»�º °�¸i»XÅ/³�¯X²�¯ °�Í�» ·Z´¹±!ÂU½s³�µ
Â�·Z»�³�²5·Z» ¼�» Í�³�±!¯�»Ú²z°¤¯�·ZÁ!¯ ´[³�¼sÆ!·Z°�Î!¼�» ºYµgµZÁ!¯R½O³�µg²z½!»�»�á<Á!´�²M³�Î/¼�»y³�Æ!Æ|°�·L²z´�°�±!º�»�±�²g°�¸|Í�°�²z» ·
Æ!·Z»�¯ ´�±!¯ ²zµ�²z°�» ¼¹» ¯X²z°�·R³�¼k¶!´�µL²z·Z´¹¯X²zµ�É2»X²z¯�Ð

Ù ½!»¨³�Æ/Æ!¼�´�¯�³�²z´¹°�±/µO³�·Z»Ä±!°�²�²z½!»Äº�°�µL²O´�ºYÆ|°�·L²M³�±�²�²z½!´�±!Â/É	³�±/¶ ±!» ´�²z½!» ·S³�·Z»Ã²z½!»
Æ!Á8�(� ¼�»�µ�ÐR�	Á!·¤Æ/·Z´�ºE³�·LËÃÂ�°<³�¼)´�µ¤·R³�²z½!» ·�²z°SÂ�»X²�Îs³�µZ´�¯�¯�°�±!¯ »�Æ2²zµ¤´¹±�²z°J°�Á!·�Î!·R³�´�±!µ�Éi¼¹´�Õ�»
²z½!»�±/°�²z´¹°�±/µu°�¸/¼[³�²z´�±Uµzá<Ás³�·Z» µ)³�±!¶�»XÅ/³�¯X²`¯ °�Í�» ·Z´�±!Â/Ð)æ<Á!¯M½U±!°�²z´�°�±!µ`Â�´�Í�»5Á!µu²z½/»�Î!Á!´�¼¹¶!´�±!Â
Î!¼�°;¯MÕ<µ�É2Í�°;¯�³�Î!Á!¼[³�·LË<É/³�±/¶J´¹±!µZ´�Â�½�²zµÚ²z½s³�² ]_d5� dafrfhd�×LK q Æ!·Z°�Î!¼�»�º�µÚÒ�´�¼¹¼�±!»�» ¶�Ð

æ�²z´�¼¹¼8É�´�²�¿ µE¸�°<°�¼�´¹µZ½é²z°Ê¶!´�µZ¯�Á!µZµ�Æ/·Z°�Î/¼�» ºÑµZ°�¼�Í2´�±!Â¨Ò�´�²z½!°�Á2²O³�¯ ²zÁs³�¼�¼�ËÏµZ°�¼�Í2´�±/ÂÌ³�±�Ë
Æ!·Z°�Î!¼�»�º�µ�Ð6^¨»U±/» » ¶ÄÂ�°<°;¶ÄÆ!·Z°�Î!¼�» ºYµy²z°OµL²z´¹ºGÁ!¼[³�²z»G°�Á!·�¯ ·Z»�³�²z´�Í�»i=öÁ/´�¯ »�µ�É|²z°�¼¹´�Â�½�²^Á/Æ
°�Á!·)Â�·Z» ËU¯ » ¼¹¼�µu´�±E³	º�°�·Z»w°�·)¼�»�µZµ`°�·ZÂ<³�±!´���» ¶�¸D³�µZ½!´�°�±�É;³�±/¶U²z°¤ºE³�Õ�»�²z½!»wÎs³�µZ´�¯Ú¯�°�±!¯ »�Æ2²zµ
¸D³�ºY´�¼�´[³�·�Ð K ´�±!¶2à8Î|»�±!¶!´�±/Â^Æ!Á8�(� ¼�»�µ`³�·Z»�°�¸[²z» ±U´�¶!»�³�¼2¸[°�·]²z½!´�µuÆ!Á!·ZÆ�°�µZ»�É�Î|»�¯�³�Á!µZ»�²z½!»XË�¯�³�±
Î|»¤Æ!·Z» µZ»�±�²z» ¶S´�±B³U¸�»XÒ,Ò�°�·Z¶!µ�É!±/» » ¶/´�±!Â�±!°�¯�°�º�Æ!¼�´¹¯�³�²z» ¶OÎs³�¯RÕ;Â�·Z°�Á/±!¶SÕ;±!°�Ò�¼�»�¶!Â�»�Ð

ÛMD³�¯ ¼[³ Í e ³ Í�» ¼`°�±/¯ »�·Z» º�³�·ZÕ�»�¶'²z½s³�²�²z½!»�¯�°�ºYÆ!¼�» Å;´�²z´�» µ	°�¸5¼�´�¸�»�³�·Z»UÍ�³�µL²N�PQ Ù ½/» ·Z»
´�µw²z°;°YºUÁ!¯R½S²z°YÕ;±!°�Ò@Ï�Ï(Ï®^Ê»¤½s³ Í�»¤²z°�³�Îs³�±!¶!°�±S²z½!»U³�·Z·Z°�Â�³�±�²	Î|»�¼�´�»�¸i²z½s³�²�²z½/»�Ò�°�·Z¼�¶
´�µ^ºY» ·Z»�¼�ËÃ³EÆ!ÁE��� ¼¹»G²z°OÎ|»�µZ°�¼�Í�» ¶�É«³EºE³�¯M½!´�±!»UÒ�´�²z½Ã´�±!µL²z·ZÁ!¯ ²z´�°�±!µ^¸�°�·^Á/µZ»UÒw³�´�²z´�±!Â�²z°
Î|»'¶!´�µZ¯�°�Í�»�·Z» ¶�É�³ÓÎ|°;¶2Ëé°�¸�´�±/¸[°�·ZºE³�²z´�°�±Ï²z°ÊÎ|»B¸�» ¶$´¹±�²z°Ì³Ó¯�°�ºYÆ!Á2²z»�·�Ð S e »B¯�³�¼�¼�»�¶



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s ³
�®����"��Ì�h�n��q�¦�Ê�°�#����n��+G�Ý���_������n�e�p�8����0/p�u��s�����e���h�n�Z���u���e�c�����u��e�k��G�¯�T�_��µ�%$ �n�u�J��e� ' ��$ �1��%"h����a�8���°���n�e�V�°�CNI. � � .&(' �*)�$ �_�n�u�8�,+��h�n�e��������0��"#$ . �u�ð����0/p�u�ð�

¸�°�·¨³�±o´¹±!¯ ·Z»�³�µZ»�¶ µZ»�±!µZ»Ï°�¸6=LÁ!µL²z´�¯�»Ï³�±!¶ ·Z» µZÆ|°�±!µZ´¹Î!´�¼�´�²PËkåY¸�°�·Ã²M³�µL²z»�ÉG¯�°�Á/·R³�Â�»�É�³�±/¶
¯ °�ºYÆs³�µZµZ´�°�±�Ð e ´�µ^Ò�°�·Z¶/µ�Ò�»�·Z» È ¼�¼¹» ¶ÃÒ�´�²z½ÄÂ�·Z»�³�²¤Ò�´�µZ¶!°�ºSÐ
Ôg»X²¤²z½s³�±!Õ'Â�°;°;¶!±!» µZµ�Ò�»
¶!°S³�¼¹µZ°�½s³ Í�»UÆ/Á8����¼�» µ	²z½s³�² �s^a` Î|»UµZ°�¼�Í�» ¶!f64gÁ8�(� ¼�»�µ	¶!» µZ»�·LÍ�»G²z°OÎ|»U¯ °�Á!±<²z» ¶Ó³�ºY°�±/Â
²z½!»¤Â�·Z»�³�²�Æ!¼�»�³�µZÁ!·Z»�µw°�¸«¼�´¹¸[»�É;²z°�Î�»�» ±�=ö°�Ë�» ¶J´¹±Jº�°;¶!»�·R³�²z´¹°�±O¼¹´�Õ�»¤³�¼�¼k°�²z½!»�·Ú²z·Z»�³�²zµ�Ð

�y¸!¯ °�Á!·ZµZ»�ÉG�u³�±/Â�¸�°�·Z¶G³�±!¶T�i��³�±s³�º�¶/´�·Z» ¯ ²z» ¶�²z½!»�´�·iÆ!Á8����¼�» µi²z°�½<Á!º�³�±¤Î|»�´�±!Â�µ�É�±!°�²
²z°¤¯ °�ºYÆ!Á2²z» ·Zµ�Ðuß	·Z» ±�¿ ²`Ò�»�º�´¹µZµZ´�±!Â^²z½/»wÆ|°�´�±<²)´�¸|Ò�»�º�»�·Z» ¼�ËUµZ½<Á�O�»�µZÁ/¯R½�á�Á/» µL²z´�°�±!µ)°��
²z°UºE³�¯M½!´�±!»�µ�É<²z°�Î|»^µZ°�¼�Í�» ¶OÎ�ËEÎ/·ZÁ2²z»^¸�°�·Z¯�»	´¹±!µL²z»�³�¶O°�¸iÎ�Ë�·R³�²z´�°�±s³�¼|²z½!°�Á!Â�½�²�O â »�°�·ZÂ�»
ä ·Z»XÒ�µL²z»�·�ÉkÒ�·Z´�²z´�±!Â�²z° K ³�·L²z´�± â ³�·Z¶/±!» ·¤´�±éÜN³�	�Þ2É«»XÅ2Æ!·Z» µZµZ»�¶Ê³�Ò�´�¶!»�¼�Ë'½!» ¼¹¶ÄÍ2´�»XÒ ³�µ
¸�°�¼¹¼�°�Ò�µ(�TQ��/»�» ¶!´�±/ÂJ³Y·Z»�¯ ·Z»�³�²z´¹°�±|³�¼«Æ/Á8����¼�»G´�±<²z°O³E¯ °�º�Æ/Á2²z» ·	´�µ	±/°�º�°�·Z»G²z½s³�±Ä³YµL²z»�Æ
³�Î|°�Í�»�¶2Ë2±s³�º�´�²z´�±!ÂY³G²z·Z°�Á2²�µL²z·Z»�³�ºBÐgæ<Á!¯�¯ Á!ºUÎ!´�±!Â�²z°�´�±!µL²M³�±�²�·Z»�¯ ·Z»�³�²z´¹°�±iÐ S

Ôg» µ�É)Î!Á!²�²z½s³�²UÍ2´�»XÒ ºY´�µZµZ» µY³�±!°�²z½!» ·�´¹º�Æ|°�·L²M³�±�²UÆ�°�´¹±�²N�Jæ<´�ºYÆ!¼�»�Æ!Á8�(� ¼�»�µU°�¸[²z» ±
½s³ Í�»wÂ�» ±!»�·R³�¼¹´���³�²z´�°�±!µ]²z½s³�²)Â�°�Î|»XË�°�±!¶�½<Á!º�³�±E³�Î!´�¼¹´�²PËU³�±!¶E³�·Z°�Á!µZ»w°�Á!·)¯ Á/·Z´�°�µZ´�²PË�Ð Ù ½!»
µL²zÁ!¶2ËB°�¸`²z½!°�µZ»GÂ�» ±!»�·R³�¼�´���³�²z´�°�±!µy°�¸[²z» ±ÃµZÁ!Â�Â�»�µL²zµ	´¹±!µL²z·ZÁ!¯X²z´�Í�»Gº�»X²z½/°<¶/µ�²z½s³�²¤³�Æ!Æ!¼�ËS²z°
±<Á!ºY» ·Z°�Á!µu°�²z½!» ·uÆ!·Z°�Î!¼�» ºYµ`³�±!¶G½|³XÍ�»�µZÁ/·ZÆ!·Z´�µZ´�±!Â^¯ °�±!µZ»�á<Á!» ±!¯�» µ�Ð«¾P±!¶/» » ¶iÉ�ºE³�±�Ë�°�¸!²z½!»
Õ�»XËJ²z»�¯R½!±/´¹á<Á!» µy²z½s³�²yÒ�»GµZ½s³�¼�¼]µL²zÁ!¶2ËJÒ�»�·Z»GÎ|°�·Z±BÒ�½!» ±'Æ�» °�Æ!¼�»¤Ò�»�·Z»�²z·LË2´�±!ÂY²z°EµZ°�¼�Í�»
Í�³�·Z´�°�Á!µ¤Æ!Á8�(� ¼�»�µ�Ð
^ ½/´�¼�»UÒ�·Z´�²z´¹±!Â�²z½!´�µ¤¯R½s³�Æ2²z»�·�Ék²z½/»Y³�Á2²z½/°�·¤¯�°�Á!¼�¶!±�¿ ²¤½/» ¼�ÆÓ·Z» ¼�´¹µZ½!´�±!Â
²z½!»�¸D³�¯X²^²z½|³�²¤Æ!Á8����¼�» µ�³�·Z»�±!°�Ò º�°�·Z»�¸[Á/±Ã²z½s³�±Ä»XÍ�» ·�É«³�µ^¯�°�º�Æ!Á2²z»�·Zµ�Â�» ²�¸D³�µL²z»�·�³�±/¶
¸D³�µL²z»�·�ÉsÎ�» ¯�³�Á!µZ»�Ò�»UÕ�»�» Æ'Â�»X²Z²z´�±!ÂEº�°�·Z»�Æ�°�Ò�»�·Z¸[Á/¼«¶2Ë2±s³�ºY´�²z»�²z°�Æ!¼[³ ËJÒ�´�²z½�Ð � �/Á!·L²z½!»�·
¯ °�ºYº�» ±<²zµu³�Æ/Æ|»�³�·«´�±¤²z½/»Ú³�Á!²z½!°�·�¿ µ]» µZµR³ Ë�É!QRçÚ³�±¤²z°�Ë¤Æ!·Z°�Î!¼�»�º�µ«Î|»5Á!µZ» ¸�Á!¼ÕO�S/É�°�·Z´�Â�´�±s³�¼�¼�Ë
Ò�·Z´�²Z²z»�±O´�±ÓÜN³�è[	2å!µZ»�»�?/ì¯§ãì�å�ïöì�A ÷ ùXô`ìzî%F^ð�ûÌò)ð�óGô`õ2ïöìzîv?8åRúãìRû�å�ì�üLÜN³�³�	�þMÉkÜN	�³NÓ|Ü(V�Þ2Ð �

4gÁ8����¼�» µg¶!°¤½s³ Í�»w²z½!»�¶s³�±!Â�» ·`²z½s³�²)²z½/»XËU¯�³�±�Î|» ]_dcd »�¼�» Â<³�±�²�Ð â °<°;¶YÆ!Á8����¼�» µ`²z» ±/¶
²z°�Î|»Gº�³�²z½!» º�³�²z´¹¯�³�¼�¼�ËO¯ ¼¹»�³�±Ã³�±!¶'Ò�»�¼�¼�à8µL²z·ZÁ!¯ ²zÁ!·Z» ¶�É|Î!Á2²^Ò�»�³�¼�µZ°�±!»�» ¶B²z°�¼�»�³�·Z±'½!°�Ò
²z°J¶!»�³�¼`µLË2µL²z» º�³�²z´�¯�³�¼�¼�ËSÒ�´�²z½Ä²z½!»�º�»�µZµLË�Éi¯R½|³�°�²z´�¯�É�°�·ZÂ<³�±/´�¯�µL²zÁ8�Ê²z½|³�²�µZÁ!·Z·Z°�Á!±!¶!µGÁ!µ
»XÍ�»�·LËU¶s³ Ë�Ðu¾P±!¶!» »�¶�É�µZ°�ºY»w¯ °�º�Æ!Á!²M³�²z´¹°�±|³�¼2²z» ¯M½!±!´¹á<Á!»�µg³�·Z»w´�º�Æ|°�·L²M³�±�²)¯M½!´�»�°!ËGÎ�» ¯�³�Á!µZ»
²z½!» Ë¨Æ/·Z°�Í2´�¶/»OÆ|°�Ò�» ·Z¸�Á!¼�Òw³XË2µU²z°Ã¯�°�Æ�»�Ò�´�²z½ÌµZÁ!¯M½Ç¯ °�ºYÆ!¼�»XÅ2´�²z´¹» µ�Ð Ù ½s³�²�´¹µGÒ�½�Ë<É)¸�°�·
»XÅ/³�º�Æ/¼�»�É/²z½!»U³�·Z¯�³�±!»G·ZÁ!¼�»�µy°�¸`¼¹´�Î!·R³�·LË;à8¯�³�·Z¶Ã³�¼�Æ!½s³�Î|» ²z´���³�²z´�°�±OÒ�»�·Z»�Æ/·Z» µZ» ±<²z» ¶Ä³�²	²z½!»
Î|»�Â�´¹±!±!´�±!Â�°�¸�ç5½s³�Æ2²z»�·¿�2É�³�±!¶¨³�±¨³�¯X²zÁs³�¼]»�¼�»XÍ�³�²z°�·	µLË2µL²z» º Òw³�µ^¶/´�µZ¯ Á!µZµZ»�¶Ó³�²�¼�» ±!Â�²z½
²z°�´�¼�¼�Á/µL²z·R³�²z»^µZ´�ºUÁ!¼[³�²z´�°�±�²z» ¯M½!±!´¹á<Á!»�µw´�±'æ<»�¯X²z´�°�±BÝ;Ð Ý2Ð �2Ð

ß$¯ °�¼�¼�»�¯X²z´�°�±�°�¸sÆ!·Z°�Â�·R³�ºYµ`³�±!¶�¶s³�²M³y¯�³�¼�¼�»�¶¤²z½/»�æ�²M³�±!¸�°�·Z¶ â ·R³�Æ!½ ä ³�µZ»¤ü?æ â ä þi½s³�µ
Î|»�» ±YÆ!·Z»�Æs³�·Z» ¶EµZ°�²z½s³�²5»XÅ2Æ|»�·Z´�º�»�±�²zµ`Ò�´�²z½Y¯ °�ºGÎ/´�±s³�²z°�·Z´[³�¼s³�¼�Â�°�·Z´�²z½!º�µ)¯�³�±Y·Z»�³�¶!´¹¼�Ë�Î|»
Æ|»�·Z¸[°�·Zº�»�¶�°�±J³¤Í�³�·Z´¹»X²PËY°�¸�·Z»�³�¼�àDÒ�°�·Z¼�¶�»XÅ/³�º�Æ/¼�» µ�Ð)æ â ä ´�±!¯ ¼¹Á!¶!» µ�É;¸�°�·5» Å!³�ºYÆ!¼�»�É<¶s³�²M³
³�Î|°�Á2²�ß	ºY» ·Z´�¯�³�±Ã½!´�Â�½�Òw³ Ë2µ�Éi³�±!¶¨³�±Ã´¹±!Æ!Á2²Zà8°�Á2²zÆ!Á!²�º�°;¶!»�¼]°�¸)²z½!»
`UÐWæ|Ð�»�¯ °�±!°�º�Ëkå�´�²
·Z» ¯�°�·Z¶!µ^²z½!»U¯�³�µL²zµ�°�¸)¯M½s³�·R³�¯X²z» ·Zµ�´�± e °�ºY» ·�¿ µ�ªÄ§�ú�ù�A|É Ù °�¼�µL²z°�Ë�¿ µ�íyû!û�ùÚ¨Gù�îXìzû!ú¹û|ù;Éi³�±/¶
µZ»XÍ�»�·R³�¼k°�²z½!» ·�±/°�Í�»�¼�µ�å2´�²Ú» ±!¯�³�Æ/µZÁ!¼[³�²z» µ�²z½!»^µL²z·ZÁ!¯X²zÁ/·Z»	°�¸�\y°�Â�» ²�¿ µ�ê]ë�ì¯FMù;õ�î�õ[F	°�¸gÜNV�è[³2å
´�²)¶!°;¯�Á!º�»�±�²zµ`½<Á!±!¶/·Z» ¶!µg°�¸|¯ °�¼�¼¹» Â�»�¸�°<°�²zÎs³�¼�¼!µZ¯ °�·Z»�µ�å�´�²)µZÆ|» ¯�´ È »�µu²z½!»wÂ�·R³XË;àDÍ�³�¼¹Á!»ÚÆ!´�Å;»�¼�µ
°�¸��«» °�±s³�·Z¶!°E¶s³UÛ^´¹±!¯ ´8¿ µ
B�ú�ðtå ð�û�A!ùJü K °�±s³T�i´¹µR³�þMÐ�ß	±!¶BÆ|»�·Z½s³�Æ!µyºY°�µL²y´�º�Æ�°�·L²M³�±�²z¼�Ë�É
æ â ä ¯ °�±�²M³�´�±!µy³U¯ °�¼�¼¹» ¯X²z´¹°�±O°�¸ È Í�» à8¼�»X²Z²z»�·�Ò�°�·Z¶!µ�É2Ò�½!´¹¯R½JÒ�»�µZ½s³�¼�¼�¶!´�µZ¯�Á!µZµ�±!» Å;²�Ð
� Ë!ô2P$:,ô þ ÎÕô:ó�ó(ôrõL<�ò�õQ>Lù@ò�÷ � ð�ÌqÎ�ÏÕùðËÌú K ³�±�ËE°�¸k²z½!»	»XÅ/³�º�Æ!¼¹» µ5´�±Y²z½/´�µ5¯M½s³�Æ2²z» ·5Ò�´�¼�¼
Î|»¤Îs³�µZ» ¶S°�±O²z½/»�¸�°�¼¹¼�°�Ò�´�±!Â�¼�´�µL²w°�¸ È Í�»Xà8¼�» ²Z²z» ·�Ò�°�·Z¶!µ(�
7:7�»ïº�Æ^Z®7á¶�7r;�7�Z�7á¶�7r;ïÈqZ�7á¶,7r;ðÃ^Z®7á¶,7�¹W5�Z®75¶,7]¼�¸�Z�75¶,7]¼�Æ^ZvÏ�Ï(Ï�ZSR89:9ðÇ�¼qZTR89�¿�È�¸�Ï�ü�U�þ

ü Ù ½!»�·Z»y³�·Z»v��è���èyÒ�°�·Z¶!µ�³�¼�²z°�Â�»X²z½/» ·:H ²z°;°¤º�³�±<ËU²z°�¶!´�µZÆ/¼[³ Ë�½!» ·Z»�å�Î!Á!²)²z½!°�µZ»w²z½s³�²�³�·Z»
º�´¹µZµZ´�±!ÂS¯�³�±Ê·Z»�³�¶!´�¼�ËÄÎ|»�´�ºE³�Â�´�±!»�¶�Ð þ$¾?²�¿ µ�³SÆ|» ·ZµZ°�±s³�¼g¼¹´�µL²�É«¯ °�¼�¼�»�¯X²z»�¶ÄÎ�ËÓ²z½!»O³�Á2²z½!°�·
Î|» ²PÒ�» » ±SÜN³�è�Ý¤³�±/¶SÜN³�³�Ý2É�Î|» Â�´�±!±/´�±!Â^Ò�½!» ±Y½!»w·Z»�³�¼�´� » ¶�²z½s³�²)µZÁ!¯M½�Ò�°�·Z¶!µ)Ò�°�Á!¼�¶�ºE³�Õ�»
È5·\¸r7ïÄ�¶s³�²M³G¸�°�·Ú²z»�µL²z´�±!Â�º�³�±�ËOÕ<´¹±!¶!µw°�¸«¯�°�ºGÎ!´�±|³�²z°�·Z´[³�¼i³�¼¹Â�°�·Z´�²z½/º�µ�Ð



Ü(� �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

��. � �b. �h�e���Õ. �8�� � ��������$ � VW�!�21�1/�k����[. $ $ �0+���. ����2�21��|�21|��t/ � $ . �e�8���z��. �n����� � ��s�����e���h�n�Z���u���e�c�����u����h���_�n�e����Ì�n��Ö0/e�8� � �9���:/e����"h�-U�21|���Q#|�A%W���� �_�e�u���n�u��. �

Ù ½!»w¼�´�µL²`½|³�µ`´¹±�²z» ±�²z´¹°�±|³�¼¹¼�Ë�Î|» »�±U·Z»�µL²z·Z´�¯X²z»�¶G²z°^Ò�°�·Z¶/µu²z½s³�²5³�·Z»®5ï»[¾~ÄYX�Æ|³�·L²)°�¸s²z½!»
kg±!Â�¼�´�µZ½Ã¼[³�±!Â�Ás³�Â�»�É�´�±'²z½!»UµZ»�±!µZ»U²z½s³�²^²z½!»�³�Á2²z½!°�·	½|³�µ�»�±!¯ °�Á!±�²z»�·Z» ¶'²z½!»�º ´�±Ó³�¯ ²zÁs³�¼
Á!µZ»�Ð�`	±s³�Î!·Z´�¶!Â�»�¶Ä¶!´¹¯X²z´�°�±s³�·Z´�»�µ^¯ °�±�²M³�´�±Ä²z½!°�Á!µR³�±!¶!µ�°�¸5» ±�²z·Z´�»�µ^²z½s³�²G³�·Z»�ºGÁ!¯M½Óº�°�·Z»
» µZ°�²z»�·Z´�¯�É«¼�´�Õ�»R7:7\Ä]ÈïÈ�ÉÌ7á¶,7ðÇr<`É©Ï(Ï�Ï É$RZX�Ç�È�Å)Éu³�±!¶[RZXïÀ~¼G5uå«Ò�°�·Z¶!µG¼�´¹Õ�»�²z½s³�²U³�·Z»EÁ!µZ» ¸�Á!¼
Æ!·Z´�º�³�·Z´�¼�Ë¨²z°Ìæ<¯�·R³�Î/Î!¼�» VW Æ!¼[³ Ë�» ·Zµ�Ð ä Á2²YÁ/±!¸ã³�ºY´�¼�´[³�·UÒ�°�·Z¶/µ�²z» ±!¶Ç²z° ¼N<,9]È[ÄÄ²z½/»J¸[Á/±
¸�°�·�³�±<Ë;Î�°<¶!ËÄÒ�½!°B¶/°<»�µZ±�¿ ²GÕ;±!°�Ò ²z½!»�ºSÐ Ù ½!»�·Z» ¸�°�·Z»�É]¸�°�·�²PÒ�» ±�²PËÓË�»�³�·Zµ�É«²z½!»O³�Á2²z½!°�·
µLË2µL²z» º�³�²z´¹¯�³�¼�¼�Ë	²z°;°�Õ�±!°�²z»5°�¸|³�¼¹¼�¿E9�»\·~¼Ú²z½s³�²]µZ» »�º�»�¶&»�Èáº[Ær5¤¸[°�·«²z½!»5»XÅ2Æ|°�µZ´�²z°�·LËYº89t7ïÄ]¼
°�¸Úê]ëkìyíyî�ï5ð�ñÚò)ð�óUôuõ2ïöìzî ÷ îMð�ø�îMù�ó�ó�ú¹û2øsÐ

�u´�±s³�¼�¼�ËÄ´�²¤Òw³�µG±!»�¯ » µZµR³�·LËÄ²z°B¸[·Z»�»�� »�²z½!»E¯ °�¼�¼�»�¯X²z´�°�±�É�´¹±Ó°�·Z¶!»�·�²z°B½|³XÍ�»O³�¹°È5À]¸�·
<,9]ÈðÅr5�¸�°�·5·Z» Æ!·Z°;¶!Á!¯�´�Î!¼�»y» Å;Æ�» ·Z´�ºY» ±�²zµ�Ð Ù ½/»vk)±/Â�¼¹´�µZ½E¼[³�±!Â�Ás³�Â�»�Ò�´�¼¹¼�³�¼�Òw³XË2µ�Î|»y» Í�°�¼�Í<à
´�±!Â/É;Î!Á2²Ú²z½!»6��è[��èUæ â ä Ò�°�·Z¶!µ�Ò�´�¼¹¼/²z½!»�·Z» ¸�°�·Z»�³�¼�Òw³XË2µ�µL²M³ ËY²z½!»	µR³�ºY»IH »XÍ�» ±�²z½!°�Á!Â�½
²z½!»	³�Á2²z½/°�·g½s³�µ5Î|» »�±�²z» º�Æ!²z» ¶E³�²)²z´¹º�» µ)²z°G³�¶!¶�³�¸[» Ò$Ò�°�·Z¶/µ)²z½s³�²5½!»�¶!´¹¶!±�¿ ²gÕ;±!°�Ò ´�±
ÜN³�³�Ý2ÉsµZÁ!¯M½Ã³�µ�;�Æ,7[·°¼kÉ�¼G5]¸5År5uÉj¶~Ä:9�º~¼kÉ�·°ÈG5ZRZXuÉ8<ïÆqÈï¼�Æ)Éj¶~Ä]È�Å]ºuÉ|³�±!¶'Æ|°�µZµZ´�Î!¼�ËP5]¸W5,;�Æ`Ð
Ò	°/åïÅ�95¿E7�X]Ð Ù ½/»^²z´�ºY»^¸�°�·y³�±�ËO¯R½s³�±!Â�» µ�²z°Eæ â ä ½|³�µ�¼�°�±!Â�µZ´�±!¯�»&¸5Å°·\¸�· ��¹°ÈðÅqÈï¼�Ð

-u7�9U\�.�6 6 .�a«A C�: ~ 6 .�>L>M4 T I�A >^A C�3D9�C�=�9�=O3D.EVX.�C<3D4�A C�4�6 6kak9�6 6 \?H�C�.�auC^]�C�:<6 A >M7Oa�.�TD=�>
b b b]a]7�A V 7EK�4PIOF<9U1�>R9�=YA CU:;.;.;=U>R.2VXA 9�3 IXN«4�C�=Jau7�A V 7EVX4�CU>R9�TPQR9�4X>��2A C�H > b

b b�bg-`7�9�TD9UK�1�> 35F;9�4U> 3D9�C�3w3D.S387�9U4�=�K�A >L>MA .�C�.<\�>Z0<A VXHOak.�TD=�>Xb
celsf�_Ì� �Ê��j5huhirGl/l|vC` .<1�F�6 9�3[>�aiuûx�.�TD=b\ � 1OINI�6 9 �z (� � ���
è�\)387�9�TD9GA >	>X1�V 7E4�QM9 TDFO4X>U3D.S3D9�38V 7�N�F¤T?b��2A 6 6 I2a�4�A 3D9�3D9�38V�7�9 =<b

cehirGnufih2ê n�j5hut�j�h]mwv y�.�T�0�>M9UA C�4 ~ A 6 =�9 =_y|4 :;9 �z (��� � �
4g·Z°�Æ|» ·�±s³�º�»�µU¼�´¹Õ�»õ[Å\¾r5[ÆÏ³�·Z»O±!°�²�¯�°�±/µZ´�¶!» ·Z»�¶Ì²z°'Î�»O¼�» Â�´�²z´�º�³�²z»�Ò�°�·Z¶/µ�Ð ä Á2²

º87á¾�¼ï¼�³�±/¶(Æ�7�»\·9X�³�·Z»�Á87ïÄ]È�·sÉ�Î|»�¯�³�Á!µZ»ÚQLÂ<³�Á!µZµ%S�´�µg³^Á!±!´�²)°�¸sº�³�Â�±!» ²z´�¯Ú´�±!¶!Á/¯X²z´�°�±Y³�±/¶
QL½s³�·Z¶2ËrS�´�µ«½s³�·Z¶2Ë�Ð«¾P±�¸ã³�¯ ²�É�æ â ä Ò�°�·Z¶!µu³�·Z»g¯ °�º�Æ�°�µZ»�¶¤»�±�²z´�·Z»�¼�Ë	°�¸2°�·Z¶!´�±s³�·LË�¼¹°�Ò�»�·Z¯�³�µZ»
¼�» ²Z²z» ·Zµ�å<²z½!»^¼�´�µL²Ú¯ °�±�²M³�´�±!µ�±/°U½�Ë2Æ!½/» ±s³�²z» ¶�Ò�°�·Z¶!µ�É2¯�°�±�²z·R³�¯X²z´�°�±!µ�É2°�·�²z» ·Zº�µÚ¼�´�Õ�»�¶~Ät7]¼$c¸
²z½s³�²w·Z»�á<Á!´�·Z»�³�±B³�¯ ¯ »�±�²�Ð Ù ½;Á!µw»�³�¯R½JÒ�°�·Z¶J¯�³�±B³�¼�µZ°�Î�»�·Z» Â<³�·Z¶!»�¶B³�µy³�Í�»�¯X²z°�·�É;Ò�½/´�¯R½
½s³�µ È Í�»¤¯�°�ºYÆ|°�±!» ±<²zµw´�±J²z½!»¤·R³�±!Â�» � �®Ï(ÏzÝ�	�þMÐ)¾P±J²z½!»�Í�» ¯ ²z°�·�µZ» ±/µZ»�É!²z½!»�Ò�°�·Z¶!µdX[¾2;:;�7
³�±!¶´7á¶ï¾"R RO³�·Z»¤¸[Á!·L²z½/» µL²	³�Æs³�·L²N� Ù ½!»6kgÁ!¯�¼�´�¶!»�³�±O¶!´¹µL²M³�±/¯ »�Î�»X²PÒ�» »�±O²z½!»�º ´�µ
e ü8Ý ý ZzÝ��jZzÝ]ZRÝ\Z#�<þ céüÜ�jZ Ü[ZRÝ[�jZRÝ��]ZRÝ���þ e Ê dgf Ý ý Ê ¯ ÜN³ Ê ¯ ÜNV Ê ¯ÏÝ�Þ Ê ¯ÇÝ�� Ê d�h Ý ý Ü(�rÏ

Ù ½!»^» ±�²z´¹·Z»�æ�²M³�±!¸�°�·Z¶ â ·R³�Æ!½ ä ³�µZ»�É;´�±!¯�¼�Á!¶!´¹±!ÂU³�¼�¼|°�¸�´�²zµ5Æ/·Z°�Â�·R³�º�µw³�±!¶�¶|³�²M³�µZ»X²zµ�É
´�µ^»�³�µLËS²z°O¶!°�Ò�±!¼�°<³�¶Ã¸[·Z°�º ²z½/»�³�Á!²z½!°�·�¿ µ	Ò�»�Î!µZ´�²z»JüãµZ»�»GÆs³�Â�»U´¹´�þMÐ	ß	±!¶'²z½!»U¼�´�µL²^°�¸5³�¼�¼
æ â ä Ò�°�·Z¶/µ�´�µ�»XÍ�» ±S»�³�µZ´�»�·Ú²z°�°�Î2²M³�´�±�É!Î|»�¯�³�Á!µZ»�´�²w´�µ�´�±O²z½/» È ¼�»�dÚ¼áº[¶ji5¿E9�»\·~¼$k�5ïÀ:5k¿|³�²
²z½!»�µR³�º�»�Æ!¼�³�¯�»�Ð Ù ½s³�² È ¼�»¤¯ °�±�²M³�´�±/µv��è���èU¼¹´�±!» µ�Ò�´�²z½S°�±/»¤Ò�°�·Z¶BÆ|» ·y¼�´�±/»�É/Î|» Â�´�±/±!´�±!Â
Ò�´�²z½ d ¿�Æ�È:;�Æ�¿)³�±!¶é» ±!¶/´�±!ÂÄÒ�´�²z½ d <ï¾:<,7\Ä!¿�Ð Ù ½/»OÒ�°�·Z¶!µE³�Æ!Æ|»�³�·�´¹±$³'¶!»�¸ã³�Á!¼�²�°�·Z¶!» ·�É
¯ °�·Z·Z»�µZÆ|°�±!¶!´�±!ÂU²z°U¸�·Z»�á<Á!» ±/¯XËE°�¸iÁ!µR³�Â�»�å2¸[°�·Ú»XÅ/³�º�Æ/¼�»�É�²z½/»	Ò�°�·Z¶!µÚ°�¸i·R³�±!ÕBÜ(�����!É!Ý������!É
Þ������!É ý �����!É�³�±/¶Æ�������E³�·Z»�·Z» µZÆ|»�¯X²z´�Í�»�¼�Ë·~ÈG5,;�Æ`É~º87ïÄïÄj¼�É°Á~Èï¼�7]¼kÉ°¹875Ãj¸[»uÉ|³�±!¶Y<qÈ\¼�Ç�9�Ð
Ù ½!»O±!°�²M³�²z´�°�±Udml�n�oZp�qsübµ«þM¿iÒ�´¹¼�¼5Î|»�Á/µZ» ¶Ç´¹±Ê²z½!´�µU¯M½s³�Æ2²z» ·U²z°ÃµL²M³�±!¶Ç¸�°�·U²z½!»Yµ ºY°�µL²
¯ °�ºYº�°�±�Ò�°�·Z¶!µ�É|³�¯ ¯�°�·Z¶!´�±!ÂU²z°�²z½!´¹µw·R³�±/Õ<´¹±!Â/Ð

¾P±!¯�´�¶!» ±<²M³�¼¹¼�Ë�É È Í�» à8¼�»X²Z²z»�·gÒ�°�·Z¶!µÚ´�±!¯ ¼¹Á!¶!»	ºE³�±�ËEÆ!¼�Á!·R³�¼�µÚ°�¸ bpd[Ù�fGr�j×oe]�]_orf¤×�dafhgaq É!³�±/¶
´�²]µZ½!°�Á!¼¹¶�Î�»5±!°�²z» ¶�²z½s³�²]±/°�Û^´�¯ ²z°�·Z´�³�±!à8µL²PË;¼¹»)¯ »�±!µZ°�·ZµZ½!´�Æ�Òw³�µ]¶!°�±!»�ÐL4u°�²z» ±�²z´[³�¼�¼�Ë^°��|»�±2à
µZ´�Í�»UÍ�°;¯�³�Î/Á!¼[³�·LËB½s³�µ�Î|»�» ±Ã» Å2Æ!Á!·ZÂ<³�²z» ¶Ã¸�·Z°�º ê]ëkìts(u�åMú�ùG§�?8åRîMù8¦8¦G§Dì VW ÷ §�ùOÔ/ìzî%F��^úÕå�â
ïDú�ð�û|ù�îxÔ�É<Î!Á2²�±/°�²Ú¸�·Z°�º ²z½!»¤æ â ä Ð��y±!»yÒw³ ËY²z°G» ±/µZÁ!·Z»y²z½s³�²�µZ»�ºE³�±�²z´�¯�³�¼�¼�Ë�Á!±!µZÁ/´�²M³�Î!¼�»



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s Ü�Ü

� � ' �8�Õ. ��"+2���u�9�bÖ0/°���n�+2���u� � /��c��°��� � . ��"�$ . � Û �"h�u���p�e����2���n�n�#$ $���#/���$ ���u������n�e�p�8��Ü�L. $ �v

²z» ·ZºYµ^Ò�´�¼¹¼`±!°�²G³�Æ!Æ|»�³�·¤´¹±Ê³OÆ!·Z°�¸[»�µZµZ´�°�±s³�¼`Æs³�Æ|»�·¤Îs³�µZ» ¶¨°�±Ä²z½!»Oæ â ä Ò�°�·Z¶/¼�´�µL²¤´¹µ�²z°
·Z» µL²z·Z´¹¯X²w¯�°�±!µZ´�¶!»�·R³�²z´¹°�±O²z°wl�nboZpxq/übµ«þgÒ�½!» ·Z»¿µÄ´�µ�É!µR³XË<ÉsÞ������!Ð

k)Å2» ·Z¯ ´¹µZ» µ5Ý�	NÓ2Þ�è	Î|» ¼¹°�Ò$¯�³�±�Î|»�Á!µZ» ¶�³�µ`Òw³�·ZºGÁ!Æ!µg¸�°�·`´�±/´�²z´[³�¼2»XÅ2Æ!¼�°�·R³�²z´�°�±!µ`°�¸|²z½!»
æ â ä Ò�°�·Z¶!µ�É�Ò�½!´�¯M½UÒ�»�¿ ¼¹¼!µZ»�»w´¹±�º�³�±�Ë�¶!´��|»�·Z» ±�²g¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼2¯�°�±�²z»XÅ;²zµ`²z½!·Z°�Á!Â�½!°�Á2²
²z½!´�µ¤¯M½s³�Æ2²z» ·�ÐR�/°�·¤» Å/³�ºYÆ!¼�»�ÉkÒ�½/´�¼�»�¯ °�Í�» ·Z´�±/ÂJÆ/·Z°�Î/¼�» ºYµG³�·Z»YµL²z´¹¼�¼`°�±Ó°�Á!·�º�´¹±!¶!µ�É�Ò�»
º�´¹Â�½<²¤³�µ^Ò�» ¼�¼]±/°�²z»G²z½s³�²	²z½/»U¸[°�Á!·	Ò�°�·Z¶!µ�d 5[Æ�Èá»\·D¹jÄ:9r;ðÃD¶°¸[º87áÅ Â�¾�Çt<q¼;¿�¯�°�Í�»�·�Ý���°�¸
²z½!» È ·ZµL²�Ý2ÜU¼�» ²Z²z» ·Zµ^°�¸)²z½!»�³�¼�Æ/½s³�Î|»X²�Ð¿�]´�Í�»GÒ�°�·Z¶!µ¤¯�³�±�Ék½!°�Ò�» Í�»�·�Ék¯ °�Í�» ·¤³�²�ºY°�µL²¤Ý ý
¶!´���» ·Z» ±<²u¼�»X²Z²z»�·Zµ�É�³�µu´�±XO¶~¸8;ðÃ�¼qZ¬¹\Ât9�»]·RZ�ºjÄjÈG5ZR�ZxÅ"X�Çt<ïÆ�ZN¼5½�¾�75¿q_IH Á!±!¼¹» µZµ]Ò�»Ú·Z» µZ°�·L²u²z°
³U·R³�·Z»�±!°�±2àöæ â ä Ò�°�·Z¶J¼�´�Õ�»�¿E7�½ï¹°¼Jüã¾PµZ¼[³�º�´�¯^» ±/¶!°�Ò�º�» ±<²zµMþMÉ;Ò�½!´¹¯R½J¯�³�±SÎ|»�¯ °�ºGÎ!´¹±!» ¶
Ò�´�²z½zX�ºZXïÁ]¸�·�Z�¶]»895Å]À�Z�;ðÆqÈ�Çt<^Z�Ã°Äá¾r5 R~_�²z°�¯ °�Í�» ·yÝ��2Ð

æ<´�ºYÆ!¼�»^Ò�°�·Z¶!µ�¸[·Z°�ºylxnboZp�qsü ý ����þ5µZÁ8M�¯ »�²z°�ºE³�Õ�»�³ ×�dafhg,q�Ø0Ù�^afho �
;[Ät7]¼ï¼Ä]È5º[Ær57�º\»]¸ï¸¼�Æ~¸ï¸[<¼G5j¸[<q¼

Ï ü�z�þ
^¨»¤±!» »�¶O²z°�Â�°�³�¼�º�°�µL²Ú²z°wl�n�oZp�q/ü8Þ�������þMÉ!½!°�Ò�»XÍ�»�·�É2²z°�°�Î!²M³�´¹±B³ ×�dafhg��Ù°�so É

5ZX�<°¸°¼X]¸t7]¼[5<,7]¼G5E7¸j¼G5]¸�»¼G587�»t5

X]¸t7j¼G5¸t7�»t5[Æ7�»�ÇI9�»¼G589[Á]¸5[Æ]»j¸ï¸

<,7j¼G5877�»[Ç�9�»¼�ÇI95Ãj¸589�Ãj¸5Å7�»j¸5Å,7

¸°¼G5]¸[»¼[589�Á]¸5E95Ãj¸5Å¸�Á]¸5År5»j¸5År5~¼

¼G587[»:55[Æ]»j¸ï¸7�»]¸�Å,7»]¸5Å85~¼5]¸t7j¼�¸
Z ü��|{�þ

´�±ÄÒ�½/´�¯R½Ó» Í�» ·LËC��ã�öQöµZ¼¹´�¯ »(SJ´�µU³EÒ�°�·Z¶¨µzá<Ás³�·Z»�ÐÚ^ ´�²z½¨³JµZ´�º�Æ!¼¹»�» Å;²z» ±!µZ´�°�±Ó°�¸5²z½!»
Îs³�µZ´�¯5¶s³�±!¯ ´�±/Â�¼¹´�±!Õ;µ]³�¼�Â�°�·Z´�²z½!º üãµZ» »wæ<» ¯ ²z´�°�±Uè;Ð Ý;Ð Ý2Ð Ý�þMÉ�°�±!»5¯�³�±�µZ½!°�Òé³�¸[²z» ·iÆ�» ·Z¸�°�·ZºY´�±!Â
³�Î|°�Á2²�Þ�³��BÎ!´¹¼�¼�´�°�±¨º�»�º�µG°�¸Ú¯ °�ºYÆ!Á2²M³�²z´�°�±¨²z½s³�²Ll�nboZp�qsü8Þ�������þ�µZÁ!Æ/Æ|°�·L²zµU°�±/¼�ËÄ²z½/·Z» »
µLË2º�ºY»X²z·Z´�¯¤Ò�°�·Z¶'¯�Á!Î|»�µ	µZÁ!¯M½Ó³�µ�ü��|{<þMå�»XÅ2»�·Z¯ ´�µZ»UÞ�	E·Z»XÍ�»�³�¼�µy²z½!»G°�²z½!»�·y²PÒ�°!Ð�æ<Á!·ZÆ/·Z´�µLà
´�±!Â�¼�Ë<ÉEV�Þ;É���è�	GµLË2ºYº�»X²z·Z´¹¯�³�¼�¯�Á!Î|» µ�¯�³�±JÎ�»�ºE³�¶!»¤¸[·Z°�º ²z½!»¤¸[Á!¼¹¼kµZ» ²�É l�n�oZp�qsü*��è[��è�þMÐ
}YõðÍx~`Ë�ùÆ÷�õNò���<�ò�õQ>Lù�ú ¾?²�¿ µ�´�±�²z»�·Z» µL²z´�±!Â'³�±!¶Ê´�º�Æ|°�·L²M³�±�²¤²z°Ã³�·Z·R³�±!Â�»E°�Ît=L» ¯ ²zµ¤´�±<²z°
·Z°�Ò�µ�É)µzá<Ás³�·Z» µ�É)¯ Á!Î�» µ�É5³�±/¶Ç°�²z½!» ·U¶/» µZ´�Â�±!µ�å�Î!Á2²�´�±ÌÆ!·R³�¯ ²z´�¯�³�¼Ú³�Æ!Æ!¼�´¹¯�³�²z´�°�±!µ�³�±!°�²z½!»�·
Õ;´�±!¶J°�¸«¯ °�ºGÎ!´¹±s³�²z°�·Z´�³�¼kµL²z·ZÁ!¯X²zÁ/·Z»^´¹µÚ»XÍ�»�± �,dafso ´�±�²z»�·Z» µL²z´�±!ÂY³�±!¶J´�ºYÆ|°�·L²M³�±�²�É;±s³�ºY» ¼�Ë
³ �®fh^ p æ<Ð�\�» ¯�³�¼�¼�¸�·Z°�º æ<» ¯ ²z´�°�± Ý2Ð Þ2Ð ý Ð�Ü¨²z½s³�²Ä³éÂ�·R³�Æ!½ ´�µÄ³ÏµZ» ²'°�¸�Æ|°�´�±�²zµ'¯�³�¼�¼�»�¶
m®orfp]ul��sorq É)²z°�Â�» ²z½!» ·GÒ�´�²z½Ï³'µZ»X²�°�¸�¼�´�±!»�µU¯�³�¼�¼�» ¶ osg��¨opq É`Ò�½!´�¯M½Ç¯ °�±!±!»�¯X²�¯ » ·L²M³�´�±ÇÆs³�´�·Zµ
°�¸)Í�» ·L²z´¹¯ » µ�Ð â ·R³�Æ!½!µG³�·Z»�Á!Î!´¹á<Á!´�²z°�Á!µ�É«³�±!¶ÓºE³�±�ËÃÎ|»�³�Á2²z´�¸�Á!¼`Â�·R³�Æ!½Ê³�¼�Â�°�·Z´�²z½!º�µ�½s³ Í�»
Î|»�» ±J¶!´¹µZ¯ °�Í�» ·Z» ¶iÉ2µZ°�Â�·R³�Æ!½!µwÒ�´�¼�¼k±s³�²zÁ!·R³�¼�¼�Ë�Î|»^²z½!»¤Æ!·Z´�ºE³�·LË�¸[°;¯�Á!µw°�¸«º�³�±<Ë�µZ»�¯X²z´�°�±!µ
´�±Ã²z½!´�µ^¯R½s³�Æ2²z»�·�Ð¤¾P±Ä¸ã³�¯X²�É�²z½!»Eæ�²M³�±!¸[°�·Z¶ â ·R³�Æ/½ ä ³�µZ»�´�µ^Æ!·Z´�º�³�·Z´�¼�Ë'³�Î|°�Á2²�Â�·R³�Æ!½!µ�É«³�µ
´�²zµ�±|³�ºY»	´¹º�Æ!¼�´¹» µ�å2³�±!¶O²z½!»�æ â ä Ò�°�·Z¶!µÚÒ�» ·Z»^¯�°�¼�¼�» ¯ ²z» ¶E¯M½!´�»(°2ËEÎ|» ¯�³�Á!µZ»	²z½!» ËE¯�³�±OÎ|»
Á!µZ»�¶O²z°�¶!» È ±!»¤´�±<²z» ·Z» µL²z´¹±!ÂY³�±!¶J´�±/µL²z·ZÁ!¯X²z´�Í�»�Â�·R³�Æ!½!µ�Ð

�i» Ò�´�µOçÚ³�·Z·Z°�¼�¼�Î!¼[³[��» ¶Ï²z½!»S²z·R³�´�¼wÎ<ËÏ´�±�Í�»�±�²z´�±!ÂÌ³ÄÂ<³�º�»S²z½s³�²E½!»B¯�³�¼�¼¹» ¶ö^¨°�·Z¶2à
�i´¹±!Õ;µ¤°�·@Z^°�Á!Î!¼�» ²zµ�Éu³�²�²z½!»Y»�±!¶¨°�¸^ÜNV�è�è<Ð � æ;» » K ³�·L²z´�± â ³�·Z¶!±!»�·�ÉÚê]ë�ìe�]û/ú���ìzî%FXìGú�û
ù��¤ù�û�At¬;ìRî0åLë!úDìzñ üLÜN³�³�	�þMÉ�ç5½s³�Æ2²z»�·R	2Ð � çÚ³�·Z·Z°�¼�¼8¿ µY´�¶!»�³2É5Ò�½!´�¯M½éµZ°;°�±$Î|» ¯�³�º�»Bá<Á!´�²z»
Æ|°�Æ!Á!¼�³�·�É2Òw³�µÚ²z°�²z·R³�±!µZ¸�°�·Zº °�±!»^Ò�°�·Z¶J²z°E³�±!°�²z½!» ·�Î�ËO¯R½s³�±!Â�´�±/ÂE³U¼�»X²Z²z»�·�³�²	³U²z´�º�»W�

5]¸t7�»�¼LcÜcÜcD¼�¸t7�»~¼�cÜcÜc�¼G587�»�¼�cÜcÜc�¼G587�»]¸�cÜcÜc�¼[587ïÄ�¸�cÜcÜc�¼G5~È[Ä�¸�cÜcÜc�¼�Ç�È[Ä�¸�Ï ü��[��þ



Ü�Ý �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

�u�e���n�u�_�n���e�Ê�u����#���L. ��".��. �Ý���Ê� � ��s�����e���h�n�Z���u���e�c�����u�. �+2���u�p����u�_�8��e�u��/e�e�����Ê�e�e�#��2���n�n�#$ $���0/p�u�� � Ý�L���=���Z������t/ � $ . �e�8���z��. �n����� � ����#���L. ��".��. �Ý���Ê� � ��b/��#+2���u�� � Ý�e�����e�n�r��/ � ���. �n� � �u�8�®"h�u���p�e�

Ù ½!»ÃµZ½!°�·L²z» µL²JµZÁ!¯R½ ²z·R³�±/µZ¸[°�·ZºE³�²z´�°�± ´�µE²z½!»ÃµZ½!°�·L²z»�µL² p ^®] æ$´�±+³¨Â�·R³�Æ!½�ÉwÒ�½/» ·Z»'²z½!»
Í�» ·L²z´�¯�» µ�°�¸g²z½!»�Â�·R³�Æ/½Ê³�·Z»�kg±!Â�¼�´¹µZ½ÃÒ�°�·Z¶!µU³�±!¶Ä²z½!»�» ¶/Â�»�µ�=L°�´�±ÄÆ|³�´¹·Zµ�°�¸gÒ�°�·Z¶!µ�²z½|³�²
½s³ Í�»ÉQ e ³�ºYº�´�±/ÂU¶!´¹µL²M³�±/¯ »�Ü�SBüãº�»�³�±!´�±!ÂU²z½|³�²w²z½!»XËO¶!´¹µR³�Â�·Z»�»�´�±
=LÁ!µL²�°�±!»¤Æ!¼[³�¯ »�þMÐ

^+½!» ±o·Z»�µL²z·Z´�¯X²z»�¶ ²z°�æ â ä Ò�°�·Z¶!µ�ÉYçÚ³�·Z·Z°�¼�¼8¿ µÃ·ZÁ/¼�»ÌÆ!·Z°;¶!Á!¯�» µ¨³ Â�·R³�Æ!½o°�¸�²z½!»
æ�²M³�±!¸�°�·Z¶ â ·R³�Æ!½ ä ³�µZ»'Ò�½/°�µZ»Ä°�M�¯�´[³�¼	±s³�º�»Ã´�µ ×�dafhgaq ü*��è[��è\Z%�jZ#�]Z#�<þMÐ»k`Í�»�·LË$Â�·R³�Æ/½
¶!» È ±!» ¶ÏÎ<Ëéæ â ä ½|³�µE³ÃÁ!±!´¹á<Á!»J´�¶!»�±�²z´ È »�·U¯�³�¼�¼�» ¶Ç´�²zµ l�g É5³�±!¶Ç²z½!»JÂ�·R³�Æ!½/µ�²z½s³�²E³�·Z»
¶!»�·Z´�Í�» ¶'´�±¨çÚ³�·Z·Z°�¼�¼¹´[³�±B¸ã³�µZ½!´�°�±'¸�·Z°�º æ â ä Ò�°�·Z¶!µ�³�·Z»U´�¶/» ±�²z´ È » ¶'Î�Ë l�g µ^°�¸`²z½!»U¸[°�·Zº
×�dafhgaq übµ^Z0��Z��OZ���þMÐ e » ·Z»�µJ´�µ`²z½!»�±<Á!ºGÎ�» ·)°�¸sÍ�» ·L²z´¹¯ » µ�åZ��´�µ)» ´�²z½!»�·Ì��°�·g³^¼�´¹µL²)°�¸|Ò�» ´�Â�½�²zµ�É
Á!µZ»�¶�²z°y»�º�Æ!½|³�µZ´� »gÍ�³�·Z´�°�Á!µ]Õ;´�±!¶!µ]°�¸2Í�°;¯�³�Î!Á!¼[³�·LËkå���´�µ`³w²z½!·Z» µZ½!°�¼�¶GµZ°y²z½s³�²u¼�°�ÒwàDÒ�» ´�Â�½�²
Ò�°�·Z¶!µ�¯�³�±SÎ|»¤¶/´�µR³�¼�¼�°�Ò�» ¶�å|³�±/¶��¤´�µw²z½!»¤µZ» »�¶J¸�°�·y³�±�ËJÆ/µZ» Á!¶!°�·R³�±!¶!°�º ±<Á!ºUÎ|» ·Zµw²z½|³�²
º�´¹Â�½<²�Î|»�±!»�» ¶!»�¶Ã²z°OÎ/·Z»�³�ÕB²z´�»�µ^Î|»X²PÒ�»�» ±ÃÒ�°�·Z¶!µ¤°�¸5»�á<Ás³�¼]Ò�» ´¹Â�½<²�Ð Ù ½/»�¸[Á/¼�¼u¶!» ²M³�´�¼�µ
±!»�» ¶!±�¿ ²�¯ °�±!¯�» ·Z±SÁ!µ�É!Î/Á2²	³U¸�»XÒ�»XÅ/³�º�Æ!¼�»�µ�Ò�´�¼¹¼kÂ�´�Í�»^²z½!»¤Â�» ±!»�·R³�¼i´�¶!»�³r�� ×�dafhgaq übµ^Z%�jZ%�jZ#��þ�´�µSÆ!·Z»�¯ ´�µZ»�¼�Ë ²z½!»¨Â�·R³�Æ!½+²z½|³�²Ä³�·Z´�µZ» µSÒ�½!» ±oçÚ³�·Z·Z°�¼¹¼8¿ µS´�¶/»�³Ç´�µ

³�Æ!Æ!¼�´¹» ¶O²z°wl�nbo p�q/übµ«þMÉ!¸[°�·¤Ü��öµM�¸��è���è;Ð� ×�dafhgaq üLÜ(�����jZNXN�jZ%�jZ#�]Z#�jZ%�jZ%�jZ%�jZ#�]Z#�]_[Z#�jZ���þ]¯ °�±�²M³�´�±/µ	Ü�������·R³�±!¶/°�ºY¼�Ë�¯M½!°�µZ» ±Sæ â ä
Ò�°�·Z¶!µ�É/Á!µZÁs³�¼�¼�ËO¶!´��|»�·Z» ±�²�¸�°�·w¶!´��|»�·Z» ±�²wÍ�³�¼�Á!»�µw°�¸���Ð� ×�dafhgaq ü?è�	�	]Z�X(�jZ#�]Z#�jZ%�jZ%�jZ%�jZ#�]Z�Ü[Z%�]_�Z Ü[Z%�<þE¯�°�±<²M³�´¹±!µÃ³�¼�¼¤°�¸U²z½/» È Í�»Xà8¼¹»X²Z²z» ·JÒ�°�·Z¶!µ
²z½s³�²	³�Æ!Æ|»�³�·�´�±O²z½!»�³�Á2²z½/°�·�¿ µ�Î|°;°�Õ;µy³�Î|°�Á2² Ù k�� ³�±!¶ �L���=�F� ����� Ð

Ù ½!»�·Z»U³�·Z»�°�±!¼�Ë'è[	�	�Ò�°�·Z¶!µ	´¹±S²z½!»�¼[³�²Z²z» ·yÂ�·R³�Æ!½iÉsµZ°YÒ�»G¯�³�±i¿ ²	¸�°�·Zº Í�»�·LËJº�³�±�ËJ¼¹°�±/Â
Æs³�²z½!µ�¼�´�Õ�»�ü��[��þMÉ/³�¼�²z½/°�Á/Â�½
¶,7]¼\È:;�cÜcÜcK¶,7]¼ïÈ\¼LcÜcÜcG¶,7]¼�¸j¼�cÜcÜcK¶,7]¼�¸ï·

cÜcÜcK¶,75Ã°¸�·�cÜcÜcKÅ,7�Ãj¸�·©cÜcÜcKÅ,7ðÇ�¸�·�cÜcÜcGÅ,7ðÇ~¸°¼LcÜcÜccº87ðÇ�¸j¼ ü��ð�þ
´�µw°�±!»¤±!°�²z»XÒ�°�·L²z½�ËO» Å/³�ºYÆ!¼�»�Ð

�y¸�¯ °�Á!·ZµZ»Ú²z½!»�·Z»�³�·Z»Úº�³�±<ËU°�²z½!» ·uÒw³ Ë2µ`²z°�¶!» È ±!»Ú²z½!»w» ¶!Â�» µ)°�¸�³^Â�·R³�Æ/½UÒ�½/» ±�²z½!»
Í�» ·L²z´�¯�» µ]·Z»�Æ!·Z» µZ»�±�² È Í�»Xà8¼�» ²Z²z» ·«Ò�°�·Z¶!µ�Ð ^¨»�¯ °�Á!¼�¶iÉ�¸�°�·]» Å/³�ºYÆ!¼�»�É�·Z»�á<Á!´�·Z»g²z½!»®k)Á/¯ ¼�´�¶/»�³�±
¶!´�µL²M³�±!¯�»�²z°GÎ|»	µZº�³�¼¹¼8É�´¹±!µL²z»�³�¶E°�¸k²z½!» e ³�º�º�´¹±!Â¤¶/´�µL²M³�±!¯ »�ÐÌ�	·gÒ�»	¯ °�Á!¼�¶�¶!»�¯ ¼[³�·Z»�²PÒ�°
Ò�°�·Z¶!µ]²z°	Î�»w³�¶[=Z³�¯�» ±�²]Ò�½/» ±!» Í�»�·]²z½!»XË�µZ½s³�·Z»w³yµZÁ!Î�Ò�°�·Z¶�°�¸/¼�»�±!Â�²z½G¸�°�Á/·�å�²z½|³�²`µL²z·R³�²z»�Â�Ë
Ò�°�Á!¼�¶�µZÁ!Î!µL²M³�±�²z´[³�¼�¼�Ë^»�±!·Z´�¯R½¤²z½!»)Â�·R³�Æ!½�É�ºE³�Õ;´�±!Â�´�²«Æ|°�µZµZ´�Î!¼�»g¸[°�·Ì;ðÆ,7:9]¼�²z°�Ë;´¹» ¼�¶�<°¸t7r;�¸sÉ
»XÍ�»�±OÒ�½!» ±S¯�°�± È ±!» ¶J²z°�²z½!»Uè[	�	GÒ�°�·Z¶!µw²z½s³�²	³�·Z»¤·Z» ¼[³�²z»�¶�²z° Ù k � �
;�Æ,7:9j¼LcÜcÜc];�Æ,9]¼�¸�cÜcÜcG¿�Æ,9]¼[¸�cÜcÜcG¿�Æ,9ïÄ�¸�cÜcÜcKÆ,9ïÄ�¸°¼�cÜcÜcKÆ,9G<°¸j¼�cÜcÜcP;W9G<°¸j¼�cÜcÜc�¼:;�9G<°¸
cÜcÜc�¼:;�9[»]¸�cÜcÜc�¼G589�»j¸ÌcÜcÜc�¼G587[»]¸�cÜcÜc�¼(<,7�»j¸ÌcÜcÜcD¼(<,7r;�¸�cÜcÜc
<,7r;�¸°¼�cÜcÜc
<°¸t7r;�¸ Ï ü��ðµ�þ

üã¾P±�²z½!´�µ]·ZÁ!¼�»gÒ�»5·Z» º�°�Í�»Ú³w¼¹»X²Z²z» ·�É�²z½!»�±G´�±/µZ» ·L²`³�±!°�²z½!» ·�É�Æ�°�µZµZ´¹Î!¼�Ë¤´�±�³w¶!´�|» ·Z»�±�²]Æ/¼[³�¯ »�ÐWþ
�y·iÒ�»)º�´¹Â�½<²i¯R½!°;°�µZ»�³5²z°�²M³�¼�¼�Ë^¶!´��|»�·Z» ±�²«µL²z·R³�²z»�Â�Ë�É�¼�´�Õ�»`Æ!Á2²Z²z´¹±!Ây³�±¤»�¶!Â�»)Î�»X²PÒ�» »�±�Ò�°�·Z¶
Í�» ¯ ²z°�·Zµg±jhO± Ê ± Ç ±��ð± � ³�±!¶Dìðh�ì Ê ì Ç ì��áì � ´�¸«³�±!¶O°�±!¼�ËE´�¸k²z½!»�´�·5¶/°�²wÆ!·Z°;¶!Á!¯X²�±jhOìðh�¯b± Ê ì Ê ¯± Ç ì Ç ¯ ±��ðì���¯ ± � ì � ´�µy³�ºGÁ!¼�²z´�Æ!¼�»^°�¸]µZ°�ºY»�Æs³�·R³�º�» ²z» · | Ð â ·R³�Æ!½Ã³�¼¹Â�°�·Z´�²z½/º�µ�²z½/·Z´�Í�»
°�±S¶!´��|»�·Z» ±�²�Õ<´¹±!¶!µw°�¸«¶|³�²M³2Ð

æ â ä Ò�°�·Z¶!µ�¼�»�³�¶S³�¼�µZ°�²z°Y³�±O´¹±�²z» ·Z»�µL²z´�±!Â�¸ã³�º�´¹¼�ËE°�¸ galÝfho��e]_osg Â�·R³�Æ!½!µ�É!´¹¸�Ò�»^Ò�·Z´�²z»
±°h�± Ê ± Ç ±��ð± �w� ì�hOì Ê ì Ç ì��ðì � Ò�½/» ± Xá± Ê Z¬± Ç Z¬±��[Z�± � _�� Xáì�hðZ�ì Ê Z¬ì Ç Z¬ì��[Z�ì � _E³�µ�ºGÁ/¼�²z´�µZ»X²zµ�Ð
üb\�»�º�°�Í�»�²z½!» È ·ZµL²	¼�»X²Z²z»�·�É!´�±!µZ»�·L²^³�±!°�²z½!» ·�É�³�±!¶B·Z»�³�·Z·R³�±!Â�»�Ð þÚ^ ´�²z½J²z½!´�µy·ZÁ!¼�»¤Ò�»�¯�³�±�É
¸�°�·`» Å/³�ºYÆ!¼�»�É�²z·R³�±!µZ¸�°�·ZºA¿E9�»]·°¼y²z°Õºï»87G<\ÆGÍ2´[³�³yµZ½/°�·L²z»�µL²)°�·Z´�»�±�²z» ¶�Æs³�²z½�°�¸|¼�» ±!Â�²z½�µZ´�Å2�

¿,9�»\·°¼ � ·�»89]¼\¼ � ¼�9t7�»~¼ � 9�»,;�7]¼ � ;á»87j¼�Æ � ¼ðÆ,7�»�< � ºï»87G<\Æ�Ï ü���É<þ



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s Ü�Þ

�2�e�_�h� �®�Ü�_�����G�e�u� � �b. � ��¨����$ �h�G�u�8�Õ. �_��s�xN��t1�p���������:3"h�u���p�x�u�e�_�h� ���(. �h�u�u�r��/ � �b. �h�x�u����e��. "��0�c���u�����wÝ� � �8�h���/�$ �b. "��u���e�e�$ �r�h�e��b/���"��u���e��u�°�Ê�e��. ��". �e��/ � �8��n�8�n�u�Õ. � �b. �h�x�h����"����Ê�e��e�����¦�Ü. �������G����e�����¦�Ü. ����� �S¡�e�����¦�Ü. ����� � ��h�n�e�_� µ�b. �8� �� �#�Ü��$ ���u� "h�u���p�¢ Î�°�Ê�u�£ Î� � � $ �¤ Î��/�$ �b. "��u���e�e�. �u�¯�T�h�n�e��. � "����Ê�e�e�����

-u7�9�.�T ISA >U387�9LC�T[>�3w3D9 T8K A CS387�9O-/4öI<6 .�Tg>M9 TDA 9R>¤.;\i0�TD4�V�3DA VX9�b
c ê6{ir�ë^ju�¸ë�p`��r�¥�fih �z (�������

-u7�9GC�1�K�F<9�T`.;\k>8I�>�3D9�Ky>	.<\`3D9 T8K�A C�.�6 .�:�IY0�TD9R>R9�C<3D6 IS1�>R9�=YA CU:;TD4 0;7O387�9�.�T I
A >^9 �<1�4�6 N)3D.Y4YVX6 .�>M9�4�0�0�TD.¯î�A K�4�3DA .�C�N)3D.J387�9GC�1�K�F<9�T).;\�:;TD4�0;7O387�9 .�TDA >�3[>Xb

c hu� ��{kj5hum �!p«�rê«j�t]lsf8} �z (����¡��}YõðÍx~`Ë´óáË�ô:ò�õQ¦C§ � Ë�ôt¨RÍEùðÏbøWù�ú ß Â�·R³�Æ!½ � ¯�°�±!µZ´�µL²zµ)°�¸k³	µZ» ² � °�¸/Í�» ·L²z´¹¯ » µu²z°�Â�» ²z½!» ·
Ò�´�²z½Ã³�µZ» ²;© °�¸u» ¶/Â�»�µ�É/Ò�½!´�¯M½Ã³�·Z»�Æs³�´�·Zµy°�¸u¶!´¹µL²z´�±!¯X²�Í�» ·L²z´�¯�» µ�Ð©^¨»¤Ò�´�¼�¼]³�µZµZÁ!º�»¤²z½|³�²� ³�±/¶ª© ³�·Z»;« `2lu]_o µZ»X²zµ^Á/±!¼�» µZµ�°�²z½!»�·LÒ�´�µZ»UµZÆ|» ¯�´ È »�¶�Ð6^¨»UÒ�·Z´�²z»�¬
cÜcÜc ¡ ´�¸�¬Ê³�±!¶ ¡
³�·Z»^Í�» ·L²z´¹¯ » µÚÒ�´�²z½zX|¬RZ ¡ _��©�És³�±!¶®¬ ÔcÜcÜc ¡ ´�¸
¬Ã³�±!¶ ¡ ³�·Z»�Í�»�·L²z´�¯ »�µ�Ò�´�²z½ X�¬RZ ¡ _i�J©YÐ
Ûg» ·L²z´�¯�» µkÒ�´�²z½�¬>cÜcÜc ¡ ³�·Z»)¯�³�¼�¼�»�¶PQL±!»�´�Â�½<Î|°�·Zµ�É S^³�±!¶�²z½!» Ë�¿ ·Z»5³�¼¹µZ°wµR³�´¹¶^²z°wÎ|»@Qz³�¶�=Z³�¯ »�±�²#S
´�± � ÐR�	±!»�¯�°�±/µZ»�á<Á!» ±/¯ »�°�¸g²z½!´¹µ�¶!» È ±!´�²z´�°�±Ó´�µ^²z½|³�²¤Ò�»�½s³ Í�»1¬ÚcÜcÜc ¡ ´¹¸�³�±!¶¨°�±!¼�ËÃ´�¸¡ cÜcÜc�¬«Ð�ß	±/°�²z½/» ·y¯�°�±!µZ»�á<Á!»�±!¯ »G´�µy²z½s³�² ¡ ÔcÜcÜc ¡ É|¸�°�·�³�¼�¼ ¡  � å|²z½s³�²	´�µ�É|±!°YÍ�»�·L²z»XÅS´�µ
³�¶[=z³�¯�» ±�²5²z°�´�²zµZ»�¼�¸PÐÚüÕ^¨»�µZ½|³�¼¹¼8É�½/°�Ò�» Í�» ·�É<¶!´¹µZ¯ Á!µZµ5ºUÁ!¼�²z´�Â�·R³�Æ!½!µgÎ|»�¼�°�Ò�É�´�±YÒ�½!´�¯M½Y¼¹°<°�Æ!µ
¸�·Z°�º ³GÍ�»�·L²z»XÅE²z°�´�²zµZ»�¼�¸]³�·Z»¤Æ|» ·ZºY´�²Z²z» ¶�ÐWþ

Ù ½!»^Â�·R³�Æ/½ �;� doü ��� Z�© � þ)´�µw³ q¯Ù°���®fh^ p æY°�¸ � doü � Z�©Gþ`´¹¸ ��� � � ³�±/¶2© � �+©YÐ
¾?²�¿ µ�³ q p ^a`�`2ln`\� µZÁ!Î!Â�·R³�Æ!½J°�¸ � ´�¸PÉ2´�±�¸D³�¯X²�É ��� d � Ð`ß	±!¶O´�²�¿ µ�³�± lÝ`�g[Ù~�hosg µZÁ!Î!Â�·R³�Æ!½
°�¸ � ´�¸3© � ½s³�µS³�µOº�³�±�Ë$» ¶/Â�»�µJ³�µOÆ|°�µZµZ´�Î!¼¹»�ÉÚÒ�½!»�± ��� ´�µJ³ÊÂ�´�Í�» ± µZÁ!Î/µZ»X²J°�¸�²z½!»
Í�» ·L²z´�¯�» µ�Ð�¾P±'°�²z½!» ·yÒ�°�·Z¶!µ�É|Ò�½!»�± � � � � ²z½/»GµZÁ!Î!Â�·R³�Æ!½Ã°�¸ � d ü � Z0©UþÚ´�±!¶!Á!¯�» ¶'Î�Ë��� ´�µ �;� doü ��� Z0© � þMÉ2Ò�½!»�·Z»© � d°¯�X|¬RZ ¡ _²±± ¬� ��� É ¡  ��� És³�±!¶zX|¬RZ ¡ _3J© ³EÏ ü��A��þ
Ù ½!´�µ�µZÁ!Î!Â�·R³�Æ!½ ��� ´�µ�¶!» ±/°�²z»�¶�Î�Ë �´����� É!³�±!¶�°�¸¹²z»�±E¯�³�¼�¼�» ¶ËQ � ·Z» µL²z·Z´¹¯X²z» ¶Y²z° ��� Ð SÄ¾P±
²z½!»�¯�°�º�º�°�±U¯�³�µZ»�Ò�½!» ·Z» ��� d �2� X ¡ _�É�Ò�»�Ò�·Z´�²z»5µZ´¹º�Æ!¼�Ë ����¡ ü�Q � º�´¹±<Á!µ]Í�» ·L²z»XÅ ¡ S;þ
³�µU³�±Ì³�Î!Î!·Z» Í2´[³�²z´�°�±Ä¸�°�· �µ� ü �¶� X ¡ _�þMÐ Ù ½!»YµZ´¹º�´�¼[³�·¤±!°�²M³�²z´¹°�± ��� �Y´�µ�Á!µZ»�¶ÓÒ�½!»�±
�L�© ²z°Y¶!»�±!°�²z»�²z½/»¤µZÁ!Î/Â�·R³�Æ!½ ��� d ü � Z0© � Xð�[_�þMÉs°�Î2²M³�´�±!» ¶BÎ�ËS·Z» º�°�Í2´�±!Â�³�±S» ¶/Â�»
´�±!µL²z»�³�¶E°�¸«³�Í�»�·L²z»XÅkÐ�Ò	°�²z´�¯ »w²z½|³�²w³�¼�¼|°�¸k²z½!»¤æ â ä Â�·R³�Æ!½!µ�Õ;±!°�Ò�±J³�µ ×�dafsgaq übµ^Z��xZ·�OZ���þMÉ
¶!»�µZ¯ ·Z´�Î|»�¶B»�³�·Z¼�´�» ·�É�³�·Z»�´¹±!¶!Á!¯�» ¶'µZÁ!Î!Â�·R³�Æ!½!µ^°�¸u²z½/»�º�³�´�±BÂ�·R³�Æ/½ ×�dafhgaq ü*��è���è\Z%�jZ%�jZ#��þMå
°�±!¼�ËE²z½/»^Í�°;¯�³�Î!Á!¼[³�·LË�¯M½s³�±!Â�» µ�´¹±O²z½!°�µZ»�Â�·R³�Æ!½!µ�É/±!°�²w²z½!»¤·ZÁ!¼�»�¸[°�·y³�¶[=z³�¯ » ±/¯XË�Ð

ß Â�·R³�Æ/½�Ò�´�²z½YµBÍ�» ·L²z´�¯�» µw³�±!¶{�^» ¶/Â�»�µÚ´�µÚµR³�´¹¶�²z°U½s³ Í�» dafhg¨opf µÓ³�±!¶ qhl¹¸co ��Ð Ù ½!»
µZ´�ºYÆ!¼�» µL²^³�±!¶Bº�°�µL²y´¹º�Æ|°�·L²M³�±�²yÂ�·R³�Æ!½/µy°�¸u°�·Z¶/» ·iµÌ³�·Z»¤²z½!» �sd5� p j×oe]_oÕ�®fh^ p æ ¢ Î É/²z½!»p ^®] æ £ Î És³�±!¶J²z½!» �pt���j×o�¤ Î Ð5æ<Á!Æ!Æ|°�µZ»�²z½!»�Í�» ·L²z´�¯�» µ�³�·Z» � d X�Ü[ZRÝ\Z(Ï�Ï(ÏNZ%µ`_�Ð Ù ½!» ±� ¢ Î ½s³�µ�º Î Ê|» d hÊ µ)übµ´c Ü�þ	»�¶!Â�» µ�¬�cÜcÜc ¡ ¸�°�·YÜ2�¼¬*½ ¡ � µ`å«» Í�»�·LË´µ�àDÍ�» ·L²z» Å

Â�·R³�Æ!½S´�µy³UµZÆs³�±!±/´�±!Â�µZÁ/Î!Â�·R³�Æ/½S°�¸ ¢ Î Ð� £ Î ½s³�µ
µ_c,ÜE»�¶!Â�» µ ¡ cÜcÜc+ü ¡ ¯GÜ�þ�¸�°�·EÜ�� ¡ ½ µ`É]Ò�½!»�±Ëµ¶¾ Ü�å)´�²G´¹µU³BÆs³�²z½
°�¸]¼�»�±!Â�²z½Yµ�c¤Ü^¸�·Z°�º Ü^²z°Tµ`Ð� ¤ Î ½|³�µvµ¨»�¶!Â�» µ ¡ cÜcÜcÄüZü ¡ º�°;¶6µ«þ�¯GÜ�þw¸[°�·UÜ�� ¡ � µ`å|´�²	´�µ^³�Â�·R³�Æ!½'°�±!¼�ËJÒ�½!»�±
µed ��°�·�µ�¾$ÞSüãÎ!Á2² ¤ hy³�±!¶ ¤ Ê ³�·Z»�ºUÁ!¼�²z´�Â�·R³�Æ!½!µMþMÐ

^¨»�¯ °�Á!¼¹¶B³�¯X²zÁs³�¼�¼�ËE½|³XÍ�»¤¶!» È ±/» ¶ ¢ Î É £ Î És³�±!¶ ¤ Î °�±O²z½!»^Í�» ·L²z´�¯�» µYX(�jZ�Ü�Z(Ï�Ï(ÏNZ%µ�c�Ü5_�É
°�·`°�± ^a`2t µ�à8» ¼�»�º�» ±<²uµZ»X² � ´�±!µL²z»�³�¶U°�¸RX�Ü[ZRÝ\Z(Ï�Ï(ÏNZ%µ`_�É�Î|» ¯�³�Á!µZ»�²PÒ�°�Â�·R³�Æ!½!µu²z½s³�²`¶/´��|» ·
°�±!¼�ËÓ´�±¨²z½/»E±s³�º�»�µ�°�¸Ú²z½!»�´�·¤Í�» ·L²z´¹¯ » µGÎ!Á2²U±!°�²U´�±¨²z½!»EµL²z·ZÁ!¯ ²zÁ!·Z»E°�¸Ú²z½!»�´�·�» ¶/Â�»�µ�³�·Z»
¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼�¼�ËE»�á<Á!´�Í�³�¼¹» ±�²�Ð

�/°�·Zº�³�¼¹¼�Ë�É/Ò�»�µR³ ËJ²z½s³�²	Â�·R³�Æ!½/µ � d ü � Z0©Uþw³�±!¶ � � d ü � � Z0© � þ�³�·Z» lnqed5�,daf p æ l��
´�¸«²z½!» ·Z»¤´¹µy³�°�±/»XàD²z°�à8°�±!»¤¯ °�·Z·Z» µZÆ�°�±/¶!» ±!¯�»�¿Ê¸[·Z°�º � ²z° �;� µZÁ!¯M½J²z½s³�²�¬vcÜcÜc ¡ ´�± � ´�¸



Ü ý �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

�e�����¦�Ü. �����¶Àd � �. �u�¯�T�h�n�e��. ���. �%"����%��µ�_�u�_�n�u�8��"h�u���e��µ�_�u�_�n�u�8���� ' @�¦���%$�"����Ê�e���� ' @�¦���%$��$ ���°�Ê��e��"h�n�8�' �%$ �_� � �O�°�n�8�k�p�Ä"��u�_��n�Ä"%/�$ ���� /���. ��u�b. ' ��$ �8�h����h�p����Õ�����Ü���u�b. �_��%/p�u�#�Ü���u�p��. �Ü�Ü�

³�±!¶Ã°�±!¼�ËS´¹¸S¿�ü?¬kþ�cÜcÜc�¿�ü ¡ þw´�± � � Ð Ù ½!»U±/°�²M³�²z´�°�± �EÀd � � ´¹µ	°�¸[²z» ±'Á!µZ»�¶Ã²z°�´�±!¶!´�¯�³�²z»
²z½s³�² � ³�±!¶ ��� ³�·Z»O´�µZ°�º�°�·ZÆ!½!´�¯�ågÎ!Á2²�Ò�»OµZ½s³�¼�¼�°�¸¹²z»�±ÌÎ|»O¼�»�µZµUÆ/·Z» ¯ ´¹µZ»�É`Î�ËÊ²z·Z»�³�²z´�±!Â
´�µZ°�º�°�·ZÆ!½/´�¯�Â�·R³�Æ!½/µY³�µU´�¸w²z½!» ËÓÒ�»�·Z»O»�á<Ás³�¼8Ég³�±!¶ÇÎ�ËÌ°<¯�¯�³�µZ´�°�±s³�¼�¼�ËÓÒ�·Z´�²z´�±/Â � d �;�
»XÍ�»�±OÒ�½!» ±J²z½!»�Í�» ·L²z»XÅOµZ»X²zµ�°�¸ � ³�±/¶ ��� ³�·Z»�±�¿ ²�µL²z·Z´�¯X²z¼�Ë�´�¶!»�±�²z´�¯�³�¼?Ð

æ<º�³�¼¹¼wÂ�·R³�Æ!½/µY¯�³�±$Î|»S¶!» È ±/» ¶$Î�ËÏµZ´�º�Æ/¼�ËÌ¶/·R³XÒ�´¹±!ÂÌ³Ã¶!´[³�Â�·R³�ºSÉ5´�±ÏÒ�½!´�¯M½Ï²z½!»
Í�» ·L²z´�¯�» µ¤³�·Z»�µZºE³�¼�¼u¯ ´¹·Z¯ ¼�»�µ�³�±!¶Ä²z½!»�» ¶!Â�» µG³�·Z»U¼�´¹±!» µ^Î�»X²PÒ�» »�±Ã²z½!» ºBÐ¿�u´�Â�Á!·Z»EÝE´�¼¹¼�Á!µLà
²z·R³�²z» µ¤µZ» Í�»�·R³�¼`´�ºYÆ|°�·L²M³�±�²¤» Å!³�ºYÆ!¼�» µ�É�Ò�½!°�µZ»YÆ!·Z°�Æ|» ·L²z´�»�µ^Ò�»�Ò�´�¼�¼`Î|»YµL²zÁ!¶2Ë2´�±!ÂS¼[³�²z» ·�Ð
Ù ½!»C4u»X²z»�·ZµZ» ±�Â�·R³�Æ!½ ´�±|�u´�Â�Á!·Z»ÌÝ2üã»�þ�´�µS±s³�ºY» ¶ ³�¸[²z» ·ÉX�Á!¼¹´�Á!µ]4u» ²z» ·ZµZ» ±iÉ¤³�±�»�³�·Z¼�Ë
Â�·R³�Æ!½Ì²z½!» °�·Z´�µL²UÒ�½!°ÃÁ!µZ»�¶Ç´�²U²z°Ã¶!´�µZÆ!·Z°�Í�»S³BÆ!¼[³�Á!µZ´�Î!¼¹»E¯�°�±[=ö»�¯X²zÁ!·Z» � �5¿ ªPû�ïöìzîZó��ì�A<ú�ù�ú�îXì
A/ì¯F(�Äù;ïDë��ìRó�ù;ïDúÕåMúãìzû8F��'üLÜNV�³�V�þMÉ;Ý�Ý��NÓ;Ý�Ý�èð�8å2´�²5´¹µ�É�´�±�¸ã³�¯X²�É2³¤·Z»�ºE³�·ZÕ�³�Î!¼¹»�¯ °�± È Â�Á!·R³�²z´�°�±
²z½s³�²«µZ» ·LÍ�» µu³�µ]³Ú¯ °�Á!±�²z»�·Z»XÅ/³�º�Æ!¼�»`²z°wºE³�±�Ë¤°�Æ!²z´�º�´�µL²z´¹¯]Æ/·Z» ¶!´�¯ ²z´�°�±!µ«³�Î|°�Á2²iÒ�½s³�²«ºY´�Â�½�²
Î|»U²z·ZÁ!»�¸[°�·^Â�·R³�Æ!½!µ�´�±ÃÂ�» ±!»�·R³�¼8Ð Ù ½!»Eç5½�Í�D³�²M³�¼uÂ�·R³�Æ!½�É2�u´�Â�Á!·Z»YÝ2üã¸MþMÉ|Òw³�µ�´�±�²z·Z°;¶!Á!¯�» ¶
Î�ËOÛMD³�¯�¼[³ ÍJç5½<Í�D³�²M³�¼�´�± � ü«ò)ð�óP¦�ú�û|ù;ïPð�îZú�ùG§gê]ë�ìXð�îxÔ åÊüLÜN³�è[�<þMÉ,³�ÞNÓr³ ý Ð

�nª�


Á�Â

�ÝÒ;


Ã Â

�ÝÇX


ÄLÂ

�ÝÕ;


°÷nÇsÎ¨Ò0¥

�Ý¥M


Å�¥h¤¦¥s§8Í8¥s£N«c§¦ª°©¨Ó

�ÝÏö


óÜÓ ��Æªe¤Êª°Ö2«c§¦ª°©¨Ó
×�ØÚÙ~Û�ÇjÛ Ù Ë�ò ¥hòµª°ÐÑ©¨Ö|¥ «c§¦ª°©¨Ó¨Írî9ï.Ó¨Ë|ÇÊÓ Ó�ª � ¥ §8¥sÍ8©�¥hÇh¤¦Ë � ¥sÖÌñ �?È�É·È�É·È�É � É�Ê û É�Ê ù 
 � ¥h§_¤¦Ë|Çs¥sÍ,ª°£¨Õ
�ÌË9É·È�É�Ê û É�Ê ù É0Ê�È�É ù Ë�
Ü¥sÕ¨«c¥sÍsØ

Ù ½!»¤¼�´¹±!» µw°�¸`³UÂ�·R³�Æ!½S¶!´[³�Â�·R³�º ³�·Z»�³�¼�¼�°�Ò�» ¶J²z°�¯�·Z°�µZµ�»�³�¯R½S°�²z½!»�·y³�²�Æ�°�´¹±�²zµÚ²z½|³�²
³�·Z» ±�¿ ²YÍ�» ·L²z´�¯�» µ�Ð��s°�·Y» Å!³�ºYÆ!¼�»�Ég²z½!»S¯ »�±�²z» ·YÆ|°�´�±<²Y°�¸v�u´�Â/ÐgÝ!üã¸RþU´�µ `�d®] ³ÃÍ�» ·L²z» ÅÇ°�¸
ç5½�Í�D³�²M³�¼8¿ µ�Â�·R³�Æ!½�Ð�ß Â�·R³�Æ!½Ê´�µ¤¯�³�¼�¼�» ¶ p j×^a`�^af ´�¸5²z½!» ·Z»�¿ µ�³�Òw³ ËÄ²z°S¶!·R³ Ò ´�²¤Ò�´�²z½!°�Á2²
³�±�ËÄ¯ ·Z°�µZµZ´�±!Â�µ�ÐOç5¼�»�³�·Z¼�Ë £ Î ³�±/¶ ¤ Î ³�·Z»E³�¼�Òw³ Ë2µ¤Æ!¼[³�±s³�·�å �u´�Â/ÐiÝ!üã¶|þ	µZ½!°�Ò�µ¤²z½s³�²¤²z½!»
Þ�à8¯ Á!Î�»�´¹µ�³�¼�µZ°�Æ!¼�³�±|³�·�Ð ä Á2² ¢ � ½s³�µg²z°;°�ºE³�±�ËY» ¶!Â�» µg²z°�Î|»yÆ!¼[³�±s³�·^üãµZ» »y»XÅ2» ·Z¯�´�µZ» ý 	�þMÐ

Ù ½!» g¨o��®fhoso °�¸]³¤Í�» ·L²z» ÅE´�µ5²z½!»�±<Á!ºGÎ�» ·Ú°�¸�±/» ´�Â�½<Î|°�·Zµ�²z½s³�²w´�²Ú½s³�µ�Ð`¾P¸]³�¼�¼|Í�» ·L²z´�¯�» µ
½s³ Í�»	²z½!»^µR³�º�»^¶!»�Â�·Z» »�É;²z½!»^Â�·R³�Æ!½O´¹µ�µR³�´�¶�²z°UÎ|» fho���Ùrj×^af Ð`¾P±Y�u´�Â/Ð2Ý2É2¸[°�·Ú»XÅ/³�º�Æ!¼¹»�É £ �
´�µ¤´�·Z·Z»�Â�Á!¼[³�·�Î|»�¯�³�Á!µZ»Y´�²¤½s³�µ¤²PÒ�°JÍ�» ·L²z´¹¯ » µ¤°�¸5¶!»�Â�·Z» »SÜE³�±!¶Ó²z½!·Z»�»�°�¸5¶/» Â�·Z» »�Ý;Ð ä Á2²
²z½!»¤°�²z½!»�· È Í�»¤Â�·R³�Æ!½!µ^³�·Z»¤·Z» Â�Á!¼�³�·�É/°�¸u¶!» Â�·Z»�» µGü8Ý]Z ý ZRÞ\ZRÞ]Z ý þ5·Z» µZÆ|»�¯X²z´�Í�»�¼�Ë�Ð)ßo·Z» Â�Á!¼�³�·
Â�·R³�Æ!½S°�¸]¶!»�Â�·Z»�»�ÞU´�µw°�¸[²z» ±J¯�³�¼¹¼�» ¶�QL¯ Á!Î!´¹¯�S�°�·�QP²z·Z´�Í�³�¼�» ±<²�Ð S

Ù ½!»�·Z»�³�·Z»�ºE³�±�ËEÒw³ Ë2µÚ²z°�¶!·R³ Ò ³GÂ�´�Í�» ±JÂ�·R³�Æ!½iÉ2µZ°�º�»�°�¸«Ò�½!´�¯R½B³�·Z»�ºGÁ!¯M½Jº�°�·Z»
Æ|»�·ZµZÆ!´�¯ Á/°�Á/µÚ²z½s³�±J°�²z½!»�·Zµ�Ð��/°�·�»XÅ/³�º�Æ!¼�»�É2»�³�¯R½S°�¸«²z½!»¤µZ´�ÅO¶!´[³�Â�·R³�ºYµ

ü��A.�þ
´�µ�´¹µZ°�ºY°�·ZÆ!½!´�¯u²z°Ú²z½!»gÞ�à8¯�Á!Î|»�ÉG�]´¹Â!Ð�Ý!üã¶|þMÐ Ù ½!»)¼[³ Ë�°�Á!²i°�¸!ç5½<Í�D³�²M³�¼8¿ µ�Â�·R³�Æ!½^²z½s³�²]³�Æ!Æ�»�³�·Zµ
´�±Æ�u´�Â/Ð�Ý!üã¸RþÚÒw³�µ^¶!´�µZ¯�°�Í�»�·Z» ¶'Î�ËBß	¶!·Z´�³�± ä °�±!¶!ËSº�³�±�ËSË�»�³�·Zµ�³�¸[²z» ·¤ç5½<Í�D³�²M³�¼8¿ µyÆs³�Æ|»�·
Òw³�µwÆ/Á!Î!¼�´�µZ½/» ¶�É2²z½!» ·Z»�Î�ËO·Z»XÍ�»�³�¼�´¹±!Â�Á!±!» Å2Æ|» ¯ ²z» ¶JµLË;ºYº�» ²z·Z´�» µ�Ð

Ù ½!»5µLË2º�ºY»X²z·Z´�»�µi°�¸s³wÂ�·R³�Æ!½�É�³�¼�µZ°yÕ;±!°�Ò�±�³�µ«´�²zµ ^[Ù�]_d5� daf p æ lÝq��Nq É�³�·Z»g²z½!»5Æ|» ·ZºUÁ2à
²M³�²z´�°�±!µ�°�¸u´�²zµwÍ�» ·L²z´�¯�» µw²z½s³�²yÆ!·Z» µZ»�·LÍ�»U³�¶[=Z³�¯�» ±!¯ Ë�Ð�¾P±B°�²z½!»�·wÒ�°�·Z¶!µ�És²z½!»�Æ|» ·ZºUÁ2²M³�²z´�°�±¿é´�µ¤³�±¨³�Á2²z°�º�°�·ZÆ!½!´�µZº °�¸ � ´¹¸`Ò�»�½s³ Í�»t¿5ü?¬kþ2cÜcÜc�¿5ü ¡ þwÒ�½!»�±!»XÍ�» ·�¬
cÜcÜc ¡ ´�± � Ð¤ß



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s ÜN�
��$ ���°�Ê�� ���s�b. "#/p�#/e���G��. �u�_�ß�h���¦�u�8�G�h���2�T�8�Õ. � ��c�h�n���%$ � �r�e�_��u�°�Ê�e��. ��"���#�L. $ ������. ���z�°�Ê�u����#�L. $ ������. ��� � � � $ ����#�L. $ ������e�r�e� � �Ê�e�_�e�n�h��2. � Û �Ü����r. "#"���[$ �Ä�p�-�. $ �u���Û ��. "h�h�� �e�_�u�b�c�s�Ê�u����#�L. $ ������. ����µ�_�u�_�n�u�8��"h�u���e��e�«�µ�#$ . "h�°� �"#. �Ý�u�� � � � $ . �

Ò�» ¼¹¼�à8¯R½!°�µZ»�±B¶!·R³ Ò�´�±!ÂE¼�´¹Õ�»¿�u´�Â/Ð�Ý2üã¸Mþ�¯�³�±'·Z»XÍ�»�³�¼«Á!±!¶!»�·Z¼�Ë2´�±!ÂYµLË2º�ºY»X²z·LË�ÉsÎ!Á2²�³�µZ´�±/Â�¼¹»
¶!´[³�Â�·R³�º ´�µZ±�¿ ²�³�¼�Òw³ Ë2µw³�Î!¼¹»y²z°U¶!´�µZÆ!¼[³ ËO³�¼�¼|²z½!»^µLË2º�º�» ²z·Z´�» µg²z½|³�²w»XÅ2´�µL²�ÐL�s°�·Ú» Å!³�ºYÆ!¼�»�É
²z½!»�Þ�à8¯ Á!Î�»�½s³�µ ý V�³�Á2²z°�º�°�·ZÆ!½!´¹µZº�µ�É/³�±!¶O²z½!»64u»X²z»�·ZµZ» ±JÂ�·R³�Æ!½J½|³�µ¤Ü�Ý��!Ð�^¨»�¿ ¼�¼kµL²zÁ!¶2Ë
³�¼�Â�°�·Z´�²z½!º�µ�²z½s³�²Y¶!»�³�¼wÒ�´�²z½é´�µZ°�º�°�·ZÆ!½!´�µZºYµ�³�±!¶ ³�Á!²z°�ºY°�·ZÆ!½!´�µZºYµY´�± æ<»�¯X²z´�°�± è<Ð Ý2Ð Þ2Ð
æ�Ë2º�ºY»X²z·Z´�»�µY¯�³�± °�¸¹²z»�±$Î|»'»XÅ2Æ!¼¹°�´�²z» ¶é²z°Ç³ Í�°�´�¶ Á!±!±!»�¯ »�µZµR³�·LË ¯ °�º�Æ!Á!²M³�²z´¹°�±/µ�É�º�³�Õ�à
´�±!Â¨³�±é³�¼�Â�°�·Z´�²z½!ºÀ³�¼�º�°�µL²yaÓ²z´¹º�» µU¸D³�µL²z» ·UÒ�½!» ±Ï´�²�°�Æ|» ·R³�²z»�µ�°�±é³BÂ�·R³�Æ!½Ç²z½s³�²�½s³�µ
aO³�Á2²z°�º�°�·ZÆ!½/´�µZº�µ�Ð

â ·R³�Æ!½!µw²z½s³�²w½s³ Í�»�» Í�°�¼�Í�»�¶O´�±O²z½!»�·Z»�³�¼�Ò�°�·Z¼�¶�²z»�±!¶O²z°�Î�»^·R³�²z½!»�·Ú¶!´�|» ·Z»�±�²w¸[·Z°�º
²z½!»�ºE³�²z½!»�ºE³�²z´�¯�³�¼�¼�ËJÆ!·Z´¹µL²z´�±!»�Â�·R³�Æ!½/µ�°�¸��]´¹Â�Á/·Z»YÝ2Ð@�/°�·�» Å/³�ºYÆ!¼�»�É�½!»�·Z»�¿ µ¤³�¸D³�ºY´�¼�´[³�·
Â�·R³�Æ!½Ç²z½s³�²Y½s³�µ�±/°ÓµLË2º�º�» ²z·LË¨Ò�½s³�²zµZ°<» Í�» ·�É�³�¼�²z½!°�Á!Â�½Ï´�²�¶!°;» µ�½s³ Í�»O²z½/»�Í2´�·L²zÁ!»J°�¸
Î|»�´�±!Â�Æ!¼�³�±|³�·(�

Í�Î
ÏGÐ

Ï�Ñ Ï�Ò
ÎGÏ Î|Ó

ÎGÔ
ÍGÕ

Ö�Ð
×GÏ

Ø·Í Ø�Ð Ø·ÙØ�Ï
ÚAÛ ÚGÜ

ÐGÏ

Ý�Õ

ÝGÍ
Ý�ÏÝbØÝGÙ

ÝAÛ
ÝAÓ

Ý�Ô
ÙGÕ

ÙGÞ

ÙGß
ÙAà

ÙGÝ

ÙGÜ

Ù�Î

ÙGÍ
Ó0ß

Ó0Ú
Ó0Ò á�Ï ÒQØ

Û�Î

Û0Í

Ô�Ù
ÔGâ

ã|Ô

Þ�Ô

Þ�Ï

ä�Ï
äGÞ

äbØ
äGÜ

ü��Q5�þ

¾?²g·Z»�Æ!·Z» µZ»�±�²zµ)²z½!»w¯�°�±�²z´�Â�Á!°�Á!µÌ`	±!´�²z» ¶�æ�²M³�²z» µ)°�¸�ß	º�»�·Z´�¯�³2É�³�±!¶�Ò�»�¿ ¼¹¼!Î�»wÁ!µZ´¹±!Â¤´�²g¼[³�²z» ·
´�±YµZ»XÍ�» ·R³�¼/»XÅ/³�º�Æ!¼¹» µ�Ð Ù ½!» ý ³	Í�» ·L²z´�¯�» µ)°�¸|²z½!´¹µ)¶!´[³�Â�·R³�º ½s³ Í�»yÎ|» »�±�¼[³�Î|»�¼�» ¶UÒ�´�²z½�²PÒ�°�à
¼�» ²Z²z» ·ÚÆ|°�µL²M³�¼�¯ °;¶!»�µw¸[°�·w¯ °�±�Í�»�±!´�» ±/¯ »�É!´�±!µL²z»�³�¶J°�¸«Î|»�´�±!Â�·Z»�¶!Á!¯�» ¶J²z°�» º�Æ!²PË�¯ ´�·Z¯�¼�» µ�Ð

 Író5Ë�ùÍ�ð=>|øY¦�øïÎ ôrù�ú ß µZÆs³�±!±!´�±!Â�Æs³�²z½Ã°�¸g³YÂ�·R³�Æ!½'´�µ	¯�³�¼�¼�» ¶Ã³�å ^5�NlÕjÌ]_da`2l�^a` p ^®] æ<É
³�±!¶ ³ÃµZÆ|³�±/±!´�±!ÂÓ¯ Ë2¯ ¼�»J´¹µ�¯�³�¼�¼�» ¶$³ªå ^5�ÈlbjÌ]_da`2l�^a`÷�pt���j×o É5Î�» ¯�³�Á!µZ»P^ Ð�\�Ð e ³�º�´�¼�²z°�±
´�±�Í�»�±�²z» ¶S³�±/¶OµZ°�¼¹¶S³�Æ!Á8����¼�»^´�±ÃÜ(V���³�Ò�½!°�µZ»^Â�°�³�¼�Òw³�µ�²z° È ±/¶OµZÁ!¯R½JÆs³�²z½!µ�³�±!¶O¯XË2¯ ¼¹» µ
°�±S²z½!»�»�¶!Â�» µy°�¸g³�¶!°;¶!»�¯�³�½!»�¶!·Z°�±�Ð Ù Ð,4uÐ,l�´¹·ZÕ<º�³�±S½s³�¶B´�±!¶/» Æ|»�±!¶!» ±<²z¼�ËJµL²zÁ!¶!´�»�¶S²z½!»
Æ!·Z°�Î!¼�»�º ¸[°�·JÆ�°�¼�Ë;½/» ¶!·R³Ì´�±+Â�»�±!» ·R³�¼8É	´�± ÷ ë!ú§�ðGFMðXô�ë!úÕå ùG§Yê!îMù�û8FMù�å�ïDú�ð�û8F-�ï��æ üLÜ(V���V�þMÉ
Ü ý �(Ó|ÜN	2Ü�Ð � æ<» »PB�îMùXô�ëÇê]ë�ìXð�îxÔ[ç"è�éZêAë�ç�ìQéZêOÎ�ËPÒUÐE�gÐ ä ´¹Â�Â�µ�ÉEkyÐEl�ÐE�«¼�°�Ë2¶�É|³�±/¶É\�Ð,X/Ð
^+´�¼�µZ°�± üLÜN³�³�V�þMÉ�ç5½|³�Æ!²z» ·OÝ2Ð � Ù ½/»S²M³�µZÕÏ°�¸ È ±!¶!´�±!ÂÇ³ÓµZÆs³�±!±!´�±/ÂÊÆs³�²z½é°�·E¯ Ë2¯ ¼�»B´�µ�É
½!°�Ò�»XÍ�»�·�É�ºGÁ!¯M½Ä°�¼�¶!» ·rH ´�±!¶/» » ¶iÉ�Ò�»�¯�³�±Ä¼�»�Â�´�²z´�ºE³�²z» ¼�ËJ¯�°�±/µZ´�¶!» ·�´�²^²z°JÎ|»G²z½/»�°�¼�¶!» µL²
¯ °�ºUÎ!´�±s³�²z°�·Z´[³�¼�Æ!·Z°�Î!¼¹» º °�¸/³�¼�¼8É�Î|» ¯�³�Á/µZ»gÆs³�²z½!µ`³�±!¶¤²z°�Á!·Zµ]°�¸/³wÕ;±!´�Â�½�²]°�±U³w¯M½!» µZµZÎ|°<³�·Z¶
½s³ Í�»G³U¯ °�±�²z´�±<Á/°�Á/µw½!´¹µL²z°�·LËOÂ�°�´�±!Â�Îs³�¯RÕE²z°�±!´�±<²z½2à8¯ »�±�²zÁ!·LËO¾P±!¶!´[³JüãµZ»�»Gæ<»�¯X²z´�°�±'è<Ð Þ2Ð Þ�þMÐ
ß Â�·R³�Æ!½ ´�µ�¯�³�¼�¼�»�¶´å ^5�NlÕj|]_da`�l�^a` ´¹¸^´�²�½s³�µJ³ e ³�º�´¹¼�²z°�±!´[³�±é¯XË2¯�¼�»�Ð ü Ù ½!»Æ4]» ²z» ·ZµZ»�±
Â�·R³�Æ!½�É�´�±!¯ ´¹¶!» ±�²M³�¼�¼�Ë�Ég´�µ�²z½/»JµZº�³�¼�¼�» µL²�Þ�à8·Z» Â�Á!¼�³�·YÂ�·R³�Æ/½Ï²z½|³�²E´�µ�±/» ´�²z½!»�·�Æ!¼�³�±|³�·Y±!°�·
e ³�º�´�¼�²z°�±/´[³�±�å�µZ» »Úç	Ð�¶!»©4]°�¼�´¹Â�±|³�¯�É[D^õ�§�§*üG?/ð:å[üA�Óù<ïDë�ü[A/ìCí/îMù�û�å�ìdxî�üLÜ(V�³�³�þMÉ;Ü ý ÝNÓ|Ü ý �2ÐWþ

Ù ½!» �®lÝfp] æE°�¸«³¤Â�·R³�Æ!½�´¹µg²z½!»	¼�» ±/Â�²z½�°�¸i´�²zµ5µZ½!°�·L²z» µL²Ú¯XË2¯ ¼¹»�å�²z½!»	Â�´�·L²z½�´�µ5´�± È ±/´�²z»y´�¸
²z½!»yÂ�·R³�Æ!½E´�µÚ³�¯XË2¯�¼�´�¯Güã¯ °�±�²M³�´�±!´�±/Â¤±!°G¯XË2¯ ¼�»�µMþMÐL�/°�·5» Å!³�ºYÆ!¼�»�É�²z½/»�µZ´�Å�Â�·R³�Æ/½!µ5°�¸2�u´�Â/Ð;Ý
½s³ Í�»�Â�´�·L²z½!µGü6ï Z#�]ZRÞ\Z ý Z#�]Z ý þMÉ!·Z»�µZÆ|» ¯ ²z´�Í�» ¼�Ë<Ð)¾?²�¿ µy±!°�²y¶!´�M�¯�Á!¼�²�²z°YÆ!·Z°�Í�»�²z½s³�²	³�Â�·R³�Æ/½
°�¸ÚºY´�±!´�ºUÁ!º ¶!»�Â�·Z» »�a¨³�±!¶ÌÂ�´�·L²z½Ë�SºGÁ!µL²U½s³ Í�»J³�²G¼�»�³�µL²LarÊg¯ Ü�Í�» ·L²z´¹¯ » µ�Ð]�/Á!·L²z½!»�·
³�±s³�¼�Ë2µZ´�µwµZ½!°�Ò�µ�´�±S¸ã³�¯X²w²z½|³�²w²z½/´�µwº�´�±/´�ºGÁ!º Í�³�¼�Á/»�´�µy³�¯R½/´�»XÍ�³�Î/¼�»^°�±!¼�ËO´�¸^aLd+ÝJü ¤ � þMÉacd+ÞJüb4]» ²z» ·ZµZ»�±|þMÉ~acd,è;É!°�·wÆ|»�·Z½s³�Æ!µ�acd ��è;Ð�ü?æ<» »¤»XÅ2» ·Z¯�´�µZ» µi	�Þ�³�±!¶Æ	��;ÐWþ



ÜN	 �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

��. �n����� � ��u�e���n�u�_�n���e�Ê�u��u�b. �Ê��"#$ � . �e��Ö0/°�%$ . ����. �#�T�_�u�_�� ���e�e� � �u�_�� �#�Ü�c���e�8�h�u��J)�$ ���u�u�_�,+G�e��Ü�L. $ �"#. ���h� � �¯�T�c�h�e�_�s���. �n����� � �¬�("h�_�e�_����$ . �_�_�ð�

Ù ½!» galnqr]_^a`��so îsü?¬RZ ¡ þ	Î�»X²PÒ�» »�±Ó²PÒ�°JÍ�» ·L²z´�¯�» µ�¬Ï³�±!¶ ¡ ´¹µ�²z½!»Yº�´�±/´�ºGÁ!º ¼�» ±!Â�²z½
°�¸`³UÆ|³�²z½S¸�·Z°�ºð¬S²z° ¡ ´�±O²z½!»¤Â�·R³�Æ!½�å/´�²�´¹µw´�± È ±!´�²z»�´�¸«²z½!» ·Z»�¿ µy±!°�µZÁ!¯M½SÆs³�²z½�ÐÚç5¼�»�³�·Z¼�Ë
îsü ¡ Z ¡ þ�d �!És³�±!¶eî/ü?¬RZ ¡ þ�d3î/ü ¡ Z·¬kþMÐ�^Ê»�³�¼�µZ°�½s³ Í�»�²z½!»^²z·Z´[³�±!Â�¼�»�´�±!»�á<Ás³�¼�´�²PË

îsü?¬RZ ¡ þ�¯ î/ü ¡ Z·ñ�þ-¾ î/ü?¬RZ�ñ^þ0Ï ü��AU�þ
�/°�·�´�¸`îsü?¬RZ ¡ þ^d[òÃ³�±/¶{îsü ¡ Z·ñ�þ^dôóU³�±!¶1òJ½ ï ³�±!¶�óL½ ï É2²z½!» ·Z»G³�·Z»¤Æs³�²z½!µ¬�d ¬ � cÜcÜc1¬�h,cÜcÜcD®�®�®�cÜcÜc1¬"õ(d ¡ ³�±!¶ ¡ d ¡ � cÜcÜc ¡ h�cÜcÜc�®�®�®%cÜcÜc ¡�ö d´ñ(Z ü��Az�þ
³�±!¶JÒ�»�¯�³�± È ±/¶O²z½/»�¼�»�³�µL²�µZÁ!Î!µZ¯�·Z´�Æ2²�÷UµZÁ!¯R½J²z½s³�²d¬xø�d ¡Yù ¸�°�·wµZ°�ºY»L��Ð Ù ½!»�±¬ � cÜcÜc1¬�h,cÜcÜcD®�®�®�cÜcÜc1¬xø � h,cÜcÜc ¡Yù cÜcÜc ¡Yù � h,cÜcÜcD®�®�®%cÜcÜc ¡�ö ü��{�þ
´�µy³UÆs³�²z½S°�¸«¼�»�±!Â�²z½��MòK¯�ó�¸[·Z°�ºú¬S²z°1ñGÐ

Ù ½!» gal�^5� op]_opf °�¸�³yÂ�·R³�Æ!½�´�µ]²z½!»Úº�³�Å2´�ºUÁ!º °�¸qî/ü?¬RZ ¡ þMÉ�°�Í�» ·g³�¼¹¼<Í�» ·L²z´�¯�» µC¬E³�±!¶ ¡ Ð
Ù ½!»5Â�·R³�Æ!½G´�µ �sda`2`�o��p]_osg ´�¸2´�²zµ«¶!´[³�º�» ²z» ·i´�µ È ±!´�²z»�Ð Ù ½/»)Í�» ·L²z´�¯�» µi°�¸/³wÂ�·R³�Æ!½G¯�³�±U³�¼�Òw³ Ë2µ
Î|»	Æs³�·L²z´�²z´¹°�±/» ¶E´�±<²z°G¯ °�±!±/» ¯X²z»�¶ �hd5� p da`�op`2]uq É;Ò�½!» ·Z»y²PÒ�°GÍ�» ·L²z´¹¯ » µ(¬B³�±!¶ ¡ Î�» ¼�°�±!ÂG²z°
²z½!»¤µR³�ºY»�¯�°�ºYÆ|°�±!» ±<²�´�¸u³�±!¶S°�±/¼�Ë�´�¸`îsü?¬RZ ¡ þS½´ï Ð

¾P±�²z½!»ÚÂ�·R³�Æ!½ ×�dafhgaq ü*��è[��è\Z%�jZ#�]Z#�<þMÉ�¸[°�·`» Å!³�ºYÆ!¼�»�É�Ò�»Ú½s³ Í�»�îiüb5]¸t7�»�¼qZ�¼�Ç�È[Äï¸;þ^d 	2É
Î|»�¯�³�Á!µZ»Uü��[��þu´�µÚ³�µZ½!°�·L²z» µL²�Æs³�²z½Y¸�·Z°�º 5]¸t7�»~¼�²z°c¼�Ç�È[Ä�¸iÐuß	¼�µZ°Kîiüb5]¸t7�»�¼qZxÆ,7G<:<�X!þ^d 	2É
³�±!¶ îiüx¼�Ç�È[Ä�¸�ZxÆ,7G<:<�X!þod Ü(�2Éu³�±!¶ îiüW¿E9�»jÄ�·RZ�;�9á¾]»t5!þod±	2Ð ä Á2²GîiüW¿E9�»°Ä[·RZ�Æ�7G<:<"X/þYdï å�²z½!»�Â�·R³�Æ!½Ã´�µZ±i¿ ²�¯ °�±!±!»�¯X²z»�¶�Ð�¾P±Ä¸ã³�¯X²�Ék´�²�¯ °�±�²M³�´�±!µ¿	�è<ÜGÒ�°�·Z¶!µ�¼�´¹Õ�»Ú7ïÄ:9:9�¹sÉ�Ò�½/´�¯R½
½s³ Í�»^±!°�±!» ´¹Â�½;Î|°�·Zµw³�±!¶O¸�°�·Zº ¯ °�±!±!»�¯X²z»�¶�¯ °�ºYÆ|°�±!» ±�²zµÚ°�¸i°�·Z¶!» ·^Ü¤³�¼�¼�Î�ËY²z½!»�º�µZ» ¼�Í�»�µ�Ð
^¨°�·Z¶$Æ|³�´¹·ZµYµZÁ!¯M½+³�µY7ïÄ[<ïÆ,7PcÜcÜc 7ïÄ:95Æ,7/É*·ï»89]È5·ÉcÜcÜc÷·�»�¾qÈ5·|É�³�±/¶ 9G<qÈð¾�Ç_cÜcÜc 9[·~È�¾�Ç
³�¯ ¯�°�Á/±�²�¸[°�·OÜ���ÞS¸�Á!·L²z½!»�·G¯�°�ºYÆ|°�±!» ±<²zµU°�¸w°�·Z¶!»�·�Ý2ÐÓæ<°�ºY»E¯�°�º�Æ|°�±!»�±�²zµG°�¸�°�·Z¶/» ·�Þ2É
¼�´�Õ�»É;ðÆ,7]È�ÅYcÜcÜcU;�Æ,7jÈá»ÚcÜcÜc ;�Æ,9]Èá»�Ég³�·Z»�Æ|³�²z½/µ�åg°�²z½!» ·Zµ�É`¼¹´�Õ�»{X�º]¸�5[¾:<�Z�Ä�¸�5�¾:<^ZN¼[¸�5[¾:<q_�É
³�·Z»�¯XË2¯ ¼�»�µ�Ðuß ¸�»XÒ,ºY°�·Z»^µZºE³�¼�¼k¯�°�ºYÆ|°�±!» ±<²zµ�³�·Z»�³�¼¹µZ°�Æ!·Z» µZ»�±�²�É!¼�´�Õ�»y²z½/»^¯�Á!·Z´�°�Á!µwÆs³�²z½

Ä:9[º~È�Å�cÜcÜcÄ:9�º�È:;LcÜcÜc1X89[º~È:;�cÜcÜc1X89�º�Èï¼LcÜcÜc1X89[º87]¼�cÜcÜcT589�ºE7]¼qZ ü�]��þ
Ò�½!°�µZ»EÒ�°�·Z¶!µ�½s³ Í�»�±!°Ã°�²z½/» ·U±!»�´�Â�½<Î|°�·Zµ�Ð ä Á2²G²z½/»YÍ�³�µL²UºE³G=ö°�·Z´�²PË¨°�¸y³�¼¹¼ È Í�»Xà8¼�» ²Z²z» ·
Ò�°�·Z¶!µ�Î|» ¼�°�±!Â�²z°Y³GÂ�´[³�±�²�¯ °�ºYÆ|°�±!» ±�²�°�¸«°�·Z¶/» · ý�ý ³�Þ2Ð`¾P¸iË�°�ÁJ¯�³�±JÂ�°U²PÒ�°�µL²z»�Æ!µy³ Òw³ Ë
¸�·Z°�º ³�Â�´�Í�»�±�Ò�°�·Z¶�É<²z½!»	°;¶!¶!µw³�·Z»	Î�»X²Z²z» ·)²z½s³�±ÃÜN��²z°EÜy²z½s³�²gË�°�Á!·5Ò�°�·Z¶�´�µ5¯�°�±!±!» ¯ ²z» ¶
²z°�»XÍ�» ·LË;²z½!´¹±!Â�´�±O²z½/»^Â�´[³�±�²�¯�°�º�Æ|°�±!»�±�²�Ð

æ<´�ºY´�¼[³�·Z¼�Ë<É<²z½!»¤Â�·R³�Æ!½ ×�dafsgaq übµ^Z#�]Z#�jZ%�<þg½s³�µ^³UÂ�´[³�±�²y¯ °�ºYÆ|°�±!» ±�²y°�¸]°�·Z¶!» ·Uü8Þ�V�Ý��]Z
Ý�³�V�	]ZRÝ[�W��	]Z Ü�ÜN³�V\ZRÝ�Ý ý þ5Ò�½/» ±]µzd ü*�������jZ ý �����jZzÞ������jZRÝ[�����jZ Ü(������þMÉ/·Z» µZÆ|»�¯X²z´�Í�» ¼�Ë�Ð ä Á2²
´�¸!µB´�µ5µZºE³�¼�¼?É�²z½!»�·Z»^³�·Z» ±i¿ ²Ú» ±!°�Á!Â�½�» ¶/Â�»�µg²z°GÆ!·Z°�Í2´�¶!»	ºGÁ!¯M½�¯ °�±!±!»�¯X²z´�Í2´�²PË<Ð �s°�·�»XÅ/³�º�à
Æ!¼�»�É ×�dafsgaq ü*�[���jZ%�jZ#�]Z#�<þg½s³�µ	Þ�Ý�èU¶!´��|»�·Z» ±�²�¯ °�º�Æ|°�±!»�±�²zµ�É!±!°�±!»¤°�¸«°�·Z¶!»�·¤Ü(��°�·wº�°�·Z»�Ð

Ù ½!»^¯ °�±!¯�» Æ2²Ú°�¸�¶!´�µL²M³�±!¯�»	¯�³�±�Î|»	Â�»�±!» ·R³�¼�´���» ¶Y²z°cî/ü ¡ hðZ ¡ Ê Z(Ï�Ï�Ï�Z ¡ ³ þ)¸�°�·w³�±�ËYÍ�³�¼�Á/»
°�¸casÉ^ºY»�³�±!´�±/ÂÌ²z½!»Óº�´�±/´�ºGÁ!º ±<Á!ºUÎ|» ·S°�¸G» ¶!Â�» µS´�± ³Ì¯�°�±!±!» ¯ ²z» ¶,µZÁ!Î!Â�·R³�Æ!½+²z½|³�²
¯ °�±�²M³�´�±/µi²z½!»gÍ�» ·L²z´�¯�» µ�X ¡ hðZ ¡ Ê Z(Ï�Ï�Ï�Z ¡ ³ _�Ð �/°�·«» Å/³�ºYÆ!¼�»�É5îiü�¶�Ä:9:9[·�ZN¼á¿j¸t7�5�Z%5]¸t7�»�¼�þ�²zÁ/·Z±!µ
°�Á2²�Î|»YÜ(�2É!Î�» ¯�³�Á!µZ»�²z½!»�µZÁ/Î!Â�·R³�Æ/½

¶~Ä:9:9[·©cÜcÜcK¶]»89:9�·©cÜcÜcK¶]»89:7[·©cÜcÜcK¶j»]¸t7[·©cÜcÜcT5ï»]¸t7[·�cÜcÜc�5\»]¸ï¸�·©cÜcÜcT5�¿j¸ï¸�·� �5]¸t7�»~¼�cÜcÜcT5]¸t7ðÇ�¼�cÜcÜcT5ï»87ðÇ�¼�cÜcÜcT5\»~È�Ç�¼�cÜcÜcT5ï»~È�¸j¼�cÜcÜc�5\»]¸ï¸j¼ 5�¿j¸ï¸�5�¼á¿j¸t7�5�cÜcÜc�¼ð¿j¸ï¸�5
ü�[�þ

½s³�µ�Ü(��» ¶!Â�»�µ�É/³�±!¶J²z½!»�·Z»�¿ µw±!°�µZÁ!´�²M³�Î/¼�»�Ü ý à8»�¶!Â�»¤µZÁ!Î!Â�·R³�Æ!½�Ð



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s Ü�è

�Ì�n�_�k�u�n�8��s�u�Ä. �e�_�G�u�n�8��s�u�Ä. �e�_��t/ � $ . �e�8���z��$ ���p��G��. �p�8����%/p�u�� � �¯/(�<� � �e�_����#$ �h�Õ. ��"a )��°�Ê�Ý�Ü. �u�a ) � �#$ �h�u����$ ��e�#/e�k���%$ �����2�e�8���n�J��2/p�u�e�Õ. ����e�c��$��� Û �8���� � ���$ ���°�Ê�1��%���_�Ý�u�u�h��p���p�e�8�n��r�*���Ü�%/e��2�e�¯�Ü�����. �°���Ý�b. �u���. "h�u���p��Tû�h��. "�b/���"��u���e�� �#�Ü��$ ���u� ��. �°���Ý�b. �u� "h�u���e�� �#�Ü��$ ���u� a )��°�Ê�Ý�Ü. �u� "h�u�Ê�e��Ì�n�_�k�u�n�8��n�����,"h�u���e�

^¨»B±!°�²z» ¶é´�±+æ<» ¯ ²z´�°�±$Ý2Ð Þ;Ð ý Ð�ÜS²z½s³�²�³Ó¯ °�±!±!»�¯X²z» ¶éÂ�·R³�Æ!½éÒ�´�²z½Ï¸�»XÒ�»�µL²E» ¶!Â�»�µY´�µ
¯�³�¼�¼¹» ¶�³ bhfsoho ]ufsoho Ð ßÿµZÁ!Î!Â�·R³�Æ!½,²z½s³�²S¯ °�·Z·Z»�µZÆ|°�±!¶!µJ²z°Ç²z½/»ÄÂ�» ±/» ·R³�¼�´���» ¶ ¶!´¹µL²M³�±/¯ »
îsü ¡ hðZ�Ï�Ï(Ï�Z ¡ ³ þwÒ�´¹¼�¼u³�¼�Òw³ Ë2µ^Î|»�³E¸�·Z» »G²z·Z»�»�Ð¤¾?²�´�µ^º�´�µZ¼�»�³�¶!´�±!Â�¼�ËS¯�³�¼�¼�»�¶Ó³ \�]_orln`�orf,]ufhoso¯g
Î|»�¯�³�Á!µZ»ÚX<³�¯ °�ÎÌæ�²z»�´�±!» ·�°�±!¯�»�ºY» ±�²z´¹°�±/» ¶Ã²z½!»�¯�³�µZ»iaed ÞO¸[°�·�Æ�°�´¹±�²zµGX ¡ hðZ ¡ Ê Z ¡ Ç _�´�±
²z½!»@kgÁ!¯�¼�´�¶!»�³�±SÆ!¼[³�±!» � ò]îXì¯§�§ãìt�rÿÌüLÜNV�Þ���þMÉ�Þ�	�ÝNÓ2Þ�	�Þá�?Ð®�s·R³�±E� e » ´¹±!» ±B½s³�¶BµZ°�¼�Í�» ¶S²z½|³�²
Æ!·Z°�Î!¼�»�º ´�±ýü��¦2ìRî
?[Ô8F�ïöìzóJìy��ð�ûC¨�î üù�ñöïöìzû üLÜNV�Þ ý þMå â ³�Á!µZµG» Å<²z»�±!¶!»�¶Ä²z½!»�³�±s³�¼�Ë2µZ´�µ¤²z°
acd ý ´�±B³U¼¹»X²Z²z» ·�²z°�æ<¯M½<Á!ºE³�¯M½!» ·Gü8Ý2Ü K ³�·Z¯M½¨Ü(V�Þ�	�þMÐ
ý òqÎ ò�õ�Ïbð�Ì�ú ß Â�·R³�Æ!½Ä´¹µ^µR³�´�¶Ã²z°OÎ�»ya r p ^afp]ulu]_o °�·(a rx�sd�j×dafh^���j×o ´�¸g´�²zµ	Í�» ·L²z´¹¯ » µ�¯�³�±ÄÎ|»
Æs³�·L²z´�²z´�°�±!»�¶B´�±�²z°DaJ°�·	¸�»XÒ�» ·	Æ|³�·L²zµ�É|Ò�´�²z½B²z½!»U» ±!¶!Æ�°�´¹±�²zµ	°�¸`»�³�¯M½Ã» ¶!Â�»GÎ�» ¼�°�±!Â�´�±!ÂE²z°
¶!´���» ·Z» ±<²]Æs³�·L²zµtH °�·«»�á<Á!´�Í�³�¼¹» ±�²z¼�Ë<É�´¹¸;²z½!»�·Z»�¿ µu³ÚÒw³ Ë�²z°	Æs³�´�±�²]´�²zµiÍ�»�·L²z´�¯ »�µ�Ò�´�²z½U³�²]ºY°�µL²
a^¶!´�|» ·Z»�±�²«¯�°�¼¹°�·Zµ�É�±!»XÍ�»�·u³�µZµZ´¹Â�±/´�±!Â�²z½/»)µR³�ºY»g¯ °�¼�°�·i²z°�²PÒ�°^³�¶[=Z³�¯�» ±�²«Í�» ·L²z´¹¯ » µ�Ð Ù ½!»g¸D³�à
º�°�Á!µ��s°�Á/·Úç5°�¼�°�· Ù ½!»�°�·Z»�ºSÉ�¯ °�±[=L» ¯X²zÁ/·Z» ¶�Î<Ë��ÚÐ â Á2²z½!·Z´¹»w´�±BÜNV���Ý�³�±!¶ È ±s³�¼�¼�Ë�Æ/·Z°�Í�»�¶
Ò�´�²z½�ºE³�µZµZ´�Í�»g¯ °�º�Æ/Á2²z» ·u³�´�¶�Î�Ë¿lYÐ�ß	Æ/Æ|» ¼8ÉN^ Ð e ³�Õ�» ±iÉ�³�±!¶�X/ÐNl¤°;¯R½ � ªÄ§�§�ú�û�ð�úF � üQ�Äù;ïDë!ü��$üLÜN³�è�è�þMÉ ý Ý�³(Ór��	�èð�8É`µL²M³�²z»�µ�²z½s³�²Eìð��ìRîxÔÄô�§�ù�û|ù�î�ø�îMù ô|ëÌú�F1þ�â*å�ðN§ãð�îMù8¦G§Dì�ÐÉÒ	°'µZ´�º�Æ!¼¹»
Æ!·Z°;°�¸2´�µiÕ;±!°�Ò�±�É�Î!Á!²«µZÆ|»�¯ ´[³�¼�¯�³�µZ» µi¼¹´�Õ�»�ü��Q5�þ�¯�³�±¤Î�»)¯�°�¼�°�·Z» ¶G³�²«µZ´�Â�½�²�üãµZ»�»)»XÅ2» ·Z¯�´�µZ» ý ��þMå
³�±!¶YÈYübµ�Ê�þ`µL²z» Æ!µ5µZÁ8M�¯ »�²z° ý à8¯�°�¼�°�·�³�Æ!¼�³�±|³�·5Â�·R³�Æ/½E´�±EÂ�»�±!» ·R³�¼ � ÒUÐW\�°�Î|» ·L²zµZ°�±�ÉtZ�ÐW4uÐ
æ2³�±!¶!»�·Zµ�ÉE4uÐ|æ<»XË2º�°�Á!·�És³�±!¶]\�Ð Ù ½!°�º�³�µ�É�?kê�s¤ò¼�æ¨üLÜN³�³�	�þMÉ,��è;Ü¯Ór��è��á�8Ð

Ù ½!»Ã¯�³�µZ»Ã°�¸�Ý�à8¯ °�¼�°�·R³�Î!¼�»'Â�·R³�Æ!½!µ�´¹µE»�µZÆ|» ¯�´[³�¼�¼�Ëé´�º�Æ|°�·L²M³�±�²�´�± Æ!·R³�¯X²z´¹¯ »�Ð ßÿÝ�à
Æs³�·L²z´�²z»UÂ�·R³�Æ!½Ä´�µ^Â�»�±!» ·R³�¼�¼�ËS¯�³�¼�¼�»�¶ �pl p ^afp]uln]_o É�°�·^µZ´¹º�Æ!¼�ËÃ³�QLÎ!´�Â�·R³�Æ!½8S/å�»XÍ�» ·LËB» ¶/Â�»�°�¸
µZÁ!¯M½'³UÂ�·R³�Æ/½J½|³�µ�°�±!»�»�±!¶!Æ|°�´�±<²�´�±J»�³�¯M½JÆ|³�·L²�Ð
� Ë!ôtò�õGô"� ÿRú íÌø�îMùXô�ë�ú�F�¦�úWô�ù�î�ïDú8ïöì«ú�ñsù�ûIA�ð�û8§�Ô¤ú�ñ;ú8ïIå�ð�û�ïPù�ú¹û8Fiû|ðiå¬Ô,å0§ãì`ð�ñsðtA8A�§ãìRû2øsïDë!ü� fhdcdÊb�� � æ;» »
Z�Ð�l��°�±!´�Â/É��Äù;ïDë!ü�íyû!û|ùG§ãìRûMîxîÇüLÜN³2ÜN	�þMÉ ý ��ÞNÓ ý � ý Ð �Tk)Í�» ·LËBµZÁ!Î!Â�·R³�Æ!½Ä°�¸
³ea�à8Æs³�·L²z´�²z»�Â�·R³�Æ!½Ê´�µGa�à8Æ|³�·L²z´�²z»�Ð Ù ½!»�·Z» ¸�°�·Z»�²z½!»Y¯XË2¯ ¼¹» ¤ Î ¯�³�±¨Î|»�³JµZÁ!Î!Â�·R³�Æ!½Ê°�¸w³
Î!´�Æ|³�·L²z´�²z»^Â�·R³�Æ/½J°�±!¼�Ë�´�¸ ¤ Î ´�²zµZ»�¼�¸i´�µy³�Î!´�Â�·R³�Æ!½�É!´�±OÒ�½!´¹¯R½J¯�³�µZ»¿µÄºGÁ!µL²yÎ|»¤»XÍ�» ±�Ð

ç5°�±�Í�» ·ZµZ»�¼�Ë�És´�¸)³�Â�·R³�Æ!½B¯ °�±�²M³�´�±/µ�±/°Y°;¶!¶B¯ Ë;¯�¼�» µ�Ò�»¤¯�³�±B¯�°�¼�°�·�´�²zµwÍ�» ·L²z´¹¯ » µwÒ�´�²z½
²z½!»O²PÒ�°Ä¯�°�¼�°�·ZµiXN�]Z�Ü�_JÎ�ËÇ¯�³�·Z·LË2´�±!ÂÄ°�Á2²�²z½!»J¸�°�¼�¼�°�Ò�´�±!ÂÃÆ!·Z°;¯�» ¶!Á!·Z»W� ä » Â�´�±ÇÒ�´�²z½é³�¼�¼
Í�» ·L²z´�¯�» µ`Á!±!¯ °�¼�°�·Z»�¶�Ð«¾P¸�³�¼�¼!±!»�´�Â�½<Î|°�·Zµ`°�¸s¯ °�¼�°�·Z» ¶UÍ�» ·L²z´�¯�» µ)³�·Z»y³�¼¹·Z»�³�¶2ËG¯�°�¼¹°�·Z»�¶�É�¯M½!°;°�µZ»
³�±OÁ/±!¯ °�¼�°�·Z» ¶OÍ�» ·L²z» ÅtñGÉs³�±/¶O¯�°�¼¹°�·Ú´�²>�!Ð©��²z½/» ·LÒ�´�µZ»^¯M½!°;°�µZ»�³G¯�°�¼¹°�·Z»�¶�Í�» ·L²z»XÅ^¬J²z½|³�²
½s³�µ^³�±BÁ!±/¯ °�¼�°�·Z» ¶B±!» ´�Â�½<Î�°�· ¡ åk³�µZµZ´�Â�±S²z° ¡ ²z½!»¤°�Æ!Æ�°�µZ´�²z»¤¯�°�¼¹°�·�Ð�k)Å2» ·Z¯ ´¹µZ» ý V�Æ!·Z°�Í�» µ
²z½s³�²	³GÍ�³�¼�´�¶SÝ�à8¯�°�¼¹°�·Z´¹±!Â�´�µÚ» Í�»�±�²zÁs³�¼�¼�ËO°�Î!²M³�´¹±!» ¶�Ð

Ù ½!» �sd5� p j×op]_o �pl p ^afp]uln]_o7�®fh^ p æ ¢��	� Î ´�µS²z½!»Ê¼[³�·ZÂ�» µL²'Î/´�Æs³�·L²z´�²z»ÓÂ�·R³�Æ!½�Ò�½/°�µZ»
Í�» ·L²z´�¯�» µU½s³ Í�»�²PÒ�°ÄÆs³�·L²zµ�°�¸yµZ´�� »�µ | ³�±!¶×µ`Ð_^Ê»�¯�³�±Ç¶!» È ±!»J´�²�°�±Ê²z½/»�Í�»�·L²z»XÅ¨µZ» ²
X�Ü[ZzÝ]Z�Ï(Ï�Ï�Z | ¯�µ`_SÎ�ËÌµR³ Ë2´�±!ÂÄ²z½s³�²1¬´cÜcÜc ¡ Ò�½!»�±!»XÍ�»�·JÜ[�ð¬�� | ½ ¡ � | ¯ µ`Ð
¾P±Ó°�²z½!»�·	Ò�°�·Z¶!µ�É ¢��	� Î ½s³�µ | µÏ» ¶!Â�» µ�Éi°�±!»�¸�°�·¤»�³�¯R½ÄÒw³XËÃ²z°J¯M½!°;°�µZ»�°�±!»�Í�» ·L²z»XÅÃ´�±
²z½!» È ·ZµL²¤Æs³�·L²�³�±!¶Ó³�±!°�²z½!»�·^´�±'²z½!»UµZ» ¯�°�±!¶ÃÆs³�·L²�ÐUæ<´�º�´¹¼[³�·Z¼�Ë�É/²z½!» �sd5� p j×oe]_o a r p ^afp]ulu]_o�®fh^ p æ ¢ Î�
 �� � ��� Î�� ½s³�µ�� d±µ`h�¯8®�®�®ï¯Uµ ³ Í�»�·L²z´�¯ »�µGÆs³�·L²z´�²z´�°�±!» ¶¨´�±<²z°BÆs³�·L²zµU°�¸wµZ´� » µ
X(µ`h�Z(Ï�Ï�Ï�Z%µ ³ _�É2³�±!¶E´�²�½s³�µ5»�¶!Â�» µ5Î|» ²PÒ�» » ±J³�±<Ë�²PÒ�°�Í�» ·L²z´¹¯ » µg²z½s³�²5¶!°�±�¿ ²�Î|»�¼�°�±!Â¤²z°�²z½!»
µR³�º�»¤Æs³�·L²�Ð e » ·Z»�³�·Z»¤µZ°�ºY»�» Å!³�ºYÆ!¼�» µ�Ò�½!»�±�� d 	r�

å Àd å Àd Ï ü�[µ�þ
¢ h � � ¢ Ç � Ç ¢ Ê � Ê � ÊÒ	°�²z´�¯ »�²z½s³�² ¢ h � Î ´�µg³^¸[·Z»�»�²z·Z» »�å�´�²)´�µ)Æ|°�Æ!Á!¼[³�·Z¼�ËG¯�³�¼�¼�» ¶U²z½!» qs]_^af��®fh^ p æU°�¸|°�·Z¶!» ·Ìµ�¯'Ü�Ð



ÜNV �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

� @�k�#32������u�Ê�Õ���. �n� � �u�8�®"h�u���p�e������ � ������ � ��u��$ � )�$ �r�h�e��h�n�e�_��b. �8���/�$ �b. �n�_��b. �Ü��$ �. ��. �Ü. ��$ ' �8�Ý�u���& �°�%$ ' �_�n�u�*��b. ��#/p�Õ)��e��"h�n�_�î � ü ¡ þ. ��)��e��"h�n�8�îj�5ü ¡ þ�u�#/p� � ��b. � Û�u�°�Ê�e��. ��". �e��/ � �8�. �u�¯�T�h�n�e��. �Ü��I. �%"h�u�%�Ü�����h�G��. "h�u�Ê�e�e��u���Ê�e�b. �b. ' �k�u�#/e�n�°�%�Ü�_�h�¢��Î�h�Õ. �8�h�u�8�x�°�¦���£��Î�h�Õ. �8�h�u�8� � � � $ �¤ �Î� �#�Ü��$ ���u�A��. "h�u���p�� Î�µ�#. �n������e�Õ. �n�b. �� �#�Ü�c���e�8�h�u�� ���e�e� � �b. ' . ��®. �z�<��. "����Ê�e���� � ���Ê���_��"h�_�

�2TD.�K C�.�a$.�C�>M4PI���=�A :<TD4�0;7��YA C�> 3D9�4�=O.;\���=�A TD9�V�3D9 =Y:<TD4�0;7�b��è�3wA >UV 6 9�4 T�4�C�=�>X7�.�TP3w4�C�=SAW3	a]A 6 6«VX4�38V 7J.�C�b
c dgf�rGh«dgfé���rGl¯}|j�v! �X~P~L���u~L�Ãq!�#"��%$R{&"��#"���' �?��p  (��� � �

�DÏÕõNôrø�óNô >-Ì�õáÍx~�Ë ù�ú ¾P±Ãæ;» ¯X²z´¹°�±'Ý;Ð Þ2Ð ý Ð ÝUÒ�»¤¶/» È ±!»�¶ galÝfso¬�e]_osgK�afs^ p æ q üã°�· gal	�®fh^ p æ q þMÉ
Ò�½!´�¯M½Ç³�·Z»�Í�»�·LË¨ºGÁ/¯R½Ì¼�´¹Õ�»EÂ�·R³�Æ!½!µ�»XÅ2¯ »�Æ2²G²z½s³�²G²z½!» Ë¨½s³ Í�» ^af¬�pq ´¹±!µL²z»�³�¶Ì°�¸w»�¶!Â�» µ�Ð
ß	± ³�·Z¯®¬ãcÜc � ¡ ·ZÁ!±!µE¸[·Z°�º °�±!»JÍ�»�·L²z»XÅÌ²z°Ì³�±!°�²z½!» ·�É5Ò�½!´�¼¹»B³�±é»�¶!Â�»®¬ãcÜcÜc ¡ =ö°�´�±!µ
²PÒ�°'Í�» ·L²z´�¯�» µ�Ò�´�²z½!°�Á2²�¶!´�µL²z´�±!Â�Á!´¹µZ½!´�±!Â'Î|»X²PÒ�»�» ±Ê²z½!» ºBÐÆ�/Á/·L²z½!» ·ZºY°�·Z»�Éu¶!´¹Â�·R³�Æ!½/µ�³�·Z»
³�¼�¼�°�Ò�» ¶S²z°Y½s³ Í�»�µZ» ¼�¸[à8¼�°;°�Æ!µ ¡ cÜc � ¡ ¸[·Z°�º ³�Í�»�·L²z»XÅO²z°Y´�²zµZ» ¼�¸öÉs³�±!¶'º�°�·Z»�²z½s³�±B°�±!»U³�·Z¯¬icÜc � ¡ º�³ Ë�Î|»�Æ/·Z» µZ» ±<²�Î|» ²PÒ�» »�±O²z½!»�µR³�ºY»^Í�» ·L²z´�¯�» µ�¬Ã³�±!¶ ¡ Ð�/°�·Zº�³�¼¹¼�Ë�É<³�¶!´�Â�·R³�Æ!½)( doü � Z+*�þ]°�¸�°�·Z¶!»�·ÌµB³�±!¶YµZ´���» | ´¹µ5³^µZ»X² � °�¸IµOÍ�» ·L²z´�¯�» µ
³�±!¶�³^ºGÁ/¼�²z´�µZ»X²,* °�¸ | °�·Z¶!»�·Z» ¶YÆs³�´�·Zµyü?¬RZ ¡ þMÉ�Ò�½/» ·Z»d¬� � ³�±!¶ ¡  � Ð Ù ½!»�°�·Z¶!» ·Z»�¶
Æs³�´�·ZµÚ³�·Z»y¯�³�¼�¼�»�¶�³�·Z¯ µ�É2³�±!¶YÒ�»yÒ�·Z´�²z»d¬icÜc � ¡ Ò�½!»�±Ãü?¬RZ ¡ þS�*GÐ Ù ½!»y¶!´�Â�·R³�Æ!½E´�µ5¯�³�¼�¼�»�¶
qsl�� p j×o ´�¸!* ´�µy³�¯X²zÁs³�¼�¼�ËO³GµZ» ²�´¹±!µL²z»�³�¶J°�¸`³UÂ�» ±!»�·R³�¼iºGÁ!¼�²z´¹µZ»X²tH ±|³�ºY» ¼�Ë<É;´�¸i²z½/» ·Z»�¿ µ	³�²
º�°�µL²�°�±/»�³�·Z¯Yü?¬RZ ¡ þ5¸[°�·�³�¼�¼/¬'³�±!¶ ¡ Ð�k�³�¯M½B³�·Z¯Yü?¬RZ ¡ þ5½s³�µy³�±S´�±!´�²z´[³�¼�Í�»�·L²z»XÅ^¬Ã³�±!¶B³
È ±s³�¼�Í�» ·L²z»XÅ ¡ É�³�¼�µZ°y¯�³�¼�¼�»�¶�´�²zµiQö²z´�Æ�Ð SÉk�³�¯M½�Í�»�·L²z»XÅ�½s³�µu³�± d[Ù�]&rÊg¨o��afhoso î � ü ¡ þMÉ�²z½!»g±<Á!º�à
Î|»�·]°�¸|³�·Z¯ µu¸�°�·]Ò�½!´�¯R½ ¡ ´�µ«²z½!»Ú´�±!´�²z´[³�¼�Í�» ·L²z»XÅkÉ�³�±!¶�³�± ln`�rÊg¨o��afhoso îj�5ü ¡ þMÉ�²z½/»�±<Á!ºUÎ|» ·u°�¸
³�·Z¯ µu¸�°�·]Ò�½!´�¯R½ ¡ ´�µ«²z½!»5²z´�Æ�Ð«ßéÍ�»�·L²z»XÅ¤Ò�´�²z½G´�±2à8¶!»�Â�·Z»�»��	´�µ]¯�³�¼�¼�» ¶�³�QLµZ°�Á!·Z¯ »(S/å<³wÍ�» ·L²z» Å
Ò�´�²z½¨°�Á2²Zà8¶!»�Â�·Z»�»��S´�µ�¯�³�¼¹¼�» ¶Ê³�QLµZ´�±/Õ|Ð S±Ò	°�²z´¹¯ »�²z½s³�² ².-0/21 î � ü ¡ þod ².-0/21 î]��ü ¡ þMÉ
Î|»�¯�³�Á!µZ»�Î�°�²z½SµZÁ!º�µ	³�·Z»¤»�á<Ás³�¼�²z° | É;²z½/»^²z°�²M³�¼k±<Á/ºGÎ|»�·w°�¸`³�·Z¯ µ�Ð

K °�µL²5°�¸s²z½/»w±!°�²z´�°�±!µ`Ò�»�¿ Í�»w¶/» È ±!»�¶Y¸[°�·)Â�·R³�Æ!½!µg¯�³�·Z·LË�°�Í�» ·)²z°¤¶!´�Â�·R³�Æ!½!µg´�±E³^±s³�²Zà
Á!·R³�¼2Òw³XË<É�´�¸/Ò�»L=öÁ!µL²)´¹±!µZ» ·L²u²z½!»ÚÒ�°�·Z¶CQö¶/´�·Z» ¯ ²z» ¶8S^°�·6QL°�·Z´�» ±�²z»�¶8S�üã°�·]²z½/»�µLË2¼�¼�³�Î/¼�»
QL¶!´S<þ
Ò�½!»�±G´�²�¿ µ«±!» ¯�» µZµR³�·LË¤²z°y¶/´�µL²z´�±!Â�Á!´�µZ½GÎ|»X²PÒ�»�» ±G» ¶!Â�»�µ`³�±!¶�³�·Z¯ µ�ÐL�/°�·]» Å/³�ºYÆ!¼�»�É�¶/´�Â�·R³�Æ/½!µ
½s³ Í�»�µZÁ!Î|¶/´�Â�·R³�Æ/½!µ�É�Ò�½!´�¯R½U¯�³�±UÎ|»�µZÆs³�±!±!´�±/Â^°�·]´�±!¶!Á/¯ » ¶U°�·u±!»�´�²z½!» ·�Ð«ß	±U´�µZ°�º�°�·ZÆ!½!´¹µZº
Î|» ²PÒ�» » ±U¶!´�Â�·R³�Æ!½!µ3( doü � Z4*�þi³�±!¶�( � doü � � Z4* � þ�´�µ`³y°�±!»XàD²z°�à8°�±!»�¯ °�·Z·Z» µZÆ�°�±/¶!» ±!¯�»d¿
¸�·Z°�º � ²z° ��� ¸[°�·^Ò�½/´�¯R½Ä²z½!»�±<Á!ºUÎ|» ·¤°�¸Ú³�·Z¯ µ�¬TcÜc � ¡ ´¹±5( »�á<Ás³�¼�µ�²z½!»�±<Á!ºGÎ�» ·¤°�¸
³�·Z¯ µ;¿5ü?¬kþtcÜc � ¿�ü ¡ þ5´�±6( � É/¸[°�·y³�¼�¼�¬RZ ¡  � Ð

Z^´[³�Â�·R³�º�µ]¸[°�·]¶/´�Â�·R³�Æ/½!µ]Á!µZ»w³�·Z·Z°�Ò�µuÎ|» ²PÒ�» »�±¤²z½/»gÍ�»�·L²z´�¯ »�µ�É�´�±!µL²z»�³�¶G°�¸!Á!±|³�¶/°�·Z±/» ¶
¼�´�±/» µ�Ð Ù ½!»wµZ´�ºYÆ!¼�»�µL²g³�±!¶�º�°�µL²)´�ºYÆ|°�·L²M³�±<²`¶!´�Â�·R³�Æ!½!µ)°�¸|°�·Z¶!» ·ÌµS³�·Z»w¶!´�·Z»�¯X²z» ¶UÍ�³�·Z´[³�±�²zµ
°�¸;²z½!»gÂ�·R³�Æ/½!µ ¢ Î É £ Î É�³�±!¶ ¤ Î É�±|³�ºY» ¼�Ë^²z½!» ]ufh^a`2qsln]ulnm®o9]_d[Ù�fr`G^5� op`2] ¢��Î É�²z½!» dafrl�or`�]_osgp ^®] æ £7�Î É!³�±!¶�²z½!» dafrl�op`�]_osgL�pt���j×o3¤ �Î Ð Ù ½!»XËE¯�³�±�Î|»	µZ¯M½!» º�³�²z´�¯�³�¼�¼�Ë�´�±!¶/´�¯�³�²z» ¶�Î�ËY²z½!»
¸�°�¼¹¼�°�Ò�´�±!Â�¶!´[³�Â�·R³�ºYµw¸[°�·�µed �r�

å å Ï ü�5É<þ¢��� £7�� ¤ ��
Ù ½!»�·Z»�¿ µ¤³�¼�µZ°E²z½!» �sd5� p j�op]_o galÚ�®fh^ p æ � Î É�Ò�½!´�¯M½'´¹µ	²z½!»U¼[³�·ZÂ�» µL²^µZ´�ºYÆ!¼�»U¶!´�Â�·R³�Æ!½Ã°�±´µ
Í�» ·L²z´�¯�» µ�å2´�²�½s³�µ�µ�Ê¤³�·Z¯�µ�¬>cÜc � ¡ É/°�±/»¤¸[°�·w»�³�¯M½J¯R½!°�´�¯�»�°�¸$¬Ã³�±/¶ ¡ Ð�u´�Â�Á!·Z»SÞBµZ½!°�Ò�µY³BºY°�·Z»�» ¼�³�Î�°�·R³�²z»�¶!´[³�Â�·R³�ºSÉ`¸[°�·�³B¶/´�Â�·R³�Æ/½Ì°�¸�°�·Z¶!» ·OÜ�èJ²z½|³�²
Ò�»Eº�´�Â�½�²�¯�³�¼¹¼¿QL»XÅ2Æ!·Z»�µZµZ¼�ËÄ°�·Z´�»�±�²z» ¶ES8�G¾?²�´�µ¤²z½!»Y¶!´¹·Z» ¯X²z»�¶ÓÂ�·R³�Æ!½¨¶!»�µZ¯ ·Z´�Î�» ¶¨Î�Ë e » ·Là
¯ Á/¼�»]4]°�´�·Z°�²E´�±éß	Â<³�²z½s³¨ç5½!·Z´�µL²z´¹»�¿ µ�±!°�Í�» ¼��Çõ�î0A/ìzîOð�û�ïDëkì�s5îZúDìzû|ï¿ä98�ô|îXì¯F%FÊüLÜ(³�Þ ý þMÐ
Ûg» ·L²z´�¯�» µ�¯�°�·Z·Z»�µZÆ|°�±!¶Ê²z°S²z½!»�Î|» ·L²z½!µG°�¸Ú²z½!»Jæ<²M³�ºUÎ|°�Á!¼ìÓ!çÚ³�¼[³�´�µ�¯ °<³�¯R½Ì´�±Ó²z½s³�²UµL²z°�·LË�É
³�±!¶$³�±é³�·Z¯2¬ÉcÜc � ¡ º�»�³�±!µ�²z½s³�²�²z½!»O°;¯ ¯�Á!Æs³�±�²�°�¸yÎ|» ·L²z½,¬$½s³�µ�¯�°�·Z·Z°�Î|°�·R³�²z» ¶Ç²z½!»
³�¼�´�Î!´�°�¸	²z½!»BÆ|»�·ZµZ°�±$´�±$Î|»�·L²z½ ¡ Ð Ù ½!´�µE»XÅ/³�º�Æ!¼¹»S½s³�µEµZ´�ÅÏ¯�°�±/±!» ¯ ²z» ¶$¯ °�º�Æ�°�±/» ±�²zµ�É
±s³�º�»�¼�ËcXN�]Z�Ü[ZzÞ]Z#	]Z#V]Z�Ü�Ý]Z�Ü�Þ]Z�Ü ý Z�Ü(�]Z�Ü(	\_�É\X�Ý\_�É]X ý Z#�\_�É\X�èï_�É\XG³\_�É�³�±!¶X�Ü(�jZ Ü�Ü�_�É�Î�» ¯�³�Á!µZ»
¯ °�±!±/» ¯X²z´�Í;´�²PËE´�±B³U¶!´�Â�·R³�Æ!½S´�µw¶!» ²z» ·Zº�´¹±!» ¶OÎ�ËO²z·Z»�³�²z´�±!ÂE³�·Z¯�µy³�µw»�¶!Â�» µ�Ð



è �!¹�¾onqpWr �E·L¹���pÕ�L¼ uN�E���!��tRpWr`s ÜN³

� ���e�u� � /r�Ü. ' �+���$ Û�h�Õ. �8�h�u�8�x�°�¦����h�Õ. �8�h�u�8� � � � $ ���. �n� � �u�8�x��. �n����� � � îsü?¬RZ ¡ þ�u�b. �Ê��"#$ � . �e��Ö0/°�%$ . ��"h�u���p� � ���®�c�k�n�Ä"h���n�e�_�z�����Ü��. "h�u���p��8��"h�_��������� � ��#/p�Õ)��e��"h�n�_�. ��)��e��"h�n�8���/�$ �b. "��u���e�$ �r�h���/�$ �b. �e�%. �n��°���u��$ $ ��$�#|�n�_���8�Ê�u�_�A%2�8��"h�_��e��"h�n�8�_��0"����Ê�e�9���p�8���Õ����. �s�u�n�r��/ � �b. ���z�u�����wÝ� � �8� � �®�<�¦���Õ. ���

:
;

<=
>
?

@
A

BC;D:
;E; ;F<;G=

; > ;F?
;F@

�������IH����J��t. �_�u�n� �®. � �e��$	�°�u�e�]�e�n�_� � � � ���e��/ � �u�h�h JK�G�8� � /�$ �]�µ�%. �u�Ê�x�°�u�e�T����$ "%. ���x�e�_�u� � �b. ' �

Ê Jc�p�#��/p�Ä$��0�0+����n��1G�¦� � �p�_�n�x�e�u�e�k�e� � �8���u�_�w�I�Ü�_�Õ. � ���Ç J��2���n�#$ . �e�L�z�Ê�n�u�°�9��/����e���n���e���p�«�2�T�_�b. � �����<�¦�u�u���� J��0�0+����n�L�G�_�e� �®�z�Ê�n�u�8�b�Ü�����e�u�e�T���Õ. �b. �n� ' �%$ ����MJ ���h������. �5�e�h� � �Ê�u��$ $ .Ú�e�u�e�A�×���%$ . ���z�%/p�u�¯�T�#��. $ �T����$ �_�Ü�Ü�����JK�G� � �u�h�I�x� �ON /e�8�_���e�u�e�«�I�Ü�_�Õ. � ���x�u� � �n������� �� JK����� ' ���P���Ê�n�b. �x�p�u�e�R�0��"#$ . �u�(�Ü����+G�p�V��. �e��Å ���u�e�Ä+�/e�� JK��. $ �e�Ä"h���n�e�Ü� � �(�L. �r���e�u�e�T���8�b�Ü���®$ �����[Å �I�Ü�%. �� J�# ' � � ��� � �|%h �MJ����n�_���)����$ �n�u�h���p���p�Ü�¯+��8��. �n�z�¯/e�n�u�h¬h JN�z�Ê� �P�G�8�b�L. �h�e�]�����c�8�e�e�#�"�e�u�e������"%$ . �u��"�� ' �_�u�p�8�u�h Ê JQ�G��$ �_�°�Ì�x���Õ. �)�G�e�e�n�8�#��.	�°�u�e���c�¦��/p�b. � /�$ � �%/e�h���_�u�h Ç JN1,/e�p�#$ �e�w���e�p�u�_�#��.Ú�e�u�e�R��/e��"h���Õ. ��� � �#/e�h�GSÊ��. ��$ �¯�Ü�Ê�h�� JQH��Ê����$ . �g���u��"h�¯�L. �n�4Tï�e�u�e�L1E/e�u�b. �Ê�z�e�Õ. � � �8�n���e�Ä+���"h�_�h �UJ����#$ �h�p�Ä$����Õ��/p�u�e�e�Ê�x�e�u�e�Ü�0�b. �b. �u�x�4V � �8���Ì�n�¯�%���e��.��h �MJ��r�p�Õ/e�����_�n�Ü�Ü���L���Ê�n�(�<�Ê���e���p�«�2�T�_�b. � ���x�e����� � �Ü. ' �
×�ØÚÙ�ÛXWjÛxü Õ¨ËÌ«�§¦ª°©¨ÓNÉcÏ�Éc§8Õ¨¥s§�ÊpôLª°£¨ÕNÍ¦Ë�Ys¥�Ê � î¨Õ¨¥ � Ë|Í8¥sÕNÒ�ñÈü�«�ªe¤¦Ó�ªÑóTÓ¨§8Ë|Í8¤¦ËÌ¥cØ

Ù Ò�°Ó³�·Z¯�µ�³�·Z» �sda`2qeo��0Ù�]ulÝm®o ´�¸Ú²z½!»�²z´�ÆÌ°�¸Ú²z½/» È ·ZµL²�´�µG²z½!»O´�±!´�²z´[³�¼)Í�» ·L²z» Å¨°�¸w²z½!»
µZ» ¯�°�±!¶�Ð«ßÌµZ»�á�Á/» ±!¯�»`°�¸;¯�°�±!µZ» ¯�Á2²z´�Í�»g³�·Z¯ µ5ü�±°h�Z¬± Ê Z�Ï�Ï(Ï�Z¬± ³ þ|´�µi¯�³�¼�¼�»�¶¤³ ×�^�jZ °�¸2¼�» ±!Â�²z½Kaså
´�²�¯�³�±JÎ|»¤µLË;ºUÎ|°�¼�´���» ¶JÎ�ËOµZ½!°�Ò�´�±!Â�²z½/»^Í�» ·L²z´�¯�» µy³�µwÒ�» ¼¹¼i³�µÚ²z½!»G³�·Z¯�µ(�

¡ �\[ 
c � ¡ h [�]c � ¡ Ê ®�®�® ¡ ³ � h [ �c � ¡ ³ Ï ü�Y��þ
¾P±é³'µZ´¹º�Æ!¼�»O¶/´�Â�·R³�Æ/½Ç´�²�¿ µUµZÁEM�¯�´�» ±<²�º�»�·Z» ¼�Ë¨²z°ÄµZÆ|»�¯ ´�¸[Ë¨²z½!»�Í�»�·L²z´�¯ »�µ�å5¸[°�·�» Å!³�ºYÆ!¼�»�É
Ü cÜc � ��cÜc � VÌcÜc � Ü ý cÜc � VÌcÜc � Þ�´�µ	³�Òw³�¼¹ÕO´�±]�u´�Â/Ð|Þ2Ð Ù ½!»¤Òw³�¼¹ÕO´�±Êü�Y��þ�´�µ	³�±B°�·Z´�»�±�²z» ¶
Æs³�²z½'Ò�½/» ±'²z½!»UÍ�»�·L²z´�¯ »�µ(X ¡ � Z ¡ hðZ�Ï(Ï�Ï�Z ¡ ³ _�³�·Z»U¶/´�µL²z´�±!¯ ²�å�´�²�¿ µ�³�±Ä°�·Z´¹» ±�²z»�¶'¯XË2¯ ¼¹»�Ò�½!»�±
²z½!» ËJ³�·Z»¤¶!´�µL²z´�±!¯ ²w»XÅ2¯ »�Æ2²w²z½s³�² ¡ ³ d ¡ � Ð

¾P±E³^¶!´�Â�·R³�Æ!½�É�²z½!»Ú¶!´¹·Z» ¯X²z»�¶�¶!´�µL²M³�±!¯�»gîsü?¬RZ ¡ þ«´¹µu²z½!»w±<Á!ºUÎ|» ·)°�¸k³�·Z¯ µ)´�±�²z½!»wµZ½!°�·L²Zà
» µL² dafrl�op`�]_ohg Æs³�²z½�¸�·Z°�º ¬O²z° ¡ É<Ò�½!´¹¯R½�´¹µÚ³�¼�µZ°G²z½!»	¼¹» ±!Â�²z½�°�¸k²z½/»	µZ½!°�·L²z» µL²�Òw³�¼�ÕY¸[·Z°�º¬O²z° ¡ Ð`¾?²�º�³XËE¶/´��|» ·5¸�·Z°�º î/ü ¡ Z·¬kþMå2Î!Á2²�²z½/»y²z·Z´[³�±!Â�¼�»y´�±/»�á<Ás³�¼�´�²PËBü��AU�þ`·Z» º�³�´�±!µ5Í�³�¼�´�¶�Ð

k)Í�» ·LË+Â�·R³�Æ!½ ¯�³�±�Î|»¨·Z» Â<³�·Z¶!» ¶ ³�µÃ³Ç¶/´�Â�·R³�Æ/½�É�Î|» ¯�³�Á/µZ»Ì³�±�» ¶/Â�»ª¬ cÜcÜc ¡ ´�µ
» µZµZ»�±�²z´[³�¼�¼�ËY»�á<Á!´�Í�³�¼¹» ±�²5²z°�³¤º�³�²z¯R½!»�¶EÆ|³�´¹·5°�¸]³�·Z¯�µ�É ¬icÜc � ¡ ³�±!¶ ¡ cÜc � ¬«Ð Ù ½!»	¶/´�Â�·R³�Æ/½
°�Î2²M³�´�±!»�¶Y´�±�²z½!´¹µ`Òw³ Ë�·Z» ²M³�´�±!µ5³�¼�¼/²z½!»�Æ!·Z°�Æ|»�·L²z´�» µ)°�¸�²z½!»�°�·Z´�Â�´�±s³�¼/Â�·R³�Æ/½�å<¸�°�·g» Å!³�ºYÆ!¼�»�É
²z½!»E¶/» Â�·Z» »�°�¸Ú»�³�¯M½¨Í�»�·L²z»XÅ¨´�±¨²z½!»�Â�·R³�Æ/½ÊÎ|»�¯ °�º�»�µG´�²zµG°�Á!²Zà8¶!» Â�·Z» »�´�±¨²z½/»E¶!´�Â�·R³�Æ!½�É
³�±!¶'³�¼�µZ°�´�²zµÚ´�±!à8¶!» Â�·Z» »¤´�±O²z½!»¤¶!´�Â�·R³�Æ!½�Ð��sÁ!·L²z½!» ·ZºY°�·Z»�É!¶!´�µL²M³�±!¯ »�µw·Z» º�³�´¹±�²z½!»¤µR³�º�»�Ð

ß ��ÙrjÌ]ulÚ�afs^ p æ ü � Z�©Uþ�´¹µ�¼�´�Õ�»Ä³ÊÂ�·R³�Æ!½+»XÅ2¯ »�Æ2²�²z½s³�²J´�²zµ�» ¶!Â�» µ®© ¯�³�± Î|»Ó³�±�Ë��ÙrjÌ]ulnqeop] °�¸wÆs³�´�·ZµyX|¬RZ ¡ _�åg» ¶!Â�» µ ¡ cÜcÜc ¡ ²z½s³�²U¼�°;°�ÆÊ¸�·Z°�ºÀ³JÍ�»�·L²z»XÅÓ²z°'´�²zµZ» ¼¹¸PÉ«Ò�½/´�¯R½
¯ °�·Z·Z»�µZÆ|°�±!¶J²z°ãQLºUÁ!¼�²z´�Æs³�´�·Zµ%SiX ¡ Z ¡ _�És³�·Z»G³�¼¹µZ°�Æ�» ·Zº�´�²Z²z» ¶�Ð��/°�·�»XÅ/³�º�Æ!¼¹»�É^ _ ` ü�Y.�þ
´�µÚ³�ºUÁ!¼�²z´�Â�·R³�Æ!½E°�¸k°�·Z¶/» ·ÚÞ�Ò�´�²z½EµZ´�Å�» ¶/Â�»�µ�É�X�Ü[Z�Ü5_�É~X�Ü[ZzÝ\_�É~X�Ý]ZzÞ\_�É~X�Ý]ZzÞ\_�É~X�Þ\ZRÞ\_�É!³�±/¶
X�Þ]ZzÞ\_�Ð Ù ½!»�Í�»�·L²z»XÅÄ¶!» Â�·Z»�» µ�´�±Ä²z½!´�µ¤» Å/³�ºYÆ!¼�»E³�·Z»î/üLÜ�þYd îsü8Ý�þÕd ÞB³�±/¶$îsü8Þ�þYdÞ	2É
Î|»�¯�³�Á!µZ»^»�³�¯M½O¼�°;°�ÆE¯�°�±�²z·Z´�Î!Á2²z»�µ�Ý¤²z°G²z½!»^¶!»�Â�·Z»�»^°�¸i´�²zµ5Í�» ·L²z» Å�Ðuß	±O» ¶!Â�»^¼�°;°�Æ ¡ cÜcÜc ¡
Î|»�¯ °�º�»�µ ]ã×�d ³�·Z¯�¼¹°<°�Æ!µ ¡ cÜc � ¡ Ò�½/» ±B³�ºGÁ!¼�²z´¹Â�·R³�Æ!½O´¹µw·Z» Â<³�·Z¶!» ¶'³�µy³U¶!´¹Â�·R³�Æ!½iÐa�ô"~ õGôtù�ô8ð�ó�Í8óáÏÕòIð ò�÷oÌ�õðÍx~`Ë�ù�Í,ð
>¶>�ÏWÌ�õðÍx~`Ë�ù�ú ß	±<Ë'¶!´�Â�·R³�Æ!½�É«³�±/¶Ã²z½!» ·Z»�¸[°�·Z»�³�±�Ë
Â�·R³�Æ!½Y°�·gºGÁ/¼�²z´�Â�·R³�Æ!½�É�´¹µ)¯�°�º�Æ!¼�» ²z» ¼�ËU¶!»�µZ¯ ·Z´�Î�» ¶�Î<Ë�´�²zµ ^¨gOb°^��sor`q�pt(� ^®]ufrlÚ� *÷doü�±2c - þMÉ
Ò�½!´�¯M½Ã½s³�µ�µÌ·Z°�Ò�µ¤³�±!¶´µÇ¯ °�¼�Á!ºY±!µyÒ�½/» ±'²z½!» ·Z»�³�·Z»�µ¨Í�»�·L²z´�¯ »�µ�Ð�k�³�¯M½Ä» ±�²z·LËz±2c - °�¸
²z½!´�µgº�³�²z·Z´�ÅUµZÆ|»�¯ ´ È »�µ`²z½!»�±;Á!ºGÎ|»�·g°�¸�³�·Z¯�µ)¸�·Z°�ºµ¬E²z° ¡ Ð��/°�·g»XÅ/³�º�Æ!¼¹»�É�²z½/»	³�¶[=Z³�¯�» ±!¯ Ë
ºE³�²z·Z´�¯�» µw¸[°�· ¢��Ç É £7�Ç É ¤ �Ç É � Ç É|³�±/¶¨ü�Y.�þ�³�·Z»¤·Z» µZÆ|»�¯X²z´�Í�» ¼�Ë

¢��Ç ded v mNmvOv mvOvNv&f Z £��Ç ded v m vvNv mvNvOv&f Z ¤ �Ç ded v m vvNv mm vOv&f Z � Ç ded mOmNmmOmNmmOmNm f Z�*3ded3g m vm v gv g Àhf Ï ü�95�þ



Ý�� �!¹�¾onqpWr �E· ¹���p ��¼��L¼]sÌ¹���pÕ·�t ¾&uãÁ�]v���Ã è

�<�¦�u�b. �®��/�$ �b. ��$ . � �¦�Ü. ���+���$ Û ��c�8�b��/p���Ê�b. �h���Ü�Ê�u�Õ. �� � h �Ü�Ê�u�Õ. ��u�°�Ê�u�n��s�����e���h�n�Z���u���e�c�����u�

Ù ½!»	Æ|°�Ò�» ·Z¸�Á!¼sºE³�²z½!»�ºE³�²z´�¯�³�¼!²z°;°�¼�µg°�¸kº�³�²z·Z´�ÅU²z½!» °�·LË�ºE³�Õ�»y´�²5Æ|°�µZµZ´�Î!¼�»w²z°GÆ!·Z°�Í�»
ºE³�±�Ë ±!°�±�²z·Z´�Í2´[³�¼U·Z» µZÁ!¼�²zµÓ³�Î|°�Á2²ÓÂ�·R³�Æ!½/µÄÎ�Ë µL²zÁ!¶2Ë2´�±/Â$²z½!»�´�·Ó³�¶[=Z³�¯�» ±!¯ Ë�º�³�²z·Z´¹¯ » µ�å
»XÅ2»�·Z¯ ´�µZ»T	���Æ!·Z°�Í;´¹¶!» µ¤³�Æs³�·L²z´�¯�Á!¼[³�·Z¼�ËSµL²z·Z´�Õ;´�±/Â�»XÅ/³�º�Æ/¼�»G°�¸)Ò�½s³�²¤¯�³�±ÃÎ|»�¶!°�±!»�Ð��y±!»
°�¸]²z½!»¤º�³�´�±S·Z»�³�µZ°�±!µy´�µ�²z½s³�²yºE³�²z·Z´�ÅOºGÁ/¼�²z´�Æ!¼�´¹¯�³�²z´�°�±O½s³�µ^³�µZ´�º�Æ!¼¹»¤´�±�²z» ·ZÆ/·Z»X²M³�²z´�°�±J´�±
²z½!»G¯ °�±�²z» Å;²	°�¸`¶!´�Â�·R³�Æ!½!µ�Ð¤ç5°�±/µZ´�¶!» ·y²z½!»Gµzá<Ás³�·Z»G°�¸3*GÉsÒ�½!»�·Z»¤²z½/»G» ¼¹» º�»�±�²y´�±'·Z°�Ò¼¬
³�±!¶S¯ °�¼�Á!ºY± ¡ ´�µ

üD* Ê þic - dkjlnm2o�p2q l p l&r�s tGu%v%w
x2y�z|{�}|~����4���%~�������~���{ p2q l ���P�4�|{�~��|��x�{����%�9���+�����#�+�%�����4�����I��{��+{K{��4���0� p2q l p lhr�����4��{�~��|��xh{����%�9�L�������	�%�9�4��{�� �%�+�¡��¢D¢ £¤�¥¢D¢ £§¦��©¨P��{��+{�� �%�+{ tDª	«Kw q r ���7�4��{��4�¬�U���~��|��x�{����%�R�L�������L�%�R��{K~|¬�4��®�� �+�%�����4��¦������������ �0�+��y2���4�|{�{K~2�4�+��{K�L�¬� ª	¯ �4{����&���L�4�|{�4�¬�U���9~��|��xh{����%���L���������%����{�~���4�±°6x�{��i��{�{�~±��~2y²�%�+z|{��+{Kz´³��������%�,µ%{K�E�4����{K�K��� �¬�������°·¶¹¸|�9º��%�L{�»��0�¼³|��{2���4�|{��)�0�4�+��» ª ��~ tGu2½%w �¾�Q�4���+}|{��

ªÀ¿eÁ�ÂÄÃÆÅÃÇÅÄÂÅ�ÂÉÈ
Ê s ª « ¿eÁ�Ë§Â¤ÂÂ§Ë§ÌÂÉÌ´Â¾Å

Ê s ª�Í7¿eÁ�Ã4Â²ÎÏÃ+ÂÎÏÃ+ÌPÈ�ÂÃ4Â�ÈKÂPÎUÐ
Ê�Ñ tGu%Ò%w�4�|{K�+{����+{�ÓK®P�L�0�����R�%�I��{K~|¬�4��ÔL�#�+�%�Õ�4�|{3µ2{��E�4{M»�Ó,�%���4�|{,���|���4��%�¾��³|� tGu%Ö2w �4�Lµ2{��E�4{�»�ÔI���~|z5ÓQ×��+���¾���L�������L� �+�%�§µ2{K�E�4{M»�®��4�����4�+{����O�Ø {K�¬�+z�{��+��~|��¬�,�4��{�µ2{��E�4���K{����¾����~|%{K���0~±��z�Ù4�0�K{�~|��y6�·�0�4�+��»6�#�+�%� ª �4��Ú�Û ª Ú�����|{K�+{�ÚÆ������³�{K�+���I�U�0�4���%~��)�0�4�+��» t ��¸�Ü�Ó��·�Q�4�+��»·�����4��{M»����M�4��yÝ�%~|{)Ó©��~�{0���¾���+�Q���~|z����%���|�¼~ w ����~|z6Ú�Û ¿ Ú	Þ5���P�4�|{��)�0�4�+��»·�#�%�L�4�|{���~2µ2{��+�+{�³h{��+���|�U�Q�4���¬~X�n¨P���|�

Á3ÂKÃEÅÃOÅKÂÅ�Â¾È
Ê s Á3Â¾Å0ÃÅMÈ�ÂÃ4Â4Å

Ê s Á!Å�Ã4ÂÃ4Â¾ÅÂ¾ÅMÈ
Ê s ÁnÅKÂQÃÂ¾ÈMÅÃEÅKÂ

Ê s ÁnÈUÅKÂÅ�ÂQÃÂKÃEÅ
Ê s ��~|z ÁnÈKÂ4ÅÂ¾Å0ÃÅ�Ã+Â

Ê tGß¬à2w���+{©�����R��z�Ù+���K{�~|��y·�)�0�4�+���K{��P� �%� tGu%Ö%w ����~|z��4�|{��+{©���+{�~|���¬�4�|{��+�K�¨P�|{K�+{±���+{´�¼�%�+{á�4����~â®�ãIäåã ÛRæiçéè «�ê0ë9ì ¬�¾��³|�����%���%�+z|{K� ë �	���|{�~ ëîí Ó¬�©�0~�z�������%�E�L�0�����%�&�4�|{��É�+{Kï��|���+{�ð t ë «Qw x|���4���%��z��0�U����~¼�4�|{����,���%�E��{K���%~|�%�����0����{�~|�K��z���~|��ñ��%~|�+{Kï��|{K~2�4��yÝ�4�|{�x�{��E���L��yÝ�4���+{K³|�+{��+{K~2���4�|{�µ2�0�E�7�)�0ÙO�%�+���iyÝ�%�9������³��%�+�+��x���{�%�¾��³|�|���~|�+��z|{����K�%��³|�I�4{K�K��� �+�%���4�|{©�E�U��~|z|³��%��~��7�%�n��{K���%�EyÝ�|�¾��%{%�����7{��+�+{K~2�4�#������y·�4�����%�+������4�Ý�4�|{�������z�Ù4�0�K{�~|��yÝ�)�0�4�+����{K�K�ò �I���4�|{7%�¾��³|�|���4���0�P���M�4��������y¼���+���+{7��~)³|�¾���M�4���0����³|�+�%x|��{��¼�,����µ2{�ï��|���4{�z|��ó�{K�+{�~2��¾���0�¾�����4{��+���E�4���K�L�#�+�%�Ä¬�¾��³|���L�4���0�����+{��U�|�%�+{�~á�0���¾��~|z��¬�Ä� �+�%�¤�4�|{��+{����%�9�����X³��%�+�+��ôx|�������4��{��K�Rõö�+{Q����ôG�����#{�%�¾�0³��)���+��������y��4�|�+~����¬�|���4�©xh{)÷E�+³����+�+{2� ø�����µI��~|©�¾��y·ù t ë ���¬ ë w{�z�¬{K�7��~��E�4{Q��z��%�,ð t ë «Kw ���|~|��{��+� ë ���7�¾�0�4�|{��7�+�)�����F��x�{K�Q���|�+{�ð t ë «Kw x|���4�7�%�9z��0�U�)�0�+{z|��ú��K�|�����4�6%{�~|{K�¾�0�4{%�6º��%��{M»�����³|��{%�!�+�|³|³��%�+{·�4�|{)µ2{��E�4���K{������%�+�+{K�+³��%~|z5�4�á³�{��%³|��{2���~|zû�4�|{�{�z�¬{K���K�¬�+�+{K�+³��%~|zû�4�´�#�+��{�~|z|�+����³|�K�¥üi�7��{����%~|�+��z|{K�)ýáx|���������%~Ï³h{��%³|��{2�3� {M��%���4�|{K�þ�������3����µ2{)���%�+{¼�4����~.ÓK¸¬¸%¸%¸��#�+��{K~|z|�K� ò �I��{�µ%{K~±����{�µ%{K�EyIx���zIy´����z.ÓK¸¬¸%¸%¸� �+��{�~|z��K�¬�%~���µ2{��¾��%{%�¬�4�|{P%�¾��³|�����%�|��z��E�4����������µ2{P�¬~���y�®Iÿý���ÓK¸�æ Í {�z�¬{K�K�����|����{L�������%�E�������¬�¾��³|���L�%�!�¬�+z�{���ý�x����������%~Ý����µ%{���³|³��+�K»I���·�0�4{���y��Iÿ ®%ý��´Ó�¸ æ�� {�z|%{K�K�¨P���|�7�4��{�x�{K�E���L��y��4�¼�+{�³��+{��+{�~��	��%�¾��³|����~|�+��z�{����)���¾����~|{��|�+��������yÝ�4�|�+~|�7�%�I��4�©x�{��¾�0�4�|{��,z|��ó�{��+{K~2�3�4����~��4�©�+{����%�+z ë « µ2�����|{�� p2q r �%����z�Ù4����{�~��My��)�0�4�+��»�{K��{��¼{�~2�4�K�üi~|�E�4{0�0zX���4�|{�����%�%�+���4�|���7�¬�n�4�|{��2�U��~|�#�%�+z����¾��³|� ò ���+{���{K�+{©z|{�µ%{K���%³�{�z������4�6��z��0�U��E�4�+�|���4�|�+{P������~��4���4�|{�����~|�%{Kz��+{K³|�+{��+{K~2�U�0�4���%~©�%�|�+³����+�+{��·�0�4�+����{K�Xz|���+�K�|�+�+{�z���~���{����4���%~®I� ®I�	�I�!�4�|�%�|%�Ï�+�%��{������0���+���¼³|����}�{�z��6¨P���0����³|³|�+�����¾�Ï���0��³��+�Kµ2{Kz±�4�6x�{·~|�¬���%~|��yµ2{��+�¾�0�4����{©�0~�z�{Kú�����{K~2�Q�Ix��I�������+��{Q���Ey·�4�����+{%�



è 
��������������������������������
! �����" ®IÓ
#%$'&)(�*�+,(-*/.-*/021435146 78097;:<3�=%6 >;(-38+,?.-*/@BA%*�0;1-6 38CC 6 0,D;*/=E38C C 7BF535146 7800%7B=%*'.-6 G�*/.IH.�14380%=%38(�=KJL*/C =,.A,1-6 C 6 1NMKJL*/C =%.OQPQRQSPUT�V<WX */(Y14*IZ X 38(�6 38[%C *\^]`_OUSbaQ\38(�F X 38(�6 38[%C *7;A,1�cd=%*/>;(�*/*e A%C 1-6 >8(-38+%?*�=,>;*/.!38.�38(�F/.IHR<P<\US He 351-*�.IHfKg<h^i ä 3 ç H

¨P�|{²�j� ò �+{K³|�+{��+{K~2�U�0�4���%~¹�%���´z|��%�¾��³|�¹���·�²���%��x|��~��0�4���%~¹�¬�	�+{Kï��|{K~2�4�#�����0~�z����~��¬{Kz·���������Q�0�4���%~��%�|�+��~�©~���z�{����%�h�i����x����+�����iy�³h{��K�,���%��{7~|��z|{K���+{�³|�+{K�+{�~2��µ2{��E�4����{��K��¬�4�|{��L~���z�{��L�+{�³��+{��+{�~������+���K� t ¨P��{��+{lk �7�����+�)���4�|���+zÝ�iyI³�{��%�R~���z�{%�I���|���¾���+{�³|�+{K�+{�~2�4���~�{K~2�4���+{�%�¾��³|����� �%������%�%�+���4�|���P�4���Q�7z|{0�0�������4���+{�µ%{K�¾����%�¾��³|�|�	�0�7�¬~���{%� ò �I�7{Q���U�%�¾��³|��~|{�{Kz|�L�%~|��y·�%~|{�%�¾�0³���~���z�{%�|�+���4�|{�µ%{K�E�4{M»���~|z6���+��~���z�{���³|�+{�z|�%�¼��~��0�4{%� wm {��+{Uk �)�|�Q�e�������%�+���Lnpo3µ2{��Ey.�j� ò z|��¬�¾��³|� �%�	�¬�+z�{�� ë �0~�z¹�+�Nq�{sr ���¼x|��������|³��%~ �6�+{Qï2��{�~2�4�#�������+�¾��yÏ�%� ë µ2{��E�4{�»Ï~|��z|{��K�,�)������~|²����{Q���Ey±�4�5������{K�+��µ%{K�E�4{M»¹°� �¬�)¸utþ°wv ë �.¨P�|{pr ���+��~|��z|{��K�Px2yû���%~2�4�¾���E�Q�P���+{�����~|�%{�z¥�4�%%{M�4��{��������4�|��~ �%{�~|{K�¾������{K���%�Ey�³����%�2�4���Q�9���!{��+�+{K~2�4�#������y©�|~|�E�4�+�|���4�|�+{�zX��o����¾��µ2{��E�4{�»�~|��z|{��iy�³����Q������y�����K�|³|��{K�7Ô¬®�x2y��4{��K����~|z�{Q���¾�6���+��~|��z|{������K�|³|��{K�7®¬¸ t ��~|z��4�|{�%�¾��³|��~|��z|{���������³|��{��®%®¬¸ w Ñ x|�I���4�|{�~|��z|{��+�dqK{��L�Q��~�x�{��¼��z���}|{�zÝ�����4�|�%�I��z���ú����|���iy��9õâ� {M�Õ}�{���z|���%�!{Q���U�~|��z|{�����µ%{���}I»I{�z���z�{�}|~|���4{��¼{Q��~|��~����~��0�����Q���+{�� Ñ �4�|{��+{��)����~���~|�}|{K��z|���Q��~)xh{7�|�+{Kz� �¬��z|��óh{��+{�~���³|���+³��%�+{�����~¥z|��ó�{��+{K~2�¼����%�%�+���4�|�¼���%����~¥z|��ó�{��+{K~2��³|�����+{����%���6�+��~�¬��{����%�%�+���4�|���6¨P�|{·}|»�{KzIôG³|�|�+³h�¬�+{Ý³����E�4���%����~|��z|{����+{)�0������{�z±���4�6÷E�E�U��~|z����+zÏ}�{���z|�K� ø��~|z��4�|{����|���4��³��|�+³��%�+{�³����E�4�7�0�+{��0������{�zÝ���4�¼÷O�|�4�������iy)}|{K��z|�K� øo3µ2{��Ey6µ%{K�E�4{M»6~|��z|{������	�i�����E�U��~|z����+z´}|{���z��	�Q������{Kz OQPURQS ��~|z PUTjV<W �©üi�,¦������µ%���+�#��x|��{9�4���0�R³��%��~��4���4�	��µ2{��E�4{�»�~|��z|{%�0��{lk ���2�Q�����2���n�yx{zB|,}/z2~yx{��|B�I�U�,��z��n¨P�|{�~ O<PURQS�� ¦��³��%��~2�4���4���Ý�E�4�+��~|��%�,�U�����¾���M�4{��+���4���Q���0�0~´x�{��|�+{Kzá�4����z|{�~2�4����y��4�|{����%�+�+{��+³��%~|z���~|µ2{��E�4{�»���~����|�·��~IôG�%�+��{�~2�4{Kz��%�I�4³|�|� Ñ � �%�3{M»�����³|��{%���4�|{E�Q��µ2{��E�4���K{��3�¬�h¬�¾��³|� t��0½%w ����µ%{~�����{K�	�����%{ VlP ��� P ��� T �9ÿ�ÿ�ÿK� T�] �©¨P�|{��¬�4�|{K�	�E�U��~|z����+z²}|{K��z�� PQTjV<W�� ¦����&�����D���	���%�+{���¼³��%�E�U�0~�����~Ý����%�¬�+���4�|���Ln!üF��³��%��~��4�,�4����~����+�7~|��z|{2���4�|{7}|�+�E����~Ý���+��~|%��y�����~|�%{�z)�����E��%�R��{�~|¬�4�p� H t ¦ w �I�����4���%~|{�~|��z|{�� �%�L{Q���¾�6���+�	�4���Q��{K�)��~��0�4{��L�#�+�%��µ%{K�E�4{M»·¦��o3µ2{��Ey����+��~|��z|{������X�i�����E�U��~|z����+z�}|{K��z|�R�0�0����{�z \^]�_ ��~|z OQS<aQ\ Ñ �Pµ2�0�+� �0x���{ p �4���Q�³��%��~2�4�,�4���0~��0�+�7~|��z|{����,�0������{�z·��~���|2��x{��|B�4�U�%��z�� \^]�_�� p �	³h�¬��~2�4�3�4�©�4�|{�µ2{��E�4{�»�~|��z|{�4���0�7�+{�³|�+{K�+{�~2�4�L�4��{��4��³��¬�3�0�+� p
Ñ OUS<aQ\�� p ��³��%��~2�4�L�4���4�|{����+��~|��z|{��4���0�7�+{�³|�+{K�+{�~2�4��4�|{�~|{M»������+�	���|�%�+{���~����4�#����µ%{K�E�4{M»���%�+{�{K�P�����4�·�4���0���%� p �õ µ2{��E�4{�»�¦������4���%�I�+ôGz|{�%�+{K{L¸	���n�+{�³��+{��+{�~��4{�z�x2y���{M�+�4��~| PQTjV<W�� ¦�� ¿u�Àt �4�|{P~��|���³��%��~2�4{K� w ���7�4�|{��E�����+{����O�2�¾�My��2�4�|{��%�I�+ôGz�{�%�+{�{�����ÔI�2�4�|{7z��0�U�	�E�4�+���M�4�|�+{��K�%~2�U����~|�3�4���+{�{���+��~���z�{��������4� PUTjV<W�� ¦^� ¿ p æ � OUS<aQ\�� p æ � ¿ p « � OUS<aQ\�� p « � ¿ p Í ����~|z OUS<a<\�� p Í � ¿� Ñ ��~|z��4�|{��4�|�+{�{©���+�����#�+�%�Ä¦¼��{0��zÝ�4� \^]�_�� p æ ��� \^]�_�� p « ��� \^]�_�� p Í ������|³�³��%�+{%���#�%��{M»�����³|��{%���4���0�L��{��L��~2���4�����%�¼³|�I�4{	�4��{��%�I�+ôGz|{K¬�+{K{��%�Xµ2{��E�4{�»Ý¦����~|z��E�4�%�+{�������~����I�4�������iy)}|{���z��Q������{Kzp��� Sb� �9üF��k �L{0�0�Ey!n��{�� p � PUT�V<W�� ¦�����~|z�� � ¸|�� �|����{ p �¿u� ���+{M��� � �y�.Ó©��~|z p � OUS<aQ\�� p �����{��y��� Sb��� ¦^� � ��� tGßb�Qw

� �|{�~á��%�¾��³|���%�7�����|���4��%�¾��³|���������%~|�+��z|{��+{KzÝ�4�¼x�{���z|��%�¾��³|���������¼{�~2�4���%~|{Kz��x��Qµ2{%�%���4�9{�z|%{��,��¢D¢D¢�¦����+{L{Q���¾��{Qï2����µ%����{K~2�n�4�	�i���©���+�K�K�%�7¢D¢ £â¦���~|z�¦,¢D¢ £Ç�R�n¨P�|{��+{���+�������+{��Q������{�z.÷E�)�0�4{��+ø Ñ �0~�z��4��{My������K�|³2y��i�������+��~|��z|{��K�h�¾��y p ��~|z p � �����|{K�+{ p��³|³�{0�0�+�P��~)�4�|{������E���%�R���+����� �+�%�§����~|z p � ��³|³h{Q���+����~)�4�|{������E���¬�!���+���P�#�+�%�§¦��9¨P�|{K~\^]�_�� p � ¿ ¦Ý��~|z \^]�_�� p � � ¿ �R� � {lk ���R�0���+�����+���4{RbPQ\US�� p � ¿ p � ��~|z R<P<\US�� p � � ¿ p s tGß%u%w��~á�0��¬�%�+���4�����L�4���0���L��~2���4�¼���Qµ2{©�¾��³|��z|��yÝ� �+�¬� �%~|{������E���4�·��~|�¬�4�|{K�K� m �Q��{Mµ2{��K����{�|�+��������y©���%~�k �3~�{�{�z��4�	�E�4�%�+{7�0~�{M»I³|�����K���n³��%��~��4{��n� �+�%� �0~)�0�+�P�4�����4�n�·�Q�4{2�¬�%�n�4������µ%{



®%® 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ è

6 e +%C 6 F/6 1-C M[%6 1N¤�6 .-*�g!¥�¦+�7;(Y1438[%C *§¨ � V>;(-38+,?90%7B=,*R���© �O���© �ªQS<T<\^]{V{S^W��5© �] � �5© �6 =« =%6 (�*/F/1-*/=9>8(43�+%?%.[%6 +L38(Y1-6 1-*�0%*/.-.�1-*�.�1-6 0%>2H

�¼�|�4�������iy�}�{���z6�0������{�z R<PQ\US �����4�|��~6{0���¾�´���+��~|��z|{2�hx�{K�Q���|�+{��4�|{�~�{���{K�+�¾���Ey6����~|���0��~x�{�z|{�z|����{�z���¬���®�4�,��}4�®¯¼���|{K~��4�|{�z��0�U���E�4�+�|���4�|�+{�������x�{�{K~����%~|�E�4�+���M�4{�z�����{�µ%{K�+��y2�¨P�|{Ý���¼³|�����K���+ôG�)�0�4{��4�+���¾�²���%�+���������%{¼�4�����Ln � ������{)�K�+{Q�0�4��~|6{0���¾�Ï{Kz|%{·��¢D¢D¢¥¦�%�7��~Ï��~|z|���+{K�M�4{�zÏ%�¾��³|�Ï�%�����|���4��%�¾�0³����!��{·��~2�4�+��z|����{��2°�±j²%z2�,³b}-��x�z����+�·~|��z|{���� �¬��7¢D¢ £â¦·�0~�z·¦,¢D¢ £Ç�R�9º��%��{�»|���¼³|��{%�������4�|{��+{����+{�®¬¸�x2y��4{��P³�{��L���+�	~���z�{%����{Uk �����+{��+{K�Eµ%{�2¸©���%~|�+{��K�I�4��µ2{7x2y��4{���� �%��{Q���¾�)~�{M� ³������K� � {7�Q��~������+�©�·�0�%{7�+�|�+{7�4���0���4�|{7�¼{����%�Ey��z|z|�+{K�+���%�R�4�|{�}��+�E�7x2y��4{����������|���4��³���{��%�9×I�,¨P��{�~����R�4�|{©���+��~|��z|{ p ������~��¼{����%�Ey�����Q�0�4���%~s´,�|���4�L�·�Q�4{����L��~������Q�0�4���%~µ ´¶�û®¬¸ s ����´¼�¼��z©× ¿ ¸´�¢±®¬¸ s ����´¼�¼��z©× ¿ ��· ¿ ´�¢±®�¸��¹¸I�%¸Eº t+t ´»º¼� w ¢ûÓ w�½ ÿ tGß%ß%w���|�U���4�+���¾���7���+{�µ2��������x|��{���~��K�¬��x|��~��0�4�%�+�#����³|�+�%x|��{����K�|���|{K~��%³�{��¾�0�4���%~|���¼��%�2�x�{Ý³�{��+� �%�+��{�zû���4�+���������¬~5�4����{K�K�nx�{��0�0���+{·{Mµ2{K�Ey´�L��y5�4�á�¾��µ%{�ÔI�	��~���~|�%�+{����%~|z���³�{���%³�{��¾�0�4���%~´�������3�)���%{¼�+�|�U�¥�����%��³|�|�U�Q�4���¬~5}|~|���+�¥��~5���¬���©�+���¬~�{��K� ò �I� tGß%ß2w ���+~�k �z|���+{K�M�4��yÕ÷E³��%�E�U�0x���{�ø�� �+�%� �%~|{)����³|��{K��{K~2�U�0�4���%~á�4�²��~|�¬�4�|{��K��üi���4�|{)�+�Nq�{)�¬�7��~¥�0�+�~|��z|{·��{K�+{·�¾���0~�¬{Kz¥� �+�%� ®¬¸��4�´®����9� �%��{M»�����³|��{2�!��{·���%�|��z¥����µ2{·�4�á�¾����~|%{Ý�4�|{~��|��x�{��+�E�2¸|��®¬¸I��×I����~|zs����~ tGß%ß2w �4�¾��×���®`����Ó������0~�z�×I�¨P�|{6����%�%�+���4�|������~¥�4�|����x����%�5�������P�)���%{�~|�±���+�+�|�¼³I�4���%~|�)��x��%�I�)~|��z|{��+�dqK{��K�üi~|�E�4{0�0zX�n��{Uk ���L��z|�%³I�)�����%~2µ2{K~2�4���%~¥�¬���4�|{�¿�³��+�¬%�¾�����¼��~|6� �0~�¬���0%{���~|z¥���4��z|{�ô�+��{K~|z���~2�4�K�I�+���4���0����� p ³h�¬��~2�4�,�4����~Ý���+��~|��z|{2��À p �¥Ólk�z|{K~|�¬�4{��L�©³��%��~2�4{K�,�4�©�4�|{��0�+�~|��z|{��4���0���#�%�����Q���L���L��~���{��¼�%�Ey2�nõ�~|z���~�¬{K~|{��¾���
¨ � V���O ��� S�� p �û°��Q� ¿ ¨ � V���O ��� S�� p �Q�E�û°bÁ s tGß�Â�w���|{K~��4�|{K�+{��0�+{EÁ,x2y��4{��9��~�{0���¾�¼�0�+�P~|��z|{2�9��������� �0�+��y2�0����¦©���,��µ2{��E�4{M»©µ%���+�#��x|��{%�<À ¦��)°�k�������h�E�U�0~�zÝ� �%���4��{�°2�4�·µ2{K�E�4{M»)~|��z|{	� �%�����Q����~|�~|��z|{	¦ Ñ �4�|{����M�4���0�&��{K���%�Ey¼�����0�Q�4���¬~�%�X�4���Q��~���z�{	�������&xh{�¦)³|���|��°¼�4���¼{����4��{��+�dqK{	�%�9��µ2{��E�4{�»·~|��z|{2�¨P�|{P�E�U��~|z����+z�}|{���z��!�%�h��%�¾��³|��~|��z|{ © ��~|������z|{ R��5© �����4�|{��4���U����~��|��x�{��9�%�����+��� ÑO��5© ���R�4�|{¼�4���U���,~��|��x�{����%��µ2{��E�4���K{�� Ñ ª<SQT<\^]{VlS�W��5© �I�n��³��%��~2�4{K���4���4�|{·}|�+�E�©µ2{��E�4{�»~|��z|{���~��4�|{��+{Qï��|{�~2�4� �0�X�����E�L�%�9������µ%{K�E�4{M»Ý~|��z|{K� Ñ ] � ��© ���|�4�|{�%�¾�0³���k �7��z�{�~2�4��}��Q�0�4���%~�����|���U�����7���E�4�+��~|������%{�Ã�ÄlÅ<Æ�Ç �2ÈQÉ<ÈUÉ�Ê8Ë�Ê8Ë�Ê8Ë � Ñ �0~�z��+�%�¼{��¬�4�|{��L}�{���z|��~|{K{�z|{Kz��#�%�L�4�|{���������Q�0�4���%~ ��~|z �+{��MyI�K����~|±�¬���¼{��¼�¬�Eyû����{�~.�4�|{6%�¾��³|� %�+�Q���Ý�¬�Ý�+�|�+��~|���K���%�·� �¬�{M»I³��%�E�4��~�¼��%�¾��³|���4��{�»��4{K�+~����&� �%�+�)�0�4�P�4���0�7��~2�4{��+�D����{	�����4���¬�4�|{K�L�|�+{��+�	�0~�z��¬�4�|{��%�¾��³|�IôG�)��~|��³|�|�#�0�4���%~±�EyI�E�4{��¼�K� ò �I����{·�������,�¾���+{���y5~�{�{�z±�4�6�+{K�#{K�©�4�²��~2y±�%�P�4�|{��+{%�¾��³|�·~|��z|{�}|{���z|�K��~|�%��������������x�{�~|{��K{��+�¾���Ey��4��%��µ2{	���K�¬�¼³|��{��4{�z|{��+�K�+��³I�4���%~)�%�!�j� ò� �¬�+�·�0�©�|{K�+{%�R�+��~���{¼��{¼�+�������,z|{K�+���+��xh{·�0�����%�E�������3�%���4�|{¼%�¾�0³��¥�0��¬�%�+���4��������~´�4�|����¾���0³|�4{��7x2y��E�4���¾����~|��4�·��~po,~|%�����+�|ôG�#��~|%����¬{©z|{K�+���+��³I�4���¬~á�0�	���D�����+��y��0x��E�4�¾�0���7��{�µ%{K���~|�E�4{0��z��%�Rz|{K�+��{K~|z|��~|��4���4�|{�x|������{�µ%{K�&�%�R�·�0�U�|��~|{�³|�+�%%�¾�����K�Ì�ù�Í-ÎÐÏ�Ñ�Ò�Ó�Ô`Õ�Ï�Ö×Õ�ÑYÓ^Ø�Ô{ÍNÙ`Ö�Î×ú�¨X���������|�E�4�¾�0�4{��Ý��{�z����|��ôG����%�IôG��{Mµ2{K�9����%�%�+���4�|�î�%��4�|{6����~|z �4���0�)����������³|³�{Q���·�#�0�4{��K�P��{���k �·���%~2µ2{��E�·�4�|{6³|�+���%���%��¨P�|{K�%�+{�� ò ��~2�4�¥��E�4{�³|ôGx2y�ôG�E�4{�³�³|�+����{Kz|�|�+{	�4���0��³�����~2�4�P�4�|{	µ2{��E�4����{��P�%�n��%��µ2{�~�¬�¾��³|�������4�·�i�����K�¬���¬�+����|{K~|{Mµ2{��P�4���Q��%�¾��³|�����Lx|��³����E�4���4{%�Ì»Ñ�Ó^Ø�Ô�ÍYÙ`Ö�Î ÿ t/Ú �®j��|,}-��}/z,±�zB²2²�}/zB²B}-��±<Û w ������µ2{�~��P%�¾�0³����+{K³|�+{��+{K~2�4{�z©��~���� ò � �%�+�)�0�Q��4�|��������%�%�+���4�|�§{K���4�|{��P}|~�z|�7��®0ôG���%���%�+��~|������4� V � ¨ � T�� ¦^�ÝÜ�ÞQ¸ s Ó{ß���~Ý{0�0�U�·µ2{K�E�4{M»·¦���%�L���P�4{K�+����~��Q�4{K�P�|~|�+�|�K��{��+�+� �|����y)����{�~�~|��µ2�0����z�®0ôG�K�¬���¬�+��~|����L³��%�+�+��x|��{2� m {��+{ V � ¨ � T�������I�4�������iy·}�{���z6��~�{Q���U��µ2{��E�4{�»�~���z�{%��õ�~|�¬�4�|{���µ2{��E�4{�»��I�4�������iyÝ}�{���z�� ¨�]`OQà�� ¦��������	�



è 
��������������������������������
! �����" ®%Ô
.�1438F4DX */(Y14*IZ X 38(�6 38[%C *38(�F X 38(�6 38[%C *=%*/+,1-?,cdJL(�.�1�.-*53�(�F4?.-+L3�(-.�*'>;(-38+,?%.« 3�(-F/.#214380%:	7;(�=E$!(-38+%?�&b38.-*5H�H>;*/0%*/(4351-7;(�(�7;A,1-6 0%*/.(�7;>;*I1á^78>;*I1á^78>;*I1[�7B7;Dâ�A%>870%7 X */C[%6 [�7B7;D[%6 +L38(Y1-6 1-*�>;(-38+%?

µ2{��E�4{�»�³��%��~2�4{K�	�|�+{Kzá�4�Ý�)����~2�U����~²�·�E�U���¾���%�������n���%���%�+{�z6µ2{��E�4���K{������|�%�+{�~|{K��%��x��%�+�����µ2{�~|�¬�Ly%{��Lx�{�{K~Ý{�»|���¼��~|{�zX�!õ�~����I»I�����#���Ey¼µ%{K�E�4{M»)µ%���+�#��x|��{�ã�³��%��~2�4���4���4�|{	�4�¬³��%��4�|�����E�U���¾�h��¨P�|{��0��¬�%�+���4���Ä�����+�¼�|�+{���µ2�0�+� �0x���{��L�R�|¦����â� �%�Pµ2{K�E�4����{K�7�0~�z p � �¬�����+���K�¨P�|{�µ%{K�E�4{M»Ý~|��z|{K�7�0�+{����+�+�|��{Kz��4��x�{�¦{äå�¹°)�#�%�7¸�t.°»v ë �ÿ»æ,ú�ç üi~|���4�#�����Nq�{%� è·��{M� V � ¨ � T�� ¦{äé�û°�� � ¢�Ó�� �%��¸stâ°êv ë � t-ë �Q� �����Rµ2{K�E�4����{K���0�+{�|~����%���%�+{�z�� w ¨P�|{�~��+{���� � ¦{ä�� ë �ÿíìIú�ç î	�%~|{`ï,è t õP�7�4�|����³h�¬��~2�	������µ2{��E�4���K{��©¶.�Ç����µ2{©xh{�{�~����%���%�+{�zX����~|z6�+�¼����µ2{©�4�|{~|{K��%��x��%�+���%�7���������%���%�+{�z5µ2{��E�4����{��K� w ¨X{K�+����~��Q�4{¼�4�|{Ý����%�%�+���4�|� �+�|�K��{��+�+� �|����y´���� ¿ ¦{ä%�å�7�4�|{��E�����+{��+{���� � �.¢ûÓ%�I�4��{�~|{�»������Q��{��Pµ2{��E�4{�»Ý~|��z|{%�ÿ¾ð2ú�ç ñ��%���%�Ý� ���©~|{K��{��+�¾���Ey�� è¡üi� V � ¨ � T�� �)��¶ ¸|���+{M�4�|�+~ �4� ò ®I�ñ���4�|{K�E�����+{á�+{��V � ¨ � T�� �)� � ¸|� ¨^]`OQà�� �)� � � ����~|zêã � ���ÿÝò�ú�ç �2�U���¾�ôó �R� è©��{��7� � ã¬��ã � ¨^]`O<à�� ãl��� p � PUTjV<W�� ����� t � {��������X{M»�������~|{������~|{K��%��x��%�+���¬�R�4�|{����%���%�+{�zÝµ2{��E�4{M»Ý�R� wÿíõIú�ç î	�%~|{	�����4���!ï,è�üi� p ¿u� �|%���4� ò ×I�å���4�|{K�E�����+{��+{M�7¦ � \^]`_�� p ���ÿ¾ö2ú�ç ÷,�+���K{��+�L¦�� èLüi� V � ¨ � T�� ¦^�Ýv¹¸|�I�+{�� V � ¨ � T�� ¦^� � Ó�¢ V � ¨ � T�� ����� ¨^]�OQà�� ¦�� � ã%���~|zêã � ¦��å�7�4�|{��E�����+{���� V � ¨ � T�� ¦�� ¿ V � ¨ � T�� �����I�4{��+�¼��~��0�4{	�|~��+�|���K{��+�+� �|����y��ÿíøIú�ç ùX���%³��%~ p � è	��{�� p � OUSbaQ\�� p ����~|z��+{M�4�|�+~Ý�4� ò ýI�ÿ¾ú2ú�ç �2�U���¾�·~|�%~|{K��³I�iy^ï,è�üi��ã �¿u� �|�+{M�4���+~Ý�4� ò ���å�7�4�|{��E�����+{��+{��4�|�+~��4� ò ®I�¨P�|���P����%�¬�+���4�|� �����	µ2�0�+� �0~����%�X��%{�~|{K�¾����¬�¾��³|�)�4�¾�Mµ2{K�+�¾�0��³|�+����{Kz|�|�+{7�Q������{�z±÷Ez|{�³|�4�Iô}|�+�E�	�+{0�0�+�U��� ø)���|���U����{��������R�E�4�|zIy���~6z|{��U�0���R��~²��{����4���%~ è � ����Ó%��üF�4���+�|~�~|��~|¼�4����{©���ù t rû� ë w ���|{�~´�4�|{K�+{·���+{ír ���+������~|z ë µ2{��E�4����{�� t �+{K{¼{�»I{��+�����+{ è ¸ w Ñ �4��{��+{�� �%�+{¼���������{K������z���³I�4{Kz´�4���4�|{)���%���¼�%~´�0���+{¼�%�P�+³����+�+{)%�¾��³|�|�K� � ���4�5�+�·�0���3�¾����~|%{K����{�Q��~´�)���%{������%�I�4³|�I����~²��z|zIôG��{�~|¬�4�´�MyI����{����|{K~|{Mµ2{��������4{��+�¼��~��0�4{��	��~|�+�|���K{��+�+� �|����y���4�|{K�+{�x2yÝ³|�+�QµI��~|��4�|{�����³��%�+�+��x��������iy)�¬�9��®0ôG�K�¬���¬�+��~| t �+{�{�{M»I{��+�K���+{ è ® w �ü�ý Õ^ÎÐÏ�Ñ�Òrù�Ø�þ�Ó�Ô�Õ^Ï�Ö�ù�ú7¨P�|{7�2�U��~|� �¬�+zô���¾��³|� ò ���+{P��~������|z�{��3�7����x��¾�0�Ey©�%���¼�¬�+{��4����~�4�|�+{K{�z��{qK{�~5%{�~|{K�¾�0�4�¬���+�%�I�4��~|{K�K���0��³���x|��{��%��³|�+��z|������~|6�Ý%�+{Q�0��µ2���+��{M�iyá�%��%�¾��³|�|���~|záz���%�¾�0³��|���#�%�	�|�+{���~á{M»I³�{K�+����{K~2�4�K� � {lk µ2{������+{0��zIy�z|���+�����+�+{�z�ÿå°�|���² Ñ ~|�Q�Æ��{���k ������%�)�0�7�©� {M�ö�¬�X�4�|{	�¬�4�|{K�+�K�I��~·�%�+z|{K���4��%{M����� {�{�����~|�� �%�P�+�¬�¼{��%�X�4�|{	³��%�+�+��x|�������4��{K�K�� |;°;ÛQz%} t ÓK¸2®%® s ¸ s ¸ s ¸ w ���P�	z����+{����4{�z¼%�¾��³|�������4��ÓK¸2®¬®�µ%{K�E�4����{K����~|zÝý¬¸ è ý����+���K�9¨P�|{µ2{��E�4���K{��3�+{K³|�+{��+{K~2���4�|{��0�0�4{�%�%�+��{��,�%�����%�+z|���%�,�K�%~|��{K³I�4�3�4���0�å÷n���Ï� Ø �%¬{��P��~|z����Uù,�Ø �%%{M�Ý��~|�K���|z|{Kz ��~ �4��{����)�D�����%�|�áÓ��0�4�IôG��{K~2�4�|�Ey ê]ë�ì��	��
��
� t ùX�%~|z��¬~'nåùX�%~|%�)��~|�K����+{�{K~��7ÓQ× è � w �¥¨P�|{����+���·���+{·�4�|{����+�%�+���+{K�#{K�+{�~|�K{���x�{��i��{�{K~û�Q�0�4{�%�%�+��{��K���0�¼�#�%�|~�z��~��4���0��x����%�h�Pº��%��{�»|���¼³|��{%�|�iyI³|���0���!���+�����0�+{ Ã������lÅ�¢D¢ £���Ä��<Ç����bÅ��R��Æ��QÇ��UÄ����lÅ��7¢D¢ £�QÅ������9� �bÅ���!�{Å����"�UÄ�#L¢D¢ £%$��&�{Å�#'��#�(h���)�"$�(��{Å!������¢D¢ £*��(�$�� #��jÇQÇ&�LÃ'����¢D¢ £+���&��Ç����"�#��h�� �2°�°, t.-�/ �&��# -%s ×¬¸ s ¸ s Ó s Ô%ýl� s ¸ s ¸ s ¸ w ������%�¾��³|�6�����4�²×¬¸¼µ2{��E�4���K{����0~�z²®%ý��·{Kz|%{��K�¨P�|{7µ%{K�E�4����{K�,�+{K³|�+{��+{K~2���4��{7�¾���0�¾�����4{��+���¬�10	�����4�¬� m �|%��k �32 ì��54768�:9ì��	��;�<Dì�� Ñ �4��{7{�z�¬{K����%~|~�{��M���¾���0�¾�����4{��+�����|��{K~|���%�|~��4{��©{0�0�U�5�¬�4�|{K����~´�4���0��~|�Qµ2{��G��¨3y�³����Q���3{�z|%{����0�+{= ��#��"� #��,¢D¢D¢ ø �����lÅ��h� V ÄjÇ��������,¢D¢D¢ \ �5>�#"�{ÅbÆ����lÅh�� �,� �2°�°, t.- / �&�# -¬s ×¬¸ s ¸ s Ó s Ô%ý{� s ¸ s ¸ s ¸ w ���9�Lx|��³����E�4���4{,%�¾��³|�©�����4��×¬¸^��Ô%ý{�Lµ2{��E�4���K{����~|z è ® è {�z�¬{K�K��¨P�|{�µ%{K�E�4����{K�L�+{K³|�+{��+{K~2�7�U�����¾�0���4{��+���%���U����³I�4{��+�7��~?2 ì��@476A�:9ì��	��;�<ãì.� Ñ�4�|{�{Kz|%{��¼���%~|~|{K�M�¼�U�����¾���M�4{��+�������4�¥�4��{��¾����³I�4{K�+�¼��~¥���|���U�¥�4�|{My¹��³|³�{0�0� t �#�%����~Iô�E�U��~|��{2� O ���^Ä�$)�bÄ�#L¢D¢D¢�BDCFEGCIHX� R �{Å!� ��Çn¢D¢D¢KJ3CFE J3CLJ w �



®�� 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
+%C 380%* e 6 C *�.+%C 380L3�(�>;(-3�+%?6 0%JL0%6 1NM¦�*�C 3�A%0L3/Mé1-(�6 380%>8A%C 3�1-6 7;0F�780 X */Zé?BA,C C+%C 380%* C 6 .43=%6 >;6 1-6 G�*/=6 e 3�>;*N�*�780L38(�=%7�=L3PO�6 0%F�6fK780L3DN�6 .-3+%6 Z,*�C .(�7B7;D2¤�6 .-*'F/7;0%0,*�FI1-*�=[%6 C 6 .43[%6 +L38(Y1-6 1-*�>;(-38+%?. e 6 C *$!?%*/(-38(�=%6 0%6RQ�N�6 .43(-3 e 380*/Z,+%380%=%*/(�>8(43�+%?(�*�>8A%C 38(�>8(43�+%?�Há�3 e 3�0BATSY3809>8(43�+%?%.>;6 (Y1-?=%6 3 e */1-*/(

� �����±�z ¬Ý�-��z,² t ÓQ®%× s ¸ s ¸ s ¸ s Ó s ¸ s ¸ w ������³|� �0~��0��¬�¾��³|�5�����4� ÓQ®l�Ýµ%{K�E�4����{K����~|z¥Ô%×IÓ{�z�¬{K�K�á¨P�|{·µ%{K�E�4����{K�©�+{�³��+{��+{�~���ÓK®%×������4��{��©��~5�4�|{�U�~|���4{�z¥���U�Q�4{K���%�¼ñP��~���z��I�n³|���|��²�+³�{��K�#���Pµ2{��E�4{M» ]`O�= � �%�)�ö÷E³��%��~2�·�0�)��~�}|~|���iy�� ø ¨P�|{�{Kz|%{��¼z|{K}|~|{��4��{��+�¬ôG�0�0����{�zV z%����³<±���¯ }-|B�I��±<Û�³j���{}-�4°�±Ç�%���4�|�%�+{´�����4��{��K�7x��0�+{Kzö�%~ö�#�0�4���4��z|{´��~|zÕ���%~|%���4�|z|{²��~Õ�³|�#��~|{ Ñ �4�|���Ý��{Q��~|�Ý�4���0���¹¢D¢D¢â¦¹������~|zÀ�%~|��y.�����4�|{á�+�·������{��E�������+�K��{6�4���0��³����+�+{���4�|�+�%�|%�Ý�6��~|zÝ¦�z|��{K��~����L{�~|�K���%�+{���~2y·�¬�4�|{���µ2{K�E�4{M»&��o3z�¬{K���0���+���+�|~Ýx�{M�i��{K{�~ ]`O&=��~|z·�����Iµ2{��E�4����{��9�4���0�,����{P�%~��4�|{����%~2µ2{M»����������%�������|�����iy������Q�0�4���%~|�K�!¨3yI³|���Q����{�z|%{����0�+{W �&������$)� Ê � P ¢D¢D¢ ª ��#'�lÄ������lÅ ÊXWbV ¢D¢D¢ ]`O�= Ñ \ Ä{Å�Ä�#��jÄ Ê � O ¢D¢D¢ T Ä�� ���jÇ���lÅ Ê�O)Y �� �����±�z �	��²,� t Ôl�¬¸ s ®%ý¬¸ s ÓQý s ¸ s Ôl�¬¸ s ¸ s ®%ý¬¸ s ¸ s ¸ s ®%®l�%ý�¸%¸%¸ w ������³|�#��~����3¬�¾��³|���4���0�,�����Ô¬¸2® M µ2{K�E�4����{K�,��~|z·ý{�l� M {�z�¬{K�K�nüF�3���,�¬x|�U�0��~|{�z�x2y��E�U���E�4��~|������4�)�	z|��%���4�dqK{�z����)��%{L�%�ùX{K�%~����+z|��z��Z0	��~|�K�Ik � 4\[�]!� 2 68�	� �%����µ���~|©Ôl�¬¸	�+�K�����0~�z¼®%ý¬¸	�K�%���|��~��9�¬��³|��»I{K���K���4�|{K~�+�%�|~|z|��~|·�4�|{�³|��»I{��!��~2�4{K~|�+���4��{K�7�4�²ÓL�)��{Mµ2{������%�,%�¾��y6�#�+�%�î¸ t x|�#���U� w �4�²ÓQý t ���|���4{ w �¨P�|{¼�+{��+�|���4��~|�Ô¬¸2® M �+���%�������+{��K�%~|~|{����4{�z´�+{�%���%~|���¬�����%~|�E�U��~2�©x��+��%�2�4~|{��+�����+{��4�|{K~���%~|�+��z|{��+{KzÝ�4��x�{�~|{K��%��x��%�+�L���|{�~Ý�4��{MyÝ�+�����+{���³|��»I{��&x��%�|~�z����Ey2� t ��{�{�º!��|�j��� w

^`_8a!b1c"b5dfe)gih�gkjml n�oqp.r)e)gkjIgis�rts�u1vxwFy&zZ{"|i}Tz�~��DgkjI�tl��.nis��qp.�)�te)p�jml gin����&p.�LjD��gkp��Pp.etu8oqs���l uAl om�T�
� �,� �®�Y²%� t Ôl��¸ s ®¬ý¬¸ s ¸ s Ô{�¬¸ s ¸ s ®¬ý¬¸ s ×IÓ��%® s ¸ w ������x���³����E�4���4{�%�¾��³|�������4�6Ôl�¬¸��¹®%ý¬¸ ¿�IÓK¸Lµ2{��E�4���K{��n�0~�z �2¸U�%®%ÔL{�z�¬{K�K�RüF��k �9��~|�¬�4�|{��R�U���%{��%ó��%~)ùX{K�%~����+z|��k �!�D�����%�|�R³�����~��4��~|���4�|���n�4����{�����~|����~|	�+�K�����0~�z��K�%���|��~��!���|{K�+{P�4�|{Px|�+��¬���4~|{��+�3��{Mµ2{K�I���,�0�3��{0���E�LÓ ê ×��nº��%�{M»�����³���{%���4�|{�{Kz|%{�Å1E Ë B3¢D¢D¢���E�E��¼�����K�|�+�L�+��%�2����~Ý�4��{�����z|z|��{	�%��ùX���¾�bk �¼÷E�+�¼����{%� ø� |;��¬ô��± t ÔIÓ s ®%Ô s Ô s Ó w ���¼��%�¾��³|�Ï�����4�ûï2�����4{���z|��óh{��+{�~���~��0�4�|�+{Ý�#�+�%� �4�|{��j� ò%�¾��³|�|�¼��~¹³|�+{MµI���%�|�¼{M»�����³|��{��K�¹üi~|�E�4{Q��z¹�%��x�{K��~|´����~|�%{�z¥�4�5�#��~|%����¬{2�������4{K�¾�Q�4���+{%��%�¼�¬�4�|{K�¼�%�I�4%�+�K�L�4���¼�%�	�����)��~ ���|���4���+{%������k �·�²�+�¬ôG�Q������{�z ÷ Ø ���)��~��¬Ù+��~ {M»I³���~|z|{K�%�¾��³|��� ø©x��0�+{Kz¼�%~¼�E�4�+���M�,�)�0�4�|{K�)�0�4���Q���I³|�+��~|����³���{��K��o����¾�¼�%�h���4� t ®%Ô Í ¢·®%Ô w ê ® ¿ ��¸ M ®µ2{��E�4���K{������0�¼z|{�%�+{K{�Ô%® Ñ �|{K~|��{����������ô� M ÓQý%®6{Kz|%{��K�û¨P��{Ýµ2{��E�4���K{����K�¬�+�+{K�+³��%~|zû�4�{Kï��|��µ%����{�~���{©�K�#���+�+{��	�¬��®¾�á®)�)�0�4�+���K{����4���Q�©���+{�~|�%~|�+��~|%�|�#�����¼��z|�|����®%Ô Ñ ���iyI³|���Q���{�z�¬{²��� � B Ê8ÉP� E Ê El��¢D¢D¢ � J Ê��P� E Ê �^��� Ø ���·�0~���Ù+��~ö¬�¾��³|�������+{²���¼³��%�E�U��~2�Ý�U�|��{��|yx�{K�Q���|�+{9�4�|{�y	����µ2{3�|~��|�+���0����y	����%��%���E�4�©��~|z©���Q�5z|� �0�¼{M�4{K�&� �%�&�4�|{������+�dq�{���~|z©z|{�%�+{�{2�¨P�|���L�%~|{����0��%���E�4���¼��~|z�z|� �0�¼{M�4{K�K���



M 
��������������������������������
! �����" ®%ý
[%6 +L38(Y1-6 1-*(-380%=%7 e >;(-3�+%?+%.-*/A%=%78(43�0%=%7 e>;6 380;1!F/7 e +�7;0%*/0216 .-7;C 3�1-*/= X *�(Y1-*IZ(-380%=%7 e >;(-3�+%?* X 7;C A,1-6 7;0=%6 >;(-38+,?�Q�(-3�0%=%7 e(-380%=%7 e >;(-3�+%?.-A%[%.�*/1-.=%6 .RSY786 021�l*/1-*/(�.-*�0é>;(-38+%?+L38(Y1-.+L38(Y1-6 1-6 780.-6 e +,C *IZF�7 e +�78.-6 146 780%.!78: æ ä 6 021-7�:®78A%(�0%7;0,0%*�>;3�1-6 X *�+L3�(�1-.[L38(YM,F/*�0;1-(�6 F�F/7B7;(�=%6 0L351-*�.1-*/1-(-38?%*/=%(�7;0[�7238(�=DB0%6 >;?;1[%6 .-?%78+F4?%*/.-.1-(-6 3�0%>;A%C 3�(!>8(-6 =

� |;��¬ô��± t ý s Ô M s � s Ó w �Q�+�������#���+��y2�K���n�L�+{�%�|�#���X%�¾��³|�©�%�Iz|{K%�+{�{é�P�����4��ý¬¸l�IÓ��Pµ2{��E�4���K{����~|z�ÓQý�ÓQ×���×�{Kz|%{��K�!üF�3�����3%���E�4��ÓK¸|�%z|�#���¼{M�4{��PÓK¸|����~|z�����³|³�{K~|�������+�	�4��x�{Px���³����E�4���4{%�� |;��±'�U°�¬ Û{|;�B"� t ÓK¸¬¸%¸ s ý¬¸%¸%¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ã w �����±%�¾��³|�.�����4�ÇÓK¸%¸¬¸±µ2{��E�4����{��K�ý¬¸%¸¬¸L{�z�¬{K�K����~|z��+{�{KzÝã%�XüF�7÷E{Mµ2�%��µ2{�z�øPx2y��E�U���E�4��~|P�����4��~|��{�z|%{K�K�K�4�|{�~�x�y	�+{�³�{0�Q�4{Kz|��y�¾�����%�+��~��³|�+{��|z��¬�¾��~|z��¬� µ2{��E�4{�»²~�����x�{K�+��¸�t � s ¦�vÄÓ�¸%¸%¸á�0~�z¥�0z�z|��~|��4�|{){�z�¬{�	¢D¢D¢¼¦����|~|��{K�+��� ¿ ¦·�%�L�4���0��{Kz|%{��L���	�����+{Q��zIyÝ³|�+{K�+{�~2�Q� � �|{K~êã ¿ ¸|�h�0���&µ2{��E�4���K{��x�{K���%~|��4�)��%�#��~2�����%��³��%~|{K~2���%�R�%�+z|{K���l�l�I�I{�»I��{�³|�L� �¬�L�4�|{����+�%�#�0�4{�z·µ2{��E�4{�»��¬¸2×I�� |;��±'�U°�¬ Û{|;�B"� t ÓK¸¬¸%¸ s ý¬¸%¸%¸ s ¸ s ¸ s Ó s ¸ s ¸ s ¸ s ¸ s ¸ w ���©�·z���%�¾�0³��á�����4�¥ÓK¸%¸%¸·µ2{��E�4���K{����~|z6ý¬¸¬¸%¸)�0�+�K�K�|�%xI�U����~|{KzÝµI�#�����+���¼���#���P�+�¬�E���%�!{�µ2�¬���I�4���%~�� t üi~��D���M�Q�|{Q���¾���%�R���4�7�0�+�K�����³|³�{K~|�L�4��xh{�³����E�������+���%�å|;��±'�U°�¬ Û{|;�B"� t ÓK¸%¸¬¸ s ý�¸%¸%¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ¸ w � w� ²2³��,²%z,}-² t ý s Ó s ¢�ÓK¸ s ¸ s ¸ s ¸ s.� E s ¸ w ������%�¾��³|�5�����4� ¸ æ4æ� ½Ý¿ �Q�¬®�µ2{��E�4���K{��K�!�%~|{)� �¬�{Mµ2{K�Ey�}Iµ2{MôG{K��{��¼{�~2���+�|x|�+{����¬�EÞK¸ s Ó s ÿ�ÿKÿ s ÓK¸<ß2�©¨����·µ2{��E�4����{������+{���z�Ù4����{K~2������{�~|{�µ%{K��4�|{Ý�K�¬�+�+{K�+³��%~|z|��~�á�+�|x|�+{��4�¼���+{Ýz|���éÙE�%��~2� Ñ �4���|�K�3�4�|{·%�¾��³|�¥�����+{K¬���#�����¬�7z|{�%�+{�{s�I���~|z����P������ÓQÔ%×l��{�z�¬{K�K� � {	�0�0~Ý�K�%~|�+��z|{K�P�����4��x�{���%{�~|{K�¾�����dqQ�0�4���%~·�%���4�|{ ÷!{��4{��+�+{K~%�¾��³|���I���|���¾��������²2³��,²,z%}-² t ® s Ó s ¢K� s ¸ s ¸ s ¸ s � E s ¸ w �����%~|{��%�!���4���j� ò ~�����{K�K�� ²2³��,²%z,}-² t ý s Ó s ¢�ÓK¸ s ¸ s ¸ s ¸ s.� E Ë s ¸ w ���0���4�|{	�¾����{y�Q�%®©µ%{K�E�4����{K�K��x|�I�P~|�Q�ö�4�|{MyÝ�0�+{��z�Ù4�0�K{�~2�,�����4��{L���%�+�+{��+³��%~|z���~|��+��x|�+{M�4�,����µ2{L� �%�|�3{K��{��¼{�~2�4�9��~��K�¬�¼���%~��!¨P�|���3%�¾�0³�����L�+{K¬���#���L�¬�!z|{K¬�+{K{©Ô¬¸|����~|z������������l�%Ô¬¸�{Kz|%{��K�� j��|,}-² t Ô¬¸ s ÓK¸ s Ô¬¸ s ¸ w ������~|�¬�4�|{��	�j� ò %�¾��³|�������4�����·�Q�4��{��)�0�4���0���&x����+���K�,üF�7�����Ô%ýl��¸�µ%{K�E�4����{K�K���¬~�{	� �%�P{Q���¾�Ý³����E�4���4���¬~Ý�%�!Ô¬¸���~2�4���0�L���%�E��ÓK¸�³����E�4�K�9¨�����³����E�4���4���%~|����+{���z�Ù4����{�~������|{�~6�%~|{������%xI�U����~|{Kz�x2y6�+�|x�z|��µ���z|��~|Ý�¼³����E�	�¬�9�4�|{��¬�4�|{�� Ñ �4�|�����+�|��{z|{K}|~|{���ÔIÓQÔ M�M {�z�¬{K�K�n¨P�|{Lz|��%�¾��³|�Ýj��|,}-² t Ô¬¸ s ÓK¸ s Ô¬¸ s Ó w ���9�+���¼���#���K��x|�I�3���4�,Ô�ÓQÔ M�M �0�+�K�³��%��~2��� �+�%���+�|�%�E�4{��L�4�����¬~�¬{K�P³����E�4���4���¬~�� t � �¬�L{�»��0�¼³|��{2�GE��)� É � É �&��¢D¢ £ É � É � É � � �&� w �� ²2�Y¬y���z2~ t ÓK¸ s ÓK¸ s ÓK¸ s ÓK¸ s ÓK¸ s ¸ s ¸ w ���©�Ý¬�¾��³|�´�����4�5®%×{�·µ%{K�E�4����{K�©�0~�z¹ÓQÔ¬®¬¸Ý{Kz|%{��K�üF�4�!µ2{��E�4���K{��9���+{��4�|{���~2�4{�%{K�!�+�%���|�4���%~|�!�4�Z� æ �K� « �t� Í �t�"� ¿ ÓK¸������4���"�9¶¹¸|�¬~����¼{���y�4�|{�÷E�K�¬�¼³��%�+���4���%~|���%��Ó�¸���~2�4���#�%�|�L~|�%~|~|{���0�4��µ2{	³����E�4�+ø Ñ �4�|{�y)�0�0~������+��x�{	�+{�����+z|{Kz����x��0�EyI�K{�~2�4�+���¼�����%�+z|��~��0�4{K��� �¬�©³��%��~2�4����~|�+��z|{·�·�4{M�4�¾���|{Kz|�+�%~��)¨P�|{¼{Kz|%{��K�R�+�|�U�Ï���� Ê E Ê J Ê B3¢D¢D¢�� Ê;Ë�Ê J Ê �R�0���%~|~�{��M�R�K�¬�¼³��%�+���4���%~|�&�4���Q�n���+{����R�����%�+{9�4�%%{M�4�|{K�!�0�R³��%�+�+��x|��{2�� �2°���|�� t × s × s ¸ s ¸ s ý s ¸ s ¸ w �0~�z��2°���|.� t × s × s ¸ s ¸ s ¢�® s ¸ s ¸ w ���+{�%�¾��³|�|���¬~�����µ2{��E�4���K{�����|�%�+{¼Ó��%×��%��®%×�¸�{Kz|%{������%�+�+{��+³��%~|z��4���4�|{����Qµ2{��L�%�n����~|��%�2�L�%�Lx|���+�|�%³���~��¾�|{K�+�K�õ�~|zíqK���������%~|�9�%��� �|�E�4�|{K�,{M»�����³|��{K�,���+{��%xI�U����~���x|��{Lx2y�µ%���EyI��~|��4�|{�³����¾�0�¼{M�4{K�+�9�4���4�|{�j� ò %�¾��³|�á¬{K~|{��¾�0�4�%�+�K��º��%�	{M»�����³|��{%��ºn����hý¼�+�|�Q�����i���Ý�+����³���{�µ%���+�#��~2�4���%���2°���|����~|z�²2�Y¬y���z2~ Ñ �4�|{��+�¬�¼{M�����0���0�+�0��~|{��+�|��{K�L�¬�9�2°���|������+{�{M»I³|� �0��~|{�z���~�{M»I{��+�K���+{ M ýI�

�L�T .¡L¢ ¡ Ð�£DÎ�£éÅ£DÅ�£FË £éÅ£DÅ £¡A¤P¥�¦¨§F©Fª:«¬�®F¯I°:¬	¥�± Ð²	Î3³ ©�¯m°´°¶µ�¬�±	·¶¸�£ ¹´ºi»½¼�¾¨¿´À ¡ ÃOÅ£DÌ�£ Á £GÐ�£éÅ£DÅ�£DÅ £¡d�7ª´·¶Â�¥ ³ ±�ª´¯m¸@ª´·¶¦k±	¥�§FÂ�Ãk±.·1§F·¶¦¨¸{£^`_8a"b�Ä�b@Å�l �Æ�)nip.�½s�u1Å�Ç5ÈÉh�oIl �)�)�`oqp�nRl�jIp.e�jIsÆ�&s�l oqeKh�l �Æp.�	�



®l� 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
>;(-38+,?%.IQ�3�C >8*�[,(43�78:�H�HF�7 e +,C * e *�0;10BA,C Cl>;(-3�+%?38=TSY38F/*�0,F/M e 3514(�6 F/*�.Ê38C C æ .Ë6 =%*�0;1-6 1NM e 3514(�6 ZC 6 0,*�>;(-38+%?Ì t´Í�w° cd*/=%>;*IcdF/7;C 7;(-38[,C *A%0%6 7;0(�7B7;D[%6 .-?%78+@BA%*/*�0[�7238(�=>;A%0,6 780SYA,ZB143�+`78.-6 1-6 780=%6 (�*�FI1�.-A eF�7 e +,C *I1-* ° cd+L3�(Y146 1-*�>;(-3�+%?%..-F�380%=L3�C 7;A%.�: 3�F/10%781435146 780F�7 e +,C *I1-*�>;(-38+,?%.=%6 .RSY786 021!>;(-38+,?%.SY786 0ÎLM,D;7 X=%6 (�*�FI1-*�=½SY786 0

Ï¶Ô�Õ^Ï�Ö×Õ�ÑYÓ^Ò�Ð�Ô`Õ!ú � {��Q��~±�����+���%xI�U����~²~|{�� ¬�¾��³|����x2y²�¬³h{��¾�0�4��~|��%~á�4�|{�%�¾��³|�|��4���0�7��{��0���+{Q��zIy�����µ%{2�Lº��%��{M»�����³|��{2����� Í ¿ÉtLÑ9s.Ò�w ���	��~2y�%�¾��³|�������4���2°�¬���dzB¬ôzB±^}Í�¿ÇtLÑ3s Ò�w ���L�%xI�U����~|{Kz�x2yÝ��{M�+�4��~|�7¢D¢D¢�¦·��~ Í Ó ó � �¿ ¦Ý��~|z��ÕÔ¢D¢D¢�¦·��~ Í � tGß�Ö%w¨P���|�K��~|�%~IôG{Kz|%{���x�{K���%��{�{�z�¬{K�K�I��~|z¼µI���K{Pµ2{��+�¾�I� ë �¬�4����{L�4���0� Í�¿×Í ����~|z¼�4���Q� Ø ã������~|��{Kz|%{��K�3¨P�|{����%�+�+{��+³��%~|z���~|)��z�Ù4����{K~|�My·�·�0�4�+����{K� ª ��~|z ª �¾�0�4���+�#yª � ª ¿ Ê ¢ Ë Ñ tGß%Ö%w�|{K�+{ Ê ���7�4�|{��·�0�4�+��»��%�,������Ó��K����~|z Ë ���7�4�|{���z�{�~2�4���iy��)�0�4�+��»&���+� Ê ��~|z Ê ¢ Ë �0�+{�+{��+³h{��M�4��µ%{K��y¼�4�|{��0z¬Ù+����{K~|�MyÝ�·�Q�4�+����{��L�%� Ê ã ��~|zXØ ã ����{�~ Í ���0���%�+z|{�� ë �º����E�4�|{��+�¼�¬�+{2�,{�µ%{K�EyÏ%�¾��³|� Í ¿ tLÑ3s�Ò�w ��{Q��z|���4�5���	��±�zôÛ{|;�B"� Ì t´Í�w �9�����¬�+{µ2{��E�4���K{��L���+{��4�|{	{�z|%{�� Ò Ñ �i����{�z�¬{K���0�+{���z�Ù4�0�K{�~2�L��~ Ì t´Í©w �����4�|{My)���Mµ2{������%�¼���%~µ2{��E�4{�»h�R¨P�����K���#�%�R{M»�����³���{%�K�4�|{,����~|{,¬�¾��³|� Ì t Ø ã w ���0��¸ ã « ½ µ2{��E�4���K{��K����~|z©���X���X�+{�%�|� �0��%��z|{K¬�+{K{	® ë ¢��©����{�~ ë ¶ ® t �+{�{�{M»I{��+�K���+{	×¬® w �nõÕ¬�¾��³|�·�����Q������{�z�°"Ù�z��LÛQz�Ù5�2°{��°�|;�U�%��z���|{K~����4�P����~�{	%�¾��³|������°2ôG���%���%�¾��x|��{2�����µ2{�~±�i���6%�¾��³|�|� Í¡¿ tqÚ�s�Ò�w ��~|zÜÛ ¿þtLÑ3sTÝ�w �!�4�|{����ô³<±��4°�± ÍßÞ Û �����4�|{%�¾��³|� tqÚxÞZÑ3s�Ò7Þ@Ý�w �%xI�U����~�{�z�x2y����%��x|��~|��~|��4�|{�µ2{��E�4���K{��3��~|z�{�z�¬{K�K�!º��%�9{�»|���¼³|��{%��+�|³|³h�¬�+{ Í ��~|z�Ûþ���+{7�4�|{�%�¾�0³��|���%���+���%�¼��~|zÝx|���+�|�%³·���Qµ2{��P��~)�¾��{��+� Ñ �4�|{K~ ÍàÞ Û���P�4�|{�%�¾�0³����%�nï��|{�{K~����Qµ2{��K����~|z����4�L�%ú��K�#���R��� ò ~��0�¼{����
Û{³<±��I°�± t �2°���|.� t × s × s ¸ s ¸ s ¢�Ó s ¸ s ¸ wUs �2°���|�� t × s × s ¸ s ¸ s ¢�® s ¸ s ¸ wUs ¸ s ¸ w ÿ tGß2½¬wüi~±�4�|{¼�+³h{���� �0�,�0�0�+{)���|{��+{¼�4��{�µ2{��E�4{�»´�+{M�4� Ú ��~|z Ñ �0�+{·z|���éÙE�¬��~2�Q�X�4��{¼�|~����%~Í�Þ Û¤z|��{��+~�k �9�+{Qï��|���+{��4�|{�µ%{K�E�4����{K�R�4�	x�{P��z|{�~��4��}|{�z���~���~2y��K�¬~��+���E�4{�~2�9�L��y��#�%�n���+�%�+�Eô���%�+�+{K�#�0�4���%~ Ñ ��{	%{M����z|�#��%�¾�0�§� �%� ÍÜÞ Ûîx2y·�+���¼³|��y¼z|�¾������~|���z|�#��%�¾���§�¬� Í ~|{�»���4�)��z|� �0%�¾�����%�PÛ5��¨P�|���L�+³�{K���#�����Q���+{������Q������{Kz·�4�|{�÷ ÙO�I»��U��³��%�+���4���%~|ø��%�á����|;z2�%}�²;³b¬�%� Í ��~|z�Û)���0~�z·��{��+�������&z|{�~����4{	���Px2y ÍÜâ Û±�nº��¬�P{�»|���¼³|��{%������k ��{Q���Ey¼�4���+{�{��4���Q�ØKã â Ø ã+ä¿ Ø ãZå ã s tGß%v%w��~|z��4���0��{Mµ2{��EyÝ¬�¾��³|�����P�4��{�z|���+{K�M���+�|���%�!���4�L���%~|~|{K�M�4{Kz����%��³h�¬~�{�~2�4�K�o�ï����0�4���%~ tGß%v%w ���7���+³h{���� �0�&�0���+{��¬�R�4�|{�¬{K~|{��¾�����#�%�+���|�#�Ø ã�æ â Ø ã)ç âéè�è�è�â Ø ã&ê ä¿ Ø ã&æ å ã)ç å ë¨ë ëkå ã ê s tGß%Ò%w���|���U���|�%��z���� �%�����%�¼³|��{M�4{�°%ôG³��0�E�4���4{�%�¾��³|�|�7���|{�~|{�µ2{��	°�¶ ®I� ò �I� tGß%Ò%w �é�������L���|{K~° ¿ Ó%�Lx�{K�Q���|�+{6�%�©�5�+�Q��~|z������%�|�Ý�é���M��n´¨P��{6�E�U��~|z����+z.%�¾��³|�IôD�4��{��%�+{M�4���6~|�¬�U�0�4���%~� �¬�����%��³���{M�4{©%�¾�0³��|�����7��~|���%~|�+���E�4{K~2� ì üi~|z|{�{Kz��1Øtã�å ã z�{�~|�¬�4{����¼���%��³|��{M�4{�®QôG³��0�E�4���4{%�¾��³|���2x|�I�5Ø ã z|��{��E±�°{}nz|{K~|�¬�4{7�	�K�%��³|��{��4{�ÓMôG³����E�4���4{L%�¾��³|���,���%��{K�|�Q� %�¾��³|���4�|{�ô�%�+���E�4�!����µ2{�x�{K{�~��0x���{,�4������µ2{3�����4�©�4�|���3�0~��¬�·����y�� �%�!z|{��0��z|{��!�����4�|�%�I�n%�%��~|�x�{K�+�+{��+�h�õ�~|�¬�4�|{K�3����³h�¬�E�U��~2�9�L��y��4���K�¬��x|��~|{Lz����éÙO�%��~��3¬�¾��³|��� Í ��~|z�Û ���9�4���#�%�+�Æ�4�|{K���ì °��Y±�� Í ¢D¢D¢íÛ±�|�������¾�����%~|�+���E�4���%� Íîâ Û �4�%%{M�4��{��L�����4�������X{�z|%{K����¢D¢D¢)¦·�#�%���êÜ Ú��~|z¥¦uÜ Ñ � ç ��{�{Ýõ��!õ��Dï�yI�%�Kµ&� 4\�&ð%ü`ñ1;&[��T]�68ò ìbò t Ó����Q� w ��Ó��%ÔKÜ�ÓQ×%×I�5ó4üU� ÔI� è õ�~�z��� Í �0~�zôÛ ���+{¼z|���éÙO�%��~2�����dÛ�|;�B"�U²U�X�4�|{K��������|;z2�,}/z.� ì °���± Í ¢D¢ £õÛ �����+������� �0�K�Xx|�|������+�|³|³���{��¼{�~2�4� Íîâ Û x2y���z|z|��~|¼�%~|��y)�4�|{��%~|{MôD�L��y����+�K�L�7¢D¢ £â¦)� �+�¬� Ú �4� Ñ �



M 
��������������������������������
! �����" ® M
=%6 (�*�FI1�.-A e 7;:U1d¤�7 e 351-(-6 F/*�.ù=%6 (�*�FI1�.-A e 7;:Q>8(-38+%?%.38=TSY38F/*�0,F/M e 3514(�6 ZÊ38.-.�7;F/6	351-6 X *F�7 e +,C * e *�0;143�1-6 7;01-(43�0%.-6 1-6 X *'1-7;A%(�0L3 e */0;1Ø?öãØ ã§�38(Y1-*�.�6	3�0K+%(�7B=%A%FI1

¨P�|{Lz|���+{����9�+�|� �%���i�����)�0�4�+���K{�� ª ��~|zø÷����9�%xI�U����~|{�z�x2y�³|�#���K��~|Æ÷�z|�#��%�¬~��0����yx�{K���Q����~|z��4���4�|{��+��%�2���%� ª n
ªÜâ ÷ ¿ ù ª ùù ÷àú s t-Â2à2w���|{K�+{�{0���¾�Ýù���~¼�4�|���,{�»��0�¼³|��{����P���·�Q�4�+��»��¬�R�����^q�{K�+�%�K�2�����4���4�|{7³|�+�%³�{K��~��|��xh{����%��+�Q���L��~|z·���%���|�¼~|���4�©�·���¬{�{�µ2{��Ey��4�|��~|�����~|{7�|³Ý���%�+�+{����4��y2���7�|�P~|�¬�U�Q�4���¬~ Íôâ Ûî� �¬��4�|{©z|���+{K�M�7�+�|� �%�n¬�¾��³|���7����{0���EyÝ�4�¼�+{K��{���x�{���x�{K�Q���|�+{��4�|{���z�Ù4����{K~|�My��·�Q�4�+��»Ý� �¬�ÍKâ Û§���X³|�+{K�����+{K��y	�4�|{,z|���+{����R�+�|���¬�I�4�|{,�+{��+³h{��M�4��µ%{���z�Ù4�0�K{�~|��y��)�0�4�+���K{�� ª ��~|z�÷ � �¬�Í ��~|z�Û)�3�����¼���#���+��y2���4�|{���z�Ù+���K{�~|��y��)�0�4�+����{K�9� �%� Í ¢D¢D¢3Û)� Í ¢D¢ £�Û)����~|z Í � ¢D¢�Û¡�0�+{

ª ¢D¢D¢û÷ ¿ ù ª ÊÊ ÷àú s ª ¢D¢ £�÷ ¿ ù ª Êù ÷Üú s ª � ¢D¢�÷ ¿ ù ª ùÊ ÷àú s·t-Â��Qw�+{��+³h{��M�4��µ%{K��y2�����|{K�+{ Ê ������~5�0����ô4Ó����·�Q�4�+��»6���	��~ tGß%Ö%w ��¨P�|{��+{��%³�{��¾�0�4���%~|�����+{��0�+�+�¬ô��� �Q�4��µ%{2�|��~|z��+{�� �Q�4{KzÝx�y·�K�%��³|��{K��{K~2�U�0�4���%~�n
ªÜâÀt ÷ âýü�w9¿ÇtDªýâ ÷ w1âýü�s ª ¢D¢D¢ t ÷6¢D¢D¢ ü©w9¿ÇtDª ¢D¢D¢û÷ w ¢D¢D¢ ü Ñ t-Â�u%wª ¢D¢ £ t ÷Ï¢D¢ £ ü©w9¿ÆtDª ¢D¢ £�÷ w ¢D¢ £ ü�s ª � ¢D¢ t ÷ � ¢D¢ ü�w9¿ÇtDª � ¢D¢ø÷ w � ¢D¢ ü Ñ t-Â�ß%wªýâ ÷ ¿ ª ¢D¢D¢ ÷ s ª ¢D¢D¢í÷ ¿ ªýâ ÷ Ñ t-ÂlÂ�wª ¢D¢ £�÷ ¿ ª � ¢D¢ ÷ s ª � ¢D¢K÷ ¿ ª ¢D¢ £ ÷ Ñ t-Â�Ö%wtDªýâ ÷ w � tDª ¢D¢D¢û÷ w´¿ tDª ¢D¢ £�÷ w � tDª � ¢D¢ø÷ w ÿ t-Â�Ö%wë �¬�4����{	�4���0�Q�Ix2y����%��x���~|��~| tGß¬Ò2w �����4� t-Â�u2w ��~|z t-ÂlÂ�w ����{����Mµ2{Ø ã æ å ã ç å¨ë ë¨ë¨å ã êÀ¿ Ø ã æ ¢D¢D¢ Ø ã ç ¢D¢D¢ è�è è ¢D¢D¢ Ø ã ê t-Â�½¬w���|{K~6°·¶ ®I�9õ����+�Ø ã ¿ Ø æ ¢D¢D¢íØ æ ¢D¢D¢ è�è è ¢D¢D¢íØ æ �0~�z Ø?öã ¿ Ø æ ¢D¢ £þØ æ ¢D¢ £ è�è�è ¢D¢ £þØ æ s t-Â�v%w�����4� ë ���%³|��{K�P�%�½Ø æ �|�+�|�Q����~|��4���0�@Ø ã ¿ Ø æ å æ å¨ë ë¨ëkå æ ���7�����%��³|��{M�4{ ë ôG³����E�4���4{�%�¾��³|���î	���+{K�M�X�+�|���n��~|zPÙO�%��~��R���+{���~������%¬�%�|���4�7��z|z|���4���%~��Kxh{��Q���|�+{3��{3����µ2{ Øtã â Ø ã ¿ØKã H ã ��~|zÿØKã5¢D¢D¢�Ø ã ¿ ØKã H ã � � {��Q��~ �����+�5���%��x|��~|{�%�¾��³|�|�������4� ����%{�x��¾�0����%³�{��¾�0�4���%~|�)�4���0�����+{á��~������%%�%�|�)�4�±���|���4��³|�����0�Q�4���¬~X� º��%�·{�»��0�¼³|��{2���4�|{�����|,}/z,²;�I��±^|;°���³^�,},�%³�{K�¾�Q�4���¬~·� �%�+�����©%�¾�0³�� Í Ûþ�¬�R�%�+z|{��ér ë �#�+�%�Ä�©%�¾�0³�� Í�¿ÇtqÚ�s.Ò�w �%��%�+z|{���r ��~|z²��¬�¾��³|� Û ¿ tLÑ9s�Ý�w �%�n�%�+z|{K� ë ��¨P�|{©µ%{K�E�4����{K�L�%� Í Û ���+{©�%�+z|{��+{Kz³������+� t � s ¦ w �����|{��+{��pÜ Ú ��~|zÝ¦ôÜ Ñ Ñ �4�|{�{Kz|%{������+{ t � s ¦ w ¢D¢D¢ t � � s ¦ w ����{�~Ý�7¢D¢D¢�� ���~ Í ���4�%%{M�4��{��7�����4� t � s ¦ w ¢D¢D¢ t � s ¦ � w ���|{�~á¦�¢D¢D¢�¦ � ��~ Û)��üi~á�¬�4�|{K�7���%�+z|�K� Í Û����� �%�+��{Kz)x�y)�+{K³|�#������~�©{0���¾�·µ2{��E�4{�»¼�%� Í x2y��©���%³2y)�%��Û¼����~|zÝ�+{�³|� �0�K��~|�{Q���U�·{�z�¬{�%� Í x2y�{�z|%{��Lxh{M�i��{�{K~����%�+�+{K�+³��%~|z|��~|�µ2{��E�4���K{��P�%�R�4�|{©��³|³��+�¬³��+�#�0�4{����%³|��{��Ln

¿ ÿ t-Â�Ò%w



®%× 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
>;(-38+,?,cd+L38+�*/(�>;(-3�+%?%.>;(�6 =F/M,C 6 0%=%*/(1-7;(�A%.=%6 (�*�FI1�+%(�7B=%A%FI1F�780TSYA,0%F/1-6 7;0F5351-*�>87;(�6 F53�Cl+%(�7B=%A%FI11-*�0%.�7;(�+%(�7B=%A%FI1IQL.�*�*'=%6 (�*�FI1�+%(�7B=%A%FI1.�1-(�7;0%>�+%(�7B=%A%FI17B=%=K+%(�7B=%A,F/1C */Z,6 F/7;>;(-3�+%?%6 F�+%(�7B=%A,F/1F�7 e +�78.-6 146 78038.-.�7BF�6 3�1-6 X *'C 3/¤�.° cdF/A%[�*â�3 e�e 6 0,>�=,6 .Y1I3�0%F/*� e (-6 F4?�!C	3 X��G53�(: 3�F/1-7;(�6 G�3�1-6 7;097;:Q3�>86 X *�0K>;(-3�+%?� +%(�6 e *���.-A%[,>;(-38+%?,.

õ����|�+�����G�I�4�|{��+���¼³|��{K�E�P�+³h{���� �0�&�0���+{����¬�R�4�|���L%{�~|{K�¾�0�����%~|�E�4�+���M�4���%~Ý�4�|�+~��¬�|�L�4�x�{�{��+³�{K���#������y�����³h�¬�E�U��~2�,��~¼³|�¾���M�4���K{%� � �|{K~�x��¬�4� Í ��~|z�Ûî���+{�³��0�4�|�,�%�3�MyI����{��K�¬��{%{M�·÷E%�¾��³|�IôG³���³�{K�7%�¾��³|�|�K� ø·~�����{���yÝ�4�|{�r � ë Û{|B�´��Ú:ã Ú ã ���4�|{ r � ë �B¯l�	��±'�UzB|Ú:ã ü ã ����~|z��4�|{ r � ë }/°�|B³<² ü ã ü ã �|�������|�E�4�¾�0�4{�zÝ�|{��+{�� �%�9r ¿ Ô��0~�z ë ¿ ��n

	�
 	�¡�� ²7È §F·¶¦¨¸{£
	�
 ���¡�� ²�È³ � Ã¨¦¨¥�¸�¯m·/£

��
 ���¡�� ²�È ª´¬F·¶Â�°/£
t´Ö¬à2w

º��%�|�9�¬�4�|{K�n~|�¬�4{����¬�E�4��y©�L��y��n�4�	z|{K}|~|{P³��+��z��|�M�4�9�¬��%�¾��³|�|�9���Mµ2{������+�	³|�+�Qµ2{�z��4�x�{����+{�� �|�G�!üi~){Q���¾�)�Q���+{L�4��{Lµ2{��E�4���K{��3�%���4��{�³|�+��z|�|����%�¾��³|�·���+{��%�+z|{K�+{�z¼³������+� t � s ¦ w �� ¨P�|{����Y|2z;�%}�^|;°���³^�,} Í�� Û5�������+���Q������{Kz��4�|{¼÷E�K�¬~¬ÙO�|~��M�4���%~|ø��%� Í ��~|zøÛ)�%�%�9�4�|{K���÷E�Q�0�4{�%�%�+���0�0�h³|�+��z|�|�M�Q� ø������ t � s ¦ w ¢D¢D¢ t � � s ¦ � w ���|{K~Ý�7¢D¢D¢�� � ��~ Í ��~|zÝ¦,¢D¢D¢¼¦ � ��~�Û5�� ¨P�|{)²2}-|2°�±QÛ�^|2°���³��%} Í � Û¡���%��x|��~|{��,�4�|{7{�z|%{����%� Í Ûe�����4���4�|�%�+{7�%� Í�� Û±�� ¨P�|{ê°��)�¾^|;°���³��%} Í�� Û ����� t � s ¦ w ¢D¢D¢ t � � s ¦ � w ���|{�~´��{�����µ2{¼{����4��{����¼¢D¢D¢á� ���~ Í �%�L¦,¢D¢D¢¼¦ � ��~?Û)�|x|�I��~|�¬��x��¬�4���� ¨P�|{���z2~��4�2°;Û{|;�B"�U�I�K^|;°���³��%} Í�� Û5���0���+���Q������{Kz¼�4�|{�÷O�K�%��³��%�+���4���%~|ø��¬� Í ��~|zxÛ)������ t � s ¦ w ¢D¢D¢ t � � s ¦ � w ���|{K~��7¢D¢D¢¼� � ��~ Í ����~|z t � s ¦ w ¢D¢D¢ t � s ¦ � w ����{�~�¦�¢D¢D¢�¦ � ��~?Û5�õ����!}Iµ2{��%�n�4�|{K�+{��%³�{��¾�0�4���%~|��{�»��4{K~|z6~��0�4�|�¾������y��4�·³|�+��z|�|�M�4���¬��°6¶�®¼%�¾��³|�|� Í æ ¿tLÑ æ s�Ò æ w �&ÿ�ÿ�ÿK� Í ¯ ¿ÀtLÑ ¯ s.Ò ¯ w �������¬�+{	µ2{��E�4����{����0�+{	�4�|{	�%�+z|{��+{Kz�°%ôD�4��³|��{�� t ¦ æ s ÿKÿ�ÿ s ¦ ¯ w�����4�6¦��ôÜ Ñ ��� �%��Ó¾t��ptÇ°���º��%��{M»�����³|��{%�����|{K~5° ¿ Ô��h�4�|{¼ñP���E�4{��+�#��~á³|�+��z|�|���4�Í æ t´Í « Í Í w ��~|z t´Í æ Í « w Í Í ���+{����+�%���%�+³|�����%�I������{����%~|�+��z|{K���4�|{��K�¬�¼³��%�|~|zµ2{��E�4���K{�� t ¦ æ sKt ¦ « s ¦ Í w+w ��~|z t+t ¦ æ s ¦ « wUs ¦ Í w �4��xh{��4��{��¾���¼{¼��� t ¦ æ s ¦ « s ¦ Í w �¼¨P�|{��+{K�#�%�+{��{��Q��~����+���4{	�4�|���	ñP���E�4{��+�#��~�³��+��z��|�M�L�����4���¬�|��³����+{�~2�4�|{K�+{��K����� Í æ Í « Í Í �3¨P�|{���%�E�����¼³��%�E�U��~2�L{M»�����³|��{��%�9��ñP���E�4{K�+�#��~�³|�+��z|�|���L�����4��°·�é���M�4�%�+�L���P�4��{�°2ôG���|x�{2�Ø « Ø « è è�è Ø « Ñ t´Öb�Qw���4�7® ¯ µ2{��E�4����{�� t ¦ æ s ÿ�ÿ�ÿ s ¦ ¯ w ���+{©��z�Ù4�0�K{�~2�����|{K~Ý�4�|{���� m �����¼��~|�z|���E�U��~|��{�����Ó%�üi~¥%{K~|{��¾���G�9�+�|³�³��%�+{�¦ ¿ t ¦ æ s ÿ�ÿKÿ s ¦ ¯ w �0~�zÏ¦ � ¿ t ¦ � æ s ÿ�ÿ�ÿ s ¦ �¯ w ���+{�°2ôD�4�|³|��{K���%�µ2{��E�4���K{��K�n���|{��+{·��{Ý����µ%{Ý¦ � ¢D¢D¢¥¦ �� ��~ Í �·� �%��{M»����M�4��y p �%�L�4�|{·�+��x|�+���+��³|�4�������0~�z¦ � ¿ ¦ �� �#�%�L{�»|�����4��y �7�%�X�4��{��+�|x|�+�K�+��³I�4�K�,¨P�|{�~���{�����µ%{Un� ¦,¢D¢D¢¼¦ � ��~ Í æ è�è è Í ¯ ���n��~|z��%~|��yÝ��� p ¿ Ó���~|z!� ¿ °�¢ûÓ Ñ� ¦,¢D¢D¢¼¦ � ��~ Í æ �îè è�è��ýÍ ¯ ���n��~|z��%~|��y·��� p ¿ °��0~�z�� ¿ ¸ Ñ� ¦,¢D¢D¢¼¦ � ��~ Í æ � è�è è � Í ¯ ���n��~|z��%~|��yÝ��� p ��� ¿ °Ý��~|z p í ¸ Ñ� ¦,¢D¢D¢¼¦ � ��~ Í æ �7è è�è"��Í ¯ ���n�0~�z��%~|��y·��� p ���L��z�z��¨P�|{���{�»������%%�¾�0³��|����³|�+��z|�|���������+�%��{M�����Q�	z|��ó�{K�+{�~2�Q��xh{��Q���|�+{��������+~'k �	���%�����I�U�0�4��µ2{ Ñ��~ Í æ �@è è�è��5Í ¯ ��{�����µ2{�¦,¢D¢D¢¼¦ � � �%�L¦ �¿ ¦ � ���n�0~�z��%~|��y·���R¦ � ¢D¢D¢�¦ �� �I���|{��+{#�¼���P�4�|{����~|�������¤�+�|x|�+�K�+��³I�L�����4��¦ � �¿ ¦ �� �o3»I{��+�����+{��ô�IÓUÜ�ÓK¸%®á{M»I³|���¬�+{��+�¬�¼{��¬�7�4�|{�x����+����³|�+�%³�{K�E�4��{����%��%�¾��³|�û³��+��z��|�M�4�K���{K{7�����+���4�|{�x����¬�%$ �	['&1
)(�ð+*�	�-,.�� x2y � ����� �+��{�z�üi���+���U�)��~|zÝ�I��~|z��0/�� �Mµ21q0�0� t ®�¸%¸%¸ w ����|���U�û�K�%~2�U����~|�)�²�K�¬�¼³|�+{���{�~|�+��µ2{���~2�4�+��z|�|�M�4���¬~¥�4�²�4�|{�%{�~|{K�¾���P�4�|{K�%�Ey2�,��~|������z|��~|����%�%�+���4�|���P� �%�L�D���M�4�%�+�dqQ�0�4���%~Ý�¬�9��%��µ2{�~�%�¾��³|����~2�4�5÷E³|�+���¼{�ø��+�|x�¬�¾��³|���K�



M 
��������������������������������
! �����" ®l�
=%*/>;(�*�*'.-*/@BA%*/0%F�*/.IH�H>;(-38+,?%6 F53�Câ�3 X */C ä e 351-?%* e 3�1-6 F/6	3�0 ç1438[%C *�38A,ZLHF�780TSYA,>23�1-*�+L3�(Y146 1-6 7;0%.4H

3 Ï¶Ô�Õ^Ï�Ö�Í54lÕ�Ñ76'Ò<Ó�Ô`ÒQÒÉù%Ò98;:'Ò=<>4lÒrù�ú�õÕ�+{Kï��|{K~|��{�� æ � « ÿKÿ�ÿ;� ã �%��~��¬~�~|{���0�4��µ2{���~2�4{�%{��+������0�0����{�z»Û{|;�B"�U�I�;�{�&���h�4�|{K�+{lk �P�0����{0�0�E���%~|{7%�¾��³|�·�%~¼µ2{K�E�4����{K�EÞ2Ó s ® s ÿKÿ�ÿ s ë ß7�+���¾�)�4���Q�µ2{��E�4{�»Ý°����0�Pz|{�%�+{�{�� ¯ � � {��0��~��0�+�+����{��4���0�9� æ ¶u� « ¶ è è�è ¶ � ã ��ñ���{Q���+��y»� æ v ë��~·��~2y��+�|�¾�·¬�¾��³|� Ñ ��~|z��4��{��+�|� r ¿ � æ �p� « � è�è�è �p� ã �%�X�0~�y�%�¾�0³��|���Q�����+{Kï��|{�~���{���������L��yI�3{�µ%{K~��%xh{��Q���|�+{����,���9�i������{P�4�|{�~��|��x�{��,�¬�h{Kz|%{��K�!º��|�E�4�|{��+�¼�%�+{%�2����k �9{0���Ey��4��+{�{��4���Q�L�4��{��+{Kï��|{�~���{©Ô�ÔhÓ|Ó����L~|�¬�7%�¾�0³��|���Q��� Ñ �4�|{K�+{�� �¬�+{�%�¾�0³��|���Q�����+{Kï��|{K~|��{K�L���|�E������+���¾�0�4���+��y��0z�z|���4���%~��������%~|z|���4���¬~��K� � ���0�����+{	�4�|{�y^ïõÉ�+����³���{��L��y��4��z|{��K��z|{������·%��µ2{�~á�+{Qï��|{�~|�K{í� æ � « ÿKÿ�ÿ2� ã ����%�¾��³|�|���0�0�F����~|z²�4����%~|�E�4�+���M���+�|�¾�û��¬�¾��³|�Ï���P�%~|{){�»����E�4�K�R�L����z|���+�K�Qµ%{K�+{�z±x2yÉ0�� m ��µ2{�� ç=?@ ���	[-,!68�A,!�	[$ ?B � ðq[DC 9��]9E 4\�&ð BGF �&ð¶68ò)H úJI t ÓL�%ý%ý w ��� M�M ÜU� M �`èG� � {�x�{K%��~6�����4�´�0~²{��¼³I�iy��U��x|��{0���������µI��~|¶� ¯ ��{������7��~��+�Q� ° Ñ �4�|{K�+{©�K{��������+{�³|�+{K�+{�~2��÷E�+���¬�4�+ø)��~2�4���������¾����{lk ���R³|�#���K{��4�|{~|{K��%��x��%�+�P�%�Xµ2{��E�4{�»�°¼��~Ý�4�|{	�K�%~|�E�4�+�|�M�4{KzÝ%�¾��³|����ùR{M��ÁK��x�{��4�|{�~��|��x�{��L�%�R��{���������~���%������~L� Ñ �4���|��Á æ ¶ Á « ¶ è è�è ����~|zÝ����{�~´Ó�t.°ôt ë ��{�����µ2{)ÁK��¶ °¼���n�0~�z��%~|��y·���� ¯ ¶M���nº��¬��{M»�����³���{%�I�+�|³�³��%�+{ ë ¿ ×¼�0~�zp� æ ÿKÿ�ÿ;� � ¿ ý|ý|ý<�j��Ô|®|® Ñ �4�|{�~NOPQ R
S T
U

t´Ö%u%w
�����4�|{���~|���4�#�����U��x|��{Q��������~|z6��{�����µ2{¾Á æ ÿKÿ�ÿ;Á � ¿ ×|×��|ý|ÔI� m �Mµ2{K�Ik ����z|{Q�¼�����4�·³���������³µ2{��E�4{�» ë �����4��� ã �%�P�4�|{)�|��%�|{K�E�+ôGz|{�%�+{K{¼µ2{K�E�4����{K�K��üi~±�4�|�����Q���+{%�9�#�%��{M»�����³|��{2�X��{���+{0�0�4{��4�|{P�i����{Kz|%{���×n¢D¢D¢)Ô��0~�z)×n¢D¢D¢)®I����~|z��4�|{P�U��x|��{Q�����U���%{��9�4�|{L�#�%�����K����~|	� �¬�+�pn

NO UP UQ R
S T
U O P

� t´Ö%ß%w
t � {,z|�%~�k �X�L��~2�9×n¢D¢D¢�Ó%�0xh{��Q���|�+{3�4�|{,{K��³I�iy��+�����4�R�+�|�%�|��z©�K�%~2�4��~��|{3�4��� �%�+�Ç���U��x|��{Q����+����³�{ Ñ �4�|{��K{��������%��{0���¾�·�K�%���|��~·���|�E�Px�{�}|����{�z)� �+�%�É�4�|{�x��¬�+�4�%� ��³�� w)ë {�»�����{��+{��ë � M ��~|z²���+{0�0�4{��i����� �|�E�4�|{K��{�z|%{��K� M ¢D¢D¢¥Ó���~|z M ¢D¢D¢²ýI�©õ�~�zá�4�|{�~²�K�¬�¼{��4���+{�{���%�+{2���n¢D¢D¢¾�|���!¢D¢D¢·Ô��^�n¢D¢D¢)®I�I�·������~|��4�|{��U�0x���{Q���������¼�¬�E���������R� �|���In

N T
O S UP S UQ SR T
S O P QT R NU O P

� t´Ö�Â�w



Ô¬¸ 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
e 3ISY7;(�6 G�3�1-6 7;0+L38(Y1-6 1-6 780%.� {Uk µ2{©�+{Kz|�|��{Kz��4��{©³��+�¬x���{��Ä�4�)}|~|z���~|Ý��%�¾�0³��������4��z�{�%�+{�{��+{Kï��|{K~|��{�� æ ÿ�ÿKÿ;� � ¿��Ô|Ô�Ô|Ô Ñ �Q�7�4�|����³��%��~2����{������+�¼����µ2{ÝÁ æ ÿ�ÿ�ÿ;Á.� ¿ ý|ý|ý&Ó¬�P¨P�|{©�+{Q��z|{K������{�~|�K�¬���¾�0%{Kz��4�}|������~Ý�4��{��+{��·����~|��~|�x|�#��~|���K�|x�{�� �%�+{������%����~|¼�0�L�4�|{©��~|�E��{K�L��~�{M»I{��+�K���+{�Ó�¸2ÔI�

Ì»Ñ�Ó^Ø�Ô�ÍYÙ`Ö�ÎWV t-X |;�B"�íÛQz,±�z,|;�{}/°�|ZY,°�| ²/jz2�,� [åz.���UzIÛ{|;z2z,² w �¼����µ2{�~ê� æ ¶ è�è�è ¶ � ã ¶� ã H æ ¿ ¸|�X�4�|��������%�%�+���4�|�î�K�+{Q�0�4{���{�z|%{��©x�{��i��{�{�~´�4�|{�µ2{��E�4����{��¾Þ2Ó s ÿ�ÿKÿ s ë ß¼��~²�+���¾����L��y��4���0��{M»����M�4��ys� ¯ {Kz|%{��7�4�%�|�¾��µ2{��E�4{�»6°���� �%��ÓÝtö°pt ë ���|~���{��+�7�4�|{��+{Kï��|{�~���{� æ ÿKÿ�ÿ;� ã ���+~'k ��%�¾��³|�|���0���G�nõ�~����+�¾��ysÁ æ ÿKÿ�ÿ;Á]\ æ ���L�|�+{Kz�� �%�7���I»I�����#���Ey·�E�4�¬�¾��%{%�V�æ,ú�ç ��{��,�4�|{�Á`k �K� è��2�U���E�,�����4�Ý° � � æ ��~|z%� � ¸|�n¨P�|{�~¼���|����{�° í ¸�z|���4�|{�� �%�����Q�Lô��~|��%³�{K�¾�Q�4���¬~��Ln���{M�+� � ��� Ó Ñ ���|����{�° í �^� H æ ���+{M��Á ¯ � �·��~|zá° � °�¢ûÓ%�V�ìIú�ç ºn��~|z ë � è	��{M� ë � Á æ �n¨R{��+�¼��~��0�4{7�+�|���K{��+�+� �|����y¼��� ë ¿ ¸ Ñ �4{��+����~��0�4{��|~|�+�|�K��{K�+�Eô�#�|����y)����� æ ¶ ë²í ¸|�Vpð2ú�ç ùR���%³��%~_��� è	��{��a` � Ó%�=b � � æ ����~|zdc � Áfe¾��î	���E�4{K³ m ���#�%�g� ¿ � ã �^� ã ¢ûÓ%�ÿ�ÿ�ÿ���Ó Ñ �4�|{�~��+{M�4�|�+~��4� m ®I�V�ò�ú�ç ��{K~|{��¾�0�4{��	~|{��.{�z|%{%� è���{M�KÁK� � ÁK�!¢�Ó���~|zÝ° � Á"e4�,ñ��+{Q�0�4{L�4�|{�{�z|%{	°�¢D¢D¢ ë ��0~�z)�+{��9� ¯ � � ¯ ¢´Ó%�bÁfe � °�¢´Ó%�!üi�!° ¿ `¾���+{M�Z` � c��ÏÓ%�'b � ���4�|�0~�zhc � Áfe¾�t ��{�{�{M»I{K�+�����+{�ÓK¸{�|� w� �|{�~�õ���%�%�+���4�|� m �+������{K{�z|�K�������K{��E�U����~|��yÝ���������%~|�E�4�+�|���4{�z6��%�¾��³|�������4���4�|{z|{K�+���+{�z¹z�{�%�+{�{K�K� ò �|�¼���|{�~¹���¼�D�0�����K���|�Q� �0��~û��{�x�{��+���+{��4���0�)���4���¼���+�+���%~û�L������¼³��%�+�+��x|��{�ï¼¨P�|{3�%{�y	�é���M�R���Xx����+{�z��%~���~�����³��%�E�U��~2�X�K�%~|��{K³I�X�Q������{�z�÷E�)�QÙE�%�+�dqQ�0�4���%~|ø�nüi�å� æ ÿ�ÿKÿ;� ã ��~|z�� � æ ÿKÿ�ÿ;� �ã �0�+{��i���Ý³����E�4���4���%~|���%�9�4�|{��¾����{���~2�4{K%{�� t �4���0�	���K�h���å� æ ¶è�è è ¶ � ã ��~|z � � æ ¶ è è�è ¶ � �ã ��~|z � æ � è�è è � � ã ¿ � � æ � è�è è � � �ã w �!��{·�¾��y´�4���Q�� æ ÿKÿ�ÿ;� ã ¬ô� ì °�|B��i�zB²)� � æ ÿKÿ�ÿ2� �ã ����� æ � è è�è � � ¯ ¶ � � æ � è è�è � � � ¯ � �%��Ó t °ôt ë �j�ÒjÎÐÎ�Õlknmpo�q¾� æ ÿ�ÿ�ÿ;� ã 6A�dr��	�-,.�6s(���<t��]�& � æ ÿKÿ�ÿ;� ã F �]tF[��T6vu B � � � æ ÿ�ÿKÿ;� �ã�w ðx. B ]� � æ ÿKÿ�ÿ;� �ã 68�Z��<8�	[yr)�	�-,.�6s( ��<{z| |;°�°}Y-~ÕüF�������+�|ú�����{K~2���4�6³|�+�Qµ2{)�4�|{·���#����� ���|{K~ � æ ÿ�ÿ�ÿ2� ã ��~|z � � æ ÿKÿ�ÿ;� �ã z|��ó�{�����~�%~|��y)�i���¼³|�#����{K�K�
� � ¯ ¿ � ¯ ¢ ç�° ¿ `8èb� ç�° ¿ �jè ���|{��+{A`�v���� t´Ö�Ö%wx�{K�Q���|�+{û�0~�yÕ�+{Qï2��{�~|�K{±�·�QÙO�%�+�dqK{�zÕx�y � æ ÿ�ÿKÿ;� ã �Q��~�x�{Ï�%xI�U����~|{KzÕx�yÕ�+{�³�{0�Q�4{Kz|��y³�{K�+�#�%�+����~|·�¼��~|��ôG�·�QÙO�%�+�dq0�0�4���%~|���+�|�¾�±���	�4�|���K� t o3»I{��+�K���+{ M � ®I��Ó%� ��ÜIý%ý·z|���+�K�|�+�+{����·�QôÙE�¬�+�NqQ�0�4���%~Ý��~�z|{��U�����G� wñ��%~|z|���4���¬~ t´Ö�Ö2w ����³|����{��¼�4���0�p� � í � �� ¶ � �� H æ ¶ � �� í ���%�É���¹��~2y.%�¾�0³�������4�6z|{�%�+{K{��+{Kï��|{�~���{�� æ ÿ�ÿKÿ8� ã �K�¬~��U�0��~|����µ2{��E�4{�»�¦��+�|�U�6�4���0�	¦�¢D¢D¢�`��0~�z6¦ Ô¢D¢D¢_���î	{K��{M�4��~���4��{�{�z|%{©¦�¢D¢D¢h`���~|zá��z|z���~|��4�|{�{Kz|%{�¦�¢D¢D¢��¼y���{���z|�7��%�¾��³|�������4��z|{K%�+{�{�+{Kï��|{K~|��{)� � æ ÿKÿ�ÿ;� �ã ���0��z|{K�+���+{�z��� Ø�Ô�Ø�Ñ4ÑYÕ^Ô���V�m�� <�r�[��T6´ðx. Fl� ��
)(-( B-B &&�A�7. B ] B C B � � æ ÿ�ÿKÿ;� ã 6A�Zr��	�-,.�6s(���<{z| |;°�°}Y-~ � {��)��y����+�+�|��{��4���0� ë´í Ó%�����|³|³��%�+{ Í ���7�0~�yÝ%�¾��³|���¬~�Þ2Ó s ÿKÿ�ÿ s ë ß������4�z|{K¬�+{K{��+{Qï��|{�~|�K{�� æ ÿ�ÿKÿ;� ã ���0~�zÝ��{M� Í � x�{	�4�|{��+��x|%�¾�0³��Ý��~�z|�|��{Kz·x2y�Þ2Ó s ÿ�ÿKÿ s ë ¢±Ó�ß Ñ��~��¬�4�|{��3���¬�+z��K�2�¬x|�U�0��~ Í � x2y��+{��¼�Qµ���~|	µ2{��E�4{�» ë ��~|z��4�|{�� ã {�z|%{K�9�4���0�3���9�4�%�|�U�|{��K�¨P�|{�z|{K¬�+{K{��+{Kï��|{�~���{í� � æ ÿ�ÿ�ÿ;� �ã ÛXæ �%� Í � �����%xI�U����~|{Kz²� �+�%� � æ ÿ�ÿKÿ;� ã ÛXæ x2yá�+{�z��|����~��+�%��{Ð� ã �%���4�|{á{�~2�4�+��{K�Ýx2yâÓ´�0~�z �+�%�E�4��~|±�4�|{K� ��~2�4�Ï~|�%~|��~|���+{0�0�+��~|¥�¬�+z�{��K� ò y



M 
��������������������������������
! �����" ÔIÓ
0%*I1N¤�78(-D¤�78(-=,.+%C 380%* C 6 .43+%6 Z,*�C[�7238(�=[%6 .-?%78+#214380%:	7;(�=E$!(-38+%?�&b38.-*e 6 C */.+%C 380%* e 6 C *�.?%6 >;?;¤^3/M,.*�F/7;0� 7�¤ô7;: e 7;0,*/M>23 e */.:®7B7�14[%38C CF�78C C */>;*/.A%0%6 X */(�.-6 1-6 */.#214380%:	7;(�=E§�38(�=%6 0L38C$!7;C =%*/0E&b*53�(�.(�6 .�F=%6 (�*�FI1-*�=938FIM,F�C 6 F�>;(-3�+%?=L38>

z|{K}|~|���4���%~��`� � æ ÿ�ÿKÿ8� �ã ÛRæ ����%�¾��³|�|���0���G�X¨P�|{3~|{M�±z|{�%�+{�{3�+{Kï��|{K~|��{å� � �æ ÿKÿ�ÿ;� � �ã ÛXæ ³��+��z��|��{Kzx2yá�4�|{��E�4�¾�0�4{�¬yá�¬���E�4{K³|� m Ô���~|z m ������z|{K�+��%~|{�z²�4��x�{��·�QÙO�%�+�dqK{�z²x2y²{�µ%{K�Ey6�+���¾�� � æ ÿKÿ�ÿ;� �ã ÛXæ �2x�{K�Q���|�+{����,�+{�z|����{��,�4�|{��#���+¬{K�E�,³��%�+�+��x|��{�� ã {K~2�4�+��{��,x2y�Ó%�n¨P���|�,�4��{L~|{��� � �æ ÿKÿ�ÿ;� � �ã ÛXæ ���7%�¾��³|�|���0�0�F��õ���%�%�+���4�|� m �����|���U���+{M�4�y� æ ÿKÿ�ÿ;� ã ÛXæ � � � �æ ÿKÿ�ÿ;� � �ã ÛXæ ����������4�|{K�+{�� �¬�+{��+�|�K��{K{�z�x2yÝ��~|z|�|���4���%~Ý�%~ ë �¨P�|{��+��~|~|��~|²�4���¼{Ý�¬�7õ���%�%�+���4�|� m �����+�%�|%�|��yÏ³|�+�%³��%�E�4���%~������4�²�4�|{Ý~��|��x�{K��%�7{Kz|%{���%{K~|{��¾�0�4{�zX�3���|���U�û�Q��~ûx�{��%�7�%�+z|{K� ë « � o3»�{K�+�����+{´ÓK¸2ýá³|�+{��+{K~2�4�)�²�é���E�4{����{��4�|��z������|���U�6z�{�����z|{�����~´ù t ë w �E�4{�³|�	���|{M�4�|{K���%�	~|�¬���)%��µ2{�~á�+{Kï��|{K~|��{¾� æ ÿ�ÿKÿ;� ã���L%�¾��³|�|���0��� t �����4���¬�|�L���%~|�E�4�+���M�4��~|)�0~�yÝ%�¾��³|� w �ÿÝÒ'��Ø�<>6 Ó�Ô`Õ^Ï�Ö>��m � �|{K~û�4��{�µ2{��E�4���K{��·�0~�z!Ô0�¬���0�+�K�¼�%���²%�¾��³|� �%�¼z|��¬�¾��³|� �0�+{z|{K���%�¾�0�4{�z������4���0z�z|���4���%~����2z��0�U�I�0��{��Q�����2���9� ±�z%}-ÿå°�|	,Q�!º��%�R{�»|���¼³|��{%�0{�µ%{K�Ey�µ%{K�E�4{M»��%�ÿå°�|���² t ý M ý M s ¸ s ¸ s ¸ w ��������~��0�+�+���K�#�0�4{�zÝ�¾��~|�h�����|���U�Ý���%�+�+{��+³��%~|z��P�4���4�|{�³��%³|�|�#���+���iy�%���4�|{��K�¬�+�+{K�+³��%~|z|��~�5}Iµ2{MôG��{M�+�4{������%�+z�� o3µ2{��Eyûµ%{K�E�4{M»û�%�������±�z �	��²,� t Ô{�¬¸ s ®%ý¬¸ s ÓQý s¸ s Ôl�¬¸ s ¸ s ®%ý¬¸ s ¸ s ¸ s ®%®l�%ý¬¸¬¸%¸ w �����·�0~.���+�+�����#�0�4{�zû³|��»I{��Pz|{K~|�+���iy��,x�{��i��{�{�~¹¸5��~|zÕÓKýI�o3µ2{��EyÀ���+�²�%�¶�2°���|�� t × s × s ¸ s ¸ s ¢�® s ¸ s ¸ w �����6��~Õ�0�+�+���K�#�0�4{�zÀ��{�~���4�X�L�������¾�À�+{���{��M�4��4�|{�z|���E�U��~|��{��%�,�)³|��{��K{lk �7�¼���4���¬~6�%~6�4�|{�x������+z�nLõ x|���+�|�%³�k �����Qµ2{�� �+�¬�e�K�¬�+~�{����4����%�+~|{K�n�����9��{K~|¬�4� M �!¨P�|{7�2�U��~|� �%�+zí���¾��³|� ò ���+{L��~|�����|z|{��n�+{�µ%{K�¾���I� �|�E�4�|{K�!%{K~|{��¾�0�4�%�+��4���0�)��{��+{�~|�¬�·��{�~��4���%~|{�z.��x��Qµ2{%�Px�{K�Q���|�+{��4�|{�y �0�+{�³��+���)���+����y¥�|�+{Kz¹�4�5%{K~|{��¾�0�4{��~2�4{K�+{��E�4��~��~|{M�i���%�+���K�|�¾�0�4�|{K�P�4����~Ý�4��¬{K~|{��¾�0�4{�¬�¾��³|���P�����4����~2�4{K�+{��E�4��~���E�4�+�|�M�4���+{ln� ¬�����z,² t ÓQ®%× s ¸ s ¸ s ¸ s ¸ s ÓQ® M s ¸ w �����)~|{M�i���%�+�������4�¥ÓK®%×¼µ2{��E�4����{��K�h�K�¬�+�+{K�+³��%~|z|��~�·�4��4�|{��¾����{ ë �%�E�4��õ���{K�+���Q��~·�K���4��{K�P���P�4�|{�%�¾��³|�»��d��±�z ¬����dzB²�z|{��+�K�+��x�{KzÝ{Q���+����{K�K� ò �I�¬�����z,²U���|~������%{ �����±�z ¬Ý�-��z,²¾�����������%��³���{M�4{�¬�¾��³|�������4� ¸ æ « �« ½ {�z|%{K�K�åo3µ2{��Ey�{Kz|%{©�������~���~2�4{K¬{K����{K~|¬�4���|���|���¾���+{�³|�+{K�+{�~2�4�7�4�|{©z|���E�U��~|��{��4���0�	���Q�����%���4�+�|�¾�·���%�|��z�����µ%{~|{K{�z|{Kz��4�7�4�¾�Mµ2{K����~·Ó����U�����|{K~�%�%��~|�� �+�¬�Ç�%~|{�%��µ2{�~��K���iy��4����~|�¬�4�|{��K�Rº��¬�n{�»|���¼³|��{%�À ª ��#'�lÄ�����lÅ&� WbV k|����Ô��Q�l��������{���� �+�%� À ���jÇ� _ ��$�� W �&��� ��� =Q¨ kI��~·�4��{Ý¬��-��zB²�~|{��i���¬�+�h�� z2�2°�± t ×IÓ s ¸ s ¸ s ¸ w ���·�²~|{��i���¬�+�¥�����4�.×IÓ�µ2{K�E�4����{K�·�0~�z �Q�¬¸2®±���+���K� üF�4�¼µ2{��E�4���K{���+{�³��+{��+{�~��,�+{K�M�4�%�+�3�%���4�|{ U�~|���4{�z·�2�U�0�4{K�3{��K�¬~��¬��y2����~|z¼���4�����+���,�+{�³��+{��+{�~��3�4��{ �|�Q�.�%����%~|{�y)�#�+�%�¤�%~|{��+{K�M�4�%���4����~|�¬�4�|{��Pz|�|�+��~|��4�|{�y2{Q���	Ó��%×%ýI�I��{Q���+�|�+{Kz·��~Ý�����������%~|���%�z|�%���#���+�K�Xº��%�X{M»�����³���{%���4�|{`�|�Q�´µ2�����|{9� �+�¬� P ���!�{Å��&$L�4�Z��Ä���Ç���^Ä�$lÆ����bÅ)#'�����bÅ������'�{�����{0��~|��~|��4���0���4�|{	�#�|�+~����4�|�+{���~|z��|�E�4�Ey)³�����zd�`�l��� ¸%¸%¸|� ¸%¸%¸��4���4�|{���³|³��0�+{K�h��~�z|�|�E�4�Ey)��~�4���0��y2{Q���K�9¨P�|{7�+���§�¬�G�|�Q�����K�¬�¼��~|©��~2�4�©{Q���U�¼µ2{K�E�4{M»�����{Qï��������4�©�4�|{7�+�|�§�%�1�|�Q���%�%��~|��%�I�Q�nõ�~)���+�7��³|³h{Q���+�3�%~|��y����|{�~��4�|{ ���K�.���3~|�%~jqK{��+���!õ �+³�{��K�#���Iµ2{��E�4{M»��Q������{Kz� Ç��UÅ^Ç��+{��K{���µ2{��R�4�|{�|�Q���!�4���0�n�+{�³|�+{K�+{�~2�n�4���U����z|{K�)��~|z�� �%�9��³|�+��z|�|��� Ñ ���#{��Ï�%�|�4�|{��+{{�~�zIôG�|�+{��û�|�Q���©�0�+{�~|{K2�0�4��µ2{2�hx�{K�Q���|�+{��¬�3�4�|{��L��y6����³��%�E�4{�zá¬����z|�©���+{��4�+{0�0�4{�záx2y%�Qµ%{K�+~|��{K~2��{��K�%~|�%�����E�4�K�� ÛQ��¬íz,² t ÓQ®¬¸ s ¸ s ¸ s ¸ s ¸ s ¸ s ÓQ®¬× s ¸ w �����¼~|{M�i���%�+�������4�±ÓQ®¬¸¼µ2{��E�4���K{��	��~|z¥ÓQ® M �·���+���K�üF�4��µ2{K�E�4����{K���+{�³|�+{K�+{�~2���#���¬�4x��������4{Q���¼�L�0�Lõ���{K�+���Q��~Ý���%����{K¬{K�L��~|z��|~|��µ2{��+�+���4��{��K�!õ��+�K��+�|~�x�{��i��{�{�~Õ�4{Q�������4���0�6³|� �My2{KzÕ{Q���¾���¬�4�|{K��z|�|�+��~| �4�|{5{�»I�����4��~�öÓ��l�¬¸û�+{0���+�¬~X���~|z±�4�|{MyÏ���+{)� �0xh{���{Kz´�����4�5�4�|{·~��|��xh{����%�L³��%��~2�4���+�K�%�+{�z���º��¬��{�»��0�¼³|��{2�X�4�|{��0�+�W ���#��bÄ{Å<Æ�¢D¢ £ V ��$��^�jÄ{Å�#'�������0�©µ%�����|{·® M �n��~|z5�4�|{·���+� V ��$��^�jÄ{Å�#'����¢D¢ £ W ����#��jÄ{Å<Æ������µ%�����|{�®%ýI��x�{��0���|�+{��4�|{��2�U��~|� �%�+z�ñP���+z|��~�����z|{�� {Q�0�4{Kz��4�|{ZU��Iñ�� ò {��+�%{���{My»���¬��z|{�~ò {Q���+�Lx2y����+�K�%�+{��¬�9® M Ü�®%ý��%~5Ó M ë �Qµ2{���x�{���Ó��l�¬¸I�� |B��²,� t Ó�� w ���	��~|{��i���%�+���%�,�0~6{�~��4���+{���y�z���ó�{��+{K~2������~|z��LüF��������Ô%®��%¸¼µ%{K�E�4����{K�	�0~�zM × M ×6���+���K�R�������¾�±z|{K}|~|{Ý�à����|;z2�,}/z.���U�,¯U�%�	�I��Û{|;�B"�´�%�á÷Ez���¬ø�� ~��0�¼{���y��n��z���%�¾�0³��



Ô%® 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
7;(�6 *�0;1-*�=KFIM,F�C */.g�FIM,F�C 6 Ff�j§j7;0;1I3�6 0%6 0%>�0%7�F/M,F/C *�.á�Y#,§2��á^*/=%A%F/*�=��d0%.Y14(�A%FI1-6 7;0E#B*/1�§j7 e +%AB14*/(>23514*/.&b7B7;C *�380 X 38C A%*/.d+�+����� �+�� ���C 3�1-F4?�!0BA,1-?#214380%:	7;(�=E$!(-38+%?�&b38.-*G�<F�7 e +%C *I1-*�>;A%6 =%*'1-7N�g!¦!¦!ibá�#.-?%78(�1-*/.�1�+%3�1-?hlg��'i á�Y#,§0L380,7BF�7 e +%AB14*/((�6 .�F?2M,+�*/(�>;(-38+%?,.IH�H'H?2M,+�*/(�*�=%>8*�.*�=,>;*/.�7;:Q3�?;M,+`*/(�>;(-38+,?�H�H'Hc cdA%0%6 :®78( eF�7 e +,C *I1-* c cdA%0%6 :®78( e ?;M,+�*�(�>;(-3�+%?Ø ä ø çã6 0%=%A%F/*�=F�7 e +,C * e *�0;1 Û 7;:Q380 c cdA%0,6 :	7;( e ?;M,+`*/(�>;(-38+,?° cdF/7;C 7;(�6 0%>�78:<3�?2M,+�*/(->8(-38+%?: 3 e 6 C MK78:Q.-*I1-..-*I1�.�M,.�1-* e Q,.-*/*�?;M,+�*�(�>;(-3�+%?1-(-6 +%C *�.�M,.Y14* eä « æ e 3�1-(�6 F/*/.IH�H

�4���0���K�%~2�U����~|��~|���%�+��{�~��4{�z)��y��K��{��K�n¨P�|{7µ%{K�E�4����{K�,�+{K³|�+{��+{K~2����Q�4{K�,�4���0������µ2{ ò ���¬��{Q��~µ%������{�� Ñ ��~.���+���+�|�¾� �0���)J È ¢D¢ £ T�Ëg�5É0� �¼{Q��~|���4���0���4��{Ýµ2�����|{��¬����0�4{���J È ���)��~��~|³��I�	�4�Ý��0�4{ TjË �5É0� � o����¾�²��Q�4{������©�¼�iyI³�{��K��z|{ t d+�+� � �+� � � ��� � � �+� �h�#�0�4�U����%��{M»��4{K�+~�������~|³|�I� w Ñ {0�0�U� ���+�Ý�����¼�á��{K~|¬�4���9z�{�~|�¬�4��~|5��~ �0�¼�%�|~2���%�7z|{�� �My��±¨P�|{~|{��i���¬�+�²���%~2�U����~|���4�|{¼�K�¬�¼³|��{��4{����¬%����� �%�����¼��~|�#�0�4�|�+{ Ø ü+�|ñÇ�¾����³´�4���0�©������x|��{��4��%x�{MyÝ�+���¼³|��{	�K�%���)��~|z��L¬�Qµ2{��+~���~|��+��»��4{�{K~Ý�+{K¬���E�4{��+�K�|{Q���¾�5Ó���x|���4�P����z|{2�ñ��%��³|��{M�4{�z|{��U����������x��%�I�P�������4�|{��j� ò ¬{K~|{��¾�0�4�%�+���Q��~)x�{7� �%�|~|z)��~��4�|{	���I�4�|�%�Lk �x����%�¢¡ . B ñ!ðq��] q [��"&¢*�	�-,.J£ ��� B t-ë {��l¤,�¬�+��nnõ�ñ� ÷,�+{��+�K��Ó��l�%Ô w �3�4�%%{M�4�|{K�������4�z|�lq�{K~|�R�%���+�|�%�E�!{�»|���¼³|��{3³|�+�%¬�¾���¼���4���0�R{�»I³|�#����~����K�±�4���)��~|��³|�|�#�0�4{9�4�|{,¬�¾��³|���n�0~�z~|{��i���¬�+���9�4���Q�9�4��{L¬{K~|{��¾�0�4�%�+�3³|�+��z|�|��{2�!º��%�3{�»��0�¼³|��{2�2��³|�+�%%�¾��� �Q������{Kz�¥ d+���Z¦ � Å�+�|�Q�����|�Q���4�¼}�~|zá���+���¬�E�4{K�E��³��0�4��x�{��i��{�{K~��¬~�{©}Iµ2{MôG��{��+�4{��L���%�+zá�0~�zá��~|�¬�4�|{K�K��õ³|�+�%%�¾���¡�Q������{Kz � d+§�¦ � ¨ Å ¿.z|{K���%~|�E�4�¾�0�4{��	�|�Q�Ç�4�Ý³|�I�©�)~���~|�����%��³|�|�4{����4�|�+�%�|%����4��³�����{K��x2y)�+�����|�#�0�4��~|©�4�|{����M�4���¬~����%�!��~|{��i���%�+�¼x|�|������� �+�%�É�4�|{���0�4{����%��|B�Y²%� t Ó�� w �V��'Ï�Ò<Ô`Ó�Ô�Õ^Ï�Ö;��m����¾��³|�|�,��~|z�~�{M�i���%�+���n�Q��~�x�{P�I�+�4{��+��y©�é���+����~��0�4��~|���x|�I�9�4�|{My����+{K~�k ��4�|{�{�~|z��%�R�4�|{��E�4�¬�Ey�x2y���~2y���{0�0~��K��ùR���4�L�%�!����³��%�E�U��~2�L���%��x���~��0�4�%�+�#���X�0��¬�%�+���4��������+{²z|{��+��¬~�{�z �4�Ï���%�+�¹�����4� �U¯,jz,|IÛ�|2�B"�U²¾�����|���¾�Õ���+{²���%�+{²¬{K~|{��¾�����4���0~À%�¾��³|�|�x�{K�Q���|�+{	�4��{����L{�z|%{������+{©�������Q��{KzÝ�4��x�{ô��|L�,��}-|2��|B¯)�+�|x|�+{M�4�7�¬�R�4�|{�µ%{K�E�4����{K�K�º��%�Ý{M»�����³|��{2����{6�¼��%�2�·����µ2{6�+{Mµ2{K~ µ%{K�E�4����{K�K�P��z|{�~��4��}|{�z.x2y ~|�%~jq�{K�+�±x|��~����Ey�E�4�+��~|%��¦ ¿ p æ p « p Í �&�4�%%{M�4�|{K�������4�²�+{Mµ2{�~´{�z|%{K�K����z|{K~2�4��}|{Kz²x2yáx|�¾���¾�%{��4{�z²~|�%~jqK{��+�x|��~��0�Ey��E�4�+��~|%��© ¿ ç � æ � « � Í èF�Q�����4��¦»Ü�©3���|��~|z©�%~|��y	��� t p æ � æ � p « � « � p Í � Í w ����z©® ¿ ¸|�o����¾���%�X�4�|{K�+{�{Kz|%{������%~2�U����~|�L{�»|�����4��y¼�4���+{�{	µ2{K�E�4����{K�Ln
ç ¸%¸|Ó,è ¿ ÞQ¸|ÓK¸ s ÓK¸%¸ s Ó%Ó�¸bß Ñ ç ¸|ÓK¸`è ¿ ÞQ¸%¸|Ó s ÓK¸¬¸ s Ó�¸|Ó{ß Ñ ç ¸|Ó%Ó,è ¿ ÞQ¸|Ó¬Ó s Ó�¸%¸ s Ó%Ó%Ó{ß Ñç�ÓK¸%¸�è ¿ ÞQ¸%¸IÓ s ¸IÓK¸ s ¸|Ó%Ó{ß Ñ ç�ÓK¸|Ó,è ¿ ÞQ¸|ÓK¸ s ÓK¸|Ó s Ó%Ó¬Ó{ß Ñç�Ó%ÓK¸�è ¿ ÞQ¸%¸IÓ s Ó¬ÓK¸ s Ó%Ó%Ó{ß Ñ ç�Ó%Ó%Ó,è ¿ ÞQ¸|Ó%Ó s ÓK¸|Ó s Ó%Ó�¸bß2ÿ t´Ö%Ö%wõ�~|zÀx2y �EyI���¼{M�4�Ey��L{0�0�U� µ2{��E�4{�».x�{����%~|%�Ý�4�¥{M»����M�4��y¹�4���+{�{²{�z�¬{K�K� t o3z�¬{K�·�4���Q����%~2�U����~¼�4�|�+{K{��%�����%�+{Lµ2{��E�4���K{������+{7�+�¬�¼{M�4���¼{��3�0������{�z±÷E�2yI³�{K�+{�z|%{K�K� ø��4��z|���E�4��~|%�|���+��4�|{K�Õ�#�+�%�ö�4�|{,{�z|%{K�X�%�|��~©�¬�+z���~����Ey	%�¾��³|��� ò �I�R����k ���#/¹�4���Q�����¬�4��{��ûÙE�|�E��÷E{�z|%{��K� ø wõÏ�2yI³�{K�+%�¾�0³������&�¾����z��4�Lx�{gc�ÙI³<±�� Y,°�|B¬Õ����{Mµ2{��Ey	{�z|%{3���%~2�U����~|�X{M»����M�4��yªc�µ2{��E�4����{��K�¨P���|� t´Ö%Ö2w ���,��ÔQôG��~|��� �¬�+� ��y�³h{��+%�¾��³|������~|z)��®0ôG�|~|��� �%�+� �2yI³�{��+%�¾��³|�����,��~��%�+z|��~����Ey%�¾��³|���3¨P�|{��K�¬�¼³|��{��4{�c0ôG�|~|��� �%�+���2yI³�{��+%�¾��³|�XØ ä ø çã ����� ë µ2{K�E�4����{K����~|z ¸ ã ø ½ {�z|%{K�K����%�E�L�%�&�4��{�x����+���	���%~|�K{�³I�4�P�%�X%�¾�0³��·�4�|{��%�Ey¼�0��~Ýx�{�{�»��4{�~|z|{Kz)�4���2yI³�{��+%�¾��³|�|���~���~��Q�4���¾�0�h�L��y��9º��%�P{�»|���¼³|��{%�I����Û ¿ÇtLÑ9s.Ò�w ��������y�³h{��+%�¾��³|����~|z���� Ú¬«îÑ �I�4�|{�+�|x|��y�³h{��+%�¾��³|�\Û® Ú ��~|z|�|�K{�z6x2y Ú �����7�4�|{�{Kz|%{��)Þ'©h9©�Ü Ò ��~|z¯© «ßÚ ß%��¨P�|{���%�¼³|��{��¼{�~2� Û �%�	��~�c0ôG�|~|���#�%�+� �2yI³�{K�+¬�¾��³|�û�������4�|{Ý{Kz|%{����%��Ø ä ø çã �4���0�)���+{K~�k �{�z�¬{K�·�¬�íÛ5�âõ °2ôG���%���%�+��~|Ï�%���5�2yI³�{K�+¬�¾��³|� ������~À���+�+��%~|��{K~2�Ý�¬�����%���%�+�¼�4�±�4�|{µ2{��E�4���K{��L�+���4���0��~|��{�z�¬{����L���%~|���U�|�+�%�)�0�4���%�nõ�~|z��+���%~��m yI³�{��+%�¾��³|�|�7¬�¼x�yÝ�)��~2y��¬�4�|{K�L~��0�¼{��K��x�{K�Q���|�+{��4�|{��¾����{©³|�+�%³�{K�E�4��{��L�0�0~�x�{� �¬�+���|�#�0�4{�z���~��·��~2y�z���ó�{��+{K~2���L��yI�K�Lº��%�7{�»��0�¼³|��{2�|{�µ2{��Ey��2yI³�{K�+¬�¾��³|� Û ¿ tLÑ3s�Ò�w���	{K�+�+{�~2�4� �0����yá�°Y,��¬����®¯p°}Y)²%z%}-²U�&x�{��0�0���+{�{Q���¾�²{�z|%{������)�+�|x��+{M���%� Ñ �©õ§Ô0ôG�|~|���#�%�+��2yI³�{K�+¬�¾��³|�¹���¼�����+�´�Q������{�z¹�¼}-|B�®���zs²2¯�²B}/z,¬��¥õ ��y�³h{��+%�¾��³|�û���¼�����+�²{Qï��|��µ%����{K~2���4����)�0�4�+��»ô÷î�%�7¸I����~|zÀÓM�K�9�����4�Ï�%~|{·�+�Q�¤� �¬��{0���¾�Ïµ2{��E�4{M»5¦±��~|z¥�%~|{·�K�%���|��~Ï� �¬�{Q���U��{Kz|%{°© Ñ �+�Q�Õ¦Ý��~|z����%���|�¼~d©©�%�X�4�|���L�·�Q�4�+��»)�K�¬~��U�0��~|�P�4��{�µ%�����|{y� r-±L¿ ç�¦�Üy©{èG�



M 
��������������������������������
! �����" Ô%Ô
6 0%F�6 =%*/0%F/* e 3�1-(�6 Z[%6 +L38(Y1-6 1-*�>;(-38+%?F�780%0%*/F/1-*/=F/M,F/C *=%AL3�C1-(43�0%.-+�7;.�6 0,>(�*�>8A%C 38(=%6 .�1-6 0%F/1�F�78C A e 0%.&b7B7;C *�380K:®A%0,F/1-6 7;0

�á�0�4�+��»ô÷î�����0�0����{�z5�4�|{��Y±��,�¶�Uz,±��;z¶¬í�{}-|B�N~Ï�¬� Û±�3��~|z±��{·�¾��y´�4���Q�´÷E¦²������~�����z|{K~2������4��©Kø´���|{K~¹¦ Ü²©%�Àº��|�E�4�|{K�+���%�+{%���²�2yI³�{K�+¬�¾��³|�.���¼{Kï��|��µ%����{�~����4�Ï� �,�	���|,}-��}/zÛ{|;�B"���&�����4�²µ2{��E�4{M»á�+{M� Ñ*ÞXÒ ��~|z²�����4�á�4��{�{Kz|%{�¦�¢D¢D¢�©����|{K~|{Mµ2{K��¦6������~�����z|{K~2������4�d©%�3¨P��{��2yI³�{K�+¬�¾��³|�����P�¾����zÝ�4��x�{ô�2°�±�±�z2�%}/z.�·���n��~|z��%~|��y·���X�4�|{����%�+�+{��+³��%~|z���~|x|��³��0�E�4���4{©%�¾�0³��6�������%~|~�{��M�4{Kz��7õ �B¯Q�%��z��%�3��{�~|¬�4�´°���~²�¼�2yI³�{��+%�¾��³|�á���7z�{�}|~|{Kz6�4�x�{�����yI����{��%�R��{�~|¬�4��®%°·��~Ý�4�|{����%�+�+{��+³��%~|z���~|�x|��³����E�4���4{�¬�¾��³|�X�º��%��{�»|���¼³|��{%�%�4��{���y�³h{��+%�¾��³|� t´Ö%Ö2w �0��~¼x�{7z|{K}|~|{Kz)x2y)��~){Qï2����µ%����{K~2�3��~|����z�{�~|�K{�)�0�4�+��»·�%�7��~�{Qï��|��µ%����{K~2�Lx|��³����E�4���4{�¬�¾��³|�6�����#�%�����Q���Ln
³ ä8ä æ{´ ³ ä æ ä ´ ³ ä æ4æx´ ³ æ ä8ä ´ ³ æ ä æx´ ³ æ+æ ä ´ ³ æ+æ4æ{´ä;ä æ ¸ Ó ¸ Ó ¸ Ó ¸ä æ ä Ó ¸ ¸ Ó Ó ¸ ¸ä æ+æ ¸ ¸ Ó Ó ¸ ¸ Óæ ä8ä
µ¶¶¶¶¶¶¶
·
Ó Ó Ó ¸ ¸ ¸ ¸

¸-¹¹¹¹¹¹¹
ºæ ä æ ¸ Ó ¸ ¸ Ó ¸ Óæ4æ ä Ó ¸ ¸ ¸ ¸ Ó Óæ4æ+æ ¸ ¸ Ó ¸ Ó Ó ¸

» ¼�¼f½5¾
¼f½5¼

» ½x¼�¼�¾¼¿¼G½» ¼f½5¼�¾½x¼G½
» ½5¼f½5¾
½¿½¿½
» ½�½x¼�¾
½¿½5¼ » ½¿½�½5¾À¼f½�½ » ¼f½�½5¾

½x¼�¼ t´Ö2½¬w

üF�����%~2�U����~��7®¬×��MyI����{��P�%�!��{�~���4��ÔI�I�+���¾�6���
çåÓ�¸|Ó,èK¢D¢D¢�ÓK¸IÓ�¢D¢D¢�ç ¸|ÓK¸`èQ¢D¢D¢¼¸%¸|Ó&¢D¢D¢�çåÓK¸¬¸�èQ¢D¢D¢¼¸|ÓK¸n¢D¢D¢êç�ÓK¸|Ó,èGÿ t´Ö%v%w¨P�|{ÿ��³��{�ûÛ�Þ �%���5��y�³h{��+%�¾��³|�×Û ���·�¬x|�U�0��~|{�z x2y ��~��4{��+�¾���0~�¬��~|±�4�|{á�+�%��{���%�Pµ2{K�E�4����{K����~|z¥{�z|%{K�K�9x|�I���+{M�U����~���~|��4�|{·��~�����z|{K~|��{·�+{K�#�0�4���%~��6üi~¥�¬�4�|{������¬�+z��K�3������%�+�+{K�+³��%~|z|���4�¼�4�¾��~|�+³��%�+��~|)�4�|{���~|�K��z|{K~|��{©�·�0�4�+��»&� ë ���4����{%��� �%�7{�»|���¼³|��{%���4���Q���4�|{z|�������%�9��~�c0ôG�+{K%�|�#���P%�¾��³|�����7��~dc0ôG�|~|��� �%�+�¤��y�³h{��+%�¾��³|���üi~|�K��z|{�~���{P�·�0�4�+����{K�3��~|z�x|��³����E�4���4{P¬�¾��³|���3����%�2�3���%�+�+{��+³h�¬~�z��4���2yI³�{K�+%�¾�0³��|�3��~���|���U�·�+�¬�¼{7{Kz|%{������K���|�����%�+{7�4����~)�%~|�K{%��xh{��Q���|�+{�z����E�4��~|�������%������~|���%�&�4�|{��·�0�4�+��»����¬����x�{){Qï2���0�F� � ��{�~û���2yI³�{K�+%�¾�0³��àÛ ¿þtLÑ9s.Ò�w z|��{K��~|�¬������µ2{Ý��~2y5�+{�³h{Q�0�4{�z{�z�¬{K�K�2���,���%�+�+{��+³��%~|z��������+���4��y2{M���0~����4��{��3�K�¬��x|��~��0�4�%�+�#���|�¬xIÙE{��M�Q�2~��0�¼{���y�� Ú °`°{��z2��±Y2³<±��,}-�I°�±��9º��%�L���O�I�¾��y2�I�4��{	µ2{��E�4{�»·�+{�� Ñ ��� Þ2Ó s ® s ÿ�ÿ�ÿ s ë ß%�I�4�|{��#�|~��M�4���%~Á t � æ s � « s ÿ�ÿKÿ s � ã w´¿ÃÂ Þ�� ���� ¿ Ó{ß Ü Ò Ä t´Ö%Ò%w�¾���0�¾�����4{��+�dqK{����4��{�{�z�¬{K�L�%�PÛ5�9º��%�L{�»|���¼³|��{%���4��{ ò ���¬��{Q��~Ý� �%�+���|� �t � æ â � « â �"� wÆÅ²t � « â � Í â � � wÆÅát � Í â �"� â �Ç w2Å²t �"� â � � â ��È wÅát � � â �Ç â � æ wÆÅ²t �Ç â ��È â � « wÆÅ²t ��È â � æ â � Í w;Åát"É� æ�Ê É� « Ê É� Í w tGÖ¬à2w���7��~|�¬�4�|{K�P�L�MyÝ�4��z|{��+�K�+��x�{	�4�|{���y�³h{��+%�¾��³|���¬� t´Ö%Ö2w �0~�z t´Ö2½%w �¨P�|{��D���M�¼�4���0�)���%��x|��~��0�4�%�+�#���L�%x�ÙE{����4�¼�Q��~ x�{�µI��{���{�z¹��~¹�+�±�)��~2y¥�L��yI�¼�0��~x�{�����~|z|ôGx��%¬%����~|�� ò �I�	����k �������+�·{M»��4�+{��¼{���y��|{K��³|� �|�G��xh{��Q���|�+{����	�+�|%%{��E�4�	z|��ó�{K�+{�~2��L��yI���4���+�%��µ2{�{Kï��|��µ%����{�~���³��+�¬x���{��¼�K� � ��{�~²��{¼�����¬�²�0���Ý³|�+�%x|��{��þ�#�+�%�þz|��ó�{K�+{�~2�³�{K�+�+³�{����4��µ2{��K�¬�¬���9x|�¾����~|�n~��Q�4���¾�0����y��4�|��~|�©�%��z|��ó�{K�+{�~2�n�L��yI�n�4���0�+�U���¾�©���Q�9���%��{��4����{K���{7%{��,�4�|{�x�{��E����~��+��%�2�4�,x2y��4�|��~|����~|��0xh�¬�|���|�Q�.�4�©�·��~|��³|�|� �Q�4{7�+�K���L��~|z)�K�¬���|��~|���~5�·�)�0�4�+��»&�����%��{��4����{K�7��{��)���%{�³|�+�%¬�+{K�+��x2yá���·��¬��~|��~|·µ%{K�E�4����{K����~|z´³��0�4�|�K���%�x2y¼µI���+�������Nq���~|������|�E�4{K�+���%�X³��%��~2�4�P��~·�+³�����{%�����%��{��4����{K� ò ���%��{0�0~��0��¬{Kx|�¾�����RÙO���E���4�|{�4�|��~�|�9üi�X��{Uk �+{��E�4���¾�·��~��%~|{�z|�%�)����~�����~|�¬�4�|{��L�¼��%�2�L�K�¬�¼{	�4���%�|���+{��+�K�|{%�



Ô�� 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
F�7 X *�(6 0%=%*/+`*/0%=%*/0;1.�1438[%C *7;(Y1-?%7;>87;0L3�C=%781�+%(�7B=%A,F/1&b*/(->8*e 6 0%6 e 38Ce 35Z,6 e 3�CF�78021-6 >;A,7;A%.ÆË�0,6 1-*/=�#;1I351-*�.=%6 F/1-6 7;0%38(�6 *�.!78:<iQ0%>;C 6 .-?e 6 0%6 e 38C X */(�.-A%. e 6 0%6 e A e He 35Z,6 e 3�C X */(�.-A%. e 35Z,6 e A e H7;+,1-6 e 38C X *�(�.-A%.�7;+,1-6 e A e

� Ø=Ì^ÒbÔ{Í5<'Ó�Õ<>6 Íx<;6�ÒbÏ�Ò�<>6'Ò�<>4lÒm±üi�PÛ ¿ÆtLÑ3s�Ò�w ������%�¾��³|���¬�7�2yI³�{��+%�¾��³|�������+{��Ú �%�&µ%{K�E�4����{K�,�����¾����z)�4�¶�2°�x{zB|íÛ¡���&{Mµ2{��Ey¼{�z�¬{����%~2�U����~|�P�0����{0���E���%~|{���{K��x�{K�,�%� Ú �õ¤�+{M�LÍ �%��µ2{��E�4���K{��©�����¾����z´�4��x�{s��±'�Uz��zB±'�Uz,±�} t �%�6÷E�E�U��x|��{Kø w ��~ÉÛ ����~|��{Kz|%{¼������%�¼³|��{M�4{K��y)���%~2�U����~�{�z���~!Í �º��+�%� �4�|{��E�U��~|z|³h�¬��~2�¼�%���4�|{���~|����z|{�~|�K{��)�0�4�+��»&���²���Qµ2{��+��~�´���·�á�+{��)�¬���+�Q������|�%�+{��+��� ����~|�%~jqK{��+�´��~¹{Mµ2{K�EyÏ�K�¬���|��~��¹õ�~|z¹��~û�4�|{��+³�{K���#���L�Q���+{��4���0��Û ���)�%�¾��³|����{�µ%{K�Ey6�K�%���|��~²�%�,�4�|{��)�0�4�+��»6�K�%~2�U����~|��ÙO���E���i���´Ó�� Ñ ��{�~|�K{¼��~´��~|z|{K³�{�~�z|{�~2��+{M����~���%�¾��³|�����%�+�+{K�+³��%~|z|�P�4�)���+{M���%�R�+�Q���L�4���0�7���+{����I�4��������y)�%�E�4�|�%%�%~����"�Ä�4���Q����K�����+{M�7�#�%�P���|���U�Ý�4�|{�z|�¬��³|�+��z|�|�M���%�9��~2y·�i���¼z|��ó�{K�+{�~2���+�K�������9qK{��+���¨P�|{K�+{Ý�K�¬~���{�³|�4�����+{Ý�%³|³��%�+���4{Ý�+��z�{����¬���4�|{Ý�¾����{Ý���%��~X�²üi� Ú �K�Kµ2{K�+�KÛ5�9�4�|{K~Í ¿ Ñ¬ÎíÚ ������~|z|{K³�{�~|z�{�~2����~àÛ Ñ �K�%~2µ2{��+�+{���y2�n���#Í ������~|z|{K³�{�~|z�{�~2����~ÜÛ±�!�4�|{K~ÚÕ¿ Ñ¯Î Í ���Qµ2{��+�Û5� ò �¬�4�¼�E�U�Q�4{K��{K~2�4�����+{�{Kï��|��µ%����{�~��9�4�©�¾��y���~|��4���Q�,�4�|{7��~|z|�|�K{�z�2yI³�{K�+¬�¾��³|�7ÛÏ-Í ���0��~|��{�z�¬{K�K�¨P�|����z|�����!�+{��#�0�4���%~|�+�|��³�x�{��i��{�{�~6���Qµ2{��+��~|Ý��~|z6��~|z|{K³�{�~|z�{�~|�K{%�����|���¾���L����³�{K�Eô����³|�3}��+�E�3~|�¬�4{Kz�x�y¼ñ��#���|z|{ ò {��+%{ ç $ �	['(^z�Ðû�&ð¶6 [�]!��< � (��D&z�ñ0(.6{z ò�ð t Ó��%ý M w ��×���®KÜI×��l�{èG������+�%��{M�����Q�7³����¾��z|�Q»I���Q���G�3õ����4�|�%�|%������k �����%%���Q������y)�%x2µI���%�|�	�0~�z�{Q���EyÝ�4��µ%{K�+���#y2�|����k ������+�´��~��4�|���4��µ2{���y5�+���+³|�+���+��~|�� � ��{�~û��{������%�¥�0�·�²¬�¾��³|�.��~|zû�4�EyÏ�4�´}|~|z.�á�#���+%{��~|z�{�³�{K~|z|{�~��,�+{M�Q�2��{L�4{�~�z��4�©����µ%{7�¾�Q�4��{��3z|��ó�{��+{K~2�3�4�|�%�|%�2�4���#�+�%� ���|{�~���{������%���Q��4�|{��¾����{L%�¾��³|�·��~|z��4�Ey��4��}|~|z·�	�+�)�����|µ%{K�E�4{M»����Qµ2{�� Ñ y2{M�,xh���4��%�����������+{P�4��{L�¾����{2�õþ�K�Qµ%{K�+��~|Ï�+{M� Ú ���ê¬Ý��±��Y¬ô�{�	��� ÚÑÎ �À�D�������¼�4�Ïx�{´�5���Qµ2{��·� �%���0���7� Ü Ú ������¼���#���+��y��2��~·��~|z�{�³�{K~|z|{�~����+{M�aÍ ����¬í��~���¬ô�{�h���>Í Þ �À�D�������3�4��x�{7��~|z|{�³h{�~|z|{K~2��� �¬������X� êÜ�Í � m {K�+{%��� �%��{�»��0�¼³|��{2�����	������~|���)�������Qµ2{��7�%�n�4�|{ �Q�0ôDµ2{��E�4{�»�¬�¾��³|�á�¬�n�4�|{���%~2�4��¬���¬���½U�~|���4{�z)�2�U�0�4{��K� t��0½¬w ����~|z��4�|{L���%�+�+{��+³��%~|z���~|��·�0»����)������~�z|{�³�{K~|z|{K~2�3�+{M��n

Æ¦¨¥�¦¨«5±	Ã�®F¯m· ª´¯¿Ò ³ ¬T®F¯m·}ÓÔ ¦ ª´©�� Ì ®F¯m· ª´¦ ³ ¯I° Æ±fÒ ¦¨« ±	Ã)¦¨¥�¸�¯}Õ�¯m¥�¸�¯I¥�ª�°¶¯IªKÓÔ ¦ ª´© ÃUÃ ®F¯I· ª´¦ ³ ¯m°
tGÖb�Qw

õ ���Qµ2{��+��~|²�����Q������{Kzu¬Ý��±��Y¬�³<¬ ���L�������0���4�|{Ý�+�)������{K�E��³��%�+�+��x|��{Ý�+�dq�{2�,��~|z ��~��~|z�{�³�{K~|z|{�~��X�+{M�R���X�Q������{�zÝ¬ô��~���¬Ý³b¬Õ�������R�����&�4��{3�#���+%{��E�X³��%�+�+��x|��{3�+�dq�{2�Xº��¬�X{�»|���¼³|��{%������4��%�¾�0³�� t��0½%w ��{��0��~�z������|�¾��x�{��+�4{��P�4����~ tGÖb�Qw n

�¦¨¥�¦¨«`Â�«Ü®F¯I· ª´¯¿Ò ³ ¬T®F¯m·}ÓÔ ¦ ª´©�� Å ®F¯m· ª´¦ ³ ¯I° û±GÒ�¦¨«`Â�«Ü¦¨¥�¸�¯}Õ�¯m¥�¸�¯m¥Fª�°´¯IªKÓÔ ¦ ª´© ÃEÎ ®F¯I· ª´¦ ³ ¯m°
tGÖ%u%w

ë �¬�4����{��4�|{©�+��xI�4��{©z|���E�4��~|�M�4���¬~�x�{M�i��{K{�~.÷E����~|���)����ø·��~|z.÷E�¼��~|�����|��ø¼�|{��+{Un�üi~�%{K~Iô{��¾��� t x��I�·��~¹�K�%~2�4�¾���E�)�4�5�¼�¬�E�·z|�����4���%~����+��{��¼�%�yo,~|%�����+� w ��³h{��%³|��{����|�5���%�+�Ï�����4����%��x|��~��0�4�%�+�#�����0��¬�%�+���4�������|�+{ÐÀ ôi���Ikn���%�+z|�¼�����%{û÷E����~|���)����ø²�%�5÷E�%³I�4���)����øá�4�´�+{�� {��



M 
��������������������������������
! �����" Ô%ý
C 7BF53�C C M>;C 7;[%38C C Me 35Z,6 e A e 6 0%=%*/+`*/0%=%*/0;1�.-*I1¥'�UcdF�7 e +%C *I1-*[%6 +L38(Y1-6 1-*�>;(-38+%?=%AL3�Ce 351-F4?%6 0%>C 6 0,*�>;(-38+%?´ t Û w6 0%=%*/+`*/0%=%*/0%F/*�02A e [�*�(.�1438[%6 C 6 1NMK02A e [�*/(F4?%(�7 e 3�1-6 F�0BA e [`*/(F�C 6 @BA%*�02A e [�*�(F�C 6 @BA%*6 0%=%*/+`*/0%=%*/0;1�.-*I1F�7 e +,C * e *�0;1438(YMK>8(43�+%?F�C 6 @BA%*�F/7 X */(F�7 X *�(6 0%F�6 =%*/0%F/* e 3�1-(�6 Z*/Z%3�F/1�F�7 X *�(« >8(43�+%?%.

�4�Ï���%��x|��~��0�4�¬�+� �0�7���%~|}|%�|�¾�0�4���%~|�)�4���0�����+{¼��°��2�{�Y�	¯¹x�{��E�Q�L��~ �4��{6�+{�~|�+{6�4���0�·�+�·������¾���0~�¬{K��z|�%~�k �¼����³|�+�Qµ2{·�4�|{K���±¨P��{Ý�K�¬�+�+{K�+³��%~|z|��~��À ôG�|�pk!���%�+z|�K��÷E����~������|�¼ø6�%�÷E�%³I�4��������� ø �0�+{6�+{��+{K�Eµ2{�z.� �¬�·�K�¬~�}|%�|�¾�0�4���%~|�)�4���0�����+{�Û{�d°U�;�{�Y�®¯ûx�{K�E�Q�L���%~|�+��z|{K�+{�z�Qµ2{��Ý������³��%�+�+��x|�������4��{��K�.üF��k �){Q���Eyû�4�5}|~�z �+�%���I�4���%~|���4�¥��~2y¹�%³I�4�����NqQ�0�4���%~¥³|�+�%x|��{���4���0���0�+{¼�¼{��+{K��yá�%³I�4���·�0�F����~²�4��{���{Q���á�����0�0�3�+{�~��+{%�!x2y´��������x|��~���+{�³�{0�0�4{�z|��y²�|~��4����+{Q���U�|��~|��4�|{��4�%³5�%�L���|�����G� ò �I������k �©�|�+��������yá���|�¾�±�����+z|{��©�4��}|~|z5�+�%���|�4���%~|���4���Q����+{)�4�+�|��y´�%³I�4�����|����º��%��{�»|���¼³|��{%�!��{lk ���,�+{K{)��~û��{����4���%~ M �	���4���0���4�|{·³|�+�%x|��{K� �%�}|~|z���~|��L�·�0»������|����~|z�{�³�{K~|z|{�~��!�+{��n��~���%��µ2{�~�%�¾��³|��xh{����%~|%�R�4�	�L�K�#���+�!�%�|z|��ú��K�|���³|�+�%x|��{K���P�4���0���0�+{��0������{�z�Ö | Ù5�2°�¬y���z%}/zM�o3µ2{�~û���|{�~.�6³��+�¬x���{�� ��� ë ÷3ôG�K�¬�¼³|��{��4{%�9��{�~�{�{�z�~�k �)z|{��+³��0���K� � {Uk ���Pz|���+���|�+��4{��U�|~|��ï��|{K�9� �%�3}|~|z���~|�����~|�������Ç�K�Qµ%{K�+�3��~��+{Mµ2{K�¾�0��³����E�4�3�%���4�|���3�¾���0³|�4{��K����~|z��4���¬�+{��{��4�|��z|�!���%�+�©}|~|{L�¬~��+�)���������+��³|�+�%x|��{���� Ñ �4�|{P�%³I�4�����|�Ç�+�¬���I�4���%~���~ tGÖ¬u2w �L���9�#�%�|~�z��~���{K�+�9�4����~)�	�+{K���%~|z��I�����4{K�9{�»|���¼��~|��~|��¬~���y����4��~�y�� �¾�0���4���%~��¬���4�|{7® �f× ³��%�+�+��x|�������4��{K�K�º����E�4�|{��+�¼�¬�+{2�¬�+³�{K���#�����0���+{��9�%� ë ÷3ôG���%�¼³|��{M�4{�³|�+�%x|��{K���n�%���4{K~��4�|�+~��¬�|�n�4�	x�{P�+����³|��{���4����~��4�|{P%{�~�{��¾���I�0���+{%�!üi~)��{����4���%~ M �ýI��Ó���{Uk ���I�+{K{��4���Q��������~|�����|�âµ2{��E�4{M»����Qµ2{��n�0��~x�{3z|���+�K�Kµ2{K�+{�z©ï��|���U����y7��~©��~2y�x|��³����E�4���4{9¬�¾��³|�X�Q�%����~©��~2y��2yI³�{��+%�¾��³|���4���0�X�����4�|{3z|������%����%�¾��³|���!õ�~|z���~¼��{����4���%~ M �ýI� ý���{lk �����E�4�|zIy�{�ú�����{�~2�!�L��y��n�4��z|���+�K�Kµ2{K�9���·�0»������|�¬ô�{}/�	�U��±<Û¬�0���|���¾�©���n�P�)�0»I�������ö��~�z|{�³�{K~|z|{K~2�R�+{��R��~��4�|{,����~|{9%�¾��³|�©�%���P%��µ2{K~�%�¾��³|���¨P�|{L³|�+�%x|��{��Æ�%���)�0»I�����dqK��~|7�4�|{P�+�dqK{P�¬�&��~���~|z�{�³�{K~|z|{�~��3�+{M�9���K���|�+�3�+�|ú�����{K~2�4��y�%���4{K~��4���0�9���n�����3���Qï2�����+{�z��7�+³�{��K�#����~|�¬�U�0�4���%~�nXüi�"Û����9��~2y��2yI³�{��+%�¾��³|���¬�4�|{�~��|��x�{K�
´ t Û w5¿ �·�Q»;Ø� ÍÙ�ÚÚ Í ���7��~���~|z�{�³�{K~|z|{�~����+{M���%�Xµ2{K�E�4����{K�P��~?Û�Û tGÖ%ß%w���L�0�0����{�z·�4�|{¾�Y±'�Uz5jz,±!�Uz,±��2z ±�³<¬ô�;z,| t �%�P�4�|{��E�U��x|�������iy·~��|��x�{�� w �%�PÛ5����������� �0�+��y2�Ü t Û w´¿ �¼��~!Þ�°d�Û ����°2ôG���%���%�¾��x|��{bß tGÖ�Â�w�����Q������{�z´�4��{��	�U|2°�¬í�{}-�I�»±j³b¬í�2z,|��%� Û±� ë �¬�4����{¼�4���0� Ü t Û w �����4��{)�+�dq�{·�¬�7������~|��ô�����î���Qµ2{��+��~���%�3Û x2yá��~|z�{�³�{K~|z|{�~����+{M�4�K�Xx�{��0�0���+{��4��{�µ2{K�E�4����{K���4���0���+{K��{���µ%{¼��~2y³����E�4���K�|�#���P�K�¬���¬�L���|�E��xh{���~|z�{�³�{K~|z|{�~����0�K���%�+z|��~���4���%�|��z|{�}�~|���4���%~|�K�¨P�|{K�+{)z|{�}�~|���4���%~|�©�%��´ t Û w �0~�z Ü t Û w ��³|³���y´��~5³��0�E�4�����|�#�����4���4�|{)�Q���+{¼���|{K~Û ������~6�%�+z|��~����Ey�%�¾�0³����hx|�I�	�%�9���%�|�+�+{���{��|�+��������y����+���4{Ý´ t´Í�w ��~|z Ü t´Í©w ��~��+���¾��+���4���0�4���%~|�K�å���¾��³|�|������µ2{©��~|�¬�4�|{K�L����³��%�E�U��~2�L~��|��x�{����Q������{Kz·�4�|{���� �%�	�xÝ,³�z)±j³b¬í�2z,|M�

Þ t´Í�w´¿ �)�0» Ø  ß�ÚÚ ß ���7�������#ï2��{	��~ Í Û s tGÖ�Ö%w���|{K�+{©�²÷E�K����ï��|{�ø����7���+{M���%�!���I�4���0����yÝ��z�Ù4����{K~2�Lµ2{K�E�4����{K�K�3ñ���{Q���+��y
Þ t´Í©w´¿ ´ t Í©wUs tGÖ%Ö%wx�{K�Q���|�+{��¼������ï��|{©��~ Í ������~���~|z|{�³h{�~|z|{K~2�	�+{M�	��~��4�|{����%��³|��{���{K~2�U���Ey�%�¾�0³�����������ô���#���+��yÝ��{��Q��~6�+{K{©�4���0� Ü t Í©w �����4��{�����~|�������Ä�+�dqK{��¬�,�±÷E������ï��|{©���Qµ2{��K� ø)�������¾�6���	��+{M���%�!�����#ï2��{����4���Q��{�»��0���4��y·���Qµ2{��+�7�������¬�R�4�|{�µ%{K�E�4����{K�K���{�µ%{K�¾���9��~|�E�U��~|��{K���%��÷E{�»|�������K�Qµ%{K��³|�+�%x|��{��¼�+ø·��{K�+{���{�~��4���%~|{�z²{Q���+����{K�	��~á�4�|����+{����4���%~��|�����4�|�%�I�	��~�{�»�³��#��~��0�4���%~��%�n{M»����M�4��y)�����Q���+�|�U�á��³|�+�%x|��{K�Ä�+{Q������y��+��%~|��}|{K�K�ºn��~�������y²��{lk �+{)�+{Q��zIy´� �%�©�4�|{)z|{K}|~|���4���%~�n¾����µ2{K~5�4�|{¼��~|����z�{�~|�K{¼�·�Q�4�+��»á�%�7���2yI³�{K�Eô%�¾��³|�?Û±����~�z2~U�U�%}K�;°�x{z,|��%� Û �������+{��L�%�R�+�Q���P���|�%�+{��+�|����� t Ó9Ó�ÿKÿ�ÿ�Ó w �9üi~��¬�4�|{�����%�+z|�K�3��~±{�»|���������Qµ2{����������+{M���%��µ2{K�E�4����{K���4���0�©�4�%�|�¾��{���{0���¾�±�2yI³�{K�+{�z|%{){�»|�����4��y�%~|��{ Ñ ��~��%�+z|��~����EyÝ���Qµ2{��L���L�¬~���y·�+{Kï��|���+{�zÝ�4���4�%�|�¾��{Q���¾���2yI³�{K�+{�z|%{ô�{}å��z2��²B}��%~|��{2�



Ôl� 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
N{380%>8:®7;(�=K+L386 (�.#BD;78C * eàU6 [�7;0L3�F�F/6l.�1-(�6 0%>$!7B=%:	(-*IM¤�*/C C cd[%38C 380%F/*/=+%C 380L3�(N{380%>8:®7;(�=é1-(-6 +%C */.e 3�>;6 F�.-@BAL3�(�*$!(xájF�7�cAN{3�1-6 0â�*/[%(�*/¤i<A,C */(38=%=,6 1-6 7;0K143�[%C *6 021-(�A%=%*/(�.

â�ãAâ�ägåaæ�ç�â2çè b_éëê�ìDí?Å��)�)��s��qp_î�ï Q�ðlñ N � ¿ s�r)�LjIoq�)��jál oqoIl�r)h�p.�Æp.r�jI�ís�u ¥ l r)h�uAs�oqe\��l�gkoq�íu8s�oûjI�)pr��)�Z�&p.oq�aò N�ófN�ófôfôfôfó î ó î2õ�~&�`gkjI�tjI�)p@�)oqs��&p.oLj{ö�jI��l j3�Pp@l ni�Isûs���jml�gkr�lÆ�Is�ni��jIgis�rKuAs�o î ï Q�ð�^öx�m��l�r)h�gir)hKjI�)p�÷�oq�qjyø O ð�ñ N�ù jIs�ø Q�ð ù l r)eXl �)�&p.r)e)gir)hdø O ð�ñ N Q�ð ù l�j jI�)píoqgih��j	�hú�ûvü'ý{þÿ:��jDjI�)p ð ñ N pT�p�rKr�)�Z��p�oq� Q�ð�ñgQ ~ Q�ð�ñ S ~ ôGôfô ~ O ð l�j½jI�)p nip.uRj	�
� b_é����)í���s�o½�D�)gi�T�%îx�.l�r�ò	� ó � ófN�ófN�ófôfôfôfó î ñ N�ó î ñ N õ ��p l oqoIl r)h�p.eKl � ¥ l r)h�u8s�oqeK��l gioq��

� b_éëê�ê'í?Å��)�)��s��qpP�PpPl oqoIl�r)h�p�jI�)pPr�)�Z��p.oq��ò	� ó � ófN�ófN�ó"ôfôGôfó î ñ N�ó î ñ N õ½girZl�Gû�������T~ gir)�LjIp	l es�u l��LjIoIl�gkh���j5nigir)p�~��DgkjI��e)gi�qjml r)�.p��ø��pTj´�Pp.p.r�jI�)pZj´�Ps�� ù �	�#�5sá�Pp�h�p�j �Is�ni��jIgis�r)�jI��l�j l oqpp.�q�Ip.r�jIgRl nin öáe)gk�qjIgir)��jDu8oqs��*jI�)s��qp s�u'p���p.oq�.gk�Ip O 
c!b_é �hê��Dí\� � ��Å���s�nip.�t~ N � R�T � � Å��)sF�7jI��l�j1jI�)p!�1gk��s�r�l �.�.g��LjIoqgir)h#"%$�ï'&�(�&)&�(*&�(�&)&�(*&)&�( ôfôfôs�u�p)��p.oq��gi�Ip N � O � U	+�P�S nip	l e)�Ge)gkoqp.��jIn ö jIs5l rZgirD÷�r)gkjIpP�Ip�,�)p.r)�.p-�.� N]O�N"P�O Q R P�S T Q ôGôfô s�u ¥ l r)h�uAs�oqe��l gioq��u8s�oKjI�)p?�Ip�jøs�u0/��1�Zr)s�r)r)p.h�l jIg¨�p�girjIp.h�p.oq�.~ giuZ�Pp?�Igi�Æ�)n öàoqp.�)nil���p?jI�)p2( ù ��l r)e3& ù �gir)e)p.�&p.r)e)p.r�jIn ö��^ö4��~ N ~ O ~)p�jI���k~)u8oqs�� nip.uRj½jIsÆoqgih��j	�

5 Ä�b_é ú6�_ê�ê9í ¨ uGlÆ��p.oq�Z��jml�jIgis�rKs�u�ò N�ófN�ó}O�ó}O�ófôfôfôfó î ó î2õ@gi�`�T�)s��Ip�r�l�j3oIl r)e)s��K~)�`��l�j3gi�DjI�)p�)oqs���l �)ginigkjxöKjI��l�j5jI�)pZj´�Ps�� ù � l oqp�p)��l��TjIn ö��K��s��Ig¨jIgis�r)� l ��l�oLj	~�h�gk��p.r7�*
983�IpZjI�)gi�5u8s�oq�Z�)nRljIsÆh��)p.�q�DjI�)p5�Ig;:.p s�u!jI�)p ¥ l r)h�u8s�oqetr�)�Z��p�oq�=<?>ágkr?�A@F�m�
5CB b_é �hêD�'í��FE?��Ç3s�e)u8oqpGö�~ O �.� O � � ¥ p�jHG'�JILK óGô"ôfôGó INMO>��0ïQP >

R)S K t I R I >DT RVU MO>*W R WLKX S K I X I X T R TYK w ôl��%ÿ:oqsF��pjI��l j U[Z æ)\ ] ] ] \ Z ç_^a`cb W%K \ TYKOd G!�JI%K ó"ôfôGôfó INMA>��;ï O MO>DTYK <?>���&�%¦e���)nil�gkr��)sF�×jIstp�� l�nk��l jIpÆjI�)gk�@�q�)� gkrgf�� Q > î!�5�LjIp.�)�	�ih3sF� �ûl�r�ö��)gkjI� s�uP�)oqp.��gi�Igis�rl oqp r)p.p.e)p.etuAs�oPjI�)p l�oqg¨jI�)�ûp�jIgk�	
�	�KÇ5l girtl�uAl ��jIs�oDs�u'p.gih���jD�^ö�p)���)nis�gkjIgir)hZjI�)p gie)p.r�jIgkjIgip.�
G!�JI%K ófôfôfôfó INMA>��;ï[G'� ñ I%K ófôfôfôfó ñ INMO>��;ï[G!�JIjMA> ófôfôfôfó ILKT�;ï[G'�JILK ó ñ INM ó"ôfôGôfó INMA>kWLK ó ñ INMO>�� ô
l�b_é �hê�ê9í�ÿ:oqsF��pøjI��l�j�pT�p�o ö ¥ l r)h�u8s�oqeÉ��l gioqgir)hXs�u�ò N�ófN�ófôfôfôfófN"SDófN"S õ��Z�)�qjá��l	��p��Ip���p.r�)r)�.s��Æ�)nip�jIp.et��l gioq�`l�jD�Is��ûp��s�gir�j	~)�D�)p.rtoqp	l etu8oqs��ßnip�u8j½jIsÆoqgih��j	�
m b_éëêcn)í � �)p�Igk�û�)nip��qj ¥ l r)h�u8s�oqeá�qp�,��)p.r)��p5gk�½r)s j½s�r)n öÆ�Pp.nin;o ��l�nil�r)��p.eLp�gkj ù �rqN�s/ üN/��T~�giríjI�)p�Ip�r)�IpjI��l jDgkjI�D��l gioq�D�	l rt�&p �.s�r)r)p.��jIp.et�)���`gkjI�)s���jD�.oqs��I�Igkr)hÆnkgir)p.�`l �`gkr��ut���v

w wx xyzy ô
�1gir)eKl nin�s�u!jI�)p �)nRl r�l o ¥ l r)h�u8s�oqet��l gioqgkr)h��½u8s�oP�`�)gi�m��î|{ U �
} b_éëê�~�í\���%/ üc�O�)���O�hýF�Kû qN�;�)�m� � ¨ r?�)sF� �íl r^ö��½l"ö��@�.l�rÀò N�ófN�ófN�ó}O�ó}O�ó}O�ófôGôfô"óO�)óO�)óO� õí�&pál oAooIl r)h�p.etgirKl�oqs	�ý�qsZjI��l jD�.s�r)�Ip.����jIgk��p�� ù �Dl oqp��ál���l oLj	~)u8s�o N {���{ � 
è�� bhé �hê��Dí�¦e���)nil�gkr��)sF�éjIsK�.s�r)�qjIoq�)��j@l7��/ � ûJi�)���k/����ûe)gioqp.��jIn ö�u8oqs����1gih)� N ��� ¿ s�r��p�oLjp	l �m���	l oqe�girjIs�l�r�)�Z��p�o½��p�j¶�Pp.p.r N l r)e N]S ~)gkr��q�)�T�tl@�½l"öûjI��l�j½jI�)poqsF�`�.~)��s�nk�)�ûr)�.~�l r)e�ûl�gkr�e)gRl h�s�r�l ni�Dl�nkn��I�)�*jIs P Q � �è'è bhéëê*��í�¦e��jIp.r)e×�u���íjIs l��Ah3p.�)oIl gi�)o´Ço��P�.s�o ¥ l�jIgirk�\�O,���l oqp���öÜl �)�&p.r)e)gir)h s�r)p�s�u@jI�)pnip�jqjIp�oq�aò�� óO�9ó��¿óA� õ@jIsÆjI�)p j´�Ps�o nkp�jqjIp.o`�LjIoqgir)hígirKp	l �m�ø�.s��û��l oLjI�Æp.rj	�7�3sínipTjqjIp.o3��l gio@� ¥ l�jIgir�~Çoqp�p��)�T~"� ¥ l�jIgir�~kh3p��)oqp���T~�s�o �¶Ç3oqp.p��&~ah3p.�)oqpT��P�I�)s��)nietl��)�&p	l oDgirt�Æs�oqp5jI��l r�s�r)p �)nil���p��

5 è*� b_é �hê��Dí\� ¥ � ¦:�)nip�o.� � ¥ p�jV<?� X ïÿ�J�)�#�����ûse�îíu8s�oe��{�� ó ���Àîí��p jI�)p½l e)e)gkjIgis�r jml �)nipPu8s�ogir�jIp.h�p.oq���ûse�îG�Æÿ:oqsF��p½jI��l�j l nRl�jIgirÆ�O,���l oqp`s�oLjI�)s�h�s�r�l n�jIs�<?p)��gi�qjI�:giu�l�r)eûs�r)n ö�gku�îtgi�:s�e)e��è�� bhé �hê^ì)íxd N �#  N �@�O,���l oqp�	l rá�&pe)gk��gke)p.e�gkrjIs@uAs��)o!,��l oLjIp.oq�½s�u"�qg�:.p R   R �Gd N ��  N �nRl�jIgirÉ�O,���l oqp�u8s�oq�ûp�eÉu8oqs��õjI�)p�e)gkh�g¨jI�hò	� ófN�ófôfôfôfó�� õx��l �4�¡�Lgir�jIoq�)e)p.oq���7giu g¨jI���)�)�&p.otnkp.uRj
,���l oLjIp.o5��l � p)�)l ��jInëö��øp.nip.�Æp.r�jI��¢

R ��� Å�p.pÆp���p.oq�.gk�Ip N Q ��p	�u8s�o l r�p)�)l �Æ�)nipZ�DgkjI�7�_ï P � �ÿ:oqsF��pDjI��l j�jI�)p3��,��l�oqp3��l � r)s@s�oLjI�)s�h�s�r�l n&�íl�jIp`�)r)nip.�q� jI�)p�oqp5l oqpl�j nip	l �qj�jI�)oqp.pgir�jIoq�)e)p.oq�	�



M 
��������������������������������
! �����" Ô M
e A,1-AL38C C MK7;(Y1-?%7;>87;0L3�Cá�M,.-*/(7;(�=%*/( î£�(-=,*�(�7;:Q3�C 3�1-6 0K.-@BAL38(�*C 3�1-6 09.-@BA%38(�*1-(43�0%. X *�(�.43�C .7;(Y1-?%7;>87;0L3�C e 3�1-*/.*/Z%3�F/1�F�7 X *�(�+,(-78[%C * eî cN38(YM7;(Y1-?%7;>87;0L3�C7;(Y1-?%7;>87;0L3�CQ3�(�(43/M7;(Y1-?%7;>87;0L3�C X *�FI1-7;(�.=%781�+%(�7B=%A,F/1>;*/7 e */1-(�6 F�0%*I1+L38(-3�C C */C7;(Y1-?%7;>87;0L3�CQ3�(�(43/M>;*/7 e */1-(�6 F�0%*I1i<(�(�7;(YcdF/7;(�(�*�FI1-6 0%>�F�7B=%*/.IHâ�3 e�e 6 0,>�=,6 .Y1I3�0%F/*�H

è c!bhéëê�¤Dí��1gir)eKl nin�s�oLjI�)s�h�s�r�l n��íl�jIp.�½s�u!jI�)p u8s�ninisF�Dgir)h�nil jIgkrt��,��l oqp.� v� l��PDN Q R ��O S�U T �O UDN	� T S�P R � Q� Q R O P � T N]S�US�O � U Q R N T ��PU�P�S Q � � R ODN TR
��U)N]O T Q � P�SQ S�O T�R P � ��UDN�
R�T SDN Q U�P^O��N T P � S�U.� Q R OT
� ��P�UDN]O S Q R

p

���&�O T N"U Q R � � P�S� O U T N]P R S Q �T�R O Q � ��PDN"S�UN Q P R ��S�O T U �S�P.� � T N"U Q O RQ � S.��O T N"U R PPDN � O S�U Q R � T��U T N R Q S�P � OU.� R S�P � T O�N QR S Q P�U^O � � T N
p

���	�
�
R�T O�N]S Q ��P�US � R N]O.��U Q T PQ U�S T � P.��O�N RN Q P.��U � T S R OU�P�O Q T�R S � �DNT O � P.� Q N R U�SR SDN � Q T P�U�O���DN Q U�S^O R P � TO T � R P�U � N"S QP.��U�S R N]O T Q �

p

��e&�N"S�U � PD� T Q O RU�P Q S R N]O � � T��U � R�T SDN"P Q OO T�R Q S�U.�DN"P ��
R P�U.� T S�O�N QQ ��S�P�U^O � R�T NT N ��O � P Q S R US�O�N � Q � R�T U�PP Q T N]O R U.� � SR
� O T N Q P�U�S.�

p

��pF�T U^O P Q R S � N �U�O�P Q � S T N � RO P Q � N T UD� R SP Q � N]O U.� R S TQ � N]O P.� R S T UR S T U.�DN]O�P Q �S T U.� R O P Q � N� N	� R S�P Q T U�ON � R S T Q � U�O P�
R S T U � N-O P Q

ô

è Ä�bhé ìc��í��1gir)eájI�)oqp.p N ��  N �@nRl�jIgirá��,��l oqp.�PjI��l�jDl oqp�Z��jI��l nin öûs�oLjI�)s�h�s�r�l�n&jIsZp	l �T�ás jI�)p.o.�è B bhé ~k�)í\�Jh@�*¥�� � ö��qp.o.~ N	��S T � � dônRl�jIgirÆ��,��l�oqpDgi� �Il�gkeÆjIs �&p3s�u-�Ls�oqe)p�o>îL� giu�gkj ��l �>îKoqsF�`�.~î��.s�ni�)�ûr)�.~�l r)e�î���ö��Z��s�ni�.�Æ�s�p��`p���p.o öánRl�jIgirt�O,���l oqp5s�u!s�e)ets�oqe)p.oD��l	��p lZjIoIl r)�L�p�oq�ml n�
è l�bhéëê�ìDí ¥ p�j�<Ü�&pûl�nRl�jIgir���,��l oqp��`gkjI��p.nip��ûp.r�jI�#<?� X u8s�o��0{¦� ó �|��îG�ûÅ��)sF�îjI��l j5jI�)p�)oqs��)nip.�Æ�Æs�uZ� l��a÷�r)e)gir)h�l ninPjI�)pájIoIl�r)�L��p.oq�ml ni��s�u§<`~ l r)eÜ���&�a÷�r)e)gir)h?l nin jI�)pts�oLjI�)s�h�s�r�l�n�ûl jIp��Ds�u6<`~�l oqp5�I�&p.�.gRl n��	l �Ip.�Ds�u!jI�)p h�p.r)p.oIl n�p)�)l ��jD�.sF��p.oD�)oqs��)nip.�t�è�m bhé �hêDn'í � �)p@�qjIoqgkr)hiILK�INM ôfôfô IN¨ÿgk�3�	l ninip.e9��îNo¶l o ö*�ûgiuGp	l �T�øp.nip.�Æp.rj§I X �&p.nis�r)h��3jIsûjI�)p�IpTj�ò	� ófN�ófôfôfôfó î ñ N õ s�u2îjo l o ö�e)gkh�g¨jI�	� � �PsÆ�qjIoqgir)h��-I K I M ô"ôGô I ¨ l r)e4© K © M ôGôfô © ¨ l oqp �ml gieájIs�&p0���KýJª����c� üH/.� giu:jI�)p�« ��l gioq�û�JI X ó © X �l oqpÆe)gk�qjIgir)��j5uAs�o N {[�¬{¦«?��� ¿ s�r)�Ip),��)p.r�jIn ö�~�j´�Psîjo l�o ö?�LjIoqgir)h����	l r)r)s jÆ�&p�s�oLjI�)s�h�s�r�l nPgiuDjI�)p�gio�nip�r)h�jI�2« p)����p.p.e)��î M � �îd3r�îjo¶l o ö?�ûl jIoqgs��`g¨jI� ð oqs	�`�ûl r)eÀî M �.s�ni�)�ûr)�Z�`�)s��IptoqsF�D�ûl oqpKs�oLjI�)s�h�s�r�l�nPjIsxp.l��m� s�jI�)p�oÆgi�Æ�	l ninip.e\l r
���Ký1ª*���c� üH/.�6/�����/�ís�u's�oqe)p.ogîxl�r)e�e)p.��jI� ð �

�1gir)exlá��s�oqoqp��I�&s�r)e)p�r)�.pÆ�&p�j´�Pp.p.r�s�oLjI�)s�h�s�r�l nGl oqoIl"ö��s�u�e)p.��jI� ð l�r)e�nigi�LjI�s�u ðÑñ O�Z��jI��l nin öûs�oLjI�)s�h�s�r�l�n�nil jIgkrá�O,���l oqp.�.�V®ô��l�j½s�oLjI�)s�h�s�r�l n�l oqoIl"öû��s�oqoqp��I�&s�r)e)�PjIsZp���p.oq�.gk�Ip N�N 

5 è�} b_é �hê^ì)í ¿ s�r�jIgir��)gir)hZp���p.oq�.gk�Ip N"U ~��)oqsF��p3jI��l�jDl r�s�oLjI�)s�h�s�r�l�n�l oqoIl"öís�u"s�oqe)p�o7î|¯ N l r)ee)p.��jI� ð gi�`��s��I�qgi�)nip s�r)n ö�giu ð {�î�� N �`Å��)sF�ýjI��l�j`jI�)gi�3�)�)�&p.o3nigi�Ægkj`gi�3l �T�)gipT��l �)nip �D�)p.rî�gi�`l��)oqgk�ûp5r��)�Z�&p.o±°��V®�oqgkjIp s���j`l�rtp)��l �û�)nip3�`�)p.r�°yï R �
�k� bhé ú6�_ê*�Dí?Å��)sF� jI��l�j:giu�p	l �T��p.nip.�Æp.rj?�@girÆl rÆs�oLjI�)s�h�s�r�l n�l oqoIl"öZgi�Goqp.�)nRl �.p.eÆ�^ö�² MO³ R �1´O> ~jI�)p oqsF�D�D�&p.�.s��ûp5s�oLjI�)s�h�s�r�l n��p���jIs�oq�Dgir�jI�)p5�)�I��l n"�qp.r)�IpÆ�AjI�)p.gio½e)s j`�)oqs�e)�)�Tj3gi�µ:�p.oqs�T�

5 �=è b_é �hê��Díxd¶�c�������KýF�KûJaüj�KýPgi�`l�� ö��qjIp�� s�u'��s�gir�jI�`l�r)e�nigir)p.�½jI��l�j`s��&pGö��½jI�)oqp.p l���gis��û��vgR�%¦�l �T��nigir)p5gi�`l��IpTj`s�u'�&s�gkrjI�	�gig8�y�gi�qjIgkr)��j`nigkr)p.�D��l	��p l�j`�Æs��qj½s�r)p ��s�gir�j`gir��.s��û�Æs�r��gkgig8� ¨ u6°�gi� lá�&s�girj l�r)e¬<Ügk� lánigir)p@�DgkjI�·°¹¸º <`~�jI�)p.r�jI�)p.oqpZgi�5p)��l��TjIn ö�s�r)pZnigir)p�» �q�)�T�jI��l�jr° º » l�r)e·<|¼·» ï[½��¨ u6<¬¼·» ï[½@�Pp5�ml"öíjI��l�jµ< gk�µq*/���/��1�;����jIs�»î~&l r)e��`oqgkjIp¾<¹¿!»é�l��%ÿ:oqsF��pDjI��l�j�jI�)p`nigir)p.��s�u�l h�p.s��Æp�jIoqgi�Dr)p�j �	l rí�&p3��l�oLjIg¨jIgis�r)p.eûgirjIs p�,�)gk� l nip.r)�.p3�.nil��q�Ip.�.~�`g¨jI��j´�Ps�nigir)p��`gkr�jI�)p �ml �Æp5�.nRl �q�Dgiu1l r)e�s�r)nëö�gku!jI�)pGötl oqp5p�,���l n"s�oD��l oIl ninip.n���&�tÅ��)sF�àjI��l�jDgku!jI�)p�oqp l oqp l�j½nip	l �qjPj´�Ps���nRl �I�Ip��½s�u!��l oIl ninip.n�nigkr)p.�	~�p���p.o öánigir)p�.s�rjml gir)�PjI�)p�ml �Æp5r��)�Z�&p.oDs�u'�&s�gkrjI�`l �½jI�)p5s�jI�)p�o`nkgir)p.�Dgirtg¨jI�D�.nRl �q�	��	�����)oLjI�)p.oq�Æs�oqp ~�giuGjI�)p�oqp�l�oqp�l�jnip	l �qj3jI�)oqp.pZ��nRl �I�Ip��	~&jI�)p.oqp�l oqpZr��)�Z�&p.oq� ð l r)ehî7�q�)�T�jI��l�j3l nin���s�gir�jI�D�&p.nis�r)h�jIsÆp)�)l ��jInëö ð nigir)p.�`l r)eKl nin�nigir)p��`��s�r�jml girtp)��l ��jIn ö°î��&s�gkrjI�	�
5 �a� b_é �hê�ê9í?Å��)sF�fjI��l�j5p���p.o öKs�oLjI�)s�h�s�r�l n1l oqoIl"öK�	l r��&pZoqp.h�l�oqe)p�exl �5líh�p.s��Æp�jIoqgi�@r)p�j	� ¨ �jI�)p �.s�r��p.oq�qp l ni�qsZjIoq�)p	

�k� bhé �hê��Dí\��À?��������ÁA���������fý ûvü��2�� �c�)�m� � � �)p��Ahl �û�Ægir)hxe)gi�Ljml r)�.p��ÃÂ&�JI ó ©�����pTj´�Pp.p.r j´�Ps�qjIoqgkr)h��µILï[I%K ôGô"ô IN¨fl r)e0©yï[©*K ôfôfô ©c¨ýgi�DjI�)p r��)�Z�&p.o`s�uG�&s��qgkjIgis�r)�?�û�D�)p.oqp�I X�Äï[© X �½d



Ô%× 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
F�7B=,*/¤j7;(�=%.IQ & cN38(YM=%6 .�14380%F/*�7;:Q3�F/7B=%*>;*/7 e */1-(�6 F�0%*I1+L38(�6 1NMé[%6 14.C 3�1-6 09.-@BA%38(�*¤�78(-=é.-@BAL38(�*=%6 F/1-6 7;0%38(�6 *�.+L38C 6 0%=%(�7 e */.e 6 (�(�7;(�+L3�6 (�.38C +%?L3�[�*/1-6 F�78(-=,*�(C */Z,6 F/7;>;(-3�+%?%6 F53�C C MfKF�fK3802A%.38(�6 1-? e *I1-6 F�+%(�7;>;(�*/.-.-6 7;0+�*�(�:®*/FI1!.�?BA�Å�*fK78(�(-6 .X 7�¤�*/C .F�780%.-780L380;1-.F�7 e +,C *I1-*�[%6 0L38(YMå14(�6 *

&	ÁA/���4�� �c�ÇÆÆû�ý1ªAî�û�ü��)������/ ýsûJ� üÃ� û;��ûvýF��/-üN��È¬)ªk���É�� û;��ûvýJ� gi�lû�qp�j����u& ó î ó È �Ds�u±& > �LjIoqgir)h��
I°ï9ILK ôfôfô IH>DTjÊ�~��`�)p.oqpµ��{�I X ��&�uAs�o N {Ã��{¯î=�iÈ��Y®ô�)p.rûl5�.se)p��Ps�oqe�Iûgk�GjIoIl r)�I�ÆgkjqjIp.el r)eKjI�)pZ�Æp.�q�ml h�p�©tgk�3oqp.�.p.gk��p.e�~LÂ&�JI ó ©)�Dgk�`jI�)p@r��)�Z�&p.o3s�u1jIoIl�r)�q�ûgk�I�Igks�rtp.oqoqs�oq�.� � �)p@�.se)pgi�3�	l ninip.e0Ë�ÁO�)���O�������������fý ûvü���giuG�PpZ�.l�røoqp.�.s�r)�qjIoq�)�Tj5jI�)p � l ni�)pZs�u±I��`�)p�r)p���p.o5lí�ûp��I�ml h�p�©gi�Poqp.�.p.g¨�p�eá�DgkjI�·Â&�JI ó ©)�?{�Ëm� � �)p�� û��}ý�/ üH��5s�u�jI�)p3�.s�e)p5gk� jI�)p�ûgir)gk�Z�)�×� l ni�)ps�u6Â&�JI ó INÌ8�T~jml���p.rtsF��p.oDl nin���l gioq�Ds�u'�.s�e)pT�½s�oqe)�=I Äï9I Ì �l��%ÿ:oqsF��pjI��l j`l��.se)p gi�µËuo p.oqoqs�o`��s�oqoqp���jIgir)hÆgiu1l r)ets�r)n öágiu'g¨jI�De)gi�Ljml�r)��p p)���.p�p.e)� O Ëm��&�%ÿ:oqsF��pGjI��l�j!lD�qgir)h�nip)o p.oqoqs�o"�.s�oqoqp.��jIgir)h§&�o l o ö5�.se)p:�DgkjI� O gir)u8s�oq�ûl jIgks�re)gih�gkjI�!l r)e O �m�)p.���e)gih�gkjI�½gi�Dp�,��)gk� l nip.r�jDjIsûlZ��l�gkoDs�u's�oLjI�)s�h�s�r�l n�nRl�jIgir���,��l�oqp��`s�u's�oqe)p.o§&	��	�����)oLjI�)p.oq�Æs�oqp ~�l½�.s�e)p����u& ó}O�ó È����`gkjI� e)gi�qjml r)�.p±Èc� N gi�"p�,��)g¨��l nip�rj!jIs`lD�Ip�j!s�u*È½�Z��jI��l ninëös�oLjI�)s�h�s�r�l n�nRl�jIgir���,��l�oqp��`s�u's�oqe)p.o§&	�

5 � c'b_é �|nc�Díxd×h�p.s��Æp�jIoqgi�@r)p�j5�`g¨jI�|«Õ�&s�girjI� l r)e|Í nkgir)p.�5nip.l�e)�r�l jI�)oIl ninëöKjIsájI�)pZ�)gir�l o ö�.se)p#�Æ� O�ó « ó Í � �DgkjI�t��s�e)p��Ps�oqe)�=ILK ôfôfô I*¨µI*¨?TYK ôfôfô I*¨?TLÎ?e)pG÷�r)p�eK�^öájI�)p5��l oqgkj{öá�)gkjI�
IN¨?T R ï[G R �JILK óGôfôfôfó IN¨3�;ï t U ò I X�Ï ��s�gir�j?�ûnkgip.�Ds�rtnigir)p��'õ w �Æs�e O�ôl�� ¨ u!jI�)p r)p�j`��l � ð �.nRl �I�qp.�Ds�u'��l oIl ninip.n�nigir)p.�.~)�)oqsF��p5jI��l�j½jI�)gi�D�.s�e)p ��l �De)gi�qjml r)�.p ð � N ��&���1gir)eZl r p)Ðû��gip.rj!�Dlfö5jIs`�.s�oqoqp.��j'�)� jIsµË�p.oqoqs�oq�!�`g¨jI� jI�)gk�'��s�e)p�~�l �I�I�)�Ægir)h½jI��l�j ð ï O Ëm�¨ nini�)�LjIoIl�jIp5jI�)p e)p.��s�e)gir)hÆ�)oqs��.p��I�Dgir�jI�)p �.l��qp#« ï O R ~kÍ�ï P ��~kËÆï P �

� Ä�bhéëêaÑ�í��1gir)eølÆnRl�jIgirK��,��l oqp �`�)s��qp oqsF�D�l r)eK�.s�ni�)�ûr)�`l�oqpZ÷)��p)o nipTjqjIp.o`�Ps�oqe)�	�5�J��s�oDjI�)gi�p)��p.oq�.gi�qpZös�� ù nkn�r)p.p.e�jIsÆe)gih�s���j½jI�)p �)gihÆe)gi�TjIgis�r�l�oqgkp.�	� �
5 � B b_éëê�ìDí ¿ s��Æ��s��Ipl �Æp	l r)gir)h�uA�)n=¦:r)h�nigi�q�á�qp.rjIp�r)�.p3jI��l�jP�.s�rjml gir)� s�r)n ö�÷)��p)o nip�jqjIp.o �Ps�oqe)�	�
� l�bhéëê*��í�h3sF�Ü�íl r�ötÅ�Ç5È �Ps�oqe)�D�.s�rjml gir�p)�)l ��jIn ö4�íe)gi�LjIgir)��jDnip�jqjIp.oq�.~)u8s�o N {���{

R



�km bhéëê*��íxd3oqp:jI�)p�oqp�l r^ö5��l gioq�"s�u!Å�ÇÈ��Ps�oqe5��p.��jIs�oq��jI��l�j!e)gsÒ�p.o"�^ö#Ó N gir p	l �m� �.s��û�&s�r)p.rj�

�k} bhéëê*��í��1gir)eÆl nin)Å�ÇÈx�Ps�oqe)�'jI��l�j:l oqp?q*/.� ûvüN���O�������5��p�,���l njIs3jI�)p.gio1oqp)Ô�p.�TjIgis�r&�T~�s�o1�Ægioqoqs�o��l gioq� ��nig���pÖÕ*×�Ø�ÙDÚiÚ.Ù�Ø�×�Õ)�T�

5 �a� b_éëê*��í � �)p@nip�jqjIp.oq�3s�ueÛkÜ ÕkÝ	ÞKl oqp@gir�l ni�)��l �&p�jIgi�@s�oqe)p.ou8oqs���nip.uRj3jIsíoqgih��j	�µ®ô��l�jgi�`jI�)pnip)��gi�.s�h�oIl �)�)gi�	l nin ö�ß±���}ý �I�)�m��÷)��p)o nip�jqjIp.oP�Ps�oqeH
·®ô��l�j`gi�PjI�)p nRl �qj�

��è bhéëê*��í\� ¿ �!EK� E�l r��)�.� �à�1gir)eôl nin3�qp�jI�ís�u5jI�)oqp�pxÅ�Ç5È*�Ps�oqe)�ûjI��l j�l oqp�gkrôl oqgkjI�)�ûpTjIgi��)oqs�h�oqp.�I�qgis�r��)��j ��l	��p�r)st�.s��Æ�ûs�r�nipTjqjIp.oq� gkr�l r^ö_÷k��p.ex�&s��qgkjIgis�r���� � r)pÆ�q�)�T��p)��l��Æ�)nip�gi�ò)ákâ�ã*×	Õ ó Ý�Ú	ä�Ø*Ý óOå Ü.ÝDÜ	Þ'õ�� �
�H� bhéëêcn)í �s�p.�`jI�)p#¦:r)h�nigi�q�KnRl r)h���l�h�p �.s�rjml girKl�r�ö N ��o nkp�jqjIp.oD�½s�oqe)�§(cæ (aK ôfôfô (cç@u8s�oD�`�)gk�T��&s�jI��(Dæ	(�M�(^� (�è (�é l r)e�(aK�(^
 (�ê�(*ë)(�ç l�oqp@Å�ÇÈ �Ps�oqe)��

�a� bhéëê*��í\� Å��.s j§EKs�oqoqgk�	� � ¿ s��Æ�)nip�jIpjI�)p u8s�ninis	�`gir)hZnigi�qjDs�u O S gkrjIp.oqp.�LjIgir)hûÅ�Ç5È �Ps�oqe)� v

Ù	ìkâ ä�Þ ó ìkÙcí�â	î ó Û�Ùcí�×�ï ó äDî�ïc×�Õ ó í�ðHÜ�×�Û ó�ôGôfô"ó áHÜ	ñ.ñ�Ù ô
5 � c'b_éëê*��í���s�op	l �T�xÅ�Ç5Èà�Ps�oqeøjI��l�j5e)s�p.�qr ù j5gir)�.ni�)e)p@jI�)pZnip�jqjIp.oÖò"~�s���jml�gkr�l R o �)gkj5�)gir�l o ör��)�Z�&p.oP��öí�m��l r)h�gir)h@jI�)p3��sF�Pp.ni� ò�Ù ó × ó Ü ó â ó ä'õjIs N l r)eíjI�)p3s�jI�)p�oPnip�jqjIp.oq� jIsÇ�)�V®É��l j½l oqpjI�)p �Æs��LjD��s��Æ�Æs�rí�Ps�oqe)�`u8s�oDp.l��m�ts�u!jI�)p P�O �)gkr�l�o öás���jI�.s��Æp.��

5 � Ä�b_éëê*ó�í?Å�g;��jIp�p.r��½p�nin;o �m�)s��Ip.r�p.nip.�Æp.r�jI�`s�uYô�õ�öD÷*ø�� N �.�.�� nkp	l e�jIs�jI�)p5�)oIl r)�T�)gir)hÆ��l�jqjIp.oqr

ù�ú*ûDû	ü
ù�úkûDû�ý

ù�úkûDþ�ÿ
ù)úkûDþDþ

ù)ú����*û
ù�ú����cý ù�ú������

ù�ú����kù ù	ý	�Dþ�

ù ý	�DþDþ ù ý	���aù

ù	ý	���cý ù	ý�û��Dþ
ù	ý�û��� ù	ý�ûDû.þ

ù ý�ûDû	ü

ó



M 
��������������������������������
! �����" Ôl�
F�7 e +,C *I1-*�[%6 0L38(YMå14(�6 *1-(-6 *.�M e�e *I1-(-6 */.¤�78(-=éF�A%[�*=%*/>;(�*�*. e 6 C *>;(-38+,?%. «N�*�? e */(�l*/1-*/(�.-*�0é>;(-38+%?.�M e�e *I1-(-6 */.§j? X��351438C�� .�>8(43�+%?F�78021-6 >;A,7;A%.ÆË!#2g�H+%C 380L3�(e 35Z,6 e 3�Cl+%C 380L3�(�>;(-3�+%?F�A,[%6 F�>;(-38+%?,.>;*/7 e */1-(�6 F�0%*I1[%6 +L38(Y1-6 1-*�>;(-38+%?>;6 (Y1-?=%6 3 e */1-*/(>;6 (Y1-?¤�78(-=,.>;6 380;1!F/7 e +�7;0%*/021

�`�)gk�T� gi�'lD��s��Æ�)nip�jIpG�)gir�l o ö5jIoqgkp�s�u�Ps�oqe)�"jI��l�j!�&p.h�gir �DgkjI� jI�)p:nip�jqjIp.oeÝ&�1È ��j"jI�)p.oqp ù �!r)s`�q�)�T���l�jqjIp.oqrts�u"�Ps�oqe)�½��p.h�gir)r)gkr)h��`gkjI��Ù�~)p���p.rtgku"�Pp ��s�r)�qgie)p.oPjI�)p5u8�)nin��.s�ninip���jIgis�r�ô*õ�öD÷�ø�� R�T�R�T �T�
®ô��l�j nip�jqjIp�oq� s�u�jI�)píl ni�)��l �&p�j@�	l rx�&pû�)�qp.e?l �5jI�)pû�Ljml�oLjIgkr)htnip�jqjIp�o s�u �qg;��jIp.p�r��½s�oqe)�jI��l�j`u8s�oq��lZ�.s��û�)nipTjIp5�)gir�l o öájIoqgip�`gkjI�)gkr·ô*õ�ö.÷*ø�� î!�T~)h�gk��p.r%îY


� B bhé �7�cÑ^í�¦e���)nil�gkr�jI�)p½��ö��û�Æp�jIoqgip.�'jI��l�j�l �)��p.l�o:girZjI�)p½�Ps�oqe��.�)�&p@�A@����m�1d3ni�Is5�I�)s	� jI��l�jj´�Ps@�ûs�oqp3�I�)�m���.�)�&p.�½�	l rá��ps���jml gir)p.eá�^öí�m��l r)h�gkr)hZs�r)nëöûjI�)p3j´�Ps@�Ps�oqe)��ò.Ý	Þcâ å × ó × å ×	îcÞ'õ�
� l�bhéëê*��í|®ô�)gi�m���p�oLjIgi�.p.�Ds�u!jI�)p5h�oIl �)��Ær���O���)� R�T�R�T ó � ó � ó �� ��l	��p �ûl���gi�Z�)�*e)p.h�oqp.p 

�am bhéëê�ê'í�83�Igir)hKjI�)pûe)gih�oIl �)�?oq�)nipígkrÉ�A@���m~G�m��l r)h�p�Þ�×DÙ�ÕkÝ�jIs7Ý��NÜ�ÚD×øgkr��´�)�Lj@jI�)oqp.pí�LjIp.�)�	~
ÆÆûvýJª*����ý-����§qa�Dý��)��/����}û��}ý�/ üH����
�a} bhé �7�.�Dí ¨ �����-² l rtgir)e)�)��p.eK�I�)�)h�oIl �)�ts�u��#
 ¨ �Dgkj`l��I��l r)r)gir)hÆ�q�)�)h�oIl��)�H
c � bhé �7� ì)í�h3sF�î�íl r�öX� l��3�q��l�r)r)gkr)h����&�3gir)e)�)�.p.ex�q�)�)h�oIl �)�)� e)sp.� l�h�oIl �)��� ï��! ó#" ���l	��p�~��`�)p.r Ï  Ï ï�î�l r)e Ï " Ï ï'² 
c è bhé �7�.�Dí���s�o½�`�)gk�T�tgir�jIp.h�p.oq�gî�e)sÆ�Pp5��l	��pû� l��%$ > ïM	 > 
����&�&$ > ï � > 
c � bhé���ìDí\� �Z�%h@� ¥ p.�)�Æp.o.� � ¥ pTj'�*�&pûl�h�oIl��)���`g¨jI� N"P ��p.oLjIgk�.p.�	~"gir��`�)gi�m�xp���p.o öø�p�oLjIp)���l �De)p.h�oqp.p R �rE�l���p l�r)s�rjIoqgk��gRl n��qjml�jIp.�Æp.rjDl ��s���j(�Z�c � bhéëêcn)íxd3oqp l r^öás�u!jI�)p u8s�nknisF�`gkr)h�h�oIl �)�)�DjI�)p �Il �ûp l �PjI�)paÿ1p�jIp.oq�qp.rth�oIl �)�H


c�c!bhé �hêDn'í�h3sF�Ü�ûl�r�öá� ö��Æ�ûp�jIoqgkp.�½e)sp.� ¿ ��*)l�jml n ù �½h�oIl �)�t��l	��p	
?� Å�p�p#�1gih)� O ��um�T� �c�Ä�bhéëê*��í��1gir)eKl rtp	l ��öí�½l"öíjIs Q o ��s�nks�oPjI�)p �)nil�r�l o½h�oIl �)���A@�+��T�V®�s��)nke P �.s�nis�oq�½�I�*Ðû�.p 
c B bhé �hê^ì)í ¥ pTj'�*��pûl�h�oIl �)���`gkjI� î�¢ P ��p.oLjIgi��p.�	~!e)pG÷�r)p�e��^ö�l��)nRl r�l�o e)gil�h�oIl �%jI��l�jgi���L�ûl���gi�ûl�n�~ �@girájI�)p5�qp.r)�Ip3jI��l j½r)sÆl e)e)gkjIgis�r�l n�nigir)p��D�	l r��&p5e)oIl	�`r��&p�j¶�½p�p.rtr)s�r�l e,�Ll���p.rj��p.oLjIgi�.p��D�DgkjI�)s���j`�.oqs��q�Igir)hÆl rtp)��gi�qjIgkr)hÆp.e)h�p��l��%ÿ:oqsF��p�jI��l j jI�)pÆe)gRl h�oIl � ��l oLjIgkjIgis�r)� jI�)pÆ�)nRl r)pûgkrjIsKoqp.h�gis�r)�5jI��l j p.l��m����l	��pÆp)��l��TjIn öjI�)oqp.p`�p�oLjIgi�.p.� s�rûjI�)p.gkoP�&s��)r)e�l o ö��D� � r)p3s�u�jI�)p.�Ip`oqp.h�gis�r)� gi��jI�)p3�qp�jPs�u"l nin&�&s�gkrjI��jI��l�jnigip5s���jI�Igie)pjI�)p e)gRl h�oIl �K� ��&� � �)p�oqp.u8s�oqp-�ÿ��l �Dp)�)l ��jInëö P î ñ S p�e)h�p��	�cjl�bhé �hê�ê9í�ÿ:oqsF��pjI��l�jDjI�)p ��s��Æ�)nip�jIp�)gih�oIl��)�.$y
 \ 
5gi�Ir ù jD�)nRl r�l�o.�c m bhé �hê^ì)í ¿ s��Æ�)nip�jIp�jI�)p��)oqs�s�uPs�u � �)p.s�oqp.� Èf�^ö��I�)s	�`gir)hájI��l j jI�)pÆ�qjml�jIp.ex�)oqs�.p.e)�)oqpr)p���p.oDh�gk��p.�½jI�)p �Il �ûp5��s�nks�oPjIsZj´�PsÆl�e,�Ll �.p.r�jD�p�oLjIgi�.p.�.�c } bhé����)í �oIl	�Üe)gRl h�oIl �Æ�Ds�u1l nin�jI�)p5�.�)�)gi� h�oIl��)�)�½�DgkjI�tl�j`�Æs��Lj S �p�oLjIgi�.p.�.�Ä � bhé �hê	~0í��1gir)eKl nin��)gi��l oLjIgkjIp5h�oIl �)�)�DjI��l�jD�	l rt�&p P o �.s�nis�oqp.etgirtp��)l ��jIn ö O Q �½l"ö��.�
5 Ä è b_é �hê�ê9í7Çg¨�p�r�lûh�p.s��ûpTjIoqgi� r)p�j5l �e)p.�q�.oqgi�&p.e�girøp���p.oq�.gk�Ip O�N ~��.s�r)�qjIoq�)�Tj3jI�)pZ�)gi��l oLjIgkjIph�oIl �)���`�)s��Ip���p.oLjIgk�.p.�@l oqp�jI�)p���s�gir�jI�=°�l r)e�jI�)pÆnigir)p.�#<ýs�u�jI�)pÆr)p�j	~"�DgkjI�4° ñ ñsñ <ýgku½l r)es�r)n öágiuN° º <`�V®ô��l�jDgi�½jI�)p�� û1�Ký1ª�s�u!jI�)gi�½h�oIl��)�H
Ä � bhé �7�.óDí��1gir)e�lû�Igk�û�)nip gir)p�,��l�nkgkj{ö�jI��l�joqp.nRl�jIp.�`jI�)p e)gRl �ûp�jIp�o3s�u:lûh�oIl �)�KjIsígkjI�3h�gioLjI����Jh3sF�Ü�I�ûl nin��.l�r�jI�)p e)gRl �Æp�jIp.o½�&p�~�giu!jI�)p5h�gioLjI�tgk�DnRl oqh�p	
��Ä � bhé���ìDí|®ô�)gi�m�ts�u"jI�)p3�½s�oqe)�!ã*â�Õ*Ú�ïíl r)eiðkÙ áDá�òí�&p.nis�r)h��½jIs@jI�)p5h�gRl rj½�.s��û�&s�r)p.rjDs�u"jI�)ph�oIl �)�7Ær���O���)� R�T�R�T ó � ó � ó ���O




�2¸ 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
+�7;.�1438C{F/7B=%*/.F�7 e +�780%*�0;1-..�1-(�7;0%>8C MéF/7;0,0%*�FI1-*�=KF/7 e +`780%*/021-.F�7 e +,C *I1-* � cd+%38(Y1-6 1-*'>;(-38+,?e A%C 1-6 >8(-38+%?=%6 >;(-38+,?.-6 e +,C *1-7;A%(�0L3 e */0217;(�6 *�0;1-*�=K.-+L3�0%0%6 0%>�+%3�1-?$0/>1-(43�0%.-6 1-6 X *'1-7;A%(�0L3 e */0;17;A,1�cd=%*/>;(�*/*+�*�( e A,143�1-6 7;0K=%6 >;(-3�+%?F�7 e +�780%*�0;1-.7;(�6 *�0;1-*�=KFIM,F�C */.* X *�07B=%=+�*�( e 380%*/021>;6 (Y1-?38=TSY38F/*�0,F/M e 3514(�6 Z*�6 >8*�0 X */F/1-78(-.*�6 >8*�0 X 38C A%*/.

5 Ä�c'b_éëê*��í � �)p Q � ��s��qjml n��.se)p.�½gir�h�oIl �)�x�A@�+��Pl oqp(1�2!~�1.ö!~�143�~�5�1"~65Dõ�~�5�7!~�÷	5�~*÷�8!~	942!~�:�1!~; 1"~ ; ÷'~ ; 2!~ ;�< ~>=�ø�~>=�?'~@2�1!~>A41"~>AD÷!~>A�8'~BA ; ~>A < ~>A*õ�~>A*ø�~>A47"~ < 5�~ < ÷!~ < 8'~ <�C ~ <�D ~ < A!~ <�E ~< ?!~aõ C ~kõ�=!~kõ�ö'~4F41"~cö ; ~aø�5�~aø	÷'~	7 < ~	7�G!~�H	7"~ E 1"~ E 7"~cô41!~cô ; ~cô E ~�ô�?!~�girál ni�)��l �&p�jIgi�	l n�s�oqe)p.o.�l��tÅ��)�)�&s��qpÆ�PpZ�.s�r)�Igie)p.oj´�Ps��Ljml jIp��5jIs��&pûl e,�Ll���p.rj giu:jI�)p.gio5�&s��Ljml nG�.se)p.� l h�oqp�pÆgkrxs�r)p�)nRl �.p`��r�l �ûp.nëö(1�2 ñsñ ñ 1�ö ñsñ ñ õ�ö ñ ñsñ õ C ~Fp�jI��� �T�%®ô��l�j'l oqpGjI�)p:��s��Æ�&s�r)p�rjI�"s�ujI�)gi�"h�oIl �)�H
�&�°�3sF�*u8s�oq� løe)gkoqp.��jIp.e7h�oIl �)�?�`gkjI��G�? ñ ñ I ?	3X��u8s�oZp��)l �û�)nkp�~�1�2 ñsñ I 2�1 ñsñ I 1.ö&~Gp�jI��� �T�
®ô��l�jGl�oqp:jI�)p§�}ýF�O� üc�D� ��� ü)üj��Gý_���#����§q*� üN�Gü'ýJ�Ps�u�jI�)gi�'e)gih�oIl �)�H
x� Å�p�pDÅ�p���jIgis�r O � P � Q � O � ��	� � �)p�83r)gkjIp�e�Åjml�jIp.�`��l �3l e)e)gkjIgis�r�l n"��s��Ljml�n"��s�e)p.�J1�1"~B1�8!~61�=!~B1�F!~B1cø�~�9�A!~>:�H'~ C6; ~�A C ~A�F'~�FDô!~�FDö'~ E6; ~��&p.�Igke)p.�½jI�)s��qp gkr��A@�+��T� � p.�.s�r)�Igke)p.oµ,��)p.�LjIgis�r����&�T~)�)�Igir)hûl nin S^O �.s�e)p.�.�Ä�Ä�bhé �hê��Dí�h3sF�Ü�ûl�r�öáp.e)h�p.�`l oqp girájI�)p �.s��û�)nipTjIp��co ��l oLjIgkjIp h�oIl��)�K$i> æ \ ] ] ] \ > ê 


5 Ä B b_é �7�.�Dí � oq�)p�s�o�uAl�nk�Ip.víd��Z�)nkjIgih�oIl �)�7gi�Æl�h�oIl �)�Xgiu3l r)eXs�r)nëö7gku`jI�)pá�.s�oqoqp.�I�&s�r)e)gir)he)gih�oIl �)�tgi�D�qgi�û�)nkp��Äal�bhé �7�.�Dí � oq�)p s�oDuAl ni�Ip�vML:p.oLjIgi�.p.�*N�l r)e�Oál oqp girtjI�)p �ml �Æp ��s�r)r)p���jIp.eK�.s��û�&s�r)p.rj3s�u1le)gioqp.�TjIp.eth�oIl �)�tgiu1l r)e�s�r)nëö�gku'p.gkjI�)p.o=Â&�PN ó O��!�RQõs�o=Â&�PO ó N��?�SQ �Ä m bhé �7�cÑ^í �p.�I��oqgi��p l nin:� l�� h�oIl��)�)� ���&� �Z�)nkjIgih�oIl �)�)�PjI��l j`l oqp oqp.h��)nRl oDs�u'e)p.h�oqp.p O �
5 Ä } b_é �hêDn'íxd²ý����*�KüH/����Gü)ý5s�u s�oqe)p.o�î gk� lte)gkh�oIl �)�xs�r î7�p�oLjIgi�.p.�5jI��l�j ��l � p)��l ��jIn öUT > M�Vl oq�.�	~)p.gkjI�)p�o*N ñsñ I Oís�oWO ñ ñ I NKuAs�o½p���p.o ö���l gioDs�u'e)gk�qjIgir)��j½��p.oLjIgi�.p.��ò�N ó O'õ��l��%ÿ:oqsF��pjI��l jDp���p.o öíjIs��)oqr�l��Æp.r�j`�.s�rjml gir)�Dl rKs�oqgip�rjIp.e��I��l r)r)gir)hÆ��l�jI�.O K9ñ ñ IYX�X�X�ñ ñ I O > ��&� ¿ s�r)�qgie)p.o3jI�)p@jIs��)oqr�l �Æp.rjs�rK��p.oLjIgi�.p.�#ò	� ófN�ó}O�ó¿PDó Q õ�u8s�o3�`�)gk�T�ZN ñ ñ I O�giu�l r)e�s�r)n öKgiu�PN ñ O����Æs�e R ¢ P �±h3sF�Ü�ûl r^öás�oqgip�rjIp.e��I��l r)r)gir)hÆ��l jI�)�De)sp.�Dgkj`��l	��p	
�	� ¨ �W$0/> jI�)ps�r)n öÆjIs��)oqr�l �Æp.rjPs�u"s�oqe)p.o�îøjI��l�j½��l �½l@�)r)g�,��)ps�oqgkp.rjIp.eá�I��l r)r)gir)hZ��l�jI�H

5�B � b_é �hê�ê9í ¥ pTjWNt��p5l ��p.oLjIp)�ís�u"h�oqp	l�jIp.�qjPs���jOo e)p�h�oqp�p5gir�l jIs��)oqr�l �ûp�rj	~�l r)e�nkp�jWOÆ�&p5l�r�ös jI�)p.o½��p.oLjIp����>ÿ:oqsF��pjI��l�j§Â&�PN ó O��!{ O �
B è bhé �7�.óDí ¿ s�r)�LjIoq�)��j l5e)gih�oIl �)�ÆjI��l�j���l �?�@�½l n����:s�u�nip.r)h jI�i�Zu8oqs��î��p.oLjIp)� N jIs5��p.oLjIp�� O �
B � bhé �hê��Díxd3qk�)���Ç��ýu/ ýsûJ� üÃ� û;�.�O/�qaªKgi�lÆe)gioqp.��jIp�e�h�oIl �)�øgirK�`�)gi�m�øp���p.o ö��p�oLjIp)�K��l �3s���jOoe)p.h�oqp.p N l r)eýgir*o e)p.h�oqp.p N pÆjI�)p.oqp.u8s�oqp7g¨jI���.s��Æ��s�r)p.r�jI�xl oqp?s�oqgip.rjIp�ef�Gö��.nip.�.� ¨ uÆgkj���l �î��p�oLjIgi�.p.�`l r)e0�í�.s��û�&s�r)p.rjI�.~��Pp �	l nin�gkjÇ�\[.�Küøgiuî ñ �ígk�`pT�p�r�~6� �D�ágiu�î ñ �ígi�Dse)e��l�� ¥ pTj]�*��píl�e)gioqp���jIp.e�h�oIl��)�x�DgkjI��l e,�ql �.p�r)�Gö��ûl�jIoqg;�_^ �°ÿ:oqsF��p�jI��l j jI�)pûr�)�Z��p�o s�u�I��l r)r)gir)hÆ�&p.oq�Z��jml�jIgis�r�e)gih�oIl��)�)�Ds�u��ÿgi�½��p.oB^ ~�jI�)p �&p.oq�ûl r)p.rj`s�u`^ ��&� ¨ rjIp�oq�)oqp�j`jI�)p5e)p�jIp.oq�Ægir�l rj	~)e)p�j>^ ~)gir�jIp�oq�û�½s�u!�I��l r)r)gir)hÆ�&p.oq�Z��jml�jIgis�r�e)gih�oIl �)�)�	�
B � bhé �hêDn'í ¥ pTjJ�Ü��pl@h�oIl �)�ás�u"h�gioLjI�ba�girû�`�)gi�m�áp���p.o öÆ��p.oLjIp)�û��l �½l�jPnip	l �qj-Â@r)p.gih����&s�oq�	�ÿ:oqsF��pjI��l�j(�ÿ��l �`l�jDnip	l �qjµ« �p�oLjIgi�.p.�.~��`�)p.oqp

«²ïdc N � U æ�e R�f6g Â!�FÂ ñ N � R ó giuha�ï O Ëj� N pN �ô�FÂ ñ N � g � U æ�e R�f6g Â!�FÂ ñ N � R ó giuha�ï O Ëj� O �
5�B c'b_é �hê��Dí ¿ s�r�jIgir��)gir)h�p)��p.oq��gi�Ip S�P ~)�I�)sF�àjI��l�jDjI�)p�oqp ù �3l·��ü'ûJ���a� h�oIl �)�ts�u1h�gioLjI� Q ~��Ægir)g;o�Z�)� e)p.h�oqp.p�Â�~�l r)ets�oqe)p�o O Â�~�u8s�oDp.l��m��Â�¢ O �
5�B Ä�b_é ú6�¬n��Dí?Å��)�)�&s��IpDh�oIl��)�b�ô��l �Gh�gioLjI� R ~�Ægir)gi�Z�)�fe)p.h�oqp.p=Â�~�l�r)e�« ï¹Â M � N ��p.oLjIgk�.p.�	�l��%ÿ:oqsF��p:jI��l�j'jI�)pPl e,�Ll �.p.r)�Gö �ûl�jIoqg;�i^Xs�uB� �ml�jIgi��÷�p��!jI�)p�p�,���l�jIgis�r'^ M �-^Mïÿ�FÂ ñ N �kjN�]lG��&�tÅ�gir)�.p]^égi� lá��ö��Æ�Æp�jIoqgi�@�íl�jIoqg;��~"g¨j ��l �#«Õs�oLjI�)s�h�s�r�l n1p.gih�p.r���p.��jIs�oq�#I X ~��`gkjI���.s�oqoqp)o�I�&s�r)e)gir)htp�gih�p.r� l ni�)p.�nm X ~"�I�)�m��jI��l�jn^=I X ïom X I X u8s�o N {9�¬{ «��ªÿ:oqsF��p@jI��l j5p	l �T�m X gk�`p�gkjI�)p.o=ÂÆs�o � ñ N Óqp Q Â ñ P �O¸ O ��	�tÅ��)sF� jI��l�j:giurp Q Â ñ P gi�GgioqoIl�jIgis�r�l n ~ jI�)p.r�Â#ï O �>ú�ûvü'ýxþWmLK�� X�X\X �KmN¨�ïÉjIoIl �.p��s^�;ï¹�)�e&�ád3r)eKgiu p Q Â ñ P gi�DoIl�jIgis�r�l n ~aÂ º ò PDó T ó R�T õ��
BaB bhé �|nc�Dí ¿ s�r�jIgir��)gir)h�p)��p.oq��gi�Ip S R ~)�.s�r)�qjIoq�)�Tj`�I�)�m�KlZh�oIl �)���`�)p�r0Â#ï T �



M 
��������������������������������
! �����" ��Ó
>;6 (Y1-?38=TSY38F/*�0,F/M e 3514(�6 F/*�.7;A,1�cd=%*/>;(�*/*6 0,cd=%*/>;(�*�*#%$'&):®78( e 351380L3�C M,.-6 .�7;:<38C >=%*/+,1-?,cdJL(�.�1�.-*53�(�F4?f9fZ�utf9fZ�ut�g'N[%6 +L38(Y1-6 1-*(-380%=%7 e >;(-3�+%?(�7;>;*I1>;(-38+,?9>8*�0%*/(-3�1-7;([�7238(�=F4?%*/.-.IQ%>;*/0%*/(43�C 6 G/*/=9+%6 *�F/*�.¤�(-38+L3�(-78A%0%=C */Z,6 F/7;>;(-3�+%?%6 F53�C C MF�7 e +,C *I1-*�>;(-38+,?+L3�1-?F/M,F/C *1-(43�0%.-6 1-6 X *'1-7;A%(�0L3 e */0;17;(�6 *�0;1-*�=K+L3514?7;(�6 *�0;1-*�=KFIM,F�C *ð  %î >;(�6 =ð  %î F/M,C 6 0%=%*/(ð  %î 1-7;(�A%.ð  %î (�7B7;Då>;(-3�+%?ð  %î =%6 (�*�FI1-*�=é1-7;(�A%.0BA,C Cl>;(-3�+%?î cdF/A%[�*C 7B7;+%.+L38(-3�C C */C ä (�*/+`*�3�1-*/= ç *�=,>;*/.e A%C 1-6 >8(-38+%?%.=%6 3 e */1-*/(F�7 e +,C * e *�0;1

B l�bhé �4~*�'í ¨ �½jI�)p.oqp l�oqp.h��)nRl o½h�oIl �)�ts�u'e)p.h�oqp.p R�T ~�s�oqe)p.o P�O R ��~�l r)eth�gioLjI� R 

B m bhé �hê��Dí�h3sF�\�ûl r^ö@e)g;Ò�p.oqp�rj l e,�Ll �.p.r)�Gö��ûl�jIoqgi�.p.�1e)s�p.��l5h�oIl �)�v�ôs�r�îá��p.oLjIgk�.p.�:��l	��p	


5�B } b_éëê*��í�¦e��jIp.r)e)gkr)h7�swk@F�m~Gp����)nRl gir?�)s	�×jIsø�	l ni�.�)nRl�jIpû�&s jI�?s���jOo e)p.h�oqp.p·õ�÷�84:hxyOBztl�r)e�gir*oe)p.h�oqp.p ; ÷�8	:rxyOBz@u8s�o�/��1����p.oLjIgk�.p.�*OûgkrtlZh�oIl �)�ájI��l jD��l �½�&p.p.rtoqp.�)oqp.�qp.rjIp�etgirKÅ�ÇÈ u8s�oq�ûl�j	�
5 l � b_é �hê��Dí�h3sF� s�uRjIp.rXgi�Zp	l �T�7�qjIp.�7s�u`d3nih�s�oqgkjI�)� È×�&p.oqu8s�oq�Æp.e�~:�D�)p.r7jI��l�jÆl�nkh�s�oqgkjI�)��I�)���.p.�I�qu8�)nin ö O o �.s�nis�oq�`lZh�oIl �)���`g¨jI� ð l oq�.�`l r)e�î���p.oLjIgi�.p���

l è bhéëê*ó�í ¨ �û�)nkp.�ûp�rj5d3nkh�s�oqgkjI�)�%ÈÜu8s�ojI�)p-A�A ; Gt�.s��û�)��jIp�o.~��)�Igir)híjI�)p-A�A ; G�1�2Kl��q�Ip.�Z�)nëönRl r)h���l h�p �1d3�q�I�)�Æp:jI��l�j	~��`�)p.r#ö�s��)o'�)oqs�h�oIl �f�&p.h�gir)�.~�oqp.h�gi�LjIp.o å4{ ��s�gir�jI�'jIs`jI�)p>÷�oq�qj!�p�oLjIp)�r)s�e)p l r)etoqp.h�gi�LjIp.o!îí�.s�rjml gir)�½jI�)p5r��)�Z�&p.oDs�u"��p.oLjIgi��p.�	�

5 l � b_é �hê�ê9í|®ô�)p.r-5cõ,2�õ�ö|xyOBz½gi�'�qp�j'gir �qjIp.�@È S ~ �.l�nkn4N@jI�)prq*/����Gü)ý"s�u�OHp �)��j'�D�)p.r'5cõ,2cõ�ö`xy}nzgi�1�Ip�jGgirZ�LjIp.��È P ~��Il"ö jI��l�j�} ��l �Gr)s5��l oqp.r�j	�2�pG÷�r)pPjI�)p#/ üH��)�}ýu����� s�u)�p�oLjIp)�-O&~�oqp.�.�)oq�Ig¨�p�n ö�~jIsÆ�&piOûjIs�h�p�jI�)p.oP�`gkjI�ájI�)p l�r)��p.�qjIs�oq�Ds�u|O ù �`��l oqp.r�j@��giu'l�r�ö��T�l��%ÿ:oqsF��p jI��l�jgiu�Oági�3�&p.nisF�~N�girtjI�)p@�qjml ����e)�)oqgir)híd3nih�s�oqg¨jI�)�%È3~�jI�)p@��l oqp.rjs�u`O�gi�l rl r)�.p.�LjIs�oDs�uhN!��&�����)oLjI�)p.oq�Æs�oqp ~�giu`5cõ,2cõ�ö`xyOBzZïS5cõ,2�õ�ö|xyNhz@girt�qjIp.�tÈ S ~�Oûgi�D�.�)oqoqp.r�jIn öágir�jI�)p �Ljml�������	��83�Ip3jI�)p.�IpuAl ��jI�PjIsZp)��jIp�r)e�d3nih�s�oqg¨jI�)� È �qsZjI��l�j	~�giu�jI�)ph�g¨�p�r�h�oIl �)��gi�Pr)s�j½�)gi��l oLjIgkjIp�~jI�)p r�l �ûp��Ds�u!��p.oLjIgi�.p��`gkrKl��Gö��.nip s�u'se)eKnkp.r)h jI�Kl oqp s���jI�)��j	�
l � bhé���ìDí|®ô��l�j ù �`l r)s�jI�)p�oDr�l �ûp5u8s�o#�O/ üN�.��� �.�O/�qkª�� N � ó Q R ó � ó � ó � ó � ó � ó � ó � ó ���O

l�c!bhéëê*��í|®ô��l�jD��p.oLjIp)�ás�ur�����c�Gý�� N � O�ODó � ó � ó ��� ��l �½jI�)p nRl oqh�p��qjDs���jOo e)p.h�oqp.p 

l�Ä�bhéëê�ê'í � �)p5Å�Ç5È\h�oIl �)�íh�p.r)p.oIl�jIs�on�O� /��O��� îVK ó îYM ó îJ
 ó î0� ó ° ó } ó�� �:�.oqp	l�jIp.�½l h�oIl �)�í�D�)s��Ip��p.oLjIgi�.p�� l oqp@jI�)pÇËuo e)gi�ûp�r)�Igis�r�l n'gir�jIp.h�p.o3�p���jIs�oq�Æ�JILK ófôfôfôfó I g �Du8s�oÖ�·{'IH�-�¦&��q~�e)p�jIp.oq�Ægir)p.e�^ö jI�)p�÷�oq�qjGu8s��)oG��l oIl �ûpTjIp.oq�D� îVK ó îYM ó îJ
 ó î0�F�'l �Gu8s�ninisF�D� v'Å�p�j;î%ê�� �l�r)eZnip�j%��¢Q��&p½�Ægir*ogi�Z�)�é�I�)�m�ûjI��l�j�î X TYK={Q��� ¨ uk�ªï¹��~��Ip�j-&�KW� &)MJ� U l r)eiËM� O pjI�)gk� gi�:jI�)p3e)p.uAl �)nkj U   U�&sl oqe�� � jI�)p.oL�`gk�IpgkuJî X TYK ï¹��~��qp�jµ& � �lî � u8s�o N {��±{7��l�r)eiËÆïg�&�V�1gir�l nin ö�~�giu0î X TYK �Q�)~�IpTj·Ë.� Ï î X TYK Ï ~`l r)eÉ�Ip�j4&�� jIs�jI�)p¬� jI�\p.nip.�Æp.r�j�s�ujI�)pø��p�oqgis�e)gi�ø�Ip�,�)p.r)�.pX� îVK ófôfôfôfó î X óî K ófôfôfôfó î X ó î K óGôfô"ô �T� �J��s�oíp)�)l �Æ�)nip�~PjI�)p��I�&p.�.gë÷��	l�jIgis�rÿ� î K ó î M ó î 
 ó î � ��ï � O�ó¿PDó R ó ñ T �Ægi�l ��s���j5l��`jIoqgi���^öøl � ös��ø�	l r�h�p�j p�g¨j�)oqs�e)�)�.p.�5l T o e)gi�ûp�r)�Igis�r�l n!��s�l oqeø�`gkjI�7�u&�K ófôGôfô"ó &)ë.�7ï� O�ó¿PDó R ó}O�ó¿PDó R ó}O �T~)�)p.r)�.p l�h�oIl �)�t�DgkjI� O X P X R X O X P X R X O ï N"U �.�Z��p.oLjIgi�.p.�.� �� �)p5oqp.�ûl gir)gir)h���l oIl �Æp�jIp.oq�5�;° ó } ó�� �T~�uAs�o��L�)gip.�.p�~��`oIl ��~�l r)e�s�oqgip.r�jml�jIgis�r�~ �Ze)p�jIp.oq�Ægir)pjI�)p@l oq�.�3s�u'jI�)p h�oIl �)���`Å��)�)��s��qpa÷�oq�qj`jI��l�j�}�ï � ï'�)� ¨ uj°0¯¹��~��Pp ��l	��pí�JI K ó"ôGôfôfó I g � ñ ñ I�J©*K ófôfôGô"ó © g � giu½l r)e7s�r)n öxgku-©D�+ï IH�%�S���`u8s�o N { ��{¡Ëm~'�`�)p�oqp��s� K ó"ôGôfô"ó � g �5gi�Zl r?gkrjIp.h�p.o�Is�ni��jIgks�r�jIsÆjI�)p@p),���l�jIgis�rZ� MK � X�X�X ��� Mg ï Ï ° Ï �½d3r)eøgiuj°¬�9��~&�Pp@l ninisF�fl ni�Is�© � ï[I � �Q�	� �u8s�o§�i¢ N ~)�.s�oqoqp.�q��s�r)e)gir)h�jIsi�í�ÆsF��p.�DgirájI�)p �Il �ûp5e)gkoqp.��jIgis�r��¨ u�} Äï3��~�nip�j(}�ï*�P} g ôGôfô } K � M gir��)gir�l o öør)s jml�jIgis�r�� � �)p.rø�Pp�l ninisF� �L�DoIl ��l�oqs��)r)e�~ �
©D�ïÿ�JIH�H�����¶���Æs�e�&��Gs�oµ©.�ïÿ�JIN�H�����)�¶���Æs�e#&��q~)girtp.l��m�t��s�s�oqe)gir�l�jIp#��u8s�o½�D�)gi�m�.}µ��ï N �¨ u � Äï¹�)~jI�)p`h�oIl �)�ágk�Pe)gkoqp.��jIp.eLp�s�Ò��Ip�jI�3�s��K ófô"ôGôfó � g ���)oqse)�)�.p5l oq�.� s�r)n öÆ�D�)p.rûjI�)pGöíl oqpnip)��gi�.s�h�oIl �)�)gi�	l nin öíh�oqp.l jIp�oDjI��l rx�F� óGôfôfôfó ���T�:ÈP��jDgiu � ï¹�)~�jI�)p h�oIl �)�tgi�D�)r)e)gioqp.�TjIp.e��

�1gir)eø�Ip�jqjIgir)h��3s�uD� î K ó î M ó î 
 ó î � ó ° ó } ó�� �DuAs�o`�D�)gi�T����� /��O���`ginin!�)oqs�e)�)�.p jI�)pZu8s�ninis	�`gir)hu8�)r)e�l �ûp.r�jml n:h�oIl��)�)��ví� l��3jI�)pû�.s��Æ�)nip�jIpÆh�oIl��)��$i>jp½���&�jI�)pÆ��l�jI�d	6>jpP���F�jI�)pÆ�Gö���nip°�!>jp��e&� jI�)p jIoIl r)�Ig¨jIgk��p5jIs��)oqr�l �ûp�rjJ$�/> p!��p	�PjI�)p s�oqgip.rjIp�eK��l�jI�_	(/> p'��uI� jI�)p s�oqgip�rjIp.eK�Kö��.nip#�(/> p��h�!jI�)p ð  �îth�oqgie�	|� 	6>jp����&�!jI�)p ð  �ît�Gö�nigir)e)p.o;	|� �!>jp&��g8�!jI�)p ð  �î�jIs�oq�)���&� �!>jp���q��jI�)p ð  °î�oqs�s.�íh�oIl �)�.$v� $i>jp"�J�)��jI�)p ð  %î�e)gkoqp.��jIp.e�jIs�oq�)�+��/� �(/>-p"��n8��jI�)p5r��)ninh�oIl �)� $i>jp����á��jI�)p�îjo �.�)�&pa	VM X�X�X 	6M�`g¨jI� O > ��p.oLjIgi�.p.�.�
l B bhéëê*��í ¿ l r���� /��O��� îVK ó î%M ó î0
 ó î�� ó ° ó } ó#� ���)oqs�e)�)�.pnis�s��)�	~�s�o½��l oIl ninip.n1��oqp.�&p	l�jIp.e&� p�e)h�p���

lal�bhé �hê��Dí ¨ u'h�oIl �)���ÿ��l �De)gRl �ûp�jIp�o#¢ P ~��)oqsF��pjI��l�j �ÿ��l �De)gRl �Æp�jIp.o¾{ P �



��® 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
.-*/C : cdF�7 e +,C * e *�0;1438(YM.-*/C : cdF�7 e +,C * e *�0;1438(YMK>;(-38+%?=%6 3 e */1-*/(F�7 e +,C * e *�0;1�78:<3�.-6 e +%C *�=%6 >8(43�+%?C 6 0,*�>;(-38+%?,.6 0%=%A%F/*�=9.�A%[%>;(-3�+%?(�*�>8A%C 38(�>8(43�+%?F�7 e +�780%*�0;1-.£�(-*��6 C .-780�l*/1-*/(�.-*�0é>;(-38+%?*�=,>;*IcdF�78C 78(-38[%C *¤�?%*/*�CF/M,F/C *�.38.-.�7BF�6 3�1-6 X *'C 3/¤�.F�78>;(-38+,?F�7 e +,C * e *�0;143�1-6 7;0=%6 (�*�FI1�.-A e>;(-38+,?%.�7;:U7;(�=%*/( �>;(-38+,?E3�C >8*�[,(43;H�H>;(-38+,?9+%(�7B=%A,F/1-.IH§�38(Y1-*�.�6	3�0K+%(�7B=%A%FI1IH�H=%6 (�*�FI1�+%(�7B=%A%FI1/H.�1-(�7;0%>�+%(�7B=%A%FI1/H�H7B=%=K+%(�7B=%A,F/1IHC */Z,6 F/7;>;(-3�+%?%6 F�+%(�7B=%A,F/1IH=%6 >;(-38+,?%.

l m bhé �hê�óDí ¥ pTjn��ï �! ó�" �D��pZlíh�oIl �)�ø�`g¨jI� Ï  Ï ï�îXl r)e����ï �Z��� ¨ r�s jI�)p.o`�½s�oqe)�.~r�gi������� ��ÁA����§qN�;�)���Kü'ýu/���av � �)p.oqp ù � l��&p.oq�Z��jml�jIgis�r��\s�uW �I�)�m��jI��l jiN ñ ñsñ OKgiu l r)exs�r)nëö�giu� �PN����ñsñ ñ � �PO��Gl r)ebN ÄïSO&�6®�pD�.l�rÆgi�ûl h�gkr)pPjI��l jGjI�)p`p�e)h�p���s�u>$i>Z��l	��p`�&p.p.rû��l gir�jIp.eÆ�)nRl ���s�o:�D�)gkjIp.p�jI�)p½�D�)gkjIpDp.e)h�p.��e)pG÷�r)p3l5h�oIl �)��jI��l�j ù �:gi�qs��Æs�oq�)�)gi�PjIs jI�)pDh�oIl �)�ûs�u��)nRl ���Zp.e)h�p.�	� �l��%ÿ:oqsF��pjI��l jgî��Æs�e Q ï¹��s�o N �Æ�oIl	�Üe)gRl h�oIl �Æ�Du8s�o`l nin��q�)�T��h�oIl��)�)�½�DgkjI��î|� U ��&�%ÿ:oqsF��p3jI��l�j½gkuJîÆ�Æs�e Q ï[��~�p���p.o öí�Gö���nips�u�jI�)p�&p.oq�Z��jml�jIgis�rK����l �½l@nip.r)h jI�íjI��l�j½gi�½l�Z�)nkjIgi�)nkp5s�u Q ��	� ¿ s�r��p�oq�Ip.n ö�~�p���p.o öá��p.oq�Z��jml�jIgis�r����`g¨jI�t�I�)�m�t�Kö��.nip��3l oqgi�qp.�Dgirt�qs��ûp5�q�)�T��h�oIl��)�0�Z�e&�%¦e��jIp�r)etjI�)p��Ip5oqp.�I�)nkjI�½jIs�jI�)p5�	l �IpZî��ûse Q ï N �
5 l } b_é �hê�ê9í7Çg¨�p�r|��¢'��~��.s�r)�qjIoq�)��j5lûh�oIl �)��s�rKjI�)p �p�oLjIgi�.p.�aò�� óGN�ófôfôfôfó Q �'õ@jI��l�jgi�3��s jI�oqp.h��)nRl o`l r)et�Ip�niu�o �.s��Æ�)nip.�Æp.rjml o ö��
5 ma� b_é �hê�ê9íxd��Ip.nku�o �.s��û�)nkp.�ûp�rjml o ö?h�oIl �)�X�Z�)�qj���l	��p�e)gRl �Æp�jIp.o O s�o P ~��^ö7p)��p.oq�.gi�qp T�T �Çg¨�p�rg�g¢ O ~'�.s�r)�qjIoq�)��jZ�qp.niu�o ��s��Æ�)nip.�Æp.r�jml�o ö�h�oIl �)�)�@s�u½��s jI�?�&s��I�qgi�)nipûe)gRl �Æp�jIp.oq�	~!�D�)p.r� l��* ï�ò N�ó}O�ófôfôGô"ó Q �'õDp!���&�* ï ò	� óGN�ó¿ODóGôfô"ôGó Q �9õ��
m�è bhéëê*��í � �)pZ�.s��û�)nip��ûp.r�js�u lí�Igi�Æ�)nip@e)gkh�oIl �)�ø�`g¨jI�)s���j5niss��)�5gk�5e)pG÷�r)p.e���öøp)�jIp.r)e)gir)h�swD��� l r)ex�sw����m~)�Is@jI��l�j½�Pp��l	��p(N I Oûgkr �ßgiu'l r)e�s�r)n öígiurN ÄïROíl r)eKN ÄI OÆgir��ø�V®ô��l�jl oqp5jI�)p �qp.niu�o ��s��Æ�)nip.�Æp.r�jml�o öíe)gkh�oIl �)�)�Ds�u's�oqe)p.o P 

mH� bhé �hê��Díxd3oqp5jI�)p5uAs�ninksF�`gir)h��Ljml jIp��ûp.r�jI�Dl ��s���j`nkgir)p h�oIl �)�)�DjIoq�)p5s�oDuAl ni�Ip	
l�� ¨ u��îgk�D�.s�rjml gir)p�etgir0�¾Ì ~�jI�)p.r4<3��� � gi�`l rtgir)e)�)�.p.et�q�)�)h�oIl �)�ts�u6<3���¾ÌR�T��&� ¨ u��îgk�`l�oqp.h��)nRl o½h�oIl �)��~)�IsÆgk�µ<3��� �T��	��<3�P$v� \ >�� gi�Doqp.h��)nRl o.~�u8s�o`l nin ð ó î|¯Q���e&��<3�P$v� \ > \ Ê	�Pgk�`oqp�h��)nil�o.~)u8s�o`l nin ð ó î ó ÈÇ¯����p	��<3�P$ � \ > ���ï $ � $ > �uI��<3�P$A�F� �ï $�M \ M \ M��h��<3�s	 >DTYK ���ï 	 > ��&� � �)p h�oIl �)�)���îl�r)e·<3��� �P�&s jI�K��l.�pjI�)p5�ml �ûpr��)�Z�&p.oDs�u'�.s��Æ��s�r)p.r�jI�	�
ma� bhé��Dó�í �oIl	�àjI�)p h�oIl �)� <3�P$�ê.�T�

5 m c'b_é �hê��Dí ¨ �µ<3�P$y
 \ 
.�P�Ip�niu�o �.s��Æ�)nip.�Æp.rjml o öa

m Ä�bhé �hê�ê9í\� � � � oqp�~ N ��S^O � ����s�o½�D�)gi�T�th�oIl �)�)���ÿe)s��Pp ��l	��pn���ï <3��� �O

m B bhé �hê��Dí\� � �H¥)��®ôgini�qs�r�� �Ç�1gkr)eølZh�oIl �)���îs�u's�oqe)p.o S u8s�o½�`�)gk�T� � �ï <3��� �T�
m l�bhéëê*��í ¨ �DjI�)p�ÿ1p�jIp.oq�qp.rth�oIl �)��� l�� P o �.s�nis�oIl �)nip	
?���&� P o p.e)h�p)o �.s�nis�oIl��)nkp	

mam bhé �hê��Dí � �)p h�oIl �)���¬>�ï�$4K ñ ñsñ �!>kWLKgi�3�	l ninip.etjI�)p�ÆVªk�����'s�uGs�oqe)p.o+îG~�`�)p�rLî|¢ Q �eh3s	�ý�ûl r^öí�Gö��.nkp.�`e)s�p��`g¨j`�.s�rjml girtl �D�I�)�)h�oIl �)�)��
 � éma} bhé �hê��Dí�ÿ:oqsF��pjI�)p l �I�qs��.gil jIg¨�pnRl.�`�	~��P��t��Pl r)e��P��w�m�

5 }a� b_é �hê	~0íxd h�oIl �)�Égk���	l ninkp.eôl[����.�O/�qaª giu gkj��.l�rÉ�&p���s�r)�LjIoq�)��jIp.eôl nih�p.�)oIl gi�	l nin ö\u8oqs��N o p.nkp.�ûp�rjûh�oIl �)�)�û�^ö �Æp	l r)�ûs�u�.s��û�)nip��ûp.r�jml�jIgis�r\l r)eB��s�oûe)gioqp.��jí�I�)�Õs���p�oIl jIgks�r)�.�9�&s�op)��l��Æ�)nip�~!jI�)p.oqpíl oqpíu8s��)o@r)s�r)gi�qs��ûs�oq�)�)gi�Æh�oIl��)�)� s�uPs�oqe)p.o P ~Gl r)exjI�)pGö�l�nkn l oqpí��s�h�oIl �)�)� v$y
ªï�$4K���$4K���$4K l�r)e�gkjI�5�.s��û�)nkp.�ûp�rj	~�$y
.p $4K \ Mªï�$4K%��$�M�l r)exgkjI��.s��û�)nip��ûp.r�j	~$4K \ M ~��`�)p.oqpi$�Mgï $4K`��$4KF�¦e����l �)�LjIgk��p`p.r��)�Æp.oIl�jIgis�rí�q�)sF�`�:jI��l�j�jI�)p.oqpl oqp N�N r)s�r)gi�Is��Æs�oq�)�)gk�`h�oIl��)�)� s�u�s�oqe)p.o Q �Çg¨�p5l�nkh�p��)oIl�gk� u8s�oq�Z�)nRl �PjIsÆ�)oqsF��pjI��l j N ��s�u!jI�)p.�ßl�oqp ��s�h�oIl �)�)�	�V®ô�)gi�m�ts�r)p gi�qr ù j�

5 }�è b_éëê*��í �oIl	�\e)gRl h�oIl �û�1uAs�o'jI�)p Q o ��p.oLjIp)�@h�oIl �)�)�D� l��|$�M $�M�p����&�|$�M��b$�M�p&���F�|$�M   $�M�p��e&�&$�Mh�]$�M�p"��pF�%$�M��%$�M�p"��uI� $�MM�&$�M�p"��h�%$�MM� $�M �
}H� bhéëê*��í � �)p�÷)��p�j{ö���p��ûs�u3h�oIl �)� �)oqs�e)�)��jI�ûe)pG÷�r)p.e gkrXjI�)p�jIp)��jÆ�Ps�oO��÷�r)pKu8s�oû�qgi�Æ�)nipe)gih�oIl �)�)�tl �á�Pp.nin5l �áuAs�oás�oqe)gir�l o ö h�oIl �)�)�.���oIl	�+e)gRl h�oIl �û�íuAs�oíjI�)p Q o���p.oLjIp)� e)gih�oIl �)�)�� l��%$0/M $�/M p"���&�&$0/M ��$0/M p!���F�%$0/M   $�/M p"��e&�&$0/M �b$0/M p"��pF�%$0/M �&$�/M �



M 
��������������������������������
! �����" ��Ô
¤�78(-=,.6 0%=%A%F/*�=9.�A%[%>;(-3�+%?%.J X *IcdC */1�1-*�(^¤j7;(�=%.=%*/>;(�*�*=%6 (�*�FI1�+%(�7B=%A%FI138=TSY38F/*�0,F/M e 3514(�6 Z=%6 .�1-(�6 [,A,1-6 X *�C 3/¤=%6 (�*�FI1�.-A e .=%6 .�14380%F/*DB6 0%> e 7 X */.F�780TSYA,>23�1-*>;(-38+,?%6 F53�CF�780%0%*/F/1-*/==%*/>;(�*�*'.-*/@BA%*/0%F�*.-*/C : cdF�7 e +,C * e *�0;1438(YMK>;(-38+%?.-6 e +,C *�=,6 (�*/F/1-*/=9>8(-38+%?6 0,cd=%*/>;(�*�*7;A,1�cd=%*/>;(�*/*[%6 +L38(Y1-6 1-*�>;(-38+%?

}a� bhé���ìDí|®ô�)gi�m�ts�u"jI�)pZ÷)��p h�oIl �)�t�)oqs�e)�)�TjI�Djml���p��J$v�fl�r)e.$i>ágirjIs]$v�!>a

} c!bhé��D��íxd3oqpjI�)p Å�ÇÈ¦Ær���O���h�oIl �)�)�½gir)e)�)�.p.e��I�)�)h�oIl �)�)�Ds�u�	6MOè 	VMAè 	VMOè 	VMAè 	VMAè	

} Ä�bhé �hê��Dí ¨ u���p.oLjIp)�_N�s�u&�*��l � e)p.h�oqp.p�Â4��l r)e���p.oLjIp)�ZOøs�u%� ��l � e)p.h�oqp.p�Â4 �~"�D��l j gi�jI�)p3e)p.h�oqp.p3s�u��p�oLjIp)�ø�PN ó O��:girø� l��%� �¬
����&�����Z�|
x���F�%�   �¬
x��e&�&�.�i�|
���p	�%���|�|


5 } B b_é �hê�ê9í ¥ pTj-^é�&pûl r ð   ð Ì �ûl jIoqgs�K�`gkjI�|( ���,¡ girxoqs	��N?l r)ex��s�nk�)�ûr_N Ì p!nip�jn¢ß�&pl r îg _î%Ì:�íl�jIoqg;�K�`g¨jI�Ã&  \ \¡ girxoqsF��O�l r)ex�.s�ni�)�ûr�O�Ì�� � �)p0� û�����fý±qH�O� ���kfý£^R�q¢þgi� l rð î7  ð Ì î Ì �ûl�jIoqg;�á�`gkjI�0( ����¡ &  \ �¡ girKoqsF�*�PN ó O��`l r)eø�.s�ni�)�Ær?�PN Ì ó O Ì �T� � ���)�(^���¢*gi�DjI�)pl e,�Ll���p.r)�Gö��ûl�jIoqg;�ás�u�������~)giu|^ÿl r)e.¢ l�oqp5jI�)p l e,�Ll���p.r)�Gö��ûl�jIoqgi�.p.�½s�u`�îl r)e.�?�
�1gir)eôl r�l�nks�h�s��)�áu8s�oq�Z�)nRl �áu8s�oíjI�)p�l e,�Ll �.p.r)�Gö �íl�jIoqgi�.p��ás�uû� l���� �7pû���&�v�   �Ãp���F�W���]�Ãp"��e&�*���&���

} l�bhé �hê^ì)í��1gir)e�l �G�ûl r^ö girjIp�oqp.�qjIgir)hl nih�p.�)oIl gi�Poqp.nRl�jIgis�r)�1�&p�j´�Pp.p�r�h�oIl �)�Z�I�)�Æ�Gl r)eZ�)oqs�e*o�)��jI�:l �2ös����	l r��½�J��s�oGp)��l �û�)nip ~�jI�)pPe)gi�qjIoqgi�)��jIg¨�pPnRl	�Ü�s^v�v¢Z�,�°��ïÿ�s^v�%� �,���s¢0�°� �"u8s�oe)gioqp.�TjP�I�)�Æ� l r)eí�)oqse)�)��jI�Ps�u��íl�jIoqgi�.p���gi�û�)nkgip.�:jI��l�j���_�Z� Ì ����� ïÿ���_�����	�7��� Ì �0���T�
®�p l ni�Is���l	��p $v� � ïS�o� X�X�X ���?~��`gkjI� ð �.s��)gip��`s�u|��~)p�jI��� �
}am bhé �hê��Dí ¨ u"jI�)ph�oIl �)���ý��l �=�Æ�.s��û�&s�r)p.rjI�½l r)eájI�)ph�oIl �)�K�+��l �J¤��.s��Æ��s�r)p.r�jI�	~��)sF��ûl�r�öá�.s��Æ��s�r)p.r�jI�`l�oqp5girájI�)p h�oIl �)�)��� � l r)e0�   �¬

}a} bhé �hê��Dí ¥ pTj�Â�¥P�PN ó NNÌ8�K�&p?jI�)p7e)gi�qjml r)�.p?u8oqs�� ��p.oLjIp)��NÿjIs ��p.oLjIp���NHÌ�gkrfh�oIl �)���Z�ÿ:oqsF��ptjI��l j�Â�¥ ¦ �q�PN ó O�� ó �PN Ì ó O Ì �q��ï Â�¥P�PN ó N Ì �?� Â	¦ �PO ó O Ì �T~`l r)e¯÷�r)eôl��qgi�ÆginRl oûu8s�oq�Z�)nRlu8s�o=Â ¥ § ¦ �q�PN ó O�� ó �PNNÌ ó O�Ì8�q�T�è*�H� bhé �hê*��í���s�o½�`�)gi�m�t��s�r)r)p���jIp.eKh�oIl �)�)�Dgi������� �.s�r)r)p.��jIp.eH


5 è*�0è bhé �hê�ìDí��1gkr)eøl nin��.s�r)r)p.��jIp.eKh�oIl �)�)���îl�r)e.� �q�)�T�ájI��l j�� �¨�ï �����?�è*�N� bhé �hê*��í|®É��l j ù �ûl��Igi�Æ�)niptl nih�p.�)oIl gi��uAs�oq�Z�)nRløuAs�o�jI�)pth�oIl �)� s�u�É-ûvü������,[.���x�A�`�)gk�T�jml���p s�r)p5�qjIp.�t�)s�oqg�:.s�rjml ninëö�~���p.oLjIgi�	l ninëö�~)s�oDe)gRl h�s�r�l nin ö�� s�rtl�r ð  %î���s�l oqeH
è*�H� bhéëê*�Dí ¿ s��û�)nkp�jIp1jml��)nkp	l �û�u�,��m�!d3ni�Is`l �)�)n öd3nih�s�oqg¨jI�)�'h?jIsPjI�)p��qp�,��)p�r)�.p U)S'S Q'Q'Q)Q'Q)Q �è*� c!bhé����'í ¦e���)nRl girájI�)p �ûl r)gi�)�)nRl�jIgis�r�s�u!� l oqgRl �)nip.�µ�I~kËm~�l�r)e4ÈZgir��qjIp.�)�µh P l r)e·h Q �è*� Ä�bhé �|n	~�í?Å��)�)�&s��IpÇÂkK¾¢ X\X�X ¢[Âc>�¢¹��~�l r)eønip�j(©	K#¢ X�X\X ¢S©�ª æ �&pZgkjI�`�.s�r,�´�)h�l jIp@l��`gird3nih�s�oqgkjI�)� h@�7ÿ:oqsF��p jI��l�jÖÂkK ô"ôfô Âc>tgi�`h�oIl �)�)gi�.l�n"giuGl r)eøs�r)n ötgkueÂkKe� X�X�X ��Âc>tgi�`p���p.r�l r)e
ÂkKV� X�X�X �gÂ R {�©	KV� X�X\X ��© R ñ �íu8s�o N {��i{R«�~��D�)p.oqp'«5gi�D�ûl���gi�ûl n��I�)�m��jI��l�j=Â	¬§¢q«��è*� B bhéëê*�Dí � oq�)pøs�oûuAl ni�Ip�v ¨ u¾ÂkK_ï X\X�X ï Âc>Mï Â¹� îýl r)e¯î%Â?gk�íp���p.r�~½d3nkh�s�oqgkjI�)� h�.s�r)�qjIoq�)�TjI�3l4�� ü'üN��fý����íh�oIl �)���è*� l�bhé �hê*��í�ÿ:oqs	�pûjI��l j@jI�)páe)p.h�oqp.pá�Ip),��)p.r)�.p4ÂkK ôfôfô Âc>?s�u`lø�Ip�niu�o �.s��Æ�)nip.�Æp.rjml o öxh�oIl �)��ml�jIgi� ÷�p.�=Â X �gÂc>DTYK�W X ï�î ñ N l r)e�Â�M X W%K�ï¹Â�M X u8s�o N {Ã��{ÀîY¸ O �

5 è*�Hm bhé �hêcn)í �p.�qgih�rxl r�l�nkh�s�oqgkjI�)�%l r�l nis�h�s��)�3jIsád3nih�s�oqg¨jI�)� hîjI��l�j5�.s�r)�qjIoq�)��jI� l0�}û��§qN�;�
� û�����fý����µ�.�O/�qkª s�r ��p.oLjIgi�.p��>ò N�óGôfôfôfó î2õ�~���l	��gir)hD�I�&p.�.g ÷�p.e � l ni�)p.�VÂ WR l r)eÇÂ TR u8s�o"jI�)p�gir*o e)p�h�oqp�pl r)ets���jOo e)p.h�oqp.p s�u'p	l �m�t��p.oLjIp����&~��`�)p.r)p���p.o`l jDnip	l �qjDs�r)p �q�)�T��h�oIl �)�tp)��gi�qjI�.�è*�H} bhé �hê*��í �p.�qgih�ríl ríl nih�s�oqgkjI�)�×l r�l�nks�h�s��)�GjIs d3nih�s�oqgkjI�)��hÉjI��l�j��.s�r)�qjIoq�)��jI� lv�Gû q*/��Ký û�ý��
�.�O/�qkª�s�r���p.oLjIgi�.p���ò N�ófôGô"ôfó ð ��î2õ�~"��l.��gir)h��I�&p.�.g ÷�p.exe)p.h�oqp.p.��Â R uAs�o5p	l �T����p.oLjIp��7�K�D�)p.r�&s��q�Igi�)nkp.p�l nin�p.e)h�p.�r� ñ ñsñ �í�I�)s��)nie���l	��p=��{ ð l r)e0�i¯ ð �è9è*� bhé �hê�ê'í|®ÉgkjI�)s���j@�)�Igkr)hød3nih�s�oqgkjI�)�àh@~!�q�)sF�×�^öxlte)gioqp.��j@�.s�r)�qjIoq�)�TjIgis�rxjI��l�j jI�)pû�qp)o
,��)p�r)�.pÖÂkK ôGô"ô Âc>Ægk��h�oIl �)�)gi�.l�n)�`�)p.rAî|¯�ÂkKµ¢ X�X�X ¢QÂc>·¢QÂkK ñ N l r)eiÂkKH� X�X�X ��Âc>Ægi��p���p.r��

5 è9è9è bhéëê�ì)í ¥ p�jn�×��p�láh�oIl �)��s�r���p.oLjIgk�.p.�- ¢ï ò N�óGô"ôGôfó î2õ�~��DgkjI�|Â R jI�)p�e)p.h�oqp.pZs�u?�øl r)e�ûl����FÂkK ó"ôfôGôfó Âc>)�;ï¹Â��Æÿ:oqsF��pDjI��l�j�jI�)p.oqp ù �Pl�rûgirjIp�h�p�or«þ�`gkjI�Aî|{�«�{ O îKl�r)eíl h�oIl �)�b�s�rû�p�oLjIgi�.p.�+ò N�ófôfôGô"ó « õ�~��I�)�m�ûjI��l j&�%gi� oqp.h��)nRl oPs�u�e)p.h�oqp.p¾Â�l r)e�� Ï  �ïU�Z�;¦e���)nRl girí�)sF�jIsÆ�.s�r)�LjIoq�)��j`�q�)�T�tl�oqp.h��)nRl oDh�oIl �)�á�`gkjI�·« l��D�q�íl nin�l �D�&s��I�Igk�)nip��



�l� 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
0%*I1N¤�78(-De 6 C */.*�@BA,6 =,6 .Y1I3�021!F/6 1-6 */.?2M,+�*/(�>;(-38+%?6 0%F�6 =%*/0%F/* e 3�1-(�6 Ze A%C 1-6 >8(-38+%?[%6 +L38(Y1-6 1-*�>;(-38+%?6 0%F�6 =%*/0%F/* e 3�1-(�6 ZF�7 e +,C *I1-*�[%6 +L38(Y1-6 1-* È cdA%0%6 :®78( e ?;M,+`*/(�>;(-38+,?$� Ê�®� \ >?2M,+�*/(�:®7;(�*/.�1F/M,F/C *�.=%*/>;(�*�*/.=%6 (�*�FI1-*�=K?2M,+�*/(�>;(-38+%?,.e 35Z,6 e 3�Cl6 0%=%*/+`*/0%=%*/0;1�.-*I1-.1-(-6 +%C *�.�M,.Y14* e .=%AL3�C�l*/1-*/(�.-*�0é>;(-38+%?§j? X��351438Cl>8(43�+%?DB6 0%>8¤�6 .-*�1-7;(�A%.@BA%*/*�0K>8(-38+%?F�7 e +,C *I1-* � cd+%38(Y1-6 1-*'>;(-38+,?1-6 >8?21-C MKF/7;C 78(43�[%C *e A%.-6 F�38Cl>8(43�+%?7;(�=%*/(.-6 G�*>;6 (Y1-?=%6 3 e */1-*/(6 0%=%*/+`*/0%=%*/0%F/*�02A e [�*�(F4?%(�7 e 3�1-6 F�0BA e [`*/(*�=,>;*IcdF4?%(�7 e 3�1-6 F�02A e [�*�(F�C 6 @BA%*�02A e [�*�(e 6 0%6 e A e X */(Y14*IZéF/7 X *�(e 35Z,6 e A e�e 351-F4?%6 0%>(�*�>8A%C 38(+%C 380L3�(F�780%0%*/F/1-*/==%6 (�*�FI1-*�=:®(�*/*'1-(�*�*â�3 e 6 C 14780%6 380

5 è9èk� bhéëê*�Dí��5sp.� jI�)pûr)pTj´�Ps�oO�g�ªû1�;�)��� N]O UDó � ó � ó � ó � ófN]O T ó ���5��l	��p�jI�)oqp.pÆp�,��)gie)gk�qjml rj �.gkjIgip.��
¨ u'r)s�j	~��`��l�jDjI�)oqp.p ��gkjIgip.�D�.s��Æp5�.nis��Ip��qj½jIsûl rtp),��)ginRl�jIp.oIl n�jIoqgRl r)h�nip	
è9è*� bhé���ì)í¬®ô�)p.rK� gi�½lZ��ö��&p.oqh�oIl �)�á�`gkjI� ð p�e)h�p��Dl�r)e%îK��p.oLjIgi�.p.�.~��)sF�à�íl r�öíoqsF�D�Dl r)e�.s�ni�)�Ær)�De)sp.�`gkjI�½gir)�.gie)p.r)��p �íl�jIoqg;�í��l	��p	
è9è c!bhé �hê*��í?Å��)�)�&s��IpûjI�)pû�Z�)nkjIgih�oIl �)�\�ut,���5gi� oqp.h�l oqe)p.e7l �@lK��ö��&p.oqh�oIl �)���·®ô��l�j@gi� jI�)p�.s�oqoqp.�q��s�r)e)gir)hÆgir)�.gie)p�r)�.p �ûl�jIoqg;�a
�®ô��l�j`gi�PjI�)p �.s�oqoqp.�I�&s�r)e)gir)hÆ�)gi��l oLjIgkjIp h�oIl �)�H

5 è9è Ä�bhé �hê*��í|®É�)p.r0¢×gi�½jI�)p gir)�.gke)p.r)�.p �ûl jIoqgs�ás�uGlZh�oIl �)�0�Z~)p)���)nRl gir�jI�)p �qgih�r)g ÷��	l r)�.p s�ujI�)p ��ö��û�Æp�jIoqgi�3�íl�jIoqgi��p.�J¢n¯�¢ l r)e�¢-¢n¯��è9è B bhé �7��Ñ�í �p.�q�.oqgi�&p3jI�)p`p.e)h�p.�Ps�u�jI�)p3�.s��û�)nkp�jIp3�)gk��l�oLjIg¨jIp=È	o �)r)gkuAs�oq� ��ö��&p.oqh�oIl��)�v$  Ê�®� \ > �è9è l�bhé �hê�ê'í�h3s	�X�íl r^ö5r)s�r)gk�Is��ûs�oq�)�)gi� N o �)r)giu8s�oq�f��ö��&p.oqh�oIl��)�)�1��l	��p ð p.e)h�p.�Gl r)eªîÆ��p.oAojIgi�.p���
��s¦:e)h�p.�D�ílföá�&p oqp.��p.l jIp�e�� � ¥ gi�qj½jI�)p���l�nkn��`�)p.r ð ï Q l r)e�îLï P �è9è*m bhé �hê*��íxd �L�^ö��&p.oqu8s�oqp.�qj���gi�Dl��^ö���p�oqh�oIl �)��jI��l�jD�.s�rjml gir)�½r)sÆ�Kö��.nip��	� ¨ u'l���ö��&p.oqu8s�oqp.�qj��l � ð p.e)h�p.�.~ î��p�oLjIgi�.p.�.~�l r)e§°@��s��Æ�&s�r)p�rjI�	~F�D��l j ù �!jI�)p��I�)�ýs�u�jI�)p e)p.h�oqp.p.�'s�u)g¨jI�!��p.oLjIgk�.p.��
è9è*} bhé �7���)í|®É��l j!�^ö���p.oqh�oIl �)�@�.s�oqoqp.�q��s�r)e)�!jIs �s�������`gkjI�)s���j!jI�)p;÷�r�l n�jIp.oq� ��°I K�± °I M,± °I 
 �O
èk�a� bhé �hê*��í �pG÷�r)p§� û�����fý����µªc�qk�)�F�.�O/�qaªD�m~��^öh�p.r)p.oIl nig�:�gir)h½jI�)pG�.s�r)�.p.��j!s�ue)gioqp.��jIp.e h�oIl��)�)�.�èk��è bhé �7�.¤Dí7Ç3gk��p.rál �^ö��&p.oqh�oIl �)�v� ïÿ�! ó#" �T~�nip�j&j&�P���;ïÿ�! óy² �T~�D�)p.oqp ² gi��jI�)p`uAl �ûginëös�u�l nin��ûl���gi�ûl�n�gir)e)p���p.r)e)p�rj1�Ip�jI�!s�u����2¦e���)oqp.�I�h³��P����gir jIp.oq�û�!s�u Ï  Ï ~ Ï ² Ï ~ l�r)e-´ �Pj&�P��� ¯ �T�
5 èk�H� bhé �hê�~�í��1gkr)eZl`�ûl���gi�Z�)�àgir)e)p.�&p.r)e)p.rj1�IpTjGl r)eZlD�Ægir)gi�Z�)�Ü�.s�nis�oqgir)h`s�u�jI�)p u8s�ninis	�`gir)hjIoqgi�)nip5��ö��qjIp.�Æ� v½� l���jI�)p �^ö���p.oqh�oIl �)���u�,���p"���&� jI�)p e)��l n"s�u!jI�)paÿ'p�jIp.oq�qp.rth�oIl �)���èk�a� bhé���Ñ^í�Å��)sF� jI��l�j:jI�)p3s���jIgi�Z�)�î�.s�nis�oqgir)h���s�u>$ > $ > l oqp`p�,�)gk� l�nkp.rj�jIs jI�)p`�qs�nk��jIgis�r)�s�u1l�uAl �ûs��)�½�.s��Z�)gir�l�jIs�oqgil�n��)oqs��)nip.�t�èk� c!bhé �hê�ê'í|®É��l jDgi�½jI�)p �m�)oqs��íl�jIgi�r��)�Z�&p.oDs�u!jI�)p ¿ ��*)l�jml n�h�oIl �)��~a�1gkh�� O ��um�O
èk� Ä�bhé �4~k�)í���s�o½�`��l�jD� l ni�)p.�Ds�uhaígi�PjI�)p.oqp l Q o oqp�h��)nil�o.~ Q o �m�)oqs��íl�jIgi�5h�oIl �)�ts�u'h�gioLjI��a*

5 èk� B bhé �hê�ê'í��1gkr)eûs���jIgk�Z�)�î�.s�nis�oqgir)h��:s�u�jI�)p��A��gir)h �`gk�IpPjIs�oq�)�	~ �ª�&�   �!>�~��`�)p.r ð ó î|¢ P �èk� l�bhé �hê�ê'í�ÿ:oqs	�p5jI��l�j@� l��&³ ��� �L��³ � � �!{�îi� N l r)e?���&�&³ ��� ��³ � �5�-¢�î��D�)p.rZ�îgk�3lh�oIl �)�Ks�u!s�oqe)p.ogîG~�l�r)e°÷�r)eKh�oIl �)�)�`u8s�o½�D�)gi�m�tp�,��l�nkgkj{öá�)s�nie)�	�èk�am bhé �7���)í�¦e���)oqp.�I�%³ ��� ���:girûjIp.oq�Æ�Ps�u�³ ��� �:l�r)ev³ �P���T~�`�)p.r.�ýl r)ev� l oqph�oIl �)�)�	�èk�a} bhéëêcn'í��5p��I�.oqgi�&p5jI�)p �ûl���gi�ûl�n��.nig�,�)p.�Ds�u!jI�)p U   U ,��)p.p.rth�oIl �)�x�sw4+��m�è*�H� bhé �hê*��í�h3s	�ý�ûl r^öí�íl���gk�íl n���nig�,��)p��3l oqp girtl��.s��Æ�)nip�jIp��co ��l�oLjIg¨jIp h�oIl �)�H
è*�0è bhé �|n���í ¥ p�jV«7� î!����p�jI�)p nRl oqh�p.�qj1r�)�Z��p�o's�u)�íl���gk�íl n��.nig�,�)p.�'jI��l�jGl r#îjo ��p.oLjIp�� h�oIl �)��	l rt��l	��p��;ÿ:oqsF��pjI��l j P�µ >c´�
#¶ {�«7� î"�!{ P�· >c´¿
y¸ �
5 è*�N� bhé �hê*��í|®�p��	l nini� ýsû;��ª�ýu� Q��.�s���O/4�)����giun³���� �_ïº¹`��� �T��ÿ:oqsF��pøjI��l�j.³����   ���_ï³ ��� ��³ �P���:�`�)p.r)p���p.o��îl r)e.� l�oqp5jIgkh���jIn öí�.s�nis�oIl �)nip��è*�H� bhéëê*�Dí � �)p·�L�Z�)�Igi�	l n&h�oIl��)�k�Zginini�)�LjIoIl�jIp.eá�)p.oqp�)oqs�o��gke)p.��l r)gi�.px�½l"öÉjIs\oqp���gipT� r��)�Æp.oqs��)�øe)pG÷�r)g¨jIgis�r)�jI��l�j'�Pp.oqpPh�gk��p.r@gkr@jI�)gi�'�Ip���jIgis�r�~��&p.�	l �)�qpPgkjI�'�)oqs��&p.oAojIgip.�Pl�oqp3p.l��qgin öûl r�l n ö*:.p�e��Æ�5pTjIp.oq�ûgkr)pgkjI�� l��:s�oqe)p.o�p���&� �Ig�:.p�p���F� h�gioLjI�Lp3��e&� e)gRl �Æp�jIp.o�p3��p	� gir)e)p.�&p.r)e*op.r)�.p:r��)�Z�&p.o.~\´���� ��p���uI���m�)oqs��íl�jIgi�Gr�)�Z��p.o.~»³���� ��p��h��p.e)h�p)o �T�)oqs��ûl jIgk�5r�)�Z��p�o.~�³��J<3��� �q��p����&���.nig�,�)pr��)�Z�&p.o.~,¹`��� ��p&��gR�'l�nkh�p��)oIl�gk�½u8s�oq�Z�)nRll �Gl�)oqs�e)�)��js�u`�Pp.nin;oF��r)sF�Dr �q�íl ninkp.o�h�oIl �)�)�.�g®ô��l�jûgi�ZjI�)pt�Ig;:.ps�u����I��lx�ûgkr)gi�Z�)� ��p.oLjIp)� �.s	�p�o�
 �J�)��lx�íl���gk�Z�)��ûl jI�m�)gir)hc
 ¨ �]� ��n8� oqp.h��)nRl o�
 ���á� �)nRl r�l o�
 ��r&� �.s�r*or)p.��jIp�eH
?��s��e)gioqp.�TjIp.eH
?���&� l@u8oqp.pjIoqp.p	
��J,��?hl �ÆginkjIs�r)gRl rH


¼½
¾¿ÀÁÂyÃ¼ Ã ½ Ã ¾ ÃkÄ À�Å,Æ Å Â Ç Å

È ÅÉÊËÌ
Í
Ç È É Ã�Ä Ë Å Ì Å Í Å



M 
��������������������������������
! �����" ��ý
38A,1-7 e 78(-+,?%6 . e .(-380%=%7 e ¤^3�C De A%.-6 F�38Cl>8(43�+%?¤^3�C D§�3/M,C *IMé=%6 >;(-3�+%?�l*/1-*/(�.-*�0é>;(-38+%?« >8(43�+%?%.>;*/0%*/(43�C 6 G/*/=K1478(�A%.-*/.IH1-(43�0%.-C 3�1-6 7;0QL1-6 C 6 0,>�[2MLH1-6 C 6 0%>�78:U1-?%*'+%C 380%*

è*� c!bhé �hê�ê'í�h3s	�ý�ûl r^öál���jIs��Æs�oq�)�)gi�I�Æ�½e)sp.�DjI�)p �Z�)�qgi�	l n�h�oIl �)����l	��p	

5 è*� Ä�bhé ú6�hê�óDí?Å��)�)�&s��qp5l ��s��Æ�&s��qp.o�jml���p.�Pl oIl r)e)s��×�½l�n;�ÆgkríjI�)p3�Z�)�qgi�	l n�h�oIl��)��~��qjml oLjIgir)hl�j3��p.oLjIp)� ¿ l r)eøjI�)p�r��ûl.�gir)hA÷)��p@p�,���l ninëöKnig���p.nëöK�m�)s�gk�.p.�5l�jp	l �m���LjIp.���5Å��)sF�fjI��l�j5l uRjIp.ol rtp���p.rtr��)�Z�&p.oDs�u'�qjIp.�)�.~)jI�)p�½l�n;�ágk�`�Æs�oqp nkg���p.n öíjIs�p.r)eøl�jD��p.oLjIp)� ¿ jI��l rKl�j3l r^öás jI�)p.o��p.oLjIp)���e®ô��l�j`gk�DjI�)p5p)��l��Tj`�)oqs���l �)ginigkjxö�s�u'h�s�gir)h�u8oqs�� ¿ jIs ¿ girtl N]O o �qjIp.�á�½l�n;�k
è*� B bhé ú6�hêDn'íxdÏÎ±/��������-û����O/�qaª�gi�DlZe)gioqp.��jIp�eKh�oIl �)���D�)s��Ip��p.oLjIgi��p.�( îl oqp5jI�)p5p�nip.�Æp.rjI�s�u l?h�oqs��)�ôl�r)e\�`�)s��Ip�l�oq����l oqpZO ñsñ I O	´ X u8s�o N { � {�Â l r)eôl nin`��p.oLjIgi�.p.�vO&~D�`�)p�oqp�s´±K ó"ôGôfôfó ´`ªF�Dl oqpZ÷k��p.eKp.nip��ûp.r�jI�Ds�u!jI�)p h�oqs��)����dÏÎ±/��������.�O/�qkªtgk�3l ¿ l"ö�nipGö�e)gih�oIl �)��jI��l�jgi�Dl�nk�IsÆl�h�oIl �)��� ¨ �½jI�)paÿ'p�jIp.oq�Ip�rth�oIl �)�Kl ¿ l"ö�nipKö�h�oIl �)�H


ÐÑ Ò~ÓÔÕ!ÕvÖÕ!Ð×�Ø ÕÙ ÐÑ Ò~ÓÔÕ!Õ�ÖÕ�Ð×�Ø ÕÙ ÐÑ Ò�ÓÔÕ!ÕvÖÕ!Ð×�Ø ÕÙ
ÐÑ Ò~ÓÔÕ!ÕvÖÕ!Ð×�Ø ÕÙ ÐÑ Ò�ÓÔÕ!ÕvÖÕ!Ð×�Ø ÕÙ
ÐÑ Ò~ÓÔÕ!ÕvÖÕ!Ð×�Ø ÕÙ ÐÑ Ò~ÓÔÕ!Õ�ÖÕ�Ð×�Ø ÕÙ ÐÑ Ò�ÓÔÕ!ÕvÖÕ!Ð×�Ø ÕÙ

ÐÑ Ò~ÓÔÕ!Õ�ÖÕ�Ð×�Ø ÕÙ
Õ Ñ Ò Õ!Õ

Ó Ô ×Õ�ÐÖ~Ø ÐÙ Õ Ñ Ò Õ!Õ
Ó Ô ×Õ!ÐÖ�Ø ÐÙ Õ Ñ Ò Õ!Õ

Ó Ô ×Õ!ÐÖ~Ø ÐÙÕ Ñ Ò Õ!Õ
Ó Ô ×Õ�ÐÖ~Ø ÐÙ Õ Ñ Ò Õ!Õ

Ó Ô ×Õ!ÐÖ~Ø ÐÙÕ Ñ Ò Õ!Õ
Ó Ô ×Õ�ÐÖ~Ø ÐÙ Õ Ñ Ò Õ!Õ

Ó Ô ×Õ!ÐÖ�Ø ÐÙ Õ Ñ Ò Õ!Õ
Ó Ô ×Õ!ÐÖ~Ø ÐÙ

Õ Ñ Ò Õ!Õ
Ó Ô ×Õ!ÐÖ�Ø ÐÙ

5 è*� l�bhé �hê�ìDí\��Ú=�GüN�)�O/.� ûÜÛ	���Aý�������������Ý �ûd3r ð  �î�jIs�oq�)�D�	l rK��p oqp.h�l oqe)p.eøl �3l�jIgknigir)hÆs�u!jI�)p�)nRl r)p��Q��s�oÆp)�)l �Æ�)nip�~��Ppt�	l r gi�ûl�h�gir)pájI��l�jûgkrD÷�r)gkjIp.n öX�ûl r^ö7�.s��)gip��ûs�u`jI�)p P   Q jIs�oq�)�girÉ�u�,���5��l	��pí��p.p�r7�)nRl �.p�e?jIs�h�p�jI�)p.o@h�oqgie��Dgi�Ip ~:l �@gir)e)gk�	l�jIp.e7gkr�jI�)pínip.uRjOo ��l r)e?ginkni�)�qjIoIl�jIgis�rl ��s	�p�p�uAoqs��ýp	l �T� ��p.oLjIp�� �Pp �.l�r@�ÆsF��p�r)s�oLjI��~ �Is���jI��~ p	l �qj	~�s�o!�Pp.�Lj'jIsl r)s jI�)p.o!��p.oLjIp�� s�u�jI�)pjIs�oq�)�	� � �)p`��p.oLjIgi��p.� ��l	��p3��p.p�rár��)�Z�&p.oqp.eí�)p.oqp3�qs jI��l�j½l r)s�oLjI��½l oqeí�ûs	�pDuAoqs��YO�h�sp.��jIs�POj� Q ���Æs�e N-O ~�l r)eZl r@p	l �qj¶�Dl oqe �ÆsF��p:jIsZ�POj� P ���Æs�e N]O ~ p�jI��� � �)pPoqgkh���jOo ��l r)e@ginkni�)�qjIoIl�jIgis�r�I�)s	�`�GjI�)p`�Il �ûpPjIs�oq�)�.~�)��j:�`gkjI�ûl5e)g;Ò�p.oqp.r�jIn ö��I��l �&p.eÆjIginip�pj/ üa �DlföZjIs �T�)ss��qp½j´�Pp.nk��pD��p.nini�r��)�Z�&p.oqp.e�ò	� ófN�ófôfôfôfófN�N õ5�`ginin�jIginip3jI�)p �)nRl r)p�~)�DgkjI�tp��)l ��jIn öíjI�)p �ml �Æp�)r)e)p.oqn ö�gkr)hûh�oIl �)���Å��)giuRjIp.eK�.s��)gip��`s�uGlÆ�qgir)h�nip �I��l �&p �`gknin!l ni�qs�jIginip5jI�)p �)nRl r)p giu!jI�)pGö�u8s�oq��l����Küj����/�� ûÜÛ	���jIs�oq�)�	~1gir��`�)gi�m�?�.p.nkn5�JI ó ©�� �.s�oqoqp.�q��s�r)e)�ZjIsKjI�)pí�Il��ÆpÆ��p.oLjIp)�?l �@�.p.nini���JIi�¹( ó ©��[&�� l r)e�JIi�S© ó ©��¹Â��T~'�D�)p.oqp��F( ó &T� l r)eÉ�s© ó Â�� l�oqpígir�jIp.h�p.o ��p.��jIs�oq�Zl r)edî�ï (�Â ñ &�©·¯¡��� � �)ph�p.r)p.oIl nig�:�p.e�jIs�oq�)�½�Dginin�jI�)p.r���l	��p�î��&s�gkrjI�	� � �)p.�qp5��p.�TjIs�oq� �F( ó &��Pl�r)ex�s© ó Â��Pl oqpû� Q ó ���½l r)e�F� ó¿P �'gir@jI�)p P   Q p)��l��Æ�)nip½l ��sF��p.pl r)eZ�`�)p.rZjI�)pGöZl�oqpPoqp.�q��p.�TjIgk��p.n ö�� R ó}O �1l r)et� N�ó�P �"�Pp½h�p�j

ÞoßUà�áâ�ã�ä~å�æçZß�Þ(ß!ß%ßyàÞoßSà�áâ�ã�äèå�æç0ß!Þ�ß!ß&ßkàÞYßUà�áâèã�ä~å�æçZß!Þ�ß!ß%ßyà
ÞYßUà�áâèã�ä~å�æçZß!Þ�ß!ß%ßyà

ÞoßSà�áâ�ã�äèå�æç0ß!Þ�ß!ß&ßkà
ÞoßUà�áâ�ã�ä~å�æçZß�Þ(ß!ß%ßyàÞoßSà�áâ�ã�äèå�æç0ß!Þ�ß!ß&ßkà ô

h3p.oqp�î_ï N"P ~&l r)eKl�r)s�oLjI���½l�oqe��ûs	�p5u8oqs��éOíh�s�p.�½jIsK�PO¾� Q ���Æs�e N]P p�l rKp.l��Lj´�½l oqet�ÆsF��ph�s�p.�½jIsK�POÖ� N ���ûse N"P �ÿ:oqsF��pPjI��l�jGgiu&h��.e"�F( ó & ó © ó Â��;ï N ~�jI�)pP��p.oLjIgk�.p.�Gs�u&�I�)�m�Æl5h�p.r)p.oIl nig;:.p.eZjIs�oq�)�:�.l�rÆl nk�½l"ö���&ptl �I�qgih�r)p.e7gir�jIp.h�p.oZnRl ��p�ni�°ò	� ófN�ófôfôfôfó î ñ N õágirX�q�)�T�Xlø�½l"öxjI��l�jZjI�)pár)p.gih����&s�oq��s�u*O�l oqp�POÖÓ¬°&���Æs�eZî�l r)ex�PO¾Ó�ê����Æs�eZîG~)u8s�oD�Is��Æp5gir�jIp.h�p.oq�±°Kl r)e�ê�



�Q� 
�����������������'�Y�������b"��������' � ��¡N¢ Å ��£ M
6 0%=%A%F/*�=9.�A%[%>;(-3�+%?(-380%=%7 e+%(�7;+�7;(Y1-6 7;0L3�C¤�?%*/*�C{>;(-3�+%?=%*/>;(�*�*'.-*/@BA%*/0%F�*ë2380,.-7;0�!(4351-7BF4? X��ì C7;(�=%*/( �=%6 .�1-6 0%F/1�(-7�¤�.F�7 e +,C *I1-6 7;0F4?%(�7 e 3�1-6 F�0BA e [`*/(F�78C 7;(�6 0%>=%7;04� 1�F53�(-*/.&b7�M2*/(fK7B78(�*e 3ISY7;(�6 1NMé*�C * e */021

è*�Hm bhé ú6�hêkÑ^í ¿ s�r�jIgir��)gir)h p)��p.oq�.gi�qp N"P T ~3�`��l�jKgi�ølXh�s�s�eô�DlföÉjIs\nil��&p.n��Do e)gi�Æp.r)�qgis�r�l�n��p.oLjIgi�.p��ÇI!ï �JILK ófôfôfôfó I R �T~'�D�)p.r?girjIp.h�p.o �p���jIs�oq�'´ X l oqpíh�gk��p.r��I�)�m��jI��l�jZp.l��m���p���jIs�o�Igi�Æp�,��)g¨��l nip�rjûjIs�I4��´ X u8s�o N { �9{ �*
 ¨ nink�)�qjIoIl�jIp%ös��)oÆ�ûpTjI�)s�e girXjI�)pK�	l �qp¬�¯ï P ~´±K�ïÿ� PDófN�ófN �T~B´VMgïÿ� N�ó¿PDófN �T~6´�
+ïÿ� N�óGN�ó}P �T�
5 è*�H} bhé �hê�ê'í ¥ p�jM� �&pDl+÷k��p.e�h�oIl��)�Zs�u&s�oqe)p.oMí�~l r)eZnip�j�î��P�7vu� �!��p jI�)p½r�)�Z��p�oGs�u)jIgi�ûp��jI��l�j£� s�.�.�)oq� l �5l r�gir)e)�)�.p�e��I�)�)h�oIl �)��s�u:láh�gk��p.røh�oIl �)���Z� ¨ u%�×gi��m�)s��Ip.r�l�j5oIl r)e)s��u8oqs��ÜjI�)p:�Ip�j!s�u)l nin O >  >*W%Ky®1´�M h�oIl��)�)�!s�r jI�)p:��p.oLjIgk�.p.�� ï ò N�ó}O�ófôfôfôfó î2õ�~F�D��l�j'gi��jI�)p l	��p.oIl h�p� l ni�)p3s�uhîá�P�Ãv�� �G�`�)p�r��%gk�� l��M$Kï*p����&�>	�ï�~�u8s�oWí·¯ N p����F�>�*ï�~�u8s�o&í4¯ O p���e&��l oq�)gkjIoIl o öa
è c � bhé �|n���íxdôh�oIl �)�K�àgk���	l ninip.e�qH�O��q*���KýsûJ� üN/���gku�gkjI��gir)e)�)��p.eí�I�)�)h�oIl �)�û�.s��)rjI�Wîá�P$y
.v � �T~î�� $y
.v � �T~�l r)e0î��s	�
�v � �Pp.l��m�Kl h�oqp�p5�DgkjI��jI�)p p)����p���jIp.et� l ni�)p.�De)p.oqgk��p.etgir�p)��p�oq�.gi�Ip N"P.� �l��Å��)sF�àjI��l�jDjI�)p5�`�)p�p.n"h�oIl �)�Z�¬é5s�u'p)��p�oq�.gi�Ip U�U gk�D�)oqs���s�oLjIgis�r�l n�gir�jI�)gi�D�qp.r)�Ip���&�%ÿ:oqsF��pKjI��l�j�� gi�á�)oqs���s�oLjIgis�r�l n3giu l r)eÉs�r)n ö gku-î��P$y
�v � �Lï Ké T > 
 V l r)e jI�)p�e)p�h�oqp�p�Ip�,�)p.r)�.p�ÂkK ôfôfô Âc>ás�u!gkjI�½��p.oLjIgi��p.�D�ml�jIgi��÷�p��PjI�)p gie)p.rjIg¨jIgip.�

Â K � X�X�X ��Â > ïÏð î OMñ ó Â M K � X�X�X �gÂ M> ï î O ð î OMñ ô �!ò �
è c è bhéëê*óDí � �)p��.s�r)e)gkjIgks�r)��s�u@p���p.oq�.gk�Ip N Q �)���&�í�	l rô�)s�nkeôs�r)nëöÉgiu�îÆ�Æs�e N"S º ò	� ófN�ó¿U õ�
®�oqgkjIp l��)oqs�h�oIl��*jIs�÷�r)eKl nin�s�u!jI�)p �)oqs��&s�oLjIgks�r�l n�h�oIl��)�)�½jI��l�jD��l	��p�îLï U ��p.oLjIgi�.p��	�è c � bhé �|n���í\� Å��k¥�l r)�Is�rál r)e4¥��^§ oIl�jIs��m���)ó n ~ N �.�DN � �#ÿ:oqsF��p`jI��l�jPr)sZh�oIl �)�K�Üs�r Q s�o �Æs�oqp��p.oLjIgi�.p��!�	l r �&p��qp���jIoIl �)oqs���s�oLjIgis�r�l n ~ �`gir5jI�)p:�Ip.r)�qpGjI��l�j!gkjI�"�I�)�)h�oIl �)� �.s��)r�jI�`î��P�7vu� ��l h�oqp.p�`g¨jI��jI�)pDp)���&p.��jIp.eÆ� l�nk�)p.��girÆp)��p.oq��gi�Ip N"P.� uAs�o:p	l �T�Æs�u&jI�)p`p.nipT�p�rûr)s�r)gi�qs��Æs�oq�)�)gi�Dh�oIl �)�)�M�s�u's�oqe)p.o Q ��úZûvü'ýxþ � î ñ P �#î��P$y
�v � �Æï Q î��P$A�.v � �%� O î��P$4K \ K \ M�v � �L��î��P$4K��($y
�v � �T�

5 è c � bhé �hê�ìDí ¥ p�j�^ �&p½l r^ö �ûl�jIoqg;�5�`g¨jI� ð ¯ N e)gi�LjIgir)��j1oqs	�`�	~ l�r)eªî|¢ ð �.s�ni�)�Ær)�	�2ÿ:oqs	�pjI��l�j3l�jDnip	l �Lj`s�r)p ��s�nk�)�ûr�s�u|^ý�	l rt��p e)p�nip�jIp.e�~)�DgkjI�)s���j`�ûl.�gir)hÆl r�öáj¶�PsÆoqsF�`�½p�,���l n �
5 è c&c!bhéëê*�Dí ¥ p�j.ô ��p�l r ð  !îî�ûl�jIoqg;� �D�)s��Ip�p.rjIoqgip���IH� X l oqpxp.gkjI�)p�o���~ N ~s�oZò�*d

�L�.s��û�)nkp�jIgis�rk�Zs�urô+gi�½l@�íl�jIoqg;�]ô�õ3girí�`�)gk�T�ápT�p�o ö.ò ��l �½�&p.p.r�oqp��)nRl �.p.e��^öûp.gkjI�)p�oµ�@s�o N �Å��)sF�ÜjI��l�j`jI�)p �)oqs��)nip.�ßs�u�÷�r)e)gir)hál��.s��û�)nkp�jIgis�r��`gkjI�Ku8p��Pp.�Lj`e)gi�qjIgir)�Tj3oqsF�`�Dgi�`p�,�)gk� l�nkp.rjjIs�jI�)p5�)oqs��)nip.�ßs�u÷�r)e)gir)h�jI�)p �m�)oqs��íl�jIgi�r��)�Z�&p.oDs�u'l�h�oIl �)���
5 è c�Ä�bhéëê�ì)í � � �)Å���ÈPs"öp�o½l r)e4¥��)Å��kEKs�s�oqp�~ N	��U ��� �ZÅ��)�)�&s��qp3jI�)p5l oqoIl"öi(kK ôfô"ô (�>í�.s�r�jml�gkr)�½l

��/yö)���KûvýF#���;�)���Kü'ý ~Fr�l �ûp.nëö5l½� l ni�)pGjI��l�j!s��.�.�)oq�!�Æs�oqpGjI��l r�îY¸ O jIgk�ûp.�.��p.�qgih�r l r l�nkh�s�oqgkjI�)�jI��l�j�÷�r)e)� gkj l�uRjIp.o�ûl���gir)háu8p��Pp.o3jI��l�rhîX�.s��Æ��l�oqgk�Is�r)�	�ªú�ûvü'ýxþ ¨ u>î�¢ P l r)e�(�>*WLK Äï¶(�>�~jI�)p �ûl,�´s�oqgkj{öûp.nip.�Æp.r�j`s�uV( K ôGôfô ( > gi�`l ni�qs�jI�)p5�ûl,�´s�oqgkj{öíp.nkp.�ûp�rjDs�uV( K ôfôfô ( >*WjM �



¦!3 X 6 */.â�38C CN�*53�?2M#BD;78C * e&j380,>#B6 e +,.-7;0+%?%6.-+�*�FI1-(�A e÷ùøéú0û ü�ýRúÿþ�� ü��ùü�ý�����ú�ü_ú
�
	��������	���������������� �!�"�#�%$�& 	�'��%�)( & ���*��� � +",� �-���.�/(��102�#� �3�541��� & 6"�70�	1�%�5(�& 8:9

;=<�>@?�A!B�>%C!DFE�G�HJI

KML�NPORQTSVUXW
Y�ZR[1\�]^]^\"_a`^bdcaegfdhifd`Jb e-j"_Mh�k ]^]#_ml!b enegfdhioghqp3\�bdrts u#vxwaudk3eg\Py�hi`JztzRh3rd`�l�egh3]J{}|*\#]J]^\"_Mh3r�y#{~egfdh�1� o�e�s �!vxw~��k^�P�afdh�rdh3og` � hqrxl ��� l!bdc#hqzth3b#egoPp-l!b�y�h�rdhqrd�dp3h3rx| � \�z�egfdh �1� o�e}|*\�� � hq��l�zR�d]^h3o3jc�`J�#h3b�`^b5fdhq��l!rdh3p3`^ztl!]abd\!e�l�eg`^\�b��F���1�"���-�1ji���d�-�d�3� � �#�����#� �#��jM� �#�!�1�����-�#��� �#���#�!���#�"���!� � ��j

� ���# #���1�3¡1�-� ��� � � ��¢!�d�� #�!������¡��!��������¢n�m£ ¤��!¥���¦~l-��`^h3o3j�§�¨�©«ªn¬�a¨�®�¯"©�©/¯M°²±´³µ�-¶#·!¶#¸�j���·!¹�º���·�·�� »
¼�Z:½��dp�f�l ��� l!bdc�h3zRh3b egonhq��`^oµe¾`^|�l!bdr�\�bd]J{~`^|�¿.zt\ r~u�ÀÂÁa\ � �#�¾�mfd`^o¾p3\�bdrd`Jeg`^\�b�`^onbdh3p3h3o�o�l � {y�h3p-l!�dogh.egfdh � hRz��doµe~y²hRl!b2h�� hqb2b �dz�y²h � \#|Ã\ rdr2`Jegh3zRo-��ÄPbdr2`Je~`^o~og��ÅRp3`^h3b#e�y�h3p-l!�dogh�_Mhp-l!bV�d]�l!p3h�s Á1Á�kd`^b´| � \#b#e
\�|¾egfdh~og\�]^��eg`^\�bdom`^b´egfdh�� � hq��`^\��doahq��h � pq`^ogh��Æ�Ç!È/É�Ê3Ë �mfd`^o.Ì �dh3o�eg`J\#b�_ml�o �1� o�e � l�`Jogh3r)y#{5Í�l � ogf1l!]^]iÎ}l!]^]M`JbÂ�-¶#·���jÃl!bdr5o�\#]Ï� hqr)egfdh|*\�]^]^\"_a`^bdc}{#h-l � y {�[M�����#Ðnh-l!f {#j�Ñ � �^j#`^b.�dbd�d�dyd]^`^o�fdh3rR_M\ ��Ò £ Ä � zRh3r.[1\ � p3h3oi½�h3p3� � `Je%{.ÄPc�h3bdpq{� h3��\ � e
¹�u#¹´³Ó�!ÔRÑ�l!b��1l � {��-¶ ·���¸%»Ó��ÕÓem_ml�om`Jbdrdh3�²hqbdrdh3b eg]J{Ö�²\�oghqrVl�bdr � h3og\�]J�#h3rÖy {:���1½ Ò \�]^h3zl!bdr´�~�d×ml!bdcdjd§x¨�©«ªn¬dØ1Ùq¨�Ú²Û Ü^Ú�¨�Ý�Ü@Ùq¨.Þ�³µ�"¶#·�ß�¸�j1·�ß-º�·�Ô���[1\ � \!egfdh � `^b egh � �!l!]^om\�|nb��dz�y�h � o3jdo�h3hegfdh�p3\�zR�d]^hqegh~o�\#]J��eg`^\�b´y {FÑ��1àa��½�`^zt�do�\�b�jdá}Ü^âqÙ�ã�¯-©/¯}§�¨�©«ªn¬�°�°)³µ�-¶�Ô�¹ ¸�jd¶#ß-º��"Á!ud�
±�Z.äåh3o-�å[1\ � hq��l!zt�d]^h!jdegfdh~pq{�pq]^ht³«Á1Á1ß1�d¹dæ���u�¹�·dß���un�#æ�·!¸çp-l!b�k e
y�h�y � \ Ò hqbF�d���
°¾ZR�afdh�è#egf�\ p3p3� ��� h3bdpqh�\�|åéP`^o
`^bF��\�og`Jeg`J\#b�êTèdëdì�| � \�zíegfdh�]Jh3|�e-j²l!bdrFegfdh�è egfF\�pqp3� ��� h3bdp3h\�|çîR`^om`Jb´�²\�og`Ïeg`^\�bïêTè�ë�ð�ì#�ÃñM]^h-l � ]J{�ê@èdë²ð�ìmwòêTè�ë1ì}Àóè�jdy�h3p-l!�do�h�ë²ð
Àóë�ôï���a³T�afdh~`Jb egh3c�h � oêTè�ë1ì�|*\ � zíegfdhFõµo��²h3p�e � �dztöR\�|�ën÷1o�h3h~hq��h � pq`^ogh�¹��^�-¹�\�|mø�§�¨�©«ª�� ¸
Þ�Z:��¿Rw�è~w7�}\�|�egfdhVù ðµúðçû h3Ì��1l!]^]Ï{t]^` Ò h3]J{t�1l!` � oM\�|��²\�og`Ïeg`^\�bdoMo�l�eg`^o�|*{.egfdhPo�e�l�egh3rÖp3\�bdrd`Jeg`J\#b��Õ%|¾egfdh3ogh~� � \�y1l�yd`J]^`Jeg`^h3oM_Mh � h�`^bdrdh3��h3bdrdh3b#e�³Tyd��eaegfdhq{´l � hqb�k e�¸�jdegfdh}�!l!]^�dh�\�|çü ú _M\��d]^rVy�h

ý �!¿��þg��þqÿ-ÿ3ÿqþ���� ú�������� ³Ó��¿´w��aw�èd¸
	�ù ðµúðçû�� À ³Ó��¿¾¸� ð�¿å³T¿Öwï�"¸¿�Ó³Ó��¿¾¸ ú�� � ³Ó��¿´w���¸ ú�� �
À�hq��� ý ¿~]^b u�¿��� ô5]^b�� � � ¿� ô��R³T¿�� � ¸ � ÿ��ZF³«l#¸��Âfdh3bRegfdhP� � \ rd�dpqegoMl � h
hq���1l!bdrdh3r�j _mha\#y�e�l!`^b:l���\�]J{�bd\�zR`�l!]1\�|�³Ó�!¿�w´��¸� 	�³T¿�wV��¸�egh � zRo-j¾h-l!p�f7\#|irdh3c � h3h:u�¿��:�afdh � h�k o�l´egh � z��²ð � ÿ3ÿ-ÿ ��ððµú |*\ � h-l!p�f2Ðçl!bdc�|@\ � r7�1l!` � `^bdcd÷�hq�#h � {\!egfdh � egh � z f1l�oMl�eM]Jh-l!o�eM\�bdha�!l � `^l�yd]JhP\#|�rdh3c � h3h����å½��dztzR`^bdc�\"�#h � � � þ3ÿ3ÿ3ÿ3þ
� ð�ú"!$# w~��þ�ô��&%egfdh � h3|*\ � håp-l!bdp3h3]^o¾\���eçl!]^]!egfdhÃy1l!r�egh � zto3j"yd��e¾c#`Ï� hqo���ð�ú~|*\ � egfdhÃc�\ \�r~egh � zRo-�¾ÄPb�hq� e � la|@l!pqeg\ �\�|��.l � `^o�h3oay�h3p-l!�dogh~egfdh � h�l � h���ü ú Ð¾l�bdc�|*\ � rV�1l�` � `^bdc�o�³T`^bdp3]J�drd`^bdcR]^h3|�e
' � `^c�f e � h�� h � o�l!]^o�¸��(*)



+-, .0/21�354�671987:;4�<04�6�=?>@1&4�1 A B CED F�GIH
J�K�LM0J�KON�P D�C�DQCER SET*M2L SER HJ�CVUWDQXOGIY�R Y&L7J�CVK�L CY*D�P R X�K�CVJ�M0R HY�N�Z Z
P L[ DQR X*\]J�X�L ^?Y�N�Z Z
P L_ D�X�U�`aJ�CVKL b�DQH S�H
Jdc�L
C?YOCEJ�e�P LdM\]CVL SVSELf�g J�P LdMh R KOSETf R X�UWM0D�^iS@L C\jD�CVJ�XK*D�XOH
R X�UkP R X g ^L b�DQH S�H
Jdc�L
C?YOCEJ�e�P LdMl e�XmDQP Gon?DQpapl ^EP D�M2R H2MqDdSET�^r CED�e�R H2M0DQSET�^s J�NOSVS�tL

³Ty�¸
Ðnhqevu � Àxw ð�ú � � � �y ��� � y � y � � � � y²h�egfdh�ztl�`Jb��1l � e~\�|�egfdh.è egf�|Tl!pqeg\ � �k�7h�p-l!b � �dbegf � \��dc�fxl!]^]¾u#úFp-l!ogh3oz� � þ3ÿ3ÿ3ÿ3þ
� ðµú !9# w���þ�ô��*%�`^b|{ � l-{}'«p3\�rdh�\ � rdh � ³TÄP]^c�\ � `Jegfdz ß�� ���^���^�3Ð�¸�jbdh3c#l�eg`^bdc�\#bd]Ï{:\�bdh}\�|�egfdh~� y h-l!p�f:eg`^zRh���Äòp�f1l!bdc�h}`^b"� y p-l!�doghqoal�eMzt\�oµeÃe/_M\.l!r*�/�do�egzRh3b#egoeg\Rh-l!p�f�u � ÷dog\.h-l!p�f${ � l-{}'«p3\�rdh~o�eghq�Vp3\�o�egoz�.³T¿¾¸���7h~bdh3h3rdb�k eap3\�zt�d��egh}egfdh}og�dzíhq��l!pqeg]J{�÷�`Jeaog��Åtpqh3omeg\�_m\ ��Ò zt\ rF����j�_
fdh � h��&�óp3\�z�'|*\ � e�l�yd]Ï{�hq��pqh3h3rdoM� ð�ú�� � ü ú ��à��#h3bRy�hqe�egh � j#_afdh3bR¿FÀò��udj�_M\#�d]JrRy�hmeg\�rd\~egfdhap3\�zR�d��e�l�eg`^\�bdozR\�r:�&� �çw���j \ � zt\ rty�\!egfÖ� � �çw��Pl!bdrÖ� � ��ô2���Ã¥PbdhPp3l�b:l!]^o�\�o�l-�#h"�*¿�	��O�
yd`JegoÃ\�|�� � h3pq`^og`^\�by {Öhq���d]^\�`Jeg`^bdc.egfdh~|@l!pqeaegf1l�e~u �~� è~ô��t³Tzt\ rd�d]^\t��¸��³Tp"¸i�mfdh}egfd` � r´h3Ì �1l�]J`Je/{:`^oal!pqeg�1l!]^]Ï{t��l!]^`Jr´\�bd]J{t_
fdh3b´¿.zR\�r~u�ÀÂÁ�\ � ¹�÷dyd��emegfd\�ogh~l � hegfdh�`^b#egh � h3oµeg`^bdc:¿�k o-�m�afdh�o��dz p3l�b�y�h�p-l ��� `^h3rF\#��e}`Jb�¿7�df1l!ogh3o3j�_
fdh � h��df1l!oghz��|*\ � ���Â¿`^b#� \�]J�#h3o¾egfdhMp-l!o�h3oç_
fdh � h0� ú � � À�� ú���ð j*� ú � ð À�� ú�� � jdÿ3ÿ3ÿ3j&� ú ��� � � À�� ú�� � j*� ú ��� À�� ú À� ú�� � Àòô���jdl!bdr"� ú�� � � � À w���÷�`JeMf1l!oal!bÖ\���egh � ]^\�\��:egf1l�eMp�fd\ \�ogh3o~³i� ú ��� � � þ3ÿqÿ3ÿ-þ � ú � � ¸å`^bl!]^]�� �&� � _al3{�o-j²l�bdr�l!b�`^bdbdh � ]J\�\��Fegf1l�e}p�fd\ \#o�h3o.³i� � þ3ÿ3ÿ3ÿ3þ
� ú ���*� � þ
� ú�� � ��ð þ3ÿ3ÿ3ÿ3þ
� ð�ú ¸a`^b�l!]^]��ð�ú � ð �&� ð�_ml-{�o3��³T�afdhR`^bdbdh � ]^\�\��2�dogh3o�{ � l3{2yd`Jb1l � {xp3\ rdh�j�� � h3|*h � l!yd]J{�_
`Jegfòõ�\ � c#l!b�'Ó�d`^��h\ � rdh � ö�eg\�� � `^\ � `Jeg`��3hRegfdh:og�dydogp � `^��ego�og\Fegf1l�e�� � l!bdr9� ð�ú �!l � {�zR\�o�e � l!�d`^rd]J{#���afdh:\���egh �]^\ \#�Vbdh3hqrFbd\!e
y�h�h3o��²h3pq`�l!]^]J{´hqÅRp3`^h3b#e-� ¸��åf1l!ogh~¿2p3\"�#h � omegfdh�� ú � � �1l!]^`^bdr � \�zR`^p~p-l!o�h3oa_
`Ïegf� y À�� ðµú�� � � y |*\ � �������ò¿)l!bdr$� ú À�� ú�� � À ô����~Õ%|2� � rdh3bd\!egh3o}egfdh�o��dz `Jbx�df1l!o�h~�njegfdh3b�� � ô��W�W�"ô�� ú � � ô �ð � ú Àó��ð�ú � ðqü ú �Ä og�dydoµe�l!b eg`�l!]n| � l!pqeg`^\�b�\�|çegfdh�egh � zRo
eg� � bF\���e}y�h��3h � \d�a[�\ � hq�dl!zR�d]^h�j1_
fdhqb�¿xÀ �-ædj�3h � \�o�l!�d��h-l � l!y�\#��eåß!æ��ò\�|�egfdhÃeg`^zthP³T`Jb�u#Á#Ô�j Ô�¹�Ô�j ß�·�u
p-l!ogh3oç\���e�\�|���ð
�#ôR� �E� ¸��ç�afd`Jo�|@l!pqe�p-l!by�h
�dogh3r.eg\�l3� \�`^r.z:l!b {�z��d]Jeg`^�d]^`^p3l!eg`J\#bdo�`^b.egfdha`^bdbdh � ]^\ \����m³Ó¥}bd]Ï{�u � j�u � j�ÿ3ÿqÿÃp3l�bty�h �3h � \d� ¸¡ ZRÐ¾h�e~¢ � y�h~egfdh�b��dz�y�h � \�|ç`Jbdp3\�zt�d]^h�egh��1l!` � o
l!|�egh � è:p�f1l � l!pqegh � oaf1l-�#h~y²h3hqb � h-l!r�÷degf��do¢ � À£¢ ð�ú À ÁdjMl!bdr�¢ � À£¢ � � � ¤ �F|*\ � �5� è¥�X�!¿�� �mfdhF]�l � c�h3o�eto��dp�fïo�h3Ì��dhqbdp3hF`^b_
fd`Jp�f$¢ � bdhq�#h � hq��pqh3h3rdo�æ:`JoR³«Á�þq��þ���þg¹�þ�udþ�·�þgæ�þ�·�þgæ�þ3ÿqÿ3ÿ-þg·�þ�ædþg·�þµu1þ�¹dþg��þq�#þ�Á ¸��}�afd`^o}o�h3Ì��dh3bdpqhf1l!omw ðµú����� ¢ � À����3¿Fw)¹�Á��~×i��evw ð�ú����� ¢ � Àxw ú����� ³Óè�ôó�"¸mÀ ù ú�� �ð û ô5¿)`Jbxl!b {VÐçl!bdc�|@\ � r�1l!` � `^bdcd�ÃÎPh3bdpqh�ù ú�� �ðxû ô5¿|�ò���-¿´w7¹�Ádj1l!bdrF¿|�ò�"·��}³TÕ%bV|@l!pqe-jd_
`^r�egfFæ.`^o
l!]^og\R`Jzt��\�ogog`Jyd]^h_
fdhqbF¿FÀ ��·����mfdh�]�l � c#hqo�e
l!bdrVogztl�]J]^h3o�eM�²\�ogo�`^yd]^h}_
`^r�egfVl � h��db Ò bd\"_
bV`^bVc�h3bdh � l!]«� ¸¦�ZR�afdh � h�l � h�bd\.og\�]^��eg`^\�bdom_afdh3bV¿FÀÂuR\ � ¿FÀóß�����fdh3bV¿FÀóÔ�egfdh � h�l � h�|@\�� � �§x§¨ ¨© ©ª ª« «¬ ¬ ® ® ÷ §x§ « «¬ ¬¨ ¨© ©ª ª® ® ÷  ® ®© ©ª ª« «¬ ¬¨ ¨§x§ ÷ ª ª® ®« «¬ ¬¨ ¨© © §x§ ÿ
³T�afd`Jo}� � \�yd]^h3z z:l Ò h3o}l:�d]Jh-l!o�l!b e}zRh3p�f1l�bd`Jp-l!]ç�d���W�3]^h!j��dog`JbdcÖc#l!rdc�hqego}\�|�_a`^r�egfxè�ôó�.l!bdrfdh3`^c�f#e��Tè�	����a|*\ � �d`^h3p3h
è���Õ%b.fd`^o�\ � `^c�`^b1l!]dbd\!egh�£ §x¨�©«ªn¬1a¨�®�¯"©�©/¯a°�¼´³µ�-¶#·!Ô#¸�j �#�!Ô�»Ój ñP��¦}�drd]^hq{Ðçl!bdc�|*\ � r�`J]^]^�do�e � l�egh3r2og`^zR`^]�l � �d`^h3p3hqo-j�l!bdr7hq��fd`Jyd`Jegh3r)lV�d]�l!b1l � o�\�]^��eg`^\�b7|*\ � ¿ À �"���Ö�afdhÌ��dhqo�eg`^\�bRp-l!bty²h
p3l�oµeil!oil!bthq��l!pqeip3\"�#h � � � \�yd]^h3zVj#_
`JegfRbd\�bd� � `^ztl � {.pq\#]J�dztbdo � h3� � h3o�h3b eg`^bdc�d]�l!p3h3o�_
fdh � hÖe%_M\�c#l!rdc#h�egoRl � h´bd\!eRl!]^]^\-_mhqr�eg\�`^b#egh � ogh3p�e-÷iogh3hÖhq��h � p3`^oghVß�� ��� ���^��º�Á#Á��2Ñ�h-l!b× � hqe�eghif1l�o�rdh���`^o�h3r.l
og\�zRhq_
f1l�eçog`^zR`^]�l � �d���W�3]Jh�j�y1l!ogh3r�\�bR½ Ò \�]^h3zVk o¾�!l � `�l!b e�\�|degfdhi� � \�yd]^h3zl!bdrV�dog`^bdc._a`^r�egfV`Jbdo�egh-l!rV\�|ç�d]^l�b1l � `Je%{�÷dfdh~c#l-�#h�l�p3\�� {:eg\R¦~l-��`Jr�½�`^bdc�ztl�oµegh � `^bx�"¶�¶#��� ¸¯�Z:Ñ!�do�ePegf � h3h�_ml-{�o-�}�-Ô��"¶��"·��!æ ß��!Ô#·���¶�æ!u ß�·�¹�Ô!u#æ�¹#¶#ß�u#¹�j��-¶d�"���-Ô#�!u#æ#��ß!¶�u ·!Ô�æ�¹�u ß�·!¹�¶#æ�Ô�¹#·�ß�j�-¶��"æ��-Ô#��·#ß��!æ�¶#�#·!Ô!u ß!æ#¹#·�u#¶�¹#Ô#ß�u#¹�³«l!bdr.egfdhq` ��� hq�#h � o�l!]^o�¸��a£ [�` � o�eå|*\��dbdrR`^bV�-¶�æ�¶}y {�{��#×Ml � \#b�÷oghqh~ø7°O±³²!Ü^Ú�¨�©´°"ã�Ü*¨�µ]¶�ª²¯W°"ã´·�¨!Ú²Û¹¸�©«â?ºq»�»]µ^Ü@Ùq¨�©«Üo°"Údâ
³«×M�dr1l!��h3o�e-�Ã�-¶#ß!Á ¸�j!Ô���º�¶ ���¾�mfdh.õµr1l!bdp3`^bdc]^`^b Ò ogö.zRhqegfd\�r´\�|�½�h3p�eg`^\�b�ß�� ��� ���^� � hqog\�]J�#h3oMegfd`^omÌ��dh3oµeg`^\�bVy {:e � l-�#h � o�`^bdcRl�ogh-l � p�f´e � h3h}egf1l�ef1l!oa\#bd]Ï{V¹�æ�Á.bd\ rdh3o-jdc�`J�#h3bFl!bVh��dl!pqe
p3\"�#h � � � \#yd]Jh3zí_
`Jegfx�-¹ � � \"_ao-� »
Y}¼�Zt[1\ � h��dl!zt�d]Jh�jd]^hqe ½�À �"��j�¾�ÀóÔ�jÀ¿�À�udjjÁ~ÀÂÁdjÀÂóÀ�u1jÀÃóÀÂ¹dj-ÄòÀó��j�Å À �#÷dl�rdr��£ Õ%bxegfd`^o�p3\�bdbdh3pqeg`^\�b�j¾\ � egfd\�c�\�b1l!]å]^l!eg`Jb2o�Ì��1l � h3o�h3Ì �d`J�!l�]Jh3b e�eg\V[�`^cd�å��_mh � ht`^zR�d]^`^pq`Jeg]J{� � h3o�h3b e.l!] � h3l�r�{x`^b7zth3rd`Jhq�!l�]ÃÕ%o�]�l!zt`Jp.e�l!]^`^ogztl!bdo�`^]J]^�do�e � l�egh3r2y {2Õ%ydb)l!]a'«Î}l*�I�~`^b7fd`^ovÆ�Ü«©%¨�²Ø�ªjÇ*±³Ç!â�¨�µIÈoºPÚÀÉå¨�ã�³ÓñMl�` � \1���-¹#���#¸�÷¾fdh:l!]^o�\Vc#l-�#hRlF·ËÊÃ·Öhq��l!zt�d]^h!�Ö½�hqh:àa�n¦}\���e�e-Ìh�jç§�¨�Í#Ü@¯



A .2/01�354�621582:;4�<24�6�=?>@1*4?1 +-Î r T�CVL X�^r X�K�L CV^EL Xf D�NOc�L N�CSEC@DQX�^Ec�L
CV^@DQP ^Ï DQX�X�Ð ëY�RÒÑ&D�^�^EJ�N�CVH LÓJ�`�ÔiC@DQX�K�J�M0Õ K*DdS´DCED�X�K�J�MÖ D�C g L C× NOP L C\]CVJ h Xn�L K*D F�DQSB D�X�SEL
CÏ DdSET�J�X[ J�^@DØ L R ^VX�L
CÙ X�NOSET

¯"©vÚ~¯Qµ^ÜaÍ#Üo°"ÚÂÛ�¨�ÚdâÛµdÜ ºzÝ*ã�ÜoÞ-Ç ¯FÛ]Çàßm°"ã�Û ³TÄP]^c�`^h � o3�
�-¶#Á�¶#¸�j}�-¶#¹"º��-¶!u1ja���3udj
��u ß�÷k� �ÃÄPf � hqbdo-já�¯�ãz¸%âdµ�¨*± ¡ ³µ�-¶��"ß�¸�j����!Ô"º���¹�Ô��P½�h3h�l!]^o�\Öl!b�l � eg`^p3]^h�\�bVegfdh�fd`^o�eg\ � {V\�|�]�l�eg`^bFo�Ì��1l � h3o}y�h3`^bdc� � h3�1l � h3rFy#{ÖÐçl � oa¦.�dÄPbdrdh � o�h3b�� »

Y1Y�Zxáââã ¢ Ðjä îæå�ç é
è �êé�ë�ìé è�ç é ë ä î Ð ì ¢æå �î ëY� ¢&è ìíé å ä é Ð çé�å ì é Ð � ¢ ë ç î�è ä
î�ïïð � £ Ñ�\�o�h3�df�½�l!���#h3� � � � h3oghqb egh3r´egfdh~h-l � ]^`^h3oµe Ò bd\"_abFh��}'l�zR�d]^h
\�|no��dp�f:ogÌ �1l � h3oM`^bÖ§òñ¯d±³°"Ü^ã�¯�âmÛd¯ µQÜ º�Ùq¨#Û~ñ¯Q±tÜ*¯Ú¹°�·�¨�µ@¯~Ûd¯�â}Ø1ÙgÜ@¯�Ú²Ù3¯�âR³V��l � `^o3j���ß��-Á#¸�j1¶#�-º²�-¹�Ô�jÀóqÔ�¹�� »

Y�¼�ZtÕ%|�¿ `Jo´\�rdr�j
_mh�p-l!bÂ]^hqeõô5ö y À ³i÷mwø��¸�zt\ r�¿���×i��eV`J|�¿ `^o´hq�#h3b�j
egfdh � h7l � hxbd\e � l!bdo��#h � ogl�]Jo-��[1\ � `^| # ³iù � ô~Á#¸²zR\�r~¿�þ3ÿ3ÿqÿ-þ-³iù ú � � ôP¿�w~��¸²zR\�r~¿�%Ö`Jo�lVe � l!bdoµ� h � o�l!]«jç_Mhtf1l-�#hw ú � ���� � ù � � w ú � ���� � ³iù � ô�èd¸}³Tzt\ rd�d]^\.¿¾¸�j1fdhqbdp3h�w ú � ���� � è.À �ð ¿å³T¿´w��"¸i`^o
l.z��d]Jeg`^�d]Jh~\�|ç¿��
Y�±�Zt¤
h3�d]^l�pqh
h-l!p�f.h3]^h3zRh3b e2ú²y#{�êoúo	�·�ìaeg\~c�hqeMl~ztl�e � `J��\�|�ÁdoÃl�bdr´�-o3��Ð¾h�eåegfdha|@\�� � Ì �1l � egh � oy�hPb1l!zRh3r ��ûüàýþ � ÷ egfdh3b"ÿÂl!bdr��íh3l�p�ftp3\�b e�l!`^bth��dl!pqeg]J{tè´�-o3j _afd`^]^h�� l!bdr��òh-l!p�f:p3\�b#e�l�`Jbhq��l�p�eg]J{�è�Á�o-��½��d�d�²\�oghåegfdhi\ � `^c�`^b1l!]#ztl�e � `J�~f1l�onegh3b�rd`^oV�/\�`^b ene � l!bdo��#h � o�l!]^o3�¾Õ%|�èÛ� ��j�l�eçzR\�o�e|*\�� � \#|degfdh3z c�\Pegf � \��dc�fRl��M`^b�ÿ�\ � ��j#l!bdrRl�e�zt\�oµe�|*\�� � c�\}egf � \��dc�f.l}ÁP`^b��ò\ � ���ç�af �dol�eå]^h-l!o�e�e/_M\~\�|1egfdh3z fd`Jeå\�bd]J{.Á�o�`^b�ÿ�l!bdr��Fj#\�bd]J{Ö�3o�`^b�� l!bdr�����×M��eåog�dp�fRl}e � l!bdoµ� h � o�l!]f1l!o
l�b´hq�#h3bVb��dz�y�h � \�|�Á�o�³Tbd\�e � �#h"¸�jdy�h3p-l!�dogh�`Jea`^b egh � ogh3pqegokÿ l�bdr	��h3Ì �1l�]J]J{Ö\#|�egh3b��½�`^zR`^]�l � ]J{#j�l�]�l�eg`^btogÌ �1l � hP\�|�\ � rdh � u�vòôx��_a`JegfÖl!b:\ � egfd\#c�\�b1l!]�ztl!egh
z��do�eif1l3� h
zR\ � hegf1l!bVv `Jb e � �drdh � o
`^bVh-l!p�fV\�|ç`Jego�³Ó�!v ô���¸0Ê2³Ó�!v ô��"¸Mog�dydztl!e � `Jp3h3o-j��dbdrdh � l!]^] � h3b1l!zt`^bdc�o\�|¾egfdh~h3]^h3zRh3b ego3�
£ Î��1×}�1Í�l!bdb�j�
¹Ç*µ�µ«¬�ºz±´¯gã-¬1§�¨�©«ªn¬dØ-°�Ù�¬n³Ó��¸aÞ-¼7³µ�-¶!u�u�¸�j1�!u#¶"º���·#ß�� »
Y#°¾ZÖñml!o�h3ot³Ty�¸}l!bdrï³Tr�¸
f1l-�#hRbd\´z:l�egh3o3�.ñMl�o�h3oR³«l ¸�jå³Tp"¸�j¾l!bdrï³Th-¸Pf1l-�#h � h3og��h3pqeg`J�#h3]Ï{2��jnædjl!bdr2�����!æ#·��"æ�Ôd³  ¸�j�\#|n_
fd`^p�f´egfdh�]^h���`^p3\�c � l!�dfd`^p-l!]^]J{ �1� o�e
l�bdrV]�l!oµe
l � h

³«l#¸Á!u�·!æ�¶�Ô#ß#���-¹�-¹#Á#·!æ#�!¶#Ô!u ß�!Á�u#¹#ß!¶�Ôd�-æ#·¹#��Ô�¶��"ß!æ ·!Á!uu ·��-Ô#�!æ�¹ ß!¶�Á·��"æ#ß�u#¹#��Á�Ô�¶æ�Ô#¶!u#Á��"·�¹#ß��ß!¶ �!Á�¹!ud�"æ#·!ÔÔ#ß�¹��"·!Á!u ¶#�!æ¶�æ ß��!Ô#·!Á�u#¹��

þ

³«l#¸Á�æ�¶d�"·!¹!u ß�Ô#��-¹�Á#Ô#��·�ß!¶#æ!u���-æ#¶�¹!u#Á#·#ß!Ô¹#��·�Á�Ô#ß!¶!u1�-æu ·!Ô ß!¶�Á#�!æ#¹��·�ud����ß!æ�¹�Ô#¶�Áæ�¶!u�·!Á�Ô��-¹ ��ßß!Ô�¹#æ!u ��·��"Á�¶Ô#ß���¹��-¶�æ�Á�u ·¶�Á#ß!u#æ��-Ô#�#·!¹

÷

³Tp"¸Á�¹�æ ��u#¶�Ô#·#ß���3u#Á#Ô�¹#��ß!æ#¶#·�!æ#ß�¹#·��-¶!u Á�Ô¹#·����-¶#ß!Á�Ô�u#æu#Ô�¶#Á#��·!¹��"æ#ß·�ß!¹#æ�Ô!ud�-¶ �!Áæ#��·�¶#ß!Ô!u#Ád�-¹ß!¶���·!æ�Á#�!¹#Ô!uÔ��3u�ß!Á�¹�æ#�#·!¶¶�Á�Ô�ud�-æ#·�ß�¹#�

þ

³Tp"¸Á�¶�Ô�æ ��ß��3u#¹ ·�-¹#·�u Á�æ�Ô#ß!¶ ���ß�ud�"Ô#·!¹�¶�æ#Á¹#·�ß���æ�¶�Á�Ô��-uu#æ�¹�Á ß!Ô�¶#��·��·����-Ô#¶!u ß!¹�Á#ææ�Á�¶#·�¹#��ud�"ß�Ôß!Ô�æ�¶ ·��"�!Á!u ¹Ô!u#Á#ß��-¹�æ#·���¶¶��"�!¹�u#Á#·!æ�Ô ß

÷

³Th"¸Á#���3u#¹�æ#·�Ô�¶#ß�-Á ��·!¶#ß!¹�u#æ�Ô�!æ#¶�Á#·!Ô#ß��3u#¹¹�Ô ·�ß!æ�¶!u��!Á��ud�"æ�Ô#ß!¹�Á#¶#��··�u�ß!¹�Ô#�!¶#Á��-ææ�¶�u ���"·!Ô ß!¹�Áß!¹#Á�¶#���-æ ·!Ô!uÔ#·�¹��3u#Á#��æ#ß!¶¶#ß�Ô�æ�Á!ud�"¹#·��

þ

³Th"¸Á�¶�Ô ß!æ!u ·!¹ ����"ß!¶ ·�u#Á#�!æ#¹�Ô��·!Á#æ�¶��-¹�Ô ß�u¹��"·!u#Á�æ#ß���Ô�¶u �!¹d�-Ô#·!Á�¶#æ#ß·!¹!u Ô#��ß!æ��"¶�Áæ�Ô#��Á�¹�¶!u ß��"·ß!Á�æ#¶��"�!Ô#·!u#¹Ô!ud����ß!¹�¶�Á ·!æ¶�æ#ß�¹#·!Ô��3u Á#�

ÿ

Æ�Ç!È/É�Ê3Ë ½�Ì��1l � h3o´³«l#¸�jm³Ty�¸�ja³Tp"¸�j�l�bdr�³Tr�¸~_Mh � h:\�y�e�l!`^bdh3r�| � \�z egfdh:rdh3p3`^ztl!]ird`^c�`Jego�\#| � j � jÐ j�l�bdr2ë¾j�y#{�rd`Jogp-l � rd`^bdcÖh-l!p�f�rd`^c�`JePegf1l�e�`Jo~`Jbdp3\�bdog`^oµegh3b e}_
`Ïegfxl:p3\�zt�d]^h�egh3r�]�l�eg`^b�ogÌ��1l � h��ÄP]Jegfd\��dc�f�egfdhq{xl � h3b�k e}e � �d]J{ � l!bdrd\�zVj�egfdh�{�k � h�� � \#y1l!yd]J{�e%{��d`^p3l�]�\�|
�-ÁÛÊ��"Á:]�l�eg`^bxo�Ì��1l � h3o`^b:c�h3bdh � l!]«j � \#�dc�fd]J{tf1l!]^|�\#|�_
fd`Jp�fÖl!�d�²h3l � eg\�f1l-�#hP\ � egfd\�c�\�b1l!]²ztl�egh3o-����l ��Ò h � pq\#bdoµe � �dpqegh3rogÌ �1l � ht³Th"¸M`^b´\ � rdh � eg\R\�y�e�l�`JbFl!bV�db �dog�1l!]^]J{Ö]�l � c�h�b �dz�y²h � \�|¾e � l!bdoµ� h � o�l!]^o-÷�`Jeaf1l!o}·�·!Á!uR\�|egfdh3zV�7³«àå�d]Jh � f1l�r7o�eg�drd`^h3r�lFo�`^zt`J]�l � hq�dl!zR�d]^ht\�|m\ � rdh � æ�jçegfdh � h3|*\ � h�õo�µ�doµe�zt`^o�og`^bdc�ö´egfdhrd`^o�p3\"�#h � {Ö\�|�l´�-Á�Ê2�-Á.�1l!` � � ¸
Y�Þ�ZÛ��l ��Ò h � _al!o�rd`^ogztl-{#h3ròeg\�rd`^o�p3\"�#h � egf1l�exbd\�bdh)\�|.egfdh)ztl�egh3o�\�|RogÌ �1l � h��3u1³Th"¸Fl � h\ � egfd\�c#\�b1l!]deg\�h3l�p�ft\!egfdh � �?�Â`ÏegfÖÑ��&� �#× � \-_
btl�bdrRÄ���½²�#ÎPh3r1l-{ l�e}£ ��¬�ø7°O±³²!Ü^Ú�¨�©´°"ã�Ü@Ù�â�æ¸%Ú�Ý/¬¨�Ú²ÛRØ�·�â-©/¯Q±�Ø1Ù�Ü«¬dY�¦�³µ�-¶�¶�¹#¸�j����-¹"º��#�"·"»Ój�fdh
]^l!egh � |*\#�dbdrRe%_M\R�-ÁËÊm�-Á�oåegf1l�eÃf1l-�#ha|*\�� � rd`^oi�/\#`Jb ep3\�zRzt\�b�e � l!bdo��#h � ogl�]Jo´³Tyd��etbd\!e�egh3b�¸��Â£ ½�h3hVl!]^og\x×P�2{}l!b egh � jÃ¤��åÍ�l!egfd\�b�jÃl!bdr5Ä���¤
\�ogldjø7°"Ú�Í#ã�¯�â�âOÇ!â�ß�Ç*±´¯�ã�¨�Ú�©«ÜEÇ*± ¼-¼�³µ�"¶#ß!Ô#¸�j�¹�Ô�¹�º�¹�¶�Ô�÷m¼1¼�³µ�-¶#ß!¶#¸�jM�-Ôd��º��!Á!u1� »5��fd`^]^h:�d� � og�d`^bdcl!bV`^rdh3l.\�|çÐÃ���7hq`^ogbdh � £^ø�¨�Ú�¨ Û Ü�¨!ÚV§�¨�©«ªn¬�
¹Ç*µaµÓ¬-�7³µ�-¶�æ#¹#¸�jdæ���º�æ�¹�»Ój�egfdh�l!��egfd\ � l!p3p3`^rdhqb e�l!]^]J{bd\!eg`^p3h3r´o�\�zthPogÌ��1l � h3oMegf1l�emp3\�zth}hq�#h3b´pq]^\�ogh � eg\Rl�z���eg�1l!]^]J{t\ � egfd\�c�\�b1l�]²e � `^\d���afdh~o�Ì��1l � hy�h3]^\"_�`JoR\ � egfd\�c�\�b1l�]ieg\x`Jego�e � l!bdog��\�ogh�÷Ml!bdr�`JeRf1l!o � �#h´rd`�l!c�\#b1l!]^]Ï{)oµ{�zRzth�e � `^pte � l�bdoµ�#h � 'o�l!]^o3j�`^b�p3h3]^]Jo´³«Á�þV� � ¸�jmÿ3ÿqÿ-jm³«¶�þV� � ¸�|*\ � � � ÿqÿ3ÿE� � À�Á��-¹#��æ#ß�u ·!¶#Ô�j��!¹�Ád�3u ·�ß!æ#Ô�¶�j�¹#���-Á#Ô�¶�æ#ß�u�·�j



��� .0/21�354�671987:;4�<04�6�=?>@1&4�1 A Ï H Ù D FÏ L´FOX�L CiSÏ FOCVc�J�P KØ D�XOUØ R P ^EJ�X� J�KOJ�CVJdc\]CVN*D�P K�R[ FO^EL CP DQSER Xm^���N�D�CVLB C��jH
JQG _ DQSER X¹^���N*DQCEL ^n�L e�CED�R H[ DQJ

u#Ô�¶ ß!Á�æ#·!¹d�"��jdl!bdrFæ#·���Ô!ud�-Á�¶#¹#ß�j�_
fd`^p�fFl � h���� � Ç!Ê�È rd`^oV�/\�`^b e-���afdh�{´p3\"�#h � u ¶�p3h3]^]^o3�

ü À
áââââââââââã
Á1��¹�u�·�æ1ß�Ôd¶��¹��#¶1�dß�ÁdÔ1·�u1ææ1·d��Ô��#¹d¶�u1Á1ßÔ1ßd·�¹1��u��#¶dædÁ�#ædÔd¶�u�ß�¹dÁ1�d·u1¶1ß�ÁdÔ1·d��æ��#¹·�Á�u�ß�¶dÔdæ��#¹1�¶�u��#æd¹1��Á1ßd·�Ôß�¹dæ��#Ád¶1·d��Ô�u��ÔdÁ1·�æ���u1¹1ß�¶

î ïïïïïïïïïïð
�

áââââââââââã
Ád¹dædÔ���u�·�¶1ßd��²� ·dß�æd¶dÁ�u1¹dÔ¹d¶1�d·�Ô1ß�u��#ædÁu���Ôd¹d¶dÁ1ß�æ�� ··dß²� ��u1Ôd¶d¹dÁdæædÁd¹�u�ßd·�Ô1��¶��ß�Ôd¶��#¹1��ædÁ1·�uÔ1·�u1¶dÁdæ�� ßd��¹¶�u1Ádæ1�²�#¹1·�Ô1ß�#æ1ß�Á1·�¹1��Ô�u1¶

î ïïïïïïïïïïð
À ü��Ãÿ

à���eghqbdog`J�#h
p3\�zR�d��e�l�eg`^\�bdoÃy {t×P� ¦���ÍFp ��l3{#j�Ä�� Í�hq{�bdh � e-j�l!bdr�� ��ÍV{ � �#\�]^r�£ �d¬�ø7°O±³²d¬á�¯�âgÜ Í ÚdâPYdÞ´³Ó�!Á#Á#ß�¸�j�¶#Ô"º����-¶!»�� � \"�#hMegf1l�eåbd\��"Á2Ê��-Á}]�l�eg`^b�o�Ì��1l � hM_
`Jegf�bd\�b e � `J��`�l!]�o�{�ztzRhqe � {f1l!o
e/_M\tztl!eghqo
\ � egfd\#c�\�b1l!]neg\th-l!p�f�\!egfdh � �a�mf � h3h�z���eg�1l!]^]J{Ö\ � egfd\�c�\�b1l!]¾]�l�eg`^bFo�Ì��1l � h3o}l � hÒ bd\-_
b:eg\�hq��`^oµeM|@\ � l!]^]²\ � rdh � om¿"!ó�"Á´£ ogh3h�½²�dÍ7���ç�}��l!bdc.l!bdrÖ¤��dÍ��æ�Â`^]Jog\�b�jnøÓ°�Ú�Í#ã�¯�â�âOÇ!âß�Ç*±Ö¯�ã�¨�Ú²©«ÜEÇ*± ¼�Y�³µ�-¶#ß�Ô#¸�jdæ�Ô�Ôd÷�¦.�1�~�d�ç\ rd\ � \-��j�ºPã�â�øÓ°O±³²!Ü^Ú�¨�©´°�ã�Ü�¨R¼-¼7³µ�-¶�Ô#·#¸�j�u�·-º u ß"»Ó�
Y}��ZÖ½�h3hF¤��åÄ��Ã× � �1l!]^rd`
l!bdrïÎ��iÑd��¤a{�o�h � j�ø7°O±³²!Ü^Ú�¨�©´°"ã�Ü*¨�µa§x¨�©«ã�Ü$#¥¶�ª²¯W°"ã´· ³Óñml!z�y � `^rdc�h
% bd`J�#h � o�`Je/{"� � h3ogo3j��-¶#¶��"¸�j]ó�Ô�� ���
Y ¡ Z�³«l#¸aÐ¾hqePegfdh � h�y²h.¹!¿�p3\�]^�dzRbdo'& y j é y j)( y |*\ � Á"�ø���Â¿�j�l�bdr�¿ ð � \"_ao-÷ � \"_í³i÷gþV��¸af1l!o��`^b´p3\�]^�dzRbdo*&�ö�j é y j1l!bdr	(�+Ój�_
fdh � h�ú²ÀÂü2ö y jd|@\ � Á��ø÷�þE����¿��³Ty�¸çÐnhqe�egfdh � hmy²hmu�¿¾ðip3\�]^�dzRbdo,&�ö y j é ö y j&�Àö y j�-�ö y |*\ � Á��ø÷�þE����¿�j#l!bdr.¿ � w�¿¾ð�ôt¿ � \"_
o3÷� \"_�³i÷gþE�#þgèd¸Pf1l!o.�R`^b�p3\�]^�dztbdo'&Oö � j é y � j��Àö y jnl�bdr"- + � j�_
fdh � h�úåÀ ü2ö y j�|*\ � Áõ� ÷gþE��þ�è|� ¿l!bdr7³i÷çÀòè:\ � ��!ïÁ#¸��
Y}¦�Z³{}`Ï� hqbïl!b�\ � egfd\�c�\�b1l�]al ��� l-{9ÿ�_a`Jegf � \"_
o�ÿzö~|@\ � �à�;÷���vxjirdh � bdhV]�l�eg`^b5o�Ì��1l � hü2ö�À ³Tü ö y � ¸m|*\ � �v��÷2� víw)�.y {´oghqe�eg`Jbdctü ö y � À ÿzö/.~_afdh3b�ÿ1032 � �54 . Àø�Öl!bdr�ÿ 2 .PÀ è�j|*\ � Á|����þ�è9� ¿��7³T�mfdht�!l!]^�dh:\�|76´`^o��dbd`^Ì��dh3]Ï{7rdhqegh � zt`^bdhqr�y {xegfdht�!l!]^�dh3o�\�|Ó��l!bdr5è²� ¸��h � z���eg`^bdc�egfdh�p3\�]^�dzRbdoa\�|¾egfdh�l ��� l-{:rd\�h3oabd\�eap�f1l!bdc�h~egfdh~p3\ ��� h3og��\�bdrd`^bdct]^l!eg`JbVogÌ �1l � h3o-��afd`Jo�pq\#bdoµe � �dpqeg`^\�b7p3l�b7l!]^og\Vy�h � hq�#h � ogh3r�jneg\F� � \�rd�dpqht\ � egfd\�c�\�b1l!]Ãl ��� l-{�o�\�|i\ � rdh � ¿| � \�zíz���eg�1l!]^]Ï{t\ � egfd\#c�\�b1l!]�]�l�eg`^b:ogÌ��1l � h3om\�|n\ � rdh � ¿���Õ%b´h���h � p3`Jogh.����j�|@\ � h��dl!zt�d]Jh�j�_mh}p-l!b]^hqe
î.À ë À ä ÀóÁ�j�éMÀ�è�À ç�À ��j é À Ð À � Àó��j1l!bdrõ¢�À å}À ì ÀÂ¹�jd\�y�e�l!`^bd`^bdc

ÿÂÀ áâââã
¹1Á����1�²� Ád¹1Á1¹1���d����¹1Á�d¹�� Á��#Á���¹1Á��#¹���¹���Á��Á�� �d¹��#Á1¹1�1�d¹dÁ��#¹��²� ÁÁ1ÁdÁ1Á��d�1�d���1�d�1��¹1¹d¹1¹Á�� �d¹1Á�����¹1Á�� �d¹dÁ�� �d¹

î�ïïïð ÿ

³T�afdhap3\�bdp3hq��ei\#|�l!bR\ � egfd\�c�\�b1l�]1l ��� l-{.`Joåz:l�egfdh3ztl�eg`^p-l!]^]J{�õµp3]^h-l!bdh � ö~egf1l�b.egfdhapq\#bdpqh3��e\�|�\ � egfd\#c�\�b1l!]n]�l�eg`^bVogÌ �1l � hqo-j�y�h3p-l!�do�h�`Ïe}l!p3pq\#�db#egoPy�hqe�egh � |@\ � egfdh��dbdrdh � ]Ï{�`^bdctoµ{�zRzthqe � `Jh3o-�
8 \!eg`^p3h�j�|*\ � hq��l!zt�d]^h!j�egf1l�eçl�b�¿~ÊÃ¿Rztl�e � `J�~ü�`^oçla]�l�eg`^b�o�Ì��1l � hå`^|dl!bdr�\#bd]Ï{�`^|�`Je¾`^o¾\ � egfd\�c�\�b1l�]eg\.e%_m\.�1l � eg`^p3�d]^l � bd\�b�'Ó]�l�eg`^b´ogÌ��1l � h3o3jdb1l!zthq]J{

ü � áââã � � ÿ3ÿ3ÿ �� � ÿ3ÿ3ÿ ���� ��� � � � ���¿ ¿ ÿ3ÿ3ÿ ¿

î ïïð l!bdr ü � áââã � � ÿ3ÿ3ÿ ¿� � ÿ3ÿ3ÿ ¿��� ��� � � � ���� � ÿ3ÿ3ÿ ¿

î ïïð ÿ

�afdh � h3|*\ � h�Ðçl�eg`^b´ogÌ��1l � h3o3jj{ �:9 p3\*'ÓÐçl�eg`^b´ogÌ �1l � hqo-jdÎPh3y � l!`^p�' { �:9 p3\*'«Ðçl�eg`^bVogÌ �1l � hqo-j1hqegp��Jj�l � hh3Ì �d`J�!l�]Jh3b e
eg\R\ � egfd\�c#\�b1l!]¾l ��� l-{�oa\#|çrdh3��egf�¹�j1u1j²·�jnÿ3ÿ3ÿ��MÍ�\ � h3\"�#h � jdegfdh�\ � egfd\�c�\#b1l!]nl ��� l-{�op3\�bdog`Jrdh � h3rFfdh � h�l � h�zRh � h3]J{:egfdh�o��²h3pq`�l!]np-l!ogh¹ùåÀò��l�bdr<;ÖÀ ��\�|�l.zt\ � h~c�h3bdh � l�]npq\#bdpqh3��e\�|�¿j'Ól � {Vv£Ê<;1¿>=ml ��� l-{�oPf1l-��`^bdc�õµo�e � h3bdc!egfõù%öÖl!bdr�õµ`^bdrdhq�<;nj öt`^b e � \ rd�dp3h3r�y#{�ñ}��¤���¤Pl!\



A .2/01�354�621582:;4�<24�6�=?>@1*4?1 �)? n�L K*D F�DQSf P JWDQX�Lf SEN�` g L
X@ X�R SEL @ L
P KÏ J�J�CVLY�CVJ�piL H´S@R c�L7Y�P D�X�L ^n?D�P PLA��NOR cQD�P L
XOH
L7CVL P DdSER J�XSEC@DQX�^ER SER c�L7P D h\]CVN�H g
`^b	Båã�° Ù�¬�CMÛ Ü^Ú]²�Ç!ã Í ªV§�¨�©«ªn¬1Ø-° Ù�¬-¦2³µ�-¶�u#¶#¸�j����-¶"º�����·�÷�ogh3hPegfdh~y²\ \ ÒED ã3©«ª]°�Í�°�Ú�¨�µËºPã�ã�¨�·dâ}y#{Ä���½²�1ÎPh3r1l3{�l�e-j 8 �²Ñ��dÄ��²½�]^\#l!bdh�j1l!bdr�Ñ��²½ eg�d| Ò h3b7³Ó½�� � `^bdc�h � jn�-¶�¶#¶#¸�� ¸
Y}¯�Z��7h.p3l�b � h-l ��� l!bdc�h�egfdh�p3\�]^�dzRbdo~o�\:egf1l�e}egfdh �1� o�e � \-_ `^o~Á ú � ú ÿqÿ3ÿ"³T¿�w~�"¸ ú ���afdh3b�_Mhp-l!b � hqb��dz�y�h � egfdhPhq]^h3zRh3b egoÃ\�|�egfdh
\!egfdh �Ã� \"_
oÃo�\�egf1l!eÃegfdh�{Ry�h3c�`^bt_
`JegftÁ��åÿ3ÿ3ÿ-³T¿�w��"¸����afdhh3]^hqzth3b#egoa`^b´h-l!p�f � h3ztl!`^bd`^bdc.p3\�]^�dzRbVz��doµemegfdh3bVy�h�rd`^o�eg`Jbdpqe-jd`^bFl!]^] � \"_aoayd��eaegfdh �1� o�e-��ç\)l!p�fd`^hq�#hVegfdh��d�d��h � y²\��dbdrï_
fdhqb�¿ À ��jm]^h�e:h-l!p�fïp3\�]^�dztbïy�h�`^bdrdhq��h3r y {)e/_M\b��dz�y�h � oÛ�Âl�bdrF-�jm_
fdh � h�Á ���nþA-�� ��j
l!bdr �d��eÖegfdh�b �dz�y²h � o�-�j �nj�³i�FôG-d¸²zR\�rq�nj³i�aô��H-d¸�zt\ r ��j�ÿ3ÿ3ÿ3j²³i�aô7³a��w��"¸I-�¸²zt\ r �R`^b eg\~egf1l�eip3\�]^�dzRb���[1\ � hq�dl!zR�d]^h�j#_afdh3bv�:Àó·}_Mhc�hqeçegfdhi|*\�]^]^\"_a`^bdcP\ � egfd\�c�\�b1l�]�l ��� l-{�j!h3Ì��d`Ï��l!]^hqb eçeg\P|@\�� � z���eg�1l!]^]Ï{�\ � egfd\#c�\�b1l!] ]�l�eg`^b�o�Ì��1l � h3o-�

áââââã
Á�ÁåÁ�Á�Ám���å�����ç���å���å��¹å¹�¹å¹�¹�u�uåu�u�uÁM�ç��¹�uÃÁM�ç��¹�uÃÁM�ç��¹�uåÁm�¾��¹�uÃÁM�ç��¹�uÁM�ç��¹�ua�¾��¹�uåÁÃ��¹�uåÁm�n¹�uåÁm�¾��uåÁm�¾��¹ÁM�ç��¹�ui��¹�uåÁM�nuåÁm�¾��¹M�ç��¹�uåÁå¹�uÃÁM�¾�ÁM�ç��¹�uÃ¹�uÃÁM�¾�M�¾��¹�uÃÁ�uÃÁM�ç��¹Ã��¹�uåÁM�ÁM�ç��¹�uåuåÁm�¾��¹å¹�uÃÁM�ç����¹�uÃÁM�å�¾��¹�uåÁ

î ïïïïð ÿ

£ àåo�ogh3b#eg`�l!]^]J{�egfdhaogl�zRhm`^rdh-l}_M\ ��Ò o�_
fdh3bR¿V`^oÃl~� � `^zRhm�²\-_mh � j �dog`^bdc~egfdh � bd`Jegh � h3]^r"{P[m³a�KJ3¸�÷oghqh�àa��Î��1ÍF\�\ � h�j�ºz±Ö¯�ã�Ü@Ùq¨�ÚL�æ°}Ç!ã�Ú�¨�µ�°�Ýç§�¨�©«ª²¯d±Ö¨�©«Ü@Ù�â�Y�¦2³µ�-Ô�¶�æ#¸�j��!æ!u�º�¹#Á�¹�jÀó-��·�³T]*¸����afdhqoghl ��� l-{�o}l � h�h3Ì��d`Ï��l!]^hqb ePeg\ � bd`Jegh1MKN Ç5O3É:P3ÈRQTS!É M)�3�VU É�Ê ÷�o�h3h�Í�l � o�f1l�]J]çÎ}l!]^]TjnÑ � �^j�øÓ°�±³²!ÜJÚ�¨�©´°"ã�Ü*¨�µ¶�ª²¯�°�ã´·�³«×M]^l�`Jogrdh3]^]Tj��-¶�æ#ß�¸�j�ñif1l!��egh � o��"��l�bdr2�-¹�� »
¼�¼�ZtÐ¾h�e1W À � ðAX öZY ú j�l!bdr7o��d�d�²\�oghtî � ÿ3ÿ3ÿgî ú\[ l!bdr)é � ÿ3ÿ3ÿ�é ú\[ l � h.egfdhR�#h3pqeg\ � o�`^b2rd`$]�h � h3b e� \"_ao-���afdhqb�î � é � ô����W�"ô5î ú\[ é ú\[ À w �_^ yA` �ba ú W y � � ÀóÁ�y²h3p3l��do�h w ú � ���� � W � ÀÂÁd�
¼²Y�Z�³«l#¸.�ç\�o�fd\"_�egf1l�e:h3Ì �1l�]J`Je/{æ'Ó\ � 'Ó�1l � l!]^]^h3]J`^ogz `^o:l�bïh3Ì��d`Ï��l!]^hqbdp3h � h3]�l�eg`^\�b�jM_MhFbdh3h3rïeg\�#h � `^|�{Öegfdh~e � l!bdog`Ïeg`J�#h~]�l-_��åÕ%|çüdcqô l�bdrõôecgf l!bdrFüGhÀif�jdegfdhqbV_Mh�z��doµeaf1l-�#h�üdcgf��¥
egfdh � _
`^o�h~egfdh � h~_M\��d]^rVy²h�l.��\�`^b e7�´_a`JegfVükj�f À # �Ë%#jdy {2³T`J`*¸�÷1l!bdr��´_M\#�d]JrF]J`^h�\�bÖe/_M\rd`$]�h � hqb e
]J`^bdh3oa�1l � l�]J]^h3]�eg\�ô j1p3\�b e � l!rd`^p�eg`^bdcV³T`^`^`*¸��³Ty�¸}Ð¾h�e # ü � þ3ÿ3ÿ3ÿ3þ�ü ú %ty�htl´p3]�l!o�o�\�|i�1l � l�]J]^h3]�]^`^bdh3o3j¾l!bdr7l!ogog�dzRh�egf1l�e�ô `^o�l´]J`^bdhR\�|l!bd\!egfdh � pq]�l!ogo-�M�mfdh3b�h3l�p�fFü y `^b egh � ogh3pqegozô `^bFlt�dbd`^Ì �dh���\�`^b e2� y ÷²l�bdrFhq�#h � {V��\�`^b eP\�|�ô`^oih3bdp3\��db#egh � h3rÖ`^btegfd`^oÃ_ml-{#j�y�h3p-l!�do�hPhq�#h � {:��\�`^b ei\�|�egfdhPc�h3\�zthqe � {R]^`Jh3oi\#b:hq��l!pqeg]J{R\�bdhP]^`^bdh\�|çh-l!p�fFpq]�l!ogo-j�y#{2³T`^`^`*¸����af �dokô p3\�b e�l!`^bdomhq�dl!pqeg]Ï{´¿x��\#`Jb ego-�³Tp"¸7�7h�k �#h�l!] � h3l�r�{Ö\�ydogh � � hqr´egf1l�e
hq�#h � {Ö��\�`^b eay²h3]J\#bdc�omeg\.vX]^`Jbdh3om_
fdh3bÖegfdh � h�l � h�vp3]�l!o�ogh3o3��Õ%|n]^`Jbdh3oMü
j�ô jdl!bdr�fXy²h3]J\#bdc�eg\�egf � hqh~rd`3]�h � h3b eMp3]�l!ogo�h3o-j egfdh3b"ô l!bdr�fXf1l-�#hPegfdho�l!zRh�b �dz�y²h � \�|Ã��\�`^b ego~l!o}egfdh.b �dz�y²h � \�|å]^`^bdh3o}`^bxü
k o}p3]�l!o�o-��½�\:egfdh � h�k o�l:p3\�ztzR\�b�]^`^bdhog`a�3h�¿�j�l!bdrV`JbV|@l!pqeaegfdh~eg\!e�l!]�b��dz�y�h � \#|¾�²\�`^b#ego
`Joa¿¾ð��
³Ó¥P|çp3\�� � ogh�¿xzR`^c�f emy²h�`^b � bd`Ïegh�� ¸
¼1¼�Z³{}`Ï� hqb´l!bÖ\ � egfd\#c�\�b1l!]�l ��� l-{Ûÿó\�|�\ � rdh � ¿�l!bdrÖrdh3��egfÖvxj�rdh � bdh~l�c�h3\�zthqe � `JpPbdhqeM_
`Ïegf¿¾ðm�²\�`^b#egoMl!bdr:v�pq]�l!ogoghqoÃ\#|��1l � l!]^]Jh3]1]^`^bdh3oÃy { � h3c#l � rd`^bdc�egfdhPp3\�]^�dzRbdoÃ\�|Ëÿól!oÃ�²\�`^b#ego-÷�]^`Jbdh2�\�|çp3]�l!o�oPèÖ`Jomegfdh�ogh�ea\#|¾p3\�]^�dztbdoM_
fdh � h�o�{�z�y²\�]��:l!�d�²h3l � oa`^b � \"_ èÖ\�|�ÿ��ÄP]^] � bd`JeghPc�h3\�zRhqe � `^p
bdhqegoi_a`Jegf:vmlï¹�p3]�l!ogo�h3oMl � `^ogh
`^btegfd`^oi_ml-{#��×i��eml�c#hq\#zRhqe � `^p
bdhqe_
`Ïegf�\�bd]J{~\�bdhÃp3]^l�o�on`^one � `Ï��`�l!]^]J{~lm�1l � eg`Ïeg`^\�b�\#| egfdhÃ��\�`^b egon`^b eg\ard`^oi�µ\�`^b#e¾og�dydo�hqego-�¾Ä)c#hq\#zRhqe � `^pbdhqem_a`Jegf´v�Àò��p3]�l!ogo�h3omf1l!om¿�¿on��²\�`^b#ego�³i�nþ
�Kn*¸�j�_afdh � h}egfdh � h~l � h}¿x]J`^bdh3o}s �ÖÀ�p3\�bdo�e�l!b#e-k�`^b\�bdh�p3]^l�o�oPl!bdrF¿ n ]^`^bdhqo�s � n Àópq\#bdoµe�l!b e-k1`^bVegfdh�\!egfdh � �~£ [1\ � |*� � egfdh � `^bd|*\ � z:l�eg`^\�b�jdogh3h�¤��1Î��× � �dp Ò jçø�¨!Ú�¨#Û Ü*¨�Ú<�d¬d§x¨�©«ªn¬1±7³µ�-¶#·���¸�jd¶�u�º��-Á#ß�÷�B�¨ ÙgÜqp²Ùr��¬d§x¨�©«ªn¬�Y�±7³µ�-¶�æ�¹ ¸�j�u�����º u ·#ß�� »
¼d±�Z�³«l#¸åÕ%|�¢�³i�nþA-�¸0��ùÃl!bdr³¢�³i� n þA-d¸2�øùål!bdr"�EhÀ � n j egfdh3b³¢�³i�nþ � n ¸0� �*ù����mf��doml�p3\ rdhP_
`Ïegfrd`^oµe�l�bdpqhs! �*ùay²hqe%_Mh3h3bxp3\�rdhq_M\ � rdo�l!]^]^\"_aoPegfdhRpq\ ��� hqpqeg`^\�bx\�|Ã�d�xeg\"ù
h ��� \ � out l!e~]^h-l!o�e~`^b� � `^bdp3`J�d]^h�j�l!]Jegfd\��dc�f2egfdhtp3\�zt�d��e�l�eg`^\�bdo�zt`Jc#f#e�y²htp3\�zt�d]Jhq���Fñi\�b �#h � oghq]J{#jç`^|q¢�³i�¾þ � n ¸�����ùl!bdr �vhÀ �Kn«j�egfdh � h�k oRl!b5h3]Jh3zthqb e�-2_a`Jegf ¢�³i�nþA-d¸Û� ù�l�bdr ¢�³i�Kn«þA-�¸Û� ù�÷Mfdh3bdpqh´_Mh´p3l�b�k e� h3p3\�bdoµe � �dpqek�F�dbd`^Ì��dhq]J{Ö_
fdhqbL-:`^o � h3pqh3`J�#h3r��³Ty�j�p"¸}Ð¾hqe�v Àw&~ô���jçl!bdr7\�ydogh � �#h.egf1l�e�l´ogh�e�\#|mé�ðtéd'%l � {�v"'«eg�d�d]^h3o�f1l!o�Î}l!zRzt`Jbdcrd`^oµe�l�bdpqh�l�v w)�~y�hqe/_Mh3hqbFl!]^]��1l!` � om\�|¾h3]^hqzth3b#egom`^|çl!bdr´\#bd]Ï{:`^|¾`Jea|*\ � zRoMegfdh~pq\#]J�dztbdom\�|çl



�ux .0/21�354�671987:;4�<04�6�=?>@1&4�1 A J�CiSET�J�U�J�X*DQP-DQCVC@D FB J�P J�MÓeÖ J�^EXOL
CH
J�KOR XOU SET�L J�CiFMqDdpiJ�CVR SoFh R S@XOL
^E^�e�R SE^n�^ER D�J\]J�^V^EL
Xy T�R L
XD�X*DQU�CED�M2^y T*D�NOH
L C_ L
R U�T�SEJ�XB J�CVK�J�X

éd'Ól � {:\ � egfd\�c�\#b1l!]�l ��� l-{t\�|�rdh3��egfÖvx�
£ ½�h3h�½²�æ� �À{P\�]^\�z�y:l�bdrÖàa�dñ}���ç\�ogbdh � j}¸IC�C�C¥¶1ã�¨�Údâ"¬
z {r| Y�¼x³µ�-¶�æ!u�¸�j²�-¶�æ"º���Á�Ô����mfdh}]^`Jegh � l!eg� � hP\�|np3\ rd`^bdc�egfdh3\ � {t\#|�egh3b:rdh3bd\!egh3oml�p3\ rdhr�R³Óé-þµ¿�þA&�¸\�|çrd`^oµe�l�bdpqhv¢ty {:egfdh�oµ{�z�y�\#]�³T¿tô}&�þ�é�ú�þd¢�¸A~q�å�af �do-j1l:é
'%l � {Ö\ � egfd\#c�\�b1l!]nl ��� l-{Ö\�|�rdh3��egfVv`^omh3ogo�h3b eg`�l!]^]Ï{´l!b7³Tvxþ�éqð�þ�v wï�"¸A~mp3\�rdh�� »
¼�°¾Z�³«l#¸~½��d�d��\#o�h�� y hÀx�Kny |*\ � �Û�����xúål�bdr�� y Àx�)ny |@\ � ú2������f7�v�7h.f1l3� h��2Àx�Kn`^|kúmÀ�Á���¥
egfdh � _
`^o�h:p3\�bdog`^rdh � egfdhÖ�1l � `Je%{2yd`Jego�egf1l�e�p3\ ��� h3og��\�bdr�eg\Fegfdh:v ]J`^bdh3o�egf � \#�dc�f��\#`Jb eP����ÄmeizR\�o�e0ú!w��
\#|²egfd\�oghayd`JegoÃp3\ ��� h3og��\�bdrteg\�]^`^bdhqoåegf1l!eÃeg\��dp�fRegfdh
��\#`Jb ego # ��þ3ÿ3ÿqÿ3þ�úi% �ÎPh3bdp3hk�Kn�f1l!oil!eÃ]^h-l!oµeivòw�³EúÓw��"¸��1l � `Je%{.p�f1l!bdc�h3o-j�l!bdrÛ¢�³i�nþ
�Kn*¸gl�ú3ô7³Tv w�³EúÓw��"¸�¸�À�vÂô2���³Ty�¸�Ð¾hqe�ú � � jaÿ3ÿ3ÿ3j0ú � 2 y�hÖegfdh´`^bdrdh��)b��dz�y�h � o.\�|aegfdh´]^`^bdh3o�egf � \��dc�f5�²\�`^b#em����ÄP|�egh �� h3p3hq`J��`^bdcxlFzth3o�o�l!c�h�- � ÿ3ÿqÿ:- ���>� j�p3\�zR�d��egh"� � |*\ � ��������f y#{7e�l Ò `JbdcFegfdhÖz:l��/\ � `Ïe/{�!l!]^�dh�\�|¾egfdh�v ô �Fõ/_
`Jegbdh3o�oayd`Jego�ö # - � � þ3ÿ3ÿ3ÿ3þA- � 2 % j�_
fdh � hr- � � À�- � l!bdr
- � � À � - ��� + ��� ô w # - y�� �	hÀ9�Fl!bdrV�²\�`^b#e2�t]^`Jh3oa\�bV]J`^bdh�ú � � % � zR\�r���þ |*\ � �m� èÛ�ïvxÿ

�afd`JoizRhqegfd\�r._M\ ��Ò oiy�h3p-l!�dogh
h-l!p�f � h3p3h3`J�#h3r:yd`Je�- y lH]�h3p�egoMl�eizR\�o�eÃ\�bdh
\�|�egfdhm_
`Jegbdh3o�oÃyd`Jego-�[1\ � hq�dl!zR�d]^h�j�`^bóegfdh5��·O'Ó��\�`^b e�c�h3\�zthqe � {Â\�|.hq��h � p3`^o�h �-¶�j�og�d�d��\�ogh7egfdh7�1l � `Je/{óyd`Ïe� ð
�d�>� ö � y \�|~h-l!p�f p3\ rdhq_M\ � r�p3\ ��� h3og��\�bdrdo:eg\�]^`Jbdh"�)\�| � \"_ ÷gjm|*\ � Á ��÷�� ·7l!bdrÂÁ����� ·�÷~egf �do³� ð � À � �'� � ð � � � � � �1� � � jk� ðA� À � � � � � � �K� � � � � � � � j�ÿqÿ3ÿ-j� �:� À�� � � � � � � � ð � � � � � � ð � �v{}`J�#h3b�zthqogo�l!c�h1- � ÿ-ÿqÿA- �A� j²_Mh�rdh3pq\�rdh.yd`Ïe¹� � ³To�l-{d¸ay#{p3\�zR�d��eg`^bdcmegfdhåz:l��/\ � `Ïe/{P\�| egfdhÃo�hq�#h3b�yd`Jegoo- � jb- ð
� � - ð � - � � - �H� - � jb- � ��� - � � - �d��� - � � � - ð � j- � � � - � � � - �E��� - � � � - ðgð j�- �W�*� - � � - � ð � - ð´� � - ð � j�- � � � -\� � - � � � - � � � - ð � j- � �,� - � � - � � � - � � � - ðA� �~£ ½�h3pqeg`^\�b�ß��^��� ��h����d]�l!`^bdo
fd\"_òeg\Rp-l!]^p3�d]�l�egh�ztl*�/\ � `Je/{:|*�dbdpqeg`^\�bdohqÅtpq`^h3b eg]Ï{#� 8 \!eg`^pqhmegf1l�eÃ_Mhmp-l!bth3]^`^zR`^b1l�eghMegfdha]�l!o�e
�-Á~yd`Jegoå`^|�_Mha\#bd]Ï{�_
`^o�f.eg\�p3\ ��� h3pqeÃ�d�Reg\e/_M\~h ��� \ � o-j l!bdrRegfdha]�l!oµeM�!Á}`^|²og`Jbdc#]Jh�'Óh ��� \ � pq\ ��� hqpqeg`^\�bt`Joåog��Åtpq`^h3b e-��½�h3h
Í���ä���ÎPog`�l!\dj#¦���ñ}�×i\#o�ogh3b�jdl�bdrV¤��d����ñMfd`Jh3b�j-¸I
M§��d¬�Ú~¯�â�¯q¨�ã�Ù�ª�¨�Ú²Û:á�¯"Ý�¯QµI°W»]±Ö¯�Ú�©PY °)³µ�-¶#ß!Á#¸�j1¹�¶#Á"º�¹�¶!u1� »
¼1Þ�Z:×Ã{�pq\#bdo�`^rdh � `^bdc
l!b1l!c � l�zRon\�| #V� þ� �þg�dþ�� þA��%P³Togh3håh���h � p3`Joghi·"º����"¸�j-_Mh�k � hå]^h3r~eg\megfdhÃo�Ì��1l � h

���ç  � ��¾  � ���  � ������ �����¾ ���K�¾  �
þ

l!bdrFegfdh�pq{�p3]^`^p � \!e�l�eg`^\�bdoP\�|�`Jego � \-_
o-�aÎPh � h���  � ���:l � h�½��1l!bd`^ogf�|@l�y � `Jp3o-÷�  � ���_�´`^o}lt� � h � �zRh-l!bd`^bdc��1hq��`^yd]Jh�÷nl�bdr � ���b�� Ö`Jo~l!b�`^zR��h � l�eg`J�#h.ñMf1l!�dp3h � `^l�b��#h � y��.³Ó¥}|åpq\#� � o�hz�/�doµe�l!y²\���ehq�#h � {Â� � \�bd\��dbdp3h-l!yd]^h2p3\�z�yd`^b1l�eg`^\�bÂ\�| � �#h2]^h�e�egh � oVf1l�oVy�h3h3bò�do�h3rÂeg\�og��h3]^]~\ � zR`^ogo��²hq]^]og\�zRhqegfd`^bdc.og\�zRhq_
fdh � h�j1l�e
o�\#zRh~��\�`^b ea`^bVfd`^oµeg\ � {#� ¸
¼���Z�õ" H�� H�����K�b�V���¾j����b�����	���"¢� \�R�\��¡#¡u� � �V� � �L�� H���\�F¡� V�� b��¡��H���\�s�� #�H���Ö�!¡��� H�L�H�����! 
���� ��V��� �u�H���P¡u�_���b����� �� !¢¾� ö�£ ¤a\#y�h � e�Ð¾h3`^c�f#eg\#b�j²2º}§kCiØFY���jgæ�³T¦~hqp3h3z�y�h � �-¶�¶#�#¸�j�¹!udj�u�ß�� »
¼ ¡ Z�³«Á�þ�udþ3�-æ�¹dþq��ß�·!æ�þ�¹#Ô�¹!u ¸M|*\ � è.À ³µ��þ���þg¹�þ�udþ�·�¸�÷� 1�_ \ d�tl!bdr� ��\�! ���c�`J�#h�l2õµ|*�d]^]�fd\��dogh�� ö
¼�¦�ZRäåh3o-jç¹�ÔV�1l!` � o�l!]Jeg\�c�hqegfdh � �R�afdh7õ�zR\�o�e�pq\#zRzR\#bdö´o�\�]^��eg`^\�b2`Jo��d # �¢��x³ � l!b Ò �-Ô�Á#¸~l!bdr
�!¡#¡  H�ò³ � l!b Ò ¹�Ô!u ¸��ò¥Pbd]J{5egf � h3h�p-l!ogh3otrd`$]�h � p3\�bdo�`^o�egh3b#eg]J{5y { ô��)³Ó�!¢#¢  H���d # !¡u��j'���d # H�
���"¡�¡���j�� �d � H�L����¡#¡���¸��~¥
egfdh � zthqzt\ � l!yd]^h�hq�dl!zR�d]^h3o}l � h��V�����b����� �����tl�bdr¡�b�������s���K�_�����¥Pbdh~_M\ � r´\�|¾egfdh}�1l�` � h3bdrdom_
`JegfÖegfdh~]Jhqe�egh � ��hq��p3hq��e
`^b´|*\�� � p-l!ogh3o3jdog�dp�fVl!o��u�"�d �¢L� ¢d��¢� n�£ ½�h3h�Ðnh3\�b1l � r�Ñ��]{P\ � rd\�b�j¤£³°"ã�Û¥£Ö¨�·dâ�¼1±7³µ�-¶�¶#Á#¸�j�·!¶"º�æ��#� »
¼�¯�Zt�afdh � h�l � ht�-ÔR�1l!]^`^bdr � \�zthqo-j�| � \�z �  V��  � ³ � l!b Ò �-Ô!u ¸Meg\t¢  H�� !¢x³ � l!b Ò ·!æ�Ô�Ô ¸��a½�\�zRh�\�|egfdh�¹!u.zt` ��� \ � �1l!` � o
l � h.s ¢� V��� ��� �b�� �¢²k^j�s ¦��K�b�����b��� �\¦�k^j�s$�� 1�H���������_ K��k^j�s ¡�� �  !¢t¢�  � ��¡�k^�±-¼�ZtÄPzR\#bdcx�-Á#·tog�dp�fx_M\ � rdo~`^b�egfdht½-{}×}j�¡�� ���b�¾j��d  � �b�çjn¡ � ���H��j²�d H��� ��j �   �\� �²jç _ �¢��\�çjl!bdr���� �\� ��l � hPegfdh}zt\�o�eMp3\�ztzR\�b�÷d�"�#�d V�tl!bdr�¢K�\�\�_�:l � h}]^hq��`^p3\�c � l��dfd`Jp-l!]^]J{ �1� o�eml�bdr´]^l�oµe-�³TÕ%|
{#\���rd\�b�k eR]^` Ò h�¢K�\�\�_�çjåegfdhVbdhq� e
'«eg\*'Ó]^l�oµeR`^o� ������b�ç� ¸í¥Pbd]J{5¹#ß�_M\ � rdo-jÃ| � \#z§ 1  �#� �xeg\
¨ �b�� !¢�j1f1l3� h}egfdh3` � ]^h�e�egh � oa`^b"N É�S�É N Ê3É \ � rdh � ÷1yd��emegfdhq{Vl � h�jd\�|çp3\�� � ogh�ju�\�u�_���Öl�bdoµ_Mh � o-�



A .2/01�354�621582:;4�<24�6�=?>@1*4?1 �u© l X�S@L CVX�L´Sy J�T�L Xn�J�CiSEJ�Xf SECED�T�P L CY&J�L SECiFH
J�M0YOP L´SEL È/É NªU)�VNª« SECVR LB CED�X�Ss R H SER J�X*DQCiFy D�CVCVJ�P P
±�Y�Zt�afdh.zR`^rdrd]^h�_M\ � rx`^o}egfdh.l-�#h � l!c�h.\�|åegfdh.\!egfdh � e%_M\1j�og\Öegfdh�hq��e � h3zRh�_M\ � rdo~z��doµe~y�hp3\�bdc � �dh3b e�zt\ rR��÷�egfd`^o�\#ydo�h � �!l�eg`^\�b � h3rd�dp3h3o�egfdhMb��dz�y�h � \�|�rd`^p�eg`^\�b1l � {�]^\�\ Ò �d�do�y {�lP|@l!pqeg\ �\�|ål�y�\���e~¹#���a�afdh � h�l � h:���-¶tog�dp�fFe � `^�d]^hqoP`^bL¬uH®\¯�°1³Ó·#ß�·�ß�¸�j�yd��e~\�bd]J{´e/_M\t`^bL¬uH®\¯�°1³Ó��Á�Á�Á#¸��
 1�H������ju¢����V���dj��V� � �  n÷u���\�_¦\��j���   �¢��dj����V�V�d ��P£/£³°�ã�ÛE£Ö¨�·dâ�¼�Þ2³µ�-¶�¶#��¸�j��-¹�º��"·�� »
±�¼�Zt�afdh�\�bd]J{ � h-l!o�\#b1l!yd]J{Öp3\�zRzt\�b´hq��l!zt�d]^h}ogh3h3zRomeg\.y²h'¢d ��b¢ �   �  ��\�d�±1±�Z � �K�� !¡çj�¡��b�V���çj)���b�V���¾j��V�K� � ��j��b���V±#��j�±\�H¦� ���jn�b��¦ �  nj�¡�� �  )�²j)���H ��K�²j�¦��u�H����j � �u�_¢K��j¢K�b²H�d nju²V�d�H���¾jd¡�� ���b�¾j1¡�� ���b�¾j��b�V��¢��çj� d�b���� �j����H��  � ju���V³  ���j�¢��u�V³\�¾j � ��� ¨ �¾j�¢K� ¨\¨ �n�a³T�afdh`^rdh-lF`Jo�eg\ � bdr7egfdh:zR\#oµe�p3\�ztzR\�b2_M\ � r7`^b2_
fd`^p�f5�)`^o�|*\�]^]^\"_Mh3r7y {�³i�Öô ��¸�zt\ r��!æ�j�|*\ ��´À �V³«Á#¸�j-�´À �2³µ�"¸�jnÿ3ÿ3ÿ3j-�´À ¨ ³Ó��·�¸��7�7h�l!]^og\RzR`^bd`^zR`��3hPegfdh�`^b#egh � �#h3bd`^bdcRrd`^o�e�l!bdp3h�jdegf��do� � h3|*h ��� `^bdc}�d� � �_�.eg\~egfdhazR\ � hmp3\�ztzR\�b�_m\ � r�� � � � ¦ç��Õ%b.egfdha\�bdh
p3l�o�hm_afdh � h
bd\�o��dp�f�_m\ � rhq��`^o�ego3j � ��� ¨ �:oghqh3ztomzt\�oµe � l!eg`J\#b1l!]«�å½�h3h D §�ßz¸tY���j�Ô´³«Í�l-{��"¶�¶!u ¸�j1¶!ud� ¸
±�°¾Zt�afdhaeg\��Re%_M\t³«l�bdrReg\!e�l!]1b �dz�y²h � ¸�`^bth3l�p�ftp-l�egh3c�\ � {tl � h���¢��\�\�b��l!bdr�¢�¡#¡#¡\�´³Ó��¸�j�� � �����l!bdr´� � �� ���³Ó��¸�j��V�\�� H�2l!bdrE�V���u�H�5³«¹�æ ¸�j��H���� # Fl�bdrµ� ¢��� � �³Ó·�¸�jo���K� � �7l!bdr¡�V��� ��¦�³Óß!Á�¶#¸�j
�V�d b�� �l!bdr��V�d ��! t³Ó�!¹!u�¸�j\�V�d ��_�.l!bdr����� #�H�´³Ó��¶��"¸�j������\����l�bdr��V�d # # :³«¹#¸�j��u�H� ¢u��l�bdrt¡u�_���b�³«æ#�!Ô ¸�j � �H���� Öl!bdr¡�\��� �  x³«¹#ß!æ#¸�j����V�� H�Fl!bdr	�d V�� H�7³µ�-¹d�-¹#¸�jK��� � �� Öl�bdrL���!¢��H��³«Ô�u ¸�jK���b� � ¢l!bdr � �b� � ¢V³Tu æ�Á#¸�j\���b���! �l�bdr������ �  Ö³µ�-Á��"¸�j�²V�K�! V�Rl�bdr�²V�� # b��³Ó��·�¸�j�²H�d b�d �\�bd]J{F³µ��¸�jd�_�\�\�\�l!bdr2�b�\¦��K��³Tu ¸�j��_��� �  Öl�bdrx V³\�����x³Ó�!Á#¸�j>�V�V�d b��l!bdrx�!¡\�� b��³Ó����ß#¸�j��V���� # Öl!bdr¥�\�\���d x³Ó�!Á#¸�j� � �_���.l!bdr��K�\� ���Ö³µ�"��u�¸�j��"���V�� �l!bdrÖ� � �b�� :³«¶ ��¸�j��-���b����l!bdrÖ�V����� �F³Ó·!Ô#¸�j��!¢��! _�tl�bdrÖ�H²V�d�# ³Ó��¸�ji #�b���V�5l!bdr� ��b�V���ï³µ�-æ ¸�jÃ #�V� �  2l!bdr¶�b��� �  �³«Ô#¸�j��b���� H��l!bdrï #�V�  b�Â³Tu ��¸�ji # b���! 2l!bdr�b��¢u�V�t³Tu ¸�j�³«Á ¸�j��b�K�V±���l!bdr:���H� � �.³Ó��¸�j�³«Á#¸�j�³«Á#¸�÷��� #�b���~l!bdrÖ H�� H����l � hMegfdhazR\#oµeåp3\�zRzt\�b.\�|egfdh�Ô�æ#ÔR\�zR`Je�egh3r´_M\ � rdo-��£ �¾\ � ]^]negfdh�egf � hqh�fd\�]^hqo-j�Õ%b egh � bdh�e}�dogl�c�h�og�dc�c�h3oµego'�\�\�b¢���j��\�\���b��jl!bdr<�\�\�\�\���i½�h3hv���dÍ���ñM\�fdh3b�j¤£³°�ã�Û¡£Ö¨�·�â�Y�¼7³µ�-¶ ß�ß�¸�j�������ºd���!¹�� »
±�Þ�ZÖñM\�bdo�`^rdh � egfdh�p3\�]^]^h3p�eg`^\�b�¬ub®\¯u°1³T¿¾¸²|*\ � ¿FÀ ��j!��j ÿ3ÿ3ÿ3j!·�ß#·�ß��n�afdhå`^]J]^�do�e � l�egh3r}e � `Jh�j � \�\!egh3rl�e���j �1� oµe�y²h3pq\#zRh3o���\�ogo�`^yd]^hR_
fdhqb)¿ � h-l!p�fdh3o�¶ ß!Ô7³@egfdh � l!b Ò \�|'�b��� � ¦d¸��V�afdhtbdhq��e � \ \!e]^hqe�egh � eg\Öo��d�d�²\ � e}og�dp�fxlRe � `^h�`^o � j�_
fd`^p�fxl!p3Ì �d` � h3o}h3bd\��dc�f�y � l!bdp�fd`JbdcÖ`^b�`JegoPrdh3ogp3hqbdr1l�b#ego_
fdhqb�¿2À ��·!Á�¹F³@egfdh � l!b Ò \#| � ��� ¨   ¸��P½��dydoghqÌ��dh3b#e~y � h-l Ò egf � \��dc�fdo}\ p3p3� � _
fdh3b�¿xÀ ��ß!¹�Á³*�\� � ¦���¸�j�¹�¶�¶#¶F³T¢V� � ¦\��¸�j²u ��¹�ÁF³Z¢d�b���\��¸�j²u�u ·�¶F³/ )� �K����¸�j²u ß�Á�¶F³T�����\�\� ¸�j�u�ß!Ô#�F³ � �H� ¢\��¸�j²u#Ô#��u³Z�d H�� _ �¸�j1u#Ô!u#Á´³T¡��_�V 1� ¸�jdu#¶#�!uV³T���-¢\�\��¸�j�·�¹!u#¹´³R���V³�� � ¸��³TÄòy � h-l Ò egf � \#�dc�fÖ\ p3p3� � oi_
fdh3b´l�eg\#��'«]^hq�#h3]�e � `^h}l!p3Ì �d` � h3oMÎP\ � eg\#b�º�½ e � l!fd]^h � b �dz�y²h � u1÷oghqhÃhq��h � pq`^oghMß�� ���^��� æ"º��"�!ud�nÄPz��dog`^bdcao�hqego¾\#| _m\ � rdo3j!o��dc�c#hqo�eg`J�#hå\#|�l
bdhq_ Ò `^bdr�\�|d��\�h�e � {#j�l � `^oghl!]^og\:_
fdhqbxegfdh�y � l�bdp�fd`^bdc´`^o � `^c�f e
'«eg\*'«]^h3|�e~`^bdo�egh-l!rx\�|Ã]^hq|*e
'Teg\*' � `^c�f e-�m� � � � ¦çj¤� � � � ¦�j � ��� � ¦�j����� � ¦�j � � � � ¦�j�� � � � ¦�j"����� � ¦�jV����� � ¦�j"� � �_��¦�jb¢ � �_��¦�j � ���_��¦�j!¢����_��¦�j"� � ����¦�j � � ����¦�j"��������¦�j¢�������¦��´Õ%b�|@l!pqe-j � `^c�f e
'Teg\&'«]^h3|�e�y � l!bdp�fd`^bdcF{�`Jh3]^rdo�lVp3\�zt�d]Jhqegh È%É NªUK�VNª«�e � `^hR_
`Ïegf)Ô��t]Jh-l-�#h3o-�
 1� �  ���j��!� �  ��²j���� �  ��²jd¡�� �  ��²j� )� �  ���ju¢K� �  ��²ju��� �  ��²jnÿ3ÿqÿ3j��  ��b���²j � ���b���²ju�u���b���²j�¢����_����� ¸±-��Zt¦}h3bd\!eg`^bdc)egfdh2hq]^h3zRh3b egoÖ\�|�egfdh�p3�dy²hxy {�î ö y � |*\ � � � ÷gþE�#þ�èx� ·�j
egfdhxo�{�ztzRhqe � {p3\�bdrd`Jeg`^\�bx`Jo�î ö y � À î ö � y À î y ö � À î y � ö À î � ö y À î � y ö ��Õ%b2c�h3bdh � l�]�l!bx¿ Ê�¿ Ê�¿)pq�dy²hRf1l!o¹!¿ ð _M\ � rdo3j�\#y�e�l!`^bdhqr´y#{ � ��`^bdc�e/_M\�p3\�\ � rd`^b1l�egh3oal!bdrÖ]^hqe�eg`^bdc�egfdhPegfd` � r � l!bdc�h~| � \�z �}eg\�¿�÷yd��eMegfdh}o�{�ztzRhqe � {Rp3\�bdrd`Jeg`^\�b:zRh-l!bdoiegf1l�eM_Mh}bdh3h3rÖ\�bd]J{�ù úæ� �ð2û _m\ � rdo3��ÎPh3bdpqh}_afdh3bÖ¿FÀò·egfdhab �dz�y²h � \�|²bdh3p3h3o�o�l � {�_M\ � rdoå`^o � h3rd�dp3h3rt| � \�z�ß�·
eg\R��·��m£ Ñ!h�]�{ � l�b#e�_al!oÃl!yd]^hMeg\ � bdr:ß�·og�d`Ïe�l�yd]Jh}_M\ � rdom`^b:egfdh D #�ÝV°"ã�Û�CåÚ�ÍæµJÜ^âgªÖá}Ü@Ù-©«Üo°"Ú�¨!ã´·Ã÷�ogh3h�£³°�ã�ÛE£Ö¨�·dâ�Y�Y�³µ�-¶#ß!Ô#¸�j��"·!æ�º��"·�ß�� »ñMf1l!bdc�`^bdcF³I�b���V�  �þ� V�� _���d¸Ãeg\F³I�_���H�� �þ� H��  � ��¸M\ � ³I�_��� �  �þ�  �   � ��¸Mc�`J�#h3ome/_M\.zR\ � h!�
± ¡ Zt�afdh�rdh3bdoghqo�e~�1l � e~\�|�egfdh�c � l!�df�j�_
fd`Jp�f�_Mh�zR`^c�f e}p3l�]J]�`Jego´õµy1l � h�pq\ � h!j ö´p3\�b e�l!`^bdoPegfdh�#h � eg`^p3hqo
b1l!zRh3rÖ���H�� ���l�bdr � �b�� ���j�_
fd`^p�fVh-l!p�f´f1l-�#h�rdh3c � h3h���·��
±-¦�Z��� #�b���¸·¹�����\�! �· ����� �  �·º�� )� �  �÷1egfdh�o�h3p3\�bdrV_m\ � rVzR`^c�f ePl!]^o�\Ry�h1�� #� � ���~£ {}\�`^bdc| � \�z»�� ��H���~eg\��� )� �  �l!oi`Jbx³5¼�¼"¸�_ml!oi\�bdhP\�|�Ð¾hq_a`^omñMl ��� \#]J]«k o �1� oµe � �#h�'«]^hqe�egh � hq��l�zR�d]^h3o3��ÎPh_M\��d]^r´f1l-�#h~y�h3h3bVrdhq]^`^c�f egh3rÖeg\.]^h3l � bÖegf1l�emegfdh~rd` � h3pqegh3r � �d]^h~ztl Ò h3om`ÏeazR\ � h~rd`ÏÅtp3�d]Jemeg\.c�\| � \�zm�� K� �  .eg\��� #�H����jdy�h3p-l!�dogh*½ ÇH¾ N�oµegh3�do
l � h�bdhqh3rdh3rF`^bÖegf1l�e
rd` � h3p�eg`^\�b�� »



�æ+ .0/21�354�671987:;4�<04�6�=?>@1&4�1 A Ù LdM2Y&LY�P D�X*DQCn?D�M2R P S@J�X�R D�XU�R CiSET^ET�CVR X g D�X�F¹L K�U�LY�N�Z Z
P LNOSER P R SER L
^s N�K�L X�L´FH
P D h
±-¯�ZtÄP]J_ml-{�oaog�1l!bdbd`^bdcdjdbdhq�#h � `^bdrd�dp3h3r��
°]¼�Z�³«l#¸a� J j¾³Ty�¸m��ú²jd\#bdh�|*\ � h3l�p�fVog�dydo�hqe
\�|¤¿ \ �'À �
°nY�Z�³«l#¸M¿FÀ ��l!bdrV¿FÀó��÷�Á � `^oa�dbdrdh � bdhqr��}³Ty�¸i¿FÀóÁ.l�bdrV¿FÀÂ¹��
°�¼�Z�Â f1l!oPæ#·�Ã���h3rdc�h3o�³Tfdh3bdp3h�`Ïe
rd\�hqogb�k eahq��`^oµe�¸��
°²±�ZRäåh3o-�ç�afdh �1� o�eåegf � hqhPl � h
`Jog\�zt\ � �dfd`^pMeg\�[�`Jc1� ��³Th"¸��a£ �mfdh
]Jh3|�e
'Óf1l!bdrtrd`^l�c � l!z `Jo-j#`^bR|Tl!pqe-j`^rdh3b#eg`^p-l!]�eg\Öegfdhth-l � ]^`Jh3o�e Ò bd\"_ab7l!�d�²h-l � l!bdp3ht\�|ÃegfdhÛ�çhqegh � o�h3b2c � l��df2`Jb2� � `^b e-��½�h3hRÄ��¾×}�
�~h3zt��h�j�BåªdÜ�µo°"â�°�»²ªdÜ@Ù�¨*µ ¶dã�¨!Údâ�¨#Ù"©«Üo°"ÚdâÖY ¡À¡ ³µ�-Ô�Ô�æ#¸�jå��º�ß!Á�jnhqog��h3p3`�l!]^]J{�[�`Jc1���-¹´`^b5óq·!¶�� »´×M��eegfdh � `^c�f e
'«f1l!bdrVc � l!�dfF`Joardh � bd`Jeghq]J{´rd`$]�h � hqb e-÷d`Je
`^om�d]�l!b1l � j1Î}l!zR`^]Jeg\�bd`�l!b�jdl�bdr´f1l!o
c�` � egf´ud�
°1°¾ZtÄPb {�l!��eg\�zR\ � �dfd`Jogz z��do�e�e�l Ò h:lFp3\ � bdh � �²\�`^b#e�`^b eg\�lFp3\ � bdh � ��\�`^b e-j�y²hqp-l!�doghtegf � h3hrd`^oµeg`^bdpqeÃ�1l�egfdoå\#|²]^h3bdc!egf:�}p-l!bty�ha|@\��dbdrt\�bd]J{�y²h�e/_Mh3h3btp3h � e�l�`Jbt�1l!` � oå\�|²bd\#b�'«p3\ � bdh � ��\#`Jb ego-��afdh � h3|*\ � h~egfdh�c � l!�dfVf1l!oa\�bd]J{:egfdh�h3`^c�f eao�{�ztzRhqe � `^h3oM\�|,� � �°�Þ�ZtÄP]^]#hqrdc#hqoç\�| egfd`^onc � l!�df�p3\�bdbdh3pqe¾�#h � eg`Jp3h3o¾\�|�egfdh�o�l!zth � \"_�\ � l!r*�µl�pqh3b e � \"_ao-�¾�mfdh � h3|*\ � h_Mhap-l!bt�do�haegfdhap3\�]^\ � oÃÁ�l!bdrÖ�~l�]Ïegh � b1l�egh3]J{�`^bth�� hqb�'Ób��dz�y�h � h3r � \-_
o-j1�
l�bdrt¹�l!]Jegh � b1l�egh3]J{�`^b\�rdr�'«b��dz�y�h � h3r � \-_
o-�¾�mfdhÃbdhq`^c�f�y�\ � o¾\�|�Ä\Å}|*\ � z lP·O'Ópq{�p3]^h�j�fdh3bdp3hÃ|*\#� � p3\�]^\ � oçl � håbdh3p3h3o�o�l � {#�
°]��Z�³«l#¸åà��#h � {.�#h � eghq�.f1l!oirdh3c � h3h1l ��j�l!bdr:`JegoÃbdhq`^c�f�y�\ � oÃf1l-�#hPl~_Mh3]^]a'«rdh � bdh3r:p�{�p3]^`JpP\ � rdh �p3\ ��� h3o��²\�bdrd`^bdc~eg\}egfdhm`^bdp3\�zR`^bdc~]^`^bdhqo-��Õ%|KÆ
w«wTw�(�l�bdr�Æ
wTw«w�Ç�j�_
fdh � h7(�l!bdr�Ç�l � hmpq{�p3]J`^p-l!]^]J{p3\�bdoghqp3��eg`J�#hPbdhq`^c�f�y�\ � oi\�|>Æ¾j _Mh
z��doµeif1l3� hÈ(Ãw«wTw�Ç����af��doMl!]^]���\�`^b egoÃ`^btegfdha��`Jp3`^bd`Je%{R\�|�l�b#{�#h � eghq��Æ�y�h3]^\�bdcReg\Rl.�dbd`JÌ��dh�e � `^l�bdc��d]�l �m� h3c�`^\�b��³Ty�¸��afdhÖ|*\ � z��d]�lFfd\�]^rdo�_
fdhqb)¿óÀ�¹d��Õ%|m¿�!í¹�j�ogf � `Jb Ò l�b#{7h3rdc�h:eg\xlF�²\�`^b#e-÷åegfd`^oe � l!bdog|*\ � z:l�eg`^\�b � h3zR\"�#h3oa\�bdh~�#h � eghq�´l!bdr´egf � h3h�h3rdc�h3o-�
³TÕ%|�Æ
w«wTw�(:o�f � `^b Ò o3j1o��d�d�²\�ogh�`Ïem_al!o�1l � e�\�|iegfdh.e � `�l!bdc�]^h3om�RwTw«w"ÆtwTw«w"(�w«wTw$�)l!bdrE-�wTw«w"ÆtwTw«w"(�w«w«w"-²���7hR]^\�ogh.�#h � egh��E(�l!bdrh3rdc�h3o # �aw«wTw�(�þAÆ
w«w«w�(�þA-Ãw«w«w�(-%#÷1l�]J]�\!egfdh � h3rdc�h3oa\#|negfdh�|@\ � zÉÇ�wTw«w�(:y�h3p3\�zRhrÇFw«w«w�Æ¾� ¸
° ¡ ZtÄ �d]�l!b1l � rd`�l!c � l!z _M\��d]^r.rd`Ï��`^rdhiegfdhm�d]�l!bdhm`^b eg\ � h3c�`^\�bdo3j�_
`Ïegf.h3`Jegfdh � u~\ � æ
� h � eg`^p3h3o�`^begfdh
y�\��dbdr1l � {R\#|²h-l!p�f � h3c�`^\�b�³Ty²hqp-l!�doghÈÊ � ` � f1l!oÃbd\�\ rdr:pq{�p3]^h3o�¸���Õ%|²egfdh � hPl � h~u � l�bdr"u � \�|h-l!p�f Ò `^bdr�j�_MhPz��do�eMf1l-�#hPuæu � ô2æ�u � À �-Ô�j�o�`^bdp3hPegfdh � h~l � h~¶�h3rdc�h3o3÷�fdh3bdp3h.³Eu � þdu � ¸�À ³«¹�þ3�"¸\ � ³«Ádþ�¹ ¸��?�7h}pq\#�d]Jr´l!]^o�\�e � `�l!bdc��d]�l�egh
egfdhPc � l��df:y {:l!rdrd`^bdc�u � ôx¹�u � zR\ � hPhqrdc#hqo-÷�yd��eMegfdh3b`Jem_m\��d]^r´f1l-�#h�l�ea]^h3l�oµe��"·�h3rdc�h3o3j1pq\#b#e � l!rd`^pqeg`^bdc.hq��h � p3`^o�h�u æ��£ �mfdhV|@l!pqe.egf1l!e�Ê � ` � `^o.bd\#bd�d]^l�b1l � c�\�h3o.y1l�p Ò eg\2lx�d���W�3]^hVl!y²\���eRp3\�bdbdh3pqeg`^bdcxegf � h3hfd\��dogh3oMeg\�egf � h3h���eg`J]^`Jeg`^h3o~³@_ml�egh � j�c l!o3j1l!bdr´h3]^h3pqe � `Jp3`Je/{d¸�j�_
`Jegfd\���eap � \�ogo�`^bdc.�d`J�²h3o3�åÕÓegom\ � `Jc#`Jb`^om�db Ò bd\"_ab�÷1Î���àa�d¦}�drdh3bdhq{´p-l!]^]^h3r´`Je:õ�l!bdp3`^h3b#egö.`^b�Ø²©«ã�¨!Ú²ÛV°j�7³µ�-¶��-¹#¸�j����"Á�� »
°]¦�ZtÕ%|7Æ¾j¤(�j�Ç l � hR�#h � eg`Jp3h3o�l!bdr¥Æ:wTw«w¡(�jç_Mhtz��doµe�f1l-�#hÛ¢�³RÇ�þAÆ²¸sh� ¢�³RÇ�þA(�¸R³TzR\�rd�d]^\��#¸�÷\!egfdh � _
`Jogh}ogfd\ � egh3oµem�1l�egfdom| � \�z�Çóeg\¸Æ�l!bdr´| � \�z�Çóeg\�(._M\#�d]JrÖ{�`^h3]^r´l!b´\ rdr´pq{�p3]Jh��åÄP|�egh �
Ç `^oRp3\�]^\ � h3rïÁ�jÃegfdhF� � \ p3h3rd� � hVegfdh � h3|*\ � hFl�o�og`^c�bdo.egfdhVp3\�]^\ � ¢�³RÇ�þA(�¸²zt\ r���eg\2h3l�p�f�bdhq_�dbdp3\�]^\ � h3r�� h � eghq�´(7egf1l�e:`^o:l!r*��l!p3hqb eteg\�lxp3\�]^\ � h3r��#h � eghq�µÆ¾÷Pl�bdrïhq�#h � {5�#h � egh��´(�_
`Ïegf¢�³RÇ�þA(�¸2�iË `Joap3\�]^\ � h3rVy�h3|*\ � h�l�bdhq_�Ç `^oap�fd\#o�h3b��
°]¯�Zt�afdh � h�l � h�\�bd]J{:egf � h3h!��Ê � j�Ê � ` � j�l!bdr ³@_afd`^p�f´`^o � � ¸��Þ�¼�Zt�afdhRc � l!�df2z��do�e�y²hRpq\#bdbdhqpqegh3r�jçy²hqp-l!�dogh.egfdhRb��dz�y�h � \�|M¹*'«p3\�]^\ � `^bdc�o�`^o�rd`J��`^og`^yd]JhRy#{¹�Ìt_
fdhqb�egfdh � h´l � h�&Fpq\#zR��\#bdhqb ego-��ÕÓe�z��do�e.l!]^o�\�y�hÖp3\�b e�l!`^bdhqr)`^b5lFpq\#zR�d]^hqegh:yd`^�1l � eg`Jeghc � l!�df¶Ê 2 ` ú jÃ_
fd`^p�fïp-l!bïy�h�¹�'Óp3\�]^\ � h3rï`^bï¹n³Ó� 2 ô �!úVwó��¸�_ml-{�o-�ï¦}h3]^hqeg`^bdc7h3rdc�h3ot| � \#z
Ê 2 ` ú rd\�h3o
bd\!e
rdh3p � h3l�o�h�egfdh�b��dz�y�h � \#|çp3\�]^\ � `^bdc�o-÷dfdh3bdp3h�� 2 ôï�!ú.w���� Ô�j�l�bdr´_Mh�f1l-�#h# vxþ�¿�%PÀ # ��þ3�*%#j # ��þ��æ%#j # ��þg¹}% j \ � # ��þg�}%#�å½�\�egfdh
\#bd]Ï{t��\�ogo�`^yd`^]^`Jeg`Jh3oil � h
egfdh
p3]�l-_FÊ � ` � l!bdregfdh��1l�egfLÁ � �Þ²Y�ZtÄ u&'«pq{�pq]^h�� � wTw«w ü � w«wTw5� ð wTw«w ü ð wTw«w5� � _M\��d]^r�p3\ ��� h3o��²\�bdr5eg\xe/_M\2rd`Jo�eg`^bdpqeR]^`^bdh3o# ü � þ�ü ð %
_a`JegfRe%_M\�p3\�zRzt\�b.�²\�`^b#ego # � � þV� ð % j#p3\�b e � l!rd`^pqeg`^bdct³T`^`*¸���½�\�egfdhac#` � egft`^oil�eÃ]^h-l!o�eÃæd�Õ%|negfdh � h�k om\�bd]J{t\�bdh~p3]�l!o�om\�|n�1l � l!]^]^h3]²]^`^bdh3o3j�egfdh}c�` � egfÖ`^oÈË�÷�`^|�egfdh � h~l � hPe%_m\�pq]�l!ogoghqo-j�`Ïe`^oMÔ��a³Ó½�h3h~l!bdoµ_mh � ����� ¸�¥Pegfdh � _a`^ogh
_MhPp-l!b � bdrÖl�æ�'Óp�{�p3]^hPy {tztl Ò `^bdc�l�e � `�l!bdc�]^hP| � \�z egf � h3h]^`^bdhqoaegf1l�e
l � h~p�fd\#o�h3bV| � \�zírd`$]�h � h3b#ePpq]�l!ogoghqo-�
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Þ1¼�ZtÕ%|¾egfdh�rd`�l!zthqegh � `^ok¢tl�bdr´egfdh~c�` � egfV`^o7Î�j�egfdh3bõ¢�l�ê/Î�	��"ì#j1�dbd]^h3o�o*Î�ÀGË��
Þd±�Z��d�b¢�¢���³@_
fd`^p�fV`^oap3\�bdbdh3p�egh3r´eg\��� #�H���Rl!bdrk�_�� #�V�¾jdyd��ePbd\!emeg\����H� � ¢�¸��Þ�°¾Z�³«l#¸RÕÓe-k o´l�og`Jbdc#]Jh�jafd`Jc#fd]Ï{ p3\�bdbdh3p�egh3rÂpq\#zR��\#bdhqb e-� ³TÕ%bdp3`^rdhqb e�l!]^]J{#jmegfd`^o:c � l��df `^o:egfdh
� Q U É�Ï N:�ÐM�Ñ7\�|Megfdhtyd`^�1l � eg`Jeghtc � l!�df�`^b2_
fd`^p�f�\�bdh:�1l � e�p3\ ��� h3o��²\�bdrdo�eg\Fegfdht`^bd`Jeg`�l!]å]^hqe�egh � o# ½nþ:Òdþ5¯�þ5Ó�þ:Ô1þqÿ3ÿ3ÿ3þ5¬-%�l!bdr´egfdh�\!egfdh � eg\.egfdh � b1l!]n]^hqe�egh � o # ½¾þAÒ1þ5¯�þ5Õ�þIÖ²þ3ÿqÿ-ÿ3þ:×�%#� ¸³Ty�¸*Øåh � eghq�L¬\ÙV`Jo~`Jog\�]�l�egh3r��}�afdh�\!egfdh � �#h � eg`^pqh3oP_
`Jegf�`^b�'Órdh3c � h3h��3h � \dj�b1l!zRh3]J{sÓ�Ú¾j>Ô&½¾j
Û ½nj�Ü�Ýnj\¬æ½nj\¬�Þ²j l�bdr�¬\Å¾j |*\ � z o�e � \�bdc�p3\�zt��\�bdh3b egoåy {�egfdhqzto�h3]J�#h3o-÷�egfdhq{Rl!]^]1� � h3pqh3rdh}l~c�`�l!b#eo�e � \�bdc)p3\�zt��\�bdh3b e-j
_afd`^p�fÂ`^o´|*\#]J]^\"_Mh3r�y {�h3l�p�fÂ\�|�egfdh � h3ztl�`Jbd`^bdc)og`^bdc�]^h�'«�#h � eghq� o�e � \�bdcp3\�zR�²\�bdh3b#egoa_a`Jegf´\���e
'Órdh3c � h3hm�3h � \d�Ó½�×�j�¯�Õçj�¾\Ù�j�ß�ÕçjuÄ\Õ¾juÄ\ÖçjuÄ�Á²j�Ä\Ù�jKHÖ¾j�Ý\àn�³Tp"¸ 8 \"_ïegfdhao�e � \�bdc�p3\�zR�²\�bdh3b#e # ÔHÜÀ%P� � hqp3h3rdh3o # Ü�Ý�% ÷\Ä\Ö¾juHÖ¾j Û ½nj\¬æ½nj�¬�Þ²j�l!bdr�¬\Å��/\#`Jbegfdh�c�`�l!b eaoµe � \#bdc.p3\�zR�²\�bdh3b#e-÷ # Ó\ß-%�� � h3pqh3rdh3o
`Je-÷ # ½�Õ-%�l!bdr # ¬\Ù-%�|*\#]J]^\"_ó`Je-�
Þ1Þ�Z ù � ð�û w ù ú�áð�û wø�����!w ù ú �ðåû j�_
fdh � hrf À�¿ � ô����W�"ô)¿ � �
Þ���Zt� � �dh�� 8 \!egh}egf1l!e Í ú `^omog`^zR�d]^h�j�yd��e
`Jeard\�h3o�b�k e
p3\ ��� h3o��²\�bdrVeg\Rl!b {Öz��d]Jeg`Jc � l!�df��
Þ ¡ Zt[�l!]^ogh�j�`^b�egfdhMp3\�bdbdh3pqeghqrRrd`^c � l!�df�Æ
w«w ·�Ç	â%w«w�(��m³«×M��e,Æ:l!bdr¸(�l � hm`Jb�egfdhMo�l!zth Ê�È N Ç U Ï � «
P�Ç U�U É:PqÈ/É:ã pq\#zR��\#bdhqb e
`J|�l!bdrV\�bd]J{Ö`^|�¢�³RÆ¾þ5(�¸0��Ë l!bdrõ¢�³R(�þ5Æ�¸0��Ë�÷doghqh�½�h3p�eg`^\�b���� ¹�� ud� ��� ¸
Þ�¦�Z:àÃl!p�f´p3\�zt��\�bdh3b ea`^o
l.pq{�p3]^h~_
fd\�o�h�\ � rdh � `^oal!ea]^h-l!o�e�³«l#¸M¹V³Ty�¸P���
Þ�¯�Z�³«l#¸Ã×Ã{t`^bdrd�dpqeg`J\#b:\�b:¿�j _MhPp-l!b:�doghPo�e � l!`^c�f#ei`^bdogh � eg`J\#btog\ � eg`^bdcd�å½��d�d��\�ogh'( � w«w ·ò���W��w«w ·
( ú � � �~�afdh3bxhq`Jegfdh � ( ú w«w ·»( � \ � ( ú � � w«w ·�( ú \ � ( � � � w«w ·»( ú wTw ·�( � j²_afdh � htèF`^o}zR`^bd`^z��dzog�dp�f.egf1l!eä( ú w«w ·�( � �a£ Ðå�#¤�Ìhqrdh3`«jæº�Ù"©%¨~µJÜ«©�©/¯�ã�¨�ã�Ç*±�¨#Ùiâ�Ù�Ü@¯�Ú�©«Ü*¨�ã�Ç*± ¡ ³Ó½}�3h3c�h3r�j��-¶�¹�u ¸�j#¹#¶"º u#¹�� »³Ty�¸
��·���Á����!¹!udjdÁ#�!¹!u1��j�Á ��ud�-¹�jdl!bdrÖegfdhq` � p�{�p3]^`Jp~o�fd`^|�ego-�a£ �afdh}b �dz�y²h � \�|nog�dp�f´\ � `^hqb egh3r�1l�egfdoa`^o
l!]J_ml-{�oa\�rdr�÷doghqh�����½}�3h3]^h�j1§x¨�©/¯Q±:¨�©«Üqå!¨�Ü�ñ¯gâÈæ�ÜJ®3Üqå!¨�Üoç�¨W»�°bå2Þ-¼7³µ�-¶�u#¹#¸�j1����¹"º���·!æd� »³Tp"¸
äåh3o-�´³«×i{�`Jbdrd�dpqeg`^\�b��~Õ%|åegfdh � h�k o�\�bd]J{�\�bdh.�d]�l!p3h�eg\V`^bdo�h � er( ú l!o�`^bx�1l � et³«l#¸�j�egfdheg\�� � b1l!zth3b#ea`^ome � l!bdog`Jeg`J�#h�� ¸�-¼�ZÖ½�hqe2ÿ�À # � � Æ
w«w ·���%#j�� À # � � �
wTw ·�(�%#j��òÀ # � � (Ãw«w ·���%#��Õ%|)($	! ÿ�l!bdr�ÿ�j�� ÀGè_Mhaf1l-�#h � ÿ � ô � � � À � ÿ	é1� � �ï¿�wÖ��j y�h3p-l!�doghÈÆ 	! ÿ	ér� l�bdr�(�	! ÿ	ér�t�å×M��e � � � ô � � � À¿´w���÷1fdhqbdp3h � ÿ � � � � � �
£ Î��]{��1Ð¾l!bdr1l���j�
~Ç*µ�µÓ¬d§�¨�©«ªn¬�
iÜo°�»²ª�·dâ�Ü@Ù�â�YdÞ2³µ�-¶#·!¹ ¸�j��3u#Ô�� »��Y�ZF��w«w ·���j��nwTw · ��j���wTw · ��÷degfdhqb�ÿ�Àíù �}�� � û l!bdr�ÿ � À ù �æ�� � û |*\ � l!]^]n`Jb egh3c�h � o
è²���¼�Z�³«l#¸P½��d�d�²\�o�h�egfdh��#h � eg`^p3h3o}l � h # �#þqÿ3ÿ-ÿqþ�¿�%#�PàÃl�p�f�\�|�egfdh�¿�1egh � zRo}î � � á ÿ3ÿ3ÿgî ú �_ê `^bFegfdhhq���1l�bdo�`^\�bt\�|�egfdh
�²h � z:l!bdh3b#ei`^o�egfdh
b �dz�y²h � \�|�o��1l�bdbd`Jbdc���h � z���e�l�eg`^\�btrd`^c � l!�dfdoåegf1l�eÃf1l-�#hl � p3o7��w«w ·�� y �
³Ty�¸iÄ o�`^zR`^]�l � l � c��dzth3b#eao�fd\"_
oMegf1l�eardhqeÀÿò`^omegfdh}b��dz�y�h � \�|çh�� hqbVog�1l!bdbd`^bdc��h � z���e�l�eg`^\�bÖrd`^c � l!�dfdoazR`^b��doiegfdh}b��dz�y�h � \�|¾\�rdr´\�bdh3o3�
£ ½�h3h~[M��Î}l � l � {#j1Ø}¸@º}§£Ú~¯-Ý�Ü@¯OÉ °³µ�-¶�æ ��¸�j1�!Á#�"º����-Á�j�_
fdh � h���h � z���e�l�eg`^\�b´rd`^c � l!�dfdo
l � h�p3l�]J]^h3rïõµ]^`Jbdh-l � og�dydc � l!�dfdo-� ö�»�1±�ZtÐ¾h�eä(�y�hal!b {�� h � eghq����Õ%|�ÎRÀó��ù"ôV��j l�eå]Jh-l!o�e�¢�³V¢�w:��¸ � � � �#h � eg`^p3hqo��Rogl!eg`Jog|�{�¢�³R(�þ
�²¸�Àòè�j|*\ � �¹��èÛ�øù���Õ%|�Î.Àó�*ù�ô��.l!bdr	(�nn`Jo
l!b {Öbdh3`^c�f y²\ � \�|�(�j�egfdh � h�l!]^o�\tl � h�l�ea]^h-l!oµe�³V¢�w��"¸I=�#h � eg`^p3hqok�V|@\ � _
fd`^p�fõ¢�³R(�þ
�²¸åÀ�ù�ôÂ��l�bdrõ¢�³R(�nTþ
�²¸�À ù����°¾Zt�ç\Rl!p�fd`Jhq�#h~egfdh~]J\"_Mh � y�\��dbdrV`^bVl!bdoµ_mh � æ#¹�j ÉªS�É Nª«.�#h � eghq��(tz��do�emf1l-�#h~rdhqc � hqhv¢1j1l!bdregfdh�¢Öbdhq`^c�f�y�\ � oP\�|¤(´z��doµe}l!]^]ny²h�l�r*�µl!p3h3b#ePeg\Regfdh � h3ztl!`^bd`^bdcÛ¢�w ���#h � eg`Jp3h3o-�m�afd`JoPc � l!�df`^o3jd`^bV|@l!pqe-j�Ê�ë ` ë#���Þ�Z�³«l#¸
×i{Fl!bdo�_Mh � æ�¹�joÂ z��doµe}y�h � hqc#�d]^l � \�|årdhqc � hqh�¢1j�l!bdr�egfdh � h�z��do�ePy�h�hq��l�p�eg]J{F\�bdh�1l�egfV\�|ç]^hqbdc�egf|� ��y�hqe/_Mh3hqb�l!b#{Öe%_M\Rrd`Jo�eg`^bdpqem�#h � eg`^p3h3o3�³Ty�¸��7h�ztl-{)e�l Ò hk; � À ¢1jM_
`Ïegfø� � À ³µ��ÿ3ÿ3ÿ3��¸ � �óÄP]^]
\!egfdh � hq`^c�h3b �#h3pqeg\ � o:o�l�eg`^o�|�{
Í � y À ³«ÁMÿ3ÿqÿ�Á#¸ � ÷dfdh3bdp3h�; ðy ô´; y À ¢�w���|*\ � �m�à���¶f7�³Tp"¸nÕ%|); ð À��W�W� Àd; 2 À ³µw�� ô�ì uæ¢1wa¹n¸
	��
l!bdr�; 2 � � À������ ÀG; � À ³µw~�1w¸ì u�¢1wa¹n¸
	���j_Mh�z��doµeaf1l-�#h�v w��PÀif�w2vx���Â`Ïegf´egfd`^om�!l!]^�dh~_Mh � bdr<; � ô��W�W�"ô´; � À ¢�wà¢ ð 	����
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³Tr�¸MÕ%|çu�¢�w2¹�À �"ð~l!bdrVvX`^oal!o
`Jb7³Tp"¸�j�egfdh�hq`^c�h3b �!l!]^�dh3o
o��dzíeg\�"ðåô�¹u ôÂ³Tv wï�"¸ �mw��� w ý ³E�"ðåô5¹#¸�ð�-æ ô��mw7v � �iô��� þ
_
fd`Jp�f´`^o���·�Ã!¹#���d]^�do
l.z��d]Jeg`^�d]^h}\#|��#��ÎPhqbdp3h��~z��do�eay�h�l.rd`J��`^og\ � \#|Ã�"·��£ �mfdh3ogh � hqog�d]JegoÃl � h
rd�dhmeg\�Ä���Ñd�#ÎP\V]�ztl�bRl!bdrt¤��#¤�� ½�`^bdc�]^hqeg\�b�j}¸I
M§ñ��¬&Ú~¯�â�¯q¨�ã�Ù�ªÖ¨�Ú²Ûá�¯"Ý�¯Qµo°�»]±Ö¯�Ú²©Ã°)³µ�-¶�æ�Á#¸�jdu#¶ ß-º�·!Á!u1j�_afd\:l!]^o�\R� � \-� hqr´egf1l�eaegfdh�c � l!�dfV|*\ � ¢�Àóß�`^oa�dbd`^Ì �dh�� »�-��Zt¦}h3bd\!egh�egfdh�·!ÁR�#h � eg`Jp3h3oPy {�£ î�þgég»�l!bdr)³«î�þ�é�¸a|*\ � ÁÛ�Âî1þ�é¹�ó·�j²l!bdr�rdh � bdh�egf � h3h Ò `^bdrdo\�|çh3rdc�h3o3j1�do�`^bdctl � `JegfdzRhqeg`^p~zR\�rF·��
£ î�þ�é�»-w«wTw�£ î}ôÂ��þ�é�»Ó÷ ³«î�þ�é�¸�w«w«wV³«î~ô���þ�é�¸�÷ ³«î�þ�éq¸�w«wTw�£ î}ô�é é þ é » |*\ � Á��ïî�þgé"þ é � ·�ÿ
£ ½�h3h�� ��{���× � \-_
b�j�øå¨�Ú�¨#Û Ü*¨�Ú¡��¬�§�¨�©«ªn¬nY�¯5³µ�-¶#æ#ß�¸�j�æ�u�u�º�æ!u Ô�÷o�d¬Kç�°"Ú²Û�°"Úx§x¨�©«ªn¬�Ø-° Ù�¬²°�¼³µ�-¶�æ ß�¸�j!·��3u�º�·���Á����Â`Ïegfd\#��enegfdhih3rdc�h3o¾\#|�egfdh �1� o�e¾e%_m\ Ò `^bdrdo3j�egfdhÃc � l!�df�f1l!o¾c�` � egf�æPl!bdr�p3\ � '� h3o��²\�bdrdoÃeg\�l�c�h3\�zRhqe � `^pabdhqeMl�oÃ`Jb:hq��h � p3`^o�h~·���j �dog`Jbdc�egfdh
\ � egfd\�c#\�b1l!]�l ��� l-{R`^b:l!bdoµ_mh � �"¶�� »� ¡ ZÖñMh � e�l�`JbÂ��\�ogog`Jyd`^]^`Jeg`^hqoÖf1l3� h�y²hqh3b � �d]Jh3rÂ\���e´y#{�Í�`^p�f1l!h3]PÄPogp�f�y1l!p�fdh � `^b���°}Ç!ã�Ú�¨�µv°OÝºzµaÍ�¯�²!ã�¨ÖY}¯7³µ�"¶#ß��"¸�j�·!¹�Ô�º�·�u#Á���-¦�ZtÕ%|'Â f1l!o��´l!��eg\#zR\ � �dfd`^ogzRo-j�`ÏeRf1l!o.¿� 	&�´l!r*�µl!p3h3bdpq{)z:l�e � `^pqh3o-j�y²h3p3l��do�hÖegfdh � hVl � hõ���h � z���e�l�eg`^\�b´z:l�e � `^p3hqoÈÁ og�dp�f´egf1l�e�Á � ÿ�ÁòÀ ÿ���-¯�Zt[�` � oµePoghqe1Þ_¯\Õ�Ô�ï5(Kð�â ÁR|*\ � l!]^]��#h � eg`^p3hqo�(��m�afdh3bF��h � |*\ � z ³óòu¼"¸m|*\ � l!]^]�(�j²l!]^og\Rogh�e�eg`^bdc
Æ	â§Ý�Þ Û ïµîKð�l!bdrEÞ ¯\Õ�Ô�ï5Æoð1âôÞ_¯\Õ�Ô�ïIÆ�ðmôÂ�~`^b´egfdh~ogh3pq\#bdrV]^`Jbdh�\�|¾egf1l�e
zR`^bd`a'Ól!]^c�\ � `ÏegfdzF��ç\�rd\xo�\�zthqegfd`Jbdc�õµ|*\ � l!]^]�( ö��dog`JbdcFegfdhV½-{~× |*\ � z:l�e-j �1� o�e�o�hqe�(¥âõÅ\Õ�®�Ý�ÞHÒVÕ�°oïIÎKð�÷egfdh3b´_
fd`J]^hr(��´Å�Õ\®�Ý�ÞHÒHÕu°oïIÎKðaô¥Ä¤ïIÎKð j�rd\Regfdh~\��²h � l�eg`^\�bFl!bdrVo�hqeÈ(�â§(~ô����¡ ¼�ZÖ½ egh3��×}��`^oP�²h � |@\ � zRh3r�\�bdp3hÖ³Tyd��e}`Je
e�l Ò h3o¹�.³T¿¾¸m�dbd`JegoP\�|�eg`Jzth"¸��
½ egh3�do�³«×a��j²×m¹�jçÿqÿ3ÿ-j×MÔ ¸ål � hP�²h � |*\ � zRh3r � h3og��h3pqeg`J�#h3]Ï{�³T¿�ô)��þ�¿�þ�¿�þ�v ô�¿�þ�vxþ�vxþg¿n¸�eg`^zRh3o-j#h-l!p�f:_a`Jegf³�.³µ�"¸åp3\�o�e-�¡ Y�Z:Í�l!b#{Vp�fd\�`^p3h3oPl � h���\�ogo�`^yd]^h��iÎPh � h�_mh��dogh�¹ �O'«yd`JeP��\#`Jb egh � o3j²l!]^] � h3]�l�eg`J�#h~eg\:lRoµ{�z�y�\#]J`^pl!rdr � h3ogo Û �\� � j1_
fd`Jp�fF]^`^h3oa`^bVegfdhr¯��V����ö\°# V�H d b�����M�afdh�|*\�]^]^\"_a`^bdcRrdh3pq]�l � l!eg`J\#bdoa� � \"��`^rdh�\�bdh_ml-{:eg\.h3o�e�l!yd]^`^o�f´p3\�b �#h3b#eg`^\�bdo
|*\ � rdh3l�]J`^bdc._
`ÏegfVy1l!og`^p�½-{~×�r1l�e�l�o�e � �dp�eg� � h3o-�

Åu°�ÞH×HÕ÷ÞH° � �»ø´½�°�ÞH×HÕ÷ÞH°���� 8 \ rdh�og`��qh3o½�®�Ò\°GÞV°¶ù�ø5Ò�HÚ�H®úÞV° ��ø�Ú�Þ_Ä�¾úÞV° �"� ¥È]�ogh�ego
\�|¾�#h � egh�� � hq]^rdo
Ý�Þ Û ÞV°Fù�ø�Ä\Õ�à�Ý�ÞV°ï� ¥È]�ogh�ego
\�|�l � p � h3]^rdo
�H� � �¶ÔV®�Õ�Ô Û �\� ��û ½�®�Ò\°üø � � � �H�dÔV®\Õ�Ô Û �\� ��û Ò\VÚ�H®ýø � � ��¦dÔV®\Õ�Ô Û �\� �Vû Ú�Þ_Ä�¾��� ¢dÔV®\Õ�Ô Û �\� �Vû Ý�Þ Û ø��� V³\�iÔV®�Õ�Ô Û �\� ��û Ä�Õ�à\Ý�dÔV®\Õ�ÔÉøI��ÔV®\Õ�ÔÉø��dÔV®�Õ�ÔÉøÐ�µÔV®\Õ�Ôüø��¶ÔV®�Õ�ÔÉøó ��_�d �ÔH®\Õ�Ôiþd�½ � �Vÿ ÿu× ���A°b� �#�  ��\� à���`Je
`J|¾egfdh�c � l!�dfV`Jo
b �d]^]«�

ß�Ü�Ú �Vù�������Åu°�ÞV×bÕ 
���¬�¸%ÚdÜ«©«Ü�¨*µJÜ^®�¯�¬½�¯�¯�Ü ���I��ù��	�Vù (�â¹( � ô)¿��
°HÕ\Ý ���I��ù Çdâ§( � ���Ö °VÝ�Ý  ��b�d 
� � � � �b����� Ò\VÚ�H®¤ïIÇ�ðrâ w����½�¯�¯�Ü ��������Åu°�ÞV×HÕ Çdâ§Ç�ô����
ÒVß Û �Vù������I�
Û ÿ�Äu× �Vù��q�ªÿ ¤ah3�²h3l!e
�db#eg`^]oÇÂÀ�(��

ùVÖ °bÜ\ÿ�Ü ��������Åu°�ÞV×HÕ Çdâ§Ç�w�����VÖ Ú�¯\Ý �Vù�� � � � �H����� 
���¬
øÓ°�µI°�ã7Ç Ü�Ý¾Ú²¯3Ù3¯�â�â�¨�ã ·�¬
Û ÿ�Ä\Ä �Vù����bÓ �¾\:×m��`^|¤Ò�VÚ�H®¤ï5Ç1ð¸lïÁ��
°VÝ\Ò� ù�� � ����¦���� Ò\VÚ�H®¤ïIÇ�ðrâ ÁdjuÚ�Þ_Ä�¾¤ïIÇ�ðrâ�P�
°HÕ\Ý ����� �'â§Ç����Ö °HÕ\Ý ���Ð� 
���¬ÃØ²©%¨#Ù5å��¹Æç¬ ½�hqeÈÆsâ ���
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Ú�¯\ÝVÜ ��� � ����¦��Ð� �'â§Ú�Þ_Ä�¾�ïd��ð �
Ú�¯\Ý ����� � � � �H���ó�Ä\Õ�Ô �����q���	��� ���'â �aw¡Ò�HÚ�H®¤ï5Æoð��
Ú�¯\ÝVÜ �����H� � ����� î�â ½�®�Ò�°>ï5Æ�ð���HÖ ÿu× ���µ�VÓ 
��#¬�áv°"Ú²¯�ÉåÜ«©«ªsÆ�� �ç\:×MÔ�`^|�î�À�}��HÖ Ú�¯\ÝVÜ ���I����¢���� (�â¹Ý�Þ Û ï�îKð ��HÖ Ú�¯\Ý �Vù�� � � � �H����� 
��#¬äBåã�° Ù3¯�âgâ*(²¬
ÒVß Û �����	�Hù��	��� ³TÎPh � h~egfdh�� � \#c � l!zí`^oao�]^`^c�f eg]J{:p3]^hq�#h � ¸
Û ÿ�× �����µ�HÓ �¾\:×mß�`^|¤Ò�VÚ�H®¤ï5(Kð~À �aw¡Ò�VÚ�H®�ï5Æ�ð��
ÿ\Ä�Ä �Vù���Ó���� � ����  [�l!`^]�`^|¤Ò�HÚ�H®¤ï5(Kð~ÀiÒ�VÚ�b®¤ï5Æ�ð �
°VÝ�Ý ����� � � � �H����� Ò\VÚ�H®¤ïI(Kð1â �aw¡Ò�VÚ�H®�ï5Æ�ð��
°VÝ�ÝVÜ ��� � ����¦��I� ÚuÞ_Ä�¾¤ï5(Kðrâ ���
°HÕ\Ý ���I� �'â§(���VÖ Ú�¯\ÝVÜ �����d H³\����� 
��"¬,ç�°}° »à°"ÚFî²¬ ½�hqePî�âñÄ\Õ�à\Ý�ï�îKð �
Û ÿ�Äu× �����Hÿ �¾\:×m·�`^|�îLhÀ�P��VÖ Û ÿ�Äu× ���/��ÿ 
� �¬ÃØ²©%¨#Ù5åÖÚ]°"Ú²¯Q± »ç© ·�� �ç\t×iuR`^|���hÀ�P��HÖ ÒVß Û �Vù������I��ù 
�!�¬�áv°"Ú²¯"�
Û ÿ�Äu× �Vù��5ùHÿ Õ%|�ÇwhÀ�( � jdrdh3p � h-l!o�hrÇ l�bdrVc�\�eg\t×M¹d�

°b� ���  ��\�´Ú�VÒ # ³Ó½��dpqp3h3ogo�|*�d]�egh � zt`Jb1l!eg`J\#b�¸¡ ¼�Z�³«l#¸M�mfd`^oap3\�bdrd`Jeg`^\�bVp3]Jh-l � ]J{ � h3z:l!`^bdom`^b �!l � `�l!b e
l!om�#h � eg`^p3hqo
hqb egh � \ � ]^h3l-�#h}egfdh�o�e�l!p Ò �³Ty�¸�ØÃh � eghq��(�f1l!oÃy�h3h3btpq\#]J\ � hqrtyd��eÃbd\!eå{#hqeÃhq���d]^\ � h3r�j y�h3p-l!�doghmegfdhabdh3`^c�f�y�\ � oÃ\�|²hq�#h � {hq���d]^\ � h3r´� h � eghq�´f1l-�#h}egfdh�� � \���h � p3\�]^\ � �³Tp"¸�Ñ!�do�e�y²hq|@\ � hÖoghqe�eg`Jbdc|�Lâ (2`^b)oµegh3�5×Mæ�jåo�hqe Û ½�®\Õ\Ä�Ý�ï5(Kð"â Æ¾j�_
fdh � h Û ½�®�Õ\Ä�Ý2`^ol�bdhq_���eg`J]^`Je/{ � h3]^r��5ÄPbdr$�/�doµety�h3|*\ � h´egh � zR`^b1l�eg`^bdcx�dbdo��dp3p3h3o�og|*�d]^]J{�`^b)egf1l!eRoµegh3��jird\�egfdh|*\�]^]^\"_a`^bdcd��õµ¤
h3��h-l�egh3rd]J{Ö\���eg�d��e*Ä�½�ß\Õ¤ï5Æoð�l!bdrVo�hqe*Æ	â Û ½�®\Õ\Ä\Ý�ï5Æ�ð�jd�db#eg`^]>Æ´À Û ½V®\Õ\Ä�Ý�ïI(Kð�÷egfdh3bV\���eg�d��e*Äæ½Vß\Õ¤ï5Æ�ð�l�bdr�Äæ½�ß\Õ�ï5(Kð�� ö¡ ±�Z�Ê � � �a³TÄPbdrENA�VU ã#Ç � Ï NA�ªM�Ñ�³µ�-Á�þ3�-Á�Ádþ�Á�þ3��þ3��þgÁ�þgÁ�þgÁdþ�Ádþ�Á ¸i`Jo Í � � � ¸¡ °¾Z.�d�!¢H�d ��\�.f1l!oa\���e
'Órdh3c � h3h�����÷dbd\R\!egfdh � �#h � eg`^pqh3oaf1l-�#h�\���e
'Órdhqc � hqh�! �!Ád�¡ Þ�ZtÐ¾h�e�egfdh´�1l � l!zth�egh � o´³T¿ � þ�¿ ð þ�¿ � þ�¿ � þV��þAÇ�þ%$�¸�y�h � hqog��h3pqeg`J�#h3]J{�³«l#¸t³T¿�þ�Ádþ�ÁdþgÁ�þ3w~�#þ�Ádþ�Á ¸�÷³Ty�¸�³T¿�þ�Á�þgÁ�þgÁ�þ3�#þ�Ádþ�Á ¸�÷¾³Tp"¸~³T¿�þgÁ�þgÁ�þgÁ�þ3��þ3��þgÁ#¸�÷ç³Tr�¸~³T¿�þgÁ�þgÁ�þgÁ�þ3w~�#þ�Ádþq��¸�÷¾³Th"¸�³T¿�þ�Ádþ�Ádþ�Ádþq�#þ�Ádþq��¸�÷³T|g¸~³T¿�þ�Á�þgÁ�þgÁ�þ3��þ3��þ-�"¸�÷n³Tc ¸}³Tvxþ�¿�þgÁ�þgÁ�þ3��þgÁdþ�Á ¸�÷�³Tf�¸�³Tvxþµ¿�þgÁ�þgÁ�þ3��þ���þgÁ#¸�÷¾³T`�¸~³Tvxþ�¿�þ�Ádþ�Ádþq�#þ�¹dþ�Á ¸�÷³ ��¸�³Tvxþ«¿�þgÁ�þgÁ�þ^w~��þgÁ�þgÁ#¸�÷d³ Ò ¸�³Tvxþ«¿�þgÁ�þgÁ�þ3��þg¹�þ3�"¸�÷�³T]*¸�³T¿�þ�Á�þgÁ�þ�Á�þ���þgÁ�þgÁ#¸�÷�³Tz:¸�³Ó��þ^wm¿�þ�Á�þ�Á�þ���þ�Ádþ�Á ¸��¡ ��ZRäåh3o-j¾|*\ � h��dl!zt�d]JhR| � \#z§� � l!bdr}� ð `^b7l�bdoµ_Mh � ß�·d³Tp-¸���³«×M��e�bd\Vo�h3]^|Ò'Ó]^\ \��do�p-l!b2\�pqp3� �_
fdhqb����ïÁ�jdy�h3p-l!�do�h�l � p3oq�
wTw ·�-RÀ���ô)è�å�l � h~c�h3bdh � l�egh3r´|@\ � è.À ��j���j�ÿ3ÿ3ÿm�db#eg`^]�-:`^om\���e\�| � l!bdc�h�\ � -.À��n� ¸¡-¡ ZÖ½��d�d��\#o�hv��l�bdr	-´l � h~� h � eg`^p3h3oa_
`Jegfõ¢�³i�nþ5-d¸7!����i�mf��dok� Ãw«w«w�-²÷�l!bdrF`^|�(Ö`JoPl!b {´\!egfdh ��#h � eghq�x_Mh:z��do�e�f1l-�#hth3`Jegfdh � (¹ÃwTw«w5�)\ � ( ÃwTw«w¥-²�V�afdh3o�hÖ|@l!pqego�{�`^h3]^r�lF�1l!egf7\#|m]Jh3bdc!egf)l�ezR\#oµe
¹�`^b Â y�hqe/_Mh3h3bFl!b {:e%_m\��#h � eg`^pqh3o*Æ�l�bdr	(��¡ ¦�Z�³«l#¸P�afdh�b��dz�y�h � \�|åh3rdc�h3o-j ù ú ð3û 	���j�z��do�e~y�hRl!bx`^b eghqc#h � ���afdh�ogztl!]^]^h3oµe}hq�dl!zR�d]^h3o�l � h
Ê � j�Ê � jKÁ � jK� � j1l!bdr �³Ty�¸çÕ%|K6
`^o�l!b {�\ rdr.b �dz�y²h � j!_MhMf1l-�#h�Æ
w«wTw�(�`^|�l!bdr.\�bd]J{�`^|�& . ³RÆ�¸}Ãw«w«w'& . ³R(�¸��ç�mfdh � h3|*\ � h& . p-l!bdbd\!e
f1l-�#h~e%_m\ � ��h3rV�²\�`^b#ego-jdbd\ � p-l!bV`Jeap3\�b e�l!`^bVlt�O'Ópq{�p3]^h��³Tp"¸R½��dp�fïl��²h � z���e�l!eg`J\#b)\�| À l�]Jog\xrdh � bdh3otlx��h � z���e�l�eg`^\�b)(& \�|aegfdhVh3rdc�h3oR\�|�Ê ú je�l Ò `^bdc # Æ¾þA(-%�* ·+(&�À # &i³RÆ�¸�þ,&i³R(�¸Q%#j�l!bdr�`Je-k oPh-l!o�{´eg\:ogh3h�egf1l�ePegfdh�p�{�p3]^h�]^h3bdc!egfdoP\#|�(&�l � hl!]^]dz��d]Jeg`^�d]Jh3o�\�|²ud��Õ%|-(&Ff1l!o7ùçp�{�p3]^hqo-j�_Mha\�y�e�l!`^bt�V=¾ogh3]^|Ò'«p3\�zt�d]^hqzth3b#e�l � {�c � l!�dfdoåy#{.�1l!`^b#eg`^bdcegfdh�h3rdc�h3oa\�|çh-l!p�fFp�{�p3]^h}_
`ÏegfFl!]Jegh � b1l�eg`^bdcRpq\#]J\ � o3�
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J�X�c�L
CV^EL^ER M0YOP L7KOR U�CED�Y�T�^^EL P ` GIH
J�X�c�L
CV^ELR ^EJ�P DQSEL Kmc�L
CiSER H
L ^Ö L SEL CV^EL
X~U�CED�Y�TÙ J h D�P L h ^ g RÏ L X�J�XSECER DQX�U�N�P DQC�U�CER K\]CVJ�J g ^H
J�M0YOP L´SEL7U�CED�YOTÖ L SEL CV^EL
XK�R D�M2L SEL Ch T�L L
P

³Tr�¸�Õ%b.egfd`Joåp-l!ogh.&�f1l!oÃl~�dbd`^Ì��dh � ��h3rR��\#`Jb e�(�j l!bdr�Â�n�ÀGÂ0/�(�`^o�ogh3]^|Ò'«p3\�zt�d]^hqzth3b#e�l � {#�½��d�d��\#o�h�&7f1l!o7&�pq{�p3]Jh3oa`^b´l!rdrd`Jeg`^\�b:eg\´³R(�¸�÷�egfdhqb1(&7f1l!o7&�pq{�p3]^h3om`Jb �#\�]J��`^bdc�egfdh}h3rdc�h3oMegf1l�eeg\��dp�fÖ�#h � eghq�s(�j1l!bdr´egfdh � h�l � h�� Ì _ml-{�oMeg\Rhq��eghqbdrkÂ�n�eg\tl.c � l!�df<Â��£ 2 É ½ É N É U P�É�Ê3Ë Î���½�l�p�fdo-j�BkÇ�²*µ^Ü@Ù�¨�©«ÜI°�Ú²¯gâ}§x¨�©«ª²¯Q±:¨�©«Ü*Ù43 ¯)³T¦}h3y � h3pqh3b�j��-¶�æ#�#¸�j���ß!Á"ºd�!Ô�Ô�÷{���¤
`^bdc�h3]«j�ºPã�Ù�ªdÜTÝtÛd¯�ã
§�¨�©«ª²¯Q±Ö¨�©«Üqå�Y#°)³µ�"¶�æ�¹#¸�jd¹ ·�u�º�¹#·�Ô�� »¡ ¯�ZÖ½�\�]^��eg`^\�b5��jny#{�Î��¾½�l!p�fdo3j�_
`Ïegf5&ïÀ�³µ�¾�Öÿqÿ3ÿ1u è�¸��}Ð¾hqerÆ�w«wTwk(V_
fdh3b"Æµ!�("! Á´l!bdr
Æ.ô}(
zR\�r~u��ó��÷�l!]^o�\RÁ�wTw«w�(t_afdh3b	(PzR\�r���ÀÂÁ��½�\�]^��eg`^\�b���j1_a`Jegf6&7À ³«î � é � é � ¢ � ¸²ÿ3ÿ3ÿ-³«î � é � é � ¢ � ¸�j1_afdh � h�î y À u���w�¹�j�é y ÀóuO��w)��jé y À�u��Rwó��jål!bdr ¢ y ÀíuO�1�.Ðnhqe.Á�w«wTw�é y wTw«w5î y w«wTw é y wTw«w ¢ y w«w«w)ÁF|@\ � �����9�íè²jål!bdrî}ö�wTw«wtî y w«w«wté�ö�wTw«w�¢ y w«w«w é ö�w«w«w é y wTw«w�¢æö�w«wTw:é y wTw«wtî}öµj1|*\ � �m��÷Ó�à��� è��¦-¼�Z�³Ó½�\�]^��eg`^\�b�y#{${��²¤
`Jbdc#hq]«� ¸FÐnhqe�&5y²h�l!o}`^b�l!bdo�_Mh � ß!¶�j²og\�]^��eg`^\�bx���}Ðnhqer¿ � y²h�egfdh�¹#èh3rdc�h3oÃé y wTw«wtî y wTw«w é y wTw«w�¢ y |*\ � �¹�à����è�÷#]^hqeä¿ � y²hMegfdhaÔ ù � ð�û h3rdc�h3oåy�hqe/_Mh3hqb # îæö�þ�é�öµþ é ö�þ
¢æö %l!bdr # é y þd¢ y %Ö|*\ � ��� ÷����5�íè�÷Ã]Jhqe�¿ ð y�htegfdhÖÔ�ù �ð û h3rdc�h3o�y�hqe/_Mh3h3b # î}ö�þgé�ö�þ é ö�þd¢æö %´l!bdr# î y þ é y %�|*\ � �v�ø÷7�5����è��ÃÕ%bFp-l!oght³«l#¸�j�¿ � éE¿ � c�`J�#h3oard`�l!zthqegh � ��÷K¿ � é"¿ ð c�`J�#h3oard`�l!z�'hqegh � ¹���ñml!ogh}³Ty�¸n`^o�o�`^zR`^]�l � j�yd��e�_MhMl!rdrR��è�h3rdc�h3oåé y w«wTwtÁ�wTw«w�¢ y eg\�¿ � j�î y wTw«wtÁ�w«w«w é y eg\'¿ ð �¦�Y�Z���7� j�Ê87� jä� À jil!bdr}� � À � ³T�afdh P�Ç U S!É N Ê3É � � \�|Pl�rd`^c � l��df}�`^o~\�y�e�l!`^bdh3r�y { � hq�#h � og`^bdcÖegfdh�rd` � h3pqeg`J\#b�\#|Ã`Ïego�l � p3o-���afdh � h.l � hÖ�-æÖbd\#bd`Jog\�zt\ � �dfd`^p�o�`^zR�d]^hrd`^c � l!�dfdom\�|n\ � rdh � ¹�_a`Jegfd\���em]^\�\��do3j��-Á�\�|n_
fd`Jp�f´l � h}oghq]^|Ò'Óp3\�b �#h � o�h�j�`^bdp3]^�drd`Jbdc���7� l!bdr�Ê97� � ¸¦�¼�Z�³«l#¸.� � �dh�jmy {5rdh � bd`Jeg`^\�b�� ³Ty�¸.� � �dh���Õ%|}hq�#h � {5�#h � egh���f1l!o"¢7bdh3`^c�f�y�\ � o-jMhq�#h � {�h3rdc�h
Æ}w«w«w�(Öf1l!o~¢�wï��bdh3`^c�f�y�\ � o�Æ~wTw«w�Ç l!bdr�¢�wï��bdh3`^c�f�y�\ � o�Çxw«wTw�(���³Tp"¸m� � �dh!� # î}ö�þ�é y %�f1l!ov ô)¿´w��.bdh3`Jc#f y²\ � o3j1|*\ � Á��ø÷Ó�ïv l!bdr�Á��à���ï¿��
³Tr�¸M[�l!]^o�h��åüP³RÊ � ` � ` ð ¸Mf1l!oP·�� h � eg`^p3h3ol!bdrïÔxh3rdc�h3o3�ò³Th"¸�� � �dh��ò³T|g¸�� � �dh!�V�afdhV\�bd]J{)bd\�b1l!r*��l!p3hqb eth3rdc�h3o:l � h # Á�þq�*%¹Ãw«w«w # ��þg¹}% j# Á�þ��æ%�Ãw«wTw # ��þg¹}%#j # Á�þg¹}%�ÃwTw«w # ��þ��æ%#�F³Tc ¸P� � �dh�j¾|*\ � l!]^]�¿�! Ád�V³Tf�¸}[�l!]^o�h�j¾�dbd]Jh3ogo�Â f1l�o�bd\`^o�\#]^l!eghqrÖ� h � eg`^p3h3o3�¦1±�ZtÕÓeF`Jo´egfdh|��hqegh � o�h3bÂc � l!�df�� £ Ä�����\"_ml!]^hq_ao Ò `«j~Ø�Ü«©«®�Ç!Ú�Í#â�²d¯�ã�Ü*Ù�ª�©/¯2Ûd¯�ã³º�å!¨ Ûd¯d±tÜ@¯xÛd¯�ã
£xÜ^â�âq¯�Údâ�Ù�ª�¨�Ý%©/¯�Ú�Ü^Ú<£xÜ@¯gÚ�j#Í�l�egfdh3ztl!eg`Jogp�f�' 8 l�e-�b��]^l�o�ogh�j!ÄPy�egh3`^]J�dbdc~ÕµÕ/l�j1Yd¼��V³µ�-¶��"ß#¸�j!æ ß-º�¶�Á�� »¦�°¾ZRäåh3o-�åÐnhqe�&i³ # î":�þ�é,;æ%�¸�À # îK0 : � ; 4=<�>,? � þgéb0 : � ; 4@<�>,? � %�|*\ � Á��´Æ¾þA(Û�ï¹d�¦�Þ�ZtÐ¾h�e~egfdh��#h � eghq��rdh3c � h3h3o�y�h # ¢ � þ3ÿ3ÿ3ÿ3þd¢ ú %#���afdhqb¥Â�f1l!o �ð ³V¢ � ô �W�W��ô�¢ ú ¸Ph3rdc�h3o3j¾l!bdrüP³�Â�¸�f1l�o �ð ³V¢ � ³V¢ � w��"¸�ô|�W����ôõ¢ ú ³V¢ ú w��"¸�¸����mf��do�Âòl!bdrtüP³�Â�¸�y�\!egftf1l-�#hahq�dl!pqeg]J{.¿Vh3rdc�h3o`^|�l�bdrt\�bd]J{.`J|�³V¢ � w´��¸�ð²ô$���W�µô2³V¢ ú w´��¸�ð
ÀÂÁ��åñM\�bdo�h3Ì��dh3b#eg]J{Rh���h � p3`Jogh}·!Ô�c�`J�#h3o�egfdhPl!bdo�_Mh � �£ ½�h3h�Ø��uØ��1Í�h3bd\�b�j¾øå¨�Ú�¨#Û Ü*¨�ÚF§x¨�©«ªn¬�
¹Ç*µaµÓ¬-¦7³µ�-¶�æ ·�¸�j1ß-º���·�� »¦-��ZtÕ%|,ÂòÀ egfdh3b ÂòÀ À�üP³�Â�¸��¦ ¡ Z�³«l#¸�äÃhqo-j�h3l�o�`^]J{#�a£ Õ%bÖ|@l!pqe-j�¤���ÐÃ��× � \�\ Ò oif1l!oM� � \"�#h3rtegf1l!e ÉªS�É Nª«�p3\�bdbdh3pqeghqr´c � l!�df:_
`Ïegfztl!��`^z��dz �#h � eghq�Ördh3c � h3h�¢�!Â��`^ok¢&'Ópq\#]J\ � l!yd]^h!j1hq��p3hq��eP|*\ � egfdh�p3\�zR�d]^hqegh�c � l!�df	Ê ë � � ÷1o�h3hBåã�°�Ù"¬¾ø�¨*±³²!ã�Ü*Û�Íd¯ÈBåªdÜ�µÓ¬1Ø-° Ù�¬�± ¡ ³µ�"¶!ud�"¸�j��-¶!u!º��-¶#ß�� »³Ty�¸ 8 \d�M�mfdh � h�k o
h3o�ogh3b#eg`�l!]^]J{Ö\�bd]J{V\�bdh~_al3{´eg\t¹�'Óp3\�]^\ � egfdh�h3rdc�h3oP\�|¾egfdh�\#��egh � ·O'Ópq{�p3]^h`^b´[�`^cd�²��³Th"¸�÷�egfd`Jo
|*\ � p3h3o
l.pq\#bu�1`Jpqe
\�b´egfdh�`Jbdbdh � ·�'«pq{�pq]^h��P£ ��h�egh � ogh3b´� � \-� hqrVegfd`Jo
`Jb2�-Ô�¶#Ô�� »¦-¦�ZÖ¥Pbdh
pq{�pq]^hard\�h3o�b�k ei�do�hmegfdh
pqh3b egh � �#h � eghq�²j�l!bdrRegfdh � h
l � h�³T¿�wF�"¸q³T¿�w:�#¸çpq{�p3]^h3oåegf1l�eÃrd\³Tb1l!zthq]J{#j#\�bdha|*\ � hq�#h � {.\ � rdh � h3rR�1l!` � \�|²rd`^o�eg`Jbdpqeå�#h � eg`^p3hqoå\�bRegfdh � `^zÖ¸����7hard\�b�k eÃp3\��db#e�� � �¦-¯�Z:×i\�egf´og`^rdhqo
hqÌ��1l!]BA�CEDEDDGFEDDGDEHJI j�A-CLKGKK)FMKKNKOHJI j�A�CPKGKDGFMKDGDEH'I j�A-CNDEDK)FQDKNKRH'I j � hqog��h3pqeg`J�#h3]J{��¯-¼�Z�Ê � l�bdr Ê � ÷�Ê � ` � ` ð l!bdr Ê � ` � ` ð ÷�Ê ð ` ð Àý� � l!bdr Ê ð ` ð ÷�Ê � ` � l!bdr Ê � ` � ÷�Ê � � Ê � ` ðl!bdr)`Ïego�p3\�zR�d]^h3zRh3b e-÷Ãl!]^]Ãc � l!�dfdo¸ÊTS)l � h:p3\�c � l!�dfdo�y#{ ³VU"W�¸��xÍ�`^o�og`^bdcF`^o¸Á � À Á � �5³TÄP]^]p3\�bdbdh3pqeghqrFog�dydc � l!�dfdoa\#|çl.p3\�c � l��dfVf1l-�#h~rd`�l!zth�egh � � ��÷�X � `^o
l.p3\�c � l!�df�j1yd��e
bd\!eYX � � ¸
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¯�Y�Z�³«l#¸ ÷ ³Ty�¸ ÷ ³Tp"¸ ÷ ³Tr�¸ ÷ ³Th-¸ ÷ ³T|g¸ ÷ ³Tc ¸ � ³TÕ%b�c�h3bdh � l!]m_Mhf1l-�#h�Ê ð�^J_ À�³RÊ ð _ ¸�é�³RÊ ð-` _ ¸�j�l!bdr<Ê ð-a�_ À _ wTw«w _ �
�mf��do
egfdh�p3\�`^bdpq`^rdh3bdp3h3o
Ê ð ^�_ À�Ê ð _ l!bdr	Ê ð ab_ À�Ê ð Ê _ \�p3p3� � `^|çl�bdrV\�bd]J{Ö`^| _ `Jo
l.p3\�zR�d]^hqegh~c � l��df�� ¸c U É � Ç U QóPqÊ3Ë ¥P� � bd\!e�l�eg`^\�bdo'Â _ l!bdrkÂ Ê _ bd`^p3h3]J{Vztl�egp�fVrd`�l!c � l!zto�³«l#¸ml!bdr)³Tp"¸�jl!o:og�dc�c�h3o�egh3r y#{�Ñd� 8 h=do�hqe4d� `^]Tj7ç�¯3Ù-©dÇ!ã�¯�ßm° ©/¯�â:Ü^Ú ø7°O±�»�¬MØ1Ù�Ü«¬
Y�Y}¦ ³µ�-¶�Ôd�"¸�ja¶!u�º��-Á ���òÎP`^ol!b1l!]^\�c#\��do � hqp3\�ztzRh3bdr1l�eg`^\�b eg\�_ � `ÏeghEÂ Ê _ |*\ � ³Ty�¸t`JoVl!]^o�\�egh3zR��eg`^bdcd÷~yd��eV`ÏeÖ_ml�o�b�k el!rd\���egh3rVfdh � h�j1y�h3p-l!�dogh�f �dbdr � h3rdoP\�|�l!��egfd\ � oaf1l3� h��do�h3r<ÂxÊ _ eg\Rrdh3bd\!egh�Â _ �¯�¼�Z�³«l#¸ ÷7³Ty�¸ ÷7³Tp"¸ ÷7³Tr�¸ ÷7³Th"¸ �¯1±�Z�Ê 2 Ê Ê ú À�Ê 2 a Ê ú'eÀ Ê 2 ú �¯�°¾Z 8 \d÷degfdh�{�k � h�`^bdrd�dpqh3rFog�dydc � l!�dfdoa\�|�Ê ð
� Ê ð
� Ê ð � Ê ð � Ê ð
� �¯�Þ�Z�³«l#¸�¢ : ôÛ¢ ; �M³Ty�¸�¢ : ¢ ; �m³Tp"¸?¢ : ¢ ; ô�¢ : ô�¢ ; �m³Tr�¸?¢ : ³T¿Pw�¢ ; ¸!ôF³Tv�w�¢ : ¸ ¢ ; �m³Th-¸�¢ : ¿môÛ¢ ; �¯-��Z�³«l#¸Ëÿ � À ÿ `�f ô fg` �t�m³Ty�¸jÿ Ê � À ÿ �.ô¹ÿ ` �t�M³Tp"¸Ëÿ ^ � À ÿ ` Í ô Í ` �:wP�*ÿ ` �t�³Tr�¸�ÿ a � À ÿ ` Í ô fh` �t�M³T[1\ � z��d]^l�oM³«l#¸�jd³Ty�¸�j�l�bdrÖ³Tr�¸nrdh � bdhMc � l!�df�� � \ rd�dpqego�\�|�l � yd`Je � l � {rd`^c � l!�dfdo:l!bdrïz��d]Jeg`Jc � l!�dfdo3�ï[1\ � z��d]�l�³Tp"¸�`^o.�!l�]J`^rï`Jbïc�h3bdh � l!]a|*\ � o�`^zt�d]JhVrd`^c � l!�dfdo-÷ayd��ebdh3c#l�eg`J�#h�hqb e � `^h3oap-l!b´\�p3p3� � _
fdh3bõÿ l!bdrL� p3\�b e�l!`^bÖ�!l!]^�dh3or!ò��� ¸i'Q@ÊgÈ%Ç N QRP ���*U Ç�È/ÉqÊqË �afdh�rd` � h3pqe´� � \ rd�dpqe´\�|�ztl�e � `^p3h3o:`^o:\�|�egh3b p-l!]^]^h3rïegfdh<� � \�bdh3p Ò h �� � \�rd�dp�e-j²y²hqp-l!�dogh��.��ÎPh3bdogh3]M£^øçã�¯Qµ�µ@¯:Y�¼²Þ7³µ�"Ô�Ô�¶#¸�j²¹#�!¶"º�¹!u�u!»¾ogl!`^rFfdh�f1l!rFfdh-l � r�`Je
`^b<� � \*'bdh3p Ò h � k o~]^hqpqeg� � h3o-÷�fd\"_Mhq�#h � j>� � \�bdh3p Ò h � bdhq�#h � l!pqeg�1l!]^]Ï{��d�dyd]^`^o�fdh3r2l!b { egfd`^bdcVl!y�\���e�`Ïe-��ÕÓego�1� o�e Ò bd\-_
b�l��d��h-l � l!bdp3h�_al!on`^b�lm�1l!��h � y {�Ñd��{��@j²h3fd|*�dogoi£ kn¯�Ü«©«â�Ù�ªdã�Ü�Ý%©�ÝmlÇ!ã¾§�¨�©«ªn¬*Ç!Ú²Û'Båª�·�âgÜqå±F³µ�-Ô#·!Ô#¸�j��!¶�Ô�º�¹�Á��q»Ój!_
fd\�� � \"�#h3r�egf1l!eårdhqe"³Vÿ ` ��¸åÀ ³Trdhqe]ÿ}¸µú�³TrdhqeK��¸ 2 _
fdhqbtv�À�v	n�l!bdr¿FÀ�¿on«���afdh
y1l�o�`^p
|*\ � z��d]�l!oP³Vÿ ` ��¸ � À ÿ � ` � � j�³Vÿ ` ��¸q³Vÿ�n ` ��n*¸åÀ ÿzÿ�n ` ����nÓj�l!bdr³Vÿ ` ��¸ � � À ÿ � � ` � � � l � h~rd�dh~eg\RÄ��1ÎP� � _a`Jed�t£ §x¨�©«ªn¬�ºPÚdÚ�¨�µ@¯�ÚV°�Þ2³µ�-Ô#¶!u ¸�jd¹�Ôd��º u#Á!u�»«�¯ ¡ ZÖ¥P�²h � l�eg`^\�bdoa\�bFl!r*�µl!p3h3bdpq{Öztl!e � `Jp3h3om� � \"�#h}egf1l�e�³�Â � Â�n*¸ _ À ³�Â _ ¸ � ³�Â�n _ ¸�÷³�Â � Â n ¸ Ê _ À ³�Â Ê _ ¸ � ³�Â n Ê _ ¸�÷�³�Â � Â n ¸ a�_ À ³�Â a�_ ¸ � ³�Â n a�_ ¸�� ½�`^bdpqh
Â _ eÀ _ Â�j)Â `n_ eÀ _o` Â�j�l�bdr<Â Ê _ eÀ _ Ê Â�jd_Mh�l!]^o�\Rf1l-�#h � `^c�f#e
'Órd`^oµe � `^yd��eg`J�#h]�l-_ao�Â ³ _ � _ n ¸ eÀ ³�Â _ ¸ � ³�Â _ n ¸�÷�Â ` ³ _ � _ n ¸ eÀ ³�Â `p_ ¸ � ³�Â `q_ n ¸�÷
Â Ê ³ _ � _ n ¸ eÀ ³�Â Ê _ ¸ � ³�Â Ê _ n ¸����afdh
]^hq��`Jp3\�c � l!�dfd`^pa� � \�rd�dpqeMo�l�eg`^o � h3o Â ab_ À Â a _ ÷l!]^og\ÈÊ 2 ag_ À _ w«wTwõ���W��w«wTw _ j!fdh3bdp3h�Ê 2 a Ê ú À�Ê ú ` r r r ` ú ��[1� � egfdh � zR\ � h7Â a Ê ú ÀdÂ Ê Ê ú ÷Ê 2 ` Ê ú À Ê 2 Ê ú À�üP³RÊ 2 ` ú ¸��¯-¦�Zt�afdh � hPl � h
è�ú�p3\�zR�²\�bdh3b#egoa³Ty²h3p3l��do�ha\�|1egfdhard`^oµe � `^yd��eg`J�#hm]^l-_
o�`^b�egfdha� � h���`^\��doåhq��h � p3`^o�h�jl!bdr´egfdh�|@l!pqegomegf1l�e�Â _ l!bdr<Â Ê _ l � h�pq\#bdbdhqpqegh3rV_afdh3b<Â l!bdr _ l � h~p3\�bdbdh3pqeghqr�¸��¯-¯�Z:à��#h � {��1l�egf�| � \�z ³RÆ¾þ:(�¸meg\x³RÆ)n«þA(�n*¸a`^bEÂ _ z��doµe}�dogh.l�e~]Jh-l!o�e¹¢gsM³RÆ¾þ5Æ)n@¸tõÐÂz'«o�egh3�do�öl!bdr7l�e~]^h-l!oµev¢"t�³R(�þ5(�n*¸Öõ _ '«o�egh3�do�ö1÷nl�bdr�egf1l�e�zR`^bd`^z��dz `^o�l!p�fd`Jhq�!l�yd]Jh��.½�`^zt`J]�l �~� h3l�o�\�bd`^bdcogfd\-_
omegf1l�ek¢gs u t�³�³RÆ¾þA(�¸�þ-³RÆ n þA( n ¸�¸�ÀÂztl���³V¢gsM³RÆ¾þAÆ n ¸�þd¢"t�³R(�þA( n ¸�¸��
Y�¼À¼�ZtÕ%|�Â l!bdr _ l � h�p3\�bdbdh3p�egh3r�j�l!bdr�`^|�h-l!p�f�\�|�egfdh3z f1l!o}l�eP]^h-l!o�e
e%_M\R� h � eg`^p3h3o3j>Â `n_`^omrd`^ogp3\�bdbdh3p�egh3rV`^|çl�bdr´\�bd]J{Ö`^|¤Â l�bdr _ l � h~yd`^�1l � eg`Jegh����mfdhFõµ`^|µö.�1l � e
`Jomh-l!o�{�÷dp3\�b �#h � o�h3]J{#j`^|åegfdh � h�k o�l�b2\ rdr7pq{�p3]^hR`Jb¥Â�jn_MhRp-l!b2c�hqe�| � \�z ³RÆ¾þA(�¸
eg\7³RÆ n þA( n ¸}l!o�|@\�]^]J\"_
o3�~[�` � oµe�c�\´eg\³RÆ)n n«þ:(�n�¸�j _
fdh � h�ÆKn n²`Joml!b#{R�#h � egh��t\�|�ÂÂegf1l�eMf1l!�d�²hqbdoieg\�y�hPhq����h3rd`^h3b#e-���afdh3bt_ml!] Ò l!b:hq�#h3bb��dz�y�h � \�|�oµegh3�do}`Jb"Â | � \�z Æ)n nçeg\�ÆKn«j²_afd`^]^h�l!]Jegh � b1l�eg`^bdc:`Jb _ y�hqe/_Mh3hqbk(�nçl�bdr�\�bdh�\�|�`Jegobdh3`^c�f y²\ � o-�
£ �ç�1Í����7h3`^p�fdoghq]«jKBåã�° Ù�¬�ºz±´¯�ã-¬�§x¨�©«ªn¬1Ø-°�Ù"¬�Y�±7³µ�-¶#æ#��¸�j�u ß"º�·���� »
Y�¼�Y�ZÖñMfd\ \#o�h��#h � eg`Jp3h3okÆ l!bdr�(Â_
`Ïegf ztl!��`^z��dz rdhqc � hqh�� �mfdh3b�¢v:Vô ¢v; À ¢v:}¢v;�y#{hq��h � p3`^o�hF¶#·�÷mo�\2hq`Jegfdh � Â À _ À Ê � jÃ\ � ¢v:5À ¢v;2À ���5Õ%b5egfdh´]�l�e�egh � p-l!ogh�jgÂ ÀñÁ 2\ � � 2 j�l!bdr _ ÀdÁ ú \ � � ú �M×i��e'Â _ `^o
pq\#bdbdhqpqegh3r�j�og\�Â \ � _ z��do�eay²h�bd\�b�yd`^�1l � eg`Jegh�jo�l3{}Â����afdh3b´Â _ `^o�bd\#b yd`^�1l � eg`Jegh�j�o�\ _ z��doµe.l!]^o�\�y�hÖbd\�b�yd`^�1l � eg`Jegh!÷åegf��do�Â Àý� 2l!bdr _ À¹� ú jM_a`Jegf�v l!bdr�¿òy�\!egfï\ rdr����mfdhFo�fd\ � egh3o�etpq{�pq]^hV`^b�� 2 � ú f1l!ot]^h3bdc!egfzR`^bn³Tvxþµ¿¾¸�÷ç`^b¥� 2 ` � ú `Ïe�f1l!o�]^h3bdc!egf2ztl���³Tvxþ�¿¾¸�÷çfdhqbdp3htv À ¿��tñM\�b �#h � o�h3]J{#jn`^|i¿Fl ¹
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`^oÖ\�rdr�j
_Mhxf1l3� hE� ú � ú)eÀ � ú ` � ú j
�dbdrdh � egfdhx`^o�\#zR\ � �dfd`^ogz egf1l�eÖe�l Ò h3o2³RÆ¾þ5(�¸y* ·³�³RÆRô´(�¸�zR\�r}¿�þ-³RÆ´w¥(�¸²zt\ r~¿¾¸a|@\ � Á³�dÆ¾þA(õ�ó¿��t£ ¦���Ñ���Í�`^]^]Jh � jåø�¨�Ú�¨ Û Ü�¨!ÚE�d¬²§x¨�©«ªn¬�¼�¼³µ�-¶�æ#Ô#¸�j��"·��#��º��"·������ »
Y�¼²¼�Z�Á 2 Ê Á ú �a³TÕÓe
`^oa�d]�l!b1l � \�bd]J{:_
fdhqbFzR`^b�³Tvxþ�¿¾¸2� ��\ � v�À�¿FÀó¹�� ¸
Y�¼�±�Z z { | ( } ){ z | ( ~ �| z { } ~ �( z { } ~} | ( z )~ { | () } z� { |

z { | ( } ~ ) � �{ z | ( ~ � �| z { } ~ � �( z { } )} | ( z )~ { | z )) ( } ~ z� { | z �� � { | z
Y�¼d°¾Z:àårdc�h3o}z��do�ePy²h�p � h3l!eghqrx`Jbxl:o�\#zRhq_af1l!e}pq` � p3�d`Jeg\��do}\ � rdh � j²eg\Öztl�`Jb e�l!`^bVegfdh�e�l!yd]^h-l!�ogf1l!��h��äØil � `�l!yd]^hqoÈ&Rl!bdr�÷Ãz:l ��Ò egfdh�oµe�l � eg`^bdctl!bdrVh3bdrd`^bdc � \"_ `JbFpq\#]J�dztb³ù��i[�\ � hq��l�zR�d]^h�jegfdh�oghqp3\�bdrx�1l � e}\#|�hq��h � pq`^oghÖ�-Á�¹:y�h3c�`^bdo}_
`Ïegf�÷�â ��jËù7â Ô�j�&�â �#÷�egfdh3bx¶Mw«wTw7��jj÷�â ��jùäâ ædj�&1â ¹�÷�egfdh3bF¶�w«wTw:¹�j1¶�wTw«wt��j�÷¤â udj�ùäâ udj�&1â Ô�÷�egfdh3bF¶�w«w«wtÔ��
Y�¼²Þ�Z 8 \!eg`^p3h}egf1l!ek¢ � l èÖ`^|çl�bdr´\�bd]J{Ö`^| é � l è����Âfdhqb�¢ � l�èt_Mh�f1l-�#hé � ô��W�W�"ô é � À è ð ô)zR`^bn³Óè�þd¢ � � � ¸�ô)zR`^bn³Óè�þd¢ � ��ð ¸�ô ���W�"ô5zR`^b�³Óè²þd¢ ú ¸�÷egfdh � h3|*\ � h~egfdh�p3\�bdrd`Jeg`^\�b�¢ � ô��W�W�"ô ¢ � � é � ô������-ô é � w�è:`^oah3Ì �d`J�!l!]^h3b eaeg\¢ � ô ���W�"ô ¢ � ��u¾³Óèd¸�þ _
fdh � h�uç³Óè�¸åÀóè²³Óè²w��"¸�ô)zR`^bn³Óè�þd¢ � � � ¸�ô ���W�"ô5zR`^b�³Óè²þd¢ ú ¸�� ³��!¸
Õ%|iè<l ��_Mh�f1l-�#h�u¾³Óè�ôó�"¸�w�u¾³Óèd¸mÀ ��è�w ¢ � � � l ¢ � � � ÷�fdh3bdpqh´³���¸afd\�]^rdo}|*\ � ��� è��ó¿`^|ml!bdr2\#bd]Ï{2`J|M`Je�fd\�]^rdo�|*\ � ��� è5� ���Vñi\�bdrd`Jeg`^\�bï³��!¸P_al!o�rd`^o�p3\"�#h � h3r2y {|�ç�çà � r��\�o�l!bdr���2{}l!]^]�l!`�£ §x¨�©/¯Q±:¨�©«Ü$å�¨�Ügç�¨W»?°bå Y�Y�³µ�-¶�æ�Á#¸�jM�!æ�u�º���ß�u�»«�)ÕÓet`^o.\�y ��`^\��dog]J{)bdhqp3h3ogogl � {#ji`J|
_Mhp3\�bdog`Jrdh � egfdh�h3rdc�h3oay²hqe%_Mh3h3b # �#þqÿ3ÿ3ÿ3þ�èÀ%�l�bdr # è�ô���þ3ÿ3ÿ3ÿ3þ�¿?% �Ð¾hqeMî � À ¢ � ô5�W�W�gô�¢ � w é � w$�W�W�qw é � ôxè�j�l!bdr:o��d�d�²\�ogh
egf1l�eMî � ! Á�|*\ � o�\#zRh}èÛ���l!|�egh � oµegh3�do�Î}¹�l!bdr�ÎPu�f1l-�#hÖl!pqegh3r���Ðnhqe�ÿ y j�� y j,� y j,f7jål!bdr��òy�h:egfdh:b��dz�y�h � o�egf1l�ep3\ ��� h3o��²\�bdr)eg\2î y j é y j7¢ y jÃ¿�jil!bdrø��� É ½ Ç N É oµegh3�do.Î}¹xl!bdr5ÎPu1÷iegf �do�f À ¿�ô ��jä� y À¢ y ôÂ³«Á.\ � �"¸�jdhqegp����7h}_ml!b eaeg\.� � \"�#h~egf1l�ekÿ��ú!ïÁ.|*\ � o�\�zth�Ê£���i�½ egh3�do.Î}¹xl!bdr5ÎPuxf1l-�#h � hqzt\"�#h3r�egfdhÖy�\�e�eg\�zRzt\�oµe�6Fp3h3]^]JoR`Jb5p3\�]^�dzRb9ù�jÃ|*\ � og\�zRhùgl��ij�eg\�c�hqegfdh � _
`ÏegfÖegfdh � `^c�f egzR\�o�eMp3h3]^]Joa`^b � \"_
o~�}egf � \��dc�f���j�_
fdh � hr6iô��:À�� � ���af �doÿ y ÀÂî y |*\ � �¹�à���|��÷1|*� � egfdh � zR\ � hvÿ y Àóî y _
fdh3b���l�� = �Ð¾hqeÃè�y�hmzR`^bd`^ztl!]#_
`Jegf.î � !ïÁ�j#l!bdr�]^hqeÓ¢ � À ¢1÷#bd\!eg`^pqhiegf1l�e é � ��¢1�çÕ%|]¢�!�ù�_MhMf1l-�#hèÛ�|�nj#fdh3bdp3hzÿ � Àóî � !ïÁ����afdh � hq|@\ � ha_Mhaztl-{.l!ogo��dzthMegf1l�e2¢�À�ù�w�³«Á�\ � �"¸�j�l!bdr�� � À�ù��Õ%|åè"�5����� = _Mh�f1l-�#hv¢ y l´� y w��}À ùçw��1l�¢�w��1l é � wï�rl é y wï���Ã�mfdh � h3|*\ � hÿ��ÂÀÂîg��l î � _
fdhqbLÊ ÀG� = ÷d_Mh~z:l3{Öl�o�og�dzRh}egf1l�e'� = !��i�

8 \"_��J��À �J� � � À;ù�jåo�\�� À;ù��xÄP]^o�\2è)À;ù�÷Ã\�egfdh � _
`^o�h é � lN�7ô �k! ù�l ¢1��afdh � h3|*\ � h��}Àp��l�bdrõ¢.À¥ùÃÀ é = �i[1� � egfdh � l!b1l!]J{�og`^oaogfd\-_
oaegf1l�eaegfdh�\�bd]J{´�²\�o�og`^yd`^]J`Je/{:_
`Ïegfÿ = � Á�`^o7� y À ù�ô�£ �*l�ùg»n|*\ � �m�5���´f À ù�ô)����ÄP]^c�\ � `Ïegfdz Î rd\�hqom`^bdrdh3h3r´p�f1l!bdc�h}egfd`^oõµc�\�\�rdö.ogh3Ì �dh3bdp3h�`Jb eg\Rl2õµy1l!rdöR\�bdh�÷1yd��eÈ� � ô��W�W�"ô}� � À ù ð ô�¹*ù¾wï��`Joa\�rdr��
Y�¼À��Zt[�l�]Jogh~`^b´egfdh}e � `J��`^l�]�p-l!ogh3oM_
fdh3bõ¢��ó��l!bdrF¿"lø¢Pô����Ã¥Pegfdh � _
`^o�h~e � �dh��åÕ%bV|@l!pqe-j�egfdh�1� o�ea¿Öw5�~h3rdc�h3omc#hqbdh � l�egh3rV`^b´o�egh3�´ÎPu.p3\�b e�l!`^b´bd\.pq{�pq]^h3o-j�og\�egfdhq{Ö|*\ � zíl.o��1l!bdbd`^bdc�e � h3h��
Y�¼ ¡ Zt�afdhM�²h � z���e�l!eg`J\#b�&V\�|1hq��h � pq`^oghaß!ÔPe�l Ò h3o�l
�#h � eghq��\�|1rdh3c � h3h ¢}`^b#eg\�l
�#h � eghq��\�|�rdhqc � hqh¿PwÖ��w�¢1��ÄPbdr'&�ðM`JoÃl!b.l���eg\�zR\ � �dfd`^ogz egf1l�e��1l�` � o��d��e/_M\}�#h � eg`^pqh3o�\#|1h3Ì��1l!]�rdh3c � h3h�j#hq��pqh3��e|*\ � l.��\�ogog`Jyd]^h � ��h3rV�²\�`^b#e
\�|çrdh3c � h3ht³T¿´w��"¸
	����³ÓñM\�b �#h � o�h3]J{#j�l�og\�zth�_
f1l�ei`^b e � `Jp-l�eghPhq� egh3bdog`J\#b:\�|�ÄP]^c�\ � `Jegfdz ÎÂ_
`^]^]1p3\�bdo�e � �dpqeml�ogh3]^|Ò'p3\�zR�d]^h3zRh3b e�l � {5c � l!�df�| � \�z hq�#h � {�c � l!�dfd`^p3l�]aogh3Ì �dh3bdp3h�egf1l�e:ogl!eg`Jo � h3oRegfdh3oghFp3\�bdrd`Jeg`^\�bdo-j
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y P D�Y�T*D�MÙ P L R S@MqDQXMqDdpiJ�CVR Z L
KH
J�X�piNOUWDQSEL7Y*DQCiS@R SER J�X� N�P g L CV^EJ�XØ D�XOUÙ P L R S@MqDQXc�L CiS@L´bzH
J�X�X�L H SER c�R SoF× CVKxwJ�^Ù L
P P FÏ NOCEYOTWFv� ^ _ D hP J�J�YMÓN�P SER T�FOY&L
CVU�C@DQY�TD�K�piD�H L
XOH F¹MqDdS@CVR bP R XOL7U�CED�Y�TK�L U�CVL
L

� � \"��`^rdh3rxegf1l�e�¢�0 ú � �I4 Y ð À�³T¿�wÂ��¸
	��t_
fdh3b2¿�`Jo�\�rdr��:½�h3h:ñ}��¤��çÑ��¾ñM]�l!�df1l!z l!bdr2¦��çÑd�
�~]^h3`Jegztl!b�j)�d¬nø7°O±³²!Ü^Ú�¨�©´°"ã�Ü*¨�µÓ¶çª²¯W°"ã´·��.¼-¼7³µ�-¶#ß!æ#¸�j1æ#ß"º�ß�ud� ¸
Y�¼À¦�Z��7h�ztl-{ïl!ogog�dzRhFegf1l�e³¢ �� l �W�W�1l ¢ �ú ÷~egfdh�`^b�'Órdhqc � hqh3o�¢ �� bdh3hqrÂbd\!e´y�h�`^b�l�b#{�1l � eg`^p3�d]�l � \ � rdh � �tÄP�d�d]Ï{2ÄP]Jc#\ � `JegfdzXÎ eg\´egfdhRo�h3Ì��dh3bdpqhÛ¢ � ÿ3ÿ3ÿd¢ ú Àò¢ �� ÿ3ÿ3ÿd¢}�ú j¾yd��e�_
`ÏegfegfdhM|@\�]^]J\"_
`^bdc}p�f1l!bdc#hqo-��½ eghq�RÎ~�
y²h3pq\#zRh3o�õ-£ ¦}\�bdh@�3»M�çh � zR`^b1l�eghmo��dp3p3h3o�og|*�d]^]J{�`^|]¢ � ÀÂ¿FÀÂÁd÷egh � zR`^b1l�egh:�dbdo��dp3p3h3o�og|*�d]^]J{7`^| ¢ � !�¿�� ö ÄP|�egh � oghqe�eg`Jbdc�÷gj�ù�jÃl!bdr¥&F`^b�o�egh3��Î}¹�j�egh � zt`Jb1l!egh�dbdog�dpqp3h3ogo�|*�d]^]J{R`^|Ë¢ �ú ! é � ÷�\!egfdh � _
`^o�h
rd\�oµegh3�tÎPu�|*\ � �m�5���ø¢ �ú j#egfdh3b:ogh�ei¿<â ¿�w��}l!bdr� hqeg� � bÖeg\�Î~����Õ%b´o�egh3�ÖÎ~·�j�\#zR`JeRõ é y â é y w)��j öRl!bdr´p � h3l!eghPegfdh�l � p�èÃw«w · ¿�`^bdo�egh-l!rÖ\�|negfdhh3rdc�h�èiwTw«wR¿���ÄPb�l � c��dzRh3b ea]^` Ò h}Ð¾h3zRz:l.Í l!bdr�ñi\ � \�]^]^l � {:Î��µ�doµeg` � h3oMegfd`^o
l��d� � \#l!p�f��³«à���h � pq`^oghPß�� ���^��� u�º�·#ßP� � \"�#h3oåegf1l�eÃog�dp�ftrd`^c � l��dfdoÃh���`^oµei`^|�l!bdrt\#bd]Ï{.`^|Ë¢ �� ô|�����µôõ¢ �ú À¢ � � ô �W�W�dô�¢}�ú l�bdr�¢ �� ÿ3ÿqÿd¢ �ú À # ¢�n � þqÿ3ÿ3ÿ3þd¢�nú %#jm_afdh � h$¢�n � l ���W�rl£¢�nú l!bdr�¢�n � ÿ3ÿ3ÿd¢�nú `^oztl*�/\ � `��3h3rÖy#{tegfdh}p3\�b*�µ�dc#l�egh~�1l � eg`Jeg`^\�b é � ÿ3ÿ3ÿ é ú À ³V¢ � � ÿ3ÿ3ÿ
¢ �ú ¸ � �å�mfdh}�!l � `�l!b eM_
fdh � h~]^\�\��do(Ãw«w ·ú(}l � hÃ|*\ � yd`^rdrdh3b�`^o¾f1l � rdh � ÷�o�h3hÃ¦P�g¤��g[1�d] Ò h � og\�b�jVBå¨#Ù�Üqp²Ù,�d¬-§x¨�©«ªn¬�Y�¼t³µ�-¶�æ#Á#¸�j�Ô�¹���º�Ô�¹�æ�� ¸
Y�¼À¯�ZtÕÓe-k omegfdh�ogl!zth�l!oahq��h � p3`^o�hR�-Á�Ô�j1`^|n_Mh��d��ez¢ �� À ¢ � £^èk�Fv�»¾l!bdrõ¢ �� À ¢ � £^è�!Vv�»Ó�
Y�Y�¼�Zt�afdh � hil � h����#h � eg`^p3h3o¾\�|�rdh3c � h3h2¢�À¥¢ � l!bdr�6M�#h � eg`Jp3h3o¾\�|drdh3c � h3h2¢�w���j"_
fdh � h���ô16�À�¿��ñml!ogh��#j7¢7À ��èRô �#�7Í�l Ò h�ÆFwTw«w´(x_
fdh3bdh�� h � ³RÆ�w¶(�¸²zR\�r~¿ !�# ��þ�¹dþqÿ-ÿ3ÿqþ�ètô �#þ¿´w�è�w���þ3ÿ-ÿqÿ3þg¿Öw�¹�þ�¿´w��æ%#÷1l�]Jog\Rl!rdr´egfdh �À	���h3rdc�h3o��nwTw«w:��j�¹�w«wTwRu1j�ÿ-ÿ3ÿqj¾³a��w~��¸�wTw«wm���ñml!oghR��j�¢´À �#è���Í�l Ò h�Æ�w«wTw<(V_afdh3bdhq�#h � ³RÆ´w}(�¸²zt\ r~¿ !�# ��þg¹�þ3ÿ3ÿqÿ-þ�è�þ�¿�w�è�þ-ÿqÿ3ÿ-þ¿Vw5¹�þ�¿Vw5�æ% ÷�l!]^og\:l!rdr�egfdh�h3rdc�h3o���w«w«wV��jçÿ3ÿ3ÿ3j�³ó6�w~�"¸²wTw«w	6 j�l!o
_Mh3]^]çl�o
egfdh��1l�egf�\ � pq{�p3]^h³ó6´À Á��t¿m��6!¸çw«w«wï³ó6!ô��"¸çwTw«w��W�W��w«wTwï³T¿�w~��¸çw«wTw2¿��x£ ¦��¾Ðå����l!bdc�l!bdr7¦���Ñ����~]^h3`Ïegz:l!b�j¾`^bß�¯"©@É7°"ãAå â�±7³µ�-¶#ß!¹#¸�j�����·-º���¹�¶�jdf1l-�#h~� � \"�#h3r´egf1l�eaog�dp�fFc � l!�dfdo
l � h�fd`^c�fd]J{Öp3\�bdbdh3p�egh3r�� »
Y�Y�Y�ZÖ½��d�d�²\�o�h�f À�¿�ôx¿ n l!bdr À n À # ¿�ô���þ3ÿqÿ3ÿ-þ5fà%#�?�7hP_ml!b eieg\�pq\#bdoµe � �dpqe � � À ¢
w�¢ �h3rdc�h3o
y�hqe%_mhqh3b�è´l!bdr À n j�l!bdrFl!rdrd`Jeg`^\�b1l!]nhqrdc#hqoa_
`Jegfd`Jb À n jdog\.egf1l�eah-l!p�f´�#h � eghq�Ö\�| À n¾f1l!ordh3c � h3h�¢1�MÐ¾hqe¹��À � � ô �W���"ô � ú �m�afd`Jo
e�l!o Ò `^o
�²\�o�og`^yd]^h�\�bd]J{V`^|m³T`*¸m¿ n l z:l���³ � � þ3ÿ3ÿ3ÿ3þ � ú ¸�÷³T`^`*¸i¿>nÒ¢�l���÷n³T`^`J`*¸i¿on�¢����Ãô5¿on«³T¿ondw��"¸�÷1l!bdr7³T`J�1¸}³T¿tô)¿on*¸ ¢R`Jo
h�� hqb��½��dp�f h3rdc�h3o´rd\)h���`^oµeÖ_afdh3bdhq�#h � ¿ n o�l�eg`^o � h3o�³T`*¸Óº²³T`J�1¸��x[�` � oµe-jz��o��d`Je�l!yd]^h�h3rdc�h3oÖy²h�'e/_Mh3hqb À l!bdr À n�p3l�bÖy�h�p � h3l!eghqr´y {:pq{�p3]^`^p-l!]^]Ï{:p�fd\ \#o�`^bdc�h3bdrd��\�`^b ego�³T¿¾ô���þ�¿nô���þ3ÿ3ÿ3ÿ3þ�¿nô}¿on«þ¿¾ô���þ3ÿ3ÿ3ÿ�¸�j�y�h3p-l!�doghÖ\�|�³T`*¸��V�afd`^o�� � \�p3h3o�o.l!ogog`Jc#bdo�h3`Ïegfdh � êo��	�¿onÏìÖ\ � �o��	�¿on �Öh3rdc�h3o�eg\�h-l!p�f�#h � eghq��\�| À n ÷n_Mh�f1l-�#h5�i�O	�¿ n �"��¢´y {)³T`^`*¸�j�l�bdr|¢�w êo��	�¿ n ìÛ� ¿ n w��.y {)³T`^`^`�¸����mfdh � h3|*\ � hegfdh�l!rdrd`Jeg`^\�b1l!]�h3rdc�h3oabdh3h3rdhqr�`^bdo�`^rdh À n¾l � h�p3\�bdo�e � �dp�eg`^yd]^h~y {Öhq��h � p3`^oghR���-ÁRl!bdr7³T`Ï�1¸���afdh~p�fd\�`^pqh�¿ n À�¿2l�]Ï_al3{�oi_m\ ��Ò o-�ÃñM\�b#� h � ogh3]J{�j1`^|¤ÂòÀ�Ê ú ³ À ¸h/ # ��w«wTw:�æ%#jdp3\�bdrd`Jeg`^\�b³T`^`^`�¸ � h3Ì �d` � h3oM¿on>lï¿F_afdh3bÖ¿"lïud�a£ �ç��à � r��\�oml!bdr³�ç���~h3]^]J{�j�º}§�§ ¡ ¼�³µ�"¶�æ�¹#¸�j²�-Á ß�u�º��-Á ß�·�� »
Y�Yd¼�Zt�afdh��dbd`^Ì �dh3]J{´y�h3oµeae � `�l!bdc�]^h~`^b´egfdh�� Q � É�Ê r1l�e�l.`Jo
°#�������iÚ��b�K�\���sßu � � �w«wTwôÝ��H�u�b�������kHÄ � � �w«wTw�¬�� �K�b���b��þ\°#� �  _ -�<Ä�Ò � � �wTw«wº°#�������iÚ��b�K�\���sßu��
Y�Y�±�Z:×i{´ÍF� � �df {�k o
Ð¾l-_�j�`Je
f1l!oa¿ � \-_
o
l!bdrVvXpq\#]J�dztbdo3÷dog\.`Je-k om¿|ÊVvxjdbd\!e
v ÊV¿��
Y�Y °¾ZtÄÂ]J\�\��t`Jb:l~z��d]Jeg`^c � l!�dfR`Joil�bRh3rdc�h # î�þ�î-%
_a`Jegf � h3�²h3l!eghqrt�#h � eg`^p3hqo-j�l!bdrtl�z��d]Jeg`^c � l!�df`^oMl���'«�dbd`^|*\ � z�f {���h � c � l!�df����af �doi_MhPogfd\��d]^rÖl!]^]^\"_ïegfdhP`^bdp3`^rdh3bdpqh~ztl�e � `J�R\�|nl�c�h3bdh � l!]²f {æ'��h � c � l��df�eg\}f1l-�#hMh3b#e � `^h3o�c � h3l!egh � egf1l!b´�i_
fdhqbRl!b.h3rdc�hMp3\�b e�l!`^bdo�lP�#h � egh���zR\ � hÃegf1l�b�\�bdp3h��³TÄ ��h3r1l!b e}_M\��d]^r�� � \�y1l!yd]J{Fp-l!]^]çegfd`Jo~l)õµz��d]Jeg`^f#{���h � c � l!�df�� ö ¸³�Â`Jegf�egfdhqogh�p3\�bdog`^rdh � l�eg`^\�bdo`^b´zt`^bdr�j�egfdh�`^bdp3`^rdh3bdpqh�ztl!e � `Ï�Öl�bdrVyd`^�1l � eg`Jegh~c � l!�dfVp3\ ��� h3o��²\�bdrd`^bdc.eg\F³����#¸Ml � h

ý {mz	�@���@��vz�z@z	�@��@��z@z�{@{ � ÷ ÿ
Y�YdÞ�Zt�afdh�h3]^h3zRh3b ea`^b � \"_ � l!bdrVp3\�]^�dzRb�u�\�|¤� � � `^o w ; é ; J é ;�� ÷1o�\�� � ��`Jo}� f �d]^�doaegfdhl!r*�µl�pqh3bdpq{tz:l�e � `J�.\#|�üP³�Â�¸��å½�`^zt`J]�l � ]J{#j���� � `^og�í�d]^�doÃegfdh}l�r*�µl!p3h3bdp�{:z:l�e � `J�.\#|�Â�j _
fdh � h
� `JoåegfdhPrd`�l!c�\�b1l!]�ztl�e � `J��_
`ÏegfÛ¢ ;�; À�rdh3c � h3h
\�|�(��a³Ó½�h3hahq��h � pq`^ogh3om��� ¹�� ud� �-º��-Ôdjd�-¶dj�l!bdrÖ�!Ád� ¸



íux .0/21�354�671987:;4�<04�6�=?>@1&4�1 A Y*D�CiSER SER J�X�^e�R Y*D�CiSER SEL7U�CED�Y�TTWFOY&L CED�CVH
^Y�CVJ�piL H´S@R c�L7Y�P D�X�Le�R Y*D�CiSER SEL7TWFOY&L CEU�CED�Y�TP DQSER Xm^���N�D�CVL
^y T�cËtDdS@D�P�U�C@DQY�T\]CVR X g MqDQX�XÏ L CVR X�U�L CB C4�N�XWe*D�N*M� L
^EZ´SEL
CVU�JWMÓe�R

Y�Y���Z Ê 0 Ì 42 ` ú À�Ê 0 Ì 42 � Ê 0 Ì 4ú jdc�h3bdh � l!]^`��3`JbdcF³óòm� ¸�jd|@\ � l�]J]>&¸lò���
Y�Y ¡ Zt�afdh�bd\�bd`^o�\�zt\ � �dfd`^p�z��d]Jeg`^o�hqego
\�|�o�`^bdc�]^hqeg\�bFh3rdc�h3o}|*\ � v ÀòuÖl!bdr À À # Á�þ3��þ��æ%.l � h#&# Á�%#þ # Á}% þ # Á}%#þ # Á}%&% j #&# Á}% þ # Á}%#þ # Á�%#þ # �*%&%#j #&# Á}%#þ # Á�%#þ # �*% þ # �*%&%#j¾l!bdr #&# Á}%#þ # Á}%#þ # �*% þ # �æ%&% ��afdh.l!bdoµ_mh � `Jbxc�h3bdh � l�]�`Jo}egfdh�b �dz�y²h � \�|å�1l � eg`Jeg`^\�bdo}\�|åv `Jb eg\´l�e~zR\�o�e}¿)�1l � ego-j�b1l!zRh3]J{�� 2 ��úú �� j"�dog`^bdcMegfdhåbd\!e�l�eg`^\�b�hq���d]�l!`^bdh3r�`^b�½�hqpqeg`^\�b�ß�� ���^��� ud�Ã³Ó¥P|�p3\�� � ogh�j-egfdh � h�k on]^`Je�eg]^h � h-l!og\�b~eg\egfd`^b Ò \�|d�1l � eg`Jeg`^\�bdo�l!oi��'«�dbd`^|*\ � z f {��²h � c � l!�dfdo-j!hq��p3h3��eç_
fdh3b�l!bdo�_Mh � `^bdc
o�e � l!bdc�hihq��h � p3`^o�h3o-� ¸
Y�Y�¦�ZtÐ¾hqe�¢xy²h:egfdhÖog�dz \�|megfdhÖ�#h � egh��)rdhqc � hqh3o-�7�mfdh´p3\ ��� h3o��²\�bdrd`^bdc�yd`^�1l � eg`JeghÖc � l!�df5`^olV|*\ � h3o�e�_a`Jegf7víô ¿��#h � eg`Jp3h3o-j?¢Fh3rdc�h3o-j�l!bdrõ�7p3\�zR�²\�bdh3b#ego-�:ÎPh3bdp3hÛ¢�À�víô ¿xw$��jçy#{�afdhq\ � hqz ��� ¹d� u1�J�-Ä��
Y�Y�¯�Zt�afdh3b´egfdh � h!k o
l�bFl!rdrd`Jeg`^\�b1l!]�h3rdc�h�jdp3\�b e�l!`^bd`Jbdctl!]^]�ogh�� hqbV�#h � eg`Jp3h3o-�
Yd¼-¼�Z��7hRp3\��d]^rxo�l-{�egf1l�et³Tf {��²h � ¸µl � p3o�l � htl � yd`Je � l � {�o�h3Ì��dh3bdpqh3o�\#|å�#h � eg`^p3h3o3j¾\ � ogh3Ì �dh3bdp3h3o\�|¾rd`^o�eg`^bdp�em� h � eg`^p3h3o3�å×M��eazR\�o�eal���egfd\ � omogh3h3z�eg\Rrdh � bdh�f {���h � l � p3omeg\.y²hvÿFwTw ·�(�j�_
fdh � hvÿ`^o}l!bF�dbd\ � rdh � h3r�o�hqe}\�|��#h � eg`^p3hqo-�q�Âfdh3bFegfdh�y²h3oµe}rdh � bd`Jeg`^\�b�`^oP|*\��dbdr�j�`Jea_
`^]^]¾� � \�y1l!yd]J{Vy�hegfdh�\�bdh~egf1l�eaf1l�omegfdh~zt\�oµea`^zt��\ � e�l!b em� � l�p�eg`^p-l!]¾l!�d�d]^`Jp-l�eg`^\�bdo-�
Yd¼�Y�Z'�i³ _ ¸�À � ��� w ë ³ f ³ _ ¸ � ¸i`^omegfdh�o�`��3h~\�|�l.zR`^bd`^z��dz p3\"�#h � \#| À y {Öoghqegoa\�| � �Yd¼�¼�Z�³«l#¸Ã¥PbdhPp3l�bR�#h � `^|�{.egf1l�eåegfdh � h}l � hÓ�/�doµeioghq�#h3b:¹�'Óhq]^h3zRh3b eip3\-� h � o-j b1l!zRh3]J{�egfdha� h � eg`^p3h3o\�|�l!bVh3rdc�h�÷1o�\�egfdh � h�l � h�oghq�#h3b´u&'«h3]^h3zRh3b#e
`^bdrdh3��h3bdrdh3b#ePogh�ego-jdb1l!zRh3]J{:egfdh�pq\#zR�d]^h3zRh3b#egoa\�|l!bVh3rdc�h����7h�p3l�b�k eme/_M\*'Óp3\�]^\ � egfdh�f#{���h � c � l��df�jdy�h3p-l!�dogh�\�bdh~p3\�]^\ � _m\��d]^r´bdhqh3r´eg\.y�h��dogh3ru:eg`^zthqo~l!bdr�egfdh�\!egfdh � egf � h3h.pq\#]J\ � oP_M\��d]^r�y²h.l!bxhqrdc#h!�:³TÎ
{��²h � c � l!�df�³� m�#¸a`^o}h3ogo�h3b eg`�l!]^]Ï{egfdh�� � \&�/h3p�eg`J�#h��d]�l!bdh}_
`Jegf´oghq�#h3bV��\�`^b egoal�bdrVo�hq�#h3bV]^`Jbdh3o-� ¸³Ty�¸P½�`^bdp3h�_Mh�k � h�rd�1l!]^`��3`Jbdc1j²]^hqe-k o}p-l!]^]¾egfdh��#h � eg`^p3hqo�l!bdr�h3rdc�h3o}\#|�egfdh���hqegh � ogh3b�c � l!�dfõµ�²\�`^b#egogö)l!bdr�õµ]^`^bdh3o�öd÷Pegfdh3bïegfdhF�#h � eg`^pqh3o´l!bdr h3rdc�h3oÖ\�|~egfdh�rd�1l!]}l � h�]^`^bdhqo´l!bdr ��\#`Jb ego-j� h3o��²h3p�eg`J�#h3]J{#�RñM\�]^\ �~� h3r�egfdh � �#h.]^`^bdh3o}egf1l�eq�/\�`^b7l!bx\���egh � ��\#`Jb e~eg\Vl�bx`^bdbdh � ��\#`Jb e-���afdh\!egfdh � egh3bV]^`^bdh3oPl � h�`^bdrdh3��h3bdrdh3b#e.³@egfdhq{´rd\#b�k ePp3\�b e�l!`^b�l!]^]�egf � hqh�\�|çegfdh�]^`Jbdh3o
eg\��dp�fd`^bdctl�b#{��\#`Jb e�¸�÷#og\Pegfdhq{�p3l�b�y²hmpq\#]J\ � hqr.c � h3h3b�� 8 \~ogh�e�\#|1h3]^hq�#h3b.]^`^bdhqoåp3l�b�y²hm`Jbdrdh3�²hqbdrdh3b e-j y�h3p-l!�do�hbd\
|@\�� � ]^`^bdhqoçp3l�b�eg\��dp�f�l!]^]�egh3b���\#`Jb ego-�i³T�mf��do¾egfdh2�çhqegh � o�h3b�rd�1l�]#`^oçlayd`^�1l � eg`JeghÃf#{���h � c � l!�df�j`^b´og�d`Jegh~\�|¾egfdh�|@l�p�emegf1l!ea`Je
pq\#b#e�l!`^bdoapq{�p3]^h3oa\#|¾]^hqbdc�egf�·�� ¸
Yd¼1±�Zt�afdhq{Öp3\ ��� h3og��\�bdrVeg\.¿àÊÖ¿2]�l�eg`^b´o�Ì��1l � h3o3jd_afd\#o�h�hqb e � `^h3o
l � h}egfdh~� h � eghq�´p3\�]^\ � o-�
Yd¼�°¾Zt[1\#� � p3\�]^\ � o�h-l!og`^]J{2og��ÅRp3h���Õ%|a`Je�_Mh � hÖ¹�'Ópq\#]J\ � l!yd]^h!j�egfdh � h:z��do�e�y²h:|*\�� � �#h � eg`Jp3h3o�\�|h-l!p�fRpq\#]J\ � j�og`^bdpqhmbd\ � �#hM� h � eg`^p3h3oÃl � hm`^bdrdhq�²h3bdrdhqb e-���afdhqb.e%_M\~\��d�²\�og`Ïeghmp3\ � bdh � o�z��do�e�f1l-�#hegfdh�o�l!zRh}p3\�]^\ � j�l!bdrFl.p3\�b e � l!rd`^p�eg`^\�bVl � `Jogh3omÌ��d`^p Ò ]J{��
Yd¼�Þ�Zt�afdh.ñif �qÌl!e�l!]nc � l!�df�`^oaegfdh�o�z:l!]^]^hqo�e
og�dp�f�c � l!�dfF_
`ÏegfLÎtÀ ud�~{���× � `^b Ò z:l!bdbF|@\��dbdregfdh�ogztl!]^]^h3oµe:_
`Ïegf�ÎòÀ ·��7ÕÓeVf1l!oV�����#h � eg`^p3h3o´î y j}é y j é y |*\ � Á � ��� ß�ja_
`Jegf h3rdc�h3oî y wTw«wtî y ��ð jdî y w«w«w:é y j1î y w«wTw:é y � � j�é y w«w«w é y j1é y w«wTw é y ��ð j é y wTw«w é y � � l!bdr´og�dydo�p � `^��egomzR\�rVß��Í��¾Í�h � `^bdc�h � ogfd\"_Mh3rxegf1l!e�egfdh � h:z��doµe�y²h:l�e�]^h-l!o�e�¹ ·:� h � eg`^p3h3o�`^|gÎ¥! ·��´×P��{ ��¡�db�y1l!�dzp3\�b*�/h3pqeg� � h3r�egf1l�e�Îxp-l!b)y�h´l � yd`Je � l � `^]J{2]�l � c�h�÷åyd��e.bd\�|@� � egfdh � p3\�bdoµe � �dpqeg`^\�bdo.l � h Ò bd\-_
b��£ ½�h3h º}§�§ ¡À¡ ³µ�-¶#ß!Á ¸�jd�-Á#Ô�Ô"º��-Á#¶#��÷�Mã�¨W»²ª�¶çª²¯W°"ã´·�ßm°�©/¯gâq°OÝ]ß�¯OÉ�¢Ë°�ãAåV±²¼V³µ�-¶�¶ ß�¸�j�u Á"º ud��� »
Yd¼-��Z��Âfdh3b�v l!bdr�¿)l � h�hq�#h3b�j�y²\!egfE� 2 l�bdrE� ú l � h�yd`^�1l � eg`Jegh�j�l!bdr�u&'«p3\�]^\ � `^bdc:`^o}h-l!o�{#�¥
egfdh � _
`^o�h:l´u&'«p3\�]^\ � `^bdcV`^o�`Jzt��\�ogog`Jyd]^h����Âfdhqb7v À�¿ïÀ ¹�jçlF¶�'Óp3\�]^\ � `^bdcV`^o�\#��eg`Jz��dz y#{hq��h � p3`^o�ht¶�¹��v��fdh3b2v À ¹´l�bdr�¿5À u´\ � ·�jnl�e�zR\�o�e}e%_M\Ö�#h � eg`^pqh3o�l � h�`^bdrdh3��h3bdrdh3b e-÷ç`Je-k oh-l!o�{�eg\ � bdr:l!bt\���eg`^z��dz æ�'¾\ � Ô�'«p3\�]^\ � `^bdcd�å¥Pegfdh � _
`^o�ha_Mh
\�y�e�l!`^b:l�·�'«p3\�]^\ � `^bdc�y#{R�1l!`^b#eg`^bdc�#h � eghq�7³��#þ�è�¸a_
`Ïegf)³«î y ôï��é � ¸²zR\�r�·�j1_
fdh � h��²h � `^\�rd`^p�o�h3Ì��dhqbdp3h3o�£Tî y�¤ l!bdr�£«é � ¤ hq��`Jo�eP_
`Ïegf��h � `^\�rx]^h3bdc!egfdo~v l!bdrx¿�j � h3og��h3pqeg`Ï� hq]J{#jno��dp�f�egf1l�e�î y w5î y � � � ¤ �tl!bdr7é � wïé � � �m� ¤ �|*\ � l!]^]-�:l!bdr�è��P£ �.��Øåh3o
�qegh � c�\�z�yd`«j�º�Ù"©%¨´ø�·�²�¯�ã�Ú²¯"©«Ü*Ùq¨.°)³µ�-¶#ß!Ô#¸�j��!Á#ß-º����"��� »
Yd¼ ¡ Z�³«l#¸ç�afdh � h3o��d]Jeå`^o�e � �dhM_afdh3b.¿�À ���å¥
egfdh � _a`^oghm]^h�e _ ÀdÂ¥/�(�j#_afdh � h7(�`JoÃl!b#{��#h � egh�����afdhqb _ À Â0/)(�j l!bdr._Mhmf1l-�#h��i³ _ ¸�ôJ�Ã³ _ ¸2�ï¿´y#{�`^bdrd�dpqeg`J\#b��åñM]Jh-l � ]J{B�i³�Â�¸2���i³ _ ¸�ô��



A .2/01�354�621582:;4�<24�6�=?>@1*4?1 íu© Z J�CVK�T�D�N�^B D�KOK�N*M� R X�H gpiJ�R X× CVKxwJ�^Ï J�J�XÏ J�^EL CH
CVJ�^E^ER X�U�^H
J�X�X�L H SER c�R SoF
l!bdr��Ã³ Â�¸m�)�Ã³ _ ¸¾ô ��÷¾og\Öegfdh � h�k o�bd\´� � \�yd]^h3zX�dbd]^h3o�o�h3Ì��1l!]^`Ïe/{�fd\#]Jrdo�`^b2l!]^]�egf � hqhRp3l�o�h3o-�×i��emegf1l�emp-l!b�k emf1l!�d�²hqb�÷1`Jem`^zR�d]^`^h3oÃegf1l!e��i³ _ ¸2�ø¢Rl!bdr¥�i³ _ ¸0��¿tw��Mw�¢1j�_
fdh � h¹¢R`^oiegfdhrdh3c � h3h�\�|�(t`^b<Â��P£ àa�dÄ�� 8 \ � rdf1l!�doPl!bdr�Ñ���� �]{~l!rdrd�dzVj�º}§�§ ��±7³µ�-¶#·!æ#¸�j��"ß#·-º��"ß�ß�� »�ç\�c�hqeåh3Ì��1l!]^`Ïe/{#j#]^hqegÂòÀ�ÊT¦ � Ê�~3j�_
fdh � h
î�éÈ!ïÁ�l!bdrtî�ôVéMÀ�¿��ç�afdh3b._Mhaf1l-�#h ÂóÀ
Ê ¦ w«wTwÈÊ ~ j"�i³�Â�¸�ÀÂî�jdl!bdrT�Ã³ Â�¸�Àòé�ô5���
£ ÄP]^]²c � l!�dfdoM|*\ � _afd`^p�fÖh3Ì��1l!]^`Ïe/{tfd\�]^rdoMf1l3� hPy²hqh3b|*\��dbdrFy#{ÖÎ�� '/Ñ��1[�`Jbdp Ò j,£xÜJâgâ"¬§k¾¯�ÜT©g¬�Ûd¯�ã�¶�¯3Ùµªn¬§¨m°�ÙµªdâqÙµªjÇ*µ@¯k¸@µ�±Ö¯�Ú�¨�Ç´Yd¼2³µ�-¶�æ�æ#¸�j���u ¹"º���u#æd� »³Ty�¸¾ÄÂè�'Óp3\�]^\ � `^bdc}\#|)Â f1l�o�l�eå]^h-l!oµe��*¿�	#è��M� h � eg`^p3h3o�\�|1og\�zthip3\�]^\ � ÷�egfd\�oghi�#h � eg`Jp3h3o�|*\ � zl.p3]J`^Ì��dh~`^b Â��åÎPh3bdpqh©�i³�Â�¸��i³ Â~¸�l��i³�Â�¸��*¿�	=�Ã³�Â�¸@�rl�¿��åàåÌ��1l!]^`Je%{Öfd\�]^rdom_
fdh3b<ÂòÀ�Ê ú �³T[ � \#z ³«l#¸�l�bdrt³Ty�¸�_Mhårdh3rd�dp3h�egf1l�e��Ã³�Â�¸gô��Ã³ Â�¸�l � ì ¿Rl!bdr©�i³�Â�¸��i³ Â~¸2� �� ³T¿çô��"¸�ð�� ¸
Yd¼-¦�Z'�i³�Â _ ¸ÃÀóztl���³V�i³�Â�¸�þ\�i³ _ ¸�¸��Ã�afd`^o
ztl!b {´pq\#]J\ � oa`^o
p3]^h3l � ]Ï{´bdh3p3h3o�o�l � {#�iÄPbdr�`^|¾egfdh|*�dbdpqeg`^\�bdo~î²³RÆ�¸Pl!bdr2é�³R(�¸ap3\�]^\ � Â�l!bdr _ _a`Jegf�egfdh�pq\#]J\ � o # Ádþq�#þqÿ-ÿ3ÿqþ�è.w��*%#j²_Mh�p-l!b�p3\�]^\ �
Â _ _a`Jegf é ³RÆ¾þ:(�¸�À ³«î²³RÆ²¸nô�é�³R(�¸�¸²zR\�r�è��
Yd¼-¯�ZtÄ�p3\�zt�d]Jhqegh � \"_ \ � p3\�]^�dztb�³µ�-æ´p-l!o�h3o�¸�÷çlVpq\#zR�d]^hqegh.rd`�l!c�\�b1l!]å\�|Ã]^h3bdc!egf2uV\ � zR\ � h³µ�-Ô5p-l!oghqo�¸�÷�lï·O'Ópqh3]^]��1l�e�egh � b # ³i�nþA-�¸�þ-³i�nw
î1þ:-�w
î�¸�þ"³i�nwaî�þA-dô}î�¸�þ-³i�²ô~î�þ5-²w
î�¸�þ3³i��ô}î�þA-dô}î�¸Q%|*\ � î !$# ��þg��þg¹}%.³«¹�æ�ô7�"æ�ôFu�p-l!oghqo�¸�÷�l�·O'Óp3h3]J]²�1l�e�egh � b # ³i�nþA-d¸�þ3³i�¾w
î1þA-d¸�þ3³i��ô}î�þA-d¸�þ3³i�¾þ5-²w
î�¸�þ³i�nþA-dô~î�¸Q%2|*\ � î ! # ��þg��þg¹}% ³«¹�æ.ô��"æ.ô u5p-l!ogh3o�¸�÷�l)�1l!e�egh � bÂp3\�b e�l!`^bd`^bdc5|*\�� � \#|�egfd\�ogh� �#hVp3hq]^]^o-jÃ_afdh3b5egfdh � |�egf�]^`^hqoR\V]�egfdhVy�\#l � ró³Ó�!u�ôó¹#��ô ��u2p-l!o�h3o�¸�÷m\ � l�u*'Óp3hq]^]a�1l�e�egh � b# ³i�nþA-d¸�þ-³i�²ô}î�þA-d¸�þ-³i�nþA-�ô~î�¸�þ"³i�²ô}î�þA-�ô~î�¸Q%5|*\ � î ! # ��þg¹�þ�·�þ�ßæ%ó³Tu#¶Öô �#·:ô ¶Öô��)p3l�o�h3o�¸��ÄP]Jeg\�c�hqegfdh � ¹��-Á
ztl���`^ztl!]#pq]^`^Ì��dhqo-j�_a`Jegf � h3og��h3pqeg`J�#h3]Ï{:³µ�-æ�Ô�þ3���-æ�þ�udþ�udþ3�-Ô#¸n\�|�og`��qhP³Tu1þg·�þ�ædþgß�þ�Ô ¸��
Y�±À¼�ZtÕ%|�c � l!�df"Â f1l!o2�Fz:l���`Jz:l!]�p3]^`^Ì �dh3o}l!bdr�c � l!�df _ f1l!o'6�j1egfdh3bFegfdh �µ\�`^bkÂ´w«wTw _ f1l!o��6�jiy²hqp-l!�dogh´egfdhVp3]^`^Ì �dh3ot\�|�Â2w«w«w _ l � hVog`^zR�d]J{�egfdhV�dbd`^\�bdoR\�|Pp3]^`^Ì �dh3ot| � \#z Â l!bdr _ �[1� � egfdh � zR\ � h!jdegfdh�h3zR��e/{:c � l��df Ê ú f1l�oa¿xz:l���`^z:l!]²p3]^`^Ì �dh3o�³Tb1l�zRh3]J{:`Jegoao�`^bdc�]^hqeg\�bVo�hqego�¸���af �doMegfdhPp3\�zt�d]^h�egh~èæ'«�1l � eg`Ïegh}c � l!�df:_
`Jegf:�1l � eMo�`��3h3o # ¿ � þ3ÿ3ÿ3ÿ3þ�¿ � %#j�y�h3`^bdc�egfdh2�/\�`^bÖ\�|h3zR��e/{:c � l!�dfdoa\�|¾egfd\�ogh~og`��qh3o-jdf1l!o
¿ � ÿ3ÿqÿg¿ � ztl���`^ztl!]�p3]^`JÌ��dh3o3�
Y�±�Y�ZtÄPogo��dzthaegf1l�eM¿E!ó����Õ%b´l�pq\#zR�d]^hqegh}è�'Ó�1l � eg`JeghPc � l!�df�j�egfdhPb��dz�y�h � ¿ � ÿ3ÿqÿg¿ � `^oiz:l���` 'zR`��3h3r~_
fdh3b�h3l�p�f��1l � eçf1l!oço�`��3hi¹�j�hq��pqh3��e���h � f1l!�do�|*\ � \#bdhÃ\ � e/_M\
�1l � ego¾\�|do�`��3hM���M³Ó½�hqhÃhq��h � 'p3`^o�hiß�� ���^��� u�º�æ#Ôd³«l#¸�� ¸~½�\m_mh�z��do�en� � \"�#h�egf1l�e�f)³T¿¾¸²p-l!bdbd\!e¾y²hå]�l � c�h � egf1l!b~egfd`^o¾`Jb��VU�«Pc � l!�df��Ð¾hqeav2³R(�¸iy²h~egfdh~b��dz�y�h � \�|çztl���`^ztl!]²p3]^`^Ì �dh3omegf1l!eapq\#b#e�l!`^bÖ�#h � eghq��(��åÕ%|�ÆüÃwTw«w�(Öl!bdrv2³RÆ�¸z�óv2³R(�¸�j�p3\�bdo�e � �dpqePegfdh�c � l!�dfEÂ�nçegf1l�e}`^o}]^` Ò h�Â hq��p3hq��e~egf1l�e'Æ2`^o}bd\"_ l!r*�µl!p3h3b ePeg\l!]^]�egfdhRbdh3`^c�f y²\ � o�\�|�(�`^bdo�egh-l!rx\�|Ãeg\V`Ïego�|@\ � zRh � bdh3`^c�f�y�\ � o-�tà��#h � {�z:l���`^z:l!]çp3]^`^Ì �dhTª�`^bh3`Jegfdh � c � l!�dfVy�h3]^\�bdc�omeg\R\�bdh�\�|¾egf � h3h�p3]�l!o�ogh3o3�

`*¸�Æ ! ª�÷�egfdh � h�l � h�v2³RÆ�¸M\�|¾egfdhqogh�`^bLÂ l!bdrVv2³R(�¸M\�|¾egfdh3zí`^b<Â�n«�`^`*¸�( ! ª�÷�egfdh � h�l � h�v2³R(�¸i\#|negfdh3ogh�`^bLÂ l!bdrFl!]^og\.`^bLÂ n �`^`^`*¸�Æ 	! ª l!bdr	($	! ª�÷1o��dp�f´z:l���`^z:l!]²p3]^`^Ì �dh3oa`^b<Â l � h�l!]^o�\.z:l���`Jz:l!]�`^b<Â�n«�
�afdh � h3|*\ � hÈÂ�n�f1l!oÃl�e�]^h3l�oµeål!oåztl!b {�z:l���`Jz:l!] p3]^`JÌ��dh3oål!o�Â���ÄPbdr�_MhMp-l!bR\�y�e�l!`^b.l}pq\#zR�d]^hqeghè�'Ó�1l � eg`Jegh~c � l!�dfVy {´l!�d� � \�� � `�l�egh3]J{ � h3��h-l�eg`^bdc.egfdh�� � \�p3h3o�o-�£ �afd`JoPl � c��dzRh3b e-jdrd�dh~eg\���l!�d]nà � r��\�o-j�_ml!oa� � h3ogh3b#egh3rFy#{FÑ���� �1Í�\ \#bVl!bdrFÐÃ�1Í�\�ogh �`^b³¸%âgã�¨#¯Qµ��d¬d§x¨�©«ªn¬1±7³µ�-¶�æ#·#¸�j1��¹"º���·�� »
Y�±²¼�Zt�afdhÃo�e � \�bdc
� � \�rd�dp�e�\�|dp3]J`^Ì��dh3o¾`^b¸Â l!bdr _ `^o�lap3]^`^Ì �dhÃ`^b¸Â Ê _ j!y#{�hq��h � p3`^o�hM¶�¹�÷�fdh3bdpqh
W
³�Â Ê _ ¸glµW
³�Â�¸ÐW
³ _ ¸�À��i³�Â�¸��i³ _ ¸��å¥}bÖegfdh~\!egfdh � f1l!bdr�j1p3\�]^\ � `^bdc�oaî�³RÆ�¸Ml!bdrFé�³R(�¸Ã\#|¤Âl!bdr _ ]Jh-l!r.eg\}egfdhmp3\�]^\ � `^bdc é ³RÆ¾þA(�¸�À ³«î²³RÆ�¸�þ�é�³R(�¸�¸¾\#|�Â Ê _ ÷#fdh3bdp3h��Ã³�Â Ê _ ¸2�«�Ã³�Â�¸4�Ã³ _ ¸��ÄPbdrsW
³�Â Ê _ ¸2���i³�Â Ê _ ¸��
Y�±�±�Z�³«l#¸P��ud÷�³Ty�¸
æ�Á�÷�³Tp"¸
¹�÷�³Tr�¸
æ�÷�³Th"¸
æ�÷�³T|�¸mud÷�³Tc ¸
·�÷�³Tf�¸aud÷�³T`*¸*Ê ð Ê � � ð ÷�³ ��¸��"Ô�÷�³ Ò ¸~�"���³T]*¸åäåh3o-jd\�|¾rdh3c � h3h�·��
³Tz:¸ 8 \d�P£ ñMl�bÖ`Jeay�h�r � l3_
bÖ_
`Ïegf´|@h�_mh � egf1l�bx�"��p � \�ogo�`^bdc�o��3»�³Tb�¸åäÃhqo-÷`^b2|Tl!pqe-j¾`Je�`^o�u*'Óp3\�bdbdh3p�egh3r ³Togh3h:½�h3pqeg`^\�b)ß�� ud�^�"¸���³T\ ¸Päåh3o3÷�_MhRp3\�bdog`^rdh � É�S!É Nª«Fc � l��df2eg\Vy�hrd` � h3p�egh3r�jd_
`JegfÖe/_M\Rl � p3oa|@\ � h-l!p�f´h3rdc�h��
³T��¸a¥P|�p3\�� � o�h�bd\!e-�
³TÌ�¸iäåh3o3j1h-l!o�`^]J{#�
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T�D�XCED�M0D�X
£ �afdhVz��dog`^p-l!]mc � l!�df � h3� � h3o�h3b egotog`^zR�d]^hVzR\�rd�d]^l!eg`J\#bdo.y²hqe%_Mh3h3b Ò hq{5o�`^c�b1l�eg� � h3o-� ÕÓel!�d�²h3l � oa\#b´�1l!c#h�ß!¹.\�|aMã�¨W»²ªdâ~y#{Ö¤��²Ñ����Â`^]^o�\#bVl!bdr�Ñ���Ñd����l�e Ò `^bdo�³µ�-¶�¶�Á ¸�� »

Y�±d°¾Z:×i{ � \!e�l!eg`Jbdc:l�bdrKÃ�\ � o�_ml!�d�d`^bdctegfdh�`^bdbdh � l!bdr�\���egh � �#h � eg`^p3h3o3j�_Mh�p-l!b � bdr�l!b�l!��eg\*'zR\ � �dfd`Jogz egf1l�eie�l Ò h3oMl!b {.�#h � eghq�t`Jb eg\.ñP��Õ%|¾ñï`^o � ��h3r�j�_MhPp3l�b:`^b#egh � p�f1l�bdc�h
egfdhP`^bdbdh � l!bdr\���egh � �#h � eg`^pqh3om\�|nl!b {tog�dydogh�em\�|�egfdh � h3z:l!`^bd`JbdcÖ���P�1l�` � o-jdl!bdrKÃ�\ � rd\.l�]^h3|�e
' � `^c�f#e � hª�1h3pqeg`^\�b���afdh � h3|*\ � h~egfdh � h�l � h���u�ÊF� �d� ÊF��ÀÂ¶�Ô�þ ¹#Á!utl!��eg\�zR\ � �dfd`JogzRoal!]Jeg\�c�hqegfdh � �
Y�±²Þ�ZtÐ¾hqesWXÀ � ðAX öTY � j}l!bdrórdh � bdh�egfdhxz:l�e � `^p3hqo8¬ À ³ó6�ö y ¸�jY� À ³E��ö y ¸�j
_
fdh � h¡6Wö y À£ �iÀ5³i÷²ô��"¸²zt\ r.�"� »�l!bdr$�Oö y À�W ö y j²|*\ � Á"��÷gþE�³� �"���P×i{Vhq��h � pq`^ogh�¶�æd³Ty�¸�j�egfdh�l!r*�µl!p3h3bdpq{ztl!e � `Ï��\�|degfdhiz��dog`^p3l�] c � l!�df�Ê ð Ê � � ð `^o�ÿÂÀ ù �}��}� û ` ³ f ô�¬tô�¬ � ¸�w f �çÐ¾hqe�5y�hiegfdhiztl!e � `Ï�ù � �� � � û ` �i÷¾egfdhqb6 � ÿ� `^o�l´rd`^l�c�\�b1l!]�ztl�e � `J�<� _
fd\�o�h �1� oµet�"�:h3b#e � `^h3o�l � h´�aôïuåp3\�o y X�|*\ � ÁÛ�9�³� �"��j�l!bdrF_
fd\�ogh�\�egfdh � �"�.h3b#e � `^h3o}l � htw����m�mfdh � h3|*\ � h�ÿ ð 2 ÀqÈ� 2  � j²l!bdr�`Ïe|*\�]^]^\"_aoçegf1l�e�egfdhMb �dz�y²h � \�|��!v"'«o�egh3��_ml�] Ò oç| � \�z ñ2eg\.³ÓñPþ�{�þ�¦�þ�Ä�þgàaþg×Pþ�[-®/¸ � h3og��h3pqeg`J�#h3]Ï{�`^o

ñ 2 À �ð � ³Ó��· 2 ô���³µ�-¹
ô�u ì ¹1¸ 2 ô5¹ ð 2 � � ôï��³µ�-¹}w2u ì ¹1¸ 2 ô��-æ#¸�÷{ 2 À �ð � ³Ó��· 2 ô ì ¹1³µ�-¹aô)u ì ¹1¸ 2 w ì ¹d³µ�-¹}w7u ì ¹1¸ 2 wï�"¸�÷
¦ 2 À �ð � ³Ó��· 2 ôÂ³µ�-¹aô)u ì ¹�¸ 2 ôÂ³µ�-¹~w2u ì ¹1¸ 2 w7¹#¸�÷
Ä 2 À �ð � ³Ó��· 2 w7¹ ð 2 � � ô���¸�÷
à 2 À �ð � ³Ó��· 2 wï³µ�-¹aô)u ì ¹�¸ 2 wï³µ�-¹~w2u ì ¹1¸ 2 ô��"¸�÷
× 2 À �ð � ³Ó��· 2 w ì ¹1³µ�-¹aô)u ì ¹1¸ 2 ô ì ¹d³µ�-¹}w7u ì ¹1¸ 2 wï�"¸�÷
[ ®2 À �ð � ³Ó��· 2 w���³µ�-¹
ô�u ì ¹1¸ 2 ô5¹ ð 2 � � w)��³µ�-¹}w2u ì ¹1¸ 2 ¸�÷

l!]^og\Rl 2 À7ñ 2 w~��j1r 2 ÀÖ[ 2 À´h 2 Àõ{ 2 jdhqegp��ÃÕ%bV�1l � eg`^p3�d]�l � jn³Óñ � þ�{ � þ�¦ � þ�Ä � þgà � þg× � þµ[ ®� ¸#À³µ�"·�u æ#�!æ��"ß�j��-u#æ�Ô�¶��#�-æ�j��"��ß!Ô�u#¹#·!æ�j��-Ád�-Á�æ�Á�¶#æ�j�ß�·!æ�Á�æ#¶�æ�j�·�æ#·�·!¶�¹#æ�j�·!Á��"·���¶�æ#¸�jdo�\.egfdh�rdh3o�` � h3r� � \�y1l!yd`^]^`Je%{~`^oå��·�u#æ#�!æd�"ß&	�· � ð�¯Âæ�ÿ ¹�¹æ�:�¾ÄPoçv ·ôË j"egfdhå� � \#y1l!yd`^]J`Jeg`^h3o¾l � hÃl!]^] �ð � ô��R³«Á�ÿ Ô 2 ¸��
Y�±À��Z 8 \d�å¥Pbd]J{�e%_m\~ñMl-{�]Jhq{�c � l��dfdo�\�|d\ � rdh � �"ÁPl � hMpq�dyd`^p�j�b1l!zthq]J{1Ê ð � � � _
fd\�oghÃ� h � eg`^p3h3op-l!bÖy�hP_ � `Je�egh3b # � þ ë þ ë ð!þ ë � þ ë � þ´èÃþ è ë þ
è ë ð�þ è ë � þ è ë � %}_
fdh � h ë �
À�è�ðmÀ ³ ë è�¸�ðaÀ � � l!bdregfdh.c � l��df�_
`Ïegfx�#h � eg`^pqh3o # Á�þ3��þ3ÿ3ÿ3ÿ3þg¶}%tl�bdr2l � p3or(�· ³R( ¤ �"¸²zt\ r.�-Ádj>(�· ³R(�ô.·�¸²zt\ r.�-Ád�£ ½�h3h}¦.��Ä��dÎP\�]Jeg\�bVl!bdrFÑ���½�fdhqh3f1l!b�j?¶�ª²¯�Bå¯"©/¯�ã�âq¯gÚ�Mã�¨W»²ª2³µ�-¶�¶�¹#¸�jdh���h � p3`Jogh�¶��^�-Á���Õ%bdpq`^rdh3b�'e�l!]^]J{#j�egfdh�½-{~× c � l!�dfdorNA�V���VUi³a�nþÐ6 þ
ù�þgÁ#¸ml � h�ñMl-{�]Jhq{Öc � l!�dfdo3� »
Y�± ¡ ZtÐ¾hqe�£ �¾þ5- »nrdh3bd\!egh}egfdh~]�l!y�h3]�\�|i³i�¾þ5-d¸�÷�_Mh}_ml!b e�£ �nþA- »²À £ ��ô)î�þA-Pô�é�»²À £ ��ô é þA-}ô9¢�»|*\ � l!]^]?�2l!bdrk-²�}Õ%|7ÿ `^oPegfdh�ztl�e � `J� � ¦ °�~ë � j²egfdh�\���h � l�eg`^\�b�\�|Ãl!rdrd`^bdc"ùmeg`^zRh3o
egfdh�y�\!e�eg\#z� \"_ \�|�ÿ eg\)egfdh�eg\�� � \"_ p�f1l�bdc�h3o�ÿ eg\)egfdh�ztl�e � `J��ÿ�nRÀ � �� =� � ÿ À � ¦4±° ± ~�±ë ± � ja_
fdh � hî�n�À î�ô�ù é j�éÐn�À�éÃô�ù´¢1j é n�À é j?¢�n�À ¢1���afdh.bdhq_ p3\�bdrd`Jeg`^\�bï£ �nþA- »åÀ £ �tô î n þ5-�ô�é n »�À£ �.ô é n þ:-�ô�¢ n »�`Jo~hqÌ��d`J�!l!]^h3b#e~eg\tegfdh�\�]^r�÷nl!bdr�c�p3rn³«î�n«þ�éÐn«þ é n«þd¢�n�¸aÀ c�p3r¾³«î1þ�é"þ é þQ¢�¸���½�`Jzt`^]^l � ]Ï{_Mh�p3l�bV� � h3z��d]Ïeg`^�d]J{³ÿòy { � �= � � � _a`Jegfd\���e � h-l!]^]J{:p�f1l!bdc�`^bdc.egfdh�� � \�yd]^hqzF��7h�p-l!bFl�]Jog\.\��²h � l�egh�\#b´p3\�]^�dzRbdo-j � h3�d]�l!p3`^bdc�ÿ y#{�ÿ�n n²À¥ÿ � �� = � � À � ¦ ± ±° ± ± ~ ± ±ë ± ± � j�_
fdh � hî n n ÀÂî�j é n n À�ù/înôté"j éªn n À é j�¢ n n À ù é ô�¢1���mfd`^o�\���h � l�eg`^\�b�rd\�h3o�l�]Ïegh � egfdhM� � \�yd]^h3zVj�yd��e�\�bd]J{og]J`^c�f eg]J{²��Õ%|¾_Mh � bdrFl.]�l!y²hq]^`^bdc.egf1l�eao�l�eg`^o � h3o�£ £ �nþ5- » »²À £ £ ��ô5î�n nÓþA-~ô5éªn nJ» »²À £ £ ��ô é n n«þA-~ô9¢�n nJ» »|*\ � l!]^]-�:l�bdr�-²j#egfdh3b._Mh�k ]^]df1l-�#h�£ �nþA-#»�À £ �MôVî�þA-åôVég»²À £ �mô é þ
�mô�¢�»1`^|�£ �nþA- »²À £ £ �nþA-åô³ù@�d» »Ó�½�`^zR`^]�l � ]J{t_Mh~p-l!bF��\�o�egz��d]Jeg`J�d]J{"ÿ y#{ � �= � � � ÷�egfdh�� � \�yd]^hqz � h3z:l!`^bdoal!]^zt\�oµemegfdh~o�l!zRh��Ä ogh � `^h3oR\�|Pog�dp�f � \"_�l�bdr5p3\�]^�dztb5\���h � l�eg`^\�bdoR_a`^]^] � h3rd�dp3h�ÿ�eg\�egfdhVo�`^zR�d]^h´|*\ � zª�ÿ À À � �� �ú � j _
fdh � h�ª l�bdr À l � hP`^b egh3c�h � z:l�e � `^p3hqoi_
`Jegf:rdhqehªòÀ�rdhqe À À ����ÄPbdr´`J|�_Mhf1l-�#h À À � S²y³ ´ � j�l~]�l!y�h3]^`^bdc�|*\ � egfdh � h3rd�dp3h3rt� � \�yd]^h3z egf1l�eiogl!eg`Jo � h3o�egfdhao�`^zt�d]Jhap3\�bdrd`Jeg`^\�bdo£ £ �¾þ5- » »²À £ £ ��ô ��þA-#» »²À £ £ �¾þ5-}ô7¿�» »�_a`^]^]�� � \"��`Jrdh�l�og\�]^��eg`^\�b:eg\�egfdh~\ � `^c�`^b1l!]�]�l!y²hq]^`^bdc.� � \�yd]^h3z`^|¾_Mh~rdh � bdhÖ£ �¾þ5- »²À £ £ ë ��ô Ð -²þ è���ô åb- » »«�
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P R D�X¹U�CVJ�N�Y�^Ø J�XOUy J�Y�Y&L CV^@M0R SET� R K�N�H H R D� J�CVH
D�K�L] R S@JP D�e&L
P L KmU�CED�Y�T�^N�X�P D�e&L P L
KmU�C@DQY�T�^R ^EJWM2J�CVY�T�R HD�NOSEJ�M0J�CEYOT�R ^@M0^µ D�XO^EJ�XÙ C@DdSEJ�H@T�c�t¶ P\jD�CVe&J�NOCÙ D�CVJËtX�^ g R[ N�H R�tX�^ g Rc�D�CVR D�XOH
L

[�`^b1l!]^]J{#j egfdh � h3rd�dpqh3r´]�l!y²hq]^`^bdc�� � \#yd]Jh3z `^oMh-l!o�{²���7hP]^hqe�£ £ �¾þ5- » »²À�-PzR\�r~¿����af��doiegfdhrdh3o�` � h3rFl!bdo�_Mh � `Jomeg\Ro�hqe7�:À�èÃj�6~À å��
Y�±À¦�ZÛ� � \�p3hqh3rd`^bdc2l�o.y�h3|*\ � h�jÃyd��e._
`Jegf5l2è$Ê�è�ztl�e � `J�9ÿ�j � \"_�l!bdr5p3\�]^�dztb)\��²h � l�eg`^\�bdo_
`J]^] � h3rd�dp3h�egfdh�� � \#yd]Jh3z eg\Öl:rd`^l�c�\�b1l!]¾z:l�e � `J�yª�ÿ À �}�mfdh�rd`�l!c�\�b1l!]çh3b e � `Jh3o.³V¢ � þ3ÿ3ÿ3ÿ3þd¢ � ¸l � hxp�f1l � l!pqegh � `��3h3róy {ïegfdhxp3\�bdrd`Jeg`^\�b�egf1l!e�¢ � ÿ3ÿ3ÿ
¢ y `^o´egfdhxc � h-l�egh3oµeVp3\�ztzR\�b�rd`J��`^og\ � \�|egfdhVrdhqegh � zR`^b1l!b egoR\�|}l�]J]Ó�$Ê��7o��dydz:l�e � `^pqh3oR\�|¹ÿ�� £ �afd`^oR`Jo�õg½�zR`Jegf�bd\ � z:l!]m|*\ � ztöd÷mo�h3hÎ��nÑ��n½²�n½�zR`Jegf�joBåªdÜaµo°"â�°�»²ªdÜ@Ùq¨�µq¶1ã�¨�Údâ�¨ Ù-©«Üo°"Údâ:YdÞ�Y7³µ�"Ô�æ��"¸�jn�!¶#¹"º�¹#�!ædj�ó-�-ud� »RÕ%|åegfdh�]�l!y²h3]J`^bdc£ £ �1» »�ogl!eg`Jo � h3oMegfdh � hqrd�dp3h3rV� � \�yd]^h3zVj�egfdh~\ � `^c�`^b1l!]�� � \�yd]^h3zí`^omogl!eg`Jo � h3rÖy {x£ �d»²À £ £ � À » »«���afdhb��dz�y�h � \#|¾h3]^h3zRh3b egom`^b´egfdh�c�h3bdh � l�]J`��3h3r´eg\ � �doa`^oa¿FÀÂrdh�e]ÿÂÀ ¢ � ÿ3ÿ-ÿ
¢ � ��afdh � h3rd�dp3h3rÖ� � \�yd]^h3z f1l!oml�o�`^zR�d]^hPo�\�]^��eg`^\�bÖl�oiy�h3|*\ � h~`J|�¢ � À��W�W� À¥¢ � � � À ����×M��e`^b�c�h3bdh � l!]¾egfdh � hqrd�dp3h3r�]�l!y²hq]^`^bdct_
`^]J]çy²h�l!bk&O'«rd`^zRh3bdog`^\�b1l!]¾\ � rd`^b1l � {Feg\ � �doP\#|�rd`^zRh3bdo�`^\�bdo³V¢ � � Ì � � þ3ÿ3ÿ3ÿ3þd¢ � ¸�j�_
fdh � hv¢ � � Ì � � !ø¢ � � Ì À ���
³TÎPh � hv¢ � À ��÷�_Mh�zR`^c�f eaf1l3� h�&�Àóè�� ¸Õ%b´egfdh � h3Ì �dh3o�eghqrFhq�dl!zR�d]^h�j�_Mh � bdrõ¢ � À ��j-¢ ð Àó��jÀ¢ � À �-Á�jd¿FÀò�!Á�÷d`^bdrdh3h3r�jª0ÿ À À áã � w
� ÁÁ � w~�w~� w~� u

îð áã ¹ � �� ¹ �� � ¹
îð áã � · æÁ � �Á Á �

îð À áã � Á ÁÁ � ÁÁ Á �"Á
îð ÿ

àÃl!p�f ��\�`^b ex³i�nþA-²þ	·#¸Rbd\"_ � hqp3h3`J�#h3o´l7e%_M\&'«rd`^zRh3bdog`^\�b1l!]a]�l!y²hq].³RÆ¾þA(�¸VÀ ³�³Ó·��FôG-d¸²zR\�r���þ³«æ*�Pô"-mô6·#¸�zt\ r.�-Á ¸����afdhPog`J�Rbdh3`Jc#f y²\ � oM\�|å³RÆ¾þA(�¸Ãl � h�³�³RÆ ¤ �"¸²zt\ r���þ:(�¸�j�³�³RÆ ¤ �"¸²zR\�r���þ³R( ¤ ��¸²zR\�r.�-Á#¸�j�³RÆnþ-³R( ¤ �"¸²zt\ rR�-Á#¸���ÕÓe-k oil�z��d]Jeg`^c � l!�df�j og`^bdpqhaegfdh �1� oµeÃe/_M\�bdh3`^c�f�y�\ � oMl � h`^rdh3b#eg`^p-l!]«÷dyd��e
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} â�© Ä w = ' Ü ' Ù�&(W á a�Û�&�Ù(<;a�<�Ü�& ' KAÛ��LÙ]ÚAÛ.& ' V [ yÌÛCÙ � < t ��Û��âÙ]Û���a = &FÛ�� Ä Üf< [ Ù ' VXW�VN&(<�y7W�Ù ' <�Ü ' ÜÙ]Ú = ÙLa = &FÛXa = ÜdÜAÛ��6Û��wÚ = ��Û ¾ ¯ Ü í �Ïl¾ ¯ Û���a�Û [ Ù � ÚAÛ�Ü ¾ ¯ Ü í Ï Ë ¯ Ü í �Ï Ë ¯ Ïl¾ ¯ � j ÚAÛ��FÛ # <��FÛ� Û%VXW�&FÙP<�Ü�y Z KAÛ�a ' KAÛ � Ú ' aJÚp�/WAÜ�&-< # a�<�Ü�&FÛ�a�W�Ù ' ��Û é &-<��"Ý�& ' Ü!Ë ì Ë í b�b%b ËEÌ�&]Ú�<�W�y7K ' Ü�K�W�a�ÛV = Ù(aJÚ ' Ü�wP�/WAÜ�& ' Ü ¾|ì�¾ví bUb%b ¾ Ì��� W [�[ <�&FÛrË ¯ Ü í Ë ¯ b�b�b Ë ¯ Ó$ùJÏ é Ý ù é�= Ü�K ¾ ¯ Ü í Ï é � j ÚAÛ%a�<�&FÙv< #x¾ ¯ Ü í ¾ ¯ bUb�b ¾ ¯ Ó$ùJÏé�é b�bUb é.' & Ôbi�Ø a�<�V [ = �FÛ�K&Ù(< = a�<�&âÙ2< # � '7#v¾ ¯ Ü íK¾ ¯ b�b�b ¾ ¯ Ó$ù ÏÞé Ý ù é�{ &/< � Û�VXW�&âÙ1aJÚ�<0<�&]Û�Ù]ÚAÛ# <��/V$Û�� '7#Ti @m� c Ô;= Ü�K(Ù]ÚAÛXy = ÙFÙ]Û�� '�#Ti 5 � c Ô � j Ú ' & [ <�y ' a Z a = Ü c ÛÎÛ�� [ �FÛ�&(&]Û�K ' Ü(Ù]Û��/Vv&�< #V�Û�K '>= Ü�& Ø�'7#T� Û\&FÛ�Ù ¾ ¯ Ï ¥ ¾ ¯ Ü í b�b�b ¾ ¯ Ü í Ë ¯ b�b%b Ë ¯ Ójù�¦ � ÚAÛ�Ü � c à Ô > Ýbø8` i @Ç� c ÔX# <�� ÔÎì éAØ� ÚAÛ��FÛwÙ]ÚAÛ��FÛ = �FÛ Ô <0a�a�W��/�FÛ�Ü�a�Û�&�< #<¾ ¯ Ü í � à j Ú ' &1V$Û�K '7= Ü t < #�t à � Ô > Ýbø�w ' ��Û�&1a�<��/�FÛ�a�Ù��FÛ�&/W�yßÙ(& ' Ü= w�Û�ÜAÛ�� = yUV$Û�K '>= Ü�w�� = [ Ú Ø & ' Ü�a�Û ' Ù ��' y7y [ �/<@K�W�a�Û\� = y ' K%V$Û�K '7= Ü%y = c Û�y7& { &]Û�ÛwÛ��¯Û��/a ' &FÛ y�} � ø��W�Ù � Û�VXW�&FÙ?aJÚ = Ü�w�Û:Ù]Ú ' &?�/W�yÌÛ � ÚAÛ�Ü � Û2w�Û�Ù�ÜAÛ = �GÙ]ÚAÛgÛ�Ü�K Ø@c Û�a = W�&]Û ' ÙTÛ���Û�Ü6Ù(W = y7y ZX= & � &# <��*Ù]ÚAÛ.� = y�WAÛ�&\< # Ë;Ð �,' Ù]ÚÉÒ(5 ¢ � j ÚAÛÎÛ�Ü�K�w = V$Û ' &�Ù(� ' a ��Ze{I# <�� '7# Ë ¯ Ü í Ë ¯ b�b�b ËEÌ Ï é Ý ù = Ü�K¾ ¯ Ü í Ï0é�Ø��,' Ù]Ú Ô:ÏÞ¢ > Ý | ê Ø Ù]ÚAÛLa�Ú�< ' a�Û ¾ ¯ Ü í ¾ ¯ b�b�b ¾|Ì�ÏÞé�é b�b�b éP' &gÜ�< � [ �FÛ # Û�� = c yÌÛ\<�Ü�y Z'7#?i @ Ýbc Ô � s <��8Û�� = V [ yÌÛ Ø�'7# � c ~ @ i @�� cEY = Ü�KÉË ì Ë í@Ï0é Ý = Ü�K ¢�Ï Ý Ø�� Û ��= Ü�Ù8Ù(<-a�Ú�<@<�&]Û¾|ìU¾ví:Ï é�é�{Ic W�Ù '7# Ë ì Ë í Ë îVÏ é Ý�Ý = Ü�K ¢2Ï � � Û �2= Ü6Ù ¾|ìU¾ví�¾eîVÏ é Ý�Ý�� ë ÜAÛX&(<�y7W�Ù ' <�Ü ' &*Ù(<&]Û�ÙAËEÌRÓ|ÐLÍ ËEÌ # <��CÝw`·Ò$`øØ Ô c � Ù = Ü�KÉËEÌRÓ|ÐLÍ Ë ì\# <��8Ø Ô c � Ù @ Ò�` Ô �}�ç<© j ÚAÛ��FÛ = �FÛ y Ý,&/W�a�Ú # WAÜ�a�Ù ' <�Ü�& Ø Û = aJÚ;< #j� Ú ' aJÚva = Ü c Û,�FÛ [ �FÛ�&]Û�Ü6Ù]Û�K = &TÙ]ÚAÛ�V�Û�K '>= Ü-< #I= Ü<0K�K�Ü@W�V c Û��2< # Û�yÌÛ�V�Û�Ü�Ù(&*� � Û���Û�Ü"Ù Z [ Û�&,< # ��Û��âÙ ' a�Û�&�<0a�a�W�� ½
jdZ [ Û jdZ [ ' a = y$��Û��âÙ]Û�� k2= &]Û�& Ä K µ/= a�Û�Ü6ÙgÙ(< ¸ Û�w��FÛ�ÛÝ ¥�å�¦ � ¥8ËRä w æ�å6å6å�¦ Ý� ¥8ËRä w æ�å6å6å�¦ � ¥�å�¦=Û�¥8ä w æ�å6å�¦ �Y ¥8ä w æ�å6å�¦ � é ¥8ËRä w æ�å6å6å�¦=ÛD¥8ËRä w w æDæDå�å6å�¦ ~~ ¥8ËRä w|w æRæ�å6å6å@¦ Y é ¥ w æ�å�¦=Û�¥8ä w æ�å6å�¦=ÛD¥8ËRä w æRæ�å6å�¦ �� ¥8ËRä w æRæ�å6å�¦ Ý é ¥8ËRä w w æDæDå�å6å�¦=ÛD¥8ËRä w æDå�¦ z} ¥8ËRä w æDå@¦ Ý ¥8ËRä w æRæ�å6å�¦ Ý éz ¥ w æDå�¦ Ý é ¥8ËRä w w æDæDå6å�å�¦ Yg ~ <�Ü ð Û�W�V = ÜAÜ = Ü�K ¤ <��/w�Û�Ü�&âÙ]Û��FÜdÛ�Ü@W�V$Û�� = Ù]Û�KeÙ]ÚAÛ�&FÛ-&FÛ���Û�ÜeÙ Z [ Û�& ' ÜeÙ]ÚAÛ ' � c <@< � - 5D3�à�çK;à>=)<�åDá43E/Xå äDUv1è�à�äjà�ávã"è=�C3E5Måd9Dãà�ç à Ý �E~6~ ø Ø�N � � � � ØJ' Üla�<�ÜAÜAÛ�a�Ù ' <�Ü �,' Ù]ÚîÙ]ÚAÛ;&FÙ(W�K Z < #�= ÜÛ�¨@W ' � = yßÛ�Ü6Ù [ �/< c yÌÛ�V = c <�W�Ù2& Z &âÙ]Û�Vv&d< #U�,' ÜAÜ ' Ü�w.a�< = y ' Ù ' <�Ü�&�Ù]Ú = Ù�Ù]ÚAÛ Z a = y�yÌÛ�K ¬JvtÅ�_QÈß Õ Æ�Å$�¬ �j ÚAÛ1w�� = [ Ú # <��+& ' � t � = � '>= c yÌÛ # WAÜ�a�Ù ' <�Ü�& Ø�� Ú ' a�ÚÎÚ = & � }E~R} ��Û��âÙ ' a�Û�&+< # Y é Ù Z [ Û�& Ø@= [�[ Û = �/& ' ÜÎÙ]ÚAÛ[ = [ Û�� c@Zv¤ Û Z Û��/< �,' Ù ¥ a ' Ù]Û�K ' Ü$Û���Û��/a ' &]Û z é � ë Ü�y Z � Ý,< # Ù]Ú�<�&FÛgÙ Z [ Û�&�a = Ü c Û,�FÛ [ �FÛ�&FÛ�Ü6Ù]Û�K = &= & ' V [ yßÛ1V$Û�K '>= Ü t < #ut <0K�K {@= ��Û��âÙ]Û��Xy '�� Û ª ¥ ��� Ï0¦�¥ � � í ¦�¥ � � � ¦(« Ø�# <��=Û�� = V [ yÌÛ Ø Ú = &GÜ�<L&/W�a�ÚP�FÛ [ �FÛ t&]Û�Ü6Ù = Ù ' <�ÜU� È Û�Ù:Ù]ÚAÛLa�<��/�FÛ�& [ <�Ü�K ' Ü�wPw�� = [ Ú # <��8B�� = � '7=�c yßÛ�&8Ú = �6Û Î3� ��Û��âÙ ' a�Û�& {�Í � Ù �/K?><�& = Ü�Kð � ô�' Ü�K�V = Ü ØB' Ü t�ã./�ènç�3�æK3�¹eå0æ65�1 ç�} à Ý ��yE~ ø Ø } Ý�Ñ }�� Ø &]Ú�< � Û�K�Ù]Ú = Ù�y�w Î3�%' & = & Z V [ Ù(<�Ù ' a*Ù(< � Ü íh �6óKîKi °�� ¸ �DhLyÌÛ ' Ù(V = Ü ØD' Ü º010·dà�á%â ã7ä�1 - 5D3�à�çK; Ó à Ý �6}6} ø Ø Ý � YbÑ�Ý ��� Ø &]Ú�< � Û�KCÙ]Ú = ÙÀÙ]ÚAÛd�6Û��âÙ ' a�Û�&# <���K ' &âÙ ' Ü�a�Ù [ �/< µ Û�a�Ù ' <�Ü # WAÜ�a�Ù ' <�Ü�&,y '�� Û wf= Ü�Kræ = �FÛ = y �2=*Z & # W��âÙ]ÚAÛ�&âÙ = [ = �âÙ ' Ü"Ù]Ú ' &2w�� = [ ÚU� i}��e© Ù ��Û�� Z &âÙ(�/<�Ü�wLa�<�V [ <�ÜAÛ�Ü�Ù?VXW�&FÙ+a�<�Ü�& ' &âÙ?< #j= & ' Ü�w�yÌÛ1��Û��âÙ]Û�� { <�Ù]ÚAÛ�� ��' &]Û�Ù � <La�<@<��/K ' Ü = Ù]Û�&� <�W�y7K = y �2=*Z & c ÛCÛ�¨0W = y Ø <�� = y �2=*Z &2a�<�V [ yÌÛ�V�Û�Ü�Ù = � Z � j Ú0W�&8Ù]ÚAÛLK ' w�� = [ Ú�VXW�&âÙ c Û = a Z a�y ' a �

s W��âÙ]ÚAÛ��/V-<��FÛ Ø Ù]ÚAÛ��FÛ�VXW�&âÙ c Û'Ü�< [ = Ù]Ú # �/<�V = ��Û��âÙ]Û��¡Ù(< ' Ù(&a�<�V [ yÌÛ�V�Û�Ü6Ù { <�Ù]ÚAÛ�� �,' &]Û = a�<0<��/K ' Ü = Ù]Û � <�W�y7K c Û\a�<�Ü�&FÙ = Ü�Ù*�Ç ÚAÛ�Ü'Ù]ÚAÛ�&FÛ�Ù � <�a�<�Ü�K ' Ù ' <�Ü�& = �FÛv& = Ù ' & � Û�K ØI� Û-a = Ü [ �/<*�6Û�Ù]Ú = ÙÜ�<v��Û��âÙ]Û�� w�' &��FÛ�K�WAÜ�K = Ü6Ù Ø$c�Zf= &(& ' w�Ü ' Ü�w$Ù]ÚAÛ�� = y7WAÛ é Ù(< = y7yI��Û��âÙ ' a�Û�&Ù]Ú = Ù [ �FÛ�a�Û�KAÛ w <��(²wkØ?= &(& ' w�Ü ' Ü�w3Ý&Ù(< = y7y?��Û��âÙ ' a�Û�&
Ù]Ú = Ù # <�y�y7< �hØ+= Ü�Kw ' � ' Ü�w = [�[ �/< [ � '7= Ù]Û�� = y7WAÛ�&8Ù(< = y7yU<�Ù]ÚAÛ��2��Û��âÙ ' a�Û�&*�à k <�Ü�&FÛ�¨0WAÛ�Ü�Ù(y Z�� ÛP< c Ù = ' Ü = a�<�V [ yßÛ�Ù]Û�y Z K '�` Û��FÛ�Ü�Ù �2=*Z Ù(<%�FÛ [ t�FÛ�&FÛ�Ü6Ù = V$Û�K '>= Ülw�� = [ ÚU� s <��
Û�� = V [ yÌÛ Ø Ù]ÚAÛ;K ' w�� = [ Úl&]Ú�< � Üla�<��/�FÛ�& [ <�Ü�K�&
Ù(<+Ù]ÚAÛ;V$Û�K '>= Üw�� = [ Ú � Ú�<�&]ÛLy = c Û�y�& = �FÛ abé�é�é�é Û é�é�é Ý6Û é�é Ý é Û é�é Ý�Ý6Û é Ý�Ý�Ý6Û�Ý é Ý é Ô � ø
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} ±�© �TÛ�&*�T� Z4j ÚAÛ�<��FÛ�V Í?Ø�Æ�x�p V-<�Ü�<�Ù(<�ÜAÛ,&FÛ�y #ut K�W = y # WAÜ�a�Ù ' <�Ü;V = [ &�Û�yÌÛ�V�Û�Ü6Ù(&d< # ¬ ' Ü6Ù(<�¬l�}|¶e© ô Û��FÛwÙ]ÚAÛwÙ(< [ <�y�<�w ' a = y$<��/KAÛ�� ' Ü�w z�}T��~ Y � Ý Ý � Y ~ � } z a = Ü��FÛ [ y = a�Û à ��� ø {�� ÛLw�Û�Ù

à k <�Ü�&FÛ�a�W�Ù ' ��Û ' Ü@��Û��âÙ]Û��/&�<�Ü"Ù]ÚAÛ\& = V$ÛLy ' ÜAÛ\a = Ü Ø < # a�<�W��/&]Û ØBc Û\a = Ü�a�Û�yÌÛ�K�<�W�Ù*� ø}�}�© Ä w ' ��Û�Ü%� = y7WAÛ\< # Ï-a�<�Ü6Ù(� '�c W�Ù]Û�& = Ù�Vv<�&âÙ } Ø ¢ c�Ï�Ù\WAÜ ' Ù(&�< # KAÛ�y =�Z à # <�� � Ø ¢ c Ï�Ù�a�y7W�&âÙ]Û��/&�ø��}���© � W [�[ <�&FÛ � �/&FÙhÙ]Ú = Ù
Ù]ÚAÛ$ÜAÛ � a�<�Ü�K ' Ù ' <�Ü ' &ªÑ Þ Ò � Ú ' yßÛ$Ù]ÚAÛ;<�y7K ��= &ªÑ Ú2Þ Ò Ú£ØJ� ÚAÛ��FÛÑ @ Ò = Ü�K?Ñ*Ú @ ÒRÚ = Ü�K'Ù]ÚAÛ��FÛ = �FÛ�Ü�<�a�<�V [ yÌÛ�V�Û�Ü6Ù]Û�K�y ' Ù]Û�� = y7&�� j ÚAÛ$ÜAÛ � Vv<@K�W�yÌÛvaJÚ = Ü�w�Û�&w�í b�b�b w ÌCÙ(<Jæ í bUb%b æ6Ì Ø+� ÚAÛ��FÛ¹æ Î'Ï wÎ ¿ w Ð Ø æEÐ Ï w|Î ³ w Ð Ød= Ü�K!æ ¯ Ï w ¯ <�Ù]ÚAÛ�� �,' &FÛ�� Ç Ûa�Û��âÙ = ' Ü�y Z Ú = ��Û4æ Î � `læ Ð � � ÚAÛ�Ü a Ñ Ú Û*Ò Ú Ô ) a Ñ�ÛqÒ Ô Ï , � Ä Ü�KdÙ]ÚAÛ��FÛ ' &CÜ�< [ �/< c yÌÛ�V '�# Ñ Ï Ñ ÚRØ& ' Ü�a�Û'æ Î � Ï æ Î ` w|Î<Ï w Î � ` w Ð � Ï æ Ð � �T�1W�Ù8Ù]ÚAÛLa = &]Û:Ñ Ï ÒDÚ ' &8Ù(� ' a �0' Û�� ½�ô Û��FÛwÙ]ÚAÛL�FÛ�y = Ù ' <�Ü�&Ñ ÚdÞ Ñ = Ü�K·Ñ Þ Ò ' V [ y Ze= y7&(<¹Ñ ÚdÞ Ò {b= Ü�K'Ù]Ú ' &\�FÛ�y = Ù ' <�Ü'Ú = & c Û�Û�ÜîÛ�Ü # <��/a�Û�K c@Z�_�ÖJ=nbv£«�®¯¬V-<0K�W�yÌÛ�& Ø0c Û�a = W�&FÛ�Vv<@K�W�yÌÛ�&�Ú = ��Û c Û�Û�Ü = [�[ Û�Ü�KAÛ�K ' Ü;<��/KAÛ���< # KAÛ�a��FÛ = & ' Ü�w.K ' &âÙ = Ü�a�Û�Ï ' Ü$Ù]ÚAÛÙ(< [ <�y7<�w ' a = y�<��/KAÛ�� ' Ü�w ¾ í b�b�b ¾ î Ì � j ÚAÛ��FÛ # <��FÛ¹æ Î � Ï w Î � ` w�Ð8= Ü�K!æ Î � ` w Ð � Ï w Î Ø ÚAÛ�Ü�a�Ûæ Î � ` w|Î ¿ w Ð Ï æ Î<Ï æ Ð � � Ä & ' V ' y = � [ �/<@< #T� <�� � & � ÚAÛ�ÜSÒ Ï Ñ Ú <��#Ò Ï Ò Ú �sb' Ü = y7y Z�Ø��,' Ù]Ú�a�<�V [ yÌÛ�V�Û�Ü6Ù]Û�K%y ' Ù]Û�� = y7& Ø Ù]ÚAÛ\a�<�Ü�&FÙ(�/W�a�Ù ' <�Ü�a�yÌÛ���Û��/y Z �FÛ�K�W�a�Û�&LÙ]ÚAÛ\w�Û�ÜAÛ�� = ya = &]Û*Ù(<�Ù]ÚAÛLWAÜ�a�<�V [ yßÛ�V$Û�Ü6Ù]Û�K%a = &]Û c@Z8' Ü���Û��âÙ ' Ü�w = Ü�K�WAÜ t�' Ü@��Û��âÙ ' Ü�w�Ù]ÚAÛ c�' Ù(&*�����© Ç ÚAÛ�Ü ¢#Ï � Ø K�<6Û�&LÙ]ÚAÛ µ < c � j ÚAÛ�w�Û�ÜAÛ�� = yTa = &]Û # <�y7y7< � &,�FÛ�a�W��/& ' ��Û�y Z�# �/<�VúÙ]Ú ' &c W ' y7K ' Ü�w c y7<0a �8c�Z �FÛ�K�W�a ' Ü�w ¢ Ù(<lØ ¢ c � Ù��g j ÚAÛX&FÙ(W�K Z < #�k1�*t ÜAÛ�Ù(& ØI= Ü�K�<�Ù]ÚAÛ��*ÜAÛ�Ù � <�� � &�< # w��FÛ = Ù]Û���w�Û�ÜAÛ�� = y ' Ù Z�Ø$�2= & ' Ü ' Ù '>= Ù]Û�K c�ZÙ � Ç � ¤�=�Z � = Ü�K Ä � � W c � = V = Ü '7= Ü Øjº*1T·?àDá��ZB�æK3nç,åDäDU`7�;0/�æK3ná 7Bè(ão1 ç ç à Ý ��� � ø Ø Y é � ÑDY � Y�� i�eÓ|© j ÚAÛ = Ü�& � Û��vK�<6Û�&&Ü�<�Ù Z Û�Ù;&FÛ�Û�VÉÙ(< c Û � Ü�< � Ü�Û���Û�Ü ' Ü Ù]ÚAÛ�& [ Û�a '7= y�a = &FÛ � ÚAÛ�Ü�Ù]ÚAÛV�Û�K '>= Ü�w�� = [ Ú ' & =-# �FÛ�ÛCÙ(�FÛ�Û à ��' Ù]Ú ¢ > Ý\�6Û��âÙ ' a�Û�&Jø Ø <�� ' Ü�Ù]ÚAÛ�V-<�Ü�<�Ù(<�ÜAÛ\a = &FÛ � ÚAÛ�Ü ' Ù ' & =K ' &âÙ(� '7c W�Ù ' ��Û�y = ÙFÙ ' a�Û = & ' Ü k <��/<�y7y = � Z�s � � Ü"Ù]ÚAÛLy = ÙFÙ]Û��1a = &]Û Ø�' Ü@��Û��âÙ]Û��/&2V =*Zvc Û\WAÜAÜAÛ�a�Û�&(& = � Z �� â�© È Û�Ù.ÏFE à ¾ ÛCË�ø c Û�Ù]ÚAÛ�Ü@W�V c Û��\< # Û�K�w�Û�&�<�Ü = &]Ú�<��âÙ]Û�&FÙ [ = Ù]Ú c Û�Ù � Û�Û�Ü ¾�= Ü�K]Ë ØI� ÚAÛ�ÜÙ]ÚAÛ [ = Ù]Úfy ' Û�&�Û�Ü6Ù ' �FÛ�y Z���' Ù]Ú ' Üf¬�� k yÌÛ = �/y Z ÏFE à ¾ Û�Ë�ø ì Ï�G à ¾ ÛPË�ø�� Ä Ü�K '7#�¾�Ïk¾|ì |R|R| ¾ví |R|£|����� |£|R| ¾ ¯ Ï Ë ' & = &]Ú�<��âÙ]Û�&âÙ [ = Ù]Ú ' Ü�: Ø Ù]ÚAÛ [ = Ù]Ú ¾�Ï �Àà ¾|ì ø |£|R| �?à ¾�í ø |R|£| ����� |R|£| �?à ¾ ¯ ø Ï Ëy ' Û�& ' Ü�¬ � ÚAÛ�Ü � ' & = �FÛ�Ù(� = a�Ù ' <�Ü # �/<�VN:7Ù(<-¬ { ÚAÛ�Ü�a�Û.ÏFE à ¾ ÛCË�ø�`�Ï�G à ¾ Û�Ë�ø����ç<© ��# � ' & = �FÛ�Ù(� = a�Ù ' <�Ü;< # Ù]ÚAÛ ¢*t a�W c ÛL<�Ü�Ù(<.¬ Ø Ù � <.K '�` Û��FÛ�Ü�Ù1a�<@<��/K ' Ü = Ù]Û [ <�& ' Ù ' <�Ü�&�a = ÜAÜ�<�Ù= y �2=*Z & c Û(Û�¨@W = y�<�� = y �2=*Z &-a�<�V [ yÌÛ�V�Û�Ü6Ù = � Zp# <�� = y7y w #r¬ Ø WAÜ�yÌÛ�&/&$Ù]ÚAÛ Z�= �FÛ�a�<�Ü�&FÙ = Ü6Ù*�s <�� '7#{Ø & =�Z�ØJ= y7yGÛ�yÌÛ�V�Û�Ü6Ù(&\< # ¬êÚ = ��Û�Ù]ÚAÛ # <��/V-& é�é �Tb%bUb�� <���Ý�Ý �Tb�b�b�� Ø Ù]ÚAÛ��FÛ � <�W�y7K c Û$Ü�<[ = Ù]Ú c Û�Ù � Û�Û�Ü;��Û��âÙ ' a�Û�&2< # Ù]Ú�<�&]ÛLÙ � <hÙ Z [ Û�& Ø a�<�Ü�Ù(� = K ' a�Ù ' Ü�w
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� ©4®7¥�½�±�¨ Î ®/« Î M½�¾tÃ �¦-¯�©4 ~MM£¤®/¡;¶\¹�»�»-�ß®1¡fá�½-¡�±~¨M£ ´1 ¡-®1©4¾²¢f³Í«s®1©4¾=¿
� ©4®1°/©M¢/¾�¾�¢/Ï�³¤ Á³¤®1°/£¤±b¢/©4©M¢�ª-�¶FÆ7¿
� ©4®1°/©M¢/¾�¾t£¤¡�° ³¬¢/¡�°/½+¢/°/ ��¶�Å � ¿� ©4®fá� �±~¨M£¤®/¡)«s½�¡�±�¨M£¤®1¡��¶ 3 ¶ÍÅ�Æ-¶ 3 È+¶+É7Å1¶�Ç1Ç�¿� ©4®fá� �±~¨M£¤®/¡�m£¤¡J¢t¾� �¥-£¬¢/¡J¢/³¤°1 ~Ï�©M¢�¶ � Å/¿� ©4®1³¤®/°t³¬¢f¡�°1½+¢f°1 1¶�Å1Å/¿
� ©4®�´/¢f¡;¶+ä/®1�-¡S�7±�®f¨4¨�¶FÉ � ¿� ½�¡J©4 �M£¤�¨M �¥;¶�Å�Ç�¿
� ½�©4 �¾²¢&á�®/©4£ ¨ ª²«s½�¡�±~¨M£¤®/¡��¶ 3 W�¶�Ç1Ç�¿� ½-¨���®/³¤½;¶6Pb£¬¢f¡�«s©M¢f¡�±�®+¶+É/Æ-¿
� ª7©M¢/¾�£¤¥��¶7¨M ~¨M©M¢/�- �¥�©M¢/³â¶-È 3 ¿[ ½+¢/¡1¨M£ )  �¥J«s®/©4¾ ½-³¬¢/�¶7È+Å/¿[ ½� �½� ��¶FÉfÐ�¿[ ½�£¤±�ÜF¶+ä/®/¡+¢f¨M�+¢f¡�SP®/©M¢f¨M£¤®+¶ 3 É7¶+É/Ð�Ä-Ç�W�¿[ ½�£¤¡� 1¶
��£¤³¤³¬¢/©4¥²åß¢f¡��Á©4¾²¢/¡Í¶ � ¶�Ð�¶ 3 Ç�¶FÉfÇ�¿[ ½�®1©4½�¾t�¶-È � ¿
�P¢f¥�®+¶��m£¤±���¢/©4¥;¶+Æ-Å1¿
�P¢f¡�¥�®1¾ Þß®7®1³¤ �¢/¡)«s½-¡�±~¨M£¤®1¡-�¶;Å]W+¶ 3 Æ-¶FÉ/Æ-¿�P¢f¡�¥�®1¾ ¡9½�¾ ÏF �©m°1 �¡� ~©M¢f¨M£¤®1¡Í¶+É�W+¿
�Ã �¢f³Í¡7½-¾ ÏF �©4�¶+È9É-¿ ~¦9¨M �¡�¥� ~¥;¶;Å&Æ-¿
�Ã �±�Ü9��®�Âµ¶��Ã®/ÏF �©�¨ÃÀP³¤³¤ �¡;¶+É/Ð-¿
�Ã �±~½�©4©4 �¡�±� ~�¶ � É7¶+ÉfÈ�¿�Ã �±~½�©4M£ ´1 bM½�Ï-©4®1½-¨M£¤¡� ~�¶ � È�¶ 3 Ç�¿�Ã �¥-½�±� �¥J¾� ~¥�£¬¢/¡)M ~¨M�¶ � Ç-¶�È7É7¿�Ã �¥-½�¡�¥+¢f¡9¨P±~®7®1©4¥�£¤¡+¢&¨M ��¶ � Ç-¿�Ã �¥-½�¡�¥+¢f¡9¨P£¤¾t¯�³¤£¤±�¢/¡1¨M�¶9È � ¶+É1É7¶+É1Æ-¿�Ã �°/½�³¬¢/©mÞß®7®/³¤ �¢/¡"«s½�¡�±~¨M£¤®/¡��¶-È7Æ7¶-È9Ð�¿
�Ã �³¤£¬¢fÏ�£¤³¤£ ¨ ª�¯F®1³ ª7¡�®/¾�£¬¢/³¤�¶ 3 È�¶ 3 É-¶ 3�� ¶-È7Æ-¶+É � ¿�Ã �¡�¢/¾�£¤¡�°
UÓM �³¤ ~±~¨M£ ´1 �³ ª²±�®/¾�¯�³¤ �¾t �¡9¨M£¤¡-°�XÞß®7®/³¤ �¢/¡²´/¢/©4£¬¢fÏ�³¤ ��¶-È�Å1¶FÉ 3 ¶�Ç�W+¿�Ã �4®1³¤½-¨M£¤®/¡"¯�©4£¤¡�±�£¤¯�³¤ /¶+É/Ç�¿
�Ã �4®1³ ´1 �¡1¨M�¶�É/Ç-¿
�Ã ~¨M©M¢f±~¨M�¶ � � ¶�È9É-¿�Ã ~¨M©M¢f±~¨M£¤®1¡"¾²¢/¯�¯-£¤¡�°1�¶ � � ¶-È9É-¿�Ã£¤°/�9¨m±�®1¾�¯-³¤ �¾� �¡1¨�¢f¨M£¤®/¡$U X�¶ 3 ¿�Ã£¤°/�9¨m¯�©4®/á  �±~¨M£¤®1¡$U X�¶ 3 ¶;Å�Æ-¶+É-Å1¿�Ã£¤¡�°t4½�¾  ~¦7¯+¢/¡�4£¤®1¡;¶\¹�»�»�N=½�³ ¨M£¤³¤£¤¡� �¢f©©4 ~¯�©4 �M ~¡9¨�¢&¨M£¤®1¡;¿
�Ã£ ´1 ��¨�¶��Ã®/¡+¢/³¤¥z+;£¤¡�¡Í¶;ÅJW�¿
�Ã®/Ï�£¤¡�M®/¡;¶�ä/®1��¡JÀÁ³¬¢f¡;¶+É/Ç-¿
�Ã®f¨�¢�¶6Pb£¬¢f¡ Î �?¢/©4³¤®+¶-Æ 3 ¿�Ã®f¨M�;¶+ä/®1�-¡���¢/½�³â¶+ÉfÇ�¿
�Ã®f¨M�+¢/½��¶��ÁM±�¢f©#�7 �ª-¾�®/½�©�¶FÆ1Æ7¿
�Ã½�¡-Ã®1«QW�m®1©�Å��¶�Ç1Ç�¿
Ä ¹ Å�R ý ý ý R ¹ ÷ U Ò Xß¡�®f¨�¢f¨M£¤®1¡Í¶ 3 Å1¶\¹�»�»�9ª7¾�¾� �¨M©4£¤±«¬½�¡�±~¨M£¤®/¡��¿�-¢/Ü9�¶�NO£¤±��+¢/ ~³�(O��©M¢-¶+Ç9É7¿�-¢/¾�4®1¡;¶�( ¥-Âm¢f©4¥��v¢f³ ¨M �©�¶+É 3 ¶+É/Ç�¿�-¢/©�¨M �¡�¢�¶��ß��©4£¤�¨M£¬¢/¡;¶�É-Å/¿�-¢/M¢/Ü9£â¶��½�Üf¢fM��£kU X�¶ 3 Å/¿



�õW�*(�� ÀbõW� P,+-�H���9À*�'ý ã�Æ
�-¢&¨M£¤ ) ¢fÏ�£¤³¤£ ¨ ª²¯-©4®1Ï�³¤ �¾J¶�Ð&Ä�Å�Ç�¶ 3 Ð&Ä7È�Å1¿«¬®1©TSP®/©4¡J±�³¬¢/½�4 ��¶�Å�È�¶ 3 Ð�Ä7ÈbW�¿«¬®1©ÃÌb©4®1¾ ±�³¬¢/½-M ��¶ÍÅ/Å1¶ÍÅ�È&Ä�Å�Ç�¶ � Ç�¶ 3 Ð�Ä7ÈbW�¿�-¢&¨M£¤ ) ¢fÏ�³¤ �Þß®7®1³¤ �¢/¡)«s®/©4¾ ½-³¬¢/�¶�Ð-¿�-¢&¨M½�©M¢f¨M£¤¡�°t4½�Ï-¨M©M¢/±�¨M£¤®1¡&U ¿# X�¶ 3 ¶ 3�� ¿�7±��+¢/ ~«s �©�¶�Om��®/¾²¢/Ãä/ �©4®/¾� 1¶ � Ç-¿�7±��� �¥�½-³¤£¤¡�°+¶ÍÅ�ÈfÄFÅ�Ç-¶-È�W+¿�7±��� �¡��¨M �¥;¶��ß©M¢/£¤°/ ,( ½�°/ �¡� wU	&'(H¢Ç( ¢/X�¶£ ´Í¶-È+Å�Ä7È 3 ¶�Ç 3 ¿�7±���¾�£ ¨4¨�¶��\ ~¨M �©TSP¢/¡��¶+Ç � ¿�7±���©0�®1¥- �©�¶6�©4£¤ �¥�©4£¤±�����£¤³¤�� ~³¤¾ Ì�¢f©4³

( ©4¡��¨�¶ 3 È+¶FÉ � ¿�7 �³¤« Î ¥-½+¢/³;Þß®7®1³¤ �¢f¡)«s½�¡�±�¨M£¤®1¡��¶;Å&Æ7¶ 3�3 ¶3 É7¶�È9Ç-¶-È9Ð-¿¾t®1¡�®f¨M®1¡� 1¶ÍÅ�Æ�ÄFÅ � ¶ � È�¶ 3*3 ¶-È+Å�Ä7È 3 ¶7È9Ç&Ä9È7Æ7¿¨M�-©4 �M��®/³¤¥;¶ 3*3 ¶-È1Ç�¿�7 �³¤« Î ¥-½+¢/³¤£���¢&¨M£¤®1¡;¶9È9Ç�¿�7 �³¤« Î ®/©4°9¢f¡�£���£¤¡�° ¥+¢&¨�¢ 4¨M©4½�±~¨M½-©4 ��¶�Ç9É-¿�7 �¯�¢/©M¢/Ï-³¤ �«s½-¡�±~¨M£¤®1¡-�¶�¹�»�»�Om��©4 �4��®1³¤¥)«s½�¡-±~¨M£¤®1¡��¿�7 �©�´1 ~©Ã³¤®7±�¢f¨M£¤®1¡-�¶7È9É-¿�7�+¢f¥�®�ÂÃÃ®1«\Ï�£ ¨m±�®7¥� ��¶ 3�� ¿�7�+¢f¡�¡�®/¡;¶��?³¬¢f½�¥� K( ³ Â?®7®7¥;¶�ä/©�¿¤¶ÍÅ1¶+Æ/Ç�¿�7�� s�Í ~©�¶¯SÃ �¡�©�ª
N�¢f½�©4£¤±� 1¶-È�¶ 3 È�¿�7�� ~³¤³¤£¤¡�°�¢t¾t®1¡�®f¨M®1¡� �Þß®7®1³¤ �¢f¡)«s½�¡-±~¨M£¤®1¡;¶3�� Ä 3 Ð-¶+É&È+¶+É � ¶�Ç � ¿�7��¾µ½�³¤ ~´7£¤±��;¶�Ù³ ª9¢ åÁ³¬¢/¥�£¤¾t£¤©:U�È c {/çÍè�ë/ð�ô;ìyÁç9��� í ç î"_ ð c ð�ïFó1ë/ð�ô¯X�¶�Æ/É-¶+ÆfÇ�¿�7��®/³¬¢/¡�¥- �©�¶6NO¢/©4³¤®�Â'�?¢/¡-®1¡;¶-È 3 ¶�ÇfÈ+¿�7��®/©�¨M �4¨Ã¡�®/©4¾²¢/³Í«¬®1©4¾��¶�Ð�¶ 3 Ç�¶ 3 Æ-¶�È1Ð�¶+É 3 ¿�7��®/©�¨M �4¨Ã¯+¢&¨M���¶ � W�¿�7£¤¥� �Âm¢�ª-P¢f¥�¥�£ ¨M£¤®/¡&U Ñ-Ò X�¶ 3 Å1¶-È/È+¶FÉ/É-¿�7£¤°/¡� �¥J¯F �©4¾µ½-¨�¢f¨M£¤®/¡��¶�Æ1É7¿�7£¤¾�¯-³¤ �°1¢/¾� ��¶�Ç/Ç�¿�7£¤¡�°/³¤  Î «Ú¢/±~ �¥)«s½�¡-±~¨M£¤®1¡��¶�¹�»�»-�?¢/¡+¢f³¤£���£¤¡�°«s½�¡�±�¨M£¤®1¡��¿�7£¤¡�Ü9�¶ÍÅ�Ç-¿�7³¤®1¢/¡;¶��m®1ÏF �©�¨�SÁ¢f³â¶+É/Ç-¿�7³¤½-¨��~Ü7£â¶6Pb£¤®1©M¢hUÓÿGÉ�Ê9÷¬ø"ËOùÍþ�÷¬ÿÚû£X�¶ � 3 ¿�7¾�£ ¨M�Í¶6NO¢/©4Ü"ÀP¡�¥�©4 ~Â�¶FÉ�W�¿�7®/©�¨M£¤¡�°t¡� ~¨ Âß®1©4Ü9�¶�È9É-¿�7®/½�©4±� ��¶;Å�Ç-¿�9¨�¢f±�Ü9�¶ÍÅ 3 ¶+É/É-¶+É/Ð�¿�9¨�¢f¡�«s®1©4¥�PÁ©M¢/¯���Þ?¢/M /¶�£¤£â¶7£¤£¤£â¶ÍÅ�Ç�¿�9¨�¢f¡�³¤ ~ª1¶��m£¤±���¢/©4¥z�� �¨M �©�¶FÆ�W+¿�9¨M®/¡� �©4 �¯�©4 �4 �¡1¨�¢f¨M£¤®1¡Í¶-È � Ä9È 3 ¿�9¨M©4®/¡�°�±�®/¾�¯F®1¡� �¡1¨M�¶ÍÅ�É�ÄFÅ�Ç�¶7ÈbW�¶+Ç-Å1¿�7½�ÏF±�½-Ï� ~�¶ � ¶ 3 Ç&Ä 3�� ¶+É � ¶FÉ/Æ-¶+É � ¶+Æ 3 ¿¾�¢f¦7£¤¾²¢/³â¶ � Ä7Ð�¶ 3 Ç�Ä 3 Æ-¿�7½�Ï-°1©M¢/¯-��P®/«�¢ �9ª7¯F �©4±�½�ÏF 1¶+È/È+¿�7½�Ï-©M¢/¾²¢f¡�£â¶+Ìb©4£¤4��¡+¢/¾µ½�©�¨M�1ªU	ÌKÍÇÎÐÏÒÑÐÓ�ÔoÕ×ÖoØ�Ù�ÚKÛ X�¶FÇ � ¿�7½�Ï-©M¢/¾²¢f¡�£¬¢/¡;¶-ÀÁ4��®1ÜF¶+Ç1Æ-¿�7½�¾ Î ®/« Î ¯�©4®7¥�½�±�¨MÃ ~¦7¯�©4 �M4£¤®1¡;¶\¹�»�»��Á£¤Óá�½-¡�±~¨M£ ´1 ¡�®1©4¾�¢/³;«¬®1©4¾=¿�9ÂÃ£¤«¬¨�¶�ä1®/¡+¢f¨M��¢/¡��Á �¢f¡;¶;Å/¿�9ª7¾�¾� ~¨M©4£¤±bÏ�³¤®7±�Ü²¥� �4£¤°1¡��¶+Æ/Ç�¿�9ª7¾�¾� ~¨M©4£¤±�Þß®7®1³¤ �¢/¡)«s½-¡�±~¨M£¤®1¡-�¶ 3 Å�Ä 3*3 ¶7È � ¿�9ª7¡9¨�¢&¦Í¶�±�®1¡1¨M ~¦9¨ Î «¬©4 � 1¶ÍÅ � ¿�]�� ~¾� �©-ã �¥�£â¶�( ¡�¥�©4 1¶�È9É-¿

�]�h�®1©7ã ~¡9ª7£â¶+Þ?¢f³�ã¢����¶+ÉfÇ�¿
O�¢/Ï�³¤ �m®/«�Þß®7®/³¤ �¢/¡)«¬½�¡�±~¨M£¤®/¡J±�®1½�¡1¨M�¶ 3�3 ¿O�¢/°1�¶ 3 Ç-¿O�¢/Üf¢f�+¢/4£â¶�SP£¤¥� �¨M®1M£�U X�¶+Ç � ¿O�¢/Üf¢fM½;¶R�-¢f¨M®/©4½µU X�¶+Ç � ¿O�¢/¡�¡� ~¡7Ï+¢f½�¾=¶6N= ~ª1 �©�¶FÆ � ¿O�¢/©Úá4¢f¡;¶��m®1ÏF �©�¨�( ¡�¥�©4 /¶'Å�Ç�¶-È�Å1¿O�¢/½-¨M®/³¤®1°1£¤ ~:UÙà8X�¶ 3 ¶FÉ � ¿O\ �©4¾�£¤¡�®/³¤®1°/ª1¶�É 3 ¿O\ �©4¡+¢/©�ª)Þß®7®1³¤ �¢f¡)®1¯F �©M¢&¨M£¤®1¡��¶ÍÅ�Æ-¶+É 3 ¿¨�¢/Ï-³¤ 1¶ 3 � ¿O\ ~¨M©M¢/�� ~¥�©M¢/³Í¯9ª7©M¢/¾�£¤¥-�¶-È � Ä7È 3 ¿OÃ�- �®1©4 �¾ ¯�©4®�´7£¤¡�°+¶ÍÅ 3 ¶�ÇfÈ+¿OÃ�-®1¾²¢f�¶�SP ~©4Ï� ~©�¨f�ß��©4£¤4¨M®/¯��� �©8U	&ÜÙ´1®�X�¶ 3 ¿OÃ�-©4 �M��®/³¤¥J«¬½�¡�±~¨M£¤®/¡��¶ � Ð&Ä 3 Å/¶ 3*3 ¶-È9Ç�Ä7È1Ð�¿®1«'¨M�-©4 �M��®/³¤¥J«¬½�¡�±~¨M£¤®/¡��¶ 3 Å1¶-È1Ç�¶�Ç/Ð�¿OÃ£¤4®1¡;¶�� £¤ �©4©4 ,+;®1½�£¤Ãä/®14 �¯��;¶+É/Ç-¿O\®7¥+¢�¶YÙÂm¢f®�U X�¶�Ç � ¿O\®1¾�³¤£¤¡;¶�NO¢/©�ªJä/ �¢/¡µU	&'+;£¤³ ª6X�¶ÍÅ�È�¶ÍÅ�Ç�¶-È�W+¿O\®1¯F®1³¤®/°1£¤±�¢f³�M®/©�¨M£¤¡�°+¶�Å�È�¶ � Æ-¶ 3 Ð-¿O\©4 � ��¶ � Å1¶ 3 É-¶ 3 Ð�¶-È7É-¿O\©4£¬¢/¡�°/½�³¬¢/©?°/©4£¤¥��¶-È � ¿O\©4£ ´-£¬¢f³Í«s½�¡�±~¨M£¤®/¡��¶ 3 ¶;Å�Æ-¶;Å � ¿O\©4½-¨M�;¶;Å1¶ÍÅ&Æ-¶ 3*3 ¿O\©4½-¨M�J¨�¢fÏ�³¤ ��¶�Å1¶ 3 ¶+É�Ä�Æ7¶ � É7¶-È � Ä-É�W�¶+É-Å1¿OÃ4½�ÏF®1£â¶�O\ �£ Ý t ±���£4U X�¶+Ç/Ð�¶+Æ�W�¶FÆ/É-¿O\½�Ü/ ~ª1¶Fä/®1��¡���£¤³¤¥� �©�¶�Å1¿O\½�©+ã¢/¡;¶¯PPª��®/©4°/ª1¶FÉfÇ�¿OmÂß � �¥�³¤ �¥- � 1¶ � ¶ 3*3 ¿OmÂß® Î ´/¢f©4£¬¢/Ï�³¤ b«¬½�¡�±~¨M£¤®/¡��¶ÍÅ�Ä7È+¶ 3*3 Ä 3 È+¿
Þ ³ ª9¢/¡-®&´�¶-åÁ³¬¢/¥�£¤¾t£¤©ºÙ³ ª-£¤±��µUGß�ç9����x�ó1ë�ìí ç î"_ ð c ð�ï�yÁç9�/ð�ô¯X�¶�È�W+¿
Þ ¡+¢f©�ª)®1¯F �©M¢&¨M®1©��?À�«s½�¡�±~¨M£¤®/¡J®1«\®/¡� b´f¢/©4£¬¢fÏ�³¤ 1¿
Þ ¡+¢&¨M �«s½-¡�±~¨M£¤®1¡-�¶FÉ 3 ¿
Þ ¡�£¤®/¡ ÎG) ¡�¥=¢/³¤°/®1©4£ ¨M��¾J¶ � 3 ¿
Þ ¡�£ ´1 �©4M¢/³;¢f³¤°1 �Ï�©M¢f�¶�É � ¿
Þ ¡�£ ´1 �©4M¢/³9B9½+¢/¡1¨M£ )  �©4�¶�È�Å1¿
Þ ¡�4®1³ ´/¢fÏ�³¤ b¯�©4®/Ï�³¤ �¾��¶�Ç�Å/¿åß¢f³¤£¤¥�£ ¨ ª�U à X�¶ 3 ¿åH �±�¨M®1©4�¶ � ¿åH �©4® ��¶��m®1ÏF �©�¨W+Í®1½�£¤�¶�Ç/È+¿åH �©�¨M �¦)±�®�´1 �©4�¶+ÉfÈ+¿åb£¤Ü9½�³¤£¤¡;¶-ÀÁ¡�¢f¨M®1³ ª��\ ~¨M©4®�´7£¤±��&U í ð�éY{/ç�ð�x;ìæWx î �1ó�çÍð-ñ�àbè\�1ïFó1ë/ð�ô¯X�¶+Æ 3 ¿´1®1¡=õP ~½�¾²¢/¡-¡;¶+ä/®1�-¡"U	& N�¢f©4°1£ ¨4¨�¢f£õÃ �½�¾²¢f¡�¡=ä ã¢/¡�®/FX�¶�Ç1Ç�¿å�á½Í¶7åÇ}¢/¡�S�Ý¢�¶+Æ � ¿�v¢/°/¡+¢/³¤³¤�¶7ÀÁ¥+¢f¾ ��£¤³¤³¤£¤�¶ � ¿�v¢/°/¡� �©�¶�( ©4£¤±gPb ~©4�+¢/©4¥-¨�¶+É/Ç-¿�v¢/³ ¨M �©?®/«�Þß½�©4³¤ ~ª$U	&	Þß½-©4³¤ �£¤°1��& PÁ½+¢/³ ¨M �©4½-Þß½-©4³¤ �½�FX�¶+É-¿�� �ÏF �©�¶+Ì�¢f©4³â¶+É1Æ7¿��£¤ �¥� �¾²¢f¡�¡;¶��Á®/½�°1³¬¢fTSÃ �¡�©�ª1¶ � Æ-¶+Æ/Æ-¿��£¤³¤³¤£¬¢/¾�®/«;�Á±�Ü9�+¢/¾EU	& Pb½-£¤³¤£¤ �³¤¾ ½-m¢fÏ

�Á±~±�¢/¾hX�¶+É7¿��£¤³¤³¤£¬¢/¾��¶Y�m®1Ï-£¤¡�N=±0+'¢f½�©4£¤¾=¶ÍÅ�È�¶;Å�Ç�¶�Ç�W�¿



ã | �õW�*(��3ÀÁõf� P,+��H���7À*�'ý
��£¤¡�¥� ~©�¶��m®1ÏF �©�¨f�PÂß �¡;¶;Å � ¶+Æ�W+¿��®7®/³â¶-ÀP´7£¤M�+¢f£4UÚøf÷s÷\ÿGâÍÿäã1ù�X�¶FÆ-Å/¿��®/©4¥J¯�©4®1Ï�³¤ ~¾��¶ �*� ¿��®/©4Ü7£¤¡�°t½�¡-£ ¨M�¶ 3 È+¿
$Àä�~ UÓ ~¦7±�³¤½�4£ ´1 b®1©�¶�%8X�¶ 3 Ä7Ç�¶ 3 Å1¶ 3 È+¶3 É7¶FÉ-Å/¶�Ç1Ð-¿Ï-£ ¨ ÂÃ£¤M 1¶-È/È+¶+É/É-¿
å «s½�¡-±~¨M£¤®1¡��¶�È � Ä7È 3 ¶7È9Ç-¿ýH¢/Ï�³¤®/¡�MÜ1ª1¶D�7 �©4°/ �£ÍåÁM ~´1®/³¤®7¥�®�´-£¤±��&U�æ ¬ çÍó�xYçê�é�ð�ñÍì�èßè�ïYw�è�ñ í ê�è�ë/ó�çÍó _ ó1ë/ð�ô¯X�¶+ÆfÈ�¿

u9�*�Á��WuF �©4® Î 4½�¯�¯�©4 �4M �¥J¥- �±�£¤M£¤®/¡¥-£¬¢/°1©M¢f¾��¶-Ç 3 ¿
u� �©4® Î ®/¡� b¯�©4£¤¡�±�£¤¯�³¤ /¶ ��� ¿
u��+¢f®+¶��P£¤M�9½�¡µU X�¶+Ç � ¿
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¨�©hª¬«o8©®«oª.¯�°j±j«9²´³j³¶µ[·f¸¥¸x¹¥¹¥¹»ºh¼¥½¶º¶¾´¿h¼yÀ®Á¶³¥ÂPÃ8½v³´¿vÄ´¾´ÅlÆhÇPÃfÈlÇjÀ�¸´ÉyÊjÄ¥À´³¶²�¸l³´¿hÅ¥¼vµ[ÃË²»³lÌ�ÁÎÍyÏj©¥ªÐ°jÑÒ©®ÓÍyÔ®88«y©¥ª.Ñ�©®Õ�Ï¥8Ö×°lª¬Ñ�Ïj©U°¶Ø0ÏjÔ»ª.ª¬Ù®ÑÒÓ]Ø0Ï´ÏjÚÎ°¶©®ÛU8«yÜÝ°lª¬«yÛUØ0Ï´ÏjÚhÓxÞ
ß «y«a°¶Ü�Ó8Ï5²h³¥³¶µ[·f¸j¸v¹¥¹¥¹»º¥¼h½¶º¶¾´¿¥¼xÀ®Á¶³¥ÂPÃ8½v³´¿vÄ´¾´ÅlÆhÇ@Ã�ÈjÇ¶À�¸´ÉyÊjÄ¥À´³¶²�¸h½làláâÃã²´³lÌ�ÁÎÕ�Ïj]Ñ�©®Õ�Ïj8Ö_°lª¬Ñ�Ïj©°¶Ø�ÏjÔ»ªåä�æ�ç~è�é�êlë®ìtílî�ï7ð[îÐêxñ�æ�òóêlôoçvõ»Ñ�©®ÍyÜ�Ô®Û®Ñ�©®±XÛ®Ïvö]©®Ü�Ï¥°jÛ�°¶Ø®Ü�«~Ó¬ÏjÕÝª�öó°¶8«9Õ�Ï¥óÛ®«x°¶Ü�Ñ�©®±Sö]ÑÒª¬Ùª¬Ù®«�±j¬°¶¯®Ù®Ó.Ô®Ó8«yÛUÑÒ©÷Ö×°¶©hø_Ï¥Õ�ª¬Ù®«�«où»°¶Ö×¯®Ü�«oÓ]Ñ�©,úâÙ�°¶¯»ª¬«y.û´Þ
ß «y«a°¶Ü�Ó8Ï5²h³¥³¶µ[·f¸j¸v¹¥¹¥¹»º¥¼h½¶º¶¾´¿¥¼xÀ®Á¶³¥ÂPÃ8½v³´¿vÄ´¾´ÅlÆhÇ@Ã�ÈjÇ¶À�¸´ÉyÊjÄ¥À´³¶²�¸yÌhÌ0ülýj¹»¿lÆ»È�Ãã²´³lÌ�ÁÎÕ�Ï¥óÛ®Ïvö.©»þÜ�Ï¥°¶Û�°¶Ø®Ü�«�Ó8ÏjÕ�ª�öó°j8«�ª¬ÏXÓ8Ñ�Ö5Ô®ÜÝ°lª¬«�ª¬Ù®« ¤¥¤�¦v§ ÍyÏjÖ×¯®Ô»ª¬«oyÞúâÏj¯¥ø»8Ñ�±jÙhª Íÿ�������� Øhø���Û®Û®Ñ�Ó8Ïj©	��
 «yÓ¬Ü�«�ø
��Ü�Ü®8Ñ�±jÙ¥ª¬Ó�8«yÓ8«y�¥«yÛ2Þ���Ï~¯�°¶fªPÏ¥Õ�ª¬Ù®Ñ�Ó�¯®Ô®Ø®Ü�Ñ�Íy°¶ª¬ÑÒÏ¥©SÖ×°xøåØ�«ó8«y¯®8Ï´Û®Ô®Ío«yÛ2õhÓ8ª¬Ïj8«yÛSÑ�©X°98«oª¬8Ñ�«��¶°¶ÜÓ8ø´Ó8ª¬«yÖUõ�Ï¥�ª¬¬°¶©®Ó¬ÖXÑÒª8ª¬«yÛ2õ�Ñ�© °¶©hø,Õ�Ïj8ÖUõFÏ¥9Ø¥ø °¶©hø,ÖX«x°¶©®ÓxõF«yÜÒ«yÍoª¬8Ïj©®Ñ�ÍjõFÖ×«yÍÐÙ�°¶©®Ñ�Íx°¶ÜtõF¯®Ù®Ï¶ª¬Ï¶þÍyÏj¯hø´Ñ�©®±®õ[8«oÍyÏj8Û®Ñ�©®±®õ[Ï¥SÏjª¬Ù®«ofö.Ñ�Ó8«jõ@ö]ÑÒª¬Ù®ÏjÔ»ªSª¬Ù®«U¯®8Ñ�ÏjSÍyÏj©®Ó¬«y©¥ª×ÏjÕ.ª¬Ù®«Î¯®Ô®Ø®Ü�Ñ�Ó8Ù®«yyõ[«où»Ío«y¯»ªª¬Ù�°lª_ª¬Ù®«,Ï��×ÍyÑ�°jÜ.«yÜ�«oÍoª¬8Ïj©®Ñ�Í���Ü�«,Ö×°xø%Ø0« Ô®Ó8«yÛ ª¬Ï ¯®8Ñ�©hª Ó8Ñ�©®±jÜ�«,ÍoÏ¥¯®ÑÒ«yÓ_ÕËÏj_¯0«y8Ó¬Ïj©�°¶Ü��ã©®Ï¶ªÍyÏjÖXÖ×«y8ÍoÑÝ°¶Ü��[Ô®Ó8«jÞ
��«y8Ï¶ª¬ÙU¯®8Ñ�©¥ª¬Ñ�©®±��ã8«��´Ñ�Ó¬Ñ�Ïj©�����õ�� ��� °¶©´Ô�°¶fø ����� �
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�����������K�����5�$�(�G�3���Y�����$�w�$�P���g�R�R�����G�e�����8�������w�Y� ���G���e���$�O�������$ [���U�G¡	¢£�G�Z���w���¤���$�
¥ ������¦a���§�$�3¢£�����������H���t�!¨������§�t�G��¢©�e�G�w��ª��R�����H�w�3�Z�]�G 3�e�� <�g�<�t�H���e�e�3�e�]«£�G���3�e�w���I�
�R����¨¬�����t�G��¢"�G�3¢$����e���X�®��¯¬�����°�����e�t¦±�$��²8�Gª3����¦±¢£�3�Z�����$ ³�����3�¬���t��´�5���G�e�$�G�w���<�
�G�3�$�P�� 3�G�3�$�A���$�£µ��3���P���$�$�3���e�����t�G�e��²¶�t�U�$�3��� �w�����t�¤���$�`�e�g�e·§�3�d�e�����$���$ §�+���!²
¢��� 3�G�x�������±���Gª��d�$�<�x¨��!�±�e�����Y�$�G�`�¸ª��G�Z¨��R�����$�e�¶�Z�Y������¯-¹ uYº�ehmou�»½¼ �$���x�A�����G�e�O���t�����
�$�<�q¨��!�q«£���G�`¢$�e�I�3���e�����X���8���$�3�e�3�$ 3�$�®¨`���8���t���A���I�$�e�G�e��¢$���q�3��¾-�3���$�w�G�¸¿3¦tÀ	¦t���$�XÁ
²8�G�e�A�������$�����������3�±���$�G�g� ¥ �e�Z��¢$�e�������g�$ 3��¯�Â��t�U���$�3�e�w�����e�G���$����¨5ÃV�Y�$�G�Y·3�G�[ª��3���$������¦
���O����¦I²8���e���e�$«t�e��Ä5�$�G�5���®¨`���3�$�$������G�3���Y��������$�3�$�P���$�$�¶�3�K�����Z�Y��·3�G��¯

Å �®ª��G�X���t���¶���Gª�������¦��8�t�<¢"���������d�H¨���e�e�3�e�¶���$���¶��������²¶���g���$�<��«£���e�R�5�$�w�G�e�3�$�
���$�£µ��3�m�3«	���e�$�e��ª3�N�������m¨��<��²¶�g���<«£�-�t���e�G�3�$�P�� 3�G�����e�3�0�e�����t���$ ½���$�N�A�����G�e�O���3�����e�G���$����¨�¯
�½�$���+���Z¨���A�A��·3�H���$�����!¡I��«£�<���+�g�����G�e���Z�����$ `���$�³���	���$�3�e�®�Y�����®ª��3¦"���¸�Æ�������¸�®�� 3�I�G��¯
Ç �	�½���$� ¥ �G���X���½�e��ª3���Z��¦	�8�����$�t���¶�t�<¢"�¸�������Gª����e�$�e�e�3�$�$�$���X�®�¶�G�$�3�$ 3������G�3�e�P�����®�
�G�3�w¢$���!�����®¨�¯ ¼ �$���e�G���<�e���x«£�� �¨3�3�`�������!�½����·I�$��²È��«£�3�	������¨`�$� ¥ �G�����$�G�����8�������q¨��3�
�$���e����ª3����¯

¼ �A¢$�	�¸���$�]�R�����G�e�O�������+�G�3�����G¡I��¦����$����¢$�e�GÃV�Æ���e�����G�������<�5�Y���g�$��É5�G�G�����3�UÊI¯�¿3¯ ÀR�<�±�
���3�$ t¦a�g�<�t +�P����¢	�����]�3�©�G�3��«t���������3�e�O���8���� 3�3�e�®���$����¯³Ë±����¢	������Ê²¶�����±�!ª��G�����£���g�®¨ ¥ ���
�����g�����Z�]���$�e�G�Aª��3���$�w�G�ÌÆ�����w�G�®¨³¾x�3���$�w�G�]Í3Â]¦KÍ Ç ¦N���$�¤Í5Ë½ÎY¦-���e�e�t�����$ [���������Y� �
��«$�������R�e���R�����+�t�����®����¨5¯����²¶������«£�� <�g�b²¶�®���U�R�e�$�3�Z�¸�e�GªI�g�!²È�3�- 3�P��¢t�+���$���<�Z¨5¦�²¶�®���
�G�w¢$�����e���]�<�©�e�3���R�t�� 3�$���� 3�������3�½�e�� 3�$� ¥ �������] <�P��¢$�t�]�������$�É��Y���$���3�e� Å �P��¢$� Ç ���e��¦
���e�<�Ï²¶�$���P�§�¸²¶���g�-«"�R�$�P�G²¶���$ +�A����¨³�G¡t���w¢$������¯ ¼ �t�G�§�G�3�w�G��É5�G�G�����3�¬ÊI¯®¿3ÐNÑ£�G�e�3�
���$�¬Òd�t�G��¦a«£�G 3���t�$���$ X²¶�®����«����e���w�A�����G�e�O���-���¬É5�G�G�����3�¤Ê5¯�¿3¯®¿[ÌÆ�e�G�R¢$�e�GÃV�Æ���e�G�g�G���RÓ<«£ÎY¯
É5���!�����3�©Ê5¯�¿3¯ À	¦�²¶�$���Y�U¨��3��� �e�A��«£�3�	������e�����³�t�G�e�3¦��������3�$�G���e�$�G�U²¶�����[���$���Z���$�$¨U�3�
�GÔ������G��� Ç �I�3�������Õ�O�t�$�!�����3�Õ�!ª3�����£�����g�<�m¯ÈÉ5�G�G�����3�/ÊI¯®¿3¯WÁU²¶�g���d�$�����¶²¶�����Ö���e���Y·5����t�
���G�Y�$�$�gÄ5�$���H�3�q«$�®�´²¶���e�R���������$�O�������3��×-É5���!�����3�¤ÊI¯®¿3¯ ÍX²¶�g���-�$���e���$�e���£���Y�X�Z���e�$�G���$�e�G�����<�
Ç �I�<�g�����`���$�$�G�����3�$��¯

¼ �$�+�t�!¡I�A�e�G�G�����3��¦dÊI¯WÀ	¦q�����«£�3�	�A 3�G�t�G�P�������$ ¤�����d¢£�3�e�e��«$�g���®��������¦q���$�Õ�®�`«£�G 3���$�
²¶�®���UÉ5���!�����3�UÊI¯WÀI¯�¿3Ð Å ���$�G�P�������t  Ç ���e�g��Ë±�3��«$���£�����3�e�O����ØN���e�����e�$��¯¶Ù£���e�����G�����d���3�¶���$���
�e�G�G�����3�§���Gª��`�����e�����	¨§��¢$¢£�����e���§�3�§���$�wÚ���«¤���t�£µ��<�]�g��¢$�e���5��¯UÉ5�G�G�����3�¤ÊI¯ À	¯WÀ²¶�����
�$�����I²¶�����]«����P·5���P���P·I���$ ¸�g�] <���$�G�P���V¯�Â��t���e�¸�®�a²¶�����	 3�¸�3��¦3���£�����	 <�I���K²8�G�g�V×5�����3�	�������t�
�3�8���$�A�G�������e�Ë±����¢	������Êb�����G�$�e�e�������®¨³�G�5ªI�g�P�� 3���¤��¢t¢£�����e���3�����$�AÛ$Ü5Ý	Þ�ß�²8�G«t¢��� <�
�������¶���½���®���G��3�¢��� 3�����V¯

àWàWà
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ç�è��Ð�Géê®�Ð�{�f�{£t�o��Yë�¡l�t�x�f l j�´ì�Ò�x�Ð�� v�Æè �o�{£���Yív�{¡

¼ �$�w���3¢$�g�w�<� Ç �I�3���������O�t�$�!�����3�$�����t�§«$�®���R���$��¢$�t�O�������3�³�����§�3�q�G�3�$�e�e�R«£�R���	Ã
���G�e¢t�e�!���G�¬�e��«$�e�5���$�®¨¤�������w�®�w�G�t�G�3��¢����e�e�������$�X�G�������e�X�e�$«IîZ�G�G�w�3���G�3�w¢$�	���G�w¢$�e�<Ã
 3�P�������g�$ t¯xïX¨�3�e�� 3�������c���®�������O�3�¸É5�G�G�����3�[Ê5¯�¿"ðòñ Ç �®�¶Ùa���$�$���g�$ 3ó�ðô²½���¶�]�$�P�b���3�e�
���I�$���Z��×	�x�$���G���t�G��¦	�$��²8�!ª��G��¦	�������q���$�3�e�¸²8�3�e�$�q²8�G�e�H��«t�®�q���5������²½ÃV«$�e��²H¯ ¼ �$���e�����
 3�5���a�<�-���$�����C���e�����G�g�H�g�d���A���5���$�¸�<�[���<�t�G�G¢$���d����������¢$¢£�������������$�]����²8���Z�¸���!ª��G�g��¦£�3�
²¶�$���Y��²8�������R���e�G�!�±�e�� 3�$� ¥ �������8�e�$¢£�G�e�Z���e�t�!���$�e����¯aÂ��$�R�!ª��G�R���$�G�e�¸��¢$¢����e�G�5���®¨�����²¶�®¨
�$�<�����3�$�]���$�e�¤�3�	�]���[«£�`�e�t�e¢$�e���e���$ 3�®¨§�e���P��¦N²¶�®���©�G¡	¢$�������®�H������������É5���!�����3�$��À	¯WÁI¯ Ít¯ Ít¦
Ít¯ Á	¯�¿3¦�Ít¯Wõ	¯ Ít¦K���$�§ö	¯ Á	¯ Í�3�x���$� ¥ �e�Z�����$�e���]ª��<�g�$������¯]���Z���e�<�t <��¨[«£�G�g���!ª��]���³«$�$���g�$���$ 
�$¢b� ¥ �e�÷�O�3�$�t���������3��¦	�e���x���Gª��¸�t���e�G�$�e�e��� Ç �I�3�������A���<¢t���G�q���t�P����3�e�d���t�<�e�3�$ 3�$��¨
�������X�8²¶������«£����«$�g�����w�$��²¶�®���X�R�����G�e�����c�������d���¶�$�G²8�G�d�3�¶���G�e�d«����e���3¯±Â��g�����q�´¨	¢$���t 
���$�±�A���I�$�e�G�e��¢$�a�c²½���N���Z���3�$���e�$�������d�$���e����ª3�����������a�����������<�w�±�$¢�²¶�®���]ø3ø¶�G¡I���e�G���e����¦
�!ª����]���t�<�t <�qðù«£�G�g���!ª��q�®�x�<�-�$�<�$ðù�K�������������������g�������8Ä5�$�®���d�¸���<�-�3�����t�½�������G�e���Z�����$ 
�R�������e�O���£����������¢$¢£�����e�¶�����¨ ¥ ������¯

ïX¨ú�$�<���G�`�3�ú�G�3�]«$���������3�e�O�������� 3�<�e�����$���A���Gª��U«£�G���0���G���$���$�������g�$ §���3�`���3�e�
�������(���3�Z�´¨¬¨������e��¦q�e�©���������w�������A���Õ�e�!ª��G�P���d�e�G�e¢"�G�!���A��¨¬·I�$��²¶���G�t <�+���w²8�I���O�$�g�®¨
«£���$���$����$�������w�G��¯-Øx�������e�����I�3·"¦$�O�3�¶�!¡t����¢$�g�3¦����¶���$���G¡I���e�G���e���q�������¶�Y� ª����G�O���e�e���+���
�e�G�e�����e�P�X¢t�e�<«t���G�w�HÌÆ�P�����G�²¶�®����$��Ô����$�®�´¨`���!ª����cÍ5õ��3�½�t�� 3�$�G�YÎY¦$�£���w�G�®¨`�!¡	�G�e�����e�G�dÀ	¿
���$�bÀ�Ít×$�Y� ª��H�����e������¢$�g���G�®����¨������������3�$�G�`�3�q¢£�3�e�G�+���t�$�®�����3�����"�$�$�e�3�®ª��G�XÄ5�$�G�Z���g�<�t�q���
���$�]���$�Z²8�G�e�d���w�G¡I���e�G���e���H¿�ÊI¦�Í3Ó$¦"ö<ö	¦"õ	¿3¦£õ3Á	¦cÊ�Ó	¦"���$�[ø<Ó$¯qÂ��e�����t�<�e��¢$�e�3«$���G�w�¶�Z�������
�3¢£�G�"ûÕØx�������e�����!���w�]·I�$��²ü���-¨3�3�³·I�$��²ý�3�q�A�e�3���	�����3�+���b����¨[�3�-���t�G�e�����5���e�� 3�$���$ 
Ä5�$�G�Z���g�<�t��¯KÂ��$���3�£�G�3�$�e�e�¶���£�$���e�3���	�����3�����-·I�$��²¶�����I���G¨]«t�	�N¨��3���t���R��·3�q¢$�e�3 3�e�G�e�
�3�+���5¨A�3�����$�G�ô���`���$�����	���$�e��¦	�8�$�3¢£�¸¨��3��� �������!�¶����·I�$��²H¯
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�3¢£�G�P�����3��¦�NÎÖUØ�"¦	�����«£���e��¢$�e�G�e�������G�X«�¨`���$���t�5�t���O��«£���,	 �U�®¯

É5�Gª3���P���¶�$���£���e�G��� Ç �I�3�������Ö�Y�������$�R���� 3���R�£�!ª��X���$�b�P���w����e�G�b�$�O�� 3�P���X¯úÙt�3�
�!¡t����¢t���3¦I���$�������g�eÃV�£���t�`���e�G���<�qÌ��IÎ8�����e���e�G¢t�e�G�e�G�5���½���$���Y�������

NIÕheÙØN8O,ÖËN¦Ú�t N�×�eXN8O,ÖËN�P�t N¦Û�eXN�×VÜËNIÕ#Q
Â���¨A���3¢£�3���3 3�������"�e�3�Z�����t ��3�����$�¸���e�����$�I�$���q¨	���G���t�¶���X��Ä5�$�®ª����g�G���½�P�£���g��¯

Å �®ª��G�+� Ç �I�3�������`���$�$�G�����3���b�<�BÀ[ª3���e�O��«$�g�G��¦5²8���3�g�����A²½�����¶��� ¥ �$�+� Ç �I�<�g�����
�P�£���g�Õ�e�$�P�Õ�������
NIR#Â�Ã e���Ì>N8O*t*Q�Q*Q�t6NIR�ÎY¦q²¶�$�G�e��Ì³�g�`���`�e�R�����¸���A¢£�3�e�e��«$�g�3¯ ¼ �$��yk����vrtg�e´d{r�khg�e��¦�yk����¦�Ýu��´rtd{z�� Ì��"ÎK�<���¸���$�$�G�����3���R���N���t�½�����$ <�����<�£���$�½�e�t�<�Z�����Z�±�P�������
�����������<�w¢$�	�����H�®��¯ ¼ �+�P�Gª3�A�!¡	�G���e��ª����e«$�O�� 3�3¦�²8��²¶���g�-�e����¢t�®¨U�����g� � Ì��"Î����$�©ñZ�G�3�Z�
�3� �m¯ ó ¼ �$�½���	¡]�O�$�t�!�����3�]�����3�$�N�!¡t����¢$�g�G�-��«£��ª��q�����N���3�Z�xÁ	¦3«£�G�����t�e�q�3�$�q�����]�e�$��²
«�¨A�!¡	�����$�Z���®ª������e�O�����±�������q���8�����m� �½«£�¸¢t�e�5�t�$�G���`«�¨`����¨ Ç �I�<�g�����A�Y�������`�3���g�G�$ <���À	¯

¼ �$�"! �$# ���$� úa�$# �e��¢$�e�G�e�����Y�������3�$�¶�3�%��¦$²¶�$���Y�²8�H�Z���$�$�����X���UÉ5�G�G�����3�[Ê5¯�¿3¯®¿3¦
�P���e�G�®¨¬���G���¶�$�A���t�P�ú��«£�3�	� � Ì��cÎY¦8�e���$���b�e�$«$�Z�Y�������O�����®¨¬�w�<�e�b��Ô��G�������R�e�Y�$�G�w�G�A�3�
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 Gè��¶�{���l�v�å)£+'�),)â���{�Æè ëP�\íl�!ëf�Æè �o�l£/��»��ív�{¡9���21Gì �8£ ¶����è �/'1Gè �¶���ä'����t�f�8£

���������$�O�������3�b���e�H�$�e�������®¨¢£�3�e�e��«t���3¯±Ù��<�d�G¡$���w¢$���3¦t���X���$�H�$���e�G�t�e�e���3�b�O�3������²¶���t RÊI¯�¿3¯®¿`Ó
Ì&÷'&5Î�²8�b���3�$�$�Ö�������w���t�X���3�e�GÃV�<�ZÃV�g�G�e�R�P���t�$�3�°�O�$�t�!�����3�Ö�3�¸���3�$��ª����e�O��«$���G��²¶�t�<�e�
���e�	���`�Y��«$�g�¸�g��¿<¿�Ó3Ó¿�Ó3Ó$¿�Ó<Ó3Ó3Ó¿3¿<¿3¿������½�$��! �$# �!¡	¢$�e�G�e�e�g�<�X�e�$�3�Z���G�q�������

Ì�ØN8O,ÖUØN�PVÖUØN¦Ú�ÎyÜUÌ�ØN8OBÖUØN¦ÚVÖUØNIÕ�ÎyÜ[Ì>N�PVÖËN¦ÚsÖpNIÕ�ÎyÜUÌ>N8OBÖpN�P�Î`Q Ì)(3Î
¼ �$���q���3�e���$�O���G�3�e�e���e¢£�3�$�$�q���w� Ç �5�3�������A�P�£���g�`�<�±¿�Ó]�Z���G¢$��¯ Ç �	�½�������½�O�$�t�!�����3�A�����
�����e��«£���G¡	¢$�e�G�e�e����w�3�e�¸�����!ª����e�®¨`���

* ÌeÌ>N�PVÖUØNIÕ�ÎyÝ¨ØN¦Ú�ÎyÖUØN8O,+sÝUN�P�t Ì)-3Î
�e�������q�G�3�w¢$���!¡	�®�´¨R�g�d���¶�w�3�Z�¶Í$¯� ��² �����¬�$�3�$�3«�ª	���3�$���O�3�e���t�O���]���g·<�³Ì)-�Î�«£��$���e����ª3���e�G�£ûùÚ��A²¶�g���±�e���A���£���R�
�G�3�w¢$�	���G������� ¥ �$�����$�±«£���Z�K�Y�������$�K���3�����$�$�G�����3�$���3�$���3�$��ª3���e�O��«$�����m²¶�®���$�3�	�K�$�3���$ ����
�G�t�<�e�w�3�$�K���w�3�$�����3�5²8�3�e·"¯aÉ������g�V¦G���$�-�e���e�$�®���m������«£�xÄ5�$�����N�Z�Y���Z�������t $¦��!ª������O�3��¢£���3¢$���
²¶�$�A���Gª��������+�G�3�$�e���t�G�P��«$�����!¡	¢£���e���G�t�G��²¶�®��� Ç �5�3�������[���g <��«$�P�	¯ ¼ ¨	¢$�g�������!¡t����¢$�g�G�
�3�d���t���w¢$�$���$�3���G�t�<�(�����(«£�X�e���G�(���ÖÙa�� t¯s�I¦±²¶�$���Y�Ö�����g�$�Z���P�����G�����$�X���3�$�ZÃCª3���e�O��«$�g�
���$�$�!���g�<�t�R�������X���e�[¢£���e����¢$�`�3�� <�e�������G�Z�` 3���$�G�P�������������e�G�Z��¦½�����w�G�®¨Ö���$�[�O�t�$�!�����3�$�
�����������e���Z¨	���w�!���e�����$�$�$���d���g�c¢£���e���	�Y�������3�$�½�3�m���$�����8ª����e�O��«$���G��¯

Ë±�3�$�e���$����¦$���<�½�G¡t���w¢$����¦5���$���O�$�t�!�����3�lZ\P3Ì>N8O*t6N�Pjt2N¦Ú�t2NIÕ�ÎY¦$�O�3�q²¶�$�g�P�`²8�����Gª3�
N8O Ó3Ó<Ó3ÓwÓ<Ó3Ó3Ó¿3¿<¿3¿w¿<¿3¿3¿N�P Ó3Ó<Ó3ÓX¿<¿3¿3¿�Ó3Ó<Ó3ÓX¿<¿3¿3¿N¦Ú Ó3Ó	¿3¿HÓ<Ó$¿3¿�Ó3Ó	¿3¿HÓ<Ó$¿3¿NIÕ Ó$¿GÓ$¿HÓ	¿�Ó$¿�Ó$¿GÓ$¿HÓ	¿�Ó$¿N�×Þe�N8OBÝYN¦Ú Ó3Ó	¿3¿HÓ<Ó$¿3¿�¿3¿GÓ3ÓX¿<¿�Ó3ÓN¦Û�e�N8OBÝYN�P Ó3Ó<Ó3ÓX¿<¿3¿3¿�¿3¿<¿3¿HÓ<Ó3Ó3ÓN/.Þe�N¦ÚVÝYNIÕ Ó$¿<¿�ÓwÓ	¿3¿�Ó�Ó$¿<¿�ÓwÓ	¿3¿�ÓN10�e�N�×ÞÜlN¦Û Ó3Ó	¿3¿w¿<¿3¿3¿�¿3¿<¿3¿w¿<¿�Ó3ÓN12�e�N¦ÛVÝYN/. Ó$¿<¿�ÓX¿GÓ3Ó$¿�¿�Ó<Ó$¿HÓ	¿3¿�ÓN8O�3�e�N10�ÖÐØN12 Ó3Ó<Ó$¿HÓ	¿3¿�Ó�Ó$¿<¿�ÓX¿GÓ3Ó3Ó

Ì�4<Î

���G���<�e�t���$ b���bÙa�� t¯B�	¯ ¼ �e�	���§�Y��«t���G�����e�R�e�$��²¶�©�$���e�A�e�b��������²8�R�����§�����e���®¨Uª��G�e�g�g¨
�����Y�¬�Z���G¢¬�3�¶���$�X�������G�t�O�������3��¯¤É�����¢ÊN10`¨I�g�G���$�w�[�O�$�t�!�����3�©���£���w�������e�$�A²¶�t�G�$�Gª3���N8O"5eXN�P¶�<�ßN8O65e�N¦Ú<×$���$�pN12�eXN8O�Ý�N�P8ÝlN¦Ú@ÝlNIÕ��g�x���$��¢����e�®�´¨w�O�t�$�!�����3�[Ì>N8O�TlN�P8TN¦ÚITËNIÕ�Î£�w�I��À	¯ ¼ �$�G�e���O�3�e�q���$� ¥ �£���t�e���e�$�®��¦�N8O733¦3���a���e�t�q¢$�e���G���e���®¨�²¶�t�G���!¡t���!���®¨H�´²8�
�3�mr*N8OÁt2N�P�t2N¦Ú�t6NIÕ�u����e�]¿3×5���$���e�����e�d���$�¸�����e���±�������8�P�������e�O¨ÒN10¸���$�`���Gª��¸�!ª��G�A¢����e�®�´¨5¯

É5�Gª3���P���x�3�8���$�w�<���$�������3��¢$�	�Y�������3�����-�e�Y�$�G�w�G���3�qÙK�g $¯B������¤�����e�b«£��îþ�$�Z��� ¥ �G�
�������t�®���®ª��G�®¨5¯ Ç �	�¶�e�3�w���3�m���t���P�£���g�$��¦$����·3�����t���3�$�����<��ZBO6^ Õt¦����e�HÄ5�$�®���H���R�jLG���t $¯

è��<�����G�H�����������$�����5���G�e�����$�O�����H�e�G�e�$�®�hN¦Û����d�t�e�G�+�´²¶���G�����¤Ì�43ÎP¯��´�+�C���!��¦£�$�A�e��¡5Ã
�Z���G¢U�P�������[���3�����$�]���$�$�!���g�<� Z\P3Ì>N8O*t6N�Pjt2N¦Ú�t2NIÕ�Î¶���¸¢£�3�e�e��«$����²¶�®���t�<�$�¸�A��·I���t R�t�<�t«$���
�$�e�]�3�-�e�<�w�����5���G�e�����$�O�����H�e�$«£�!¡	¢$�e���e�e���3��×"���$�]�e�$�3�Z���G�Z������ 3�G«$�P���������3�e���$�O�������3�DZ\P�¦
���$�����$�$�g�$ ��$�������Z¨I�w���G���e�������"�3�$���½����·3�

* Ì>N8O,ÖpN�P�ÎyÜUÌ>N¦ÚVÖpNIÕ�Î8+sÝ * Ì>N8O,ÜËN�P�ÎyÖUÌ>N¦ÚVÜËNIÕ�Î8+�t Ì)93Î
�����$���Gª3�¶�G�3�Z�qÊI¯ Ç �	�-Ùa�� t¯#���e�$��²¶�-�������-���$�½�<���$�G�N�Z¨	���w�!���e���q���$�$�G�����3�$�N�3�£�O�3�$�Nª3���e�®Ã
��«$�����a�����w�����	«£�q�!ª����g�������G���3¢	���g�R�����®¨�ªI���RñZ¢$�$�e��ó¸«$���£���Z¨����e�G�G��¦<²¶�®���$�3�	�N��ª3���e�O��¢$¢$���t 
�e�$«	���e���G�¶�!¡	�G��¢	�d���¶�G¡5�����e�����c�t�5�t�G��Ì�²¶�$���P��e�G¢t�e�G�e�G�5�½���$��ª3���e�O��«$�����YÎY¯
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«¬�®1¯±°[¯4é9¯»ª¬ÑÒÖ5Ô®Ö ì[Ï´ÏjÜ�«x°¶©ÎÍ�Ù�°¶Ñ�©®Ó]Õ�Ïjóª¬Ù®«~Ó8ø»ÖXÖX«oª¬8Ñ�Í9Õ�Ô®©®Íoª¬Ñ�Ïj©®Ó]Ï¥Õ�ÕËÏjÔ®a�j°¶8ÑÝ°¶Ø®Ü�«oÓxÞ
�´�³ 3�G�t�G�P���V¦����²�KÌ>N8OÁt�Q�Q*Q�t2NIR�Îd�g������¨ Ç �I�3�������[���$�$�G�����3��¦c²8���P�G¨[������������� �Ýuvg´³´d>�

µ Ì��"Î-�g�x���$�¸�5�$�]«£�G�q�3�m«$�������Z¨R�<¢"�G�P�����3�e�8���R���t���e�$�3�Z�����Z�q�O�3�e�]�$�O�����3�¶�m¯±Òd«�ª	���3�$�e��¨
µ Ì��"Î¸· � Ì��cÎY×a���$�³²8�w�����������e�g�®¨+ª��G�e���O¨+������� µ Ì��"Î©e � Ì��"Îd²¶�$���$�!ª��G�DÀgÈ Á	¦�«�¨
�G�3�$�e�g�$�G�e���t ����t�q���<�t�Z���G�G��«����e���8�´¨	¢£���N�3�cÁ�ÃCª����e�O��«$���q�O�t�$�!�����3�$�N�g�RÊI¯®¿3¯�¿åÓ"Ì)¹º(�ÎP¯ Ç �	�N²8�
���Gª��½îZ�$�Z���e�G�G�X���£��� µ Ì(ZyP�ÎseÿÊ]�G¡	�G�G���$� � Ì(ZyPGÎseÿõ]²¶�t�G�ÔÀ�e0Ít¦"���t�b���X�C���!� µ Ì��"Î
���8�������3�Z�8���®²½�G¨I�x�e�$«t�Z�Y���5���O�����®¨��O���e 3�G�N���£��� � Ì��"ÎK²¶�$�G�ÒÀX���-�����e 3��ÌÆ�e�G�¶�G¡	�G�e�G�g�e�½Í ��ÎY¯

¼ �$� n®u���d>��» Ì��cÎK�3�c� Ç �I�<�g�������O�$�t�!�����3�¼�R���±���$�<���$���-���w¢£�3�Z�Y���5�-�w�����e�$�e�¶�<�"�®���
���$�t�G�e�G�5�m�G�3��¢t���!¡	�®�´¨cÐ£Ú��-�P�!¨������������$�-�$�G¢	�����3�t� Ç �I�3���������P���������g�c���$�-���G�$ <�����<�I���$�
���3�$ 3�G�Z�±�$��²¶��²½���e�w¢������w�����®���-���e�G�½�$�O�� 3�P���X¦I���t� » Ì��"ÎK�g�N���$�¶�����$�g���$�ü���P�$�g�!ª3��«$�g�
�$��¢	���R²¶�$�G������ Ç �I�3�������R�P�������$�q�O�3�¶�X���e�����3�$�e���$���e�G��¯aÂ����£�3�c���$���P�£���g�$�±�g�����$�Z���P�����G�
���RÙa�� t¯d���£�!ª����$�<�8�<�t�®¨]���t�¶�w���$���]�$�ü�G�3�Z�8«$�	�½�����e�����t�¶�w���$���]�$�ü�$�G¢	���8ðù�G¡I���G¢	�
���U���$�������e��� Z\P�^ Úw���$� Z@O6^ P<¦�²¶�$�G�e��²8�������$�$�<�H�e�����$���Y���t�G�3�$�e�®¨U���P�t���!ª������<�Z�]õX���t�
�$��¢	���bÁ	¯ ¼ �$�����<�e�]�$�O�

Z\P�^ Ú�Ì>N8OÁt2N�Pjt6N¦Ú�t6NIÕ�Îme * Ì>N8OBÖpN�P�Î\Ý/Ì>N¦ÚVÖpNIÕ�Î8+VÜ * Ì>N8O,ÜpN�P�ÎyÖ[Ì>N¦ÚsÝYNIÕ�Î8+ Ì)¹3Î
�e�$��²¶�½������� » Ì(ZyP`^ Ú�Î�e/ÁI¦£���t�b�]�e���w���O���q�O�3�e�]�$�O�H²8�3�e·I�½���3��Z@O�^ P<¯
½ =yHjE�¾ A¿¾ÁÀ�C±Â¦E>F@JÞ?)Ã1Ä�ÅÇÆÉÈ8K �-¡	�����$�Z���®ª��±�G�3��¢t�	�Y�������3�$�����3�KÍ<ÃCª3���e�O��«$���±�O�t�$�!�����3�$�
���e���������e��«t����«£�G�����$�e�¸�e�$�Y�`�O�$�t�!�����3�$�8�£�!ª��¸�3�$��¨AÀ O(Û e0õ<ö"tWö3Á<õH¢"�<�e�e�g«$�������e�	���R�Y��«$������¯
�´���C���G��²8�x�$�G�����3�$�®¨¸�G�3�$�e�g�$�G�m�������I�3�5���$�3�e�N���e�$�����Y��«t���G��¦�«"�G�����$�e�-���$�N���3��¢$����������� Ø�
�3�a����¨�O�t�$�!�����3�Q�b�����q���t���P�������G�3�Z��¦	�g�G�$ <����¦����$��$��¢	���+�����X�����e�G���þ¯
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�m�G��� �±�P�G¨����£���¶��Ì>N8OÁt�Q�Q*Q�t2NIR�Îa�g� g�khmË�,e�� ���±�KÌCÓ�t�Q�Q*Q�teÓ5ÎmeúÓ$¦	���$�R���R 3�G�$���P���t���£���
�KÌ>N8O*t�Q*Q�Q*t2NIR�Î©ÝÌ��ÌCÓ�t�Q*Q�Q�teÓ5Î Ì2ÍÍ&�Î

�������$�HñZ�$�3�e�A���g��L��������3�$óq�3�[��¯�Â���¨ Ç �I�3���������P��������������«"�-�$�3�e�R������L��G��«�¨¸�t�<�e�A������LG�g�$ 
�����Y�Õ�<���®���R�Z���G¢t�`���$�Õ«5¨Ö�R��·I���$ ©��¢$¢t�e�<¢t�e�O�����b�Y�����$ 3�G�R�������$�+�<¢"�G�P�����3�e��×d���<�A���
Ì�ÎN8O*t*Q�Q*Q�tAÎNIÄGn8O!Î-���e�½���$�d�$�3�e�A���g��L��������3�$�-�3�-Ì>N8O*t�Q*Q�Q�t2NIÄ&n8OYÎx���$�w�g��NIÄBeXN�Æ � Ä � Ç ÄjN [ � Ä � ������+Ì2Í�ÎP¦����$���ÏÎNIÄm���x�G�g�����e�®¨���«$�������Z¨��O�$�t�!�����3���3�ÐÎN�Æ � Ä � ���t�ÏÎN [ � Ä � ¯½Ì>�-¡	�G�e�����e��Ê¸¢$�e���e�G�����
���`�!¡t����¢$�g�3¯\Î ¼ �$���e�G���3�e�d²8�¸�����`�e�G�Z���e���G�q�G�3�$�e���t�G�P�������3�R���]�$�3�e�A��� Ç �5�3�������R�Y�������$��¦
²¶�®���$�3�	�¶���3�e�½�3�K 3�G�$���P���g�®�´¨�¯è��<�����G�[���£���[� Ç �I�3�������/�P�������0�g��$�3�e�R�����g�]���$�0�3�$��¨ú���H�����Y�0�<�]�®���«$�g�����Z¨
�3¢£�G�P�����3�e� Ç Ä����w�$�3�e�R���V¯(Â��$�¬���$���e�+���e�X�3�$�®¨¬�G�� 3���R�$�3�e�R���½«$�������Z¨¬�3¢£�G�P�����3�e�Ið���$�e���X�3��²¶�$���Y��¦8�������G��¨ÒÑA¦ ¦½���$� ¦¶���e�X���e��ªI�����¯úÉ5�³²8�b�����Õ���e�e�$�w�X�������`�����
Ç �I�<�g�����R�P�£���g�$�8�3�m�������G�e���Z�½���e�����3�e���G�A���e�3� ���$� ¥ ª3�¸�3¢£�G�P�����3�e�ÞÖ±¦ ð½¦ Ó½¦�Ü8¦$���$�ÔÝ�¦
²¶�$���Y�U���e���$���$�<���G�+�e���e¢£�G�G���®ª��G�®¨X«�¨ Ô�¦ � ¦ �¸¦ Õ¸¦����$� Ö ���+Ùa�� t¯\�	¯�Ùt�$�Z���$���e���3�e�
²8�������b���e�e�$�w���������VÏ£Ì>ÉþÎßÑXf£Ì>ÉZÎ±��������Y��Z����¢�¯

¼ �$���e�����e��À O5× e/Á3Àdt\Ê<õ3øH�$�3�e�A���"���$�$�G�����3�$�q�<�m���3�$�8ª3���e�O��«$������¦	���$�A²8�������`�G�3��Ã
¢$�	���d���t�G���±�����$ <���$�±²¶�®���$�3�	�±�t��Ô��G�$�®�´¨w«�¨R�Z¨	�Z���G�R�������������®¨��G�I�$�����P�����g�$ ����g�£�O�t�$�!�����3�$�
�3���g�G�$ <���XÓ$¦�¿<¦£ÀI¦$�!����¯a�´�$�t�G�G�m¦ µ Ì��"Î�eXÌ]����¢$�g���G�±���£�����;eÒ× ÇÙØ �O�3�½�e�3����×`���$� Ø ¦²¶�$���e� µ ÌÚ×$ÎyT µ Ì Ø ÎVe Ìh�Ö¿����$� Ç �g�¶�3�$���3�K���$� ¥ ª����t�<�5���e�®ª	�O���c�$�3�e�A���m�3¢£���P�����3�e��×�e��²8�������X¢$�e�I�G���G�b���¶�O�3������²¶��Ð
Ûp<ÚÜÃ1ÄjEäH�CÝ¾ßÞ Ì�à rtg�n g�khmË� e��m�Ýuvgá³»d>�®w ÎY¯ ¼ �$�������g <�3�e�®���t� �$�!�����e�����t�G� µ Ì��"Îd���3�������
�$�3�e�R���d���e�	���(�Y��«$�g�G�`Ó Èâ� Ñ À P�ã n@O ¦¶«�¨(«$�$�g���$���$ ©�����Z���A�<���������$�3��LG���e�¤�$�3�e�R���
���$�$�!���g�<�t�½�<�K�����$ <���
Ì]���3�4Ìä·ÖÓ$¯
Þ¶åIK 	 �´�$�����O������LG��¯ �Y���!� µ ÌCÓ5Îäæ ÓU���t� µ Ì��cÎ¸æèç �O�3�`¿�ÈÌ� Ñ À P�ã n8O ¯ ¼ �$����¦N���<�

¿©È�fËÈÊÀN¦$�e�!� µ Ì>N�[3Îéæ Ó����$�X¢$�$�ÞN�[��g�����������Z�dÓ$¦I²¶�$���e�
N�[ e ÌVÀ P�ã �¬¿�Îvê	ÌVÀ Pvã�ëíì Tú¿�Î Ì2Í�Í�Î

�������$�����e�	���[�Y��«$���]���<�©N�[5¯RÌÉ5���]�G¡	�G�e�G�g�e��ø	¯WÎUÙa���������®¨5¦£�e�G�6î"æ À P�ã n8O �YÀÔ�Õ¿3×
îd���q���$���5�$��«"�G�¶�<�K¢$�O�����G�q²¶�$���e� µ Ì��"ÎmeïçÕ¯

Þ²ð�K 	 ���5�3¢¬�<�ÊÌ	¯ � � �U�Z���G¢ �aÁ+�O�3�ÎÌ e ¿3¦8ÀI¦�Q�Q�QG×8�Gª��G������������¨³���t�X���g <�3�e�®���t�Ï²¶�����
���G�e���g��������²¶�$�G�Qîd«"�G�G�3�w�G�½Ó$¯

Þòñ\K 	 ���5�3¢U�<��Ï+���$�Uf£¯ � � �`�Z���G¢ �mÍ`���3�4Ï�eýÓ$¦N¿3¦mQ�Q*QG¦m���$�UfÔe Ì��ú¿���Ï�¦"²¶�$���g�ÏÒÈXf£¯
Þ%È8K 	 ���5�3¢R�3��×w���$� Ø ¯ � � ���Z���G¢Ë�aö��O�3�q�����×����R�����Z�,Ïw���t�`����� Ø ���R�����Z�Þf�¯¶ÌÆ�´�Ï e f�¦

�®�½�e�$Ô����G�½�����e�G�Z���e�g�!� Ø �������$�$�G�����3�$�q������� ivk��ä��k�º ×R��������Z��f£¯WÎ
Þ²ó�K 	 ���5�3¢�3����¯ � � ���Z���G¢;�Kõ��O�3�ô�
eõ×ôö Ø ¦�
e Ø×Ðö Ø ¦�;eÒ×ôö ØØ ¦�
eÒ×x÷ Ø ¦t���t��
eÒ×�Ý Ø ¯½Ì � �G�e�Ð×¶ö Ø �$���$�<���G�8���t�¸«$�®�´²¶���e� �±� !ú�<�m���$�¸�������G 3���e�$×`���$� Ø ×I²8�

���e���e�G¢$�e���e�G�����g�$ ����e�	���`�Y��«$�����½«�¨`���5���G 3�G�e�½���«$���£���Z¨`�$�<�Y�������3��¯\Î
Þòø\K 	 �´���¤�$�G²¸ûù�¬�´� µ Ì��cÎ eúçú¦N�e�!� µ Ì��"Îäæ Ì	¦î¼æûîh�0¿3¦x���t�©¢t�	���¤���©�����Z�ÎÌ	¯

¼ ���e���������������t�H���� 3�3�e�®���$�÷���éî4eúÓ$¯
�-¡	�G�e�G�g�e��¿�Ó��e�$��²¶�½���������]�e���w���O���q¢$�e�I�G�G�t�$�e�¸²¶���g�c�G�3��¢$�$�����������$��¢	���$� » Ì��"ÎY¯

Ú/�®���X�H�g�®�e�����d�w�3�e��²8�3�e·£¦I²8�������`�g�`�Æ���!�½�w�5�t���g¨RÂ��� 3�3�e�®���$� �³�e�]���£���½�®� ¥ �$�$�
«£�G�e���G���t¢$¢£�G��«"�<�t�$�$�H�3� � Ì��"ÎY¦m«�¨U�G�3�w¢$�	�����$ +�A�t�G�$�e���Z���g��«t�®��ª��G�G���3�¸üKÌ��"Î������������
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� �����Xæ
	�������bä�������� à�� �� �y�����Xæ
	�������Xä�������� à�� �� �h�����Xæ
	�������bä�������� à�� ���  !2� �  !2� �  !.�!  "`� !  "`� !  "å� # $%#�"  # $&#�"  !(' !�$&#�)*  ��  �$%'+$ *  ��  +$%'�$ * !('�, #�"�$&#�"$ * $ !.�&"& +$ $ * $ !2�-"& �$ $  � '-#�#- # '�#  +$.!()�$ # '�#  �$�!()�$ # � �" '�  �#å���-) " "�)  �$-"�$�� " � �' !(  -'- �� ' !�" * �&)-) ' � �
���$�³ñZ���I����¢t�e������ó`�3�²��¯�Âü�$�3�e�A��� Ç �5�3�������[�P�£���g�U�����U«"�G 3���[�g�[�3�$�®¨³ö * R P +��$���£���e�G���
²½�G¨	��¦��e���$�������$� ¥ �e�Z���Z���G¢ NIR ÂBO����t�Z��«"���G�®���t�G�hN8O�Ö�N�P��3�
ØN8O�Ö�N�P��3�hN8OsÖ ØN�P��3�N8O\Ü«N�P¶�3�ßN8O�Ý�N�P¶�<�ßN8O\Ö«N¦Úd�3�hW�W�WI�<�ßNIR"n@O�Ý�NIRc¯xÉ5�$¢t¢£�3�e��üKÌ��"Î-���q�H«$�®�±ª��G�G���<�8�3�
�����$ <���[ö * R P +]���$�0/�Ì��"Î½���¸���+�$¢$¢£���d«£�3�$�t�+�3� � Ì��"ÎY¦t²¶�®���X���t�H���3������²¶���$ w¢t�e�<¢"�G�Z�´¨cÐ�-ª��G�Z¨ú¿«$�®�����ÒüaÌ��"ÎH���3�e�e�G�e¢£�3�$�$�����[���$� ¥ �e�Z�w�Z����¢¬�<���e�3��� Ç �I�3�������¤�P�������¤���£���
�G�3�w¢$�	���G�Ð�b���1/�Ì��"Î±�Z����¢$��¯

É5�$�Y�A¢������e�¸Ì�/�Ì��"Î`t,üKÌ��cÎeÎK�����R«£�d���3��¢$�	�����w«5¨w�!¡I�����$�$���$ H���$�d«����e���d�Z���P�����G <¨w�3�
Â��� 3�3�e�®���$� �±¯K�´�$�®�������g�®¨�²8�½�e�!�2/]Ì��cÎéæ ¿d���t�]²8�¶�e�!�òüKÌ��cÎm���H���R��¢$¢t�e�<¢t�e�O�����8ª��G�G���<�
Ó4Q�Q�QeÓ$¿�ÓêQ*Q�QeÓ$¦I�O�3�½���g�����$�$�G�����3�$�Ù�`�3�����3�Z�¸¿<¯ ¼ �$�G�m¦5���3�sÌ�e/À	¦$ÁI¦�Q*Q�QG¦5²8��¢$�e�I�G�G���R���
���I�3·w�O�3�½�O�$�t�!�����3�$�Ð�
eÒ× ÇòØ ²¶�$�G�e�3/�ÌÚ×$Î�T4/�Ì Ø Î�eXÌ��¤¿3¦t���½«£�G���3�e�3¦	«$�	�½²¶�®���A�´²8�
�P�£���t <����ÐHÌZ¿�Îq�´�N���$���O�I�<��¢$�e���������3� ×b���$� Ø ���Gª��������������Z�¸�3�$�������G�w�G�������+�G�3���w�3��¦���������®¨A���ÝüaÌÚ×$Î/öÏüKÌ Ø Îô5eúÓ	¦	���$���A²8��·5�t��²0���£��� � Ì��cÎsÈÊÌ��¬¿3¦	�e��²8�������`�$���G�e�����e�/�Ì��"Î����8�®��²½����· Ì	¯+ÌVÀ3Î��´�±���$�w���<�Z�H�3�$× Ç�Ø ������Ä5�����N����ÌÆ«t�	�H�t���H�g�G�e���������£Î��3�$�
�G�t�e�e�G���¸�$¢$¢£����«£�3�$�$�0/�Ì��"ÎY¦�²8�������+�e�!�6üKÌ��cÎòæ üaÌ��"Îô÷$Ì)üKÌÚ×$Î¶÷ºüaÌ Ø ÎeÎq���5/]Ì��cÎêe Ì	¦
üKÌ��cÎéæ üKÌ��"ÎÙ÷	Ì)üKÌÚ×$Î öÏüaÌ Ø ÎeÎ±���6/]Ì��cÎmeXÌh�Ö¿<¯m�-¡	�G�e�����e��¿3¿¸²8�3�e·I�½�3�	�½���$���$�!�Y�����g��¯��x���t�e�$�x�3�	�x�������x���$���x���5�<��¢$�e�g���±�$�G�$�e�g�Z�����½�g�-¢"��²8���e�O�t���G�$�3�$ 3�w��� ¥ �t�R�P�������t�x�3�
�3¢	�����]�$� �G�3�Z�7/]Ì��cÎ�e � Ì��"Î±���<�d���������$�$�!���g�<�t�Ð�m¦	²¶�$����ÀÔeúÍt¯-ïb�3�e�G��ª��G��¦	²8��� �����e�G�
�O�����G�q�������¶�O�I�<��¢$�e���5���¶�����e���$�G�g¢�$�¶�e�<��ª3�����3�e���G�3��¢t�������������`�!ª3�����£�����g�<�`¢t�e�<«t���G�w��¯

Â��G���3�e�$���$ ���� ¼ ��«$���UÊI¯�¿3¯®¿`Ó	ö	¦8���$�UÀ O(Û e õ3ö"tWö3Á<õ³���$�$�G�����3�$�R�<�����3�$�wª3���e�O��«$�g�G�
«£�����3�$ ©���¬�3�$�®¨0À3À<À©�t���Z�����$�G��G�O���e�e�G�²¶�$���ú²8�³�� 3�$�3�e�U�����t�<��$���"�G�e�G�t�G�G��$�$�³���
¢£���e���	�Y�������3�³�3�8ª3���e�O��«$���������$�£µ��3�H�G�3��¢t���G�w�G���Y�������3�³�<�8ª����g�$�G��¯AÂ��� 3�3�e�®���$� �0���t�
�®���qª����e�����5���q����������]���t����ª��G�P�������Z�Y�����g�Z�����G�q�e�$��²¶�X�g� ¼ ��«$�g��¿3¯
8:9<; Â¦<>A±Â�H�E Ã�F1=ËE/HjC ¾UE>FBE�¾�AÝ¾ ¾�:A¾ Ã1Ä�>K É5�$¢t¢£�3�e�8���$� Ç �I�<�g�����Hª����g�$�G�,N8O�¦Q*Q�QG¦jNIR
��¢$¢£�����b�g� À �e�G 3���Z�����e��¦H���$�0²8��²½�����+���(�!ª3�����£�����©�¬���$�$�!���g�<� «�¨ ¢£�G�e���3�e�����$ Õ�
�e��Ä5�$���$�G���3���3¢£���P�����g�<�t�½���GªI�g�$ ����$�����3�e�

N�Æ � Ä � æ N�Æ � Ä �hÇ Ä4N [ � Ä � t ���3��¿©ÈáÉVÈÊÌ"t Ì2ÍÁà3Î
²¶�$���e�w¿DÈUÏ£Ì>ÉþÎsÈÐÀ����t��¿DÈ�f"Ì>ÉþÎßÈáÀ����$� Ç ÄN�����]«t�������Z¨`�3¢£���P�����3��¯-Âq�½���t���G�t�X�3����$�8�G�3��¢t�	�Y�������3��¦����$�8�$�G�e���e���]�O�t�$�!�����3�Hª3�����t�±�e�$�3�$�g����¢t¢£�����K���]�3�$�8�3�$���$�8�e�G 3���Z�����e��¯
Ú/�$�G�;Àle/Á	¦$���<�½�G¡t���w¢$����¦5���$���O�3�$�ZÃV�Z����¢�e��Ä5�$�G�$���

�@?BADC
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)â�f�Gè ����{�Æíx��¡����21Gì �8£1Gè �/%£è £{�@�o j�f�{�Ð�Æè �o�l£1¶�eë�Må%2���t����ëf�å)[ Gív���Ð�Æè �o�� l��è �Gë´è  Gì ��l�o�>)â�eì»�Wíl�Gë��Æè ���l£

�G�3�w¢$�	���G�q���t�����G�t�O��� k+N8O�N�P`N¦Ú�oq���$�X¢$�	���¶���½�����������$���3�e�� 3�������c¢"�<�e�������3�`�3�BN¦Ú3¯¶ÌÆÂ����
�G�g <�5�±¢£�3�e�e��«$�g���®�������-�O�3�x���$�d�e�� <�g�Z���G�x���3�����G�����½���e�d�e�$��²¶�A�$���e�¸���x���e�$���w�Y��«$���G��¦5«£���O�3�e�
���$�+���g�����q�����Y��3¢£���P�������3��¯WÎ

�´�H�C���!�m²8�±�����H�Y�$�G�Y·����t�-�������G�$�������g�<��«�¨�²8�3�e·5�g�$ ½²¶�®���H�3�$�®¨��<�t�-���e�	�����Y��«$���8���a�
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U eVRá3TR�O�R ÛTR´.GR#ÕBRd×GRdPGR Ú�t

�3«	�Y�����$���«�¨`�e�G¢$���������$ WRBX�«�¨YRTX�Zþ¦I²¶�t�G�e�
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U e Q Ý * Ì Q Ý/Ì Q6] ÍIÎ\Ý/Ì Q_^ Í5ÎeÎ ö0ÌCÓ<Ó$¿3¿�Ó3Ó	¿3¿�Î2P +�t Ì2Í (3Î
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���U���g�$�����t� ���<�e�]�$�O�+�����$ <����¦ µ Ì��"ÎY¯ ¼ �$�«"�G�Z���Y�������$�����������e�G���$�e�e�®ª��G��¨§�$�e��3�$��¨
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�G�3�$�Z���e�t�!�����3�$��×	«$�$�q²8���Z�������£²8�3��� �½·I�$��²/�������q²8�3� ª��¸���<�t�$� � Ì��"ÎY¦I«"�G�����$�e�H���e¢£�G���O���
�P�£���g�«£�G�g�<�t <�g�$ ]���������e�wÌÆ�g����Î-�w�� 3���½«£���e�$�3�Z���G��¯
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�Z���e�3�$ R���<�t�$�®�����3�$��¦"���$�b���$�!¨X�����+«£���!¡	�����$�Z���®ª����®¨`���g�Z���G�²¶�t�G�lÀ©���$�lÌw���e����� �����I�
�O���e 3�3¯�Ùt�3���G¡t���w¢$����¦��!¡	�G�e�����e�¶¿Á�½¢t�e��ª����m�������K�$�d�e¢£���G�O�����Y�������$���!¡	���Z��²¶�$�G�«Ì ÑÊÀ�T�À	×
���$�R²¶�$�G�pÀleÕÍt¦ ÌDe/õ	¦5���$���e�¸���e�d�3�$�®¨AÀ3ö��G�e�e�������O�����®¨��t���£�G�e�����±�e¢"�G�G�����£�P�£���g�$�x���£���
�����$�t���¶�3«�ª	���3�$�e��¨A«"���e�$�3�Z���G�t�G��Ð

c cd def g gh h
i j

k kl lm n o o
p pqr

s
s

t
tu&v s

s
t

tu&v k kl lm
n

ww xx y z

k kl lm
n

{
{
|

|
}

~
{

{
|

|
}

~
�

�
�

�
�

�
�

�
�

�
�
�

�
�

�
�
�

�

�
�

�
�
�

�

�
�

�
�
�

�
{

{
|
|} ~

�
�

�
�

� �
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
�

��
�

�
�

�
�� �

�
�

�
�� �

�
�

�
��
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�������q²8��� ª���«£�G���`���<�t�e���$�G�e�g�$ t¦	«£�������$�e���®�½²½���½«£���e���X�<�(ñþ���3�����e�3�c 3�e���$�eó��3�mª3�����$�$�
���$«£����Ð ¼ �t�!¨����������$�e���½·I���$�t�-�3�£ 5�����G��¦ �êé5² ¦ éa² ¦I���t� �±�±� !¸¦3�����Y�w�3��²¶�t���P�w�G�3�$���
�Y��·3�Df��g�$¢$�	���±²¶�����R�G�3�Z��f£¯,�-ª��G�Z¨R���$¢$�	�8���]�e�$�Y�X�� 5�������G�3�$���A«£�¸�G�®���t�G�q��ª����e�O��«$���3¦
�3�d���t�]���<�w¢$�������G�5���3�±��ª����e�O��«$���3¦"�<�¸���$�]�e�G�e�$���¸�<�8�R¢$�e�!ª	���3�$�¸ 5������¯�Ùt�$�Z���$���e���3�e�
���$���O�$�t�!�����3�«£�����$ ��Gª3�������������A²½���¶�e�G¢$�e���e�G�������b���¶���$�¸���3¢�g�!ª��G�����d��� �±� !/�<�N����¨
�5�$�]«£�G�¶�3�� 5�����G��¦	²¶�®����$�R���$�t�®�����3�����c�G�3�Z��¯

Ú/�®���]���$�3�e�½�G�3�Z�-���e�®���G�e�O�	¦������$�$�G�����3������ 3���-�$�<�-���Gª��q���$�½�P�����q���3�Z�±���-�®���N�G�3��Ã
¢$������������¦�«£�������$�e� �±� !§ 5�������m²8���e�±¢"�<�e�e�g«$���±�3�$�®¨]���a���$�x���3¢����Gª3���V¯aÒd�$�8�G�3�$�g�H�Gª3�����	Ã
�����sNVÖò����� �êé5² Ì�ØN@t�Ø�$ÎY¦�²¶�®�������3�Z�-À	×3«$�	�a���$�8�G�3�Z�a�3��ØNmÜ�Ì�Ø�8Ö Ø��Î�e �±�±� !�Ì>N@t é5² Ì���t+��ÎeÎ
²½����ÍA²¶�$�g�����®�����G�3��¢$�g�G�������hNËÖ�Ì��«Ü��5Î�e �±� ! * �êé5² Ì�ØN"Î`t éa² Ì��¦t���Î + ���3�Z���3�$�®¨[Á	¯
¼ �$���e�G���<�e�¤���$� � ���Zª3���e� �e�G�e�����e�P�$���e�U�$���G�$���È���/�G�3�$�e���t�G�UÍ�Ó�À(���e�e�G���������g�®¨ �t���£�G�ZÃ
�G�5����O���e�e�G��<�HÍ<ÃCª3���e�O��«$���[���$�$�G�����3�$�`���$�Z�������/�<��À<À3ÀúÌÆ�e�G�[���t�³���$�Z²8�G����©�G¡	�G�e�G�g�e�
ÊI¯®¿3¯�¿`Ó�¿�À3ö�ÎY¯�Ò��½���<�t�e�e�A���§���t�<�e�`���G¨	�����$�G¨³²8�G�e�A²8�3�e·5�g�$ +«�¨©�����$��¯ ¼ �t�!¨§�O�3�$�t�
±wÌ��cÎsÑ(À<Ó��g�A�����������e����¦5�!¡	���G¢	�8�O�3�-���t��õ�Í����$�$�!���g�<�t�x��Ä5�$��ª3�����G�5�-���ÎZ/3�^ O�Ì��«t2N@tv�¦t+�5Î"Ü* Z\P<Ì��«t2N@tv�$ÎyÖ³�í+3¦	²¶�$���P����$�!¨`�!ª������������G�`²¶�®���bÀ�Ó����<�5���e�<�m <�e�g�$�d���½���3������²¶��Ð

×"Oße �êé5² ÌØ�«tjØNcÎ`tò×�P�e �±�±� !�Ì`Ø�¦t+�5Î`tò×�Ú�e �êé5² Ì��«t2NcÎ`t
�
e �±� ! * �±�±� !�ÌÚ×"O*t8×�P�Î`t �±�±� !�ÌÚ×�Ú�t �êéa² Ì`Ø�¦tjØ�5ÎeÎ`t

�êéa² Ì �êéa² ÌÚ×�Ú�t�Ø�¦t���Î`t �êé5² ÌÚ×dOÁt�×#Pjt8×�Ú�ÎeÎ8+�Q Ì&à'&�Î
¼ �$� ¥ �e�Z���G�3�w¢$�	���G�d¢$�e�3 <�P���ô��� ¥ �$�+¢$�e��ª3��«$��¨�<¢$�������$�ù�G�g�e�G�$�®���½²½���¶²¶�e�®�e�����

«�¨Î���G� � ���������e�R���N	 ´�µPµPµ·¶ § ���¸���K¹.��£º����� 9ª»ª¼ åLð ÌZ¿Á�3õ3Á3ÎY¦�¿Á�<øÁÓ	À3À3Á �¦3²¶�$���$�!�����e�����$���
���$�w���!²8���Z� �êéa²  5�����G�H�$�G���$�G�³���X�Gª3�����������R����¨³ 3�®ª��G�³���$�$�G�����3� ��Ì>N@tv�¦t+�5ÎY¯ � ���e�GÃ
Ä5�$���e���¬�!ª��G�Z¨©���t¢$�	�w�3���!ª��G�Z¨© 5�����`���³«£��G�����$�G�w���Ö�$�$���<�w¢$�������G�5���G�©ª����e�O��«$���`�3�
���$�b�<�$��¢$�	�R�3���U¢$�e�!ª	���3�$�w 5�����3×¶�C���$ÃV���Õ���$�(�Æ���	ÃV�3�	�R²8�G�e�b�����w�®���G�¤���§���R�w�<�Z�`Á	¯
Ú/�$�G�X�´²8�R�G���e���$�®���½�����b���$�H�P���w�� 5�����H�G�3�$����¦��$�H¢$�e���O���e�e�G�X���$�H�3�$��²¶�®���X�e�R�����g�G�Z�
�e�$��ÃV�<�OÃV���$¢t�	����¯xÙ��<�d�!¡t����¢$����¦	�t�����<�w¢$�	����� ØN�e �êé5² Ì>NcÎ±²¶�®������<�Z�]¿<×N Ü¼�DÜ½�«e
�êéa² Ì �êéa² Ì>N@t8��t+��ÎeÎ8²¶�®���X���<�Z��À	×,k+N�¾�#oße �êéa² Ì �êéa² Ì>N@t8�$Î`t �êéa² Ì>N@t+�5Î`t �êé5² Ì���t+��ÎeÎ
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`8¹Lý· ¸Ô³
~8�KãÊ}Bã@zD{cã�â xaä¤ä"|/âNã[þ�â$åKâ8|Oå,{\�Iã¬äã@}aæ�~y|Gx,}B���;|ä~8�ï�B|äâaã¦} æyx,z�áI�Iã��@|+~��

� �����©æ�	������� ä�������� à�� �� �y�����¤æ
	������� ä�������� à�� �� �h�����©æ
	������� ä�������� à�� ���  !+ �  !( �  !+ !  !2�`� !  !2�`� !  !.��� # !�!�$`�  # !-!�$��  !+' # * #å�*  �� !�!+#�'å� *  �� !�!+#�'å� * !+'�)�, "&'å�& - +$% $ , * !2�-,-)- �" $ , * !2�-,-)- �" $ "�!�$ * !("¿$% �)-)& �#�,-#�,& # * )�, ,-,-#- +$�� # * "�" , * "�$�$�� # � �" !(,-)�) )�$ * �-)`��� " !+' * � '- * "�)-)`� " � �' !-! * )& " * $`�.!('- �) ' )&'�)& $%'-' * ,å�&)-) ' � �) "`�%'%! * * ) * )-'-' * ,& ) $��% �,&'  -#å�-"&'+$ *  �� ) � �,  � �!+#+$.!À!(#�!(,�!+ �#-# * " , !�$.!�$% � ,&#-#�)�!( - -#�" , � �!2�  �, * $&#-#À %!+ * "�$&#- �$-) !.�  -' *  -'�'Á!�,�$%# * ) * , * " !.� � �!-!  �"&# * # !�,&# * "-"-'�)�$ !�! !�$%#�'å�&'Á!.�%#-#�,�!( �"`�-) !�! � �!+ ! !�,& �� !( $-$& * * !-!�$&,�!+ å� !( � �
²¶�®�����G�3�Z��Ít×sZ@O�Ì>N@tv�¦t+�5ÎDe �êéa² * �êéa² Ì>N@t8�¦t���Î`t�k+N�¾�#o8+�²¶�����³���3�Z��õ	×a�!����¯XÉ5�g�$�G�w�$�
�����w�®���G�����$�d�Æ���	ÃV�3�	�±���]Á	¦5�$�d�O�3�$�t���������8�!ª��G�Z¨��O�t�$�!�����3�w�3�"���$�e���½ª����e�O��«$���G�x�G�3�$���R«£�
�!ª������������G��²¶�®�������<�Z�±Ê¶�3�a�����e��¦<�!¡	�G��¢	�a���3�����t�8¢����e�®�´¨H���$�$�!���g�<� NVÝ �@ÝW�«e Ì>N6Â��$Î�ÂW�	¦
²¶�$���e�mNÃÂÐ���£�����G�3�Z�mÍ¶«£�G�����$�e�-�®�m��� �êé5² Ì �êéa² Ì>N@t �êéa² Ì>N@t8�$ÎeÎ`t �êéa² Ì���t �êéa² Ì>N@t8�$ÎeÎeÎY¯

�x���G�G���e�������<���$ 3���$���G�e�m�G�3�������I�$�G�����¶�!¡	¢$���3�e�-�<���$�G�����3�Z�m���e�®���G�e���I×�«$�$�m���3�$�ZÃCª3���e�O��«$�g�
���$�$�!���g�<�t�¶�e�G�����G�b�3�	���3�a�e�����P�b�t�������x¿Á��Ê3ÊI¦t²¶�$�G�bÙ��P���t·ï§¯I���O���$ w�G�Z�Y��«$�g���e�$�G�X���$�
ª3�����t�G���3� � Ì��"Î½�e�$��²¶�[�g� ¼ ��«$�g�`¿<¯©�m�O���$ t� ���$�t¢$�$«$���g�e�$�G�[�$���e�®ª3�������3�X²½���¸«����e�G�U�3�
�]�Z���$�	¨�<�N�������P�������$�q���£���¶�����$�$�<�¶«£���e���$�$���G�X«�¨A���$��«"���e���3��ÃV�$¢�G�3�$�Z���e�t�!�����3��¯
Ä Cy:ÏÀºÂIJ�: Å Æ ó�K ¼ �$���e�R���e�Aõ	¿�õ	¦�¿�À<õ�G�O���e�e�����3�8�G�e�e�G�5���O�����®¨[�$� �£�G�e�����H�O�t�$�!�����3�$�
��Ì>N8OÁt2N�P�t2N¦Ú�t6NIÕ#t2N�×�ÎY¦	���G�G�3�e�$�g�$ H��� ¼ ��«t����ÊI¯�¿<¯�¿`Ó	öI¯±Ë±�3��¢$�	�����e�q���e���$��²ú�C���Z�8���$�3�$ 3�
�����������$���H�5�$�]«£�G�H���H�$�X�g�<�t <�����O�e�g <�5���G�$���t $×K�e����t�A���$���$�3���$���G���t�G�U²¶�$�g����²¶�e�®�����$ 
���$�����e���!�����3�����d����ª��G�Z���� 5����� � Ì��cÎ"���3�a���g� Ç �I�3�������H���$�$�!���g�<�t���<� ¥ ª��xª3���e�O��«$�g�G��¯ ¼ �����$·I�
���A��«$�®���<�a 3�I�I�X���$�Y·"¦$���3��¢$���G�����e���e�$�®���¶���<�t���X���t�$�G���X«£�H�3«	�Y�����$�G�m¦$�g�����$���$ ��������$�
�Z�Y�������Z�������q�e�$��²¶�X��� ¼ ��«$���HÀ	¯

Ùt�3�X���$��������g�G�$�O�������3�úÂ��g <�3�e�®���t� � ���t�0�®���ª3���e�O�������`²8���e�U�w�5�t� ¥ �G�/���¬�$�����
²¶�®���(�G�����e�A�e��¢$�e�G�e�����Y�����®ª��G��¦q���$�Z�������Õ�3��²¶�����¬���t�+�G�����g�e�b�e�!�A�3�HÀ Ú�O �t�<�e�A���¶���e�	���
�Y��«$������¯ ¼ �t�¸�w�!���$�I�`�<���!¡	�G�e�����e��ÊI¯ À	¯�¿3¯ ÀÁÓ	À<Ó]�R���$�¸���q�����Z¨R���] 3�G�t�G�P�����������c�O�t�$�!�����3�$�
�3���b���O���e��¦- 3�®ª��G�¬����¨©�3�$�`�3�½���t�G�X¦-�e�G�e�t�®�����$ [���Ö�X���t�<�t�P���t�	ÃV�O�3���¬�e¢£�G���$�$¢�¯ ¼ �$�
«£�<�e���3��ÃV�$¢��w�!���$�I�]²½���-���$�����$�G�����e���g <�5���®¨�¦5��������²¶���$ ��®�N�����$���$�$���½���3�N�G¡$���w¢$���8���£���
��Ì>N8O4Ö N�P�t2N8O4Ü�N�P�t6N¦Ú�t2NIÕ#t2N�×�ÎH�£���w�G�3�Z�ÔÈSÌ[��� � Ì��"ÎÒe Ì �úÀ	¯¤Â��O���G�w�����q�G�����e�e���
�3�-�G�3�Z��¿�ÓA�����[«£���G�[�O�3�$�t��¦£���$�����3¢	ÃV�t��²¶�����$�U«£�<�e���3��ÃV�$¢+�w�!���$�I�$��²8�G�e����«$�g�����
¥ �$�b�P�������t�¶�3�K���G�t ���� È ¿3¿����3�d������«t�	�¶�e�Gª��G�X���O���e�e�G�¶�3�K���$�$�G�����3�$��¯ ¼ �$�G�X���$�������w�!Ã
�G�3�$�e�t�����$ [¢����Z�]�3�8���$�A���<�w¢$�	�Y�������3��«"�G 5����¦a����²¶�t���P�¬��¢$¢$�e��¡	���R�����G��¨�ö3ÁX���g�������3�
�e¢£���G�O���-�P�������$��²¶�®����ÀÐe öb���$� Ì;e ¿3¿�²8�G�e�w 3�G�t�G�P�����G��×K�!ª����Z¨[�e�t�P���Y�����������G�³���
ö O6O e÷Í5ø"tWø<À3ø"t�¿�À3öX���$�$�G�����3�$��¦K�e�3���A�<�q²¶�t���P��²8�3�$���§�t�<¢"�G���$���®¨³�C�����x�������b���$�R�e�!ª����
�e�G�A�����$���$ ���¨I�Z�����Z¨`�G�O���e�e�G��¯ Ç �	�¶�3�$��¨`�e�®¡�<�K���$�3�e�����O���e�e�G�½²8���e���O�3�$�$�X���w���Gª��w¿3¿!Ã
�Z���G¢R�e�3���	�����3�$��¯ ¼ �$�d���3�$�¶�e�$�Zª	�®ª��3��¦�²¶�$�3�e�¶���e�	���w�Y��«t���½�g��Å�ÆBÇ	ÜTÈGÉBÉ¾Ê`���w�$�!¡t���$���G���A���
�$�<�Y�������3��¦	���q���$���$�$�gÄ5�$���G�O���e�½���3�q²¶�$���P� � Ì��cÎmeÈ¿�À	¦t���$�X�®�������e������� µ Ì��"Î�eÈ¿�À	¯

¼ �$�X�e�G�e�t�®�����$ U���<�t�Z���e�$�!�����3�$���3�d�Z¨	�w���!���e�g�`�O�$�t�!�����3�$�R���e��e�$��²¶�Ö���¬Ùa�� t¯½¿GÓ$¯
É5�3�����3�a���$��� ���e�]���Z���3�$���e�t���$ 3�®¨X«£�����	�������$�V×��e�3�w�H�3�a���$��� ���e��«£�����	�������$����¨`�e���w¢$���3×
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���$�H�<���$���e�a���e�x�e���w¢$�®¨H���Z���<�t���e�$���$ t¯8Ì>�m�I�3·£¦����3�m�!¡t����¢t���3¦��������$�8ø�ÃV�Z����¢H�G�3�w¢$�	�Y�������3�
�3��Z\P�^ Ú�Ì>N8OÁt2N�Pjt6N¦Ú�t2NIÕ#t2N�×�ÎY¦t�<�¶���$���G���� 5���5�¶���3�e���$�O�]���3��Z\P�^ Ú�^ Õ5¦t�3�q���$���t�<�t���3�$�<���3�$���
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© t=]pX ^\j}~-sD|k��]oa�g�nPX{h%nP[(Xcb2a�|mr@a	nPXxXKa�uvV�t�rDgDucnPjm[2g%^\Xcs@a�Yva	nPXc|m���y^\X+b�XcYva�|`~-XcnPVD[6hD^_nPVyaKn]pX2È b�X_a�|mY\X	a	hD� hDjm^\u{rD^\^\Xch�]p[2rD|mh¡nPX{|m|lrD^eVD[K]ÌnP[�hD[�jkn=]_jknPV�~-j}gDjm~ r�~ uc[2^�nP^Z÷ .��63�� J �÷ . � 3�� ÷ . � 3Z� ÷ . � 3�� z �y÷ . � 3�� ÷ . � 3Z� J �fa�gDh!÷ .�½D3Z� YDw�nPV�XinP[�n�a	|Fu{[�^�n�t�[2Y�a�|m|^\X+b�X{g!t�rDgDu+nPj}[�g�^�]p[2rD|mh�nPV�Xcg!dfX + 465«rprln�]pX¡]oa�g�n�nP[��Dg�h)a(^\jmgDq2|mXsrp[6[�|}XKa�g!uvV@a�jmgnPV@a	n u{[�g�n�a	j}gD^xnPVDXc~ a�|m|0�=a�gDh nPVDX*^\V�[�Y�nPX{^�n¡^\rDuvV¥uvV@a�jmg j}^xs�Y\Xc^\rD~�a	d�|k�'~ rDu�V ~-[2Y\XXC¬-u{jmXcg�nK5)�[K] uKa�g�]pX�hDjm^\u{[Kb2X{Yojknqº)X{|m|0��nPVDX n�a�^\¤ [�t-�Dg�hDjmgDq aÌnPY\rD|k� [�sDnPjm~ rD~ u�V@a�jmgªt�[2Y �V� ���K���	�������2� � � ½ � jm^sDY\[2d@a�dD|k�ájmg�t�X	a	^\j}dD|mX�t�Y\[2~ a�uc[2~-s�rln�a	nPjm[2g@a�|�^�n�a	g�hDsy[2jmg�nK5lrprln¡a�^\rDY\sDY\jm^\jmg�q�|m�!q2[�[6h^\[2|mrlnPjm[2gµuKa�gÌdyX�t�[2rDgDhµ]_jknPV¥nPVDX�VDXc|}sµ[2t_nPVDX&®�t�[6[�nPsDY\jmg�n�¯ájmhDX	a%X+�lsD|�a	j}gDXch¥X	a�Y\|mjmXcY{5° a�~-X{|k����]pX¢¤6gD[K] VD[K] nP[¡u{[2~-sDrlnPX¢gD[�nW[2gD|k��axt�rDgDucnPjm[2g;È ^p~-jmg�jm~ rD~ uc[2^�nK�6d�rlnÄa	|}^\[nPVDX*^\X+ni[2toa�|m|��DY\^�n ^�nPXcsD^iu{[�g�^\jm^�nPXcg�ni]_jmnPV!nPV@a	nx~-jmgDj}~ rD~Óuc[2^�nxjmg a�gD[2Y\~�a	|�u�V@a�jmg;5Ø�r�gDu+nPjm[2g � �yt�[2Y�X+��a�~-sD|}X2�yV@a�^�u{[�^�n J �yd�rln¢[2gD|m�$jmt=]pX Xcb2a�|mr@a	nPX jkn¢d��%^�n�a	Y�nPj}gDq*]_jknPV[2gDX�[2t`nPV�X¢j}gD^�nPY\rDu+nPj}[�g�^�f�_�Ð� �)± �@� [2Y �f�_�Ð�f� �#²�y� [2Y �f�_�Ð�f� � �y� �Ø�[2Y�nPrDgyaKnPX{|k���o[2gDX![2t�nPVDX�h�Xc^\jmYva�dD|mX!�DY\^�n�^�nPX{sD^�dyX{|m[2gDq2^(nP[¥t�[2rDY�[2t�nPVDX�^\X+b�X{gt�[�[�nPsDY\j}g�nP^{ê�Ø@rDgDucnPjm[2gD^ � � � � � �Ta	g�h ½ uKa�g)a�|m|�dyX-X+b�a	|}r@a	nPXch![2slnPj}~(a�|m|k�%d��!^�n�a�Y�nPjmg�q]_jknPV �f�Ä�Ð�f� ± �y� 5Zä�[xnPV@a	n�jm^pa�gyaKnPr�Yva	|yuvV�[�j}ucX2w�jkn�Xc^\^\X{g�nPj�a�|m|k��^vacb�Xc^prD^ZnPVDY\X{XÄ^�nPXcsD^{�dyX{uKa�rD^\XW]pXo¤6gD[K]ÌnPVyaKnpa	ne~*[2^�n +!+ [2t@nPVDXo[2Y\jmq2jmg@a�| + 4Ä^�nPX{sD^�]_jm|m|ldfXogDXcX{hDXch�nP[���gDjm^\V;5° [K]Ì]pXWuKa�g¡Y\X{uc[2~-s�rlnPXpnPVDXWuc[2^�nP^ea�gDh�t�[6[�nPsDY\jmg�nP^�[�tfa�|m|�7 � � t�rDg�u+nPjm[2gD^{��s�Y\[�u{XcX{hléjmgDq$a�^¢dfXct�[�Y\X�dDrln a	|}^\[�jmgDjknPj�a�|mj}¶cjmgDq-nPV�X¡u{[�^�ni[�tenPVDX¡g�X+] t�r�gDu+nPjm[2g �f� nP[�¶cXcY\[�5xUWVDXuc[2^�nP^¡[2t_t�rDg�u+nPjm[2gD^ � � � � � �Za�gDh ½ hDXcu{Y\XKa�^\X�d�� & a�^-a%Y\Xc^\rD|knK�Za�gDh¥nPVDX�t�[6[�nPsDY\jmg�nP^uvVya	g�q�X)nP[6[�5 Ø@[2Y%Xc�Da�~*sD|mX2��t�rDg�u+nPjm[2g � ^�nPjm|m|iVya	^�uc[2^�n J ��d�rln�jmnP^%t�[6[�nPsDY\jmg�n�V@a�^jmgDu{Y\XKa�^\Xch%t�Y\[2~ �{� �)± �y� � �f� � �y� � nP[ �{� �,± �y� � � � � �@� � ²� � � �@� � �f� � �y� � ²�f� � �@� ��f� ± �@� � �@� � �f� � �@� ± �f� � ]_VDXcg�nPVDX�t�rDgDucnPjm[2g �f�_�Ð�f� ± �y� jm^Äacb2a�jm|�a	d�|mX¢t�[�Yot�Y\XcX�5© g�t³a�u+nK� �y�i� ²� � � �@� jm^�uc[2~-~*[2g$nP[(t�[2rDY�[2t=nPVDX gDX+] t�[6[�nPsDY\jmg�nP^{�y^\[�a�q�a�jmg$]pXV@acb�X-a*g@a	nPrDYva�|T]oac�$nP[�sDY\[6ucXcX{h;5 £ gDh�]_VDXcg!X+b�X{Y���nPV�jmgDq�jm^�Y\Xcu	a�|mucrD|�aKnPX{h$]_jmnPV�¶cX{Y\[uc[2^�nÄq2jkb�X{g�nP[*dy[�nPV �f� a�gDh �y� �DnPVDXi^\rDd�^\X�]�rDXcg�nÄ^�nPX{s � ³��å�y� �#²�y� nPrDY\gD^Ä[2rln_nP[*dyXhDX{^\jmYva�dD|mX�jmgá�Db2X-[2tZnPVDX-gDXc]pXc^�nit�[6[�nPsDY\jmg�nP^{5�p�[2g�nPjmg6rDjmgDq�j}g!nPVDjm^�®�q2Y\XcX{hl�3¯�t³a�^\VDjm[2g;�]pXxa�Y\X{g;È n�a�|k]oac�l^W^\[*|mrDu�¤����ldDrln�a Y\X{~(a�Y\¤�a�dD|}X¢uvV@a�jmg$[�t`[2gD|m��727 ^�nPX{sD^ohD[6Xc^oX{~-X{Y\q�X�ê�f�_�Ð�f� ± �y� ��y�Ä� ²� � � �@� �� ³_�Ð�y� �´²�y� ��dµÄ�Ð� �,± �f� ��d¶Ä�Ð�@� ± �f� �� � � � ²� ³ � �dµ �� �P� �Ð�d¶ ± � � � �� � �_�Ð�f� � � �\�K�

� � �Ä�Ð� �,± � ³ �� � ���Ð�f� ± �y� �� � �_�Ð� ³ � � � � �� � �Ä�Ð� � � �f� �� � ³_�Ð�f� � �y� �� � µÄ�Ð�d¶ � � � � �� � ¶Ä�Ð�y� � �d¶ �

²�¡�Ð�f� � �Ð� � � �·²� � ¶ �² � �Ð�f� � �Ð� ³ ± � � � �²� �Ð�f�P�Ä� ²�dµ � � � � �²� �Ð�f�\���Ð�d¶ �·²� � � �²� �Ð�f���¢�Ð�y� � � � µ �²� �Ð�f�P�Ä� ²�dµ � � � ³ �½��Ð�f�\���Ð� ³ � � � � �
..-�/23

. UWVDjm^ájm^'a � UAS �l�!� u�V@a�jmg;�¡^\[ jmn!u{[2g�n�a�jmgD^�nPV�X¥g�[�Y\~�a�|mjm¶Ka	nPjm[2gD^ � ²� � ² �	� ²�	� ²�D� ²�2� ²� � ½ �jmgD^�nPX	a�h [2t ��� ���	���	���D���2� � � ½ � 5 ä�jm~*sD|mX¥u�V@a�gDq2Xc^á]_jm|m|¡sDY\[6hDr�ucX¥nPV�XµrDgDg�[�Y\~�a�|mjm¶cX{ht�rDgDu+nPj}[�g�^W]_jknPVD[2rlnou�V@a�gDq2jmgDq�nPVDXiuc[2^�nK5 3¸¹k ï c f ktº�»H¼½b n c f�î b e�ó © g�sDYva�u+nPj}ucX�nPVDX¢[2rlnPsDrlnWb�a	|}rDX�[2t=a¾rp[�[2|mX	a�g�t�rDgDu+nPj}[�g�j}^p[2t�nPXcg^\syX{ucjm�DX{h)[�g�|k�)aKnxu{XcY�n�a�jmg'j}gDsDrlnP^ � �F�c�{� � ¬ �=a�gDh)nPVDX-[2rlnPsDrDnP^xjmg)[�nPVDXcYiu	a	^\X{^xhD[2g;È nY\XKa�|m|m�i~(a	n\nPX{Y{5Fº)Xp~-j}q�V�n=¤6gD[K]x��t�[2Y�X+��a�~-sD|mX��	nPV@a	n�^\[�~*Xp[2tDnPVDXWjmg�sDrln�uc[2~ d�jmg@a	nPjm[2gD^
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]_jm|m|¢gDXcb2X{Y�a	Y\j}^\X25 © g ^\r�uvV uKa�^\X{^{�Ä]pX'sD|�a�ucX)a�gªa�^�nPXcY\j}^\¤Åjmg�nP[µnPV�Xáuc[2Y\Y\Xc^\sy[2gDh�jmgDqsy[2^\jknPjm[2gD^o[2tFnPVDX�nPY\rlnPV�n�a�dD|mX��lj}gD^�nPXKa�h�[�t=^\syXcu{jmt}�ljmg�q # [2Y & Xcb2X{Y��6]_VDXcY\X�5UWVDX!^\X+b�X{glé0^\Xcq2~-X{g�n�hDjm^\s�|�ac�¨sDY\[KbljmhDX{^�a)u	a�^\X�j}gÐsy[2jmg�nK�odyXcu	a	r�^\X�~*[2^�n�[2tijknP^a�sDsD|mj}uKa	nPjm[2gD^Zjmg�b�[2|kb�XÄ[2gD|k�-nPVDX_nPX{g(dDjmg@a�Y��6é0uc[6hDX{h(hDX{ucjm~�a	|@j}gDsDrlnP^�t�[2YZ]_VDjmuvV(]pX�V@acb2X.I� � �f�+�y�c�@�	3�� Ê´¡ 5`º)X_hD[2g;È n�u	a	Y\X_]_V@a	nZ^\Xcq2~-X{g�nP^pa�Y\Xobljm^\jmdD|mXojmg�nPV�Xo[�nPVDX{Ye^\jm��uKa�^\Xc^{5ä�[-nPVDX¢nPY\rlnPV�n�a	d�|mXc^o[�t ..-\¦�3 a	ucnPr@a�|m|k��dyXcu{[2~-X� � &{#D&�&x#D&�&2&-&2&AÅ!Å�Å�Å!Å�Å �� � &2&2&�&*&{#�#D&-&2&AÅ!Å�Å�Å!Å�Å �� � &2&{#l&*&2&�&2&-&2&AÅ!Å�Å�Å!Å�Å �� � &{#D&�&x#D&�&{#�&2&AÅ!Å�Å�Å!Å�Å �� � &{#D&c#*#2#l&{#�&{#iÅ!Å�Å�Å!Å�Å �� � &{#2#�#$&2&�&AÅ(&2&AÅ!Å�Å�Å!Å�Å �½ � #2#D&�&*&2&�&{#�&2&AÅ!Å�Å�Å!Å�Å 5
..-�-�3

. Ø�r�gDu+nPjm[2g � VDX{Y\X�V@a�^oa�g�a�^�nPXcY\jm^\¤(a�|m^\[¡jmg�sy[2^\jknPjm[2g � � �f�+�y�+�@�¢� #D&�&2& �6dfXcuKa�rD^\X�a�� 46ÈuKa�g�dfXxh�jm^\sD|�ac��Xcháa�^�XcjknPVDX{Y [2Y 5¹r�[�nPV�[2t=nPVDXc^\X ^�n��l|mXc^�a�sDsyXKa�Y\X{háa�dy[2rln�XV]�rya	|}|k�[2t}nPX{g�j}g�nPVDX�hDj}^\sD|�ac��rDgDjmnP^_acb2a�jm|�a�dD|}XÄnP[¡nPV�Xia�rlnPV�[�YW]_VDXcg�nPVDjm^W^\X{u+nPjm[2g�]oa�^W]_Y\jkn\nPXcg;5U`Y\rDgDuKa	nPX{h%b2a�Y\j�a�g�nP^�[�t�nPVDX a�gDh%nPV�X ]pXcY\X ^\[2~*X+nPjm~*Xc^Ä^\XcX{g�jmg�[�|}hDXcg�h@ac�l^{�yd�rlnnPVDXc��Vya+b�X�nPV@a�gD¤6t�rD|}|k�(h�jm^va�sDsyXKa�Y\X{h;5 3£ ^�nPXcY\j}^\¤�^Zjmg-nPY\rlnPV-n�a�dD|mX{^�a�Y\X_q2XcgDX{Yva	|}|k�¡¤�g�[{]_g�a�^ � U � Æ ����Ç�� S �} È aÉ]�r@a�jmg�nZnPX{Y\~nPV@a	n�uc[2rD|mh*[2gD|k�-V@acb2XÄdyX{Xcg*jmg�b2X{g�nPXch*d��*a�g(Xc|mX{u+nPY\jmu	a	|DXcg�q�j}gDXcX{Y{5=UTa�dD|}X + ^\V�[{]_^ZnPVyaKnnPVDX_t�Y\X{XchD[2~ nP[iuvVD[6[2^\X�a�Y\dDjknPYva�Y��¡[2rlnPs�rlnP^ejm^�a�hlb�a�g�n�a�q�X{[2rD^{5TØ�[2YZX+��a�~-s�|mX2��nPVDX{Y\XÄa	Y\X� � �� � 7 � � � Y � J [�4 � J 7 # nPY\rlnPV$n�a�dD|}Xc^_]_jknPV + hD[2g;È n\é0uKa�Y\Xc^{w z!¡QÊ [2t=nPVDXc~ uc[2^�n¹Y([2YÄ|mXc^\^{�X+b�X{g-nPVD[2rDq2V([2gD|k�(7 &�Ê [2tfnPVDX¢a�^�nPXcY\jm^\¤�é0t�Y\XcXonPY\rlnPV-n�a�dD|}Xc^ZsfXcY\~-jmne^\rDu�V�Xcuc[2gD[2~ ��5 Ç gnPVDX�[�nPVDX{Y�V@a�gDhF�6hD[2g;È n\é0uKa�Y\Xc^WhD[2g;È no^va+b�X¢rD^oa�^p~¡rDuvV�a�^�]pX¢~-jmq2V�npVD[2syX�w6X+�lXcY\u{jm^\X z +sDY\[Kb�Xc^enPV@a	npa¢Yva	g�hD[2~ t�rDg�u+nPjm[2g�]_jknPV;�2^vac��� + #QÊ h�[�gFÈ n\é0u	a	Y\X{^ejmg-jknP^�nPY\rlnPV�n�a�dD|}XpnPXcg�hD^nP[-^vacb2Xi[2gD|m��a�dy[2rln + #QÊ [2tFnPVDXiuc[2^�nÄ[�t�a¡t�r�|m|k��^\syXcu{jm�DXch$t�rDg�u+nPjm[2g;5ºåV@a	n_jm^WnPVDX�^\V�[�Y�nPX{^�nËrp[�[2|mX	a�g�u�V@a�jmg�nPV@a	noXcb2a�|mr@a	nPX{^pnPVDX�^\X+b�X{g�sya	Y�nPj�a	|}|k�(^\syXcucéjm�DX{hÅt�rDg�u+nPjm[2gD^(jmg ..-�-�3 q Ç rDY�q�Y\X{Xchl�6é0t�[6[�nPs�Y\jmg�n(~-XcnPVD[6hÐa�h@a�slnP^(jknP^\X{|mt�Y\XKa�hDj}|k�µnP[nPVDXisDY\Xc^\X{gDucXx[2t`hD[2g;È n\é0uKa�Y\X{^{�DdfXcuKa�rD^\X�]pXiu	a�g%¦p§¨nP[2q2X+nPVDX{YWnPVDX�t�[6[�nPsDY\jmg�nP^o[2t�a�|m|`7!Ìt�rDgDu+nPj}[�g�^FnPV@a	n`~(a	nPu�V¡aos@a	n\nPXcY\gi]_jknPV � a�^�nPXcY\j}^\¤�^{5TUWVDX�jmgDjmnPj�a�|�u{[2^�nP^FnP[ÄX+b�a�|mr@a	nPXeXKa�u�Vt�rDgDu+nPj}[�g!^\X{s@a�YvaKnPX{|k�!a�Y\X�g�[{] Y\X{hDrDucX{h�nP[$÷ .��l3_�Í+ �F÷ . � 3_� ÷ . � 3_� 7l�F÷ . � 3_� J �÷ . � 3�� 7l��÷ . � 3��Î+ ��÷ .�½D3�� YD�6nP[�n�a	|}|mjmgDq_¼�rD^�nÄ7 & jmgD^�nPXKa�h�[2t + 465=Ø@rDgDucnPjm[2g ½ V@a�^\g;È nq2[�n\nPXcg'u�VDXKa�syX{Y{�`dDrln jknihD[6X{^xV@acb�X�a�|�a�Y\q2XcYit�[6[�nPs�Y\jmg�nK5�ÏZY\[6ucXcX{hDjmgDq�a�^xdyXct�[2Y\X2�Fd�rlnn�a�¤6jmgDq�a	hDb2a�g�n�a�q2Xx[2t=nPVDXxhD[2g;È n\é0uKa�Y\Xc^{�y]pXxg�[{] u	a�g%�Dg�h!a-^\r�jkn�a�dD|mXxu�V@a�jmg%[2t�|mXcgDq�nPV[2gD|k� & +6È a¡uvVya	j}g�]_jknPV�t�X+]pX{YWnPV@a�g�n�]p[-[2syX{YvaKnPj}[�g�^WsyX{Yo[�rDnPsDrln .GÐ 3 ê�f�_�Ð� �,± �f� ��y�Ä�Ð�y� �´²�@� �� ³_�Ð� �,± �y� ��dµÄ�Ð�f� �´²�y� ��d¶Ä�Ð�y� � �@� �
²� �Ð� � � �Ð�@� � �dµ �½-�Ð� �\� �Ð� ³ ± �dµ �� � �Ä�Ð�@� ± � �P�K�²� �Ð� � ���Ð� � � � � � � �²���Ð� � �¢� ²�y� � � � � �

² � �Ð� � �Ä�Ð�f� �´²� � � �²� �Ð� � ��� ²�f� � �y� �²� �Ð� � ³Ä� ²�f� � �d¶ � ..-\Ñ23
ë«f�n!Ò c�k n!Ò c îÒí@ó ^ XcnKÈ ^¢nPrDY\gágD[K] nP[$a(^\|mj}q�V�nP|k�%|�a�Y\q2XcY¢sDY\[2dD|mX{~$�Òd@a�^\X{há[�g)a�sy[2sDrD|�a	YuvV�jm|mhDY\X{g;È ^ q�a�~-X�5�Up]p[�sD|�ac��XcY\^ n�a	¤2X*nPr�Y\gD^¡�D|m|mj}gDq�nPVDX�u{Xc|m|m^ [�tÄa +ÔÓo+ q�Y\j}h;5 Ç gDXsD|�ac��XcYe]_Y\jknPXc^�ÕWÈ ^pa�gDh-nPVDX_[�nPVDXcY�]_Y\jmnPXc^TÖxÈ ^{��uc[2g�nPjmg�r�jmgDqirDg�nPj}|DnPVDX{Y\XoXcjknPVDX{Y�a�Y\XWnPV�Y\XcX
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UWVDjm^WnPY\j}uv¤(^vacb�Xc^�Y\[¡q�a	nPXc^{wD^\[-[2rDY_hDXc^\jmq2g�Vya	^_uc[2^�n + ¡�z q�a	nPXc^Äa�|knP[2q2X+nPVDX{Y{5UWVDXÄ^�nPYva	nPXcq���t�[�YenPjmucé³n�a�u+é³nP[6XWjmg ..-6�23$¹f.�Ñ21�3 ]p[2Y\¤6^Z�DgDXÄjmg*~-[2^�nZu	a	^\X{^{��dDrln�jknWa	|}^\[V@a�^_^\[�~*X�q2|�a�Y\jmgDq-q�|}jknPuvVDX{^{5=Ø@[�Y_X+��a�~-s�|mX2�ljkno|m[2^\X{^ojmq2gD[2~-jmgDj}[�r�^\|k�(jmg�nPVDXiq�a	~*Xö ö õ ö õ ö ö õõ ö ö õõö ö ö õõö õ ö ö õö õö õ ö w .�Ñ���3
nPVDXi^\Xcuc[2gDh�Õ¥~*[Kb2Xijm^ � � �DhDXct�Xcg�hDjmgDq(a�q�a	j}gD^�nÄa�t�[2Y\¤�d��ãÖ �l��X+n_jkn�a	ucnPr@a�|m|k��t�[2Y\u{Xc^¹ÖnP[xt�[2Y\¤�jmg*nPVDXÄ[�s�sy[2^\jknPXÄuc[2Y\gDXcY Ð=£ gD[�nPVDX{YZt³a�jm|mrDY\X�a�Y\jm^\Xc^{��t�[2YZXc�Da�~*sD|mX2�6a�t�nPXcY�sy[2^\jknPjm[2gõ ö ��]_VDX{g(~-[Kb�XÄ· � |mXKa�hD^ZnP[inPVDXÄuKa	nKÈ ^�q�a�~*X õõ ö � õõö ö � õõõ ö ö � õ öõõ ö ö � õ öõ õõ ö ö � õ öö õ õõ ö ö � õ õ öö õ õõ ö ö �6jmgD^�nPXKa�h[2t;nP[ nPVDXÄbljmucnP[2Y��*t�[�YÃÕ'nPV@a	n_a�sDsyX	a�Y\Xch�jmg ..-�1�3 5=èe�lXcY\ucj}^\X z�J s@a	nPuvV�Xc^pnPVDjmgDq2^pr�s$a	g�h[2dln�a�jmgD^Äa¡t�rD|m|k��u{[2Y\Y\Xcu+nËrp[�[2|mX	a�g�nPjmucé³n�a�u+é³nP[6X¢sD|�ac��XcYWnPVyaKn_g�XcXch�^=¼ÆrD^�nËY�Y J q�a	nPXc^{5ºR» ¼½b n c f�î b5kdº mFí3n2îfð¥¼=îdeVf c f�î b ó © tpnPVDX*t�rDgDucnPjm[2g � .I� �{�{�c�{�+� � ¬ 3 u	a�g)dyX-]_Y\jkn\nPX{g'jmgnPVDXit�[2Y\~ ½f.I� �{�c�{�c�c� � « � À .I� «cÁ �c�{�c�{�c� � ¬ 3\3 ��jknKÈ ^_rD^\r@a�|m|m��a�q2[6[6h$jmhDXKa¡nP[-Xcb2a�|mr@a	nPX	� �À .I� «cÁ �{�c�{�c�c� � ¬ 3 �DY\^�nea�gDhxnPVDXcgxnP[Äuc[2~-s�rlnPX ½f.I� �K�c�c�{�c� � « � � 3 5G½_[2dyXcY�n ^ 5 £ ^\VDX{gDV�rDY\^�njmg@a�rDq2rDYva	nPX{h(nPVDX¢^�nPr�hl�([2tF^\rDu�V�hDX{uc[2~-sf[�^\jmnPjm[2gD^�j}g &�¡2J 7 � ^\XcX	¾ÄùDù �V
}ýM¿eú	ÿ¾�,�lö¨�6ö���ú	ùô,���i�¬À¢�������V� ø �Tù¤����õ��\ý��0ö�ÁÃÂWÄ . &�¡2J 4 3 �Ò4�Y ¹ &2&Kz	� �Òa�gDh%[2dD^\X{Y�b�Xch%nPV@a	nÄnPVDX{Y\X2È ^�a�g�XKa�^��]oac�%nP[�Y\Xcu{[2q�g�jm¶cX ]_VDX{g � V@a�^¢nPVDjm^�^\syX{ucj�a�|=sDY\[2syXcY�n��Òê © te]pX¡]_Y\jknPX nPV�X nPY\rlnPV!n�a�dD|}Xt�[�Y � jmg%a�7 « Ó 7 ¬Df« a	Y\Yvac�$a�^oj}g .0/21�3 �l]_jknPV�Y\[{]_^_t�[�YoX	a�uvV�^\Xcn\nPjmgDq�[2t � �F�c�{� � « a	g�huc[2|mr�~-gD^xt�[2YxXKa�uvV ^\X+n\nPjmg�q�[2t � «{Á �F�{�c� � ¬ �FnPV�Xcg'nPVDX*hDX{^\jmY\Xch)^\rDdDt�rDgDucnPjm[2gD^ ½ a�gDh ÀX+�ljm^�n�jmtZa�gDh![�g�|k�$jmt=nPVDX u{[�|}rD~-gD^�[2t=nPVDj}^¢a�Y\Yvac�$Vya+b�X-aKn¢~*[2^�nÄn�]p[�hDj��yX{Y\Xcg�n�b2a�|mrDX{^{5Ø�[2Y_X+��a�~-sD|}X2��nPV�X¢nPY\rlnPV�n�a�dD|}X�t�[�YWnPV�X�t�rDgDu+nPj}[�gÆÅ � � �f� Å �y�+�@�{�f�,Ç4Ç jm^
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]_VDX{g%Xc�6s�Y\Xc^\^\Xch!jmg$nPV�jm^_n�]p[�é0hDjm~*XcgD^\j}[�gya	|`t�[2Y\~%5 Ç gDXxn��lsyXx[2t�u{[�|}rD~-g%u{[�Y\Y\X{^\sy[2gDhD^nP[�nPVDX�u	a�^\X À .I� «cÁ �{�c�{�c�{� � ¬ 3�� # wlnPVDXi[�nPV�XcYouc[2Y\Y\X{^\sy[2gDhD^onP[ À .I� «cÁ �c�{�c�{�c� � ¬ 3�� & 5© g*q2XcgDX{Yva�|DnPVDXob2a�Y\j�a�dD|mX{^CÊ �ª�c� �K�{�c�{�+� � ¬ � ~*jmq2V�nZdyXosya	Y�nPjmnPjm[2gDXch-jmg�nP[ a�g���n�]p[hDjm^I¼�[2jmg�n ^\rDdD^\XcnP^�Ë � � � �K�c�{�c�c� � « � a�gDhÍÌ � ��Î �K�c�{�c�c� Î ¬lf« � ��a�gDh)]pX*~*jmq2V�n V@acb2X� .I�Ò3¢� ½f. � � À .�Î�3\3 5�º)X-uc[2rD|}h!nPX{^�nxt�[2Yxa . Ë � Ì 3 hDXcu{[�~*sy[2^\jknPjm[2g!d��á|m[6[2¤6jmgDq$a	ninPVDXuc[2|mr�~-gD^p[2tÒnPV�X�7 « Ó 7 ¬Df« nPY\rDnPV*n�a�dD|}XÄ]_VD[2^\X¢Y\[K]_^pu{[2Y\Y\Xc^\sy[2gDh�nP[ b2a�|mrDX{^�[2t@�y5)rprlnnPVDX{Y\X�a�Y\X�7 ¬ ^\rDu�V)]oac�l^xnP[%sya	Y�nPjmnPjm[2g�Ê wZa�gDhµa�|m|Z[2tpnPVDXc~ a�Y\X*sf[�nPX{g�nPj�a�|�]_jmg�gDXcY\^{�X+�lu{Xcsln¢t�[2YÄnPY\jkblj�a�|`u	a	^\X{^�]_VDX{g ³ Ë ³ � # [2Y ³ Ì ³ Ê & 5 �[K] uKa�g�]pX-acb�[2jmh!X+��a�~-jmgDj}gDq^\rDu�V�a¡V�rD~¡rDgDq2[2rD^_g�rD~¡dyXcY_[2t`sf[�^\^\j}dDjm|mjknPj}Xc^Oq£ sDYva�u+nPjmu	a�|�]oac�inP[�sDY\[6u{XcXch ]oa�^=hDjm^\u{[Kb2X{Y\Xch¡d��MÏ�5,Ð�5 éÆäy52ä6VDXcg;� £ 5!p�5 ÷ u�ÑiXc|m|�a	Y{�a�gDh«Ï�5{º)X{jmgDXcY � Ò+Ó�Ó�Ó �¤�O�Kù�ýO��ü�ö���ú	ùDýKÔ¢Ò#ÂWÕ . &�¡ 4 & 3 � + # Y ¹3+ #Q¡K� �	]_VD[2^\Xp~-X+nPV�[�hxrD^\r@a�|m|m�gDX{XchD^ [2gD|k� %*. Ë � 3 ^�nPX{sD^xnP[%j}hDXcg�nPj}t}� a	g��'sy[�nPX{g�nPj�a�|m|k�!r�^\Xct�rD|�s@a�Y�nPjknPjm[2g . Ë � Ì 3 nPVyaKn~(ac�)Xc�ljm^�nK5!UWVDX�d@a�^\jmu�jmhDXKa%jm^ ^\jm~*sD|mX�ê(ä�rDsDsf[�^\X �@¾¡� Ìi� ���!� Ìi�Za�gDh � ¸ � Ë�5Ö X{�DgDXpXcjmq2V�n=dDjmg@a�Y��ib�XcucnP[2Y\^A× Û t�[2Y=® � . ® � ® � ® �	3�� �	]_VDXcY\XK× Û V@a�^ . ® �K� ® � � ® �K3 Y\Xc^\syX{u+nPjkb�X{|k�jmgÐuc[2~-sy[2gDX{g�nP^ . Â � � � · 3 �_a�gDh ¶cXcY\[2^(X{|m^\X+]_V�XcY\X25 p�[2gD^\jmhDX{Y�a	g��¨Yva�gDhD[2~*|k�Ìu�VD[2^\Xcgb�XcucnP[�Y ���Ð� �F�{�c� � ¬ ��a�gDhiX+b�a	|}r@a	nPX � Û � � .I� ± × Û 3 t�[2Y #-Ê ® Ê 465`UWV�Xcg�nPVDXet�[2rDYFs@a�jmY\^$ � �� � ' $ � �� � ' $ � �� � ' $ � �� ³ ' .�Ñ2ç23
]_jm|m|�a�sDsfXKa�Y�jmg*a�7 Ó Y�^\rDdD~�a	nPY\jk�¡[�t@nPVDXÄ7 « Ó 7 ¬lÒ« nPY\rlnPV¡n�a�dD|}X25�ä�[ a�hDX{uc[2~-sy[2^\jknPj}[�gjm^ojm~*sy[2^\^\jmdD|mX�jmtFnPVDXc^\Xis@a�jmY\^�a	Y\XihDjm^�nPjmg�u+nK�l[2YojmtFnPVDXc��u{[2g�n�a�jmg�nPVDY\X{X¢h�j��yXcY\X{g�nob2a�|mr�Xc^{5^ XcnKÈ ^�u	a	|}|onPV�X�s@a�jmY\^ô®�q�[6[6h�¯¥jmt¢nPVDX+�ÒÈ Y\X!a�|m|ÄXV]�rya	|Þ�W[2Y�jmt¢nPVDX+�¨V@acb�X![2gD|k�Ìn�]p[hDj��fXcY\Xcg�npb2a�|mrDX{^{5 Ç nPVDX{Y�]_jm^\XÄnPVDX+�ÒÈ Y\X ®�d@a�h;5 ¯ © t � V@a�^WXc^\^\X{g�nPj�a�|m|k�(Yva�gDhD[2~ dfXcV@acbljm[2Y{�]pX2È |m|D^\[6[�g-�DgDh-d@a�h-s@a�jmY\^�jmt�]pXohD[¢nPVDjm^�Xc�lsyXcY\jm~*Xcg�n=]_jknPV�^\X+b�X{Yva	|DhDj��fXcY\Xcg�neYva	g�hD[2~-|k�uvV�[�^\X{g�b�X{u+nP[2Y\^ � �KdfXcuKa�rD^\XZ[�g�|k�¢[�[p[2t�nPV�X�7 J�z sy[2^\^\jmdDj}|mjknPjmX{^Òt�[2Y � � � �F�{�c� � ³ uc[2Y\Y\Xc^\sf[�g�hnP[-axq2[6[�h�^\X+nW[2t;sya	j}Y\^{w6nPVDX�sDY\[2d@a�dDjm|mjmn��-[2tF�DgDh�jmgDq�q�[6[6h�s@a�jmY\^�nPX{g(nPjm~*Xc^pjmg�axY\[{] jm^[2gD|k� . µ�µ�P�\� 3 � �:Ø � #2#2#�# 7l5 £ gDh¡]_VDX{g¡]pXohD[�hDjm^\u{[{b�X{Y�d@a�h�s@a�jmY\^{��]pXouKa�g�u{[�g�uc|mrDh�X�nPVyaKn�@¾e� Ì a�gDh ����� Ì �
Ù � ¸ � Ì � .�Ñ�*23
dyX{uKa�rD^\X¢nPV�Xxa�|knPXcY\gyaKnPjmb2X � ¸ � Ë¹j}^ojm~-sy[2^\^\jmd�|mX25ä�rDs�sy[2^\X2�=t�[2YxXc��a	~*sD|mX��;nPV@a	n Ë � ¡ a�gDh)nPV@a	n � j}^inPVDX(t�rDg�u+nPjm[2g']_VD[2^\X*nPY\rlnPVn�a�dD|mX &2&{#2#D&c#2#D&{#2#�#2#D&2& �{�c� #2#D&c#D& u{[2gD^\jm^�nP^Ä[2t=nPVDX Jl& 7-~-[2^�n�^\jmq2gDjm��uKa�g�n�dDjknP^�[�t É �yjmgdDjmgya	Y��'g�[�n�a	nPjm[2g;5 . UWVDjm^ jm^xnPVDX#®�~*[�Y\Xcé0[2Y�é0|mXc^\^ Yva�gDhD[2~ t�rDgDucnPjm[2g�¯�nPV@a	n ]pX(^�nPrDh�jmXcht�[�Y Ë � Yµjmg .�Ñ�3 a�gDh .01�3 a�dy[Kb�X25 3 rWa�h sya	j}Y\^�t�[2Y�nPVDjm^ É t�rDgDu+nPj}[�g a�Y\X ]�rDjmu�¤6|k�t�[�r�gDhåjmg XKa�u�V [2tinPVDX!u	a�^\Xc^ . Â � � � · 3 t�[�Y�]_V�jmuvVå· Ú� Â Ñ ��Ú� ·á5 © gDhDX{Xch;�ÄjmgnPVDX a�rlnPVD[2Y{È ^ÄX+�lsyXcY\j}~-Xcg�nP^{� & 4 # [2t`nPVD[2^\X 7 J 7�uKa�^\X{^o]pXcY\XxhDXcu{jmhDX{h�j}~-~-X{hDj�a	nPXc|m�fw6nPVDXacb�XcYva�q2Xxg6rD~ dyX{Y�[2t�Yva	g�hD[2~ � b�Xcu+nP[2Y\^�syXcYÄuKa�^\X ]oa	^�[2gD|m� & 5 J 7lwÒa�gDh![�g�|k��[2gDX u	a	^\XgDX{XchDX{h!a�^Ä~(a�g���a�^ÄXcj}q�V�n � È ^ÄdfXct�[�Y\X d@a�h%s@a�jmY\^¢a�sDsyX	a�Y\Xch;5_UWV�rD^ .�Ñ�*�3 VD[2|mhD^�t�[2Y¢a�|m|Y\Xc|}X+b2a�g�n . Â � � � · 3 �=a�gDh)nPVDX*t�rDgDu+nPj}[�g)jm^xuc|}XKa�Y\|k�ájmgDhDX{uc[2~-sf[�^va�dD|}X25 © g tIa�u+nK�`Xc�lXcY\ucj}^\X4 + sy[2jmg�nP^p[2rlnWnPV@a	n�]pX¢g�XcXch�g;È no~(a�¤2X�7 J 7inPX{^�nP^�nP[¡Xc^�n�a�dD|mj}^\V*nPV�X�jmg�hDXcu{[�~*sy[2^va�dDjm|mjkn��[2tFnPV�jm^ É t�rDgDucnPjm[2g;wl[2gD|k� � ¬ � � �Î+ z [2t`nPVDXc~Ö]p[2rD|mh�Vya+b�XidyX{Xcg�^\r¤¬�u{jmXcg�nK5U`rDY\gDjmgDqinP[ a�|mXc^\^eYva�gDh�[�~¹t�rDg�u+nPjm[2g;��|mX+n � .I� �K�c�c�{�c� �d¶K3e� . hDXcnWÊ 3 ~-[6hx7l�2]_V�XcY\X
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ß EPR�NÃ© L D�@ S�Q�SB Q�RIL D NcQÞNvOL D O.©�¿cM NCJUWVDjm^ t�rDgDucnPjm[2g hD[6Xc^ gD[�n¡^va	nPjm^\t��'uc[2gDhDjmnPjm[2g .�Ñ�*�3 ]_V�Xcg Â � & �
� � 76�ea�gDh¥· � + �dyX{uKa�rD^\XenPV�XcY\Xpa�Y\X�gD[Äd@a�hxsya	j}Y\^`jmginPV@a	nTuKa�^\X�5½r�rDnTjkn`hD[6Xc^T^vaKnPj}^\t}� .�Ñ�*�3 t�[�Y6Y Ê · Ê·¡]_VDX{g � Â � � � �ª� & � 7 � 5;º Xeu	a�gihDX{gD[�nPXenPVDjm^FdyXcVya+bljm[2YFd���nPVDXeu{[2g�b�XcgDjmX{g�n=a�dDd�Y\X+blj�a	nPjm[2g� & 7 Ù Y J�z 4![ ¡ ÈkwlnPV�X�t�rD|m|Ò^\X+nÄ[2t`j}~-sD|mj}uKa	nPjm[2gD^{�6t�[2YÄa�|m|Òs@a�jmY\^ � Â � � � �Djm^

& 7 Ù Y J2z 4![ ¡& +LÙ Y J2z 4![ ¡& Y Ù 7 + J2z [ ¡&KJ Ùô+ z 4![ ¡&Kz Ù 7 J 4![ ¡& 4 Ù 7 + J2z [ ¡
& [ Ù&+ Y J�z�¡&V¡ Ù 7AY J�z [7 +YÙ Y J2z 4![ ¡7AY Ù&+ z 4A[ ¡7 J Ù & + Y z 4 ¡7 z Ù & Y64A[ ¡

7�4 Ù&+ Y J2z�¡7�[ Ù & + Y z 4 ¡7 ¡ Ù & Y J2z 4+ Y Ù 7 J 4![ ¡+ J Ù & Y64![ ¡+ z Ù & 7AY J 4![
+ 4 Ù 7AY J2z [+ [ Ù & Y J2z 4+ ¡ Ù & 7AY J 4![Y J Ù & 7 + 4A[ ¡Y z Ù & 7 + 4A[ ¡Y64 Ù 7 + J2z [ ¡

Y\[ Ù & 7 + z�¡Y ¡ Ù & 7 + J [J2z Ù & 7 + 4![ ¡J 4 Ù & 7 + z�¡J [ Ù & + Y z 4 ¡J�¡ Ù & 7 + Y64
z 4 Ù & 7 + J [z [ Ù & 7 + Y64z!¡ Ù & 7�Y J 4![4A[ Ù & 7 + Y J2z4 ¡ Ù & 7 + Y J2z[ ¡ Ù & 7 + Y J2z

. ^\XcX�Xc�lXcY\ucj}^\X z!¡ 3 5¥rWa�hÌs@a�jmY\^-a�Y\X%a�|mjkn\nP|mX�~-[2Y\X�hDjÁ¬-ucr�|kn¡nP[á�DgDhµ]_VDXcgµ]pX�sDY\[2dyXnPVDjm^�t�r�gDu+nPjm[2gåa	n�Yva�gDh�[�~%ê)UWVDX'acb�XcYva�q2X!g�rD~¡dyXcY�[2t � È ^�gDX{XchDX{hÐj}gÅnPVDX'a�rlnPVD[2Y{È ^X+�lsyX{Y\jm~-X{g�nP^iY\[2^\X-nP[!a�dy[2rln + 5 z �F]_V�Xcg)dya	h s@a�jmY\^xhDj}h)X+�ljm^�nK5 £ gDh [2tpu{[2rDY\^\X-nPV�XcY\X]oa�^-a%gDX{Xch nP[!|mj}~-jknxnPV�X*nPX{^�nPjmgDq��=d�� uvV�[�[2^\jmg�qáa$nP[2|mX{Yva	g�ucX(nPVDY\Xc^\V�[�|}h¥Ã a�gDh nPVDX{gq2jkbljmgDqxrDs*]_VDX{g(Ã=u{[2gD^\Xcu{rlnPjkb�X_nPY\j�a�|m^ZtIa�jm|mX{h-nP[x�DgDh�a	g��-dya	h�s@a�jmY\^{5�p�VD[6[2^\jmgDq Ã � &{#]p[2rD|mh�Vya+b�Xit�[2rDgDh�a�|m|Òd�rln¹[¡[�t`nPVDX &�¡ [�jm~-sD|}jmuKa	nPjm[2gD^p|mjm^�nPX{h$a�dy[Kb�X25© ~-s�|mjmuKa	nPjm[2gD^=|mj}¤�X .�Ñ�*�3 a�Y\X(�[�Y\g-uc|�a�rD^\X{^{��a�gDh�]pXo¤6gD[K]¨t�Y\[2~¹ä�X{u+nPjm[2g(465 & 5 & nPVyaKnjknKÈ ^ÄX	a	^��$nP[�~(a�¤2X t�r�Y�nPVDXcY�hDX{hDrDucnPjm[2gD^�t�Y\[2~ �[2Y\g�uc|�a	r�^\Xc^{5 © gDhDX{Xch;�ynPVDX¡~-X+nPV�[�h�[2tX+�lX{Y\ucjm^\X�4�Yi]_jm|m|DhDX{hDrDu{XonPV@a	nenPVDX_[2gD|k��sy[2^\^\jmdD|}Xos@a�Y�nPjknPj}[�g�]_jknPV ³ Ì ³ µ & jm^enPVDXonPY\jkblj�a�|[2gDX . Ë �2à ��Ì �ª�{� �{�{�c�c�c� �d¶ � 3 �@a�t}nPX{YW|m[6[2¤6jmgDq*a	n_t�Xc]pXcYWnPV@a�g J�# u	a�^\Xc^ . Â � � � · 3 5ä�jm~*jm|�a�Y�Y\X{^\rD|knP^i[6ucu{rDYi]_VDXcg � .I� �K�c�{�c�c� �d¶K3��Ó� syXcYWÊ µ$#l� �F]_VDXcY\X*syXcYxhDXcg�[�nPX{^nPVDX ��� S �l�A� �O�t� t�r�gDu+nPjm[2g;5 . © g nPVDjm^¡uKa�^\X � nPX{|m|m^ rD^¡jmtWnPVDX{Y\X�jm^-a%~(a	nPuvVDj}gDq%j}g nPVDXdDjmsya	Y�nPjmnPX�^\rDdDq2Yva�sDV�[2t�á �1¯ � ]_V�[�^\X XchDq2Xc^¢a�Y\Xx^\syXcu{jm�DXch%d���nPVDX�b�a�Y\j�a�dD|mXc^ � �F�{�c� �d¶ 5 3° [K] nPVDXcY\X a�Y\Xp¼�rD^�n & [ # jm~-s�|mjmuKa	nPjm[2gD^{�
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+ 4 Ù 7AY z [+ [ Ù &KJ2z 4+ ¡ Ù & 7AY J 4A[Y J Ù & 7 + 4![ ¡Y z Ù & 7 + 4![ ¡Y�4 Ù 7 + J2z [ ¡
Y\[ Ù & 7 z�¡Y ¡ Ù & + J [J2z Ù & 7 + 4![ ¡J 4 Ù & 7 z�¡J [ Ù & + Y z 4 ¡J�¡ Ù 7 + Y64

z 4 Ù & + J [z [ Ù 7 + Y�4z�¡ Ù & 7AY J 4![4![ Ù & 7 + Y J2z4 ¡ Ù & 7 + Y J2z[ ¡ Ù & 7 + Y J2z �
[2gD|k� & 727Ä[2tl]_V�jmuvVx]p[2rD|mh¡V@acb�XpdyXcX{g hDjm^\u{[Kb2X{Y\Xch ]_jknPV Ã � &{# a	^TnPVDXpucrDnP['��nPVDY\X{^\VD[2|mh;5. UWVDX�dyXc^�nTuvVD[2jmu{XZ[2tlÃÒjm^`gD[�nTuc|}XKa�Y{w�syXcY\Vya	s�^`jkn`^\VD[2rD|}hib�a�Y���hl�lg@a�~-jmu	a�|m|k��5 3 ä�nPjm|}|0�cnPV�[�^\X& 727«�[2Y\g$uc|�a	r�^\Xc^W]pXcY\Xi~-[2Y\X¢nPVya	g$XcgD[2rDq2V�nP[-Xc^�n�a�dD|mjm^\V$jmgDhDX{uc[2~-sy[2^va�dDjm|}jkn���5ºåV@a	n�a�dy[2rlnia-hDX{uc[2~-sf[�^va�dD|}Xxt�r�gDu+nPjm[2gdq)º jmnPV � � Å �f���y�+�y�c�d¶ Å � � �@�{�f��� ³+�dµ,Ç4Ç]pXWq2Xcn�Â � � Ù ·Öt�[�YZa�|m|l· °�á� Â � � � �2X+�lucX{sln=]_VDX{g � Â � � ��â � & � Y � J � 4 � [ � w2jmg�nPVDXW|�a	n\nPXcYuKa�^\X��6· ~ rD^�nÄa	|}^\[¡dyXc|m[2gDq nP[ � & � Y � J � 4 � [ � 5 £ |knPVD[2rDq2V�[2gD|k� & [ J [2t;nPVDXc^\Xi7 & 7xj}~-sD|mjméuKa	nPjm[2gD^e]pX{Y\X_h�jm^\uc[Kb�XcY\X{h-]_jknPV-nP[2|mX{Yva�gDucX_Ã � &{# �2nPVDXÄs@a�Y�nPjknPj}[�gmË �ª�{�f� � �y� � �y� � �d¶ � �Ì �ª�{� �{� �@� � �f� � � ³ � �dµ � Xc~*XcY\q2Xchã]�r�jmuv¤6|k��a�^�a¡^�nPY\[2gDq-sy[2^\^\jmdDjm|}jkn���5ºåVDXcgDXcb�XcYÄa sy[�nPX{g�nPj�a�|ÒhDXcu{[2~-sy[2^\jknPjm[2g�jm^o^\rDsDsy[2Y�nPX{h�d���nPVDX�X+bljmhDX{gDucX���]pXigDXcX{hnP[�b�XcY\jmt��'nPV@a	n¡nPVDX�uc[2Y\Y\Xc^\sy[2gDh�jmgDq'7 « Ó 7 ¬Df« nPY\rlnPV¥n�a	d�|mX�hD[6Xc^�jmgDhDX{Xch¥V@acb2X�[2gD|m�[2gDX¢[2Y�n�]p[�hDjm^�nPjmg�u+nWuc[2|mrD~*gD^{5)rprlnp]pX�È Y\X¢V@a�sDs���nP[¡^\syXcgDh%7�¬�rDgDjknP^p[2t;nPjm~*X�[�g�nPVyaKnb�XcY\jm��uKa	nPjm[2g;�6dfXcuKa�rD^\X�]pX�È b�Xiq�Y\X	a	nP|k��^\jm~*sD|mjm�DX{h�nPVDX�Xcb2a�|mr@a	nPjm[2g�[2t � 5
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YQ[ Ù ¡Y ¡ Ù [J�z Ù & 7 + Y64A[ ¡J 4 Ù & 7 + Y z [ ¡J [ Ù & 7 + Y z 4 ¡J!¡ Ù & 7 + Y z 4![
z 4 Ù 7 + Y\[ ¡z [ Ù 7 + Y64 ¡z�¡ Ù 7 + Y64![4![ Ù&+ Y ¡4 ¡ Ù&+ YQ[[ ¡ Ù Y �a�gDh & Y J [2tZnPVDXc~Ó]pXcY\X-t�[2rDg�há]_VDXcg'Ã � &c# 5-UWVDY\XcX-hDX{uc[2~-sf[�^\jmnPjm[2gD^¢Y\X+b�X	a	|=nPV�Xc~�é^\Xc|mb2X{^ jmg'nPVDj}^xuKa�^\X2�=V@acbljmgDqNÌ � �{�@� � �dµ � �d¶ � ��Ì � �c�y� � �@� � � ³ � �dµ � �d¶ � �ea	g�hèÌ ��{�f� � �y� � �@� � �y� � � ³ � �dµ � �d¶ � �6Y\Xc^\syX{u+nPjkb�X{|k��5 £ ^\VDXcg�V�rDY\^�nosDY\[Kb�Xch(nPVyaKnp]pX¢uKa�g�Y\X{hDrDucX �jm~*~-Xch�j�a	nPXc|k��a�^_^\[6[2g�a�^o]pXi�Dg�h�a�gD[2g�nPY\jkblj�a�|;hDXcu{[2~-sy[2^\jknPjm[2g;wlnPVDXi[�nPVDX{YohDX{uc[2~-sf[�é^\jknPjm[2gD^W]_jm|m|Ò^\VD[K] rDs$|�a	nPXcY{�6]_VDX{g�]pX¢nPY��(nP[-Y\XchDrDu{X¢nPVDX�^\jm~*sD|mX{Ypt�rDgDucnPjm[2gD^ ½ a�gDh À 5ºRé íin2îfð¥¼=îdeVf c f�î b î » ¼ k ï c f kdº�»¨¼½b n c f�î b e�ó)ºåVDXcg�nPV�X¢t�rDgDucnPjm[2g � j}^W[2gD|k��sya	Y�nPj�a	|}|k�^\syX{ucjm�DX{h;�`a�hDXcu{[2~-sy[2^\jknPjm[2g!]_jknPV!s@a�Y�nPjknPj}[�g . Ë � Ì 3 VDjmgDq2Xc^i[2gádyX{jmgDq%a�dD|mX¡nP[%a�^\^\jmq2gb2a�|mr�Xc^xnP[%nPVDX�hD[2g;È n\é0uKa�Y\Xc^¡^\[�nPV@a	n*aKn�~-[2^�n n�]p[!hDj �yXcY\X{g�n¡uc[2|mrD~*gD^�a�sDsyX	a�Y jmg nPVDXuc[2Y\Y\X{^\sy[2gDhDjmgDq(7 « Ó 7 ¬lf« nPY\rlnPV�n�a�dD|mX�5Up]p[�b�XcucnP[�Y\^Uê �F�{�c� ê ¸ a	g�hìë �`�c�{� ë ¸ u{[�g�^\jm^�nPjmgDq�[�t # ^{� & ^{�;a�gDh Å ^ia�Y\X¡^va�jmh!nP[dyX �h� Ç U � ���!�.�$íC��� j}tTXcjknPV�XcY3ê ��� # a	g�h�ë ��� & [2Y:ê ��� & a	g�h�ë ��� # ��t�[2Y_^\[2~-Xd� ÈX�]�rDjmb2a�|mXcg�nP|k���Djmt`nPVDXx^\rDdyu{rDdyX{^Ä[2tTnPVDXi·�é0ucr�dyXx^\syX{ucjm�DX{h$d��}êáa�gDh�ë�V@acb�XxgD[(sy[2jmg�nP^jmg�u{[�~*~-[2g;5	p�[�g�^\jmhDXcYWnPVDX¢q2Yva�sDV�]_VD[2^\X¢b�XcY�nPjmu{Xc^_a�Y\X¢nPVDX�uc[2|mrD~*gD^W[�t=a nPY\rlnPV�n�a�dD|}X]_jknPV$hD[2g;È n\é0uKa�Y\Xc^{��]_V�XcY\X�ê Í³Í³Í ë�jmtea�gDh%[2gD|k��j}tEê'a	g�h�ë�a�Y\Xxj}gDuc[2~-syaKnPj}dD|mX25eº)Xiu	a�ga�^\^\jmq2g-b�a�|mrDXc^enP[inPVDX Å ^enP[¡a�uvVDj}X+b�XÄa	np~-[2^�nen�]p[xhDj}^�nPjmgDu+n�uc[2|mrD~*gD^Zjmt;a	g�h*[2gD|k�-jmtynPVDjm^q2Yva�sDVájm^ íO����� S �.�.�H� 5 Ø�[2Y�jmt�ê � � �c�{� �Qê Û a�Y\X�~ rlnPrya	|}|k�%u{[�~*s@a	nPjmdD|mX��ynPVDXcjmY¢q2XcgDX{Yva�|mjm¶cX{huc[2gD^\X{gD^\rD^Eê �9î 9� î ê Û �	hDXc��gDXchxjmgiX+�lX{Y\ucjm^\Xp465 & 5 & ¹3+ 76�	jm^`uc[2~-syaKnPj}dD|mX=]_jknPV a�|m|�[�t6nPVDXc~%5� ä�XcX�äy5 ^ 5!�jmq2V�nK� Ò+Ó�Ó�Ó �¤�O�	ùDý��FÔÉÒ1Â¬Â . &V¡ 4 +�3 � &{# +,¹ &�&{# w�è_5Qr�[2Y\[2^{�SÏ�5Pï�rDY�bljmu�V;��Ï�5 ^ 5�a�~-~*XcY{��U�5 © dya	Yva�¤6j0�@a�gDh £ 5WÑ�[2q�a	gF��ðÉ�mý�ü��+õ	öÆõ:¾Ã���d
<�Iõ øyñ ��ö³û5�¬ò�Â . &V¡�¡2J 3 � J6& ¹ 4 J 5 �ä�jmg�ucX¡a�q2Yva�sDV�jm^ÄdDjms@a�Y�nPjknPXijmtea�gDh%[2gD|k�$jmt=jknÄuc[2g�n�a�jmgD^ÄgD[�[�h�h%u+�luc|mX{^{�D]pXxu	a�g%XKa�^\jm|k�nPXc^�nonPV�jm^ouc[2gDhDjmnPjm[2g�]_jknPV%a¡hDXcsDnPVlé0�DY\^�nÄ^\XKa�Y\uvV . ^\XcX¡ä�XcucnPjm[2g%465 Y�5 & 3 5p�[2gD^\X�]�rDX{g�nP|k�%nPVDX¡~-XcnPVD[6h�[2tpä�VDX{g;� ÷ u9Ñ�X{|m|�a�Y{�;a	g�h%º XcjmgDX{YÄ]p[2Y\¤�^xa	|}^\[(]_VDX{ghD[2g;È n\é0uKa�Y\Xc^�a�Y\X(sDY\X{^\Xcg�nKê�UWV�X(t�[2rDY s@a�jmY\^ jmg .�Ñ2ç�3 a�Y\X*u{[2gD^\jmhDX{Y\Xch d@a�h jmtoa�gDh [2gD|m�jmtZnPVDY\X{X-[2t�nPVDX{~ a	Y\X*~¡rlnPr@a�|m|k�!jmgDu{[2~-s@a	nPjmdD|}X25¡º)X*uKa�g)[2syXcYva	nPX(a�|m~*[2^�n a�^idfXct�[�Y\X��a�|knPVD[2rDq2V(d@a�h(sya	j}Y\^Z]_jm|m|�gyaKnPr�Yva	|}|k��dfXÄV@a�Y\hDX{YZnP[x�DgDh(]_VDX{g*nPVDXcY\X�a�Y\X_|}[�nP^�[2t Å ^ . ^\XcXX+�lX{Y\ucjm^\X�4�7 3 5��[K]pX+b�X{Y{� £ ^\VDXcgDV6rDY\^�nKÈ ^xnPVDXc[2Y\Xc~ gD[$|}[�g�q�X{Y a�sDsD|mjmX{^{5-º V�Xcg)^\X+b�XcYva�|hDX{uc[2~-sy[2^\jknPj}[�g�^`X+�ljm^�nK�KnPV�X+� a�|m|�^\VD[2rD|mh¡dyXpX+�lsD|m[2Y\Xch t�rDY�nPV�XcY{��dyX{uKa�rD^\X�nPVDX+�x~-jmq2V�nTrD^\XhDj��fXcY\Xcg�no^\X+n\nPj}gDq2^o[�t`nPVDXihD[2g;È n\é0u	a�Y\Xc^{�@a�gDh$^\[2~-Xi~-jmq2V�n_dyX�dyXcn\nPXcYWnPV@a�g�nPV�X�[�nPVDXcY\^{5£ |knPVD[2rDq2V%~*[�^�n�t�rDgDucnPjm[2gD^ � .I�Ò3 V@acb�X gD[(^\jm~*sD|mXihDX{uc[2~-sf[�^\jmnPjm[2g ½f. � � À .�Î�3\3 �D]pXgDX{XchDg;È n`q2jkb�X�rDsiVD[2syX�nP[6[(]�rDj}uv¤6|k���{dfXcuKa�rD^\XZ[�nPV�XcY;t�[2Y\~-^F|mjm¤2X ½f. � � À � .�Î�3 � À �2.�Î�3\3 ~*jmq2V�n]pXc|}|D|}XKa�h�nP[ a	g*X�¬-ucjmX{g�nZuvVya	j}g;5 © tÆ�2t�[�YZXc�Da�~*sD|mX2� � jm^e^��l~-~*X+nPY\jmuojmg�nPV�Y\XcX_[�tfjknP^�b2a�Y\jkéa�dD|mX{^ ��Î �K� ÎK� � Î{� � �{]pXZuKa�gxa�|k]oac�l^;]_Y\jknPX � .I�Ò3��Å½ � � � Ô � ¯ �2.�Î �K� ÎK� � Î{�	3 � Ô � ¯ �2.�Î �K� ÎK� � Î{�	3 � �^\jmgDu{X Ô � ¯ �2.�Î �{� ÎK� � Î{�	3 a�gDh Ô � ¯ ��.�Î �K� ÎK� � Î{�	3 uvV@a�Yva�u+nPX{Y\jm¶cX�nPVDX�b�a�|mrDX�[2t Î � Î�ÎK��Î�Î{� 5. ° [�nPjmucX¢nPV@a	n�¼ÆrD^�n_t�[2rDYo^�nPXcs�^W]_jm|}|Ò^\r�¬-ucX�nP[-uc[2~-s�rlnPX�dy[�nPV Ô � ¯ � a	g�h Ô � ¯ � 5 3© g-q2X{gDXcYva�|0�6a	^Z[�d�^\XcY�b�Xch*d��s¡5 £ 5\p�rDY�nPj}^ � ó ¾�¿ ñõô%. &V¡2zl& 3 �QY\[�Y ¹ Y ¡2zK� � � .I�Ò3 u	a�gdyX�Xc�6s�Y\Xc^\^\Xch�jmg(nPVDX�t�[�Y\~ ½f. � � À � .�Î�3 �{�c�{�+� ÀFö .�Î�3\3 jmt`a�gDh�[2gD|m�*jmtÒnPVDX�7 « Ó 7 ¬lf« nPY\rlnPV
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n�a�dD|mX*u{[�Y\Y\X{^\sy[2gDhDjmg�q$nP[}Ë»a�gDhèÌÚV@a�^�a	nx~*[2^�n�7 ö hDj��yX{Y\Xcg�n uc[2|mrD~*gD^{5 £ g�h']_VDX{ghD[2g;È n\é0uKa�Y\Xc^�a�Y\X¡sDY\Xc^\X{g�nK�@nPVDX¡^va	~*X Y\Xc^\rD|kn¢VD[2|mhD^�jmtZa�gDh�[2gD|k�$j}tTnPVDX¡jmgDuc[2~*s@a	nPjmdDjm|mjmn��q2Yva�sDV$t�[2YKËÖa�gDhìÌ u	a	g$dyXiuc[2|m[2Y\Xch�]_jknPV%a	n_~-[2^�n�7 ö uc[2|m[2Y\^{5Ø�[2Y�X+��a�~-sD|}X2�pnPV�X�t�rDgDucnPjm[2g � .I�Ò3%� . h�X+nWÊ 3 ~*[6hi7 u{[�g�^\jmhDXcY\X{håa�dy[Kb�X�nPr�Y\gD^[2rln*nP['V@acb�X%Xcj}q�V�n*hDjm^�nPj}gDu+n*uc[2|mr�~-gD^-]_VDX{gøÌ �ò�{�@� � �f� � �y� � � ³ � �dµ � �d¶ � wWnPVyaKnKÈ ^�a^\rDY\sDY\j}^\jmgDq2|k� ^\~(a�|m|ig�r�~ dyX{Y{�iuc[2gD^\jmhDX{Y\jmgDq¨nPV@a	n%nPVDX)nPY\rlnPV n�a	d�|mX)V@a�^ [ÌY\[{]_^'a	g�hz YÐuc[2|mrD~*gD^{5»Ø�Y\[2~ nPVDjm^�t³a	ucn%]pX¥~-j}q�V�n�dyX |}Xch nP[ÐhDj}^\uc[Kb�XcY�VD[K] nP[ÅXc�6sya	g�h ahDXcnPXcY\~-j}g@a�g�nod���u{[�t³a�u+nP[2Y\^o[2tFnPV�X��DY\^�nÄY\[K]x�

� .I�Ò3á� � � � À � .I�@� �c�{�c�c� �d¶	3 ± �f� � À �2.I�@� �c�{�c�c� �d¶	3 ± �y� � À ��.I�@� �c�c�{�c� �d¶K3 �jmtF]pXihDj}hDg;È n�a	|}Y\XKa�hl��¤6gD[K] ^\rDu�V�a¡Y\rD|mX�5ºåVDXcg*nPVDXcY\X¢a�Y\X � Ê 7 ö hDj��fXcY\Xcg�nZu{[2|mrD~-g�^{�2]pXÄuKa�g*nPVDjmgD¤¡[2t � .I�Ò3 a�^Wa�t�r�gDu+nPjm[2g[2t�� a�gDh À .�Î�3 ��]_VDX{Y\X À n�a�¤2Xc^%XKa�uvV dDjmg@a�Y��Ðb�XcucnP[2Y Î �F�c�{� Î ¬lÒ« jmg�nP[¨[2gDX'[2t nPVDXb2a�|mr�Xc^ � # � & �{�c�{�+��� ÍÚ&�� 5 UWV�r�^ . À �c�{�c�{�c� À�ö 3 jm^�Xc^\^\X{g�nPj�a�|m|k�Ba	gBXcgDu{[6hDjmgDqÐ[2t�nPVDXhDj��fXcY\Xcg�n=uc[2|mrD~*gxn��lsyX{^{��a�gDh ]pXpVD[2syX�nP[¢�DgDh¡b�XcY�� ^\jm~-s�|mX�t�r�gDu+nPjm[2gD^ À � � �c�c� � À�ö nPVyaKnsDY\[KbljmhDX(^\rDuvVµa�g XcgDu{[�h�jmgDq�5 ÷ [2Y\Xc[Kb�XcY{�Tj}t � jm^x^�nPY\jmucnP|k�!|mX{^\^inPVya	gµ7 ö �TnPVDX*t�r�gDu+nPjm[2g½f. � � À �K�c�c�{�c� À�ö 3 ]_j}|m|ÒV@acb�Xi~(a�g���hD[2g;È n\é0uKa�Y\Xc^onPV@a	no~�a+��]pX{|m|Òh�XcucY\X	a�^\X�jknP^ou{[�^�nK5UWVDX¢hDjm^�nPjmg�u+n�u{[2|mrD~-g�^�~*jmq2V�noa�|m^\[ ^\rDq2q2Xc^�nÄaxt�rDg�u+nPjm[2g ½ t�[2YZ]_V�jmuvV(nPVDX À È ^WV@acb2XhD[2g;È n\é0uKa�Y\Xc^{5=Ø�[2Y�X+��a�~-sD|}X2��]pXWuKa�g�r�^\X ½f. � �K� � � � À �{� À �{3e� . � �\± . À � � � �K3\3 � À � ]_VDX{ga�|m|Zu{[2|mrD~-g�^�a�Y\X�XcjknPVDX{Y . # � # � # � # 3+ù [2Y . # � # � & � & 3+ù [2Y . # � & � & � # 3+ù w�nPVDXcg nPVDX(b2a�|mr�X[2t À � .�Î�3 jm^-a�Y\dDjknPYva�Y��']_VDX{g Î uc[2Y\Y\Xc^\sy[2gDh�^ nP['a�g¨a	|}|ké0¶cX{Y\[%u{[�|}rD~-g;5 ¡5 £ 5�p�rDY�nPjm^V@a�^ÄX+�lsD|�a�jmg�Xch�VD[K] nP[*Xc�lsD|m[2jknonPVDjm^_jmhDX	a ]_VDX{g ³ Ë ³ � & a�gDh ³ Ì ³ � Ë$Í¨& � ^\X{X Ò+Ó�Ó�Ó�¤�O�Kù�ýO��ü�ö���ú	ùDý�Ô¢Ò#Â¬ú . &V¡ 4 z 3 � &{# +�+,¹ &{# Y�Y � 5Ø�[2Y�a�uc[2~-sDY\X{VDXcg�^\jkb�XphDjm^\u{rD^\^\jm[2g�[2t@h�Xcuc[2~*sy[2^\jknPjm[2gxnPX{uvVDgDjh]�r�Xc^{��^\X{XD½_jmu�V@a�Y\h ÷ 5Ñxa�Y\s;� ó �d�Dú6ü��Iõ	ö�Á�þ0ú�� Ò ù ø ��ý{ö����.�V
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û¬û . &�¡2z +�3 ��7 ¡l& ¹3+!+ J 5ñ k ï j ílïýü kdº�¼ í3e¥î »}þ óÓº X2È b2X!dyX{XcgÐu{[�g�^\jmhDXcY\j}gDq¥[2gD|k�ÅYva	nPVDXcY(nPjmg��ÅX+��a�~-s�|mXc^�[2trp[6[�|}XKa�g!t�rDgDucnPjm[2gD^{5¡UWVDXc[2Y\Xc~ ä$nPXc|m|m^�rD^¢nPV@a	ni|�a�Y\q2X2�ÒYva�gDhD[2~ÓXc��a	~*sD|mX{^ia�Y\X�j}gDVDXcY�éXcg�nP|k�'h�jÁ¬-ucrD|knKw�d�rln¡sDYva�ucnPjmuKa�|ZX+��a�~-sD|}Xc^x~*jmq2V�n ]pXc|m|�dyX�VDjmq2VD|k�'gD[2gDYva�gDh�[�~%5áä6[�jkn~(a�¤2Xc^o^\X{gD^\X�nP[-^\XKa�Y\uvV$t�[2Yo^\jm~-sD|}jm�DuKa	nPjm[2gD^WrD^\j}gDq-VDXcrDY\j}^�nPjmu�~-X+nPV�[�h�^{5ºåVDXcg Ë q2Y\[{]_^{�WnPVDX%dyX{^�n(]oac�6^�ucrDY\Y\X{g�nP|k�Ì¤6gD[K]_gÐt�[2Y(hDX	a�|mjmgDq']_jknPV´rp[6[�|}XKa�gt�rDgDu+nPj}[�g�^oq2Xcg�XcYva�|m|k��^�n�a�Y�no]_jknPV�asrp[6[�|}XKa�g�u�V@a�jmg È g�[�n_]_jknPV%a¡V�r�q�XinPY\rlnPV�n�a�dD|mX Èa�gDhånPVDXc�ÐnPY��ÐnP[Ìjm~*sDY\[Kb�X!nPV@a	n$u�V@a�jmgåblj�a ®�|m[6u	a	|�u�V@a�gDq2Xc^{5 ¯ UWVDX'uvVya	j}g uKa�g dyX^\syX{ucjm�DX{h!d��áa(^\X+n�[2teXV]�r@a	nPjm[2gD^{5iUWVDXcg;�Òj}tZa�g!j}g�nPXcY\~*XchDj�a	nPX Y\Xc^\r�|kn¢j}^�rD^\X{hájmg!uc[2~�és@a�Yva	nPjkb�Xc|k�(t�X+] ^\r�dD^\X�]�rDX{g�n_^�nPXcsD^{�D]pX�uKa�g�nPY���nP[�Xc|mj}~-jmg@a	nPX�jknK�6nPX{~-sy[2Yva�Y\jm|k�(~(a�¤6jmgDqnPVD[2^\XÄ^\rDdD^\XV]�r�Xcg�nW^�nPXcsD^�jmg�nP[xt�rDgDucnPjm[2gD^Z[2tfnPVDY\XcX_b2a�Y\j�a�dD|}Xc^{�6a�gDh(Y\Xct�[�Y\~¡rD|�a	nPjmgDq�nPV�[�^\Xt�rDgDu+nPj}[�g�^ojmg�[2Y\hDXcYWnP[-~�a	¤2X a dfX+n\nPXcYouvV@a�jmg�]_VDXcg$sy[2^\^\jmdD|}X25Ø�[2YiXc�Da�~*sD|mX2�;^\rDsDsf[�^\X-nPV�X�q�a	nPX �@¾_� ���3ÿo� « jm^�r�^\Xch'[2gD|k�á[�g�ucX2�Fjmg!nPV�X�q�a	nPX� Û � �@¾ � ¸ �F^\[�nPV@a	n � Û � .I���3ÿo� « 3 � ¸ 5 Ç nPVDX{Y�q�a	nPXc^i~-jmq2V�nxa�|mY\X	a�hl��Xc�ljm^�nK�Òd��]_VDjmu�V�]pXxV@acb�Xxuc[2~-s�rlnPXch$[�nPVDXcYÄt�rDg�u+nPjm[2gD^_[2t ��� � � « �fa�gDh � ¸ wfa�gDh�nPVDXxhDX{�DgDjknPjm[2gD^[2t ��� � � « ��a�gDh � ¸ ~�a+�'j}~-sD|k�!nPV@a	n ^\[2~-X([�tpnPVDX�¼�[2jmg�nxb2a�|mrDX{^i[2t .I��� � � « � � ¸ 3 a	Y\Xjm~*sy[2^\^\jmdD|mX�5!UWV�rD^¡]pX�~-jmq2V�n�dyX�a�dD|}X(nP[!uc[2~-s�rlnPX � Û t�Y\[�~ [�nPVDX{Y¡q�a	nPX{^¡d�� hD[2jmg�q¼�rD^�n�[�g�Xxt�r�Y�nPVDXcYÄ[2syXcYva	nPjm[2g;5pØ�[2Y�X+��a�~-sD|mX��Djmt �@¾e� ��� � � « a�gDh � Û � �@¾ � � ¸ �fa	g�hjmtonPVDX�b2a�|mr�Xc^ ��� � � ¸ a�gDh � « � � ¸ a�sDsyX	a�Y¡X{|m^\X+]_VDX{Y\X�jmg nPVDX�u�V@a�jmg;��]pX�u	a�g¥^\Xcn� Û � .I��� � � ¸ 3 � .I� « � � ¸ 3 wFnPVDj}^�Xc|}jm~-jmgyaKnPX{^ �@¾ a�gDh'Y\X{hDrDucX{^�nPVDX-u{[2^�nid�� & 5 Ç YijmtÆ�
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^vac��� ��� � .I� « ± � ¸ 3 a�sDsyXKa�Y\^�Xc|m^\Xc]_VDXcY\X�a�gDh%]pXx¤6gD[K]BnPV@a	n ���c� « � ¸ Ú� &c#D& �@]pXxu	a�g^\X+n � Û �Ð� ¸ ± .I��� � .I� « ± � ¸ 3\3 5© t �@¾ j}^TrD^\Xch¡[2gD|k�ij}g � Û a�gDh � Û jm^TrD^\Xch¡[�g�|k�ijmg �	� �	nPV�Xcg q�aKnPX �	� hDX{syXcg�hD^T[2g t�[2rDYb2a�Y\j�a�dD|}Xc^{��a�gDhi]pXZ~*jmq2V�n`dfXpa�dD|mXenP[ÄY\XchDr�ucXenPV�Xeu{[2^�nTd��irD^\jmgDq�[�r�YFnP[�n�a�|�¤6gD[K]_|mX{hDq2XZ[2tt�[�r�Y�é³b2a�Y\j�a�dD|mXWt�rDgDu+nPj}[�g�^{�2[2dln�a�jmgDjmg�q �	� jmg(a�dyXcn\nPXcYT]oac�¡]_VDj}|mXWXc|mjm~*jmg@a	nPjmgDq �@¾ a�gDh � Û 5ä�jm~*jm|�a�Y\|k���2jmt �@¾ a�sDsyXKa�Y\^p[2gD|m�-j}g � Û a�gDh �	� ��]pX�uKa�g�Xc|}jm~-jmgyaKnPX �@¾ jmtf]pX��DgDh$aidyXcn\nPXcY]oac� nP[!Xcb2a�|mr@a	nPX(n�]p[áh�j��yXcY\X{g�n�t�rDgDu+nPj}[�g�^�[2t_t�[2rDY�b2a�Y\j�a�dD|mX{^{��sy[2^\^\jmdD|k�)]_jknPVµhD[2g;È n\éuKa�Y\X{^�a	g�h%]_jknPV%[�nPVDXcY�t�r�gDu+nPjm[2gD^�[2t=nPVD[2^\X t�[�r�Y_b2a�Y\j�a�dD|}Xc^¢acb2a�jm|�a�dD|mXit�[2Y�t�Y\X{X25 £ q�a	j}g;�]pXZ¤6gD[K] VD[K] nP[_^\[2|kb�Xe^\rDu�VxsDY\[2dD|mX{~-^{�	rD^\jmg�qonPVDXZt�[6[�nPsDY\jmg�nF~-XcnPVD[6hihDjm^\ucr�^\^\Xch¡a�dy[Kb�X25ºåVDXcgágD[�|m[6uKa�|TuvV@a�gDq2Xc^xa�Y\X-a�dD|mX nP[�hDXcu{Y\XKa�^\X nPV�X¡uc[2^�nK�y]pX�uKa�g'a�|m^\[�nPY��%|m[6u	a	|uvVya	g�q�X{^�nPV@a	n-sDY\Xc^\X{Y�b�X�[2Y�X+b�XcgÌjmgDu{Y\XKa�^\X�nPV�X�u{[�^�nK�Zjmgµ[2Y\hDX{Y¡nP[áhDjm^\u{[{b�X{Y�hDj��yX{Y\Xcg�n¤6jmgDhD^i[2tpuvV@a�jmg�^�nPV@a	nx~-jmq2V�nx^\jm~-sD|}jmt}��j}gá[�nPVDX{Y�]oa+�l^{5-º)X*^\V@a�|m|ehDjm^\ucr�^\^i^\rDu�V)|m[6u	a	|^\XKa�Y\u�V�~*X+nPVD[6hD^oXc�6nPXcgD^\jkb�X{|k�(jmg�ä�X{u+nPjm[2g�465 &{# 5èe�lucXc|}|mXcg�n¡^\rDY�b�Xc�6^�[2tWnPX{uvVDg�j<]�rDXc^¡t�[2Ysrp[6[�|}XKa�g [2slnPj}~-jm¶	aKnPj}[�gF�F]_VDj}uvV¥X{|mXcucnPY\jmuKa�|Xcg�q�j}gDXcX{Y\^iuKa�|m|=nPVDX-sDY\[2dD|mX{~»[�ts®�~ rD|mnPjm|mX+b�X{|T|}[�q2jmu-^��6g�nPVDXc^\jm^{� ¯�V@acb2X*dfXcXcg)sDrDdD|mj}^\VDXchd���½x5"Ñ-5!rpYvac�6nP[2g;�Lï¡5 Ö 5A�a�uvV�nPX{|0�2a�gDh £ 5 ^ 5�äla�gDq2jm[Kb2a�gDgDjmé$Ï¢jmgDucX{g�nPXc|}|mj0�V����ú6ü{õ{õ ø �mù�
2ýú	þ�ö³ûÒõ Ò+Ó�Ó�Ó�Wô!. &V¡�¡�# 3 �67 z Y ¹i+ #2# �Da	g�h(jmg*nPVDXÄdy[6[2¤l�YÁDùyö³ûÒõPý��mý��	ù ø�� �=ö��mÿZ���A�6ö���ú	ù�ú	þð ��
Q�0ö¨��
�¿½�Á��üA�A�Þö³ý�d���ï¡5 Ö X ÷ jmu�VDXc|}j . ÷ u�ï�Yvac] ¹ �jm|m|0� &V¡!¡ Y 3 5
ñZî	� ílï���î ¼6b m½e�ó UWVDX{[2Y\Xc~ ä¨nPX{|m|m^�r�^�nPV@a	n�gDX	a�Y\|k�ÐX+b�XcY�� rp[6[�|}XKa�gÐt�rDgDucnPjm[2g [2tË " & 7ob�a�Y\j�a�dD|mXc^`j}^TV@a�Y\hxnP[�Xcb2a�|mr@a	nPX2��Y\X�]�rDjmY\j}gDq¢a_uvV@a�jmg ]_VD[2^\X�|mX{gDq�nPV X+�lucX{XchD^�7�¬ ° Ë 5ÐZX+n$~*[�h�XcY\gåu{[2~-sDrlnPX{Y\^{�Ä]_VDjmu�V a�Y\X'dDrDj}|kn�t�Y\[2~ |}[�q2jmuáu{jmY\ucr�jknP^�j}g�b�[�|mb6j}gDqµXc|mX{u+nPY\jmu^\jmq2g@a�|m^¢nPV@a	n�Y\X{sDY\Xc^\X{g�n�nPVD[2rD^va�gDh�^�[2t	rp[6[2|mXKa�g�b�a�Y\j�a�dD|mXc^{�ÒV@a�sDsDjm|m��X+b2a�|mryaKnPX¡¶{jm|m|mj}[�g�^[2t rp[6[�|}XKa�g¡t�rDgDucnPjm[2gD^�X+b�X{Y��¡~-j}ucY\[2^\Xcu{[�g�h;5`èeb6j}hDXcg�nP|m�xnPVDXcY\XÄa�Y\XosD|mXcg�n�� [2tyj}~-sy[2Y�n�a�g�nt�rDgDu+nPj}[�g�^=nPV@a	neuKa�g�dyXoX+b2a�|mryaKnPX{hs]�rDj}uv¤6|k����jmg�^\s�jknPXW[�tfUWVDX{[�Y\X{~¹äy5 © gDhDXcX{h;��nPV�XWsDY\[6[2t[2tonPV@a	n�nPVDXc[2Y\Xc~ ]oa�^�j}gDhDjmY\X{u+nKwe]pX�^\j}~-sD|k� uc[2rDg�nPX{h¥nPVDX�u	a	^\X{^�[2t_|m[K]×uc[2^�nK��^\[!]pX|mX	a	Y\g�Xch¨a�dD^\[2|mrlnPXc|m�)g�[�nPV�jmgDq)a�dy[2rln(a	g��¥s@a�Y�nPjmucrD|�a	Y¡Xc��a	~*sD|mX{^ nPV@a	n-~-jmq2V�n(a�Y\jm^\X�jmgsDYva�u+nPj}ucX25`ºåVDXcg*]pX_]oa	g�nZnP[xu{[�~*sDrlnPX�a�q2jkb�Xcg*t�rDgDucnPjm[2g�a	g�h-]pXÄuKa�g([2gD|k��nPVDjmgD¤�[2t;a|�a�dy[2Y\jm[2rD^Z]oa+�*nP[ hD[xnPVDXe¼�[2d;��VD[K]åuKa�g*]pX�dyXÄ^\rDY\XÄnPV@a	n�nPVDX{Y\X2È ^�gD[xnPY\j}uv¤���^\V�[�Y�nPu{rlnqUWVDXia�gD^�]pX{YpnP[ nPV@a	n(]�rDX{^�nPjm[2g�jm^_a	|}~-[2^�np^\u	a�gDh@a�|m[2rD^{ê £ t�nPXcYWhDXcu	a	h�Xc^W[2t;u{[2gDucX{glénPYva	nPXch*Y\X{^\XKa�Y\uvV;�6uc[2~-sDrDnPXcYZ^\u{jmXcg�nPjm^�nP^ZV@acb2XÄdyX{Xcg(rDg@a�dD|mX_nP[x�DgDh �A�¤� Xc�6s�|mjmucjmnetIa�~-j}|k�[2txt�rDgDu+nPj}[�g�^ � .I� �{�{�c�{�c� � ¬ 3 ]_V�[�^\X'uc[2^�n$jm^�jmgDV�XcY\Xcg�nP|k�ÐgD[2gD|mjmgDX	a�Y{��a�^ Ë jmgDu{Y\XKa�^\Xc^{5UWVDX*nPY\r�X*dyX{V@acbljm[2Yxjm^¡7 ¬v° Ë �`dDrDn g�[%|m[K]pX{Yxdf[�r�gDhµa�^x^�nPY\[2gDqáa�^ Ë |}[�qZ|m[2qe|m[2q Ë V@a�^��X+n*dyX{XcgÌsDY\[Kb�Xch Ð Ç tÄu{[�r�Y\^\X�]pX$uc[2rD|mhÌY\jmqár�sÅa�Y�nPjm�Du{j�a�|WX+��a�~-sD|mX{^{�e^\rDu�VÐa�^o®ÆnPVDX|mXc�6j}uc[2q2Yva	s�VDjmuKa�|m|m��^\~�a	|}|mXc^�n¢nPY\rDnPV!n�a	d�|mX¡[2t�|mX{gDq�nPV'7�¬�nPVyaKnijm^\gFÈ n a�uvVDj}X+b2a�dD|}X¡d��'a�g��rp[6[�|}XKa�g$uvV@a�jmg%[2t=|mXcg�q�nPV ¯³7 ¬v° Ë ± Í¨& ¯�w@dDrln�^\rDu�V%t�rDgDucnPjm[2gD^�a�Y\Xx^\rDY\Xc|k��g�[�n�Xc�6s�|mjmucjmnK5UWVDX*nPY\rDnPV)n�a	d�|mX*[2t_a�g X+�lsD|mj}ucjknxt�rDgDucnPjm[2g � .I� �K�c�{�c�c� � ¬ 3 ^\VD[2rD|mh dfX(uc[2~-s�rln�a�dD|mX*jmga	n�~*[�^�nK�y^vac���;7�� ¬ rDg�jknP^Ä[2t=nPjm~*Xit�[2Y�^\[�~*X uc[2gD^�n�a�g�n � w@nPVyaKn�jm^{�ynPVDXxnPjm~-XxgDXcX{hDXch�nP[^\syX{ucjmt��(a�|m|@[2tfnPV�XÄt�rDgDu+nPj}[�g*b2a�|mr�Xc^Z^\V�[�r�|mh(dyX�sy[2|k�lgD[2~-j�a�|�j}g-nPVDX�|mXcg�q�nPV([2tfnPV�X_nPY\rlnPVn�a�dD|mX�5���gDhDXcYTnPVD[2^\XWq2Y\[2rDgDh�Y\rD|}Xc^{��gD[¢t³a	~*jm|k�x[�t@^\jmgDq2|mXcé0[�rDnPsDrln�t�r�gDu+nPjm[2gD^=jm^=u{rDY\Y\Xcg�nP|m�¤6gD[K]_g�nP[�V@acb�X*a(uc[2~ dDj}g@a	nPjm[2g@a�|`u{[�~*sD|mXc�6jmn���nPV@a	n¢Xc�lucXcX{hD^ + Ë Î´%*. & 3 a	^ Ë¥� � 5� ä�XcX ° 5�rp|mrD~%�5�Tûfõ+ú��+õ	ö���üC��
�¿eú	ÿ«�,�DöÆõ��¹�DüO�IõPùyüKõ�Â ô . &�¡ [AY 3 � +�+ 4 ¹3+ Y J 5 �UWVDX!sDjmucnPrDY\X�jm^�gD[�n�nP[�n�a�|m|k�¨dD|mXKa�¤f�odyX{uKa�rD^\X!^\X+b�XcYva�|�jmg�nPXcY\Xc^�nPj}gDq � ���d��� S |m[K]pXcYdy[2rDgDh�^_Vya+b�XxdfXcXcg%sDY\[Kb�Xch%t�[�YÄt�rDg�u+nPjm[2gD^_[2t=sDYva�u+nPj}uKa�|;jm~*sy[2Y�n�a	g�ucX25 £ dya	^\j}u�]oac��nP[[2dln�a�jmg�^\rDuvVáY\Xc^\rD|knP^Ä]oa�^¢jmg�nPY\[6hDrDu{Xch�d�� ° 5tÏ�5�½_X{h;È ¤6jmg�jmg &V¡ 4 # ê�ä�rDsDsy[2^\X ]pX¡V@acb2X



465 & 587 9;:�:=<�>@?=AB>DCD?=<6EF?@G;HI:=A 7�4
© D N D�L M ÈÞM NJD K4¶ D ©ÞQ�N© M L D O³R�M �Ù O.EO© ä L=Q M QÞRØ Q M QÞR� @�D NPOIM �{Q¨K § EPRIL @CL D SL E�JPM ©

a�g$[�sDnPjm~ rD~×u�V@a�jmg�[2t`u{[2^�n��¡t�[2Y � .I� �{�{�c�{�+� � ¬ 3 5�r���^\Xcn\nPjmgDq � ¬�� # [2Y � ¬�� & �6]pX[2dln�a�jmg*Y\Xch�rDucX{h*u�V@a�jmgD^Zt�[2YZnPVDX_t�rDgDu+nPj}[�g�^ ½f.I� �K�c�{�c�c� � ¬l � 3�� � .I� �K�{�c�c�c� � ¬l �K� # 3 a	g�hÀ .I� �{�c�{�c�c� � ¬D � 3e� � .I� �K�c�{�c�c� � ¬l �{� & 3 ��V@acbljmgDq¢u{[2^�n � Í ê-jmt � ¬ ]oa	^�rD^\Xch*a�^ea�g�jmgDsDrlnnP[�ê%hDj�!yX{Y\Xcg�n_q�aKnPX{^{5 ÷ [2Y\Xc[Kb�XcY{�Djmt � ¬ jm^WrD^\X{h$jmg%a ®�uKa�g@a�|mjm¶{jmgDq�¯¡q�aKnPX �@¾`� � ¬ ÿ�� « �]_VDX{Y\X�nPV�X�[2syX{Yva	nP[�Y ÿ j}^-gDX{jknPVDXcY ± gD[2Y�"¡��^\[2~-X$^\X+n\nPjmg�qá[2t � ¬ ]_j}|m|Wt�[2Y\ucX �@¾ nP[dyX¡uc[2gD^�n�a�g�nK�ynPVDXcY\X{d��%t�r�Y�nPVDXcY�Y\X{hDrDucj}gDq(nPVDX u�V@a�jmg�t�[�Y ½ [2Y À 5 ^ [K]pXcY¢dy[2rDgDh�^¢[2g ½a�gDh$#	[2Y À nPVDX{Y\Xct�[�Y\X�|mX	a�h�nP[(a |}[{]pX{Yody[2rDgDh$[2g � 5 . ä�X{X�X+�lX{Y\ucjm^\X{^Ä424 ¹ [ & 5 3rprlnp]_VDXcY\X�a�Y\XÄnPVDX�sDY\[6[2t�^�[2t;gD[2gD|}jmgDXKa�Y�|m[K]pX{Y�dy[2rDg�hD^Oq £ |m~*[�^�npX+b�XcY��*sDY\[2dD|}Xc~]_jknPVÅa���Xc^�é0gD[ a�gD^�]pX{Y*uKa�gÌdyX�t�[2Y\~ rD|�aKnPX{h¨a�^(a:r�[6[2|mX	a	gµt�rDgDucnPjm[2g;�Z^\[ánPV�XcY\X2È ^-gD[^\VD[2Y�n�a�q2X)[2t¡X+�lsD|mj}ucjkn$t�r�gDu+nPjm[2gD^$nPV@a	n$]pX hD[2g;È n�¤6gD[K] VD[K] nP[¨Xcb2a�|mr@a	nPX'j}g |mj}gDXKa�YnPjm~*X2�o[2Y�X+b�Xcg jmg sy[2|k�lgD[2~-j�a�|_nPjm~*X25 Ø�[2Y�Xc��a	~*sD|mX��Äa	g��Åh�jmY\XcucnPXchÐq2Yva�sDV&% ]_jknPVb�XcY�nPjmu{Xc^ � ë �K�{�c�c�c� ë ¸ � u	a�g*dyXÄY\XcsDY\X{^\Xcg�nPX{h*d��-jknP^pa�h�¼Pa	u{XcgDuc��~(a	nPY\jk��Ê¥�2]_VDXcY\X �@¾��Ä�� ë ¾ � ë � � wlnPVDX{g� .I� � � �c�c�{�c� � � ¸ �{�c�c�{� � ¸ �{�{�c�{�+� � ¸(' ¸  ��) 3'� � % V@a�^�a«�a�~*jm|knP[2gDj�a�g�syaKnPV � .013£K3
jm^ a rp[6[2|mXKa�gát�rDgDucnPjm[2gá[2t Ë � · . · Í & 3 b�a	Y\j�a	d�|mXc^{5¡º)X�]p[2rD|mh'hDX	a�Y\|k��|}[{b�X�nP[$dyXa�dD|mX*nP[%Xcb2a�|mr@a	nPX*nPVDjm^xt�rDgDucnPjm[2g jmg;�T^vac��� Ë � ^�nPXcsD^{5$º)X�hD[%¤6gD[K]ÖVD[K]ÚnP[�uc[2~*sDrlnPXnPVDX¢nPY\rlnPV�n�a�dD|mX¢t�[2Y � jmg %*. · Ð 7�¬ 3e� 7�¬�Á+* '-, ¬ L E�J ¬ ) ^�nPXcsD^{�D^\jmgDu{X¢[2gD|k��· Ð sy[�nPXcg�nPj�a	|�a�~-jm|mnP[�g�j�a�g(s@a	nPVD^oX+�ljm^�nKw6nPV�rD^ � jm^ojmgDhDX{Xch&®�X+�lsD|mj}ucjknK5 ¯ r�rDnogD[2dy[6hl��¤6gD[K]_^oVD[K] nP[X+b�a�|mr@a	nPX � jmg�sy[2|k�lgD[2~-j�a�|@nPjm~*X2�l[�YoVD[K] nP[�sDY\[Kb�X¢nPV@a	nonPVDXcY\X�jm^\g;È nÄa¾Y Ë é0^�nPX{s�u�V@a�jmg;5Ø�[2Yea�|m|�]pX�¤6gD[K]x��^\VD[2Y�n�r�[6[2|mX	a	g uvV@a�jmgD^=t�[2Y � ~*jmq2V�n=X+�ljm^�nK��t�[�YTXKa�u�V Ë 5 £ t}nPX{Y=a�|m|0�Ø=jmq2^{5 ¡ a�gDh &c# Y\X+b�XKa�|�nPVDX_Xc�ljm^�nPXcgDu{Xo[2tÒ�DX{gDhDjm^\V�|k��u{|mX+b�X{YeuvV@a�jmg�^�X+b�Xcg*jmg*nPVDX_u	a�^\Xc^�[2tY¡a�gDh J b2a�Y\j�a�dD|mX{^{5Tè�¬�u{jmXcg�nZu�V@a�jmgD^�t�[2Ypa�|m|�[2tfnPVDXÄ|�a�Y\q2XcYZsDY\[2dD|}Xc~-^ZnPV@a	nZ]pXÄX+b�X{Ye]_jm|m|gDX{Xch(nP[¡^\[2|kb�X¢~-jmq2V�np]pXc|}|ydyXó®Æ[2rlnWnPVDXcY\X�¯ È ��X+npnP[�n�a	|}|k�*dyX+��[2gDh�[2rDYWq2Yva�^\s;�6dfXcuKa�rD^\X]pXWhD[2g;È n�V@acb�XpnPjm~-X�nP[¢�DgDh¡nPVDX{~$5`èeb�Xcg�jmtya�g�[�~*gDjm^\u{jmXcg�n�dyXcjmg�q�Y\Xcb2X	a�|mXch nPVDXW^\jm~-sD|}XuvVya	j}gD^¢nP[�rD^{�Ò]pX�~-j}q�V�n¢�Dg�h!nPVDXc~ jmg�uc[2~-sDY\X{VDXcg�^\jmdD|mX��ydfXcuKa�rD^\X¡nPVDX�^\VD[2Y�nPXc^�nisDY\[6[2t[2tFnPV�XcjmYouc[2Y\Y\XcucnPgDXc^\^_~-jmq2V�n_dyX�|}[�g�q�X{YpnPV@a�g�nPVDXig�rD~ dfXcYo[2tTucX{|m|m^Wjmg�[2rDY_dDYva�jmgD^{5UWVDX{[�Y\X{~ ä(Y\rD|mXc^o[2rlno^\rDuvV%a¡^\ucXcgya	Y\j}[¡t�[2Yp~*[2^�n�rp[6[�|}XKa�g�t�rDgDucnPjm[2gD^{5)rprlnot�X+]pXcYnPV@a�gÌ7 � �P� rp[6[�|}XKa�g t�r�gDu+nPjm[2gD^x]_jm|}|ZX+b�X{Y dyX([2tosDYva�ucnPjmuKa�|Zj}~-sy[2Y�n�a�gDucX(jmg nPVDX(X{g�nPjmY\XVDjm^�nP[2Y���[2t`nPV�X¢]p[2Y\|mh;�@a�gDh%UWVDXc[2Y\Xc~ ä(nPXc|}|m^WrD^o¶{jm|mu�V$a�dy[2rlnonPVDX{~$5© g &�¡ 4�Y�� ^ a�Y\Y��µä�nP[6uv¤6~-Xc��XcY¡a	g�h £ |mdyXcY�n ÷ Xc�2X{Yx]pXcY\X2�=VD[K]pX+b�XcY{�ea�dD|mX*nP[%u{[2glé^�nPY\rDucn¡a�rp[6[2|mXKa�g't�rDgDucnPjm[2g � ]_V�[�^\X�uc[2~-sD|}X+�ljkn��!jm^is�Y\[{b�a�dD|k�áV6rDq2X25�UWV�XcjmY � j}^\g;È n®�X+�lsD|mj}ucjknK� ¯%jmg'nPVDX(sDY\Xcu{jm^\X*^\X{gD^\X(hDX{^\ucY\jmdfXch¥a�dy[Kb2X��TdDrln¡jknxj}^\g;È n-a	Y�nPj}�Ducj�a�|eXcjknPV�XcY{w=jkna�Y\jm^\Xc^ogyaKnPr�Yva	|}|k��jmg�~(a	nPVDX{~(a	nPjmuKa�|Ò|m[2q�j}u25�p�[2gD^\jmhDX{Yo^��6~¡dy[2|mjmu¢^�n�a	nPX{~-Xcg�nP^o^\rDuvV�a�^

.�/	021435.$37698: 35.2;2< w .01�¦23
=?>$@BADCE>$F7A9143�G w .012/23
=2AH@7>ICE>9143BF7AJG w .01A-�3
=HK7=MLDCNLHO2K?1	PRQ�@2KBLDCSK2F2KBL9TMK7LHFBLJG2G w .01�Ñ23
=	U�=�VWCXUMY?V�ZH[M@7ADC�A$\BU	TBA+8\BV	]BA$\RV	TBAJ8\BU4G2G w .012123
=	UWC^@7ADCNA$\RU$G5Q�@5>_CE>4\BU	TR=2ADCNA$\RU2QR>$`7A+G2G2G w .01���3
=	UWC^@7ADCNA$\RU$G5Q�@5>_CE>4\BU	TR=2ADCNA$\RU2QR>$O7A+G2G2G w .012ç23
@Ba?=$K�C2CSKM\Ba�Z$K�1M<H8\7a4GbZ$KMFH35.2.2.HG w .01�*23
=	U�=�VWCN=9cB=Jd+Cec?Y?U�T�d : 35]Mc?Y?V	T�d : .�QWCN=MADCNA$\�cBZMA�143B\?c9GbZJd : 3�G2G5Q	[?UMY?V$G � .Þ��Ï�3



7�[ / :,0i9fH�A`?�G`:,1FH�?=< ?T<32e:,1;H�G546087:9<; " />= 465 & 587
��Q D4ä SIQH©HEPNCKIÁE\R�KcQ�R L E�J\M ©SIQH©¨E\NCKIÁEPR�KcQÞR L E�JPM ©É I D R M OIR�QÞQ�SN Ù � ÙØ E\N D K+M © L E�JPM ©ef ? E�J\M ©g�yM O.¿ÃE\N L MÃ@ N D R M E B Q�R D O�E\R�SÛgh@ ©�¿cMiiL J�E\OÙ O.EO© ä L=Q M QÞRØ Q M QÞRSIQ L § ImR�Q § Q�R�QÞNC©�QKcM D J�EPN DGL M È D OIM EPNKcQ B O.¿§ D NImM NN QHJPQÞNcQ�R

ä�nP[6uv¤6~*X+��XcYWa�gDh ÷ Xc��XcYphDXc�Dg�Xch$ax|�a�gDq2r@a�q2X	¥d��(rD^\jmg�q nPVDX z + é0u�V@a�Yva�u+nPXcY_a	|}sDV@a�dyX+n
=H@?[jCkG7Y�\	8\R1	T2]�QRZ$FM` : 8: O2lMK7L4dBmMn2o?p�q4rRs�t9u5>MAHvBw�x?U2V	c�y2zM{M|�}4~?�B�2�?�	���Ba9�?.437P2<�/�6?;M�202�a�gDh$q2jkbljmg�q�uc[2g�b�Xcg�nPjm[2g@a�|;~-X	a	g�jmgDq2^WnP[�nPVDX{^\Xi^��l~ dy[2|m^{5pä�nPY\jmgDq2^o[2tT|}[{]pX{Y\uKa�^\Xi|mXcn\nPXcY\^]_jknPVDj}ginPV�Xp^\Xcg�nPX{gDucX{^=[2t�o��|}jm¤2XË� K7L È�jmg .01�Ñ�3 ��Y\X{sDY\Xc^\X{g�n�g6rD~-X{Y\jmuZb�a�Y\j�a�dD|mXc^{��Y\X{^�nPY\jmu+nPX{hnP[ågD[2gDgDX{q�a	nPjkb�Xµjmg�nPX{q2XcY\^{w�^�nPY\jmgDq2^á[2t*r�sDsyXcY\u	a�^\Xµ|mXcn\nPXcY\^!Y\X{sDY\Xc^\X{g�n'^\X+náb�a�Y\j�a�dD|mXc^{�Y\Xc^�nPY\j}u+nPXchÅnP[ ��gDjknPX�^\X+nP^�[2ti^\rDuvV g�rD~¡dyXcY\^{5BØ@[�Y�Xc�Da�~*sD|mX2� .012123 ~-XKa�gD^{��®�Ø@[�Y$a�|m|�DgDjmnPX_^\X+nP^_� a	g�h��(��]pXÄV@acb�X�� � � jmt;a�gDh�[�g�|k��j}tfnPVDXcY\X_h�[�X{^\g;È npX+�ljm^�nWa�g�rD~¡dyXcY ËnPV@a	nÄjm^oj}g��BdDrln�gD[�n_jmg����D[2Y_j}g�� dDrlnÄgD[�nÄjmg�� 5 ¯Ìä�[2~-Xi[2t`nPVDX{^\Xi^�n�a	nPX{~-Xcg�nP^Äa	Y\XnPY\rDX�wl[�nPVDX{Y\^Äa�Y\X�t³a�|m^\X25 . ä�XcXiX+�lXcY\u{jm^\X8[2765 3£ |m|`[2t=nPVDX ^�nPY\jmgDq2^ .01�¦�3$¹f.Þ��Ï�3 dyX{|m[2gDq*nP[�o�ydDrDnÄnPVDX¡|�a�gDq2r@a�q�X jm^�a�u+nPr@a�|m|k��]�rDjmnPXY\Xc^�nPY\j}u+nPXchFêÅUWVDX)[2gD|m� a�Y\jknPVD~-XcnPjmuá[2syXcYva	nPjm[2gBa�|m|m[K]pXch [2gBaÌg�rD~¡dyXcY%j}^$nP[Ða�hDhBauc[2gD^�n�a�g�nKw�]pXxuKa�g$]_Y\jknPXZ� K?1435< È�dDrln�gD[�n8� K�1RL Èk5pUWV�Xx[2gD|k��Y\X{|�a	nPjm[2g%a�|m|m[K]pXch%dyX+n�]pX{Xcga¡g�rD~¡dyXcY�a�gDh�a¡^\X+n_j}^oXc|mX{~-Xcg�nPVD[6[�h . \ [�Y 8\ 3 5eUWVDXi[2gD|k��Y\Xc|�a	nPjm[2g$a�|m|m[K]pX{h�dyX+n�]pX{Xcg^\X+nP^_jm^oXV]�rya	|}jkn�� . Y 3 5=Ø�r�Y�nPVDXcY\~*[�Y\X a�|m|fb2a�Y\j�a�dD|mX{^W~¡rD^�n_dfX¢]�r@a�g�nPjm�DX{h�d�� @ [2Y = 5c�èeb�XcY��%^\X{g�nPXcg�ucX [2t.ÐnPV@a	n¢V@a�^�|}XcgDq�nPV'É Ê Ë uKa�g!dyX Y\X{sDY\Xc^\X{g�nPXch!d��áa*dDj}g@a�Y��b�XcucnP[�YÄ[�t=|mX{gDq�nPV z	Ë �D]_jknPV%¶cX{Y\[�^Äjmg�nPVDXx|�a�^�n z . Ë$Í É 3 dDjmnP^{5 ^ X+n � .I�Ò3 dyX¡aZrp[6[�|}XKa�gt�rDgDu+nPj}[�g [2t z�Ë b�a	Y\j�a	d�|mXc^`^\rDu�V nPV@a	n � .I�Ò3�� & ]_V�XcgDXcb2X{Y � Y\X{sDY\Xc^\X{g�nP^eaonPY\rDX�^\Xcg�nPX{gDucX[2t�W��a�gDh � .I�Ò3�� # ]_V�XcgDXcb2X{Y � Y\X{sDY\Xc^\X{g�nP^Tap^\Xcg�nPX{gDucX�nPV@a	n;j}^;tIa�|m^\X�wKnPVDX=b�a�|mrDX=[2t � .I�Ò3jm^_r�gD^\syXcu{jm�DX{h�]_VDX{g � hD[6Xc^\g;È n�Y\XcsDY\X{^\Xcg�n�a�~*XKa�gDjmgDq2t�rD|F^\Xcg�nPX{gDucX�5pUWV�X�nPY\rlnPV$n�a�dD|}Xt�[�Y�^\r�uvV'a(t�r�gDu+nPjm[2g � uKa�g!dyX u{[2gD^�nPY\rDu+nPX{h�jmgáa(�DgDjknPX g�r�~ dyX{Y�[2te^�nPXcsD^{�Fa	u{uc[2Y\hDjmg�qnP[inPVDXc[2Y\Xc~*^Z[2tar��rDu�VDjÒa	g�h*èZ|mq2[�n � � õ��0ö³ý�ü\û����mþÆö;þ2��A�Zÿ ��ö³û5�2ô=ú5
Q���ó��ù ø�� �V��ù ø 
.�k
Dõvù ø õ��ñ �6ö³û>�Fò . &V¡�z�# 3 � z�z ¹ ¡ 7lwa�¤�O�	ùDýO�2ü	ö���ú	ùDýoú	þ�ö³ûfõD¾Äÿ�õ���� ñ �6ö³û>���Dú6ü��RÄ ôá. &V¡�zl& 3 �l7 & ¹ Jl&+� 5rprlnl®��DgDjknPX�¯�hD[6Xc^_gD[�n_~-X	a�gë®�t�X	a	^\j}dD|mXC¯�êZä�nP[6uv¤6~*X+��XcYÄa	g�h ÷ X+��X{YosDY\[Kb�Xch�nPV@a	n
÷ . � 3 µ 7 ö  � ]_VDX{gDX+b�XcY Ë " Y z�# Î � + # 7B� Î J � # [=|mg��-a�gDh�� µ + z � .Þ�i£K3

© g�s@a�Y�nPjmu{rD|�a�Y{��]pXoV@acb2XÄ÷ . � 3 µ 7 ����� µ &c# � �Gµ ]_V�Xcg Ë � z 7 & 5A¾´�_ú6ú�
Iõ�	ù*ü\ûd���mù � �0ö³ûö³ûd�6ö�ÿÔ�	ùYÁ�
3�6öÆõPý�ü{úi�!
 ø ùfõ��	õ��«�lõ¾���A�Á
0ö\�l^\jmg�ucX &{# � ��µ jm^Äa¡q2Xcg�XcY\[2rD^_rDsDsyX{Yody[2rDgDh$[2gnPVDX�g�rD~¡dyXcY�[2tZsDY\[�nP[�g�^¢j}g�nPVDX�r�gDjkb�XcY\^\X�5¡ä�[�nPVDjm^¢jm^xa(t³a	j}Y\|k�%^\~(a�|m|0�Ò�DgDjknPX¡sDY\[2dD|}Xc~nPV@a	no]_jm|m|ÒgDX+b�X{YodyXi^\[2|kb�Xch;5Ö Xcn�a	j}|m^o[2teä�nP[�u�¤6~-X+��X{YÄa	g�h ÷ Xc�2X{Y{È ^ÄsDY\[6[�tea	s�syXKa�Y_jmg ó ¾�¿ ñ�� Ä . 7 #2# 7 3 �f4 J +,¹4![AYD5$UWVDX(d@a�^\jmu(jmhDXKa�jm^inPV@a	nxnPV�X*|�a�gDq2r@a�q2Xyo�`nPVD[2rDq2V)|}jm~-jknPX{h;�Fjm^xY\jmu�V)X{gD[2rDq2V)nP[hDX{^\ucY\jmdyX(nPY\rlnPV)n�a�dD|mXc^-a�gDh)nPV�X(uc[2~-s�|mX+�ljkn��'[�t�rp[6[2|mXKa�g uvV@a�jmgD^{�=rD^\j}gDq�t³a	j}Y\|k�'^\VD[2Y�n^\Xcg�nPXcgDu{Xc^{wDVDX{gDucX � V@a�^WnP[-hDX	a�|f]_jknPV$jmgDsDrlnP^WnPVyaKn_X{^\^\Xcg�nPj�a	|}|k�(Y\X{t�X{YWnP[�nPVDXc~*^\Xc|kb�Xc^{5
ºR» îyï »¨¼ ï c ìFílïiïKí k m½f b>j ó�UWVD[2rD^va�gDhD^e[2ty^\jmq2gDjm�Du	a�g�n�s@a�syX{Y\^�V@acb�XodyXcX{g ]_Y\jkn\nPX{g-a�dy[2rlngDXcn�]p[�Y\¤6^i[�tTrp[�[2|mX	a�g!q�a	nPXc^{�;dyXcu	a	r�^\X�^\rDuvV)gDX+n�]p[2Y\¤6^�rDg�hDXcY\|mj}X¡^\[�~(a�g��'a�^\syXcucnP^�[2tnPVDX{[�Y��áa�gDhásDYva�u+nPjmu{X25¢º)X�V@acb�X¡t�[6ucrD^\X{h!jmg!nPVDjm^¢^\Xcu+nPj}[�g!u�VDjmX��D�%[2g!nP[2sDjmuc^�nPV@a	nxa	Y\XY\Xc|}X+b2a�g�n�nP[!u{[2~-sDrlnPX{Y�sDY\[2q2Yva�~-~-j}gDq!t�[2Y�^\XV]�r�Xcg�nPj�a�|W~(a�u�VDjmgDX{^{5¥r�rDn�[�nPVDX{Y¡nP[2sDjmuc^V@acb�Xxa�|m^\[�dfXcXcg�X+�6nPX{gD^\jkb�Xc|k�(jmg�b�Xc^�nPj}q�a	nPX{h;�6[2t`sDY\jm~�a�Y��(Y\X{|mX+b�a	g�ucX�nP[�s@a�Yva�|m|mXc|Òuc[2~-s�rlén�a	nPjm[2g;�=^\r�uvV¨a�^¡nPV�X�^�nPrDhl�¥[2t_^\~(a�|m|ké0h�XcslnPV¥ucjmY\u{rDjknP^¡jmg¥]_VDjmuvVµq�a	nPX{^¡u	a	gµV@acb�X$a�g��g�rD~¡dyXcYp[2t;jmgDs�rlnP^ . ®�rDg�|mjm~-jmnPXch-t³a�glé0jmg�¯ 3 5 © gDq2[xº Xcq2XcgDX{Y{È ^Wdy[6[�¤��Tûfõ�¿eú	ÿ¾�d
Iõ��3�0ö�Á�ú	þ

� GF�&8H��(���84!)5�5 6��$�Y�&!^����(�=">)���,�@�$�&(1���&(�8&�&��'1-��� S�&5�'#(�=E��'��<?
�&!^�����&8�'1(�%Vå '#/$%��&/�0D'1(�!#%���8
5�'#=1��8�?G� ���'1(,�D����8�8&�&���$'1/&I ��æ��4!S�M�$�&8&'1(,%Vå '1/$%��&/A5�'1=#��8D!)5�5�'T?@� ���"!)(���� B"8&!)����'1(�'4X1�&/AB"(,� ���D�$�����4VR0D'1("!)%���8J5�'#=1��8?@� �����3�$��8&8&������'#/$�
���
�����A�����&'#/<6d'#-F�,(�5c!# S�&5��&%(�å[!#/<63��/$�&�&�&I



465 & 587 9;:�:=<�>@?=AB>DCD?=<6EF?@G;HI:=A 7 ¡
L,E\NCE\O.E\NcQ § @ N©ÞOIM EPN�dD È À EPR�E�Fà�â�ã I ¦p§B Q�RIL D NcQÞNvO� ª � L D OIR�M ©ÞQÞSÀ M B�D R�OIM OIQTL D O�©�¿+M NJP R D OIOKcQ B O.¿B M�Ä{R D NCKEvLL=QHKcM D N� M NcM ä E�FÙ B M R D� M À EPN D ©¨©ÞM�O.¿cR�QÞS.¿CE L K § @ N©ÞOIM EPNKcM S�OIR�M À@ OIM F\Q L D �NCEPRIL D�L§ EOE�O B RIM NPOISL=M NcM L @ L6I}LTQÆL½EPR M

�_ú6úV
³õ�	ù¡ 6��ùyü�ö���ú	ùDý . U`Xcr�dDgDXcYxa�gDh!ºåjm|mXc��� &V¡ [�4 3 sDY\[Kb6j}hDXc^xa(q2[6[�hájmg�nPY\[6hDrDucnPjm[2g�nP[nPVDXiXcg�nPjmY\X�^\rDdl¼�Xcu+nK5º)X%V@acb2X%~*[2^�nP|k�¥u{[2gD^\jmhDX{Y\Xch·rp[6[2|mXKa�gÌuvVya	j}gD^*j}gµ]_VDj}uvVÐa�|m|odDj}g@a�Y��µ[2syXcYva	nP[2Y\^V@acb�X�X�]�r@a�|yjm~-sy[2Y�n�a�gDu{X25TØ�[2Y�[2rDY�s�rDY\sy[2^\Xc^{�lq�a	nPX{^�^\rDuvV�a�^ ± [2Y ¢µa�Y\XÄgDX{jknPVDXcY�~-[2Y\XgD[2Yx|mXc^\^ihDX{^\jmYva�dD|mX�nPV@a�g)q�aKnPX{^i^\rDuvVµa�^ � [2Y � 5�rprlnxjknKÈ ^ig@a	nPrDYva�|�nP[�]p[2gDhDX{YijmtZ]pXuKa�g(q2Xcnpd��-]_jknPV*[2gD|m��nPV�XÄ~-[2gD[�nP[2gDXÄ[2syXcYva	nP[2Y\^ � a	g�h � ]_VDX{g*]pX¢a�Y\XÄu{[2~-sDrlnPj}gDq¡a~-[2gD[�nP[2gDX�t�rDg�u+nPjm[2g;5 £ |mXc��a	g�hDXcYG½�a�¶cdy[2Y\[KbiV@a�^Th�X+b�Xc|m[2syX{hx^�nPY\jm¤6jmgDqÄsDY\[6[�tDnPXcuvV�gDj<]�rDXc^nP[ ^\VD[K] nPV@a	nK�6jmg(t³a�u+nK��~*[�g�[�nP[2gDX�[2syXcYva	nP[2Y\^�d��-nPVDX{~-^\Xc|mb2X{^�V@acb�X�jmgDVDX{Y\Xcg�nP|k�*|mjm~-jmnPXchuKa�s@a�dDj}|mjknPjmX{^{5 �XásDY\[Kb�XchF�¢t�[2Y$X+��a�~-s�|mX2�ÄnPV@a	n�a�|m|ià�â�ã�é�¦�§ uvV@a�jmgD^$nP[ÌhDX+nPX{Y\~-jmg�X]_VDXcnPVDXcY�nPVDX!sfXcY\~(a�gDX{g�n$[�t¡a�g Ë Ó Ë ~�a	nPY\jk�Å[2t # ^%a�gDh & ^�jm^�¶{XcY\[Ì[�Y�gD[2gD¶{XcY\[~ r�^�n¢V@acb2X¡u{[2^�n Ëg£ ' L E�J ¬ ) 5 � ä6XcX�ðxú7�i
�� ø Á�¾¤��� ø õPÿ��Á�g¥¢�3�B�����¤�2¦ Â ô û . &V¡ [ J 3 �F4 ¡ [ ¹[ #D& w ñ ��öÆõvÿÔ�6ö���ü\ûfõPý§�i�Iõ � �Kÿ�õKö¨�i�I© � . &V¡ [ J 3 �d[�[�4 ¹ ¡�#2# 5 � r���uc[2g�nPYva�^�nK�D]pXi]_j}|m|Ò^\X{Xxjmgä�X{u+nPjm[2g)465 J 5 & nPV@a	n¢nPVDjm^�sDY\[2dD|mXc~%�ÒX�]�rDjkb�a�|mXcg�n�nP[&®�dDj}s@a�Y�nPjknPX¡~(a	nPuvV�jmgDq�� ¯$jm^¢^\[2|kb2a�dD|}Xjmg¥[2gD|m� %(. Ë �^ª � 3 ^�nPXcsD^{5'Ø@rDY�nPVDX{Y\~-[2Y\X2��nPVDX�XC¬-u{jmXcg�n�~*X+nPVD[6hD^¡j}g nPVyaKn�^\X{u+nPjm[2g¥u	a�gdyX�jm~*sD|mXc~*Xcg�nPX{h¥a�^Zr�[6[2|mX	a	g u�V@a�jmgD^¡[2to[2gD|k�)^\|}jmq2V�nP|k�)|�a�Y\q�X{Y uc[2^�nK�=]_VDXcg¥]pX�a�|m|m[K]gDX{q�a	nPjm[2gá[�Y�[�nPV�XcY¢rp[�[2|mX	a�g�[2syX{Yva	nPjm[2gD^¢jmg)a	h�hDjknPjm[2g�nP[ � a�gDh � 5 . Ïpa�rDq2V@a�g ÏZYvaKn\nV@a�^euKa�|m|mX{h nPVDjm^É®ÆnPVDXWsy[K]pX{Y�[�tygDX{q�a	nPjkb�X�nPV�jmgD¤6jmgDq�5 ¯ 3i£ g¡j}g�nPY\[6hDrDu+nPj}[�g nP[	½�a�¶{dy[2Y\[{bÒÈ ^~-XcnPVD[6hD^Äa�sDsyX	a	Y\^_jmg�X+�lXcY\u{jm^\Xc^Ë[ J a�gDh�[ z 5
«4¬« ®°¯�±-² «J²
³M´¶µ¸·�¹�º�»°¼?½¿¾ ��ÀkÁ?Â��5ÃÄ�Åm�?Á?ÆeÇ�È �7ÁÉÈÊÁÉÅm�K�NÃ��?Ë�ÀÍÌÏÎBÐ�Æv�K��� ½SÑ �l�5Á?Â Ñ ÇÆ�ÒÀ�Ó=���5Ë ½ ÀkÁÉÆ ¼ ÀkÈÔÁá�5ÅÆv� Ñ Ç°ÕÀkÁ?ÂÖÂ ½ ��Ç ¼ Õ?×gØJÈÊÁ?Â¶À�Å}�K�NÃ��?Ë�ÀÄ�5Å4Â ½ ��Ç ¼¶Ù Ç ¼ À�Ç ¼ À Ñ Ç ¼?½ÚÑ ÀkÃ ½ Æv� Ñ Ç^×Û�´¶µ¸·�ÜRº�ÝR¼ �bÞ ¼ �bÞ�ÇÆ�ßÆv�5Ã�����Ç ½ ÌÏÀBÐDàÉáãâ-ä2å�æ7ç_ÀkÁ?Â¡ÌéèMÐDà¿ê�â-ä2å�æ7çDÞDÈ¸Ç ¼ Åm�K�NÃ��?Ë�À Ñ Ç ¼ À�Ç¼ À^ë ½ Â ½ ��Ç ¼ìÙ ÀkÁ?ÂìÆP� Ñ Ç_íR×î9´¶µ ï�·7ð2º ÌÏÓI×WñX×WØJÈÔÁ?ÈÔòK�bë	ó��^ô7í5õR× Ðöñ¨ÅÚÇ ¼?½ ÓT���5Ë ½ ÀkÁ÷Åm�?Á?ÆeÇ�È �5Áùø4Ìéä �búeûSûSûSú äMü2ÐýÈ Ñ ÇÆ��� ½ À�Ç½eþ À5Æ§Ç�ËÊÿ��W�6�5ÈÔÁBÇ Ñ ó{�����bë ½ Ç ¼ À�Ç��IÌ ø�Ð��),��	�ýÌ
���o,5Ð�,��� � ×	��������� »°¼ ÈÔÁ?òW�5Å���� Ù ÀkÁ?Â����¨���! 5×"$´¶µ ï�·$#�º Ì&%4×('Ò× Ý �?È ��À�ól�^ôBõ��5× Ð�%F���bë ½ Ç ¼ À�ÇjÇ ¼?½ ÃÈÊÁ?ÈÔÃ��?Ã Â ½ ��Ç ¼ ÀkÁ?ÂýÅm�K�NÃ��?Ë�ÀÚË ½ Á*)kÇ ¼ �5ÅÀ¤ÓT���5Ë ½ ÀkÁýÅm�?Á?ÆeÇ�È �5Á Ñ À�Ç�È Ñ Å�ÿ(Ë+)	�IÌ ø�Ð,�.-�Ì ø�Ð�/10�Ë+)��IÌ ø	Ð*�$�5óBÞ ¼?½ � ½ 02�¥,!34Ë+)	Ì54� Ð76 Ù û Õ��^ô�×
���8�*�9��:+ë ½ �Eÿ¶è?ÈÔÁ2À{�EÿìÇÆ� ½S½ Þ°ÈÊÇ ¼<;>=ãÙ ÈÊÁBÇ ½ �NÁ2ÀkËJÁ��RÂ ½eÑ Æv�5Á7ÇXÀ5ÈÊÁ Ñ À Ñ �?è�ÇÆ� ½S½ Þ°ÈÊÇ ¼@? ÈÔÁBÇ ½ �NÁ2À5ËÁ��RÂ ½eÑ ó�Þ ¼?½ � ½ �4 ; / ? � �4 ; ×ACB ´¶µ¸·�ÜRº�»°¼?½ ØJÈÔèl�5Á2ÀkÆSÆSÈ9Ç ¼ � ½eÑ�¼ �5ËÔÂÖÅm�?Á?ÆeÇ�È �5ÁEDJü9Ìéä �búSûSûSûSú ä	ü2Ð	� â-äGF�H� äGF!I� ûSûeû äGF!J�K�Hü � � äGF!J�K(Iü çÞWÀ Ñ ÀkÁ2ÀkËÊÿ$L ½ Â�ÈÔÁ ½eþR½ �NÆSÈ ÑN½ õR× �5× �NMl���2�5ókÞ ¼?½ Á�� =¿Ù ×Jñ Ñ Ç ¼?½ � ½ ÀkÁ ½PO ÆSÈ ½ ÁBÇ+ÞWÀ^ÿ�ÇÆ� ½ ë5ÀkË �2À�Ç ½ ÈÊÇNQR9´¶µ¸·(SRº�» ��� ½ �K�¤Å-ÀkË ÑN½!T à ÓT���5Ë ½ ÀkÁÒÅm�?Á?ÆeÇ�È �5ÁÍø$Ìéä �^úSûSûSûSú äMü2Ð�È Ñ Á��K�NÃÀkË�ÈÔÅWÀkÁ?Â$�5Á?ËÊÿ�ÈÔÅWÈ¸ÇÑ À�Ç�È ÑVU2½SÑ Ç ¼?½ ) ½ Á ½ ��ÀkËHÂ?È Ñ ÇÆ�NÈÔè���Ç�ÈÊë ½ Ë�À^Þãø$Ìéä �Sú^ûSûeûSú äMü2Ð9êßå�� ø4Ìéä � êßå ú^ûeûSûSú ä	üÚêßå�Ð§×W ´¶µ¸·(SRºYX �5ÁBë ½ �EÇýÇ ¼?½ ÓT���5Ë ½ À5Á¿Æ ¼ ÀkÈÔÁ[Z ä]\@�öä � ^ ä�_5óDä  �a`ä �b^ äG\kó°ä]cY�a`ä � êd`ä 4 óä�ef�÷ä  �g äGcih�ÇÆ�ÀkÁ ½Pj �?ÈÊëkÀkË ½ Á7ÇIÆ ¼ ÀkÈÔÁÒÌ5käG\ ú kä  ú käGc ú käGebÐjÈÔÁ�Þ ¼ ÈÔÆ ¼Ö½ ë ½ �Eÿ Ñ Ç ½ �ÖÈ Ñ Á��K�NÃÀkËÏ×Aml ´¶µ¸·(SRº : þ �?Ë�ÀkÈÔÁßÞ ¼ ÿ�ÌVn!nbÐjÈ Ñ Ç ¼?½ ÇÆ����Ç ¼ ÇXÀkè?Ë ½ �5Å$ëkÀ{�NÈ�Àkè?Ë ½ ä  ×o9´¶µ¸·(SRº à Ë+)K�K�NÈÊÇ ¼ Ãqp�Â ½ Ç ½ �NÃÈÊÁ ½SÑ Ç ¼?½ Ë ½ Á*)kÇ ¼?Ñ �5Å Ñ�¼ �K�EÇ ½SÑ ÇDÅ}�K�NÃ��?Ë�À Ñ Åm�K�IÀkËÔËHÅm�?Á?ÆeÇ�È �7Á Ñ ø$óè���Ç+ÈÊÇ�)5ÈÊë ½SÑ Á��_Åm���EÇ ¼?½ �JÈÔÁ?Åm�	�NÃÀ�Ç�È �5Á9×�: þ Ç ½ Á?Â¤Ç ¼?½ À5Ër)	�K�NÈÊÇ ¼ Ã Ñ �DÇ ¼ ÀkÇJÈÊÇ+ÀkË Ñ �������bëRÈÔÂ ½SÑ À5Æ§ÇÆ�2À5ËÃ�ÈÔÁ?ÈÔÃ��?Ã�s Ë ½ Á*)kÇ ¼ Åm�K�NÃ��?Ë�À Ñ ËÔÈÔò ½ ÌÏÎ7Ð§×A ³$tH´¶µ¸·(SRº '*�BÂ?ÈÔÅ�ÿ à Ër)	�K�NÈÊÇ ¼ Ãup Ñ �(Ç ¼ À�Ç°ÈÊÇ°Æv�5Ãi����Ç ½eÑ -�Ì ø	Ð ÈÔÁ Ñ Ç ½ ÀkÂ��5Å��IÌ ø	Ð§×A ³2³	´¶µ¸·7·2º '*�BÂ?ÈÔÅ�ÿ à Ë+)K�K�NÈÊÇ ¼ Ãvp Ñ ��Ç ¼ ÀkÇ^ó°ÈÔÁ Ñ Ç ½ À5Â'�7Å�Ë ½ Á*)kÇ ¼?Ñ �IÌ ø�Ð§ó°ÈÊÇßÆv�5Ãi����Ç ½SÑ ����� ½ �è6�	�?Á?Â Ñ�w Ì ø�ÐWÀkÁ?ÂÖÅm���kÇÆ���NÈÔÁ7Ç Ñyx Ì ø	ÐWÀ Ñ Â ½eÑ Æv�NÈÔè ½ ÂìÈÊÁ�Ç ¼?½ Ç ½eþ Ç^×³�Û�´�µ�Ü!z�º2{÷¼ À�ÇIÓT���5Ë ½ ÀkÁ�Æ ¼ ÀkÈÔÁÖÈ ÑW½|j �?ÈÊëkÀkË ½ Á7Ç°ÇÆ�(Ç ¼?½ Ã�ÈÔÁ?ÈÔÃ��?Ã�s Ã ½ Ã��K�Eÿ Ñ Æ ¼?½ Ã ½ ÌVn�}BÐVQ
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³Rî9´�µ�Ü�#Rº2{÷¼ À�ÇIÀ{� ½ Ç ¼?½ ÇÆ����Ç ¼ ÇXÀkè?Ë ½eÑ �5Å+ø � ó	ø � óMø 4 ó	ø5_5óMÀkÁ?Âìøi\_ÈÔÁ ½eþ ÀkÃi�?Ë ½ ÌVn�}7Ð�Q³�"$´�µ¸·7·2º2{÷¼ À�Ç�h Ñ À_Æv�5ÁBë ½ Á?È ½ ÁBÇ+ÞWÀ^ÿ�ÇÆ�ÚÆv�5Ã�����Ç ½ Ç ¼?½ í��gÌ����¡�bÐ$ÇÆ����Ç ¼ ÇXÀkè?Ë ½SÑ �5Å4ÌVn��5ÐXó�)5ÈÊë ½ ÁÇ ¼?½ ÇÆ����Ç ¼ ÇXÀkè?Ë ½ �5Å��(QÒÌ�� Ñ�½ è?ÈÊÇ�Þ°È Ñ�½ �K� ½ ��À�Ç�È �5Á Ñ À Ñ ÈÔÁ�ÌVn5�7Ð ÀkÁ?ÂÒÌVn^Î7Ð§× Ð³ B ´�µ¸·��?º ØJÈÔÁ?Â Ñ�¼ �K�EÇ�s¨À Ñ sI�6� ÑNÑ ÈÔè?Ë ½ ÞWÀ^ÿ Ñ ÇÆ� ½ ë5ÀkË �2À�Ç ½ Ç ¼?½ Åm�7ËÊË �bÞDÈÊÁ*)ÖÅm�?Á?ÆeÇ�È �5Á Ñ � Ñ ÈÔÁ*)ÖÃ�ÈÔÁ?ÈrsÃ��?ÃÃ ½ Ã��	�Eÿ T ÌÏÀ7Ð�� � Ìéä �bú ä ��ú ä 4 ú ä�_�ÐN�HÌéèMÐ�� � Ìéä �^ú ä ��ú ä 4 ú ä�_�ÐN�HÌéÆbÐjÇ ¼?½ Åm�?Á?ÆeÇ�È �5ÁÖÈÔÁÒÌVn��7ÐX×³$R9´�µ � ï�ð7ð2º %F���bë ½ Ç ¼ À�Ç(Å ½ Þ ½ �¤Ç ¼ À5Á!, �Æ� e �5ÅWÇ ¼?½ , �0� e Ó=���5Ë ½ ÀkÁÍÅm�?Á?ÆeÇ�È �5Á Ñ ø4Ìéä �búeû^ûSûeú äGc^ÐÀ{� ½ ÆP�7Ã�����ÇXÀkè?Ë ½ ÈÔÁÖÃ�ÈÔÁ?ÈÔÃ��?Ã Ã ½ Ãi�K�Eÿ7×A ³ W ´¶µ¸·$z�º Ì&'�× Ý ×	%JÀ�Ç ½ � Ñ �5Á9óe�^ô7õ5õR× Ð à ËÊÇ ¼ �K�*) ¼ Ó=���5Ë ½ ÀkÁÍÅm�?Á?ÆeÇ�È �5Á Ñ ø4Ìéä � úSûSûSûSú ä ü Ð¤ÆSÀ5Á?Á��kÇÀkËÊÞWÀ^ÿ Ñ è ½�½ ëkÀkË �2À�Ç ½ Â¶ÈÔÁ���� ½ )5È Ñ Ç ½ � Ñ ó6�����bë ½ Ç ¼ À�Ç����¥�Ä� ½ )5È Ñ Ç ½ � Ñ À{� ½ ÀkËÊÞWÀ^ÿ ÑDÑ � O ÆeÈ ½ ÁBÇ^×Dñ¨Á�kÇ ¼?½ �_Þ=�K�NÂ Ñ ó Ñ�¼ �bÞãÇ ¼ À�Ç_Ç ¼?½ � ½ È Ñ À5Ë¸Þ°ÀSÿ Ñ À ÑN½|j � ½ Á?Æ ½ �7ÅF�K� ½ ��ÀkÇ�È �7Á Ñ ËÔÈÔò ½ ÌVn�}BÐ°ÇÆ�ßÆv�5Ãi����Ç ½ø4Ìéä �^úSûSûSûSú äMü2Ð ÈÊÅ$Þ ½ ÀkËÔË �^Þ[��/Y�MÌ���Ð ú �	Ì���Ð,/.�+×A ³ l ´¶µÊð�z�º ñ¨Á7ë ½eÑ Ç�È+)7À�Ç ½ �K��Ç�ÈÔÃ��?Ã÷ÃÈÔÁ?ÈÊÃ��?Ã�sÏÃ ½ Ã��K�EÿDÆv�5Ã�����ÇXÀ�Ç�È �5Á Ñ Åm�K�4ø$Ìéä �bú ä ��ú ä 4 ú ä�_ ú äG\^Ð T� �bÞùÃÀ5Á7ÿßÆSËÔÀ ÑNÑ�½SÑ �5Å U ë ½ sÏëkÀ{�NÈ�Àkè?Ë ½ Åm�?Á?ÆeÇ�È �5Á Ñ°¼ À^ë ½���� Ì ø	Ð	� ; ó2Åm�K� ; ���?ó��5ó6,Ró ûeûSû Q³$o9´�µ ï�·5·Mº ñ¨Å4À�Ó=���5Ë ½ ÀkÁßÆ ¼ À5ÈÊÁ¡� ÑN½SÑ �¶ëkÀ{�NÈ�Àkè?Ë ½SÑ ÀkÁ?Â ¼ À Ñ Ë ½ Á*)kÇ ¼�; �.���$,Ró2�����bë ½ Ç ¼ À�ÇWÈ¸ÇÃ�� Ñ Ç°è ½Ú½ ÈÊÇ ¼?½ �DÀ ¾ ÇÆ�K�(s Â��bÞ°Á?Ä��K�DÀ ¾ è6�kÇNÇÆ�7Ã�sI���?Ä(Æv�5Á Ñ ÇÆ���?ÆeÇ�È �5Á9×A Û*tH´¶µ ¹�SRº Ì § × Ý Æ ¼ ��� ½ ��� ½ ËéóÒ,i�!�kÕ2× Ð à ÓT���5Ë ½ ÀkÁ�Æ ¼ À5ÈÊÁ�È Ñ���� � �!� �+�P���$�¶ÈÔÅgÈÊÇ�Â�� ½eÑ Á��kÇo� ÑN½ Ç ¼?½�K� ½ ��ÀkÇÆ�K� Ñ á¥�K� g ×+ØJÈÔÁ?Â�Ç ¼?½ �K��Ç�ÈÔÃ��?Ã ÆP� Ñ Ç^óBË ½ Á*)kÇ ¼ óRÀkÁ?ÂýÂ ½ ��Ç ¼ �7Å�ÀkËÔË2Õ!séëkÀK�NÈÔÀ5è?Ë ½ Åm�?Á?ÆeÇ�È �5Á Ñ�?Á?Â ½ �°Ç ¼ È Ñ Æv�5Á Ñ ÇÆ��ÀkÈÔÁ7Ç^× ã � ½SÑ Ç ¼?½ Åm���kÇÆ���NÈÔÁ7Ç ¼?½ ���NÈ Ñ Ç�ÈÔÆ Ñ Ç�ÈÔËÔË])5ÈÊë ½ �	��Ç�ÈÊÃ��?Ãª� ½SÑ �?Ë¸Ç Ñ QÛ	³M´�µ ¹�#Rº Ø��	� ¼ �bÞ ÃÀkÁBÿ�Å}�K���Vséë5À{�NÈ�Àkè?Ë ½ Åm�?Á?ÆeÇ�È �5Á Ñ Â?ÈÊÂ�Ç ¼?½ � ÀK�EëkÀ{�NÂ�� ½eÑ�½ À{�NÆ ¼?½ � Ñ Â?È Ñ Æv�^ë ½ �ÀkÁ��K��Ç�ÈÔÃ��?Ã ëkÀkÆv���?Ã�sÏÇÆ�?è ½ ÆSÈ �NÆv�?ÈÊÇDÈÊÁ��^ô7í2�5QÛ2Û�´�µ¸·�ÜRº : þ �?Ë�ÀkÈÔÁßÇ ¼?½ Æ ¼ ÀkÈÔÁÖÅm�	�f� 4 ÈÊÁÖØJÈ+)?×��5��ó?è7ÿßÁ��5Ç�ÈÊÁ*)(Ç ¼ À�ÇDÈÊÇ°ÈÔÁ?ÆP�	���6�K��À�Ç ½SÑ Ç ¼?½ Æ ¼ ÀkÈÔÁÅm�K�y� �P  4 ÈÔÁ�ØJÈ+)?×Mô�×+ØJÈÔÁ?ÂìÀ Ñ ÈÔÃ�ÈÔË�À{�WÆ ¼ ÀkÈÔÁÖÅm�K�y� � Ìéä �^ú ä �kú ä 4 ú ä�_ ú äG\^Ð§×A Û?îH´¶µ¸·Bð?º ØJÈ+)K��� ½ ����ÈÔËÔË � Ñ ÇÆ��À�Ç ½SÑ �5Á?ËÊÿ(��¡��5ÅHÇ ¼?½ ¡kÕ Ñ ÿRÃÃ ½ ÇÆ�NÈÔÆIÅ}�?Á?Æ§Ç�È �5Á Ñ �5Á U ë ½�½ Ë ½ Ã ½ ÁBÇ Ñ ×
: þ �?ËÔÀ5ÈÊÁ ¼ �bÞ ÇÆ��ÞZ�NÈÊÇ ½ Â��bÞ°Á��K��Ç�ÈÔÃ��?ÃÆ ¼ ÀkÈÔÁ Ñ Å}�K� Ç ¼?½ �5Ç ¼?½ � Ñ ×Û$"$´�µ ¹]¢7º ã � ½SÑD½ ë ½ �Eÿ Ñ ÿRÃÃ ½ ÇÆ�NÈÔÆ_Åm�?Á?ÆeÇ�È �5Á¶ø ¼ À^ë ½£� � Ì ø�Ð7� � Ì ø�Ð�QA Û B ´¶µ�Ü$¢7º�Ý �����l� ÑN½ Þ ½ ÞWÀkÁBÇDÀÓT���5Ë ½ ÀkÁ�Æ ¼ ÀkÈÔÁÖÇ ¼ À�Ç°ÈÔÁ?ÆSË �?Â ½SÑ��!��� Åm�?Á?ÆeÇ�È �5Á Ñ �5Å���ëkÀ{�NÈ�Àkè?Ë ½SÑ�T
p ½ Ç_ø  Ìéä �búeû^ûSûeú äMü2Ðjè ½ Ç ¼?½ Åm�?Á?ÆeÇ�È �5Á�Þ ¼ � ÑN½ ÇÆ����Ç ¼ ÇXÀkè?Ë ½ È Ñ Ç ¼?½ è?ÈÔÁ2À{�Eÿ � ½ ��� ½SÑ�½ ÁBÇXÀ�Ç�È �5Á¡�5Å7�MóÅm�K�f��/¤���¦¥q�µ, � J × {÷¼ À�ÇDÈ Ñy� Ì ø5§^ø � ûSûeû ø � � � Ð�QÛ*R9´�µ¸·$z�º�» ��� ½ �	�gÅ-ÀkË Ñ�½!T ñ¨Å9ø4Ìéä § úSûSûSûeú äMü2Ð7� Ìéä § ê��	Ìéä �búSûSûSûSú ä	ü2ÐNÐBá�¨HÌéä �búeûSû^ûeú äMü2Ð§ó7Þ ¼?½ � ½ �ÀkÁ?Â�¨�À{� ½ Á��5ÁBÇÆ�NÈÊëRÈ�ÀkËRÓ=���7Ë ½ ÀkÁ¤Åm�?Á?ÆeÇ�È �5Á Ñ Þ ¼ � Ñ�½ª© �7ÈÊÁBÇJÆv� Ñ ÇJÈ Ñ7� Ì8�(¨MÐ§ó�Ç ¼?½ Á � Ì ø�Ð!��,*� � Ì8�$¨MÐ§×A Û W ´¶µ¸·Bð?ºYX ÀkÁùÀ�Åm�?ËÔËÚÀkÂ?Â ½ ��Ì
«!«7Ðè ½ ÈÔÃi�?Ë ½ Ã ½ ÁBÇ ½ Â ÈÔÁ U ë ½�Ñ Ç ½ � Ñ � Ñ ÈÊÁ*)!�5Á?ËÊÿ Ã�ÈÔÁ?ÈÔÃ��?ÃÃ ½ Ãi�K�Eÿ�Ì-Ç ¼ À�ÇDÈ Ñ ó?Æv�5Ã��?Ë ½ Ç ½ Ë¸ÿßÈÔÁ Ñ ÈÔÂ ½ Ç ¼ � ½e½ �7Á ½ s è?ÈÊÇZ� ½ )5È Ñ Ç ½ � Ñ Ð�QÛ l ´�µ¸·(#Rº %F���bë ½ Ç ¼ À�Ç � Ì�¬Gr®$�Ð7� � Ì�¬G +®$ �Ð7�ùí¤Å}�K� Ç ¼?½ Ç�Þ=�isI�K��ÇÆ����Ç°Åm�?Á?ÆeÇ�È �5Á Ñ Â ½PU Á ½ ÂìèBÿ

Ì�¬  ®  Ð � � . ä���å��¿Ì�¬�®�Ð � 3 Ãi�BÂ�Õ ú Ì�¬   ®   Ð � � . �Wä���å��¿Ì�¬�®�Ð � 3 Ãi�BÂ�Õ û
� Ñ�½ Ç ¼?½SÑN½ Å}�?Á?Æ§Ç�È �5Á Ñ ÇÆ� ½ ëkÀ5Ë �2ÀkÇ ½µ Ìéä � �¤¯|¯|¯5��ä ü Ð�Ã��RÂ�Õ��2� º ÈÔÁ�Å ½ Þ ½ �WÇ ¼ À5Á-, û í�� Ñ Ç ½ � Ñ ×Û*o9´�µ ï�·��2º %F���bë ½ Ç ¼ À�Ç�Ç ¼?½ Ç ½§þ Ç�h Ñ ÆSÈ �NÆv�?ÈÊÇjÅm�K� Ñ ÈÔÂ ½ ÞWÀ^ÿ Ñ ÀkÂ?Â?ÈÊÇ�È �5Á¶Ì
«!�5Ð ¼ À Ñ Â ½ ��Ç ¼�° ÌéË �!)��$Ð§×î�t9´�µ ï�·�z?º�Ý �5ËÊë ½ Ç ¼?½ è?ÈÊÁ2ÀK�Eÿ � ½ ÆP����� ½ Á?Æ ½ Ì
«i�BÐjÅm�K�WÇ ¼?½ Æv� Ñ Ç ? Ì��$ÐT�5Å Ñ ÈÔÂ ½ Þ°ÀSÿ Ñ ÀkÂ?Â?ÈÊÇ�È �7Á9×î�³M´�µ¸·�ÜRº ñ¨Ågø$Ìéä �búSûeû^ûSú ä	ü2ÐjÈ Ñ°Ñ ÿ�Ã�Ã ½ ÇÆ�NÈÔÆ5ó2�����bë ½ Ç ¼ À�Ç � Ì ø�Ð�/¿íi��� ° Ì���3RË �!)7�$Ð§×îMÛ�´�µ � ï�Ü�#�º2{÷¼ ÿßÂ�� ½SÑ Ç ¼?½ÚÑ �5Ë ��Ç�È �5ÁßÇÆ�ÖÌ&}�±7Ð Ñ À�Ç�È Ñ Å�ÿ�²§Ì��$Ð7�¥, ü � ° ÌI, ü�³ � Ð�Qî2î9´�µ � ï¶·7·Mº�» ��� ½ �	�_ÅéÀkË ÑN½!T ñ¨ÅZ��/µ´¶/Å, ü ó9Ç ¼?½�U � Ñ Ç·´ Ã�ÈÔÁ7Ç ½ �NÃ Ñ �7Å�¸^ä �^úSû^ûeûSú äMüG¹Æ^ÀkÁÀkËÔË9è ½Ú½ ëkÀkË �2À�Ç ½ ÂÖÈÔÁE´º� ° Ì9» ´ Ð Ñ Ç ½ � Ñ ó2À Ñ ��¼¾½ ÀkÁ?ÂE´¿¼À½ ×
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A î("4´¶µ¸·7·2º àdÁ�Â ��Ã Â ���&Ä�ÅP� � Ã�Æ�Å Â ¼ À Ñ ���¥, � ����ÈÔÁ�����Ç Ñ ä �$ûeûSû äMü�ÀkÁ?ÂE¥ �K��ÇÆ����Ç Ñ å �$ûSûeû å � óÞ ¼?½ � ½ Ìéå �$ûSûSû å � Ð � �Ç�ÖÈÊÅ�ÀkÁ?Â*�5Á?ËÊÿÖÈÔÅ����ãÃÀ þ ¸5��È5���µ�i�	�Iä*Éb� �i¹7× ã ½SÑ È+)5Á�Ài���NÈ �K�NÈÊÇ�ÿ½ Á?Æv�BÂ ½ �°Ç ¼ À�Ç ¼ À Ñ Æv� Ñ Ç ° Ì��$ÐWÀkÁ?Â�Â ½ ��Ç ¼�° Ì�¥ìÐ§×î B ´�µ¸·Bð?º ñ¨Å��dÊ �5ó ÑN¼ �bÞ Ç ¼ À�Ç�Ç ¼?½ Æv�5Á © �?Á?ÆeÇ�È �5Á Ñ ä � êË¯P¯|¯Bê�ä 5� � ê¶ä PÌ � êY¯|¯|¯Bê¶äMüÒÅm�K��b/¤��/¦��Æ^ÀkÁìÀkËÔË�è ½ Æv�5Ãi����Ç ½ Â�Åm���7Ã Ìéä � úeûSû^ûeú ä ü ÐjÞDÈ¸Ç ¼ ÇÆ�kÇXÀkË9Æv� Ñ Ç·/ Ù ���Y¡�×A î�RH´¶µ ï�·��2º Ì § ×!:°×!p$ÀkÂ?Á ½ ��ÀkÁ?Â�'�×�Í�×5ØJÈ Ñ Æ ¼?½ �Só��^ô!Î!��× Ð£p ½ Çgå  è ½ Ç ¼?½�¾ ��� ½PU?þ ÄÚä � ê�¯|¯|¯�ê�ä Åm�K�i�E/Ï�Y/Ï�J× X Ë ½ À{�NËÊÿ � Ìéå �$ûSûeû å7ü2Ðb�Ð�<� �ýÀkÁ?Â@-�Ìéå �$ûeûSû å5ü2Ðb�¾Ñ�Ër)��]Ò��Jè���Ç�Þ ½ ÆSÀ5ÁÓh ÇÑ ÈÊÃ��?ËÊÇXÀkÁ ½ �K� Ñ ËÊÿÖÃ�ÈÔÁ?ÈÔÃ�È+L ½ è6�5Ç ¼ Æv� Ñ Ç�À5Á?Â¶Â ½ ��Ç ¼ ×�ØJÈÔÁ?Â�ÀÆ ¼ ÀkÈÔÁ*�7Å;�	��Ç�ÈÊÃ��?Ã Â ½ ��Ç ¼ Ñ�Ë+)	�]ÒÇ ¼ À�Ç ¼ À Ñ Æv� Ñ Ç·�¡Õ!�+×î W ´�µ ï�·��2º Ì&'�À{�NÆ Ý Á?È �Só��bô!Î!¡�× Ð��_ÈÊë ½ Á>� = ¥ = �7ó?Æv�5Á Ñ ÈÊÂ ½ �WÇ ¼?½ Åm�5ËÔË �bÞ°ÈÔÁ*)�ÀkË+)K�K�NÈÊÇ ¼ Ã TÔ ³M´$µ ���7Þ°À{�NÂ÷Ë ���K�9× º Ø��	�>²<Õ �5óW,Ró û^ûeû óEÑ�Ë+)�¥�Ò5ó Ñ�½ Ç�ä�Ö7× Ø�Ù �   �ÛÚ NÜ Õ ä �ÛÚ Ù �� � ³ � Ü êä�Ö7× ØiÙ �   �ÛÚ NÜ Åm�	�f� = �ÚÀ5Á?Â-,�ÝEÌ
���!�53K,5Ð��.¥�×Ô Û�´$µ ã �bÞ°ÁBÞWÀ{�NÂ�Ë ���K�9× º Ø��K��²�ÕÞÑ�Ë+)�¥�Ò£�µ�5ó�Ñ�Ë+)	¥�Ò��',Ró ûSûSû óe�5ó ÑN½ Ç(ä �ÛÚ Ù NÌ � ³ � Ü Õä � Ú  êßä � Ú Ù PÌ � ³ � Ü Å}�K�f� = ��ÀkÁ?Â*, Ý Ì
�b� �53K,5Ð,�¦¥�×Ô î9´$µ : þ Ç ½ Á Ñ È �5Á9× º Ø��K�y��Õß¥Ï� �5ó*¥à�!,Ró ûSûSû ó��Jó Ñ�½ Ç°ä  Õ ä �� � êßä  ×À7Ð>%F���bë ½ Ç ¼ À�Ç_Ç ¼ È Ñ À5Ër)	�K�NÈÊÇ ¼ Ã Ñ �5ËÊë ½SÑ Ç ¼?½ ��� ½PU?þ �����5è?Ë ½ Ã �7Å ½eþR½ �NÆSÈ ÑN½�Ù ¡ T ñ Ç_ÇÆ��ÀkÁ Ñ Åm�K�NÃ ÑÌéä � ú ä � úeûSû^ûeú ä ü Ð ÈÔÁ7ÇÆ�ìÌéä � ú ä � êßä � úSû^ûeûSú ä � êýä � ê�¯|¯�¯^êßä ü Ð§×
èMÐ�p ½ Ç,á�Ì�¥ ú �HÐ4À5Á?Â�âMÌ�¥ ú �HÐ$è ½ Ç ¼?½ Æv� Ñ Ç�ÀkÁ?Â(Â ½ ��Ç ¼ �7Å?Ç ¼?½ Æv�K��� ½SÑ �l�5Á?Â?ÈÔÁ*)�ÓT���5Ë ½ À5Á�Æ ¼ ÀkÈÔÁ9×
%F���bë ½ Ç ¼ ÀkÇ^ó�ÈÔÅ���È Ñ°Ñ � O ÆSÈ ½ Á7Ç�ËÊÿßË�À{��) ½ ó�á�Ì�¥ ú �HÐÓ�.âMÌ�¥ ú �$Ð7�µ,����%,R×

Æ^Ð-�_È¸ë ½ ÁE�+ó�Þ ¼ À�ÇDÈ Ñ âMÌ��$Ð7� ÃÈÊÁ �Ûã � ã ü âMÌ�¥ ú �$Ð�Q ÝR¼ �^ÞùÇ ¼ À�ÇfâMÌ��$Ð,�),4Ë+)	�+×
ÂMÐ>%F���bë ½ Ç ¼ ÀkÇIÇ ¼?½ � ½ h Ñ ÀßÓ=���5Ë ½ ÀkÁ�Æ ¼ ÀkÈÔÁ(�7Å+Æv� Ñ Ç_,��ä��,b�åâÖÀkÁ?Â�Â ½ ��Ç ¼ â�Åm�K�IÇ ¼?½ ��� ½PU?þ�����5è?Ë ½ ÃÞ ¼?½ Á ½ ë ½ �yâMÌ��$Ð�/¦â��.�+×°Ì »°¼ È Ñ Æv� Ñ Ç°È Ñ �	��Ç�ÈÊÃ��?ÃìóRèBÿ ½eþ�½ �NÆSÈ Ñ�½ Î2�5× Ðî l ´�µ¸·$z�º ñ¨Á ÝR½ ÆeÇ�È �7Á íR× Ù × Õ�Þ ½�Ñ ÇÆ�?Â?È ½ ÂçæPÃ Â �����$�.�]ÅP��è�Ã Â�é æXóIèBÿ¿Þ ¼ ÈÔÆ ¼ k�WÌ��HÐßÆv�5Ã��2ÀK��À�ÇÆ�K�Ã��RÂ��?Ë ½SÑ ÀK� ½ Àkè?Ë ½ ÇÆ� Ñ �	�EÇ��¶Á��?Ã�è ½ � Ñ Ìéä �bú ä �kúeûSû^ûeú äMü2Ð�ÈÔÁBÇÆ��À Ñ Æ ½ Á?Â?ÈÔÁ*)��K�NÂ ½ �S×gñ¨Å9Ç ¼?½ ÈÔÁ�����Ç Ñä*ÉßÀ{� ½ � Ñ ÀkÁ?Â � Ñ ó ½ ÀkÆ ¼ Æv�5Ãi�2À{��À�ÇÆ�K��Ã��RÂ��?Ë ½ È Ñ�½|j �?È¸ë5ÀkË ½ ÁBÇ(ÇÆ�ìÇ�Þ=�<)7À�Ç ½SÑ Ìéäßê�å ú ä ^ å?ÐN�Ñ ��À Ñ �K�EÇ�ÈÔÁ*)ßÁ ½ Ç¨Þ=�	�NòìÆv�K��� ½SÑ �l�5Á?Â Ñ ÇÆ�ÖÀýÆ ½ �EÇXÀkÈÔÁ�òBÈÔÁ?Â(�5ÅjÓ=���7Ë ½ ÀkÁ�Æ ¼ ÀkÈÔÁ9ó�Þ ¼ ÈÔÆ ¼�½ ëkÀkË �2À�Ç ½SÑ
���2ÀK�EÇ�ÈÊÆv�?Ë�À{�°Åm�?Á?ÆeÇ�È �5Á Ñ �5Å Ìéä �bú ä ��úSûSûSûSú äMü2Ð§×À7Ð {÷¼ À�ÇIÀ{� ½ Ç ¼?½ ��Åm�?Á?ÆeÇ�È �7Á Ñ ø � ø �JûSûSû ø�üýÇ ¼ À�ÇIÀ Ñ �	�EÇ�ÈÊÁ*)�Á ½ Ç�Þ=�K�NòßÆP�7Ã�����Ç ½SÑ QèMÐ ÝR¼ �bÞ Ç ¼ À�ÇDÇ ¼ � Ñ�½ Åm�?Á?ÆeÇ�È �5Á Ñ ¸�ø �^ú ø ��úSûSûSûSú ø�ü�¹¤Æ^ÀkÁ¶è ½ Æv�5Ãi����Ç ½ ÂÖÈÔÁ ° Ì��HÐ Ñ Ç ½ � Ñ ÞDÈ¸Ç ¼ ÀÆ ¼ À5ÈÊÁ��5Å�Â ½ ��Ç ¼Y° ÌéË �!)	�$Ð§×ýÌ � ½ Á?Æ ½�Ñ �K�EÇ�ÈÔÁ*)�Á ½ Ç�Þ=�K�Nò Ñ À{� ½ ÁÓh ÇÚÀ Ñ ÿ�Ã���ÇÆ�kÇ�ÈÔÆ^ÀkËÔËÊÿ��	��Ç�ÈÊÃýÀkËÏóÓT���5Ë ½ ÀkÁBÞ°È Ñ�½ × ÐA î�oH´¶µ ï�·RÜ�º Ì&'�× Ý ×ª%JÀkÇ ½ � Ñ �5Á�À5Á?Âê%4×]ëÚË ½ ÈÔÁ9óF�bô!Î!��× Ð�ñ¨Ã��?Ë ½ Ã ½ ÁBÇ_Ç ¼?½ , � sÏÞWÀ^ÿ¶Ã��?ËÊÇ�È �?Ë ½eþ�½ �ì � Ìéä �^úSûSûSûSú ä � ��å § ú å �^úSûSûSûSú å ��í � � Ðo�5Å�Ì&}(nbÐ�ÞDÈ¸Ç ¼ ÀkÁ ½PO ÆSÈ ½ Á7Ç(Æ ¼ ÀkÈÔÁ�Ç ¼ À�Ç Ñ ÈÔÃ��?Ë¸ÇXÀ5Á ½ �	� Ñ ËÊÿ½SÑ ÇXÀ5è?ËÊÈ Ñ�¼?½SÑ Ç ¼?½ ����� ½ �Dèl�K�?Á?Â Ñ�� Ì ì � Ð,/),���� ° Ì » ��ÐWÀkÁ?ÂE-�Ì ì � Ð,/.¥à� ° ÌéË �!)�¥ìÐ§×"Gt9´�µ¸·$z�º ñ¨Å�� = � = �5ó?Ë ½ Ç_ø�ü  Ìéä �^úSûSûSûSú äMü2Ð è ½ Ç ¼?½ì¾ �ýÈÔÁìÀ¢���^ÞDÄ�Åm�?Á?ÆeÇ�È �5Á9ó

Ìéä � ê<¯|¯|¯bêßä  Ð ^ Ìéä � ê<¯|¯|¯bêßä PÌ � Ð ^ ¯|¯�¯ ^ Ìéä ü Ì � �Ó ê�¯�¯|¯bêýä	ü2Ð ûÝR¼ �bÞ Ç ¼ À�Ç°Ç ¼?½ Æv� Ñ Ç � Ì ø ü  Ð=�5Å$Ç ¼ È Ñ Åm�?Á?ÆeÇ�È �5ÁÖÈ Ñ Ë ½eÑ�Ñ Ç ¼ ÀkÁÖÕ!�>� Ù �	×"H³M´�µ ï�·7ð2º Ì|î	Ãi��Æi���&��Ãi� �i� ï æ�ð$ñ � Æ�Æ�Å Â æ|ò Ð ¦ Á ½ Þ°ÀSÿ�ÇÆ�ÒÀkÆSÆP�7Ã��?ËÔÈ ÑN¼ è?ÈÔÁ2À{�Eÿ¡ÀkÂ?Â?ÈÊÇ�È �5Á Ì
«!�5ÐÞDÈ¸Ç ¼ Â ½ ��Ç ¼>° ÌéË ��)	�$Ð+È Ñ è2À Ñ�½ Âx�5ÁÇ ¼?½ Ã��?ËÊÇ�È �?Ë ½eþ�½ �gÇÆ�NÈÔÆ§ò¢�5Å ½eþR½ �NÆSÈ ÑN½ Õ T ñ¨Å�Ìéä2ä  Ð � ��ÌéåRå  Ð � �ÌÏæ5æ  Ð � ó�Þ ¼?½ � ½ È ä  Èi�àÈ å  Èi�ÏÈ æ  È ó^Þ ½�¼ À^ë ½g½ ÈÊÇ ¼?½ �jÌéä	Ð � ��Ìéå�Ð � � ÌÏæ7Ð � ÀkÁ?ÂýÌéä  Ð � ��Ìéå  Ð � � ÌÏæ  Ð � ó�K�_Ìéä	Ð � ��Ìéå�Ð � ���y��ÌÏæ7Ð � À5Á?Â�Ìéä  Ð � ��Ìéå  Ð � � ÌÞ�^æ  Ð � × » � Ñ À^ë ½ Ç�ÈÔÃ ½ ó7Þ ½ Æ^ÀkÁýÆv�5Ã�����Ç ½�ó Ã���ôÌéä	Ð � �ÒÌéå?Ð � ÀkÁ?Â¶Ìéä�Ð � �ÒÌéå�Ð � ��� Ñ ÈÔÃ��?ËÊÇXÀkÁ ½ �K� Ñ Ë¸ÿ(À Ñ Þ ½ Æv�5Ãi����Ç ½ Ìéä  Ð � �ÒÌéå  Ð � × à Å�Ç ½ �EÞWÀ{�NÂ Ñ óÞ ¼?½ Á�Þ ½ òBÁ��bÞãÞ ¼?½ Ç ¼?½ �W�K�IÁ��kÇ_Ç ¼?½ Ë ½SÑNÑ_Ñ È+)5Á?È U Æ^ÀkÁBÇp�2À{�EÇ(Ìéä  Ð � �ùÌéå  Ð � �����RÂ��?Æ ½SÑ ÀÆ^À{���Eÿ7óÞ ½ ÆSÀ5Á�� ÑN½ Ã��?ËÊÇ�È �?Ë ½eþ�½ � Ñ ÇÆ� ÑN½ Ë ½ ÆeÇWÇ ¼?½ ÆP�	��� ½ ÆeÇDè?ÈÊÇ Ñ Åm�K�WÇ ¼?½ Ã�� Ñ Ç Ñ È+)5Á?È U Æ^ÀkÁ7ÇZ�2À{�EÇ^×
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ñ¨Å�Ç ¼ È Ñ Ã ½ Ç ¼ �RÂ�È Ñ � Ñ�½ Â�� ½ ÆP��� Ñ ÈÊë ½ ËÊÿ¶ÇÆ�Öè��?ÈÔËÊÂ$,i�Gs è?ÈÊÇ�ÀkÂ?Â ½ � Ñ Åm���7Ã¿�]sÏè?ÈÊÇ�À5Â?Â ½ � Ñ ó ¼ �bÞÃÀ5Á7ÿ�)7À�Ç ½SÑ À{� ½ Á ½S½ Â ½ ÂÖÞ ¼?½ Áä�ä�¥, � Q {÷¼ À�Ç°È Ñ Ç ¼?½ Æv�K��� ½SÑ �l�5Á?Â?ÈÔÁ*)�Â ½ ��Ç ¼ Q"�Û�´�µ¸·$z�º ñ¨ÁÇ ¼?½ è?ÈÔÁ2À{�EÿýÀkÂ?Â?ÈÊÇ�È �7Á¶Ì
«!�7ÐXóRË ½ Ç,¬  �÷ä  ê¤å  À5Á?Â�®  � ä  áìå  Åm�	�,��/1���.�+×À7Ð ÝR¼ �bÞùÇ ¼ À�ÇDæ  ��®  áåá  ó?Þ ¼?½ � ½ Ç ¼?½ Æ^À{���Eÿßè?ÈÊÇ Ñ á  Ñ À�Ç�È Ñ Å�ÿ

á  ��¬ 5� � ^ Ì�® 5� � ê�Ì�¬ 5� � ^ Ì�® 5� � ê�ÌV¯P¯|¯^Ì�¬ � ê�® § Ð]¯|¯|¯ ÐNÐNÐNÐ û
èMÐ�p ½ Ç w  �u�?ó	õ  � �5óJÀkÁ?Â w NÌ �É �º¬  ^ Ì�®  ê w É Ð§ó	õ PÌ

�É �º®  êêõ É ó4Å}�K��� = �M×%F���bë ½ Ç ¼ À�Ç�á  � w § ó2ÀkÁ?ÂßÇ ¼ ÀkÇ w ö � w É ^ Ì�õ É ê w Éö Ð§ó�õ ö �dõ É ê>õ Éö Å}�K���	/@��/¤�M×Æ^Ð�p ½ Ç·¨HÌ�¥ìÐ,�Ì, � Ù � � � Ü ³ � × ÝR¼ �^Þ Ç ¼ ÀkÇ°Þ ¼?½ Áä�2�[¨HÌ�¥ìÐ§ó2Ç ¼?½ Æ^À{���NÈ ½SÑ á � ó ûSûSû ó�áeüÖÆ^ÀkÁ�ÀkËÔËè ½I½ ëkÀ5Ë �2ÀkÇ ½ ÂÞDÈ¸Ç ¼ Â ½ ��Ç ¼ Ì�¥����bÐN¥ä3K,·6÷Ër)��b�ê» ,4Ë+)	�¶ÀkÁ?ÂÞ°ÈÊÇ ¼ ÇÆ�kÇXÀ5Ë2Æv� Ñ Ç ° ÌI, � �$Ð§×A "	îH´¶µ¸·��?º àÏ÷ �����9Å�æ�� � �9Å�� Â � ��æPÆið � Å Â È Ñ ÀkÁÍÀkè Ñ ÇÆ��ÀkÆeÇ¤ÃÀkÆ ¼ ÈÔÁ ½ ÞDÈÊÇ ¼ À U Á?ÈÊÇ ½ ÈÔÁ�����Ç(ÀkË � ¼ À�sè ½ Ç·ø�óHÀ U Á?ÈÊÇ ½ �K��ÇÆ����Ç�À5Ë � ¼ À5è ½ Ç·ùóHÀkÁ?Â�À U Á?ÈÊÇ ½¤Ñ�½ ÇW�5ÅgÈÔÁ7Ç ½ �NÁ2ÀkË Ñ ÇXÀkÇ ½eÑ·ú × ¦ Á ½ �5ÅgÇ ¼ � Ñ�½Ñ ÇXÀ�Ç ½SÑ ó(û § óRÈ Ñ Æ^ÀkËÔË ½ ÂÇ ¼?½ß¾ ÈÊÁ?ÈÊÇ�È�ÀkË Ñ ÇXÀ�Ç ½ × Ä$�IÈÊë ½ ÁßÀ Ñ ÇÆ�NÈÔÁ*)�02��ü �$ûSûSû üRü�óBÞ ¼?½ � ½_½ À5Æ ¼ ü!Ébýäø�óÇ ¼?½ ÃÀ5Æ ¼ ÈÔÁ ½ ÆP�7Ã�����Ç ½SÑ À Ñ ÇÆ�NÈÔÁ*)�þ2� ÿ �$ûSûSû ÿ§ü	ó?Þ ¼?½ � ½Ú½ ÀkÆ ¼ ÿ�Ébýäùó2À Ñ Åm�5ËÔË �bÞ Ñ�T� ³M´$µ ñ¨Á?ÈÊÇ�ÈÔÀ5ËÊÈ+L ½ × ºIÝR½ Ç���Õ �ÚÀ5Á?ÂäûbÕ û § ×� Û�´$µ ã �5Á ½ Q º°»4½ �NÃ�ÈÔÁ2À�Ç ½ Ç ¼?½ ÀkË+)K�	�NÈ¸Ç ¼ ÃÈÔÅ]��Ê.�+×� î9´$µ ¦ ��ÇÆ����Ç�ÿÛÉk× ºIÝR½ Ç�ÿ�ÉyÕ á�Ì&û ú ü!ÉbÐ§×� "$´$µ à Â�ëkÀkÁ?Æ ½ �2× ºIÝR½ Çyû·Õ âMÌ&û ú ü�É^Ð§ó���Õ ���'�7ó2ÀkÁ?Â�� ½ ÇÆ���NÁ�ÇÆ� Ñ Ç ½ � » ,R×»°¼?½ ÃÀkÆ ¼ ÈÔÁ ½°¼ À Ñ è��?ÈÔËÊÇ�s ÈÊÁÈÔÁ Ñ ÇÆ���?ÆeÇ�È �5Á Ñ Ç ¼ À�Ç Ñ � ½ ÆSÈÔÅ�ÿ�ákÌ&û ú üRÐ�ýäù ÀkÁ?Â�âMÌ&û ú ü�Ð�ý ú Åm�K� ½ ë ½ �EÿÑ ÇXÀ�Ç ½ û�ý ú ÀkÁ?Â ½ ë ½ �EÿýÆ ¼ À{��ÀkÆeÇ ½ ��ü�ýäø�× »W¼?½ �������6� ÑN½ �5ÅHÇ ¼ È ÑW½§þ�½ �NÆSÈ Ñ�½ È Ñ ÇÆ� ÑN¼ �bÞ÷Ç ¼ À�Ç^ó�ÈÔÅÇ ¼?½ À5Ë � ¼ À5è ½ Ç Ñ øãÀkÁ?ÂEùå�5Å4ÀkÁBÿ U Á?ÈÊÇ ½�Ñ ÇXÀ�Ç ½ ÇÆ��ÀkÁ Ñ Â��?Æ ½ �DÀ{� ½Ú½ Á?Æv�RÂ ½ ÂÖÈÔÁ�è?ÈÔÁ2À{�Eÿ7ó�Ç ¼?½ÚÑ ÇÆ�NÈÔÁ*)
þ�ÆSÀ5Á�è ½ ÆP�7Ã�����Ç ½ ÂÖÅm���5Ã 0ÒèBÿÖÀ(Ó=���7Ë ½ ÀkÁ�Æ ¼ ÀkÈÔÁ��5Å Ñ ÈrL ½�° Ì��$Ð ÀkÁ?ÂÖÂ ½ ��Ç ¼�° ÌéË �!)	�$Ð§×À7Ð X �5Á Ñ ÈÔÂ ½ �WÇ ¼?½ �����5è?Ë ½ ÃB�7Å$Æ ¼ ÀkÁ*)5ÈÔÁ*)À(è?ÈÊÁ2ÀK�Eÿýë ½ ÆeÇÆ�K�fü �$ûeûSû üBüßÇÆ��ÿ �$ûSûSû ÿXü�è7ÿ Ñ�½ ÇNÇ�ÈÊÁ*)

ÿ�É¤Õ ü�Égá µ ü�Éª�2ü!É � � �Ë¯|¯|¯��2ü�É �] �%�ÚÀ5Á?ÂEü�É �Ó�� � �2��ó?Þ ¼?½ � ½ �ýÈ Ñ �RÂ?Â º ú
À Ñ�Ñ �?ÃÈÔÁ*)¶Ç ¼ À�Ç�ü § � ��×�Ø��K� ½eþ ÀkÃi�?Ë ½ ó,0µ�Ö�	���!�2�����2���!�!���K�K�K�K�	���2�K�������2����� ¼ þµ����!���2���!�2�5�!�!�2�������2���!�����!�2��������×�%F���bë ½ Ç ¼ À�Ç�Ç ¼ È Ñ ÇÆ��À5Á Ñ Åm�	�NÃÀ�Ç�È �5Á�Æ^ÀkÁÒè ½ Æ^À{���NÈ ½ Â��K��ÇèBÿ�À U Á?ÈÊÇ ½�Ñ ÇXÀ�Ç ½ ÇÆ��ÀkÁ Ñ Â��?Æ ½ �WÞDÈÊÇ ¼ È ø�Èi�ÏÈ ù>Èi�àÈ ú Èi�¥,R×èMÐ Ý �����6� ÑN½ À U Á?ÈÊÇ ½�Ñ ÇXÀ�Ç ½ ÇÆ��À5Á Ñ Â��?Æ ½ ��È Ñ ÈÔÁ Ñ ÇXÀ�Ç ½ ûPÉ�ÀkÅ�Ç ½ �p� ½ ÀkÂ?ÈÔÁ*)Eü �$ûSûeû ü!É � � ×£: þ �?ËÔÀ5ÈÊÁ¼ �bÞ�ÇÆ�IÆv�5Ã�����Ç ½ Ç ¼?½ ÑN½|j � ½ Á?Æ ½ û �$ûSûSû ûSü�Þ°ÈÊÇ ¼ ÀIÓT���5Ë ½ ÀkÁ¤Æ ¼ ÀkÈÔÁÄ�5Å?Æv� Ñ Ç ° Ì��$Ð$ÀkÁ?Â¤Â ½ ��Ç ¼° ÌéË ��)	�$Ð§ó�� Ñ ÈÔÁ*)(Ç ¼?½ ÆP�7Á Ñ ÇÆ���?ÆeÇ�È �5Á��5Å�p$À5Â?Á ½ �IÀkÁ?ÂìØJÈ Ñ Æ ¼?½ �°ÈÔÁ ½eþ�½ �NÆeÈ Ñ�½�Ù ¡�×IÌéØ����5ÃÇ ¼ È ÑÑ�½Pj � ½ Á?Æ ½ û �$ûeûSû ûSü�ÈÊÇ°È Ñ°½ À Ñ ÿßÇÆ�(Æv�5Ãi����Ç ½ ÿ �Hû^ûeû ÿ§ü�ó Ñ ÈÔÁ?Æ ½ ÿ�Éf��ákÌ&ûNÉ ú ü�É^Ð§× ÐÆ^Ð à ���?ËÊÿßÇ ¼?½ Ã ½ Ç ¼ �BÂ��5Å ÌéèMÐjÇÆ��Ç ¼?½ �����5è?Ë ½ Ã ÈÊÁÒÌÏÀ7Ð§×A "�"4´¶µ¸·(#Rº Ì § ×�:°×ªp4ÀkÂ?Á ½ ��À5Á?ÂY'Ò×�Í?×9ØJÈ Ñ Æ ¼?½ �SóT�^ô�Î!��× Ð ÝR¼ �bÞ Ç ¼ À�Ç�Ç ¼?½ �����5è?Ë ½ Ã¹�5Å è?ÈÔÁ2À{�EÿÀkÂ?Â?ÈÊÇ�È �5Á�Ì
«��5Ð�ÆSÀ5Á�è ½ ëRÈ ½ Þ ½ Â�À Ñ À U Á?ÈÊÇ ½�Ñ ÇXÀkÇ ½ ÇÆ��ÀkÁ Ñ Â��?ÆeÇ�È �5Á9× ã ½SÑ Æv�NÈÔè ½ Ç ¼?½ ÓT���5Ë ½ ÀkÁßÆ ¼ ÀkÈÔÁÇ ¼ À�Ç�� ½SÑ �?ËÊÇ Ñ Åm���7ÃÇ ¼?½ Æv�5Á Ñ ÇÆ���?ÆeÇ�È �5Á-�5Å ½eþR½ �NÆSÈ ÑN½ Õ Ù Þ ¼?½ Áä�2�¨, � ó	ÀkÁ?Â¶ÆP�7Ã��2À{� ½ ÈÊÇDÇÆ��Ç ¼?½Æv�5Á?Â?ÈÊÇ�È �5Á2ÀkËrs Ñ �?Ã À5Â?Â ½ �Z�5Å ½§þ�½ �NÆSÈ Ñ�½ Õ��5×" B ´�µ � ï¶·(S�º2{÷¼ ÿÒÂ�� ½SÑ ÁÓh Ç¤Ç ¼?½ �������5Å��5Å »°¼?½ �K� ½ Ã Ý�Ñ ÈÔÃi�?Ë¸ÿÒÀ{��)	� ½ Ç ¼ À�Ç¤Ç ¼?½ Á��?Ã�è ½ �Ä�5ÅÞWÀ^ÿ Ñ ÇÆ��Æ ¼ ��� Ñ�½ �MÌ���Ð ÀkÁ?Â��	Ì���Ð Ñ �(Ç ¼ À�Ço�·/Y�MÌ���Ð ú ��Ì��¨Ð��.�gÈ Ñ � � Ì����Ä�bÐ � ûSûSû Ì���� ; �o�bÐ � QA "GRH´¶µ � ï¶·�Ü�º p ½ Ç·0jÌ��HÐ��Çá . � ú�� , ü 3���� 3 3	, � J è ½ Ç ¼?½ Åm��ÀkÆeÇ�È �5Á*�5Å	�]séë5À{�NÈ�Àkè?Ë ½ ÓT���5Ë ½ ÀkÁ�Åm�?Á?ÆPsÇ�È �5Á Ñ ø$Ìéä �búSûSûSûSú ä	ü2ÐjÅm�	� Þ ¼ ÈÔÆ ¼�� Ì ø	Ð,/', ü 3��+×	%F���bë ½ Ç ¼ À�Çy0jÌ��$Ð	¼ß�¢��À{�?ÈÔÂ?ËÊÿÖÀ Ñ ��¼¾½¿×" W ´�µ ï�·7ð2º : þ Ç ½ Á?Â »°¼?½ �	� ½ Ã Ý ÇÆ�(Å}�?Á?Æ§Ç�È �5Á Ñ Þ°ÈÊÇ ¼ ��ÈÔÁ�����Ç Ñ ÀkÁ?ÂE¥Ú�K��ÇÆ����Ç Ñ ×" l ´�µ � ï¶·Bð2º ØJÈÔÁ?Â�Ç ¼?½+Ñ ÃÀ5ËÊË ½SÑ Ç9ÈÔÁ7Ç ½ ) ½ � ; � ; Ì��$Ð Ñ �?Æ ¼ Ç ¼ À�ÇjÌ ; �o�bÐ	��, � J /', ��
 Ì � Ì���� ; �o��Ð ��
 óÌÏÀ7Ð ½eþ ÀkÆeÇ�Ë¸ÿßÞ ¼?½ Á��b/.�ê/¥��¡*�9ÌéèMÐWÀ Ñ ÿRÃi��ÇÆ�kÇ�ÈÔÆ^ÀkËÔË¸ÿÞ ¼?½ Áä��¼¾½¿×
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"Go9´�µ � ï¶·$z?º %F���bë ½ Ç ¼ ÀkÇ^óHÀ Ñ �.¼ ½¿ó$ÀkËÔÃ�� Ñ Ç�À5ËÊËgÓT���5Ë ½ ÀkÁ�Åm�?Á?ÆeÇ�È �5Á Ñ ø4Ìéä �^úSûSûSûSú äMü2Ð ¼ À^ë ½Ã�ÈÔÁ?ÈÔÃ��?Ã Åm�	�NÃ��?ËÔÀ�Ë ½ Á*)kÇ ¼ �IÌ ø�Ð�Ê', ü 3	Ë+)��>�$, ü Ì � 3�ÌéË+)7�$Ð � ×
B t9´�µ¸·�¹�º2{÷¼ À�ÇWÀK� ½ Ç ¼?½ ���NÈÔÃ ½ ÈÔÃi�?ËÊÈÔÆ^ÀkÁBÇ Ñ ÀkÁ?Â ���NÈÔÃ ½ ÆSË�À{� Ñ�½SÑ �7Å�Ç ¼?½ ���NÈÔÃ ½ s Á��?Ã�è ½ � Åm�?Á?ÆPsÇ�È �5ÁÒÌ&}��5ÐVQ�: þ ��� ½eÑ�Ñ Ç ¼ À�Ç°Å}�?Á?Æ§Ç�È �5ÁìÈÊÁÒÌÏÀ7Ð è=A½; ÌéèMÐ / A½; �5Å4Ã�ÈÔÁ?ÈÔÃ��?Ã Ë ½ Á*)5Ç ¼ ×
B ³M´�µ¸·(SRº2{÷¼ À�Ço� ½ ��� ½SÑN½ ÁBÇXÀ�Ç�È �5Á(�5ÅgÇ ¼?½ ���NÈÔÃ ½ sÏÁ��?Ã�è ½ �_Â ½ Ç ½ ÆeÇÆ�K�W� ½ �?ËÔÀ5Æ ½SÑ Ì&}��5ÐXóHÈÊÅ`���bÞ Ñ �5ÅÇ ¼?½ ÇÆ����Ç ¼ ÇXÀkè?Ë ½ À{� ½ è2À ÑN½ Â��7Á�ä \ ä  ÈÊÁ Ñ Ç ½ ÀkÂ��5Å4ä � ä � QB Û�´�µ¸·Bð?º2{÷¼ À�ÇDÆ ¼ �5ÈÔÆ ½SÑ �5Å7��ÀkÁ?Â�HÃÈÔÁ?ÈÊÃÈ+L ½ Ç ¼?½ ����� ½ �Dè6�K�?Á?ÂÒÌ&}��7Ð�Þ ¼?½ Á¶í�/¦�2/¥��¡�Q
B î9´�µ � ï¶·7·Mº : Ñ Ç�ÈÔÃýÀ�Ç ½ Ì&}!�7Ð�Þ ¼?½ Á���� � ,JË+)	����À5Á?Â�G� Ñ},  3�Ì��>� Ù Ër)��$Ð�Ò�ÀkÁ?ÂE��¼¾½¿×
B "$´�µ¸·���º ØJÈÔÁ?Â À Ñ�¼ �K�EÇ�ÓT���5Ë ½ ÀkÁùÆ ¼ ÀkÈÔÁùÇÆ� ½ ëkÀkË �2À�Ç ½ À5ËÊË Ñ È þ �5Å¤Ç ¼?½ Åm�?Á?ÆeÇ�È �7Á Ñ ø�É5Ìéä	Ð@�µ ä � ä � ä 4 ä�_	ý£ø�É º ókÞ ¼?½ � ½ ø � �[¸��!�2��� ú �2���2� ú ���2�K�i¹Bó�ø � �[¸5�!���2� ú �K�	�K�i¹7ó�ø 4 �µ¸5�!�2�K� ú �2�K�K� ú�K�����i¹7ó�øf_ê� ¸	���!��� ú �K�K�	�i¹7ó�ø�\<�¾¸	�	���2�i¹7ó�ø  �¾¸5�����2� ú �5�2�K�i¹7× Ì »°¼?½eÑ�½ìÑ È þ Åm�?Á?ÆeÇ�È �5Á ÑÀ{��� ½ ÀK�IÈÊÁìÇ ¼?½ ���NÈÊÃ ½ sÏÁ��?Ã�è ½ �DÂ ½ Ç ½ ÆeÇÆ�K��Ì&}��5Ð§× Ð X �7Ã��2À{� ½ ÿ	�K���IÆ ¼ ÀkÈÔÁÖÇÆ�Ç ¼?½ ÃÈÔÁ7Ç ½ �NÃ�s U � Ñ Ç½ ëkÀkË �2À�Ç�È �5Á Ñ Æ ¼?½ Ã ½ �7Å�py���2ÀkÁ��bë]h Ñ ) ½ Á ½ ��À5Ë9Ã ½ Ç ¼ �RÂ9×
B�B ´�µÊðb¹�º�ÝR¼ �bÞùÇ ¼ À�ÇWÇ ¼?½ Æv� Ñ Çe�5Å$Ç ¼?½ ¡�sÏè?ÈÊÇZ���NÈÔÃ ½ sÏÂ ½ Ç ½ ÆeÇ�ÈÔÁ*)(Å}�?Á?Æ§Ç�È �5ÁìÈ Ñ À�ÇDÃ�� Ñ ÇW�^Õ?×

A>B RH´¶µ�Ü�#Rº : þ �?Ë�ÀkÈÔÁ(Þ ¼ ÿ�ÀkËÔË2Åm�?Á?ÆeÇ�È �5Á Ñ Þ°ÈÊÇ ¼ �SÕ_�K�gÃi�K� ½ Â��5ÁÓh Ç�sÏÆ^À{� ½SÑ ÈÔÁ » Àkè?Ë ½DÙÚ¼ À^ë ½ Æv� Ñ Ç��?×
B W ´�µ�Ü���º2{÷¼ À�Ç ÑN½ ë ½ Á(s ÑN½ )5Ã ½ Á7Ç ¾ Â?È+)5ÈÊÇ Ñ Ä�À{� ½ Â?È Ñ �?ËÔÀ^ÿ ½ ÂßÞ ¼?½ ÁÒÌéä � ä � ä 4 ä�_�Ð � ÊÉô(ÈÔÁ�Ì��$�5ÐVQA>B*l ´¶µÊð$SRº à Õ��+Õis è?È¸Ç�� ï�ó Ã���È Ñ Ào� ½ �NÃ���ÇXÀ�Ç�È �5Á��5Å	Ç ¼?½ ÕisÏè?ÈÊÇ�ë ½ Æ§ÇÆ�	� Ñ ¸5�!�!�!� ú �!�!�2� úeûSûSûSú �K�	�K�i¹��Ñ �?Æ ¼ � ½ �NÃ���ÇXÀ�Ç�È �5Á Ñ À{� ½ � ÑN½ Â�À Ñ Æv�5Ãi�6�5Á ½ ÁBÇ Ñ �7Å4Þ ½ ËÔËrsÏòRÁ��bÞ°Á¶Æv�Eÿ���ÇÆ�!)	��À{� ¼ ÈÔÆ Ñ ÿ Ñ Ç ½ Ã ÑDÑ �?Æ ¼À Ñ Ç ¼?½ § � Ñ�Ñ È�ÀkÁ Ñ ÇXÀkÁ?Â2ÀK�NÂ 2e:)7{G ,iÎ2�^ÕBõÉÌÞ�^ô!Î5ô7Ð§×[:+ë ½ �EÿÉÕ��JÕ!sÏè?ÈÊÇ Ý s è6� þ Æv�K��� ½SÑ �l�5Á?Â Ñ ÇÆ�À Ñ�½|j � ½ Á?Æ ½ �5ÅjÅm�	���ÚÅm�?Á?ÆeÇ�È �5Á Ñ ø � Ìéä �bú ä �kú ä 4 ú ä�_�Ð§ó ûSûSû óJø5_BÌéä �^ú ä �kú ä 4 ú ä�_bÐ§óHÞ ¼ ÈÊÆ ¼ ÇÆ��À5Á Ñ Åm�	�NÃä � ä � ä 4 ä�_�� ¼ ø � ø � ø 4 ø5_5×ØJÈÔÁ?ÂìÀkËÔË9Õ��JÕis è?ÈÊÇ Ý s è6� þ�½eÑ Åm�	� Þ ¼ ÈÔÆ ¼�� Ì ø � Ð7� � Ì ø � Ð7� � Ì ø 4 Ð7� � Ì ø5_^Ð	� õ�×B o9´�µ¸·���º ¦ Á ½ �5Å	Ç ¼?½_Ý s è6� þ�½SÑjÑ ÀkÇ�È Ñ Å�ÿ�ÈÔÁ*)�Ç ¼?½ ÆP�7Á?Â?È¸Ç�È �5Á Ñ �5Å ½eþ�½ �NÆeÈ Ñ�½ íiÎÚÇXÀkò ½eÑ Ì�� úSûeûSû^ú�� Ð�� ¼Ì�� ú���ú� �ú"!	ú$#?ú�%�ú��2ú�&�ú	'Rú�(2ú$)?ú$*?ú�+2ú�,?ú$-�ú/. ÐN��ÈÔÁ*�kÇ ¼?½ �IÞ=�K�NÂ Ñ óMÇ ¼?½ ÇÆ����Ç ¼ ÇXÀkè?Ë ½eÑ �5Å°Ì ø � ú ø � ú ø 4 ú ø _ ÐÀ{� ½ � ½SÑ � ½ ÆeÇ�È¸ë ½ ËÊÿ Ì ./)0%1-?ú��2#0&�*2ú� �!3,1�?ú$#0&1,�% Ð§×�ØJÈÊÁ?ÂÉÀ�Ó=���7Ë ½ ÀkÁÍÆ ¼ À5ÈÊÁÍÇ ¼ À�Ç ½ ëkÀ5Ë �2ÀkÇ ½eÑ Ç ¼?½eÑ�½Åm�K��� ¾ ÃýÀ þ ÈÔÃýÀkËÔË¸ÿýÂ?È O Æv�?ËÊÇ�Ä�Åm�?Á?ÆeÇ�È �5Á Ñ ÈÔÁ�Å ½ Þ ½ �°Ç ¼ ÀkÁ-,!� Ñ Ç ½ � Ñ ×
R�t9´�µ¸·Bð?º ÌéØ���À5Á?ò § � Ñ ò ½ ÿ7× Ð Ý �����6� Ñ�½ æ£��Ìéä,�ßå�Ð�Ã��RÂ Ù ó7Þ ¼?½ � ½ ä�� Ìéä � ä � Ð � óBå�� Ìéå � å � Ð � óæ�� ÌÏæ � æ � Ð � ó2ÀkÁ?Â ½ ÀkÆ ¼ Ç�Þ=�is è?ÈÊÇWëkÀkË � ½ È Ñ � ½|j �?È � ½ ÂÖÇÆ��è ½�½ ÈÊÇ ¼?½ �y�!��ó��2�5ó��K�o�5��× X �5Ãi����Ç ½ æ �ÀkÁ?Âìæ � Åm���5Ã ä � ó?ä � ó?å � ó2ÀkÁ?Âìå � ÈÔÁ Ñ È þ Ó=���5Ë ½ ÀkÁ Ñ Ç ½ � Ñ ×
R�³M´�µÊðb¹�ºYX �5ÁBÇ�ÈÊÁ��?ÈÔÁ*) ½eþR½ �NÆSÈ ÑN½ ¡!�?ó U Á?ÂßÀ·)K���BÂ�ÞWÀ^ÿ(ÇÆ�ÚÆv�5Ãi����Ç ½ æ£� Ìéäf�Öå?Ð	Ã��RÂ�íRó�� Ñ ÈÔÁ*)Ç ¼?½ Ç ¼ � ½S½ sÏè?ÈÊÇ°ëkÀkË � ½SÑ ���!��ó��!�2�5ó��2�5��ó��2�	�5ó����!��×
RMÛ�´�µ � ï¶·Bð2ºYX �7Á Ñ ÈÔÂ ½ ��Àx��À5Á?Â��5Ã ÓT���5Ë ½ ÀkÁ(�2À{�EÇ�È�ÀkËJÅm�?Á?ÆeÇ�È �7Á(�5Å	��ëkÀ{�NÈ�Àkè?Ë ½SÑ Ç ¼ À�Ç ¼ À Ñ , ü á¾ Æ^À{� ½SÑ Ä(ÀkÁ?Â*, ü â ¾ Â��7ÁÓh Ç�s Æ^À{� ½SÑ ó Ä�Þ ¼?½ � ½ á��Ëâ��¨�7×	%F���bë ½ Ç ¼ ÀkÇ Ç ¼?½ Æv� Ñ Çe�5Å4ÀkËÔÃi� Ñ Ç°ÀkËÔË Ñ �?Æ ¼�2À{�EÇ�È�ÀkË9Åm�?Á?ÆeÇ�È �5Á Ñ°½eþ Æ ½S½ Â Ñ , ü áP3��+×
R2î9´�µ � ï�ð�z?º Ì�pg× à × ÝR¼ �5Ë �5Ã��bë�ó��^ô!¡5ô?× Ð X �7Á7Ç�ÈÔÁ��?ÈÊÁ*) ½eþ�½ �NÆSÈ Ñ�½ ¡	,RóW�����^ë ½ Ç ¼ À�ÇìÀ5ËÊË Ñ �?Æ ¼Åm�?Á?ÆeÇ�È �5Á Ñý¼ À^ë ½ ÆP� Ñ Ç�/ , ü á|3��gÌÞ��� ° Ì�� � � Ë �!)	�$ÐNÐ§×[�b������� »°¼?½ � ½ È Ñ À ÑN½ Çx�5Å_, � ÌÞ�·�[�?Ðë ½ ÆeÇÆ�K� Ñ ä �$ûSûSû ä  Ç ¼ À�ÇDÈÊÁBÇ ½ � ÑN½ ÆeÇ Ñ°½ ë ½ �Eÿ�Ì
���ê¥ìÐ�s Â?ÈÔÃ ½ Á Ñ È �7Á2ÀkË Ñ �?è	ÆP�?è ½ �7ÅHÇ ¼?½ ��s Æv�?è ½ ×R("$´�µ¸·$z�º Ì ïê� �i� �54 � 6��9Å�ÅN�2× Ð » Þ��x�?Ë�ÀSÿ ½ � Ñ ÀkËÊÇ ½ �NÁ2À�Ç ½ ËÊÿ ÑN½ Ë ½ Æ§Ç�Â?È+)5ÈÊÇ Ñ Åm���5ÃÖ��ÇÆ�ßô?ól� Ñ ÈÊÁ*)ßÁ��Â?È+)5ÈÊÇWÇ¨ÞDÈÔÆ ½ ��Ç ¼?½ ÞDÈÔÁ?Á ½ �Só2ÈÔÅ4À5Á7ÿ7ó?È Ñ Ç ¼?½�U � Ñ ÇWÇÆ��) ½ ÇWÇ ¼ � ½S½ Â?È+)5ÈÊÇ Ñ Ç ¼ À�Ç Ñ �?ÃÇÆ�¡�bíR× {÷¼ À�Ç�h Ñ À
)K���BÂ Ñ ÇÆ��À�Ç ½ )kÿßÅm�K�e�?Ë�À^ÿRÈÔÁ*)�Ç ¼ È Ñ )7À5Ã ½ Q

A R B ´¶µÊð�z�º '*�BÂ?ÈÔÅ�ÿ�Ç ¼?½ Ç�ÈÔÆPséÇXÀ5ÆNsÏÇÆ� ½IÑ ÇÆ��À�Ç ½ )kÿi�5ÅgÌ����5Ð&M�Ì
�kÎ7Ð Ñ ��Ç ¼ À�Ç ÈÊÇ ÀkËÊÞWÀ^ÿ Ñ �?Ë�À^ÿ Ñ Æv�K��� ½ Æ§Ç�ËÊÿ7×
R�R9´�µ¸·(SRºYX �NÈÊÇ�ÈÊÆSÈ+L ½ Ç ¼?½ Ãi�^ë ½eÑ Æ ¼ � Ñ�½ ÁìÈÊÁ ½eþR½ �NÆSÈ ÑN½ ¡BíR× à � ½ Ç ¼?½ ÿ�À5Ë¸Þ°ÀSÿ Ñ �K��Ç�ÈÔÃ��?Ã�Q
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A R W ´¶µ ¹�SRº ñ¨Á Ñ Ç ½ ÀkÂ��5Å Ñ ÈÔÃ��?ËÊÿ U Á?Â?ÈÔÁ*)-�5Á ½ Æv�K��� ½ ÆeÇ¤Ã��bë ½ Åm�	� ½ ÀkÆ ¼ �6� Ñ ÈÊÇ�È �5Á�ÈÔÁ�Ç�ÈÔÆPsÏÇXÀkÆPséÇÆ� ½ óÞ ½ ÃÈ+) ¼ Ç���� ½ Å ½ �DÇÆ� U Á?ÂìÇ ¼?½ Ã À5ËÊËÏ×Wñ¨Á*�kÇ ¼?½ �°Þ��K�NÂ Ñ ó�)5ÈÊë ½ Áìä �$ûeûSû ä98;: �$ûeû^û :<8kóMÞ ½ Æv�K�?ËÔÂÖÇÆ�EÿÇÆ�¶Æv�5Ã�����Ç ½ Á?ÈÔÁ ½ �	��ÇÆ����Ç Ñ � �$ûSûeû ��8kó4Þ ¼?½ � ½ ��É��Ú�ýÈÔÅWÀkÁ?Â%�5Á?ËÊÿ�ÈÔÅWÀìÃi�bë ½ ÈÔÁ7ÇÆ�¶Æ ½ ËÔË��¶È ÑÀkÃi�5Á*) Õ h Ñ è ½SÑ Ç^×+Ø6�K� ½eþ ÀkÃ��?Ë ½ ó ½eþ ÆSË�ÀkÃÀkÇ�È �7ÁßÃÀK�Nò Ñ ÈÔÁ?Â?ÈÊÆ^À�Ç ½ ÀkËÔË��5Å$Ç ¼?½ �NÈ+) ¼ Ç°Ã��bë ½SÑ Åm�	� ÕÈÔÁßÇ ¼?½ Å}�5ËÔË �bÞDÈÔÁ*)¤Ç�ÿ��?ÈÔÆ^ÀkË@�6� Ñ ÈÊÇ�È �7Á Ñ|T= = == = == = = �?> = � = > === � = =>= = �?@ >= == �?@ >== = ��@ = == > == = = ��@ == >= �?@ == > �?>
= == @ == = = � = > == @ == = �?> @= == = � = @> = � = @ == > == = � = @> � = @ == = == > = ûà ÃÀ5Æ ¼ ÈÔÁ ½ Ç ¼ À�ÇjÆ ¼ ��� Ñ�½eÑ ��À5Á?Â��5Ã�ËÊÿÀkÃ��5Á*)�Ç ¼?½SÑ�½ �l� ÑNÑ ÈÔè?ÈÔËÊÈÊÇ�È ½SÑ È Ñ Ã��	� ½ Å}�?Á�ÇÆ�_�?Ë�ÀSÿÀi)7À5ÈÊÁ Ñ ÇÇ ¼ ÀkÁìÀ(ÃÀkÆ ¼ ÈÊÁ ½ Ç ¼ À�Ç ¼ À Ñ �5Á?ËÊÿ �5Á ½bU?þR½ Â Ñ ÇÆ��À�Ç ½ )kÿ7×¦ Á ½ À�ÇNÇÆ��ÀkÆeÇ�ÈÊë ½ ÞWÀ^ÿÒÇÆ� Ñ �5ËÊë ½ Ç ¼?½ ÀkËÔË s
)K���BÂ(s Ã��bë ½SÑ �����5è?Ë ½ Ã È Ñ ÇÆ��� ÑN½ Ç ¼?½ ÅéÀkÆeÇ�Ç ¼ À�ÇÇ�ÈÔÆPséÇXÀkÆPsÏÇÆ� ½¼ À Ñ�½ Èr) ¼ Ç Ñ ÿ�Ã�Ã ½ ÇÆ�NÈ ½SÑ ×ýñ¨ÃÀi)7ÈÊÁ ½ ÀìÆ ¼ È ��Ç ¼ À�Ç ¼ À Ñ ��ÎÖÈÔÁ�����Ç Ñ ä �$ûSûSû ä98/: �$ûSûSû :<8ÀkÁ?Â÷Ç ¼ � ½S½ �K��ÇÆ����Ç Ñ Ì&á ú ? ú ¥ìÐ§ó_Åm�	� ¾ Æv�K�NÁ ½ �Só Ä ¾EÑ ÈÔÂ ½ ó Ä ÀkÁ?Â ¾ ÃÈÊÂ?Â?Ë ½ ó Ä¿Þ°ÈÊÇ ¼ Ç ¼?½ �����K� ½ �EÇ¨ÿÇ ¼ À�ÇIÇ ¼?½ Â ½SÑ È � ½ Â¶Åm�?Á?ÆeÇ�È �5Á Ñ �5É�Æ^ÀkÁ¶è ½ Æv�5Ãi����Ç ½ Â¶èBÿ ¼ ���5òRÈÔÁ*)ÇÆ�!) ½ Ç ¼?½ � ½ È+) ¼ Çp�7Å4Ç ¼?½ Æ ¼ È � ÑÀ{�������K���NÈ�À�Ç ½ ËÊÿ T

� � ��ákÌéä � ä � ä 4 ä�_SäG\eä  äGc§äGeeä98/: � : � : 4 :�_�:i\A:  :ic;:�e/:<8bÐ^ á�Ìéä � ä�_^äGceä � ä]\§ä�eSä 4 ä  äB8;: � :�_/:!c;: � :!\;:�e/: 4 :  :28^Ð ú� � � ? Ìéä � ä � ä 4 ä _ ä \ ä  ä c ä e ä 8 : � : � : 4 : _ : \ :  : c : e : 8 Ð^ ? Ìéä 4 ä � ä � ä  ä]\§ä�_^ä98Sä�eeä]cA: 4 : � : � :  :!\;:5_�:28;:�e/:!cSÐ ú� 4 ��ákÌéä 4 ä � ä � ä  äG\eä�_^ä98eäGeeäGc;: 4 : � : � :  :i\A:�_�:<8/:�e/:ic^Ð^ á�Ìéä 4 ä  ä98Sä � ä]\§ä�eSä � ä�_Sä]cA: 4 :  :28/: � :!\;:�e/: � :5_�:!cSÐ ú�i_y� ? Ìéä � ä�_^äGc§ä � äG\eä�eSä 4 ä  ä98/: � :5_�:!cA: � :i\A:ie/: 4 :  :<8bÐ^ ? ÌéäGc§ä�_^ä � ä�eeä]\§ä � ä98Sä  ä 4 :ic;:�_/: � :�e;:!\;: � :28;:  : 4 Ð ú û^ûeû
� 8 ��ákÌéä 8 ä e ä c ä  ä \ ä _ ä 4 ä � ä � : 8 : e : c :  : \ : _ : 4 : � : � Ð^ á�ÌéäB8eä  ä 4 ä�eeä]\§ä � äGceä�_Sä � :<8/:  : 4 :�e;:!\;: � :ic;:5_�: � Ð úÀkÁ?Â>� \ È Ñ Ç ¼?½ :,1 �5Å$Ç ¼?½ ¥ �K��ÇÆ����Ç Ñ Åm���5Ã À5ËÊË ½ È+) ¼ Ç°Æ ¼ È � Ñ ×ã ½SÑ Èr)7Á Ñ �?Æ ¼ À(Æ ¼ È �9ó�� Ñ ÈÔÁ*)�Å ½ Þ ½ �WÇ ¼ ÀkÁ*,i�!����)7À�Ç ½SÑ ×R l ´�µ ï�·�z?º�X �5Á Ñ ÈÔÂ ½ �9Ç ¼?½ �]sÏè?ÈÊÇ 7 Åm�?Á?ÆeÇ�È �7Á 7 ü9Ìéä �HûSûSû äMü2Ð§ó^Þ ¼ � Ñ�½ ëkÀkË � ½ È Ñ Ç ¼?½ Ìéä �HûSû^û ä	ü2Ð � Ç ¼è?ÈÊÇDÇÆ�(Ç ¼?½ �NÈr) ¼ ÇZ�7Å4Ç ¼?½ Ãi� Ñ Ç Ñ Èr)7Á?È U Æ^ÀkÁBÇDè?ÈÊÇDÈÔÁÖÇ ¼?½ è?ÈÔÁ2À{�Eÿ�� ½ ��� ½eÑ�½ Á7ÇXÀkÇ�È �7Á��7Å 7 × ã � ½SÑ Ç ¼?½Ã ½ Ç ¼ �RÂi�7Å ½eþR½ �NÆSÈ ÑN½ Õ?× Ù × �NM Ù ô�ó7Þ ¼ ÈÔÆ ¼ Â ½eÑ Æv�NÈÔè ½SÑ ÀkÁ ½PO ÆSÈ ½ ÁBÇjÞWÀ^ÿ�ÇÆ��Æv�5Ãi����Ç ½ À{�Nè?ÈÊÇÆ��À{�Eÿ�è?ÈÊÇ Ñ�5Å 7 ó������bë ½ Ç ¼ À�Ç � Ì 7 ü?Ð,�), ü 3���Åm�K� Ñ � O ÆSÈ ½ Á7Ç�ËÊÿßË�À{��) ½ ��QR�o9´�µ ï�·b¹9º p ½ Ç°Ç ¼?½ Ã��?ËÊÇ�ÈÔËÊÈÔÁ ½ À{��� ½ ��� ½SÑ�½ Á7ÇXÀ�Ç�È �5Á��5Å+øìè ½

0 §Û§Û§ á.0 §�§ � ä � áË0 § � § ä�Égáå0 § ��� ä*Éeä � áå0 � §�§ ä ö áå0 � § � ä ö ä � áå0 ��� § ä ö ä�É�áË0 �Æ��� ä ö ä*Éeä � ú
Þ ¼?½ � ½Ú½ ÀkÆ ¼ Æv� ½PO ÆSÈ ½ ÁBÇy0DC$È Ñ À�Å}�?Á?Æ§Ç�È �5Á-�5Å$Ç ¼?½ ëkÀ{�NÈ�Àkè?Ë ½SÑ ¸^ä �^úSûSûSûSú äMüG¹DEy¸^ä ö ú ä*É ú ä � ¹7×
À7Ð>%F���bë ½ Ç ¼ ÀkÇWÇ ¼?½ �2ÀkÈ � Ñ Ì
�i�7Ð À{� ½ì¾ )K���RÂ?Ä�ÈÔÅ4ÀkÁ?Â��5Á?ËÊÿßÈÔÅ$Ç ¼?½ Æv� ½PO ÆSÈ ½ Á7Ç ÑDÑ À�Ç�È Ñ Å�ÿ

0 § � § 0 � § � ��0 § �Æ� 0 � §Û§ ú 0 � § � 0 ��� § ��0 � §�§ 0 �Æ���bú ÀkÁ?Â 0 �Æ� § 0 § �Æ� ��0 ���Æ� 0 § � § û
èMÐßØ��K�°Þ ¼ ÈÔÆ ¼ ëkÀkË � ½SÑ Ì�� ú � ú ¥ìÐ°À{� ½ Ç ¼?½ �2ÀkÈ � Ñ è2ÀkÂ9ó?Þ ¼?½ Á�ø���ÌéÂ ½ Ç9F�Ð	Ãi�BÂÄ,!QÒÌ ÝR½S½ ÌÏÎ!±7ÐX× ÐA W tH´¶µ ï�·*¢Bº p ½ ÇGF è ½ Ç ¼?½�Ù � Ù ÓT���5Ë ½ ÀkÁ¿ÃÀ�ÇÆ�NÈ þ ÌÏÎ!±7ÐX× ØJÈÊÁ?Â ½NO ÆSÈ ½ Á7ÇßÆ ¼ ÀkÈÔÁ Ñ Åm�K�Ç ¼?½ÓT���5Ë ½ ÀkÁÖÅm�?Á?ÆeÇ�È �7Á Ñ ÌÏÀ7Ð�ÌéÂ ½ ÇHF�Ð	Ãi�BÂ_,$�$ÌéèMÐ µ � ½ �IFàÊä� º �$ÌéÆbÐ µ Â ½ ÇHFàÊä� º ×A W ³	´¶µ ï�·$#�º�Ý �����6� ÑN½ ø4Ìéä	ÐWÈ ÑD½|j �2ÀkË$ÇÆ���(ÞDÈÊÇ ¼ �����5è2À5è?ÈÊËÔÈÊÇ�ÿKJ¶À�Ç ½ ÀkÆ ¼ �6�5ÈÔÁBÇIää�ùä �$ûSûSû ä	ü�óÈÔÁ?Â ½ � ½ Á?Â ½ Á7Çp�5Å$ÈÊÇ Ñ ëkÀkË � ½ À�Çe�5Ç ¼?½ �Z�6�5ÈÔÁBÇ Ñ ×À7Ð {÷¼ À�ÇDÈ Ñ Ç ¼?½ �����5è2Àkè?ÈÔËÔÈÊÇ¨ÿßÇ ¼ À�ÇWÇ ¼?½ �2ÀkÈ � Ñ Ì
�i�7Ð ÀK� ½ )K���BÂ�QèMÐ {÷¼ À�ÇDÈ Ñ Ç ¼?½ �����5è2Àkè?ÈÔËÔÈÊÇ¨ÿßÇ ¼ À�Ç°è2À5Â¡�2ÀkÈ � Ñ Ì
�!�7Ð ½eþ È Ñ ÇNQÆ^Ð {÷¼ À�Ç°È Ñ Ç ¼?½ �����5è2Àkè?ÈÔËÔÈ¸Ç�ÿÇ ¼ À�Ç°è2ÀkÂ¡�2À5È � Ñ Ì
�!�7ÐjÀ{� ½ Åm�	�?Á?Â�ÈÔÁÖÀ�Ç°Ã�� Ñ Ç�²`��ÀkÁ?Â��5Ã ÇÆ�NÈ�ÀkË Ñ QÂMÐ {÷¼ À�ÇDÈ Ñ Ç ¼?½�½eþ � ½ Æ§Ç ½ ÂìÇ�ÈÊÃ ½ ÇÆ�(Ç ½SÑ ÇDÆ^À ÑN½ Ì�� ú � ú ¥ìÐ§óMÀ Ñ À(Åm�?Á?ÆeÇ�È �5Á��5ÅBJ9ó*²XóMÀkÁ?ÂE��Q
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W Û�´�µ ï�·b¹9º : þ Ç ½ Á?Â�Ç ¼?½ ��� ½ ë�È �	� Ñ�½§þ�½ �NÆSÈ Ñ�½ ÇÆ��Ç ¼?½ Æ^À Ñ�½ �5ÅD�2ÀK�EÇ�ÈÔÀ5Ë?Åm�?Á?ÆeÇ�È �5Á Ñ ó7Þ ¼?½ � ½ ø4Ìéä	Ð7�
��Þ°ÈÊÇ ¼ �����5è2Àkè?ÈÔËÔÈÊÇ¨ÿMJ9óMø4Ìéä	Ð7�Å�_ÞDÈÊÇ ¼ �����7è2Àkè?ÈÔËÊÈÊÇ�ÿ�ûRó2ÀkÁ?Â�ø$Ìéä	Ð	�ON�Þ°ÈÊÇ ¼ �����5è2Àkè?ÈÔËÔÈ¸Ç�ÿ ; ×A W îH´¶µ¸·(SRº ñ¨Å è2ÀkÂ��2ÀkÈ � Ñ Ì
�i�7Ð ½§þ È Ñ Ç�Å}�K��ÀkËÔË°Ì�� ú � ú ¥ìÐIÞDÈÊÇ ¼ ¥QP�à�RP�µ�SP�à¥�ó Ñ�¼ �bÞ�Ç ¼ À�ÇÚÇ ¼?½ÈÔÁ?Â ½ ÆP�7Ã��6� Ñ Àkè?ÈÔËÔÈÊÇ¨ÿp�7Å?ø�ÆSÀ5ÁÚè ½ Â ½ Â��?Æ ½ Â�ÀkÅ�Ç ½ �HÇ ½eÑ Ç�ÈÔÁ*)e�5Á?ËÊÿUT ü �	V Þ ½ ËÊËrs Æ ¼ � Ñ�½ Á�ÇÆ�NÈ �?Ë ½SÑ Ì�� ú � ú ¥ìÐ§×W "$´�µ¸·$z�º : þ Ç ½ Á?ÂìÇ ¼?½ ÈÔÂ ½ ÀÈÊÁìÇ ¼?½ ��� ½ ë�È �	� ÑI½§þ�½ �NÆSÈ Ñ�½ ó Ñ �*)!) ½SÑ Ç�ÈÊÁ*)ýÀ Ñ ÇÆ��À�Ç ½ )kÿÖÅm�K�IÆ ¼ ��� Ñ ÈÔÁ*)Ñ �?ÆeÆ ½SÑ�Ñ ÈÊë ½ ÇÆ�NÈ �?Ë ½SÑ Ì�� ú � ú ¥ìÐ�Þ ¼?½ Á�� Ñ ÈÊÁ*)(Ç ¼?½ Ã ½ Ç ¼ �RÂ��5Å ÝR¼?½ Á9ó�'¶Æ|ë ½ ËÔË�À{�Só2ÀkÁ?Â {Ò½ ÈÔÁ ½ �S×W B ´�µ¸·(SRº2{÷¼ À�Ç ¼ ÀK��� ½ Á Ñ Þ ¼?½ ÁÍÇ ¼?½ Ç ½eþ Ç�h Ñ Â ½ Æv�5Ã��l� Ñ ÈÊÇ�È �5Á������BÆ ½ Â���� ½ È Ñ À{���?ËÔÈ ½ ÂÍÇÆ��Ç ¼?½¾ ÀkËÔËrs ½Pj �2ÀkËÔÄ(Åm�?Á?ÆeÇ�È �5Á�� §   ü9Ìéä �^ú^ûeûSûSú ä	ü2Ð�QA W RH´¶µ ï�·�z?º Ì ã ×$� ¼ ËÊÈ+)?ól�bô7õ�Õ?× Ð »°¼?½ �������6� Ñ�½ �7Å	Ç ¼ È Ñj½eþ�½ �NÆeÈ Ñ�½ È Ñ ÇÆ�Ä�����^ë ½ Ç ¼?½ ÀkÃýÀiLSÈÊÁ*)¤Å-À5Æ§ÇÇ ¼ À�Ç^ó?Åm�K�°Æ ½ �EÇXÀkÈÔÁÖÅm�?Á?ÆeÇ�È �5Á Ñ ø$ó�Ç ¼?½ è ½SÑ ÇDÆ ¼ ÀkÈÔÁßÇÆ� ½ ëkÀkË �2À�Ç ½ Ç ¼?½ ÓT���5Ë ½ ÀkÁ�Å}�?Á?Æ§Ç�È �5Á

D�Ì�¬ �búSûSûSûSú ¬Mü ú ® �^úSûSûSûeú ®5ü?Ðê� ø4Ì�¬ �^úSûSûSûSú ¬	ü2Ð ^ ø4Ì�® �^úSûSûeû^ú ®5ü2Ð
Æv� Ñ Ç Ñ·� ÅNæ�æ_Ç ¼ ÀkÁ-, � Ì ø�ÐN� ¼?½ Á?Æ ½ Åm�?Á?ÆeÇ�È �5Á2ÀkËHÂ ½ ÆP�7Ã��6� Ñ ÈÊÇ�È �5Á�È Ñ �GÃ��°ÀkËÊÞWÀ^ÿ Ñ À�)K���BÂÖÈÔÂ ½ À�×{Ò½ Ë ½ Ç��Ï� ¥¿�Ì, � ÀkÁ?Â¡Þe�NÈÊÇ ½ ø4Ì�� �^úSûSûSûSú � � ú ä § úSûeûSû^ú ä ��í � � Ð>� ø ö Ìéä	Ð§ójÞ ¼?½ � ½ ��È Ñ� ½ )7À{�NÂ ½ Â�À Ñ Ç ¼?½ Á��?Ã�è ½ �ßÌ�� �$ûSûeû � � Ð � × »°¼?½ Á¿Ì�¬ �búSûSûSûSú ¬	ü2Ð£� Ì�� �búeûSûSûSú � � ú ä § úSûSûSûeú ä � í � � Ð§óÌ�® � úSûSûSûSú ® ü Ð	� Ì+� � úeûSûSûSú � � ú å!§ úSûSûSûSú å � í � � Ð§ó2ÀkÁ?ÂäD�Ì�¬ ú ®�Ð7�ùø ö Ìéä	Ð ^ ø É Ìéå?Ð§×
À7Ð>%F���bë ½ Ç ¼ ÀkÇDÀ(Æ ¼ À5ÈÊÁ��5Å4Æv� Ñ Ç ° Ì���3�Ë ��)7�$Ð � Ñ � O Æ ½SÑ ÇÆ� ½ ëkÀkË �2À�Ç ½ Ç ¼?½ , � �)�ÚÅm�?Á?ÆeÇ�È �5Á Ñ

æ1C>� ä¤á . Ì µ �/E� º á µ �*/�� º Ð9ê�Ìéä¤áÍå�Ð 3 ú ��/Wª/), � ú
Åm���5Ãq)5ÈÊë ½ Á�ë ½ ÆeÇÆ�K� Ñ �Nó��2ó?äHó2À5Á?ÂÖå�� ½ ÀkÆ ¼ æ0C$È Ñ À�ë ½ ÆeÇÆ�K�e�5Å4Ë ½ Á*)kÇ ¼ , � ×

èMÐ�p ½ Ç�� ö Ìéä�Ð7� ø ö Ìéä	ÐMá�ø ö � � Ìéä	Ð�Åm�K����/.�	/', � óRÞ ¼?½ � ½ ø � � Ìéä	Ð7�ùø ��í Ìéä	Ð7� ��×	: Ñ Ç�ÈÔÃýÀ�Ç ½Ç ¼?½ Æv� Ñ Çx�5Å_Æv�5Ãi����Ç�ÈÔÁ*)�Ç ¼?½ , � � �ìëkÀkË � ½SÑ á2C�� �IC�ÌÏæ1CéÐ§ó�)5ÈÊë ½ Á¡Ç ¼?½ ë ½ ÆeÇÆ�K� Ñ æ0C óWÅm�K�
��/W�/', � ×

Æ^Ð�p ½ Ç�á  C ��á2C�ê�Ì µ �*/�� º g µ !/E� º Ð À5Á?Âäá  C ��á2C�ê�Ì µ �*/�� º g µ ��Ê� º Ð§×�%F���^ë ½ Ç ¼ ÀkÇ
ø ö Ìéä	Ð	��á § áåá  � á¤¯|¯|¯báåá  ��í ú ø É Ìéå�Ð	��á  § áåá  � á¤¯|¯|¯bá.á  �Ûí û

ÂMÐ X �5Á?ÆSË �?Â ½ Ç ¼ À�Ç � Ì�D�Ð,/), ü 3���� ° ÌI, ü ÌéË ��)7�$Ð�3�� � Ð§×°Ì {÷¼?½ Á���È ÑWÑ � O ÆSÈ ½ Á7Ç�ËÊÿË�À{��) ½ óRÇ ¼ È ÑÆv� Ñ Ç°È Ñ Â ½NU Á?ÈÊÇ ½ ËÊÿ�Ë ½SÑ�Ñ Ç ¼ ÀkÁ*, ü Ì � 3��+ó?è���ÇDÅm�?Á?ÆeÇ�È �5Á Ñ ø ½eþ È Ñ Ç°Þ°ÈÊÇ ¼�� Ì ø�Ð�Ê), ü 3��+× Ð½ ÐßØ��K�°ÆSË�À{�NÈÊÇ¨ÿ7ó�Þe�NÈÊÇ ½ �K��ÇWÇ ¼?½ Æ ¼ ÀkÈÔÁ�Åm�K��D Þ ¼?½ ÁE¥q�Å�ÚÀkÁ?Â¶ø4Ì�� ú ä § ú ä � Ð7��Ì��Mêýä § Ð ^ ä � ×A W�W ´¶µÊð�z�º Ì â ×	%4× § ½ ÂÓh òRÈÔÁ9óe�bô7õi��× Ð Ý �����l� Ñ�½ À�ÓT���5Ë ½ ÀkÁÍÆ ¼ ÀkÈÔÁ�� ÑN½SÑ �7Á?Ë¸ÿ�Ç ¼?½ �K� ½ ��À�Ç�È �5Á Ñ?=A6è ó :,1 óf�	� A=:TG �$Ç ¼ � Ñ ó ½ ë ½ �Eÿ Ñ Ç ½ ��È Ñ�½ ÈÊÇ ¼?½ ��ä ö � ä É Ù ö Ü ê�ä  Ù ö Ü �K��ä ö � ä É Ù ö Ü ^ ä  Ù ö Ü�K�¤ä ö � `ä É Ù ö Ü ×�%F���^ë ½ Ç ¼ À�Ç¤ÈÔÅ Ñ �?Æ ¼ ÀÖÆ ¼ À5ÈÊÁ�Æv�5Ãi����Ç ½eÑ¤½ ÈÊÇ ¼?½ ��Ç ¼?½�¾ �BÂ?Â$�2À{�NÈÊÇ�ÿRÄ¶Åm�?Á?ÆeÇ�È �5Áø ü Ìéä � úSûSûSûSú ä ü Ð	� ä � á¦¯|¯P¯Sá�ä ü �K�jÇ ¼?½�¾N½ ë ½ Á¡�2ÀK�NÈ¸Ç�ÿ�Ä�Åm�?Á?ÆeÇ�È �7Á `ø ü Ìéä � úSûSûSûSú ä ü Ð	�¨�JáÒä � á
¯|¯|¯bá�äMü�ó?Þ ¼?½ � ½ � = ,�ó�Ç ¼?½ Ë ½ Á*)kÇ ¼ �7ÅHÇ ¼?½ Æ ¼ ÀkÈÔÁÖÈ Ñ À�ÇDË ½ À Ñ Ç°Õ2Ì��>�!�bÐ§×W l ´�µ¸·(#Rº Ì { ×!Í�×i%JÀ{�?ËÏó��bô7õ5õR× Ð·p ½ Çgø4Ìéä � úSûSûSûSú ä � ú åi§ úeûSûSûSú å � í � � ÐHè ½ ÀkÁBÿ�ÓT���5Ë ½ ÀkÁ¤Åm�?Á?ÆeÇ�È �5ÁÇ ¼ À�Ç ½|j �2ÀkË Ñ å  Þ ¼?½ Á ½ ë ½ �°Ìéä �HûSûSû ä � Ð � � ��ý��jó7Åm�K� Ñ �5Ã ½ )5ÈÊë ½ Á Ñ�½ Ç��YX�¸5� ú � úSûSûSûSú , � �x�i¹��Þ ½ Â��5ÁÓh Ç4Æ^À{� ½ À5è6�K��Ç$Ç ¼?½ ëkÀkË � ½ �5ÅMø(À�Çy�5Ç ¼?½ �f�6�5ÈÔÁBÇ Ñ × ÝR¼ �bÞÒÇ ¼ ÀkÇ � Ì ø	Ð = ,HZP�[Z��o, Þ ¼?½ Á ½ ë ½ �
� È Ñ Á��5Á ½ Ãi��Ç¨ÿ7×ßÌéñ¨Á��2À{�EÇ�ÈÔÆP�?Ë�À{�Só9Þ ¼?½ Á@�¤�º¸5� ú � úSûSûSûSú , � �)�i¹7ó�Ç ¼?½ Ã��?ËÊÇ�È �?Ë ½eþR½ �_Æ ¼ ÀkÈÔÁ��5Å½eþR½ �NÆSÈ ÑN½�Ù ô�È Ñ À Ñ ÿRÃi��ÇÆ�kÇ�ÈÔÆSÀ5ËÊËÊÿx�K��Ç�ÈÔÃ��?ÃÖ× ÐW o9´�µÊð5·2º Ì X ×�%J× Ý Æ ¼ Á��K���Sóf�^ô7õ!¡�× Ð Ý À^ÿßÇ ¼ À�ÇDëkÀ{�NÈ�Àkè?Ë ½SÑ ¬�ÀkÁ?Â�®ßÀK� ½ì¾ ÃýÀ�Ç ½SÑ ÄÈÔÁìÀÓ=���7Ë ½ ÀkÁÆ ¼ À5ÈÊÁ�ÈÔÅ2Ç ¼?½ � ½ È Ñg½eþ À5Æ§Ç�ËÊÿ��5Á ½°Ñ ÈÔÃi�?Ë ½ �2ÀkÇ ¼ è ½ Ç¨Þ ½S½ Á(Ç ¼?½ Ã�ÈÔÁ(Ç ¼?½ Æv�K��� ½SÑ �6�5Á?Â?ÈÔÁ*)�è?ÈÔÁ2À{�Eÿ¤ÇÆ� ½S½Â?È�Ài)K��ÀkÃì× » Þ=��ë5À{�NÈ�Àkè?Ë ½eÑ Æ^ÀkÁè ½ ÃýÀ�Ç ½SÑ �5Á?ËÊÿ�ÈÊÅ	Ç ¼?½ ÿ�ÀK� ½°½ ÀkÆ ¼ � ÑN½ Âi�5Á?ËÊÿ��5Á?Æ ½ ÈÊÁ�Ç ¼?½ Æ ¼ ÀkÈÔÁÓ�è���Ç Ç ¼ È Ñ Á ½ Æ ½SÑ�Ñ ÀK�EÿÆv�5Á?Â?ÈÊÇ�È �5ÁýÈ Ñ Á��kÇ Ñ � O ÆSÈ ½ Á7Ç^×+Ø��K� ½eþ À5Ã��?Ë ½ óBëkÀ{�NÈ�Àkè?Ë ½SÑ ,¤À5Á?ÂýÕ�À{� ½ ÃÀkÇ ½eÑÈÔÁßÇ ¼?½ Æ ¼ ÀkÈÔÁ�Å}�K�f� �Û  �P  4 ÈÊÁÖØJÈ+)?×2ô�ó?è���ÇDÇ ¼?½ ÿÖÀ{� ½ Á��kÇDÃÀ�Ç ½SÑ ÈÔÁ�Ç ¼?½ Æ ¼ ÀkÈÔÁ�Å}�K�f� � ×À7Ð>%F���bë ½ Ç ¼ ÀkÇDÀ�ÓT���5Ë ½ ÀkÁÖÆ ¼ ÀkÈÔÁ��5Á>��ëkÀ{�NÈ�Àkè?Ë ½SÑ ÞDÈ¸Ç ¼ Á���ÃÀ�Ç ½SÑ°¼ À Ñ Æv� Ñ Ç = ,��>�%,R×èMÐ>%F���bë ½ Ç ¼ ÀkÇ � Ì ø	Ð7�¥,��E� Ù Þ ¼?½ Á¶øìÈ Ñ Ç ¼?½ À5ËÊËrs ½|j �2ÀkËHÅm�?Á?ÆeÇ�È �5Á��G§   ü Ìéä � úSûSûSûSú ä ü Ð§×
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A�l tH´¶µ ï�·*¢Bº Ì�p�×�Í�× Ý ÇÆ�RÆXòRÃ ½ ÿ ½ �Sóo�^ô7õ5õR× Ð à Á��kÇ ¼?½ �ýÁ��kÇXÀ�Ç�È �5Á¿Åm�K� Ñ ÿ�Ã�Ã ½ ÇÆ�NÈÔÆÖÅm�?Á?ÆeÇ�È �5Á Ñ È ÑÑ �5Ã ½ Ç�ÈÔÃ ½SÑ Æv�5ÁBë ½ Á?È ½ ÁBÇ T ñ¨Å�0��uü § ü �$ûSûSû üRü�È Ñ ÀkÁ7ÿ�è?ÈÔÁ2À{�Eÿ Ñ ÇÆ�NÈÊÁ*)2ó4Ë ½ Ç��^]$Ìéä	Ð·�uüB_;`�×�Ø6�K�½eþ À5Ã��?Ë ½ óDâ-ä � ä � ä 4 ç��¿� §�§ �Æ� ÀkÁ?ÂÍä � á÷ä � á÷ä 4 � � § � § � ÈÔÁ�Ç ¼ È Ñ Á��kÇXÀ�Ç�È �5Á9× â �kÇ�ÈÔÆ ½ Ç ¼ À�Ç
�^]HÌ&� ú ä �kúSûSûSûSú äMü2Ðy�à� ]0a Ìéä ��úSûSûSûSú äMü2Ð_ÀkÁ?ÂY�^]HÌÞ� ú ä ��ú^ûSûeûSú äMü2Ðf�Ð� a ] Ìéä �kúSûeûSû^ú ä	ü2Ð§ó�Þ ¼?½ � ½ 0 ÀkÁ?Â  0 Ñ ÇXÀkÁ?Â¡� ½SÑ � ½ ÆeÇ�ÈÊë ½ Ë¸ÿ�Åm�K�f0ÒÞ°ÈÊÇ ¼ È¸Ç Ñ Ë�À Ñ Çe�K� U � Ñ Ç ½ Ë ½ Ã ½ ÁBÇ°Â ½ Ë ½ Ç ½ Â9× à Ë Ñ �?ó

�^] . ø4Ìéä 4 úSûSûSûSú äMü2Ð ú `ø$Ìéä 4 úSûSûSûSú äMü2Ð ú ä 4 úSûeû^ûSú ä	ü 3 � � a ] a Ìéä 4 úSûSûSûSú äMü2Ð
Þ ¼?½ Á�øìÈ Ñ ÀkÁBÿ�ÓT���5Ë ½ ÀkÁ�Å}�?Á?Æ§Ç�È �5Á��5Å��>�$,¤ëkÀ{�NÈ�Àkè?Ë ½SÑ ×
À7Ð à �2À{�NÈÊÇ�ÿýÅ}�?Á?Æ§Ç�È �5Á ¼ À Ñ ü�§KP��ü � P��ü � P�µ¯|¯|¯^P��ü ü × à ÑNÑ �?Ã ½ Ç ¼ À�Çf� = ,R×�%F���bë ½ Ç ¼ À�Ç°ÈÔÅ
�^]ÖÈ Ñ Á��kÇIÀ��2ÀK�NÈ¸Ç�ÿßÅm�?Á?ÆeÇ�È �5ÁìÀ5Á?Âä� a ]0a È Ñ ÁÓh ÇDÆP�7Á Ñ ÇXÀkÁBÇ^ó�Ç ¼?½ Á
� Ì
� ] Ð = ÃÀ þ . � Ì
� ]0a Ð|��, ú � Ì
� a ] Ð|��, ú Ã�ÈÔÁ . � Ì
� ]0a Ð|� Ù ú � Ì
� a ] Ð�� Ù ú � Ì
� a ]0a Ð|��í 3�3 û

èMÐ {÷¼ À�ÇJË �bÞ ½ �4è6�K�?Á?Â Ñ �5Á � Ì
�  Ð$À5Á?Â � Ì
�cb  Ð9Å}�5ËÔË �bÞÍÅm���5Ã Ç ¼ È Ñ � ½SÑ �?ËÊÇ^ó�Þ ¼?½ Á���/1��/.��Ql ³M´�µ¸·Bð?º Ì&'�× Ý Á?È �SóT�^ô�Î!¡�× Ð ÝR¼ �bÞ Ç ¼ À�Ç�ÀkÁBÿ�Æ ¼ ÀkÈÔÁ��7ÅjÆv� Ñ Ç�á(ÀkÁ?ÂÒÂ ½ ��Ç ¼ âìÅm�K�ÚÇ ¼?½ ��� ½PU?þ�����5è?Ë ½ ÃB�5Å ½eþR½ �NÆSÈ ÑN½�Ù ¡ ¼ À Ñ á	�Ëâ = ,i���%,R×A�l Û9´¶µ ï�·7ð2º : þ �?ËÔÀ5ÈÊÁ�Ç ¼?½ Ë �!)7ÈÊÆ^ÀkË Ñ�½ Á7Ç ½ Á?Æ ½SÑ ÌÏÎ�«5Ð&M	Ì
�!±7ÐX× {÷¼ ÈÔÆ ¼ �7ÅHÇ ¼?½ Ã À{� ½ ÇÆ��� ½ Ql î9´�µ¸·�ÜRº ñ¨ÅJÇ ¼?½ � ½ h Ñ ÀýÓT���5Ë ½ ÀkÁìÆ ¼ ÀkÈÔÁìÅm�	�_ø4Ìéä � úSûSûSûSú ä ü ÐWÇ ¼ À�ÇIÆv�5ÁBÇXÀkÈÔÁ Ñ JìÆ^ÀkÁ2ÀkËÔÈ+LSÈÔÁ*)i�K� ½ �VsÀ�Ç�È �5Á Ñ ó ÑN¼ �bÞ Ç ¼ À�Ç � Ì ø�Ð��ùÌdJ��)��ÐeÌ����eJ�3K,5Ð§×l "$´�µ ï�·$S�º à ñ�Ãi�GÃi�
Ãi�]Å5ffÃ�Ã � Å � � � ô � �8��È Ñ ÀÓ=���5Ë ½ ÀkÁ¶Æ ¼ ÀkÈÔÁìÈÔÁìÞ ¼ ÈÔÆ ¼¶½ ë ½ �Eÿ��K� ½ ��À�ÇÆ�K�hg öÈ Ñ Ã��7Á��kÇÆ�5Á ½ × »°¼?½ Ë ½ Á*)kÇ ¼ �5Å�À ÑN¼ �	�EÇ ½eÑ Ç�Ã��5Á��kÇÆ�7Á ½ Æ ¼ À5ÈÊÁ�Åm�K��ø�È Ñ Â ½ Á��kÇ ½ Â�è7ÿ � Ì Ì ø�Ð§×�ñ¨ÅÇ ¼?½ � ½ h Ñ À�Ãi�5Á��kÇÆ�5Á ½ Ó=���5Ë ½ ÀkÁÒÆ ¼ ÀkÈÔÁÒÅm�K��ø$Ìéä �Sú^ûSûeûSú äMü2ÐIÇ ¼ À�Ç¤ÆP�7Á7ÇXÀkÈÔÁ Ñ J��BÆSÆv����� ½ Á?Æ ½SÑ �5Å°êÀkÁ?ÂäûÄ�RÆSÆv����� ½ Á?Æ ½SÑ �7Å ^ ó Ñ�¼ �^ÞùÇ ¼ À�Ç � Ì Ì ø�Ð,�¡Ã�ÈÔÁ . ÌdJ£�)�bÐeÌ�����J�3	,5Ð ú Ì&û��)�bÐeÌ����åû!3K,5Ð 3 ×A�l�B ´¶µ ï�·��2º p ½ Ç ì ü è ½ Ç ¼?½DÑ�½ ÇT�5Å9ÀkËÔË2Ãi�5Á��kÇÆ�5Á ½ Åm�?Á?ÆeÇ�È �7Á Ñ �5ÅÓ��ëkÀ{�NÈ�Àkè?Ë ½SÑ ×+ñ¨Å]��È Ñ ÀÚÅ-ÀkÃÈÔË¸ÿ�5Å4Åm�?Á?ÆeÇ�È �5Á Ñ Æv�5ÁBÇXÀkÈÔÁ ½ ÂÖÈÔÁ ì ü�ó?Ë ½ Ç
äMiýå��kjÏ¸Ræ�ýE��È�æKl¡ä ^ å�¹ À5Á?Â äRmýå��Onà¸Bæ�ýE� È�æRX¡ä�êßå�¹ û

{Ò½ Æ^ÀkËÔËy� ¾ Ë ½ )5ÈÊÇ�ÈÔÃÀ�Ç ½ Ä�ÈÔÅ�ÈÊÇýÈÊÁ?ÆSË �?Â ½SÑ Ç ¼?½ Æv�5Á Ñ ÇXÀkÁ7ÇßÅm�?Á?ÆeÇ�È �5Á Ñ ��ÀkÁ?ÂÌ��À Ñ Þ ½ ËÔËIÀ Ñ Ç ¼?½����� ©�½ Æ§Ç�È �5ÁÖÅm�?Á?ÆeÇ�È �5Á Ñ ä*É�Åm�K�o�·/@��/.�+ó2ÀkÁ?ÂÖÈÔÅ$äRiýå�ýE�Dó?äRmýå�ýE�ÉÞ ¼?½ Á ½ ë ½ �Dä ú å�ýE�D×
À7Ð {÷¼?½ Á>�ä� Ù Þ ½ ÆSÀ5ÁßÞe�NÈÊÇ ½ ì 4 �[¸��1�?óH� . óH� # óH�  ó .�. óH� ) ó ./# ó .� óH� � ó #1# ó  1 ó ./) ó .;� ó#1) ó  �) ó #�� ó  2� ó )1) ó )�� ó �1� ¹7óÒ� ½ ��� ½SÑN½ ÁBÇ�ÈÊÁ*) ½ ÀkÆ ¼ Åm�?Á?ÆeÇ�È �5Á�è7ÿ�ÈÊÇ Ñ�¼?½eþ ÀkÂ ½ ÆeÈÔÃýÀkËgÇÆ����Ç ¼ÇXÀkè?Ë ½ × »°¼?½ � ½ À{� ½ , � \ Å-ÀkÃ�ÈÔËÔÈ ½SÑ � Ñ �?Æ ¼ Ç ¼ ÀkÇ�¸��1� ú � �2ú�#1#?ú� 1 �ú��1� ¹oX¦�pX ì 4 � ¼ �bÞ¿ÃÀkÁBÿ�5Å$Ç ¼?½ Ã À{� ½ Ë ½ )5ÈÊÇ�ÈÔÃÀ�Ç ½ Q
èMÐßñ¨Å�ø È Ñ À Ñ �?è ÑN½ Ço�7Å�¸	� úeûSûSûSú ��¹7óHË ½ Ç<Ñ8ø�Ò��rqKs�t1u�ä s �JÀkË Ñ ��Ë ½ Ç<Ñ&½@Ò��B�5× Ý �����6� ÑN½wvÈ Ñ À�ÅéÀkÃ�ÈÔËÊÿ¡�5Å Ñ �?è Ñ�½ Ç Ñ �7Å,¸	� úeûSûSûSú ��¹¤Ç ¼ À�ÇIÆv�5ÁBÇXÀkÈÔÁ Ñ ÀkËÔË ÑN½ Ç Ñ �5Å Ñ ÈrL ½ /Å�¤ÀkÁ?Â¶È Ñ ÆeË � Ñ�½ Â�?Á?Â ½ � ÈÔÁBÇ ½ � Ñ�½ ÆeÇ�È �7ÁÓ�RÈÔÁx�kÇ ¼?½ ��Þ��K�NÂ Ñ ó(øex�ùàý v Þ ¼?½ Á ½ ë ½ ��ø[ý v ÀkÁ?Â�ùàý v ×	%F���^ë ½Ç ¼ À�Ç°Ç ¼?½ Å-ÀkÃÈÊËÊÿ��Ë�µ¸�Ñ8ø�Ò�È�ødý vzy ¸i½¦¹�¹ÚÈ Ñ Ë ½ )5ÈÊÇ�ÈÔÃÀ�Ç ½ ×
Æ^Ð�p ½ ÇÚÌéä ü Ì � úSûSûSûSú ä ü Ì 
 Ðgè ½ À�Ãi�5Á��kÇÆ�5Á ½ ÓT���5Ë ½ À5ÁÆ ¼ ÀkÈÔÁ¶ÌVnbÐ§× Ý �����6� Ñ�½ Ì5kä ü Ì � úeû^ûSûeú kä ü Ì 
 ÐÈ Ñ �5è�ÇXÀkÈÔÁ ½ ÂýÅm���7Ã Ç ¼?½DÑ ÀkÃ ½ Ó=���7Ë ½ ÀkÁýÆ ¼ À5ÈÊÁ9óRè���Ç Þ°ÈÊÇ ¼ý½ ë ½ �Eÿi�K� ½ ��À�ÇÆ�K�Wê�Æ ¼ À5Á*) ½ ÂÇÆ�KmÀkÁ?Â(ÞDÈ¸Ç ¼�½ ë ½ �Eÿ¢�K� ½ ��À�ÇÆ�	� ^ Æ ¼ ÀkÁ*) ½ Â(ÇÆ�Mi�ó5ÞDÈ¸Ç ¼ � ½eÑ � ½ ÆeÇgÇÆ� Ñ �5Ã ½ Ë ½ )7È¸Ç�ÈÔÃýÀ�Ç ½ Å-ÀkÃ�ÈÔËÊÿ��D×
%F���bë ½ Ç ¼ ÀkÇ^ó�Å}�K�����)�b/{ª/.��� ; ó�Þ ½ Ã�� Ñ Ç ¼ À^ë ½

käcC|XöäcC ^ Cnö~} ü Ì � ¸7kä ö á Ì5kä É Ù ö Ü ^ kä  Ù ö Ü ÐfÈ2g ö � ^ ¹��
äcC|X käcC ^ Cnö~} ü Ì � ¸7kä ö á Ì5kä É Ù ö Ü ê1kä  Ù ö Ü ÐfÈ2g ö � êy¹ û
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l R9´�µ � ï�ð*¢Bº à )K��À{� ¼W� �5Á�ë ½ �EÇ�ÈÔÆ ½SÑ ¸	� úSûSûSûSú ��¹�Æ^ÀkÁ¡è ½ Â ½NU Á ½ Â¡èBÿY´a� T ü �AV Ó=���7Ë ½ ÀkÁëkÀ{�NÈ�Àkè?Ë ½SÑ ä9�<�ÖÅm�K�i��/à¬¤�Ï®å/Ï�+ó4Þ ¼?½ � ½ äB����� µ ¬��&����®ýÈÔÁ ��º ×Ep ½ Ç�ø�è ½ Ç ¼?½ Åm�?Á?ÆeÇ�È �5Áø4Ìéä	Ð7� µ � Æv�5ÁBÇXÀkÈÔÁ Ñ ÀDÇÆ�NÈ�ÀkÁ*)5Ë ½eº �5Å}�K� ½eþ ÀkÃi�?Ë ½ ókÞ ¼?½ Á��ä� Õ?óBø4Ìéä �Þ��ú ä � 4 ú ä � _ ú ä � 4 ú ä � _ ú ä 4 _�Ð7�Ìéä �Þ� ê�ä � 4 ê(ä � 4 Ð ^ Ìéä �Þ� ê�ä � _Jê(ä � _�Ð ^ Ìéä � 4 ê�ä � _Jê�ä 4 _�Ð ^ Ìéä � 4 ê(ä � _Jê�ä 4 _bÐ§× »°¼?½ �������l� ÑN½�5Å$Ç ¼ È ÑW½eþ�½ �NÆeÈ Ñ�½ È Ñ ÇÆ�¢�����bë ½ Ç ¼ À�ÇWÇ ¼?½ Ãi�5Á��kÇÆ�5Á ½ Æv�5Ã��?Ë ½eþ È¸Ç�ÿ � Ì Ì ø	ÐjÈ Ñ�� Ì���3RË �!)	�HÐ 4 ×À7Ðßñ¨Å�¬ É �&���Ë® É Å}�K�x��/µ�Ë/ ; ÈÔÁ�Àä)	��À{� ¼�� ó+ÆSÀ5ËÊË��µ� � ¸�¬ � ú ® � ¹ úSûSûSûSú ¸�¬ 
 ú ® 
 ¹ � À5Á ;$ï6 � ñ�� � Ä�óBÀkÁ?Â¤Ë ½ Ç���Ì
�+Ð7�O� ��ã ö�� É ã9
 . ¸�¬ ö ú ® ö ¹�xy¸�¬�É ú ®�É5¹ 3 è ½ Ç ¼?½ ½ Ë ½ Ã ½ ÁBÇ Ñ �5Å?ÈÊÇ Ñ �2ÀkÈ �EÞ°È Ñ�½ÈÔÁ7Ç ½ � Ñ�½ Æ§Ç�È �5Á Ñ × Ý À^ÿ(Ç ¼ À�Ç � È Ñ�;$ïV�|� Ã�æ|ÅÛÆ(ÈÔÅ	Þ ½°¼ À^ë ½ ¬f�&����®¤Þ ¼?½ Á ½ ë ½ ����Ì
�+ÐDX�¸5¬ ú ®�¹IÅm�K�Ñ �5Ã ½·; s Å-ÀkÃ�ÈÔËÊÿä�j× ñ ÇDÈ Ñ æ�� Â Ã��$� � Ä ; sÏÆSË � Ñ�½ ÂìÈÔÅ¨ó2ÈÔÁ¶ÀkÂ?Â?ÈÊÇ�È �7Á9ó?Þ ½Ú¼ À^ë ½ È ��Ì
�+Ð�È = ,(Åm�K�IÀkËÔË; sÏÅéÀkÃ�ÈÔËÔÈ ½eÑ �j×�%F���bë ½ Ç ¼ À�ÇIÀ Ñ ÇÆ���7Á*)5ËÊÿ ; s ÆeË � Ñ�½ ÂE)K��À{� ¼ È Ñ ÀkË Ñ � Ñ ÇÆ���7Á*)5ËÊÿ�Ì ; � �bÐ�s ÆeË � Ñ�½ Â9×èMÐ>%F���bë ½ Ç ¼ ÀkÇWÇ ¼?½ ÆP�7Ã��?Ë ½ Ç ½ è?È+)K��À{� ¼U���   ü�È ÑDÑ ÇÆ���5Á*)7Ë¸ÿ ; sÏÆSË � Ñ�½ Â�Þ ¼?½ Á ; Ê¡ÃýÀ þ Ì�¥ ú �$Ð§×Æ^Ð>%F���bë ½ Ç ¼ ÀkÇDÀ Ñ ÇÆ���5Á*)5ËÊÿ ; s ÆSË � ÑN½ ÂE)K��ÀK� ¼�¼ À Ñ À�Ç°Ãi� Ñ ÇÚÌ ; �!�bÐ � ½ Â*) ½SÑ ×ÂMÐ�p ½ Ç��ùè ½ Ç ¼?½ Å-ÀkÃ�ÈÔËÊÿ(�5ÅjÅm�?Á?ÆeÇ�È �5Á Ñ ¸	�i¹ y � Ñ � Ò<È � È Ñ À Ñ ÇÆ���5Á*)7Ë¸ÿ ; sÏÆSË � Ñ�½ Âê)K��ÀK� ¼ �5Á
¸	� úSû^ûeûSú ��¹ � × Ì ÝR½S½ ½eþ�½ �NÆSÈ Ñ�½ ÎBí�ÌéèMÐN�kÞ ½ � ½ )7ÀK�NÂ � À Ñ À Ñ�½ Ç;�7Å ½ Â*) ½SÑ ×4Ø6�K� ½eþ ÀkÃi�?Ë ½ ókÞ ¼?½ ÁÇ ¼?½Ú½ Â*) ½SÑ À{� ½ �Ó�&��� Ù óD�ª���&��Õ?ó6,����&� Ù ó6,��&�&��Õ?ó�Þ ½_¼ À^ë ½ Ñ � Ò�� ä � 4 ^ ä � _ ^ ä � 4 ^ ä � _7× Ðñ Ñ �ÉË ½ )7È¸Ç�ÈÔÃýÀ�Ç ½ Q½ Ð�p ½ Ç�ä�� Ì � ó ûSûSû ó$äB� ÌH��Ì^� �&øÒè ½ À�Ã��5Á��5ÇÆ�5Á ½ Ó=���7Ë ½ ÀkÁ�Æ ¼ ÀkÈÔÁ�ÞDÈÊÇ ¼ J�ê�s Ñ Ç ½ � Ñ ÀkÁ?Â@û^ s Ñ Ç ½ � Ñ ójÀkÁ?ÂÍÆv�5Á Ñ ÈÊÂ ½ ��Ç ¼?½ Ã��RÂ?È U2½ ÂÍÆ ¼ À5ÈÊÁÐkä � Ì � ó ûSûSû ó�kä � ÌH��Ì^� � kø¡è2À ÑN½ Â��5Á�Ç ¼?½Å-ÀkÃÈÔË¸ÿ��¡ÈÔÁ�ÌéÂMÐ§×+ñ¨Å kø�P�¨�5ó Ñ�¼ �bÞ Ç ¼ À�ÇZ,�Ì ; �%�bÐ 4 Jb�ÉÌ ; ����Ð � Ì�����,5Ð = T ü 4 V ×,�������9��� Ñ�½Ç ¼?½ÚÑ�½ Æv�5Á?ÂìÅm�K�NÃ��?Ë�À¤ÈÔÁ ½eþ�½ �NÆeÈ Ñ�½ Î7í?ÌéÆ^Ð§×Å�ÐßØ����EÇ ¼?½ �NÃ��	� ½ ó2ÈÔÅ kø��¨��Þ ½ Ã�� Ñ Ç ¼ À^ë ½b; � û = , 
 � � ×

)BÐ »°¼?½ � ½ Åm�	� ½ J�� � Ì���3RË �!)	�HÐ 4 ×,���8�*�9��p ½ Ç ; 6 ¡JË+)���ÀkÁ?ÂìÀ{���?ËÊÿ ½§þ�½ �NÆSÈ Ñ�½ Î5Õ?×l W ´�µ ï�·$S�º�ÝR¼ �bÞ�Ç ¼ ÀkÇ4Þ ¼?½ Á(Á��5Á?Ãi�5Á��kÇÆ�5Á?ÈÔÆT�K� ½ ��À�Ç�È �5Á Ñ ÀK� ½ � ½ �NÃ�ÈÊÇNÇ ½ Â9ókÇ ¼?½ ÇÆ�NÈ�ÀkÁ*)7Ë ½ Åm�?Á?ÆPsÇ�È �5Á(�5Å ½§þ�½ �NÆSÈ Ñ�½ Î!¡ ¼ À Ñ Æv� Ñ Ç � Ì ø�Ð�� ° Ì��^� � c ÌéË ��)	�$Ð � Ð�� ° Ì�� �A� e � Ð§×£�b���*�9� à )K��ÀK� ¼¶¼ À Ñ ÀÇÆ�NÈ�ÀkÁ*)5Ë ½ ÈÔÅ4À5Á?Â��5Á?ËÊÿßÈÔÅ$Ç ¼?½ Æv�?è ½ �5Å4ÈÊÇ Ñ ÀkÂ © ÀkÆ ½ Á?Æeÿ�ÃÀkÇÆ�NÈ þß¼ À Ñ À(Á��5Á*L ½ ����Â?È�Ài)	�5Á2ÀkËÏ×l�l ´�µ ¹�SRº à ñ�ÅÛÆi� � � � ô � ���ÖÈ Ñ ÀkÁ2ÀkË �!)K�K� Ñ ÇÆ�¤À¤Ó=���5Ë ½ ÀkÁýÆ ¼ ÀkÈÔÁ9óRè���Ç ÈÊÇ=� ÑN½SÑ Ã ½ Â?ÈÔÀ5Á(s��5Å�séÇ ¼ � ½S½Ñ Ç ½ � Ñ ä ö ��â�ä É Ù ö Ü ä  Ù ö Ü ä C Ù ö Ü çJÅm�K���y���·/.�	/.�y� ; óRÈÔÁ Ñ Ç ½ ÀkÂ��5Å	Ç ¼?½ è?ÈÔÁ2À{�Eÿ¢�K� ½ ��À�Ç�È �5Á Ñ ÈÔÁÖÌVn�Ð§×Ý ÇÆ�?Â�ÿ_Ç ¼?½ �K��Ç�ÈÔÃ��?Ã Ë ½ Á*)kÇ ¼ ó�Â ½ ��Ç ¼ ó�À5Á?ÂÚÆP� Ñ Çy�5ÅRÃ ½ Â?È�ÀkÁÚÆ ¼ ÀkÈÔÁ Ñ óbÅm�K�HÀ5ËÊË ÑN½ ËÔÅ s Â��2ÀkË5Ã��7Á��isÇÆ�5Á ½ ÓT���5Ë ½ À5ÁÚÅm�?Á?ÆeÇ�È �5Á Ñ �5Å2õ ëkÀ{�NÈ�Àkè?Ë ½SÑ × {÷¼ À�Ç4È Ñ Ç ¼?½�ÑN¼ �K�EÇ ½SÑ Ç$Æ ¼ ÀkÈÔÁ�Åm�K� â-ä � ä � ä 4 ä�_SäG\eä  äGc^ç�Q



+ [ ?=A½7Cæ$>d167%G`: >��=>t1 / H�7K>d7 465 & 587
L @ �B MNCEPRIL D�L M È D OIM E\NR�Q¨© @ R�SIM FPQ B R�EO©�QHK @ R�Q

² «+¯	Ý�±��U���������~�
³M´ ÌNÌéä ��^ ä�_�Ð9êßä � Ð g Ìéä ��^ ä 4 Ð§×Û�´ ÌÏÀ7Ð�ÌéàÍá Ìéä�êßå?ÐNÐ9á÷ÌNÌéä�á�å?Ð9êÖæ7ÐN�HÌéèMÐ�ÌéàÍê�Ìéä ^ å?ÐNÐ9ê�ÌNÌéä¤êßå�Ð ^ æ7Ð§×î9´¶µ �5�������1���� ��2�1�I¡�¢w£d£c¤¥�3¦2��§I§I§�¨³M³ B Ì�©^ô7í7õ5Ð§ó�,�ÕBõ�M2,kÕ�Î�× º�X«ª Á Ñ Ç$¬�?ÆeÇ�À��|�E��ÃÀkÇ$¬NÈ þÞ ¼Iª5ÑN½ ¬ ª Þ Ñ À2¬ ½ Ç ¼?½ ë ½ Æ§Ç ª ¬ Ñ ä�Þ ¼?½ ¬ ½ ø4Ìéä	Ð��®©7×Ójÿ�¯ ½ ¬NÃM�Ç�ÈÊÁ*)¶ÀkÁ?Â9° ª ¬ÚÆ ª Ãw¯?Ë ½ Ã ½ ÁBÇ�ÈÔÁ*)ëkÀ2¬NÈ�Àkè?Ë ½SÑ ó2Þ ½ ÃÀ^ÿÖÀ ÑNÑ ?Ã ½ Ç ¼ À�ÇDÇ ¼?½ Ç ª ¯�¬ ª ÞãÈ Ñ © ûSûSû ©�ÀkÁ?ÂìÇ ¼ À�ÇIÇ ¼?½ Æ ª Ë±?ÃÁ Ñ À2¬ ½¤Ñ$ª ¬EÇ ½ Â9×Ý I¯I¯ ª7ÑN½ Ç ¼?½ ¬ ½ À2¬ ½ °Â?È Ñ Ç�ÈÔÁ?ÆeÇ�Æ ª Ë±?Ã�Á Ñ × »°¼?½ ÁÉø�� ��ê@¨9ó�Þ ¼?½ ¬ ½ �ÒÈ Ñ Ç ¼?½ ?TA½è ª Å°Ç ¼?½½eþ ¯I¬ ½SÑ�Ñ È ª Á Ñ Ìéä É ��²�g ä É Ð ª ë ½ ¬�ÀkËÔË[©>�d�ê/Ç� Ñ ?Æ ¼ Ç ¼ À�Ç¤Æ ª Ëd?ÃÁä���³© ½|j 2ÀkË Ñ Æ ª Ë±?Ã�Áä�MóÀkÁ?Âä¨ýÈ Ñ Ç ¼?½ :,1 ª Å��ÃÈÊÁBÇ ½ ¬NÃ ÑDª ÅHË ½ Á*)kÇ ¼ ÏóI Ñ ÈÔÁ*) ª Á ½ ë5À2¬NÈ�Àkè?Ë ½ Å�¬ ª Ã ½ ÀkÆ ¼ )�¬ ª I¯ ª Å ½|j 2ÀkËÆ ª Ë±?Ã�Á Ñ ×WØ ª ¬ ½§þ ÀkÃw¯?Ë ½ óMÈÔÅ7�2�[ÎýÀkÁ?Â¶ÈÔÅgø�È Ñ ©�À�ÇDÇ ¼?½ ��� Ù ¯ ª ÈÊÁBÇ Ñ ©1©�©�©�©�©1©�©5óG�!�!�!�3©1©�©�©5ó
�!�3©1©��3©�©�©7óMÇ ¼?½ Áe��ãÕ�ÀkÁ?ÂÒø$Ìéä	Ð ½|j 2À5Ë Ñ Ìéä ²7g äB´SÐ4ê�Ìéä 4�g ä�_�Ð$êÒÌéä  �g ä]cSÐ$êÒÌéäGc g ä�ebÐ4ê. Ìéä ² ê�ä 4 êÚä \ ê�ä  Ð ^ ÌN`ä ² ê>`ä 4 ê�ä \ ê�ä  Ð ^ ÌN`ä ² ê�ä 4 ê>`ä \ êÚä  Ð 3 × »°¼?½ Ë ½ Á*)kÇ ¼wª ÅMÇ ¼ È Ñ Å ª ¬NÃM?Ë�ÀÈÔÁ>) ½ Á ½ ¬�ÀkËHÈ Ñ�µ ���÷Ì
��� µ Ð/��S©5ó2À5Á?ÂßÞ ½Ú¼ À^ë ½ ª/ µ 5�^² ×â ª Ç�ÈÔÆ ½ Ç ¼ À�Ç^ó?ÈÊÅ��È Ñ Ë�À2¬�) ½ óRÞ ½ ) ½ Ç Ñ�¼Iª ¬EÇ ½ ¬ Å ª ¬NÃM?Ë�À Ñ è7ÿýÞ?¬NÈ¸Ç�ÈÔÁ*)ø$Ìéä�ÐjÀ Ñ À¤Â?È Ñ&© ?Á?ÆeÇ�È ª Áø ² Ìéä�Ð ^ ¯P¯|¯ ^ ø 
 Ìéä	Ð§ó�Þ ¼?½ ¬ ½Ú½ ÀkÆ ¼ ø�É ¼ À Ñ ÀkÇ°Ã ª5Ñ Ç�Ñ��(3 ; Ò¶© Ñ × »°¼  Ñ

�IÌ ø�ÐY/öÃ�ÈÔÁ
 b ²
. ; �S©,�÷Ì µ ���ÏÑ8�*3 ; � µ Ò µ�·  ³ 
 �^²¹¸ Ð ; 3 û

"$´�»°¼?½2U ¬ Ñ ÇÖÈÔÁ ½|j 2À5ËÊÈÊÇ�ÿ È Ñºª è7ë�È ª  Ñ ó_è ½ Æ^À2 Ñ�½ À�è?ÈÔÁ2À2¬Eÿ¿Ç$¬ ½S½»ª Å�Â ½ ¯�Ç ¼ â ¼ À Ñ À�ÇÖÃ ª5Ñ Ç©,� µ �¤¯|¯�¯�� µ�¼ ��² � µ�¼ �S©ÚÈÊÁBÇ ½ ¬NÁ2ÀkË9Á ª Â ½SÑ ×»°¼?½�¼ ÈÔÁ7Ç°Å ª ËÔË ª Þ Ñ è ½ Æ^À2 Ñ�½ Þ ½ Æ^ÀkÁ U Á?ÂìÀ¤ÃÈÊÁ?ÈÔÃýÀkË Ñ ?è�Ç$¬ ½S½¥ª Å Ñ ÈrL ½�= � ; 3 Ù �7×gñ Ç ÑWÑ È+L ½£?È Ñ À�Ç�Ã ª7Ñ ÇU©�� µ Ì � ; 3 Ù �£�k©�Ð§× »W¼?½ ¬ ½ Å ª ¬ ½ Þ ½ ÆSÀ5Á�Þ?¬NÈÊÇ ½ ø��öÌ8�(Q¶ø ² T ø § Ð§ógÞ ¼?½ ¬ ½ ��È Ñ ÀÑ ?è?Å ª ¬NÃM?Ë�À ª Å Ñ ÈrL ½�? �Hø § ÀkÁ?Â�ø ² À2¬ ½ Ç ¼?½ Å ª ¬NÃM?Ë�À Ñ�ª Å Ñ È+L ½�; � ? �{© ª è�ÇXÀkÈÔÁ ½ Â�Þ ¼?½ Á¶Ç ¼ À�ÇÑ ?è?Å ª ¬NÃM?Ë�À�È Ñ ¬ ½ ¯?Ë�ÀkÆ ½ ÂÖèBÿ>��ÀkÁ?Â»©5óH¬ ½eÑ ¯ ½ ÆeÇ�ÈÊë ½ ËÊÿ5×
p ½ Ç�âMÌ ; Ð7�÷ÃÀ þ ¸ª-�Ì ø�Ð�È5�IÌ ø	Ð	� ; ¹7× Ý ÈÔÁ?Æ ½ Ç ¼?½ ÃM þ Å�?Á?ÆeÇ�È ª Á ¼ À Ñ Â ½ ¯�Ç ¼Gµ óRÀkÁ?Â Ñ ÈÔÁ?Æ ½ÃÀ þ Ì ? ú ; � ? �³©bÐ��ÀÑ ´ 
4 Ò7ó$Þ ½¼ À^ë ½ âMÌ ; Ð�/ µ ��âMÌ5Ñ ´ 
4 Ò£�z©bÐ�Å ª ¬ ;ê=&Ù ó+ÀkÁ?ÂÒÇ ¼?½ ¬ ½SÑ ?Ë¸ÇÅ ª ËÔË ª Þ Ñ è7ÿßÈÔÁ?ÂI?ÆeÇ�È ª Á ª Á ; × µ ½¥��¾��<£±£B¿¹ÀBÁ"¡�Â�À9��Á�£Ã��À9�<�ÅÄ��<ÀIÆ"ÇI§1�IÈ;Á"¡�¢®§HÉ�£ÊÇ$" Ì�©^ô7õ�©bÐ§ó2í µ í5M�í µ õR× ºB ´ p ½ Ç��i§y����ó(� ² � ä ² ó?À5Á?Â�� É � ä É ê�Ìéä É ��² ^ � É � ´ ÐjÅ ª ¬	� =Wµ × »W¼?½ ÁED ü �1� ü ^ � ü �^² óÞDÈ¸Ç ¼ Æ ª7Ñ Ç µ ��� µ ÀkÁ?ÂßÂ ½ ¯�Ç ¼ �+× µ »W¼?½SÑ�½ ÅÃ?Á?Æ§Ç�È ª Á Ñ ��É_ÀkË Ñ�ª ¯?Ë�ÀSÿýÀË¯I¬ ª Ã�ÈÔÁ ½ Á7Ç�¬ ª Ë ½ ÈÔÁýè?ÈÔÁ2À2¬EÿÀkÂ?Â?ÈÊÇ�È ª ÁÓ� ÑN½S½Ú½eþ�½ ¬NÆSÈ Ñ�½eÑ Õ µ ÀkÁ?ÂÖÕ5Õ�Å ª ¬WÞWÀ^ÿ Ñ Ç ª Æ ª Ãw¯I�Ç ½ Ç ¼?½ ÃÞDÈ¸Ç ¼ Â ½ ¯�Ç ¼�° ÌéË ª )	�$Ð§× ºR9´�» ¬� ½!T,XDª Á Ñ ÈÔÂ ½ ¬ Ç ¼?½ Æ^À Ñ�½SÑ å�� �(À5Á?Â�å��Ì©5×W ´ käG\��÷ä ² ^ ä�_7ó�kä  � äB´5ê�käG\kó�käGc�� ä ² ^ ä 4 ó�kä�ef� kä  áêkäGck× Ì »°¼?½Dª ¬NÈ+)5ÈÔÁ2ÀkË7Æ ¼ ÀkÈÔÁ¤Æ ª ÃK¯I�Ç ½SÑÇ ¼?½Ö¾ ¬�ÀkÁ?Â ª Ã�Ä(Å�?Á?ÆeÇ�È ª ÁÒÌÏÎ7ÐN� ÑN½S½�½eþ�½ ¬NÆeÈ Ñ�½ ©5× »°¼?½ Á ½ ÞùÆ ¼ À5ÈÊÁÖÆ ª ÃK¯I�Ç ½SÑ Ç ¼?½ Á ª ¬NÃÀkËÔÈ+L^À�Ç�È ª Áª Å$Ç ¼ À�ÇDÅ�?Á?ÆeÇ�È ª Á9ó?Á2ÀkÃ ½ Ë¸ÿßÈÊÇ Ñ Æ ª Ãw¯?Ë ½ Ã ½ Á7Ç^× Ðl ´�»°¼?½ Â ½SÑ È±¬ ½ Â�Ç$¬��Ç ¼ ÇXÀkè?Ë ½ Æ ª Á Ñ È Ñ Ç ÑËª ÅWè?Ë ª Æ§ò ÑMª Å µ ü �Ó � Ñ ÀkËÊÇ ½ ¬NÁ2À�Ç�ÈÔÁ*)ÖÞDÈÊÇ ¼ è?Ë ª ÆXò ÑMª Åµ ü �Ó © Ñ óHÀ Ñ ÈÔÁÍÌ
�7ÐX× »W¼?½ ¬ ½ Å ª ¬ ½ óHÈÔÅ+Þ ½ ÃM?ËÊÇ�Èd¯?ËÊÿìèBÿ µ ´ J�KIÍ �O©�Þ ½ ) ½ ÇÚä  � Ìéä wÎ µ ü �Ó Ð§óÞ ¼ ÈÊÆ ¼ È Ñ À5ËÊËÏ© Ñ ×o9´�{÷¼?½ Á U Á?Â?ÈÔÁ*)>�IÌ ø	Ð��à½ ÈÔÁ Ñ Ç ½ ¯<p�¡?ó	Þ ½ Æ^ÀkÁ Ñ Ç ª ¬ ½ �ìÀkÁ?Âê¨�ÈÔÁ�À¶¬ ½ Æ ª ¬NÂ�À Ñ�Ñ�ª ÆSÈÔÀkÇ ½ ÂÞDÈ¸Ç ¼ øH× »W¼?½ Á�À�¬ ½ ÆAI¬ Ñ ÈÊë ½ ¯I¬ ª Æ ½ ÂII¬ ½ ÞDÈÊËÔËRè ½ Àkè?Ë ½ Ç ª Æ ª Á Ñ Ç$¬�?ÆeÇgÀIÃ�ÈÔÁ?ÈÔÃM?Ã�s Ë ½ Á*)kÇ ¼ Å ª ¬NÃM?Ë�ÀÅ ª ¬IøìÅ�¬ ª Ã Ç ¼?½ ¬ ½SÑ ¯ ½ Æ§Ç�ÈÊë ½ Å ª ¬NÃM?Ë�À Ñ Å ª ¬��ýÀkÁ?Â<¨�×³$t9´ ñ¨Á Ñ Ç ½ ¯�p Ù ó� ÑN½ ��� ; �e©DÈÔÁ Ñ Ç ½ ÀkÂ ª Å���� ; ��©����2× à Ë Ñ$ª Æ ¼ ÀkÁ*) ½ ��Ç ª - ½ ë ½ ¬EÿBÞ ¼?½ ¬ ½ ×³2³M´»°¼?½5ª Á?Ë¸ÿ Ñ ?è�Ç�Ë ½ ¯ ª ÈÊÁBÇIÈ Ñ Ç ¼ À�Ç�� ÑN¼Iª ?ËÊÂåÆ�Å � Â Å � æ|Å�ÈÔÁ Ñ Ç ½ ¯ä� Ù �MÇ ¼?½ ÁìÞ ½ h ËÔËHÁ ½ ë ½ ¬ ¼ À^ë ½x Ì8�RÐ�Ð x Ì
¨MÐ�P� ��Þ ¼?½ Á������?ó Ñ$ª ÀkËÔË2Æ^À Ñ�½SÑÅª Å	Æ ª5Ñ Ç ; ��©DÞ°ÈÔËÔË2è ½ Â?È Ñ Æ ª ë ½ ¬ ½ Âè ½ Å ª ¬ ½ Þ ½ è ½ )5ÈÔÁÇ ª Ë ª0ª òßÀ�ÇDËÔÈ Ñ Ç ; �S©5×Ñ ³2´4µ ñ¨Á?È¸Ç�È�ÀkËÔÈ+L ½ × ºßÝR½ Ç w Ì&�7ÐfÕ x Ì&�7ÐyÕ ��ÀkÁ?Â w Ì ø�ÐfÕ ½ Å ª ¬M©�/ãø@� µ ´ J ��² × »W¼?½ ÁÑN½ Ç w Ìéä  Ð�Õ x Ìéä  Ð�Õ ��ÀkÁ?Â{¯I�Ç�ä  ÈÔÁ7Ç ª ËÔÈ Ñ Ç>��óDÀ Ñ ÈÔÁ Ñ Ç ½ ¯¤p�©7× à Ë Ñ$ª�Ñ�½ Ç



Ò9Ó~Ô3ÓÖÕ ×DØ,7CæÚÙt1½7ÚÛDÜ®Ù��DÙd1 /cÝ 72Ù 7 + ¡ D	Þ?ß�à § @<ß ©"á¹â E ß<ãw Ìéä*ÉDgWä  Ð�Õä©7ó Ñ�½ Ç x Ìéä�ÉDgWä  Ð Ç ª ÀkÁ�À2¯I¯I¬ ª ¯I¬NÈ�À�Ç ½ è?ÈÊÇDë ½ ÆeÇ ª ¬ ª Å+Þ ½ Èr) ¼ ÇM©5ó�ÀkÁ?Â¯I�Ç�ä*É[gIä  ÈÔÁ7Ç ª ËÔÈ Ñ Ç¶©5óJÅ ª ¬w©ä/µ�Y�º�å/à�¿ÀkÁ?Â�ÀkËÔË U ë ½ Á ª ¬NÃýÀkË ª ¯ ½ ¬�À�Ç ª ¬ Ñ g�×ØJÈÔÁ2ÀkËÔË¸ÿ ÑN½ ÇfáfÕ µ ´ J ��² ��í T ü ´ V �ê�>�S©5×Ñ Û	´4µ p ª�ª ¯ ª Á ; × º ã ª�Ñ Ç ½ ¯>� Ù Å ª ¬ ; � µ ó Ù ó ûSûSû ó�Þ ¼ ÈÔË ½ áyÊ1��×Ñ î�´4µ p ª�ª ¯ ª Á��ýÀkÁ?Â��	× º ã ªÑ Ç ½ ¯E�IÕ�Å ª ¬���� � Ì ; �p©bÐ�3 µ �7ó � Ì ; �S©bÐ�3 µ ���S©7ó ûeû^û óMÀkÁ?Â
��� ; �S©����2ó�Þ ¼ ÈÔË ½ � = ��×Ñ "H´4µ p ª�ª ¯ ª Á>�ÖÀkÁ?Â2¨9× º ã ªýÑ Ç ½ ¯ä��í(Å ª ¬IÀkËÔËÓ��ÈÔÁìËÊÈ Ñ Ç��ßÀkÁ?Â¶ÀkËÔË�¨ìÈÔÁìËÔÈ Ñ Çb���	ÈÔÅÓ���µ�Mó¬ ½SÑ Ç$¬NÈÔÆeÇy¨�Ç ª Å�?Á?ÆeÇ�È ª Á Ñ Ç ¼ À�ÇÅ6PÃ ��� Ãiè��ýÈÔÁ�ËÔÈ Ñ Çy�M×Ñ B ´4µ p ª�ª ¯ ª ÁßøH× º ñ¨Å x Ì8��Ð0Ð x Ì
¨MÐhP� ��ó Ñ�½ Ç�¬EÕ ; ��©IÀ5Á?Â�®�Õ x Ì8�RÐ0Ð x Ì
¨2ÐN� ª Ç ¼?½ ¬EÞ°È Ñ�½ÑN½ Çb¬êÕ ; ÀkÁ?Â<®EÕ x Ì8��Ð�È x Ì
¨MÐ§× »W¼?½ Á�Â ªßÑ Ç ½ ¯<��¡ýÅ ª ¬Úø<�[�oÐ¤¨9ó$ø<�u`�oÐ¤¨9óø��1�hÐ `¨9óMø>�1�>Èi¨9óMÀkÁ?Â¶ø��¤�_á.¨9×Ñ R�´4µ ��¯MÂ2À�Ç ½�w Ì ø�ÐDÀ5Á?Â x Ì ø�Ð§× º ñ¨Å w Ì ø�Ð��à½¿ó Ñ�½ Çbá£Õ á��W©5ó x Ì ø�Ð�Õv®Mó9ÀkÁ?Âe¯I�Ç�øÈÔÁ7Ç ª ËÔÈ Ñ Çy¬$× ¦ Ç ¼?½ ¬EÞDÈ ÑN½ ÈÔÅ w Ì ø	ÐyÊ�¬$ó Ñ�½ Ç x Ì ø�Ð�Õ ®ÖÀ5Á?Â¶Ã ª ë ½ ø�ÅÃ¬ ª Ã ËÊÈ Ñ Ç w Ì ø�ÐÇ ª ËÊÈ Ñ Ç�¬$× ¦ Ç ¼?½ ¬EÞDÈ ÑN½ ÈÔÅ w Ì ø�Ð	�¤¬$ó Ñ�½ Ç x Ì ø	Ð�Õ x Ì ø�Ð�È5®M×³�Û�´ ä�_y�÷ä ² á�äB´kó2äG\��÷ä 4 êßäB´kó?ä  � äB´gêË`ä�_7ó?äGcf� äG\ ^ ä  ×³Rî9´ øi\�� �3©��3©5�3©��3©�Ìéä 4 ÐN� ø5_>� �3©�©�©5�3©�©�©�ÌéäB´ ^ ä 4 ÐN�Wø 4 � �3©�©�©5�3©��3©�ÌNÌP`ä ² ê�äB´SÐ ^ ä 4 ÐN�ø2´������3©�©��3©5�3©(Ìéä ² QÚä 4 T ä�´SÐN�Mø ² ���!���3©��3©�©1©�Ì�â-ä ² äB´eä 4 çNÐ§×³�"$´ Ø ª ¬¶©ä/µ�@/Ï�+ó U ¬ Ñ Ç¤Æ ª ÃK¯I�Ç ½ ²£Õ Ì8��á Ì8�»å µ ü � É ÐNÐæÐ÷ä*Ékó�²£Õ ²Já Ì�² Î µ ü � É Ð§óÞ ¼?½ ¬ ½ ä*É�È Ñ Ç ¼?½ Ç$¬��Ç ¼ ÇXÀkè?Ë ½ ÌVn!nbÐ��?Ç ¼?½ Á�Å ª ¬¥©b/1��/¦��À5Á?Âä��P�.�2ó�Ç ¼?½ Â ½SÑ È±¬ ½ Â�Ç$¬��Ç ¼ ÇXÀkè?Ë ½Æ ª ¬�¬ ½SÑ ¯ ª Á?Â?ÈÔÁ*)(Ç ª ä*ÉyÕ ä*É�g ä  È Ñ ��á÷Ì�²�Ð ÌNÌéä*É�g ä  Ð9á�ä�É^ÐNÐ§×Ì »°¼?½ í��gÌ��ä�W©bÐDÃýÀ Ñ ò Ñ Ìéä*É«g°ä  Ð$áÉä*É�À2¬ ½ ÈÔÁ?Â ½ ¯ ½ Á?Â ½ ÁBÇ ª Å7�ìÀkÁ?Â�Æ^ÀkÁ�è ½ Æ ª ÃK¯I�Ç ½ ÂÈÔÁ¶ÀkÂ�ëkÀkÁ?Æ ½ × »W¼?½�Ñ ÀkÃ ½ ÈÊÂ ½ ÀÀ2¯I¯?ËÔÈ ½SÑ ÈÔÅ4Þ ½ ÀkËÔË ª Þ Ã ª ¬ ½ ) ½ Á ½ ¬�ÀkË$Æ ª ÃK¯I�ÇXÀkÇ�È ª Á Ñ[ª Å4Ç ¼?½ Å ª ¬NÃä É Ù ö Ü Õ ä  Ù ö Ü g ö ä C Ù ö Ü ó�ÞDÈÊÇ ¼ í�� ´ Ì��>�p©bÐjÃÀ Ñ ò Ñ Ìéä  gjä C ÐHá�ä�Ék× Ð³ B ´ § ½ ÃÀ2¬Nò�À5è?Ë¸ÿÖÀ Ñ ÿ�Ã�Ã ½ Ç$¬NÈÊÆ^ÀkË	ÞWÀ^ÿ Ñ Ç ª Æ ª ÃK¯I�Ç ½ÚÑ ÿ�Ã�Ã ½ Ç$¬NÈÊÆ^ÀkË�Å�?Á?ÆeÇ�È ª Á Ñ�T

ÌÏÀ7Ðßä ² Õ ä ² á�ä�´ úä 4 Õ ä 4 á�ä _ úä ² Õ ä ² á�ä 4 úä ´ Õ ä ´ á�ä _ úä 4 Õ ä 4 ^ äB´ úä 4 Õ ä 4 êY`ä ² û

ÌéèMÐßä ² Õ ä ² á�äB´ úä ´ Õ ä ´ êY`ä ² úä 4 Õ ä 4 á�ä�_ úä _ Õ ä _ êßä ² úäB´fÕ `äB´gêßä 4 úäB´fÕ äB´gá�ä ² úäB´fÕ äB´gêY`ä�_ û

ÌéÆbÐßä ² Õ ä ² áÍäB´ úä ´ Õ ä ´ áÍä 4 úä�´fÕ ä�´ ^ ä ² úä ² Õ ä ² áÍä _ úä ² Õ ä ² ê�ä 4 úä�´fÕ ä�´+êË`ä ² úä�´fÕ ä�´+áÍä�_ û³$R9´ à Æ ª Ãw¯I�ÇXÀ�Ç�È ª Á Ç ¼ À�Çe Ñ�½eÑeª Á?ËÊÿ á ÀkÁ?ÂãÆ ª ÃK¯?Ë ½ Ã ½ Á7ÇXÀkÇ�È ª ÁO¯I¬ ª ÂI?Æ ½SÑ Á ª Ç ¼ ÈÔÁ*) èI�ÇÀ O Á ½ ÅÃ?Á?Æ§Ç�È ª Á Ñ Ì Ñ�½e½�½eþR½ ¬NÆSÈ ÑN½ õR×±©5×±©NM9© Ù1µ Ð§× Ý I¯I¯ ª5ÑN½ ø4Ìéä	Ð�� ø4Ìéä ² úSûSûSûSú äMü2Ð°È Ñ ÀýÁ ª Á(s À O Á ½Å�?Á?ÆeÇ�È ª Á�Æ ª ÃK¯I�ÇXÀkè?Ë ½ ÈÔÁ�Ã�ÈÔÁ?ÈÔÃM?Ã Ã ½ Ã ª ¬Eÿ7× »W¼?½ ÁÒø4Ìéä	Ð ¼ À Ñ Ç ¼?½ Å ª ¬NÃ �	Ì&øDä��1áeÐDÞ ¼?½ ¬ ½
�	Ìéå ² ú å1´ úSûSûSûeú å5ü2Ð��u�	Ìéå ² ê�å1´ ú å1´ úeû^ûSûeú å5ü2Ð§ó+Å ª ¬ Ñ$ª Ã ½ Á ª Á Ñ ÈÔÁ*)�?Ë�À2¬��S�ê�¿ÃýÀ�Ç$¬NÈ þ ø ª Å�� ÑÀkÁ?Â³© Ñ ógÞ ¼?½ ¬ ½ äÉÀkÁ?Â¦áßÀ2¬ ½ Æ ª Ë±?Ã�Á�ë ½ Æ§Ç ª ¬ Ñ ÀkÁ?ÂÍÇ ¼?½ ë ½ ÆeÇ ª ¬ ª ¯ ½ ¬�À�Ç�È ª Á Ñ À2¬ ½ ¯ ½ ¬NÅ ª ¬NÃ ½ ÂÃ ª ÂI?Ë ªUµ �HÈÔÁ¶Ç ¼ È Ñ Å ª ¬NÃM?Ë�ÀÇ ¼?½ ÃýÀ�Ç$¬NÈ þ ø ÀkÁ?Â�ë ½ ÆeÇ ª ¬bá�ÀkÆSÆ ª ?Á7ÇÚÅ ª ¬�ÀkËÔË ª ¯ ½ ¬�À�Ç�È ª Á Ñ ä ö Õä ö áìä*ÉIÀkÁ?Â9° ª ¬D¯ ½ ¬NÃM�ÇXÀ�Ç�È ª Á Ñ À5Á?ÂÆ ª Ãw¯?Ë ½ Ã ½ ÁBÇXÀ�Ç�È ª Á ÑÅª Å9Æ ª�ª ¬NÂ?ÈÔÁ2À�Ç ½SÑ Ç ¼ À�Ç ª ÆSÆ;I¬jÀkÅ�Ç ½ ¬�Ç ¼?½Ã ª7Ñ ÇR¬ ½ Æ ½ Á7Ç�Á ª Á(s À O Á ½Uª ¯ ½ ¬�À�Ç�È ª Á�Ç ¼ À�Ç(Þ°À Ñ ¯ ½ ¬NÅ ª ¬NÃ ½ Â9× {Ò½ ÞDÈÊËÔË ½eþ ¯?Ë ª ÈÊÇ(Ç ¼?½ Å-ÀkÆeÇ(Ç ¼ À�Ç
�	Ì&� ú � ú å 4 úSûSûSûSú å7ü?Ð	�1�	Ì�© ú � ú å 4 úSûSûSûSú å7ü2Ð§×p ½ Çb0�À5Á?ÂEþ�è ½ Ç ¼?½bU ¬ Ñ ÇDÇ¨Þ ª ¬ ª Þ Ñ?ª Å7ø£��ÀkË Ñ�ª Ë ½ Çyü�À5Á?Â�ÿ_è ½ Ç ¼?½£U ¬ Ñ Ç°Ç�Þ ª½ Ë ½ Ã ½ ÁBÇ Ñª Å	áb× »W¼?½ Á¶ÈÔÅ7øDä��.á g å�ÌéÃ ª ÂI?Ë ªGµ Ð Þ ½�¼ À^ë ½ å ² �ùå0´y�[��ÈÔÅgÀkÁ?Â ª Á?Ë¸ÿÖÈÔÅ70<¯^ä g ü�ÀkÁ?Âþ@¯kä g ÿb×ä: þ ÀkÆeÇ�Ë¸ÿ µ ü � ´ ë ½ ÆeÇ ª ¬ Ñ ä Ñ À�Ç�È Ñ Å�ÿ�Ç ¼ È Ñ Æ ª Á?Â?È¸Ç�È ª Á9ó+ÀkÁ?Â�Å ª ¬¤ÀkËÔË Ñ ?Æ ¼ ë ½ ÆeÇ ª ¬ Ñ Þ ½¼ À^ë ½ ø4Ìéä	Ð7�ùø$Ìéä�á�à�Ð§óRÞ ¼?½ ¬ ½ ø�à g Ì�© ú � úSûeûSû^ú �BÐ"ç�×è È¸ë ½ Á�0gó�þ�ó�üMóGÿ^óMÀkÁ?Âìà¤ó?ÞDÈÊÇ ¼ 0{P��Ì&� úeû^ûSûeú �7Ð§ó*þ{P��Ì&� úSûSûSûSú �7Ð§ó�0{P�¤þ�óMÀkÁ?Â�0�¯Sà g ©ÌéÃ ª ÂI?Ë ª|µ Ð§ó9Ç ¼?½ ¬ ½ À2¬ ½¶µ ´ ü � ´ ü � ´ Å�?Á?ÆeÇ�È ª Á Ñ øÒÞ°ÈÊÇ ¼ Ç ¼?½ ¯I¬ ª ¯ ½ ¬EÇ¨ÿ�Ç ¼ À�Ç¤ø4Ìéä	Ðy� ø$Ìéäá¿à_Ð



YIé ×«Ø½7CæÚÙd167YÛÅÜ®Ù��«Ùt1 /cÝ 7�Ùd7 Ò9Ó�Ô�ÓÖÕ
÷ ~ �© D�ß�D�L â È�â ß J~�·�~ �Þ ¼?½ Á ½ ë ½ ¬�0�¯�ä�Ã ª Â µ ��üÀkÁ?Â�þ�¯�ä�Ã ª Â µ �dÿ^× »°¼?½ ¬ ½ Å ª ¬ ½ Ç ¼?½ Ç ª ÇXÀkË	Á�?Ã�è ½ ¬ ª Å9Å�?Á?ÆeÇ�È ª Á ÑÆ ª ÃK¯I�ÇXÀ5è?Ë ½ ÈÔÁ�ÃÈÊÁ?ÈÔÃM?Ã Ã ½ Ã ª ¬EÿýÈ Ñ À�Ç°Ã ª5Ñ Ç µ ü Ì�² ÌéÅ ª ¬DÀ O Á ½ ÅÃ?Á?Æ§Ç�È ª Á Ñ Ð«¯?Ëd Ñ

Ì µ ü �S©bÐeÌ µ ü � µ Ð µ ´ Ì µ ü ��² ÐeÌ µ ´ J � ´ J�K(I Ð,� µ ´ J � ´ J�K(I Ì]4 ü Ì�² û
³ W ´ p ½ Ç�ø4Ìéä ² úSû^ûeûSú äMü2Ðê�¶�MÌéä ² úeûSûSûSú äMü �^² ÐWáÌ
¨HÌéä ² úSûSûSûSú ä	ü �^² Ð°ê�ä	ü2Ð�À Ñ ÈÔÁãõR×±©5×±©NM	ÌVnbÎ7ÐX×§ ½ ¯I¬ ½eÑ�½ Á7Ç�ÈÔÁ*)Y¨ÍÈÔÁ / Ø½; ó+Å ª ¬NÃ Ç ¼?½ ÆeË�À2 Ñ�½SÑRª Á ½ è7ÿ ª Á ½ ÈÔÁÍä § ÀkÁ?Â ×«Ø6è Ç ¼?½ Ã ÈÊÁBÇ ª ä	ü�óª è�ÇXÀkÈÔÁ?ÈÔÁ*)�¨jê_äMü�× § ½ ¯I¬ ½SÑN½ ÁBÇ�ÈÊÁ*)·��À Ñ À Ñ ?Ã ÌéÃ ª Â µ Ð ª Å	Æ ª Á © ?Á?ÆeÇ�È ª Á Ñ óBÅ ª ¬NÃ Ç ¼?½°Ñ ?ÆSÆ ½eÑ�Ñ È¸ë ½Æ ª Á © ?Á?ÆeÇ�È ª Á Ñ ÈÔÁ�ä § À5Á?Â �ÅÜ,1 Ç ¼?½ Ã ÈÔÁBÇ ª äMüßÞ ¼?½ ÁU¬ ½ ÀkÂ�ÿ7×Ìéñ ÇWÀ2¯I¯ ½ À2¬ Ñ Ç ª è ½ ÈÔÃK¯ ª7ÑNÑ ÈÔè?Ë ½ Ç ª¤½ ëkÀkË±2À�Ç ½ ÀkËÔËMÅ�?Á?ÆeÇ�È ª Á Ñ ÈÔÁ Ñ ÈÔÂ ½?ª Å]�£�Y©?¬ ½ )5È Ñ Ç ½ ¬ Ñ ÈÔÅ�Þ ½Â?È Ñ À5ËÊË ª ÞùÇ ¼?½ Á ª Á(s Æ^ÀkÁ2ÀkËÔÈ+LSÈÊÁ*) ª ¯ ½ ¬�À�Ç ª ¬ Ñ á À5Á?Â g ×IÓ«�Çy��� µ ¬ ½ )5È Ñ Ç ½ ¬ Ñ ÆSË ½ À2¬NËÊÿÖÂ ªýÑ  O Æ ½ ó½ ë ½ ÁÖÈÔÅ$Þ ½ ¬ ½SÑ Ç$¬NÈÊÆeÇ ª I¬ Ñ�½ ËÊë ½SÑ Ç ª Ç ¼?½ÚÑ ÈÔÁ*)5Ë ½¥ª ¯ ½ ¬�À�Ç ª ¬ ê × Ð³ l ´ à Ñ Ã ½ Á7Ç�È ª Á ½ Â�ÈÔÁÒÀkÁ Ñ Þ ½ ¬K©SÕ?óHÞ ½�ÑN¼Iª ?ËÔÂ ½eþ Ç ½ Á?ÂÒÇ ¼?½ Ç ½eþ Ç�h Ñ Â ½NU Á?ÈÊÇ�È ª Á ª ÅjÃ�ÈÔÁ?ÈÔÃM?Ã�sÃ ½ Ã ª ¬EÿÆ ª ÃK¯I�ÇXÀ�Ç�È ª ÁýÇ ª ÀkËÔË ª Þ÷À5Ë Ñ$ª�Ñ Ç ½ ¯ Ñ ËÔÈÊò ½ ä É Ù ö Ü Õ ä  Ù ö Ü g ö ä C Ù ö Ü óRÞDÈ¸Ç ¼ �	Ì���Ð�P�å�	Ì��¨ÐjÀkÁ?Â¨Ì���ÐKP�[�MÌ���Ð§ó9è ½ ÆSÀ� ÑN½ Ç ¼ À�Ç�ÞDÈÔËÊË7)5ÈÊë ½ è ½ ÇNÇ ½ ¬o¬ ½SÑ ?ËÊÇ Ñ Å ª ¬ÚÆ ½ ¬EÇXÀ5ÈÊÁ�ÅÃ?Á?Æ§Ç�È ª Á Ñ Ç ¼ ÀkÇÚÂ ½ ¯ ½ Á?Â ª Áª Á?ËÊÿßÅ ª I¬ ª Å$Ç ¼?½�U ë ½ ëkÀ�¬NÈÔÀ5è?Ë ½SÑ × »W¼?½ Á�Þ ½�U Á?Â ��� Ì ø	Ð	� Ì&� ú © úSûSûSûSú © Ù ú ©SÕBÐjÅ ª ¬�¬ ½SÑ ¯ ½ ÆeÇ�È¸ë ½ ËÊÿÌ µ ó µ ó?íRó µ ��ó�ô Ù ó Ù Î7ô�ó9©^ô�¡!��ó9©5�kÕBíkô�óRÕBõi¡!�5Õ?ó9© Ù íkô5ô!��ó9©^ô�Î!�5ô µ óB© µkÙ í5ô!��ó µ ©bí�Õ���óRÕBõ µ ó(�7ÐgÆeË�À Ñ�Ñ�½eÑª ÅRÅÃ?Á?Æ§Ç�È ª Á Ñ ûeûSû Ë ½ À^ë�ÈÊÁ*)_õ5íRó ô!�!ÎWÆSË�À Ñ�ÑN½SÑ ÌÏÀkÁ?Â�í5õ5í�ó ô�¡ Ù ó © Ù ¡ Å�?Á?ÆeÇ�È ª Á Ñ Ð9Å ª ¬9Þ ¼ ÈÔÆ ¼���� Ì ø�Ð7�d½è ½ Æ^À2 Ñ�½ Ç ¼?½ ÿ�Æ^ÀkÁ?Á ª Ç¤è ½½ ëkÀkË±2À�Ç ½ Â � � �!��� ÈÊÁ�Ã�ÈÔÁ?ÈÔÃM?Ã Ã ½ Ã ª ¬Eÿ5× »°¼?½ Ã ª5Ñ Ç�ÈÔÁ7Ç ½ ¬ ½SÑ Ç�ÈÔÁ*)Å�?Á?ÆeÇ�È ª Á ª Å�Ç ¼ À�ÇjòRÈÔÁ?ÂÈ Ñ ¯I¬ ª è2Àkè?ËÊÿìÌéä ² ê�ä�´^Ð ^ ÌéäB´9ê�ä 4 Ð ^ Ìéä 4 ê�ä�_�Ð ^ Ìéä�_$ê�äG\^Ð ^ ÌéäG\9ê�ä ² Ð§óÞ ¼ ÈÊÆ ¼�¼ À Ñ·� Ì ø�Ð�� õ�èI�Ç ��� Ì ø	Ð��Ï½¿× à Á ª Ç ¼?½ ¬_ÈÔÁBÇ ½ ¬ ½SÑ Ç�ÈÔÁ*)ýÆ^À Ñ�½ È ÑKê ÌNÌéä ² ^ äB´^Ð$á¡ä 4 Ð ^ÌNÌéäB´ ^ `ä�_bÐ2ê¤ä]\SÐ$ëMê ê Ìéä ² g ä�´SÐ ^ ä 4 ^ ä�_<ëSóRÅ ª ¬�Þ ¼ ÈÊÆ ¼>� Ì ø	Ð7��Î¤À5Á?Â ��� Ì ø�Ð7�Ì© Ù ×ÅìIÁ ½ ÞWÀ^ÿÇ ª�½ ëkÀkË±2À�Ç ½ Ç ¼ ÀkÇ�ÅÃ?Á?Æ§Ç�È ª Á�ÈÔÁ ½ È+) ¼ Ç Ñ Ç ½ ¯ Ñ È Ñ ä  ��ä ² ^ äB´kóHäGc���ä ² ^ ä�_7óHä�e�� äB´ á¡ä]ckóä98f�÷ä 4 á�ä  ó?ä ² § � ä�_jáÍä98kó2ä ²�² � äG\ ^ ä985ó?ä ² ´�� ä�e�êßä ² § ó?ä ²94 � ä ²$² êY`ä ² ´k×³$o9´ ñ¨ÅDÁ ª Ç^ó+Ç ¼?½ Ë ½ Å�ÇÀkÁ?Â�¬NÈ+) ¼ Ç Ñ ?è�Ç$¬ ½S½SÑRª ÅWÇ ¼?½ ¬ ª�ª Ç�ÃM Ñ Ç ª ë ½ ¬NË�À2¯9ó Ñ ÈÊÁ?Æ ½ Æ^À Ñ�½ ÌéÈ�Ð¤Å-ÀkÈÔË Ñ ×
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í íî îïð ñ ñò ò
ó ô

ñ ñò ò
ó ô

õ õö ö
÷ø

õ õö ö
÷ø �
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»°¼?½ Ç¨Þ ª Å�?Á?ÆeÇ�È ª ÁÍÆSË�À Ñ�ÑN½SÑMª ÅDÂ ½ ¯�Ç ¼ í�À2¬ ½ ¬ ½ ¯I¬ ½SÑ�½ ÁBÇ ½ ÂÍèBÿå�^´   _7Ìéä ² ú ä�´ ú ä 4 ú ä�_�Ð¤ÀkÁ?ÂÍä ² á�^´5ÌéäB´ ú ä 4 ú ä�_�ÐN�MÀ5Á?Â�Ç ¼Iª7ÑN½ Ç¨Þ ª ÅÃ?Á?Æ§Ç�È ª Á Ñ ó2Ç ª ) ½ Ç ¼?½ ¬WÞDÈÊÇ ¼ �^´kÌéä ² ú äB´ ú ä 4 ú ä�_�Ð°ÀkÁ?ÂÖÇ ¼?½ ¯2À2¬NÈÊÇ�ÿÅ�?Á?ÆeÇ�È ª Á�� ²   4 Ìéä ² ú äB´ ú ä 4 ú ä�_bÐ>� ä ² á äB´Iáùä 4 áùä�_7ó ¼ À^ë ½ Ë ½ Á*)5Ç ¼ ©bíR× � Ë Ñ$ªËw ú Ì
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Û?î9´�{Ò½ Á ½e½ Â ª Á?ËÊÿ�Æ ª Á Ñ ÈÔÂ ½ ¬WÇ ¼?½�Ù1µ Á ª ¬NÃÀ5Ë�Æ^À Ñ�½SÑ óMÀ Ñ ÈÔÁÖØJÈ+)?×2ô�ó Ñ ÈÔÁ?Æ ½ Ç ¼?½ Æ ª ÃK¯?Ë ½ Ã ½ Á7Ç ª ÅÀ Ñ ÿRÃÃ ½ Ç$¬NÈÔÆIÅÃ?Á?Æ§Ç�È ª ÁÖÈ ÑWÑ ÿ�Ã�Ã ½ Ç$¬NÈÊÆ5× »°¼?½ Á�Þ ½ ÆSÀ5Áº ÑN½ ¬ ½��2½ ÆeÇ�È ª Á9ó?ËÔÈÔò ½ � ²   ´5Ìéä	Ð7� � 4   _7ÌP`ä�Ð§ó¯ ª7ÑNÑ ÈÔè?Ë¸ÿ�Ç ª ) ½ Ç ¼?½ ¬gÞ°ÈÊÇ ¼ Æ ª ÃK¯?Ë ½ Ã ½ Á7ÇXÀkÇ�È ª Á9ó5ËÔÈÔò ½ � ´   4   _   \ Ìéä	Ð7� `�]§   ² Ìéä�Ð7� `� _   \ ÌP`ä	Ð§ó7Ç ª Â ½ ÂI?Æ ½Ã ª7Ñ Ç ª ÅgÇ ¼?½ ¬ ½ ÃýÀkÈÔÁ?ÈÔÁ*)�ÆSÀ ÑN½SÑ ×Mì_Å�Æ ª I¬ ÑN½ � ² ó�� ²   4   \RóHÀkÁ?ÂY� ²   ´   4   _   \ÚÇ$¬NÈÊë�ÈÔÀ5ËÊËÊÿ ¼ À^ë ½ Æ ª5Ñ Ç�Õ2×»°¼ À�Ç�Ë ½ À^ë ½SÑ�ª Á?ËÊÿ�� ²   ´   4   _ Ìéä ² ú ä ´ ú ä 4 ú ä _ ú ä \ Ð7� Ìéä ² áßä ´ Ð ^ Ìéä ´ áßä 4 Ð ^ Ìéä 4 áßä _ Ð ^ Ìéä _ áßä \ Ð§óÞ ¼ ÈÊÆ ¼ È Ñ Â?È Ñ Æ; ÑNÑ�½ Â�Å ª ¬�) ½ Á ½ ¬�ÀkËª��ÈÔÁ ½eþR½ ¬NÆSÈ ÑN½ õkô�×Û$"$´ � Ñ Á ª Ç ½ ÂÖÈÔÁ�Ç ¼?½ Ç ½eþ Ç^ó?Ç ¼ È Ñ Æ ª Á ©�½ ÆeÇ$I¬ ½Ú¼Iª ËÊÂ Ñ Å ª ¬��2/¿íR×Û B ´ ñ ÇJÈ Ñ�µ ´ J ��² �·���K©5ó�Ç ¼?½ Á�?Ã�è ½ ¬ ª Å?Á ª Á�Ç$¬NÈÊë�È�ÀkËBÁ ª ¬NÃÀkËBÅ�?Á?ÆeÇ�È ª Á Ñ × Ìéñ¨Á�À5Á7ÿ�Á ª ¬NÃÀkËBÆ ¼ ÀkÈÔÁª Å�Ë ½ Á*)kÇ ¼2; Ç ¼ À�ÇÚÂ ªB½SÑ ÁÓh Ç�ÈÔÁ?ÆeË±?Â ½ À5ËÊË ª ÅgÇ ¼?½SÑ�½ Å�?Á?ÆeÇ�È ª Á Ñ óHä*É�g°ä  Þ°ÈÔËÔËJè ½ ÀßÁ ½ Þ Å�?Á?ÆeÇ�È ª ÁÅ ª ¬ Ñ$ª Ã ½ �À5Á?Â��ýÈÔÁ�Ç ¼?½ ¬�ÀkÁ*) ½ ©·/Y� ú ��/¦��� ; ÀkÁ?Â Ñ$ª Ã ½ Á ª ¬NÃýÀkË9è?ÈÔÁ2À2¬Eÿ ª ¯ ½ ¬�À�Ç ª ¬hgG� Ñ�ªÞ ½ ÆSÀ5ÁÖÆ ª ÃK¯I�Ç ½ À�Á ½ ÞùÅÃ?Á?Æ§Ç�È ª ÁÖÞ°ÈÊÇ ¼Ö½ ë ½ ¬Eÿ�Á ½ Þ Ñ Ç ½ ¯9óI?ÁBÇ�ÈÊË9Þ ½ h ë ½ ) ª ÇWÇ ¼?½ Ã À5ËÊËÏ× ÐÛ*R9´ ØMÀkË Ñ�½ ×4Ø ª ¬ ½eþ ÀkÃw¯?Ë ½ ó5ÈÔÅ*��� � ²   4 Ìéä ² ú äB´ ú ä 4 Ð4À5Á?Â�¨�� ��´   4 Ìéä ² ú äB´ ú ä 4 Ð§ókÇ ¼?½ Á � Ì8�$¨MÐ7�ùíÈ Ñ Ç ¼?½ Æ ª5Ñ Ç ª ÅJÀ�Å�?ËÔËHÀkÂ?Â ½ ¬|�2èI�Ç_ø�� ��´   4 Ìéä § ú ä ² ú äB´ ú ä 4 Ð ¼ À Ñ Æ ª5Ñ Çf¡(èBÿßØJÈ+)?×2ô�×Û W ´��g½SÑ�T°»°¼?½Mª ¯ ½ ¬�À�Ç�È ª Á Ñ Z äB´£Õ ä�´jáÍä ² ó	ä ² Õ ä ² á¡ä 4 ó�ä ² Õ ä ² ê.`äB´kó�ä ² Õ ä ² áÍä 4 óäB´fÕ äB´�á�ä 4 h�Ç$¬�À5Á Ñ Å ª ¬NÃ Ìéä ² ú ä�´ ú ä 4 Ð ÈÊÁBÇ ª ÌÏæ ² ú æ § ú ä 4 Ð§×Û l ´ p ½ Ç�®$��¤®$ ���®já�ÌéäDá¶å?ÐN�(¬G�� ÌNÌ�® áìå?Ð �ÖÌéäDá¶å?ÐNÐ�á�¬$ó$¬G ���ÌNÌ�®já¶å�Ð ^ ÌéäIá¶å�ÐNÐ?á�¬H×»°¼  Ñ Þ ½ Æ^ÀkÁ Ñ�½ Ç7¬ § ���?ó!® § � ä ² ó!¬�Éf� ÌNÌ�®�É ��² áäB´9É Ì�² Ð ^ ÌéäB´�É?áäB´�É Ì�² ÐNÐ�á�¬�É ��² ÈÊÅ$�ÚÈ Ñæª Â?Â9ó¬�Éf� ÌNÌ�®�É ��² á¶äB´9É Ì�² Ð �ÖÌéäB´9ÉHá¶äB´�É Ì�² ÐNÐ?á�¬*É �^² ÈÔÅ*��È Ñj½ ë ½ Á9ó?ÀkÁ?Â�®�Éf�¤®�É ��² á�ÌéäB´9ÉHá¶äB´9É Ì�² Ð§óª è�ÇXÀkÈÔÁ?ÈÔÁ*)�Ì�¬ É ® É Ð ´ � Ìéä ² � ¯|¯|¯i�¡ä ´9É Ì�² Ð	Ã ª Â�ÕßÅ ª ¬M©�/¦�E/ � ��3 µ �7× ÝR½ Ç�ä ü Ì�² �Ç�ýÈÊÅ	��È Ñ½ ë ½ Á9× »W¼?½ Å�?Á?ÆeÇ�È ª Á µ Ìéä ² �¤¯|¯|¯5�ÍäMü2Ð	Ã ª Â�Õ,�2� º � `¬�� ü�³�´�� êË`®�� ü�³$´ � È Ñ Ç ¼?½ ¬ ½ è7ÿ¶Æ ª ÃK¯I�Ç ½ ÂÈÔÁ � í���3 µ ��� µ¤Ñ Ç ½ ¯ Ñ ×
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»°¼ È Ñ Æ ª Á Ñ Ç$¬�?ÆeÇ�È ª Á�È Ñ ÂI ½ Ç ª p�×�Í?× Ý Ç ª Æ§òBÃ ½ ÿ ½ ¬Só5Þ ¼Iª ¯I¬ ª ë ½ Â�Ç ¼ À�ÇgÈÊÇgÈ Ñ Á ½ À2¬NËÊÿ ª ¯�Ç�ÈÊÃýÀkËÏ×ñ¨ÁìÅéÀkÆeÇ^ó2Ç ¼?½ ¬ ½SÑ ?ËÊÇ ª Å ½eþ�½ ¬NÆSÈ Ñ�½ Î��(Ç ª ) ½ Ç ¼?½ ¬WÞDÈÊÇ ¼ ØJÈ+) Ñ ×MôÀ5Á?Â�©�� Ñ�¼Iª Þ Ñ Ç ¼ À�ÇIÈÊÇIÈ Ñ À�ÇIÃ ª5Ñ Çª Á ½ÚÑ Ç ½ ¯�Ë ª Á*) ½ ¬WÇ ¼ ÀkÁìÀ�è ½SÑ Ç?¯ ª5Ñ�Ñ ÈÔè?Ë ½ Æ ¼ ÀkÈÔÁ9ó?Å ª ¬°À5ËÊËª� = íR×ñ¨Á?ÆSÈÔÂ ½ ÁBÇXÀkËÔËÊÿ7ó�Ç ¼?½ ÀkÁ2ÀkË ª ) ª  Ñ Å ª ¬NÃM?Ë�À�¬    � ÌNÌ�®Dá�å?Ð�ê¶Ìéä�áÒå?ÐNÐ	áY¬ÖÿRÈ ½ ËÔÂ Ñ Ì�¬    ®  Ð ´ �ÌNÌ�¬�®�Ð�´$�ä���å?Ð	Ã ª ÂÚÕ?× »°¼?½WÑ ÈÔÃK¯?Ë ½ ¬Vs Ë ª�ª òRÈÔÁ*)IÅ�?Á?ÆeÇ�È ª ÁÖÌNÌ�¬�®�Ð�´$�ä��å�Ð	Ã ª Â�Õ�Æ ª5Ñ Ç Ñ ¡?ó5Á ª Ç�í�×Û*o9´»cª ) ½ Ç¤ÀkÁ»I¯I¯ ½ ¬�è ª ?Á?Â9ó+À ÑNÑ ?Ã ½ Ç ¼ À�Ç ½ ÀkÆ ¼ Å�?ËÔË�ÀkÂ?Â ½ ¬ ª ¬ ¼ ÀkËÔÅ ÀkÂ?Â ½ ¬�ÈÔÁ?Æ;¬ ½ À Ñ�½eÑ Ç ¼?½Â ½ ¯�Ç ¼ è7ÿ Ù ×4ñ¨ÅMÇ ¼?½ ¬ ½ À2¬ ½ ü É ¼ è?È¸Ç Ñ�ª Å2Þ ½ Èr) ¼ Ç µ É ÀkÁ?Â�Â ½ ¯�Ç ¼Ù â2ókÞ ½WÑ Æ ¼?½ ÂI?Ë ½ À�ÇgÃ ª5Ñ Ç�Ñ8ü É ¼ 3 Ù ÒÑ ?è ÑN½|j  ½ ÁBÇIè?ÈÊÇ Ñ?ª Å4Þ ½ Èr) ¼ Ç Ñ ¸ µ É ú µ É Ì�² ¹�ÀkÁ?ÂìÂ ½ ¯�Ç ¼¶Ù Ì&â��³©bÐ§×jñ ÇIÅ ª ËÔË ª Þ Ñ èBÿ�ÈÔÁ?ÂI?ÆeÇ�È ª ÁÖÇ ¼ À�Ç
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h¸» � �$��� � �0¼ ��½�� � ��¾c¿�¾ ��À�� ¾ � ��� �CÁ8�qÂ � � � � � � � � � ��Â3� ¾ � � �ÄÃ �q� � �Ä½0� ¾ � � � ��Å � ��� ���A� �C� » �¶ÆwÇ�È�É�ÊÄË ���� »8� � �Ä½0� ¾ � � � �gÀ ��¾ À � ¾c� » � ¾;� � À ��¾kÌ � ���A� �1Ífÿ��3�����kÎ � ¾ Á��qÂ � � ��� �q�Ï� ��¼ �Ä½0� ¼ » � ¾ � ����� � �k� � �Ï¾ ��À�� ¾ � ��� ���� Á � �Q� ���Ï� �����A��¼ � ¼ � � � » � � � � � � Ì � � ��� À � » �Q��½=� ¾ � � � � Í
�=Ð�� Ì � ��¾k� � � � Å ��� Å �q� Å �q� Í� %_Á ¾ � � � ¾ Ã � ��Â À ���0� ���A� ��� Å�È�ÊÄÊ � �q¾kÌ �q�' �=� � � ��� À ���0� ���A� ����Í� j %�Î�� ¿CÌ ��� ��� Á�� �Ä½0� ¾ Å ��� Å �0� Í� % Ã � ¾k� �qÑ0� �gÀ ����� ���A� ��� Å �wÐ=� Í� % Ã � ¾k� �qÑ0� �gÀ ����� ���A� ��� Å ��Ð=� Å ���wÐ���� Å �q� Å �q� Å �q� Í� % Ã � ¾k� �qÑ0� �gÀ ����� ���A� ��� Å0Ã�Å �wÐ���� Å �q� Å ��� ÍÒ0Ó � � � ¼ � Î�� ¿ �&��� Ì � Å0Ã�Å ��� Å ��� Å �4� Å �q� ÍÔ � � �A¾ ��� � ¾ � ���A� � Å ���2Õ ¾ �q��¼ ��Ì
Ö ��½ � Ì Á0� ��Å� Å ��� Å ��� Å ��� ÍÔ À �0��� ���A� � Å � Å ��� Å �q� Å ��� Å ��� Í
ÿ�¼0¼ � ���A� � Å Ñ � �8� ¾c¿ Å ���yÐ��w� Å �0�ÄÐ=�4� Íÿ�¼0¼ � ���A� � Ì
� ¼���� � � �q�0¼ � Å �q� Íÿ�¼0¼ � ���A� � Ì
� ¼���� � � Å �q� Íÿ�¼w×k�q� � ��� ¿CÌ � ��¾k� ½�Å ��� Å ��� Íÿ;Ø
� �QÀ ����� ���A� ��� Å ���wÐ4��� Íÿ �AÙ � � Å8Ú � Î&� ¾ ¼ Ú � � »���Î&� ¿ Å � Íÿ��A� % ��Û �8��� À ����� ���A� � �_Ü onü d � Å �4� Íÿ�� � � Å � � Â4� �_Ý�Þ�ß�à�á�â�ã+� Å �q� Å �q� Íÿ Ì � ¾ � � Å f0�q�0� Å ��� Íÿ����q� ¿ � � � � À �q�AÂ ��¾k� � » Ì � Å �q� Í�X^I] Â�� � � � �_ä9� Å � ÍÎ � � » Ã �q����� Ì]� ��Ñ � � Å � Í�X^I] % �&å �y»8� � �0� Å ��� Å �q�wÐ0��� Í�X^I] % �&å Ð ^X� ó �Ä»8� � ��� Å ��� Å�È�ÊyÊ#Æ�æ È�çj&�q�8��� �Aè�� ��Â��y»8� � ����Íÿ�Á0Á ¾k� ½ �AÌ � � � � ¿ ¼ � � �qÌ Á � �y��Ñ�� �gÀ �0��� ���A� �0� Å �q� Íÿ��k» � ��»4� ¾ � � Å i � Ñ � ¾c�Ïé1� Ã�� �k� Å �=� Å ��� Íÿ��k� � � � � ��� Ã�� � Á � ¾ � ����¾ � Å �=� Å �4� Å �4� Íÿ�� ¿0Ì Á ���q��� � Ì � � » � ¼�� Å ����Ð���� Å �4��Ð=��� Í
'&�qÑ0Ñ8�qÂ ��Å jl»8� ¾ � � � Å ��� Å �=� Å ��� Å �0� Í'&�qÑ0Ñ8�qÂ ��Å�Ú;� � ¾c¿3ê9¾k� Ã � � � Å �4� Í'&�q� Ù Î�� ¾ ¼0%+� �qÌ Á�� � � ���A� �CÁ ¾k� ��� � Á�� ��Å � Í'&�q¼ Á�� �A¾ � Å �q��Ð0��� Å �q�wÐ0��� Í' � �A�\� � � � Á�» � � � é ��Ñ ��¾ � ���q¾k� � � Å ��� Í' � ¾ � � Ù � Ì Á Å �6� Î ¿ �3iÏ�q�AÁ0» Å ��� Í' � Â ¾ ��Á�»1ë�ÿìÑ � Á8� ¾c��� � � Â ¾ ��Á�»1Í' � �8� ¾c¿ �q¼0¼ � ���A� � Å �q�ÄÐ��w� Å ���yÐ0��� Í' � �8� ¾c¿ � �qÌ Á8� ¾k� � � � À ���0� ���A� � Å ��� Å �0�yÐ���� Í' � �8� ¾c¿ ¼ � � � ¼ � ¾ Å ��� Å ��� Í' � �8� ¾c¿C¾ � ��� ¾k¾ � ��� � � Å �w� Å ��� Å �q� Å �4� Í' � �8� ¾c¿���¾ ��� � Å � Å � Å �4� Í' � �8� ¾c¿ %+� � ¼ � ¼ ¼ � � �AÌ �q�í¼ � Â � � � Å ��� Í' � Á8� ¾c��� � � Â ¾ ��Á�»�� Å ��� Å �4� Å �=� Í' � Á8� ¾c��� � � Ì � � �y» � ��Â Å �q� Í' � � Î � � � � Á � ¾ � ���A� ��� Å �wÐ0� Å ��� Å �q� Å ��� Í'l�A� Ì Å � ��¾ Ñ � ¾c�;î � ¾ � Å �q� Í' �=� � �qÅ8ï�� ��¾ Â ��Å �4� Í

' �=� � � ���C�Ä»�� � ��� Å ��Ð��q� Í�X^I] % �&å Å ��� Å ����Ð0��� Í�X^I] % �&å Ð ^X� ó Å ��� Å �4� Å �4� Í�����8�q� �Aè�� �0Â Å ��� Å ��� Å �4� Í¼ ��ð � � ���A� � � À(Å � ÍÌ
� � �q��� � ��Å �q� Å ����Ð0�4� Í� À � Ã � ¾k� �qÑ0� � � Å ��Ð0� Í� À � Ã � ¾k� �qÑ0� � � Å ��Ð0� Å ����Ð���� Å �q� Å �q� Å ��� Í� À � Ã � ¾k� �qÑ0� � � Å=Ã�Å ��Ð���� Å �q� Å �4� Í� À Ì �q� ¿ Ã � ¾k� �qÑ�� � � Å ���wÐ���� Å �=�ÄÐ0��� Í� Á ���AÌ
�Aè � ���A� � � À(Å �q��Ð���� Å ��� ÍÎ � � » � ��Ã�� ¾ ��� � � � Á�� � � Å ���yÐ���� Å ����Ð��0� Å�q��Ð0�q� Å �q�wÐ0��� Í' �=�q� � ��¾ ��Á�Á � ��Â Å �4� Å �4� Í' � Á�Á8���8� Å i;� Ã � '&��Ñ�� Å ��� Å ��� Í' ��¾k� � Å �6��¼ ¾ ��Å ��� Í' �q�k����Ì %_�0Á � ¿ � � » � � � � Å ��Ð0� Å �q� Å �q� Í' ¾ � ¿4��� � Å i � Ñ � ¾c�;îg� �0Â Å �q� Í' ¾ � � � Å i � �y»8� ¾ ¼ ê � �A¾ � �qÅ �=� Í'!ñ���y» � Å�ò ��� � ���Ïi � �Ä»8� ¾ ¼ Å ��� ÍóVô ó % ^X� ó Â�� � � � � õ.� Å � Å � Å ��� Í���_��� Å � Å �w��Ð���� Å�È�ÊyÊ j � � �Ï� À �<' �=� � � ���À ����� ���A� �1Í���_� »9ö�ö�ö � j � Å ��� Í� l �_��� Å ��� Å ��� Í� j �_��� Å �wÐ0� Å ��� Å ��� Íj����8�q� �Aè�� ��Â��Ä»�� � ��� Å �q� Å �q� Å �=� Íj����8�q� �Aè�� ��Â � Á � ¾ � ����¾ � Å ��� Å ��� Å ��� Å ��� Íj�� ¾ � � Å �q� Å �=� ÅVÈ�ÊyÊQÆ�æ ÈÄç!÷ � �1ø � %+��� ¾ � ��Íj�� ¾k¾c¿ Ñ � � � Å ��� Å ��� Å �4� Å �4� Íj�� � ø ��Â�� Ì ��Å ��� Å �=� Å �w� Íj �A¾ ��� � � � Å ' �=� � � ��� Å � ÅVÈ�ÊyÊ ' �=� � � �q�C�y»8� � ����Íj&� � Û � � � Å ��� Íj&� � ��� ¾ � ����¼ � ¾�� � � � ¾ � � � ���A� � Å �q� Í_;^
� ë8j � ��×c���0� ��� Ã�� � ��¾kÌ �q� À �q¾kÌ Å � Å ��� Å �4� Íj � � ��¾k� ��Â � À Â ¾ ��Á�»�� Å ���wÐ���� Íj �qÌ Ñ � �8� ���A� �8�q��� ��Ì Á�� �Ä½ � �_¿ Å � Å ����Ð���� Å�È�ÊÄÊj � � �Ï� À �
' �=� � � �q� À ����� ���A� �1Íj �qÌ Á8� ¾ � ����¾&Ì<� ¼���� � � Å ��� Íj �qÌ Á8� ¾k� � � � À ����� ���A� � Å Ñ � �8� ¾c¿ Å �w� Å �0�ÄÐ0�q� Íj �qÌ Á�� � Ì � � ��� À �<' �=� � � ��� À ����� ���A� � Å��Ð=� Å ��� Å ��� Íj �qÌ Á�� � � � Ñ � Á8� ¾c��� � � Â ¾ �qÁ0»�� Å �4� Å �q� Íj �qÌ Á � � � ���A� � � À�À �0��� ���A� �0� Å �4� Íj � ��¼ � ���A� �8�q� %+��� Ì ��¼�¼ � ¾ � Å �0�ÄÐ0��� Íj � ��� � ��� ��� Ã�� � � Å �0� Å �4� Íj � � ��¾k� �íÂ ¾k� ¼�� Å � Íj � �4Î&� ¿ Å�ò � »�� Ú ��¾c��� � Å ��� Íj �=�qÙ ��Å8ïg� ��¾ Â � � ¾ � Ù=� � ��Å ��� Íj � � ��� À �<' �=� � � ��� À ���0� ���A� � Å � Å ��� Å����Ð���� Å �q�wÐ0�q� Í� � � ��� � ��� ��� Å � Å � Å �q��Ð=��� Í�q�



	�� ÷ ����ÿ�� ÷´ï é �Qf�f$ÿgi�ù ã�u
jl� ¾c��� � Å�ÚÏ� ¾ Ñ � ¾c� ÿ��A� � � Å � Å ���wÐ��q� Í
� �_��� Å � ÅVÈ�ÊyÊ�÷�� Á � » � À �
' �=� � � �q� À �0��� ���A� �íÍ÷��#ú � �Ä» � � � Å8ï �A� Ã �q�0� � Å �q� Í÷�� � � ¼ � ¾ Å Ñ � �8� ¾c¿ Å ��� Å ��� Í÷�� � ��Ì Á � � � ���A� � � À�À ���0� ���A� ��� Å �=�ÄÐ��q� Å �q�wÐ0�4� Í÷�� � ��Ì Á � � � ���A� � � À Á8� ¾c��� �q� À ���0� ���A� ��� Å �w��Ð��q� Í÷�� Á � » � À �
' �=� � � �q� À ���0� ���A� � Å � Å � Å ���wÐ=�4� Å ��� Í� � � ��� � ��� ��� Å � Å � Å ����Ð4�8� Í÷�� Á � »0% ð ¾ � � � � � ¾ �y» Å �q� Í÷�� � � ¾kÌ
� �8�q� � � Å ��� Å ��� Í÷ � ��Â � ���q� �Aè � ���A� � Å �q� Í÷ � �b× ��� � � ¼ � � �qÌ Á � � � ���A� � Å �=�ÄÐ0��� Í÷ � � ��¾k� Ñ�� ��� Ã�� ����Î Å �q� Í÷ � Ã � ¼ � �q��¼ � � � Û � � ¾ Å ��� Å �=��Ð4�=� Í]X^
� ë ÷ � �b×c����� ��� Ã�� � �q¾kÌ �q� À �q¾kÌ Å � Å �4� Í÷ � �1ø � %+��� ¾ � � Å ��� Å �w� Å �w��Ð0�q� Å ��� Å �4� Å �0� Í
�6� � � ��¾k� ���q� � ��Â � � ��� ¾ � Å � Å � Å � Å �q� Å ��� Å ��� Å �q� Í�6�AÂ �q� Å j&�q� Ã � ��j ¾ � � ��� � Å �q� Í� Ã �q�A�8� ���A� � � À ' �=� � � ��� À ���0� ���A� ��� Å �wÐ���� ÅÈ�ÊyÊ ' �=� � � ���C�y»8� � ����ÍR8�q�=% � �íë<�Ï» � �=� Ì Ñ � ¾Ï� À � ��Á0� � � ��� �Â4� � ��Å � Å � Å ��� ÍR8�q�=% � � � ë<��» � �4� Ì Ñ � ¾�� À ��� � � � À �Â4� � ��Å � Å � Å ��� ÍR � ��Î � � Ù Å ê � � � ¾ ú �>ÿ��0��� ¿ Å �=� ÍR � Ñ � �8����� � Å é � � ��� ¾ ¼ � Å � À ê6� ��� �_û é � � �8� ¾ ¼ �ð � �A� ' � �8��� �A�íê6� �y��� � � Å �4� Ì Ñ � ¾ � Å �4� Å �=� Í� » ¾ � ��» � �A¼ À ����� ���A� ��� Å �q� ÍR � � �AÙq� ÃíÅ ' ��¾k� �o	 Ã ��� � Ã � �y» �_ü!ý�þ�ý�ÿ������������ý
	�����qþ
����ý
��� Å ��� ÍR � � � � � � � � � � ��¾ �q���k¼���� � ¾ � Å ��� ÍR � ���y» � ¾ Å�ú � �Ä»�� � � ò � »0� Å ��� Å �4� ÍR � Ã�� % Ã � ¾k� �qÑ�� �gÀ ����� ���A� ��� Å=ÃíÅ �wÐ���� Å ��� Å �4� ÍR �=�q� Á ¾k� � � � Å � ÃíÅ ��Ð�� Å �w� Å ��� Å �q� Å �q� Å �q� Å �4�wÐ4�4� ÍR ��¾kÌ ������� �qÌ Á�� ��½ � �(¿ Å�È�ÊyÊ é � ��Â � » � À �' �=� � � ��� À ���0� ���A� �1ÍR � � ¾ % Ã � ¾k� ��Ñ�� �QÀ ����� ���A� ��� Å ��Ð0� Å ���wÐ���� Å�q� Å �q� Å ��� ÍR ¾ ��� ��¾ ��� � Å ��� ÍR����A�1�q¼�¼ � ¾ � Å �q�ÄÐ��w� Å �q� Å ��� Å �4� Å �0� ÍR������ ���A� �8���1¼ � � ��Ì Á � � � ���A� � Å �0�ÄÐ0��� Å ����Ð0��� Í
ï � Ì � � ÅVÈ�ÊÄÊ � � ��% � ����% ��� � Íï � ¾ ¼�� � ¾ Å�ú � ¾c��� � Å �w� Íï � � � � Å � Å � Íïg� � � ¾ �q� �Aè � ¼�� � ��� � ���k��� Å ��� Íï �=� ¼CÁ8� �A¾ � Å ��� Å ����Ð0��� Í#���t ó � � Á�» � ¾ Å �q� Íï ¾ � ¿ Å R ¾ ��� Ù Å Ñ � �8� ¾c¿ � � ¼ �qÅ �4� Íï ¾ ��� ¼ ¿ ���AÂ �q¾k� � » Ì Å ��� Íï ¾ ��� ¼ ¿ % À �=�q� Á ¾k� � � » � � ¾k� � ��� � Å ����Ð���� Å �q� Å �4��Ð=�4� Íï � ¾ Ã � �y» Å
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ß�à�á;â<ãä å;æ çá2è�á2é2â<ã á2è�á2é2â<êä å;æ ç5ä å;æ çë8ì)í èîã ë8ì�í è Ý ë8ì)í èïê ë8ì�í ègðä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2èîã ñ ì á2è á ñ ì á2è Ý ñ ì á2è Ü ñ ì á2èïê ñ ì á2è<ò ñ ì á2èîð ñ ì á2ègóä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô º8õ/õ/õ ô)ö ô ¼$õ/õ�õ ô�÷;øùô�÷ À7õ�õ/õ ô �tú ô � Á7õ/õ�õ ô ú ÷ûô ú/� õ/õ/õ ô ú�ü ô Á�º7õ/õ/õ ô Á öýô Á�¼$õ/õ/õ ô)øtøýô)ø À7õ�õ/õ ô À ú
ß�à�á;âÿþä å;æ çá2è�á2é2âÿþ á2è�á2é2â á Ýä å;æ ç5ä å;æ çë8ì)í ègþ ë8ì)í è á ã ë8ì)í è áÅÝ ë8ì�í è á êä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2ègþ ñ ì á2è�� ñ ì á2è á ã ñ ì á2è á<á ñ ì á2è á Ý ñ ì á2è áÅÜ ñ ì á2è á ê ñ ì á2è á òä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô ÀtÁ7õ/õ/õ ô)öÅ÷ûô)ö � õ/õ/õ ô)ö ü ô ¼;º8õ�õ/õ ô ¼ öýô ¼�¼$õ/õ�õ ô ü ø ô ü À7õ/õ�õ ô�÷ º ú ô�÷ º�Á7õ/õ/õ ô�÷t÷�÷lô�÷�÷ � õ/õ/õ ô�÷t÷ ü ô�÷ � º8õ�õ/õ ô�÷ � ö
ß�à�á;â á ðä å;æ çá2è�á2é2â á ð á2è�á2é2â Ý ãä å;æ ç5ä å;æ çë8ì)í è á ð ë8ì)í è á þ ë8ì)í è Ý ã ë8ì�í è Ý�Ýä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2è á ð ñ ì á2è á ó ñ ì á2è á þ ñ ì á2è á � ñ ì á2è Ý ã ñ ì á2è Ý�á ñ ì á2è ÝbÝ ñ ì á2è ÝaÜä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô�÷ � ¼$õ/õ/õ ô�÷ ú ø�ô�÷ ú À$õ/õ/õ ô�÷ Á ú ô�÷ ÁtÁ8õ�õ/õ ô�÷;øÅ÷lô�÷;ø � õ/õ�õ ô�÷2ø ü ô�÷ Àtº7õ/õ/õ ô�÷ À öô�÷ À�¼$õ/õ/õ ô�÷2ö�øô�÷;ö À$õ/õ/õ ô�÷ ¼ ú ô�÷ ¼;Á8õ�õ/õ ô�÷ ü ÷
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ß�à�á;â Ý êä å;æ çá2è�á2é2â Ý þ á2è�á2é2â Ý êä å;æ ç5ä å;æ çë8ì)í è Ü ã ë8ì)í è Ý þ ë8ì)í è Ý ð ë8ì�í è Ý êä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2è Ü�á ñ ì á2è Ü ã ñ ì á2è Ý � ñ ì á2è Ý þ ñ ì á2è Ý ó ñ ì á2è Ý ð ñ ì á2è Ý ò ñ ì á2è Ý êä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô � ø�ø õ/õ/õ ô � Á�¼ ô � Á ö õ/õ/õ ô � Átº ô �tútü õ�õ/õ ô �tú/� ô �tú ÷ õ/õ�õ ô �t� Á ô �t�tú õ/õ/õ ô � ÷ À ô � ÷;ø õ/õ/õ ô � º/¼ ô � º ö õ/õ/õ ô � º�º ô�÷ ütü õ�õ/õ ô�÷ ü��
ß�à�á;â á ðä å;æ çá2è�á2é2â Ý ã á2è�á2é2â á ðä å;æ ç5ä å;æ çë8ì)í è Ý�Ý ë8ì)í è Ý ã ë8ì)í è á þ ë8ì�í è á ðä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2è ÝaÜ ñ ì á2è ÝbÝ ñ ì á2è ÝVá ñ ì á2è Ý ã ñ ì á2è á � ñ ì á2è á þ ñ ì á2è á ó ñ ì á2è á ðä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô�÷ ü ÷ õ/õ/õ ô�÷ ¼;Á ô�÷ ¼ ú õ/õ/õ ô�÷;ö À ô�÷;ötø õ�õ/õ ô�÷ À�¼ ô�÷ À ö õ/õ�õ ô�÷ Àtº ô�÷2ø ü õ/õ/õ ô�÷;ø � ô�÷2øÅ÷ õ/õ/õ ô�÷ Á�Á ô�÷ Á ú õ/õ/õ ô�÷ ú À ô�÷ ú ø õ�õ/õ ô�÷ � ¼
ß�à�á;âÿþä å;æ çá2è�á2é2â á Ý á2è�á2é2âÿþä å;æ ç5ä å;æ çë8ì)í è á ê ë8ì)í è á Ý ë8ì)í è á ã ë8ì�í ègþä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2è á ò ñ ì á2è á ê ñ ì á2è á/Ü ñ ì á2è á Ý ñ ì á2è á<á ñ ì á2è á ã ñ ì á2è�� ñ ì á2èîþä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô�÷ � ö õ/õ/õ ô�÷ � º ô�÷�÷ ü õ/õ/õ ô�÷�÷ � ô�÷�÷t÷ õ�õ/õ ô�÷ º�Á ô�÷ º ú õ/õ�õ ô ü À ô ü ø õ/õ/õ ô ¼�¼ ô ¼ ö õ/õ/õ ô ¼;º ô)ö ü õ/õ/õ ô)ö � ô)ö/÷ õ�õ/õ ô ÀtÁ
ß�à�á;â<ãä å;æ çá2è�á2é2â<ê á2è�á2é2â<ãä å;æ ç5ä å;æ çë8ì)í ègð ë8ì�í èïê ë8ì)í è Ý ë8ì�í èîãä å;æ çä å;æ çä å;æ çä å;æ çñ ì á2è<ó ñ ì á2èîð ñ ì á2ègò ñ ì á2èïê ñ ì á2è Ü ñ ì á2è Ý ñ ì á2è á ñ ì á2èïãä å;æ çä å;æ çä å;æ ç5ä å;æ ç5ä å;æ çä å;æ çä å;æ çä å;æ çô À ú õ/õ/õ ô)ø À ô)øtø õ/õ/õ ô Á/¼ ô Á ö õ�õ/õ ô Á�º ô ú�ü õ/õ�õ ô ú�� ô ú ÷ õ/õ/õ ô � Á ô �tú õ/õ/õ ô�÷ À ô�÷2ø õ/õ�õ ô ¼ ô)ö õ�õ/õ ô º
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� ú Ú ù õ��
���������g� G ����í J � o�§ ß �!�;í�� � í c�O�N-O'\ji�§�U|]:L<h ]-\_ZXQVW�`+Z:\_WRY|b�Q:L/P hgb�Q�h+Y�Z���lz�.hjO'm	" Þo<Z�\ � 7 Þu7 í#
 b�Q�m[�aZ:\�O�hgb�Q:P þ 	 � m�hjO%l�m�hgb�Q�hDQ:\�O¦P�Z�h+m|b
L/ojhgm r

� 2 ý û]ÚGõ
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�M�#���%�q� � õQô ë 	 ýPüSê õ ú þ Ú ù�ê ú éPêA�Jë ù�ù Ü ù Ü = éPê ù ë]ê�ü d£�µô �
�mê ô ë û5ÚÝõ ê��&ê�ë �@ÚÝû ê ÷@í " �� ê@ü�ü ô � ô�õPö = éPê ù ë]ê�ü û7d�à¥¤ à¥d!�ià¦¤y�Sô�õPö ú éPê Ú ë � ù ë ù þÝþ ô ë Ú ê û�ô ë]ê ö ýPê ú7ù
��� � ë ù öPõJÚ ù à!¤ � � � b Ú þ ú ê@ë û ê õfàËô�õJö©å � ° � b ý õ ë ù à ï+O�Y-h#�-\�O¨§TZ�hjO'mRL/P è Z:��l r!© Y_L rª êW«�ê ä ÷ (V(V� ç àÎ íV9 ,f ½ (&àz;tô�û ê ö ù õ ê ô ë]þ Ú ê�ëNè ù ë|ù ù Ü b Ú þ ú ê�ë û ê õ�ÚÝõ ï+OqY:h#�-\�O¦§TZ�hjO#m�L/Pè Z:��l r¬© Y_L r ª ìWW ä ÷ (V( 9 ç à. V í ,f ¼" ÷ �b ô�õ 2�ý õPû ù þ 1 ê ö�l ýPê û ú Ú ù õJû ë]ê@ü ô�ÚÝõ ä û ê�ê5êq��ê@ë ��ÚÝû ê û ÷<íV9 , ÷ ½ � ç � � ù ëAêq� ô ük�PþÝê à¶ö ù ê ûû]ÚÝö ê�è ô 2 ûLô�öPöPÚ ú Ú ù õ ë]ê l ý Ú ë]ê ü ä þ ù 	 §µç û ú êq� û�ÚÝõ�ô�õ § <;PÚ ú ; ë ù ô�ö è ù ë öu� é ô�ÚGõ¬® ³ ô�õ ú éPê
� ô ë Ú ú 2 Ü ý õ
� ú Ú ù õ äh¯ Þ ç ü ù ö í à ù ë ú éPêaü ô°� ù ë Ú ú 2 Ü ý õy� ú Ú ù õ ¸ ¯ Þ � § ÿ í ºÍàÎ; ê � ù ü��Jý ú ê öû ý ;Pû ú ô�õ ú Úáô þGþ´2 Üiô�û ú ê@ë ú é ô�õ ¯ Þ`Ú ú û ê@þ ÜWà�; ë ù ô�ö è ù ë ö è ÚÝû ê ®
I�±�GW²A² �_³_´ G�µ ³Ý� ±�µ �O¶@³*� C ´ µ�C ¶�·�� GW² þ¹¸ J¬º ù è�þÝê ú�> û ý û ê û ù ü�ê ù Ü è5é ô ú èDê > 1 êAþÝê ô ë õ ê öfà
; 2 Ú ü��JþÝê�üSê õ ú ÚÝõy	,ô�û]Ú ü��JþÝê ô þ 	 ù ë Ú ú éPü ��� Ú 1 ê õjô�öPÚ/	 ë ô �Pé ù õ ôhû ê úCù Ü 1 ê�ë ú Ú/� ê û ò à èDêè5ë Ú ú ê � òiò �»� è5éPê õ ú éPê�ë]ê > û�ô�õ|ô ë ��Ü ë ù ü � ú7ù � � = éPê � }�o-r�¼�o-m|q_½¾q_{_¿�À �#� m�½Á}|Â ÚÝû ú7ù
? õPö ô þÝþ 1 ê�ë ú Ú�� ê û ú é ô ú þ Ú ê ù õ ù ë Ú ê õ ú ê ö � ô ú é ûT; ê 	¶ÚGõPõPÚÝõ
	jÚÝõ�ô�û �mê ��Ú ?Jê ö�û ê ú ~»Ã ò �ÚÝõ ù¶ú éPê@ëCè ù ë öPû@à èDê û ê�ê�ù ú éPê û ê úÄ ß ð � ñ � òiò � � � Ü ù ë û ù ü�ê � ï ~ ó�Ù ä/å@æ�Å¶ç
è5éPê@ë]ê � òiò � � � ü�ê ô�õPû ú é ô úEú éPê�ë]ê ÚÝûrô,û ê l ýPê õ
� ê ù Ü@�Cô ë �@û��ßÆ� �fòiò � � �Jòiò � ����� òiò � �WÇ ß � Ù Ü ù ë û ù üSê � 3 � � ä/å@æ-È�ç
= é ÚÝû �Pë ù ; þÝê�ü ô ë ÚÝû ê û�Ü ë]ê l ýPê õ ú þ´2 ÚÝõ �Pë ô-� ú Ú/� ê � � ù ëhê�� ô ü��JþÝê à èDêaê õ
� ù ý õ ú ê�ë]ê ö�Ú ú ÚÝõ
ä ê � ú Ú ù õ í �¾½.� " è5éPê õ ü ô ë|ù ÚÝõ
	Sô þÝþfê�þÝê@ü�ê õ ú û ù Ü � ÚÝû ú û ú é ô ú ô ë]ê õ ù�ú 9%	�ô ë ;tô-	 ê � ;° Ü ú éPê õ ýPü ; ê@ë ù Ü 1 ê@ë ú Ú/� ê ûrÚÝûËû ü ô þÝþ àmû;ô 2 ñ òañ�6 9  Jà èDê,ü ô 2jè ô�õ úËú7ù ô �
�Pë ù ô-� éú éPê�ë]ê ô-� é ô-;PÚ þ Ú ú 2��Pë ù ; þÝê�ü ÚÝõ�l ý Ú ú ê ôLöJÚ/� ê�ë]ê õ ú è ô 2 ú é ô�õ èDê öPÚÝö�; ê Ü ù ë]ê àf; 2Sè ù ë|ù ÚÝõy	öPÚ ë]ê � ú þ´2aè Ú ú é û ý ;Pû ê ú û ù Ü 1 ê�ë ú Ú�� ê û � � ê ú

� ¸ � º ß ð � ñ � òiò �É� ó ä/å@æ-Ê�ç
; ê ú éPê û ê úEù Ü�û ý �q� ê û]û ù ë û ù Ü 1 ê�ë ú êq� � àPÜ ù ë ô þÝþ � ïuò � = éPê õ ú éPê Ü ù þÝþ ù è ÚÝõy	�ô þ 	 ù ë Ú ú éPüÚÝûjô þÝü ù û ú � ù ü��JþÝê ú ê@þ´2 öPÚ/� ê@ë]ê õ ú Ü ë ù ü � þ 	 ù ë Ú ú éPü í � ½.� " ¶ à 2�ê ú Ú ú û ù þ 1 ê û ú éPê û;ô ü�êô-;Pû ú ë ô-� ú �Pë ù ; þGê�ü �
I ��·����#³ µ þ E ÿ´ä s }�o-r�¼�o-m�q�½¾q_{_¿ ç �Ë� Ú 1 ê õ ô û]Ú ük�PþÝê öPÚ ë]ê � ú ê öF	 ë ô �Pé à ë]êq�Pë]ê û ê õ ú ê ö�; 2ú éPê û ý �q� ê û]û ù ë û ê ú û � ¸ � ºFÚGõ ä/å@æ-Ê�ç à ú é ÚÝû,ô þ 	 ù ë Ú ú éPü � ù ük�Pý ú ê û ú éPêaê@þÝê�üSê õ ú û Ä ú é ô úô ë]êLë]ê ô:� é ô-; þÝê Ü ë ù ü ô�	�Ú 1 ê õ û ê ú ~ �ÿ ª J ¸ ° õPÚ ú Úáô þ Ú/æ ê � º ä ê ú Ä eÌ~cô�õPö ð eÎÍ � ä ° õ ú éJê Ü ù þÝþ ù è ÚÝõ
	hû ú êq� û@à ð ÚÝû ú éPê û ý ;Pû ê úù Ü 1 ê@ë ú Ú/� ê û � ï8Ä Ü ù ëCè5é Ú/� é�èDê > 1 êNþ ù�ù ù�ê ö`ô ú � ¸ � º � çÿ ê J ¸ Ï ù õ ê ®_º ° Ü ð ß Ä à ú éPê ô þ 	 ù ë Ú ú éPü ú ê�ë]ü ÚÝõtô ú ê û �ÿ�ÐdJ ¸ ¶ � ô ü ÚÝõ ê ô�õ ù¶ú éPê�ë 1 ê@ë ú ê�� � º � ê úy� ; ê ô�õ ê�þGê�ü�ê õ úAù Ü Ä7Ñ ð �Dä ê ú ð e ð û ð � ó�àÄ e Ä û � ¸ � ºÍàJô�õPö ë]ê ú ýJë õ ú7ù û ú êq� d í �= éPê ô þ 	 ù ë Ú ú éPü ÚÝûT� ù ë]ë]ê � ú ; ê �<ô ý û ê ä Ú ç ê 1 ê@ë%2nê�þÝê@ü�ê õ ú �Pþ ô-� ê ö�ÚGõ ú7ù Ä ÚÝû ë]ê ô-� é ô-; þÝê �ä ÚÝÚ ç ê 1 ê@ë%2 ë]ê ô:� é ô-; þÝêhê�þGê�ü�ê õ ú£� Õ ÚÝõ ä/å@æ-È�ç ÚÝû �Pë]ê û ê õ ú ÚÝõ Ä à�; 2 ÚÝõPö ý � ú Ú ù õ ù õ�5 � ô�õJöä ÚÝÚÝÚ ç ú ê�ë]ü ÚÝõtô ú Ú ù õ ê 1 ê õ ú ý ô þÝþ´2 ù ��� ýPë û@à
; ê �<ô ý û ê û ú êq� d ½ ô þ è ô 2 ûEÚÝõ
� ë]ê ô�û ê û ñ ð ñ �
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= ù Ú ük�PþÝê�üSê õ ú � þ 	 ù ë Ú ú éPü d èDêËè Ú þÝþ ô�û]û ýPü�ê ú é ô ú ò ß ð�� Ù ÷ Ù pqp�p Ù § ò ÷ ó�à è Ú ú é§ 6 9  � = éPê û ê ú ð ÚÝûT� ù õ 1 ê õJÚ ê õ ú þ/2Që]êq�Pë]ê û ê õ ú ê ö�; 2 ú éPê ÚÝõ ú ê 	 ê@ëÕÔ ä�ð�ç ß×Ö ð í#Ø ñ� ï ð ó�àCô�õPö ú éJê û;ô ü�ê � ù õ 1 ê õ ú Ú ù õ è ù ë|ù û�õPÚ�� ê�þ/2 Ü ù ë ú éPê ù¶ú éPê@ë û ê ú û�~Oà Ä àCô�õJö
� ¸ � º � º ù�ú Ú�� ê ú é ô úºú éPê ;PÚ ú û ù Ü � ¸ � º�à � ¸ ÷ ºÍà pqpqp à � ¸ § ò ÷ ºmô ë]êEê û]û ê õ ú Ú1ô þÝþ/2 ú éPê o-Ù�Ú�o-r�}�Û)r|¿Â�o�{ � qÓÜ ù Ü ú éPê 	¶Ú 1 ê õ�öPÚ�	 ë ô �Pé à�ô�û ê��.�Pþ ô�ÚÝõ ê ö�ÚÝõ ä ê � ú Ú ù õR��à¼; ý ú ÚÝõ þ Ú ú]ú þÝê  ê õPöPÚ1ô�õ ù ë ö ê�ë �= éPê 9/öPÚáô:	 ù õtô þ ; ê@þÝê�üSê õ ú û@à è5é Ú�� é ú ê�þGþPý û è5éPê ú éPê�ë ù ë õ ù¶úy� ï � ¸ � ºÍà¼	 ù Ü ë ù ü�ë Ú/	 é úAú7ùþÝê Ü ú � � ù ërê�� ô ü��JþÝê àtÚÝÜ § ß ½ ô�õPö ú éPê ô ë �@û�ô ë]ê ð�� � � Ù � � ÷ Ù ÷ � � Ù í � � ó�à èDêhé ô 1 ê� ¸ � º ß ä � ÷�÷ ç ��ô�õPö � ¸ ÷ º ß � ¸ í º ß ä �V� ÷ ç �¶à è5é Ú þÝê ú éJê ô�ö#�7ô-� ê õy� 2 ü ô ú ë Ú � ÚÝû�Ý�ÞhÞ_ßÞ�ßSßÞ�ßSßhà �ä ú ê�� d ½ ô þÝþ ù è û ý û ú7ù � é ù�ù û ê ô�õ 2�ê�þÝê@ü�ê õ úµù Ü ÄÑ ð à�û ù èDêAý û ê ú éPêFë]ýPþÝê�ë Ü ý õ
� ú Ú ù õ� e ��ä Ô ä Ä ç ò Ô ä�ð�ç]ç ú7ù � é ù�ù û ê ú éJê û ü ô þÝþÝê û ú � = éJê ;PÚ ú è ÚÝû ê ù �mê�ë ô ú Ú ù õPû ë]ê l ý Ú ë]ê õ ùÜ ýPë ú éPê�ë ú ë Ú�� ù�ê�ë%2aè5éJê õ èDê ô�ötô � úEú éPê ô þ 	 ù ë Ú ú éPü ú7ùâá�á¬ã�ä �$ ���W·�� G�E ÿªä s }�o-r�¼�o-m|q_½¾q_{_¿ ç � = éPê ÚÝõ �Pý ú û ê ú ~pÚGûT	�Ú 1 ê õ�ÚÝõ ë]ê 	�ÚÝû ú ê�ë4å à ô�õJö ê ô-� éû ý ��� ê û]û ù ë û ê ú � ¸ � ºËô �
�wê ô ë ûaÚÝõ ù � ú ô:; 2 ú ê bçæ ¸éè�ê)ë ñ � � º � = éJê ù ý ú �Pý ú û ê ú Ä è Ú þÝþô �
�mê ô ë ÚGõ ë]ê 	¶ÚGû ú ê�ë ì �&ù¶ú éPê@ëEë]ê 	�ÚÝû ú ê�ë û è àîímà�í�ímà ê àJô�õPö8ï é ù þ ö ÚÝõ ú ê@ë]ü�ê öPÚ1ô ú ê�ë]ê û ýPþ ú û �ð�ñ%ò�óÉô#õ�ö ì�÷�å ø ù!ú�û[ücý-þ�ÿ�þ���� þ�����û �
	���������ð�� ô#õ�ö ï ÷�� ø ��	���������ð�� � á��  "! ø #%$'&)("�ð+*-,]óÉô/.102. í�í ÷ í ÷ ò 3 453 ù)6]û�7�8���9Õþ ý1�)��ý1:#ÿ<;1�>=�?��>=�ÿ@�A8<û B/B
	CBEDçø/�ð�F ô"G2HIH ê ÷ í�í ÷ í 3 453 J 	CK1LB"�NM OAPQP5LR/S/�UT<�ð/V ô"WX. è ÷ ê ÷ , 3 453 Y 	�Z J �ð"[ W2H]\^. è ÷ è�ê)ë ÷ è 3 453 Y 	����_`M J Ta���ð�b G�c2H1c í�í ÷ í ÷ í�í 3 453 B�B'	dBfehgfB/B�ij(�kI�ð�l \^m ï ÷ ï ÷ í�í 3 453 n 	 nporqsJut/vXwAx�y�w{z Os|X�
	C� 3 ( k |2O z~}2� P���ij�� n ���ñ�ð \^m ì�÷�ì�÷ è 3 453 4 	 4ho _`M J T vXwAx�y�w�z O+|X�'	d� 3/Y |�O z�}2� PN��ij�� 4 ���ñ�ñ  óÉô/.102. í ÷�ì�÷ ï 3 4�3�� ø ùf�-û��E:�ý1�^� B
	d�ED���ij�� 4h��n ��|2O z�}2� P nd��4 �ñ�� � 0�c�� í ÷ ,X0 3 4�3�� ø�#%$'&f� z��%4p�i n �
= éPê ú7ù�ú ô þFë]ý õJõPÚÝõ
	 ú Ú üSê ÚÝû ä�� ñ (/� ç ñ Äkñ¶ñ �/� � � 2 � ù õ ú ë ô�û ú à ê��&ê�ë �@ÚÝû ê ÷ ½ ÷ Ú ü��PþGê ü�ê õ ú û � þ 	 ù ë Ú ú éPü d è Ú ú é�þ ÚÝõ ù�ê ö þ ÚÝû ú û �µú éPê ù�1 ê�ë ô þÝþºê��&ê � ý ú Ú ù õ ú Ú ü�ê ú éJê õF	 ë ù è û ú7ùä ½ � ñ  ñ Äkñ ò í ñ ~ ñ_ñ ÷ ç�� ñ ä " � ñ ÷<í ñ Äkñ ò�" ñ ~ ñ_ñ  ç ��à è5éJê�ë]êA� ß Ö Ø�� ( ñ � ¸ � º ñ � ä � ý úù Ü�� ù ýPë û ê ú é ô ú �Pë ù 	 ë ô ü ÚÝûrô þ û ù ô-; þÝê ú7ù é ô�õPö þÝê 	 ë ô �Pé û è Ú ú é ü Ú þÝþ Ú ù õPû ù Ü 1 ê@ë ú Ú/� ê û � ç¶ �&ê�ë ��ÚGû ê ÷ ½ í �Jë]ê û ê õ ú û ô�õ ù¶ú éPê@ë ÚÝõJû ú ë]ý � ú Ú 1 ê ô þ 	 ù ë Ú ú éPü³è5éPê�ë]ê ;PÚ ú è ÚÝû ê ù �mê�ë ô ú Ú ù õPûè ù ë|ù õPÚ/� ê@þ´2 ù õjõ ù¶ú  ú7ù�ù  þ ô ë 	 ê 	 ë ô �Pé û �
I�²C² �_³�´ G<µ ³Ý� ± µ �×¶ G�µ�G � C�² � C ¸ C<±Wµ�G<µ ³Ý� ±�J ³ ù ü��Pý ú ê@ë ûjô ë]ê ;PÚGõtô ë%2 à¦; ý ú ä ô þ ô�û|® çú éPê�è ù ë]þ ö|ÚÝû]õ > ú � ) ê ù Ü ú ê õ ühý û ú ? õPö�ô è ô 2 ú7ù ê õy� ù ö ê õ ù õf;PÚÝõtô ë%2 ötô ú ôQÚÝõ ú7ù � ûô�õPö ÷ û �¦ø õ ê ù Ü ú éPê�ü ù û ú � ù ü�ü ù õ �Pë ù ; þÝê@ü û ù Ü ú é ÚÝûrû ù ë ú ÚÝû ú7ù � é ù�ù û ê ô�õ êqµ �@Ú ê õ úë]êq�Jë]ê û ê õ ú ô ú Ú ù õjÜ ù ë Ú ú ê@ü û ú é ô ú �<ô�õ£; ê ÚGõ êq� ô-� ú þ´2 ú éJë]ê�ê öJÚ/� ê�ë]ê õ ú û ú ô ú ê û �

ä ý
�y� ù û êjèDê�ù õ ù è ú é ô ú Þ ïÀð g Ù�i<Ù j ó�àDô�õPö èDêjè ô�õ úSú7ù ë]êq�Jë]ê û ê õ ú Þ¢; 2 ú è ù
;PÚ ú ûrÞ � Þ�± � ) ê � ù ýPþ öoàtÜ ù ërê�� ô ü��PþGê à ü ô � gr�� �V� à)i �� � ÷ àwô�õJö j��� ÷ � � � ý ú5ú éJê�ë]êô ë]êhü ô�õ 2 ù¶ú éPê�ë@� ù û]û]Ú�;PÚ þ Ú ú Ú ê û2� ÚÝõQÜiô-� ú à� R� é ù Ú/� ê û�Ü ù ë g à ú éPê õ ½ � é ù Ú/� ê û�Ü ù ë i<àoô�õJöí Ü ù ë j à ü ô ù ÚÝõ
	 í  aô þ ú7ù 	 ê ú éPê@ë �Dä ù ü�ê ù Ü ú éPê û êLü ô �y� ÚÝõ
	�û ü Ú�	 é ú ; êNühý � é ê ô�û]Ú ê@ë ú7ùö ê ô þfè Ú ú é ú é ô�õ ù�ú éJê�ë û@àPö ê��mê õJöPÚÝõ
	 ù õ è5é ô ú èDêLè ô�õ ú5ú7ù ö ù è Ú ú é Þ �� Ú 1 ê õ ú è ù ê�þÝê@ü�ê õ ú ûCÞµÙ% ïnð g Ù�i�Ù j ó�à èDê ú 2.� Ú��<ô þÝþ´2Sè ô�õ úEú7ù � ù ü��Jý ú ê�� ß Þ x màÜ ù ë û ù üSê ;PÚÝõmô ë%2 ù �mê@ë ô ú Ú ù õ x � ° ÜµÞ ß Þ � Þ�±�ô�õPö£ ß  � X± ú éJê õ � ß � � � ±�à è5éJê�ë]ê� � ß ¡ � ä Þ � Ù/Þ�±�Ù% � Ù|-± ç ô�õPö � ± ß ¡ ± ä Þ � Ù]Þ�±¶Ù| � Ù%X± ç � ä/å�å@æ�ç
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ú éPê û ê � ù�ù þÝê ô�õ Ü ý õ
� ú Ú ù õPû ¡ � ô�õPö ¡ ± ù Ü Ü ù ýPë 1 ô ë Ú1ô-; þÝê û5ö ê��mê õPö ù õ x ô�õPö ú éPê � é ù û ê õë]êq�Jë]ê û ê õ ú ô ú Ú ù õ � ) ê û ê�ê�ù ô ë]êq�Pë]ê û ê õ ú ô ú Ú ù õ ú é ô ú ü ô ù�ê û ¡ � ô�õJö ¡ ± ê ô�û 2 ú7ù � ù ü��Pý ú ê �
ä ý
�y� ù û ê àmÜ ù ërê�� ô ü��JþÝê à ú é ô ú ð g Ù�i�Ù j ó ß ð ò ÷ Ù � Ù ñ ÷ óOô�õPö ú é ô ú x ÚÝû ü,ýPþ ú Ú �Jþ Ú/�<ô:ú Ú ù õ � ° Ü èDê ö ê �@ÚÝö ê ú7ù ý û ê ú éJê õtô ú ýPë ô þfü ô �
� ÚÝõy	OÞ �� Þ ü ù ö ½ àPõtô ü�ê@þ´2

� �� �X� Ù ñ ÷ �� � ÷ Ù ò ÷ �� ÷ � Ù ä/å�å�å<ç
û ùOú é ô ú Þ ß Þ�±Eò�Þ � à ú éJê õ ú éPê ú ë]ý ú é ú ô-; þÝê ûCÜ ù ë ¡ � ô�õPö ¡ ±�ô ë]êLë]ê û �mê � ú Ú 1 ê�þ´2¡ ��� �V�V�I���V� ÷ �:� ÷ �I�X�X�"�X� ô�õPö ¡ ± � �V�V���:� ÷ �I���V� ÷ �X�"�X�X� p ä/å�å�»�ç
ä = éPê@ë]ê ô ë]ê û ê 1 ê õÉ9/ö ù õ > ú <�<ô ë]ê û@à ;nÜ ù ë ��ô�û ê û è5éJê�ë]ê Þ � Þ�± ß�÷�÷ ô�õPö � ù ë  � -± ß�÷�÷ � ç= éPêEüSê ú é ù öPû ù Ü ä ê � ú Ú ù õ�� � ÷ � í�ú ê�þÝþPý û é ù è ú7ù � ù ü��Pý ú êE� � ô�õPö � ± ù � ú Ú ü ô þGþ´2 à�õtô üSê�þ´2� � ß ä Þ �1¡  � ç�¢nä Þ�± ¡ X± ç Ù � ± ß ä Þ �1¡ -± ç�¢�ä Þ�± ¡  � ç � ä/å�å�õ�ç
ý õPÜ ù ë ú ý õtô ú ê�þ/2 ú éPê Ü ý õ
� ú Ú ù õJû ¡ � ô�õPö ¡ ±5ÚGõ ä/å�å�»�ç ô ë]ê ÚÝõJö êq�mê õPö ê õ ú à�ÚGõ ú éPê û ê õJû ê ú é ô úú éPêq2 ��ô�õPõ ù¶ú ; ù¶ú é ; êNê 1 ô þÝý ô ú ê ö�ÚÝõ Ü ê>èDê@ë ú é ô�õ¤£ äv¡ � ç ñ £ äv¡ ± ç ß©9 û ú êq� û �

ø õ ú éPê ù¶ú éPê�ëEé ô�õPö ú éPê û ù ü�ê>è5é ô ú þGê û]ûEõtô ú ýPë ô þfü ô �y� ÚÝõ
	�û|� éJê�ü�êñ ÷ �� �V� Ù � �� � ÷ Ù ò ÷ �� ÷ � ä/å�å�k�ç
þÝê ô�öJû ú7ù,ú éJê ú ë ô�õPû]Ü ù ë]ü ô ú Ú ù õ�Ü ý õ
� ú Ú ù õPû

¡ ��� �V� ÷ ���V�V�I� ÷ �V�I�X�X�"�X� ô�õPö ¡ ± � � ÷ ��� ÷�÷�÷ ��� ÷ �I�X�"�X�X� Ù ä/å�å°z�ç
ô�õPö ú éPë]ê�ê ù �mê�ë ô ú Ú ù õPûEõ ù è û ý
µ � ê ú7ù ö ùOú éPê ö ê û]Ú ë]ê ö ê 1 ô þÝý ô ú Ú ù õ��� ± ß Þ�±f¥a-±�Ù � � ß ä Þ �1¡  � ç�¢§¦� ± p ä/å�å°¢�ç

° û ú éJê�ë]ê ô�õ ê ô�û 2�è ô 2 ú7ù öPÚÝû|� ù�1 ê@ë û ý � é Ú ü��Jë ù�1 ê@ü�ê õ ú û|® � ù ë ú ý õtô ú ê�þ´2�èDê ö ù õ > úõ ê@ê ö ú7ù`ú ë%2 ô þGþ í  � ù û]û]Ú/;PÚ þ Ú ú Ú ê û@à�; ê ��ô ý û ê�ü ô�õ 2 ù Ü ú éPê@ü ô ë]ê ;mô�û]Ú��<ô þÝþ´2 ô þ Ú ù�ê � � ù ëê�� ô ü��JþÝê à ú éPê�ü ô �
� ÚÝõ
	�Þ �� Þ�±@Þ � ÚÝû ê l ý Ú 1 ô þÝê õ ú,ú7ù Þ �� Þ � Þ�±�à�; ê �<ô ý û ê ú éPê õ ê�èë]êq�Jë]ê û ê õ ú ô ú Ú ù õjÞW�� ÞW�± ß Þ ± Þ � ù ; ú ô�ÚGõ ê ö�; 2 û è ô �
� ÚÝõ
	�� ù�ù ë öJÚÝõtô ú ê û ü ô ù�ê û¡ �� ä Þ � � Ù/Þ �± Ù% �� Ù% �± ç ß � �� ß � ± ß ¡ ± ä Þ � Ù/Þ�±�Ù% � Ù|-± ç �ú éPê õ ê>è ú ë ô�õPû]Ü ù ë]ü ô ú Ú ù õ�Ü ý õ
� ú Ú ù õPû ¡ �� ô�õJö ¡ �± ö êq? õ ê ö£; 2¡ �� ä Þ � Ù]Þ�±�Ù% � Ù%X± ç ß ¡ ± ä Þ�±�Ù/Þ � Ù%X±�Ù| � ç Ù ¡ �± ä Þ � Ù]Þ�±�Ù| � Ù%X± ç ß ¡ � ä Þ�±�Ù/Þ � Ù|-±�Ù% � ç ä/å�å�Å¶ç
é ô 1 ê ú éPê û;ô üSê � ù ük�PþÝêq� Ú ú 2 ô�û ¡ � ô�õPö ¡ ± �[ä Ú ü Ú þ ô ë]þ´2�èDê �<ô�õ8� ù ük�PþÝê�üSê õ ú ô�� ù�ù ë öPÚ´õtô ú ê à þÝê ú]ú ÚÝõ
	OÞW�� ÞW�± ß ¦Þ � Þ ± ��ú éPê õ ú éPê ú ë ô�õPû]Ü ù ë]ü ô ú Ú ù õ�Ü ý õ
� ú Ú ù õPû ú ýJë õ ù ý úEú7ù ; ê¡ �� ä Þ � Ù]Þ�±�Ù% � Ù%X± ç ß ¦¡ � ä�¦Þ � Ù/Þ�±�Ù ¦ � Ù%X± ç Ù ¡ �± ä Þ � Ù]Þ�±¶Ù| � Ù%X± ç ß ¡ ± ä�¦Þ � Ù/Þ�±�Ù ¦ � Ù|-± ç Ù ä/å�å°È�ç
ô�õPöQô-	�ô�ÚÝõ ú éPê � ù ük�PþÝêq� Ú ú 2 ÚÝû ê û]û ê õ ú Ú1ô þÝþ´2�ý õ
� é ô�õ
	 ê ö �d ê��mê ô ú ê ö ý û ê ù Ü°û è ô �
� ÚGõ
	Oô�õPö%� ù ë � ù ü��PþGê�ü�ê õ ú ô ú Ú ù õ þÝê ô�öPû ú7ù ê Ú�	 é ú ü ô �
� ÚÝõy	¶ûú é ô ú ô ë]ê5ê l ý Ú 1 ô þGê õ ú�ú7ù ô�õ 2 	�Ú 1 ê õ ù õ ê ��ä ùLú éPê í  � ù û]û]Ú/;PÚ þ Ú ú Ú ê û ë]ê ö ý � ê ú7ùNù õ þ´2 ú éPë]ê�ê àè5é Ú/� é�èDê û é ô þÝþ �<ô þÝþ � þ ô�û]û ê û ° à °|° àtô�õPö °|°|° �

³ þ ô�û]û ° ³ þ ô�û]û °|° ³ þ ô�û]û °|°|°¨ ©�ª «5¨ ©�ª «'¨ ©�ª «g¬�� �X�¦� ÷5÷ � ÷�÷ �V� ÷ �[� ÷r÷¶÷ �V�[� ÷r÷ � ÷�÷ �V� ÷ �¦� ÷r÷�÷ �V�¦� ÷5÷ � ÷�÷ �V� ÷ �¦� ÷5÷�÷]�i �� � ÷ �V� ÷�÷r÷ � ÷ �¦�V� ÷�÷ � ÷ � ÷ �V� ÷�÷5÷ � ÷ �[�V� ÷¶÷ � ÷5÷�÷r÷ �[� ÷ �V� ÷�÷ � ÷r÷ �[�V� � ä/å�å°Ê�çjN�� ÷ � ÷�÷ �V�¦� ÷ � ÷r÷�÷ �V� ÷ � ÷�÷5÷ �¦� ÷ �V� ÷�÷ � ÷r÷ �¦�V�[� ÷ �V� ÷�÷5÷ � ÷ �¦�X� ÷�÷ � ÷ �



½ � Æ>=@?T¿�À*É�ÈyÁA=zÅ�ÀÝÈ@B�ÈCB�D�=zÅ�À*Á�ËA?�Ã�EGF)H%È@I � � ÷ �¾½
Û ÓqÒhT Ù�Û T à Ð|Ó#Õ à ÐÎ�k� Ú Ó ÞQ Û Ó Z Ù T Ô Ð%Ñ�Òvâ� T Ô Ö Ü Ò�Ò��_Ö Ú á|Ð%× ÒvÓ Ô ÒQ Û Ó Z Ù T Ô Ð%Ñ�Òvâ

= ù � é ù�ù û ê ô ë]êq�Pë]ê û ê õ ú ô ú Ú ù õ èDê õ ê�ê ö²� ù õPû]ÚÝö ê@ë ù õ þ´2 ù õ ê�ë]êq�Pë]ê û ê õ ú ô ú Ú 1 ê ù Ü ê ô-� é
� þ ô�û]û � � ù ë�êq� ô ük�PþÝê àtÚÝÜ g ß ñ ÷ à[i ß � à°ô�õPö j ß ò ÷ à ë]êq�Pë]ê û ê õ ú ô ú Ú ù õ ä/å�å�å<ç ; ê�þ ù õy	¶ûú7ù � þ ô�û]û °|° àwô�õPö ä/å�å�k�ç ; ê�þ ù õ
	�û ú7ù � þ ô�û]û ° � ³ þ ô�û]û °|°|° ú ýPë õPû ù ý ú�ú7ù é ô 1 ê � ù û ú ½ à þ Ú ù�ê� þ ô�û]û ° �zä ù Ú ú ô �
�mê ô ë û ú é ô ú ë]êq�Pë]ê û ê õ ú ô ú Ú ù õ ä/å�å�k�ç ÚÝû�ô�û�	 ù�ù öhô�û ô�õ 2 à è Ú ú é� � ù ü��Jý ú ê ö; 2 ä/å¶å°¢�ç àPÜ ù ë ú éJê ½  ê�þÝê@ü�ê õ ú ü,ýPþ ú Ú �Pþ Ú/�<ô ú Ú ù õ �Pë ù ; þÝê@üÅèDê > 1 ê ; ê�ê õ û ú ý ö 2 ÚÝõ
	 �

� �
�mê ô ë ô�õy� ê û[�<ô�õfà é ù èDê 1 ê@ë à
; ê ö ê � ê Ú 1 ÚÝõ
	Jà�; ê �<ô ý û êLèDê õ ê�ê ö õ ù¶ú ü ô � ð g Ù�i�Ù j óÚÝõ ú7ù�® Û<q@¯ ® } ú è ù <;PÚ ú � ù ö ê û � ³ ù õPû]ÚÝö ê@ë ú éPê ù õ ê  ú7ù  ü ô�õ 2�ü ô �
� ÚGõ
	ñ ÷ �� �V� Ù � �� � ÷Nù ë ÷¶÷ Ù ò ÷ �� ÷ � Ù ä/å�»¶æ�ç
è5éPê@ë]ê ; ù¶ú é � ÷ ô�õJö ÷¶÷ ô ë]ê ô þÝþ ù èDê ö�ô�û ë]ê��Pë]ê û ê õ ú ô ú Ú ù õPû ù ÜDæ ê@ë ù � = éPê ú ë]ý ú é ú ô-; þÝê ûÜ ù ë ¡ � ô�õPö ¡ ±�ô ë]ê õ ù è l ý Ú ú ê öPÚ/� ê@ë]ê õ ú Ü ë ù ü ä/å¶å�»�ç ô�õPö ä/å�å°z�ç àf; ê ��ô ý û ê ô þGþ ÚÝõ �Jý ú ûDô ë]êþÝê 	�ô þ ; ý ú û ù ü�ê ù ý ú �Pý ú û[�<ô�õ�; ê ô ë ;PÚ ú ë ô ë%2 �

¡ ��� �I� ÷ �"�X�X�X� ÷ �:�I�X�X�"�X� ô�õPö ¡ ± � � ÷ � ÷�÷�÷�÷�÷ � ÷ � ÷�÷¶÷�÷�÷ p ä/å�»&å<ç
� õPöNÚÝõNÜiô-� ú à ú é ÚÝûµô �
�Pë ù ô-� é õ ê�ê öJû�� ý û úµú è ùEù �mê@ë ô ú Ú ù õJû@à<ÚÝõPû ú ê ô�ö ù Ü ú éPê ú éPë]ê@ê ÚÝõ ä/å�å°¢�ç �� � ß Þ ��¡  � Ù � ± ß Þ�±f¥�X± p ä/å�»V»�ç
� ü ù ü�ê õ ú�> û ú é ù ý 	 é ú û é ù è û ú é ô ú ÚÝõJö ê�ê öfà ú éPê û ê ù �wê�ë ô ú Ú ù õPû ù ; 1 Ú ù ý û þ´2�2 Ú ê�þ ö ú éPê
�Pë ù ö ý � ú � ß Þ �  è5éPê õ ú éPê ú éPë]ê@êFê@þÝê�üSê õ ú û ð�ñ ÷ Ù � Ù�ò ÷ ó5ô ë]êDë]êq�Jë]ê û ê õ ú ê öSô�û ÚÝõ ä/å�»¶æ�ç �

ä ý � é õ ù õ ý õPÚ l ýJê,ü ô �y� ÚÝõ
	�ûNô�öJö ½ 9 ü ù ë]ê�� ù û]û]Ú/;PÚ þ Ú ú Ú ê û ú7ùaú éJê í  ú é ô ú èDêOé ô�ö; ê Ü ù ë]ê � � ý ú ô:	�ô�ÚÝõfà ú éPêq2�ë]ê ö ý � êrý õPö ê�ë 9 í <� ý ; êrê l ý Ú 1 ô þÝê õ
� ê ; ú7ù ôNû ü ô þÝþ õ ýPü ; ê�ë ù Üê l ý Ú 1 ô þÝê õy� ê � þ ô�û]û ê û � � Ú ë û ú5ú éPê�ë]ê ô ë]ê ú éJë]ê�ê � þ ô�û]û ê û ú é ô ú èDê ��ô þÝþ °�°�± à °�°�² àmô�õPö °�°E³ àö ê��mê õPöJÚÝõ
	 ù õ è5é Ú/� é ê@þÝê�üSê õ ú é ô�û�ô�õ`ô ü ;PÚ/	 ý ù ý û ë]êq�Jë]ê û ê õ ú ô ú Ú ù õ��
³ þ ô�û]û °�°�± ³ þ ô�û]û °�°N² ³ þ ô�û]û °�°E³¨ ©�ª «5¨ ©�ª «'¨ ©�ª «g¬�� ��� �I� ÷ � ÷ �E�:�'�:�
� ÷ � ÷r÷�÷5÷ �¦� ÷ �V� ÷�÷ � ÷r÷ �¦�V� ÷ � ÷�÷ �V�[� ÷ � ÷r÷¶÷ �V� ÷ � �i �� ÷ � ÷�÷ �V�¦� ÷ � ÷r÷�÷ �V� ÷ �¦�I�M�I� ÷ � ÷ ���:�
�:�'� ÷ � ÷5÷�÷r÷ �[� ÷ �V� ÷�÷ � ÷r÷ �[�V� � ä/å�»Võ�çjN�� ÷¶÷r÷ �[� ÷ �V� ÷�÷ � ÷5÷ �¦�X� ÷ � ÷�÷ �V�[� ÷ � ÷5÷�÷ �X� ÷ �[�I� �I� ÷ � ÷ ���:�'���'� ÷ � ÷ �ä d ê��Pë]ê û ê õ ú ô ú Ú ù õ ä/å�»¶æ�ç ; ê�þ ù õ
	�û ú7ù � þ ô�û]û °�°N² � ³ þ ô�û]û ê û °�°N± ô�õPö °�°E³ ö ù õ > ú è ù ë|ù�èDê@þÝþÜ ù ëN� ß Þ �  � ç = éJê õ ú éPê@ë]ê ô ë]ê ú éPë]ê�ê Ü ýPë ú éPê@ë � þ ô�û]û ê û è Ú ú é ù õ þ´2 Ü ù ýJëFü ô �
� ÚÝõy	¶û ê ô-� é �
³ þ ô�û]û °�± ³ þ ô�û]û °N² ³ þ ô�û]û °E³¨ ©�ª « ¨ ©�ª « ¨ ©�ª «g´�� �R� � ¦� � ¦� �R� ÷ � ÷�÷ �V� � ÷ � ÷ �V� ÷¶÷ ÷ � �i �� � ÷ �X� ÷�÷ ÷ � �R� � ¦� � ¦� �R� ÷ � ÷�÷ �X� � ÷]� ä/å�»#k�çjµ�� ÷ � ÷¶÷ �V� � ÷ � ÷ �V� ÷�÷ ÷ � �R� � ¦� � ¦� �R� �

= éPê û ê � þ ô�û]û ê ûNô ë]ê ô�;JÚ úLù ÜDôaõ ý ÚÝû;ô�õ
� ê àd; ê �<ô ý û ê ú éJê ÚÝõJö ê ú ê@ë]ü ÚÝõtô-� 2 ÚGõ ú éPê Ú ë ú ë]ý ú éú ô-; þÝê û+��ô�õJõ ù¶ú ; êEê��.�Pë]ê û]û ê öSû]Ú ük�Pþ´2 ÚÝõ ú ê�ë]ü û ù Üwö ù õ > ú <�<ô ë]ê ûDô�û èDê öPÚÝö�ÚÝõ ä/å�»&å<ç � � ù ëê�� ô ü��JþÝê à&ÚÝÜ èDê ú ë%2
ñ ÷ �� �V� ù ë ÷�÷ Ù � �� � ÷ Ù ò ÷ �� ÷ � Ù ä/å�»]z�ç

è5é Ú/� é ÚÝû ú éPê¦?Pë û ú ü ô �
� ÚÝõ
	hÚÝõ�� þ ô�û]û °�± à ú éPê@ë]ê ô ë]ê ;PÚÝõtô ë%2 1 ô ë Ú1ô-; þGê û � ~ ÷ ô ��û ý � é ú é ô ú
¡ ��� ��� ÷ ~ �V�V�X� ÷ � ÷ ÷ ô � ÷ � ô�õPö ¡ ± � � ÷ � ~ ÷�÷�÷¶÷ � ÷ ÷ � ô ÷ � � p ä/å�»]¢�ç



� � ÷ �¾½ ¿�À*ÁdÂ�ÀgÃ�Ä¢Á�Å�ÀgÆdÇ�Ã£ÈzÉ�Ê¨Á�Ä�Æ�Ë�É�À�ÌzÍÎÄ�Ã ½ ÷
à Ð ÒàzÚ ÓÙ�ß Ñ*ÒnÒhT/á|Ð|× ÖqÒSQ × Û|Þ#Ú Ô¶·-Ö � Ð|â Ú Ò Y�Ú Ô�¸� Û Ñ �|Û�Y â �_ÚàzÛ QqÐ|×V× Û#Þ|Ú Ôà ÐvÕ Ü ÒÔnÛ Ó��ÝÖ�Ó ÔvÙ�Ú Û ÓQ Ú âÁ�ÝÖ�Ó ÔvÙ�Ú Û ÓÚ à �q× Ú Ô Ð Ù�Ú Û ÓÞ Ñ Û Öu� Û|Ú QqâA� à Öq× Ù�Ú �q× Ú Ô Ð ÙgÚ Û Ó Ù Ð Ü × ÒvâÙ ÒnÑ*Ó�Ð%Ñ*ÕMá|Ò Ô<Ù�Û Ñ*â��Ð Ôc�à Ð%â �_Ú Ó Þ�¹ Kfºf» Ú Ó Þ�Y�Ú Ù�ß Ð à Ð|â �

� ýJë ú éPê�ë]ü ù ë]ê à ü ô �
� ÚÝõ
	�û ù Ü�� þ ô�û]û ê û °N± à °�² à�ô�õPö °�³ ô þGü ù û ú õ ê 1 ê�ë ú ýPë õ ù ý ú`ú7ù
; ê ; ê ú]ú ê@ë ú é ô�õ ú éPê�ü ô �
� ÚGõ
	�û ù Ü ú éJê ù¶ú éPê�ë û]Ú � � þ ô�û]û ê û ä û ê@êaêq�&ê�ë ��ÚGû ê ÷ ½ � ç �Fä ú Ú þÝþ àë]êq�Jë]ê û ê õ ú ô ú Ú 1 ê û ù Üºô þGþ õJÚÝõ ê � þ ô�û]û ê û ühý û ú ; ê�ê�� ô ü ÚÝõ ê ö£; ê Ü ù ë]êLèDê �<ô�õ8; ê û ýPë]ê ú é ô úô�õ ù � ú Ú ü ô þwü ô �
� ÚÝõ
	 é ô�û[; ê�ê õ Ü ù ý õPö �° õ �Jë ô:� ú Ú/� êDèDê ù Ü ú ê õ è ô�õ úºú7ù �wê�ë Ü ù ë]ü û ê 1 ê�ë ô þ öJÚ/� ê�ë]ê õ úAù �wê�ë ô ú Ú ù õPû ù õ ú ê@ë õtô ë%2 
1 ô þÝýJê ö 1 ô ë Ú1ô-; þGê û@à�õ ù¶ú � ý û ú ôLû]ÚÝõ
	 þÝê ù �mê�ë ô ú Ú ù õ þ Ú ù�ê5ühýPþ ú Ú �Pþ Ú/��ô ú Ú ù õ � � ù ëFê�� ô ü��PþGê à èDêü Ú�	 é ú è ô�õ úFú7ù � ù ü��Pý ú ê5ü ô � ä ÞµÙ% ç ô�û èDê�þÝþ ô�ûFÞ �  � ) Ú ú éSë]êq�Pë]ê û ê õ ú ô ú Ú ù õ ä/å�»�æ�ç à ú éPê; ê û ú èDê �<ô�õ�ö ù ÚÝû � � ß Þ � ¢  � à � ± ß ä Þ � ¢ -± ç ¥ ä Þ�± ¢`ä  � ¥0X± ç]ç � ; ý úCú éPê 9Wõmô ú ýJë ô þ ;ü ô �
� ÚÝõ
	 ä/å�å�å�ç õ ù è û é ÚÝõ ê û@à è Ú ú éh� � ß Þ � ¢  � à � ± ß Þ�±�¥RX± � ³ þ ô�û]û °|°|° ú ýPë õJû ù ý úú7ù é ô 1 ê � ù û ú  �mù¶ú éPê@ë � þ ô�û]û ê ûLô ë]ê ÚGõPÜ ê@ë Ú ù ë � = ù � é ù�ù û ê ; ê ú èDê�ê õu� þ ô�û]û ê û °|° à °|°|° àwô�õJö°�°�² ÚÝõ ú é ÚÝû[�<ô�û ê à èDê õ ê�ê ö ú7ù ù õ ù è ú éPêNë]ê@þ ô ú Ú 1 ê Ü ë]ê l ýPê õ
��Ú ê û ù Ü Þ �  ô�õPö ü ô � ä ÞµÙ| ç �
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ä ý ; ú þÝêhêq� ú ê õPû]Ú ù õPû ù Ü ú é ÚGûLô �y�Pë ù ô:� é�þÝê ô�ö ú7ù ô�õ�ô�û 2&ü�� ú7ù¶ú Ú/��ô þÝþ´2�ê�µ ��Ú ê õ ú ô þ 	 ù ë Ú ú éPü ú é ô ú ? õPöPûSõ ê ô ë]ê û ú � ù üSü ù õ�ô�õ
� ê û ú7ù ë ûSÚÝõ o#Ûî¿ ù ë Ú ê õ ú ê ö Ü ù ë]ê û ú è5é ù û ê ô ë �@û
	 ë ù è ö 2 õtô ü Ú/��ô þGþ´2 ¸ Ï

�
ã ô ë]ê@þ ô�õPö�d � ¶ � = ô ë �7ô�õfà6© � è�úMé Ó ª Ð ä ÷ (V�- ç à ½V½ ��, ½ "V":º �� ô ë]ý � é ä � é Ú ê ; ê@ë ô�õJö Ê æ�Ú ° ÚÝû é
ù ÚÝõ ¸ © � è�ú é Ó ª « ä ÷ (V�X� ç à ÷<í " ½ , ÷<íV9�í ºmû ý ;Pû ê l ýPê õ ú þ´2öPÚÝû|� ù�1 ê@ë]ê ö ô ühý � é û]Ú ük�PþÝê�ë�è ô 2 ú7ù � ù ük�Pý ú ê õ ê ô ë]ê û ú � ù ü�ü ù õ ô�õ
� ê û ú7ù ë û�ÚGõ ô�õô ë ;PÚ ú ë ô ë%2 ä ; ý ú ?.�&ê ö ç ù ë Ú ê õ ú ê öSÜ ù ë]ê û ú à ý û]ÚÝõy	,ô�õ�ô ú]ú ë ô:� ú Ú 1 ê ô�õPöaÚÝõJû ú ë]ý � ú Ú 1 ê ; þÝê õPö ù Ü

;PÚ ú è ÚGû ê ô�õPöQô þ 	 ù ë Ú ú éPü Ú/� ú ê � é õJÚGl ýPê û ú é ô ú èDê û é ô þÝþ � ù õPû]ÚÝö ê@ë õ ê�� ú �d ê �<ô þÝþ ú é ô ú ô�õ ù ë Ú ê õ ú ê ö Ü ù ë]ê û ú è Ú ú é ç ú ë]ê�ê ûjô�õPö § 1 ê�ë ú Ú/� ê û�ÚÝû`ô�õ ô-� 2 � þ Ú/�öPÚ/	 ë ô �PéSè Ú ú é § òaç�ô ë ��û � = éPê�ë]ê ÚÝûCô ú ü ù û úFù õ ê ô ë �5Ü ë ù ü�ê ô-� é 1 ê�ë ú ê�� ��ú éPê 1 ê�ë ú Ú/� ê ûè Ú ú é ù ý ú �ö ê 	 ë]ê�ê æ ê�ë ù ô ë]ê ú éPêLë ù�ù¶ú û ù Ü ú éPê ú ë]ê�ê û � ) ê û;ô 2 ú é ô ú � ÚÝû ú éPê À<o � }|ÛW{ ù Ü �è5éPê õ � òiò � � àDô�õJö � ÚGûSô�õËo#Û)r�}|p|{ �-� ù Ü � è5éPê õ � òiò � � � � = è ù 1 ê�ë ú Ú/� ê û é ô 1 ê ô� ù üSü ù õ ô�õ
� ê û ú7ù ë ÚÝÜ�ô�õJö ù õ þ´2 ÚGÜ ú éJê�2 ; ê@þ ù õ
	 ú7ùhú éJê û;ô ü�ê ú ë]ê@ê � ° ê@ë ú ê��üû ÚÝû �<ô þÝþÝê öú éPê õ ê ô ë]ê û ú � ù ü�ü ù õ`ô�õ
� ê û ú7ù ë ù Ü � ô�õPö � è5éJê õ èDêLé ô 1 ê� òiò � � � ô�õPö � òiò � � � ÚÝÜ ô�õPö ù õ þ´2 ÚGÜ û òiò � � � � ä/å�õ]Ê�ç
ä � é Ú ê ; ê�ë ô�õPö ° ÚÝû é
ù ÚÝõ �Pë]êq�Jë ù � ê û]û ú éPê 	¶Ú 1 ê õ`Ü ù ë]ê û ú à ü ô �
� ÚÝõy	aÚ ú û 1 ê�ë ú Ú/� ê û5ÚÝõ ú7ùô,û]ÚÝö ê�è ô 2 û éPê ô � � ù Ü�û]Ú/æ ê § ; 2 � ù ü��Pý ú ÚÝõ
	 ú éPë]ê@ê l ý ô�õ ú Ú ú Ú ê ûCÜ ù ëEê ô:� é 1 ê@ë ú ê�� � �ý � à ú éPêLë ô�õ ù ù Ü � ÚÝõ �Pë]ê ù ë ö ê�ë ä ÷ 6 ý � 6 §µç �þ � àrô,õ ù ö ê ù Ü ú éPê û]ÚÝö ê�è ô 2 û éPê ô � � ä ÷ 6 þ � 6 §µç �ÿ � àrô ä ÷ ñ "
§µç <;JÚ ú ë ù ý ú ÚÝõy	0� ù ö ê ä ÷ 6 ÿ � 7 í � ¹�� 
 ç �° Ü � òiò � � èDê�é ô 1 ê�ý � � ý � ; 2 ú éPê ö êq? õPÚ ú Ú ù õ ù Ü �Pë]ê ù ë ö ê�ë � º ù ö ê þ � ÚÝû5ö ê�? õ ê ö ú7ù; ê ú éPê õ ê ô ë]ê û ú � ù üSü ù õ�ô�õ
� ê û ú7ù ë ù Üµô þÝþ û]ÚÝö ê>è ô 2 û% éPê ô � õ ù ö ê û ý � û ý � é ú é ô ú � ÚÝûCô�õô�õ
� ê û ú7ù ë ù Ü 1 ê�ë ú êq� � �+� õJö èDê ö ê�? õ êÿ � ß�� ð í ù���� ñ � òiò � � û ó p ä/å�k�æ�ç
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� ù ë5ê�� ô ü��PþGê à éJê�ë]ê > û�ô�õ ù ë Ú ê õ ú ê ö Ü ù ë]ê û ú è Ú ú é ú ê õ 1 ê@ë ú Ú/� ê û5ô�õPö ú è ù�ú ë]ê�ê û���	
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¶ ô-� é õ ù ö êËé ô�ût; ê�ê õ þ ô-; ê�þGê ö è Ú ú é Ú ú û �Pë]ê ù ë ö ê@ëCë ô�õ ù à&Ü ë ù üÅè5é Ú/� é�èDê �<ô�õR� ù ük�Pý ú êú éPê þ ô�õPö ÿ � ù ö ê û��� ß � � £ � �  ! " # $ý � ß �V�V� ÷ ÷ �V�V���V� ÷ ��� ÷ �V� ÷ �V� ÷ �V� ÷¶÷ � ÷ � ÷ � ÷�÷¶÷ ÷ � ÷ � � ÷�÷ �þ � ß � ÷ �V� ÷ �V�V���V� ÷ ��� ÷ �V� ÷ � ÷ � �V� ÷¶÷ � ÷�÷ � � ÷�÷¶÷ ÷ � ÷ � � ÷�÷ �ÿ � ß � ÷ �V� ÷ �V�V��� ÷�÷ ��� ÷ �V� ÷ � ÷ � � ÷�÷¶÷ � ÷�÷ � � ÷ � ÷ ÷ � ÷ � � ÷�÷ �º ù¶ú Ú/� ê ú é ô ú àFÜ ù ë ÚGõPû ú ô�õ
� ê à þ �¸ß  ß � ÷ �V� ; ê ��ô ý û ê ú éPê£�Pë]ê ù ë ö ê�ëSë ô�õ ù û ù Ü ú éPêö ê û|� ê õJötô�õ ú û ù Ü � ô ë]ê ð ÷ Ù í Ù ½ Ù% JÙ'"�Ù 9 Ù'��ó �T� õPö ÿ " ß � ÷ � ÷ ; ê �<ô ý û ê ú éJê ô�õ
� ê û ú7ù ë ûù Ü%" é ô 1 ê þ � ù ö ê û ð þ "QÙ þ �jÙ þ � ó ß ð�� ÷¶÷�÷ Ù � ÷ �V� ó � ø õ ê �<ô�õ �Pë ù�1 ê è Ú ú é ù ý úöPÚ µ � ýPþ ú 2 ú é ô úEú éPêNü ô �
� ÚGõ
	 �¿�� þ � û;ô ú ÚÝû ?Jê û ú éPê Ü ù þÝþ ù è ÚÝõ
	 ù�ê�2R�Pë ù �mê�ë ú Ú ê û��Ú ç ° Ü � òiò �É� ÚÝõ ú éJê Ü ù ë]ê û ú à ú éJê õ þ � ÚGûrô,ö ê û|� ê õJötô�õ ú5ù Ü þ � ÚÝõ � �ÚÝÚ ç ° Üfû ê 1 ê@ë ô þ 1 ê�ë ú Ú�� ê û é ô 1 ê ú éPê û;ô ü�ê 1 ô þÝýPê ù Ü þ � à ú éPê�2 Ü ù ë]ü ô � ô ú é ÚÝõ ú éJê Ü ù ë]ê û ú �¤ ë ù �mê�ë ú 2 ä ÚGÚ ç é ù þ öPû¯; ê ��ô ý û êrê�� ô-� ú þ´2 ù õ ê � é Ú þ ö ��ù Ü � é ô�û þ � ß þ � è5éJê õ þ � äß ý � �º ù è³þGê ú�> ûCÚ ü ô:	�ÚÝõ ê^�Pþ ô-��ÚGõ
	 ê 1 ê@ë%2 1 ê@ë ú ê�� � ù Ü ú éPê Ü ù ë]ê û ú ÚÝõ ú7ù õ ù ö ê þ � ù Ü � �
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ä/å�kf»�ç
° Ü�� 1 ê�ë ú Ú/� ê û ü ô � ÚÝõ ú7ù õ ù ö ê 5Jà èDê �<ô�õ`ô ë]ë ô�õ
	 ê ú éPê@ü ÚGõ ú7ù ô � ô ú é� �fòiò ��� �Jòiò � ����� òiò �É� Ø ö �Jòiò �É� Ø Ù è5éPê@ë]ê þ � � ß þ � � ßÉ������ß þ � Ø ö � ß 5 � ä/å�kfõ�ç
= éPê û êM� ô ú é ûºô ë]ê Ú þÝþÝý û ú ë ô ú ê öhÚÝõ ä/å�k¼»�ç � Ü ù ë êq� ô ük�PþÝê à/$Lòiò � !�òiò � �cÚÝûºô � ô ú é ÚÝõ ä/å�kJå�ç àô�õPöDCFEHG G I/J�G G I:K > ô �
�wê ô ë û è Ú ú é õ ù ö ê � ÷¶÷ � ß þ $ ß þ ! �= éPê��Pë]êq�Pë ù � ê û]û]ÚÝõ
	 ô þ 	 ù ë Ú ú éJü ô þ û ù � ù ü��Pý ú ê ûËô ú ô-; þGêML 5�Ü ù ë ô þÝþ õ ù ö ê û�5 ù Ü � à
� ù õ ú ô�ÚÝõJÚÝõ
	 � ù ÚÝõ ú ê�ë û ú7ùOú éPê 1 ê@ë ú Ú/� ê û � Ø ô úEú éPê ú ô�Ú þ°ê õPöPû ù Ü ä/å�kfõ�ç �5 ß �X�V� ÷ �X� ÷ � �X� ÷�÷ � ÷ �V� � ÷ � ÷ � ÷�÷ � � ÷�÷�÷ ÷ �V�V� ÷ �V� ÷ ÷ � ÷ �L 5 ß N � £ N N � � N N �
¶ �&ê�ë ��ÚGû ê ÷  f(�û é ù è û ú é ô ú ô þÝþ Ü ù ýPë ú ô:; þÝê û ý � à þ � à ÿ � àµô�õPö L 5��<ô�õ�; ê0�Pë]ê�� ô ë]ê önÚÝõÑ ä�§µç û ú ê�� û �+� õPö ù õ
� ê ú é ù û ê ú ô-; þÝê û5ô ë]êËë]ê ô�ö 2 à ú éPê�2 � ù õ ú ô�ÚÝõ.� ý û ú ê õ ù ý 	 é ÚGõPÜ ù ë]ü ô�ú Ú ù õ ú7ù ÚGö ê õ ú ÚGÜ 2 ú éPê õ ê ô ë]ê û ú � ù ü�ü ù õjô�õ
� ê û ú7ù ë ù Ü ô�õ 2 ú è ù 	�Ú 1 ê õ 1 ê�ë ú Ú/� ê û	l ý Ú�� ù�þ´2 �
I ��·����#³ µ þ EPO äRQ }�o � }|p|{:r � ÂâÂ � Û�o#Û)r�}|p|{ �-� p ç �²ä ýy�
� ù û ê½ý � à þ � à ÿ � àoô�õPö L 5`ô ë]êù õ ù è õnÜ ù ë ô þGþ § 1 ê�ë ú Ú�� ê û � ù ÜDô�õ ù ë Ú ê õ ú ê ö�Ü ù ë]ê û ú àoô�õPö�Ü ù ë ÷ 6 5 6 § ��� ö ýPü�ü�21 ê�ë ú êq� N ÚGû�ô þ û ù ô�û]û ýPü�ê ö ú7ù ; êM�Pë]ê û ê õ ú à è Ú ú é¬ý N ß þ N ß ÿ N�ß � � = é ÚÝûºô þ 	 ù ë Ú ú éPü� ù ük�Pý ú ê û ú éPê õ ê ô ë]ê û ú � ù üSü ù õOô�õ
� ê û ú7ù ë{� ù Üwô�õ 2 	�Ú 1 ê õ 1 ê�ë ú Ú�� ê û ÞSô�õPö0mà ë]ê ú ýPë õPÚÝõy	� ßSN ÚGÜmÞ ô�õPök0; ê�þ ù õy	 ú7ù öPÚ/� ê@ë]ê õ úºú ë]ê@ê û � ) ê ô�û]û ýPü�ê ú é ô úºú éPê 1 ô þÝýPê û " 5 ß 3 þ 	A5 5é ô 1 ê ; ê�ê õ �Pë]ê � ù ü��Pý ú ê ö Ü ù ë ÷ 6 5 6 § àmô�õJö ú é ô ú " � ß "�§ �



� � ÷ �¾½ ¿�À*ÁdÂ�ÀgÃ�Ä¢Á�Å�ÀgÆdÇ�Ã£ÈzÉ�Ê¨Á�Ä�Æ�Ë�É�À�ÌzÍÎÄ�Ã ½ "
�qÑ Ú Û Ñ Ú Ù ÕN�_ÖqÒvÖqÒÌ�Ð Ù Ð��*Ð Ú ÓqÒnÓø Ú Ù Ð|× ÒÓ�Ðná Ú Þ Ð Ù�Ú Û Ó�� Ú × ÒÔ Ð Ôgß Òß Õu��ÒvÑ Ü Û × Ú Ô ��×¾Ð%ÓqÒUÎÓ Û Ó|TaË�Ö Ô × Ú QqÒjÐ%Ó Þ Ò Û#à Ò Ù Ñ*Õ

O ª J ¸ � ÚÝõPöF� ù üSü ù õ éPê Ú/	 é ú � º ° Ü þ Þ 6 þ màµû ê ú/ e "oä þ �� ò þ Þ ç ��ù¶ú éPê@ë/è ÚÝû ê û ê ú/ e "oä þ Þ�� ò þ  ç � ä ä ê�ê ä/å�õ�È�ç � çO ê J ¸ � ÚÝõPö ú ë]ýPêLéPê Ú/	 é ú � º ä ê ú �âe ÿ Þ�� ÿ A� ò ä ÷ ã / ç à ú éPê õ / e "oä �^� ò£� ç �O¨ÐdJ ¸ � ÚÝõPö þ � � º ä ê ú 5¦e ä]ä þ Þ,â / ç ñ ÷ ç ã / � ä_º ù è 5 ß þ � àPÚÝÜ � äßSN � çOUT�J ¸ � ÚÝõPöWVÞ�ô�õPöXV � º ä*) ê õ ù è û ê@êqù ú éPê,þ ù èDê û ú ô�õ
� ê û ú7ù ë û ù ÜAÞ�ô�õPö�`ÚÝõ�õ ù ö ê 5 � ç° Ü@5 ß þ Þµàµû ê ú VÞ�e Þ ��ù¶ú éPê�ë/è ÚÝû ê û ê ú � e "µä ÿ Þa� ä]ä ÷ ã / ç ò ÷ ç]ç ô�õPöYVÞ�eL ä]ä]ä þ Þaâ � ç ñ ÷ ç ã � ç �8ä Ú ü Ú þ ô ë]þ´2 àfÚGÜf5 ß þ wà�û ê ú Vne  ��ù�ú éJê�ë/è ÚÝû ê û ê ú � e"oä ÿ ^� ä]ä ÷ ã / ç ò ÷ ç]ç ô�õJöZVe L ä]ä]ä þ Lâ � ç ñ ÷ ç ã � ç �O\[�J ¸ � ÚÝõPö � � º ä ê ú � e]VÞQÚÝÜ ý VÞ 6 ý Vwà ù¶ú éPê�ë/è ÚÝû ê�� e]V �
= éPê û ê ô ë ú Ü ýPþ ö ù öy	 ê û ù ; 1 Ú ù ý û þ/2Lêq�.�Pþ ù Ú ú ä/å�õ]Å�ç � ê��&ê�ë �@ÚÝû ê ÷ " í ê��.�Pþ ô�ÚÝõJû è5é¼2 ú éPêq2Lè ù ë|ù �

ä ÚÝö ê>è ô 2 û éPê ô � û+��ô�õSô þ û ù ; êEý û ê ö ú7ù Ú ük�PþÝê@ü�ê õ ú ô�õOÚGõ ú ê�ë]ê û ú ÚÝõ
	 ú 2��wê ù Ü �Pë Ú ù ë Ú ú 2l ýPê�ýJê ú é ô ú å �1Ö ô ú ô°�]ô�ÚÝõ ê õjô�õPö � � ° Ú ú ô þÝê �<ô þÝþ ô 9/õtô 1 Ú/	�ô ú Ú ù õ � Ú þÝê à ;OÚ þÝþGý û ú ë ô ú ê ö éPê�ë]êÜ ù ë § ß ÷ � �
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Ï ô ú ô ê�þÝê@ü�ê õ ú û¦	 ù ÚÝõ ú7ùSú éJêhþÝê ô�Ü � ù û]Ú ú Ú ù õPû ÷ à ½ à pqp�p à í § ò ÷hù Ü ú éPê û]ÚÝö ê>è ô 2 û éPê ô � �ú éPêq2 ��ô�õ0; êCü ô�õ 2 ;PÚ ú û è ÚÝö ê à�ô�õPö ú éJê�2 �<ô�õ�ô �
�wê ô ë ÚÝõ�ô�õ 2 ù ë ö ê�ë � � 2 � ù õ ú ë ô�û ú à ê ô-� é; ë ô�õ
� é�� ù û]Ú ú Ú ù õ í àf Jà 9 à pqp�p � ù õ ú ô�ÚÝõPûCô � ù ÚÝõ ú ê@ë ú7ù Ú ú û þ ô ë 	 ê û ú ö ê û|� ê õPömô�õ ú �z� õPö ú éPêõ ù�1 ê�þ.� ù ÚÝõ ú ÚÝû ú é ô ú�ú éPê û êM� ù ÚÝõ ú ê@ë û ú ô ù�êDý
� ô þÝü ù û ú õ ù ê�� ú ë ô5û � ô-� ê � Ü ê�èDê�ë ú é ô�õ ú è ù
;PÚ ú û �mê�ë Ú ú ê@ü ù Üwötô ú ô&à ù õ�ô 1 ê�ë ô-	 ê � ; ê �<ô ý û ê ù õ þ´2 ù õ ê ;PÚ ú ÚÝûAõ ê�ê ö ê öSÜ ù ë�� ù ÚGõ ú ê�ë û í à
9 à ÷ � à p�pqp à ù õ þ´2 ú è ù ;PÚ ú ûrÜ ù ë¦� ù ÚÝõ ú ê�ë û[ Jà ÷<í à í � à p�pqp àwô�õPö ù õ þ/2 � 5aÜ ù ë[� ù ÚGõ ú ê�ë 5�ÚÝõ
	 ê õ ê@ë ô þ � ä ä ê�êCêq��ê@ë ��ÚÝû ê ÷ " ½.� ç = é�ý û ú éPê õtô 1 Ú/	�ô ú Ú ù õ � Ú þÝêCë]ê l ý Ú ë]ê û 1 ê�ë%2hþ Ú ú]ú þÝêFü�ê@ü ù ë%2 àô�õPöjÚ ú ; ê�é ô 1 ê û5õPÚ/� ê�þ´2aè Ú ú é ë]ê û �mê � úEú7ù �<ô-� éJêA�mê@ë Ü ù ë]ü ô�õ
� ê ù õQô ú 2.� Ú/��ô þ � ù ük�Pý ú ê�ë �
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�9����������� #���$M  z P¡�{O)$ �B¢  ^P¤£ z�} PQOz�}¿wAx P x(¥�¦ P¨§?©1$'£ z~�ª¦ £ y�} P��
« � C ��� ¸ ³ ± µ þ C þ � ²zC �(¬+���_³_´ ² � G¬±�C�J ã 2��wê�ë ; ù þ Ú/�@	 ê ù ü�ê ú ë%2 û ý 	V	 ê û ú û5ô�õ ÚÝõPû ú ë]ý � ú Ú 1 êÚ ük�Pþ Ú/�@Ú ú ötô ú ôNû ú ë]ý � ú ýPë]ê ú é ô ú é ô�ûCô ë ô ú éPê@ë öPÚ/� ê@ë]ê õ ú Btô 1�ù ë � = éPê ¼-¿|Àî} � m � ½¾qhr6À¬½Áo#Û)}�ÚÝûôNÜVô�û|�@ÚÝõtô ú ÚÝõ
	 êq� ô ük�PþÝê ù Üfõ ù õ. ¶ ý � þ ÚÝö ê ô�õ�	 ê ù üSê ú ë%2 ú é ô ú ÚÝûD� ù õ 1 ê õPÚ ê õ ú þ´2 1 Ú ê�èDê ö�; 2
�Pë ù � ê � ú ÚÝõ
	aÚ ú û � ù ÚÝõ ú û�ÚÝõ ú7ùSú éJê ÚGõ ú ê�ë Ú ù ë ù ÜAôk�@Ú ë � þÝê � ° ú û�û ú ë ô�Ú/	 é ú þ ÚÝõ ê û ú éPê õu; ê � ù üSê��Ú ë � ýPþ ô ë ô ë �@û@à è5é Ú/� é�ü�ê@ê úLú éPê�ë Ú ü ô ú ë Ú/	 é ú ô�õ
	 þÝê û � � ù ëNê�� ô ü��PþÝê à ú éPê�þ ÚÝõ ê ûM®¥�ià~4~¥��à�ô�õJö Ä¥Ä �ºÚÝõ � Ú/	 � ÷ ½ ÚGõ ú ê�ë û ê � ú ô ú � ù ÚÝõ ú û�Ñ�à � à���àµô�õPö ú é ù û ê�� ù ÚÝõ ú ûLÜ ù ë]ü ôú ë Ú1ô�õ
	 þÝê � � ÚGõ ê û � ~ � ô�õPö�~4~ � ô ë]ê À<o � o�½ ½Ó}�½n� = éPê�2 õ ê 1 ê�ë ú7ù ý � é à�; ý úhú éPê Ú ë�� ù ÚÝõ ú û	 ê ú � þ ù û ê�ë ô�õPö£� þ ù û ê�ë ú7ù 	 ê ú éPê@ë � � ÚGõ ê ~°¯³ÚÝûrô þ û ù � ô ë ô þÝþÝê�þ ú7ù ~4~¥� �



½ 9 Æ>=@?T¿�À*É�ÈyÁA=zÅ�ÀÝÈ@B�ÈCB�D�=zÅ�À*Á�ËA?�Ã�EGF)H%È@I � � ÷ �¾½ Ë�Ö Ô × Ú QÖq× Ù ÑgÐÎ��Ð|Ñ�Ð%× × Òv×P�Ð ÔvÔgß ÒvÑ Ú· Û Ü Ð Ôgß Òná_â � Õ� Û × Õ'Ð Ú±�Ð|Ö�â�âÙ�Ú × ÒÖq× Ù ÑgÐÎ��Ð|Ñ�Ð%× × Òv×��ÒnÑs��ÒnÓ�Q Ú Ô Öq× Ð%ÑÞ Ñ Ú Qtâ Ù Ñ*Ö Ô<Ù ÖqÑ*ÒÙ Ònâ�â*Òn× × Ð Ù�Ú Û Ó��ÒnÓ Ù Ð Þ Ñ Ú Q² Ú Ü Û Ó�Ð ÔnÔvÚ Ó'Ö à Ü ÒnÑ*âX Ð%Ñ Þ ÒvÓqâ Ù ÒnÑ*Óô�ÒvÑ�Ñ à Ð|ÓqÓÓqÒ Þ Ð¡² Ú Ü Û Ó�Ð ÔvÔvÚ² Ú Ü Û Ó�Ð ÔnÔvÚ Ó'Ö à Ü ÒnÑ�â*Õ�â Ù Ò àÓqÒ Þ Ð¡² Ú Ü Û Ó�Ð ÔvÔvÚ Ó'Ö à Ü ÒnÑ�â*Õ�â Ù Ò à

) ê 	 ê ú öJÚ/� ê�ë]ê õ ú[1 Ú ê�è û[; 2 Ü ù � ý û]ÚÝõy	 ù õ`öJÚ/� ê�ë]ê õ ú � ê õ ú ê�ë[� ù ÚGõ ú û � � ù ërêq� ô ük�PþÝê àú éPê û ê � ù õJö 1 Ú ê�è ÚÝõ � Ú/	 � ÷ ½ �Jý ú û{Ñ û ü ô-� ù ÚÝõ ú éPê � ê õ ú ê�ë � º ù¶ú Ú/� ê ú é ô ú ÚÝÜmô þ ÚGõ ê¯� ô�û]û ê ûú éPë ù ý 	 é ú éPê 1 ê@ë%2 � ê õ ú ê@ë à�Ú ú ë]ê�ü ô�ÚÝõJû�û ú ë ô�Ú/	 é ú ô�Ü ú ê�ë ; ê ÚÝõ
	 �Pë ù � ê � ú ê ö � û ý � é öPÚ1ô ü�ê ú ê�ë û � ô�õPõPÚGõ
	�� é ù ë öPû�ô ë]ê ú éPê û �mê �@Ú1ô þ �<ô�û ê ù Ü ô79%��Ú ë � ýPþ ô ë ô ë ��; è5é ù û êNë ô�öJÚ ý ûEÚÝûEÚÝõ ? õPÚ ú ê �b ù û úLù Ü ¶ ý � þ ÚÝö > ûËô � Ú ù ü û�Ü ù ë@�Pþ ô�õ ê 	 ê ù üSê ú ë%2jë]ê�ü ô�ÚGõ 1 ô þ ÚÝö`ÚÝõ ú éPêhé¼2.�mê�ë ; ù þ Ú��
�Pþ ô�õ ê � � ù ëAê�� ô ü��JþÝê à ê�� ô-� ú þ/2 ù õ ê5þ ÚGõ êt� ô�û]û ê û ú éPë ù ý 	 é ô�õ 2 ú è ù öPÚÝû ú ÚÝõy� ú � ù ÚÝõ ú û � ô�õJöÚÝÜ � ù ÚÝõ ú³� þ Ú ê û ù õ þ ÚÝõ ê ®¥� ú éPê�ë]ê > û ê�� ô-� ú þ´2 ù õ ê�þ ÚÝõ ê ~�~Õ�mû ý � é ú é ô ú ô�õ
	 þÝê  � ~ é ô�ûô�õ 2 	�Ú 1 ê õ 1 ô þÝýPê�´ à�Ü ù ë � 7 ´ 7 ÷ � �¶µ � � ý ú ¶ ý � þ ÚÝö > û�Üiô ü ù ý û ? Ü ú é0� ù û ú ýJþ ô ú ê ö ù ê û	Û � {é ù þ ö�� ° Ü � ù ÚÝõ ú £ ÚÝû	Û � { ù õ þ ÚÝõ ê ~�~Õ��à ú éPê@ë]ê ô þ è ô 2 ûFô ë]ê5ê�� ô-� ú þ´2 {�å � þ ÚGõ ê û ú éPë ù ý 	 é £ú é ô ú ô ë]ê�� ô ë ô þÝþÝê@þ ú7ù ~�~Õ� � � ýJë ú éPê�ë]ü ù ë]ê ú éJê�ë]ê ô ë]êSü ô�õ 2�� ô�Ú ë û ù Ü þ ÚGõ ê û@à þ Ú ù�ê Ä¥Ä �ô�õPö � ~¥�FÚÝõ � Ú/	 � ÷ ½ à ú é ô ú ô ë]ê ú7ù¶ú ô þÝþ´2 öPÚÝû_� ù ÚÝõ úhù ë ® ½ { � o|À<o � o�½ ½Á}�½ à ÚÝõ ú éPê û ê õJû ê ú é ô úú éPê Ú ë¦� ù ÚÝõ ú ûrõ ê 1 ê@ë ; ê � ù ü�ê ô ë ;PÚ ú ë ô ë Ú þ´2 � þ ù û ê � ¸ = éPê û ê��Jë ù �wê�ë ú Ú ê û ù Ü ú éPêhé¼2.�mê�ë ; ù þ Ú���Pþ ô�õ êhèDê�ë]ê öPÚGû|� ù�1 ê�ë]ê ö ; 2 ����ä ô:��� éPê@ë Ú ÚÝõ ú éPê,ê ô ë]þ´2 ÷ � �V� û@àoô�õPö ü ô�ö êhë Ú�	 ù ë ù ý û^; 2º � ° � � ù ;mô:� éPê 1 û ùf2 à�å � � ù þ/2 ô�Ú�àJô�õPö ³ � � �¬� ô ý û]û�ô�� ê õ ú ýPë%2�þ ô ú ê@ë � º· ý ô�õ ú Ú ú ô ú Ú 1 ê�þ´2 û �mê ô ù ÚÝõ
	Jà è5éPê õ � ù ÚGõ ú û ô ë]êD�Pë ù � ê � ú ê ö ù õ ú7ùrú éPêAý õPÚ ú öJÚÝû ù ñ � ñ 7 ÷ àú éPê ô ë � ú é ô ú ü�ê@ê ú û ú éPê �@Ú ë � þGê ô ú � ìw¸ ô�õPöË� ömìz¸ é ô�û�� ê õ ú ê�ë ô ú û ê � ´ ô�õJö ë ô�öPÚ ý ûú ô�õ ´ � = éPê ô-� ú ý ô þ öPÚGû ú ô�õy� ê ; ê ú èDê�ê õ ú è ù � ù ÚÝõ ú û è5é ù û êA�Pë ù � ê � ú Ú ù õJû5ô ë]ê�� ô�õPö � � ÚÝû� ä � Ù � � ç ß þ õ ä ñ ÷ ò ¦�2� � ñ�ñ ñ � ò � � ñ ç ò þ õ ä ñ ÷ ò ¦�2� � ñ ò ñ � ò � � ñ ç � = é�ý û ù ;�� ê � ú ûEÜiô ë Ü ë ù üú éPê � ê õ ú ê�ë ô �
�wê ô ë ö ë ô ü ô ú Ú/�<ô þÝþ/2 û éPë]ý õ ù�ê õ è5éPê õ èDê û ê�ê ú éJê�ü õ ê ô ë ú éPê ��Ú ë � þÝê > û ë Ú ü �= éPê û ýPü ù Ü ú éPê ô�õ
	 þÝê û ù Üµô é¼2.�mê�ë ; ù þ Ú/� ú ë Ú1ô�õ
	 þÝê ÚÝû5ô þÝè ô 2 û¥½Á}�p�p ú é ô�õ ÷ � �¶µ � � ù ëê�� ô ü��JþÝê à ú éPê ô�õ
	 þÝê ûFô ú Ñ�à � à�ô�õPöa� ÚÝõ � Ú�	 � ÷ ½ ô ë]êrë]ê û �mê � ú Ú 1 ê�þ/2 ( �¶µ à¼ f" µ à&ô�õPö ½ 9 µ �= ê õ�û ý � é ½ 9 µ < f" µ n( �¶µ ú ë Ú1ô�õ
	 þÝê û���ô�õT; êD�Pþ ô:� ê ö ú7ù 	 ê ú éPê@ë ú7ù ü ô ù�ê ô ë]ê 	 ýJþ ô ë��wê õ ú ô-	 ù õè Ú ú é ( � µ ô�õ
	 þÝê ûËô ú ê ô:� é � ù ë õ ê�ë �t� õPö`Ü ù ýPë û ý � éu�mê õ ú ô-	 ù õJû ? ú û]õ ý 	 þ´2 ú7ù 	 ê ú éPê@ë ô úú éPê Ú ë � ù ë õ ê�ë û@à ô þÝþ ù è ÚÝõ
	 ý û ú7ù�ú Ú þGê ú éPê�ê õ ú Ú ë]ê�é¼2.�mê�ë ; ù þ Ú/� �Pþ ô�õ êOè Ú ú énë Ú�	 é ú ë]ê 	 ýPþ ô ë
�mê õ ú ô-	 ù õPû ä û ê�ê � Ú/	 � ÷  ç � = éPêEê ö
	 ê û ù Ü ú éPê û êt�mê õ ú ô:	 ù õPûºÜ ù ë]ü ô�õ�ÚÝõ ú ê@ë]ê û ú ÚÝõ
	LÜVô ü Ú þ´2ù Ü þ ÚGõ ê û@à ê 1 ê�ë%2 ú è ùOù Ü è5é Ú/� é ô ë]êLê Ú ú éPê�ëCýPþ ú ë ô � ô ë ô þÝþÝê�þ ù ët�mê�ë|�wê õPöPÚ�� ýPþ ô ë � û ù èDêLé ô 1 êô�	 ë ÚGöjû ú ë]ý � ú ýPë]ê ô�õtô þ ù 	 ù ý û ú7ù�ú éJêNý õJÚ ú û�l ý ô ë]ê û ù Ü ú éPê ù ë öJÚÝõtô ë%2��Pþ ô�õ ê � ) ê �<ô þÝþ Ú úú éPê À<}|ÛW{So`¹ � qcÙ°à
; ê ��ô ý û êLê ô:� é � ê�þGþ õ ù è³é ô�û ? 1 ê õ ê Ú�	 é ; ù ë ûEÚÝõPû ú ê ô�ö ù Ü�Ü ù ýPë �= éPê@ë]ê > ûhô�õPÚ/� êOè ô 2 ú7ù õtô 1 Ú/	�ô ú ê ÚGõ ú éPêk�mê õ ú ô:	 ë ÚÝö ý û]ÚÝõy	 � Ú/; ù õmô:����Ú�õ ýJü ; ê@ë û@à
;tô�û ê ö ù õjÚÝö ê ô�û ù Ü b ô ýPë Ú�� ê b ô ë 	 ê õPû ú ê�ë õ ¸ û ê�ê � � ã ê@ë]ë]ü ô�õPõQô�õPö b � b ô ë 	 ê õJû ú ê�ë õfàs b�OqZ�\�O:hgL*YqQ:e è Z:��l r<© Y'L r
êî Õ ä í �V� ½ ç à ½  f"�, ½ " ÷ º � ° õPû ú ê ô�ö ù Ü ú éPê ù ë öPÚGõtô ë%2 � Ú/; ù õtô-�q�@Úû ê l ýPê õ
� ê%º  
�» à é ù èDê 1 ê@ë à èDê û é ô þÝþwý û ê ú éPê Û)}R¹�o'¼fqhm � Û)o-r�r�qAõ ýPü ; ê�ë û º  ö 
�» à�õtô üSê�þ´2 ö � ß ÷ Ù1 ö � ß ò ÷ Ù1 ö � ß í Ù1 ö � ß ò ½ Ù p�pqp Ù1 ö 
 ß ä ò ÷ ç 
 ö �  
 p ä/å�k�z�ç
¶ �&ê�ë ��ÚGû ê ÷ � í � ��, ½  ,ÚGõ ú ë ù ö ý � ê ö ú éPê � Ú/; ù õtô-�q�@Úwõ ýPü ; ê�ë û 2 û ú ê�ü à�ÚÝõ è5é Ú/� é�ê 1 ê@ë%2 õ ù õ.õ ê 	�ô ú Ú 1 ê ÚÝõ ú ê 	 ê�ë Þu�<ô�õ�; êËè5ë Ú ú]ú ê õ ý õJÚGl ýPê�þ´2 ÚÝõ ú éJê Ü ù ë]ü

Þ ß  Ø Þ ñ  Ø,½ ñ ����� ñ  Ø,¾ Ù è5éPê�ë]ê �.��¿`¿Æ�V�À¿�¿ ����� ¿`¿Æ�-±®¿`¿ � � ä/å�k�¢�ç
éPê@ë]ê C 5Á¿�¿Æ� > ü�ê ô�õPûÂC 5 3 � ñ í.> � � ý úºú éPê@ë]ê > ûAô þ û ù ô¦Û¬}R¹�o'¼�qcm � Û)o-r�r|q¹Û ® Â�m�} � p�¿#p|{S}�ÂOàè5é Ú/� é û ý Ú ú û ù ýPë[�PýPë|� ù û ê û[; ê ú]ú ê�ë ��Ã N:O'\ji�L/P�hjO�Ô
O'\ Þ c�`+b�O:hgb�O#\¯lzZ�m|LvhgL<N-O�c.PdO�Ô.Q�hgL<N-O�c�Z:\Ä O'\_Zfc�Y�Q�P�].O�`+\|L<h|hjO#PH�XP
L_ay�fO#e´iRL/PHhgb�O[o<Z:\|�

Þ ß  Ø Þ ñ  Ø,½ ñ ����� ñ  Ø,¾ Ù è5éPê�ë]ê �.��Å`ÅÆ�V�ÀÅ�Å ����� Å`ÅÆ�-±®Å`Å ÷ � ä/å�k�Å¶ç
� ù ë,êq� ô ük�PþÝê àz ß "Oò ÷jß  ö � ñ  ö ��ô�õJö ò ínß ò ½ ñ ÷jß  ö � ñ  ö � � = é ÚÝûë]êq�Jë]ê û ê õ ú ô ú Ú ù õ���ô�õ�� ù õ 1 ê õPÚ ê õ ú þ´2 ; êOê��.�Pë]ê û]û ê ö�ô�ûhôa;PÚÝõtô ë%2 � ù ö êüÿ ß p�pqp�g � g � g �@à



� � ÷ �¾½ ¿�À*ÁdÂ�ÀgÃ�Ä¢Á�Å�ÀgÆdÇ�Ã£ÈzÉ�Ê¨Á�Ä�Æ�Ë�É�À�ÌzÍÎÄ�Ã ½ �
ÓqÒ Þ Ð�Q�Ò ÔvÚ à Ð%×¼â*Õ�â Ù Ò à� T�Ð�Q Ú Ôà Ð Þ#Ú ÔÎà Ð|â �

�1���7�Æ�lÇ7� # x P ¦ P }^w>y`È § zÊÉ |z~} � x2z��>xüzÊÉ P }^wAz��sy £ ¦ P }/w>y'È $ } OwAz £�P wAx P x(¥�¦ P¨§?©1$'£ z~�ª¦ £ y�} P��
ËhÌ,Í ÎyÌ`ÏlÐ Ñ�Î�ÎHÒ¨Ó3ÏlÐ Ñ�Î°ÔHÍ Ð Í Õ`Ó/Ö³Ì,×*Õ¶Ø�ÕfÒ`ÙÚ×*ÕÚÑ(Ð Ð�Û+Í Ù�Ò¨ÛÜ¡Ý\Í Õ¶Ø*ÕlÍÞÔHÒ�Ð ÝÚÛ,ßÀÑ(Ð Ð7Û+àfÑ`á3Ò¨Û¨Ö=Í ÛâÎHÒ`Ñ(Ð Ð Ýäã�×*ÕlÙ�Ò`Î?åæÏlÐèçéëêíì�î�ì�ï7ð7î�ñ�ïÆò�ó�ô õ,ö?ö÷õløùö÷ú\û�õ�ú*øzüfõÁï�ý¨þ(ÿ'õlø������Bú��`õ��
	lõfø���������

û ú ô�õPö��Ýõy	�� ù ë Ð ä ÿ ç�� Ö�� g �  ö ��� è � ú é õ ù,ú è ù ÷ û��Ýõjô ë ù è � � ù ëCêq� ô ük�PþÝê � éPê�ë]ê ô ë]êú éPê õ ê 	�ô � �/; ù õtô-�q�� ë]ê��Pë]ê û ê õ ú ô ú � ù õ�� ù ö ê û ù ��ô þÝþ �Ýõ ú ê 	 ê@ë û ; ê ú èDê�ê õ�ò ÷  aô�õPö ñ ÷ ".�
ò ÷  � ÷ �V� ÷ � ÷ �V� ò[� � ÷ �X�V�V�V� ò í � ÷ �V� ÷  � ÷ �V� ÷ � ÷ � � ÷ �V� ÷ �V�V�ò ÷ ½ � ÷ �V� ÷ � ÷ � ÷ ò¦� � ÷ �X�V�V� ÷ ò ÷ � ÷ � " � ÷ �V�X�V� ÷�÷ � ÷ �V� ÷ �V� ÷ò ÷<í � ÷ � ÷ � ÷ � ò 9 � ÷ �X� ÷ �V� � � � 9 � ÷ �V�X� ÷ ÷<í � ÷ �V�X�V� ÷ �ò ÷�÷ � ÷ � ÷ �V�X� ò[" � ÷ �X� ÷ � ÷ ÷ � ÷ � � ÷ � ÷ �V� ÷ ½ � ÷ �V�X�V�V�V�ò ÷ � � ÷ � ÷ �V� ÷ ò  � ÷ � ÷ � í � ÷ �V� � � ÷ � ÷ � ÷ ÷  � ÷ �V�X�V�V� ÷ò[( � ÷ �V�V� ÷ � ò ½ � ÷ �X�V� ½ � ÷ � ÷ ( � ÷ �V� ÷ � ÷ � ÷ " � ÷ �V�X� ÷ �V�
� û��Ýõ ú éPê õ ê 	�ô�ö ê �� ü ô þ û 2 û ú ê@ü ä û ê�ê  � ÷ , äh¢�ç ô�õJö äSÅ�ç/ç � èDê ��ô�õ ú ê�þGþAè5éPê ú éPê�ë�� �Ýûõ ê 	�ô ú � 1 ê ù ë õ ù¶ú ; 2 û ê�ê �Gõ
	�� �!� ú û ë]êq�Pë]ê û ê õ ú ô ú � ù õ é ô�û ô�õ ê 1 ê õ ù ë ù öJö�õ ýPü ; ê�ë ù �Pö��/	�� ú û �= éPê��Pë]ê ö ê � ê û]û ù ë�ÿ òîô�õPö`û ý ��� ê û]û ù ë
ÿ ñ ù �ºô�õ 2 õ ê 	�ô � �/; ù õtô-�q���;"�Ýõtô ë%2 � ù ö êÿ
�<ô�õ�; ê � ù ük�Pý ú ê ö ë]ê � ýJë û#� 1 ê�þ´2 ; 2�ý û#�Ýõ
	 ú éJêLë]ýPþÝê ûä ÿ � ÷ ç ò � ÿ �X��$ ä ÿ �V�X� ç ò � ÿ � ÷ ��$ ä ÿ ÷ �V� ç ò � ÿ �V� ÷ $ ä ÿ ÷ � ç ò �cä ÿ ò ç � ÷ $ä ÿ ÷ � ç ñ � ÿ �V�!$ ä ÿ �X� ç ñ � ÿ � ÷ $ ä ÿ ÷ ç ñ �cä ÿ ò ç � p ä/å�k�È�ç
ä ä ê@êLê��&ê@ë �%�Ýû ê ÷ "¼� � ç � ý úEú ê õ ê@þÝê 	�ô�õ ú�í _ô�ö����Lû ú êq� ûEö ù�ú éPê ��ô þ � ýPþ ô ú � ù õ�ö�� ë]ê � ú þ´2 �

e � ¡ ¦� � $ � e  ¡ ä  w ÷ ç $ è5éPê@ë]ê&� �cä ÿ ç � �� e � ñ ä � � ä � ã ÷ ç]ç �û e � ¡ � ¡ ä]ä � ñ ÷ ç(' í ç �Dú éPê õ û �cä ÿ w ç � � ä/å�k�Ê�ç
) ê � ý û ú ý û ê Fò ÷ �Ýõ ú éPê ú7ù �Oþ �Ýõ ê ú7ù 	 ê ú�ú éPê �Jë]ê ö ê � ê û]û ù ë �  ñ ÷Dú7ù 	 ê ú�ú éPê û ý �q� ê û]û ù ë �



½ � Æ>=@?T¿�À*É�ÈyÁA=zÅ�ÀÝÈ@B�ÈCB�D�=zÅ�À*Á�ËA?�Ã�EGF)H%È@I � � ÷ �¾½
� õPö�õ ù èÀéPê@ë]ê > û ú éJê�� ù �Ýõ ú � � õ ê 	�ô � ��; ù õtô-�q�%��� ù ö ê �<ô�õF; ê ô�û]û#�/	�õ ê ö ú7ù ê ô-� é

� ê@þÝþ ù � ú éPêt�mê õ ú ô-	 ë �Gö)�Ýõ�û ý � é ô è ô 2 ú é ô úºú éPê � ù ö ê û ù �*� ú û ? 1 ê õ ê �/	 é ; ù ë ûDô ë]êEê ô�û 2 ú7ù
� ù ük�Pý ú ê � � ê ú�> ûD�<ô þÝþ ú éPê õ ê �/	 é ; ù ë û § � ô � � � û � ô�õPö,+ � � ù ë 9/õ ù ë ú é � ; 9/û ù ý ú é � ;ç9 ê ô�û ú � ;9 èDê û ú � ;aô�õPö 9 ù¶ú éPê�ë � ; ° � ÿ �Ýû ú éJê � ù ö ê ô�û]û#�/	�õ ê ö ú7ù ô�	�� 1 ê õ�� ê@þÝþ � èDê ö êq? õ êÿ 
 � ÿ ' í $ ÿ ó � ÿ,- í $ ÿ � � ÿ ó>ñ�$ ÿ � � ÿ ó ò � ä/å°z¶æ�ç
ú é�ý û ÿ ó 
 � ÿ � ô�õPöQô þ û ù ÿ � 
 �cä ÿ � ÷ ç 
 � ÿ � = éPê 9 ù�ú éJê�ë ;�ö�� ë]ê � ú � ù õ,�Ýû ú ë �/� ù � ê�ë �ÿ/. �10 ÿ 
 ñ�$ � � ÿ � ÷ � ÷]�ÿ � ò $ � � ÿ � ÷ � � � 243 z 3 ç
� ù ëNê�� ô ü��PþÝê � ÷ �V�V� . � ÷ � ÷ �V� ÷ ô�õPö ÷ � ÷ �V� ÷ . � ÷ �V�X� � = é �Ýû ü�2 û ú ê�ë � ù ý û&�Ýõ ú ê�ë]þ ù �wê�ëþ � ê ûT; ê ú èDê@ê õ�õ ù ë ú é ô�õPö ê ô�û ú è5éPê õ ÿ ê õPöJû è � ú é ÷ � ; ý ú ; ê ú èDê�ê õ�õ ù ë ú é ô�õPö èDê û úè5éPê õ ÿ�ê õPöPû è � ú é � �° � èDê � é ù�ù û ê ô�õ 2 � ê�þÝþ ô�õPö þ ô-; ê@þ � ú è � ú é � ù ö ê � � ô�õPö5� � èDê ô þ û ù � é ù�ù û ê ô�õù ë � ê õ ú ô ú � ù õ�û ù�ú é ô ú � ú ûLõ ê �/	 é ; ù ë ûhô ë]ê § � � � ô � û � ô�õJö6+7�Ýõ � þ ù � ù�è �Ýû ê ù ë ö ê�ë � ë]ýPþÝê û243 z�8�ç ô�õPö 243 z 3 ç è � þÝþ ô�û]û#�/	�õ£� ù õPû#�Gû ú ê õ ú þ ô-; ê�þ û ú7ù ê 1 ê@ë%2 � ê@þÝþ ù � ú éPêT�mê õ ú ô:	 ë �Ýö � 2 ä ê�êê��&ê@ë �%�Ýû ê ÷�9 � � ç � ù ëEêq� ô ük�PþÝê � ú éJê 1 �/��Ýõ�� ú 2 ù � ô�� ê@þÝþwþ ô-; ê@þÝê ö ÷ �X�V� è � þÝþwþ ù�ù ùaþ � ù�ê ú é �Ýû��
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= éPê � ù ö ê�þ ô-; ê@þ ûËö ù õ ù¶ú � é ù èDê 1 ê�ë � �Ýö ê õ ú � � 2 � ê�þÝþ û ý õ��Gl ýPê@þ´2 � ; ê �<ô ý û ê �Ýõ ? õ�� ú ê@þ´2ü ô�õ 2 � ê@þÝþ û ë]ê � ê � 1 ê ú éPê û;ô ü�ê�þ ô-; ê@þ � 2 ° õPö ê@ê ö � èDê � þÝê ô ë]þ´2�é ô 1 ê � 
 � �¼ó � � ô�õJö÷ � � ÷ . � ÷ � ç = ù 	 ê ú ô ý õ��Gl ýPê �Ýö ê õ ú � ?Jê�ë � èDê ô ú]ú ô-� é ô,û ê � ù õPö8� ù�ù ë ö��Ýõtô ú ê û ù�ú é ô úê ô-� é � ê�þÝþ > û(� ýPþÝþ õtô ü�êºé ô�û ú éPê � ù ë]ü 2 ÿ $  ç � è5éPê@ë]ê \�Ýû�ô�õ]�Ýõ ú ê 	 ê@ë � ) éPê õ�\�Gû�� ù õPû ú ô�õ úô�õPö ÿ ë ô�õ
	 ê û ù�1 ê@ë ô þÝþ õ ê 	�ô � �/; ù õmô:���%�+� ù ö ê û � ú éPê � ê@þÝþ û 2 ÿ $  ç � ù ë]ü ô ü ù ë]ê  ù ë  þÝê û]ûé ù�ù ù �û é ô �mê öaû ú ë � �Oè5é ù û êrê ö
	 ê û ú ô ù¶ê ôT( � µ ú ýPë õSõ ê�� úºú7ù � ê�þGþ 2 ��$  ç � ° õk	 ê õ ê@ë ô þ � ú éPê? 1 ê õ ê �/	 é ; ù ë û ù � 2 ÿ $  ç ô ë]ê 2 ÿ $  ç 
 � 2 ÿ 
 $  ñ_^ 
 2 ÿ ç]ç � 2 ÿ $  ç ó � 2 ÿ óP$  ñ5^�ó 2 ÿ ç]ç �



� � ÷ �¾½ ¿�À*ÁdÂ�ÀgÃ�Ä¢Á�Å�ÀgÆdÇ�Ã£ÈzÉ�Ê¨Á�Ä�Æ�Ë�É�À�ÌzÍÎÄ�Ã ½ (

Ô Õ�× Ú Ó�QqÒvÑÎ Ú à �q× Ú ÔvÚ Ù QqÐ Ù Ð+â Ù Ñ�Ö ÔvÙ ÖqÑ*ÒvâÜ Ú Ùgà ÐÎ� Þ ÑgÐÎ� ßqÚ Ô âLÎÙ Õu��Ònâ*Ò ÙÑ�Ð|â Ù ÒvÑ� Ú Ò Òn× â�qÑ Ú Ó Ù�Ú Ó ÞÔ Ö�â Ù ÒnÑ Ú Ó Þ

2 ÿ $  ç � � 2 ÿ �`$  ñ,^�� 2 ÿ ç]ç � 2 ÿ $  ç � � 2 ÿ ��$  ñ,^,� 2 ÿ ç]ç � ô�õJö 2 ÿ $  ç . � 2 ÿ/. $  ñ,^ . 2 ÿ ç]ç �è5éPê@ë]ê^ 
 2 ÿ ça� ¸ ÿ � � º $b^�ó 2 ÿ ça� ò ¸ ÿ � � º $b^�� 2 ÿ ça� ��$b^+� 2 ÿ ça� ò ¸ ÿ � ÷ º �^ . 2 ÿ ça� 0 û#�/	�õ 2 ÿc. ò ÿ 
 ç ¸ ÿ/. � ÿ 
 � � º $ � � ÿ � ÷ � ÷]�
û#�/	�õ 2 ÿc. ò ÿ � ç ¸ ÿ/. � ÿ � � � º $ � � ÿ � ÷ � � � 243 zVõ�ç

2 ä ê@ê ú éPê � þÝþÝý û ú ë ô ú � ù õ8; ê�þ ù è � ç � � ú è �Ýû ê ù �wê�ë ô ú � ù õPû�õ ù è ô þGþ ù ècý û ú7ù û ýPë � ú éPêhê õ ú � ë]êé¼2.�mê@ë ; ù þ �/� �Pþ ô�õ êQè � ú é ê ô�û ê �¬ø õ ú éPê ù�ú éJê�ë�é ô�õPö � èDê � ù ýPþ ö ô þ û ù �/	�õ ù ë]ê ú éPê 
� ù�ù ë ö��Ýõmô ú ê ûaô�û èDêjü ù�1 ê � ú éPê�ë]ê ; 2 è5ë ô �
� �Gõ
	�ô ë ù ý õPö ô 9 é¼2.�mê�ë ; ù þ �/��� 2&þ �GõPö ê�ë ; ù �
�mê õ ú ô-	 ù õPû �oú éPêrÿ � ù�ù ë ö��Ýõtô ú ê ûLö êq? õ ê ô�õd�Ýõ ú ê�ë]ê û ú �Ýõ
	 ü,ýPþ ú �/	 ë ô �Pé ù õ ú éPê û ê úNù �Cô þÝþõ ê 	�ô � �/; ù õtô-���%��� ù ö ê û � �Ýõ è5é �/� é ê 1 ê�ë%2 1 ê�ë ú ê���é ô�ûEö ê 	 ë]ê�ê " �

e fhg fi jlk4m nUo
jpnZmqkVojlkYn#nZk4mpkro

jlkYnZm nUo
jqnTmqstkVo

u vxw#ypvYz
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243 z#k��

î ³ µ:EHGW² ·�� GW² þ ³�´ ¸ J ° ú�> û(� ý õ ú7ù�� ë � ú êz�Pë ù 	 ë ô ü û ú é ô ú ö ê ô þ � � ú éA� �/� ú ýJë]ê ûµô�õJöLû é ô �mê û �
; ê �<ô ý û ê ú éPêq2 �Ýõ 1�ù þ 1 ê ù ýPëDþÝê � ú ô�õPö ë �/	 é ú ; ë ôh�ÝõPûDû#� ühýJþ ú ô�õ ê ù ý û þ´2 � ) éPê õ�� ü ô:	 ê ötô ú ô�Ýû��Ýõ 1�ù þ 1 ê ö � ú éPêLë]ê û ýPþ ú û[�<ô�õ�; êNê õ
	 ë ù û]û#�Ýõ
	 ê 1 ê õ�� � ú éPê�ë]ê ô ë]ê ; ý 	�û��Gõ ù ýPë � ù ö ê �= éPê ; ù�ù ù 2 ù ý ô ë]ê õ ù� ë]ê ô�ö��Ýõy	 � ô�û ú 2.�mê û ê ú ; 2 û ù � úV� ô ë]ê ú é ô úhú ë]ê ô ú ê ö ê ô-� é
� ô-	 ê ô�ûCôT	��/	�ô�õ ú �/� ü ô ú ë � � ù � � ûEô�õJö ÷ û � ��ô þÝþÝê ö�ô�9 ë ô�û ú ê@ë ; ù ë 9%;�� ú ü ô � � ;�� ù õ ú ôP�Gõ��Ýõ
	ü � þÝþ � ù õPû ù �wû�l ý ô ë]ê[� ��� ú ýPë]êEê@þÝê�üSê õ ú û��<ô þÝþÝê ö�9 � � �&ê�þ û � ; = éPê5ë ô�û ú ê�ë û � ê�ë]ê ú ë ô�õPû ü � ú]ú ê öú7ù �Pë �Ýõ ú �Ýõy	 ü ô-� é �Gõ ê û � �<ô ý û#�Ýõy	 ú �Ýõ 2 ö ù¶ú û ù �"�Ýõ ù ú7ù ; ê �Pþ ô-� ê ö � éPê�ë]ê 1 ê@ë ô ÷ ô �
�mê ô ë]ê ö�Ýõ ú éPêhü ô ú ë � � � ¤ é¼2 û#�/�<ô þ��Pë ù �mê�ë ú � ê û ù �a�Ýõ ù ô�õPö � ô �mê�ë �<ô ý û ê ö ú é ù û ê û ü ô þÝþ � þÝý û ú ê�ë ûù �Eö ù�ú û ú7ù þ ù�ù ù�þ � ù�ê û ü ù�ù¶ú é � ýPë 1 ê û � ; ý ú ê ô-� é�� � �&ê�þ > û�;tô�û#�/��û�l ý ô ë]ê õ ê û]û0; ê � ù ü�ê ûê 1 �Ýö ê õ ú � � � ê�ê õ þ ô ë 	 ê ú éPê � ü ô-	 ê û ú ê õ�� ù þ ö � ô�û��Gõ ú éPê�þÝê ú]ú ê�ë C � > û é ù`� õ��Ýõ � �/	 � ÷ " 2 ô � �) � ú é ;�� úV� �Ýû ê ù �mê@ë ô ú � ù õPû � ê ��ô�õ|ô-� é � ê 1 ê û �wê �%�áô þAê � ê � ú û þ � ù�ê 9%� ý û ú ê@ë �Ýõ
	 � ;��Ýõ� é �/� é ú éPê ; þ ô-� ùa� � �&ê@þ ûCö��Ýû;ô �
�mê ô ë � éPê õ ú éPê�2 ô ë]ê û ýJë]ë ù ý õPö ê ö ù õ`ô þÝþ û#�Gö ê û��

2 ô � 2 ; � �9���7�ù�Q�3� # x P £�P w�w P¨§ K |©1P � $'§�P y�}*É¿y���w P¡§ �T� O w P¨§ z�}*È �



 � Æ>=@?T¿�À*É�ÈyÁA=zÅ�ÀÝÈ@B�ÈCB�D�=zÅ�À*Á�ËA?�Ã�EGF)H%È@I � � ÷ �¾½ Ì Ú Ñ*â Ôgß�yÐ ß ÓU ÐvÕ��Ñ Ü Ð|ÓÜ × Ð Ôc�Y�ßqÚ Ù ÒÑ Û_Û�� T/ÓqÒ Ú Þ#ß Ü Û Ñ*â�_Ú Ó Þ T/ÓqÒ Ú Þ#ß Ü Û Ñ*âæ T/ÓqÒ Ú Þ#ß Ü Û Ñ*âA��â�ÒnÒ �_Ú Ó Þ T/ÓqÒ Ú Þ#ß Ü Û Ñ*â� T/ÓqÒ Ú Þ#ß Ü Û Ñ*âA��â�ÒnÒ�Ñ Û_Û�� T/ÓqÒ Ú Þ|ß Ü Û Ñ�â� Ú Ò Òn×VÐ|× Þ Ò Ü Ñ�ÐÔ Òv× × Öq× Ð|ÑdÐ|Ö Ù�Û'à Ð Ù�Û Ó±�Ð|Ñ�QqÓ�ÒnÑ� Û Ó Y ÐvÕ· Ú Ø¾ÒÞ Ð à Ò��Ð Ù*Ù ÒvÑ�ÓMÑ�Ò ÔvÛ#Þ Ó Ú Ù�Ú Û ÓÛ � Ù�Ú Ô Ð|× Ôgß Ð%Ñ�Ð Ô<Ù ÒvÑ�Ñ*Ò ÔnÛ|Þ Ó Ú Ù�Ú Û Ó� Ó Þ ÒvÑs�qÑ Ú Ó Ù âÙ�ßqÚ ÓqÓ Ú Ó ÞU Ö Ù�Û á Ú Ù�¸

= é �Ýû ù �mê@ë ô ú � ù õ � �Ýõ ú ë ù ö ý � ê ö�; 2 d �
����Ö � ë û|� é � � � ³ ô é õ � ³ � dËô 2 � ô�õPö ��� ã ��Ê ë ;tô�õ¸ Ó�\_Z�Y r:Ã Q:m�hjO#\|P��¼Z:L/P�h è Z:��l+�.hjO#\ è Z�Pyo r ª ê 2 ÷ (V"V� � � í�í�÷ , í�í (�º � �<ô�õ£; êLêq���Jë]ê û]û ê öQô�û
� ý û ú ê@ë 2 ðd��� ð �5� Ý 2 ð�� ÷ � � 2 ð�' ÷ � � 2 ð - ÷ � � 2 ð_� ÷ � à $ 243 z]z��� éPê@ë]ê C ð�� ÷V> ô�õJöÁC ð�� ÷V> û ú ô�õPö ë]ê û �mê � ú � 1 ê�þ´2 � ù ë ú éPêFë]ê û ýPþ ú ù �Pû é � � ú �Gõ
	 ú éPê ;"� ú ü ô � ðö ù`� õ ù ëEý
� ; 2 ù õ êNë ù� � � ê ú ý û � ë � ú ê
ð��)�ªð � ÷ $ ð��_�ªð�' ÷ $ ð7�
�²ð - ÷ $ ð7���²ð_� ÷ 243 z]¢��� ù ë ú éJê ÷  � � �&ê�þ û é � � ú û ù �µôT;�� ú ü ô � ð � = éPê õ � � ù ëFêq� ô ük�PþÝê � ú éJê û 2&ü ; ù þ ��� ê��.�Pë]ê û]û#� ù õC ð)� � 2 ð7� ñ ð���� > ê 1 ô þÝý ô ú ê û ú7ùa÷ �Ýõ ú é ù û ê@� � ��ê@þ�� ù û#� ú � ù õPû � é ù û ê õ ù ë ú éPê@ë õ�õ ê �/	 é ; ù ë�Ýû�; þ ô-� ù � ô�õPö � é �/� é ô þ û ù é ô 1 ê5ê � ú éPê@ë ô^; þ ô-� ù õ ê �/	 é ; ù ë ù õ ú éPê û ù ý ú é û#�Ýö ê ù ë ô � é � ú êõ ê �/	 é ; ù ë ú7ùOú éPêLê ô�û ú � ) � ú é ú éPê û ê ô-;
; ë]ê 1 �1ô ú � ù õPû � 243 z]zQ� ú ô ù¶ê û ú éPê � ù ë]ü

� ý û ú ê�ë 2 ð��d� ð ��� 2 ð)� � ð�� � ð�� � ð7�[� $ 243 z-Å��� é �/� é �<ô�õ`ô þ û ù ; êNêq�.�Pë]ê û]û ê ö`ô�û ð � 2 ð7� ñ ð7� ñ ð,� ñ ð,�[� �¶ 1 ê�ë%2£� � ��ê@þoé ô�û�� ù ýJë 9 ë ù�ù ù �õ ê �/	 é ; ù ë û � ; � � ú é � é �/� é � ú û é ô ë]ê ûLô�õ ê öy	 ê ô úrú éPêú7ù � � þÝê � ú � ë �/	 é ú � ù ë ; ù¶ú]ú7ù ü � ° ú ô þ û ù é ô�û ê �/	 é ú 9 ù �Ýõy	-�õ ê �/	 é ; ù ë û � ; � � ú é � é �/� é � úû é ô ë]ê ûrô ú þÝê ô�û úCù õ ê � ù ë õ ê�ë � ù �Ýõ ú � � ù ëCêq� ô ük�PþÝê � ú éPê^ù �Gõ
	X�õ ê �/	 é ; ù ë û ú é ô ú þ � ê ú7ù,ú éPêõ ù ë ú éPê ô�û úFù �fô þÝþ
� � �&ê�þ ûa�Ýõaô^;�� ú ü ô � ð �<ô�õ�; ê ö ê õ ù¶ú ê ök; 2 ð���� � � é �/� é �Ýû ê l ý � 1 ô þÝê õ úú7ù 2 ð����4� �Ýõ � � �&ê�þ ô þ 	 ê ; ë ô � º ù¶ú �/� ê ú é ô ú�� ê ô þ û ù é ô 1 ê ð����]� 2 ð7���r� �
� ½7 �½ r�}�½ ½ ® ½Áo � o ® { � Â�o�{ � Û¡�Ýûhô�õ�ô ë]ë ô 2 ù � � � �&ê�þ û ú é ô ú � é ô�õ
	 ê ûNö 2 õtô ü �/�<ô þÝþ´2

1 �1ô�ôLû ê l ýPê õ
� ê ù � þ ù ��ô þ ú ë ô�õJû#� ù ë]ü ô ú � ù õPû � ô þÝþ��wê�ë � ù ë]üSê öaû#� ühýJþ ú ô�õ ê ù ý û þ´2 � = éPê û ú ô ú êù � ê ô-� é£� � �&ê�þ ô úEú � üSê � ñ ÷ ö êq�mê õPöPû ê õ ú � ë]ê�þ´2 ù õ�� ú ûEû ú ô ú ê ô úEú � ü�ê �Eô�õPö ú éPê û ú ô ú ê ûù ��� ú û ù �Ýõ
	X�õ ê �/	 é ; ù ë ûOô úhú é ô úhú � ü�ê � = é�ý û ú éPê ô ý ú7ù ü ô ú7ù õ�ö êq? õ ê û�ôjû ê l ýPê õ
� ê ù �;�� ú ü ô � û ð6¢ �T£ � ð¡¢ �V£ � ð¡¢ �U£ � pqp�p ú é ô ú þÝê ô�ö,� ë ù ü ô�õ 2 	�� 1 ê õ,�Ýõ�� ú �1ô þ û ú ô ú ê ð¡¢ �T£ � � éJê�ë]ê
ð ¢ Ç ¹ �r£ � ¡ 2 ð ¢ Ç £�P� $ ð ¢ Ç £� $ ð ¢ Ç £��� $ ð ¢ Ç £� $ ð ¢ Ç £ $ ð ¢ Ç £� $ ð ¢ Ç £��� $ ð ¢ Ç £� $ ð ¢ Ç £�r� � 243 z]È��

ô�õPö ¡ �Ýû�ô�õ 2 ;�� úV� �Ýû ê � ù�ù þGê ô�õ¡� ý õ
� ú � ù õ ù �Eõ��Gõ ê 1 ô ë �1ô-; þÝê û � � ô�û|�%�Gõtô ú �Ýõ
	 � ô ú]ú ê@ë õPûù � ú ê õ ê�üSê�ë 	 ê �Gõ ú é �Ýû � ô 2 � � ù ëLêq� ô ük�PþÝê � ôh� ú ê@ë b ô ë ú �Ýõ � ô ë öPõ ê@ë �Ýõ ú ë ù ö ý � ê ö�å ù é õ³ ù õ � ô 2 > û¦	�ô ü�ê ù � � �l� ê ú7ùOú éPê �Dù ë]þ ö��Ýõ ÷ (¼� � � ü ù ë]ê � ù ük�Pý ú ê@ë ú � üSê � ô�û �Pë ù ;tô-; þ/2ö ê 1�ù¶ú ê ö ú7ù û ú ý ö 2 �Ýõ
	�� ú ûc� ük�Pþ �/��ô ú � ù õPû ú é ô�õ ú7ù ô�õ 2 ù¶ú éPê�ë � ù ü��Pý ú ô ú � ù õmô þ ú ô�û ù ö ýJë �Ýõ
	ú éPê õ êq� ú û ê 1 ê�ë ô þ@2�ê ô ë û1��ô þ ú é ù ý 	 é ú éPê �mê ù �PþÝêu� ô 2 �Ýõ
	 ú éPê � ù ük�Pý ú ê@ë ;�� þGþ û � ê�ë]êë ô ë]ê�þ´2 ú7ù þ ö ó 2 ä ê@êLêq��ê@ë �%�Ýû ê ÷�9 � � �= éPê@ë]ê ô ë]ê í ���j� � ù�ù þGê ô�õ�� ý õ
� ú � ù õPû ù �tõ��Ýõ ê 1 ô ë �1ô-; þGê û � û ù�ú éJê�ë]ê ô ë]ê í ���n� ö��/� ê@ë]ê õ ú
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	 úU¼ º � ù ü�� ù õ º õ ú û � ºnü �/	 ¼�ú ô�û � º�þGþ ô þ û ù ë#º � ù ë ö úU¼ ºë#º�þ ô ú � ù õJû ¼ � � ûT; º úV� ºº õ úU¼ º�ü � � º ú�> ûhô�û]û ýPü)º úU¼ ô úNù õ þ´2 ? õ�� ú º�þ/2Qü ô�õ 2 ; þ ô-� ùu� � ��º@þ ûô ë#º �Pë#º û º õ ú � = ¼ º õ úU¼ º@ë#º > û�ô�õ½�Ýõ ? õ�� ú º � ù ük� ù õ º õ únù � ��¼ � ú º�� � �!º�þ ûu��ô þÝþ º ö úU¼ ºm�o-r ´ ¹ �#� ® Û)Ù � � þ ô:� ù � ù ük� ù õ º õ ú û�ô�ö#�]ô-� º õ ú5ú7ù�úU¼ º ;tô-� ù 	 ë ù ý õPö8� ù õPû ú � ú ý ú º úU¼ ºNü ôh�Ýõ� m_Ú�}�r�{_p ù � úU¼ º � ü ô-	 º �Î� õPö úU¼ º û º ù ;�� º � ú û ü ô 2 �Ýõ ú ýPë õ ¼ ô 1 º ¼ � ½Á}�p � ��¼ �/� ¼ ü ô 2 û º@ë 1 ºô�ûSôu;tô-� ù 	 ë ù ý õPö¾� ù ë ô�õ ù¶úU¼ º@ë,þ º 1 º�þ ù � ù ;�� º � ú û � ô�õPö û ùnù õ � = ¼ ý û úU¼ º � ù õPõ º � ú º ö

� ù ük� ù õ º õ ú û ù �ºô�õ 2£? õ�� ú º�� �/� ú ýPë#º � ù ë]ü ô ¼ � º@ë ô ë � ¼ 2 ��ô�õ ù ë � º õ ú º ö ú ë#ºº � ë ù�ù¶ú º ö�ô úúU¼ º ;tô-� ù 	 ë ù ý õPö � � þ ô:� ù � ù ük� ù õ º õ ú û,ô �
�»º ô ë ô úNúU¼ º ù öPö.�õ ýPü ; º�ë#º ö þ º 1 º�þ û ù � úU¼ �Ýûú ë#º%º � ô�õPö ��¼ � ú º � ù ü�� ù õ º õ ú û�ô ú,úU¼ º,º 1 º õ.�õ ýJü ; º@ë#º ö þlº 1 º�þ û � ô þ ú º�ë õtô ú �Ýõy	u; º úV� ºº õ
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	 úU¼ º û ¼ Ö �Ýõ ù �Ýõ
	 �"Ö ù � º û]û ù � � ��	 � ÷ � � � ù ü�� ù õ º õ ú û ö��Ýû;ô �
�*º ô Ö �Ýõ úU¼ º ù Ö ö ºÖ× � ð Ø � Ù�� Ú ó 2 ô þÝþ ô úEú � ü�º ½ � � Û � Ü � Ý � Þ � ß]� à �
ä ý
�y� ù û º � º � ô�õ ú�ú7ù ô�õtô þ´2 æ º úU¼ º � ù ük� ù õ º õ ú û ù �Dû ý � ¼ ô � ��� ú ý�Ö#º ; 2�Ö#º ô�ö��Ýõy	ù õ º&Ö ù`� ô ú ô ú � ü)º �z� � ú º%Ö � º > 1 º û ºº õ�� ù ý�Ö�Ö ù� û úU¼ º
Ö#º û ýPþ ú �û ù Y�iô Ö � � þGþ ; ºátátátá*átátátá*átátátá*átátátá*átátátá*átátá â átátátá*átáátátátá ã ã ã á*átátátá*átátátá*átátátá*átá â â átátátá*átáátátátá ã ä ã ã átátátá*átátátá*átátátá*á â åtå â átátá*átáátátá ã ätätä ã ã átátá æ æ æ æ æ æ æ á*á â åtå â átátá*átá çè éêë ì 243 ¢Võ��

ô�õPö � º > þGþ ; º,Ö#º ô�ö 2 ú7ù û|�<ô�õ Ö ù� ? 1 º �F� � ù ü�� ô Ö �Ýû ù õ ù � Ö ù`� û�� ù ý�Ö ô�õJö ? 1 º � � þÝþúU¼ º õ�û ¼Pù`��úU¼ ô ú Ø ô�õPö × û ¼Pù ýPþ ö ü�º%Ö 	 º �Gõ ú7ù à � ; ý úNúU¼ ô ú õ º � � ù ük� ù õ º õ ú û Øô�õPö Ú û ¼Pù ýPþ ö ô þ û ù ; º`þ ô ý õ
� ¼ º ö � ¶ ��ºÖ �%�Ýû º ÷ �-(H� ù õ ú ôh�ÝõPû7� ýPþÝþ ö º ú ôh� þ û�ô-; ù ý ú ô�õ�ÝõPû ú Ö]ý � ú � 1 º ô þ 	 ù Ö � úU¼ ü úU¼ ô ú ��Ö ù �»ºÖ]þ´2 ý
� ötô ú º û úU¼ º � ý"Ö#Ö#º õ úSú Ö#º%º ô�û�õ º � Ö ù`� û�ô Ö#º�Ýõ �Jý ú �Î� öPö�� ú � ù õtô þ �Ýõ"� ù Ö]ü ô ú � ù õ��<ô�õ�ô þ û ù ; º � ù ü��Pý ú º ö ù õ úU¼ º B 2 � � ù Ö�ºq� ô ük�Pþ º � � º
� ù ýPþ önö º ú º%Ö]ü �Ýõ º úU¼ º ô Ö#º ô ù � º ô:� ¼ � ù ük� ù õ º õ ú � úU¼ º�þ ù ��ô ú � ù õJû ù ��� ú û ?"Ö û ú ô�õPö þ ô�û ú
� � �!º@þ û � úU¼ º û ü ô þÝþ º û ú º õ
� þ ù û#�Ýõy	 Ö#º � ú ô�õy	 þlº � ô�õPö%� ù Ö � ú ût� º õ ú º%Ö ù ��	 Ö ô 1 � ú 2 �
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«�î ³��g�_³ ± · J � º ú�> û�� ù ü��Pþlº ú º ù ý"Ö l ý �/� ù ú7ù ý�Ö ù � Ö ô�û ú º%Ö 	 Ö ô � ¼ �/��û�; 2 � ù õPû#�Gö º%Ö �Ýõy	 ¼Pù`�ú7ù ?PþÝþ(Ö#º 	�� ù õPû úU¼ ô ú ô Ö#º ; ù ý õPö º ö£; 2 û ú Ö ôh�/	 ¼�ú þ �Ýõ º û5ô�õPö%� ù Ö û#� ü��Pþ º � ý�Ö 1 º û � ¤ºô Ö ú �/� ý þ ô Ö]þ´2�º�µ �%� º õ ú ô þ 	 ù Ö � úU¼ ü û5ô Ö#º ô 1 ôh� þ ô-; þ º ��¼ º õ úU¼ º � ý�Ö 1 º ûËô Ö#º ; ý � þ ú ý
� � Ö ù ü 9j� ù õ��/�û º � ú � ù õPû�; � �� Ö � þlº û � º�þGþ � � û º û � � ô Ö ô-; ù þ ô�û � ù Ö ¼ 2.�»º%Ö ; ù þ ô�û � ô�û��Gõ�� þ ô�û]û#�/��ô þ 	 º ù ü)º ú Ö%2 �° õ ù�ººq� �Ýõy	 � � úU¼ 	 º ù ü�º ú Ö �/� ú Ö ô�ö�� ú � ù õ � � º û ¼ ô þÝþ ô�ö ù � ú ³ ô Ö ú º û#�áô�õF� ù�ù Ö ö��Ýõtô ú º û2 � $  � �Ýõ úU¼ º � ù þÝþ ù� �Gõ
	nö"�Ýû|� ý û]û#� ù õ � �GõPû ú º ô�ö ù �Ëû �»º ô ù �Ýõ
	 ô-; ù ý ú Ö ù`� û ù Ö � ù þGýPü õPûù � � � �!º�þ û�� � õï�Ýõ
� Ö#º ô�û º ù � � � � þGþ û#�/	�õ�� � 2 ô ü ù�1 º ú7ù`úU¼ º,Ö �/	 ¼�ú � ��¼ � þ º ô�õ³�Ýõ
� Ö#º ô�û ºù �¯ � � þÝþ ü ù�1 º�ý
� � ô Ö ö � b ù Ö#º û#�/	�õ�� ? �<ô�õ ú þ´2 � � º � � þÝþ � ù � ý û ù õ úU¼ º }�Ù`¹�}�p�; º úV� ºº õû�l ý ô Ö#ºa� � �!º�þ û � �ÝõPû ú º ô�ö ù � ù õ úU¼ º�� � �!º�þ û úU¼ º�ü û º�þ 1 º û � ¶ ö
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� º ¼ ô�ûFû ¼Pù`� õ úU¼ ô ú ô þ 	 ù Ö � úU¼ ü û�� ù ÖD?PþGþ �Ýõ
	T� ù õ ú7ù ý�Ö ûD; º � ù ü)º û#� ü��Pþlº%Öô�õPö��iô�û ú º%Ö ��¼ º õ � º � ù õ
� º õ ú Ö ô ú º ù õ úU¼ º�º öy	 º ú Ö ô�õPû#� ú � ù õPûz; º úV� º%º õ ��¼ � ú º ô�õPö0; þ ô-� ù ��ÝõPû ú º ô�ö ù � ù õ úU¼ º ; þ ô:� ù8� � �!º�þ û ù �Dô�� ý û ú ºÖ �/æ º ö ; ù ý õJötô Ö%2 � 2 ä º%º � � ù Ö¹ºq� ô ük�Pþ º � úU¼ ºö��Ýû|� ý û]û#� ù õa; 2 � � Ï ��� � ù�þ ô�õPö�ô�õJö º � ) º û ú º �Ýõ � Ã9Ã1Ã s \_Q:P
m r �&ð Ð ì 2 ÷ (V� ÷ � �  ÷ ,f �� � �³ ù õPû#�Ýö ºÖ ô�� ù õ ú �Gõ ý ù ý ûM� ý�Ö 1 º'� 2 � �a� Ý � 2 � � $  2 � � à úU¼ ô ú �Ýû ú Ö ô-� º ö ù ý ú ô�û�� 1 ô Ö � º û� Ö ù ü � ú7ù�÷ � ) º ô�û]û ýPü�º úU¼ ô úDúU¼ º � ý"Ö 1 º ö ù º û]õ > ú �Ýõ ú ºÖ û º � ú � ú û º@þ �t� ù Ö ��6 �¯7 ÷ � ô�õJöúU¼ ô ú � 2 � �a� � 2 ÷ � � = ¼ º �iô ü ù ý û�å ù Ö ötô�õ�� ý�Ö 1 º úU¼ º ù Ö#º@ü ¸ ³ � å ù Ö ötô�õ � è Z.�-\|m¯W�ñ Q:P�Q:e}i
m�OÐ 2 ÷ �V�V� � � "V�¼��,�"V(- � ø�� ° º ; þ º õ � s \_Q�Pym r ¥¦��O#\ r�é Qfhgb r[© Z�Y r Õ 2 ÷ ( � " � � � ½ ,.(V�:º�û ú ô ú º ûúU¼ ô ú º 1 º%Ö%2 û ý � ¼ � ý"Ö 1 º ö�� 1 �Gö º û úU¼ º��Pþ ô�õ º �Ýõ ú7ù�úV�Dù Ö#º 	�� ù õPû � �<ô þÝþ º ö úU¼ º �ÝõPû#�Gö º ô�õJöúU¼ º ù ý ú û#�Ýö º � ) º �<ô�õ 9/ö���	�� ú �/æ º ; � 2 � � ; 2 � ù Ö �%�Gõ
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� � �!º@þ û ��úU¼ º õ � º ù ; ú ôh�Ýõ�ô�õ�ô �
��Ö ù � � ü ô ú � ù õ��Ýõ ��¼ �/� ¼�úU¼ º �ÝõPû#�Ýö º[� � �!º�þ ûFô Ö#º ; þ ô-� ù ô�õJöúU¼ º ù ý ú û#�Ýö ºa� � ��º@þ ûOô Ö#º ��¼ � ú º � = ¼ �Ýûhö���	�� ú �/æ<ô ú � ù õ ��Ö ù � º û]û º û]û º õ ú �1ô þÝþ´2�Ö#ºq�Jþ ô-� º û úU¼ ºù Ö �/	��Ýõtô þ � ý"Ö 1 º ; 2 úU¼ º û º l ý�º õ
� º ù �c�Ýõ ú º 	 º%Öt� ù �Ýõ ú ûÖ ù ý õPö 2 � 2 � �#��� Ý 3 � 2 � � ñ �� 5�$ 3  2 � � ñ �� 5 à $ � ù Ö ��6 � 6 ÷ � 243 ¢#k��
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~&ø 2 � w ÷ $  ��� ~
ø 2 � $  � w ò]g $ ~&ø 2 � $  w ÷ ��� ~&ø 2 � $  � w i $~ · 2 � w ÷ $  ��� ~ · 2 � $  � w i � ~ · 2 � $  w ÷ �a� ~ · 2 � $  � w ò]j:p 243 Åh8Q�
� ý"Ö úU¼ º%Ö]ü ù Ö#º � º ��ô�õ,ö�� 1 �Ýö º úU¼ º � ù õ ú7ù ý"Ö �Gõ ú7ù û º�� ô Ö ô ú ºM� � º � º û � �Ýõ º ô:� ¼,ù � ��¼ �/� ¼ � 2 � �ô�õPöu 2 � � ô Ö#º ; ù¶úU¼ ü ù õ ù¶ú7ù õ��/� � � ù Ö\º�� ô ü��Pþlº � ��¼ º õ úU¼ º±º@þÝþ � � û º 243 ¢]zQ� ú Ö ô 1 º�þ û\� Ö ù ü2 ò ��$|� � ú7ù 2 �!$ ÷ � � � úU¼ º 1 ô þÝý�º ù � � ö º � Ö#º ô�û º û ��¼ � þlº û�Ýõy� Ö#º ô�û º û �°úU¼ ý û � º õ º%º ö ù õ þ/2ü ù�1 º � Ö ù ü 2 � $  � ú7ù 2 � ò ÷ $  � ù Ö ú7ù 2 � $  ñ ÷ � � ° � Ö#º 	��Ýû ú º%Ö û 2 ~ $�Ä�$ � � Ö#º û �»º � ú � 1 º@þ´2¼Pù þ ö 2 ~ $ ~
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ø 2 � $  � ò g � � e�~ · 2 � $  � ò j �ô�õPö�	 ùOú7ù = " �
ý ê J ¸ d��/	 ¼�úFù ÖFý
� � º ° �¹~ 7 � � ö ù = ( ��ù¶úU¼ ºÖ � �Ýû º ö ù = 9 � d º��»º ô ú ý õ ú � þ �Ýõ ú ºÖ#Ö]ý
� ú º ö �
ý ÐdJ ¸ Ï ù`� õ ù Ö·Ö �/	 ¼�ú � º ° �î~�7 � � ö ù = � ��ù�úU¼ º%Ö � �Ýû º ö ù = ( � d ºq�»º ô ú ý õ ú � þ �Ýõ ú ºÖ#Ö]ý
� ú º ö �
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ÔnÚ Ñ Ô × ÒvâÙ�Ú × Ú Ó Þß Õu��ÒvÑ Ü Û × Ú Ô ��×¾Ð%ÓqÒÒ Û � × ×
ý T�J ¸ Ê � ù ÖEþ º � ú � º ° �f~ 7 � � ö ù = 9��Jù�úU¼ º%Ö � �Ýû º ö ù = � � d ºq�»º ô ú ý õ ú � þ �Ýõ ú ºÖ#Ö]ý
� ú º ö �ý [�J ¸ � º � úµù Ö ö ù`� õ � º ° �W~ 7 � � ö ù = � ��ù¶úU¼ ºÖ � �Ýû º ö ù = � � d ºq�*º ô ú ý õ ú � þ �Ýõ ú ºÖ#Ö]ý
� ú º ö �ý Õ J ¸ b ù�1 ºAý
� � º ³ Ö#º ô ú º úU¼ º®º ö
	 º 2 � $  � òiòiò 2 � $  ñ ÷ � � úU¼ º õNû º ú e  ñ ÷ � ° õ ú º%Ö#Ö]ýy� úú7ù = ÷ � �l�� � �� �Pù¶úU¼ º%Ö � �Gû º û º ú ~ÉeÎ~ ñ � � Ä e Ä ñ i � � e � ñ ò]j �ý « J ¸ b ù�1 º ö ù`� õ � º ³ Ö#º ô ú º úU¼ º�º öy	 º 2 � $  � òiòiò 2 � $ mò ÷ � � úU¼ º õ û º ú Æe  ò ÷ �° õ ú ºÖ#Ö]ý
� úoú7ù = ÷ � � �. � �� �¶ù¶úU¼ º%Ö � �Ýû º û º ú ~ÉeÎ~�ò � � Ä e Ä òÕi � � e � ò ò]j �ý#" J ¸ b ù�1 º�þ º � ú � º ³ Ö#º ô ú º úU¼ º�º ö
	 º 2 � $  � òiòiò 2 � ò ÷ $  � � úU¼ º õ û º ú � e � ò ÷ �° õ ú ºÖ#Ö]ý
� úfú7ù = ÷�÷ � � � � � � ��ù¶úU¼ ºÖ � �Ýû º û º ú ~ eÎ~Sò Ä � Ä e Ä ò ò]g � � e � ò£i �ý  J ¸ b ù�1 ºûÖ ��	 ¼�ú � º ³ Ö#º ô ú º úU¼ º�º öy	 º 2 � $  � òiòiò 2 � ñ ÷ $  � � úU¼ º õ�û º ú � e � ñ ÷ �° õ ú ºÖ#Ö]ý
� úfú7ù = ÷�÷ � � � � � � ��ù¶úU¼ ºÖ � �Ýû º û º ú ~ eÎ~ ñ¥Ä � Ä e Ä�ñ ò]g � � e � ñ i �ý ª ì J ¸ � �Gõ��Ýû ¼�¼Pù Ö �/æ ù õ ú ô þÝþ´2 � º ) ¼ � þ º&� 7 � � � � Ö#º ô ú º úU¼ º&º ö
	 º 2 � $  � òiòiò 2 � ñ ÷ $  � ô�õJöû º ú � e � ñ ÷ � ) ¼ � þ º�� � � � � � Ö#º ô ú º úU¼ º)º ö
	 º 2 � $  � òiòiò 2 � ò ÷ $  � ô�õPönû º ú� e � ò ÷ � = º%Ö]ü �Ýõtô ú º úU¼ º ô þ 	 ù Ö � úU¼ ü �ý ªWª J ¸ � �Gõ��Ýû ¼H1 ºÖ ú �/�<ô þÝþ´2 � º ) ¼ � þlº �7 �� � � Ö#º ô ú º úU¼ º7º öy	 º 2 � $  � òiòiò 2 � $  ñ ÷ � ô�õJöû º ú �e  ñ ÷ � ) ¼ � þ º  � �� � � Ö#º ô ú º úU¼ º�º ö
	 º 2 � $  � òiòiò 2 � $ mò ÷ � ô�õJö�û º ú

e hò ÷ � = ºÖ]ü �Ýõmô ú º úU¼ º ô þ 	 ù Ö � úU¼ ü �� ù Ö7ºq� ô ük�Pþ º � ��¼ º õ úU¼ �Gû�ô þ 	 ù Ö � úU¼ ü �Ýû7�Ýõ 1�ù ù�º ö � � úU¼ 2 � $  �,� 2 ò ��$|� � � 2 � � $ �� �,�
2 ��$ ÷ � � � ô�õPö ~ 2 � $  �)�  � � ñ ÷�9  � ò  � ò ÷�9 �ò ÷ "V(V" � � ú�� � þGþ � Ö#º ô ú º úU¼ º,º öy	 º û2 ò ��$|� � òiòiò 2 ò ��$ ÷ � òiòiò 2 ò ��$ òQ� òiòiò 2 ÷ ( $ òQ� òiòiò 2 ÷ ( $ ½ � òiòiò 2 ÷ ( $  � òiòiò 2 ÷ � $  � òiòiò2 ÷ � $ " � òiòiò 2 ÷ � $ " � òiòiò 2 ÷ � $ 9 � òiòiò ����� òiòiò 2 " $ ( � òiòiò 2 " $ ÷ � � � úU¼ º õ ü ô ù�º ôF; º%º@þ �Ýõ º� ù Ö 2 ��$ ÷ � � � 2 ä º%º 243 ¢]zQ� ô�õPö 243 Å 3 � � � ¶ �!º%Ö �%�Gû º ÷ � ò º��.�Pþ ôh�ÝõJû ��¼ 2 � ú��Dù Ö|ù û �b ù�1 º�ü�º õ úhú7ùjúU¼ º7Ö ��	 ¼�ú �Ýõ�û ú º�� = (��Gû�� ù õ 1 º õ"� º õ ú þ/2 � ü��Pþlº�ü)º õ ú º öH; 2 û º ú]ú �Ýõ
	" 2  � e " 2  � ¡ 2 ÷ - 2 � à Ð Ò ò � �#� � ý û#�Ýõ
	 úU¼ º " 1 º � ú7ù Ö û ù � 243 ¢]¢Q� ô�õJö 243 ¢-Å�� �b ù�1 º�ü�º õ úEú7ùOúU¼ ºNþ º � ú �ÝûEû#� ü � þ ô Ö � ; ý ú�� º û º ú � e � ò ÷ ?�Ö û ú �¯ä ú º�� = ÷ � � ù ýPþ ö�û º ú" 2  � e " 2  � ¡ 2#2 ÷ - 2 � à Ð Ò ñ ÷ ò ü �Ýõ 2 � $ � � �#�#� ò 2 ÷ - 2 � à Ð Ò ò ü ô � 2 � $ � � �#�#�#� � 243 ÅX»��
; ý úNù õ ºOü ù�1 º ô ú ô ú � ü)º,ü �/	 ¼�ú ; º � ý û ú ô�û^	 ù�ù ö � ; º ��ô ý û º ñ � �wò � ñ �Ýû ù � ú º õnû ü ô þÝþ �b ù�1 º�ü�º õ ú ý
� ù Ö ö ù`� õjõ º%º öJûEõ ù ô-� ú � ù õ � ; º ��ô ý û º 1 ºÖ ú �/�<ô þtº ö
	 º ûrô Ö#º&Ö#º ö ý õPötô�õ ú �º ù¶ú �/� º úU¼ ô úOúU¼ º ô þ 	 ù Ö � úU¼ ü Ö]ý õJûOû ù ü�º ��¼ ô ú �Vô�û ú º%Ö �Ýõ úU¼ º û �*º �%�áô þ ��ô�û º ��¼ º õi � � � �%� Ö � þ º ûrô þ � ô 2 û¦; º�þ ù õ
	 ú7ù�úU¼ �Ýû[�<ô�û º � = ¼ º
º 1 º õ ü ù Ö#º û �*º �%�áô þ �<ô�û º ù ��û ú Ö ôh�/	 ¼�úþ �Ýõ º û � ��¼ º õ g�� i � j�� � � �Ýû ù �¯� ù ý�Ö û º �iô�û ú º%ÖA2�º ú°�fúU¼ º õ � º ¼ ô 1 º ô�û#� ü��Jþ º � Û)}%õ� }R¹�q p|{S} � ô þ 	 ù Ö � úU¼ ü 2 û º%º&ºq�!º%Ö �%�Gû º ÷ �V" � �

�9��������$3�&% z ¥ P¨£�O �>x�y�}*È P � §�$ ¦� x2z w P w $®©*£ y��#¯¿y�}*É © y��#¯¿y`È/y�z~} |y�wfwAx P�P É*È PQO)$ �ÆÉ2zÊÈ�z~wAz(' P Ér�+z § � £~P+Os�
) ¼ º õ ü ô�õ 2 � ù õ ú7ù ý�Ö û ô Ö#º8?PþÝþlº ö5�Ýõ úU¼ º û;ô ü�º � ü ô-	 º � ý û#�Ýõ
	 " 1 º � ú7ù Ö û � úU¼ º

� � �!º@þ 1 ô þÝý�º û � ¼ ô�õy	 º ; º úV� ºº õ�; þ ô-� ù ô�õPö ��¼ � ú º ��¼ º õ º 1 º%Ö � º � Ö ù û]ûrô�õ ù öPö õ ýPü ; ºÖù � º ö
	 º û � � ��	 ý"Ö#º ÷ �d� þÝþGý û ú Ö ô ú º ûSô ú � þ �Gõ
	 ù � úU¼ º ¼ 2.�»º%Ö ; ù þ �/� �Jþ ô�õ º ; 2¾º l ý � þ ô ú º%Ö ô þ
 f" µ < f" µ < f" µ ú Ö �áô�õy	 þlº û � ù ; ú ôP�Gõ º ö�; 2 û ý
�»ºÖ � ü�� ù û#�Gõ
	 úU¼ º
Ö#º û ýPþ ú û ù ��û º 1 ºÖ ô þ ¼ ý õPö Ö#º öô �
�Pþ ���<ô ú � ù õPû ù � � þ 	 ù Ö � úU¼ ü = �
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�1���7����7��&8�9 �2z�} P+O wAx�y�w³É P ¢�} PwAx P�$ �Xw £ z�} P � $ }/w $ � §f$ � y�};: ¨��
� þ 	 ù Ö � úU¼ ü = ô �
�Pþ � º û ù õ þ´2 ú7ù � ù õ"�/�@� ý�Ö 1 º û � � ý úDúU¼ ô ú�> ûCõ ù¶ú Ö#º ô þÝþ´2 ô þ � ü � ú ô ú � ù õ�Ýõ ��Ö ô-� ú �/� º � ; º �<ô ý û º � ý û ú ô-; ù ý ú º 1 º%Ö%2 û ¼ ô �»º � º�º 1 º%Ö õ º%º ö ú7ù ö Ö ô � ��ô�õk; º � º�þÝþ ô � 

��Ö ù � � ü ô ú º ök; 2 9 � � º � º � �Ýû º � ù õ�����û�;��<ô þÝþ º ö�l ý ô�ö Ö ô ú �/� �=<º æ%� ºÖ û �Pþ �Ýõ º û ù Ö p�¯ ® q�Û)}|p � � ù Öº�� ô ü��Jþ º � � �/	 � ÷ (rû ¼Pù`� ûAô ú 2.� �/��ô þ û�l ý �Ýõ º � ý�Ö 1 º � � úU¼  � � ù �Ýõ ú û 2 � � $ � � $ pqp�p $ � �?> $ � �'� � ���¼ ºÖ#º¤� �#� � � � � = ¼ º�º 1 º õ.�õ ýJü ; ºÖ#º ö � ù �Ýõ ú û 2 � � $ � � $ pqpqp $ � �#� � þ � º ù õ úU¼ º � ý�Ö 1 º �úU¼ º ù¶úU¼ º%Ö û � 2 � � $ � � $ pqp�p $ � �!> � � ô Ö#º �<ô þÝþlº ö�9%� ù õ ú Ö ù þt� ù �Ýõ ú û � ;F; º �<ô ý û º úU¼ º�2³Ö#º 	 ýJþ ô ú ºþ ù �<ô þ ; º õPö��Ýõ
	 ô�õJö8B ºq� �Ýõ
	 � ¶ ô-� ¼ û º � ú � ù õ � 2 � ��@ $ � �
@ ¹ � $ � ��@ ¹ � � ; º 	��ÝõPûLô ú � ù �Ýõ ú � �
@ �ú Ö ô 1 º�þ �Ýõy	7�GõQö"� Ö#º � ú � ù õ � ��@ ¹ �Cò � ��@ � ° ú º õPöJûNô ú � ù �Ýõ ú � ��@ ¹ � � ú Ö ô 1 º@þ �Ýõ
	��Ýõ�ö�� Ö#º � ú � ù õ� ��@ ¹ �fò � �
@ ¹ � � = ¼ ý û®� � � �
@ þ � º û ù õ úU¼ º û ú Ö ôh�/	 ¼�ú þ �Gõ º � Ö ù ü � ��@ ö � ú7ù � ��@ ¹ � � úU¼ º û�l ý �Ýõ º
� ô�û]û º ûrû ü ù�ù¶úU¼ þ´2 úU¼ Ö ù ý 	 ¼ � ù �Gõ ú � ��@ � � úU¼Pù ý ú � ¼ ô�õ
	��Ýõ
	Sö�� Ö#º � ú � ù õ �¶ �!º%Ö �%�Gû º ÷ � 9 ö ºq? õ º û � 2 � �
@ $ � ��@ ¹ � $ � ��@ ¹ � � ��Ö#º ��Ýû º�þ/2 � ô�õPö º��!º%Ö ��Ýû º ÷ �¼� ºq���Jþ ôh�ÝõPû¼Pù`��ú7ù ö��/	�� ú �/æ º ô�õ 2 û�l ý �Ýõ º � ý�Ö 1 ºný û#�Ýõ
	 � þ 	 ù Ö � úU¼ ü = � = ¼ º�Ö#º 	�� ù õ²�ÝõPû#�Gö º úU¼ ºö��/	�� ú ��æ º ö º ö
	 º ût��ô�õ úU¼ º õ�; ºT?PþÝþ º ö � � úU¼ ; þ ô-� ù�� � �!º�þ û �° õ
��Ýö º õ ú ô þGþ´2 � úU¼ º ú ô�û ù ù �Ù � o^åfq�Û¶¹ þ �Ýõ º ûaô�õPö � ý�Ö 1 º û ù õ ô ;"� ú ü ô � ú ý�Ö õPû ù ý úú7ù ; ºaü,ý � ¼ ü ù Ö#º ö�� µ � ýPþ ú�úU¼ ô�õ úU¼ º ú ô�û ù ù �`ò�½ ½¾q�Û/¹�ô ö���	�� ú �/æ º öH� ù õ ú7ù ý�Ö � ; º �<ô ý û º� º � ô�õ ú ö��1ô-	 ù õtô þ û ú Ö ù ù�º û ú7ùû¼ ô 1 º úU¼ º û;ô ü�º ô �
� ô Ö#º õ úhúU¼ ��� ù õ º û]ûOô�û 1 º%Ö ú �/��ô þ ô�õJö¼Pù Ö �/æ ù õ ú ô þ û ú Ö ù ù�º û�ö ù ��� õ º�� � º@þÝþ º õ ú û ù þÝý ú � ù õ ú7ùnúU¼ ºjþ �Ýõ º �ö Ö ô � �Ýõ
	 ��Ö ù ; þ º@ü � ô�û� ù ý õPö£; 2 å ù�¼ õ Ï � ã ù ;
; 2 � �X¥ èzé Ð Õ 2 ÷ (X�V( � � ò � (�, ò�ò ( �«�î � G¬± ´ þ � C ¸�¸ ´V� En² Ï µ�G<µ ³*� ±+J b ù ö ºÖ õ�� ù ük�Pý ú ºÖ û ú º õPö ú7ù û þ ù`� ö ù`� õ ��¼ º õ ô
��Ö ù 	 Ö ô ü � ù õ ú ôh�ÝõPû£� ù õJö�� ú � ù õtô þ ; Ö ô�õ
� ¼ �GõPû ú Ö]ý � ú � ù õJû � ; º ��ô ý û º ô�õ ý õy� º%Ö ú ôh�Ýõ�B ù`�ù ��� ù õ ú Ö ù þ �<ô�õ��Ýõ ú ºÖ � ºÖ#º � � úU¼ ��Ö#º ö���� ú � 1 º�þ ù�ù ù ô ¼ º ô�öª�� Ö � ý � ú Ö%2 � = ¼ º%Ö#º � ù Ö#º � º > 1 ºý û º ö á�á)ã�ä�> û � ù õPö"� ú � ù õtô þ �û º ú �ÝõPû ú Ö]ý � ú � ù õPû þ � ù�ºBA ô"c1� �Ýõ ��Ö ù 	 Ö ô ü û þ � ù�º 2 z]¢Q� � ° õPö ºº ö �� ù ý"Ö �ÝõPû ú Ö]ý � ú � ù õPûrû ý � ¼ ô�ûâC G�H�HDC ÷�E�÷ òGF¥ô"m í ÷ ê ÷  F A ô"c�� ï ÷�åf÷ CHF A ô"c1�JI ÷�å�÷ í > ô Ö#º
��Ö ù ;tô-; þ´2 �iô�û ú º%Ö úU¼ ô�õ úU¼ º � Ö úU¼ Ö#º%º Y�GõPû ú Ö]ý � ú � ù õ�� ù ý õ ú º%Ö|� ô Ö ú01� åf÷!K�L ò  F G2H�H ï ÷�E�÷ òMF ô^mJI ÷ ê ÷  243 ÅXõ����¼ º õ úU¼ º ô-� ú ý ô þcÖ]ý õPõ"�Ýõ
	 ú � ü)º �Ýû ü�º ô�û ý�Ö#º ö ù õnô ¼ �/	 ¼ þ´2£� � �*º�þ �Ýõ º ö ü ô-� ¼ �Ýõ º � º 1 º õúU¼Pù ý 	 ¼ úU¼ º&Ö]ýJþ º  ù �Ý úU¼ ýPü ;£� ù û ú5ù � 243 ÅXõQ� �Ýû ù õ þ´2 ½ �nô:��� ù Ö ö��Ýõy	 ú7ù = ô-; þ º ÷ �¾½.� ÷ < , ÷ �
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à Ð%â �â Ú Þ ÓqÒSQ â ßqÚ Ø Ù Ñ Ú Þ#ß#Ùõ Ë:±à ÒvÑ Þ Ò�â Û Ñ ÙÔ Ð Ôgß Ò

� � úV� �Ýû º ù �*º%Ö ô ú � ù õPûk�<ô�õ ¼ º@þ/� ö�� ü �Gõ��Ýû ¼ úU¼ º õ º%º ö5� ù Ö � ù û ú þ´2 ; Ö ô�õ
� ¼ �Ýõ
	 � � ù Öº�� ô ü��Jþ º � � � á�á¬ã�ä ö��ÝöPõ > ú�¼ ô 1 º ô A ô"c1� �ÝõJû ú Ö]ý � ú � ù õ � º � ù ýJþ ö � Ö � ú ºc�õON".QP ÷�å F \^mRP ÷ P ÷�å F ô^mRP ÷ P ÷!S ,*FG�H�H í ÷�E�÷ òMF ä \^m í ÷ í ÷ ï F G�c2H í ÷ í ÷ PTF ä \"m ï ÷ ï ÷ í Fô"m í ÷ ê ÷  F ä \^m í ÷ í ÷ IHF GIc2H í ÷ í ÷ PTF ä \^mUI ÷ I ÷ í F 243 Å�k��
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	}þ á�ûªù!õ��5á
�/ô��hù � ï 5 ø�õ!9�á�ø�õ�ø�ú 3 �}ú��÷â�9 ï � 5 � 5 óDôK�eã}ú Fù!þ}õ!�eõ�á
�eõ��eõ�ú�	/õ ü ù���ÿõ0öI��� � å � ��¥ �}ï å=� å21 � ¥�� � åK$ ú�� ü þ�ú!õ0ù!útô�û�ú�����õ�úÝ��� ��¥8� � � � $�3 �÷â ü ö��}ã�� â�95ù!þ}õ � åûaá�ø�ôK�}ú�úeô�ö��hù��÷ô�â}úDù!ô¾ù!þ}õPõ!��9�þ�ùJp=�}õ�õ�â}úJ	��eô��}ö õ�ø@ñO3PRQSP ® PUTWVXPZY ¡Yñ � á
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°5�,�� L���£Æ	��µ À ���"�m�n�}� �L�¯���,�L¢,�/�T L�������u�L�����"�/�,�5°5�/�����/�5�F���/���u�/���/�²�L����ªÁ±L ��T�u�L�
�/�²�L���Â�����/��� �j�u�²�J���������u�J�L�/����¥L�L����Û@R ¨¥£����,�L�����§�u�²�²�����;���w�»�����P�u���,�L���¼Òj�,��¥L ��u�/����ª �
R ©&ª��*�¡�,�«�§�p�L�¡�,���T�®�u���;� À �L�/�,�§�ª �¬R~�¨J�*�¡�,�I�uÏ²�;�¡�p·Á�����t�»�L¢,���L���/�����L¢�ª �¸�1���®RQB¯��*���;�
�?Ï���¢,�����ZÞ»�������/��������¢Lª ���P�u�,µ�Î+R~£ ��° �����®���5���uÒj�,��¥L ��u�/�§È7Ç
���L�/� � ������¢,�T�,�c�p�5�u�/¢,�?�1�u�/�
Òj������ L�´�u�I���L�9Ï5��§�u������µ �
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¸�¹8º*»½¼ ¾t¿�À	Á 	eÂ�Ù�ÿ Êg¦y×�Ð�¦y×tÙ � £�Ð ú[ÃKÄ5Å ø&Æ ð2×�¦n¥ÈÇ)É³Ê Ë�	 Ä �#ÌÎÍ7	eÏ Ä¥Ð%Ñ �mÒ øUÓ1Ô ÑWÊ®Ö ø&Æ	Õ�Ó Ù Ú ÔGÊvñ¥§Ô�ªk¥~¥§ÔG¦RÎ8¦n¥�Ö3Ç É³Ê Ë�× ú[Å Ï Å ø Æ-Ø Ï^ÊgÖGÖ2ð0ª°¤GÖ úÙÃ�ÑnÅ ø ÓUÚ Ì�Î�ªýÏG¤GÌ � ¦n¨8ÎËª°×MÐÆªiÑWÌ�×ÍóòÊ³ÐqÔ�ª°Î§ÔÐ�ÏG¤GÈn¥§Ì�Êi¤GÎÝÐ�¨8ÊiÑÜÛL�tÓGÌÍ¥ÝÕi¦nó¶ÎZ¥§ÊJ	/Û�ÝtÞ,�A�{ÓGÌÍ¥îÕi¦nó®ÎxÙË	/ß\ÔG¦yÎ8¦9Ð�ÏG¤GÈn¥§Ì�Êi¤GÎîª°¨8¦�©�ªi¨e¥§ÌÍÈyÏG×Øª°¨8×ÍóÒ¦xª°ÎeóW¥§ÊÌ�ÑW©G×�¦yÑW¦y¤g¥îÊi¤òªRÓGÌ�¤�ª°¨eóýÈyÊiÑÒ©GÏ¶¥§¦y¨yÙ �

¹8º�»¥à ¦�¥Dá�	 Ä �¥ÌâÍ Ä Ò øUÓ�Ô ÑWÊ®Ö ø&Æ8Õ-Ó ª°¤GÖ«ã,	 Ä Ø Ä)ä �DÌÎåKæwç Õ*èË�é�ê ¼ á²	 ÄÙÐ«Ñ �8Ì½á�	 Ä)ä�Ð«Ñ � Á Ù,ßîÔG¦y¤ã;	 ÄyÐEë Ø Ä)ä)ÐEë �ÈÌìã;	 Ä Ø Ä)ä � Ð ¼ á�	 ÄÙÐ%øUÓ �8Ì½á�	 Ä)ä>Ð øUÓ � Á Ý ¼ á�	 Ä �8Ì½á�	 Ä)ä � Á Ììã;	 Ä Ø Ä�ä ��Ùýü�×�Î8Ê
ã;	 Ä Ø ú �#Ì 	 øUÓ ÙÝ«	 Ä ÑÒÊgÖ ø&Æ �p� Ð 	 øUÓ ÙÝ«	p	íÝ Ä ��ÑWÊ®Ö ø&Æ �p�\ñ\ÔG¦y¤ ú�ÅKÄ5Å ø&Æ ð¡ñ.ÔG¦n¨8¦DÏ ÙÝ Ñ ÌÑÒª°ôL	eÏ�Ý Ñ Ø ú ��Ù�ß\ÔG¦n¨8¦yÐ�Ê³¨8¦�ã;	 Ä Ø Ä)ä �<Ì Ó øUÓ ÙÝU	p	 Ä Ý Ä)ä �¡ÑWÊ®Ö ø&Æ � Ô Ð Ó ø>Ó ÙÝO	p	 Ä�ä Ý Ä ��ÑÒÊgÖ ø&Æ � Ôñ.ÔG¦n¤ Ä�îï Ä ä 	ÞÑWÊ®ÖGÏG×ÍÊ ø Æ ��Ù

��Êvñ ×�¦n¥�ðñÌ�Ö³Ï × ú�Å Ï Å ø&Æ Ø Ï,Ê®ÖGÖ Ú ª°¤GÖ5òóÌ�Ö Ñ × útÃôÑ¥Å ø>Ó Ú ÙÒÿ ¦Rñîªi¤³¥�¥§ÊÎ§ÔGÊxñ ¥§Ô�ªk¥Èå É³õUö å Ëmõ>÷ ¼ á�	eÏ ÄÙÐ«Ñ �7Ì½á�	eÏ Ä ä Ð«Ñ � Á Ã¬ø Ò;ùúÌ ø Æ8Õ�èíû*Ó Ò ø Æ	Õ�Ó Ì ø æ Ó³Õ*è ñ\ÔG¦y¤úÙÃIÄ�Å«Ä)ä*Å ø&Æ Ùqü�¤GÖTÌ�¤GÖG¦y¦nÖ2ð�Ì�Ð Ä)ä Ý Ä Ì ø�ü�ý ñ.Ì�¥§Ô ý Ê®ÖGÖ2ðG¥§ÔG¦n¤TñÝ¦~Ô�ª � ¦
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Ó ø Ó ÙÝ ø ü 	 ø��BÐSë � Ô Ì ø ü�û+è æ ç � � ��� Õ*èþ
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¼ Ú ¦y¦�Mâ��vä��°é�â���ègä�âËï���æ��Aè��5ì��¶ä�â§é�ã����Æâ§æ��yâ���� ¹! 	 ë#"$"$" ��ð ø � ø þ ø ö ø Ù Á



å ì&%('*),+.-*ë0/1%aè2+¡ë(3«ë43�5�%aè&+./261'87:9�ê,;<)&=

 ?>�>��_q �>�>`ò���q�A@��!>M�ABï/î �°���/.9�k�pí×î ¢Ìî �n�~�/î �;²����;0Ý¢DC�{�Ìî �e¢0Ý�e�/î ���~� �v�/íe�Ìî �n�FE2E&E�t�x���ïk�{���/í��~�k�x�k��°��¢t�k�8��ð î �k�à�GH�£¢Ìî �JI��k�x�k�

qh0�KL)�K²3�G ./@Á3�<�. C =�B$476;=�4A=�@7QLK ���K ���K ���'.®G QR)1</4�.1GE+�.j|�<¬@A=>u´=�@¡<J4A)
b�MFN!O�P�M$Nt�8QRN�MSQDM$N5�1T U v Q wWV M$PFT X�T Y!U V T v$Z Q v\[^] k`_ K ���&: 0F476;=¬G : 4A=/@A.,4×3�@A=/B
3�<?=/MF+H6;=®0T476�=¬)1@AM,=/@A: 0 C .�0;M�@A=�M�3�-14A: )50�./<�KL=�-14¡<¼0�=�=/MF4A)tx²=}=�Q
K²6;.P<�: ��=/MFa�z

[ �¯fcb$f \c_ V f ��g {a6;=ed�@A=�=gf�0,-m|²-PG )1KL=�M;: .³s×r �\O�h wei,m,m,r,z
j�YDk2Yml�Y8n�oqp�r!sut Pwv�x\o yJo z{p P|o r~},sur?�ey
Lc�/�®� ���u L���"�L�®· �u�F���"����¥¦�,�§�����5���A��������F�,�Ë���1�����§�u�� L�/�u L���/���u���1���¦�P°5�>�?�1¥����L�´N±¦�/È
�/�,���I�u�L�
���P�u�������,�����L�,���/�
�¡�,�j����¥L���/�����5�u���L¢��1�����T���L��¥L L���®�u���L¢ Í �²�,���®�����¡ ��L�P�u���,�L�
���L�����L���¼���,��¥L ��u����µ À �L�I±��������I���L�®�¼���j�¼���´°����L�PÈp���L�LÈ7�/�,��É� L�/�»���?�L�����I���;���P·I���1�»����º,�
�u�L�}±L�������§T�u�����/�Á�,�ËÏ����P�u���,�G
�µ Æ�ªL±L L�Á·I�´�u�N���P°5���?�1���L�/·'�p·I���§�u��µ

äa��¢, L���>Å²Ä}������·I�I�u�L�}±��������§F�L���/�������;�O�L���1¢,�?��� ���,�
�>������¥L��� Í ���,���1���N�¡ ��L�P�u���,�
�,�a�u�L���/�¬°5�1�����1±����/��ª��u�L�J���/�L�¡���U�� L�L�/�u���,� ced2��d,��d{�Uh �,�#�jÉ¦µ�Ð²µ´Ä,µ�Ä1!ZÓ����5Ô�µ���J�®���" L��È
�L�����§���1���>�´�$���a���,�����®·I��Û À �L���������Á�1�H�u���»�u�,¥>���a�®�������/�¬�u�L� lnj³j®c µ<�$°5�/�§J���5�u�/���¦�1�²�L�²�L�
� � ª����������1�������/�O��� lndgf,�#�7f�jimGu ªL���Â�¡��±¦�����/�T·I���u�O�>�������R�,�Á���L���P¤�������Ó � � Ô»�u�¦�®�
�L������¢,���1�u�/�¬��°5�����¡��±L���,Î����;�R�/¤L����¥L���,ªZ�u�L�����²�;�R�L�²�L� � Ä ���£äa��¢�µcÅ²Ä��L������¢,���1�u�/� d2� µ
Í �?���L�?�³�L�²�L�/�����/°5�T�p·��£�� L���/�������;����ª»�����L���®�1�u���«±5¯���/���/���L�L����¢9�������/��µ¯Ý��L�N�,�Á�u�L�
�� L���/�/�����,���Â�������?�P·I�O���Á�¬�¦�1�����/�F�������¼���L�T�1�������/� à,G Î5�u���
�;�u�L���j���Â�L�?�/·I�N���Á�¬���,�����
�������j���L�¬�®�������/� H�£ µ À �L�/���j±L�?���L�?�J�L�²�L���*�L� © �����Â¥��1�u�¬���R�u�L�»�L���1¢,�?��� �¡�,�a�1��¼°5���� L�/�
�,�j�u�L� Í �²�,���®���£°,�����¡��±L������ªc���j·����§�����§�>�1�}�u�L�����²�;�>���L�¸����º,���u�L� à�G ±L�?���L�?�«�¡���,�
�L�²�L� � � ·I�L��� d?� � å�ª��u�L� H�£ ±��?�1���?�U·I�L��� d?� � Ä,µ:�$°,���5�u ������´F�u������¥��1�u�"���®���L�
�u�N� wyrÞf0� f�jimGu ª¦·I�L���?�9���¼�/�´�u�L��� � ÓÌ�L���L�;�u���L¢W� ü à Ú\� ÔI�,� � ÓÌ�L���L�;�u���L¢ ß`�`� � Ô�µ
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�u�L���� L�L�/�u���,�9°,���� L��� ü à Ú\�
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������º;���O�L�²�L����ª�·I�L�����U����¢,�5�����,���¬¥L���,¥¦�/����N±¦�}�1�������/�9�%�§±L�������§N�L���/�������;�U����¢	�H� �
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�L���§�u���L¢, L�����L���O�����/�I�/�T�����1�u�¼�����,� �/°,���§T�L�,�L������ºT�L�²�L�5µ

���
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�$Ã Í���� ªaä Í���� ª$� Í���� ªjÝ Í@�D� ªjÝ�ä ��� ª�Ý�J}ä ��� ª$Þ Í���� ªÙJÙJÙ/ªÁÜ ��� µ$�p�³�u�L���
±¦�²�,ºT·��J���������a���´·Á�/��
 L���¬�u�L�J L�����L�,���L���"�/�²�L�J�������,� Í@�D� ���u���L�/�L�;�u����±L�������§
�L���/�������,�Ø���¡��¢;�?��� �u���1�T�����;�����/���/� ���L� ���/�L L���/�&�1�T�L�/��������±¦�/� ��±¦�®°5�,ªH(§ L�§�F����·��
¢,�/�L���?�����´9 L�����u�L��·��,��� �ý�u���/�&�F�u�U�L�/�����u�F�����;�����/���/� ÓÌ¥L�¡���L��Ô��u���/�,ª*±Z�/�®�� L������ ��?�
Í���� �����L�O�� L���N�u���/���������¼�u�L�}���,�§�I�/�,�����,�F���N¥L�?���P�u���/�,µ

FI���®�����
�����;� Ï����P�u���,�ÖÐ²µ´Ä,µ�ÄU�u�¦�®�N�P°5�/�§ Í �²�,���1�1� �� L�L�P�u���;�ñ?HÓ d2�F¬ ÙJÙJÙ ¬wdÛÚ Ô��/�,�§È
���/��¥Z�;���L�N�u�³� c{l \ c�� ced � WØu ª
·I�L���?�&���F�u�L��Å Ú È7±L�´�O±L���¦�1�§ �§�u������¢¯�u���1�O�§���1�§�u�F·I�´�u�
�u�L�¬�¡ ��L�P�u���,�O°,���� L��?HÓAå ¬ ÙJÙFÙ ¬ å�ÔÁ���L�U�/�,�5�u���² L�/�I·I�´�u�I?*ÓAå ¬ ÙFÙJÙ ¬ å ¬ Ä1Ô�ª�?*ÓAå ¬ ÙJÙJÙ ¬ å ¬ Ä ¬ å�Ô�ª
?*ÓAå ¬ ÙJÙJÙ ¬ å ¬ Ä ¬ Ä1Ô�ªÛÙFÙJÙ/ª-?*Ó§Ä ¬ ÙFÙJÙ ¬ Ä ¬ Ä ¬ Ä®Ô�µaä��,�j�/¤��1��¥L���5ª;�u�L���u�� ��u������±L���I�,�Z�u�L�
�����L�¡���
�� L�L�P�u���;� ced2�;d,��d{�Uh ���$å,å,åLÄ/åLÄ,Ä,Ä,µ � �;�u���/���u���1�$�u�L���a�u�� ��u������±L���Á���a�u���Á�?�1���I���Ë�u�L�Á���/È
É� L�/���/���;�����1�/°,���H���¬�u�L�� L�L�����L L�/���>�L�/���������,�¬�u���/�j�,�*ÓuÔ5Ô�ª1·I�´�u�>å�ÜÝ � �1���TÄ|ÜÝ � µ
�p���Ì���/�®ª;�u�L�����,� �»��������¥¦�,�§�����5�Ë�����¡�1�u���,�L���L��¥�±¦�/�p·��/�/���u�� ��u������±L�����»���L� Í���� ��ª;·I�����?�
���Á±¦���§�I L�L�L�����§�u�²���O���F�u�/�����Á�,�a�>�/���1���I�,�*±��������§T�§�u�����L¢,�I�®���������E�§±¦�®���L��µ �

Ç'�u�� ��u������±L�����,���,���L�/��"U���Â�¬±L�������§��§�u�����L¢J�,�����/�L¢;�u�FÅ Ú µaÇL� uydGm �,���,���L���@"U���
�J�u�� L�u�F����±L���|Þ¯�,�H�,���L�/�:"9�u���1�I���Á�L�;�
���uÉ5 ¦�1���5Î��u���1������ª�Þ«�L�²�/����� �����/°,�}�u�L�}�¡�,���
ß4ß ���;�I�1����§�u�����L¢ ß �,�����/��¢��u�NÅ Ú�à1� µÂÓ��£�®�u���/���1�u�����¡���L�$·��, L���T�?�/��u���1�Á�¬±Z�®���T���Á��§¥L�������´�u�´°5�j�§�u�����L¢R�;�Z���/�L¢;�u��Å Ú µ �²Ô À �L�/�����1���Â�p·��}±¦�®���L�$�,���,���L���$åLª5�������/��Jå¬�1���NÄ,Î
���L���u�L�/���R�������p·��J�,���,���L�/�¼Ä,ª²�������/���åLÄ
���L�£Ä�å�µa�p�T¢,�/�L���?�����u�L�/���R�����RÅ � ÿ PUÅ � ÿ����
±¦�1�1�����,�a�,���L����"¸·I�L�/�,"âá å�ª¦±¦���®�� L���}�u�L�����>�����>Å � ÿ ±L�������§N�§�u������¢;���,�a���/�L¢;�u�9Å Ú
���L�"Å � ÿS��� �,�c�u�L��� �1���}�uÉ� ������/��µ À �L��Ä�
�P¸Ñ¶� Ä�Å>±¦�1���L�Á�,�H�,���L�/�
Å��1���

å;å,åLÄ ¬ å,åLÄ/å ¬ å,åLÄ,Ä ¬ åLÄ�å,å ¬ åLÄ;Ä�å ¬ åLÄ,Ä,Ä ¬ Ä�å,å,å ¬ Ä/å,åLÄ ¬ Ä�åLÄ;Ä ¬ Ä,Ä�å;å ¬ Ä,Ä�åLÄ ¬ Ä,Ä;Ä�å�Î Óu�,Ô
�u�L�������������1�����F�u���>�u�� L�u�£����±L���/�}�,�Â�1���Ë�¡ L���P�u���,�L��?*Ó d2�$¬wd,� ÔI�u���1�¬�L�/¥¦���L�¸�,� d2� ªc���
�u�L�}���/�L���R�u���1��?HÓAå ¬;d,� Ôj���Á�����Á�u���R�?�����}�¡ L���P�u���,�U�1��?*Ó§Ä ¬;d,� Ô�µ

�$°5�/�§��u�� L�u������±L���ÈãT���Â�}¥¦�®·����j�,�*�} L�L�¡É5 ���±¦�1�1�cª��®�������������u�j�����;�®µaä��,�����&ã������
�����L¢;�u�FÅ Ú ���L�F������� �Á�1�����®����T�}±¦�1����ª²�´�®� �»�u���
�uÉ5 ¦�1���
�,�*���L�;�u�L���»�u�� L�u������±L���wã0äAÎ��1���
±5O���L�L L�/�u���,�U�;�"�u�L�J���/�L¢;�u�U�,�`ã�ª�·��>�J L�§�¼���/°,�¶ã ä ��Þ(å����,�����,���J�����;�|Þ»µ:C
�/���/�
ãW�æÞ � å²ª����L��Þ«���Â�u�L�R���²�;�Á�,�4ãU���Â·������*�1�wã ä µIÓ×Ý
�*���; ������¶ç������>¥¦�®·��/�I�,�aÅ�µ Ô

Ç �u�� ��u������±L���ã��,�Z�,���L�/�n"èá�å¬���´·Á�/²�»�����Ë�u���Á���,���éãFê�ã � ª,·I�L�/���wãFêI���L�eã � �1���
�u�� ��u�9���1±����/�¼�,�j�;�����/��",P Ä,µ>Òj���®�����´ëã£���/¥L�������/�5�u�¼�u�L���¡ L���P�u���,��?*Ó d2�$¬wd,�S¬ ÙJÙFÙ ¬wdÛÚ Ô
���¼���L�³�,�L�´¯���ÈãFêF����¥L���/�����5�u��?HÓAå ¬;d,�S¬ ÙJÙJÙ ¬;dÛÚ Ô>���L�ìã � ����¥L���/�����5�u��?*Ó§Ä ¬wd,��¬ ÙFÙJÙ ¬;dÛÚ Ô�µ
À �L�������¡ ��L�P�u���,�L�n?*ÓAå ¬wd,��¬ ÙJÙFÙ ¬wdÛÚ Ô*���L�½?HÓ§Ä ¬;d,�S¬ ÙJÙJÙ ¬;dÛÚ Ô*�������®��������� w \ � h \ f,�vc{r�jgf2w �,��?cÎ
���L�N�u�L�/�����u�� ��u�F����±L���/��ª?ãJê¬���L��ã � ª������R�1�1�����/� w \ � ced � WØuxw �,�1ã�µ

Ï� L±L���1±����/�R�,������ L±L���1±������������������F���,�L�����L�����/�"�u�N±¦���� L±�����±L������ªc���L��������±L���>���
�/�,�L�����L�/�����U�u�T±¦������ L±�����±L���J�,�$�´�u�������pµ À �� L��ªZ���"¢,�/�L���?�1�×ª����u�� ��u�U����±L���J�,�Ë�,���L���Ù"
������Å\åO�� L±�����±L���/�>�,�Á�,���L�/��"%PÉç¦ªË���;��åK$íçE$Î"ËªË�/�,�����/��¥¦�,�L�����L¢U�u�¸Å\åN¥Z�;������±L���
���P���u���L¢,�Á�;�H�u�L� © ���§�îç�°5�1�����1±����/�¬Ó d2�F¬ ÙFÙJÙ ¬wd å Ô�µ}�9���5N�,�c�u�L�����}�� L±�����±L�����Á�,�¡�u�/�F�u �����, ��»�u�J±¦�����L�/���u���®���7Î5������ L�����1�����/�»·��,� ���¼��±L���Á�u�¬���/¥����/���/���ïã����F�R���;��¥L���/�����������;���Uµ

À �L�*� uydGmgw �,��� Í �²�,���®���J�� L�L�P�u���;�������j�u�L�j�� �±�����±L���/�a�,���´�u�*�u�� ��u�¬����±L���»�u�¦�®�a����¥�È
¥¦���J�u�
±¦��±¦�1�1����µHä��,�a�P¤�����¥L���,ª����/�®� �H���,�L�����L���Ë��¢������¬�u���������L�¡���J�� L�L�/�u���,� ced2�;d,�³d{�Uh ª
·I�´�u�Ø�´�u���u�� ��u�³����±L���Oå,å,åLÄ�å�Ä,Ä,Ä,µ À �L�O�����§�u���L�/���� �±�����±L���/���,���u�������u�� ��u�Ø���1±����"�1���
ª®å,å;åLÄ�åLÄ,Ä;Ä ¬ å;å,åLÄ ¬ åLÄ,Ä,Ä ¬ å,å ¬ åLÄ ¬ Ä,Ä ¬ å ¬ Ä  ÎF���L� �����>�,���u���/� �/¤²���/¥���å,å&���L� Ä;ÄØ�1���
±¦�1�1����µ À �L�/�����¡�,���¼�u���R±¦�1�1���Á�,� ced2�;d,��d{�Uh �����

ª®å;å,åLÄ�åLÄ;Ä,Ä ¬ å,å,åLÄ ¬ åLÄ,Ä;Ä ¬ å�Ä ¬ å ¬ Ä  Ù Ó���Ô
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÷U�Zó#øýöp÷�ø7÷U�Zó'p�÷®õ�õPó1opûH÷U�{ò�ó1�+p�ógù#�7öAò,�7ö�ogú�ó3�\ò7o&¢
ä��,�¼�P¤�����¥L���5ª�·��>�1���"���/�L�?�/· äa��¢�µZÅ�Ä
±5N¥L�¡���/����¢>�u�L�R�������P°5���5�Á±¦�®���O���L�������¼�,�H�®���?�O�L�²�L�5Û
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�p�«¢,�/�L���?���7ªË�O�¡ L���P�u���,��� �¬�u�� ��u������±L���/�J�,�Â�,���L���'"ëþ Ä�PÉç£���,�����/��¥¦�,�L�«�u�U���u�¬�� L±�È
�� L�L�P�u���;����?*Óuÿ �F¬ ÙFÙJÙ ¬ ÿ å à2�$¬wd å ¬ ÙFÙJÙ ¬wdÛÚ ÔË�,�Z�u���1�j�,���L����Î²���¬���u�»±¦�1�1���j�;���,���L�/�@"*þ«Ä#Pëç�/�,��������¥¦�,�L�T�u�J�u���;���R�� L±L�� L�L�P�u���;�����u���1�Â�L��¥¦�/���F�,�T�u�L����� © ���§�Â°,�����¡��±L���,ª d å µ À �L�/���/È���;���Â�P°5�/�§J�� L�?��±¦�®�����/�,�����/��¥¦�,�L���a�u�R��±��?�1���?���L�²�L� � Þ ���J�u�L� Í���� µ*Ç
���>��� � Þ ���
��±L�?���L�?���L�²�L�Â�/�,�����/��¥Z�;���L���L¢
�u���u���»�u�� ��u�J����±L����ã ä �Éã äê ã ä� ª��´�u� à�G �1��� H�£ ±L�?���L���L�/�
¥¦�,���5�I������¥¦�/�/�u�´°5�/�´��u���u�L�}�L�²�L�/�Á�u���1�Á���,�����/��¥¦�,�L�N�u���u�L�R���²�;�u�Á�,�1ã äê ���L��ã ä� µ

À �L���>���,�����/��¥¦�,�L�L���L�/�F±¦�P�p·����/�¯±Z�®���L�����L�¨�L�²�L�/�>¥�����°5���J�u���1�Tó��1ó?õ��âóI÷²÷$ôAó³�U�
ø§ü>�+p1ö��Ì÷��9ò+�Uo¬÷U�Zó'�U�{ò£÷U�?ô��¸÷U�ZóRõPó§û¦õPó�oPó1�¦öm�²ö���÷U�%�Uoy� óï÷«÷[¢ À ���>���L�L�´°����� ����*�L�²�L���
�,�¦�u���1� Í���� ����¢,�5�®ª,�,���/�, L�����,ª�±¦�I¥��¡���/�/�������L��MZ�/���/���»�����1�1�u���,�L�Ë���L�����L�
�¼���,��¥L ��u����µ

�p�+?>���H���5 Í �²�,���1�1�}�� L�L�/�u���,��ª1���P� ð Óí?�Ô��L�/�L�;�u�»�u�L�»�� L�J±Z�/�H�;�L±¦�1�1���c�u���1�H�´�*������µ
À �L���»���$�u�L�I������Á�,�Z���u� Í���� � �u�L�Á�u�;�����L�² L�J±¦���»�,�Z�L�²�L�/��ª����L���� L�L���L¢R�u�L�I�����Lº²��µaä��,�
�P¤�����¥����,ª ð Óí?�Ô`�ô
�·I���/��?J�����u�L�$���/�L�¡����È7�,�¡ÈA�u�L���/�»�¡ L���P�u���,��ª®±Z�/�®�� L���
Óuý,ÔZ�����*����/�@
�µ

À � © ¤��u�L�
���L�®����ª����P�®� �$·��,��º��; L�Á�1�����u���/�j�P¤�����¥����,ª5�u�L���§���,���PÈ7�,�§È7�������j�?�1���L�,���
�� L�L�P�u���;���;�JÐ²µ�Ä;µ�Ä�!ZÓuÔ�Ô5Ô����L�&Ð²µ�Ä;µEÅ�!ZÓ��,Ô�µ&�×�u���u�� ��u�Ø����±L���,ªRÄ;Ä�å,åLÄ�å;åLÄ�å,å,å;åLÄ,Ä,Ä,Ä;ªÂ���F�
±¦�1�1�cªL���L�F���������
�u�L���p·����� L±�����±L���/�RÄ,Ä/å,åLÄ�å,å�Ä}���L�Nå,å,å;åLÄ,Ä,Ä,Ä;µ À �� L�Â·��¼º²�L�®· �u�¦�®�
�u�L�j���²�;�H�,�L���u� Í@�D� ·I�����5±¦�Â� � Ä ±L�?���L����ª5���L�¬�u���1�*�u��� à,G ���L� H�£ �������/�H±¦�/���®·¯�u�L�
���²�;�¼·I�����H±¦�;�u�¸±¦� � Å ��µ À ������ L±�����±L�����R�,�»���/�L¢;�u�£ÑU�1����ª,Ä,Ä�å,å ¬ Ä�å,å�Ä ¬ å;å,å,å ¬ Ä,Ä,Ä,Ä  Î
�L�����Á�u��� © ���§�j�p·���������±¦�®���L��ª�±� ��j�u�L���;�u�L�/���Â�������uÉ� ���������µ À �J¢,�P�»�u�¬�u�L���L�P¤²�j���P°5�/�7ª
·��O±����®��º«�u�L�O±¦�1�1�������³�¦�1���R�1���Ø�®�����§¨�®°5�/���u�L�O�uÉ� ������O���²�;�u���,�
�u�L�O�L�,��±¦�1�1����ª
���L���5�u���¡����L¢F�L L¥������®�1�u����Î��u�L���}���®�/°5�/�} L�R·I�´�u� ª5Ä,Ä ¬ å,å ¬ Ä�å ¬ åLÄ  µ�Ç
¢5�����£�u�L�������������p·��
±¦�1�1����ª����L�"� © �������§�u�/¥O¥L���²�L L���/�Â�u�L�}�L�/�������/� Í���� Û
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ÓÌ�p�O�u�L�����L�¡��¢,�?�1� ���L�U�;�u�L�/����±¦�����®·¬ª��´�®� �I���;��°,���L�����5�I�u�����/¥¦�1�®���u�L�}�����LºF�������/� �
���L� �]���U�,���L���I�u�F�P°5�,���U�/¤²���/�����´°5���´F���,�L¢��/�,�L���/�P�u���L¢������L�/��µ�Ý
�L�´O�;��� �]�L�²�L�
���L�O�,�L� � �L�²�L�¬�����J���P�u ¦�1���´�¥L���/�����5�®ÎL�����u�L�R������R�,�ÂÓ��,Ôj���:��ªL�L�;�¬Ä®Æ�µEÔ
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·��/���*±Z�¬�u�L����º����L¢T�1�
�u�L����¥¦�,���5�®ª��pÃ»�/�§U�L���/�5ª�±� ��
·I�¦�®�
�����u��� Í���� �����² L¢,�U93�¸�p�L�L���/��ª��¡ ��L�P�u���,�L���®���F�1�1�����´�±¦�
���,�L�§�u�� L�P�u����·I�L�,��� Í���� ���
����¥¦�,������±L�´��¡����¢,�,Î²·��5� �����§�u L�LT�� ��?�O�®�����/�Á���®�u����µ Í  L�Á�u�L�¼·��;���L�/���� L���u�L���L¢����Â�u���1���
¢,���®�1�R�T�1��U�,�$�u�L� Í �²�,���®���9�� L�L�P�u���;�����u���1�¬�������,�$¥L�?���P�u���1���H����¥Z�;�§�����L���¬�u L���£�, ��
�u�O���/°5�����®�����,����±L�´£���T�1���a°,���� L���R�,� ð Óí?�Ô�µTÏ��N·������¦�1���Ë���;���/�/���u�?�®�u���,�£�u�L��¢,���²�
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�m±Ë��ð �°�Ë�Ìî �n�ð � ñPî íe��²n�{�Ë�k�/î í§�§ð ð .~¢�0î�§ð ð �e¢t��{�Ì�x�������§ï/ð �í8���k�n���{�k�A�?�&0cïi�e���n�G¢{�uð �v�Ìî �n�k¢�8�?�&0Z�8�{�§�Aî �����n��¢t�uð �v�Ìî �n�k¢�#B0���í8���k�n�Aî �3²��i¢{�e�q�8�?�&0Z�8�{�§�Aî �����n��¢t�uð �v�Ìî �n�k¢�{���k�k��0%¢{�uð �v�Ìî �n�v¢ð î ¢Þ���§ð ð¶¢{�uð �v�Ìî �n�v¢ ��x�uð �8���~�k�t��²����;0#0Hî �3²\�k�t�uï/ð �m0ð î �v�§�Ë�� ��x�uð �8���~�k�t��²����;0#0Hî �3²²n�e�k�e���§�Ìî �³².�E�k�/í��Ìî ����t�pð î ��ï/î ð î ��.��i�uð .v�k��0aî �§ð¢{� Ø��k�8�n�Ìî ��ð¶�t�e�k�t�8¢{�e�n���§�Ìî �����n�0 ?>�>�¢uE

�L�/·I� © ���§�®ªL¥¦�,�§�u¥¦�,�L����¢>�u�L�R±¦�1�O�L�P·I�I L�5�u���Z·��5� °5�}���/�/�N·I�5 Í���� �Á�¦�P°5�}¥L���®°,���N�u�
±¦�}����¥¦�,¥L L���1��µ
�[°S°��<�·�&������¡�� �p�Ù?HÓ d Ô�� ?*Ó d2�$¬ ÙFÙJÙ ¬wdÛÚ ÔR����� Í �²�;���®���«�¡ ��L�P�u���,��·I�L�,��� Í@�D� ���
���®�����,����±L�´F���T�1���7ª²·��R�1�1�O�L���T�1����u�����L¢,�IÉ� L���?º²�´N���L�O�®�������´�µaä��,�Á�/¤��1��¥L���5Û
� ���$�®��� uvs®d�W \ d®ceu ?HÓ d Ô����}�1�c���,�§��"��§�u��¥L��ª®¢,�´°5�/�¬���5R���L¥L L��°5�/�/�u�,� d � d2� ÙJÙJÙ dÛÚ ª

±5N������¥L����§�����§�u���L¢��®�Á�u���R���²�;�
�1���N±��?�1���?�L����¢� L�5�u���Z·��}¢;�/�Á�u���J�����LºZµ
� �����1�1��� f�m c���u�WØu��gr��yj ] lnd��Û�Gru�yd�W/W�z w��,d�W/WØuvwxc d �� L���¸�u���1�[?HÓ d Ô«�ÙÄ,ªc±�£�§�����§��È

���L¢Ø�1�N�u�L�9���²�;�U���L�&����¥¦�®�1�u�/���´Ø����º²���L¢«�u�L� à�G ±L�?���L���& L�L���/���N�´�N¢,�����F�������/�/�u�´
�u� � µ À ���R���,�� ��u���,�N����� d?� � Ä¼�,�L���·I���/�F�u�L� H�£ ±��?�1���?�N·Á���I�L�/���/���?���§O�1� � � µ
ä��,���P¤�����¥L���5ªa�u������¥L���²�/���L L���N¢,�´°5��� d2��d,��d{� � åLÄ,ÄF���¯�u�L� Í���� �,��äa��¢�µ$Å²Ä,ªÂ�1���
d2�;d,�³d{�3d�� ��å,å;å,å¯��� Ó��5Ô?µÚÓÌ�×�T�����1�1�u�/���u�L�U°5�1�� L�"�,� d �u���1�N�/�,�����/��¥¦�,�L���T�u�«�u�L�
�������u���;�§�NÄF���¯�u�L�F�u�� ��u�¯����±L���F�¡�,�t?*µEÔ Ý��L�´K" �§�u�/¥��������N�L�/���L�/�cª$±Z�/�®�� L���N�P°5���§
±L�?���L���³�L�²�L�O���;��������¥¦�,�L�L���u���9�L�,�-/�����¸±¦�1�1�cÎj·��O�®�������´·Á�/�� © �L� �9�L�®·I�5·Á�����
¥��1�u���u� � ·I�´�u�L�, ��»±�����º����L¢} �¥�µ»Ý����/�, L�����I�u�L���$���P�u�L�²���Ì�������$·I�L�����u�L�����²���j�´�u���/���
��� � µ Í  ��Á�u���1�I����¥L¥Z�/�L�I�,�L�´T·I�L�/�«?U���Á���L���5�u���®������½/������µ
� ���¸�®��� �yj \ f2c,c���u f \ � � uvlpjËh wkj�W \ c{r�jgf2w �u�¨�u�L�£�®É� ��1�u���,�Ü?*Ó d Ôè� Ä;ª
 ������L¢

Ç
��¢,�,���´�u�L�ÚÒ ±¦�/���®·¬µ À ���1������¢,�,���´�u�L� �L�²�/� ð Óí?ZÔ»�,¥¦�/�?�1�u���,�L�Á�,�S"ZÈ7±L���Â�² L�J±¦������ÎL���
�´�u�Á�� L���L���L¢��u�����¼���! �Ó·" ð Óí?ZÔ�Ô»���F�u�L�R·��,���§�I�1�1���5µ
� Ç
�¡�u�/��Ç
��¢,�,���´�u�L� Ò ���������P�u����ª$·��O�®���³��¥¦�/���L���´ ] uvfNuvlnd®ceu lndgf�mGj�� wkj�W \ c{r�jgf2w

�u���u�L�R�®É� ��1�u���,�G?HÓ d Ô`� Ä,ªL���N�� L���U�>·Á�/��u�¦�®�I�/°5�/�§F���,�� ��u���,�N���Á��É� ������´T����º,���´5µ
� ���¬�®���"������� W�rtwxc~d�W/W�wkj�W \ c{r�jgf2w d �u���u���}��É� ��1�u���,�,?*Ó d Ôö� Ä,µ À �L�J����¢,�,���´�u�L� ���

�P¤������/������Ä�
>�L�²�/�Á�u�L���Á���� �Ó·"#"£Ô»�§�u�/¥��Â·I�L���N�u�L�/���¬�����$" ���,�� ��u���,�L��µ
� ���}�®��� wvj�WÍsguýc���uyWÍrÞf�uydgl ½ jij�WØuydgf%��lyj ] lyd��&�TrÞf ] ��lnj � W�u�� ÛËäH���L� d �� L�?�N�u���1�

' ��d2� þ)(�(�(�þ ' Ú�dÛÚ ���Á�T�1¤²���J L�UªT�� L±�(ý���P�I�u��?*Ó d2�F¬ ÙJÙFÙ ¬;dÛÚ Ô`� Ä ¬ Ó+*;Ô
¢,�´°5�/�}�/�,�L�§�����5�u�jÓ ' �F¬ ÙJÙJÙ ¬ ' Ú Ô�µ/Ç
��¢;�,���´�u��� Í ÓÌ±¦�����®·¼Ô��L�²�����u�����c���$ �Ó·"(þ ð Óí?ZÔ�Ô¦�§�u�/¥L��µ
� ���¼�1��� �yj��,� \ ceuÒc���u ] uvf�uxlyd®c{rÞf ] h \ f,�vc{r�jgf.- ê`þ - ��g þ/(0(�(Fþ - Ú�g Ú ª²·I�L�/���
�u���/���

����� - � ���,�� ��u���,�L�Â�u��?HÓ d2�F¬ ÙFÙJÙ ¬wdÛÚ Ô�� Ä¼·I���u� d2� þ1(0(�(�þ dÛÚ �ì��µÁÓ×Ï����R�P¤������/�����¬Å	��µEÔ
� ���
�1�1� �yd�Wq� \ WØd®ceuÒc���uRlyu³W�r�d � reW�r{c{z,�¡j�WÍzgf�j��Tr�d�W#2 Ó�3 �F¬ ÙFÙJÙ ¬ 3 Ú Ô�ª5·I�L�����T���»�u����¥L���,±�È

��±L�������p¸�u�¦�®��?*Ó d2�$¬ ÙFÙJÙ ¬;dÛÚ Ôg� ÄT·I�L���³�®���?� d?� ���������L�/¥¦���L�L���5�u�´«���/���u�³ÄT·I�´�u�Ø�
¢,�´°5�/�N¥����;±¦�1±������´�p43 � µ#�Ë¤������/�����¬Å	
>�L�²���Â�u�L���Á���� �Ó ð Óí?ZÔ�Ô»�§�u��¥L��µ
�U�,���/�®°5�/��ªL·��R·I���������/�R�u���1� Í@�D� �Á�®���O±Z�R�/�,�>±L���L���U���L�O������� © �/�O�36��/�����5�u�´�µËä��,�
�P¤�����¥����,ª*�´�J���J�L�;�J�L��6��� L�´�¬�u�U�¡�,��� �u�L� Í���� �J�¡�,�[?HÓ d2�$¬ ÙJÙFÙ ¬wdÛÚ Ô6587ZÓ d2�F¬ ÙJÙFÙ ¬wdÛÚ Ô
���L�«?*Ó d2�$¬ ÙJÙFÙ ¬wd?�Jà1�F¬ 7ZÓ d2�$¬ ÙFÙJÙ ¬wdÛÚ Ô ¬;d?� E �F¬ ÙFÙJÙ ¬;dÛÚ Ôj�¡���,� �u�L� Í@�D� �Á�¡�,�Ù?9���L�97¦µ

Ç
��¢,�,���´�u�L���Â���;�Á���,�´°�����¢�±¦�1�����R¥L���,±L�������Á·I�´�u� Í@�D� �������}�;�¡�u�/�O�L�����/����±Z�/�N���;�§�
�®������������c·��¬������ L���¼�u���1�Â�u��� Í���� ���Á¢;��°,���O�����>����É� L���5�u�¡���������§�Á�,�*±L�?���L���N���L�§�u�� L�/È
�u���,�L�;:0< à2� ª=:0< à,� ª?ÙJÙFÙ/ª�: � ª>:Jê,ª�·I�L�/���Â�®���?�?: å �¦�1�a�u�L���¡�,��� ÓA@B å 9#C å Û�D å Ô�µ*ä��;�a�/¤L����¥L���,ªÓ��5Ôj����¢,�5�I±¦�R����¥L���/�����5�u�/�"�1�
�>�����§�Á�;�FEÈ�ñ�>���L�§�u�� L�/�u���,�L�
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�{�n�i�uð ��²�î í§�§ðG���{�v�8��î �3²í8���k�n�Aî �3²\¢{�uð �v�Ìî �n�k¢¢��Ë�Ìî ¢XWi�§ï/î ð î ��.Âíe�u�k�n�Ìî �3²�k�����§�Aî ���&Y ? Y0c�/ð �Ìî �v�{�×í×î ¢�î ���à�Ë�Ìî �{�&0Z�e�Ìî í0Ý�x�P�/ð ���M�Ë�Ìî �{�&0Z�e�Ìî í�¡�/î �k�e¢{�A�t�m0î�§î �k�k�e�M��ð ²n����î �{�&0Z �y�§�Aî �3²\�i�uî �n������î �{�&0Z�e�Ìî í

�P¤����/¥��Á�u���1�I�u�L�R���1�§���®�������[: � �1����:Jê¬�����}��¥¦�/���¡���7µ(�«�R����É� L�����¼�u���1�I�u�L� à,G ���L� H�£
±L�?���L���L�/�!C å ���L�\D å �?�®�u������

C å ÇÉç ¬ D å ÇÉç ¬ B T ç á B å ¬ �1��� B V ç á B å ¬ �¡�,�]E*áÉç%^�Å�Î Ó�_,Ô
���O�;�u�L�/�Á·��,���L��ª¦������±L�?���L���L�/�����®°5�R����·I��·Á�1���cª��u��°,�����¡��±L���/�Â�,�H¢,���1�®�u���Á���L�L�P¤�µ Í  ��
�u�L�
�����Lº��L�²�L�/� � �1��� � �1���
���/¥L�������/�5�u���T±5��L ����¬������§�u�� L�P�u���,�L�`: � ���L�a:Jê;ª²���
·I�L�����8C å �bD å ��çF���L�N�u�L�5�ý°,�����¡��±L���¼���L�L�/¤�� B å �����Á�u�L�R����¥Z�;������±L���
°5�1�� L�D" þ Ä,µÀ �L���������L�§�u�� L�P�u���;���*�1�1�>±Z���� L�>±¦�/�����>�������5¬·Á�/}�u���1�Ë���/��¥Z�/�P�u�H�u�L�j�u�,¥¦�,���,¢,���®���
�,���L�/�����L¢
�,���u�L� Í���� ª;���a���®É5 ������/�>±5FÓ�_5Ô?µ À �L�����²�;�a�L�²�L���> L�§�Ë���,�����/��¥¦�,�L�J�u�c:0< à1� ª
���L�O�u�L�¬�����LºF�L�²�L�/���> L�§�
�/�,�����/��¥¦�,�L�O�u�d: � ���L�e:Jê,ª�±L L�I�u���}�;�u�L���I���L�L�P¤N�² L�J±¦�����
�����/��� �I��������¢;���L�´T¥L���/��������±¦�/�cµaä��,�I�P¤�����¥L���,ª�Ó��5Ôj����¢,�5����������±¦�}�P¤�¥L���/�������"�1�
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���L�¸���£Ñ7
T�;�u�L�/�R�����,���,��¥L�����J·Á�/���µ��p�L�����L���F�/�,��¥L L�u�/��ª��u�L� Í���� �L���/�¸�L�;�¬���/�u �È
�����´«��¥L¥¦�1���J���¯�/�,�L�����/ ��u�´°5�������1�1�u���,�L��Îa·��T�1�1�¯���®���L���´£�u�?�/°,���������u�L�T�L�²�L�/�>�,�����5
���P��/�������L��¢,�?��¥L�¸���£�u�,¥¦�,���,¢;���®���a�,���L����ªc·I�L�/�£�u�����L�²�L���J������������º;�������¬����Ó�Ã®Ô�µ Í  ��
·��Â·I�����L���T�1¢,�����j�u�¦�®�Ë�u���P�� °5�Á±¦���/�������?���L¢,�/������É� L���5�u�¡�����´����$���OÓ�K5Ô?ª5���¼�u�¦�®�$°,�������, L�
����¢,�,���´�u�L���I�����}�®�����������u�� L�L���/���§�����L��µ

Ý������u�/���L�L���1�����´�p£���¬·��,�§�u�¯�L�;�u���L¢�Û��p�Ù?HÓ d Ô�� Ä��¡�,������� d ªa���"�u���1�J�u�L� Í����
���N������¥��´Ø�u�L�£������ºØ������� � ª�·��£���P�eE � Å¯��� �u�L���F����É� L���5�u�¡���¼����¥L���/�����5���1�u���,��µ
ÝI�u���/�§·I�����]EÁ���Ë�u�L�I����/�Á�,�¦�u�L� Í���� µ À �L�/���u�L�Á���²���»���j���´·Á�/��$����¥L���/�����5�u�/��±5g:0< à1� µ
��¶Ph*�+�>�/��ikj £ Ó V\j \ f2c�wkj�W \ c{r�jgf2w Ô�µ Ê �´°5���J�u�L� Í���� ���;�»� Í �²�,���®���>�¡ L���P�u���,�½?*Ó d Ô`�
?*Ó d2�$¬ ÙFÙJÙ ¬wdÛÚ Ô�ªH����¥L���/�����5�u�/�¨�����N���®É5 ��/�L���%:0< à2� ªïÙJÙFÙ/ªl:JêT���J�L�����/����±¦���¨��±¦�®°,�5ª*�u�L���
����¢,�,���´�u�L� �L�/�u�/�������L�/� Y ? Y ª¦�u�L�>�� L�>±¦�/�
�,�$±L�������§N°5�/�P�u�,��� d � d2� ÙFÙJÙ dÛÚ �� ��?�"�u�¦�®�
?*Ó d ÔÈ� Ä,µJ�×�¬�������F���,��¥L ��u���¼�u�L�J����±L���gÿ#ê,ª1ÿ � ª`ÙFÙJÙ/ª2ÿU< à2� ª�·I�L�/���eÿ å ���
�u�L���² L�J±¦����,�jÄ/�I���F�u�L�}±¦�®���F�u�¦�®�I���,�����/��¥¦�,�L�L�Á�u�m: å µ£mn �lo Lc�²�,¥U�®°5�/�îç�µ pJÏ��/�îÿ#ê,q åLª{ÿ � q Ä,ª¦���L�"�L���§�u�/¥£ÒÂÅ��¡�,�«çW�ÖÅ�ªZÆ�ª2ÙJÙFÙ/ªNE:PØÄ,µ

À ���/�O���P�u L���N�u�L�¬���L�§·�����Å S�r ��� à2� ÿU< à2� µ
£?s �lo Òj�,��¥L L�u�8ÿ å µ p¼Ï²�P�!C#qtC å ª�DdquD å ª����L�¹ÿ å q Å S�v�àLS ç à2� ÿ�T?þ¨Å S�w�à�S ç à2� ÿ�VLµ
ä��,�I�P¤�����¥L���,ª�·I���/�O¥L���/�����5�u�/�N·I�´�u��Ó�K5Ô?ª��u����������¢,�;�����u�L� ���,��¥L ��u���

ÿ � q Ä ¬ ÿ � q Ä ¬ ÿ � q Å ¬ ÿUJ!q Å ¬ ÿUI!q Ñ ¬ ÿUH[q Ñ ¬ ÿ�G!q ��Î
�u�L�R�u���������� L�>±¦�/�Á�,�H���;�� ��u���,�L�Â�u��?*Ó d2�$¬wd,�S¬;d{�\¬wd�� Ô`� ÄR������µ

À �L�}�����u�/¢,�/���Èÿ å ���FÇ
��¢;�,���´�u��� Ò �?�1�u������
å[$æÿ å Ç�Å Ú E ��à�S ç ¬ ���;��Å[$ÉçWÇ1E ¬ Ó�Ã\Ã®Ô

���L�F�u�L���Á L¥L¥¦���Á±¦�, L�L�N���Á±Z�/�§�I¥¦�,������±L���,µ À �L�/�����¡�,���}�J L�´�u��¥L���/���������,�N�1�����u�L���/�u���
�T�/
±¦�$���/�/���/�R·I�L���¥"����c�¡����¢,�,µc�p�²�/¤²�u�?���§�u�;�?��¢,�$��¥������$���,�c�L��¢,�}¥L���/���������,�R����¥����;±����/�T�®�u���,ª
�,�L���/�, L���9 L�������²�L L�¡���R�����´�u�L���P�u���J���L�§�u�1����ªZ�� L���L���L¢T�u�L������¢,�,���´�u�L� ���P°5�/�?���H�u�����/�
���L�&���,��¥L ��u���L¢ ÿ å ���²�x3'�¡�,�F°,�������, L�N�����L¢,���PÈ7¥����/�/�������,� ¥L�������/�?3cÎR�u���/� �u�L� © �����
���L�§·��/�c·��, L���}±¦�»�L���L L����±L���Ë·I���u�R�u�L��Òj�L�����/���»���/�T�1���L�L�/�H����¢,�,���´�u�L�Uª&�jÉ¦µ�Ñ�µ Æ�µEÅ&!ZÓuÔS�²Ô?µ
Ý��N�u�L�}�;�u�L�/�Á�����L�cª?ÕL���1�u���L¢�¥¦�,���5�
�1�����u�L���/�u���
���Á L�� ������´T�� �6������/���I���N¥L�?���P�u���/�,µ




 ì&%('*),+.-*ë0/1%aè2+¡ë(3«ë43�5�%aè&+./261'87:9�ê,;<)&= Ð²µ�Ä;µ Ñ

íí.Pí×ð �=²��{���k�î �k�k�e�³�e�k�k�e�n�0î��ñPî 0î�§ð,î �k�k�e��¢Ì�Pïk¢{����¢In�e�t�k�pð ¢í8���k¢{�×íp�x�Aî ±�� � ¢N�Í���ÌïPî �v�k�8��zy2�{�î �UÆ�{��t�|y �E�k�/í��Aî ����{���k�k��0%¢{�uð �v�Ìî �n�v¢��{� ?*Ó d Ô�� Ä E

Lc�/�®� �Á�����,ºF�1�Á���,���R�P¤�����¥����/���u���1�������}���,���R���5�u�/�����§�u���L¢>�u�����¸Ó��5Ô�µ À �L� Í���� �
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���/¥����/���/�����¡ ��L�P�u���,�L�I�,�a���´¤T°5�1�����1±����/�Â�u���1���/�,�����/��¥Z�;���N�u���� �±L���P�u���,�*°5�/�§�u�����/�I���N�u�L�
�P������R¢,�?��¥L�e�xI,µ»�p�O�u�L���I���P�u L¥9�>°,���P�u�,�I�� L���9��� d2� ÙJÙFÙ d I|� Ä�å,åLÄ;Ä�å��§�����L�L�����,�Á�u�L�
�� L±L���/�ïª5Ä ¬ Ñ ¬ �  Î1�u���»°,���P�u�,�Hå,å,å;å,å,åI�§�����L���H�¡�,�c�u�L�j����¥��p}�� L±����P�®Î5���L�>�����,��µËÝ��J�u�L�
�����������»�u��� Í@�D� ���,�»·I�����?��·��
���/°5�¥?HÓ d Ô`� Ä�·I�L�/� d ��� rÞf�mGu��¡uxf�mGuvf�c ���a�xI;Î��;�T�u�L�
����¢,�5�Â���j�u�L� Í���� ���,� � d��grP�,d�W ���L�L��¥¦�/���L�/�5�Â�� L±L���/�u��ª��������J�1�1�����/���u��� �®uxlxf�u3W�w �,�l�`I
ÓÌ���/���P¤��/���������OÄ®Å,Ô�µ��p��¢,�/�L���?�1�×ª��u�������L���/¥¦���L�L�/���¬�� L±L���P�u�J�;�[� Ú �/�,�����/��¥¦�,�L�¸�u�"���§È
�?���L¢,�/���/�5�u�*�;�Lå��a���L��ÄP�*���J�Â�/���������Ë�,�����/��¢��u�¥"Ëª®·I�´�u�}�L�Á�p·��¬Ä/�*���J�Á����·¬Î1�u���$º,�����L�/���
�/�,��������¥¦�,�L���u�R�� L���������?���L¢,�/���/�5�u�$���>·I�����?���u�L�����I�������¬�����Á�L�¼�u�L�����Â���;�����/�/ L�u�´°5�ÂåL��µ

Ç
��¢,�,���´�u�L� ÒØ�L���/�,�?�1�u�/�Â� Í���� ·I�´�u�����, L�5�u�ÿ å ª5·��,��º²���L¢J�����;� ±¦�;���u�,� �u�¬�u�,¥�ª
·I�L�����èÿ å �����u���"�� L�>±¦�/�T�,�R¥��1�u�L�F�¡���,� �L�²�L�:ç¨�u� � µ �&�L�/��·��¸��¥L¥L�´³�u�¦�®�
����¢,�,���´�u�L� �u���u�L� Í@�D� �Á����Ó�Ã$Ô5Ô$·��}¢,�P�
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�L���L�/�4�`IR�����¬Ä&�>�����L�/¥¦���L�L���5�I���P�u�
���L�,�Jº,�����L�/����µ
À �L�����U���; ��5�u�T����º,�U�´���®���§³�u��¢,���L�/�?�1�u�U L�L���¡�,������ lydgfNmGj�� ���,�� ��u���,�L��µ'ä��,�

�P¤�����¥����,ª��u�T¢,�P�}���?���L�L�,�Ù�����L�/¥¦���L�L���5�¼���/�
°5�/�P�u�,� d2� ÙJÙFÙ d I;ª¦·��>º²�L�®· �u���1��Ä®Æ��,�
�u�L�¬���,�� ��u���,�L�I���N�u�L�¬���/�¡��È7�����L� Í���� ���/°5� d2� �'åLª�·I�������R�u�L�}�;�u�L���Ù�����/°5� d2� � Ä,µ
Ï��>·��¼���P� d2� q åJ·I�´�u�T¥L���,±���±L�����´�pUÄ®Æ5¹²Ä��²ª����L�T����º,�
�u�L� à�G ±L�?���L�?�cÎ��;�u�L���§·I������·��
���P� d2� q Ä¼���L������º,�I�u�L� H�£ ±��?�1���?��µË�p���u���
�¡�1���u�/�»�1�����,ª d2� � Ä
�¡�,�����/� d,� q åLª�±� ��
�u�L��� d{� �/�, L���O¢;�����´�u�L�/�Â·Á�/5µ

Ï� L¥�¥¦�,���¼·��,� °5�¼�?���;�����T�u�����P� d2� q Ä,ª d,� q å�ª d{� q å�ª����L� d�� q åLÎ²�u�L���Â�1�1���
�²�/�� L���¼·I�´�u�£¥����;±¦�1±������´�p J� G ( JJ ( � J ( �� � �� G µ À ���/�£�u�L�/���5� �J�T±L�?���L�?���¡���,� � Ñ �u�
� 
 ª*���O·��eÕL��¥¯�N���;���«���L�����/� d J��u�"�N���;��¥L���/�u�/�´"�?���L�L�,� °,���� L�5µ��p�«¢,�/�L���?�1�×ªH�



Ð²µ´Ä,µ Ñ ),+�-*ëHè!���aéZì,+�7J+�%(-��4+¡ë45aècë4'87 Ð

 ��x�uð �8���~�k�t��²����;0#0Hî �3²\�k�t�uï/ð �m0�E&Eï/î �°�Ë�{�*íe�j±n�e�Ìî �3²\�k�t�uï/ð �m0`�°¢t�8�Z ��x�uð �8���~�v�{�;²n�{��040Hîy2�×î ²n�n���e��2���v�A¢{� Ø��k�e�/íe��E�~���t¢{�A¢t� Ø��k�e�/íe��E

±L�?���L���N�����,� ��Å �u� � � ���®���L�Â�u�¦�®�Á�u���w�¥P:Æ<PØÄR���5�u�������/���¡�1�u�
±L���u� d�� E � ÙFÙJÙ d?�Fà2�
���L�, L���U���L�L��¥¦�/���L�/�5�u��T±Z�/�/�,���}å��,�¬ÄR·I�´�u�O��É� �����¥L���,±���±L�����´�p5µ�Ï��������¡�����´�ªL�>±��?�1���?�
�����;� �SÅ �u� � ���L�, L���U��������¢,�O�?���L�L�,� °5���� L�/�Â�u� d�� E � ÙFÙJÙ dÛÚ µ

Ý����/�, L�����¸�u�L�����¯�1����������¥L�����F·Á�/��O�u�Ø�T�1º,�«�³�?���L�L�,� �?���;���/�¸±¦�/�p·��/��� Ä��
���,�� ��u���,�L�J�u���U���;�>±L�����1�u�,���¡���j¥L���,±L�����Oµ%�U�,������°5����ªË�u�L�T����¢;����È7�����L� Í���� ���&Ó�Ã$�,Ô
���
���O�/�>±������?���������L¢,�´F�/�,��¥����P¤T·Á�/F�u������¥L���/�����5�I�u�L� © °5�}º,�/�����/���I�,�6�`I,Û`�«�}�/�, L���
������¥L�´����/°5�������§�u�/���u�L�/�Uª�å,åLÄ�å,å�Ä,ª²åLÄ/å,åLÄ�åLª²åLÄ/åLÄ�åLÄ,ª�Ä�å,åLÄ/å,åLª¦Ä/åLÄ�åLÄ�å�� Í  ��j�u�L�I¥¦�,���5�
���»�u���1�j�u�L���j�?�1�������P�u�L�²��·I����������/�����u�L�
���L�L��¥¦�/���L�/�5�����/�u�Â���L�Tº;�����L�/���j�;�k� Ú ·I�L���
"O���»�J ��?���¡����¢,�/��µaä��,�j�P¤�����¥L���,ª,�u�L�JÄ�å,å1È7�/��/���]� � ê�êI�¦�1�
Ä,ªO
,Æ�åLªO�	��åLªO�5Ð>��ª å,å,Å¬º,�/���L������ª
5�P�$�u�L� Í���� �L�����/����±����L¢¼�u���/� �¦�1�»�;���´��	�	�
�L�²�L����µ$Ý����Á�� ��L�L���/��������¥L���Â�§�u��¥L�Ë·I�����
�u�L�����/���;���R¢,�/���/�?�1�u�¬�>�� L���´T�?���L���;�Úº,�/���L���������,� �u�L���Â°5���§�Á�/�,�����/�P�u���;�cµ
���B��¶/�)�+�¡ =�U��h+���Lj¢j �·�£h¬�+�£¤¦¥#�¨§*���l¤n� Ç ±¦�;���u�,��È7 L¥£����¢,�;�����u�L� ���������,¢,�; ����u�
Ç
��¢,�,���´�u�L� Ò �����1��������±L���
�u� © ���O�,¥��u���> L� ¾�uvr ] ��ceuym ���,�� ��u���,�L�¬Ó+*,Ô»�u�>�u��� Í �²�;���®���
��É� ��1�u���,�[?*Ó d Ô`� Ä,µ À �L�j±��������»���L�®�Á���c�u���1�*�´�®� �*�®���§¼�u���L���L L�������¬�,¥��u���> L�Ö���,�� ��u���,�
���;�����5�±¦�®���«�,��?*ªH�,�L�/��·���º²�L�®· �,¥��u���J L� ���,�� ��u���,�L�¬���,�¬�u�L� à�G ���L� H�£ ±¦�1���L�
�u���1�I�����R�L�����/�/�u�´T±¦�/���®·Ö�´�®µ
��¶Ph*�+�>�/��ikj©� Ó b�j�W \ c{r�jgf2w^jËh]�,d��grP� \ � ¾�uxr ] ��c Ô�µ�Lc�/�ª:0< à2� ª�ÙJÙFÙPª�:Jê¼±¦�}�>����É� L�/���/�
�,�$±L�?���L���"���L�§�u�� L�P�u���;�����u���1�¼����¥L���/�����5�u���u��� Í@�D� �¡�,�}� Í �²�,���1�1�9�¡ L���P�u���,�%?5ªc�1�¼���
Ç
��¢,�,���´�u�L� Ò
ª����L�£���P��Ó ' �F¬ ÙFÙJÙ ¬ ' Ú ÔÁ±Z���1������±L�´�u�?���§U����É� L�/���/���;�»���5�u�/¢,����·��/��¢,�5�u��µ
À �L���
����¢,�,���´�u�L� © �L�L�¼�>±L�������§T°5�/�/�u�;� d � d2� ÙJÙFÙ dÛÚ �� L�?�O�u���1� ' ��d2� þ)(�(0(�þ ' Ú�dÛÚ
���R���1¤����> L�OªZ�®°5�/�¬����� d ·I���u��?*Ó d ÔÈ� Ä,µ8���������� L���>�u���1�&Eeá Ä,Îc�;�u�L�/�§·I�����t?*Ó d Ô
�������L�/�5�u���®�����´�åLµËÇ
 �¤������¡���§����5�u�/¢,���j°5�/�P�u�,���`« � ÙFÙJÙ{«8< à1� ���L��¬ � ÙJÙJÙ�¬ Ú E � �����¼ L�����
���F�u���R�®������ L�¡�1�u���,�L��ª��1�Á·��/���c�1�
���"�1 L¤²�����¡���§�±L�´�Á°,���P�u�,�ª � ÙFÙJÙ{{< à1� µ
� n �lo �p�L�´�u�¡������/�,µ p�Ï��P�,¬ Ú E � q å����L�\¬ � qu¬ � E � þ¯���1¤�Ó ' ��¬ å5Ôj���,�È".^ �%^'Ä,µ
� s �lo Lc�²�,¥N�,�§ç�µ p¼Ï²�P�[« � q å��1���N�����§�u�/¥ Í Æ>���,��Å[$Éç Ç1E,µ À �L���N�L���§�u�/¥ Í Ñ�µ
� ¦ �lo Þ»�������/���?: å µ p Ï��P� B q B å ªFC,q®C å ª¯D/q°D å ª6 å q åLµ9�p�!Cg±� åLªË���P�?« å q«8T0þ²¬ S E � P³¬ S v µ À �L���U���¯D´±� åLª����;��¥L ��u�$«µq¶«8V«þ1¬ S E � P·¬ S w þ ' S Î

���L�O���kC2� å��,�ª« á·« å ª����/�[« å q¸« ���L�8 å q Ä,µ
�&¹<�lo Òj�,��¥L ��u�J�u�L� d � ��µ p�Ï��/��aq åLª2çaqºE�P Ä,ª����L�9�L�T�u�L�J���,�����®·I���L¢��,¥¦�/�?�1�u���,�L�

 L���u����� � "ËÛw� �L�����«�ëÇ B å P Ä,ªZ���P�w�aq �*þ'Ä����L� d?� q o ' � áOå¨p×Î����ïç¹á Ä,ª
���/���&q¯�«þ Ä¬���L� d?� q¸ å ���L�§ç?qÕÓX å �Få79»C å Û�D å Ô�µ

Ç ������¥����
�®�����R�,���u�L���I����¢,�,���´�u�L� ����·��,��º,�/�F�, ��I���T�/¤²�����/������Ä���µ»Ï5�u��¥ Í ÆJ�L�²�/���u�/����È
�L���1���L�����L�� �°5�/���$�u���1�$�T�/����²�;º��R±L�´�»���®���§5ª5±� ��$�u�L�����Ë���P�»�&M¦�/�/�$���B(§ L�§�»�u�R�/�,��¥L ��u�

« å q �T�®¤�ÓX«9T�þ/¬ S E � P¼¬ S v ¬ «8V|þ/¬ S E � P´¬ S w þ ' S Ô ¬ Ó�ÃJ��Ô
���L�O�u�������/�,���O���9 å ·I�L�P�u���/�!Ca�,�,DN���I±¦�P���u����µ»�p�U�Ì���P�®ª B TË���L� B VF�����} L�� ¦�1���´F±¦�;�u���É� ����*�u� B þ'Ä;Î��u�L���U�u���>�1�1���/ L�¡�1�u���,�U������¥L�´U���P�u�c« å q �T�®¤�ÓX«9T ¬ «�V«þ ' S Ô�ª��/�,�§È
���/��¥Z�;���L���L¢>�u�>�u�L�¼�1�����/� d�S � å��1��� d�S � Ä,µ À �/�?���L���®�������u���/�Â���������¼�,�L���±¦���®�� L���
·��
·Á���5�a�u�R�/°5�,���>���P�u�?�����L¢]«�ê;ª�·I�L���?�J����P]½ ª��1���>±¦�/�1�1 ���� B T��,� B V¼����¢,�5�Ë�P¤��/���/� B þNÄ,µ

�&�´�u�¬�u�L���Ë����¢,�;�����u�L�Ö·����1����ª;���;�a�P¤�����¥L���5ª;É� L���?º²�´ © �������>�,¥��u���> L� ���P�Ë�,��º;���§È
�L���,°,���§�u���/���c���J���y"ZÈ7�P��/���¾� Ú ª1 L������¢Á·��/��¢,�5�u�*±������/�¬�,�}�u�L�'� À �� L��!)�U�,�����&�I���®É� L�/�L���,ª

' � � ÓwP}Ä®ÔU¿ � Î Ó�Ã$ý,Ô



� ì&%('*),+.-*ë0/1%aè2+¡ë(3«ë43�5�%aè&+./261'87:9�ê,;<)&= Ð²µ�Ä;µ Ñ

À �¢Ìî �k��y��í.v¢M���v�/î �Aî ����°����î ��.�N�/î �{�8�`�y���Ë�{�e¢N�n��BB0Z�8��î í§�U��íe�n�n�Aî ²��k�u�k¢í8���y�Ìî ²u�v�u�k¢��M��B�N��yT���3²uð �Ë�k�î �k�k�e�³�e�k�k�e�n��¢{���{¢uE
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ÇÙÉ� L�´�u�F����M¦�/�����5�����,�§���,��¢,�?�1¥���È7���/�¡�1�u��� Í���� �������L�®·I�³���
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�;���¬·Á�/O�u�
�/�,�L�§�u�� ��P�I�´�®µ(�&�L�/�OÇ
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�/�,�L���/�P�u���¬���L�}���/°5�$�L���L�$�/��¢;����ª����L�}���I�,��µ=�Ë¤������/�����jÐ²µEÅ²µ�Ä,µ 
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�,�»���;��¥L ����1�u���,�����H������ L���/� ^ì� ª ^ � ª`ÙFÙJÙ/ª ^ Ú ª����9·I�L�����9�u�L� Í �²�;���®���"°,�����¡��±L��� d å���I���L¥L L�Á�u�����²�L L��� ^ å Î��u���/���¬�������T�����R·I�������Á±Z�P�p·��/���O�L�/��¢,��±Z�;�����L¢����²�L L������ªL�®������®�����§����L¢"� Í �²�,���1�1�¸����¢,�����7ªc·I�´�u� - å ·I�������}�¡���,� ^ å �u� ^ å E � ���L�hg å ·I�������}�¡���,�^ å E � �u� ^ å �¡�,��ÄS$Lç $�"Ëµ�Ç ��¥Z�/�/���1�Ë·I�������, ��J�;� ^ Ú ���;�����1���L�R�u�����, ��u¥L ��J�,�
�u�L���� L�L�/�u���,��ª4?HÓ d2�F¬ ÙFÙJÙ ¬wdÛÚ Ô�µ �����L� © �L� - êW�ig#ê �jg Ú � å"�1��� - Ú �ÙÄ;ª*���O�u�¦�®�
���²�L ���� ^ å �����Ë�P¤����P�u�´¶ÿ å � Ä?þ - å à1� þYg å ���L¥L ��$¥¦�,�§�u�$���L���P¤����P�u�´lk å � - å þ�g å à2��, ��u¥L ��I¥Z�;�§�u�I���;�Á�1���?�¹ç¦µË�×�I���,��¥L ��u���_k å Í �²�,���1�1�N�� L�L�P�u���;���Á�;�H�´�u�Èÿ å ���L¥� ��u��µÀ �L�}���L�L�´°����� ����¦�� L�L�/�u���,�L�Â���,��¥L ��u���F±�T�1���?�N���²�L L���R�®���F±Z�}����±L���u�?�1�����´��/�,��È
¥L�����®�1�u�/��ª�±L ��R�u�L�/"�> L�§�}±¦� ¾�u3W/W.mGu � f�uym ���9�u�������/�L�����u���1�¼�u���/���@(§�,���5�¼°5���� L�/�¬�1���
�/�,��¥L���P�u���´¨�L�P�u���������L���Ø±5³�u�L� d � ��Û«�$°,���§³���L�,���/�U�,��Ó d2�$¬ ÙJÙFÙ ¬wdÛÚ Ô��J L�§�T���®���Ø�u�
�P¤����P�u����,�L�N·Á�P«�u�£���/���u�L�F����¢;�¦�1�����,�Ø�������u�L�F·I�����/��ª$���,�L�����§�u�/����·I���u�³�����Â�,�I�u�L�
¢,�´°5�/�N�� L�L�/�u���,�L��µ

ª i��)�+�U� jnm � k ø-?�p3�U� ú�ó#p/÷1ú>ûaü�öýó�ògú��¥o®ü8p§ò����Zó®ö ùË÷1õ	oqp²öAòZó1� ð Óí?ZÔ)$sr Ú
å]t ê Å?u ç �wv ç ¢x lnjijËh,y ���¬·I�����c���L�®· �u�¦�®�
�u��� Í���� �¡�,�¥?£�����}�®�¼���,�§�}ÅRu ç ��� � v ç ��� ±L�?���L�?�9�L�²�L���� Þ ª����,��ÄD$Éç�$E"Ëµ À �L���j���»�/���1���$���3g å à2� � åLª�±Z�/�®�� L���¼�1�j���,�§�ÂÅ?u ç ��� �� L±L�� L�L�/�u���,�L������R¥¦�,������±����¼·I�L�/� d2� �u�����; �¢;� d å à2� ���/°5�J���5F¢,�´°5�/�F°,���� L����µ»Ï���·��¼·I���������L�®·'�u�¦�®�

���5}���P�p·��,��º¼�u���1�H����� - å à2� �¡�,�§·Á�����¬·I�����/�a���L�zg å à1� ±����?º�·Á�����¬·I�����/�*±Z�P�p·��/��� ^ å à2����L� ^ å �®���¸±Z�����/¥��¡���/�/�¸±5����¸��É� L��°,�����/���R���P�p·��,��º"�u���1�}����� - å à2� Å { ç ��� ���,�§·Á�����·I���������1���N���;���¼�u���1�I�� L�O±����?º�·Á������µ
ä��,�}���;��°,���L�����L�/�5ª����P�®� �R�/�,�L�����L���¼�u�L���®�����Wç¹� ÑN���£äa��¢�µ�Å,Æ�ª�·I�´�u� - � � Ñ"�1���g � � Å�Î�·��}·Á���5�
�u������¥L�¡���/�}�u�L�,���[
>·I�����/��±5�Ä&
��u���1���� ��U�,�L�´N���,�§·Á������µ�Ï� �¥L¥¦�,���

Ç
�������Â���Ë������������¢,�Á�,� ^ � ���L� Í �;±����$�����?������¢,�Á�,� ^¢� µHÇ
�����/�������L�L���¼Ñ;È7±L�´�»����¢,�����7ª - ª
�u� Í �,±¯·I�������T���F�����L�L���£Å1È7±L�´������¢,�����7ª�g1ªË�u�£�L�/��µK�U�,���F¥����/�/�����/�´�ªË���,�����5 © ¤����
°,���� ��}�,�ÁÓ d2�F¬ ÙJÙJÙ ¬;dÛÚ Ô�ª�Ç
�����/�}�/�,��¥� ��u�/�¼���/�/�§�������O�� L�L�/�u���,��| ���L� Í �;±U���,��¥L ��u���
�
�� L�L�P�u���;� ð ªL·I�L�/��� |>Ó}gPÔ`� - ���L� ð Ó - Ô`�<g�Ù Óu��Ã®Ô
Ç
�������,� �Ë�¡ ��L�P�u���,�Y| �L��¥¦�/���L�$�,�UÓ d2�$¬wd,��¬wd{� Ô�ª,��� Í �;±��L�²�/����� �»º²�L�®·Ø·I���1�»���$����Î Í �,±�� �
�� L�L�P�u���;� ð ����ªI���������¡�����´5ªÁ L�Lº²�L�®·I� �u�¯Ç
�������,ªÁ�����L���9�´�F�L��¥¦�/���L�F�,� Ó d��~¬ ÙFÙJÙ ¬;dÛÚ Ô�µ
Í  ����u�L�,���N ��Lº²�L�®·I�³�� L�L�/�u���,�L�����/°5�N�u�L�Fº,�/¯¥L���,¥¦���§�p«�u���1�®ª»�¡�,���/°,���§¯���L�,���/�N�,�
Ó d2�F¬ ÙJÙFÙ ¬;dÛÚ Ô�ª²�u���/���,� �I�P¤����P�u�´T�,�L�R���,�� ��u���;��Ó - ¬ g/Ô»�u�>�u�L�}��É� ��1�u���,�L�¬Óu��Ã1Ô?µ
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Ï��¨Ç
�������U�?�����L¢,���T�u�L�"±¦�����/°²���;�T�,�}���²�L ���� ^ � Û¨Ï��L�9���/�L��� Í �,± hvj \ l Ñ;È7±L�´�
°,���� ��/��ª6|>ÓAå,å�Ô�ª6|>ÓAåLÄ®Ô�ªq|>Ó§Ä�å5Ô�ªZ���L��|>Ó§Ä,Ä®Ô�ª��u�L�/����±5N���P°5�1�1�����L¢��L���_| �¡ L���P�u���,��µ�Ç
���
Í �,±9�?�¦�1��¢;���¼�u�L�>±Z�/���/°����,�¼�,� ^ � Û��p�L�§�u�1�1�£�,�»���/���L���L¢O���59�¡���/�L±¦�1��ºZªZ�L�������,º²�}�®�
�u�L�,���U���; ���°,���� L����ªj�u�,¢,�P�u�L����·I�´�u�Ø�L�����;�u�L�/�����L¥� ��u�"ÓÌ�¦�1���/�´ d�� ���L���u�L�8g � ±L�´�u�
���/���/�´°5���£�¡���,� ^ J®Ô�ªH�1���¸�L��������°5�����R�u�L�� L�L��É� L� - ���L�sg}�u�¦�®�¬���,�´°5�OÓu��Ã1Ô?µ�C
���R�L�/·
���²�L ����R L���/�Á�u�L���Â°5�1�� L�R�;� - �u���/�,��¥L L�u�
�u��� - � ±L�´�u�Â�u���1�I�L�}�, ��u¥L ��u�Á�u� ^ J;µ

À �L���;����� � �?�P��O�u���1�O�u�L� Í���� ����/�£·I�����¼±Z�¸���®�����,����±L�´&���������}���¬·��¸�1���
�/�,�L�§�u�� ��P�R�� L�?�����L�P�p·��,��ºO·I�´�u�"���T�����c°5���� L�/�¼�,� - å �1����g å µR�p�L�L�/����ª ð Óí?ZÔÁ·I�����H±¦� �Ó·"*ÔR���Â�u�L� - � ���1����g®� ���1���F±¦�, L�L�L����ª»���´�u�L�, L¢,�«�u�L�T���;���§���1�����;�Á¥����;¥Z�;�§�u���;�¦�1���´�p
����¢;���c±¦�»�� L¢,�,µ=L*�P�®� ��·��;��º¬�1�¬�P¤�����¥����Ë±�R�/�,�L�������/�����L¢Á�u�L� c��Glyunu,��rtf6�§d �elnj�¾òh \ f,�vc{r�jgf ª
?*Ó d2�$¬ ÙJÙFÙ ¬wdÛÚ Ô�� d2��d,��d{����d,��d{�3d��9� (�(�( ��dÛÚ�à,�³dÛÚ�à2��dÛÚ���dÛÚ�à2��dÛÚ�d2����dÛÚ�d2��d,�S¬ Óu�\Ô,Ô
·I�L�����U���I�u�� ��¬���$���L�"�,�L�´O���$���/�����/ L�¡���I���/�?º²�¡�����¬�¡��±¦�/���/�N·I�´�u�U±L�´�u� d2� ª1ÙFÙJÙ/ª dÛÚ �����
�u�L�����j�/�,�L���/�� ��u�´°5�
Ä/��µËÝ
�L�j·Á�P}�u�
����¥����/���/�5�H�´�*°��¡� Í �²�,���®���¬������ L���/�H���*�u�
¢,�´°5� ^ å�u�L�����R���L¥� ��u�¬Ó�� å ¬ B å ¬ ' å Ôj�����;� ^ å à1� ���L�N�p·�������¥L ��u�¬Ó f å ¬�g å Ôj�����;� ^ å E � ª�·I�L������ å � d å à2�$¬ B å � d å à,�³d å à2�F¬ ' å � dÛÚ?à2�;dÛÚ�d2�
� (�(0( ��d å à{�3d å à���d å à1� Î

f å � dÛÚ�¬�g å � dÛÚ�à2��dÛÚ Ù
Óu�\�,Ô

C
�/���¼�� L±L��������¥��u���1���¼�u���1�®�u���T������ L����"ËªL���L�U��¥L¥L���,¥L���¡�1�u�¼�������L¢,�/���1���R�����L�}�1�Â�u�L�
�������I�;�Á����¢;���Á·I�L�/�¹çg� Ä}�;�|çd^E"�PØÄ,µ À �L�/� ^ å ���,��¥L ��u���Â�u�L�R�� L�L�/�u���,�L�� å E � � d å ¬ B å E � ��� å d å ¬ ' å E � � ' å � B å d å ¬ñf å à1� � f å ¬ìg å à1� � g å Óu�S��Ô
���;�I�L�1�1����N������°,���� ��/�Á�,��ç¦ÎL�/¤��/���/�����¼Ñ7�������Á�u�L�}�L�/���1������µ(� ���u�F�u�L���Á���;���§�u�� L�P�u���,�F·��
���/°5� - å $�Æ����L��g å $�ÅJ���;�I�����1ç�ªL�L�/���/� À �L���,���/� � �u�������� L�Â�u���1� ð Óí?ZÔ@$ Å � � "ë�
Ñ5å8��
>"Ëµ*�p�¬�A���P�®ª1�u�L�$�u�� ��u�¬���*�> L�?�J�§·��/�/�u�/��Û ð Óí?ZÔ����a���/�u ������´gÇ®�U""ÓÌ�����»�/¤²�����/�����»Ñ7
5Ô�µ
 i��*��� ¤·�[°S°�¡�� ���
�,���u����·Á�1�����u�>�L�®���¦·I�´�u�T���P°5���?�1� Í �²�,���®���T�¡ ��L�P�u���,�L�Á�1���,�L���,ª
���L�¨���/�¡�1�u���«�� L�L�/�u���,�L�>�,���u���¯���/°5�F�/�,�����;�¯�� L±L�� L�L�/�u���,�L��µ£�p�¨�� L�?�³�®�����/�>·��T�1���
·��,��º³·I�´�u� �u�L�ô� Í@�D� ±������&�¯���,�¹ª>? � Ó d2�F¬ ÙFÙJÙ ¬wdÛÚ Ô ¬ ÙJÙFÙ ¬ ?]��Ó d2�F¬ ÙJÙFÙ ¬;dÛÚ Ô  ªÁ·I�L����� ���
�³�������/�/�u�/� �1�/��/������¢;�?��¥L�Ö�u���1�"���;�����1���L�U�,�L�«�����������;�"�P°5���§&±Z�®���'�u���1�"�²�/�� L���
·I�´�u�L�����u�L�"�u�� ��u� ����±L�����T�,�J���5 �;�}�u�L�9�� L�L�P�u���;����µ À ��� Í���� ±��������������¯�����9«
�§���²���
¥¦�,�����u�/����ª � 2 � ª��,�L�J���;���1�1���"�� L�L�P�u���;�I? � Î��u�L� Í@�D� ���,��? � ���I�u�L���O�u�L�J���/�
�,�
�����H�L�²�L���R���®���?����±L���>�����,� �L�²�L� 2 � µ � ���u���/�¬�u�¦�®�}�L�²�L� 2 � �´�u���/���Ë���R���®���?����±L���>�¡���,�
�L�²�L� 2 � ���a�1���N�,�L��T���#? � �����>�� L±��¡ L���P�u���,�O�,�#? � µ

ä��,�¼�P¤�����¥L���,ª����,�L�����L�����u�L�J¥L���,±L���/�Ù�;�$�/�,��¥L ��u���L¢��u�L�'"Wþ'ÄJ±L�´�u���,�a�u�L�J�� L�
�,�c�p·��½"ZÈ7±L�´�I�� L�J±Z�/����ª

Óí? Ú E � ? Ú ? Ú�à2� ÙFÙJÙ�? � Ô � � Ó d2��d{� ÙJÙFÙ d,��Ú�à2� Ô � þ&Ó d,��d�� ÙJÙJÙ d,��Ú Ô � Ù Óu�\ý,Ô
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í§�Ë�t�e.ï/î �°���/.9�k�pí×î ¢Ìî �n�~�/î �;²����;0��î �pð î �3²`5�í²n�e�k�8��ª�~� ��n�t�k�e�t�8��t�8�/�Píe�Ìî �n�9�{�.�. �>�>&E2E¡ ´ ¡ º�µ ¢t����í�IJE
À �L� Í@�D� ±������}�¡�,�Â�u�L�,���¥" þ ÄR±L���u�Á���²�;º²�Á����º;�¼�u�L���Â·I�L����"ë� Ñ�Û
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À �L�}·Á�/F·��,� °,�J�� L�J±Z�/���/�O�u�L� d � �I���«Óu�\ý5Ôj��������¥¦�,�§�����5�I�L������ÓÌ�����}�/¤��/���/�����y��Ä1Ô�µj�p�
¢,�/�L���?�����u���/���
�1���I�P¤����P�u�� ð Óí? �$¬ ÙFÙJÙ ¬ ? Ú E � Ô��ô�>"¥P��¼�L�²�L�/��ª5·I�L�/�½"èá'Ä,µ À ���Á�L�²�L�
(§ L�§�»�u�}�u�L�I�������j�;� 2 � ª����,�IÄ¥$ �½$ "Ëª5���/¥L�������/�5�u�»�u���I�� L±L�� L�L�/�u���,�����,��� �ndglxlxz ÿ � �, ��
�,���u�L��,�u��±��´��¥¦�,���´�u���,�T�¡���,� �u�L�
����¢;���®Î5�u���
�L�²�L�n(§ L�§���u�¬�u�L�¼����¢,�5�Â�,� 2 � ���/¥L�������/�5�u�
�u�L�}�/�,��¥L���/�����5�Á�,�c�u���1�I�1�1���§�ª#@ÿ � Î����L�O�L�²�L� 2 Ú E � ����¥L���/�����5�u�Â�u��� © �������1�����§�ÿ Ú µ³g 4���U���>�/���=¡[���²��°�°S¡�� ���5� °5�R±¦���/�F������º²���L¢���±¦�, ��I�����u�Á�,�c�u�L���L¢,�Â�u���L��·I�L���U�
Í���� ���Á¢,�´°5����µ Í  ��I�L�®·Ö�L��·��}¢,�P��� Í���� ���5�u���u�L�R���;��¥L ��u���Â���F�u��� © ���§��¥L�¡���/�>9

Ý�����·Á�P����»�u�J�§���1�§�j·I���u�T�����,���L�����/��±L�������§����/�/�������,���L���1¢,�?��� �� L���N���¼ÓuÔ=�5Ôa�,�
�u�L�}����¢,�5��È7�����L�O�P¤�����¥L���¼����ÓuÔ5Ô?ª��1���N�u�����/�L ��/�R���Á�����u�¦�®�I���I±¦�/���;���/���J�u�� L� Í@�D� µ
À �L�j���,�����®·I���L¢¼����¢,�,���´�u�L�Oª1±��������J�,�J�����®���*�,� � µ;Ï²���/�����L¢
���L�J��µD�«�/¢,�/�L��� o k �Lø7÷1õ�ú��²ö���÷U�
þ»õ�÷)p�ó�o;o;����ÿY´Ëó®ö�öýó?õ;o ¹�µ Ó§Ä��	�;Æ5Ô�ª�Ä®Æ	��!�Ä/Ñ,Ñ>p7ª����L�®·I�Â�u���1�
���U����±L�´�u�?���§a"OÈ7�L�²�L�}±L�������§
�L���/�������,���L���1¢,�?��� ·I�L�,����±L�?���L���L�/�Â�����I¥L���,¥¦�����´��;�����/���/���®����±¦�������L L�/�����u�>� Í����
���� �ÓÕ" þ "*Ôj�§�u��¥L�Á·I�L�/�F�u���/���¬�����¥"9°,�����¡��±L������µ

Ý��¼�/�, L�����O·��U�L�/���Ø���,���U�P¤²�u�?�9�������,�§¨��¥����/�O���Ø�,���L�/���u���L���/���L�N·I�L�/�u�L�/�
�p·��F�L�²�L���}��������É� L�´°5�����/�5�®ª¦·I�L�/�£�L�,����¢F�� L�?���������L L�P�u���;�cµ¥CR�P°�����¢T�,�L�´U�u�L�J�u�����/�
© �����L�NÓ.´ ¬ µ?· ¬ ¸,º,ÔR���¯�®�����¯�L�²�L�,ª»���>���&Ó�Ã1Ô�ªH·��, L���¨¢;��°,�T L�>���"���²�,� �u�9�����L�/ L°,����µ
ä��,�§�u L�¦�®�u���´5ª,�;���´¬�,�L�I���L�L���u���,�����²¥¦�,���5�u���§È7����/� © �/���cª;�®��������� ¡(¶?· ª,���Ë�L�/���L�/�cª��u�,¢;�/�u�L�/�
·I�´�u�J�p·��}���L�L�´�u���,�������§���1�u��±��´�u��µ2���j·I������������ L�������;�a���;��°,���L�����L�/�j�u�¦�®�a�u�L���§���1�u��±L�´�u�
����������¥L�����/�´�u��¬¥L�������/�5�������u�L� wnr ] f¡w �;�Z�u���wµ?·>���L� ¡T¶?· © �/���L��ª²���}�u���1�»�u�L�¼����¢,�,���´�u�L�
�L���/�L�>�u�£�L�®����·I�´�u�¯�,�L������, L� © �����L��Û9Ó.´ ¬ µ0· ¬ ¸{º ¬ ¡(¶?· Ô�µ À �L�F�A���P���u���1�>�u�L�F����¢,�¨���
¥L�����/��¥L�u�/�T�L�²�/�����®�����u���1�Á�>Å	�1È7±L�´�Äµ?· © �/���T·I���������/�/�,�����²���1�u���;���´TÅ � H �L�²�L�/�I�®�
���,�§��� ��±¦�, ��¼Ä®Æ�Ñ>�����������,�n� ���L�§�u�1�����,�HÅ � G µÁÓ×Ý
�N�¬�/�,��¥L ��u�/������º,��¸:¸{º · ª²·��
����¢,�5�
¥L�����¡���Ë�u���1���� ����I�u���1�Â�1�����L�²�L�
���L�����/�����/�Á�����I�P°5����ª²���L���u�J���L�"ÄÁ�u�>� © �/�������L�§�u�®���
�,�*���,��¥L���������5�u���L¢��´�����Á�L�,�L�}���/���,µ Ô
��¶Ph*�+�>�/��ikjº¹ Ó¼» uym \ �vc{r�jgf cej d ½C½4½�Ô�µ Ê �´°5�/�¯�N±��������§£�L���/�������;���L�¡��¢,�?�1� �u�¦�®�
���I�,���L�����/�U±L ����L�;�����/�/�����?�������´F�����L L���/��ª��u�L���
����¢,�,���´�u�L� �u�?�1�����¡�,�������´�I���5�u���>°5�1�����
Í���� ±5¸�������®°����L¢N ��L�L�/���/���?���§¸�L�²�L���J���L�«���/���, ��u���L¢"�����$¥¦�,���5�u�����J��¥L¥L���,¥L�����®�u���´5µ
�����?�T�L�²�L�
���Á������ L�������u�>���/°5�
�¡�, L� © �/���L�¼Ó.´ ¬ µ?· ¬ ¸{º ¬ ¡(¶?· Ôj���j�L�����/����±Z�/�N��±¦�®°,�5ªL�1���¾ ·�·(¿J¥¦�,���5�u�Ë�u�¼�u���Á�L�¡��¢,�?�1�U� �Ë�u�,¥��L�²�L�,µ À ��� ¡(¶�· © �����L�j�1���Á���L�´�u�¡�����´¬�������/���/°,���5�®ª;�/¤�È
�/��¥��Ë�u���1�Ë�u�L�/J�J L�§�»±¦�Á�L�,�L�L�/¢��1�u�´°5�,Î,�u�L�PJ·I�����L��¢��1����±¦�Â���;���L�/¢��1�u�´°5�I�1�Ë�u�L�Á�/�L���,�
�u�L�$¥��������/����µ*Ç
���5�L�/���P�u�/�}�L�²�L�/�a�����$¥� L���L�/�J�,�5�u�
�Á�§���1��ºR���L�����/�����/�J±5 ¡ ´ ¡ º�µZª1������º;���
�u�,¢,�P�u�L���Á±5F�u�L�«¸,º © �����L�I�;�a�´�u�Á�L�²�L�/��µ
Ó À �L�*µ?· © �/���L�Á�,�*�u���/���}�L�²�L���Á·I������±¦�}���/¢;È
�1�u�´°5�,Î²�u�L�/���Â�/�,��¥L���/�����5�u��¥¦�,���5�Â�u�>�®É� L�´°,�������5���L�²�L�����u���1�Á���/°5� f�j®c ±¦�/���F�L�/���/�u�/��µ Ô
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ï/î �zy¦î ¢{�*íe�10Z�/ð �j0Z�8�n��k�e�v�{�UëW°�t¢t��¢{�§�Ë��í���t�§�§í��°��ï/ð � ��/í�I��e��¢{���t�
À �L�*´ © �����L�I�,�H±L�?���L�?�U�������/�
�����J������ L�����O�u���� L�U�¡���,� ´�À ¾ ·�·(¿qÁ> L¥N�u� B 0Ý��ñ ª

���>�����/���®��������¢
�,���L���a�����;� �u�L���u�;¥��L�®·I�5·Á�����L�$���>�u�L��¢,�´°5�/������¢�µ À �L�Â������º}�L�²�L��� �
���L� � �����¼������ L�������u�¬±Z���L�²�L����åJ���L�9Ä,ª�������¥¦�/�/�u�´°5�/�´�ª,·I�´�u�����;���L�/¢��1�u�´°5�Èµ?·��1���
¸{º © �/���L��µ À �L�/������Â�L�/°,���Ë�L�/���P�u�/�cÎ;�����Ì���P�®ª;�u�L�/>�����Á���/�¡�Ë L�5�u�, L�?���/���P¤��/��¥��Ë�¡�,�a�u�L�����¡(¶?· © �����L��µ
Ç
�£�� �¤������¡���§"�1���?�/U�,�Ë¥Z�;���5�u�/����ªÛ¸RÂ ¡TÃ�Ä BRÅ ���,�È´�À ¾ ·!· ¿qÁ�$ B $ B 0Ý��ñ ªZ���
 L�����F�u�������®�1�u�¼�u�/��¥Z�;�?���§T�����§�u�Â�,�Ë�1�����L�²�L���Â�u�¦�®�I�¦�P°5�J�>¢,�´°5�/�F°,���� L�R�,�1´Zµ¹ n �lo �p�L�´�u���1����/�5µ p À ���������¦�®�u�J���������L�¡�1�u�/�´N��� ¾ ·�· ¿I$ Ä,µ>ÝI�u�L���§·I�����,ª����P� ¡(¶�· À�å�Ágq¡T¶?· À/Ä(Á&q ¡(¶?· À ¾ ·�· ¿qÁ?q PRÄ,ª��1����¸:Â ¡TÃ�Ä BRÅ q P}Ä¬�¡�,�È´�À ¾ ·�·(¿qÁ½$ B $ B 0Ý��ñ µ

Ó.�«�J L���J�u�L�>�Ì���/�
�u���1�[PRÄ��ÇÆ
å������u�L�J±L���p·I�����J�/�,��¥L���/�����5�
�,�»åLµEÔ À �L�/�"���/�
E]q ¾ ·�· ¿N���L�N�L���u�L�R���,�����®·I���L¢��,¥¦�/�?�1�u���,�L�Â·I�������$Eg±� å�Û
Ï��P�F3aquE,ªLE!qÈÆ ¡(¶?· ÀÕ3�Á�ª ¡T¶?· ÀX3BÁ,q ¸:Â ¡TÃ�Ä ´�ÀX3�Á Å ª�¸:Â ¡TÃ�Ä ´�ÀX3�Á Å qÈÆ¯3cµ
�p� ¡(¶�· À�µ?·BÀÕ3�Á:Á&^Øå�ª����P� ¡(¶?· À�µ?·BÀX3BÁ:ÁcqÉÆcE¬���L�\E!q µ?·�ÀX3�Á²µ
�p� ¡(¶�· À�¸{º3ÀÕ3�Á:Á&^Øå�ª����P� ¡(¶?· À�¸{º3ÀX3BÁ:ÁcqÉÆcE¬���L�\E!q ¸{º�ÀX3�Á²µ

Ó.�«�,� °,�Á�/�������5�u�¡�����´J�L�,�L���
�L�/¥L�u��È © ���§�»���1�1�������;���u�L�Á����¢Lª,�u�/��¥¦�,�?�1�����´¬������º²���L¢
�������L�²�L���Á���1�1������±L���}�¡���,� ¾ ·�· ¿T±5N����º²���L¢>�u���/��� ¡(¶?· © �/���L�Á�L�/¢��1�u�´°5�,µ Ô¹ s �lo Lc�²�,¥O�,� B µ pRÏ��P� ¡(¶�· À�å�Ácq ¡T¶?· À/Ä(Ácq å�ª¦�1��� B q B 0Ý��ñ µ¹ ¦ �lo Í  L�?º,�/�>���,�§�®µ p&ÓÌÇÂ�J�u�L���J¥¦�,���5�������j���/�T�1���L���L¢U�L�²�L�/�J·I�L�,���e´ © �����«�P¤��/���/�L� B
�¦�P°5�¸±¦�/��� ¥L���,¥¦�����´ ���/�L L���/��ªR���L� �u�L�/��� ¡T¶?· © �/�����O�����£�L�,�L�L��¢��®�u��°,�5µEÔ¶Ï��P�
3aqÉÆw¸:Â ¡:Ã�Ä BRÅ ªLE!q åLª����L�O�L���u�L�}�¡�,�����®·I����¢��§�u�/¥L�Â·I�������x3¢±� åLÛ
Ï��P�F30äNqÈÆ ¡T¶?· ÀX3BÁ�µ
Ï��P�4Êcq ¸{º3ÀÕ3�Á�ÎL���1µ?·BÀ±Ê:Á¶ÇØå�ªL���P�w¸{º3ÀÕ3�ÁcqÈÆÈµ0·BÀ±Ê:Á²µ
Ï��P�4Êcq µ?·BÀÕ3�Á�ÎL���1µ?·BÀ±Ê:Á¶ÇØå�ªL���P�Èµ?·BÀÕ3�ÁcqÈÆÈµ0·BÀ±Ê:Á����L��Ê,q µ?·BÀÕ3�Á�µ
�p�>Êî�æ¸{º3ÀX3BÁ�ªL���/�wµ?·BÀX3BÁ,qÉÆËÊ�ª�¸{º�ÀX3�Á»q ¡ ´ ¡ ºSµ¦ª ¡(¶?· ÀX3�Á»q åLª ¡ ´ ¡ º�µgq 3$Î
���u���/�§·I�����R��� ¡(¶�· À±Ê:Á4^ØåLªL���/� ¡(¶?· ÀÕ3�Ácq¶E;ªLE!qÉÆËÊ�ª����L� ¡(¶?· À±Ê:ÁcqÈÆ¯3»Î
���u���/�§·I�����R���P� ¡T¶?· ÀX3BÁcq ¡(¶�· ÀwÆ ¡T¶?· À±Ê:Á?Á>���L� ¡(¶?· ÀwÆ ¡(¶?· ÀwÊ:ÁRÁcq 3cµ
À �L�/�N���/�F3aq 3 ä µ¹%¹<�lo Òj���1�1�� L¥cµ p�Ó � �����/�R·I�´�u� µ?·¹� d ±� ¸{ºN���/°,���L�®· ±¦���/��������º;���£�u�,¢,�P�u�L���R°��¡�

�u���/��� ¡(¶?· © �����L��ª�±¦��¢;���L�L���L¢�·I�´�u�8Æ ¡(¶�· À d Á�µ ÔTÏ��/��Ì&qÍÆcE,ªNE,q�åLª¦�1���O�L���u�L�
���,�����®·I���L¢�·I�L�����ËÌ?^ØåLÛ
Ï��P�4ÊcqÈÆ ¡T¶?· ÀOÌ?Á����L� ¡(¶?· À	Ì?Á,q å�µ
�p�6E|� å>���/�,E!qÎÊ�Î����u���/�§·I�����R���P� ¡(¶?· ÀX3�ÁcqÎÊ�µ
Ï��P�F3aqÎÊ�Î��u�L���F·I�L����� ¡(¶�· ÀX3�Á�áØåLªL���/�F3aq ¡(¶?· ÀÕ3�Á�µ
Ï��P��Ì»qÈÆ ¡(¶?· ÀÕ3�Á²µ¹ § �lo Lc�²�,¥O�,�?3cµ p¼Ï��P�F3aq¶E;µ Ê ���u���§�u�/¥5FÙ�>����3 � åLµjÝ��u�L�/�§·I�����}���P�4Êcq 3cµ¹1ÏB�lo �$¤��1�����L�¬�>±� L�?º,�P�®µ p¼Ï��/�,E!q µ?·�ÀX3�Á�µIÓÌÇÂ�Á�u�L���Á¥¦�,�����F3W�<Ê�µEÔ¹�Ð��lo FI�����®°5�F�L L¥L�����®�1�u�/��µ p Ï��/�zÌ q ¸{º�À±Ê:Á²µ£�p� ¡(¶?· À	Ì?Á¢^ åLªË���/� ¡(¶?· À	Ì?Á\qÑÆËÊ�Î

�;�u�L���§·I�����¬���/�Èµ0·BÀ±Ê:Á4q ¡(¶?· ÀOÌ?Á²ª0¸{º3À±Ê:Á&q ¡ ´ ¡ ºSµ¦ªZ���L� ¡ ´ ¡ º�µdqÍÊ�µ À �L�/�U���/�Ê»q ¡(¶?· ÀwÊ:Á�µË�p�
Ê%±� å����L��µ?·�À±Ê:Áî�bE,ª�����¥¦�®�1�Á�§�u��¥5F¼Ð²µ¹1µB�lo Òj���1�1�� L¥T��¢�������µ p��p�,µ?·�ÀX3�Á4^�å�ª5���P� ¡T¶?· À�¸{º�ÀX3�Á:Á»q åLµ À �L�������P�l3aq ¡(¶?· ÀÕ3�Á�ª
���L�O����¥¦�®�1�I�§�u�/¥5FÙ�> L���u��� 3 �ÒÊ�µ¹1ÓB�lo � �,�L�>9�p��p�#3/±� åLªZ���/�u L���"�u��FÙ
�µ¬ÝI�u�L���§·I�����,ªZ��� B á ´�À ¾ ·�·(¿qÁ²ªZ���P� B q B P�Ä
���L�O���/�u L���F�u�[F
Æ�µjÝ��u�L�/�§·I�����5ª����1µ?·BÀ ¾ ·�· ¿qÁ¶ÇØåLªL���P� ¾ ·�· ¿mqÈÆÈµ?·�À ¾ ·�· ¿�Á²µ
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�t�8¢t�{��î íe�Ìî �n�~�n���. ��x��ð �§�Ë�~� �k�Píe�Ìî �n��t�8¢t�{��î íe�Ìî �n���°¢{�e�Z�§ð ¢t�\¢Ì�/ïv� �k�/í��Ìî �n�k¢�t�8�/ð �§í8�m0Ý�e�n�M�n�7±��Ë�Ìî �§ï/ð �8¢Zï�.Âíe�n�v¢t�����n��¢¢Ì�/ïk¢Þ�Aî �Ì�v�Ìî �n�~�n�5í8���k¢t�����n�{¢��Í����±Ë����î ��ï/ð �e¢0Ý�×ð �/î �3²#E�k�����§�Aî ��� ßÕÔ|ß ä
À �L�>���5�u�����1�®�u�J�����LºF�T���L��¥L L���®�u���;���I�,�$Ç
��¢;�,���´�u��� F �����J�1�1�����/���u�T¥L���,¢,�?�1�Ù�u�����"�u�
�P¤�¥L���1����ªc±L L�¬�u�L�P«�������L��¢;���´£�����§�u�� L�P�u�´°5�T�1�����L�;�J���1�1���´£�L��6��/ L���®µ À �������1�1���/�¬���
 L��¢,�/�N�u��·��,��º��u�L���, L¢,�F�u���R�P¤�����¥����¼���N�/¤��/���/�����¥�,Æ�µ

Ç
��¢,�,���´�u�L� F �1�1�"��������±¦�} L�����N�u�����,��¥L ��u�R�u�L� Í���� �¡�,�
�1�� lnuvwxc{lxr��kc{r�jgf �;�Ë�
¢,�´°5�/�"�� L�L�/�u���,��ªZ���������´U�¡�,�}�1��U�� L�L�P�u���;�9�;±L���1���L�/�9±5 �ý�¦�1���L·I�������L¢	�T�,�L�>�,�¼���,���
°,�����¡��±L���/�$�u�>�}�/�,�L�§�����5�j°5�1�� L�,µ À ���I���L�®�R���»�u�¬�L���}���´���u���Á�/¤��u�?�R·��;��º�±¦�P�p·����/���§�u��¥L�
F¬ÄR�1����F
Å�ª²���/���u���L¢8¸{º3ÀÕ3�Ácq µ?·BÀÕ3�ÁR���Z°5�1�����1±����w´�ÀX3�ÁR������ L¥L¥Z�;�����T�u�J±¦� © ¤��/�N�1�ÂåLª
�,�wµ?·BÀÕ3�Á$q ¸{º�ÀX3�Á>���4´�ÀX3�Á>���Á�u��±¦� © ¤��/�9�1�JÄ,µö���J�����������/�/�O�u�����/�/²�����¬�����c�L�²�L���
�u���1�I±¦���/�,���R���������/�/������±L���}���¡�u�/�Á���/�§�u�����P�u���,��µH�$¤��/���������y�5Ð�ÕL�����L�/�I�, ��Á�u�L�R���P����������µ
 §<�+��i<��¡��e¡��+�4��°�°S¡�� ���5� �������®����£�L�®· ���;�R�u�L�����,�§�}����¥¦�,�§�����5�¬����¢,�,���´�u�L� �,�
±L���¦�1�§}�L�/���������,�}���¡��¢;�?������ª�·I�����?�}����º;���c�u�L� Í���� ���,�*�,�L�»�� L�L�/�u���,��ªU?*ª,�1���¬�/�,�J±����L�/�
�´��·I�´�u���u�L� Í@�D� ���;�I�1�����u���/�Â�¡ ��L�P�u���,��ª 7¦ª����T�;�����/���u�>�,±����������u�L� Í���� �¡�,�Â�� L�§�u�L�/�
�� L�L�P�u���;���F�� L�?�Ö���G?\5¢7Ø�;�,?8Ö¦7¦µ Ï5��5�u�L�������N�;¥Z�/�?�1�u���,�L�T�,�}�u�L���Fº²���L�Ö�1���9�u�L�
¥L�������/��¥����»·Á�/��u�9±L ������¯ L¥«�u�L� Í@�D� �>�¡�,�>���;��¥L���/¤¸�� L�L�/�u���,�L��ª»���L�¯�u�L�T�A���P�J�u�¦�®�
�u�L�/U�®���£±¦�>�L�,�L���&6������/���u�´O���
�u���>�������9���®�����,�"·I�5 Í���� ���1�����§�u�� L�/�u L���/�R���/°,�
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��ö è ß æ(ï ï æd÷ Þ � ñ ëíï ñ æ(ç Þ ø ö ì õ æ ïu5(è õ ø ö è õ û��Tø ö è õ Þ õ î�ç	æ(ù�ï è]ì ÷ Þ ø ö ÷Cæ(ç�Ø Þ � ñ õ îqë ü èËæ ßæ(ç	ÿ�è,ç)ì Ú � Î / Ý à Þ � ß ë ü ødð Þ ø���è]è,ÿ õ æ���ï ûYëíùqæ(ú?ø õ Þ ê:ø±è]è��YùTûRø±è õ îqè,ç�è,ï è]ìÕè��:ø�æ ß ø ö è�ýCþËþß æ ç � Î /qãd��ö èËëíï ñ æ(ç Þ ø ö ì Þ õ ÿ�è õ Þ ñ ��è,ÿYø±æ ùqè_ú õ è]ÿ�ë õ ø ö è�ì ë Þ �Yè9� ñ(Þ ��è_æ ß ë # ýCæRæ ïòèdë"�ß úD� ü ø Þ æ�� ü ëíï ü ú�ï'ë�ø±æ(ç]ð %é÷ ö Þòü ö ç	è]î�ç	è õ è9�Tø õ ß ú¿� ü ø Þ æ�� õ ë õ ýCþËþ õ Þ � ü æ(ìÕî�ç	è õ	õ è,ÿ ß æ(ç	ì æ��ë õ è9ú:ú�è9�Tø Þ ëíï õ ø ë ü Ø ã���ö è õ ø ë ü Ø Þ õ ì ë Þ �Tø ë Þ ��è,ÿÛë�ølø ö è ï æd÷Cè,çlè���ÿsæ ß ë�ï.ë�ç ñ è1ëíç	çwë,ûü ëíï ïòè,ÿ�ø ö è'AD:�:(' ãdö ë ü ö ýCþËþ æ�� ø ö è õ ø ë ü Ø Þ õ ë õ è�úTú�è�� ü è4æ ß ê�:�=?>*) ð:÷ ö Þòü ö èdë ü ö1ö ë�5(èø ö ç	è]èzÖ�è]ï ÿ õ Ú�+��-,/.D�10�2 Ý ã4��ö è0ç	è õ ø�æ ß ø ö è0îqæRæ ï Þ õ ë�5(ë Þ ï'ëíù�ï è�ø±æ ö æ(ï ÿzø±è,ìYîqæ(çwë�çOûlç	è õ ú�ï ø õü ëíï ïòè,ÿ43¶>*5ÛA6' C(3¶>7) ðí÷ ö Þ ü ö èdë ü ölö ë@5Tè ß æ ú�ç4Ö�è]ï ÿ õ Ú8,��10 �9,;:=<=>��1?62(@�0=> Ý ã-8 ��æRÿ�èCø"ûRî Þ ü ëíï ï ûæ ü,ü ú�î Þ è õ æ���è�æ ü ø ëíùTûRø±èéæ ß ìYè,ìÕæ(çOû:ðR÷ ö Þ ï è�ëlø±è,ìYî�ï'ë�ø±èËæ ü,ü ú�î Þ è õ ø"÷Cæ ã��ö è�î�ú�ç	îqæ õ è æ ß 8 ï ñ æ(ç Þ ø ö ì ã Þ õ ø±æ�è,ê�ëíì Þ ��èÕø ö èYø±æ(î[ø"÷Cæ�ýCæRæ(ï èdë"� ß ú¿� ü ø Þ æ�� õæ��8ø ö è õ ø ë ü Ø�ð � ë���ÿ / ðBë"��ÿ8ø±æ�ç	è,î�ï'ë ü èlø ö è,ìâùTû�ø ö èÕýCæRæ ïòèdë"� ü æ ìlù Þ �6ë�ø Þ æ�� �BAz/ ð÷ ö è]ç	è A Þ õ æ���è_æ ß ø ö è � ÷�îqæ õ	õ Þ ù�ïòè�ù Þ �6ëíçOûYæ î�è,çwë�ø±æ(ç õ]ã4��ö Þ õ æ(îqè,çwë�ø±æ(ç Þ õ Þ ÿ�è��Tø Þ Ö�è,ÿ�ùTûÞ ø õCô ô}ù Þ øCø±ç	ú?ø ö ø ëíù�ïòè(ð :�A ã å6æ ç0è@ê�ëíìÕî�ïòè(ð 8 ï ñ æ(ç Þ ø ö ì ã ÷ Þ ï ï ß æ(ç	ìiø ö èéýCþËþ ß æ ç � 1 /÷ ö è9�Ü:�A Þ õ Ú à ��� à Ý � � ÷ à Þ ø�÷ Þ ï ï�ÿ�è]ï Þ 5Tè,ç � ! / ÷ ö è9� :�A � �(ãÍÒö è��<ø ö èsëíï ñ æ(ç Þ ø ö ìùqè ñ(Þ � õ ð4æ(îqè]çwë���ÿ � ëíî�îqè�ë�ç õ Þ �<ï æ ü ë�ø Þ æ�� õDC � ÐFEGE / Ð Ý æ ßø ö èYîqæRæ ï¼ðBë"��ÿ[æ(îqè]çwë���ÿ / ëíî�îqè�ë�ç õ Þ ��ïòæ ü ë�ø Þ æ�� õHC / ÐIEJE9K >�.ML Ý ã;8 ï ï ö Þ ñ ö è]ç�ï æ ü ë�ø Þ æ�� õC K >/.ML EJE L�.N.�,/OP2(Q(: Ý ëíç	è[ë@5Të Þ ï'ëíù�ï è ß æ(ç õ ø±æ(ç Þ � ñ ø ö è8ø±è]ìÕî�ï'ë�ø±è õ ø ö ë�ø1ø ö è[ëíï ñ æ(ç Þ ø ö ì��è]è,ÿ õ]ãb��ö æ õ èlø±è,ìÕî�ï'ë�ø±è õ ÷ Þ ï ï>ëíî�îqèdëíç Þ �8ï æ ü ë�ø Þ æ�� õRC >NS�.(> EGE L�.N.(,/O/2(Q(: Ý ë�øËø ö è ö Þ ñ öè���ÿ�æ ß ø ö èFî�æ:æ(ï à ø ö èFùqæ(úD��ÿ6ëíçOû�ì ëíç�Ø è]ç õ K >�.ML ë"��ÿ >NS/.�> ÷ Þ ï ï ü ö ë�� ñ è ÿ?û��6ëíì Þ ü ëíï ï ûë õ ø ö èËë�ï ñ æ(ç Þ ø ö ìÇî�ç	æ ü è]è,ÿ õ]ãd��ö è_ç	è õ ú�ï ø Þ � ñ ýCþËþ ß æ(ç �TA�/ ÷ Þ ï ï�è�5(è9�Tø±ú6ëíï ï ûzùqè�î�ï.ë ü è,ÿÞ �Yï æ ü ë�ø Þ æ�� õ$C � ÐFEGE9K >�.ML Ý ð ø ë"Ø Þ � ñ æ�5Tè,ç�ø ö è õ î6ë ü è ß æ ç	ìYè,ç	ï ûlæ ü,ü ú�î Þ è]ÿÕùTû � ë���ÿ /qã�Í èë õ	õ ú�ìÕèËø ö ë�ø�ë�ø±è]ìÕî�ï.ëdø±è4æ ü]ü ú�î Þ è õ ø ö è õ î6ë ü èéæ ß ø"÷Cæ���æ:ÿ�è õ]ã0��ö ú õ ð?ø ö è�ë õ	õ Þ ñ ��ìÕè9�Tø õ

#9UIV >NS/.(>W ó ð >NS/.�> VXU %lëíï ï æ ü ë�ø±è õ î6ë ü è ß æ(çCëÛ��è@÷ ø±è,ìYî�ï'ë�ø±è(ð(îqæ Þ �:ø±è,ÿzø±æ�ù:û U à ø ö èë õ	õ Þ ñ ��ìÕè9�Tø õ #8YZV K >/.ML ð K >/.ML V[Y õ � %�ë�ïòï æ ü ë�ø±èéë���è,÷ ��æ:ÿ�è Y ã å6æ ç õ Þ ìÕî�ï Þòü,Þ ø"ûYæ ßè@ê?îqæ õ Þ ø Þ æ���ð 8 ï ñ æ(ç Þ ø ö ì ã ÿ�æRè õ ��æ ø ü ö è ü ØÕø ö ë�ø�ø ö è ü æ���ÿ Þ ø Þ æ�� K >/.ML ï >=S/.(> ç	è]ì�ë Þ � õ5(ëíï Þ ÿ�ø ö ç	æ(ú ñ ö æ(ú?øËø ö èlî�ç	æ ü è õ	õ à ù�ú?øéæ ß�ü æ(ú�ç õ è õ ú ü ö ø±è õ ø õ ëíç	èlè õ	õ è��Tø Þ ëíï Þ �8î�çwë ü ø Þòü è ãö ê?è,ç ü,Þ õ èb÷ ç ç	è,ìYè,ÿ Þ è õ ø ö Þ õ æ�5(è]ç õ Þ ñ ö ø ã��ö è Þ ��î�ú?ø ß úD� ü ø Þ æ�� õ�� ë"��ÿ / ë�ç	è õ îqè ü]Þ Ö�è,ÿ�ø±æ 8 ï ñ æ(ç Þ ø ö ì ã ë õFõ è�ú:ú�è�� ü è õ æ ßÞ � õ ø±ç	ú ü ø Þ æ�� õ Ú]\J^&_ � � EGEGE �&\ � �-\ Ð Ý ë���ÿ Ú]\�ý^9`a_ � � EGEJE �&\�ý� �-\?ýÐ Ý ð>ë õ Þ � 8 ï ñ æ(ç Þ ø ö ì õ ý ë"��ÿ íëíùqæ�5Tè ã0��ö è�ï è�� ñ ø ö�õ æ ß ø ö è õ è õ è�ú:ú�è�� ü è õ ëíç	ècb � ì ! Ú � Ý ë"��ÿ�b ý � ì ! Ú / Ý ð?÷ ö è,ç	èì ! Ú � Ý � ì Ú � Ý õ Cu� Þ õ Þ ÿ�è9�Tø Þ ü ëíï ï û �Md Ú8e;f ÝÞ õ ø ö è6�:ú�ì ùqè]çzæ ß ýCþËþ ��æ:ÿ�è õ ÷ ö è��Ûø ö è õ Þ �¿Ø á Þ õ ß æ(ç ü è,ÿhø±æ ù�è1î�ç	è õ è��Tø ã å�æ(çè@ê�ëíìÕî�ï è(ð]ø ö è�ø"÷Cæ_ýCþËþ õ ë�ø�ø ö è�ï è ß ø�æ ß å Þ ñ ãdóíô ü æ(ú�ïòÿ�ùqè õ îqè ü]Þ Ö�è,ÿ�ù:ûËø ö è Þ � õ ø±ç	ú ü ø Þ æ�� õ
\Jg � Ú 
 �ihéô¿ü ù Ý �
\@� � Ú 
ó;h à ü ù Ý � \�� � Ú 
ù hFó�ü � Ý �

\9� � Ú 
ô=h à ü � Ý à \ ýj � Ú 
 �ih�ø�ü ÷ Ý �
\ ýk � Ú 
ó;hÏ��ü�ô Ý �
\ ýg � Ú 
ó;h�ôDü � Ý �

\ ý� � Ú 
ù hFó�ü ù Ý �
\ ý� � Ú 
ô=hð��ü à Ý �
\ ý� � Ú 
ô=h à ü � Ý à Ú8e�l Ý

ë õ ú õ ú6ëíï}ð \ � ð \ Ð ð \ ý� ðCë"��ÿ \ ýÐ ëíç	è1ø ö è õ Þ �DØ õ]ã ��ö è õ è Þ � õ ø±ç	ú ü ø Þ æ�� õ ëíç	è�î6ë ü Ø(è,ÿ Þ �:ø±æ��æRÿ�è õ ð õ æFø ö ë�ø Þ ß \Gm � Ú 
n m h Ü m üPo m Ý ÷Cè ö ë�5Tè +Fp � Ð õrqtsb� n m ð ,/.�p � Ð õrqtsb� Ü m ð�ë���ÿ
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062�p � Ð õrq6s;� o m ß æ(ç ó ïuqwv bl÷ ö è�� 8 ï ñ æ(ç Þ ø ö ì ã ùqè ñ(Þ � õ]ã�ã Þ ì Þ ï'ëíç ü æ��?5Tè��:ø Þ æ�� õëíî�î�ï û ø±æzø ö è Þ � õ ø±ç	ú ü ø Þ æ�� õ \?ým ø ö ë�ø�ÿ�è9ÖD��è /qã å�ú�çOø ö è]ç	ìÕæ(ç	è
+Fp � Ð sB� +xp � Ð õ � sB� +Fp / Ð sB� +Fp / Ð õ � sB� n Ëd¹1y õ � � Ú8eNz Ý÷ ö è]ç	è�÷Cè4ë õ	õ ú�ìÕè0ø ö ë�ø � ë"��ÿ / ÿ�è,îqè9��ÿÕæ���ï ûlæ��zø ö è%5(ëíç Þ ëíù�ïòè õ �t{ ß æ(ç � ï n ï n Ë4¹9y ã| Þ Ø è ø ö è õ Þ ìÕî�ï è ù�ú�ø õ î6ë ü è@ô ö úD� ñ çOû ëíï ñ æ(ç Þ ø ö ì ÿ�è õ ü ç Þ ùqè,ÿ8èdëíç	ï Þ è]ç]ð 8 ï ñ æ(ç Þ ø ö ì ãî�ç	æ ü è]è,ÿ õ Þ �zø"÷Cæ�î ö ë õ è õ9ü å Þ ç õ ø Þ ø�ù�ú Þ ï ÿ õ ø ö è_ýCþËþ ß æ(ç � Î / ð ü æ�� õ ø±ç	ú ü ø Þ � ñ ø±è,ìÕî�ï'ë�ø±è õõ æzø ö ëdø�è�5Tè,çOû Þ ìYîqæ(çOø ë"�Tø0ìYè,ï ÿ �ðÎ'��ý Þ õ ç	è]î�ç	è õ è9�Tø±è,ÿ�ë õ ë ø±è]ìÕî�ï'ë�ø±è U�ß æ(ç�÷ ö Þ ü ö

,;:P<N>Ip U sb� ���}?62(@�0=>Ip U sb� � ý �~,Ip U sÛ����� Ú��ðÎ'��ý Ý �}0Fp U sb����� Ú��ðÎ'��ý Ý E Ú8e:ä ÝÚ ��ö è , ë"��ÿ 0 Ö�è]ï ÿ õ îqæ Þ �:ø�ø±æ[ø±è]ìÕî�ï.ëdø±è õ ðz��æ øÑ��æ:ÿ�è õ]ã Ý ��ö è�� ø ö è õ è ü æ���ÿ�î ö ë õ èç	è,ÿ�ú ü è õ ø ö è õ èÕø±è,ìYî�ï'ë�ø±è õ ð�ú õ Þ � ñ ë1î�ç	æ ü è]ÿ�ú�ç	è õ Þ ì Þ ï'ëíçËø±æ 8 ï ñ æ(ç Þ ø ö ì þ à Þ ø ü ö ë"� ñ è õø±è,ìYî�ï'ë�ø±è U�ß ç	æ(ì Ú8e:ä Ý ø±æ
,;:=<N>Fp U sB�~��� Ú U Ý ��?62M@�0=>Fp U sB� .�Ú U Ý �

,Ip U sb� .�Ú ��� Ú��ðÎh��ý ÝOÝ �}0xp U sB� .�Ú ��� Ú��ðÎ'��ý Ý	Ý � Ú8e�e Ý÷ ö è]ç	è .�Ú U Ý Þ õ ø ö è úD� Þ ú:ú�è�ø±è]ìÕî�ï.ëdø±èéø±æY÷ ö Þ ü ö U ö ë õ ùqè,è9��ç	è,ÿ�ú ü è,ÿ3ð�ë"��ÿ�÷ ö è]ç	è � Ú U ÝÞ õ ø ö è #Oü ïòæ���èG%[æ ß�UÕÞ ß .�Ú U Ýé� U ã ö 5(è]çOû ç	è,ÿ�ú ü è,ÿ ø±è]ìÕî�ï.ëdø±è UÕü æ(ç	ç	è õ îqæ���ÿ õ ø±æÛë"�Þ � õ ø±ç	ú ü ø Þ æ��6��æRÿ�è Þ � ø ö è�ýCþËþ æ ß �cA�/ ð�ë"��ÿ � Ú U Ý Þ õ ø ö è Þ ��ÿ�è@ê1æ ß ø ö Þ õ ��æRÿ�è�ç	è,ï'ë�ø Þ 5Tèø±æFîqæ õ Þ ø Þ æ�� � Ð Þ �Yø ö è õ ø ë ü Ø ã Ú ã è@ø	ø Þ � ñ ,;:P<N>Ip U s ø±æ ��� Ú U Ý Þ � õ ø±è�ëíÿYæ ß � Ú U Ý Þ õ ë õ ��èdë"Ø:ûø±ç Þ ü Ø[ø ö ë�øÕì�ë"Ø(è õÕõ ø±è,î õÑãD�J�Dã�� à ç	úD� ß ë õ ø±è,ç ã Ý ã îqè ü,Þ ëíï�æ�5(è]ç	ï'ëíî�î Þ � ñ ø±è,ìÕî�ï'ë�ø±è õ ë�ç	èîqè]ç	ì�ë"��è��:ø±ï ûlç	è õ è,ç�5Tè,ÿ ß æ(ç õ Þ �DØ õ ë�ø�ø ö è��+:(3]3¶:M5 æ ß ø ö è�îqæRæ(ï}ð õ æ�ø ö ë�ø�÷CèËëíï ÷0ë,û õ�ö ë�5(è
,;:=<=>Ip à sB�~� à ��?�2M@�0=>Ip à sb� à �~,;:=<N>Ip � sb�~� � ��?62M@;0=>Ip � sB� � � Ú8eèÕ ÝÞ ��ë ü]ü æ(ç	ÿ1÷ Þ ø ö ø ö è ü æ��?5Tè��Tø Þ æ�� õ æ ß Ú8eNz Ý ë"��ÿ Ú8e�e Ý ãÍ èÛ��è,è,ÿ¿��� ø0ì�ë"Ø(èéë�ø±è]ìÕî�ï'ë�ø±è ß æ(ç ��Îz��ý ÷ ö è�� ø ö è'5(ëíï ú�è4æ ß � A �-ý Þ õ æ(ù?5 Þ æ(ú õ ï ûü æ�� õ ø ë"�Tø ã å�æ(ç�è@ê�ëíìÕî�ïòè(ð Þ ß ÷Cè;� ç	è ü æ(ìÕî�ú?ø Þ � ñ � ! / ð�÷Cè Ø���æd÷nø ö ëdø � ÎÑ��ý ÷ Þ ï ïè@5Tè9�Tø±ú6ëíï ï û1ç	è,ÿ�ú ü è�ø±æ á Þ ß � � àÕæ(ç ��ý � à ãlã ú ü ö�õ Þ ìÕî�ï Þ Ö ü ëdø Þ æ�� õ ëíç	è�ÿ Þ õ ü æ�5Tè,ç	è]ÿùTû1ë õ ú�ù�ç	æ(ú?ø Þ ��è ü ëíï ï è,ÿc�dê�= ' >*�">G' Ú � � / Ý ðT÷ ö Þ ü ö ç	è,ø±ú�ç�� õ ø ö è_îqæ õ Þ ø Þ 5Tè Þ �Tø±è ñ è]ç�� Þ ß ø ö èç	æRæ ø�æ ß � Î / ùqè ñ(Þ � õ ÷ Þ ø ö ø ö è0ù�çwë�� ü ö��-� ð(úD��ïòè õ	õz��A�/ ü ï èdëíç	ï û ö ë õ ë ü æ�� õ ø ë��:ø05Tëíï ú�è àÞ �8ø ö èzï'ë�ø	ø±è,ç ü ë õ èTð/�dê�= 'u>7��>*' Ú � � / Ý ç	è@ø±ú�ç�� õ ø ö è�5(ëíï ú�è W�Ú �HAz/ Ý ð�÷ ö Þ ü ö Þ õ à æ(ç W �(ã��ö è�î�ç	æ ü è,ÿ�ú�ç	è Þ õ0õ ï Þ ñ ö ø±ï û�ø±è ü ö � Þòü ëíï}ðRù�ú?ø õ Þ ìÕî�ï èTðRú õ Þ � ñ ø ö è ñ ï æ(ù6ëíï�ø±ç	ú?ø ö ø ë�ù�ï è;:�A ü

ã ú�ù�ç	æ(ú?ø Þ ��èT�4ê�= ' >*�">G' Ú � � / Ý ðR÷ Þ ø ö ï æ ü ëíï�5(ëíç Þ ëíù�ï è U ü
ä ß � ï � ë���ÿ / ï � ð�ç	è@ø±ú�ç�� WFÚ	Ú :�A	� Ú ù W ó�� W / Ý	Ý�� � Ý ð?÷ ö Þ ü ö Þ õ WFÚ ��A�/ Ý ã
ä ß � ï � ë���ÿ /Z� � ð õ è@ø UFV Ú ��h :�A � ù ü :�AR� ó Ý à ç	è,ø±ú�ç��2à Þòß�U � à�ð W � Þòß�U � ù ã
ä ß ��� � ë���ÿ / ï � ð õ è@ø UFV Ú //h�� Y ü :�AR� � Ý�� ø à ç	è,ø±ú�ç��2à Þ ß�U � à�ð W � Þòß�U � ø?ã� ø ö è]çO÷ Þ õ èéç	è,ø±ú�ç���ì Þ � Ú�+Fp � Ð õ � s �1+Fp / Ð õ / s Ý ã Ú8eN� Ý��ö è�ì ë Þ �1ÿ Þ��zü ú�ï ø"û�ø ö ë�ø ß ë ü è õ ú õ ð?÷ ö è�� ñ è���è,çwë�ø Þ � ñ ëlø±è,ìYî�ï'ë�ø±è ß æ(ç_ëlÿ�è õ ü è9��ôÿ6ë"�Tøzæ ß �éÎ��-ý ë ü,ü æ(ç	ÿ Þ � ñ ø±æ Ú}ä�  Ý ð Þ õ ø±æ8ÿ�è ü,Þ ÿ�è�÷ ö è@ø ö è]çlæ(ç���æ ø õ ú ü ö ë�ø±è]ìÕî�ï'ë�ø±èëíï ç	èdëíÿ?û�è@ê Þ õ ø õ �âë"��ÿ Þ ß õ æ�ð�ø±æYï Þ �¿Ø�ø±æ Þ ø ãn��ö èFùqè õ ø�÷0ë,û1ø±æ õ æ(ï 5Tè õ ú ü ö î�ç	æ(ù�ï è]ì õ Þ õú õ ú6ëíï ï ûYø±æzú õ è�ë ö ë õ	ö ø ëíù�ï è à ù�ú?ø�ø ö è9� ÷Cèéìlú õ ø0ÿ�è ü,Þ ÿ�è4÷ ö è,ç	èËø±æzî�ú?ø õ ú ü ö ëFø ëíù�ï èTðë"��ÿ ö æd÷ ì ú ü ö è@êRø±çwë õ î6ë ü èÕø±æ�ÿ�è@5Tæ ø±èzø±æ Þ ø ã�8 ï ø±è,ç��qëdø Þ 5(è õéõ ú ü ö ë õ ù Þ �6ëíçOû õ èdëíç ü öø±ç	è,è õ ÷Cæ(ú�ï ÿhùqè ì ú ü ö èdë õ Þ è,ç ø±æ8ëíÿ6ëíî?ølø±æ�æ(ú�çlî�ú�ç	î�æ õ è õ ð
ù�ú?ølø ö è@û�÷Cæ(ú�ï ÿ�ë�ÿ�ÿ�ë"�úD�T÷0ë"�Tø±è]ÿ ß ë ü ø±æ(çCæ ß ï æ ñ ì Ú � Î / Ý ø±æ ø ö èéç	úD�D� Þ � ñ ø Þ ìYè ã4��ö è õ û��Tø ö è õ Þ õ î�ç	æ(ù�ï è]ì ü ë"�
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ë ü ø±ú6ëíï ï û�ùqè õ æ(ï 5Tè,ÿ Þ ��÷Cæ ç õ ø�ô ü ë õ è ø Þ ìYèzë"��ÿ õ î6ë ü èB¥ Ú ì Ú � Î / Ý	Ý ùTû�ú õ Þ � ñ ë�ù�ú ü Ø è,øõ æ(çOøÕìÕè,ø ö æRÿ ë��që�ïòæ ñ æ(ú õ ø±æ 8 ï ñ æ(ç Þ ø ö ì þ Ú õ è,è1è,ê?è,ç ü,Þ õ è �íó Ý à ù�ú?øzø ö ë�ø õ æ(ï ú?ø Þ æ�� Þ õü æ(ìYî�ï Þ ü ëdø±è]ÿ�ë"��ÿ õ æ(ìÕè,÷ ö ë�ø4ë@÷lØ:÷0ëíç	ÿ ãå�æ(çOø±úD�qëdø±è]ï ûéø ö è,ç	è�� õ ë%� Þ ü è�÷0ë,ûFæ(ú?ø>æ ß ø ö Þ õ ÿ Þ ïòè,ìÕì ë?ðdç	è�ú:ú Þ ç Þ � ñ ë�ïòìÕæ õ ø���æ_è,êRø±çwëìÕè]ìÕæ(çOûYë"��ÿ�æ���ï ûÕìÕæRÿ�è õ ø±ï û ü æ(ìYî�ï è@ê ü æRÿ�è(ð Þòß ÷Cè ñ è���è]çwëdø±è�ø ö è�ø±è,ìÕî�ï'ë�ø±è õ æ���è_ï è�5(è]ïë�øzë1ø Þ ìYè ã ýCè ß æ ç	è ñ è���è]çwë�ø Þ � ñ ø ö èÕø±è]ìÕî�ï'ë�ø±è õ ß æ(çFï è�5Tè,ï Ü ðB÷Cè�� ï ï�Øè��æ]÷ ø ö èÏ�Rú�ì ùqè]ç
¦c§�æ ß ø±è,ìYî�ï'ë�ø±è õ ø±æ�ùqèYç	è9ú:ú�è õ ø±è,ÿ�æ�� ø ö ë�øFï è@5Tè,ï ã;ã æ�÷Cè ü ë���ø±è,ìÕî�æ çwëíç Þ ï û8ëíï ï æ ü ë�ø±èõ î6ë ü è ß æ ç ó=¨ ø±è]ìÕî�ï.ëdø±è õ ë�ø4ø ö èlø±æ(î8æ ß ø ö è ü ú�ç	ç	è��:ø±ï û ß ç	è,èÕëíç	èdë?ð�÷ ö è,ç	èR© �«ª ï ñ ¦c§a¬(ðë"��ÿ î�ú?øb��è,÷ ø±è,ìYî�ï'ë�ø±è õ ø ö è]ç	è ÷ ö Þ ï è ö ë õ	ö Þ � ñ1Þ �Tø±æ ø ö è õ ë�ìYèÕëíç	è�ë ã���ö è Þ ÿ�èdë Þ õ ø±æú õ è ü ö ë Þ � Þ � ñ ÷ Þ ø öYõ è]î6ëíçwë�ø±è_ï Þ õ ø õ ð?ë õ Þ �Yå Þ ñ ã ù � æ ß ã è ü ø Þ æ��Ñ÷ ã ô à ø ö è 0 ë"��ÿ , Ö�è]ï ÿ õ æ ßæ(ú�ç�ø±è]ìÕî�ï.ëdø±è õ ë"��ÿ�îqæ ø±è��Tø Þ ëíï�ø±è,ìÕî�ï'ë�ø±è õ î�ï'ë,û1ø ö èFç	æ(ï è õ æ ß ö èdëíÿ õ ë"��ÿ�ï Þ �¿Ø õ Þ ��ø ö ëdøÞ ï ïòú õ ø±çwë�ø Þ æ��3ð:÷ ö Þ ï èËø ö èbØ è,û õ ë�î�îqèdëíç Þ � Ú8,N:=<N>��9?62M@�0=> Ý ãI è,ç	è�� õ ø ö èéï æ ñ(Þ ü ð Þ ��ÿ�è@ø ë Þ ï ü
ã ú�ù�ç	æ(ú?ø Þ ��èR5ÏCM®�> 3¶>*5'A6' C(3¶> Ú � � / Ý ðR÷ Þ ø ö ï æ ü ëíï�5Të�ç Þ ë�ù�ï è U üã è@ø o V 0=SN¯�OM: õ ó Ú	Ú	Ú ù �,ô¿��ø�ç(ó�ø?��� õ ó?�����(ó(�������@/ Ý ìÕæRÿ ó(° Ý � Ú"±cW © Ý	Ý ðq÷ ö è]ç	è ±Þ õ ë ü æ��?5Tè�� Þ è��Tøéú�î�îqè,çéùqæ(úD��ÿ æ��8ø ö è õ ÞuÌ èlæ ß ë�îqæ Þ �Tø±è]ç Ú ú õ ú6ëíï ï û ± � ù ó Ý ã���ö è��õ è@ø URV 0Fp o s ãÜÍÒö Þ ï è U�²�[³ ë"��ÿ�è Þ ø ö è,ç ,;:=<=>Ip U s ²� � æ(ç ?62(@�0=>Ip U s ²� / ð õ è@ø
UxV ,Fp U s ã ä ß�U ��³ ð õ è@ø UxV >NS�.(>�W ó ð >NS�.(> V´U ð ,;:=<N>Ip U s V � ð ?62M@�0P>Ip U s V / ð
,Ip U s V 0Fp o s ð6ë"��ÿ 0Fp o s VXU ã å Þ �6ëíï ï û:ðRç	è@ø±ú�ç��1ø ö èÛ5(ëíï ú�è U ã Ú8e=  Ý��ö è ü ëíï ï Þ � ñ ç	æ(ú?ø Þ ��è Þ � õ ø±è,î õÛã:ô ë���ÿ ãDø è9� õ ú�ç	è õ ø ö ë�ø K >/.ML ï 0=SN¯/O(: ï >NS/.�> ã��ö Þ õ ù�ç	èdëíÿ?ø ö ô�Ö�ç õ ødð�ï è@5Tè,ïuô"ëdø�ô"ë�ô ø Þ ìYè õ ø±çwë�ø±è ñ û ß æ(ç ü æ�� õ ø±ç	ú ü ø Þ � ñ ø ö è�ø±è,ìÕî�ï'ë�ø±è õö ë õ ë"�Ûëíÿ�ÿ�è]ÿsîqë@ûTæ�µ�ð>ùqè ü ëíú õ è Þ ølî�ç	æ(ìÕæ ø±è õ # ï æ ü ë�ï Þ ø"û æ ß ç	è ß è,ç	è9� ü èJ% ü û�è,ìYæ(çOûsë ü ôü è õ	õ è õ ø±è9��ÿFø±æ4ùqè ü æ��DÖ¿��è,ÿ ø±æh��è�ë�ç	ù:ûFï æ ü ë�ø Þ æ�� õ ø ö ë�ø ö ë�5(èCç	è ü è��Tø±ï ûéùqè,è9� õ è]è��3ð ö è9� ü èü æ��Tø±ç	æ(ï ïòè,ÿ Þ � õ ú ü ö ëh÷0ë,û ø ö ë�ø ü ë ü ö è[ì Þ õ	õ è õ ë"��ÿ�î6ë ñ è ß ë�ú�ï ø õ ëíç	è õ Þ ñ � Þ Ö ü ë"�Tø±ï ûç	è,ÿ�ú ü è]ÿ ã å�ú�çOø ö è,ç	ìÕæ(ç	èTð>ø ö è è@5Tè��Tø±úqë�ï0ý�þéþ ��æRÿ�è õ î�ï'ë ü è,ÿÛæ��hø ö è õ ø ë ü Ø�÷ Þ ïòï�ë�ï õ æëíî�îqè�ë�ç Þ � æ(ç	ÿ�è]ç]ð õ æzø ö ë�ø�ëíï ï�ù�çwë"� ü ö è õ æ��1ø ö è õ ëíìÕèÛ5Të�ç Þ ë�ù�ï èéëíî�îqèdëíç ü æ�� õ è ü ú?ø Þ 5(è]ï û ã

¶4·�¸t¹6ºM»a¼i½�¾À¿ Ú Á <�>+C?=(38ÂNÃÄ�d<7)73I)+ë"êt38Â�>*)�E�)b:9Å Á�ÆÇÆ ) Ý ãé��ö Þ õ ë�ï ñ æ(ç Þ ø ö ì ü æ(ìÕî�ú�ø±è õ ø ö èýCþËþ ß æ(ç �4Al/ ë õ ÿ�è õ ü ç Þ ùqè]ÿsëíùqæ�5Tè(ðBú õ Þ � ñ õ ú�ù�ç	æ(ú?ø Þ ��è õ Ú8eN� Ý ë"��ÿ Ú8e=  Ý ã;8 ú?ê Þ ï Þ ë�çOûëíç	çwë,û õ ,/O(>N¯N?=>}È Ü8É ð ,PÊ=.MË K >}È Ü8É ð ,N,62�O(>}È Ü8É ðTë"��ÿ 0=,t2�O�>}È Ü8É ëíç	èCú õ è]ÿ ß æ(çdà ï Ü ï n Ë4¹9y ã¿�ÌtÍ C ä � Þ ø Þ ëíï Þ¾Ì è ã dlã è,ø � V / Ð W � W � Ð ð / V K >/.ML�W � W / Ð ð�ë"��ÿ Ü�V �dê�= ' >*�">G' Ú � � / Ý ãã è]è�è@ê?è,ç ü]Þ õ è2÷�÷ Þòß_Ü ï à ã � ø ö è,çO÷ Þ õ è õ è@ø ,�O(>N¯;?=>�È Ü W � ÉrV Lt.N.(,/OP2�Q(: ð�ë���ÿ
,N,62�O(>}È q ÉÎV 0P,t2�O(>}È q ÉuV ³ ð ,PÊ=.iË K >}È q ÉuV à ß æ(ç Ü vÏq ï n Ëd¹1y ã ã è@ø
>NS�.(> V Lt.N.(,/OP2�Q(:	W ó ð ,N:=<N>Ip9>=S/.(> s V � ð6ë"��ÿ ?62M@�0P>Ip9>NS/.�> s V /qã

¿�Ð�Í C ã ü ë"� ø ö è_ï è�5Tè,ï ô Ü ø±è]ìÕî�ï.ëdø±è õ]ã dhã è,ø ,/O�>N¯;?=>}È Ü�ÉRV >NS/.�> ë"��ÿ UIV ,/O(>N¯;?P>}È Ü W � É ãÍÒö Þ ï è U � >NS/.(> ð õ ü ö è]ÿ�ú�ï è�ç	è�ú:ú�è õ ø õ ß æ(ç ß ú?ø±ú�ç	èéï è�5(è]ï õ ù:û ÿ�æ Þ � ñ ø ö è ß æ(ï ï æd÷ Þ � ñ ü
ã è@ø UFVÑU W ó ð � V ,;:=<N>Ip U s ð / V ?62M@;0=>Ip U s ð���Å V +Fp � Ð õ � s ð��*Ò V +Fp / Ð õ / s ð'a' V �dê�= 'u>7��>*' Ú	Ú ��Å ï �7Ò h ,/.�p � Ð õ � s ü�� Ý �dÚ � ÅDÓ��7Ò h ,/.�p / Ð õ / s ü�/ Ý	Ý ð'ÔÂ V �4ê�= 'u>7��>*' Ú	Ú ��Å ï �*Ò h 062�p � Ð õ � s ü�� Ý �dÚ � Å�Ó��*Ò h 062�p / Ð õ / s ü�/ Ý	Ý ã
ä ß 'a' ï à�ð õ è,ø ,Ip U s V W 'a' à æ ø ö è,çO÷ Þ õ è õ è@ø ,Fp U s V ,=,t2�O(>}È 'a' É ð ,=,t2�O(>}È 'a' É�VXU ð
,PÊ=.iË K >}È 'a' ÉÕV ,PÊ=.iË K >}È 'a' É õ �(ã ä ß 'ÄÂ ï à�ð õ è@ø 0Fp U s V W 'ÄÂ à æ ø ö è,çO÷ Þ õ è õ è@ø
0Fp U s V 0=,t2�O�>}È 'ÄÂ É ð 0=,t2�O�>}È 'ÄÂ É	VXU ð ,PÊP.iË K >}È 'ÄÂ É�V ,PÊ=.iË K >}È 'ÄÂ É õ �(ã

¿�Ö�Í C þËæ���è�÷ Þ ø ö î ö ë õ è æ���è h*d�× æYø±æ ã ÷ Þòß>Ü � n Ëd¹1y ã � ø ö è,çO÷ Þ õ è õ è,ø Ü�VÉÜ õ � ð�ë���ÿç	è,ø±ú�ç���ø±æ ã�ó Þòß ,PÊ=.iË K >}È Ü8É � à ã
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¿�Ø�Í C ä � Þ ø Þ ëíï Þ¾Ì è ß æ ç ö ë õ	ö Þ � ñ ã d ã è@øÙ© V ª ï ñ ,/Ê=.iË K >�È Ü8É ¬(ð 0=SN¯/OM: V >NS�.(>ÙW ó ¨�! � ðë"��ÿ 0Fp10PSN¯/OM: õ ó qts V ³ ß æ(çlà ï�q4v ó=¨]ã
¿�Ú�Í C û8ë"Ø(è�ø ö è�ï è@5Tè,ïuô Ü ø±è]ìÕî�ï'ë�ø±è õ]ã d¨ã è@ø UZV ,N,t2�O�>}È Ü8É ã ÍÒö Þ ï è U�²�Û³ ð õ è,øÜb V

,Ip U s ð � V ,;:=<N>Fp U s ð / V ?62(@�0=>Ip U s ð���Å V +Fp � Ð õ � s ð��7Ò V +xp / Ð õ / s ð
,Ip U s V 5;CM®"> 3¶>75ÛA6' C(3¶> Ú	Ú � Å ï �*Ò h ,�.�p � Ð õ � s ü�� Ý �dÚ � ÅÝÓu�7Ò h ,�.�p / Ð õ / s ü�/ Ý	Ý ðUÙV b ã Ú Í è;� ç	è ö ëíï ß ÿ�æ���è ã Ý ��ö è9� õ è,ø UÙV 0=,t2�O�>}È Ü8É ã Í ö Þ ï è UÞ²�´³ ð õ è,ø
b V 0Fp U s ð � V ,;:=<=>Ip U s ð / V ?62M@;0=>Ip U s ð�� Å V +Fp � Ð õ � s ð��*Ò V +xp / Ð õ / s ð
0Fp U s V 5;CM®"> 3¶>75ÛA6' C(3¶> Ú	Ú � Å ï �*Ò h 0�2�p � Ð õ � s ü�� Ý �dÚ � ÅÝÓu�7Ò h 0�2�p / Ð õ / s ü�/ Ý	Ý ðUFV b ã Ú 3 æd÷<ø ö èéæ ø ö è]ç ö ëíï ßBÞ õ ÿ�æ���è ã Ý × æÕù6ë ü Ø�ø±æ õ ø±è,î ã?ó?ã

¿�ß�Í C à ç	è,î6ëíç	è ß æ ç�î ö ë õ è�ø"÷Cæ ã d Ú 8 ø0ø ö Þ õ îqæ Þ �Tø Þ ø�� õ0õ ë ß èéø±æYæ(ù�ï Þ ø±è]çwëdø±èËø ö èB��æRÿ�è õ æ ß �ë"��ÿ / ð3ùqè ü ëíú õ èl÷Cè�� 5Tèlù�ú Þ ï øFëíï ï�ø ö è ø±è]ìÕî�ï.ëdø±è õ Ú8e:ä Ý ã�3 æd÷Ç÷Cè�� ï ï ü æ��?5Tè,çOøËø ö è,ìø±æ ß æ(ç	ì Ú8e(e Ý ã43 æ ø±è_ø ö ë�ø +Fp � Ð sB� +xp � Ð õ � sB� n Ë4¹9y õ �(ã Ý ã è@ø K >/.ML V � Ð õ ó?ã
¿�á�Í C ýCú ü Ø(è@ø õ æ(çOø ã dhã è,ø UFV ,/O(>=¯;?=>}È Ü W � É ã þËæ�ø ö è ß æ(ï ï æd÷ Þ � ñ ÷ ö Þ ï è U � ,/O�>N¯;?=>}È Ü�É üã è@ø UFVÑU W ó ð ,Ip U s V ?62M@;0=>Ip9,Ip U sNs ð6ë"��ÿ 0Fp U s V ?62M@�0=>Fp10Fp U sNs ã

ä ß ,Fp U sB� 0Fp U s ð õ è@ø ?�2M@�0=>Ip U s V ,Ip U s ã Ú ��ö Þ õ ù�çwë"� ü ö Þ õ ç	è]ÿ�úD��ÿqë��:ø ã Ý� ø ö è]çO÷ Þ õ è õ è,ø ?62M@�0P>Ip U s V W � ð ,;:=<=>Ip U s V ,;:=<N>Ip-,Ip U sNs ð ,;:P<N>Ip9,Ip U sNs VXU ã
¿�â�Í C þ�è õ ø±æ(ç	è ü ï æ���è ë�ÿ�ÿ�ç	è õ	õ è õ]ã d ä ß�U � ,/O(>N¯N?=>}È Ü W � É ð õ è,ø UÕV ,/O(>N¯N?=>}È Ü8É W óë"��ÿ ñ æ1ø±æ ãDçRã � ø ö è,çO÷ Þ õ è(ð Þ ß ,;:=<N>Ip U sÜv à�ð õ è@ø ,;:=<=>Ip9,Ip U s=s V ,;:=<=>Ip U s ãÏã è@øUFVÑU õ ó ë"��ÿ�ç	è,î�èdë�ø õ ø±è]î ã/�Rã
¿�ã�Í C þËæ���èC÷ Þ ø ö ï è�5(è]ï h*d%ã è,ø UFVXU õ ó?ã ä ßtU � ,/O(>N¯N?=>}È Ü W � É ð ñ æËø±æ ã��dó?ã � ø ö è,çO÷ Þ õ èTðÞ ß ?62M@;0=>Ip U s Ó àlç	è]îqèdë�ø õ ø±è]î ã�ç?ã

¿�ÌPä�Í C ö ê�ëíì Þ ��è�ë8ù�ú ü Ø è,ø ã d Ú ã ú�î�îqæ õ è ,Fp U � sî� ,Ip U � sÜ� ,Ip U � s ð�÷ ö è]ç	è U � � U � �
U � � U ë"��ÿð��æ�æ ø ö è,ç>ø±è]ìÕî�ï'ë�ø±è õ æ��Õï è@5Tè,ï Ü ö ë�5Tè�ø ö Þ õ , 5(ëíï ú�è ã���ö è���ë�ø
ø ö Þ õ îqæ Þ �Tø÷Cè ö ë@5Tè ,N:=<N>Ip U � sî� U � ð ,;:=<N>Ip U � sñ� U � ð ,N:=<N>Ip U � sÞv à�ðCë"��ÿ ?62M@;0=>Ip U � s �
?62(@�0=>Ip U � sÏ� ?62M@�0=>Fp U � sÏ� W �(ã Ý ã è,øcb VÏU ãbÍÒö Þ ï èBb � à�ð9ÿ�æ ø ö è ß æ(ï ï æd÷ Þ � ñ üã è,ø$å V 0Fp b s ð ?62M@�0=>Fp b s V ,;:P<N>Ip å sRà Þ ß ,;:P<N>Ip å s	v à?ð õ è,ø ,;:=<N>Fp å s V b à ë���ÿõ è,øæb V ,;:=<N>Fp b s ã å Þ �6ëíï ï û õ è@ø�b VXU ë ñ ë Þ � ã

¿�ÌtÌtÍ C û8ë"Ø(è ü ï æ���è õ]ã d ä ß b v à�ð ñ æ8ù6ë ü Ø ø±æ õ ø±è]î ãDçRã � ø ö è,çO÷ Þ õ è Þòß ?62M@;0=>Ip b s Ó à�ðõ è,øRb V ,;:=<N>Fp b s ã � ø ö è,çO÷ Þ õ è õ è@ø�å V ,;:=<N>Fp b s ð ,;:=<N>Ip90Fp b sNs V ?�2M@�0=>Ip b s ð
?62(@�0=>Ip b s V b ð�ç V K >�.ML ð K >/.ML V ç õ � ð ,;:P<N>Ip b s V � Ú ç W � Ð Ý ð ,�.�p ç s V� ,;:=<N>Ip-,Ip b sNs ð 062�p ç s V � ,;:=<N>Ip90Fp b sNs ð +Fp ç s V Ü ð6b V å ã þ�è]îqèdë�ø õ ø±è,î ã���� ã

¿�Ì/Ð�Í C |�æRæ(î æ�� Ü ã d ã è@ø Ü�V Ü W � ã þ�è,ø±ú�ç���ø±æ ã¿� Þ ß ,/O�>N¯;?=>}È Ü�É v L�.N.�,/OP2(Q(: ã� ø ö è,çO÷ Þ õ èTð Þ ß ?62M@�0P>Ip1L�.N.�,/OP2(Q(:BW ó s � à?ð õ è,ø K >/.ML V K >/.ML�W � Ú ùqè ü ëíú õ è�	A�/ Þ õ Þ ÿ�è��:ø Þ ü ëíï ï ûÑà Ý ã
84õ ú õ úqë�ï¼ð�ø ö èFùqè õ ø_÷0ë,û1ø±æYúD��ÿ�è,ç õ ø ë"��ÿ ë��8ëíï ñ æ ç Þ ø ö ìjï Þ Ø èéø ö Þ õ Þ õ ø±æÕø±çwë ü è�ø ö ç	æ(ú ñ öë"�[è@ê�ëíìÕî�ï è ãÏö êRè]ç ü,Þ õ èÑ÷ � ÿ Þ õ ü ú õ	õ è õ ÷ ö ë�ø 8 ï ñ æ ç Þ ø ö ì ã ÿ�æ:è õ ÷ ö è�� Þ ø Þ õ ë õ Ø(è,ÿ[ø±æü æ(ìYî�ú?ø±è � ! / ð ñ(Þ 5Tè9� ø ö èFýCþËþ õ Þ � Ú8e�l Ý ã8 ï ñ æ(ç Þ ø ö ì ã ü ë"�Õùqè�ú õ è,ÿ3ð ß æ(ç
è@ê�ëíìÕî�ïòè(ðíø±æ ü æ�� õ ø±ç	ú ü ø
ø ö è0ýCþËþ õ ß æ(ç Þ �Tø±è,ç	è õ ø Þ � ñß úD� ü ø Þ æ�� õYõ ú ü ö ë õ ø ö è # ìÕæ���æ ø±æ���è�ô ß úD� ü ø Þ æ�� ß úD� ü ø Þ æ��/%�è�é Ú����9� EJEGE �����&ê Ý ð�÷ ö Þ ü ö Þ õø±ç	ú�è Þ ß ë"��ÿ�æ���ï û Þ ß ��� EGEJE ��� ê Þ õ ø ö èËø±ç	ú?ø ö ø ëíù�ïòèËæ ß ëlìYæ���æíø±æ���è ß úD� ü ø Þ æ�� ü

è�é Ú����9� EJEGE �����&ê Ý0� ë
Ð*ì6í]î/ïGð �-ê

C � í ! � ï � ï ! � d E Ú8eèÔ Ý
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r0sut�v w��Dv����9����������������� ����!���"#���9����� �$�&%�����'�����(@��"*)+(����,����-.-/-/����(��102�������,����-.-/-/����(��43�9�d�+|��b�65����+���87 Þ ����|��·�����?�:9��
ã ø ëíçOø Þ � ñ ÷ Þ ø ö è Ð Ú���� Ýd� � ð?ø ö Þ õ ß úD� ü ø Þ æ�� õ ë�ø Þ õ Ö�è õ ø ö èéç	è ü ú�ç õ Þ æ���ç	è]ï'ë�ø Þ æ��

è�é Ú����9� EGEJE �����-ê Ýñ�è�é _ ��Ú����9������� EJEGE �����&ê _ � Ý ! è�é _ �dÚ����������?� EJEGE �����&ê Ý�!1; �&ê�Ú����9� EGEJE �����-ê Ý � Ú8eèÝ Ý÷ ö è]ç	è ; �-ê�Ú����9� EJEGE �����&ê ÝÜ� C ��� ï ��� d ! C ��� ï ��� d !=<>< <�! C ���&ê _ � ï ���-ê d}ãÿã æ Þ ø õýCþËþ Þ õ è�ë õ û�ø±æ æ(ù?ø ë Þ ��÷ Þ ø ö ë�ý�þéþ ü ë�ï ü ú�ï'ë�ø±æ(ç�ï Þ Ø è 8 ï ñ æ ç Þ ø ö ì ã�ü���ö èzýCþËþ õ ß æ çè�é _ �dÚ����9������� EJEGE �����&ê _ � Ý ë"��ÿÜè�é _ ��Ú����"�����?� EGEJE �����-ê Ý ë�ç	è õ Þ ìÕî�ïòèh5Të�ç Þ ë��:ø õ æ ß ø ö èËæ���èß æ çFè�é _ ��Ú����9������� EJEGE ��� �&ê@?&A Ý ðRë"��ÿ ; �-ê ö ë õ ë"�Õè,êRø±ç	è,ìÕè]ï û õ Þ ìÕî�ïòè0ýCþËþ Ú õ è]è0å Þòñ ã:ó�ø Ý ãþ�è]îqèdë�ø Þ � ñ ø ö Þ õ î�ç	æ ü è õ	õlõ Þ ê�ø Þ ìÕè õ ÷ Þ ï ï�î�ç	æRÿ�ú ü èYø ö è1ýCþËþ ß æ(ç�è k ð�÷ ö Þ ü öhö ë õ
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��ö è�ÿ Þ ü ø Þ æ��6ëíçOûËæ ß ë�ïòï(è@ê Þ õ ø Þ � ñ ��æRÿ�è õ ÚJeÛ� ��� � ���"Ý Þ � ë0ýCþËþ�ùqë õ è Þ õ ø±çwëíÿ Þ ø Þ æ��6ëíï ï ûü ëíï ïòè,ÿlø ö èg[�êDEihj[¿>Ç3¶C;�*'u>@ðTùqè ü ë�ú õ è�÷Cè0ú õ è Þ ø>ø±æéè9� ß æ(ç ü èCø ö è_ëíï ï ô Þ ìÕîqæ(çOø ë"�Tø>úD� Þ ú:ú�è���è õ	õü ç Þ ø±è,ç Þ æ�� ø ö ë�ø ß æ(ç	ù Þ ÿ õ ÿ�ú�î�ï Þ ü ë�ø Þ æ�� ã ä � õ ø±èdëíÿ[æ ß î�ú�ø	ø Þ � ñ ëíï ï
ø ö ë�ø Þ � ß æ ç	ì ë�ø Þ æ�� Þ �:ø±ææ���è ñ(Þ ë"�Tø_ÿ Þ ü ø Þ æ��që�çOû:ð ö æd÷Cè@5Tè,ç]ð Þ ø0ø±ú�ç�� õ æ(ú?ø0ø±æÕù�è�ùqè@ø	ø±è]ç�ø±æzì ë Þ �Tø ë Þ ��ë ü æ(ï ï è ü ø Þ æ��æ ß õ ì�ëíï ï è]ç0úD� Þ ú:ú�è�ø ëíù�ï è õ ð�æ���è ß æ(ç�è�ë ü ö 5(ëíç Þ ëíù�ïòè e ã)Í Þ ø ö�õ ú ü ö�õ è,î6ëíçwë�ø±è�ø ëíù�ï è õ ÷Cèü ë"��è �Õü,Þ è9�Tø±ï ûÑÖD��ÿ�ëíï ï ��æ:ÿ�è õ ø ö ë�ø�ù�çwë"� ü ö æ���ë îqë�çOø Þòü ú�ï'ëíçz5(ëíç Þ ëíù�ï è ã��ö è�ìÕè]ìÕæ õ ëíç	è ö ë"��ÿ?û:ðTù�ú?ø�ø ö è,ûÕëíç	è���� øCë õ ü ç	ú ü,Þ ë�ï6ë õ ø ö è0úD� Þ ú:ú�è�ø ëíù�ïòè0è��Tø±ç Þ è õ]ã

ä ß ÷Cè ö ëíî�îqè9��ø±æ ß æ(ç ñ è@ø�ø ö è Þ õ æ ï.ëdø±è]ÿ ß ë ü ø�ø ö ë�ø � ! / � å?ðT÷Cè ü ë"�1ëíï ÷0ë,û õ ç	è ü æ(ìYî�ú?ø±èÞ øÕë ñ ë Þ �hï'ë�ø±è,ç ã ö êRî�æ���è��Tø Þ ëíï�ù�ïòæ]÷�ú�îs÷Cæ���� øzù�èY÷Cæ(ç	ç Þ õ æ(ìYè(ð Þ ß ø ö è�ë"� õ ÷Cè,ç õ ø±æ�ø ö èõ ú�ù�î�ç	æ ù�ï è,ì õ � § ! / §lë���ÿ �@W ! /YW ëíç	è õ ø Þ ï ï4ç	è,ìYè,ìlùqè,ç	è]ÿ�÷ Þ ø ö ö Þòñ ö î�ç	æ(ù6ëíù Þ ï Þ ø"û ã��ö è]ç	è ß æ ç	èÕ÷Cè ü ë��[ú õ è ë1ï è õ	õ è,êRî�è�� õ Þ 5TèÕìÕè,ø ö æRÿ8ø±æ õ ø±æ ç	èYìÕè]ìÕæ õ ð�ÿ�è õ Þ ñ ��è]ÿ ø±æ�ÿ�æë�î�ç	è,ø	ø"ûèô ñ æRæRÿ�ô}ù�ú?ø�ô���æíø�ô}î�è,ç ß è ü ø × æ(ù[æ ß ç	è@ø±ç Þ è�5(ëíï üB8 ß ø±è,ç ö ë õ	ö Þ � ñ ø ö èÏØ(è@ûkc Ú � � ! � / Ý �ø±æ�ë1ø ëíù�ïòèYîqæ õ Þ ø Þ æ�� Y ðB÷Cè;��è,è]ÿ[ï æRæ�Ø ß æ(çlë�ìÕè,ìYæ�æ���ï û Þ ��ø ö ë�øFæ���è�îqæ õ Þ ø Þ æ��3ð-��æ øùqæ ø ö è]ç Þ � ñ ø±æ ü æ�� õ Þ ÿ�è,ç ü æ(ï ï Þ õ Þ æ�� õ ÷ Þ ø ö æ ø ö è]ç4Ø è,û õ]ã ä ß õ è�5Tè,çwëíï�Ø(è@û õ ëíï ï õ	ö ëíç	èCø ö è õ ëíìÕèö ë õ	ö ëíÿ�ÿ�ç	è õ	õ ð3îqæ õ Þ ø Þ æ�� Y ÷ Þ ï ï�ç	è ü æ(ç	ÿ8æ���ï û�ø ö èzìÕæ õ øéç	è ü è9�Tøéç	è,ïòè@5(ë"�TøéìÕè]ìÕæ ã���ö Þ õõ Þ ìYî�ï Þ Ö�è]ÿ õ ü ö è,ìYè�÷ Þ ï ï õ ø Þ ïòï�ùqèzëíÿ�è9ú:ú6ë�ø±è Þ ��î�çwë ü ø Þ ü èTð�ë õ ïòæ�� ñ ë õ ø ö è ö ë õ	ö ø ëíù�ï è Þ õï'ëíç ñ è è9��æ(ú ñ ö3ãhÍ è õ	ö ëíï ï ü ëíï ï õ ú ü ö ë;��èdëíç�ô}îqè]ç ß è ü ø4ø ëíù�ï èFø ö è45;>*5Ï:Ol�C6l*Â�>,ðqù�è ü ëíú õ èÞ ø Þ õ ë"�6ëíï æ ñ æ ú õ ø±æ ø ö è ö ëíç	ÿ?÷0ëíç	è ü ë ü ö è õ ùTû�÷ ö Þ ü ö ë ü æ(ìÕî�ú?ø±è]ç_ø±ç Þ è õ ø±æ1ç	è,ìYè,ì ù�è,çõ Þ ñ � Þ Ö ü ë"�Tø%5(ëíï ú�è õ ø ö ëdø Þ ø ö ë õ ÿ�èdëíï ø0÷ Þ ø ö Þ ��ç	è,ï'ë�ø Þ 5Tè]ï û õ ï æd÷ õ ø±æ(çwë ñ è�úD� Þ ø õ]ã� Ø(ë,ûTð ï è,ø�� õ ��è õ	ö æ(ú?ø�ëíï ñ æ(ç Þ ø ö ì Ú�ÕMe Ý ùTûFè,ê?î�ï Þ ü]Þ ø±ï û õ ø ëdø Þ � ñ ö æd÷ Þ ø Þ �Tø±è,çwë ü ø õ ÷ Þ ø öø ö è�úD� Þ ú:ú�èéø ë�ù�ï è õ ë���ÿ1ø ö èéìÕè]ìÕæ ü ë ü ö è ü
Þ)ß ~ Ú � � / Ýd�

^_____Ø _____Ù
ä ß � ! /�ö ë õ ë"��æ(ù?5 Þ æ(ú õ 5Tëíï ú�è(ð?ç	è,ø±ú�ç�� Þ ø ã� ø ö è]çO÷ Þ õ è(ð Þ ß � ! / � å Þ õ Þ ��ø ö èéìYè,ìÕæ ü ë ü ö èTð?ç	è,ø±ú�ç��Õå ã
� ø ö è]çO÷ Þ õ èéç	è]î�ç	è õ è9�Tø � ë"��ÿ / ë õ Þ � Ú�Õ�z Ýwàü æ(ìÕî�ú�ø±è�å�§ V Þ)ß ~ Ú � § � / § Ý ë"��ÿÜå W V Þ)ß ~ Ú �8W � /YW Ý àõ è@ø$å Vnm ß �po m�q Ú n � å�§ � å W Ý ð?ú õ Þ � ñ 8 ï ñ æ(ç Þ ø ö ì ó àî�ú?ø*c � ! / � åP� Þ �Tø±æzø ö è�ìÕè,ìYæ ü ë ü ö è(ð6ë"��ÿ�ç	è@ø±ú�ç��Üå ã Ú�Õ�Õ Ý
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¶4·�¸t¹6ºM»a¼i½�¾sr Úut êDEihj[¿>Ç3¶C;�*'u>Ç' :�:M®�[�A Ý ãÇ× Þ 5Tè�� Ú n � Y � ç Ý ð ÷ ö è,ç	è n Þ õ ë"� Þ �Tø±è ñ è,ç>÷ ö Þ ïòè
Y ë"��ÿÜçËî�æ Þ �Tø�ø±æ���æRÿ�è õ æ ß ë ýCþËþ�ù6ë õ è4÷ Þ ø ö 5(ëíç Þ ëíù�ïòè�çwë"�DØ � n ð:ø ö Þ õ ëíï ñ æ(ç Þ ø ö ì ç	è�ôø±ú�ç�� õ ë_îqæ Þ �Tø±è]ç�ø±æéëh��æRÿ�è m ß �po m�q Ú n � Y � ç Ý ø ö ë�ø�ç	è,î�ç	è õ è��Tø õ ø ö è ß úD� ü ø Þ æ�� Ú 
�t{ h Y ü ç Ý ã8 ��è,÷ ��æRÿ�è Þ õ ëíÿ�ÿ�è,ÿ�ø±æzø ö èéù6ë õ è Þ ß ø ö ëdø ß úD� ü ø Þ æ�� ÷0ë õ ��� øËëíï ç	è�ë�ÿ�û î�ç	è õ è9�Tø ã
r�ÌtÍ C ö ë õ û ü ë õ è h*d ä ßtY � ç:ð�ç	è@ø±ú�ç�� Y ãrÙÐ�Í C í ö è ü Ø ø ö èéø ëíù�ï è ã dBã èdëíç ü ö 5(ëíç Þ ëíù�ïòè �t{ � õ úD� Þ úTú�èËø ëíù�ï è�ú õ Þ � ñ ø ö èbØ(è@û Ú Y � ç Ý ã ä ßø ö è õ è�ëíç ü ö�õ ú ü,ü è õ	õ ß ú�ï ï û6ÖD��ÿ õ ø ö èÛ5(ëíï ú�èæå?ð�ç	è@ø±ú�ç��Üå ã
rÕÖ�Í C í ç	è�ë�ø±è�ë7��æRÿ�è ã d 8 ï ï æ ü ëdø±è1ë7��è@÷ ��æ:ÿ�è4å?ð�ë"��ÿ õ è@ø +Fp å s V n ð ,/.�p å s V Y ð

062�p å s V ç ãIà ú?øTå Þ �Tø±æ �t{ � õ úD� Þ ú:ú�èËø ëíù�ï èéú õ Þ � ñ ø ö èBØ(è@û Ú Y � ç Ý ã þ_è@ø±ú�ç��Üå ã
3 æ ø Þ ü è[ø ö ë�ø�÷Cè ��è]è,ÿD��� ø Ì è,ç	æ�æ(ú?ø�ø ö èhìÕè]ìÕæ ü ë ü ö èÛë ß ø±è,ç ÖD� Þ õ	ö Þ � ñ ë�ø±æ(î�ô}ï è�5(è]ïü æ(ìYî�ú?ø ë�ø Þ æ�� æ ß Þ)ß ~ Ú � � / Ý ã4ö ë ü ö ìYè,ìÕæ ø ö ë�øC÷Cè ö ë�5Tèéì�ëíÿ�è õ ø ë�ø±è õ ë ç	è,ï'ë�ø Þ æ�� õ	ö Þ îùqè,ø"÷Cè,è�� ��æRÿ�è õ æ ß ø ö è õ ø±ç	ú ü ø±ú�ç	è à ø ö æ õ è ß ë ü ø õ ëíç	è õ ø Þ ï ï)5(ëíï Þ ÿ3ð�ë"��ÿhø ö è,ûsì Þ ñ ö øzùqèú õ è ß ú�ï�ï'ë�ø±è,çC÷ ö è��1÷Cèé÷0ë"�Tø�ø±æ ü æ(ìÕî�ú�ø±èÛÞ)ß ~ Ú � � / Ý ß æ(ç%��è@÷ ß úD� ü ø Þ æ�� õ'� ë"��ÿ /qã

8 ç	è9ÖD��è]ìÕè��:ø1æ ß Ú�Õ�Õ Ý ÷ Þ ï ï4è�� ö ë"� ü è�ø ö ë�ø�ìÕè@ø ö æ:ÿ ß ú�çOø ö è]ç]ð%�që�ìYè,ï û ø±æ õ ÷0ëíî
�wv / Þ ß ÷CèFÿ Þ õ ü æ�5(è]ç�ø ö ë�ø �w� / ÷ ö è9� � ! / Þ õ ��� ø4æ(ù?5 Þ æ(ú õ]ãl��ö è���÷CèF÷Cæ���� ø ö ë�5(èø±æz÷0ë õ ø±èËø Þ ìYè ü æ(ìÕî�ú?ø Þ � ñ � ! / ÷ ö è��1÷Cè;� 5Tè ëíï ç	èdëíÿ?û ü æ(ìÕî�ú�ø±è,ÿ / ! ��ã
Í Þ ø öéõ Þ ìÕî�ïòè ü ö ë"� ñ è õ ø±æ Ú�Õ�Õ Ý ð]ø ö è�æ ø ö è,ç3ù Þ �6ëíçOû4æ(îqè]çwëdø±æ(ç õ �yx Ú � � / Ý ð�z �yx Ú � � / Ý ð} m y ß � y Ú � � / Ý ð�ß ��x Ú � � / Ý ð EGEGE ü ë���ëíï õ æÕùqè ü æ(ìÕî�ú�ø±è,ÿ�ç	èdëíÿ Þ ï û à õ è]èéè@ê?è]ç ü,Þ õ è ���(ã
��ö è ü æ(ì ù Þ �6ë�ø Þ æ���æ ß Ú�Õ�Õ Ý ë"��ÿ 8 ï ñ æ(ç Þ ø ö ì ó ï æRæ�Ø õ ü æ�� õ Þ ÿ�è,çwëíù�ï û õ Þ ìYî�ï è,ç�ø ö ë"�

8 ï ñ æ(ç Þ ø ö ì ãqã0��ö ú õ æ���è4ì Þ ñ ö øC÷Cè,ï ï9ë õ Ø�ð:÷ ö û õ	ö æ(ú�ï ÿ�ë"�Tû?ùqæRÿ?û�ù�æíø ö è,ç�ø±ælï èdëíç���ø ö èæ ø ö è,çFìÕè,ø ö æRÿ h ä ø õ ù�ç	èdëíÿ?ø ö ô�Ö�ç õ øzëíî�î�ç	æ:ë ü ösõ è]è,ì õ úTú Þ ø±è ü æ ìYî�ï è,ê8ù:û ü æ(ìÕî6ëíç Þ õ æ��÷ Þ ø ö ø ö è # ÿ�è,î?ø ö ô�Ö�ç õ ø&%Ëæ(ç	ÿ�è,ç>æ ß6ü æ(ìÕî�ú?ø ë�ø Þ æ�� Þ �Fø ö è�ç	è ü ú�ç õ Þ 5Tè õ ø±ç	ú ü ø±ú�ç	èCæ ß Ú�Õ�Õ Ýwà ûTè@ø8 ï ñ æ(ç Þ ø ö ì ã Þ õ ëíù�ï è0ø±æ�ÿ�èdëíï�æ���ï ûl÷ Þ ø ö ýCþËþ õ ø ö ëdø�ë�ç	è_ÿ Þ õ�× æ Þ �Tødð ÷ ö Þ ï è 8 ï ñ æ(ç Þ ø ö ì óë"��ÿ�ç	è ü ú�ç õ Þ æ�� õ ï Þ Ø(è Ú�Õ�Õ Ý ëíî�î�ï û ø±æ�ë"�Tû�ýCþËþ ù6ë õ è ã
8 î�îqè�ëíçwë�� ü è õ ü ë"�3ð ö æd÷Cè@5Tè,ç]ð�ù�èYÿ�è ü è Þ 5 Þ � ñ ü�8 ï ñ æ(ç Þ ø ö ì ã ö ë õ ùqè]è��[ÿ�è õ ü ç Þ ùqè,ÿë�ø4ëzïòæ]÷ ï è@5Tè,ï¼ðR÷ Þ ø ö è@5Tè,çOû ü ö ë"� ñ èéø±æYè@5Tè,çOû�è]ï è,ìYè��Tø�æ ß>Þ ø õ ÿ6ë�ø ë õ ø±ç	ú ü ø±ú�ç	è õ�õ î�è,ï ï è]ÿæ(ú?ø_è,êRî�ï Þ ü,Þ ø±ï û ã ý�û ü æ��Tø±çwë õ ødð�ø ö è ö Þ ñ ö ô}ï è@5Tè]ï3ÿ�è õ ü ç Þ î?ø Þ æ�� õ Þ � Ú�Õ�Õ Ý ë"��ÿ 8 ï ñ æ(ç Þ ø ö ì óë õ	õ ú�ìÕè ø ö ëdøYë õ ú�ù õ ø ë��:ø Þ ëíï Þ � ß çwë õ ø±ç	ú ü ø±ú�ç	è è@ê Þ õ ø õ ùqè ö Þ ��ÿsø ö è õ ü è���è õ]ãñ��ö è ìÕè]ìÕæü ë ü ö è0ë"��ÿlø ö è�ú¿� Þ ú:ú�è�ø ëíù�ï è õ ��è]è,ÿ ø±æËùqè õ è,ø
ú�î3ðTë"��ÿlø ö è Þ ç õ ÞuÌ è õ ��è]è,ÿlø±æ4ùqè ü ëíç	è ß ú�ïòï ûëíÿ × ú õ ø±è,ÿsë õ ø ö èYýCþËþ ù6ë õ è ñ ç	æd÷ õ æ(ç ü æ��Tø±çwë ü ø õ]ã�ÍÒö è��sëíï ï Þ õéõ ë Þ ÿsë���ÿ�ÿ�æ���è(ð�ø ö èø±æ ø ëíï:ï è�� ñ ø ö æ ß ë0î�ç	æ ñ çwëíì ø ö ëdø Þ ìYî�ï è,ìYè��Tø õ-8 ï ñ æ(ç Þ ø ö ì õ Ú�Õ�Õ Ý ë���ÿ ó î�ç	æ(îqè]ç	ï û #Oß ç	æ(ìõ ü çwë�ø ü ö % Þ õ ç	æ(ú ñ ö ï û�ø±è��1ø Þ ìÕè õ ø ö èéïòè�� ñ ø ö æ ß ë õ Þ ì Þ ï'ëíçCî�ç	æ ñ çwëíì ß æ ç 8 ï ñ æ(ç Þ ø ö ì ãqã
ä ��ÿ�è]è,ÿ3ðCø ö è�ì ë Þ �Tø±è��6ë"� ü è�æ ß ë�ýCþËþâù6ë õ è Þ �?5Tæ(ï 5Tè õ Þ �Tø±è,ç	è õ ø Þ � ñ ú:ú�è õ ø Þ æ�� õ æ ßÿ?û��6ëíì Þòü õ ø±æ(çwë ñ è ëíï ï æ ü ë�ø Þ æ��3ð�ùqè ü ëíú õ è�÷Cè�÷0ë"�Tø�ø±æ ß ç	è]è�ú�î ìYè,ìÕæ(çOû õ î6ë ü è�÷ ö è9�

��æRÿ�è õ ëíç	èl��æFï æ�� ñ è,çCë ü,ü è õ	õ Þ ù�ïòè ã�8 ï ñ æ ç Þ ø ö ì ãlõ æ(ï 5Tè õ ø ö Þ õ î�ç	æ(ù�ï è]ì Þ � ëËï'ë õ ø�ô Þ �Dô�Ö�ç õ ø�ôæ(ú?ø�ì�ë"�D��è,ç]ð(ù:û õ Þ ìÕî�ï û�Ø è]è,î Þ � ñéÞ ø õ ��æRÿ�è õ ë"��ÿÕø±è,ìYî�ï'ë�ø±è õ æ�� õ è9ú:ú�è��:ø Þ ëíï õ ø ë ü Ø õ ðRë���ÿùTû�ì�ë"Ø Þ � ñ ÿ�æY÷ Þ ø ö ë õ Þ � ñ ï è õ ì ëíï ï ö ë õ	ö ø ëíù�ï è�ø ö ëdø ü ë"��èdë õ Þ ï û�ùqè Þ �:ø±è ñ çwë�ø±è,ÿ�÷ Þ ø öø ö è4æ ø ö è]ç�ÿ6ë�ø ë ã48 ñ è���è]çwëíï�ýCþËþ ù6ë õ è(ð ö æ]÷Cè�5Tè,ç]ðRç	è�ú:ú Þ ç	è õ ë�ìYæ(ç	è Þ �Tø±ç Þ ü ëdø±è õ û õ ø±è,ì ã
��ö è4ùqè õ ø�÷0ë,ûÕø±æ ì�ë Þ �Tø ë Þ �1ë�ÿ?û��6ëíì Þ ü ýCþËþ�ù6ë õ è Þ õ î�ç	æ(ù6ëíù�ï ûzø±æ ú õ è�<�>]Å@>@<�>@ê�l+>l+:@[�êt3¶>@<7)wð3ë õ ÿ Þ õ ü ú õ	õ è]ÿ Þ � ã è ü ø Þ æ�� ó?ã ù ã�ø ð�ùqè ü ë�ú õ è ýCþËþ õ ëíç	èzë ü û ü ï Þ ü ùTû�ÿ�è9ÖD� Þ ø Þ æ�� ã��ö è]ç	è ß æ ç	è�ï è,ø�� õ ë õ	õ ú�ìÕè
ø ö ë�ø�è@5Tè]çOûËýCþËþ ��æ:ÿ�è ö ë õ ë x qG{ Ö�è]ï ÿ3ð Þ �Fëíÿ�ÿ Þ ø Þ æ��4ø±æ e ð ��� ðë"��ÿ ��� ãé��ö è x qG{ Ö�è]ï ÿ�ø±è,ï ï õ ú õFö æd÷iì�ë"�Tû ç	è ß è]ç	è�� ü è õ è@ê Þ õ ø�ø±æ�ø ö Þ õ ��æRÿ�è(ð�è Þ ø ö è,çß ç	æ ì ��� æ(ç ��� îqæ Þ �Tø±è]ç õ Þ �Fæíø ö è,ç���æ:ÿ�è õ æ ç ß ç	æ(ì è@êRø±è,ç��6ëíïTç	æRæ øBîqæ Þ �:ø±è,ç õ}| ï ë õ Þ � Ú}ä�� Ý ãå�æ(ç�è@ê�ëíìÕî�ï è(ðTø ö è x qG{ Ö�è]ï ÿ õ ß æ çCø ö è'��æ:ÿ�è õ ï'ëíùqè,ïòè,ÿ � ù Þ � Ú}ä�� Ý ëíç	èËç	è õ îqè ü ø Þ 5Tè,ï û ô ð
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ä ì�ë ñ �u� ´ � ü 1(ï#1�¬ õ 1��>ø!� ü Ø ´ ø õ ð�÷6� ø ö �Þ`�ø!� ü Ø ´ ø õ 1�� ´ ë ü ö ü 1 ï,1�¬�� à ï.ë ü ´ ëzø!� ü Ø ´ ø\1��ü 1(ï#1�¬ q 1��é�31Rÿ ´ n m � �� ð¡�$1�¬�ëíï ï q ë"��ÿ�ëíï ï � � ��ö'´ �é�31ð�31Rÿ ´ ñ ´ ø õ ø!� ü Ø ´ ø õ 1��Bÿ3�¤µ ´ ¬ ´ �Tøü 1(ï#1�¬ õ�  ë"��ÿ;�31��'1:ÿ ´ 1�� ü 1(ï#1�¬ q ñ ´ ø õ ì51�¬ ´ ø ö ë"�^� q W � � `��K� W q � ` ø!� ü Ø ´ ø õ ëíï ø!1 ñ ´ ø ö3´ ¬]ðùTû ö ú��G� Ý�Ý�� � ��ö'´ ¬ ´ �$1�¬ ´ ë�ø ï ´ ë õ ø*�f` í ��� q W � � `��K� W q � ` � � q � � m  Yÿ3�¤µ ´ ¬ ´ �:ø��31Rÿ ´]õì ú õ øm¬ ´ ü ´ � 5 ´ ø!� ü Ø ´ ø õ 1�� ü 1(ï#1�¬ q � ã ú�ìÕì2�u� ñ 1�5 ´ ¬ q ñ � 5 ´,õ � ó � _ � �'1��Dô õ �u�DØ��31Rÿ ´,õ �öm¼¡´ ¬ ü � õ�´ ���íô õ	ö 1d÷ õ ø ö ë�ø ì)�&Å �g� � õ ï ´]õ	õ ø ö ë"�Æ� ó � ! � ð õ 1�ø ö'´ ï#1d÷ ´ ¬�ù�1(úD��ÿ��u�

��ö3´ 1�¬ ´ ì¶Ê£� õ � ´ ë�¬	ï û)1(î?ø!� ì ú�ì ´�¼ ü ´ î?ø;��1�¬_ëI� ë ü ø!1�¬Â1�� ô � 8 ï ø ö 1(ú ñ ö ø ö3´éõ � Ì ´ ñ ¬�1d÷ õ´�¼ î�1�� ´ �Tø!�'ëíï ï û:ð ø ö3´ ù ´]ö ë�5¡�#1�¬G� õ ��� ø ö 1 î ´ ï ´]õ	õ ï ûzùqë�ÿ�ð:ù ´ ü ëíú õ�´ � � q �.�Q¯'1�¬ ´�¼ ëíìYî�ï ´ ð
ì)�&Å � Ð � � õ 1���ï û�ù � ð ��ç?� ð�ù ��� ð ´ 5 ´ ��ø ö 1(ú ñ ö Å � Ð � õ ë�ý41+1 ï ´ ë"�g�.úD� ü ø!�#1��l1�� ô à�à%5Të�¬��'ëíù�ï ´,õ �



� � � � ô ¡�¢�£-¤�¥�¦¨§4©�ª�¢¬«�¢¬4£®§�¢¯¤�°4¥�¤�±�« ù �
²�¸@¼�º Ë�º a¶º ÂG¡0¼�Æ�µ�²�³$´�µ¶³�²�»N��¹�³$º ¹�Ç@Á µ¶Å"!ó � ¢ ½¿¹¶ÊzË�Ã�Á ¼¬º ¸�Á µ"y@µ·³Å�Ã�Ç�Å$µ¶¼�»�Ã�Â�Ä�¼�º ²�Â²�³�¡+¹�Â*¢u¸�º ¸�µ-²�³$´�µ¶³Ëd¹�Å$¼�µ·³�¸�³$²&£9Á µ-Ä¬Æ9¹�³$¼

�'Ë ��¼M»8¾D»�Ì=»KF�¸~¼M½CH�¹6º	Í}HPº;Í | ´ øÏì Ë�º Â � � � ë"��ÿ ì Ë4¹9y � � � ÿ ´ �31 ø ´ ø ö3´�õ ì�ëíï ï ´,õ ø�ë���ÿï'ë�¬ ñ ´,õ øÏ5Të�ïòú ´,õ 1��Bì)� ��j � ð�ø ë"Ø ´ ��1�5 ´ ¬1ëíï ï0î ´ ¬	ì ú�ø ëdø!�,1�� õ s ø ö ë�ø ü ë"� î3¬ ´]õ ü ¬�� ù ´ ë"�1�¬	ÿ ´ ¬��¾� ñ 1��0ø ö3´ 5Të	¬��.ë�ù�ï ´,õ � Í´ � 5 ´1õ�´�´ � õ�´ 5 ´ ¬wë�ï ü ë õ�´,õ ÷ ö3´ ¬ ´ ì Ë�º Â ë"��ÿ ì Ë4¹9y ë	¬ ´ÿ3¬wëíì�ë�ø!� ü ëíï ï ûFÿ3�¤µ ´ ¬ ´ �:ø   �$1�¬ ´�¼ ë�ìYî�ï ´ ðíø ö3´�ó � ô ÷0ë,ûlì ú�ï ø!� î�ï ´�¼¡´ ¬ ö ë õ ì Ë�º Â �&U �l� ê ó �ë"��ÿÜì Ë4¹9y �&U �l� ê ó é8í �
ð�÷ ö'´ �M� � ó � õ �®� 8 ��ÿ(�¾��ÿ ´�´ ÿ3ð õ � ìYî�ï ´ �'ú¿� ü ø!�#1�� õ �$1�¬÷ ö � ü ö ë ñ 1:1Rÿu1�¬	ÿ ´ ¬��u� ñ � õ ü ¬	ú ü �'ëíïBë�¬ ´ �31 ø4ë�ø4ëíï ï9ú¿�:ú õ ú6ëíï&� í 1�� õ � ÿ ´ ¬]ð¡�$1�¬;�u� õ ø ë"� ü ´ ð
� � ���9�����"� EGEGE ��� é � � � 
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ì)� � � � ì Ë4º Â � � � � � õ ó �ÕýCú?øéø ö'´ ýCþËþ õ � Ì ´9´�¼ î�ï#1Rÿ ´,õ ø!1éìR� �Hj � � ì Ëd¹1y � � � �ó é:§ � ! � ÷ ö3´ � s � õ # 1�¬ ñ ë��Dô}î3� î ´ 1�¬	ÿ ´ ¬]ð %ð�6ëíì ´ ï û�ø ö3´ 1�¬	ÿ ´ ¬��u� ñ ��1�¬�÷ ö � ü ö
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ä �1ø ö3´,õ�´ 1�¬	ÿ ´ ¬��u� ñ õ ø ö3´ ýCþËþ ìlú õ ø # ¬ ´ ì ´ ì ù ´ ¬-% ø ö3´Ëõ ø ë�ø ´,õ 1��}� í ó 5Të	¬��.ë�ù�ï ´,õ ð:÷ ö � ï ´ø ö3´ 1�¬�� ñ �¾�6ëíï��1�¬	ì ú�ï'ë�ø!�#1��(� lGf�f:� � ´�´ ÿ õ 5 ´ ¬Oû1ï#� ø	ø±ï ´ ì ´ ì21�¬Oû:�
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ö 5 ´ ¬Oû ´ ÿ ñ ´Õö ë õ ë�÷ ´ � ñ ö ødð�� ïòï ú õ ø!¬wë�ø ´ ÿ ö3´ ¬ ´ ùTû8ø ö3´ �:ú�ì ù ´ ¬l1���ï,�u� ´,õ�  �$1�¬ ´�¼ ëíìYî�ï ´ ðø ö3´ ÷ ´ � ñ ö ø�ù ´ ø"÷ ´�´ � ¿ � � ó Á�ë"��ÿ ¿ � � ó � ù�Á;� õ ù¡� ��ö3´ ü ö ë�¬Oø ö ë õ ø ö3´ �$1(ï ï#1d÷6�u� ñ �u�Tø ´ ¬	î3¬ ´ ôø ë�ø!�#1�� ü�b þtÙÚ�,�ùüg��ÿHÛ	�jô��yø�þ q ò>ü�õ��Kü¡Û@úKô!� � ü8ý�¥0� þ � íÔ Ù � � � ô/ý®� � ô � ô!�WÈ � �;Ûàô�� � ô ô/ýRÙü8ý�¥TÙ�Ü � �#�Â� � ôÚý]ÿ��kÛ�ô.õ¹ø8þ3��ÿ'Û8þ¡ÿ@ý������Jø8ý3�¹ø8þ � � � ü:�_¥,ô©"Úô.ý�¥Qø8ý � � � ô/ýR� � ô+ò ü8õ��Jü3Û8úûô!�ø8þ�Ù � üYò@ôRÛ�ô>ô.ýfõjô©"�úJü��>ô�¥�Û�öÝ� ø8ý3����ü8ý����l� ýÓü8ú ú ó m "Úø������½Û8úKô � ü�ö3� -2¯'1�¬ ´�¼'Þ ìÕî�ï ´ ð_�#�Ù � ¿ � � ó ÁTð�÷ ´�öHÞ 5 ´h� �¬à � à ������������� � ��� ð � �¬à � � ������������� � � � � � � ������������� � ��� ! 
��� ðÞ ��ÿ � � � � à �����������	� � ��� � ���  �Þ ïòïBø ö ¬ ´�´ 1��
ø ö'´,õ�´lõ ú�ù3�.úD� ü ø!�#1�� õ ÿ ´ î ´ ��ÿß1�� ��� ð�ù�ú?ø1���ï û�ø"÷4121���ø ö3´ ìjÿ ´ î ´ ��ÿk1�� ��� ð Þíõ�õ	ö 1d÷l�k�u��ø ö3´ ÷ ´ � ñ ö ø õ ù ´ ï,1]÷ ¿ � � ó Á����ö3´ ¬ ´8Þ ¬ ´ ��`:î Þ ø ö�õ 1��3ï ´ � ñ ø ö �Z�$¬�1(ìáàéø!1 ¿ � � EGEJE � �ÚÁTð Þ ��ÿ�÷ ´ ü Þ � ï ´ ø�ø ö3´ î Þ ø öà®â ¿ Î � ÁZâ ¿ Î �9� Î � ÁZâ <>< < â ¿ Î ��� EGEJE � Î é]Á ü 1�¬�¬ ´,õ î�1���ÿhø!1�ø ö3´ î ´ ¬	ìlú?ø Þ ø!�#1�� s�#� Î � s � � ð Î � s � ó ð EGEJE ð Î é s � �.� ��ö3´ �8ø ö3´Õõ ú�ì�1���ø ö3´ ÷ ´ � ñ ö ø õ 1���î Þ ø ö s � õì)� � j � ð	�#�R÷ ´4Þ ÿ�ÿ ó �$1�¬�ø ö3´�õ �u�DØÛ�31Rÿ ´]õ �t¯'1�¬ ´�¼'Þ ìÕî�ï ´ ð,ø ö'´ î Þ ø ö àlâ ¿ ô Á8â ¿ ó � ô Á=â¿ � � ó � ô Á=â ¿ � � ó � ù � ô Áéû+� ´ ï ÿ õ ø ö3´ 1���ï û�÷ Þ û ø!1 Þ ü ö � ´ 5 ´ ìR� �Hj � � ÷ Þíõ �u�� Ý�Ï�� �
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3 1 ø!� ü ´ ø öHÞ ø4ø ö3´[ä0Þíõ ø ´ ¬4î3¬�1�Ö�ï ´ ü öHÞ ¬OøT� õTÞ � Þ�ä �òï#� Þ ¬ ñ ¬ Þ î ö ðqø ö3´ ��ô ü ú�ù ´ ð6÷ ö 1 õ�´´ ÿ ñ ´]õ>öHÞ 5 ´ ù ´�´ �lÿ ´ ü 1�¬ Þ ø ´ ÿ õ 14ø ö�Þ ø>ø ö3´ û ü 1(úD�Tø
ø ö3´ �:ú ä ù ´ ¬Q1��6ù ´�Þ ÿ õ �u��5 Þ ¬��,1 ú õ�õ�´ ø õ1�� õ ú�ù3�.úD� ü ø!�#1�� õ � ��ö3´ ñ ¬ Þ î ö öHÞíõ8´�¼ î�1�� ´ �Tø!� Þ ï õ � Ì ´ ð]� ó é _ �   û ´ ø8� ø8� õ=ä ú ü ö8õ�ä0Þ ï ï ´ ¬ø öHÞ ��ø ö3´ ø!1 ø Þ ï?�:ú ä ù ´ ¬�1��?î ´ ¬ ä ú?ø Þ ø!�#1�� õ ð ��`#� Í ö'´ �¤�5� õ ð õ�Þ û:ð ó�ø 1�¬�ï ´]õ	õ ð ´�¼¡´ ¬ ü � õ�´%� ù �õ	ö 1d÷ õ ø öHÞ ø
ø ö3´;´ �:ø!�#¬ ´ ü öHÞ ¬Oø ü Þ �Õù ´ ü 1 ä î�ú?ø ´ ÿz÷6� ø ö 1(ú?ø ñ ¬ ´�Þ ø�ÿ'� �Õü ú�ï ø"û:ð Þ ��ÿl÷ ´ ü Þ �ÖD��ÿ Þ �ß1(î?ø!� ä ú ä î ´ ¬ ä ú?ø Þ ø!�#1��ß��1�¬ Þ �:û ñ � 5 ´ �ß�.úD� ü ø!�#1��_�8¯'1�¬ ´�¼'Þ	ä î�ï ´ ð6ø ö3´ ö � ÿ�ÿ ´ �÷ ´ � ñ ö ø ´ ÿ ù3� ø0�.úD� ü ø!�#1���ø±ú3¬�� õ 1(ú?øYø!1 öHÞ 5 ´ ì Ë�º Â � o �&g�� � ó à ç à Þ ��ÿ ì Ë4¹9y � o �&g�� �ù øíô ô¿��  ø ö'´gä �u�3� ä ú ä � õ=Þ ü ö � ´ 5 ´ ÿ�÷6� ø ö � � s � EGEJE � ó�ø s � � ��ùRð ø ð � ð ç ð ��� ð � ù?ð �9ø ð ��� ðó�ø ð óíô ð ó ù?ð ó(ó ð ó�� ð ó à�ð �9ç ð �J� ð � ÷?ð �@ô ð �dó ð � à�ð � ð ÷?ð ô ð ó ð � � ðq÷ ö �òï ´ ø ö3´[ä)Þ	¼ � ä ú ä¬ ´,õ ú�ï ø õ �$¬�1 äåÞzõ ø!¬ Þ � ñ ´ î ´ ¬ ä ú?ø Þ ø!�#1��� ó(ó ð ��ç ð ��� ð ó�ø ð ��ø ð � ù?ð ��� ð � à�ð ç ð � ð � ð óíô ð�÷?ð
ø ð ô ð�ù?ð ó ð �dó ð � ð �,ô ð ó ùRð � ÷?ð ��� ð ó à�ð ó�� � ø ö�Þ ø0ø ´,õ ø õ6ä0Þ �Tû # ä � ÿ�ÿ�ï ´ %�5 Þ ¬�� Þ ù�ï ´,õ Ö'¬ õ ø��

ä � õ ø ´	Þ ÿ)1�� ü 1 ä î�ú?ø!�u� ñ ø ö3´\´ �Tø!�,¬ ´6ä0Þíõ ø ´ ¬�î3¬�1�Ö�ï ´ ü öHÞ ¬OødðT÷ ´ ü Þ � õ 1 ä5´ ø!� ä5´]õ�õ�Þ 5 ´ø!� ä2´ ù:û�ï ´�Þ ¬��3�u� ñ × ú õ ø ´ �31(ú ñ ö^Þ ù71 ú�ø6� ø0ø!1Yÿ ´ ø ´ ¬ ä �u� ´gÞ î Þ ø ö 1��>ï ´�Þíõ ø�÷ ´ � ñ ö ø��\� ã+´�´´�¼¡´ ¬ ü � õ�´Ï�,ô à3� � ý�ú�ø�÷ ö3´ �O� ñ ¬�1d÷ õ8Þ ��ÿZ�.úD� ü ø!�,1�� õ ñ ´ ø ä 1�¬ ´ ÷ ´ �#¬	ÿ3ð�÷ ´[Þ ¬ ´ úD��ï#�uØ ´ ï ûø!1�ù ´=Þ ù�ï ´ ø!1�ÿ ´ ø ´ ¬ ä �u� ´ ì Ë�º Â � � � ´�¼'Þ ü ø±ï ûTð(ù ´ ü Þ ú õ�´ ø ö3´ î3¬�1(ù�ï ´�ä 1���ÖD��ÿ3�¾� ñ ø ö'´ ù ´,õ ø1�¬	ÿ ´ ¬��¾� ñ � õ%3Çà ô ü 1 ä î�ï ´ ø ´ � õ�´�´T´�¼¡´ ¬ ü � õ�´ð� ù � � �Í´ � 5 ´ ÿ ´ ÖD� ´ ÿFø ö3´ î3¬�1�Ö�ï ´4Þ ��ÿ�úTú Þ�õ �uô}î3¬�1�Ö�ï ´ 1�� Þ0õ �u� ñ ï ´ ý41+1(ï ´�Þ �l�'úD� ü ø!�#1�� � ð�ù�ú?øø ö3´lõ�Þ	ä2´ � ÿ ´�ÞíõTÞ î�î�ï û Þ ï õ 1�ø!1 Þ � Þ ¬	ù3� ø!¬ Þ ¬Oû�ý�þéþ ù Þíõ�´ ø öHÞ ø ü 1��Tø Þ �u� õ �æ�'ú¿� ü ø!�#1�� õ¿ � ��� EGEJE � � � Á�� 3TÞ�ä2´ ï û:ð�ø ö'´ î'¬�1�Ö�ï ´ � õ �"© Ð � EGEJE � © é � ÷ ö3´ � ø ö3´ ¬ ´®Þ ¬ ´ © m �31Rÿ ´,õ 1��ï ´ 5 ´ ï q ð Þ ��ÿ�ø ö3´ úTú Þ�õ �uô}î3¬�1�Ö�ï ´ � õ �"ç Ð � EJEGE � ç*é � ÷ ö3´ ��ø ö3´ ¬ ´=Þ ¬ ´ ç m �31Rÿ ´,õ 1�� ï ´ 5 ´ ï q 1��ø ö3´ ü 1�¬�¬ ´]õ î�1���ÿ3�u� ñ)J þËþ ù Þíõ�´�  ø ö'´ ø!¬	ú�ø ö ø Þ ù�ï ´]õ 1���ø ö'´ �.úD� ü ø!�#1�� õ�ö�Þ 5 ´ © m ÿ3�¤µ ´ ¬ ´ �Tøù ´	Þ ÿ õ 1���1�¬	ÿ ´ ¬Ò� W q ð Þ ��ÿÙç m ÿ3�¤µ ´ ¬ ´ �:ø õ ú�ù?ø Þ ù�ï ´,õ �.¯'1�¬ ´�¼'Þ�ä î�ï ´ ðRø ö3´ î3¬�1�Ö�ï ´ 1��Bø ö3´� ô õ ô � ô}ù3� ø Þ ÿ�ÿ3� ø!�#1��®�.úD� ü ø!�#1�� õ ¿ � ��� � ��� � ��� � �?� � g Á2�u��� Ï���� � õ � ó � ô � ù � ÷ � ù � ÷ � ù � ó � ó � ðÞ ��ÿ�ø ö3´ ú:ú Þíõ � ô}î3¬�1�Ö�ï ´ � õ ÷41�¬�Ø ´ ÿ�1(ú?ø2�u� ´�¼+´ ¬ ü � õ�´ �,ô(ô � ã � ä � ï Þ ¬	ï ûTð>ø ö'´ ü 1�� ü ´ î?ø21��ä0Þíõ ø ´ ¬Cî'¬�1�Ö�ï ´ ü öHÞ ¬Oø Þ î�î�ï#� ´,õ ø!1Q�ç�.úD� ü ø!�#1�� õ ÷ ö 1 õ�´ 5 Þ ¬�� Þ ù�ï ´]õ;Þ ¬ ´ ¬ ´ 1�¬	ÿ ´ ¬ ´ ÿ õ � ä ú�ï ôø Þ � ´ 1(ú õ ï û  3Þ ��ÿ ÷ ´ ü Þ �1ú õ�´ � ø�ø!1�ÖD��ÿéì Ë�º Â � � ��� EGEJE � � �l� Þ ��ÿéì Ëd¹1y � � ��� EJEGE � � �l� ð:ø ö3´ä �¾�3� ä ú äèÞ ��ÿ ä0Þ	¼ � ä ú ä 1���© Ð õ=< <><�õ © é ø Þ Ø ´ �u1�5 ´ ¬ Þ ï ï3î3¬�1�Ö�ï ´]õ �
�+é ¹C×YL6·$º�H=¹6º	Í}HPºM»ûF�¸�Í Í ö�Þ ø öHÞ î�î ´ � õ ø!1 Þ ý�þéþ ù Þíõ�´ ÷ ö3´ �8÷ ´ ÿ ´ ü �òÿ ´ ø!11ù'¬ Þ � ü ö1�� ��� Ö'¬ õ ødð�ø ö3´ �^1�� ��� ð ��� ð EGEGE ð � é h ¯Q� ñ ú3¬ ´Yó ÷ õ	ö 1d÷ õ ø ö�Þ øéø ö3´lõ ø!¬	ú ü ø±ú'¬ ´ 1���ø ö3´ø!1(î1ø"÷41Õï ´ 5 ´ ï õ ü Þ � ü öHÞ � ñ ´ ÿ3¬ Þ�ä0Þ ø!� ü Þ ï ï ûTðRù�ú?ø Þ ï ï_1 ø ö3´ ¬0ï ´ 5 ´ ï õ ¬ ´�ä)Þ �u� ø ö'´éõ�Þ�ä5´ �

8 ü ï#1 õ�´ ¬ Þ � Þ ï û õ � õ ¬ ´ 5 ´�Þ ï õ ðI�¾��� Þ ü ødðFø öHÞ ø ø ö � õ ï ´ 5 ´ ï ô õ ÷ Þ î�î'�u� ñ î3¬�1 ü ´,õ	õ � õ ��� øÿ3� �Õü ú�ï øzø!1 úD��ÿ ´ ¬ õ ø Þ ��ÿ�1�¬zø!1®� ä î�ï ´�ä5´ �Tø�� ��ö3´ � � �31Rÿ ´,õ ù ´ ��1�¬ ´1õ ÷ Þ î�î3�¾� ñ ü Þ �ù ´ ÿ3� 5¡� ÿ ´ ÿ)�u�:ø!1 ø"÷41�Ø+�u��ÿ õ ð # ø Þ � ñ ï ´ ÿ/% Þ ��ÿ # õ 1(ï#� ø Þ ¬Oû:ð %lÿ ´ î ´ ��ÿ3�u� ñ 1�� ÷ ö3´ ø ö3´ ¬�ø ö3´ ûöHÞ 5 ´Þ� ó �'1:ÿ ´,õ9Þíõ ÿ ´,õ ü ´ ��ÿ Þ �Tø õ�  ��1�¬ ´�¼'Þ�ä î�ï ´ ðBø ö3´ ¬ ´RÞ ¬ ´ ø ö ¬ ´�´ ø Þ � ñ ï ´ ÿÜ�31Rÿ ´,õ5Þ øø ö3´ ï ´ �'ø[1��6¯Q� ñ � ó ÷?ð
î�1��u�Tø ´ ÿ[ø!18ùTû b � ð�b � ð Þ ��ÿÝb � ð>÷ ö �òï ´ b � î�1��u�Tø õ ø!1 Þ�õ 1(ï#� ø Þ ¬Oû
�31Rÿ ´ � ã � ä � ï Þ ¬	ï ûTð ø ö'´ � ó �31Rÿ ´]õ ù ´ �$1�¬ ´4õ ÷ Þ î�î3�u� ñ Þ ¬ ´=´ � ø ö3´ ¬ # 5¡� õ � ù�ï ´ %l1�¬ # ö � ÿ�ÿ ´ �3ð %ÿ ´ î ´ ��ÿ'�u� ñ 1���÷ ö3´ ø ö3´ ¬�ø ö3´ û Þ ¬ ´ �¾��ÿ ´ î ´ ��ÿ ´ �Tø õ 1(ú3¬ ü ´ �'úD� ü ø!�#1�� õ 1�¬ Þ ü,ü ´,õ	õ � ù�ï ´ 1���ï û�$¬�1 ä � � �31Rÿ ´]õ� HÞ ï ï_��1(ú3¬;1��Bø ö3´ � ó �31Rÿ ´]õ\Þ ø0ø ö3´ ï ´ �'ø;1���¯Q� ñ � ó ÷ Þ ¬ ´éö � ÿ�ÿ ´ �_�

8 �'ø ´ ¬ õ ÷ Þ î�î'�u� ñ ð�ø ö'´�õ 1(ï#� ø Þ ¬Oûu� � �'1:ÿ ´,õ�õ � ä î�ï û ä 1�5 ´ ÿ31d÷l��1�� ´ ï ´ 5 ´ ï¼ð�ù�ú?øø ö3´ ø Þ � ñ ï ´ ÿ��31Rÿ ´,õGÞ ¬ ´ ø!¬ Þ � õ�ä 1 ñ ¬��¾Ö ´ ÿ Þ ü]ü 1�¬	ÿ3�u� ñ ø!1 Þ î3¬�1 ü ´,õ	õ ø öHÞ ø
÷ ´�õ	ö�Þ ïòï ´�¼ î�ï Þ �u�õ	ö 1�¬Oø±ï û:� ��ö3´lö � ÿ�ÿ ´ ��� ó �31Rÿ ´]õ ÿ3� õ�Þ î�î ´�Þ ¬]ð Þ ��ÿ�ø ö3´ 5+� õ � ù�ï ´ 1�� ´]õ4õ � ä î�ï û ä 1�5 ´ ú�îø!1�ø ö3´ ø!1(îYï ´ 5 ´ ï&� 8 ÿ�ÿ3� ø!�#1�� Þ ï¿�31Rÿ ´,õ�ä � ñ ö ø Þ ï õ 1 Þ ¬�� õ�´ ÿ�ú3¬��u� ñ ø ö3´ ø!¬ Þ � õ�ä 1 ñ ¬��uÖ ü Þ ø!�#1��î3¬�1 ü ´]õ	õ� (õ ú ü ö �31Rÿ ´]õ ðíï Þ ù ´ ï ´ ÿ � � ð Þ ¬ ´ ü Þ ïòï ´ ÿ # � ´ ÷�ù3� ´]õ � %ß¯H1�¬ ´�¼'Þ	ä î�ï ´ ðdø"÷41'� ´ ÷�ù3� ´,õÞ î�î ´	Þ ¬ Þ ø�ø ö3´ ¬�� ñ ö øÂ1���¯Q� ñ � ó ÷¡� ��ö � õ î'¬�1 ü ´,õ	õ ÿ ´ ü ¬ ´�Þíõ�´]õ ø ö'´ ø!1íø Þ ï��:ú ä ù ´ ¬Â1����31Rÿ ´]õ�#� Þ ��ÿk1���ï û)�,��ø ö3´�ö � ÿ�ÿ ´ �é�31Rÿ ´]õ 1(ú?ø��Rú ä ù ´ ¬�ø ö3´ � ´ ÷�ù3� ´]õ �
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��ö3´ ¬ ´ 5 ´ ¬ õ�´ 1�� Þéõ ÷ Þ � � õ�� 1�� ü 1 ú'¬ õ�´�� ø ö3´�õ�Þ�ä5´=Þíõ4Þéõ ÷ Þ � � ù�ú�ø�÷6� ø ö ø ö3´ ¬�1�� ´,õ 1��

� � Þ ��ÿÝ��� �u�Tø ´ ¬ ü öHÞ �	� ´ ÿ_� ä �B÷ ´ ù ´ ���u�1÷6� ø ö ø ö3´ ÿ'� Þ ��¬ Þ�ä Þ ø�ø ö3´ ¬��
� ö ø;1���¯Q�
�'� � ÷ �÷ ´zõ�´�´ ø öHÞ øT� ø öHÞíõ ø ö ¬ ´�´ ø Þ �	��� ´ ÿ��31Rÿ ´]õ ��� Þ ù ´ � ´ ÿ � � � Þ ��ÿ^1�� ´ ø öHÞ ø�� õ 5¡� õ � ù	� ´ ��� Þ ôù ´ � ´ ÿ � � �   ø"÷41I1��_� ø õ �'1:ÿ ´,õ;Þ ¬ ´4ö � ÿ�ÿ ´ � � �31�� ´TÞ ¬ ´4õ 1��#� ø Þ ¬Oû�� ��ö'´_õ ÷ Þ �	� �u��� � ¬�1 ü ´]õ	õ�u�� ´ � ´ ¬ Þ � õ�´ ��ÿ õ �.ø Þ �	��� ´ ÿ ��õ 1��,� ø Þ ¬Oû � 5+� õ � ù	� ´��6ö �òÿ�ÿ ´ � � �31Rÿ ´]õ �¾�Tø!1®�.ø Þ �	��� ´ ÿ � 5¡� õ � ù	� ´��õ 1��#� ø Þ ¬Oû � � ´ ÷�ù3� ´ � �31Rÿ ´,õ�� ¬ ´,õ � ´ ü ø!� 5 ´ � ûF� Þ �'ø ´ ¬B÷ ö � ü ö � ´ ÷�ù3� ´]õ ÷41(ú	� ÿ ù ´ ü 1 ä2´�ö � ÿ�ÿ ´ ��u� Þ ¬ ´ 5 ´ ¬ õ�´éõ ÷ Þ � ��Þ ��ÿ�ø ö3´ 1�¬��
���u� Þ ��� û ö � ÿ�ÿ ´ �é�31Rÿ ´]õ ÷41(ú	�òÿu¬ ´�Þ �	� ´	Þ ¬ Þ�õ � ´ ÷�ù3� ´,õ �� ¬ Þ � õ�ä 1���¬��uÖ ü Þ ø!�#1��^� õ8´	Þíõ � ´,õ øËø!11ú¿��ÿ ´ ¬ õ ø Þ ��ÿ(�#�
÷ ´ ø!¬ ´�Þ ø Þ �
�4�31Rÿ ´,õ ù ´ �#1d÷ ø ö3´ø!1 � ø"÷41�� ´ 5 ´ � õ8Þíõ �#�>ø ö3´ û�÷ ´ ¬ ´ õ �u�DØ õ��qö�Þ 5¡�u��� ü 1�� õ ø Þ �Tø'5 Þ �òú ´,õ � ��ö'´ � ´ 5 ´ ¬Oû õ 1(ú3¬ ü ´�.úD� ü ø!�,1�� � � ����������� ÿ ´ � ´ ��ÿ õ 1��	� û�1�� ��� Þ ��ÿ ���  Ëö3´ � ü ´ � ø�ø Þ Ø ´,õ 1��F�$1 ú'¬Ï5 Þ � ú ´,õ
Î � � �¬à � à � � © � � �¬à � � � � ³ � � � � � à � �6Þ ��ÿ ± � � � � � � � � ÷ ö3´ ¬ ´ Î � © � ³ �6Þ ��ÿ ±¬ ´ � ¬ ´,õ�´ �:ø õ �u�¿Ø õ � ÍÀ´Tä0Þ û õ ú �	� 1 õ�´ ø ö�Þ ø0ø ö'´ ¬ ´lÞ ¬ ´ ç õ �u�DØ õ�� � � � � EJEGE � ����Þ ��ÿø öHÞ ø � ï Î � © �.³�� ± ï ç:� ��ö'´ � � � ���9������� � õ �.ú	�
� û�ÿ ´,õ ü ¬��òù ´ ÿsùTûÀ� ø õ >.°(3¶>@ê�=?>+=�3�<�[/38Â
3¶C;�G' > �z� �¬à � à � � �¬à � � � � � � � à � � � � � � � � Î © ³*± � 8 ��ÿ Þ �'ø ´ ¬ õ ÷ Þ ��� �u�	� � ÷ ´ � ¬ ´ � ´ �'øl÷6� ø ö
� � ����������� � ÷ ö � ü ö1öHÞíõ ø ö3´8´�¼ ø ´ ��ÿ ´ ÿ�ø!¬	ú?ø ö ø Þ ù	� ´ Î ³ © ± �.¯'1�¬ ´�¼'Þ�ä � � ´�� ¯Q�
�'� � ÷ ü Þ �1ù ´¬ ´ ÿ'¬ Þ ÷l� Þíõ ��1��
�#1d÷ õ�� ú õ �¾�	� ´�¼ ø ´ ��ÿ ´ ÿ ø!¬	ú?ø ö ø Þ ù�� ´,õ ø!1�� Þ ù ´ �� ø õ �31Rÿ ´,õ9ü������� ������� ������� �������������� ������� ������� ���������� ��� ��� ���� � � �

������ ����!� ����!� !� �!� ������ ����!� ����!� ��� �� !� � � !  
r�sut�v�w#"Dv Þ �?|9���?�+�d{d��7���|Û�·�+�?�·�+�·�+�"�0���?�z�����9�?�½üu|��·��������|��?�4��� { ���?� ��� �

ä �1ø ö3´]õ�´ ø ´ ¬ äÕõ�� ø ö3´éõ 1(ú3¬ ü ´ �'ú¿� ü ø!�#1�� Î © ³*± � 1��u�Tø õ ø!1 Þ õ 1��#� ø Þ ¬Oû;�'1:ÿ ´ ÷ ö3´ � Î � © ²�
³ � ± �3Þ ��ÿÕø!1 Þ 5¡� õ �òù	� ´ �'1:ÿ ´ ÷ ö'´ � Î � ³ ²� © � ±   1 ø ö3´ ¬O÷6� õ�´ � ø � 1��¾�Tø õ ø!1 Þ ø Þ �	��� ´ ÿ�31Rÿ ´ ��úD�	� ´]õ	õ Î � © � ³ � ± � ÷ ö3´ �0� ø � 1��¾�Tø õ ÿ3�,¬ ´ ü ø�� ûlø!1 Þ�õ �u�¿Ø � � ��ö3´ ø Þ �	��� ´ ÿÏ�31Rÿ ´Î © ³G± ú õ ú Þ �
� û öHÞíõ ��� � Î © Þ ��ÿ ���-� ³*± � úD��� ´,õ	õ Î � ©\1�¬ ³ � ±   �u��ø ö3´T´�¼ ü ´ � ø!�,1�� Þ �ü Þíõ�´]õ�� ��� 1�¬ ��� � õ2Þ�õ �u�¿Ø�� 8 �'ø ´ ¬lø!¬ Þ � õ�ä 1���¬��uÖ ü Þ ø!�,1��r� øl÷6�
�
� öHÞ 5 ´ ��� � Î ³ Þ ��ÿ���h� © ± �u� Þ�õ � ä ��� Þ ¬4÷ Þ û � ÷ ö3´ ¬ ´ � Þ ø	ø ´ ¬B�'1:ÿ ´,õ ÷6�
�
�
ù ´2´ � ø ö3´ ¬B� ´ ÷�ù3� ´]õ 1�¬B5¡� õ � ù	� ´,õ1�¬ õ �¾�DØ õ ��ù�ú?ø��31 ø ù�1 ø ö�õ �u�DØ õ � � � � ´ �u�Tø ´ ¬ ´]õ ø!�u�	� ü Þíõ�´ � õÏ� ���%$ � ÷ ö 1�& ´ ü ö �
� ÿ3¬ ´ � � �Þ ��ÿ �'$ 1��lø ö3´ � ´ �'ø Þ ¬ ´Cö � ÿ�ÿ ´ ���31Rÿ ´ & � ÷ ö �
� ´ ø ö3´Û� � Þ ��ÿ �'$ 1�� ø ö'´ ¬��
� ö ø Þ ¬ ´ � ´ ÷�ù3� ´ &��

öm¼¡´ ¬ ü ��& ´ñ� $ � ÿ3�
& ü ú	&�& ´ & Þ � ´ �zü � ´ �:ø5� ä � � ´�ä2´ �Tø Þ ø!�#1��Ý1���ø ö �
&zø!¬ Þ ��&���1�¬ ä0Þ ø!�#1�� �÷ ö � ü ö ÷ Þ &Z�u�Tø!¬�1Rÿ�ú ü ´ ÿ�ùTû þ6� ü öHÞ ¬	ÿ þ_ú�ÿ ´ ���g�u� b ñ¹ñ ñ)(:Ä+*-, b ý��$ô.õ4ý�ü+���Jø8ý�ü8ú�* ø�ý,þ -* ø	�I"Úÿ3�$ô.õ�.ÃÄ\�$¥,ô�¥[¢Qô!���WÈ6ý e ¶ÝP f ãtÖ � �9ç�ç ù � � $/� � $ � � ä ø10 Þ &�ø�0 ´ � ä � 1�¬Oø Þ �:ø � ¬�1 � ´ ¬Oø"ûø�0 Þ øh�31 � 1��u�:ø ´ ¬�&l� ´�´ ÿ�ø!1 ü 0 Þ �	� ´��'´�¼ ü ´ � ø326� ø�0'�u�1ø�0 ´ �31Rÿ ´ &;1���ø�0 ´ ø!1 � ø42415� ´ 5 ´ �
& ü
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¼ Ä ¼_±o!�± ¤�Ä ±�¿ ù&ùú¶ � Ä !�± ¤ � û ¼ ù � ¶ ��� ¤ ¼�C�- ¶ I�¿ û ¼��/�o!�± ¤ � û ¼ ù � ¶ �L�¤�¤�û ¼*¿���¿ û�Ä ¼���±�¿ ý � ¤ ! ¶ � Ä � ¤ ±�¼�� ¤�û I�¼A����¼ ù I ¶ ¿%�
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ë æ ß�ß ð Þ Ý�ì æ ä á ß�ê¢Þ àpÞ Ü�Ý á Þ ì�ï æ ì
Û��òýÒHÒæ ß�ì á é�Ü
Ý_ê�ß ð æ ì�Ý_êîí_Þ Ý_ïDâ æ Ü
ï æ ì
Û3P�àpß�ß ��òýÒHÒæ ß¢ã Þ ì ð Þ ã Þ å ä�â*Ü
ã äeÝ_Ü
ÛEÞ ì�ãß¢ã ì ð Ü æ ì å ß á åpæ ñ å í å ì ð ã ßê¢Ü
Û�Ûrñ å ì å Þ ô ßá Þ à åpæ Þ ð ñ å Þ ô ßì�àpàÌÜ�ê¢Þ ì å Þ ô ßò Ü�Ü
ã ß¢ì�Ý â æ Ü
ï æ ì�Û�ÛªÞ Ý_ï� Þ ô ß�à åO ñ_Þ ã ã ß¢ÛEÞ Ýß ô ì�àpÞ ô ßß¢ã ñ_àÌÞ ô ß ë ñ_Ýeê å Þ Ü
ÝQP�àpß�ß9ß ô ì�àpÞ ô ßß�ºeí_ì�ñ_à å Þ ô ß ë ñ_Ý_ê å Þ Ü�ÝQP�àpß¢ß}ß ô ì�àpÞ ô ßï
ß�Ý_ß æ ì å Þ Ýeï ë ñ_Ý_ê å Þ Ü�Ýê�ì�Ý�ì�ã Þ Ö Þ Ýeïå í æ ß¢àpíeÜ
ã á ë ñ_Ý_ê å Þ Ü�Ýê¢Ü�Ý á ß�Ý_àîì å Þ Ü�Ýàpñ ð à å Þ å ñ å Þ Ý_ïlÜ
Ý_ß ô ì æ Þ ì ð ã ß ë Ü æ ì�Ý_Ü å íeß æàpñ ð å ì ð ã ß¢àð ß�ì á à� Þ ð Ü
Ý�ì�ê¢ê�Þ å í æ ß�àpí_Ü
ã á ë ñ_Ýeê å Þ Ü
Ý_àòýÒHÒ ð ì�àpßàÌä_ÛEÛEß åpæ Þ ê ò Ü�Ü
ã ß¢ì�Ý ë ñ_Ý_ê å Þ Ü�Ý_à
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å í æ ß¢ß	é�Þ Ýeé%ì�é æ Ü¢èÝ_ß å è�Ü æ ç�ÛªÜ á ß�ã�Ü ë ê¢Ü
ÛEâeñ å ì å Þ Ü
ÝÛEÜ á ñ_ã ß¢à Þ Ý�ì�Ý_ß å è�Ü æ çí_Þ á_á ß�Ý è�ß�Þ ï
í å ß á ð Þ å¸ë ñ_Ýeê å Þ Ü
Ý¡ Ü å ì å Þ Ü�ÝD�3ã ì
Û ð*á ì�ÝòýÒHÒ ð ì�àpßàÌä_ÛEÛEß åpæ Þ ê ò Ü�Ü
ã ß¢ì�Ý ë ñ_Ý_ê å Þ Ü�Ý_àå í æ ß¢àpíeÜ
ã á ë ñ_Ý_ê å Þ Ü�Ý_ààpß ô ß�Ýeé�àpß�ï�Ûªß¢Ý å á Þ àpâ_ã ì�äð Þ Ý�ì æ ä ì á_á Þ å Þ Ü
ÝòýÒHÒ ð ì�àpß£>ñ_Ýeê å Þ Ü
Ý ë ñ_Ýeê å Þ Ü
Ýê¢Ü�Ý á Þ å Þ Ü
Ý�ì�ã�ß�ºeâ æ ß�àpàpÞ Ü
ÝBP�Ý_ß�à å ß á P_àpß�ß´£>ñ_Ý_ê å Þ Ü
Ý ë ñ_Ý_ê åÝ_Ü å ì å Þ Ü�Ýx� ��à � �,�
���
�¸à l á Ü � ���,�
��� Ü l �åpæ ñ å í å ì ð ã ßê¢Ü�Ý_Ý_ß�ê å ß á Ý_ß�àpà� ¡ �� ª à å ì�êîçàpßhH�ñ_ß¢Ý å Þ ì�ã æ ß�â æ ß¢àpß�Ý å ì å Þ Ü�Ý�Ü ë òýÒHÒ àæ ß¢à åpæ Þ ê å Þ Ü
ÝÛEß�ã á ß áæ ß á ñeê¢ß áâ æ Ü ó ã ß�àH�ñ�ì�àÌÞ é�â æ Ü ó ã ß¢àÛEß�ã áÞ Ýeé á ß�ï æ ß¢ß
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âO ì�ï�ß á � Þ ë ßß¢àÌê�ì�â�ß�àæ ß�ì á é�Ü
Ý_ê�ß ë ñ_Ý_ê å Þ Ü
Ý_àì�àpàÌÜ�ê¢Þ ì å Þ ô ßê¢Ü
Û�Ûrñ å ì å Þ ô ßæ ß�ì á é�Ü
Ý_ê�ß ë ñ_Ý_ê å Þ Ü
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ÝQP�àpß�ßªÛªÜ
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Ý_ß
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gli1^0.3w_\_d_q*xf�/a/wKi1.3ePa/dXq*d1\Ki1d�ePx%aR�/c"��\_^0d_q�d0\Ki1d�ePx%d0i1^0.3a/�Pd_q*d1\Ki1deP^"c"�/p�i1.3d1\Ki1d�eYx,c�gli1^0.3wK\_d"ePx k gP.u^0d"eYx,xf�/a/wKi1.3ePa/dbePxAd�i1^0.3a/�PdXq%\Ki1wP}3qt\Ki1wP}¯ýD\�sA.3p3p7d1\K\nc
ghaR�xf�/^�i1`/\_^�\�¹/ghc k p3\_d'.3a Þ \_wri1.3ePae�} Å9} á `/\
c
.3a9ä k p3�/d;ghp3�P\_�/^1g9q�s�.ui1` Ü ÌÅc
.3aDgha/j�ÝxÌ®¡"q�.3d
k gh^�i1.3w_�/pygh^0pu�".3c k eP^�i|ghaRiXqYgha/j�sM\Aw_eP�/p3j�`*gXoY\��/d0\_j�.ui).3a�\�¹9\K^0w_.3d1\XÄ&ÍAeP^vÄ�ä/} Â i).3d�eYxyi1\_abwXghp3p3\_jÚ�â<ÖX�@¼�ï�ÙG½ q*.uc k p3.uw_.ui1pu��`/ePa/eP^0.3a/�bi1`/\��7^1gD=_.3p3.ygha2c
gli1`/\_c�gli1.3wK.ygha Â c
^0\ Þ .3c�ePaT} È
ì@ìTÀ � k \_^1gli1\�ePa¤i1^0. k pu\_d:ÇC&�01& \ 01& \ \ ÈrqTs�.ui1`èÇI�80�� \ 0�� \ \ È Ü ÇÁà 0|à \ 0|à \ \ ÈXÌ ÇI��¡Oà 0�� \ ¡Oà \ 0E� \ \ ¡�à \ \ È
gha/jèÇI�80��A\I0���\ \,È!Ý.ÇÁà 0|àX\I01àX\ \�È�Ì ÇI�9à 0[�A\fà�¡¢àX\>�80���\ \fà�¡úÄD��\fàX\�¡+��àX\ \,Èr} Â aRi1\K^ k ^0\Ki^½� 2þ�ghd2ÇI](0E](0E]�Èrq
½ £ þ*ghd.ÇLÍ�0E](0E]�Èrq�½IW- « þ*ghd.ÇLÍ�0�]�0�]�Èrq*gha/ja½ - « þ/gPd.ÇLÍ�0 d « 0 d C« Èr}ì	Ó!À �!\rim-?��°8ÌOc
g�¹ZÇ.-
0E°PÈr}�� k \_^1gli1\]ePa k gh.3^0dXÇC&�01&X\,ÈrqYs�.ui1`¯ÇI�%0���\�È Ü ÇÁà 0|àX\�È�ÌhÇI�r�"à10���\ �"à[\�È
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�D]"d4� � d"�"� ü ]UÀ ü ]4� � � ü � ü �Dd����DdUÀ"d ü �

× ÖTÀ
Â x�i1`/\]eP^0.3�P.3a*ghp�xG�/a/wri1.3ePa/d43�gha/j���`*gXoY\]a/e^�mõäõ<a/eRj/\_dM.3anw_ePc�c
ePaTq���ePi1`ngPpu�YeP^0.ui1`/c�d
\_a/w_eP�/aYi1\_^'ghp3c�eYd�i$\�V/ghwKi1pu�{i1`/\"d1ghc
\;d0�/� k ^0eP�/p3\_c�d ,?ò]p3�PeP^0.ui1`/c Â{j/\Xghp3d]sA.ui1`¤ghp3p�a/e�j/\_d�ePx3ÏÐ>�
i1`*gli�gh^0\_awþ iAj/\_d1w_\Ka/j/\_j�xG^0ePc a/e�j/\_dAePx�i1`/\'xfeP^0c�d65NÐ   eP^  ³Ð�÷)q�s�`/.3pu\N�f���4�Mghp3d0e
gXoYeP.3j/dAa/e�j/\_dAi1`*gli]j/\_d0w_\_a/j{xG^0ePc i1`/\'xGeP^0c�d45�Ð £ eP^ £ Ð�÷)}�¯*�/^�i1`/\_^0c�eY^0\hq¦�f���4�Mi|gUÒP\_d
d1`/eP^�i1w_�9i1d7s�`/\Ka2.uiMc
\_\ri1d,a/ePaRi1^0.�o9.yghp�d1�/� k ^0eP�/p3\Kc
dmqmp(7D�835\I0*��\Í�ts�.ui1`935\ � ��\IT�ò]p3�PeP^0.ui1`/c5Â
wXgha/a/ehi,^0\_w_eP�Pa/.>=_\]i1`/\]xSghwKi7i1`*ghiMd0�/wr`nw_gPd0\_d,gh^0\$\_gPd��Y}&ò]a/jÙ�f�"�4��wXgha2ghp3d0e;sA.3a�.3x�.uiM`*g k/k \_a/di1e�d�i1�/c"�/p3\'ghw_^0ePd1dAgb^0\_p3\KohghaRi�c�\_c�ebp3\_xyiAeWoY\_^Axf^0ePc�g k ^0\Ko9.3eP�/dAw_ePc k �9i|ghi1.ueYaT}
× Ø�À 4h�/d0i,wr`*gha/�P\U½ qLp:7XþRi1e»½ » kmÇ�þ/gha/j©½ 6�þ�i1e»½�Ý�þ�i1`/^0eY�/�P`/eP�9iX}¨¿A`/\$d1.3c k p3\$w_gPd0\_dAgh^0\�a/eWs3�Ýº] � 3�q%]MÝ§� � ��q*gha/j;3�Ý§� � ]".ux23 � �*}�ýD\�d0`/eY�/puj�ghp3d0e"d0s,g k 30<«�
.ux23�KÕ�z	� ]/}



Å8s¿t�s Æ qLpmÈ/º��
ÇLÈ�JLk�� » ��Ç&j�J�Èh��È ¼5t
= Ò Ù1Ìf×Ú?> [A@ \ [@ \ [ Ú?> [Ô�ËEÎXÔÔ�Ë3ÏfË�ô³Ë3ÏIËEÒ1ÓEËâ Ñ2ßLË3Ò�ãEÐ= Ò Ù1Ìf×B� Û Ñ7Òâ Ñ2ßLË3Ò�ãEÐ

C ���� !2¶©¿A`/\]gh�9i1`/eP^�\WV k \_^0.3c�\_aRi|ghp3p��b.3a/d1\_^�i1\Kj
xf�/^�i1`/\_^)c�\_c�eYdm½D3EÝ9E � �HþRgha/jg½ ��Ý0E �3dþ7.ua¢i1`/\z��ehi0i1ePc p3.3a/\�T$�/�9ini1`/\Kd1\�ghj/j/.ui1.3ePa*ghp]w_gPw|`/\�\KaRi1^0.3\_d�d1\_\_c�\_j?i1e�j/e¦c�eP^0\z`*gh^0c
i1`*ghav�YeRe�jT}`�MePa/d1.uj/\_^0.3a/�¤ePi1`/\K^��/.ua*gP^���e k \_^1gli1eP^0dXq�i1`/\_^0\Gþ dba/e«a/\_\Kjvi1e«.uc k p3\Kc
\_aYib��ehi1`n2F�J�pLkNJM�8380&��� � 3^6SW�2gha/j�pmkNJ�n2F�JM�8380&��� � W3^6Y��q�d0.3a/w_\'i1`/\�pygli0i1\_^A.3d§n2F�J�pLkNJM�+�80�36�r}
ò]p3d0e*q » kmÇM� � 0�kmÇM�83%0*���(�!c
gX����\M��\ri0i1\_^�i1`*ghabgPa".uc k p3\Kc
\_aYi|gli1.3ePa;ePx%pmkmÇM�8380&��� �HG �83&����r}
×�¿ À ò�i1e k äCp3\KoY\_p]w_ePc k �9i|gli1.3ePa�ePx�� Ó qLp:7Ú�83%0*���
��\K�Y.ua/dns�.ui1`I3UgPa/jÞ�?.ua�w_ePc k �9i1\K^^0\_�P.3d�i1\_^0dXq��/�9i � ��ÎV	�3
��gha/j � ��ÎV	¡�8��j/e2a/ehi�.3a/w_p3�/j/\*;�^0\_xf\_^0\_a/w_\_dE<2d1�/w|`¤gPd]i1`/eYd0\P}N�,ýD\"j/e*q
`/eWsM\KoY\_^_q*ghd1d1�/c�\$i1`*gliJ3zgha/jÁ�ngh^0\���ehi1`{ghp3.uoY\P} �
Â x�f�"�4�7j/.3d0w_eWoY\_^0d,i1`*gliJ3U6���.3dAeP�Ro�.3eP�/d1pu�KE�q*.uiA.3a/wK^0\Xghd1\_d � ��Î�	LE��;�R� � }
Â xM�f�����Ï®*a/j/dM3·6�� � E{.3a�i1`/\�c�\_c
ezw_gPw|`/\Pqt.uib.ua/w_^0\Xghd1\_d � ��ÎV	LE��Rq�gha/j¦^0\_w_�/^0d1.�oR\Kpu�

.3a/w_^0\_gPd0\_d � ��ÎV	¡¤ � 	LE�����gha/j � ��ÎV	&�I£�	LE����".3a2i1`/\'d1ghc
\$s,gX�n.3x)E;s,ghdAj/\XghjT}
Â x�d0i1\ k 7 � ®*a/j/dZG � ÐRqY.uiJN	��OP���¹ß�!���! � ��ÎV	
G
���Y� � �S��\Kp3.3\KoY\,.ui�eP^ta/ePi��XTPi1`/.3d%s,ePawþ i¨Ò�.3pup'G�}
Â xTd0i1\ k 7Ï�Ï®*a/j/dQERq�i1`/\_^0\$gh^0\�i¥sMe�wXghd1\Kd , Â xRE�s,gPdMghp3.uoY\PqR.ui7d1\Ki1d � ��ÎV	LEA��Ó � ��ÎV	LEA�&¡ � q

� ��Î�	+G���Ó � �4ÎV	+G��:º � q � ��ÎV	0ÐA��Ó � ��ÎV	0ÐA�:º � }7��i1`/\_^�s�.ud1\'.uiAd0.3c k p��nd1\ri1d � ��Î�	LE���Ó � }
ýO`/\_a�d�i1\ k 7E�bw_^0\Xgli1\_d�gba/\Ks�a/e�j/\SE�q*.uiAd0\Ki1d � ��ÎV	E���Ó � }
¯%.3a*ghp3pu�Pq)ghxyi1\_^;i1`/\�i1e k äÁp3\roR\Kpmqmp(7�^0\ri1�/^0a/d�g{ohghp3�/\TE�i1`*gli"sM\�s�.3d0`�i1e�ghd1d1.u�YaDi1e©�bq

sM\�c"�/d0i?®*^0d0i�N	�����.�P������à�O �b��q7.3xä� 	�VU T,i1`/.3d�c
\_gPa/d�d1\ri0i1.3a/� � ��ÎV	¾�Y��Ó � ��ÎV	3�^�?º � q
gha/j2^0\_w_�/^0d0.uoY\_pu�nj/\K^0\_xf\_^0\_a/w_.3a/�?¤ � 	3�^�;gha/jY�I£�	3�^��.3x � ��ÎV	3�^��`*ghdA��\_w_ePc
\�]/}¨¿,`/\_ansM\�d1\ri
� ÓWE°�GsA.ui1`/eP�9i]ghjDæ¥�/d0i1.3a/� � ��Î�	LE��4�r}
Ù ¯*�/^�i1`/\_^0c�eP^0\Pq�.3a¤gNÓR�*gPaYi1.Ä®*wXgli1.3ePaz^0eP�9i1.3a/\;d1�/w|`¤ghd?�CB"�4�AeP^].3azi1`/\;w_ePc k ePd1.ui1.ueYa{^0eP�9äi1.3a/\M�f!��4�rqY��ePi1`�E � gha/jME � d0`/eP�/p3j
��\Aj/\_^0\_xf\_^0\_a/wK\_jnghxyi1\_^ti1`/\äkmÇ«eP^rl�F » `*ghd�w_ePc k �9i1\_jXE�} Z

× �TÀ � V9\K^0w_.3d1\Y× � d1`/eXs�d�i1`*gli;i1`/\nd0�/� k ^0eP�/p3\_cY3»6��¤e�w_wK�/^0dbghi;c
ePd0i;ePa/w_\ k \_^;i1e k äÁp3\KoY\_pwXghp3pCq7s�`/\_a � ��ÎV	�3
� ��� ��ÎV	&�8� � � } Ù ¿,`/.3d�.uj/\XgD.3d
j/�/\{i1eÃ¯M}Â�eYc�\_a(=_..T]d0\_\�i1`/\ k g k \_^w_.ui1\Kjm.ua?gha/d�s,\K^ ü À/}e´zgPaY��a/e�j/\_d�`*gXoY\2^0\_xf\_^0\_a/w_\�w_eP�/aYi � q)��\_wXgh�/d0\2i1`/\{g_oR\K^1gP�P\nw_eP�/aRi
.3d"g k/k ^0e�V�.3c
ghi1\Kpu�ï��qtgha/j¦��\_wXgh�/d0\�i1`/\�d0.3a Ò�d;�/d0�*ghp3pu�«`*gXoY\�pygh^0�P\�w_eP�/aYi1dX} Ô eXs,\roR\K^_qtd0�/wr`wXghw|`/\Kä¬gXoYeP.3j*gha/w_\'j/.3j�a/ePi�.3c k ^0eWoY\$i1`/\�eWoY\_^1ghp3p k \K^0xGeP^0c
gha/w_\�.3a2i1`/\�gh�9i1`/eP^Aþ d�\WV k \K^0.3c
\KaRi1dXq
k eYd0d1.3�/p�����\_w_gP�/d0\"ePxti1`/\�\WV/ghc k p3\_d$.uaRoY\_d0i1.u�Rgli1\_jTq�eP^ k eYd0d1.3�/p��{��\_wXgh�/d1\©;0gPwKw_.3j/\_aYi|gPp³<nw_gPw|`/\
`/.ui1d,.3a�ePi1`/\K^,i1e k äÁp3\roR\Kp�e k \_^1gli1.3ePa/d�w_gPa���\'�/d1\_xf�/pC} Z
× ±!À ´�ghaY� k eYd0d1.3�/.up3.ui1.3\_d�\WV9.3d�iXq�gha/j¦a/e�d1.uc k p3\�i1\_w|`/a/.ÜÓ��/\2g k/k \Xgh^0d"i1ez��\2gzw_pu\Xgh^;sA.3a/a/\_^_}
¿A`/\zw_gPw|`/\¤gha/j?i|gh�/p3\{d1.>=_\Kdnd0`/eP�/p3j¢��\ k eWsM\_^0dnePxM��qMi1e�xGgPwK.3p3.ui|gli1\{wXghp3wK�/pygli1.3a/�Di1`/\z`*ghd1`xf�/a/wKi1.3ePa/dX}µ¿,`/\�d1.>=K\�ePx7i1`/\b�/a/.ÜÓ��/\bi|gh�/p3\�xfeP^B- ¹ d1`/eP�/p3j«��\
^0eP�/�P`/pu� k ^0e k eP^�i1.3ePa*gPp%i1e2i1`/\a��/c"��\_^�ePx�a/e�j/\_dAi1`*gli�w_�/^0^0\_aRi1p����/^1gha/w|`zePag- ¹ �Cghp3.�oR\�eP^�j/\Xghj/�r} Â iþ d�a/\Kw_\_d1d1gh^��2i1e�^0\_`*ghd1`\KoY\_^��Ri1`/.3a/��sA`/\_a{g"i|gh�/p3\�.3dAj/eWsAa/d1.>=K\_j�eY^,� k d1.>=K\_jT}
Â ani1`/\�gh�9i1`/eY^Aþ d,\WV k \K^0.3c
\KaRi1d7s�`/.3p3\]sA^0.ui1.3a/��i1`/.3d,d0\_wKi1.3ePaTq�i1`/\$wXghwr`/\$d0.>=_\]s,gPd7j/eY�/�/pu\_js�`/\Ka/\KoY\_^
i1`/\{aR�/c"��\K^
eYx].3a/d1\K^�i1.3ePa/d
d1.3a/w_\2i1`/\{��\K�Y.ua/a/.3a/��ePx]i1`/\{c�ePd0i
^0\Kw_\_aRi
i1e k äÁp3\KoY\_pw_ePc�c�gha/jD\�V9w_\_\Kj/\_j¦pua:�ni1.3c
\Kd'i1`/\
w_�/^0^0\_aYi"wXghw|`/\�d1.³=_\P}§�.ò,i�i1`*gli k eY.uaRi"g{^1gha/j/ePcÇ`*ghd1`xf�/a/wKi1.3ePaDsA.3p3p)`*gXoY\N®*pup3\_j¦gh��eY�9i;`*gPpux,eYx7i1`/\�d1p3ehi1d_} ��ò]xyi1\_^;�Ygh^0�*gh�P\
w_ePp3p3\_wKi1.ueYaTq!i1`/\nw_gPw|`/\

s,ghdAj/eWsAa/d1.>=_\KjTq*.3x!a/\_w_\_d0d|gh^��Yq*d1e"i1`*gli�.�iA\_.ui1`/\_^A`*ghj��"�U×"d1puePi1d,eP^,s,ghd�gli�p3\_gPd�i � �UÀbxG�/pupC}
Â iþ d;\Xghd0�¤i1e�ÒP\_\ k i1^1ghw2Ò«ePxMi1`/\�w_�/^0^0\_aYibaR�/c"��\_^�eYx,j/\_gPj�a/e�j/\Kd T�`/\_a/w_\�sM\NÒ�a/eWs glighp3p�i1.3c�\_d;`/eWsÅc"�/w|`�c
\Kc
eP^��«g{�YgP^0�*gh�P\�w_ePp3p3\_wri1.3ePaDs�.3pup)^0\_w_pygh.3c�}¸¿,`/\2gh�9i1`/eP^;eP�9i|gh.3a/\_j

d|gli1.3d0xGgPwri1eY^��;^0\_d1�/pui1d��R�b.3a/d1\K^�i1.3a/��g'a/\Ks¢d0i1\ k 7Ï� /C ��\Ki¬s,\K\_a�7Ï��gPa/j�7E��,ä; Â a/wK^0\Xghd1\ä�U�Y� � q
s�`/\K^0\©��.ud
g«�Pp3eP�*ghpAw_eP�/aYi1\_^_} Â xB�vc�e�j � ]��cÀ � ]9qMgha/j?.3x$gli
p3\Xghd0i � � ü ePx�ghp3p,w_�/^0^0\_aYi
a/e�j/\Kd]gh^0\'j/\XghjTq*w_ePp3pu\_wKi��Ygh^0�*gh�P\P} <
Ù Â�\_\°¯M}�Â�ePc�\_a(=_.Cq7º ����þ��V��ÿXü©ú´�I��-��¦���1ÿ�ú�ü~	3û��´��-
�6('&Qú%ÿ��/�����fü�ÿ � ���D]�] � �rq �  � c � ü � xfeP^

a��/c�\_^0eP�/dAxf�/^�i1`/\_^Ad1�/�P�P\_d0i1.3ePa/d,�*ghd1\Kj{ePa2\WV�i1\_a/d0.uoY\'\WV k \_^0.3\Ka/w_\P} Z
× ��À ¿A`/\«wKeYc k p3\Ki1\�i|gh�/p3\�s,eP�/p3jO`*gXoY\ï� � C \_aYi1^0.3\_d�ePxÚ���¦�/.ui1d�\_gPw|`Tq�xfeP^{g�i1ePi|ghp�ePx?� � F�R�Ri1\_dÚ�fÁ � �¶ �b�P.3�Ygh�R��i1\Kd��r}L¿A`/\��mõäõ��*ghd1\;j/.3d0w_�/d1d0\_jzgPxyi1\_^Ú�f�UÈ��|q�s�.ui1`zgh��eP�9i � �4×
c�.3p3p3.ueYa



¼9Ì qmpLÈ/º���ÇrÈ�Jrk�� » �
Ç&j�J�ÈP��È Å8sut�s Æ
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a/e�j/\KdA�/d1.ua/�Y=K. k äÁeP^0j/\_^0\_j2�/.ui1dXq9wXgha2��\�d�i1eP^0\_j2.3a�gh��eP�9i � } � �Y.u�Rgh�Y��i1\�T�i1`/\�ePa/\�j/.3d1w_�/d0d1\_jn.3a�MeP^0ePp3pygh^�� ß qXs�`/.3w|`�^1gPa ÒRd�gPpupRePx�i1`/\)c"�/pui1. k p3.3\_^��/.ui1d	®*^0d�iXqha/\K\_j/d%ePa/pu�'gh��eY�9i¦À"]�]Ac�\_�YgP�Y��i1\_d_}
× �TÀ
Â x?3 � ]$eP^¦� � �TqP^0\Ki1�/^0aÚ�*} Â x?3 � � qP^0\Ki1�/^0ao�T} Â xI� � ]$eP^\3 � �*qY^0\Ki1�/^0aUqmp:7Ú�8380E�/�r}
Â xy� � � eY^"3 � �Tq�^0\Ki1�/^0aºkmÇM�8380¡���r} Â x�� � � q!^0\Ki1�/^0aaJIlo�ZL%JÁ��È��8380[�/�XT!.3xy� � ]/qT^0\Ki1�/^0a
n2F�J�pLkNJM�+�80�36�r}�� Â x��/.ua*gP^��»JflY�FL%JC��È�gha/j/�leY^?n2F�JrpLkNJmgP^0\Kawþ i�.3c k pu\_c
\KaRi1\_j2j/.3^0\KwKi1pu�Yq*.uiþ d� - i1e�p3\riAi1`/\�w_eP^0^0\_d k ePa/j/.3a/�
w_gPd0\_d k ^0e k gP�Ygli1\�.3a2i1\_^0a*gh^��2�P�/.3d0\P} �
× #�À Â�eP^�i$d0e�i1`*gli[3©)Þ�b)ç�T} Â x\3 � ]9q�^0\ri1�/^0a�qLp:7Ú�+�80[�/�r} Â x\3 � � q�^0\Ki1�/^0a©kmÇM�+�80[�I�r} Â x3 � �
eP^>� � �Tq/^0\Ki1�/^0a°��}
×*× À ¿A`/\�i1^0.ue�ePx�xf�/a/wKi1.3ePa/dM�8380¡�80X�I� � �.íä��0Eí�/10Eí�CP�7c�gUÒP\_dAgPa�ghc"�/d1.3a/�b\WV9gPc k p3\Pq�s�`/\_a

í F �.-�/ 0P¶W¶h¶20E-54I� � ��.-84E¶P¶W¶E-�/W�EC%c�e�jª�n	� �*° � í ^ C F é _   ` ±%ërì � �.-5CD0h¶W¶P¶203-54I��¶
¿A`*gha ÒRdMi1e�i1`/\$c
\_c�ePdXqYi1`/\]i1\_^0a*gh^��
^0\_w_�/^0d0.3ePa�®*a/j/d43�6Ú��6o� � ]��R�
\WV/ghc�.3a/.3a/�;eYa/p���ePa/\
wXghd1\'gli�\Xghw|`�p3\KoY\_pIT9i1`/\'�/.ua*gP^��nw_ePc k �9i|gli1.3ePa2eYx¬q/d|gX�Pq]3U6�� � W��j/\�®*a/.ui1\_pu�ni|gUÒP\_dAp3ePa/�P\_^_}

´zeP^0\�j/^1ghc�gli1.3w_gPpupu�YqAp3\Ki93 � -
/?6��.-5Chá*�^,6�ª�rqL� � -5C�6Ô�.-�/Wá^�U,m�D�rq�gPa/jQ� �-�/Wá·W-5C
6U�Y,�-5C
6M�"qRs�`/\_^0\ä��gha/j9��gP^0\]xf�/a/wKi1.ueYa/d7eYx��.- � 0h¶h¶h¶70�-84I��d1�/w|`
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Â x�g�d0i|gli1\Gþ d%s,\K.3�P`Ri�.3d d qRghd1d0.3�Pa�� d gha/j d ghdti1`/\^0\_d k \_wri1.uoY\bsM\_.3�P`Ri1d�ePxM.�i1d��zgPa/j�à'ohgh^0.ygh�/p3\_d_q�gha/j«�/d0\
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�����U�U¡ã���4� � d4×9} �J¿A`/\�d0eYpu�9i1.3ePaTq7d1`/eWsAa?`/\_^0\2sA.ui1`
w_ePp3eP^AwKe�j/\_d � � � � q/.3d,�/a/.ÜÓ��/\P} � � � � � �

� � � �� � � �
� � � � � �

� � � �� �
� � � � � � � �� � � � � �� �

� �
� �� �� � � �

� � � �� �
� �� � � �

� �
� �� �

� �� � � � � ��  
� �

� �
� �� � � �

� �� ¡ � �
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gPa/j°��« � -(«hq�d0\Ki[�§«�Ó ]
gha/j·ê�Ó êDº � }¿,`/\_a

.3x�ê � ]/q9d1\KiJ�¶ÓY��º���\Cq]��\�Ó�]/q*gha/j�\WV�.uiX}£ ±!À!Ù 7 k j*ghi1\h�ªáWZ Â x\� \ � ]9q/d0\Ki`�¶Ó¤�M¡ � gha/j�� \ Ó � }£ ��À!Ù ð]\Ks�d0i|ghc k d_} Z²ýO`/.3pu\·êçK ]Dgha/j¥� « 	� �"qMd1\Ki0� « Ó¦�Çgha/jºêQÓ êYº � }
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�Á�§Û Ç ¨ÛÍ�M.3dM��Þ	Ý4�r}L�+ð]ePi1.uw_\'xf�/^�i1`/\_^0c�eP^0\�i1`*gliA.uiA\hÓ��*ghp3d:� t .ux%gha/j{ePa/pu�n.3x d Ü c
.ua	�Á� Ç ¨*�r} �
Ø ¿ ±!À �!\Ki:B � Ð>º · } � ghw|`"d0pygli1\ Ù E2� Ç ¶h¶h¶ Ç E D Z9w_eP^0^0\_d k ePa/j/d�i1e$g�xG�/a/wri1.3ePa"ePx���Æ��7é ÄÍÇ ¶W¶h¶ Ç Æ�ÅI�rqs�`/ePd0\;i1^0�9i1`�i|gh�/p3\".3d�gn��\_gPj�\WV9w_\ k i'.3a¤xfeP�/^$wXghd1\_dPÞÚ�S.Í� Ù ] Ç ¶h¶h¶ Ç ]cZ � ]�T��S.u.Í� Ù � Ç ¶W¶P¶ Ç � Z � � T
�S.3.3. � Ù ] Ç Æ]Å Ç � Z � Æ]ÅÁ�GsA`/.3wr`bj/e�\_d0aR¸ i)j/\ k \_a/j
ePaMÆ]Å�eAÄ��XT<�S.uo � Ù � Ç ¶h¶h¶ Ç � Ç Æ��7é Ä§Ç ] Ç ¶h¶h¶ Ç ]UZCqPs�`/\K^0\
i1`/\_^0\�gh^0\EG � dAd0ebi1`*gli4Æ��7é Ä � E O q/.3d:,.ß O ��Æ��7éRà Ç ¶h¶h¶ Ç Æ]ÅI�r}¿A`/\�xfePp3p3eWsA.3a/� k eYp��9a/ePc
.3gPp�äCi1.3c�\
ghp3�PeP^0.ui1`/cÇw_ePc k �9i1\KdbÐ � � Ð�gPa/jvà � � ÐDºmÐ Û �Y�w_eP�/aRi1.ua/�"ghp3p*d0pygli1\_dX}�òOd1�/�9i1pu\]ghd k \_wKiMgh^0.3d1\Kd�s�`/\_a�i1`/\�\_aRi1^0.u\_d7ePx Ù E2� Ç ¶W¶P¶ Ç E D Z�gh^0\]ghp3p8]'eP^ � q��\_wXgh�/d1\
d0�/wr`Dd1p3ghi1\Kd�wXghaDeRw_w_�/^�xfeP^�j/.³²�\_^0\KaRi�ohgPpu�/\_d�eYx,�"T!s,\�j/ePaR¸ i�s,ghaRi'i1e{w_eP�/aRi'i1`/\_c
i¥sA.3w_\P}¨¿A`/\�d1ePp3�9i1.3ePa2.3d,i1e�c
gh.3aRi|gh.3anxfeP�/^Ad1\ri1d

� F 3 � ¯ÍE�ÄV¡�¢2¢2¢1¡áE D eRÄSâÍE2� � �ngha/j0E D � à�.3a2d1ePc�\�d1pygli1\c°�¶
¿A`/\�ohghp3�/\'ePxV]DÃ¤d1`/eP�/p3j���\�gh^�i1.Ä®*w_.yghp3p��nd1\riAi1e�ÐY¡ � q/a/ePi?]9}&ò]d1d1�/c�\$i1`*ghi?] Ü · ë�Ðt}ã Ø�À!Ù Â a/.ui1.yghp3.åä_\P} Z:Â�\KiAB ÓWÐ°º · q*Ð�Ó�Ð Û Ó���Ó ]9q8�L���ÂÓ �L�PÄEÓ �4Ä���Ó �4Ä�ÄEÓ ¯�}ã ¿ À!Ù ¯%.3a/j�¼�gha/j d } Z«Â�\ri¸¼ � ¨ D eAÄ« a Ä Ù �Á�r¡©ê��¾Ã Ü · Z;gha/j d Óì¼b¡ Ù �2Ã Ü · Z�¡

Ù �Á�r¡�B¸�¾Ã Ü · ZÁ} Â x¥¼ � BJº � q9�Ye"i1e�d0i1\ k Ô ¼�}ã �TÀ!Ù Î `/\Kw�ÒzxfeP^�a/ePa���\Xghj/dX} ZÁÂ�\Ki�G¤Ó º � } Â x�¼v	� B º½�9qT�Peni1e Ô À/}���i1`/\_^�s�.3d0\Pq�.3xB � ��gha/jÕ�Á�y¡ � �¾Ã � Ðtq�d0\KiEG0Ó Ù �Á�r¡Þ�4�¾Ã Ü · ZC}���i1`/\_^�s�.3d0\PqT.ux d � B�gha/j�Á�r¡aê��¾Ã ��· ¡ � xfeP^Ad1ePc�\�ê�Á Ù � ¶h¶,BÙº � ZÁq/d1\Ki�G�Ó ê�}ã ±!À!Ù ò]j/j��/.3a/ePc�.yghp3dX} Z§¯*eY^;gPpupM� Û gha/jº¨ Û d1�/w|`Di1`*glib� Û ¡�¨ Û � d q&] Ü � Û Ü �Pqtgha/j
] Ü ¨ ÛAÜ · º��Pq*d0\Ki]Ð=Ó�Ðy¡ î t�+ ï gha/j{Ð Û Ó�Ð Û ¡ Ù � Û � G6ZÁ}�¿,`/\_a��Pebi1e Ô ×/}ã�æ À!Ù � \_c�\_c"��\_^�]�c � d1pygli1\_d_} Z»õ$e2i1`/\"xfeYpup3eWs�.ua/�2xfeP^'ghp3p)� Û gha/ja¨ Û gPd�.3a¤d�i1\ k Ô À&Þ Â x
�Á�L¡�B¸�¾Ã Ü · q*d1\Ki§� ��� Ó � ��� h�¯l�§Û�°;gha/j©� ��Ä Ó � �PÄ h�¯h�§Û)º � °"T*ehi1`/\_^�s�.ud1\'d1\ri



¼�H qmpLÈ/º���ÇrÈ�Jrk�� » �
Ç&j.ç�ÈP��È Å8sut�s Æ
Ü Ð Ò�Ñ2ßLÐ ÎXà�ÓEÑ ËLè?Ó3Ð ËEÒ7ÌVÊfÙDßmßmÎ[ÌfÐ Ñ7ÒäÌ�Ë3Ó�×�Ò�Ð Ø Ù�Ë3ÊÊfÙDßmßyÎ�ÌfÐ ÑXÒBÑrô Ü Ð Ò�Ñ7ßmÐ Î[à(ÓEÑ Ë�ô³Êé Ë3Ò�ËEÏfÎ�Ì�Ð Ò�ÕAô Ù�Ò�Ó¾Ì�Ð ÑXÒ�ÊÏIËEÓ3Ù�ÏIÏIËEÒ�Ó3Ë3Ê� ËEÏIÏIÐ ÒBÒ2ÙDß Ü Ë3ÏfÊ� Ù�ÊIÌfÐ Òé Ù1áÍ�à ÎXÊIÌfÐ ÓrÓ3Ñ7Ò�ÊIÌ�Î[Ò2Ìâ Ð ËEÕXËEà� Ð ÊfÑ[Ì�Ò ÙDß Ü Ë3Ï

�L�PÄMÓ �L�PÄ
h9¯l� Û °Y} Â x%�2Ã Ü · gha/j§�Á�&¡|B¸�¾Ã Ü · q/d0\Ki?�4Ä���Ó �4Äf��h0¯l� Û º � °�gha/j�4Ä�ÄMÓ �4Ä�Ä�h�¯l� Û º:�n°Y} Â xt�2Ã Ü · gha/jÃ�Á�L¡�B¸�¾Ã^ê · q/d1\riä�4Ä�ÄEÓ �4Ä�ÄVh;¯h� Û º � °R}ã�ë À!Ù �!eRe k ePaz�P} Z Â xt�Bë · q*d0\Ki$�ÂÓ��r¡ � gPa/j�^0\Ki1�/^0a2i1e Ô ��}ã Ì�À!Ù ¯%.3a/.3d0`T} Z>¯*eP^m��à � ]�]9q�] � q � ]9q9gha/j �4� qRd1\KiMÐ�Ó�Ð�¡ î�D eAÄì ï xfeP^Mghp3p&EhÁ�� F 3 }&ò]p3d0ed1\Ki�Ð Û Ó Ð Û ¡ Ù ]:Á��L���4ZA¡ Ù BÙº � Á��4Ä�ÄhZÁ}
Ø ¿ æ À �!\KiÏ,��Ð Ç B¸� � î Å � ï ¡ç¢2¢ ¢1¡¤î ÅD ï }>¿A`/\_^0\;gP^0\Ú,� · ¡ � º¦� Ç ���¥º � a/ePa/w_ePa/d0i|ghaRi]d1p3ghi1\Kd
s�`/\Kae]aë � Ü · gha/jv���Ë� · º�Ðg¡���}Á¿,`/\nePa/pu�¤ePi1`/\K^;a/ePa/w_ePa/d0i|ghaRi"d0pygli1\_dXq�ePa/\�\_gPw|`Tq
gh^0.3d1\�sA`/\_av� � ]zgPa/j · ë ��ÐÙº � ��í4��}Á¿A`/\�w_ePa/d0i|ghaRi;d0pygli1\_d;gP^0\�i1^0.3w2Ò�.3\_^'i1ezw_eP�/aYiXqt�/�9i
i1`/\_^0\2�/d0�*gPpupu�¦gP^0\¸,��Ð�¡ � º · Ç � · ¡ � ºÐ	�;ePx�i1`/\Kc{q)g k/k \_gP^0.ua/�¤s�`/\_a?� � � · ºÐOeP^
� � � · ¡ � º0Ðt}¨¿�g4ÒR.3a/�"ghw_w_eP�/aYiMePxTa/.ui k .3w2ÒR����eP�/a/j*gP^���w_ePa/j/.ui1.3ePa/dMgPa/j�a/ePa���\Xghj/dXqRsM\L®*a/j
à2� � ,>��Ð°º · Ç � · º^Ð���¡ Å�e �c

� a � ,>��Ð>º · º;� Ç � · ¡ � º[Ðr¡b���
º«c�.3a�� · Ç Ð°º · �¦º Ù Ð � � · ZIº Ù � · ���cÐ°º � Z/º �

xfeP^o] Ü · ëîÐt}eò]p�i1`/eY�/�P`¬,��Ð Ç B¸�"`*ghd�a/e«d1.3c k p3\nxfeY^0c�q�s,\2w_gPam\WV k ^0\_d1d�¨ Å�eRÄ� a � à7��ghdï Å Ä à ¡¢¨ � - D - Å�e à[�§- Å ��Ð·¡Þ�ªº|B5º-� · � î �D ï ¡��Sd0c�ghp3p�w|`*gha/�Y\P�,sA`/\_a�ÐD.3d]\KoY\_aTq�gha/j{i1`/\
d|ghc�\$\WV k ^0\_d1d0.3ePa�sMeP^(Ò�d7s�`/\_a0Ð�.3dMe�j/jn.3x�sM\$^0\ k pyghw_\ ï Å Ä à �Y�»� ^ Å é Ä ` Ä à }¨¿,`/\�j/eP�/�/p3\$d1�/cwXgha���\'^0\Kj/�/w_\_j{�Y�2d0�/c
c�.3a/�D®*^0d0i�ePa · q/d1.3a/wK\N� · ¡ � � î �D ï � �+B ¡ � � î �7é ÄD é Ä ï ÞÅcD a � b ��Ðo¡�¼EºyB¸� b �¡��Ð°º¤B ¡½�4��í4�c
B ¡ � f ºÞ���/B ¡½�4� b �¡��Ð°º¤B ¡-À���í���
B ¡½� fTf ¶
ò]a/jDi1`/\
^0\_c
gh.3a/.3a/�{d0�/cÇw_gPaD��\�i|ghw2Ò�p3\_jD�Y�«�/^0\XgUÒ�.3a/�{.ui;.3aYi1e{xfeY�/^ k gh^�i1dXq!j/\ k \_a/j/.3a/��ePas�`/\ri1`/\_^ZB�gha/j/�heP^AÐb.3dTe�j/jT} ¹ \_a/\_^1gli1.3a/�Axf�/a/wKi1.3ePa/d!gh^0\�`/\_p k xG�/p�Þ��!\Ki��D�I¸�� � ¨ �Í- Å î Å�e �à[� ï ¸ Å
gha/j ï �I¸�� � ¨ �Í- Å î Å�e �à��7é Ä�ï ¸ Å }>¿A`/\Ka©�D�I¸�� � � ¡?¨ � ß]Å î Å�e � eAÄà�� ï ¸ Å ¡?¨ � ß�Å î Å�e � eRÄà�� eAÄyï ¸ Å �
� ¡ ¨ �§- Å î Å�e �à[� ï ¸ Å é Ä ¡ ¨ �Í- Å î Å�e �à��7é Ä¾ï ¸ Å éRà � � ¡`¸��D�I¸���¡M¸ à ï �I¸��r}?òªd1.uc
.3p3gP^Aj/\_^0.�oPgli1.3ePa
k ^0eWoY\_d,i1`*gli ï �I¸�� � ¸ ï �I¸���¡e¸��D�I¸��r} Î ePa/d1\hÓR�/\_aRi1pu�

�D�I¸�� � � º�¸
� ºD�D¸8¡U¸ à º�¸ ¾ � � º�¸ à

� º�¸6º�¸ à º�¸�ð Ç ï �I¸�� � ¸
� ºM��¸%¡^¸ à º�¸ ¾ � ¸8¡^¸ à

� ºB¸�º�¸ à º�¸�ð ¶
¿A`R�/d©�JÅ � �D�JÅ�eAÄMº¥�JÅ�e à ¡ �JÅ�e ¾ � �JÅ�eRÄ�¡¤�JÅ�e à ¡ �JÅ�e ð xfeP^;Ð �´À/q�gha/j ï Å
d|gli1.3d*®*\_d'i1`/\
d|ghc�\
^0\_wK�/^0^0\_a/w_\_d_} Â a�xGghwKiXq!sM\
`*gXoY\·� Å � ���P�2à Å é Ä ¡H½h�2à Å º¬�h�2à Å�eAÄ ��í4�U�
gha/j ï Å � ���P� à Å éRà ¡�½h� à Å é Ä�ºÃ�P� à ÅI��í4�U�/q9�/d1.3a/�bi1`/\���\_^0^0.3a2aR�/c"��\_^0dAePx�\WV�\_^0w_.3d0\ � ¼9}

¯*�/^�i1`/\_^0c
eP^0\Pq�d1\Ki0i1.ua/�U�[ñ4�I¸�� � ¨ �Í- Å�· î Å�e �à�� ï ¸ Å gha/j ï ñ4�I¸�� � ¨ �Í- ÅL· î Å�e �à[�7é Ä¾ï ¸ Å qRsM\
®*a/j�� ñ �I¸�� � ¸ à �D�I¸�� ï �I¸��,gha/j ï ñ �I¸�� � ¸ à ï �I¸�� à }����9i0i1.3a/�b.ui�ghp3p�i1eY�P\Ki1`/\K^Aa/eWsO�9.3\_puj/d,i1`/\
^0\_c
gh^(Òhgh�/p3\�\WV9gPwri�xfeP^0c"�/pyg

ï �f�&Å/� � ¼U×P�.Å éRà ¡�½	½h�.Å é Ä�¡ÕÀn½h�.Å
�U� ºóò Ð àÀ;ô ºóò ½�Ðo¡ �

� ô ¡���Ðbc�e�jM�4�¦º � ]�¶
õ $%!#�8��� $�O2ßg�¨à]���� !2¶µ¿A`/\�d1\hÓR�/\_a/w_\�ù.�JÅ � sAghd�g k/k gh^0\_aRi1p��Ù®*^0d�i;d�i1�/j/.3\_j«�R� � }
ò]�/d0i1.uagha/j � } - } ¹ �9�Pq4� �Á�������!	~	����=�!��ÿ2þ¾ü[ÿ�-�& Ø ë � � dn½ ü �rq ü À�c ü ×�TP.uitwKeY�/aYi1dt�/.3a*gh^��"ÆAÄ�¶W¶P¶�Æ]Å�eAÄ%s�.�i1`

\Xghw|` � a/\�V�i'i1e{gha/ePi1`/\K^_}N¿,`/\ k pyghd0i1.uw�wKeYa/d�i|ghaRiSö?s,ghd'd1`/eWsAa«�Y� Î }T��}¦Â�.3\_�P\_pti1e2��\bi1`/\
d1c
ghp3p3\_d�iK÷1��.ud1ehi]a��/c"��\_^_q ø�a*ghc�\_pu�2i1`/\;d0c�ghp3p3\Kd0i$ghp3�P\_�/^1gh.3w�.3aYi1\_�P\_^hê � s�`/ePd1\�w_ePaDæ¥�/�Ygli1\_d
ghp3pTp3.u\'.3a/d0.3j/\$i1`/\'�/a/.ui�w_.u^0w_p3\�T/d1\_\ªæ � » ü$�y��þIûZ3 ; 3 Ø/Ø � � d4À4À��rq&¼Ddn½ c�×�]��9}
Ø ¿ ë À ·O`/\_a�Ðç�K×/q!sM\
`*gXoY\nà2� �úù þ ^ �XéT¸ ` Ä à ÿ ¡ ù ´ ^ �XéT¸ ` Ä à�· ºÕÀ{xfeY^ � Ü · ëJ�cÐ)íU�9q%gha/j
à � � � Å�e �7éRà º§×:º Ù ·� Ð°ºï��Z�xfeP^>ÀgÐ)íg¼ Ü · ëÐt}\È7�9i,i1`/\�c�gh.3anw_ePaRi1^0.u�/�9i1.3ePa/d,i1e ï �f�&rÅ �
w_ePc�\;xf^0eYcåi1`/\?�cÐ)í � ¼ k ^0eU®*p3\"\Kp3\_c�\_aRi1d]��\Ki¥sM\_\Kazi1`/ePd1\�i¬sMe�^0\_�P.3ePa/dXq�gha/j{i1`/\"c�\Ki1`/eRj/d$ePx



Å8s¿t�s Æ qLpmÈ/º��
ÇLÈ�JLk�� » ��Ç&j.ç�Èh��È ¼�¼
Õ7Ë3Ò�Ë3Ï�Î�ÌfÐ Ò1Õ�ô Ù�Ò�Ó¾ÌfÐ ÑXÒ�Êâ Ð ô ÌfÐ Ò�ÕÍ�Ðû��ÎXÊ�ÊfÑ7Ù�ÏIÓ3ËÎXÔ�Ô1ÏfË3ÊfÊ Ü Ð ÌfÊÌ�ÎXÏIÕ7Ë¾ÌfÊÊfà Î[ÌfË3Ê�Ñrô%Ñ7Í1ÌfÐ Ñ7Ò�Êâ ÎXÙ1ËEÏI×�Ñ pÎ Ë3Õ7Ë3Ò�ËEÏÊIá�ßmßmË¾ÌfÏfÐ Ó�ô³Ù�Ò1Ó3ÌfÐ Ñ7Ò , D

gha/d0sM\_^ � �g¼"w_gPa2��\'\�V�i1\_a/j/\_j2i1e�j/\XghpTsA.ui1`2i1`/\Kc{}¨¿,`/\'.3aRi1\_^0\Kd0i1.3a/��d0\hÓ��/\Ka/w_\_d
�JÅ � þ Å Ä à ÿc

� a � b Ð°º-� ·� · f:Ç ï Å � þ Å Ä à ÿc
� a � b Ð°ºï� ·� · ¡ � f:Ç �QÅ � þ Å Ä à ÿc

� a � b Ð°ºï� ·� · ¡½� f
`*gXoY\�^0\_d k \_wKi1.uoY\��P\_a/\_^1gli1.3a/�;xf�/a/wKi1.3ePa/d:� � ºg¸�� à í�G��I¸��rq6� � ºb¸��3¸	í"G	�I¸��rq(¸ à í�G	�I¸��rqRsA`/\_^0\NG	�I¸�� �
� � ºº¸�� ¾ ºS¸	üP}©¿A`/\Kd1\�d0\hÓ��/\Ka/w_\_d]gP^0.ud1\'.3a�i1`/.ud k ^0eP�/p3\_c���\_wXgh�/d0\b¨ Å � a � î þ Å�e à[� Ä ¾ ÿ� ï � �JÅ�¡ï Å�eRÄr¡+�QÅ�e à }Ï¿A`/\r�z�P^0eWsªgPd`5 Å q�sA`/\_^0\X5eÁ � ¶ ½D] � ×
.3d]i1`/\"^0\Xghp�^0e�ehi�ePx��«5�º � � ¾ 5 à � � }

¿A`/\(Èmõäõvd1.åä_\�wXghaR¸ i!��\)\�V k ^0\_d0d1\_j'.3a'w_p3ePd1\Kj'xGeP^0c�qW�/�9i�i1`/\_^0\�.3d�g,w_p3ePd0\_j'xfeY^0cU.3a�i1\_^0c�dePxV� þ Å Ä ¾ ÿ i1`/^0eP�/�P`�� þ Å Ä ¾ ÿ é ð i1`*gli�.3dAghw_w_�/^1gli1\�i1e·Pµ��� Å Ä ð í1Â Ð��r}¨¿A`��/d ï �f��rÅ � � _ �«5 Å Ä ¾ �r}
Ø ¿ Ì�À �)¿A`/\ k \_^0c"�9i|gli1.3ePaaÃ � ���9q.¼�q2½�q�¶h¶h¶_q¦�cÐ Û º � qAÐtqAÐ�º � qAÐ�º½�9q�¶h¶h¶_q¦�cÐ Û q¦�cÐ Û º½�9q
¶h¶h¶_q6À/q	��q � �rq?ÐRÛ � �+��ÐAí	¼�
Yq�i1�/^0a/d$eP�9i$i1en��\"e k i1.uc"�/c§xfeY^�� Å s�`/\_a � �»ëHÐ Ü �UÀ(T��/�9i'.�i
�P.uoY\_d ï �f��rÄ���� � � � q �4×4×/q � ü ��q ]��g¼�}Â�.uxfi1.ua/�
j/eR\_d]c"�/w|`���\ri0i1\_^_q�ghd�d0`/eWs�a{.uazgha/d�s,\K^ � ¼���T*�/�9i
d0i1.up3p���\Ki0i1\K^ k \_^0c"�9i|gli1.3ePa/d�ghp3c�ePd0i,d1�/^0\_p��2\�V9.3d�iX} �
Ø ¿*× À Î ePa/d1.uj/\_^_q%xfeP^;\�V/ghc k pu\Pq¥= ¾ ��Æ ð Ç Æ à Ç Æ ¸ T�Æ�9 Ç ÆAÄ Ç Æ<î Ç Æ ¾ Ç Æ�Ä Ç ÆRÄ�Ä Ç Æ ü Ç ÆRÄ����r}Á¿,`/\N®*^0d0i Bohgh^0.ygh�/p3\_d[¯§Æ ð Ç Æ à Ç Æ ¸ °;gh^0\'wXghp3p3\_j�÷1ghj/j/^0\_d0dA�/.ui1d�ø(T9i1`/\'ehi1`/\_^:� D gh^0\'wXghp3p3\_j�÷¥i|gP^0�P\Ki1d_} øÙ¿A`/\
d1�/�/xf�/a/wKi1.ueYa/d
w_eP^0^0\_d k ePa/j/.3a/�Di1e^ÆAÄ � &§ÄWqE¶h¶P¶Kq(Æ�� � &2��wXgha?��\{j/\Kd1w_^0.3��\_j?�R�md0pygli1\_d
ePx
e k i1.3ePa/d!gha*gPpueY�PeP�/dTi1eM��ÞPB��|}�¯*eP^!\WV9gPc k p3\PqXsA`/\_a ·?� �7i1`/\_^0\)gP^0\%i1`/^0\_\�d1p3ghi1\Kd Ù Æ�9 Ç ] Ç Æ�Ä Ç ÆRÄ�Ä¹ZÁq
Ù Æ�9 Ç � Ç Æ�Ä Ç ÆRÄ�Ä(ZÁq Ù Æ/î Ç Æ ¾ Ç Æ ü Ç ÆAÄf�hZÁq�sA`/\_^0\"i1`/\"^0\_d1�/p�i'.ud�eP�9i|gP.ua/\_j¤�R�z�/d1.ua/�§��Æ ð Æ ¸ � à i1end1\Kp3\_wKii1`/\;g k/k ^0e k ^0.3ghi1\'w_ePc k ePa/\_aRiX}A�$a/pu�2i1`/\�i1`/.3^0j{eYx�i1`/\Kd1\�j/\ k \_a/j/d$ePa;Æ ¾ T�`/\_a/w_\"Ð à � �
gha/j
à�à � � }f·�`/\_a ·-� ×zi1`/\�d1pygli1\_dbgh^0\ Ù ] Ç ]cZÁq Ù ] Ç � ZÁq Ù � Ç ]cZÁq Ù � Ç � ZÁq Ù Æ î�Ç ]cZÁq Ù Æ î�Ç � ZÁq Ù Æ ÄgÇ Æ Ä�Ä ZÁq
Ù ] Ç ÆRÄ��WZÁq*gha/j Ù � Ç ÆRÄ��WZÁq9sA.ui1`�wKeYc k eYa/\KaRi1dAd1\_pu\_wKi1\_j��R�TÆ ¸ T*`/\_a/wK\;Ð~9 � d�gha/jzà�9 � ½9}

Â az�P\_a/\_^1ghpCq�.3x�i1`/\'oPgh^0.ygh�/p3\Kd"¯ÍÆ Ä§Ç ¶h¶h¶ Ç Æ��	°".3a/wKp3�/j/\U�2ghj/j/^0\_d1d]�/.ui1d]gPa/j�¨7i|gh^0�P\Ki1dXq*i1`/\
d1p3ghi1\Kd;sA.3p3p7`*gXoY\»� � � D e F \_aYi1^0.3\_dX}©õ$.uo�.3j/\�i1`/\nd0\Ki"eYxAghp3p>� D i|gh^0�Y\ri1d".3aRi1eÙ� F d1�/�/d0\Ki1dXq
j/\ k \_a/j/.3a/�;ePa�i1`/\�Ò�a/eWsAa�ghj/j/^0\_d1d)�/.ui1dXq�gha/j
d1� k/k eYd0\$� « ePx�i1`/ePd1\�d0�/�/d1\Ki1d)wKeYaYi|gh.3a�êDÒRa/eWs�a
i|gh^0�P\Ki1dX} �)¿A`R�/d��2��¡<�gÄ?¡ ¢2¢2¢(¡��Íý � � F gha/jU��Ä?¡Ñ�P� à ¡ ¢2¢2¢%¡÷�$�Íý � ¨|}þ·D\�`*gXoY\
�Á�2� Ç ¶h¶h¶ Ç � ð � � � � Ç � Ç ] Ç ] Ç ]��"s�`/\_a ·�� �«gha/j�� � ¨ � � .uami1`/\z\WV9ghc k p3\{gP��eWoY\�T$gha/j
�Á�2� Ç �gÄ Ç � à � � � � Ç � Ç � �,sA`/\_a ·Y� ×/q�� � ��q5¨ � À/} �°¿A`/\_a{i1`/\�i1ehi|gPp�a��/c"��\_^]ePxtd1pygli1\_d_q�Ð1�Rq
.3dD� � �2�?¡�� Ä ��ÄL¡¥¢2¢7¢"¡�� ýTeRÄ �ÍýFeAÄr¡�� ý Ù �cýMê�]�ZC} Â xQÆ��7é Ä .3d;ghaDghj/j/^0\_d1d��/.uiXq�i1`/\�a��/c"��\_^
à2�
ePx)d0pygli1\_d$i1`*gli'j/\ k \_a/jDePafÆ��7é Ä .3d'Ð1�Ïº½� ý Ä à Ù �ÍýMê�]�ZÁ}b�]i1`/\_^�sA.3d1\
à7� � � â qTsA`/\_^0\
&;.3d
i1`/\'a��/c"��\_^,eYx!w_ePa/d0i|ghaRi1dMi1`*ghi�g k/k \Xgh^A.3ani1`/\'d0pygli1\_dAw_ePaYi|gP.ua/.3a/�bi|gh^0�P\Ki4Æ �7é ÄX}
Ø ¿&ÿ À ��Â�ePp3�9i1.3ePa
�Y�o´D}�Â9gh�/\_^0`/eD²VT�d1\_\ Â }g·D\_�P\_a/\_^_q 6Lÿ��%�´	3û�����("Õ�ÿ��6("ÿ��%��� ���D]�]"]��rq�¿,`/\_eP^0\_c
×9} ��} � �9} ��Â�.3a/w_\2� D ��ÆRÄ Ç ¶h¶h¶ Ç Æ D ¯ � � B D ��ÆRÄ Ç ¶h¶h¶ Ç Æ D ¯ ���§, D ��ÆRÄ Ç ¶W¶h¶ Ç Æ D ¯ ��gha/j ï ��, D � �B ¾ ¡½��q/sM\�`*gXoY\ ï �C� rD � Ü �+B ¾ ¡½�4� ï � B rD �r}&ò k/k pu�°¿,`/\_eP^0\_c - }�.òåd�i1^0ePa/�Y\K^"p3eXs,\K^"��eP�/a/jvd1`/eP�/p3j���\ k ePd1d1.u�/p3\Pqt��\_wXgh�/d1\ B D d1\_\_c�d;i1e�`*g_oR\�� ß��«²B� �ÈLõ�õ$d]i1`*gha¤� D }Ï¯*eP^�\�V/ghc k pu\Pq�sA`/\_a0B � ¼�i1`/\ k \K^0c"�9i|ghi1.ueYa-� � Ã Ç ¶h¶P¶ Ç �g¼DÃ	� � ���9q � qA¼9q½�q8d9q<��qIÀ/q/×9q ü q � ]9q �4� q � �9q � �9q � À/q � ¼9q � ×9q<��]9q/�U�/q � ½�q/� � q � d9q � ü q/����q<�cÀ/q<�g¼4�M.3dAe k i1.3c"�/cxfeP^ B ü T/�/�9i ï � B r ü � � ¼4�	¼�q9sA`/.3p3\ ï �C� ü � � �4�Dd/} �
Øe�/ÖTÀ �Cg�� � ghwr` k gli1`�i1`*gli�d0i|gh^�i1d�gliAi1`/\�^0eRehi]ePx!i1`/\hÈLõäõ�gha/j�i|gUÒP\_d]� O\ç��/^1gha/wr`/\Kd$gha/j�¨L5k��/^1gha/w|`/\_d�j/\W®*a/\_d�gnd1�/�/xf�/a/wKi1.ueYazi1`*ghi�w_eP^0^0\_d k ePa/j/d�i1en�P^1g k `/d�.3azs�`/.uwr`D��ghjDæ�ghw_\_a/w_.u\_dgh^0\7xGeP^0w_\KjbgPa/jU¨�gh^0\7xGeP^0�/.3j/j/\KaT}.·D\Md1`*ghp3pRd1`/eWs�i1`*gli%i1`/\Kd1\Uî � é ¦�^ï d0�/�/xf�/a/wKi1.3ePa/dtgh^0\Mj/.ud0i1.3a/wKiX}

Â x�d1�/�/xf�/a/wKi1.ueYa/d:�{gPa/j*��w_eP^0^0\_d k ePa/jzi1enj/.³²�\_^0\_aYi k gli1`/dXq�sM\;wXgha�®*a/j · oY\_^�i1.uw_\_d�@s�.�i1`¤i1`/\bxfePp3p3eWsA.3a/� k ^0e k \_^�i1.3\_dPÞµ�S.Í�'@Úw_ePaRi|gh.3a/d�oY\_^�i1.uw_\_d d gha/j d Û sA.ui1` d º)º�º d Û xfeP^0w_\_j
.3a¸�{gPa/j�xfeP^0�/.3j/j/\_a�.3a*�T}µ�S.3.Í�Að]e2ghjDæ�ghw_\_a/w_.3\Kd���\ri¥sM\_\_azoY\_^�i1.3w_\Kd�ePxM@ gP^0\;xfeP^0w_\_j�.3aa��eP^
xfeP^0�/.3j/j/\_aD.3aÙ��}��S.3.3.Í� Â x»Á�@ gha/jÃ¼¥íÁ¢@ gPa/j§»Nº�º�ºÙ¼z.3d�xfeP^0w_\_j«.3a±�Tq�i1`/\_aÃ» � d eP^» � d ÛC}L�)¿,`/\_d1\]wKeYa/j/.�i1.3ePa/dMc
gUÒP\]gliMc�eYd�i>�P��¡�¨ � BÑº · oY\_^�i1.3wK\_d7.3a/\_p3.3�P.3�/pu\�i1e;��\].3a�@ª} �·D\7wXgha;d1\Ki!i1`/\M^0\Kc�gh.3a/.3a/�Aohgh^0.ygh�/p3\_d�d1eAi1`*ghi¦»�º�º�ºµ¼�.3x*gha/j;ePa/pu��.3x�¯P» Ç ¼&°B��@ªqls�`/\_a9ä
\KoY\_^�ghjDæ�gPwK\_a/wK�2.3d,a/\_.ui1`/\_^AxfeP^0w_\_j�a/eP^AxGeP^0�/.3j/j/\KaT}�¿,`/.3d�ghd0d1.3�Pa/c�\_aRi,c�gUÒP\_d� � � q8� � ]9}
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Ç&j.ç�ÈP��È Å8sut�s Æ
Î Ë3Õ7Ë3Ò�ËEÏ@ Ð â7ÑXà ÊIâXÎXÐ Î@ Ð â7ÑXà ÊIâXÎXÐ ÎÊIá�ßmßmË¾ÌfÏfÐ Ë3Êö.Ù�Ò1Ó3ÌfÐ Ñ7Ò�ô³Ù�Ò1Ó3ÌfÐ Ñ7ÒÊIá�ßmßmË¾ÌfÏfÐ Ó�ô³Ù�Ò1Ó3ÌfÐ Ñ7Ò�Êô³ÑXÙ�Ï.Þ.½XÎXÏIÐ Î Ü à Ë)ô Ù�Ò�Ó¾Ì�Ð ÑXÒ�Ê

�S�/� Î ePa/d1.3j/\_^�i1`/\7d1�/�/xf�/a/wKi1.3ePabePx8� D ìG´ D Ä à¥· .ua;s�`/.3w|`;oY\_^�i1.3w_\_d:¯ � Ç ¶h¶h¶ Ç · °Agh^0\M^0\hÓ��/.u^0\_j
i1e{��\�.3d0eYp3ghi1\KjTq%�/�9iD»Yº�º�ºÃ¼�s�`/\Ka/\KoY\_^ · ëK» Ü ö.B;í4�1ø�ëK¼ Ü B¤}¸¿,`/\_a¦g · äÁw_p3.ÄÓ��/\�ePa
i1`/\¸�µB;í���
]oY\_^�i1.3wK\_dJ¯�ö.B;í4�1øV¡ � Ç ¶h¶h¶ Ç B�°$.3dM\hÓR�/.uohghp3\_aRi7i1ebgha`ö.B;í4�1ø_äÁw_pu.ÜÓ��/\]eYa;¯ � Ç ¶W¶h¶ Ç B�°R}
Â a�ehi1`/\_^,sMeP^0j/dXq9i1`/.3dAd0�/�/xf�/a/wKi1.3ePa�eYxV� D ìG´ D Ä à¥· .3d?� þ D Ä à ÿ ì � }ð]eWs�wr`/ePd0\ · Á�� B;íU��gha/j�g k/k p��§�Cg��r} Ù Â }�·D\K�Y\Ka/\_^_q6; ¾�½t� � æ � ��� ü4ü �rq�À�× ��� Àn½ � } Z
Øe��Ø�À �Cg���¿,`/\ k ^0eU®*p3\Mw_gPa"��\Md1`/eXs�a;i1e$��\Ï� � q � q���q4À*q ¶W¶h¶Xq�� H eAÄ qI��G�º?�4�%ñD��� H º � Ç Ð&ñE� H eRÄ �rq
� H º � q<� H eAÄ q	¶h¶h¶_q/À/q6��q � q<�4�rq/s�`/\_^0\"E^ñzà$j/\_a/ehi1\_dAi1`/\"EWäÁxfePp3j{^0\ k \Ki1.�i1.3ePazePxtàW} Ô \_a/w_\'i1`/\i1ehi|ghpTd1. äK\'.3dª��G*Ðy¡Þ��G?º-�hÐm¡Þ�4�h� H eAÄ ºCG�¡Þ��}

�S�/�J·O.ui1`¤i1`/\�eP^0j/\_^0.3a/�9ÆRÄWq)Æ à q�¶h¶h¶_q)Æ O q�°eÄ�ÄWq�° à ÄXq�¶h¶h¶_q�° O ÄWq�¶W¶P¶_q�°BÄ H q�° à(H q�¶h¶h¶_q�° O H qi1`/\ k ^0eU®*p3\'w_ePc
\KdAi1e�� � q<��qIÀ/q	¶P¶W¶_q6�PO eAÄ q��CÐ�º � �
G�ñÃ���PO eAÄ �rq<�PO eRÄ q	¶h¶h¶_qIÀ/q6��q � q6�4�rq*c
gUÒ�.3a/�
i1`/\�i1ehi|ghpTd0. ä_\N��G*Ð�ºiG�¡ÕÀ��h�PO eRÄ }

�Sw��ÏÂ�� k/k ePd1\�\WV9gPwri1pu�0B � �fc
.ua	��G Ç Ð4��í4��
�Æ)¸ d'eRw_w_�/^;ghc�ePa/�ni1`/\?®*^0d�i · ohgh^0.ygh�/p3\_d'.3a
d1ePc�\�eP^0j/\_^0.3a/�	��sM\;c
gX��gPd0d1�/c�\'i1`*gli]i1`/\K�{gP^0\�¯ÍÆRÄ Ç ¶h¶h¶ Ç Æ D °Y} Î ePa/d1.3j/\_^�i1`/\Ú� D k gli1`/d].3ai1`/\ # õäõ xfeP^��Åd0�/wr`�i1`*gli[Æ « ��
Æ D é8« xfeP^ � Ü ê Ü G�º�B�gha/j*°�. « � Ù 0 � ê2eP^Ï0 � ê5¡ B
eP^yê6êiBYZC}ª¿,`/\_d1\ k gli1`/d$c"�/d0i k ghd0d$i1`/^0eP�/�P`�j/.3d0i1.ua/wKi�a/eRj/\_d'ePa�p3\KoY\_p · } Ô \_a/w_\bÐ � �²�%D��
�/d1\:��È"���|} Ù Â�\_\m´�}�ð].ÜÒPePp3d¹Òlgh.yg�gha/j;��}�ð].ÜÒPePp3d¹Òlgh.yg9q ú�û5ü~�1ÿ639½���� #:3 º 	,� 3P¿ æ&æ ����� � �rqU× � ¼ � ×��g¼�} Z

� k i1.uc"�/c eP^0j/\_^0.3a/�PdAxGeP^ª��G Ç ÐU� � �)À Ç À��rq	�)À Ç ¼4�rq*gha/jÃ�8¼ Ç À��rq9o9.yg"\WV9\_^0wK.3d1\ � � ü q*gh^0\gÞÆAÄ�°eÄ�Ä#Æ à ° à Ä#Æ ¾ ° ¾ Ä�° ð Ä�°eÄ à ° à�à ° ¾�à ° ð à °BÄ ¾ ° à�¾ ° ¾�¾ ° ð ¾ °BÄ ð ° à ð ° ¾ ð ° ð�ð Æ ð �Sd0. ä_\ �  ü ���Æ Ä ° Ä�Ä Æ?àX°nà Ä Æ�àX°	¾ Ä ° ð Ä ° Ä àX°nà�àX°	¾�à7° ð àX° Ä ¾7°nàL¾2°g¾�¾7° ð ¾X° Ä ð °nà ð °g¾ ð ° ð�ð ° Ä ü °	à ü °	¾ ü ° ð ü Æ ð �Sd0. ä_\ � À�����ÆRÄ[°BÄ�Ä�Æ à ° à Ä[°BÄ à ° à�à °eÄ ¾ ° à�¾ °eÄ ð ° à ð Æ ¾ ° ¾ Ä�° ¾�à ° ¾�¾ ° ¾ ð Æ à ° ð Ä[° ð à ° ü Ä[° ü à ° ð ¾ ° ü ¾ ° ð�ð ° ü ð Æ ü �Sd0. ä_\ � ×	½4�2¶
Øe� ¿ À ¿A`/\_^0\2gh^0\°× � ×/q � �U×{\_d1d0\_aRi1.yghp3p��Dj/.³²�\K^0\_aRibw_p3gPd0d1\_d"ePxJ¼WäCohgh^0.ygh�/p3\nxf�/a/wKi1.3ePa/d_q��R�Ã¿%gh�/p3\½�} � } ��� ¼9}Ï¿,`/\"c�gcV9.uc"�/c ï ±%² ³ �83<�rq � ½�q�.3d'gli0i|gh.3a/\_j��Y��� ü ePxti1`/ePd1\;w_pyghd1d0\_dX}ª¿,`/^0\_\bwKpyghd1d1\Kd`*gXoY\�i1`/\ k ^0e k \_^�i¥��i1`*gli ï �83 r � � � ½�xfeP^µßg�%� k \_^0c"�9i|gli1.3ePa/däÃ���eYa/\;d1�/w|`�\�V/ghc k pu\Pq¨�(��Æ à ÝÆ ð Ý ��ÆRÄ��½��Æ ¾ � 
Æ ð �(�(���Þ�(��Æ à ÝHÆ ü �r�Þ��Æ ¾ ÝHÆ ð �(�(��Ý ��Æ ü �½��Æ ¾ Ý ��ÆRÄ�� 
Æ à �(�(�rq)`*gPdbi1`/\
.3aYi1\_^0\_d0i1.ua/�Ad0��c
c�\Ki1^0.3\Kd.3���ÆAÄ Ç Æ à Ç Æ ¾ Ç Æ ð Ç Æ ü � � 3¦� 
Æ à Ç 
Æ ¾ Ç 
Æ ð Ç 
ÆRÄ Ç 
Æ ü � � 3���Æ à Ç 
Æ ü Ç ÆRÄ Ç Æ ¾ Ç 
Æ ð �r}Â a/w_.3j/\_aYi|ghp3pu�Yq�i1`/\$c
gcV9.3c"�/c�j/.³²�\_^0\_a/w_\ ï ±tí(Ç �836�6º ï ±t² ³ �83<� � � �e�w_w_�/^0d,ePa/pu��.3a�i1`/\÷{æ¥�/a/wKi1.3ePa�xf�/a/wKi1.3ePa�ø�w_pyghd1dlÆRÄWáSÆ à Þ�Æ ¾ áSÆ ð Þ�Æ ü q9s�`/\_a ï ±t² ³ � ½bgha/j ï ±tí*Ç � � ½�}�©·O`/\_aMÐ � À'i1`/\_^0\$gh^0\Ï�4�4��w_pyghd1d0\_d���gha/j ï ±%² ³ �836� � � �.ua°�g¼'ePx�i1`/\_c{qR.3a/w_pu�/j/.3a/�?, àgha/jÃ,Rà7ì ð }D¿,`/\bw_pyghd0d�\WV9\Kc k p3. ®*\_j¤�R��i1^0�9i1`�i|gh�/p3\CÜ������{.3d��/a/.ÄÓ��/\_pu�z`*gh^0j/\_d0iXqT.3azi1`/\bd1\Ka/d1\i1`*gli ï ±t² ³ �836� � � bgPa/j�c�ePd0i,eYx�i1`/\D�UÀ k \_^0c"�9i|gli1.3ePa/dA�P.uoY\ ï �83�r � � �4� } �
Øe�]�TÀ � \ k ^0\_d0\_aRi'\Xghw|`«d1�/�/d1\riS/ � ¯ � Ç ¶h¶W¶ Ç Ð.°��R�zi1`/\XÐ�äÁ�/.�i'.3aRi1\K�Y\K^ª02��/�� � ¨ _���� � _ eRÄ qgha/j¤p3\Ki�à . ^��M` ì _ ��\"i1`/\;sM\_.3�P`Ri�ePx�i1`/\"\Kj/�Y\"��\ri¥sM\_\_af/ gha/j�/��;Æ�}ÚÂ�\ri�&X�¦Ó�9q�gha/j¤xfeP^
� Ü 0�ë � Å d1\Ki;&W.ÂÓ c�.3a�¯l&�.�� « ¡Oà2.�� «Eì _ â�ê � � _ eAÄ gha/jï0KÙeê?	� B°Y}�¿A`/\_a ï ±t² ³ �836� �& à ý eRÄm¡���q)gha/jmgha¦e k i1.3c"�/c eP^0j/\_^0.ua/�¤wXgha¦��\nxfeP�/a/jv�R�D^0\_c�\_c"��\K^0.3a/�zsA`/.3wr`áÆ � Æ¦�)0&�
c�.3a/.3c�. ä_\_d,\Xghw|`{&�.0}�¯*eP^ ï ±tí*Ç q/^0\ k pyghw_\^½ c�.3aR¸9�R��½ c�gcV�¸/.ua2i1`/.3dA^0\_w_. k \P}
Øe� ±!À  
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ÊfÐ ô ÌfÐ Ò�ÕÏIËEÓ3Ù�ÏIÏIËEÒ�Ó3Ë3ÊßyÎ[ÊIÌfËEÏ
Í�ÏIÑ Ý à ËrÓ�×DÎ[ÏIÌ9;:�< ßmÎ[ÌfÏIÐ Ó3Ë3ÊÊIá�ßmßmË¾ÌfÏfÐ Ó&Ìf×�ÏIËEÊf×1Ñ7à Ô�ô³Ù1Ò�Ó3ÌfÐ Ñ7Ò

¿A`/\zc
gcV9.3c"�/c k ^0eU®*p3\PqM� � Ç � Ç À Ç � Ç �4�rq,e�w_wK�/^0dnePa k gli1`/dnd0�/wr`¢ghdg¯Mó ¯c�n°eó ¯c� Ç �e°eó¯c� Ç � Ç Àe°©ó ¯ � Ç � Ç � Ç Àe°Y}Ù¿,`/\nc�.3a/.3c"�/c k ^0eU®*p3\hq�� � Ç � Ç � Ç � Ç �4�rqte�w_wK�/^0dbePa/pu��ePa�i1`/\ k gli1`/d¯�ó �¯c�B°�eP^M¯PÀe°c��ó ¯�� Ç À�°gó ¯ � Ç � Ç Àe°gó ¯ � Ç � Ç � Ç À�°Y}Ã�)¯%.uoY\
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¿�e�æ¥�/c k � k xf^0ePc j/\ k i1`2à7i1e;j/\ k i1`»��qRsM\�\_d1d0\_aRi1.3gPpupu�bc�gUÒP\,i¥sMe�w_e k .3\_d)eYx�i1`/\]a/eRj/\_dgli�j/\ k i1`/d]à�º � q�à�ºï��q�¶h¶h¶_q%��q/eYa/\�xfeP^,i1`/\�wXghd1\[Æ 3 é Ä � �gha/j2eYa/\'xfeP^,i1`/\�wXghd1\[Æ 3 é Ä � � }¿A`/ePd0\;wKe k .u\_d$gh^0\;c�eWoY\_j{j/eXs�a�i1e�j/\ k i1`/d�àWq�à©º � q�¶h¶h¶_q5��¡ � q�gha/jz^0\_j/�/wK\_jzi1e
\_p3.3c�.3a*gli1\
j/� k p3.3w_ghi1\KdX}¥¿A`/\_a
\KoY\_^��beP^0.3�P.3a*ghp/a/e�j/\]gli)j/\ k i1`·�".3d�^0\ k pyghw_\Kj
�R�
g�a/eRj/\�i1`*gli)�/^1gha/w|`/\_d7ePaÆ 3 é Ä �Y.ui1d:L/6�gha/j O(çI®*\_p3j/d k eY.uaRi%^0\_d k \_wKi1.uoY\_p��'i1e�i1`/\cläCw_e k �;gha/j;i1`/\ � äÁwKe k ��ePx/i1`/\7eP^0.3�P.3a*ghpC}

¿A`/.3d k ^0eRw_\_d1dt.3aRoYePpuoY\_dtd0ePc
\Md1.3c k p3\Ï�S�/�9i�w_eRePpÍ��p3.ud0i k ^0eRw_\_d0d1.3a/�$i1e�� k j*ghi1\677�\Z�d%sA`/.3p3\
�/�/w2ÒY\ri7d0eY^�i1.ua/�&ÞFð]e�j/\_d7gh^0\��/a k ghw2ÒP\_j
.uaRi1e�g�sMeP^(Ò"gP^0\_g'w_ePa/d1.ud0i1.3a/�'ePx�gh��V9.3pu.ygh^���gh^0^1gX��d(E�q��Yq
¨|q�»!qRgha/jµ¼�qY.3a/.ui1.3gPpupu�hä_\_^0e/} Â a/d�i1\Xghj�ePx��/d1.3a/���{� O gPa/jo�5� O xfeP^�La6vgha/j¡O\ç0qhsM\Ad�i1eY^0\AO\ç�.ua�wK\_p3p
» O eYxTi1`/\]sMeP^(Ò
gh^0\Xg9q/gPa/j�sM\$p3\ri>¼ O p3.3a Òbi1e;i1`/\ k ^0\Ko9.3eP�/dMa/e�j/\?�S.3x!ghaR� ��s�.�i1`�i1`/\$d1gPc�\�La6®*\_p3jW�Pxf�/^�i1`/\_^0c
eP^0\)sM\7c
gUÒY\M�1� k eP.3aRi!i1e�i1`/\Mp3gPd�i%a/e�j/\E�S.3x*ghaY�I��xGeP^!sA`/.3w|`¦La6 � �C}¥¿,`/\MgPpu�Yehä^0.ui1`/c���\_p3eXs?�/d0\_d\FS45ZU3S7 y ��G Ç � Ç �I�%ghd�ghabgh�/�/^0\Ko9.3ghi1.ueYa"xfeY^[÷*» O Ó �Tq�¼ O Ó�� � qR� � Ó GV¡ � } ø·O`/\_aDa/e�j/\Kd;ePxMj/\ k i1` · `*gXoY\���\K\_a��/a k ghw�ÒP\_jD.3a«i1`/.3d�s,gX��i1ezgh^0^1gX�9d;�Yq�»!q%gha/jï¼�qi1`/\�xGePp3pueWs�.3a/�"d1�/�/^0eP�9i1.3a/\'�FL&çQd¸� · � k ghw2Ò�dMi1`/\_cå�*ghw2Ò�.3aRi1e"i1`/\�c�gh.3a # õäõ�d0i1^0�/wKi1�/^0\$s�.�i1`
j/� k p3.3w_ghi1\Kd�\Kp3.3c�.3a*gli1\_jT} Â i]ghp3d0e�d0\Ki1d6E O i1e"i1`/\'a/\Ks<ghj/j/^0\_d0d�ePx�a/eRj/\AGT}
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×�Ð Ô�Ô�Ë3Ò�Ö�Ë3Ð Õ7×7Ì�Ë3Ô Ü Ð Ìe ÏIÐ Ë3ÔDßmÎXÒâ Ù�Í�ÑEÖ�Ð ÌÌfÏfÙ Ì�×§Ì¾Î Ü à ËEÊ

f Ø�À!Ù �!eRe k ePa��Á} Z�Â�\Ki7Ð�ÓR'gha/jY¨ � Ó>�xfeY^� Ü �gë?Ð��7é Ä }Võ$e'd�i1\ k E �$xfeP^S Ü ��ë?Ð��Xé Ä }
¿A`/\_a�d0\Ki]Ð1�=Ó�Ð"gha/j2i1\_^0c�.3a*gli1\P}

f'¿ À!Ù �!eRe k ePa¡GT} ZªÂ�\KiNG�Ó � � gha/j�� � Ó=9}(·O`/.3p3\AG�êg9q*j/e
d�i1\ k E ��gPa/j�d1\KiNG�ÓÉ¼ O eRÄW}¿A`/\_a�^0\_d0�/c
\�d0i1\ k EL� }
f �TÀ!Ù �tghw2Òna/e�j/\�GNº � } ZMÂ�\Kiä�CÓÅ» O eRÄW}Ï�)¿,`/\;�/a k ghw2ÒP\_jza/eRj/\;`*ghdÚ��L/6 Ç O(ç�� � �Á� Ç �I�r} � Â x¨ � 	� 'gha/j�� � ^ ¦ Ë eAÄ ` � �ÁqRd0\Ki(E O eRÄAÓ�¨ � º � }��]i1`/\_^�sA.3d1\,d1\Ki7�{�WHAÓ��Áq��8�WH�Ó �Tq�Ò���H�Ó

�(�CÒ ^ �7é Ä ` � âGÒ ^ �7é Ä ` � ��h � �2¡ Ù �*	� �6ZÁq�E O eRÄAÓ Ð�qPÐ�Ó�Ð(¡ � q�¨E� Ó Ð�} � \_d0�/c
\)d0i1\ k E �9}·D\"wXgha�a/eWs��/d1\b�FL�ç-d�i1e�æ¥�/c k � k xf^0ePcøà$i1eb�*}N�S.Í�L¯*eP^ ·Á� à©º � q�àºÕ�9q¦¶h¶h¶_q���q
j/e?i1`/\¦xfePp3p3eXs�.3a/�?d�i1\ k d§Þ�¯*eY^F Ü G ë Ð1�Rq�d0\Ki«�0Ó �{� O qU� Óè�5� O �
.ux · � àÚº � qF54SZ23S7 y ����G Ç � 3 �8Ç � 3 � ��gha/jXF54SZ23S7 y ����GV¡ � Ç � 3 �eÇ � 3 � �rqPehi1`/\_^�sA.3d1\QFS45ZU357 y ����G Ç Ecà �
Ç EÍà � ��gha/jF54SZ23S7 y ����G·¡ � Ç EÍà � é ÄÍÇ Ecà � é Ä ���Gi1`/\_^0\_�R�Dc�gUÒR.3a/�{i¥sMe�wKe k .u\_dbePx À � O .3a�i1`/\�sMeP^(ÒDgP^0\_g��r}¿A`/\Ka��ZL&ç-dÁ� · ¡ � �r} �S.3. ��¯*eP^] Ü G ë Ð F q[FS45ZU357 y ��G Ç E à O Ç E à O é Ä��r}Ë¿A`/\Ka��ZL&ç-dÁ�I���r}�S.3.3. � Â x5�Mêi9qPd1\Ki)��Ó�� ^ F eRÄ ` O qA��Ó � ^ F eAÄ ` O qR� ^ F eRÄ ` O Ó E � qA� ^ F eAÄ ` O Ó E � qPxfeY^� Ü Ggë?Ð F eRÄW}¿A`/.3d&æ¥�/c k äÁ� k�k ^0eRw_\_j/�/^0\��Ygh^0�/p3\_d,i1`/\"77�\ZÙ®*\_p3j/d]gh��eWoY\'j/\ k i1`���q/��\KwXgh�/d1\�i1`/\�ohgh^0.uä
gh�/p3\_d�`*gXoY\A��\_\_a
^0\_eP^0j/\_^0\KjT}\ÈM�9i�sM\g¸ p3p/�/d1\A.ui)ePa/pu�;s�`/\Ka�i1`/ePd1\®*\_p3j/d7gh^0\Aa/e'pueYa/�P\_^�a/\_\_j/\KjT}

�Sw��)È)��.ua/j/�/wKi1.3ePaTqhi1`/\�®*^0d�i�� Å�e à d0i1\ k d%ghw_w_eP�/aRi%xfeY^�gPpupRd1�/�/d1\ri1d�i1`*gli%j/e]a/ePi�w_ePaRi|gh.3ahÐ��
i1`/\_anw_ePc
\Kd,g?æ¥�/c k äÁ� k xf^0ePcúÐµº � i1ej9q/gha/j�i1`/\$^0\Kc�gh.3a/.3a/�;d0i1\ k d,ghw_w_eP�/aRi,xfeP^,ghp3p�d0�/�/d1\Ki1di1`*gli�j/e�wKeYaYi|gh.3a9Ðt}

�Sj/�ªÂRi|gh^�i��R�¤d0\Ki0i1.3a/�b°���Ó · gPa/j d ��Ó � � º � xfeY^k Ü · ë±Ð%} Â a«i1`/\�xfePp3p3eXs�.3a/�
ghp3�PeP^0.ui1`/c{q/i1`/\�°{gh^0^1gX��^0\ k ^0\_d1\_aYi1d]i1`/\;wK�/^0^0\_aRi]ohgh^0.ygh�/p3\;eP^0j/\_^0.3a/�/q�gha/j{i1`/\;�/.ui1c
g k d � �¨ ¯c� ¿ ¬ â# Ü êYë · °'^0\ k ^0\_d1\KaRi1dAi1`/\�d1\KiAePx!ohgP^0.3gP�/pu\_dAeYani1`/\�i1e k · pu\KoY\_p3dX}·D\
gh�/�Pc
\_aYi'i1`/\�d1�/�/^0eP�9i1.3a/\
�FL�ç-dÁ� · �$d0e�i1`*gli�.ui�ghp3d1e�w_ePc k �9i1\_d�i1`/\�j/\_d1.3^0\KjD\_j/�P\sM\_.3�P`Ri1d
ePx]i1`/\{c
ghd0i1\_^ k ^0eU®*p3\gÞ Î eP�/aRi1\_^0d�& « gh^0\{.3a/.ui1.yghp3pu�l«xfeY^M Ü êQë Ðïº · �$ghxyi1\_^
d1\ri0i1.3a/�
Ò��WH$.3a�d0i1\ k E �9q/sM\'d1\Ki�&[«�Ó�&�«r¡ � xfeP^A\Xghwr`oê
d1�/w|`�i1`*gliE� « �¢Ò��WH#� ®*a*ghp3pu�nsM\'d1\ri
à t � ì ¿ � 8 ¬ é ÄEÓ�& « xfeY^S Ü êYë�ÐMº · qR�/d1.3a/��i1`/\Aa/ePi|gli1.3ePa�ePx�gPa/d�sM\_^ � �4�9} Ù ¿�e'd k \K\_j
i1`/.3d�� k qsM\'wKeY�/puj{wKeY�/aYi��Y��i1\_dAa/ehi��/.ui1d_q/.3a/w_^0\_gPd0.3a/�
& «Eì ^ Ó ��m%n î « `To Ô/p;p �Y� � xfeY^� Ü êoë���Ð°º · ��í ü } Z·D\".3a/.ui1.yghp3.åä_\;i1`/\X77�\Z-®*\_puj/d��R�zj/eP.3a/��i1`/\"xfePp3p3eWsA.3a/��xGeP^ ·Á� Ð¸º � q?Ð¸º½��q¨¶h¶h¶KqW�ÞF54SZ23S7 y ��G Ç � � O Ç � � O ��xGeP^q Ü GSë�Ð � �!�FL&çQd¸� · ����.3x · êr/qTd0\Ki���Ó � ^ � eRÄ ` O q��yÓ � ^ � eRÄ ` O q� ^ � eAÄ ` O ÓWE � q*gPa/j�� ^ � eAÄ ` O ÓWE � q/xfeY^� Ü Ggë?Ð1� eAÄ }

¿A`/\
c�gh.3a«p3e�e k ePx7i1`/\nghp3�PeP^0.ui1`/cÇa/eXs j/eR\_d;i1`/\
xfeYpup3eWs�.ua/�{xfeY^ � Ü 0�ëJ� Å�eAÄ ÞµÂ�\Ki
�¦Ó Ã 0 º � gha/j�àEÓ Ã 0�¡���00}�Â�\KiÏ�.° F Ç ¶h¶W¶ Ç ° 3 ��Óÿ�.° 3 Ç ° F Ç ¶h¶h¶ Ç ° 3 eRÄ �)gPa/j�� d F é Ä Ç ¶h¶h¶ Ç d 3 ��Ó��� ¿ G ¡ d F Ç ¶P¶W¶ Ç � ¿ G ¡ d 3 eAÄ �r}�4h�/c k � k xG^0ePc�à]i1e»��s�.ui1`{i1`/\ k ^0eRw_\_j/�/^0\"ePx k gh^�i?�S�/�����/�9i�/d1\$i1`/\'eP^0.3�P.3a*ghp��Sa/ePa9ä¬gh�/�Pc
\KaRi1\_j/�M�FL&çQd ^0eY�9i1.ua/\'xGeP^A�FL&çQd¸�I���M.3a2d0i1\ k �S.3.Í�r}

�S\��>¿,`/\;d k ghw_\�^0\hÓR�/.3^0\_jzxfeP^�a/e�j/\Kd$ghi�j/\ k i1` · .3d]gli]c�eYd�i B � � c�.3a���� � Ç � à ý É � ���*sM\
ghp3d1e�a/\_\_j�d k ghw_\AxfeP^©��c�gcV6� B Ä Ç ¶h¶h¶ Ç B Å/��\_pu\_c
\KaRi1d�.3a
gh^0^1gX�9diE�q�»!q�¼�q k p3�/d�c
gUV6� B Ä Ç ¶P¶h¶ Ç B ÅI�
\_p3\Kc
\_aYi1dA.3a�gh^0^1gX�9d]�'gha/j�¨|}�Â�e�i1`/\$i1ehi|ghpT.3dAj/ePc
.3a*gli1\_j2�Y�]sµ��� Å Ð��MxfeP^,i1`/\�eP�9i k �9i1d]à t ì _ }Â��/�/^0eP�9i1.3a/\��FL&çQd¸� · ��.3d�wXghp3p3\Kj î Å � ï i1.3c�\_d$.3a«gh�/�Pc
\_aYi1\_j�xfeY^0c�qTxfeP^q Ü · ëþÐ%q!gha/j
î Å�eAÄ�Xé Ä ï i1.3c
\Kd,a/ePa9ä¬gh�/�Pc�\_aRi1\_jT} Â i1d,^0�/a/a/.3a/�"i1.3c�\�.ua2\_.�i1`/\_^,wXghd1\�.ud`sµ�CÐ1����ÐYº · �(�r}¨¿A`R�/d,i1`/\
i1ehi|ghp�wKeYc�\_d$i1eBso� ¨ � î Å � ï � � ��Ð�º · ��� � s?��� Å Ð��rq!gha/jD.ui�s�.3pup���\�d1�/�/d0i|ghaYi1.yghp3pu�zp3\Kd1d'.3x)i1`/\
# õ�õ�a/\KoY\_^A�P\Ki1dApygh^0�P\P}��)¯*eP^A\WV9ghc k p3\hq/.ui§¸ d`sµ�(� � ¡ Â � � Å Ð��MxfeP^,i1`/\�xf�/a/wKi1.3ePa�� Å } �

Ù ¿A`/\>®*^0d0i7\WV9gPwri,ghp3�PeP^0.ui1`/cªi1e;j/\ri1\_^0c
.ua/\�e k i1.3c"�/cªoPgh^0.ygh�/p3\�eP^0j/\_^0.3a/��.3a�ghÈLõäõOsAghd
.3aYi1^0e�j/�/w_\_j{�R�¸Â�}�49}/¯*^0.3\Kj/c�ghazgha/j - }�49}6Â�� k eWs�.�iXq�þ�ÿ�ÿ�ÿ ú%ÿ��/����3���� � ÿ � ����� ��rq�½ �  � ½ � �9}
¿A`/\r���/d1\_jn\WV�i1\Ka/j/\_jni1^0�9i1`ni|gh�/p3\Kd,.3a/d�i1\XghjnePx # õäõ$dXq9eP�9i|gh.3a/.3a/�bg;c�\Ki1`/e�j�xGeP^MB � � i1`*gli
^0\hÓR�/.3^0\_j _ ��� Å í1Â Ð��Md k ghw_\'gha/j _ ��� Å Ð à �)i1.3c�\Pq/.3c k ^0eWohgh�/p3\$i1e _ ��� Å Ð��r} Z
Øe� ÿ À ¿A`/\nd1ghc
\�gPpu�YeP^0.ui1`/c g k/k p3.3\_d_q�gPpuc
ePd0i;�/a/w|`*gha/�Y\KjRÞ Î eYa/d0.3j/\_^"ghp3p # õäõ§a/e�j/\_d;i1`*gli
�/^1gha/wr`DePa Æ F i1e���\�ghi�p3\KoY\_pS9q%gha/j�gPpup)a/eRj/\_d�i1`*gli;�/^1gha/w|`�ePa Æ 3 é Ä i1e���\
d0.3a Ò�d_}Y¿A`R�/dsM\'j/eY� 3 e F æ¥�/c k äÁ� k d_q�a/ehiE� Å�eRÄ }E�)¿,`/\;ghp3�PeP^0.ui1`/c j/e�\_d0aR¸ i�^0\_pu�2ePa2i1`/\;ghd1d0�/c k i1.ueYa/dMi1`*gliÐ � � � gha/j�Ð Å � ��q/\WV�w_\ k i�.3a2i1`/\�d k ghw_\�gha/j2i1.3c�\'gha*ghpu�9d0\_dAePx k gh^�iD�S\��r} �
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Êf×�ÑXÏIÌfË3ÊIÌ�Í�Î[Ìf×�ÊÛ ÏIËEÓ�×�ÊIà Ë3ÏÛ ÏIËEÓ�×�ÊIà Ë3Ïé`tÙ�Ò7Ìf×�ËEÏ[ Ë3Êfà Ë3Ò�â7ÑÏ Î[Ï.Ì�Ð Ò�Ë3à à ÐÛ Ù Ü ÏIÑ,½XÎÑ7ÏIÕ2Î[Ò1ÞuÍ�Ð Í�ËrÑ7ÏIÔ�Ë3Ïå Ñ7ÊfÎXâXÎ[ Î[â7Ë3ÒDÎXÕ7Î= ÎXÒ�Ë3ÔDÎC Î|ö.Ð ßmÎ3 Ú
Ñ7ÏIÕ2Î[Ò1ÞuÍ�Ð Í�ËrÑ7ÏIÔ�Ë3Ï

Ø�±6ÖTÀ ·D\,w_gPaÚ®*a/jbd1`/eP^�i1\_d�i k gli1`/d�.ua�g]a/\Ki¥sMeP^(Ò's�.ui1`/eP�9i¨Ò�a/eWsA.3a/�]i1`/\,a/\Ki¥sMeP^(Ò�.3abghj9oPgha/w_\hq�R���P\_a/\K^1ghi1.ua/�"oY\_^�i1.3w_\KdAgPa/j2gh^0w_d�÷�ePa�i1`/\EÌ/�eøbghd,a/\_\Kj/\_jT}©Â�\_wKi1.3ePa9½9} � k eP.3aYi1d,eY�9i7i1`*ghiMi1`/\j/.3d�i|gPa/wK\7Ò/��/ Ç;u �TePx9\Xghwr`;gP^0w(/ ó u wXgha;��\7w|`*gha/�P\_j�i1e]Ò Û ��/ Ç;u � � Ò/��/ Ç;u ��º'�&��/��7¡"�&� u �
xfeP^AgPaY�nxG�/a/wri1.3ePa{�&��/Ù�rq�s�.ui1`/eP�9iAw|`*gPa/�P.3a/�"i1`/\�d1`/eP^�i1\_d�i k ghi1`/d_} Â x!i1`/\�^0\Ko9.3d0\_j�j/.ud0i|gha/w_\_dAÒ Ûgh^0\$a/ePa/a/\_�Ygli1.uoY\Pq/�&��/���.3d,g�p3eWsM\_^7��eP�/a/j2ePa�i1`/\]j/.ud0i|gha/w_\$xf^0ePc / i1e'i1`/\$�PeYgPpv��i1`/\�i1^0.3w2Ò�.3d
i1e?®*a/j{gb�Pe�eRj�p3eXs,\K^A��eY�/a/j2i1`*gli�xfeRw_�/d1\_d,i1`/\'d0\Xgh^0wr`n�R\ri�.3d0aR¸ iAj/.³µ
w_�/p�i�i1ebw_ePc k �9i1\P}

Â xQâ /�â � �Áq9gPa/j�.3x�g # õäõ�xfeP^63�sA.ui1`K/�ePa�.ui1d)i1e k ��p3\roR\Kp3d7`*gPdMÐ'a/ePa/w_ePa/d0i|ghaRiMa/eRj/\_dePaDi1`/\�a/\WV�i"p3\KoY\_pSq%i1`/\_av�&��/�� � c
gcV6�CÐ Ç ÐÙº��Í�'.3d"g{d1�/.ui|gh�/p3\
p3eWsM\_^���eP�/a/j¦xfeP^�i1`/\ ï ±%² ³
k ^0eP�/p3\_c�} Ù Â�\_\ � }%õ$^0\_wr`/d0p3\_^_q2ð;}8õ$^0\_w|`/d1p3\_^_q�gha/j9·�} ¹Jw�/aYi1`/\_^_q ¾�½t�Áå þ�ÿ�ÿ�ÿ ½�������3 æ ü��,��(!�
¾ ��þ�������þ��
��� � æ � ����� ü �rq/��� � ��n¼�} Z Ô eWsM\KoY\_^_q�gbd0i1^0ePa/�P\_^Ap3eWsM\_^,��eP�/a/j{.ud�a/\_\_j/\_j�i1e�c
gUÒY\
i1`/.3dAg k/k ^0eYghwr`2w_ePc k \Ki1.ui1.uoY\]s�.�i1`ni1`/\'ghp3�PeY^0.�i1`/c ePx!\WV�\_^0w_.3d0\ � � ü q/�/a/pu\_d1d43{`*ghdAg"^0\_pygli1.uoY\_pu�
d1`/eP^�i4Èmõäõ<i1`*gli�w_gPa/a/ehi���\�ghi0i|gh.3a/\Kj�.3anoR\K^��2c
ghaR�
sAg_�9dX}
Ø�±�Ø�À ¯�gPpud1\P} Î eYa/d0.3j/\_^©�<��ÆRÄ\xb¢ ¢7¢yx�Æ�9 Ç Æ ¸ xg¢2¢2¢%x�ÆAÄ à Ç ��ÆRÄ ¾ x�¢7¢2¢%xMÆRÄ�9���Ý ÆRÄ&î Ç ÆRÄ ¸ Ç ÆAÄ¬Ä�x
¢2¢2¢�x0Æ�à�àP�rq�sA`/\_^0\D�<�.° ÄÍÇ ¶W¶P¶ Ç ° ü � � �¹�(�(� 
° Ä xb° ü �\�g° ð �FÝ`°g¾��\�§�(�.° Ä �b°nàh�FÝ`° ð Ý`° ü ���TÝM° ü }¿A`/\Ka ï �+��� � À� � ï ±t² ³ �+����wXghaR¸ in��\¤ghw|`/.3\KoY\_j¢sA.ui1`¬¯ÍÆRÄ ¾ Ç ¶W¶h¶ Ç ÆAÄ�9 Ç ÆAÄ&î�°�w_ePa/d1\Kw_�9i1.uoY\P}
Ù ´D} ¿�\_d0p3\_a ÒPe/q%ò;}%´�gh^�i1.3a/\_pup3.Cq*gha/j E }(õ$�/�/^0eWohg9q2þ�ÿ�ÿ�ÿ ú%ÿ��/����3���� æ ± �����	¼��rqI�4�4× � �U�n½�} Z
Ø�± ¿ À �Cg��¦Â�� k/k ePd0\MBÅ.ud%eRj/jT}¥¿A`/\7d1�/�/xf�/a/wKi1.ueYa/d�i1`*glitgh^0.3d1\7gPxyi1\_^��ÆRÄ Ç ¶h¶P¶ Ç Æ D é ÄW��gP^0\©ÒRa/eWs�agh^0\ Ù d D éRà Æ D é?à ¡ç¢7¢ ¢ ¡ d ÅeÆ]Å[ê��%D eAÄ BJº-�%D e à ºa¨2ZÁq�s�`/\_^0\j Ü ¨ Ü �'D;}ª¿A`/\"d0�/��wXghd0\_dÆ D é?à ¡+¢2¢2¢2¡�Æ�Å � �+B º � ��í4��d1`/eWsOi1`*gli�gliApu\Xghd0iYî D eAÄ^ D eAÄ ` Ä à ï ePx�i1`/\_d0\�d1�/�/xf�/a/wKi1.3ePa/dAj/.³²�\_^_}ÈM�9i�eP^0�Ygha9ä k . k \{eY^0j/\K^_q;ù©Æ Ä Æ à ä eAÄà Æ Ä¾ Æ à ä e àð Æ àü ¶h¶h¶�Æ à ä e à ä É ¯Å�e à Æ à ä É ¯Å�eAÄ Æ à ä É  Å � q,.ud�c"�/w|`
��\Ki0i1\_^PÞ���\Ki�¨E� � ÆAÄ7¡?��� D º � �Æ à ¡`Æ ¾ ¡U¢2¢2¢ ¡?��� D º:� � eAÄ �Æ�à[�D¡ª� � eRÄ Æ�à[�Xé Ä qWxfeY^ � Ü · ë¥B§º � }
¿A`/\'^0\Kc�gh.3a/.3a/�bd0�/�/xG�/a/wri1.3ePa{j/\ k \_a/j/d�ePa{gli�c�ePd0i�� · ¡Þ�;j/.³²�\_^0\_aYiAohghp3�/\_dXqLöu¨E��í4� � øY}

�S�/�7��\KilÐ � � ¡§À'B à }¨¿A`/\$ohgh^0.ygh�/p3\_d,gh^0\[Æ{z'gha/j0Æ<. « xGeP^c Ü 0 Ç êoëÔ�/B|��i1`/\$sM\_.3�P`Yi1d
gh^0\ d z � � gha/j d . « � � . ¡-� à D é Ä é8« B¤}t�!\Ki6/ � ��\�i1`/\E®*^0d�i]��oPgh^0.ygh�/p3\Kd,.3a2d1ePc�\$eP^0j/\_^0.3a/�/q
gha/j¦d1� k/k ePd1\T/o�,.3a/wKp3�/j/\_db\Kp3\_c�\_aRi1d".3a-0[�M^0eWs�d"gha/j*êA�,w_ePp3�/c�a/d"eYxMi1`/\2c
gli1^0.ÄVÞ��Æ<. « �r} Â x
c
gUV6�)0 �«Ç ê � � � B¤q/s,\$s�.up3p k ^0eWoY\$i1`*ghi�Ð � �Ô� D �/`/\_a/w_\ ï �83<�Qê¬� D �R�§��È"�4�r}

�!\Ki���gha/j o ��\bd0�/�/d1\Ki1d$ePxl¯ � Ç ¶P¶W¶ Ç �/B�°bsA.ui1`â �Râ � â o â � B�gha/jf/ � �¬Æ{zc�f¯§Æ/. « â
0 Á�� Ç ê Á o °��"p3\Kiz� Û gha/j o Û ��\«i1`/\Dw_ePc k p3\_c�\_aRi|gh^���d1�/�/d0\Ki1dX} Î `/e�ePd1\¤B \Kp3\_c�\_aRi1d/ Û �î/ � >[Æ{zYq7.3amj/.³²�\_^0\KaRi
^0eWsAd¸�SeP^_q7.3x�0 � ë B¤q7.3amj/.³²�\_^0\KaRi
w_ePp3�/c�a/d��r} Î ePa/d1.3j/\_^N� D
k gli1`/d�.3ami1`/\ # õäõÇj/\�®*a/\_jOghd�xfePp3p3eWsAd§Þ�Æ{z � 9qAgha/j�Æ/. « � «.3x`Æ<. « Á / � >S/ Û �$ghp3d0eÆ . + « � Æ . «�+ �H
Æ . + «�+ �=
Æ/. « xfeY^Ú0*ÁO��q
ê�Á o q%s�`/\_^0\Y0h< 0 Û gPa/j*ê�< ê Û gP^0\�c�gli1w|`/.3a/�Pd
��\Ki¥sM\_\_a��;< � Û gha/j o < o Û }M¿A`/\_a�i1`/\K^0\�gh^0\µ� D j/.3d0i1.3a/wri$ohghp3�/\_d�¨ � ¨ . ��} ì « �U~ d . « Æ<. « ��/�9i�¨ z - . ì « ß à D d . « Æ/. « � ��� à D º � �W� � ¡Ï� à D é Ä B¸��ePa?\Xghwr` k ghi1`T}�¿,`/\ k gli1`/d�c"�/d0i k ghd1d
i1`/^0eP�/�P`nj/.3d0i1.ua/wKiMa/e�j/\_dMePanp3\KoY\_pT�Á})��i1`/\_^�sA.3d1\Pq9.3x�¨]	� ¨ Û q�ePa/\$ePxTi1`/\]p3eWsM\_^7d1�/� k gli1`/d7sMeY�/pujp3\Xghjni1e  §q9i1`/\�ePi1`/\K^Ai1e £ }

Ù ¿A`/\Kd1\
^0\_d0�/pui1d;gP^0\
j/�/\
i1e - } Ô ePd|gUÒlg9q ß }�¿�g4ÒP\_a*gh�Yg9q¦¿'} - gPa/\Kj*g/q%gPa/j-Â�} ß g�æ¥.3c�g9q
úVû5ü"��ÿXü þ��
	"�/-7½���� #:3 º 	���3 Ø × Ö � ����� ½4�rq ÀB½ � ×�9q/s�`/e
gPpud1e k ^0eWoY\_j2i1`*ghiXâ B �83<�¦º B �83�Ú¥�§â�ë�Ðt}
õ$e�d1\Kp3xyäÁj/�*ghpTi1`/^0\Kd1`/ePp3j�xf�/a/wKi1.3ePa/d�gPp�sAg_�9d,d|gli1.3d0xy�2ghp3d1e�â ï �836�¦º ï �83 Ú �§âAë�Ð�áhZ
Ø�±?�TÀ
Â a�xGghwKiXq�i1`/\nghp3�PeP^0.ui1`/cÇePxM\WV9\_^0wK.3d1\_d � �4�zgha/j � � ü k ^0eXoR\Kd�i1`*gli"eP^0�Ygha9ä k . k \�eP^0j/\_^;.3d��\_d0i,xfeP^7i1`/\_d0\]s,\K.3�P`Ri1d§Þ� � q � ��U�9q � q � ��4��qI��q � ���9q�À/q �  � ×/q ü q � � ü q � ×9q ��� ��q ����q � ×�/q�×UÀ*q
ü � ×/q � � ü q.½U× ü q¦�g¼4×9q)¼ � �����Y.�oR\Kd�i1`/\ k ^0eU®*p3\Á� � q¦��q¦��q	À*q	�/q	×/q	À/q ü q.¼�q � 9q	À/q ü q��9q�×9q¦�9q�À*q
� qI��qI��q � qI�4�7gha/j ï �836� � ü 9}¨¿,`/\]s,eP^0d�i,eP^0j/\_^0.3a/�/q�� � ��4��q ü � ×9q&¼ � �9q�×UÀ*q ü q � q�À/q ����q � � ü q
� ���9q]½U× ü q ��� �9q �  � ×9q � ��U�9q � ×�9q/�g¼U×9q � � ü q � ×9q/��q � �rq*c
gUÒY\Kd ï �83<� � ����� �/}

�Á�$a/\'c
.u�Y`Yi,i1`/.3a Ò�i1`*gli k ^0e k \_^�i1.3\_d�ePx��/.3a*gh^��2a/ehi|gli1.3ePa{gP^0\'wK^0�/w_.yghpTi1ebi1`/.3dA\WV9gPc k p3\P}È7�9i{ù©Æ Ä Æ à Æ à¾ Æ ðð Æ î ü Æ Ä�99 Æ ¾ Ä¸ Æ 9�zî Æ Ä�Ä�9Ä Æ à�à ðÄ*z Æ à�à ðÄ�Ä Æ ð�ð îÄ à Æ�ü 9 ðÄ ¾ Æ 9 à zÄ ð Æ 9 ð ÄÄ ü Æ 9�9 ðÄ�9 Æ 9 ¸�àÄ ¸ Æ 9 ¸ 9Ä¡î Æ 9 ¸ îÄ¥Ä Æ 9 ¸ Äà z � .3d"ghwKi1�9ä
ghp3pu�
i1`/\'d|ghc
\$xG�/a/wri1.3ePaTq*�Y�2\�V9\_^0w_.ud1\h½�} � } ���/� 4� �L1 �r} �
Ø�±/±!À �8¼ Ç ½ Ç ½ Ç �  Ç × Ç � Ç ¼ Ç À Ç ������i1`/\ # õäõ]äÁa/ehi0ä
ÈLõäõªa/e�j/\_dAw_eP^0^0\_d k ePa/j�i1eM3 Ä q�3�àlq]3c¾Pq{9q � }



Å/.102. Æ 354mÈ/º��
ÇLÈ�J56�� » ��Ç�7.ç�Èh��È 0h @

Ú Ñ7à à Ð ÕX Î[Ò�Õ7ËÎ Ë3Õ7Ë3Ò�ËEÏ� D Þ¿Ö�Î3á�ß�Ù�à Ì�Ð Í�à Ë¥�1ËEÏÓEà ËEÎXÏ
Ìf×�Ë�Ó�Î[Ó�×�ËÓEÑXà à Ë3Ó¾Ì&ÎXà à�Õ7ÎXÏ Ü ÎXÕXËà Ð Ò1â7Ë3ÔBà Ð ÊIÌfÊ[ ÏfÎ[Ò�Ê�ßLÑ7Õ7ÏIÐ ô áF54\ç
kQF7�

Ø�± æ À ï ±%² ³ � � � .3dAgli0i|gP.ua/\_j2.3aÃ�Q�PB��|}�¿A`/\$sMeP^0d0iAeP^0j/\_^0.3a/��xfeP^M��Æ ¾ Æ à ÆRÄ�Æ/z�� à ¡Ô�.° ¾ ° à °eÄ�°�zP� à.3dä°�zPq�°BÄWq�° à q�° ¾ q?Æ à q?ÆRÄWq?Æ/zPqRÆ ¾ q�c�gUÒ�.ua/� ï ±%í(Ç � � 	½9} Â a/w_.3j/\_aYi|gPpupu�Yq�i1`/\;sMeY^0d�i�eP^0j/\_^0.3a/�xfeP^,i1`/\M�UÀb.3a k �9i1dAePx � �WäÁ�/.ui�ghj/j/.ui1.ueYaTq	��ÆRÄ�Ä	¶h¶h¶�Æ{zc� à ¡��.°BÄ�Ä	¶P¶h¶3°�z�� à q9i1�/^0a/dAeP�9iAi1eb��\�°�zPq%°BÄWq
¶h¶h¶_q(°eÄ�Ä_q&ÆRÄ*zPq�Æ<îhq�Æ´9PqeÆ ð q�Æ ¾ q�Æ ü q�Æ à q�Æ ¸ q�ÆRÄWq�Æ�ÄPq�Æ{zYq�ÆRÄ�ÄXq/��.3\_p3j/.ua/� ï ±%í(Ç � � ���4�4� }Ù È]}&ÈMePp3pu.3�/q�ð;} � gPa/�P\Pq*gha/j Â }�·D\_�P\_a/\_^_q Ö&ü"	1þ,�DÿXü]���Aþ¾ü��A����½���� #:3 º 	�� 3 ± ÿ Ø�Ö ����� ü �rq
� ½cÀ �/� ü ¼�q/`*gXoY\ k ^0eWoY\_j�i1`*gli ï ±t² ³ � � Ð°ºá¼"xfeY^�ghj/j/.ui1.3ePa2eYx!i¥sMe�Ð�äÁ�/.uiAa��/c"��\_^0dAs�`/\Ka/\KoY\_^Ðfê � q�gha/j{ghp3d1e"i1`*gli ï ±t² ³ ��= D � � ��Ð°ºï�/B ¡ � xGeP^Mi1`/\D� D äSsAg_�nc"�/pui1. k pu\WV9\_^_} Z
Ø�± ë À �Cg����]�Ro�.3eP�/d1pu�¤à z Ü Ð z �!gha/j«.ux7Ð z � à z ¡+� z q�i1`/\_a�à Ä Ü �Yà z ¡+� z � à z ¡¢Ð z }�ò]p3d0e
Ð%z�º$à;z � ��z Ü àPÄ2¡�Ð à`Ü Ð àà qWi1`/\�a��/c"��\_^�ePx�d0i1^0.3a/�PdTePx9pu\_a/�hi1`D�,ePa�gAÐ à äCp3\Ki0i1\_^!ghp k `*gh��\Ki��Pd0.3cbä.3pygh^0pu�"à z ¡
à Ä ¡�Ð§à Ü �Áà Ä ¡�ÐÍàP� à }�)¿A`/\Md1ghc
\)^0\_pygli1.3ePa/d%`/ePp3j"��\Ki¬s,\K\_a�Ð1�RqYÐ1�7éRàlqRà7�RqYgha/j�à2�Xé Ä } �

�S�/�A�!\Ki]i1`/\"d0�/�/xf�/a/wKi1.3ePa/d�gli$p3\KoY\_p¥�
`*gXoY\�i1^0�9i1`zi|gh�/p3\Kd[5 « xGeP^ � Ü ê Ü Ð à qTgha/jz�/d1\
i1`/\_c�i1e;w_ePa/d0i1^0�/wriM��\Xghj/d5�AÄXq<¶h¶h¶_q�� 3   gli7p3\roR\Kp � }%�!\KiE�GÞ]Ä Ç ¶h¶h¶ Ç Þ�H ¯ é 3   ����\�i1`/\Ai1^0�9i1`
i|gh�/p3\_d�«5\Ä#5\Ä Ç ¶h¶h¶ Ç 5 H ¯ 5 H ¯ Ç �AÄ Ç ¶h¶h¶ Ç � 3   �r} Â x$à�z Ü à§Ä í4��q)p3\Ki"i1`/\2xG�/a/wri1.3ePa/d
gli�p3\KoY\_pc�`*gXoY\ni1^0�9i1`
i|gh�/p3\_d"¯y� à .+eAÄ�� à .6â � Ü 0 Ü à�z�°c��¯y� « � « â��Pà�z�ë`ê Ü àPÄ§°c��¯_Þ « Þ « â � Ü ê Ü à�zm¡mÐyz�º¦à§ÄP°R}
��i1`/\_^�s�.3d0\'.�i§¸ d,a/ehiAj/.³µ
w_�/pui,i1ebj/\W®*a/\�à�z'��\Xghj/d,i1`*gliA.3a/wKp3�/j/\�ghp3p�i1`/\G�(¸ dXq/gha/j��/d0\$i1`/\_cågli
p3\KoY\_p["i1eP�P\Ki1`/\_^Ms�.ui1`ni1`/\'a/eYaR��\_gPj/d[¯XÞ « Þ « â � Ü ê Ü Ð%zLº�à�z�°Y}
Ø�±RÌ�À ÈM\KxGeP^0\{j/eP.3a/��gPaY�m^0\_eP^0j/\_^0.ua/�*q7s,\{w_p3\_gP^�i1`/\{wXghw|`/\�gha/j?w_ePp3p3\KwKinghp3p��Ygh^0�*gP�P\P}Ô¿A`/\
xfePp3p3eWsA.3a/��ghp3�PeP^0.ui1`/cª.3aRi1\_^0w|`*gha/�P\_d)p3\KoY\_p3d�á*�I� á���s�`/\_aN¼ � »�¡ � } Â i�sMeP^(Ò�d��R�bw_^0\Xgli1.3a/�
p3.3a ÒP\_j«p3.3d�i1d'eYx7d0eYpu.ui|gh^��Yq�i|gha/�Ypu\_jTq�gha/j�`/.uj/j/\_aDa/e�j/\_d_q k eY.uaRi1\_j¤i1e{�R��ohgh^0.ygh�/p3\_dÚ,7q � q%gha/j@��S.3a/.ui1.3gPpupu� U �rq/�/d0.3a/��gh��V9.3p3.3gP^���¤ £Pç��N®*\Kp3j/d,i1`*ghiAwXgha���\'��eP^0^0eWsM\_j2i1\Kc k eP^1gP^0.upu�nxf^0ePc i1`/\`*ghd1`9äSi|gP�/pu\�ghp3�PeP^0.ui1`/c ePx!i1`/\'�/a/.ÜÓR�/\'p3.3d�i1dAgPd,i1`/\K�2gP^0\���\_.3a/��^0\_�/�/.3puiX}
� Ø�À!Ù È7�/.3p3j§,¢gha/j � } Zµ¯*eP^�\_gPw|` á(�?äÁa/eRj/\=GTq�d1\Ki'Ð�Ó�¤U�[�+GW�Rq?E�Ó´� £8�+GW�Rq�gha/j�j/\_p3\Ki1\�G
xf^0eYc<.ui1d!`*gPd0`;i|gh�/p3\h} Â x�¢��0Ð��
	� ¼'gha/jD¢@�LEU��	� ¼µ��G;.3d%d0ePp3.ui|gh^��I�rqhd0\Ki¥¤ £hç����+GW��ÓÅ,zgha/j
,|Ó Gt}��]i1`/\K^�s�.3d0\D��G�.3dti|gha/�Pp3\_j/�rqRd0\Ki����4Î��0Ð���Ó����4Î��0Ð��¥º � q��4��Î��LEU��Ó��4��Î��LEU�¥º � q
¤ £Pç��@�+GW��Ó � q*gha/j � Ó GT}

�b¿ À!Ù È7�/.3p3j¥@ gha/j¢c
eWoY\2i1`/\{o9.ud1.3�/p3\�a/e�j/\_d_} ZK¯*eP^�\Xghw|` á��väCa/e�j/\�GTqAd0\Ki2ÐsÓí¤U�[�
G[�RqE�Ó �I£a�+GW�Rqtgha/j�j/\_p3\Ki1\ GDxf^0eYcÇ.ui1d;`*ghd1`«i|gh�/p3\P} Â xD����Î��
G[� � ï��G�.3d�`/.3j/j/\_a/�rqtd1\ri����Î���ÐU��Ó�����Î���ÐU� º � q�����Î��LE���Ó�����Î��LE��Iº � qU¤ £Pç����+GW��Ó @�qhgha/j @ Ó G��Pehi1`/\_^�sA.3d1\
��G�.3dMo9.3d0.3�/p3\��7d1\Ki>¢��
G[�=ÓÆ»zgPa/j9çQ4mÈP�
Ç�JL�)» Ç G<�r}

� �TÀ!Ù ´zeXoR\"i1`/\�d1ePp3.ui|gh^���a/eRj/\_dX} Z9·O`/.3p3\�, 	� U q!d0\Ki�G�Ó ,7q¥, Ó ¤�£Pç����+GW�Rq	¢��+GW��Ó ¼�q
gha/j;çQ4mÈP�
Ç´J��)¼ Ç G/�r}

� ±!À!Ù ¿�^1gha/d1c�eP�P^0.3xy�2i1`/\;i|gha/�Pp3\_jza/e�j/\_d_} Z*·O`/.3p3\ � 	�þU q�d1\KiMG�Ó � q � Ó�¤ £hç����+GW��qTgha/j
j/ezi1`/\nxfePp3p3eXs�.3a/��ÞNÂ�\Ki�Ð0Ó ¤U�[�
G[�RqiE0Ó �I£8�+GW�R} Â x>¢��0Ð��fêJ¼�qtd0\Ki�Ð%ziÓ ÐcÄ�Ó ÐU�
ehi1`/\_^�s�.3d0\zd0\KinÐ%z�Óí¤U�W�0ÐU�¤gha/j�ÐcÄyÓ �I£8�0Ð��R} Â xE¢��EU��ê ¼�q,d0\KiTEyz�Ó EgÄyÓ EU�
ehi1`/\_^�s�.3d0\$d0\KilEyz=ÓÆ¤U�W�LEU��gPa/jTE�ÄAÓ �I£8�LE��R}¨¿A`/\_a2d0\Ki>¤U�[�
G[�=Ó¤F54\ç
kQF)���)¼ Ç Ð%z Ç E�zc�rq
�I£8�+GW�=Ó¤F54\ç
kQF7�¨�)¼ Ç ÐcÄ Ç E�ÄW�rq*gha/j9ç-4LÈP��Ç´JL�)» Ç G/�r}

� æ À!Ù - .3p3p%i1`/\�`/.3j/j/\_a«a/e�j/\_d_} Z9·O`/.3p3\¦@ 	� U q!d0\Ki�G�Ó @DqF@ Ó³¤ £Pç��@�+GW�Rq�gPa/j«^0\KwK�9w_pu\
a/e�j/\AGT}��.ò]pup�ePx!i1`/\�^0\_c
gP.ua/.3a/�ba/e�j/\_d]gh^0\'ghp3.uoY\P} �

¿A`/\'d0�/�/^0eP�9i1.3a/\Sç-4LÈP��Ç´JL�)¼ Ç G/�Md0.3c k p�� k �9i1d�a/e�j/\AG�.3aRi1eXÆ ¹ ¸ dA�/a/.ÜÓ��/\�i|gh�/p3\Pq/�/d1.ua/�bi1`/\ªÒP\K�� ¤U�[�
G[� Ç �I£8�+GW���%��i1`/.3d:ÒY\r�{sA.3p3p!a/ehi'ghp3^0\Xghj9�{��\ k ^0\_d0\_aRiX}E¿,`/\"d0�/�/^0eP�9i1.3a/\XFS4(ç8kQF7�¦.uazd0i1\ k
¿LÀb.3dAp3.ÄÒY\�ò]p3�PeP^0.ui1`/c7;q/�/�9i�.3a/d�i1\Xghj�ePx��/d0.3a/�
gha/d0sM\_^ ü �;.ui,i1^0\Xgli1dA^0\_xf\_^0\Ka/w_\�w_eP�/aYi1d�ÓR�/.ui1\
j/.³²�\_^0\KaRi1pu�;.3abd0i1\ k d�7 � gha/j¦7Ï�eÞ Â x´7 � ®*a/j/dFG � Ð�qY.uil$+à]OP���¹ß�!���!S����Î@�+GW�]�Y� � �Y.3x�7Ï��®*a/j/d\E�q
.uiAd1.3c k pu��d1\ri1dc����Î@�LEU��Ó�����Î@�LEU�c� � }

Â aRi1\_^0a*ghp3p��Yq/i1`/\��/^1gha/wr`2ohgh^0.ygh�/p3\_dA^0\Ki|gh.3ani1`/\_.u^Aa*gli1�/^1ghp�eP^0j/\_^ � q/��qÜ¶h¶h¶Kq&Ð¤xf^0ePc i1e k i1e��ePi0i1ePc�}�´�g k/k .3a/�bi|gh�/p3\_d6��gha/j�Ã«^0\ k ^0\_d1\_aYiAi1`/\'w_�/^0^0\_aRi k \_^0c"�9i|gli1.3ePa�xf^0ePc i1`/\'\�V�i1\_^0a*ghp�/d1\K^P¸ d k eY.uaRi�ePx�o�.3\Ks�q/sA.ui1`9� � Ã e �/i1`��/dAi1`/\'�/d0\_^P¸ dAohgh^0.ygh�/p3\SÆ ¹ g k/k \Xgh^0d�ePa{pu\KoY\_p	¼AÃÁº � q



0h	� 3D4LÈ/º���ÇrÈ�JS6�� » �
Ç�7.ç�ÈP��È Å/.T0U. Æ

Ë�� ÌfË3Ò�Ô�Ë3ÔäÌfÏIÙ1Ìf×äÌ�Î Ü à Ë3ÊÌ�ÎXÒ�ÕXà Ë3Ô½ Ð ÊfÐ Ü à Ë×�Ð Ô�Ô�Ë3ÒÊfÑ7à Ð Ì�ÎXÏ.áßmË3à Ôâ Î�½ Ð Ó�â)ÊáÎ Ë3Õ7Ë3Ò�ËEÏ

gha/j{a/e�j/\"F54\ç
kQF7���)¼ Ç G Ç Ð4�,ePa�p3\KoY\_p	¼Dº � ^0\ k ^0\_d0\_aRi1dAi1`/\��/d0\_^P¸ d�xf�/a/wKi1.ueYaÃ� 
Æ ¹%� á�GRÞ�ÐU�r}©¿�ec
gP.uaRi|gh.3a�i1`/\_d1\'c
g k/k .3a/�PdXq9d1\Kirê¦Ó«»]�*q · Ó«¼n��q »]�¦Ó · qI¼n�¦Ó ê*q"ê"Ã�ÓÆ¼�q · ÃyÓ«»!}
Ø�± × À ¯�gPpud1\P}:¯*eP^$\�V/ghc k pu\Pq�w_ePa/d1.uj/\_^$d0.ÄV{d0.3a Ò�d$gha/j�a/.ua/\"d0eY�/^0wK\"xf�/a/wKi1.3ePa/d_q�sA.ui1`z\WV�i1\Ka/j/\_ji1^0�9i1`{i|gh�/p3\_d ��� ¼U×9q��4�g¼4×9q6�4�	¼U×9q<À4Àn¼U×9qR¼U× �4� qR¼U×��4�9q?¼4×4�4�9qR¼U×UÀ�À/qR¼U×	¼U×9} E .u�Y`Yi]ePx%i1`/\"a/eRj/\_d
gh^0\�i|gha/�Pp3\_jzgPa/jzePa/\;.3d�o9.ud1.3�/p3\hq��/�9i$a/ePa/\"gh^0\;`/.uj/j/\_a�eP^]d1ePp3.�i|gP^��P}L¿A`/\_^0\"gh^0\ � ×�a/\Ks��/.3\Kd§Þ
� ¼�q � ×9qI�g¼9q �U×/q �	¼�q ��×9q�Àn¼�q À�×9q&¼ � q�× � q&¼4��q ×���q&¼U�9qI×4�9q&¼cÀ*q�×UÀ*}�Â�e;i1`/\�d0s,g k i|g4ÒP\_d � ¼;a/eRj/\_d.3aYi1eN� � }��©·D\�wXgha��/d1\$i1`/\'a/e�j/\_dAeYx ï ��Æ ¾ Ý�Æ ð Ç Æ ¾ Ý 
Æ ð �7xfeY^Mi1`/\'d0.3a Ò�d_} �
Ø�± ÿ À ¿A`/\�d1�/wKw_\_d1d0.uoY\ k ^0eU®*p3\_d"gh^0\���eP�/a/j/\_j¦�Y�¬�Áà z	Ç à ÄÍÇ ¶P¶h¶ Ç à Å �rq>�Áà z ��à ÄÍÇ �Yà z	Ç à�à Ç ¶h¶h¶ Ç à Å �rq
�Áà�z��¦à§Ä Ç �Pà�z��¦à à Ç ÀRà�z Ç à ¾ Ç ¶W¶P¶ Ç à ÅI�rq6¶P¶W¶_q	��� z à;z��vàPÄ Ç ¶h¶h¶ Ç ��� e à à�zS�¦à � eRÄ§Ç ��� eAÄ à�z Ç à � Ç ¶h¶h¶ Ç à ÅI�r}

Â�.3c�.3pygh^0pu�YqlsM\,ghp3d0e$`*gXoY\ ï �83�rÄ Ç ¶h¶h¶ Ç 3]rD � Ü ï �83	Ä Ç ¶h¶h¶ Ç 3 D �������Áà;z	�^�y�y�v�
à � eRÄW�!.3abghj/j/.uäi1.3ePa'i1eL¿,`/\_eP^0\_c�4 é ql��\_w_gP�/d0\)d0s,g k d!w_ePaYi1^0.3�/�9i1\7gli!c
ePd0i¦�Pà � eRÄ q4�Pà � e àlq�¶h¶h¶_q4�Pà z a/\Ks¦a/e�j/\KdX}
Ø æ ÖTÀ ·D\"c
gX��ghd1d1�/c�\'i1`*gli�B � � q�gPd].ua�\WV�\_^0w_.3d0\X¼4�9}EÂ�� k/k ePd1\;sM\�s,ghaRi]i1eBæ¥�/c k Æ � i1ei1`/\ k ePd1.ui1.3ePa�i1`*gli�.3d?êPi1`¤.3a¤i1`/\�eP^0j/\_^0.3a/�/q�sA`/\_^0\�ê¦	�J· }N¯%.u^0d0i'w_ePc k �9i1\"i1`/\�^0\_d0i1^0.3wri1.3ePa/dePx63Ds�`/\_a Æ � � �gPa/j^Æ � � � �Sd0\_\
\�V9\_^0w_.ud1\T¼g½4���%wXghp3pti1`/\_c �¤gha/jl��}°¿,`/\_aD^0\_a��/c"��\_^
i1`/\�^0\Kc�gh.3a/.3a/�2oPgh^0.ygh�/p3\Kd§Þ Â x&êºë · q%wr`*gha/�P\���Æ	� Ç ¶W¶P¶ Ç Æ � eAÄ ��i1eï��Æ	� é Ä Ç ¶h¶P¶ Ç Æ � ����ehi1`/\_^�sA.3d1\w|`*gPa/�P\���Æ � é Ä§Ç ¶h¶h¶ Ç Æ	�P�Mi1e���Æ � Ç ¶h¶h¶ Ç Æ	�"eAÄ��r}¿A`/\_azw_ePc k �9i1\*3iÓ³� 
Æ	�S�Y���[x§��Æ	�5�]�/�rq��/d0.3a/�
i1`/\'p3.3a/\_gP^�äSi1.3c�\$ohgP^0.3gPaYiAePx�ò]p3�PeP^0.ui1`/c Â�.3a�\�V9\_^0w_.ud1\h½4��}

¿�end1`/eWs<i1`*gli$i1`/.3d$c
\Ki1`/eRj�`*gPd]i1`/\"j/\_d1.3^0\Kj¤^0�/a/a/.ua/�ni1.3c
\hq�.ui�d0��µ
w_\_d$i1e k ^0eWoY\;i1`/\xfePp3p3eWsA.3a/��Þ Ö&ü þ �/��ÆAÄ Ç ¶h¶h¶ Ç Æ]ÅI� �/�5ý �	��ÆRÄ Ç ¶h¶h¶ Ç Æ]ÅI� �(üÂ�$�%�´	 þ��
���������)	3ûaþIû���þ �<��Æ<� � ����� #´-��{ü,�Æ � �  �/�5ý �	��Æ<� � � ��� #´-��{ü�� Æ � � �)3�ú�û5ü��±þIû5ü=�bü,-{ý �:Ðq� û��%�=��þN����� þ?þ����
	2ü��%�Â���/�!&�´��ý(ü,���/� �Jx�� 3 È7�9i
i1`/.ud
.3d�ghp3c�ePd0i�eP�Ro�.3eP�/dXq7sA`/\_ami1^0�9i1`vi|gP�/pu\_d�gh^0\{wKeYa/d0.3j/\_^0\_jRÞ¸¯�eP^
\WV9gPc k p3\Pq!.uxQÐ � �{gha/j�ê � ��q�i1`/\bi1^0�9i1`¤i|gh�/p3\_d�xfeP^Ï��gPa/j��D`*g_oR\"i1`/\
^0\_d k \KwKi1.uoY\
xfeP^0c�d
� à��Y&rÒ��"gha/j_�Y�y�(�U»/¼�}¨¿,`/\$��\Xghj/dD�¤eYx��cxJ�nePanp3\roR\Kp3däëºê"w_eP^0^0\_d k ePa/j2�/a/.ÄÓ��/\_pu�
i1e�i1`/\��\Xghj/dq�.Û�ÐC�.Û Û�ePx��EÐ��¤ePazi1`/ePd1\"p3\roR\Kp3dXq���\_wXgh�/d1\�� � �.Û2x_�.Û Û%wXgha���\f÷0xGghwKi1eP^0\_j�øn.3a�ePa/pu�
ePa/\"s,gX�z�Y� k �9i0i1.ua/�^/d�.3azi1`/\�g k/k ^0e k ^0.ygli1\ k pyghw_\_d_}�ò]a/j�i1`/\"��\_gPj/dq�mePx��kxF��eYa�p3\KoY\_p3d
� ê
w_eP^0^0\_d k ePa/j2i1e
gliAc
ePd�i,i¥sMeb��\Xghj/d�ePx��LÐC�Tq*a*ghc
\_p���i1ej�µÐ   gha/j/�heP^  ³Ð��)}

Ù Â�\_\7��}cÂ9gXo9.3w2Ò6Ï�'gha/j Â }§·D\K�Y\Ka/\_^_q ¾�	 þ�� þ ������ÿ�����þ��
	"� � ± � ����� ½4�rqU�cÀB¼ � �g¼U×/q�¿A`/\_eP^0\_c � } Z
Ø æ Ø�À Â�\KiD� � ÓR�xfeY^ � Ü · Ü Ðtq9gha/jnc
gUÒP\�i1`/\]d0s,g k/k .3a/�;e k \K^1ghi1.ueYaKÆ{�"eRÄ�<WÆ	�]ghp3d1e�d0s,g k� �"eAÄ <=� � }�¿,`/\_azd1\Ki · Ó � gha/jzj/e�i1`/\;xfeYpup3eWs�.ua/�
�/aRi1.3p · êIÐiÞ Â x�� � � � d1\ri · Ó · � � �
ehi1`/\_^�s�.ud1\�d1\Ki�� � Ó � gha/j{d0.3xyi6Æ � }�)¿A`/.3dtc�\Ki1`/e�j"^0\ k \Xgli1\_j/pu�"d0.3xyi1dtePa"i1`/\Mi1e k c�eYd�i%ohgP^0.3gP�/pu\Mi1`*gli�`*ghd0aR¸ it�Y\Kit��\_\Ka�d1.3xyi1\_jT}
� \_d0\Xgh^0wr`/\K^0d'`*gXoY\;i1^0.3\_j¤xGgha/w_.3\_^$d0i1^1gli1\_�P.3\_d_q�d1�/w|`«ghd$i1e2d0.3xyi$i1`/\bpygh^0�P\_d0i$p3\KoY\_p¦®*^0d0i����/�9i'a/e
d1�/w|`2c�\Ki1`/e�jn`*ghdMi1�/^0a/\_j2eP�9i,i1e"j/eYc�.3a*gli1\]i1`/\$d1.3c k p3\KäCc
.3a/j/\Kj2g k/k ^0eRghw|` k ^0e k ePd1\Kj2`/\_^0\P} �
Ø æ ¿ À ò k/k pu�9.ua/�`ò]pu�YeP^0.ui1`/c 4vghd2.3aUgha/d0sM\_^ � ¼ � �9.3\Kp3j/d ï �-� r Ä-z;z � � � q � ü ��q × ü ¼9q n¼��ghxyi1\_^
� ½�q � ½ � d0s,g k dXq7s�`/.uwr`?.3d�ghp3c
ePd�i�ghd��Pe�eRj�ghd
i1`/\{^0\Kd1�/pui�eYx]i1`/\�÷�`*gPa/j9äSi1�/a/\_j�ø k \_^0c"�9i|gläi1.3ePa���Þ��4�r}aò]a/ehi1`/\_^"d1.3xyib�/^0.3a/�Pd;i1`/\2d0. ä_\nj/eWsAa�i1eÙ���9q Àn¼ � q � � ×2�7gha/j¦xf�/^�i1`/\_^b^0\ k \Ki1.ui1.3ePa/dw_ePaRoY\_^0�P\'j/eWsAa2i1e�æ¥�/d�i:�4� � q �	½U×9q �U×4À"a/e�j/\_d_q�ghxfi1\K^�g"i1ehi|ghpTePx¥�4����q � ¼ � d0s,g k dX}

Â x�i1`/\�p3eRe k dnePx'd0i1\ k d�4��DgPa/jU4	¼�gh^0\¤gh��eP^�i1\_j¢s�`/\Ka�, ê � ¶ 	¼Y�PqMi1`/\�^0\_d0�/pui1d2gh^0\
\KoY\_a���\Ki0i1\_^P�L1 �rq'gPp�i1`/eY�/�P`�xf\KsM\_^zd0s,g k d�gh^0\Dc
gPj/\h} ¿,`/\Ã®*^0d�i�d0.3xyiz^0\_j/�/w_\Kdzi1`/\�d0. ä_\«i1e
� q �UÀ��9q ����� q ½��9qWgha/j'.ui1\K^1ghi1.ueYa k ^0e�j/�/w_\_d ï �-��rÄ*z;z � � �� ü q ÀB½ ü q �4� ü ghxyi1\_^ � � � q �cÀn¼7d0s,g k dXq_s�`/\K^0\Ã¤.3d,i1`/\'xfePp3p3eWsA.3a/� k \K^0c"�9i|ghi1.ueYaRÞ

� À × ü �  � � � À � × � ü ��K�4�K�cÀ �g½ � ü �� ��� �	¼Ý×	½Ý�n½Ý� �
À��ÝÀ � ÀB¼ ¼ � Àn½ÑÀ � ¼g¼ ü  ¼4� ü � ü ¼ � � � � � À ½ ü ½g¼ ½g½ � ¼ ½4� ½ �
� × � ü � ½Ý× ü ¼g½ ¼ ü ×� ×	¼Ý×�� ×��Ý× � ü ½Ý×UÀ ¼ � ×4× ü4ü ¼U× × � ½� ���
� �0½4� ½4× ��� ½ � ½cÀ �  ü � ü × ü À ¼4� ü � ü � À ü ¼cÀ ¼� À�×ÝÀ4À À��ÑÀ�
� ü �4× �4ÀK�4�K� � � � �U×K�g¼ �4�K� � ���5� ½ � ¼ � � �4�P� ½ ¼ � �
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ÎXÙ1ÌfÑXÊfÐ ô ÌfÐ Ò�Õ= Ò Ù1Ìf×X Ù�Ô1ËEà àÊIÖ
Î[Í�Êâ Ð ËEà Ð Ò�ÕÎXà ßLÑ7ÊIÌ�ÊIá�ßmßmË¾ÌfÏIÐ Ó

Â a/w_.3j/\_aYi|ghp3pu�Yq�.3xMs,\�d1.3xyi;i1`/\�ohgP^0.3gP�/pu\_dJ�?Ä-z;zn.3a¦eP^0j/\_^bePx k ^0eU®*p3\nd0. ä_\Pqtd1ezi1`*gliXÆ�9�zn.3d
d1.uxfi1\Kj�®*^0d0iXq�i1`/\_afÆ ü ÄPqAÆ�9 ÄWqRÆ ü îhqAÆ ü ¸ qRÆ´9 à qRÆ ü 9PqT\Ki1wh}��Gs�`/\K^0\KoY\_^�i1`/\r��w_�/^0^0\_aRi1p���`*g k/k \_a¤i1e��\��rq/i1`/\'^0\Kd1�/pui1.3a/��Èmõäõ<i1�/^0a/d�eP�9i,i1e�`*g_oR\D��q ��� ×9q ½U× ü q ¼4�UÀ"a/eRj/\_dX}

Â�.3c k p3\0÷0j/eXs�a/`/.3p3p�d0s,g k/k .3a/�gøb.3a/d�i1\Xghj2eYx!xf�/p3pTd0.3xyi1.3a/�b.udAePx!a/e��/d0\�sA`*gli1\KoY\_^,xfeY^`��Ä*z;z	Þ
¿A`/\ î Ä*z;zàBï d�s,g k dKÆAÄ�< Æ à q4Æ ¾ < ÆRÄXqJÆ ¾ < Æ à qM¶h¶h¶_q4ÆRÄ*z;z�< ÆAÄXqM¶P¶W¶_q4ÆAÄ-z;z�< Æ�Ä0Ä
w_ePc k p3\Ki1\_pu��^0\roR\K^0d1\7i1`/\MeP^0j/\_^%ePx�ghp3pRohgP^0.3gP�/pu\_d%sA.ui1`/eP�9itw|`*gha/�Y.ua/�$i1`/\QÈmõäõ¢d1. äK\,gli�ghaR��d0i1\ k }
Ø æ �TÀ E ghwr`��Ygli1\".3d$\Xghd1.3pu�{d��9aRi1`/\Kd1. ä_\Kj¤�/d1.3a/�n^0\_w_�/^0d0.3ePa/d�p3.ÜÒP\°�-���4�r}Bò]��eY�9i � c
\K�Rgh�Y��i1\"ePx
c�\_c
eP^��bgha/jN�9} ¼$c
\K�Rghc�\_c�dtePx�w_ePc k �9i|gli1.3ePa�d0��µ
w_\,i1e'w_ePa/d0i1^0�/wri�i1`/\A\_aRi1.3^0\4ÈLõäõU�*ghd1\AePx
ü �cÀ��Aa/eRj/\_dX}T7]d1.3a/�]\WV9\_^0wK.3d1\ � � ü sM\7c�gX�'w_ePa/w_p3�/j/\)i1`*ghi�i1`/\MeP^0j/\_^0.3a/�JÆ ¸ qgÆ ¾ qgÆ�ÄPq�ÆAÄXq��hÄPq��nÄWq
� ¾ q�� ¸ q�Æ ð qcÆ´9hq��%9hq�� ð q�� à q��cîPqcÆ à qcÆ/îPq�� ü qcÆ ü .3d!e k i1.3c"�/c{qWgha/j'i1`*ghi ï ±%² ³ �v�BÄ Ç ¶W¶P¶ Ç �YÄP� � ¼U�� ü }

� \_eP^0j/\_^0.3a/�{ePx7ohgh^0.ygh�/p3\_d�.3dNà����'ghj9o9.ud|gh�/p3\�xGeP^�g k ^0eP�/p3\_cÇd1�/w|`�ghd'i1`/.3d_q�d1.ua/w_\�i1`/\_^0\gh^0\,ePa/pu� � ü ohgh^0.ygh�/p3\_d_}¥¯*eP^�\�V/ghc k pu\PqRgh�9i1ePd1.3xyi1.3a/�]s�`/\_a/\KoY\_^%i1`/\Ad1.åä_\,j/eP�/�/p3\_dts,eP�/p3j"^0\hÓ��/.u^0\c�eY^0\]i1`*gPa � �"c
\_�Yghc�\_c
dMePx!sMeP^(Ò�qDæ��/d�i,i1e�^0\_j/�/w_\ ü �UÀ��;a/e�j/\KdAi1e
gh��eP�9i�×4À��9}
Ø æ ±!À ß \_d§Þc 4��s,ghd]c�eWoY\_j{��\Ki¥sM\_\_aÃ£y¡�gha/j|�#��gli]i1`/\�pyghd0i]d0.3xyi1.3a/�
d0i1\ k q�gha/j{sM\�wXgha{s,eP^(Ò�*ghw�ÒYs,gP^0j/d�ghp3p�i1`/\�s,gX�
i1e�j/\_j/�/w_\�i1`*gliAi1`/\E®*^0d0i�d0.3xyiAc
eXoR\Kj£¢��n��\Ki¥sM\_\Ka^¢���gPa/j_�I£Y}
Ø æ]æ À ¿A`/\�gh�9i1`/eP^P¸ dA��\_d�i$gli0i1\_c k i,xGeP^ª�Cg��7.3d

¤�¥F¦�§B¨#©]¤#ªF«�©]¬�M¦�®F¯�¥F¦�°_¤�¯F±�ªB¯�«]¨#ª³²�§F´�¨Fµ�®B¦�«³¶%«F·�ª]¸�¹Fª�¹��¦B¤�B�ª
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Ø ë ÿ j ¿�þ	ò#���%ÿ ��£(û��	���	ú�û�þ����0�/ûyû��4%�ûyú�ò¤{û��;��ÿ�ú,¥ Ü ½ � � ÐE���+)Mÿ��;þ	ûyú����	ú�ò�ÿ����0�	ú�ÿ��aû%ú.�;ò�û��D��'#��ÿ
ú�û��5��ò#�¦���	û��8��'#��ò�	û�� ��� �����/ûyú*�;þ��2���	û����yú�ò#�/û��*
`þ��2�kò#�ªÒ��	ÿ1
0����ÿB�§��úkò#�*���	ú�ú�û��+��':)¦�/ûyò#��$
�	ú�û�����ú�û��z� )4�Jû����/ûyú"�cÿ �V�;þ	û;÷.���	ú�ò�ÿ�����ú�û���û6��ú"��þB$�ú�ÿ���� � ø ¢
Ø�ÌIÖAj � � � � à Å8(AÄ � ¿�þ	ûyú�û&��ú�û��Tÿ �	ú>��þ	ÿ�ò#�yû��*�2�B¨.©ª
�þ	û�� � Ü ù�=¬Ð-�A�����Äû�')�«a6¬�  ÿ�ú«a6�� ® ÿ�úD¯\ç��  ÿ�úD¯(çV� ®ö�������;�;þ	ûyú�û���ú�û>�L
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� �C� � Å8(AÄ ���;ò���yû�þ���'#���;þ	û<��þ	ÿ�ò#�yû��/�2��û6����þB�	ú�������þz��ú�ûqú"��'�û��^ÿ��8� �
� �1�Aqr���	û%û��A��ò�2��� � ��Ä�±�±�±��Å�� à 
DûSþ��6%�ûy«a6�� ª��� ¨ ©²
�þ	û��k�-�D� � ������¯\ç�� ® �2�¨.©³
�þ	û��M�-�D�V � �~´ þ	ò#�5ò#�	û6�*
����,������'�ò�û��5�;ÿbú������	ÿ��µ�	ò�s$�û��	ûyú��2�;ò�ÿ��Mò#�Mû	�2ûyú"�yò�;û>¶ � ·�� � � � ¼ �¸ ò#���yûy�;þ	ûyú�û,��ú�û � Å�(RÄ ������þ�%���'#�	û���ÿ��	�9�2
cû�¸ %�û,��þ	ÿ1
D�*�;þ����@û�%�ûyú.)��Jÿ��	ÿ��;ÿ��	û����"¹Uò#��� )����������;ò�ÿ��
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Dûm�6���
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ò�r) � � ¸ ûyû ´ ��E ò�;ûyú�� ´ � qr����ú���¹�òT�������5ñ � ÐE��¹Uò#�	ÿ��kò�SOJ�ó1I6UOô�ó1õ M U+ö�H9FfU�÷Cø�ù �f� � � �	� ·�� ¶ �8ú � ·�� ¢
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`þ	ûyú�û<û × � �f� × ( ë ��û × ( Õ �{� � û × ( Õ ��
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´ ÿE�5��¹�û5�aÿ��;þ ¼ ����� 
¼ � ÿ�ú"�7���������;ò�ÿ����6�����"�����Äû � �+)�������'�ò�r)��>�;þ��2�j�C�Jÿ+� · �ü¶ �
´ þ	û��E
Dû������.�>�yÿ��5��'�û��Jû�� � Ô �bò�s�����Fÿ���')]ò#�S�-��� ��8û��8�%û��8�*�Tÿ�ú/�;þ	û��"�;ú�ò��$£ÿ�� � �<�2�>�;þ	û
ú�ò#$�þ+��ÿ��5� �5ý ÿ�ú�û������&��'�û��A
`þ	û��³�>� �.��� �� �  ����� � ë �V
cûm�;þ	ÿ���'#�¦�yÿ��&��'�û��Äû��+� Ô Ã � Ô�þ � Ôkÿ �
Ô Ï��A�����E�;þ	û��¦�2�>�Jÿ��"�Cÿ��	û�ÿ��0º Ô Ð Ö.Ô Ñ Ö"Ô Õ z » � ´ þ	ò#�>$�ò%�û���� � �[� � �\� � � ¶���þ	ÿ�ò�yû��Gú�û�'!�2�;û���;ÿ ¼ � � ¸ ���5�Äò#��$jÿ1%�ûyúD��'#'8�s
�ò�;þ_�O�Äÿ�� · �u¶m$�ò%�û�� � × ¾ � ���;ÿ��;þ	û������"
Dûyúcò#� � × Ó Õ ¾ � �
Ò ø�� j�� ÿ����;ò�	ûyú&�Äÿ �	ÿ��;ÿ��	û4�§�����	�;ò�ÿ����&¤{ú"�.� �[Ó ûB�6����
�ú�ò�;û^�&� � �� Ù � � ð ±�±�±;�� ð Ú	� Ù � � ð Ú � ë �
`þ	û%ú�û � Õ �³�y�y��� � ë � �uá�� � Õ � 8� � � � � �Tÿ�ú � =�ù&= � ßO������� � ë � � � 
`þ	û��J�O�Jÿ+� · �u¶ �Ó þ	û��J�O�Äÿ�� · � � � � × ¾ ��þ����y�;þ	ò#�y�Tÿ�ú"� � ´ þ	û�� ¼ � þ���� � Õ�
 � ë 
 ±�±�± � ë � 
 ���8�;ÿ��Äÿ�ú"�	þ	ò���&�6� ��ÿ
ò�Gò#�Gû	�+�	ò%���'�û��+�>�;ÿ�á 
 8� � Õ 
 � ë�
 ±�±�± � ë � 
 � ¾ � ÿ��;þ	ûyú"���k�	ÿ �	û�ÿ��-
�þ	ò#��þ¦��ú�û���¹�ò#���+) � ¸ ���5�Äò#��$
ÿ1%�ûyú5��'#'c��$�ò%�û�� ������× ¾ á �i× ( Õ ���Äÿ �	ÿ��;ÿ��	û ä ÿUÿ�'�û6�������������;ò�ÿ����&�;þ��2����ú�û^ú�û%ÿ�ú"�	û%ú�����'ÆûB�;ÿ
��¹�ò#���+)&�Tÿ�ú"�z� 
`þ	û��4á � � �+
`þ	û%ú�û � × ò#�y�;þ	û/�+�����aûyúSÿ��k
Dû6��¹Äÿ�ú"�	ûyú�ò��$ � � û��Uûyú"�yò#��û ú�� ¶ � ��� ¶ � �� ¸ ûyû�� � ¸ �Cä ûyò#�"�;ò#��$�ûyú0������� ������� û�'�û��A���,I9R M S�G/R��OP?ôyó1õ���F��CR�KLó1I"F§H9G�� �.�! #" å �	� �8� ¶ �8���! � ¢$ %�ûyú.)E������þ¦�Äÿ��	ÿ��;ÿ �	û����������;ò�ÿ��¦�%ÿ�ú�ú�û����/ÿ �����<�;ÿ � × �	ò�8û%ú�û��+�*�����2�;û&���������;ò�ÿ����<�;þ��2�
��ú�û5û	������'#')��"¹Uò#��� ) �2
`þ	û���%���ú�ò!����'�û��-��ú�ûs�yÿ��5��'Æû��Jû��+�;û�� � �~´ þ	û���û���ú�ûy�;þ	ûs���������;ò�ÿ����i
`ò�;þ��;þ	û�	ú�ÿ��aû%ú.�L)z�;þ����*��''�ÿ����;þ	ûyò�úGú�û��"�;ú�ò#�	�;ò�ÿ����*��ú�û��6������'Æò�%yò#��$��A¹��	ÿ1
0�?��'�;ÿ;����&"�����2�;û��6�����6���	û���� '& � {f�	û��yò�;ò�ÿ��B'Æò#�"�0���������;ò�ÿ������ 'jÿ�ú(&.$�û��	ûyú���'�ò�%yû��^ú�û6���8{Qÿ ���%û*�;þ	ú�û���þ	ÿ '�B���������;ò�ÿ���� � '��
Ò ø*) j � � � � ���;ò$ �m�;þ	ûD�������/ûyú"�,+��C±�±�±��+á ¾ � �+á-�+á\� � �;ÿ��	ÿ+�	û�� ¨ � �C±�±�±�� ¨ ° � ® � .-8�����'�û��0�;þ	û � «0/ Ö ¯21f�,�	ú�������þ	û��/�Tú�ÿ��ü�	ÿ��	û�ß�$�ÿm�;ÿ&�	ÿ��	û�� � � ë �%Ó Õ6Ö � ë �%Ó ë �,�Tÿ�ú3+(4 ß4= á � ´ þ	û���	û�¤��	û<ï � ���>��ÿ�'#'Æÿ1
D���k�Tÿ�ú � 4 ß54 � á76 l û���à��98 � ß ¾ � �  �!: ����� � Þ �µº9ï Õ Ö ±�±�± Ö ï ë Þ » � ¸ û��ï �<; � � ò#� � � = � Þ�-�ÿ��;þ	ûyú.
�ò#�;û���ò#� � � ò#�i�;þ	û�¥4�;þ����5��'#'�û��.��û�'�û��Äû�� ��ÿ � � Þ?><º2à;� ��Ö ±�±�± Ö ác� ��» ��;û	��ï � �;ÿ��;þ	û<¥4�;þ;���5��'#'�û��.�cû�'�û��Äû�� ��ÿ���º6áÄ� �8Ö ±�±6± Ö áÄ��à�� ��»A@,� Þ � �~´ þ	ò#���%ÿ ���.�;ú"�����;ò�ÿ��_ò#����	û<�;ÿ ´ � ê<��þ�'�þ	ûyò#�Äûyú � �
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� �C� ´ þ	ûCò#�+%�ûyú"��ûsï ( ÕÕ ±6±�±~ï ( Õë × ÿ��V�kêGû�'#'!���D�aû%ú"���8�9���;òÆÿ �5�9�2�;ò#�.¤{û�� �8� ß ¾ á�� ¾ � 4�ï ( Õ� 4
� ß � qf�-�yÿ�ú�ú�û����/ÿ��������;ÿ<�<LGû��	ÿ+����þ	ò��	ûyú�����$�û��Jû�� � � Õ ±�±�± �6ë × Ó ë 
`þ	û�� �1ë � � � �6ë × Ó Õ � � áD� � ������ � ë �%Ó ë � � �?ï ( Õ� � � ë � ( Õ � � �Eï ( Õ��Ó × �Tÿ�ú � 4 ßM4�á �

� �1��LCò%�û��?���/ûyú"���8�9�2�;ò�ÿ�� � Õ ±�±�± �6ë × Ó ë �k'�û���N � �aû��;þ	û�¤{ú"�"�Gû�'�û��Äû��+�Gÿ����;þ	û���û	���	û����%û
� ( Õ� � � ( ë� �<±�±�±4�;þ����^ò� � ß � ´ þ	ò�4�;ú������"�Tÿ�ú"�5�2�;ò�ÿ�� �9��¹�û��5LCû��	ÿ�����þ	ò<�aûyú"���8�9�2�;ò�ÿ����_ò#� �;ÿ
ê>���Jÿ�� ���	ò#�"�;ÿ�'#����������þ����i�;þ	ûs�	ú�ÿ��aû%ú.�L)��;þ��2� � � �¬ßqò#�C�����bÿ ��':)kò#��N � �Üß = º�N Õ Ö ±�±�± Ö N � ( Õ�» �� �C� $ ����þ��	ÿ��	û � ù Ö ß8�\ú�û��	ú�û���û��+�����/�;û���ÿ����"�;ú�ò#��$��7N Õ ±�±�±ON � ��
�þ	ûyú�û �.��Ö + �-�ãº ��» �������;þ	û
ÿ��;þ	ûyúi��û����i��ú�ûy�	û�¤��	û����+)<�;þ	ûs�Tÿ�'#'�ÿ1
�ò#��$��;ú������;ò�;ò�ÿ���ú"��'�û���6 ¸ �����/ÿ ��ûPN Õ ±�±�±ON%� = � ù Ö ß8�	��������'�û	�àk� � ß � qr��ßm�Q+��;þ	û�� � ùc� ��Ö ß8�y�yÿ��+�9��ò#��� � N ÓÕ ±�±6±ON Ó� 
`þ	û��Äùjò#�Dû�%�û��A� � N ÓÕ ±�±�±ON Ó� 
`þ	û��jùjò#�
ÿ����A��
�þ	ûyú�û�N Ó �	û��	ÿ��;û��RNS� � � qr��ß�íS+��;þ	û�� � ùc� � Ö ß��y�yÿ��+�9��ò#���,N ÓÕ ±6±�±ON ÓÞ � à�� � �TN ÓÞ Ó Õ ±�±�±ON Ó�
`þ	û��½ù|ò#�jû�%�û��A�PN#UÕ ±�±�±VN�UÞ ( Õ � à§�TN�UÞ ±�±�±ON�U� 
`þ	û��½ù|ò#�jÿ+���A�y
�þ	ûyú�û�N�Uã�	û��	ÿ��;û��(Nk� � 
�þ	û��N � àf�WN ¾ � 
`þ	û��QN¬= à � LCÿ�ò��$[%�ûyú.�;ò#�6��'#':) �`ò#��à�4 ù ¾ ¶������ ù ò#�_ÿ+���A� � ù Ö ß_� � ��yÿ��+�9��ò#���XN Õ ±�±�±ON2Þ�N2Þ Ó ë N1Þ Ó Ã � à��>¶ �TN2Þ Ó þ ±�±6±VNy� ��t �[�;þ	û_ÿ��;þ	ûyújþ������lò#�>ß�� � �����³ù³ò#�jû�%�û��A�
� ù Ö + �m�yÿ��+�9��ò#���MN ë N Õ N Ã ±�±�±ON%� �ãý ò#����'#') ò#��ß í � �����lù�ò#�£û�%�û��A� � ù Ö ß ¾ � �&�yÿ��+�9��ò#���5�;þ	û�"�;ú�ò��$�N�Y Õ ±�±�±ON�YÞ ( Ã � à ¾ � �TN�YÞ ( ë N�YÞ ( Õ N�YÞ Ó Õ ±�±�±ON�Y� �O
`þ	ûyú�ûZN�Y��	û��	ÿ��;û��*à�
`þ	û��5N&�½à ¾ � �Wÿ��;þ	ûyú.
�ò#�;ûN�YO�[N � � t �	û/�6���5��þ	ÿ1
 �;þ��2�y�;þ	û�û�'�û��Jû�� ���Sÿ�� �f� ù Ö ß8����ú�û0�;þ	û�ê<���Äÿ��+�y�	ò#�"�;ÿ�'#���Tÿ�úRLCû��	ÿ�����þ	ò
�/ûyú"���8�9�2�;ò�ÿ�����ÿ��@ÿ�ú"�	ûyú � ù&
�þ	ÿ��;û<'!��ú"$�û��"��¤��2û��z�/ÿ�ò#�+��ò#� � ß � �� '#'Wÿ ���;þ	û���û*�yÿ����"�;ú"�����;ò�ÿ����/��ú�û�ò#� %�ûyú.�;ò#��'�û ��ý ÿ�ú`û	�����5��'Æû����;þ	û*���2�;þ �.��Ö + �2\ �f��Ö ++�2\
� ¶ Ö + �3\ � ¶ ÖT� �3\ � · Ö~� �3\ � ú Ö~� �W\ ��]8ÖT� �3\ �få�ÖT� �3\ �få8Ö!� �3\ �få�Ö ¶+�3\ ��"8Ö ¶ �W\ ��"8Ö�� �3\��"8ÖT� �^\ ��"8Ö + �*�%ÿ�ú�ú�û����/ÿ �������;ÿB�;þ	û5�	ò#�"�;ÿ�'#� � \ ��� \ � ¶�¶_\ ¶�¶ ¶_\ · � ·�· \ ú ¶�¶ ú�ú \] � · · ]#] \ å ¶�¶ ú�ú å�å \ å ¶ ú�ú ú å�å \ å ¶ ú ú å�å�å \ " � ·�· "#]#"�" \ " ��] · ]�"#"#" \ " � · ]#]#"#"#" \��" · ]#]#"#"#" � ´ þ	ûB'!�2�"�;ûyú5�	ò�"�;ÿ�'T�y
`þ	ò��þ �6��� �/û]ú�û��	ú�û���û��+�;û�� �+)[�;þ	ûz�	ò!��$�ú���� �,�yÿ�ú.{
ú�û��"�aÿ��������;ÿ��;þ	û`LCû��	ÿ�����þ	ò,�	û%ú�����$�û��Äû�� � � Õ ±�±�± � ÐB� ]8� ú ¶ å · " � �E� ���7�;þ	ò#���	ûyú�����$�û��Äû��+��yÿ�ú�ú�û��"�aÿ��������;ÿ4ï ( ÕÕ ±�±6±~ï ( Õç � � ¶ � ú2· ] �����7�;þ	û£êGû�'#'!���4�/ûyú"���8�9�2�;ò�ÿ��Eï Õ ±�±�±fï ç � ¶ �1� ú2· ] �
´ þ��2�&�/ûyú"���8�9�2�;ò�ÿ��A�Sò�����	ú"�A�y�yÿ�ú�ú�û��"�aÿ������m�;ÿba Õ ±�±�±ca�ç�� ¶ �1� ¶ · ¶8�-
`þ	ò#��þ��"�9�������m��ÿ�ú��;þ	û�;þ	ò#� ä êGê d e f g h ±

l û��^i#jck5�aû��;þ	û&�������/ûyúqÿ �y�	ò#�"�;ÿ�'#�qò#� � ù Ö ß8�	�V
�þ	ò#��þ³ò#����'#��ÿ4�;þ	û&�������/ûyúqÿ��s�	ò�ú�û��	�;û��
���2�;þ����Tú�ÿ�� �.��Ö + �A�;ÿ � ù Ö ß�� � ´ þ	û��;ûs�������/ûyú"����ú�ûDú�û����	ò')��Tÿ��������+)������	ò�;ò�ÿ��A���/û�$�ò#���	ò#��$/
`ò:�;þ

¶ " � ��å ¶ " ����åml	l	l
� + å ¶ � + å ¶ ¶ " � ��å å#] ·+ú2· l	l	l� ú�ú � ú�ú � + å ¶ · � · ] ¶ ]8� ú2· ���2��] + "nl	l	l

�1å �1å � ú�ú ¶ � + �� 8��"o] + ] · ¶ � +�+ " � · · ]8��]nl	l	l¶ ¶ �1å ¶ · � ¶ " · · " ��] + " å#] å�� � ú  ·�· �1å + ú ] + l	l	l� � ¶ ] � · · " � + · ú ú � ����] + "�" ¶ � ��" � å�� ��"�"#" ¶ �ml	l	l
� � � � �o" " ú ] ú ]o] + " ] + "o ·�· +  · · + �� �" ��å��ml	l	l -

�������;þ	ûB�yÿ�'#���&���;ÿ��9��'#�Xp j �9q k i#jck���ú�û � p Õ Ö p ë2Ö ±�±�±	�5� �.��Ö���Ö9��Ö ¶ Ö?"8Ö��1å�Ö ú ]8Ö�� ú ú ÖO] + "�Ö� + å ¶ ÖO ·�· + Ö ¶ " ����å8Ö��� #" � å���ÖO  �# ú ]# 8Ö ±�±6±9� � ´ þ	ûbû�%�û��8{f�+�����aûyú�û��Fû�'�û��Jû�� ���Gÿ����;þ	ò#�/�;ûr���	û����yû��p ë × �Cþ��6%�û¦'Æÿ ��$��/ûyû��Ü¹��	ÿ6
D�¬���4�;þ	ûsLCû��	ÿ�����þ	ò<�������/ûyú"�_t ë × Ó ë � ´ þ	û³ÿ����8{f�+�����aû%ú�û��
û�'�û��Jû�� ���6�#p ë × Ó Õ ��þ��6%�û��;þ	ûyú�û��Tÿ�ú�û0�aû%û��5����''�û��u&"�Äû��	ò!���MLGû��	ÿ�����þ	ò��������/ûyú"� � ' ´ þ	û0�������/ûyú
� × ÿ����;þ	ò#� ä êGê>��ò#�3i ó ë × Ó ë ôwv �[p ë × Ó Õ �x ézy�ér{�ér|I}	é�è 3 l �7$ ��'�ûyú��	ò#���������;û��7�;þ	û`LCû��	ÿ�����þ	ò,�+�����aû%ú"��ò#�7�;þ	û��;û��yÿ�����%�ÿ '���JûMÿ��
þ	ò#�(~���G6KTFTK?�8KTF�ó��OJ�GEô-R N H�� N F��>F��VJ�I	Jc�OKTF�R N FG �.�1å ú�ú �	� � þ����8�;ûyú å �y
�þ	ûyú�û]þ	ûB�;þ	ÿ1
Dû����;þ��2�&�;þ	û
ÿ����Àò�+�;û�$�ûyú"�Xt ë × ��ú�û£û	�8�	ú�û��"�;ò#��'�ûMò#���;ûyú"�&��ÿ��,�;þ	û ä ûyú"�	ÿ���'#'�òs�+�����aûyú"�	6&qr�7�§���	�6�2t ë × �
�f� ë × Ó Õ ¾ � ��� � ë × � �>���������9�����ë � q��× è Õ t ë × � ë × 8�f� á�� 
 �½��� LGû��	ÿ�����þ	ò�û	�����Jò�	û�� �;þ	û��;û
�������/ûyú"�����	ú.�;þ	ûyúkò#���W���CR N F�P+F,ö�H9F§J?���2J&Q?R�KLJ9õ�R8KTF�H"SOJ&JX��F#G"F§H.SOJ�� �.��" ú � �	��¶  ú � · + ú -������l � ¸ û%ò#�	û�'T��ò��ö�FTK������*� G���J9I"F�H"SCKLJ-õ�R8KTSVU � M S��8G1U+ô N R2G�G	J����W��R P�J9õ&F§JW�?FG�G�J?�VU6Q�����OH.SOJc�&ø �.�!" å�å �	�
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� ú å!�C��" å ���	ò#���%ÿ1%�ûyú�û����;þ������;þ	û�)��yÿ���'#���/û,�%ÿ �&���8�;û��������	ò�;ò%�û�')*%Uò!�0�;þ	ûs�������/ûyú"�Gi#jck � ´ þ	ûyò�ú�yÿ����	ò#���2�;ÿ�ú�ò!��'i�;ò$ �	ò:¤��6�����yû�
����>�	ÿ��<�	ò#���%ÿ1%�ûyú�û��E���+�;ò#'i������þE'!�2�;ûyú	-A�;û%û�ê � ê>���Äÿ��+�6�¨�X����JQ?R�KTSVUª©8U�) Ò �.�!  å · �	��¶#+ ú � ¶ ��" -�ê � ê>���Jÿ��+�s����� ���¬« �����	ú�ò#������ú�ò%�ÿ��+)��¬�>F#G�H9I	J6KLJ0QER8KTSVU Ò �C÷
�.�� # · �	��¶ å!� ·  �® û6���+
�þ	ò#'�û ��� êGû�'#'!���Äþ����¦�	ú�ÿ �/ÿ��;û���������������ú�û�� ��')?���	ú�û�'!�2�;û��¦�	ú�ÿ ��'Æû��z�
û	�+�	ò%���'Æû��+�V�;ÿ�û��+���Jûyú��2�;ò#��$�
�þ����A
DûSþ���%�û-�6��'#'�û���êGû�'#'#���-�aûyú"���8�9�2�;ò�ÿ����	-���ûyû lA¯ ~��OKLJ9I"õ±°J�P+F�R2F#I	JP�J9GsQ?R�KTSVU�ø �.�� +#+ �	�  !�O� +8�+¶ �#" -¬�W���CR N J9G0P�J N R��OR H�� N K�°J,G	H9FfU Q?R2I"G	J9F N#N J Ò�Ò �.�� + � �	� � · ���O��] ·��

´ þ	ûyú�û ¯ �,��'#��ÿ��M²�³ {�é?}	´ �yÿ����	û��	�;ò�ÿ����/û��L
Dûyû��&�;þ	ò#� ä êGê>�,�����&�;þ	û/���2�;þ��Sÿ � � �C�	�+�	ò#���%ÿ1%�{ûyú�û��£ò#� � +#+ å �+) ´ þ	ÿ�ú"�.�;û��£ê<��þ�'�þ	ûyò#�Äûyú �-� ÿ��;ò#�yûD¤{ú"�.�,�;þ��2�����	ú�û��"�;ú�ò#���;û��_ê>���Äÿ � �,�	ò#�"�;ÿ�'#�5ÿ��
ÿ�ú"�	ûyú � á�µ � �yÿ�ú�ú�û��"�aÿ����¦�;ÿ4�;þ	ò#� ä êqê>�<�;þ�������ú�ûÄÿ�ú"�	ûyú�û��¦���8���	ÿ��*�	û��yû����9��ú�ò#':)|ú�û������yû��A��/û��6�����;û�
Dû��6����'�û���N Õ ±�±�±ON ë × N ë ×¬¶VÕ N ë ×�¶ ë � �f� a Õ �O±�±�± �f� a ë × � �f� á�µ � � �f� á�µ � � � ´ þ	û��������/ûyú
ÿ��i������þB�	ò�"�;ÿ�'#��ò�;
`þ	ò��þB�Äò#�kº6v,�!N ë w~( Õ �[N ë w » �ÜàV���	ú"����ÿ �8���;ÿm�aû^i ó ë ×�¶ ë ô ó ×¬¶VÕ ( Þ ô �

´ ÿ?�	ú�ÿ1%�û��;þ	ò#�6�-
Dû4�6��������û;�	û	
 �;ú������;ò�;ò�ÿ��Àú"��'�û��Äò���"�;û6���lÿ��0�;þ	ÿ���û_ò#�������"
Dûyú � �C��6¸ �����/ÿ ��û�N Õ ±�±�±ON j = � ù Ö ß��	�8�����5'�û��0àk�lù ¾ � ß � ´ þ	û�� � ùPµ � Ö ß����yÿ��+�9��ò#���2N ¶Õ ±�±�±ON ¶Þ N ¶Þ ±�±�±ON ¶j
`þ	û��MùÄò#��ÿ����A��N�UÕ ±�±�±ON�UÞ ( Õ � à ¾ � �TN�UÞ ±�±�±ON�Uj 
`þ	û��JùJò#��û�%�û�� � qr�8ùJò#��ÿ����A� � ù Ö ß�µ � �s�yÿ��+�9��ò#���
� N Õ N Ã ±6±�±VN j 
`þ	û�� à*� ¶��,������
�þ	û�� à�í ¶³ò�5�%ÿ � �9��ò#���®N Y Õ ±�±�±ON YÞ ( þ � à ¾ · �TN YÞ ( Ã N YÞ ( ë N YÞ ±�±�±ON Yj �
`þ	û%ú�û·N�YE�¸N�µ � �¹N-�¦à ¾ ·8¢f� ý ò#����'#') �bò#�bùVò#�|û	%�û��½�����½ß íº+8� � ù Ö ß ¾ � �z�yÿ��+�9��ò#���N Õ ±�±6±VN2Þ ( Õ	� N1Þ ¶ ë N2Þ ¶ ë ±�±�±ON j ��
�þ	ûyú�û � �¬à[ò#��N1Þk�[N1Þ ¶�Õ �	ÿ��;þ	û%ú.
`ò#��û � �QN2Þ ¶VÕ �Ó ò�;þ?�;þ	û��;û5�5��$�ò�m�;ú������;ò�;ò�ÿ����<�;þ	û5���2�;þ7���aÿ1%�û&�yÿ�ú�ú�û����/ÿ��������;ÿ � \ ��� \ª¶ � ¶_\� ¶�¶»\ � � ·�· \ ¶ � ¶ ú�ú \ · � ·�· ]#] \ ú � ú ¶ ú å�å \ ú � ¶ ú�ú å�å \ � ú ¶ ú�ú å�å \ ����] · ]#]#"#" \
��] · · ]#]#"#" \ ��] · ]�]#]#"#" \ ��] · ]#]#"#"�" -8�;ÿ(a Õ ±6±�±OaUçD� � ¶ � ¶�¶ ·��
Ò øI¼ j ´ þ	ò#���	ú�ÿ���'�û�����ûyû��&�i�;ÿCú�û	���	òÆú�û��/�	ò�8û%ú�û��+�������	ú�ÿ ����þ��Tú�ÿ �ã�;þ	û,�Äû��;þ	ÿ+���i�;þ�����
cÿ�ú"¹�û��
`þ	û��B�?v/� lrl�l �Ü� × ( Õ � � � ¸ �����/ÿ��;û/
Dû`þ��6%�û>� ä êqêÜ������ûCÿ��¨½ �	ÿ��	û��5ò#����'#���	ò#��$��;þ	û0�L
Dÿ
�;ò��¹��  ����� ®ª�;ÿ�$�û��;þ	ûyú�
�ò�;þ�%���ú�ò�ÿ������	ú�������þ	û���'!���/û�'�û��E¨ � ��±6±�±��O¨f°������������"�����Äû��;þ��2�
û��8���	��')�û�ÿ � �;þ	ûy�	ÿ+�	û��i��ú�û���ÿ��	ú"�yû�� � þ���%2ò#��$cò#�8{f�	û�$�ú�ûyûA%yûyú�ÿ+� � l û��@ý � � Ö û ÖV¾9Ö ½E�O�aû-�;þ	û��������/ûyú
ÿ��O
��6)����;ÿ�ò#� �;ú�ÿ������yû/�,�����	ò:�;ò�ÿ�����'��	ÿ+�	û��y'!���aû�'�û��7¨ � ��ò#�&������þ��<
��6)��;þ����Sû��8���	��')5û¿µ�� ¾ ¾�;ÿ��	ú"�yû4�	ÿ��	û��jú�û��5��ò#� � �~´ þ����X+s4 ¾ 4 � �¬-5û��8������') ¾ ÿ����;þ	û£ÿ '�[�;ÿ��	ú"�yû4�	ÿ+�	û��&��ú�û4�	ÿ1
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D�,�;þ����/� ë k ¶�Õ � � k µ � k ( Õ ¾ � �

2 3 45 56 6 67 7 7 7 7

8 8
98

Ò | ) j ´ 
Dÿ�¹�ò#�����5ÿ��k�/û6�����,�%ÿ � �;ú�ò#���8�;û0�;ÿ�� øCó w~( Õ ô ¶ j ( Õ 6 t �	û/�Tÿ�úSû�%�ûyú.)&��þ	ÿ�ò#�%û`ÿ��Av��yÿ�'#���5�����
�2�i'�û����.�@ÿ��	û5ÿ���
�þ	ò#��þbò�s=kù�-������kÿ��	ûy�Tÿ�ú@û	%�û%ú.)*��þ	ÿ�ò#�%û5ÿ��8v ¾ � �yÿ�'#���&���6�2�Äò#�"�;ò#��$D�2�i'�û����.�@ÿ��	û
û�'�û��Jû�� �Wä½ù � ´ þ����,� øCó w~( Õ ô ¶ j ( Õ ��É Ë ø w#Ì ¾ Ë ø ¶�Õ ( jwoÌ Ê*µ�É Ë øw~( Õ Ì ¾ Ë j ( Õø ¶�Õ (CwwÌ Ê � ¸ ���&�Jò#��$�ÿ6%�û%ú
� 4 v Ö ù®4�¥ $�ò%�û��P� ��� ø �-� �f� ¥ ¾ ¶ � � ø µ ú�� � qr���%ò#�	û��+�9��'#':) � � k<�Ü�	k¿µ � ��ÿ�ú � 4 ß�= ¥ ë � �

´ þ	û;: �<� þ����/��ò#�5��':)�� øGó wT( Õ ô ¶ j ( Õ � Ë × ( ÕwT( Õ Ì �Tÿ�ú � 4 v Ö ù�4 ¥?�{ÿ �	û��Tÿ�ú`û�%�ûyú.)B��þ	ÿ�ò#�yû
ÿ��,v ¾ � �yÿ�'#���&���_Ó� ù�-�þ	û����yû ò���� ø<�*��¥ � ø ( Õ µ � � Õþ � ��� ø*� � �~´ þ	û5'�ÿ1
Dûyú��/ÿ�������ÿ��
´ þ	û%ÿ�ú�û�� ñµ������'�ò�û��/��'#�;ÿ&�;ÿ�: ��� �	ÿ��	û����O�aû��6�����;ûbÿ���');������þ��	ÿ��	û��/$�û��D�;ò#�9¹�û�����-��;þ	ûyú�û��Tÿ�ú�û�;þ	û>���2���	ú���'8ÿ�ú"�	ûyú�ò��$�ÿ �k%���ú�ò!����'�û��Dò#�Dÿ��8�;ò#��������ÿ�ú=: ��� � � ´ þ	û>���2���	ú���'aÿ�ú"�	ûyú�ò��$��Jò#$�þ �,�/û
ÿ��8�;ò#�����ü��'#��ÿ&�Tÿ�ú ä��� ��-8�;þ	ò#�0�yÿ���£(û������	ú�û�ò#�0¹+�	ÿ1
D�4�;ÿ&�/û<�;ú"�	û*��ÿ�ú�¥ 4 ú8� �
Ò | ¼ j ¸ �����aÿ���û ¼ �~Ô �?� ¾?>�@ ��ÿ�ú;�;ÿ��JûE�	ò#����ú.) %�û����;ÿ�ú ¾ v�±�±�± ¾ × � ´ þ	û��Ü�;þ	û¦�"�������������;ò�ÿ����
ÿ��kÿ�ú"�	ûyú�i í +7�yÿ�ú�ú�û��"�aÿ���� �;ÿ7�;þ	û?�	ò�"�;ò#�����;�������.�;ú�ò#��$�� ¾ w ±6±�± ¾ w ¶BA � ¸ ����þu�"�����"�;ú�ò#��$���C
�yÿ�ú�ú�û��"�aÿ����B�;ÿ&�/û6�����`ò#�i�����^ÿ���')£ò#�DCbÓ�Q+ Ac¶�Õ �����ECbÓ� � Ac¶�Õ -��;þ	û	);�yÿ�ú�ú�û����/ÿ����B�;ÿ(%yû�������ò#������^ÿ ��':)_ò�DC»Ó��+ Ac¶�Õ �����FC»Ó� � + A �

´ þ+���<�;þ	û����2�2ò����� ò�� ¼ �Cò�>�;þ	ûm�§�����	�;ò�ÿ���� × ÿ �s�����.
cû%ú ·�·�� ´ ÿB���"�9��ò#���;þ	ò#�/
cÿ�ú"�.�
�6���;ûy
cûs�	ûyû��&�/�	ò#����ú.)*%�û����;ÿ�ú�ÿ ��'�û���$��;þ � Ac¶�Õ µ(i ¾ � �;þ��2���yÿ��+�9��ò#���-��'' � i¨µ � �r{~������'�û��@û��8�%û��8�+ A�¶�Õ ����� � + A ���*�������"�;ú�ò��$ �	-��"����þE%�û����;ÿ�ú"�<�6���¦�aûm��þ���ú������;û%ú�ò�%yû������<�;þ	û�¤{ú"�"� � Ac¶�Õ µXi ¾ �
û�'�û��Jû�� ����ÿ������+)4�	û ä ú"�	ò £L�B��)���'�û�ÿ��i�/ûyú�ò�ÿ+� � Ac¶�Õ ���/û�$�ò#���	ò#��$m
`ò�;þ�+ A � �
Ò | Ò j�GÔ ÕIH GÔkë H Ô Ã H GÔ�þ H GÔkÿ H GÔ ú �
Ò | ø j �~´ þ	û���û*�	ò#��$�ú����&�0�;þ	ÿ���'#�;�aû*�%ÿ �&����ú�û��;
�ò�;þ;�;þ	û*�����"
Dûyú,�;ÿÄû��2û%ú"�yò#�;û � � �

J � J KL M· J KM¶ J K LM· J KL¶ J KL M· J KL M· J KL LMú K � J KL M· K M� K L M¶ K L� J KL LMú K L M¶ K L M¶
Ò |C| j ´ ÿ[�6%�ÿ�ò#� �	û��.�;û�� �	ú����yû��6��'�û�� í ��a��/�6�D����� a8�4�"�9����� �Tÿ�ú&�;þ	û���������û����ON��>º ��» �>º �+» �������º � Ö���» � ´ þ	û&�§���Jò'�ò�û��*��ú�ûm�;þ	û��PN8�-º!a8� » ��º!a » �-º!a Ö a�� » ��º2� » �-º�� Ö a8� » ��º!a Ö � » ��º!a Ö � Ö a8� » �º í » ��º í Ö a8� » ��º í Ö a » ��º í Ö a Ö a�� » ��º í Ö � » ��º í Ö � Ö a�� » �Cº í Ö a Ö � » ��º í Ö a Ö � Ö a8� » �Uò#�&�;ú"�8�;þ8{~�9����'�û`ÿ�ú"�	ûyú �
Ò | ! j Ó þ	û��zá�� +8�/ÿ���')��;þ	û��yÿ����"�9��� �/���������;òÆÿ ���	-�
�þ	û���á¦í[+8�{ÿ���')�+5����� Ô ÕIH l	l	l H Ô × �� ä �8�,�;þ	û%ú�û>��ú�û/�5���+)&���������;ò�ÿ����6��������þ4��� Ô ë H �~ÔAÕ�Q GÔ Ã1�	�+
�ò�;þ � � v Ö ±�±�± Ö � × ��� � � v Ö ±�±�± Ö � × � � �
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^ ��§ � �c§�¤ £ ^¥ ���	� £TS �TÄ�ÅÐ  £O£ ar  � h�h �  U ^T`2h d �¢���¢¡ ¥?�c¤ ¤ `cAÊ<� � ¦ÈI�!¥O¤ ¡ g<� � h §�£  K ` ¤ _ £ ^�� £  È a9` d �¢¡ � �<ÅÐ  ��¥ �¢¡ ���2^h,�������¢��� £ g £V¥   £O� ^¢¡ �2a0Å � � ¥ �¢¡ �r�¡ �2g £.d�£ �2g £ �r�-^ £ �f^Ç £O� g1^V ��� ^�¡ Ä d  ¢�XW ¤ £ ^^ ��§ � �c§�¤ £ ^Î�� hP�r�r� d ¡ ^��¢� ¤J7£ ��� ¥O¥�¦ ¡*� � h §�£  � ø Ä Ë � `<h �YS£O¤ £ h £ �r� �  ~`<Å � � ¥ �¢¡ �r�^ �2d2d �� ��f^Å � h,¡ ¤ `��	Å�^ £ �f^^ �2d2d �� ��f^

Ò !Cù j � � � t ��':) Ô Õ í l	l	l í Ô × ����� � í Ô Õ í l	l	l í Ô × �8�Tÿ�ú�á»ä + � � �C� ´ þ	ò#�,�yÿ����	ò�;ò�ÿ��_þ	ÿ�'#���ò#�-�����]ÿ ��':)^ò#����'#'��"���8�9����'�û��`ÿ ��ÿ�ú"�	ûyú � ��ú�ûkûyò:�;þ	ûyú�+ � ÿ�ú ��� � ¸ ÿ&�;þ	ûyú�û���ú�û � ë ¿ � Ù ��ÿ '�8�;ò�ÿ����
`þ	û��zá?íS+��8�����Äû�');��'#'A���������;òÆÿ ���0�"����þ4�;þ���� ¼ �~Ô Õ Ö ±6±�± Ö"Ô × ( Õ Ö�� ��� � �
Ò ! ÒCj ´ þ	û/'!����$ ����$�û % × ÿ��A�;ú"�8�;þ5�9����'�û��,�Tÿ�ú,��'#'O������þ��§�����	�;ò�ÿ����cþ����s�;þ	û/�yÿ�� �;û����"{T��ú�û%û>$�ú����&{�5��ú % v�\ � - % ×�¶�Õ \ % × % × � % × + ë ¿ � ´ þ	û��	û��;òÆú�û����+�����aû%ú>à × � � % × �+�;þ	ûyú�û��Tÿ�ú�û��9�2�;ò#�"¤{û��
à�v/� � ��à ×�¶�Õ �Üà × � à × µ � ��-���ÿ � àÐv Ö à Õ Ö à ë2Ö ±�±�±	�Sò#�,�;þ	û<��û	���	û����%û �.� � � � ] � ��" + ] ��¶ ��] ¶ · · � �k±�±6±9� �� �")��5�8�;ÿ��;ò#����'') ��à × �[Z ë ¿ ¾ Õë ¾�í �8
`þ	û%ú�û^+m= í =\Z ( ë ¿ �" �����Z�� � ± ú   å� �� + �8��" +-¶ �!" å ¶ �1å#" ¶�¶ " + å + ����"8� ú å ·+ú�ú ¶ ��� ¶ ]+��� µ�±
� ¸ ûyû<ô-Q?R�KTSbû��2û%ú"�yò#�;û�� ·�� ¶ å ����� ·�� ú  �2
�þ	ûyú�û0à × µ � ò#���6��'#'Æû�� � ×�¶�Õ � �M& $ ����'�ò#���������/ûyúO'+�i�����ZCò�-�6��'#'�û��^] ë � ´ þ	û,�+�����aû%ú"�yà × µ � 
Dûyú�û5ò#�+�;ú�ÿ+�����yû��m� )X� � � � ¸ )8'%�û��.�;ûyú�ò#���yÿ����	û��	�;ò�ÿ���
`ò:�;þ
þ	ò#�y�.�����8)jÿ � $ $�)8�8�;ò!���&�Tú������;ò�ÿ����6���/õ;J9I6U¬©�U QER8KTSVU¬� �.��"#" + �	�+¶ "#" �i� ÿ��;ò�yû��;þ����s�*�Äÿ��	ÿ��;ÿ �	û
�	û��yú�û�����ò#��$&�§�����	�;ò�ÿ��A��'�ò¹�û*�m���������;ò�ÿ��_ú�û��	ú�û��;û��+�;ò#��$Äò#���	û��/û����	û�� �/�;û���������'
��6)8�cþ����W� × � � � ¢
Ò !O÷ j � � � � + � + ��� + � +#+#+�+ � + ��� + �

� �C� ´ ú"�	û����+)£ò#���������;ò�ÿ��^ÿ��s� C�� ���aû��6�����;û � Ó�`_ Ó�Q+ × ò�������^ÿ���')£ò#� ��a Ó�`_ a Ó�Q+ × �� �1� ´ þ	û4�/û6�����Äÿ�� ¼ ÿ���ÿ�ú"�	ûyú5ß7��ú�û��;þ	û�%yû6������ÿ � ¼ a ÿ���ÿ�ú"�	ûyú5ßC����ÿ�úX+[=üßS4 á �
� û����yû*�;þ	û��aû������Cÿ�� ¼ a ��ú�û���'#�;ÿ&�;þ	û�%%û6�����Cÿ � � ¼ a � a � ¼ � ´ þ	ûyú�û��Tÿ�ú�û��aò#� � �cv Ö ±�±�± Ö � × �D������ � v Ö ±�±�± Ö � × �,��ú�û>�;þ	û<�	ú�ÿ�¤�'�û���������{T�	ú�ÿ�¤�'�û�ÿ�� ¼ 
`þ	ò#'Æû � � Yv Ö ±�±�± Ö � Y× �,����� � � Yv Ö ±�±�± Ö � Y× �,��ú�û>�;þ	û�	ú�ÿ�¤�'�û������`�2{f�	ú�ÿ�¤�'�û�ÿ�� ¼ a �8
Dû�þ��6%�û�� k ���#Yk �����`� k �Ü��Yk �Tÿ�ú3+Z4 ß�= á �

� Ó û<��'#��ÿbþ��6%�û�� × �Q� Y× �����8�,�;þ	û�)5�Jò$�þ �,�/ÿ��;þ;�/û � ò#���.�;û6���Mÿ � � � ´ þ	û�b�c ç�è ³edgf {ihTj�ké�è
ÿ�� ¼ ����� ¼ a �5�6)��	ò�8ûyú��+���8�5ÿ���')&� )5�2�s�Äÿ��"� � �2�Sû6����þ5'�û	%�û�'T���/û��6������ûCÿ��A��'#':{�+*�"���8�9����'�û�� � �
Ò !I� j �Il¿k �~Ô Õ Ö ±�±�± Ö"Ô × �	�>� )gò#���������;ò�ÿ��Vÿ��Üá � � � û����yû?
Dû¦��'#�;ÿÀþ��6%�û7� al¨k �~Ô Õ Ö ±�±6± Ö.Ô × �E�
� k �~Ô Õ Ö ±6±�± Ö"Ô × � �2$ �2û%ú"�yò#�;û � ·  $�ò%�û��0��ò#�Jò'!��úcû��8���5��'�û�� � �
Ò !�) j � û�¤��	ûMa Õ ±�±�±?a ë × ���qò#�������.
cû%ú �1å · �V���8�����;û��;þ	û�: ��� ò#���.�;û6���³ÿ��y�;þ	û ä���m� ´ þ	û���.��Ö ±�±�± Ö�� ��ò�y�;þ	û��2{f�	ú�ÿ�¤�'�ûCò#�V�����Mÿ���')Äò#� �f� a Õ �O±�±�± �f� a ë × ��ò#�,�������	ú�û��"�;ú�ò#���;û�� � ���Äÿ��+�,�	ò�"�;ÿ�'
ÿ��@ÿ�ú"�	ûyú � á � ¸ ÿm�;þ	û������"
Dûyúcò#���;þ	ûZLCû��	ÿ�����þ	òV�������/ûyú3t ë ×�¶ ë �
Ò !0¼ j ´ þ	û®�2{f�	ú�ÿ�¤�'�ûÄò#� �.��Ö���Ö · Ö · Ö ¶ Ö9��Ö9� � �mÓ û&$�û������³ÿ��8�;ò#����� ��{T�	ú�ÿ�¤�'�û �.��Ö9��Ö ¶ Ö9��Ö ¶ Ö9��Ö9� ��Tú�ÿ���m ë��~Ô�þ Ö"ÔOë - ÔOÿ2Ö"Ô ú Ö"Ô Ã Ö.Ô Õ �	�O�������m�/û�����ò#����� �2{T�	ú�ÿ�¤�'Æû �.��Ö9��Ö · Ö?"8Ö��1��Ö9��Ö9� �,�yÿ��Jû��D�Tú�ÿ �m ë��~ÔOÿ2Ö"Ô ú#- Ô Õ Ö"ÔOë2Ö"Ô Ã Ö"Ô�þ �,���`ò� �on�ô � � � qr���yò#�	û�� �9��'') �8�;þ	û���'#$�ÿ�ú�ò�;þ�� ÿ �\û��Uûyú"�yò#��û �� +å �6���B�/û���;û����;ÿ���þ	ÿ1
��;þ��2� ò n-o p � m þ ��� ���!] ò#�bÿ��8�9��ò#�	û��¦
`ò�;þ¦�;þ	û��.�;ú�ò#¹Uò��$ ':)¦�aû�����'�ò!��úbÿ�ú"�	ûyú�ò#��$m þ+�~Ô Ð Ö"ÔOÿ�Ö"Ô Õ Ï Ö"ÔOë - ÔOë v Ö"Ô Õ Ñ Ö"Ô Õ Ð Ö"Ô Õ ú Ö�Ô Õ ÿ2Ö"Ô Õ Ã Ö"Ô Õ þ Ö.Ô Õ ë�Ö.Ô Õ"Õ Ö"Ô Ñ Ö.Ô Õ v Ö"Ô�þ Ö.Ô Ï Ö"Ô ú Ö"Ô Ã Ö�Ô Õ � 
 �
Ò !IÒ j ý ÿ�újû������&��'�û��pm�ø �~ÔAÕ6Ö ±�±�± Ö"Ô ø�- � ø ¶�Õ1Ö ±�±�± Ö��6× �	�y
�þ	ûyú�ûBá �²¥.µ � ø ����� � j_ò#�m�;þ	û
û�'�û��Jû�� �9��ú.)z���������;ò�ÿ��Bÿ���û��2ûyú"�%ò#�;û � + ¶ � ´ þ	û���
Dûbþ���%�û ò�� ¼ �,� ��� á ¾ ¥z��µ � ����� ò�� G¼ �,�� á ¾ ¥ µ å � � á ¾ ¥z� �� ¾ � �
Ò !Oø j ´ þ	û&¹�û�)|ò#�	û6�^ò#�<�;ÿz��þ�����$�ûm�;þ	û5��ò#$��	ò¤��6�����yûÄÿ��s�;þ	û�ÁsYrq�¤{û�'#�����;ÿB�;þ��2��i*k Ü ò���	ÿ1
q º � �L( k ( Õ ��½(k Ü �������/ÿ�ú.��� Ô � » ��
�þ	ûyú�û*
Dû����6)��;þ��2�DØ �~Ô Õ Ö ±�±6± Ö"Ô ø � è cYfsf h�{�´Tè Ô j ò#�i�;þ	û%ú�ûkò#��m��ÿ '�8�;ò�ÿ��4�;ÿmØ �~Ô Õ Ö ±�±�± Ö�Ô ø �-� � 
`ò:�;þ Ô j � � �

´ ÿkò#�&��'�û��Äû��+���;þ	ò#�y��þ�����$�û��+
Dû`ò�+�;ú�ÿ������%û>���4���8�Uò#'�ò!��ú.)&��ú�ú��6) �ot v Ö ±�±�± Öit × �	� 
`þ	û%ú�ûD
Dû
`ò'#'5þ��6%�û t k � � ò#�R½ k ñ �	û��	ÿ��;û����;þ	û;�"�������������;ò�ÿ��·+E����� t k � ¾ � ò#���;þ��2�m���������������;ò�ÿ���	ÿUû����	ÿ��m�����/û6��úbÿ��7'�û�%�û�',ß � qr�	ò�;ò!��'#') t × ; +8�-������
Dû5��û�� t k ; ¾ � �2���;þ	û��/û�$�ò#���	ò#��$
ÿ��y�.�;û�� $ � � qr�E�"�;û�� $ ¶8�O�;þ	ûjÿ��/ûyú��2�;ò�ÿ��|ÿ�����û��"�;ò#��$�i k ñ �;þ	ÿ���'#�E�/û��yÿ��Äû��;þ	û���ÿ�'#'Æÿ1
`ò#��$�6®&"qr�i ówk ¶VÕ ô ö Ó� t k ¶�Õ ���;û	�Ri*k ñ ; �"� i ówk ¶VÕ ô Þ �ci ówk ¶�Õ ô ö �.u � ��µ � -Uÿ��;þ	ûyú.
�ò#�;ûD�;û��,i*k ñ ; i ówk ¶�Õ ô Þ u � �� '#��ÿ&��û�� t k ; � ò#�7i ówk ¶VÕ ô Þ �Qi ówk ¶VÕ ô ö � t k ¶�Õ � '�~´ þ	û&�����.�;ûyú^�2{f�	ú�ÿ�¤�'�û5��þ���ú.���6�����/û5���;û��7�����/û��Tÿ�ú�û&�;ÿB�Jò#�	ò�Jò�%%û®� v µ l	lrl µ[� × ( Õ -���8�/�����	ò�;ò�ÿ�����'k
Dÿ�ú"¹Mò#���	ûyû��	û��;�;ÿ&�yÿ����;ò#�	û%úW� × ò#�V�;þ	û ç @ èvh�k c ´Lé �Jò#�	ò����� ò��ò#�&�aÿ�ú.�9���+� � �
Ò ! | j « ûyò#� �;ûyú"�	ú�û��;ò#��$ �¢õ1w �9��
DûMú�û��	ú�û��;û�� �&���[��ú"�	ò�;ú���ú.)¦�§���Äò#')|ÿ��,�;û���� ¼ ��� � GÔyx ) ¼ Þ¢6 ¼ ö �	�
`þ	û%ú�û{zm� ¼ x ò#���	û��Uû����;þ	û<¤{ú"�.��%���ú�ò!����'�û/�;þ���� ¼¦è cYfsf h�{�´~è -���ûyû������.
cû%ú �!  å � ´ þ+��� ¼ Þ[ò���;þ	û
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�������§���Äò#')jÿ�� ¼ �;þ��2�s�	ÿ�û���� ¯ �s�������/ÿ�ú.� Ôyx �8����� ¼ ö ò#���;þ	û/�"�����~���Äò#')��;þ��2�,�	ÿ�û�� � ���8�s
�ò�;þ Ôyx�	û�'�û	�;û��C� �iÓ û���'#��ÿ>'�û�� ¼ x ����ò#� ¼ þ����-�	ÿ>�"�����aÿ�ú.� � ò � û � ��ò� ¼ ò��ûyò�;þ	û%ú�NCÿ�úsº�N » ��ú�û��	ú�û��;û�� �;û��
ò#� �;ûyú"����'#')?�+)  ÿ�ú ® --�;ûyû������"
Dûyú � +#+ � � qr� �¢õ }��9�Dz?���Jò#� � ¼ x+Ö Ø x �*�	ÿ6
 ò���	û��2û����;þ	û¤{ú"�"��%���ú�ò#����'Æû è cYfsf h�{�´Lé ²4�+)£ûyò�;þ	ûyú ¼ ÿ�ú�ØI-��;þ+��� ¼ ö ��N�ò� ¼ x í�Ø x �������BØ ö ��N�ò#� ¼ x =�Ø x �¸ ���	ú�ÿ��8�;ò#�	û DPE Á � ¼ Ö Ø8�	��: ��� {f�.�L)8'Æû��8ò#�>�	ÿ1
 �;þ	û��Tÿ ''�ÿ1
`ò��$£ò���"�;û6���Fÿ�� �¢õ#õ �c6M& « û��	ú�û�{�;û��+� ¼ �����EØE����ò#� �¢õ }�� ��Ó þ	ò#'�û ¼ x Ó��Ø x �[ú�û����	ú"�PN£ò�Sûyò�;þ	ûyú ¼ ��NMÿ�ú>Øz��Nª-@ÿ��;þ	ûyú.
�ò#�;û�;û	� ¼ ; ¼ Þcò#� ¼ x =�Ø x ���;û	�mØ ; Ø�Þ�ò� ¼ x í�Ø x � ¸ 
���� ¼ ð Ø³ò#� ¼ í�Ø �u« û����	ú"� ¼ ò#�
¼ ��ØBÿ�ú ¼ ��N ��t �;þ	ûyú.
�ò#�;û��@ò#� ¼ H ØE� N_ò�kò#�?�;þ	û&�Jû��Jÿ;�6����þ	û��\ú�û����	ú"�uN �;t �;þ	ûyú.
`ò�;û�yÿ��&���8�;ûXN Þ ; D,E Á � ¼ Þ Ö Ø Þ �>�����»N ö ; DPE Á � ¼ ö Ö Ø ö ��-V�;û���N ;���� E 1o� � Y � z Ö N Þ Ö N ö �	�A����ò#��$���z��'$�ÿ�ú�ò�;þ�� '�ò#¹�û � '#$�ÿ�ú�ò�;þ�� � û����yû��8�D�;þ��2���;þ	û*¤{ú"�"�0�"�;û��^ú�û����	ú"����ïB
�þ	û�� � ��N�ò#���.�;û6���
ÿ���
`þ	û�� � �µï¨-s���8��� ¼ H Ø[� N ¯ ò�+�;ÿ��;þ	û;�Äû��Äÿ��6����þ	û��s�����Àú�û����	ú"�ÑN � ' � ¸ û%ûB��'#��ÿ��;þ	û����$�$�û��.�;ò�ÿ��_ò#�z�����"
Dûyú � +�+ � �« û��Tûyú�û����%û<�yÿ����+���0��ú�û>���C���2�;û��B���cò�_û��Uûyú"�yò#��û "+� �+
`ò�;þ4��'�ò$�þ �,��þ�����$�û���-8�Tÿ�úDû��8���&��'�û���"�;û��s� � 
�ò#'#'y�	ÿ1
 �	û��%ú�û6���;û��;þ	û£ú�û��Tûyú�û����yû4�yÿ����+�jÿ��  � �����Àÿ���')½ÿ����;þ	ò#���	ÿ+�	û1�	�-
�þ	û��
� ��N � qf�Sò#��ò#�&�/ÿ�ú.�9��� �-�;ÿ<
`ú�ò:�;û0��&"�����	ò�L)���þ	û��	¹¬'kú�ÿ��8�;ò#�	û,�;þ������	ÿ�����'�û�{T��þ	û��	¹+�s��''	ú�û��Tûyú�û����yû�yÿ����+���D�����^ÿ��;þ	ûyúcú�û��������������yò�û��`ò#�4�;þ	û�û�� �;ò�ú�û äp���{� : ��� �����;û�����ÿm�;þ��2�0�����8��'�ûqû%ú�ú�ÿ�ú"�D��ú�û
�	ò#���/û��bò#�*�;þ	ûy����� � ´ þ	ûs�����	ò:�L)<��þ	û��	¹�ûyúi��þ	ÿ���'#���aûSò#�+%�ÿ�¹�û�����ú�ûr���	û�� ��')���� �;ò#'+��''+�"���	ú�ÿ �8�;ò�	û��
þ��6%�û<�aûyû��B�;þ	ÿ�ú�ÿ ��$�þ�')��;û��.�;û�� �
Ò !y! j � � �yqr� ¼ � ØC�2ú�û����	ú"� ¼ � qr� ¼ í�ØC�8�"
���� ¼ ð Ø � qr� ¼ ��N8�Uú�û����	ú"�4Ø � qr� ¼ Q Øm�[Nkò#�Dò#��;þ	û*�Äû��Jÿ��6����þ	û��{ú�û����	ú"��N �st �;þ	ûyú.
`ò�;û

�;û��=z ; ¼ x ��N1Þ ; /,è � ¼ Þ Ö Ø Þ§�	��N ö ; /,è � ¼ ö8Ö Ø ö �	� ò#� ¼ x � Ø x -�;û��=z ; ¼ x ��N1Þ ; /,è � ¼ Þ Ö Ø8�	��N ö ; ¼ ö �	ò#���yú�û6����û<�s�s�I� ¼ ö.� � ) � � ò#� ¼ x =�Ø x -�;û��=z ; Ø x ��N2Þ ; /,è � ¼ Ö Ø Þ§�	��N ö ; Ø ö �	ò#���yú�û6����û<�s�s�I�LØ ö�� � ) � � ò#� ¼ x í�Ø x �
´ þ	û��z��û��3N ;���� E 1o� � Y � z Ö N1Þ Ö N ö ��-8�6����þ	û�ò�D�����^ú�û����	ú"�^ò�D����ò#�B�����"
Dûyú �� #" �

� �C�iqr� ¼ � ØC��ú�û	���	ú"��N �-t �;þ	ûyú.
`ò#��û��	ú�ÿ��yû%û��&����ò#� � � �	�����8�����;û � í Ö ]2/,èy���	ÿ�� �oQsÖ /,ès� �� �1�>qr� ¼ ��N£ÿ�ú ¼ �½ØC�\ú�û����	ú"��N � qr�yØE��N��\ú�û����	ú"� ¼ �4t �;þ	ûyú.
`ò�;û��\ò#�yØ x = ¼ x �i�;û	�Ø ; Ø Þ �����B�aû�$�ò#�z��$ ��ò#� �yt �;þ	û%ú.
`ò#��û
�;û���N1Þ ;��I� Z E /sZ � ¼ Þ Ö Ø Þ§�	��N ö ;��I� Z E /sZ � ¼ ö8Ö Ø ö �	� ò#� ¼ x � Ø x -�;û���N1Þ ;��I� Z E /sZ � ¼ Þ Ö Ø8�	��N ö ; ¼ ö �	ò#���yú�û6����û<�s�s�I� ¼ ö.� �+) � � ò#� ¼ x =�Ø x �

´ þ	û��z��û��3N ;���� E 1o� � Y � ¼ x Ö N2Þ Ö N ö �������;¤��	ò#�;þB���0���"����' �
÷�ùCù j qr� ¼ ��N��@ú�û����	ú"�¦Ø � qr� ¼ �â×A�@ú�û����	ú"�s/,è � ¼ Ö Ø�� � qr�sØ?� ×A�@ú�û����	ú"�¦Ø � qr�sØ?��N_ÿ�ú
¼ �uØ��aú�û	���	ú"� DPE Á � ¼ Ö ×�� � qr�2×4�	N��/ú�û����	ú"� �I� Z E /sZ � Ø Ö ¼ � � qr� ¼ x = Ø x ����� ¼ x =Q× x �C�;û	�¼ ; ¼ Þ��������.�9��ú.�Cÿ1%�ûyú � qr�2× x = ¼ x �����»× x = Ø x �O�;û���× ; ×CÞ-�������"�9��ú.�Cÿ1%�ûyú �>t �;þ	ûyú.
`ò�;û��þ	û��	¹5�;þ	û*�6����þ	û������z�	ú�ÿ+�yûyû��^ú�û����	ú"�;ò:%�û�');���0���"����' �
÷�ù ÒCj qr�;������'�ò�6�2�;ò�ÿ����5ÿ��r: �<� �s
�þ	ûyú�û/�	ú�ÿ�£(û��	�;ò�ÿ��4���������;òÆÿ ���,����� � ÿ�ús�;þ	û/�%ÿ �&��'�û��Äû�� �9���;òÆÿ �
ÿ��aû%ú����;òÆÿ ����ú�û��/ûyú"�Äò�"�;û��A�/ò� ¯ �D�/û��.�/�;ÿ&¤��4�;þ	û��;û��Cÿ�� ä ÿ�ÿ 'Æû6���B%���ú�ò#����'Æû��>�2�D�;þ	û��/û�$�ò#���	ò#��$��
`þ	û��Mû�%�ûyú.)+�;þ	ò#��$kò#�y�aû%ò#��$kò#�	ò�;ò!��'�ò�%%û�� ��t �;þ	ûyú.
`ò#��û�� év��é�{ ìbû��+�;ûyú"����'C���������;ò�ÿ��Jò#����: ��� �����;û
�����"�0��þ�����$�û<
�þ	û��	û�%�ûyú/�m�	û	
¬%���ú�ò#����'Æû�û�� �;ûyú"���;þ	û*�Tú��6) �¸ �����aÿ��;û-�;þ	ûyú�û��Tÿ�ú�û-�;þ����A
Dû ¯ %�û��	û��%ò#�	û��*�;ÿ0�	û6��'�
`ò�;þ<���������;ò�ÿ����\ÿ�� �~ÔAÕ1Ö ±�±6± Ö"Ô Ï>�	�6
`þ	û%ú�û½Rò#�>�	ú�û��"�aû��yò¤{û�� � qr�E�����.
Dûyú �� �" �C
Dû�'�û�� ¼ x �±½ µ � �k�	ÿ���� �C
`þ	û�� ¼ ��NÄÿ�ú ¼ �½º�N » �
´ þ	û����;þ	ûD�9���8�;ÿ 'Æÿ $�)&���������;ò�ÿ�� � � � þ����y�;þ	û � ½Øµ � �r{f�	ÿ+�	û{: ��� � � � � � �  �

`þ	ò��þz
Dû��yÿ����"�;ú"�����<���/��ÿUÿ��E���W½Rò�/¹��	ÿ1
0� � l û	� ¾ j �/û��	ÿ+�	û ¡=ÿ����;þ	ò�/�"�;ú"�������	ú�û��C
`ò:�;þ¾ Ï ¶�Õ � ¢ � ´ þ	û£: �<� �Tÿ�ú Ô j ò#���	ÿ1
 � ¤ ¥ � �  ¦o§i¨r© - �;þ������;þ	û£: ��� ������ûD�Tÿ�ú-�;þ	û
�;û	�`ÿ�����'#' Ô j 
�ò#'#'Wÿ+������� ) Ë Ï ¶�Õë Ì �	ÿ+�	û��`ò#�B�����	ò�;ò�ÿ��;�;ÿ��;þ	û�ú�û��	ú�û���û��+�9�2�;ò�ÿ�����ÿ���Nm����� � �qr�A½ñò#�>���5��'#'T�k��'#'�½ �	ú�ÿ�£(û����;òÆÿ �����������;ò�ÿ����>�6���?�/û��	ú�û�����ú�û��|ò�?���8%������%û ��ä �8��½ñò#�
'!��ú"$�ûkò#������� )z������'Æò#�6�2�;ò�ÿ����Cÿ���: �<� �	-A�������	ú�ÿ�£(û��	�;ò�ÿ����§�����	�;ò�ÿ����>��ú�ûkú���ú�û�')z�	ûyû��	û���
�þ	û��
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&.�§���Äò#')*��'#$�û��	ú���'Cò#�i���;û����;ÿ/���	ò#'#���;þ	ûs�"�;ú"�������	ú�û��-���@ò#��û	�2ûyú"�yò�;û�� � + ¶ �8� + å � ¸ ÿCò� ¯ �i$�û��	û%ú���'')�/û��"���;ÿm
���ò:�0���+�;ò#'V�m�	ú�ÿ�£(û��	�;ò�ÿ��B���������;ò�ÿ��^ò�/����������'#':)£ú�û	�+�	ò�ú�û��A���/û��Tÿ�ú�û*�yú�û6�2�;ò#��$Äò:� �
qr���yò#�	û�� �9��'') �1�;þ	û-����ú.�;ò!��'{~�9���8�;ÿ�'�ÿ�$�)/�§�����	�;ò�ÿ���� ¾ j �6���*�aû�����û��<�;ÿ0�"�aû%û������<�;þ	û��.)8� �;þ	û�{

�;ò�Dÿ��aûyú��2�;ò�ÿ����Dÿ��\û��Uûyú"�yò#��û�� �� #"!�C�! # 6�qr��zm� ¼ x 4�Ø x ����� ¼ � ¾Tx �8
DûGþ��6%�û DPE Á � ¼ Ö Ø8��� ØC�/,è � ¼ Ö Ø8��� ¼ ������� � ò#�rzM4 × x ����'#��ÿ ¯ � ] � ¼ Ö Ø Ö ×C����×A��¯ � ] � Ø Ö × Ö ¼ �-��/,è � Ø Ö ×C� �
÷�ùO÷ j qr�B�;þ	û>�;ú��������Äÿ�$�ú�ò:¤��6�2�;ò�ÿ��;�.�;û�� ´ · ����þ�����$�û^� � v ; � Õ ; � ¯ �;ÿ�� � v ; � � � Õ ; N ¯ ������ N	v ; N Õ ; N ¯ �;ÿE� N�v ; N���N Õ ; N ¯ �y� '#�;ÿ&���;û ��� E 1°� � Y³ò#���.�;û6���^ÿ � � E 1°� � YG-�
`ò�;þ	ò#� ´ · ��;þ	ò#�������	ú�ÿ��8�;ò#�	û�ò#���yú�û�����û��±�s�s�I�§ï � � ) � ò#�i�"�;û���� � ¤������ � ��N �

� �����8��'�û%ú,��þ�����$�ûGò#�,�	ûyû��	û��4�;ÿ�¹�ûyû����;þ	û>����ú.�;ò!��'{~�9���8�;ÿ 'Æÿ $�)5���������;òÆÿ ���Dÿ��������"
Dûyú � + ����5�;ÿ����2�;û��+�aû��6�����;ûCÿ��O�;þ	ûyò�ús�"�aû��yò!��'C�Äû6���	ò#��$ � � ÿ�ú�ú�û����s�aû%þ��6%2ò�ÿ�úSò#���;ÿ�¹�û%û�� ¾T² ������þ�����$�û�������B�;û�� ¾Tx ;´³¶µ � ¾T²"� �÷�ùI� j � �+� ¼ · Øz��º�º � Ö���» Ö º ��Ö ¶ »+Ö º ��Ö9��Ö ¶ » Ö º1¶ »�» � �f� Õ · �"�f�6ë · �f� Ã±¸ í �"� ¸ � Ã �"� ¸ � Ã -A�;þ	û
ÿ��;þ	ûyú�ò� �f� Õ · �1ë � ¸ í ���/û��6�����;û ¼;¹ Øm� �f� Õ · �f�6ë ¸ í �"� ¸ � Ã�¸ í ����� ¼ � Õ � � Õ ¸ �1ë ¸ � Ã �

� �C� � ¼�· Ø8� � � ���»º Ô º0÷ � ¼ �~Ô � H Ø � ÷�� H � �½¼ Ô�Q ÷8�"��- � ¼�¹ Ø8� � � ���»º Ô º¿÷ � ¼ �~Ô � HØ � ÷8� H � ��¼ Ô H ÷��"��- � ¼ Ø8� � � ����º Ô º¿÷ � ¼ �~Ô � H Ø � ÷�� H � ��¼ Ô�¾ ÷8�"� �-� �	ÿ��;þ	ûyú0�Tÿ�ú"����'!�bò#�
� ¼ Ø8� � � ����¿�º ¼ � � ¾ ÷����6Ø � ÷8��� ��» ��¿5º6Ø � � ¾7Ô ��� ¼ �~Ô �-� ��» �

� �1� ä ÿ��;þ � ò!�0����� � ò�ò��,��ú�û*�;ú"�	û#-C��'#��ÿ ¼ � Ø ¸ ×C��� � ¼ Ø8� ¸ � ¼ ×C� �sý ÿ�ú"����'!� � òÆò�ò���§��ò#'#�Sò#�5$�û��	ûyú���'T�8��'�;þ	ÿ���$�þ&
DûD�	ÿbþ��6%�û ¼$· � Ø ¹ ×C�±À � ¼£· Ø8� ¹ � ¼�· ×C� �-ý ÿ�ú"����'!� � ò%��-�5��¹�û��'�ò�"��'Æû<�;û�����û#-8�;þ	û�ú�ò#$�þ �"{-þ������B��ò#�	û�ò� � ¼;·;¼ � ¸ � ¼;· ×C� ¸ � Ø ·;¼ � ¸ � Ø · ×C�	���+) � ò�� �-ý ÿ�ú"����'!�
� %��5ò#���;ú"�	û*�/û��6������û���''A�;þ	ú�ûyû<����ú.���D��ú�û(N �-� ��� � %2ò!�Dò#�,�;ú"�	û�ò#�������^ÿ���')£ò#� ¼ Ó��N �

� �C� t ��') � òÆò���ò#����'
��6)8���;ú"�	û �?ý ÿ�ú � ò��	���;þ	û4�yÿ����	ò�;ò�ÿ��7�;þ	ÿ���'#�7�aû ¼E¹ Ø�À í �-��ò#���yû
¼�¹ Ø&��Njò#�&��'�ò�û�� ¼  Ø �sý ÿ�ú � òÆò�ò��	���	ÿ��;ò�yû*�;þ��2�X� ¼^· Ø¨� � � ¼�¹ Ø¨��� � ¼ Ø¿� � � 
`þ	û��	û�%�ûyú� ¼ ��� � Ø¨��� � �-ý ò#����'#') �2ò#�;�"�9�2�;û��Äû��+� � ò%��	��
Dû<�	ÿÄþ��6%�û ¼  Ø���Á ¼;· Øm� ¼ ØI-8���8�0�;þ	û�yÿ��+%�ûyú"��û*�§��ò#'#�,
`þ	û��A�����6) � ¼ � Øm� ��Õ ¸ í �

� û1� ¼ ��N£ò#� � ò��>����� ¼ � í ò#� � ò�ò���-i��'#�;ÿ í ØE��Ø��Tÿ�ú*��'#'�Ø � ´ þ	ûyú�û ¯ �*�	ÿB��ÿ '�8�;ò�ÿ���;ÿ � ò�òÆò��	�k�/û��6������û ¼ 
Dÿ���'#�Fþ���%�û��;ÿ��aû�º º ��Ö9��Ö ¶ Ö ±�±�± »�» ������
Dûm��ú�û��%ÿ ����ò#�	ûyú�ò#��$Mÿ ��':)z¤��	ò�;û
�;û	��� ��ä �8��ò���;þ	ûs¤��	ò�;û,���	ò%�ûyú"�;ûDÿ��O�����.
cû%ú � + � 
cûDþ��6%�û ¼ �ãº�º ��Ö ±�±�± Ö ½ » » � �~´ þ	ò���~���Äò#')jïþ����/�;þ	û��	ú�ÿ��/ûyú.�L)B�;þ��2� � ¼ ï<� · � Ø ï<��� � ¼ ¹ Ø�� ï � � ´ þ	û�$�û��	ûyú���'i��ÿ '�8�;ò�ÿ��z�;ÿ � ò%��
ò#� ¼ � � Õ · �1ë ·7¼ YT�s
�þ	ûyú�û ¼ Y`ò����� ��ú"�	ò�;ú���ú.)��§���Äò#')0-0�;ò#�Äò#'!��ú"')��y�;þ	ûz$�û��	û%ú���'0��ÿ '�8�;ò�ÿ���;ÿ � %��`ò#� ¼ � �f�2Õ ·z¼ Y�� ¸ �f� ë ·z¼ Y Y�� ¸ �f�2Õ · � ë · � ¼ Y ¸ ¼ Y Y ¸ ¼ Y Y Y��"�	�O
�þ	ûyú�û ¼ YT� ¼ Y YT�A����� ¼ Y Y Y��ú�û&��ú"�	ò:�;ú���ú.) � qr� � %2ò��	� ¼ � �"�"�"�f� Õ · �1ë � ¸ í � ·�¼ Y�� ¸ �"�f� Õ ¸ �6ë � ·�¼ Y Y��"� · �f� Ã=¸ í �	�A
`þ	û%ú�û¼ Y ¸ ¼ Y Y  ��Õ ¸ � ë ¸ � Ã#-+�;þ	ò#�5ú�û��	ú�û���û��+�9�2�;ò�ÿ����Tÿ�'#'�ÿ1
0�y��ú�ÿ�� û��Uûyú"�yò#��û � + · � ��� � qr� � %2ò�ò!�	�å� ¼ ��� � �ý ò#����'#')�� � %2ò�òÆò��s��þ���ú������;ûyú�òÐ%yû�� � ÿ�ú"�B���������;òÆÿ ��� �~´ þ	ûyÿ�ú�û�� å � � � � � � �
÷�ù�) j � �+� ´ þ	ò#�Sú�û�'#���;òÆÿ �Äò#�Sÿ��+%Uò�ÿ����y�Tú�ÿ ���;þ	ûD�	û	¤��	ò�;ò�ÿ�� � � � '�;ÿ � ¼ ¸ Ø8�  ×EÂ � ¼  ×�� ¸ � Ø  ×C� � �

� �C� ¼ ��1ë �ãº�º ��» Ö N » � � Õ ¸ í - ¼  � Õ � �6ë ¸ � Ã - ¼  í � ¼ -2þ	û����yû ¼ 8�f� Õ ¸ í ��� �1ë ¸ � Ã �
� �1� � ò:%2ò#��ò�ÿ����+)�NE$�ò:%�û��m�;ú�ÿ�����'�û��s�/û��6�����;û ç�kÃk �;û	��� � �/û�'�ÿ���$E�;ÿ ¼  N � � ä �8�Äò�D
Dû

ú�û��.�;ú�ò#���D�yÿ����;ò#�	û%ú����;òÆÿ �;�;ÿ5�~���Äò#'�ò�û���ÿ�����������û����`ÿ��sº � Ö ±�±6± Ö ½ » �C����ò#�]û��Uûyú"�yò#��û�� � + � ����� � + å �
DûÄþ��6%�û ¼  N4� � --��'#��ÿ �  � � í �i����� ¼  � ��N4
�þ	û�� ¼ Ó� � � � � '�û���ú"':) ¼  í � ¼ �5� ���¼  ¼ � í 
`þ	û�� ¼ Ó�ÄN �/ý ò#����'#':) � � ¼ �Äÿ��>Ø8�  Ø4��Nm
`þ	û��zØuÓ��N8�C�aû���������û � = � ¼ �Äÿ��>Ø8�  Ø�����O_ = ØMò�5��'�òÆû��,�;þ��2� � ¸ _ = ¼ � � = ¼  ØC������� � ¸ _ = � ¼  Ø8� · Ø�Å �m�yÿ��+�;ú����	ò#�	�;ò�ÿ�� �
� �C�/qr��_ = ØC�k
Dûjþ���%�û(_ ¸ � = ¼ �����Æ_�> � �ÇN��Tÿ�ú<��'#' � = ¼  ØI-A�;þ	ò#�>�	ú�ÿ1%�û��>�;þ	ûþ	ò#� � �-� û����yû ¼  Ø À ¼ 8� ¼ 8� ¼  Ø8�"� ��� '#�;ÿ ¼  ×OÀ ¼  Ø&
`þ	û��5×OÂ�ØC��� ) � � ��-�'�û	�W×�� ¼ 8� ¼  Ø8� �
� û1� l û	� ¼ � Ø7�aûB�;þ	ûB�~���Äò#')Àò���;þ	ûB�	û�
\�	û�¤��	ò:�;ò�ÿ�� � ´ þ	û�� ¼  Ø[À ¼ � ØC�,�/û��6������ûØ · � ¼  Ø8�{À ¼ �����EØ� � ¼  Ø8� � � ÿ��+%�ûyú"�;û�') �[ò#� � = ¼   Øz������_ = ØC�A
Dûjþ��6%�û � = ×¦�Tÿ�ú

�;ÿ��Äû^×;
`ò:�;þ4Ø · ×EÀ ¼ �����;Ø� ×¿-��yÿ�����û	���	û�� ��') � ¸ _ = ¼ ����� � > _?��N �
� �9�<qr� ¼ þ�����������þ��]ú�û��	ú�û��;û�� �9�2�;ò�ÿ��A��
cû������.��þ���%�û&Ø�� ¼ �� j �����·×�� ¼ �Äÿ�� � j �� ÿ�� %�û%ú"�;û�')��V�;þ	ÿ ��û&�§���Jò#'Æò�û��<�9�2�;ò#���!) � j&�Ø ¸ × � �~´ þ	ò#��'!��
�ò#�*�;þ	û&�����������Äû��+�9��'�ú�û����	ú"�;ò%�û
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�	ú�ò#���yò��'�û������	û%ú"')2ò#��$O: ��� ��Å½£L���"�<���D�;þ	û����	ò��+�	û�ú�û��	ú�û��;û�� �9���;òÆÿ � ¼ � �~Ô j )�ØI6¿×C�	�O
�ò�;þzØ�����_×^ò#���	û��aû����	û��+�Cÿ � Ô j �������	ûyú"'�òÆû�� ä�<� � � �
� $�� ä ÿ��;þ;�;ú"�	û � �~´ ÿ&�	ú�ÿ1%�û>�;þ	û��B�	ú�û��	ú�û���û��+� ¼ �����BØ4����ò#�;����ú.� � �9� � �� «�� ñ �Cä ú��6)��;ÿ��B����� � �I �  ��'#'Æû��^ò#�+�;ú�ÿ+�����yû��B�;þ	û<�+�	ÿ��;òÆû��+�/�����^ú�û�����ò#���	û%ú`ÿ��/ûyú��2{

�;ò�ÿ�����ò#�FÉ�I	ó�H2U�~��CK�UCö���õ M U>ôiF#I	H���FTKTG/R��OPBö��8G6KLJ9õ&G � q $2$2$ � �� #" � �	� ·  !� ú2· �����8�Cò#�z�&�"'�ò#$�þ+��':)�	ò�8ûyú�û��+�D�%ÿ � �;û�����6 ´ þ	û�)4�	û6��'�0
�ò�;þB�§���Jò'�ò�û��cÿ��@ò#���%ÿ �&����ú�����'�û<�;û	���`ÿ��������C�����/û�� � ¢
÷�ù0¼ j qr�[��'#'��6���;û���
Dû5�yÿ����.�;ú"�������]ú�û����	ú"�;ò�ÿ��������;û��½ÿ��½û��2ûyú"�%ò#�;û � + · � ��� �4ý ÿ�úbû	�����5��'Æû��@ò#�
¼ x ��Ø x ��zC�V
DûÄþ��6%�û ¼�· ØE� � Gz�) ¼ Þ · Ø Þ 6 � ¼ Þ · Ø ö � ¸ � ¼ ö · Ø Þ � ¸ � ¼ ö · Ø ö �"��- ¼�¹ ØE�
� Gz�) � ¼ Þ ¹ Ø Þ§� ¸ � ¼ Þ ¹ Ø ö � ¸ � ¼ ö ¹ Ø�Þ§��6 ¼ ö ¹ Ø ö ��- ¼ Ø�� � Gz�) � ¼ Þ Ø Þ§� ¸ � ¼ ö Ø ö ��6 � ¼ ö Ø Þ§� ¸ � ¼ Þ Ø ö �"� �

� �+�,qr� ¼ x = Ø x ÿ�ú � ¼ x �uØ x ����� ¼ í Ø8�	�C�"
���� ¼ ð Ø � qr� ¼ �ÊN��/ú�û����	ú"� ¼ -/ò#� ¼ � í �
ú�û����	ú"�BØ � qr� ¼�· Ø&��NÄò�`ò#�B�;þ	û*�Jû��Äÿ&�6����þ	û��/ú�û����	ú"�`N � qr� ¼ x í Ø x �C��û��3N2Þ ;�Ë /P1 E � ¼ Ö Ø Þ§������SN ö ;ÌË /P1 E � ¼ Ö Ø ö ��-�ÿ��;þ	ûyú.
`ò#��ûz�;û	�MN2Þ ;ÍË /P1 E � ¼ Þ Ö Ø�Þ~�	�,N1Þ ö ;ÍË /P1 E � ¼ Þ Ö Ø ö �	�RN ö Þ ;Ë /P1 E � ¼ ö8Ö Ø Þ§�	�¨N ö!ö ;�Ë /P1 E � ¼ ö8Ö Ø ö �	�¨N ö ; /,èG/,è � N2Þ ö8Ö N ö Þ Ö N ö�ö �	�V�����E�	ûyú�û��Tûyú�û����yûXN2Þ ö �åN ö Þr�N ö�ö ��ý ò#�	ò�;þ;
�ò�;þ�N ;���� E 1o� � Y � Ø x+Ö N2Þ Ö N ö ��-��6����þ	û�ò:�D�����^ú�û����	ú"�^ò�D����ò#�_û��2ûyú"�%ò#�;û �� #" �

� Ó û>�yÿ���'#�B��'#��ÿ��yÿ��&���8�;û�N ö %2ò!���;þ	û>��ÿ�ú"����'!�Z/,è � N2Þ ö8Ö Ë /P1 E � ¼ ö8Ö /,è � Ø Þ Ö Ø ö �"�"�	�Uÿ�ú,%Uò!�/,è � N ö Þ Ö Ë /P1 E � /,è � ¼ Þ Ö ¼ ö � Ö Ø ö �"� � ¸ ÿ��Jû	�;ò#�Jû��Sÿ��	û0
0��)jò#�y������þ&�/û��"�;ûyúy�;þ����&�;þ	û`ÿ��;þ	ûyú��L
Dÿ � �
´ þ	û�ÁP1 ç Ë /P1 E ÿ��aûyú��2�;ò�ÿ��A��
`þ	ò��þ��	ú�ÿ������%û����;þ	û&�§���Jò#':)|ÿ��<²�³ èÃÎvh ³ |�´ ���	ò�ÿ����5º � ¸ _��� = ¼ �._ = ØC� � >�_E��N » �	ò�D��ò#�Äò#'!��ú,���8�0
`ò�;þ�N ö!ö ÿ��Jò:�"�;û�� �
� �C�>qr� ¼ x =�Ø x ÿ�ú � ¼ x �µØ x ����� ¼ í Ø8�	�i�"
���� ¼ ð Ø � qr� ¼ 4 í �@ú�û����	ú"� ¼ � � Ó û�yÿ����;ò�	ûyú$N�= í ����� í = ��'#'aÿ��;þ	ûyú"� � � t �;þ	ûyú.
`ò�;û��2ò#�r¯&Y�YAZ � ¼ Ö Ø8�Sþ������ ¯ ���/ûyû��;�6����þ	û��A�8�;þ	ûyú�û

��ú�û��L
Dÿ5�6���;û�� � qr� ¼ x í Ø x �O�;û��WN ö ; /,è � Ø Þ Ö Ø ö �	�0N ; ¯&Y�YAZ � ¼ Ö N ö �	�k�������	ûyú�û���û%ú�û����yûXN ö -
ÿ��;þ	ûyú.
`ò�;û<�	ú�ÿ��yûyû���������'Æÿ $�ÿ�����':)��;ÿ � � �,���8�0
�ò�;þ�à ð × � � ����þ	û*�����^ú�û����	ú"��Nm���0���"����' �

� �1� ´ þ	ò#�Dÿ��/ûyú��2�;ò�ÿ��£ò#�,��ò#�Äò#'!��úy�;ÿ � � �	�8���8�RN1Þ ; /,è � N1Þ:Þ Ö N ö!ö �s������N ö ; /,è � N1Þ ö�Ö N ö Þ~� �
� �C� ý ò�ú"�"��
cûqò#�&��'�û��Äû��+�,�;þ	û�ò#�&�aÿ�ú.�9���+�0��ò#�&��'�û>�6���;û�� ¼ ���x ����� ¼ �Äÿ�� �Ïx 6

Y � ÁP1eÐ � ¼ Ö z8�-�ÒÑÓ Ô qr� ¼ x �[zC�.Õ*Ö	���.Õ"� ¼ ö -.×#� ¼ x í�zC�.Õ*Ö����.Õ"�½N �yt �;þ.Ö�Õ.
=×#�iÖ*'�ÿ�ÿ�¹4�Tÿ�Õ
¼ ��Ïx �[N;×#�4�;þ.Ö*�6����þ.Ö�-�×#�r×�$×#�"� ¯ �0�.Õ*Ö��*Ö��+�6���yÿ��5���8�iÖ<×��%�×!�N ;���� E 1o� � Y � ¼ x+Ö Y � ÁP1eÐ � ¼ Þ Ö z8� Ö Y � ÁP1&Ð � ¼ ö8Ö z8�"� �

Y � ¯®/,Á � ¼ Ö z8�-� ÑÓ Ô qr� ¼ x �[zC�.Õ*Ö	���.Õ"� ¼ Þ�-�×#� ¼ x í�zC��Õ*Ö	���.Õ"� ¼ �st �;þ.Ö�Õ.
$×�iÖ*'�ÿ�ÿ ¹5�TÿsÕ
¼ �Äÿ�� �Ïx �[N;×#�;�;þ.Ö*�6����þ.Ö#-.×#�D×�=×#��� ¯ �0�.Õ*Ö��iÖ�� �6���yÿ��&���8�iÖ{×:�0%�×#�N ;���� E 1o� � Y � ¼ x+Ö Y � ¯®/,Á � ¼ Þ Ö z8� Ö Y � ¯M/,Á � ¼ ö8Ö z8�"� �

� ÿ1
¬ÁP1&Ð � ¼ Ö Ø8���â&.qr�VØ&��N����*Ö�Ö<�yÖ�'�ÿ1
<-.×#�VØm� í �.Õ*Ö����.Õ"� ¼ �st �;þ.Ö�Õ.
=×#�iÖ���×#� ¼ 4 í �.Õ*Ö����.Õ"�FN*-×#� ¼ �uØC�yÕ*Ö����.Õ"� í � qr�iØ ÞA�ÊN&�����zØ ö � í �yÕ*Ö����.Õ"��Y � ÁP1&Ð � ¼ Ö Ø x � �Dt �;þ.Ö�Õ.
=×#�iÖ��y×#� ¼  Ø5��N^×#�×#�z�;þ.Ö�� Ö��Äÿ�������þ.Ö��ØÕ*Ö����.Õ"�5N ��t �;þ.Ö�Õ.
$×�iÖ��iÖ	��N2Þ ; Y � ÁP1&Ð � ¼ Ö Ø x �	�¿N ; ÁP1&Ð � N2Þ Ö Ø ö �	�A������.Ö�Õ*Ö��ÃÖ�Õ*Ö�����Ö�N1Þ � qr�IN�Ó��N/������Ø Þ2Ó��N����iÖ	�GN ö ; Y � ¯®/,Á � ¼ Ö Ø x �������XN1Þ ; Á21&Ð � N ö8Ö Ø Þ§�	���.Ö�Õ*Ö���{Ö�Õ*Ö����vÖ�N ö � �iÖ��GN ö ; N>�����XN ; DPE Á � N1Þ Ö N ö �	���.Ö�Õ*Ö��ÃÖ�Õ*Ö����vÖ3N1ÞO�����XN ö � qr���*Ö�Õ.� ¼  Øm�[N£×#���;þ.Ö
��Ö��Jÿ��6����þ.Öy������Õ*Ö����.Õ"�^N � ' � ×%�×�i×�ÿ��*�+){N±Õ*Ö����.Õ"��� � ×#�+�;þ.Ö�Õ*Ö�×#�i�,¤���Ö��*���.×%sÖ�Õ"�iÖ0º ��Ö ±�±�± Ö ½ »���D×#��Ö��¶Ö�Õ"��×#�*Ö � + � ��t �;þ.ÖvÕ.
$×#�*Ö×� ¯ �i���(Ö�Õ*Õ�ÿ�Õ � �yÖ��6�����*Öy�;þ.Ös���.×:%ÙÖvÕ"�9��'+�§����×#') � �	ÿÙÖ���� ¯ �DÖ���×#�.�	� �� Ö1�iqr��Øm��N��sÕ*Ö����.Õ"� ¼ � qr��Øm� í �sÕ*Ö����.Õ"� N � qr� � Ø Þ Ö Ø ö ��� � N Ö í �	�sÕ*Ö	���.Õ"�5Y � ¯®/,Á � ¼ Ö Ø x � �qr� ¼ �Äÿ��>Ø&�QN^×�D������þ.Ö��A��Õ*Ö����.Õ"�F×� �,t �;þ.ÖvÕ.
$×#�*Ö��iÖ	�3N ; Á21&Ð � ¼ Ö Ø8�0�����`N ö ;�Ë /P1 E � N Ö Ø8�	��.Ö�Õ*Ö��ÃÖ�Õ*Ö�����Ö^N����*Ö��3N ;��I� Z E /sZ � ¼ Ö N ö �	�C�����;�.Ö�Õ*Ö��ÃÖ�Õ*Ö�����Ö^N ö � � ����þ.Ö������OÕ*Ö����.Õ"��N �� ¸ �? ×�����;ÿ $ �6%sÖ�Y � ÁP1&Ð � ¼ Ö z8�	�&Y � è�Yr¯ � ¼ Ö z8�	��������Á,Y�«2Z D � ¼ Ö��Ïx �F×#� þ.×#�|ÿ�Õ*×#$�×#����'�����"ÖvÕ�ÿ���: ��� � ��� ×#�*��'#$�ÿ�Õ*×�;þ��5�>�Tÿ�Õ Ë /P1 E � ¼ Ö Ø8�>�����¦ÁP1&Ð � ¼ Ö Ø8�>�����yÖ6�1Õ*Ö��Ú×#�E�;þ.Ö��iÖ	�+�.Ö�'T���ô�QFÛ�~TÜ�Ü�Ü·��J9G�F¹�¬���Z�8KLó1õ4R�KTF§ó!�¦ôyó!�.ÝLUI� Ò �.�� # · �	� · � + � · � ·�� ¢
÷�ùIÒ j ´=Þ Ö������yÖ�Õ*�yß�������� �¢ò�� ¼ � Ã ò�� Ø8� Ã �=×áà<�.ß��<�.×â
5����'�/�iß;�.Õ*ß6%ÙÖ��Ãß�Õ>�Ïã1àiÖ�à � ã �£ã���� � �C�	�ã1à<
pÖ�''�ã1à(� �¢ò�� ¼ � ë ò�� Ø�� ë �/�ÃßsÕ>�Ïã1àiÖ � �6� �mä �8�{ã�Õ*Ö�� Þ Ö�Õ*Ö^Ö���ã��5��'áÖvà<� Þ ã2�<�äã�¹�Ö^à"��� Þ ã4'áß���$�i×#��ÖY) � �����Ïã���� Þ Ö(Õ"�����.×��$��i×#��Ö��Ãß�Õ � �C�0�yÖ;Ö����"ß��.Ö�� �i×gã�'Ã) � '#'V¤�%ÙÖ�Õ*ß �8�i×�.Ö�à�à*Ö�Ö��\�iß��yÖÕ*ÖÏã1àiß���ã���')4�eã1à"�=×#�;�.Õiã��	�i×#��Ö �



B#C W D,EPç X7Y�è ç Z2/\YV],YåèGF�1 ç Y ç é H B H æ
d��   �¢¡ ��¤ Äw� ��� �¢� ¤ �	a	`d � Ë £  �^ £ ��a £ � £   � �¢¡ �1aDÅ � � ¥ �¢¡ ���*ÅÐ ���h | Î�Î^¢� ¤ � �¢¡ �r�1^¤ ¡ � £?�  iÅ � � ¥ �¢¡ �r�Ì ��� ¤ £O� � d  ���a�  � h�hP¡ �2ac � � g £   �d  ��vW ¤ £� Ä d  ��vW ¤ £å � � � ¦�¢� d Ä�g�� Ë �§ �����¢��hyÄ �2d§���¤ � � ¥O£ g� £  �� �  T` DPE Á D,E Á

÷�ùOø j qr� ¼ � � w Ù ¸ l	l	l ¸ � w Û ã1æ��Eß�ä[+8�C'áÖ�� ç�ç ¯ � ¼ Ö z Ö ß����"Ö*� Þ Ö ä ßÙß 'âÖÏã1æz���.æ����i×áß�æB� Þ ã2�£×áà�iÕ"�.Ö;×#��ã1æ���ß�æ�')F×#��Ö	�.ã�����')?ßEß���� Þ Ö�%1ã1Õ*×gã���'áÖ�à�º Ô w Ù Ö ±�±�± Ö"Ô w Û » >?º Ô"x+Ö"Ôyx ¶VÕ Ö ±�±�± » ã1Õ*Ö � ã1æ��
Ô Õ � lrl�l � Ôyx ( Õ �Q+ �-Ó Ö<��ß��&���8�iÖ �f� w Ù ¸ l�lrl ¸ � w Û �rè-ß�� );�Ïã�'#'á×âæ�$ çYç ¯ � ¼ Ö���Ö ß8� �ç�ç ¯ � ¼ Ö z Ö ß��D� & Ó Þ ×#'áÖ ¼ x =�zC��à*Ö�� ¼ ; ¼ Þ � qr� ¼ x ��½ µ � ã�æ��¦ß?í±+��BÕ*Ö����.Õ*æÚN �qr� ¼ x ��½âµ � ã1æ��Eß5� +���Õ*Ö	���.Õ*æz� Þ Ö*��ã�Õ.�i×áã�':{T�äã��8�iß�'áß�$�)4���.æ����i×áß�æ ¾Tx;� àiÖ�Ö�ã�æ.à.
pÖ�Õ � + � � � qr�¼ è�zèCß&�[N<×áà�×áæ&� Þ ÖD��ã�� Þ Ö��¶Õ*Ö����.Õ*æ®N ��t � Þ Ö�Õ.
=×áàiÖ$àiÖ	�PN ; çYç ¯ � ¼ Ö ¼ x µ � Ö ß8� � qr�Vß�íS+��ÙàiÖ	�
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���Bã�Õ��và ¡ k ¾~¾ \Êz¬k(ã1æ.ü¡ k ; ¾T¾ z¬kA�vßsæ.à*Ö�����ÿi×��sÖ�� � ú$Þ Övæ ¡ k>��ï���z¬k>�u¥�ý � Ö�¤�æ.Ö��Æ � ¾ ï(×áþ(¿ ç�´Lé � ï ¢ ��ï ù ß1ÿ Þ Ö�Õ ú ×áàiÖ�Æ �Ú¿ ç�´ré � ï ¢ ý � Þ ß¶ß�ài×âæ��(ï ¾~¾ \�¥´×âà£×����áÖ��sã
�r×áþ��Æ ä�+�ß�Õ`�¥ 4Q+�ý ´=Þ Ö<���yü�ã�ÿi×áæ���Õ����áÖ�þeß�Õ=ÿ Þ ã�ÿ� Þ ßs×���Ö ù�ú$Þ Ö�æ5�áÖ��sã
� ù ×âà�6�¿ ç�´Lé � ï ¢ ; + ù ¿ ç�´Lé � ¥ ¢ ; + ù ¿ ç�´ré � ¾ �Æ ¢ ; �¥ ù ¿ ç�´Lé ���¥ ¢ ; �Æ ý
÷���)>� ´=Þ Ö · ¶ å ß�Õ*×áÖvæÙÿiÖ�ü6� � ���áÖ�àE�Ïã1æ � Ö$Õ*Ö��.Õ*Ö�àiÖ�æsÿiÖ�ü ��� ã�: ��� ßsþB� " +#+<æ.ß¶ü.Ö�à�ý ´±Þ Ö$à Þ ß�Õ?ÿ ÊÖ�à?ÿ<ã1Õ*Ö ù ß�þ£��ß��.Õ*àiÖ ù Í ³ ¾T¾ \ ³ Í ¾~¾ \·Í ³ ã1æ.üFõÛ ¾T¾ \ªÛsõ ¾~¾ \ÄõÛ�ý ´±Þ Ö�Õ*Ö;ã1Õ*Ö�¶ å ß�þN�áÖ�æ��1ÿ Þ7�1åz� ÿ Þ Ö� ã��¶×��2����� ù à���� Þ ã1à � Í ³ Í���ô�Ûsò�Ü�Ûsõ.ô'� Î µlÝ ��ÎC�sÅ�× ý Ö�ý ù Í ³ ¾~¾ \ ³ Í ¾T¾ \ l	l	l ¾T¾ \ª��Î ¾T¾ \ÞÎ
Í ¾T¾ \3Í ³ ý¤°æ���×áü.Ö�æsÿäã���� � ù ÿ Þ Ö�ü.×âÕ*Ö��vÿiÖ�ü���Õiã
� Þ ×áæ<� �.Ö�à?ÿi×áß�æ{×áà�ÿ Þ Ö�ã1Õ�� Ê ü.×���Õiã
� Þ p�ï�ß�þÙÿ Þ Ö�ü.×���Õiã�� Þ pß�æ ��] �sÖ�Õ?ÿi×���Övàsº@Í Ö%ß�Ö ±�±�± Ö�àk»pú=Þ ßsà*Ö ·  ã1Õ���à�ã1Õ*Ö.Í ¾~¾ \ ³ ù Í ¾~¾ \�� ù ±�±�± ù � ¾~¾ \3áyý $ �sÖ�Õ � ß�Õ*×áÖvæÙÿiÖ�üú ã
�#¹Oß�þ7p�ï�×âà�ã�æFß�Õ*×áÖ�æsÿiÖ�ü ú ã
�#¹Oß�þGp ù ã�æ.ü¾�vßsæ�sÖ�Õ*àiÖ�� � � àiÖ�Ö�Ö��¶Ö�Õ���×áà*Ö � ý ¶�ý · ý ������� ��- � ��ÿ£ÿ Þ Öß�Õ*×áÖ�æsÿiÖ�ü }�y#}Ïké�è ß�þ7p ï ã1Õ*Ö{æ.ß�ÿ$æ.Ö���Ö�à*àäã1Õ*×�� � à*×��6���áÖ{×áæ`pFý.¤°æFþ&ã
�vÿ ù p Þ ã1à£ß�æ�� � ¶ å ß�Õ*×áÖvæÙÿiÖ�ü� � ���áÖ�à ù ÿ Þ Ö��áß�æ���Ö�à?ÿ=ßsþ ú$Þ ×�� Þ ×áà��.æ.×����.Ö#6 � Í���ô'Û�õ µlÝ �l��Î��Xý¤°þ ú Ö$Ö	�¶ÿiÖ�æ.ü���ß�æ.ài×áü.Ö�Õiã�ÿi×áß�æ�ÿiß{ÿ Þ Ö ] � �"ß�à?ÿäã�����ßÙü.Ö�à×áæ Ö��¶Ö�Õ���×áà*Ö å�� ú2· � �6� ù ÿ Þ Ö$æ ��� � Ö�Õß�þ�ß�Õ*×áÖ�æsÿiÖ�üV� � ���âÖ�à�Õ*×áàiÖ�à£ÿiß;¶ " ¶�¶ ].ù ×áæ������.ü.×áæ���ÿ Þ Ö<�.æ.×����.Ö ��Ê � � ���áÖ � Í�� ù ã1à ú Ö����Iã1à ��  � ÿ Þ ã�ÿÞ ã'�sÖ��áÖ�æ��1ÿ Þ�� ¶ ù à���� Þ ã1à � Í�âs��ô'Í ³ Í ��Î
Ü�ÛsõÛsò.ô'Û Î µlÝ �l� Î�Ík�Xý � � ß���ÿ �1å +#+#+ : ��� æ.ßÙü.Ö�à$à���
���Öÿiß6� Þ ã1Õiã��XÿiÖ�Õ*×�%�Ö<ÿ Þ Ö<Ö�æÙÿi×âÕ*Ö{þeã
� ×�� � ß�þDß�Õ*×áÖ�æsÿiÖ�ü5� � ���áÖvà$×áæOÿ Þ ×âà��Ïã1àiÖ1ý
÷��0¼�� ´=Þ Ö�ü.×���Õiã
� Þ�Þ ã1à å� 8�1� ã1Õ���à�- � ��ÿ ú Ö1�Ïã1æo�.Õ��.æ.Ö�ÿ Þ Ö���ü.Õiã
� ã�ÿi×��Ïã
��� �L��� Õ*Ö�� ß'��×áæ��ã1Õ���à�þÃÕ*ß��Ú�sÖ�Õ?ÿi×���Ö�à�ß�þØ×áæ Ê ü.Ö���Õ*Ö�ÖW%vÖ�Õ*ß ù ß�Õã1Õ���à�ÿiß��sÖ�Õ?ÿi×���Ö�àß�þ"ß��ÿ Ê ü.Ö���Õ*Ö�Ö3%�Ö�Õ*ß.ý ý ß�Õ�Ö���ã��6���áÖ ù� � � �l� ¾T¾ \ � �@��¬� ��ß¶Ö�àã ú ã � ù � Ö��Ïã
�.à*Ö � �@��¬� ×áàã<ü.ÖÏã1ü�Ö�æ.ü¨-¶×áæ þeã
�vÿ ù ã
����à�������Ö�à*àiß�Õ*àß�þ � � � �l�ã1Õ*ÖB�á×¹sÖ ú ×áà*Ö;Ö��á×���×áæ�ã�ÿiÖ�ü ù àiß �@� � � � ×áà<ß���ÿ<ÿißÙß.ý $ �ÙÖvæÙÿ���ã
��� � ú Ö ¯ Õ*Ö2�áÖ�þgÿ ú × ÿ Þ ß�æ�� � ���1� ã1Õ���àã
� ß�æ�� " ú ú ß�Õ*ü.à ù ã1æ.üOÿ Þ Ö��.Õ*ß � �áÖ��ã�Ïã1æ � ã1ài×���ã���� �1� Ö�ü.ß�æ.Ö ��� Þ ã1æ.üBý

´=Þ Ö�Õ*Ö^ã�Õ*Ö/£)�.à?ÿ å · ß�Õ*×áÖvæÙÿiÖ�üv� � ���áÖvàÏý ´±Þ ÖB�.æ.×����.Ö^à Þ ß�Õ?ÿiÖ�à?ÿ<ß�æ.Ö ù �
�� � � ¾T¾ \ � ��� � � ¾T¾ \� � �l�� ¾T¾ \ �
�� � �yù �Ïã1æ � Ö(ã ��� Õ*Ö���×gã�ÿiÖ�üOÿißE� � �
�� ��� � � ¯ ã1à£×áæOÿ Þ Ö��.Õ*Ö��¶×áß��.à�ã1æ.à ú Ö�Õ�ý ´=Þ Ö<ÿ ú ß�áß�æ���Ö�à*ÿ�ã1Õ*Ö � �qä �^ã1æ.ü � _ ä � ù�ú=Þ Ö�Õ*Ö � � �h���
� � � �@��� � �� � �"ù _�� � � � � � � �
� ���@�4�'�� ù ã1æ.üä � � �����
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� ���� � �� � � �h�����
¬ �l�4�l� ��� ������ � � � ý
÷��IÒz� � ã+� ¸ �����yß�àiÖ � = ¼ ã1æ.ü�_ = Øyý¾¤°þ � ÀÇ_ ù ÿ Þ Ö�æ � = ¼O¹ Ø�ý¾¤°þ � >½_ = ¼ ù ÿ Þ Ö�æ� >�_ = ¼£å Øyý � à*×�� ×��gã1Õ�ã1Õ������ Ö�æsÿ ù ßsÕIÿ Þ ÖF�.à*Ö=ßsþS��ã1Õ?ÿ � � � ù à Þ ß ú à�ÿ Þ ã�ÿ ¼�æ Ø�� ¼ @-� ¼=· Ø8�Xýç h�´ré�è�0 ´=Þ ÖB��ß��6���áÖ���Ö�æÙÿäã1Õ � ß��"Ö�Õiã�ÿi×áß�æ.à�& ¼*Ö Øz� ¼ @�� ¼*æ Ø8�>� º � = ¼ � � Â	_þÃß�Õ<à*ß�� Ö�_ = Ø » 'OþÃß�Õ�à����yÖ�Õ*àiÖvÿià ù ã�æ.üQ& ¼�× ØB� ¼ @�� ¼6å Ø8�D�µº � = ¼ � � À�_�þeß�Õ�àiß���Ö_ = Ø » '�þÃßsÕ£à�� � à*Övÿià ù ã1Õ*Ö^ã
�áà*ß�×����yß�Õ?ÿäã�æsÿ�×áæ�ã
�����á×��Ïã�ÿi×áß�æ.àÏý ´=Þ Ö � ú Ö�Õ*Ö;ß���×âÿ*ÿiÖ�üFþÃÕ*ß��ÿ Þ ×áàÖ��¶Ö�Õ���×áà*ÖFß�æ�� �É� Ö��Ïã
�.à*ÖB¤��sÖFß��yÖ�Õiã�ÿi×áß�æ.à�ã1Õ*Ö½ã
�áÕ*Ö�ã�ü � Õiã�ÿ Þ Ö�Õ�×áæsÿi×�� ×âü�ã1ÿi×âæ���ý ´=Þ ÖFà����"ÖvÕ*àiÖvÿß��"ÖvÕiã1ÿi×âßsæ ú ã1à^×áæsÿiÕ*ß¶ü�����Övü ��� Â(ý � ß��.ü.Ö�Õ?ÿ ù �.ý � ý  ã1ü.Õ*Ö ù ã1æ.ü � ý ý Õiã1×áà*àiÖ¦� ��ôNTFÛ�~TÜ�Ü�Ü��R_`�X¹�¬���Z�4WLó1õ*U4W�X�ó���ô�ó!�.Ý7R�[?Rc�SY�R(�Cù �.�! # ¶ � ù�] � ú �ª] ¶#+ ¢ ý ´±Þ Ö�×áü.Ö�æsÿi×âÿ �B¼BÖ Øm� ¼ > � ¼^· Ø8�ú ã1à±æ.ß�ÿiÖvü ��� � ýIL;ý�Â>¹��.æ.ß ù ¸ ý  ×âæ�ã1ÿiß ù ã1æ.ü � ý�¤°àiß#%Ïã�¹Ù×y� ~��.Ýfó@["õ*U W�X§ó!�EÉ^[	ó�Y�R_`�`�X��*���NR@W�W)R_[�`ÒIÒ �.�� # #" � ùk�! ú �C�� � ¢ ù¶ú=Þ ß ã
�áàißB�á×áà?ÿiÖ�üOàiÖ?�ÙÖvÕiã��Bß�þrÿ Þ Ö��gã ú à=×áæ � üC�Xý

� � � $ �áÖ���Ö�æsÿäã�Õ � àiÖvÿ±ÿ Þ Ö�ß�Õ � à���
6��Ö�àÏý �~´=Þ Ö<¤�Õ*à*ÿ=ài×��×áü.ÖvæÙÿi×âÿi×áÖvà£ã
���yÖÏã1Õ=×áæ5��ã�×âÕ*à ù ÖÏã
� Þß�þ ú=Þ ×�� Þ ×áà<Ö	���.×��1ã
�áÖ�æÙÿ�ÿißO×âÿià:� ã�ÿiÖ�ý ¸ ÿiÕ*×��vÿ�� � à��"ÖÏã�¹Ù×áæ�� ù ¼zè ×áæ��sß����sÖ�à�×áæ8¤�æ.×âÿiÖ;àiÖvÿià ù ã1æ.ü	é×áà�ÿ Þ Ö D,E Á�ß�þ�×áæ8¤�æ.×âÿiÖ�� � � ã1æ � �1ã�Õ*×áã � �âÖ�à�- � ��ÿ{ÿ Þ Ö^þeß�Õ��2���gã1à Þ ß��áü�×áæ�ã1æ � ¤�æ.×âÿiÖB�.æ.×��sÖ�Õ*à*Ö�ýê ß1ÿi×���ÖFÿ Þ ã�ÿ ùpú$Þ Ö�æ���ã�à?ÿ�×áæ\ÿ Þ Ö¾�gã1æ�����ã
��Ö½ßsþ ä ßÙß�âÖÏã1æ,þ��.æ��vÿi×âßsæ.à ù ¼zè �~Ô �;� ¼ � GÔ ��×áà ÿ Þ Ö��ß��6���áÖ���Ö�æÙÿ�ß�þ ¼�ë ù ÿ Þ Ö ä ßÙß��áÖÏã1æ ü���ã
��-¶à*Ö�Ö$Ö��¶Ö�Õ���×áà*Ö å ý � ý ���8� ý(¤°à�ÿ Þ Ö�Õ*Ö£ã1æ � �.à*Ö$þÃßsÕ�ÿ Þ Ö$ü���ã
�ß�þ ¼zì ù æ�ã���Ö�� � º � �Ï_ = ¼ ×������â×áÖ�à � ¸ _SÓ�¼é »@í )5¤°þIà*ß ù¶ú Ö���×�� Þ ÿ=ü.Ö�æ.ß1ÿiÖ{×âÿ ��z¼Nî ý �
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� �1� � ����ÿiÕ��.Ö$Ö��4�vÖ���ÿ � ×á×!� ùsú$Þ ×�� Þ à Þ ß����áü Þ ã'�sÖ£àiã1×áü�ÿ Þ ã�ÿ Ô í Õ � Ô èSï'èÕ � GÔ ï�èÕ � í è �¼é(ý
� üC� ´=Þ Ö�&?×áü.ÖvæÙÿi×âÿi×áÖvà?'Oÿißb��Õ*ß�àià{ß���ÿ Þ ÖvÕ*Ö�ã�Õ*Ö � ×â×�� ùs� ��×á×â×�� ùs� ×��� ùs� ��×���� ù ã1æ.ü � � �¶×���-Dÿ Þ Öß1ÿ Þ Ö�Õ*à{ã�Õ*Ö ú ßsÕ?ÿ Þ Õ*Ö�� Ö�� � Ö�Õ*×âæ���ý « Ö��sã1Õ*ü.×áæ�� � ×á×�� �O� �¶×�� ù æ.ß1ÿi×���Ö(ÿ Þ ã�ÿ ¼ � ¼ í ×âþã�æ.ü�ß�æ�� � ×áþ¼ � ¼ ï ù ×áþIã1æ.üFß�æ�� � ×áþ ¼ ×áà$ã6������ÿ*ÿiÖ�Õ�ý ý ßsÕ��2���áã � �¶×����à Þ ß����áü � Ö ¼Bæ Ø ï � ¼Bæ Ø ù ÿ Þ Ö�ü���ã
�ß�þ � �¶×á×á×��Xý ý ßsÕ��2���áã � � ��×!�×áà=ã
����ß�à*ÿpÕ*×�� Þ ÿ�-�×âÿ±þeã1×��áàpßsæ�� � ú$Þ Övæ ¼ ��N(ß�ÕsØm��N¶ý ý ß�Õ��2���gã � ×���×áà,�"Ö�Õ Þ ã
�.à=ÿ Þ Ö���ß�à*ÿ=×áæsÿiÖ�Õ*Ö�à?ÿi×áæ���6 Ó Ö�ã
�vÿ���ã
��� � Þ ã'�sÖ ¼zì#ì � ¼ ×áþIã1æ.üEßsæ�� � ×âþ ¼ ×áà$ãB������ÿ*ÿiÖ�Õ�ý
� Ö1� � àià���� ×âæ��(ÿ Þ ã�ÿpÿ Þ Ö:�.æ.×��sÖ�Õ*à*Ö�ß�þDã
���h�sÖ�Õ?ÿi×��vÖ�à±×âà,¤�æ.×âÿiÖ ù�ú Ö Þ ã'�sÖ � ×!� ¼ � � æ Ø�ã1æ.ü

� ×á×���Øm� � � @ ¼ � ï ù�ú$Þ Ö�Õ*Ö � ×áà±ÿ Þ Ö:�.æ.×��sÖ�Õ*àäã
�Bþeã
� ×�� � ß�þrÖ��¶Ö�Õ���×áà*Ö�à � + � ã1æ.ü �����¶ù � Ö���ã��.à*Ö<Ø ×áàÿ Þ Ö;þeã
� ×�� � ßsþ£� ×áæ.×���ã
�rü.Ö��yÖ�æ.ü.Ö�æÙÿ{àiÖXÿiàÏý � � �.Õ*×áà?ÿià�à Þ ß����áü½à�� � à?ÿi×âÿ���ÿiÖ �qð �Úñ x Ô ð�ò í ¸ � x�óþÃß�Õ � ×áæOÿ Þ Ö�à*Ö{þÃßsÕ��2���áã�à�ý ´=Þ Ö{àiã
� Ö<Õ*Ö��gã�ÿi×áß�æ.à Þ ß��áüE×áæFã1æ � Þ � �yÖ�Õ���Õiã
� Þ þÃßsÕ ú$Þ ×�� Þ æ.ß�Ö�ü���Ö×áà,��ß�æÙÿäã1×áæ.Ö�üE×áæEã�æ.ß1ÿ Þ Ö�Õ�ý ó
÷��Oø���¯ DEp ¯ D « ò ¼ ó �â&%¤°þ ¼ ��N(ßsÕ ¼ � í ù Õ*ÖXÿ��.Õ*æ ¼ ý^¤°þ ¼ í �[N;×áà��Ïã
� Þ Ö�ü ù Õ*ÖXÿ��.Õ*æ`N¶ý.Â$ÿ Þ4ÊÖ�Õ ú ×áàiÖpàiÖvÿGN ; ¯ DEp ¯ D « ò ¼ Þ ó ù N ö ; ¯ DDp ¯ D « ò ¼ ö ó ù N1Þ ; E / EPç �� ò N Ö N ö ó ù ü.Ö�Õ*Ö�þÃÖ�Õ*Ö�æ���ÖRN ùã1æ.ü�N ;���� E 1°� � m ò ¼ x+Ö N1Þ Ö N ö ó -���ã�� Þ Ö�ã1æ.üEÕ*Övÿ��.Õ*æ�N¶ý '¯(1 E ¯ D « ò ¼ ó � &�¤°þ ¼ �ÊN^ß�Õ ¼ � í ù Õ*Övÿ��.Õ*æ ¼ ý.¤°þ ¼hï � N^×áàF�Ïã
� Þ Ö�ü ù Õ*Övÿ��.Õ*æ_NÙýAÂ$ÿ Þ4ÊÖ�Õ ú ×áàiÖ(àiÖvÿ�N1Þ ; ¯(1 E ¯ D « ò ¼ Þ ó ù N ; ¯X1 E ¯ D « ò ¼ ö ó ù N ö ; E / EPç � q ò N Ö N1Þ ó ù ü.Ö�Õ*ÖvþeÖvÕ*Ö�æ���ÖXN ùã1æ.ü�N ;���� E 1°� � m ò ¼ x+Ö N Þ Ö N ö ó -���ã�� Þ Ö�ã1æ.üEÕ*Övÿ��.Õ*æ�N¶ý 'E / E,ç �� ò ¼ Ö Ø ó � &�¤°þ�Ø[� N ù Õ*Övÿ��.Õ*æ ¼ ýL¤°þ ¼ � NFß�Õ ¼ � í ß�Õ ¼ �üØ ù Õ*Övÿ��.Õ*æ\N�ý¤°þ ¼<å Ø�� NO×âà��Ïã
� Þ Ö�ü ù Õ*Övÿ��.Õ*æuN¶ý1Â$ÿ Þ Ö�Õ ú ×áà*Ö Õ*Ö��.Õ*Ö�àiÖ�æsÿ ¼ ã�æ.ü?Ø�ã1à{×áæ ò õ�ô ó ý�¤°þpz!� Ø x¶ùàiÖXÿ®N1Þ ; E / EPç �� ò ¼ Þ Ö Ø ó ù N ö ; ¼ ö�ù ã1æ.ü�×âæ���Õ*ÖÏã1àiÖ��s�s�I� ¼ ö.� ��� � -pß�ÿ Þ ÖvÕ ú ×áà*ÖOàiÖvÿ(N ö ;E / EPç �� ò ¼ Þ Ö Ø Þ ó ù N ; E / E,ç ��� ò ¼ Þ Ö Ø ö ó ù N2Þ ; DPE Á ò N Ö N ö ó ù ü.Ö�Õ*ÖvþeÖvÕ*Ö�æ���Ö�N^ã�æ.ü�N ö�ù ã1æ.üFàiÖXÿN ö ; E / E,ç �� ò ¼ ö�Ö Ø ö ó ý ý ×áæ�ã
��� � N ;��.� E 1o� � m ò z Ö N2Þ Ö N ö ó -���ã�� Þ Ö�ã1æ.üEÕ*Övÿ��.Õ*æ�N¶ý 'E / E,ç � q ò ¼ Ö Ø ó � &%¤°þ0Ø�� N ù Õ*Övÿ��.Õ*æ ¼ ý!¤°þ ¼ � NFßsÕ�Ø�� í ßsÕ ¼ � Ø ù Õ*Övÿ��.Õ*æ\N�ý¤°þ ¼ x í�Ø xÙù Õ*Övÿ��.Õ*æ E / E,ç � q ò ¼ Ö Ø Þ ó ýL¤°þ ¼ æ Ø[�.N½×áà2�Ïã
� Þ Övü ù Õ*ÖXÿ��.Õ*æ·NÙýoÂ£ÿ Þ Ö�Õ ú ×áàiÖ�àiÖXÿzE� ¼ x ý*¤°þpzL��Ø x ù àiÖvÿ^N1Þ ; E / EPç � q ò ¼ Þ Ö Ø ó ã1æ.üuN ö ; E / EPç � q ò ¼ ö8Ö Ø ó -Iß1ÿ Þ Ö�Õ ú ×áà*Ö�àiÖXÿN1Þ ; E / EPç � q ò ¼ ö8Ö Ø ö ó ù N ; E / E,ç � q ò ¼ ö8Ö Ø�Þ ó ù N ö ; D,E Á ò N Ö N1Þ ó ù ü.Ö�Õ*Ö�þÃÖ�Õ*Ö�æ���ÖMNEã�æ.üuN1Þ ùã1æ.üEàiÖvÿ�N1Þ ; E / EPç � q ò ¼ Þ Ö Ø�Þ ó ý ý ×áæ�ã
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��Ö���à ú ×âÿ Þ ÿ Þ Ö<ã����sß�Õ*×âÿ Þ ��àpßsþDã1æ.à ú Ö�Õ*à �� #"!� ÷#+ � ý Ó ×âÿ Þ þeã
� ×�� �ã
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�����âÖEÿ Þ Ö½ã
�âÿiÖ�Õ*æ�ã�ÿi×��sÖEÕ*Ö����.Õ*Õ*Ö�æ��vÖ � ã�à*Ö�ü\ß�æ ò ¼ v ¸ ¼ Õ ó K ��ß�à?ÿià · å +  ¨�ý ´=Þ Ö��Ö�æ.Ö�Õiã�ÿi×áæ���þ��.æ��vÿi×âßsæE×áà��PµO�@÷ · ��µÄ÷ å�" ÷#� ë µ å�å ú ¶#� Ã µ · " ÷�+#� þ µ ú å ú å � ÿ ý
÷ª)I)>� ´ ßF��ß�æ��sÖ�Õ?ÿ ý ×��.ýl÷�÷±þÃÕ*ß��Êã ä��� ÿiß$ã£: ��� ù�ú Ö�ã1ü.ü(ã����.Õ*ß��.Õ*×gã�ÿiÖ�æ.ß¶ü.Ö�à ú ×âÿ Þ «0/ ø ¯21ú$Þ ÖvÕ*Ö��á×âæ�¹¶àP;)���6�L�âÖ��sÖ��áà ù ß � ÿäã1×áæ.×áæ���ÿ Þ ÖM� Ê �.Õ*ß���âÖ ò � ù ÷ ù ÷ ù · ù ú ù ú ù ú ù ú ù ú ù ÷ ù ÷ ù ÷ ó ý ´ ß��ß�æ��sÖ�Õ?ÿ×âÿþÃÕ*ß���ã;: �<� ÿiß;ã äp��� ùÙú Ö£ã1ü.ü�æ.ß¶ü.Övàp×âæ ÿ Þ Ö$àäã
� Ö����gã
��Ö�à ù � ��ÿ ú ×âÿ Þ ¯21 ø  ùß � ÿäã1×áæ.×áæ��=ÿ Þ ÖE�.Õ*ß���âÖ ò � ù ÷ ù ÷ ù · ù ú ù ú ù ú ù ú ù ú ù ÷ ù ÷ ù ÷ ó ý ò ¤°æ(þeã
�vÿ ù ÿ Þ ÖD�vßsæ.æ.Ö��vÿiÖ�ü.æ.Ö�à*àIþ��.æ��vÿi×áß�æã1æ.üOÿ Þ Ö{à���ã�æ.æ.×âæ���ÿiÕ*Ö�Ö<þ��.æ��vÿi×áß�æFã1Õ*Ö ò,Ê ÿiÕiã�æ.à*þÃßsÕ���à=ß�þrÖÏã
� Þ ß1ÿ Þ Ö�Õ	-.àiÖvÖ{Ö�ö�Ö�Õ��v×áàiÖ+�  ÷¶ý ó
÷ª)¨¼�� ¸ Ö�Ö Ö�ö�ÖvÕ���×áàiÖ å ý@��ý@� � ÷ ] ý ò ¤oÿ�à Þ ß����áü � Ö ×âæÙÿiÖ�Õ*Ö�à?ÿi×áæ��Oÿißb��ß��6��ã�Õ*Ö^ÿ Þ Ö��yÖ�Õ*þÃßsÕ�� ã1æ���Ö ß�þÿ Þ Ö ý Õ*Ö�ü�� ã1æ � ñ Þ ã
� Þ × � ã�æ�ã����sß�Õ*×âÿ Þ �Ç×áæ�Ö?ö�Ö�Õ���×âàiÖ å ý@��ý@� � ÷ å�ú ×âÿ Þ ÿ Þ Ö{: ��� Ê � ã1àiÖ�ü�ã����sß�Õ*×âÿ Þ �F7èG/ ç�ç ×áæEã�æ.à ú Ö�ÕA÷�¶ å¶ù ß�æFã2�1ã1Õ*×áÖvÿ � ß�þDü.×RQØÖ�Õ*Ö�æÙÿ$þ��.æ��vÿi×áß�æ.à�ý ó
÷ª)¿Òz��¤°þ"ã£æ.ß�æ���ß�æ.à*ÿäã1æsÿ�þ��.æ��vÿi×áß�æ;ü.ß¶Ö�à*æ ¯ ÿ�ü.Ö��yÖ�æ.ü^ßsæ Ô Õ ù1ú Ö.�Ïã1æ;Õ*Ö����áã��vÖ Ô Õ ×áæ(ÿ Þ ÖpþÃß�Õ��2���gã1à��� Ôyx¶ù ã1à(×áæ ò õ1w ó ýbÁrÖXÿ � ã�æ.üsî � Ö�ÿ Þ Ö1�.Õ*×�� Ö ×��6���á×���ã�æsÿià�ß�þ±þ��.æ��vÿi×áß�æ.à/ï�ã�æ.üIS¶ý ò ý ß�ÕÖ�ö�ã��6���áÖ ù ×áþ � ø ÿ ë ¸ ò7ÿ Ã · ÿ þ ó ÿ Þ Övæmï ø ÔOëIQ ò Ô Ã H Ô�þ ó ý ó ä � ò $'ÇÙn ó ã1æ.üO×áæ.ü����Xÿi×áß�æOß�æ�� ¼ � ùÿ Þ Ö;þ��.æ��vÿi×áß�æ ¼ ü.Ö�à���Õ*× � Ö�ü�×áæFÿ Þ Ö(ÿ Þ Ö�ß�Õ*Ö��û×áà�à ú Ö�ÖXÿ�×áþ�ã1æ.üÆßsæ�� � ×âþVï�ã1æ.üTS ã�Õ*Ö;à ú Ö�Övÿ{ã1æ.üqå1 ò ¼ v ó >�qå1 ò ¼ Õ ó ø N¶ý ´=Þ Ö��áã1ÿ*ÿiÖvÕ=Ö	����ã��â×âÿ � Þ ß�âü.à$×âþIã1æ.üEß�æ�� � ×áþOïEÀUSÙý÷ª)Aø�� Ó Ö��Ïã1æ5� Þ ã�Õiã
�vÿiÖvÕ*×�%�Ö�ÿ Þ Ö�� ú ×âÿ Þ äp��� à$ã1à$×âæ ò ý & ó ã�æ.üEÖ�ö¶Ö�Õ���×áà*Ö å ú - � ��ÿ$ÿ Þ ×âà±ÿi×���Ö
V × ò Ô Õ Ö ±�±�± Ö"Ôkë ¿ ó ø V × e Õ ò Ô Õ Ö ±�±�± Ö"ÔOë ¿ e Õ ó Hà ò GÔOë H l	l	l H GÔOë ¿ ó Q à V × e Õ ò ÔOë�Ö ±6±�± Ö"ÔOë ¿ ó H ë Ú	� ÙWj?ù v à GÔOë j ¶�Õ QYXZ<[ j ÔOë Z ¶ ë á�á7á ±

´=Þ Ö{ã1æ.à ú Ö�Õ*à�� V × �ÙþÃßsÕ�+Z4�áb4 å ã1Õ*Ö ò ÷ ù ¶ ù�]�ù � ".ù ��+ ]�ù ÷
�!+÷ ù ·+ú ] å�å · ùCå ��+ "# ¶ ú ¶÷ ú ó ý ò ´=Þ ×áà��ß��6����ÿäã1ÿi×âßsæ � �.×��áü.à±ã äp��� ß�þBài×�%�Ö�� ò V Ï ó ø å¶ù å +*� ù ]#" ¶ ù �.à*×áæ��;ã � ß���ÿ  +#+<��Ö��sã
� Ö���àpã1æ.ü
å ÷ ú � Ö��Ùã �� ÿiÖ�à=ã
�âÿiß���Övÿ Þ Ö�Õ�ý ó
÷ª)�Ìz� ý ã
�áà*Ö#-ÙþÃß�Õ�Ö�ö.ã
�6���áÖ ù ò Ô Õ Q>ÔOë ó H ò ÔOë�Q>Ô Ã ó ×áàiæ ¯ ÿ�à ú Ö�ÖvÿÏý ò ä ��ÿ�ÿ Þ Ö��vßsæ\;)�.æ��vÿi×âßsæ�³ è à ú Ö�ÖXÿ×áþ ¼ ã�æ.ü?ØFü.Ö��"Övæ.ü�ß�æÚü.×áà<;Tß�×áæsÿ{àiÖvÿià<ß�þE�1ã1Õ*×gã � �áÖ�à ù ß�Õ<×áþ Ô Õ ×áà<ÿ Þ Ö^ßsæ�� � ��ã1Õ*×gã � �áÖ^ßsæ ú$Þ ×�� Þÿ Þ Ö �8� ß1ÿ Þ ü.Ö��yÖ�æ.üBý ó
÷ª)Ø!z� ò ¸ ß����ÿi×áß�æ ���Ü¸ Þ ã1ü.ü.×áæ � ��� Þ � ×{ã1æ.ü ¤Tã1æ � ß�à*ÿÏý ó õ æ.ßsæ�%vÖ�Õ*ßÄ��ß�æ.ß1ÿißsæ.Ö ä ßÙß�âÖÏã1æþ��.æ��vÿi×áß�æ�×áàD���âÿiÕiã1à ú Ö�Övÿ×áþ�ã1æ.ü�ß�æ�� � ×áþB× ÿià.�.Õ*×�� Ö$×��6���á×��Ïã1æÙÿiàã1Õ*Ö$ÿ Þ Ö � ã�à*Ö�àß�þ�ã<� ã�ÿiÕ*ß�×áü¨-¶à*Ö�Ö
¸ Ö��vÿi×âßsæ å ý ] ý@��ý ä � Ö�öÙÿiÖ�æ.ü.×áæ���ã1æ.à ú ÖvÕB÷ · å�ú Ö*�Ïã1æPü.ÖvÿiÖ�Õ���×áæ.Ö ÿ Þ Ö æ ��� � Ö�Õ(ß�þ,���âÿiÕiã1à ú Ö�ÖXÿþ��.æ��vÿi×áß�æ.à ¼ ò Ô Õ Ö ±�±�± Ö"Ô × ó þÃß�Õ3+X4�á»4 å 6 ò ÷ ù ¶ ùI]�ù � å�ù�]� �ù · + å¶ù ¶ " + "�ùCå ú � ] ú ó ý÷�¼�ùz� $ ö Þ ã
�.à*ÿi×��sÖ�ã�æ�ã
� � ài×áà£à Þ ß ú à$ÿ Þ ã�ÿ�ã'�sÖ�� ò ¼ ó ø å�] å ÷ ]��å ú " �<�]��+8±@�#-Øã'�sÖ ò ò qå1 ò ¼ ó%ó øå � ú �6¶ �å ú " �$�  ± · - � Õ!É ò ò qå1 ò ¼ ó)ó íS� ò ¼ ó Ê ø � ú � �å ú " �=��± +�÷ª-sã�æ.ü<� ã
ö ò ò qå1 ò ¼ ó�ó  � ò ¼ ó ø"��å ß �����.Õ*àF�.æ.×Ð� �.Ö�� � ú$Þ Ö�æ ¼ ×áà ò ÔAÕ H Ô þló Q ò ÔAÕ H Ô ÿ'ó Q ò Ô ë H Ô Ã H Ô þ@ó Q ò Ô ë H Ô ÿ�ó ý÷�¼ Ò �  ß�Õ*Ö{à?ÿiÕ*ß�æ��� � ù ��ß����áüO×âÿ � Ö<ÿ Þ ã�ÿF�á×���à���� ò ò q¨1 ò ¼ ó�ó  � ò ¼ ó ø �Y)
÷�¼C÷�� ´=Þ ÖF: �<� à Þ ß����áü�ü.Ö�à���Õ*× � ÖFã
��� ú ßsÕ*ü.à^ß�æ º ÿ Õ Ö ÿ Y Õ Ö ±�±�± Ö ÿ × Ö ÿ Y× » ÿ Þ ã1ÿ Þ ã'�sÖ�Ö�ö.ã
�vÿ�� � ï�.æ��.Õ*×���Ö�ü8�áÖvÿ*ÿiÖvÕ*à=ã�æ.üzß ¾ ïB�.Õ*×�� Övü8�áÖXÿ*ÿiÖ�Õ*à ù ã1æ.üOæ.ß^ß �����.Õ*Õ*Övæ���Ö�à$ß�þ � ß1ÿ Þ ÿ^Z ã1æ.ü ÿ YZ ×áæ�ÿ Þ Öàäã
��Ö ú ß�Õ*ü ù þeß�Õ£àiß�� Ö�àiÖvÿ�ßsþ£��ã�×âÕ*à ò ï Ö ß ó ý ý ßsÕ£Ö�ö.ã
�6���áÖ ù ×áþ-á ø  ã1æ.ü ¼ ò Ô ó ø z >Ï@¶ù"ú$Þ ÖvÕ*Öz ø ���+*����+	�_� ù ÿ Þ ÖA��ã1×áÕ*àã1Õ*Ö ò + ÖO" ó ù ò ¶ Ö?] ó ù ã1æ.ü ò "8Ö?" ó ý « Ö��sã�Õ*ü��âÖ�àiàß�þØÿ Þ Ö£àiÖXÿßsþz��ã1×áÕ*à ù ÿ Þ Ö



B#�*C D,EPçlk	m è çon / mqp.m èGF�1 ç�m�ç é H B H æ
¡ ® s�¤ ¡ ¥O� �r� rØ � �l�!£   �Ê<�_�   £�å£V�lr¢¥�¦Ê ¡ � � �¢�U  �¡ ® �   ��å£a`�£O¥ �¥?�  � �¯ § ¡ �s��   �¢¡ ��¤ � �c� �¢� ¤ ��t_¯b�� ¡ ¤ ¤ £ ®,¡ �Ù ¡ § �r� �c¥O¥ ¡*� � ® §#£   r� £ t ��§ ¡ � �  #¯ �  ¢¡ � ¦ ® £ �¢¡ ¥

� Ê �.Õ*ß\���áÖ�Ö��áÖ�� Ö�æsÿià ú ×����rã
��� � Ö^� ò á ë ó ù�Þ Ö�æ���Ö ò ò qå1 ò ¼ ó%ó ø � ò á Ã ó ý ò Ó Ö{ßsÕ*ü.ÖvÕ=ÿ Þ Ö��1ã1Õ*×gã � �áÖ�ààiß;ÿ Þ ã�ÿ Ô Z ã1æ.ü Ô YZ ã1Õ*Ö{ã1ü\;?ã
��Ö�æÙÿÏý ó õ æ.ü ¼ ò Ô ó ødc ü ×¬û Ã ý Æ § § § Æ ü#ë ×¬û Ã ý ò Ô ó Þ ã1à ò ò q¨1 ò ¼ ó%ó ø # ò á Ã ó ý
÷�¼��z��ÁrÖvÿ^1 ò ¼ ó � Ö^ÿ Þ Ö�þeã
� ×�� � ß�þpã
����³�¿£f k ³ }�ç�|�´~è ß�þ ¼ -rÿ Þ Ö�æPq¨1 ò ¼ ó ø 1 ò ¼ ó ï ý ´±Þ Ö þÃß�Õ��2���gã1 ò ¼ ó ø 1 ò ¼ v H ¼ Õ ó ¸ ò7ÿ Y Õ · 1 ò ¼ v ó�ó ¸ ò7ÿ Õ · 1 ò ¼ Õ ó%ó ×áà�Ö�ã�à � ÿiß5�sÖ�Õ*×áþ � ý ´±Þ �.à^1 ò ¼ ó ï ø Ù ¸ ò7ÿ Y Õ ·ò qå1 ò ¼ v ó æ Ù ó�ó ¸ ò7ÿ Õ · ò q¨1 ò ¼ Õ ó æ Ù ó�ó ù ã1à�×áæÆÖ�ö¶Ö�Õ���×áà*Ö6÷�¶ å ý ä ��ÿ{q¨1 ò ¼ v ó æ Ù ø qå1 ò ¼ v ó @ Ù ùài×âæ���Ö^Ù�ÀS1 ò ¼ ó ý� ´=Þ ×áà�Õ*Ö����.Õ*Õ*Övæ���Ö½þÃßsÕ��.Õ*×�� ÖE×��6���á×��Ïã1æsÿià�×áà ü��.ÖEÿißoÂ(ý � ß��.ü.Ö�Õ?ÿ�ã1æ.ü[��ý � ý  ã1ü.Õ*Ö ù��ôNTFÛ�~TÜ�Ü�Üb��R_`�XÐ���X�Z�4WLó2õ*U W�X§ó!�zô�ó��.Ý)ù+÷�! ò �  # ÷ ó ù ¶ ]!� ¶  ý � ã�Õ?ÿi×áã���Õ*Ö�à����âÿià Þ ã�üB�.Õ*Ö���×áß��.à�� �� Ö�Ö�æFþÃß�Õ��2���gã�ÿiÖ�ü ��� ä ý « Ö��.à�� ÞBù ~TÜ�Ü�Üãò�[_U���`'ù�e�f�÷*) ò �   å ú ó ù� ÷ · �ª ¶#+�ý �÷�¼*)>� ä � ò õ
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ò Ö ó ê ß.ý ý ß�Õ£Ö�ö�ã
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ä ¯ Ô~×*ä &�� í� âRÞ\áaÿ�áMÞ\Ö_ÒMÝMä (m( í� âRë_ì+ä ¯ Ô^Órë_ÒMâ÷ä #l~ í� ¯ �VU�DjðÕRÓ�Ô^Ù�Û7ì�Þmì�Ò�ÓrØ'Ö_ÕJÔ^à^ÙÚÔ^ì+ä �?�'� í� ÞmâRâRÕRà_ä � Ò�Ô~ØÚÒ � Ô�Ù�ð�Ô^ÙÚÔä �m ä �� ä  r( ä�M�l~ ä �M�r& ä �'�~& í� Þ\ÞmâRÒ^ä � ÒMÞmÙ�à^Òmä ) í� Þ\ÞmâRÒMÔ^ÓHáaÑ�Ô^ÕRÓÝ�ä (m( í� Þ\ÞmâRÒMÔ^ÓHÖ_Õ Y	ÒMÙ�Ò�Ó_áMÒ ö ë�Ô�ÓrØÚÕ Z_ÒMÙ { � ä ~^) ä @� ä )l~ ä )r& í� Þ\ÞmâRÒMÔ^ÓHÜ@ëÓ_á�ØÚÕRÞmÓ,áMÔ^âRáMë_âJÔ~ØÚÞmÙMä �M# í� Þ\ÞmâRÒMÔ^ÓHÜ@ëÓ_á�ØÚÕRÞmÓÝ'ãmÒ�Ù�ÝÚë_Ý�Ü@Ô^ì�ÕRâRÕRÒMÝ!Þ^Ü�ÝÚÒ�ØÚÝMä�r# ä &�� ä (��%}_(�� ä �?~^ í� Þ\ÞmâRÒMÔ^ÓHì�Ô~ØÚÙ�ÕRáMÒMÝMä ~�# ä  l~ í� Þ\ÞmâRÒMÔ^ÓHß_Ù�Þ^àmÙÚÔ�ì�ì�ÕRÓ_à_ä � ä (?}\) ä &^ ä &^) ä ��~~� íà^ÒMÓ_ÒMÙÚÔ�âRÕ � ÒMÖ�ä &^) ä (^# í� ÞmÝ�î!ÒMâRâ÷ä Ë Ô^ì�ÒMÝMä\ãÕ÷í� Þ^Ø�ØÚÞ^ì ï ë_ß,Ô^âRàmÞ^Ù�Õ ØÚÑ_ì�ÝMä & ä ( ä ��� ä &^& ä)@� ä ��~~��} ��~@~ ä �?�m& í� ÙÚÔ^á�Òmä���Ô^Ù�âIçrØÚÒ�ãmÒMÓ�ä &^& í� ÙÚÔ^Óá�Ñ,Ó_Þ\ÖÒMÝ�ä � ä ( ä �r( ä (^# í� ÙÚÔ^Óá�Ñ_ÕRÓà�ßÙ�ÞmàmÙÚÔ�ì�Ý�ä ��}_& ä &m& ä )m& í� ÙÚÔMÛ\ØÚÞ^Ó�ä è Þmð
ÒMÙ�Ø5�ºÕRÓ_à_ä �@�M) í� Ù�Ò�Ô�ÖØÚÑ ï Z�Ù�Ý�Ø�Ý�ÛÓmØÚÑ_ÒMÝ�ÕRÝ�ä ~���}~
� ä  l~ íá�Þmì�ß�Ô�Ù�ÒMÖ7ØÚÞ�Ö_ÒMßØÚÑ ï Z_Ù�Ý�Ø�ä ~m&_}~m( í� Ù�ÒMÕ ØÚð�Ô�Ù�Ø�ä1çEëÙ�Õ {�[�\"]F^�_�`�a8\�_cb"de\�f�^

gBhMi8j8k ] j f�l � ä )r& ä �?�@� í� Ù�ÞrÔ�Öî!Þ^Ù�Ö,áaÑ�Ô^ÕRÓÝ�ä &^( í� Ù�ë_Õ ��Ó*ä¬E�ÕRá�ÞmâJÔmÔ�Ý � Þ�ãmÒMÙ�Ø'Ö_Òmä_á�Û\áMâRÒMÝ�ä #^� ä �'�~& í

� Ù�ÛrÔ^ÓmØ�ä è Ô^Ó_Ö�Ô�âhm�ãmÒMÙ�Õ Ø�Ø�äã	ä �@� ä �m& ä &@~?}&'� ä&^& ä  '� ä #^# ä )�� ä �_�@� í� ë_á�ÿ^Ò�Ø�Ý�ÞmÙ�Ø�ä �~& ä ~~��}�~�� ä #m) ä �M�l~ í� ë_Ù�àmÒMÙMä#DwâRÒ�î'Û\Ó q Ò�ØÚÙ�ëÝ�ä �_�^� í� ëØÚâRÒMÙMä Ë ÞmÓ2n�ÒMÙ�Ù�Ûmä #�� í
mØ} � ~I« � Ý�ë_ð_Ù�Þ^ëØÚÕRÓ_Òmä (�� ä (�� ä )� ä )@~ ä�'�~( ä �@��) ä �?��� í
S {A@4� UnI*ÒMÓ_à^ØÚÑ,Þ^Ü�ÝÚÑ_Þ^Ù�ØÚÒMÝ�Ø � Þ\ÞmâRÒ�Ô�ÓáaÑ�Ô�ÕRÓ,Ü@ÞmÙ @ ä  �� í
S5oT { ÞmÙ�ÕRÒ�ÓrØÚÒMÖHá�Û\áMâRÒºÞ^Ü�ÞmÙ�Ö_ÒMÙ � � ä &m( íF Ô�á�ÑÒ�ì�Ò�ì�ÞmÙ�Ûmä ~~� ä #^) íF Ô�á�ÑÒ�ì�Ò�ì�ÞmÝMä ~���}�~^# ä ����}���� ä &�� ä  l~ ä  @� ä)�� ä ���\& ä �'�~( ä ��~m( íF Ô�àmÒMÖpI�ÕRÜ@Ò^ä  m# íF Ô�ì�ÕRÞmÓ*ä q Ô^ëâ � ÙMqÒ�ÖrqÒMÙ�ÕRá è Þ^àmÒMÙMä &� íF Ô�Ó�Ô^âRÕ � ÕRÓ_àyÜ@ë_Ó_á�ØÚÕRÞmÓ_ÝMä &^) ä �@�'� íF Ô�ß_Õ ØÚÞmâ÷ä ¯ ÞmÓmØaÔ^Ó�Ôä &@~ íF Ô�Ù�Ò�Ý�Ò�Ø�ä  @~ íF Ô�Ù�Ù�ÕRÒMÝ�ä �M� ä �'�M� ä �?�@~ íF Ô~ØaÔ^âJÔ�Ó�ämGë_à�sÒ�Ó_Ò F Ñ�Ô^Ù�âRÒMÝMäÓ\ëìyð
ÒMÙ�ÝMä (^ íF Ò�Ù�ë �F� Õ÷ä q Ô^ëâhm¾Ö\î'Ô^Ù�Ö�ä_ÕRÕRÕ÷íF Ñ_Ô^ÕRÓ_ÕRÓ_àyî�Õ ØÚÑHÝÚÒMß�Ô�ÙÚÔ�ØÚÒºâRÕRÝ�ØÚÝMä ~~� íF Ñ_Ô^Ó_Ö_ÙÚÔä�D�ÝÚÑ_Þ^ÿt�ºë_ì�Ô�Ù {u023�vRwxw y�z$1)4

*,+.- /�1)� ä #@~ íF Ñ_Ô^Ó_à_ä�DwÓàmÒMâ�pwë�Ô�Ó { � ä �@��� íF Ñ_Ô^ÙÚÔ^á�ØÚÒMÙ�ÕRÝ�ØÚÕRá�ß	Þ^â ÛÓÞmì�ÕJÔ�â*ÞmÜ�Ô � Þ\ÞmâRÒ�Ô�ÓÜJë_Ó_á�ØÚÕRÞ^Ó�ä�çMéaé è ÒMâRÕJÔ^ð_ÕRâRÕ Ø}Û�ß	Þ^â ÛÓÞmì�ÕJÔ�âRÝ�íF ÑÒMá�ÿ^Ò�Ù�ð	ÞmÔ^Ù�Ö�ä ��~
� íF ÑÒMÓ�ä�çºÕRÙ�Ó_à ï DwÓ { � ä �?�'� íF ÑÒMÞmÓ_à_ä ¯ Ô�Ø�ØÚÑ_Ò�î F Ñ�Ô^Þ { � ä #m) íF ÑÒMÝÚÝ�ð	ÞmÔ^Ù�Ö�ä �m)�}&�� ä  r(_} ^# ä (@~ ä (�� ä (m& íF ÑÕRÓ_ÒMÝÚÒºÙ�ÒMì�Ô�ÕRÓ_Ö_ÒMÙ'Ô^âRà^ÞmÙ�Õ ØÚÑ_ì+ä & íF ÕRÙ�á�ë_Õ Ø'áMÞmì�ß_âRÒ�×\Õ Ø<Ûmä  l~ íF âRÒMÔ^Ù�ÕRÓ_à�ØÚÑ_Ò�á�Ô^áaÑ_Òmä ���\& íF âRÕ ö ë_ÒMÝMä &m( ä  r& ä (^& ä �M�
~ íáMÞ�ãmÒMÙ�ÕRÓ_à�ðmÛmä (^& íF âRÞ^Ó_ÒºÞmÜ�Ô�Ó_Þ\Ö_Òmä ��) ä ~�� íF âRÞ^ÝÚÒMÖ7Õ ØÚÒMìgÝ�Ò�ØÚÝ�ä�çMéaé @ K íF âRÞ^ÝÚë_Ù�ÒwÞmÜ�Ô�Ü Ô�ì�ÕRâ Ûmä (^& íF âRë\Ø�ØÚÒMÙ�Ý�ä  �� ä #m) ä �'��) ä ��~^( í
{}|�~������2{,���R�H�H���A��|�~����"����~����)�H� äÔ�ð
Þ\ÞmÿðmÛ è í�I¾í � ÙÚÔ�Ñ�Ô^ì+ä���í�m�í��ºÓ\ë\ØÚÑ�ä�Ô^Ó_Ö/ í q Ô�ØaÔ^Ý�Ñ_Ó_ÕRÿ
ä �'�� íØB~(Ù { áMÞmÓ��<ë_Ó_á�ØÚÕ ãmÒ�Ó_Þ^Ù�ì�Ô^â*ÜJÞmÙ�ì � ä  m) ä (^& íF Þ^ð_Ñ�Ô�ì+ä�D�âJÔ^Ó�ä &^& íF Þ\áaÿ�ÔMÛ\Ó_Òmäm¾Ù�Ó_ÒMÝ�Ø Ë Ô�ì�ÒMÝMä �?�^� íF Þ\áaÿ^Òmä Ë Þ^Ñ_Ó�ä �?�m& íF Þ\ÖÕRÓ_àyØÚÑ_ÒMÞmÙ�ÕRÝ�ØÚÝ�ä �?����}4�_�r& íF Þ^Ü Ô^á�ØÚÞmÙMä (�� ä )l~ íF Þ^âRÒ�×7ÞmÙ�ÖÒMÙMä �^ íF Þ^âRâRÕRÓ_Ò�Ô�Ù!ß
ÞmÕRÓmØÚÝ�ä (^& íF Þ^âRâRÕRÝÚÕRÞ^Ó_Ý�ÕRÓ+Ô�Ñ�Ô�ÝÚÑHØaÔ�ð_âRÒmä ~�� ä ~�� íF Þ^âRÞmÙ�ÕRÓ_à^Ý�ä ��� ä �m� ä &� ä  '� ä ('~ ä (^& ä )@� íF Þ^ìyðÕRÓ�Ô�ØÚÞ^Ù�ÕJÔ^â	Ò�×\ß_âRÞ^ÝÚÕRÞmÓ*ä ~@~ ä �_�^� íF Þ^ì�ì�Þ^Ó,Ý�ë_ð_Ü@ë_Óá�ØÚÕRÞmÓ_ÝMä ��� ä ~@~ ä ~m( ä#m& ä #^ ä �_�l~ íF Þ^ì�ì�ëØaÔ�ØÚÕ ãmÒºâJÔMîPä ~m& ä &^) ä  m# ä (�� ä )l~ ä���r) ä �@��) íF Þ^ì�ß_âRÒMì�ÒMÓrØ'âRÕRÓÿ\ÝMä (m( í



B#��ª 1 E5�.mqp DPE�� � I / ç�ç�D è ç
F Þmì�ßâRÒMì�ÒMÓmØaÔ^Ù�Û�Ü Ô^ì�ÕRâ Ûrä �?~�� íF Þmì�ßâRÒMì�ÒMÓmØaÔ�ØÚÕRÞ^Ó�ä �m��}\�r& ä (m( íÕRÓ+Ô � �B�yä (~� ä �@�~( íF Þmì�ßâRÒ�ØÚÒºð_ÕRÓ�Ô�Ù�Û7ØÚÙ�ÒMÒ^ä ��~ íF Þmì�ßâRÒ�×Õ Ø}Û�ØÚÑ_ÒMÞ^Ù�Ûrä  l~ íF Þmì�ß
Þ^Ó_ÒMÓmØÚÝ�Þ^Ü�ÝÚÕ � Ò�Ø<î!Þ_ä  @� íØ�«r���"«GK�� ÝÚë_ðÙ�ÞmëØÚÕRÓ_Ò^ä �^� ä  @� íF Þmì�ß
Þ^ÝÚÕ ØÚÕRÞmÓ7Þ^Ü � Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Ó_á�ØÚÕRÞmÓ_ÝMä�^��}��� ä  �� ä  @� ä )�� íF Þmì�ßÙ�ÒMÝÚÝ�ÕRÞmÓHÞ^Ü�Ö�Ô�ØaÔä ~ ä ��� íF Þmì�ßëØÚÒMÖHØaÔ^ðâRÒmä�çMé�é ¯ ÒMì�Þ�áMÔ^áaÑ_ÒmíF ÞmÓ_ÖÒMÓ_ÝaÔ~ØÚÕRÞmÓ�ä �'� ä &�) íF ÞmÓ_ÖÕ ØÚÕRÞmÓ�Ô�â*Ò�×\ß_Ù�ÒMÝ�ÝÚÕRÞ^Ó�ä�çMéaé��<Ü ï ØÚÑÒMÓ ï ÒMâRÝÚÒÜ@ë_Ó_á�ØÚÕRÞmÓ�íF ÞmÓ��<ë_Ó_á�ØÚÕRÞ^Ó�ä ��( ä�çMéaé U ~�� Ý�ë_ð_Ù�Þ^ëØÚÕRÓ_ÒmíF ÞmÓ_ÓÒMá�ØÚÒMÖ_ÓÒMÝÚÝ'Ü@ë_Óá�ØÚÕRÞmÓ�ä )�} �M� ä &~� ä  �� ä (^& ä #�� íF ÞmÓ_Ý�ÒMáMëØÚÕ ãmÒ � Ý'Ü@Þ^Ù�ð_ÕRÖ_Ö_Ò�Ó�ä  ä &^( ä  �� íF ÞmÓ_Ý�ØÚÙÚÔ^ÕRÓ_Ò�Ö ï ðrÛ7Þmß
ÒMÙÚÔ�ØÚÕRÞ^Ó {A@V�B��� ä  @~?}\ @� íF ÞmÓmØÚÒ�×rØ ï ÜJÙ�ÒMÒ�àmÙÚÔ�ì�ì�Ô^ÙMä �@�M íF ÞmÓmØÚÕRàmë_Þ^ë_Ý � Ó_Õ ØÚÒ�Ö(çrØaÔ~ØÚÒMÝ'ÞmÜ0D�ì�ÒMÙ�ÕRá�Ôä#�}\) ä ~^)?}���� ä �
~?}r�m� ä �m# ä &'~?}&'� ä  @� ä r( ä (�� ä (m& ä )@� ä ��~^( íF ÞmÓmî'ÔMÛmä Ë Þ^Ñ_Ó&��ÞmÙ�ØÚÞmÓ*ä  r( íF Þ\ÞmâRÒ�Ô�Ó,Ô^âRà^ÒMð_ÙÚÔ�U7DwÓ,ë_ÓÖ_ÕRÝÚáMÞ�ãmÒMÙ�Ò�Ö,ÝÚÒ ö ë_ÒMâØÚÞ � Þ\ÞmâRÒMÔ^Ó,Ô�âRàmÒMð_ÙÚÔíF Þmë_ÖÒMÙ�Ø�ä"�wâRÕ ã\ÕRÒMÙ è ÒMÓrqÒ è Ô�Û\ì�Þ^Ó_Ö�ä &� ä #@~ ä)l~ ä ��~~� ä �?~^ ä �?~m( ä �?�l~ íF Þmë_ÓmØÚÕRÓ_à�ØÚÑÒ�Ó\ë_ì�ð
ÒMÙ'ÞmÜ�Ý�ÞmâRëØÚÕRÞ^Ó_Ý�ä��}& ä �r) ä &^& ä &m( íF Þ�ãmÒMÙ�ÕRÓ_à�Ü@ë_Ó_á�ØÚÕRÞmÓ { S {óò�ô�õ���� ä  r& íF Ù�ÞmÝ�Ý�Ò�âRÒMì�ÒMÓmØÚÝ'Þ^Ü�Ô�Ü@Ô^ì�ÕRâ Ûmä (�� íF ë_Ù�ÕRÞmëÝ�ßÙ�Þmß
ÒMÙ�ØÚÕRÒMÝMä �@�M� íF Ûá�âRÒ�à^ÙÚÔ^ß_Ñ&S T ä  ä �\( ä &m( íF Ûá�âRÒMÝ'ÞmÜ�ÔyàmÙÚÔ�ß_Ñ�ä_à^ÒMÓ_ÒMÙÚÔ~ØÚÕRÞmÓHÞ^Ü�Ô^âRâ÷ä &@~ ä ('� í
{ Ö_Õ Y	ÒMÙ�Ò�ÓrØÚÕJÔ�â ö ë�Ô�ÓrØÚÕ Z_á�Ô�ØÚÕRÞ^Ó � ä ~^) ä  @� ä )l~ ä )r& í

�ºÔ�àmÝ�ä � ä �_� ä &�� ä &m& ä &m( í
�ºÔ�Ñ_âRÑ_ÒMÕRì�Ò�ÙMä�n'Ñ_Þ^Ù�Ý�ØÚÒMÓ�ä #� ä �@�@� ä �@�_� í
�ºÔ�Ó_áMÕRÓ_à�âRÕRÓ_ÿrÝ�ä �?~@~ í
�ºÔ�ÝÚÑ_ÒMÖ,âRÕRÓÒMÝ'ÕRÓHÖ_ÕJÔ^à^ÙÚÔ^ì�ÝMä � íÖ_Ò � Ù�ë_Õ �<Ó�äc��ÕRáMÞmâJÔ^Ô^Ý � Þ�ãmÒMÙ�Ø�äá�Û\áMâRÒMÝ�ä #^� ä �'�~& íÖ_Ò Ë Ô^Ò�Ó_ÕRÝÚáaÑ�ä"�!Ô�Ù�â � Ù�ÕRÒMÖ_Ù�ÕRáaÑp�wÓ_Ö_Ù�Ò�Ò�ãÕ ØÚáaÑ{ gB� f��B�}b"��a�\ k ��� �M  \R]�] j f�lM��� ä ��~�) í
�wÒ�Ô�Ö,ÓÞ\Ö_ÒMÝ�ä ~^ ä )� í
�wÒMðë_àmà^ÕRÓ_à�ä �'�~( í
�wÒMá�ÕRÝÚÕRÞmÓ�ØaÔ�ð_âRÒMÝ�äÕ ã	í
�wÒMá�Þmì�ß
ÞmÝ�Õ ØÚÕRÞmÓ�ÞmÜ�Ü@ë_Óá�ØÚÕRÞmÓ_ÝMä  ^ í
�wÒMâRâJÔ�ámä���ÕRß_ß
Þmâ ÛrØÚÒmä �@�_� íß
ÒMÙ�ì�ëØaÔ~ØÚÕRÞmÓ_ÝMä  m) í
�wÒMâ ØaÔ�Þmß
ÒMÙÚÔ~ØÚÕRÞmÓ {A@ ��� ä (
� í
�wÒMß
ÒMÓÖ_ÒMÓ_á�ÛHÞ^Ó+Ôyã�Ô^Ù�ÕJÔ�ð_âRÒmä ~ ä ~'� ä ~^) ä #r( ä)r& ä �M�l~ ä �_�� ä �_�l~ í
�wÒMß\ØÚÑ ï Z�Ù�Ý�Ø�ÝÚÒMÔ^Ù�áaÑ�ä ��& í
�wÒMß\ØÚÑ ï Z�Ù�Ý�Ø�Ý�Û\ÓmØÚÑ_ÒMÝÚÕRÝMä ~���}���� ä  l~ í
�wÒMÙÚÔ�Ó_àmÒ�ì�ÒMÓmØÚÝ�ä  m) í
�wÒMÙ�Ò�Ü@ÒMÙ�ÒMÓ_á�ÕRÓ_à�ä )� ä �@�M) ä �?~m( í
�wÒMÙ�Õ ã�Ô�ØÚÕ ãmÒºÞ^Ü�Ô�Ù�ÒMâRÕJÔ�ð_ÕRâRÕ Ø<Û�ß
Þmâ Û\Ó_Þmì�ÕJÔ^â÷ä ��� ä &�# í
�wÕRá�ØÚÕRÞ^Ó�Ô^Ù�Ûmä ~�� ä &���}_&
� í
�wÕ Y	ÒMÙ�ÒMÓáMÒ�Þ^ß
ÒMÙÚÔ�ØÚÕRÞ^Ó {A@¢¡V��� ä (
� í

�wÕ Y	ÒMÙ�ÒMÓmØÚÕJÔ^â ö ë�Ô�ÓrØÚÕ Z_á�Ô�ØÚÕRÞ^Ó { � ä ~�) ä  @� ä )@~ ä )r& í
�wÕRÙ�ÒMá�ØÚÒMÖHÔ^á�Û\áMâRÕRáºà^ÙÚÔ^ß_Ñ_ÝMä � ä �?� ä &�� ä &m& ä &m( í
�wÕRÝ���Þ^ÕRÓrØ'ÖÒMáMÞmì�ß	Þ^ÝÚÕ ØÚÕRÞ^Ó�ä  m í
�wÕRÝ���Þ^ÕRÓrØ'ëÓ_ÕRÞmÓ_ÝMä_Ü Ô�ì�ÕRâ Û�ÞmÜ<ä �@��) í
�wÕRÝ���ëÓ_á�ØÚÕ ãmÒºß_Ù�ÕRì�ÒºÜ@ÞmÙ�ì+ä &�� í
�wÕRÝ�ØÚÙ�ÕRð_ë\ØÚÕ ãmÒºâJÔMî�ÝMä ����} �@� ä &�) ä (
� ä )l~ í
�I~(Ù { Ö_ÕRÝ���ëÓ_á�ØÚÕ ãmÒ�Ó_Þ^Ù�ì�Ô^â*Ü@Þ^Ù�ì � ä &� ä  ^) í
�wÞmì�ÕRÓ_Ô�ØÚÕRÓ_àyÝ�Ò�ØÚÝ�ä &� ä (^& í
�wÞmì�ÕRÓÞ\ÒMÝ�ä �m)�}&�� ä ('~ í
�wÞmÓ�£ Ø ï á�Ô^Ù�Ò�Ý�ä  l~ í
�wÙ�ÒMáaÑ_ÝÚâRÒMÙMä���ÕRá�ÞmâRÒmä �M�^� í
�wÙ�ÒMáaÑ_ÝÚâRÒMÙMä è ÞmâRÜ<ä ���m� í
�wë�Ô^â*ÞmÜ�Ô � Þ\ÞmâRÒMÔ^ÓHÜ@ëÓ_á�ØÚÕRÞmÓ*ä  ^� ä  m) ä(�) ä �'�@� ä �?~^ í
�wë�Ô^âRÕ Ø}Û7âJÔMî�Ý�ä (~� í
�wë_ð_Ù�Þ�ã^Ôä�mGâRÒMÓ�Ô Ð âJÔ�Ö_ÕRì�ÕRÙ�Þ�ãÓ_Ô {¥¤2¦M`�\ i�j a�b

§$k ] � a©¨ k a   f�ª}f�\ i8j�� a@� ä (�) ä ���m� í
�wë_Ö_ÒMÓÒ�Ûmä"��ÒMÓ_Ù�Û2m¾Ù�ÓÒMÝ�Ø�ä ��~^) ä �_�^� í
�wë_àmÑì�Õ÷ä¬ç\Ñ�Ô�Ö_Ö_ÕRÓ � Ô�Ù�ÕRÝ{)«M¬H�®¥¯u°}±�²M³ ´�µc¶F³ ·D� ä �_�� í
�wë_âRâ÷ä � Ù�ëØÚë_Ý5��Û\áMâRÞ^ß_Ý�ä  '� í�wë_ì�Þ^ÓrØ�ä��wÞmì�ÕRÓÕ ö ë_Ò^ä �'�?� íß_ÕRÝ�ØÚÞmâRÝ�ä  m) ä �@�M í
��ÛÓ_Ô^ì�ÕRáºÙ�ÒMÞmÙ�ÖÒMÙ�ÕRÓ_à�Þ^Ü�ã^Ô�Ù�ÕJÔ^ð_âRÒMÝMä ���}r�m� ä�m) ä  ^ �} m( ä �?~�� í
��ÛÓ_Ô^ì�ÕRáºÝ�ØÚÞ^ÙÚÔ^àmÒºÔ^âRâRÞ\á�Ô~ØÚÕRÞmÓ�ä ~m&_}~� ä  l~ í
¸�¹ { Ô�Ó,ÒMâRÒ�ì�ÒMÓmØaÔ^Ù�Û7Ü Ô�ì�ÕRâ Û � ä (��%}_(�� ä �@�� ím¾à^Û\ßØÚÕJÔ�Ó,Ü@ÙÚÔ�á�ØÚÕRÞmÓÝ�ä �@�M ím¾Õ ØÚÒMÙMä�n'Ñ_Þ^ì�Ô^Ý è Þmð
ÒMÙ�Ø�ä �@�'� ím¾âJÔ^ð
Þ^ÙÚÔ�ØÚÒMÖ7ØÚÙ�ë\ØÚÑ,ØaÔ^ðâRÒMÝ�ä �M��}4�@� ä &^#?}_&^) ä ('~ ím¾âRÒMì�Ò�ÓrØaÔ�Ù�Û7Ü Ô^ì�ÕRâRÕRÒ�Ý { ¸�¹ � ä (
� ä �'�� ím¾âRë_Ý�Õ ãmÒ�Ü@ëÓ_á�ØÚÕRÞmÓÝ�ä�çMéaé>mGã�Ô^Ý�Õ ãmÒ�Ü@ë_Ó_á�ØÚÕRÞ^Ó_Ý�ím¾ì�ßØ}ÛHá�Ô�ÝÚÒmä �m# ím¾ì�ßØ}ÛHÜ Ô�ì�ÕRâ Ûmä (�� ím¾Órë_ì�ÒMÙÚÔ~ØÚÕRÞmÓHÞmÜ�ÝÚÞmâRë\ØÚÕRÞmÓ_ÝMä ��}_& ä �m) ä &m& ä &^( ím ö ë�Ô^âRÕ Ø}Û�ØÚÒMÝ�ØÚÕRÓ_à�Þ^Ü � Þ\Þ^âRÒ�Ô^ÓHÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä~�� ä &^& ä &^( íß_Ù�Þ^ð�Ô^ð_ÕRâRÕRÝ�ØÚÕRámä &�# ím¾Ù�Ù�ÞmÙ ï áMÞ^Ù�Ù�ÒMá�ØÚÕRÓ_àyá�Þ\Ö_ÒMÝ�ä (m( ím¾ë_áMâRÕRÖ {�º}»F¼�½�¾G¿ À<Á�Â)� ä_Ó\ë_ì�ð
ÒMÙ�Ý�ä �@�M ím¾ë_âRÒMÙMä�I*ÒMÞmÓ_Ñ_Ô^Ù�Ö { § ^ k ]F\M�,b�Ã] i8� a8\   �ÄW

Å ^ k ]F\�b�Ã] i8� a8\   � ä �@��~ ímGã^Ô�âRë�Ô�ØÚÕRÞ^ÓHÞmÜ � Þ\Þ^âRÒ�Ô^Ó7Ü@ë_Ó_á�ØÚÕRÞ^Ó_Ý�ä � ä &�) ímGã^Ô�ÝÚÕ ãmÒºÜ@ë_Ó_á�ØÚÕRÞmÓ_ÝMä &^) ím Ð � ���yä ~ ímG×Ô^á�Ø'áMÞ�ãmÒMÙ'ß_Ù�Þmð_âRÒ�ì�Ý�ä �m)�}_&~� ä (@~ ä ��~'~ ímG×\Ñ�Ô^ë_Ý�ØÚÕ ãmÒ�Ü@ë_Ó_á�ØÚÕRÞmÓ_ÝMä�ç�é�éhmGã�Ô^ÝÚÕ ãmÒºÜ@ë_Óá�ØÚÕRÞmÓ_ÝMímG×\ÕRÝ�ØÚÒMÓmØÚÕJÔ^â ö ë_Ô^ÓmØÚÕ Z�á�Ô�ØÚÕRÞ^Ó {AÆ�� ä ~^# ä  '� ímG×\ß	Þ^Ó_ÒMÓmØÚÕJÔ^â*àmÙ�Þ�î'ØÚÑ�ä ~'� ä �^� ä �m ä �m� ä  m ímG×rØÚÒMÓ_Ö_ÒMÖHØÚÙ�ëØÚÑ,ØaÔ�ð_âRÒMÝMä �^) ä ���r í
@ è { áMÞmì�ßâRÒMì�ÒMÓmØÚÝ!ÞmÜ @4� ä (~� í
@ ë { Ö_ë�Ô^â�Þ^Ü @4� ä  ^� ä  m) ä (^) ä �@�@� ä ��~� í
@RÇÉ{ Ù�Ò�È�ÒMá�ØÚÕRÞ^ÓHÞmÜ @ � ä  ^� ä �M�^� í
@ a {óò�C�DFE�EFE�D�ò T �D{AÉ!ï ØÚÙÚÔ^ÓÝÚÜ@Þ^Ù�ìgÞ^Ü @4� ä (~� íÙ U ��Ê8� ä � í
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� Ô^ì�ÕRâRÕRÒMÝ!ÞmÜ�ÝÚÒ�ØÚÝMä �r# ä &�� ä  � ä (���}_(� ä �@�� ä ��~� íÒ�âRÒMì�ÒMÓmØaÔ^Ù�Û { ¸�¹ � ä (��%}_(�� ä �@�� íëÓ_Õ Ø { ú � ä (�� ä �@��& ä �'��) ä ��~^( íëÓ_Õ ãmÒMÙ�ÝaÔ�â {ÎÍ�� ä (�� ä �'�~( ä �@��) ä ��~~� ä ��~�� ä �?~m( í
� Ô^ì�ÕRâ ÛHÔ�âRàmÒMð_ÙÚÔä &�� ä &'� ä (�� ä ('��}(m& ä �'��# ä �_�^� í
� Ô^ëâ Ø ï ØÚÞ^âRÒMÙÚÔ^ÓmØ'Ý�Û\Ý�ØÚÒ�ì�Ý�ä  m& í
� Ô^ëâ ØÚÜ@Ù�ÒMÒwØÚÕRâRÕRÓ_àmÝMä (@~ í
� � �B�wÝFU � Ù�ÒMÒ � ���wÝ�ä ~ ä &m& ä &^) ä  ^� í� ÕRð
ÞmÓ�Ô�áMáMÕ÷ä�I�ÒMÞmÓ_Ô^Ù�Ö_Þ_ä_ÞmÜ q ÕRÝÚÔ {AW I*ÒMÞmÓ�Ô�Ù�Ö_Þ

Z�âRÕRÞ � ÞmÓ�Ô�áMÕRÕ q ÕRÝaÔ�Ó_Þ � äÓrë_ì�ð
ÒMÙ�Ý�ä �^� ä�m� ä  m# ä #^� ä �?�l~ í
� ÕRð
ÞmÓ�Ô�áMáMÕ	ØÚÑ_Ù�ÒMÝ�Ñ_ÞmâRÖHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMä &�) í
� ÕRÓ_Õ ØÚÒ ï Ý�ØaÔ~ØÚÒºÔ^ëØÚÞ^ì�Ô�ØaÔä (m( í
� ÕRÓ_Þ � Ñ_ÒMÓ_Þ^ÿ	ä��wì�Õ ØÚÙ�Õ ÛÏ��ÕRÿ^ÞmâJÔ�Ò�ã\ÕRá�Ñ {AÐÑf ��i8Ò

Ó ] ��i8h bM¤Ñª}fM_�\�f�^&ÔBf h9i�k a8] j f�l � ä �?��� í� Õ ãmÒ ï âRÒ�Ø�ØÚÒMÙ�î!Þ^Ù�Ö_Ý�ä &���}_&�� ä (���}(m& í
� Õ ãmÒ ï ã^Ô�Ù�ÕJÔ^ð_âRÒºÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä  r& ä (^& í
� âRÕRß ï È�ÞmßÝ�ÕRÓÕI*ÕRÜ@Òmä  m# í
� âRÞrÔ~ØÚÕRÓ_à�ß
ÞmÕRÓmØ�Ô�Ù�Õ ØÚÑ_ì�Ò�ØÚÕRá^ä & í
� ÞmÙ�Ò�Ý�ØÚÝ�ä (�� ä (� í
� ÞmÙ�ÓÒ�Ûmä � ÒMÞmÙ�à^Ò��ºÔMã\ÕRÖ�ä Ë ÙMí ä �_�^��}4�?�m& í� ÞmÙ�ØÚÒ�Ø�ä è Þmð
ÒMÙ�Ø ¯ Ô^Ù�ÕRÒ^ä &^ í
� ÞmÙ�ØÚëÓ_ÒmäªçrØÚÒ�ãmÒMÓ Ë Þ^Ó�Ô�ØÚÑ_Þ^Ó�ä &m& í� ÞmëÙ ï ã�Ô^Ù�ÕJÔ�ð_âRÒ�ÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä ���m� í
� ÙÚÔ^ÕRÝ�ÝÚÒmä���Ò�Ó_Ù�Õ÷ä �?~^ í
� Ù�ÒMÖ_ì�Ô^Ó�ä ¯ ÕRáaÑ�Ô^Ò�â�I�ÔMî�Ù�Ò�Ó_áMÒmä �?�� í
� Ù�ÒMÒ�ð_ÕRÓ_Ô^Ù�ÛHÖÒMáMÕRÝÚÕRÞ^ÓHÖ_ÕJÔ�àmÙÚÔ^ì�Ý�ä &m& ä &�) ä  ^� í
� Ù�ÕRÒMÖ_ì�Ô^Ó�ä¬çrØÚÒ�ãmÒMÓ Ë Ò�Y	Ù�Ò�Ûmä �M�@� í� Ù�ÞmÓmØÚÕRÒMÙ�ÝMä #m ä �?~�� í
� ë_âRâ Û7ÒMâJÔ^ð
ÞmÙÚÔ~ØÚÒMÖ7ØÚÙ�ëØÚÑHØaÔ�ð_âRÒMÝMä �M��} �@� ä&^#?}_&^) ä ('~ í
� ë_Ó_á�ØÚÕRÞmÓ�Ô�â�áMÞ^ì�ß
ÞmÝÚÕ ØÚÕRÞ^Ó�ä ����}���� ä  � ä  @� ä )^� í
� � Un�wÓ_Ò�ð_ÕRâRâRÕRÞ^ÓHì�ÒMì�ÞmÙ�ÛHÔ^á�áMÒMÝÚÝ�ÒMÝ�ä ��~^)?}4�_�^� í� Ô�ì�ÒMÝMä #^� í� Ô�Ù�ð�Ô^à^Ò�á�ÞmâRâRÒMá�ØÚÕRÞ^Ó�ä ~m&_}~m( ä  @~ ä  m ä ���\& ä ��~m( í� Ô�Ù�Ö_Ó_ÒMÙMä ¯ Ô�Ù�ØÚÕRÓ�ä �_�^� í� Ò�Ó_ÒMÙÚÔ^âRÕ � Ô�ØÚÕRÞmÓ*ä\Ý�î!ÒMÒMßÕRÓ_à�ä ����}4�'� ä &^#?}_&^) ä (�# í� Ò�Ó_ÒMÙÚÔ�ØÚÕRÓà�Ô^âRâ*Ý�ÞmâRëØÚÕRÞ^Ó_Ý�ä � ä &m( í� Ò�Ó_ÒMÙÚÔ�ØÚÕRÓà�Ü@ë_Óá�ØÚÕRÞmÓ_ÝMä )^#�})^) ä �@�?~ íÜJÞmÙ'ÝÚÞ^âRëØÚÕRÞmÓ_Ý�ØÚÞ � Þ\ÞmâRÒ�Ô�ÓHÒ ö ë�Ô�ØÚÕRÞ^Ó_Ý�ä � ä ) ä&'� ä &^# ä &^) ä �M�r# ä ��~^& ä ��~�# ä �?~^) íÜJÙ�Þmì � �B�jÜ@Þ^Ù @ ä �?~�� í� Ò�Ó_Þ\áMáaÑ_Õ÷ä��wÓ_à^ÒMâRÞ�ä �@�?~ íÖÒMÙÚÔ^Ó_à^ÒMì�ÒMÓmØÚÝ�ä  ^) íÓrë_ì�ð
ÒMÙ�Ý�ä �@�?~ ä �'�� í� ÕRàmÔ^ì�Ò�ì�Ý {}� � � Un�wÓ_Ò�ð_ÕRâRâRÕRÞ^ÓHì�ÒMì�ÞmÙ�ÛÔ^áMá�ÒMÝÚÝ�ÒMÝ�ä ~m( ä &�� ä ��~�)�}4�_�^� í� âRÞ^ð�Ô^â	ã�Ô^Ù�ÕJÔ�ð_âRÒMÝ�ä ��# ä ��) ä )� ä )r& í� ÙÚÔ�Ñ�Ô^ì,ä è Þ^Ó�Ô^âRÖpI�Ò�î�ÕRÝ { � ä �?~�� ä �?�r( í� ÙÚÔ�ß_ÑHØÚÑ_ÒMÞ^Ù�Ûmä &� ä  @~ í� Ù�ÕRÖHàmÙÚÔ�ß_Ñ_ÝMä )�} �M� ä &�� ä &'~ ä &�� ä &�# ä (^& ä #^ í�ÏÖë_ÓmØÚÑ_ÒMÙMä�k$ÞmâRÜ@àmÔ^Ó_àV�wâRð_Ù�ÒMáaÑmØ�ä �M�^� í� ë\Ûrä è ÕRá�Ñ_Ô^Ù�Öp�ºÒMÓ_Ó_Ò�ØÚÑ*ä )^# í
× T ä�çMéaé(��ÕRÖÖ_ÒMÓHî!ÒMÕRà^ÑrØÚÒ�Ö,ð_Õ Ø'Ü@ë_Ó_á�ØÚÕRÞmÓ�í�wÔ�Ö�Ô^ì�Ô^Ù�Ö�ä Ë Ô^á ö ë_Ò�ÝPçÔ^âRÞ^ì�ÞmÓ*äì�Ô�ØÚÙ�ÕRáMÒ�Ý�ä #�� í�wÔ�ì�ÕRâ ØÚÞmÓ*älksÕRâRâRÕJÔ^ì è Þ�î'Ô�Ó�ä_á�Û\áMâRÒMÝMä (�� í
�wÔ�ì�ÕRâ ØÚÞmÓÕJÔ^Ó7ß_Ô�ØÚÑ_ÝMä &'~?}&'� ä ('�?}_(~� ä ��~m& í

�wÔ^ì�ì�ÒMÙMä q qÒ�ØÚÒMÙnI2qÔ�Ý � â<qÞ {AW\q Ò�ØÚÒMÙnI�Ò�ÝÚâRÕRÒ W
�÷ã�ØÔ�Ó_ÒMÝ�áMë�ä q Ò�ØÚÙ�ëÕI�Ô^Ö_ÕRÝ�âJÔ�ã � ä &^ í

�wÔ^ì�ì�ÕRÓ_à�ä è ÕRá�Ñ�Ô�Ù�Ö<k$ÒMÝÚâRÒ�Ûmä �_�^� íáMÞ\Ö_Ò^ä (m( íÖ_ÕRÝ�ØaÔ^Ó_áMÒ^ä ('� ä #�� í
�wÔ^Ý�ÑHØaÔ�ð_âRÒMÝMä ��)�}�~�� ä ~~��}~^& ä &�� ä  m ä�çMé�éå8� ç�� � Ó_Õ ãmÒMÙ�ÝÚÔ^â*Ñ�Ô�ÝÚÑ_ÕRÓà�í�wÔ^Ý�ÑHã�Ô^âRë_Ò�Ý�ä &�# í
��ÙÔ^Ý�ØaÔ^Ö�ä Ë Þ^Ñ�Ô^Ó2n�Þ^Ù�ÿ^ÒMâ÷ä )@~ í
��Ò�Ô�ß�ä ¯ Ô�Ù�ÿÏ�wÓ_Ö_Ù�Ò�î�ä #^� í�Ú Z�ÒMâRÖ�ä ��} � ä �M� ä ��) ä ~�� ä �m) ä �\( ä �r# ä &m( ä  �� í��ÕRÖ_Ö_Ò�Ó,Ó_Þ\Ö_ÒMÝMä �m#?}\�^� ä �M�r í
��ÕRÖ_Ö_Ò�ÓHî!ÒMÕRàmÑmØÚÒMÖHð_Õ Ø�ÜJë_Ó_á�ØÚÕRÞ^Ó { × T � ä �'��}
�m ä�^# ä  �� ä  ���}\ r& ä  r( ä �M�@� íØ<î�Þ ï î'ÔMÛmä �?�'� í
��Þmâ ØÚÞ^Ó�ä��wÒMÙ�ÒMÿ��wâRâJÔ^Ó*ä �_�^� í
��Þmß
áMÙ�Þ^ÜJØ�ä Ë ÞmÑ_ÓBm¾Öî!Ô^Ù�Ö�ä &m& í
��ÞmÙ�Õ ÛrÔ�ì�Ô_ä
n�Ô^ÿ~Ô^Ý�Ñ_Õ { � ä )m& í
��ÞmÙ�Ó*ä��wâRÜJÙ�ÒMÖ�äÜ@ë_Óá�ØÚÕRÞmÓ_ÝMä  �� ä  m) ä �'��# ä �_�^� í
��ÞmÙ�Ó*ä � ÔMã\ÕRÓ � Ò�Ù�Ó�Ô^Ù�Ö�ä �_�r& í��ÞmÝÚÔ^ÿ~Ô_ä���Ô � ë_Ñ_ÕRÝaÔ { � ä �M�^� í
��ë�Y	ì�Ô�Ó�äc�ºÔMã\ÕRÖp�wâRð
ÒMÙ�Ø�ä �_�@� í
��ë_ÓmØ�äc�wÔ^Ù�Ù�Û � Þ�î!Ò�Ó�ä��Û�Û�aä )r& í��Û\ß	Ò�Ù�àmÙÚÔ^ßÑ_Ý�ä &�� ä �?~m( í��ï Ù�ÒMà^ë_âJÔ^ÙMä �?��� í
�<ð�Ô�ÙÚÔ^ÿrÕ÷ä�n�ÞmÝÚÑÕRÑ_ÕRÖ_Ò { � ä )r& ä �'�@� í
� � �B�yä ~ íÜ.Ý,Ý}ÝßÞc�H~�����~9�<���¥����� ä\ã\Õ÷í
�<Ü ï ØÚÑ_ÒMÓ ï Ò�âRÝÚÒºÜ@ë_Ó_á�ØÚÕRÞ^Ó {A@"àB� U × � ä ��}_& ä ~^( äç�é�é�å�� ç�� �<}r¬ ÝÚëð_Ù�ÞmëØÚÕRÓÒmíÓ_ÒMÝ�ØÚÒMÖ�ä�ç�é�é Ë ë_Óá�ØÚÕRÞmÓ,Ü@ëÓ_á�ØÚÕRÞmÓ*í�<ì�ß_âRÕRáMÔ^ÓmØÚÝ�ä �?�l~ ä�çMé�é�å�� ç�� q Ù�ÕRì�Ò�ÕRì�ßâRÕRá�Ô^ÓmØÚÝÞ^Ü � Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMí�<ì�ß_âRÕRá�Õ Ø'à^ÙÚÔ^ß_Ñ_ÝMä ��� í
Ú������"Ú��>Ê ÝÚëð_Ù�ÞmëØÚÕRÓÒmä )@~ í�<Ó ï Ö_ÒMà^Ù�ÒMÒºÞmÜ�ÔyãmÒMÙ�ØÚÒ�×*ä  ^� í
�<Ó_áMâRëÝÚÕRÞmÓHÔ^Ó_Ö,Ò�×á�âRë_ÝÚÕRÞ^ÓHß_Ù�ÕRÓ_áMÕRßâRÒmä ��~�� í
�<Ó_Ö_Ò�ß	Ò�Ó_Ö_ÒMÓmØ ï ÝÚÒ�Ø�ÜJë_Ó_á�ØÚÕRÞ^Ó�ä ~�)�}���� ä �
~ ä  r( í
�<Ó_Ö_Ò�ß	Ò�Ó_Ö_ÒMÓmØ�ÝÚëð_ÝÚÒ�ØÚÝMä  ä #�}\) ä ~�)�}���� ä�r( ä �m# ä �'�� íì�Ô~×ÕRì�Ô�â÷ä�çMéaé(�ºÒMÙ�ÓÒMâRÝ�íÞmÜ�ÔyÑmÛß
ÒMÙ�à^ÙÚÔ^ß_Ñ*ä �?��� í
�<Ó�Z�ÓÕ ØÚÒ�ÝÚÒ�ØÚÝMä �?�^� í
�<ÓmØÚÒMàmÒMÙ!ìyëâ ØÚÕRâRÕRÓ_Ò�Ô^Ù�Ù�ÒMß_Ù�Ò�ÝÚÒMÓmØaÔ�ØÚÕRÞ^Ó�ä ) ä�çMéaéè ÒMâRÕJÔ�ð_ÕRâRÕ Ø<Û�ß
Þmâ Û\Ó_Þmì�ÕJÔ^âRÝ�í
�<ÓmØÚÒMàmÒMÙ!ß_Ù�Þmà^ÙÚÔ^ì�ì�ÕRÓ_à�ß_Ù�Þ^ð_âRÒMì�ÝMä &^ í
�<ÓmØÚÒMàmÒMÙ�ã^Ô�Ù�ÕJÔ^ð_âRÒMÝMä &� í
�<ÓmØÚÒMÙ�á�Ñ_Ô^Ó_à^ÕRÓ_à�Ô^Ö���Ô�áMÒMÓmØ'ã�Ô^Ù�ÕJÔ^ðâRÒMÝ�ä �^#�}\�^� ä �M�r( í
�<ÓmØÚÒMÙ�âRÒ�ÔMãmÒMÖHð_Õ ØÚÝ {óò&á�õ�� ä ~^) ä �^� ä )@~ í
�<ÓmØÚÒMÙ�Ó_Ò�Ø�äÕRÕ÷äÕRÕRÕ÷ä\ã	í
�<ÓmØÚÒMÙ�ÝÚÒMá�ØÚÕRÞmÓHÞ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓ {A@Äâã��� ä (
� ä�çMéaéå8� ç�� U ~�� ÝÚë_ðÙ�ÞmëØÚÕRÓ_Ò^í�<ÓmãmÞmâRëØÚÕRÞ^Ó_Ý<UAçrÒMâRÜ ï ÕRÓrãmÒ�Ù�ÝÚÒºß	Ò�Ù�ìyëØaÔ~ØÚÕRÞmÓ_ÝMä �� ä )�� í
�<ÝÚÞ^âJÔ�ØÚÒMÖ�ãmÒMÙ�ØÚÕRáMÒMÝMä ~�)�}���� ä ���m� í
�<ÝÚÞ^ì�ÞmÙ�ßÑ_ÕRÝÚìdÞmÜ � ���wÝ�ä &^( í�<ÝÚÞ � Ô^ÿrÕ÷ä���ÕRÖ_ÒMÿrÕ { � ä �?~^ í
Ú � � ä�çMé�é��<Ü ï ØÚÑ_ÒMÓ ï Ò�âRÝÚÒºÜ@ë_Ó_á�ØÚÕRÞ^Ó�í
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å {óò�ôH@4� ÜJë_Ó_á�ØÚÕRÞ^Ó�ä  �� ä )@� ä ���m� íË Ô^ÒMÓÕRÝÚáaÑ�ä"�!Ô^Ù�â � Ù�ÕRÒ�Ö_Ù�ÕRá�Ñt�wÓÖ_Ù�ÒMÒ�ã\Õ ØÚá�Ñ,ÖÒ{ gB� f��B�}b"��a�\ k ��� �M  \R]�] j f�lM��� ä ��~�) íË Ô^ÕRÓ�ä Ë Ô�î!Ô^Ñ�Ô�Ù { æ�#R1)Q"4tæ ç"%N� ä #m# íË ÒMâRÕRÓ_ÒMÿ
ä � Ù�ÒMÖ_Ò�Ù�ÕRá�ÿ
ä �_�r& íË ÒMÞmÓà�äªçrÒMÑ ï k?Þ\ÞmÓà { � ä #@� íË ÞmÑ_ÓÝÚÞmÓ*ä*ç\Ô^ì�ë_ÒMâ÷ä\ã\Õ÷íË ÞmÕRÓ,Þ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓ {A@¢èL�� ä (�� ä ('��}(^ íË Þmÿ^Òmä �?~'� íË ë_ì�ß ï Ö_Þ�î�Ó�ä �^��}r��� ä  r( íË ë_ì�ß ï ë_ß*ä �m��}\��� ä  m( íË ë_Ó_á�ØÚÕRÞ^Ó,Ü@ë_Ó_á�ØÚÕRÞmÓ { å {óò�ôH@ ��� ä  ^� ä )@� ä �M�^� í
��Ô^á�ÝÚì�Ô�ÙMä���Ó_Ö_Ù�Ò�îé��Ñ�Ô^Ù�âRÒMÝMä\ã*í
��Ô^ÓÒMÖ�Ô_ä�n�Ô^ÿ~Ô�Û\ë_ÿrÕ { � ä �M�m� í
�ºÒMâRâ Ûmä q Ô�ØÚÙ�ÕRáaÿ��wÙ�ØÚÑrë_ÙMä �?��� í
�ºÒMÙ�Ó_Ò�âRÝ�ä  �}\) ä ~�)�}���� ä �\( ä �r# ä &� �}&^# ä  m( ä(m& ä ��~�) ä �_�^� í
�ºÑ�Ô�á�Ñ_Õ ÛrÔ�Ó�äcI*ÒMÞmÓ_ÕRÖ � Ò�Ó_Ù�ÕRÿ\ÑÞ~ã\ÕRáaÑ {�êBa8l�f�ë � b

Ã] i8� f  �ì ] � \�f�í i8j f�l�� ä �?��� í
�ºÕRÓ_à�ß�Ô~ØÚÑ_Ý�äÝÚÕRì�ß_âRÒ^ä (~� í
�ºÕRÓ_à�£ Ý!ØÚÞmëÙ�Ý�ä (~� í
�ºÓrëØÚÑ�äc�wÞmÓ_Ô^âRÖ2m¾Ù�ã\ÕRÓ { � ä�Õ÷äÕRÕRÕ÷ärã	ä&@~ ä )� ä )@� ä �M�\( ä �M�m# ä ��~~� ä �?~@~?} ��~~� ä��~^( ä �?��� ä �_�r( í
�ºÞ^ØaÔ�Ó_Õ÷ä1ç¾ÞmÝÚÑÕ Ûë_ÿrÕ { � ä �?~�� í
�ºÙ�Þmì,ä ¯ ÒMâ ãmÒ�Ó è Þ^ð	Ò�Ù�Ø�ä_Ü@ë_Óá�ØÚÕRÞmÓ�ä  ^� í
�ºÝÚáaÑ_ÕRÝ�á�Ñ�Ô�Ó_à�ä � ÙÚÔ^Óÿ è Þmð
ÒMÙ�Ø�ä �?�m& í
I�Ô�Y*Ò�Ù�Ø<Ûmä Ë Þ^Ñ_Ó&�wÔ�ã\ÕRÖ�ä �_�r& íI�Ô�Ó_àmÜ@Þ^Ù�Ö�ä"��Ñ�Ô�Ù�âRÒMÝn�wë_Ö_âRÒ�Ûräß�Ô^ÕRÙ�ÝMä (@~ í
I�Ò�Ô�Ö_ÕRÓ_à�ð_Õ Ø�ÞmÜ�Ô�ß_Ù�Þ\Öë_á�Ø�ä �\& ä (�� í
I�ÒMÒ^ä"��Ñ_ÒMÝ�ØÚÒMÙ5��Ñ_Õ.ç¾ë�Ô^Ó { �îW ��Ñ_Õ

I�ÒMÒ { � ä &^& í
I�ÒMÜRØ ï áaÑ_ÕRâRÖ"ï~Ù�ÕRàmÑmØ ï ÝÚÕRð_âRÕRÓ_àPâRÕRÓ_ÿ\ÝMä �?~�� í
I�Ò�×\ÕRáMÞ^àmÙÚÔ^ßÑ_ÕRáºÞmÙ�ÖÒMÙMä �?~ ä #� ä �?~�� í
I�Ò�×\ÕRáMÞ^àmÙÚÔ^ßÑ_ÕRá�Ô^âRâ Û�âJÔ�Ù�àmÒMÝ�Ø'ÝÚÞmâRë\ØÚÕRÞmÓ�ä &m( í
I�Ò�×\ÕRáMÞ^àmÙÚÔ^ßÑ_ÕRá�Ô^âRâ Û�Ý�ì�Ô^âRâRÒMÝ�Ø'Ý�ÞmâRëØÚÕRÞ^Ó�ä � ä &^& í
I�ÕJÔMîPä���ÒMÑ ï n¾ÛrÔ^Ó { � ä )r& í
I�ÕRÜ@ÒºàrÔ�ì�Òmä  m(?} ^# í
I�ÕRÓ�ä � ÕRâRâ(��Ñ_Õ�k8Ô�Ñ { W � ä &� í
I�ÕRÓ�äc��Ñ_ÒMÓ ï ç\Ñ�Ô�Ó_à { � ä )r& í
I�ÕRÓ_ÒMÔ^Ù'ðâRÞ\á�ÿ�áMÞ\Ö_ÒMÝMä (m( í
I�ÕRÓ_ÒMÔ^Ù � Þ\Þ^âRÒ�Ô^Ó7ß_Ù�Þmà^ÙÚÔ^ì�ì�ÕRÓà�ä � ä (_}) ä&^ ä &^) ä ��~~� í
I�ÕRÓ_ÒMÔ^Ù'ÕRÓÒ ö ë_Ô^âRÕ ØÚÕRÒMÝMä &^ í
I�ÕRÓ_ÒMÔ^Ù!ØÚÙÚÔ�Ó_ÝÚÜJÞmÙ�ì�Ô~ØÚÕRÞmÓ_ÝMä )m( í
I�ÕRÓ_ÿ^Ò�Ö+âRÕRÝ�ØÚÝMä #m) ä ���\& ä �'�M� í
I�ÕRÝ�ØÚÕRÓ_à�Ô�âRâ*ÝÚÞmâRë\ØÚÕRÞmÓ_ÝMä � ä &m( í
I�Õ ØÚÒMÙÚÔ�âRÝ�ä �M� ä )l~ í
��« Z_ÒMâRÖ�ä ��}4� ä �M� ä �M#�} ��) ä ~~� ä �^) ä �\( ä�r# ä &m( ä  � í
I ÖÞ^ð_ð_ÕRÓ_à_ä ¯ Ô^Ù�ØÚÕRÓ�ä �m ä �� ä  m( í
I�Þ\á�Ô�âRÕ Ø<Û�ÞmÜ�Ù�ÒMÜJÒMÙ�ÒMÓ_áMÒ^ä ~�� ä  �� í
I�Þ�Û\Ö�äªçÔ^ì�ë_ÒMâ÷ä �?~^) í
I�ë�ä�ç¾ë�Ô^Ó { � ä #m# í
I�ë_áMÔ^Ý�ä � ÙÚÔ^Ó$ðá�ÞmÕRÝ qmGÖ_Þmë_Ô^Ù�ÖÕ��Ó�Ô�ØÚÞ^âRÒmäÓ\ëìyð
ÒMÙ�ÝMä #�� í

¯ � U5�wÓ_Ò�ì�ÕRâRâRÕRÞmÓ7ì�ÒMì�ÞmÙ�ÛHÔ�áMáMÒMÝ�ÝÚÒMÝMä �@� í¯ Ô�áMá�ÑÕJÔ^Ù�ë_âRÞ_ä�I�ëá�Ô_ä (^) í¯ Ô�Ö_Ù�Òmä Ë Ò�Ô�Ó&��Ñ_Ù�ÕRÝ�ØÚÞ^ß_Ñ_Òmä #l~ ä )@~ ä �?~^ ä �_�l~ í¯ Ô�àmÑ_Þ^ëØ�äc�ºÑRñÔ�âRÒMÖ {�ò�óF�³ ôÄ®¥¯�³ õS� ä &� í¯ Ô���ÞmÙ�Õ Ø}Û7Ü@ë_Ó_á�ØÚÕRÞmÓ�ö òõ�÷�ø ä\ã\Õ÷ä ��}�� ä �M� ä ~^( ä�'� ä &�� ä  �� ä  @~ ä )m& í¯ Ô�ÿ\ÕRÓ_Þ_äc��Ô � ë_Ñ_ÕRÝÚÔ { � ä �@�'� í¯ Ô�Ù�ØÚÕRÓ_ÒMâRâRÕ÷äM��Ó_Ö_Ù�qÒMÝMä �M�^� í¯ Ô�Ù�ë_Þmÿ~Ô_ä���ÿ\ÕRÙÚÔ { � ä �r ä  m) í¯ Ô�Ý�ØÚÒMÙ!ß_Ù�Þ8Z�âRÒºáaÑ�Ô^Ù�Ø�ä �r( ä �m# ä �l� ä  m&?}\ m ä �M�� í¯ Ô�Ý�ØÚÒMÙ ÷mï ß_Ù�Þ�Z�âRÒºá�Ñ�Ô�Ù�Ø�ä (~� í¯ Ô~ØÚá�Ñ_ÕRÓàmÝ�äß
ÒMÙ�ÜJÒMá�Ø�ä &~� í¯ Ô~ØÚÑ_Ò�î�Ý�ämGÖî�ÕRÓÕI�ÒMÒ {AWj���?� ä (^ í¯ Ô~ØÚÙ�ÕRáMÒMÝ'Þ^Ü � Ý�Ô�Ó_Ö � ÝMä ~^# ä �m ä �r) ä  l~ ä  r& ä m(?}\ m# ä (m( ä #�� ä )^� ä �M�� ä ��~'~ í¯ Ô~ØÚÙ�Õ ×7ìyë_â ØÚÕRßâRÕRá�Ô�ØÚÕRÞ^Ó7ì�Þ\Ö ~ ä  l~ í¯ Ô~ØÚÙ�ÞmÕRÖ_ÝMä �?�� í¯ Ô~×ÕRì�Ô�â*áMâRÕ ö ë_ÒMÝ�ä &m( ä (^& í¯ Ô~×ÕRì�Ô�â*ÒMâRÒMì�Ò�ÓrØÚÝ {A@ í � ä (�� í¯ Ô~×ÕRì�Ô�â*ÕRÓ_Ö_ÒMß
ÒMÓÖ_ÒMÓmØ�ÝÚë_ðÝÚÒ�ØÚÝMä�ç�é�é(�ºÒ�Ù�Ó_ÒMâRÝ�í¯ Ô~×ÕRì�Ô�â*ÕRÓ_Ö_ë_á�ÒMÖ,ð_ÕRß�Ô�Ù�ØÚÕ ØÚÒºÝÚë_ðàmÙÚÔ^ßÑ_Ý�ä (m& í¯ Ô~×ÕRì�Õ � Ô�ØÚÕRÞmÓ*ä � ä (?}) ä &^ ä &^) ä (^( ä ��~�� í¯ Ô~×ÕRì�ë_ì6âRÕRÿ^ÒMâRÕRÑ_Þ\Þ\Ö�ä (^( í¯ Ô~×ÕRì�ë_ì6Þmß
ÒMÙÚÔ�ØÚÞ^Ù { ì�Ô~× {óò�D�õ���� ä �'� í¯ Ô~×ÕRì�ë_ìdãmÒMÙ�ÝÚë_Ý'ì�Ô�×\ÕRì�Ô^â÷ä ��~�# í¯ á ¯ ÕRâRâJÔ^Ó*ä��ºÒMÓÓ_Ò�ØÚÑÕI�Ô�ë_á�ÑâRÕRÓ�ä #m& í¯ á ¯ ë_âRâRÒMÓ*äc�!ëÙ�ØÚÕRÝ^n�ÙÚÔ�á�Ûmä �@��) í¯ ÒMÖÕJÔ^ÓHÜ@ë_Ó_á�ØÚÕRÞ^Ó�ö ò_õ�÷Mø ä\ã\Õ÷ä ��}�� ä ��� ä ~m( ä�'� ä &�� ä  �� ä  @~ ä )m& íì�ÒMÖÕJÔ^Ó ï ÞmÜ ï ì�ÒMÖ_ÕJÔ^ÓÝ�ä  m ä ���
~ í¯ ÒMÖÕJÔ^Ó � ÒMÓ_Þ\á�á�Ñ_Õ*Ó\ëìyð
ÒMÙ�ÝMä �'��~ í¯ ÒMÖÕJÔ^Ó7î!ÞmÙ�Ö_ÝMä (�� í¯ ÒMÒ�Ø�Þmß
ÒMÙÚÔ~ØÚÕRÞmÓ {A@©ù��� ä (�� ä ('� ä (�� ä ��~^)?}4�_�� í¯ ÒMàmÔ^ì�Ò�ì�Ý {e¯ � � U5�wÓÒ�ì�ÕRâRâRÕRÞmÓ7ì�ÒMì�ÞmÙ�ÛÔ�áMáMÒMÝ�ÝÚÒMÝMä ��� ä �@� í¯ ÒMÕRÓÒMâ÷äc��Ñ_Ù�ÕRÝ�ØÚÞ^ß_Ñ�ä )r( í¯ ÒMâRÖÕRÓ_à�Þmß
ÒMÙÚÔ�ØÚÕRÞ^Ó {A@Lú&��� ä �� ?}4��( ä ~^) ä~�� ä �^� ä  ���}\ � ä #r( ä �M�m í¯ ÒMì�Þ�áMÔ^áaÑ_Òmä ~���}~�# ä �^��}���� ä &�� ä  @~ ä  '� ä)�� ä ���\& ä �'�~( ä ��~m( í¯ ÒMì�ÞmÕ � Ô~ØÚÕRÞmÓ�ØÚÒMáaÑ_Ó_Õ ö ë_Òmä ~~� ä ��� í¯ ÒMì�Ý<U ¯ ÒMì�ÞmÙ�Û,Ô�áMáMÒMÝ�ÝÚÒMÝMä ~@~ í¯ ÕRÖ_ÖâRÒ�ð_Õ Ø�Þ^Ü�Ô�ßÙ�Þ\Ö_ë_á�Ø�ä ~m( ä �\&_}\�\( ä  ^)�}(�� í¯ ÕRÓ ï ß_âRëÝ�Ô�âRàmÒMðÙÚÔ_ä #@� í¯ ÕRÓ�Ô~ØÚÞ�ä¬ç\ÑÕRÓ ï ÕRá�Ñ_Õ { � ä �r( ä &� ä (� ä�'��) ä ��~^ ä �?��� ä �?�@~ ä �_�^� í¯ ÕRÓ_ÕRì�Ô^â	Ö_Þmì�ÕRÓ_Ô�ØÚÕRÓ_àyÝÚÒ�ØÚÝMä &^ ä (m& í¯ ÕRÓ_ÕRì�Ô^â	ÒMâRÒMì�ÒMÓmØÚÝ {A@ ï � ä (�� í¯ ÕRÓ_ÕRì�Ô^â	ÝÚÞmâRë\ØÚÕRÞmÓ_ÝMä &�� í¯ ÕRÓ_ÕRì�Ô^â
ãmÒMÙ�ØÚÒ�×HáMÞ�ãmÒMÙ�Ý�ä &^( í¯ ÕRÓ_ÕRì�Õ � Ô�ØÚÕRÞ^Ó7Ù�ÒMÖ_ëáMÒMÖ,ØÚÞ�ì�Ô~×ÕRì�Õ � Ô�ØÚÕRÞ^Ó�ä &^# í¯ ÕRÓ_ÕRì�ë_ì6ÝÚß�Ô�Ó_Ó_ÕRÓ_àyØÚÙ�ÒMÒ�Ý�ä &�# ä (^& í¯ ÕRÓmØÚÒMÙ�ì�ÝMä &�� ä &�# í
û�ûc:Fü ä �M� í¯ Þ\Ö_ëâJÔ^Ù�Ô�Ù�Õ ØÚÑ_ì�Ò�ØÚÕRá^ä & í¯ Þ\Ö_ëâRÒMÝ'ÕRÓ+Ô�ÓÒ�Ø<î!Þ^Ù�ÿ	ä �?~?}4�_� ä  ^� í¯ Þ^Ñ�Ô^Ó_ÙÚÔ�ì+ä���Ô^Ù�ØÚÕRÿ {¥ý þFÿ �Hý ��������	�
 þ � �� � ä #r( í¯ Þ^Ó_Þmì�ÕRÓÞ\ÒMÝ�ä &�� ä (@~ í
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¯ ÞmÓ_Þ�ØÚÞmÓ_Ò � Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMä ~�) ä &'� ä &~� ä&^ ä  � ä  @� ä  m#�}\ m) ä (m& ä (� íÖÒMáMÙ�Ò�Ô�ÝÚÕRÓ_à_ä �'�� íßÙ�ÕRì�Ò�ÕRì�ß_âRÕRá�Ô^ÓmØÚÝ!ÞmÜ}ä &'�?}_&~� ä #m) ä �@��� ä�@�'� ä �?��� íÝ�ÒMâRÜ ï Ö_ë�Ô�â÷ä &�� ä  � ä  m ä #m) ä ���m� í¯ ÞmÓ_Þ�ØÚÞmÓ_Ò ï Ü@ëÓ_á�ØÚÕRÞmÓHÜ@ë_Óá�ØÚÕRÞmÓ { � T � ä~��%}~@~ ä ~� ä  � ä #^) í¯ ÞmÓrë_Ý�Þmß
ÒMÙÚÔ~ØÚÕRÞmÓ {óò í

 õ�� ä\ãÕRÕ÷ä (� í¯ Þ\ÞmÙ�ÒmämGÖî'Ô^Ù�Ö � ÞmÙ�Ù�ÒMÝ�Ø�ä �?�'� í
û���� { ìyë_â ØÚÕRßâRÒºÞ^Ù � ä  @~ í¯ ÞmÙ�àmÒ�Ó_Ý�ØÚÒMÙ�Ó*äc�wÝÚÿ�Ô�ÙMä #�� í¯ ÞmÙ�ÝÚÒ^ä��wÔ^Ù�Þ^âRÖ ¯ Ô^Ù�Ý�ØÚÞmÓ�ä #� íÝ�Ò ö ë_ÒMÓ_áMÒ^ä (?}\# ä &�# í¯ Þmë_Ó_Ö_Ô^Ó_Þ^Ý�äc�ºÞmÓ_Ý�ØaÔ^ÓmØÚÕRÓ_ÞmÝ {AW �wÕRÓÞmÝ ô

������� À�� ��� Â������ �� �!#"$�#! ¿ ��� Â%� ä #^# í¯ ë_â ØÚÕRÜ Ô^ì�ÕRâ Û�ÞmÜ�Ý�Ò�ØÚÝ�ä (� í¯ ë_â ØÚÕRâRÕRÓ_Ò�Ô�Ù!Ù�ÒMßÙ�ÒMÝÚÒMÓmØaÔ�ØÚÕRÞ^ÓHÞmÜ�Ô � Þ\ÞmâRÒ�Ô�ÓÜ@ë_Ó_á�ØÚÕRÞmÓ�ä ~^) ä �?�'� ä�çMéaéPå8� ç�� è ÒMâRÕJÔ^ðÕRâRÕ Ø<Ûß
Þmâ Û\Ó_Þmì�ÕJÔ�âRÝ�í¯ ë_â ØÚÕRß_âRÒ�×7Þ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓ {A@RàB� U × � ä ��}_& ä ~m( ä (^& äçMéaéPå�� ç�� �{}r¬ ÝÚë_ðÙ�ÞmëØÚÕRÓ_Ò^í~ d ï î!Ô�Û7ìyëâ ØÚÕRß_âRÒ�×\ÒMÙ {}ñ d {óò�ô�õ���� ä �?~ ä�@� ä �r( ä ��� ä  � ä  ^� ä  r& ä  r( ä (�� ä #m& ä#m# ä )r& ä )m ä �M�\& ä �@�M í¯ ë_â ØÚÕRß_âRÕRá�Ô~ØÚÕRÞmÓ�ärð_ÕRÓ�Ô�Ù�Ûmä ~� �}�~m( ä �\&_}\�r( ä l~ ä  m)?}_(~� ä (^ í¯ ë_â ØÚÕRß_Ù�ÒMáMÕRÝ�ÕRÞmÓHÔ^Ù�Õ ØÚÑì�Ò�ØÚÕRámä & í¯ ë_â ØÚÕRÝÚÒ�Ø'ëÓ_ÕRÞmÓ {A@&%x��� ä (^ í¯ ëØÚÕRâJÔ�ØÚÒMÖHáaÑ_ÒMÝÚÝ�ð
ÞrÔ^Ù�Ö*ä &�� ä ('~ í¯ ëØÚë�Ô^âRâ Û7ÕRÓáMÞmì�ß_Ô^ÙÚÔ^ðâRÒºÝÚÒ�ØÚÝMä  � í
�<}r¬ Ý�ë_ð_Ù�Þmë\ØÚÕRÓ_Òmä ~m( ä ��� ä  l~ ä (~� ä #r( ä �@�M# í
û9ü$�'� { ìyë_â ØÚÕRßâRÒw×Þ^Ù � ä  @~ í¯ ÛÓ_Ñ_Ô^Ù�ÖØ�äR��Ñ_Ù�ÕRÝ�ØÚÕRÓ�Ô { �ºÕRÒ�ÿ�Ô �D¯ Ô�àmÖ�Ô�âRÒMÓ�Ôä�?��� í
� ï áMëð	Ò^ä �m# ä &^& í
�wÔ~ØÚë_ÙÚÔ^â*á�ÞmÙ�Ù�ÒMÝ�ß	Þ^Ó_Ö_ÒMÓáMÒ�ð
Ò�Ø}î!ÒMÒMÓ,ÜJÞmÙ�ÒMÝ�ØÚÝÔ^Ó_Ö,ð_ÕRÓ�Ô�Ù�Û7ØÚÙ�ÒMÒMÝMä ('� í
��Ò�á�ÿrâJÔ^áMÒ�Ý�ä �?� í
��Ò�àrÔ^ðÕRÓ�Ô^Ù�ÛHÔ�Ù�Õ ØÚÑ_ì�Ò�ØÚÕRámä �?�l~ í
��Ò�àrÔ�ØÚÕ ãmÒwâRÕ ØÚÒMÙÚÔ^âRÝMä (m&_}_(^ í
��Ò�Ý�ØÚÒMÖHß�Ô^Ù�Ò�ÓrØÚÑ_Ò�ÝÚÒMÝMä (^ í
��Ò�Ø<î!Þ^Ù�ÿ7ì�Þ\Ö_Ò�â*ÞmÜ�áMÞ^ì�ß_ëØaÔ~ØÚÕRÞmÓ�ä ��~_}4�?� ä  �� í
��Ò�ë_ì�Ô^ÓÓ�ä Ë ÞmÑÓ,ãmÞmÓ {AW\¯ Ô^Ù�à^Õ Ø�ØaÔ^Õ

��ÒMëì�Ô^Ó_Ó Ë qÔ�Ó_ÞmÝ � ä #^� í��Ò�îÉm¾Ó_à^âJÔ^Ó_Ö*ä # ä &'� í
��Ò�î�ðÕRÒMÝ�ä �^#�}\�^� ä �M�m í
��ÕRÿ^Þ^âRÝÚÿ~Ô^ÕJÔ_äMI�ë_Ö_ì�ÕRâJÔ©��ÕRÿ^ÞmâJÔ^ÕRÒ�ãÓ�Ô{�ÔBf h9i�k)( *Fh a�ë(b�Ã,+   ª f k aÔBf h9i�k a8] j8� al� ä�M�^� í
��ÕRÿ^Þ^âRÝÚÿ~Ô^ÕJÔ_ä ¯ Ô�Ù�ÕJÔ {AW\¯ Ô^áaÑ�Ô � ��ÕRÿ^Þ^âJÔ^ÕRÒ�ã\Ó�Ô{�ÔBf h9i�k)( *Fh a�ë(b�-�a�\�f�ë&ÔBf hMi<k a�] j�� al� ä�M�^� í
��ÕRì ï âRÕRÿ^ÒwàmÔ^ì�ÒMÝMä #^� í
��Þ ï ØÚÑ_Ù�ÒMÒ ï ÞmÓ ï Ô ï âRÕRÓ_Òwß_Ù�Þmð_âRÒ�ì+ä (^& íî�Õ ØÚÑ,Ó_ÞyØ<î!Þ ö ë_ÒMÒMÓ_Ý�Ô�Ø�ØaÔ�á�ÿrÕRÓ_à_ä �?~^) í
��Þ^Ó_Ý�ØaÔ�Ó_Ö�Ô�Ù�Ö,ÞmÙ�Ö_ÒMÙ�ÕRÓà�Þ^Ü�ã�Ô^Ù�ÕJÔ�ð_âRÒMÝ�ä ��� í
��Þ^Ó_ÝÚëð_ÝÚÒ�ØÚÝ {A@ å �� ä (�� ä �?�� í

��ÞmÓÝÚë_ß
ÒMÙ�Ý�Ò�ØÚÝ {A@ æ ��� ä (~� ä ��~^(?} ��~^) ä �?�@~ í
��ÞmÓrë_Ó_ÕRÜJÞmÙ�ì¼n�ë_Ù�ÕRÓ_à�ì�Ô�á�ÑÕRÓ_ÒMÝ�ä &m& í
��ÞmÙ�ì�Ô^â � Þ\ÞmâRÒMÔ^Ó7Ü@ë_Ó_á�ØÚÕRÞmÓ_ÝMä (m( í��ÞmÙ�ì�Ô^â*Ü Ô�ì�ÕRâRÕRÒMÝ�ÞmÜ�ÝÚÒ�ØÚÝ�ä �?��� í
��ÞmÙ�ì�Ô^âRÕ � ÒMÖ � �B��Ý�ä (m( í��Þ^ØaÔ~ØÚÕRÞmÓ�Ô�â	áMÞ^ÓrãmÒMÓmØÚÕRÞmÓÝ�äã\Õ÷ä �?~^ í
å {/.$C8DFEFE�EFD0. T ô01�C�D�EFE�EFD21 T �.{ �<ë_Ó_á�ØÚÕRÞ^Ó � ä  ^� íñ d {óò�ô�õ��D{#~ d ï î!Ô�Û7ìyëâ ØÚÕRß_âRÒ�×\ÒMÙ � ä �?~ ä #m# í
3 ú54v{ ì�ÒMâRÖ � ä �� í
ö òõ�÷�øE{ ì�ÒMÖ_ÕJÔ�Ó � ä\ã\Õ÷í
6 @ 6 { Órë_ì�ð	Ò�Ù�Þ^Ü�ÝÚÞ^âRëØÚÕRÞmÓ_Ý � ä & í
@ ï { ì�ÕRÓÕRì�Ô^â	ÒMâRÒMì�Ò�ÓrØÚÝ � ä (~� í
@875{ ß	Ò�Ù�ìyëØÚÒ�ÖHã^Ô^Ù�ÕJÔ�ð_âRÒMÝ � ä ��� í
@ ì { áMÙ�Þ^ÝÚÝ'ÒMâRÒMì�ÒMÓrØÚÝ � ä (~� í
@ í { ì�Ô�×\ÕRì�Ô^â*ÒMâRÒ�ì�ÒMÓmØÚÝ � ä (�� í
@ K { áMâRÞ^ÝÚë_Ù�Ò � ä (^& í
@:9ã��{ ÕRÓáMÞmì�ß_Ô^ÙÚÔ^ðÕRâRÕ Ø<Û � ä  @� í
@¢�t�6{ áMÞmÓ_Ý�ØÚÙÚÔ^ÕRÓ_Ò�Ö ï ðrÛ � ä  l~ í
@ßè �6{ ��Þ^ÕRÓ � ä (�� í
@ ùé�6{ ì�ÒMÒ�Ø � ä (
� í
@ ��{ ÖÒMâ ØaÔ � ä (
� í
@�;<�6{óö ëÞ^ØÚÕRÒMÓmØ � ä (
� í
@ ì�Þ\Ö �6{ Ù�ÒMì�Ô�ÕRÓ_Ö_ÒMÙ � ä (�� í
@ å ��{ Ó_Þ^Ó_ÝÚëð_ÝÚÒ�ØÚÝ � ä (~� í
@ × �6{ ÝÚë_ð_Ý�Ò�ØÚÝ � ä ��~� í
@ æ �6{ Ó_ÞmÓÝÚë_ß
ÒMÙ�Ý�Ò�ØÚÝ � ä (�� í
@ Ö �6{ ÝÚë_ß
ÒMÙ�Ý�Ò�ØÚÝ � ä �?~^ í
<>= = { Ý�Û\ì�ì�Ò�ØÚÙ�Õ � ÕRÓ_à � ä ('~ í~I« � mØ} � Ý�ë_ð_Ù�Þ^ëØÚÕRÓ_Òmä )� í� qGï áMÞ^ì�ß_âRÒ�ØÚÒwß_Ù�Þ^ð_âRÒMì�ÝMä �m# ä  @� í

? ï Ó_Þ^ØaÔ~ØÚÕRÞmÓ�ä �^ í
� � �B�yä ~ í� � ���yä ~ í
�B� � ���yä ~ í
�wÿ\ë_ÓÞ�äc��ÕRÙ�Þ^ÝÚÑ_Õî
 � Õ ØÚáaÑ�Ô^Ó_à8� { � ä ��~^ í
�wì�ß_Ñ�Ô�âRÞmÝÚÿ^Ò�ß_ÝÚÕRÝMä �'� í
��@RU � Þmë_Ù ï ð_Õ Ø�ð_ÕRÓ�Ô�Ù�ÛHÞ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓHáMÞ\Ö_Ò^ä ��#�} ��) í
�wßØÚÕRì�Ô^â	ãmÒ�Ù�ÝÚë_Ý�Þ^ßØÚÕRì�ë_ì+ä �m� í
�wßØÚÕRì�Õ � ÕRÓ_à�ØÚÑÒ�ÞmÙ�Ö_ÒMÙ'Þ^Ü�ã�Ô^Ù�ÕJÔ^ðâRÒMÝ�ä �m(?}��^# ä�@� ä �^� ä  m&?}\ r( ä �M�� íÜ@Þ^Ù � �B�wÝMä (�� í�wßØÚÕRìyëìgâRÕRÓ_ÒMÔ^Ù'Ô^Ù�ÙÚÔ�Ó_àmÒ�ì�ÒMÓmØ�ß_Ù�Þ^ð_âRÒMì+ä  ^ í
�wßØÚÕRìyëìgÝ�ÞmâRëØÚÕRÞ^Ó_Ý�ØÚÞ � Þ\ÞmâRÒMÔ^ÓHÒ ö ë�Ô~ØÚÕRÞmÓ_ÝMä� ä (_}) ä �m) ä &� ä &�) ä (^( ä ��~~� í«BA ÝÚë_ð_Ù�Þ^ëØÚÕRÓ_Òmä (�� ä (�� ä �@��( ä �@�M# ä �_�^� í�wÙ�Ö_ÒMÙ�ÒMÖ � �B��Ý�ä � ä � ä �M� ä &^& ä &m( ä )m& ä �'�?� í�wÙ�Ö_ÒMÙ�ÒMÖ,ß�Ô�ÕRÙ'Þ^Ü�Ø<î!Þ � Þ\ÞmâRÒMÔ^ÓHÜ@ëÓ_á�ØÚÕRÞmÓÝ�ä ��( í�wÙ�Ö_ÒMÙ�ÕRÓ_à�ÞmÜ�ã�Ô^Ù�ÕJÔ�ð_âRÒMÝ�ä �M� ä �^� ä  m) ä (m( ä #^� íðmÛ,âRÞ\áMÔ^â
ØÚÙÚÔ^Ó_Ý�Ü@ÞmÙ�ì�Ô~ØÚÕRÞmÓ_ÝMä �^#�}r�m� ä �M�r( íÞmß\ØÚÕRìyë_ì,ä �r(?}
�m# ä �@� ä �r ä  m&?} ^# ä (�� ä����� ä �@�~& ä �@�M í
�wÙ�àrÔ^Ó ï ßÕRß	ÒºÞmÙ�ÖÒMÙMä �m( ä  r& ä #�� ä �M�^� í
�wÙ�ÕRÒMÓrØÚÒ�Ö,á�Û\áMâRÒMÝMä &m( ä (�� í
�wÙ�ÕRÒMÓrØÚÒ�Ö,ß�Ô~ØÚÑ_Ý�ä &�� í«BAB«CA ä �'��) ä�çMéaé U ~,� U ~�� í�wÙ�ØÚÑ_Þmà^ÞmÓ�Ô�â*Ü Ô^ì�ÕRâRÕRÒ�Ý!Þ^Ü�ÝÚÒ�ØÚÝMä (�� íÖ�wÝ�ØÚÒMÙ�à�ÙÔ^Ù�Ö�ä q Ô�ØÚÙ�ÕRá�D�Ô�âRÜ Ë ÞmÑ_Ô^Ó�ä �?��� í��ãmÒMÙ�âJÔ^ß_ßÕRÓ_à�ÝÚë_ðØÚÙ�Ò�ÒMÝ�ä � ä &m& í
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Í¾{ ß
Þ�î!ÒMÙ'Ý�Ò�Ø�äØÚÑ_Ò�Ü@Ô^ì�ÕRâ Û�ÞmÜ�Ô�âRâ*ÝÚë_ð_Ý�Ò�ØÚÝ � ä('� ä �@��(?} ��~�� ä ��~�� ä �?~m( í
K W � K {Aà�� ä �M�
~ í
K Ô^áaÿ�Ô�àmÒMÝ'Ü@Þ^ÙMLr�B�jÞ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓÝ�ärã*ä ~@~ ä &m& ä �?��� í
K Ô^áaÿ�Ô�àmÒMÝ'Ü@Þ^ÙON����jÞmß
ÒMÙÚÔ�ØÚÕRÞ^Ó_Ý�ärã	ä (~� ä(�� ä (�� ä �?��� í
K Ô^à^Ò�ÕRÓ+Ô�ã\ÕRÙ�ØÚë�Ô^â�Ô^Ö_Ö_Ù�Ò�ÝÚÝ�ä  � í
K Ô^Ù�ÒMÓmØÚÑ_ÒMÝ�ÒMÝ�äÓÒMÝ�ØÚÒMÖ*ä (^ í
K Ô^Ù�Õ Ø}Ûrä # í
K Ô^Ù�Õ Ø}Û7á�Ñ_Ò�á�ÿ7ì�Ô~ØÚÙ�Õ ×*ä (^( í
K Ô^Ù�ØÚÕJÔ�â ï ØaÔ�ëØÚÞmâRÞ^à^Û�Ü@ë_Óá�ØÚÕRÞmÓ_Ý {/PRQ'� ä �@��(?} �@��# ä��~~� ä �?�@~ í
K Ô^Ù�ØÚÕJÔ�âRâ Û�Ý�Û\ì�ì�Ò�ØÚÙ�ÕRáwÜ@ë_Ó_á�ØÚÕRÞ^Ó_Ý�ä  r( ä �M�m� ä �M�r( í
K Ô^Ù�ØÚÕ ØÚÕRÞ^Ó_Ý'Þ^Ü�Ô�Ý�Ò�Ø�ä (m( ä #^ í
K Ô�ØaÔ�ÝÚÑ_Ó_ÕRÿ
ä"�wÙ�Ò�Ó�ä �_�r( í
K Ô�ØÚÙ�ÕRáMÕJÔä &m& í
K Lr���yä ~ í
K ÒMâRÒMÖ�äJS�Ù�Õ(��Ô�ØaÔ^Ó {UT�V'WYX[Z�\^]/_�`[ah� ä �@�'� í
K ÒMÙ�Ü@ÒMá�Ø�ì�Ô~ØÚá�Ñ_ÕRÓàmÝ�ä &~� í
K ÒMÙ�ì�ëØaÔ�ØÚÕRÞ^ÓHÜ@ë_Ó_á�ØÚÕRÞmÓ {cb d � ä �^ ä (�� íK ÒMÙ�ì�ëØaÔ�ØÚÕRÞ^ÓHì�Ô�ØÚÙ�ÕRá�ÒMÝ�ä �m í
K ÒMÙ�ì�ëØaÔ�ØÚÕRÞ^ÓHÞmÜ�ã�Ô^Ù�ÕJÔ^ðâRÒMÝ�ä �M� ä �^� ä  m) ä (m( ä #^� íðmÛHâRÞ\á�Ô^â
ØÚÙÚÔ^ÓÝÚÜ@Þ^Ù�ì�Ô�ØÚÕRÞ^Ó_Ý�ä �m#?}\�m� ä (
� ä ���\( íÞ^ßØÚÕRì�ë_ì+ä �r(_}��^# ä �l� ä  r&_} r( ä (~� ä ����� í
K ÒMÙ�ì�ëØaÔ�ØÚÕRÞ^Ó_Ý�ä  m) í
K ÒMÙ�ì�ëØÚÒMÖ ~ d ï î'ÔMÛHì�ë_â ØÚÕRß_âRÒ�×ÒMÙMä �@� ä�r( ä  r& ä (�� í
K ÒMÙ�Ù�ÕRÓ�ä � ÙÚÔ^Ó$ðáMÞ^ÕRÝ5�wâRÕ ã\ÕRÒMÙBD�Ô^Þmëâ÷äÓ\ë_ì�ð
ÒMÙ�Ý�ä#^� ä )m# í
K ÑÕ { � ä ��� ä �^� ä  m# í
K Õ { 	 � ä_Ô^Ý'ÝÚÞ^ë_Ù�áMÒ�ÞmÜ5
�ÙÚÔ�Ó_Ö_Þ^ì��Ö�Ô�ØaÔä � ä�\& ä (�� ä )m) ä �M�r# í
�(Ú {A@4� UNn�ÑÒ�ß_Ù�ÕRì�ÒºÕRì�ß_âRÕRá�Ô�ÓrØÚÝ!Þ^Ü @ ä&'�?}_&�� ä (^&?}(^ í
K ÕRÝ�Þ^Ø�äc��Ñ�Ô�Ù�âRÒMÝ�ä\Ó\ëìyð
ÒMÙMä )m# í
K ÕRÝ�ØÚÞmâRÝMä  m) ä �@�M í
K âJÔ�Ó�Ô^Ù!àmÙÚÔ�ß_Ñ_Ý�ä �� í
K âJÔ�Ý�ØÚÕRáwáMÞ^Ó_Ý�ØaÔ�ÓrØ�ä �^� ä )^# í
K Þmâ Û\Ó_Þmì�ÕJÔ^âRÝ�äráMÞmì�ßëØÚÒMÖ,Ü@Ù�Þ^ìdLr�B��Ý�ä)�} �M� ä &�# í
K Þmâ Û\Ó_Þmì�ÕJÔ^âRÝ�ärÙ�ÒMß_Ù�ÒMÝ�ÒMÓrØÚÒ�Ö,ðrÛeN����wÝ�ä (� í
K Þmâ ÛmÞ^ì�ÕRÓ_Þ\ÒMÝMä &�� ä (@~ í
K Þ\Þmâ*Þ^Ü�Ô�ã�Ô^ÕRâJÔ�ð_âRÒwì�ÒMì�Þ^Ù�Ûrä ��# í
K ÞmÝ�Õ ØÚÕ ãmÒIL�Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMä�çMéaégf+ÞmÓ_Þ�ØÚÞmÓ_ÒL�Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMí
K ÞmÝ�Ø�ä���Ô^Ó2n'Ñ_Þ^ì�Ô^ÝMä �?��� í
K ÞmÝ�ØaÔ^â*áMÞ\Ö_Ò�Ý�ä (�� í
K Þ�î!ÒMÙ'Ý�Ò�Ø {ÎÍh� ä ('� ä �@��(?} ��~�� ä ��~�� ä �?~m( í
K Ù�ÕRì�Ò�áMâJÔ�ë_ÝÚÒ�Ý�ä (m& í
K Ù�ÕRì�Ò�ÕRì�ßâRÕRá�Ô^ÓmØÚÝ!ÞmÜhL�Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMä&^ ä (m&_}_(� íì�ÞmÓ_Þ�ØÚÞmÓ_Òmä &���}&�� ä #m) ä �'�M� ä �'�@� ä �?�� í
K Ù�ÕRì�Õ ØÚÕ ãmÒºß
Þ^â ÛÓ_Þ^ì�ÕJÔ^âRÝ!ì�Þ\Ö_ë_âRÞ ~ ä #^� í
K Ù�ÕRì�Õ ØÚÕ ãmÒºÝ�ØÚÙ�ÕRÓ_àmÝFUn��Þ^Ø�Ô�ß
Þ�î!ÒMÙ'Þ^ÜÝÚÑ_Þ^Ù�ØÚÒMÙ'Ý�ØÚÙ�ÕRÓ_à^Ý�ä ~ í
K Ù�Þ\Öë_á�Ø�ÞmÜ�ð_ÕRÓ_Ô^Ù�ÛHÓrë_ì�ð
ÒMÙ�Ý�ä ~^ �}�~m( ä�\&_}\�\( ä  ^)�}(�� ä (^ í
K Ù�Þ�Z�âRÒ {ci#j�DFE�EFE�Dki T � ÞmÜ�Ô�Ü@ëÓ_á�ØÚÕRÞmÓ*ä ��%}���� ä �m# ä ^� ä  � ä  ^� ä  m) ä (m( ä #r( ä #m) ä ��~�� í

K Ù�Þ���ÒMá�ØÚÕRÞ^ÓHÜ@ë_Ó_á�ØÚÕRÞmÓ_Ý {óò ¹ � ä  @� ä (�� ä (@~ í
l {A@4�E{ ØÚÑ_ÒnmB�B�uÝÚÕ � ÒºÞmÜ @4� ä �'� ä �m ä (~� ä #m& ímB�B�VU�� ö ë�Ô^Ý�Õ ï Lr�B�yä �l~ í
mwë�Ô^ÓmØÚÕ Z�ÒMÖ,Ü@Þ^Ù�ìyëâJÔ^Ý�ä ~^#?}���� ä  l~?}\ @� ä ���r) í
mwë�Ô^Ý�Õ ï Lr���wÝ�ä �l~_}��@� ä �m ä  ^ ä #m& ä )^ ä���m� ä �?�@� ä �?��� í
mwë�Ô^Ý�Õ ï ßÙ�Þ8Z�âRÒ {co�j�DFE�EFE�Dko T � Þ^Ü�Ô�Ü@ë_Óá�ØÚÕRÞmÓ�ä �@� ä�m& ä �^# ä �m# ä  �� ä  �� ä  ^ ä  m) ä #m( ä �@�M í
mwë_ÒMÒMÓ,à^ÙÚÔ^ß_Ñ_Ý l T ä (^& ímwë_ÕRá�ÿ
ä�p^Þ^Ó�Ô�ØÚÑ�Ô�ÓÕ��Þ^ÙÚÔ�ØÚÕRÞ�ä  @� í
mwë_Þ^ØÚÕRÒMÓmØ�Þ^ß
ÒMÙÚÔ�ØÚÕRÞ^Ó {A@�;���� ä (
� í
D�Ô�Ó_Ö_Þmì6ð_Õ Ø�àmÒ�Ó_ÒMÙÚÔ�ØÚÕRÞ^Ó�ä �@�M� í
D�Ô�Ó_Ö_Þmì6ÝÚÞ^âRëØÚÕRÞmÓÝ!ØÚÞ,L�Þ\ÞmâRÒ�Ô�ÓHÒ ö ë�Ô�ØÚÕRÞ^Ó_Ý�ä� ä  ?}_( ä ��� í
D�Ô�Ó_Ö_Ù�ÕJÔ^Ó_Ô^Ù�Õ ãmÞmÓmÛmä���Ù�ØÚÑ\ë_ÙMä �@�_� í
D�Ô�Ó_àmÒmä���ÕRÿ^Þ�ä ���\& í
D�Ô�Ó_ÿ7Þ^Ü�Ô�ì�Ô�ØÚÙ�Õ ×7ì�Þ\Ö ~ ä (m( í
D�ÔMã\Õ ã*äJpmÞ^ÝÚÒMÜ {Uqr]sq$_�t'u�`[]J� ä �?�m& í
D�Ò�Ô�á�Ñ_Ô^ð_âRÒºÓÞ\Ö_ÒMÝ�ä �~& í
D�Ò�Ô�Ö ï ÞmÓ_á�Ò�ð_ÙÚÔ�Ó_áaÑ_ÕRÓ_à�ß_Ù�Þ^àmÙÚÔ�ì�Ý�ä�çMé�é � Lr�B�wÝMíD�Ò�Ô�Ö ï ÞmÓ_á�Ò�Ü@ëÓ_á�ØÚÕRÞmÓÝ�ä �^��}r�\& ä  m# ä  m) íàmÒ�Ó_ÒMÙÚÔ^âRÕ � ÒMÖ�ä �'�@� í
D�Ò�Ô�Ö ï ÞmÓ_á�ÒºØÚÑ_Ù�Ò�ÝÚÑ_Þ^âRÖ,Ü@ëÓ_á�ØÚÕRÞmÓÝ�ä �'�@� í
D�ÒMá�ë_Ù�Ù�ÒMÓ_áMÒºÙ�ÒMâJÔ~ØÚÕRÞmÓ_ÝMä ) ä ~@~ ä ~^ ä �m� ä  ^� ä  m# ä#�� ä )^# ä ����� ä �M�r# ä �@�'� ä ��~^( ä �_�^� í
D�ÒMá�ë_Ù�ÝÚÕ ãmÒ�Ô^âRà^ÞmÙ�Õ ØÚÑ_ì�ÝMä ~'�?}���� ä &�� ä  @~?}\ ^� ä(~��}(�� ä (���}_(^& ä #� ä �@��� í
D�ÒMá�ë_Ù�ÝÚÕ ãmÒºß_Ù�ÕRÓ_áMÕRßâRÒºë_Ó_Ö_Ò�Ù�â ÛÕRÓ_à,Lr�B�wÝ�ä ~�� ä ~m( í
D�ÒMá�ë_Ù�ÝÚÕ ãmÒºß_Ù�ÕRÓ_áMÕRßâRÒºë_Ó_Ö_Ò�Ù�â ÛÕRÓ_àvN��B�wÝMä�'�� ?}4�@�M) í
D�ÒMÖë_áMÒMÖeLr�B��Ý�ä ��} � ä ~�� ä ~~� ä �'� ä &^& ä&^( ä  �� ä )m& ä �'�?� í
D�ÒMÖë_á�ØÚÕRÞmÓ7ØÚÞ�ÔYLr�B�yä �M��}4�� í
D�ÒMÜJÒMÙ�ÒMÓ_áMÒºáMÞ^ë_ÓrØÚÒ�Ù�Ý�ä ~^&?}�~^ ä  l~ ä  m ä )� ä)�� ä �'�~( ä �'��) ä ��~m( í
D�Ò�È_ÒMá�ØÚÕRÞmÓ7ÞmÜ�Ô�ð_ÕRÓ_Ô^Ù�ÛHÙ�Ò�ß_Ù�ÒMÝÚÒ�ÓrØaÔ~ØÚÕRÞmÓ�ä �?�@~ í
D�Ò�È_ÒMá�ØÚÕRÞmÓ7ÞmÜ�Ô,L�Þ\Þ^âRÒ�Ô^ÓHÜJë_Ó_á�ØÚÕRÞ^Ó�ä  �� ä �M�^� í
D�ÒMà^ë_âJÔ^ÙBL�Þ\Þ^âRÒ�Ô^Ó7Ü@ë_Ó_á�ØÚÕRÞ^Ó_Ý�ä  � ä  m) íÒMÓrë_ì�ÒMÙÚÔ~ØÚÕRÞmÓHÞmÜ<ä #m) í
D�ÒMà^ë_âJÔ^Ù!ÑmÛ\ß	Ò�Ù�àmÙÚÔ^ßÑ_Ý�ä �?��� í
D�ÒMà^ë_âJÔ^Ù!âJÔ�Ó_àmë_Ô^àmÒ�Ý�ä (m( í
D�ÒMâJÔMÛ ï áMÞmÓmØaÔ^á�Ø'ÓÒ�Ø<î!Þ^Ù�ÿ\ÝMä &^& í
D�ÒMâRÕJÔ�ð_ÕRâRÕ Ø<Û�ß
Þmâ Û\Ó_Þ^ì�ÕJÔ^âRÝMä � ä )�}4��� ä &^# ä &^) ä  r& í
D�ÒMì�Ô^ÕRÓ_Ö_Ò�Ù!Þmß
ÒMÙÚÔ�ØÚÕRÞ^Ó {A@ ì�Þ\Ö ��� ä (�� ä�'��# ä ��~'� í
D�ÒMì�Ô^ÕRÓ_Ö_Ò�Ù�Ý'ì�Þ\Ö � ä )l~ í
D�ÒMÞ^Ù�Ö_ÒMÙ�ÕRÓ_àyÞmÜ�ã�Ô^Ù�ÕJÔ^ðâRÒMÝ�ä �M� ä �^� ä  m) ä (m( ä #^� íðmÛ,âRÞ\áMÔ^â
ØÚÙÚÔ^Ó_Ý�Ü@ÞmÙ�ì�Ô~ØÚÕRÞmÓ_ÝMä �^#�}r�m� ä (�� ä �M�r( íÞmß\ØÚÕRìyë_ì,ä �r(?}
�m# ä �@� ä  r&_} m( ä (�� ä �M�� í
D�ÒMßâJÔ^áMÒMì�ÒMÓrØ'ÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä  '� í
D�ÒMßâJÔ^áMÒMì�ÒMÓrØ'Þ^Ü�ã�Ô^Ù�ÕJÔ�ð_âRÒMÝ'ðrÛHáMÞ^Ó_Ý�ØaÔ�ÓrØÚÝMä�M ä  �� ä )@~ í
D�ÒMßâJÔ^áMÒMì�ÒMÓrØ'Þ^Ü�ã�Ô^Ù�ÕJÔ�ð_âRÒMÝ'ðrÛHÜ@ëÓ_á�ØÚÕRÞmÓÝ�ä  � í
D�ÒMÝ�ØÚÙ�ÕRá�ØÚÒMÖHà^Ù�Þ�î�ØÚÑHÝÚÒ ö ë_Ò�Ó_áMÒMÝMä (m( í
D�ÒMÝ�ØÚÙ�ÕRá�ØÚÒMÖ ï ØÚÞyÞ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓ {A@xw¢��� ä )@~ í
D�ÒMÝ�ØÚÙ�ÕRá�ØÚÕRÞmÓ7Þ^Ü�Ô,L�Þ\Þ^âRÒ�Ô^Ó7Ü@ë_Ó_á�ØÚÕRÞ^Ó�ä �M ä  ^� ä #m( ä)@~ ä �'�@� ä�çMéaéPå�� ç��nH\ë_ðÜ@ë_Ó_á�ØÚÕRÞ^Ó_Ý�í
D�ÒMëÝÚáaÑ�ä�L�ÒMÙ�ÓÖ�ä �?�l~ í
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D'ÕRàmÑmØ ï Ý�ÕRð_âRÕRÓ_à9ï�âRÒMÜJØ ï áaÑ_ÕRâRÖ�âRÕRÓ_ÿ\ÝMä �?~�� í
D'Õ ãmÒMÝ�Ø�äJD'ÞmÓ�Ô�âRÖÕI*ÕRÓ_Ó�ä &^) í
Dî��Lr�B�VU��uÙ�ÒMÖ_ë_áMÒ�Ö�ä_ÞmÙ�Ö_ÒMÙ�Ò�Ö,ð_ÕRÓ�Ô^Ù�ÛÖ_ÒMáMÕRÝ�ÕRÞmÓHÖÕJÔ^àmÙÚÔ�ì+ä � í
D'Þ\Þmÿmî�ÕRÝ�Ò ï áMÞmÓÓ_ÒMá�ØÚÒMÖ*ä &~� í
D'Þ\Þ^Ø�Þ^Ü�ÔYLr�B�yä ��}~ ä & ä �_� ä ~^& ä (^# ä )^ ä �?��� í
D'ÞmÝÚÒ�Ó_ÿ\ÙÚÔ�ÓrØ � äc�ºÔ�Ó_ÕRÒMâGpmÔMÛrä )m& í
D'ë_Ö_Ò�Ô�Ó\ë�ä8H\Ò�Ù�àmÕRë�ä &^ í
D'ë_Ö_ÒMâRâ÷äJD'ÕRá�Ñ_Ô^Ù�ÖpI*ÛâRÒ^äã	ä ~�# ä �^) ä �� ä �l~ ä&m& ä  m ä )@� ä �M�\( í
D'ë_âRÒMÙ'ÜJë_Ó_á�ØÚÕRÞ^Ó { � � � ä  ^ í
HÔ�Ó_Õ Ø<Û7á�Ñ_Ò�á�ÿ�Ù�ÞmëØÚÕRÓ_Ò^ä �@��( í
HÔ�ÝaÔ^Þ_ä�n'ÝÚëØÚÞ^ìyë { � ä #^� í
HM�zn ï á�Þmë_ÓmØÚÕRÓ_à�ä�çMé�é�m¾Órë_ì�ÒMÙÚÔ~ØÚÕRÞmÓHÞmÜ�ÝÚÞ^âRëØÚÕRÞmÓÝ�í
HÔ~ØÚë_ÙÚÔ�ØÚÕRÓ_à�Ý�ë_ðØÚÙÚÔ^á�ØÚÕRÞmÓ {óò í õ�� ä\ã\ÕRÕ÷ä (� íHÔ�ë_ÒMÙ�Ñ_Þ�YGä�f-Ô^Ù�ØÚÕRÓ K Ô^ë_â÷ä �m ä �^� ä )'� ä )^) ä �'�M� íHÔMã\ÕRá�ÿrqÛ*ä K Ò�ØÚÙMä �M�r íH\áaÑ_ì�ÕRÖØ�äm¾Ù�ÕRÿxf-ÒMÕRÓÒMá�ÑÒmä &m& í
H\ÒMÕRÖÒMâ÷ä K Ñ_ÕRâRÕRßßÕI�ëÖî�ÕRà�ãmÞmÓ�ä �@�?~?}4�'�?� íH\ÒMâRÜ ï ÔMãmÞ^ÕRÖ_ÕRÓ_àyî!Ô^âRÿrÝ�ä &@~ í
H\ÒMâRÜ ï Öë�Ô^âGL�Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Ó_á�ØÚÕRÞmÓ_ÝMä_ì�Þ^Ó_Þ^ØÚÞ^Ó_Òmä&�� ä  � ä  m ä #m) ä �M�^� í
H\ÒMì�ð�Ôä��<áaÑ_ÕRÙ�Þ { � ä #r& ä �?�'� í
H\ÒMß_Ô^ÙÚÔ�ØÚÒ�ÖHØÚÕRâRÕRÓ_àmÝMä (@~ í
H\Ò ö ë_ÒMÓmØÚÕJÔ^â*Ù�ÒMß_Ù�ÒMÝ�ÒMÓmØaÔ�ØÚÕRÞmÓHÞmÜhLr�B�wÝMä��}& ä &m( ä &�) ä  ^� í
H\Ò ö ë_ÒMÓmØÚÕJÔ^â*Ý�ØaÔ�á�ÿrÝ�ä ��# ä ~^& í
H\Ò�Ø�ß�Ô�Ù�ØÚÕ ØÚÕRÞmÓ_ÝMä (^( ä #m í
H\Ò�ØÚÝ'ÞmÜ�áMÞmì�ð_ÕRÓ�Ô~ØÚÕRÞmÓ_ÝMä�çMéaé � Ô^ì�ÕRâRÕRÒMÝ!ÞmÜ�Ý�Ò�ØÚÝ�íH\Ò�ãmÒ�Ó ï ÝÚÒMà^ì�ÒMÓmØ�ÖÕRÝÚß_âJÔMÛmä  ^� í
H � L:î�ÞmÙ�Ö�Uî�uî�ÞmÙ�Ö,ÕRÓxz �'�|{�}�~ &m(^&m(�� ä ('� íH\Ñ�Ô�Ó_Ó_Þ^Ó�ä"�!âJÔ�ë_Ö_Ò�mGâ î!Þ\Þ\Ö�äJp^ÙMíRä &m& í
H\Ñ�Ô�Ù�ÒMÖ�Lr���wÝ�ä �_� ä &m& ä�çMéaégLr�B�uð�Ô^Ý�Òmí
H\Ñ�Ô�Ù�ÒMÖ+Ý�ë_ðØÚÙ�ÒMÒ�Ý�ä � ä &m& í
H\Ñ_Ò�ÒMß ï Ô^Ó_Ö ï à^ÞrÔ~ØÚÝ�Þ^ß
ÒMÙÚÔ�ØÚÕRÞ^Ó { 3�� 4�� ä �m� íH\Ñ_Þ^Ù�ØÚÒMÝ�Ø�ß�Ô~ØÚÑ_Ý�ä �M�^� í
H\ÕRÖ_Ò�î'ÔMÛÝ�Ô�Ö_Ö_Õ ØÚÕRÞ^Ó�ä (?}\) ä �@� ä ~^) ä �@� ä�r) ä  m ä (@~ ä #� í
H\ÕRÒMà^ÒMâ÷ä��'Ô�Ù�â(I�ëÖî�ÕRà�ä )^# í
H\ÕRÒMâRÕRÓà�ä��wÒ�ØÚâRÒMÜ>��ÒMÙ�ì�Ô�Ó_Ó�ä ��� ä )r( ä ���
~ ä �M�\( í
H\ÕRÜJØÚÕRÓà�ä ���%}\�^� ä �r# ä �r) ä  r( ä )^) ä �M��� ä �M�l~ ä ��~
� íÔ�ëØÚÞmì�Ô�ØÚÕRámä �l� ä �M�\( íß_Ô^Ù�ØÚÕJÔ^â÷ä �l� í
H\ÕRì�Þ^Ó�ä��<ì�Ù�Òmä #'� í
H\ÕRì�ßâRÒ�ß�Ô~ØÚÑ_Ý�ä &��%}_&'� ä (���}(�� í
H\ÕRÓ_ÿ7Ó_Þ\ÖÒMÝ�ä ��}4� ä & ä ��( ä �^) íø ä ��} ä �\( ä �r# ä &��%}_&@~ ä &^( ä (~� ä (�� ä �_�^� íù ä ��}_( ä �r# ä &m( ä (�� ä �?�^� íì�ÞmÙ�ÒwØÚÑ�Ô^ÓHØ}î!Þ�ä  ^� í
H\ÕRÓ_ÿ�ãmÒMÙ�ØÚÕRá�ÒMÝ�ä &�� ä #^� í
H\Õ � ÒºÞmÜ�ÔYLr�B� { ? {A@4��� ä � ä ���}
�@� íH\Õ � ÒºÞmÜ�ÔYLr�B�jð_Ô^ÝÚÒ { ? {A@�C8DFEFE�EFDG@ d ��� ä�M� ä ~m( ä �m# í
H\ÿrÕRÓ_ÓmÛeL�Þ\ÞmâRÒ�Ô�Ó7Ü@ë_Ó_á�ØÚÕRÞ^Ó_Ý�ä  m#?} m) ä �_�l~ í
H\âJÔ~ØÚÒMÝ'ÞmÜ�ÞmßØÚÕRÞ^Ó_Ý�ä �m& ä  �� ä )^) í
H\âRÞ^ð	Þ\ÖÞ~ãrqÔ_ä���Ó_Ó�Ô,f-ÕRÿrâ<qÔ$�ÝÚÞ�ãrqÔ_ä )m( í
H\âRÞ�Ø�ÕRÓ+Ô�ãÕRÙ�ØÚë_Ô^â�Ô�Ö_Ö_Ù�ÒMÝ�Ý�ä  � í
H\Þ^âRÕ ØaÔ^Ù�Û�Ó_Þ\Ö_ÒMÝMä �m#?}\�^� ä �M�r í

H\ÞmâRëØÚÕRÞ^Ó_Ý!ØÚÞ,L�Þ\ÞmâRÒ�Ô�ÓHÒ ö ë�Ô�ØÚÕRÞ^Ó_Ý�ä � ä�m) ä (� ä �?~�� íÔMãmÒMÙÚÔ^à^Òºî�ÒMÕRàmÑmØ�Þ^Ü<ä (~� íáMÞ^ì�ß_ëØÚÕRÓ_àyØÚÑ_Ò�à^ÒMÓ_ÒMÙÚÔ~ØÚÕRÓ_à�ÜJë_Ó_á�ØÚÕRÞ^Ó_Ý'Ü@ÞmÙMä � ä) ä &�� ä &^# ä &�) ä �M�m# ä �?~�� ä �?~m& ä ��~^# ä ��~�) íÒMÓrë_ì�ÒMÙÚÔ~ØÚÕRÓ_à�ä ��}_& ä �r) ä &^& ä &m( íàmÒ�Ó_ÒMÙÚÔ�ØÚÕRÓà�Ô^âRâ÷ä � ä &m( íâRÒ�×\ÕRáMÞmà^ÙÚÔ^ß_ÑÕRá�Ô^âRâ Û�âRÒ�Ô^Ý�Ø�ä � ä &m& íâRÒ�×\ÕRáMÞmà^ÙÚÔ^ß_ÑÕRá�Ô^âRâ Û�àmÙ�Ò�Ô~ØÚÒMÝ�Ø�ä &^( íì�ÕRÓ_ÕRì�Ô^â÷ä &�� íÞmß\ØÚÕRìyë_ì,ä � ä (_}) ä �r) ä &� ä &^) ä (�) ä �?~�� íÙÚÔ^ÓÖ_Þmì+ä � ä  �}_( ä �� íî!ÒMÕRà^ÑrØÚÒ�Ö�ä (?}\) ä &m(_}_&�) ä (^) í
H\Þmì�Ò�Ó � Õ÷ä � Ô^ðÕRÞ�ä\ã	ä &� ä #'� ä )�� ä )m( íH\ÞmÙ�áMÒ�Ù�ÒMÙF£ Ý�Ô�ß_ß_Ù�ÒMÓmØÚÕRáMÒmä ~�� í
H\ÞmÙ�ØÚÕRÓ_à_ä �m� í
H\Þmë_Ù�á�ÒºãmÒMÙ�ØÚÕRáMÒMÝMä &
� í
H\ß�Ô^á�Ò�áMÞmì�ßâRÒ�×Õ Ø}Ûmä &m& í
H\ß�Ô^á�ÒºãmÒMÙ�ÝÚë_Ý!ØÚÕRì�Òmä ��# í
H\ß�Ô^ÓÓ_ÕRÓ_à�Ý�ë_ð_àmÙÚÔ�ß_Ñ_ÝMä ) í
H\ß�Ô^ÓÓ_ÕRÓ_à�ØÚÙ�ÒMÒ�ÜJë_Ó_á�ØÚÕRÞ^Ó�ä (^& í
H\ß�Ô^ÓÓ_ÕRÓ_à�ØÚÙ�ÒMÒ�Ý�ä ) ä &�� ä &^# í
H\ß�Ô^Ù�ÿ7ß_âRëà�ä ���r# í
H\ß�Ô^Ù�Ý�Ò�L�Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Óá�ØÚÕRÞmÓ_ÝMä �r) ä &�� í
H\ß�Ô^Ù�Ý�Ò�ÕRÓrØÚÒ�àmÒMÙ�ÝMä (� í
H\ß_Õ ØÚÿ^Þ�ãÝ�ÿrÛmäJ�EÔ^âRÒ�ÓrØÚÕRÓt�}â ÛÕRáaÑ {R�C��f�_ hMi8jr*Fh f�^�b

¨ra k ] � _�f ����k�� f�l � ä �@��� íH ö ë_Ô^Ù�Ò�Ù�Þmë\ØÚÒMÝ�ä &@~ ä (~� í
H ö ë_Ô^Ù�Ò�Ý�ØÚÙ�ÕRÓàmÝ�ä ~_}�� í
HrØaÔ^Ó_Ö_Ô^Ù�Ö+ÖÒ�ãÕJÔ~ØÚÕRÞmÓ�ä ��~^& í
HrØaÔ^Ó_ÜJÞmÙ�Ö � ÙÚÔ�ß_Ñ�L!Ô�ÝÚÒmäÕRÕ÷äÕRÕRÕ÷ä &�� í
HrØaÔ^Ó_ÜJÞmÙ�ÖeS�ÓÕ ãmÒMÙ�ÝÚÕ Ø}Ûrä\ã*í
HrØaÔ�ØÚÒºá�Ô^ßÕ ØÚÞmâRÝ�ä &@~_}_&�� ä (�� í
HrØÚÕRâRâ�I�ÕRÜ@Òmä  ^# í
HrØÚÞmÙÚÔ�àmÒ�Ô^áMáMÒ�ÝÚÝ'ÜJë_Ó_á�ØÚÕRÞ^Ó�ä�çMéaé ~ d ï î'ÔMÛì�ë_â ØÚÕRß_âRÒ�×ÒMÙMí
HrØÚÙ�ÕRÓ_àmÞ^âRÞmà�Ûrä ~ í
HrØÚÙ�ÞmÓ_à�ß_Ù�Þ\Ö_ë_á�Ø�Þ^Ü�àmÙÚÔ^ßÑ_Ý {R� � �6� ä (~� í
H\ë_ð
áMë_ð
ÒMÝMä &^& ä  '� ä (^& ä �'��) í
H\ë_ð_Ü@ëÓ_á�ØÚÕRÞmÓÝ�ä ~?}
� ä ��~ ä �?� ä &m& í
H\ë_ð_Ý�Ò�Ø�Ü@ë_Ó_á�ØÚÕRÞ^Ó�ä �m( í
H\ë_ð_Ý�ØÚÕ ØÚëØÚÕRÓ_à�Ô^Ó,Ò�×\ß_Ù�ÒMÝ�ÝÚÕRÞ^Ó,Ü@Þ^Ù�Ôyã^Ô�Ù�ÕJÔ^ð_âRÒmä &m( í
H\ë_ð_Ý�ØÚÕ ØÚëØÚÕRÓ_à�ÞmÓ_Òºã�Ô^Ù�ÕJÔ�ð_âRÒºÜ@Þ^Ù�Ô�Ó_Þ^ØÚÑÒMÙMä &�) í
H\ë_ð_Ý�ØÚÕ ØÚëØÚÕRÞmÓHÞmÜ�áMÞ^Ó_Ý�ØaÔ�ÓrØÚÝ'Ü@Þ^Ù!ã^Ô^Ù�ÕJÔ�ð_âRÒMÝMä�M ä  �� ä )@~ í
H\ë_ð_Ý�ØÚÕ ØÚëØÚÕRÞmÓHÞmÜ�Ü@ëÓ_á�ØÚÕRÞmÓÝ�ÜJÞmÙ!ã^Ô�Ù�ÕJÔ^ð_âRÒMÝMä  �� í
H\ë_ðØaÔ�ð_âRÒMÝ�ä ~?}
� ä �~( ä �l~ ä �@� ä �m# ä &^) ä #r& ä#m( ä )^ ä �'�� í
H\ë_ðØÚÙÚÔ�á�ØÚÕRÞmÓHÞmÜ�Ý�ß�Ô^Ù�Ý�Ò�ÕRÓmØÚÒMàmÒ�Ù�Ý�ä (^ í
H\ë_ìgÞmÜ�Ý ö ë_Ô^Ù�ÒMÝMä &^# í
H\ë_ìgÞmÜ�Ý�ß�Ô^Ù�Ý�Ò�ÕRÓmØÚÒMà^ÒMÙ�Ý�ä (� í
H\ë_ì�ì�Ô~ØÚÕRÞmÓHÞmÜ�ð_ÕRÓ_Þ^ì�ÕJÔ^â*áMÞ\Ò�X�áMÕRÒMÓmØÚÝ�ä )^#�}\)m) í
H\ë_ß
Þ�î�Õ Ø�ä��ºÒMÓ_Ó_Ò�ØÚÑeprÔMÛmä �M�@� í
H\ë_ß_ß
ÞmÙ�Ø�ÞmÜ�ÔyÜ Ô^ì�ÕRâ Ûrä �'�� í
Hrî'Ô^ß ï ÕRÓ ï ßâJÔ^áMÒ�Ô^âRà^ÞmÙ�Õ ØÚÑ_ì+ä �m#�}r�m� ä  ^ ä (�� í
Hrî'Ô^ßß_ÕRÓ_à�Ô�Ö���Ô^á�ÒMÓrØ'âRÒ�ãmÒMâRÝMä �m#�}r�m� ä ���\( í
Hrî!ÒMÒ�ØOL�Þ\Þ^âRÒ�Ô^ÓHÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä &~� ä (^& í
HrÛâ ãmÒ�Ý�ØÚÒMÙMäJprÔ�ì�ÒMÝMp^ÞmÝ�ÒMß_Ñ�ä �@�� í
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HrÛ\ì�ì�Ò�ØÚÙ�ÕRáIL�Þ\ÞmâRÒMÔ^ÓHÜ@ëÓ_á�ØÚÕRÞmÓÝ�ä �@� ä ��( ä ~^) ä &m& ä&^) ä  ^� ä  ^� ä (�� ä (@~ ä (^ ä #^� ä )^� ä ���m� ä �M��� íß_Ô^Ù�ØÚÕJÔ^âRâ Ûmä  r( ä �M�^� ä ���\( í
� d ä  ^� ä (~� ä (@~ ä #�� ä )^� ä )m) íHrÛ\ì�ì�Ò�ØÚÙ�ÕRáºÖ_Õ Y	ÒMÙ�ÒMÓáMÒ�Þ^ß
ÒMÙÚÔ�ØÚÕRÞ^Ó {A@Y�Ä��� ä (�� í

HrÛ\ì�ì�Ò�ØÚÙ�ÕRÒ�Ý'ÞmÜ�ÔYL�Þ\ÞmâRÒ�Ô�ÓHÜ@ë_Ó_á�ØÚÕRÞmÓ�ä  r( ä ���m� í
HrÛ\ì�ì�Ò�ØÚÙ�ÕRÒ�Ý'ÞmÜ�Ôyá�Ñ_Ò�ÝÚÝÚð
ÞmÔ^Ù�Ö�ä ���r# ä �?~�� ä �?�^� í
HrÛ\ì�ì�Ò�ØÚÙ�Õ � ÕRÓ_à�Þ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓ { <�= = � ä (@~ íHrÛ\ì�ì�Ò�ØÚÙ�Û7ð_Ù�Ò�Ô�ÿ\ÕRÓ_à_ä  '� ä ��~
� í
HrÛ\ÓrØÚÑÒMÝÚÕRÝ�Þ^Ü)Lr�B�wÝMä �� �}
�� ä &^& íðÙ�Ò�Ô^ÖØÚÑ ï Z_Ù�Ý�Ø�ãmÒMÙ�Ý�ë_Ý�Ö_Ò�ßØÚÑ ï Z�Ù�Ý�Ø�ä ~^&?}~^( í
HrÛ\ÓrØÚÑÒMÝÚÕRÝ�Þ^Ü^N��B��Ý�ä �r) ä (~� ä (�� ä (~� ä �?��� í
H � ÕRâ Ûmä��ºÞmâRÞmì�Ô^Ó�ãmÞmÓ�ä �?~^) í
n�Ô^ÕRâ*Ù�Ò�áMë_Ù�ÝÚÕRÞ^Ó�ä )@� ín�Ô^ÿ^Ò�Ó�Ô^àmÔ_ä��EÔ^ÝÚëÑ_ÕRÿ^Þ { � ä �M�^� ín�Ô^ì�Ò�áMÞ^Ó�Z�à^ë_ÙÚÔ�ØÚÕRÞ^Ó_Ý'ÞmÜ>I�ÕRÜ@Òmä  r(?}\ m# ín�Ô^ÓàmâRÒMÖHÓ_Þ\Ö_ÒMÝMä �^#�}\�^� ä �M�m ín�Ô^Ù�à^Ò�Ø�ðÕ ØÚÝ�ä )m) ä ���\( ín�Ô�ØaÔ�ì�Õ	ØÚÕRâRÕRÓ_à^Ý�ä ('~ ín�Ô^ë\ØÚÞmâRÞmà�Û7ÜJë_Ó_á�ØÚÕRÞ^Ó�ä �'�~( ín�ÒMì�ßâJÔ�ØÚÒMÝMä �M#�}~
� ä #m# ín�ÒMÙ�Ó�Ô�Ù�ÛHÞ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓÝ�ä ~m(_}~�# ä  ��}\ l~ ä (~� í
��� � �C� � ä ~^(?}�~^# ä  l~ ä ��~~� í
�CA^�CA ä �@�M) ín�ÒMÝ�âRÒMÓ_ÿ^Þ�äJf-Ô�×\ÕRì���Ô�ÝÚÕRâ ÛmÒ�ã\ÕRá�Ñ {U�>] *Hk ] ��h9i b-�a h�* f�ªã¨ra * f k�� ] j f�l � ä ���m� ín'Ñ_ÒMÞ^ð�Ô^âRÖ�ä�n'Ñ_Þ^Ù�Ý�ØÚÒMÓ*ä )r( ín'Ñ_ÕRÓeLr�B�wÝMä  r& ä  m) ín'Ñ_ÕRÓ�N����wÝ�ä (�� ín'Ñ_ÞmÙ�ÒMÔ^ë�ä��ºÔMãÕRÖp��ÒMÓÙ�Û {AW ��ÒMÓ_Ù�Ûp�wÔ�ã\ÕRÖ � ä (^# ín'Ñ_Ù�ÒMÒ ï ÕRÓ ï Ô ï Ù�Þ�îYÜJë_Ó_á�ØÚÕRÞ^Ó�ä �_� ä  ^� ín'Ñ_Ù�ÒMÝ�Ñ_ÞmâRÖHÜ@ë_Ó_á�ØÚÕRÞmÓ_ÝMä �@�%}4�?~ ä &^) ä  ^� ä  m ä �'�M� ín'Ñ\ëÒmä���×\ÒMâ÷ä #� íÝ�Ò ö ë_ÒMÓ_áMÒ^ä (?}\# ä &�# ín'ÕRá ï ØaÔ^á ï ØÚÞ\Òmä  r( ín'ÕRâRÕRÓ_àmÝMä�çMéaéhm�×_Ô�á�Ø�áMÞ�ãmÒMÙ'ß_Ù�Þ^ð_âRÒMì�ÝMín'ÕRì�ÒºÝ�ØaÔ^ì�ß_Ý�ä )�� ín'ÕRì�ÒwãmÒMÙ�ÝÚë_Ý'ÝÚß�Ô�áMÒmä ��# ín�Þ\ÞmâRÿrÕ ØÚÝ'ÜJÞmÙMLr���jÞmß
ÒMÙÚÔ�ØÚÕRÞ^Ó_Ý�ärã	ä ~'~ ä &^& ä �_�^� ín�Þ\ÞmâRÿrÕ ØÚÝ'ÜJÞmÙONR�B�jÞmß
ÒMÙÚÔ~ØÚÕRÞmÓ_ÝMä\ã	ä (�� ä(�� ä (�� ä �?��� ín�Þmß ï ÖÞ~î�Ó+Ô^âRàmÞ^Ù�Õ ØÚÑ_ì�ÝMä ~^ ä &m& ä �?~�� ä �?�r& ín�Þmß
Þ^âRÞmàmÕRáMÔ^â	Þ^Ù�Ö_ÒMÙ�ÕRÓ_à_ä & ä &
� ín�ÙÚÔ^ÓÝaÔ^á�ØÚÕRÞmÓHÖ�Ô~ØaÔ^ð�Ô�ÝÚÒmä�çMéaégf+ë_â ØÚÕRÜ Ô�ì�ÕRâ ÛÞmÜ�Ý�Ò�ØÚÝ�ín�ÙÚÔ^ÓÝÚÜ@Þ^Ù�ì�ÒMÖ�Lr�B�wÝ�ä )m ín�ÙÚÔ^ÓÝÚì�Þ^àmÙ�Õ Z�á�Ô~ØÚÕRÞmÓ�ä �m#�}
�m) ä ���\& ä �'��# ín�ÙÚÔ^ÓÝÚß
ÞmÝ�Ò�Þ^Ü�ÔyØÚÕRâRÕRÓ_à�ä ��~�� ín�ÙÚÔMãmÒMâRÕRÓ_àvHÔ�âRÒMÝÚÙ�ÒMß K Ù�ÞmðâRÒMì+ä &@~_}_&�� ä (�� ín�Ù�ÒMâRâRÕRÝ!Þ^Ü�Ô�áMÞ\Ö_Òmä �_�^��}4�?�m& ín�Ù�ÕRáaÿ	äÝÚÓ_Ò�Ô�ÿrÛmä ��) ín�Ù�ÕRÒMÝMä � ä &
� ä &^& ín�Ù�ÕRß�Ô�Ù�ØÚÕ ØÚÒºÝÚë_ðàmÙÚÔ^ßÑ_Ý�äì�Ô�×\ÕRì�Ô^â*ÕRÓÖ_ë_áMÒMÖ*ä (m& ín�Ù�Þmì�ÕRÓ_Þ\ÒMÝ�ä &�� ä ('~ ín�Ù�ÞmßÕRá�Ô^â�Ô�âRàmÒMð_ÙÚÔä #'� í

� A)��� ä � í

n�Ù�ëØÚÑ,ØaÔ�ð_âRÒMÝ�ä ~?}r� ä ��� ä �_� ä ��(?}4�M) ä ~�� ä����}
�@� ä �r# ä &^& ä &m( ä  ^� ä  � ä (^ ä (^) ä���l� ä �M�\& ä �M�m) ä �?��� íÒ�×rØÚÒMÓ_Ö_Ò�Ö�ä �m)�}r�m� ä ���r íÜ@ë_âRâ Û7Ò�âJÔ^ð
ÞmÙÚÔ~ØÚÒMÖ�ä �M��}4�'� ä &^#�}&^) ä ('~ ín�ë_Ù�ÕRÓ_à�ä��wâJÔ�Óef-Ô�ØÚÑ_ÕRÝ�ÞmÓ�äì�Ô^áaÑ_ÕRÓ_ÒMÝMä &m& ín'î�Þ ï ÕRÓ ï Ô ï Ù�Þ�îIÜ@ë_Ó_á�ØÚÕRÞ^Ó�ä  ä &^( ä  � ín'î�Þ ï âRÒ�ãmÒMâ { Ø � Ù Þ^Ù � � Ù � Ù�Ò�ß_Ù�ÒMÝÚÒ�ÓrØaÔ~ØÚÕRÞmÓ�ä&�� ä &� ä  ^) ä (^& ín'î�Þ ï ã^Ô�Ù�ÕJÔ^ð_âRÒºÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä &^( ä (~� ä (^( í
� { ë_Ó_Õ ãmÒ�Ù�ÝaÔ^â*ÝÚÒ�Ø � ä (�� í
S�â ØÚÙÚÔ^Ý�î!ÒMÒ�ØBL�Þ\ÞmâRÒMÔ^ÓHÜ@ëÓ_á�ØÚÕRÞmÓÝ�ä (^& í
S�Ó�Ô~ØÚÒ�L�Þ\Þ^âRÒ�Ô^ÓHÜJë_Ó_á�ØÚÕRÞ^Ó_Ý�ä  @� í
S�Ó�Ô~ØÚÒ�á�Ô�ÝÚá�Ô�Ö_ÒMÝMä �'�@� í
S�Ó�Ô~ØÚÒ�áMëð	Ò�Ý�Ò�Ø�Ô^âRà^ÒMð_ÙÚÔ_ä�çMéaé � Ô^ì�ÕRâ ÛHÔ�âRàmÒMðÙÚÔ_íS�Ó_áMÞ^âRÞmÙ�ÕRÓ_à_ä ��~
��} ��~@~ í
S�Ó_ÕRÞ^Ó,Þ^ß	Ò�ÙÚÔ�ØÚÕRÞmÓ {A@�� ��� ä (�� ä�çMé�éI��� ç��

�CA Ý�ë_ð_Ù�Þ^ëØÚÕRÓ_Òmí
� � ÚR�C��� ÝÚë_ð_Ù�Þ^ëØÚÕRÓ_Òmä ~���}~m& ä ���\& íS�Ó_Õ ö ë_ÒºØaÔ^ðâRÒMÝ�ä ~~��}~^( ä  l~ í
S�Ó_Õ ö ë_ÒMâ Û�ØÚÑ_ÕRÓeLr���wÝ�ä  r& í
S�Ó_Õ Ø'Ü Ô^ì�ÕRâ Û { ú � ä (
� ä �'�~& ä �@��) ä ��~^( íS�Ó_Õ ØÚÒMÖeHrØaÔ~ØÚÒMÝ'ÞmÜ>�wì�ÒMÙ�ÕRá�Ôyà^ÙÚÔ^ß_Ñ*ä #�}\) ä ~�)�}���� ä�l~?}r�m� ä �r# ä &'~?}_&�� ä  @� ä  r( ä (~� ä (m& ä )'� ä ��~m( í
S�Ó_Õ ãmÒMÙ�ÝÚÔ^â*Ü Ô�ì�ÕRâ Û {ÎÍh� ä ('� ä �@��( ä �@�M) ä�?~�� ä ��~'� ä ��~^( í
S�Ó_Õ ãmÒMÙ�ÝÚÔ^â*Ñ�Ô�ÝÚÑ_ÕRÓà�ä\ã\ÕRÕ÷ä  m) í
S�Ó_Õ ãmÒMÙ�ÝÚÔ^â ö ë�Ô^ÓmØÚÕ Z�á�Ô~ØÚÕRÞmÓ {s��� ä ~�# ä  @� í
S�Ó_Õ ãmÒMÙ�ÝÚÔ^â*Ý�Ò�Ø { � � ä (�� í
� Z�ÒMâRÖ�ä ��}4� ä �M� ä ��#?}4�M) ä ~�� ä &^( ä  � í
��Ô�Ù�ÖÛmäc��âRÒ�×Ô^Ó_Ö_Ò�Ù {U]sT|_�`h_�T�\cu8 'V�ah� ä �?�r& í
��Ô�Ù�ÕJÔ^Ó_áMÒ^ä )^ ä �?~m& í
�EÒMá�ØÚÞmÙ'Ý�ß�Ô^á�ÒMÝ�äð_ÕRÓ_Ô^Ù�Ûmä �_�^� í
�EÒMÙ�ØÚÒ�×HáMÞ�ãmÒMÙMäì�ÕRÓ_ÕRì�Ô�â÷ä &m( í
�EÒMÙ�ØÚÒ�×HÖ_ÒMà^Ù�ÒMÒmä  @~ í
�ºÕRÙ�ØÚë�Ô�â�Ô^Ö_Ö_Ù�Ò�ÝÚÝÚÒ�Ý�ä  � í
�ºÕRÝÚÕRðâRÒºÓÞ\Ö_ÒMÝ�ä �m#?}\�m� ä ���r í
�ºÕRÝÚÕ ØÚÕRÓà�Ô^Ó,ÞmðM��ÒMá�Ø�ä #�� í
�ºÕ ØÚÒMÙ�ð_Õ÷äM�wÓÖ_Ù�Ò�î {AW ��Ó_Ö_Ù�Ò�Ô � prÔ�ì�ÒMÝMä �?�r& íãmÞmÓÕ��Ò�ë_ì�Ô^ÓÓ�ä�p^ÞmÑÓ {AW f9Ô�Ù�àmÕ Ø�ØaÔ�Õ

��ÒMë_ì�Ô�Ó_Óep}qÔ^Ó_Þ^Ý � ä #^� íãmÞmÓ�H � ÕRâ Ûmä��ºÞmâRÞmì�Ô^Ó�ä ��~�) í
�EÞ�î!ÒMâRÝMä (�� í
�Eë_ÕRâRâRÒ�ì�ÕRÓ�ä�p^Ò�Ô�ÓBmGØÚÕRÒMÓ_ÓÒmä &�) ä �?�@~ í
k?Ò�Ô^ÿ�ÞmÙ�Ö_Ò�Ù�ÕRÓ_àmÝMä �@�@� ík?Ò�Ô^ÿrâRÒ�Ûmä�ksÕRâRâRÕJÔ�ì �wÞ^ë_àmâJÔ�Ý�ä �?��� ík?ÒMàmÒ�Ó_ÒMÙMä��<ÓàmÞ:k?Ò�Ù�Ó_ÒMÙMä ��� ä �^ ä �� ä �^� ä &� ä m( ä (~� ä #�� ä #^# ä )'� ä )^ ä )r( ä )^) ä �M�^� ä���
~ ä �M�\& ä �M�m ä �@��� ík?ÒMàmì�Ô^Ó�äJf-Ô^Ù�ÿÏ��ä #@~ ík?ÒMÕRàmÑmØÚÒMÖHÝÚÞ^âRëØÚÕRÞmÓ_ÝMä (_}) ä &m(?}&^) ä (^( ík?ÒMÙ�áaÑ_Ó_ÒMÙMäJD�Ô�âRß_Ñ�ä �^� ä �'�M� íksÑ_Ò�Ô�ØÚâRÒ�Ûrä���ÒMÓ_Ù�Û�L�ÒMÓ���Ô^ì�ÕRÓ�ä �_�m íksÕRÿ\ÕRß
ÒMÖ_ÕJÔä � íksÕRâRÖ,áMÞ^Ó�Z�à^ë_ÙÚÔ�ØÚÕRÞ^Ó_Ý'Þ^Ü$I�ÕRÜ@Òmä  m( íksÕRÓ_Ö_Þ�îYÞmß\ØÚÕRì�Õ � Ô�ØÚÕRÞ^Ó�ä �@��}\�^� ík ÖÞmâRÜ@ÒMâ {AW k?Þ\ÒMâRÜ@Ò�â � ä K Ò�ØÚÒMÙ K Ñ_ÕRâRÕRß_ß�ä\ã\ÕRÕ÷ä �\& í
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¢��BA ÝÚëð_Ù�ÞmëØÚÕRÓÒmä (~� ä (�� ä )�� í
£ Ü@ë_Óá�ØÚÕRÞmÓ_ÝMä &~� í�EÔ���ÕRì�Ô_äJH\Ñ\ë � Þ { � ä #m& ä ���m� ä �_�@� í
�¾ÒMÝ�ï~Ó_Þ ö ë�Ô�ÓrØÚÕ Z_ÒMÙ�Ý { ä � ä ~^) ä  @� ä )@� í
�¾ÞmÝÚÑÕRÖ�Ô_äJf+Õ ØÚÝÚëÛmÞ^ÝÚÑ_Õ { � ä (@~ í
÷^ï ß_Ù�Þ8Z�âRÒ {�÷'jMDFEFEFE�DÛ÷ T � Þ^Ü�ÔyÜ@ë_Ó_á�ØÚÕRÞ^Ó�ä�r# ä (�� ä ('� ä ��~�� í
É!ï ØÚÙÚÔ^Ó_Ý�Ü@ÞmÙ�ì6ÞmÜ�ÔyÜ@ëÓ_á�ØÚÕRÞmÓ*ä (�� ä �_�� í
É,{A@4�E{ ØÚÑ_ÒnN��B�jÝ�Õ � ÒºÞ^Ü @4� ä �m# ä (�� ä (^ í
É T {óò�ô�õ��E{ ð_Õ Ø � Þ^Ü ò_õ�� ä �\& í

É T�¤ ¥ {óò4�.{ ì�ÕRÖ_Ö_âRÒºð_Õ Ø�Þ^Ü < ò4� ä �\& íN��B�VU�� � ÒMÙ�Þ ï ÝÚë_ß_ßÙ�ÒMÝÚÝ�ÒMÖeLr���yä ~ ä �\( í
N	Ò�Ô�Ö_Ý�ä �r# ä )^ ä �'�~& ä �'�� ä ��~'� í
N	ÒMÙ�Þ ï Ý�ë_ß_ß_Ù�Ò�ÝÚÝÚÒ�ÖeLr�B�wÝ�ä �r(?}&�� ä &^ ä(~��}(m( ä �?��� íáMÞ^ì�ß�Ô^Ù�Ò�ÖHØÚÞvLr���wÝ�ä �m#�}_&
� ä (�� ä (�� ä�?~���}4��~'~ íì�Õ ×\ÒMÖ7î�Õ ØÚÑeLr���wÝ�ä &~� íß_Ù�Þ�Z�âRÒMÝ'ÞmÜ<ä �r# ä (�� ä ('� ä ��~�� íØÚÞ\ÞmâRÿrÕ Ø�ä (�� ä�çMéaé���� ç�� � Ô^ì�ÕRâ ÛHÔ^âRàmÒ�ð_ÙÚÔ_íN	ÕRß_ß
ÒMÙ'Ü@ë_Óá�ØÚÕRÞmÓ {óò&á�õ�� ä ~^) ä �m� ä )l~ í
¦J� � ÚR�C��� ÝÚëð_Ù�ÞmëØÚÕRÓÒmä �@��( í
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��,÷������>�<�� ����� >�'-�,ÿ±öø÷��zõ ý¾ó!û)�yöÛýþöøû±÷,����F �� ���x� × <?�Z�K?�=yÜ<?��ö�/K?�+6nûB*Ln=FH<�#Ëõ ý+���7Fc�� ���x� ×Ò<��Z�� � ×iK?�Cy¿ ���ö�/@K?�+6�û�*�n�F� �2�3ô��yû=; Y F���#�� Y F¥��24*-�z3ôøÿ±û��yöIýþù�6�º öÛ÷������ ý���/)û)
����,ô���6��,÷Eý��"öø÷ºýþû�ýþù��øµZ�}�^A��,ô��$ÝËù��,÷����üzù��h÷°K���6�û�*�n�Ì= 0����wÌª;����^Ö� Y ��];���F rt u µ^�x];�y�<?�^�¾ö�/w>�Ìª;O��� �x×C��Ýµ^�x];�y= ��^�¾ö�/�� �x×��	Ìø;��ª;���×C �Ýµ^�x];�yLnB�^�¾ö�/c;��O×� �Ìª;��=� Y � Ý

ü"ù��,÷7K?��6�û�*+n@FC }];��wÌ�� ���^Ö
F
rt u µ^�x];�yC<��^��ö�/w>�Ìø;��ª;��x×J<)Ýµ^�x];�y=���^��ö�/c;��x×J<�Ìª;O��� ��×C �Ýµ^�x];�y�n��^��ö�/�� ��×C �Ìª;O��� Y � 2

4�?�.¦�û±÷��1��²�
��,÷ºýþô�A7K Y �}Ff;��=×�<&×Ò�?ì K?�+6�û�*�n�Ì, sð�2(ô�÷�*��Z��*�#!ýþù��=�,ô���6��,÷Eý��zó��1�����Z*?öø÷?ÿ< Y � �hûº÷��yö��yý<û)/°� ��� Y yE<Ü�hû�6�ó?ô��hý��Zó-���yöøû�*��<û)/=� n� �� öÛ÷Eý����yô��,õ�%���*Jü"öÛýþù � ��� Y �,û)6�ó?ô��hý��ó@�Z�yöøû�*��nû)/e� �� ��^#�ü"öÛýþùKû±÷��,><öø÷����Z� ý���*¹õj÷�*'õjô��yû<üzöIýþù¥<�> öø÷��1��� ý���*Kö�/����kÌ ;��	#z/)û±ôøôÛû>ü&��*
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 Å'BA=���	{<?�����@{<������	��������	��)�@�����(���	�K?�(yG<?�������K��(y,<?�^2�¯¾ù��.�1
�6 û�/Ñõjôøô?ýþù����1�.�,ô��Z67�,÷ºý���ö���ûB*�*�#
?÷?ô������5���}Ì);��	Ý?ýþù����1�Z/)û)�1�øÿ Y �7FH<(yM�?ì K?�+6�û�*�n¬F; sð�2�O� ý+�;FH� ¾ ½@#Ëü"ù����1��½�ö��ûB*�*<õj÷�*G��dk��2�¯"ù����1�Z��
��1�1�,÷������ ö�6�ó?ô�A ýþùËõ ý�#!ö�/�½�F <)#Vü&�ùËõ�%��(K � F¥� ���x� ×ª� ¾ ü"ù����1�=� ¾ Fk� ¾ h  5yª{y�<?� ¾ h  �2�3÷�* ö�/�½ªd¥< ü�� ùËõ�%��(K � F¥� ����� �Ü� ¾2n Y #üzù����1� ýþù���×H�þöøÿ±÷ ö��(�fù?û��1�,÷ ö�/Rõj÷�* û±÷?ô�A ö�/}�bôøÿ¬½8�z×�ì�� nB½ h � ¡°¯ ± a £ ��Fs®EðTö����Z%��,÷�2
£-¡+ë7ôV/ø�O];��}F �@];���ü"ù��,÷�;lôøö����%öø÷'õ¿����� ýfõjöø÷ �þõ±÷?ÿ)�)#�ýþù����1�)¢ � õs�,û±÷��yýfõj÷Eý Ä ��
��fù¹ýþùËõ ý� ��];��&F Ä × � �@];���/bû)�\; öø÷ ýþùËõjý5�þõj÷?ÿ)�)2(:¿���,õ±÷ ýþù��Z�1��/bû��1�=�,û±÷Eýþöø÷B
���õjô�6nû)� ý56�öø÷�*?ô��Z���þô�Aýþû�*����yö�%��èõ$*�*?öÛýþöøû±÷Ëõjô��1����
��1�1�h÷�������Ö�ôV/w�7d¥< ü&� ùËõ�%��
� � Y ��];��^�¾ü"ù��,÷°K?�56nûB*Ln�Ì¿ 0�� ��Ì�;����^Ö9 rt u � µ � ];�y�<?�^� ö�/w>�Ì�;��M� � ×C��Ý

<�× � µ � ];�y= ��^�¾ö�/�� � ×��+Ì�;���; � ×C �Ý� µ^��];�yLnB�^� ö�/c;��x×C +Ì~;=�Ü� Y � Ý
ü"ù��,÷7K?��6�û�*+n5Fª 0];���ÌM� ���^Ö9 rt u � µ � ];�y�<?�^� ö�/�>�Ì�;���; � ×°<�Ý

<�× � µ � ];�y=���^�¾ö�/�; � ×J<(Ì�;��M� � ×C �Ý� µ^�x];�yLnB�^� ö�/w� �x×C +Ì�;��¿� Y � 2
� µ^��];�� 9 � � n� ¼ g ; h ��i�½�× � � �� ¼ �4; h �8��½��

� � n� ];�� 9 y � ����];Oy�<?�^� ö�/w>	Ìª;��.K��x×J<)Ý
<�× � ���	];�y��)�^�"ö�/	K��O×J<�Ìª;���� � ×���Ý � � �� ];�� 9 y � ����];�×°<��^� ö�/w>	�ª;�Ì.K?�@Ý

<�× � ����];	×��)�^�¾ö�/	K?�w�ª;�Ì=� � y���Ý� �1g� ];�� 9 ´]; h �� � �"���?µ�× � �1g� ¼ ;+6�û�*C�� � �"���Á½ZÝ � � � ];���F � � � ];.6nûB*�� � �^�
� � Y �&nO�?];�� 9 y �<� � Y �	];��^� ö�/w>CÌ);°�¿K Y � û)�5� Y � ×;K Y �}Ì);J�Ò� Y �&nO� Ý<z×Ô;L× ��� � Y ��];�×Ôÿ Y ���^� ö�/	K Y �JÌ^;°�Ò� Y � ×iK Y �	2

�<� � Y ��];��^�¾üzù��h÷°K���6�û�*�n�Ì= }�� �wÌª;����^Ö9 rt u ��� µZ��];Oy�<?�^� ö�/w>	Ìª;������x×C��Ý
<B×�;�× ��� µZ�	];�y= ��^�¾ö�/����x×��	Ìø;��ª;��x×C �Ý��� µZ��];OyLnB�^� ö�/c;��x×� �Ìª;��=� Y � Ý

ü"ù��,÷7K?��6�û�*�n@F� 0];���Ì�� ���^Ö9 rt u �<� µZ��];�y�<?�^� ö�/w>	Ìª;��ª;���×J<)Ý
<�×�;	× � µ^��];�y=���^�¾ö�/c;���×J<�Ìª;O��� �x×� �Ý<�× ��� µ^��];�y�n��^�²ö�/����x×C 	Ìª;���� Y � 2

�<� � Y �	];�� 9 ì K?�+6�û�*�n�ÌÒ  ð��4; h � Y � �z× ��� � Y �	];56�û�*=� Y � �^�3÷�* ýþù��h÷�#Võ±ùËõ�#pýþù����1�9ö����,ôøû)��
��1�)Ö
�<� µZ����B;���F � � n� ];��^� ��� µ^�x��B;�×�<?��F � � �� ];��^�

ôV/z�ÜFE� ¾ ½�üzù����1��½%ö�� û�*�*�#+ýþù����1
?÷?÷?öÛ÷?ÿ ýþö�6���ýþû}�Z%jõjô�
Ëõ ý��H����];��.'BAuýþù?ö����1A��yý���6Lû�/�1����
��1�þö�%B�5/bû��16�
?ôøõ)��ö���¬�4Á�×�m&�½$�1�^#süzù��Z�1�}m&{<?��FH<)#am&��B;���FH<w×s�&m&];��^#?õj÷�*�m&��B;(×Ü<���F<�×_m&];��^2�¦�ô��,õ)�yô�AHm�];��&ÌÒ�B;@#��þû9ýþù��(�Z%jõ±ô�
ËõjýþöÛûº÷���öÛ÷B%ºû±ô�%��õ ý¬6nû)� ý¬C4�O�w�þö�6�ó?ô��"û±ó-���þõ ýþöøû±÷��ûº÷0�	��'?öÛýz÷B
�6�'@���1��2zô�÷G/)õ$�hý�#?ýþù��L67�hýþù?ûB* ö��zû)/îý��,÷,�þöÛÿº÷?ö�|��6õj÷Eýþô�A}/)õ$�yý��Z��Ö¬ôV/�ü&�èõ�%����þõjÿ��ªm&];��û?%�����õ±ôÛô,;�üzöIýþù9�îôøÿ;��+F¥»zü&�ÿ�� ýL�  Æ nx� yi� Æ nO� � h � Æ #sü"ù?ö�� ù%ö���ô��Z����ýþùËõj÷J &; ¯ ± � [ ¤ Y � Ì  &; W�È ]1b 24ô�÷��,ö�*��,÷ºýfõ±ôÛô�A�#Ñö�/W;}F � Æ nx� yÒ<5y��� Æ � ô Ç ×Ò� Æ � ô � × ÓUÓ�Ó ×Ò� Æ � ô*õ �"ü&�úùËõ�%���m&];���F »&×¥<�×º�¾x×ª�&ºZ¾��x��×ªn�º�¾V� Y × Ó�Ó�Ó ×"� ¾ º��?2 �£-£+ë73��yý��yöÛ÷?ÿ9ýþùËõ ýz� ýfõ$� ý���õjý�óVû��yöÛýþöøû±÷=;�öø÷�������w�yýfõ$� ý���õ ý�ó!û)�þöIýþöøû±÷�; n F�;¬×s<�×Zì ;\d7K��!ð!öø÷� n� ���õj÷�* õ ý¾ó!û)�þöIýþöøû±÷A; � F�;Lyª<&yKì ;Õd7K � ð�öø÷A� �� ��^#��hò��Z�,ópý"ýþùËõ ý(> � õj÷�*;< � û�����
���ý ü"ö����öø÷_� n� ��z'�
pýz÷?ûjýõ ýzõ±ôÛô+öø÷_� �� ��^2¯�ûs|Ë÷�*h�HF � W � W �������B���x�^�^���x�%öø÷lýþù��G�ZA��,ô��.� Y ����^#�ô�� ý�GEF � W ������������� õj÷�*o�ùF� W ������� ����� 2¿¼�
?ó?ó!û)���:G¥�yýfõ$� ý���õ ý�ó!û)�yöÛýþöøû±÷;K õj÷�*~��õjý�óVû��yöÛýþöøû±÷Ô;döø÷o� � ��^#�õj÷�*lõ$���1
�67�ýþùËõjý ÷��,öÛýþù����\GK÷?û)�Õ�lö���> � û)��< � 2�ôV/xK n 9 ; n 46�û�*�
?ôÛû0�)�^#Ñô�� ý=� h �7'-��õ°�þû±ô�
pýþöÛûº÷ ýþûnýþù����²�
Ëõ ýþöøû±÷7K n ×��� � ×ª�)�?¦°F�; � ×��� � y¿���D÷-Ýsü���6nõ�Anýfõ$���L� h �LF�;+×��� � y¿��� ¼ � ��� [ �K�y�;��6nûB*7�� ���x� ×k<?�Á½9ö�/wK7Ñ ;@#Tûjýþù���� ü"ö����7� h �JFHK=×Î�� � ×��)� ¼ � ��� [ ];�ysK��@6�û�*��� ����� y�<��Á½Z2rýþù���� ü"ö����9ô��hý=���y"<?� h ��F�; n ×��� � ×"�)�?¦JFªK � ×��� � yM�)�D÷-2�¯"ù��h÷/�G�yýfõ$� ý��"õ ý"ó!û)�þöIýþöøû±÷,�öø÷�ýþù��5�^A��,ô��FµZ�x��^ÝEù��,÷����öIýz� ýfõ)� ý���õ ý�ó!û)�yöÛýþöøû±÷J��×s<x×Zì��&Ñ_;��Ñð�×G�?ì �BÑG���ÑðVöø÷�ýþù��.�ZA��hô��e� Y ����^2
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 Å ����$L�ZS���$^��US���ST������$±ST$ û Å¼sö�6�öøôîõ$��/bû)�16�
?ôîõ$��ù?û±ô�*Kü"ù��,÷)G <ù¸?> � ��< � ¹uû)��� <ù¸�> � ��< � ¹Ü4'�
pýn÷?ûjý°'Vûjýþù-�^2Ò�Röø÷Ëõjôøô�A�#> Y � #�< Y � #��>�<?� � #Võj÷�*s{<?>�� � �yýfõ$� ý(�1���yó@��� ýþö�%��,ô�A öø÷ óVû��yöÛýþöøû±÷��.>�#�K Y �	#-���L×Ò<¬×�ì ;��+ÌG���!ð�#Ëõj÷�*� � × ��×�ì ; � ÌG� � ð�2¯�ûG|Ë÷�*��ÎF � W ���O�������^�Zöø÷o���&nO�?��9ü"ù��,÷ª�'ö����Z%��,÷�#���
?ó?óVû)���%ýþùËõjýúýþù��J�	��'?öÛý��yý��yöÛ÷?ÿ�� W 
 � � �@�������� ���x� 
 � � ���yýfõ$� ý���õ ý�óVû��yöÛýþöøû±÷;K öø÷Î� � ��^2s¯"ù��,÷~�¥�yýfõ$� ý���õ ý�óVû��yöÛýþöøû±÷o;ªFK�y~ÿZ��ì K�Ñ7K?�!ð�×Ò� � ì KzF}K?�!ð ì ÿZ�}F <,ð�ö�/���&nO��];��&FH� W #!ûjýþù���� ü"ö�����õ ýó!û)�yöÛýþöøû±÷.;=×¥�� � y~ÿ��	�ÿ � ��� � ×oÿ � ��õ$���,û)�1*?öø÷?ÿnõ$�=�K�Ì�K � ��K�F&K � ��Kad¬K � �^2¯¾ù��0�1
?÷?÷?öø÷?ÿ ýþö�6�� û)/"ýþù?ö����1����
��1�yöøû±÷"�fõ ýþö��{|����i(=4�O��Fö¬�4�O��×Î�-( ¼ �S� h �8��½Z#z�yû�öÛý�ö��¬�4� ôÛûºÿ��O�^2�ì ñ�ò����1�hö�������õ�8���õ)õõ$�1�z'Ëõ$����*èûº÷èýþù���ü�û)�1� û�/-«�2?¯�
?ôøöøõ±÷?ö4# üzù?û õjô��yûùËõ$��*��Z%��,ôøû±ó@�Z*67� ýþù?û�*��(/bû�������� ýfõjöø÷ ôîõ$�yÿ��Z��%jõjô�
����zû)/OI;Ý������}� 3�ì ð�è^ç í ç # ó í�% é-8-8��¿��)>)>�<?�^#� �<� ��� ) )��2 ðê�¨-¨ÑëH-û9û)'B%pöÛû�
���*���/S���hý���õ)�1�"õjó?óËõ)�1�h÷Eý�#B'�
pý¬� òsý��,÷��yö�%��¾ý���� ýþöø÷?ÿL�yù?û)
?ô�*�'-�(*?û±÷��('@��/bû)�1�zõj÷BA����²B
��,÷������6õj÷s'-���1���hû�6�6��,÷�*���*�2�E¬Ai�,û±÷Eý��þõ$�yý�#+ýþù��C*��HEz�1
?ö ø ÷;�ZA��,ô���ó��yû�*�
����Z*dö�6�ó?ôøö��,öIýþô�A'BA¿3ôøÿ±û)�yöÛýþù�6 �Jö���õ ý����1�yö�'?ô��°�yû�
��1�Z� û)/���
?ó?óVû��1��*?ô�A¿�þõj÷�*?û)6 '?öÛý���#w�Z%��,÷Zýþù?û)
?ÿ±ù^öÛý�ö����	�*?ö��yý��yö�'�
pý���*<öø÷ ýþù����1�,÷����úû)/�º+�Z|Ë÷?öÛýþöøû±÷i �2 ®$º�#@'-���6õ$
��1�C>�� ó��1�Z*?û�6�öø÷Ëõ ý���õjýýþù���'-�,ÿ±öø÷?÷?öø÷?ÿ�2ô�÷�*�����*�#?üzù��,÷0� ö��"ó��yö�67�$#�'?öÛý��(ÁV�7×�<9û)/TýþùËõ ý.�1��²�
��,÷��Z�úõ$�1�L§Z���yû7/bû)�.>��"ÁzÌk�� � yÜ�)� h ��2ê�¨+êËëG�õ����O� ýc�,'-�"õ ó��yû±ó-������
�Ã�ò�û)/~��� � ü"öÛýþùl�¿�/��� � 2Rñ�öÛýþù������ ö���õ��1
�Ã�òúû�/�� � #jüzù��,÷�����,Ì�Í���o�¬#pû���iF�G`�Í�Tõj÷�* ü�� ùËõ�%��C�,ÌÎGMÌÔ�¬2-û>ü�0Ìo�¿�/��� � ö�6�ó?ôøö�����ýþùËõ ý��;F��j�7/bû��w�yû)67�k�G�� � 2cEz
pý �nö���õ+�1
�Ã�òúû)/a� üzöÛýþù<L�fj �j$F�j ��j?y)j ��jBÌfj �Í�Dj Ý?ù��,÷����l�<ö��zõ�ó��yû±ó-���(��
�Ã�ò û)/��Í��#Ëõj÷�*
�Í��Ìm��2z¦�ûº÷ºý��þõ$*?ö��hýþöøû±÷�24'-��3÷�AÜ�yý��yöø÷?ÿ<û)/zô��h÷?ÿ±ýþù�< ö���ó��yö�6��)2Ü¦�û)6�'?öø÷�� õ$*$ø õ)�Z�,÷Eý�ó��yö�67�Z�C'BA��õB�^#�öø÷lõj÷BAû)�1*�����#@
?÷EýþöÛô�÷?û7/S
�� ýþù����5�,û)6�'?öø÷Ëõ ýþöøû±÷ ö��zó!û)�1�þö�'?ô��$2úì ¼��Z�èýþù���6�û��1�9ÿ)�,÷����þõjôO�1����
?ôÛý��û)/�DM2@��2¼�� ù`Ç
pý�§Z�,÷�'-���yÿ)����#���è 1 ð�é�å5æ}ç�è�é # ó í�% é"! 1 ð�é+ê��¿{<�õ)��®��^#���<^���$n�2 ð4�?�wôV/-Áe·F¥>�#ºô��hýÉ�7'-�¾ýþù�����6nõjôøô���� ý���
�Ã�ò�û)/[���x��������¾�2w¯"ù��h÷p��ö���ó��yö�6���'BA�*��^|Ë÷?öÛýþöøû±÷�#õj÷�* öIýzùËõ$�¾ýþù��L/)û)�16 �]� ü"ù����1�}�dö��zõ�÷?û±÷���6�ópý�AJ��
�Ã�ò û)/��þû)67�¥���$2�¯"ù��Z�1��/bû��1�P��¾&�������¿�o�]�}F��,�� ¾ #��þû�ü&��6�
��yý¾ùËõ�%��P�°F�� ¾ 2 t ��6�û?%��C� ¾ õj÷�*,�1�hó@�6õ ý.
?÷EýþöÛô�Á�F�>�24*-��¯��1
��)2Ü�Ëû)��ö�/zü&� ùËõ$*oGcF(�0�k/bû)�C�yû�6�� ó��yö�67�h�lü"öÛýþùËj ��jÛd j ����j #�ü&�J�,û)
?ô�*õjó?ó@�,÷�* ýþù��L/ õ$�hýþû)�1�¾û�/q�dýþû�û)'pýfõ±öÛ÷ õj÷?ûjýþù����(/ õ$�hýþû)�yö�§,õjýþöÛûº÷ û)/�G�24�?�°  Ó <�n�<?®$õB�$��®$ �®))õ&8$õ) B�$ )$n��B�$�$n� ) �) ��B8$õB® Ó >��))$n�<�õ�8�2À43÷��ZÃ7�,ö��,÷Eý õjôøÿ±û��yöIýþù�6õjó?ó@�6õ$�1�%öø÷ �hò����1�,ö��1�M<�>)��2�ä9÷?û>ü"öø÷?ÿM6�û)�1�,*?öÛÿºöIý��nû�/�¨�ü�û)
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Ñ��O�VÜDÙ�ÚD��®"��Ü��áÙO�ªÙ�Ø%�IÜDÚD���,�O�"�BàpRF��J����Ù�ÚD� Ü��,��Ø Ù�Ú2�,PpÆN�Ñ��O�áÙ-��Ü��DÙ-�2��Ò��&ÚD���]ÜDÙ-�7Ó¢Ô�ÕFÖp×�Ø4Ù[Ú�×"Û2ÜNÝkÞ4ßFÚ2Ù[×�Û�Å4�&â�à,�Ñ��O�IÜHÑ&ÙO�&ÚD�á×(Ú�ÜDÚ��J�,�DØ�Ù�ÚD�Q��ÆJS,�Ñ��O�IÜ��6�J�����øÜDÚ��O�,�IØ Ù�ÚD�i�&àpÆN�Ñ&×(ÚD����Ü"�,à]�á×(ÚIÚI×k�&×-�BÜ��&×(Ù�ÚI×2�Q�&à-SN�Ñ1���JÙO���O�2���Z�,Ía×VÙ-����ÚD�&Ù��BÙ�Ø1à]�����,�F�F�N�c�J×(ÚD�2�JàOP,�Ñ1�á×����Y�F«��,� ÜD×-�&àpÆF�Ñ1� ��×4á¢�á×�ÜIÜD×(Ú���Ù�ÚD�N�"�aß�ß-�&àpÆ"¦�à�àN�&àOS,�Ñ1�áÙ�ÚI×2�"� È �O�J�Y��M�â��Ñ&ÙF�2�,�ÞJÙ-����ÜD×(ÚD�2�0ß��J¦Jß�ßO��Æ��J¦,Æ�ß-�,M-RF�Ñ&Ù�ÚI×2�]Ü"��Æ£��¦,Æ�ß-�Ñ&Ù-�&ÚD�á×(Ú2�,©�×"�O�Qâ ��ÞBÜ����IÜD×7©�ÙO�D×(Þ,�j��I×(ÚD�á×2�2��RF�ÜDÚ��J�,�DØ�Ù�ÚD�Q�N�,���D�(ÚI×VÜD×-�N,��ÆOSN�BâFRN�Ñ&Ù��d��ÐH�J�áÞ,�Qãk��Ú]Ü�®2�á×(Ú2�,ÆOPN�Ñ&ÚI×2�,���J�Y��ä'���[����×��YÍ��2�ÛÚI×��,�(×-�&à�à,�&â-S,�Ñ&ÚI×2�&ÚD���[¨F�I×2�Y��ãH��ÚDåO���Qä'��Ú$�F���Y��ÆJP,��ÆORN�Ñ&ÚD���,��×-��ÆBßO��M-RN�Ì7��ÚD�N�&×(Ú2��ä'��Ú]Ü����j��MOPN�,P�â,�Ì×2�&×VÚ���Ü����,�eØ��,�N�VÜ���å-�,�2�,P&ßO�Ì×2�&×VÚ���Ü���å-�j�0ß-���å-�,�]Ü[�O��ÜH�O�`å�Ú]Ü���®(×2�}Ü����\×-��â8�����åFå�Þ,�á×2�D�"�N"¦|ß�ÆF��Æ�����ÆOS,��ÆJ,�&àOP,�&âpÆN�Ì������J×(Ú]Ü"�,æ]�N�p��Ú É ×2���Då-�Y�&à�à,�Ì������J×(Ú]Ü"�����������|�O�çÏF�[�p��×��,�4¨��aß-�Ì�åF�,�BÝF�Q�B×X�|��èq×2�-�,�,ÍY�,���_ÊWÚD���J�,�,å��&à�â���M£���Ì�å-�e×2�"�,à	×VÜD×(Ú_©Oå-�,�Y�,�����Z�Ì�å�ÚD�N�|�O�i´��,å�ÜÞ,�,®�®2�á×-�&àpMF�ÌÚ��(Ý-��æ±���������N��MF�ÌÚ��(Ý-��Ñ&Ú��J�,¨���â,�ÌÚ��(Ý��,���,��Ú]Ý���åF�&×-��Æ2¦|ß"ÆN�0ß"PN��ÆOS"¦Bà�àN�&àOP,��MJS,�ÞJ×(ÚD���BÜ[�UÜ���å-�Y�Bà,�&à&ß-�ÌÚ��(Ý��,���,��Ú]ÝøÜDÚD�á×O�&à ���ÌÚ��(Ý��2åF�B×-K_Êm�D×2¬p�&×2�,�V×7å�Ø1�O��³D�O�(×��!Ü_å-�N³2×2�VÜ��"�ÌÚ��(Ý��2åF�B×�Ø�å�Ú�¯YáQÜ��&Þ,�á×2�2�aß"ÆN�0ß�MF�0ß"SN��J�N�O�J�!Ü[�J��×2�_å�Ø>��PN�0ß�ß4¦Jß�ÆF��N������Ú]Ý-�1�2�[��â�������Ú]ÝQÌWÚ��?Ý9�2åF�&×2�2��ÌÚ��(Ý�,������Ú]Ý��2åF�&×O������`� Ü[��Ü���å-�N��å�Ø>�Bâ8�,�,P�â���Nå-�p�,������Ú]Ý-�aß"S"¦,Æ����BàpM"¦�à-PN�Bâ-P,��M-ÆF��MUâJ¦,MJP,�ÌÚ��(Ý��VÝF�2�á×-K Êh�VÝF�2�����XÌWÚ��(Ý��2åF�&×O�0ß�ÆN�0ß�MF�ÌÚ��(Ý9«�×����,�"�&à&ß-�ÌÚ��(ÝªÞ��UÜ��Y�aß�MF�1���4�%ÌWÚ��(Ý��2åF�&×O�ÌÚ��(Ý��]ÜDÚI×"�O�Q�&à�â��ÌÚ��(ÝøÜD×(ÚD�,��Ú]Ý���åF�&×-�aß2,�&àOP,�ÌÚDå-�2��ÍY�N�7Êk�p�UÜ��,å-�iÍYåO�,���"��MF�Ìk�-å-®��J³D�O¨���à1�"�-åO�Z�&à�â,�ãk�O�,�O����ÚD�Y�,©-�O�2¬p�&×2�kÏN�O��åO�lå-�j�BâpRN�ÜDÚ��J�,�DØ|å�ÚD�Q�,N�&àpÆN�BâpPN�BâFRN�ãk�O�`��� Ü�å-�Y�L���������|�O�+Ð�å"�_�J�Y�1�2�[�%Ò �(ÝN�á×VÝ-���ÝN�2�á×O�0ß?à,�&à�â��Þ,��Ü��Y�0ß�MN�&à�à,�Bâp,�ãk�O�`�á×VÝ-�����������|�O�Q�F�O�N�Q��åO�,�"��MJP,�ãk�O�`�lå-�,�2�NÊWÚ]Ü��p�&Ú�Ð�åO��×(Ú2�,©�Ú2� �&â!à,�ãk��ÚD���O�,�[�,�Z�F§�åO���4�N�±Ó Å4�N� �j�ãk��ÚD���BÜ��Y�,ãÛ×2�N�,���,��Ñ&ÚD�á×2�Nå-�áØ>��RF�ãÛ×��N�O�&×��2�����O�|Þ,�,®�®2�á×-�&âpÆN�

ã�å�Þ��(ÚDå�ØáÜ"�,©-åO�,�'æ±�N�_��ÚD�Y�&â�â��ã��&ÚD���J×(Ú]Ü"��Ìk�á×2�,�iãHå"���|�O�,�Y�,P�à,�é �'� éZê�ë ÞJ×(ÚD���BÜ[��Ü���åO�Y��ÆOSN�&à&ßO�é �'� éZê�ë ÜDÚ��J�,�DØ�å�ÚD����Ü���åO�Y�N,�È �,�2���,�D��å-�i�O�,�l×��F�2���,�D��å-�ªÞ&ÚD���,�2�áÞN�á×-�,PN�È �,�����&××��BÞ,�O�,�D��å-�Y�0ß�ß4¦Jß�ÆF�È �!ÜD×(ÚD�á×2�"�F���,�,�&àpRN��M����,P�à,�È �!ÜD×(ÚD�B×VÜ"�,���Z�N�����Z�È �p��×(ÚD�I×�Ø��,�,��Ü���å-�Y�Bâ���àBß-�È �[�-�J¨d��Ì7��Ú]Ü��iì_���lå�Ü��!Ý-��P�à,�È ��å-�`å�ÚIÞ,�,���7ÌÚ��(Ý��VÝF�2�á×2�2�&à�à"¦Bà�â,�È ÜD×(Ú���Ü���åO��å�Ø	Ø��N�,�VÜ���å-�N�"��à-ÆN�BâpMN�©-��Þ,�O�&×2�I×7����Ü��B×2����Ü������"��â&ß-�´7�J���O�Y��Ï!ÜD×���×2�Q©-�?Ý-��P�â,�´7��ÚD���O�,�O�Y��ä'�O�BÚD���(×-��ÆON�´×2�N�|�?Ýp�N�,´��áÚ��O�QÏ�ÚD���,����Ú��,�Bâp,�´×2���]ÜD×(Ú2�L���������|�O�Q�!âFÆF�´��á×(Ø�×(Ú2�,©-�O�[¨iÒ ��ÚD�Z��MUâ��´��p�BÜ��Y��µkåO���O���iæqÚ$�F���*Ó Å4�,�Z�N� �d��MJS,�´�åF���N�N§��O�D�,�,å�ÚD�±Ó Å4��Æ£��¦,ÆBßO�´ÚDåO�&×2�[¨�×(Ú2��Ía×�å�Þ�å-���Y�BÞBÚDåF�,�,�VÜ"�&âpPN�´��,�l��Ú2��à1�J�,�p�J���O���J�|�Xè�� ³D�(ÝÓ¢íî�ï íðOñð í ñò^ó*ôJõ�ö÷Wø í ñò)ùú Å4�Bâ!àN�Í���ÚIÚD� ��×(×-�,©O�,�á×2�_Êk�áÞ,�,åO�,�D×O�,P,�Í��2�ÚI×2�,�V×-��ÌW×2å�ÚD��×7ä�×�� �N���Y�0ß�MF��M£���Ía×V×-��Ò��&×2�]ÜD×(ÚHÒ��,�j§]���O�*Ó Å�²tÒ��,�Ía×(×lÓ Å4�&âpÆN��,���IÜ[�J�,�(×-��ÆJ,���×2���-��Ü"��ÆON�Ía×��\ÞJ×2�Z�NÊk�&Ú��J���O�ûÓÄ¸"üJý�¸`þjÃ�¹2ÁOº�Å4��ÆOMN�Ía×4�N���2åO��Ú���Þ,�,����å�ÚD�&×(Ú2��Æ2¦BàN��Æ-MN��ÆJ,�BâFRN�ÍY�Z��Ì7�J�,�iÓ¢²ÿ´×��,�!Ý,ÅkÓ Å4��MOS,�ÍY�á×4��×2�"�&à£���ÍY���N¨�×2�'�J����åF�"��Ü���åO�Y�NÆOS,��ÆJ,�ÍY���]Ü����,���0ßO�ÍYåFåO�!Ý�ÍYåFå�Þj��àpM2¦BàOP,�ÍYåFå�Þ,�á×2�D�_��×��&×(Ú���Ü���åO�Y�N�¦|ß"ÆN��Æ�����ÆOSN��ÆJ,�&à-PN�BâFÆF�ÍY�N¨�×-��ÏN�O����ÜXÓ�� ����� ×"Û���×
	���NÛ������"Õ������¢Ö�� Ú2Ù[ßNÛ�Å4�â8�,�Í0ÝF�,�,åO�Y��Ð_å-��×(ÚHÒ�å-�,�O��Ü"��ÆOPN�� å�ÚD�,�2��ÆJP,�1�2�[��à,ÚD���\×��IÜDÚD���N�-�"�
� á¢��Ú]Ý9�,���-� Ü"K�Êk�i����ÜD×2��×(Ú �J×VÜ>��×V×2�s���O�N�

��� ß-�N���,�2���,�D� ��×-�,ÆN��ÆOÆN�ä'�O�(ÚDåJá4Þ&ÚDåF�(×2�D��å�Ú2�|ß�ßO�ä'�O��å�Ú��O���N�,©p�J�\×2�_Êk��Ü��,åO�!Ý-��ÆOPN��Æ-RF�ä'�O��ÜD×2�Z�T�������á×��Q�,Æ�àN�ä'��Ú]Ü����Y�,ä'åO�&ÚDå�×7ãk��ÚD�N�����Y��ÆOR"¦,ÆJS,�ä'��Ü��[�,���,�,��à�àN�ä'��ÜDÚD� ��ÓZâ��,����Å4� È Ú$�F���,��©Oå-�D�F�,�,��P�â��äQ��Ò������!Ü�åF�[¨������������|�O�çæ±�N�_��ÚD�Y�aß"MN�ä�×2�,�|�J�Y��àBß-�äQ�á×(ÚD�"��Ò�����ÚD�á×2��Ð�åO�J×(Ú]Ü"�,PpÆF�äQ����� Ü[��Ú]Ý��[�(ÝF���,�-�2�0ß-�äQ���DÚ��N�,©p�(Ýp�J�&×���Ó�� �"!$# %'&(*) +�Å4�&â�ßO�äQ� Ü��4�B×2���Z��Ò��&ÚD���]Ü�å�Þ,�B×(Ú�©Oå-�N�Y��Æ-MN�äQ� �B×��Ná4Ú��O�,� �9�F�,���J×(Ú��]ÝN�]ÜD×2�Q��ÆN�0ß""¦,ÆBßO�àpMF��MUâ���MOPN�

,-,



È$É µ�æ��ËÊ É µ�Ì7Í%Î7ÏNÏFÊ�Ð�§ Ç/.
010�243 �&â ���ä'åF�N�,�|��ÚHÌÚ��(Ý9�2åF�&×2�2�0ß"�¦NÆ£�,�&à-MN��M�â,��&×��2�����O�Z�|ß"N�

� á¢��Ú]Ý-��Æ�â,��M-MF��MOSN�¬p����ÜD×VÚD����Ú]Ý-�&âFÆF�&âpN�ÜD×(ÚD�,��Ú]Ý-�&âpP,��MOÆN�ä'åO���|��ÚD�Y�,äQ���[�&×2�Z�BâpSN�ä'åO�,���ÞdåO� ÝN�Nå-�l�|�J�Z�BâpÆN�ä'åO�,å�Ü�åO�,�����,������Ú]ÝiÌÚ��(Ý���åF�&×2�"�0ß"M"¦Jß"S,�BàpMF�ä'å�ÚD�D×-��ÏN�O���&×2�YÑ%���,�á×VÝ�â�ÚI×(×2�I×-�N�2åF�&×O��à-PN��M-RF�ä'åO�D×(Ú2�,Ía×2å,�BâpS,�ä'�N� Ü����,å-�l�|�J�j��å�×65��2�á×2��Ü"�,ÆO,�¯YáZ�2�,�J×-K_ì_�&×7��Ú���Þ,�iå�Ø�¯YáZ�,� Ü_�IÜDÚD���,�O�"��O��³D�O�(×��!Ü �H�B×2�lÜ��&×�Ý��,� 7|×(Ú_���iå-�N� Ý9å-�&×Þ�å-�D� Ü���å-�Y�|ß?àN�0ß�MN�&à�à�¦�à�â���D�,���2�,�J×2��å�Ø>�&à �J¦�à&ßO�¯YáZ�,���]ÜDÚD���,�BÜD×2���D×2¬p�&×2�N�(×-��PBß-�¯Yá4×��!ÜD×2�,�D��å-�Y��ÆJP,�¯YáQÜ��&Þ,�á×OK��`�I×2¬p�&×2�,�(×7å�Ú_�IÜDÚD���,�cå�Ø�á×2�,��Ü���¯]�aß[¦,ÆN�É ×2�e×VÜ��Y��æ1��×2� ÝF�*Ó¢²ÿæ1�N��Å�ãHåO�������IÜD×(Ú àqÚ��UÜIÜ"��M£���É ×VÝF���J�Y��©�×(ÚD®VÝ-��M�â,�É åO�F�,���,��Ú]ÝQÌWÚ��(Ý��2åF�&×��"�0ß"S"¦,Æ����BàpM"¦�à-PN�âpPN��M-ÆF��M�âJ¦NMOPN�É åO�,��åF�"�O�YÌÚ��(Ý9�2åF�&×2�2�0ß"P�¦Jß�RF�&à�â��É å�ÚD�,�IÜDÚDåO�Q�NÊk�|�J�P�6�(ÝF�&×-��à �,�É å�ÚD���O�j�p�,���|×VÚD�"��P&ßO�É å"��Ú��,��ã×2�&Ú]Ý-��MOPN�Îk�VÜ[�O��åF�&×-�&à �,�Îk�VÜ�å-�N��å-�,�2�BâFRN�Îk�,�NáZ�á×2�,��Ü��lÚD�,�,�2�dMJS,�ÎWÚ]Ü��,å-�Oå-���J�d��×2�VÜ�å�ÚD�"��SN��à-ÆN�Îk�&ÚDå�Ü�å�ÚD�,�D×��"�&à-S"¦BàO,�à1�O�á×VÝ-��Ð��(ÝN�`å-�,�Qæ±�N�_��ÚD�iÊH�|�O�QÒ��&ÚD���IÜ�å�Þ,�&×(Ú2�âFMF�Ø��N�,�VÜ���å-�N�"��à-ÆN�à1�O�NáZ�,���O� Ü[�O�|Þ,�,®2®2�á×��"��àO,�à1��ÚD� Ü2Ý9�,� Ü"�,P,��ÆOSN��ÆON�à1��ÜD×(ÚD�Då-�Y�,´×2�N�&×VÜ���ÌWÚ��O���J�Q��Æ-MF�à	×(Ú$��×(ÚD�D×O��Ð_�&Ø��,�98k�&×2��Ü����Y��à-MN�à]�]Ó £ Å4�&à£���Bâ!à,�,PBß-�àqÚI×�«N�iå�Ø1�c�IÜDÚD���,�,��Æ-MN�àqÚI×(Þ�åO�IÜ�å�ÚD�B×(Ú2�BâFÆF�àqÚI×(ÞBÚD���\×7�]ÜDÚD���,�-�2��ÆOP"¦,ÆOSN�&à-RN�àqÚD���\×��IÜDÚD���N�-�"��ÆOM"¦NÆOS,�BàpRF�ØÄ�J�VÜ�å�ÚD��®2��Ü���å-�j�BàpRF��PpÆF�àqÚD���l� Ü�� ��×WÞdåO� ÝN�Nå-�l�|�J��� �låF�,�,��å9:���Æ�àN�BâFMN�àqÚD���,���áÞ��O�j�D�,�&Ø�å�ÚI×2�IÜ��2��Æ£�J¦NÆBßO�àqÚDå�Þ|×VÚÞBÚI×�«,��×2��å�Ú_�D��5l��×2�"��Æ-MN�à]�I×2�,�,å�Ú��O�,�,åO� �,� Ü��"�&à-RN�à]�,���I×7��åF�&×7�låF�,�,�|�UÜ���å-�Y��â��à]�&ÚD¨p�����2��ã×2�&Ú]Ýi©OåO�,�Y��ÆOSN�
8k����ÜD×VÚD����Ú]Ý�¯YáQÜ��&Þ,�á×2�2��ÆON�&âpN�
8k����ÜD×VÚD�,��å-�,���J�,�iåF�VÜ�å-�N��å-�,�2�&àpÆN�

Ð-;7µm�\×VÜ��,åF�Y��Æ-MF��àpRF�Ð��O�B×2���O�[�&×(Ú2�,ãH�O�,�2��SN�Ø��,�,��Ü���å-�,�2��S,�&àpÆF�BâpP,�Ð��O�eÚ��O�"�,ä'��ÚD¨9â�×(ÚD����ÚD�Y��M����Ð��O�N�,å-� �p�,���|×VÚ���×2�&×(Ú��UÜ���å-�Y�&à-RN�Ð��O�N¨F���,�l�O��¯YáQÜ��&ÞN�á×-�Bâ��0ß",�&à-MN�Ðc×6<�×��VÜD×2�'ÌÚ��(Ý9�2åF�B×2�"�0ß"�¦NÆBßO�&à-MN��M�â,��MJP,��&×2�2���l�O�Z�|ß",�ÜD×(ÚD����Ú]Ýp��àOP,�Ðc×2���,�Oå-���Y�Næ]�F�_��ÚD�Qä���Ú]Ü����*Ó¤¾�¸�¼|¿>=¤·�·Ä¹-�þd·�·>?'»�Á�Ã"@jýBA/?NÀp·¤Å4��N�Ðc×���×(ÚD�D���,�`�,� Ü��"��ÆJS,�&à&ß-�Ð_���[����ÚD�,�2�,µ��O�,��ÏF�2å�ÜIÜ"�&à-P,�Ð_���-��Ü��D�,���2�,�J×-��à �,�Ð_���,��×2�Z��ÌW×(ÚD����ÚD�Y��à-MN�Ð_� Ü��[�,�á×-�FÊk�����IÜ[�J�áÚ_æ±�,�-�����D�Y�BâFÆF�Ð_å-�N���,��åO�Y�,©Oå-�,�Qà±�J�,�Z��à£���Bâ-,��MOÆN�Ð_å-�I×2�p���O�,�i��©Oå-�I×(Þ,�Y��M�â��Ð_�,�á×(Ú�Ø��,�,��Ü���å-�Y�,P,��SN�aß"ÆN�0ß?àN�&âpRN��&×2�2���l�O�Z�|ß",�Ð_�,�i�á×2�,��Ü��N�"�0ß�M2¦|ß"RN�Bà�â���M�����MOS,�Ð_�,�D¨�×VÝ-��Ñ&Ú��J�,¨���� �d��Æ�����ÆBß-��ÆJS,�&àBß-��à�à,��MJS,��P-ÆN�ÏF�O��®(×(Ú2�,ã×(ÚD�J×(Ú]ÜHæ±�������"��â�â,�ÏF�O�\Þ,�Då-�Y�,©Oå-�,�QÍ��O�&ÚI×��,�(×-�&à�à,�Bâ-S,�ÏF�"�J�O��×-��Ò ��ÚD�|�cµk�|�O�B×-�0ß�R2¦|ß"SN��ÆJS,�&à�à,�&à-MN�Bâ-,�ÏF�"� �O���N��©Oå-�I×(Þ,�Q©-�O�\×��"��P-ÆN�Ïp�4��ª�
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�Y6×��u¸Ô�X¬o�LµuªeÓ_�#ª?²³��¶��%å%¸o��ª���¬ì�#µu²óí"��¯u�©°¾�X®��#����Ò�´�ÖL®��#������²D¸o¬o�u¬�u� ¬�#®Jª������#�Z�#¬oª��u®Ó�µu���Õ�#µu�)éX�X¸o¯u�Nª�°�D¬o®��u�g�X��#6¹ND`����	��
����]Ó���¬�#�Îå%¸o��ª���¬�#µu²oí ®#ª �#µz�Z�©¬�©�u��ªd·u¯u¨��]®��X¸o¸l�x����² ¯��«�Z�#¬oª��u®Õª�°�à å Ü-Ü-Ü à è ¬o����]é�����®#�³¨�ª�¸o�Ì×"ª���·u����¹ëñb���"ªX�#µu���NÓHª���·u®gÒR�#µu�DéX�X¸o¯u��®rª�°.�#µu�³�����z��¨]�#¬oª��u®�à è Ü-Ü-Ü à å ®�µuª�¯u¸·è´��¸o�]×�¬¨�ª����#�X�uµu¬o¨���¸¸Öè·u��¨����g�X®�¬o�u�uÒ.�X® ¬�_ñ����eò«¹*V�µu¬o® °±ª���²'ª�°J�#µu�Õ�X¸o��ª���¬�#µu²'¬® ª�°Ô�#����®#¬²³�u¸o�]����u·©°¾�X®��#���H�#µz�X�Õ�#µu�Nª���¬o��¬o�z�X¸ÉÒ�´x�]¨g�X¯u®#�r°±�]ÓH���J¨g�X¸o¨�¯u¸Ô�Z�#¬oª��u®J·u���x�]�u·�ª��Õ�#µu�léX�X¸o¯u�Nª�°©#6¹ ò
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øV�µu�������! Õª�°<�á¨]ª�² ´u¬�z�X�#ª���¬Ô�X¸E�X���#�X�u����²³�]�V�#"'Ó�¬�#µ�����®#����¨]�%�#ªL�³�����u���#�Z�#¬oª���X¸o��ª���¬ì�#µu² ¬o®N�#µu�³�V¯u² ´x�]�»ª�°¦ªX�#µu���»�X���#���u����²D�����#®N�#µz�Z�r�#µu�³�X¸o��ª���¬ì�#µu² é�¬o®�¬�#®r�u��¬ª��)�#ª$"�¹Y6×��u¸Ô�X¬o�ðµuªeÓ �#ª�¨]ª�²D�u¯��#�©�#µu���#���u¶ ª�°)�è��¬é���� �x����² ¯��«�Z�#¬oª��)à å Ü-Ü-Ü à è Ó�¬�#µ ����®��x�]¨]�á�#ªå%¸o��ª���¬�#µu²ví<Òz¬°&%3à å(' Ü-Ü-Ü ' à è*) %+%�ô ' Ü-Ü-Ü ' # ) ¹Áç_µz�Z��¬o®J�#µu�N�#�X�u¶Lª�°©w�ô ö�� R ã ä�,�Ù.-/ `�� ���102
t[l���u�]�#��¸¬43�¬o�u� �]×�����¨]¬o®#��w�Ò��]×d�u¸Ô�X¬o�ÕµuªeÓ_�#ª?¨]ª�²D�u¯��#�%�#µu�)�#�X�u¶³ª�°©à å Ü-Ü-Ü à è Ó�¬�#µ����®#����¨]�?�#ªÎå%¸��ª���¬�#µu²Âí_Ó�µu���5%?à å(' ÜSÜ-Ü ' à è*) ¬o® �#µu�Õ² ¯u¸ì�#¬o®#�]��%S# å76�8×å(' Ü-Ü-Ü ' #:9 6�8 9 )�; µu�����# å�< 6=6�6 < # 9 %
#è�X�u· 8 å7> 6=6=6 > 8 9 ¹%ñ@V�µu�)�#ªX�«�X¸��d¯u² ´�����ª�°Ü������² ¯��«�Z�#¬oª��u®�¬o®�Òzª�°Ü¨�ª�¯u��®#��Ò�#µu�N² ¯u¸�#¬o�uª�²D¬Ô�X¸x¨�ªd�]íD¨�¬o����� ? ## å(' Ü-ÜSÜ ' #:9�@ % # �# å � Ü-Ü-Ü #:9 � ;®#���½YBA�¹ � ¹oô�¹ ã æxñDCVò#¹ ò»ç_µz�Z��¬o®J�#µu�)�#���u¶áª�°©wuô ö ô � R ã ä � -E `�� FG����H!
�Ø¦ª�²³�u¯��#�l�#µu�N²³�����©�X�u·©éX����¬o���u¨]�Nª�°E�#µu�N�d¯u² ´�����ª�°Ü¨�ª�²D�z����¬®#ª��u®�²³�X·u�N´VÖå%¸o��ª���¬�#µu²víè¬o�"ñÉ��òH®��#�]�$í ã ÒRñb´�ò¦®��#���Eí©w�Ò�Ó�µu���Õ�#µu�N��¸o�]²³�����#®I%3à åJ' Ü-Ü-Ü ' à è*) �X���)·u¬o®��#¬�u¨]�g¹K `�� FG�L0(M:
 õ ����¬ìéV�³�����u�]�#�X�#¬�u�A°±¯u�u¨]�#¬oª��u®»°±ª��N�#µu�³²D�g�X�è�d¯u² ´����Nª�°H¨�ª�²D�z����¬®#ª��u®N²á�X·u�´VÖèå%¸o��ª���¬�#µu²Aí_¬o�_ñÉ��òN®T�#���,í ã Ò�ñb´�ò)®��#���,í©w�ÒÜÓ�µu���N%3à åJ' Ü-Ü-Ü ' à è) ¬o® �������u�]�#��¸¦² ¯u¸�#¬®#�]��X®N¬o�Î�]×d����¨�¬o®�� ö ¹ å%¸o®#ªÕ��¬é�� �#µu�?����®#¯u¸ì�#®N¬o�Î¨�¸oª�®���·Î°±ª���² Ó�µu���O%3à åJ' Ü-Ü-Ü ' à è) ¬o®l�#µu�?´u¬o�z�X�TÖ² ¯u¸�#¬o®��]�I%QP 6 ä ' ñg#½ÊRPeò 6 ô ) ¹SD`�� FG�L01H!
Îç µz�X��¬o®A�#µu��¸o¬o²D¬�ë�X® ÄRTVU ª�° �#µu� �gé����#�X���è�d¯u² ´����ëª�° ¨�ª�²³�z�X��¬o®�ª��u®²á�X·u� �x���N������² ¯��«�Z�#¬oª��Î¬o�ë®��#���Xí ã Ó�µu���"å%¸o��ª���¬�#µu²ùíï¬o®)´x��¬�u���X�u�u¸o¬��·Î�#ªL�#µu�?² ¯u¸�#¬®#�]�ñÉ��ò7% ã 6 ô ' ã 6 ã ' Ü-Ü-Ü ' ã 6 Ä ) -�ñb´�òW%Vô 6 ô ' ã 6 ã ' ÜSÜ�Ü ' Ä 6 Ä ) -�ñb¨eòW% ã 6 ô ' ö 6 ã ' Ü-Ü�Ü ' ã 9 6 Ä ) -� bc`������	
V�µu�YX����[Z\��]\ZD^Q�2_�ª�°3�r² ¯u¸ì�#¬o®#�]�.�X�����#µu��������² ¯��«�Z�#¬oª��u®.ª�°��X¸o¸z¬�#®.®�¯u´u² ¯u¸�#¬o®#�Ì�#®g¹âWzª���]×u�X²D�u¸o��Ò��#µu�)éX�X��¬Ô�Z�#¬oª��u®�ª�°&%�ô ' ã ' ã ' w ) �X���` ' ô ' ô ã ' ô ã�ã ' ô ã�ã w ' ô ã w ' ô ã w ã ' ôSw ' ôSw ã ' ôSw ã�ã 'ã ' ã ô ' ã ô ã ' ã ô ã w ' ã ôSw ' ã ôSw ã ' ã�ã ' ã�ã ô ' ã�ã ôSw ' ã�ã w ' ã�ã w�ô ' ã w ' ã w�ô ' ã w�ô ã ' ã w ã ' ã w ã ô 'w ' w�ô ' wuô ã ' w�ô ã�ã ' w ã ' w ã ô ' w ã ô ã ' w ã�ã ' w ã�ã ô Üº µuªeÓ �#µz�Z�6®#¬o²D�u¸o�¦¨Ìµz�X�u����®Á�#ªlå%¸��ª���¬�#µu²¨í©Ó�¬o¸o¸d�����u���#�Z�#�J��¸¸déX����¬o�X�#¬ª��u®Áª�°��l��¬é���� ² ¯u¸�#¬®#�]�%3à å ' à Ç ' Ü-Ü-Ü ' à è ) ¹!c`����.�a
�ØHª����#¬o�d¯u¬o�u�ï�#µu� �u���Ìé�¬oª�¯u®ë�Ì×�����¨�¬®#��Òr·u��®�¬o��� �X�ú�X¸o��ª���¬�#µu² �#ª �����u���#�Z�#� ��¸¸cbgÝéX����¬o�X�#¬ª��u®Áª�°x�%��¬ìéV�]�?² ¯u¸�#¬o®��]�d%?à å ' à Ç ' Ü-Ü-Ü ' à è ) Ò��X¸o®#ªl¨g�X¸o¸��·?¬�#®�bgÝh������² ¯��«�Z�#¬oª��u®gÒ��z�X²³�]¸Ö ��¸¸�x�]��² ¯��«�X�#¬ª��u®Rª�°u¬�#®ebeÝh�]¸o��²D���V�Ü®#¯u´u² ¯u¸ì�#¬o®#�]�#®�¹¦ñ@Wzª��E�Ì×u�X²³�u¸��Òe�#µu�.®#ª�¸o¯��#¬oª��)�#ª%�X�»�X¸o�uµz�X²³�]�#¬¨Ó�¬�#µfb ·u¬o®��#¬�u¨]��¸o�]���#����®�¬o®��X�gbgÝÉéX�X��¬Ô�Z�#¬oª��©ª�°&% ä ' ô ' Ü-Ü-Ü ' R ) ¹ òa"PD`L�����	
Îç_µz�Z�N�X���»�#µu�»é��X¸o¯u�]®)ª�°Bà å à�Ç Ü-ÜSÜ à è Ò�À å À-Ç Ü-Ü-Ü À è ÒR�X�u·�h å h"Ç Ü-Ü-Ü h è �Z�)�#µu� �]�u·Îª�°å%¸o��ª���¬�#µu² ZÜÒu¬°Oà å à�Ç Ü-Ü-Ü à è % ô ã ÜSÜ�Ü #è�Z�J�#µu�N´�����¬o�u�u¬o�u�1-a�a1`L� �����a
X�%ªeÓ ²á�X�VÖë�#¬o²³�]®»¬o®»�g�X¨«µ ®T�#����ª�°Jå%¸o��ª���¬�#µu²àZ ������°±ª���²³��·a- ñbå%®�®#¯u²D�D�#µz�X�#�i ã ¹ ò� a:ND`�� ���102
ëç_µz�Z��¬o®J�#µu�?ô ä�ä�ä�ä�ä�ä �#µÕ������² ¯��«�Z�#¬oª��Õéd¬o®#¬ì�#��·Õ´VÖ"ñÉ��ò¦å%¸o��ª���¬�#µu²óí.ÒRñb´�òHå%¸o��ªXÝ��¬�#µu² ZÜÒEñb¨gòHå%¸o��ª���¬�#µu² ØlÒu¬o°&%3à åJ' Ü�Ü-Ü ' à è*) %j% ä ' Ü-Ü-Ü ' R ) -LF#Zk�2]ml����©²D¬×��]·�Ýh�#�X·u¬×L�uªX�«�X�#¬ª��ÓH�Nµz�gé��Dô ä�ä�ä�ä�ä�ä % � Ç[nåpo n æ nq n æ nr n Ç[nì n�s næ n å ns n Ç�nt n Ç�nu n o nÇ�n o å � % � o nå n o nÇ[n å nu n Ç�nt n u ns n o næ n Ç[nì n ì nr n å nq n oåpo � ¹a � `L� ���	�	
ïñDvë�X�T�#¬o�h[)�X��·u�u����ÒJôSR�Ù ö ¹ ò©VÜ��¯u�áª��r°b�X¸o®��.w ��°®à å à"Ç Ü-Ü-Ü à è ¬®»¬o�u¬�#¬Ô�X¸o¸ìÖïô ã Ü�Ü-Ü #6Òå%¸o��ª���¬�#µu² Z ´�����¬o�u®l´VÖ©é�¬o®�¬�#¬o�u�á��¸¸©# � ã ã ������² ¯��«�Z�#¬oª��u®l¬�AÓ�µu¬o¨«µ ô»�u����¨��]·u��® ã ; �#µu���A�#µu��u�]×d��������² ¯��«�Z�#¬oª��Õ¬o®�# Ü-Ü-Ü ã ô�¹a / `L� �����a
øVÜ��¯u�¦ª��Ü°¾��¸®#�.wR��°�à å à Ç Ü-Ü�Ü à è ¬o®Ü¬o�u¬ì�#¬Ô�X¸o¸Ö 8 å 8 Ç Ü-Ü-Ü 8 è ¬o�rå%¸o��ª���¬�#µu²|ZÜÒeÓH�¦�X¸ÓJ�gÖ�®µz�gé���à	x ç*y õ�z:{ % 8 xN�Z���#µu�)´�����¬o�u�u¬o�u�Dª�°E®��#���+Z � ¹
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ïñ º ��¸o²D���}|�ª�µu�u®#ª���ÒxôSR'ä'wu¹ ò º µuªeÓ �#µz�Z�¦�#µu�%ª�~3®#�]�.éX����¬o��´u¸�IPl�u�]é����¦�]×�¨��]��·u® ã ¬o�å%¸o��ª���¬ì�#µu² ZÜ¹a K `����	��
�Y6×��u¸Ô�X¬o�áµuªeÓ_�#ª ²á�X¶��lå%¸��ª���¬�#µu²ÑZï��¯u�Õ°¾�X®��#�]��Ò�´VÖá®T�#���g�X²³¸¬o�u¬o�u�»¬�#®Jª������#�Z�#¬oª��u®Ó�µu���Õ�#µu�)éX�X¸o¯u�Nª�°�D¬o®��u�g�X��#6¹�ñ@V�µu¬o®J�u��ª�´u¸��² ¬o®��X�z��¸ª���ª�¯u®J�#ª?�]×d����¨�¬o®��Dô�¹ ò� a!SD`����	��
�Y6×d�#���u·Då%¸o��ª���¬�#µu²ÚZè®#ª)�#µz�Z�<�#µu�YZ��!X.�[�[_=�B�!���[����]p��]DZ\^��$à1� å ÜSÜ�Ü à��è ¬o®¦�géX�X¬o¸Ô�X´u¸o�J°¾ª���u��ªd¨���®�®#¬o�u�rÓ�µu�]�Eà å Ü-Ü-Ü à è ¬o®<é�¬o®�¬�#��·á¬�á®��#�]��Z ã ¹Jñ@VJµu�%¬o�Vé�����®��%®#�Z�#¬o®�îz��®tà � � %O� ¬o°R�X�u·áª��u¸Ö¬o°Oà�x�%���¹ òa�bc`����	��
ðñ���^Q_����[���!���[����]��Q]DZ\^��2_#¹ ò õ �]éd¬o®#�����?�]í³¨�¬o�]�V�<ÓJ�gÖ»�#ªN�����u�]�#�X�#�Nñg#1Ê©ôeò � ã ã �x����² ¯�Ý�«�X�#¬ª��u®J�#µz�Z�����]�u����®#�����l�X¸o¸��xª�®#®�¬o´u¸o�)¯u�u·u¬o����¨]�#�]·�¨]Öd¨�¸o��®�ª��Õ�#µu�)é����T�#¬o¨]��®I%Vô ' Ü�ÜSÜ ' # )�; �#µz�Z��¬o®gÒ�uª©¨]Öd¨�¸o¬o¨?®#µu¬°±�)ª�°tà å Ü-Ü-Ü à è ª���à è ÜSÜ-Ü à å Ó�¬o¸o¸6´��?�����u���#�Z�#��·"¬o°tà å ÜSÜ-Ü à è ¬o®N�����u�]�#�X�#�]·�¹ºVJµu��x����² ¯��«�Z�#¬oª��u®NñTô ã w ö ' ôSw ãZö ' w�ô ãZö ò¦¨�ª�¯u¸o·�Òz°±ª����]×��X²³�u¸o�XÒu´x�N¯u®���·ÕÓ�µu���$#m% ö ¹a"!c`�����H	
�ØHª��u®��#��¯u¨Ì�Á�X�»��¸��ª���¬�#µu² �#µz�Z�Ü���]�u���#�Z�#��®Á�X¸o¸��x����² ¯��«�Z�#¬oª��u®Rª�°"#³·u¬o®T�#¬o�u¨]�Ü�]¸o��²D���V�#®� ^J^[� � �[_�_ � �á¬o�Õ�#µu�N®��u¬o��¬��ª�°Üå%¸o��ª���¬�#µu² Ù�¹ ã ¹ô�¹ôSí<¹� N�Pc`����	��
V�µu�1#3Ýh¨]¯u´x�Nµz�X® ã è # � ®�Öd²³²D�]�#��¬o��®�Ò�ª��u�)°¾ª��J�g�X¨«µÕÓJ�gÖ³�#ªD������² ¯��#�N�X�u·a�Xª��J¨�ª�²?Ý�u¸o��²D���V�³�#µu��¨�ªVª���·u¬o�z�Z�#��®g¹ º ¯u¨«µ �è®�Öd²³²D�]�#�TÖ ¬o®³¨�ª��Vé����u¬o�����#¸Öï�����u����®����V�#��· ��®á��_�Z��.�*����!���[����]���]\Z\^��zÒx�z�X²D��¸Ö©�D������² ¯��«�Z�#¬oª��ÕÓ�¬�#µ©ª����#¬oª��z�X¸R®#¬o���u®%�Z���«�X¨«µu��·©�#ª?�#µu�r��¸o�]²³�����#®g¹%Wzª���]×u�X²D�u¸o��Ò ã w ôL¬o®?�ë®�¬o���u��· ������² ¯��«�Z�#¬oª����#µz�Z� �#�#�X�u®#°±ª���²³®»�#µu�áé����T�#¬o¨���® ª�°��#µu�EwZÝh¨�¯u´��©´�Ö¨Ìµz�X�u��¬o�u� 8×å�8 Ç 8 u �#ª 8 Ç 8 u 8�å ÒE®#ªL�#µz�Z� ä�ä�äf�T ä�ä ô�Ò ä�ä ô � T ä ô�ô�Ò Ü-Ü-Ü Ò<ô�ô�ô � T ô�ô ä ¹ õ ��®#¬o����D®#¬o²D�u¸o�r�X¸o��ª���¬�#µu² �#µz�Z�%�����u���#�Z�#��®l�X¸o¸R®#¬���u�]·A�x�]��² ¯��«�X�#¬ª��u®�ª�°d%�ô ' ã ' Ü-Ü-Ü ' # ) ÒuÓ�µu�����r�g�X¨«µ®��#���©��¬�#µu�]��¬o���#����¨Ìµz�X�u����®J�£ÓHªD�X·��T��¨]���V����¸o�]²³�����#®�ª����u�]�V�Z�#��®J�#µu�)îz��®T����¸o�]²³�����g¹NDa�`�� �����	
ïñ	Y�¹1ZÜ¹2vA¨eØH�#��édÖ�Ò�ôSR�Ùdô�¹ ò��%ªeÓ ²á�X��Öá®#ª�¸o¯��#¬oª��u®J·uªd�]®��#µu�)��¸�uµz��²D�]�#¬o¨?ñD��ò¦µz�gé��¬o�©�#��·u¬ì×g�[-N5ND`�� ����H!
øVÜ��¯u�»ª��%°¾��¸®#�.w¦��°.�X���X¸o�uµz�X²³�]�#¬¨rµz�X®l�³®�ª�¸¯��#¬oª��A¬o�A�#��·u¬ì×��eÒ�¬�%µz�X®l�³®�ª�¸¯��#¬oª��¬o�©�#��·u¬ì×g� < ô�¹N � `�� �����	
øVÜ��¯u�"ª��Õ°¾�X¸o®#��w å �u¯u���è�X¸o�uµz�X²D�]�#¬o¨ë¨g�X�u�uªX�©µz�gé��ë�£ÓHª ¬o·u���V�#¬¨g�X¸)®#¬o���z�Z�#¯u����®P=x�%�P � É% ä Ó�µu����� É%��x¹N / `�����H	
 º ª�¸é��)�#µu�)°±ª�¸¸oªeÓ�¬�u�³�X¸o�uµz�X²D�]�#¬o¨�®J´VÖLµz�X�u·©ª��J´VÖL¨�ª�²D�u¯��#���=w��ò$�Q���.� <R�7<O �� � < Þ�¡Q¢���% Þ	¡Q����£x¹´�ò$¤Q��¢�¡Q�	� < ¡Q�.�	��%)ÌzßJ� � ¢�£3¹ ñ	ZÁ�]�#����vë�X¨ õ ª��z�X¸o·�ÒRôSR�Ù�Ù�ò¨eò���¥.¦�ßeà < �1¦�à�§zß�% Þ�¥�¥�à�à.§3¹ ñ¾ç_¬o¸o¸ìÖ�Y<�u����������ÒRôSR�Ù ã ò·�òf¥1¡(¨�©1¦.� < ¥1¡J¨1©1¦.��%�ª(¨ � ¢   �   ¹ ñDvA¬o¨Ìµz�X��¸:�r¹�çú¹�ÈH¯u¨«¶d¸o�ÌÖ�ÒRôSR�Ù�Ù�ò�eò�«zß��(¬ < � < ¥�¬ußJ©	��%��(¨1©.©���¢x¹ ñ�ÈHª�´ ¿ ¬o�u�u¬o¨�ª�² ´���ÒRôSR�Ù�,�ò°#ò$� ��  ¨1¢�� < ¨1¢ � �.¨!� < ����©   ¨1��� < ©1¦�¨   ¡�%5©�¦ � ���   �z¹ ñ¾ç_¬o¸o¸ìÖ�Y<�u����������ÒRôSR'ä.,�ò�Vò�� � ¢   ¬ <R� ßJ¢ < «zß=¢�� <�1��  ��¢�%5� ��  ¨�¢��x¹ ñg�%����²³�X�©ê%¬ �£ª���ÒRôSR�Ù�Ù�òµ�ò � � <g� ¥�¥���¦.��¢ ��  ßJ��® < ßJ��«���¢.���   ß � ¦ < ���1®�ßJ�����.¢zßJ��® <g �� ¦.� < �1¦uß   � < ®Q¢ � �  d< «���� <�  #< ¥��   ��¢ � % � ¢   ßJ«zßQ¥�ß � ¦ < ßJ�   ��¦�¦ußQ®��.��¥���¹¬Ôò�¬ � ¢.��£ < ���	�   ��%N� � �   £ < ¬���¢����u¹� N E `�� �����	
 õ �Ìé�¬o®���� °b�X®T�©ÓJ�gÖ �#ªï¨�ª�²³�u¯��#�"²D¬o��ñ�à 6 PZòL�X�u·w²á�Z×3ñ�à 6 PeòLªeé����A�X¸o¸)éX�X¸o¬o·�x����² ¯��«�Z�#¬oª��u®�à å Ü-Ü-Ü à å�o ª�°W% ä ' Ü-Ü-Ü ' R ) ÒE��¬é����ë�#µu�D®�¬o���z�X�#¯u��� éV�]¨]�#ª��cP�% ñpP å ' Ü-Ü-Ü ' P åpo òl�X�u·�#µu�Dîz��®T��Ýh¸o�]���#�]�N®��]�°¯ ª�°H�X�è�X¸o�uµz�X²³�]�#¬¨D�u��ª�´u¸o�]²A¹Añ º ¯u¨«µ��Õ�u��ªV¨���·u¯u���³²³�X¶��]®N¬�r��ª�®#®�¬o´u¸o��#ª?��¯u¸o�lª�¯���²³�X�VÖ³¨g�X®#��®}AV¯u¬o¨«¶d¸Ö³Ó�µu���©� ¸Ô�X�����l°¾�X²D¬o¸Ö³ª�°E�X¸o�uµz�X²D�]�#¬o¨�®H¬o®H´x�]¬o�u�?¨�ª��u®#¬o·u�����]·�Ò��®�¬o�w®#�]é����#�X¸»ª�° �#µu���]×d����¨�¬o®���®��#µz�Z��°¾ª�¸o¸ªeÓrÒN´���¨g�X¯u®�� �ð®#ª�¸o¯��#¬ª��w¨g�X� �]×d¬o®���ª��u¸Ö Ó�µu���²³¬o��ñ�à 6 Peò²± ä ±ï²³�X×3ñ�à 6 PeòÌ¹ òN K `�����H	
Îç_µz�Z��¬o®H�#µu�N¯u�u¬4Ad¯u�r�X¸o�uµz�X²D�]�#¬o¨)®�ª�¸o¯��#¬oª��L�#ª�zß�ßJ¬ � ¨°³µ´ � ¨ � ß�³¶¡ � ¬�¨°³�Þ	¡�¦�¡(´ � ß�³R¦ � � � ß}³�Þ � ¨�ß}³µ¬ �.�� ß�ß�% ä -NaSD`���0���
�ØHª��u®��#��¯u¨Ì���u¯u���r�X·u·u¬�#¬é��N��¸�uµz��²D�]�#¬o¨]®J¬o�ÕÓ�µu¬o¨«µA�X¸o¸3ÓHª���·u®�µz�gé��)îué��N¸o�Ì���#����®g¹

÷ ¼



¶$�*©$�v¨8� © ûWÙhü)Ù6Ø�Û�ýkþdü=û´Û=ÿ$ÿ�×6Ù6Ø����Oý�Û�ýkþ��=ü�� ©8ÂN1bD`L� ����H!
Îåµ�	���[]DZk]\ZD^Q� ª�°V�#µu�<¬o���#�������×#D¬®E���)�]×d�u����®#®�¬oª��Nª�°��#µu�6°¾ª���²^#&%8# å < 6J6=6 < #:9�Ó�¬�#µ# å i 6=6=6 iú#:9&· ä ¹ º ¯u¨«µD�)�z�X�T�#¬�#¬ª�� ¬o®6¨g�X¸o¸o��·g��^Q�a¸ � �Y]D�[�2�J¬o°*¹¦ñg#EòÆ%º¹¦ñg# å ò < 6=6=6 < ¹¦ñg#:9�òE¬o®�X¸o®#ª?�?�u¯u���)��¸�uµz��²D�]�#¬o¨XÒ�Ó�µu�����Y¹¦ñg#Eò.¬o®H�#µu�$»T�z�X²³�=¼ ª�°©#ë¬o�Õ®�ª�²³�l¸Ô�X�u��¯z�X���X¹ õ ª�¯u´u¸Ö³�#��¯u��z�X�T�#¬�#¬oª��u®JÓH�����N¬o���#��ªd·u¯u¨��]·A´�ÖLå%¸Ô�X�Õç��gÖd�u�N¬o�$½#¾�¾ E�/ ñTô3R ö Ù�òÌÒ:w�,�Ò ö ô ã æ ö ô ö ÒdÓ�µu�����Nµu�®#¯u������®��#�]·©®#ª�¸éd¬o�u�  . ���   £+%��Q�.§���� < �Q�.§���� < �dßgàá���u·A�?°±�]ÓwªX�#µu����®�¹�Vò>WÁ¬o�u·A�X¸o¸��z�X�T�#¬�#¬ª��u®H�#µz�Z�%�X���N·uª�¯u´u¸Öá�#��¯u�N¬o�+Y<�u��¸o¬o®#µLÓ�µu���"ôI±ú#�± ãXä ¹´�òáç��gÖd�u�³�X¸o®#ª©���gé��?�#µu�D�Ì×u�X²³�u¸�¿�zßQ®�¬   £H%À«zßJ«   £ <N � ���   £ < �zßJ��� < ¡(���x¹�WÁ¬o�u·è��¸¸·uª�¯u´u¸ÖA�#��¯u�»�z�X�T�#¬�#¬oª��u®l°±ª�� ôÁ±^#O± ô ä�ä ¬o��Ó�µu¬o¨«µë�#µu�»�z�X�T�#®)�����$�QZ�_�]DZk�*Â�]ÉÒ3¯u®#¬�u�á�#µu��z�X²D��®7¡Q�.�xÒ  . ¡uÒ Ü-Ü-Ü Ò	�zßJ�.�   £��zß=����Òa¡Q����¬.¨�����¢����3¹� N�!c`�� ����H!
èØHª��V�#¬�d¯u¬o�u� �#µu�)�u���]é�¬oª�¯u®��]×d����¨�¬o®���Òuîz�u·©�X¸o¸��=AV¯z�X�#¬ª��u®Jª�°E�#µu�)°±ª���²ó# å < 6=6J6 <# 9 %ñ# � å < 6=6=6 < # �9 õ �#µz�Z�)�X���»´�ªX�#µ�²á�Z�#µu��²³�Z�#¬o¨g�X¸o¸ÖÕ�X�u·ë�X¸o�uµz�X²³�]�#¬¨g�X¸o¸ÖL�#��¯u�»¬o�*Y<�u��¸o¬o®�µ�ÒÓ�µu���L%S# å ' Ü-Ü-Ü ' # 9 ' # � å ' Ü-Ü-Ü ' # �9 õ ) �X���N·u¬®��#¬o�u¨]����ª�®#¬�#¬ìéV�)¬o���#��������®�¸o��®#®H�#µz�X� ãXä ¹3Wzª����]×���²D�u¸o��Ò . ��¦.§�� < �zßJ��� <R . ¡�%5��¦.��§���� < �Q��§���� < «zßJ§�� ;�#µu�r�X¸o�uµz�X²³�]�#¬¨�®�®�µuª�¯u¸·A�X¸o¸�´��N�u¯u����¹� PD`L���1H!
 º ª�¸é��)�#µu�]®#�)² ¯u¸�#¬o�u¸o¬o¨��X�#¬ìéV�)�X¸o�uµz�X²D�]�#¬o¨�®J´�ÖÕµz�X�u·Aª��J´VÖL¨�ª�²³�u¯��#�]�=w�Vò  . ¡ÁÃ  � ¡�%��.ª(¨ � ¢��x¹ ñg�»¹1Y�¹ õ ¯u·u���u�]Ö�ÒRô3R ã R�ò´�ò�¬zß=©ÄÃf¬ußJ©�%5¬�¨1¢�¢ � £x¹ ñ¾ç_¬o¸¸Ö�Y<�u����������Ò�ô3R�Ù ä ò¨eò�©zßcÃÄ¢ÄÃÄ¢�% � ¢�� � ¹ ñ�ÈH��¬Ô�X�$ÈJ�X�TÓH��¸o¸ÉÒ3ô3R.,�ôeò·�ò��	¡(¢   ¬:ã.��¡(¨   ¬�%N� � �   ã  �	�   ¹ ñbê%ª�´fÅ<ª�®#µu¬o���Xµz�X�#�uÒ3ô3R'R � ò�eò�� � ¨	®�¬   ÃÄ� � ¨	®�¬   %�¤Q��¢	¡ÁÃg¤Q�.¢	¡�Ãg¤Q��¢�¡u¹ ñbå%¸Ô�X�Õç��gÖd�u��Ò ã�ä�ä w�ò� a1`L� �����a
ïñbê%ª�´cÅ.ª�®�µu¬o����µz�X�#��¹ ò)ç_µz�Z�6¬®Á�#µu�H¯u�u¬4AV¯u�J®�ª�¸o¯��#¬oª��»�#ª � ã3Ì�¥ < �"ã(��« < ®�ã(¬zßI%úô�ÒÓ�µu���L% � ' Ü-Ü-Ü ' ß ) %+%�ô ' Ü-Ü-Ü ' R ) -� N'`L� ����H!
ïñg�»¹ãY�¹ õ ¯u·u���u�]Ö�Ò ô3R ä ô�¹ ò WÁ¬o�u·w�X¸o¸%ÓJ�gÖ�®L�#ª �����u����®����V�"ô ä�ä ´VÖ ¬o�u®#�]�T�#¬o�u�ï��u¸o¯u®l®#¬o���ë�X�u·Î�³®#¸Ô�X®#µ�¬�V�#ªL�á������² ¯��«�Z�#¬oª���ª�°Á�#µu� ·u¬o��¬�#®°%�ô ' Ü-Ü-Ü ' R ) ¹XWzª��l�]×���²D�u¸o��ÒÜô ä�ä %R�ô < � Ù öVã ã�ädw.,�¹�V�µu�N�u¸o¯u®�®#¬���Õ®�µuª�¯u¸o·©�u����¨���·u�)�#µu�N®�¸Ô�X®#µ�¹�a� `L���1H!
�ØHª����#¬o�d¯u¬o�u�N�#µu�l�u���]éd¬oª�¯u®H�]×��]��¨�¬o®#�XÒ�îz�u·L��¸¸x��ª�®#¬�#¬é��%¬o���#��������®H¸o�]®#®.�#µz�X�ëô �Xä �#µz�X�ñÉ��òH¨g�X�u�uªX��´��N�����u����®����V�#��·©¬o�©®�¯u¨ÌµA�?°¾�X®#µu¬oª�� ; ñb´�ò¦µz�gé��r� ¯u�u¬4Ad¯u�N�����u���]®#�����«�X�#¬ª���¹� / `L� ���	Æ	
�vë�X¶��?�#µu�D�=Ad¯z�Z�#¬oª����.§���� < ¡Q��� < ©�¢zß�Þ��X% 8 ·uª�¯u´u¸Öë�#��¯u�DÓ�µu��� ñÉ��ò 8 ¬o®r��x�]��°¾�]¨]� � �#µ©��ªeÓH��� ; ñb´�ò 8 ¬o®��?������°±��¨]�)Ùe�#µ©��ªeÓH����¹��� E `�� ���	�	
øV�µu�N�X¯��#ª�²Dª����uµu¬®#²D®Hª�°E� ö ÝÉ¨�¯u´��Nµz�gé��%²á�X�VÖ³·u¬�~3�����]�V� º ¬o²³®¦�«�X´u¸o��®�Ò�ª��u¸Öáª��u�ª�°RÓ�µu¬¨ÌµL¬o®H®#µuªeÓ��L¬o�Îñ��JÇVò«¹Æ�%ªeÓ ²³����Ö³·u¬�~3�����]�V� º ¬o²³®.�«��´u¸��®��X���l��ª�®�®#¬o´u¸�)°±ª��¦�#µz�Z�J����ª�¯u��ÒÓ�µu���Õ�#µu�)é����T�#¬o¨]��®������)�d¯u² ´�������·A�X®�¬o�èñ��(È�ò�-� K `L� ���102
øWÁ¬o�u·?� º ¬²³®E�«�X´u¸o�H°±ª��Ü�#µu�H����ª�¯u�»ª�°z�X¸o¸���¯��#ª�²Dª����uµu¬o®#²D®Eª�°��#µu� ö Ã ö �#¬o¨]ÝÉ�«�X¨]Ýb�#ªd�´xª��X��· Ë ß�Þ7ÝÉºÊNË�ÌÍ5Î � ½� ¡_¢ï� '
�z�X²³��¸ìÖð�#µu���x����² ¯��«�Z�#¬oª��u®á�#µz�Z�L�«�X¶��ë¸¬o�u��®L¬o�V�#ª ¸o¬�u��®gÒJÓ�µu�����Î�j»T¸o¬o�u�=¼ ¬®Õ� ®��]�Lª�°N°±ª�¯u���¸o��²D�����#®J�#µz�Z��´���¸oª��u�?�#ª³�?��ªeÓNÒu¨�ª�¸o¯u²D��Òuª���·u¬Ô�X��ª��z��¸b¹��� SD`�� FG�����a
H�%ªgÓ ²³�X�VÖ º ¬o²D®%�«�X´u¸o��®l¨g�X�ë´��?¯u®#�]·ëÓ�¬�#µ�å%¸o��ª���¬�#µu²³®·[ ª��I�I-�Y<®��#¬²á�Z�#��#µu�N¸oª�������¬ì�#µu² ª�°E�#µu¬o®��V¯u² ´x�]�%�X®n# TÏU ¹� bD`L� FG���	�	
�Z<��ªgéV�»�#µz�Z�)�#µu�?�gé����#�X���?�d¯u² ´����)ª�°<�#�#�X�u®#��ª�®#¬�#¬ª��u®l�����N������² ¯��«�Z�#¬oª��ëÓ�µu���¯u®#¬o�u��Ðl��·�Ý º ²³¬�#µ×î ®%�X¸o��ª���¬�#µu² ñpÈ���ò¦¬o®����u�u��ªg×�¬o²³�Z�#��¸ÖL®�¬o�uµ)ô7Ñ ô Ü ôeÙ � Ü
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� !c`��Ò��Æ�
Îçè��¬�#�Õ·uªeÓ�� �#µu� ãZö �x����² ¯��«�Z�#¬oª��u®?�����u���#�Z�#��·ï°±ª���#ñ% ö ´VÖ_ñÉ�Vò�Ðl��·�Ý º ²³¬ì�#µ×î ®²³�]�#µuªV·èñpÈ���ò ; ñb´�ò��%�����×î ®�²D�]�#µuªV·èñpÈ.Ó�òÌ¹/ Pc`�� ����02
 º µuªeÓw�#µz�Z���%�g�X�×î ®�²³�Ì�#µuªd·èñpÈ.Ó�òH¨]ª������]®#��ª��u·u®J�#ª³�»é��X¸o¬· º ¬o²D®J�«�X´u¸o��¹� / a�`�� �L0.02
 õ �]®#¬o���ë�X�ë�X¸o��ª���¬�#µu² �#µz�Z�l�����u�]�#�X�#�]®)�X¸o¸GbgÝÉéX�X��¬Ô�Z�#¬oª��u®lª�°²% ä ' ô ' Ü-Ü-Ü ' #$Êðô ) ´�Ö¬o�V�#����¨«µz�X�u��¬o�u���£¯u®T�A��ÓHªï��¸o��²D�����#®©Ó�µu���w��ª�¬o�u�ï°±��ª�² ª��u�Îé��X��¬Ô�Z�#¬oª�� �#ªï�#µu�"�u�]×V�g¹'ñ º �]��]×�����¨]¬o®#�2Ru¹ ò�F#Zk�2]ml+[l���u�]�#��¸¬43��+�%�g�X�×î ®»²D�]�#µuªV· ñpÈ.Ó�òÌÒÜª�´��«�X¬o�u¬o�u�©�#µu�³����®#¯u¸�#®r¬o�è��ª�®#¬�#¬oª��u®à è"ç*Ô Ü-Ü-Ü à è:ç×å ª�°E���©�X���#�gÖ½à o Ü-Ü-Ü à è"ç�å ¹3Wzª��H�]×u�X²D�u¸o��Òuª��u�)®�ª�¸¯��#¬oª��áÓ�µu���E#m% � �X�u·$b1% ã¯u®#��®H�#µu�lîz�z�X¸x�£ÓHª ��¸��²³�]�V�#®Hª�°��#µu�l����®#����¨]�#¬é��l������² ¯��«�Z�#¬oª��u® ä ô ã w ö Ò"wuô ãXäXö Ò:w ä�ã ô ö Ò:w ä ô ãZö ÒöVä ô ã w�Ò ãXä ô ö wuÒ ãZö ô ä w�Ò ãXö�ä ôSw�Ò�w ö�ä ô ã Ò6ô öVä w ã Ò6ôSw äXödã Ò6ôSw öVä�ã Ò ã w ö�ä ô�Ò ä w öVã ô�Ò ä�ãZö w�ô�Ò ä�ã w ö ô�Òô ã w ö�ä Ò öVã w�ô ä Ò ö ôSw ãXä Ò ö ô ã w ä ¹/ ND`�� �����	
èØHª��u®��#��¯u¨]�L� º ¬o²D®D�«�X´u¸o��°±ª��L�X¸o¸��x����² ¯��«�Z�#¬oª��u®³¬o�ðÓ�µu¬o¨Ìµð�]é����TÖNÕ6ñp� ' �dòD�X�u·�]é����TÖfÖRñp� ' �dò¦°¾ª��)ôY±µ�Á±N�L¬o®��?¨]Öd¨�¸o�Nª�°Ü¸o���u�X�#µL±)w�¹/ � `�� ���(M:
èØHª��u®��#��¯u¨]�N� º ¬²³®%�«�X´u¸o�»°¾ª��)�X¸o¸Ü�x����² ¯��«�Z�#¬oª��u®%¬o��Ó�µu¬o¨«µë�]é����TÖ�Õ6ñp� ' ��òÌÒ×�ñp��òÌÒ���u·$ÖRñp� ' �dò(×�ñp��Êðôeò ç °±ª��NôI±���±5�á¬®%� ¨]Ö�¨�¸�Nª�°Ü¸o�]�u���#µ�±7w�¹/a/ `����	��
Îç_µu���Î´u¸ªd¨«¶d®)ª�°<¯u�VÓJ�X�V�#��·Î������² ¯��«�Z�#¬oª��u®)�X���?´���¬o�u�Õ®#¶V¬o�u����·"´�ÖA�#µu�?�Ì×d�#���u·u��·å%¸o��ª���¬ì�#µu²Î[»Ò�¬o®H�#µu� º ¬o²D®H�«�X´u¸o�lª�°�Ðl��·�Ý º ²³¬ì�#µ×î ®J²³�Ì�#µuªd·ÎñpÈ.C�ò.®#¯u������¬oª��H�#ª �#µu� º ¬o²³®¦�«�X´u¸o�ª�°R�#µu�N���]é�����®#�N¨�ª�¸o�Ì×Õ²D�]�#µuªV·èñ��JØ�ò�-/:E `����	��
ðñÉ��ò¦ç_µz�Z�%�X���l�#µu�N¬o�u·u¬o¨��]®WÙ å Ü-Ü-Ü Ù q Ó�µu���©å%¸o��ª���¬�#µu²óu éd¬o®#¬ì�#®J�#µu�N������² ¯��«�Z�#¬oª��wuô ö�� R ã ä.,�Ù.-ðñb´�ò¦ç µz�X���x�]��² ¯��«�X�#¬ª��Õ¬®Jé�¬®#¬�#��·LÓ�µu���$Ù å Ü-Ü-Ü Ù q %
w�ô ö ô � Ù�Ù ä�ä -/K `����	��
VÜ��¯u�rª��%°¾�X¸o®#��w¦ç_µu���Aå%¸o��ª���¬�#µu² u é�¬®#¬�#®|à å ÜSÜ�Ü à è Ò�ÓH�Nµz�gé��cÙ � ·NÙ � z å ¬o°6�X�u·ª��u¸ìÖÕ¬°Oà � ·)à � z å Òu°±ª��NôY±N� > #Á¹� / SD`�� �����	
Y6×��u����®�®l�#µu� �V¯u² ´x�]�lª�°6�#¬o²D��®%�#µz�Z�l�g�X¨Ìµ�®��#���ëª�°<å%¸o��ª���¬�#µu²òu ¬o®%�x����°±ª���²D��·¬o�Õ�#����²D®�ª�°R�#µu�)�d¯u² ´�����®�Ú o Ò	Ú å Ò Ü-Ü-Ü Ò!Ú è ÒdÓ�µu�����YÚ � ¬o®H�#µu�N�V¯u² ´x�]��ª�°E�u���]îu×���®®à å Ü-Ü-Ü à ��#µz�X��®«�Z�#¬o®�°±Ö Ä x ñ�à å ' Ü�Ü-Ü ' à x òH°±ª��NôY±��Á±N�x¹� / bc`�� ���1H!
èØHª�²³�z�X���N�#µu�r��¯u�u�u¬o�u�³�#¬o²D��®�ª�°6å%¸o��ª���¬�#µu²vu ���u·Aå%¸o��ª���¬�#µu² í.Òz¬o�A�#µu�r¨g�X®#�Ó�µu���Õ�#µu�)�#��®T�#® Ä å ñ�à å òÌÒ Ä Ç�ñ�à å(' à"Ç�òÌÒ Ü�ÜSÜ Ò Ä è ñ�à åJ' à"Ç ' ÜSÜ�Ü ' à è òJ�X¸ÓJ�gÖd®������)�#��¯u�X¹� / !c`����1Û!
V�µu�ë�#�Ì×d�Sî ®Õ®�¯u������®T�#��· ²³�]�#µuªV·_°±ª��L®#ª�¸éd¬o�u� �X·u·u¬�#¬é��"�X¸o�uµz�X²D�]�#¬o¨�®áÓ�¬�#µ å%¸o��ªXÝ��¬�#µu²=u_�]®#®#�]�V�#¬Ô�X¸o¸Ö?¨«µuªdª�®���®¦·u¬o��¬�#®.°±��ª�² ��¬o��µV�.�#ªr¸o��°Ô� ; ¬o�³ªX�#µu���<ÓJª���·u®�Òd¬�H�X®�®#¬o���u®<�#�����«�X�#¬ìéV�é��X¸o¯u�]®H�#ªr�#µu�l¸o����®T�H®�¬o���u¬îz¨g�X�V�H·u¬o��¬�#®¦´���°±ª����l¨�ª��u®�¬o·u����¬o�u�»·u¬o��¬�#®¦�#µz�Z�H¨�ª�������®#��ª��u·á�#ª»µu¬o��µu����xªeÓH����®�ª�°¦ô ä ¹Y6×��u¸ª����.�X�»�X¸�#�����z�Z�#¬é��.�X�u�u��ªV�X¨«µN�#µz�Z�Ü¨«µuªdª�®���®E·u¬o��¬�#®E°±��ª�² ¸��°Ô�E�#ª���¬o��µ��g¹¶W�ª��E�]×���²D�u¸o��Ò®#¯u¨«µë�D²³�]�#µuªV·AÓ�¬o¸o¸R·u��·u¯u¨��»¬o²³²D��·u¬Ô�Z�#��¸ìÖL�#µz�Z��Þ+% ôNÓ�µu���L�Q�.��� < Þ	¡(¢��2%wÞ�¡Q����£x¹7FIZk�!]mlº ���r�]×d����¨�¬o®�� ã'� ¹E Pc`�� ����H!
Y6×��u¸Ô�X¬o�LÓ�µVÖá�#µu�N·u¯z�X¸�°¾ª���² ¯u¸Ô�ÕñDC�È�ò¦°±ª�¸¸oªeÓ�®J°±��ª�² ñ��(C�ò«¹E a�`�� ���.Æ	
øVÜ��¯u� ª���°¾��¸®#�.w¦��°6�#µu�r®#�]�#®#Ü � %À%(Õ6ñp� ' ä ò ' Ü-Ü-Ü ' Õ6ñp� ' ��ò ) °¾ª���² � º ¬²³®��«�X´u¸o�r°¾ª���#µu�N����ª�¯u�Õª�°Ü��¸¸R������² ¯��«�Z�#¬oª��u®gÒ�®#ªD��¸®#ª?·uª?�#µu�N®#�Ì�#®7Ü ç� %j%(Õ6ñp� ' ä ò ç ' Ü-Ü�Ü ' ÕÁñp� ' ��ò ç ) ¹� E ND`�� ���.�a
ëç_µz�Z���x����² ¯��«�Z�#¬oª��u®}ÖRñp� ' �dòH�X�u·Ä×�ñp��òH����¬®#�lÓ�µu���©å%¸o��ª���¬�#µu²Ò� ¬®J¯u®#��·LÓ�¬�#µ�#µu� º ¬o²³®H�«�X´u¸o�³ñDC.��ò�-ëØHª�²D�z�X���l�#µu�N����®#¯u¸ì�#¬o�u�?���]�u���#�Z�#ª��JÓ�¬�#µ©å%¸o��ª���¬�#µu²eZÜ¹� E � `�� ����Æ	
ïñ@WH¹av�¹z�hé���®g¹ ò³ØHª��u®��#��¯u¨]�%� º ¬o²D®J�«�X´u¸o�N°±ª���Ó�µu¬o¨«µAå%¸��ª���¬�#µu²v� Ó�¬o¸o¸����]�u���#�Z�#���¸¸R������² ¯��«�Z�#¬oª��u®�´�ÖÕ²³�X¶d¬o�u�?ª��u¸Ö½# � <�Ý ¸ ñg#EÊ ã ò � º �#�#���u®��xª�®�¬�#¬oª��u®g¹E	/ `����	��
Îçèª�¯u¸o·Õå%¸o��ª���¬�#µu² Ø ÓHª���¶á�u��ª�������¸ÖL¬o°E®��#�]�AØnw ·u¬o·A� ��¬o��µ���Ýh¨]Öd¨�¸o¬o¨)®�µu¬o°Ô�gÒu®#�Ì���#¬o�u�à å Ü�Ü-Ü à � ç�å à � ¼ à � à å Ü-Ü-Ü à � ç�å Òz¬o�u®T�#�g�X·©ª�°Á�?¸��°Ô��Ýh¨]Öd¨�¸o¬o¨)®#µu¬o°Ô�[-EaE `�� ���!Þ1
èØHª��u®#¬o·u�]���#µu�}ß���Â=]p^��[Z\� � �[� � �[�Bß����*Â�]DZ\^��
à!á ñ\âAò�% ²á�Z×a%Q�$ã(â ²Dªd·°� � % ä ) Ü

Ö3û



¶$�*©$�v¨8� © ûWÙhü)Ù6Ø�Û�ýkþdü=û´Û=ÿ$ÿ�×6Ù6Ø����Oý�Û�ýkþ��=ü�� ª�¨íE�]�ÄÕ � �X�u·NÖ � ´x�A������² ¯��«�Z�#¬oª��u®³ª�°��#µu���uª��u�u�����Z�#¬é��A¬o���#��������®á®�¯u¨Ìµï�#µz�Z�ÄÕ!xQÖ � %äÖ � Õ!xÓ�µu���u�ÌéV�]�d��±N��¹�íR�]�7¹ o �X�u·$å o ´��)�#µu�N¬o·u�����#¬�£Öá�x����² ¯��«�Z�#¬oª���Òz�X�u·©°±ª���âæ· ä ·u�]îz�u�¹èç^%5å çç ç�å Ö=é=ê4ë ç�ì å ç ç�å ¹ ç ç�åJ' å ç %ºÕaé�êÒë ç�ì å ç ç×å ÜWzª��E�]×��X²³�u¸o�XÒX¬°!Õ � ¬o®R�#µu�B�z¬o�rª��x���#�Z�#¬oª��³ñTô²�<ÊNôeòXñ ã �<Ê ã ò Ü-Ü-Ü %úñ ä ��òJíEñp�uò��X�u·»¬°	Ö � % ñ ä �uòÌÒ�X�u· ¬o°�å%¸o��ª���¬�#µu²àY ¬o® ®��«�X�T�#��·"Ó�¬�#µ�à�xE%î�ë°±ª�� ä ±j� > #6ÒÁ�#µu�]�O¹ ç ���u·�å ç �X���³�#µu�¨�ª��V�#�����#®�ª�°©à o Ü-Ü-Ü à è"ç×å ���u·�� o Ü-Ü-Ü � è:ç×å �X°±�#�]��®��#�]�BY � µz�X®�´x�]���©�x����°±ª���²D��·$â �#¬²³��®�¹
�Vò�Z<��ªeé��l�#µz�Z�}å ë è z å ì á ¹ ë è z å ì á %ïÕ è z å Õ çè Ö è z å Ö çè ñ�å è á ¹ è á ò è z å ¹´�ò½Q%®��)�#µu�N����®�¯u¸��ª�°¦ñÉ��ò¦�#ªD�]®��«�X´u¸o¬o®�µL�#µu�)éX�X¸o¬o·u¬��ÖLª�°Eå%¸o��ª���¬ì�#µu²eY�¹E2K `L� �����a
Z<��ªeé��)�#µz�Z��å%¸o��ª���¬�#µu²eYð����²³�X¬o�u®JéX�X¸o¬o·Õ¬o°E®��#���BY � ¬o®������u¸Ô�X¨��]·A´�Öð E � `G� VÜ�#�X�u®��xª�®#�r�z��¬��®g¹ 
r��°d�$· ã Òx¬o�V�#�]��¨Ìµz�X�u���Á��x z å7ñ ��xN°±ª��²�+%j��Ê ã Ò:��Ê ö Ò Ü-Ü-Ü Òñ ã ª��NôeòÌ¹ò���]�#¯u���Õ�#ª�Y ã ¹E S'`L� FG�����a
Îç µz�X��¬®��#µu�N�gé����#�X���N�V¯u² ´x�]��ª�°Ü¬�V�#����¨«µz�X�u���]®�²³�X·u�)¬o�©®��#�]�BY � -E bD`L� ���	�	
øVÜ��¯u�»ª��%°¾�X¸o®��.wH��°<å%¸��ª���¬�#µu²ÎY ´�����¬o�u®%Ó�¬�#µ&à o Ü-Ü-Ü à è"ç×å % 8×å Ü-Ü-Ü 85è �#µu���A�#µu�îz�z�X¸R�x����² ¯��«�Z�#¬oª��Léd¬o®#¬�#�]·Õ´x����¬o�u®JÓ�¬�#µ$à o % 8<è ¹E !D`L� ���	�	
 º ª�²³�r�X¯��#µuª���®�·u�]îz�u�N�#µu�r�X��¨�®�ª�°Á�áØH�gÖ�¸o�ÌÖÕ���#���uµA�X®���¯u�u�u¬o�u�³°±��ª�²ôóÎ�#ªÁóe¹ex¬o�u®��#����·Õª�°Ü°±��ª�²õóÎ�#ªÁ¹ex=óÁ¹<å%���)�#µu�l�£ÓHª?·u�]îz�u¬�#¬oª��u®���®�®#�����#¬Ô�X¸o¸Öá·u¬�~3�]�����V�[-� K Pc`������	
"å÷ö}�����RÂ=�.Â � �cß�^��Á�!���[����]��Q]DZ\^��2_�¬o®L�è¨]Öd¨�¸o� ñ\ó o�' ó å(' ÜSÜ-Ü ' ó è á ç�å ò?�#µz�X�á¬o�u¨�¸o¯u·u�]®�]é����TÖ)�x�]��² ¯��«�X�#¬ª��Nª�°a%�ô ' ã ' Ü-Ü-Ü ' # ) �X�u·rµz�X®R�#µu�6�u��ª������T��Ö)�#µz�Z�Gó � ·u¬�~3�]��®E°±��ª�²�óGë � z å ìQø�ù[ú è á´VÖë�X�"�X·��T�X¨������)�#�#�X�u®#��ª�®�¬�#¬oª���¹N�h�N¨����Î�X¸o®�ªL´x�?·u��®�¨���¬o´���·"��®)�½�l�X²D¬o¸�#ª��u¬Ô�X��¨]Ö�¨]¸o�?ª����#µu�ØJ�gÖd¸o�]Ö)���#�X�uµr°±ª����#µu�.����ª�¯u�rª�°u�X¸o¸�������² ¯��«�Z�#¬oª��u®Eª��Á%�ô ' ã ' Ü-Ü-Ü ' # ) ÒgÓ�¬�#µN�#µu��#BÊrô.�����u���#�Z�#ª���®
¸ ñTô ã ò ' ñ ã wVò ' Ü-Ü-Ü ' ñg#ÆÊ)ô�#Eò º ¹%VJµu�Ä�1� � ]p��_=��û=�2���aÂ[�Nª�°Ü®#¯u¨«µ��ö[l�#�gÖL¨]Öd¨�¸o�N¬o®J�#µu�N®#�=AV¯u���u¨��rª�°¬o�V�#�]���]��®7ü o ü å Ü-Ü-Ü ü è á ç�å ®�¯u¨ÌµL�#µz�Z�óBë � z å ìQø�ù[ú è á % ñDü � ü � < ôeò�ó � Üñ º ����Ùd¹ ã ¹oô�¹oôÌæxñpÈQÇVò«Ò.Ó�µu¬o¨«µï·u�]®#¨���¬o´���®D�#µu�©���z�X¸oª���ª�¯u®?®#¬�#¯z�Z�#¬oª�� °±ª��?´u¬o�z�X�TÖ>#xÝÉ�#¯u�u¸o��®�¹ òÚWzª���]×u�X²D�u¸o��Ò¶WÁ¬o�u¹ ã wÕ¬o¸¸o¯u®��#�#�Z�#��®l�#µu��[%�#�gÖë¨]Öd¨�¸o�D·u�]îz�u�]·�´�ÖÎ�u¸Ô�X¬o�"¨«µz�X�u����®NÓ�µu���Î#>% ö ; ¬�#®·u��¸�«�?®��=Ad¯u�]�u¨��r¬o®Nñ�w ã ôSw�ô ã wuôeò u ¹�Vò>WÁ¬o�u·A�X¸o¸â[%�#�gÖL¨ÌÖ�¨�¸o�]®�°±ª��J�x�]��² ¯��«�X�#¬ª��u®Jª�°&%�ô ' ã ' w ' ö ) ¹´�ò>VHÓJª*[%�#�gÖÎ¨]Öd¨�¸o��®»�����D¨�ª��u®#¬·u������·"�#ª©´x�³�=AV¯u¬éX�X¸o���V�»¬o°.�#µu��¬�r·u��¸�«�Õ®#�=AV¯u���u¨���®»¨����è´��ª�´��«�X¬o�u��·³°¾��ª�²ÿ����¨«µáªX�#µu���.´VÖ?¨]Ö�¨�¸¬o¨%®�µu¬o°Ô�#¬o�u�áñDü � Ü-Ü-Ü ü è á ç×å ü o Ü-ÜSÜ ü � ç�å ò<�X�u·a�Zª��.���]é�����®«�X¸ñDü è á ç×å Ü-Ü-Ü ü å ü o ò%���u·a�Zª��l¨]ª�²D�u¸o��²D�����«�X�#¬ª�� ñ�ñg#OÊ�ü o òXñg#ÆÊ�ü å ò ÜSÜ�Ü ñg#ÆÊ�ü è á ç�å ò�òÌ¹lç_µu¬o¨«µëª�°�#µu�p[l�#�gÖL¨]Öd¨�¸o��®�¬o�"ñÉ��òJ�X���N��Ad¯u¬éX�X¸o�����[-

]\^J_¶`¡N � `Nå%¸��ª���¬�#µu²ÔZï�#�#�X¨���®�ª�¯���#µu¬o®��l��²D¬o¸�#ª��u¬Ô�X�L¨]Ö�¨]¸o�Nª��Õ�#µu��#��¯u�u¨g�Z�#��·©ªd¨]�«�Xµu��·u��ª��©ª�°âWÁ¬o�u¹ � æô�¹
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K a�`����	��
�ØHª��V�#¬�d¯u¬o�u�l�#µu�J�u���]é�¬ª�¯u®6�]×�����¨]¬o®#��ÒV�$ö²������Â�^J���Gß�^��ò�!���[����]���]\Z\^��2_J¬®<¸o¬o¶��J�p[l�#�gÖ¨]Ö�¨�¸�H�Ì×�¨������E�#µz�X�E�#µu�<îz�z��¸V�x�]��² ¯��«�X�#¬ª��°ó è á ç×å ¬o®Ü�uªX�Á����Ad¯u¬o����·N�#ª%´x�¦��·��T�X¨������Ü�#ª��#µu�¦¬o�u¬�#¬o��¸�x����² ¯��«�Z�#¬oª��fó o ¹ º �#¯u·�ÖL�#µu�)®#�]��ª�°Ü��¸¸â[l�#�gÖL¨�ªV·u��®�°±ª��n#&% ö �#µz�Z��®T�«�X�T�JÓ�¬�#µÎô ã w ö ¹� K ND`�� ����02
ëç_µz�Z�³������² ¯��«�Z�#¬oª��u®?¨g�X� ´x�Õ���g�X¨Ìµu��·ï��® �#µu�Lîz�z��¸J�]¸o��²D���V�?ª�°%��[l�#�gÖ�¨�ªV·u��#µz�X��®��«�X�T�#®��Z�Nô ã Ü-Ü�Ü #G-K � `�� ���1H!
Y<®��#¬o²³�Z�#�H�#µu�H�#ª��«�X¸u�V¯u² ´x���6ª�°c[l�#��Ö ¨]Ö�¨]¸o��®<°¾ª��<������² ¯��«�Z�#¬oª��u®<ª�°e%Vô ' ã ' w ' ö ' � ) ¹K!/ `����10!
"åæ»T·uª�¯u´u¸Ö*[%�#�gÖ	¼³¨]ªd·u�r°±ª���������² ¯��«�Z�#¬oª��u®�¬o®%�>[%�#�gÖÕ¨]Ö�¨�¸�NÓ�¬ì�#µ©�#µu�»��·u·u¬ì�#¬oª��z��¸�u��ª������T��Ö³�#µz�X�}ü � z å %�ü � ³ ôl°±ª��J�X¸o¸:�x¹.Ø¦ª�²³���#ª��L�X�u·áç_¬o¸o¸¬Ô�X²³®�ª��³µz��éV�%�u��ªeé���·á�#µz�Z�H®#¯u¨«µ¨�ªd·u��®��]×�¬o®T��°±ª����X¸o¸×#Li7w�¹��%ªgÓ ²³�X�VÖá·uª�¯u´u¸ìÖd[l�#�gÖá¨�ªd·u�]®��]×�¬®���°±ª���#&% � -K*E `�� ���1H!
øW�ª��<Ó�µu¬o¨ÌµD¬o���#��������®&Ú ¬o®<�#µu�������g[l�#��Ö?�z�X�#µ?�#µu��ª�¯u��µD�#µu�WÚ ¸o�]×d¬o¨�ª����#�X�uµu¬o¨g�X¸o¸Ö®#²³��¸¸o��®��6������² ¯��«�Z�#¬oª��u®<ª�°e%Vô ' Ü�ÜSÜ ' # ) -"ñ	Y6×�����¨]¬o®#��Ùd¹ ã ¹oô�¹oôÌæ ã äl®�ª�¸é���®6�#µu���X�z�X¸oª���ª�¯u®<�u��ª�´u¸o�]²°¾ª��J´u¬o�z�X�TÖE#3ÝÉ�#¯u�u¸��®g¹ òKaK `������2
�Y<µu��¸o¬o¨«µ×î ®6®TÓJ���?²D�]�#µuªd· ®#¯u������®��#®<�X�uªX�#µu���Á�£Öd�x�Jª�°D[l�#�gÖ»¨]Öd¨�¸o��°±ª��6������² ¯��«�Z�#¬oª��u®gÒ¬o��Ó�µu¬o¨«µë�#µu��#&Ê ô �����u���#�Z�#ª���®N�X���»�#µu� ®��«�X�%�#�#�X�u®#��ª�®#¬�#¬ª��u®?ñTô ã òÌÒ6ñTô�w�òÌÒ Ü-Ü-Ü ÒÁñTô�#EòÌ¹;Wzª���]×u�X²D�u¸o��Ò"WÁ¬o�u¹ ãZö ®#µuªeÓ�®Á�#µu�H����¸o�]éX�X�V�6���#���uµ»Ó�µu����#&% ö ¹Üå%�z��¸ìÖ	3��¦�#µu�n�l�X²D¬o¸�#ª��u¬Ô�X�»¨]Ö�¨�¸��®ª�°R�#µu¬o®����#�X�uµ�¹
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]ã^J_¶`nN / `;VJµu�DØH�gÖ�¸o�ÌÖA���#�X�uµë°±ª��%�x����² ¯��«�Z�#¬oª��u®%ª�°}%�ô ' ã ' w ' ö ) Ò3�����u���#�Z�#��·�´VÖ©�#µu�®T�«���H�#�#�X�u®��xª�®#¬ì�#¬oª��u®rñTô ã òÌÒRñTô�wVòÌÒz�X�u·èñTô ö òÌÒu·u�#��Ó��A�X®�� ��Ó�¬o®T�#��·L�#ª���¯u®g¹
K SD`����	Æ�
�ØHª��V�#¬�d¯u¬o�u�Î�#µu�A�u���]é�¬ª�¯u®³�]×��]��¨�¬o®#�XÒHîz�u· �Îîz��®T��Ýh��¸o�]²³������Ýh®TÓ��X�©[l�#�gÖ ¨ÌÖ�¨�¸o�©°¾ª��#&% � ¬o�LÓ�µu¬o¨«µ©�g�X¨«µ©®��«�X�H�#�#�X�u®#��ª�®�¬�#¬oª��"ñTôW�dò¦ªd¨]¨�¯u��®|w ä �#¬o²D��®gÒ�°±ª�� ã ±µ�Á± � ¹K bc`�� �L01�	
ïñ��Nª�²D�x��¸gî ²á�X¶Vµu���%�X�u·&íE¬o®�¶�ªeé��]�#®gÒRô3R�Ù � ¹ ò½íR�]��� ´��»�#µu� ØH�gÖ�¸o�ÌÖ©���#�X�uµ�°±ª��l�X¸o¸�x����² ¯��«�Z�#¬oª��u®Nª�°W%Vô ' Ü�Ü-Ü ' # ) ÒRÓ�¬�#µ"���]�u���#�Z�#ª���®áñD¹ åJ' Ü-Ü-Ü ' ¹ � ò%Ó�µu�����³����¨«µµ¹:x³¬®»�Õ�#�#�X�u®#��ªXÝ®#¬�#¬oª��wñ\Ù!x��Qxgò ; �X¸o®�ª"¸o�]��� ´��©�#µu�©���#���uµ Ó�¬ì�#µïé����T�#¬o¨]��®$%�ô ' Ü-Ü-Ü ' # ) �X�u·ð�]·u���]®�Ù2x�Ê�ÊgÊ��Qx°¾ª��³ô$±���±î��¹+Z<��ªgéV�?�#µz�Z��� µz��®»�$�l�X²³¬o¸ì�#ª��u¬o���Î¨]Öd¨�¸o�³¬o°J�X�u·èª��u¸ÖÎ¬o°�� ¬o®N¨�ª��u�u��¨]�#��·�¹ñ@WÁ¬o��¯u��� ã wá¬o®��#µu� ®��x�]¨�¬Ô�X¸Ü¨g�X®#�rÓ�µu�]���ú¬o®)�³�z�Z�#µ ; WÁ¬��¯u��� ãZö ¬o®%�#µu� ®��x��¨]¬Ô�X¸Ü¨g�X®#�rÓ�µu�����¬o®���»T®��«�X��¹ ¼Vò� K !c`����1Û!
"��°�#Oi ö Ò��#µu� °¾ª�¸o¸ªeÓ�¬o�u�á�X¸o��ª���¬ì�#µu² �����u���#�Z�#��®)�X¸o¸Ü������² ¯��«�Z�#¬oª��u® � å �IÇ	� u Ü-Ü�Ü � èª�°B%Vô ' ã ' w ' Ü-Ü-Ü ' # ) ¯u®#¬�u�Dª��u¸Öá�#µu�����)�#�#�X�u®#°±ª���²á�Z�#¬oª��u®gÒà %úñTô ã ò�ñ�w ö òXñ � ä�ò Ü-Ü-Ü ' Õm%úñ ã wVòXñ öB� òXñ�ä<Ù�ò Ü-Ü-Ü ' Ö+%úñ�w ö ò�ñ � äVòXñhÙ�,�ò Ü-Ü-Ü '
�u�]é��������u�u¸ìÖ�¬o�u� à �X�u·gÖÕ�u�Ì×d���#ªD�g�X¨«µ©ªX�#µu����¹AY6×��u¸Ô�X¬o�LÓ�µVÖL¬�JÓJª���¶V®g¹! a�`G� ���u¬�#¬o��¸¬43���¹ 
 º �Ì����x ¼ ��°±ª��áô�±j�µ±0#6¹Aå%¸o®�ª�®��]��à.x ¼ ã �ë°¾ª��7�µ±=#�ã ã �X�u·à è"ç x ¼ ã � < ôD°±ª��W� > #¡ã ã ¹�VJµu���è¬�Vé�ª�¶��?å%¸o��ª���¬�#µu² ZÜÒ�´u¯��rÓ�¬�#µÎ�z���#�X²D�]�#���#2Êïô)¬o�u®T�#�g�X·Õª�°©#Á¹Áçè�)Ó�¬o¸o¸x�#���g�Z�J�#µz�Z���X¸o��ª���¬�#µu² �X®�� ¨�ª���ª�¯��#¬o�u��Ò�Ó�µu¬o¨ÌµÕ®#µuª�¯u¸o·
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���]�#¯u����¨�ª��V�#��ª�¸R�#ªá¯u®%Ó�µu�]�u�]é����l¬�Ä»£é�¬o®�¬�#®�¼2à å Ü-Ü�Ü à è"ç�å ¬��®��#���*Z ã ¹�çè�rÓ�¬¸o¸Ü��¸®#ª®�µz�����)¬�#®Hé��X��¬Ô�X´u¸o�]®»ñb�Ì×�¨������®#EòÌ¹! N'`è� º �Ì� 8 �X�u·#"x¹ 
 ����é�ª�¶�� å%¸o��ª���¬�#µu²ÇZ �X���X¬o��Ò»ª�´��«�X¬o�u¬�u�_� �u�ÌÓ ������² ¯��«�Z�#¬oª��à å Ü-Ü-Ü à è"ç�å �X�u·ë�D�u�ÌÓ é��X¸o¯u�rª�°:�z¹H��°e��% ã Ò�¬o�V�#�]��¨Ìµz�X�u����à å z%$ ñ à"Ç z%$ ñ¾�#µu������´�Ö¯u�u·uª�¬o�u�l�#µu�¦��~3��¨]�6ª�°z®T�#���ºZ � òÜ���u· �������g�Z�6�#µu¬o®Á®T�#��� ; ¬o� ®#¯u¨«µD�%¨g�X®#�.ÓJ�J�X���J�Z�Á�#µu�µz�X¸o°ÔÓJ�gÖ?��ª�¬�V�Hª�°3å%¸o��ª���¬�#µu²»Z�¹Á��°!��% ô ñb®�ªr�#µz�Z�¦å%¸o��ª���¬�#µu²»Z�µz�X®<�#����²³¬�z�X�#�]·�òÌÒ®��]� 8 ¼ " ¼ ä �X�u·©��ª?�#ª³ó×w�¹&Ð%�#µu���TÓ�¬o®#�N®��]�
8 ¼ à x ç*y õ z%$�z'& ( õ	) ç×å+* ' " ¼ à x ç*y õ z%$ ç & ( õ	) z å+* ;�#µu��®��r�X���l�#µu�)�£ÓHª?��¸o��²D�����#®�²Dª�®T������¨������#¸ÖL¬o�V�#�]��¨Ìµz�X�u����·©¬o�©®T�#���BZ � ¹! � `è� ¿ ¬®#¬�g¹ 
 ¿ ¬o®#¬ì�<�#µu���x����² ¯��«�Z�#¬oª��,� å Ü-Ü-Ü � è ¹�V�µu���D��ª)�#ª»ó � ¬o°-� å % 8 �X�u·��IÇ�%�"x¹! / `è� å%�u�u¸ìÖ à ÒÁ�#µu���OÕÁ¹ 
 �����#����¨Ìµz�X�u���.� åÄñ �IÇXÒ/� u ñ � t Ò/� s ñ � æ Ò Ü�Ü-Ü ¹ ¿ ¬o®�¬�� å Ü-Ü�Ü � è ¹;V�µu���ë¬o���#����¨Ìµz�X�u����� Ç ñ � u Ò%� t ñ � s Ò%� æ ñ � ì Ò Ü-Ü-Ü ¹;VÜ�]��²³¬o�z�Z�#�¬o°'� å Ü-Ü-Ü � è % ô Ü-Ü-Ü #6ÒuªX�#µu���TÓ�¬o®��N���Ì�#¯u���©�#ª³ó_w�¹! E `è� å%�u�u¸ìÖ�Ö�ÒÁ�#µu���OÕÁ¹ 
 �����#����¨Ìµz�X�u���.� u ñ � t Ò/� s ñ � æ Ò/� ìfñ � r Ò Ü-Ü-Ü ¹ ¿ ¬o®�¬�� å Ü-Ü�Ü � è ¹;V�µu���ë¬o���#����¨Ìµz�X�u���0� Ç ñ � u Ò%� t ñ � s Ò%� æ ñ � ì Ò Ü-Ü-Ü Ò��X�u·ë���]�#¯u����#ª³ó ã ¹FIZk�!]ml º µuªeÓ îz��®T�?�#µz�Z� �#µu�©�X¸o��ª���¬�#µu²'ÓHª���¶d® ¬o°�²³ªV·u¬îz��· ®#ª��#µz�Z�1��x ¼ # < ô�Êµ�"�X�u·à�x ¼ �D¬o�Õ®��#����óÜô�Òu���u·©¬o°R�#µu�g»m�z¬o�!¼D������² ¯��«�Z�#¬oª��u®

à � %úñTôÎ#EòXñ ã #ÆÊ)ôZò Ü-Ü-Ü ' Õ � %úñ ã #EòXñ�w>#OÊNôeò Ü-Ü-Ü ' Ö � %úñ ã #ÆÊ)ôeò�ñ�w�#ÆÊ ã ò ÜSÜ�Ü
�X���N¯u®#��·Õ¬o�u®��#�g�X·Õª�° à Ò2ÕÁÒ!Ö©¬o�Õ®��#���u®�ó ö �X�u·�ó � ¹6���Õ�#µu¬o®J²³ªV·u¬îz¨g�Z�#¬oª���Òu®T�#����ó_w?®#µuª�¯u¸o·Õ��ª�#ªáó � ¬o°2� å % 8 �X�u·3� è %�"x¹� S�Pc`�� ��0�02
øV�µu� �£ÓHªëô ã ÝÉ¨]Ö�¨]¸o��®³ñ\Ç!�eò%¨����Î´��D���]�V�X��·u��·"�X®°Õzæ�Öë¨]Ö�¨�¸��®N°±ª��l�#µu� �£ÓH��¸ìéV� �����TÝ² ¯��«�Z�#¬oª��u®Jª�°B%Vô ' ô ' w ' ö ) wô�ôSw ö T ôSw ö ô T w ö ô�ô T ö wuô�ô T wuô�ô ö T ô�ô ö w T ô ö w�ôT ö ôSw�ô T ô3w�ô ö T w�ô ö ô T ô ö ôSw T ö ô�ôSw T ô�ôSw ö Ü�����u¸Ô�X¨�¬�u��%�ô ' ô ) ´�Ö�%�ô ' ã ) Öd¬o��¸o·u®Á·u¬o®\�£ª�¬�V�Á¨]Ö�¨�¸��®gÒ��X�u·»ÓJ�¦ª�´��«�X¬o�u�]·?�|�l�X²³¬¸�#ª��u¬Ô�X�»�z�Z�#µ ´VÖ�£¯u²³�u¬o�u�D°±��ª�² ª��u�N�#ª?�#µu�rªX�#µu����¹JØH���A��Õ�æ1Ö©�z�Z�#µA°±ª��%�X¸o¸R������² ¯��«�Z�#¬oª��u®�ª�°ÆäD��¸��²³�]�V�#®�´��°±ª���²D��·Õ¬o�A�?®�¬o²D¬o¸Ô�X�HÓJ�gÖ�Òu´z�X®#��·©ª��A��w'ä ä Ýh¨]Öd¨�¸o�)°±ª��H�#µu�N�x�]��² ¯��«�X�#¬ª��u®Jª�°&%�ô ' ô ' w ' ö ' � ' ä ) -SDa1`L� M	Û2
 õ ªd��®��#µu� ØH�gÖ�¸�]Ö©���#�X�uµ©Ó�¬�#µA�����u���#�Z�#ª���®#Õm%ÿñTô ã Ü-Ü-Ü #EòJ�X�u·�Ö½% ñTô ã òJµz�gé��r��l�X²³¬o¸ì�#ª��u¬o���L¨]Öd¨�¸o�)Ó�µu�]�u�]é����®#Li7w?¬o®�ªd·u·a-S5N'`L� ���	�	
t[l¬é����"�AØH�gÖ�¸�]Öë���#���uµÎÓ�¬�#µÎ���]�u���#�Z�#ª���®³ñD¹ å(' Ü-Ü-Ü ' ¹ � òÌÒE�X®#®�¯u²³�»�#µz�Z�r�g�X¨«µ�¹ex�«�X¶��]® 8 � T "x¹»ñ@Wzª��%�]×��X²³�u¸o�XÒx´xªX�#µ�Õ��X�u·�Ö�¬o���Ì×�����¨�¬®#�?Ùdôr�«�X¶��áô � T ã ¹ ò+Z<��ªeé��N�#µz�Z�)�X�VÖ�l�X²³¬o¸ì�#ª��u¬o���»�z�Z�#µ?®T�«���T�#¬�u�N�Z�Jô ã Ü-Ü�Ü #Õ¬�1� ² ¯u®T�6�]�u·³�Z�<�l������² ¯��«�Z�#¬oª��»�#µz�Z�6�«�X¶���®4" � T 8 ¹� S � `�� ��0��	
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PREFACE
[The Art of Combinations℄ has a relationto almost every speies of useful knowledgethat the mind of man an be employed upon.| JAMES BERNOULLI, Ars Conjetandi (1713)

This booklet ontains draft material that I'm irulating to experts in the�eld, in hopes that they an help remove its most egregious errors before toomany other people see it. I am also, however, posting it on the Internet forourageous and/or random readers who don't mind the risk of reading a fewpages that have not yet reahed a very mature state. Beware: This material hasnot yet been proofread as thoroughly as the manusripts of Volumes 1, 2, and 3were at the time of their �rst printings. And those arefully-heked volumes,alas, were subsequently found to ontain thousands of mistakes.Given this aveat, I hope that my errors this time will not be so numerousand/or obtrusive that you will be disouraged from reading the material arefully.I did try to make it both interesting and authoritative, as far as it goes. But the�eld is so vast, I annot hope to have surrounded it enough to orral it ompletely.Therefore I beg you to let me know about any de�ienies you disover.To put the material in ontext, this is Setion 7.2.1.3 of a long, long hapteron ombinatorial algorithms. Chapter 7 will eventually �ll three volumes (namelyVolumes 4A, 4B, and 4C), assuming that I'm able to remain healthy. It willbegin with a short review of graph theory, with emphasis on some highlightsof signi�ant graphs in The Stanford GraphBase, from whih I will be drawingmany examples. Then omes Setion 7.1, whih deals with the topi of bitwisemanipulations. (I drafted about 60 pages about that subjet in 1977, but thosepages need extensive revision; meanwhile I've deided to work for awhile onthe material that follows it, so that I an get a better feel for how muh tout.) Setion 7.2 is about generating all possibilities, and it begins with Setion7.2.1: Generating Basi Combinatorial Patterns|whih, in turn, begins withSetion 7.2.1.1, \Generating all n-tuples," and Setion 7.2.1.2, \Generating allpermutations." (Readers of the present booklet should have already looked atthose setions, drafts of whih are available as Pre-Fasiles 2A and 2B.) Thestage is now set for the main ontents of this booklet, Setion 7.2.1.3: \Gener-ating all ombinations." Then will ome Setion 7.2.1.4 (about partitions), et.Setion 7.2.2 will deal with baktraking in general. And so it will go on, if allgoes well; an outline of the entire Chapter 7 as urrently envisaged appears onthe taop webpage that is ited on page ii.iii
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iv PREFACEEven the apparently lowly topi of ombination generation turns out to besurprisingly rih, with ties to Setions 1.2.1, 1.2.4, 1.2.6, 2.3.2, 2.3.4.2, 3.4.2,4.3.2, 4.6.1, 4.6.2, 5.1.2, 5.4.1, 5.4.2, 6.1, and 6.3 of the �rst three volumes.I strongly believe in building up a �rm foundation, so I have disussed this topimuh more thoroughly than I will be able to do with material that is newer orless basi. To my surprise, I ame up with 110 exerises, even though|believeit or not| I had to eliminate quite a bit of the interesting material that appearsin my �les.Some of the things presented are new, to the best of my knowledge, althoughI will not be at all surprised to learn that my own little \disoveries" have beendisovered before. Please look, for example, at the exerises that I've lassed asresearh problems (rated with diÆulty level 46 or higher), namely exerises 53,56, 67, and 83; I've also impliitly posed additional unsolved questions in theanswers to exerises 59, 63, 101, 105, and 109. Are those problems still open?Please let me know if you know of a solution to any of these intriguing questions.And of ourse if no solution is known today but you do make progress on any ofthem in the future, I hope you'll let me know.I urgently need your help also with respet to some exerises that I madeup as I was preparing this material. I ertainly don't like to get redit for thingsthat have already been published by others, and most of these results are quitenatural \fruits" that were just waiting to be \pluked." Therefore please tellme if you know who I should have redited, with respet to the ideas found inexerises 9, 18, 19, 20, 26, 27, 28, 30, 31, 32, 33, 34, 35, 36, 37, 41, 42, 43, 44,45, 48, 51, 59, 62, 63, 64, 65, 66, 69, 79, 82(b{f), 85, 86, 87, 93, and/or 110.I shall happily pay a �nder's fee of $2.56 for eah error in this draft when it is�rst reported to me, whether that error be typographial, tehnial, or historial.The same reward holds for items that I forgot to put in the index. And valuablesuggestions for improvements to the text are worth 32/ eah. (Furthermore, ifyou �nd a better solution to an exerise, I'll atually reward you with immortalglory instead of mere money, by publishing your name in the eventual book:�)Cross referenes to yet-unwritten material sometimes appear as `00'; thisimpossible value is a plaeholder for the atual numbers to be supplied later.Happy reading!Stanford, California D. E. K.13 June 2002
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7.2.1.3 GENERATING ALL COMBINATIONS 1

7.2.1.3. Generating all ombinations. Combinatorial mathematis is oftendesribed as \the study of permutations, ombinations, et.," so we turn ourattention now to ombinations. A ombination of n things, taken t at a time,often alled simply a t-ombination of n things, is a way to selet a subset of size tfrom a given set of size n. We know from Eq. 1.2.6{(2) that there are exatly �nt�ways to do this; and we learned in Setion 3.4.2 how to hoose t-ombinationsat random.Seleting t of n objets is equivalent to hoosing the n � t elements notseleted. We will emphasize this symmetry by lettingn = s + t (1)throughout our disussion, and we will often refer to a t-ombination of n thingsas an \(s; t)-ombination." Thus, an (s; t)-ombination is a way to subdivides+ t objets into two olletions of sizes s and t.If I ask how many ombinations of 21 an be taken out of 25,I do in e�et ask how many ombinations of 4 may be taken.For there are just as many ways of taking 21 as there are of leaving 4.| AUGUSTUS DE MORGAN, An Essay on Probabilities (1838)There are two main ways to represent (s; t)-ombinations: We an list theelements t : : : 21 that have been seleted, or we an work with binary stringsan�1 : : : a1a0 for whih an�1 + � � �+ a1 + a0 = t: (2)The latter representation has s 0s and t 1s, orresponding to elements that areunseleted or seleted. The list representation t : : : 21 tends to work out bestif we let the elements be members of the set f0; 1; : : : ; n� 1g and if we list themin dereasing order: n > t > � � � > 2 > 1 � 0: (3)Binary notation onnets these two representations niely, beause the item listt : : : 21 orresponds to the sum2t + � � �+ 22 + 21 = n�1Xk=0 ak2k = (an�1 : : : a1a0)2: (4)
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2 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Of ourse we ould also list the positions bs : : : b2b1 of the 0s in an�1 : : : a1a0,where n > bs > � � � > b2 > b1 � 0: (5)Combinations are important not only beause subsets are omnipresent inmathematis but also beause they are equivalent to many other on�gurations.For example, every (s; t)-ombination orresponds to a ombination of s + 1things taken t at a time with repetitions permitted, also alled amultiombination,namely a sequene of integers dt : : : d2d1 withs � dt � � � � � d2 � d1 � 0: (6)One reason is that dt : : : d2d1 solves (6) if and only if t : : : 21 solves (3), wheret = dt + t� 1; : : : ; 2 = d2 + 1; 1 = d1 (7)(see exerise 1.2.6{60). And there is another useful way to relate ombinationswith repetition to ordinary ombinations, suggested by Solomon Golomb [AMM75 (1968), 530{531℄, namely to de�neej = � j ; if j � s;ej�s; if j > s. (8)In this form the numbers et : : : e1 don't neessarily appear in desending or-der, but the multiset fe1; e2; : : : ; etg is equal to f1; 2; : : : ; tg if and only iffe1; e2; : : : ; etg is a set. (See Table 1 and exerise 1.)An (s; t)-ombination is also equivalent to a omposition of n+ 1 into t+ 1parts, namely an ordered sumn+ 1 = pt + � � �+ p1 + p0; where pt; : : : ; p1; p0 � 1. (9)The onnetion with (3) is nowpt = n� t; pt�1 = t � t�1; : : : ; p1 = 2 � 1; p0 = 1 + 1: (10)Equivalently, if qj = pj � 1, we haves = qt + � � �+ q1 + q0; where qt; : : : ; q1; q0 � 0, (11)a omposition of s into t+ 1 nonnegative parts, related to (6) by settingqt = s� dt; qt�1 = dt � dt�1; : : : ; q1 = d2 � d1; q0 = d1: (12)Furthermore it is easy to see that an (s; t)-ombination is equivalent to apath of length s + t from orner to orner of an s � t grid, beause suh apath ontains s vertial steps and t horizontal steps. Thus, ombinations anbe studied in at least eight di�erent guises. Table 1 illustrates all �63� = 20possibilities in the ase s = t = 3.These ousins of ombinations might seem rather bewildering at �rst glane,but most of them an be understood diretly from the binary representationan�1 : : : a1a0. Consider, for example, the \random" bit stringa23 : : : a1a0 = 011001001000011111101101; (13)
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7.2.1.3 GENERATING ALL COMBINATIONS 3Table 1THE (3; 3)-COMBINATIONS AND THEIR EQUIVALENTSa5a4a3a2a1a0 b3b2b1 321 d3d2d1 e3e2e1 p3p2p1p0 q3q2q1q0 path000111 543 210 000 210 4111 3000001011 542 310 100 310 3211 2100001101 541 320 110 320 3121 2010001110 540 321 111 321 3112 2001010011 532 410 200 010 2311 1200010101 531 420 210 020 2221 1110010110 530 421 211 121 2212 1101011001 521 430 220 030 2131 1020011010 520 431 221 131 2122 1011011100 510 432 222 232 2113 1002100011 432 510 300 110 1411 0300100101 431 520 310 220 1321 0210100110 430 521 311 221 1312 0201101001 421 530 320 330 1231 0120101010 420 531 321 331 1222 0111101100 410 532 322 332 1213 0102110001 321 540 330 000 1141 0030110010 320 541 331 111 1132 0021110100 310 542 332 222 1123 0012111000 210 543 333 333 1114 0003whih has s = 11 zeros and t = 13 ones, hene n = 24. The dual ombinationbs : : : b1 lists the positions of the zeros, namely23 20 19 17 16 14 13 12 11 4 1;beause the leftmost position is n � 1 and the rightmost is 0. The primalombination t : : : 1 lists the positions of the ones, namely22 21 18 15 10 9 8 7 6 5 3 2 0:The orresponding multiombination dt : : : d1 lists the number of 0s to the rightof eah 1: 10 10 8 6 2 2 2 2 2 2 1 1 0:The omposition pt : : : p0 lists the distanes between onseutive 1s, if we imagineadditional 1s at the left and the right:2 1 3 3 5 1 1 1 1 1 2 1 2 1:And the nonnegative omposition qt : : : q0 ounts how many 0s appear between\feneposts" represented by 1s:1 0 2 2 4 0 0 0 0 0 1 0 1 0;thus we have an�1 : : : a1a0 = 0qt10qt�11 : : : 10q110q0 : (14)The paths in Table 1 also have a simple interpretation (see exerise 2).
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4 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Lexiographi generation. Table 1 shows ombinations an�1 : : : a1a0 andt : : : 1 in lexiographi order, whih is also the lexiographi order of dt : : : d1.Notie that the dual ombinations bs : : : b1 and the orresponding ompositionspt : : : p0, qt : : : q0 then appear in reverse lexiographi order.Lexiographi order usually suggests the most onvenient way to generateombinatorial on�gurations. Indeed, Algorithm 7.2.1.2L already solves theproblem for ombinations in the form an�1 : : : a1a0, sine (s; t)-ombinationsin bitstring form are the same as permutations of the multiset fs � 0; t � 1g. Thatgeneral-purpose algorithm an be streamlined in obvious ways when it is appliedto this speial ase. (See also exerise 7.1{00, whih presents a remarkablesequene of seven bitwise operations that will onvert any given binary number(an�1 : : : a1a0)2 to the lexiographially next t-ombination, assuming that ndoes not exeed the omputer's word length.)Let's fous, however, on generating ombinations in the other prinipal formt : : : 21, whih is more diretly relevant to the ways in whih ombinations areoften needed, and whih is more ompat than the bit strings when t is smallompared to n. In the �rst plae we should keep in mind that a simple sequeneof nested loops will do the job niely when t is very small. For example, whent = 3 the following instrutions suÆe:For 3 = 2, 3, : : : , n� 1 (in this order) do the following:For 2 = 1, 2, : : : , 3 � 1 (in this order) do the following:For 1 = 0, 1, : : : , 2 � 1 (in this order) do the following:Visit the ombination 321. (15)
(See the analogous situation in 7.2.1.1{(3).)On the other hand when t is variable or not so small, we an generateombinations lexiographially by following the general reipe disussed afterAlgorithm 7.2.1.2L, namely to �nd the rightmost element j that an be inreasedand then to set the subsequent elements j�1 : : : 1 to their smallest possiblevalues:Algorithm L (Lexiographi ombinations). This algorithm generates all t-ombinations t : : : 21 of the n numbers f0; 1; : : : ; n � 1g, given n � t � 0.Additional variables t+1 and t+2 are used as sentinels.L1. [Initialize.℄ Set j  j � 1 for 1 � j � t; also set t+1  n and t+2  0.L2. [Visit.℄ Visit the ombination t : : : 21.L3. [Find j.℄ Set j  1. Then, while j+1 = j+1, set j  j�1 and j  j+1;repeat until j + 1 6= j+1.L4. [Done?℄ Terminate the algorithm if j > t.L5. [Inrease j .℄ Set j  j + 1 and return to L2.The running time of this algorithm is not diÆult to analyze. Step L3 setsj  j � 1 just after visiting a ombination for whih j+1 = 1 + j, and thenumber of suh ombinations is the number of solutions to the inequalitiesn > t > � � � > j+1 � j; (16)
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7.2.1.3 GENERATING ALL COMBINATIONS 5but this formula is equivalent to a (t � j)-ombination of the n � j objetsfn�1; : : : ; jg, so the assignment j  j�1 ours exatly �n�jt�j� times. Summingfor 1 � j � t tells us that the loop in step L3 is performed�n�1t�1 �+�n�2t�2 �+� � �+�n�t0 � = �n�1s �+�n�2s �+� � �+�ss� = � ns+1� (17)times altogether, or an average of� ns+ 1�.�nt � = n!(s+ 1)! (t� 1)! . n!s! t! = ts+ 1 (18)times per visit. This ratio is less than 1 when t � s, so Algorithm L is quiteeÆient in suh ases.But the quantity t=(s + 1) an be embarrassingly large when t is near nand s is small. Indeed, Algorithm L oasionally sets j  j � 1 needlessly, attimes when j already equals j � 1. Further srutiny reveals that we need notalways searh for the index j that is needed in steps L4 and L5, sine the orretvalue of j an often be predited from the ations just taken. For example,after we have inreased 4 and reset 321 to their starting values 210, the nextombination will inevitably inrease 3. These observations lead to a tuned-upversion of the algorithm:Algorithm T (Lexiographi ombinations). This algorithm is like Algorithm L,but faster. It also assumes, for onveniene, that t < n.T1. [Initialize.℄ Set j  j � 1 for 1 � j � t; then set t+1  n, t+2  0, andj  t.T2. [Visit.℄ (At this point j is the smallest index suh that j+1 > j.) Visit theombination t : : : 21. Then, if j > 0, set x j and go to step T6.T3. [Easy ase?℄ If 1 +1 < 2, set 1  1 +1 and return to T2. Otherwise setj  2.T4. [Find j.℄ Set j�1  j � 2 and x  j + 1. If x = j+1, set j  j + 1 andrepeat this step until x 6= j+1.T5. [Done?℄ Terminate the algorithm if j > t.T6. [Inrease j .℄ Set j  x, j  j � 1, and return to T2.Now j = 0 in step T2 if and only if 1 > 0, so the assignments in step T4 arenever redundant. Exerise 6 arries out a omplete analysis of Algorithm T.Notie that the parameter n appears only in the initialization steps L1and T1, not in the prinipal parts of Algorithms L and T. Thus we an thinkof the proess as generating the �rst �nt� ombinations of an in�nite list, whihdepends only on t. This simpli�ation arises beause the list of t-ombinationsfor n+1 things begins with the list for n things, under our onventions; we havebeen using lexiographi order on the dereasing sequenes t : : : 1 for this veryreason, instead of working with the inreasing sequenes 1 : : : t.Derrik Lehmer notied another pleasant property of Algorithms L and T[Applied Combinatorial Mathematis, edited by E. F. Bekenbah (1964), 27{30℄:
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6 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Theorem L. The ombination t : : : 21 is visited after exatly�tt �+ � � �+ �22 �+ �11 � (19)other ombinations have been visited.Proof. There are �kk � ombinations 0t : : : 0201 with 0j = j for t � j > k and0k < k, namely t : : : k+1 followed by the k-ombinations of f0; : : : ; k � 1g.When t = 3, for example, the numbers�23�+�12�+�01�; �33�+�12�+�01�; �33�+�22�+�01�; : : : ; �53�+�42�+�31�that orrespond to the ombinations 321 in Table 1 simply run through thesequene 0, 1, 2, : : : , 19. Theorem L gives us a nie way to understand theombinatorial number system of degree t, whih represents every nonnegativeinteger N uniquely in the formN = �ntt �+ � � �+ �n22 �+ �n11 �; nt > � � � > n2 > n1 � 0: (20)[See Ernesto Pasal, Giornale di Matematihe 25 (1887), 45{49.℄Binomial trees. The family of trees Tn de�ned by
T0 = ; Tn = T0 T1 Tn�1: : :0 1 n� 1 for n > 0; (21)

arises in several important ontexts and sheds further light on ombinationgeneration. For example, T4 is0 0 0 00 0 0 0
1 1 1 1

2 23
; (22)

and T5, rendered more artistially, appears as the frontispiee to Volume 1 ofthis series of books.Notie that Tn is like Tn�1, exept for an additional opy of Tn�1; thereforeTn has 2n nodes altogether. Furthermore, the number of nodes on level t is thebinomial oeÆient �nt�; this fat aounts for the name \binomial tree." Indeed,the sequene of labels enountered on the path from the root to eah node onlevel t de�nes a ombination t : : : 1, and all ombinations our in lexiographiorder from left to right. Thus, Algorithms L and T an be regarded as proeduresto traverse the nodes on level t of the binomial tree Tn.
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7.2.1.3 GENERATING ALL COMBINATIONS 7The in�nite binomial tree T1 is obtained by letting n!1 in (21). The rootof this tree has in�nitely many branhes, but every node exept for the overallroot at level 0 is the root of a �nite binomial subtree. All possible t-ombinationsappear in lexiographi order on level t of T1.Let's get more familiar with binomial trees by onsidering all possible waysto pak a ruksak. More preisely, suppose we have n items that take uprespetively wn�1, : : : , w1, w0 units of apaity, wherewn�1 � � � � � w1 � w0; (23)we want to generate all binary vetors an�1 : : : a1a0 suh thata � w = an�1wn�1 + � � �+ a1w1 + a0w0 � N; (24)where N is the total apaity of a ruksak. Equivalently, we want to �nd allsubsets C of f0; 1; : : : ; n� 1g suh that w(C) =P2C w � N ; suh subsets willbe alled feasible. We will write a feasible subset as 1 : : : t, where 1 > � � � >t � 0, numbering the subsripts di�erently from the onvention of (3) abovebeause t is variable in this problem.Every feasible subset orresponds to a node of Tn, and our goal is to visiteah feasible node. Clearly the parent of every feasible node is feasible, and so isthe left sibling, if any; therefore a simple tree exploration proedure works well:Algorithm F (Filling a ruksak). This algorithm generates all feasible ways1 : : : t to �ll a ruksak, given wn�1, : : : , w1, w0, and N . We let Æj = wj�wj�1for 1 � j < n.F1. [Initialize.℄ Set t 0, 0  n, and r  N .F2. [Visit.℄ Visit the ombination 1 : : : t, whih uses N � r units of apaity.F3. [Try to add w0.℄ If t > 0 and r � w0, set t  t + 1, t  0, r  r � w0,and return to F2.F4. [Try to inrease t.℄ Terminate if t = 0. Otherwise, if t�1 > t + 1 andr � Æt+1, set t  t + 1, r  r � Æt , and return to F2.F5. [Remove t.℄ Set r  r + wt , t t� 1, and return to F4.Notie that the algorithm impliitly visits nodes of Tn in preorder, skipping overunfeasible subtrees. An element  > 0 is plaed in the ruksak, if it �ts, justafter the proedure has explored all possibilities using element � 1 in its plae.The running time is proportional to the number of feasible ombinations visited(see exerise 20).Inidentally, the lassial \knapsak problem" of operations researh is dif-ferent: It asks for a feasible subset C suh that v(C) =P2C v() is maximum,where eah item  has been assigned a value v(). Algorithm F is not a partiu-larly good way to solve that problem, beause it often onsiders ases that ouldbe ruled out. For example, if C and C 0 are subsets of f1; : : : ; n�1g with w(C) �w(C 0) � N �w0 and v(C) � v(C 0), Algorithm F will examine both C [f0g andC 0[f0g, but the latter subset will never improve the maximum. We will onsidermethods for the lassial knapsak problem later; Algorithm F is intended onlyfor situations when all of the feasible possibilities are potentially relevant.
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8 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Gray odes for ombinations. Instead of merely generating all ombinations,we often prefer to visit them in suh a way that eah one is obtained by makingonly a small hange to its predeessor.For example, we an ask for what Nijenhuis andWilf have alled a \revolving door algorithm": Imaginetwo rooms that ontain respetively s and t people, witha revolving door between them. Whenever a persongoes into the opposite room, somebody else omes out. Can we devise a sequeneof moves so that eah (s; t)-ombination ours exatly one?The answer is yes, and in fat a huge number of suh patterns exist. Forexample, it turns out that if we examine all n-bit strings an�1 : : : a1a0 in thewell-known order of Gray binary ode (Setion 7.2.1.1), but selet only thosethat have exatly s 0s and t 1s, the resulting strings form a revolving-door ode.Here's the proof: Gray binary ode is de�ned by the reurrene �n = 0�n�1,1�Rn�1 of 7.2.1.1{(5), so its (s; t) subsequene satis�es the reurrene�st = 0�(s�1)t; 1�Rs(t�1) (25)when st > 0. We also have �s0 = 0s and �0t = 1t. Therefore it is lear byindution that �st begins with 0s1t and ends with 10s1t�1 when st > 0. Thetransition at the omma in (25) is from the last element of 0�(s�1)t to thelast element of 1�s(t�1), namely from 010s�11t�1 = 010s�111t�2 to 110s1t�2 =110s�101t�2 when t � 2, and this satis�es the revolving-door onstraint. Thease t = 1 also heks out. For example, �33 is given by the olumns of000111 011010 110001 101010001101 011100 110010 101100001110 010101 110100 100101001011 010110 111000 100110011001 010011 101001 100011 (26)
and �23 an be found in the �rst two olumns of this array. One more turnof the door takes the last element into the �rst. [These properties of �st weredisovered by D. T. Tang and C. N. Liu, IEEE Trans. C-22 (1973), 176{180;a loopless implementation was presented by J. R. Bitner, G. Ehrlih, and E. M.Reingold, CACM 19 (1976), 517{521.℄When we onvert the bit strings a5a4a3a2a1a0 in (26) to the orrespondingindex-list forms 321, a striking pattern beomes evident:210 431 540 531320 432 541 532321 420 542 520310 421 543 521430 410 530 510 (27)
The �rst omponents 3 our in inreasing order; but for eah �xed value of 3,the values of 2 our in dereasing order. And for �xed 32, the values of 1are again inreasing. The same is true in general: All ombinations t : : : 21
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7.2.1.3 GENERATING ALL COMBINATIONS 9appear in lexiographi order of(t; �t�1; t�2; : : : ; (�1)t�11) (28)in the revolving-door Gray ode �st. This property follows by indution, beause(25) beomes �st = �(s�1)t; (s+t�1)�Rs(t�1) (29)for st > 0 when we use index-list notation instead of bitstring notation. Conse-quently the sequene an be generated eÆiently by the following algorithm dueto W. H. Payne [see ACM Trans. Math. Software 5 (1979), 163{172℄:Algorithm R (Revolving-door ombinations). This algorithm generates all t-ombinations t : : : 21 of f0; 1; : : : ; n � 1g in lexiographi order of the alter-nating sequene (28), assuming that n > t > 1. Step R3 has two variants,depending on whether t is even or odd.R1. [Initialize.℄ Set j  j � 1 for t � j � 1, and t+1  n.R2. [Visit.℄ Visit the ombination t : : : 21.R3. [Easy ase?℄ If t is odd: If 1 + 1 < 2, inrease 1 by 1 and return to R2,otherwise set j  2 and go to R4. If t is even: If 1 > 0, derease 1 by 1and return to R2, otherwise set j  2 and go to R5.R4. [Try to derease j .℄ (At this point j = j�1 + 1.) If j � j, set j  j�1,j�1  j � 2, and return to R2. Otherwise inrease j by 1.R5. [Try to inrease j .℄ (At this point j�1 = j � 2.) If j + 1 < j+1, setj�1  j , j  j + 1, and return to R2. Otherwise inrease j by 1, andgo to R4 if j � t.Exerises 21{25 explore further properties of this interesting sequene. One ofthem is a nie ompanion to Theorem L: The ombination tt�1 : : : 21 is visitedby Algorithm R after exatlyN = �t+1t ���t�1+1t�1 �+ � � �+(�1)t�2+12 �� (�1)t�1+11 �� [t odd℄ (30)other ombinations have been visited. We may all this the representation of Nin the \alternating ombinatorial number system" of degree t; one onsequene,for example, is that every positive integer has a unique representation of theform N = �a3�� �b2�+ �1� with a > b >  > 0. Algorithm R tells us how to add 1to N in this system.Although the strings of (26) and (27) are not in lexiographi order, theyare examples of a more general onept alled genlex order, a name oined byTimothy Walsh. A sequene of strings �1, : : : , �N is said to be in genlex orderwhen all strings with a ommon pre�x our onseutively. For example, all3-ombinations that begin with 53 appear together in (27).Genlex order means that the strings an be arranged in a trie struture, asin Fig. 31 of Setion 6.3, but with the hildren of eah node ordered arbitrarily.When a trie is traversed in any order suh that eah node is visited just before orjust after its desendants, all nodes with a ommon pre�x|that is, all nodes of
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10 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3a subtrie|appear onseutively. This priniple makes genlex order onvenient,beause it orresponds to reursive generation shemes. Many of the algorithmswe have seen for generating n-tuples have therefore produed their results in someversion of genlex order; similarly, the method of \plain hanges" (Algorithm7.2.1.2P) visits permutations in a genlex order of the orresponding inversiontables.The revolving-door method of Algorithm R is a genlex routine that hangesonly one element of the ombination at eah step. But it isn't totally satisfatory,beause it frequently must hange two of the indies j simultaneously, in orderto preserve the ondition t > � � � > 2 > 1. For example, Algorithm R hanges210 into 320, and (27) inludes nine suh \rossing" moves.The soure of this defet an be traed to our proof that (25) satis�es therevolving-door property: We observed that the string 010s�111t�2 is followedby 110s�101t�2 when t � 2. Hene the reursive onstrution �st involvestransitions of the form 110a0 $ 010a1, when a substring like 11000 is hangedto 01001 or vie versa; the two 1s ross eah other.A Gray path for ombinations is said to be homogeneous if it hanges onlyone of the indies j at eah step. A homogeneous sheme is haraterizedin bitstring form by having only transitions of the forms 10a $ 0a1 withinstrings, for a � 1, when we pass from one stringto the next. With a homogeneous sheme we an,for example, play all t-note hords on an n-notekeyboard by moving only one �nger at a time.A slight modi�ation of (25) yields a genlexsheme for (s; t)-ombinations that is pleasantlyhomogeneous. The basi idea is to onstrut asequene that begins with 0s1t and ends with 1t0s, and the following reursionsuggests itself almost immediately: Let Ks0 = 0s, K0t = 1t, Ks(�1) = ;, andKst = 0K(s�1)t; 10KR(s�1)(t�1); 11Ks(t�2) for st > 0: (31)At the ommas of this sequene we have 01t0s�1 followed by 101t�10s�1, and10s1t�1 followed by 110s1t�2; both of these transitions are homogeneous, al-though the seond one requires the 1 to jump aross s 0s. The ombinations K33for s = t = 3 are 000111 010101 101100 100011001011 010011 101001 110001001101 011001 101010 110010001110 011010 100110 110100010110 011100 100101 111000 (32)
in bitstring form, and the orresponding \�nger patterns" are210 420 532 510310 410 530 540320 430 531 541321 431 521 542421 432 520 543. (33)
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7.2.1.3 GENERATING ALL COMBINATIONS 11When a homogeneous sheme for ordinary ombinations t : : : 1 is onvertedto the orresponding sheme (6) for ombinations with repetitions dt : : : d1, itretains the property that only one of the indies dj hanges at eah step. Andwhen it is onverted to the orresponding shemes (9) or (11) for ompositionspt : : : p0 or qt : : : q0, only two (adjaent) parts hange when j hanges.Near-perfet shemes. But we an do even better! All (s; t)-ombinationsan be generated by a sequene of strongly homogeneous transitions that areeither 01$ 10 or 001$ 100. In other words, we an insist that eah step ausesa single index j to hange by at most 2. Let's all suh generation shemesnear-perfet.Imposing suh strong onditions atually makes it fairly easy to disovernear-perfet shemes, beause omparatively few hoies are available. Indeed,if we restrit ourselves to genlex methods that are near-perfet on n-bit strings,T. A. Jenkyns and D. MCarthy observed that all suh methods an be easilyharaterized [Ars Combinatoria 40 (1995), 153{159℄:Theorem N. If st > 0, there are exatly 2s near-perfet ways to list all (s; t)-ombinations in a genlex order. In fat, when 1 � a � s, there is exatly onesuh listing, Nsta, that begins with 1t0s and ends with 0a1t0s�a; the other spossibilities are the reverse lists, NRsta.Proof. The result ertainly holds when s = t = 1; otherwise we use indution ons+t. The listing Nsta, if it exists, must have the form 1Xs(t�1), 0Y(s�1)t for somenear-perfet genlex listings Xs(t�1) and Y(s�1)t. If t = 1, Xs(t�1) is the singlestring 0s; hene Y(s�1)t must be N(s�1)1(a�1) if a > 1, and it must be NR(s�1)11if a = 1. On the other hand if t > 1, the near-perfet ondition implies that thelast string of Xs(t�1) annot begin with 1; hene Xs(t�1) = Ns(t�1)b for some b.If a > 1, Y(s�1)t must be N(s�1)t(a�1), hene b must be 1; similarly, b must be 1if s = 1. Otherwise we have a = 1 < s, and this fores Y(s�1)t = NR(s�1)t forsome . The transition from 10b1t�10s�b to 0+11t0s�1� is near-perfet only if = 1 and b = 2.The proof of Theorem N yields the following reursive formulas when st > 0:
Nsta = 8><>: 1Ns(t�1)1; 0N(s�1)t(a�1); if 1 < a � s;1Ns(t�1)2; 0NR(s�1)t1; if 1 = a < s;1N1(t�1)1; 01t; if 1 = a = s. (34)

Also, of ourse, Ns0a = 0s.Let us set Ast = Nst1 and Bst = Nst2. These near-perfet listings, disoveredby Phillip J. Chase in 1976, have the net e�et of shifting a leftmost blok of 1sto the right by one or two positions, respetively, and they satisfy the followingmutual reursions:Ast = 1Bs(t�1); 0AR(s�1)t; Bst = 1As(t�1); 0A(s�1)t: (35)\To take one step forward, take two steps forward, then one step bakward; totake two steps forward, take one step forward, then another." These equations
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12 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Table 2CHASE'S SEQUENCES FOR (3; 3)-COMBINATIONSA33 = bCR33543 531 321 420541 530 320 421540 510 310 431542 520 210 430532 521 410 432
B33 = C33543 520 432 410542 510 430 210540 530 431 310541 531 421 320521 532 420 321hold for all integer values of s and t, if we de�ne Ast and Bst to be ; when s ort is negative, exept that A00 = B00 = � (the empty string). Thus Ast atuallytakes min(s; 1) forward steps, and Bst atually takes min(s; 2). For example,Table 2 shows the relevant listings for s = t = 3, using an equivalent index-listform 321 instead of the bit strings a5a4a3a2a1a0.Chase notied that a omputer implementation of these sequenes beomessimpler if we de�neCst = �Ast; if s+ t is odd;Bst; if s+ t is even; bCst = �ARst; if s+ t is even;BRst; if s+ t is odd. (36)[See Congressus Numerantium 69 (1989), 215{242.℄ Then we haveCst = ( 1Cs(t�1); 0 bC(s�1)t; if s+ t is odd;1Cs(t�1); 0C(s�1)t; if s+ t is even; (37)

bCst = ( 0C(s�1)t; 1 bCs(t�1); if s+ t is even;0 bC(s�1)t; 1 bCs(t�1); if s+ t is odd. (38)When bit aj is ready to hange, we an tell where we are in the reursion bytesting whether j is even or odd.Indeed, the sequene Cst an be generated by a surprisingly simple algo-rithm, based on general ideas that apply to any genlex sheme. Let us say thatbit aj is ative in a genlex algorithm if it is supposed to hange before anything toits left is altered. (The node for an ative bit in the orresponding trie is not therightmost hild of its parent.) Suppose we have an auxiliary table wn : : : w1w0,where wj = 1 if and only if either aj is ative or j < r, where r is the leastsubsript suh that ar 6= a0; we also let wn = 1. Then the following method will�nd the suessor of an�1 : : : a1a0:Set j  r. If wj = 0, set wj  1, j  j + 1, and repeat untilwj = 1. Terminate if j = n; otherwise set wj  0. Change ajto 1� aj , and make any other hanges to aj�1 : : : a0 and r thatapply to the partiular genlex sheme being used. (39)
The beauty of this approah omes from the fat that the loop is guaranteed tobe eÆient: We an prove that the operation j  j + 1 will be performed lessthan one per generation step, on the average (see exerise 36).
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7.2.1.3 GENERATING ALL COMBINATIONS 13By analyzing the transitions that our when bits hange in (37) and (38),we an readily esh out the remaining details:Algorithm C (Chase's sequene). This algorithm visits all (s; t)-ombinationsan�1 : : : a1a0, where n = s+ t, in the near-perfet order of Chase's sequene Cst.C1. [Initialize.℄ Set aj  0 for 0 � j < s, aj  1 for s � j < n, and wj  1for 0 � j � n. If s > 0, set r  s; otherwise set r  t.C2. [Visit.℄ Visit the ombination an�1 : : : a1a0.C3. [Find j and branh.℄ Set j  r. If wj = 0, set wj  1, j  j + 1, andrepeat until wj = 1. Terminate if j = n; otherwise set wj  0 and make afour-way branh: Go to C4 if j is odd and aj 6= 0, to C5 if j is even andaj 6= 0, to C6 if j is even and aj = 0, to C7 if j is odd and aj = 0.C4. [Move right one.℄ Set aj�1  1, aj  0. If r = j > 1, set r  j � 1;otherwise if r = j � 1 set r  j. Return to C2.C5. [Move right two.℄ If aj�2 6= 0, go to C4. Otherwise set aj�2  1, aj  0.If r = j, set r  max(j� 2; 1); otherwise if r = j� 2, set r  j� 1. Returnto C2.C6. [Move left one.℄ Set aj  1, aj�1  0. If r = j > 1, set r  j�1; otherwiseif r = j � 1 set r  j. Return to C2.C7. [Move left two.℄ If aj�1 6= 0, go to C6. Otherwise set aj  1, aj�2  0. Ifr = j� 2, set r  j; otherwise if r = j� 1, set r  j� 2. Return to C2.*Analysis of Chase's sequene. The magial properties of Algorithm C ryout for further exploration, and a loser look turns out to be quite instrutive.Given a bit string an�1 : : : a1a0, let us de�ne an = 1, un = nmod 2, anduj = (1� uj+1)aj+1; vj = (uj + j) mod 2; wj = (vj + aj) mod 2; (40)for n > j � 0. For example, we might have n = 26 anda25 : : : a1a0 = 11001001000011111101101010;u25 : : : u1u0 = 10100100100001010100100101;v25 : : : v1v0 = 00001110001011111110001111;w25 : : : w1w0 = 11000111001000000011100101: (41)
With these de�nitions we an prove by indution that vj = 0 if and only if bitaj is being \ontrolled" by C rather than by bC in the reursions (37){(38) thatgenerate an�1 : : : a1a0, exept when aj is part of the �nal run of 0s or 1s at theright end. Therefore wj agrees with the value omputed by Algorithm C at themoment when an�1 : : : a1a0 is visited, for r � j < n. These formulas an be usedto determine exatly where a given ombination appears in Chase's sequene (seeexerise 39).If we want to work with the index-list form t : : : 21 instead of the bitstrings an�1 : : : a1a0, it is onvenient to hange the notation slightly, writing
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14 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Ct(n) for Cst and bCt(n) for bCst when s + t = n. Then C0(n) = bC0(n) = �, andthe reursions for t � 0 take the formCt+1(n+ 1) = (nCt(n); bCt+1(n); if n is even;nCt(n); Ct+1(n); if n is odd; (42)
bCt+1(n+ 1) = (Ct+1(n); n bCt(n); if n is odd;bCt+1(n); n bCt(n); if n is even. (43)These new equations an be expanded to tell us, for example, thatCt+1(9) = 8Ct(8); 6Ct(6); 4Ct(4); : : : ; 3 bCt(3); 5 bCt(5); 7 bCt(7);Ct+1(8) = 7Ct(7); 6Ct(6); 4Ct(4); : : : ; 3 bCt(3); 5 bCt(5);bCt+1(9) = 6Ct(6); 4Ct(4); : : : ; 3 bCt(3); 5 bCt(5); 7 bCt(7); 8 bCt(8);bCt+1(8) = 6Ct(6); 4Ct(4); : : : ; 3 bCt(3); 5 bCt(5); 7 bCt(7); (44)

notie that the same pattern predominates in all four sequenes. The meaning of\: : :" in the middle depends on the value of t: We simply omit all terms nCt(n)and n bCt(n) where n < t.Exept for edge e�ets at the very beginning or end, all of the expansionsin (44) are based on the in�nite progression: : : ; 10; 8; 6; 4; 2; 0; 1; 3; 5; 7; 9; : : : ; (45)whih is a natural way to arrange the nonnegative integers into a doubly in�nitesequene. If we omit all terms of (45) that are < t, given any integer t � 0,the remaining terms retain the property that adjaent elements di�er by either1 or 2. Rihard Stanley has suggested the name endo-order for this sequene,beause we an remember it by thinking \even numbers dereasing, odd : : : ".(Notie that if we retain only the terms less than N and omplement with respetto N , endo-order beomes organ-pipe order; see exerise 6.1{18.)We ould program the reursions of (42) and (43) diretly, but it is interest-ing to unwind them using (44), thus obtaining an iterative algorithm analogousto Algorithm C. The result needs only O(t) memory loations, and it is espeiallyeÆient when t is relatively small ompared to n. Exerise 45 ontains the details.*Near-perfet multiset permutations. Chase's sequenes lead in a naturalway to an algorithm that will generate permutations of any desired multisetfs0 � 0; s1 � 1; : : : ; sd � dg in a near-perfet manner, meaning thati) every transition is either aj+1aj $ ajaj+1 or aj+1ajaj�1 $ aj�1ajaj+1;ii) transitions of the seond kind have aj = min(aj�1; aj+1).Algorithm C tells us how to do this when d = 1, and we an extend it to largervalues of d by the following reursive onstrution [CACM 13 (1970), 368{369,376℄: Suppose �0; �1; : : : ; �N�1
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7.2.1.3 GENERATING ALL COMBINATIONS 15is any near-perfet listing of the permutations of fs1 � 1; : : : ; sd � dg. Then Algo-rithm C, with s = s0 and t = s1 + � � �+ sd, tells us how to generate a listing�j = �j0s; : : : ; 0a�j0s�a (46)in whih all transitions are 0x$ x0 or 00x$ x00; the �nal entry has a = 1 or 2leading zeros, depending on s and t. Therefore all transitions of the sequene�0; �R1 ; �2; : : : ; (�N�1 or �RN�1) (47)are near-perfet; and this list learly ontains all the permutations.For example, the permutations of f0; 0; 0; 1; 1; 2g generated in this way are211000, 210100, 210001, 210010, 200110, 200101, 200011, 201001, 201010, 201100,021100, 021001, 021010, 020110, 020101, 020011, 000211, 002011, 002101, 002110,001120, 001102, 001012, 000112, 010012, 010102, 010120, 011020, 011002, 011200,101200, 101020, 101002, 100012, 100102, 100120, 110020, 110002, 110200, 112000,121000, 120100, 120001, 120010, 100210, 100201, 100021, 102001, 102010, 102100,012100, 012001, 012010, 010210, 010201, 010021, 000121, 001021, 001201, 001210.*Perfet shemes. Why should we settle for a near-perfet generator like Cst,instead of insisting that all transitions have the simplest possible form 01$ 10?One reason is that perfet shemes don't always exist. For example, weobserved in 7.2.1.2{(2) that there is no way to generate all six permutations off1; 1; 2; 2g with adjaent interhanges; thus there is no perfet sheme for (2; 2)-ombinations. In fat, our hanes of ahieving perfetion are only about 1 in 4:Theorem P. The generation of all (s; t)-ombinations as+t�1 : : : a1a0 by adja-ent interhanges 01$ 10 is possible if and only if s � 1 or t � 1 or st is odd.Proof. Consider all permutations of the multiset fs � 0; t � 1g. We learned inexerise 5.1.2{16 that the number mk of suh permutations having k inversionsis the oeÆient of zk in the z-nomial oeÆient�s+ tt �z = s+tYk=s+1(1 + z + � � �+ zk�1). tYk=1(1 + z + � � �+ zk�1): (48)Every adjaent interhange hanges the number of inversions by �1, so a perfetgeneration sheme is possible only if approximately half of all the permutationshave an odd number of inversions. More preisely, the value of �s+tt ��1 =m0 �m1 +m2 � � � � must be 0 or �1. But exerise 49 shows that�s+ tt ��1 = �b(s+ t)=2bt=2 �[st is even℄; (49)and this quantity exeeds 1 unless s � 1 or t � 1 or st is odd.Conversely, perfet shemes are easy with s � 1 or t � 1, and they turnout to be possible also whenever st is odd. The �rst nontrivial ase oursfor s = t = 3, when there are four essentially di�erent solutions; the mostsymmetrial of these is210���310���410���510���520���521���531���532���432���431���421���321���320���420���430���530���540���541���542���543 (50)
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16 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3(see exerise 51). Several authors have onstruted Hamiltonian paths in therelevant graph for arbitrary odd numbers s and t; for example, the methodof Eades, Hikey, and Read [JACM 31 (1984), 19{29℄ makes an interestingexerise in programming with reursive oroutines. Unfortunately, however, noneof the known onstrutions are suÆiently simple to desribe in a short spae,or to implement with reasonable eÆieny. Perfet ombination generators havetherefore not yet proved to be of pratial importane.In summary, then, we have seen that the study of (s; t)-ombinations leadsto many fasinating patterns, some of whih are of great pratial importaneand some of whih are merely elegant and/or beautiful. Figure 26 illustrates theprinipal options that are available in the ase s = t = 5, when �105 � = 252 ombi-nations arise. Lexiographi order (Algorithm L), the revolving-door Gray ode(Algorithm R), the homogeneous sheme K55 of (31), and Chase's near-perfetsheme (Algorithm C) are shown in parts (a), (b), (), and (d) of the illustration.Part (e) shows the near-perfet sheme that is as lose to perfetion as possiblewhile still being in genlex order of the  array (see exerise 34), while part (f) isthe perfet sheme of Eades, Hikey, and Read. Finally, Figs. 26(g) and 26(h)are listings that proeed by rotating ajaj�1 : : : a0  aj�1 : : : a0aj or by swappingaj $ a0, akin to Algorithms 7.2.1.2C and 7.2.1.2E (see exerises 55 and 56).*Combinations of a multiset. If multisets an have permutations, they anhave ombinations too. For example, onsider the multiset fb; b; b; b; g; g; g; r; r; r;w; wg, representing a sak that ontains four blue balls and three that are green,three red, two white. There are 37 ways to hoose �ve balls from this sak; inlexiographi order (but desending in eah ombination) they aregbbbb; ggbbb; gggbb; rbbbb; rgbbb; rggbb; rgggb; rrbbb; rrgbb; rrggb;rrggg; rrrbb; rrrgb; rrrgg; wbbbb; wgbbb; wggbb; wgggb; wrbbb; wrgbb;wrggb; wrggg; wrrbb; wrrgb; wrrgg; wrrrb; wrrrg; wwbbb; wwgbb; wwggb;wwggg; wwrbb; wwrgb; wwrgg; wwrrb; wwrrg; wwrrr: (51)This fat might seem frivolous and/or esoteri, yet we will see in Theorem Wbelow that the lexiographi generation of multiset ombinations yields optimalsolutions to signi�ant ombinatorial problems.James Bernoulli observed in his Ars Conjetandi (1713), 119{123, that wean enumerate suh ombinations by looking at the oeÆient of z5 in theprodut (1+z+z2)(1+z+z2+z3)2(1+z+z2+z3+z4). Indeed, his observationis easy to understand, beause we get all possible seletions from the sak if wemultiply out the polynomials(1 + w + ww)(1 + r + rr + rrr)(1 + g + gg + ggg)(1 + b+ bb+ bbb+ bbbb):Multiset ombinations are also equivalent to bounded ompositions, namelyto ompositions in whih the individual parts are bounded. For example, the 37multiombinations listed in (51) orrespond to 37 solutions of5 = r3 + r2 + r1 + r0; 0 � r3 � 2; 0 � r2; r1 � 3; 0 � r0 � 4;namely 5 = 0+0+1+4 = 0+0+2+3 = 0+0+3+2 = 0+1+0+4 = � � � = 2+3+0+0.
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7.2.1.3 GENERATING ALL COMBINATIONS 17

Fig. 26. Examplesof (5; 5)-ombinations:a) lexiographi;b) revolving-door;) homogeneous;d) near-perfet;e) nearer-perfet;f) perfet;g) suÆx-rotated;h) right-swapped. (a) (b) () (d) (e) (f) (g) (h)

17



18 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Bounded ompositions, in turn, are speial ases of ontingeny tables, whihare of great importane in statistis. And all of these ombinatorial on�gura-tions an be generated with Gray-like odes as well as in lexiographi order.Exerises 60{63 explore some of the basi ideas involved.*Shadows. Sets of ombinations appear frequently in mathematis. For example,a set of 2-ombinations (namely a set of pairs) is essentially a graph, and a set oft-ombinations for general t is alled a uniform hypergraph. If the verties of aonvex polyhedron are perturbed slightly, so that no three are ollinear, no fourlie in a plane, and in general no t + 1 lie in a (t � 1)-dimensional hyperplane,the resulting (t� 1)-dimensional faes are \simplexes" whose verties have greatsigni�ane in omputer appliations. Researhers have learned that suh setsof ombinations have important properties related to lexiographi generation.If � is any t-ombination t : : : 21, its shadow �� is the set of all its(t � 1)-element subsets t�1 : : : 21, : : : , t : : : 31, t : : : 32. For example,�5310 = f310; 510; 530; 531g. We an also represent a t-ombination as a bitstring an�1 : : : a1a0, in whih ase �� is the set of all strings obtained by hang-ing a 1 to a 0: �101011 = f001011; 100011; 101001; 101010g. If A is any set oft-ombinations, we de�ne its shadow�A = Sf �� j � 2 A g (52)to be the set of all (t � 1)-ombinations in the shadows of its members. Forexample, ��5310 = f10; 30; 31; 50; 51; 53g.These de�nitions apply also to ombinations with repetitions, namely tomultiombinations: �5330 = f330; 530; 533g and ��5330 = f30; 33; 50; 53g. Ingeneral, when A is a set of t-element multisets, �A is a set of (t � 1)-elementmultisets. Notie, however, that �A never has repeated elements itself.The upper shadow �� with respet to a universe U is de�ned similarly, butit goes from t-ombinations to (t+ 1)-ombinations:�� = f� � U j � 2 �� g; for � 2 U ; (53)�A = Sf �� j � 2 A g; for A � U: (54)If, for example, U = f0; 1; 2; 3; 4; 5; 6g, we have �5310 = f53210; 54310; 65310g;on the other hand, if U = f1�0;1�1; : : : ;1�6g, we have �5310 = f53100; 53110;53210; 53310; 54310; 55310; 65310g.The following fundamental theorems, whih have many appliations in var-ious branhes of mathematis and omputer siene, tell us how small a set'sshadows an be:Theorem K. If A is a set of N t-ombinations ontained in U = f0; 1; : : : ; n�1g,then j�Aj � j�PNtj and j �Aj � j �QNntj; (55)where PNt denotes the �rst N ombinations generated by Algorithm L, namelythe N lexiographially smallest ombinations t : : : 21 that satisfy (3), andQNnt denotes the N lexiographially largest.
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7.2.1.3 GENERATING ALL COMBINATIONS 19Theorem M. If A is a set of N t-multiombinations ontained in the multisetU = f1 � 0;1 � 1; : : : ;1 � sg, thenj�Aj � j� bPNtj and j �Aj � j �bQNstj; (56)where bPNt denotes theN lexiographially smallest multiombinations dt : : : d2d1that satisfy (6), and bQNst denotes the N lexiographially largest.Both of these theorems are onsequenes of a stronger result that we shallprove later. Theorem K is generally alled the Kruskal{Katona theorem, beauseit was disovered by J. B. Kruskal [Math. Optimization Tehniques, edited byR. Bellman (1963), 251{278℄ and redisovered by G. Katona [Theory of Graphs,Tihany 1966, edited by Erd}os and Katona (Aademi Press, 1968), 187{207℄;M. P. Sh�utzenberger had previously stated it in a less-well-known publiation,with inomplete proof [RLE Quarterly Progress Report 55 (1959), 117{118℄.Theorem M goes bak to F. S. Maaulay, many years earlier [Pro. LondonMath. So. (2) 26 (1927), 531{555℄.Before proving (55) and (56), let's take a loser look at what those formulasmean. We know from Theorem L that the �rst N of all t-ombinations visitedby Algorithm L are those that preede nt : : : n2n1, whereN = �ntt �+ � � �+ �n22 �+ �n11 �; nt > � � � > n2 > n1 � 0is the degree-t ombinatorial representation of N . Sometimes this representationhas fewer than t nonzero terms, beause nj an be equal to j � 1; let's suppressthe zeros, and writeN = �ntt �+ �nt�1t� 1�+ � � �+ �nvv �; nt > nt�1 > � � � > nv � v � 1: (57)Now the �rst �ntt � ombinations t : : : 1 are the t-ombinations of f0; : : : ; nt�1g;the next �nt�1t�1 � are those in whih t = nt and t�1 : : : 1 is a (t�1)-ombinationof f0; : : : ; nt�1�1g; and so on. For example, if t = 5 and N = �95�+�74�+�43�, the�rst N ombinations arePN5 = f43210; : : : ; 87654g [ f93210; : : : ; 96543g [ f97210; : : : ; 97321g: (58)The shadow of this set PN5 is, fortunately, easy to understand: It is�PN5 = f3210; : : : ; 8765g [ f9210; : : : ; 9654g [ f9710; : : : ; 9732g; (59)namely the �rst �94�+ �73�+ �42� ombinations in lexiographi order when t = 4.In other words, if we de�ne Kruskal's funtion �t by the formula�tN = � ntt� 1�+ �nt�1t� 2�+ � � �+ � nvv � 1� (60)when N has the unique representation (57), we have�PNt = P(�tN)(t�1) : (61)
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20 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3Theorem K tells us, for example, that a graph with a million edges anontain at most �14143 �+ �10092 � = 470;700;300triangles, that is, at most 470,700,300 sets of verties fu; v; wg with u��� v���w���u. The reason is that 1000000 = �14142 �+�10091 � by exerise 17, and the edgesP(1000000)2 do support �14143 �+�10092 � triangles; but if there were more, the graphwould neessarily have at least �3470700301 = �14142 � + �10091 � + �10� = 1000001edges in their shadow.Kruskal de�ned the ompanion funtion�tN = � ntt+ 1�+ �nt�1t �+ � � �+ � nvv + 1� (62)to deal with questions suh as this. The � and � funtions are related by aninteresting law proved in exerise 72:M +N = �s+ tt � implies �sM + �tN = �s+ tt+ 1�; if st > 0. (63)Turning to Theorem M, the sizes of � bPNt and �bQNst turn out to bej� bPNtj = �tN and j �bQNstj = N + �sN (64)(see exerise 81), where the funtion �t satis�es�tN = �nt � 1t� 1 �+ �nt�1 � 1t� 2 �+ � � �+ �nv � 1v � 1 � (65)when N has the ombinatorial representation (57).Table 3 shows how these funtions �tN , �tN , and �tN behave for smallvalues of t and N . When t and N are large, they an be well approximatedin terms of a remarkable funtion �(x) introdued by Teiji Takagi in 1903; seeFig. 27 and exerises 82{85.Theorems K and M are orollaries of a muh more general theorem of disretegeometry, disovered by Da-Lun Wang and Ping Wang [SIAM J. Applied Math.33 (1977), 55{59℄, whih we shall now proeed to investigate. Consider thedisrete n-dimensional torus T (m1; : : : ;mn) whose elements are integer vetorsx = (x1; : : : ; xn) with 0 � x1 < m1, : : : , 0 � xn < mn. We de�ne the sum anddi�erene of two suh vetors x and y as in Eqs. 4.3.2{(2) and 4.3.2{(3):x+ y = �(x1 + y1) modm1; : : : ; (xn + yn) modmn�; (66)x� y = �(x1 � y1) modm1; : : : ; (xn � yn) modmn�: (67)We also de�ne the so-alled ross order on suh vetors by saying that x � y ifand only if �x < �y or (�x = �y and x � y lexiographially); (68)here, as usual, �(x1; : : : ; xn) = x1 + � � �+ xn. For example, when m1 = m2 = 2and m3 = 3, the 12 vetors x1x2x3 in ross order are000; 100; 010; 001; 110; 101; 011; 002; 111; 102; 012; 112; (69)
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7.2.1.3 GENERATING ALL COMBINATIONS 21Table 3EXAMPLES OF THE KRUSKAL{MACAULAY FUNCTIONS �, �, AND �N = 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20�1N = 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1�2N = 0 2 3 3 4 4 4 5 5 5 5 6 6 6 6 6 7 7 7 7 7�3N = 0 3 5 6 6 8 9 9 10 10 10 12 13 13 14 14 14 15 15 15 15�4N = 0 4 7 9 10 10 13 15 16 16 18 19 19 20 20 20 23 25 26 26 28�5N = 0 5 9 12 14 15 15 19 22 24 25 25 28 30 31 31 33 34 34 35 35�1N = 0 0 1 3 6 10 15 21 28 36 45 55 66 78 91 105120136153171190�2N = 0 0 0 1 1 2 4 4 5 7 10 10 11 13 16 20 20 21 23 26 30�3N = 0 0 0 0 1 1 1 2 2 3 5 5 5 6 6 7 9 9 10 12 15�4N = 0 0 0 0 0 1 1 1 1 2 2 2 3 3 4 6 6 6 6 7 7�5N = 0 0 0 0 0 0 1 1 1 1 1 2 2 2 2 3 3 3 4 4 5�1N = 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1�2N = 0 1 2 2 3 3 3 4 4 4 4 5 5 5 5 5 6 6 6 6 6�3N = 0 1 2 3 3 4 5 5 6 6 6 7 8 8 9 9 9 10 10 10 10�4N = 0 1 2 3 4 4 5 6 7 7 8 9 9 10 10 10 11 12 13 13 14�5N = 0 1 2 3 4 5 5 6 7 8 9 9 10 11 12 12 13 14 14 15 15
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3/4 1Fig. 27. Approximating a Kruskal funtion with the Takagi funtion. (Thesmooth urve in the left-hand graph is the lower bound �5N�N of exerise 80.)omitting parentheses and ommas for onveniene. The omplement of a vetorin T (m1; : : : ;mn) is x = (m1 � 1� x1; : : : ;mn � 1� xn): (70)Notie that x � y holds if and only if x � y. Therefore we haverank(x) + rank(x) = T � 1; where T = m1 : : :mn, (71)if rank(x) denotes the number of vetors that preede x in ross order.We will �nd it onvenient to all the vetors \points" and to name the pointse0, e1, : : : , eT�1 in inreasing ross order. Thus we have e7 = 002 in (69), ander = eT�1�r in general. Notie thate1 = 100 : : : 00; e2 = 010 : : : 00; : : : ; en = 000 : : : 01; (72)
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22 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3these are the so-alled unit vetors. The setSN = fe0; e1; : : : ; eN�1g (73)onsisting of the smallest N points is alled a standard set, and in the speialase N = n+ 1 we writeE = fe0; e1; : : : ; eng = f000 : : : 00; 100 : : : 00; 010 : : : 00; : : : ; 000 : : : 01g: (74)Any set of points X has a spread X+, a ore XÆ, and a dual X�, de�nedby the rulesX+ = fx 2 ST j x 2 X or x� e1 2 X or � � � or x� en 2 X g; (75)XÆ = fx 2 ST j x 2 X and x+ e1 2 X and � � � and x+ en 2 X g; (76)X� = fx 2 ST j x =2 X g: (77)We an also de�ne the spread of X algebraially, writingX+ = X + E; (78)where X + Y denotes fx+ y j x 2 X and y 2 Y g. ClearlyX+ � Y if and only if X � Y Æ: (79)These notions an be illustrated in the two-dimensional ase m1 = 4, m2 = 6, bythe more-or-less random toroidal arrangement X = f00; 12; 13; 14; 15; 21; 22; 25gfor whih we have, pitorially,
� �� ���
� �

� ����
� �Æ+ ++ ++++ +

� �� � �� � �� �� � �� � �
� ���
� �� �

ÆÆ ÆÆ ÆÆÆÆ
+ +++++ + ; (80)

X XÆ and X+ X� X�Æ and X�+here X in the �rst two diagrams onsists of points marked � or Æ, XÆ omprisesjust the Æs, and X+ onsists of +s plus �s plus Æs. Notie that if we rotate thediagram for X�Æ and X�+ by 180Æ, we obtain the diagram for XÆ and X+, butwith (�; Æ; +; ) respetively hanged to (+; ; �; Æ); and in fat the identitiesXÆ = X�+�; X+ = X�Æ� (81)hold in general (see exerise 86).Now we are ready to state the theorem of Wang and Wang:TheoremW. LetX be any set of N points in the disrete torus T (m1; : : : ;mn),where m1 � � � � � mn. Then jX+j � jS+N j and jXÆj � jSÆN j.In other words, the standard sets SN have the smallest spread and largest ore,among all N -point sets. We will prove this result by following a general approah�rst used by F. W. J. Whipple to prove Theorem M [Pro. London Math. So.(2) 28 (1928), 431{437℄. The �rst step is to prove that the spread and the oreof standard sets are standard:
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7.2.1.3 GENERATING ALL COMBINATIONS 23Lemma S. There are funtions � and � suh that S+N = S�N and SÆN = S�N .Proof. We may assume that N > 0. Let r be maximum with er 2 S+N , and let�N = r + 1; we must prove that eq 2 S+N for 0 � q < r. Suppose eq = x =(x1; : : : ; xn) and er = y = (y1; : : : ; yn), and let k be the largest subsript withxk > 0. Sine y 2 S+N , there is a subsript j suh that y� ej 2 SN . It suÆes toprove that x� ek � y � ej , and exerise 88 does this.The seond part follows from (81), with �N = T � �(T � N), beauseS�N = ST�N .Theorem W is obviously true when n = 1, so we assume by indution thatit has been proved in n� 1 dimensions. The next step is to ompress the givenset X in the kth oordinate position, by partitioning it into disjoint setsXk(a) = fx 2 X j xk = a g (82)for 0 � a < mk and replaing eah Xk(a) byX 0k(a) = f (s1; : : : ; sk�1; a; sk; : : : ; sn�1) j (s1; : : : ; sn�1) 2 SjXk(a)j g; (83)a set with the same number of elements. The sets S used in (83) are standard inthe (n � 1)-dimensional torus T (m1; : : : ;mk�1;mk+1; : : : ;mn). Notie that wehave (x1; : : : ; xk�1; a; xk+1; : : : ; xn) � (y1; : : : ; yk�1; a; yk+1; : : : ; yn) if and onlyif (x1; : : : ; xk�1; xk+1; : : : ; xn) � (y1; : : : ; yk�1; yk+1; : : : ; yn); therefore X 0k(a) =Xk(a) if and only if the (n� 1)-dimensional points (x1; : : : ; xk�1; xk+1; : : : ; xn)with (x1; : : : ; xk�1; a; xk+1; : : : ; xn) 2 X are as small as possible when projetedonto the (n� 1)-dimensional torus. We letCkX = X 0k(0) [X 0k(1) [ � � � [X 0k(mk � 1) (84)be the ompression of X in position k. Exerise 90 proves the basi fat thatompression does not inrease the size of the spread:jX+j � j(CkX)+j; for 1 � k � n: (85)Furthermore, if ompression hanges X, it replaes some of the elements by otherelements of lower rank. Therefore we need to prove Theorem W only for sets Xthat are totally ompressed, having X = CkX for all k.Consider, for example, the ase n = 2. A totally ompressed set in twodimensions has all points moved to the left of their rows and the bottom of theirolumns, as in the eleven-point sets
� � � �� � ����� ++ ++++ or � � � �� � �� ��� +++++ or � � � �� � �� �� � ++++ + or � � � �� � �� � �� +++ ++ or � � � �� � � �� �� + +++ ;

the rightmost of these is standard, and has the smallest spread. Exerise 91ompletes the proof of Theorem W in two dimensions.
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24 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3When n > 2, suppose x = (x1; : : : ; xn) 2 X and xj > 0. The onditionCkX = X implies that, if 0 � i < j and i 6= k 6= j, we have x + ei � ej 2 X.Applying this fat for three values of k tells us that x + ei � ej 2 X whenever0 � i < j. ConsequentlyXn(a) + En(0) � Xn(a� 1) + en for 0 < a < m; (86)where m = mn and En(0) is a lever abbreviation for the set fe0; : : : ; en�1g.Let Xn(a) have Na elements, so that N = jXj = N0+N1+ � � �+Nm�1, andlet Y = X+. ThenYn(a) = �Xn�(a� 1) modm�+ en� [ �Xn(a) + En(0)�is standard in n� 1 dimensions, and (86) tells us thatNm�1 � �Nm�2 � Nm�2 � � � � � N1 � �N0 � N0 � �N0;where � and � refer to oordinates 1 through n� 1. ThereforejY j = jYn(0)j+ jYn(1)j+ jYn(2)j+ � � �+ jYn(m� 1)j= �N0 +N0 +N1 + � � �+Nm�2 = �N0 +N �Nm�1:The proof of Theorem W now has a beautiful onlusion. Let Z = SN , andsuppose jZn(a)j =Ma. We want to prove that jX+j � jZ+j, namely that�N0 +N �Nm�1 � �M0 +N �Mm�1; (87)beause the arguments of the previous paragraph apply to Z as well as to X.We will prove (87) by showing that Nm�1 �Mm�1 and N0 �M0.Using the (n� 1)-dimensional � and � funtions, let us de�neN 0m�1 = Nm�1; N 0m�2 = �N 0m�1; : : : ; N 01 = �N 02; N 00 = �N 01; (88)N 000 = N0; N 001 = �N 000 ; N 002 = �N 001 ; : : : ; N 00m�1 = �N 00m�2: (89)Then we have N 0a � Na � N 00a for 0 � a < m, and it follows thatN 0 = N 00 +N 01 + � � �+N 0m�1 � N � N 00 = N 000 +N 001 + � � �+N 00m�1: (90)Exerise 92 proves that the standard set Z 0 = SN 0 has exatly N 0a elements withnth oordinate equal to a, for eah a; and by the duality between � and �, thestandard set Z 00 = SN 00 likewise has exatly N 00a elements with nth oordinate a.Finally, therefore,Mm�1 = jZn(m� 1)j � jZ 0n(m� 1)j = Nm�1;M0 = jZn(0)j � jZ 00n(0)j = N0;beause Z 0 � Z � Z 00 by (90). By (81) we also have jXÆj � jZÆj.Now we are ready to prove Theorems K and M, whih are in fat speialases of a substantially more general theorem of Clements and Lindstr�om thatapplies to arbitrary multisets [J. Combinatorial Theory 7 (1969), 230{238℄:
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7.2.1.3 GENERATING ALL COMBINATIONS 25Corollary C. If A is a set of N t-multiombinations ontained in the multisetU = fs0 � 0; s1 � 1; : : : ; sd � dg, where s0 � s1 � � � � � sd, thenj�Aj � j�PNtj and j �Aj � j �QNtj; (91)where PNt denotes theN lexiographially smallest multiombinations dt : : : d2d1of U , and QNt denotes the N lexiographially largest.Proof. Multiombinations of U an be represented as points x1 : : : xn of the torusT (m1; : : : ;mn), where n = d + 1 and mj = sn�j + 1; we let xj be the numberof ourrenes of n� j. This orrespondene preserves lexiographi order. Forexample, if U = f0; 0; 0; 1; 1; 2; 3g, its 3-multiombinations are000; 100; 110; 200; 210; 211; 300; 310; 311; 320; 321; (92)in lexiographi order, and the orresponding points x1x2x3x4 are0003; 0012; 0021; 0102; 0111; 0120; 1002; 1011; 1020; 1101; 1110: (93)Let Tw be the points of the torus that have weight x1+ � � �+ xn = w. Thenevery allowable set A of t-multiombinations is a subset of Tt. Furthermore|and this is the main point| the spread of T0 [ T1 [ � � � [ Tt�1 [A is(T0 [ T1 [ � � � [ Tt�1 [A)+ = T+0 [ T+1 [ � � � [ T+t�1 [A+= T0 [ T1 [ � � � [ Tt [ �A: (94)Thus the upper shadow �A is simply (T0 [ T1 [ � � � [ Tt�1 [ A)+ \ Tt+1, andTheorem W tells us in essene that jAj = N implies j �Aj � j �(SM+N \ Tt)j,where M = jT0 [ � � � [ Tt�1j. Hene, by the de�nition of ross order, SM+N \ Ttonsists of the lexiographially largest N t-multiombinations, namely QNt.The proof that j�Aj � j�PNtj now follows by omplementation (see exer-ise 94).EXERCISES1. [M23 ℄ Explain why Golomb's rule (8) makes all sets f1; : : : ; tg � f0; : : : ; n� 1gorrespond uniquely to multisets fe1; : : : ; etg � f1 � 0; : : : ;1 � n� tg.2. [16 ℄ What path in an 11� 13 grid orresponds to the bit string (13)?x 3. [21 ℄ (R. R. Fenihel, 1968.) Show that the ompositions qt+ � � �+q1+q0 of s intot + 1 nonnegative parts an be generated in lexiographi order by a simple looplessalgorithm.4. [16 ℄ Show that every omposition qt : : : q0 of s into t+1 nonnegative parts orre-sponds to a omposition rs : : : r0 of t into s+ 1 nonnegative parts. What ompositionorresponds to 10224000001010 under this orrespondene?x 5. [20 ℄ What is a good way to generate all of the integer solutions to the followingsystems of inequalities?a) n > xt � xt�1 > xt�2 � xt�3 > � � � > x1 � 0, when t is odd.b) n� xt � xt�1 � � � � � x2 � x1 � 0, where a� b means a � b+ 2.6. [M22 ℄ How often is eah step of Algorithm T performed?
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26 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.37. [22 ℄ Design an algorithm that runs through the \dual" ombinations bs : : : b2b1 indereasing lexiographi order (see (5) and Table 1). Like Algorithm T, your algorithmshould avoid redundant assignments and unneessary searhing.8. [M23 ℄ Design an algorithm that generates all (s; t)-ombinations an�1 : : : a1a0lexiographially in bitstring form. The total running time should be O(�nt�), assumingthat st > 0.9. [M26 ℄ When all (s; t)-ombinations an�1 : : : a1a0 are listed in lexiographi order,let 2Ast be the total number of bit hanges between adjaent strings. For example,A33 = 25 beause there are respetively2 + 2 + 2 + 4 + 2 + 2 + 4 + 2 + 2 + 6 + 2 + 2 + 4 + 2 + 2 + 4 + 2 + 2 + 2 = 50bit hanges between the 20 strings in Table 1.a) Show that Ast = min(s; t) +A(s�1)t + As(t�1) when st > 0; Ast = 0 when st = 0.b) Prove that Ast < 2�s+tt �.x 10. [21 ℄ The \World Series" of baseball is traditionally a ompetition in whih theAmerian League hampion (A) plays the National League hampion (N) until one ofthem has beaten the other four times. What is a good way to list all possible senariosAAAA, AAANA, AAANNA, : : : , NNNN? What is a simple way to assign onseutiveintegers to those senarios?11. [19 ℄ Whih of the senarios in exerise 10 ourred most often during the 1900s?Whih of them never ourred? [Hint: World Series sores are easily found on theInternet.℄12. [HM32 ℄ A set V of n-bit vetors that is losed under addition modulo 2 is alleda binary vetor spae.a) Prove that every suh V ontains 2t elements, for some integer t, and an berepresented as the set fx1�1 � � � � � xt�t j 0 � x1; : : : ; xt � 1g where the vetors�1, : : : , �t form a \anonial basis" with the following property: There is a t-ombination t : : : 21 of f0; 1; : : : ; n � 1g suh that, if �k is the binary vetorak(n�1) : : : ak1ak0, we haveakj = [j= k ℄ for 1 � j; k � t; akl = 0 for 0 � l < k, 1 � k � t:For example, the anonial bases with n = 9, t = 4, and 4321 = 7641 have thegeneral form �1 = � 0 0 � 0 � � 1 0;�2 = � 0 0 � 1 0 0 0 0;�3 = � 0 1 0 0 0 0 0 0;�4 = � 1 0 0 0 0 0 0 0;there are 28 ways to replae the eight asterisks by 0s and/or 1s, and eah of thesede�nes a anonial basis. We all t the dimension of V .b) How many t-dimensional spaes are possible with n-bit vetors?) Design an algorithm to generate all anonial bases (�1; : : : ; �t) of dimension t.Hint: Let the assoiated ombinations t : : : 1 inrease lexiographially as inAlgorithm L.d) What is the 1000000th basis visited by your algorithm when n = 9 and t = 4?13. [25 ℄ A one-dimensional Ising on�guration of length n, weight t, and energy r,is a binary string an�1 : : : a0 suh that Pn�1j=0 aj = t and Pn�1j=1 bj = r, where bj =
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7.2.1.3 GENERATING ALL COMBINATIONS 27aj � aj�1. For example, a12 : : : a0 = 1100100100011 has weight 6 and energy 6, sineb12 : : : b1 = 010110110010.Design an algorithm to generate all suh on�gurations, given n, t, and r.14. [26 ℄ When the binary strings an�1 : : : a1a0 of (s; t)-ombinations are generatedin lexiographi order, we sometimes need to hange 2min(s; t) bits to get from oneombination to the next. For example, 011100 is followed by 100011 in Table 1.Therefore we apparently annot hope to generate all ombinations with a looplessalgorithm unless we visit them in some other order.Show, however, that there atually is a way to ompute the lexiographi suessorof a given ombination in O(1) steps, if eah ombination is represented indiretly in adoubly linked list as follows: There are arrays l[0℄, : : : , l[n℄ and r[0℄, : : : , r[n℄ suh thatl[r[j℄℄ = j for 0 � j � n. If x0 = l[0℄ and xj = l[xj�1℄ for 0 < j < n, then aj = [xj >s℄for 0 � j < n.15. [M22 ℄ Use the fat that dual ombinations bs : : : b2b1 our in reverse lexio-graphi order to prove that the sum �bss � + � � � + �b22 � + �b11 � has a simple relationto the sum �tt �+ � � �+ �22 �+ �11 �.16. [M21 ℄ What is the millionth ombination generated by Algorithm L when t is(a) 2? (b) 3? () 4? (d) 5? (e) 1000000?17. [HM25 ℄ Given N and t, what is a good way to ompute the ombinatorial repre-sentation (20)?x 18. [20 ℄ What binary tree do we get when the binomial tree Tn is represented by\right hild" and \left sibling" pointers as in exerise 2.3.2{5?19. [21 ℄ Instead of labeling the branhes of the binomial tree T4 as shown in (22), weould label eah node with the bit string of its orresponding ombination:00000001 00100011 01000101 01100111
10001001 10101011 11001101 11101111If T1 has been labeled in this way, suppressing leading zeros, preorder is the same asthe ordinary inreasing order of binary notation; so the millionth node turns out to be11110100001000111111. But what is the millionth node of T1 in postorder?20. [M20 ℄ Find generating funtions g and h suh that Algorithm F �nds exatly[zN ℄ g(z) feasible ombinations and sets t t+ 1 exatly [zN ℄h(z) times.21. [M22 ℄ Prove the alternating ombination law (30).22. [M23 ℄ What is the millionth revolving-door ombination visited by Algorithm Rwhen t is (a) 2? (b) 3? () 4? (d) 5? (e) 1000000?23. [M23 ℄ Suppose we augment Algorithm R by setting j  t + 1 in step R1, andj  1 if R3 goes diretly to R2. Find the probability distribution of j, and its averagevalue. What does this imply about the running time of the algorithm?
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28 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3x 24. [M25 ℄ (W. H. Payne, 1974.) Continuing the previous exerise, let jk be the valueof j on the kth visit by Algorithm R. Show that jjk+1 � jkj � 2, and explain how tomake the algorithm loopless by exploiting this property.25. [M35 ℄ Let t : : : 21 and 0t : : : 0201 be the Nth and N 0th ombinations generatedby the revolving-door method, Algorithm R. If the set C = ft; : : : ; 2; 1g has melements not in C 0 = f0t; : : : ; 02; 01g, prove that jN �N 0j >Pm�1k=1 � 2kk�1�.26. [26 ℄ Do elements of the ternary reeted Gray ode have properties similar to therevolving-door Gray ode �st, if we extrat only the n-tuples an�1 : : : a1a0 suh that(a) an�1 + � � �+ a1 + a0 = t? (b) fan�1; : : : ; a1; a0g = fr � 0; s � 1; t � 2g?x 27. [25 ℄ Show that there is a simple way to generate all ombinations of at most telements of f0; 1; : : : ; n� 1g, using only Gray-ode-like transitions 0$ 1 and 01$ 10.(In other words, eah step should either insert a new element, delete an element, orshift an element by �1.) For example,0000; 0001; 0011; 0010; 0110; 0101; 0100; 1100; 1010; 1001; 1000is one suh sequene when n = 4 and t = 2. Hint: Think of Chinese rings.28. [M21 ℄ True or false: A listing of (s; t)-ombinations an�1 : : : a1a0 in bitstringform is in genlex order if and only if the orresponding index-form listings bs : : : b2b1(for the 0s) and t : : : 21 (for the 1s) are both in genlex order.x 29. [M28 ℄ (P. J. Chase.) Given a string on the symbols +, -, and 0, say that anR-blok is a substring of the form -k+1 that is preeded by 0 and not followed by -; anL-blok is a substring of the form +-k that is followed by 0; in both ases k � 0. Forexample, the string +00++-+++-000- has two L-bloks and one R-blok, shown in gray.Notie that bloks annot overlap.We form the suessor of suh a string as follows, whenever at least one blok ispresent: Replae the rightmost 0-k+1 by -+k0, if the rightmost blok is an R-blok;otherwise replae the rightmost +-k0 by 0+k+1. Also negate the �rst sign, if any, thatappears to the right of the blok that has been hanged. For example,-+00++-! -0+0-+-! -0+-0--! -0+--+0! -0+--0+! -00+++-;where the notation �! � means that � is the suessor of �.a) What strings have no bloks (and therefore no suessor)?b) Can there be a yle of strings with �0 ! �1 ! � � � ! �k�1 ! �0?) Prove that if � ! � then �� ! ��, where \�" means \negate all the signs."(Therefore every string has at most one predeessor.)d) Show that if �0 ! �1 ! � � � ! �k and k > 0, the strings �0 and �k do not haveall their 0s in the same positions. (Therefore, if �0 has s signs and t zeros, k mustbe less than �s+tt �.)e) Prove that every string � with s signs and t zeros belongs to exatly one hain�0 ! �1 ! � � � ! �(s+tt )�1.30. [M32 ℄ The previous exerise de�nes 2s ways to generate all ombinations of s 0sand t 1s, via the mapping + 7! 0, - 7! 0, and 0 7! 1. Show that eah of these waysis a homogeneous genlex sequene, de�nable by an appropriate reurrene. Is Chase'ssequene (37) a speial ase of this general onstrution?31. [M23 ℄ How many genlex listings of (s; t)-ombinations are possible in (a) bitstringform an�1 : : : a1a0? (b) index-list form t : : : 21?
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7.2.1.3 GENERATING ALL COMBINATIONS 29x 32. [M32 ℄ How many of the genlex listings of (s; t)-ombination strings an�1 : : : a1a0(a) have the revolving-door property? (b) are homogeneous?33. [HM33 ℄ How many of the genlex listings in exerise 31(b) are near-perfet?34. [M32 ℄ Continuing exerise 33, explain how to �nd suh shemes that are as nearas possible to perfetion, in the sense that the number of \imperfet" transitions j  j � 2 is minimized, when s and t are not too large.35. [M26 ℄ How many steps of Chase's sequene Cst use an imperfet transition?x 36. [M21 ℄ Prove that method (39) performs the operation j  j+1 a total of exatly�s+tt � � 1 times as it generates all (s; t)-ombinations an�1 : : : a1a0, given any genlexsheme for ombinations in bitstring form.x 37. [27 ℄ What algorithm results when the general genlex method (39) is used toprodue (s; t)-ombinations an�1 : : : a1a0 in (a) lexiographi order? (b) the revolving-door order of Algorithm R? () the homogeneous order of (31)?38. [26 ℄ Design a genlex algorithm like Algorithm C for the reverse sequene CRst.39. [M21 ℄ When s = 12 and t = 14, how many ombinations preede the bit string11001001000011111101101010 in Chase's sequene Cst? (See (41).)40. [M22 ℄ What is the millionth ombination in Chase's sequene Cst, when s = 12and t = 14?41. [M27 ℄ Show that there is a permutation (0), (1), (2), : : : of the nonnegativeintegers suh that the elements of Chase's sequene Cst are obtained by omplementingthe least signi�ant s + t bits of the elements (k) for 0 � k < 2s+t that have weight�((k)) = s. (Thus the sequene �(0), : : : , �(2n � 1) ontains, as subsequenes, all ofthe Cst for whih s+ t = n, just as Gray binary ode g(0), : : : , g(2n � 1) ontains allthe revolving-door sequenes �st.) Explain how to ompute the binary representation(k) = ( : : : a2a1a0)2 from the binary representation k = ( : : : b2b1b0)2.42. [HM34 ℄ Use generating funtions of the formPs;t gstwszt to analyze eah step ofAlgorithm C.43. [20 ℄ Prove or disprove: If s(x) and p(x) denote respetively the suessor andpredeessor of x in endo-order, then s(x+ 1) = p(x) + 1.x 44. [M21 ℄ Let Ct(n) � 1 denote the sequene obtained from Ct(n) by striking outall ombinations with 1 = 0, then replaing t : : : 1 by (t � 1) : : : (1 � 1) in theombinations that remain. Show that Ct(n)� 1 is near-perfet.45. [32 ℄ Exploit endo-order and the expansions skethed in (44) to generate theombinations t : : : 21 of Chase's sequene Ct(n) with a nonreursive proedure.x 46. [33 ℄ Construt a nonreursive algorithm for the dual ombinations bs : : : b2b1 ofChase's sequene Cst, namely for the positions of the zeros in an�1 : : : a1a0.47. [26 ℄ Implement the near-perfet multiset permutation method of (46) and (47).48. [M21 ℄ Suppose �0, �1, : : : , �N�1 is any listing of the permutations of the multisetfs1 � 1; : : : ; sd � dg, where �k di�ers from �k+1 by the interhange of two elements. Let�0, : : : , �M�1 be any revolving-door listing for (s; t)-ombinations, where s = s0, t =s1+� � �+sd, andM = �s+tt �. Then let �j be the list ofM elements obtained by startingwith �j " �0 and applying the revolving-door exhanges; here � " � denotes the stringobtained by substituting the elements of � for the 1s in �, preserving left-right order.For example, if �0, : : : , �M�1 is 0110, 0101, 1100, 1001, 0011, 1010, and if �j = 12,
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30 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3then �j is 0120, 0102, 1200, 1002, 0012, 1020. (The revolving-door listing need not behomogeneous.)Prove that the list (47) ontains all permutations of fs0 � 0; s1 � 1; : : : ; sd � dg, andthat adjaent permutations di�er from eah other by the interhange of two elements.49. [HM23 ℄ If q is a primitive mth root of unity, suh as e2�i=m, show that�nk�q = � bn=mbk=m��nmodmkmodm�q:x 50. [HM25 ℄ Extend the formula of the previous exerise to q-multinomial oeÆients�n1 + � � �+ ntn1; : : : ; nt �q:51. [25 ℄ Find all Hamiltonian paths in the graph whose verties are permutations off0; 0; 0; 1; 1; 1g related by adjaent transposition. Whih of those paths are equivalentunder the operations of interhanging 0s with 1s and/or left-right reetion?52. [M37 ℄ Generalizing Theorem P, �nd a neessary and suÆient ondition that allpermutations of the multiset fs0 � 0; : : : ; sd � dg an be generated by adjaent transpo-sitions ajaj�1 $ aj�1aj .53. [M46 ℄ (D. H. Lehmer, 1965.) Suppose the N permutations of fs0 � 0; : : : ; sd � dgannot be generated by a perfet sheme, beause (N + x)=2 of them have an evennumber of inversions, where x � 2. Is it possible to generate them all with a sequeneof N + x � 2 adjaent interhanges aÆk $ aÆk�1 for 1 � k < N + x � 1, wherex � 1 ases are \spurs" with Æk = Æk�1 that take us bak to the permutation we'vejust seen? For example, a suitable sequene Æ1 : : : Æ94 for the 90 permutations off0; 0; 1; 1; 2; 2g, where x = �2+2+22;2;2 ��1 = 6, is 234535432523451�42�R51�42�R51�4,where � = 45352542345355, if we start with a5a4a3a2a1a0 = 221100.54. [M40 ℄ For what values of s and t an all (s; t)-ombinations be generated if weallow end-around swaps an�1 $ a0 in addition to adjaent interhanges aj $ aj�1?x 55. [30 ℄ (Frank Ruskey, 2004.) Show that all (s; t)-ombinations as+t�1 : : : a1a0 anbe generated eÆiently by doing suessive rotations ajaj�1 : : : a0  aj�1 : : : a0aj .56. [M49 ℄ (Buk and Wiedemann, 1984.) Can all (t; t)-ombinations a2t�1 : : : a1a0be generated by repeatedly swapping a0 with some other element?x 57. [22 ℄ (Frank Ruskey.) Can a piano player run through all possible 4-note hordsthat span at most one otave, hanging only one �nger at a time? This is the problem ofgenerating all ombinations t : : : 1 suh that n > t > � � � > 1 � 0 and t � 1 < m,where t = 4 and (a) m = 8, n = 52 if we onsider only the white notes of a pianokeyboard; (b) m = 13, n = 88 if we onsider also the blak notes.58. [20 ℄ Consider the piano player's problem of exerise 57 with the additional on-dition that the hords don't involve adjaent notes. (In other words, j+1 > j + 1 fort > j � 1. Suh hords tend to be more harmonious.)59. [M25 ℄ Is there a perfet solution to the 4-note piano player's problem, in whiheah step moves a �nger to an adjaent key?60. [23 ℄ Design an algorithm to generate all bounded ompositionst = rs + � � �+ r1 + r0; where 0 � rj � mj for s � j � 0.61. [32 ℄ Show that all bounded ompositions an be generated by hanging only twoof the parts at eah step.
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7.2.1.3 GENERATING ALL COMBINATIONS 31x 62. [M27 ℄ A ontingeny table is an m�n matrix of nonnegative integers (aij) havinggiven row sums ri =Pnj=1 aij and olumn sums j =Pmi=1 aij , where r1 + � � �+ rm =1 + � � �+ n.a) Show that 2� n ontingeny tables are equivalent to bounded ompositions.b) What is the lexiographially largest ontingeny table for (r1; : : : ; rm; 1; : : : ; n),when matrix entries are read row-wise from left to right and top to bottom, namelyin the order (a11; a12; : : : ; a1n; a21; : : : ; amn)?) What is the lexiographially largest ontingeny table for (r1; : : : ; rm; 1; : : : ; n),when matrix entries are read olumn-wise from top to bottom and left to right,namely in the order (a11; a21; : : : ; am1; a12; : : : ; amn)?d) What is the lexiographially smallest ontingeny table for (r1; : : : ; rm; 1; : : : ; n),in the row-wise and olumn-wise senses?e) Explain how to generate all ontingeny tables for (r1; : : : ; rm; 1; : : : ; n) in lex-iographi order.63. [M41 ℄ Show that all ontingeny tables for (r1; : : : ; rm; 1; : : : ; n) an be gener-ated by hanging exatly four entries of the matrix at eah step.x 64. [M30 ℄ Construt a genlex Gray yle for all of the 2s�s+tt � sububes that haves digits and t asterisks, using only the transformations �0 $ 0�, �1 $ 1�, 0 $ 1.For example, one suh yle when s = t = 2 is(00��; 01��; 0�1�; 0��1; 0��0; 0�0�; �00�; �01�; �0�1; �0�0; ��00; ��01;��11; ��10; �1�0; �1�1; �11�; �10�; 1�0�; 1��0; 1��1; 1�1�; 11��; 10��):65. [M40 ℄ Enumerate the total number of genlex Gray paths on sububes that useonly the transformations allowed in exerise 64. How many of those paths are yles?x 66. [22 ℄ Given n � t � 0, show that there is a Gray path through all of the anonialbases (�1; : : : ; �t) of exerise 12, hanging just one bit at eah step. For example, onesuh path when n = 3 and t = 2 is001010 ; 101010 ; 101110 ; 001110 ; 001100 ; 011100 ; 010100 :67. [46 ℄ Consider the Ising on�gurations of exerise 13 for whih a0 = 0. Given n,t, and r, is there a Gray yle for these on�gurations in whih all transitions have theforms 0k1$ 10k or 01k $ 1k0? For example, in the ase n = 9, t = 5, r = 6, there isa unique yle(010101110; 010110110; 011010110; 011011010; 011101010; 010111010):68. [M01 ℄ If � is a t-ombination, what is (a) �t�? (b) �t+1�?x 69. [M22 ℄ How large is the smallest set A of t-ombinations for whih j�Aj < jAj?70. [M25 ℄ What is the maximum value of �tN �N , for N � 0?71. [M20 ℄ How many t-liques an a million-edge graph have?x 72. [M22 ℄ Show that if N has the degree-t ombinatorial representation (57), thereis an easy way to �nd the degree-s ombinatorial representation of the omplementarynumber M = �s+tt ��N , whenever N < �s+tt �. Derive (63) as a onsequene.73. [M23 ℄ (A. J. W. Hilton, 1976.) Let A be a set of s-ombinations and B a set oft-ombinations, both ontained in U = f0; : : : ; n� 1g where n � s+ t. Show that if Aand B are ross-interseting, in the sense that �\ � 6= ; for all � 2 A and � 2 B, thenso are the sets QMns and QNnt de�ned in Theorem K, where M = jAj and N = jBj.
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32 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.374. [M21 ℄ What are j �PNtj and j �QNntj in Theorem K?75. [M20 ℄ The right-hand side of (60) is not always the degree-(t � 1) ombinatorialrepresentation of �tN , beause v � 1 might be zero. Show, however, that a positiveinteger N has at most two representations if we allow v = 0 in (57), and both of themyield the same value �tN aording to (60). Therefore�k�k+1 : : : �tN = � ntk � 1�+ � nt�1k � 2�+ � � �+ � nvk � 1 + v � t� for 1 � k � t.76. [M20 ℄ Find a simple formula for �t(N + 1)� �tN .x 77. [M26 ℄ Prove the following properties of the � funtions by manipulating binomialoeÆients, without assuming Theorem K:a) �t(M +N) � �tM + �tN .b) �t(M +N) � max(�tM;N) + �t�1N .Hint: �mtt � + � � � + �m11 � + �ntt � + � � � + �n11 � is equal to �mt_ntt � + � � � + �m1_n11 � +�mt^ntt �+ � � �+ �m1^n11 �, where _ and ^ denote max and min.78. [M22 ℄ Show that Theorem K follows easily from inequality (b) in the previousexerise. Conversely, both inequalities are simple onsequenes of Theorem K. Hint:Any set A of t-ombinations an be written A = A1+A00, where A1 = f� 2 A j 0 =2 �g.79. [M23 ℄ Prove that if t � 2, we have M � �tN if and only if M + �t�1M � N .80. [HM26 ℄ (L. Lov�asz, 1979.) The funtion �xt� inreases monotonially from 0 to1as x inreases from t� 1 to 1; hene we an de�ne�tN = � xt� 1�; if N = �xt � and x � t� 1.Prove that �tN � �tN for all integers t � 1 and N � 0. Hint: Equality holds when xis an integer.x 81. [M27 ℄ Show that the minimum shadow sizes in Theorem M are given by (64).82. [HM31 ℄ The Takagi funtion of Fig. 27 is de�ned for 0 � x � 1 by the formula�(x) = 1Xk=1 Z x0 rk(t) dt;where rk(t) = (�1)b2kt is the Rademaher funtion of Eq. 7.2.1.1{(16).a) Prove that �(x) is ontinuous in the interval [0 : : 1℄, but its derivative does notexist at any point.b) Show that �(x) is the only ontinuous funtion that satis�es�( 12x) = �(1� 12x) = 12x+ 12�(x) for 0 � x � 1:) What is the asymptoti value of �(�) when � is small?d) Prove that �(x) is rational when x is rational.e) Find all roots of the equation �(x) = 1=2.f) Find all roots of the equation �(x) = max0�x�1 �(x).83. [HM46 ℄ Determine the set R of all rational numbers r suh that the equation�(x) = r has unountably many solutions. If �(x) is rational and x is irrational, is ittrue that �(x) 2 R? (Warning: This problem an be additive.)
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7.2.1.3 GENERATING ALL COMBINATIONS 3384. [HM27 ℄ If T = �2t�1t �, prove the asymptoti formula�tN �N = Tt ���NT �+O� (log t)3t �� for 0 � N � T :85. [HM21 ℄ Relate the funtions �tN and �tN to the Takagi funtion �(x).86. [M20 ℄ Prove the law of spread/ore duality, X�+ = XÆ�.87. [M21 ℄ True or false: (a) X � Y Æ if and only if Y � � X�Æ; (b) XÆ+Æ = XÆ;() �M � N if and only if M � �N .88. [M20 ℄ Explain why ross order is useful, by ompleting the proof of Lemma S.89. [16 ℄ Compute the � and � funtions for the 2� 2� 3 torus (69).90. [M22 ℄ Prove the basi ompression lemma, (85).91. [M24 ℄ Prove Theorem W for two-dimensional toruses T (l;m), l � m.92. [M28 ℄ Let x = x1 : : : xn�1 be the Nth element of the torus T (m1; : : : ;mn�1), andlet S be the set of all elements of T (m1; : : : ;mn�1;m) that are � x1 : : : xn�1(m�1)in ross order. If Na elements of S have �nal omponent a, for 0 � a < m, provethat Nm�1 = N and Na�1 = �Na for 1 � a < m, where � is the spread funtion forstandard sets in T (m1; : : : ;mn�1).93. [M25 ℄ (a) Find an N for whih the onlusion of Theorem W is false when theparameters m1, m2, : : : , mn have not been sorted into nondereasing order. (b) Wheredoes the proof of that theorem use the hypothesis that m1 � m2 � � � � � mn?94. [M20 ℄ Show that the � half of Corollary C follows from the �half. Hint: Theomplements of the multiombinations (92) with respet to U are 3211, 3210, 3200,3110, 3100, 3000, 2110, 2100, 2000, 1100, 1000.95. [17 ℄ Explain why Theorems K and M follow from Corollary C.x 96. [M22 ℄ If S is an in�nite sequene (s0; s1; s2; : : : ) of positive integers, let�S(n)k � = [zk℄ n�1Yj=0(1 + z + � � �+ zsj );thus �S(n)k � is the ordinary binomial oeÆient �nk� if s0 = s1 = s2 = � � � = 1.Generalizing the ombinatorial number system, show that every nonnegative inte-ger N has a unique representationN = �S(nt)t �+ �S(nt�1)t� 1 �+ � � �+ �S(n1)1 �
where nt � nt�1 � � � � � n1 � 0 and fnt; nt�1; : : : ; n1g � fs0 � 0; s1 � 1; s2 � 2; : : : g. Usethis representation to give a simple formula for the numbers j�PNtj in Corollary C.x 97. [M26 ℄ The text remarked that the verties of a onvex polyhedron an be per-turbed slightly so that all of its faes are simplexes. In general, any set of ombinationsthat ontains the shadows of all its elements is alled a simpliial omplex ; thus C is asimpliial omplex if and only if � � � and � 2 C implies that � 2 C, if and only ifC is an order ideal with respet to set inlusion.The size vetor of a simpliial omplex C on n verties is (N0; N1; : : : ; Nn) whenC ontains exatly Nt ombinations of size t.a) What are the size vetors of the �ve regular solids (the tetrahedron, ube, ota-hedron, dodeahedron, and iosahedron), when their verties are slightly tweaked?
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34 COMBINATORIAL ALGORITHMS (F3A) 7.2.1.3b) Construt a simpliial omplex with size vetor (1; 4; 5; 2; 0).) Find a neessary and suÆient ondition that a given size vetor (N0; N1; : : : ; Nn)is feasible.d) Prove that (N0; : : : ; Nn) is feasible if and only its \dual" vetor (N0; : : : ; Nn) isfeasible, where we de�ne N t = �nt��Nn�t.e) List all feasible size vetors (N0; N1; N2; N3; N4) and their duals. Whih of themare self-dual?98. [30 ℄ Continuing exerise 97, �nd an eÆient way to ount the feasible size vetors(N0; N1; : : : ; Nn) when n � 100.99. [M25 ℄ A lutter is a set C of ombinations that are inomparable, in the sensethat � � � and �; � 2 C implies � = �. The size vetor of a lutter is de�ned as inexerise 97.a) Find a neessary and suÆient ondition that (M0;M1; : : : ;Mn) is the size vetorof a lutter.b) List all suh size vetors in the ase n = 4.x 100. [M30 ℄ (Clements and Lindstr�om.) Let A be a \simpliial multiomplex," a setof submultisets of the multiset U in Corollary C with the property that �A � A. Howlarge an the total weight �A =Pfj�j j � 2 Ag be when jAj = N?101. [M25 ℄ If f(x1; : : : ; xn) is a Boolean formula, let F (p) be the probability thatf(x1; : : : ; xn) = 1 when eah variable xj independently is 1 with probability p.a) CalulateG(p) andH(p) for the Boolean formulas g(w; x; y; z) = wxz_wyz_xy�z,h(w; x; y; z) = �wyz _ xyz.b) Show that there is a monotone Boolean funtion f(w; x; y; z) suh that F (p) =G(p), but there is no suh funtion with F (p) = H(p). Explain how to test thisondition in general.102. [HM35 ℄ (F. S. Maaulay, 1927.) A polynomial ideal I in the variables fx1 : : : ; xsgis a set of polynomials losed under the operations of addition, multipliation by aonstant, and multipliation by any of the variables. It is alled homogeneous if itonsists of all linear ombinations of a set of homogeneous polynomials, namely ofpolynomials like xy+z2 whose terms all have the same degree. Let Nt be the maximumnumber of linearly independent elements of degree t in I. For example, if s = 2,the set of all �(x0; x1; x2)(x0x21 � 2x1x22) + �(x0; x1; x2)x0x1x22, where � and � runthrough all possible polynomials in fx0; x1; x2g, is a homogeneous polynomial idealwith N0 = N1 = N2 = 0, N3 = 1, N4 = 4, N5 = 9, N6 = 15, : : : .a) Prove that for any suh ideal I there is another ideal I 0 in whih all homogeneouspolynomials of degree t are linear ombinations of Nt independent monomials.(A monomial is a produt of variables, like x31x2x45.)b) Use Theorem M and (64) to prove that Nt+1 � Nt + �sNt for all t � 0.) Show that Nt+1 > Nt + �sNt ours for only �nitely many t. (This statementis equivalent to \Hilbert's basis theorem," proved by David Hilbert in G�ottingerNahrihten (1888), 450{457; Math. Annalen 36 (1890), 473{534.)x 103. [M38 ℄ The shadow of a subube a1 : : : an, where eah aj is either 0 or 1 or �, isobtained by replaing some � by 0 or 1. For example,�0�11�0 = f0011�0; 0111�0; 0�1100; 0�1110g:Find a set PNst suh that, if A is any set of N sububes a1 : : : an having s digits andt asterisks, j�Aj � jPNstj.
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7.2.1.3 GENERATING ALL COMBINATIONS 35104. [M41 ℄ The shadow of a binary string a1 : : : an is obtained by deleting one of itsbits. For example,�110010010 = f10010010; 11010010; 11000010; 11001000; 11001001g:Find a set PNn suh that, if A is any set of N binary strings a1 : : : an, j�Aj � jPNnj.105. [M20 ℄ A universal yle of t-ombinations for f0; 1; : : : ; n � 1g is a yle of�nt� numbers whose bloks of t onseutive elements run through every t-ombinationf1; : : : ; tg. For example,(02145061320516243152630425364103546)is a universal yle when t = 3 and n = 7.Prove that no suh yle is possible unless �nt� is a multiple of n.106. [M21 ℄ (L. Poinsot, 1809.) Find a \nie" universal yle of 2-ombinations forf0; 1; : : : ; 2mg. Hint: Consider the di�erenes of onseutive elements, mod (2m+ 1).107. [22 ℄ (O. Terquem, 1849.) Poinsot's theorem implies that all 28 dominoes of atraditional \double-six" set an be arranged in a yle so that the spots of adjaentdominoes math eah other:<0>0<0>1<1>3<3>6<6>6<6>0<0>2<2>5<5>5<5>6<6>1<1>4<4>44̂v50̂v4<4>2<2>1<1>1<1>5<5>3<3>2<2>2<2>6<6>4<4>3<3>3<3>0<0>5How many suh yles are possible?108. [M31 ℄ Find universal yles of 3-ombinations for the sets f0; : : : ; n � 1g whennmod 3 6= 0.109. [M31 ℄ Find universal yles of 3-multiombinations for f0; 1; : : : ; n � 1g whennmod 3 6= 0 (namely for ombinations d1d2d3 with repetitions permitted). For exam-ple, (00012241112330222344133340024440113)is suh a yle when n = 5.x 110. [26 ℄ Cribbage is a game played with 52 ards, where eah ard has a suit (|, },~, or �) and a fae value (A, 2, 3, 4, 5, 6, 7, 8, 9, 10, J, Q, or K). One feature of thegame is to ompute the sore of a 5-ard ombination C = f1; 2; 3; 4; 5g, where oneard k is alled the starter. The sore is the sum of points omputed as follows, foreah subset S of C and eah hoie of k: Let jSj = s.i) Fifteens: If Pfv() j  2 Sg = 15, where (v(A); v(2); v(3); : : : ; v(9); v(10); v(J);v(Q); v(K)) = (1; 2; 3; : : : ; 9; 10; 10; 10; 10), sore two points.ii) Pairs: If s = 2 and both ards have the same fae value, sore two points.iii) Runs: If s � 3 and the fae values are onseutive, and if C does not ontain arun of length s+ 1, sore s points.iv) Flushes: If s = 4 and all ards of S have the same suit, and if k =2 S, sore4 + [k has the same suit as the others℄.v) Nobs: If s = 1 and k =2 S, sore 1 if the ard is J of the same suit as k.For example, if you hold fJ|; 5|; 5}; 6~g and if 4| is the starter, you sore 4� 2 for�fteens, 2 for a pair, 2� 3 for runs, plus 1 for nobs, totalling 17.Exatly how many ombinations and starter hoies lead to a sore of x points,for x = 0, 1, 2, : : : ?
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36 ANSWERS TO EXERCISES 7.2.1.3SECTION 7.2.1.31. Given a multiset, form the sequene et : : : e2e1 from right to left by listing thedistint elements �rst, then those that appear twie, then those that appear thrie,et. Let us set e�j  s� j for 0 � j � s = n� t, so that every element ej for 1 � j � tis equal to some element to its right in the sequene et : : : e1e0 : : : e�s. If the �rst suhelement is ej�s, we obtain a solution to (3). Conversely, every solution to (3) yields aunique multiset fe1; : : : ; etg, beause j < s+ j for 1 � j � t.[A similar orrespondene was proposed by E. Catalan: If 0 � e1 � � � � � et � s, letf1; : : : ; tg = fe1; : : : ; etg [ fs+ j j 1 � j < t and ej = ej+1g:See M�emoires de la So. roy. des Sienes de Li�ege (2) 12 (1885), M�elanges Math., 3.℄2. Start at the bottom left orner; then go up for eah 0, go right for eah 1. Theresult is .3. In this algorithm, variable r is the least positive index suh that qr > 0.F1. [Initialize.℄ Set qj  0 for 1 � j � t, and q0  s. (We assume that st > 0.)F2. [Visit.℄ Visit the omposition qt : : : q0. Go to F4 if q0 = 0.F3. [Easy ase.℄ Set q0  q0 � 1, r  1, and go to F5.F4. [Triky ase.℄ Terminate if r = t. Otherwise set q0  qr�1, qr  0, r  r+1.F5. [Inrease qr.℄ Set qr  qr + 1 and return to F2.[See CACM 11 (1968), 430; 12 (1969), 187. The task of generating suh ompositionsin dereasing lexiographi order is more diÆult.℄4. We an reverse the roles of 0 and 1 in (14), so that 0qt10qt�11 : : : 10q110q0 =1rs01rs�10 : : : 01r101r0 . This gives 01100102102104100100100100100101100101100 =10012010011010011010010010016012011. Lexiographi order of an�1 : : : a1a0 orre-sponds to lexiographi order of rs : : : r1r0.Inidentally, there's also a multiset onnetion: fdt; : : : ; d1g = frs � s; : : : ; r0 � 0g.For example, f10; 10; 8; 6; 2; 2; 2; 2; 2; 2; 1; 1; 0g = f0 � 11; 2 � 10; 0 � 9; 1 � 8; 0 � 7; 1 � 6; 0 � 5;0 � 4; 0 � 3; 6 � 2; 2 � 1; 1 � 0g.5. (a) Set xj = j�b(j�1)=2 in eah t-ombination of n+bt=2. (b) Set xj = j+j+1in eah t-ombination of n� t� 2.(A similar approah �nds all solutions (xt; : : : ; x1) to the inequalities xj+1 � xj+Æjfor 0 � j � t, given the values of xt+1, (Æt; : : : ; Æ1), and x0.)6. Assume that t > 0. We get to T3 when 1 > 0; to T5 when 2 = 1+1 > 1; to T4for 2 � j � t+1 when j = 1+j�1 � j. So the ounts are: T1, 1; T2, �nt�; T3, �n�1t �;T4, �n�2t�1�+ �n�2t�2�+ � � �+ �n�t�10 � = �n�1t�1�; T5, �n�2t�1�; T6, �n�1t�1�+ �n�2t�1�� 1.7. A proedure slightly simpler than Algorithm T suÆes: Assume that s < n.S1. [Initialize.℄ Set bj  j + n� s� 1 for 1 � j � s; then set j  1.S2. [Visit.℄ Visit the ombination bs : : : b2b1. Terminate if j > s.S3. [Derease bj .℄ Set bj  bj � 1. If bj < j, set j  j + 1 and return to S2.S4. [Reset bj�1 : : : b1.℄ While j > 1, set bj�1  bj � 1, j  j� 1, and repeat untilj = 1. Go to S2.
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7.2.1.3 ANSWERS TO EXERCISES 37(See S. Dvo�r�ak, Comp. J. 33 (1990), 188. Notie that if xk = n � bk for 1 � k � s,this algorithm runs through all ombinations xs : : : x2x1 of f1; 2; : : : ; ng with 1 � xs <� � � < x2 < x1 � n, in inreasing lexiographi order.)8. A1. [Initialize.℄ Set an : : : a0  0s+11t, q  t, r  0. (We assume that 0 < t < n.)A2. [Visit.℄ Visit the ombination an�1 : : : a1a0. Go to A4 if q = 0.A3. [Replae : : : 01q by : : : 101q�1.℄ Set aq  1, aq�1  0, q  q � 1; then ifq = 0, set r  1. Return to A2.A4. [Shift blok of 1s.℄ Set ar  0 and r  r + 1. Then if ar = 1, set aq  1,q  q + 1, and repeat step A4.A5. [Carry to left.℄ Terminate if r = n; otherwise set ar  1.A6. [Odd?℄ If q > 0, set r  0. Return to A2.In step A2, q and r point respetively to the rightmost 0 and 1 in an�1 : : : a0. StepsA1, : : : , A6 are exeuted with frequeny 1, �nt�, �n�1t�1�, �nt�� 1, �n�1t �, �n�1t �� 1.9. (a) The �rst �n�1t � strings begin with 0 and have 2A(s�1)t bit hanges; the other�n�1t�1� begin with 1 and have 2As(t�1). And �(01t0s�1 � 10s1t�1) = 2min(s; t).(b) Solution 1 (diret): Let Bst = Ast +min(s; t) + 1. ThenBst = B(s�1)t +Bs(t�1) + [s= t℄ when st > 0; Bst = 1 when st = 0:Consequently Bst = Pmin(s;t)k=0 �s+t�2ks�k �. If s � t this is � Psk=0 �s+t�ks�k � = �s+t+1s � =�s+ts � s+t+1t+1 < 2�s+tt �.Solution 2 (indiret): The algorithm in answer 8 makes 2(x+ y) bit hanges whensteps (A3;A4) are exeuted (x; y) times. Thus Ast � �n�1t�1�+ �nt�� 1 < 2�nt�.[The omment in answer 7.2.1.1{3 therefore applies to ombinations as well.℄10. Eah senario orresponds to a (4; 4)-ombination b4b3b2b1 or 4321 in whihA wins games f8�b4; 8�b3; 8�b2; 8�b1g and N wins games f8�4; 8�3; 8�2; 8�1g,beause we an assume that the losing team wins the remaining games in a series of 8.(Equivalently, we an generate all permutations of fA;A;A;A;N;N;N;Ng and omitthe trailing run of As or Ns.) The Amerian League wins if and only if b1 6= 0, if andonly if 1 = 0. The formula �44 � + �33 � + �22 � + �11 � assigns a unique integer between0 and 69 to eah senario.For example, ANANAA () a7 : : : a1a0 = 01010011 () b4b3b2b1 = 7532 ()4321 = 6410, and this is the senario of rank �64� + �43� + �12� + �01� = 19 inlexiographi order. (Notie that the term �jj � will be zero if and only if it orrespondsto a trailing N.)11. AAAA (9 times), NNNN (8), and ANAAA (7) were most ommon. Exatly 27of the 70 failed to our, inluding all four beginning with NNNA. (We disregard thegames that were tied beause of darkness, in 1907, 1912, and 1922. The ase ANNAAAshould perhaps be exluded too, beause it ourred only in 1920 as part of ANNAAAAin a best-of-nine series. The senario NNAAANN ourred for the �rst time in 2001.)12. (a) Let Vj be the subspae fan�1 : : : a0 2 V j ak = 0 for 0 � k < jg, so thatf0 : : : 0g = Vn � Vn�1 � � � � � V0 = V . Then f1; : : : ; tg = f j V 6= V+1g, and �k isthe unique element an�1 : : : a0 of V with aj = [j= k ℄ for 1 � j � t.Inidentally, the t � n matrix orresponding to a anonial basis is said to be inredued row-ehelon form. It an be found by a standard \triangulation" algorithm(see exerise 4.6.1{19 and Algorithm 4.6.2N).

37



38 ANSWERS TO EXERCISES 7.2.1.3(b) The 2-nomial oeÆient �nt�2 = 2t�n�1t �2 + �n�1t�1�2 of exerise 1.2.6{58 has theright properties, beause 2t�n�1t �2 binary vetor spaes have t < n�1 and �n�1t�1�2 havet = n� 1. [In general the number of anonial bases with r asterisks is the number ofpartitions of r into at most t parts, with no part exeeding n � t, and this is [zr℄ �nt�zby Eq. 7.2.1.4{(51). See D. E. Knuth, J. Combinatorial Theory 10 (1971), 178{180.℄() The following algorithm assumes that n > t > 0 and that a(t+1)j = 0 fort � j � n.V1. [Initialize.℄ Set akj  [j= k � 1℄ for 1 � k � t and 0 � j < n. Also set q  t,r  0.V2. [Visit.℄ (At this point we have ak(k�1) = 1 for 1 � k � q, a(q+1)q = 0, anda1r = 1.) Visit the anonial basis (a1(n�1) : : : a11a10; : : : ; at(n�1) : : : at1at0).Go to V4 if q > 0.V3. [Find blok of 1s.℄ Set q  1, 2, : : : , until a(q+1)(q+r) = 0. Terminate ifq + r = n.V4. [Add 1 to olumn q+r.℄ Set k  1. If ak(q+r) = 1, set ak(q+r)  0, k  k+1,and repeat until ak(q+r) = 0. Then if k � q, set ak(q+r)  1; otherwise setaq(q+r)  1, aq(q+r�1)  0, q  q � 1.V5. [Shift blok right.℄ If q = 0, set r  r+1. Otherwise, if r > 0, set ak(k�1)  1and ak(r+k�1)  0 for 1 � k � q, then set r  0. Go to V2.Step V2 �nds q > 0 with probability 1 � (2n�t � 1)=(2n � 1) � 1 � 2�t, so we ouldsave time by treating this ase separately.(d) Sine 999999 = 4�84�2+16�74�2+5�63�2+5�53�2+8�43�2+0�32�2+4�22�2+1�11�2+2�01�2, the millionth output has binary olumns 4, 16/2, 5, 5, 8/2, 0, 4/2, 1, 2/2, namely�1 = 0 0 1 1 0 0 0 1 1;�2 = 0 0 0 0 0 0 1 0 0;�3 = 1 0 1 1 1 0 0 0 0;�4 = 0 1 0 0 0 0 0 0 0:[Referene: E. Calabi and H. S. Wilf, J. Combinatorial Theory A22 (1977), 107{109.℄13. Let n = s + t. There are � s�1d(r�1)=2e�� t�1b(r�1)=2� on�gurations beginning with 0and � s�1b(r�1)=2�� t�1d(r�1)=2e� beginning with 1, beause an Ising on�guration that beginswith 0 orresponds to a omposition of s 0s into d(r+1)=2e parts and a omposition oft 1s into b(r + 1)=2 parts. We an generate all suh pairs of ompositions and weavethem into on�gurations. [See E. Ising, Zeitshrift f�ur Physik 31 (1925), 253{258;J. M. S. Sim~oes Pereira, CACM 12 (1969), 562.℄14. Start with l[j℄ j � 1 and r[j � 1℄ j for 1 � j � n; l[0℄ n, r[n℄ 0. To getthe next ombination, assuming that t > 0, set p s if l[0℄ > s, otherwise p r[n℄�1.Terminate if p � 0; otherwise set q  r[p℄, l[q℄ l[p℄, and r[l[p℄℄ q. Then if r[q℄ > sand p < s, set r[p℄  r[n℄, l[r[n℄℄  p, r[s℄  r[q℄, l[r[q℄℄  s, r[n℄  0, l[0℄  n;otherwise set r[p℄ r[q℄, l[r[q℄℄ p. Finally set r[q℄ p and l[p℄ q.[See Korsh and Lipshutz, J. Algorithms 25 (1997), 321{335, where the idea isextended to a loopless algorithm for multiset permutations. Caution: This exerise,like exerise 7.2.1.1{16, is more aademi than pratial, beause the routine that visitsthe linked list might need a loop that nulli�es any advantage of loopless generation.℄
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7.2.1.3 ANSWERS TO EXERCISES 3915. (The stated fat is true beause lexiographi order of t : : : 1 orresponds tolexiographi order of an�1 : : : a0, whih is reverse lexiographi order of the omple-mentary sequene 1 : : : 1 � an�1 : : : a0.) By Theorem L, the ombination t : : : 1 isvisited before exatly �bss �+ � � �+�b22 �+�b11 � others have been visited, and we must have� bss �+ � � �+ � b11 �+ � tt �+ � � �+ � 11 � = �s+ tt �� 1:This general identity an be writtenn�1Xj=0 xj� jx0 + � � �+ xj �+ n�1Xj=0 �xj� j�x0 + � � �+ �xj � = � nx0 + � � �+ xn�1�� 1when eah xj is 0 or 1, and �xj = 1� xj ; it follows also from the equationxn� nx0 + � � �+ xn�+ �xn� n�x0 + � � �+ �xn� = � n+ 1x0 + � � �+ xn�� � nx0 + � � �+ xn�1�:16. Sine 999999 = �14142 �+ �10081 � = �1823 �+ �1532 �+ �1111 � = �714 �+ �563 �+ �362 �+ �141 � =�435 � + �324 � + �213 � + �152 � + �61�, the answers are (a) 1414 1008; (b) 182 153 111; () 7156 36 14; (d) 43 32 21 15 6; (e) 1000000 999999 : : : 2 0.17. By Theorem L, nt is the largest integer suh that N � �ntt �; the remaining termsare the degree-(t � 1) representation of N � �ntt �.A simple sequential method for t > 1 starts with x = 1,  = t, and sets  + 1,x  x=( � t) zero or more times until x > N ; then we omplete the �rst phase bysetting x  x( � t)=,    � 1, at whih point we have x = �t� � N < �+1t �. Setnt  , N  N�x; terminate with n1  N if t = 2; otherwise set x xt=, t t�1,   � 1; while x > N set x  x( � t)=,    � 1; repeat. This method requiresO(n) arithmeti operations if N < �nt�, so it is suitable unless t is small and N is large.When t = 2, exerise 1.2.4{41 tells us that n2 = bp2N + 2 + 12 . In general,nt is bx where x is the largest root of xt = t!N ; this root an be approximatedby reverting the series y = (xt)1=t = x � 12 (t � 1) + 124 (t2 � 1)x�1 + � � � to get x =y+ 12 (t� 1)+ 124 (t2� 1)=y+O(y�3). Setting y = (t!N)1=t in this formula gives a goodapproximation, after whih we an hek that �bxt � � N < �bx+1t � or make a �naladjustment. [See A. S. Fraenkel and M. Mor, Comp. J. 26 (1983), 336{343.℄18. A omplete binary tree of 2n � 1 nodes is obtained, with an extra node at thetop, like the \tree of losers" in replaement seletion sorting (Fig. 63 in Setion 5.4.1).Therefore expliit links aren't neessary; the right hild of node k is node 2k + 1, andthe left sibling is node 2k, for 1 � k < 2n�1.This representation of a binomial tree has the urious property that node k =(0a1�)2 orresponds to the ombination whose binary string is 0a1�R.19. It is post(1000000), where post(n) = 2k + post(n� 2k + 1) if 2k � n < 2k+1, andpost(0) = 0. So it is 11110100001001000100.20. f(z) = (1 + zwn�1) : : : (1 + zw1)=(1� z), g(z) = (1 + zw0)f(z), h(z) = zw0f(z).21. The rank of t : : : 21 is �t+1t ��1 minus the rank of t�1 : : : 21. [See H. L�uneburg,Abh. Math. Sem. Hamburg 52 (1982), 208{227.℄22. Sine 999999 = �14152 � � �4061 � = �1833 � � �982 � + �211 � = �724 � � �573 � + �322 � � �271 � =�445 � � �404 � + �333 � � �132 � + �31�, the answers are (a) 1414 405; (b) 182 97 21; () 71 5631 26; (d) 43 39 32 12 3; (e) 1000000 999999 999998 999996 : : : 0.
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40 ANSWERS TO EXERCISES 7.2.1.323. There are �n�rt�r� ombinations with j > r, for r = 1, 2, : : : , t. (If r = 1 we have2 = 1+1; if r = 2 we have 1 = 0, 2 = 1; if r = 3 we have 1 = 0, 2 = 1, 4 = 3+1;et.) Thus the mean is (�nt�+�n�1t�1�+� � �+�n�t0 �)/�nt� = �n+1t �/�nt� = (n+1)=(n+1�t).The average running time per step is approximately proportional to this quantity; thusthe algorithm is quite fast when t is small, but slow if t is near n.24. In fat jk � 2 � jk+1 � jk + 1 when jk � t (modulo 2) and jk � 1 � jk+1 � jk + 2when jk 6� t, beause R5 is performed only when i = i� 1 for 1 � i < j.Thus we ould say, \If j � 4, set j  j�1�[j odd℄ and go to R5" at the end of R2,if t is odd; \If j � 3, set j  j � 1� [j even℄ and go to R5" if t is even. The algorithmwill then be loopless, sine R4 and R5 will be performed at most twie per visit.25. Assume that N > N 0 and N � N 0 is minimum; furthermore let t and t beminimum, subjet to those assumptions. Then t > 0t.If there is an element x =2 C [ C 0 with 0 � x < t, map eah t-ombination ofC [C 0 by hanging j 7! j�1 for j > x; or, if there is an element x 2 C \C 0, map eaht-ombination that ontains x into a (t � 1)-ombination by omitting x and hangingj 7! x � j for j < x. In either ase the mapping preserves alternating lexiographiorder; hene N � N 0 must exeed the number of ombinations between the imagesof C and C 0. But t is minimum, so no suh x an exist. Consequently t = m andt = 2m� 1.Now if 0m < m � 1, we ould derease N �N 0 by inreasing 0m. Therefore 0m =2m�2, and the problem has been redued to �nding themaximum of rank(m�1 : : : 1)�rank(0m�1 : : : 01), where rank is alulated as in (30).Let f(s; t) = max(rank(bs : : : b1)� rank(t : : : 1)) over all fbs; : : : ; b1; t : : : ; 1g =f0; : : : ; s+ t� 1g. Then f(s; t) satis�es the urious reurrenef(s; 0) = f(0; t) = 0; f(1; t) = t;f(s; t) = �s+t�1s �+max(f(t� 1; s� 1); f(s� 2; t)) if st > 0 and s > 1:When s+ t = 2u+ 2 the solution turns out to bef(s; t) = �2u+ 1t� 1 �+ u�rXj=1�2u+ 1� 2jr �+ r�1Xj=0�2j + 1j �; r = min(s� 2; t� 1);with the maximum ourring at f(t�1; s�1) when s � t and at f(s�2; t) when s � t+2.Therefore the minimum N �N 0 ours forC = f2m� 1g [ f2m� 2� x j 1 � x � 2m� 2; xmod 4 � 1g;C 0 = f2m� 2g [ f2m� 2� x j 1 � x � 2m� 2; xmod 4 � 2g;and it equals �2m�1m�1 ��Pm�2k=0 �2k+1k � = 1 +Pm�1k=1 � 2kk�1�. [See A. J. van Zanten, IEEETrans. IT-37 (1991), 1229{1233.℄26. (a) Yes: The �rst is 0n�dt=2e1tmod 22bt=2 and the last is 2bt=21tmod 20n�dt=2e;transitions are substrings of the forms 02a1 $ 12a0, 02a2 $ 12a1, 10a1 $ 20a0,10a2$ 20a1.(b) No: If s = 0 there is a big jump from 02t0r�1 to 20r2t�1.27. The following proedure extrats all ombinations 1 : : : k of �n that have weight� t: Begin with k  0 and 0  n. Visit 1 : : : k. If k is even and k = 0, setk  k � 1; if k is even and k > 0, set k  k � 1 if k = t, otherwise k  k + 1and k  0. On the other hand if k is odd and k + 1 = k�1, set k  k � 1 and
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7.2.1.3 ANSWERS TO EXERCISES 41k  k+1 (but terminate if k = 0); if k is odd and k + 1 < k�1, set k  k + 1 ifk = t, otherwise k  k + 1, k  k�1, k�1  k + 1. Repeat.(This loopless algorithm redues to that of exerise 7.2.1.1{12(b) when t = n, withslight hanges of notation.)28. True. Bit strings an�1 : : : a0 = �� and a0n�1 : : : a00 = ��0 orrespond to index lists(bs : : : b1 = ��, t : : : 1 = � ) and (b0s : : : b01 = ��0, 0t : : : 01 = � 0) suh that everythingbetween �� and ��0 begins with � if and only if everything between �� and ��0 beginswith � and everything between � and � 0 begins with �. For example, if n = 10, thepre�x � = 01101 orresponds to pre�xes � = 96 and � = 875.(But just having t : : : 1 in genlex order is a muh weaker ondition. For example,every suh sequene is genlex when t = 1.)29. (a) -k0l+1 or -k0l+1+�m or �k, for k; l;m � 0.(b) No; the suessor is always smaller in balaned ternary notation.() For all � and all k; l;m � 0 we have �0-k+10l+�m ! �-+k0l+1-�m and�+-k0l+1+�m ! �0+k+10l-�m; also �0-k+10l ! �-+k0l+1 and �+-k0l+1 ! �0+k+10l.(d) Let the jth sign of �i be (�1)aij , and let it be in position bij . Then we have(�1)aij+bi(j�1) = (�1)a(i+1)j+b(i+1)(j�1) for 0 � i < k and 1 � j � t, if we let bi0 = 0.(e) By parts (a), (b), and (), � belongs to some hain �0 ! � � � ! �k, where �kis �nal (has no suessor) and �0 is initial (has no predeessor). By part (d), everysuh hain has at most �s+tt � elements. But there are 2s �nal strings, by (a), and thereare 2s�s+tt � strings with s signs and t zeros; so k must be �s+tt �� 1.Referene: SICOMP 2 (1973), 128{133.30. Assume that t > 0. Initial strings are the negatives of �nal strings. Let �j be theinitial string 0t-�j for 0 � j < 2s�1, where the kth harater of �j for 1 � k < s is thesign of (�1)ak when j is the binary number (as�1 : : : a1)2; thus �0 = 0t-++ : : : +, �1 =0t--+ : : : +, : : : , �2s�1�1 = 0t--- : : : -. Let �j be the �nal string obtained by inserting-0t after the �rst (possibly empty) run of minus signs in �j ; thus �0 = -0t++ : : : +,�1 = --0t+ : : : +, : : : , �2s�1�1 = -- : : : -0t. We also let �2s�1 = �0 and �2s�1 = �0.Then we an prove by indution that the hain beginning with �j ends with �j when tis even, with �j�1 when t is odd, for 1 � j � 2s�1. Therefore the hain beginning with��j ends with ��j or ��j+1.Let Aj(s; t) be the sequene of (s; t)-ombinations derived by mapping the hainthat starts with �j , and let Bj(s; t) be the analogous sequene derived from ��j . Then,for 1 � j � 2s�1, the reverse sequene Aj(s; t)R is Bj(s; t) when t is even, Bj�1(s; t)when t is odd. The orresponding reurrenes when st > 0 areAj(s; t) = ( 1Aj(s; t� 1); 0Ab(2s�1�1�j)=2(s� 1; t)R; if j + t is even;1Aj(s; t� 1); 0Abj=2(s� 1; t); if j + t is odd;and when st > 0 all 2s�1 of these sequenes are distint.Chase's sequene Cst is Ab2s=3(s; t), and bCst is Ab2s�1=3(s; t). Inidentally, thehomogeneous sequene Kst of (31) is A2s�1�[t even℄(s; t)R.31. (a) 2(s+tt )�1 solves the reurrene f(s; t) = 2f(s � 1; t)f(s; t � 1) when f(s; 0) =f(0; t) = 1. (b) Now f(s; t) = (s+ 1)!f(s; t� 1) : : : f(0; t� 1) has the solution(s+ 1)!ts!(t2)(s� 1)!(t+13 ) : : : 2!(s+t�2s ) = sYr=1(r + 1)!(s+t�1�rt�2 )+[r=s℄:
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42 ANSWERS TO EXERCISES 7.2.1.332. (a) No simple formula seems to exist, but the listings an be ounted for small sand t by systematially omputing the number of genlex paths that run through allweight-t strings from a given starting point to a given ending point via revolving-doormoves. The totals for s+ t � 6 are 11 11 2 11 4 4 11 8 20 8 11 16 160 160 16 11 32 2264 17152 2264 32 1and f(4; 4) = 95;304;112;865;280; f(5; 5) � 5:92646� 1048. [This lass of ombinationgenerators was �rst studied by G. Ehrlih, JACM 20 (1973), 500{513, but he did notattempt to enumerate them.℄(b) By extending the proof of Theorem N, one an show that all suh listings ortheir reversals must run from 1t0s to 0a1t0s�a for some a, 1 � a � s. Moreover, thenumber nsta of possibilities, given s, t, and a with st > 0, satis�es n1t1 = 1 andnsta = �ns(t�1)1n(s�1)t(a�1); if a > 1;ns(t�1)2n(s�1)t1 + � � �+ ns(t�1)sn(s�1)t(s�1); if a = 1 < s.This reurrene has the remarkable solution nsta = 2m(s;t;a), wherem(s; t; a) = (�s+t�3t �+ �s+t�5t�2 �+ � � �+ �s�12 �; if t is even;�s+t�3t �+ �s+t�5t�2 �+ � � �+ �s3�+ s� a� [a< s℄; if t is odd.33. Consider �rst the ase t = 1: The number of near-perfet paths from i to j > i isf(j� i� [i> 0℄� [j <n� 1℄), wherePj f(j)zj = 1=(1� z� z3). (By oinidene, thesame sequene f(j) arises in Caron's polyphase merge on 6 tapes, Table 5.4.2{2.) Thesum over 0 � i < j < n is 3f(n) + f(n�1)+ f(n�2)+ 2� n; and we must double this,to over ases with j > i.When t > 1 we an onstrut �nt���nt� matries that tell how many genlex listingsbegin and end with partiular ombinations. The entries of these matries are sums ofproduts of matries for the ase t � 1, summed over all paths of the type onsideredfor t = 1. The totals for s+ t � 6 turn out to be11 11 2 11 6 2 11 12 10 2 11 20 44 10 2 11 34 238 68 10 2 1
11 11 2 11 2 0 11 2 2 0 11 2 0 0 0 11 2 6 0 0 0 1where the right-hand triangle shows the number of yles, g(s; t). Further values inludef(4; 4) = 17736; f(5; 5) = 9;900;888;879;984; g(4; 4) = 96; g(5; 5) = 30;961;456;320.There are exatly 10 suh shemes when s = 2 and n � 4. For example, whenn = 7 they run from 43210 to 65431 or 65432, or from 54321 to 65420 or 65430 or65432, or the reverse.
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7.2.1.3 ANSWERS TO EXERCISES 4334. The minimum an be omputed as in the previous answer, but using min-plusmatrix multipliation ij = mink(aik + bkj) instead of ordinary matrix multipliationij =Pk aikbkj . (When s = t = 5, the genlex path in Fig. 26(e) with only 49 imperfettransitions is essentially unique. There is a genlex yle for s = t = 5 that has only 55imperfetions.)35. From the reurrenes (35) we have ast = bs(t�1) + [s> 1℄[t> 0℄ + a(s�1)t, bst =as(t�1) + a(s�1)t; onsequently ast = bst + [s> 1℄[t odd℄ and ast = as(t�1) + a(s�1)t +[s> 1℄[t odd℄. The solution isast = t=2Xk=0�s+ t� 2� 2ks� 2 �� [s> 1℄[t even℄;this sum is approximately s=(s+ 2t) times �s+tt �.36. Consider the binary tree with root node (s; t) and with reursively de�ned subtreesrooted at (s�1; t) and (s; t�1) whenever st > 0; the node (s; t) is a leaf if st = 0. Thenthe subtree rooted at (s; t) has �s+tt � leaves, orresponding to all (s; t)-ombinationsan�1 : : : a1a0. Nodes on level l orrespond to pre�xes an�1 : : : an�l, and leaves onlevel l are ombinations with r = n� l.Any genlex algorithm for ombinations an�1 : : : a1a0 orresponds to preorder tra-versal of suh a tree, after the hildren of the �s+tt � � 1 branh nodes have beenordered in any desired way; that, in fat, is why there are 2(s+tt )�1 suh genlex shemes(exerise 31(a)). And the operation j  j + 1 is performed exatly one per branhnode, namely after both hildren have been proessed.Inidentally, exerise 7.2.1.2{6(a) implies that the average value of r is s=(t+1)+t=(s+1), whih an be 
(n); thus the extra time needed to keep trak of r is worthwhile.37. (a) In the lexiographi ase we needn't maintain the wj table, sine aj is ativefor j � r if and only if aj = 0. After setting aj  1 and aj�1  0 there are two asesto onsider if j > 1: If r = j, set r  j � 1; otherwise set aj�2 : : : a0  0r1j�1�r andr  j � 1� r (or r  j if r was j � 1).(b) Now the transitions to be handled when j > 1 are to hange aj : : : a0 as follows:01r ! 1101r�2, 010r ! 10r+1, 010a1r ! 110a+11r�1, 10r ! 010r�1, 110r ! 010r�11,10a1r ! 0a1r+1; these six ases are easily distinguished. The value of r should hangeappropriately.() Again the ase j = 1 is trivial. Otherwise 01a0r ! 101a�10r; 0a1r ! 10a1r�1;101a0r ! 01a+10r; 10a1r ! 0a1r+1; and there is also an ambiguous ase, whih anour only if an�1 : : : aj+1 ontains at least one 0: Let k > j be minimal with ak = 0.Then 10r ! 010r�1 if k is odd, 10r ! 0r1 if k is even.38. The same algorithm works, exept that (i) step C1 sets an�1 : : : a0  01t0s�1 ifn is odd or s = 1, an�1 : : : a0  001t0s�2 if n is even and s > 1, with an appropriatevalue of r; (ii) step C3 interhanges the roles of even and odd; (iii) step C5 goes to C4also if j = 1.39. In general, start with r  0, j  s + t � 1, and repeat the following steps untilst = 0:r  r + [wj =0℄� js� aj �; s s� [aj =0℄; t t� [aj =1℄; j  j � 1:Then r is the rank of an�1 : : : a1a0. So the rank of 11001001000011111101101010 is�2312�+�2211�+�219 �+�178 �+�167 �+�145 �+�133 �+�123 �+�113 �+�103 �+�93�+�83�+�43�+�31�+�10� =2390131.
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44 ANSWERS TO EXERCISES 7.2.1.340. We start with N  999999, v  0, and repeat the following steps until st = 0: Ifv = 0, set t  t � 1 and as+t  1 if N < �s+t�1s �, otherwise set N  N � �s+t�1s �,v  (s + t) mod 2, s  s � 1, as+t  0. If v = 1, set v  (s + t) mod 2, s  s � 1,and as+t  0 if N < �s+t�1t �, otherwise set N  N � �s+t�1t �, t  t � 1, as+t  1.Finally if s = 0, set at�1 : : : a0  1t; if t = 0, set as�1 : : : a0  0s. The answer isa25 : : : a0 = 11101001111110101001000001.41. Let (0), : : : , (2n � 1) = Cn where C2n = 0C2n�1, 1C2n�1; C2n+1 = 0C2n,1 bC2n; bC2n = 1C2n�1, 0 bC2n�1; bC2n+1 = 1 bC2n, 0 bC2n; C0 = bC0 = �. Then aj � bj =bj+1^(bj+2_(bj+3^(bj+4_� � � ))) if j is even, bj+1_(bj+2^(bj+3_(bj+4^� � � ))) if j is odd.Curiously we also have the inverse relation (( : : : a4�a3a2�a1a0)2) = ( : : : b4�b3b2�b1b0)2.42. Equation (40) shows that the left ontext an�1 : : : al+1 does not a�et the behaviorof the algorithm on al�1 : : : a0 if al = 0 and l > r. Therefore we an analyzeAlgorithm C by ounting ombinations that end with ertain bit patterns, and itfollows that the number of times eah operation is performed an be represented as[wszt℄ p(w; z)=(1� w2)2(1� z2)2(1� w � z) for an appropriate polynomial p(w; z).For example, the algorithm goes from C5 to C4 one for eah ombination that endswith 012a+1012b+1 or has the form 1a+1012b+1, for integers a; b � 0; the orrespondinggenerating funtions are w2z2=(1� z2)2(1� w � z) and w(z2 + z3)=(1� z2)2.Here are the polynomials p(w; z) for key operations. Let W = 1�w2, Z = 1� z2.C3! C4: wzW (1+wz)(1�w�z2);C3! C5: wzW (w+z)(1�wz�z2);C3! C6: w2z2W (w+z);C3! C7: w2zW (1+wz);C4(j = 1): wzW 2Z(1�w�z2);C4(r j�1): w3zWZ(1�w�z2);C4(r j): wz2W 2(1+z�2wz�z2�z3);C5! C4: wz2W 2(1�wz�z2);C5(r j�2): w4zWZ(1�wz�z2);

C5(r 1): w2zW 2Z(1�wz�z2);C5(r j�1): w2z3W 2(1�wz�z2);C6(j = 1): w2zW 2Z;C6(r j�1): w2z3W 2;C6(r j): w3z2WZ;C7! C6: w2zW 2;C7(r j): w4zWZ;C7(r j�2): w3z2W 2:The asymptoti value is �s+tt �(p(1 � x; x)=(2x � x2)2(1 � x2)2 + O(n�1)), for �xed0 < x < 1, if t = xn + O(1) as n ! 1. Thus we �nd, for example, that the four-waybranhing in step C3 takes plae with relative frequenies x+x2�x3 : 1 : x : 1+x�x2.Inidentally, the number of ases with j odd exeeds the number of ases withj even by Xk;l�1�s+ t� 2k � 2ls� 2k �[2k + 2l� s+ t℄ + [s odd℄[t odd℄;in any genlex sheme that uses (39). This quantity has the interesting generatingfuntion wz=(1 + w)(1 + z)(1� w � z).43. The identity is true for all nonnegative integers x, exept when x = 1.44. In fat, Ct(n)� 1 = bCt(n� 1)R, and bCt(n)� 1 = Ct(n� 1)R. (Hene Ct(n)� 2 =Ct(n� 2), et.)45. In the following algorithm, r is the least subsript with r � r.CC1. [Initialize.℄ Set j  n � t � 1 + j and zj  0 for 1 � j � t + 1. Also setr  1. (We assume that 0 < t < n.)CC2. [Visit.℄ Visit the ombination t : : : 21. Then set j  r.CC3. [Branh.℄ Go to CC5 if zj 6= 0.
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7.2.1.3 ANSWERS TO EXERCISES 45CC4. [Try to derease j .℄ Set x  j + (j mod 2) � 2. If x � j, set j  x,r  1; otherwise if j = j, set j  j � 1, zj  j+1 � ((j+1 + 1) mod 2),r  j; otherwise if j < j, set j  j, zj  j+1 � ((j+1 + 1) mod 2),r  max(1; j � 1); otherwise set j  x, r  j. Return to CC2.CC5. [Try to inrease j .℄ Set x  j + 2. If x < zj , set j  x; otherwise ifx = zj and zj+1 6= 0, set j  x � (j+1 mod 2); otherwise set zj  0,j  j + 1, and go to CC3 (but terminate if j > t). If 1 > 0, set r  1;otherwise set r  j � 1. Return to CC2.46. Equation (40) implies that uk = (bj+k+1) mod 2 when j is minimal with bj > k.Then (37) and (38) yield the following algorithm, where we assume for onvenienethat 3 � s < n.CB1. [Initialize.℄ Set bj  j � 1 for 1 � j � s; also set z  s+1, bz  1. (Whensubsequent steps examine the value of z, it is the smallest index suh thatbz 6= z � 1.)CB2. [Visit.℄ Visit the dual ombination bs : : : b2b1.CB3. [Branh.℄ If b2 is odd: Go to CB4 if b2 6= b1+1, otherwise to CB5 if b1 > 0,otherwise to CB6 if bz is odd. Go to CB9 if b2 is even and b1 > 0. Otherwisego to CB8 if bz+1 = bz + 1, otherwise to CB7.CB4. [Inrease b1.℄ Set b1  b1 + 1 and return to CB2.CB5. [Slide b1 and b2.℄ If b3 is odd, set b1  b1 + 1 and b2  b2 + 1; otherwiseset b1  b1 � 1, b2  b2 � 1, z  3. Go to CB2.CB6. [Slide left.℄ If z is odd, set z  z � 2, bz+1  z + 1, bz  z; otherwise setz  z � 1, bz  z. Go to CB2.CB7. [Slide bz.℄ If bz+1 is odd, set bz  bz +1 and terminate if bz � n; otherwiseset bz  bz � 1, then if bz < z set z  z + 1. To CB2.CB8. [Slide bz and bz+1.℄ If bz+2 is odd, set bz  bz+1, bz+1  bz + 1, andterminate if bz+1 � n. Otherwise set bz+1  bz, bz  bz � 1, then if bz < zset z  z + 2. To CB2.CB9. [Derease b1.℄ Set b1  b1 � 1, z  2, and return to CB2.Notie that this algorithm is loopless. Chase gave a similar proedure for the sequenebCRst in Cong. Num. 69 (1989), 233{237. It is truly amazing that this algorithm de�nespreisely the omplements of the indies t : : : 1 produed by the algorithm in theprevious exerise.47. We an, for example, use Algorithm C and its reverse (exerise 38), with wjreplaed by a d-bit number whose bits represent ativity at di�erent levels of thereursion. Separate pointers r0, r1, : : : , rd�1 are needed to keep trak of the r-valueson eah level. (Many other solutions are possible.)48. There are permutations �1, : : : , �M suh that the kth element of �j is �k�j"�k�1.And �k�j runs through all permutations of fs1 �1; : : : ; sd �dg as j varies from 0 to N�1.Historial note: The �rst publiation of a homogeneous revolving-door shemefor (s; t)-ombinations was by �Eva T�or�ok, Matematikai Lapok 19 (1968), 143{146,who was motivated by the generation of multiset permutations. Many authors havesubsequently relied on the homogeneity ondition for similar onstrutions, but thisexerise shows that homogeneity is not neessary.
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46 ANSWERS TO EXERCISES 7.2.1.349. We have limz!q(zkm+r � 1)=(zlm+r � 1) = 1 when 0 < r < m, and the limitis limz!q(kmzkm�1)=(lmzlm�1) = k=l when r = 0. So we an pair up fators of thenumerator Qn�k<a�n(za � 1) with fators of the denominator Q0<b�k(zb � 1) whena � b (modulo m).Notes: This formula was disovered by G. Olive, AMM 72 (1965), 619. In thespeial ase m = 2, q = �1, the seond fator vanishes only when n is even and k isodd. The formula �nk�q = � nn�k�q holds for all n � 0, but �bn=mbk=m� is not always equalto � bn=mb(n�k)=m�. We do, however, have bk=m+ b(n� k)=m = bn=m in the ase whennmodm � kmodm; otherwise the seond fator is zero.50. The stated oeÆient is zero when n1 modm+ � � �+ nt modm � m. Otherwise itequals � b(n1 + � � �+ nt)=mbn1=m; : : : ; bnt=m�� (n1 + � � �+ nt) modmn1 modm; : : : ; nt modm�q;by Eq. 1.2.6{(43); here eah upper index is the sum of the lower indies.51. All paths learly run between 000111 and 111000, sine those verties have de-gree 1. Fourteen total paths redue to four under the stated equivalenes. The pathin (50), whih is equivalent to itself under reetion-and-reversal, an be desribedby the delta sequene A = 3452132523414354123; the other three lasses are B =3452541453414512543, C = 3452541453252154123, D = 3452134145341432543. D. H.Lehmer found path C [AMM 72 (1965), Part II, 36{46℄; D is essentially the pathonstruted by Eades, Hikey, and Read.(Inidentally, perfet shemes aren't really rare, although they seem to be diÆultto onstrut systematially. The ase (s; t) = (3; 5) has 4,050,046 of them.)52. We may assume that eah sj is nonzero and that d > 1. Then the di�erenebetween permutations with an even and odd number of inversions is �b(s0+���+sd)=2bs0=2;:::;bsd=2� �2, by exerise 50, unless at least two of the multipliities sj are odd.Conversely, if at least two multipliities are odd, a general onstrution by G. Sta-howiak [SIAM J. Disrete Math. 5 (1992), 199{206℄ shows that a perfet shemeexists. Indeed, his onstrution applies to a variety of topologial sorting problems; inthe speial ase of multisets it gives a Hamiltonian yle in all ases with d > 1 ands0s1 odd, exept when d = 2, s0 = s1 = 1, and s2 is even.53. See AMM 72 (1965), Part II, 36{46.54. Assuming that st 6= 0, a Hamiltonian path exists if and only if s and t are notboth even; a Hamiltonian yle exists if and only if, in addition, (s 6= 2 and t 6= 2) orn = 5. [T. C. Enns, Disrete Math. 122 (1993), 153{165.℄55. [Solution by Aaron Williams.℄ The sequene 0s1t, Wst has the orret properties ifWst = 0W(s�1)t; 1Ws(t�1); 10s1t�1; for st > 0; W0t =Ws0 = ;:And there is an amazingly eÆient, loopless implementation: Assume that t > 0.W1. [Initialize.℄ Set n  s + t, aj  1 for 0 � j < t, and aj  0 for t � i � n.Also set j  k  t� 1. (This is triky, but it works.)W2. [Visit.℄ Visit the (s; t)-ombination an�1 : : : a1a0.W3. [Zero out aj .℄ Set aj  0 and j  j + 1.W4. [Easy ase?℄ If aj = 1, set ak  1, k  k + 1, and return to W2.W5. [Wrap around.℄ Terminate if j = n. Otherwise set aj  1. Then if k > 0,set ak  1, a0  0, j  1, and k  0. Return to W2.
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7.2.1.3 ANSWERS TO EXERCISES 47After the seond visit, j is the smallest index with ajaj�1 = 10, and k is smallest withak = 0. The easy ase ours exatly �s+t�1s ��1 times; and the ondition k = 0 oursin step W5 exatly �s+t�2t �+ Æt1 times. [To appear.℄56. [Disrete Math. 48 (1984), 163{171.℄ This problem is equivalent to the \middlelevels onjeture," whih states that there is a Gray path through all binary stringsof length 2t � 1 and weights ft � 1; tg. In fat, suh strings an almost ertainly begenerated by a delta sequene of the speial form �0�1 : : : �2t�2 where the elements of�k are those of �0 shifted by k, modulo 2t� 1. For example, when t = 3 we an startwith a5a4a3a2a1a0 = 000111 and repeatedly swap a0 $ aÆ , where Æ runs through theyle (4134 5245 1351 2412 3523). The middle levels onjeture is known to be true fort � 15 [see I. Shields and C. D. Savage, Cong. Num. 140 (1999), 161{178℄.57. Yes; there is a near-perfet genlex solution for all m, n, and t when n � m > t.One suh sheme, in bitstring notation, is 1A(m�t)(t�1)0n�m, 01A(m�t)(t�1)0n�m�1,: : : , 0n�m1A(m�t)(t�1), 0n�m+11A(m�1�t)(t�1), : : : , 0n�t1A0(t�1), using the sequenesAst of (35).58. Solve the previous problem with m and n redued by t � 1, then add j � 1 toeah j . (Case (a), whih is partiularly simple, was probably known to Czerny.)59. The generating funtion Gmnt(z) = P gmntkzk for the number gmntk of hordsreahable in k steps from 0n�t1t satis�esGmmt(z) = �mt �z andGm(n+1)t(z) = Gmnt(z)+ztn�(t�1)m�m�1t�1 �z , beause the latter term aounts for ases with t = n and 1 >n �m. A perfet sheme is possible only if jGmnt(�1)j � 1. But if n � m > t � 2,this ondition holds only when m = t + 1 or (n � t)t is odd, by (49). So there is noperfet solution when t = 4 and m > 5. (Many hords have only two neighbors whenn = t + 2, so one an easily rule out that ase. All ases with n � m > 5 and t = 3apparently do have perfet paths when n is even.)60. The following solution uses lexiographi order, taking are to ensure that the aver-age amount of omputation per visit is bounded. We may assume that stms : : :m0 6= 0and t � ms + � � �+m1 +m0.Q1. [Initialize.℄ Set qj  0 for s � j � 1, and x = t.Q2. [Distribute.℄ Set j  0. Then while x > mj , set qj  mj , x  x � mj ,j  j + 1, and repeat until x � mj . Finally set qj  x.Q3. [Visit.℄ Visit the bounded omposition qs + � � �+ q1 + q0.Q4. [Pik up the rightmost units.℄ If j = 0, set x  q0 � 1, j  1. Otherwise ifq0 = 0, set x qj � 1, qj  0, and j  j + 1. Otherwise go to Q7.Q5. [Full?℄ Terminate if j > s. Otherwise if qj = mj , set x  x +mj , qj  0,j  j + 1, and repeat this step.Q6. [Inrease qj .℄ Set qj  qj + 1. Then if x = 0, set q0  0 and return to Q3.(In that ase qj�1 = � � � = q0 = 0.) Otherwise go to Q2.Q7. [Inrease and derease.℄ (Now qi = mi for j > i � 0.) While qj = mj , setj  j + 1 and repeat until qj < mj (but terminate if j > s). Then setqj  qj + 1, j  j � 1, qj  qj � 1. If q0 = 0, set j  1. Return to Q3.For example, ifms = � � � = m0 = 9, the suessors of the omposition 3+9+9+7+0+0are 4+0+0+6+9+9, 4+0+0+7+8+9, 4+0+0+7+9+8, 4+0+0+8+7+9, : : : .61. Let Fs(t) = ; if t < 0 or t > ms + � � �+m0; otherwise let F0(t) = t, andFs(t) = 0+Fs�1(t); 1+Fs�1(t� 1)R; 2+Fs�1(t� 2); : : : ; ms+Fs�1(t�ms)Rms
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48 ANSWERS TO EXERCISES 7.2.1.3when s > 0. This sequene an be shown to have the required properties; it is, infat, equivalent to the ompositions de�ned by the homogeneous sequene Kst of (31)under the orrespondene of exerise 4, when restrited to the subsequene de�ned bythe bounds ms, : : : , m0. [See T. Walsh, J. Combinatorial Math. and CombinatorialComputing 33 (2000), 323{345, who has implemented it looplessly.℄62. (a) A 2� n ontingeny table with row sums r and 1 + � � �+ n � r is equivalentto solving r = a1 + � � �+ an with 0 � a1 � 1, : : : , 0 � an � n.(b) We an ompute it sequentially by setting aij  min(ri � ai1 � � � � � ai(j�1);j � a1j � � � � � a(i�1)j) for j = 1, : : : , n, for i = 1, : : : , m. Alternatively, if r1 � 1, seta11  r1, a12  � � �  a1n  0, and do the remaining rows with 1 dereased by r1; ifr1 > 1, set a11  1, a21  � � �  am1  0, and do the remaining olumns with r1dereased by 1. The seond approah shows that at most m+ n� 1 of the entries arenonzero. We an also write down the expliit formulaaij = max(0;min(ri; j ; r1 + � � �+ ri � 1 � � � � � j�1; 1 + � � �+ j � r1 � � � � � ri�1)):() The same matrix is obtained as in (b).(d) Reverse left and right in (b) and (); in both ases the answer isaij = max(0;min(ri; j ; ri+1 + � � �+ rm � 1 � � � � � j�1; 1 + � � �+ j � ri � � � � � rm)).(e) Here we hoose, say, row-wise order: Generate the �rst row just as for boundedompositions of r1, with bounds (1; : : : ; n); and for eah row (a11; : : : ; a1n), gen-erate the remaining rows reursively in the same way, but with the olumn sums(1 � a11; : : : ; n � a1n). Most of the ation takes plae on the bottom two rows,but when a hange is made to an earlier row the later rows must be re-initialized.63. If aij and akl are positive, we obtain another ontingeny table by setting aij  aij � 1, ail  ail+1, akj  akj +1, akl  akl� 1. We want to show that the graph Gwhose verties are the ontingeny tables for (r1; : : : ; rm; 1; : : : ; n), adjaent if theyan be obtained from eah other by suh a transformation, has a Hamiltonian path.When m = n = 2, G is a simple path. When m = 2 and n = 3, G has a two-dimensional struture from whih we an see that every vertex is the starting point of atleast two Hamiltonian paths, having distint endpoints. When m = 2 and n � 4 we anshow, indutively, that G atually has Hamiltonian paths from any vertex to any other.When m � 3 and n � 3, we an redue the problem from m to m� 1 as in answer62(e), if we are areful not to \paint ourselves into a orner." Namely, we must avoidreahing a state where the nonzero entries of the bottom two rows have the form ( 10 ab 0 )for some a, b,  > 0 and a hange to row m � 2 fores this to beome ( 00 ab 1 ). Theprevious round of hanges to rows m� 1 and m an avoid suh a trap unless  = 1 andit begins with ( 01 a+1b�1 01) or ( 10 a�1b+1 10 ). But that situation an be avoided too.(A genlex method based on exerise 61 would be onsiderably simpler, and italmost always would make only four hanges per step. But it would oasionally needto update 2min(m;n) entries at a time.)64. When x1 : : : xs is a binary string and A is a list of sububes, let A � x1 : : : xsdenote replaing the digits (a1; : : : ; as) in eah subube of A by (a1 � x1; : : : ; as � xs),from left to right. For example, 0�1��10� 1010 = 1�1��00. Then the following mutualreursions de�ne a Gray yle, beause Ast gives a Gray path from 0s�t to 10s�1�t andBst gives a Gray path from 0s�t to �01s�1�t�1, when st > 0:Ast = 0B(s�1)t; �As(t�1) � 001s�2; 1BR(s�1)t;
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7.2.1.3 ANSWERS TO EXERCISES 49Bst = 0A(s�1)t; 1B(s�1)t � 010s�2; �As(t�1) � 1s:The strings 001s�2 and 010s�2 are simply 0s when s < 2; As0 is Gray binary ode;A0t = B0t = �t. (Inidentally, the somewhat simpler onstrutionGst = �Gs(t�1); atG(s�1)t; at�1GR(s�1)t; at = tmod 2;de�nes a pleasant Gray path from �t0s to at�1�t0s�1.)65. If a path P is onsidered equivalent to PR and to P � x1 : : : xs, the total numberan be omputed systematially as in exerise 33, with the following results for s+t � 6:paths11 11 2 11 3 3 11 5 10 4 11 6 36 35 5 11 9 310 4630 218 6 1

yles11 11 1 11 1 1 11 2 1 1 11 2 3 1 1 11 3 46 4 1 1 1In general there are t+1 paths when s = 1 and �ds=2e+22 �� (smod 2) when t = 1. Theyles for s � 2 are unique. When s = t = 5 there are approximately 6:869 � 10170paths and 2:495� 1070 yles.66. Let G(n; 0) = �; G(n; t) = ; when n < t; and for 1 � t � n, let G(n; t) beĝ(0)G(n� 1; t); ĝ(1)G(n� 1; t)R; : : : ; ĝ(2t � 1)G(n� 1; t)R; ĝ(2t � 1)G(n� 1; t� 1);where ĝ(k) is a t-bit olumn ontaining the Gray binary number g(k) with its leastsigni�ant bit at the top. In this general formula we impliitly add a row of zerosbelow the bases of G(n� 1; t� 1).This remarkable rule gives ordinary Gray binary ode when t = 1, omitting 0 : : : 00.A yli Gray ode is impossible beause �nt�2 is odd.67. A Gray path for ompositions orresponding to Algorithm C implies that there isa path in whih all transitions are 0k1l $ 1l0k with min(k; l) � 2. Perhaps there is, infat, a yle with min(k; l) = 1 in eah transition.68. (a) f;g; (b) ;.69. The least N with �tN < N is �2t�1t �+ �2t�3t�1 �+ � � �+ �11�+ 1 = 12 (�2tt �+ �2t�2t�1 �+� � �+ �00�+ 1), beause � nt�1� � �nt� if and only if n � 2t� 1.70. From the identity�t(�2t�3t �+N 0)�(�2t�3t �+N 0) = �t(�2t�2t �+N 0)�(�2t�2t �+N 0) = �2t�2t � 1t�1+�t�1N 0�N 0when N 0 < �2t�3t �, we onlude that the maximum is �2t�2t � 1t + �2t�4t�1 � 1t�2 + � � �+ �22� 11 ,and it ours at 2t�1 values of N when t > 1.71. Let Ct be the t-liques. The �rst �1414t � + �1009t�1� t-ombinations visited by Al-gorithm L de�ne a graph on 1415 verties with 1000000 edges. If jCtj were larger,j�t�2Ctj would exeed 1000000. Thus the single graph de�ned by P(1000000)2 has themaximum number of t-liques for all t � 2.72. M = �mss � + � � � + �muu � for ms > � � � > mu � u � 1, where fms; : : : ;mug =fs+t�1; : : : ; nvgnfnt; : : : ; nv+1g. (Compare with exerise 15, whih gives �s+tt ��1�N .)
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50 ANSWERS TO EXERCISES 7.2.1.3If � = an�1 : : : a0 is the bit string orresponding to the ombination nt : : : n1, thenv is 1 plus the number of trailing 1s in �, and u is the length of the rightmost runof 0s. For example, when � = 1010001111 we have s = 4, t = 6, M = �84�+ �73�, u = 3,N = �96�+ �75�, v = 5.73. A and B are ross-interseting () � 6� U n � for all � 2 A and � 2 B ()A\�n�s�tB� = ;, where B� = fU n� j � 2 Bg is a set of (n� t)-ombinations. SineQ�Nnt = PN(n�t), we have j�n�s�tB�j � j�n�s�tPN(n�t)j, and �n�s�tPN(n�t) = PN0swhere N 0 = �s+1 : : : �n�tN . Thus if A and B are ross-interseting we have M +N 0 �jAj+ j�n�s�tB�j � �ns�, and QMns \ PN0s = ;.Conversely, if QMns \ PN0s 6= ; we have �ns� < M +N 0 � jAj+ j�n�s�tB�j, so Aand B annot be ross-interseting.74. j �QNntj = �n�tN (see exerise 94). Also, arguing as in (58) and (59), we �nd�PN5 = (n�1)PN5 [ � � � [ 10PN5 [ f543210; : : : ; 987654g in that partiular ase; andj �PNtj = (n+ 1� nt)N + �nt+1t+1 � in general.75. The identity �n+1k � = �nk� + �n�1k�1� + � � � + �n�k0 �, Eq. 1.2.6{(10), gives anotherrepresentation if nv > v. But (60) is una�eted, sine we have �n+1k�1� = � nk�1�+�n�1k�2�+� � �+ �n�k+10 �.76. Represent N +1 by adding �v�1v�1� to (57); then use the previous exerise to deduethat �t(N + 1)� �tN = �v�1v�2� = v � 1.77. [D. E. Daykin, Nanta Math. 8, 2 (1975), 78{83.℄ We work with extended repre-sentations M = �mtt �+ � � �+ �muu � and N = �ntt �+ � � �+ �nvv � as in exerise 75, allingthem improper if the �nal index u or v is zero. Call N exible if it has both properand improper representations, that is, if nv > v > 0.(a) Given an integer S, �nd M + N suh that M + N = S and �tM + �tN isminimum, with M as large as possible. If N = 0, we're done. Otherwise the max-minoperation preserves both M +N and �tM + �tN , so we an assume that v � u � 1 inthe proper representations of M and N . If N is inexible, �t(M + 1) + �t(N � 1) =(�tM +u� 1)+ (�tN � v) < �tM +�tN , by exerise 76; therefore N must be exible.But then we an apply the max-min operation to M and the improper representationof N , inreasing M : Contradition.This proof shows that equality holds if and only if MN = 0, a fat that was notedin 1927 by F. S. Maaulay.(b) Now we try to minimize max(�tM;N) + �t�1N when M +N = S, this timerepresenting N as �nt�1t�1 � + � � � + �nvv �. The max-min operation an still be used ifnt�1 < mt; leaving mt unhanged, it preserves M +N and �tM +�t�1N as well as therelation �tM > N . We arrive at a ontradition as in (a) if N 6= 0, so we an assumethat nt�1 � mt.If nt�1 > mt we have N > �tM and also �tN > M ; hene M +N < �tN +N =�nt�1+1t �+ � � �+ �nv+1v �, and we have �t(M +N) � �t(�tN +N) = N + �t�1N .Finally if nt�1 = mt = a, letM = �at�+M 0 andN = � at�1�+N 0. Then �t(M+N) =�a+1t�1� + �t�1(M 0 + N 0), �tM = � at�1� + �t�1M 0, and �t�1N = � at�2� + �t�2N 0; theresult follows by indution on t.78. [J. Ekho� and G. Wegner, Periodia Math. Hung. 6 (1975), 137{142; A. J. W.Hilton, Periodia Math. Hung. 10 (1979), 25{30.℄ Let M = jA1j and N = jA0j; we anassume that t > 0 and N > 0. Then j�Aj = j�A1 [ A0j+ j�A0j � max(j�A1j; jA0j)+j�A0j � max(�tM;N) + �t�1N � �t(M +N) = jP jAjtj, by indution on m+ n+ t.
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7.2.1.3 ANSWERS TO EXERCISES 51Conversely, let A1 = PMt + 1 and A0 = PN(t�1) + 1; this notation means, forexample, that f210; 320g + 1 = f321; 431g. Then �t(M + N) � j�Aj = j�A1 [ A0j +j(�A0)0j = max(�tM;N) + �t�1N , beause �A1 = P(�tM)(t�1) + 1. [Sh�utzenbergerobserved in 1959 that �t(M +N) � �tM + �t�1N if and only if �tM � N .℄For the �rst inequality, letA and B be disjoint sets of t-ombinations with jAj =M ,j�Aj = �tM , jBj = N , j�Bj = �tN . Then �t(M + N) = �tjA [ Bj � j�(A [ B)j =j�A [ �Bj = j�Aj+ j�Bj = �tM + �tN .79. In fat, �t(M + �t�1M) =M , and �tN + �t�1�tN = N + (n2 � n1)[v=1℄ whenN is given by (57).80. If N > 0 and t > 1, represent N as in (57) and let N = N0 +N1, whereN0 = �nt � 1t �+ � � �+ �nv � 1v �; N1 = �nt � 1t� 1 �+ � � �+ �nv � 1v � 1 �:Let N0 = �yt� and N1 = � zt�1�. Then, by indution on t and bx, we have �xt� =N0 + �tN0 � �yt� + � yt�1� = �y+1t �; N1 = �xt� � �yt� � �xt� � �x�1t � = �x�1t�1�; and�tN = N1 + �t�1N1 � � zt�1�+ � zt�2� = �z+1t�1� � � xt�1�.[Lov�asz atually proved a stronger result; see exerise 1.2.6{66. We have, similarly,�tN � �x�1t�1�; see Bj�orner, Frankl, and Stanley, Combinatoria 7 (1987), 27{28.℄81. For example, if the largest element of bPN5 is 66433, we havebPN5 = f00000; : : : ; 55555g[f60000; : : : ; 65555g[f66000; : : : ; 66333g[f66400; : : : ; 66433gso N = �105 �+ �94�+ �63�+ �52�. Its lower shadow is� bPN5 = f0000; : : : ; 5555g [ f6000; : : : ; 6555g [ f6600; : : : ; 6633g [ f6640; : : : ; 6643g;of size �94�+ �83�+ �52�+ �41�.If the smallest element of QN95 is 66433, we havebQN95 = f99999; : : : ; 70000g [ f66666; : : : ; 66500g [ f66444; : : : ; 66440g [ f66433gso N = (�139 �+�128 �+�117 �)+ (�86�+�75�)+ �54�+ �33�. Its upper shadow is�bQN95 = f999999; : : : ; 700000g [ f666666; : : : ; 665000g[ f664444; : : : ; 664400g [ f664333; : : : ; 664330g;of size (�149 �+�138 �+�127 �) + (�96�+�85�) + �64� + �43� = N + �9N . The size, t, of eahombination is essentially irrelevant, as long as N � �s+tt �; for example, the smallestelement of bQN98 is 99966433 in the ase we have onsidered.82. (a) The derivative would have to be Pk>0 rk(x), but that series diverges.[Informally, the graph of �(x) shows \pits" of relative magnitude 2�k at all oddmultiples of 2�k. Takagi's original publiation, in Pro. Physio-Math. So. Japan (2)1 (1903), 176{177, has been translated into English in his Colleted Papers (IwanamiShoten, 1973).℄(b) Sine rk(1�t) = (�1)d2ktewhen k > 0, we have R 1�x0 rk(t) dt = R 1x rk(1�u) du =� R 1x rk(u) du = R x0 rk(u) du. The seond equation follows from the fat that rk( 12 t) =rk�1(t). Part (d) shows that these two equations suÆe to de�ne �(x) when x isrational.() Sine �(2�ax) = a2�ax + 2�a�(x) for 0 � x � 1, we have �(�) = a� + O(�)when 2�a�1 � � � 2�a. Therefore �(�) = � lg 1� +O(�) for 0 < � � 1.
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52 ANSWERS TO EXERCISES 7.2.1.3(d) Suppose 0 � p=q � 1. If p=q � 1=2 we have �(p=q) = p=q + �(2p=q)=2;otherwise �(p=q) = (q � p)=q + �(2(q � p)=q)=2. Therefore we an assume that q isodd. When q is odd, let p0 = p=2 when p is even, p0 = (q � p)=2 when p is odd. Then�(p=q) = 2�(p0=q) � 2p0=q for 0 < p < q; this system of q � 1 equations has a uniquesolution. For example, the values for q = 3, 4, 5, 6, 7 are 2/3, 2/3; 1/2, 1/2, 1/2; 8/15,2/3, 2/3, 8/15; 1/2, 2/3, 1/2, 2/3, 1/2; 22/49, 30/49, 32/49, 32/49, 30/49, 22/49.(e) The solutions < 12 are x = 14 , 14 � 116 , 14 � 116 � 164 , 14 � 116 � 164 � 1256 , : : : , 16 .(f) The value 23 is ahieved for x = 12 � 18 � 132 � 1128 � � � � , an unountable set.83. Given any integers q > p > 0, onsider paths starting from 0 in the digraph0  1  2  3  4  5  � � �l l l l l l1 ! 2 ! 3 ! 4 ! 5 ! 6 ! � � �Compute an assoiated value v, starting with v  �p; horizontal moves hange v  2v,vertial moves from node a hange v  2(qa � v). The path stops if we reah a nodetwie with the same value v. Transitions are not allowed to upper node a if v � �q orv � qa at that node; they are not allowed to lower node a with v � 0 or v � q(a+ 1).These restritions fore most steps of the path. (Node a in the upper row means, \Solve�(x) = ax � v=q"; in the lower row it means, \Solve �(x) = v=q � ax.") Empirialtests suggest that all suh paths are �nite. The equation �(x) = p=q then has solutionsx = x0 de�ned by the sequene x0, x1, x2, : : : where xk = 12xk+1 on a horizontal stepand xk = 1� 12xk+1 on a vertial step; eventually xk = xj for some j < k. If j > 0 andif q is not a power of 2, these are all the solutions to �(x) = p=q when x > 1=2.For example, this proedure establishes that �(x) = 1=5 and x > 1=2 only whenx is 83581/87040; the only path yields x0 = 1 � 12x1, x1 = 12x2, : : : , x18 = 12x19, andx19 = x11. There are, similarly, just two values x > 1=2 with �(x) = 3=5, havingdenominator 246(256 � 1)=3.Moreover, it appears that all yles in the digraph that pass through node 0 de�nevalues of p and q suh that �(x) = p=q has unountably many solutions. Suh valuesare, for example, 2/3, 8/15, 8/21, orresponding to the yles (01), (0121), (012321).The value 32/63 orresponds to (012121) and also to (012101234545454321), as well asto two other paths that do not return to 0.84. [Frankl, Matsumoto, Ruzsa, and Tokushige, J. Combinatorial Theory A69 (1995),125{148.℄ If a � b we have�2t� 1� bt� a �.T = ta(t� 1)b�a/(2t� 1)b = 2�b(1 + f(a; b)t�1 +O(b4=t2));where f(a; b) = a(1 + b) � a2 � b(1 + b)=4 = f(a + 1; b) � b + 2a. Therefore if N hasthe ombinatorial representation (57), and if we set nj = 2t� 1� bj , we havetT ��tN �N� = bt2bt + bt�1 � 22bt�1 + bt�2 � 42bt�2 + � � �+ O(log t)3t ;the terms being negligible when bj exeeds 2 lg t. And one an show that�� lXj=0 2�ej� = lXj=0 (ej � 2j)2�ej :85. N��t�1N has the same asymptoti form as �tN�N , by (63), sine �(x) = �(1�x).
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7.2.1.3 ANSWERS TO EXERCISES 53So does 2�tN �N , up to O(T (log t)3=t2), beause �2t�1�bt�a � = 2�2t�2�bt�a �(1+O(log t)=t)when b < 2 lg t.86. x 2 XÆ� () �x =2 XÆ () �x =2 X or �x =2 X + e1 or � � � or �x =2 X + en () x 2 X�or x 2 X� � e1 or � � � or x 2 X� � en () x 2 X�+.87. All three are true, using the fat that X � Y Æ if and only if X+ � Y : (a) X � Y Æ() X� � Y Æ� = Y �+ () Y � � X�Æ. (b) X+ � X+ =) X � X+Æ; heneXÆ � XÆ+Æ. Also XÆ � XÆ =) XÆ+ � X; hene XÆ+Æ � XÆ. () �M � N ()S+M � SN () SM � SÆN () M � �N .88. If �x < �y then �(x � ek) < �(y � ej), so we an assume that �x = �y and thatx > y in lexiographi order. We must have yj > 0; otherwise �(y � ej) would exeed�(x� ek). If xi = yi for 1 � i � j, learly k > j and x� ek � y� ej . Otherwise xi > yifor some i � j; again we have x� ek � y � ej , unless x� ek = y � ej .89. From the tablej = 0 1 2 3 4 5 6 7 8 9 10 11ej + e1 = e1 e0 e4 e5 e2 e3 e8 e9 e6 e7 e11 e10ej + e2 = e2 e4 e0 e6 e1 e8 e3 e10 e5 e11 e7 e9ej + e3 = e3 e5 e6 e7 e8 e9 e10 e0 e11 e1 e2 e4we �nd (�0; �1; : : : ; �12) = (0; 4; 6; 7; 8; 9; 10; 11; 11; 12; 12; 12; 12); (�0; �1; : : : ; �12) =(0; 0; 0; 0; 1; 1; 2; 3; 4; 5; 6; 8; 12).90. Let Y = X+ and Z = CkX, and let Na = jXk(a)j for 0 � a < mk. ThenjY j = mk�1Xa=0 jYk(a)j = mk�1Xa=0 j(Xk(a� 1) + ek) [ (Xk(a) + Ek(0))j
� mk�1Xa=0 max(Na�1; �Na);where a � 1 stands for (a � 1) modmk and the � funtion omes from the (n � 1)-dimensional torus, beause jXk(a) + Ek(0)j � �Na by indution. AlsojZ+j = mk�1Xa=0 jZ+k (a)j = mk�1Xa=0 j(Zk(a� 1) + ek) [ (Zk(a) + Ek(0))j
= mk�1Xa=0 max(Na�1; �Na);beause both Zk(a� 1) + ek and Zk(a) + Ek(0) are standard in n� 1 dimensions.91. Let there be Na points in row a of a totally ompressed array, where row 0 isat the bottom; thus l = N�1 � N0 � � � � � Nm�1 � Nm = 0. We show �rstthat there is an optimum X for whih the \bad" ondition Na = Na+1 never oursexept when Na = 0 or Na = l. For if a is the smallest bad subsript, supposeNa�1 > Na = Na+1 = � � � = Na+k > Na+k+1. Then we an always derease Na+kby 1 and add 1 to some Nb for b � a without inreasing jX+j, exept in ases wherek = 1 and Na+2 = Na+1 � 1 and Nb = Na + a � b < l for 0 � b � a. Exploring suhases further, if N+1 < N = N�1 for some  > a + 1, we an set N  N � 1 andNa  Na + 1, thereby either dereasing a or inreasing N0. Otherwise we an �nda subsript d suh that N = Na+1 + a+ 1�  > 0 for a <  < d, and either Nd = 0 orNd < Nd�1 � 1. Then it is OK to derease N by 1 for a <  < d and subsequently to
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54 ANSWERS TO EXERCISES 7.2.1.3inrease Nb by 1 for 0 � b < d� a� 1. (It is important to note that if Nd = 0 we haveN0 � d� 1; hene d = m implies l = m.)Repeating suh transformations until Na > Na+1 whenever Na 6= l and Na+1 6= 0,we reah situation (86), and the proof an be ompleted as in the text.92. Let x + k denote the lexiographially smallest element of T (m1; : : : ;mn�1) thatexeeds x and has weight �x+k, if any suh element exists. For example, if m1 = m2 =m3 = 4 and x = 211, we have x+1 = 212, x+2 = 213, x+3 = 223, x+4 = 233, x+5 =333, and x+6 does not exist; in general, x+ k+1 is obtained from x+ k by inreasingthe rightmost omponent that an be inreased. If x+ k = (m1� 1; : : : ;mn�1� 1), letus set x + k + 1 = x + k. Then if S(k) is the set of all elements of T (m1; : : : ;mn�1)that are � x+ k, we have S(k+ 1) = S(k)+. Furthermore, the elements of S that endin a are those whose �rst n� 1 omponents are in S(m� 1� a).The result of this exerise an be stated more intuitively: As we generate n-dimensional standard sets S1, S2, : : : , the (n � 1)-dimensional standard sets on eahlayer beome spreads of eah other just after eah point is added to layer m � 1.Similarly, they beome ores of eah other just before eah point is added to layer 0.93. (a) Suppose the parameters are 2 � m01 � m02 � � � � � m0n when sorted properly,and let k be minimal withmk 6= m0k. Then take N = 1+rank(0; : : : ; 0;m0k�1; 0; : : : ; 0).(We must assume that min(m1; : : : ;mn) � 2, sine parameters equal to 1 an be plaedanywhere.)(b) Only in the proof for n = 2, buried inside the answer to exerise 91. Thatproof is inorporated by indution when n is larger.94. Complementation reverses lexiographi order and hanges �to �.95. For Theorem K, let d = n � 1 and s0 = � � � = sd = 1. For Theorem M, let d = sand s0 = � � � = sd = t+ 1.96. In suh a representation, N is the number of t-multiombinations of fs0 � 0; s1 � 1;s2 � 2; : : : g that preede ntnt�1 : : : n1 in lexiographi order, beause the generalizedoeÆient �S(n)t � ounts the multiombinations whose leftmost omponent is < n.If we trunate the representation by stopping at the rightmost nonzero term�S(nv)v �, we obtain a nie generalization of (60):j�PNtj = �S(nt)t� 1 �+ �S(nt�1)t� 2 �+ � � �+ �S(nv)v � 1 �:[See G. F. Clements, J. Combinatorial Theory A37 (1984), 91{97. The inequalitiess0 � s1 � � � � � sd are needed for the validity of Corollary C, but not for the alulationof j�PNtj. Some terms �S(nk)k � for t � k > v may be zero. For example, when N = 1,t = 4, s0 = 3, and s1 = 2, we have N = �S(1)4 �+ �S(1)3 � = 0 + 1.℄97. (a) The tetrahedron has four verties, six edges, four faes: (N0; : : : ; N4) =(1; 4; 6; 4; 1). The otahedron, similarly, has (N0; : : : ; N6) = (1; 6; 8; 8; 0; 0; 0), andthe iosahedron has (N0; : : : ; N12) = (1; 12; 30; 20; 0; : : : ; 0). The hexahedron, aka the3-ube, has eight verties, 12 edges, and six square faes; perturbation breaks eahsquare fae into two triangles and introdues new edges, so we have (N0; : : : ; N8) =(1; 8; 18; 12; 0; : : : ; 0). Finally, the perturbed pentagonal faes of the dodeahedron leadto (N0; : : : ; N20) = (1; 20; 54; 36; 0; : : : ; 0).(b) f210; 310g [ f10; 20; 21; 30; 31g [ f0; 1; 2; 3g [ f�g.() 0 � Nt � �nt� for 0 � t � n and Nt�1 � �tNt for 1 � t � n. The seondondition is equivalent to �t�1Nt�1 � Nt for 1 � t � n, if we de�ne �01 = 1. Theseonditions are neessary for Theorem K, and suÆient if A = SPNtt:

54



7.2.1.3 ANSWERS TO EXERCISES 55(d) The omplements of the elements not in a simpliial omplex, namely the setsf f0; : : : ; n � 1g n � j � =2 C g, form a simpliial omplex. (We an also verify thatthe neessary and suÆient ondition holds: Nt�1 � �tNt () �t�1Nt�1 � Nt ()�n�t+1Nn�t+1 � Nn�t, beause �n�tNn�t+1 = �nt�� �t�1Nt�1 by exerise 94.)(e) 00000 $ 14641; 10000 $ 14640; 11000 $ 14630; 12000 $ 14620; 13000 $14610; 14000 $ 14600; 12100 $ 14520; 13100 $ 14510; 14100 $ 14500; 13200 $14410; 14200$ 14400; 13300$ 14400; and the self-dual ases 14300, 13310.98. The following proedure by S. Linusson [Combinatoria 19 (1999), 255{266℄, whoonsidered also the more general problem for multisets, is onsiderably faster than amore obvious approah. Let L(n; h; l) ount feasible vetors withNt = �nt� for 0 � t � l,Nt+1 < � nt+1�, and Nt = 0 for t > h. Then L(n; h; l) = 0 unless �1 � l � h � n;also L(n; h; h) = L(n; h;�1) = 1, and L(n;n; l) = L(n;n � 1; l) for l < n. Whenn > h � l � 0 we an ompute L(n; h; l) =Phj=l L(n� 1; h; j)L(n� 1; j � 1; l � 1), areurrene that follows from Theorem K. (Eah size vetor orresponds to the omplexSPNtt, with L(n�1; h; j) representing ombinations that do not ontain the maximumelement n� 1 and L(n� 1; j � 1; l� 1) representing those that do.) Finally the grandtotal is L(n) =Pnl=1 L(n;n; l).We have L(0), L(1), L(2), : : : = 2, 3, 5, 10, 26, 96, 553, 5461, 100709, 3718354,289725509, : : : ; L(100) � 3:2299� 101842.99. The maximal elements of a simpliial omplex form a lutter; onversely, theombinations ontained in elements of a lutter form a simpliial omplex. Thus thetwo onepts are essentially equivalent.(a) If (M0;M1; : : : ;Mn) is the size vetor of a lutter, then (N0; N1; : : : ; Nn) isthe size vetor of a simpliial omplex if Nn = Mn and Nt = Mt + �t+1Nt+1 for0 � t < n. Conversely, every suh (N0; : : : ; Nn) yields an (M0; : : : ;Mn) if we usethe lexiographially �rst Nt t-ombinations. [G. F. Clements extended this result togeneral multisets in Disrete Math. 4 (1973), 123{128.℄(b) In the order of answer 97(e) they are 00000, 00001, 10000, 00040, 01000, 00030,02000, 00120, 03000, 00310, 04000, 00600, 00100, 00020, 01100, 00210, 02100, 00500,00200, 00110, 01200, 00400, 00300, 01010, 01300, 00010. Notie that (M0; : : : ;Mn) isfeasible if and only if (Mn; : : : ;M0) is feasible, so we have a di�erent sort of duality inthis interpretation.100. Represent A as a subset of T (m1; : : : ;mn) as in the proof of Corollary C. Then themaximum value of �A is obtained when A onsists of the N lexiographially smallestpoints x1 : : : xn.The proof starts by reduing to the ase that A is ompressed, in the sense thatits t-multiombinations are PjA\Ttjt for eah t. Then if y is the largest element 2 Aand if x is the smallest element =2 A, we prove that x < y implies �x > �y, hene�(A n fyg [ fxg) > �A. For if �x = �y � k we ould �nd an element of �ky that isgreater than x, ontraditing the assumption that A is ompressed.101. (a) In general, F (p) = N0pn+N1pn�1(1�p)+� � �+Nn(1�p)n when f(x1; : : : ; xn)is satis�ed by exatly Nt binary strings x1 : : : xn of weight t. Thus we �nd G(p) =p4 + 3p3(1� p) + p2(1� p)2; H(p) = p4 + p3(1� p) + p2(1� p)2.(b) A monotone formula f is equivalent to a simpliial omplex C under the or-respondene f(x1; : : : ; xn) = 1() fj � 1 j xj = 0g 2 C. Therefore the funtions f(p)of monotone Boolean funtions are those that satisfy the ondition of exerise 97(), andwe obtain a suitable funtion by hoosing the lexiographially lastNn�t t-ombinations
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56 ANSWERS TO EXERCISES 7.2.1.3(whih are omplements of the �rst Ns s-ombinations): f3210g, f321; 320; 310g, f32ggives f(w; x; y; z) = wxyz _ xyz _ wyz _ wxz _ yz = wxz _ yz.M. P. Sh�utzenberger observed that we an �nd the parameters Nt easily fromf(p) by noting that f(1=(1 + u)) = (N0 +N1u+ � � �+Nnun)=(1 + u)n. One an showthat H(p) is not equivalent to a monotone formula in any number of variables, beause(1 + u + u2)=(1 + u)4 = (N0 + N1u + � � � + Nnun)=(1 + u)n implies that N1 = n � 3,N2 = �n�32 �+ 1, and �2N2 = n� 2.But the task of deiding this question is not so simple in general. For example,the funtion (1 + 5u + 5u2 + 5u3)=(1 + u)5 does not math any monotone formula in�ve variables, beause �35 = 7; but it equals (1 + 6u + 10u2 + 10u3 + 5u4)=(1 + u)6,whih works �ne with six.102. (a) Choose Nt linearly independent polynomials of degree t in I; order their termslexiographially, and take linear ombinations so that the lexiographially smallestterms are distint monomials. Let I 0 onsist of all multiples of those monomials.(b) Eah monomial of degree t in I 0 is essentially a t-multiombination; forexample, x31x2x45 orresponds to 55552111. If Mt is the set of independent monomialsfor degree t, the ideal property is equivalent to saying that Mt+1 � �Mt.In the given example,M3 = fx0x21g;M4 = �M3[fx0x1x22g;M5 = �M4[fx1x42g,sine x22(x0x21 � 2x1x22)� x1(x0x1x22) = �2x1x42; and Mt+1 = �Mt thereafter.() By Theorem M we an assume that Mt = bQMst. Let Nt = �ntss � + � � � +�nt22 � + �nt11 �, where s+ t � nts > � � � > nt2 > nt1 � 0; then nts = s+ t if and only ifnt(s�1) = s� 2, : : : , nt1 = 0. Furthermore we haveNt+1 � Nt + �sNt = �nts + [nts� s℄s �+ � � �+ �nt2 + [nt2� 2℄2 �+ �nt1 + [nt1� 1℄1 �:Therefore the sequene (nts�t�1[nts<s℄; : : : ; nt2�t�1[nt2< 2℄; nt1�t�1[nt1< 1℄)is lexiographially nondereasing as t inreases, where we insert `�1' in omponentsthat have ntj = j � 1. Suh a sequene annot inrease in�nitely many times withoutexeeding the maximum value (s;�1; : : : ;�1), by exerise 1.2.1{15(d).103. Let PNst be the �rst N elements of a sequene determined as follows: For eahbinary string x = xs+t�1 : : : x0, in lexiographi order, write down ��xt � sububes byhanging t of the 1s to �s in all possible ways, in lexiographi order (onsidering 1 < �).For example, if x = 0101101 and t = 2, we generate the sububes 0101�0�, 010�10�,010��01, 0�0110�, 0�01�01, 0�0�101.[See B. Lindstr�om, Arkiv f�or Mat. 8 (1971), 245{257; a generalization analogousto Corollary C appears in K. Engel, Sperner Theory (Cambridge Univ. Press, 1997),Theorem 8.1.1.℄104. The �rst N strings in ross order have the desired property. [T. N. Danh andD. E. Daykin, J. London Math. So. (2) 55 (1997), 417{426.℄Notes: Beginning with the observation that the \1-shadow" of the N lexio-graphially �rst strings of weight t (namely the strings obtained by deleting 1 bitsonly) onsists of the �rst �tN strings of weight t, R. Ahlswede and N. Cai extendedthe Danh{Daykin theorem to allow insertion, deletion, and/or transposition of bits[Combinatoria 17 (1997), 11{29; Applied Math. Letters 11, 5 (1998), 121{126℄. UweLek has proved that no total ordering of ternary strings has the analogous minimum-shadow property [Preprint 98/6 (Univ. Rostok, 1998), 6 pages℄.105. Every number must our the same number of times in the yle. Equivalently,�n�1t�1� must be a multiple of t. This neessary ondition appears to be suÆient as
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7.2.1.3 ANSWERS TO EXERCISES 57well, provided that n is not too small with respet to t; but suh a result may well betrue yet impossible to prove. [See Chung, Graham, and Diaonis, Disrete Math. 110(1992), 55{57.℄The next few exerises onsider the ases t = 2 and t = 3, for whih elegantresults are known. Similar but more ompliated results have been derived for t = 4and t = 5, and the ase t = 6 has been partially resolved. The ase (n; t) = (12; 6) isurrently the smallest for whih the existene of a universal yle is unknown.106. Let the di�erenes mod (2m+1) be 1, 2, : : : , m, 1, 2, : : : , m, : : : , repeated 2m+1times; for example, the yle for m = 3 is (013602561450346235124). This worksbeause 1 + � � �+m = �m+12 � is relatively prime to 2m+ 1. [J. �Eole Polytehnique 4,Cahier 10 (1810), 16{48.℄107. The seven doubles <0>0 , <1>1 , : : : , <6>6 an be inserted in 37 ways into anyuniversal yle of 3-ombinations for f0; 1; 2; 3; 4; 5; 6g. The number of suh universalyles is the number of Eulerian trails of the omplete graph K7, whih an be shownto be 129,976,320 if we regard (a0a1 : : : a20) as equivalent to (a1 : : : a20a0) but not tothe reverse-order yle (a20 : : : a1a0). So the answer is 284,258,211,840.[This problem was �rst solved in 1859 by M. Reiss, whose method was so om-pliated that people doubted the result; see Nouvelles Annales de Math�ematiques 8(1849), 74; 11 (1852), 115; Annali di Matematia Pura ed Appliata (2) 5 (1871{1873), 63{120. A onsiderably simpler solution, on�rming Reiss's laim, was found byP. Jolivald and G. Tarry, who also enumerated the Eulerian trails of K9; see ComptesRendus Assoiation Fran�aise pour l'Avanement des Sienes 15, part 2 (1886), 49{53; �E. Luas, R�er�eations Math�ematiques 4 (1894), 123{151. Brendan D. MKay andRobert W. Robinson found an approah that is better still, enabling them to ontinuethe enumeration through K21 by using the fat that the number of trails is(m� 1)!2m+1 [z2m0 z2m�21 : : : z2m�22m ℄ det(ajk) Y1�j<k�2m(z2j + z2k);where ajk = �1=(z2j + z2k) when j 6= k; ajj = �1=(2z2j ) +P0�k�2m 1=(z2j + z2k); seeCombinatoris, Probability, and Computing 7 (1998), 437{449.℄C. Flye Sainte-Marie, in L'Interm�ediaire des Math�ematiiens 1 (1894), 164{165,noted that the Eulerian trails of K7 inlude 2� 720 that have 7-fold symmetry underpermutation of f0; 1; : : : ; 6g (namely Poinsot's yle and its reverse), plus 32 � 1680with 3-fold symmetry, plus 25778� 5040 yles that are asymmetri.108. No solution is possible for n < 7, exept in the trivial ase n = 4. Whenn = 7 there are 12;255;208�7! universal yles, not onsidering (a0a1 : : : a34) to be thesame as (a1 : : : a34a0), inluding ases with 5-fold symmetry like the example yle inexerise 105.When n � 8 we an proeed systematially as suggested by B. Jakson in DisreteMath. 117 (1993), 141{150; see also G. Hurlbert, SIAM J. Dis. Math. 7 (1994),598{604: Put eah 3-ombination into the \standard yli order" 123 where 2 =(1 + Æ) mod n, 3 = (2 + Æ0) mod n, 0 < Æ; Æ0 < n=2, and either Æ = Æ0 or max(Æ; Æ0) <n � Æ � Æ0 6= (n � 1)=2 or (1 < Æ < n=4 and Æ0 = (n � 1)=2) or (Æ = (n � 1)=2 and1 < Æ0 < n=4). For example, when n = 8 the allowable values of (Æ; Æ0) are (1; 1),(1; 2), (1; 3), (2; 1), (2; 2), (3; 1), (3; 3); when n = 11 they are (1; 1), (1; 2), (1; 3),(1; 4), (2; 1), (2; 2), (2; 3), (2; 5), (3; 1), (3; 2), (3; 3), (4; 1), (4; 4), (5; 2), (5; 5). Thenonstrut the digraph with verties (; Æ) for 0 �  < n and 1 � Æ < n=2, and with ars(1; Æ)! (2; Æ0) for every ombination 123 in standard yli order. This digraph is
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58 ANSWERS TO EXERCISES 7.2.1.3onneted and balaned, so it has an Eulerian trail by Theorem 2.3.4.2D. (The peuliarrules about (n � 1)=2 make the digraph onneted when n is odd. The Eulerian trailan be hosen to have n-fold symmetry when n = 8, but not when n = 12.)109. When n = 1 the yle (000) is trivial; when n = 2 there is no yle; andthere are essentially only two when n = 4, namely (00011122233302021313) and(00011120203332221313). When n � 5, let the multiombination d1d2d3 be instandard yli order if d2 = (d1 + Æ � 1) mod n, d3 = (d2 + Æ0 � 1) mod n, and (Æ; Æ0)is allowable for n + 3 in the previous answer. Construt the digraph with verties(d; Æ) for 0 � d < n and 1 � Æ < (n + 3)=2, and with ars (d1; Æ) ! (d2; Æ0) for everymultiombination d1d2d3 in standard yli order; then �nd an Eulerian trail.Perhaps a universal yle of t-multiombinations exists for f0; 1; : : : ; n�1g if andonly if a universal yle of t-ombinations exists for f0; 1; : : : ; n+ t� 1g.110. A nie way to hek for runs is to ompute the numbers b(S) =Pf2p() j  2 Sgwhere (p(A); : : : ; p(K)) = (1; : : : ; 13); then set l b(S)^�b(S) and hek that b(S)+l =l � s, and also that ((l � s) _ (l � 1)) ^ a = 0, where a = 2p(1) _ � � � _ 2p(5). Thevalues of b(S) and Pfv() j  2 Sg are easily maintained as S runs through all 31nonempty subsets in Gray-ode order. The answers are (1009008, 99792, 2813796,505008, 2855676, 697508, 1800268, 751324, 1137236, 361224, 388740, 51680, 317340,19656, 90100, 9168, 58248, 11196, 2708, 0, 8068, 2496, 444, 356, 3680, 0, 0, 0, 76, 4)for x = (0; : : : ; 29); thus the mean sore is � 4:769 and the variane is � 9:768.Hands without points are sometimes faetiously alled nineteen,as that number annot be made by the ards.| G. H. DAVIDSON, Dee's Hand-Book of Cribbage (1839)Note: A four-ard ush is not allowed in the \rib." Then the distribution is a biteasier to ompute, and it turns out to be (1022208, 99792, 2839800, 508908, 2868960,703496, 1787176, 755320, 1118336, 358368, 378240, 43880, 310956, 16548, 88132, 9072,57288, 11196, 2264, 0, 7828, 2472, 444, 356, 3680, 0, 0, 0, 76, 4); the mean and varianederease to approximately 4.735 and 9.667.
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INDEX AND GLOSSARYWhen an index entry refers to a page ontaining a relevant exerise, see also the answer tothat exerise for further information. An answer page is not indexed here unless it refers to atopi not inluded in the statement of the exerise.2-nomial oeÆients, 38.�t (Kruskal funtion), 19{21, 31{34, 51.�t (Kruskal funtion), 20{21, 32{33.�t (Maaulay funtion), 20{21, 32{33, 51.� (sideways sum), 20, 29, 37.� (irle ratio), as \random" example,2, 13, 27{29, 35.� (Takagi funtion), 20{21, 32{33.� (shadow), 18.�(upper shadow), 18.Ative bits, 12.Adjaent transpositions, 15{17, 30.Ahlswede, Rudolph, 56.Alternating ombinatorial numbersystem, 9, 27.Analysis of algorithms, 4{5, 25, 27, 29.Antihains of subsets, see Clutters.Balaned ternary notation, 41.Baseball, 26.Basis of vetor spae, 26, 31.Basis theorem, 34.Bekenbah, Edwin Ford, 5.Bellman, Rihard Ernest, 19.Bernoulli, Jaques (= Jakob = James),iii, 16.Binary tree representation of tree, 27.Binary vetor spaes, 26, 31.Binomial oeÆients, 1, 32.generalized, 33.Binomial number system, see Combinatorialnumber system.Binomial trees, 6{7, 27.Bitner, James Rihard, 8.Bitwise manipulation, 4, 58.Bj�orner, Anders, 51.Boolean funtions, 34.Bounded ompositions, 16, 30, 31.Buk, Marshall Wilbert, 30.Cai, Ning ( ), 56.Calabi, Eugenio, 38.Canonial bases, 26, 31.Caron, Jaques, 42.Catalan, Eug�ene Charles, 36.Chase, Phillip John, 11{13, 16, 28{29, 45.Chinese rings, 28.Chords, 10, 30.Chung Graham, Fan Rong King( ), 57.Clements, George Franis, 24{25, 34, 54, 55.

Cliques, 31.Clutters, 34.Colex order, 5.Combination generation, 1{18, 25{31, 35.Gray odes for, 8{18.homogeneous, 10{11, 16{17, 28{29,41, 45, 48.near-perfet, 11{17, 29.perfet, 15{17, 30.Combinations, 1{35.dual, 2{4, 26{27, 29.of a multiset, 2{3, 16{18, 25, 33.with repetitions, 2{3, 11, 16{19, 25, 33.Combinatorial number system, 6, 27,31{32, 37.alternating, 9, 27.generalized, 33.Complement in a torus, 21.Complete binary tree, 39.Complete graph, 57.Compositions, 2{4, 11, 25, 38.bounded, 16, 30, 31.Compression of a set, 23, 33, 55.Contingeny tables, 18, 31.Core set in a torus, 22{23, 33.Cribbage, 35.Cross-interseting sets, 31.Cross order, 20{25, 33, 56.Cyle, universal, of ombinations, 35.Czerny, Carl, 47.Danh, Tran-Ngo, 56.Davidson, George Henry, 58.Daykin, David Edward, 50, 56.De Morgan, Augustus, 1.Delta sequenes, 46, 47.Derivative, 32.Diaonis, Persi Warren, 57.Dimension of a vetor spae, 26.Dominoes, 35.Dual ombinations, 2{4, 26{27, 29.Dual set in a torus, 22{23.Dual size vetor, 34.Duality, 33, 55.Dvo�r�ak, Stanislav, 37.Eades, Peter Dennis, 16, 46.Ekho�, J�urgen, 50.Ehrlih, Gideon (JILX� OERCB), 8, 42.End-around swaps, 30.Endo-order, 14, 29.Engel, Konrad Wolfgang, 56.Enns, Theodore Christian, 46.59
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60 INDEX AND GLOSSARYErd}os, P�al (= Paul), 19.Euler, Leonhard (E�ler�, Leonard� =��ler, Leonard), trails, 57, 58.Fenihel, Robert Ross, 25.First-element swaps, 16{17, 30.Flye Sainte-Marie, Camille, 57.Fraenkel, Aviezri S (LWPXT IXFRIA�), 39.Frankl, P�eter, 51, 52.Generating funtions, 29, 47.Genlex order, 9{13, 16{17, 28{29, 44, 48.for Gray odes, 31.Golomb, Solomon Wolf, 2, 25.Graham, Ronald Lewis ( ), 57.Gray, Frank, binary ode, 8, 49, 58.odes for ombinations, 8{18, 27{30.Grid paths, 2{3, 25.Hamilton, William Rowan, yles, 8, 46.paths, 16, 30, 46, 48.Hikey, Thomas Butler, 16, 46.Hilbert, David, basis theorem, 34.Hilton, Anthony John William, 31, 50.Homogeneous generation, 10{11, 28{30, 45.sheme Kst, 10, 16{17, 29, 41, 48.Homogeneous polynomials, 34.Hurlbert, Glenn Howland, 57.Hypergraphs, 18.Internet, ii, iii, 26.Ising, Ernst, on�gurations, 26, 31, 38.Iteration versus reursion, 12{14, 29.Jakson, Bradley Warren, 57.Jenkyns, Thomas Arnold, 11.Jolivald, Philippe (= Paul de Hijo), 57.Katona, Gyula (Optim�alis Halmaz), 19.Keyboard, 10, 30.Knapsak problem, 7.Knuth, Donald Ervin ( ), i, iv, 38.Korsh, James F., 38.Kruskal, Joseph Bernard, Jr., 19{20.funtion �t, 19{21, 31{34, 51.funtion �t, 20{21, 32{33.{Katona theorem, 19.Lattie paths, 2{3, 25.Lek, Uwe, 56.Lehmer, Derrik Henry, 5, 30, 46.Lexiographi generation, 4{7, 16{19,25{27, 29, 31, 47.Lindstr�om, Bernt Lennart Daniel,24{25, 34, 56.Linked lists, 27, 39.Linusson, Hans Svante, 55.Lipshutz, Seymour Saul, 38.Liu, Chao-Ning ( ), 8.

Loopless generation, 8, 25, 27, 28, 41, 45, 46.Lov�asz, L�aszl�o, 32, 51.Luas, Fran�ois �Edouard Anatole, 57.L�uneburg, Heinz, 39.Maaulay, Franis Sowerby, 19, 34, 50.funtion �t, 20{21, 32{33, 51.Matrix multipliation, 43.Matsumoto, Makoto ( ), 52.MCarthy, David, 11.MKay, Brendan Damien, 57.Middle levels onjeture, 47.Min-plus matrix multipliation, 43.MMIX, ii.Monomials, 34.Monotone Boolean funtions, 34.Mor, Moshe (XEN DYN), 39.Multiombinations: Combinations withrepetitions, 2{3, 11, 16{19, 25, 33.Multisets, 2, 36.ombinations of, 2{3, 16{18, 25, 33.permutations of, 4, 14{15, 29, 30, 38.Near-perfet ombination generation,11{17, 29.Near-perfet permutation generation, 15, 29.Nijenhuis, Albert, 8.Nowhere di�erentiable funtion, 32.Olive, Gloria, 46.Order ideal, 33.Organ-pipe order, 14.Partitions, 38.ordered, see Compositions.Pasal, Ernesto, 6.Paths on a grid, 2{3, 25.Payne, William Harris, 9, 28.Perfet ombination generation, 15{17, 30.Permutations of multisets, 4, 14{15,29, 30, 38.Pi (�), as \random" example, 2, 13,27{29, 35.Piano, 10, 30.Plain hanges, 10.Playing ards, 35.Poinsot, Louis, 35, 57.Polyhedron, 18, 33.Polynomial ideal, 34.Postorder traversal, 27.Preorder traversal, 7, 27, 43.q-multinomial oeÆients, 30.q-nomial oeÆients, 15, 30, 38, 47.

60



INDEX AND GLOSSARY 61Rademaher, Hans, funtions, 32.Ranking a ombination, 6, 9, 19, 29, 39, 40.Read, Ronald Cedri, 16, 46.Reurrenes, 26, 40{42.Reursion, 10{12.versus iteration, 12{14, 29.Reursive oroutines, 16.Reeted Gray ode, 28.Regular solids, 33.Reingold, Edward Martin (CLEBPIIX,MIIG OA DYN WGVI), 8.Reiss, Mihel, 57.Replaement seletion sorting, 39.Reversion of power series, 39.Revolving door property, 8, 29{30.sheme �st, 8{10, 16{17, 27{29.Robinson, Robert William, 57.Root of unity, 30.Row-ehelon form, 37.Ruksak �lling, 7, 27.Ruskey, Frank, 30.Ruzsa, Imre Zolt�an, 52.Savage, Carla Diane, 47.Sh�utzenberger, Marel Paul, 19, 51, 56.Shadows, 18{25, 31{34.of binary strings, 35.of sububes, 34.Shields, Ian Beaumont, 47.Sibling links, 27.Sideways sum, 20, 29, 37.Sim~oes Pereira, Jos�e Manuel dos Santos, 38.Simplexes, 18.Simpliial omplexes, 33{34, 55.Simpliial multiomplexes, 34.Size vetors, 33, 34.Sperner, Emanuel, theory, 56.Spread set in a torus, 22{25, 33.Stahowiak, Grzegorz, 46.Standard set in a torus, 22{24, 33.
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PREFACE
Quhen a word fales to be divyded at the end of a lyne,the partition must be made at the end of a syllab.| ALEXANDER HUME, Orthographie : : : of the Britan Tongue (. 1620)

This booklet ontains draft material that I'm irulating to experts in the�eld, in hopes that they an help remove its most egregious errors before toomany other people see it. I am also, however, posting it on the Internet forourageous and/or random readers who don't mind the risk of reading a fewpages that have not yet reahed a very mature state. Beware: This material hasnot yet been proofread as thoroughly as the manusripts of Volumes 1, 2, and 3were at the time of their �rst printings. And those arefully-heked volumes,alas, were subsequently found to ontain thousands of mistakes.Given this aveat, I hope that my errors this time will not be so numerousand/or obtrusive that you will be disouraged from reading the material arefully.I did try to make it both interesting and authoritative, as far as it goes. But the�eld is so vast, I annot hope to have surrounded it enough to orral it ompletely.Therefore I beg you to let me know about any de�ienies you disover.To put the material in ontext, this pre-fasile ontains Setions 7.2.1.4and 7.2.1.5 of a long, long hapter on ombinatorial algorithms. Chapter 7 willeventually �ll three volumes (namely Volumes 4A, 4B, and 4C), assuming thatI'm able to remain healthy. It will begin with a short review of graph theory, withemphasis on some highlights of signi�ant graphs in The Stanford GraphBase,from whih I will be drawing many examples. Then omes Setion 7.1, whihdeals with the topi of bitwise manipulations. (I drafted about 60 pages aboutthat subjet in 1977, but those pages need extensive revision; meanwhile I'vedeided to work for awhile on the material that follows it, so that I an get abetter feel for how muh to ut.) Setion 7.2 is about generating all possibilities,and it begins with Setion 7.2.1: Generating Basi Combinatorial Patterns|whih, in turn, begins with Setion 7.2.1.1, \Generating all n-tuples," Setion7.2.1.2, \Generating all permutations," and Setion 7.2.1.3, \Generating all om-binations." (Readers of the present booklet should have already looked at thosesetions, drafts of whih are available as Pre-Fasiles 2A, 2B, and 3A.) The stageis now set for the main ontents of this booklet, Setion 7.2.1.4: \Generating allpartitions," and Setion 7.2.1.5: \Generating all set partitions." Then will omeSetion 7.2.1.6 (about trees), et. Setion 7.2.2 will deal with baktraking ingeneral. And so it will go on, if all goes well; an outline of the entire Chapter 7as urrently envisaged appears on the taop webpage that is ited on page ii.iii
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iv PREFACEEven the apparently lowly topi of partition generation turns out to besurprisingly rih, with ties to Setions 1.2.5, 1.2.6, 1.2.9, 1.2.10, 1.2.11.2, 1.3.3,2.3.3, 2.3.4.2, 2.3.4.4, 2.3.4.5, 3.3.2, 3.3.3, 3.4.1, 4.5.4, 4.6.2, 4.7, 5, 5.1.1, 5.1.2,5.1.3, 5.1.4, 5.2.2, 5.2.3, and 5.2.5 of the �rst three volumes. I strongly believein building up a �rm foundation, so I have disussed this topi muh morethoroughly than I will be able to do with material that is newer or less basi.Indeed, the theory of partitions is one of the niest hapters in all of mathematis.To my surprise, I ame up with 154 exerises, even though|believe it or not|I had to eliminate quite a bit of the interesting material that appears in my �les.Some of the things presented are new, to the best of my knowledge, althoughI will not be at all surprised to learn that my own little \disoveries" havebeen disovered before. Please look, for example, at the exerises that I'velassed as researh problems (rated with diÆulty level 46 or higher), namelyexerises 7.2.1.4{51, 62, 63, 71, and 7.2.1.5{18, 66, 74, 77; I've also impliitlyposed additional unsolved questions in the answers to exerises 7.2.1.4{48 and69. Are those problems still open? Please let me know if you know of a solutionto any of these intriguing questions. And of ourse if no solution is known todaybut you do make progress on any of them in the future, I hope you'll let meknow.I urgently need your help also with respet to some exerises that I madeup as I was preparing this material. I ertainly don't like to get redit for thingsthat have already been published by others, and most of these results are quitenatural \fruits" that were just waiting to be \pluked." Therefore please tellme if you know who I should have redited, with respet to the ideas found inexerises 7.2.1.4{20, 27, 48, 49, 50, 56; 7.2.1.5{2, 6, 8, 9, 25, 26, 35, 38(e), 47,50, 52, 56, and/or 76.I shall happily pay a �nder's fee of $2.56 for eah error in this draft when it is�rst reported to me, whether that error be typographial, tehnial, or historial.The same reward holds for items that I forgot to put in the index. And valuablesuggestions for improvements to the text are worth 32/ eah. (Furthermore, ifyou �nd a better solution to an exerise, I'll atually reward you with immortalglory instead of mere money, by publishing your name in the eventual book:�)Cross referenes to yet-unwritten material sometimes appear as `00'; thisimpossible value is a plaeholder for the atual numbers to be supplied later.Happy reading!Stanford, California D. E. K.14 February 2004
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0 COMBINATORIAL ALGORITHMS (F3B)7.2.1.4. Generating all partitions. Rihard Stanley's magni�ent book Enu-merative Combinatoris (1986) begins by disussing The Twelvefold Way, a2� 2� 3 array of basi ombinatorial problems that arise frequently in pratie(see Table 1). All twelve of Stanley's basi problems an be desribed in termsof the ways that a given number of balls an be plaed into a given number ofurns. For example, there are nine ways to put 2 balls into 3 urns if the balls andurns are labeled:
A B C12 A B C1 2 A B C1 2 A B C12 A B C12 A B C1 2 A B C12 A B C12 A B C12(The order of balls within an urn is ignored.) But if the balls are unlabeled,some of these arrangements are indistinguishable, so only six di�erent ways arepossible:

A B C A B C A B C A B C A B C A B C : (1)
If the urns are unlabeled, arrangements like 1 2 and 12 are essentiallythe same, hene only two of the original nine arrangements are distinguishable.And if we have three labeled balls, the only distint ways to plae them intothree unlabeled urns are123 12 3 13 2 1 23 1 2 3 : (2)Finally, if neither balls nor urns are labeled, these �ve possibilities redue to onlythree: : (3)The Twelvefold Way onsiders all arrangements that are possible when balls andurns are labeled or unlabeled, and when the urns may optionally be required toontain at least one ball or at most one ball.Table 1THE TWELVEFOLD WAYballs per urn unrestrited � 1 � 1n labeled balls,m labeled urns n-tuplesof m things n-permutationsof m things partitions of f1; : : : ; nginto m ordered partsn unlabeled balls,m labeled urns n-multiombinationsof m things n-ombinationsof m things ompositions of ninto m partsn labeled balls,m unlabeled urns partitions of f1; : : : ; nginto � m parts n pigeonsinto m holes partitions of f1; : : : ; nginto m partsn unlabeled balls,m unlabeled urns partitions of ninto � m parts n pigeonsinto m holes partitions of ninto m parts
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7.2.1.4 GENERATING ALL PARTITIONS 1We've learned about n-tuples, permutations, ombinations, and omposi-tions in previous setions of this hapter; and two of the twelve entries in Table 1are trivial (namely the ones related to \pigeons"). So we an omplete ourstudy of lassial ombinatorial mathematis by learning about the remaining�ve entries in the table, whih all involve partitions.Let us begin by aknowledging that the word \partition"has numerous meanings in mathematis.Any time a division of some objet into subobjets is undertaken,the word partition is likely to pop up.| GEORGE ANDREWS, The Theory of Partitions (1976)Two quite di�erent onepts share the same name: The partitions of a setare the ways to subdivide it into disjoint subsets; thus (2) illustrates the �vepartitions of f1; 2; 3g, namelyf1; 2; 3g; f1; 2gf3g; f1; 3gf2g; f1gf2; 3g; f1gf2gf3g: (4)And the partitions of an integer are the ways to write it as a sum of positiveintegers, disregarding order; thus (3) illustrates the three partitions of 3, namely3; 2 + 1; 1 + 1 + 1: (5)We shall follow the ommon pratie of referring to integer partitions as simply\partitions," without any qualifying adjetive; the other kind will be alled\set partitions" in what follows, to make the distintion lear. Both kinds ofpartitions are important, so we'll study eah of them in turn.Generating all partitions of an integer. A partition of n an be de�nedformally as a sequene of nonnegative integers a1 � a2 � � � � suh that n =a1 + a2 + � � � ; for example, one partition of 7 has a1 = a2 = 3, a3 = 1, anda4 = a5 = � � � = 0. The number of nonzero terms is alled the number of parts,and the zero terms are usually suppressed. Thus we write 7 = 3 + 3 + 1, orsimply 331 to save spae when the ontext is lear.The simplest way to generate all partitions, and one of the fastest, is to visitthem in reverse lexiographi order, starting with `n' and ending with `11 : : : 1'.For example, the partitions of 8 are8; 71; 62; 611; 53; 521; 5111; 44; 431; 422; 4211; 41111; 332; 3311;3221; 32111; 311111; 2222; 22211; 221111; 2111111; 11111111; (6)when listed in this order.If a partition isn't all 1s, it ends with (x+1) followed by zero or more 1s,for some x � 1; therefore the next smallest partition in lexiographi orderis obtained by replaing the suÆx (x+1)1 : : : 1 by x : : : xr for some appropriateremainder r � x. The proess is quite eÆient if we keep trak of the largest sub-sript q suh that aq 6= 1, as suggested by J. K. S. MKay [CACM 13 (1970), 52℄:
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2 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4Algorithm P (Partitions in reverse lexiographi order). This algorithm gen-erates all partitions a1 � a2 � � � � � am � 1 with a1 + a2 + � � � + am = n and1 � m � n, assuming that n � 1.P1. [Initialize.℄ Set a0  0 and m 1.P2. [Store the �nal part.℄ Set am  n and q  m� [n=1℄.P3. [Visit.℄ Visit the partition a1a2 : : : am. Then go to P5 if aq 6= 2.P4. [Change 2 to 1+1.℄ Set aq  1, q  q� 1, m m+1, am  1, and returnto P3.P5. [Derease aq.℄ Terminate the algorithm if q = 0. Otherwise set x aq � 1,aq  x, n m� q + 1, and m q + 1.P6. [Copy x if neessary.℄ If n � x, return to step P2. Otherwise set am  x,m m+ 1, n n� x, and repeat this step.Notie that the operation of going from one partition to the next is partiularlyeasy if a 2 is present; then step P4 simply hanges the rightmost 2 to a 1 and ap-pends another 1 at the right. This happy situation is, fortunately, the most om-mon ase. For example, nearly 79% of all partitions ontain a 2 when n = 100.Another simple algorithm is available when we want to generate all partitionsof n into a �xed number of parts. The following method, whih was featuredin C. F. Hindenburg's 18th-entury dissertation [In�nitinomii Dignitatum Ex-ponentis Indeterminati (G�ottingen, 1779), 73{91℄, visits the partitions in olexorder, namely in lexiographi order of the reeted sequene am : : : a2a1:Algorithm H (Partitions into m parts). This algorithm generates all integerm-tuples a1 : : : am suh that a1 � � � � � am � 1 and a1+ � � �+am = n, assumingthat n � m � 2.H1. [Initialize.℄ Set a1  n � m + 1 and aj  1 for 1 < j � m. Also setam+1  �1.H2. [Visit.℄ Visit the partition a1 : : : am. Then go to H4 if a2 � a1 � 1.H3. [Tweak a1 and a2.℄ Set a1  a1 � 1, a2  a2 + 1, and return to H2.H4. [Find j.℄ Set j  3 and s a1+a2�1. Then, if aj � a1�1, set s s+aj ,j  j + 1, and repeat until aj < a1 � 1. (Now s = a1 + � � �+ aj�1 � 1.)H5. [Inrease aj .℄ Terminate if j > m. Otherwise set x  aj + 1, aj  x,j  j � 1.H6. [Tweak a1 : : : aj .℄ While j > 1, set aj  x, s  s � x, and j  j � 1.Finally set a1  s and return to H2.For example, when n = 11 and m = 4 the suessive partitions visited are8111; 7211; 6311; 5411; 6221; 5321; 4421; 4331; 5222; 4322; 3332: (7)The basi idea is that olex order goes from one partition a1 : : : am to the next by�nding the smallest j suh that aj an be inreased without hanging aj+1 : : : am.The new partition a01 : : : a0m will have a01 � � � � � a0j = aj +1 and a01+ � � �+ a0j =
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7.2.1.4 GENERATING ALL PARTITIONS 3a1 + � � � + aj , and these onditions are ahievable if and only if aj < a1 � 1.Furthermore, the smallest suh partition a01 : : : a0m in olex order has a02 = � � � =a0j = aj + 1.Step H3 handles the simple ase j = 2, whih is by far the most ommon.And indeed, the value of j almost always turns out to be quite small; we willprove later that the total running time of Algorithm H is at most a small onstanttimes the number of partitions visited, plus O(m).Other representations of partitions. We've de�ned a partition as a sequeneof nonnegative integers a1a2 : : : with a1 � a2 � � � � and a1 + a2 + � � � = n, butwe an also regard it as an n-tuple of nonnegative integers 12 : : : n suh that1 + 22 + � � �+ nn = n: (8)Here j is the number of times the integer j appears in the sequene a1a2 : : : ;for example, the partition 331 orresponds to the ounts 1 = 1, 2 = 0, 3 = 2,4 = 5 = 6 = 7 = 0. The number of parts is then 1+2+� � �+n. A proedureanalogous to Algorithm P an readily be devised to generate partitions in part-ount form; see exerise 5.We have already seen the part-ount representation impliitly in formulaslike Eq. 1.2.9{(38), whih expresses the symmetri funtionhn = XN�dn�����d2�d1�1xd1xd2 : : : xdn (9)as X1;2;:::;n�01+22+���+nn=n S11111! S22222! � � � Snnnnn! ; (10)
where Sj is the symmetri funtion xj1 + xj2 + � � � + xjN . The sum in (9) isessentially taken over all n-multiombinations of N , while the sum in (10) istaken over all partitions of n. Thus, for example, h3 = 16S31 + 12S1S2 + 13S3, andwhen N = 2 we havex3 + x2y + xy2 + y3 = 16 (x+ y)3 + 12 (x+ y)(x2 + y2) + 13 (x3 + y3):Other sums over partitions appear in exerises 1.2.5{21, 1.2.9{10, 1.2.9{11,1.2.10{12, et.; for this reason partitions are of entral importane in the study ofsymmetri funtions, a lass of funtions that pervades mathematis in general.[Chapter 7 of Rihard Stanley's Enumerative Combinatoris 2 (1999) is anexellent introdution to advaned aspets of symmetri funtion theory.℄Partitions an be visualized in an appealing way by onsidering an arrayof n dots, having a1 dots in the top row and a2 in the next row, et. Suh anarrangement of dots is alled the Ferrers diagram of the partition, in honor ofN. M. Ferrers [see Philosophial Mag. 5 (1853), 199{202℄; and the largest squaresubarray of dots that it ontains is alled the Durfee square, after W. P. Durfee[see Johns Hopkins Univ. Cirular 2 (Deember 1882), 23℄. For example, theFerrers diagram of 8887211 is shown with its 4� 4 Durfee square in Fig. 28(a).
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4 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4

(a) 8887211 (b) 75444443
Fig. 28. The Ferrersdiagrams and Durfeesquares of two onju-gate partitions.

The Durfee square ontains k2 dots when k is the largest subsript suh thatak � k ; we may all k the trae of the partition.If � is any partition a1a2 : : : , its onjugate �T = b1b2 : : : is obtained bytransposing the rows and olumns of the orresponding Ferrers diagram. Forexample, Fig. 28(b) shows that (8887211)T = 75444443. When � = �T weobviously have � = �T ; the partition � has a1 parts and � has b1 parts. Indeed,there's a simple relation between the part-ount representation 1 : : : n of � andthe onjugate partition b1b2 : : : , namelybj � bj+1 = j for all j � 1. (11)This relation makes it easy to ompute the onjugate of a given partition, or towrite it down by inspetion (see exerise 6).The notion of onjugation often explains properties of partitions that wouldotherwise be quite mysterious. For example, now that we know the de�nition of�T , we an easily see that the value of j � 1 in step H5 of Algorithm H is justthe seond-smallest part of the onjugate partition (a1 : : : am)T . Therefore theaverage amount of work that needs to be done in steps H4 and H6 is essentiallyproportional to the average size of the seond-smallest part of a random partitionwhose largest part is m. And we will see below that the seond-smallest part isalmost always quite small.Moreover, Algorithm H produes partitions in lexiographi order of theironjugates. For example, the respetive onjugates of (7) are41111111; 4211111; 422111; 42221; 431111;43211; 4322; 4331; 44111; 4421; 443; (12)these are the partitions of n = 11 with largest part 4. One way to generate allpartitions of n is to start with the trivial partition `n', then run Algorithm H form = 2, 3, : : : , n in turn; this proess yields all � in lexiographi order of �T(see exerise 7). Thus Algorithm H an be regarded as a dual of Algorithm P.There is at least one more useful way to represent partitions, alled therim representation. Suppose we replae the dots of a Ferrers diagram by boxes,thereby obtaining a tableau shape as we did in Setion 5.1.4; for example, thepartition 8887211 of Fig. 28(a) beomes
: (13)
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7.2.1.4 GENERATING ALL PARTITIONS 5The right-hand boundary of this shape an be regarded as a path from the lowerleft orner to the upper right orner of an n�n square, and we know from Table7.2.1.3{1 that suh a path orresponds to an (n; n)-ombination.For example, (13) orresponds to the 70-bit string0 : : : 01001011111010001 : : : 1 = 0281102110115011103127; (14)where we plae enough 0s at the beginning and 1s at the end to make exatly n ofeah. The 0s represent upward steps of the path, and the 1s represent rightwardsteps. It is easy to see that the bit string de�ned in this way has exatly ninversions; onversely, every permutation of the multiset fn � 0; n � 1g that hasexatly n inversions orresponds to a partition of n. When the partition has tdi�erent parts, its bit string an be written in the form0n�q1�q2�����qt 1p1 0q1 1p2 0q2 : : : 1pt 0qt 1n�p1�p2�����pt ; (15)where the exponents pj and qj are positive integers. Then the partition's stan-dard representation isa1a2 : : : = (p1 + � � �+ pt)qt (p1 + � � �+ pt�1)qt�1 : : : (p1)q1 ; (16)namely (1+1+5+1)3(1+1+5)1(1+1)1(1)2 = 8887211 in our example.The number of partitions. Inspired by a question that was posed to him byPhilipp Naud�e in 1740, Leonhard Euler wrote two fundamental papers in whihhe ounted partitions of various kinds by studying their generating funtions[Commentarii Aademi� Sientiarum Petropolitan� 13 (1741), 64{93; NoviComment. Aad. Si. Pet. 3 (1750), 125{169℄. He observed that the oeÆientof zn in the in�nite produt(1+z+z2+� � �+zj+� � � )(1+z2+z4+� � �+z2k+� � � )(1+z3+z6+� � �+z3l+� � � ) : : :is the number of nonnegative integer solutions to the equation j+2k+3l+� � � = n;and 1 + zm + z2m + � � � is 1=(1� zm). Therefore if we writeP (z) = 1Ym=1 11� zm = 1Xn=0 p(n)zn; (17)the number of partitions of n is p(n). This funtion P (z) turns out to have anamazing number of subtle mathematial properties.For example, Euler disovered that massive anellation ours when thedenominator of P (z) is multiplied out:(1�z)(1�z2)(1�z3) : : : = 1� z � z2 + z5 + z7 � z12 � z15 + z22 + z26 � � � �= X�1<n<1(�1)nz(3n2+n)=2: (18)A ombinatorial proof of this remarkable identity, based on Ferrers diagrams,appears in exerise 5.1.1{14; we an also prove it by setting u = z and v = z2 in
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6 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4the even more remarkable identity of Jaobi,1Yk=1(1� ukvk�1)(1� uk�1vk)(1� ukvk) = 1Xn=�1(�1)nu(n2)v(�n2 ); (19)beause the left-hand side beomes Q1k=1(1 � z3k�2)(1 � z3k�1)(1 � z3k); seeexerise 5.1.1{20. Euler's identity (18) implies that the partition numbers satisfythe reurrenep(n) = p(n�1) + p(n�2)� p(n�5)� p(n�7) + p(n�12) + p(n�15)� � � � ; (20)from whih we an ompute their values more rapidly than by performing thepower series alulations in (17):n = 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15p(n) = 1 1 2 3 5 7 11 15 22 30 42 56 77 101 135 176We know from Setion 1.2.8 that solutions to the Fibonai reurrenef(n) = f(n � 1) + f(n � 2) grow exponentially, with f(n) = �(�n) when f(0)and f(1) are positive. The additional terms `� p(n�5)� p(n�7)' in (20) have adampening e�et on partition numbers, however; in fat, if we were to stop thereurrene there, the resulting sequene would osillate between positive and neg-ative values. Further terms `+p(n�12)+p(n�15)' reinstate exponential growth.The atual growth rate of p(n) turns out to be of order Apn=n for a ertainonstant A. For example, exerise 33 proves diretly that p(n) grows at least asfast as e2pn=n. And one fairly easy way to obtain a deent upper bound is totake logarithms in (17),lnP (z) = 1Xm=1 ln 11� zm = 1Xm=1 1Xn=1 zmnn ; (21)and then to look at the behavior near z = 1 by setting z = e�t :lnP (e�t) = Xm;n�1 e�mntn = Xn�1 1n 1etn � 1 < Xn�1 1n2t = �(2)t : (22)Consequently, sine p(n) � p(n+ 1) < p(n+ 2) < � � � and et > 1, we havep(n)1� e�t < 1Xk=0 p(k)e(n�k)t = entP (e�t) < ent+�(2)=t (23)for all t > 0. Setting t =p�(2)=n givesp(n) < Ce2Cpn=pn; where C =p�(2) = �=p6. (24)We an obtain more aurate information about the size of lnP (e�t) byusing Euler's summation formula (Setion 1.2.11.2) or Mellin transforms (Se-tion 5.2.2); see exerise 25. But the methods we have seen so far aren't powerfulenough to dedue the preise behavior of P (e�t), so it is time for us to add anew weapon to our arsenal of tehniques.
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7.2.1.4 GENERATING ALL PARTITIONS 7Euler's generating funtion P (z) is ideally suited to the Poisson summationformula [J. �Eole Royale Polytehnique 12 (1823), 404{509, x63℄, aording towhih 1Xn=�1 f(n+ �) = limM!1 MXm=�M e2�mi� Z 1�1 e�2�miyf(y) dy; (25)whenever f is a \well-behaved" funtion. This formula is based on the fatthat the left-hand side is a periodi funtion of �, and the right-hand side is theexpansion of that funtion as a Fourier series. The funtion f is suÆiently nieif, for example, R 1�1��f(y)�� dy <1 and eitheri) f(n + �) is an analyti funtion of the omplex variable � in the regionj=�j � � for some � > 0 and 0 � <� � 1, and the left-hand side onvergesuniformly in that retangle; orii) f(�) = 12 lim�!0�f(� � �) + f(� + �)� = g(�) � h(�) for all real numbers �,where g and h are monotone inreasing and g(�1), h(�1) are �nite.[See Peter Henrii, Applied and Computational Complex Analysis 2 (New York:Wiley, 1977), Theorem 10.6.2.℄ Poisson's formula is not a panaea for summationproblems of every kind; but when it does apply the results an be spetaular,as we will see.Let us multiply Euler's formula (18) by z1=24 in order to \omplete thesquare": z1=24P (z) = 1Xn=�1(�1)n z 32 (n+ 16 )2 : (26)Then for all t > 0 we have e�t=24=P (e�t) =P1n=�1 f(n), wheref(y) = e� 32 t(y+ 16 )2 os�y ; (27)and this funtion f quali�es for Poisson's summation formula under both of theriteria (i) and (ii) stated above. Therefore we an try to integrate e�2�miyf(y),and for m = 0 the result isZ 1�1 f(y) dy = r �2t e��2=6t: (28)To this we must add1Xm=1 Z 1�1(e2�miy + e�2�miy) f(y) dy = 2 1Xm=1 Z 1�1 f(y) os 2�my dy; (29)again the integral turns out to be doable. And the results (see exerise 27) �ttogether quite beautifully, givinge�t=24P (e�t) = r2�t 1Xn=�1(�1)ne�6�2(n+ 16 )2=t = r2�t e��2=6tP (e�4�2=t) : (30)Surprise! We have proved another remarkable fat about P (z):
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8 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4Theorem D. The generating funtion (17) for partitions satis�es the funtionalrelation lnP (e�t) = �(2)t + 12 ln t2� � t24 + lnP (e�4�2=t) (31)when <t > 0.This theorem was disovered by Rihard Dedekind [Crelle 83 (1877), 265{292,x6℄, who wrote �(�) for the funtion z1=24=P (z) when z = e2�i� ; his proof wasbased on a muh more ompliated theory of ellipti funtions. Notie that whent is a small positive number, lnP (e�4�2=t) is extremely tiny; for example, whent = 0:1 we have exp(�4�2=t) � 3:5 � 10�172. Therefore Theorem D tells usessentially everything we need to know about the value of P (z) when z is near 1.G. H. Hardy and S. Ramanujan used this knowledge to dedue the asymp-toti behavior of p(n) for large n, and their work was extended many years laterby Hans Rademaher, who disovered a series that is not only asymptoti butonvergent [Pro. London Math. So. (2) 17 (1918), 75{115; 43 (1937), 241{254℄. The Hardy{Ramanujan{Rademaher formula for p(n) is surely one of themost astonishing identities ever disovered; it states thatp(n) = �25=433=4(n� 1=24)3=4 1Xk=1 Ak(n)k I3=2�r23 �kpn� 1=24�: (32)Here I3=2 denotes the modi�ed spherial Bessel funtionI3=2(z) = �z2�3=2 1Xk=0 1�(k + 5=2) (z2=4)kk! = r2z� �osh zz � sinh zz2 �; (33)
and the oeÆient Ak(n) is de�ned by the formula

Ak(n) = k�1Xh=0 [h? k℄ exp�2�i��(h; k; 0)24 � nhk �� (34)
where �(h; k; 0) is the Dedekind sum de�ned in Eq. 3.3.3{(16). We haveA1(n) = 1; A2(n) = (�1)n; A3(n) = 2 os (24n+ 1)�18 ; (35)and in general Ak(n) lies between �k and k.A proof of (32) would take us far a�eld, but the basi idea is to use the\saddle point method" disussed in Setion 7.2.1.5. The term for k = 1 is derivedfrom the behavior of P (z) when z is near 1; and the next term is derived fromthe behavior when z is near �1, where a transformation similar to (31) an beapplied. In general, the kth term of (32) takes aount of the way P (z) behaveswhen z approahes e2�ih=k for irreduible frations h=k with denominator k;every kth root of unity is a pole of eah of the fators 1=(1 � zk), 1=(1 � z2k),1=(1� z3k), : : : in the in�nite produt for P (z).
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7.2.1.4 GENERATING ALL PARTITIONS 9The leading term of (32) an be simpli�ed greatly, if we merely want a roughapproximation: p(n) = e�p2n=34np3 �1 +O(n�1=2)�: (36)Or, if we hoose to retain a few more details,p(n) = e�p2n0=34n0p3 �1� 1�r 32n0 ��1 +O�e��pn=6��; n0 = n� 124 : (37)For example, p(100) has the exat value 190,569,292; formula (36) tells us thatp(100) � 1:993� 108, while (37) gives the far better estimate 190,568,944.783.Andrew Odlyzko has observed that, when n is large, the Hardy{Ramanujan{Rademaher formula atually gives a near-optimum way to ompute the preisevalue of p(n), beause the arithmeti operations an be arried out in nearlyO�log p(n)� = O(n1=2) steps. The �rst few terms of (32) give the main ontri-bution; then the series settles down to terms that are of order k�3=2 and usuallyof order k�2. Furthermore, about half of the oeÆients Ak(n) turn out to bezero (see exerise 28). For example, when n = 106, the terms for k = 1, 2,and 3 are � 1:47 � 101107, 1:23 � 10550, and �1:23 � 10364, respetively. Thesum of the �rst 250 terms is � 1471684986 : : : 73818:01, while the true value is1471684986 : : : 73818; and 123 of those 250 terms are zero.The number of parts. It is onvenient to introdue the notation��� nm ��� (38)for the number of partitions of n that have exatlym parts. Then the reurrene��� nm ��� = ��� n� 1m� 1 ���+ ���n�mm ��� (39)holds for all integersm and n, beause ��n�1m�1�� ounts the partitions whose smallestpart is 1 and ��n�mm �� ounts the others. (If the smallest part is 2 or more, we ansubtrat 1 from eah part and get a partition of n�m into m parts.) By similarreasoning we an onlude that ��m+nm �� is the number of partitions of n into at mostm parts, namely into m nonnegative summands. We also know, by onsideringFerrers diagrams, that ��nm�� is the number of partitions of n whose largest partis m. Thus ��nm�� is a good number to know. The boundary onditions���n0 ��� = Æn0 and ��� nm ��� = 0 for m < 0 or n < 0 (40)make it easy to tabulate ��nm�� for small values of the parameters, and we obtainan array of numbers analogous to the familiar triangles for �nm�, �nm�, �nm	, and
nm� that we've seen before; see Table 2. The generating funtion isXn ��� nm ���zn = zm(1� z)(1� z2) : : : (1� zm) : (41)
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10 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4Table 2PARTITION NUMBERSn ���n0 ��� ���n1 ��� ���n2 ��� ���n3 ��� ���n4 ��� ���n5 ��� ���n6 ��� ���n7 ��� ���n8 ��� ���n9 ��� ��� n10 ��� ��� n11 ���0 1 0 0 0 0 0 0 0 0 0 0 01 0 1 0 0 0 0 0 0 0 0 0 02 0 1 1 0 0 0 0 0 0 0 0 03 0 1 1 1 0 0 0 0 0 0 0 04 0 1 2 1 1 0 0 0 0 0 0 05 0 1 2 2 1 1 0 0 0 0 0 06 0 1 3 3 2 1 1 0 0 0 0 07 0 1 3 4 3 2 1 1 0 0 0 08 0 1 4 5 5 3 2 1 1 0 0 09 0 1 4 7 6 5 3 2 1 1 0 010 0 1 5 8 9 7 5 3 2 1 1 011 0 1 5 10 11 10 7 5 3 2 1 1Almost all partitions of n have �(pn logn) parts. This fat, disovered byP. Erd}os and J. Lehner [Duke Math. J. 8 (1941), 335{345℄, has a very instrutiveproof:Theorem E. Let C = �=p6 and m = 12Cpn lnn+ xpn+O(1). Then1p(n)���m+ nm ��� = F (x)�1 +O(n�1=2+�)� (42)for all � > 0 and all �xed x as n!1, whereF (x) = e�e�Cx=C : (43)This funtion F (x) approahes 0 quite rapidly when x ! �1, and it rapidlyinreases to 1 when x ! +1; so it is a probability distribution funtion. Fig-ure 29(b) shows that the orresponding density funtion f(x) = F 0(x) is largelyonentrated in the region �2 � x � 4. The values of ��nm�� = ��m+nm ��� ��m�1+nm�1 �� areshown in Fig. 29(a) for omparison when n = 100; in this ase 12Cpn lnn � 18.Proof. We will use the fat that ��m+nm �� is the number of partitions of n whoselargest part is � m. Then, by the priniple of inlusion and exlusion, Eq. 1.3.3{(29), we have���m+nm ��� = p(n)�Xj>m p(n�j)+ Xj2>j1>mp(n�j1�j2)� Xj3>j2>j1>mp(n�j1�j2�j3)+ � � � ;beause p(n� j1 � � � � � jr) is the number of partitions of n that use eah of theparts fj1; : : : ; jrg at least one. Let us write this as1p(n)���m+nm ��� = 1��1+�2��3+ � � � ; �r = Xjr>���>j1>mp(n�j1� � � � �jr)p(n) : (44)
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7.2.1.4 GENERATING ALL PARTITIONS 11
a) ��100m ��: 0 8 18 28 38 48 58 m
b) f(x): �2 �1 0 1 2 3 4 xFig. 29. Partitions of n withm parts, when (a) n = 100; (b) n!1. (See Theorem E.)In order to evaluate �r we need to have a good estimate of the ratiop(n� t)=p(n). And we're in luk, beause Eq. (36) implies thatp(n� t)p(n) = exp�2Cpn� t� ln(n� t) +O�(n� t)�1=2�� 2Cpn+ lnn�= exp��Ctn�1=2 +O(n�1=2+2�)� if 0 � t � n1=2+�: (45)Furthermore, if t � n1=2+� we have p(n � t)=p(n) � p(n � n1=2+�)=p(n) �exp(�Cn�), a value that is asymptotially smaller than any power of n. Thereforewe may safely use the approximationp(n� t)p(n) � �t; � = exp(�Cn�1=2); (46)for all values of t � 0. For example, we have�1 = Xj>m p(n� j)p(n) = �m+11� � �1 +O(n�1=2+2�)�+ Xn�j>n1=2+�p(n� j)p(n)= e�CxC �1 +O(n�1=2+2�)�+O(ne�Cn�);beause �=(1� �) = n1=2=C + O(1) and �m = n�1=2e�Cx. A similar argument(see exerise 36) proves that, if r = O(logn),�r = e�CrxCrr! �1 +O(n�1=2+2�)�+O(e�n�=2): (47)Finally|and this is a wonderful property of the inlusion-exlusion prini-ple in general| the partial sums of (44) always \braket" the true value, in thesense that1��1+�2�� � ���2r�1 � 1p(n)���m+nm ��� � 1��1+�2�� � ���2r�1+�2r (48)for all r. (See exerise 37.) When 2r is near lnn and n is large, the term �2r isextremely tiny; therefore we obtain (42), exept with 2� in plae of �.
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12 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.40 pn 2pn
pn2pn

Fig. 30. Temperley's urve (49) for thelimiting shape of a random partition.
Theorem E tells us that the largest part of a random partition almost alwaysis 12Cpn lnn + O(pn ), and when n is reasonably large the other parts tend tobe preditable as well. Suppose, for example, that we take all the partitionsof 25 and superimpose their Ferrers diagrams, hanging dots to boxes as in therim representation. Whih ells are oupied most often? Figure 30 shows theresult: A random partition tends to have a typial shape that approahes alimiting urve as n!1.H. N. V. Temperley [Pro. Cambridge Philos. So. 48 (1952), 683{697℄gave heuristi reasons to believe that most parts ak of a large random partitiona1 : : : am will satisfy the approximate lawe�Ck=pn + e�Cak=pn � 1; (49)and his formula has subsequently been veri�ed in a strong form. For example, atheorem of Boris Pittel [Advanes in Applied Math. 18 (1997), 432{488℄ allowsus to onlude that the trae of a random partition is almost always ln 2C pn �0:54pn, in aordane with (49), with an error of at most O(pn lnn)1=2; thusabout 29% of all the Ferrers dots tend to lie in the Durfee square.If, on the other hand, we look only at partitions of n with m parts, wherem is �xed, the limiting shape is rather di�erent: Almost all suh partitions haveak � nm ln mk ; (50)if m is reasonably large. Figure 31 illustrates the ase n = 50, m = 5. In fat,the same limit holds when m grows with n, but at a slower rate than pn [seeVershik and Yakubovih, Mosow Math. J. 1 (2001), 457{468℄.0 n=m 2n=m
m Fig. 31. The limiting shape (50) when there are m parts.
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7.2.1.4 GENERATING ALL PARTITIONS 13The rim representation of partitions gives us further information about par-titions that are doubly bounded, in the sense that we not only restrit the numberof parts but also the size of eah part. A partition that has at most m parts,eah of size at most l, �ts inside an m � l box. All suh partitions orrespondto permutations of the multiset fm � 0; l � 1g that have exatly n inversions, andwe have studied the inversions of multiset permutations in exerise 5.1.2{16. Inpartiular, that exerise derives a nonobvious formula for the number of waysn inversions an happen:Theorem C. The number of partitions of n that have no more than m partsand no part larger than l is[zn℄� l +mm �z = [zn℄ (1� zl+1)(1� z) (1� zl+2)(1� z2) : : : (1� zl+m)(1� zm) : (51)This result is due to A. Cauhy, Comptes Rendus Aad. Si. 17 (Paris, 1843),523{531. Notie that when l!1 the numerator beomes simply 1. An interest-ing ombinatorial proof of a more general result appears in exerise 39 below.Analysis of the algorithms. Now we know more than enough about thequantitative aspets of partitions to dedue the behavior of Algorithm P quitepreisely. Suppose steps P1, : : : , P6 of that algorithm are exeuted respetivelyT1(n), : : : , T6(n) times. We obviously have T1(n) = 1 and T3(n) = p(n); further-more Kirhho�'s law tells us that T2(n) = T5(n) and T4(n)+T5(n) = T3(n). Weget to step P4 one for eah partition that ontains a 2; and this is learly p(n�2).Thus the only possible mystery about the running time of Algorithm P isthe number of times we must perform step P6, whih loops bak to itself. Amoment's thought, however, reveals that the algorithm stores a value � 2 intothe array a1a2 : : : only in steps P2 and P6; and every suh value is eventuallydereased by 1, either in step P4 or step P5. ThereforeT 002 (n) + T6(n) = p(n)� 1; (52)where T 002 (n) is the number of times step P2 sets am to a value � 2. Let T2(n) =T 02(n)+ T 002 (n), so that T 02(n) is the number of times step P2 sets am  1. ThenT 02(n) + T4(n) is the number of partitions that end in 1, heneT 02(n) + T4(n) = p(n� 1): (53)Aha! We've found enough equations to determine all of the required quantities:�T1(n); : : : ; T6(n)� =�1; p(n)� p(n�2); p(n); p(n�2); p(n)� p(n�2); p(n�1)� 1�: (54)And from the asymptotis of p(n) we also know the average amount of ompu-tation per partition:�T1(n)p(n) ; : : : ; T6(n)p(n) � = �0; 2Cpn; 1; 1� 2Cpn; 2Cpn; 1� Cpn� + O� 1n�; (55)where C = �=p6 � 1:283. (See exerise 45.) The total number of memoryaesses per partition therefore omes to only 4� 3C=pn+O(1=n).
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14 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4Whoever wants to go about generating all partitionsnot only immerses himself in immense labor,but also must take pains to keep fully attentive,so as not to be grossly deeived.| LEONHARD EULER, De Partitione Numerorum (1750)Algorithm H is more diÆult to analyze, but we an at least prove a deentupper bound on its running time. The key quantity is the value of j, the smallestsubsript for whih aj < a1 � 1. The suessive values of j when m = 4 andn = 11 are (2; 2; 2; 3; 2; 2; 3; 4; 2; 3; 5), and we have observed that j = b l�1 + 1when b1 : : : bl is the onjugate partition (a1 : : : am)T . (See (7) and (12).) Step H3singles out the ase j = 2, beause this ase is not only the most ommon, it isalso espeially easy to handle.Let m(n) be the aumulated total value of j � 1, summed over all of the��nm�� partitions generated by Algorithm H. For example, 4(11) = 1+ 1+ 1+ 2+1 + 1 + 2 + 3 + 1 + 2 + 4 = 19. We an regard m(n)=��nm�� as a good indiationof the running time per partition, beause the time to perform the most ostlysteps, H4 and H6, is roughly proportional to j � 2. This ratio m(n)=��nm�� is notbounded, beause m(m) = m while ��mm�� = 1. But the following theorem showsthat Algorithm H is eÆient nonetheless:Theorem H. The ost measure m(n) for Algorithm H is at most 3��nm��+m.Proof. We an readily verify that m(n) satis�es the same reurrene as ��nm��,namely m(n) = m�1(n� 1) + m(n�m); for m;n � 1; (56)if we arti�ially de�ne m(n) = 1 when 1 � n < m; see (39). But the boundaryonditions are now di�erent:m(0) = [m> 0℄; 0(n) = 0: (57)Table 3 shows how m(n) behaves when m and n are small.To prove the theorem, we will atually prove a stronger result,m(n) � 3 ��� nm ���+ 2m� n� 1 for n � m � 2. (58)Exerise 50 shows that this inequality holds when m � n � 2m, so the proofwill be omplete if we an prove it when n > 2m. In the latter ase we havem(n) = 1(n�m) + 2(n�m) + 3(n�m) + � � �+ m(n�m)� 1 + �3��n�m2 ��+ 3�n+m�+ �3��n�m3 ��+ 5�n+m�+ � � �+ �3��n�mm ��+ 2m�1�n+m�= 3��n�m1 ��+ 3��n�m2 ��+ � � �+ 3��n�mm ��� 3 +m2 � (m� 1)(n�m)= 3��nm��+ 2m2 �m� (m� 1)n� 3by indution; and 2m2�m� (m�1)n�3 � 2m�n�1 beause n � 2m+1.
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7.2.1.4 GENERATING ALL PARTITIONS 15Table 3COSTS IN ALGORITHM Hn 0(n) 1(n) 2(n) 3(n) 4(n) 5(n) 6(n) 7(n) 8(n) 9(n) 10(n) 11(n)0 0 1 1 1 1 1 1 1 1 1 1 11 0 1 1 1 1 1 1 1 1 1 1 12 0 1 2 1 1 1 1 1 1 1 1 13 0 1 2 3 1 1 1 1 1 1 1 14 0 1 3 3 4 1 1 1 1 1 1 15 0 1 3 4 4 5 1 1 1 1 1 16 0 1 4 6 5 5 6 1 1 1 1 17 0 1 4 7 7 6 6 7 1 1 1 18 0 1 5 8 11 8 7 7 8 1 1 19 0 1 5 11 12 12 9 8 8 9 1 110 0 1 6 12 16 17 13 10 9 9 10 111 0 1 6 14 19 21 18 14 11 10 10 11*A Gray ode for partitions. When partitions are generated in part-ountform 1 : : : n as in exerise 5, at most four of the j values hange at eah step.But we might prefer to minimize the hanges to the individual parts, generatingpartitions in suh a way that the suessor of a1a2 : : : an is always obtained bysimply setting aj  aj+1 and ak  ak�1 for some j and k, as in the \revolvingdoor" algorithms of Setion 7.2.1.3. It turns out that this is always possible; infat, there is a unique way to do it when n = 6:111111; 21111; 3111; 2211; 222; 321; 33; 42; 411; 51; 6: (59)And in general, the ��m+nm �� partitions of n into at most m parts an always begenerated by a suitable Gray path.Notie that � ! � is an allowable transition from one partition to anotherif and only if we get the Ferrers diagram for � by moving just one dot in theFerrers diagram for �. Therefore �T ! �T is also an allowable transition. Itfollows that every Gray ode for partitions into at most m parts orresponds toa Gray ode for partitions into parts that do not exeed m. We shall work withthe latter onstraint.The total number of Gray odes for partitions is vast: There are 52 whenn = 7, and 652 when n = 8; there are 298,896 when n = 9, and 2,291,100,484when n = 10. But no really simple onstrution is known. The reason is probablythat a few partitions have only two neighbors, namely the partitions dn=d when1 < d < n and d is a divisor of n. Suh partitions must be preeded and followedby f(d+1)dn=d�2(d�1); dn=d�1(d�1)1g, and this requirement seems to rule outany simple reursive approah.Carla D. Savage [J. Algorithms 10 (1989), 577{595℄ found a way to surmountthe diÆulties with only a modest amount of omplexity. Let
�(m;n) = bn=mz }| {m m : : : m (nmodm) (60)
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16 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.4be the lexiographially largest partition of n with parts � m; our goal willbe to onstrut reursively de�ned Gray paths L(m;n) and M(m;n) from thepartition 1n to �(m;n), where L(m;n) runs through all partitions whose partsare bounded by m while M(m;n) runs through those partitions and a few more:M(m;n) also inludes partitions whose largest part is m + 1, provided thatthe other parts are all stritly less than m. For example, L(3; 8) is 11111111,2111111, 311111, 221111, 22211, 2222, 3221, 32111, 3311, 332, while M(3; 8) is11111111; 2111111; 221111; 22211; 2222; 3221;3311; 32111; 311111; 41111; 4211; 422; 332; (61)the additional partitions starting with 4 will give us \wiggle room" in otherparts of the reursion. We will de�ne L(m;n) for all n � 0, but M(m;n) onlyfor n > 2m.The following onstrution, illustrated for m = 5 to simplify the notation,almost works:
L(5) = 8<:L(3)4L(1)R5L(1)

9=; if n � 7;
8>>>>><>>>>>:
L(3)4L(2)R5L(2)4314453

9>>>>>=>>>>>; if n = 8; 8<:M(4)54L(4)R55L(5)
9=; if n � 9;(62)

M(5) = 8>>><>>>:
L(4)5L(4)R6L(3)64L(1)R55L(1)

9>>>=>>>; if 11 � n � 13; 8>>><>>>:
L(4)5M(4)R6L(4)554L(4)R555L(5)

9>>>=>>>; if n � 14. (63)
Here the parameter n in L(m;n) and M(m;n) has been omitted beause it anbe dedued from the ontext; eah L or M is supposed to generate partitions ofwhatever amount remains after previous parts have been subtrated. Thus, forexample, (63) spei�es thatM(5; 14) = L(4; 14); 5M(4; 9)R; 6L(4; 8); 554L(4; 0)R; 555L(5;�1);the sequene L(5;�1) is atually empty, and L(4; 0) is the empty string, so the�nal partition of M(5; 14) is 554 = �(5; 14) as it should be. The notation L(1)stands for L(1; n) = L(n; n), the Gray path of all partitions of n, starting with1n and ending with n1.In general, L(m) and M(m) are de�ned for all m � 3 by essentially thesame rules, if we replae the digits 2, 3, 4, 5, and 6 in (62) and (63) by m�3,m�2, m�1, m, and m+1, respetively. The ranges n � 7, n = 8, n � 9 beomen � 2m�3, n = 2m�2, n � 2m�1; the ranges 11 � n � 13 and n � 14 beome2m + 1 � n � 3m � 2 and n � 3m � 1. The sequenes L(0), L(1), L(2) haveobvious de�nitions beause the paths are unique when m � 2. The sequeneM(2) is 1n, 21n�2, 31n�3, 221n�4, 2221n�6, : : : , �(2; n) for n � 5.
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7.2.1.4 GENERATING ALL PARTITIONS 17Theorem S. Gray paths L0(m;n) form;n � 0 andM 0(m;n) for n � 2m+1 � 5exist for all partitions with the properties desribed above, exept in the aseL0(4; 6). Furthermore, L0 and M 0 obey the mutual reursions (62) and (63)exept in a few ases.Proof. We noted above that (62) and (63) almost work; the reader may verifythat the only glith ours in the ase L(4; 6), when (62) givesL(4; 6) = L(2; 6); 3L(1; 3)R; 4L(1; 2); 321; 33; 42= 111111; 21111; 2211; 222; 3111; 411; 321; 33; 42: (64)If m > 4, we're OK beause the transition from the end of L(m�2; 2m�2) tothe beginning of (m�1)L(m�3;m�1)R is from (m�2)(m�2)2 to (m�1)(m�3)2.There is no satisfatory path L(4; 6), beause all Gray odes through those ninepartitions must end with either 411, 33, 3111, 222, or 2211.In order to neutralize this anomaly we need to path the de�nitions ofL(m;n) and M(m;n) at eight plaes where the \buggy subroutine" L(4; 6) isinvoked. One simple way is to make the following de�nitions:L0(4; 6) = 111111; 21111; 3111; 411; 321; 33; 42;L0(3; 5) = 11111; 2111; 221; 311; 32: (65)Thus, we omit 222 and 2211 from L(4; 6); we also reprogram L(3; 5) so that 2111is adjaent to 221. Then exerise 60 shows that it is always easy to \splie in"the two partitions that are missing from L(4; 6).EXERCISESx 1. [M21 ℄ Give formulas for the total number of possibilities in eah problem of TheTwelvefold Way. For example, the number of n-tuples of m things is mn. (Use thenotation (38) when appropriate, and be areful to make your formulas orret evenwhen m = 0 or n = 0.)x 2. [20 ℄ Show that a small hange to step H1 yields an algorithm that will generateall partitions of n into at most m parts.3. [M17 ℄ A partition a1 + � � � + am of n into m parts a1 � � � � � am is optimallybalaned if jai�aj j � 1 for 1 � i; j � m. Prove that there is exatly one suh partition,whenever n � m � 1, and give a simple formula that expresses the jth part aj as afuntion of j, m, and n.4. [M22 ℄ (Gideon Ehrlih, 1974.) What is the lexiographially smallest partitionof n in whih all parts are � r? For example, when n = 19 and r = 5 the answer is 766.x 5. [23 ℄ Design an algorithm that generates all partitions of n in the part-ount form1 : : : n of (8). Generate them in olex order, namely in the lexiographi order ofn : : : 1, whih is equivalent to lexiographi order of the orresponding partitionsa1a2 : : : . For eÆieny, maintain also a table of links l0 l1 : : : ln so that, if the distintvalues of k for whih k > 0 are k1 < � � � < kt, we havel0 = k1; lk1 = k2; : : : ; lkt�1 = kt; lkt = 0:(Thus the partition 331 would be represented by 1 : : : 7 = 1020000, l0 = 1, l1 = 3,and l3 = 0; the other links l2, l4, l5, l7 an be set to any onvenient values.)
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18 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.46. [20 ℄ Design an algorithm to ompute b1b2 : : : = (a1a2 : : : )T , given a1a2 : : : .7. [M20 ℄ Suppose a1 : : : an and a01 : : : a0n are partitions of n with a1 � � � � � an � 0and a01 � � � � � a0n � 0, and let their respetive onjugates be b1 : : : bn = (a1 : : : an)T ,b01 : : : b0n = (a01 : : : a0n)T . Show that b1 : : : bn < b01 : : : b0n if and only if an : : : a1 < a0n : : : a01.8. [15 ℄ When (p1 : : : pt; q1 : : : qt) is the rim representation of a partition a1a2 : : : asin (15) and (16), what is the onjugate partition (a1a2 : : : )T = b1b2 : : : ?9. [22 ℄ If a1a2 : : : am and b1b2 : : : bm = (a1a2 : : : am)T are onjugate partitions, showthat the multisets fa1+1; a2+2; : : : ; am+mg and fb1+1; b2+2; : : : ; bm+mg are equal.10. [21 ℄ Two simple kinds of binary trees are sometimes helpful for reasoning aboutpartitions: (a) a tree that inludes all partitions of all integers, and (b) a tree thatinludes all partitions of a given integer n, illustrated here for n = 8:�111 2111 21 31111 211 22 31 411111 2111 221 311 32 41 5
111111112111111221111 31111122211 32111 411112222 3221 3311 4211 5111332 422 431 521 61144 53 62 71 8(a) (b)Dedue the general rules underlying these onstrutions. What order of tree traversalorresponds to lexiographi order of the partitions?11. [M22 ℄ How many ways are there to pay one euro, using oins worth 1, 2, 5, 10,20, 50, and/or 100 ents? What if you are allowed to use at most two of eah oin?x 12. [M21 ℄ (L. Euler, 1750.) Use generating funtions to prove that the number ofways to partition n into distint parts is the number of ways to partition n into oddparts. For example, 5 = 4 + 1 = 3 + 2; 5 = 3 + 1 + 1 = 1 + 1 + 1 + 1 + 1.[Note: The next two exerises use ombinatorial tehniques to prove extensions ofthis famous theorem.℄x 13. [M22 ℄ (F. Franklin, 1882.) Find a one-to-one orrespondene between partitionsof n that have exatly k parts repeated more than one and partitions of n that haveexatly k even parts. (The ase k = 0 orresponds to Euler's result.)x 14. [M28 ℄ (J. J. Sylvester, 1882.) Find a one-to-one orrespondene between parti-tions of n into distint parts a1 > a2 > � � � > am that have exatly k \gaps" whereaj > aj+1 + 1, and partitions of n into odd parts that have exatly k + 1 di�erentvalues. (For example, when k = 0 this onstrution proves that the number of ways towrite n as a sum of onseutive integers is the number of odd divisors of n.)15. [M20 ℄ (J. J. Sylvester.) Find a generating funtion for the number of partitionsthat are self-onjugate (namely, partitions suh that � = �T ).16. [M21 ℄ Find the generating funtion for partitions of trae k, and sum it on k toobtain a nontrivial identity.
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7.2.1.4 GENERATING ALL PARTITIONS 1917. [M26 ℄ A joint partition of n is a pair of sequenes (a1; : : : ; ar; b1; : : : ; bs) ofpositive integers for whih we havea1 � � � � � ar; b1 > � � � > bs; and a1 + � � �+ ar + b1 + � � �+ bs = n:Thus it is an ordinary partition if s = 0, and a partition into distint parts if r = 0.a) Find a simple formula for the generating funtion Pur+svszn, summed over alljoint partitions of n with r ordinary parts ai and s distint parts bj .b) Similarly, �nd a simple formula forP vszn when the sum is over all joint partitionsthat have exatly r + s = t total parts, given the value of t.) What identity do you dedue?x 18. [M23 ℄ (Doron Zeilberger.) Show that there is a one-to-one orrespondene be-tween pairs of integer sequenes (a1; a2; : : : ; ar; b1; b2; : : : ; bs) suh thata1 � a2 � � � � � ar; b1 > b2 > � � � > bs;and pairs of integer sequenes (1; 2; : : : ; r+s; d1; d2; : : : ; dr+s) suh that1 � 2 � � � � � r+s; dj 2 f0; 1g for 1 � j � r + s;related by the multiset equationsfa1; a2; : : : ; arg = fj j dj = 0g and fb1; b2; : : : ; bsg = fj + r + s� j j dj = 1g:Consequently we obtain the interesting identityXa1�����ar>0b1>���>bs>0ur+svsza1+���+ar+b1+���+bs =
X1�����t>0d1;:::;dt2f0;1gutvd1+���+dtz1+���+t+(t�1)d1+���+dt�1 :

19. [M21 ℄ (E. Heine, 1847.) Prove the four-parameter identity1Ym=1 (1�wxzm)(1�wyzm)(1�wzm)(1�wxyzm) = 1Xk=0 wk(x�1)(x�z) : : : (x�zk�1)(y�1)(y�z) : : : (y�zk�1)zk(1�z)(1�z2) : : : (1�zk)(1�wz)(1�wz2) : : : (1�wzk) .Hint: Carry out the sum over either k or l in the formulaXk;l�0ukvlzkl (z � az)(z � az2) : : : (z � azk)(1� z)(1� z2) : : : (1� zk) (z � bz)(z � bz2) : : : (z � bzl)(1� z)(1� z2) : : : (1� zl)and onsider the simpli�ations that our when b = auz.x 20. [M21 ℄ Approximately how long does it take to ompute a table of the partitionnumbers p(n) for 1 � n � N , using Euler's reurrene (20)?21. [M21 ℄ (L. Euler.) Let q(n) be the number of partitions into distint parts. Whatis a good way to ompute q(n) if you already know the values of p(1), : : : , p(n)?22. [HM21 ℄ (L. Euler.) Let �(n) be the sum of all positive divisors of the positiveinteger n. Thus, �(n) = n + 1 when n is prime, and �(n) an be signi�antly largerthan n when n is highly omposite. Prove that, in spite of this rather haoti behavior,�(n) satis�es almost the same reurrene (20) as the partition numbers:�(n) = �(n�1) + �(n�2)� �(n�5)� �(n�7) + �(n�12) + �(n�15)� � � �for n � 1, exept that when a term on the right is `�(0)' the value `n' is used instead.For example, �(11) = 1 + 11 = �(10) + �(9) � �(6) � �(4) = 18 + 13 � 12 � 7;�(12) = 1+2+3+4+6+12 = �(11)+�(10)��(7)��(5)+12 = 12+18�8�6+12.

19



20 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.423. [HM25 ℄ Use Jaobi's triple produt identity (19) to prove another formula thathe disovered:1Yk=1(1� zk)3 = 1� 3z + 5z3 � 7z6 + 9z10 � � � � = 1Xn=0(�1)n(2n+ 1)z(n+12 ):24. [M26 ℄ (S. Ramanujan, 1919.) Let A(z) = Q1k=1(1� zk)4.a) Prove that [zn℄A(z) is a multiple of 5 when nmod 5 = 4.b) Prove that [zn℄A(z)B(z)5 has the same property, if B is any power series withinteger oeÆients.) Therefore p(n) is a multiple of 5 when nmod 5 = 4.25. [HM27 ℄ Improve on (22) by using (a) Euler's summation formula and (b) Mellintransforms to estimate lnP (e�t). Hint: The dilogarithm funtion Li2(x) = x=12 +x2=22 + x3=32 + � � � satis�es Li2(x) + Li2(1� x) = �(2)� (lnx) ln(1� x).26. [HM22 ℄ In exerises 5.2.2{44 and 5.2.2{51 we studied two ways to prove that1Xk=1 e�k2=n = 12(p�n� 1) +O(n�M ) for all M > 0.Show that Poisson's summation formula gives a muh stronger result.27. [HM23 ℄ Evaluate (29) and omplete the alulations leading to Theorem D.28. [HM42 ℄ (D. H. Lehmer.) Show that the Hardy{Ramanujan{Rademaher oeÆ-ients Ak(n) de�ned in (34) have the following remarkable properties:a) If k is odd, then A2k(km+ 4n+ (k2 � 1)=8) = A2(m)Ak(n).b) If p is prime, pe > 2, and k ? 2p, thenApek(k2m+ p2en� (k2 + p2e � 1)=24) = (�1)[pe=4℄Ape(m)Ak(n):In this formula k2 + p2e � 1 is a multiple of 24 if p or k is divisible by 2 or 3;otherwise division by 24 should be done modulo pek.) If p is prime, jApe(n)j < 2[p>2℄pe=2.d) If p is prime, Ape(n) 6= 0 if and only if 1 � 24n is a quadrati residue modulo pand either e = 1 or 24nmod p 6= 1.e) The probability that Ak(n) = 0, when k is divisible by exatly t primes � 5 andn is a random integer, is approximately 1� 2�t.x 29. [M16 ℄ Generalizing (41), evaluate the sum Pa1�a2�����am�1 za11 za22 : : : zamm .30. [M17 ℄ Find losed forms for the sums(a) Xk�0 ���n� kmm� 1 ��� and (b) Xk�0 ��� nm� k ���(whih are �nite, beause the terms being summed are zero when k is large).31. [M24 ℄ (A. De Morgan, 1843.) Show that ��n2�� = bn=2 and ��n3�� = b(n2 + 6)=12;�nd a similar formula for ��n4��.32. [M15 ℄ Prove that ��nm�� � p(n�m) for all m;n � 0. When does equality hold?33. [HM20 ℄ Use the fat that there are exatly �n�1m�1� ompositions of n into m parts,Eq. 7.2.1.3{(9), to prove a lower bound on ��nm��. Then set m = bpn  to obtain an ele-mentary lower bound on p(n).
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7.2.1.4 GENERATING ALL PARTITIONS 21x 34. [HM21 ℄ Show that ��n�m(m�1)=2m �� is the number of partitions of n into m distintparts. Consequently��� nm ��� = nm�1m! (m� 1)!�1 +O�m3n �� when m � n1=3.35. [HM21 ℄ In the Erd}os{Lehner probability distribution (43), what value of x is(a) most probable? (b) the median? () the mean? (d) What is the standard deviation?36. [HM24 ℄ Prove the key estimate (47) that is needed in Theorem E.37. [M22 ℄ Prove the inlusion-exlusion braketing lemma (48), by analyzing howmany times a partition that has exatly q di�erent parts exeeding m is ounted in therth partial sum.38. [M20 ℄ What is the generating funtion for the partitions of n that have exatlym parts, and largest part l?x 39. [M25 ℄ (F. Franklin.) Generalizing Theorem C, show that, for 0 � k � m,[zn℄ (1� zl+1) : : : (1� zl+k)(1� z)(1� z2) : : : (1� zm)is the number of partitions a1a2 : : : of n into m or fewer parts with the property thata1 � ak+1 + l.40. [M22 ℄ (A. Cauhy.) What is the generating funtion for partitions into m parts,all distint and less than l?41. [HM42 ℄ Extend the Hardy{Ramanujan{Rademaher formula (32) to obtain aonvergent series for partitions of n into at most m parts, with no part exeeding l.42. [HM42 ℄ Find the limiting shape, analogous to (49), for random partitions of ninto at most �pn parts, with no part exeeding 'pn, assuming that �' > 1.43. [M21 ℄ Given n and k, how many partitions of n have a1 > a2 > � � � > ak?x 44. [M22 ℄ How many partitions of n have their two smallest parts equal?45. [HM21 ℄ Compute the asymptoti value of p(n�1)=p(n), with relative errorO(n�2).46. [M20 ℄ In the text's analysis of Algorithm P, whih is larger, T 02(n) or T 002 (n)?x 47. [HM22 ℄ (A. Nijenhuis and H. S. Wilf, 1975.) The following simple algorithm,based on a table of the partition numbers p(0), p(1), : : : , p(n), generates a randompartition of n using the part-ount representation 1 : : : n of (8). Prove that it produeseah partition with equal probability.N1. [Initialize.℄ Set m n and 1 : : : n  0 : : : 0.N2. [Done?℄ Terminate if m = 0.N3. [Generate.℄ Generate a random integer M in the range 0 �M < mp(m).N4. [Choose parts.℄ Set s  0. Then for j = 1, 2, : : : , n and for k = 1, 2,: : : , bm=j, repeatedly set s s+ kp(m� jk) until s > M .N5. [Update.℄ Set k  k + j, m m� jk, and return to N2.Hint: Step N4, whih is based on the identitymXj=1 bm=jXk=1 kp(m� jk) = mp(m);hooses eah partiular pair of values (j; k) with probability kp(m� jk)=(mp(m)).
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22 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.448. [HM40 ℄ Analyze the running time of the algorithm in the previous exerise.x 49. [HM26 ℄ (a) What is the generating funtion F (z) for the sum of the smallest partsof all partitions of n? (The series begins z + 3z2 + 5z3 + 9z4 + 12z5 + � � � .)(b) Find the asymptoti value of [zn℄F (z), with relative error O(n�1).50. [HM33 ℄ Let (m) = m(2m) in the reurrene (56), (57).a) Prove that m(m+ k) = m� k + (k) for 0 � k � m.b) Consequently (58) holds for m � n � 2m if (m) < 3p(m) for all m.) Show that (m)�m is the sum of the seond-smallest parts of all partitions of m.d) Find a one-to-one orrespondene between all partitions of n with seond-smallestpart k and all partitions of numbers � n with smallest part k + 1.e) Desribe the generating funtion Pm�0 (m)zm.f) Conlude that (m) < 3p(m) for all m � 0.51. [M46 ℄ Make a detailed analysis of Algorithm H.x 52. [M21 ℄ What is the millionth partition generated by Algorithm P when n = 64?Hint: p(64) = 1741630 = 1000000 + ��7713��+ ��6010��+ ��478 ��+ ��355 ��+ ��273 ��+ ��222 ��+ ��181 ��+ ��150 ��.x 53. [M21 ℄ What is the millionth partition generated by Algorithm H when m = 32and n = 100? Hint: 999999 = ��8012��+ ��6611��+ ��507 ��+ ��416 ��+ ��335 ��+ ��264 ��+ ��214 ��.x 54. [M30 ℄ The partition � = a1a2 : : : is said to majorize the partition � = b1b2 : : : ,written � � � or � � �, if a1 + � � �+ ak � b1 + � � �+ bk for all k � 0.a) True or false: � � � implies � � � (lexiographially).b) True or false: � � � implies �T � �T .) Show that any two partitions of n have a greatest lower bound � ^ � suh that� �  and � �  if and only if � ^ � � . Explain how to ompute � ^ �.d) Similarly, explain how to ompute a least upper bound �_� suh that  � � and � � if and only if  � � _ �.e) If � has l parts and � has m parts, how many parts do � ^ � and � _ � have?f) True or false: If � has distint parts and � has distint parts, then so do � ^ �and � _ �.x 55. [M37 ℄ Continuing the previous exerise, say that � overs � if � � �, � 6= �,and � �  � � implies  = � or  = �. For example, Fig. 32 illustrates the overingrelations between partitions of 12.a) Let us write � � � if � = a1a2 : : : and � = b1b2 : : : are partitions for whihbk = ak � [k= l℄ + [k= l + 1℄ for all k � 1 and some l � 1. Prove that � overs �if and only if � � � or �T � �T .b) Show that there is an easy way to tell if � overs � by looking at the rimrepresentations of � and �.) Let n = �n22 �+ �n11 � where n2 > n1 � 0. Show that no partition of n overs morethan n2 � 2 partitions.d) Say that the partition � is minimal if there is no partition � with � � �. Provethat � is minimal if and only if �T has distint parts.e) Suppose � = �0 � �1 � � � � � �k and � = �00 � �01 � � � � � �0k0 , where �k and�0k0 are minimal partitions. Prove that k = k0 and �k = �0k0 .f) Explain how to ompute the lexiographially smallest partition into distint partsthat majorizes a given partition �.g) Desribe �n, the lexiographially smallest partition of n into distint parts. Whatis the length of all paths n1 = �0 � �1 � � � � � �Tn?
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7.2.1.4 GENERATING ALL PARTITIONS 23

Fig. 32. The majorizationlattie for partitions of 12.(See exerises 54{58.) 11111111111121111111111221111111122211111122221111 2222222222211311111111132111111132211111 3222111322221331111113321111 332211 33222333111 333213333

41111111142111111 4221111422211 422224311111 432111 4322143311 4332441111 4421144224431444

511111115211111522111 52221531111 53211 5322533154111 5421 5435511 552

6111111621111 62211 622263111 6321 6336411 642651 66

71111172111 72217311732 741 75
811118211 822831 849111 921 9310 11 10 211 112

h) What are the lengths of the longest and shortest paths of the form n1 = �0, �1,: : : , �l = 1n, where �j overs �j+1 for 0 � j < l?x 56. [M27 ℄ Design an algorithm to generate all partitions � suh that � � � � �,given partitions � and � with � � �.Note: Suh an algorithm has numerous appliations. For example, to generate allpartitions that have m parts and no part exeeding l, we an let � be the smallest suhpartition, namely dn=me : : : bn=m as in exerise 3, and let � be the largest, namely((n�m+1)1m�1) ^ (lbn=l(nmod l)). Similarly, aording to a well-known theorem ofH. G. Landau [Bull. Math. Biophysis 15 (1953), 143{148℄, the partitions of �m2 � suhthat jm2 kbm=2jm� 12 kdm=2e � � � (m�1)(m�2) : : : 21are the possible \sore vetors" of a round-robin tournament, namely the partitionsa1 : : : am suh that the jth strongest player wins aj games.
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24 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.457. [M22 ℄ Suppose a matrix (aij) of 0s and 1s has row sums ri =Pj aij and olumnsums j = Pi aij . Then � = r1r2 : : : and � = 12 : : : are partitions of n = Pi;j aij .Prove that suh a matrix exists if and only if � � �T .58. [M23 ℄ (Symmetrial means.) Let � = a1 : : : am and � = b1 : : : bm be partitionsof n. Prove that the inequality1m!Xxa1p1 : : : xampm � 1m!Xxb1p1 : : : xbmpmholds for all nonnegative values of the variables (x1; : : : ; xm), where the sums range overall m! permutations of f1; : : : ;mg, if and only if � � �. (For example, this inequalityredues to (y1 + � � � + yn)=n � (y1 : : : yn)1=n in the speial ase m = n, � = n0 : : : 0,� = 11 : : : 1, xj = y1=nj .)59. [M22 ℄ The Gray path (59) is symmetrial in the sense that the reversed sequene6, 51, : : : , 111111 is the same as onjugate sequene (111111)T , (21111)T , : : : , (6)T .Find all Gray paths �1, : : : , �p(n) that are symmetrial in this way.60. [23 ℄ Complete the proof of Theorem S by modifying the de�nitions of L(m;n)and M(m;n) in all plaes where L(4; 6) is alled in (62) and (63).61. [26 ℄ Implement a partition-generation sheme based on Theorem S, always spei-fying the two parts that have hanged between visits.62. [46 ℄ Prove or disprove: For all suÆiently large integers n and 3 � m < n suhthat nmodm 6= 0, and for all partitions � of n with a1 � m, there is a Gray pathfor all partitions with parts � m, beginning at 1n and ending at �, unless � = 1n or� = 21n�2.63. [47 ℄ For whih partitions � and � is there a Gray ode through all partitions �suh that � � � � �?x 64. [32 ℄ (Binary partitions.) Design a loopless algorithm that visits all partitions of ninto powers of 2, where eah step replaes 2k + 2k by 2k+1 or vie versa.65. [23 ℄ It is well known that every ommutative group of m elements an be repre-sented as a disrete torus T (m1; : : : ;mn) with the addition operation of 7.2.1.3{(66),where m = m1 : : :mn and mj is a multiple of mj+1 for 1 � j < n. For example, whenm = 360 = 23 � 32 � 51 there are six suh groups, orresponding to the fatorizations(m1;m2;m3) = (30; 6; 2), (60; 6; 1), (90; 2; 2), (120; 3; 1), (180; 2; 1), and (360; 1; 1).Explain how to generate all suh fatorizations systematially with an algorithmthat hanges exatly two of the fators mj at eah step.x 66. [M25 ℄ (P-partitions.) Instead of insisting that a1 � a2 � � � � , suppose we wantto onsider all nonnegative ompositions of n that satisfy a given partial order. Forexample, P. A. MaMahon observed that all solutions to the \up-down" inequalitiesa4 � a2 � a3 � a1 an be divided into �ve nonoverlapping types:a1 � a2 � a3 � a4; a1 � a2 � a4 > a3;a2 > a1 � a3 � a4; a2 > a1 � a4 > a3; a2 � a4 > a1 � a3:Eah of these types is easily enumerated sine, for example, a2 > a1 � a4 > a3 isequivalent to a2 � 2 � a1 � 1 � a4 � 1 � a3; the number of solutions with a3 � 0 anda1+a2+a3+a4 = n is the number of partitions of n�1�2�0�1 into at most four parts.Explain how to solve a general problem of this kind: Given any partial orderrelation � onm elements, onsider allm-tuples a1 : : : am with the property that aj � ak
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7.2.1.5 GENERATING ALL SET PARTITIONS 25when j � k. Assuming that the subsripts have been hosen so that j � k implies j � k,show that all of the desired m-tuples fall into exatly N lasses, one for eah of the out-puts of the topologial sorting algorithm 7.2.1.2V. What is the generating funtion forall suh a1 : : : am that are nonnegative and sum to n? How ould you generate them all?67. [M25 ℄ (P. A. MaMahon, 1886.) A perfet partition of n is a multiset that hasexatly n+1 submultisets, and these multisets are partitions of the integers 0, 1, : : : , n.For example, the multisets f1;1;1;1;1g, f2;2;1g, and f3;1;1g are perfet partitions of 5.Explain how to onstrut the perfet partitions of n that have fewest elements.68. [M23 ℄ What partition of n into m parts has the largest produt a1 : : : am, when(a) m is given; (b) m is arbitrary?69. [M30 ℄ Find all n < 109 suh that the equation x1 + x2 + � � � + xn = x1x2 : : : xnhas only one solution in positive integers x1 � x2 � � � � � xn. (There is, for example,only one solution when n = 2, 3, or 4; but 5 + 2 + 1 + 1 + 1 = 5 � 2 � 1 � 1 � 1 and3 + 3 + 1 + 1 + 1 = 3 � 3 � 1 � 1 � 1 and 2 + 2 + 2 + 1 + 1 = 2 � 2 � 2 � 1 � 1.)70. [M30 ℄ (\Bulgarian solitaire.") Take n ards and divide them arbitrarily into oneor more piles. Then repeatedly remove one ard from eah pile and form a new pile.Show that if n = 1+2+ � � �+m, this proess always reahes a self-repeating statewith piles of sizes fm;m � 1; : : : ; 1g. For example, if n = 10 and if we start with pileswhose sizes are f3; 3; 2; 2g, we get the sequene of partitions3322! 42211! 5311! 442! 3331! 4222! 43111! 532! 4321! 4321! � � � :What yles of states are possible for other values of n?71. [M46 ℄ Continuing the previous problem, what is the maximum number of stepsthat an our before n-ard Bulgarian solitaire reahes a yli state?72. [M25 ℄ Suppose we write down all partitions of n, for example6; 51; 42; 411; 33; 321; 3111; 222; 2211; 21111; 111111when n = 6, and hange eah jth ourrene of k to j:1; 11; 11; 112; 12; 111; 1123; 123; 1212; 11234; 123456:a) Prove that this operation yields a permutation of the individual elements.b) How many times does the element k appear altogether?7.2.1.5. Generating all set partitions. Now let's shift gears and onentrateon a rather di�erent kind of partition. The partitions of a set are the waysto regard that set as a union of nonempty, disjoint subsets alled bloks. Forexample, we listed the �ve essentially di�erent partitions of f1; 2; 3g at thebeginning of the previous setion, in 7.2.1.4{(2) and 7.2.1.4{(4). Those �vepartitions an also be written more ompatly in the form123; 12j3; 13j2; 1j23; 1j2j3; (1)using a vertial line to separate one blok from another. In this list the elementsof eah blok ould have been written in any order, and so ould the bloksthemselves, beause `13j2' and `31j2' and `2j13' and `2j31' all represent the samepartition. But we an standardize the representation by agreeing, for example,to list the elements of eah blok in inreasing order, and to arrange the bloks in
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26 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5inreasing order of their smallest elements. With this onvention the partitionsof f1; 2; 3; 4g are1234; 123j4; 124j3; 12j34; 12j3j4; 134j2; 13j24; 13j2j4;14j23; 1j234; 1j23j4; 14j2j3; 1j24j3; 1j2j34; 1j2j3j4; (2)obtained by plaing 4 among the bloks of (1) in all possible ways.Set partitions arise in many di�erent ontexts. Politial sientists andeonomists, for example, often see them as \oalitions"; omputer system de-signers may onsider them to be \ahe-hit patterns" for memory aesses;poets know them as \rhyme shemes" (see exerises 34{37). We saw in Setion2.3.3 that any equivalene relation between objets|namely any binary relationthat is reexive, symmetri, and transitive|de�nes a partition of those objetsinto so-alled \equivalene lasses." Conversely, every set partition de�nes anequivalene relation: If � is a partition of f1; 2; : : : ; ng we an writej � k (modulo �) (3)whenever j and k belong to the same blok of �.One of the most onvenient ways to represent a set partition inside a om-puter is to enode it as a restrited growth string, namely as a string a1a2 : : : anin whih we havea1 = 0 and aj+1 � 1 + max(a1; : : : ; aj) for 1 � j < n. (4)The idea is to set aj = ak if and only if j � k, and to hoose the smallestavailable number for aj whenever j is smallest in its blok. For example, therestrited growth strings for the �fteen partitions in (2) are respetively0000; 0001; 0010; 0011; 0012; 0100; 0101; 0102;0110; 0111; 0112; 0120; 0121; 0122; 0123: (5)This onvention suggests the following simple generation sheme, due to GeorgeHuthinson [CACM 6 (1963), 613{614℄:Algorithm H (Restrited growth strings in lexiographi order). Given n � 2,this algorithm generates all partitions of f1; 2; : : : ; ng by visiting all stringsa1a2 : : : an that satisfy the restrited growth ondition (4). We maintain anauxiliary array b1b2 : : : bn, where bj+1 = 1 + max(a1; : : : ; aj); the value of bn isatually kept in a separate variable, m, for eÆieny.H1. [Initialize.℄ Set a1 : : : an  0 : : : 0, b1 : : : bn�1  1 : : : 1, and m 1.H2. [Visit.℄ Visit the restrited growth string a1 : : : an, whih represents apartition into m+ [an=m℄ bloks. Then go to H4 if an = m.H3. [Inrease an.℄ Set an  an + 1 and return to H2.H4. [Find j.℄ Set j  n� 1; then, while aj = bj , set j  j � 1.
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7.2.1.5 GENERATING ALL SET PARTITIONS 27H5. [Inrease aj .℄ Terminate if j = 1. Otherwise set aj  aj + 1.H6. [Zero out aj+1 : : : an.℄ Set m  bj + [aj = bj ℄ and j  j + 1. Then, whilej < n, set aj  0, bj  m, and j  j + 1. Finally set an  0 and go bakto H2.Exerise 47 proves that steps H4{H6 are rarely neessary, and that the loopsin H4 and H6 are almost always short. A linked-list variant of this algorithmappears in exerise 2.Gray odes for set partitions. One way to pass quikly through all setpartitions is to hange just one digit of the restrited growth string a1 : : : an ateah step, beause a hange to aj simply means that element j moves from oneblok to another. An elegant way to arrange suh a list was proposed by GideonEhrlih [JACM 20 (1973), 507{508℄: We an suessively append the digits0; m; m� 1; : : : ; 1 or 1; : : : ; m� 1; m; 0 (6)to eah string a1 : : : an�1 in the list for partitions of n � 1 elements, wherem = 1+max(a1; : : : ; an�1), alternating between the two ases. Thus the list `00,01' for n = 2 beomes `000, 001, 011, 012, 010' for n = 3; and that list beomes0000; 0001; 0011; 0012; 0010; 0110; 0112; 0111;0121; 0122; 0123; 0120; 0100; 0102; 0101 (7)when we extend it to the ase n = 4. Exerise 14 shows that Ehrlih's shemeleads to a simple algorithm that ahieves this Gray-ode order without doingmuh more work than Algorithm H.Suppose, however, that we aren't interested in all of the partitions; we mightwant only the ones that have exatly m bloks. Can we run through this smallerolletion of restrited growth strings, still hanging only one digit at a time?Yes; a very pretty way to generate suh a list has been disovered by FrankRuskey [Leture Notes in Comp. Si. 762 (1993), 205{206℄. He de�ned twosuh sequenes, Amn and A0mn, both of whih start with the lexiographiallysmallest m-blok string 0n�m01 : : : (m�1). The di�erene between them, ifn > m + 1, is that Amn ends with 01 : : : (m�1)0n�m while A0mn ends with0n�m�101 : : : (m�1)0. Here are Ruskey's reursive rules, when 1 < m < n:Am(n+1) = (A(m�1)n(m�1); ARmn(m�1); : : : ; ARmn1; Amn0; if m is even;A0(m�1)n(m�1); Amn(m�1); : : : ; ARmn1; Amn0; if m is odd; (8)
A0m(n+1) = (A0(m�1)n(m�1); Amn(m�1); : : : ; Amn1; ARmn0; if m is even;A(m�1)n(m�1); ARmn(m�1); : : : ; Amn1; ARmn0; if m is odd. (9)Of ourse the base ases are simply one-element lists,A1n = A01n = f0ng and Ann = f01 : : : (n�1)g: (10)
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28 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5With these de�nitions the �53	 = 25 partitions of f1; 2; 3; 4; 5g into three bloksare 00012; 00112; 01112; 01012; 01002; 01102; 00102;00122; 01122; 01022; 01222; 01212; 01202;01201; 01211; 01221; 01021; 01121; 00121;00120; 01120; 01020; 01220; 01210; 01200: (11)
(See exerise 17 for an eÆient implementation.)In Ehrlih's sheme (7) the rightmost digits of a1 : : : an vary most rapidly,but in Ruskey's sheme most of the hanges our near the left. In both ases,however, eah step a�ets just one digit aj , and the hanges are quite simple:Either aj hanges by �1, or it jumps between the two extreme values 0 and1+max(a1; : : : ; aj�1). Under the same onstraints, the sequene A01n, A02n, : : : ,A0nn runs through all partitions, in inreasing order of the number of bloks.The number of set partitions. We've seen that there are 5 partitions off1; 2; 3g and 15 of f1; 2; 3; 4g. A quik way to ompute these ounts was dis-overed by C. S. Peire, who presented the following triangle of numbers in theAmerian Journal of Mathematis 3 (1880), page 48:12 15 3 215 10 7 552 37 27 20 15203 151 114 87 67 52

(12)
Here the entries $n1, $n2, : : : , $nn of the nth row obey the simple reurrene$nk = $(n�1)k+$n(k+1) if 1 � k < n; $nn = $(n�1)1 if n > 1; (13)and $11 = 1. Peire's triangle has many remarkable properties, some of whihare surveyed in exerises 26{31. For example, $nk is the number of partitionsof f1; 2; : : : ; ng in whih k is the smallest of its blok.The entries on the diagonal and in the �rst olumn of Peire's triangle, whihtell us the total number of set partitions, are ommonly known as Bell numbers,beause E. T. Bell wrote several inuential papers about them [AMM 41 (1934),411{419; Annals of Math. 35 (1934), 258{277; 39 (1938), 539{557℄. We shalldenote Bell numbers by $n, following the lead of Louis Comtet, in order to avoidonfusion with the Bernoulli numbers Bn. The �rst few ases aren = 0 1 2 3 4 5 6 7 8 9 10 11 12$n = 1 1 2 5 15 52 203 877 4140 21147 115975 678570 4213597Notie that this sequene grows rapidly, but not as fast as n!; we will prove belowthat $n = �(n=logn)n.The Bell numbers $n = $n1 for n � 0 must satisfy the reurrene formula$n+1 = $n + �n1�$n�1 + �n2�$n�2 + � � � = Xk �nk�$n�k; (14)
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7.2.1.5 GENERATING ALL SET PARTITIONS 29beause every partition of f1; : : : ; n + 1g is obtained by hoosing k elements off1; : : : ; ng to put in the blok ontaining n+1 and by partitioning the remainingelements in $n�k ways, for some k. This reurrene, found by Yoshisuke Matsu-naga in the 18th entury (see Setion 7.2.1.7), leads to a nie generating funtion,�(z) = 1Xn=0 $n znn! = eez�1; (15)disovered by W. A. Whitworth [Choie and Chane, 3rd edition (1878), 3.XXIV℄.For if we multiply both sides of (14) by zn=n! and sum on n we get� 0(z) = 1Xn=0$n+1 znn! = � 1Xk=0 zkk! �� 1Xm=0$m zmm!� = ez�(z);and (15) is the solution to this di�erential equation with �(0) = 1.The numbers $n had been studied for many years beause of their uriousproperties related to this formula, long before Whitworth pointed out theirombinatorial onnetion with set partitions. For example, we have$n = n!e [zn℄ eez = n!e [zn℄ 1Xk=0 ekzk! = 1e 1Xk=0 knk! (16)[Mat. Sbornik 3 (1868), 62; 4 (1869), 39; G. Dobi�nski, Arhiv der Math. undPhysik 61 (1877), 333{336; 63 (1879), 108{110℄. Christian Kramp disussedthe expansion of eez in Der polynomishe Lehrsatz, ed. by C. F. Hindenburg(Leipzig: 1796), 112{113; he mentioned two ways to ompute the oeÆients,namely either to use (14) or to use a summation of p(n) terms, one for eahordinary partition of n. (See Arbogast's formula, exerise 1.2.5{21. Kramp,who ame lose to disovering that formula, seemed to prefer his partition-basedmethod, not realizing that it would require more than polynomial time as n gotlarger and larger; and he omputed 116015, not 115975, for the oeÆient of z10.)*Asymptoti estimates. We an learn how fast $n grows by using one of themost basi priniples of omplex residue theory: If the power series P1k=0 akzkonverges whenever jzj < r, thenan�1 = 12�i I a0 + a1z + a2z2 + � � �zn dz; (17)if the integral is taken along a simple losed path that goes ounterlokwisearound the origin and stays inside the irle jzj = r. Let f(z) = P1k=0 akzk�nbe the integrand. We're free to hoose any suh path, but speial tehniquesoften apply when the path goes through a point z0 at whih the derivative f 0(z0)is zero, beause we havef(z0 + �ei�) = f(z0) + f 00(z0)2 �2e2i� +O(�3) (18)in the viinity of suh a point. If, for example, f(z0) and f 00(z0) are real andpositive, say f(z0) = u and f 00(z0) = 2v, this formula says that the value of
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30 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5
<f(z0)

z0 z0+�z0+i�z0�� z0�i�
Fig. 33. The behavior of an analytifuntion near a saddle point.

f(z0� �) is approximately u+ v�2 while f(z0� i�) is approximately u� v�2. If zmoves from z0� i� to z0+ i�, the value of f(z) rises to a maximum value u, thenfalls again; but the larger value u+v�2 ours both to the left and to the right ofthis path. In other words, a mountaineer who goes hiking on the omplex plane,when the altitude at point z is <f(z), enounters a \pass" at z0; the terrainlooks like a saddle at that point. The overall integral of f(z) will be the sameif taken around any path, but a path that doesn't go through the pass won't beas nie beause it will have to anel out some higher values of f(z) that ouldhave been avoided. Therefore we tend to get best results by hoosing a path thatgoes through z0, in the diretion of inreasing imaginary part. This importanttehnique, due to P. Debye [Math. Annalen 67 (1909), 535{558℄, is alled the\saddle point method."Let's get familiar with the saddle point method by starting with an examplefor whih we already know the answer:1(n� 1)! = 12�i I ezzn dz: (19)Our goal is to �nd a good approximation for the value of the integral on the rightwhen n is large. It will be onvenient to deal with f(z) = ez=zn by writing it aseg(z) where g(z) = z�n ln z; then the saddle point ours where g0(z0) = 1�n=z0is zero, namely at z0 = n. If z = n+ it we haveg(z) = g(n) + 1Xk=2 g(k)(n)k! (it)k
= n� n lnn� t22n + it33n2 + t44n3 � it55n4 + � � �beause g(k)(z) = (�1)k(k � 1)!n=zk when k � 2. Let's integrate f(z) on aretangular path from n� im to n+ im to �n+ im to �n� im to n� im:12�i I ezzn dz = 12� Z m�m f(n+ it) dt+ 12�i Z �nn f(t+ im) dt+ 12� Z �mm f(�n+ it) dt+ 12�i Z n�n f(t� im) dt:
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7.2.1.5 GENERATING ALL SET PARTITIONS 31Clearly jf(z)j � 2�nf(n) on the last three sides of this path if we hoose m = 2n,beause jez j = e<z and jzj � max(<z;=z); so we're left with12�i I ezzn dz = 12� Z m�m eg(n+it) dt+O� nen2nnn�:Now we fall bak on a tehnique that we've used several times before|for example to derive Eq. 5.1.4{(53): If f̂(t) is a good approximation to f(t)when t 2 A, and if the sums Pt2BnA f(t) andPt2CnA f̂(t) are both small, thenPt2C f̂(t) is a good approximation to Pt2B f(t). The same idea applies tointegrals as well as sums. [This general method, introdued by Laplae in 1782,is often alled \trading tails"; see CMath x9.4.℄ If jtj � n1=2+� we haveeg(n+it) = exp�g(n)� t22n + it33n2 + � � ��= ennn exp�� t22n + it33n2 + t44n3 +O(n5��3=2)�= ennn e�t2=(2n)�1 + it33n2 + t44n3 � t618n4 +O(n9��3=2)�:And when jtj > n1=2+� we havejeg(n+it)j < jf(n+ in1=2+�)j = ennn exp��n2 ln(1 + n2��1)� = O�en�n�2�=2nn �:Furthermore the inomplete gamma funtionZ 1n1=2+� e�t2=(2n)tk dt = 2(k�1)=2n(k+1)=2 ��k + 12 ; n2�2 � = O(nO(1)e�n2�=2)is negligible. Thus we an trade tails and obtain the approximation12�i I ezzn dz = en2�nn Z 1�1 e�t2=(2n)�1 + it33n2 + t44n3 � t618n4 +O(n9��3=2)�dt= en2�nn�I0 + i3n2 I3 + 14n3 I4 � 118n4 I6 +O(n9��3=2)�;where Ik = R1�1 e�t2=(2n)tk dt. Of ourse Ik = 0 when k is odd. Otherwise wean evaluate Ik by using the well-known fat thatZ 1�1 e�at2t2l dt = ��(2l + 1)=2�a(2l+1)=2 = p2�(2a)(2l+1)=2 lYj=1(2j � 1) (20)when a > 0; see exerise 39. Putting everything together gives us, for all � > 0,the asymptoti estimate1(n� 1)! = enp2�nn�1=2�1 + 0 + 34n � 1518n +O(n9��3=2)�; (21)this result agrees perfetly with Stirling's approximation, whih we derived byquite di�erent methods in 1.2.11.2{(19). Further terms in the expansion of
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32 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5g(n + it) would allow us to prove that the true error in (21) is only O(n�2),beause the same proedure yields an asymptoti series of the general formen=(p2�nn�1=2)�1 + 1=n+ 2=n2 + � � �+ m=nm +O(n�m�1)� for all m.Our derivation of this result has glossed over an important tehniality: Thefuntion ln z is not single-valued along the path of integration, beause it growsby 2�i when we loop around the origin. Indeed, this fat underlies the basimehanism that makes the residue theorem work. But our reasoning was validbeause the ambiguity of the logarithm does not a�et the integrand f(z) =ez=zn when n is an integer. Furthermore, if n were not an integer, we ouldhave adapted the argument and kept it rigorous by hoosing to arry out theintegral (19) along a path that starts at �1, irles the origin ounterlokwiseand returns to �1. That would have given us Hankel's integral for the gammafuntion, Eq. 1.2.5{(17); we ould thereby have derived the asymptoti formula1�(x) = 12�i I ezzx dz = exp2�xx�1=2�1� 112x +O(x�2)�; (22)valid for all real x as x!1.So the saddle point method seems to work|although it isn't the simplestway to get this partiular result. Let's apply it now to dedue the approximatesize of the Bell numbers:$n�1(n� 1)! = 12�ie I eg(z) dz; g(z) = ez � n ln z: (23)A saddle point now ours at the point z0 = � > 0, where�e� = n: (24)(We should atually write �(n) to indiate that � depends on n; but that wouldlutter up the formulas below.) Let's assume for the moment that a little birdhas told us the value of �. Then we want to integrate on a path where z = �+ it,and we haveg(� + it) = e� � n�ln � � (it)22! � + 1�2 � (it)33! �2 � 2!�3 � (it)44! �3 + 3!�4 + � � ��:By integrating on a suitable retangular path, we an prove as above that theintegral in (23) is well approximated byZ n��1=2�n��1=2eg(�)�na2t2�nia3t3+na4t4+��� dt; ak = �k�1+(�1)k(k�1)!k! �k ; (25)see exerise 43. Noting that aktk is O(nk��k=2) inside this integral, we obtain anasymptoti expansion of the form$n�1 = ee��1(n� 1)!�n�1p2�n(� + 1)�1 + b1n + b2n2 + � � �+ bmnm +O� lognn �m+1�; (26)
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7.2.1.5 GENERATING ALL SET PARTITIONS 33where (� + 1)3kbk is a polynomial of degree 4k in �. (See exerise 44.) Forexample,b1 = �2�4�3�3�20�2�18�+224(�+1)3 ; (27)b2 = 4�8�156�7�695�6�696�5+1092�4+2916�3+1972�2�72�+41152(�+1)6 : (28)Stirling's approximation (21) an be used in (26) to prove that$n�1 = exp�n�� � 1 + 1��� � � 12 ln(� + 1)� 1� �12n +O� lognn �2�; (29)and exerise 45 proves the similar formula$n = exp�n�� � 1 + 1��� 12 ln(� + 1)� 1� �12n +O� lognn �2�: (30)Consequently we have $n=$n�1 � e� = n=�. More preisely,$n�1$n = �n�1 +O� 1n��: (31)But what is the asymptoti value of �? The de�nition (24) implies that� = lnn� ln � = lnn� ln(lnn� ln �)= lnn� ln lnn+O� log lognlogn �; (32)and we an go on in this vein, as shown in exerise 49. But the asymptotiseries for � developed in this way never gives better auray than O(1=(logn)m)for larger and larger m; so it is hugely inaurate when multiplied by n informula (29) for $n�1 or formula (30) for $n.Thus if we want to use (29) or (30) to alulate good numerial approxima-tions to Bell numbers, our best strategy is to start by omputing a good numerialvalue for �, without using a slowly onvergent series. Newton's root�ndingmethod, disussed in the remarks preeding Algorithm 4.7N, yields the eÆientiterative sheme �0 = lnn; �k+1 = �k�k + 1(1 + �0 � ln �k); (33)whih onverges rapidly to the orret value. For example, when n = 100 the�fth iterate�5 = 3:38563 01402 90050 18488 82443 64529 72686 74917� (34)is already orret to 40 deimal plaes. Using this value in (29) gives us suessiveapproximations(1:6176088053 : : : ; 1:6187421339 : : : ; 1:6187065391 : : : ; 1:6187060254 : : : )� 10114when we take terms up to b0, b1, b2, b3 into aount; the true value of $99 is the115-digit integer 16187060274460 : : : 20741.
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34 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5

0 10 20 30 40 50 60 70 80 90 100m
5� 10114 Fig. 34. The Stirling numbers �100m 	are greatest near m = 28 and m = 29.

Now that we know the number of set partitions $n, let's try to �gure outhow many of them have exatly m bloks. It turns out that nearly all partitionsof f1; : : : ; ng have roughly n=� = e� bloks, with about � elements per blok.For example, Fig. 34 shows a histogram of the numbers �nm	 when n = 100 ande� � 29:54.We an investigate the size of �nm	 by applying the saddle point method toformula 1.2.9{(23), whih states thatn nmo = n!m! [zn℄ (ez � 1)m = n!m! 12�i I em ln(ez�1)�(n+1) ln z dz: (35)Let � = (n+1)=m. The funtion g(z) = ��1 ln(ez � 1)� ln z has a saddle pointat � > 0 when �1� e�� = �: (36)Notie that � > 1 for 1 � m � n. This speial value � is given by� = �� �; � = T (�e��); (37)where T is the tree funtion of Eq. 2.3.4.4{(30). Indeed, � is the value between0 and 1 for whih we have �e�� = �e��; (38)the funtion xe�x inreases from 0 to e�1 when x inreases from 0 to 1, then itdereases to 0 again. Therefore � is uniquely de�ned, and we havee� = �� : (39)All suh pairs � and � are obtainable by using the inverse formulas� = �e�e� � 1 ; � = �e� � 1 ; (40)for example, the values � = ln 4 and � = ln 2 orrespond to � = ln 2.We an show as above that the integral in (35) is asymptotially equivalent toan integral of e(n+1)g(z) dz over the path z = �+it. (See exerise 58.) Exerise 56

34



7.2.1.5 GENERATING ALL SET PARTITIONS 35proves that the Taylor series about z = �,g(� + it) = g(�)� t2(1� �)2�2 � 1Xk=3 (it)kk! g(k)(�); (41)has the property thatjg(k)(�)j < 2(k � 1)! (1� �)=�k for all k > 0. (42)Therefore we an onveniently remove a fator of N = (n + 1)(1 � �) from thepower series (n+ 1)g(z), and the saddle point method leads to the formulan nmo = n!m! 1(�� �)n�m�mp2�N �1+ b1N + b2N2 + � � �+ blN l +O� 1N l+1�� (43)as N ! 1, where (1 � �)2kbk is a polynomial in � and �. (The quantity(� � �)n�m�m in the denominator omes from the fat that (e� � 1)m=�n =(�=� � 1)m=(�� �)n, by (37) and (39).) For example,b1 = 6� �3 � 4��2 � �2�8(1� �) � 5(2� �2 � ��)224(1� �)2 : (44)Exerise 57 proves that N ! 1 if and only if n�m ! 1. An asymptoti ex-pansion for �nm	 similar to (43), but somewhat more ompliated, was �rstobtained by Leo Moser and Max Wyman, Duke Math. J. 25 (1957), 29{43.Formula (43) looks a bit sary beause it is designed to apply over theentire range of blok ounts m. Signi�ant simpli�ations are possible when mis relatively small or relatively large (see exerises 60 and 61); but the simpli�edformulas don't give aurate results in the important ases when �nm	 is largest.Let's look at those ruial ases more losely now, so that we an aount forthe sharp peak illustrated in Fig. 34.Let �e� = n as in (24), and suppose m = exp(� + r=pn) = ner=pn=�; wewill assume that jrj � n�, so that m is near e�. The leading term of (43) an berewrittenn!m! 1(�� �)n�m�mp2�(n+ 1)(1� �) =mnm! (n+ 1)!(n+ 1)n+1 en+1p2�(n+ 1)�1� ���m�n e��mp1� � ; (45)and Stirling's approximation for (n+ 1)! is evidently ripe for anellation in themidst of this expression. With the help of omputer algebra we �ndmnm! = 1p2� exp�n�� � 1 + 1��� 12�� + r2 + r2� �� �r2 + r36 + r33�� 1pn +O(n4��1)�;
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36 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5and the relevant quantities related to � and � are�� = �n + r�2npn +O(�3n2��2);
e��m = exp��� � r�2pn +O(�3n2��1)�;�1� ���m�n = exp�� � 1 + r(�2 � � � 1)pn +O(�3n2��1)�:Therefore the overall result isn ne�+r=pno = 1p2� exp�n�� � 1 + 1��� �2 � 1
� � + 12� �r + 3�(2� + 3) + (� + 2)r26(� + 1)pn �2 +O(�3n4��1)�: (46)The squared expression on the last line is zero whenr = � �(2� + 3)2(� + 1)pn +O(�2n�3=2);thus the maximum ours when the number of bloks ism = n� � 3 + 2�2 + 2� +O� �n�: (47)By omparing (47) to (30) we see that the largest Stirling number �nm	 for agiven value of n is approximately equal to �$n=p2�n.The saddle point method applies to problems that are onsiderably morediÆult than the ones we have onsidered here. Exellent expositions of advanedtehniques an be found in several books: N. G. de Bruijn, Asymptoti Methodsin Analysis (1958), Chapters 5 and 6; F. W. J. Olver, Asymptotis and SpeialFuntions (1974), Chapter 4; R. Wong, Asymptoti Approximations of Integrals(2001), Chapters 2 and 7.*Random set partitions. The sizes of bloks in a partition of f1; : : : ; ngonstitute by themselves an ordinary partition of the number n. Thereforewe might wonder what sort of partition they are likely to be. Figure 30 inSetion 7.2.1.4 showed the result of superimposing the Ferrers diagrams of allp(25) = 1958 partitions of 25; those partitions tended to follow the symmetrialurve of Eq. 7.2.1.4{(49). By ontrast, Fig. 35 shows what happens when wesuperimpose the orresponding diagrams of all $25 � 4:6386 � 1018 partitionsof the set f1; : : : ; 25g. Evidently the \shape" of a random set partition is quitedi�erent from the shape of a random integer partition.This hange is due to the fat that some integer partitions our only a fewtimes as blok sizes of set partitions, while others are extremely ommon. Forexample, the partition n = 1 + 1 + � � � + 1 arises in only one way, but if n is
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7.2.1.5 GENERATING ALL SET PARTITIONS 370 � e��
e� � 1

Fig. 35. The shape of a randomset partition when n = 25.
even the partition n = 2+2+ � � �+2 arises in (n� 1)(n� 3) : : : (1) ways. Whenn = 25, the integer partition25 = 4 + 4 + 3 + 3 + 3 + 2 + 2 + 2 + 1 + 1atually ours in more than 2% of all possible set partitions. (This partiularpartition turns out to be most ommon in the ase n = 25. The answer toexerise 1.2.5{21 explains that exatly n!1! 1!1 2! 2!2 : : : n!n!n (48)set partitions orrespond to the integer partition n = 1 � 1+ 2 � 2+ � � �+ n �n.)We an easily determine the average number of k-bloks in a random par-tition of f1; : : : ; ng: If we write out all $n of the possibilities, every partiulark-element blok ours exatly $n�k times. Therefore the average number is�nk�$n�k$n : (49)An extension of Eq. (31) above, proved in exerise 64, shows moreover that$n�k$n = � �n�k�1 + k�(k� + k + 1)2(� + 1)2n +O�k3n2�� if k � n2=3, (50)where � is de�ned in (24). Therefore if, say, k � n�, formula (49) simpli�es tonkk! � �n�k�1 +O� 1n�� = �kk! �1 +O(n2��1)�: (51)There are, on average, about � bloks of size 1, and �2=2! bloks of size 2, et.The variane of these quantities is small (see exerise 65), and it turns outthat a random partition behaves essentially as if the number of k-bloks werea Poisson deviate with mean �k=k!. The smooth urve shown in Fig. 35 runsthrough the points �f(k); k� in Ferrers-like oordinates, wheref(k) = �k+1=(k + 1)! + �k+2=(k + 2)! + �k+3=(k + 3)! + � � � (52)
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38 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5is the approximate distane from the top line orresponding to blok size k � 0.(This urve beomes more nearly vertial when n is larger.)The largest blok tends to ontain approximately e� elements. Furthermore,the probability that the blok ontaining element 1 has size less than � + ap�approahes the probability that a normal deviate is less than a. [See JohnHaigh, J. Combinatorial Theory A13 (1972), 287{295; V. N. Sahkov, Prob-abilisti Methods in Combinatorial Analysis (1997), Chapter 4, translated froma Russian book published in 1978; Yu. Yakubovih, J. Mathematial Sienes 87(1997), 4124{4137, translated from a Russian paper published in 1995; B. Pittel,J. Combinatorial Theory A79 (1997), 326{359.℄A nie way to generate random partitions of f1; 2; : : : ; ng was introdued byA. J. Stam in the Journal of Combinatorial Theory A35 (1983), 231{240: LetM be a random integer that takes the value m with probabilitypm = mnem!$n ; (53)these probabilities sum to 1 beause of (16). One M has been hosen, generatea random n-tuple X1X2 : : : Xn, where eah Xj is uniformly and independentlydistributed between 0 and M � 1. Then let i � j in the partition if and only ifXi = Xj . This proedure works beause eah k-blok partition is obtained withprobability Pm�0(mk=mn)pm = 1=$n.For example, if n = 25 we havep4 � :00000372p5 � :00019696p6 � :00313161p7 � :02110279p8 � :07431024
p9 � :15689865p10 � :21855285p11 � :21526871p12 � :15794784p13 � :08987171

p14 � :04093663p15 � :01531445p16 � :00480507p17 � :00128669p18 � :00029839
p19 � :00006068p20 � :00001094p21 � :00000176p22 � :00000026p23 � :00000003and the other probabilities are negligible. So we an usually get a randompartition of 25 elements by looking at a random 25-digit integer in radix 9, 10,11, or 12. The number M an be generated using 3.4.1{(3); it tends to beapproximately n=� = e� (see exerise 67).*Partitions of a multiset. The partitions of an integer and the partitions ofa set are just the extreme ases of a far more general problem, the partitions ofa multiset. Indeed, the partitions of n are essentially the same as the partitionsof f1; 1; : : : ; 1g, where there are n 1s.From this standpoint there are essentially p(n) di�erent multisets with n el-ements. For example, �ve di�erent ases of multiset partitions arise when n = 4:1234; 123j4; 124j3; 12j34; 12j3j4; 134j2; 13j24; 13j2j4;14j23; 14j2j3; 1j234; 1j23j4; 1j24j3; 1j2j34; 1j2j3j4;1123; 112j3; 113j2; 11j23; 11j2j3; 123j1; 12j13; 12j1j3; 13j1j2; 1j1j23; 1j1j2j3;1122; 112j2; 11j22; 11j2j2; 122j1; 12j12; 12j1j2; 1j1j22; 1j1j2j2;1112; 111j2; 112j1; 11j12; 11j1j2; 12j1j1; 1j1j1j2;1111; 111j1; 11j11; 11j1j1; 1j1j1j1: (54)
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7.2.1.5 GENERATING ALL SET PARTITIONS 39When the multiset ontains m distint elements, with n1 of one kind, n2 ofanother, : : : , and nm of the last, we write p(n1; n2; : : : ; nm) for the total numberof partitions. Thus the examples in (54) show thatp(1; 1; 1; 1) = 15; p(2; 1; 1) = 11; p(2; 2) = 9; p(3; 1) = 7; p(4) = 5: (55)Partitions with m = 2 are often alled \bipartitions"; those with m = 3 are\tripartitions"; and in general these ombinatorial objets are known as multi-partitions. The study of multipartitions was inaugurated long ago by P. A.MaMahon [Philosophial Transations 181 (1890), 481{536; 217 (1917), 81{113; Pro. Cambridge Philos. So. 22 (1925), 951{963℄; but the subjet is so vastthat many unsolved problems remain. In the remainder of this setion and inthe exerises below we shall take a glimpse at some of the most interesting andinstrutive aspets of the theory that have been disovered so far.In the �rst plae it is important to notie that multipartitions are essentiallythe partitions of vetors with nonnegative integer omponents, namely the waysto deompose suh a vetor as a sum of suh vetors. For example, the ninepartitions of f1; 1; 2; 2g listed in (54) are the same as the nine partitions of thebipartite olumn vetor 22, namely22 ; 21 01 ; 20 02 ; 20 01 01 ; 12 10 ; 11 11 ; 11 10 01 ; 10 10 02 ; 10 10 01 01 : (56)(We drop the + signs for brevity, as in the ase of one-dimensional integerpartitions.) Eah partition an be written in anonial form if we list its partsin noninreasing lexiographi order.A simple algorithm suÆes to generate the partitions of any given multiset.In the following proedure we represent partitions on a stak that ontains triplesof elements (; u; v), where  denotes a omponent number, u > 0 denotes theyet-unpartitioned amount remaining in omponent , and v � u denotes the omponent of the urrent part. Triples are atually kept in three arrays(0; 1; : : : ), (u0; u1; : : : ), and (v0; v1; : : : ) for onveniene, and a \stak frame"array (f0; f1; : : : ) is also maintained so that the (l + 1)st vetor of the partitiononsists of elements fl through fl+1 � 1 in the , u, and v arrays. For example,the following arrays would represent the bipartition 31 22 20 11 11 03 01:j 0 1 2 3 4 5 6 7 8 9 10j 1 2 1 2 1 1 2 1 2 2 2uj 9 9 6 8 4 2 6 1 5 4 1vj 3 1 2 2 2 1 1 1 1 3 1
f 0=0 f 1=2 f 2=4 f 3=5 f 4=7 f 5=9 f 6=10 f 7=11

(57)
Algorithm M (Multipartitions in dereasing lexiographi order). Given amultiset fn1 � 1; : : : ; nm � mg, this algorithm visits all of its partitions usingarrays f0f1 : : : fn, 01 : : : n, u0u1 : : : un, and v0v1 : : : vn as desribed above,where n = n1 + � � �+ nm. We assume that m > 0 and n1; : : : ; nm > 0.
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40 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5M1. [Initialize.℄ Set j  j + 1 and uj  vj  nj+1 for 0 � j < m; also setf0  a  l  0 and f1  b  m. (In the following steps, the urrentstak frame runs from a to b� 1, inlusive.)M2. [Subtrat v from u.℄ (At this point we want to �nd all partitions of thevetor u in the urrent frame, into parts that are lexiographially � v.First we will use v itself.) Set j  a and k  b. Then while j < b do thefollowing: Set uk  uj�vj , and if uk � vj set k  j , vk  vj , k  k+1,j  j + 1. But if uk is less than vj after it has been dereased, the ationhanges: First set k  j , vk  uk, and k  k + 1 if uk was nonzero;then set j  j + 1. While j < b, set uk  uj � vj , k  j , vk  uk, andk  k + 1 if uj 6= vj ; then again j  j + 1, until j = b.M3. [Push if nonzero.℄ If k > b, set a  b, b  k, l  l + 1, fl+1  b, andreturn to M2.M4. [Visit a partition.℄ Visit the partition represented by the l + 1 vetorsurrently in the stak. (For 0 � k � l, the vetor has vj in omponent j ,for fk � j < fk+1.)M5. [Derease v.℄ Set j  b� 1, and if vj = 0 set j  j � 1 until vj > 0. Thenif j = a and vj = 1, go to M6. Otherwise set vj  vj � 1, and vk  uk forj < k < b. Return to M2.M6. [Baktrak.℄ Terminate if l = 0. Otherwise set l  l � 1, b  a, a  fl,and return to M5.The key to this algorithm is step M2, whih dereases the urrent residual vetor,u, by the largest permissible part, v; that step also dereases v, if neessary, tothe lexiographially largest vetor � v that is less than or equal to the newresidual amount in every omponent.Let us onlude this setion by disussing an amusing onnetion betweenmultipartitions and the least-signi�ant-digit-�rst proedure for radix sorting(Algorithm 5.2.5R). The idea is best understood by onsidering an example. SeeTable 1, where Step (0) shows nine 4-partite olumn vetors in lexiographiorder. Serial numbers 1{ 9 have been attahed at the bottom for identi�a-tion. Step (1) performs a stable sort of the vetors, bringing their fourth (leastsigni�ant) entries into dereasing order; similarly, Steps (2), (3), and (4) do astable sort on the third, seond, and top rows. The theory of radix sorting tellsus that the original lexiographi order is thereby restored.Suppose the serial number sequenes after these stable sorting operations arerespetively �4, �3�4, �2�3�4, and �1�2�3�4, where the �'s are permutations;Table 1 shows the values of �4, �3, �2, and �1 in parentheses. And now omesthe point: Wherever the permutation �j has a desent, the numbers in row jafter sorting must also have a desent, beause the sorting is stable. (Thesedesents are indiated by aret marks in the table.) For example, where �3 has8 followed by 7, we have 5 followed by 3 in row 3. Therefore the entries a1 : : : a9 inrow 3 after Step (2) are not an arbitrary partition of their sum; they must satisfya1 � a2 � a3 � a4 > a5 � a6 > a7 � a8 � a9: (58)
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7.2.1.5 GENERATING ALL SET PARTITIONS 41Table 1RADIX SORTING AND MULTIPARTITIONSStep (0): Original partition63641
52622
51313
40134
34135
25516
16217
04028
02759 �4 = (

Step (1): Sort row 4027599^̂
636411
401344
341355^̂
526222
040288^̂
513133
255166
162177 ) �3 = (

Step (2): Sort row 3027591
636412
526225
255168
^
^
513137
162179
^
^
401343
341354
040286 )

�2 = (
Step (3): Sort row 2162176
^
^
255164
341358
040289
^
^
636412
^
^
027591
526223
513135
401347 ) �1 = (

Step (4): Sort row 1636415
526227
513138
401349
^
^
341353
^
^
255162
^
^
162171
040284
027596 )But the numbers (a1�2; a2�2; a3�2; a4�2; a5�1; a6�1; a7; a8; a9) do form anessentially arbitrary partition of the original sum, minus (4+6). The amount ofderease, 4 + 6, is the sum of the indies where desents our; this number iswhat we alled ind�3, the \index" of �3, in Setion 5.1.1.Thus we see that any given partition of an m-partite number into at most rparts, with extra zeros added so that the number of olumns is exatly r, anbe enoded as a sequene of permutations �1, : : : , �m of f1; : : : ; rg suh thatthe produt �1 : : : �m is the identity, together with a sequene of ordinary one-dimensional partitions of the numbers (n1 � ind�1, : : : , nm � ind�m) into atmost r parts. For example, the vetors in Table 1 represent a partition of(26; 27; 31; 22) into 9 parts; the permutations �1, : : : , �4 appear in the table,and we have (ind�1; : : : ; ind�4) = (15; 10; 10; 11); the partitions are respetively26�15 = (322111100); 27�10 = (332222210);31�10 = (544321110); 22�11 = (221111111):Conversely, any suh permutations and partitions will yield a multipartitionof (n1; : : : ; nm). If r and m are small, it an be helpful to onsider theser!m�1 sequenes of one-dimensional partitions when listing or reasoning aboutmultipartitions, espeially in the bipartite ase. [This onstrution is due toBasil Gordon, J. London Math. So. 38 (1963), 459{464.℄A good summary of early work on multipartitions, inluding studies ofpartitions into distint parts and/or stritly positive parts, appears in a paperby M. S. Cheema and T. S. Motzkin, Pro. Symp. Pure Math. 19 (Amer. Math.So., 1971), 39{70.EXERCISES1. [20 ℄ (G. Huthinson.) Show that a simple modi�ation to Algorithm H willgenerate all partitions of f1; : : : ; ng into at most r bloks, given n and r � 2.
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42 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5x 2. [22 ℄ When set partitions are used in pratie, we often want to link the elementsof eah blok together. Thus it is onvenient to have an array of links l1 : : : ln and anarray of headers h1 : : : ht so that the elements of the jth blok of a t-blok partitionare i1 > � � � > ik, wherei1 = hj ; i2 = li1 ; : : : ; ik = lik�1 ; and lik = 0:For example, the representation of 137j25j489j6 would have t = 4, l1 : : : l9 = 001020348,and h1 : : : h4 = 7596.Design a variant of Algorithm H that generates partitions using this representation.3. [M23 ℄ What is the millionth partition of f1; : : : ; 12g generated by Algorithm H?x 4. [21 ℄ If x1 : : : xn is any string, let �(x1 : : : xn) be the restrited growth string thatorresponds to the equivalene relation j � k () xj = xk. Classify eah of the�ve-letter English words in the Stanford GraphBase by applying this � funtion; forexample, �(tooth) = 01102. How many of the 52 set partitions of �ve elements are rep-resentable by English words in this way? What's the most ommon word of eah type?5. [22 ℄ Guess the next elements of the following two sequenes: (a) 0, 1, 1, 1, 12, 12,12, 12, 12, 12, 100, 121, 122, 123, 123, : : : ; (b) 0, 1, 12, 100, 112, 121, 122, 123, : : : .x 6. [25 ℄ Suggest an algorithm to generate all partitions of f1; : : : ; ng in whih thereare exatly 1 bloks of size 1, 2 bloks of size 2, et.7. [M20 ℄ How many permutations a1 : : : an of f1; : : : ; ng have the property thatak�1 > ak > aj implies j > k?8. [20 ℄ Suggest a way to generate all permutations of f1; : : : ; ng that have exatlym left-to-right minima.9. [M20 ℄ How many restrited growth strings a1 : : : an ontain exatly kj ourrenesof j, given the integers k0, k1, : : : , kn�1?10. [25 ℄ A semilabeled tree is an oriented tree in whih the leaves are labeled with theintegers f1; : : : ; kg, but the other nodes are unlabeled. Thus there are 15 semilabeledtrees with 5 verties:
1 1 2 1 2 1 2 1 2 3 1 2 1 2 1 2 1 2 3 21 3 31 2 1 2 3 1 2 3 1 2 3 1 2 3 4

Find a one-to-one orrespondene between partitions of f1; : : : ; ng and semilabeledtrees with n+ 1 verties.x 11. [28 ℄ We observed in Setion 7.2.1.2 that Dudeney's famous problem send+more =money is a \pure" alphameti, namely an alphameti with a unique solution. His puzzleorresponds to a set partition on 13 digit positions, for whih the restrited growthstring �(sendmoremoney) is 0123456145217; and we might wonder how luky he had tobe in order to ome up with suh a onstrution. How many restrited growth strings oflength 13 de�ne pure alphametis of the form a1a2a3a4 + a5a6a7a8 = a9a10a11a12a13?12. [M31 ℄ (The partition lattie.) If � and � 0 are partitions of the same set, we write� � � 0 if x � y (modulo �) whenever x � y (modulo � 0). In other words, � � � 0means that � 0 is a \re�nement" of �, obtained by partitioning zero or more of thelatter's bloks; and � is a \rudi�ation" or oalesene of � 0, obtained by mergingzero or more bloks together. This partial ordering is easily seen to be a lattie, with
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7.2.1.5 GENERATING ALL SET PARTITIONS 43� _ � 0 the greatest ommon re�nement of � and � 0, and with � ^ � 0 their leastommon oalesene. For example, the lattie of partitions of f1; 2; 3; 4g is

00000001 0010 00110012 0100 01010102 0110 01110112 0120 0121 01220123

if we represent partitions by restrited growth strings a1a2a3a4; upward paths in thisdiagram take eah partition into its re�nements. Partitions with t bloks appear onlevel t from the bottom, and their desendants form the partition lattie of f1; : : : ; tg.a) Explain how to ompute � _� 0, given a1 : : : an and a01 : : : a0n.b) Explain how to ompute � ^� 0, given a1 : : : an and a01 : : : a0n.) When does � 0 over � in this lattie? (See exerise 7.2.1.4{55.)d) If � has t bloks of sizes s1, : : : , st, how many partitions does it over?e) If � has t bloks of sizes s1, : : : , st, how many partitions over it?f) True or false: If � _� 0 overs �, then � 0 overs � ^� 0.g) True or false: If � 0 overs � ^� 0, then � _� 0 overs �.h) Let b(�) denote the number of bloks of �. Prove thatb(�) + b(� 0) � b(� _� 0) + b(� ^� 0):13. [M28 ℄ (Stephen C. Milne, 1977.) If A is a set of partitions of f1; : : : ; ng, itsshadow �A is the set of all partitions � 0 suh that � overs � 0 for some � 2 A. (Weonsidered the analogous onept for the subset lattie in 7.2.1.3{(54).)Let �1, �2, : : : be the partitions of f1; : : : ; ng into t bloks, in lexiographi orderof their restrited growth strings; and let � 01, � 02, : : : be the (t � 1)-blok partitions,also in lexiographi order. Prove that there is a funtion fnt(N) suh that�f�1; : : : ; �Ng = f� 01; : : : ;� 0fnt(N)g for 0 � N � nnt o.Hint: The diagram in exerise 12 shows that (f43(0); : : : ; f43(6)) = (0; 3; 5; 7; 7; 7; 7).14. [23 ℄ Design an algorithm to generate set partitions in Gray-ode order like (7).15. [M21 ℄ What is the �nal partition generated by the algorithm of exerise 14?16. [16 ℄ The list (11) is Ruskey's A35; what is A035?17. [26 ℄ Implement Ruskey's Gray ode (8) for all m-blok partitions of f1; : : : ; ng.18. [M46 ℄ For whih n is it possible to generate all restrited growth strings a1 : : : anin suh a way that some aj hanges by �1 at eah step?19. [28 ℄ Prove that there's a Gray ode for restrited growth strings in whih, at eahstep, some aj hanges by either �1 or �2, when (a) we want to generate all $n stringsa1 : : : an; or (b) we want to generate only the �nm	 ases with max(a1; : : : ; an) = m�1.
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44 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.520. [17 ℄ If � is a partition of f1; : : : ; ng, its onjugate �T is de�ned by the rulej � k (modulo �T ) () n+ 1� j � n+ 1� k (modulo �):Suppose � has the restrited growth string 001010202013; what is the restrited growthstring of �T ?21. [M27 ℄ How many partitions of f1; : : : ; ng are self-onjugate?22. [M23 ℄ If X is a random variable with a given distribution, the expeted value ofXn is alled the nth moment of that distribution. What is the nth moment when X is(a) a Poisson deviate with mean 1 (Eq. 3.4.1{(40))? (b) the number of �xed points ofa random permutation of f1; : : : ;mg, when m � n (Eq. 1.3.3{(27))?23. [HM30 ℄ If f(x) =P akxk is a polynomial, let f($) stand for P ak$k.a) Prove the symboli formula f($ + 1) = $f($). (For example, if f(x) is thepolynomial x2, this formula states that $2 + 2$1 +$0 = $3.)b) Similarly, prove that f($ + k) = $kf($) for all positive integers k.) If p is prime, prove that $n+p � $n + $n+1 (modulo p). Hint: Show �rst thatxp � xp � x.d) Consequently $n+N � $n (modulo p) when N = pp�1 + pp�2 + � � �+ p+ 1.24. [HM35 ℄ Continuing the previous exerise, prove that the Bell numbers satisfy theperiodi law $n+pe�1N � $n (modulo pe), if p is an odd prime. Hint: Show thatxpe � ge(x)+1 (modulo pe, pe�1g1(x), : : : , and pge�1(x)); where gj(x) = (xp�x�1)pj.25. [M27 ℄ Prove that $n=$n�1 � $n+1=$n � $n=$n�1 + 1.x 26. [M22 ℄ Aording to the reurrene equations (13), the numbers $nk in Peire'striangle ount the paths from nk to 11 in the in�nite direted graph1121 2231 32 3341 42 43 44Explain why eah path from n1 to 11 orresponds to a partition of f1; : : : ; ng.x 27. [M35 ℄ A \vaillating tableau loop" of order n is a sequene of integer partitions�k = ak1ak2ak3 : : : with ak1 � ak2 � ak3 � � � � for 0 � k � 2n, suh that �0 = �2n = e0and �k = �k�1 + (�1)ketk for 1 � k � 2n and for some tk � 0; here et denotes theunit vetor 0t�110n�t when t > 0, and e0 is all zeros.a) List all the vaillating tableau loops of order 4. [Hint: There are 15 altogether.℄b) Prove that exatly $nk vaillating tableau loops of order n have t2k�1 = 0.x 28. [M25 ℄ (Generalized rook polynomials.) Consider an arrangement of a1 + � � �+ amsquare ells in rows and olumns, where row k ontains ells in olumns 1, : : : , ak.Plae zero or more \rooks" into the ells, with at most one rook in eah row and atmost one in eah olumn. An empty ell is alled \free" if there is no rook to its rightand no rook below. For example, Fig. 35 shows two suh plaements, one with fourrooks in rows of lengths (3,1,4,1,5,9,2,6,5), and another with nine on a 9 � 9 squareboard. Rooks are indiated by solid irles; hollow irles have been plaed above and

44



7.2.1.5 GENERATING ALL SET PARTITIONS 45to the left of eah rook, thereby leaving the free ells blank.
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Fig. 35. Rook plaementsand free ells.

Let R(a1; : : : ; am) be the polynomial in x and y obtained by summing xryf over alllegal rook plaements, where r is the number of rooks and f is the number of free ells;for example, the left-hand plaement in Fig. 35 ontributes x4y17 to the polynomialR(3; 1; 4; 1; 5; 9; 2; 6; 5).a) Prove that we have R(a1; : : : ; am) = R(a1; : : : ; aj�1; aj+1; aj ; aj+2; : : : ; am); inother words, the order of the row lengths is irrelevant, and we an assume thata1 � � � � � am as in a Ferrers diagram like 7.2.1.4{(13).b) If a1 � � � � � am and if b1 : : : bn = (a1 : : : am)T is the onjugate partition, provethat R(a1; : : : ; am) = R(b1; : : : ; bn).) Find a reurrene for evaluating R(a1; : : : ; am) and use it to ompute R(3; 2; 1).d) Generalize Peire's triangle (12) by hanging the addition rule (13) to$nk(x; y) = x$(n�1)k(x; y) + y$n(k+1)(x; y); 1 � k < n:Thus$21(x; y) = x+y, $32(x; y) = x+xy+y2, $31(x; y) = x2+2xy+xy2+y3, et.Prove that the resulting quantity$nk(x; y) is the rook polynomial R(a1; : : : ; an�1)where aj = n� j � [j < k ℄.e) The polynomial$n1(x; y) in part (d) an be regarded as a generalized Bell number$n(x; y), representing paths from n1 to 11 in the digraph of exerise 26 that havea given number of \x steps" to the northeast and a given number of \y steps" tothe east. Prove that$n(x; y) = Xa1:::an xn�1�max(a1;:::;an)ya1+���+ansummed over all restrited growth strings a1 : : : an of length n.29. [M26 ℄ Continuing the previous exerise, let Rr(a1; : : : ; am) = [xr℄R(a1; : : : ; am)be the polynomial in y that enumerates free ells when r rooks are plaed.a) Show that the number of ways to plae n rooks on an n� n board, leaving f ellsfree, is the number of permutations of f1; : : : ; ng that have f inversions. Thus, byEq. 5.1.1{(8) and exerise 5.1.2{16, we haveRn( nz }| {n; : : : ; n) = n!y = nYk=1(1 + y + � � �+ yk�1):
b) What is Rr( mz }| {n; : : : ; n), the generating funtion for r rooks on an m� n board?) If a1 � � � � � am and t is a nonnegative integer, prove the general formulamYj=1 1� yaj+m�j+t1� y = mXk=0 t!y(t� k)!y Rm�k(a1; : : : ; am):
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46 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.5[Note: The quantity t!y=(t�k)!y =Qk�1j=0 ((1�yt�j)=(1�y)) is zero when k > t � 0.Thus, for example, when t = 0 the right-hand side redues to Rm(a1; : : : ; am). Wean ompute Rm, Rm�1, : : : , R0 by suessively setting t = 0, 1, : : : , m.℄d) If a1 � a2 � � � � � am � 0 and a01 � a02 � � � � � a0m � 0, show that wehave R(a1; a2 : : : ; am) = R(a01; a02; : : : ; a0m) if and only if the assoiated multisetsfa1+m;a2+m�1; : : : ; am+1g and fa01+m; a02+m�1; : : : ; a0m+1g are the same.30. [HM30 ℄ The generalized Stirling number �nm	q is de�ned by the reurrenenn+ 1m oq = (1 + q + � � �+ qm�1)n nmoq + n nm� 1oq; n 0moq = Æm0 :Thus �nm	q is a polynomial in q; and �nm	1 is the ordinary Stirling number �nm	, beauseit satis�es the reurrene relation in Eq. 1.2.6{(46).a) Prove that the generalized Bell number $n(x; y) = R(n�1; : : : ; 1) of exerise 28(e)has the expliit form $n(x; y) = nXm=0xn�my(m2 )n nmoy:b) Show that generalized Stirling numbers also obey the reurreneqmn n+ 1m+ 1oq = qnn nmoq + �n1�qn�1nn� 1m oq + � � � = Xk �nk�qkn kmoq:) Find generating funtions for �nm	q , generalizing 1.2.9{(23) and 1.2.9{(28).31. [HM23 ℄ Generalizing (15), show that the elements of Peire's triangle have asimple generating funtion, if we ompute the sumXn;k $nk wn�k(n� k)! zk�1(k � 1)! :32. [M22 ℄ Let Æn be the number of restrited growth strings a1 : : : an for whih thesum a1 + � � �+ an is even minus the number for whih a1 + � � �+ an is odd. Prove thatÆn = (1; 0;�1;�1; 0; 1) when nmod 6 = (1; 2; 3; 4; 5; 0):Hint: See exerise 28(e).33. [M21 ℄ How many partitions of f1; 2; : : : ; ng have 1 6� 2, 2 6� 3, : : : , k � 1 6� k?34. [14 ℄ Many poeti forms involve rhyme shemes, whih are partitions of the linesof a stanza with the property that j � k if and only if line j rhymes with line k. Forexample, a \limerik" is generally a 5-line poem with ertain rhythmi onstraints andwith a rhyme sheme desribed by the restrited growth string 00110.What rhyme shemes were used in the lassial sonnets by (a) Guittone d'Arezzo(. 1270)? (b) Petrarh (. 1350)? () Spenser (1595)? (d) Shakespeare (1609)?(e) Elizabeth Barrett Browning (1850)?35. [M21 ℄ Let $0n be the number of shemes for n-line poems that are \ompletelyrhymed," in the sense that every line rhymes with at least one other. Thus we haveh$00, $01, $02, : : : i = h1, 0, 1, 1, 4, 11, 41, : : : i. Give a ombinatorial proof of the fatthat $0n +$0n+1 = $n.36. [M22 ℄ Continuing exerise 35, what is the generating funtion Pn$0nzn=n!?
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7.2.1.5 GENERATING ALL SET PARTITIONS 4737. [M18 ℄ Alexander Pushkin adopted an elaborate struture in his poeti novelEugene Onegin (1833), based not only on \masuline" rhymes in whih the sounds ofaented �nal syllables agree with eah other (pain{gain, form{warm, pun{fun, buks{rux), but also on \feminine" rhymes in whih one or two unstressed syllables also par-tiipate (humor{tumor, tetrameter{pentameter, leture{onjeture, iguana{piranha).Every stanza of Eugene Onegin is a sonnet with the strit sheme 01012233455477,where the rhyme is feminine or masuline aording as the digit is even or odd. Severalmodern translators of Pushkin's novel have also sueeded in retaining the same formin English and German.How do I justify this stanza? / These feminine rhymes? My wrinkled muse?This whole pass�e extravaganza? / How an I (areless of time) useThe dusty bread molds of Onegin / In the brave bakery of Reagan?The loaves will surely fail to rise / Or else go stale before my eyes.The truth is, I an't justify it. / But as no shroud of ritial termsCan save my orpse from boring worms, / I may as well have fun and try it.If it works, good; and if not, well, / A theory won't postpone its knell.| VIKRAM SETH, The Golden Gate (1986)A 14-line poem might have any of $014 = 24;011;157 omplete rhyme shemes,aording to exerise 35. But how many shemes are possible if we are allowed tospeify, for eah blok, whether its rhyme is to be feminine or masuline?x 38. [M30 ℄ Let �k be the yli permutation (1; 2; : : : ; k). The objet of this exeriseis to study the sequenes k1k2 : : : kn, alled �-yles, for whih �k1�k2 : : : �kn is theidentity permutation. For example, when n = 4 there are exatly 15 �-yles, namely1111; 1122; 1212; 1221; 1333; 2112; 2121; 2211; 2222; 2323; 3133; 3232; 3313; 3331; 4444:a) Find a one-to-one orrespondene between partitions of f1; 2; : : : ; ng and �-ylesof length n.b) How many �-yles of length n have 1 � k1, : : : , kn � m, given m and n?) How many �-yles of length n have ki = j, given i, j, and n?d) How many �-yles of length n have k1, : : : , kn � 2?e) How many partitions of f1; : : : ; ng have 1 6� 2, 2 6� 3, : : : , n� 1 6� n, and n 6� 1?39. [HM16 ℄ Evaluate R10 e�tp+1 tq dt when p and q are nonnegative integers. Hint:See exerise 1.2.5{20.40. [HM20 ℄ Suppose the saddle point method is used to estimate [zn�1℄ ez. Thetext's derivation of (21) from (19) deals with the ase  = 1; how should that derivationhange if  is an arbitrary positive onstant?41. [HM21 ℄ Solve the previous exerise when  = �1.42. [HM23 ℄ Use the saddle point method to estimate [zn�1℄ ez2 with relative errorO(1=n2).43. [HM22 ℄ Justify replaing the integral in (23) by (25).44. [HM22 ℄ Explain how to ompute b1, b2, : : : in (26) from a2, a3, : : : in (25).x 45. [HM23 ℄ Show that, in addition to (26), we also have the expansion$n = ee��1n!�np2�n(� + 1)�1 + b01n + b02n2 + � � �+ b0mnm +O� 1nm+1��;where b01 = �(2�4 + 9�3 + 16�2 + 6� + 2)=(24(� + 1)3).
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48 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.546. [HM25 ℄ Estimate the value of $nk in Peire's triangle when n!1.47. [M21 ℄ Analyze the running time of Algorithm H.48. [HM25 ℄ If n is not an integer, the integral in (23) an be taken over a Hankelontour to de�ne a generalized Bell number $x for all real x > 0. Show that, as in (16),$x = 1e 1Xk=0 kxk! :x 49. [HM35 ℄ Prove that, for large n, the number � de�ned in Eq. (24) is equal tolnn� ln lnn+ Xj;k�0 h j + kj + 1 i�j �kk! ; � = � 1lnn; � = ln lnnlnn :x 50. [HM21 ℄ If �(n)e�(n) = n and �(n) > 0, how does �(n+ k) relate to �(n)?51. [HM27 ℄ Use the saddle point method to estimate tn = n! [zn℄ ez+z2=2, the numberof involutions on n elements (aka partitions of f1; : : : ; ng into bloks of sizes � 2).52. [HM22 ℄ The umulants of a probability distribution are de�ned in Eq. 1.2.10{(23). What are the umulants, when the probability that a random integer equals k is(a) e1�e�$k�k=k!? (b) Pj �kj	 ee�1�1�j=k!?x 53. [HM30 ℄ Let G(z) = P1k=0 pkzk be the generating funtion for a disrete prob-ability distribution, onverging for jzj < 1 + Æ; thus the oeÆients pk are non-negative, G(1) = 1, and the mean and variane are respetively � = G0(1) and�2 = G00(1) +G0(1)�G0(1)2. If X1, : : : , Xn are independent random variables havingthis distribution, the probability that X1 + � � � +Xn = m is [zm℄G(z)n, and we oftenwant to estimate this probability when m is near the mean value �n.Assume that p0 6= 0 and that no integer d > 1 is a ommon divisor of allsubsripts k with pk 6= 0; this assumption means that m does not have to satisfyany speial ongruene onditions mod d when n is large. Prove that[z�n+r℄G(z)n = e�r2=(2�2n)�p2�n +O� 1n� as n!1;when �n+ r is an integer. Hint: Integrate G(z)n=z�n+r on the irle jzj = 1.54. [HM20 ℄ If � and � are de�ned by (40), show that their arithmeti and geometrimeans are respetively �+�2 = s oth s and p�� = s sh s, where s = �=2.55. [HM20 ℄ Suggest a good way to ompute the number � needed in (43).x 56. [HM26 ℄ Let g(z) = ��1 ln(ez � 1)� ln z and � = �� � as in (37).a) Prove that (��)n+1g(n+1)(�) = n! �Pnk=0 
nk��k�n�k, where the Eulerian num-bers 
nk� are de�ned in Setion 5.1.3.b) Prove that ��n! <Pnk=0 
nk��k�n�k < n! for all � > 0. Hint: See exerise 5.1.3{25.) Now verify the inequality (42).57. [HM22 ℄ In the notation of (43), prove that (a) n+1�m < 2N ; (b)N< 2(n+1�m).58. [HM31 ℄ Complete the proof of (43) as follows.a) Show that for all � > 0 there is a number � � 2� suh that � is a multiple of 2�and je�+it � 1j=j� + itj is monotone dereasing for 0 � t � � .b) Prove that R ��� exp((n+ 1)g(� + it)) dt leads to (43).) Show that the orresponding integrals over the straight-line paths z = t � i� for�n � t � � and z = �n� it for �� � t � � are negligible.
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7.2.1.5 GENERATING ALL SET PARTITIONS 49x 59. [HM23 ℄ What does (43) predit for the approximate value of �nn	?60. [HM25 ℄ (a) Show that the partial sums in the identityn nmo = mnm! � (m� 1)n1! (m� 1)! + (m� 2)n2! (m� 2)! � � � �+ (�1)m 0nm! 0!alternately overestimate and underestimate the �nal value. (b) Conlude thatn nmo = mnm! (1�O(ne�n�)) when m � n1��.() Derive a similar result from (43).61. [HM26 ℄ Prove that if m = n� r where r � n� and � � n1=2, Eq. (43) yieldsn nn� ro = n2r2rr!�1 +O(n2��1) +O�1r��:62. [HM40 ℄ Prove rigorously that if �e� = n, the maximum �nm	 ours either whenm = be� � 1 or when m = de� � 1e.x 63. [M35 ℄ (J. Pitman.) Prove that there is an elementary way to loate the maximumStirling numbers, and many similar quantities, as follows: Suppose 0 � pj � 1.a) Let f(z) = (1+p1(z�1)) : : : (1+pn(1�z)) and ak = [zk℄ f(z); thus ak is the proba-bility that k heads turn up after n independent oin ips with the respetive prob-abilities p1, : : : , pn. Prove that ak�1 < ak whenever k � � = p1+ � � �+pn, ak 6= 0.b) Similarly, prove that ak+1 < ak whenever k � � and ak 6= 0.) If f(x) = a0 + a1x + � � � + anxn is any nonzero polynomial with nonnegativeoeÆients and with n real roots, prove that ak�1 < ak when k � � and ak+1 < akwhen k � �, where � = f 0(1)=f(1). Therefore if am = max(a0; : : : ; an) we musthave either m = b� or m = d�e.d) Under the hypotheses of (), and with aj = 0 when j < 0 or j > n, show thatthere are indies s � t, suh that ak+1 � ak < ak � ak�1 if and only if s � k � t.(Thus, a histogram of the sequene (a0; a1; : : : ; an) is always \bell-shaped.")e) What do these results tell us about Stirling numbers?64. [HM21 ℄ Prove the approximate ratio (50), using (30) and exerise 50.x 65. [HM22 ℄ What is the variane of the number of bloks of size k in a randompartition of f1; : : : ; ng?66. [M46 ℄ What partition of n leads to the most partitions of f1; : : : ; ng?67. [HM20 ℄ What are the mean and variane of M in Stam's method (53)?68. [20 ℄ How large an the stak get in Algorithm M, when it is generating allp(n1; : : : ; nm) partitions of fn1 � 1; : : : ; nm �mg?x 69. [21 ℄ Modify Algorithm M so that it produes only partitions into at most r parts.x 70. [M22 ℄ Analyze the number of r-blok partitions possible in the n-element multi-sets (a) f0; : : : ; 0; 1g; (b) f1; 2; : : : ; n� 1; n� 1g. What is the total, summed over r?71. [M20 ℄ How many partitions of fn1 � 1; : : : ; nm �mg have exatly 2 parts?72. [M26 ℄ Can p(n;n) be evaluated in polynomial time?x 73. [M32 ℄ Can p(2; : : : ; 2) be evaluated in polynomial time when there are n 2s?74. [M46 ℄ Can p(n; : : : ; n) be evaluated in polynomial time when there are n ns?75. [HM41 ℄ Find the asymptoti value of p(n; n).76. [HM36 ℄ Find the asymptoti value of p(2; : : : ; 2) when there are n 2s.77. [HM46 ℄ Find the asymptoti value of p(n; : : : ; n) when there are n ns.
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50 COMBINATORIAL ALGORITHMS (F3B) 7.2.1.578. [20 ℄ What partition of (15; 10; 10; 11) leads to the permutations �1, �2, �3, and�4 shown in Table 1?79. [22 ℄ A sequene u1, u2, u3, : : : is alled universal for partitions of f1; : : : ; ng ifits subsequenes (um+1; um+2; : : : ; um+n) for 0 � m < $n represent all possible setpartitions under the onvention \j � k if and only if um+j = um+k." For example,(0; 0; 0; 1; 0; 2; 2) is a universal sequene for partitions of f1; 2; 3g.Write a program to �nd all universal sequenes for partitions of f1; 2; 3; 4g withthe properties that (i) u1 = u2 = u3 = u4 = 0; (ii) the sequene has restrited growth;(iii) 0 � uj � 3; and (iv) u16 = u17 = u18 = 0 (hene the sequene is essentially yli).80. [M28 ℄ Prove that universal yles for partitions of f1; 2; : : : ; ng exist in the senseof the previous exerise whenever n � 4.81. [29 ℄ Find a way to arrange an ordinary dek of 52 playing ards so that the fol-lowing trik is possible: Five players eah ut the dek (applying a yli permutation)as often as they like. Then eah player takes a ard from the top. A magiian tellsthem to look at their ards and to form aÆnity groups, joining with others who holdthe same suit: Everybody with lubs gets together, everybody with diamonds formsanother group, and so on. (The Jak of Spades is, however, onsidered to be a \joker";its holder, if any, should remain aloof.)Observing the aÆnity groups, but not being told any of the suits, the magiianan name all �ve ards, if the ards were suitably arranged in the �rst plae.82. [22 ℄ In how many ways an the following 15 dominoes, optionally rotated, bepartitioned into three sets of �ve having the same sum when regarded as frations?12+13+41+15+16 = 23+42+25+43+45 = 26+53+36+64+65
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7.2.1.4 ANSWERS TO EXERCISES 51SECTION 7.2.1.41. mn mn m!�nm	�m+n�1n � �mn� � n�1n�m��n0	+ � � �+ �nm	 [m�n℄ �nm	��m+nm �� [m�n℄ ��nm��2. In general, given any integers x1 � � � � � xm, we obtain all integer m-tuplesa1 : : : am suh that a1 � � � � � am, a1+� � �+am = x1+� � �+xm, and am : : : a1 � xm : : : x1by initializing a1 : : : am  x1 : : : xm and am+1  xm � 2. In partiular, if  is anyinteger onstant, we obtain all integer m-tuples suh that a1 � � � � � am �  anda1 + � � � + am = n by initializing a1  n � m + , aj   for 1 < j � m, andam+1  � 2, assuming that n � m.3. aj = b(n+m� j)=m = d(n+ 1� j)=me, for 1 � j � m; see CMath x3.4.4. We must have am � a1 � 1; therefore aj = b(n+m� j)=m for 1 � j � m, wherem is the largest integer with bn=m � r, namely m = bn=r.5. [See Eugene M. Klimko, BIT 13 (1973), 38{49.℄C1. [Initialize.℄ Set 0  1, 1  n, 2 : : : n  0 : : : 0, l0  1, l1  0. (Weassume that n > 0.)C2. [Visit.℄ Visit the partition represented by part ounts 1 : : : n and linksl0l1 : : : ln.C3. [Branh.℄ Set j  l0 and k  lj . If j = 1, go to C6; otherwise, if j > 1, goto C5.C4. [Change 1+1 to 2.℄ Set 1  1 � 2, 2  2 + 1. Then if 1 = 0, set l0  2,and set l2  l1 if k 6= 2. If 1 > 0 and k 6= 2, set l2  l1 and l1  2. Returnto C2.C5. [Change j � j to (j+1) + 1 + � � �+ 1.℄ Set 1  j(j � 1)� 1 and go to C7.C6. [Change k � k + j to (k+1) + 1 + � � �+ 1.℄ Terminate if k = 0. Otherwise setj  0; then set 1  k(k � 1) + j � 1, j  k, and k  lk.C7. [Adjust links.℄ If 1 > 0, set l0  1, l1  j + 1; otherwise set l0  j + 1.Then set j  0 and j+1  j+1 + 1. If k 6= j + 1, set lj+1  k. Returnto C2.Notie that this algorithm is loopless; but it isn't really faster than Algorithm P. StepsC4, C5, and C6 are performed respetively p(n� 2), 2p(n)� p(n+ 1)� p(n� 2), andp(n + 1) � p(n) times; thus step C4 is most important when n is large. (See exerise45 and the detailed analysis by Fenner and Loizou in Ata Inf. 16 (1981), 237{252.)6. Set k  a1 and j  1. Then, while k > aj+1, set bk  j and k  k � 1 untilk = aj+1. If k > 0, set j  j + 1 and repeat until k = 0. (We have used (11) in thedual form aj � aj+1 = dj , where d1 : : : dn is the part-ount representation of b1b2 : : : .Notie that the running time of this algorithm is essentially proportional to a1 + b1,the length of the output plus the length of the input.)7. We have b1 : : : bn = nan(n�1)an�1�an : : : 1a1�a20n�a1 , by the dual of (11).8. Transposing the Ferrers diagram orresponds to reeting and omplementing thebit string (15). So we simply interhange and reverse the p's and q's, getting thepartition b1b2 : : : = (qt + � � �+ q1)p1 (qt + � � �+ q2)p2 : : : (qt)pt .
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52 ANSWERS TO EXERCISES 7.2.1.49. By indution: If ak = l� 1 and bl = k� 1, inreasing ak and bl preserves equality.10. (a) The left hild of eah node is obtained by appending `1'. The right hild isobtained by inreasing the rightmost digit; this hild exists if and only if the parent nodeends with unequal digits. All partitions of n appear on level n in lexiographi order.(b) The left hild is obtained by hanging `11' to `2'; it exists if and only if theparent node ontains at least two 1s. The right hild is obtained by deleting a 1 andinreasing the smallest part that exeeds 1; it exists if and only if there is at least one 1and the smallest larger part appears exatly one. All partitions of n into m parts ap-pear on level n�m in lexiographi order; preorder of the entire tree gives lexiographiorder of the whole. [T. I. Fenner and G. Loizou, Comp. J. 23 (1980), 332{337.℄11. [z100℄ 1=((1� z)(1� z2)(1� z5)(1� z10)(1� z20)(1� z50)(1� z100)) = 4563; and[z100℄ (1+ z+ z2)(1+ z2+ z4) : : : (1+ z100+ z200) = 7. [See G. P�olya, AMM 63 (1956),689{697.℄ In the in�nite series Qk�1(1 + zk + z2k)(1 + z2k + z4k)(1 + z5k + z10k), theoeÆient of z10n is 2n+1 � 1, and the oeÆient of z10n�1 is 2n.12. To prove that (1 + z)(1 + z2)(1 + z3) : : : = 1=((1 � z)(1 � z3)(1 � z5) : : : ), writethe left-hand side as (1� z2)(1� z) (1� z4)(1� z2) (1� z6)(1� z3) : : :and anel ommon fators from numerator and denominator. Alternatively, replae zby z1, z3, z5, : : : in the identity (1 + z)(1 + z2)(1 + z4)(1 + z8) : : : = 1=(1 � z) andmultiply the results together. [Novi Comment. Aad. Si. Pet. 3 (1750), 125{169, x47.℄13. Map the partition 1�1+ 2�2+ � � � into b1=2�2+ b2=2�4+ � � �+ r1�1+ r3�3+ � � � ,where rm = (m mod 2) + 2(2m mod 2) + 4(4m mod 2) + � � � . [Johns Hopkins Univ.Cirular 2 (1882), 72.℄14. Sylvester's orrespondene is best understood as a diagram in whih the dots ofthe odd permutation are entered and divided into disjoint hooks. For example, thepartition 17 + 15 + 15 + 9 + 9 + 9 + 9 + 5 + 5 + 3 + 3, having �ve di�erent odd parts,orresponds via the diagram

to the all-distint partition 19 + 18 + 16 + 13 + 12 + 9 + 5 + 4 + 3 with four gaps.Conversely, a partition into 2t distint nonnegative parts an be written uniquelyin the form (a1+b1�1)+(a1+b2�2)+(a2+b2�3)+(a2+b3�4)+� � �+(at�1+bt�2t+2)+(at+bt�2t+1) + (at+bt+1�2t) where a1 � a2 � � � � � at � t and b1 � b2 � � � � � bt �bt+1 = t. It orresponds to (2a1�1)+ � � �+(2at�1)+(2A1�1)+ � � �+(2Ar�1), whereA1 + � � �+Ar is the onjugate of (b1�t) + � � �+ (bt�t). The value of t is essentially thesize of a \Durfee retangle."The relevant odd-parts partitions when n = 10 are 9+1, 7+3, 7+1+1+1, 5+5,5 + 3+ 1+ 1, 5 + 1+ 1+ 1+ 1+ 1, 3 + 3+ 3+ 1, 3 + 3+ 1+ 1+ 1+ 1, 3 + 1+ � � �+ 1,1 + � � �+ 1, orresponding respetively to the distint-parts partitions 6 + 4, 5 + 4 + 1,
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7.2.1.4 ANSWERS TO EXERCISES 537 + 3, 4 + 3 + 2 + 1, 6 + 3 + 1, 8 + 2, 5 + 3 + 2, 7 + 2 + 1, 9 + 1, 10. [See Sylvester'sremarkable paper in Amer. J. Math. 5 (1882), 251{330; 6 (1883), 334{336.℄15. Every self-onjugate partition of trae k orresponds to a partition of n into kdistint odd parts (\hooks"). Therefore we an write the generating funtion either asthe produt (1+z)(1+z3)(1+z5) : : : or as the sum 1+z1=(1�z2)+z4=((1�z2)(1�z4))+z9=((1�z2)(1�z4)(1�z6)) + � � � . [Johns Hopkins Univ. Cirular 3 (1883), 42{43.℄16. The Durfee square ontains k2 dots, and the remaining dots orrespond to twoindependent partitions with largest part � k. Thus, if we use w to ount parts andz to ount dots, we �nd1Ym=1 11� wzm = 1Xk=0 wkzk2(1� z)(1� z2) : : : (1� zk)(1� wz)(1� wz2) : : : (1� wzk) :[This impressive-looking formula turns out to be just the speial ase x = y = 0 of theeven more impressive identity of exerise 19.℄17. (a) ((1 + uvz)(1 + uvz2)(1 + uvz3) : : : )/((1� uz)(1� uz2)(1� uz3) : : : ).� � � � � � � �+�� � � � � � � �� � � � � � � �� � � � � �+�� � � � �� � � �+��+�
(b) A joint partition an be represented by a generalized Ferrersdiagram in whih we merge all the parts together, putting ai abovebj if ai � bj , then mark the rightmost dot of eah bj . For example,the joint partition (8; 8; 5; 9; 7; 5; 2) has the diagram illustrated here,with marked dots shown as `+� '. Marks appear only in orners; thusthe transposed diagram orresponds to another joint partition, whih in this ase is(7; 6; 6; 4; 3; 7; 6; 4; 1). [See J. T. Joihi and D. Stanton, Pai� J. Math. 127 (1987),103{120; S. Corteel and J. Lovejoy, Trans. Amer. Math. So. 356 (2004), 1623{1635;Igor Pak, \Partition bijetions, a survey," to appear in The Ramanujan Journal.)Every joint partition with t > 0 parts orresponds in this way to a \onjugate"in whih the largest part is t. And the generating funtion for suh joint partitions is((1 + vz) : : : (1 + vzt�1))/((1� z) : : : (1� zt)) times (vzt + zt), where vzt orrespondsto the ase that b1 = t, and zt orresponds to the ase that r = 0 or b1 < t).() Thus we obtain a form of the general z-nomial theorem in answer 1.2.6{58:(1 + uvz)(1� uz) (1 + uvz2)(1� uz2) (1 + uvz3)(1� uz3) : : : = 1Xt=0 (1 + v)(1� z) (1 + vz)(1� z2) : : : (1 + vzt�1)(1� zt) utzt:18. The equations obviously determine the a's and b's when the 's and d's are given,so we want to show that the 's and d's are uniquely determined from the a's and b's.The following algorithm determines the 's and d's from right to left:A1. [Initialize.℄ Set i r, j  s, k  0, and a0  b0  1.A2. [Branh.℄ Stop if i+ j = 0. Otherwise go to A4 if ai � bj � k.A3. [Absorb ai.℄ Set i+j  ai, di+j  0, i i� 1, k  k+1, and return to A2.A4. [Absorb bj .℄ Set i+j  bj � k, di+j  1, j  j � 1, k  k + 1, and returnto A2.There's also a left-to-right method:B1. [Initialize.℄ Set i 1, j  1, k  r + s, and ar+1  bs+1  �1.B2. [Branh.℄ Stop if k = 0. Otherwise set k  k�1, then go to B4 if ai � bj�k.B3. [Absorb ai.℄ Set i+j�1  ai, di+j�1  0, i i+ 1, and return to B2.B4. [Absorb bj .℄ Set i+j�1  bj�k, di+j�1  1, j  j+1, and return to B2.
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54 ANSWERS TO EXERCISES 7.2.1.4In both ases the branhing is fored and the resulting sequene satis�es 1 � � � � � r+s.Notie that r+s = min(ar; bs) and 1 = max(a1; b1�r�s+1).We have thereby proved the identity of exerise 17() in a di�erent way. Extensionsof this idea lead to a ombinatorial proof of Ramanujan's \remarkable formula withmany parameters,"1Xn=�1wn 1Yk=0 1� bzk+n1� azk+n = 1Yk=0 (1�a�1bzk)(1�a�1w�1zk+1)(1�awzk)(1�zk+1)(1�a�1bw�1zk)(1�a�1zk+1)(1�azk)(1�wzk) :[Referenes: G. H. Hardy, Ramanujan (1940), Eq. (12.12.2); D. Zeilberger, Europ. J.Combinatoris 8 (1987), 461{463; A. J. Yee, J. Comb. Theory A105 (2004), 63{77.℄19. [Crelle 34 (1847), 285{328.℄ By exerise 17(), the hinted sum over k is�Xl�0 vl (z � bz) : : : (z � bz l)(1� z) : : : (1� z l) (1� uz) : : : (1� uz l)(1� auz) : : : (1� auz l)� � 1Ym=1 1� auzm1� uzm ;and the sum over l is similar but with u$ v, a$ b, k $ l. Furthermore the sum overboth k and l redues to 1Ym=1 (1� uvzm+1)(1� auzm)(1� uzm)(1� vzm)when b = auz. Now let u = wxy, v = 1=(yz), a = 1=x, and b = wyz; equate thisin�nite produt to the sum over l.20. To get p(n) we need to add or subtrat approximately p8n=3 of the previousentries, and most of those entries are �(pn ) bits long. Therefore p(n) is omputed in�(n) steps and the total time is �(n2).(A straightforward use of (17) would take �(n5=2) steps.)21. Sine P1n=0 q(n)zn = (1 + z)(1 + z2) : : : is equal to (1 � z2)(1 � z4) : : : P (z) =(1� z2 � z4 + z10 + z14 � z24 � � � � )P (z), we haveq(n) = p(n)� p(n� 2)� p(n� 4) + p(n� 10) + p(n� 14)� p(n� 24)� � � � :[There is also a \pure reurrene" in the q's alone, analogous to the reurrene for �(n)in the next exerise.℄22. From (21) we haveP1n=1 �(n)zn =Pm;n�1mzmn = z ddz lnP (z) = (z+2z2�5z5�7z7 + � � � )=(1� z � z2 + z5 + z7 + � � � ). [Biblioth�eque Impartiale 3 (1751), 10{31.℄23. Set u = w and v = z=w to get1Yk=1(1� zkw)(1� zk=w)(1� zk) = 1Xn=�1(�1)nwnzn(n+1)=2=(1� w)
= 1Xn=0(�1)n(w�n � wn+1)zn(n+1)=2=(1� w)
= 1Xn=0(�1)n(w�n + � � �+ wn)zn(n+1)=2:These manipulations are legitimate when jzj < 1 and w is near 1. Now set w = 1.[See x57 of Sylvester's paper ited in answer 14. Jaobi's proof is in x66 of hismonograph Fundamenta Nova Theori� Funtionum Elliptiarum (1829).℄
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7.2.1.4 ANSWERS TO EXERCISES 5524. (a) By (18) and exerise 23, [zn℄A(z) =P(�1)j+k(2k+1)[3j2 + j + k2 + k=2n℄,summed over all integers j and k. When nmod 5 = 4, the ontributions all havej mod 5 = 4 and kmod 5 = 2; but then (2k + 1) mod 5 = 0.(b) B(z)p � B(zp) (modulo p) when p is prime, by Eq. 4.6.2{(5).() Take B(z) = P (z), sine A(z) = P (z)�4. [Pro. Cambridge Philos. So. 19(1919), 207{210. A similar proof shows that p(n) is a multiple of 7 when nmod 7 = 5.Ramanujan went on to obtain the beautiful formulas p(5n + 4)=5 = [zn℄P (z)6=P (z5);p(7n + 5)=7 = [zn℄ (P (z)4=P (z7)3 + 7zP (z)8=P (z7)7). Atkin and Swinnerton-Dyer, inPro. London Math. So. (3) 4 (1953), 84{106, showed that the partitions of 5n + 4and 7n + 5 an be divided into equal-size lasses aording to the respetive valuesof (largest part � number of parts) mod 5 or mod 7, as onjetured by F. Dyson.A slightly more ompliated ombinatorial statisti proves also that p(n) mod 11 = 0when nmod 11 = 6; see F. G. Garvan, Trans. Amer. Math. So. 305 (1988), 47{77.℄25. [The hint an be proved by di�erentiating both sides of the stated identity. It isthe speial ase y = 1� x of a beautiful formula disovered by N. H. Abel in 1826:Li2(x) + Li2(y) = Li2� x1�y�+ Li2� y1�x�� Li2� xy(1�x)(1�y)�� ln(1�x) ln(1�y):See Abel's �uvres Compl�etes 2 (Christiania: Gr�ndahl, 1881), 189{193.℄(a) Let f(x) = ln(1=(1� e�xt)). Then R x1 f(x) dx = �Li2(e�tx)=t and f (n)(x) =(�t)netxPk 
n�1k � ektx=(etx � 1)n, so Euler's summation formula gives Li2(e�t)=t +12 ln(1=(1 � e�t)) + O(1) = (�(2) + t ln(1 � e�t) � Li2(1 � e�t))=t � 12 ln t + O(1) =�(2)=t+ 12 ln t+O(1), as t! 0.(b) We havePm;n�1 e�mnt=n = 12�iPm;n�1 R 1+i11�i1 (mnt)�z�(z) dz=n, whih sumsto 12�i R 1+i11�i1 �(z + 1)�(z)t�z�(z) dz. The pole at z = 1 gives �(2)=t; the doublepole at z = 0 gives ��(0) ln t + � 0(0) = 12 ln t � 12 ln 2�; the pole at z = �1 gives��(�1)�(0)t = B2B1t = �t=24. Zeros of �(z + 1)�(z) anel the other poles of �(z),so the result is lnP (e�t) = �(2)=t+ 12 ln(t=2�)� t=24+O(tM ) for arbitrarily large M .26. Let F (n) =P1k=1 e�k2=n. We an use (25) either with f(x) = e�x2=n[x> 0℄+ 12Æx0,or with f(x) = e�x2=n for all x beause 2F (n) + 1 =P1k=�1 e�k2=n. Let's hoose thelatter alternative; then the right-hand side of (25), for � = 0, is the rapidly onvergentlimM!1 MXm=�M Z 1�1 e�2�miy�y2=ndy = 1Xm=�1 e��2m2n2 Z 1�1 e�u2=n du
if we substitute u = y+ �mni; and the integral is p�n. [This result is formula (15) onpage 420 of Poisson's original paper.℄27. Let gn = p�=6t e�n2�2=6t os n�6 . Then R1�1 f(y) os 2�my dy = g2m+1 + g2m�1,so we have e�t=24P (e�t) = g1 + g�1 + 2 1Xm=1(g2m+1 + g2m�1) = 2 1Xm=�1 g2m+1:The terms g6n+1 and g�6n�1 ombine to give the nth term of (30). [See M. I. Knopp,Modular Funtions in Analyti Number Theory (1970), Chapter 3.℄
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56 ANSWERS TO EXERCISES 7.2.1.428. (a,b,,d) See Trans. Amer. Math. So. 43 (1938), 271{295. In fat, Lehmer foundexpliit formulas for Ape(n), in terms of the Jaobi symbol of exerise 4.5.4{23:A2e(n) = (�1)e��1m �2e=2 sin 4�m2e+3 ; if (3m)2 � 1� 24n (modulo 2e+3);A3e(n) = (�1)e+1�m3 � 2p33e=2 sin 4�m3e+1 ; if (8m)2 � 1� 24n (modulo 3e+1);2� 3pe�pe=2 os 4�mpe ; if (24m)2 � 1� 24n (modulo pe), p � 5,and 24nmod p 6= 1;Ape(n) =
8>>>><>>>>:� 3pe�pe=2 [e=1℄; if 24nmod p = 1 and p � 5.(e) If n = 2a3bpe11 : : : pett for 3 < p1 < � � � < pt and e1 : : : et 6= 0, the probabilitythat Ak(n) 6= 0 is 2�t(1 + (�1)[e1=1℄=p1) : : : (1 + (�1)[et=1℄=pt).29. z1z2 : : : zm=((1� z1)(1� z1z2) : : : (1� z1z2 : : : zm)).30. (a) ��n+1m �� and (b) ��m+nm ��, by (39).31. First solution [Marshall Hall, Jr., Combinatorial Theory (1967), x4.1℄: From thereurrene (39), we an show diretly that, for 0 � r < k!, there is a polynomialfk;r(n) = nk�1=(k!(k�1)!) +O(nk�2) suh that ��nk�� = fn;nmod k!(n).Seond solution: Sine (1 � z) : : : (1 � zm) = Qp?q(1 � e2�ip=qz)bm=q, wherethe produt is over all redued frations p=q with 0 � p < q, the oeÆient of znin (41) an be expressed as a sum of roots of unity times polynomials in n, namely asPp?q e2�ipn=qfpq(n) where fpq(n) is a polynomial of degree less than m=q. Thus thereexist onstants suh that ��n2�� = a1n+ a2 + (�1)na3; ��n3�� = b1n2 + b2n+ b3 + (�1)nb4 +!nb5 + !�nb6, where ! = e2�i=3; et. The onstants are determined by the values forsmall n, and the �rst two ases are���n2 ��� = 12n� 14 + 14(�1)n; ���n3 ��� = 112n2 � 772 � 18(�1)n + 19!n + 19!�n:It follows that ��n3�� is the nearest integer to n2=12. Similarly, ��n4�� is the nearest integerto (n3 + 3n2 � 9n [n odd℄)=144.[Exat formulas for ��n2��, ��n3��, and ��n4��, without the simpli�ation of oor funtions,were �rst found by G. F. Malfatti, Memorie di Mat. e Fis. Soiet�a Italiana 3 (1786),571{663. W. J. A. Colman, in Fibonai Quarterly 21 (1983), 272{284, showed that��n5�� is the nearest integer to (n4+10n3+10n2�75n�45n(�1)n)=2880, and gave similarformulas for ��n6�� and ��n7��.℄32. Sine ��m+nm �� � p(n), with equality if and only if m � n, we have ��nm�� � p(n �m)with equality if and only if 2m � n.33. A partition into m parts orresponds to at most m! ompositions; hene �n�1m�1� �m! ��nm��. Consequently p(n) � (n � 1)!=((n � m)!m! (m � 1)!), and when m = pnStirling's approximation proves that ln p(n) � 2pn� lnn� 12 � ln 2�.34. a1 > a2 > � � � > am > 0 if and only if a1�m+1 � a2�m+2 � � � � � am � 1. Andpartitions into m distint parts orrespond to m! ompositions. Thus, by the previousanswer, we have 1m!� n� 1m� 1� � ��� nm ��� � 1m!�n+m(m� 1)=2m� 1 �:
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7.2.1.4 ANSWERS TO EXERCISES 57[See H. Gupta, Pro. Indian Aad. Si. A16 (1942), 101{102. A detailed asymptotiformula for ��nm�� when n = �(m3) appears in exerise 3.3.2{30.℄35. (a) x = 1C ln 1C � �0:194.(b) x = 1C ln 1C � 1C ln ln 2 � 0:092; in general we have x = 1C (ln 1C � ln ln 1F (x) ).() R 1�1 x dF (x) = R10 (Cu)�2(lnu)e�1=(Cu) du = � 1C R 10 (lnC + ln v)e�v dv =( � lnC)=C � 0:256:(d) Similarly, R 1�1 x2e�Cx exp(�e�Cx=C)dx = (2+�(2)�2 lnC+(lnC)2)=C2 �1:0656. So the variane is �(2)=C2 = 1, exatly(!).[The probability distribution e�e(a�x)=b is ommonly alled the Fisher{Tippettdistribution; see Pro. Cambridge Phil. So. 24 (1928), 180{190.℄36. The sum over jr � (m+ r � 1) � � � � � j2 � (m+ 1) � j1 �m � 1 gives�r =Xt ��� t� rm� r(r � 1)=2r ���p(n� t)p(n)= �1� � �21� �2 : : : �r1� �r �rm(1 +O(n�1=2+2�))+ E= n�1=2��1 � 1 n�1=2��2 � 1 : : : n�1=2��r � 1 exp(�Crx+O(rn�1=2+2�))+ E;where E is an error term that aounts for the ases t > n1=2+�. The leading fatorn�1=2=(��j�1) is 1jC (1+O(jn�1=2)). And it is easy to verify that E = O(nlogne�Cn�),even if we use the rude upper bound ��t�rm�r(r�1)=2r �� � tr, beauseXt�xN tre�t=N = O�Z 1xN tre�t=N dt� = O(Nr+1xre�x=(1� r=x));where N = �(pn), x = �(n�), r = O(logn).37. Suh a partition is ounted one in �0, q times in �1, �q2� times in �2, : : : ; soit is ounted exatly Prj=0(�1)j�qj� = (�1)r�q�1r � times in the partial sum that endswith (�1)r�r. This ount is at most Æq0 when r is odd, at least Æq0 when r is even.[A similar argument shows that the generalized priniple of exerise 1.3.3{26 also hasthis braketing property. Referene: C. Bonferroni, Pubbliazioni del Reale IstitutoSuperiore de Sienze Eonomihe e Commeriale di Firenze 8 (1936), 3{62.℄38. zl+m�1�l+m�2m�1 �z = zl+m�1(1� zl) : : : (1� zl+m�2)=((1� z) : : : (1� zm�1)).39. If � = a1 : : : am is a partition with at most m parts, let f(�) = 1 if a1 � l,otherwise f(�) = minfj j a1 > l + aj+1g. Let gk be the generating funtion forpartitions with f(�) > k. Partitions with f(�) = k < 1 are haraterized by theinequalities a1 � a2 � � � � � ak � a1 � l > ak+1 � � � � � am+1 = 0:Thus a1a2 : : : am = (bk+l+1)(b1+1) : : : (bk�1+1)bk+1 : : : bm, where f(b1 : : : bm) � k;and the onverse is also true. It follows that gk = gk�1 � zl+kgk�1.[See Amerian J. Math. 5 (1882), 254{257.℄40. zm(m+1)=2� lm�z = (z� zl)(z2� zl) : : : (zm� zl)=((1� z)(1� z2) : : : (1� zm)). Thisformula is essentially the z-nomial theorem of exerise 1.2.6{58.41. See G. Almkvist and G. E. Andrews, J. Number Theory 38 (1991), 135{144.
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58 ANSWERS TO EXERCISES 7.2.1.442. A. Vershik [Funtional Anal. Appli. 30 (1996), 90{105, Theorem 4.7℄ has statedthe formula 1� e�'1� e�(�+') e�k=pn + 1� e��1� e�(�+') e�ak=pn � 1;where the onstant  must be hosen as a funtion of � and ' so that the area of theshape is n. This onstant  is negative if �' < 2, positive if �' > 2; the shape reduesto a straight line k�pn + ak'pn � 1when �' = 2. If ' =1 we have  = pLi2(t) where t satis�es � = (ln 11�t )=pLi2(t).43. We have a1 > a2 > � � � > ak if and only if the onjugate partition inludeseah of the the parts 1, 2, : : : , k � 1 at least one. The number of suh partitions isp(n� k(k � 1)=2); this total inludes ��n�(k�1)(k�2)=2k�1 �� ases with ak = 0.44. Assume that n > 0. The number with smallest parts unequal (or with only onepart) is p(n+1)� p(n), the number of partitions of n+1 that don't end in 1, beausewe get the former from the latter by hanging the smallest part. Therefore the answeris 2p(n)� p(n+1). [See R. J. Bosovih, Giornale de' Letterati (Rome, 1748), 15. Thenumber of partitions whose smallest three parts are equal is 3p(n)�p(n+1)�2p(n+2)+p(n+ 3); similar formulas an be derived for other onstraints on the smallest parts.℄45. By Eq. (37) we have p(n� j)=p(n) = 1�Cjn�1=2+ (C2j2 + 2j)=(2n)� (8C3j3 +60Cj2 + Cj + 12C�1j)=(48n3=2) +O(j4n�2).46. If n > 1, T 02(n) = p(n � 1) � p(n � 2) � p(n) � p(n � 1) = T 002 (n), beausep(n)�p(n�1) is the number of partitions of n that don't end in 1; every suh partitionof n � 1 yields one for n if we inrease the largest part. But the di�erene is rathersmall: (T 002 (n)� T 02(n))=p(n) = C2=n+O(n�3=2).47. The identity in the hint follows by di�erentiating (21); see exerise 22. Theprobability of obtaining the part-ounts 1 : : : n when 1 + 22 + � � �+ nn = n isPr(1 : : : n) = nXk=1 kXj=1 kp(n� jk)np(n) Pr(1 : : : k�1(k�j)k+1 : : : n)
= nXk=1 kXj=1 knp(n) = 1p(n) ;by indution on n. [Combinatorial Algorithms (Aademi Press, 1975), Chapter 10.℄48. The probability that j has a partiular �xed value in step N5 is 6=(�2j2) +O(n�1=2), and the average value of jk is order pn. The average time spent in step N4is �(n), so the average running time is of order n3=2. (A more preise analysis wouldbe desirable.)49. (a) We have F (z) = P1k=1 Fk(z), where Fk(z) is the generating funtion for allpartitions whose smallest part is � k, namely 1=((1� zk)(1� zk+1) : : : )� 1.(b) Let fk(n) = [zn℄Fk(z)=p(n). Then f1(n) = 1; f2(n) = 1 � p(n�1)=p(n) =Cn�1=2 + O(n�1); f3(n) = (p(n)� p(n � 1) � p(n � 2) + p(n � 3))=p(n) = 2C2n�1 +O(n�3=2); and f4(n) = 6C3n�3=2 + O(n�2). (See exerise 45.) It turns out thatfk+1(n) = k!Ckn�k=2 + O(n�(k+1)=2); in partiular, f5(n) = O(n�2). Hene f5(n) +� � �+ fn(n) = O(n�1), beause fk+1(n) � fk(n).Adding everything up yields [zn℄F (z) = p(n)(1 + C=pn+O(n�1)).

58



7.2.1.4 ANSWERS TO EXERCISES 5950. (a) m(m + k) = m�1(m � 1 + k) + m(k) = m � 1 � k + (k) + 1 by indutionwhen 0 � k < m.(b) Beause ��m+km �� = p(k) for 0 � k � m.() When n = 2m, Algorithm H essentially generates the partitions of m, andwe know that j � 1 is the seond-smallest part in the onjugate of the partition justgenerated|exept when j�1 = m, just after the partition 1 : : : 1 whose onjugate hasonly one part.(d) If all parts of � exeed k, let �kq+1j orrespond to � (k+1).(e) The generating funtion Gk(z) for all partitions whose seond-smallest part is� k is (z+� � �+zk�1)Fk(z)+Fk(z)�zk=(1�z) = Fk+1(z)=(1�z), where Fk(z) is de�nedin the previous exerise. Consequently C(z) = (F (z)� F1(z))=(1� z) + z=(1� z)2.(f) We an show as in the previous exerise that [zn℄Gk(n)=p(n) = O(n�k=2) fork � 5; hene (m)=p(m) = 1 + O(m�1=2). The ratios ((m) + 1)=p(m), whih arereadily omputed for small m, reah a maximum of 2.6 at m = 7 and derease steadilythereafter. So a rigorous attention to asymptoti error bounds will omplete the proof.Note: B. Fristedt [Trans. Amer. Math. So. 337 (1993), 703{735℄ has proved,among other things, that the number of k's in a random partition of n is greater thanCxpn with asymptoti probability e�x.52. In lexiographi order, ��64+1313 �� partitions of 64 have a1 � 13; ��50+1010 �� of them havea1 = 14 and a2 � 10; et. Therefore, by the hint, the partition 14 11 9 6 4 3 2 115 ispreeded by exatly p(64) � 1000000 partitions in lexiographi order, making it themillionth in reverse lexiographi order.53. As in the previous answer, ��8012�� partitions of 100 have a1 = 32 and a2 � 12, et.;so the lexiographially millionth partition in whih a1 = 32 is 32 13 12 8 7 6 5 5 112.Algorithm H produes its onjugate, namely 20 8 8 8 6 5 4 3 3 3 3 2 119.54. (a) Obviously true. This question was just a warmup.(b) True, but not so obvious. If �T = a01a02 : : : we havea1 + � � �+ ak + a01 + � � �+ a0k � n� kl when k � a0lby onsidering the Ferrers diagram, with equality when k = a0l. Thus if � � � anda01+ � � �+a0l > b01+ � � �+ b0l for some l, with l minimum, we have n�kl = b1+ � � �+ bk+b01 + � � �+ b0l < a1 + � � �+ ak + a01 + � � �+ a0l � n� kl when k = b0l, a ontradition.() The reurrene k = min(a1+ � � �+ak; b1+ � � �+ bk)� (1+ � � �+ k�1) learlyde�nes a greatest lower bound, if 12 : : : is a partition. And it is; for if 1+ � � �+ k =a1+ � � �+ak we have 0 � min(ak+1; bk+1) � k+1 � ak+1 � ak = k�(1+ � � �+k�1)�(a1 + � � �+ ak�1) � k.(d) � _ � = (�T ^ �T )T . (Double onjugation is needed beause a max-orientedreurrene analogous to the one in part () an fail.)(e) � ^ � has max(l;m) parts and � _ � has min(l;m) parts. (Consider the �rstomponents of their onjugates.)(f) True for � ^ �, by the derivation in part (). False for � _ � (although true inFig. 32); for example, (17 16 5 4 3 2) _ (17 9 8 7 6) = (17 16 5 5 4):Referene: T. Brylawski, Disrete Mathematis 6 (1973), 201{219.55. (a) If � � � and � �  � �, where  = 12 : : : , we have a1 + � � � + ak =1 + � � � + k = b1 + � � � + bk for all k exept k = l and k = l + 1; thus � overs �.Therefore �T overs �T .Conversely, if � � � and � 6= � we an �nd  � � suh that � �  or T � �T ,as follows: Find the smallest k with ak > bk, and the smallest l with ak > al+1. If
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60 ANSWERS TO EXERCISES 7.2.1.4al > al+1+1, de�ne  = 12 : : : by k = ak� [k= l℄+[k= l + 1℄. If al = al+1+1, �ndthe smallest l0 with al+1 > al0+1 and let k = ak�[k= l0 ℄+[k= l0 + 1℄ if al0 > al0+1+1,otherwise k = ak � [k= l℄ + [k= l0 + 1℄.(b) Consider � and � to be strings of n 0s and n 1s, as in (15). Then � � � ifand only if � ! �, and �T � �T if and only if � ) �, where `!' denotes replaing asubstring of the form 011q10 by 101q01 and `)' denotes replaing a substring of theform 010q10 by 100q01, for some q � 0.() A partition overs at most [a1>a2 ℄ + � � � + [am�1>am ℄ + [am� 2℄ others.The partition � = (n2+n1�1)(n2�2)(n2�3) : : : 21 maximizes this quantity in the aseam = 1; ases with am � 2 give no improvement. (The onjugate partition, namely(n2�1)(n2�2) : : : 21n1+1, is just as good. Therefore both � and �T are also overed bythe maximum number of others.)(d) Equivalently, onseutive parts of � di�er by at most 1, and the smallest partis 1; the rim representation has no onseutive 1s.(e) Use rim representations and replae � by the relation !. If � ! �1 and�! �01 we an easily show the existene of a string � suh that �1 ! � and �01 ! �;for example, 101q0111r10% &011q1011r10 101q1011r01:& %011q1101r01Let � = �2 � � � � � �m where �m is minimal. Then, by indution on max(k; k0), wehave k = m and �k = �m; also k0 = m and �0k0 = �m.(f) Set �  �T ; then repeatedly set �  �0 until � is minimal, using anyonvenient partition �0 suh that � � �0. The desired partition is �T .Proof: Let �(�) be the ommon value �k = �0k0 in part (e); we must prove that� � � implies �(�) � �(�). There is a sequene � = �0, : : : , �k = � where �j ! �j+1or �j ) �j+1 for 0 � j < k. If �0 ! �1 we have �(�) = �(�1); thus it suÆes to provethat �) � and �! �0 implies �0 � �(�). But we have, for example,100q0111r10=) &010q1011r10 100q1011r01& =)010q1101r01! 010q�110011r01beause we may assume that q > 0; and the other ases are similar.(g) The parts of �n are ak = n2 + [k�n1 ℄� k for 1 � k < n2; the parts of �Tn arebk = n2 � k + [n2 � k <n1 ℄ for 1 � k � n2. The algorithm of (f) reahes �Tn from n1after �n2+13 �� �n2�n12 � steps, beause eah step inreases P kbk =P�ak+12 � by 1.(h) The path n, (n�1)1, (n�2)2, (n�2)11, (n�3)21, : : : , 321n�5, 31n�3, 221n�4,21n�2, 1n, of length 2n� 4 when n � 3, is shortest.It an be shown that the longest path has m = 2�n23 �+n1(n2�1) steps. One suhpath has the form �0, : : : , �k, : : : , �l, : : : , �m where �0 = n1; �k = �n; �l = �Tn ;�j � �j+1 for 0 � j < l; and �Tj+1 � �Tj for k � j < m.Referene: C. Greene and D. J. Kleitman, Europ. J. Combinatoris 7 (1986), 1{10.56. Suppose � = u1 : : : um and � = v1 : : : vm. The following (unoptimized) algo-rithm applies the theory of exerise 54 to generate the partitions in olex order,maintaining � = a1a2 : : : am � � as well as �T = b1b2 : : : bl � �T . To �nd thesuessor of �, we �rst �nd the largest j suh that bj an be inreased. Then we have
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7.2.1.4 ANSWERS TO EXERCISES 61� = b1 : : : bj�1(bj+1)1 : : : 1 � �T , hene the desired suessor is �T ^�. The algorithmmaintains auxiliary tables rj = bj+ � � �+bl, sj = v1+ � � �+vj , and tj = wj+wj+1+ � � � ,where �T = w1w2 : : : .M1. [Initialize.℄ Set q  0, k  u1. For j = 1, : : : , m, while uj+1 < k settk  q  q + j and k  k � 1. Then set q  0 again, and for j = 1, : : : , mset aj  vj , sj  q  q + aj . Then set q  0 yet again, and k  l  a1.For j = 1, : : : , m, while aj+1 < k set bk  j, rk  q  q+ j, and k  k�1.Finally, set t1  0, b0  0, b�1  �1.M2. [Visit.℄ Visit the partition a1 : : : am and/or its onjugate b1 : : : bl.M3. [Find j.℄ Let j be the largest integer < l suh that rj+1 > tj+1 and bj 6= bj�1.Terminate the algorithm if j = 0.M4. [Inrease bj .℄ Set x  rj+1 � 1, k  bj , bj  k + 1, and ak+1  j. (Theprevious value of ak+1 was j � 1. Now we're going to update a1 : : : ak usingessentially the method of exerise 54() to distribute x dots into olumnsj + 1, j + 2, : : : .)M5. [Majorize.℄ Set z  0 and then do the following for i = 1, : : : , k: Setx  x + j, y  min(x; si), ai  y � z, z  y; if i = 1 set l  p  a1 andq  0; if i > 1 while p > ai set bp  i � 1, rp  q  q + i � 1, p  p � 1.Finally, while p > j set bp  k, rp  q  q+k, p p�1. Return to M2.57. If � = �T there obviously is only one suh matrix, essentially the Ferrers diagramof �. And the ondition � � �T is neessary, for if �T = b1b2 : : : we have b1+ � � �+bk =min(1; k)+min(2; k)+ � � � , and this quantity must not be less than the number of 1sin the �rst k rows. Finally, if there is a matrix for � and � and if � overs �, we anreadily onstrut a matrix for � and � by moving a 1 from any spei�ed row to anotherthat has fewer 1s.Notes: This result is often alled the Gale{Ryser theorem, beause of well-knownpapers by D. Gale [Pai� J. Math. 7 (1957), 1073{1082℄ and H. J. Ryser [CanadianJ. Math. 9 (1957), 371{377℄. But the number of 0{1 matries with row sums � andolumn sums � is the oeÆient of the monomial symmetri funtion Px1i1 x2i2 : : : inthe produt of elementary symmetri funtions er1er2 : : : , whereer = [zr℄ (1 + x1z)(1 + x2z)(1 + x3z) : : : :In this ontext the result has been known at least sine the 1930s; see D. E. Littlewood'sformula for Qm;n�0(1 + xmyn) in Pro. London Math. So. (2) 40 (1936), 40{70.[Cayley had shown muh earlier, in Philosophial Trans. 147 (1857), 489{499, that thelexiographi ondition � � �T is neessary.℄58. [R. F. Muirhead, Pro. Edinburgh Math. So. 21 (1903), 144-157.℄ The ondition� � � is neessary, beause we an set x1 = � � � = xk = x and xk+1 = � � � = xn = 1and let x ! 1. It is suÆient beause we need only prove it when � overs �. Thenif, say, parts (a1; a2) beome (a1 � 1; a2 + 1), the left-hand side is the right-hand sideplus the nonnegative quantity12m!Xxa2p1xa2p2 : : : xampm (xa1�a2�1p1 � xa1�a2�1p2 )(xp1 � xp2):[Historial notes: Muirhead's paper is the earliest known appearane of the oneptnow known as majorization; shortly afterward, an equivalent de�nition was givenby M. O. Lorenz, Quarterly Publ. Amer. Stat. Asso. 9 (1905), 209{219, who wasinterested in measuring nonuniform distribution of wealth. Yet another equivalent
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62 ANSWERS TO EXERCISES 7.2.1.4onept was formulated by I. Shur in Sitzungsberihte Berliner Math. Gesellshaft22 (1923), 9{20. \Majorization" was named by Hardy, Littlewood, and P�olya, whoestablished its most basi properties in Messenger of Math. 58 (1929), 145{152; seeexerise 2.3.4.5{17. An exellent book, Inequalities by A. W. Marshall and I. Olkin(Aademi Press, 1979), is entirely devoted to the subjet.℄59. The unique paths for n = 0, 1, 2, 3, 4, and 6 must have the stated symmetry.There is one suh path for n = 5, namely 11111, 2111, 221, 311, 32, 41, 5. And thereare four for n = 7:1111111; 211111; 22111; 2221; 322; 3211; 31111; 4111; 511; 421; 331; 43; 52; 61; 7;1111111; 211111; 22111; 2221; 322; 421; 511; 4111; 31111; 3211; 331; 43; 52; 61; 7;1111111; 211111; 31111; 22111; 2221; 322; 3211; 4111; 421; 331; 43; 52; 511; 61; 7;1111111; 211111; 31111; 22111; 2221; 322; 421; 4111; 3211; 331; 43; 52; 511; 61; 7:There are no others, beause at least two self-onjugate partitions exist for all n � 8(see exerise 16).60. For L(6; 6), use (59); otherwise use L0(4; 6) and L0(3; 5) everywhere.In M(4; 18), insert 444222, 4442211 between 443322 and 4432221.In M(5; 11), insert 52211, 5222 between 62111 and 6221.In M(5; 20), insert 5542211, 554222 between 5552111 and 555221.In M(6; 13), insert 72211, 7222 between 62221 and 6322.In L(4; 14), insert 44222, 442211 between 43322 and 432221.In L(5; 15), insert 542211, 54222 between 552111 and 55221.In L(7; 12), insert 62211, 6222 between 72111 and 7221.62. The statement holds for n = 7, 8, and 9, exept in two ases: n = 8, m = 3,� = 3221; n = 9, m = 4, � = 432.64. If n = 2kq where q is odd, let !n denote the partition (2k)q, namely q parts equalto 2k. The reursive rule B(n) = B(n� 1)R1; 2�B(n=2)for n > 0, where 2�B(n=2) denotes doubling all parts of B(n=2) (or the empty sequeneif n is odd), de�nes a pleasant Gray path that begins with !n�11 and ends with !n, ifwe let B(0) be the unique partition of 0. Thus,B(1) = 1; B(2) = 11; 2; B(3) = 21; 111; B(4) = 1111; 211; 22; 4:Among the remarkable properties satis�ed by this sequene is the fat thatB(n) = (2� B(0))1n; (2� B(1))1n�2; (2�B(2))1n�4; : : : ; (2�B(n=2))10;when n is even; for example,B(8) = 11111111; 2111111; 221111; 41111; 4211; 22211; 2222; 422; 44; 8:The following algorithm generates B(n) looplessly when n � 2:K1. [Initialize.℄ Set 0  p0  0, p1  1. If n is even, set 1  n, t  1; other-wise let n� 1 = 2kq where q is odd and set 1  1, 2  q, p2  2k, t 2.K2. [Even visit.℄ Visit the partition ptt : : : p11 . (Now t + � � �+ 1 is even.)K3. [Change the largest part.℄ If t = 1, split the largest part: If pt 6= 2pt�1, sett  2, pt  pt=2, otherwise set t�1  t�1 + 2, t  t � 1. But if t > 1,merge two of the largest parts: If t = 2, set t  1, pt  2pt, otherwise sett  t � 2, t+1  1, pt+1  2pt, t t+ 1.
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7.2.1.4 ANSWERS TO EXERCISES 63K4. [Odd visit.℄ Visit the partition ptt : : : p11 . (Now t + � � �+ 1 is odd.)K5. [Change the next-largest part.℄ Now we wish to apply the following transfor-mation: \Remove t � [t is even℄ of the largest parts temporarily, then applystep K3, then restore the removed parts." More preisely, there are nineases: (1a) If t is odd and t = 1, terminate. (1b1) If t is odd, t�1 = 1, andpt�1 = 2pt�2, set t�2  t�2 + 2, t�1  t, pt�1  pt, t  t � 1. (1b2) Ift is odd, t�1 = 1, and pt�1 6= 2pt�2, set t�1  2, pt�1  pt�1=2. (11) Ift is odd, t�1 = 2, and pt = 2pt�1, set t�1  t + 1, pt�1  pt, t  t � 1.(12) If t is odd, t�1 = 2, and pt 6= 2pt�1, set t�1  1, pt�1  2pt�1.(1d1) If t is odd, t�1 > 2, and pt = 2pt�1, set t�1  t�1 � 2, t  t + 1.(1d2) If t is odd, t�1 > 2, and pt 6= 2pt�1, set t+1  t, pt+1  pt, t  1,pt  2pt�1, t�1  t�1 � 2, t  t + 1. (2a) If t is even and pt = 2pt�1,set t  t � 1, t�1  t�1 + 2. (2b) If t is even and pt 6= 2pt�1, sett+1  t � 1, pt+1  pt, t  2, pt  pt=2, t t+ 1. Return to K2.[The transformations in K3 and K5 undo themselves when performed twie in a row.This onstrution is due to T. Colthurst and M. Kleber, \A Gray path on binarypartitions," to appear. Euler onsidered the number of suh partitions in x50 of hispaper in 1750.℄65. If pe11 : : : perr is the prime fatorization of m, the number of suh fatorizations isp(e1) : : : p(er), and we an let n = max(e1; : : : ; er). Indeed, for eah r-tuple (x1; : : : ; xr)with 0 � xk < p(ek) we an let mj = pa1j1 : : : parjr , where ak1 : : : akn is the (xk + 1)stpartition of ek. Thus we an use a reeted Gray ode for r-tuples together with aGray ode for partitions.66. Let a1 : : : am be an m-tuple that satis�es the spei�ed inequalities. We an sort itinto noninreasing order ax1 � � � � � axm , where the permutation x1 : : : xm is uniquelydetermined if we require the sorting to be stable; see Eq. 5{(2).If j � k, we have aj � ak, hene j appears to the left of k in the permutationx1 : : : xm. Therefore x1 : : : xm is one of the permutations output by Algorithm 7.2.1.2V.Moreover, j will be left of k also when aj = ak and j < k, by stability. Hene axi isstritly greater than axi+1 when xi > xi+1 is a \desent."To generate all the relevant partitions of n, take eah topologial permutationx1 : : : xm and generate the partitions y1 : : : ym of n� t where t is the index of x1 : : : xm(see Setion 5.1.1). For 1 � j � m set axj  yj+ tj , where tj is the number of desentsto the right of xj in x1 : : : xm.For example, if x1 : : : xm = 314592687 we want to generate all ases with a3 >a1 � a4 � a5 � a9 > a2 � a6 � a8 > a7. In this ase t = 1 + 5 + 8 = 14; so we seta1  y2+2, a2  y6+1, a3  y1+3, a4  y3+2, a5  y4+2, a6  y7+1, a7  y9,a8  y8+1, and a9  y5+2. The generalized generating funtionP za11 : : : za99 in thesense of exerise 29 is z21z2z33z24z25z6z8z29(1� z3)(1� z3z1)(1� z3z1z4)(1� z3z1z4z5) : : : (1� z3z1z4z5z9z2z6z8z7) :When � is any given partial ordering, the ordinary generating funtion for all suhpartitions of n is thereforeP zind�=((1� z)(1� z2) : : : (1� zm)), where the sum is overall outputs � of Algorithm 7.2.1.2V.[See R. P. Stanley,Memoirs Amer. Math. So. 119 (1972), for signi�ant extensionsand appliations of these ideas. See also L. Carlitz, Studies in Foundations andCombinatoris (New York: Aademi Press, 1978), 101{129, for information aboutup-down partitions.℄
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64 ANSWERS TO EXERCISES 7.2.1.467. If n + 1 = q1 : : : qr, where the fators q1, : : : , qr are all � 2, we get a perfetpartition f(q1�1) � 1; (q2�1) � q1; (q3�1) � q1q2; : : : ; (qr�1) � q1 : : : qr�1g that orrespondsin an obvious way to mixed radix notation. (The order of the fators qj is signi�ant.)Conversely, all perfet partitions arise in this way. Suppose the multiset M =fk1 � p1; : : : ; km � pmg is a perfet partition, where p1 < � � � < pm; then we must havepj = (k1+1) : : : (kj�1+1) for 1 � j � m, beause pj is the smallest sum of a submultisetof M that is not a submultiset of fk1 � p1; : : : ; kj�1 � pj�1g.The perfet partitions of n with fewest elements our if and only if the qj are allprime, beause pq � 1 > (p�1) + (q�1) whenever p > 1 and q > 1. Thus, for example,the minimal perfet partitions of 11 orrespond to the ordered fatorizations 2 � 2 � 3,2 � 3 � 2, and 3 � 2 � 2. Referene: Quarterly Journal of Mathematis 21 (1886), 367{373.68. (a) If ai + 1 � aj � 1 for some i and j we an hange fai; ajg to fai+1; aj�1g,thereby inreasing the produt by aj � ai � 1 > 0. Thus the optimum ours only inthe optimally balaned partition of exerise 3. [L. Oettinger and J. Derb�es, Nouv. Ann.Math. 18 (1859), 442; 19 (1860), 117{118.℄(b) No part is 1; and if aj � 4 we an hange it to 2 + (aj�2) without dereasingthe produt. Thus we an assume that all parts are 2 or 3. We get an improvement byhanging 2 + 2 + 2 to 3 + 3, hene there are at most two 2s. The optimum therefore is3n=3 when nmod 3 is 0; 4 � 3(n�4)=3 = 3(n�4)=3 � 2 � 2 = (4=34=3)3n=3 when nmod 3is 1; 3(n�2)=3 � 2 = (2=32=3)3n=3 when nmod 3 is 2. [O. Mei�ner, Mathematish-naturwissenshaftlihe Bl�atter 4 (1907), 85.℄69. All n > 2 have the solution (n; 2; 1; : : : ; 1). We an \sieve out" the other ases � Nby starting with s2 : : : sN  1 : : : 1 and then setting sak�b  0 whenever ak � b � N ,where a = x1 : : : xt� 1, b = x1+ � � �+xt� t� 1, k � x1 � � � � � xt, and a > 1, beausek + x1 + � � �+ xt + (ak � b� t� 1) = kx1 : : : xt. The sequene (x1; : : : ; xt) needs to beonsidered only when (x1 : : : xt�1)x1� (x1+ � � �+xt) < N � t; we an also ontinue toderease N so that sN = 1. In this way only (32766; 1486539;254887; 1511; 937; 478; 4)sequenes (x1; : : : ; xt) need to be tried when N is initially 230, and the only survivorsturn out to be 2, 3, 4, 6, 24, 114, 174, and 444. [See E. Trost, Elemente der Math. 11(1956), 135; M. Misiurewiz, Elemente der Math. 21 (1966), 90.℄Notes: No new survivors are likely asN !1, but a new idea will be needed to rulethem out. The simplest sequenes (x1; : : : ; xt) = (3) and (2; 2) already exlude all n > 5with nmod 6 6= 0; this fat an be used to speed up the omputation by a fator of 6.The sequenes (6) and (3; 2) exlude 40% of the remainder (namely all n of the forms5k� 4 and 5k� 2); the sequenes (8), (4; 2), and (2; 2; 2) exlude 3/7 of the remainder;the sequenes with t = 1 imply that n � 1 must be prime; the sequenes in whihx1 : : : xt = 2r exlude about p(r) residues of nmod (2r�1); sequenes in whih x1 : : : xtis the produt of r distint primes will exlude about$r residues of nmod (x1 : : : xt�1).70. Eah step takes one partition of n into another, so we must eventually reah arepeating yle. Many partitions simply perform a yli shift on eah northeast-to-southwest diagonal of the Ferrers diagram, hanging it
from

x1 x2 x4 x7 x11 x16 : : :x3 x5 x8 x12 x17 x23 : : :x6 x9 x13 x18 x24 x31 : : :x10 x14 x19 x25 x32 x40 : : :x15 x20 x26 x33 x41 x50 : : :x21 x27 x34 x42 x51 x61 : : :... ... ... ... ... ...
to

x1 x3 x6 x10 x15 x21 : : :x2 x4 x7 x11 x16 x22 : : :x5 x8 x12 x17 x23 x30 : : :x9 x13 x18 x24 x31 x39 : : :x14 x19 x25 x32 x40 x49 : : :x20 x26 x33 x41 x50 x60 : : :... ... ... ... ... ...
;
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7.2.1.5 ANSWERS TO EXERCISES 65in other words, they apply the permutation � = (1)(2 3)(4 5 6)(7 8 9 10) : : : to the ells.Exeptions our only when � introdues an empty ell above a dot; for example, x10might be empty when x11 isn't. But we an get the orret new diagram by movingthe top row down, sorting it into its proper plae after applying � in suh ases. Suh amove always redues the number of oupied diagonals, so it annot be part of a yle.Thus every yle onsists entirely of permutations by �.If any element of a diagonal is empty in a yli partition, all elements of thenext diagonal must be empty. For if, say, x5 is empty, repeated appliation of � willmake x5 adjaent to eah of the ells x7, x8, x9, x10 of the next diagonal. Thereforeif n = �n22 � + �n11 � with n2 > n1 � 0 the yli states are preisely those with n2 � 1ompletely �lled diagonals and n1 dots in the next. [This result is due to J. Brandt,Pro. Amer. Math. So. 85 (1982), 483{486. The origin of the problem is unknown;see Martin Gardner, The Last Rereations (1997), Chapter 2.℄71. When n = 1 + � � � + m > 1, the starting partition (m�1)(m�1)(m�2) : : : 211has distane m(m � 1) from the yli state, and this is maximum. [K. Igusa, Math.Magazine 58 (1985), 259{271; G. Etienne, J. Combin. Theory A58 (1991), 181{197.℄In the general ase, Griggs and Ho [Advanes in Appl. Math. 21 (1998), 205{227℄ haveonjetured that the maximum distane to a yle is max(2n+2�n1(n2+1); n+n2+1;n1(n2+1))�2n2 for all n > 1; their onjeture has been veri�ed for n � 100. Moreover,the worst-ase starting partition appears to be unique when n2 = 2n1 + f�1; 0; 2g.72. (a) Swap the jth ourrene of k in the partition n = j � k + � with the kthourrene of j in k � j + �, for every partition � of n� jk. For example, when n = 6the swaps are6a; 5b11; 4f2g; 4111g; 3h3i; 3j2k11; 3d111k1h; 2n222i; 2m22111n; 2e111m1j1f; 111e1d11b1a:(b) p(n�k) + p(n�2k)+ p(n�3k)+ � � � . [A. H. M. Hoare, AMM 93 (1986), 475{476.℄SECTION 7.2.1.51. Whenever m is set equal to r in step H6, hange it bak to r � 1.2. L1. [Initialize.℄ Set lj  j � 1 and aj  0 for 1 � j � n. Also set h1  n, t 1,and set l0 to any onvenient nonzero value.L2. [Visit.℄ Visit the t-blok partition represented by l1 : : : ln and h1 : : : ht. (Therestrited growth string orresponding to this partition is a1 : : : an.)L3. [Find j.℄ Set j  n; then, while lj = 0, set j  j � 1 and t t� 1.L4. [Move j to the next blok.℄ Terminate if j = 0. Otherwise set k  aj + 1,hk  lj , aj  k. If k = t, set t t+ 1 and lj  0; otherwise set lj  hk+1.Finally set hk+1  j.L5. [Move j + 1, : : : , n to blok 1.℄ While j < n, set j  j + 1, lj  h1, aj  0,and h1  j. Return to L2.3. Let �(k; n) be the number of strings a1 : : : an that satisfy the ondition 0 � aj �1+max(k�1; a1; : : : ; aj�1) for 1 � j � n; thus �(k; 0) = 1, �(0; n) = $n, and �(k; n) =k�(k; n�1)+�(k+1; n�1). [S. G. Williamson has alled �(k; n) a \tail oeÆient"; seeSICOMP 5 (1976), 602{617.℄ The number of strings that are generated by Algorithm Hbefore a given restrited growth string a1 : : : an is Pnj=1 aj�(bj ; n � j), where bj =1+max(a1; : : : ; aj�1). Working bakwards with the help of a preomputed table of thetail oeÆients, we �nd that this formula yields 999999 when a1 : : : a12 = 010220345041.
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66 ANSWERS TO EXERCISES 7.2.1.54. The most ommon representatives of eah type, subsripted by the number oforresponding ourrenes in the GraphBase, are zzzzz0, ooooh0, xxxix0, xxxii0,ooops0, llull0, llala0, eeler0, iitti0, xxiii0, xxv0, eerie1, llama1, xxvii0,oozed5, uhuuu0, mamma1, puppy28, anana0, hehee0, vivid15, rarer3, etext1, amass2,again137, ahhaa0, esses1, teeth25, yaaay0, ahhhh2, pssst2, seems7, added6, lxxii0,books184, swiss3, sense10, ended3, hek160, level18, tepee4, slyly5, never154,sells6, motto21, whooo2, trees384, going307, whih151, there174, three100, their3834.(See S. Golomb, Math. Mag. 53 (1980), 219{221. Words with only two distint lettersare, of ourse, rare. The 18 representatives listed here with subsript 0 an be foundin larger ditionaries or in English-language pages of the Internet.)5. (a) 112 = �(0225). The sequene is r(0), r(1), r(4), r(9), r(16), : : : , where r(n) isobtained by expressing n in deimal notation (with one or more leading zeros), applyingthe � funtion of exerise 4, then deleting the leading zeros. Notie that n=9 � r(n) � n.(b) 1012 = r(452). The sequene is the same as (a), but sorted into order and withdupliates removed. (Who knew that 882 = 7744, 2122 = 44944, and 2642 = 69696?)6. Use the topologial sorting approah of Algorithm 7.2.1.2V, with an appropriatepartial ordering: Inlude j hains of length j, with their least elements ordered. Forexample, if n = 20, 2 = 3, and 3 = 4 = 2, we use that algorithm to �nd allpermutations a1 : : : a20 of f1; : : : ; 20g suh that 1 � 2, 3 � 4, 5 � 6, 1 � 3 � 5,7 � 8 � 9, 10 � 11 � 12, 7 � 10, 13 � 14 � 15 � 16, 17 � 18 � 19 � 20,13 � 17, forming the restrited growth strings �(f(a1) : : : f(a20)), where � is de�nedin exerise 4 and (f(1); : : : ; f(20)) = (1; 1; 2; 2; 3; 3; 4; 4; 4; 5; 5; 5; 6; 6; 6; 6; 7; 7; 7; 7). Thetotal number of outputs is, of ourse, given by (48).7. Exatly $n. They are the permutations we get by reversing the left-right order ofthe bloks in (2) and dropping the `j' symbols: 1234, 4123, 3124, 3412, : : : , 4321.[See A. Claesson, European J. Combinatoris 22 (2001), 961{971. S. Kitaev, in\Partially ordered generalized patterns," Disrete Math., to appear, has disovered afar-reahing generalization: Let � be a permutation of f0; : : : ; rg, let gn be the numberof permutations a1 : : : an of f1; : : : ; ng suh that ak�0� > ak�1� > � � � > ak�r� > ajimplies j > k, and let fn be the number of permutations a1 : : : an for whih thepattern ak�0� > ak�1� > � � � > ak�r� is avoided altogether for r < k � n. ThenPn�0 gnzn=n! = exp(Pn�1 fn�1zn=n!).℄8. For eah partition of f1; : : : ; ng into m bloks, arrange the bloks in dereasingorder of their smallest elements, and permute the non-smallest blok elements in allpossible ways. If n = 9 and m = 3, for example, the partition 126j38j4579 would yield457938126 and eleven other ases obtained by permuting f5; 7; 9g and f2; 6g amongthemselves. (Essentially the same method generates all permutations that have exatlyk yles; see the \unusual orrespondene" of Setion 1.3.3.)9. Among the permutations of the multiset fk0 � 0; k1 � 1; : : : ; kn�1 � (n�1)g, exatly k0 + k1 + � � �+ kn�1k0; k1; : : : ; kn�1 ! k0(k0 + k1 + � � �+ kn�1) k1(k1 + � � �+ kn�1) : : : kn�1kn�1have restrited growth, sine kj=(kj + � � � + kn�1) is the probability that j preedesfj + 1; : : : ; n� 1g.The average number of 0s, if n > 0, is 1 + (n � 1)$n�1=$n = �(logn), beausethe total number of 0s among all $n ases isPnk=1 k�n�1k�1�$n�k = $n + (n� 1)$n�1.10. Given a partition of f1; : : : ; ng, onstrut an oriented tree on f0; 1; : : : ; ng by lettingj � 1 be the parent of all members of a blok whose least member is j. Then relabel
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7.2.1.5 ANSWERS TO EXERCISES 67the leaves, preserving order, and erase the other labels. For example, the 15 partitionsin (2) orrespond respetively to1 2 3 4 1 2 3 1 2 3 1 2 3 1 2 1 2 3 21 3 1 2 31 2 1 2 3 1 2 1 2 1 2 1 2 1To reverse the proess, take a semilabeled tree and assign new numbers to its nodesby onsidering the nodes �rst enountered on the path from the root to the smallestleaf, then on the path from the root to the seond-smallest leaf, et. The number ofleaves is n + 1 minus the number of bloks. [This onstrution is losely related toexerise 2.3.4.4{18 and to many enumerations in that setion. See P. L. Erd}os andL. A. Sz�ekely, Advanes in Applied Math. 10 (1989), 488{496.℄11. We get pure alphametis from 900 of the 64855 set partitions into at most 10bloks for whih �(a1 : : : a13) = �(a5 : : : a8a1 : : : a4a9 : : : a13), and from 563,527 of the13,788,536 for whih �(a1 : : : a13) < �(a5 : : : a8a1 : : : a4a9 : : : a13). The �rst examplesare aaaa + aaaa = baaa, aaaa + aaaa = bbbb, and aaaa + aaab = baaa; thelast are abd + efgd = deab (goat + newt = tango) and abd + efgd = deaf(lad + nerd = dane). [The idea of hooking a partition generator to an alphametisolver is due to Alan Sutli�e.℄12. (a) Form �((a1a01) : : : (ana0n)), where � is de�ned in exerise 4, sine we have x � y(modulo � _� 0) if and only if x � y (modulo �) and x � y (modulo � 0).(b) Represent � by links as in exerise 2; represent � 0 as in Algorithm 2.3.3E;and use that algorithm to make j � lj whenever lj 6= 0. (For eÆieny, we an assumethat � has at least as many bloks as � 0.)() When one blok of � has been split into two parts; that is, when two bloksof � 0 have been merged together.(d) �t2�; (e) (2s1�1 � 1) + � � �+ (2st�1 � 1).(f) True: Let�_� 0 have bloks B1jB2j � � � jBt, where� = B1B2jB3j � � � jBt. Then� 0 is essentially a partition of fB1; : : : ; Btg with B1 6� B2, and � ^� 0 is obtained bymerging the blok of � 0 that ontains B1 with the blok that ontains B2. [A �nitelattie that satis�es this ondition is alled lower semimodular ; see G. Birkho�, LattieTheory (1940), xI.8. The majorization lattie of exerise 7.2.1.4{54 does not have thisproperty when, for example, � = 4111 and �0 = 331.℄(g) False: For example, let � = 0011, � 0 = 0101.(h) The bloks of � and � 0 are unions of the bloks of � _� 0, so we an assumethat � _� 0 = f1; : : : ; tg. As in part (b), merge j with lj to get � in r steps, when �has t� r bloks. These merges applied to � 0 will eah redue the number of bloks by0 or 1. Hene b(� 0)� b(� ^� 0) � r = b(� _� 0)� b(�).[In Algebra Universalis 10 (1980), 74{95, P. Pudl�ak and J. T�uma proved that every�nite lattie is a sublattie of the partition lattie of f1; : : : ; ng, for suitably large n.℄13. [See Advanes in Math. 26 (1977), 290{305.℄ If the j largest elements of a t-blokpartition appear in singleton bloks, but the next element n � j does not, let us saythat the partition has order t� j. De�ne the \Stirling string" �nt to be the sequeneof orders of the t-blok partitions �1, �2, : : : ; for example, �43 = 122333. Then�tt = 0, and we get �(n+1)t from �nt by replaing eah digit d in the latter by thestring dd(d+1)d+1 : : : tt of length �t+12 �� �d2�; for example,�53 = 122333̂22333̂22333̂333̂333̂333:
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68 ANSWERS TO EXERCISES 7.2.1.5The basi idea is to onsider the lexiographi generation proess of Algorithm H.Suppose � = a1 : : : an is a t-blok partition of order j; then it is the lexiographiallysmallest t-blok partition whose restrited growth string begins with a1 : : : an�t+j . Thepartitions overed by � are, in lexiographi order, �12, �13, �23, �14, �24, �34,: : : , �(t�1)t, where �rs means \oalese bloks r and s of �" (that is, \hange allourrenes of s � 1 to r � 1 and then apply � to get a restrited growth string"). If� 0 is any of the last �t2� � �j2� of these, from �1(j+1) onwards, then � is the smallestt-blok partition following � 0. For example, if � = 001012034, then n = 9, t = 5,j = 3, and the relevant partitions � 0 are �(001012004), �(001012014), �(001012024),�(001012030), �(001012031), �(001012032), �(001012033).Therefore fnt(N) = fnt(N � 1) + �t2�� �j2�, where j is the Nth digit of �nt.14. E1. [Initialize.℄ Set aj  0 and bj  dj  1 for 1 � j � n.E2. [Visit.℄ Visit the restrited growth string a1 : : : an.E3. [Find j.℄ Set j  n; then, while aj = dj , set dj  1� dj and j  j � 1.E4. [Done?℄ Terminate if j = 1. Otherwise go to E6 if dj = 0.E5. [Move down.℄ If aj = 0, set aj  bj , m aj + 1, and go to E7. Otherwise ifaj = bj , set aj  bj � 1, m  bj , and go to E7. Otherwise set aj  aj � 1and return to E2.E6. [Move up.℄ If aj = bj � 1, set aj  bj , m aj + 1, and go to E7. Otherwiseif aj = bj , set aj  0, m bj , and go to E7. Otherwise set aj  aj + 1 andreturn to E2.E7. [Fix bj+1 : : : bn.℄ Set bk  m for k = j + 1, : : : , n. Return to E2.[This algorithm an be extensively optimized beause, as in Algorithm H, j is almostalways equal to n.℄15. It orresponds to the �rst n digits of the in�nite binary string 01011011011 : : : ,beause $n�1 is even if and only if nmod 3 = 0 (see exerise 23).16. 00012, 01012, 01112, 00112, 00102, 01102, 01002, 01202, 01212, 01222, 01022,01122, 00122, 00121, 01121, 01021, 01221, 01211, 01201, 01200, 01210, 01220, 01020,01120, 00120.17. The following solution uses two mutually reursive proedures, f(�; �; �) andb(�; �; �), for \forward" and \bakward" generation of A�� when � = 0 and of A0��when � = 1. To start the proess, assuming that 1 < m < n, �rst set aj  0 for1 � j � n�m and an�m+j  j � 1 for 1 � j � m, then all f(m;n; 0).Proedure f(�; �; �): If � = 2, visit a1 : : : an; otherwise all f(� � 1; � � 1;(�+�) mod 2). Then, if � = � + 1, do the following: Change a� from 0 to � � 1,and visit a1 : : : an; repeatedly set a�  a� � 1 and visit a1 : : : an, until a� = 0. But if� > � + 1, hange a��1 (if �+� is odd) or a� (if �+� is even) from 0 to � � 1; thenall b(�; ��1; 0) if a� + � is odd, f(�; ��1; 0) if a� + � is even; and while a� > 0, seta�  a� � 1 and all b(�; ��1; 0) or f(�; ��1; 0) again in the same way until a� = 0.Proedure b(�; �; �): If � = �+1, �rst do the following: Repeatedly visit a1 : : : anand set a�  a� + 1, until a� = � � 1; then visit a1 : : : an and hange a� from � � 1to 0. But if � > �+ 1, all f(�; ��1; 0) if a� + � is odd, b(�; ��1; 0) if a� + � is even;then while a� < � � 1, set a�  a� + 1 and all f(�; ��1; 0) or b(�; ��1; 0) again inthe same way until a� = � � 1; �nally hange a��1 (if �+� is odd) or a� (if �+� iseven) from �� 1 to 0. And �nally, in both ases, if � = 2 visit a1 : : : an, otherwise allb(�� 1; � � 1; (�+�) mod 2).
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7.2.1.5 ANSWERS TO EXERCISES 69Most of the running time is atually spent handing the ase � = 2; faster routinesbased on Gray binary ode (and deviating from Ruskey's atual sequenes) ould besubstituted for this ase. A streamlined proedure ould also be used when � = � � 1.18. The sequene must begin (or end) with 01 : : : (n�1). By exerise 32, no suh Grayode an exist when 0 6= Æn 6= (1)0+1+���+(n�1), namely when nmod 12 is 4, 6, 7, or 9.The ases n = 1, 2, 3, are easily solved; and 1,927,683,326 solutions exist whenn = 5. Thus there probably are zillions of solutions for all n � 8 exept for the asesalready exluded. Indeed, we an probably �nd suh a Gray path through all$nk of thestrings onsidered in answer 28(e) below, exept when n � 2k+(2; 4; 5; 7) (modulo 12).Note: The generalized Stirling number �nm	�1 in exerise 30 exeeds 1 for 2 <m < n, so there an be no suh Gray ode for the partitions of f1; : : : ; ng into mbloks.19. (a) Change (6) to the pattern 0, 2, : : : , m, : : : , 3, 1 or its reverse, as in endo-order(7.2.1.3{(45)).(b) We an generalize (8) and (9) to obtain sequenes Amn� and A0mna thatbegin with 0n�m01 : : : (m�1) and end with 01 : : : (m�1)� and 0n�m�101 : : : (m�1)a,respetively, where 0 � a � m�2 and � is any string a1 : : : an�m with 0 � aj � m�2.When 2 < m < n the new rules areAm(n+1)(�a) = (A(m�1)n(b�)x1; ARmn�x1; Amn�x2; : : : ; Amn�xm; if m is even;A0(m�1)nbx1; Amn�x1; ARmn�x2; : : : ; Amn�xm; if m is odd;A0m(n+1)a = (A0(m�1)nbx1; Amn�x1; ARmn�x2; : : : ; ARmn�xm; if m is even;A(m�1)n(b�)x1; ARmn�x1; Amn�x2; : : : ; ARmn�xm; if m is odd;here b = m� 3, � = bn�m, and (x1; : : : ; xm) is a path from x1 = m� 1 to xm = a.20. 012323212122; in general (a1 : : : an)T = �(an : : : a1), in the notation of exerise 4.21. The numbers hs0; s1; s2; : : : i = h1; 1; 2; 3; 7; 12; 31; 59; 164; 339; 999; : : : i satisfy thereurrenes s2n+1 =Pk �nk�s2n�2k, s2n+2 =Pk �nk�(2k + 1)s2n�2k, beause of the waythe middle elements relate to the others. Therefore s2n = n! [zn℄ exp((e2z�1)=2+ez�1)and s2n+1 = n! [zn℄ exp((e2z � 1)=2+ ez + z � 1). By onsidering set partitions on the�rst half we also have s2n = Pk �nk	xk and s2n+1 = Pk �n+1k 	xk�1, where xn =2xn�1 + (n� 1)xn�2 = n! [zn℄ exp(2z + z2=2). [T. S. Motzkin onsidered the sequenehs2ni in Pro. Symp. Pure Math. 19 (1971), 173.℄22. (a)P1k=0 kn Pr(X=k) = e�1P1k=0 kn=k! = $n by (16). (b)P1k=0 kn Pr(X=k) =P1k=0 knPmj=0 �jk�(�1)j�k=j!, and we an extend the inner sum to j = 1 beausePk �jk�(�1)kkn = 0 when j > n. Thus we get P1k=0(kn=k!)P1l=0(�1)l=l! = $n. [SeeJ. O. Irwin, J. Royal Stat. So. A118 (1955), 389{404; J. Pitman, AMM 104 (1997),201{209.℄23. (a) The formula holds whenever f(x) = xn, by (14), so it holds in general. (Thuswe also have P1k=0 f(k)=k! = ef($), by (16).)(b) Suppose we have proved the relation for k, and let h(x) = (x�1)kf(x), g(x) =f(x+1). Then f($+k+1) = g($+k) = $kg($) = h($+1) = $h($) = $k+1f($).[See J. Touhard, Ann. So. Si. Bruxelles 53 (1933), 21{31. This symboli \umbralalulus," invented by John Blissard in Quart. J. Pure and Applied Math. 4 (1861),279{305, is quite useful; but it must be handled arefully beause f($) = g($) doesnot imply that f($)h($) = g($)h($).℄
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70 ANSWERS TO EXERCISES 7.2.1.5() The hint is a speial ase of exerise 4.6.2{16(). Setting f(x) = xn and k = pin (b) then yields $n � $p+n �$1+n.(d) Modulo p, the polynomial xN � 1 is divisible by g(x) = xp � x � 1, beausexpk � x + k and xN � xp � xp � xp � x � 1 (modulo g(x) and p). Thus if h(x) =(xN � 1)xn=g(x) we have h($) � h($ + p) = $ph($) � ($p � $)h($); and 0 �g($)h($) = $N+n �$n (modulo p).24. The hint follows by indution on e, beause xpe = Qp�1k=0(x� kpe�1)pe�1 . We analso prove by indution on n that xn � rn(x) (modulo g1(x) and p) impliesxpe�1n � rn(x)pe�1 (modulo ge(x), pge�1(x), : : : , pe�1g1(x), and pe):Hene xpe�1N = 1+h0(x)ge(x)+ph1(x)ge�1(x)+ � � �+pe�1he�1(x)g1(x)+pehe(x) forertain polynomials hk(x) with integer oeÆients. Modulo pe we have h0($)$n �h0($ + pe)($ + pe)n = $peh0($)$n � (ge($) + 1)h0($)$n; hene$pe�1N+n = $n + h0($)ge($)$n + ph1($)ge�1($)$n + � � � � $n:[A similar derivation applies when p = 2, but we let gj+1(x) = gj(x)2 + 2[j=2℄, andwe obtain $n � $n+3�2e (modulo 2e). These results are due to Marshall Hall; see Bull.Amer. Math. So. 40 (1934), 387; Amer. J. Math. 70 (1948), 387{388. For furtherinformation see W. F. Lunnon, P. A. B. Pleasants, and N. M. Stephens, Ata Arith.35 (1979), 1{16.℄25. The �rst inequality follows by applying a muh more general priniple to the treeof restrited growth strings: In any tree for whih deg(p) � deg(parent(p)) for all non-root nodes p, we have wk=wk�1 � wk+1=wk when wk is the total number of nodes onlevel k. For if the m = wk�1 nodes on level k�1 have respetively a1, : : : , am hildren,they have at least a21 + � � �+ a2m grandhildren; hene wk�1wk+1 � m(a21 + � � �+ a2m) �(a1 + � � �+ am)2 = w2k.For the seond inequality, note that $n+1 �$n =Pnk=0(�nk�� �n�1k�1�)$n�k; thus$n+1$n � 1 = n�1Xk=0�n� 1k �$n�k$n � n�1Xk=0�n� 1k �$n�k�1$n�1 = $n$n�1beause, for example, $n�3=$n = ($n�3=$n�2)($n�2=$n�1)($n�1=$n) is less thanor equal to ($n�4=$n�3)($n�3=$n�2)($n�2=$n�1) = $n�4=$n�1.26. There are �n�1n�t� rightward paths from n1 to tt ; we an represent them by 0s and1s, where 0 means \go right," 1 means \go up," and the positions of the 1s tell us whihn�t of the elements are in the blok with 1. The next step, if t > 1, is to another vertexat the far left; so we ontinue with a path that de�nes a partition on the remaining t�1elements. For example, the partition 14j2j3 orresponds to the path 0010 under theseonventions, where the respetive bits mean that 1 6� 2, 1 6� 3, 1 � 4, 2 6� 3. [Manyother interpretations are possible. The onvention suggested here shows that $nkenumerates partitions with 1 6� 2, : : : , 1 6� k, a ombinatorial property disovered byH. W. Beker; see AMM 51 (1944), 47, and Mathematis Magazine 22 (1948), 23{26.℄
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7.2.1.5 ANSWERS TO EXERCISES 7127. (a) In general, �0 = �1 = �2n�1 = �2n = 0. The following list shows also therestrited growth strings that orrespond to eah loop via the algorithm of part (b):0;0;0;0;0;0;0;0;0 01230;0;0;0;0;0;1;0;0 01220;0;0;0;1;0;0;0;0 01120;0;0;0;1;0;1;0;0 01110;0;0;0;1;1;1;0;0 0121
0;0;1;0;0;0;0;0;0 00120;0;1;0;0;0;1;0;0 00110;0;1;0;1;0;0;0;0 00010;0;1;0;1;0;1;0;0 00000;0;1;0;1;1;1;0;0 0010

0;0;1;1;1;0;0;0;0 01020;0;1;1;1;0;1;0;0 01000;0;1;1;1;1;1;0;0 01200;0;1;1;11;1;1;0;0 01010;0;1;1;2;1;1;0;0 0110(b) The name \tableau" suggests a onnetion to Setion 5.1.4, and indeed thetheory developed there leads to an interesting one-to-one orrespondene. We anrepresent set partitions on a triangular hessboard by puttinga rook in olumn lj of row n + 1 � j whenever lj 6= 0 in thelinked list representation of exerise 2 (see the answer to exerise5.1.3{19). For example, the rook representation of 135j27j489j6is shown here. Equivalently, the nonzero links an be spei�ed ina two-line array, suh as �1 2 3 4 83 7 5 8 9�; see 5.1.4{(11). �
� � �

�

01 23 45 67 89 1011 1213 1415 1617 18

1 2 3 4 5 6 7 8 9
Consider the path of length 2n that begins at the lower leftorner of this triangular diagram and follows the right boundaryedges, ending at the upper right orner: The points of this pathare zk = (bk=2; dk=2e) for 0 � k � 2n. Moreover, the retangle above and to the leftof zk ontains preisely the rooks that ontribute oordinate pairs ij to the two-linearray when i � bk=2 and j > dk=2e; in our example, there are just two suh rookswhen 9 � k � 12, namely �2 47 8�. Theorem 5.1.4A tells us that suh two-line arrays areequivalent to tableaux (Pk; Qk), where the elements of Pk ome from the lower lineand the elements of Qk ome from the upper line, and where both Pk and Qk have thesame shape. It is advantageous to use dereasing order in the P tableaux but inreasingorder in the Q tableaux, so that in our example they are respetivelyk Pk Qk2 3 13 3 14 73 125 7 26 7 5 2 3

k Pk Qk7 7 5 2 38 8 57 2 349 87 2410 87 2411 87 24

k Pk Qk12 87 2413 8 414 8 415 � �16 9 8while Pk and Qk are empty for k = 0, 1, 17, and 18.In this way every set partition leads to a vaillating tableau loop �0, �1, : : : , �2n,if we let �k be the integer partition that spei�es the ommon shape of Pk and Qk.(The loop is 0, 0, 1, 1, 11, 1, 2, 2, 21, 11, 11, 11, 11, 1, 1, 0, 1, 0, 0 in our example.)Moreover, t2k�1 = 0 if and only if row n + 1 � k ontains no rook, if and only if k issmallest in its blok.Conversely, the elements of Pk and Qk an be uniquely reonstruted from thesequene of shapes �k. Namely,Qk = Qk�1 if tk = 0. Otherwise, if k is even, Qk isQk�1
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72 ANSWERS TO EXERCISES 7.2.1.5with the number k=2 plaed in a new ell at the right of row tk; if k is odd, Qk is obtainedfrom Qk�1 by using Algorithm 5.1.4D to delete the rightmost entry of row tk. A similarproedure de�nes Pk from the values of Pk+1 and tk+1, so we an work bak from P2nto P0. Thus the sequene of shapes �k is enough to tell us where to plae the rooks.Vaillating tableau loops were introdued in the paper \Crossings and nestings ofmathings and partitions" by W. Y. C. Chen, E. Y. P. Deng, R. R. X. Du, R. P. Stanley,and C. H. Yan (preprint, 2005), who showed that the onstrution has signi�ant(and surprising) onsequenes. For example, if the set partition � orresponds tothe vaillating tableau loop �0, �1, : : : , �2n, let's say that its dual �D is the setpartition that orresponds to the sequene of transposed shapes �T0 , �T1 , : : : , �T2n.Then, by exerise 5.1.4{7, � ontains a \k-rossing at l," namely a sequene of indieswith i1 < � � � < ik � l < j1 < � � � < jk and i1 � j1, : : : , ik � jk (modulo �),if and only if �D ontains a \k-nesting at l," whih is a sequene of indies withi01 < � � � < i0k � l < j0k < � � � < j01 and i01 � j01, : : : , i0k � j0k (modulo �D). Notie alsothat an involution is essentially a set partition in whih all bloks have size 1 or 2; thedual of an involution is an involution having the same singleton sets. In partiular, thedual of a perfet mathing (when there are no singleton sets) is a perfet mathing.Furthermore, an analogous onstrution applies to rook plaements in any Ferrersdiagram, not only in the stairstep shapes that orrespond to set partitions. Given aFerrers diagram that has at most m parts, all of size � n, we simply onsider the pathz0 = (0; 0), z1, : : : , zm+n = (n;m) that hugs the right edge of the diagram, and stipulatethat �k = �k�1+ etk when zk = zk�1+(1; 0), �k = �k�1� etk when zk = zk�1+(0; 1).The proof we gave for stairstep shapes shows also that every plaement of rooks in theFerrers diagram, with at most one rook in eah row and at most one in eah olumn,orresponds to a unique tableau loop of this kind.[And muh more is true, besides! See S. Fomin, J. Combin. Theory A72 (1995),277{292; M. van Leeuwen, Eletroni J. Combinatoris 3, 2 (1996), paper #R15.℄28. (a) De�ne a one-to-one orrespondene between rook plaements, by interhangingthe positions of rooks in rows j and j+1 if and only if there's a rook in the \panhandle"of the longer row: � �ÆÆ ÆÆÆÆÆÆÆ () � �ÆÆ ÆÆÆÆÆÆÆ ;
�� ÆÆÆ ÆÆ () �� ÆÆÆ ÆÆ :(b) This relation is obvious from the de�nition, by transposing all the rooks.() Suppose a1 � a2 � � � � and ak > ak+1. Then we haveR(a1; a2; : : : ) = xR(a1�1; : : : ; ak�1�1; ak+1; : : : ) + yR(a1; : : : ; ak�1; ak�1; ak+1; : : : )beause the �rst term ounts ases where a rook is in row k and olumn ak. AlsoR(0) = 1 beause of the empty plaement. From these reurrenes we �ndR(1) = x+ y; R(2) = R(1; 1) = x+ xy + y2; R(3) = R(1; 1; 1) = x+ xy + xy2 + y3;R(2; 1) = x2 + 2xy + xy2 + y3;R(3; 1) = R(2; 2) = R(2; 1; 1) = x2 + x2y + xy + 2xy2 + xy3 + y4;R(3; 1; 1) = R(3; 2) = R(2; 2; 1) = x2 + 2x2y + x2y2 + 2xy2 + 2xy3 + xy4 + y5;R(3; 2; 1) = x3 + 3x2y + 3x2y2 + x2y3 + 3xy3 + 2xy4 + xy5 + y6:
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7.2.1.5 ANSWERS TO EXERCISES 73(d) For example, the formula $73(x; y) = x$63(x; y) + y$74(x; y) is equivalentto R(5; 4; 4; 3; 2; 1) = xR(4; 3; 3; 2; 1) + yR(5; 4; 3; 3; 2; 1), a speial ase of (); and$nn(x; y) = R(n� 2; : : : ; 0) is obviously equal to $(n�1)1(x; y) = R(n� 2; : : : ; 1).(e) In fat yk�1$nk(x; y) is the stated sum over all restrited growth stringsa1 : : : an for whih a2 > 0, : : : , ak > 0.29. (a) If the rooks are respetively in olumns (1; : : : ; n), the number of free ells isthe number of inversions of the permutation (n+1�1) : : : (n+1�n). [Rotate theright-hand example of Fig. 35 by 180Æ and ompare the result to the illustrationfollowing Eq. 5.1.1{(5).℄(b) Eah r� r on�guration an be plaed in, say, rows i1 < � � � < ir and olumnsj1 < � � � < jr, yielding (m�r)(n�r) free ells in the unhosen rows and olumns; thereare (i2�i1+1)+2(i3�i2�1)+ � � �+(r�1)(ir�ir�1�1)+ r(m�ir) in the unhosen rowsand hosen olumns, and a similar number in the hosen rows and unhosen olumns.Furthermore X1�i1<���<ir�m y(i2�i1+1)+2(i3�i2�1)+���+(r�1)(ir�ir�1�1)+r(m�ir)
may be regarded as the sum of ya1+a2+���+am�r over all partitions r � a1 � a2 � � � � �am�r � 0, so it is �mr �y by Theorem C. The polynomial r!y generates free ells for thehosen rows and olumns, by (a). Therefore the answer is y(m�r)(n�r)�mr �y�nr�y r!y =y(m�r)(n�r)m!yn!y=((m� r)!y(n� r)!yr!y).() The left-hand side is the generating funtion Rm(t + a1; : : : ; t + am) for theFerrers diagram with t additional olumns of height m. For there are t + am ways toput a rook in row m, yielding 1+y+ � � �+yt+am�1 = (1�yt+am)=(1�y) free ells withrespet to those hoies; then there are t+ am�1 � 1 available ells in row m� 1, et.The right-hand side, likewise, equals Rm(t + a1; : : : ; t + am). For if m � k rooksare plaed into olumns > t, we must put k rooks into olumns � t of the k unusedrows; and we have seen that t!y=(t� k)!y is the generating funtion for free ells whenk rooks are plaed on a k � t board.[The formula proved here an be regarded as a polynomial identity in the variablesy and yt; therefore it is valid for arbitrary t, although our proof assumed that t is anonnegative integer. This result was disovered in the ase y = 1 by J. Goldman,J. Joihi, and D. White, Pro. Amer. Math. So. 52 (1975), 485{492. The general asewas established by A. M. Garsia and J. B. Remmel, J. Combinatorial Theory A41(1986), 246{275, who used a similar argument to prove the additional formula1Xt=0 zt mYj=1 1� yaj+m�j+t1� y = nXk=0 k!y � z1� yz� : : :� z1� ykz�Rm�k(a1; : : : ; am):(d) This statement, whih follows immediately from (), also implies that we haveR(a1; : : : ; am) = R(a01; : : : ; a0m) if and only if equality holds for all x and for any nonzerovalue of y. The Peire polynomial $nk(x; y) of exerise 28(d) is the rook polynomial for�n�1k�1� di�erent Ferrers diagrams; for example, $63(x; y) enumerates rook plaementsfor the shapes 43321, 44221, 44311, 4432, 53221, 53311, 5332, 54211, 5422, and 5431.30. (a) We have $n(x; y) =Pm xn�mAmn, where Amn = Rn�m(n�1; : : : ; 1) satis�esa simple law: If we don't plae a rook in row 1 of the shape (n � 1; : : : ; 1), that rowhas m� 1 free ells beause of the n�m rooks in other rows. But if we do put a rook
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74 ANSWERS TO EXERCISES 7.2.1.5there, we leave 0 or 1 or � � � or m�1 of its ells free. Hene Amn = ym�1A(m�1)(n�1)+(1+ y+ � � �+ ym�1)Am(n�1), and it follows by indution that Amn = ym(m�1)=2�nm	y .(b) The formula $n+1(x; y) =Pk �nk�xn�kyk$k(x; y) yieldsAm(n+1) =Xk �nk� ykA(m�1)k:() From (a) and (b) we havezn(1� z)(1� (1 + q)z) : : : (1� (1 + q + � � �+ qn�1)z) =Xk nknoqzk;Xk �nk�q(�1)kq(k2)e(1+q+���+qn�k�1)z = q(n2) n!q Xk nknoq zkk! :[The seond formula is proved by indution on n, beause both sides satisfy thedi�erential equation G0n+1(z) = (1 + q + � � � + qn)ezGn(qz); exerise 1.2.6{58 provesequality when z = 0.℄Historial note: Leonard Carlitz introdued q-Stirling numbers in Transations ofthe Amer. Math. So. 33 (1933), 127{129. Then in Duke Math. J. 15 (1948), 987{1000,he derived (among other things) an appropriate generalization of Eq. 1.2.6{(45):(1 + q + � � �+ qm�1)n = Xk nnkoqq(k2) m!q(m� k)!q :31. exp(ew+z +w� 1); therefore $nk = ($+1)n�k$k�1 = $n+1�k($� 1)k�1 in theumbral notation of exerise 23. [L. Moser and M. Wyman, Trans. Royal So. Canada(3) 43 (1954), Setion 3, 31{37.℄ In fat, the numbers $nk(x; 1) of exerise 28(d) aregenerated by exp((exw+xz � 1)=x+ xw).32. We have Æn = $n(1;�1), and a simple pattern is easily pereived in the generalizedPeire triangle of exerise 28(d) when x = 1 and y = �1: We have j$nk(1;�1)j � 1and $n(k+1)(1;�1) � $nk(1;�1) + (�1)n (modulo 3) for 1 � k < n. [In JACM 20(1973), 512{513, Gideon Ehrlih gave a ombinatorial proof of an equivalent result.℄33. Representing set partitions by rook plaements as in answer 27 leads to the answer$nk, by setting x = y = 1 in exerise 28(d). [The ase k = n was disovered byH. Prodinger, Fibonai Quarterly 19 (1981), 463{465.℄34. (a) Guittone's Sonetti inluded 149 of sheme 01010101232323, 64 of sheme01010101234234, two of sheme 01010101234342, seven with shemes used only one(like 01100110234432), and 29 poems that we would no longer onsider to be sonnetsbeause they do not have 14 lines.(b) Petrarh's Canzoniere inluded 115 sonnets of sheme 01100110234234, 109 ofsheme 01100110232323, 66 of sheme 01100110234324, 7 of sheme 01100110232232,and 20 others of shemes like 01010101232323 used at most three times eah.() In Spenser's Amoretti, 88 of 89 sonnets used the sheme 01011212232344; theexeption (number 8) was \Shakespearean."(d) Shakespeare's 154 sonnets all used the rather easy sheme 01012323454566,exept that two of them (99 and 126) didn't have 14 lines.(e) Browning's 44 Sonnets From the Portuguese obeyed the Petrarhan sheme01100110232323.
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7.2.1.5 ANSWERS TO EXERCISES 75Sometimes the lines would rhyme (by hane?) even when they didn't need to; forexample, Browning's �nal sonnet atually had the sheme 01100110121212.Inidentally, the lengthy antos in Dante's Divine Comedy used an interlokingsheme of rhymes in whih 1 � 3 and 3n� 1 � 3n+ 1 � 3n+ 3 for n = 1, 2, : : : .35. Every inomplete n-line rhyme sheme � orresponds to a singleton-free partitionof f1; : : : ; n+1g in whih (n+1) is grouped with all of �'s singletons. [H. W. Bekergave an algebrai proof in AMM 48 (1941), 702. Notie that $0n =Pk�nk�(�1)n�k$k,by the priniple of inlusion and exlusion, and $n =Pk�nk�$0k; we an in fat write$0 = $�1 in the umbral notation of exerise 23. J. O. Shallit has suggested extendingPeire's triangle by setting $n(n+1) = $0n; see exerises 38(e) and 33. In fat, $nkis the number of partitions of f1; : : : ; ng with the property that 1, : : : , k � 1 are notsingletons; see H. W. Beker, Bull. Amer. Math. So. 58 (1954), 63.℄36. exp(ez � 1 � z). (In general, if #n is the number of partitions of f1; : : : ; nginto subsets of allowable sizes s1 < s2 < � � � , the exponential generating funtionPn #nzn=n! is exp(zs1=s1! + zs2=s2! + � � � ), beause (zs1=s1! + zs2=s2! + � � � )k is theexponential generating funtion for partitions into exatly k parts.)37. There arePk�nk�$0k$0n�k possibilities of length n, hene 784,071,966 when n = 14.(But Pushkin's sheme is hard to beat.)38. (a) Imagine starting with x1x2 : : : xn = 01 : : : (n�1), then suessively removingsome element bj and plaing it at the left, for j = 1, 2, : : : , n. Then xk will be thekth most reently moved element, for 1 � k � jfb1; : : : ; bngj; see exerise 5.2.3{36.Consequently the array x1 : : : xn will return to its original state if and only if bn : : : b1is a restrited growth string. [Robbins and Bolker, �quat. Math. 22 (1981), 281{282.℄In other words, let a1 : : : an be a restrited growth string. Set b�j  j andbj+1  an�j for 0 � j < n. Then for 1 � j � n, de�ne kj by the rule that bj is the kjthdistint element of the sequene bj�1, bj�2, : : : . For example, the string a1 : : : a16 =0123032303456745 orresponds in this way to the �-yle 6688448628232384.(b) Suh paths orrespond to restrited growth strings with max(a1; : : : ; an) � m,so the answer is �n0	+ �n1	+ � � �+ �nm	.() We may assume that i = 1, beause the sequene k2 : : : knk1 is a �-ylewhenever k1k2 : : : kn is. Thus the answer is the number of restrited growth stringswith an = j � 1, namely �n�1j�1	+ �n�1j 	+ �n�1j+1	+ � � � .(d) If the answer is fn we must have Pk �nk�fk = $n, sine �1 is the identitypermutation. Therefore fn = $0n, the number of set partitions without singletons(exerise 35).(e) Again $0n, by (a) and (d). [Consequently $0p mod p = 1 when p is prime.℄39. Set u = tp+1 to obtain 1p+1 R10 e�uu(q�p)=(p+1) du = 1p+1�( q+1p+1 ).40. We have g(z) = z�n ln z, so the saddle point ours at n=. The retangular pathnow has orners at �n= � mi=; and exp g(n= + it) = (enn=nn) exp(�t22=(2n) +it33=(3n2) + � � � ). The �nal result is en(=n)n�1=p2�n times 1 + n=12 +O(n�2).(Of ourse we ould have obtained this result more quikly by letting w = z inthe integral. But the answer given here applies the saddle point method mehanially,without attempting to be lever.)41. Again the net result is just to multiply (21) by n�1; but in this ase the left edgeof the retangular path is signi�ant instead of the right edge. (Inidentally, when = �1 we annot derive an analog of (22) using Hankel's ontour when x is real and
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76 ANSWERS TO EXERCISES 7.2.1.5positive, beause the integral on that path diverges. But with the usual de�nition of zx,a suitable path of integration does yield the formula �(os�x)=�(x) when n = x > 0.)42. We have H ez2dz=zn = 0 when n is even. Otherwise both left and right edges ofthe retangle with orners �pn=2� in ontribute approximatelyen=22�(n=2)n=2 Z 1�1 exp��2t2 � (�it)33 23=2n1=2 + (it)4n � � � �� dt;when n is large. We an restrit jtj � n� to show that this integral is I0+ (I4 � 49I6)=nwith relative error O(n9��3=2), where Ik = R1�1 e�2t2tk dt. As before, the relative erroris atually O(n�2); we dedue the answer1((n� 1)=2)! = en=2p2�(n=2)n=2�1 + 112n +O� 1n2��; n odd:(The analog of (22) is (sin �x2 )2=�((x� 1)=2) when n = x > 0.)43. Let f(z) = eez=zn. When z = �n+ it we have jf(z)j < en�n; when z = t+2�in+i�=2 we have jf(z)j = jzj�n < (2�n)�n. So the integral is negligible exept on a pathz = � + it; and on that path jf j dereases as jtj inreases from 0 to �. Already whent = n��1=2 we have jf(z)j=f(�) = O(exp(�n2�=(logn)2)). And when jtj > � we havejf(z)j=f(�) < 1=j1 + i�=�jn = exp(�n2 ln(1 + �2=�2)).44. Set u = na2t2 in (25) to obtain < R10 e�u exp(n�1=23(�u)3=2 + n�14(�u)2 +n�3=25(�u)5=2+ � � � ) du=pna2u where k = (2=(�+1))k=2(�k�1+(�1)k(k�1)!)=k! =ak=ak=22 . This expression leads tobl = Xk1+2k2+3k3+���=2lk1+k2+k3+���=mk1;k2;k3;:::�0
��12�l+m k13k1! k24k2! k35k3! : : : ;

a sum over partitions of 2l. For example, b1 = 34 4 � 1516 23.45. To get $n=n! we replae g(z) by ez � (n + 1) ln z in the derivation of (26).This hange multiplies the integrand in the previous answer by 1=(1 + it=�), whihis 1=(1� n�1=2a(�u)1=2) where a = �p2=(� + 1). Thus we getb0l = Xk+k1+2k2+3k3+���=2lk1+k2+k3+���=mk;k1;k2;k3;:::�0
��12�l+m ak k13k1! k24k2! k35k3! : : : ;

a sum of p(2l) + p(2l � 1) + � � � + p(0) terms; b01 = 344 � 1516 23 + 34a3 � 12a2. [TheoeÆient b01 was obtained in a di�erent way by L. Moser and M. Wyman, Trans.Royal So. Canada (3) 49, Setion 3 (1955), 49{54, who were the �rst to dedue anasymptoti series for $n. Their approximation is slightly less aurate than the resultof (26) with n hanged to n + 1, beause it doesn't pass exatly through the saddlepoint. Formula (26) is due to I. J. Good, Iranian J. Siene and Teh. 4 (1975), 77{83.℄46. Eqs. (13) and (31) show that $nk = (1 � �=n)k$n(1 + O(n�1)) for �xed k asn ! 1. And this approximation also holds when k = n, but with relative errorO((logn)2=n).
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7.2.1.5 ANSWERS TO EXERCISES 7747. Steps (H1, : : : , H6) are performed respetively (1;$n;$n � $n�1;$n�1;$n�1;$n�1 � 1) times. The loop in H4 sets j  j � 1 a total of $n�2 + $n�3 + � � � + $1times; the loop in H6 sets bj  m a total of ($n�2 � 1) + � � � + ($1 � 1) times. Theratio $n�1=$n is approximately (lnn)=n, and ($n�2 + � � �+$1)=$n � (lnn)2=n2.48. We an easily verify the interhange of summation and integration ine$x�(x+ 1) = 12�i I eezzx+1 dz = 12�i I 1Xk=0 ekxk! zx+1 dz= 1Xk=0 1k! 12�i I ekzzx+1 dz = 1Xk=0 1k! kx�(x+ 1) :49. If � = lnn � ln lnn + x, we have � = 1 � e�x � �x. Therefore by Lagrange'sinversion formula (exerise 4.7{8),x = 1Xk=1 �kk [tk�1℄� f(t)1� �f(t)�k = 1Xk=1 1Xj=0 �kk �j�k + j � 1j � [tk�1℄ f(t)j+k;where f(t) = t=(1� e�t). So the result follows from the handy identity� z1� e�z �m = 1Xn=0 h mm� ni zn(m� 1)(m� 2) : : : (m� n) :(This identity should be interpreted arefully when n � m; the oeÆient of zn is apolynomial in m of degree n, as explained in CMath equation (7.59).)The formula in this exerise is due to L. Comtet, Comptes Rendus Aad. Si.(A) 270 (Paris, 1970), 1085{1088, who identi�ed the oeÆients previously omputedby N. G. de Bruijn, Asymptoti Methods in Analysis (1958), 25{28. Convergene forn � e was shown by Je�rey, Corless, Hare, and Knuth, Comptes Rendus Aad. Si. (I)320 (1995), 1449{1452, who also derived a formula that onverges somewhat faster.(The equation �e� = n has omplex roots as well. We an obtain them all byusing lnn + 2�im in plae of lnn in the formula of this exerise; the sum onvergesrapidly when m 6= 0. See Corless, Gonnet, Hare, Je�rey, and Knuth, Advanes inComputational Math. 5 (1996), 347{350.)50. Let � = �(n). Then �0(n) = �=((� + 1)n), and the Taylor series�(n+ k) = � + k�0(n) + k22 �00(n) + � � �an be shown to onverge for jkj < n+ 1=e.Indeed, muh more is true, beause the funtion �(n) = �T (�n) is obtained fromthe tree funtion T (z) by analyti ontinuation to the negative real axis. (The treefuntion has a quadrati singularity at z = e�1; after going around this singularitywe enounter a logarithmi singularity at z = 0, as part of an interesting multi-levelRiemann surfae on whih the quadrati singularity appears only at level 0.) Thederivatives of the tree funtion satisfy zkT (k)(z) = R(z)k pk(R(z)), where R(z) =T (z)=(1 � T (z)) and pk(x) is the polynomial of degree k � 1 de�ned by pk+1(x) =(1 + x)2p0k(x) + k(2 + x)pk(x). For example,p1(x) = 1; p2(x) = 2 + x; p3(x) = 9 + 10x+ 3x2; p4(x) = 64 + 113x+ 70x2 + 15x3:
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78 ANSWERS TO EXERCISES 7.2.1.5(The oeÆients of pk(x), inidentally, enumerate ertain phylogeneti trees alledGreg trees: [xj ℄ pk(x) is the number of oriented trees with j unlabeled nodes andk labeled nodes, where leaves must be labeled and unlabeled nodes must have atleast two hildren. See J. Felsenstein, Systemati Zoology 27 (1978), 27{33; L. R.Foulds and R. W. Robinson, Leture Notes in Math. 829 (1980), 110{126; C. Flight,Manusripta 34 (1990), 122{128.) If qk(x) = pk(�x), we an prove by indution that(�1)mq(m)k (x) � 0 for 0 � x � 1. Therefore qk(x) dereases monotonially from kk�1to (k � 1)! as x goes from 0 to 1, for all k;m � 1. It follows that�(n+ k) = � + kxn � �kxn �2 q2(x)2! + �kxn �3 q3(x)3! � � � � ; x = �� + 1 ;where the partial sums alternately overshoot and undershoot the orret value if k > 0.51. There are two saddle points, � =pn+5=4�1=2 and �0 = �1��. Integration on aretangular path with orners at ��im and �0�im shows that only � is relevant as n!1 (although �0 ontributes a relative error of roughly e�pn, whih an be signi�antwhen n is small). Arguing almost as in (25), but with g(z) = z + z2=2 � (n + 1) ln z,we �nd that tn is well approximated byn!2� Z n��n� eg(�)�a2t2+a3it3+���+al(�it)l+O(n(l+1)��(l�1)=2)dt; ak = � + 1k�k�1 + [k=2℄2 :The integral expands as in exerise 44 ton! e(n+�)=22�n+1p�a2 (1 + b1 + b2 + � � �+ bm +O(n�m�1)):This time k = (� + 1)�1�k(1 + 1=(2�))�k=2=k for k � 3, hene (2� + 1)3k�kbk is apolynomial in � of degree 2k; for example,b1 = 34 4 � 1516 23 = 8�2 + 7� � 112�(2� + 1)3 :In partiular, Stirling's approximation and the b1 term yieldtn = 1p2nn=2e�n=2+pn�1=4�1 + 724n�1=2 � 1191152n�1 � 7933414720n�3=2 +O(n�2)�after we plug in the formula for �|a result substantially more aurate than equation5.1.4{(53), and obtained with onsiderably less labor.52. Let G(z) = Pk Pr(X = k)zk, so that the jth umulant �j is j! [tj ℄ lnG(et). Inase (a) we have G(z) = ee�z�e�; henelnG(et) = e�et�e� = e�(e�(et�1)�1) = e� 1Xk=1(et�1)k �kk! ; �j = e�Xk nkj o�k[j 6=0℄:Case (b) is sort of a dual situation: Here � = j = $j [j 6=0℄ beauseG(z) = ee�1�1Xj;k nkj oe�j zkk! = ee�1�1Xj (ez�1 � e�1)jj! = eez�1�1:[If �e� = 1 in ase (a) we have �j = e$ [j 6=0℄. But if �e� = n in that ase, themean is �1 = n and the variane �2 is (�+1)n. Thus, the formula in exerise 45 statesthat the mean value n ours with approximate probability 1=p2�� and relative errorO(1=n). This observation leads to another way to prove that formula.℄
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7.2.1.5 ANSWERS TO EXERCISES 7953. We an write lnG(et) = �t + �2t2=2 + �3t3=3! + � � � as in Eq. 1.2.10{(23), andthere is a positive onstant Æ suh thatP1j=3 j�j j tj=j! < �2t2=6 when jtj � Æ. Hene, if0 < � < 1=2, we an prove that[z�n+r℄G(z)n = 12� Z ��� G(eit)ndteit(�n+r)= 12� Z n��1=2�n��1=2 exp��irt� �2t2n2 +O(n3��1=2)� dt+O(e�n2�)as n!1, for some onstant  > 0: The integrand for n��1=2 � jtj � Æ is bounded inabsolute value by exp(��2n2�=3); and when Æ � jtj � � its magnitude is at most �n,where � = max jG(eit)j is less than 1 beause the individual terms pkekit don't all lieon a straight line by our assumption. Thus[z�n+r℄G(z)n = 12� Z 1�1 exp��irt� �2t2n2 +O(n3��1=2)� dt+O(e�n2�)= 12� Z 1�1exp���2n2 �t+ ir�2n�2� r22�2n +O(n3��1=2)� dt+O(e�n2�)
= e�r2=(2�2n)�p2�n +O(n3��1):By taking aount of �3, �4, : : : in a similar way we an re�ne the estimate to O(n�m)for arbitrarily large m; thus the result is valid also for � = 0. [In fat, suh re�nementslead to the \Edgeworth expansion," aording to whih [z�n+r℄G(z)n is asymptoti toe�r2=(2�2n)�p2�n Xk1+2k2+3k3+���=mk1+k2+k3+���=lk1;k2;k3;:::�00�s�l+m=2

(�1)s(2l +m)2s�4l+2m�2s2ss! r2l+m�2snl+m�s 1k1! k2! : : : ��33! �k1��44! �k2 : : : ;
the absolute error is O(n�p=2), where the onstant hidden in the O depends only on pand G but not on r or n, if we restrit the sum to ases with m < p� 1. For example,when p = 3 we get[z�n+r℄G(z)n = e�r2=(2�2n)�p2�n �1� �32�4� rn�+ �36�6� r3n2��+O� 1n3=2�;and there are seven more terms when p = 4. See P. L. Chebyshev, Zapiski Imp. Akad.Nauk 55 (1887), No. 6, 1{16; Ata Math. 14 (1890), 305{315; F. Y. Edgeworth,Trans. Cambridge Phil. So. 20 (1905), 36{65, 113{141; H. Cram�er, SkandinaviskAktuarietidsskrift 11 (1928), 13{74, 141{180.℄54. Formula (40) is equivalent to � = s oth s+ s, � = s oth s� s.55. Let  = �e��. The Newtonian iteration �0 = , �k+1 = (1� �k)e�k=(1� e��k )rises rapidly to the orret value, unless � is extremely lose to 1. For example, �7di�ers from ln 2 by less than 10�75 when � = ln 4.56. (a) By indution on n, g(n+1)(z) = (�1)n�Pnk=0 
nk�e(n�k)z�(ez � 1)n+1 � n!zn+1�.
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80 ANSWERS TO EXERCISES 7.2.1.5
(b) Pnk=0 
nk�ek�=n! = R 10 : : : R 10 exp(bu1 + � � �+ un�) du1 : : : dun< R 10 : : : R 10 exp((u1 + � � �+ un)�) du1 : : : dun = (e��1)n=�n:The lower bound is similar, sine bu1 + � � �+ un > u1 + � � �+ un � 1.() Thus n! (1��=�) < (��)ng(n+1)(�) < 0, and we need only verify that 1��=� <2(1� �), namely that 2�� < �+ �. But �� < 1 and �+ � > 2, by exerise 54.57. (a) n + 1 �m = (n + 1)(1 � 1=�) < (n + 1)(1 � �=�) = (n + 1)�=� � 2N as inanswer 56(). (b) The quantity �+ �� inreases as � inreases, beause its derivativewith respet to � is 1 + � + �(1 � �)=(1 � �) = (1 � ��)=(1� �) + � > 0. Therefore1� � < 2(1� 1=�).58. (a) The derivative of je�+it � 1j2=j� + itj2 = (e�+it � 1)(e��it � 1)=(�2 + t2) withrespet to t is (�2 + t2) sin t� t(2 sin t2 )2� (2 sinh �2 )2 t times a positive funtion. Thisderivative is always negative for 0 < t � 2�, beause it is less than t2 sin t�t(2 sin t2 )2 =8u sinu osu(u� tanu) where t = 2u.Let s = 2 sinh �2 . When � � � and 2� � t � 4�, the derivative is still negative,beause we have t � 4� � s2 � �2=(2�) � s2 � �2=t. Similarly, when � � 2� thederivative remains negative for 4� � t � 168�; the proof gets easier and easier.(b) Let t = u�=pN . Then (41) and (42) prove thatZ ��� e(n+1)g(�+it) dt =(e� � 1)m�npN Z N��N� exp��u22 + (�iu)3a3N 1=2 + � � �+ (�iu)lalN l=2�1 +O(N (l+1)��(l�1)=2)�du;where (1 � �)ak is a polynomial of degree k � 1 in � and �, with 0 � ak � 2=k. (Forexample, 6a3 = (2 � �(� + �))=(1� �) and 24a4 = (6 � �(�2 + 4�� + �2))=(1 � �).)The monotoniity of the integrand shows that the integral over the rest of the range isnegligible. Now trade tails, extend the integral over �1 < u <1, and use the formulaof answer 44 with k = 2k=2ak to de�ne b1, b2, : : : .() We will prove that jez � 1jm�n+1=((e� � 1)mjzjn+1) is exponentially small onthose three paths. If � � 1, this quantity is less than 1=(2�)n+1 (beause, for example,e� � 1 > �). If � > 1, we have � < 2jzj and jez � 1j � e� � 1.59. In this extreme ase, � = 1+ n�1 and � = 1� n�1 + 23n�2 +O(n�3); hene N =1+ 13n�1+O(n�2). The leading term ��n=p2�N is e=p2� times 1� 13n�1+O(n�2).(Notie that e=p2� � 1:0844.) The quantity ak in answer 58(b) turns out to be1=k +O(n�1). So the orretion terms, to �rst order, arebjN j = [zj ℄ exp�� 1Xk=1 B2kz2k�12k(2k � 1)�+O� 1n�;namely the terms in the (divergent) series orresponding to Stirling's approximation11! � ep2��1� 112 + 1288 + 13951840 � 5712488320 � � � ��:60. (a) The number ofm-ary strings of length n in whih allm digits appear ism!�nm	,and the inlusion-exlusion priniple expresses this quantity as �m0 �mn��m1 �(m�1)n+� � � . Now see exerise 7.2.1.4{37.
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7.2.1.5 ANSWERS TO EXERCISES 81(b) We have (m� 1)n=(m� 1)! = (mn=m!)m exp(n ln(1� 1=m)), and ln(1� 1=m)is less than �n��1.() In this ase � > n� and � = �e��e� < �e1��. Therefore 1 < (1��=�)m�n <exp(nO(e��)); and 1 > e��m = e�(n+1)�=� > exp(�nO(e��)). So (45) beomes(mn=m!)(1 +O(n�1) +O(ne�n�)).61. Now � = 1 + rn + O(n2��2) and � = 1� rn + O(n2��2). Thus N = r + O(n2��1),and the ase l = 0 of Eq. (43) redues tonr �n2�r errrp2�r�1 +O(n2��1) +O�1r��:(This approximation meshes well with identities suh as � nn�1	 = �n2� and � nn�2	 =2�n4�+ �n+14 �; indeed, we haven nn� ro = n2r2rr!�1 +O� 1n�� as n!1when r is onstant, aording to formulas (6.42) and (6.43) of CMath.)62. The assertion is true for 1 � n � 10000 (with m = be� � 1 in 5648 of thoseases). E. R. Can�eld and C. Pomerane, in a paper that niely surveys previous workon related problems, have shown that the statement holds for all suÆiently large n,and that the maximum ours in both ases only if e� mod 1 is extremely lose to 12 .[Integers 2 (2002), A1, 1{13.℄63. (a) The result holds when p1 = � � � = pn = p, beause ak�1=ak = (k=(n+1�k))�((n� �)=�) � (n� �)=(n+ 1� �) < 1. It is also true by indution when pn = 0 or 1.For the general ase, onsider the minimum of ak�ak�1 over all hoies of (p1; : : : ; pn)with p1 + � � �+ pn = �: If 0 < p1 < p2 < 1, let p01 = p1 � Æ and p02 = p2 + Æ, and notiethat a0k�a0k�1 = ak�ak�1+ Æ(p1�p2� Æ)� for some � depending only on p3, : : : , pn.At a minimum point we must have � = 0; thus we an hoose Æ so that either p01 = 0or p02=1. The minimum an therefore be ahieved when all pj have one of three valuesf0; 1; pg. But we have proved that ak � ak�1 > 0 in suh ases.(b) Changing eah pj to 1� pj hanges � to n� � and ak to an�k.() No roots of f(x) are positive. Hene f(z)=f(1) has the form in (a) and (b).(d) Let C(f) be the number of sign hanges in the sequene of oeÆients of f ;we want to show that C((1 � x)2f) = 2. In fat, C((1 � x)mf) = m for all m � 0.For C((1 � x)m) = m, and C((a + bx)f) � C(f) when a and b are positive; heneC((1� x)mf) � m. And if f(x) is any nonzero polynomial whatsoever, C((1� x)f) >C(f); hene C((1� x)mf) � m.(e) SinePk �nk�xk = x(x+1) : : : (x+n�1), part () applies diretly with � = Hn.And for the polynomials fn(x) =Pk �nk	xk, we an use part () with � = $n+1=$n�1,if fn(x) has n real roots. The latter statement follows by indution beause fn+1(x) =x(fn(x) + f 0n(x)): If a > 0 and if f(x) has n real roots, so does the funtion g(x) =eaxf(x). And g(x)! 0 as x ! �1; hene g0(x) = eax(af(x) + f 0(x)) also has n realroots (namely, one at the far left, and n� 1 between the roots of g(x)).[See E. Laguerre, J. de Math. (3) 9 (1883), 99{146; W. Hoe�ding, Annals Math.Stat. 27 (1956), 713{721; J. N. Darroh, Annals Math. Stat. 35 (1964), 1317{1321;J. Pitman, J. Combinatorial Theory A77 (1997), 297{303.℄64. We need only use omputer algebra to subtrat ln$n from ln$n�k.
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82 ANSWERS TO EXERCISES 7.2.1.565. It is $�1n times the number of ourrenes of k-bloks plus the number of our-renes of ordered pairs of k-bloks in the list of all set partitions, namely (�nk�$n�k +�nk��n�kk �$n�2k)=$n, minus the square of (49). Asymptotially, (�k=k!)(1+O(n4��1)).66. (The maximum of (48) when n = 100 is ahieved for the partitions 71625446372614and 71625446382513.)67. The expeted value ofMk is$n+k=$n. By (50), the mean is therefore$n+1=$n =n=� + �=(2(� + 1)2)+O(n�1), and the variane is$n+2$n � $2n+1$2n = �n� �2�1+ �(2� + 1)(� + 1)2n �1� �2(� + 1)2n +O� 1n2�� = n�(� + 1) +O(1):68. The maximum number of nonzero omponents in all parts of a partition is n =n1 + � � � + nm; it ours if and only if all omponent parts are 0 or 1. The maximumlevel is also equal to n.69. At the beginning of step M3, if k > b and l = r�1, go to M5. In step M5, if j = aand (vj � 1)(r � l) < uj , go to M6 instead of dereasing vj .70. (a) ��n�1r�1��+ ��n�2r�1��+ � � �+ ��r�1r�1��, sine ��n�kr�1�� ontain the blok f0; : : : ; 0; 1g with k 0s.The total, also known as p(n� 1; 1), is p(n� 1) + � � �+ p(1) + p(0).(b) Exatly N = �n�1r 	+�n�2r�2	 of the r-blok partitions of f1; : : : ; n�1; ng are thesame if we interhange n�1$ n. So the answer isN+ 12 (�nr	�N) = 12 (�nr	+N), whihis also the number of restrited growth strings a1 : : : an with max(a1; : : : ; an) = r � 1and an�1 � an. And the total is 12 ($n +$n�1 +$n�2).71. b 12 (n1+1) : : : (nm+1)� 12, beause there are (n1+1) : : : (nm+1)�2 ompositionsinto two parts, and half of those ompositions fail to be in lexiographi order unlessall nj are even. (See exerise 7.2.1.4{31. Formulas for up to 5 parts have been workedout by E. M. Wright, Pro. London Math. So. (3) 11 (1961), 499{510.)72. Yes. The following algorithm omputes ajk = p(j; k) for 0 � j; k � n in �(n4)steps: Start with ajk  1 for all j and k. Then for l = 0, 1, : : : , n and m = 0,1, : : : , n (in any order), if l +m > 1 set ajk  ajk + a(j�l)(k�m) for j = l, : : : , n andk = m, : : : , n (in inreasing order).(See Table A-1. A similar method omputes p(n1; : : : ; nm) in O(n1 : : : nm)2 steps.Cheema and Motzkin, in the ited paper, have derived the reurrene relationn1p(n1; : : : ; nm) = 1Xl=1 Xk1;:::;km�0 k1p(n1 � k1l; : : : ; nm � kml);but this interesting formula is helpful for omputation only in ertain ases.)Table A-1MULTIPARTITION NUMBERSn 0 1 2 3 4 5 6p(0; n) 1 1 2 3 5 7 11p(1; n) 1 2 4 7 12 19 30p(2; n) 2 4 9 16 29 47 77p(3; n) 3 7 16 31 57 97 162p(4; n) 5 12 29 57 109 189 323p(5; n) 7 19 47 97 189 339 589
n 0 1 2 3 4 5P (0; n) 1 2 9 66 712 10457P (1; n) 1 4 26 249 3274 56135P (2; n) 2 11 92 1075 16601 325269P (3; n) 5 36 371 5133 91226 2014321P (4; n) 15 135 1663 26683 537813 13241402P (5; n) 52 566 8155 149410 3376696 91914202
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7.2.1.5 ANSWERS TO EXERCISES 8373. Yes. Let P (m;n) = p(1; : : : ; 1; 2; : : : ; 2) when there are m 1s and n 2s; thenP (m; 0) = $m, and we an use the reurrene2P (m;n+ 1) = P (m+ 2; n) + P (m+ 1; n) +Xk �nk�P (m;k):This reurrene an be proved by onsidering what happens when we replae a pairof x's in the multiset for P (m;n + 1) by two distint elements x and x0. We get2P (m;n + 1) partitions, representing P (m + 2; n), exept in the P (m + 1; n) aseswhere x and x0 belong to the same blok, or in �nk�P (m;n� k) ases where the bloksontaining x and x0 are idential and have k additional elements.Notes: See Table A-1. Another reurrene, less useful for omputation, isP (m+ 1; n) = Xj;k �nk��n� k +mj �P (j; k):The sequene P (0; n) was �rst investigated by E. K. Lloyd, Pro. Cambridge Philos.So. 103 (1988), 277{284, and by G. Labelle, Disrete Math. 217 (2000), 237{248, whoomputed it by ompletely di�erent methods. Exerise 70(b) showed that P (m; 1) =($m + $m+1 + $m+2)=2; in general P (m;n) an be written in the umbral notation$mqn($), where qn(x) is a polynomial of degree 2n de�ned by the generating funtionP1n=0 qn(x)zn=n! = exp((ez + (x+ x2)z � 1)=2). Thus, by exerise 31,1Xn=0P (m;n)znn! = e(ez�1)=2 1Xk=0 $(2k+m+1)(k+m+1)2k zkk! :Labelle proved, as a speial ase of muh more general results, that the number ofpartitions of f1; 1; : : : ; n; ng into exatly r bloks isn! [xrzn℄ e�x+x2(ez�1)=2 1Xk=0 ezk(k+1)=2 xkk! :75. The saddle point method yields CeAn2=3+Bn1=3=n55=36, where A = 3�(3)1=3, B =�2�(3)�1=3=2, and C = �(3)19=36(2�)�5=63�1=2 exp(1=3 + B2=4 + � 0(2)=(2�2) � =12).[F. C. Auluk, Pro. Cambridge Philos. So. 49 (1953), 72{83; E. M. Wright, AmerianJ. Math. 80 (1958), 643{658.℄76. Using the fat that p(n1; n2; n3; : : : ) � p(n1 + n2; n3; : : : ), hene P (m + 2; n) �P (m;n+1), one an prove by indution that P (m;n+1) � (m+n+1)P (m;n). Thus2P (m;n) � P (m+ 2; n� 1) + P (m+ 1; n� 1) + eP (m;n� 1):Iterating this inequality shows that 2nP (0; n) = ($2 + $)n + O(n($2 + $)n�1) =(n$2n�1+$2n)(1+O((logn)3=n)). (A more preise asymptoti formula an be obtainedfrom the generating funtion in the answer to exerise 75.)78. 3 3 3 3 2 1 0 0 01 0 0 0 2 2 3 2 0 (beause the enoded partitions2 2 1 0 0 2 1 0 2 must all be (000000000))2 1 0 2 2 0 0 1 379. There are 432 suh yles. But they yield only 304 di�erent yles of set partitions,sine di�erent yles might desribe the same sequene of partitions. For example,(000012022332321) and (000012022112123) are partitionwise equivalent.
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84 ANSWERS TO EXERCISES 7.2.1.580. [See F. Chung, P. Diaonis, and R. Graham, Disrete Mathematis 110 (1992),52{55.℄ Construt a digraph with $n�1 verties and $n ars; eah restrited growthstring a1 : : : an de�nes an ar from vertex a1 : : : an�1 to vertex �(a2 : : : an), where � isthe funtion of exerise 4. (For example, ar 01001213 runs from 0100121 to 0110203.)Every universal yle de�nes an Eulerian trail in this digraph; onversely, every Euleriantrail an be used to de�ne one or more universal sequenes of restrited growth on theelements f0; 1; : : : ; n� 1g.An Eulerian trail exists by the method of Setion 2.3.4.2, if we let the last exitfrom every nonzero vertex a1 : : : an�1 be through ar a1 : : : an�1an�1. The sequenemight not be yli, however. For example, no universal yle exists when n < 4; andwhen n = 4 the universal sequene 000012030110100222 de�nes a yle of set partitionsthat does not orrespond to any universal yle.The existene of a yle an be proved for n � 6 if we start with an Euleriantrail that begins 0nxyxn�3u(uv)b(n�2)=2u[n odd℄ for some distint elements fu; v; x; yg.This pattern is possible if we alter the last exit of 0k121n�3�k from 0k�1121n�2�k to0k�1121n�3�k2 for 2 � k � n�4, and let the last exits of 0121n�4 and 01n�32 be respe-tively 010n�41 and 0n�310. Now if we hoose numbers of the yle bakwards, therebydetermining u and v, we an let x and y be the smallest elements distint from f0; u; vg.We an onlude in fat that the number of universal yles having this extremelyspeial type is huge|at least�n�1Yk=2(k! (n� k))fn�1k g�/((n� 1)! (n� 2)332n�522); when n � 6.Yet none of them are known to be readily deodable. See below for the ase n = 5.81. Noting that $5 = 52, we use a universal yle for f1; 2; 3; 4; 5g in whih theelements are 13 lubs, 13 diamonds, 13 hearts, 12 spades, and a joker. One suh yle,found by trial and error using Eulerian trails as in the previous answer, is(�����|}~J|~}~�||}~|}|~}}|~|~|�||}|}}|}��}~~~�~~~��}}):(In fat, there are essentially 114,056 suh yles if we branh to ak = ak�1 as a lastresort and if we introdue the joker as soon as possible.) The trik still works withprobability 4752 if we all the joker a spade.82. There are 13644 solutions, although this number redues to 1981 if we regard12 � 24 � 36 ; 13 � 26 ; 23 � 46 :The smallest ommon sum is 5/2, and the largest is 25/2; the remarkable solution21+15+42+53+63 = 13+61+25+26+45 = 41+23+43+46+65is one of only two essentially distint ways to get the ommon sum 118/15. [Thisproblem was posed by B. A. Kordemsky in Matematiheska��a Smekalka (1954); it isnumber 78 in the English translation, The Mosow Puzzles (1972).℄
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INDEX AND GLOSSARYWhen an index entry refers to a page ontaining a relevant exerise, see also the answer tothat exerise for further information. An answer page is not indexed here unless it refers to atopi not inluded in the statement of the exerise.0{1 matries, 61.� (irle ratio), as \random" example,44{45, 63.$n, 28, see Bell numbers.$0n (singleton-free partitions), 46.�(�): restrited growth string funtion, 42.�-yles, 47.�(n): sum of divisors, 19.Abel, Niels Henrik, 55.Abelian groups, 24.Almkvist, Gert Einar Torsten, 57.Alphametis, 42.Analysis of algorithms, 13{15, 22, 48.Andrews, George W. Eyre, 1, 57.Arbogast, Louis Fran�ois Antoine, 29.Arithmeti mean, 24, 48.Asymptoti methods, 6{12, 20{22,29{36, 47{49.Atkin, Arthur Oliver Lonsdale, 55.Auluk, Faqir Chand ('kFr �d aOlk), 83.Balaned partitions, 17.Balls, 0.Beker, Harold W., 70, 75.Bell, Eri Temple, 28.numbers, 28{29, 44{48, 64.numbers, asymptoti value, 32{33, 47-48.Bell-shaped urve, 34, 38, 48.Bell-shaped sequene, 49.Bernoulli, Jaques (= Jakob = James),numbers, 28, 55.Bessel, Friedrih Wilhelm, funtion, 8.Binary partitions, 24.Binary relations, 26.Bipartitions, 39{41, 82{83.Birkho�, Garrett, 67.Blissard, John, 69.Bloks, 25.Bolker, Ethan David, 75.Bonferroni, Carlo Emilio, 57.Bo�skovi�, Ruder Josip (Boxkovi�, RuÆerJosip = Bosovih, Ruggiero Giuseppe= Roger Joseph), 58.Brandt, J�rgen, 65.Browning, Elizabeth Barrett, 46.Bruijn, Niolaas Govert de, 36, 77.Brylawski, Thomas Henry, 59.Bulgarian solitaire, 25.Cahe-hit patterns, 26.Can�eld, Earl Rodney, 81.

Carlitz, Leonard, 63, 74.Cauhy, Augustin Louis, 13, 21.Cayley, Arthur, 61.Change-making, 18.Chebyshev (= Tshebyshe�), PafnutiiLvovih (Qebyxev, Pafnuti�L~voviq), 79.Cheema, Mohindar Singh (moEh�dr Es�hFmA), 41, 82.Chen, William Yong-Chuan ( ), 72.Chung Graham, Fan Rong King( ), 84.Claesson, Anders Karl, 66.Coalesene, 42.Coalitions, 26.Coins, 18.Colex order, 2, 17, 60.Colman, Walter John Alexander, 56.Colthurst, Thomas Wallae, 63.Column sums, 24.Combinations, 0.with repetitions, 0, 3.Combinatorial number system, 22, 65.Commutative groups, 24.Completing the square, 7, 79.Compositions, 0, 20, 82.Comtet, Louis, 28, 77.Conjugate, 4, 18, 22, 24, 52, 58, 59.of a joint partition, 53.of a set partition, 44.Conseutive integers, 18.Contingeny tables, 24.Contour integration, 29{34.Corless, Robert Malolm, 77.Corteel, Sylvie Marie-Claude, 53.Covering in a lattie, 22, 43.Cram�er, Carl Harald, 79.Crossings in a set partition, 72.Cumulants of a distribution, 48, 79.Cyles of a permutation, 66.Cyli permutations, 47.Dante Alighieri, 75.Darroh, John Newton, 81.de Bruijn, Niolaas Govert, 36, 77.De Morgan, Augustus, 20.Debye, Peter Joseph William (= Debije,Petrus Josephus Wilhelmus), 30.Deimal notation, 66.Dedekind, Julius Wilhelm Rihard, 8.sums, 8.Deng, Eva Yu-Ping ( ), 72.Derb�es, Joseph, 64.85
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86 INDEX AND GLOSSARYDesents of a permutation, 40, 63.Diaonis, Persi Warren, 84.Diamond lemma, 60.Dilogarithm funtion, 20, 55, 58.Disrete torus, 24.Distint parts, 18, 19, 21, 22, 41.Divisors, sum of, 19.Dobi�nski, G., 29.Dominoes, 50.Doubly bounded partitions, 13, 21, 23.Du, Rosena Ruo-Xia ( ), 72.Dudeney, Henry Ernest, 42.Durfee, William Pitt, 3.retangle, 52.square, 3{4, 12, 53.Dyson, Freeman John, 55.e, as \random" example, 75.Edgeworth, Franis Ysidro, expansion, 79.Ehrlih, Gideon (JILX� OERCB), 17, 27, 28, 74.Elementary symmetri funtions, 61.Ellipti funtions, 8.Endo-order, 69.Enveloping series, 11, 21, 49, 78.Equivalene relations, 26, 42.Erd}os, P�al (= Paul), 10, 21.Erd}os, P�eter L., 67.Etienne, Gwihen, 65.Euler, Leonhard (E�ler�, Leonard� =��ler, Leonard), 5, 14, 18, 19, 63.summation formula, 6, 20.Eulerian numbers, 48, 55.Eulerian trails, 84.Evolutionary trees, 78.Exponential generating funtions, 29,46, 75, 83.Exponential growth, 6.Felsenstein, Joseph, 78.Fenner, Trevor Ian, 51, 52.Ferrers, Norman Maleod, 3.diagrams, 3{4, 9, 12, 15, 36, 45, 59,61, 64, 72.diagrams, generalized, 53.Fibonai, Leonardo, of Pisa [= Leonardo�lio Bonai Pisano℄, reurrene, 6.Fisher, Ronald Aylmer, 57.Five-letter English words, 42.Fixed points of a permutation, 44.Flight, Colin, 78.Foulds, Leslie Rihard, 78.Fourier, Jean Baptiste Joseph, series, 7.Franklin, Fabian, 18, 21.Fristedt, Bert, 59.Gale, David, 61.Gamma funtion, 31{32, 55.Gaps, 18.Gardner, Martin, 65.

Garsia, Adriano Mario, 73.Garvan, Franis Gerard, 55.Generalized Bell numbers, 45, 48.Generalized Stirling numbers, 46, 69.Generating funtions, 5, 9, 18{19, 21,25, 29, 46, 75, 83.Geometri mean, 24, 48.Goldman, Alan Joseph, 73.Golomb, Solomon Wolf, 66.Gonnet Haas, Gaston Henry, 77.Good, Irving John, 76.Gordon, Basil, 41.Graham, Ronald Lewis ( ), 84.Gray, Frank, binary ode, 69.odes for binary partitions, 62.odes for partitions, 15{17, 24, 63.odes for set partitions, 27{28, 43.odes, reeted, 63.Greene, Curtis, 60.Greg, Walter Wilson, trees, 78.Griggs, Jerrold Robinson, 65.Groups, ommutative, 24.Guittone d'Arezzo, 46.Gumbel, Emil Julius, distribution,see Fisher.Gupta, Hansraj (h�srAj g� =tA), 57.Haigh, John, 38.Hall, Marshall, Jr., 56, 70.Handy identity, 77.Hankel, Hermann, 32, 75.ontour, 48.Hardy, Godfrey Harold, 8, 9, 20, 21, 54, 62.Hare, David Edwin George, 77.Heine, Heinrih Eduard, 19.Henrii, Peter Karl Eugen, 7.Hindenburg, Carl Friedrih, 2, 29.Ho, Chih-Chang Daniel ( ), 65.Hoare, Arthur Howard Malortie, 65.Hoe�ding, Wassily, 81.Hooks, 52{53.Hume, Alexander, iii.Huthinson, George Allen, 26, 41.Hyperboli funtions, 48.Igusa, Kiyoshi ( ), 65.Inlusion-exlusion priniple, 10, 21, 75, 80.Inomplete gamma funtion, 31.ind �: the index of �, 41.Index of a permutation, 41, 63.Integer partitions, 1{25, 38{41, 44, 71.Internet, ii, iii, 66.Inversions of a permutation, 5, 45.Involutions, 48, 72.Irwin, Joseph Osar, 69.Jaobi, Carl Gustav Jaob, 6, 20.symbol, 56.Je�rey, David John, 77.Joihi, James Tomei ( ), 53, 73.Joint partitions, 19.
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INDEX AND GLOSSARY 87Kirhho�, Gustav Robert, law, 13.Kitaev, Sergey Vladimirovih (Kitaev,Serge� Vladimiroviq), 66.Kleber, Mihael Steven, 63.Kleitman, Daniel J (Isaiah Solomon), 60.Klimko, Eugene Martin, 51.Knopp, Marvin Isadore, 55.Knuth, Donald Ervin ( ), i, iv, 77.Kordemsky, Boris Anastas'evih(Kordemski�, Boris Anastas~eviq),84.Kramp, Christian, 29.Labeled objets, 0, 42, 78.Labelle, Gilbert, 83.Lagrange (= de la Grange), Joseph Louis,Comte, inversion formula, 77.Laguerre, Edmond Niolas, 81.Landau, Hyman Garshin, 23.Laplae (= de la Plae), Pierre Simon,Marquis de, 31.Lattie paths, 5.Latties of partitions, 22{23, 42{43.Law of large numbers, 48.Least reently used replaement, 75.Left-to-right minima, 42.Lehmer, Derrik Henry, 20, 56.Lehner, Joseph, 10, 21.Lexiographi order, 1{2, 4, 17{18, 26,39{41, 43, 59.Li2 (dilogarithm), 20, 55, 58.Limeriks, 46.Linked lists, 17, 42.Littlewood, John Edensor, 61, 62.Lloyd, Edward Keith, 83.Logarithm, as a multivalued funtion,32, 77.Loizou, Georghios (Loòzou, Ge¸rgio), 51, 52.Loopless algorithm, 51.Lorenz, Max Otto, 61.Lovejoy, Jeremy Kenneth, 53.Lunnon, William Frederik, 70.MaMahon, Pery Alexander, 24, 25, 39.Magi trik, 50.Majorization, 61.lattie, 22{24, 67.Malfatti, Giovanni Franeso Giuseppe, 56.Marshall, Albert Waldron, 62.Mathings, perfet, 72.Matsunaga, Yoshisuke ( ), 29.MKay, John Keith Stuart, 1.Mean values, 24, 48.Mei�ner, Otto, 64.Mellin, Robert Hjalmar, transforms, 6, 20.Mems, 13.Milne, Stephen Carl, 43.Minimal partition, 22.Misiurewiz, Miha l, 64.

Mixed radix notation, 64.MMIX, ii.modulo �, 26.Moments of a distribution, 44, 82.Monomial symmetri funtions, 61.Moser, Leo, 35, 74, 76.Most reently used replaement, 75.Motzkin, Theodor Samuel(OIWVEN L�ENY XECE�IZ), 41, 69, 82.Mountain passes, 30.Muirhead, Robert Franklin, 61.Multiombinations: Combinations withrepetions, 0, 3.Multipartition numbers, tables, 82.Multipartitions: Partitions of a multiset,39{41, 49, 84.Multiset permutations, 5.n-tuples, 0.Naud�e, Philippe (= Philipp), der j�ungere, 5.Nestings in a set partition, 72.Newton, Isaa, root�nding method, 33, 79.Nijenhuis, Albert, 21.Normal distribution, 38.Odlyzko, Andrew Mihael, 9.Oettinger, Ludwig, 64.Olkin, Ingram, 62.Olver, Frank William John, 36.Onegin, Eugene (On+gin�, Evgen��), 47.Order of a set partition, 67.Ordered fatorizations, 64.Oriented trees, 42, 78.Overpartitions, see Joint partitions.P -partitions, 24.Pak, Igor Markovih (Pak, Igor~Markoviq), 53.Part-ount form, 3, 17, 42.Partial order, 24.Partition lattie, 42{43.Partition numbers, 5{11, 19{21.tables of, 6, 10, 82.Partitions, 0{50.balaned, 17.doubly bounded, 13, 21, 23.of a multiset, 38{41, 49, 84.of a set, 1, 25{50.of an integer, 1{25, 38{41, 44, 71.random, 10{12, 21, 36{38.sums over, 3, 29, 76, 79.with distint parts, 18, 19, 21, 22, 41.without singletons, 9, 46, 58, 72, 75.Paths on a grid, 5.Patterns in permutations, 66.Peire, Charles Santiago Sanders, 28.triangle, 28, 44{46, 48, 73, 75, 83.Pentagonal numbers, 5, 19.Perfet partitions, 25.
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88 INDEX AND GLOSSARYPermutations, 0, 42.balaned,of a multiset, 64.Petrara, Franeso (= Petrarh), 46.Phylogeneti trees, 78.Pi (�), as \random" example, 44{45, 63.Pigeons, 0{1.Pitman, James William, 49, 69, 81.Pittel, Boris Gershon (Pittel~, BorisGerxonoviq), 38.Playing ards, 50.Pleasants, Peter Arthur Barry, 70.Poetry, 46{47.Poisson, Sim�eon Denis, 55.distribution, 37, 44.summation formula, 7, 20.P�olya, Gy�orgy (= George), 52, 62.Pomerane, Carl, 81.Powers of 2, 24.Probability distribution funtions,10, 38, 44, 48.Prodinger, Helmut, 74.Pudl�ak, Pavel, 67.Pure alphametis, 42.Pushkin, Alexander Sergeevih (Puxkin�,Aleksandr� Serg+eviq�), 47.q-Stirling numbers, 46, 69.q-nomial oeÆients, 73.q-nomial theorem, 53, 57.Rademaher, Hans, 8, 9, 20, 21.Radix sorting, 40{41.Ramanujan Iyengar, Srinivasa (ÿ��W��W�WÈ{h I�axWm), 8, 9, 20,21, 54, 55.Random partitions, 10{12.generating, 21.Random set partitions, 36{38.generating, 38.Reagan, Ronald Wilson, 47.Real roots, 49.Reurrenes, 6, 14, 19, 82.Reursive proedures, 68.Re�nement, 42.Reeted Gray ode, 63.Remmel, Je�rey Brian, 73.Residue theorem, 29, 32.Restrited growth strings, 26{28, 42,70, 71, 75, 82.Revolving door algorithm, 15.Rhyme shemes, 26, 46{47.Riemann, Georg Friedrih Bernhard,surfae, 77.Rim representation, 4{5, 12, 18, 22.Robbins, David Peter, 75.Robinson, Robert William, 78.Rook polynomials, 44{45.Rooks, nonattaking, 44{45, 71{72.

Roots of a polynomial, 49.Roots of unity, 8, 56.Round-robin tournaments, 23.Row sums, 24.Ruskey, Frank, 27, 43.Ryser, Herbert John, 61.Sahkov, Vladimir Nikolaevih (Saqkov,Vladimir Nikolaeviq), 38.Saddle point method, 8, 29{36, 47{49, 83.Savage, Carla Diane, 15.Shur, Issai, 62.Sore vetors, 23.Seond-smallest parts, 22.Self-onjugate partitions, 18, 44, 62.Semilabeled trees, 42.Semimodular latties, 67.Sequenes, totally useless, 42.Set partitions, 1, 25-50.onjugate of, 44.dual of, 72.Gray odes for, 27{28, 43.order of, 67.random, 36{38.shadow of, 43.Seth, Vikram (ib�m ex#), ii, 47.Shadow of a set partition, 43.Shakespeare (= Shakspere), William, 46.Shallit, Je�rey Outlaw, 75.Shape of a random partition, 12, 21.Shape of a random set partition, 36{37.Sieve method, 64.Smallest parts, 21, 22.Sonnets, 46.Spenser, Edmund, 46.Stable sorting, 40{41, 63.Stak frames, 39.Stam, Aart Johannes, 38, 49.Stanford GraphBase, ii, iii, 42.Stanley, Rihard Peter, 0, 3, 63, 72.Stanton, Dennis Warren, 53.Stephens, Nelson Malolm, 70.Stirling, James,approximation, 31, 33, 35, 80.yle numbers, 81.subset numbers, asymptoti value, 34{36.subset numbers, generalized 46, 69.Stirling strings, 67.Sums over all partitions, 3, 29, 76, 79.Sutli�e, Alan, 67.Swinnerton-Dyer, Henry Peter Franis, 55.Sylvester, James Joseph, 18, 54.Symmetri funtions, 3, 61.Symmetrial mean values, 24.Sz�ekely, L�aszl�o Alad�ar, 67.
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INDEX AND GLOSSARY 89Tableau shapes, 4, 44, see Ferrers diagrams.Tail oeÆients, 65.Taylor, Brook, series, 35, 77.Temperley, Harold Neville Vazeille, 12.Tippett, Leonard Henry Caleb, 57.Topologial sorting, 25, 66.Touhard, Jaques, 69.Tournament, 23.Trae, 4, 12, 18, 53.Trading tails, 31, 80.Transitive relations, 26.Tree of partitions, 18.of restrited growth strings, 70.Tree funtion, 34, 77.Tree traversal, 18.Trik, magi, 50.Tripartitions, 39.Triple produt identity, 6, 20.Trost, Ernst, 64.T�uma, Ji�r��, 67.Twelvefold Way, 0, 17.Two-line arrays, 71{72.Umbral notation, 69, 74, 75, 83.Union-�nd algorithm, 67.Universal sequenes for partitions, 50.Unlabeled objets, 0, 42, 78.Unranking a partition, 22.

Unranking a set partition, 42.Unusual orrespondene, 66.Up-down partitions, 24, 63.Urns, 0.Useless sequenes, 42.Vaillating tableau loops, 44.Vetor partitions, 39{41, 49.Vershik, Anatoly Moiseevih (Verxik,Anatoli� Moiseeviq), 12, 58.White, Dennis Edward, 73.Whitworth, William Allen, 29.Wilf, Herbert Saul, 21.Williamson, Stanley Gill, 65.Wong, Roderik Sue-Chuen ( ), 36.Wright, Edward Maitland, 82, 83.Wyman, Max, 35, 74, 76.Yakubovih, Yuri Vladimirovih (�kuboviq,�ri� Vladimiroviq), 12, 38.Yan, Catherine Huafei ( ), 72.Yee, Ae Ja ( ), 54.z-nomial theorem, 53, 57.Zeilberger, Doron (XBXALIIV OEXEC), 19, 54.Zeta funtion, 6, 55, 83.
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PREFACE
Explain the signi�ane of the following sequene:un, dos, tres, quatre, in, sis, set, vuit, nou, deu, : : :| RICHARD P. STANLEY, Enumerative Combinatoris (1999)

This booklet ontains draft material that I'm irulating to experts in the�eld, in hopes that they an help remove its most egregious errors before toomany other people see it. I am also, however, posting it on the Internet forourageous and/or random readers who don't mind the risk of reading a fewpages that have not yet reahed a very mature state. Beware: This material hasnot yet been proofread as thoroughly as the manusripts of Volumes 1, 2, and 3were at the time of their �rst printings. And those arefully-heked volumes,alas, were subsequently found to ontain thousands of mistakes.Given this aveat, I hope that my errors this time will not be so numerousand/or obtrusive that you will be disouraged from reading the material arefully.I did try to make it both interesting and authoritative, as far as it goes. But the�eld is so vast, I annot hope to have surrounded it enough to orral it ompletely.Therefore I beg you to let me know about any de�ienies you disover.To put the material in ontext, this is Setion 7.2.1.6 of a long, long hapteron ombinatorial algorithms. Chapter 7 will eventually �ll three volumes (namelyVolumes 4A, 4B, and 4C), assuming that I'm able to remain healthy. It willbegin with a short review of graph theory, with emphasis on some highlightsof signi�ant graphs in the Stanford GraphBase, from whih I will be drawingmany examples. Then omes Setion 7.1, whih deals with the topi of bitwisemanipulations. (I drafted about 60 pages about that subjet in 1977, butthose pages need extensive revision; meanwhile I've deided to work for awhileon the material that follows it, so that I an get a better feel for how muhto ut.) Setion 7.2 is about generating all possibilities, and it begins withSetion 7.2.1: Generating Basi Combinatorial Patterns|whih, in turn, beginswith Setion 7.2.1.1, \Generating all n-tuples," Setion 7.2.1.2, \Generating allpermutations," : : : , Setion 7.2.1.5, \Generating all set partitions." (Readersof the present booklet should have already looked at those setions, drafts ofwhih are available as Pre-Fasiles 2A, 2B, 3A, and 3B.) The stage is now setfor the main ontents of this booklet, Setion 7.2.1.6: \Generating all trees."Then will ome Setion 7.2.1.7, about the history of ombinatorial generation.Setion 7.2.2 will deal with baktraking in general. And so it will go on, if allgoes well; an outline of the entire Chapter 7 as urrently envisaged appears onthe taop webpage that is ited on page ii.iii
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iv PREFACEEven the apparently lowly topi of tree generation turns out to be surpris-ingly rih, with ties to Setions 1.2.3, 1.2.6, 1.2.9, 2.2.1, 2.3, 2.3.1, 2.3.2, 2.3.3,2.3.4.1, 2.3.4.2, 2.3.4.4, 2.3.4.5, 2.3.4.6, 2.4, 4.6.1, 5.1.1, 5.1.3, 5.1.4, 5.2.1, 5.3.4,6.2.1, 6.2.2, 6.2.3, and 6.4 of the �rst three volumes. I strongly believe in buildingup a �rm foundation, so I have disussed this topi muh more thoroughly thanI will be able to do with material that is newer or less basi. To my surprise, Iame up with 124 exerises, even though|believe it or not| I had to eliminatequite a bit of the interesting material that appears in my �les.Some of the things presented are new, to the best of my knowledge, althoughI will not be at all surprised to learn that my own little \disoveries" have beendisovered before. Please look, for example, at the exerises that I've lassed asresearh problems (rated with diÆulty level 46 or higher), namely exerises 17,76, 89, 101, 102, and 109; I've also impliitly posed additional unsolved questionsin the answers to exerises 34, 37, 46, 59, and 103. Are those problems still open?Please let me know if you know of a solution to any of these intriguing questions.And of ourse if no solution is known today but you do make progress on any ofthem in the future, I hope you'll let me know.I urgently need your help also with respet to some exerises that I madeup as I was preparing this material. I ertainly don't like to reeive redit forthings that have already been published by others, and most of these results arequite natural \fruits" that were just waiting to be \pluked." Therefore pleasetell me if you know who deserves to be redited, with respet to the ideas foundin exerises 13, 15, 25, 27(e), 28(e), 29, 31, 36, 37, 42, 47, 54, 55, 60(), 72, 74,75, 77, 78, 80, 82, 110, 112{119, 122, 123, and the remarks about D0 ! D00 andD� in answer 108. Has anybody published the onept of \prepostorder" or itsequivalent?I shall happily pay a �nder's fee of $2.56 for eah error in this draft when it is�rst reported to me, whether that error be typographial, tehnial, or historial.The same reward holds for items that I forgot to put in the index. And valuablesuggestions for improvements to the text are worth 32/ eah. (Furthermore, ifyou �nd a better solution to an exerise, I'll atually reward you with immortalglory instead of mere money, by publishing your name in the eventual book:�)Cross referenes to yet-unwritten material sometimes appear as `00'; thisimpossible value is a plaeholder for the atual numbers to be supplied later.Happy reading!Stanford, California D. E. K.09 July 2004

-4



PREFACE vA note on notation. At the beginning of Chapter 7 I'll de�ne some operationson graphs for whih many di�erent notations are presently rampant. My urrentplan is to say that, if G is a graph on the verties U = fu1; : : : ; umg and if H isa graph on the verties V = fv1; : : : ; vng, then:� G+H is the sum, aka juxtaposition, of G and H: It has the m+ n vertiesU [ V and the edges of G and H.� G �+H is the osum, aka join, of G and H, namely the omplement of thejuxtaposition of their omplements. (Thus its edges are those of G and H,plus all uj���vk.)� G�H is the Cartesian produt of G and H: It has the mn verties U � V ;its edges are (u; v)��� (u0; v) when u���u0 in G, and (u; v)��� (u; v0) whenv���v0 in H.� G H is the diret produt, aka onjuntion, of G and H: Again its vertiesare U � V , but its edges are (u; v)���(u0; v0) if and only if u���u0 in G andv���v0 in H.� G H is the strong produt of G and H: As its symbol implies, it ombinesthe edges of G�H and G H.� There also are oproduts, analogous to the osum.
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0 COMBINATORIAL ALGORITHMS (F4A)

Just as in a single body there are pairs of individual members,alled by the same name but distinguished as right and left,so when my speehes had postulated the notion of madness,as a single generi aspet of human nature,the speeh that divided the left-hand portionrepeatedly broke it down into smaller and smaller parts.| SOCRATES, Ph�drus 266A (. 370 B.C.)7.2.1.6. Generating all trees. We've now ompleted our study of the lassialonepts of ombinatoris: tuples, permutations, ombinations, and partitions.But omputer sientists have added another fundamental lass of patterns tothe traditional repertoire, namely the hierarhial arrangements known as trees.Trees sprout up just about everywhere in omputer siene, as we've seen inSetion 2.3 and in nearly every subsequent setion of The Art of ComputerProgramming. Therefore we turn now to the study of simple algorithms bywhih trees of various speies an be exhaustively explored.First let's review the basi onnetion between nested parentheses and for-ests of trees. For example,(1 (2 )1 )2 (3 (4 (5 )3 )4 (6 (7 (8 )5 (9 (a )6 )7 )8 (b )9 )a ( (d )b (e (f ) )d )e )f (1)
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7.2.1.6 GENERATING ALL TREES 1illustrates a string ontaining �fteen left parens `(' labeled 1, 2, : : : , f, and �fteenright parens `)' also labeled 1 through f; gray lines beneath the string show howthe parentheses math up to form �fteen pairs 12, 21, 3f, 44, 53, 6a, 78, 85, 97,a6, b9, e, db, ed, and f. This string orresponds to the forestk12k21 k3fk44k53 k6ak78k85 k97ka6
kb9 kekdb kedkf (2)

in whih the nodes are k12 , k21 , k3f , : : : , kf in preorder (sorted by �rst oor-dinates) and k21 , k12 , k53 , : : : , k3f in postorder (sorted by seond oordinates).If we imagine a worm that rawls around the periphery of the forest,kk kkk kkk kk
k kk kk (3)

seeing a `(' whenever it passes the left edge of a node and a `)' whenever it passesa node's right edge, that worm will have reonstruted the original string (1).The forest in (2) orresponds, in turn, to the binary treek k
kkk kk

kkk kkk kkk21 k12
k53 k44

k85 ka6 k97 k78 kb9 k6a kdb kf ked ke
k3f

(4)
via the \natural orrespondene" disussed in Setion 2.3.2; here the nodes arek21 , k12 , k53 , : : : , k3f in symmetri order, also known as inorder. The leftsubtree of node kx in the binary tree is the leftmost hild of kx in the forest,or it is an \external node" if kx is hildless. The right subtree of kx in thebinary tree is its right sibling in the forest, or if kx is the rightmost hild inits family. Roots of the trees in the forest are onsidered to be siblings, and theleftmost root of the forest is the root of the binary tree.
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2 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6Table 1NESTED PARENTHESES AND RELATED OBJECTS WHEN n = 4a1a2 : : : a8 forest binary tree d1d2d3d4 z1z2z3z4 p1p2p3p4 1234 mathing()()()() 1111 1357 1234 0000
()()(()) 1102 1356 1243 0001()(())() 1021 1347 1324 0010
()(()()) 1012 1346 1342 0011
()((())) 1003 1345 1432 0012(())()() 0211 1257 2134 0100(())(()) 0202 1256 2143 0101(()())() 0121 1247 2314 0110
(()()()) 0112 1246 2341 0111
(()(())) 0103 1245 2431 0112((()))() 0031 1237 3214 0120((())()) 0022 1236 3241 0121
((()())) 0013 1235 3421 0122
(((()))) 0004 1234 4321 0123

A string a1a2 : : : a2n of parentheses is properly nested if and only if itontains n ourrenes of `(' and n ourrenes of `)', where the kth `(' preedesthe kth `)' for 1 � k � n. The easiest way to explore all strings of nested paren-theses is to visit them in lexiographi order. The following algorithm, whihonsiders `)' to be lexiographially smaller than `(', inludes some re�nementsfor eÆieny suggested by I. Semba [Inf. Proessing Letters 12 (1981), 188{192℄:
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7.2.1.6 GENERATING ALL TREES 3Algorithm P (Nested parentheses in lexiographi order). Given an integern � 2, this algorithm generates all strings a1a2 : : : a2n of nested parentheses.P1. [Initialize.℄ Set a2k�1  `(' and a2k  `)' for 1 � k � n; also set a0  `)'and m 2n� 1.P2. [Visit.℄ Visit the nested string a1a2 : : : a2n. (At this point am = `(', andak = `)' for m < k � 2n.)P3. [Easy ase?℄ Set am  `)'. Then if am�1 = `)', set am�1  `(', m m�1,and return to P2.P4. [Find j.℄ Set j  m � 1 and k  2n � 1. While aj = `(', set aj  `)',ak  `(', j  j � 1, and k  k � 2.P5. [Inrease aj .℄ Terminate the algorithm if j = 0. Otherwise set aj  `(',m 2n� 1, and go bak to P2.We will see later that the loop in step P4 is almost always short: The operationaj  `)' is performed only about 13 times per nested string visited, on the average.Why does Algorithm P work? Let Apq be the sequene of all strings � thatontain p left parentheses and q � p right parentheses, where (q�p� is properlynested, listed in lexiographi order. Then Algorithm P is supposed to generateAnn, where it is easy to see that Apq obeys the reursive rulesApq = )Ap(q�1); (A(p�1)q; if 0 � p � q 6= 0; A00 = �; (5)also Apq is empty if p < 0 or p > q. The �rst element of Apq is )q�p() : : : (),where there are p pairs `()'; the last element is (p)q. Thus the lexiographigeneration proess onsists of sanning from the right until �nding a trailingstring of the form aj : : : a2n = )(p+1)q and replaing it by ()q+1�p() : : : ().Steps P4 and P5 do this eÆiently, while step P3 handles the simple ase p = 0.Table 1 illustrates the output of Algorithm P when n = 4, together with theorresponding forest and binary tree as in (2) and (4). Several other equivalentombinatorial objets also appear in Table 1: For example, a string of nestedparentheses an be run-length enoded as()d1()d2 : : : ()dn ; (6)where the nonnegative integers d1d2 : : : dn are haraterized by the onstraintsd1 + d2 + � � �+ dk � k for 1 � k < n; d1 + d2 + � � �+ dn = n: (7)We an also represent nested parentheses by the sequene z1z2 : : : zn, whihspei�es the indies where the left parentheses appear. In essene, z1z2 : : : zn isone of the �2nn � ombinations of n things from the set f1; 2; : : : ; 2ng, subjet tothe speial onstraintszk�1 < zk < 2k for 1 � k � n; (8)if we assume that z0 = 0. The z's are of ourse related to the d's:dk = zk+1 � zk � 1 for 1 � k < n. (9)Algorithm P beomes partiularly simple when it is rewritten to generate theombinations z1z2 : : : zn instead of the strings a1a2 : : : a2n. (See exerise 2.)
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4 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6A parenthesis string an also be represented by the permutation p1p2 : : : pn,where the kth right parenthesis mathes the pkth left parenthesis; in other words,the kth node of the assoiated forest in postorder is the pkth node in preorder.(By exerise 2.3.2{20, node j is a desendant of node k in the forest if and onlyif j < k and pj > pk, when we label the nodes in postorder.) The inversion table12 : : : n haraterizes this permutation by the rule that exatly k elements tothe right of k are less than k (see exerise 5.1.1{7); allowable inversion tableshave 1 = 0 and 0 � k+1 � k + 1 for 1 � k < n. (10)Moreover, exerise 3 proves that k is the level of the forest's kth node in preorder(the depth of the kth left parenthesis), a fat that is equivalent to the formulak = 2k � 1� zk: (11)Table 1 and exerise 6 also illustrate a speial kind of mathing, by whih 2npeople at a irular table an simultaneously shake hands without interferene.Thus Algorithm P an be useful indeed. But if our goal is to generate allbinary trees, represented by left links l1l2 : : : ln and right links r1r2 : : : rn, thelexiographi sequene in Table 1 is rather awkward; the data we need to getfrom one tree to its suessor is not readily available. Fortunately, an ingeniousalternative sheme for diret generation of all linked binary trees is also available:Algorithm B (Binary trees). Given n � 1, this algorithm generates all binarytrees with n internal nodes, representing them via left links l1l2 : : : ln and rightlinks r1r2 : : : rn, with nodes labeled in preorder. (Thus, for example, node 1 isalways the root, and lk is either k + 1 or 0; if l1 = 0 and n > 1 then r1 = 2.)B1. [Initialize.℄ Set lk  k + 1 and rk  0 for 1 � k < n; also set ln  rn  0,and set ln+1  1 (for onveniene in step B3).B2. [Visit.℄ Visit the binary tree represented by l1l2 : : : ln and r1r2 : : : rn.B3. [Find j.℄ Set j  1. While lj = 0, set rj  0, lj  j + 1, and j  j + 1.Then terminate the algorithm if j > n.B4. [Find k and y.℄ Set y  lj and k  0. While ry > 0, set k  y and y  ry.B5. [Promote y.℄ If k > 0, set rk  0; otherwise set lj  0. Then set ry  rj ,rj  y, and return to B2.[See W. Skarbek, Theoretial Computer Siene 57 (1988), 153{159; step B3uses an idea of J. Korsh.℄ Exerise 44 proves that the loops in steps B3 and B4both tend to be very short. Indeed, fewer than 9 memory referenes are needed,on the average, to transform a linked binary tree into its suessor.Table 2 shows the fourteen binary trees that are generated when n = 4,together with their orresponding forests and with two related sequenes: Arrayse1e2 : : : en and s1s2 : : : sn are de�ned by the property that node k in preorder hasek hildren and sk desendants in the assoiated forest. (Thus sk is the size of k'sleft subtree in the binary tree; also, sk + 1 is the length of the SCOPE link in thesense of 2.3.3{(5).) The next olumn repeats the fourteen forests of Table 1 inthe lexiographi ordering of Algorithm P, but mirror-reversed from left to right.
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7.2.1.6 GENERATING ALL TREES 5Table 2LINKED BINARY TREES AND RELATED OBJECTS WHEN n = 4l1l2l3l4 r1r2r3r4 binary tree forest e1e2e3e4 s1s2s3s4 olex forest lsib/rhild2340 0000 1110 3210
0340 2000 0110 0210
2040 0300 2010 30102040 3000 1010 1010
0040 2300 0010 0010
2300 0040 1200 3200
0300 2040 0200 0200
2300 0400 2100 3100
2300 4000 1100 21000300 2400 0100 0100
2000 0340 3000 3000
2000 4300 2000 2000
2000 3040 1000 1000
0000 2340 0000 0000
And the �nal olumn shows the binary tree that represents the olex forest; italso happens to represent the forest in olumn 4, but by links to left sibling andright hild instead of to left hild and right sibling. This �nal olumn provides aninteresting onnetion between nested parentheses and binary trees, so it givesus some insight into why Algorithm B is valid (see exerise 19).

5



6 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6*Gray odes for trees. Our previous experienes with other ombinatorialpatterns suggest that we an probably generate parentheses and trees by makingonly small perturbations to get from one instane to another. And indeed, thereare at least three very nie ways to ahieve this goal.Consider �rst the ase of nested parentheses, whih we an represent bythe sequenes z1z2 : : : zn that satisfy ondition (8). A \near-perfet" way togenerate all suh ombinations, in the sense of Setion 7.2.1.3, is one in whihwe run through all possibilities in suh a way that some omponent zj hangesby �1 or �2 at eah step; this means that we get from eah string of parenthesesto its suessor by simply hanging either ()$ )( or ())$ ))( in the viinityof the jth left parenthesis. Here's one way to do the job when n = 4:1357; 1356; 1346; 1345; 1347; 1247; 1245; 1246; 1236; 1234; 1235; 1237; 1257; 1256:And we an extend any solution for n � 1 to a solution for n, by taking eahpattern z1z2 : : : zn�1 and letting zn run through all of its legal values using endo-order or its reverse as in 7.2.1.3{(45), proeeding downward from 2n�2 and thenup to 2n� 1 or vie versa, and omitting all elements that are � zn�1.Algorithm N (Near-perfet nested parentheses). This algorithm visits all n-ombinations z1 : : : zn of f1; : : : ; 2ng that represent the indies of left parenthesesin a nested string, hanging only one index at a time. The proess is ontrolledby an auxiliary array g1 : : : gn that represents temporary goals.N1. [Initialize.℄ Set zj  2j � 1 and gj  2j � 2 for 1 � j � n.N2. [Visit.℄ Visit the n-ombination z1 : : : zn. Then set j  n.N3. [Find j.℄ If zj = gj , set gj  gj � 1 (thereby omplementing the leastsigni�ant bit), j  j � 1, and repeat this step.N4. [Home streth?℄ If gj � zj is even, set zj  zj + 2 and return to N2.N5. [Derease or turn.℄ Set t  zj � 2. If t < 0, terminate the algorithm.Otherwise, if t � zj�1, set t  t + 2[t< zj�1 ℄ + 1. Finally set zj  t andgo bak to N2.[A somewhat similar algorithm was introdued by D. Roelants van Baronaigien inJ. Algorithms 35 (2000), 100{107; see also Xiang, Ushijima, and Tang, Inf. Pro.Letters 76 (2000), 169{174. F. Ruskey and A. Proskurowski, in J. Algorithms11 (1990), 68{84, had previously shown how to onstrut perfet Gray odesfor all tables z1 : : : zn when n � 4 is even, thus hanging some zj by only �1at every step; but their onstrution was quite omplex, and no known perfetsheme is simple enough to be of pratial use. Exerise 48 shows that perfetionis impossible when n � 5 is odd.℄If our goal is to generate linked tree strutures instead of strings of paren-theses, perfetion of the z-index hanges is not good enough, beause simpleswaps like ()$ )( don't neessarily orrespond to simple link manipulations. Afar better approah an be based on the \rotation" algorithms by whih we were
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7.2.1.6 GENERATING ALL TREES 7able to keep searh trees balaned in Setion 6.2.3. Rotation to the left hangesa binary tree
from � � !

A B to � � !A B ; (12)
thus the orresponding forest is hanged

from � � � � � !A B to � � �
� � !A B : (13)

\Node A beomes the leftmost hild of its right sibling." Rotation to the rightis, of ourse, the opposite transformation: \The leftmost hild of B beomesits left sibling." The vertial line in (12) stands for a onnetion to the overallontext, either a left link or a right link or the pointer to the root. Any or allof the subtrees �, �, or ! may be empty. The ` � � � ' in (13), whih representsadditional siblings at the left of the family ontaining B , might also be empty.The nie thing about rotations is that only three links hange: The rightlink from A , the left link from B , and the pointer from above. Rotationspreserve inorder of the binary tree and postorder of the forest. (Notie also thatthe binary-tree form of a rotation orresponds in a natural way to an appliationof the assoiative law (��)! = �(�!) (14)in the midst of an algebrai formula.)A simple sheme very muh like the lassial reeted Gray ode for n-tuples(Algorithm 7.2.1.1H) and the method of plain hanges for permutations (Algo-rithm 7.2.1.2P) an be used to generate all binary trees or forests via rotations.Consider any forest on n � 1 nodes, with k roots A1 , : : : , Ak . Then there arek+1 forests on n nodes that have the same postorder sequene on the �rst n�1nodes but with node n last; for example, when k = 3 they are
�1 �2 �3A1 A2 A3 n ; �1 �2 �3

A1 A2 A3n ; �1 �2 �3
A1 A2 A3n ; �1 �2 �3A1 A2 A3n ;

obtained by suessively rotating A3 , A2 , and A1 to the left. Moreover, atthe extremes when n is either at the right or at the top, we an performany desired rotation on the other n � 1 nodes, beause node n isn't in theway. Therefore, as observed by J. M. Luas, D. Roelants van Baronaigien, andF. Ruskey [J. Algorithms 15 (1993), 343{366℄, we an extend any list of the(n � 1)-node trees to a list of all n-node trees by simply letting node n roam
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8 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6bak and forth. A areful attention to low-level details makes it possible in fatto do the job with remarkable eÆieny:Algorithm L (Linked binary trees by rotations). This algorithm generates allpairs of arrays l0 l1 : : : ln and r1 : : : rn that represent left links and right links ofn-node binary trees, where l0 is the root of the tree and the links (lk; rk) pointrespetively to the left and right subtrees of the kth node in symmetri order.Equivalently, it generates all n-node forests, where lk and rk denote the left hildand right sibling of the kth node in postorder. Eah tree is obtained from its pre-deessor by doing a single rotation. Two auxiliary arrays k1 : : : kn and o0o1 : : : on,representing bakpointers and diretions, are used to ontrol the proess.L1. [Initialize.℄ Set lj  0, rj  j + 1, kj  j � 1, and oj  �1 for 1 � j < n;also set l0  o0  1, ln  rn  0, kn  n� 1, and on  �1.L2. [Visit.℄ Visit the binary tree or forest represented by l0 l1 : : : ln and r1 : : : rn.Then set j  n and p 0.L3. [Find j.℄ If oj > 0, set m lj and go to L5 if m 6= 0. If oj < 0, set m kj ;then go to L4 if m 6= 0, otherwise set p  j. If m = 0 in either ase, setoj  �oj , j  j � 1, and repeat this step.L4. [Rotate left.℄ Set rm  lj , lj  m, x  km, and kj  x. If x = 0, setlp  j, otherwise set rx  j. Return to L2.L5. [Rotate right.℄ Terminate if j = 0. Otherwise set lj  rm, rm  j, kj  m,x km. If x = 0, set lp  m, otherwise set rx  m. Go bak to L2.Exerise 38 proves that Algorithm L needs only about 9 memory referenes pertree generated; thus it is almost as fast as Algorithm B. (In fat, two memoryreferenes per step ould be saved by keeping the three quantities on, ln, and knin registers. But of ourse Algorithm B an be speeded up too.)Table 3 shows the sequene of binary trees and forests visited by Algorithm Lwhen n = 4, with some auxiliary tables that shed further light on the proess.The permutation q1q2q3q4 lists the nodes in preorder, when they have beennumbered in postorder of the forest (symmetri order of the binary tree); itis the inverse of the permutation p1p2p3p4 in Table 1. The \oforest" is theonjugate (right-to-left reetion) of the forest; and the numbers u1u2u3u4 areits sope oordinates, analogous to s1s2s3s4 in Table 2. A �nal olumn showsthe so-alled \dual forest." The signi�ane of these assoiated quantities isexplored in exerises 11{13, 19, 24, 26, and 27.The links l0 l1 : : : ln and r1 : : : rn in Algorithm L and Table 3 are not om-parable to the links l1 : : : ln and r1 : : : rn in Algorithm B and Table 2, beauseAlgorithm L preserves inorder/postorder while Algorithm B preserves preorder.Node k in Algorithm L is the kth node from left to right in the binary tree, sol0 is needed to identify the root; but node k in Algorithm B is the kth node inpreorder, so the root is always node 1 in that ase.Algorithm L has the desired property that only three links hange per step;but we an atually do even better in this respet if we stik to the preorderonvention of Algorithm B. Exerise 25 presents an algorithm that generates
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7.2.1.6 GENERATING ALL TREES 9Table 3BINARY TREES AND FORESTS GENERATED BY ROTATIONS WHEN n = 4l0 l1l2l3l4 r1r2r3r4 k1k2k3k4 binary tree forest q1q2q3q4 oforest u1u2u3u4 dual10000 2340 0123 1234 0000
10003 2400 0122 1243 1000
10002 4300 0121 1423 2000
40001 2300 0120 4123 3000
40021 3000 0110 4132 3100
10023 4000 0111 1432 210010020 3040 0113 1324 010030010 2040 0103 3124 0200
40013 2000 0100 4312 3200
40123 0000 0000 4321 321030120 0040 0003 3214 021020100 0340 0023 2134 001020103 0400 0022 2143 101040102 0300 0020 4213 3010

all linked binary trees or forests by hanging just two links per step, preservingpreorder. One link beomes zero while another beomes nonzero. This prune-and-graft algorithm, whih is the third of the three \very nie Gray odes fortrees" promised above, has only one downside: Its ontrolling mehanism is a bittrikier than that of Algorithm L, so it needs about 40% more time to do the al-ulations when we inlude the ost of deiding what links to hange at eah step.
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10 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6The number of trees. There's a simple formula for the total number of outputsthat are generated by Algorithms P, B, N, and L, namelyCn = 1n+ 1�2nn � = �2nn �� � 2nn� 1�; (15)we proved this fat in Eq. 2.3.4.4{(14). The �rst few values aren = 0 1 2 3 4 5 6 7 8 9 10 11 12 13Cn = 1 1 2 5 14 42 132 429 1430 4862 16796 58786 208012 742900and they are alled Catalan numbers beause of some inuential papers writtenby Eug�ene Catalan [Journal de math. 3 (1838), 508{515; 4 (1839), 95{99℄.Stirling's approximation tells us the asymptoti value,Cn = 4np� n3=2�1� 98n + 145128n2 � 11551024n3 + 3693932768n4 +O(n�5)�; (16)in partiular we an onlude thatCn�kCn = 14k�1 + 3k2n +O�k2n2�� when jkj � n2 : (17)(And of ourse Cn�1=Cn is equal to (n+1)=(4n�2), exatly, by (15).) In Setion2.3.4.4 we also derived the generating funtionC(z) = C0 + C1z + C2z2 + C3z3 + � � � = 1�p1� 4z2z (18)and proved the important formula[zn℄C(z)r = rn+ r�2n+ r � 1n � = �2n+ r � 1n �� �2n+ r � 1n� 1 �; (19)see the answer to exerise 2.3.4.4{33, and CMath equation (5.70).These fats give us more than enough information to analyze Algorithm P,our algorithm for lexiographi generation of nested parentheses. Step P2 isobviously performed Cn times; then P3 usually makes a simple hange and goesbak to P2. How often do we need to go on to step P4? Easy: It's the numberof times that step P2 �nds m = 2n� 1. And m is the loation of the rightmost`(', so we have m = 2n � 1 in exatly Cn�1 ases. Thus the probability thatP3 sets m  m � 1 and returns immediately to P2 is (Cn � Cn�1)=Cn � 3=4,by (17). On the other hand when we do get to step P4, suppose we need to setaj  `)' and ak  `(' exatly h � 1 times in that step. The number of aseswith h > x is the number of nested strings of length 2n that end with x trivialpairs () : : : (), namely Cn�x. Therefore the total number of times the algorithmhanges aj and ak in step P4 isCn�1 + Cn�2 + � � �+ C1 = Cn�Cn�1Cn + Cn�2Cn + � � �+ C1Cn�= 13Cn�1 + 2n +O� 1n2��; (20)by (17); we have proved the laim for eÆieny made earlier.
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7.2.1.6 GENERATING ALL TREES 11For a deeper understanding it is helpful to study the reursive strutureunderlying Algorithm P, as expressed in (5). The sequenes Apq in that formulahave Cpq elements, whereCpq = Cp(q�1) + C(p�1)q ; if 0 � p � q 6= 0; C00 = 1; (21)and Cpq = 0 if p < 0 or p > q. Thus we an form the triangular arrayC00C01 C11C02 C12 C22C03 C13 C23 C33C04 C14 C24 C34 C44C05 C15 C25 C35 C45 C55C06 C16 C26 C36 C46 C56 C66
=

11 11 2 21 3 5 51 4 9 14 141 5 14 28 42 421 6 20 48 90 132 132
(22)

in whih every entry is the sum of its nearest neighbors above and to the left;the Catalan numbers Cn = Cnn appear on the diagonal. The elements of thistriangle, whih themselves have a venerable pedigree going bak to de Moivrein 1711, are alled \ballot numbers," beause they represent sequenes of p + qballots for whih a running tabulation never favors a andidate with p votes overan opponent who reeives q votes. The general formulaCpq = q � p+ 1q + 1 �p+ qp � = �p+ qp �� �p+ qp� 1� (23)an be proved by indution or in a variety of more interesting ways; see exerise 39and the answer to exerise 2.2.1{4. Notie that, beause of (19), we haveCpq = [zp℄C(z)q�p+1: (24)When n = 4, Algorithm P essentially desribes the reursion tree3423 2412 13 12 13 1401 02 01 02 03 01 02 01 02 03 01 02 03 04 (25)
beause the spei�ation (5) implies that Ann = (A(n�1)n and thatApq = )q�p(A(p�1)p; )q�p�1(A(p�1)(p+1); )q�p�2(A(p�1)(p+2);: : : ; (A(p�1)q when 0 � p < q. (26)The number of leaves below node pq in this reursion tree is Cpq, and node pqappears exatly C(n�q)(n�1�p) times on level n� 1� p; therefore we must haveXq C(n�q)(n�1�p)Cpq = Cn; for 0 � p < n. (27)The fourteen leaves of (25), from left to right, orrespond to the fourteen rowsof Table 1, from top to bottom. Notie that the entries in olumn 1234 ofthat table assign the respetive numbers 0000, 0001, 0010, : : : , 0123 to the leaves
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12 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6of (25), in aord with \Dewey deimal notation" for tree nodes (but with indiesstarting at 0 instead of 1, and with an extra 0 taked on at the beginning).A worm that rawls from one leaf to the next, around the bottom of thereursion tree, will asend and desend h levels when h of the oordinates 1 : : : nare hanged, namely when Algorithm P resets the values of h `('s and h `)'s.This observation makes it easy to understand our previous onlusion that theondition h > x ours exatly Cn�x times during a omplete rawl.Yet another way to understand Algorithm P arises when we ontemplate anin�nite direted graph that is suggested by the reursion (21):0001 1102 12 2203 13 23 3304 14 24 34 44
(28)

Clearly Cpq is the number of paths from pq to 00 in this digraph, beauseof (21). And indeed, every string of parentheses in Apq orresponds diretly tosuh a path, with `(' signifying a step to the left and `)' signifying a step upward.Algorithm P explores all suh paths systematially by trying �rst to go upwardwhen extending a partial path.Therefore it is easy to determine the Nth string of nested parentheses thatis visited by Algorithm P, by starting at node nn and doing the followingalulation when at node pq : If p = q = 0, stop; otherwise, if N � Cp(q�1),emit `)', set q  q � 1, and ontinue; otherwise set N  N � Cp(q�1), emit`(', set p p� 1, and ontinue. The following algorithm [Frank Ruskey, Ph.D.thesis (University of California at San Diego, 1978), 16{24℄ avoids the need topreompute the Catalan triangle by evaluating Cpq on the y as it goes:Algorithm U (Unrank a string of nested parentheses). Given n and N , where1 � N � Cn, this algorithm omputes the Nth output a1 : : : a2n of Algorithm P.U1. [Initialize.℄ Set q  n and m  p    1. While p < n, set p  p + 1and  ((4p� 2))=(p+ 1).U2. [Done?℄ Terminate the algorithm if q = 0.U3. [Go up?℄ Set 0  ((q + 1)(q � p))=((q + p)(q � p+ 1)). (At this point wehave 1 � N �  = Cpq and 0 = Cp(q�1).) If N � 0, set q  q � 1,  0,am  `)', m m+ 1, and return to U2.U4. [Go left.℄ Set p  p � 1,    � 0, N  N � 0, am  `(', m  m + 1,and return to U3.Random trees. We ould hoose a string a1a2 : : : a2n of nested parenthesesat random by simply applying Algorithm U to a random integer N between 1

12



7.2.1.6 GENERATING ALL TREES 13and Cn. But that idea isn't really very good, when n is bigger than 32 or so, be-ause Cn an be quite large. A simpler and better way, proposed by D. B. Arnoldand M. R. Sleep [ACM Trans. Prog. Languages and Systems 2 (1980), 122{128℄,is to generate a random \worm walk" by starting at nn in (28) and repeatedlytaking leftward or upward branhes with the appropriate probabilities. Theresulting algorithm is almost the same as Algorithm U, but it deals only withnonnegative integers less than n2 + n+ 1:Algorithm W (Uniformly random strings of nested parentheses). This algo-rithm generates a random string a1a2 : : : a2n of properly nested (s and )s.W1. [Initialize.℄ Set p q  n and m 1.W2. [Done?℄ Terminate the algorithm if q = 0.W3. [Go up?℄ Let X be a random integer in the range 0 � X < (q+p)(q�p+1).If X < (q + 1)(q � p), set q  q � 1, am  `)', m  m + 1, and returnto W2.W4. [Go left.℄ Set p p� 1, am  `(', m m+ 1, and return to W3.A worm's walk an be regarded as a sequene w0w1 : : : w2n, where wm is theworm's urrent depth after m steps. Thus, w0 = 0; wm = wm�1 + 1 when am =`('; wm = wm�1�1 when am = `)'; and we have wm � 0, w2n = 0. The sequenew0w1 : : : w30 orresponding to (1) and (2) is 0121012321234345432321232343210.At step W3 of Algorithm W we have q + p = 2n+ 1�m and q � p = wm�1.Let's say that the outline of a forest is the path that runs through the points(m;�wm) in the plane, for 0 � m � 2n, where w0w1 : : : w2n is the worm walkorresponding to the assoiated string a1 : : : a2n of nested parentheses. Figure 36shows what happens if we plot the outlines of all 50-node forests and darken eahpoint aording to the number of forests that lie above it. For example, w1 isalways 1, so the triangular region at the upper left of Fig. 36 is solid blak.But w2 is either 0 or 2, and 0 ours in C49 � C50=4 ases; so the adjaentdiamond-shaped area is a 75% shade of gray. Thus Fig. 36 illustrates the shapeof a random forest, analogous to the shapes of random partitions that we've seenin Figs. 30, 31, and 35 of Setions 7.2.1.4 and 7.2.1.5.

Fig. 36. The shape of a random 50-node forest.Of ourse we an't really draw the outlines of all those forests, sine thereare C50 = 1;978;261;657;756;160;653;623;774;456 of them. But with the help ofmathematis we an pretend that we've done so. The probability that w2m = 2kis C(m�k)(m+k)C(n�m�k)(n�m+k)=Cn, beause there are C(m�k)(m+k) ways tostart with m + k (s and m � k )s, and C(n�m�k)(n�m+k) ways to �nish with
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14 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6

Fig. 37. Loations of the internal nodes in a random 50-node binary tree.n � (m+ k) (s and n� (m � k) )s. By (23) and Stirling's approximation, thisprobability is(2k + 1)2(n+ 1)(m+ k + 1)(n�m+ k + 1)� 2mm� k�� 2n� 2mn�m+ k�.�2nn �= (2k + 1)2p� ��(1� �)n�3=2 e�k2=(�(1��)n)�1 +O�k + 1n �+O�k3n2�� (29)when m = �n and n ! 1, for 0 < � < 1. The average value of w2m is workedout in exerise 57; it omes to(4m(n�m) + n)�2mm ��2n�2mn�m �
n�2nn � � 1 = 4r�(1� �)n� � 1+O(n�1=2); (30)

and it is illustrated for n = 50 as a urved line in Fig. 36.When n is large, worm walks approah the so-alled \Brownian exur-sion," whih is an important onept in probability theory. See, for example,Paul L�evy, Proessus Stohastiques et Mouvement Brownien (1948), 225{237;Guy Louhard, J. Applied Prob. 21 (1984), 479{499, and BIT 26 (1986), 17{34; David Aldous, Eletroni Communiations in Probability 3 (1998), 79{90;Jon Warren, Eletroni Communiations in Probability 4 (1999), 25{29; J.-F.Markert, Random Strutures and Algorithms 24 (2004), 118{132.What is the shape of a random binary tree? This question was investigatedby Frank Ruskey in SIAM J. Algebrai and Disrete Methods 1 (1980), 43{50,and the answer turns out to be quite interesting. Suppose we draw a binary tree
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7.2.1.6 GENERATING ALL TREES 15

Fig. 38. Loations of the external nodes in a random 50-node binary tree.
as in (4), with the mth internal node at horizontal position m when the nodesare numbered in symmetri order. If all of the 50-node binary trees are drawnin this way and superimposed on eah other, we get the distribution of nodepositions shown in Fig. 37. Similarly, if we number the external nodes from 0to n in symmetri order and plae them at horizontal positions .5, 1.5, : : : , n+:5,the \fringes" of all 50-node binary trees form the distribution shown in Fig. 38.Notie that the root node is most likely to be either number 1 or number n, atthe extreme left or right; it is least likely to be either b(n+1)=2 or d(n+1)=2e,in the middle.As in Fig. 36, the smooth urves in Figs. 37 and 38 show the average nodedepths; exat formulas are derived in exerises 58 and 59. Asymptotially, theaverage depth of external node m is8r�(1� �)n� � 1 +O� 1pn�; when m = �n and n!1; (31)for all �xed ratios � with 0 < � < 1, uriously like (30); and the average depthof internal node m is asymptotially the same, but with `�1' replaed by `�3'.Thus we an say that the average shape of a random binary tree is approximatelythe lower half of an ellipse, n units wide and 4pn=� levels deep.Three other noteworthy ways to generate random enodings of forests aredisussed in exerises 60, 61, and 62. They are less diret than Algorithm W,yet they have substantial ombinatorial interest. The �rst one begins with anarbitrary random string ontaining n (s and n )s, not neessarily nested; eahof the �2nn � possibilities is equally likely. It then proeeds to onvert every suhstring into a sequene that is properly nested, in suh a way that exatly n+ 1
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16 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6strings map into eah �nal outome. The seond method is similar, but it startswith a sequene of n+ 1 0s and n 2s, mapping them in suh a way that exatly2n + 1 original strings produe eah possible result. And the third methodprodues eah output from exatly n of the bit strings that ontain exatlyn� 1 1s and n+ 1 0s. In other words, the three methods provide ombinatorialproofs of the fat that Cn is simultaneously equal to �2nn �=(n+1), �2n+1n �=(2n+1),and � 2nn�1�=n. For example, when n = 4 we have 14 = 70=5 = 126=9 = 56=4.If we want to generate random binary trees diretly in linked form, we anuse a beautiful method suggested by J. L. R�emy [RAIRO Informatique Th�eorique19 (1985), 179{195℄. His approah is partiularly instrutive beause it showshow random Catalan trees might atually our \in nature," using a deliiouslysimple mehanism based on a lassial idea of Olinde Rodrigues [J. de Math.3 (1838), 549℄. Let us suppose that our goal is to obtain not only an ordinaryn-node binary tree, but a deorated binary tree, namely an extended binary treein whih the external nodes have been labeled with the numbers 0 to n in someorder. There are (n + 1)! ways to deorate any given binary tree; so the totalnumber of deorated binary trees with n internal nodes isDn = (n+ 1)!Cn = (2n)!n! = (4n� 2)Dn�1: (32)R�emy observed that there are 4n� 2 easy ways to build a deorated tree oforder n from a given deorated tree of order n � 1: We simply hoose any oneof the 2n� 1 nodes (internal or external) in the given tree, say x, and replae itby either kn x or knx ; (33)thus inserting a new internal node and a new leaf while moving x and itsdesendants (if any) down one level.For example, here's one way to onstrut a deorated tree of order 6:
0 ; 1 0e ; 1 2 0e e ; 1 2 0 3e e e ; 4 1 2 0 3e e e e ; 4 1 2 0 3 5e e e e e ; 4 6 1 2 0 3 5e e e e e e(34)Notie that every deorated tree is obtained by this proess in exatly one way,beause the predeessor of eah tree must be the tree we get by striking out thehighest-numbered leaf. Therefore R�emy's onstrution produes deorated treesthat are uniformly random; and if we ignore the external nodes, we get randombinary trees of the ordinary, undeorated variety.One appealing way to implement R�emy's proedure is to maintain a table oflinks L0L1 : : : L2n where external (leaf) nodes have even numbers and internal(branh) nodes have odd numbers. The root is node L0; the left and righthildren of branh node 2k � 1 are respetively L2k�1 and L2k, for 1 � k � n.Then the program is short and sweet:
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7.2.1.6 GENERATING ALL TREES 17Algorithm R (Growing a random binary tree). This algorithm onstruts thelinked representation L0L1 : : : L2N of a uniformly random binary tree with Ninternal nodes, using the onventions explained above.R1. [Initialize.℄ Set n 0 and L0  0.R2. [Done?℄ (At this point the links L0L1 : : : L2n represent a random n-nodebinary tree.) Terminate the algorithm if n = N .R3. [Advane n.℄ Let X be a random integer between 0 and 4n + 1, inlusive.Set n  n + 1, b  X mod 2, k  bX=2, L2n�b  2n, L2n�1+b  Lk,Lk  2n� 1, and return to R2.*Chains of subsets. Now that we've got trees and parentheses �rmly in mind,it's a good time to disuss the Christmas tree pattern,* whih is a remarkableway to arrange the set of all 2n bit strings of length n into � nbn=2� rows and n+1olumns, disovered by de Bruijn, van Ebbenhorst Tengbergen, and Kruyswijk[Nieuw Arhief voor Wiskunde (2) 23 (1951), 191{193℄.The Christmas tree pattern of order 1 is the single row `0 1'; and the patternof order 2 is 1000 01 11 : (35)In general we get the Christmas tree pattern of order n+ 1 by taking every row`�1 �2 : : : �s' of the order-n pattern and replaing it by the two rows�20 : : : �s0�10 �11 : : : �s�11 �s1 : (36)(The �rst of these rows is omitted when s = 1.)Proeeding in this way, we obtain for example the pattern of order 8 thatappears in Table 4 on the next page. It is easy to verify by indution thati) Eah of the 2n bit strings appears exatly one in the pattern.ii) The bit strings with k 1s all appear in the same olumn.iii) Within eah row, onseutive bit strings di�er by hanging a 0 to a 1.If we think of the bit strings as representing subsets of f1; : : : ; ng, with 1-bitsto indiate the members of a set, property (iii) says that eah row represents ahain in whih eah subset is overed by its suessor. In symbols, using thenotation of Setion 7.1, every row �1 �2 : : : �s has the property that �j � �j+1and �(�j+1) = �(�j) + 1 for 1 � j < s.Properties (i) and (ii) tell us that there are exatly �nk� elements in olumn k,if we number the olumns from 0 to n. This observation, together with the fatthat eah row is entered among the olumns, proves that the total number ofrows is max0�k�n �nk� = � nbn=2�, as laimed. Let us all this number Mn.* This name was hosen for sentimental reasons, beause the pattern has a general shapenot unlike that of a festive tree, and beause it was the subjet of the author's ninth annual\Christmas Tree Leture" at Stanford University in Deember 2002.
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18 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6Table 4THE CHRISTMAS TREE PATTERN OF ORDER 81010101010101000 10101001 101010111010110010100100 10100101 1010110110100010 10100110 1010111010100000 10100001 10100011 10100111 101011111011001010110000 10110001 101100111011010010010100 10010101 1011010110010010 10010110 1011011010010000 10010001 10010011 10010111 101101111011100010011000 10011001 1011100110001010 10011010 1011101010001000 10001001 10001011 10011011 1011101110001100 10011100 1011110010000100 10000101 10001101 10011101 1011110110000010 10000110 10001110 10011110 1011111010000000 10000001 10000011 10000111 10001111 10011111 101111111100101011001000 11001001 110010111100110011000100 11000101 1100110111000010 11000110 1100111011000000 11000001 11000011 11000111 110011111101001011010000 11010001 110100111101010001010100 01010101 1101010101010010 01010110 1101011001010000 01010001 01010011 01010111 110101111101100001011000 01011001 1101100101001010 01011010 1101101001001000 01001001 01001011 01011011 1101101101001100 01011100 1101110001000100 01000101 01001101 01011101 1101110101000010 01000110 01001110 01011110 1101111001000000 01000001 01000011 01000111 01001111 01011111 110111111110001011100000 11100001 111000111110010001100100 01100101 1110010101100010 01100110 1110011001100000 01100001 01100011 01100111 111001111110100001101000 01101001 1110100100101010 01101010 1110101000101000 00101001 00101011 01101011 1110101100101100 01101100 1110110000100100 00100101 00101101 01101101 1110110100100010 00100110 00101110 01101110 1110111000100000 00100001 00100011 00100111 00101111 01101111 111011111111000001110000 01110001 1111000100110010 01110010 1111001000110000 00110001 00110011 01110011 1111001100110100 01110100 1111010000010100 00010101 00110101 01110101 1111010100010010 00010110 00110110 01110110 1111011000010000 00010001 00010011 00010111 00110111 01110111 1111011100111000 01111000 1111100000011000 00011001 00111001 01111001 1111100100001010 00011010 00111010 01111010 1111101000001000 00001001 00001011 00011011 00111011 01111011 1111101100001100 00011100 00111100 01111100 1111110000000100 00000101 00001101 00011101 00111101 01111101 1111110100000010 00000110 00001110 00011110 00111110 01111110 1111111000000000 00000001 00000011 00000111 00001111 00011111 00111111 01111111 11111111
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7.2.1.6 GENERATING ALL TREES 19A set C of bit strings is alled a lutter, or an \antihain of subsets," ifits bit strings are inomparable in the sense that � 6� � whenever � and � aredistint elements of C. A famous theorem of Emanuel Sperner [Math. Zeitshrift27 (1928), 544{548℄ asserts that no lutter on f1; : : : ; ng an have more thanMn elements; and the Christmas tree pattern provides a simple proof, beauseno lutter an ontain more than one element of eah row.Indeed, the Christmas tree pattern an be used to show that muh moreis true. Let's note �rst that exatly �nk� � � nk�1� rows of length n + 1 � 2k arepresent, for 0 � k � n=2, beause there are exatly �nk� elements in olumn k.For example, Table 4 has one row of length 9, namely the bottom row; it alsohas �81�� �80� = 7 rows of length 7, �82�� �81� = 20 rows of length 5, �83�� �82� = 28of length 3, and �84�� �83� = 14 of length 1. Moreover, these numbers �nk�� � nk�1�appear in the Catalan triangle (22), beause they're equal to Ck(n�k) aordingto Eq. (23).Further study reveals that this Catalan onnetion is not simply a o-inidene; nested parentheses are, in fat, the key to a deeper understandingof the Christmas tree pattern, beause the theory of parentheses tells us wherean arbitrary bit string �ts into the array. Suppose we use the symbols ( and )instead of 1 and 0, respetively. Any string of parentheses, nested or not, an bewritten uniquely in the form�0) : : : �p�1)�p(�p+1 : : : (�q (37)for some p and q with 0 � p � q, where the substrings �0, : : : , �q are properlynested and possibly empty; exatly p of the right parentheses and q � p of theleft parentheses are \free" in the sense that they have no mate. For example,the string ) ( ( ) ) ( ) ) ( ) ) ) ) ( ( ( ( ( ( ) ( ( ) ( ) ( ( ( ) ) (38)has p = 5, q = 12, �0 = �, �1 = (())(), �2 = (), �3 = �, : : : , �12 = (()). Ingeneral, the string (37) is part of a hain of length q + 1,�0) : : : �q�1)�q; �0) : : : �q�2)�q�1(�q; : : : ; �0(�1 : : : (�q; (39)in whih we start with q free )s and hange them one by one into free (s. Everyrow of the Christmas tree pattern is obtained in exatly this manner, but using1 and 0 instead of ( and ); for if the hain �1 : : : �s orresponds to the nestedstrings �0, : : : , �s�1, its suessor hains in (36) orrespond respetively to�0, : : : , �s�3, �s�2(�s�1) and to �0, : : : , �s�3, �s�2, �s�1, �. [See CurtisGreene and Daniel J. Kleitman, J. Combinatorial Theory A20 (1976), 80{88.℄Notie furthermore that the rightmost elements in eah row of the pattern|suh as 10101010, 10101011, 10101100, 10101101, : : : , 11111110, 11111111 inthe ase n = 8|are in lexiographi order. Thus, for example, the fourteenrows of length 1 in Table 4 orrespond preisely to the fourteen strings ofnested parentheses in Table 1. This observation makes it easy to generate therows of Table 8 sequentially from bottom to top, with a method analogous toAlgorithm P; see exerise 77.
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20 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6Let f(x1; : : : ; xn) be any monotone Boolean funtion of n variables. If � =a1 : : : an is any bit string of length n, we an write f(�) = f(a1; : : : ; an) foronveniene. Any row �1 : : : �s of the Christmas tree pattern forms a hain, sowe have 0 � f(�1) � � � � � f(�s) � 1: (40)In other words, there is an index t suh that f(�j) = 0 for j < t and f(�j) = 1for j � t; we will know the value of f(�) for all 2n bit strings � if we know theindies t for eah row of the pattern.Georges Hansel [Comptes Rendus Aad. Si. (A) 262 (Paris, 1966), 1088{1090℄ notied that the Christmas tree pattern has another important property:If �j�1, �j , and �j+1 are three onseutive entries of any row, the bit string�0j = �j�1 � �j � �j+1 (41)lies in a previous row. In fat, �0j lies in the same olumn as �j , and it satis�es�j�1 � �0j � �j+1; (42)it is alled the relative omplement of �j in the interval (�j�1 : : �j+1). Hansel'sobservation is easy to prove by indution, beause of the reursive rule (36) thatde�nes the Christmas tree pattern. He used it to show that we an dedue thevalues of f(�) for all � by atually evaluating the funtion at relatively few well-hosen plaes; for if we know the value of f(�0j), we will know either f(�j�1) orf(�j+1) beause of relation (42).Algorithm H (Learning a monotone Boolean funtion). Let f(x1; : : : ; xn) be aBoolean funtion that is nondereasing in eah Boolean variable, but otherwiseunknown. Given a bit string � of length n, let r(�) be the number of the rowin whih � appears in the Christmas tree pattern, where 1 � r(�) � Mn. If1 � m �Mn, let s(m) be the number of bit strings in row m; also let �(m; k) bethe bit string in olumn k of that row, for (n+1�s(m))=2 � k � (n�1+s(m))=2.This algorithm determines the sequene of threshold values t(1), t(2), : : : , t(Mn)suh that f(�) = 1 () �(�) � t�r(�)�; (43)by evaluating f at no more than two points per row.H1. [Loop on m.℄ Perform steps H2 through H4 for m = 1, : : : , Mn; then stop.H2. [Begin row m.℄ Set a (n+ 1� s(m))=2 and z  (n� 1 + s(m))=2.H3. [Do a binary searh.℄ If z � a+1, go to H4. Otherwise set k  �(a+z)=2�,and �  �(m; k � 1)� �(m; k)� �(m; k + 1): (44)If k � t�r(�)�, set z  k; otherwise set a k. Repeat step H3.H4. [Evaluate.℄ If f(�(m; a)) = 1, set t(m)  a; otherwise, if a = z, sett(m) a+ 1; otherwise set t(m) z + 1� f(�(m; z)).
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7.2.1.6 GENERATING ALL TREES 21Hansel's algorithm is optimum, in the sense that it evaluates f at the fewestpossible points in the worst ase. For if f happens to be the threshold funtionf(�) = ��(�) > n=2�; (45)any valid algorithm that learns f on the �rst m rows of the Christmas treepattern must evaluate f(�) in olumn bn=2 of eah row, and in olumn bn=2+1of eah row that has size greater than 1. Otherwise we ould not distinguish ffrom a funtion that di�ers from it only at an unexamined point. [See V. K.Korobkov, Problemy Kibernetiki 13 (1965), 5{28, Theorem 5.℄Oriented trees and forests. Let's turn now to another kind of tree, in whihthe parent-hild relationship is important but the order of hildren in eah familyis not. An oriented forest of n nodes an be de�ned by a sequene of pointersp1 : : : pn, where pj is the parent of node j (or pj = 0 if j is a root); the diretedgraph on verties f0; 1; : : : ; ng with ars fj ! pj j 1 � j � ng will have nooriented yles. An oriented tree is an oriented forest with exatly one root.(See Setion 2.3.4.2.) Every n-node oriented forest is equivalent to an (n + 1)-node oriented tree, beause the root of that tree an be regarded as the parent ofall the roots of the forest. We saw in Setion 2.3.4.4 that there are An orientedtrees with n nodes, where the �rst few values aren = 1 2 3 4 5 6 7 8 9 10 11 12 13 14An = 1 1 2 4 9 20 48 115 286 719 1842 4766 12486 32973 ; (46)asymptotially, An = �nn�3=2+O(�nn�5=2) where � � 2:9558 and  � 0:4399.Thus, for example, only 9 of the 14 forests in Table 1 are distint when we ignorethe horizontal left-to-right ordering and onsider only the vertial orientation.Every oriented forest orresponds to a unique ordered forest if we sort themembers of eah family appropriately, using an ordering on trees introduedby H. I. Soins [Mahine Intelligene 3 (1968), 43{60℄: Reall from (11) thatordered forests an be haraterized by their level odes 1 : : : n, where node jin preorder appears on level j . An ordered forest is alled anonial if the levelode sequenes for the subtrees in eah family are in noninreasing lexiographiorder. For example, the anonial forests in Table 1 are those whose level odes1234 are 0000, 0100, 0101, 0110, 0111, 0120, 0121, 0122, and 0123. The levelsequene 0112 is not anonial, beause the subtrees of the root have respetivelevel odes 1 and 12; the string 1 is lexiographially less than 12. We an readilyverify by indution that the anonial level odes are lexiographially largest,among all ways of reordering the subtrees of a given oriented forest.T. Beyer and S. M. Hedetniemi [SICOMP 9 (1980), 706{712℄ notied thatthere is a remarkably simple way to generate oriented forests if we visit them indereasing lexiographi order of the anonial level odes. Suppose 1 : : : n isanonial, where k > 0 and k+1 = � � � = n = 0. The next smallest sequene isobtained by dereasing k, then inreasing k+1 : : : n to the largest levels onsis-tent with anoniity; and those levels are easy to ompute. For if j = pk is theparent of node k, we have j = k�1 < l for j < l � k, hene the levels j : : : k
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22 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6represent the subtree urrently rooted at node j. To get the largest sequene oflevels less than 1 : : : n we therefore replae k : : : n by the �rst n+1�k elementsof the in�nite sequene (j : : : k�1)1 = j : : : k�1j : : : k�1j : : : . (The e�etis to remove k from its urrent position as the rightmost hild of j, then toappend new subtrees that are siblings of j, by loning j and its desendantsas often as possible. This loning proess may terminate in the midst of thesequene j : : : k�1, but that auses no diÆulty beause every pre�x of aanonial level sequene is anonial.) For example, to obtain the suessor ofany sequene of anonial odes that ends with 23443433000000000, we replaethe �nal 3000000000 by 2344343234.Algorithm O (Oriented forests). This algorithm generates all oriented forestson n nodes, by visiting all anonial n-node forests in dereasing lexiographiorder of their level odes 1 : : : n. The level odes are not omputed expliitly,however; eah anonial forest is represented diretly by its sequene of parentpointers p1 : : : pn, in preorder of the nodes. To generate all oriented trees onn+ 1 nodes, we an imagine that node 0 is the root.O1. [Initialize.℄ Set pk  k � 1 for 0 � k � n. (In partiular, this step makesp0 nonzero, for use in termination testing; see step O4.)O2. [Visit.℄ Visit the forest represented by parent pointers p1 : : : pn.O3. [Easy ase?℄ If pn > 0, set pn  ppn and return to step O2.O4. [Find j and k.℄ Find the largest k < n suh that pk 6= 0. Terminate thealgorithm if k = 0; otherwise set j  pk and d k � j.O5. [Clone.℄ If pk�d = pj , set pk  pj ; otherwise set pk  pk�d + d. Return tostep O2 if k = n; otherwise set k  k + 1 and repeat this step.As in other algorithms we've been seeing, the loops in steps O4 and O5 tend tobe quite short; see exerise 88. Exerise 90 proves that slight hanges to thisalgorithm suÆe to generate all arrangements of edges that form free trees.Spanning trees. Now let's onsider the minimal subgraphs that \span" agiven graph. If G is a onneted graph on n verties, the spanning trees of Gare the subsets of n� 1 edges that ontain no yles; equivalently, they are thesubsets of edges that form a free tree onneting all the verties. Spanning treesare important in many appliations, espeially in the study of networks, so theproblem of generating all spanning trees has been treated by many authors. Infat, systemati ways to list them all were developed early in the 20th enturyby Wilhelm Feussner [Annalen der Physik (4) 9 (1902), 1304{1329℄, long beforeanybody thought about generating other kinds of trees.In the following disussion we will allow graphs to have any number of edgesbetween two verties; but we disallow loops from a vertex to itself, beauseself-loops annot be part of a tree. Feussner's basi idea was very simple, yeteminently suited for alulation: If e is any edge of G, a spanning tree eitherontains e or it doesn't. Suppose e joins vertex u to vertex v, and suppose it ispart of a spanning tree; then the other n � 2 edges of that tree span the graph
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7.2.1.6 GENERATING ALL TREES 23G = e that we obtain by regarding u and v as idential. In other words, thespanning trees that ontain e are essentially the same as the spanning trees ofthe ontrated graph G= e that results when we shrink e down to a single point.On the other hand the spanning trees that do not ontain e are spanning treesof the redued graph G n e that results when we eliminate edge e. Symbolially,therefore, the set S(G) of all spanning trees of G satis�esS(G) = e S(G = e) [ S(G n e): (47)Malolm J. Smith, in his Master's thesis at the University of Vitoria (1999),introdued a nie way to arry out the reursion (47) by �nding all spanning treesin a \revolving-door Gray ode" order: Eah tree in his sheme is obtained fromits predeessor by simply removing one edge and substituting another. Suhorderings are not diÆult to �nd, but the trik is to do the job eÆiently.The basi idea of Smith's algorithm is to generate S(G) in suh a way thatthe �rst spanning tree inludes a given near tree, namely a set of n � 2 edgesontaining no yle. This task is trivial if n = 2; we simply list all the edges.If n > 2 and if the given near tree is fe1; : : : ; en�2g, we proeed as follows:Assume that G is onneted; otherwise there are no spanning trees. Form G=e1and append e1 to eah of its spanning trees, beginning with one that ontainsfe2; : : : ; en�2g; notie that fe2; : : : ; en�2g is a near tree of G=e1, so this reursionmakes sense. If the last spanning tree found in this way for G= e1 is f1 : : : fn�2,omplete the task by listing all spanning trees for G n e1, beginning with onethat ontains the near tree ff1; : : : ; fn�2g.For example, suppose G is the graphG = 1 23 4q r stp (48)with four verties and �ve edges fp; q; r; s; tg. Starting with the near tree fp; qg,Smith's proedure �rst forms the ontrated graphG = p = q r st1,23 4 (49)and lists its spanning trees, beginning with one that ontains q. This list mightbe qs, qt, ts, tr, rs; thus the trees pqs, pqt, pts, ptr, and prs span G. Theremaining task is to list the spanning trees ofG n p = 1 23 4q r st ; (50)starting with one that ontains fr; sg; they are rsq, rqt, qts.A detailed implementation of Smith's algorithm turns out to be quite in-strutive. As usual we represent the graph by letting two ars u! v and v ! uorrespond to eah edge u���v, and we maintain lists of \ar nodes" to representthe ars that leave eah vertex. We'll need to shrink and unshrink the graph's
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24 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6edges, so we will make these lists doubly linked. If a points to an ar node thatrepresents u! v, thena� 1 points to the \mate" of a, whih represents v ! u;ta is the \tip" of a, namely v (hene ta�1 = u);ia is an optional name that identi�es this edge (and equals ia�1);na points to the next element of u's ar list;pa points to the previous element of u's ar list;and la is a link used for undeleting ars as explained below.The verties are represented by integers f1; : : : ; ng; and ar number v � 1 is aheader node for vertex v's doubly linked ar list. A header node a is reognizableby the fat that its tip, ta, is 0. We let dv be the degree of vertex v. Thus, forexample, the graph (48) might be represented by (d1; d2; d3; d4) = (2; 3; 3; 2) andby the following fourteen nodes of ar data:a = 0 1 2 3 4 5 6 7 8 9 10 11 12 13ta = 0 0 0 0 1 2 1 3 2 3 2 4 3 4ia = p p q q r r s s t tna = 5 4 6 10 9 7 8 0 13 11 12 1 3 2pa = 7 11 13 12 1 0 2 5 6 4 3 9 10 8The impliit reursion of Smith's algorithm an be ontrolled onvenientlyby using an array of ar pointers a1 : : : an�1. At level l of the proess, arsa1 : : : al�1 denote edges that have been inluded in the urrent spanning tree; alis ignored; and ars al+1 : : : an�1 denote edges of a near tree on the ontratedgraph ( : : : (G=a1) : : : )=al�1 that should be part of the next spanning tree visited.There's also another array of ar pointers s1 : : : sn�2, representing staksof ars that have been temporarily removed from the urrent graph. The topelement of the stak for level l is sl, and eah ar a links to its suessor, la(whih is 0 at the bottom of the stak).An edge whose removal would disonnet a onneted graph is alled abridge. One of the key points in the algorithm that follows is the fat that wewant to keep the urrent graph onneted; therefore we don't set G  G n ewhen e is a bridge.Algorithm S (All spanning trees). Given a onneted graph represented withthe data strutures explained above, this algorithm visits all of its spanning trees.A tehnique alled \daning links," whih we will disuss extensively inSetion 7.2.2.1, is used here to remove and restore items from and to doublylinked lists. The abbreviation \delete(a)" in the steps below is shorthand for thepair of operations npa  na; pna  pa ; (51)similarly, \undelete(a)" stands forpna  a; npa  a: (52)
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7.2.1.6 GENERATING ALL TREES 25S1. [Initialize.℄ Set a1 : : : an�1 to a spanning tree of the graph. (See exerise 94.)Also set x 0, l 1, and s1  0. If n = 2, set v  1, e n0, and go to S5.S2. [Enter level l.℄ Set e al+1, u te, and v  te�1. If du > dv, interhangev $ u and set e e� 1.S3. [Shrink e.℄ (Now we will make u idential to v by inserting u's adjaeny listinto v's. We also must delete all former edges between u and v, inluding eitself, beause suh edges would otherwise beome loops. Deleted edges arelinked together so that we an restore them later in step S7.) Set k  du+dv ,f  nu�1, and g  0. While tf 6= 0, do the following: If tf = v, delete(f),delete(f � 1), and set k  k � 2, lf  g, g  f ; otherwise set tf�1  v.Then set f  nf and repeat these operations until tf = 0. Finally set le  g,dv  k, g  v � 1, npf  ng, png  pf , pnf  g, ng  nf , and al  e.S4. [Advane l.℄ Set l  l + 1. If l < n � 1, set sl  0 and return to S2.Otherwise set e nv�1.S5. [Visit.℄ (The urrent graph now has only two verties, one of whih is v.)Set an�1  e and visit the spanning tree a1 : : : an�1. (If x = 0, this is the�rst spanning tree to be visited; otherwise it di�ers from its predeessor bydeleting x and inserting e.) Set x e and e ne. Repeat step S5 if te 6= 0.S6. [Derease l.℄ Set l  l � 1. Terminate the algorithm if l = 0; otherwise sete al, u te, and v  te�1.S7. [Unshrink e.℄ Set f  u � 1, g  v � 1, ng  npf , png  g, npf  f ,pnf  f , and f  pf . While tf 6= 0, set tf�1  u and f  pf . Then setf  le, k  dv; while f 6= 0 set k  k + 2, undelete(f � 1), undelete(f),and set f  lf . Finally set dv  k � du.S8. [Test for bridge.℄ If e is a bridge, go to S9. (See exerise 95 for one wayto perform this test.) Otherwise set x  e, le  sl, sl  e; delete(e) anddelete(e� 1). Set du  du � 1, dv  dv � 1, and go to S2.S9. [Undo level l deletions.℄ Set e  sl. While e 6= 0, set u  te, v  te�1,du  du + 1, dv  dv + 1, undelete(e� 1), undelete(e), and e le. Returnto S6.The reader is enouraged to play through the steps of this algorithm on a smallgraph suh as (48). Notie that a subtle ase arises in steps S3 and S7, if u'sadjaeny list happens to beome empty. Notie also that several shortuts wouldbe possible, at the expense of a more ompliated algorithm; we will disuss suhimprovements later in this setion.*Series-parallel graphs. The task of �nding all spanning trees beomes espe-ially simple when the given graph has a serial and/or parallel deomposition. Aseries-parallel graph between s and t is a graph G with two designated verties,s and t, whose edges an be built up reursively as follows: Either G onsists ofa single edge, s��� t; or G is a serial superedge onsisting of k � 2 series-parallelsubgraphs Gj between sj and tj , joined in series with s = s1 and tj = sj+1 for
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26 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.61 � j < k and tk = t; or G is a parallel superedge onsisting of k � 2 series-parallel subgraphs Gj between s and t joined in parallel. This deomposition isessentially unique, given s and t, if we require that the subgraphs Gj for serialsuperedges are not themselves serial superedges, and that the subgraphs Gj forparallel superedges are not themselves parallel.Any series-parallel graph an be represented onveniently as a tree, with nonodes of degree 1. The leaf nodes of this tree represent edges, and the branhnodes represent superedges, alternating between serial and parallel from levelto level. For example, the tree Aa B Db C e f g d (53)
orresponds to the series-parallel graphs and subgraphs

A = db ea
f g ; B = db e ; C = d ; D = f g ; (54)if the top node A is taken to be parallel. Edges are named in (54), but notverties, beause edges are of prime importane with respet to spanning trees.Let's say that a near tree of a series-parallel graph between s and t is a setof n � 2 yle-free edges that do not onnet s to t. The spanning trees andnear trees of a series-parallel graph are easy to desribe reursively, as follows:(1) A spanning tree of a serial superedge orresponds to spanning trees of all itsprinipal subgraphs Gj ; a near tree orresponds to spanning trees in all but oneof the Gj , and a near tree in the other. (2) A near tree of a parallel superedgeorresponds to near trees of all its prinipal subgraphs Gj ; a spanning tree or-responds to near trees in all but one of the Gj , and a spanning tree in the other.Rules (1) and (2) suggest the following data strutures for listing the span-ning trees and/or near trees of series-parallel graphs. Let p point to a node in atree like (53). Then we de�netp = 1 for serial superedges, 0 otherwise (the \type" of p);vp = 1 if we have a spanning tree for p, 0 if we have a near tree;lp = pointer to p's leftmost hild, or 0 if p is a leaf;rp = pointer to p's right sibling, wrapping around ylially;dp = pointer to a designated hild of p, or 0 if p is a leaf.If q points to the rightmost hild of p, its \right sibling" rq equals lp. And if qpoints to any hild of p, rules (1) and (2) state thatvq = � vp; if q = dp;tp; if q 6= dp. (55)
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7.2.1.6 GENERATING ALL TREES 27(For example, if p is a branh node that represents a serial superedge, we musthave vq = 1 for all but one of p's hildren; the only exeption is the designatedhild dp. Thus we must have a spanning tree for all of the subgraphs that werejoined serially to form p, exept for one designated subgraph in the ase that wehave a near tree for p.)Given any setting of the designated-hild pointers dp, and given any value0 or 1 for vp at the root of the tree, Eq. (55) tells us how to propagate valuesdown to all of the leaves. For example, if we set vA  1 in the tree (53), andif we designate the leftmost hild of eah branh node (so that dA = a, dB = b,dC = , and dD = f), we �nd suessivelyva=1, vB =0, vb=0, vC =1, v=1, vd=0, ve=1, vD =0, vf =0, vg =1. (56)A leaf node q is present in the spanning tree if and only if vq = 1; hene(56) spei�es the spanning tree aeg of the series-parallel graph A in (54).For onveniene, let's say that the on�gs of p are its spanning trees ifvp = 1, its near trees if vp = 0. We would like to generate all on�gs of theroot. A branh node p is alled \easy" if vp = tp; that is, a serial node is easyif its on�gs are spanning trees, and a parallel node is easy if its on�gs arenear trees. If p is easy, its on�gs are the Cartesian produt of the on�gs of itshildren, namely all k-tuples of the hildren's on�gs, varying independently; thedesignated hild dp is immaterial in the easy ase. But if p is uneasy, its on�gsare the union of suh Cartesian k-tuples, taken over all possible hoies of dp.As luk would have it, easy nodes are relatively rare: At most one hild ofan uneasy node (namely the designated hild) an be easy, and all hildren of aneasy node are uneasy unless they are leaves.Even so, the tree representation of a series-parallel graph makes the reursivegeneration of all its spanning trees and/or near trees quite straightforward andeÆient. The operations of Algorithm S|shrinking and unshrinking, deletingand undeleting, bridge detetion|are not needed when we deal with series-parallel graphs. Furthermore, exerise 99 shows that there is a pleasant way toobtain the spanning trees or near trees in a revolving-door Gray ode order, byusing fous pointers as in several algorithms that we've seen earlier.*Re�nements of Algorithm S. Although Algorithm S provides us with a simpleand reasonably e�etive way to visit all spanning trees of a general graph, itsauthor Malolm Smith realized that the properties of series-parallel graphs an beused to make it even better. For example, if a graph has two or more edges thatrun between the same verties u and v, we an ombine them into a superedge;the spanning trees of the original graph an then be obtained readily from thoseof the simpler, redued graph. And if a graph has a vertex v of degree 2, so thatthe only edges touhing v are u���v and v���w, we an eliminate v and replaethose edges by a single superedge between u and w. Furthermore, any vertex ofdegree 1 an e�etively be eliminated, together with its adjaent edge, by simplyinluding that edge in every spanning tree.After the redutions in the preeding paragraph have been applied to a givengraph G, we obtain a redued graph Ĝ having no parallel edges and no verties

27



28 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6of degrees 1 or 2, together with a set of m � 0 series-parallel graphs S1, : : : , Sm,representing edges (or superedges) that must be inluded in all spanning treesof G. Every remaining edge u���v of Ĝ orresponds, in fat, to a series-parallelgraph Suv between verties u and v. The spanning trees of G are then obtainedas the union, taken over all spanning trees T of Ĝ, of the Cartesian produtof the spanning trees of S1, : : : , Sm and the spanning trees of all Suv for edgesu���v in T , together with the near trees of all Suv for edges u���v that are inĜ but not in T . And all spanning trees T of Ĝ an be obtained by using thestrategy of Algorithm S.In fat, when Algorithm S is extended in this way, its operations of replaingthe urrent graph G by G=e or G n e typially trigger further redutions, as newparallel edges appear or as the degree of a vertex drops below 3. Therefore itturns out that the \stopping state" of the impliit reursion in Algorithm S,namely the ase when only two verties are left (step S5), never atually arises:A redued graph Ĝ either has only a single vertex and no edges, or it has at leastfour verties and six edges.The resulting algorithm retains the desirable revolving-door property ofAlgorithm S, and it is quite pretty (although about four times as long as theoriginal); see exerise 100. Smith proved that it has the best possible asymptotirunning time: If G has n verties, m edges, and N spanning trees, the algorithmvisits them all in O(m+ n+N) steps.The performane of Algorithm S and of its souped-up version Algorithm S0an best be appreiated by onsidering the number of memory aesses thatthose algorithms atually make when they generate the spanning trees of typialgraphs, as shown in Table 5. The bottom line of that table orresponds tothe graph plane miles (16; 0; 0; 1; 0; 0; 0) from the Stanford GraphBase, whihserves as an \organi" antidote to the purely mathematial examples on theprevious lines. The random multigraph on the penultimate line, also fromthe Stanford GraphBase, an be desribed more preisely by its oÆial namerandom graph (16; 37; 1; 0; 0; 0; 0; 0; 0; 0). Although the 4 � 4 torus is isomorphito the 4-ube (see exerise 7.2.1.1{17), those isomorphi graphs yield slightly dif-ferent running times beause their verties and edges are enountered di�erentlywhen the algorithms are run.In general we an say that Algorithm S is not too bad on small examples,exept when the graph is quite sparse; but Algorithm S0 begins to shine whenmany spanning trees are present. One Algorithm S0 gets warmed up, it tendsto rank out a new tree after every 18 or 19 mems go by.Table 5 also indiates that a mathematially-de�ned graph often has asurprisingly \round" number of spanning trees. For example, D. M. Cvetkovi�[Srpska Akademija Nauka, Matematiheski Institut 11 (Belgrade: 1971), 135{141℄ disovered, among other things, that the n-ube has exatly22n�n�1 1(n1) 2(n2) : : : n(nn) (57)of them. Exerises 104{109 explore some of the reasons why that happens.
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7.2.1.6 GENERATING ALL TREES 29Table 5RUNNING TIME IN MEMS NEEDED TO GENERATE ALL SPANNING TREESm n N Algorithm S Algorithm S0 � per treepath P10 9 10 1 794 � 473 � 794.0 473.0path P100 99 100 1 9,974 � 5,063 � 9974.0 5063.0yle C10 10 10 10 3,480 � 998 � 348.0 99.8yle C100 100 100 100 355,605 � 10,538 � 3556.1 105.4omplete graph K4 6 4 16 1,213 � 1,336 � 75.8 83.5omplete graph K10 45 10 100,000,000 3,759.58 M� 1,860.95 M� 37.6 18.6omplete bigraph K5;5 25 10 390,625 23.43 M� 8.88 M� 60.0 22.74�4 grid P4�P4 24 16 100,352 12.01 M� 1.87 M� 119.7 18.75�5 grid P5�P5 40 25 557,568,000 54.68 G� 10.20 G� 98.1 18.34�4 ylinder P4�C4 28 16 2,558,976 230.96 M� 49.09 K� 90.3 19.25�5 ylinder P5�C5 45 25 38,720,000,000 3,165.31 G� 711.69 G� 81.7 18.44�4 torus C4�C4 32 16 42,467,328 3,168.15 M� 823.08 M� 74.6 19.44-ube P2�P2�P2�P2 32 16 42,467,328 3,168.16 M� 823.38 M� 74.7 19.4random multigraph 37 16 59,933,756 3,818.19 M� 995.91 M� 63.7 16.616 ities 37 16 179,678,881 11,772.11 M� 3,267.43 M� 65.5 18.2
A general quasi-Gray ode. Let's lose this setion by disussing somethingompletely di�erent, yet still related to trees. Consider the following hybridvariants of the two standard ways to traverse a nonempty forest:Prepostorder traversal Postpreorder traversalVisit the root of the �rst tree Traverse the subtrees of the �rstTraverse the subtrees of the �rst tree, in prepostordertree, in postpreorder Visit the root of the �rst treeTraverse the remaining trees, Traverse the remaining trees,in prepostorder in postpreorderIn the �rst ase, every tree of the forest is traversed in prepostorder, with its root�rst; but the subtrees of those roots are traversed in postpreorder, with rootsoming last. The seond variant is similar but with `pre' and `post' interhanged.And in general, prepostorder visits roots �rst on every even-numbered level ofthe forest, but visits them last on the odd-numbered levels. For example, theforest in (2) beomesk1k2 k3k5k4 k11k6k7 k9k8

k10 k15k12 k13k14 (58)
when we label its nodes in prepostorder.
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30 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6Prepostorder and postpreorder are not merely uriosities; they're atuallyuseful. The reason is that adjaent nodes, in either of these orders, are alwaysnear eah other in the forest. For example, nodes k and k+1 are adjaent in (58)for k = 1, 4, 6, 8, 10, 13; they are separated by only one node when k = 3, 12, 14;and they're three steps apart when k = 2, 5, 7, 9, 11 (if we imagine an invisiblesuper-parent at the top of the forest). A moment's thought proves indutivelythat at most two nodes an possibly intervene between prepostorder neighbors orpostpreorder neighbors|beause postpreorder(F ) always begins with the rootof the �rst tree or its leftmost hild, and prepostorder(F ) always ends with theroot of the last tree or its rightmost hild.Suppose we want to generate all ombinatorial patterns of some kind, andwe want to visit them in a Gray-ode-like manner so that onseutive patternsare always \lose" to eah other. We an form, at least oneptually, the graph ofall possible patterns p, with edges p���q for all pairs of patterns that are lose toeah other. The following theorem, due to Milan Sekanina [Spisy P�r��rodov�edek�eFakulty University v Brn�e, No. 412 (1960), 137{142℄, proves that a pretty goodGray ode is always possible, provided only that we an get from any pattern toany other in a sequene of short steps:Theorem S. The verties of any onneted graph an be listed in a yli order(v0; v1; : : : ; vn�1) so that the distane between vk and v(k+1) mod n is at most 3,for 0 � k < n.Proof. Find a spanning tree in the graph, and traverse it in prepostorder.Graph theorists traditionally say that the kth power of a graph G is thegraph Gk whose verties are those of G, with u���v in Gk if and only if there's apath of length k or less from u to v in G. Thus they an state Theorem S muhmore suintly, when n > 2: The ube of a onneted graph is Hamiltonian.Prepostorder traversal is also useful when we want to visit the nodes of atree in loopless fashion, with a bounded number of steps between stops:Algorithm Q (Prepostorder suessor in a triply linked forest). If P points to anode in a forest represented by links PARENT, CHILD, and SIB, orresponding toeah node's parent, leftmost hild, and right sibling, this algorithm omputes P'ssuessor node, Q, in prepostorder. We assume that we know the level L at whihP appears in the forest; the value of L is updated to be the level of Q. If P happensto be the �nal node in prepostorder, the algorithm sets Q � and L �1.Q1. [Pre or post?℄ If L is even, go to step Q4.Q2. [Continue postpreorder.℄ Set Q SIB(P). Go to Q6 if Q 6= �.Q3. [Move up.℄ Set P PARENT(P) and L L� 1. Go to Q7.Q4. [Continue prepostorder.℄ If CHILD(P) = �, go to Q7.Q5. [Move down.℄ Set Q CHILD(P) and L L+ 1.Q6. [Move down if possible.℄ If CHILD(Q) 6= �, set Q CHILD(Q) and L L+1.Terminate the algorithm.
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7.2.1.6 GENERATING ALL TREES 31Q7. [Move right or up.℄ If SIB(P) 6= �, set Q  SIB(P); otherwise set Q  PARENT(P) and L L� 1. Terminate the algorithm.Notie that, as in Algorithm 2.4C, the link PARENT(P) is examined only ifSIB(P) = �. A omplete traversal is really a worm walk around the forest,like (3): The worm \sees" the nodes on even-numbered levels when it passesthem on the left, and it sees the odd-level nodes when it passes them on the right.EXERCISES1. [15 ℄ If a worm rawls around the binary tree (4), how ould it easily reonstrutthe parentheses of (1)?2. [20 ℄ (S. Zaks, 1980.) Modify Algorithm P so that it produes the ombinationsz1z2 : : : zn of (8) instead of the parenthesis strings a1a2 : : : a2n.x 3. [23 ℄ Prove that (11) onverts z1z2 : : : zn to the inversion table 12 : : : n.4. [20 ℄ True or false: If the strings a1 : : : a2n are generated in lexiographi order,so are the orresponding strings d1 : : : dn, z1 : : : zn, p1 : : : pn, and 1 : : : n.5. [15 ℄ What tables d1 : : : dn, z1 : : : zn, p1 : : : pn, and 1 : : : n orrespond to thenested parenthesis string (1)?x 6. [20 ℄ What mathing orresponds to (1)? (See the �nal olumn of Table 1.)7. [16 ℄ (a) What is the state of the string a1a2 : : : a2n when Algorithm P terminates?(b) What do the arrays l1l2 : : : ln and r1r2 : : : rn ontain when Algorithm B terminates?8. [15 ℄ What tables l1 : : : ln, r1 : : : rn, e1 : : : en, and s1 : : : sn orrespond to the ex-ample forest (2)?9. [M20 ℄ Show that the tables 1 : : : n and s1 : : : sn are related by the lawk = [s1� k � 1℄ + [s2� k � 2℄ + � � �+ [sk�1� 1℄:10. [M20 ℄ (Worm walks.) Given a string of nested parentheses a1a2 : : : a2n, let wjbe the exess of left parentheses over right parentheses in a1a2 : : : aj , for 0 � j � 2n.Prove that w0 + w1 + � � �+ w2n = 2(1 + � � �+ n) + n.11. [11 ℄ If F is a forest, its onjugate FR is obtained by left-to-right mirror reetion.For example, the fourteen forests in Table 1 are, , , , , , , , , , , , ,and their onjugates are respetively, , , , , , , , , , , , ,as in the olex forests of Table 2. If F orresponds to the nested parentheses a1a2 : : : a2n,what string of parentheses orresponds to FR?12. [15 ℄ If F is a forest, its transpose FT is the forest whose binary tree is obtainedby interhanging left and right links in the binary tree representing F . For example,the transposes of the fourteen forests in Table 1 are respetively, , , , , , , , , , , , , .What is the transpose of the forest (2)?13. [20 ℄ Continuing exerises 11 and 12, how do the preorder and postorder of alabeled forest F relate to the preorder and postorder of (a) FR? (b) FT ?
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32 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6x 14. [21 ℄ Find all labeled forests F suh that FRT = FTR.15. [20 ℄ Suppose B is the binary tree obtained from a forest F by linking eah nodeto its left sibling and its rightmost hild, as in exerise 2.3.2{5 and the last olumn ofTable 2. Let F 0 be the forest that orresponds to B in the normal way, via left-hildand right-sibling links. Prove that F 0 = FRT , in the notation of exerises 11 and 12.16. [20 ℄ If F and G are forests, let FG be the forest obtained by plaing the trees of Fto the left of the trees of G; also let F jG = (GTFT )T . Give an intuitive explanationof the operator j, and prove that it is assoiative.17. [M46 ℄ Charaterize all unlabeled forests F suh that FRT =FTR. (See exerise 14.)18. [30 ℄ Two forests are said to be ognate if one an be obtained from the other byrepeated operations of taking the onjugate and/or the transpose. The examples in ex-erises 11 and 12 show that all forests on 4 nodes belong to one of three ognate lasses:� ; � � � � � ;� � � � � :Study the set of all forests with 15 nodes. How many equivalene lasses of ognateforests do they form? What is the largest lass? What is the smallest lass? What isthe size of the lass ontaining (2)?19. [28 ℄ Let F1, F2, : : : , FN be the sequene of unlabeled forests that orrespondto the nested parentheses generated by Algorithm P, and let G1, G2, : : : , GN bethe sequene of unlabeled forests that orrespond to the binary trees generated byAlgorithm B. Prove that Gk = F RTRk , in the notation of exerises 11 and 12. (Theforest FRTR is alled the dual of F ; it is denoted by FD in several exerises below.)20. [25 ℄ Reall from Setion 2.3 that the degree of a node in a tree is the number ofhildren it has, and that an extended binary tree is haraterized by the property thatevery node has degree either 0 or 2. In the extended binary tree (4), the sequene ofnode degrees is 2200222002220220002002202200000 in preorder; this string of 0s and 2sis idential to the sequene of parentheses in (1), exept that eah `(' has been replaedby 2, eah `)' has been replaed by 0, and an additional 0 has been appended.a) Prove that a sequene of nonnegative integers b1b2 : : : bN is the preorder degreesequene of a forest if and only if it satis�es the following property for 1 � k � N :b1 + b2 + � � �+ bk + f > k if and only if k < N:Here f = N � b1 � b2 � � � � � bN is the number of trees in the forest.b) Reall from exerise 2.3.4.5{6 that an extended ternary tree is haraterized by theproperty that every node has degree 0 or 3; an extended ternary tree with n internalnodes has 2n + 1 external nodes, hene N = 3n + 1 nodes altogether. Design analgorithm to generate all ternary trees with n internal nodes, by generating theassoiated sequenes b1b2 : : : bN in lexiographi order.x 21. [26 ℄ (S. Zaks and D. Rihards, 1979.) Continuing exerise 20, explain how togenerate the preorder degree sequenes of all forests that have N = n0+ � � �+nt nodes,with exatly nj nodes of degree j. Example: When n0 = 4, n1 = n2 = n3 = 1, andt = 3, and the valid sequenes b1b2b3b4b5b6b7 are1203000; 1230000; 1300200; 1302000; 1320000;2013000; 2030010; 2030100; 2031000; 2103000;2130000; 2300010; 2300100; 2301000; 2310000;3001200; 3002010; 3002100; 3010200; 3012000;3020010; 3020100; 3021000; 3100200; 3102000;3120000; 3200010; 3200100; 3201000; 3210000:
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7.2.1.6 GENERATING ALL TREES 33x 22. [30 ℄ (J. Korsh, 2004.) As an alternative to Algorithm B, show that binary treesan also be generated diretly and eÆiently in linked form if we produe them in olexorder of the numbers d1 : : : dn�1 de�ned in (9). (The atual values of d1 : : : dn�1 shouldnot be omputed expliitly; but the links l1 : : : ln and r1 : : : rn should be manipulatedin suh a way that we get the binary trees orresponding suessively to d1d2 : : : dn�1 =000 : : : 0, 100 : : : 0, 010 : : : 0, 110 : : : 0, 020 : : : 0, 001 : : : 0, : : : , 000 : : : (n�1).)x 23. [25 ℄ (a) What is the last string visited by Algorithm N? (b) What is the lastbinary tree or forest visited by Algorithm L? Hint: See exerise 40 below.24. [22 ℄ Using the notation of Table 3, what sequenes l0 l1 : : : l15, r1 : : : r15, k1 : : : k15,q1 : : : q15, and u1 : : : u15 orrespond to the binary tree (4) and the forest (2)?x 25. [30 ℄ (Pruning and grafting.) Representing binary trees as in Algorithm B, designan algorithm that visits all link tables l1 : : : ln and r1 : : : rn in suh a way that, betweenvisits, exatly one link hanges from j to 0 and another from 0 to j, for some index j.(In other words, every step removes some subtree j from the binary tree and plaes itelsewhere, preserving preorder.)26. [M31 ℄ (The Kreweras lattie.) Let F and F 0 be n-node forests with their nodesnumbered 1 to n in preorder. We write F < F 0 (\F oaleses F 0") if j and k aresiblings in F whenever they are siblings in F 0, for 1 � j < k � n. Figure 39 illustratesthis partial ordering in the ase n = 4; eah forest is enoded by the sequene 1 : : : nof (9) and (10), whih spei�es the depth of eah node. (With this enoding, j and kare siblings if and only if j = k � j+1; : : : ; k�1.)

00000001 00100011 001201000101011001110112 012001210122 0123

Fig. 39. The Kreweras lattie of order 4. Eah forest is represented byits sequene of node depths 1234 in preorder. (See exerises 26{28.)a) Let � be a partition of f1; : : : ; ng. Show that there exists a forest F , with nodeslabeled (1; : : : ; n) in preorder and withj � k (modulo �) () j is a sibling of k in F ;if and only if � satis�es the nonrossing propertyi < j < k < l and i � k and j � l (modulo �) implies i � j � k � l (modulo �).b) Given any two n-node forests F and F 0, explain how to ompute their least upperbound F _F 0, the element suh that F < G and F 0 < G if and only if F _F 0 < G.) When does F 0 over F with respet to the relation <? (See exerise 7.2.1.4{55.)d) Show that if F 0 overs F , it has exatly one less leaf than F .e) How many forests over F , when node k has ek hildren for 1 � k � n?f) Using the de�nition of duality in exerise 19, what is the dual of the forest (2)?
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34 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6g) Prove that F < F 0 holds if and only if F 0D < FD. (Beause of this property, dualelements have been plaed symmetrially about the enter of Fig. 39.)h) Given any two n-node forests F and F 0, explain how to ompute their greatestlower bound F ^ F 0; that is, G< F and G< F 0 if and only if G< F ^ F 0.i) Does this lattie satisfy a semimodular law analogous to exerise 7.2.1.5{12(f)?x 27. [M33 ℄ (The Tamari lattie.) Continuing exerise 26, let us write F a F 0 if thejth node in preorder has at least as many desendants in F 0 as it does in F , for all j.In other words, if F and F 0 are haraterized by their sope sequenes s1 : : : sn ands01 : : : s0n as in Table 2, we have F a F 0 if and only sj � s0j for 1 � j � n. (See Fig. 40.)0123
0012

0112
01010001

0122
0011

0121 0111
01200010 0110 01000000(a)

3210
0210

3010
10100010

3200
0200

3100 3000
21000100 2000 10000000(b)Fig. 40. The Tamari lattie of order 4. Eah forest is represented byits sequenes of (a) node depths and (b) desendant ounts, in preorder.(See exerises 26{28.)a) Show that the sope oordinates min(s1; s01)min(s2; s02) : : :min(sn; s0n) de�ne aforest that is the greatest lower bound of F and F 0. (We denote it by F ? F 0.)Hint: Prove that s1 : : : sn orresponds to a forest if and only if 0 � k � sj impliessj+k + k � sj , for 0 � j � n, if we de�ne s0 = n.b) When does F 0 over F in this partial ordering?) Prove that F a F 0 if and only if F 0D a FD . (Compare with exerise 26(g).)d) Explain how to ompute a least upper bound, F > F 0, given F and F 0.e) Prove that F < F 0 in the Kreweras lattie implies F a F 0 in the Tamari lattie.f) True or false: F ^ F 0 a F ? F 0.g) True or false: F _ F 0 < F > F 0.h) What are the longest and shortest paths from the top of the Tamari lattie to thebottom, when eah forest of the path overs its suessor? (Suh paths are alledmaximal hains in the lattie; ompare with exerise 7.2.1.4{55(h).)28. [M26 ℄ (The Stanley lattie.) Continuing exerises 26 and 27, let us de�ne yetanother partial ordering on n-node forests, saying that F � F 0 whenever the depthoordinates 1 : : : n and 01 : : : 0n satisfy j � 0j for 1 � j � n. (See Fig. 41).a) Prove that this partial ordering is a lattie, by explaining how to ompute thegreatest lower bound F \F 0 and least upper bound F [F 0 of any two given forests.b) Show that Stanley's lattie satis�es the distributive lawsF \ (G [H) = (F \G) [ (F \H); F [ (G \H) = (F [G) \ (F [H):
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7.2.1.6 GENERATING ALL TREES 35

00000001 001000110012 01000101 011001110112 0120012101220123
Fig. 41. The Stanley lattie of order 4. Eahforest is represented by its sequene of nodedepths in preorder. (See exerises 26{28.)) When does F 0 over F in this lattie?d) True or false: F � G if and only if FR � GR.e) Prove that F � F 0 in the Stanley lattie whenever F a F 0 in the Tamari lattie.29. [HM31 ℄ The overing graph of a Tamari lattie is sometimes known as an \assoia-hedron," beause of its onnetion with the assoiative law (14), proved in exerise27(b). The assoiahedron of order 4, depited in Fig. 40, looks like it has three squarefaes and six faes that are regular pentagons. (Compare with Fig. 23 in exerise7.2.1.2{60, whih shows the \permutahedron" of order 4, a well-known Arhimedeansolid.) Why doesn't Fig. 40 show up in lassial lists of uniform polyhedra?30. [M26 ℄ The footprint of a forest is the bit string f1 : : : fn de�ned byfj = [node j in preorder is not a leaf ℄:a) If F has footprint f1 : : : fn, what is the footprint of FD? (See exerise 27.)b) How many forests have the footprint 10101101111110000101010001011000?) Prove that fj = [dj =0℄, for 1 � j < n, in the notation of (6).d) Two elements of a lattie are alled omplementary if their greatest lower boundis the bottom element while their least upper bound is the top element. Show thatF and F 0 are omplementary in the Tamari lattie if and only if their footprintsare omplementary, in the sense that f 01 : : : f 0n�1 = �f1 : : : �fn�1.x 31. [M28 ℄ A binary tree with n internal nodes is alled degenerate if it has height n�1.a) How many n-node binary trees are degenerate?b) We've seen in Tables 1, 2, and 3 that binary trees and forests an be enoded byvarious n-tuples of numbers. For eah of the enodings 1 : : : n, d1 : : : dn, e1 : : : en,k1 : : : kn, p1 : : : pn, s1 : : : sn, u1 : : : un, and z1 : : : zn, explain how to see at a glaneif the orresponding binary tree is degenerate.) True or false: If F is degenerate, so is FD.d) Prove that if F and F 0 are degenerate, so are F ^F 0 = F?F 0 and F _F 0 = F>F 0.x 32. [M30 ℄ Prove that if F a F 0, there is a forest F 00 suh that for all G we haveF 0 ?G = F if and only if F a G a F 00:Consequently the semidistributive laws hold in the Tamari lattie:F ?G = F ?H implies F ? (G>H) = F ?G;F >G = F >H implies F > (G?H) = F >G:
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36 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6x 33. [M27 ℄ (Permutation representation of trees.) Let � be the yle (1 2 : : : n).a) Given any binary tree whose nodes are numbered 1 to n in symmetri order, provethat there is a unique permutation � of f1; : : : ; ng suh that, for 1 � k � n,LLINK[k℄ = � k�; if k� < k;0; otherwise; RLINK[k℄ = � k��; if k�� > k;0; otherwise.Thus � neatly paks 2n link �elds into a single n-element array.b) Show that this permutation � is partiularly easy to desribe in yle form whenthe binary tree is the left-sibling/right-hild representation of a forest F . What isthe yle form of �(F ) when F is the forest in (2)?) Find a simple relation between �(F ) and the dual permutation �(FD).d) Prove that, in exerise 26, F 0 overs F if and only if �(F 0) = (j k)�(F ), wherej and k are siblings in F .e) Consequently the number of maximal hains in the Kreweras lattie of order nis the number of ways to fator an n-yle as a produt of n � 1 transpositions.Evaluate this number. Hint: See Eq. 1.2.6{(16).34. [M25 ℄ (R. P. Stanley.) Show that the number of maximal hains in the Stanleylattie of order n is (n(n� 1)=2)!=(1n�13n�2 : : : (2n� 5)2(2n� 3)1).35. [HM37 ℄ (D. B. Tyler and D. R. Hikerson.) Explain why the denominators of theasymptoti formula (16) are all powers of 2.x 36. [M25 ℄ Analyze the ternary tree generation algorithm of exerise 20(b). Hint:There are (2n+ 1)�1�3nn � ternary trees with n internal nodes, by exerise 2.3.4.4{11.x 37. [M40 ℄ Analyze the Zaks{Rihards algorithm for generating all trees with a givendistribution n0, n1, n2, : : : , nt of degrees (exerise 21). Hint: See exerise 2.3.4.4{32.38. [M22 ℄ What is the total number of memory referenes performed by Algorithm L,as a funtion of n?39. [22 ℄ Prove formula (23) by showing that the elements of Apq in (5) orrespond toYoung tableaux with two rows.40. [M22 ℄ (a) Prove that Cpq is odd if and only if p & (q + 1) = 0, in the sense thatthe binary representations of p and q+1 have no bits in ommon. (b) Therefore Cn isodd if and only if n+ 1 is a power of 2.41. [M21 ℄ Show that the ballot numbers have a simple generating funtionPCpqwpzq.x 42. [M22 ℄ How many unlabeled forests with n nodes are (a) self-onjugate? (b) self-transpose? () self-dual? (See exerises 11, 12, 19, and 26.)43. [M21 ℄ Express Cpq in terms of the Catalan numbers hC0; C1; C2; : : : i, aiming fora formula that is simple when q � p is small. (For example, C(q�2)q = Cq � Cq�1.)x 44. [M27 ℄ Prove that Algorithm B makes only 8 23 +O(n�1) referenes to memory perbinary tree visited.45. [M26 ℄ Analyze the memory referenes made by the algorithm in exerise 22. Howdoes it ompare to Algorithm B?46. [M30 ℄ (Generalized Catalan numbers.) Generalize (21) by de�ningCpq(x) = Cp(q�1)(x) + xq�pC(p�1)q(x); if 0 � p � q 6= 0; C00(x) = 1;and Cpq(x) = 0 if p < 0 or p > q; thus Cpq = Cpq(1). Also let Cn(x) = Cnn(x), so thathC0(x); C1(x); : : : i = h1; 1; 1+x; 1+2x+x2+x3; 1+3x+3x2+3x3+2x4+x5+x6; : : : i:
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7.2.1.6 GENERATING ALL TREES 37a) Show that [xk℄Cpq(x) is the number of paths from pq to 00 in (28) that havearea k, where the \area" of a path is the number of retangular ells above it.(Thus an L-shaped path has the maximum possible area, p(q � p) + �p2�.)b) Prove that Cn(x) = PF x1+���+n = PF xinternal path length(F ), summed over alln-node forests F .) If C(x; z) =P1n=0 Cn(x)zn, show that C(x; z) = 1 + zC(x; z)C(x; xz).d) Furthermore, C(x; z)C(x; xz) : : : C(x; xrz) =P1p=0 Cp(p+r)(x)zp.47. [M27 ℄ Continuing the previous exerise, generalize the identity (27).48. [M28 ℄ (F. Ruskey and A. Proskurowski.) Evaluate Cpq(x) when x = �1, and usethis result to show that no \perfet" Gray ode for nested parentheses is possible whenn � 5 is odd.49. [17 ℄ What is the lexiographially millionth string of 15 nested parenthesis pairs?50. [20 ℄ Design the inverse of Algorithm U: Given a string a1 : : : a2n of nested paren-theses, determine its rank N � 1 in lexiographi order. What is the rank of (1)?51. [M22 ℄ Let �z1�z2 : : : �zn be the omplement of z1z2 : : : zn with respet to 2n; in otherwords, �zj = 2n� zj , where zj is de�ned in (8). Show that if �z1�z2 : : : �zn is the (N +1)stn-ombination of f0; 1; : : : ; 2n � 1g generated by Algorithm 7.2.1.3L, then z1z2 : : : znis the (N � �nN + 1)st n-ombination of f1; 2; : : : ; 2ng generated by the algorithm ofexerise 2. (Here �n denotes the nth Kruskal funtion, de�ned in 7.2.1.3{(60).)52. [M23 ℄ Find the mean and variane of the quantity dn in Table 1, when nestedparentheses a1 : : : a2n are hosen at random.53. [M28 ℄ Let X be the distane from the root of an extended binary tree to theleftmost external node. (a) What is the expeted value of X, when all binary trees withn nodes are equally likely? (b) What is the expeted value of X in a random binarysearh tree, onstruted by Algorithm 6.2.2T from a random permutation K1 : : :Kn?() What is the expeted value of X in a random degenerate binary tree, in the senseof exerise 31? (d) What is the expeted value of 2X in all three ases?54. [HM29 ℄ What are the mean and variane of 1 + � � �+ n? (See exerise 46.)55. [HM33 ℄ Evaluate C 0pq(1), the total area of all the paths in exerise 46(a).56. [M23 ℄ (Renzo Sprugnoli, 1990.) Prove the summation formulam�1Xk=0 CkCn�1�k = 12Cn + 2m� n2n(n+ 1)�2mm ��2n� 2mn�m �; for 0 � m � n.57. [M28 ℄ Express the sums Sp(a; b) =Pk�0 � 2aa�k�� 2bb�k�kp in losed form for p = 0,1, 2, 3, and use these formulas to prove (30).58. [HM34 ℄ Let tlmn be the number of n-node binary trees in whih external node mappears at level l when the external nodes are numbered from 0 to n in symmetriorder. Also let tmn = Pnl=1 ltlmn, so that tmn=Cn is the average level of externalnode m; and let t(w; z) be the super generating funtionXm;n tmnwmzn = (1+w)z + (3+4w+3w2)z2 + (9+13w+13w2+9w3)z3 + � � � :Prove that t(w; z) = (C(z) � wC(wz))=(1� w) � 1 + zC(z)t(w; z) + wzC(wz)t(w; z),and dedue a simple formula for the numbers tmn.
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38 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.659. [HM29 ℄ Similarly, let Tlmn ount all n-node binary trees in whih internal nodemappears at level l. Find a simple formula for Tmn =Pnl=1 lTlmn.x 60. [M26 ℄ (Balaned strings.) A string � of nested parentheses is atomi if it hasthe form (�0) where �0 is nested; every nested string an be represented uniquely as aprodut of atoms �1 : : : �r. A string with equal numbers of left and right parenthesesis alled balaned ; every balaned string an be represented uniquely as �1 : : : �r whereeah �j is either an atom or a o-atom (the reverse of an atom). The defet of abalaned string is half the length of its o-atoms. For example, the balaned string( ( ) ) ) ( ( ( ) ) ) ) ) ) ( ( ) ( ( ( ) ) ( ( ( ) ) ( ( )has the fatored form �1�2�3�4�5�6�7�8 = �1�R2 �3�R4 �R5 �6�R7 �8, with four atomsand four o-atoms; its defet is j�2�4�5�7j=2 = 9.a) Prove that the defet of a balaned string is the number of indies k for whih thekth right parenthesis preedes the kth left parenthesis.b) If �1 : : : �r is balaned, we an map it into a nested string by simply reversingits o-atoms. But the following mapping is more interesting, beause it produesunbiased (uniformly random) nested strings from unbiased balaned strings: Letthere be s o-atoms �i1 = �Ri1 , : : : , �is = �Ris . Replae eah o-atom by (; thenappend the string )�0is : : : )�0i1 , where �j = (�0j). For example, the string aboveis mapped into �1(�3((�6(�8)�07)�05)�04)�02, whih just happens to equal thestring (1) illustrated at the beginning of this setion.Design an algorithm that applies this mapping to a given balaned string b1 : : : b2n.) Also design an algorithm for the inverse mapping: Given a nested string � =a1 : : : a2n and an integer l with 0 � l � n, ompute a balaned string � = b1 : : : b2nof defet l for whih � 7! �. What balaned string of defet 11 maps into (1)?x 61. [M26 ℄ (Raney's Cyle Lemma.) Let b1b2 : : : bN be a string of nonnegative integerssuh that f = N � b1 � b2 � � � � � bN > 0.a) Prove that exatly f of the yli shifts bj+1 : : : bN b1 : : : bj for 1 � j � N satisfythe preorder degree sequene property in exerise 20.b) Design an eÆient algorithm to determine all suh j, given b1b2 : : : bN .) Explain how to generate a random forest that has N = n0 + � � �+ nt nodes, withexatly nj nodes of degree j. (For example, we obtain random n-node t-ary treesas a speial ase of this general proedure when N = tn + 1, n0 = (t � 1)n + 1,n1 = � � � = nt�1 = 0, and nt = n.)62. [22 ℄ A binary tree an also be represented by bit strings (l1 : : : ln; r1 : : : rn), wherelj and rj tell whether the left and right subtrees of node j in preorder are nonempty.(See Theorem 2.3.1A.) Prove that if l1 : : : ln and r1 : : : rn are arbitrary bit stringswith l1 + � � � + ln + r1 + � � � + rn = n � 1, exatly one yli shift (lj+1 : : : ln l1 : : : lj ;rj+1 : : : rnr1 : : : rj) yields a valid binary tree representation, and explain how to �nd it.63. [16 ℄ If the �rst two iterations of R�emy's algorithm have produed 1 2 0e e , whatdeorated binary trees are possible after the next iteration?64. [20 ℄ What sequene of X values in Algorithm R orresponds to the deoratedtrees of (34), and what are the �nal values of L0L1 : : : L12?65. [38 ℄ Generalize R�emy's algorithm (Algorithm R) to t-ary trees.
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7.2.1.6 GENERATING ALL TREES 3966. [21 ℄ A Shr�oder tree is a binary tree in whih every nonnull right link is oloredeither white or blak. The number Sn of n-node Shr�oder trees isn = 0 1 2 3 4 5 6 7 8 9 10 11 12Sn = 1 1 3 11 45 197 903 4279 20793 103049 518859 2646723 13648869for small n. For example, S3 = 11 beause the possibilities are :(White links are \hollow"; external nodes have also been attahed.)a) Find a simple orrespondene between Shr�oder trees with n internal nodes andordinary trees with n+ 1 leaves and no nodes of degree one.b) Devise a Gray ode for Shr�oder trees.67. [M22 ℄ What is the generating funtion S(z) =Pn Snzn for Shr�oder numbers?68. [10 ℄ What is the Christmas tree pattern of order 0?69. [20 ℄ Are the Christmas tree patterns of orders 6 and 7 visible in Table 4, possiblyin slight disguise?x 70. [20 ℄ Find a simple rule that de�nes, for every bit string �, another bit string �0alled its mate, with the following properties: (i) �00 = �; (ii) j�0j = j�j; (iii) either� � �0 or �0 � �; (iv) �(�) + �(�0) = j�j.71. [M21 ℄ Let Mtn be the size of the largest possible set S of n-bit strings with theproperty that, if � and � are members of S with � � � , then �(�) < �(�) + t. (Thus,for example, M1n =Mn by Sperner's theorem.) Find a formula for Mtn.x 72. [M28 ℄ If you start with a single row �1 �2 : : : �s of length s and apply the growthrule (36) repeatedly n times, how many rows do you obtain?73. [15 ℄ In the Christmas tree pattern of order 30, what are the �rst and last elementsof the row that ontains the bit string 011001001000011111101101011100?74. [M26 ℄ Continuing the previous exerise, how many rows preede that row?x 75. [HM23 ℄ Let (r(n)1 ; r(n)2 ; : : : ; r(n)n�1) be the row numbers in whih the Christmas treepattern of order n has n� 1 entries; for example, Table 4 tells us that (r(8)1 ; : : : ; r(8)7 ) =(20; 40; 54; 62; 66; 68; 69). Find formulas for r(n)j+1 � r(n)j and for limn!1 r(n)j =Mn.76. [HM46 ℄ Study the limiting shape of the Christmas tree patterns as n!1. Doesit, for example, have a fratal dimension under some appropriate saling?77. [21 ℄ Design an algorithm to generate the sequene of rightmost elements a1 : : : anin the rows of the Christmas tree pattern, given n. Hint: These bit strings areharaterized by the property that a1 + � � �+ ak � k=2 for 0 � k � n.78. [20 ℄ True or false: If �1 : : : �s is a row of the Christmas tree pattern, so is��Rs : : : ��R1 (the reverse sequene of reverse omplements).79. [M26 ℄ The number of permutations p1 : : : pn that have exatly one \desent"where pk > pk+1 is the Eulerian number 
n1� = 2n�n� 1, aording to Eq. 5.1.3{(12).The number of entries in the Christmas tree pattern, above the bottom row, is the same.a) Find a ombinatorial explanation of this oinidene, by giving a one-to-one or-respondene between one-desent permutations and unsorted bit strings.b) Show that two unsorted bit strings belong to the same row of the Christmas treepattern if and only if they orrespond to permutations that de�ne the same Ptableau under the Robinson{Shensted orrespondene (Theorem 5.1.4A).
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40 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.680. [30 ℄ Say that two bit strings are onordant if we an obtain one from the othervia the transformations 010 $ 100 or 101 $ 110 on substrings. For example, thestrings 011100$ 011010$ 010110$ 010101$ 011001l l100110$ 100101$ 101001$ 110001are mutually onordant, but no other string is onordant with any of them.Prove that strings are onordant if and only if they belong to the same olumnof the Christmas tree pattern and to rows of the same length in that pattern.81. [M30 ℄ A bilutter of order (n; n0) is a family S of bit string pairs (�; �0), wherej�j = n and j�0j = n0, with the property that distint members (�; �0) and (�; � 0) of Sare allowed to satisfy � � � and �0 � � 0 only if � 6= � and �0 6= � 0.Use Christmas tree patterns to prove that S ontains at most Mn+n0 string pairs.x 82. [M26 ℄ Let E(f) be the number of times Algorithm H evaluates the funtion f .a) Show that Mn � E(f) �Mn+1, with equality when f is onstant.b) Among all f suh that E(f) =Mn, whih one minimizesP� f(�)?) Among all f suh that E(f) =Mn+1, whih one maximizesP� f(�)?83. [M20 ℄ (G. Hansel.) Show that there are at most 3Mn monotone Boolean funtionsf(x1; : : : ; xn) of n Boolean variables.x 84. [HM27 ℄ (D. Kleitman.) Let A be an m�n matrix of real numbers in whih everyolumn v has length kvk � 1, and let b be an m-dimensional olumn vetor. Prove thatat most Mn olumn vetors x = (a1; : : : ; an)T , with omponents aj = 0 or 1, satisfykAx� bk < 12 . Hint: Use a onstrution analogous to the Christmas tree pattern.85. [HM35 ℄ (Philippe Golle.) Let V be any vetor spae ontained in the set ofall real n-dimensional vetors, but ontaining none of the unit vetors (1; 0; : : : ; 0),(0; 1; 0; : : : ; 0), : : : , (0; : : : ; 0; 1). Prove that V ontains at most Mn vetors whoseomponents are all 0 or 1; furthermore the upper bound Mn is ahievable.86. [15 ℄ If (2) is regarded as an oriented forest instead of an ordered forest, whatanonial forest orresponds to it? Speify that forest both by its level odes 1 : : : 15and its parent pointers p1 : : : p15.87. [M20 ℄ Let F be an ordered forest in whih the kth node in preorder appears onlevel k and has parent pk, where pk = 0 if that node is a root.a) How many forests satisfy the ondition k = pk for 1 � k � n?b) Suppose F and F 0 have level odes 1 : : : n and 01 : : : 0n, respetively, as wellas parent links p1 : : : pn and p01 : : : p0n. Prove that, lexiographially, 1 : : : n �01 : : : 0n if and only if p1 : : : pn � p01 : : : p0n.88. [M20 ℄ Analyze Algorithm O: How often is step O4 performed? What is the totalnumber of times pk is hanged in step O5?89. [M46 ℄ How often does step O5 set pk  pj?x 90. [M27 ℄ If p1 : : : pn is a anonial sequene of parent pointers for an oriented forest,the graph with verties f0; 1; : : : ; ng and edges fk ��� pk j 1 � k � ng is a free tree,namely a onneted graph with no yles. (See Theorem 2.3.4.1A.) Conversely, everyfree tree orresponds to at least one oriented forest in this way. But the parent pointers011 and 000 both yield the same free tree ; similarly, 012 and 010 both yield .
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7.2.1.6 GENERATING ALL TREES 41The purpose of this exerise is to restrit the sequenes p1 : : : pn further so thateah free tree is obtained exatly one. We proved in 2.3.4.4{(9) that the number ofstruturally di�erent free trees on n+1 verties has a fairly simple generating funtion,by showing that a free tree always has at least one entroid.a) Show that a anonial n-node forest orresponds to a free tree with a single entroidif and only if no tree in the forest has more than bn=2 nodes.b) Modify Algorithm O so that it generates all sequenes p1 : : : pn that satisfy (a).) Explain how to �nd all p1 : : : pn for free trees that have two entroids.91. [M37 ℄ (Nijenhuis and Wilf.) Show that a random oriented tree an be generatedwith a proedure analogous to the random partition algorithm of exerise 7.2.1.4{47.92. [15 ℄ Are the �rst and last spanning trees visited by Algorithm S adjaent, in thesense that they have n� 2 edges in ommon?93. [20 ℄ When Algorithm S terminates, has it restored the graph to its original state?94. [22 ℄ Algorithm S needs to \prime the pump" by �nding an initial spanning treein step S1. Explain how to do that task.95. [26 ℄ Complete Algorithm S by implementing the bridge test in step S8.x 96. [28 ℄ Analyze the approximate running time of Algorithm S when the given graphis simply (a) a path Pn of length n� 1; (b) a yle Cn of length n.97. [15 ℄ Is (48) a series-parallel graph?98. [16 ℄ What series-parallel graph orresponds to (53) if A is taken to be serial?x 99. [30 ℄ Consider a series-parallel graph represented by a tree as in (53), togetherwith node values that satisfy (55). These values de�ne a spanning tree or a near tree,aording as vp is 1 or 0 at the root p. Show that the following method will generateall of the other on�gs of the root:i) Begin with all uneasy nodes ative, other nodes passive.ii) Selet the rightmost ative node, p, in preorder; but terminate if all nodes arepassive.iii) Change dp  rdp , update all values in the tree, and visit the new on�g.iv) Ativate all uneasy nodes to the right of p.v) If dp has run through all hildren of p sine p last beame ative, make node ppassive. Return to (ii).Also explain how to perform these steps eÆiently. Hints: To implement step (v),introdue a pointer zp; make node p passive when dp beomes equal to zp, and at suhtimes also reset zp to the previous value of dp. To implement steps (ii) and (iv), usefous pointers fp analogous to those in Algorithms 7.2.1.1L and 7.2.1.1K.100. [40 ℄ Implement the text's \Algorithm S0" for revolving-door generation of allspanning trees, by ombining Algorithm S with the ideas of exerise 99.101. [46 ℄ Is there a simple revolving-door way to list all nn�2 spanning trees of theomplete graph Kn? (The order produed by Algorithm S is quite ompliated.)102. [46 ℄ An oriented spanning tree of a direted graph D on n verties, also knownas a \spanning arboresene," is an oriented subtree of D ontaining n � 1 ars. Thematrix tree theorem (exerise 2.3.4.2{19) tells us that the oriented subtrees having agiven root an readily be ounted by evaluating an (n� 1)� (n� 1) determinant.Can those oriented subtrees be listed in a revolving-door order, always removingone ar and replaing it with another?
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42 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6x 103. [HM39 ℄ (Sandpiles.) Consider any digraph D on verties V0, V1, : : : , Vn with eijars from Vi to Vj , where eii = 0. Assume that D has at least one oriented spanningtree rooted at V0; this assumption means that, if we number the verties appropriately,we have ei0 + � � � + ei(i�1) > 0 for 1 � i � n. Let di = ei0 + � � � + ein be the totalout-degree of Vi. Put xi grains of sand on vertex Vi for 0 � i � n, and play thefollowing game: If xi � di for any i � 1, derease xi by di and set xj  xj + eij forall j 6= i. (In other words, pass one grain of sand from Vi through eah of its outgoingars, whenever possible, exept when i = 0. This operation is alled \toppling" Vi,and a sequene of topplings is alled an \avalanhe." Vertex V0 is speial; instead oftoppling, it ollets partiles of sand that essentially leave the system.) Continue untilxi < di for 1 � i � n. Suh a state x = (x1; : : : ; xn) is alled stable.a) Prove that every avalanhe terminates in a stable state after a �nite number oftopplings. Furthermore, the �nal state depends only on the initial state, not onthe order in whih toppling is performed.b) Let �(x) be the stable state that results from initial state x. A stable state isalled reurrent if it is �(x) for some x with xi � di for 1 � i � n. (Reurrentstates orrespond to sandpiles that have evolved over a long period of time, afternew grains of sand are repeatedly introdued at random.) Find the reurrentstates in the speial ase when n = 4 and when the only ars of D areV1 ! V0; V1 ! V2; V2 ! V0; V2 ! V1; V3 ! V0; V3 ! V4; V4 ! V0; V4 ! V3:) Let d = (d1; : : : ; dn). Prove that x is reurrent if and only if x = �(x+ t), wheret is the vetor d� �(d).d) Let ai be the vetor (�ei1; : : : ;�ei(i�1); di;�ei(i+1); : : : ;�ein), for 1 � i � n;thus, toppling Vi orresponds to hanging the state vetor x = (x1; : : : ; xn) tox � ai. Say that two states x and x0 are ongruent, written x � x0, if x � x0 =m1a1+ � � �+mnan for some integers m1, : : : , mn. Prove that there are exatly asmany equivalene lasses of ongruent states as there are oriented spanning treesin D, rooted at V0. Hint: See the matrix tree theorem, exerise 2.3.4.2{19.e) If x � x0 and if both x and x0 are reurrent, prove that x = x0.f) Prove that every ongruene lass ontains a unique reurrent state.g) IfD is balaned, in the sense that the in-degree of eah vertex equals its out-degree,prove that x is reurrent if and only if x = �(x+ a), where a = (e01; : : : ; e0n).h) Illustrate these onepts when D is a \wheel" with n spokes: Let there be 3n ars,Vj ! V0 and Vj $ Vj+1 for 1 � j � n, regarding Vn+1 as idential to V1. Finda one-to-one orrespondene between the oriented spanning trees of this digraphand the reurrent states of its sandpiles.i) Similarly, analyze the reurrent sandpiles when D is the omplete graph on n+1verties, namely when eij = [i 6= j ℄ for 0 � i; j � n. Hint: See exerise 6.4{31.x 104. [HM21 ℄ If G is a graph on n verties fV1; : : : ; Vng, with eij edges between Vi andVj , let C(G) be the matrix with entries ij = �eij + Æijdi, where di = ei1 + � � �+ ein isthe degree of Vi. Let us say that the aspets of G are the eigenvalues of C(G), namelythe roots �0, : : : , �n�1 of the equation det(�I�C(G)) = 0. Sine C(G) is a symmetrimatrix, its eigenvalues are real numbers, and we an assume that �0 � �1 � � � � � �n�1.a) Prove that �0 = 0.b) Prove that G has exatly (G) = �1 : : : �n�1=n spanning trees.) What are the aspets of the omplete graph Kn?
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7.2.1.6 GENERATING ALL TREES 43105. [HM37 ℄ Continuing exerise 104, we wish to prove that there is often an easyway to determine the aspets of G when G has been onstruted from other graphswhose aspets are known. Suppose G0 has aspets �00, : : : , �0n0�1 and G00 has aspets�000 , : : : , �00n00�1; what are the aspets of G in the following ases?a) G = G0 is the omplement of G0. (Assume that e0ij � [i 6= j ℄ in this ase.)b) G = G0 +G00 is the sum (juxtaposition) of G0 and G00.) G = G0 �+G00 is the osum (join) of G0 and G00.d) G = G0�G00 is the Cartesian produt of G0 and G00.e) G = L(G0) is the line graph of G0, when G0 is a regular graph of degree d0 (namelywhen all verties of G0 have exatly d0 neighbors, and there are no self-loops).f) G = G0 G00 is the diret produt (onjuntion) of G0 and G00, when G0 is regularof degree d0 and G00 is regular of degree d00.g) G = G0 G00 is the strong produt of regular graphs G0 and G00.x 106. [HM37 ℄ Find the total number of spanning trees in (a) an m� n grid Pm � Pn;(b) an m� n ylinder Pm �Cn; () an m� n torus Cm �Cn. Why do these numberstend to have only small prime fators? Hint: Show that the aspets of Pn and Cn anbe expressed in terms of the numbers �kn = 4 sin2 k�2n .107. [M24 ℄ Determine the aspets of all onneted graphs that have n � 5 vertiesand no self-loops or parallel edges.108. [HM40 ℄ Extend the results of exerises 104{106 to direted graphs.109. [M46 ℄ Find a ombinatorial explanation for the fat that (57) is the number ofspanning trees in the n-ube.x 110. [M27 ℄ Prove that if G is any onneted multigraph without self-loops, it has(G) >p(d1 � 1) : : : (dn � 1)spanning trees, where dj is the degree of vertex j.111. [05 ℄ List the nodes of the tree (58) in postpreorder.112. [15 ℄ If node p of a forest preedes node q in prepostorder and follows it inpostpreorder, what an you say about p and q?x 113. [20 ℄ How do prepostorder and postpreorder of a forest F relate to prepostorderand postpreorder of the onjugate forest FR? (See exerise 13.)114. [15 ℄ If we want to traverse an entire forest in prepostorder using Algorithm Q,how should we begin the proess?115. [20 ℄ Analyze Algorithm Q: How often is eah step performed, during the om-plete traversal of a forest?x 116. [28 ℄ If the nodes of a forest F are labeled 1 to n in prepostorder, say that node kis luky if it is adjaent to node k + 1 in F , unluky if it is three steps away, andordinary otherwise, for 1 � k � n; in this de�nition, node n + 1 is an imaginarysuper-root onsidered to be the parent of eah root.a) Prove that luky nodes our only on even-numbered levels; unluky nodes ouronly on odd-numbered levels.b) Show that the number of luky nodes is exatly one greater than the number ofunluky nodes, unless n = 0.117. [21 ℄ How many n-node forests ontain no unluky nodes?
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44 COMBINATORIAL ALGORITHMS (F4A) 7.2.1.6118. [M28 ℄ How many luky nodes are present in (a) the omplete t-ary tree with(tk�1)=(t�1) internal nodes? (b) the Fibonai tree of order k, with Fk+1�1 internalnodes? (See 2.3.4.5{(6) and Fig. 8 in Setion 6.2.1.)119. [21 ℄ The twisted binomial tree ~Tn of order n is de�ned reursively by the rules~T0 = ; ~Tn = ~TR0 ~TR1 ~TRn�1: : :0 1 n� 1 for n > 0:(Compare with 7.2.1.3{(21); we reverse the order of hildren on alternate levels.) Showthat prepostorder traversal of ~Tn has a simple onnetion with Gray binary ode.120. [22 ℄ True or false: The square of a graph is Hamiltonian if the graph is onnetedand has no bridges.121. [M32 ℄ (F. Neuman, 1964.) The derivative of a graph G is the graph G(0) obtainedby removing all verties of degree 1 and the edges touhing them. Prove that, when Tis a free tree, its square T 2 ontains a Hamiltonian path if and only if its derivative hasno vertex of degree greater than 4 and the following two additional onditions hold:i) All verties of degree 3 or 4 in T (0) lie on a single path.ii) Between any two verties of degree 4 in T (0), there is at least one vertex that hasdegree 2 in T .x 122. [31 ℄ (Dudeney's Digital Century puzzle.) There are many urious ways to obtainthe number 100 by inserting arithmetial operators and possibly also parentheses intothe sequene 123456789. For example,100 = 1 + 2� 3 + 4� 5� 6 + 7 + 8� 9 = (1 + 2� 3� 4)� (5� 6� 7� 8� 9)= ((1=((2 + 3)=4� 5 + 6))� 7 + 8)� 9 :a) How many suh representations of 100 are possible? To make this questionpreise, in view of the assoiative law and other algebrai properties, assumethat expressions are written in anonial form aording to the following syntax:h expression i ! hnumber i j h sum i j hprodut i j h quotient ih sum i ! h term i+ h term i j h term i � h term i j h sum i+ h term i j h sum i � h term ih term i ! hnumber i j h produt i j h quotient ihprodut i ! h fator i � h fator i j hprodut i � h fator i j (h quotient i)� h fator ih quotient i ! h fator i=h fator i j hprodut i=h fator i j (h quotient i)=h fator ih fator i ! hnumber i j (h sum i)hnumber i ! hdigit iThe digits used must be 1 through 9, in that order.b) Extend problem (a) by allowing multidigit numbers, with the syntaxh number i ! hdigit i j hnumber ihdigit iFor example, 100 = (1=(2 � 3 + 4)) � 567 � 89. What is the shortest suhrepresentation? What is the longest?) Extend problem (b) by also allowing deimal points:hnumber i ! hdigit string i j :hdigit string ihdigit string i ! hdigit i j hdigit string ihdigit iFor example, 100 = (:1� 2� 34� :5)=(:6� :789), amazingly enough.
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7.2.1.6 GENERATING ALL TREES 45123. [21 ℄ Continuing the previous exerise, what are the smallest positive integersthat annot be represented using onventions (a), (b), ()?

(a) (b)

()

(d)Fig. 42. \Organi" illustrations of binary trees.x 124. [40 ℄ Experiment with methods for drawing extended binary trees that are in-spired by simple models from nature. For example, we an assign a value v(x) to eahnode x, alled its Horton{Strahler number, as follows: Eah external (leaf) node hasv(x) = 0; an internal node with hildren (l; r) has v(x) = max(v(l); v(r))+[v(l)= v(r)℄.The edge from internal node x to its parent an be drawn as a retangle with heighth(v(x)) and width w(v(x)), and the edge retangles with hildren (l; r) an be o�set byangles �(v(l(x)); v(r(x))), ��(v(r(x)); v(l(x))), for ertain funtions h, w, and �. Theexamples in Fig. 42 show typial results when we hoose w(k) = 3 + k, h(k) = 18k,�(k; k) = 30Æ, �(j; k) = ((k+ 1)=j)� 20Æ for 0 � k < j, and �(j; k) = ((k� j)=k)� 30Æfor 0 � j < k; the roots appear at the bottom. Part (a) of Fig. 42 is the binary tree (4);part (b) is a random 100-node tree generated by Algorithm R; part () is the Fibonaitree of order 11, whih has 143 nodes; and part (d) is a random 100-node binary searhtree. (The trees in parts (b), (), and (d) learly belong to di�erent speies.)
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46 ANSWERS TO EXERCISES 7.2.1.6SECTION 7.2.1.61. It ould \see" a left parenthesis at the left of every internal node and a rightparenthesis at the bottom of every internal node. Alternatively, it ould assoiate rightparentheses with the external nodes that it enounters|exept for the very last ;see exerise 20.2. Z1. [Initialize.℄ Set zk  2k � 1 for 0 � k � n. (Assume that n � 2.)Z2. [Visit.℄ Visit the tree-ombination z1z2 : : : zn.Z3. [Easy ase?℄ If zn�1 < zn � 1, set zn  zn � 1 and return to Z2.Z4. [Find j.℄ Set j  n�1 and zn  2n�1. While zj�1 = zj �1, set zj  2j�1and j  j � 1.Z5. [Derease zj ℄. Terminate the algorithm if j = 1. Otherwise set zj  zj � 1and go bak to Z2.3. Label the nodes of the forest in preorder. The �rst zk � 1 elements of a1 : : : a2nontain k � 1 left parentheses and zk � k right parentheses. So there is an exess of2k�1�zk left parentheses over right parentheses when the \worm" �rst reahes node k ;and 2k � 1� zk is the level (or depth) of that node.Let q1 : : : qn be the inverse of p1 : : : pn, so that node k is the qkth node in postorder.Sine k ours to the left of j in p1 : : : pn if and only if qk < qj , we see that k is thenumber of nodes j that preede k in preorder but follow it in postorder, namely thenumber of anestors of k; again, this is the level of k.Alternative proof: We an also show that both sequenes z1 : : : zn and 1 : : : n haveessentially the same reursive struture as (5): Zpq = (Zp(q�1)+1p), 1(Z(p�1)q +1p�1)when 0 � p � q; and Cpq = Cp(q�1), (q�p)C(p�1)q. (Consider the mate of the last,next-to-last, et., left parenthesis.)Inidentally, the formula `k+1 + dk = k + 1' is equivalent to (11).4. Almost true; but d1 : : : dn and z1 : : : zn our in dereasing order, while p1 : : : pnand 1 : : : n are inreasing. (This lexiographi property for a sequene of permutationsp1 : : : pn is not automatially inherited from lexiographi order of the orrespondinginversion tables 1 : : : n; but the result does hold for this partiular lass of p1 : : : pn.)5. d1 : : : d15 = 02 0 0 2 0 0 1 0 3 2 0 1 0 4; z1 : : : z15 = 12 5 6 7 10 11 12 14 15 19 22 23 25 26;p1 : : : p15 = 21 5 4 8 10 9 7 11 6 13 15 14 12 3; 1 : : : 15 = 01 0 1 2 1 2 3 3 4 2 1 2 2 3.6. Math up the parentheses as usual; then simply url the string upand around until a2n beomes adjaent to a1, and notie that thedistintion between left and right parentheses an be reonstrutedfrom the ontext. Letting a1 orrespond to the bottom of the irle,as in Table 1, yields the diagram shown. [A. Errera, M�emoires dela Classe Si. 8Æ, Aad. Royale de Belgique (2) 11, 6 (1931), 26 pp.℄7. (a) It equals ))() : : : (); setting a1  `(' will restore the initialstring. (b) The initial binary tree (from step B1) will have been restored,exept that ln = n+ 1.8. l1 : : : l15 = 2 0 4 5 0 7 8 0 10 0 0 13 0 15 0; r1 : : : r15 = 3 0 0 6 0 12 11 9 0 0 0 0 14 0 0;e1 : : : e15 = 1 0 3 1 0 2 2 0 1 0 0 2 0 1 0; s1 : : : s15 = 1 0 12 1 0 5 3 0 1 0 0 3 0 1 0.9. Node j is an anestor of node k if and only if sj + j � k. (As a onsequene, wehave 1 + � � �+ n = s1 + � � �+ sn.)10. If j is the index zk of the kth left parenthesis, we have wj = k + 1 and wj0 = k,where j0 is the index of the mathing right parenthesis.
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7.2.1.6 ANSWERS TO EXERCISES 4711. Swap left and right parentheses in a2n : : : a1 to get the mirror image of a1 : : : a2n.12. The mirror reetion of (4) orresponds to the forestk12 k21k3f k44 k53k6a k78 k85k97 ka6kb9ke kdbked kf
;

but the signi�ane of transposition is learer, forest-wise, if we draw right-sibling andleft-hild links horizontally and vertially, then do a matrix-like transposition:k12k21 k3fk44k53 k6ak78k85 k97ka6
kb9 kekdb kedkf

k12 k21k3f k44 k53k6a k78 k85k97 ka6kb9ke kdbked kf13. (a) By indution on the number of nodes, we have preorder(FR) = postorder(F )Rand postorder(FR) = preorder(F )R.(b) Let F orrespond to the binary tree B; then preorder(F ) = preorder(B)and postorder(F ) = inorder(B), as noted after 2.3.2{(6). Therefore preorder(FT ) =preorder(BR) = postorder(B)R has no simple relationship to either preorder(F ) orpostorder(F ). But postorder(FT ) = inorder(BR) = inorder(B)R = postorder(F )R.14. Aording to answer 13, postorder(FRT ) = preorder(F ) = preorder(B) when Forresponds naturally to B; and postorder(FTR) = preorder(FT )R = postorder(B).Therefore the equation FRT = FTR holds if and only if F has at most one node.15. If FR orresponds naturally to the binary tree B0, the root of B0 is the root of F 'srightmost tree. The left link of node x in B0 is to the leftmost hild of x in FR, whihis the rightmost hild of x in F ; similarly, the right link is to x's left sibling in F .Note: Sine B orresponds naturally to FRT, answer 13 tells us that inorder(B) =postorder(FRT ) = postorder(FR)R = preorder(F ).16. The forest F jG is obtained by plaing the trees of F below the �rst node of G inpostorder. Assoiativity follows beause F j(GjH) = (HTGTFT )T = (F jG)jH. Notie,inidentally, that postorder(F jG) = postorder(F )postorder(G), and that F j (GH) =(F jG)H when G is nonnull.17. Any nonnull forest an be written F = (G j �)H, where � denotes the 1-node forest;then FR = HR(GR j �) and FT = (HT j �)GT . In partiular we annot have FR = FTunless H is the null forest �, sine the �rst tree of HR an't be HT j � ; and G mustthen also be �. Furthermore F = FT if and only if G = HT . In that ase we annotalso have FR = FRT unless G = �; the �rst tree of GTR would otherwise have morenodes than G itself.
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48 ANSWERS TO EXERCISES 7.2.1.6It appears to be true that we annot have FRT = FTR unless F = FR. Underthat assumption, FRT = FTR if and only if F and FT are both self-onjugate. DavidCallan has disovered two in�nite families of suh forests, with parameters i; j; k � 0:
F = i i

ij ;
FT = ii ij ; or F =

i i
i i

i ii i
k
j

j j
j

; FT =
i

i i ii i
i i
j jkj j

:

(In these examples, i = 2, j = 3, and k = 5.) Are there any other ases?18. The C15 = 9;694;845 forests are partitioned into 20,982 lasses. The largest isa yle of length 58,968, one of whose elements is ((()(()))())()((()(())())())().The shortest are six two-element lasses (orresponding to exerise 17), onsisting of()()()()()()()()()()()()()()(); ()()()()((()()()()()))()()()();()()()(((((()()()())))))()()(); ()()((((((((()()()))))))))()();()((()())((()(())()))(()()))(); ()(((((((((((()())))))))))))();and their transposes. The somewhat strange strings (((((((())))))))()()()()()()(),()()()()()()()(((((((()))))))), and (((((((()()()()()()()()))))))) eah havewedge-shaped binary trees and form a unique lass of size 3. The path that runs from()((()(()()))(())((()())()))() to ((()())(()())(())(()())(()())) has 3120 el-ements, one of whih is (2). Aording to the onjeture in answer 19, the shortestpossible yle has length 6; when n = 15 there are 66 suh yles. (The next-shortestyle, whih is unique, has length 10 and inludes ()(()()())()((((())()))((()))).)19. The transformation from Fj to Fj+1 by Algorithm P an be paraphrased as follows:\Find the last node in preorder, say x, that has a left sibling, say y. Remove x fromits family and make it the new rightmost hild of y. And if x < n, hange all of x'sdesendants x+ 1, : : : , n into trivial one-node trees."The transformation that takes FRj into FRj+1 an therefore be stated as follows,if we reall that the kth node of Fj in preorder is the kth-from-last node of FRj inpostorder: \Find the �rst node in preorder, say x, that has a right sibling, say y.Remove x from its family and make it the new leftmost hild of y. And if x < n,hange all of x's desendants x+ 1, : : : , n into trivial one-node trees."Similarly, we an paraphrase the transformation from Gj to Gj+1 that is spei�edby Algorithm B: \Find j, the root of the leftmost nontrivial tree; then �nd k, itsrightmost hild. Remove k and its desendants from j's family, and insert them betweenj and j's right sibling. Finally, if j > 1, make j and its siblings all hildren of j � 1,and j � 1 a hild of j � 2, et."When this transformation hanges the left-sibling/right-hild representation fromGRTj to GRTj+1 (see exerise 15), it turns out to be idential to the transformation thattakes FRj to FRj+1 in the left-hild/right-sibling representation. Therefore GRTj = FRj ,beause this identity learly holds when j = 1.
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7.2.1.6 ANSWERS TO EXERCISES 49(It follows that the sequene of tables e1 : : : en�1 for the binary trees generatedby Algorithm B is exatly the sequene of tables dn�1 : : : d1 for the parenthesis stringsgenerated by Algorithm P; this phenomenon is illustrated in Tables 1 and 2.)The forest FRTR is alled the dual of F ; see exerise 26(f). Several symmetriesbetween lists of forests have been explored by M. C. Er, Comp. J. 32 (1989), 76{85.20. (a) This assertion, whih generalizes Lemma 2.3.1P, is readily proved by indution.(b) The following proedure is, in fat, almost idential to Algorithm P:T1. [Initialize.℄ Set b3k�2  3 and b3k�1  b3k  0 for 1 � k � n; also set b0  bN  0 and m N � 3, where N = 3n+ 1.T2. [Visit.℄ Visit b1 : : : bN . (Now bm = 3 and bm+1 : : : bN = 0 : : : 0.)T3. [Easy ase?℄ Set bm  0. If bm�1 = 0, set bm�1  3, m m� 1, and go to T2.T4. [Find j.℄ Set j  m � 1 and k  N � 3. While bj = 3, set bj  0, bk  3,j  j � 1, and k  k � 3.T5. [Inrease bj .℄ Terminate the algorithm if j = 0. Otherwise set bj  3, m N �3,and return to T2.[See S. Zaks, Theoretial Comp. Si. 10 (1980), 63{82. In that artile, Zaks pointedout that it is even easier to generate the sequene z1 : : : zn of indies j suh that bj = 3,using an algorithm virtually idential to the answer to exerise 2, beause a valid ternarytree ombination z1 : : : zn is haraterized by the inequalities zk�1 < zk � 3k � 2.℄21. For this problem we an essentially ombine Algorithm P with Algorithm 7.2.1.2L.We shall assume for onveniene that nt > 0 and n1 + � � �+ nt > 1.G1. [Initialize.℄ Set l  N . Then for j = t, : : : , 2, 1 (in this order), do the followingoperations nj times: Set bl�j  j, bl�j+1  � � �  bl�1  0, and l  l � j.Finally set b0  bN  0  0 and m N � t.G2. [Visit.℄ Visit b1 : : : bN . (At this point bm > 0 and bm+1 = � � � = bN = 0.)G3. [Easy ase?℄ If bm�1 = 0, set bm�1  bm, bm  0, m m� 1, and return to G2.G4. [Find j.℄ Set 1  bm, bm  0, j  m � 1, and k  1. While bj � k, setk  k + 1, k  bj , bj  0, and j  j � 1.G5. [Inrease bj .℄ If bj > 0, �nd the smallest l � 1 suh that bj < l, and interhangebj $ l. Otherwise, if j > 0, set bj  1 and 1  0. Otherwise terminate.G6. [Reverse and spread out.℄ Set j  k and l  N . While j > 0, set b l�j  j ,l l � j , and j  j � 1. Then set m N � k and go bak to G2.This algorithm assumes that N > n1+2n2+ � � �+ tnt. [See SICOMP 8 (1979), 73{81.℄22. Note �rst that d1 an be inreased if and only if r1 = 0 in the linked representation.Otherwise the suessor of d1 : : : dn�1 is obtained by �nding the smallest j with dj > 0and setting dj  0, dj+1  dj+1 + 1. We may assume that n > 2.K1. [Initialize.℄ Set lk  k + 1 and rk  0 for 1 � k < n; also set ln  rn  0.K2. [Visit.℄ Visit the binary tree represented by l1l2 : : : ln and r1r2 : : : rn.K3. [Easy ases?℄ Set y  r1. If y = 0, set r1  2, l1  0, and return to K2.Otherwise if l1 = 0, set l1  2, r1  r2, r2  l2, l2  0, and return to K2.Otherwise set j  2 and k  1.K4. [Find j and k.℄ If rj > 0, set k  j and y  rj . Then if j 6= y � 1, set j  j + 1and repeat this step.
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50 ANSWERS TO EXERCISES 7.2.1.6K5. [Shu�e subtrees.℄ Set lj  y, rj  ry, ry  ly, and ly  0. If j = k, go to K2.K6. [Shift subtrees.℄ Terminate if y = n. Otherwise, while k > 1, set k  k � 1, j  j�1, and rj  rk. Then while j > 1, set j  j�1 and rj  0. Return to K2.(See the analysis in exerise 45. Korsh [Comp. J. 48 (2005), 488{497℄ has shown thatthis algorithm an be extended in an interesting way to t-ary trees; and he has alsofound an eÆient t-ary generalization of Algorithm B.)23. (a) Sine zn begins at 2n � 1 and goes bak and forth Cn�1 times, it ends at2n � 1 � (Cn�1 mod 2), when n > 1. Furthermore the �nal value of zj is onstant forall n � j. Thus the �nal string z1z2 : : : is 1 2 5 6 9 11 13 14 17 19 : : : , ontaining allodd numbers < 2n exept 3, 7, 15, 31, : : : .(b) Similarly, the preorder permutation that haraterizes the �nal tree is 2k 2k�1: : : 1 3 5 6 7 9 10 : : : , where k = blgn. Forestwise, node 2j is the parent of 2j�1 nodesf2j�1; 2j�1 + 1; : : : ; 2j � 1g, for 1 < j � k, and the trees f2k + 1; : : : ; ng are trivial.Note: If Algorithm N is restarted at step N2 after it has terminated, it will generatethe same sequene, but bakwards. Algorithm L has the same property.24. l0 l1 : : : l15 = 20 1 0 3 0 0 6 5 0 8 0 0 12 11 4; r1 : : : r15 = 015 0 10 7 0 0 9 0 14 13 0 0 0 0;k1 : : : k15 = 00 2 2 4 5 5 4 8 4 10 11 11 10 2; q1 : : : q15 = 21 15 4 3 10 8 5 7 6 9 14 11 13 12; andu1 : : : u15 = 12 3 1 0 0 5 0 3 1 0 0 1 0 1 0. (If nodes of the forest F are numbered in post-order, kj is the left sibling of j; or, if j is the leftmost hild of p, kj = kp. Statedanother way, kj is the parent of j in the forest FTR. And kj is also j� 1�un+1�j , thenumber of elements to the left of j in q1 : : : qn that are less than j.)25. Taking a ue from Algorithms N and R, we want to extend eah (n� 1)-node treeto a list of two or more n-node trees. The idea in this ase is to make n a hild ofn� 1 in the binary tree at the beginning and the end of every suh list. The followingalgorithm uses additional link �elds pj and sj , where pj points to the parent of j in theforest, and sj points to j's left sibling or to j's rightmost sibling if j is the leftmost inits family. (These pointers pj and sj are, of ourse, not the same as the permutationsp1 : : : pn in Table 1 or the sope oordinates s1 : : : sn in Table 2. In fat s1 : : : sn is thepermutation � of exerise 33 below.)M1. [Initialize.℄ Set lj  j+1, rj  0, sj  j, pj  j�1, and oj  �1 for 1 � j � n,exept that ln  0.M2. [Visit.℄ Visit l1 : : : ln and r1 : : : rn. Then set j  n.M3. [Find j.℄ If oj > 0, set k  pj and go to M5 if k 6= j � 1. If oj < 0, set k  sjand go to M4 if k 6= j � 1. If k = j � 1 in either ase, set oj  �oj , j  j � 1,and repeat this step.M4. [Transfer down.℄ (At this point k is j's left sibling, or the rightmost member ofj's family.) If k � j, terminate if j = 1, otherwise set x pj , lx  0, z  k, andk  0 (thereby detahing node j from its parent and heading for the top level).But if k < j, set x  pj + 1, z  sx, rk  0, and sx  k (thereby detahingnode j from k and going down a level). Then set x  k + 1, y  sx, sx  z,sj  y, ry  j, and x j. While x 6= 0, set px  k and x rx. Return to M2.M5. [Transfer up.℄ (At this point k is j's parent.) Set x  k + 1, y  sj , z  sx,sx  y, and ry  0. If k 6= 0, set y  pk, rk  j, sj  k, sy+1  z, and x j;otherwise set y  j � 1, ly  j, sj  z, and x j. While x 6= 0, set px  y andx rx. Return to M2.
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7.2.1.6 ANSWERS TO EXERCISES 51Running time notes: We an argue as in exerise 44 that step M3 osts 2Cn+3(Cn�1+� � �+C1) mems, and that steps M4 and M5 together ost 8Cn�2(Cn�1+ � � �+C1), plustwie the number of times x rx. The latter quantity is diÆult to analyze preisely;for example, when n = 15 and j = 6, the algorithm sets x rx exatly (1; 2; 3; 4; 5; 6)times in respetively (45; 23; 7; 9; 2; 4) ases. But heuristially the average number oftimes x  rx should be approximately 2 � 2j�n when j is given, therefore about(2Cn � (Cn � Cn�1)� (Cn�1 � Cn�2)=2� (Cn�2 � Cn�3)=4� � � � )=Cn � 8=7 overall.Empirial tests on�rm this predited behavior, showing that the total ost per treeapproahes 265=21 � 12:6 mems as n!1.26. (a) The ondition is learly neessary. And if it holds, we an uniquely onstrut F :Node 1 and its siblings are the roots of the forest, and their desendants are de�nedindutively by nonrossing partitions. (In fat, we an ompute the depth oordinates1 : : : n diretly from �'s restrited growth sequene a1 : : : an: Set 1  0 and i0  0.For 2 � j � n, if aj > max(a1; : : : ; aj�1), set j  j�1 + 1 and iaj  j , otherwiseset j  iaj .)(b) If � and � 0 satisfy the nonrossing ondition, so does their greatest ommonre�nement � _� 0, so we an proeed as in exerise 7.2.1.5{12(a).() Let x1, : : : , xm be the hildren of some node in F , and let 1 � j < k � m.Form F 0 by removing xj+1, : : : , xk from their family and reattahing them as hildrenof xj+1 � 1, the rightmost desendant of xj .(d) Obvious, by (). Thus the forests are ranked from bottom to top by the numberof nonleaf nodes they ontain (whih is one less than the number of bloks in �).(e) ExatlyPnk=0 ek(ek�1)=2, where e0 = n�e1�� � ��en is the number of roots.(f) Dualization is similar to the transposition operation in exerise 12, but we useleft-sibling and right-hild links instead of left-hild and right-sibling, and we transposeabout the minor diagonal:k12k21 k3fk44k53 k6ak78k85 k97ka6
kb9 kekdb kedkf

k12k21

k3f
k44k53
k6ak78k85k97ka6 kb9
kekdbkedkf

(\Right" links now point downward. Notie that j is the rightmost hild of k in F ifand only if j is the left sibling of k in FD . Preorder of FD reverses the preorder of F ,just as postorder of FT reverses postorder of F .)(g) From (f) we an see that F 0 overs F if and only if FD overs F 0D . (ThereforeFD has n+ 1� k leaves if F has k.)(h) F ^ F 0 = (FD _ F 0D)D.(i) No. If it did, equality would neessarily hold, by duality. But, for example,0101 ^ 0121 = 0000 and 0101 _ 0121 = 0123, while leaves(0101) + leaves(0121) 6=leaves(0000) + leaves(0123).[Nonrossing partitions were �rst onsidered by H. W. Beker in Math. Mag. 22(1948), 23{26. G. Kreweras proved in 1971 that they form a lattie; see the referenesin answer 2.3.4.6{3.℄
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52 ANSWERS TO EXERCISES 7.2.1.627. (a) This assertion is equivalent to exerise 2.3.3{19.(b) If we represent a forest by right-hild and left-sibling links, preorder or-responds to inorder of the binary tree (see exerise 2.3.2{5), and sj is the size ofnode j's right subtree. Rotation to the left at any nonleaf of this binary tree dereasesexatly one of the sope oordinates, and the amount of derease is as small as possibleonsistent with a valid table s1 : : : sn. Therefore F 0 overs F if and only if F is obtainedfrom F 0 by suh a rotation. (Rotation in the left-hild=right-sibling representation issimilar, but with respet to postorder.)() Dualization preserves the overing relation but exhanges left with right.(d) F > F 0 = (FD ? F 0D)D. Equivalently, as noted in exerise 6.2.3{32, we anindependently minimize the left-subtree sizes.(e) The overing transformation in answer 26() obviously makes sj � s0j for all j.(f) True, beause F ^ F 0 < F a F ? F 0 and F ^ F 0 < F 0 a F ? F 0.(g) False; for example, 0121 _ 0122 = 0123 and 0121> 0122 = 0122. (But we dohave F > F 0 a F _ F 0, by taking duals in (f).)(h) The longest path, of length �n2�, repeatedly dereases the rightmost nonzero sjby 1. The shortest, of length n� 1, repeatedly sets the leftmost nonzero sj to 0.Answer 6.2.3{32 gives many referenes to the literature of Tamari latties.28. (a) Just ompute min(1; 01) : : :min(n; 0n) and max(1; 01) : : :max(n; 0n), be-ause 1 : : : n is a valid sequene if and only if 1 = 0 and j � j�1 + 1 for 1 < j � n.(b) Obvious beause of (a). Note: The elements of any distributive lattie an berepresented as the order ideals of some partial ordering. In the ase of Fig. 41,that partial ordering is shown at the right, and a similar triangular grid withsides of length n� 2 yields Stanley's lattie of order n.() Take a node k of F that has a left sibling, j. Remove k from its family andplae it as a new right hild of j, followed by its former hildren as new hildren of j;the former hildren of k retain their own desendants. (This operation orrespondsto hanging )( to () in a nested parenthesis string. Thus a \perfet" Gray odefor parentheses orresponds to a Hamiltonian path in the over graph of Stanley'slattie. Exatly 38 suh paths exist when n = 4, namely (8; 6; 6; 8; 4; 6) from 0123 to(1001; 0010; 0012; 0100; 0111; 0120) respetively.)(d) True, beause the over relation in () is left-right symmetri. (We haveF � F 0 if and only if wj � w0j for 0 � j � 2n, where the worm depths wj are de�nedin exerise 10. If w0 : : : w2n is the worm walk of F , its reverse w2n : : : w0 is the wormwalk of FR. Notie that the over relation hanges just one oordinate wj . One anompute F \ F 0 and F [ F 0 by taking min and max of the w's instead of the 's.)(e) See exerise 9. (Thus F ? F 0 � F \ F 0, et., as in exerise 27(f).)Notes: Stanley introdued this lattie in Fibonai Quarterly 13 (1975), 222{223.Sine three important latties are de�ned on the same elements, we need three notationsfor the di�erent orderings; the symbols <, a , and � adopted here are intended to bereminisent of the names of Kreweras, Tamari, and Stanley (who is Stenli in Russia).29. If we paste six regular pentagons together, we get 14 verties whose oordinatesafter suitable rotation and saling are respetivelyp1010 = p�0000 = p�3000 = p��2100 = (�1;p3; 2=�);p0010 = p�3100 = (��2;p3�; 0); p3010 = p�0100 = (0; 0; 2); p3210 = p�0200 = (2; 0; 2=�);p0210 = p�3200 = (p5;p3; 0); p1000 = p�2000 = (��2;p3=�; 0);
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7.2.1.6 ANSWERS TO EXERCISES 53here (x; y; z)� means (x;�y; z) and (x; y; z)� means (x; y;�z). But then the three4-edged \faes" are not squares; in fat, they don't even lie in a plane.(One an however get a similar-looking solid, with true squares but irregularpentagons, by gluing together two suitable tetrahedra and lopping o� the three glued-together orners. Alternative sets of oordinates for the assoiahedron, of substantialmathematial interest but less appealing to the eye, are disussed by G�unter Ziegler inhis Letures on Polytopes (New York: Springer, 1995), example 9.11.)30. (a) �fn�1 : : : �f1 0, beause internal node j in symmetri order has a nonempty rightsubtree if and only if internal node j+1 in symmetri order has an empty left subtree.(b) In general if the footprint were 1p10q1+11p2+10q2+1 : : : 1pk+10qk+1, we wouldwant to ount all binary trees whose nodes in symmetri order have the spei�ationRp1NLq1BRp2NLq2B : : : RpkNLqk , where B means \both subtrees are nonempty,"R means \the right subtree is nonempty but not the left," L means \the left subtreeis nonempty but not the right," and N means \neither subtree is nonempty." Thisnumber in general is �p1 + q1p1 ��p2 + q2p2 � : : :�pk + qkpk �Ck�1;and in partiular it is �1+01 ��0+00 ��1+01 ��5+35 ��0+00 ��0+00 ��0+20 ��0+00 ��1+21 �C8 = 240240.() dj = 0 if and only if j+1 > j , by exerise 3.(d) In general, the footprint of F ?F 0 is f1 : : : fn ^ f 01 : : : f 0n, by exerise 27(a); thefootprint of F > F 0 is f1 : : : fn _ f 01 : : : f 0n, by (a) and exerise 27(d).[The fat that omplements always exist in the Tamari lattie is due to H. Lakser;see G. Gr�atzer, General Lattie Theory (1978), exerise I.6.30.℄31. (a) 2n�1; see exerise 6.2.2{5.(b) 1 � � � � � n; d1, : : : , dn�1 � 1; ej > 0 implies ej + � � � + en = n � j;kj+1 � kj + 1; p1 � � � � � pj � � � � � pn for some j; sj > 0 implies sj = n � j;u1 � � � � � un; zj+1 � zj +2. (Other onstraints, whih apply in general, whittle downthe number of possibilities to 2n�1 in eah ase. For example, u1 : : : un must be a validsequene of sope oordinates.)() True in only n ases out of 2n�1. (But FT is degenerate.)(d) The degenerate forest with footprint f1 : : : fn has j+1 = j + fj . Elementsj < k are siblings if and only if fj = fj+1 = � � � = fk�1 = 0. Thus if F 00 is thedegenerate forest with footprint f1 : : : fn ^ f 01 : : : f 0n, then F 00 < F and F 00 < F 0; heneF 00 < F ^ F 0 a F ? F 0. And we also have F ? F 0 a F 00 by (b). A similar argumentproves that F _F 0 = F >F 0 is the degenerate forest with footprint f1 : : : fn _ f 01 : : : f 0n.Thus, when the Kreweras and Tamari latties are restrited to degenerate forests,they beome idential to the Boolean lattie of subsets of f1; : : : ; n� 1g. [This result,in the ase of Tamari latties, is due to George Markowsky, Order 9 (1992), 265{290,whose paper also shows that Tamari latties enjoy many further properties.℄32. Suppose F and F 0 have sope oordinates s1 : : : sn and s01 : : : s0n. Call index jfrozen if sj < s0j or j = 0. We want to speify the values of the frozen oordinates andmaximize the others. Let s0 = n, and for 0 � k � n lets00k = sj � k + j; where j = maxfi j 0 � i � k, i is frozen, and i+ si � kg.Sine sk � sj � (k � j) whenever 0 � k � j � sj , we have s00k � sk, with equality whenk is frozen.
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54 ANSWERS TO EXERCISES 7.2.1.6The sopes s000s001 : : : s00n orrespond to a valid forest aording to the ondition ofexerise 27(a). For if k � 0 and 0 � l � s00k = sj � k+ j and s00k+l = sj0 � k� l+ j0, wehave s00k+l + l � s00k if 0 � j0 � j � sj , beause sj0 + j0 � j � sj in that ase. And wean't have j > j0 or j0 > j + sj , beause j + sj � k + l � j0.Let F 000 be a forest with sopes satisfying sk � s000k � s00k . Then min(s0k; s000k ) = sk,beause sk = s00k when k is frozen, otherwise sk = s0k.Conversely, if F 000 is a forest with F 0 ? F 000 = F , we must have sk � s000k � s00k .For s000k < sk would imply s000k < s0k. And if k is minimal with s000k > s00k , we haves00k = sj � k+ j for some frozen j with 0 � j � k and j+ sj � k. Then s000j � sj impliesk � j � s000j , hene s000k + k � j � s000j . If j < k we have s000j � s00j = sj , a ontradition.But j = k implies min(s000k ; s0k) > sk.To get the �rst semidistributive law, apply this priniple with F replaed by F?Gand F 0 replaed by F ; then the hypotheses F a G a F 00 and F a H a F 00 imply thatF a G>H a F 00. The seond semidistributive law follows by taking duals in the �rst.(Ralph Freese suggests alling F 00 the pseudo-omplement of F 0 over F .)33. (a) Let k� = LLINK[k℄ if LLINK[k℄ 6= 0, otherwise RLINK[k � 1℄ if k 6= 1, otherwisethe root of the binary tree. This rule de�nes a permutation beause k� = j if and onlyif k = parent(j) + [j is a right hild℄, or k = 1 and j is the root. Also k� � k whenLLINK[k℄ = 0 and k�� � k when RLINK[k℄ = 0. [For a generalization to t-ary trees,see P. H. Edelman, Disrete Math. 40 (1982), 171{179.℄(b) Using the representation of (2) in answer 26(f), we see that �(F ) is (3 1)(2)(12 6 4)(5)(11 7)(14 13)(9 8)(15)(10) in that ase. In general the yles are the familiesof the forest, in dereasing order within eah yle; nodes are numbered in preorder.[See Dershowitz and Zaks, Disrete Math. 62 (1986), 215{218.℄() �(FD) = ����, where � is the \ip" permutation (1n)(2n�1) : : : , beause thedual forest interhanges LLINK$ RLINK and ips the preorder numbering.(d) The yle breakup (xj xk)(x1 : : : xm) = (x1 : : : xjxk+1 : : : xm)(xj+1 : : : xk) or-responds to answer 26().(e) By (d), eah overing path orresponds to a fatorization of (n : : : 2 1). Letqn denote the number of suh fatorizations. Then we have the reurrene q1 = 1 andqn =Pn�1l=1 (n� l)�n�2l�1�qlqn�l, beause there are n� l hoies with k � j = l by whihthe �rst transposition breaks the yle into parts of sizes l and n� l, then �n�2l�1� waysto interleave the subsequent fators. The solution is qn = nn�2, beausen�1Xl=1�n� 1l �l l�1(y � l)n�1�l = limx!0 n�1Xl=1�n� 1l �(x+ l)l�1(y � l)n�1�l
= limx!0 (x+ y)n�1 � yn�1x = (n� 1)yn�1:[See J. D�enes, Magyar Tudom�anyos Akad�emia Matematikai Kutat�o Int�ezet�enekK�ozlem�enyei 4 (1959), 63{70. It is natural to seek a orrespondene between fatoriza-tions and labeled free trees, sine there also happen to be nn�2 of the latter. Perhapsthe simplest is the following, given (1 2 : : : n) = (x1 y1) : : : (xn�1 yn�1) where xj < yj :Suppose the yle ontaining xj and yj in (xj yj) : : : (xn�1 yn�1) is (z1 : : : zm), wherez1 < � � � < zm. If yj = zm, let aj = z1, otherwise let aj = minfzi j zi > xjg. Then onean show that a1 : : : an�1 is a \wake-up sequene" for parking n� 1 ars, and exerise6.4{31 onnets it to free trees.℄
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7.2.1.6 ANSWERS TO EXERCISES 5534. Eah overing path from bottom to top is equivalent to a Young tableau of shape(n� 1; n� 2; : : : ; 1), so we an use Theorem 5.1.4H. (See exerise 5.3.4{38.)[The enumeration of suh paths in Tamari latties remains mysterious; the relevantsequene is 1, 1, 2, 9, 98, 2981, 340549, : : : :℄35. Multiply by n+ 1, then see AMM 97 (1990), 626{630.36. We might as well generalize to t-ary trees for arbitrary t � 1, by making obviousamendments to steps T1{T5. Let C(t)n be the number of t-ary trees with n internalnodes; thus Cn = C(2)n and C(t)n = ((t � 1)n + 1)�1�tnn �. If h of the degrees bj arehanged between visits, we have h � x in C(t)n�x ases. So the easy ase ours withprobability 1�C(t)n�1=C(t)n � 1� (t� 1)t�1=tt, and the average number of times bj  0in step T4 is (C(t)n�1+ � � �+C(t)1 )=C(t)n � (t�1)t�1=(tt� (t�1)t�1), or 4/23 when t = 3.Indeed, we an also study the t-ary reursive struture A(t)pq = 0A(t)p(q�1), t A(t)(p�1)qwhen 0 � (t � 1)p � q 6= 0, generalizing (5). The number of suh degree sequenes,C(t)pq , satis�es the reurrene (21) exept that C(t)pq = 0 when p < 0 or (t�1)p > q. Thegeneral solution isC(t)pq = q � (t�1)p+ 1q + 1 �p+ qp � = �p+ qp �� (t�1)�p+ qp� 1�;and we have C(t)n = C(t)n((t�1)n). The triangle for t = 3 beginsas shown at the right.
111 11 21 3 31 4 71 5 12 121 6 18 301 7 25 55 551 8 33 88 14337. The basi lexiographi reursion for all suh forests isA(n0; n1; : : : ; nt) = 0A(n0 � 1; n1; : : : ; nt);1A(n0; n1 � 1; : : : ; nt); : : : ; t A(n0; n1; : : : ; nt � 1)when n0 > n2 + 2n3 + � � �+ (t�1)nt and n1, : : : , nt � 0; otherwise A(n0; n1; : : : ; nt) isempty, exept that A(0; : : : ; 0) = � is the sequene onsisting of the empty string alone.Step G1 omputes the �rst entry of A(n0; : : : ; nt). We want to analyze �ve quantities:C, the number of times G2 is exeuted (the total number of forests);E, the number of times G3 goes to G2 (the number of easy ases);K, the number of times G4 moves some bi into list ;L, the number of times G5 ompares bj with some i;Z, the number of times G5 sets 1  0.Then the loop in step G6 sets bl�j  j a total of K � Z � n1 � � � � � nt times.Let n be the vetor (n0; n1; : : : ; nt), and let ej be the unit vetor with 1 inoordinate position j. Let jnj = n0 + n1 + � � � + nt and knk = n1 + 2n2 + � � � + tnt.Using this notation we an rewrite the basi reurrene above in the onvenient formA(n) = 0A(n� e0); 1A(n� e1); : : : ; t A(n� et) when jnj > knk.Consider the general reurrene relationF (n) = f(n) + � tXj=0 F (n� ej)�[jnj > knk℄;
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56 ANSWERS TO EXERCISES 7.2.1.6with F (n) = 0 whenever the vetor n has a negative omponent. If f(n) = [jnj=0℄,then F (n) = C(n) is the total number of forests. Answer 2.3.4.4{32 tells us thatC(n) = (jnj � 1)! (jnj � knk)n0!n1! : : : nt! = tXj=0 (1� j)� jnj � 1n0; : : : ; nj�1; nj � 1; nj+1; : : : ; nt�;generalizing the formula for C(t)pq in answer 26 (whih is the ase n0 = (t� 1)q+ 1 andnt = p). Similarly, we obtain reurrenes for the other quantities E(n), K(n), L(n),and Z(n) needed in our analysis by hoosing other kernel funtions f(n):f(n) = [jnj = n0 + 1 and n0 > knk℄ yields F (n) = E(n);f(n) = [jnj > n0 ℄ yields F (n) = E(n) +K(n);f(n) = [jnj = knk+ 1℄ yields F (n) = C(n) +K(n)� Z(n);f(n) =P1�j<k�t nj [nk> 0℄ yields F (n) = L(n):The symboli methods of exerise 2.3.4.4{32 do not seem to yield quik solutionsto these more general reurrenes, but we an readily establish the value of C � E bynoting that bm +m < N in step G2 if and only if the previous step was G3. ThereforeC(n)� E(n) = tXj=1C(n� fj); where fj = ej � (j�1)e0 ;this sum ounts the subforests in whih n1+ � � �+ nt, the number of internal (nonleaf)nodes, has dereased by 1. Similarly we an letC(x)(n) =XfC(n� i1f1 � � � � � itft) j i1 + � � �+ it = xgbe the number of subforests having n1 + � � �+ nt � x internal nodes. Then we haveK(n)� Z(n) = jnjXx=1C(x)(n);a formula analogous to (20), beause k � [bj =0℄ � x � 1 in step G5 if and onlyif bm�x > 0 and bm�x+1 � � � � � bm. Suh preorder degree strings are in one-to-one orrespondene with the forests of C(x)(n) if we remove bm�x+1 : : : bm and anappropriate number of trailing 0s from the string b1 : : : bN .From these formulas we an onlude that the Zaks{Rihards algorithm needsonly O(1) operations per forest visited, whenever n1 = n2 + � � � + nt + O(1), beauseC(n� fj)=C(n) = njnj�10 =(jnj � 1) j � 1=4 +O(jnj�1) when j > 1. Indeed, the valueof K is quite small in nearly all ases of pratial interest. However, the algorithm anbe slow when n1 is large. For example, if t = 1, n0 = m + r + 1, and n1 = m, thealgorithm essentially omputes all r-ombinations of m+ r things; then C(n) = �m+rr �and K(n) � Z(n) = �m+rr+1 � = 
(mC(n)) when r is �xed. [To ensure eÆieny inall ases, we an keep trak of trailing 1s; see Ruskey and Roelants van Baronaigien,Congressus Numerantium 41 (1984), 53{62.℄Exat formulas for K, Z, and (espeially) L do not seem to be simple, but we anompute those quantities as follows. Say that the \ative blok" of a forest is the right-most substring of nonzero degrees; for example, the ative blok of 302102021230000000is 2123. All permutations of the ative blok our equally often. Indeed, let D(n)denote the sum of \trailing zeros(�)� 1" over all preorder degree strings � for forests
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7.2.1.6 ANSWERS TO EXERCISES 57of spei�ation n. Then a blok with n0j ourrenes of j for 1 � j � t is ative inexatly D(n� n01f1 � � � � � n0tft) + [n01 + � � �+ n0t=n1 + � � �+ nt ℄ ases. For example,given the string 3021020000, we an insert 21230000 in three plaes to obtain a forestwith ative blok 2123. The ontributions to K and L when the ative blok is ushleft (not preeded by any 0s) an be omputed as in exerise 7.2.1.2{6, namelyk(n) = w(en1(z) : : : ent(z)); l(n) = w�en1(z) : : : ent(z) X1�i<j�t(ni � zri(z))rj(z)�in the notation of that answer. Analogous ontributions our in general; thereforeK(n) = k(n)+XD(n�n0)k(n0); L(n) = l(n)+XD(n�n0)l(n0); Z(n) =XD(n�n0);summed over all vetors n0 suh that n0j � nj for 1 � j � t and jn0j � kn0k = jnj � knkand n01 + � � �+ n0t � n1 + � � �+ nt � 2.It remains to determine D(n). Let C(n; j) be the number of forests of spei�ationn = (n0; : : : ; nt) in whih the last internal node in preorder has degree j. Then we haveC(n) = tXj=1C(n; j) and C(n+e1; 1) = C(n+e2; 2) = � � � = C(n+et; t) = C(n)+D(n):From this in�nite system of linear equations we an dedue that C(n) +D(n) isn2Xi2=0 : : : ntXit=0(�1)i2+���+it� i2 + � � �+ iti2; : : : ; it �C(n+ (1+i2+ � � � +it)e1 � i2f2 � � � � � itft):Simpler expressions would of ourse be desirable, if they exist.38. Step L1 obviously uses 4n+2 mems. Step L3 exits to L4 or L5 exatly Cj �Cj�1times with a partiular value of j; therefore it osts 2Cn+3Pnj=0(n� j)(Cj�Cj�1) =2Cn +3(Cn�1 + � � �+C1 +C0) mems. Steps L4 and L5 jointly ost a total of 6Cn � 6.Therefore the entire proess involves 9 +O(n�1=2) mems per visit.39. A Young tableau of shape (q; p) and entries yij orresponds to an element of Apqthat has left parens in positions p + q + 1 � y21, : : : , p + q + 1� y2p and right parensin positions p+ q + 1� y11, : : : , p+ q + 1� y1q. The hook lengths are fq + 1; q; : : : ; 1;p; p�1; : : : ; 1gnfq�p+1g; so Cpq = (p+q)!(q�p+1)=(p!(q+1)!) by Theorem 5.1.4H.40. (a) Cpq = �p+qp �� �p+qp�1� � �p+qp � + �p+qp�1� = �p+q+1p � (modulo 2); now use exerise1.2.6{11. (b) By Eq. 7.1{(00) we know that �(n& (n+ 1)) = �(n+ 1)� 1.41. It equals C(wz)/(1�zC(wz)) = 1/(1�z�wzC(wz)) = (1�wC(wz))/(1�w�z),where C(z) is the Catalan generating funtion (18). The �rst of these formulas, C(wz)+zC(wz)2+z2C(wz)3+� � � , is easily seen to be equivalent to (24). [See P. A. MaMahon,Combinatory Analysis 1 (Cambridge Univ. Press, 1915), 128{130.℄42. (a) Elements a1 : : : an determine an entire self-onjugate nested string a1 : : : a2n,and there are Cq(n�q) possibilities for a1 : : : an having exatly q right parentheses. Sothe answer is bn=2Xq=0 Cq(n�q) = bn=2Xq=0 ��nq �� � nq � 1�� = � nbn=2�:(b) Exatly C(n�1)=2 [n odd℄, beause a self-transpose binary tree is determined by itsleft subtree. And () has the same answer, beause F is self-dual if and only if FR isself-transpose.
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58 ANSWERS TO EXERCISES 7.2.1.643. Cpq = Cq � �q�p�11 �Cq�1 + � � � =Pq�pr=0(�1)r�q�p�rr �Cq�r, by indution on q � p.44. The number of mems between visits is 3j � 2 in step B3, h+ 1 in step B4, and 4in step B5, where h is the number of times y  ry . The number of binary trees withh � x, given j and x, is [zn�j�x�1℄C(z)x+3 when j < n, beause we get suh trees byattahing x+3 subtrees below j+x+1 internal nodes. Setting x = 0 tells us that a givenvalue of j ours C(n�j�1)(n�j+1) = Cn+1�j � Cn�j times, using (24) and exerise 43.ThusP j over all binary trees is n+Pnj=1(Cn+1�j �Cn�j)j = Cn+Cn�1 + � � �+C1.Similarly, P(h + 1) is Pn�1j=1 Pn�j�1x=0 C(n�j�x�1)(n�j+1) = Pn�1j=1 C(n�j�1)(n�j+2) =Pnj=1(Cn�j+2� 2Cn�j+1) = Cn+1� (Cn+Cn�1+ � � �+C0). So overall, the algorithmosts Cn+1+4Cn+2(Cn�1+ � � �+C1)+O(n) = (26=3� 10=(3n)+O(n�2))Cn mems.45. Eah of the easy ases in step K3 ours Cn�1 times, so the total ost of that step is3Cn�1+8Cn�1+2(Cn�2Cn�1) mems. Step K4 fethes ri a total of [zn�i�1℄C(z)i+2 =C(n�i�1)n times; summing for i � 2 gives C(n�3)(n+1) = Cn+1 � 3Cn + Cn�1 memsaltogether in that loop. Step K5 osts 6Cn�12Cn�1. Step K6 is a bit more ompliated,but one an show that the operation rj  rk is performed Cn� 3Cn�1+1 times whenn > 2, while the operation rj  0 is performed Cn�1 � n+ 1 times. The total numberof mems therefore omes to Cn+1+7Cn�9Cn�1+n+3 = (8:75�9:375=n+O(n�2))Cn.Although this total is asymptotially worse than that of Algorithm B in answer 44,the large negative oeÆient of n�1 means that Algorithm B atually wins only whenn � 58; and n won't ever be that big.46. (a) Going to the left from pq inreases the area by q � p.(b) The leftward steps on a path from nn to 00 orrespond to the left parenthesesin a1 : : : a2n, and we have q � p = k at the kth suh step.() Equivalently, Cn+1(x) = Pnk=0 xkCk(x)Cn�k(x). This reurrene holds be-ause an (n + 1)-node forest F onsists of the root of the leftmost tree together witha k-node forest Fl (the desendants of that root) and an (n � k)-node forest Fr (theremaining trees), and beause we haveinternal path length(F ) = k + internal path length(Fl) + internal path length(Fr):(d) The strings of Ap(p+r) have the form �0)�1) : : : �r�1)�r where eah �j isproperly nested. The area of suh a string is the sum over j of the area of �j plus r� jtimes the number of left parens in �j .Notes: The polynomials Cpq(x) were introdued by L. Carlitz and J. Riordan inDuke Math. J. 31 (1964), 371{388; the identity in part (d) is equivalent to their formula(10.12). They also proved thatCpq(x) = Xr (�1)rxr(r�1)�(q�p2 )�q � p� rr �xCq�r(x);generalizing the result of exerise 43. From part () we have the in�nite ontinuedfration C(x; z) = 1/(1� z/(1� xz=(1� x2z=(1� � � � )))), whih G. N. Watson provedis equal to F (x; z)=F (x; z=x), whereF (x; z) = 1Xn=0 (�1)n xn2zn(1� x)(1� x2) : : : (1� xn) ;see J. London Math. So. 4 (1929), 39{48. We have already enountered the samegenerating funtion, slightly disguised, in exerise 5.2.1{15.
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7.2.1.6 ANSWERS TO EXERCISES 59The internal path length of a forest is the \left path length" of the orrespondingbinary tree, namely the sum over all internal nodes of the number of left branhes onthe path from the root. The more general polynomialCn(x; y) =Xxleft path length(T )yright path length(T );summed over all n-node binary trees T , seems to obey no simple additive reurrene likethe one for Cnn(x) = Cn(x; 1) studied in this exerise; but we do have Cn+1(x; y) =Pk xkCk(x; y)yn�kCn�k(x; y). Therefore the super generating funtion C(x; y; z) =Pn Cn(x; y)zn satis�es the funtional equation C(x; y; z) = 1+zC(x; y; xz)C(x; y; yz).(The ase x = y was onsidered in exerise 2.3.4.5{5.)47. Cn(x) =Pq x(q�p2 )Cpq(x)C(n�q)(n�1�p)(x) for 0 � p < n.48. Let �C(z) = C(�1; z) in the notation of exerise 46, and let �C(z) �C(�z) = F (z2).Then �C(z) = 1 + zF (z2) and �C(�z) = 1 � zF (z2); so F (z) = 1 � zF (z)2, andF (z) = C(�z). It follows that Cpq(�1) = [zp℄C(�z2)d(q�p)=2e(1 + zC(�z2))[q�p even℄,whih is (�1)(p=2)C(p=2)(q=2�1)[p even℄ when q is even, (�1)bp=2Cbp=2bq=2 when q isodd. A perfet Gray ode through the strings of Apq an exist only if jCpq(�1)j � 1,beause the assoiated graph is bipartite (see Fig. 41); jCpq(�1)j is the di�erenebetween the sizes of the parts, beause eah perfet transposition hanges 1+ � � �+ nby �1.49. By Algorithm U with n=15 and N=106, it is ()(()())(((()())))((((())()))).50. Make the following hanges to Algorithm U: In step U1, also set r  0. In stepU3, test if am = `)' instead of testing if N � 0. In step U4, set r  r + 0 instead ofN  N � 0. And omit the assignments to am in steps U3 and U4.The string in (1) turns out to have rank 3141592. (Who knew?)51. By Theorem 7.2.1.3L, N = ��z1n �+� �z2n�1�+ � � �+��zn1 �; hene �nN = � �z1n�1�+� �z2n�2�+� � �+ ��zn0 �, sine �zn � 1. Now note that N � �nN is the rank of z1z2 : : : zn, beause of(23) and exerise 50. (For example, let z1 : : : z4 = 1256, whih has rank 6 in Table 1.Then �z1 : : : �z4 = 7632, N = 60, and �460 = 54. Notie that N is fairly large, beause�z1 = 2n� 1; Fig. 27 shows that �nN usually exeeds N when N is smaller.)52. The number of trailing right parentheses has the same distribution as the numberof leading left parentheses, and the sequene of nested strings that begin with `(k)' is(k)A(n�k)(n�1). Therefore the probability that dn = k is C(n�k)(n�1)=Cn. We �ndnXk=0�kt �C(n�k)(n�1) = nXk=0��2n� 1� kn� 1 �� �2n� 1� kn ���kt �= � 2nn+ t�� � 2nn+ t+ 1� = C(n�t)(n+t)using Eq. 1.2.6{(25), and it follows that the mean and variane are respetively equalto 3n=(n+2) = 3�6=(n+2) and 2n(2n2�n�1)=((n+2)2(n+3)) = 4+O(n�1). [Themoments of this distribution were �rst alulated by R. Kemp in Ata Informatia 35(1998), 17{89, Theorem 9. Notie that n = dn � 1 has essentially the same behavior.℄53. (a) 3n=(n+2), by exerise 52. (b)Hn, by exerise 6.2.2{7. () 2�2�n, by indution.(d) Any partiular (but �xed) sequene of left or right branhes has the samedistribution of steps before a leaf is enountered. (In other words, the probability thata node with Dewey binary notation 01101 ours is the same as the probability that00000 ours.) Thus if X = k with probability pk, eah of the 2k potential nodes on
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60 ANSWERS TO EXERCISES 7.2.1.6level k is external with probability pk. The expeted value Pk 2kpk is therefore theexpeted number of external nodes, namely n+1 in all three ases. (One an of oursealso verify this result diretly, with pk = C(n�k)(n�1)=Cn in ase (a), pk = �nk�=n! inase (b), and pk = 2�k+[k=n℄ in ase ().)Notes: The average path length turns out to be �(pn ), �(log n), and �(n) inthese three ases; thus it is longer when the expeted time to hit a leaf is shorter! Thereason is that ubiquitous \holes" near the root fore other paths to be long. Case (a)has an interesting generalization to t-ary trees, when pk = C (t)(n�k)((t�1)n�1)=C(t)n in thenotation of answer 36. Then the mean distane to a leaf is (t+1)n=((t� 1)n+2), andit is instrutive to prove via telesoping series thatXk tkC(t)(n�k)((t�1)n�1) = � tnn �:54. Di�erentiating with respet to x we haveC 0(x; z) = zC 0(x; z)C(x; xz) + zC(x; z)(C 0(x; xz) + zC0(x; xz));where C0(x; z) denotes the derivative of C(x; z) with respet to z. Thus C 0(1; z) =2zC 0(1; z)C(z)+z2C(z)C 0(z); and sine C 0(z) = C(z)2+2zC(z)C 0(z) we an solve forC 0(1; z), obtaining z2C(z)3=(1�2zC(z))2. ThereforeP(1+ � � �+ n) = [zn℄C 0(1; z) =22n�1 � 12 (3n+ 1)Cn, in agreement with exerise 2.3.4.5{5. Similarly we �ndX(1 + � � �+ n)2 = [zn℄C 00(1; z) = �5n2 + 19n+ 66 ��2nn �� �1 + 3n2 �4n:Thus the mean and variane are 12p�n3=2+O(n) and ( 56 � �4 )n3=2+O(n), respetively.55. Di�erentiating as in answer 54, and using the formulas of exerises 46(d) and5.2.1{14 together with [zn℄C(z)r=(1� 4z) = 22n+r �Prj=1 2r�j�2n+jn �, yieldsC 0p(p+r)(1) = [zp℄�(r+1)z2C(z)r+31� 4z + �r+12 �zC(z)r+2p1� 4z �= [zp℄�(r+1)C(z)r+1�2C(z)r+C(z)r�11� 4z + �r+12 �C(z)r+1�C(z)rp1� 4z �
= (r+1)�22p+r�1��2p+r+1p ��r�1Xj=1 2r�1�j�2p+jp ��+ �r+12 ��2p+rp�1 �:56. Use 1.2.6{53(b). [See BIT 30 (1990), 67{68.℄57. 2S0(a; b) = �2aa ��2bb �+ �2a+2ba+b � by 1.2.6{(21). Exerise 1.2.6{53 tells us thataXk=a�m� 2aa� k�� 2bb� k�k = (m+ 1)(a+ b�m)� 2am+ 1�� 2ba+ b�m�;therefore 2S1(a; b) = �2aa ��2bb � aba+b . And sine b2Sp(a; b)� Sp+2(a; b) = Sp(a; b� 1), we�nd 2S2(a; b) = �2a+2ba+b � ab2a+2b�1 ; 2S3(a; b) = �2aa ��2bb �a2b2=(a+b)2. Formula (30) followsby setting a = m, b = n�m, and C(x�k)(x+k) = � 2xx�k�� � 2xx�k�1�.Similarly, the average of w2m�1 isPk�0(2k�1)C(m�k)(m+k�1)C(n�m�k+1)(n�m+k)divided by Cn, namely2S3(m;n+1�m)� S2(m;n+1�m)m(n+1�m)Cn = m(n+1�m)n �2mm ��2n+2�2mn+1�m �.�2nn �� 1:
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7.2.1.6 ANSWERS TO EXERCISES 61[R. Kemp, BIT 20 (1980), 157{163; H. Prodinger, Soohow J. Math. 9 (1983), 193{196.℄58. Summing over ases in whih the left subtree has k internal nodes, we havetlmn = [l=m=n=0℄ + m�1Xk=0 Ckt(l�1)(m�k�1)(n�k�1) + n�1Xk=mCn�1�kt(l�1)mk:Thus the triple generating funtion t(v;w; z) =Pl;m;n tlmnvlwmzn satis�est(v; w; z) = 1 + vwzC(wz)t(v;w; z) + vzC(z)t(v;w; z);and the analogous linear relation for t(w; z) = �t(v; w; z)=�v jv=1 follows, beauset(1; w; z) =P1n=0Pnm=0 Cnwmzn = (C(z)�wC(wz))=(1�w) and zC(z)2 = C(z)�1.Algebrai manipulation now yieldst(w; z) = C(z) + wC(wz)� (1 + w)(1� w)2z � 2wC(z)C(wz)(1� w)2 � C(z)� wC(wz)1� w ;and we obtain the formula tmn = (m+ 1)Cn+1 � 2Pmk=0(m� k)CkCn�k � Cn. Nowm�1Xk=0 (k + 1)CkCn�1�k = m2n�2mm ��2n� 2mn�m �
an be proved as in exerise 56, and it follows thattmn = 2�2mm ��2n� 2mn�m � (2m+ 1)(2n� 2m+ 1)(n+ 1)(n+ 2) � Cn; for 0 � m � n.[P. Kirshenhofer, J. Combinatoris, Information and System Sienes 8 (1983), 44{60.For higher moments and generalizations, see W. J. Gutjahr, Random Strutures andAlgorithms 3 (1992), 361{374; A. Panholzer and H. Prodinger, J. Statistial Planningand Inferene 101 (2002), 267{279. Note that the generating funtion t(v; w; z) yieldstlmn =Xk � lk�C(m�k)(m�1)C(n�m�l+k)(n�m�1):Using the fat that Pk �kr�C(n�k)(m�1) = C(n�r)(m+r) when m � 1, we obtain theformula tmn+Cn =Pk(k+1)C(m�k)(m�1)C(n�m)(n�m+k+1), a sum that an therefore(surprisingly) be expressed in losed form.℄59. T (w; z) = w(C(z)�C(wz))(1� w) � wzC(z)C(wz)+zC(z)T (w; z) + wzC(wz)T (wz)= w((C(z)+C(wz)�2)=z � (1+w)C(z)C(wz)� (1�w)(C(z)�C(wz)))(1� w)2 :Hene Tmn = tmn �Pnk=m CkCn�k. [Is there a ombinatorial proof?℄ AndTmn = �2mm ��2n+2�2mn+1�m �4m(n+1�m) + n+ 12(n+ 1)(n+ 2) � 12Cn+1 � Cn; for 1 � m � n.60. (a) It is the number of right parentheses in o-atoms. (Therefore it is also thenumber of k for whih w2k�1 < 0 in the assoiated \worm walk.")(b) For onveniene let d(`(') = +1 and d(`)') = �1.A1. [Initialize.℄ Set i j  1 and k  2n.A2. [Done?℄ Terminate the algorithm if j > k. Otherwise set aj  `(', j  j + 1.
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62 ANSWERS TO EXERCISES 7.2.1.6A3. [Atom?℄ If bi = `)', set s  �1, i  i + 1, and go to A4. Otherwise set s  1,i i+1, and while s > 0 set aj  bi, j  j+1, s s+ d(bi), i i+1. Returnto A2.A4. [Co-atom.℄ Set s s+d(bi). Then if s < 0, set ak  bi, k  k�1, i i+1, andrepeat step A4. Otherwise set ak  `)', k  k�1, i i+1, and return to A2.() The defet-11 inverse of (1) is (()))((())))))(()((())(()))(((. In generalwe �nd it by loating the subsriptm just before the lth-from-last right parenthesis, andthe indies (u0; v0), : : : , (us�1; vs�1) of mathing parentheses suh that uj � m < vj .I1. [Initialize.℄ Set  j  s 0, k  m 2n, and u0  2n+ 1.I2. [San right to left.℄ If ak = `)', go to I3; if ak = `(', go to I4; if k = 0, go to I5.I3. [Proess a `)'.℄ Set rj  k, j  j + 1,    + 1. If  = l, set m  k � 1, s  j,and us  k. Then derease k by 1 and return to I2.I4. [Proess a `('.℄ (At this point the left parenthesis ak mathes the right parenthesisarj�1 .) Set j  j � 1. If rj > m, set uj  k and vj  rj . Then derease k by 1and return to I2.I5. [Prepare to permute.℄ Set i j  1, k  2n, and  0.I6. [Permute.℄ While j 6= u, set bi  aj , i i+1, j  j+1. Then terminate if  = s;otherwise set bi  `)', i i+ 1, j  j + 1. While k 6= v, set bi  ak, i i+ 1,k  k�1. Then set bi  `(', i i+1, k  k�1,  +1, and repeat step I6.Notes: The fat that exatly Cn balaned strings of length 2n have defet l, for0 � l � n, was disovered by P. A. MaMahon [Philosophial Transations 209 (1909),153{175, x20℄, then redisovered by K. L. Chung and W. Feller [Pro. Nat. Aad. Si.35 (1949), 605{608℄, using generating funtions. A simple ombinatorial explanationwas found subsequently by J. L. Hodges, Jr. [Biometrika 42 (1955), 261{262℄, whoobserved that if �1 : : : �r has defet l > 0 and if �k = �Rk is its rightmost o-atom, thebalaned string �1 : : : �k�1(�k+1 : : : �r)�0Rk has defet l� 1 (and this transformation isreversible). The eÆient mapping in the present exerise is similar to a onstrution ofM. D. Atkinson and J.-R. Sak [Information Proessing Letters 41 (1992), 21{23℄.61. (a) Let j = 1� bj ; thus j � 1, 1 + � � �+ N = f , and we must prove that1 + 2 + � � �+ k < f if and only if k < Nholds for exatly f yli shifts. We an de�ne j for all integers j by letting j�N = j .Let us also de�ne �j for all j by letting �0 = 0 and �j = �j�1 + j ; then �j+Nt =�j+ft, and �j+1 � �j+1. It follows that for eah integer x there is a smallest integerj = j(x) suh that �j = x. Moreover, j(x) < j(x+ 1); and j(x+ f) = j(x) +N . Thusthe desired ondition holds if and only if we shift by j(x) modN for x = 1, 2, : : : , or f .(The history of this important lemma is disussed in answer 2.3.4.4{32.)(b) Start with l  m  s  0. Then for k = 1, 2, : : : , N (in this order) do thefollowing: Set s s+ 1� bk; and if s > m, set m s, jl  k, and l (l+ 1) mod f .The answers are j0, : : : , jf�1, by the proof in part (a).() Start with any string b1b2 : : : bN ontaining nj ourrenes of j for 0 � j � t.Apply a random permutation to this string, then apply the algorithm of part (b).Choose randomly between (j0; : : : ; jf�1) and use the resulting yli shift as a preordersequene to de�ne the forest.[See L. Alonso, J. L. R�emy, and R. Shott, Algorithmia 17 (1997), 162{182, foran even more general algorithm.℄
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7.2.1.6 ANSWERS TO EXERCISES 6362. Bit strings (l1 : : : ln; r1 : : : rn) are valid if and only if b1 : : : bn is valid in exerise 20,where bj = lj + rj . Therefore we an use exerise 61. [See J. F. Korsh, InformationProessing Letters 45 (1993), 291{294.℄63. 3 1 2 0e e e 1 2 0 3e e e 3 1 2 0e e e 1 3 2 0e e e 1 3 2 0e e e 1 2 0 3e e e 1 3 2 0e e e 1 2 3 0e e e 1 2 3 0e e e 1 2 0 3e e e64. X = 2k + b where (k; b) = (0; 1), (2; 1), (0; 0), (5; 1), (6; 0), (1; 1); eventuallyL0L1 : : : L12 = 5 11 3 4 0 7 9 8 1 6 10 12 2.65. See A. Panholzer and H. Prodinger, Disrete Mathematis 250 (2002), 181{195;M. Luzak and P. Winkler, Random Strutures and Algorithms 24 (2004), 420{443.66. (a) \Shrink" the white edges, merging the nodes that they onnet. For example,
are the ordinary trees that orrespond to the eleven Shr�oder trees depited for n = 3.Under this orrespondene a left link means, \here is a hild"; a white right link means,\look here for more hildren"; a blak right link means, \here's the last hild."(b) Mimi Algorithm L, but between rotations use an ordinary Gray binary odeto run through all olor patterns of whatever right links are present. (The ase n = 3has, in fat, been illustrated in the example.)Note that Shr�oder trees also orrespond to series-parallel graphs, as in (53). Theydo, however, impose an order on the edges and/or superedges that are joined in parallel;so they orrespond more preisely to series-parallel graphs as embedded in the plane(and with edges and verties unlabeled, exept for s and t).67. S(z) = 1 + zS(z)(1 + 2(S(z)� 1)), beause 1 + 2(S(z)� 1) enumerates the rightsubtrees; therefore S(z) = (1 + z �p1� 6z + z2 )=(4z).Notes: We've seen Shr�oder numbers in exerise 2.3.4.4{31, where G(z) = zS(z);and in exerise 2.2.1{11, where bn = 2Sn�1 for n � 2 and where we found the reurrene(n � 1)Sn = (6n � 3)Sn�1 � (n � 2)Sn�2. They grow asymptotially as explored inexerise 2.2.1{12. A triangle of numbers Spq, analogous to (22), an be used to generaterandom Shr�oder trees. These numbers satisfySpq = Sp(q�1) + S(p�1)q + S(p�2)q + � � �+ S0q = Sp(q�1) + 2S(p�1)q � S(p�1)(q�1)= q�p+1q+1 pXk=0� q+1p�k��p�1k �2k = pXk=0�� qp�k��p�1k �� � qp�k�1��p�1k�1��2k= [wpzq ℄S(wz)=(1� zS(wz));the double generating funtion on the last line is due to Emeri Deutsh. Manyother properties of Shr�oder trees are disussed in Rihard Stanley's EnumerativeCombinatoris 2 (1999), exerise 6.39.68. A single row that ontains only the empty string �. (The general rule (36) forgoing from n� 1 to n onverts this row into `0 1', the pattern of order 1.)69. The �rst �63� = 20 rows are the Christmas tree pattern of order 6, if we ignore the`10' at the beginning of eah string. The pattern of order 7 is a bit more diÆult to see;but there are �73� = 35 rows in whih the leftmost entry begins with 0. Disregard therightmost string in all suh rows, and ignore the 0 at the beginning of eah remainingstring. (Other answers are also possible.)
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64 ANSWERS TO EXERCISES 7.2.1.670. If � appears in olumn k of the Christmas tree pattern, let �0 be the string inolumn n � k of the same row. (If we think of parentheses instead of bits, this ruletakes the mirror reetion of the free parentheses in the sense of answer 11, by (39).)71. Mtn is the sum of the t largest binomial oeÆients �nk�, beause eah row of theChristmas tree pattern an ontain at most t elements of S, and beause we do getsuh a set S by hoosing all strings � with (n � t)=2 � �(�) � (n + t � 1)=2. (Theformula Mtn = Xn�t�2k�n+t�1�nk�is about as simple as possible; however, speial formulas like M(2)n = Mn+1 hold forsmall t, and we also have Mtn = 2n for t > n.)72. You get Msn, the same number as in the previous exerise. In fat, one an proveby indution that there are exatly � nn�k�� � nk�s� rows of length s+ n� 2k � 0.73. 011001001000000000100101001100, 111001011011111111101101011100; see (38).74. By the lexiographi property, we want to ount the number of rows whose right-most elements have the respetive forms 0�29, 10�28, 110�27, 111000�24, 11100100�22,111001010�21, 11100101100�19, 111001011010�18, 1110010110110�17, : : : , namely all30-bit strings that preede � = 111001011011111111101101011100.If � has p more 1s than 0s, the number of Christmas tree rows ending with ��n isthe same as the number of rows ending with 1p�n; and this is M(p+1)n, by exerise 71,beause all suh rows are the n-step desendants of the starting row `0p 0p�11 : : : 1p '.Consequently the answer is M0(29) +M1(28) +M2(27) +M1(24) + � � � +M(12)3 +M(13)2 =P21k=1M(2k�1�zk)(n�zk) = 0+�2814�+�2714�+�2713�+�2412�+ � � �+8+4 = 84867708,where (z1; : : : ; z21) = (1; 2; 3; 6; : : : ; 27; 28) is the sequene of plaes where 1s our in � .75. We have r(n)1 = Mn�2, beause row r(n)1 is the bottom desendant of the �rstrow in (33). We also have r(n)j+1 � r(n)j = Mj(n�1�j) �M(j�1)(n�2�j) = M(j+1)(n�2�j)by the formula in answer 74, beause the relevant sequene z1 : : : zn�1 for row r(n)j is1j01n�1�j . Therefore, sine Mjn=Mn ! j for �xed j as n!1, we havelimn!1 r(n)jMn = jXk=1 k2k+1 = 1� j + 22j+1 :And we've also impliitly proved that Pnk=0Mk(n�k) =Mn+1 � 1.76. The �rst �2nn � elements of the in�nite sequeneQ = 1313351313351335355713133513133513353557131335133535571335355735575779 : : :are the row sizes in the pattern of order 2n; this sequene Q = q1q2q3 : : : is the unique�xed point of the transformation that maps 1 7! 13 and n 7! (n�2)nn(n+2) for oddn > 1, representing two steps of (36).Let f(x) = lim supn!1 s(dxMne)=n for 0 < x � 1. This funtion apparentlyvanishes almost everywhere; but it equals 1 when x has the form (q1 + � � � + qj)=2n,beause of answer 72. On the other hand if we de�ne g(x) = limn!1 s(dxMne)=pn,the funtion g(x) appears to be measurable, with R 10 g(x) dx = p�, although g(x) isin�nite when f(x) > 0. (Rigorous proofs or disproofs of these onjetures are soliited.)77. The hint follows from (39), by onsidering worm walks; so we an proeed thus:
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7.2.1.6 ANSWERS TO EXERCISES 65X1. [Initialize.℄ Set aj  0 for 0 � j � n; also set x  1. (In the following steps wewill have x = 1 + 2(a1 + � � �+ an).)X2. [Corret the tail.℄ While x � n, set ax  1 and x x+ 2.X3. [Visit.℄ Visit the bit string a1 : : : an.X4. [Easy ase?℄ If an = 0, set an  1, x x+ 2, and return to X3.X5. [Find and advane aj .℄ Set an  0 and j  n� 1. Then while aj = 1, set aj  0,x x�2, and j  j�1. Stop if j = 0; otherwise set aj  1 and go bak to X2.78. True, by (39) and exerise 11.79. (a) List the indies of the 0s, then the indies of the 1s; for instane, the bit stringin exerise 73 orresponds to the permutation 1 4 5 7 8 10 11 12 13 20 23 25 29 30 2 36 9 14 15 16 17 18 19 21 22 24 26 27 28.(b) Using the onventions of (39), the P tableau has the indies of left parenthesesand free parentheses in its top row, other indies in the seond row. Thus, from (38),P = 1 2 3 6 8 9 11 12 13 14 15 16 17 18 19 21 22 24 26 27 284 5 7 10 20 23 25 29 30 :[See K.-P. Vo, SIAM J. Algebrai and Disrete Methods 2 (1981), 324{332, for ageneralization to hains of submultisets.℄80. This urious fat is a onsequene of exerise 79 together with Theorem 6 in theauthor's paper on tableaux; see Pai� J. Math. 34 (1970), 709{727.81. Suppose � and �0 belong respetively to hains of length s and s0 in the Christmastree patterns of order n and n0. At most min(s; s0) of the ss0 pairs of strings in thosehains an be in the bilutter. Furthermore, beause of (39), those ss0 pairs of stringsatually onstitute exatly min(s; s0) hains in the Christmas tree pattern of ordern + n0, when they are onatenated. Therefore the sum of min(s; s0) over all pairs ofhains is Mn+n0 , and the result follows. We have inidentally proved the nonobviousidentity Xj; k min(m+ 1� 2j; n+ 1� 2k)Cj(m�j)Ck(n�k) = Mm+n:Notes: This extension of Sperner's theorem was proved independently by G. Katona[Studia Si. Math. Hungar. 1 (1966), 59{63℄ and D. J. Kleitman [Math. Zeitshrift 90(1965), 251{259℄. See Greene and Kleitman, J. Combinatorial Theory A20 (1976),80{88, for the proof given here and for further results.82. (a) There is at least one evaluation in eah row m; there are two if and onlyif s(m) > 1 and the �rst evaluation yields 0. Thus if f is identially 1, we get theminimum,Mn; if f is identially 0, we get the maximum,Mn+Pm[s(m)> 1℄ =Mn+1.(b) Let f(�(m;n=2)) = 0 in the Cn=2 ases where s(m) = 1; otherwise letf(�(m;a)) = 1, where a is de�ned by the algorithm. When n is odd, this rule impliesthat f(�) is always 1; but when n is even, f(�) = 0 if and only if � is �rst in its row.(To see why, use the fat that the row ontaining �0j in (41) always has size s � 2.)This funtion f is indeed monotoni; for if � � � and if � has a free left parenthesis,so does � . For example, in the ase n = 8 we havef(x1; : : : ; x8) = x8 _ x6x7 _ x4x5(x6 _ x7) _ x2x3(x4(x5 _ x6 _ x7) _ x5(x6 _ x7)):() In these irumstanes (45) is the solution for all n.
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66 ANSWERS TO EXERCISES 7.2.1.683. At most 3 outomes are possible in step H4| in fat, at most 2 when s(m) = 1.[See exerise 5.3.4{31 for sharper bounds; in the notation of that exerise, there areexatly Æn + 2 monotone Boolean funtions of n Boolean variables.℄84. For this problem we partition the 2n bit strings into Mn bloks instead of hains,where the strings f�1; : : : ; �sg of eah blok satisfy kA�Ti � A�Tj k � 1 for i 6= j; thenat most one bit string per blok an satisfy kA�T � bk < 12 .Let A0 denote the �rst n� 1 olumns of A, and let v be the nth olumn. Supposef�1; : : : ; �sg is a blok for A0, and number the subsripts so that vTA0�T1 is theminimum of vTA0�Tj . Then rule (36) de�nes appropriate bloks for A, beause we havekA(�i0)T � A(�j0)Tk = kA(�i1)T �A(�j1)Tk = kA0�Ti � A0�Tj k andkA(�j1)T � A(�10)T k2 = kA0�Tj + v � A0�T1 k2= kA0(�j � �1)T k2 + kvk2 + 2vTA0(�j � �1)T � kvk2 � 1:[And more is true; see Advanes in Math. 5 (1970), 155{157. This result extends atheorem of J. E. Littlewood and A. C. O�ord, Mat. Sbornik 54 (1943), 277{285, whoonsidered the ase m = 2.℄85. If V has dimension n�m, we an renumber the oordinates so that(1; 0; : : : ; 0; x11; : : : ; x1m)(0; 1; : : : ; 0; x21; : : : ; x2m)... ... . . . ... ... ...(0; 0; : : : ; 1; x(n�m)1; : : : ; x(n�m)m)is a basis, with none of the row vetors vj = (xj1; : : : ; xjm) entirely zero. Let vn�m+1 =(�1; 0; : : : ; 0), : : : , vn = (0; 0; : : : ;�1). Then the number of 0{1 vetors in V is the num-ber of 0{1 solutions to Ax = 0, where A is the m� n matrix with olumns v1, : : : , vn.But this quantity is at most the number of solutions to kAxk < 12 min(kv1k; : : : ; kvnk),whih is at most Mn by exerise 84.Conversely, the basis with m = 1 and xj1 = (�1)j�1 yields Mn solutions. [Thisresult has appliation to eletroni voting; see Golle's Ph.D. thesis (Stanford, 2004).℄86. First reorder the 4-node subtrees so that their level odes are 0121 (plus a on-stant); then sort larger and larger subtrees until everything is anonial. The re-sulting level odes are 0 1 2 3 4 3 2 1 2 3 2 1 2 0 1, and the parent pointers are0 1 2 3 4 3 2 1 8 9 8 1 12 0 14.87. (a) The ondition holds if and only if 1 < � � � < k � k+1 � � � � � n for some k,so the total number of ases is Pk �n�1n�k� = 2n�1.(b) Note that 1 : : : k = 01 : : : 0k if and only if p1 : : : pk = p01 : : : p0k; and in suhases, k+1 < 0k+1 if and only if pk+1 < p0k+1.88. Exatly An+1 forests are visited, and Ak of them have pk = � � � = pn = 0.Therefore O4 is performed An times; and pk is hanged Ak+1 � 1 times in step O5, for1 � k < n. Step O5 also hanges pn a total of An � 1 times. The average number ofmems per visit is therefore only 2+3=(��1)+O(1=n) � 3:534, if we keep pn in a register.[See E. Kubika, Combinatoris, Probability and Computing 5 (1996), 403{417.℄89. If step O5 sets pn  pj exatly Qn times, it sets pk  pj exatly Qk + Ak+1 �Ak times, for 1 < k < n, beause every pre�x of a anonial p1 : : : pn is anonial.We have (Q1; Q2; : : : ) = (0; 0; 1; 2; 5; 9; 22; 48; 118; 288; : : : ); and one an show thatQn =Pd�1P1�<n=d�1 a(n�d)(n�d�d), where ank is the number of anonial parentsequenes p1 : : : pn with pn = k. But these numbers ank remain mysterious.
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7.2.1.6 ANSWERS TO EXERCISES 6790. (a) This property is equivalent to 2.3.4.4{(7); vertex 0 is the entroid.(b) Let m = bn=2. At the end of step O1, set pm+1  0, and also p2m+1  0 ifn is odd. At the end of step O4, set i j and while pi 6= 0 set i pi. (Then i is theroot of the tree ontaining j and k.) At the beginning of step O5, if k = i +m andi < j, set j  i and d m.() If n is even, there are no bientroidal trees with n+1 verties. Otherwise �ndall pairs (p01 : : : p0m; p001 : : : p00m) of anonial forests on m = bn=2 nodes, with p01 : : : p0m �p001 : : : p00m; let p1 = 0, pj+1 = p0j + 1, and pm+j+1 = (p00j +m+ 1)[p00j > 0℄ for 1 � j � m.(Two inarnations of Algorithm O will generate all suh sequenes. This algorithm forfree trees is due to F. Ruskey and G. Li; see SODA 10 (1999), S939{S940.)91. Use the following reursive proedure W (n): If n � 2, return the unique n-nodeoriented tree. Otherwise hoose positive integers j and d so that a given pair (j; d)is obtained with probability dAdAn�jd=((n� 1)An). Compute random oriented treesT 0  W (n�jd) and T 00  W (d). Return the tree T obtained by linking j lones of T 00to the root of T 0. [Combinatorial Algorithms (Aademi Press, 1975), Chapter 25.℄92. Not always. [R. L. Cummins, in IEEE Trans. CT-13 (1966), 82{90, proved thatthe graph of S(G) always ontains a yle; see also C. A. Holzmann and F. Harary,SIAM J. Applied Math. 22 (1972), 187{193. But their onstrutions are unsuitable foreÆient omputation, beause they require foreknowledge of the parity of the sizes ofintermediate results.℄93. Yes. Step S7 undoes step S3; step S9 undoes the deletions of step S8.94. For example, we an use depth-�rst searh, with an auxiliary table b1 : : : bn:i) Set b1 : : : bn  0 : : : 0, then v  1, w 1, b1  1, and k  n� 1.ii) Set e nv�1. While te 6= 0, do the following substeps:a) Set u te. If bu 6= 0, go to substep ().b) Set bu  w, w  u, ak  e, k  k � 1. Terminate if k = 0.) Set e ne.iii) If w 6= 1, set v  w, w  bw, and return to (ii). Otherwise report an error: Thegiven graph was not onneted.We ould atually terminate as soon as substep (b) redues k to 1, sine Algorithm Snever looks at the initial value of a1. But we might as well test for onnetivity.95. The following steps perform a breadth-�rst searh from u, to see if v is reahablewithout using edge e. An auxiliary array b1 : : : bn of ar pointers is used, whih shouldbe initialized to 0 : : : 0 at the end of step S1; we will reset it to 0 : : : 0 again.i) Set w  u and bw  v.ii) Set f  nu�1. While tf 6= 0, do the following substeps:a) Set v0  tf . If bv0 6= 0, go to substep (d).b) If v0 6= v, set bv0  v, bw  v0, w  v0, and go to substep (d).) If f 6= e� 1, go to step (v).d) Set f  nf .iii) Set u bu. If u 6= v, return to step (ii).iv) Set u te. While u 6= v, set w  bu, bu  0, u w. Go to S9 (e is a bridge).v) Set u te. While u 6= v, set w bu, bu  0, u w. Then set u te again andontinue step S8 (e is not a bridge).Two quik heuristis an be used before starting this alulation: If du = 1, then e isobviously a bridge; and if lle 6= 0, then e is obviously a nonbridge (beause there's an-other edge between u and v). Suh speial ases are deteted readily by the breadth-�rst

67



68 ANSWERS TO EXERCISES 7.2.1.6searh, yet experiments by the author indiate that both heuristis are de�nitely worth-while. For example, the test on lle typially saves 3% or so of the total running time.96. (a) Let ek be the ar k � 1 ! k. The steps in answer 94 set ak  en+1�k forn > k � 1. Then at level k we shrink en�k, for 1 � k < n � 1. After visiting the(unique) spanning tree en�1 : : : e2en, we unshrink en�k and disover quikly that it isa bridge, for n � 1 > k � 1. Thus the running time is linear in n; in the author'simplementation it turns out to be exatly 102n� 226 mems for n � 3.However, this result depends ritially on the order of the edges in the initialspanning tree. If step S1 had produed \organ-pipe order" suh asen=2+1 en=2 en=2+2 en=2�1 : : : en�1 e2in positions a2 : : : an�1 when n is even, the running time would have been 
(n2),beause 
(n) of the bridge tests would eah have taken 
(n) steps.(b) Now ak is initially en�k for n > k � 1, where e1 is the ar n ! 1. Thespanning trees visited, when n � 4, are respetively en�2 : : : e1en, en�2 : : : e1en�1,en�2 : : : e2en�1en, en�2 : : : e3en�1ene1, : : : , en�1ene1 : : : en�3. Following the treeen�2 : : : ek+2en�1ene1 : : : ek the omputations move down to level n � k � 3 and upagain, for 0 � k � n� 4; the bridge tests are all eÆient. Thus the total running timeis quadrati (in the author's version, exatly 35:5n2 + 7:5n� 145 mems, for n � 5).Inidentally, Pn is board (n; 0; 0; 0; 1; 0; 0) in the notation of the Stanford Graph-Base, and Cn is board (n; 0; 0; 0; 1; 1; 0); the SGB verties are named 0 through n� 1.97. Yes, when fs; tg is f1; 2g, f1; 3g, f2; 3g, f2; 4g, or f3; 4g, but not f1; 4g.
98. A0 = a b de fg ; this is the \dual planar graph" of the planar graph A.(The near trees of A0 are omplements of the spanning trees of A, and vie versa.)99. The stated method works, by indution on the size of the tree, for essentially thesame reasons that it worked for n-tuples in Setion 7.2.1.1|but with the additionalproviso that we must suessively designate eah hild of an uneasy node.Leaf nodes are always passive, and they are neither easy nor uneasy; so we willassume that the branh nodes are numbered 1 to m in preorder. Let fp = p for allbranh nodes, exept when p is a passive uneasy node for whih the nearest uneasy nodeto its right is ative; in the latter ase, fp should point to the nearest ative uneasynode to its left. (For purposes of this de�nition, we imagine that arti�ial nodes 0and m+ 1 are present at the left and right, both of whih are uneasy and ative.)F1. [Initialize.℄ Set fp  p for 0 � p � m; also set t0  1, v0  0, and set eah zp sothat rzp = dp.F2. [Selet node p.℄ Set q  m; then while tq = vq set q  q � 1. Set p  fq andfq  q; terminate the algorithm if p = 0.F3. [Change dp.℄ Set s dp, s0  rs, k  vp, and dp  s0. (Now k = vs 6= vs0 .)F4. [Update the values.℄ Set q  s and vq  k � 1. While dq 6= 0, set q  dq andvq  k � 1. (Now q is a leaf that has entered the on�g if k = 0, left it if k = 1.)Similarly, set q  s0 and vq  k. While dq 6= 0, set q  dq and vq  k � 1. (Nowq is a leaf that has left the on�g if k = 0, entered it if k = 1.)F5. [Visit.℄ Visit the urrent on�g, represented by all the leaf values.
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7.2.1.6 ANSWERS TO EXERCISES 69F6. [Passivate p?℄ (All uneasy nodes to p's right are now ative.) If dp 6= zp, returnto step F2. Otherwise set zp  s, q  p � 1; while tq = vq, set q  q � 1. (Nowq is the �rst uneasy node to the left of p; we will make p passive.) Set fp  fq,fq  q, and return to F2.Although step F4 may hange uneasy nodes to easy nodes and vie versa, the fouspointers need not be updated, beause they're still set orretly.100. A omplete program, alled GRAYSPSPAN, appears on the author's website. Itsasymptoti eÆieny an be proved by using the result of exerise 110 below.102. If so, ordinary spanning trees an be listed in a strong revolving-door order, wherethe edges that enter and leave at eah step are adjaent.Interesting algorithms to generate all the oriented spanning trees with a givenroot have been developed by Harold N. Gabow and Eugene W. Myers, SICOMP 7(1978), 280{287; S. Kapoor and H. Ramesh, Algorithmia 27 (2000), 120{130.103. (a) Toppling inreases (x0; x1; : : : ; xn) lexiographially, but does not hange x0+� � �+ xn. If we an topple at both Vi and Vj , either order gives the same result.(b) Adding a grain of sand hanges the 16 stable states as follows:Given 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111+ 0001 0001 0010 0011 0001 0101 0110 0111 0101 1001 1010 1011 1001 1101 1110 1111 1101+ 0010 0010 0011 0001 0010 0110 0111 0101 0110 1010 1011 1001 1010 1110 1111 1101 1110+ 0100 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111 0100 0101 0110 0111+ 1000 1000 1001 1010 1011 1100 1101 1110 1111 0100 0101 0110 0111 1000 1001 1010 1011The reurrent states are the nine ases with x1 + x2 > 0 and x3 + x4 > 0. Notie thatrepeated addition of 0001 leads to the in�nite yle 0000 ! 0001 ! 0010 ! 0011 !0001! 0010! � � � ; but the states 0001, 0010, and 0011 are not reurrent.() If x = �(x + t) then also x = �(x + kt) for all k � 0. All omponentsof t are positive; thus x = �(x + max(d1; : : : ; dn)t) is reurrent. Conversely, supposex = �(d + y), where all yi � 0; then d + y + t topples to x + t and it also topples to�(d) + y + t = d+ y. Therefore �(x+ t) = �(d+ y) = x.(d) There are N = det(aij) lasses, beause elementary row operations (exerise4.6.1{19) triangularize the matrix while preserving ongruene.(e) There are nonnegative integers m1, : : : , mn, m01, : : : , m0n suh thatx+m1a1 + � � �+mnan = x0 +m01a1 + � � �+m0nan = y; say:For suÆiently large k, the vetor y+ kt topples in m1 + � � �+mn steps to x+ kt, andin m01 + � � �+m0n steps to x0 + kt. Therefore x = �(x+ kt) = �(x0 + kt) = x0.(f) The triangularization in (d) shows that x � x + Ny for arbitrary vetors y.And toppling preserves ongruene; hene every lass ontains a reurrent state.(g) Sine a = a1 + � � � + an in a balaned digraph, we have x � x + a. If x isreurrent, we see in fat that every vertex topples exatly one when x+a redues to x,beause the vetors fa1; : : : ; ang are linearly independent.Conversely, if �(x+ a) = x we must prove that x is reurrent. Let zm = �(ma);there must be some positive k and m with zm+k = zm. Then every vertex topplesk times when zm + ka redues to zm; hene there are vetors yj = (yj1; : : : ; yjn) withyjj � dj suh that (m + k)a topples to yj . It follows that x + n(m + k)a topples tox+ y1 + � � �+ yn, and �(x+ y1 + � � �+ yn) = �(x+ n(m+ k)a) = x.(h) Treating subsripts ylially, the spanning trees with ars Vj ! V0 for j = i1,: : : , ik have n � k other ars: Vj ! Vj�1 for il < j � il + ql and Vj ! Vj+1 for
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70 ANSWERS TO EXERCISES 7.2.1.6il + ql < j < il+1. The reurrent states, similarly, have xj = 2 for j = i1, : : : , ik, andxj = 1 for il < j < il+1, exept that xj = 0 when j = il + ql and ql > 0.(i) In this ase state x = (x1; : : : ; xn) is reurrent if and only if (n�x1; : : : ; n�xn)solves the parking problem in the hint, beause t = (1; : : : ; 1), and a sequene thatdoesn't get parked leaves a \hole" that stops x+ t from toppling to x.Notes: This sandpile model, introdued by Deepak Dhar [Phys. Review Letters64 (1990), 1613{1616℄, has led to many papers in the physis literature. Dhar notedthat, if M grains of sand are introdued at random, eah reurrent state is equallyprobable as M ! 1. The present exerise was inspired by the work of R. Cori andD. Rossin, European J. Combinatoris 21 (2000), 447{459.Sandpile theory proves that every digraph D yields an abelian group whoseelements orrespond somehow to the oriented spanning trees of D with root V0. Inpartiular, the same is true when D is an ordinary graph, with ars u! v and v ! uwhenever u and v are adjaent. Thus, for example, we an \add" two spanning trees;and some spanning tree an be regarded as \zero." An elegant orrespondene betweenspanning trees and reurrent states, in the speial ase when D is an ordinary graph,has been found by R. Cori and Y. Le Borgne, Advanes in Applied Math. 30 (2003),44{52. But no simple orrespondene is known for general digraphs D. For example,suppose n = 2 and (e10; e12; e20; e21) = (p; q; r; s); then there are pr + ps+ qr orientedtrees, and the reurrent states orrespond to generalized two-dimensional toruses as inexerise 7{00. Yet even in the \balaned" ase, when p+ q � s and r + s � q, no easymapping between spanning trees and reurrent states is apparent.104. (a) If det(�I � C) = 0, there is a vetor x = (x1; : : : ; xn)T suh that Cx = �xand max(x1; : : : ; xn) = xm = 1 for some m. Then � = �xm = mm �Pj 6=m emjxj �mm �Pj 6=m emj = 0. (Inidentally, a real symmetri matrix whose eigenvalues arenonnegative is alled positive semide�nite. Our proof establishes the well-known fatthat any real symmetri matrix with mm � jPj 6=m mj j for 1 � m � n has thisproperty.) Thus �0 � 0; and �0 = 0 beause C(1; : : : ; 1)T = (0; : : : ; 0)T .(b) det(xI�C(G)) = x(x��1) : : : (x��n�1); and the oeÆient of x is (�1)n�1ntimes the number of spanning trees, by the matrix tree theorem.() det(�I � C(Kn)) = det((� � n)I + J) = (� � n)n�1� by exerise 1.2.3{36;here J is the matrix of all 1s. The aspets are therefore 0, n, : : : , n.105. (a) If eij = a+ be0ij we have C(G) = naI � aJ + bC(G0). And if C is any matrixwhose row sums are zero, the identitydet(xI + yJ � zC) = x+ nyx zn det((x=z)I � C)an be proved by adding olumns 2 through n to olumn 1, fatoring out (x + ny)=x,subtrating y=x times olumn 1 from olumns 2 through n, then subtrating olumns2 through n from olumn 1. Therefore, by setting x = ��na, y = a, z = b, a = 1, andb = �1, we �nd that G has the aspets 0, n � �n�1, : : : , n � �1. (In partiular, thisresult agrees with exerise 104() when G0 is the empty graph Kn.)(b) Sort f�00; : : : ; �0n0�1; �000 ; : : : ; �00n00�1g into order. (An easy ase, for variety.)() Here G = G0 + G00, so G's aspets are f0; n0 + n00; n00 + �01; : : : ; n00 + �0n0�1;n0+�001 ; : : : ; n0+�00n00�1g by (a) and (b). (In partiular, G is Km;n when G0 = Km andG00 = Kn, hene the aspets of Km;n are f0; (n� 1) �m; (m� 1) � n; m+ ng.)(d) C(G) = In0
C(G00)+C(G0)
In00 , where In denotes the n�n identity matrixand 
 denotes the Kroneker produt of matries. The aspets of C(G) are f�0j +�00k j0 � j < n0; 0 � k < n00g; for if A and B are arbitrary matries whose eigenvalues
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7.2.1.6 ANSWERS TO EXERCISES 71are f�1; : : : ; �mg and f�1; : : : ; �ng, respetively, the eigenvalues of A 
 In + Im 
 Bare the mn sums �j + �k. Proof: Choose S and T so that S�AS and T�BT aretriangular. Then use the matrix identity (A 
 B)(C 
 D) = AC 
 BD to show that(S
T )�(A
In+Im
B)(S
T ) = (S�AS)
In+Im
(T�BT ). (In partiular, repeateduse of this formula shows that the aspets of the n-ube are f�n0��0; �n1��2; : : : ; �nn��2ng,and Eq. (57) follows from exerise 104(b).)(e) When G is a regular graph of degree d0, its aspets are �j = d0 � �j+1, where�1 � � � � � �n are the eigenvalues of the adjaeny matrix A = (eij). The adjaenymatrix of G0 is A0 = BTB � d0In0 , where B = (bij) is the n� n0 inidene matrix withentries bij = [edge i touhes vertex j℄, and where n = n0d0=2 is the number of edges.The adjaeny matrix of G is A = BBT � 2In. Now we havexn det(xIn0 �BTB) = xn0det(xIn �BBT );this identity follows from the fat that the oeÆients of det(xI�A) an be expressed interms of trae(Ak) for k = 1, 2, : : : , via Newton's identities (exerise 1.2.9{10). So theaspets of G are the same as those of G0, plus n� n0 aspets equal to 2d0. [This resultis due to E. B. Vakhovsky, Sibirski�� Mat. Zhurnal 6 (1965), 44{49; see also H. Sahs,Wissenshaftlihe Zeitshrift der Tehnishen Hohshule Ilmenau 13 (1967), 405{412.℄(f) A = A0
A00, so the aspets are fd00�0j+d0�00k��0j�00k j 0 � j < n0; 0 � k < n00g.(g) A(G) = In0 
A00 +A0 
 In00 +A0 
A00 = (In0 +A0)
 (In00 +A00)� In yieldsthe aspets f(d00 + 1)�0j + (d0 + 1)�00k � �0j�00k j 0 � j < n0; 0 � k < n00g.106. (a) If � is an aspet of the path Pn, there's a nonzero solution (x0; x1; : : : ; xn+1)to the equations �xk = 2xk�xk�1�xk+1 for 1 � k � n, with x0 = x1 and xn = xn+1.If we set xk = os(2k�1)�, we �nd x0 = x1 and 2xk�xk�1�xk+1 = 2xk�(2 os 2�)xk;hene 2� 2 os 2� = 4 sin2� will be an aspet if we hoose � so that xn = xn+1 and sothat the x's are not all zero. Thus the aspets of Pn turn out to be �0n, : : : , �(n�1)n.We must have �1 : : : �n�1 = n, by exerise 104(b), sine (Pn) = 1; therefore(Pm � Pn) = m�1Yj=1 n�1Yk=1 (�jm + �kn):(b; ) Similarly, if � is an aspet of the yle Cn, there's a nonzero solution to thestated equations with xn = x0. For this ase we try xk = os 2k� and �nd solutionswhen � = j�=n for 0 � j < dn=2e. And xk = sin k� gives further, linearly independentsolutions for dn=2e � j < n. The aspets of Cn are therefore �0n, �2n, : : : , �(2n�2)n;and we have(Pm�Cn) = nm�1Yj=1 n�1Yk=1 (�jm + �(2k)n); (Cm�Cn) = mnm�1Yj=1 n�1Yk=1 (�(2j)m + �(2k)n):Let fn(x) = (x+ �1n) : : : (x+ �(n�1)n) and gn(x) = (x+ �2n) : : : (x+ �(2n�2)n).These polynomials have integer oeÆients; indeed, fn(x) = Un�1(x=2+1) and gn(x) =2(Tn(x=2+1)�1)=x, where Tn(x) and Un(x) are the Chebyshev polynomials de�ned byTn(os �) = osn� and Un(os �) = (sin(n+ 1)�)=sin �. The alulation of (Pm � Pn)an be redued to the evaluation of an m�m determinant, beause it is the resultant offm(x) with fn(�x); see exerise 4.6.1{12. Similarly, 1n(Pm �Cn) and 1mn (Cm �Cn)are the respetive resultants of fm(x) with gn(�x) and of gm(x) with gn(�x).Let �n(x) =Qdnn fd(x)�(n=d); thus �1(x) = 1, �2(x) = x+ 2, �3(x) = (x+ 3)�(x+ 1), �4(x) = x2 + 4x+ 2, �5(x) = (x2 + 5x+ 5)(x2 + 3x+ 1), �6(x) = x2 + 4x+ 1,
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72 ANSWERS TO EXERCISES 7.2.1.6et. By onsidering so-alled �eld polynomials one an show that �n(x) is irreduibleover the integers when n is even, otherwise it is the produt of two irreduible fatorsof the same degree. Similarly, if �n(x) = Qdnn gd(x)�(n=d), it turns out that �n(x)is the square of an irreduible polynomial when n � 3. These fats aount for thepresene of fairly small prime fators in the results. For example, the largest primefator in (Pm � Pn) for m � n � 10 is 1009; it ours only in the resultant of �6(x)with �9(�x), whih is 662913 = 32 � 73 � 1009.107. There are (1; 1; 2; 6; 21) nonisomorphi graphs for n = (1; : : : ; 5); but we needonsider only ases with � 12�n2� edges, beause of exerise 105(a). The surviving aseswhen n = 4 are free trees: The star is the omplement of K1 +K3, with aspets 0, 1,1, 4; and P4 has aspets 0, 2�p2, 2, 2+p2 by exerise 106. There are three free treeswhen n = 5: The star has aspets 0, 1, 1, 1, 5; P5's aspets are 0, 2� �, 3� �, 1 + �,2+�; and the aspets of are 0, r1, 1, r2, r3, where (r1; r2; r3) � (0:52; 2:31; 4:17)are the roots of x3 � 7x2 + 13x� 5 = 0.Finally, there are �ve ases with a single yle: is K1 �+ (K2 + K2), so itsaspets are 0, 1, 1, 3, 5; C5 has aspets 0, 3� �, 3� �, 2 + �, 2 + �; has aspets0, r1, r2, 3, r3; its omplement has aspets 0, 5� r3, 2, 5� r2, 5 � r1; and theaspets of turn out to be 0, (5�p13)=2, 3� �, 2 + �, (5 +p13)=2.108. Given a digraph D on verties fV1; : : : ; Vng, let eij be the number of ars from Vito Vj . De�ne C(D) and its aspets as before. Sine C(D) is not neessarily symmetri,the aspets are no longer guaranteed to be real. But if � is an aspet, so is its omplexonjugate ��; and if we order the aspets by their real parts, again we �nd �0 = 0. Theformula (D) = �1 : : : �n�1=n remains valid if we now interpret (D) as the averagenumber of oriented spanning trees, taken over all n possible roots Vj . The aspets ofthe transitive tournament Tn, whose ars are Vi ! Vj for 1 � i < j � n, are obviously0, 1, : : : , n� 1; and those of its subgraphs are equally obvious.The derivations in parts (a){(d) of answer 105 arry over without hange. Forexample, onsider K1 �+T3, whih has aspets 0, 2, 3, 4; this digraph D has (2; 4; 6; 12)oriented spanning trees with the four possible roots, and (D) is indeed equal to2�3�4=4. Notie also that the digraph is its own omplement, and that ithas the same aspets as T3.Direted graphs also admit another family of interesting operations: If D0 andD00 are digraphs on disjoint sets of verties V 0 and V 00, onsider adding a ars v0 ! v00and b ars v00 ! v0 whenever v0 2 V 0 and v00 2 V 00. By manipulating determinantsas in answer 105(a), we an show that the resulting digraph has aspets f0; an00 + bn0;an00 + �01; : : : ; an00 + �0n0�1; bn0 + �001 ; : : : ; bn0 + �00n00�1g. In the speial ase a = 1 andb = 0, we an onveniently denote the new digraph by D0 ! D00; thus, for example,Tn = K1 ! Tn�1. The digraph Kn1 ! Kn2 ! � � � ! Knm on n1 + n2 + � � � + nmverties has aspets f0; nm � sm; : : : ; n2 � s2; (n1�1) � s1g, where sk = nk + � � �+ nm.The aspets of the oriented path Qn from V1 to Vn are obviously 0, 1, : : : , 1. Theoriented yle On has aspets f0; 1� !; : : : ; 1� !n�1g, where ! = e2�i=n.There is also a nie result for ar digraphs: The aspets of D� are obtained fromthose of D by simply adding �k � 1 opies of the number �k, for 1 � k � n, where �kis the in-degree of Vk and �k is its out-degree. (If �k = 0, we remove one aspet equalto �k.) The proof is similar to, but simpler than, the derivation in answer 2.3.4.2{21.Historial remarks: The results in exerises 104(b) and 105(a) are due to A. K.Kelmans, Avtomatika i Telemekhanika 26 (1965), 2194{2204; 27, 2 (February 1966),56{65; English translation in Automation and Remote Control 26 (1965), 2118{2129;
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7.2.1.6 ANSWERS TO EXERCISES 7327 (1966), 233{241. Miroslav Fiedler [Czeh. Math. J. 23 (1973), 298{305℄ introduedexerise 105(d), and proved interesting results about the aspet �1, whih he alledthe \algebrai onnetivity" of G. Germain Kreweras, in J. Combinatorial TheoryB24 (1978), 202{212, enumerated spanning trees on grids, ylinders, and toruses, aswell as oriented spanning trees on direted toruses suh as Om � On. An exellentsurvey of graph aspets was published by Bojan Mohar inGraph Theory, Combinatorisand Appliations (Wiley, 1991), 871{898; Disrete Math. 109 (1992), 171{183. For athorough disussion of important families of graph eigenvalues and their properties,inluding a omprehensive bibliography, see Spetra of Graphs by D. M. Cvetkovi�,M. Doob, and H. Sahs, third edition (1995).109. Perhaps there is also a sandpile-related reason; see exerise 103.110. By indution: Suppose there are k � 1 parallel edges between u and v. Then(G) = k(G1) + (G2), where G1 is G with u and v identi�ed, and G2 is G with thosek edges removed. Let du = k + a and dv = k + b.Case 1: G2 is onneted. Then ab > 0, so we an write a = x+ 1 and b = y + 1.We have (G1) > �px+ y + 1 and (G2) > �pxy, where � is a produt over the othern� 2 verties; and it is easy to verify thatkpx+ y + 1 +pxy � p(x+ k)(y + k):Case 2: There are no suh u and v for whih G2 is onneted. Then every multi-edge of G is a bridge; in other words, G is a free tree exept for parallel edges. Inthis ase the result is trivial if there's a vertex of degree 1. Otherwise suppose u is anendpoint, with du = k edges u��� v. If dv > k + 1, we have (G) = k(G1) > �kpxwhere dv = k+1+x, and it is easy to hek that kpx >p(k � 1)(k + x) when x > 0.If dv = k we have (G) = k >p(k � 1)2. Finally if dv = k+1, let v0 = u, v1 = v, andonsider the unique path v1���v2���� � ����vr where r > 1 and vr has degree greaterthan 2; only one edge joins vj to vj+1 for 1 � j < r. Again the indution goes through.[Other lower bounds on the number of spanning trees have been derived by A. V.Kostohka, Random Strutures and Algorithms 6 (1995), 269{274.℄111. 2 1 5 4 11 7 9 8 6 10 15 12 14 13 3.112. Either p appears on an even level and is an anestor of q, or q appears on an oddlevel and is an anestor of p.113. prepostorder(FR)=postpreorder(F )R and postpreorder(FR)=prepostorder(F )R.114. The most elegant approah, onsidering that the forest might be empty, is to setthings up so that CHILD(�) points to the root of the leftmost tree, if any. Then initiatethe �rst visit by setting Q �, L �1, and going to step Q6.115. Suppose there are ne nodes on even levels and no nodes on odd levels, and thatn0e of the even-level nodes are nonleaves. Then steps (Q1, : : : , Q7) are performedrespetively (ne + no, no, n0e, ne, n0e, no + 1, ne) times, inluding one exeution of Q6beause of answer 114.116. (a) This result follows from Algorithm Q.(b) In fat, non-ordinary nodes stritly alternate between luky and unluky,beginning and ending with a luky one. Proof: Consider the forest F 0 obtained bydeleting the leftmost leaf of F , and use indution on n.117. Suh forests are preisely those whose left-hild/right-sibling representation is adegenerate binary tree (exerise 31). So the answer is 2n�1.
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74 ANSWERS TO EXERCISES 7.2.1.6118. (a) tk�2, for k > 1; lukiness ours only near extreme leaves.(b) An interesting reurrene leads to the solution (Fk + 1� (k + 1) mod 3)=2.119. Label eah node x with the value v(x) = Pf 2k j k is an ar label on the pathfrom the root to xg. Then the node values in prepostorder are exatly the Gray binaryode �n, beause exerise 113 shows that they satisfy reurrene 7.2.1.1{5.(If we apply the same value labeling to the ordinary binomial tree Tn and traverseit in preorder, we simply get the integers 0, 1, : : : , 2n � 1.)120. False: Only four of the \hollow" verties in the illustration an appearnext to the two \square" verties, in a Hamiltonian yle; one hollow pair istherefore out of luk. [See H. Fleishner and H. V. Kronk, Monatshefte f�urMathematik 76 (1972), 112{117.℄121. Furthermore, there is a Hamiltonian path from u to v in T 2 if and only if similaronditions hold; but we retain u and/or v in T (0) if they have degree 1, and we requirethat the path in (i) be inside the path from u to v (exluding u and v themselves).Condition (ii) is also strengthened by hanging `verties of degree 4' to `dangerousverties', where a vertex of T (0) is alled dangerous if it either has degree 4 or hasdegree 2 and equals u or v. The smallest impossible ase is T = P4, with u and v hosento be the non-endpoints. [�Casopis pro P�estov�an�� Matematiky 89 (1964), 323{338.℄Consequently T 2 ontains a Hamiltonian yle if and only if T is a aterpillar,namely a free tree whose derivative is a path. [See Frank Harary and A. J. Shwenk,Mathematika 18 (1971), 138{140.℄122. (a) We an represent an expression by a binary tree, with operators at the internalnodes and digits at the external nodes. If binary trees are implemented as in Algo-rithm B, the essential onstraint imposed by the given grammar is that, if rj = k > 0,then the operator at node j is + or � if and only if the operator at node k is � or =.Therefore the total number of possibilities for a tree with n leaves is 2nSn�1, where Snis a Shr�oder number; namely 10,646,016 when n = 9. (See exerise 66, but interhangeleft with right.) We an rather quikly generate them all, enountering exatly 1640solutions. Only one expression, namely 1+2=((3�4)=(5+6)� (7�8)=9), does the jobwith no multipliations; twenty of them, suh as (((1� 2)=((3=4)� 5� 6))� 7+8)� 9,require �ve pairs of parentheses; only 15 require no parentheses whatever.(b) Now there are 1 +P8k=1�8k�2k+1Sk = 23;463;169 ases, and 3365 solutions.The shortest, of length 12, was found by Dudeney [The Weekly Dispath (18 June1899)℄, namely 123�45�67+89; but he wasn't sure at the time that it was best. Thelongest solutions have length 27; there are twenty of them, as mentioned above.() The number of ases rises dramatially to 2+P8k=1�8k�4k+1Sk = 8;157;017;474,and there now are 96,504 solutions. The longest, whih is unique, has length 40:((((:1=(:2 + :3))=:4)=:5)=(:6 � :7))=(:8 � :9). There are �ve amusing examples suh as:1 + (2 + 3 + 4 + 5) � 6 + 7 + 8 + :9, with seven +'s; furthermore, there are ten like(1� :2� :3� 4� :5� 6)� (7� 8� 9), with seven �'s.There is in fat very little priniple in the thing,and there is no ertain way of demonstratingthat we have got the best possible solution.| HENRY E. DUDENEY (1899)Notes: Marie Leske's Illustriertes Spielbuh f�ur M�adhen, �rst published in 1864,ontained the earliest known appearane of suh a problem; in the eleventh edition
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7.2.1.6 ANSWERS TO EXERCISES 75(1889), the fat that 100 = 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8� 9 was the solution to puzzle16 in setion 553. See also the referenes in exerise 7.2.1.1{111.Rihard Bellman explained in AMM 69 (1962), 640{643, how to handle thespeial ase of part (a) in whih the operators are restrited to be either + and �,without parentheses. His tehnique of dynami programming an be used also inthis more general problem to redue the number of ases being onsidered. The ideais to determine the rational numbers obtainable from every subinterval of the digitsf1; : : : ; ng, having a given operator at the root of the tree. We an also save a gooddeal of omputation by disarding ases for the subintervals f1; : : : ; 8g and f2; : : : ; 9gthat annot lead to integer solutions. In this way the number of essentially di�erenttrees to onsider is redued to (a) 2,747,275 ases; (b) 6,834,708; () 741,167,401.Floating point arithmeti is unreliable in this appliation. But the exat rationalarithmeti routines of Setion 4.5.1 do the job niely, never needing to work with aninteger greater than 109 in absolute value.123. (a) 2284; but 2284 = (1 + 2 � 3) � (4 + 5 � 67) � 89. (b) 6964; but 6964 =(1=:2)� 34+ 5+ 6789. () 14786; but 14786 = �1+ 2� (:3+ 4+ 5)� (6+ 789). [If weallow also a minus sign at the left of the expression, as Dudeney did, we atually obtain1361, 2758, and 85054 additional solutions to problems 120(a), (b), and (), inludingnineteen longer expressions in ase (a) suh as �(1�2)�((3+4)�(5�(6�7)�8)+9).With suh an extension, the smallest unreahable numbers in the present problembeome (a) 3802, (b) 8312, and () 17722.℄ The total number of representable integers(positive, negative, or zero) turns out to be (a) 27,666; (b) 136,607; () 200,765.124. Horton{Strahler numbers originated in studies of river ows: R. E. Horton, Bull.Geol. So. Amer. 56 (1945), 275{370; A. N. Strahler, Bull. Geol. So. Amer. 63 (1952),1117{1142. Many tree-drawing ideas are explored and illustrated in a lassi paper byViennot, Eyrolles, Janey, and Arqu�es, Computer Graphis 23, 3 (July 1989), 31{40.
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INDEX AND GLOSSARYWhen an index entry refers to a page ontaining a relevant exerise, see also the answer tothat exerise for further information. An answer page is not indexed here unless it refers to atopi not inluded in the statement of the exerise.0{1 vetors, 40.�, see Mems.�(x): The number of 1s (= Sideways sum).� (irle ratio), as \random" example,19, 39, 59.Abelian group, 70.Adjaeny matrix, 71.Aldous, David John, 14.Algebrai onnetivity, 73.Alonso, Laurent, 62.Analysis of algorithms, 10, 36, 40, 43, 51.Anestor, in a tree struture, 4, 46, 73.Antihain of subsets, 19.Arboresenes, see Oriented trees.Ar digraph of a digraph, 72.Arhimedes of Syrause (>Arqim dhå SurakoÔsio), solids, 35.Arnold, David Bryan, 13.Arqu�es, Didier, 75.Aspets of a graph, 42{43.Assoiahedron, 35.Assoiative law, 7, 32, 35, 44.Atkinson, Mihael David, 62.Atomi strings of parentheses, 38.Avalanhes, 42.Balaned digraphs, 42.Balaned strings, 38.Ballot numbers, 11{12, 36.generalized, 36{37.table, 11.Baronaigien, see Roelants van Baronaigien.Beker, Harold W., 51.Bellman, Rihard Ernest, 75.Beyer, Wendell Terry, 21.Bilutters, 40.Bigraph: A bipartite graph.Binary searh, 20.Binary searh trees, 37, 45.Binary trees, 1{2, 4{10, 31{39.deorated, 16, 38.degenerate, 35, 37, 74.drawings of, 1, 14, 15, 45, 47, 51.extended, 1, 16, 32, 37, 45.Gray odes for, 6{9, 33.linked, 4{9, 32.random, 16{17, 38, 45.representation of, 4, 8, 16, 36.rotations in, 7{9, 52.Binomial oeÆient identities, 37.Binomial trees, 44, 74.

Boolean funtions, 20, 40.Boolean latties, 53.Branh nodes: Nonleaves, 26{27.Breadth-�rst searh, 67.Bridges of a graph, 24{25, 41, 44, 68, 73.Brown, Robert, see Brownian exursion.Brownian exursion, 14.Bruijn, Niolaas Govert de, 17.Cn (Catalan number), 10{12, 16, 36{37.Cn (yli graph), 41, 68, 71.Cpq (ballot number), 11{12, 36{37.Callan, Columille David, 48.Canonial forest, 21{22, 40{41.Canonial form of algebrai expression, 44.Carlitz, Leonard, 58.Cartesian produt of graphs, v, 27, 43.Catalan, Eug�ene Charles, 10.Catalan numbers, 10{12, 16, 36{37.generalized, 36{37.tables, 10{11.Catalan triangle, 11{12, 19, 36{37.t-ary, 55.Caterpillar graphs, 74.Centroid of an oriented tree, 41.Chains of submultisets, 65.Chains of subsets, 17{21.Charateristi polynomial of a matrix,42, 71.Chebyshev, Pafnutii Lvovih (Qebyxev,Pafnuti� L~voviq), polynomials, 71.Christmas tree pattern, 17{21, 39{40, 64.Chung, Kai Lai ( ), 62.Clutters, 19.Co-atoms, 38.Coforests, 8.Cognate forests, 32.Colex order: Lexiographi from rightto left, 5, 33.Combinations, 3, 6, 49, 56.Complement of a graph, 43, 72.Complementary elements of a lattie, 35.Complete bigraph, 70.Complete graph, 41, 42.Complete t-ary tree, 44.Complex onjugate, 72.Conordant bit strings, 40.Con�gs, 27, 41.Conjugate of a forest, 8, 31{32, 36, 43.Conjuntion of graphs, v, 43.Conneted graphs, 24, 30, 44.Connetivity test, 67, 72.Context-free grammar, 44.76
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INDEX AND GLOSSARY 77Contration of a graph, 23{25, 63.Coprodut of graphs, v.Cori, Robert, 70.Cosum of graphs, v, 43.Covering in a lattie, 17, 33{36.Crossings in a set partition, 33.Cube of a graph, 30.Cummins, Rihard Lee, 67.Cvetkovi�, Drago�s Mladen (Cvetkovi�,Dragox Mladen), 28, 73.Cyle Lemma, 38.Cyli graph (Cn), 41, 68, 71.Cyli permutations, 36.Cyli shifts, 38.Cylinder graphs, 29, 43, 73.Daning links, 24.Data strutures for graphs, 24{26.de Bruijn, Niolaas Govert, 17.de Moivre, Abraham, 11.Deorated binary trees, 16, 38.Defet of a balaned string, 38.Degenerate binary trees, 35, 37, 73.Degree of a node, 32.Degree of a vertex, 24, 43.Degree one, nodes of, 26, 27, 39.verties of, 44, 73.D�enes, J�ozsef, 54.Depth oordinates k, 4, 21{22, 31,33, 37, 40, 51.Depth-�rst searh, 67.Derivative of a graph, 44.Dershowitz, Nahum (UIAEYXC MEGP), 54.Desendant, in a tree struture, 4, 46, 73.Desents of a permutation, 39.Determinants, 70{72.Deutsh, Emeri, 63.Dewey, Melvil, notation for binary trees(due to Galton), 59.notation for trees, 12.Dhar, Deepak (dFpk Dr), 70.Diagonally dominant matrix, 70.Digital Century puzzle, 44.Digraph: A direted graph.Diret produt of graphs, v, 43.Direted graphs, 42{43.Direted torus graphs, 73.Distributive laws, 34.Doob, Mihael, 73.Doubly linked lists, 24{25.Drawing a binary tree, 1, 14, 15, 45, 47, 51.Dual of a forest, 8{9, 32{34, 49.Dual of a planar graph, 68.Dudeney, Henry Ernest, 44, 74.Dyk, Walther Franz Anton von, paths,see Nested parentheses.Dynami programming, 75.

e, as \random" example, 35.Easy nodes, 27, 41.Ebbenhorst Tengbergen, Cornelia van, 17.Edelman, Paul Henry, 54.Eigenvalues, 42{43, 73.Ellipses, 15.Empty graph, 70.Empty string, 63.Endo-order, 6.Endpoint of a graph, 44, 73.Equivalene lasses, 42.Er, Meng Chiau ( ), 49.Errera, Alfred, 46.Eulerian numbers, 39.Extended binary trees, 1, 16, 32, 37, 45.Extended ternary trees, 32.External nodes, 1, 15, 16, 32, 37, 45, 46.Eyrolles, Georges, 75.Fatoring an n-yle, 36.Feller, Willibald (= Vilim = Willy =William), 62.Feussner, Wilhelm, 22.Fibonai trees, 44, 45.Fiedler, Miroslav, 73.Field polynomials, 72.Fleishner, Herbert, 74.Flip permutations, 54.Floating point arithmeti, 75.Fous pointers, 27, 41.Footprints, 35, 53.Forests, 0{75.anonial, 21{22, 40{41.ognate, 32.onjugate of, 8, 31{32, 36, 43.dual of, 8{9, 33, 49.Gray odes for, 6{9, 33.oriented, 21{22, 40.outline of, 13.random, 38.representation of, seeLeft-hild/right-siblinglinks, Nested parentheses,Right-hild/left-sibling links.roots of, 1.shape of, 13{14.super-root of, 30, 43.transpose of, 31{32, 36.triply linked, 30{31, 40, 50.Fratal dimension, 39.Free parentheses, 19, 65.Free trees, 22, 40{41, 44, 54, 72, 73.Freese, Ralph Stanley, 54.Gabow, Harold Neil, 69.Galton, Franis, 77.Generalized Catalan numbers, 36{37.Generating funtions, 10, 36, 37, 39, 41, 63.Golle, Philippe, 40, 66.
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78 INDEX AND GLOSSARYGrammar, ontext-free, 44.Graphs, 22{30, 41{44.Gr�atzer, George, 53.Gray, Frank, odes, 30.binary, 44, 63.for binary trees, 6{9, 33.for ombinations, 6.for forests, 6{9, 33.for nested parentheses, 6, 33, 37, 52.for Shr�oder trees, 39.for spanning trees, 23.for trees, 6{9.modular, 41.quasi-, 30.reeted, 7.revolving-door, 6, 23, 27, 28, 41.Greatest lower bound, 33{34.Greene, Curtis, 19, 65.Grid graphs, 29, 43, 73.triangular, 52.Gutjahr, Walter Josef, 61.Hamilton, William Rowan, yle, 74.path, 44, 52.Hamiltonian graph: A graph that ontainsa Hamiltonian yle, 30, 44.Handshaking at a irular table, 4, 31.Hansel, Georges, 20{21, 40.Harary, Frank, 67, 74.Hariharan, Ramesh (�U�q ����h), 69.Hedetniemi, Sarah Lee Mithell, 21.Hikerson, Dean Robert, 36.Hodges, Joseph Lawson, Jr., 62.Holzmann Poisson, Carlos Alfonso, 67.Horton, Robert Elmer, 75.Horton{Strahler number, 45.Identity matrix, 70.In-degree of a vertex, 42, 72.Inidene matrix, 71.Inorder (symmetri order), 1, 7, 8, 15,36, 37, 47, 52, 53.Internal path length, 37.Internet, ii, iii, 69.Inverse of a permutation, 8.Inversion tables, 4, 31, 46.Isthmuses, see Bridges of a graph.Janey, Niolas, 75.Join of graphs, v, 43.Juxtaposition of graphs, v, 43.Juxtaposition of forests, 32.kth power of a graph, 30.Kapoor, Sanjiv (s\jFv kp�r), 69.Katona, Gyula (Optim�alis Halmaz), 65.Kelmans, Alexander Kolmanovih(Kel~mans, Aleksandr Kol~manoviq),72.

Kemp, Rainer, 59, 61.Kirshenhofer, Peter, 61.Kleitman, Daniel J (Isaiah Solomon),19, 40, 65.Knuth, Donald Ervin ( ), i, iv,17, 65, 68, 69.Korobkov, Vitaly Konstantinovih(Korobkov, Vitali�Konstantinoviq), 21.Korsh, James F., 4, 33, 50, 51, 63.Kostohka, Alexandr Vasilievih (Kostoqka,Aleksandr Vasil~eviq), 73.Kreweras, Germain, 51, 52, 73.lattie, 33{36, 53.Kroneker, Leopold, produt of matries, 70.Kronk, Hudson Van Etten, 74.Kruskal, Joseph Bernard, Jr., funtion, 37.Kruyswijk, Dirk, 17.Kubika, Ewa, 66.Lakser, Harry, 53.Latties of trees, 33{36.Le Borgne, Yvan Franoise Andr�e, 70.Leaf nodes, 26, 33, 51.Least upper bound, 33{34.Left path length, 59.Left-sibling/right-hild links, 5, 32,36, 48, 51{52.Left-hild/right-sibling links, 1, 5, 7,30, 47, 48, 51{52.Leske, Marie, 74.Level oordinates k, 4, 21{22, 31,33, 37, 40, 51.L�evy, Paul, 14.Lexiographi order, 2{3, 19, 21, 31, 40.Li, Gang (= Kenny) ( ), 67.Line graph of a graph, 43.Linked binary trees, generation of, 4{9, 32.random, 16{17, 38.Littlewood, John Edensor, 66.Loopless algorithm, 30.Loops in a graph, 22, 25.Louhard, Guy, 14.Luas, Joan Marie, 7.Luky nodes, 43{44.Luzak (=  Luzak), Malwina Joanna, 63.Mn (middle binomial oeÆient), 17, 39{40.MaMahon, Pery Alexander, 57, 62.Markert, Jean-Fran�ois, 14.Markowsky, George, 53.Mathings, 4, 31.Mate of a bit string, 39.Mate of an ar node, 24.Matrix tree theorem, 41, 42, 70.Maximal hains, 34, 36.Mems (�): Memory aesses, 28{29,36, 51, 66, 68.Mirror image, 4, 31, 47, 51, 64.MMIX omputer, ii.
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INDEX AND GLOSSARY 79Modular Gray ode for tuples, 41.Mohar, Bojan, 73.Moivre, Abraham de, 11.Monotone Boolean funtions, 20, 40.Morphi sequene, 64.Myers, Eugene Wimberly, Jr., 69.n-ube, 28{29, 43, 71.Natural orrespondene, 1; seeLeft-hild/right-sibling links.Near trees, 23{28, 68.Near-perfet Gray ode for nestedparentheses, 6.Nested parentheses, 0{6, 10{13, 15{16,19, 31{32, 37, 38, 46, 52.Neuman, Franti�sek, 44.Newton, Isaa, identities, 71.Nijenhuis, Albert, 41.Nonrossing hords, 4, 31.Nonrossing partitions, 33.Notational onventions:FD , 32.FR, FT , 31.F < F 0, F a F 0, F � F 0, 33{35, 52.G + H, G �+ H, G �H, G ÆH, G
H, v.Numbers, Catalan, iii.O�ord, Albert Cyril, 66.Optimum algorithm, 21.Order ideals, 52.Organ-pipe order, 68.Organi illustrations, 45.Oriented forests, 21{22, 40.Oriented spanning trees, 41{42, 72.Oriented tree numbers, table, 21.Oriented trees, 21{22, 40{42.Out-degree of a vertex, 42, 72.Outline of a forest, 13.Pn (path graph), 29, 41, 43, 68, 71, 74.Pan-digital puzzles, 44{45.Panholzer, Alois, 61, 63.Parent pointers, 21{22, 30{31, 40.Parentheses, 0{4, 6, 12{13, 15{16, 19,31{32, 38, 46, 52.Parking problem, 54, 70.Path graph (Pn), 29, 41, 43, 68, 71, 74.Path length, 60.Pendant vertex, see Endpoint.Pentagons, 35.Perfet Gray ode for nested parentheses,6, 37, 52.Permutahedron, 35.Permutation representation of binarytrees, 36.Permutations, yli, 36.desents of, 39.ip, 54.inverses of, 8.

Pi (�), as \random" example, 19, 39, 59.Plain hanges, 7.Plato = Aristoles, son of Ariston(Pl�twn = >Aristokl¨ >Ar�stwno), 0.Polish pre�x notation, see Preorderdegree sequene.Polyhedra, 35.Positive semide�nite matries, 70.Postorder, 1, 4, 7, 8, 31, 47, 51.Postpreorder, 29{31, 43.Power of a graph, 30, 44.Preorder, 1, 4, 8{9, 21, 22, 31{35, 38,40, 51, 68.Preorder degree sequene, 32.Prepostorder, iv, 29{31, 43{44.Prodinger, Helmut, 61, 63.Proskurowski, Andrzej, 6, 37.Prune-and-graft algorithm, 9, 33.Pseudo-omplement in a lattie, 54.Pun resisted, 30.q-ballot numbers, 36{37.q-Catalan numbers, 36{37.q-nomial oeÆients, 58.Quasi-Gray ode, 30.Ramesh, Hariharan (�U�q ����h), 69.Random binary tree, 14{17, 38, 45.Random forest, 13{14, 38.Random oriented tree, 41.Random Shr�oder tree, 63.Raney, George Neal, 38.Ranking, 37, 39.Rational arithmeti, 75.Reahability test, 67.Reurrene relations, 54{56, 61, 74.Reurrent states, 42.Reursion, 24.Reursion tree, 11.Reursive proedure, 67.Reursive struture, 3, 11, 46, 55.Reeted Gray ode, 7.Reetion of a forest, 31, see Conjugate.Regular graph, 43.Regular polygon, 35.Relative omplement, 20.R�emy, Jean-Lu, 16, 38, 62.Restrited growth sequenes, 51.Resultants, 71.Revolving-door Gray odes, 23, 27, 28, 41.near-perfet, 6.strong, 69.Rihards, Dana Sott, 32, 36.Right path length, 59.Right-hild/left-sibling links, 5, 32,36, 48, 51{52.Right-sibling/left-hild links, 1, 30,47, 48, 51{52.Riordan, John, 58.River ows, 75.
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80 INDEX AND GLOSSARYRobinson, Gilbert de Beauregard, 39.Rodrigues, Benjamin Olinde, 16.Roelants van Baronaigien, Dominique,6, 7, 56.Rooted unlabeled trees, see Oriented trees.Roots of a forest, 1.Rossin, Dominique Gilles, 70.Rotation lattie, see Tamari lattie.Rotations in a binary tree, 6{9, 52.Run-length oordinates dk, 2, 3, 31, 37, 49.Ruskey, Frank, 6, 7, 12, 14, 37, 56, 67.Sn (Shr�oder number), 39.Sahs, Horst, 71, 73.Sak, J�org-R�udiger Wolfgang, 62.Sandpiles, 42, 73.Shensted, Craige Eugene (= Ea Ea), 39.Shott, Ren�e Pierre, 62.Shr�oder, Ernst, numbers, 39, 74.trees, 39, 63.triangle, 63.Shwenk, Allen John, 74.Soins, Hubert Ian, 21.Sope oordinates, 8, 34.SCOPE links, 4.Self-onjugate forests, 36, 48.Self-dual forests, 36.Self-transpose forests, 36.Sekanina, Milan, 30.Semba, Ihiro ( ), 2.Semidistributive laws, 35.Semimodular law, 34.Series-parallel graphs, 25{28, 41, 63.Set partitions, 33.Shape of a random binary tree, 14{15.Shape of a random forest, 13{14.Shrinking an edge, 23{25, 63.Skarbek, W ladys law Kazimierz, 4.Sleep, Mihael Ronan, 13.Smith, Malolm James, 23, 24, 27, 28.Sorates, son of Sophronisus ofAlopee (Swkr�th Swfrwn�skou>Alwpek¨jen), 0.Spanning arboresenes, 41, see Orientedspanning trees.Spanning trees, 22{29, 41{43.enumeration of, 42{43.Spetrum of a graph, 71, 73.Sperner, Emanuel, 19.theorem, 19, 39, 65.Sprugnoli, Renzo, 37.Square of a graph, 30, 44.Stable states, 42.Stanford GraphBase, ii, iii, 28, 68.Stanley, Rihard Peter, iii, 36, 52, 63.lattie, 34{36.Star graphs, 72.Strahler, Arthur Newell, 45, 75.Strong produt of graphs, v, 43.

Strong revolving-door order, 69.Sum of graphs, v, 43.Super-root of a forest, 30, 43.Superedge of a graph, 25{28, 63.Symmetri order (inorder), 1, 7, 8, 15,36, 37, 47, 52, 53.Syntax, ontext-free, 44.t-ary trees, 38, 55, 60.omplete, 44.random, 38.Tableaux, 36, 39, 55, 65.Tamari, Dov, lattie, 34{35, 55.Tang, Changjie ( ), 6.Tengbergen, Cornelia van Ebbenhorst, 17.Ternary trees, 32, 36; see also t-ary trees.Threshold funtions, 21, 65.Toppling, 42.Torus graphs, 28, 29, 43, 70, 73.direted, 73.Tournament digraphs, 72.Transitive tournaments, 72.Transpose of a forest, 31{32, 36.Transpositions: Cyli permutationsof order 2, 36.Traversal of a binary tree, 29{31.Tree representation of a series-parallelgraph, 26, 41.Trees, 0{75.binary, 1{2, 4{10, 16, 31{39.binomial, 44, 74.Fibonai, 44, 45.free, 22, 40{41, 44, 54, 72, 73.Gray odes for, 6{9.latties of, 33{36.oriented, 21{22, 40{43.random, 12{17, 38, 41, 45, 64.Shr�oder, 39, 63.spanning, 22{29, 41{43.t-ary, 32, 36, 38, 55, 60.traversal of, 29{31.Triangular grids, 52.Triangularizing a matrix, 69.Triply linked forest, 30{31, 40, 50.Trivial trees, 48.Twisted binomial trees, 44.Tyler, Douglas Blaine, 36.Uneasy nodes, 27, 41.Unit vetors, 40.Unlabeled free trees, 22, 40, 44.Unlabeled rooted trees, see Oriented trees.Unluky nodes, 43.Unranking, 12, 37.Unrooted trees, see Free trees.Ushijima, Kazuo ( ), 6.
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PREFACE
I like to work in a variety of �eldsin order to spread my mistakes more thinly.| VICTOR KLEE (1999)

This booklet ontains draft material that I'm irulating to experts in the�eld, in hopes that they an help remove its most egregious errors before toomany other people see it. I am also, however, posting it on the Internet forourageous and/or random readers who don't mind the risk of reading a fewpages that have not yet reahed a very mature state. Beware: This material hasnot yet been proofread as thoroughly as the manusripts of Volumes 1, 2, and 3were at the time of their �rst printings. And those arefully-heked volumes,alas, were subsequently found to ontain thousands of mistakes.Given this aveat, I hope that my errors this time will not be so numerousand/or obtrusive that you will be disouraged from reading the material arefully.I did try to make it both interesting and authoritative, as far as it goes. But the�eld is so vast, I annot hope to have surrounded it enough to orral it ompletely.Therefore I beg you to let me know about any de�ienies you disover.To put the material in ontext, this is Setion 7.2.1.7 of a long, long hapteron ombinatorial algorithms. Chapter 7 will eventually �ll three volumes (namelyVolumes 4A, 4B, and 4C), assuming that I'm able to remain healthy. It willbegin with a short review of graph theory, with emphasis on some highlightsof signi�ant graphs in the Stanford GraphBase, from whih I will be drawingmany examples. Then omes Setion 7.1, whih deals with the topi of bitwisemanipulations. (I drafted about 60 pages about that subjet in 1977, butthose pages need extensive revision; meanwhile I've deided to work for awhileon the material that follows it, so that I an get a better feel for how muhto ut.) Setion 7.2 is about generating all possibilities, and it begins withSetion 7.2.1: Generating Basi Combinatorial Patterns|whih, in turn, beginswith Setion 7.2.1.1, \Generating all n-tuples," Setion 7.2.1.2, \Generating allpermutations," : : : , Setion 7.2.1.6, \Generating all trees." (Readers of thepresent booklet should have already looked at those setions, drafts of whih areavailable as Pre-Fasiles 2A, 2B, 3A, 3B, and 4A.) The stage is now set for themain ontents of this booklet, Setion 7.2.1.7: \History and further referenes."Setion 7.2.2 will deal with baktraking in general. And so it will ontinue, ifall goes well; an outline of the entire Chapter 7 as urrently envisaged appearson the taop webpage that is ited on page ii.iii
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iv PREFACEWriting about history is extraordinarily diÆult, not only beause the sourematerials are widely sattered but also beause I must operate at the limit of myability to understand languages other than English. Furthermore, fats aboutreal life are muh more ompliated than fats about mathematis. No summaryan adequately onvey the true feelings of an era or the true spirit of a ulture,yet the story that I'm trying to tell in this setion overs many enturies ofdevelopment in many di�erent parts of the world. The story is fasinating, andmany parts of it do not seem to have been told before, at least not in English.Therefore I'm keen to have professional historians of mathematis take a look atwhat I've been able to piee together, hoping that they will not be too shokedby blunders that have resulted from my present ignorane and/or inompetene.I hope also to get advie from people of many di�erent ultures who know ofrelevant traditions that have not yet been well studied by professional historians.The answer to exerise 6 poses two historial problems that I haven't beenable to resolve. I urgently need your help also with respet to some exerises thatI made up as I was preparing this material. I ertainly don't like to reeive reditfor things that have already been published by others, and most of these resultsare quite natural \fruits" that were just waiting to be \pluked." Thereforeplease tell me if you know who deserves to be redited, with respet to the ideasfound in exerises 2, 8, 10, 17, 20, 26, and/or 27.I shall happily pay a �nder's fee of $2.56 for eah error in this draft when it is�rst reported to me, whether that error be typographial, tehnial, or historial.The same reward holds for items that I forgot to put in the index. And valuablesuggestions for improvements to the text are worth 32/ eah. (Furthermore, ifyou �nd a better solution to an exerise, I'll atually reward you with immortalglory instead of mere money, by publishing your name in the eventual book:�)Cross referenes to yet-unwritten material sometimes appear as `00'; thisimpossible value is a plaeholder for the atual numbers to be supplied later.Happy reading!Stanford, California D. E. K.12 Otober 2004
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0 COMBINATORIAL ALGORITHMS (F4B) [This subjet℄ has a relationto almost every speies of useful knowledgethat the mind of man an be employed upon.| JAMES BERNOULLI, Ars Conjetandi (1713)7.2.1.7. History and further referenes. Early work on the generation ofombinatorial patterns began as ivilization itself was taking shape. The storyis quite fasinating, and we will see that it spans many ultures in many parts ofthe world, with ties to poetry, musi, and religion. There is spae here to disussonly some of the prinipal highlights; but perhaps a few glimpses into the pastwill stimulate the reader to dig deeper into the roots of the subjet, as the worldgets ever smaller and as global sholarship ontinues to advane.Lists of binary n-tuples an be traed bak thousands of years to anientChina, India, and Greee. The most notable soure|beause it still is a best-selling book in modern translations| is the Chinese I Ching or Yijing, whosename means \the Bible of Changes." This book, whih is one of the �ve lassisof Confuian wisdom, onsists essentially of 26 = 64 hapters; and eah hapteris symbolized by a hexagram formed from six lines, eah of whih is either(\yin") or (\yang"). For example, hexagram 1 is pure yang, ; hexagram 2is pure yin, ; and hexagram 64 intermixes yin and yang, with yang on top: .Here is the omplete list:1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 3233 34 35 36 37 38 39 40 41 42 43 44 45 46 47 4849 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 (1)
This arrangement of the 64 possibilities is alled King Wen's ordering, beausethe basi text of the I Ching has traditionally been asribed to King Wen (. 1100B.C.), the legendary progenitor of the Chou dynasty. Anient texts are, however,notoriously diÆult to date reliably, and modern historians have found no solidevidene that anyone atually ompiled suh a list of hexagrams before the thirdentury B.C.Notie that the hexagrams of (1) our in pairs: Those with odd numbers areimmediately followed by their top-to-bottom reetions, exept when reetionwould make no hange; and the eight symmetrial diagrams are paired withtheir omplements (1 = 2, 27 = 28, 29 = 30, 61 = 62). Hexagrams that areomposed from two trigrams that represent the four basi elements heaven ( ),earth ( ), �re ( ), and water ( ) have also been plaed judiiously. Otherwisethe arrangement appears to be essentially random, as if a person untrained inmathematis kept listing di�erent possibilities until being unable to ome upwith any more. A few intriguing patterns do exist between the pairs, but nomore than are present by oinidene in the digits of � (see 3.3{(1)).
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7.2.1.7 HISTORY AND FURTHER REFERENCES 1Yin and yang represent omplementary aspets of the elementary fores ofnature, always in tension, always hanging. The I Ching is somewhat analogousto a thesaurus in whih the hexagrams serve as an index to aumulated wisdomabout fundamental onepts like giving ( ), reeiving ( ), modesty ( ), joy( ), fellowship ( ), withdrawal ( ), peae ( ), onit ( ), organization( ), orruption ( ), immaturity ( ), elegane ( ), et. One an hoosea pair of hexagrams at random, obtaining the seond from the �rst by, say,independently hanging eah yin to yang (or vie versa) with probability 1/4;this tehnique yields 4096 ways to ponder existential mysteries, as well as aMarkov proess by whih hange itself might perhaps give meaning to life.A stritly logial way to arrange the hexagrams was eventually introduedabout A.D. 1060 by Shao Yung. His ordering, whih proeeded lexiographiallyfrom to to to to to � � � to to (reading eah hexagram frombottom to top), was muh more user-friendly than the King Wen order, beausea random pattern ould now be found quikly. When G. W. Leibniz learnedabout this sequene of hexagrams in 1702, he jumped to the erroneous onlusionthat Chinese mathematiians had one been familiar with binary arithmeti.[See Frank Swetz, Mathematis Magazine 76 (2003), 276{291. Further detailsabout the I Ching an be found, for example, in Joseph Needham's Siene andCivilisation in China 2 (Cambridge University Press, 1956), 304{345; R. J. Lynn,The Classi of Changes (New York: Columbia University Press, 1994).℄Another anient Chinese philosopher, Yang Hsiung, proposed a system basedon 81 ternary tetragrams instead of 64 binary hexagrams. His Canon of SupremeMystery, written . 2 B.C., has reently been translated into English by MihaelNylan (Albany, New York: 1993). Yang desribed a omplete, hierarhial ter-nary tree struture in whih there are 3 regions, with 3 provines in eah region,3 departments in eah provine, 3 families in eah department, and 9 short poemsalled \appraisals" for eah family, hene 729 appraisals in all|making almostexatly 2 appraisals for every day in the year. His tetragrams were arranged instrit lexiographi order when read top-to-bottom: , , , , , , ,: : : , . In fat, as explained on page 28 of Nylan's book, Yang presented a simpleway to ompute the rank of eah tetragram, as if using a radix-3 number system.Thus he would not have been surprised or impressed by Shao Yung's systematiordering of binary hexagrams, although Shao lived more than 1000 years later.Indian prosody. Binary n-tuples were studied in a ompletely di�erent ontextby pundits in anient India, who investigated the poeti meters of sared Vedihants. Syllables in Sanskrit are either short (. ) or long (_), and the studyof syllable patterns is alled \prosody." Modern writers use the symbols ^and �� instead of . and _. A typial Vedi verse onsists of four lines withn syllables per line, for some n � 8; prosodists therefore sought a way to lassifyall 2n possibilities. The lassi work Chandah.�s�astra by Pi _ngala, written beforeA.D. 400 and probably muh earlier (the exat date is quite unertain), desribedproedures by whih one ould readily �nd the index k of any given pattern of^s and ��s, as well as to �nd the kth pattern, given k. In other words, Pi _ngalaexplained how to rank any given pattern as well as to unrank any given index;
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2 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7thus he went beyond the work of Yang Hsiung, who had onsidered ranking butnot unranking. Pi _ngala's methods were also related to exponentiation, as wehave noted earlier in onnetion with Algorithm 4.6.3A.The next important step was taken by a prosodist named Ked�ara in hiswork Vr.ttaratn�akara, thought to have been written in the 8th entury. Ked�aragave a step-by-step proedure for listing all the n-tuples from ������ : : :�� to^���� : : :�� to ��^�� : : :�� to ^^�� : : :�� to ����^: : :�� to ^��^: : :��to � � � to ^^^: : :^, essentially Algorithm 7.2.1.1M in the ase of radix 2. Hismethod may well have been the �rst-ever expliit algorithm for ombinatorialsequene generation. [See B. van Nooten, J. Indian Philos. 21 (1993), 31{50.℄Poeti meters an also be regarded as rhythms, with one beat for eah ^and two beats for eah ��. An n-syllable pattern an involve between n and 2nbeats, but musial rhythms suitable for marhing or daning generally are basedon a �xed number of beats. Therefore it was natural to onsider the set of allsequenes of ^s and ��s that have exatly m beats, for �xed m. Suh patternsare now alled Morse ode sequenes of length m, and we know from exerise4.5.3{32 that there are exatly Fm+1 of them. For example, the 21 sequeneswhen m = 7 are^������, ��^����, ^^^����, ����^��, ^^��^��,^��^^��, ��^^^��, ^^^^^��, ������^,^^����^, ^��^��^, ��^^��^, ^^^^��^,^����^^, ��^��^^, ^^^��^^, ����^^^,^^��^^^, ^��^^^^, ��^^^^^, ^^^^^^^. (2)
In this way Indian prosodists were led to disover the Fibonai sequene, as wehave observed in Setion 1.2.8.Moreover, the anonymous author of Pr�akr.ta Pai�ngala (. 1320) disoveredelegant algorithms for ranking and unranking with respet to m-beat rhythms.To �nd the kth pattern, one starts by writing down m ^s, then expresses thedi�erene d = Fm+1� k as a sum of Fibonai numbers Fj1 + � � �+Fjt ; here Fj1is the largest Fibonai number that is � d and Fj2 is the largest � d�Fj1 , et.,ontinuing until the remainder is zero. Then beats j�1 and j are to be hangedfrom ^^ to ��, for j = j1, : : : , jt. For example, to get the 5th element of (2)we ompute 21� 5 = 16 = 13 + 3 = F7 + F4; the answer is ^^��^��.A few years later, N�ar�ayan.a Pan.d. ita treated the more general problem of�nding all ompositions of m whose parts are � q, where q is any given posi-tive integer. As a onsequene he disovered the qth-order Fibonai sequene5.4.2{(4), whih was destined to be used 600 years later in polyphase sorting;he also developed the orresponding ranking and unranking algorithms. [SeeParmanand Singh, Historia Mathematia 12 (1985), 229{244, and exerise 16.℄Pi _ngala gave speial ode-names to all the three-syllable meters,������ = m (m), ����^ = t (t),^���� = y (y), ^��^ = j (j),��^�� = r (r), ��^^ = B (bh),^^�� = s (s), ^^^ = n (n), (3)
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7.2.1.7 HISTORY AND FURTHER REFERENCES 3and students of Sanskrit have been expeted to memorize them ever sine.Somebody long ago devised a lever way to reall these odes, by inventingthe nonsense word yam�at�ar�ajabh�anasalag�am (ymAtArAjBAnslgAm); the pointis that the ten syllables of this word an be writtenyâ m�a�� t�a�� r�a�� jâ bh�a�� nâ sâ lâ g�am�� (4)and eah three-syllable pattern ours just after its ode name. The origin ofyam�a : : : lag�am is obsure, but Subhash Kak [Indian J. History of Siene 35(2000), 123{127℄ has traed it bak at least to C. P. Brown's Sanskrit Prosody(1869), page 28; thus it quali�es as the earliest known appearane of a \de Bruijnyle" that enodes binary n-tuples.Meanwhile, in Europe. In a similar way, lassi Greek poetry was based ongroups of short and/or long syllables alled \metrial feet," analogous to bars ofmusi. Eah basi type of foot aquired a Greek name; for example, two shortsyllables `^^' were alled a pyrrhi, and two long syllables `����' were alled aspondee, beause those rhythms were used respetively in a song of war (purr�qh)or a song of peae (sponda�). Greek names for metri feet were soon assimilatedinto Latin and eventually into modern languages, inluding English:^ arsis�� thesis^^ pyrrhi^�� iambus��^ trohee���� spondee^^^ tribrah^^�� anapest^��^ amphibrah^���� bahius��^^ datyl��^�� amphimaer����^ palimbahius������ molossus

^^^^ proeleusmati^^^�� fourth p�on^^��^ third p�on^^���� minor ioni^��^^ seond p�on^��^�� diiambus^����^ antispast^������ �rst epitrite��^^^ �rst p�on��^^�� horiambus��^��^ ditrohee��^���� seond epitrite����^^ major ioni����^�� third epitrite������^ fourth epitrite�������� dispondee

(5)

Alternative names, like \horee" instead of \trohee," or \reti" instead of\amphimaer," were also in ommon use. Moreover, by the time Diomedes wrotehis Latin grammar (approximately A.D. 375), eah of the 32 �ve-syllable feethad aquired at least one name. Diomedes also pointed out the relation betweenomplementary patterns; he stated for example that tribrah and molossus are\ontrarius," as are amphibrah and amphimaer. But he also regarded datylas the ontrary of anapest, and bahius as the ontrary of palimbahius, al-though the literal meaning of palimbahius is atually \reverse bahius." Greekprosodists had no standard order in whih to list the individual possibilities, and
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4 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7the form of the names makes it lear that no onnetion to a radix-two numbersystem was ontemplated. [See H. Keil, Grammatii Latini 1 (1857), 474{482;W. von Christ, Metrik der Griehen und R�omer (1879), 78{79.℄Surviving fragments of a work by Aristoxenus alled Elements of Rhythm(. 325 B.C.) show that the same terminology was applied also to musi. Andindeed, the same traditions lived on after the Renaissane; for example, we �nd
on page 32 of Athanasius Kirher's Musurgia Universalis 2 (Rome: 1650), andKirher went on to desribe all of the three-note and four-note rhythms of (5).Early lists of permutations. We've traed the history of formulas for ountingpermutations in Setion 5.1.2; but nontrivial lists of permutations were notpublished until hundreds of years after the formula n! was disovered. The �rstsuh tabulation urrently known was ompiled by the Italian physiian ShabbetaiDonnolo in his ommentary on the kabbalisti Sefer Yetzirah, written in A.D. 946.Table 1 shows his list for n = 5 as it was subsequently printed in Warsaw (1884).(The Hebrew letters in this table are typeset in a rabbinial font traditionallyused for ommentaries; notie that the letter hanges its shape to when itappears at the left end of a word.) Donnolo went on to list 120 permutationsof the six-letter word , all beginning with shin ( ); then he noted that120 more ould be obtained with eah of the other �ve letters in front, making720 in all. His lists involved groupings of six permutations, but in a haphazardfashion that led him into error (see exerise 4). Although he knew how manypermutations there were supposed to be, and how many should start with a givenletter, he evidently didn't have an algorithm for generating them.Table 1A MEDIEVAL LIST OF PERMUTATIONS

A omplete list of all 720 permutations of fa; b; ; d; e; fg appeared on pages668{671 of Jeremias Drexel's Orbis Pha�ethon (Munih: 1629; also on pages 526{531 of the Cologne edition in 1631). He o�ered it as proof that a man with sixguests ould seat them di�erently at lunh and dinner every day for a year|
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7.2.1.7 HISTORY AND FURTHER REFERENCES 5altogether 360 days, beause there were �ve days of fasting during Holy Week.Shortly afterwards, Marin Mersenne exhibited all 720 permutations of the sixtones fut; re;mi; fa; sol; lag, on pages 111{115 of his Traitez de la Voix et desChants (Volume 2 of Harmonie Universelle, 1636); then on pages 117{128 hepresented the same data in musial notation:
Drexel's table was organized lexiographially by olumns; Mersenne's tableswere lexiographi with respet to the order ut < re < mi < fa < sol < la, begin-ning with \ut,re,mi,fa,sol,la" and ending with \la,sol,fa,mi,re,ut." Mersenne alsoprepared a \grand et immense" manusript that listed all 40,320 permutationsof eight notes on 672 folio pages, followed by ranking and unranking algorithms[Biblioth�eque nationale de Frane, Fonds Fran�ais, no. 24256℄.We saw in Setion 7.2.1.2 that the important idea of plain hanges, Algo-rithm 7.2.1.2P, was invented in England a few years later.Methods for listing all permutations of a multiset with repeated elementswere often misunderstood by early authors. For example, when Bh�askara exhib-ited the permutations of f4; 5; 5; 5; 8g in setion 271 of his L��l�avat�� (. 1150), hegave them in the following order:48555 84555 54855 58455 5548555845 55548 55584 45855 4558545558 85455 85545 85554 5458558545 55458 55854 54558 58554 (6)
Mersenne used a slightly more sensible but not ompletely systemati order onpage 131 of his book when he listed sixty anagrams of the Latin name IESVS.When Athanasius Kirher wanted to illustrate the 30 permutations of a �ve-note melody on pages 10 and 11 of Musurgia Universalis 2 (1650), this lak of asystem got him into trouble (see exerise 5):

(7)
But John Wallis knew better. On page 117 of his Disourse of Combinations(1685) he orretly listed the 60 anagrams of \messes" in lexiographi order, ifwe let m < e < s ; and on page 126 he reommended respeting alphabeti order\that we may be the more sure, not to miss any."We will see later that the Indian mathematiian N�ar�ayan. a Pan.d. ita had al-ready developed a theory of permutation generation in the 14th entury, althoughhis work remained almost totally unknown.

5



6 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7Seki's list. Takakazu Seki (1642{1708) was a harismati teaher and researherwho revolutionized the study of mathematis in 17th-entury Japan. While hewas studying the elimination of variables from simultaneous homogeneous equa-tions, he was led to expressions suh as a1b2 � a2b1 and a1b23 � a1b32 +a2b31 � a2b13 + a3b12 � a3b21, whih we now reognize as determinants.In 1683 he published a booklet about this disovery, introduing an ingenioussheme for listing all permutations in suh a way that half of them were \alive"(even) and the other half were \dead" (odd). Starting with the ase n = 2, when`12' was alive and `21' was dead, he formulated the following rules for n > 2:1) Take every live permutation for n�1, inrease all its elements by 1, and insert1 in front. This rule produes (n�1)!=2 \basi permutations" of f1; : : : ; ng.2) From eah basi permutation, form 2n others by rotation and reetion:a1a2 : : : an�1an; a2 : : : an�1ana1; : : : ; ana1a2 : : : an�1; (8)anan�1 : : : a2a1; a1anan�1 : : : a2; : : : ; an�1 : : : a2a1an: (9)If n is odd, those in the �rst row are alive and those in the seond are dead;if n is even, those in eah row are alternatively alive, dead, : : : , alive, dead.For example, when n = 3 the only basi permutation is 123. Thus 123, 231,312 are alive while 321, 132, 213 are dead, and we've suessfully generated thesix terms of a 3 � 3 determinant. The basi permutations for n = 4 are 1234,1342, 1423; and from, say, 1342 we get a set of eight, namely+ 1342� 3421 + 4213� 2134 + 2431� 1243 + 3124� 4321; (10)alternately alive (+) and dead (�). A 4 � 4 determinant therefore inludes theterms a1b34d2 � a3b42d1 + � � � � a4b32d1 and sixteen others.Seki's rule for permutation generation is quite pretty, but unfortunately ithas a serious problem: It doesn't work when n > 4. His error seems to havegone unreognized for hundreds of years. [See Y. Mikami, The Development ofMathematis in China and Japan (1913), 191{199; Takakazu Seki's ColletedWorks (Osaka: 1974), 18{20, : : ; and exerises 7{8.℄Lists of ombinations. The earliest exhaustive list of ombinations known tohave survived the ravages of time appears in the last book of Su�sruta's well-knownSanskrit treatise on mediine, Chapter 63, written before A.D. 600 and perhapsmuh earlier. Noting that mediine an be sweet, sour, salty, peppery, bitter,and/or astringent, Su�sruta's book diligently listed the (15; 20; 15; 6; 1; 6) asesthat arise when those qualities our two, three, four, �ve, six, and one at a time.Bh�askara repeated this example in setions 110{114 of L��l�avat��, and observedthat the same reasoning applies to six-syllable poeti meters with a given numberof long syllables. But he simply mentioned the totals, (6; 15; 20; 15; 6; 1), withoutlisting the ombinations themselves. In setions 274 and 275, he observed thatthe numbers (n)(n� 1) : : : (n� k + 1)=(k(k � 1) : : : (1)) enumerate ompositions(that is, ordered partitions) as well as ombinations; again he gave no list.To avoid prolixity this is treated in a brief manner;for the siene of alulation is an oean without bounds.| Bh�askara (. 1150)
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7.2.1.7 HISTORY AND FURTHER REFERENCES 7An isolated but interesting list of ombinations appeared in the remarkablealgebra text Al-B�ahir �'l-h. is�ab (The Shining Book of Calulation), written byal-Samaw'al of Baghdad when he was only 19 years old (1144). In the losingpart of that work he presented a list of �106 � = 210 simultaneous linear equationsin 10 unknowns:Al-Samaw'al's Arabi original Equivalent modern notation65 654321 m (1) x1 + x2 + x3 + x4 + x5 + x6 = 6570 754321 o (2) x1 + x2 + x3 + x4 + x5 + x7 = 7075 854321 ~ (3) x1 + x2 + x3 + x4 + x5 + x8 = 75... ...91 1098764 ¢ � (209) x4 + x6 + x7 + x8 + x9 + x10 = 91100 1098765 Ý � (210) x5 + x6 + x7 + x8 + x9 + x10 = 100
(11)

Eah ombination of ten things taken six at a time yielded one of his equa-tions. His purpose was evidently to demonstrate that over-determined equationsan still have a unique solution|whih in this ase was (x1; x2; : : : ; x10) =(1; 4; 9; 16; 25; 10; 15; 20; 25; 5). [Salah Ahmad and Roshdi Rashed, Al-B�ahir enAlg�ebre d'As-Samaw'al (Damasus: 1972), 77{82, 248{231.℄Rolling die. Some glimmerings of elementary ombinatoris arose also inmedieval Europe, espeially in onnetion with the question of listing all possibleoutomes when three die are thrown. There are, of ourse, �83� = 56 ways tohoose 3 things from 6 when repetitions are allowed. Gambling was oÆially pro-hibited; yet these 56 ways beame rather well known. In about A.D. 965, BishopWibold of Cambrai in northern Frane devised a game alled Ludus Clerialis,so that members of the lergy ould enjoy rolling die while remaining pious.His idea was to assoiate eah possible roll with one of 56 virtues, aording tothe following table:q q q love q qqq qqq qqq perseverane q q qqq qqqq q hospitality qqq q qq q qqq qqq morti�ationq q q q faith q q qq q q qq q kindness q q qqq qqq qqq eonomy qqq qqqq q qqqq q innoeneq q qqq hope q q qq q qqqq q modesty q q q qq q q qq q patiene qqq qqqq q qqq qqq ontritionq q q qq q justie q q qq q qqq qqq resignation q q q qq q qqqq q zeal qqq qqq qqq qqq qqq onfessionq q qqqq q prudene q qqqq q qqqq q gentleness q q q qq q qqq qqq poverty q qq q q qq q q qq q maturityq q qqq qqq temperane q qqqq q qqq qqq generosity q q qqqq q qqqq q softness q qq q q qq q qqqq q soliitudeq q q q q ourage q qqq qqq qqq qqq wisdom q q qqqq q qqq qqq virginity q qq q q qq q qqq qqq onstanyq q q qqq peae q q q q q q remorse q q qqq qqq qqq qqq respet q qq q qqqq q qqqq q intelligeneq q q q qq q hastity q q q q qqq joy qqq qqq qqq piety q qq q qqqq q qqq qqq sighingq q q qqqq q mery q q q q q qq q sobriety qqq qqq q qq q indulgene q qq q qqq qqq qqq qqq weepingq q q qqq qqq obediene q q q q qqqq q satisfation qqq qqq qqqq q prayer qqqq q qqqq q qqqq q heerfulnessq qqq qqq fear q q q q qqq qqq sweetness qqq qqq qqq qqq a�etion qqqq q qqqq q qqq qqq ompassionq qqq q qq q foresight q q qqq qqq leverness qqq q qq q q qq q judgment qqqq q qqq qqq qqq qqq self-ontrolq qqq qqqq q disretion q q qqq q qq q simpliity qqq q qq q qqqq q vigilane qqq qqq qqq qqq qqq qqq humilityPlayers took turns, and the �rst to roll eah virtue aquired it. After all possibil-ities had arisen, the most virtuous player won. Wibold noted that love (aritas)is the best virtue of all. He gave a ompliated soring system by whih twovirtues ould be ombined if the sum of pips on all six of their die was 21; for
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8 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7example, love + humility or hastity + intelligene ould be paired in this way,and suh ombinations ranked above any individual virtue. He also onsideredmore omplex variants of the game in whih vowels appeared on the die insteadof spots, so that virtues ould be laimed if their vowels were thrown.Wibold's table of virtues was presented in lexiographi order, as above,when it was �rst desribed by Bald�eri in his Chronion Cameraense, about150 years later. [Patrologia Latina 134 (Paris: 1884), 1007{1016.℄ But anothermedieval manusript presented the possible die rolls in quite a di�erent order:qqq qqq qqq qqq qqq qqq qqqq q qqqq q qqqq q q qq q q qq q q qq q qqq qqq qqq q q q q q q q q q qqq qqq qqq qqq qqqq qqqq qqq qqq qqq q qq q qqq qqq qqq qqq qqq qqq qqq qqq qqq q q qqq qqq qqq qqq q qqqq q qqqq q qqq qqq qqqq q qqqq q q qq q qqqq q qqqq q qqqqqqq q qqqq q q q qqqq q qqqq q q q qq q q qq q qqq qqq q qq q q qq q qqqq q q qq q q qq q qqq q qq q q qq q q q q qq q q qq q qqqq qqq qqq qqq qqq qqq qqqq q qqq qqq q qq q qqq qqq q q qqq qqq q q q q q qqq qqq q q q q qqqq qq q q q q qq q q q q q qqq q q q q q q q qqq qqq q q qqqq q q q q qq q q q qqqq q q q qqq qqq qqqq q q qq q qqqq q q qq q qqq q qq q qqq q q qqq q q q qqq qqq q qq q q q qqq qqq q qq q qqqq qqq qqq q qqqq q qqq q qqq qqq qqqq q qqq qqq qqq qqqq q q q qqq qqq qqqq q q qqq qqq q q q qqqq q q q qq qq q q q q qqqq q q qq q q q qqqq q q qq q q qqq qqq q qq q qqq q qq q qqq q qqq qqq qqq q q qqqq q qqq q q
(12)

In this ase the author knew how to deal with repeated values, but had a veryompliated, ad ho way to handle the ases in whih all die were di�erent. [SeeD. R. Bellhouse, International Statistial Review 68 (2000), 123{136.℄An amusing poem entitled \Chaune of the Dyse," attributed to JohnLydgate, was written in the early 1400s for use at parties. Its opening versesinvite eah person to throw three die; then the remaining verses, whih areindexed in dereasing lexiographi order from qqq qqq qqq qqq qqq qqq to qqq qqq qqq qqq qqqq q to � � � to q q q ,give 56 harater skethes that light-heartedly desribe the thrower. [The fulltext was published by E. P. Hammond in Englishe Studien 59 (1925), 1{16;a translation into modern English would be desirable.℄I pray to god that euery wight may asteVpon three dyse ryght as is in hys herteWhether he be rehelesse or stedfasteSo moote he lawghen outher elles smerteHe that is gilty his lyfe to onverteThey that in trouthe haue su�red many a throweMoote ther haune fal as they moote be knowe.| The Chaune of the Dyse (. 1410)Ramon Llull. Signi�ant ripples of ombinatorial onepts also emanatedfrom an energeti and quixoti Catalan poet, novelist, enylopedist, eduator,mysti, and missionary named Ramon Llull (. 1232{1316). Llull's approah toknowledge was essentially to identify basi priniples and then to ontemplateombining them in all possible ways.For example, one hapter in his Ars Compendiosa Inveniendi Veritatem(. 1274) began by enumerating sixteen attributes of God: Goodness, greatness,eternity, power, wisdom, love, virtue, truth, glory, perfetion, justie, generosity,mery, humility, sovereignty, and patiene. Then Llull wrote �162 � = 120 shortessays of about 80 words eah, onsidering God's goodness as related to greatness,
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7.2.1.7 HISTORY AND FURTHER REFERENCES 9God's goodness as related to eternity, and so on, ending with God's sovereignty asrelated to patiene. In another hapter he onsidered seven virtues (faith, hope,harity, justie, prudene, fortitude, temperane) and seven vies (gluttony, lust,greed, sloth, pride, envy, anger), with �142 � = 91 subhapters to deal with eahpair in turn. Other hapters were systematially divided in a similar way, into�82� = 28, �152 � = 105, �42� = 6, and �162 � = 120 subsetions. (One wonders whatmight have happened if he had been familiar with Wibold's list of 56 virtues;would he have produed ommentaries on all �562 � = 1540 of their pairs?)

Fig. 44. Illustrations in a manusript presented by Ramon Llull tothe doge of Venie in 1280. [From his Ars Demonstrativa, BiblioteaMariana, VI 200, folio 3v.℄Llull illustrated his methodology by drawing irular diagrams like those inFigure 44. The left-hand irle in this illustration, Deus, names sixteen divineattributes|essentially the same sixteen listed earlier, exept that love (amor)was now alled will (voluntas), and the �nal four were now respetively simpliity,rank, mery, and sovereignty. Eah attribute is assigned a ode letter, andthe illustration depits their interrelations as the omplete graph K16 on ver-ties (B;C;D;E;F;G;H; I;K;L;M;N;O;P;Q;R). The right-hand �gure, virtuteset vitia, shows the seven virtues (b; ; d; e; f; g; h) interleaved with the seven vies(i; k; l;m; n; o; p); in the original manusript virtues appeared in blue ink whilevies appeared in red. Notie that in this ase his illustration depited twoindependent omplete graphs K7, one of eah olor. (He no longer bothered toompare eah individual virtue with eah individual vie, sine every virtue waslearly better than every vie.)Llull used the same approah to write about mediine: Instead of juxta-posing theologial onepts, his Liber Prinipiorum Mediin� (. 1275) on-sidered ombinations of symptoms and treatments. And he also wrote books
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10 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7

Fig. 45. Llullian illustrationsfrom a manusript presented tothe queen of Frane, . 1325.[Badishe Landesbibliothek Karls-ruhe, Codex St. Peter perg. 92,folios 28v and 39v.℄
on philosophy, logi, jurisprudene, astrology, zoology, geometry, rhetori, andhivalry|more than 200 works in all. It must be admitted, however, that muhof this material was highly repetitive; modern data ompression tehniques wouldprobably redue Llull's output to a size muh less than that of, say, Aristotle.He eventually deided to simplify his system by working primarily withgroups of nine things. See, for example, Fig. 45, where irle A now lists only the�rst nine of God's attributes (B;C;D;E;F;G;H; I;K). The �92� = 36 assoiatedpairs (BC;BD; : : : ; IK) appear in the stairstep hart at the right of that irle. Byadding two more virtues, namely patiene and ompassion|as well as two morevies, namely lying and inonsisteny|he ould treat virtues vis-�a-vis virtuesand vies vis-�a-vis vies with the same hart. He also proposed using the samehart to arry out an interesting sheme for voting, in an eletion with nineandidates [see I. MLean and J. London, Studia Lulliana 32 (1992), 21{37℄.The enirled triangles at the lower left of Fig. 45 illustrate another keyaspet of Llull's approah. Triangle (B;C;D) stands for (di�erene, onordane,ontrariness); triangle (E;F;G) stands for (beginning, middle, ending); and trian-gle (H; I;K) stands for (greater, equal, less). These three interleaved appearanesof K3 represent three kinds of three-valued logi. Llull had experimented earlierwith other suh triplets, notably `(true, unknown, false)'. We an get an idea
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7.2.1.7 HISTORY AND FURTHER REFERENCES 11of how he used the triangles by onsidering how he dealt with ombinations ofthe four basi elements (earth, air, �re, water): All four elements are di�erent;earth is onordant with �re, whih onords with air, whih onords withwater, whih onords with earth; earth is ontrary to air, and �re is ontraryto water; these onsiderations omplete an analysis with respet to triangle(B;C;D). Turning to triangle (E;F;G), he noted that various proesses in naturebegin with one element dominating another; then a transition or middle stateours, until a goal is reahed, like air beoming warm. For triangle (H; I;K) hesaid that in general we have �re > air > water > earth with respet to their\spheres," their \veloities," and their \nobilities"; nevertheless we also have,for example, air > �re with respet to supporting life, while air and �re haveequal value when they are working together.Llull provided the vertial table at the right of Fig. 45 as a further aid. (Seeexerise 11 below.) He also introdued movable onentri wheels, labeled withthe letters (B;C;D;E;F;G;H; I;K) and with other names, so that many thingsould be ontemplated simultaneously. In this way a faithful pratitioner ofthe Llullian art ould be sure to have all the bases overed. [Llull may haveseen similar wheels that were used in nearby Jewish ommunities; see M. Idel,J. Warburg and Courtauld Institutes 51 (1988), 170{174 and plates 16{17.℄Several enturies later, Athanasius Kirher published an extension of Llull'ssystem as part of a large tome entitled Ars Magna Siendi sive Combinatoria(Amsterdam: 1669), with �ve movable wheels aompanying page 173 of thatbook. Kirher also extended Llull's repertoire of omplete graphs Kn by provid-ing illustrations of omplete bipartite graphs Km;n; for example, Fig. 46 is takenfrom page 171 of Kirher's book, and his page 170 ontains a glorious pitureof K18;18.

Fig. 46. K9;9 as pre-sented by AthanasiusKirher in 1669.
It is an investigative and inventive art.When ideas are ombined in all possible ways,the new ombinations start the mind thinking along novel hannelsand one is led to disover fresh truths and arguments.| MARTIN GARDNER, Logi Mahines and Diagrams (1958)The most extensive modern development of Llull-like methods is perhapsThe Shillinger System of Musial Composition by Joseph Shillinger (New York:
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12 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7Carl Fisher, 1946), a remarkable two-volume work that presents theories ofrhythm, melody, harmony, ounterpoint, omposition, orhestration, et., froma ombinatorial perspetive. On page 56, for example, Shillinger lists the 24permutations of fa; b; ; dg in the Gray-ode order of plain hanges (Algorithm7.2.1.2P); then on page 57 he applies them not to pithes but rather to rhythms,to the durations of notes. On page 364 he exhibits the symmetrial yle(2; 0; 3; 4; 2; 5; 6; 4; 0; 1; 6; 2; 3; 1; 4; 5; 3; 6; 0; 5; 1); (13)a universal yle of 2-ombinations for the seven objets f0; 1; 2; 3; 4; 5; 6g; inother words, (13) is an Eulerian trail in K7 : All �72� = 21 pairs of digits ourexatly one. Suh patterns are grist for a omposer's mill. But we an begrateful that Shillinger's better students (like George Gershwin) did not ommitthemselves entirely to a stritly mathematial sense of aesthetis.Taquet, van Shooten, and Izquierdo. Three additional books related toour story were published during the 1650s. Andr�e Taquet wrote a popular text,Arithmeti� Theoria et Praxis (Louvain: 1656), that was reprinted and revisedoften during the next �fty years. Near the end, on pages 376 and 377, he gave aproedure for listing ombinations two at a time, then three at a time, et.Frans van Shooten's Exeritationes Mathemati� (Leiden: 1657) was moreadvaned. On page 373 he listed all ombinations in an appealing layoutab: ab: a: b: abd: ad: bd: abd: d: ad: bd: abd (14)
and he proeeded on the next few pages to extend this pattern to the letters e,f , g, h, i, k, \et si in in�nitum." On page 376 he observed that one an replae(a; b; ; d) by (2; 3; 5; 7) in (14) to get the divisors of 210 that exeed unity:23 65 10 15 307 14 21 42 35 70 105 210 (15)
And on the following page he extended the idea toaa: aab: ab: aab: a: aa: b: ab: aab (16)
thereby allowing two a's. He didn't really understand this extension, though; hisnext example aa: aaa: aaab: ab: aab: aaabb: bb: abb: aabb: aaabb (17)
was bothed, indiating the limits of his knowledge at the time. (See exerise 13.)
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7.2.1.7 HISTORY AND FURTHER REFERENCES 13On page 411 van Shooten observed that the weights (a; b; ; d) = (1; 2; 4; 8)ould be assigned in (14), leading to 12 34 5 6 78 9 10 11 12 13 14 15 (18)
after addition. But he didn't see the onnetion with radix-2 arithmeti.Sebasti�an Izquierdo's two-volume work Pharus Sientiarum (Lyon: 1659),\The Lighthouse of Siene," inluded a niely organized disussion of ombina-toris entitled Disputatio 29, De Combinatione. He gave a detailed disussion offour key parts of Stanley's Twelvefold Way, namely the n-tuples, n-variations,n-multiombinations, and n-ombinations of m objets that appear in the �rsttwo rows and the �rst two olumns of Table 7.2.1.4{1.In Setions 81{84 of De Combinatione he listed all ombinations of m letterstaken n at a time, for 2 � n � 5 and n � m � 9, always in lexiographi order;he also tabulated them for m = 10 and 20 in the ases n = 2 and 3. But whenhe listed the mn variations of m things taken n at a time, he hose a moreompliated ordering (see exerise 14).Izquierdo was �rst to disover the formula �m+n�1n � for ombinations of mthings taken n at a time with unlimited repetition; this rule appeared in x48{x51of his work. But in x105, when he attempted to list all suh ombinations in thease n = 3, he didn't know that there was a simple way to do it. In fat, hislisting of the 56 ases form = 6 was rather like the old, awkward ordering of (12).Combinations with repetition were not well understood until James Ber-noulli's Ars Conjetandi, \The Art of Guessing," ame out in 1713. In Part 2,Chapter 5, Bernoulli simply listed the possibilities in lexiographi order, andshowed that the formula �m+n�1n � follows by indution as an easy onsequene.[Niol�o Tartaglia had, inidentally, ome lose to disovering this formula in hisGeneral trattato di numeri, et misure 2 (Venie: 1556), 17r and 69v; so had theMaghrebi mathematiian Ibn Mun`im in his 13th-entury Fiqh al-H. is�ab.℄The null ase. Before we onlude our disussion of early work on ombinations,we should not forget a small yet noble step taken by John Wallis on page 110of his Disourse of Combinations (1685), where he spei�ally onsidered theombination of m things taken 0 at a time: \It is manifest, That, if we wouldtake None, that is, if we would leave All ; there an be but one ase thereof, whatever be the Number of things exposed." Furthermore, on page 113, he knew that�00� = 1: \(for, here, to take all, or to leave all, is but one and the same ase.)"However, when he gave a table of n! for n � 24, he did not go so far as topoint out that 0! = 1, or that there is exatly one permutation of the empty set.The work of N�ar�ayan.a. A remarkable monograph entitled Gan. ita Kaumud��(\Treatise on Calulation"), written by N�ar�ayan. a Pan.d. ita in 1356, has reentlybeome known in detail to sholars outside of India for the �rst time, thanksto an English translation by Parmanand Singh [Gan. ita Bh�arat�� 20 (1998), 25{82; 21 (1999), 10{73; 22 (2000), 19{85; 23 (2001), 18{82; 24 (2002), 35{98℄.
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14 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7Chapter 13 of his work, subtitled A_nka P�a�sa (\Conatenation of Numbers"), wasdevoted to ombinatorial generation. Indeed, although the 97 \sutras" of thishapter were rather rypti, they presented a omprehensive theory of the subjetthat antiipated developments in the rest of the world by several hundred years.For example, N�ar�ayan. a dealt with permutation generation in sutras 49{55a,where he gave algorithms to list all permutations of a set in dereasing olex or-der, together with algorithms to rank a given permutation and to unrank a givenserial number. In this way he essentially disovered the fatorial representationof positive integers. Then in sutras 57{60 he extended the algorithms to handlegeneral multisets; for example, he listed the permutations of f1; 1; 2; 4g as1124; 1214; 2114; 1142; 1412; 4112; 1241; 2141; 1421; 4121; 2411; 4211;again in dereasing olex order.N�ar�ayan. a's sutras 88{92 dealt with systemati generation of ombinations.Besides illustrating the ombinations of f1; : : : ; 8g taken 3 at a time, namely(678; 578; 478; : : : ; 134; 124; 123);he also onsidered a bit-string representation of these ombinations in the reverseorder (inreasing olex):(11100000; 11010000; 10110000; : : : ; 00010011; 00001011; 00000111):He almost, but not quite, disovered Theorem 7.2.1.3L.Thus we an legitimately regard N�ar�ayan. a Pan.d. ita as the founder of thesiene of ombinatorial generation|even though, like many other pioneers whowere signi�antly \ahead of their time," his work on the subjet never beamewell known even in his own ountry.Permutable poetry. Let's turn now to a urious question that attratedthe attention of several prominent mathematiians in the seventeenth entury,beause it sheds onsiderable light on the state of ombinatorial knowledge inEurope at that time. A Jesuit priest named Bernard Bauhuis had omposed afamous one-line tribute to the Virgin Mary, in Latin hexameter:Tot tibi sunt dotes, Virgo, quot sidera �lo. (19)[\Thou hast as many virtues, O Virgin, as there are stars in heaven"; seehis Epigrammatum Libri V (Cologne: 1615), 49.℄ His verse inspired EryiusPuteanus, a professor at the University of Louvain, to write a book entitledPietatis Thaumata (Antwerp: 1617), presenting 1022 permutations of Bauhuis'swords. For example, Puteanus wrote107 Tot dotes tibi, quot �lo sunt sidera, Virgo.270 Dotes tot, �lo sunt sidera quot, tibi Virgo.329 Dotes, �lo sunt quot sidera, Virgo tibi tot.384 Sidera quot �lo, tot sunt Virgo tibi dotes.725 Quot �lo sunt sidera, tot Virgo tibi dotes.949 Sunt dotes Virgo, quot sidera, tot tibi �lo.1022 Sunt �lo tot Virgo tibi, quot sidera, dotes.
(20)
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7.2.1.7 HISTORY AND FURTHER REFERENCES 15He stopped at 1022, beause 1022 was the number of visible stars in Ptolemy'swell-known atalog of the heavens.The idea of permuting words in this way was well known at the time; suhwordplay was what Julius Saliger had alled \Proteus verses" in his PoetiesLibri Septem (Lyon: 1561), Book 2, Chapter 30. The Latin language lends itselfto permutations like (20), beause Latin word endings tend to de�ne the funtionof eah noun, making the relative word order muh less important to the meaningof a sentene than it is in English. Puteanus did state, however, that he hadspei�ally avoided unsuitable permutations suh asSidera tot �lo, Virgo, quot sunt tibi dotes, (21)beause they would plae an upper bound on the Virgin's virtues rather than alower bound. [See pages 12 and 103 of his book.℄Of ourse there are 8! = 40;320 ways to permute the words of (19). Butthat wasn't the point; most of those ways don't \san." Eah of Puteanus's 1022verses obeyed the strit rules of lassial hexameter, the rules that had beenfollowed by Greek and Latin poets sine the days of Homer and Vergil, namely:i) Eah word onsists of syllables that are either long (��) or short (^);ii) The syllables of eah line belong to one of 32 patterns,n��^^���� o n��^^���� o n��^^���� o n��^^���� o ��^^ n��^����o: (22)In other words there are six metrial feet, where eah of the �rst four is either adatyl or a spondee in the terminology of (5); the �fth foot should be a datyl,and the last is either trohee or spondee.The rules for long versus short syllables in Latin poetry are somewhat trikyin general, but the eight words of Bauhuis's verse an be haraterized by thefollowing patterns:tot = ��; tibi = n^^^��o; sunt = ��; dotes = ����;Virgo = n��^����o; quot = ��; sidera = ��^^; �lo = ����: (23)Notie that poets had two hoies when they used the words `tibi' or `Virgo'.Thus, for example, (19) �ts the hexameter pattern��Tot t̂i- b̂i ��sunt ��do- ��tes, ��Vir- ��go, ��quot ��si-d̂e-r̂a ���-��lo. (24)(Datyl, spondee, spondee, spondee, datyl, spondee; \dum-diddy dum-dumdum-dum dum-dum dum-diddy dum-dum." The ommas represent slight pauses,alled \�suras," when the words are read; they don't onern us here, althoughPuteanus inserted them arefully into eah of his 1022 permutations.)A natural question now arises: If we permute Bauhuis's words at random,what are the odds that they san? In other words, how many of the permutationsobey rules (i) and (ii), given the syllable patterns in (23)? G. W. Leibniz raised

15



16 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7this question, among others, in his Dissertatio de Arte Combinatoria (1666), awork published when he was applying for a position at the University of Leipzig.At this time Leibniz was just 19 years old, largely self-taught, and his under-standing of ombinatoris was quite limited; for example, he believed that thereare 600 permutations of fut; ut; re;mi; fa; solg and 480 of fut; ut; re; re;mi; fag,and he even stated that (22) represents 76 possibilities instead of 32. [See x5 andx8 in his Problem 6.℄But Leibniz did realize that it would be worthwhile to develop generalmethods for ounting all permutations that are \useful," in situations whenmany permutations are \useless." He onsidered several examples of Proteusverses, enumerating some of the simpler ones orretly but making many errorswhen the words were ompliated. Although he mentioned Puteanus's work, hedidn't attempt to enumerate the sannable permutations of (19).A muh more suessful approah was introdued a few years later by JeanPrestet in his �El�emens des Math�ematiques (Paris: 1675), 342{438. Prestet gavea lear exposition leading to the onlusion that exatly 2196 permutations ofBauhuis's verse would yield a proper hexameter. However, he soon realized thathe had forgotten to ount quite a few ases| inluding those numbered 270,384, and 725 in (20). So he ompletely rewrote this material when he publishedNouveaux �El�emens des Math�ematiques in 1689. Pages 127{133 of Prestet's newbook were devoted to showing that the true number of sannable permutationswas 3276, almost 50% larger than his previous total.Meanwhile John Wallis had treated the problem in his Disourse of Combi-nations (London: 1685), 118{119, published as a supplement to his Treatise ofAlgebra. After explaining why he believed the orret number to be 3096, Wallisadmitted that he may have overlooked some possibilities and/or ounted someases more than one; \but I do not, at present, disern either the one and other."An anonymous reviewer of Wallis's work remarked that the true number ofmetrially orret permutations was atually 2580|but he gave no proof [AtaEruditorum 5 (1686), 289℄. The reviewer was almost ertainly G. W. Leibnizhimself, although no lue to the reasoning behind the number 2580 has beenfound among Leibniz's voluminous unpublished notes.Finally James Bernoulli entered the piture. In his inaugural leture asDean of Philosophy at the University of Basel, 1692, he mentioned the tot-tibi enumeration problem and stated that a areful analysis is neessary toobtain the orret answer|whih, he said, was 3312(!). His proof appearedposthumously in the �rst edition of his Ars Conjetandi (1713), 79{81. [Thosepages were, inidentally, omitted from later editions of that famous book, andfrom his olleted works, beause he didn't atually intend them for publiation;a proofreader had inserted them by mistake. See Die Werke von Jakob Bernoulli3 (Basel: Birkh�auser, 1975), 78, 98{106, 108, 154{155.℄So who was right? Are there 2196 sannable permutations, or 3276, or 3096,or 2580, or 3312? W. A. Whitworth and W. E. Hartley onsidered the questionanew in The Mathematial Gazette 2 (1902), 227{228, where they eah presentedelegant arguments and onluded that the true total was in fat none of the
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7.2.1.7 HISTORY AND FURTHER REFERENCES 17above. Their joint answer, 2880, represented the �rst time that any two math-ematiians had independently ome to the same onlusion about this problem.But exerises 21 and 22, below, reveal the truth: Bernoulli is vindiated,and everybody else was wrong. Moreover, a study of Bernoulli's systematiand arefully indented 3-page derivation indiates that he was suessful hieybeause he adhered faithfully to a disipline that we now all the baktrakmethod. We shall study the baktrak method thoroughly in Setion 7.2.2, wherewe will also see that the tot-tibi question is readily solved as a speial ase ofthe exat over problem.Even the wisest and most prudent people often su�er fromwhat Logiians all insuÆient enumeration of ases.| JAMES BERNOULLI (1692)Set partitions. The partitions of a set seem to have been studied �rst in Japan,where a parlor game alled genji-ko (\Genji inense") beame popular amongupperlass people about A.D. 1500. The host of a gathering would seretly selet�ve pakets of inense, some of whih might be idential, and he would burnthem one at a time. The guests would try to disern whih of the sents werethe same and whih were di�erent; in other words, they would try to guess whihof the $5 = 52 partitions of f1; 2; 3; 4; 5g had been hosen by their host.
Fig. 47. Diagrams used to represent set partitionsin 16th entury Japan. [From a opy in the olle-tion of Tamaki Yano at Saitama University.℄Soon it beame ustomary to represent the 52 possible outomes by diagramslike those in Fig. 47. For example, the uppermost diagram of that illustration,when read from right to left, would indiate that the �rst two sents are identialand so are the last three; thus the partition is 12 j345. The other two diagrams,similarly, are pitorial ways to represent the respetive partitions 124 j35 and1 j24 j35. As an aid to memory, eah of the 52 patterns was named after ahapter of Lady Murasaki's famous 11th-entury Tale of Genji, aording to thefollowing sequene [Enylopedia Japoni� (Tokyo: Sanseido, 1910), 1299℄:

(25)
(One again, as we've seen in many other examples, the possibilities were notarranged in any partiularly logial order.)
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18 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7The appealing nature of these genji-ko patterns led many families to adoptthem as heraldi rests. For example, the following stylized variants of (25) werefound in standard atalogs of kimono patterns early in the 20th entury:

[See Fumie Adahi, Japanese Design Motifs (New York: Dover, 1972), 150{153.℄Early in the 1700s, Takakazu Seki and his students began to investigate thenumber of set partitions $n for arbitrary n, inspired by the known result that$5 = 52. Yoshisuke Matsunaga found formulas for the number of set partitionswhen there are kj subsets of size nj for 1 � j � t, with k1n1 + � � � + ktnt = n(see the answer to exerise 1.2.5{21). He also disovered the basi reurrenerelation 7.2.1.5{(14), namely$n+1 = �n0�$n + �n1�$n�1 + �n2�$n�2 + � � �+ �nn�$0; (26)by whih the values of $n an readily be omputed.Matsunaga's disoveries remained unpublished until Yoriyuki Arima's bookSh�uki Sanp�o ame out in 1769. Problem 56 of that book asked the reader tosolve the equation \$n = 678570" for n; and Arima's answer, worked out indetail (with redit duly given to Matsunaga), was n = 11.Shortly afterwards, Masanobu Saka studied the number �nk	 of ways thatan n-set an be partitioned into k subsets, in his work Sanp�o-Gakkai (1782). Hedisovered the reurrene formulann+ 1k o = knnko+ n nk � 1o; (27)and tabulated the results for n � 11. James Stirling, in his Methodus Di�eren-tialis (1730), had disovered the numbers �nk	 in a purely algebrai ontext; thusSaka was the �rst person to realize their ombinatorial signi�ane.An interesting algorithm for listing set partitions was subsequently devisedby Toshiaki Honda (see exerise 24). Further details about genji-ko and its rela-tion to the history of mathematis an be found in Japanese artiles by TamakiYano, Sugaku Seminar 34, 11 (Nov. 1995), 58{61; 34, 12 (De. 1995), 56{60.Set partitions remained virtually unknown in Europe until muh later, ex-ept for three isolated inidents. First, George and/or Rihard Puttenhampublished The Arte of English Poesie in 1589, and pages 70{72 of that book
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7.2.1.7 HISTORY AND FURTHER REFERENCES 19ontain diagrams similar to those of genji-ko. For example, the seven diagrams(28)were used to illustrate possible rhyme shemes for 5-line poems, \whereof someof them be harsher and unpleasaunter to the eare then other some be." But thisvisually appealing list was inomplete (see exerise 25).Seond, an unpublished manusript of G. W. Leibniz from the late 1600sshows that he had tried to ount the number of ways to partition f1; : : : ; nginto three or four subsets, but with almost no suess. He enumerated �n2	 bya very umbersome method, whih would not have led him to see readily that�n2	 = 2n�1 � 1. He attempted to ompute �n3	 and �n4	 only for n � 5, andmade several numerial slips leading to inorret answers. [See E. Knobloh,Studia Leibnitiana Supplementa 11 (1973), 229{233; 16 (1976), 316{321.℄The third European appearane of set partitions had a ompletely di�erentharater. John Wallis devoted the third hapter of his Disourse of Combina-tions (1685) to questions about \aliquot parts," the proper divisors of numbers,and in partiular he studied the set of all ways to fatorize a given integer. Thisquestion is equivalent to the study of multiset partitions; for example, the fator-izations of p3q2r are essentially the same as the partitions of fp; p; p; q; q; rg, whenp, q, and r are prime numbers. Wallis devised an exellent algorithm for listingall fatorizations of a given integer n, essentially antiipating Algorithm 7.2.1.5M(see exerise 28). But he didn't investigate the important speial ases that arisewhen n is the power of a prime (equivalent to integer partitions) or when n issquarefree (equivalent to set partitions). Thus, although Wallis was able to solvethe more general problem, its omplexities paradoxially deeted him from dis-overing partition numbers, Bell numbers, or Stirling subset numbers, or from de-vising simple algorithms that would generate integer partitions or set partitions.Integer partitions. Partitions of integers arrived on the sene even moreslowly. Bishop Wibold (. 965) knew the partitions of n into exatly threeparts � 6. So did Galileo, who wrote a memo about them (. 1627) and alsostudied their frequeny of ourrene as rolls of three die. [\Sopra le soperte dei dadi," in Galileo's Opere, Volume 8, 591{594; he listed partitions in dereasinglexiographi order.℄Mersenne listed the partitions of 9 into any number of parts, on page 130 ofhis Traitez de la Voix et des Chants (1636). With eah partition 9 = a1+ � � �+akhe also omputed the multinomial oeÆient 9!=(a1! : : : ak!); as we've seen earlier,he was interested in ounting various melodies, and he knew for example thatthere are 9!=(3!3!3!) = 1680 melodies on the nine notes fa; a; a; b; b; b; ; ; g.But he failed to mention the ases 8 + 1 and 3 + 2 + 1 + 1 + 1 + 1, probablybeause he hadn't listed the possibilities in any systemati way.Leibniz onsidered two-part partitions in Problem 3 of his Dissertatio deArte Combinatoria (1666), and his unpublished notes show that he subsequentlyspent onsiderable time trying to enumerate the partitions that have three or
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20 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7more summands. He alled them \diserptions," or (less frequently) \divul-sions"| in Latin of ourse|or sometimes \setions" or \dispersions" or even\partitions." He was interested in them primarily beause of their onnetionwith the monomial symmetri funtions Pxa1i1 xa2i2 : : : . But his many attemptsled to almost total failure, exept in the ase of three summands, when he almost(but not quite) disovered the formula for ��n3�� in exerise 7.2.1.4{31. For example,he arelessly ounted only 21 partitions of 8, forgetting the ase 2+2+2+1+1;and he got only 26 for p(9), after missing 3 + 2 + 2 + 2, 3 + 2 + 2 + 1 + 1,2 + 2 + 2 + 1 + 1 + 1, and 2 + 2 + 1 + 1 + 1 + 1 + 1| in spite of the fat thathe was trying to list partitions systematially in dereasing lexiographi order.[See E. Knobloh, Studia Leibnitiana Supplementa 11 (1973), 91{258; 16 (1976),255{337; Historia Mathematia 1 (1974), 409{430.℄Abraham de Moivre had the �rst real suess with partitions, in his paper\A Method of Raising an in�nite Multinomial to any given Power, or Extratingany given Root of the same" [Philosophial Transations 19 (1697), 619{625 andFig. 5℄. He proved that the oeÆient of zm+n in (az + bz2 + z3 + � � � )m hasone term for eah partition of n; for example, the oeÆient of zm+6 is�m6 �am�6b6 + 5�m5 �am�5b4+ 4�m4 �am�4b3d+ 6�m4 �am�4b22+ 3�m3 �am�3b2e+ 6�m3 �am�3bd+ 2�m2 �am�2bf + �m3 �am�33+ 2�m2 �am�2e+ �m2 �am�2d2 + �m1 �am�1g: (29)If we set a = 1, the term with exponents bijdkel : : : orresponds to the partitionwith i 1s, j 2s, k 3s, l 4s, et. Thus, for example, when n = 6 he essentiallypresented the partitions in the order111111; 11112; 1113; 1122; 114; 123; 15; 222; 24; 33; 6: (30)He explained how to list the partitions reursively, as follows (but in di�erentlanguage related to his own notation): For k = 1, 2, : : : , n, start with k andappend the (previously listed) partitions of n� k whose smallest part is � k.[My solution℄ was ordered to be published in the Transations,not so muh as a matter relating to Play,but as ontaining some general Speulationsnot unworthy to be onsidered by the Lovers of Truth.| ABRAHAM DE MOIVRE (1717)P. R. de Montmort tabulated all partitions of numbers � 9 into � 6 partsin his Essay d'Analyse sur les Jeux de Hazard (1708), in onnetion with dieproblems. His partitions were listed in a di�erent order from (30); for example,111111; 21111; 2211; 222; 3111; 321; 33; 411; 42; 51; 6: (31)He probably was unaware of de Moivre's prior work.So far almost none of the authors we've been disussing atually desribedthe proedures by whih they generated ombinatorial patterns. We an onlyinfer their methods, or lak thereof, by studying the lists that they atually pub-lished. Furthermore, in rare ases suh as de Moivre's paper where a tabulation
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7.2.1.7 HISTORY AND FURTHER REFERENCES 21method was expliitly desribed, the author assumed that all patterns for the�rst ases 1, 2, : : : , n� 1 had been listed before it was time to takle the ase oforder n. No method for generating patterns \on the y," moving diretly fromone pattern to its suessor without looking at auxiliary tables, was atuallyexplained by any of the authors we have enountered, exept for Ked�ara andN�ar�ayan. a. Today's omputer programmers naturally prefer methods that aremore diret and need little memory.Roger Joseph Bosovih published the �rst diret algorithm for partitiongeneration in Giornale de' Letterati (Rome, 1747), on pages 393{404 togetherwith two foldout tables faing page 404. His method, whih produes for n = 6the respetive outputs111111; 11112; 1122; 222; 1113; 123; 33; 114; 24; 15; 6; (32)generates partitions in preisely the reverse order from whih they are visited byAlgorithm 7.2.1.4P; and his method would indeed have been featured in Setion7.2.1.4, exept for the fat that the reverse order turns out to be slightly easierand faster than the order that he had hosen.Bosovih published sequels in Giornale de' Letterati (Rome, 1748), 12{27and 84{99, extending his algorithm in two ways. First, he onsidered generatingonly partitions whose parts belong to a given set S, so that symboli multinomialswith sparse oeÆients ould be raised to the mth power. (He said that the gdof all elements of S should be 1; in fat, however, his method ould fail if 1 =2 S.)Seond, he introdued an algorithm for generating partitions of n into m parts,given m and n. Again he was unluky: A slightly better way to do that task,Algorithm 7.2.1.4H, was found subsequently, diminishing his hanes for fame.Hindenburg's hype. The inventor of Algorithm 7.2.1.4H was Carl FriedrihHindenburg, who also redisovered N�ar�ayan. a's Algorithm 7.2.1.2L, a winningtehnique for generating multiset permutations. Unfortunately, these small su-esses led him to believe that he had made revolutionary advanes in mathemat-is|although he did ondesend to remark that other people suh as de Moivre,Euler, and Lambert had ome lose to making similar disoveries.Hindenburg was a prototypial overahiever, extremely energeti if not in-spired. He founded or ofounded Germany's �rst professional journals of math-ematis (published 1786{1789 and 1794{1800), and ontributed long artiles toeah. He served several times as aademi dean at the University of Leipzig,where he was also the Retor in 1792. If he had been a better mathematiian,German mathematis might well have ourished more in Leipzig than in Berlinor G�ottingen.But his �rst mathematial work, Beshreibung einer ganz neuen Art, naheinem bekannten Gesetze fortgehende Zahlen durh Abz�ahlen oder Abmessenbequem und siher zu �nden (Leipzig: 1776), amply foreshadowed what was toome: His \ganz neue" (ompletely new) idea in that booklet was simply to giveombinatorial signi�ane to the digits of numbers written in deimal notation.Inredibly, he onluded his monograph with large foldout sheets that ontained
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22 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7a table of the numbers 0000 through 9999| followed by two other tables thatlisted the even numbers and odd numbers separately(!).Hindenburg published letters from people who praised his work, and invitedthem to ontribute to his journals. In 1796 he edited Sammlung ombinatorish-analytisher Abhandlungen, whose subtitle stated (in German) that de Moivre'smultinomial theorem was \the most important proposition in all of mathematialanalysis." About a dozen people joined fores to form what beame known asHindenburg's Combinatorial Shool, and they published thousands of pages �lledwith esoteri symbolism that must have impressed many nonmathematiians.The work of this Shool was not ompletely trivial from the standpointof omputer siene. For example, H. A. Rothe, who was Hindenburg's beststudent, notied that there is a simple way to go from a Morse ode sequeneto its lexiographi suessor or predeessor. Another student, J. C. Burkhardt,observed that Morse ode sequenes of length n ould also be generated easilyby �rst onsidering those with no dashes, then one dash, then two, et. Theirmotivation was not to tabulate poeti meters of n beats, as it had been in India,but rather to list the terms of the ontinuant polynomials K(x1; x2; : : : ; xn),Eq. 4.5.3{(4). [See Arhiv f�ur reine und angewandte Mathematik 1 (1794), 154{194.℄ Furthermore, on page 53 of Hindenburg's 1796 Sammlung ited above,G. S. Kl�ugel introdued a way to list all permutations that has subsequentlybeome known as Ord-Smith's algorithm; see Eqs. (23){(26) in Setion 7.2.1.2.Hindenburg believed that his methods deserved equal time with algebra,geometry, and alulus in the standard urriulum. But he and his disipleswere ombinatorialists who only made ombinatorial lists. Burying themselvesin formulas and formalisms, they rarely disovered any new mathematis of realinterest. Eugen Netto has admirably summarized their work in M. Cantor'sGeshihte der Mathematik 4 (1908), 201{219. \For a while they ontrolledthe German market; however, most of what they dug up soon sank into a not-entirely-deserved oblivion."The sad outome was that ombinatorial studies in general got a bad name.G�osta Mittag-Le�er, who assembled a magni�ent library of mathematial lit-erature about 100 years after Hindenburg's death, deided to plae all suhwork on a speial shelf marked \Dekadenter." And this ategory still persistsin the library of Sweden's Institut Mittag-Le�er today, even as that instituteattrats world-lass ombinatorial mathematiians whose researh is anythingbut deadent.Looking on the bright side, we may note that at least one good book didemerge from all of this ativity. Andreas von Ettingshausen's Die ombina-torishe Analysis (Vienna: 1826) is noteworthy as the �rst text to disuss om-binatorial generation methods in a perspiuous way. He disussed the generalpriniples of lexiographi generation in x8, and applied them to onstrut goodways to list all permutations (x11), ombinations (x30), and partitions (x41{x44).Where were the trees? We've now seen that lists of tuples, permutations,ombinations, and partitions were ompiled rather early in human history, by
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7.2.1.7 HISTORY AND FURTHER REFERENCES 23interested and interesting researhers. Thus we've aounted for the evolutionof the topis studied in Setions 7.2.1.1 through 7.2.1.5, and our story will beomplete if we an trae the origins of tree generation, Setion 7.2.1.6.But the historial reord of that topi before the advent of omputers isvirtually a blank page, with the exeption of a few 19th-entury papers by ArthurCayley. Cayley's major work on trees, originally published in 1875 and reprintedon pages 427{460 of his Colleted Mathematial Papers, Volume 4, was limaxedby a large foldout illustration that exhibited all the free trees with 9 or fewerunlabeled verties. Earlier in that paper he had also illustrated the nine orientedtrees with 5 verties. The methods he used to produe those lists were quiteompliated, ompletely di�erent from Algorithm 7.2.1.6O and exerise 7.2.1.6{90. All free trees with up to 10 verties were listed many years later by F. Hararyand G. Prins [Ata Math. 101 (1958), 158{162℄, who also went up to n = 12 inthe ases of free trees with no nodes of degree 2 or with no symmetries.The trees most dearly beloved by omputer sientists|binary trees or theequivalent ordered forests or nested parentheses|are however strangely absentfrom the literature. We saw in Setion 2.3.4.5 that many mathematiians of the1700s and 1800s had learned how to ount binary trees, and we also know thatthe Catalan numbers Cn enumerate dozens of di�erent kinds of ombinatorialobjets. Yet nobody seems to have published an atual list of the C4 = 14objets of order 4 in any of these guises, muh less the C5 = 42 objets oforder 5, before 1950. (Exept indiretly: The 42 genji-ko diagrams in (25) thathave no interseting lines turn out to be equivalent to the 5-node binary treesand forests. But this fat was not learned until the 20th entury.)There are a few isolated instanes where authors of yore did prepare lists ofC3 = 5 Catalan-related objets. Cayley, again, was �rst; he illustrated the binarytrees with 3 internal nodes and 4 leaves as follows in Philosophial Magazine 18(1859), 374{378: (33)(That same paper also illustrated another speies of tree, equivalent to so-alledweak orderings.) Then, in 1901, E. Netto listed the �ve ways to insert parenthesesinto the expression `a+ b+ + d':(a+b)+(+d); [(a+b)+℄+d; [a+(b+)℄+d; a+[(b+)+d℄; a+[b+(+d)℄: (34)[Lehrbuh der Combinatorik, x122.℄ And the �ve permutations of f+1;+1;+1;�1;�1;�1g whose partial sums are nonnegative were listed in the following wayby Paul Erd}os and Irving Kaplansky [Sripta Math. 12 (1946), 73{75℄:1+1+1�1�1�1; 1+1�1+1�1�1; 1+1�1�1+1�1;1�1+1+1�1�1; 1�1+1�1+1�1: (35)Even though only �ve objets are involved, we an see that the orderings in (33)and (34) were basially ath-as-ath-an; only (35), whih mathes Algorithm7.2.1.6P, was systemati and lexiographi.
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24 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7We should also note briey the work of Walther von Dyk, sine many reentpapers use the term \Dyk words" to refer to strings of nested parentheses. Dykwas an eduator known for o-founding the Deutshes Museum in Munih, amongother things. He wrote two pioneering papers about the theory of free groups[Math. Annalen 20 (1882), 1{44; 22 (1883), 70{108℄. Yet the so-alled Dykwords have at best a tenuous onnetion to his atual researh: He studied thewords on fx1; x�11 ; : : : ; xk; x�1k g that redue to the empty string after repeatedlyerasing adjaent letter-pairs of the forms xix�1i or x�1i xi; the onnetion withparentheses and trees arises only when we limit erasures to the �rst ase, xix�1i .Thus we may onlude that, although an explosion of interest in binary treesand their ousins ourred after 1950, suh trees represent the only aspet of ourstory whose historial roots are rather shallow.After 1950. Of ourse the arrival of eletroni omputers hanged everything.The �rst omputer-oriented publiation about ombinatorial generation methodswas a note by C. B. Tompkins, \Mahine attaks on problems whose variablesare permutations" [Pro. Symp. Applied Math. 6 (1956), 202{205℄. Thousandsmore were destined to follow.Several artiles by D. H. Lehmer, espeially his \Teahing ombinatorialtriks to a omputer" in Pro. Symp. Applied Math. 10 (1960), 179{193, provedto be extremely inuential in the early days. [See also Pro. 1957 CanadianMath. Congress (1959), 160{173; Pro. IBM Sienti� Computing Symposiumon Combinatorial Problems (1964), 23{30; and Chapter 1 of Applied Combina-torial Mathematis, edited by E. F. Bekenbah (Wiley, 1964), 5{31.℄ Lehmerrepresented an important link to previous generations. For example, Stanford'slibrary reords show that he had heked out Netto's Lehrbuh der Combinatorikin January of 1932.The main publiations relevant to partiular algorithms that we've studiedhave already been ited in previous setions, so there is no need to repeat themhere. But textbooks and monographs that �rst put piees of the subjet togetherin a oherent framework were also of great importane. Three books, in parti-ular, were espeially noteworthy with respet to establishing general priniples:� Elements of Combinatorial Computing by Mark B. Wells (Pergamon Press,1971), espeially Chapter 5.� Combinatorial Algorithms by Albert Nijenhuis and Herbert S. Wilf (Aa-demi Press, 1975). A seond edition was published in 1978, ontainingadditional material, and Wilf subsequently wrote Combinatorial Algorithms:An Update (Philadelphia: SIAM, 1989).� Combinatorial Algorithms: Theory and Pratie by Edward M. Reingold,Jurg Nievergelt, and Narsingh Deo (Prentie{Hall, 1977), espeially thematerial in Chapter 5.Robert Sedgewik ompiled the �rst extensive survey of permutation generationmethods in Computing Surveys 9 (1977), 137{164, 314. Carla Savage's surveyartile about Gray odes in SIAM Review 39 (1997), 605{629, was anothermilestone.
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7.2.1.7 HISTORY AND FURTHER REFERENCES 25We noted above that algorithms to generate Catalan-ounted objets werenot invented until omputer programmers developed an appetite for them. The�rst suh algorithms to be published were not ited in Setion 7.2.1.6 beausethey have been superseded by better tehniques; but it is appropriate to listthem here. First, H. I. Soins gave two reursive algorithms for ordered treegeneration, in the same paper we have ited with respet to the generation oforiented trees [Mahine Intelligene 3 (1968), 43{60℄. His algorithms dealt withbinary trees represented as bit strings that were essentially equivalent to Polishpre�x notation or to nested parentheses. Then Mark Wells, in Setion 5.5.4 of hisbook ited above, generated binary trees by representing them as nonrossingset partitions. And Gary Knott [CACM 20 (1977), 113{115℄ gave reursiveranking and unranking algorithms for binary trees, representing them via theinorder-to-preorder permutations q1 : : : qn of Table 7.2.1.6{3.Algorithms to generate all spanning trees of a given graph have been pub-lished by numerous authors ever sine the 1950s, motivated originally by thestudy of eletrial networks. Among the earliest suh papers were works ofN. Nakagawa, IRE Trans. CT-5 (1958), 122{127; W. Mayeda, IRE Trans.CT-6 (1959), 136{137, 394; H. Watanabe, IRE Trans. CT-7 (1960), 296{302;S. Hakimi, J. Franklin Institute 272 (1961), 347{359.A reent introdution to the entire subjet an be found in Chapters 2and 3 of Combinatorial Algorithms: Generation, Enumeration, and Searh byDonald L. Kreher and Douglas R. Stinson (CRC Press, 1999).Frank Ruskey is preparing a book entitled Combinatorial Generation thatwill ontain a thorough treatment and a omprehensive bibliography. He hasmade working drafts of several hapters available on the Internet.EXERCISESMany of the exerises below ask a modern reader to �nd and/or to orret errors inthe literature of bygone days. The point is not to gloat over how smart we are in the21st entury; the point is rather to understand that even the pioneers of a subjet anstumble. One good way to learn that a set of ideas is not really as simple as it mightseem to today's omputer sientists and mathematiians is to observe that some of theworld's leading thinkers had to struggle with the onepts when they were new.1. [15 ℄ Does the notion of \omputing" arise in the I Ching?x 2. [M30 ℄ (The geneti ode.) DNA moleules are strings of \nuleotides" on the4-letter alphabet fT; C; A; Gg, and most protein moleules are strings of \amino aids" onthe 20-letter alphabet fA;C;D;E;F;G;H; I;K;L;M;N;P;Q;R;S;T;V;W;Yg. Threeonseutive nuleotides xyz form a \odon," and a strand x1y1z1x2y2z2 : : : of DNAspei�es the protein f(x1; y1; z1)f(x2; y2; z2) : : : , where f(x; y; z) is the element in row zand olumn y of matrix x in the array0B�F S Y CF S Y CL S � �L S � W
1CA 0B�L P H RL P H RL P Q RL P Q R

1CA 0B� I T N SI T N SI T K RM T K R
1CA 0B�V A D GV A D GV A E GV A E G

1CA .
(Here (T; C; A; G) = (1; 2; 3; 4); for example, f(CAT) is the element in row 1 and olumn 3of matrix 2, namely H.) Enoding proeeds until a odon leads to the stopper `�'.
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26 COMBINATORIAL ALGORITHMS (F4B) 7.2.1.7a) Show that there is a simple way to map eah odon into a hexagram of the I Ching,with the property that the 21 possible outomes fA;C;D; : : : ;W;Y;�g orrespondto 21 onseutive hexagrams of the King Wen ordering (1).b) Is that a sensational disovery?3. [20 ℄ What is the millionth meter that has 30 beats, in olex ordering analogousto (2)? What is the rank of ^^^��^����^^^^����^^^^^^^��^��?4. [19 ℄ Analyze the imperfetions of Donnolo's list of permutations in Table 1.5. [16 ℄ What's wrong with Kirher's list of �ve-note permutations in (7)?6. [25 ℄ Mersenne published a table of the �rst 64 fatorials on pages 108{110 of hisTraitez de la Voix et des Chants (1636). His value for 64! was � 2:2�1089; but it shouldhave been � 1:3� 1089. Find a opy of his book and try to �gure out where he erred.7. [20 ℄ What permutations of f1; 2; 3; 4; 5g are \alive" and \dead" aording to Seki'srules (8) and (9)?x 8. [M27 ℄ Make a path to (9) so that Seki's proedure will be orret.9. [15 ℄ From (11), dedue the Arabi way to write the Arabi numerals (0; 1; :::; 9).x 10. [HM27 ℄ In Ludus Clerialis, what is the expeted number of times the three dieare rolled before all possible virtues are aquired?11. [21 ℄ Deipher Llull's vertial table at the right of Fig. 45. What 20 ombinatorialobjets does it represent? Hint: Don't be misled by typographi errors.12. [M20 ℄ Relate Shillinger's universal yle (13) to the universal yle of Poinsot inexerise 7.2.1.3{106.13. [21 ℄ What should van Shooten have written, instead of (17)? Give also theorresponding tableau for ombinations of the multiset fa; a; a; b; b; g.x 14. [20 ℄ Complete the following sequene, from x95 of Izquierdo's De Combinatione:ABC ABD ABE ACD ACE ACB ADE ADB ADC AEB : : : .15. [15 ℄ If all n-ombinations of f1; : : : ;mg with repetition are listed in lexiographiorder, how many of them begin with the number j?16. [20 ℄ (N�ar�ayan.a Pan.d. ita, 1356.) Design an algorithm to generate all ompositionsof n into parts � q, namely all ordered partitions n = a1 + � � �+ at, where 1 � aj � qfor 1 � j � t and t is arbitrary. Illustrate your method when n = 7 and q = 3.17. [HM27 ℄ Analyze the algorithm of exerise 15.18. [10 ℄ Trik question: Leibniz published his Dissertatio de Arte Combinatoria in1666. Why was that a partiularly auspiious year, permutationwise?19. [17 ℄ In whih of Puteanus's verses (20) is `tibi' treated as ^�� instead of ^^?20. [M25 ℄ To ommemorate the visit of three illustrious noblemen to Dresden in 1617,a poet published 1617 permutations of the hexameter verseDant tria jam Dresd�, eu sol dat, lumina luem.\Three give now to Dresden, as the sun gives, lights to light." [Gregor Kleppis, ProteusPoetius (Leipzig: 1617).℄ How many permutations of those words would atually sanproperly? Hint: The verse has datyls in the �rst and �fth feet, spondees elsewhere.
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7.2.1.7 HISTORY AND FURTHER REFERENCES 2721. [HM30 ℄ Let f(p; q; r; s; t) be the number of ways to make (op; oq; or) by onate-nating the strings fs � o; t � oog, when p+ q+ r = s+2t. For example, f(2; 3; 2; 3; 2) = 5beause the �ve ways are(oo; ooo; oo); (oo; ooo; oo); (oo; ooo; oo); (oo; ooo; oo); (oo; ooo; oo):a) Show that f(p; q; r; s; t) = [upvqwrzs℄ 1=((1� zu� u2)(1� zv� v2)(1� zw�w2)).b) Use the funtion f to enumerate the sannable permutations of (19), subjet tothe additional ondition that the �fth foot doesn't begin in the middle of a word.) Now enumerate the remaining ases.x 22. [M40 ℄ Look up the original disussions of the tot-tibi problem that were publishedby Prestet, Wallis, Whitworth, and Hartley. What errors did they make?23. [20 ℄ What order of the 52 genji-ko diagrams orresponds to Algorithm 7.2.1.5H?x 24. [23 ℄ Early in the 1800s,Toshiaki Honda gave a reursive rule for generating all par-titions of f1; : : : ; ng. His algorithm produed them in the following order when n= 4:
Can you guess the orresponding order for n = 5? Hint: See (26).25. [15 ℄ The 16th-entury author of The Arte of English Poesie was interested only inrhyme shemes that are \omplete" in the sense of exerise 7.2.1.5{35; in other words,every line should rhyme with at least one other. Furthermore, the sheme shouldbe \indeomposable" in the sense of exerise 7.2.1.2{100: A partition like 12 j345deomposes into a 2-line poem followed by a 3-line poem. And the sheme shouldn'tonsist trivially of lines that all rhyme with eah other. Under these onditions, is (28)a omplete list of 5-line rhyme shemes?x 26. [HM25 ℄ How many n-line rhyme shemes satisfy the onstraints of exerise 24?x 27. [HM31 ℄ The set partition 14 j25 j36 an be represented by a genji-ko diagram suhas ; but every suh diagram for this partition must have at least three plaes wherelines ross, and rossings are sometimes onsidered undesirable. How many partitionsof f1; : : : ; ng have a genji-ko diagram in whih the lines ross at most one?x 28. [25 ℄ Let a, b, and  be prime numbers. JohnWallis listed all possible fatorizationsof a3b2 as follows: bbaaa, bbaa � a, baaa � b, bbaaa � , bba � aa, bba � a � a, baa � ba,baa � b � a, bbaa � a, bbaa �  � a, aaa � bb, aaa � b � b, baaa � b, baaa �  � b, bb � aaa,bb � aa � a, bb � a � a � a, ba � baa, ba � ba � a, ba � aa � b, ba � b � a � a, bba � aa, bba � a � a,bba �aa � , bba �  �a �a, aa � bb �a, aa � ba � b, aa � b � b �a, baa � b �a, baa � a � b, baa � ba � ,baa �  � b � a, aaa � b � b, aaa � bb � , aaa �  � b � b, b � ba � aa, b � ba � a � a, b � aa � b � a,b � b � a � a � a, bb � a � aa, bb � a � a � a, bb � aa �  � a, bb �  � a � a � a, a � ba � ba, a � ba � b � a,a � aa � b � b, a � b � b � a � a, ba � ba �  � a, ba � aa �  � b, ba �  � b � a � a, aa �  � b � b � a, � b � b � a � a � a. What algorithm did he use to generate them in this order?x 29. [24 ℄ In what order would Wallis have generated all fatorizations of the numberabde = 5 � 7 � 11 � 13 � 17? Give your answer as a sequene of genji-ko diagrams.30. [M20 ℄ What is the oeÆient of ai11 ai22 : : : zm+n in (a0z + a1z2 + a2z3 + � � � )m?(See (29).)31. [20 ℄ Compare de Moivre's and de Montmort's orders for partitions, (30) and (31),with Algorithm 7.2.1.4P.32. [21 ℄ (R. J. Bosovih, 1748.) List all partitions of 20 for whih all parts are 1, 7,or 10. Also design an algorithm that lists all suh partitions of any given integer n > 0.
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28 ANSWERS TO EXERCISES 7.2.1.7SECTION 7.2.1.71. Perhaps under hexagram 21, \runhing" ( ); however, the anient ommentatorsrelated this hexagram more to law enforement than to the interation of eletrons.2. (a) For the �rst nuleotide in the odon, let (T; C; A; G) be respetively representedby (. .. .. .. .; . .. .. .. .; . .. .. .. .; . .. .. .. .); represent the seond nuleotide, similarly, by (. .. .. .. .; . .. .. .. .; . .. .. .. .; . .. .. .. .); repre-sent the third by (. .. .. .. .; . .. .. .. .; . .. .. .. .; . .. .. .. .); and superimpose those three representations. Thus,for example, hexagram number 34 is = . .. .. .. . + . .. .. .. . + . .. .. .. . ; it represents the odon TTC,whih maps to the amino aid F. Under this orrespondene, hexagrams 34 through 54inlusive map into the respetive values (F;G;L;Q;W;D; S;�;P;Y;K;A; I;T;N;H;M;R;V;E;C). Moreover, the three hexagrams that map to `�' are numbers 1, 9, and 41,namely , , and , whih mean \reation", \taming," and \removal of exess" inthe I Ching|all quite appropriate for the notion of ompleting a protein.(b) Consider the � 646;6;6;4;4;4;4;4;3;3;2;2;2;2;2;2;2;2;2;1;1� � 2:3 � 1069 ways to permutethe elements of the 4� 4� 4 geneti ode array. Exatly2402880402175789790003993681964551328451668718750185553920000000� 2:4� 1063of them ontain at least one run of 21 distint onseutive elements. [Using the prinipleof inlusion and exlusion one an show that any multiset f(n1+1) �x1; : : : ; (nr+1) �xrgwith r distint elements and nr = 0 has exatly(n+1)� nn1; : : : ; nr �r!� rXk=1 (n+1�k)k!(r�k)! ak X0�d1;:::;dr�1d1+���+dr=k � n� kn1 � d1; : : : ; nr � dr �suh permutations, where n = n1 + � � � + nr and ak is the number of indeomposablepermutations with k elements (exerise 7.2.1.2{100).℄ Thus only about one out of everymillion permutations has the stated property.But there are 4!3� 62;2;2� = 1244160 ways to represent odons as in part (a), andmost of them orrespond to di�erent permutations of the amino aids (exept forinterhanging the representations of T and C in third position).Empirially, in fat, about 31% of all permutations of the 64 hexagrams turn outto have suitable odon mappings. Thus the onstrution in part (a) gives no reason tobelieve that the authors of the I Ching antiipated the geneti ode in any way.3. Sine F31 � 106 = F28 + F22 + F20 + F18 + F16 + F14 + F9, the millionth is^^^^^^^��^^^����������^^^^��^^:Going the other way is easier: F31� (F5+F8+F10+F16+F18+F27+F30) = 314159.4. One of the two appearanes of on line 4 should be ; this glith maysimply be a typographial error. Similarly, one on line 8 should be . Butthe six ases with rightmost letters appear twie, in lines 3 and 4, while the aseswith rightmost are missing. Donnolo himself must be responsible for this aw.5. The last one should have been , not .6. The nth value mn in Mersenne's list agrees with n! only for 1 � n � 13 and15 � n � 38. Mersenne knew that 14! = 87178291200 6= m14 = 8778291200, beause heinserted the missing `1' in his personal opy of the book (now owned by the Biblioth�equeNationale; a fasimile was published in 1975). But the other errors in his table were notmerely typographial, beause they propagated into subsequent entries, exept in thease of m50: m39 = 39!+ 1026� 1010; m40 = 40m39; m41 = 41m40� 4 � 1025� 14 � 1011;
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7.2.1.7 ANSWERS TO EXERCISES 29mn = nmn�1 for n = 42, 43, 44, 46, 47, 48, 49, 55, 60, and 62; m50 = 50m49 + 1066;m51 = 51 � 50 �m49. When he omputed m45 = 9 � 45 �m44� 1040+1029, he apparentlydeided to take a shortut, beause it's easy to multiply by 5 or by 9; but he multipliedtwie by 9. Most of his errors indiate an unreliable multipliation tehnique, whihmay have depended on an abaus: m52 = 52m51 + 5 � 1056 � 2 � 1047 + 1034; m53 =53m52 � 4 � 1029; m54 = 54m53 + 1016; m57 = 57m56 + 1033 + 1024; m58 = 58m57 +1067�1035+1032+11 �1026; m59 = 59m58+1066+1049�1028; m61 = 61m60�5 �1081;m63 = 63m62 + 1082 � 1074; m64 = 64m63 + 3 � 1081 + 1067 + 2 � 1038 � 2 � 1033 � 1023.The remaining ase, m56 � 10:912m55 is ba�ing; it is � 56m55 (modulo 1017), butits other digits seem to satisfy neither rhyme nor reason. Can they be easily explained?Notes: Athanasius Kirher must have opied from Mersenne when he tabulated n!for 1 � n � 50 on page 157 of his Ars Magna Siendi (1669), beause he repeated all ofMersenne's mistakes. Kirher did, however, list the values 10m14, m45=10, and 10m49instead of m14, m45, and m49; perhaps he was trying to make the sequene grow moresteadily. It is not lear who �rst alulated the orret value of 39!; exerise 1.2.5{4tells the story of 1000!.7. The basi permutations are 12345, 13254, 14523, 15432, 12453, 14235, 15324,13542, 12534, 15243, 13425, 14352. But then we �nd that all 60 of the evenpermutations are both alive and dead, beause (9) di�ers by an even permutationfrom (8). (Moreover, if we somehow repair the ase n = 5, half of the live permutationsfor n = 6 will turn out to be odd.)8. For example, we an replae (9) byana3 : : : an�1a2a1; a1an�1 : : : ana3a2; : : : ; an�1a2 : : : an�2a1an;thus ipping the ends and ylially shifting the other elements in the permutationsof (8). This modi�ation works beause all permutations have the orret parity, andbeause the live and dead ones both have a1 in every possible position. (We essentiallyhave a dual Sims table for the alternating group, as in Eq. 7.2.1.2{(32); but our elementsare named (n;n� 1; : : : ; 1) instead of (0; 1; : : : ; n� 1).)A simpler way to generate permutations with the proper signs was published by�E. B�ezout [M�emoires Aad. Royale des Sienes (Paris, 1764), 292℄: Eah permutationa1 : : : an�1 of f1; : : : ; n� 1g yields n others, a1 : : : an�1an � a1 : : : an�2anan�1 + � � � .9. (0;1;2;3;4;5;6;7;8;9); or perhaps we should say (9;8;7;6;5;4;3;2;1;0). Notes:A di�erent system was used for the index numbers of the equations; for example, `�'stood for 200. Moreover, it should be noted that (11) is atually a transription of al-Samaw'al's work into modern Arabi; Ahmad and Rashed based their work on a 14th-entury opy that used similar but older forms of the digits: (5;1;2;3;:;;;6;7;8;9).Al-Samaw'al himself may well have used numerals of an even earlier vintage.10. If the 56 ases were equally likely, the answer would be 56H56 � 258:2, as inthe oupon olletor's problem (exerise 3.3.2{8). But (6; 30; 20) ases our with therespetive probabilities (1=216; 1=72; 1=36); so the orret answer turns out to beZ 10 (1� (1� e�t=216)6(1� e�t=72)30(1� e�t=36)20) dt � 546:6;about 42% of the upper bound 216H216. [See P. Flajolet, D. Gardy, and L. Thimonier,Disrete Applied Math. 39 (1992), 207{229.℄11. It tabulates the �63� = 20 ombinations of (b; ; d;B;C;D) taken three at a time;furthermore, they appear in lexiographi order if we regard b <  < d < B < C < D.
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30 ANSWERS TO EXERCISES 7.2.1.7The letter t ( ) means \shift from lowerase to upperase." [See A. Bonner, SeletedWorks of Ramon Llull (Prineton: 1985), 596{597.℄ There are two typos: `d' shouldbe `b' at the beginning of line 6; `' should be `d' at the end of line 18. Line 1 wouldhave been more onsistent with the others if Llull had presented it as;but in that line, of ourse, no ase shift was needed.12. Multiply Poinsot's yle by 5 (mod 7).13. It's best to have just n lines when there are n di�erent letters:a: aa: aaab: ab: aab: aaab: bb: abb: aabb: aaabbThen, assigning the weights (a; b) = (1; 4) gives the numbers 1 through 11 as in (18).(The �rst line of (16) should also be omitted.) Similarly, for fa; a; a; b; b; g we wouldimpliitly give  the weight 12 and add the additional line: a: aa: aaa: b: ab: aab: aaab: bb: abb: aabb: aaabb:[J. Bernoulli almost did it right in Ars Conjetandi, Part 2, Chapter 6.℄14. ABC ABD ABE ACD ACE ACB ADE ADB ADC AEB AEC AED BCD BCE BCA BDEBDA BDC BEA BEC BED BAC BAD BAE CDE CDA CDB CEA CEB CED CAB CADCAE CBD CBE CBA DEA DEB DEC DAB DAC DAE DBC DBE DBA DCE DCA DCBEAB EAC EAD EBC EBD EBA ECD ECA ECB EDA EDB EDC. It's a genlex ordering(see Algorithm 7.2.1.3R), proeeding ylially through the letters not yet used.[A similar ordering had been used to form all 120 permutations of �ve letters in akabbalisti work entitled Sha`ari Tzedeq, asribed to the 13th-entury author Natan benSa`adyah Har'ar of Messina, Siily; see Le Porte della Giustizia (Milan: Adelphi, 2001).℄15. After j we plae the (n � 1)-ombinations of fj; : : : ;mg with repetition, so theanswer is �(m+1�j)+(n�1)�1n�1 � = �m+n�j�1n�1 �. [Jean Borrel, also known as Buteonis,pointed this out on pages 305{309 of his early book Logistia (Lyon: 1560). Hetabulated all throws of n die for 1 � n � 4, then used a sum over j to dedue thatthere are 56+ 35+ 20+ 10+ 4+ 1 = 252 distint throws for n = 5, and 462 for n = 6.℄16. N1. [Initialize.℄ Set r  n, t 0, and a0  0.N2. [Advane.℄ While r � q, set t t+ 1, at  q, and r  r � q. Then if r > 0,set t t+ 1 and at  r.N3. [Visit.℄ Visit the omposition a1 : : : at.N4. [Find j.℄ Set j  t, t� 1, : : : , until aj 6= 1. Terminate the algorithm if j = 0.N5. [Derease aj .℄ Set aj  aj � 1, r  t� j + 1, t j; return to N2.For example, the ompositions for n = 7 and q = 3 are 331, 322, 3211, 313, 3121, 3112,31111, 232, 2311, 223, 2221, 2212, 22111, 2131, 2122, 21211, 2113, 21121, 21112, 211111,133, 1321, 1312, 13111, 1231, 1222, 12211, 1213, 12121, 12112, 121111, 1132, 11311,1123, 11221, 11212, 112111, 11131, 11122, 111211, 11113, 111121, 111112, 1111111.N�ar�ayan. a's sutras 79 and 80 gave essentially this proedure, but with the stringsreversed (133, 223, 1123, : : : ), beause he preferred dereasing olex order. Curiously,he alled this a \famous method, told by sholars of old dramati art," although noreferenes to prior desriptions are urrently known exept in the ase q = 2.17. The number Vn of visits is F (q)n+q�1 = �(�nq ); see exerise 5.4.2{7. The numberXn of times step N4 tests aj = 1 satis�es Xn = Xn�1 + � � � +Xn�q + 1, and we �nd
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7.2.1.7 ANSWERS TO EXERCISES 31Xn = V0 + � � � + Vn = (qVn + (q � 1)Vn�1 + � � � + Vn�q+1 � 1)=(q � 1) = �(Vn). Thenumber Yn of times step N2 sets at  q satis�es the same reurrene, and we �ndYn = Xn�q. And the number of times step N2 �nds r = 0 turns out to be Vn�q.18. It was MDCLXVI in Roman numerals, where M > D > C > L > X > V > I.19. Lines 329 and 1022. (Puteanus inluded 139 suh verses among his list of 1022.)20. With `tria' preeding `lumina', there are 5! � 2! � (11; 12; 12; 16) ways having adatyl in the (1st, 2nd, 3rd, 4th) foot, respetively; with `lumina' preeding `tria' thereare 5! � 2! � (16; 12; 12; 11). So the total is 24480. [Leibniz onsidered this problemnear the end of his Dissertatio de Arte Combinatoria, and ame up with the answer45870; but his argument was riddled with errors.℄21. (a) The generating funtion 1=((1 � zu � yu2)(1 � zv � yv2)(1 � zw � yw2)) islearly equal to Pp;q;r;s;t�0 f(p; q; r; s; t)upvqwrzsyt.(b) If `tibi' is ^^ and `Virgo' is ����, the number is 3! 3! times P3k=0(f(2k + 1;6� 2k; 2; 3; 3) + f(2k; 6� 2k; 2; 2; 3)), namely 36((7+7) + (9+5) + (10+5) + (14+7)) =2304. Otherwise `tibi' is^��, `Virgo' is ��^, and the number is 2! 3! timesP3k=0(f(2k;5�2k; 2; 3; 2)+f(2k; 6�2k; 1; 3; 2)), namely 12((7+6)+(5+4)+(4+4)+(0+6)) = 432.() The �fth foot begins with the seond syllable of `�lo', `dotes', or `Virgo'.Hene the additional number is 3! 3!P2k=0 f(2k; 5 � 2k; 2; 3; 2) = 36(7 + 5 + 4) = 576,and the grand total is 2304 + 432 + 576 = 3312.22. Let � 2 fquot; sunt; totg, � 2 f�lo; dotes;Virgog, � = sidera, and � = tibi.Prestet's analysis was essentially equivalent to that of Bernoulli, but he forgot to inludethe 36 ases ��������. (In his favor one an say that those ases are poetially sterile;Puteanus found no use for them.) The 1675 edition of Prestet's book had also omittedall permutations that end with ��.Wallis divided the possibilities into 23 types, T1 [ T2 [ � � � [ T23. He laimed thathis types 6 and 7 eah yielded 324 verses; but atually jT6j = jT7j = 252, beause hisvariable i should be 7, not 9. He also ounted many solutions twie: jT3 \ T5j = 72,jT2 \ T7j = jT5 \ T7j = jT3 \ T6j = jT6 \ T10j = 36, and jT11 \ T12j = jT12 \ T13j =jT14 \ T15j = 12. He missed the 36 possibilities �������� (19 of whih were used byPuteanus). And he also missed all the permutations of exerise 20(); Puteanus hadused 250 of those 576. The Latin edition of Wallis's book, published in 1693, orretedseveral typographi errors in this setion, but none of the mathematial mistakes.Whitworth and Hartley omitted all ases with `tibi' = ^�� (see exerise 18),possibly beause people's knowledge of lassial hexameter was beginning to fade.[Speaking of errors, Puteanus atually published only 1020 distint permutations,not 1022, beause lines 592 and 593 in his list were idential to lines 601 and 602. Buthe would have had no trouble �nding two more ases| for example, by hanging `totsunt' to `sunt tot' in lines 252, 345, 511, 548, 659, 663, 678, 693, or 797.℄23. Reading eah diagram left-to-right, so that 12 j345$ , we get
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32 ANSWERS TO EXERCISES 7.2.1.724. His rule was: For k = 0, 1, : : : , n � 1, and for eah ombination 0 < j1 < � � � <jk < n of n�1 things taken k at a time, visit all partitions of f1; : : : ; n�1gnfj1; : : : ; jkgtogether with the blok fj1; : : : ; jk; ng. His order for n = 5 was:

But stritly speaking, the answer to this exerise is \No"|beause Honda's rule is notomplete until the order of the ombinations is spei�ed. He generated ombinationsin olex order (lexiographi on jt : : : j1). Lexiographi order on j1 : : : jt would also beonsistent with the list given for n = 4, but it would put before . Referene:T. Hayashi, Tôhoku Math. J. 33 (1931), 332{337.25. No; (28) misses 14 j235 (the top-bottom reetion of its seond pattern).26. Let an be the number of indeomposable partitions of f1; : : : ; ng, and let a0nbe the number that are both indeomposable and omplete. These sequenes beginha1; a2; : : : i = h1; 1; 2; 6; 22; 92; 426; : : : i, ha01; a02; : : : i = h0; 1; 1; 3; 9; 33; 135; : : : i; andthe answer to this exerise is a0n�1 for n � 2. It turns out that an is also the number ofsymmetri polynomials of degree n in nonommuting variables. [See M. C. Wolf, DukeMath. J. 2 (1936), 626{637, who also tabulated indeomposable partitions into k parts.℄If A(z) = Pn anzn, and if B(z) = Pn$nzn is the non-exponential generatingfuntion for Bell numbers, we have A(z)B(z) = B(z) � 1, hene A(z) = 1 � 1=B(z).And the result of exerise 7.2.1.5{35 implies that Pn a0nzn = zA(z)=(1 + z � A(z)) =z(B(z)�1)=(1+zB(z)). Unfortunately B(z) has no espeially nie losed form. Notiethat indeomposable set partitions with n > 1 orrespond to vaillating tableau loopswith no three onseutive �s equal to zero (see exerise 7.2.1.5{27).27. The problem is ambiguous beause genji-ko diagrams are not well de�ned. Let'srequire all vertial lines of a blok to have the same height; then, for example, 145 j236has no single-rossing diagram beause is not allowed.The number of partitions with no rossing is Cn (see exerise 7.2.1.6{26). For onerossing, the elements of the two bloks that ross must appear within the restritedgrowth sequene as either xiyxjyk or xiyj+1xyk or xiyjxykxl, where i; j; k; l > 0.Suppose the pattern is xiyxjyk. The number of suh partitions is[zn�i�j�k�1℄C(z)i+j+k+2 = C(n�i�j�k�1)nby Eq. 7.2.1.6{(24). Summing on k gives C(n�i�j�2)(n+1); then summing on j and igives C(n�4)(n+3).Similarly, the other two patterns ontribute C(n�5)(n+3) and C(n�5)(n+4). Thetotal number of single-rossing partitions is therefore C(n�5)(n+3) + C(n�4)(n+4).28. Order the divisors of bbaaa by their number of prime fators and then olexio-graphially: 1 � a � b �  � aa � ba � a � bb � b � aaa � baa � aa � bba �ba � bb � baaa � aaa � bbaa � baa � bba � bbaaa � baaa � bbaa � bbaaa.For every suh divisor d, in dereasing order, let d be the �rst fator; reursively appendall fatorizations of bbaaa=d whose �rst fator is � d.
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7.2.1.7 ANSWERS TO EXERCISES 33If the divisors had been ordered lexiographially (namely 1 < a < aa < aaa <b < ba < � � � < bbaa < bbaaa), Wallis's algorithm would have been equivalent toAlgorithm 7.2.1.5M with (n1; n2; n3) = (1; 2; 3). He probably hose his more ompli-ated ordering of the divisors beause it tends to agree more losely with ordinarynumerial order when a � b � ; for example, his ordering is preisely numerial when(a; b; ) = (7; 11; 13). By generating the divisors aording to his somewhat omplexsheme, Wallis was essentially generating multiset ombinations, whih we noted inSetion 7.2.1.3 are equivalent to bounded ompositions. [Referene: A Disourse ofCombinations (1685), 126{128, with two typographi errors orreted.℄29. The fatorizations edba, edb �a, eda �b, : : : , e �d � �b �a orrespond respetively to

30. The oeÆient is zero unless i1+2i2+ � � � = n; in that ase it is �mk �am�k0 � ki1;i2;:::�where k = i1 + i2 + � � � . (Consider (a0z)m times (1 + (a1=a0)z + (a2=a0)z2 + � � � )m.)31. The order produed by that algorithm is dereasing lexiographi, the reverseof (31), if we assume that partitions a1 : : : ak have a1 � � � � � ak; de Moivre's wasinreasing olexiographi.32. 20 � 1 = 7 + 13 � 1 = 2 � 7 + 6 � 1 = 10 + 10 � 1 = 10 + 7 + 3 � 1 = 2 � 10. In general,Bosovih suggested starting with n �1 and omputing the suessor of a �10+b �7+ �1as follows: If  � 7, the suessor is a �10+(b+1) �7+(�7) �1; otherwise if +7b � 10,the suessor is (a+ 1) � 10 + (+ 7b� 10) � 1; otherwise stop.
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INDEX AND GLOSSARYWhen an index entry refers to a page ontaining a relevant exerise, see also the answer tothat exerise for further information. An answer page is not indexed here unless it refers to atopi not inluded in the statement of the exerise.� (irle ratio), as \random" example, 0, 28.Abaus, 29.Adahi, Fumie ( ), 18.Ahmad, Salah (�Ì� �É�), 7, 29.al-Samaw'al (= as-Samaw'al),ibn Yah.y�a ibn Yah�uda al-Maghrib�(Á«ØÌ�¿m ÞpǑ°Ì¿m m�ØÔÚ Ñp ÜÛ�Ú Ñp), 7, 29.Aliquot parts, 19.Alternating group, 29.Amino aids, 25.Anagrams, 5.Analysis of algorithms, 26.Arabi mathematis, 7, 13.Arabi numerals, 7, 26.Arima, Yoriyuki ( ), 18.Aristotle of Stagira, son of Niomahus(>Aristotèlh Nikom�qou å Stagir�th),10.Aristoxenus (>Aristìxeno), 4.Attributes of God, 8{10.Baktrak method, 17.Bald�eri, 8.Bauhuis, Bernard (= Bauhusius,Bernardus), 14{16.Bekenbah, Edwin Ford, 24.Bell, Eri Temple, numbers, 19, 32.Bellhouse, David Rihard, 8.Bernoulli, Jaques (= Jakob = James),0, 13, 16{17, 30, 31.B�ezout, �Etienne, 29.Bh�askara II, �A�arya, son of M�ahe�svara(BA-krAAy, mAh��r-y p� /,), 5, 6.Binary arithmeti, 1.Binary trees, 23{25.Bonner, Anthony Edmonde, 30.Borrel, Jean (= Buteonis, Ioannes), 30.Bo�skovi�, Ruder Josip (Boxkovi�, RuÆerJosip = Bosovih, Ruggiero Giuseppe= Bosovih, Roger Joseph), 21, 27.Bounded ompositions, 33.Bourgogne-Artois, Jeanne de, 10.Brown, Charles Philip, 3.Bruijn, Niolaas Govert de, yles, 3.Burkhardt, Johann Carl, 22.Buteonis, Ioannes (= Borrel, Jean), 30.Cantor, Moritz Benedikt, 22.Catalan, Eug�ene Charles, numbers, 23{25.Cayley, Arthur, 23.Chinese mathematis, 0{1.

Chorees, 3{4.Christ, Wilhelm von, 4.Christian mathematis, 7{17, 26.Codons, 25.Colex (= olexiographi) order, 2, 14,26, 30, 32, 33.Combinations, 6{14, 22, 30, 31.of a multiset, 26, 33.with repetition, 7{8, 13, 26.Complements, 0, 3.Complete rhyme shemes, 27.Complete bipartite graphs, 11.Complete graphs, 9{12.Complete ternary trees, 1.Compositions, 2, 6, 26, 33.Compression, 10.Conentri wheels, 11.Confuius ( = = ), 0.Continuant polynomials, 22.Coupon olletor's problem, 29.Crests, Japanese heraldi, 18.Crossings in a set partition, 27.Datyls, 3, 15, 26.de Bruijn, Niolaas Govert, yles, 3.de Moivre, Abraham, 20{22, 27.de Montmort, Pierre R�emond, 20, 27.Deo, Narsingh (nrEs�h d�v), 24.Determinants, 6.Die, 7{8, 19, 20, 26, 30.Diomedes (Diom dh), 3.Divisors, 12, 19.DNA, 25.Donnolo, Shabbetai ben Avraham(ELEPEC MDXA� OA IZAY), 4, 26.Drexel (= Drehsel = Drexelius), Jeremias(= Hieremias), 4{5.Dyk, Walther Franz Anton von, 23{24.words, 23{24.Elements (earth, air, �re, water), 0, 11.Empty set, 13.Erd}os, P�al (= Paul), 23.Errors, 1, 4{6, 16{17, 25{26.Ettingshausen, Andreas von, 22.Euler, Leonhard (E�ler�, Leonard� =��ler, Leonard), 21.Eulerian trail, 12.Even permutations, 6, 26.Exat over problem, 17.34
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INDEX AND GLOSSARY 35Fatorial number system, 14.Fatorials, tables of, 13, 26.Fatorizations, 19, 27.Fibonai, Leonardo, of Pisa [= Leonardo�lio Bonai Pisano℄, numbers, 2, 28.generalized, 2, 30.Flajolet, Philippe Patrik Mihel, 29.Flavors, 6.Fontana Tartaglia, Niol�o, 13.Forests, 23.Frane, queen of, 10.Free groups, 24.Free trees, 23.Galilei, Galileo, 19.Games, 7{8, 17, 26.Gardner, Martin, 11.Gardy, Dani�ele, 29.Generating funtions, 27, 32.Geneti ode, 25.Genji-ko ( ), 17{19, 23, 27.Genlex order, 30.Gershwin, George, 12.God, 8{10.Gradenigo, Pietro, 9.Gray, Frank, odes, 11, 24.Greedy algorithm, 2.Greek poetry, 3, 15.Hakimi, Seifollah Louis, 25.Hammond, Eleanor Presott, 8.Har'ar, Natan ben Sa`adyah(XXD DICRQ OA OZP), 30.Harary, Frank, 23.Hartley, William Ernest, 16{17, 27.Hayashi, Tsuruihi ( ), 32.Hebrew letters, 4.Hexagrams, 0{1, 25, 28.Hexameter, 14{17, 26.Hindenburg, Carl Friedrih, 21{22.Hindu mathematis, 1{3, 5{6, 13{14, 21, 26.Homer (�Omhro), 15.Honda, Toshiaki ( ), 18, 27.I Ching ( ), 0{1, 25{26.Ibn Mun`im (Í¬�Ë Ñpm), 13.Idel, Moshe (LCI� DYN), 11.Inlusion and exlusion, 28.Indeomposable permutations, 27{28.Indian mathematis, 1{3, 5{6, 13{14, 21, 26.Indian numerals, 5.Inorder, 25.Integer partitions, 19{22, 27.Internet, ii, iii, 25.Islami mathematis, 7, 13.Izquierdo, Sebasti�an, 12{13, 26.

Japanese mathematis, 6, 17{19.Jesus of Nazareth, son of Joseph(ZXVP OA SQEI OA REYI,>IhsoÜ �pä Nazaràj uÉä >Iws f), 5.Kabbalah, 4, 11, 30.Kak, Subhash Chandra (s� BAq �dý kAk), 3.Kaplansky, Irving, 23.Ked�ara Bhat.t.a (k�dAr BÓ), 2, 21.Keil, Heinrih, 4.Kimono, 18.King Wen of Chou ( = ),0{1, 26.Kirher, Athanasius, 4, 5, 11, 25, 29.Klee, Vitor La Rue, Jr., iii.Kleppis, Gregor (= Kleppisius,Gregorius), 26.Kl�ugel, Georg Simon, 22.Knobloh, Eberhard Heinrih, 19, 20.Knott, Gary Don, 25.Knuth, Donald Ervin ( ), i, iv.Kreher, Donald Lawson, 25.Lambert, Johann Heinrih, 21.Latin poetry, 14{17, 26.Lehmer, Derrik Henry, 24.Leibniz, Gottfried Wilhelm, Freiherr von,1, 15{16, 19{20, 26, 31.Lexiographi order, 1, 5, 7, 8, 13, 19,20, 22, 23, 30.Llull, Ramon (= Lullus, Raimundus),8{11, 26.London, John, 10.Ludus Clerialis, 7, 26.Lydgate, John, 8.Lynn, Rihard John, 1.Markov (= Marko�), Andrei Andreevih(Markov, Andre� Andreeviq),the elder, proess, 1.Mary, Saint (�Agia Mar�a Jeotìko,Panag�a, Parjèno), 14{15.Matsunaga, Yoshisuke ( ), 18.Mayeda, Wataru ( ), 25.MLean, Iain Sinlair, 10.Mediine, 6, 9.Melodies, 5, 12, 19.Mersenne, Marin, 5, 19, 26.Meters, poeti, 1{4, 6, 14{17, 22, 26.Metrial feet, 3, 15, 26.Mikami, Yoshio ( ), 6.Mittag-Le�er, Magnus G�osta (=Gustaf), 22.Mixed-radix number systems, 30.MMIX omputer, ii.Moivre, Abraham de, 20{22, 27.Monomial symmetri funtions, 20.Montmort, Pierre R�emond de, 20, 27.Morse, Samuel Finley Breese, ode, 2, 22.
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36 INDEX AND GLOSSARYMultiombinations: Combinations withrepetition, 7{8, 14, 26.Multinomial oeÆients, 19.Multinomial theorem, 20, 22, 27.Multipartitions: Partitions of a multiset,19, 27.Multiset ombinations, 26, 33.Multiset permutations, 5, 15, 21.Murasaki Shikibu (= Lady Murasaki,), 17.Musi, 2{5, 11{12, 19.notation, 4{5.rhythm, 2{4, 12.Nakagawa, Noriyuki, 25.N�ar�ayan.a Pan.d. ita, son of Nr.si _mha(nArAyZ pE�Xt, n� Es\h-y p� /,), 2,5, 13{14, 21, 26.Needham, Joseph, 1.Nested parentheses, 23{25.Netto, Otto Erwin Johannes Eugen, 22{24.Nievergelt, J�urg, 24.Nijenhuis, Albert, 24.Nonommuting variables, 32.Nonrossing partitions, 25, 27.Nooten, Barend Adrian Anske Johannesvan, 2.Nuleotides, 25.Null ase, 13.Numerals, Arabi, 7, 26.Roman, 31.Sanskrit, 5.Nylan, Mihael, 1.Odd permutations, 6, 26.Ord-Smith, Rihard Albert James (=Jimmy), 22.Ordered forests, 23.Ordered partitions, 2, 6, 26, 32.Ordered trees, 23, 25.Oriented trees, 23, 25.Parentheses, nested, 23{25.Partitions, 22.nonrossing, 25, 27.of an integer, 19{22, 27.of a multiset, 19, 27.of a set, 17{19, 25, 27.ordered, see Compositions.Party games, 8, 17.Permutations, 4{6, 14, 22.even and odd, 6, 26.indeomposable, 27{28.null, 13.of a Latin verse, 14{17, 26.of a multiset, 5, 21.restrited, 15{17, 26.Pi (�), as \random" example, 0, 28.Pi _ngala, �A�arya (aAAy Ep½l), 1{2.

Plain hanges, 5, 12.Poetry, 8, 19.meters for, 1{4, 6, 14{17, 22, 26.rhyme shemes, 19, 27.Poinsot, Louis, 26.Polish pre�x notation, 25.Polyphase sorting, 2.Pr�akr.ta Pai�ngala (þAk� t p{½l), 2, 26.Preferential arrangements, seeWeakorderings.Preorder, 25.Prestet, Jean, 16, 27.Prins, Geert Caleb Ernst, 23.Prosody, 1{3, 15{17, 26.Proteins, 25.Proteus verses, 15, 16, 26.Ptolemy, Claudius, of Alexandria(PtolemaØo KlaÔdio å >Alexandrinì),15.Puteanus, Eryius (= de Putte, Eerrijk),14{16, 26, 31.Puttenham, George and/or Rihard,18{19, 27.Pyrrhis, 3{4.Rabbini sript, 4.Radix-2 arithmeti, 13.Radix-2 number system, 1, 4.Radix-3 number system, 1.Ranking, 1{2, 14, 26.Rashed, Roshdi (= Rashid, Rushdi)(��m� Ý���), 7, 29.Reursive algorithms, 25, 27.Reingold, Edward Martin (CLEBPIIX,MIIG OA DYN WGVI), 24.R�emond de Montmort, Pierre, 20, 27.Restrited growth sequenes, 32.Reverse olex order, 14, 30.Rhyme shemes, 19, 27.Rhythms, 2{4, 11{12.Roman numerals, 31.Rothe, Heinrih August, 22.Ruskey, Frank, 25.Saka, Masanobu ( ), 18.Sanskrit, 1{3, 5, 6.Savage, Carla Diane, 24.Saligero, Giulio (= Saliger, JuliusCaesar), 15.Shillinger, Joseph Moiseyevih(Xillinger, Iosif Moiseeviq),11{12, 26.Shooten, Frans van, 12{14, 26.Soins, Hubert Ian, 25.Sedgewik, Robert, 24.Sefer Yetzirah (DXIVI XTQ), 4.Seki, Takakazu ( ), 6, 18, 26.Set partitions, 17{19, 25, 27.Seven deadly sins, 9{10.Shaari Tzedeq (WCV IXRY), 30.
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INDEX AND GLOSSARY 37Shao Yung ( ), 1.Sims, Charles CoÆn, table, 29.Singh, Parmanand (prmAn�d Es�h), 2, 13.Spanning trees, 25.Spondees, 3{4, 15, 26.Squarefree integers, 19.Stanford GraphBase, ii, iii.Stanford University, 24.Stanley, Rihard Peter, 13.Stinson, Douglas Robert, 25.Stirling, James, 18.subset numbers, 18{19.Su�sruta (s� �� t), 6.Swetz, Frank Joseph, 1.Symmetri polynomials, 32.Taquet, Andr�e, 12.Tartaglia, Niol�o Fontana, 13.Tastes, 6.Thimonier, Lo�ys, 29.Three-valued logi, 10.Tompkins, Charles Brown, 24.Tot tibi : : : , 14{17, 26.Trees, 22{25.Tribonai sequene, 2, 30.Trohees, 3, 15.Tuples, 0{4, 13.Twelvefold Way, 13.Universal yles, 12, 26.Unranking, 1{2, 14, 26.

Vaillating tableau loops, 32.van Nooten, Barend Adrian AnskeJohannes, 2.van Shooten, Frans, 12{13, 26.Variations, 13.Vedi hants, 1.Venie, doge of, 9.Vergil (= Publius Vergilius Maro), 15.Vies, 9{10.Virgin, 14{15.Virtues, 7{10, 14{15, 26.von Christ, Wilhelm, 4.von Dyk, Walther Franz Anton, 23{24.von Ettingshausen, Andreas, 22.Voting, 10.Wallis, John, 5, 13, 16, 19, 27.Watanabe, Hitoshi ( ), 25.Weak orderings, 23.Wells, Mark Brimhall, 24, 25.Wheels, onentri, 11.Whitworth, William Allen, 16{17, 27.Wibold, bishop of Cambrai (= Wiboldus,Cameraensis episopus), 7{9, 19.Wilf, Herbert Saul, 24.Wolf, Margarete Caroline, 32.Yang Hsiung ( or ), 1{2.Yano, Tamaki ( ), 17, 18.Yijing, see I Ching.Yin and yang, 0{1.Zhou Wenwang, see King Wen.

37


	Art of Computer Programming - Volume 4A: Combinatorial Algorithms - Part 1 (Cover)
	Section 7: Combinatorial Searching
	Section 7.1.1: Boolean Basics
	Section 7.1.2: Boolean Evaluation
	Section 7.1.3: Bitwise Tricks & Techniques
	Section 7.1.4: Binary Decision Diagrams
	Section 7.2.1.1: Generating All n-Tuples
	Section 7.2.1.2: Generating All Permutations
	Section 7.2.1.3: Generating All Combinations
	Section 7.2.1.4 - 5: Generating All Partitions
	Section 7.2.1.6: Generating All Trees
	Section 7.2.1.7: History of Combinatorial Generation

