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40 POKE 106 ,ORIG-8:REM We'll make room for it 
50 GRAPHICS 0: REM Set up neH display list 
60 FOR 1=0 TO 1023 : Rn1 NOH He'll transfer the I'lhole set 
70 POKE CHSETtI,PEEK(ORIGINALtI) 
80 NEXT I 
90 END :REM That ' s it 

This program reserves 8 pages of memory near the top of 
RAM, much like the previous example did. There is no need to 
clear this area to all zeros in this case, however, since we fill up 4 of 
the pages with the character set from ROM. The loop from lines 60 
to 80 actually accomplishes the transfer of the character set, which 
is 1024 bytes long (8 bytes per character times 128 characters). The 
program works fine, and if we don't mind spending 14.7 seconds to 
accomplish this transfer, we don't need assembly language at all. 

If we'd like to go faster, however, we'll need a machine lan­
guage subroutine to accomplish the transfer. The subroutine we 
wrote to clear an area of memory to all zeros contains the tech­
niques we will use in such a program. However, we'll need to add 
two new features. The first will allow BASIC to pass to our subrou­
tine the location at which we would like our character set to reside 
in RAM, by using the parameter passing discussed in Appendix 1. 
The second will store different values in each memory location, 
rather than storing the same character in each location. To do this, 
we'll need two indirect addresses set up on page zero. In addition, 
in this routine we will employ the more usual nomenclature, defin­
ing our label as being the lower of the two zero page locations and 
referring to the higher location as label + 1, rather than defining the 
higher and referring to the lower location as label- 1. Both 
methods are presented, to demonstrate the flexibility of program­
ming in assembly language. Now, let's begin with the setup: 

0100 ;******************************* 
0110 ;set up in i tial conditions 
0120 ;******************************* 

0000 0130 * = $600 
OOCC 0140 FROM $CC 
OOCE 0150 TO $CE 
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From this point on, we'll use the output from the assembler for 
all of the programs shown. To type these programs for yourself, 
just type the line number, label (if present), mnemonic, operand, 
and comments, and assemble it for yourself. When displayed on 
your screen, the output of your assembler should look like the out­
put given here. By presenting the programs this way, we can refer to 
the machine language code generated by the assembler as well as to 
the assembly language code we write. 

As you can see, we have now reserved two different areas of 
page zero for our indirect addresses. We have defined the lower of 
each pair of bytes, $CC and $CE, so that the indirect address for 
the place from which we will get the character set will be stored in 
$CC and $CD, and the indirect address for the place to which we 
will move the character set will be stored in $CE and $CF. We have 
cleverly named these locations FROM and TO. For both sets of 
locations, the low byte of the indirect address will be stored in the 
lower of the two locations, and the high byte will be stored in the 
higher, using typical 6502 convention. 

Now that we've reserved space for the indirect addresses, the 
next task is to correctly fill them with the addresses we need. Re­
member that we're going to pass the TO address from BASIC, but 
the FROM address is fixed at $EOOO by the operating system. Let's 
see how this part of the program looks. 

0160 i******************************* 
0170 iinitialize and set up indirect addresses 
0180 i******************************* 

0600 68 0190 PLA ;remove # of parameters from stack 
0601 68 0200 PLA ;get high byte of destinat ion 
0602 85CF 0210 STA TOn ;store it in high byte of TO 
0604 68 0220 PLA ;get low byte of destination 
0605 85CE 0230 STA TO istore it in low byte of TO 
0607 A900 0240 LDA #0 i even page boundary LSB = 0 
0609 85CC 0250 STA FROM ; low byte of indirect address 
060B A9EO 0260 LDA #$EO ;page of character set in ROM 
060D 85CD 0270 STA FROM +1 ;completes indirect addresses 

Let's discuss lines 190 to 230 for a moment. Line 190 is our old 
friend, used for pulling the number of parameters passed by BA­
SIC off the stack, to keep the stack in order. Note that both lines 
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200 and 220 are PLA instructions. This is the method used when 
passing parameters from BASIC. The number to be passed is bro­
ken up by BASIC into high and low bytes and is placed on the stack 
low byte first , then high byte. Therefore, the first number we pull 
off the stack is the one on the top, the high byte . We store that 
appropriately in TO + 1, the high byte of the indirect address we 
have set up on page zero . Similarly, we store the low byte passed 
from BASIC in TO, and we have completed setting up the first of 
the two indirect addresses we will need. 

Now we just have to do the easy part. We know that any page 
boundary has an address with the low byte equal to 0, so we can 
store a zero in FROM with no difficulty. We know the high byte is 
$EO, and don't forget the # sign, to let the assembler know that we 
want to store the number $EO into FROM + 1, and not whatever 
number is in memory location $EO. 

Now all we need to do is write the loop which will accomplish 
the transfer for us. We know that we need to transfer 1024 bytes, 4 
pages of information, so we'll need a counter to keep track of how 
far we've progressed. For this purpose, we'll use the X register. 
We'll also need a counter to keep track of where we are on each 
page we're tranferring, and for this, we' ll use the Y register. Let's 
see the rest of the program to accomplish this transfer: 

0280 i******************************* 
0290 inow let ' s trans fer the whol e set 
0]00 i******************************* 

060F A204 0]10 LOX #4 i4 pages in the character set 
0611 AOOO 0]20 LOY 110 i ini t i alize counter 
061] B1CC 0]]0 LOOP LDA (FROM) ,Y iget a byte 
0615 91CE 0]40 STA (TO) ,Y iand rel ocate it 
0617 88 0] 50 DEY iis page f inished? 
0618 DOF9 0]60 BNE LOOP ino - keep rel ocating 
061A E6CD 0]70 INC FROM +1 iyes -high byt e 
061C E6CF 0]80 INC TO +1 ih i gh byte- for next page 
061E CA 0]90 DEX ihave we done all 4 pages ? 
061F DOF2 0400 BNE LOOP ino - keep going 
0621 60 0410 RTS iyes , so re t urn t o BASIC 

There are only two diffe rences between this part of the pro­
gram and the corresponding part of the previous program we 
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wrote. The first is the use of the X register to determine when we 
are done. Line 310 sets the X register for the number of pages to be 
transferred . Lines 390 and 400 determine if we have finished, by 
decrementing the X register and looping back to continue the trans­
fer if the value of the X register has not yet reached zero . 

The second difference, of course, is that we're not going to 
store the same value in every location, so we need to load the accu­
mulator using the same technique we use to store it, indexing the 
zero page indirect location with the Y register. Note that when Y 
equals 1, we'll load from the second location of the ROM character 
set in line 330 and store it in the second location of the RAM set in 
line 340, and so on. Remember that lines 370 and 380 raise both 
indirect addresses by 1 page, since at that point in the program, we 
will have finished a page, and we'll be ready to begin another. 

All that remains is to convert this program into a machine lan­
guage subroutine for BASIC. With the same technique we used for 
the first program discussed, we save the machine language code, 
put BASIC in, load our code back again, and produce DATA state­
ments by PEEKing the values stored from 1536 to 1569. These 
DATA statements can then be used in a program such as the one 
given below: 

10 GOSUB 20000 :REM Set up machine language routine 
20 ORIG = PEEK( 106) : REM Top of RAM 
30 CHSET = (ORIG-4) *256 : RE~I Place for relocated character set 
40 POKE 106 ,ORIG-8:REM Make room for it 
50 GRAPHICS 0: Rnl Set up nel; display list 
60 POKE 20 ,O:REM Set timer 
70 X= USR(ADR(RELOCATE$) , CHSET) : RE~I Relocate the Hhole set 
80 ? PEEK (20) ;60 : RElit HOH long did it take? 
90 END :REM It took 0.03 seconds 
20000 DIM RELOCATE$(34) :REM Set it up as a string 
20010 FOR I = 1 TO 34 : REM Set up the string 
20020 READ A:REM Get a byte 
20030 RELOCATE$(I,I) =CHR$(A) :REM Stuff it into the string 
20040 NEXT I :REM Repeat until string is done 
20050 RETURN :REM All done , go back 
20060 DATA 104 ,104,133 ,207 ,104,133 ,206 ,169 , 0,133 
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20070 DATA 204,169,224 ,lJJ,205 ,162,4 ,160,0,177 
20080 DATA 204,145,206,lJ6,208,249,2JO,205,2JO ,207 
20090 DATA 202,208,242 ,96 

The subroutine from line 20000 to line 20070 puts each byte of 
the machine language routine into its appropriate place in a string 
which we have called RELOCATE$. To access this routine, we use 
line 70, which passes the parameter CHSET to our machine lan­
guage routine. Remember that CHSET, defined in line 30, is the 
address at which we would like to locate the character set in RAM. 
This program executes almost 500 times faster than the all-BASIC 
program described above, again demonstrating the speed of ma­
chine language routines. 

SUBROUTINE TO TRANSFER ANY AREA OF 
MEMORY 

With a few minor modifications to the program we just wrote, 
we can make it much more versatile. Let's write it in such a way as 
to allow the transfer of any area of memory to any other area. 
Looking at the program above, we see that only two parts of the 
code need to change . The first is the absolute address of FROM, 
which is set at 57344, and the second is the number of pages stored 
in the X register, which is set at 4. If we could use variables here 
instead of constants, our routine would be far more versatile. It's 
easy to convert the routine in this way; let's just pass the FROM 
address and the number of pages to transfer as parameters from 
BASIC. Here is the complete assembly language program for this 
subroutine: 

0100 ;******************************* 
0110 ;set up initial conditions 
0120 ;******************************* 

0000 01JO * = $600 
OOCC 0140 FROM $CC 
OOCE 0150 TO $CE 

0160 ;******************************* 



98 Learning Assembly Language 

0170 jinitialize and set up indirect addresses 
0180 j******************************* 

0600 68 0190 PLA jpull # of parameters off stack 
0601 68 0200 PLA jget high byte of source 
0602 85CD 0210 STA FROM +1 jstore it in high byte of FROM 
0604 68 0220 PLA jget low byte of source 
0605 85CC 02]0 STA FROM jstore it in low byte of FROM 
0607 68 0240 PLA jget high byte of destination 
0608 85CF 0250 STA TO+1 jstore it in high byte of TO 
060A 68 0260 PLA jget low byte of destination 
060B 85CE 0270 STA TO jstore it in low byte of TO 
060D 68 0280 PLA j no high byte exists (= 0) 
060E 68 0290 PLA jget low byte - number of pages 
060F AA 0]00 TAX j put # of pages in X register 

0]10 j******************************* 
0]20 jnow let's transfer everything 
0]]0 j******************************* 

0610 AOOO 0]40 LDY #0 jinitialize counter 
0612 B1CC 0]50 LOOP LDA (FROM),Y jget a byte 
0614 91CE 0]60 STA (TO),Y jand relocate it 
0616 88 0]70 DEY jis page finished? 
0617 DOF9 0]80 BNE LOOP jno - keep relocating 
0619 E6CD 0]90 INC FROM +1 jyes-high byte 
061B E6CF 0400 INC TO +1 jhigh byte-now for next page 
061D CA 0410 DEX jhave we done all pages? 
061E DOF2 0420 BNE LOOP jno - keep going 
0620 60 04]0 RTS jyes, so return to BASIC 

We have now set up the routine to obtain first the FROM ad­
dress in two bytes from the stack, and then the TO address in the 
same way. Finally, we remove from the stack the number of pages 
to be transferred . Note that there are only 256 pages of memory in 
an ATARI, so there can never be a high byte to the number of pages 
parameter. The low byte is pulled from the stack and transferred to 
the X register to set up the counter for the number of pages to be 
transferred. 

With the exception of these few changes, the program is ident i­
cal to our program for transferring the character set from ROM to 
RAM. In fact, this new routine wi ll accomplish the same goal if we 
so des ire . A BASIC program using this new routine to transfer the 
character set is given below: 
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10 GOSUB 20000:REM Set up machine l anguage routine 
20 ORIG = PEEK( 106) : REM Top of RAM 
]0 CHSET = (ORIG-4 ) *256: REM Place for relocated character set 
40 POKE 106,ORIG-8:REM Make room for it 
50 GRAPHICS O:REM Set up new display list 
60 X = USR(ADR(TRANSFER$) , 57]44 ,CHSET,4) : REM Transfer the whole set 
70 END 
20000 DIM TRANSFER$(]]): REM Set it up as a string 
20010 FOR 1=1 TO ]]: REM Set up the string 
20020 READ A:REM Get a byte 
200]0 TRANSFER$(I , I)=CHR$(A):REM Stuff it i nto the string 
20040 NEXT I:REM Repeat until string is done 
20050 RETURN :REM All done, go back 
20060 DATA 104, 104, 1]],205 ,104, 1]],204, 104, 1]],207 
20070 DATA 104,1]],206 ,104,104 ,170,160,0,177,204 
20080 DATA 145,206,1]6,208,249 , 2]0,205 , 2]0 ,207,202 
20090 DATA 208 ,242,96 

AN EXERCISE FOR THE READER 

Using these techniques, it should be fairly simple to write your 
own routine to fill a given number of pages of memory with a char­
acter other than zero. To obtain the maximum benefit from this 
exercise, don 't look back at the examples in this chapter, but rather 
start from scratch, and see how you do. 

READING THE JOYSTICK 

We are all familiar with the complex code required in BASIC to 
read the joysticks. Although there are some sophisticated ways of 
speeding up this process in BASIC, the most common approach 
used to determine the position of the joystick and change the X and 
Y coordinates of a player (for example) is as follows in this subrou­
tine for a BASIC program: 

10000 IF STICK(O) =15 THEN 10050:REM straight up 
10010 IF STICK(O) =10 OR STICK(O) =14 OR STICK(O)=6 THEN 
Y=Y-1:REM 11,12 or 1 o'clock position-move player up 
10020 IF STICK(O)=9 OR STICK(O) =1] OR STICK(O)=5 THEN Y=Y+1:REM 
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7,6 or 5 o ' clock position- move player down 

100JO IF STICK(O) =10 OR STICK(O) =11 OR STICK(O) = 9 THEN 

X= X-1 :REM 10, 9 or 8 o'clock position- move player left 

10040 I F STICK(O) = 6 OR STICK(O) = 7 OR STICK(O) = 5 THEN X= Xt1:REM 

2,J or 4 o ' clock position- move player right 

10050 RETURN:REM no other possibilities 

There are several ways of improving the speed of such a routine by 
improved programming, as you already know. This routine is in­
cluded here for simplicity; it is easy to follow its logic. In any case, 
even excellent programming will not make this type of routine the 
winner in a speed contest. Let's see if we can speed it up signifi­
cantly by using assembly language. 

We'll assume for the purpose of this example that the joystick 
routine we shall write will be the only way the player can move, and 
further, that we will be moving only one player. Since the player can 
move in only two dimensions, we need only remember two coordi­
nates, the X and Y positions of the player. Because of the way we 
will be moving the player, we'll need only 1 byte of storage for the 
X position, but we'll need 2 bytes, for an indirect address, for the Y 
location . The routine needed for reading the joystick is very 
straightforward and is given below: 

0100 ; ****************************** 
0110 ;initialize locations 

0120 ; ****************************** 
01JO * = $600 ; safe place for routine 

0140 YLOC = $CC ; indirect addr. for Y 

0150 XLOC = $CE i to remembe r X position 
0160 STICK = $DJOO ;hardware STICK(O) location 

0180 ; ****************************** 
0190 ;now read the joystick 111 

0200 ; ****************************** 
0210 PLA ;keep the stack neat 
0220 LDA STICK ; get joystick value 

02JO AND 111 ; i s bit 0 = 1? 
0240 BEQ UP ;llO - 11,12 or 1 o'clock 

0250 LOA STICK ; get i t again 

0260 AND 112 ; is bit 1 = 1? 

0270 BEQ DOWN ;no - 5,6 or 7 o'clock 
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0280 SIDE LDA STICK jget it again 
0290 AND #4 jis bit 3 = 1? 
0300 BEQ LEFT jno - 8,9 or 10 o'clock 
0310 LDA STICK jget it again 
0320 AND #8 jis bit 4 = 1? 
0330 BEQ RIGHT jno - 2,3 or 4 o'clock 
0340 RTS jjoystick straight up 

As you can be see, after the mandatory PLA to keep BASIC 
happy, reading the joystick is just a matter of loading the accumula­
tor from the hardware location STICK ($DOOO) and then ANDing 
it with 1, 2, 4, or 8. The ATARI joysticks set one or more of the 
lower four bits in location $DOOO to zero if the stick is pressed in 
that direction: bit zero for up, bit 1 for down, bit 2 for left, and bit 
3 for right. If none of the 4 bits is set to zero, the joystick is in the 
straight-up position. Note that the joystick may not be simultane­
ously pressed right and left or up and down, but it may be right and 
down simultaneously, or left and up. 

This program won't work, as you've probably already noticed, 
since there are 4 undefined labels, UP, DOWN, LEFT, and RIGHT. 
We will add these routines shortly to produce a machine language 
subroutine which will not only read the joystick, but also move a 
player around the screen in response to the joystick direction . 

First, note that each of the references to a label for the direc­
tion of the joystick uses the BEQ instruction. This says, in effect, 
that if the result of ANDing a bit forced to 1 with the value found 
in STICK is a zero, the joystick is pressed in that direction. Think 
about that. We know that for the result to be zero, in one or both of 
the numbers each bit must be equal to zero. In the numbers 1, 2, 4, 
and 8, every bit but one is equal to zero; so in the number stored in 
STICK, that particular bit must be equal to zero if the result of the 
AND operation equals zero. For a pictorial example, let's look at 
the AND operation with 4, with the joystick pressed in different 
directions: 

Joystick STICK AND with 76543210 

right 248 
4 

11110111 
00000100 

Result = 00000100 
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which is not equal to zero. Since the stick was pressed right and 
ANDing with 4 tests for pressing the joystick left, this is a correct 
result. Now, another example: 

Joystick STICK AND with 

left 244 
4 

76543210 

11111011 
00000100 

Result = 00000000 

which is equal to zero, showing that the test works correctly. It 
should be emphasized that any of the three left positions of the 
joystick would have worked, because they all have a zero as bit 2, 
so all will AND with 4 to produce a result of zero. In fact, the three 
joystick positions to the left have the following bit patterns: 

8 o'clock 11111001 
9 o'clock 11111011 

10 o'clock 11111010 

It's worth mentioning here that the upper 4 bits of this location 
reflect the position of a joystick plugged into the second port on 
your ATARI, in exactly the same way as the lower 4 bits reflect the 
position of joystick o. 

There are, of course, several other ways of writing the above 
code. Perhaps one which has occurred to you is to use a subroutine 
for each direction, as in this excerpt: 

0210 PLA 
0220 LDA STICK 
02]0 AND #1. 
0240 BNE D1 
0250 JSR UP 
0260 D1 LDA STICK 
0270 AND #2 
0280 BNE D2 
0290 JSR DOWN 

This type of construction would. work fine but for one problem: the 
code is fixed . The locations UP, DOWN, LEFT, and RIGHT have 
to be within the program, and if we use JSRs to access these rou-
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tines, we will end up with nonrelocatable code. If that creates no 
problem for you, then write the routine using JSRs. However, since 
one of our goals in this book is to make as many of the routines as 
we can relocatable, we will use the demonstrated construction. 

How do we move players around the screen using player-missile 
graphics? Horizontal movement is easy. All we have to do is POKE 
the desired horizontal position into the horizontal position register 
for that particular player, who will appear there instantly. In the 
case of the first player, player zero, the horizontal position register 
is located at $DOOO. We'll call it HPOSPO, and we'll need to add 
line 170 to the above code: 

0170 HPOSPO = $DOOO 

which will enable us to refer to this location using the label name. 
What about vertical motion? To move a player vertically, we 

actually have to move each byte of the player to a new location, 
which is why we needed to set up the indirect address for the Y 
position. We'll use a technique we've already we used to move the 
character set. But in this case we can get by with only one indirect 
address, since we're moving the player only 1 byte away from its 
current address . We'll assume that the player is 8 bytes high and 
appears as a hollow square. If we want to move the player up the 
screen 1 byte, we'll need to begin by moving the top byte first, and 
so on down the player. If we try to move the lower byte first, it will 
overwrite the next higher byte and we'll lose that higher byte . Pic­
torally, it will look like: 

before move after move 

.xxxxxxxx .. 
xxxxxxxx . . . .x ...... x .. 
x ... ... x .. . .x ...... x .. 
x ...... x .. . .x ...... x .. 
x ...... x .. . . x . ..... x .. 

x ...... x .. . .x ...... x .. 
x . . . . .. x .. . .x ....... x . . 
x .... . . x . . . . xxxxxxxx .. 
xxxxxxxx .. . 
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Conversely, to move the player down the screen 1 byte, we'll need 
to begin by moving the bottom byte first, and we'll work our way 
up the player. 

There's one final problem. In the picture above, the bottom of 
the player would really be 2 bytes high after being moved, since 
although we have placed a copy of the bottom byte in the correct 
position 1 byte higher, we have not moved anything into the space 
originally occupied by this bottom byte. If we don't correct for this 
problem, the new figure will look like this: 

xxxxxxxx 

x ...... x 
x • . .... x 
x ...... x 
x •....• x 

x ..•..• x 
x • .... • x 

xxxxxxxx 

xxxxxxxx 

In fact, if we don't correct for this, as we move the figure up the 
screen, we'll leave a tail dangling behind the figure, a clever effect, 
but not what we intended at all! 

Fortunately, there is an easy way to solve this problem; just 
move 1 byte more than is in the player. Note that since the player is 
8 bytes high, if we move 9 bytes, we'll be moving a zero byte into 
the space formerly occupied by the bottom of the player; so the 
new player will still have a single line at the bottom, instead of the 
double line pictured above. Obviously, when we are moving the 
player down the screen, we can also move 9 bytes instead of 8, 
solving the problem there, as well. Now that we know how to move 
the players both horizontally and vertically, let's look at the whole 
routine, and then we'll describe it in detail. 

0100 i ****************************** 
0110 iinitialize locations 

0120 i ****************************** 
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0000 
OOCC 
OOCE 
D]OO 
DOOO 

01]0 *= $600 jsafe place for routine 
0140 YLOC $CC jindirect addr. for Y 
0150 XLOC $CE jto remember X position 
0160 STICK $D]OO jhardware STICK(O) location 
0170 HPOSPO $DOOO jhorizontal pos. 

0180 j ****************************** 
0190 jnow read the joystick #1 
0200 ****************************** 

PO 

0600 68 0210 PLA jkeep the stack neat 
0601 ADOOD] 0220 LDA STICK jget joystick value 
0604 2901 02]0 AND #1 jis bit 0 = 1? 
0606 F016 0240 BEQ UP jno - 11,12 or 1 o'clock 
0608 ADOOD] 0250 
060B 2902 0260 
060D F020 0270 
060F ADOOD] 0280 SIDE 
0612 2904 0290 
0614 F02E 0300 
0616 ADOOD] 0310 
0619 2908 0320 
0613 F02F 03]0 
061D 60 0340 

LDA 
AND 

BEQ 
LDA 
AND 

BEQ 
LDA 
AND 

BEQ 
RTS 

STICK 
112 
DOWN 
STICK 
#4 
LEFT 
STICK 
#8 
RIGHT 

jget it again 
j is bit 1 = 1? 
jno - 5,6 or 7 o'clock 
jget it again 
jis bit] = 1? 
jno - 8,9 or 10 o'clock 
j get it again 
j is bit 4 = 1? 
jno - 2,] or 4 o'clock 
jjoystick straight up 

0350 ****************************** 
0360 jnow move player appropriately 
0370 jstarting with upward movement 
0380 j ****************************** 

061E A001 0390 UP LDY #1 jsetup for moving byte 
0620 C6CC 0400 DEC HOC jnow 1 less than YLOC 
0622 B1CC 0410 UP1 LDA (noc),Y j get 1st byte 

1 

0624 88 0420 DEY jto move it up one position 
0625 91CC 
0627 C8 
0628 C8 
0629 COOA 
062B 90F5 
062D BOEO 

062F A007 
06]1 B1CC 
06]] C8 

04]0 STA (noc),Y jmove it 
0440 INY jnow original value 
0450 INY inow set for next byte 
0460 CPY #10 jare we done? 
0470 BCC UP1 jno 

0480 BCS SIDE jforced branch!!! 
0490 ****************************** 
0500 jnow move player down 
0510 j ****************************** 
0520 DOWN LDY #7 jmove top byte first 
05]0 DOWN1 LDA (YLOC),y iget top byte 
0540 INY i to move it down screen 
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0634 91CC 0550 STA (noc) , Y ;move it 
0636 88 0560 OEY ;now back to starting value 
0637 88 0570 OEY ;set for next lower byte 
0638 10F7 0580 BPL OOWNl ; if 1) = 0 keep go ing 
063A C8 0590 INY ;set to zero 
063B A900 0600 LDA #0 i to clear top byte 
0630 91CC 0610 STA (nOC), Y ;clear it 
063F E6CC 0620 INC YLOC ;now is 1 higher 
0641 18 0630 CLC ;setup for forced branch 
0642 90CB 0640 BCC SIDE ;forced branch again 

0650 ****************************** 
0660 ;now side- to-side left first 

0670 ; ****************************** 
0644 C6CE 0680 LEFT OEC XLOC ito move it left 
0646 A5CE 0690 LDA XLOC ; get it 
0648 800000 0700 STA HPOSPO ;move it 
064B 60 0710 RTS ; back to BASIC - we I r e done 

0720 ****************************** 
0730 ;now r i ght movement 

0740 ; ****************************** 
064c E6CE 0750 RIGHT INC XLOC ito move it r i ght 
064E A5CE 0760 LOA XLOC ;get i t 
0650 800000 0770 STA HPOSPO ;move it 
0653 60 0780 RTS ;back to BASIC - we I r e done 

Let's look at the construction of the program as a whole - the 
program flow. We first test to see if the joystick is pressed up. If it 
is up, we branch to UP. If not, we test for down, and if it 's down, 
we branch to DOWN. In either of these cases, after moving the 
player, we need to go back to test for side-to-side movement, since 
it is possible to move both horizontally and vertically simultane­
ously. This branch back to test for horizontal movement is accom­
plished by forced branches in lines 480 and 640. In line 480, the 
carry bit must be set, since if it were not, line 470 would have bran­
ched away from line 480. In line 640, the forced branch is even 
more obvious, since in line 470, we clear the carry bit and then 
branch if the carry bit is clear, as we know it must be! Why not just 
jump back to SIDE? Again, because we want the routine to be 
relocatable, and if we use any JMP commands, it will not be. This 
technique of the forced branch is common in relocatable code, and 
is fairly easy to accomplish, now that you know how. 
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Once we've tested for both horizontal and vertical movement, 
we're done and can return to BASIC. Note that this routine con­
tains three RTS instructions. There's no rule about a routine having 
only one RTS; whatever works, do! In this case, we can return if 
the stick is vertical (line 340) or if we've moved the player left (line 
710) or right (line 780), since in any of these three cases, we've 
exhausted the possibilities, testing for every combination of move­
ments. 

The specific code for moving right or left reads the current X 
coordinate from its storage location , incrementing or decrementing 
it as appropriate, and stores it in both its storage location again and 
the horizontal position register for player zero, HPOSPO. 

Now we' ll discuss vertical motion. Since moving the player up 
the screen results in a Y position 1 unit less than its initial value (the 
lower the Y coordinate, the higher the player appears on the 
screen), we will need to eventually decrement the YLOC value . We 
can take advantage of this decrementing if we do it near the begin­
ning of the routine. When YLOC is decremented, it points to the 
destination of the top byte of the player. Setting Y to 1 allows the 
command labeled UPI to point initially to the top byte of the 
player, in its original location . We then decrement Y, and the next 
STA instruction puts that byte in its new, higher location on the 
screen. We must then increment Y twice, once for the decrement we 
went through and once to get the next byte. We're going to move 9 
bytes, and we started with Y = 1, so when Y = 10, we're done. If we 
are not done, we'll go back up to get the next byte, and if we are 
done, we'll take the forced branch back up to check for horizontal 
motion. The technique here is to use indirect addressing for both 
the LDA and the STA, but changing the offset (Y register) by 1 
between the LDA and the STA. That allows us to load from one 
location and store into another, without a lot of fuss. 

We'll use a slighly different algorithm to move a player down 
the screen. As mentioned above, we begin with the bottom byte, so 
we set Y equal to 7 (the bytes are 0 to 7 in this case). We LDA 
indirect, then increment the Y register, and then STA indirect, like 
we did above, but in this case, we store into a higher location than 
we load from. We then decrement twice, once for the increment and 
once to get the next byte, and if Y is still greater than or equal to 
zero, we keep going . If not, we'll store a zero into the original 



108 Learning Assembly Language 

lowest byte, by incrementing Y to set it back to zero (it had reached 
- 1, or $FF in hexidecimal) and storing a zero into YLOC, indirect. 
Then we increment YLOC, since we've moved the player down 1 
position on the screen, and force a branch back to check for hori­
zontal movement. Note that when we moved up the screen, we ac­
tually moved 9 bytes, but when we moved down the screen, we 
moved 8 bytes, and then stuffed a zero to eliminate the tail of the 
player. We used two methods in order to show that either works. 

By the way, one concern you may have about this routine is 
that it reads the joystick four separate times. "What happens," you 
may ask, "if the position of the joystick changes between reads?" 
If we calculate the time over which all four reads of the joystick 
occur, we can see that all reading takes place in less than 25 micro­
seconds. Little chance of a change in that time span! 

Now that we have our machine language routine, all we need to 
do is incorporate it into a BASIC program which can use it appro­
priately. Such a program is given below: 

10 TOP = PEEK (106) -8: REM Save 8 pages 
20 POKE 106,TOP:REM Make room for PMG 
30 GRAPHICS O:REM Reset display list 
40 PMBASE = TOP*256: REM Set up PM area 
50 POKE 54279,TOP :REM Tell ATARI where PMBASE is 
60 INITX= 120:REM Initial X position 
70 INITY = 50: REM Initial Y position 
80 POKE 559,46:REM Double line resolution 
90 POKE 53277,3:REM Enable PM 
100 GOSUB 20000 :REM Set up our routine 
110 FOR I=PMBASE+512 TO PMBASE+640:REM PM Memory 
120 POKE I,O:REM Clear it out 
130 NEXT I:REM Could use ERASE$ here! 
140 RESTORE 25000:REM Player data is stored here 
150 Q = PMBASE+ 512tINITY: REM Where player will be in memory 
160 FOR I = Q TO Q+ 7: REM Player is 8 bytes high 
170 READ A:REM Get player data 
180 POKE I,A:REM Put it in proper place 
190 NEXT I:REM And so on 
200 POKE 53248,INITX:REM Setup X position 
210 YHI = INT( Q/256) : REM High byte of initial Y position 
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220 YLO= (PMBASE+512+INITY)-YHI*256:REM Low byte 
2]0 POKE 204,YLO:REM Tell ML routine where Y is 
240 POKE 205,YHI:REM Tell ML routine where Y is 
250 POKE 206,INITX :REM Tell ML routine where X is 
260 POKE 704,68:REM Make player red 
270 Q=USR(ADR(JOYSTICK$)):REM Let's try it! 
280 GOTO 270:REM Just loop 
20000 DIM JOYSTICK$(87):REM Where to put routine 
20010 FOR 1=1 TO 87: REM Length of routine 
20020 READ A:REM Get a byte 
200]0 JOYSTICK$(I,I) =CHR$(A) : REM Put it into string 
20040 NEXT I:RETURN :REM All done 
20050 DATA 104,17],0,211,41,1,240,22,17],0 
20060 DATA 211,41,2,240,]2,17],0,211,41,4 
20070 DATA 240,46,17],0,211,41,8,240,47,96 
20080 DATA 160,1,198,204,177,204,1]6,145,204,200 
20090 DATA 200,192,10,144,245,176,224,160,7,177 
20100 DATA 204,200,145,204,136,136,16,247,200,169 
20110 DATA 0,145,204,230,204,24,144,203,198,206 
20120 DATA 165,206,141, 0,208 ,96,230,206,165,206 
20130 DATA 141,0,208,96,0,208,96 
25000 DATA 255,129,129,129,129,129,129,255 

Line 100, which sets up the subroutine we just wrote, prepares 
us to call the subroutine in line 270. Note that line 280 just loops 
back to this subroutine call, so all that this program will do is move 
the red, hollow square player around the screen. The program 
could be expanded considerably by adding code from line 280 on, 
as long as line 270 remains in the main loop of the game. Each time 
line 270 is accessed, the joystick is read and the player is moved 
appropriately. Try it! Notice how smooth and even the motion of 
the player is. Then try a similar program all in BASIC, and watch 
how the vertical movement turns the player into an inch-worm, 
slowly crawling up or down the screen. 

The bulk of this program sets up player-missile graphics in BA­
SIC. Since virtually all parameters, from the color of the player to 
its shape and size, are controlled from this BASIC program and not 
from the machine language subroutine, this routine should merge 
nicely with almost any program requiring joystick movement of 
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player zero. With simple modifications that you can now try, it will 
handle other players, other joysticks, or even multiple players and 
joysticks. You can even try adding missiles, perhaps when the joy­
stick button (monitored by location $DOlO) is pressed! The only 
way to really learn assembly language programming is through pro­
gramming, and what better time to start than now? 





-

-



THE ANTIC CHIP 

In one very important regard, your ATARI computer is unique 
when compared with most other availab le microcomputers. Most 
microcomputers contain a single microprocessor, the 6502 or Z-80 
or one of the many others available. Your ATARI, however, has 
four microprocessors, three of which have been specifically de­
signed by ATARI and are unique to their computers . In this chap­
ter, we will discuss one of these, called ANTIC. 

The ANTIC chip in your ATARI computer is responsible for 
the video display which is such an important feature of ATARI 
computers. In most other microcomputers, the microprocessor is 
responsible not only for calculations and program flow, but also 
for maintaining the video display. ATARI designed the ANTIC chip 
to relieve the 6502 of this burden, allowing ANTIC to handle the 
video display and the 6502 to handle the program which is running. 

DISPLAY MEMORY 

A specific area of RAM is set aside in your ATARI to house the 
information which your program is to display on the TV or moni-
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