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EASTERN FRONT DOCUMENTATION PACKAGE 

This package contains material of value to any programmer attempting to 
study the program EASTERN FRONT (1941). My purpose In making these materials 
available Is to provide programmers with an Instructive lesson In designing 
and programming a major game. This program demonstrates many aspects of the 
game designer's art: high-level design concepts, algorithms for wargames, 
programming structure and technique, and specific appl !cations of the special 
capabll !ties of the ATARI Home Computer•. I cannot claim that the program is 
of textbook c I ar I ty; Indeed, It Is fraught w I th c I umsy I nan it I es. I made no 
efforts to concea I or correct the m I stakes In the program. I be I I eve that 
most programmers I Ive by a doub I e standard. They expect a I I code to be 
clean, tight, and elegant, yet they are seldom able to achieve this goal. I 
wanted to show this program "warts and a I I". I am not proud of the warts; I 
simply won't deny their existence. Furthermore, they are themselves 
Instructive. By studying them, the programmer can see how mistakes are made 
and can better avoid them. 

My hope Is that peop I e w 11 I study these mater I a Is to become better 
programmers with the ATARI Home Computer. There wll I also be smal fer-minded 
Individuals who see them not as Instructional materials but as sources of 
prof It. I 'm sure some yoke I w I I I perform some tr Iv I a I mod If I cat Ions to the 
code and start set I Ing WESTERN FRONT 1944 or some similar rip-off. Modifying 
an existing program Is a useful exer~lse for the beginning programmer. 
Se 111 ng such a program w I thout proper author I zat I on Is not I ega 11 y secure, 
economl ca 11 y rea 11 st ic, or profess Iona 11 y respectab I e. If you are serf ous I y 
Interested In modifying EASTERN FRONT 1941 for commercial reasons, then 
contact me before you begin work. I wll I entertain proposals for extensions 
which do not sully the original product. 

This Is a very complex program; to explain completely al I aspects of the 
program would take far too much space. I have tried to Include In this 
package a I I the key I terns that a programmer wou Id need to understand the 
program. I assume that the user of this package is a I ready a competent 
programmer who Is familiar with assembly language and the structure of the 
ATARI Home Computer. I a I so assume that you have p I ayed the game and 
understand I ts fun ct Ions. Th Is makes my task shorter. If you are a 
beg Inning programmer, you w i I I not be ab I e to understand what Is In here. 
Even the competent programmer w 11 I f Ind some of the qu Irks of this program 
mystifying. A few of these strange quirks are brll llant strokes of 
programming genius; the majority are simple mistakes. 
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The fol lowing items are Included In this package: 

Program structure overview 
Data module explanation 
Interrupt module explanation 
Mainline module explanation 
Combat module explanation 
Thinking module explanation 
Narrative history of development cycle 
Character set descriptions 
Memory map 
Terrain map 
Unit characteristics charts 
DLI sequence chart 
Point system for artlflclal Intel I lgence 
Tumblechart for artlflctal Intel llgence 
Terrain values table 
Data module source code listing 
Interrupt module source code I !sting 
Mainline module source code llstlng 
Combat module source code I !sting 
Thinking module source code llstlng 
Source code on diskette 
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EASTERN FRONT STRUCTURE 

EASTERN FRONT 1941 is d Iv I ded Into s Ix modu I es. The program was 
deve I oped with the Atari Assemb I er /Ed I tor cartr I dge, which has no I inking 
fac 111 ty. Therefore, the modu I es were I Inked by hand. This makes the 
program more difficult to understand and modify. 

The six modules and their functions are as fol lows: 

FONTS.DAT 
EFT18D.ASM 
EFT181 .ASM 
EFT18M.ASM 
EFT18C.ASM 
EFT18T.ASM 

a data module containing character fonts for the map 
Data module: display list, map and troop data 
Interrupt routines: joystick, scrolling, orders 
Mainline: lnltlallzatlon, movement, seasons 
Combat: combat and logistics routines 
Thinking: artlf lclal Intel I lgence routines 

The sequence above Is the historical sequence In which the modules were 
developed. The later modules are structurally higher than the earlier ones. 
They frequently make use of subroutines and tables In the earlier ones while 
the reverse Is rare. 

The program was designed to run In a 16K machine with a cassette only. 
To achieve this goal I had to scrunch the program very tightly. The lack of 
good I Ink Ing f ac I I It I es made scrunching a d I ff I cu It task. I was forced to 
take some subroutines and data tables out of one module and Insert them Into 
another module. Many times the positioning of ~ subroutine or table was 
decided not by logic or structure but rather by the fortuitous discovery of 
a chunk of space In one module that was precisely the right size to 
accorrmodate the homeless code. 

Virtually al I of the memory space aval I able to the 16K system Is used. 
There are a few unused chunks of RAM, but they are rather sma 11 • I d Id 
preserve the 1K region used by the Operating System for Its Mode 0 display 
list and display data. This RAM could be stolen by a desperate programmer, 
but the Mode 0 d I sp I ay shown wh i I e I oad Ing the program wou Id go w ii d, 
possibly frightening the user Into unfortunate recourse to the SYSTEM RESET 
key. The programmer shou Id study the g I oba I memory map on page 54 very 
closely before appropriating any memory. You should also refer to the 
appropr I ate source code I I st Ing. I repeat, there Is very I I tt I e ava I I ab I e 
memory. 
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DATA MODULE 

This Is the simplest of the modules. It is nothing more than a 
col lectlon of data bytes. Many inexperienced programmers think of a program 
in terms of the executable code. The code Is only one portion of the entire 
program. The data is the other major component. Both components are 
necessary, but many programmers neglect the data. Don't make this mistake. 
The data needs as much attention as the code. 

MILITARY STATE VARIABLES 

The first data tables are the values for the mil ltary units. These are 
presented In a more order I y f ash I on In the Un It Character I st I cs Chart on 
pages 56-58. There are 159 different units recognized in this game. Of 
these, 54 are German and 105 are Russian. These numbers are critical; you 
wl I I see them often In the code In one form or another. 

The first two data tables are CORPSX and CORPSY (lines 30-330). These 
tables specify the Initial map coordinates for the mil ltary units, corps for 
the Germans and armies for the Russians. The coordinate system Is the same 
one used for the map; see the map reproduced on page 55. 

The next two data tables are MSTRNG and CSTRNG Clines 340-570). These 
tab I es store the muster and combat strength of the un Its. The combat 
strength is In it I a I I zed at the beg Inning of the game to equa I the muster 
strength. 

Next comes the SWAP tab I e C I Ines 580-790) • This tab I e serves two 
purposes. It contains the character type of the unit (Infantry or amor) for 
use when the unit Is put onto the map. The same table also acts as a buffer 
to store the terrain underneath the unit. The unit's Image Is swapped with 
the terrain Image, hence the label. 

The table cal led ARRIVE (I Ines 800-1000) tel Is the turn on which each 
unit first arrives on the map. It Is a reinforcement schedule. Note that 
some units are set to arrive on turn 255. As In the real world, It Is 
somet I mes more convenient to postpone beyond reason ab I e I Im I ts some 
commitment that we cannot actually refuse but no longer wish to honor. This 
table Is frequently used to determine If a unit Is on the map. Many sections 
of code begin with LOA ARRIVE, X/CMP #$FF/BEQ NEXT to weed out units that are 
either already dead or not yet on the map. 

CORPT ( I Ines 1180-1380) spec If I es the type of un It. There are many 
different types of units In this game, but only three types are recognized In 
the mechanics of the game: Infantry, armor, and ml I ltla. I do recognize 
different types of un r ts tor i dent If I cat I on purposes. There are 
panzergrenadler, mountain, paratroop, and SS units for the Germans and 
Guards, tank and shock armies for the Russians, among others. There are also 
the different national !ties. Al I these factors are encoded In the single 
CORPT constant. 

CORPNO Cl Ines 1390-1590) specifies the mil ltary unit number, as in the 
48th Panzer Corps. This ls another quantity that has no signltlcance to the 
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operation of the game but is Included for the unit description when a unit is 
examined. Such nonfunctional elements In a game are referred to as "color". 
I ca 11 them "d I rt". My bad manners are exceeded on I y by my hypocrisy, for I 
stl I I use such elements In my own games. Oink. 

These e I g ht parameters comp I ete I y determ I ne the state of a m 11 I tary 
un It. They were the f I rst I terns I def I ned when I set about des I gn Ing the 
game. By defining them at the outset, I fixed what the game would and would 
not be ab I e to do. This I ent focus to the des I gn. Before do Ing any 
simulation, you must declare precisely what you know before you attempt to do 
anything with It. 

WORDS TABLE 

Another chunk of this modu I e Is devoted to the WORDS tab I e ( I Ines 
1010-1170), which gives the text strings used In the text windows. I decided 
to use a fixed field size of eight characters rather than a variable field 
size. There are only a few cases where the words I need are too long to f It: 
SEPTEMBR, HUNGARAN, PARATRP, PZRGRNDR. The decision to use eight characters 
per f I e Id was a good one. The code to put text on the screen is fast and 
simple, and the data tables required are short. 

CONVERTING BYTES TO DIGITS 

Line 1600 begins one of the strangest ideas I have ever Implemented In a 
program. It Is a I so one of the stupidest. I \':as worrl ed about the 
conversion of hexadecimal byte values In my tables Into numeral strings on 
the screen. Whenever the p I ayer presses the button to ra I se a unit In the 
cursor, the Interrupt rout I ne must put a cons I derab I e amount of in format I on 
into the text window. It must first find out which unit Is In the cursor, 
then I ook up the un It's CORPNO, CORPT, MSTRNG, and CSTRNG. It must then 
trans I ate a 11 these quantities Into readab I e text and p I ace that text onto 
the text window. Furthermore, the entire operation must be completed during 
the 2000 machine eye I es ava I I ab I e In the vert I ca I b I ank Interrupt rout I ne. 
These requirements Impose severe time constraints on any code. 

My solution was pretty ruthless. I created three tables In memory, one 
for the hundreds digit of a byte, one for the tens digit, and one for the 
ones digit. With these tables the task of hexadecimal to decimal text 
conversion became simple. I put the byte to be converted Into the X register 
and LOA HDIGIT,X. That one Instruction produces the hundreds digit. Similar 
operations with TDIGIT and ODIGIT give the other digits. The total time for 
conversion ls 12 cycles. That's extremely fast! Unfortunately, It Is also 
extremely RAM-expensive. Those three tables require 768 bytes. 

The alternative is to calculate the conversion value rather than look it 
up. The fol lowing routine Is a standard way to solve the problem: 
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; start with byte to be converted In accumulator 
LOX #$FF 
SEC 

LOOP1 INX 
SBC #$64 
BCS LOOP1 
STX HDIGIT 
ADC #$64 
LOX #$FF 
SEC 

LOOP2 INX 
SBC #$0A 
BCS LOOP2 
STX TDIGIT 
ADC #$0A 
STA ODIGIT 

This code wt I I require at most 108 cycles to execute. Now, 108 cycles 
Is not much machine time, but the conversion has to be done three times 
during vertical blank Interrupt. Thus the method I chose to use saves me 
near I y 300 machine eye I es out of 2000 ava I I ab I e. That Is why I chose a 
memory-wasteful algorithm. 

Did I make the right decision? It is very difficult to calculate how 
many cycles my routine needs. I know that it consumes at least 1700 cycles 
in the worst case. Without a logic analyzer it Is very dlfflcult to say 
anything more. I might have gotten away with the standard algorithm. This 
discussion I I lustrates the nature of the guesswork that a designer must use. 
When you are in the early stages of writing a program, you have no way of 
know Ing how b I g or how s 1 ow your code w i I I be. You must re I y on hunches. 
My hunch told me to trade memory for time. Such conservatism ls very 
Important In the early stages of the programming phase. Once a problem Is 
built Into a program, It Is extremely dlfflcult to expunge. Problems should 
be prevented before you have exhausted your reserves of memory and execution 
time. 

MORE MISCELLANEOUS TABLES 

The next table In the data module ls called TXTTBL (lines 2450-2500). 
It is a tab I e of I ong text messages. I chose a f I xed f I e Id I ength of 32 
bytes tor these messages. There are only three messages here. 

MONLEN Clines 2510-2520) is a table giving the lengths In days of the 
months. MONLEN Is 13 bytes long. More astute readers may recal I that this 
does not quite correspond with the number of months In a year. This is an 
examp I e of I azy coding. I chose to number my months from 1 rather than 
zero. It made more sense to me. I was unw i I I l ng to hass I e with the 
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redefinition problem arising from my Inappropriate numbering system. Rather 
than think the prob I em through I dee I ded on a brazen so I ut ion. "What the 
hel 11", I cried, "Let's waste a byte! I've got plenty to spare!" I'm a 
devil-may-care rascal. 

The next two tables, HMORDS and WHORDS Clines 2530-2540), keep track of 
the orders given to the units during the course of the game. They are 
Initialized to zero at the beginning of the game. HMORDS tells how many 
va 11 d orders are In storage, and WHORDS te 11 s what the orders are. This 
game uses a rectangular grid, so each unit can move In any of four 
directions. It takes two bits to specify one of four orders. Thus, the two 
bytes of WHORDS al located for each unit can store up to eight orders. 

There Is an Interesting bug In EASTERN FRONT 1941 associated with these 
two tab I es. Under certa In cond It Ions HMORDS can get a va I ue greater than 
e I ght. When th Is happens the arrow show Ing the future path of the un It 
keeps moving right off the edge of the map. I have never found the cause of 
the bug. The bug Is rare and nondestructive, so I never bothered expending 
the time to track It down. 

BEEPTB Cl lne 2550) Is a table of frequencies used to give feedback when 
the joystick Is used to give orders. 

ERRMSG Clines 2560-2630) Is a table of error messages. Like the other 
text messages, I use a t I xed f I e Id I ength of 32 bytes. On I y tour error 
messages are supported, yet together they consume 128 bytes of RAM. This 
demonstrates why textual error messages are so rare In personal computers. 

The number and type of error messages are a reveal Ing Indication of the 
qua I tty of human engineering In the program. The Ideal program has no error 
messages, because It wou Id make errors I nconce I vab I e. The four errors 
generated by this program could have been avoided with sufficient effort on 
my part. A I I four concern the entry of orders. The "on I y e I ght orders 
a 11 owed" error cou Id have been prevented by the s Imp I e exped I ent of using 
more bytes tor stor Ing orders. Of course, there has to be some k Ind of 
limit, and I think eight Is a reasonable I lmlt, so I can rest easy with this 
one. The "p I ease wa It for Ma I takreuze" error was pure I y a matter of 
programmer convenience; I had prob I ems I mp I ement Ing the code necessary to 
a I I ow orders to be entered I mmed I at I y, so I h Id behind the excuse that the 
user shou Id wa It to see what he has a I ready entered before he adds new 
orders. Aga In, this Is a reasonab I e defense. I now th Ink that I shou Id 
have sped up the arrow so that it moves taster. Th Is wou Id have made the 
error I ess common. The error "That is a Russi an un It" cou Id have been 
dispensed with. It might have been better to Ignore orders given to Russian 
un I ts. I don 1t know about th Is one. The I ast error, "no d I agona I moves 
a I I owed", bothers me great I y. I cou Id have a I I owed d I agona I moves, s I mp I y 
interpret Ing a d I agona I move as a comb I nation of hor I zonta I and vert I ca I 
moves. However, the resolution on the joystick is so poor that many people 
can m I staken I y enter a d I agona I move when they Intended to enter on I y a 
hor I zonta I or vert I ca I move. I am torn between protecting my user and 
accommodating him. 
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The tables In I Ines 2640-2680 are used for logical manipulation of the 
joystick entries and for unit motion. 

TRTAB (I Ines 2690-2700) Is a table of monthly colors for trees. It ls 
the table that al lows me to change the color of the trees as the seasons go 
by. It Is only 13 bytes long. The extra byte can be attributed to my 
wanton disregard for the requlrements of tlght codlng. 

MLTKRZ (I lne 2710) Is a bit map of the maltese cross. 

The RAM from $6000-$63FF Is reserved for the two graph I cs character 
sets. They are contained In ft le FONTS.DAT. 

The d I sp I ay 11 st comes next ( 11 nes 2780-2830). It Is rather I ong 
because I reload the memory scan counter on each ANTIC mode 7 I lne. This Is 
necessary for proper f I ne sere I I Ing. Note a I so the b I ank I Ines Inserted 
Into the display list. 

ARRTAB (I lne 2840) Is a bit map of the arrows used to dlsplay existing 
orders. One shape Is used for each of the four cardinal directions. 

The screen data for the text window comes next. An Interesting oddity 
of the text window arises from the history of the program. I originally put 
the date window In the main text window at the bottom of the screen. Later 
on I decided for aesthetic reasons to move the date window to the top of the 
screen • This was accomp I I shed w I th a s I mp I e change In the d I sp I ay I I st. 
The upshot of th Is Is that the screen data area for the date w I ndow comes 
after the screen data area tor the text window at the bottom of the screen. 

Llnes 2950-5400 contain the map data. This huge chunk contains al I of 
the terrain. It acts both as display data and as terrain behavior data. I 
had no need to keep separate Images of the map, one for display and one for 
computations. The same 2K chunk fil Is both needs. The numbers stored here 
are the character codes for the ANTIC mode 7 d I sp I ay. The 127 code Is a 
border character used to Ind I cate the edge of the map. For a fu I I er 
understanding of how the map works, consult the map Image figure and the 
character set definition. 

Line 5410 gives a table called STKTAB. This table Is used In decoding 
joystick values. You may have noticed that I use tables rather heavl ly. In 
general, table-driven solutions to programming problems are frequently more 
desirable than solutions Implemented directly In code. They offer far 
greater f I ex I b 11 I ty and are norma 11 y s I mp I er to program. Furthermore, 
tab I e-dr I ven rout Ines norma I I y execute faster than code- Intensive rout Ines. 
This point Is discussed further In the comments on the Interrupt module. 

The TRNTAB C I Ines 5440-5490) spec If i es the number of sub turns expended 
to enter a given type of square under given weather conditions. A wargamer 
would cal I it a movement point costs chart. An entry of 128 indicates that 
the square In question can never be entered. The operation of this table Is 
a I i tt I e messy. There are ten terrain types supported, w I th d I fferent 
values for each of three seasons and two unit types. Thus, there are sixty 
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entries In this table. Ten entries for infantry alternate with ten entries 
for armor. Twenty entr I es for summer are fo I I owed by twenty for mud and 
twenty tor snow. The SSNCOD table on line 5430 gives an Index Into TRNTAB 
as a function of month. The terrain table Is on page 63. 

The four fol lowing tables CBHX1 through BHY2~-I Ines 5500-5570) specify 
blocked movement paths. One of the worst problems I encountered In 
design Ing the movement a Igor I thms of this game I nvo I ved b I ocked movement. 
It Is a slmple matter to determine whether motion into a partlcular type of 
square, say an ocean square or a border square, Is forbidden. Just look at 
the terrain type and you know that no unit can enter the square. However, 
there are unfortunate circumstances In which two legitimate squares can be 
Inaccessible to each other. For example, consider the coastline squares of 
southern F 1 n I and and northern Eston I a. These squares are adjacent to each 
other and are al I land squares, so a slmple-mlnded program would al low units 
to move freely from one square to the other. The only problem with this ls 
that the Gu If of Bothn I a II es between the two coast 11 nes. Armies cannot 
walk on water. How can the program detect this condition? 

I wrest I ed w Ith a number of poss i b I e a Igor I thms. Most of my ear I y 
attempts focused on devising an Intelligence that would perceive the nature 
of the situation and act accordingly. I tried al I sorts of clever 
a Igor lthms. Al I were b lg and slow. None worked re 11 ab I y. The scheme I 
finally chose Is remarkably stupid. I found only 11 pairs of squares on the 
map that caused th Is prob I em. I created a tab I e of these square pa I rs. 
During movement, the program tests If the unit Is attempting to move between 
a forb I dden pa Ir. If so, movement Is den I ed. The tab I e I abe Is stand for 
Bad Hex X coordinate 1, Bad Hex Y coordinate 1, etc. I'm an old time 
wargamer and I st 11 I think In terms of hexes even though the game uses 
squares. 

This case Is an exce 11 ent examp I e of the usefu I ness of tab I e-dr I ven 
solutions. Logic-driven solutions did not work acceptably, yet the 
table-driven solution was simple and easy to Implement. 

The last chunk of RAM reserved by the module Is EXEC. This table holds 
the execution times of the units. The number stored here specif les the 
subturn In which the unit's next order wt I I be executed. 
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INTERRUPT MODULE 

This module handles al I of the 1/0 for the game. It consists of two 
routines: a vertical blank interrupt routine which is executed at the 
beginning of each frame, and a display I 1st interrupt routine which Is 
executed several times during each frame. It Is not possible for these two 
routines to operate together, or for one routine to Interrupt the other. The 
vert i ca I b I ank Interrupt routine reads and responds to the joyst I ck. It 
performs the scrol I lng, picks up units and displays the unit data, accepts 
orders Inputs, and d 1 sp I ays ex I sting orders. The ent I re vert I ca I b I ank 
Interrupt routine must operate under tight timing requirements, as there are 
only 2000 machine cycles available during vertical blank. 

COORDINATE SYSTEMS 

The coordinate systems used by this module wll I drive you nuts. I must 
admit that I didn't quite know what I was doing as I wrote this module, so 
whenever I encountered a problem I simply spawned a new coordinate system to 
dea I w l th l t. The resu It Is a madden l ng p I ethora of systems and un I ts of 
measurement. To some extent I can blame the problems on the complexity of 
hand I l ng a constant space that must be addressed l n sever a I d 1 f ferent ways 
and can also scrol I across the screen. When player-miss I le graphics, with 
their independent coordinate system, are thrown In, the situation gets 
messier. 

The f I rst coord I nate system keeps track of the cursor aga Inst the 
background of the map. This coordinate system is measured In units of color 
clocks and pairs of scan I Ines. Its baste unit Is the smallest visual 
Increment on the screen. This coordinate system sees the map as a grldwork 
304 pixels high and 360 pixels wide. The position of the cursor ln this 
system ts recorded in zero-page addresses CURSXL, CURSXH, CURSYL, and CURSYH. 
This system ls used for managing the scrolling functions. 

The second coordinate system Is a character-level version of the first 
system. This system measures the map as a grldwork 38 characters high and 45 
characters wide. This system Is usefu I for ascerta In Ing the unit or terra l n 
that the cursor is over. It Is maintained with the zero-page variables 
CHUNKX and CHUNKY. 

The third coordinate system maintains player-mlsslle screen coordinates. 
It uses SHPOSPO (shadow of horizontal position of player 0) and SCY (shadow 
of cursor Y-coordlnate). This coordinate system Is critical for al I 
p I ayer-m I ss 11 e man i pu I at ions, for It Is the on I y I Ink between the sere I 11 ng 
map and the player coordinates. 

The fourth and final coordlnate system Identifies the position of the 
map re I at i ve to the screen. It ls usefu I for ca I cu I at ions i nvo Iv Ing the 
relationship between the map as a whole and the subset that the user sees. 
It uses the variables XPOSL, YPOSL, and YPOSH. 
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DATABASE 

There are three primary database regions used by the Interrupt service 
rout Ines. The f I rst is the data area on page zero In I ocat Ions $BO-$BF. I 
a I I ocated a good port I on of my ava I I ab I e page zero space for the Interrupt 
routines because they are so tlme-crltlcal. Most of the values stored here 
are coordinates. The second database region Is the variable storage area on 
page six. This Is used for single-byte variables (not tables) that have 
lower priority. Most of these values are also coordinates for the various 
graphics critters that run around on the screen. There are also a variety of 
counters and mlscel laneous variables. The third database area for these 
routines Is the database established by the data module. This consists of 
tab I es. 

PERSONAL PROGRAMMING STYLE AND CONVENTIONS 

A word on my persona I programm Ing pract Ices Is In order. Every 
programmer has I I tt I e conventions about wr It Ing code and assign Ing I abe Is. 
My conventions are simple. Labelled points that are merely the destinations 
of branches that sk Ip over code are g I ven mean Ing I ess I abe Is. These points 
are typlcal ly not sign If I cant entry or exit points, but rather simple highway 
markers. I have found that try Ing to cook up descr I pt i ve I abe Is for every 
destination point taxed my I lmlted creative powers too heavily. I therefore 
adopted the slmple expedient of label llng them In sequence X1, X2, X3, etc. 
up to X99. When I ran out of X's I went to Y, then Z, then A. This does not 
mean that I used 400 such labels. I wrote many sections of code that I later 
dlscardec; I discarded old labels along with old code. 

Looping points were a I ways ass I gned the I abe I LOOPXX, where XX Is a 
two-digit number. When I reached LOOP99, I went to LOOPA, LOOPB, etc. Only 
major entry points or truly significant program points received meaningful 
I abe Is. 

Variables are usually assigned meaningful names, although sometimes the 
references are obscure. I prefer to use defining suffixes rather than 
prefixes. Thus, coordinates wll I have an X or a Y suffixed to Indicate their 
d I mens ion. The suff I xes LO and HI Ind I cate the I ow order and high order 
bytes of a 16 b It number such as an address. CNT or NDX norma I I y Ind I cate 
some type of counter or Index. FLG Indicates a flag which is set to Indicate 
a condition being met and cleared to Indicate the condition not being met. 

I a I ways set as I de sever a I temporary var I ab I es ca I I ed TEMPth is or 
TEMPthat. My rule for such variables Is absolute: such a variable Is always 
usable for very short-term storage and may never be used for storage 
exceeding one-half page of source code. I have a short memory. 

VERTICAL BLANK INTERRUPT CODE 
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The VB I routine begins at $7 400. It beg l ns with a now-defunct break 
routine that I used for debugging purposes. This ls a valuable tool for any 
serious programmer. It ls prudent to build diagnostic tools Into the 
software to facl I ltate debugging. This tool ls keyed to the joystick in 
contra 11 er jack #2. You can jump out of the program and back into the 
Assembler/Editor cartridge by plugging a joystick Into controller jack #2 and 
pressing the tr I gger button. I masked out the code by brute force In the 
f Ina I vers I on. I be I I eve so strong I y In the Importance of good debugg Ing 
tools that I did not mask out the routine until the very last minute. 

The next section of code hand I es the hand I cap opt I on. It reads the 
con so I e to see If the OPTION key is pressed. If so, It sets the hand I cap 
flag and changes the color in the text window. The change Is effected by a 
rather sorry example of self-modifying code. I'm getting finicky about 
self-modifying code. To be worthwhile It really should do something 
surprising. This particular appl !cation accompl !shed nothing more than to 
save me a few m I nutes of programmer t I me and destroy any I ast shreds of 
respectabll lty the program may have had. 

The code beginning at line 2000 determines the state of the button and 
responds to It. It Is tr I eked by the var! ab I e BUTMSK, a button mask set or 
cleared by the main I lne routine to prevent the vertical blank Interrupt 
rout I ne from respond Ing to the button. There are actua I I y two cond It Ions 
that must be tested. The first condition ls the current state of the button, 
and the second Is the state of the button l n the I mmed I ate I y preced Ing VB I • 
The previous state of the button is recorded l n BUTFLG. If both are fa I se 
( ne I ther the button is down nor was It down ear I I er) then we i mmed I ate I y 
proceed to test the joystick. Recal I that the button-down condition is 
signal led by the critical bit being zero. If the button was down but Isn't 
now down, then it was just re I eased, and we must c I ear the text w l ndow and 
clear any flags and sounds that had been set. We must also unswap any unit 
in the cursor (more on this I ater). FI na I I y, we c I ear out the ma I takreuze 
and the arrow In case they were being displayed. 

If the button was down and is sti 11 down, CBUTHLD> we must test the 
joystick for orders. First we check for a space bar being pressed; this 
wou Id cause the orders to be c I eared. Then we move the arrow ( I l nes 
2660-3330) until It reaches the maltakreuze. The task of moving the arrow ls 
involved. The unit's orders must be retrieved and the relevant order must be 
stripped out of the byte. The arrow must be positioned and moved according 
to the order stored. Furthermore, the display Is not done in a single pass 
of the vertical blank Interrupt but In several. The speed of the arrow Is 
set with the operand of the Instruct I on In I I ne 2630. The di sp I ay of the 
maltakreuze Is a somewhat simpler task (I Ines 3370-3590). The critical 
va I ues for this routine are CBASEX, BASEY) which g Ive the p I ayer-m Issi I e 
coordinates of the displayed unit, and CSTEPX, STEPY) which give the 
player-missile coordinates of the arrow along Its path. 

The next button response routine Is called FBUTPS and Is the response to 
the first pushing of the button. This one does a lot of work. First it 
calculates CCHUNKX, CHUNKY) from the cursor coordinates. Then it attempts to 
find the unit <If any) underneath the cursor. This search alone can consume 
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1700 machine cycles. If It ta! ls to find a match, the routine terminates. 
It lt finds a unit under the cursor, then It must display the Information on 
the unit. 

The display routine ls tong Cl Ines 4430-5350) but straightforward. The 
Y-reglster acts as an Index Into the text window for all display 
computations. As the characters are put Into the text window, Y is 
Incremented. The Important coord I nates BASEX, BASEY are computed In I Ines 
5070-5240. These coord I nates are exressed In the p I ayer-m I ss i I e coord I nate 
system. They are computed from the cursor coordinates SHPOSO and SCY. 
Un I Ike the cursor, wh I ch can stradd I e map gr Id 11 nes, they must be proper I y 
reg I stered In the map gr I dwork. The computat Ions in these I Ines center 
BASEX, BASEY on the unit. 

The HMORDS and WHORDS values are shadowed out of their tables and Into 
special locations on page six CHOWMNY and ORD1, ORD2). This Is done In I Ines 
5280-5340; Its purpose Is to make the orders processing simpler. 

The orders Input routine fol lows Cl Ines 5390-6570). It Is only entered 
when the button is held down and has been held down for at least one previous 
VBI. There are several error conditions which are tested before orders are 
entered C 11 nes 5410-5660). These Inc I ude g Iv Ing orders to Russ I an un I ts, 
exceeding eight orders, failure to wait for the maltakreuze, and entering 
diagonal orders. Al I errors result In a jump to SQUAWK, the nasty noisemaker 
routine which displays an error message. 

This code also Includes a debounce test. Simple switches bounce when 
t I rst opened or c I osed, generat Ing a sequence of on-off pu I ses spanning 
several ml I I I seconds. A sutflclently rapid pol I Ing routine would read this 
sequence as many switch presses, and wou I d enter mu It Ip I e presses where the 
user had on I y pressed once. A conmen so I ut I on is to set a debounce ti mer 
that delays response to the entry for a period of time exceeding the bounce 
t I me. Such debounc Ing Is automat I ca I I y prov I ded by the VB I rout I ne 's 16 
ml I I !second poll Ing period, but I Inserted a very long debounce C160 
ml I I I seconds) anyway. I did this partly out of conservatism (never trust the 
machine to work properly) and partly to provide some protection against minor 
mistakes with the joystick. The delay of 1/6th second Is not readily 
noticeable and gives some extra protection against errors. 

The next chunk of code C 11 nes 5700-5750) generate a feedback beep In 
response to the order. Next the new order must be folded Into the existing 
orders. The task Is to insert the two-b It order code spec If I ed by the 
joy st I ck Into the current orders byte. This requ I res some b I t-tw I dd 11 ng. 
First we determine which of four bit pairs In the byte to use; the bit pair 
number is put Into the Y-reglster and saved In TEMPI Clines 5810-5870). Next 
we determine which of the two orders bytes should be twiddled. This byte 
index Is either a 1 or a 0 and Is put into the X-reglster Clines 5880-5930). 
Next, we shift the joystick entry bit pair upward In the byte to correspond 
to its desired position In the orders byte Cl Ines 5940-6000). Lastly we fold 
our new order Into the orders byte with a f lendlshly clever bit of code that 
I I earned from the fe I I ows at Co In-Op ( I Ines 6010-6050) • Thanks, MI ke and 
Ed. 
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The next routine repos It Ions the ma I takreuze ( I Ines 6140-6360) • This 
routine is a trivial memory move which moves bytes from the bit map table 
into the player RAM. It Is of I lttle Interest. 

The scrolling routine comes next. This routine Is an adaptation of the 
routine I first distributed as SCRL19.ASM. If you are Interested In the 
scrolling function of the game, I suggest that you purchase the 
Graphics/Sound Demo diskette containing SCRL19.ASM from the Atari Program 
Exchange, for it presents a far more general and better commented program for 
scrol I Ing than this one. This scrol I Ing routine differs from SCRL19.ASM in 
several ways. First, scrol I Ing does not occur until the cursor bumps Into an 
invisible wall near the edge of the screen. This Is accomplished with some 
rather simple ad hoc tests in I Ines 7110, 7440, 7740, and 8220. The values 
tested were derived by trial and error. Second, the cursor motion Is no't 
uniform; It accelerates In the first second of motion. The purpose of the 
acce I erat I on Is to a I I ow f I ne pos it I on I ng w I thout sacr I f I c I ng speed • The 
acceleration fea'ture is achieved wl'th a very simple bit of code using 
variables called TIMSCL (time to scroll) and DELAY (delay between scrolls). 
By comparing TIMSCL with RTCLKL Creal-time clock, low byte>, the routine can 
determine when to move the cursor. 

Fine scrol I Ing Is lmplemen'ted by storing numbers dlrec'tly into the fine 
scroll Ing registers. Coarse scrolling ls Implemented by accumulating a value 
cal led COFFLO, OFFHI) and adding It to the LMS operands In the display I !st. 
This Is done In lines 8650-8770. The final operation of the VBI routine Is 
the preparation for the DLI routine. More on this later. 

TABLES AND SUBROUTINES 

The table JSTP is used by the artificial ln'tel I igence routine. DEFNC is 
used by the combat rout I ne to f I gure the defensive va I ue of a terra In type. 
DWORDS displays a fixed text message pointed to by an Index Jn the 
accumulator. 

SWITCH Is an Important subrou'tlne. Its Inputs are the coordlna'tes of a 
square CHUNKX, CHUNKY and the Identity of a unit CORPS. The subroutine then 
looks up the character code Jn the map and switches It with the value stored 
In the buffer table SWAP. This switches 'the unit character with a terrain 
character. The subroutine Is used to bring units onto the map. At the 
beginning of the game there are no units on the map. Each one Is brought in 
by subroutine SWITCH. Whenever the button is pressed and a unit ls picked 
up, the subroutine Is called to replace the unit with the terrain character. 
When the button is re I eased, SWITCH is ca 11 ed aga In to put the unit back. 
SWITCH is also used to move units; they are switched off the map, their 
coordinates are changed, and they are switched back onto the map. SWITCH 
does not distinguish whether It ls placing or removing a unit. A single cal I 
switches the unit character with the contents of Its SWAP buffer; two cal Is 
in a row switch It twice. 

The internal operation of SWITCH Is simple enough. It computes an 
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ind I rect pointer C MAPLO, MAPH I ) that po I nts to the beginning of the map row 
contain Ing the square. The Y-reg I ster prov I des the index to se I ect the 
proper map byte. The computation of MAPLO, MAPHI ls made simple by the fact 
that there are 48 bytes per map row. Mui tip I !cation by 48 Is easy: four left 
shifts, a store, another left shift, and an add. 

Subroutines CLRPl, CLRP2, and ERRCLR Cl Ines 9900-10310) are 
uninteresting routines which merely clear out a player or an error condition 
and the text window. Nothing very fancy. BITTAB Is used to select pairs of 
b I ts In a byte. ROTARR is a tab I e used by the art If I c I a I I nte I 11 gence 
rout Ines to rotate an array. OBJX ls a data tab I e used by the art l f I cl a I 
Intel I lgence routine. 

DISPLAY LIST INTERRUPT SERVICE ROUTINES 

The display I !st Interrupt routines are in I Ines 10450-11340. They are 
short, but very Important. They are a curious mixture of cleverness and 
stupidity. The stupidity I Jes In the bucket brigade structure of the DLI 
execution. There are seven different Olis serviced by this routine; the 
proper way to hand I e this many DL Is ls to have each DL I rewr l te the DL I 
vector to point to the next DLI service routine. The technique Is described 
In Section 5 of DE RE ATARI. Instead, I used a DLI counter which Is tested, 
bucket brigade fashion, until control finally reaches the proper DLI service 
routine. The time wasted by the technique Is shameful. 

The clever aspect of the code Is the way that a DLI Is applied to the 
map, even though the map ls scrolled through the screen area. There are two 
character sets for the map. The switch from the northern character set to 
the southern one Is made at CHUNKY=15. Unfortunately, we cannot simply set a 
DL I t"o h It on a spec If I c mode I I ne of the d I sp I ay, for there Is no way of 
knowing If t"he map wt 11 be I lned up with the screen properly. Indeed, with 
vertical scrol I Ing taking place, the point where the transition should take 
p I ace can be above, be I ow, or on the screen. Obv l ous I y some c I everness Is 
required. 

The solution I used was to calculate during vertical blank the mode I lne 
on which the transition should take place. This value Is calculated In I Ines 
8790-8990 and Is ca 11 ed CNTl. DLI s are set to h It on each and every mode 
I ine in the scrol I Ing window. The DLI code wt 11 not be executed untl I the 
value of CNTl Indicates that t"he proper time has arrived. An alternative 
so I ution wou Id have been to rewrite the d l sp I ay 11 st every time a sere 11 ls 
execut"ed. There wou Id then be at most one DL I b It set l n the map w I ndow. 
The technique would have saved a great deal of execution time, and so it was 
the first" technique I considered. As It happened, I encountered some 
difficult problems making the code work properly, so I gave It up and went to 
the present scheme using mult"lple DLI 's only one of which does the work. The 
former method should be practicable; I don't know why I couldn't get it 
working. There's a lesson here: don't hold out for the elegant solution 
which eludes your grasp when an Inelegant" but workable solution Is 
access i b I e. Readers of this document, a few score strong, w i I I know what a 
klutz I am, but the thousands of happy users are none the wiser. 
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Another c I ever tr l ck about these rout l nes ls l n the t Im Ing. You may 
not l ce that they do not appear to be l n a I og I ca I order. They have been 
carefu I I y ordered to ensure that the most t I me-er It l ca I rout Ines are at the 
front of the bucket-brigade, and the less critical routines are at the back 
of the bucket brfgade. There is also a careful distribution of labor In the 
Olis. Some graphics changes are made several lines before their effects are 
vis lb I e on the screen. Th Is Is one way of dea I Ing w Ith the shortage of 
execution time during a DLI. I make ful I use of the blank scan I Ines to 
perform some DL I chores. BI ank I Ines are Idea I for DL I 1 s because no ANTIC 
OMA occurs during a blank line display; this leaves a ful I 55 machine cycles 
for Phase One DLI execution. 

Finally, there is a strange example of tight timing In the last service 
routine. This routine ls reached so late that It has plmost no time before 
horizontal blank. I found that the STA WSYNC instruction sometimes produced 
sk I pped I Ines. This Ind I cates that the Instruct I on was being executed Just 
as horl zonta I b I ank occurred. Rather than try to force hor I zonta I b I ank 
synchrony, I decided to wait It out with a few time-kl I I Ing Instructions. It 
works. 

On page 59 Is a diagram depicting the sequence of changes made by the 
display list Interrupts. 

FINAL SUBROUTINES AND TABLES 

Sub rout I ne DNUMBR ( I Ines 11390-11590) d I sp I ays a number. It uses the 
table-driven method described In the notes on the data module. You can see 
that the code Is certainly very clean and fast. Note that I was too lazy to 
properly encode the screen values properly, so I must perform a CLC/ADC #$10 
which should have been done in the data itself. This waste of time In a very 
time-critical routine is not very consistent with my motivations which led to 
the use of this method. 

NDX Is a tab I e used by the art If l c i a I l nte I I l gence rout Ines to access 
bytes In an array. 

XINC and YINC are tables used for motion. They tel I how much to add to 
the X- or Y-coordlnate given a step In any of four directions. I pulled an 
Interest Ing stunt w I th YI NC that shows how desperate I became for space. 
YINC Is really a table 4 bytes long. The last 3 bytes of YINC just happen to 
be Identical to the f lrst 3 bytes of XINC. So I simply put the two together 
and cut out three bytes. This ls a very dangerous way to save three bytes. 
I f for some reason the two are separated, the program w I I I ma If unct I on in 
ways almost Impossible to debug. Somewhere In the Innards of my computer is 
an ugly green bug chuck I Ing to himself. Someday he'll get me with that one. 

OFF NC is a tab I e of va I ues used by the combat routines to eva I uate 
attacks. 
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MAINLINE MODULE 

This module handles the Initialization of the game and game turn logic. 
It brings in reinforcements, figures the dates, seasons, and movement. The 
combat and thinking modules are subroutines called by this module. 

I went through the module stripping out unnecessary equates to make the 
module somewhat smaller. This was necessary to make al I of the source code 
flt onto a single diskette. You may wonder why I had so many unneccesary 
equates in the module In the first place. The five modules In this program 
must communicate with each other, and they do so through the variables In the 
database. This ls Impossible if the variables have not been declared in one 
of the modules. Furthermore, you can waste a great deal of time on bad 
assemb I I es d I scover Ing that some er It I ca I var I ab I e has not been dee I ared. 
The ATARI Assembler/Editor cartridge Is slow, and the printer slows things 
down even more. I solved this problem with a simple scheme. I wrote the 
modules In sequence. First the data and Interrupt modules, then the main I lne 
module, then the combat, and finally the thinking module. Each time I 
started a new module I created It by taking the previous module and stripping 
away all the code, leaving only the equates. This Insured that each module 
Inherited the complete database equate file. 

There were two prob I ems w I th th Is techn I que. FI rst, I had to make 
certa In that changes In an ear I y f 11 e such as the Interrupt modu I e were 
proper I y transferred to a I I the succeed Ing modu I es. A I so, equates In I ater 
modules sometimes needed to be Included In the earl !er ones. This problem 
plagued me throughout the development of the program. 

The second problem with the all-Inclusive database equate file Is that 
the equate file eventually gets too large. The original equate file for the 
main I tne module was four pages long. By stripping out some Cbut not al I) of 
the unnecessary equates I was ab I e to reduce It to on I y two and one-ha If 
pages. As you can see, there was a lot of fat. So If you see unused equates 
In the module equate flies, don't get excited. 

INITIALIZATION 

The ma In I I ne rout I ne beg Ins w I th the In It I a I I zat I on routines. The 
beginning of the main I lne routine C$6E00) Is the address to which the machine 
jumps after the program Is fully loaded. The main I lne routine must first 
In It I a I I ze a I I of the hardware reg I sters and database va I ues. The f Ir st 
segment of code shows a common way to hand I e In It I a 11 zat I on of database 
variables. A table of Initial values Is kept with the main program. These 
values are then moved Into the database region at the outset of the program. 
There Is one danger in this techn I que: If for some reason you come a I ong 
later and rearrange any of the database variables, the lnltlallzatlon code 
wll I put the numbers Into the wrong places. This code forces you to keep al I 
of your variables that require lnltlallzatlon together. It's not a bad Idea 
to keep all such variables together, but It can be painful when you forget 
and make changes. 

There wil I always be miscellaneous initlaltzatlons necessary; with these 
you have no cho Ice but to wr I te a I ong str Ing of LOA this, STA there, 

-17-



instructions. The code Is simple but you can waste a lot of bytes this way. 
One tr I ck for reducing the s I ze of this type of code Is to group common 
initial values together. This Is done in I Ines 1410-1460. Five very 
different locations al I needed to be lnltlallzed to zero. Load once and then 
store fl ve t l mes. A s l m I I ar method ls used for sever a I tab I es l n I Ines 
1480-1570. 

The initial lzatlons In I Ines 1620-2060 are all quite straightforward. 

MAIN GAME TURN LOOP 

The outermost program loop begins on I lne 2080. The variable TURN Is a 
simple turn counter tel ling which turn we are on. 

First come the calendar calculations. These are simple enough. I add 
seven to the day, compare with the length of the month to see if a new month 
has arrived, and correct if it has. There is even a provision for the leap 
year in 1944 provided in lines 2190-2250. CAt the time I wrote this routine 
I was planning to have the game cover the entire campaign.> With just a 
I lttle effort the routine could be general !zed to handle any leap year. 

The tree color trick is executed in lines 2340-2350. Only two I Ines of 
code ( 6 bytes) and 13 bytes of tab I e are requ l red to I mp I ement the tr l ck. 
Color register Indirection can be powerful indeed, no? 

Lines 2370-2670 put the date l n format I on onto the screen. They are 
simple data move routines with no interesting techniques. 

The code l n I l nes 2710-3080 ls certa l n I y the most obscure and c I umsy 
code I have written in a long time. The purpose of the code ls to figure out 
what season is in effect and perform any necessary changes re I ated to the 
season. Unfortunately, I did not take the time to think the problem through. 
Instead, I just bulled into it, making up code on the fly and patching it 
together untl I It worked. The result is a gory mess. 

There are four different variables CSEASN1, SEASN2, SEASN3, and EARTH) 
to tell the state of the season. SEASN1 ls used to set the color of rivers 
and swamps. It ho Ids a $40 for unfrozen water and a $80 for frozen water. 
SEASN2 tel Is if we are ln fal I or spring. This Indicates whether the 
I ce-1 l ne shou Id move to the south or to the north. It ho Ids a $00 to 
indicate spring and a $FF to indicate fall. SEASN3 ls logically identical to 
SEASN2 but contains a different value becuase it Is used In a different way. 
It holds a $01 in spring and a $FF in fal I. EARTH ls the color of the 
ground, brown tor surmier, grey for mud, and white tor winter. 

The code In I Ines 3130-3700 freezes the r Ivers and swamps. The 
a Igor i thm here is Interest Ing and Instruct Ive. The er 1 ti ca I var lab I es are 
ICELAT and OLDLAT. ICELAT defines the lce-llne, that ls, the latitude north 
of which everything Is frozen. OLDLAT is the last turn's value of ICELAT. 
Everything between the two must be frozen. During spring, everthing between 
the two must be thawed. 

-18-



The routine begins by calculating the new value of ICELAT. Notice that 
there is a random element in the determination of ICELAT. This randomness is 
leavened by cutting down the size of the random number CANO #$07) and adding 
a constant CADC #$07). The result Is a number ranging between $07 and $OE. 

The code now prepares for the ma In I oop which beg Ins at LOOP40. It 
initial lzes LAT and LONG, which are Input parameters for subroutine TERR. 
Then the loop begins. There are actually two loops beginning at LOOP40. The 
fundamental function of the loop Is to sweep through all the map squares In 
the zone between OLDLAT and I CELAT, checking If they conta In water. If so, 
they are then frozen or thawed, depend Ing on the season. A comp I I cat I on is 
Introduced by the presence of mil ltary units. The program must pick up each 
unit and look underneath to see what terrain Is there, modify the terrain It 
necessary, and put the unit back down. This Is gonna get messy, so hang on. 

We begin LOOP40 by JSRJng to subroutine TERR, an Important routine that 
te 11 s what type of terra In Is in a given square. We spec r ty the square 1 s 
coord r nates In LONG and LAT, and rt returns the contents of that square In 
the accumulator. We then examine the terrain type. If It Is the wrong type 
ot terra In Cmounta r ns, tor instance), we skip ahead to NOTCH C as In "no 
toucha da molchendlze, eh!"), which proceeds to the next square Jn the row. 
If the square Is touchable, we freeze or thaw It with the single Instruction 
ORA SEASN1. Actually, we had already thawed It with the AND #$3F instruction 
In I lne 3390; the ORA Instruction wll I freeze or Ignore the byte depending on 
the value of SEASN1. In line 3540 we store the results of our crime. MAPPTR 
just happens to point to the right place because rt Is set up by subroutine 
TERR. Convenient, no? 

As I said before, NOTCH moves us on to the next square. This Is done by 
the simple expedient of Incrementing CHUNKX. Ot course, we must test to see 
If we have run off the edge of the map. This rs done in I I ne 3580. I f we 
have reached the west edge of the map, we must reset CHUNKX and LONG to point 
back to the east edge of the map. Then we must go one step to the north or 
south depend Ing on the season. Th rs Is done by add Ing SEASN3, wh I ch is 
either +1 or -1, to the latitude LAT. If we have not reached the vertical 
edge of the Ice region, we loop back to LOOP40; otherwise, we exit the 
routine. 

This Is a big, slow routine. You can tell how slow It is by watching 
the freezing process In the game. You can actually see the !eel ine moving 
southward In November. Note that the routine Is general enough that It can 
operate through many different years. 

The next routine Cl Ines 3720-3960) brings Jn relntorcements---units that 
have not been on the map up to now. This would be a simple routine If it 
weren't for one small problem: what if the unit comes In on top of another 
unit? We can't have that, so before we p I ace the unit we have to see If 
anybody e I se is a I ready there. This Is a I I done in I i nes 3760-3840. Lines 
3850-3880 notify the player of the arrival of reinforcements. If a unit was 
not a I I owed entry onto the board, I i nes 3910-3940 make sure that he 1 11 get 
another chance next turn by modifying his value of ARRIVE. 
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Logistics is handled in I Ines 3980-4030. It Is a simple loop with a 
subroutine cal I. The subroutine Is Inside the combat module; It Is discussed 
In the essay on that module. 

POINTS CALCULATION 

LI nes 4070-4760 ca I cu I ate the current po Int score of the p I ayer. The 
a Igor I thm used Is I nvo I ved. There are three factors used In ca I cu I at Ing 
points: 1) how many German muster strength points have been projected how far 
east, 2) how many Russian combat strength points have been projected how far 
west, and 3) how many special cities have been capi"ured by the Germans. I 
feel that this routine Is lnst"ructive as a good example of a fast, short, and 
s I mp I e routine that Imposes reasonab I e and rea I I st I c demands on the p I ayer. 
The Importance of the rout I ne Is the a Igor I i"hm, not the cod Ing. The 
algorithm Is optimized for the si"rengths and weaknesses of the 8-blt 
processor. Let's look at the Implementation closely. 

The routine starts by zeroing ACCHI and ACCLO, as these together 
constl tui"e the po Int counter, wh !ch Is sixteen b Its w I de. It then enters a 
.1 oop that" ca I cu I at-es the points for mov Ing German un I ts east. The I ong I tude 
of each German unit CCORPSX> Is subtracted from a constant value of $30. 
This value Is multiplied by MSTRNG/2 In lines 4190-4280. The multlpllcatlon 
is the stupidest kind: a simple repetitive addition. For slngle-byi"e 
quantities the technique Is not too expensive In time. Unfortunately, I did 
not analyze the problem carefully and so I got the looping backwards. The 
value of MSTRNG/2 Is the loop counter In Y and the value of $30-CORPSX is the 
added constant. The former va I ue w l 1 I a I most a I ways be I arger than the 
I atter, so I shou Id have used the I ai"ter as the I oop counter. It's a I ways 
faster to add, say, 50 to Itself 3 times than to add 3 to Itself 50 times. 
Oops. 

After German points are ca I cu I ated I beg In ca I cu I at Ing the effect of 
Russian points. These wil I be subtracted from the points accumulated by the 
Germans In the f I rst I oop. For the Russi an un I ts, a s I l ght I y d If ferent 
algorithm Is used. First, the combat strength, not the muster strengi"h, Is 
used. Why? I d I dn 't want to pena 11 ze the Germans for mov Ing to the east. 
Remember, du r Ing w Inter the Germans have a harder ti me getting supp I I es as 
they move further east. So I had to use the Ir muster strength. I a I so 
wanted to reward the Germans for Russ I an un I ts that were st I I I on the board 
but out of supply. So I used combat strength for the Russians. 

The sum of the Russ I an score Is subtracted f ram the German score In 
I l nes 4550-4590. Lines 4600-4680 award po Int bonuses for captur Ing cl ti es. 
A simple loop is used. Two tables drive this routine. One, MOSCOW, is a 
simple set of flags that tel I If the cities have been captured. The other, 
MPTS, ho Ids 1 he point va I ues for each of the c It i es. If MOSCOW is set, the 
number of points assigned for that city are added to the point score. 

The f i na I operat I on assoc I ated w I th po Int eva I uat ion is to ha Ive the 
tota I points if the hand I cap was used. The operat I on takes three I Ines 
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(4700-4720). 

Once the points have been calculated, they must be displayed. This ls 
done In I Ines 4730-4760 in an operation which by now should be tamll lar to 
the reader. Next comes a test tor end of game. The term I nation is not 
part 1 cu I ar I y e I egant. I s I mp I y put an endgame message onto the screen and 
hang the game up In a loop. I am sure a more elegant termination could have 
been arranged but I was too lazy to implement one. 

Lines 4850-4930 dea I w l th the art It I cl a I I nte I I l gence rout I ne. They 
allow the player to use the joystick button (by clearing BUTMSK) and put a 
prompting message on the screen. Then they jump to the artlf lcial 
Intel I lgence routine. The program spends most of its time there. It does 
not return unt i I the p I ayer presses the START button. Then the joy st I ck 
button ls masked out by setting BUTMSK and an appropriate message ("figuring 
move---no orders al lowed") Is put onto the screen. 

MOVEMENT EXECUTION 

Lines 4970-5030 prepare the way tor movement execution. They lnitlallze 
the subturn counter TICK and calculate the first execution time of each unit. 
As mentioned l n the p I ayer' s manua I, each turn Is broken into 32 subturns. 
The movement cost to enter a square is expressed l n terms of the number of 
subturns necessary to watt before entering the square. Subroutine DINGO does 
this calculation. The name DINGO Is absolutely meaningless. You should see 
some of the labels I have used in other programs. When I was an 
undergraduate doing physics programs I had a penchant tor obscene labels. It 
made sessions with the consulting programmer (especially lady programmers) 
l nterest Ing. The on I y prob I em w 1th the 1 dea 1 s that there are a I Im I ted 
number of tour- I etter words, and I was forced to recyc I e each word in many 
d 1 tterent 1 ncarnat l ons. Later on I took to using names of an i ma Is, tru l ts, 
foods, anything. I can't stand acronymlc gibberish. I prefer creative 
gibberish. 

L l nes 5050-61 80 per torm the movement. The outer I oop beg l nn i ng w I th 
LOOP33 sweeps through a I I of the sub turns. The l nner I oop beg Inning w I th 
LOOP32 sweeps through all of the units. The inner loop begins by performing 
the combat strength recovery tunct l on. If the combat strength is I ess than 
the muster strength, It ls Incremented. If the difference between the two ls 
large, the combat strength may be Incremented again. This ensures that large 
units wi II recover combat strength taster than smal I units. 

The most heavily used test is at lines 5180-5190. This determines If 
the execution time of the unit has arrived yet. If not, the loop proceeds to 
the next unit. 

An l nterest Ing stunt is pu I I ed here. Program f I ow goes through I i ne 
5500, which ls merely a jump instruction. You may wonder why I didn't insert 
a jump at the original branch point. I did it to save a few bytes of memory. 
Any big loop wi I I have a variety of tests that cal I tor abortion of the main 
loop and immediate procession to the next Iteration. If the loop is 
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cons i derab I y I onger than 128 bytes, the 6502 branch instruct l ons w 11 I not 
work. The standard response to this prob I em ls to rep I ace the branch w l th 
its loglcal Inverse (e.g., BCS with BCC or SNE with SEQ) and fol low it with a 
JMP instruction. This costs three extra bytes. The waste can be reduced by 
placing a JMP instruction halfway through the loop and having the local test 
points branch to l t. It acts rather I l ke a co I I ect l ng stat l on for I oop 
abortions. Three bytes are saved for each abortion path. 

The remainder of the movement code retrieves the unit's orders, examines 
the terrain in the destination square, and checks if it ls occupied. If it 
Is occupied by a friendly unit, the moving unit must wait two subturns Clines 
5450-5490) • I f l t ls occupied by an enemy unit, combat occurs and ls 
referred to the combat subroutine at $4ED8. If the unit ls allowed to enter 
the square, e I ther because l t was v I ctor l ous l n combat or the square was 
unoccupied, the code at DOMOVE, llnes 5550-6060, ls executed. 

One I ast test must be made before actua I motion happens. Zones of 
control are tested in I ines 5550-5740. If zones of control do not Interfere, 
the unit ls moved by SWITCHlng It off the map, substituting the new 
coordinates as parameters for SWITCH, and SWITCHlng It back onto the map. 
The now-executed order ls deleted from the unit's orders queue Cl Ines 
5850-5920). A test Is made to see If the unit has entered a victory city. 
If so, the flag for that city ls set or cleared depending on the natlonallty 
of the moving unit. This ls done in I Ines 5930-6060. Lastly, the execution 
time until the next order ls calculated by DINGO. Then the loop goes to the 
next unit. When the last unit has had its chance to move, the subturn 
counter TICK is Incremented; when TICK reaches 32 a new turn begins. With 
this the majo~ loop terminates. 

The remainder of the module ls devoted to subroutines and tables. STALL 
is a delay loop that kll Is time to slow down the action during movement. The 
deb ugg Ing rout l ne that fo I I ows ( 11 nes 6420-661 0) I l nks with the deb ugg l ng 
routine first mentioned in the Interrupt discussion. 

TERR is a major subroutine. It sets up a pointer to the map CMAPPTR) on 
page zero and retrieves the contents of the map at the coordinates LAT and 
LONG. If the square contains a military unit, It determines the Identity of 
that unit as wel I as the terrain underneath the unit. Note that TERR returns 
a terrain code identifier in the accumulator and unit Identity CUNITNO>. It 
a I so returns the terra l n Identify l ng code l n TRNTYP. It a I so returns the Z 
f I ag of the 6502 processor status reg l ster set if the square was l ndeed 
occupied. Many cal Is to TERR are immediately fol lowed by a SEQ or BNE 
Instruction; such cal Is are attempting to determine If a square Is occupied. 

TERR does contain an interesting tldbft. Lines 7220-7230 are strictly 
error flag lines. They put an asterisk onto the screen. If these I Ines are 
ever executed a program error has occurred. The error arises when TERR f Inds 
a unit character in a square but Is unable to find a unit whose coordinates 
match those of the square. It turned out that this condition could arise 
from a large number of bugs created by other sections of code. I would never 
find out about the problem during testing until it was too late to track the 
bug down. So I put this code In to warn myself. As it happens, there is 
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another symptom of the bug that Is more interesting. The program becomes 
confused and starts mixing terrain codes with unit codes. The next thing you 
know, trees, cities, and rivers are marching around the map, f lghting 
batt I es, retreat l ng, and carrying on l n very unterra l n I l ke ways. I tracked 
down this bug diligently; I bel leve that It ts now quite dead. 

Subroutine DINGO ls the next subroutine In sequenc,e. It looks up a 
un 1 t 's orders, fl nds out the terra l n 1 n the destination square, determ l nes 
the de I ay 1 mposed by that terra In, and stores the de I ay l n the unit's EXEC 
storage. 

Subroutine TERRTY determines the type of terrain In a square, given Its 
character code C TRNCOD) • There are sever a I d 1 f ferent character types for 
each terrain type, so some logical analysis of character types ls necessary 
to determl ne terra l n types. It ls done w Ith a s Imp I e bucket brigade of 
logical tests. Somehow I am sure that there ls a neater way to do this. 

ZPVAL Is a table of Initial values for page zero locations. PSXVAL ls a 
slml lar table of lnltlal values for page six locations. COLTAB ls the table 
that specif !es tree colors for each month of the year. MPTS gives the point 
scores al located for each captured city. MOSCX and MOSCY give the 
coordinates of cities· that earn points. TXTMSG ls a very slmpl·e subroutine 
that puts a 32-byte text message onto the screen. 
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COMBAT MODULE 

This module handles combat resolution and logistics for the main I lne 
routines. It is nothing more than a set of sub rout Ines ca I I ed by the 
malnl ine routines as needed. Hence, Its layout and structure are simple. 

The fundamental design of the combat system ls not obvious. Al I combat 
systems have as the Ir l nputs the strengths of the oppos Ing un l ts and the 
environmental conditions under which they f lght. Al I such systems attempt to 
determine outcomes as functions of these input conditions. The normal 
outcomes are reductions in strength and retreats. This game has two types of 
strength to reduce, which adds some richness to the possibll !ties. 

The unique aspect of this combat system lies in the iterative nature of 
the combat resu I ts system. Instead of try l ng to compute the outcome of the 
battle with a single formula, this routine breaks a week-long battle up Into 
many tiny battles which are resolved by simple rules. Each mini-battle can 
k I I I on I y a sma 11 number of muster and combat strength pol nts on each side. 
Thus it is the aggregate effect of many such batt I es that determ l nes the 
overal I outcome of the battle. The sensitivity and power of the combat 
results system arises from the statistical behavior of this ensemble of many 
sma I I b att I es • 

This raises a very important point in game or simulation design: many 
very advanced functions can be generated using iterative methods with very 
simple arithmetic. Many people claim that good simulations cannot be done on 
microcomputers because 8-blt arithmetic is not good enough. While it Is 
certa In I y true that el ght b I ts are hard to work w I th, we must remember that 
eight bits of resolution give better than one percent accuracy in stating a 
properly normalized number. With imaginative programming these machines can 
do a great deal of impressive simulation. 

SOUND AND GRAPHICS EFFECTS 

The module begins with the combat resolution routine at $4ED8. It first 
c I ears the f I ag VI CTRY, which is used to te 11 the ma l n I i ne rout l ne l f the 
attack was success fu I • I f so, the attack l ng u n It w I I I be a I I owed to enter 
the square It attacked. It then checks the attacking unit <ARMY) to make 
sure that it ls not a Finnish unit. Finnish units are not al lowed to attack. 

The next step Cl Ines 1270-1400) ls to create the combat graphic in which 
the defending unit flashes in sol id color. This ls done by replacing the 
unit's original representation on the map with a sol Id square of color. 
There must be some I og i c to determ l ne the nat Iona 11 ty of the defend Ing unit 
(red for Russi ans, wh l te for Germans) • The character used ls s I mp I y the 
so I id character used for the borders of the map and the open seas. We 1 I I 
replace the original character later on. 

Now we must make the machine gun sound. This ls done In I i nes 
1410-1520. My original Intention was to create a deep explosion sound, 
rather I Ike arti 1 lery. The resu It was not at al I what I expected, but I 
I iked lt so much I left it as it was. The loop in I Ines 1430-1520 changes 
the frequency and the vo I ume of the sound produced. The sound ls stretched 
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out with subroutine STALL from the mainline module. 

A great deal of time Is killed In this loop, deliberately so. When I 
f I rst ran these routines w I th no de I ays the motion and combat happened so 
fast that I had no chance to observe what was happening. I pushed the START 
button and saw pieces f I y Ing a 11 over the screen I Ike banshees. It was a I I 
over In I ess than a second. I dee I ded that the p I ayer wou Id enjoy sweat Ing 
his turn out, so I put In longer and longer delays until It seemed right. 

In I Ines 1560-1590 I put the defending unit's piece back on the map. 
The rest of the routine will execute very quickly. 

COMBAT RESOLUTION 

In I Ines 1620-1760 I evaluate the factors affecting the defender's 
strength. There are three: the defender's combat strength CCSTRNG>, the 
terrain that the defender lies In, and the motion of the defender. Terrain 
evaluation Is simple. Terrain can halve, double, or not affect the 
defender's strength. Notice the test on I Ines 1690-1700. This protects 
against overflow. If a large number Is doubled too much It can overflow and 
produce a smal I number---an unfortunate inaccuracy. I guard against this by 
monitoring the Carry bit and reloading an $FF If It strikes. 

In lines 1740-1760 I Implement a very simple rule: defenders who are 
mov Ing at the t I me they are attacked have the Ir defensive strength ha I ved. 
The Implementation Is about as clean and simple as you can get. This makes 
an important point about designing with a microcomputer. Some things are 
trivially simple to do; this operation requires six bytes of code and nine 
cycles of execution time. Other operations, such as logistics evaluation, 
are painfully difficult to execute. A designer needs a feeling for what can 
be done eas 11 y and tr I es whenever poss i b I e to work w I th the gra In of h Is 
machine rather than against It. Of course, If he/she Is to produce anything 
Interest Ing, he/ she must eventua I I y cut across the gra In. Do Ing It we I I Is 
the hallmark of brl II !ant design. 

In I Ines 1800-1900 the defender gets to make a f lrst strike against the 
attacker. The defender's adjusted combat strength In the accumulator Is 
compared w I th a random number. If It Is I ess than the random number, the 
defender's pre-emptive strike fat Is and the attacker makes his strike. If It 
Is greater, the strike succeeds. The attacker suffers the standard loss: he 
I oses one po Int of muster strength and f Ive points of combat strength. A 
test Is then made to see If the attacker dies or breaks. More on death and 
breakage later. 

On I ine 1940 we begin the main point of the whole routine, Indeed of the 
whole game. ("The decision by arms Is for al I operations In war what cash 
settlement is In trade"--Clausewltz). We figure the attack. The only 
adjustment made on the attacker's combat strength is the ha Iv i ng of attack 
strength If the attacker Is on a r Iver square. Then we compare the 
attacker's strength with a random number just as we did with the defender. 
If the attacker's adjusted combat strength is less than the random number, 
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the attack fa i Is and the combat rout I ne term I nates. If it Is greater, then 
the attack succeeds and many things must happen. FI rst, the defender I oses 
one muster strength po Int and f Ive combat strength points. That's easy 
enough to execute (I Ines 2100-2140). 

Next, we must check If the defender dies. If so, we jump to subroutine 
DEAD, which handles al I the paperwork for killing units. This Is 
su rpr Is Ing I y extensive. HI s combat strength• muster strength• and orders 
must be zeroed. His execution time and arrival times on the map must be set 
to nonsense values to preclude his reincarnation. Finally, the body must be 
removed from the map with subroutine SWITCH. 

If the defender d Id not d I e, we then test for breakage. This is an 
Important concept In the game. A unit will stand and fight up to a point. 
At some point morale will break and the unit wll I col lapse and run. Research 
has shown that this most often happens when some fraction of the unit's 
strength is destroyed. I chose to measure the Intensity of a unit's 
casualties by comparing the unit's combat strength with Its muster strength. 
If the combat strength falls below some set fraction of the muster strength, 
the unit breaks. The fraction used depends on the nationality of the unit. 
German and Finni sh un I ts were fa Ir I y tough; they don't break unt 11 the Ir 
combat strength fal Is below one-half of their muster strength. Al I other 
units break when their combat strength fal Is below seven-eighths of their 
muster strength. The ca I cu I at Ions for th Is are carr I ed out In sub rout I ne 
BRKCHK, I Ines 4980-5200. Any unit that breaks forgets any orders that had 
been assigned to It. Your priorities change when you're on the run. 

If the defender does not break, the combat routine terminates. If he 
does break, he must retreat. This Is a complex procedure; It Is executed In 
lines 2210-2750. The basic Idea of this code Is that the defender attempts 
to retreat In various directions, but can find his retreat path blocked by 
zones of control, enemy or friendly units, or open ocean. If any of these 
events occurs, the unit suffers a penalty and attempts another route. If no 
retreat path is available the unit suffers heavy losses and remains in place. 

An important sub rout I ne for this retreat process is RETRET ( I Ines 
2850-3410) • wh I ch checks for the var I ous cond It Ions that b I ock retreats and 
exacts the penalty for blocked retreat paths. 

If the defender can retreat, the retreat Is executed In I Ines 2500-2630. 
The v I ctory f I ag Is set to te I I the ma In I I ne rout I ne that the attacker may 
Indeed move Into the defender's square regard I ess of the presence of enemy 
zones of control. 

The combat routine terminates by incrementing the execution time of the 
attacking unit. 

LOGISTICS 

The supply evaluation routine Is the next major routine In the module. 
The basic Idea of the routine is to start at the location of each unit and 
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trace a I lne from that unit to the appropriate edge of the map without 
encountering a blocking square. A blocking square Is a square containing an 
enemy unit, a square in an enemy zone of contro I ( un I ess occupied by a 
friendly unit), or an open sea square if the unit Is Russian. If a blocking 
square Is encountered, the rout I ne must try to trace the I I ne In another 
direction. It Is very easy in such circumstances for a routine to hang up in 
an Infinite loop bouncing between two blocked squares. I precluded this by 
the clumsy solution of counting the number of blocked squares encountered and 
declaring the I lne blocked when the count exceeded a crltlcal value. This 
crltlcal value depends on the nationallty of the unit and the season. There 
are also seasonal effects on German units. During mud, they receive no 
supplies at all. During winter, the probability that a German unit will 
receive supplies depends on how far east the unit has gone. The further 
east, the smaller the probability. Let's see how al I this Is done. 

The first thing to do Is skip units which have not yet arrived on the 
map Clines 3450-3490). In llne 3510 I determine the nationality of the unit. 
I f It Is Russ I an, I sk Ip the weather determ I nat I on sect I on. Not Ice the 
redundant code on 11 ne 3530. I b I ew It. I determ I ne the season in I Ines 
3540-3550 by examining the color of the ground. That's the simplest way to 
f Ind out the season. If It Is mud, there Is no supp I y, per I od. I f It Is 
winter, then I perform a rather odd ca I cu I at ion. I quadrup I e the un It's 
longitude and add $4A. This guarantees that the resulting number In the 
accumulator wll I I le between 74 and 254. This number becomes the probabll lty 
(measured against 255) that the unit wll I receive supplies. Thus, Germans on 
the west edge of the map have about a 99 percent chance of getting supplies 
while Germans on the east edge of the map have only a 30 percent chance. 

There are two major I oops In the I og i st I cs routine. The Inner I oop, 
label led LOOP90, attempts to choose a safe direction in which to move from 
the current square. The outer loop, LOOP91, performs the jump to the chosen 
square. The inner I oop a I ways attempts to jump towards the home map edge 
( HOMEDR). If that fa 11 s, l t attempts random d I rect Ions unt 11 It f Inds a way 
out or It runs out of tries. 

After supplies have been figured, any Russian units In supply have two 
points added to their muster strength. This Is a Russian advantage. 

ZONE OF CONTROL 

The next routine tests for zones of control. Speclflcally, It answers 
the question, "Is there an enemy zone of control extending Into square (LAT, 
LONG) for a German/Russian unit?" The algorithm used ls as fol lows: Examine 
the square In question to see If It Is occupied by an enemy unit. If so, the 
square Is automat l ca 11 y considered In a zone of contro I • If It ls occupied 
by a friendly unit other than the unit In question, then the square ls 
automatically out of any zones of control. If the square Is unoccupied, then 
we examine al I surrounding squares to determine If they are occupied by enemy 
uni ts. Un I ts In corner squares add one to the ZOC counter. Uni ts In 
d l rect I y adjacent squares add two to the ZOC counter. If the ZOC counter 
equals or exceeds two, a zone of control Is cast Into the square. 
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The routine begins by zeroing the ZOC counter. Then it sets the TEMPR 
register with a value that Identifies the orlglnal unit's enemy as either 
Russi an ( $40) or German ($CO) • Then it exam Ines the contents of the square 
by cal I Ing TERRS. If the square Is unoccupied, It branches ahead to A74. If 
it Is occupied, It compares the nationality of the occupying unit CANO #$CO) 
with that of the original unit CCMP TEMPR). If they are equal, It Is an 
enemy un It and the rout I ne I mmed I ate I y sets the ZOC counter and term I nates. 
If they are unequal, It Is a friendly unit and the routine must find out if 
it is the same as the friendly unit. This Is done by comparing coordinates 
Clines 4410-4460). 

If the square Is unoccupied, the surrounding squares are examined by a 
sneaky scheme. There Is a tab I e In memory ca 11 ed JSTP+l 6 that ho Ids jump 
vectors for a walk around a square. The system works I Ike this: 

Start Ing at X, and proceed Ing In sequence around X as Ind I cated by the 
numbers, the sequence of steps Is: 

CO=north 1=east 2=south 3=west) 

O, 1, 2, 2, 3, 3, 0, 0 

These are the values seen in the JSTP+16 table, backwards for the 6502's 
countdown capab 111 ty. Thus, to execute a wa I k around the square X, we 
execute jumps In the directions specified In the JSTP+16 table. The complete 
walk around the square Is executed In lines 4510-4740. 

THE IMPORTANCE OF ALGORITHMS 

This routine demonstrates a very Important principle of software design: 
the best way to I mp rove performance Is to re-exam I ne your a Igor I thms very 
c I ose I y. When I f I rst wrote th Is rout I ne It was very I arge and s I ow. The 
or I g Ina I a Igor I thm was s I mp I e and obv I ous, but much too s I ow. It exam I ned 
each and every un It In turn, subtract Ing I ts coord I nates from those of the 
square in question. If the difference of both sets of coordinates was one, 
the two units were diagonal to each other and I Incremented the ZOC counter. 
If the difference of one pair of coordinates was zero and the other 
d I tterence was one, then I added two to the ZOC counter. The a Igor I thm is 
fairly obvious but It required over 200 bytes of code and a very long time to 
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execute. I tried many of the standard means of speeding it up, but they made 
It even bigger. I f Ina 11 y grew desperate enough to carefu I I y rethink the 
entire algorithm. After much brainstorming I came up with the current 
algorithm, which is subtler but much more efficient. I saved nearly a 
hundred bytes of code and cut the execution time for typical operations to a 
Th l rd of l ts prev I ous va I ue. The mora I of the story ls, rethink l ng your 
a Igor l thms w 11 I frequent I y net you far more performance than any amount of 
clever coding. 

-29-



THINKING MODULE 

This module handles but one task: the artificial Intel I lgence for the 
Russian player. It has one entry point at $4700 and one exit point at $4C22. 
It includes several subroutines and data tables for !ts own use. Thus, this 
is the most direct and straightforward routine of the entire program. 
Unfortunately, lt is also the most Involved routine of the program. It rs 
also the biggest, including about 1.SK of code. To make matters worse, rt is 
almost devoid of comments. This module was one of the best-planned modules 
In the entire program. For this reason I felt I lttle need to comment on lt 
as I was writing the code. That just makes the task more difficult now. 

The basic goal of this routine ls to plan the moves of the units. This 
trans I ates into the spec l fl c task of produc l ng va I ues of WHORDS and HMORDS 
for each Russ I an un l t. Many factors must be considered In computing the 
orders for each un It. The routine must determ I ne the over a I I strateg l c 
situation as wel I as the local situation that the unit finds Itself In. Th ls 
wil I tell whether the unit should think ln terms of attack or defense. The 
overal I situation ls determined by computing the danger vector. The danger 
vector tel Is how much danger ls coming from each of the four directions. 

The unit must evaluate the four possible directions lt can move ln. 
Each direction must be evaluated In terms of the danger vector, the nature of 
the terrain, the impact of the move on the integrity of the Russian I lne, the 
poss I bi I I ty of traff I c jams, and the presence of German uni ts. A I I of the 
surrounding squares must be evaluated and the best one chosen. 

The really difficult aspect of the decision-making process ls the 
necessity of coord I nat i ng the moves of a I I Russi an uni ts. The prob I em ls 
!:lade vast I y more d I ff l cu It by the fact that we must coord l nate each unit's 
possible move with the poss Ible moves of al I the other units. The 
possibi I !ties multiply In a truly mlnd-boggl Ing manner. My solution was 
rather esoter l c. I mag l ne the Russi an army I y i ng l n I ts posit l ons at the 
beginning of a turn. Imagine now a ghost army of virtual Russian units, 
initially springing from the real army, but with each ghost army plotting a 
path of its own across the map. Each ghost p I ans its path based on the 
assumption that the other ghost armies represent the concrete real lty that 
must be conformed to. Thus, each ghost in turn says, "Wei I, If you guys are 
gonna move there, I 'm gonna move here." One at a ti me, the ghost army 
adjusts Itself Into new positions. This process can continue until each 
ghost can say, "If you guys are gonna be there, I'm gonna stay right where I 
am." In practice this situation ls almost achieved after only about ten 
iterations. However, lf the player presses the START button, the Iterations 
stop and the ghost army becomes the dest I nations for the rea I army. In this 
way hypothesis ls converted into plans. 

OVERALL FORCE RATIO 

The module begins at I lne 1680. The first task is to calculate the 
over a I I force ratio. This is the ratio of tota I German strength to tota I 
Russi an strength, and ls a usefu I indicator of the over a 11 strategic 
situation. To ca I cu I ate this number, we must first add up the tota I German 
strength and the tota I Russi an strength. This ca I cu I at ion is made In I i nes 
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1730-1870. The upper byte of the total strengths Is stored in TOTGS (total 
German strength) and TOTRS (total Russian strength). 

The next problem Is to calculate the ratio of these two numbers. This 
Is a simple long division. Unfortunately, I was not prepared to do a long 
division. Such arithmetic takes many machine cycles to crunch and many bytes 
of code to do proper I y. The f I oat i ng point ar I thmet I c package prov I ded In 
the Operating System ROM d Id not Interest me. So I wrote my own spec I a I 
routine to handle the problem. This Is an example of Individual 
crotchetiness, not judicious planning. I probably should have used the 
floating point package, or at least a decent 16-bit Integer arithmetic 
package, but I was too lazy and Impatient. 

The first problem I must solve arises from the high probabil tty that the 
total German strength Is going to be very close to the total Russian 
strength. If I take a stra I ght rat Io of the two I w 11 I very prob ab I y get a 
result of 1. Since I wt 11 have Integer arithmetic, my result won't be very 
sens it Ive to changes In the tota I strengths. I so I ved th Is prob I em by 
arbltrari ly multiplying the ratio by 16. It's my program and I can cheat on 
the arithmetic If I want to. 

Unfortunately, multiplying by 16 creates a new problem. Should I 
multiply the quotient by 16 or divide the divisor by 16? Either approach 
wll I have the same effect, and both approaches have the simplicity of being 
executed with simple logical shifts. But dividing by 16 loses some precision 
in the quotient, and multiplying by 16 runs the risk of losing the whole 
number. For example, what If total German strength is 17 and I multiply by 
16 by ASLing four times? I don't get 272 for an answer, I get 16. Check it 
out for yourself. 

Here's the clunky solution I came up with: ASL the dividend Cline 1950) 
unti I a bit fal Is off the high end of the byte Into the Carry bit (I lne 
1960). Put 1 t back where It be I ongs ( 11 ne 1970) and then LSR the d Iv I sor 
Cl lne 1980) the remaining number of shifts. 

Now I am prepared to do a dumb I ong d Iv Is I on ( 11 nes 2070-2140). Load 
the d Iv I dend 1 nto the accumu I ator. Keep subtract Ing the d Iv i sor from it 
unti I It Is al I gone. The number of times you subtract the divisor is the 
quotient. It's dumb, It's slow, but It works. More important, I can 
understand It. The final result Is stored In OFR, the overall force ratio. 

INDIVIDUAL FORCE RATIOS 

The next task Is to ca I cu I ate the Ind iv I dua I force rat I os. The war 
might be going really well for Mother Russia, but the 44th Infantry Army may 
not find conditions as rosy if it Is surrounded, out of supply, and being 
attacked by four Panzer Corps. It Is necessary to supplement global planning 
with a local assessment of the situation. This Is expressed in the 
individual force ratios. There are five Individual force ratios: Four 
express the amount of German danger bearing down on a Russian army from the 
four card Ina I d I rect ions. The f I fth expresses the average of these four. 
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The fifth ls called the individual force ratio (IFR). The other four are 
cal led the IFRN, IFRS, IFRE, and IFRW, for the directions they represent. 

SUBROUTINE CALIFR 

Subroutine CALIFR (I lnes 8390-9690) calculates the Individual force 
ratios. This is an extensive computation which requires a great deal of time 
and memory. The fundamenta I l dea behind this sub rout l ne Is that danger is a 
vector, having both a magnitude and a direction. This subroutine determines 
aggregate magnitude and the aggregate sum of the danger to the unit. 

The sub rout I ne begins by zeroing the I oca I var I ab I es I FRO, I FR1, I FR2, 
I FR3, and I FRH I • These correspond to the I FRN, I FRE, I FRS, I FRW, and I FR 
tab I es, but are eas I er to use l n the routine. After in It I a I I z l ng some 
coordinate variables, the first large loop begins. 

This loop, beginning with llne 8520, extends all the way to I lne 9230. 
Its purpose is to calculate the dlrectlonal IFRs, so It Is really the meat of 
the subroutine. It sweeps through each un l t, fl rst checking If the unit Is 
on the map ( I l nes 8520-8540) • I f so, l t determ l nes the separat l on between 
the tested un l t and the un l t whose I FR is be Ing computed. It measures th ls 
In terms of both the total distance between the two (Ignoring Pythagoras) and 
the X-separation <TEMPX) and the Y-separatlon <TEMPY). Units further than 
eight squares away are considered to be too far to be of any local 
consequence ( I Ines 8680-8690 >. The range to c I oser un l ts Is ha I ved and 
stored In TEMPR. 

The unit's combat strength determines the magnitude of the unit's 
threat. We must also calculate the direction to the unit. This ls done In 
I l nes 87 50-9020. These I i nes test the d I rect I on vectors to determ l ne the 
overall direction to the unit. The result of these tests Is a value In X of 
0, 1, 2, or 3. This value specifies the direction of the threat. 

In I ines 9030-9150 we determine the magnitude of the threat. We get the 
combat strength of the tested unit, d Iv I de by 16, and check to see If the 
tested un It Is Russi an or German. If Russi an, the resu It Is added to the 
running sum of I oca I Russi an strength C RFR>. If German, it Is added to the 
running sum of I oca I German strength in the d I rect I on spec If I ed In the X 
register. This done, program flow loops back to the next unit In sequence. 

The next chunk of code, I Ines 9250-9320, add up a 11 the danger va I ues 
from al I four directions and leave the result in the accumulator. 

The next chunk of code, I Ines 9350-9570, calculates the final lndlvidual 
force ratio In much the same manner that the overal I force ratio was 
calculated. The dividend is mu I tip I led by 16 Cl Ines 9350-9420), and then the 
divisor ls subtracted from the dividend repeatedly until the dividend is al I 
gone ( I Ines 9450-9510). The count of the number of subtractions equa Is the 
quotient. This quotient is averaged w l th the over a I I force rat lo C I i nes 
9540-9560) and the resu It ls stored In the I FR for the un l t. The on I y 
remaining function ls to move the local directional IFRs to the unit-specific 
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IFR tables CI Ines 9610-9680). 

Subroutine INVERT ls a simple absolute value routine. It takes a value 
In the accumu I ator and returns the ab so I ute va I ue of the number In the 
accumulator. You may have noticed that It was used heavily in the code. By 
JSRlng to INVERT+2, we get the negative value of the accumulator returned. 

Back in the main part of the module, we complete the IFR loop by setting 
the army's current position CCORPSX, CORPSY) to the objective position COBJX, 
OBJY). OBJX and OBJY are the coord I nates of our ghost arm I es. This 
completes the initial Jzatlon loop. We now enter the main loop of the 
program. 

MAIN LOOP STRUCTURE 

The main program loop begins on I lne 2340 and extends al I the way to 
I I ne 7290. It Is obv I ous I y a g I gant I c I oop, and It takes a I ong ti me to 
execute. It is also an Indefinitely terminated loop. It does not terminate 
after a specific number of passes. It keeps looping until the player presses 
the START key. The main loop sweeps over the entire Russian army. The Inner 
loop sweeps over each unit In the Russian army. 

The first task of the loop Is to Ignore mil Itta armies and armies that 
are not on the map. MI I It I a are not a I I owed to move. I f an army does not 
fa I I these two tests in I Ines 2360-2420, then the I oca I m 11 I tary s I tu at I on 
for the army Is evaluated. This Is done by comparing the army's Individual 
force ratio with the overal I force ratio. If IFR=OFR/2, then the army must 
be more than eight squares from the nearest German unit. This conclusion can 
be made from the way that CALIFR calculates the IFR. If the army Is far from 
the front, then It Is treated as a reinforcement. If not, It ls treated as a 
front-line unit, and a different strategy Is used. 

REINFORCEMENT STRATEGY 

The job of a re In forcement is to p I ug weak spots In the I I ne. This 
requires that the unit be ab I e to figure out where the 11 ne is weak, no easy 
task. The tr I ck Is to use the existing Russi an f ront-1 i ne uni ts as gauges 
for the seriousness of the situation at any segment of the front. Where the 
front Is sol Id, the IFRs of the front-1 ine un Its wt 11 be low. Where the 
front Is weak, their IFRs wil I be large. So we need merely examine the IFRs 
of al I Russian units, select the largest, and head In that army's direction. 
Well, not quite. We don't want all the reinforcements heading for the same 
spot or the beleaguered Russian army wi 11 find himself trampled by his 
rescuers. More important, we need to take Into account the distance between 
unit Jn distress and rescuer. There is no point in rushing to save somebody 
several thousand miles away. 

The code to do a 11 this extends from 11 ne 24 70 to I I ne 2870. The 
section starts by lnitlallzlng BYAL to the value of OFR/2. BYAL stands for 
"best va I ue" and is used to si"ore the va I ue for the most be I eaguered Russi an 

-33-



army. Then a I oop beg Ins at I i ne 2520 which sweeps through a I I Russi an 
armies, rejecting off-map armies and calculating the separation between the 
tested army and the reinforcing army. This separation Is divided by 8 Cl Ines 
2660-2680). I cannot now f I gure out the purpose of the branch in I i ne 2690. 
! t throws out the tested army I f the separation had b It D3 set. A very 
strange test Indeed. Lines 2700-2760 subtract the separation from the tested 
unit's IFR and compare the result with the best previous result. If the new 
result Is bigger, then this unit has a better combination of proximity and 
<get this) beleagueredness. This unit becomes the preferred unit. Its value 
ls stored in BVAL and its ID number Is stored In BONE (best one). Then we 
move on to test another unit. When all units have been tested the best one 
rs selected for support. Its coordinates become the objective of the 
rel nforc l ng army. The job of p Ianni ng that army's move ls done and the 
routine jumps to the end of the loop CTOGSCN). 

STRATEGY FOR FRONT-LINE ARMIES 

Front-1 lne armies have a very complex strai"egy. They must evaluai"e a 
large number of factors to determine the best possible objective square. 
These factors are: the army's IFR, Its supply sli"uation, the accessibll lty of 
the square, the straightness of the line that would result, i"he vulnerabll lty 
to being surrounded, the danger imposed by nearby Germans, the poss lb II lty of 
a traffic jam, the terrain In the square, and the distance to It. Let's take 
It slowly. 

In I Ines 2990-3050 we perform a simple test to see If the unit should 
take emergency measures. We ask, Is the army seriously outnumbered? Is it 
out of supply? If either answer Is yes, then this army ls probably trapped 
behind German I Ines and it must escape to the easi". It ls given an objective 
square directly east of Its current position. It wt 11 frantlcal ly crash 
eastward, regardless of the circumstances. It wil I even attack vasi"ly 
superior German units In Its haste. 

This may strike you as pretty stupid. I gave a good deal of thought to 
the problem and I am convinced that this ls the best all-round solution. My 
first so I ut ion was much more I nte I I i gent: I had such Russi an uni ts run away 
from the Germans. This norma I I y meant that they ran to the wesi", stra I ght 
for Germany. Th Is ls not very rea I l st I c. It a I so forced the p I ayer to 
assign large numbers of troops the boring job of tracking down and finishing 
off the for I orn Russi an arm I es. I considered having cui"-off Russi ans sit 
down and stay put, but then they wou Id never have any chance of escaping. 
Ou i te a few Russ l ans do l ndeed escape w l th this system, so I think it has 
proven to be a successful way of dealing with a difficult problem. 

NORMAL FRONT-LINE ARMIES 

If an army is not In trouble then it must choose a direction in which to 
move. The computations for this choice begin In I lne 3130, with DRLOOP, the 
direction loop. The critical loop variable is DIR, the direction of movement 
being eva I uated. For the purposes of this I oop, DIR takes the fo I I owing 
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meanings: O=north, 1=east, 2=south, 3=west, FF=stay put. This loop answers 
the question, "Shou Id this army move In d I rect ion DIR?" It f I rst determ Ines 
the 5quc:ire being moved Into (lines 3160-3240), The coordinates of this 
target square are TARGX, TARGY. The square being left Is a ghost army square 
at OBJX, OBJY. The va I ue of this target square is SQVAL. After ver 1 f y i ng 
that the square can be entered Clines 3290-3340), the primary logic begins. 

LINE INTEGRITY COMPUTATIONS 

To f lgure whether a move wl 11 result In a sol Id I lne or a weak I lne, it 
Is first necessary to give the computer some Image of what that I lne looks 
11 ke. I d Id this by creat Ing two arrays. The f I rst array Is ca I I ed the 
direct line array and Is stored In LINARR. This array Is 25 bytes long and 
covers a 5-by-5 square. The square being tested ls always at the center of 
the big square. The rout I ne w 11 I not eva I uate the entire Russi an I I ne, for 
that task Is Impossibly large. Instead, It wll I treat It as a collection of 
short line segments and evaluate each segment for desirable configuration. 

The b I g square is addressed by start Ing at the centra I square, whose 
coord I nates are TARGX, TARGY, and stepping outward In a sp Ira I from this 
square. The direction vectors for this spiral path are specified In a table 
called JSTP. The counter for the steps Is called JCNT. The coordinate of a 
I lttle square being considered within the big square ls always SQX, SQY. 

The contents of the big square are computed w I th two nested I oops, 
LOOP56 and LOOP55 ( 11 nes 3450-3800). The outer I oop steps through each of 
the 25 squares in the big square (except the central square, which we assume 
will contain the ghost army>. The Inner loops sweeps through all Russian 
armies to see If one's objective Is In the square being tested. Note that we 
check not for the presence of the unit Itself CCORPSX, CORPSY> but rather for 
the Intention of the unit to go to the square COBJX, OBJY). This ls how we 
coord I nate the p I ans of the d If ferent arm I es. I f a match is ob ta I ned, the 
muster strength of that army Is stored Into the array element (I Ines 
3760-3780). We then store the muster strength of the army whose p I ans are 
being made Into the array element for the central square. When this task Is 
comp I eted we have an array, LI NARR, which te I Is us how much Russi an muster 
strength is In each of the 25 squares surrounding the square In question. We 
can now examine the structure of this configuration. We wll I examine It from 
four different directions: north, south, east, and west. We wll I keep track 
of which d I rectlon we are I ook Ing from with the vari ab I e SECD IR (secondary 
direction). 

THE LINE VALUE ARRAY 

A very usef u I too I for exam In Ing this two-d I mens i ona I array Is to 
construct a one-dlmenslonal representation of Its most important feature. 
This one-dimensional representation wil I answer the question, "How far 
forward Is the enemy In each column?" A picture might help: 
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LV ARRAY: 5, 5, 5, 5, 5 5, 4, 3, 2, 1 1, 1, 1, 1, 1 

If a particular column ls not populated at al I, the value In the 
corresponding LV entry Is f Ive. 

Lines 3920-4220 build the LV array from the LINARR. The variable POTATO 
(remember I told you I sometimes used funny variable names?) counts which 
co I umn we are In. The Y-reg I ster ho Ids the row w I thin the co I umn, and the 
X-register holds the LINARR index. The loop searches each column looking for 
the f lrst populated square. When it f Inds one, the row Index of the square 
is stored In the L V arrray. If It fl nds no popu I ated square in the co I umn, 
It assigns a va I ue of 5 to the correspond Ing LV e I ement. The sequence of 
CPX, BNE, LOX Instructions In I Ines 4060-4220 translate the current row count 
l n X Into an Index for LI NARR and resume the I oop. Th is Is the c I ums I est 
kind of code. It is spec I a I purpose code, code that ls executed on I y once 
per condition. During program execution, much of the code ls effectively 
use I ess, testing for cond It 1 ons that do not ex I st. A more e I egant so I ut ion 
is ca 11 ed for here. I was too I azy to be e I egant; I just s I opped the code 
together. 

EVALUATING THE STRENGTH OF THE LINE CLPTS> 

Now that the ana I yt I ca I too Is we need are In p I ace, we are ready to 
begin analysis of the position. We shal I analyze the strength of a given 
line configuration by assigning points to lt. We wll I assign various points 
for the var I ous features we I oak for in a good 11 ne. These po I nts w i I I be 
stored In a variable cal led LPTS. Initially, we shal I set this variable to 
zero and during the course of the evaluation we shall add to It or subtract 
from it. 

The calculation begins on I lne 4240. We first evaluate the 
con f I gurat ion for its comp I eteness. Is there a un It In every sing I e co I umn 
in the array? For each popu I ated co I umn, we add $28 to LPTS C now In the 
accumulator). This Is done In I Ines 4240-4320. 

We then test If the contemp I ated presence of our army wou Id f i 11 an 
otherwise empty co I umn. The test for this Is s imp I e and I ne I egant ( I l nes 
4360-4460) • An eas I er way to have done th ls wou Id have been LOA L V+2/CMP 
#$02/BNE Y95. It seems so s imp I e and obv I ous now. In any event, l f the 
condition is satisfied, we add $30 to LPTS. 
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We don't want to create a traffic jam, so we must evaluate the degree of 
b I ock i ng In this array. This ls done by test l ng the f rontmost unit in each 
column and looking behind It; If somebody ls In that square the retreat route 
of the front unit and the attack route of the rear unit are both b I ocked. 
This ls undesirable. Subtract $20 points for each such case Cl Ines 
4500-4730). 

Our next concern Is with penetrations. We do not want to create a I lne 
configuration which ls east ly flanked. A picture II lustrates the problem. 

GOOD BAD 

~ '"71 i 
' ~ ~ I 

The right arrangement Is bad because It al lows the enemy to easily 
penetrate to the rear of the most forward un I ts before engag Ing the I I ne. 
Th Is p I aces these forward uni ts 1 n jeopardy. We want a t I ght, para I I e I I I ne 
as In the examp I e on the I eft. It took me a I ot of thinking to trans I ate 
this concept Into terms that the machine could execute. The final result was 
surprl s Ing I y easy to program. It Is not so easy to exp I al n. We have f Ive 
columns ln our square. We are going to take each column In turn, call Ing It 
OCOLUM, and compare its LV value with each of the other columns. Whl le we 
are do Ing this test, we refer to the other co I umn as COLUM. I know, the 
label I Ing seems backwards. Forgive me, I was feverish with effort. The 
comparison is made by subtracting the LV value of the one column from that of 
the other. If they are equal, there is no problem and we proceed to the next 
other co I umn. If the I atter co I umn Is more forward than the f I rst, then we 
move to the next co I umn; the d I screpancy w 11 I be hand I ed when the other 
co I umn Is d I rect l y tested. I f the I atter co I umn Is more rearward than the 
primary co I umn, then a penalty must be extracted. The penalty I use Is a 
power of two, one power for each row of discrepancy. The evaluation is done 
In lines 4880-4990. 

We have now calculated the strength of the line and stored It In LPTS. 
However, the Importance of th Is strength depends on the amount of danger 
coming from the direction In question. A I lne which is strong facing north 
wil I probably be weak to an attack from the west. We must therefore evaluate 
the strength of the I i ne In I I ght of the danger vector on the army. I do 
this by multiplying LPTS by the IFR value for the direction for which the 
I I ne was eva I uated. Th Is mu It Ip I I cation is done In I Ines 5100-5370. The 
firs+ 14 11 nes se I ect the I FR to be used by some more i ne I egant code. The 
preparation for the mu It Ip I I cation Is done In I Ines 5240-5280; the 
mu I tip I ication Itself Is done In I ines 5290-5370. As with the long division, 
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this rout I ne is a triumph of pedestr I an programming. To mu I tip I y A by B, I 
add A to I tse If B ti mes. It Is a two-byte add, and on I y the upper byte 
CACCHI) Is important to me. I throw away the lower byte In the accumulator. 

NEXT SECONDARY DIRECTION 

I have now calculated the I lne configuration value of the square from 
one direction. I must now perform the same evaluation for each of the other 
d I rect Ions. First I Increment the secondary d I rect I on counter C SE(l) IR> • 
Then I rotate the array. It is eas I er to rotate the array In p I ace and 
evaluate It than to write code that can look from any direction. My code Is 
customized to look at the 25-square array from the north. To look at It from 
other directions, I simply rotate It to those directions. This ls done with 
an e I egant p I ece of code (at I ast I) l n I Ines 5480-5580. FI rst I store the 
array LINARR into a temporary buffer array CBAKARR). Then I rotate it by a 
pointer array ca I I ed ROTARR. Th Is array ho Ids numbers that te I I where each 
array element goes when the array Is rotated 90 degrees to the right. Thus, 
the zeroth e I ement of ROTARR Is a 4; that means that the zeroth e I ement of 
LINARR should now be the fourth element. With the rotation done, the program 
flow loops back up to the beginning of this huge loop. 

In deve I oping this code I made heavy use of f I owcharts. When I was 
satisfied with these I then wrote a smal I BASIC program that performed most 
of the man I pu I at i ens In th Is chunk of code. It took on I y a few hours to 
wr I te and test the BASIC code and ver I fy that the fundamenta I a Igor I thms 
would work as I had Intended. Only then did I proceed to write the assembly 
code. This shows the value of BASIC: It ts an excellent language for tossing 
Ideas together and checking their functfon. I firmly bel leve that almost any 
assemb I y I anguage project on a persona I computer shou Id have severa I BASIC 
tools developed just for supporting the effort. I wrote four different BASIC 
programs as part of the EASTERN FRONT development cycle. They are no longer 
useful, so I have discarded them. 

EVALUATING IMMEDIATE COMBAT FACTORS 

It ls not good enough to analyze the danger In a square In terms of some 
obscure danger vector. It Is also necessary to ask the simple question, how 
close Is the nearest German unit? The proximity of a German unit wll I be of 
great significance to a Russian unit, although the precise significance wit I 
depend on whether the Russian Is pursuing an offensive or a defensive 
strategy. In considering the direct combat slgnlf lcance of a square, we must 
also consider the defensive bonus provided by the terrain In the square. 

These factors are considered l n I l nes 5620-631 0. After stor Ing the 
modified I ine points value into SQVAL (square value>, we determine the range 
to the nearest German unit. This Is done with a stra I ghtforward I oop that 
subtracts the coordinates of each German unit from the target square's 
coordinates, takes the ab so I ute va I ue, and adds the two resu I ts together. If 
the resulting range Is less than the best previous value, It becomes the new 
best value CNBVAL). 
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This range to the closest German unit, when multlpl led by the IFR, wl I I 
give us the specific danger associated with the square. However, !FR is not 
a signed value; It Is always positive. If the Russians are doing well, then 
IFR wll I be small but stll I positive. In such a case the value of IFR*NBVAL 
would be a measure of the opportunity presented to the Russian, not a measure 
of danger. Thus, sma 11 va I ues of I FR demand that I FR*NBVAL be Interpreted 
differently. The logic to do this Is managed In I Ines 5930-6050. The IF~ is 
subtracted from $F; If the resu It 1 s greater than zero It Is doub I ed and 
stored Into TEMPR to act as a fake I FR; NB VAL is rep I aced by 9-NBVAL. The 
ef feet of these strange man i pu I at ions is to Invert the mean Ing of the code 
about to be executed. Th Is succeed Ing code was Intended to determ I ne the 
Importance of running from a square. With the Inversion, It wil I also 
determine the Importance of attacking the same square. 

The fooled code Clines 6090-6250) begins by checking the square to see 
If It Is occupied by a German. If so, It Immediately removes the square from 
consideration; we don't go around picking fights with Germans when we are the 
underdogs. Note that this w I I I never happen when the Russ I ans are us Ing 
offensive strategy. If the square Is unoccupied, we add the terrain bonus to 
NBVAL; this Is a crude way of Including terrain Into the computation. I now 
think that this was not the correct way to handle terrain. 

In I Ines 6200-6250 I execute one of my disgustingly famll lar Neanderthal 
multlpl !cations. I then add this value to SQVAL Clines 6270-6310). 

TRAFFIC AND DISTANCE PENALTIES 

The final tasks are to Include penalties for traffic jams and 
I ong-d I stance marching. The former is necessary to make sure that Russi ans 
don 1 t waste t I me crowd Ing Into the same square. The I atter ref I ects the 
brutal reality that things sometimes do not go as expected, and so plans that 
call for armies to march long distances In the face of the enemy are seldom 
prudent. 

The code for making these tests ls simple Clines 6350-6870). The first 
test C I i nes 6350-6540) Is a I oop that tests a I I the other Russ I ans, I ook Ing 
for one that has a I ready chosen th Is square as an object Ive. I f so, a 
penalty Is extracted from SQVAL. The second test Clines 6580-6870) 
ca I cu I ates the range from the army 1 s current pos It I on to the target square. 
If It Is greater than 6, the target is unreachable and the square Is ruled 
out; SQVAL is set to zero. If not, 2 ra I sed to the power of the range Is 
subtracted from the SQVAL. With th is work done, we have comp I eted our 
calculation of the value of this square. 

FINAL SQUARE EVALUATION 

We now compare the value of this square with the best value we have 
ob ta I ned so far ( 11 nes 6910-6970). If our new va I ue Is better, It becomes 
the best. If not, we forget 1 t. In e I ther event, we go to the next square 
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and loop back to the far beginning (lines 6980-7020). 

Upon completion of this gigantic process we have obtained a best square. 
In I i nes 7040-7150 we make this square our newest object Ive for this army. 
We then I oak at the START key to see If the human p I ayer has f In I shed h Is 
move. If not, we continue our analysis, evaluating more and more squares 
without end. If so, we jump to a completely different section. 

TRANSLATING TARGETS INTO ORDERS 

If the human has pressed the START key, we must 'convert the targets 
figured by the previous routines Into orders for execution in the main I ine 
rout I ne. Th Is task In done In the rema In Ing sect I on of the modu I e. The 
fundamenta I prob I em so I ved In the modu I e Is a very standard prob I em In 
computer graphics. It Is depicted Jn the fol lowing diagram: 

...... Bi. 
: i I 

, ..... ~ ......... J...; 
' . -- ....... .. 

;·· ... ·····-···.; 

A········-·1 

Starting at square A, what Is the straightest path to square B? 
Specifically, what sequence of single steps wll I take you from A to B In the 
straightest possible I lne? For reasons of computational efficiency, we 
desire to find the answers without resorting to mu I tip I !cations or divisions. 
The problem has been solved In Its most general case, and the solution is so 
powerful that It Is easily adapted to circles, el llpses, parabolas, and other 
curves. Unfortunately, I was unaware of this solution when I wrote these 
routines, so I had to make up my own, and thereby hangs a tale. 

The obvious solution Is to compute the slope of the line joining A and 
B, and then walk from A towards B, measuring the slope generated by each 
proposed step and compar Ing this resu I tant step w I th the des I red s I ope; If 
the slope resulting from a proposed step ls the closest that can be obtained, 
then that step Is the best. Unfortunately, calculating a slope requires 
dividing a delta-y by a delta-x, and division ls not al lowed. 

I found my solution In the calendralc system of the Mayan Indians. They 
never developed the concept of the fraction, and so they had a terrible time 
expressing the length of the year. Do you know how hard It is to measure the 
I ength of the year when you have no number for one-quarter day? They 
developed a novel solution: Instead of declaring that one year Is 365 and 1/4 
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days long, they declared that 4 years are 1461 days long. They refined the 
method to state that 25 years are 9131 days long. This procedure can be 
extended to arbitrary precision. Indeed, the Mayans did just that; their 
measurement of the length of the year was more accurate than the contemporary 
European value. 

The basic Idea of the technique Is simple: your quantity Is divided Into 
a whole part and a fractional part. You can't get your hands on the 
fractional part, so you keep a running sum, adding both whole and fractional 
parts untl I the accumulated fractional parts add up to one; then the whole 
part wll I tick over an extra time. That's the event to watch for; It tel Is 
you what the fractional part Is. 

The first step In Implementing this algorithm is to calculate some 
Intermediate values. These are HDIR and HRNGE, the horizontal direction from 
A to B, and the horizontal range Cdelta-x). VDIR and VRNGE are the 
correspond Ing va I ues for the vert I ca I separation. These four va I ues are 
calculated In I Ines 7370-7540. 

Next we calculate the larger range LRNGE and the smaller range SRNGE, as 
wel I as the corresponding directions LDIR and SDIR CI ines 7550-7690). Then 
we prepare some count i-ng var I ab I es by sett Ing them equa I to zero~ RCNT, the 
number of steps taken, and RORD1 and RORD2, the actual orders assigned. 
RANGE Ts the total distance from A to B In non-Pythagorean measure. CHRIS Cl 
was getting desperate for variable names) is the rollover counter. I 
Initial I zed myself to half of LRNGE. 

We now begin the walk from A to B. On each step we shal I assume that we 
shou Id take a step In the I arger d I rect I on CLO IR) • In so do Ing we add SRNGE 
to CHRIS; If CHRIS exceeds RANGE then we must Instead take a sma 11 step In 
direction SDIR. The figuring for this is done in lines 7830-7940. The code 
runs fast. The orders that result from this are folded Into the main orders 
In I Ines 8110-8140, another case of that weird code that first popped up In 
the interrupt module. If you didn't figure It out then, you might as wel I 
figure It out now. 

A few more manipulations loop back to finish the walk to point B; then 
the army's orders are stored and the next army Is given Its orders until al I 
arm I es have been taken care of. WI th that, the rout I ne Is comp I ete and It 
returns to the main I lne routine In line 8340. That was simple enough, wasn't 
It? 
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NARRATIVE HISTORY 

A common misconception among non-programmers Is that a program is a 
static product, something that springs complete from the hand of the 
programmer. What they do not rea 11 ze is that a tru I y or I g Ina I program I Ike 
EASTERN FRONT 1941 does not I eap out of the programmer's m Ind and Into the 
computer. It starts with an Inspiration, a vision that sketches the outlines 
broad and clear but leaves the Individual brushstrokes undefined. The 
programmer labors long and hard to translate this vision Into a cybernetic 
rea I I ty. But the process of convert Ing the paste Is and soft shades of the 
v Is I on Into the hard and sharp I Ines of machine code I nev I tab I y produces 
contrad I ct Ions between the f I ne deta I Is. As many sma I I ideas crysta I I I ze 
Into a sing I e who I e, m I smatches and d I scord are frequent. The programmer 
f I Its over the design, rearranging Ideas, pol I sh Ing rough edges, and 
reconc 111 ng d I fferences. In this process many of the or! g Ina I Ideas are 
warped and twisted until they no longer resemble their original forms. It ts 
very easy, on examining a program closely, to unearth many of these 
convoluted elements and conclude that the programmer lacks common sense. In 
truth, the on I y way to understand a program Is to fo I I ow I ts evo I ut I on from 
start to f In I sh. I have tr I ed to exp I a In some of the odder aspects of this 
program In terms of historical happenstance. In this essay I wt 11 narrate 
the history of the entire project. I hope that this wt I I make the final 
product more understandable. 

ORIGINS 

EASTERN FRONT ( 1941 ) began as OURRAH POB I EDA In June of 1979. The 
or I g Ina I name Is Russ I an for "Hooray for the Mother I and I" and was the Russ I an 
war cry. It was retained until the last minute; I was finally convinced that 
the simpler name would sel I better. 

OURRAH POBIEDA was Initially conceived as a division-level game of 
combat on the Eastern Front. The emphasis of the design was on the 
operational aspects of combat in that campaign. I wanted to demonstrate the 
problems of hand I Ing division-sized units. The design placed heavy emphasis 
on mechanical aspects of warfare. Thus, It had strong logistics and movement 
features. It also had a major subsystem dealing with operational modes. The 
p I ayer cou Id p I ace each un It Into one of many d I fferent modes such as 
movement, assault, reconnaissance In force, probing assault, and so on. Each 
mode had d If f erent comb i nations of movement cap ab i I It I es, attack strength, 
and defense strength. There was also a provision for the facing of a unit 
that al lowed flanking attacks. 

I wrote the program in BASIC on a PET computer in May and June of 1979. 
When I got the program up and running on the machine, I quickly realized that 
I had a dog on my hands. The game had many, many f I aws. There were good 
ideas In lt---the logistics routines, the combat system, and the movement 
system were a I I very good. But the game as a who I e d Id not work. It was 
dul I, confusing, and slow. I wisely consigned al I of my work into a fl le 
folder and started on a new design. Someday, when I had shaken off whatever 
preconceptions were contaminating my mind, I would come back to the game and 
start over with a fresh outlook. 
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REBIRTH 

Fifteen months passed. I went to work for Atari, programming first on 
the VI deo Computer System and then on the Home Computer. In September of 
1980 I saw a program wrlti"en by Ed Rothberg of Atari that f lnely scrolled the 
text w I ndow. It was a short demo that d Id nothing other than move the 
characters around, but It shouted out Its potential. I showed It to several 
other wargame designers and pointed out Its lmpl !cations tor our craft. They 
I lstened politely but did not act on my suggestion that they use the 
cap ab I I I ty. 

Several weeks later I began exploring the fine scrolling capabll !ties of 
the machine myself. I took apart Ed's code and wrote a new routine that was 
more useful for me. I then general I zed this routine to produce SCRL19.ASM, a 
demonstration scro I I Ing modu I e. Th Is modu I e has been spread around In an 
effort to encourage programmers to use the scrolling. By mid-November I had 
comp I eted SCRL 19 .ASM and was f In I sh Ing up another wargame project. I was 
beginning to think about my next project. I decided It was time to pul I out 
all the stops and do a monster game, a game with everything. It would be a 
48K disk-based game with fabulous graphics. It seemed obvious that the 
Eastern Front was the Idea I stage tor such a game. I therefore began 
planning this new game. In the meantime, I began converting SCRL19.ASM to 
produce a map of Russ I a. This map was comp I eted on December 10. It 
Impressed many people, but It was only a map; It didn't do anything other 
"than scro 11 • 

DESIGNING A NEW GAME 

Game design Is art", not engineering. During December I took many long 
walks alone at night, sort"lng through my thought's and trying to formulate my 
vision of t"he game clearly. I sifted through all of my old document's on the 
PET version of OURRAH POBIEDA, trying to glean from that game the essence of 
a 11 that was good and a I I that was bad. Most I y, I thought about what It 
wou Id be I Ike t"o p I ay the game. What w 11 I go "through the head of a person 
p I ay i ng my game? What w 111 "that person exper I ence? What w 111 he think and 
feel? 

Dur Ing a 11 th Is time I never once put penc 11 to paper to record my 
"thought's. I de I I berate I y avo I ded anyt"h Ing that wou Id const"ra in creat Ive 
fl lghts of fancy. I also fought off the urge to rush the job. I spent four 
weeks just thinking. I didn't want to start designing a game "that wasn't 
fully conceived yet. 

Then, In January, the vision was clear. I knew (or thought I knew) 
exactly what the game would be I Ike. I wrote a one-page description of the 
game. The orig Ina I document is reproduced at the end of this essay. You 
wil I note that It Is a surplslngly accurate description of the final product. 
Also not"e what Is specif led. The Information given represents my judgment of 
the crltlcal design and technical factors that would dominate the development 
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of the game. Note espec I a I I y the importance I attached to human Interface 
and graphics. This reflects my bel lef that computation is never a serious 
problem, but interface Is always the primary problem. 

PLUNGING INTO THE MORASS 

I now began the ser l ous task of I mp I ement l ng the des I gn. At f I rst I 
proceeded s I ow I y, caut I ous I y. I documented a I I steps care tu I I y and wrote 
code conservatively. I didn't want to trap myself with Inflexible code at an 
early stage of the game. First I rewrote the map routine, which Involved the 
data module and the Interrupt module. Cl decided at the outset that I would 
need separate modules, as I fully expected the entire program to be too big 
to flt In one module.> As part of this effort I redesigned the display list 
and d I sp I ay 11 st Interrupt structure. This gave me a much better d 1 sp I ay. 
By this t 1 me, ear I y February, I was In fu I I gear and was work 1 ng nights and 
weekends, perhaps 20 hours per week. I made I ast changes In the character 
sets and nal led down the map contents. Next came the unit displays. I wrote 
the swapping routine and began putting units on the map. They couldn't move 
or do anything, but they sure looked pretty. 

In late February began work on the input routines. So far everything 
had gone 1 n smooth I y. There had been a I ot of work, but most routines had 
worked properly on the f trst or second try. My f trst real headache came when 
I tried to design the Input routines. I had decided that most of the game 
would be playable with only the joystick. The player would use the START key 
to begin a move, but otherwise the keyboard was to be avoided. I hung up on 
the prob I em of cance I I l r.g orders. There seemed to be no way to do It with 
the joystick. This caused me great consternation. I fl na I I y gave l n and 
used the SELECT key for cance 11 l ng orders. This may surpr l se you, for the 
fl na I product uses the space bar and the In It I a I spec c I ear I y states that 
space bar would be used. I didn't want to use the keyboard, so I Insisted on 
using the yellow buttons. My playtesters (most notably Rob Zdybel) convinced 
me to go back to the space bar. 

My next problem with the input routines arose when I tried to display a 
unit's existing orders. I had no end of problems here. My original Idea had 
been to use p I ayer-mt ss 11 e graph I cs to draw some k Ind of dotted path that 
would show a unit's planned route Instantly. Unfortunately, there weren't 
enough players and missiles to do the job properly. It could only be done if 
I used sing I e dots for each square entered. I put the d 1 sp I ay up on the 
screen and decided that It did not look good enough. So It was back to the 
draw Ing board. The so I ut ion I eventua 11 y came up w I th (after cons i derab I e 
creative agony) Is the system now used---the moving arrow that shows a unit's 
path. This takes a I lttle longer but the animation effect Is nice. 

THE LIGHT AT THE END OF THE TUNNEL 

By now l t was ear I y March and I paused to consider the pace of the 
effort. I could see how much effort would be needed to complete the task. 
I isted each of the remaining tasks and estimated the amount of time necessary 
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for each. I then rea I I zed that the program wou Id not be fin I shed unt 11 I ate 
June. This was an unpleasant surprise, for I had been planning al I along to 
unveil the game at the ORIGINS wargamlng convention over the 4th of July 
weekend. The schedu I e appeared to g Ive me very I I tt I e extra t I me In the 
event of problems. I did not llke the looks of It. I resolved to redouble 
my efforts and try to get ahead of the schedule. 

MAINLINE MODULE 

With the Input routines done It was time to work on the main I lne module. 
The very f I rst task was to take care of ca I endra I c functl ons. I wrote the 
routines to calculate the days and months; this was easy. Next came the tree 
color changes with seasons; this was also easy. The first problem developed 
with the freezing of rivers and swamps during the winter. I was unable to 
devise a simple way of doing this. I plunged Into the problem with Indecent 
haste and threw together a so I ut I on by force of effort. The resu It was 
Impressive, but I'm not sure I did the right thing. It cost me a week of 
effort, no great loss, and a lot of RAM, which at the time seemed 
l nconsequent la I because I was st 11 I p Ianni ng on the game tak t ng 48K of 
memory. Later, when I chose to drop down to 16K, I found myself cramped for 
RAM, and the expenditure of 120 bytes began to look wasteful. 

Fortunately, I emerged from these problems unscathed. I was not tired 
yet, the project seemed on track and my morale was sti 11 high. Morale Is 
lmportant---you can't do great work unless you are up for it. 

The next task was movement execution. This went extremely wel I. I had 
planned on taking two weeks to get units moving properly; as luck would have 
It, the routines were working fine after only one week. I was hot! 

COMBAT ROUTINES 

As March ended, I was beginning work on the combat resolution routines. 
I had some severe prob I ems here. My rout l nes were based c I ose I y on the 
systems used for the original OURRAH POBEIDA. After some thought, I began to 
uncover serious conceptual problems with this system. A combat system should 
accomp I I sh sever a I th l ngs. It shou Id prov I de for attr It ton due to the 
Intensity of combat. It should also provide for the col lapse of a unit's 
coherence and I ts subsequent retreat. The routines I had were too b I oody. 
They k 11 I ed many troops by attr It I on but d Id not retreat uni ts read 11 y. I 
analyzed them closely and concluded that the heart of the problem lay In the 
tact that combat was comp I ete I y reso I ved t n a s l ng I e batt I e. From this I 
came up with the idea of the extended battle covering many movement subturns 
durl ng the week. By stretching out the batt I e In th Is way I was ab I e to 
solve the problem and achieve a much better combat system. I stil I retained 
the central idea of the earlier system, which broke a unit's strength up into 
muster strength and combat strength. 
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ARTIFICIAL INTELLIGENCE 

In ear I y Apr! I I turned to the I ast major modu I e of the project: the 
artlflclal Intel I lgence routines. This module frightened me, for I was 
unsure how to handle It. Looking back, I cannot believe that I Invested so 
much t l me In this project 1 n the b I I the expectat l on that the art l ft c I a I 
Intel I lgence routines would work out properly. I threw myself Into them with 
naive confidence. I carefully 1 lsted al I of the factors that I wanted the 
Russian player to consider. Then I prepared a flowchart for the sequence of 
computations. This f I owchart was sub sequent I y rewr l tten many t l mes as I 
changed the design. 

My biggest problems came with the method of analyzing the robustness of 
the Russian I lne. My first approach was based on the original OURRAH POBEIDA 
method. I started at one end of the I lne and swept down the I lne look Ing for 
holes. When a hole was found I marked It and jumped onward to the other side 
of the ho I e. When the I I ne was fu I I y traced I sent re I nforcements to the 
ho I es and weak spots 1 n the I I ne. This worked In OURRAH POBE I DA but wou Id 
not work in the new program. The Russi an I 1 ne In the new program wou Id be 
far more ragged than In the orlglnal game. In some places, the holes would 
be bigger than the I lne. In such cases, the algorithm would almost certainly 
break down. 

A new algorithm was required. After many false starts, I came up with 
the current scheme, which broke the line up into small segments 5 squares 
wide. This 5-square chunk ls then applied to each unit In the Russian army, 
prov Id l ng a kl nd of mov t ng average to smooth the I l ne and bl nd together the 
different units in the llne. I am very proud of this design, for it ls quite 
flexible and powerful in Its abi I ity to analyze a I lne structure. An 
Interesting aspect of this design ls that I originally designed It to handle 
a smaller segment only three squares wide. After the code had been written, 
entered, and part i a 11 y debugged I dee I ded that It wou Id work better with a 
5-square width. I mod l f I ed the code to hand I e the new width in a few days. 
The trans It l on was rea I I y quite c I ean. This l nd i cates that I wrote the 
orlglnal code very well, for the ease with which code can be rewritten is a 
good measure of Its qua I tty. 

FIRST STARTUP 

It was now mid-May. Six months had passed since I had begun the first 
et forts on the game. One evening, rather I ate, I f In i shed work on the 
art if I c i a I 1nte11 lgence rout I ne and prepared to actua 11 y p I ay the game for 
the fl rst time. Many, many times I had put the game up to test the 
performance of the code, but this was the f lrst time I was bringing the game 
up solely to assess the overal I design. Within ten minutes I knew I had a 
turkey on my hands. The game was dul I and boring, It took too much time to 
play, it didn't seem to hang together conceptually, and the Russians played a 
very stupid game. 
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THE CRISIS 

I remember that night very wel I. I shut off the machine and went for a 
long walk. It was time to do some hard thinking. The f lrst question was, 
can the game be salvaged? Are the problems with this game superficial or 
fundamental to the design? I decided that the game suffered from four 
prob I ems: There were too many un I ts for the human to contro I • The game 
would require far too long to play. The game was a simple slugfest with 
I I tt I e opportun I ty for Interest Ing p I oys for the German. The Russi ans were 
too stupid. The second quest I on I had to answer was, shou Id I try to 
maintain my schedule, or should I postpone the game and redesign It? 

That was a long night. One thing kept my faith: my egotism. Most good 
programmers are egoman I acs, and I am no except I on. When the program I ooked 
hopeless, and the problems seemed Insurmountable, one thing kept me 
golng---the absolute certainty that I was so brilliant that I could think up 
a solution to any problem. Deep down inside, every good programmer knows 
that the computer will do almost anything If only it Is programmed properly. 
The battle Is not between the programmer and the recalcitrant computer; ft Is 
between the programmer's wil I and his own stupidity. Only the most 
egotistical of programmers refuses to I lsten to the "I can't do It" and 
presses on to do the things which ne I ther he nor anybody e I se thought 
possible. But In so doing, he faces many lonely nights staring at the 
eel ling, wondering If maybe this time he has finally bitten off more than he 
can chew. 

I threw myself at the task of redesigning the program. First, I greatly 
reduced the sea I e of the program. I had Intended the game to cover the 
entire campaign In the east from 1941 to 1945. I slashed It down to only the 
first year. That suddenly reduced the projected playing time from a 
ridiculous 12 hours to a more reasonable 3 hours. I then drastlcal ly 
transformed the ent I re game by Introducing zones of contro I • Before then 
units were free to move through gaps In the line at ful I speed. This sing le 
change solved a multitude of problems. First, It al lowed me to greatly 
reduce the unit count on both s I des. One unit cou Id contro I far more 
territory now, so fewer units were necessary. With fewer units, both players 
could plan their moves more quickly. Second, Russian stupidity was suddenly 
less Important. If the Russians left small holes In the line, they would be 
covered by zones of contro I • Th I rd, It made enc I re I ements much eas I er to 
execute, for large Russian forces could be trapped with relatively few German 
armored units. 

My third major change to the game design was the Inclusion of logistics. 
had meant to have supp I y cons I derat Ions a 11 a I ong, but I had not gotten 

around to It until this time. Now I put It In. This alone made a big change 
In the game, for it permitted the German to cripple Russian units with 
movement Instead of combat. Indeed, the encirclement to cut off supplies Is 
the central German maneuver of the entire game. 

It was about this t I me that a I so comm I tted to producing a game that 
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wou Id run on a 16K system. I had suspected s I nee Apr i I that the ent I re 
program would indeed fit Into 16K but I did not want to constrain myself, so 
I continued developing code with I ittle thought to Its size. Yet it ts hard 
to deny one's upbringing. I had learned micros on a KIM with only 1K of RAM, 
later expanded to SK. I had written many of my early programs on a PET with 
8K of RAM, later 16K. I had written programs at Atari to run In 16K. My 
thoughts were structured around a 16K regime. When the f lrst version of the 
program ran In May, It flt In almost exactly 16K. I never took anything out 
to meet the 16K requirement; I simply committed to maintaining the current 
size. 

FRANTIC JUNE 

During the first two weeks of June I worked like a madman to Implement 
al I of these Ideas. The program's structure went to hel I during this time. 
I was confident of what I was doing, and was wll llng to trade structure for 
time. I had al I the changes up and running by mid-June. It was then that I 
re I eased the f I rst test vers I on to my p I aytesters. I a I so began the huge 
task of pol lshlng the game, cleaning out the quirks and oddities. This 
consumed my time right up to the ORIGINS convention on July 3-5. We showed 
the game to the world then, and It made a favorable Impression on those who 
saw It. The version shown there was vers I on 27 2. It was a comp I ete game, 
and a playable game, and even an enjoyable game. It was not yet ready for 
release. 

THE POLISHING STAGES 

Two of the most crltlcal stages In the development of a program are the 
design stage and the polishing stage. In the former, the programmer is 
tempted to p I unge ahead w I thout proper I y th Ink Ing through what he wants to 
achieve. In the latter, the programmer is exhausted after a major--eiTort' to 
comp I ete the program. The program is now op er at Iona I and cou Id be re I ease~· 
Indeed, people are probably begging tor it Immediately. The temptation t 
release it is very strong. The good programmer wll I spurn the temptation and 
continue pol lshing his creation untl I he knows that It Is ready to be , 
released. 

Polishing occupied my attentions for six weeks. I playtested the game 
countless times, recording events that I didn't I Ike, testing the flow of the 
game, and above al I looking for bugs. I found bugs, too. One by one, I 
expurgated them. I rewrote the zone of control routine to speed It up and 
take less memory. I made numerous adjustments In the artif lclal Intel I lgence 
routines to make the Russians play better. Most of my efforts were directed 
to the timing and placement of reinforcements. I found that the game was 
balanced on a razor-edge. A good player would have victory within his reach 
right up through December, but then the arrival of a large block of Russian 
reinforcements would dash his chances. I spent a great deal of time juggling 
reinforcements to get the game tightly balanced. 

During this time playtesters were making their own suggestions for the 
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game. Playtesters are dlfflcult to use properly. At least 90 percent of the 
suggestions they make are use I ess or stupid. Th Is Is because they do not 
share the vision that the designer has, so they try to take the game In very 
different directions. The tremendous value of playtesters Iles In that smal I 
10 percent that represents valuable Ideas. No designer can think of 
everything. Every designer w 111 bu 11 d persona I qu Irks into a game that can 
only hurt the design. The playtesters wil I catch these. The good designer 
must have the courage to reject the bad 90 percent, and the wisdom to accept 
the good 10 percent. It's a tough business. 

DELIVERY AND AFTERMATH 

I de I i vered the f Ina I product to Da I e Yocum at the Atari Program 
Exchange around the 20th of August. It was the 317th version of the program. 
The program went on sale 10 days later. It has generated favorable 
responses. I was not ab le to embark on a new project for ten weeks; I was 
comp I ete I y burned out. I do not regret burn Ing myse If out in this way; 
anything less would not have been worth the effort. 
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CHARACTER SET DESCRIPTIONS 

There are three character sets used in EASTERN FRONT 1941. The first is 
the standard text character set. The other two are graphics character sets 
used for the di sp I ay of the map. These character sets a I I 0w 64 di st i net 
characters in each set; each character can be presented in one of four 
colors. The two charts that fol low give the critical assignments of 
characters in the character sets. I do not include the actual bit 
assignments for each character, as this Information Is not of primary 
interest to a designer. 

Each chart gives the 6-bit number, which is the number that specifies 
the shape of the character, and the 8-bit number, which specifies the 
combination of color and shape that Is used in the program. There are a few 
exceptions. For example, the river characters are normally presented in 
blue, but during winter they are presented In white to Indicate that they 
have frozen. The character value must be changed to accompl !sh this. 
Another case Is the solid character, which is normally white for the 
boundaries. It Is a I so used In I ts red incarnation to show that a Russ I an 
unit has been attacked. 

The character descriptions are also cryptic. The river characters are 
descr I bed in terms of the s I des of the squares through which the river 
passes. For this usage, 1 means north, 2 east, 3 south, and 4 west. Thus, a 
13 river goes from the northern edge of the square to the southern edge, 
wh i I e a 23 r Iver goes from the eastern edge to the southern edge. River 
junctions are specified by the three edges that contain rivers. 

Coastlines are specified in a similar fashion, with an additional 
convention. Coast I i nes are spec If i ed d I rect i ona I I y, with the I and on the 
right side of the path drawn. For example, a 24 coast I lne runs from the east 
side of the square to the west side, with the land on the north and the sea 
on the south. A 42 coast I ine would be slml lar with the land and sea on 
opposite sides. 
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NORTHERN CHARACTER SET SUMMARY 

6-BIT # DESCRIPTION 8-BIT # 6-BIT # DESCRIPTION 8-BIT # 
0 clear 0 32 river 24 160 
1 forest 1 33 river 24 161 
2 forest 2 34 river 24 162 
3 forest 3 35 river 24 163 
4 forest 4 36 river 34 164 
5 forest 5 37 river 34 165 
6 forest 6 38 river 34 166 
7 city 71 39 river 34 167 
8 city 72 40 river 134 168 
9 city 73 41 coast Ii ne 31 169 

10 city 74 42 coast Ii ne 31 170 
11 swamp 139 43 coast Ii ne 31 171 
12 swamp 140 44 coast Ii ne 42 172 
13 swamp 141 45 coast I I ne 42 173 
14 swamp 142 46 coast I ine 42 17 4 
15 river 12 143 47 coast I I ne 21 175 
16 river 12 1'44 48 coast Ii ne 41 176 
17 river 12 145 49 coast Ii ne 32 177 
18 river 12 146 50 coast Ii ne 34 178 
19 river 13 147 51 coast Ii ne 12 179 
20 river 13 148 52 Finnish coast I ine 180 
21 river 13 149 53 Finnish coastline 181 
22 r ver 13 150 54 Finnish coast I ine 182 
23 r ver 13 151 55 Finnish coast Ii ne 183 
24 r ver 13 152 56 Finnish coast I lne 184 
25 r ver 14 153 57 Finnish coastline 185 
26 r ver 14 154 58 Lake Pelpus 186 
27 r ver 14 155 59 estuary 1 187 
28 r ver 23 156 60 estuary 2 188 
29 r ver 23 157 61 infantry 125 or 253 
30 r ver 23 158 62 armor 126 or 254 
31 r ver 24 159 63 sol id 191 
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SOUTHERN CHARACTER SET SUMMARY 

6-BIT # DESCRIPTION 8-BIT # 6-BIT # DESCRIPTION 8-BIT # 
0 clear 0 32 river 34 160 
1 mountain 1 33 river 34 161 
2 mountain 2 34 river 124 162 
3 mountain 3 35 Kerch straits 163 
4 mountain 4 36 coast Ii ne 13 164 
5 mountain 5 37 coast Ii ne 24 165 
6 mountain 6 38 coast 11 ne 24 166 
7 city 71 39 coast I I ne 24 167 
8 city 72 40 coast I I ne 21 168 
9 city 73 41 coast I I ne 21 169 

10 city 74 42 coast I I ne 14 170 
11 swamp 139 43 coast I I ne 14 171 
12 swamp 140 44 coast 11 ne 14 172 
13 swamp 141 45 coast I I ne 41 173 
14 swamp 142 46 coast I I ne 41 17 4 
15 river 12 143 47 coast I I ne 23 175 
16 river 12 144 48 coast 11 ne 23 176 
17 river 12 145 49 coast Ii ne 23 177 
18 river 12 146 50 coast 11 ne 32 178 
19 river 13 147 51 coast Ii ne 32 179 
20 river 13 148 52 coast 11 ne 34 180 
21 river 13 149 53 coast Ii ne 34 181 
22 river 14 150 54 Crimea 182 
23 river 14 151 55 Crimea 183 
24 river 23 152 56 Crimea 184 
25 river 23 153 57 Crimea 185 
26 river 24 154 58 estuary 1 186 
27 river 24 155 59 estuary 2 187 
28 river 24 156 60 estuary 3 188 
29 river 24 157 61 Infantry 125 or 253 
30 river 34 158 62 armor 126 or 254 
31 river 34 159 63 sol id 191 
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UNIT CHARACTERISTICS 

SEQUENCE # NAME CORPSX CORP SY MSTRNG SWAP ARRIVE CORPT 

0 0 INFANTRY CORPS 0 0 0 0 255 0 
1 24 PANZER CORPS 40 20 203 126 0 3 
2 39 PANZER CORPS 40 19 205 126 255 3 
3 46 PANZER CORPS 40 18 192 126 0 3 
4 47 PANZER CORPS 40 17 199 126 0 3 
5 57 PANZER CORPS 40 16 184 126 0 3 
6 5 INFANTRY CORPS 41 20 136 125 0 0 
7 6 INFANTRY CORPS 40 19 127 125 0 0 
8 7 INFANTRY CORPS 41 18 150 125 0 0 
9 8 INFANTRY CORPS 41 17 129 125 0 0 
10 9 INFANTRY CORPS 41 16 136 125 0 0 
11 12 INFANTRY CORPS 42 20 109 125 255 0 
12 13 INFANTRY CORPS 42 19 72 125 255 0 
13 20 INFANTRY CORPS 42 18 70 125 255 0 
14 42 INFANTRY CORPS 42 17 81 125 255 0 
15 43 INFANTRY CORPS 43 19 131 125 255 0 
16 53 INFANTRY CORPS 43 18 102 125 255 0 
17 3 ITAL INF CORPS 43 17 53 125 255 64 
18 41 PANZER CORPS 41 23 198 126 0 3 
19 56 PANZER CORPS 40 22 194 126 0 3 
20 1 INFANTRY CORPS 40 21 129 125 0 0 
21 2 INFANTRY CORPS 41 21 123 125 0 0 
22 10 INFANTRY CORPS 41 22 101 125 0 0 
23 26 INFANTRY CORPS 42 22 104 125 0 0 
24 28 INFANTRY CORPS 42 23 112 125 0 0 
25 38 INFANTRY CORPS 42 24 120 125 0 0 
26 3 PANZER CORPS 40 15 202 126 0 3 
27 14 PANZER CORPS 41 14 195 126 0 3 
28 48 PANZER CORPS 42 13 191 126 0 3 
29 52 PANZER CORPS 41 15 72 126 255 3 
30 49 INFANTRY CORPS 42 14 140 125 0 0 
31 4 INFANTRY CORPS 42 12 142 125 0 0 
32 17 INFANTRY CORPS 43 13 119 125 0 0 
33 29 INFANTRY CORPS 41 15 111 125 0 0 
34 44 INFANTRY CORPS 42 16 122 125 255 0 
35 55 INFANTRY CORPS 43 16 77 125 255 0 
36 1 RUM INF CORPS 30 2 97 125 0 48 
37 2 RUM INF CORPS 30 3 96 125 0 48 
38 4 RUM INF CORPS 31 4 92 125 0 48 
39 11 INFANTRY CORPS 33 6 125 125 0 0 
40 30 INFANTRY CORPS 35 7 131 125 0 0 
41 54 INFANTRY CORPS 37 8 106 125 0 0 
42 2 FINN INF CORPS 35 38 112 125 0 32 
43 4 FINN INF CORPS 36 37 104 125 0 32 
44 6 FINN INF CORPS 36 38 101 125 255 32 
45 40 PANZER CORPS 45 20 210 126 2 3 
46 27 INFANTRY CORPS 45 15 97 125 255 0 
47 1 HUN PZR CORPS 38 8 98 126 2 83 
48 23 INFANTRY CORPS 45 16 95 125 5 0 
49 5 RUM INF CORPS 31 1 52 125 6 48 
50 34 INFANTRY CORPS 45 20 98 125 9 0 
51 35 INFANTRY CORPS 45 19 96 125 10 0 
52 4 ITAL INF CORPS 32 1 55 125 11 64 
53 51 INFANTRY CORPS 45 17 104 125 20 0 
54 50 PZR GRNDR CORPS 45 18 101 126 24 7 _5,. 



SEQUENCE # NAME CORPSX CORP SY MSTRNG SWAP ARRIVE CORPT 

55 7 MILITIA ARMY 29 32 100 253 4 4 
56 11 MILITIA ARMY 27 31 103 253 5 4 
57 41 INFANTRY ARMY 24 38 110 253 7 0 
58 42 INFANTRY ARMY 23 38 101 253 9 0 
59 43 INFANTRY ARMY 20 38 92 253 11 0 
60 44 INFANTRY ARMY 15 38 103 253 13 0 
61 45 INFANTRY ARMY 0 20 105 253 7 0 
62 46 INFANTRY ARMY 0 8 107 253 12 0 
63 47 INFANTRY ARMY 0 18 111 253 8 0 
64 48 INFANTRY ARMY 0 10 88 253 10 0 
65 9 TANK ARMY 0 14 117 254 10 1 
66 13 TANK ARMY 0 33 84 254 14 1 
67 14 TANK ARMY 0 11 109 254 15 1 
68 15 TANK ARMY 0 15 89 254 16 1 
69 16 TANK ARMY 0 20 105 254 18 1 
70 7 CAV ARMY 0 10 93 254 7 2 
71 2 TANK ARMY 21 28 62 254 0 1 
72 19 INFANTRY ARMY 21 27 104 253 0 0 
73 18 INFANTRY ARMY 30 14 101 253 0 0 
74 1 CAV ARMY 30 13 67 254 0 2 
75 27 INFANTRY ARMY 39 28 104 253 0 0 
76 10 TANK ARMY 38 28 84 254 0 1 
77 22 INFANTRY ARMY 23 31 127 253 0 0 
78 21 INFANTRY ARMY 19 24 112 253 0 0 
79 13 INFANTRY ARMY 34 22 111 253 0 0 
80 6 TANK ARMY 34 21 91 254 0 1 
81 9 Ml LITI A ARMY 31 34 79 253 0 4 
82 2 INFANTRY ARMY 27 6 69 253 0 0 
83 1 MILITIA ARMY 33 37 108 253 0 4 
84 8 INFANTRY ARMY 41 24 118 253 0 0 
85 11 INFANTRY ARMY 40 23 137 253 0 0 
86 1 TANK ARMY 39 23 70 254 0 1 
87 7 TANK ARMY 42 25 85 254 0 1 
88 3 INFANTRY ARMY 39 20 130 253 0 0 
89 4 INFANTRY ARMY 39 22 91 253 0 0 
90 10 INFANTRY ARMY 39 18 131 253 0 0 
91 5 TANK ARMY 39 17 71 254 0 1 
92 8 TANK ARMY 39 21 86 254 0 1 
93 3 CAV ARMY 37 20 75 254 0 2 
94 6 CAV ARMY 39 19 90 254 0 2 
95 5 INFANTRY ARMY 39 16 123 253 0 0 
96 6 INFANTRY ARMY 39 15 124 253 0 0 
97 12 INFANTRY ARMY 40 14 151 253 0 0 
98 26 INFANTRY ARMY 41 13 128 253 0 0 
99 3 TANK ARMY 41 12 88 254 0 1 
100 4 TANK ARMY 39 11 77 254 0 1 
101 11 TANK ARMY 36 9 79 254 0 1 
102 5 CAV ARMY 34 8 80 254 0 2 
103 9 INFANTRY ARMY 32 6 126 253 0 0 
104 12 TANK ARMY 35 9 79 254 0 1 
105 4 CAV ARMY 30 4 91 254 0 2 
106 2 CAV ARMY 28 2 84 254 0 2 
107 7 INFANTRY ARMY 25 6 72 253 1 0 
108 2 Ml LITIA ARMY 29 14 86 253 1 4 
109 14 INFANTRY ARMY 32 22 76 253 1 0 
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SEQUENCE ti NAME CORPSX CORP SY MSTRNG SWAP ARRIVE CORPT 

110 4 MILITIA ARMY 33 36 99 253 1 4 
111 15 INFANTRY ARMY 26 23 67 253 1 0 
112 16 INFANTRY ARMY 21 8 78 253 2 0 
113 20 INFANTRY ARMY 29 33 121 253 2 0 
114 6 INFANTRY ARMY 0 28 114 253 2 0 
115 24 INFANTRY ARMY 28 30 105 253 3 0 
116 40 INFANTRY ARMY 21 20 122 253 3 0 
117 29 INFANTRY ARMY 21 28 127 253 4 0 
118 30 INFANTRY ARMY 21 33 129 253 4 0 
119 31 INFANTRY ARMY 20 27 105 253 5 0 
120 32 INFANTRY ARMY 20 30 111 253 5 0 
121 33 INFANTRY ARMY 12 8 112 253 6 0 
122 37 INFANTRY ARMY 0 10 127 253 6 0 
123 43 INFANTRY ARMY 0 32 119 253 7 0 
124 49 INFANTRY ARMY 0 11 89 253 8 0 
125 50 INFANTRY ARMY 0 25 108 253 8 0 
126 52 INFANTRY ARMY 0 12 113 253 8 0 
127 54 INFANTRY ARMY 0 23 105 253 9 0 
128 55 INFANTRY ARMY 0 13 94 253 9 0 
129 1 GD CAV ARMY 21 29 103 254 5 114 
130 34 INFANTRY ARMY 25 30 97 253 5 0 
131 , GD INF ARMY 0 31 108 253 2 112 
132 2 GD INF ARMY 0 15 110 253 9 112 
133 3 GD INF ARMY 0 27 111 253 10 112 
134 4 GD INF ARMY 0 17 96 253 10 112 
135 39 INFANTRY ARMY 0 25 109 253 6 0 
136 59 INFANTRY ARMY 0 11 112 253 11 0 
137 60 INFANTRY ARMY 0 23 95 253 5 0 
138 61 INFANTRY ARMY 0 19 93 253 17 0 
139 2 GD CAV ARMY 0 21 114 254 2 114 
140 1 TANK ARMY 0 33 103 254 11 1 
141 1 GD TANK ARMY 0 28 107 254 20 113 
142 5 GD INF ARMY 0 13 105 253 21 112 
143 2 TANK ARMY 0 26 92 254 22 1 
144 6 GD INF ARMY 0 10 109 253 23 112 
145 3 TANK ARMY 0 29 101 254 24 1 
146 4 TANK ARMY 0 35 106 254 26 1 
147 38 INFANTRY ARMY 0 27 95 253 28 0 
148 36 INFANTRY ARMY 0 15 99 254 30 0 
149 35 INFANTRY ARMY 38 30 101 253 2 0 
150 28 INFANTRY ARMY 21 22 118 253 3 0 
151 25 INFANTRY ARMY 12 8 106 253 3 0 
152 23 INFANTRY ARMY 20 13 112 253 3 0 
153 17 INFANTRY ARMY 21 14 104 253 3 0 
154 8 MILITIA ARMY 20 28 185 253 6 4 
155 10 MILITIA ARMY 15 3 108 253 6 4 
156 3 MILITIA ARMY 21 3 94 253 4 4 
157 5 MILITIA ARMY 20 3 102 253 4 4 
158 6 MILITIA ARMY 19 2 98 253 4 4 
159 0 INFANTRY ARMY 0 0 0 255 32 0 
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TERRAIN VALUES 

TERRAIN TYPE SUBTURN DELAY DEFENSIVE OFFENSIVE 
DRY MUD SNOW VALUE VALUE 

Inf/Arm Inf/Arm Inf/Arm 

Clear 6 4 24 30 10 6 2 1 
Mountain/Forest 12 8 30 30 16 10 3 1 
City 18 6 24 30 10 8 3 1 
Frozen Swamp 0 0 0 0 12 8 2 1 
Frozen River 0 0 0 0 12 8 2 1 
Swamp 18 18 30 30 24 24 2 1 
Rivgr 14 13 30 30 28 28 1 2 
Coasi*I tne 8 6 26 30 12 8 1 2 
Estue:-y 20 16 28 30 24 20 2 1 
Open Sea 127 127 127 127 127 127 0 0 
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5431 IF 
10 ;EFT VERSION 1.80 (DATA) 11/30/81 COPYRIGHT CHRIS CRAWFORD 1981 5432 20 

0000 20 •= $5400 5433 2D 
5400 00 30 CORPSX .BYTE 0,40,40,40,40,40,41,40,41,41,41 5434 20 
5401 28 5435 20 
5402 28 5436 2D 
5403 28 80 ;RUSSIAN 
5404 28 5437 10 90 .BYTE 29,27,24,23 
5405 28 5438 1B 
5406 29 5439 18 
5407 28 543A 17 
5408 29 543B 14 0100 .BYTE 20,15,0,0,0,0,0,0,0,0,0,0 
5409 29 543C OF 
540A 29 543D 00 
540B 2A 40 .BYTE 42,42,42,42,43,43,43,41,40,40,41,41 543E 00 
540C 2A 543F 00 
540D 2A 5440 00 
540E 2A 5441 00 
540F 28 5442 00 
5410 28 5443 00 
5411 28 5444 00 
5412 29 5445 00 
5413 28 5446 00 
5414 28 5447 15 0110 .BYTE 21,21,30,30,39,38,23,19,34,34,31,27 
5415 29 5448 15 
5416 29 5449 IE 
5417 2A 50 .BYTE 42,42,42,40,41,42,41,42,42,43,41,42 544A IE 
5418 2A 544B 27 
5419 2A 544C 26 
541A 28 544D 17 
541B 29 544E 13 
541C 2A 544F 22 
541D 29 5450 22 
541E 2A 5451 IF 
541F 2A 5452 IB 
5420 28 5453 21 0120 .BYTE 33,41,40,39,42,39,39,39,39,39,37,39 
5421 29 5454 29 
5422 2A 5455 28 
5423 2B 60 .BYTE 43,30,30,31,33,35,37,35,36,36,45,45 5456 27 
5424 IE 5457 2A 
5425 IE 5458 27 
5426 IF 5459 27 
5427 21 545A 27 
5428 23 545B 27 
5429 25 545C 27 
542A 23 545D 25 
542B 24 545E 27 
542C 24 545F 27 0130 .BYTE 39,39,40,41,41,39,36,34,32,35,30,28 
5420 2D 5460 27 
542E 2D 5461 26 
542F 26 70 .BYTE 36,45,31,45,45,32,45,45 5462 29 
5430 20 5463 29 



5464 27 5498 14 
5465 24 5499 15 
5466 22 549A 14 
5467 20 5498 OF 
5468 23 549C 15 
5469 IE 549D 14 
546A IC 549E 13 
5468 19 0140 .BYTE 25,29,32,33,26,21,29,0,28,21,21,21 549F 00 0180 CORPSY .BYTE 0,20,19,18,17,16,20,19,18,17,16 

546C ID 54AO 14 
546D 20 54AI 13 
546E 21 54A2 12 
546f IA 54A3 11 
5470 15 54A4 10 
5471 ID 54A5 14 
5472 00 54A6 13 
5473 IC 54A7 12 
5474 15 54A8 II 
5475 15 54A9 10 
5476 15 54AA 14 0190 .BYTE 20,19,18,17,19,18,17,23,22,21,21,22 

5477 14 0150 .BYTE 20,20,12,0,o,o,o,o,o,o,21,25 54AB 13 
5478 14 54AC 12 
5479 oc 54AD II 
547A 00 54AE 13 
547B 00 54AF 12 
547C 00 54BO II 
547D 00 54BI 17 
547E 00 5482 16 
547F 00 5483 15 
5480 00 5484 15 
5481 15 5485 16 
5482 19 5486 16 0200 .BYTE 22,23,24,15,14,13,15,14,12,13,15,16 
5483 00 0160 .BYTE O,O,O,O,O,O,O,O,O,O,O,O,O,O 5487 17 
5484 00 5488 18 
5485 00 5489 OF 
5486 00 54BA OE 
5487 00 5488 OD 
5488 00 548C OF 
5489 00 54BD OE 
548A 00 54BE OC 
5488 00 54BF OD 
548C 00 54CO OF 
548D 00 54CI 10 
548E 00 54C2 10 0210 .BYTE 16,2,3,4,6,7,8,38,37,38,20,15,8 
548F 00 54C3 02 
5490 00 54C4 03 
5491 00 0170 .BYTE o,o,o,o,38,21,12,20,21,20,l5,21,20,19 54C5 04 
5492 00 54C6 06 
5493 00 54C7 07 
5494 00 54C8 08 
5495 26 54C9 26 
5496 15 54CA 25 
5497 oc 54CB 26 



54CC 14 54FF OF 
54CO OF 5500 OE 
54CE 06 5501 OD 
54CF 10 0220 .BYTE 16,1,20,19,1,17,16 5502 oc 
5400 01 5503 OB 
5401 14 5504 09 
5402 13 5505 08 
5403 01 5506 06 
5404 11 5507 09 
5405 12 5508 04 

0230 ;RUSS I AN 5509 02 
5406 20 0240 .BYTE 32,31,36,36,36,36 550A 06 
5407 IF 550B OE 0290 .BYTE 14,22,36,23,8,33,28,30,20,26,33,27 
5408 26 550C 16 
5409 26 5500 24 
540A 26 550E 17 
540B 26 550F 08 
54DC 14 0250 .BYTE 20,8,18,I0,14,33,11,15,20,10 5510 21 
5400 08 5511 IC 
540E 12 5512 IE 
540F OA 5513 14 
54EO OE 5514 IC 
54EI 21 5515 21 
54E2 OB 5516 IB 
54E3 OF 5517 IE 0300 .BYTE 30,8,I0,32,11,25,12,23, 13,29,30,31 
54E4 14 5518 OB 
54E5 OA 5519 OA 
54E6 IC 0260 .BYTE 28,27,14,13,26,26,31,24,22,21,34,6 551A 20 
54E7 IB 551B OB 
54E8 OE 551C 19 
54E9 00 5510 oc 
54EA IC 551E 17 
54EB IC 551F 00 
54EC IF 5520 10 
54EO 18 5521 IE 
54EE 16 5522 IF 
54EF 15 5523 OF 0310 .BYTE 15,27,17,25,11,23,19,21,33,28,13,26 
54FO 22 5524 IB 
54FI 06 5525 11 
54F2 25 0270 .BYTE 37,24,23,23,25,20,22,18,17,21,20,19 5526 19 
54F3 18 5527 OB 
54F4 17 5526 17 
54F5 17 5529 13 
54F6 19 552A 15 
54F7 14 552B 21 
54F8 16 552C IC 
54F9 12 5520 00 
54FA II 552E IA 
54FB 15 552F OA 0320 .BYTE I0,29,35,27,15,30,22,8,13,14,28 
54FC 14 5530 10 
54FD 13 5531 23 
54FE 10 0280 .BYTE 16,15,14,13,12,11,9,8,6,9,4,2,6 5532 IB 



5)33 OF 5567 6A 

5)34 It 5568 70 0390 .BYTE 112,104,101,210,97,98,95,52 

5535 16 5569 68 

5536 08 556A 65 

5537 OD 556B 02 

5536 OE 556C 61 

5539 IC 5560 62 

553A 03 0330 .BYTE 3,3,3,2 556E 5F 

553[1 03 556F 34 

553C 03 5570 62 0400 .BYTE 98,96,55,104,101 

5530 02 5571 60 

553E 00 0340 l·ISTRNG .BYTE 0,203,205, 192, 199, 184, 136, 127, 150 5572 37 

553F CB 5573 68 

5540 CD 5574 65 

5541 co 0410 ;RUSSIAN 

5542 C7 5575 64 0420 .BYTE 100,103,110 

5543 BS 5576 67 
5544 88 5577 6E 
5545 7F 5578 65 0430 .BYTE 101,92,103,105,107,111,88,117,84 

5546 96 5579 5C 
5547 81 0350 .BYTE 129,136,109,72,70,81,131,102,53 557A 67 
5548 88 5576 69 
5549 6D 557C 6B 
554A 48 5570 6F 
554B 46 557E 58 
554C 51 557F 75 
5540 83 5580 54 
554E 66 5581 60 0440 .BYTE 109,89,105,93 

554F 35 5582 59 
5550 C6 0360 .BYTE 198,194,129,123,101,104,112,120 5583 69 
5551 C2 5564 50 
5552 81 5585 3E 0450 .BYTE 62,104,101,67,104,84,127,112 
5553 7B 5566 66 
5554 65 5587 65 
5555 68 5588 43 
5556 70 5589 68 
5557 78 558A 54 
5558 CA 0370 .BYTE 202,195,191,72,140,142,119,111 558B 7F 
5559 C3 558C 70 
555A BF 5580 6F 0460 .BYTE 111,91,79,69,108,118,137,70 

555B 48 558E 5B 
555C SC 558F 4F 
5550 8E 5590 45 

555E 77 5591 6C 
555F 6F 5592 76 
5560 7A 0380 .BYTE 122,77,97,96,92,125,131,106 5593 89 
5561 40 5594 46 
5562 61 5595 55 0470 .BYTE 85,130,91,131,71,86,75,90 
5563 60 5596 82 
5564 5C 5597 56 
5565 70 5598 83 
5566 83 5599 47 



559A 56 55CE 60 
5598 48 55CF 65 
559C 5A 5500 6A 
5590 78 0480 .BYTE 123,124,151,126,88,77,79,80 5501 5F 
559E 7C 5502 63 
559F 97 5503 65 
55AO 80 5504 76 0550 • BYTE I 18, 106, 112, 104, I 85, I 08, 94, 102 
55Al 58 5505 6A 
55A2 40 5506 70 
55A3 4F 5507 68 
55A4 50 5508 B9 
55A5 7E 0490 .BYTE 126,79,91,84,72,86,76,99 5509 6C 
55A6 4F 550A SE 
55A7 SB 550B 66 
55A8 54 55DC 62 0560 .BYTE 98 
55A9 48 5500 0570 CSTRNG *:' *+159 
55AA 56 567C 00 0560 Sl~AP .BYTE 0,126,126,126,126,126,125,125,125 
55AB 4C 5670 7E 
55AC 63 567E 7E 
55AO 43 0500 .BYTE 67,78,121,114,105,122,127,129 567F 7E 
55AE 4E 5680 7E 
55AF 79 5681 7E 
55BO 72 5682 70 
55Bl 69 5683 70 
55B2 7A 5684 70 
5583 7F 5685 70 0590 .BYTE 125,125,125,125,125,125,125,125 
55B4 81 5686 70 
55B5 69 0510 .BYTE 105, 111, 112, 127, 119,89, 108 5687 70 
55B6 6F 5608 70 
5587 70 5689 70 
55B8 7F 568A 70 
5569 77 568B 70 
55BA 59 568C 70 
55BB 6C 5680 70 0600 .BYTE 125,126,126,125,125,125,125,125 
55BC 71 0520 .BYTE 113,105,94,103,97,108,110,111 56CJE 7E 
55BO 69 568F 7E 
55BE 5E 5690 70 
55BF 67 5691 70 
55CO 61 5692 70 
55C1 6C 5693 70 
55C2 6E 5694 70 
55C3 6F 5695 70 0610 .BYTE 125,126,126,126,126,12:,:2~.125 

55C4 60 0530 .BYTE 96,109,112,95,93,114,103,107 5696 7E 
55C5 60 5697 7E 
55C6 70 5698 7E 
55C7 5F 5699 7E 
55C8 50 569A 70 
55C9 72 5698 70 
55CA 67 569C 70 
55CB 68 5690 70 0620 .BYTE 125,125,125,125,125,125,125,125 
55CC 69 0540 .BYTE 105,92,109,101,106,95,99,101 569E 70 
55CO 5C 569F 70 



5tiAO 70 56D3 FE 0710 .BYTE 254,253,253,253,254,254,254,254 

5bAI 7D 56D4 FD 

56A2 7D 56D5 FD 

56A3 7D 56D6 FD 

56A4 7D 56D7 FE 
56A5 7D 0630 .BYTE 125,125,125,125,126,125,126,J25 56D6 FE 

56A6 7D 56D9 FE 
56A7 7D 56DA FE 
56A8 7D 56DB FD 0720 .BYTE 253,253,253,253!254,254,254,254 

56A9 7E 56DC FD 
56AA 7D 5600 FD 
56AB 7E 56DE FD 
56AC 7D 56DF FE 
56AD 7D 0640 .BYTE 125,125,125,125,125,126 56EO FE 
56AE 7D 56!01 FE 
56AF 7D 56E2 FE 
56BO 7D 56E3 FD 0730 .BYTE 253,254,254,254,253,253,253,253 

56B1 7D 56E4 FE 
56B2 7E 56E5 FE 

0650 ;RUSSIAll 56E6 FE 
56B3 FD 0660 .BYTE 253,253 56E7 FD 
5684 FD 56E6 FD 
56B5 FD 0670 .BYTE 253,253,253,253,253,253,253,253 56E9 FD 
56B6 FD 56EA FD 
56B7 FD 56EB FD 0740 .BYTE 253,253,253,253,253,253,253,253 
56B8 FD 56EC FD 
56B9 FD 56ED FD 
56BA FD 56EE FD 
56BB FD 56EF FD 
56BC FD 56FO FD 
56BD FE 0680 .BYTE 254,254,254,254,254,254 56F1 FD 
560E FE 56F2 FD 
56BF FE 56F3 FD 0750 .BYTE 253,253,253,253,253,253,253,253 

56CO FE 56F4 FD 
56C1 FE 56F5 FD 
56C2 FE 56F6 FD 
56C3 FE 0690 .BYTE 254,253,253,254,253,254,253,253 56F7 FD 
56C4 FD 56FB FD 
56C5 FD 56F9 FD 
56C6 FE 56FA FD 
56C7 FD 56FB FD 0760 .BYTE 253,253,254,253,253,253,253,253 
56C8 FE 56FC FD 
56C9 FD 56FD FE 
56CA FD 56FE FD 
56CB FD 0700 .BYTE 253,254,253,253,253,253,253,254 56FF FD 
56CC FE 5700 FD 
56CD FD 5701 FD 
56CE FD 5702 FD 
56CF FD 5703 FD 0770 .BYTE 253,253,253,253,254,254,254,253 
56DO FD 5704 FD 
56DI FD 5705 FD 
56D2 FE 5706 FD 



5707 FE 57:JB 00 
5708 FE 573C 00 0840 .BYTE 0,255,255,0,0,0,0,0 

5709 FE 573D FF 
570A FD 573E FF 
570B FE 0780 .BYTE 254,253,254,254,253,254,253,253 573F 00 
570C FD 5740 00 
570D FE 5741 00 
570E FE 5742 00 
570F FD 5743 00 
5710 FE 5744 00 0850 .BYTE 0,0,0,255,2,255,2 
5711 FD 5745 00 
5712 FD 5746 00 
5713 FD 0790 .BYTE 253,253,253,253,253,253,253,253 5747 FF 
5714 FD 5748 02 
5715 FD 5749 FF 
5716 FD 574A 02 
5717 FD 574B 05 0860 .BYTE 5,6,9,I0,11,20,24 
5716 FD 574C 06 
5719 FD 574D 09 
571A FD 574E OA 
5718 FF 0800 ARRIVE .BYTE 255,0,255,0,0,0,0,0,0 574F OB 
571C 00 5750 14 
5710 FF 5751 18 
571E 00 0870 ;RUSSIAN 
571F 00 5752 04 0880 .BYTE 4,5,7,9,11,13,7,12,8 
5720 00 5753 05 
5721 00 5754 07 
5722 00 5755 09 
5723 00 5756 OB 
5724 00 0810 .BYTE 0,0,255,255,255,255,255,255 5757 OD 
5725 00 5758 07 
5726 FF 5759 oc 
5727 FF 575A 08 
5728 FF 575B OA 0890 • BYTE 10, I 0, 14, 15, 16, 18, 1 

5729 FF 575C OA 
572A FF 575D OE 
572B FF 575E OF 
572C FF 0820 .BYTE 255,0,0,0,0,0,0,0 575F 10 
572D 00 5760 12 
572E 00 5761 07 
572F 00 5762 00 0900 .BYTE 0,0,0,0,0,0,0,0 
5730 00 5763 00 
5731 00 5764 00 
5732 00 5765 00 
5733 00 5766 00 
5734 00 0830 .BYTE 0,0,0,0,255,0,0,0 5767 00 
5735 00 5768 00 
5736 00 5769 00 
5737 00 576A 00 0910 .BYTE 0,0,0,0,0,0,0,0 
5738 FF 576B 00 
5739 00 576C 00 
573A 00 576D 00 



576E 00 57A2 06 0980 .BYTE 6,11,5,17,2,11,20,21 

576F 00 57A3 OB 
5770 00 57A4 05 
5771 00 57A5 11 
5772 00 0920 .BYTE 0,0,0,0,0,0,0,0 57A6 02 
5773 00 57A7 OB 
5774 00 57A8 14 
5775 00 57A9 15 
5776 00 57AA 16 0990 .BYTE 22,23,24,26,28,30,2,3 

5777 00 57AB 17 
5778 00 57AC 18 
5779 00 57AO IA 
577A 00 0930 .BYTE O,O,O,O,O,O,O,O 57AE IC 
577B 00 57AF IE 
577C 00 57BO 02 
5770 00 57BI 03 

577E 00 57B2 03 1000 .BYTE 3,3,3,6,6,4,4,4 
577F 00 57B3 03 
5780 00 57B4 03 
5781 00 57B5 06 
5782 00 0940 .BYTE o,o,o,0,1,1,1,1 57B6 06 
5783 00 57B7 04 
5784 00 57B8 04 
5785 00 57B9 04 
5786 01 57BA 20 1010 1'/0ROS .BYTE II SS II 

5787 01 57BB 20 
5788 01 57BC 20 
5789 01 57BO 20 
578A 01 0950 .BYTE 1,2,2,2,3,3,4,4 57BE 20 
578B 02 57Bf 20 
578C 02 57CO 20 
5780 02 57C1 20 
578E 03 57C2 53 
578F 03 57C3 53 
5790 04 57C4 20 
5791 04 57C5 20 
5792 05 0960 .BYTE 5,5,6,6,7,8,8,8 57C6 20 
5793 05 57C7 20 
5794 06 57C8 20 
5795 06 57C9 20 
5796 07 57CA 46 1020 .BYTE "FINNISH RUMANIAN" 
5797 08 57CB 49 
5798 08 57CC 4E 
5799 08 57CD 4E 
579A 09 0970 .BYTE 9,9,5,5,2,9,10,10 57CE 49 
579B 09 57CF 53 
579C 05 5700 48 
5790 05 5701 20 
579E 02 5702 52 
579F 09 5703 55 
57AO OA 5704 40 
57Al OA 5705 41 



5706 4E 580A 43 1060 .BYTE "CAVALRY PAMZER II 

5707 49 580B 41 
5708 41 580C 56 
5709 4E 5800 41 
570A 49 1030 .BYTE 11 ITALIAN HUNGARAN 11 580E 4C 
570B 54 580F 52 
57DC 41 5810 59 
5700 4C 5811 20 
570E 49 5812 50 
570F 41 5813 41 
57EO 4E 5814 4E 
57E1 20 5815 5A 
57E2 48 5816 45 
57E3 55 5817 52 
57E4 4E 5818 20 
57E5 47 5819 20 
57E6 41 . 581A 40 1070 • BYTE 11M I LI Tl A SHOO< II 

57E7 52 581B 49 
57E8 41 581C 4C 
57E9 4E 5810 49 
57EA 40 1040 .BYTE 11MOUNTAINGUAROS II 581E 54 
57EB 4F 581F 49 
57EC 55 5820 41 
57ED 4E 5821 20 
57EE 54 5822 53 
57EF 41 5823 48 
57FO 49 5824 4F 
57F1 4E 5825 43 
57F2 47 5826 4B 
57F3 55 5827 20 
57F4 41 5828 20 
57F5 52 5829 20 
57F6 44 582A 50 1080 .BYTE "PARATRP PZRGRtlOR 11 

57F7 53 582B 41 
57F8 20 582C 52 
57F9 20 5820 41 
57FA 49 1050 .BYTE 11 INFANTRYTANK II 582E 54 
57FB 4E 582F 52 
57FC 46 5830 50 
57FD 41 5831 20 
57FE 4E 5832 50 
57FF 54 5833 5A 
5600 52 5834 52 

·5501 59 5635 47 
5802 54 5836 52 
5803 41 5837 4E 
5304 4E 58~6 44 
5005 46 5839 52 
5306 20 583A 20 1090 .BYTE II JAMUARY II 

5307 20 583B 20 
5808 20 583C 20 
5809 20 5830 20 



583E 20 5872 4A 

583F 20 5873 55 

51l40 20 5874 4C 

5841 20 5875 59 

5842 4A 5876 20 

5843 41 5877 20 

5844 4E 5878 20 

5845 55 5879 20 

5846 41 587A 41 1130 .BYTE "AUGUST SEPTEl1BR" 

5847 52 5876 55 

5848 59 587C 47 

5849 20 5870 55 

584A 46 1100 .BYTE "FEBRUARYl·IARCH II 587E 53 

584B 45 587f 54 

584C 42 5880 20 

5840 52 5681 20 

584E 55 5882 53 

584F 41 5883 45 

5850 52 5884 50 

5851 59 5885 54 

5852 40 5886 45 
5853 41 5887 40 

5854 52 5888 42 
5855 43 5889 52 
5856 48 588A 4f 1140 .BYTE "OCTOBER NOVHIBER" 

5857 20 588B 43 
5858 20 588C 54 
5859 20 5880 4F 
585A 41 1110 .BYTE "APRIL l·IAY II 588E 42 

5858 50 ' 588F 45 
585C 52 5890 52 
5650 49 5891 20 
585E 4C 5892 4E 
585F 20 5893 4F 
5860 20 5894 56 
5861 20 • 5895 45 

5862 40 5896 40 

5863 41 5897 42 

5864 59 5898 45 

5865 20 5899 52 

5866 20 589A 44 1150 .BYTE "0EC£1.IBERCORPS II 

5867 20 589B 45 

5868 20 589C 43 

5869 20 5890 45 

586A 4A 1120 .BYTE "JUNE JULY II 589E 40 

5868 55 589F 42 

5tl6C 4E 58AO 45 
5060 45 58Al 52 
586E 20 58A2 43 
586F 20 58A3 4F 
5870 20 58A4 52 
5871 20 58A5 50 



58A6 53 580A 00 1200 .BYTE 0,$40,3,3,0,0,0,0 
58A7 20 580B 40 
58A8 20 580C 03 
58A9 20 5800 03 
58AA 41 1160 .BYTE 111\RllY l·IUSTER II 580E 00 
581\B 52 580f 00 
581\C 40 58EO 00 

. 58110 59 58E1 00 
'581\E 20 58E2 00 1210 .BYTE 0,0,3,3,3,3,0,0 
581\F 20 56E3 00 
58BO 20 58E4 03 
5881 20 58E5 03 
5882 40 58E6 03 
5883 55 58E7 03 
58B4 53 58Efl 00 
58B5 54 58E9 00 
58B6 45 58EI\ 00 1220 .BYTE 0,0,0,0,$30,$30,$30,0 
58B7 52 58EB 00 
5888 20 58EC 00 
58B9 20 58!::0 00 
58BA 43 1170 • BYTE "COl-13AT STREtlGTH" 58EE 30 
58BB 4F 58EF 30 
58BC 40 58FO 30 
5880 42 58F1 00 
588E 41 58F2 00 1230 .BYTE 0,0,$20,$20,$20,3,0,$53 
58BF 54 58F3 00 
58CO 20 58F4 20 
58C1 20 58F5 20 
58C2 53 58F6 20 
58C3 54 58F7 03 
58C4 52 58F8 00 
58C5 45 58F9 53 
58C6 4E 58FI\ 00 1240 .BYTE 0,$30,0,0,$40,0,7 
58C7 47 56FB 30 
58C8 54 58FC 00 
58C9 48 58FO 00 
58CA 00 1180 CORPT .BYTE 0,3,3,3,3,3,0,0 58FE 40 
58CB 03 58FF 00 
58CC 03 5900 07 
58CD 03 1250 ;RUSSll\H 
58CE 03 5901 04 1260 .BYTE 4,4,0,0,0,0,0,0,0 
58CF 03 5902 04 
5800 00 5903 00 
5801 00 5904 00 
5802 00 1190 .BYTE O,O,O,O,O,O,O,O 5905 00 
5803 00 5906 00 
5804 00 5907 00 
5805 00 5908 00 
5806 00 5909 00 
5807 00 590A 00 1270 .BYTE 0,1,1,1,1,1,2 
5808 00 5908 01 
5809 00 590C 01 



5900 01 5941 00 1340 .BYTE 0,0,0,0,0,0,0,0 

590E 01 5942 00 

590F 01 5943 00 

5910 02 5944 00 

5911 01 1280 .BYTE l,0,0,2,0,1,0,0 5945 00 

5912 00 5946 00 

5913 00 5947 00 

5914 02 5948 00 

5915 00 5949 00 1350 .BYTE 0,0, S72,0, S70, S70, S70, $70 

5916 01 594A 00 

5917 00 594B 72 

5918 00 594C 00 

5919 00 1290 .BYTE 0,1,4,0,4,0,0,I 5940 70 

591A 01 594E t>g4F 70 

591B 04 5950 70 

591C 00 5951 00 1360 .BYTE o,o,o,o,s12,1,s11,s10 

5910 04 5952 00 

591E 00 5953 00 

591F 00 5954 00 

5920 01 5955 72 

5921 01 1300 .BYTE l,0,0,0,1,1,2,2 5956 01 

5922 00 5957 71 

5923 00 5958 70 

5924 00 5959 01 1370 .BYTE l,S70,l,l,O,O,O,O 

5925 01 595A 70 
5926 01 595B 01 
5927 02 595C 01 
5928 02 5950 00 
5929 00 1310 .BYTE 0,0,0,0,1,1,1,2 595E 00 
592A 00 595F 00 
5920 00 5960 00 
592C 00 5961 00 1380 .BYTE 0,0,0,4,4,4,4,4 
5920 01 5962 00 
592E 01 5963 00 
592F 01 5964 04 
5930 02 5965 04 
5931 00 1320 .BYTE 0,1,2,2,0,4,0,4 5966 04 
5932 01 5967 04 
5933 02 5968 04 
5934 02 5969 00 1390 CORPNO .BYTE 0,24,39,46,47,57,5,6 
5935 00 596A 18 
5936 04 596B 27 
5937 00 596C 2E 
5938 04 5960 2F 
5939 00 1330 .BYTE 0,0,0,0,0,0,0,0 596E 39 
593A 00 596F 05 
593B 00 5970 06 
593C 00 5971 07 1400 .BYTE 7,8,9,12,13,20,42,43 

5930 00 5972 06 
593E 00 5973 09 
593F 00 5974 oc 
5940 00 



5975 00 59A8 2F 1480 .BYTE 47,48,9,13,14,15,16,7 

5976 14 59A9 30 
5977 2A 59AA 09 
5978 2B 59AB 00 
5979 35 1410 .BYTE 53,3,41,56,1,2,10,26 59AC OE 
597A 03 59AO OF 
5970 29 59AE 10 
597C 38 59AF 07 
5970 01 5980 02 1490 .BYTE 2,19,18,1,27,10,22,21 

597E 02 59BI 13 
597F OA 5982 12 
5980 IA 59B3 01 
5981 IC 1420 .BYTE 28,38,3,14,48,52,49,4 59B4 18 
5982 26 59B5 OA 
5983 03 59B6 16 
5984 OE 59B7 15 
5985 30 5988 00 1500 .BYTE 13,6,9,2,1,8,11,1 
5986 34 59B9 06 
5987 31 598A 09 
5988 04 59BB 02 
5989 11 1430 .BYTE 17,29,44,55,1,2,4,11 59BC 01 
598A 10 59BO 08 
598B 2C 59BE OB 
598C 37 59BF 01 
5980 01 59CO 07 1510 .BYTE 7,3,4,10,5,6,3,6 
598E 02 59CI 03 
598F 04 • 59C2 04 
5990 OB 59C3 OA 
5991 IE 1440 .BYTE 30,54,2,4,6,40,27,1 59C4 05 
5992 36 59C5 06 
5993 02 59C6 03 
5994 04 59C7 06 
5995 06 59C8 05 1520 .BYTE 5,6,12,26,3,4,11,5 
5996 28 59C9 06 
5997 IB 59CA OC 
5998 01 59CB IA 
5999 17 1450 .BYTE 23,5,34,35,4,51,50 59CC 03 
599A 05 59CO 04 
599B 22 59CE OB 
599C 23 59CF 05 
5990 04 5900 09 1530 .BYTE 9,12,4,2,7,2,14,4 
599E 33 5901 oc 
599F 32 5902 04 

I 460 l RUSS I Al~ 5903 02 
59AO 07 1470 .BYTE 7,11,41,42,43,44,45,46 5904 07 
59AI OB 5905 02 
59A2 29 5906 OE 
59A3 2A 5907 04 
59A4 2B 5908 OF 1540 .BYTE 15,16,20,6,24,40,29,30 
59A5 2C 5909 10 
59A6 20 59DA 14 
59A7 2E 59DB 06 



590C 18 5AOF 00 

590D 28 5AIO 00 1620 .BYTE O,O,O,O,O,O,O,O 

59DE ID 5All 00 

59Df IE 5Al2 00 

59EO If 1550 .BYTE 31,32,33,37,43,49,50,52 5A13 00 
59EI 20 5Al4 00 
59E2 21 5Al5 00 
59E3 25 5Al6 00 
59E4 20 5Al7 00 
59E5 31 5Al8 00 1630 .BYTE O,O,O,O,O,O,O,O 

59E6 32 5Al9 00 
59E7 34 5AIA 00 
59E8 36 1560 .BYTE 54,55,1,34,1,2,3,4 5AIB 00 
59E9 37 5AIC 00 
59EA 01 5AIO 00 
59EB 22 5AIE 00 
59EC 01 5AIF 00 
59ED 02 5A20 00 1640 .BYTE O,O,O,O,O,O,O,O 

59EE 03 5A21 00 
59EF 04 5A22 00 
59FO 27 1570 .BYTE 39,59,60,61,2,1,1,5 5A23 00 
59FI 313 5A24 00 
59F2 3C 5A25 00 
59F3 30 5A26 00 
59F4 02 5A27 00 
59F5 01 5A20 00 1650 .BYTE O,O,O,O,O,O,O,O 
59F6 01 5A29 00 
59F7 05 5A2A 00 
59F8 02 1580 .BYTE 2,6,3,4,38,36,35,28 5A2B 00 
59F9 06 5A2C 00 
59FA 03 5A2D 00 
59f B 04 5A2E 00 
59FC 26 5A2F 00 
59FD 24 5A30 00 1660 .BYTE O,O,O,O,O,O,O,O 
59FE 23 5A31 00 
59FF IC 5A32 00 
5AOO 19 1590 .BYTE 25,23,17,8,I0,3,5,6 5A33 00 
5AOI 17 5A34 00 
5A02 II 5A35 00 
5A03 08 5A36 00 
5A04 OA 5A37 00 
5A05 03 5A38 00 1670 .BYTE O,O,O,O,O,O,O,O 
5A06 05 5A39 00 
5A07 06 5A3A 00 

1600 ;HERE COi-iE NUl·IBER CODES 5A3B 00 
5A08 00 1610 HDIGIT .BYTE O,O,O,O,O,O,O,O 5A3C 00 
5A09 00 5A3D 00 
5AOA 00 5A3E 00 
5AOB 00 5A3F 00 
5AOC 00 5A40 00 1680 .BYTE O,O,O,O,O,O,O,O 
5AOD 00 5A41 00 
5AOE 00 5A42 00 



5A43 00 5A77 01 
5A44 00 5A76 01 1750 .BYTE I, I, I, 1, 1, I, 1, I 
5A45 00 5A79 01 
5A46 00 5A7A 01 
5A47 00 5A7B 01 
5A48 00 1690 .BYTE O,O,O,O,O,O,O,O 5A7C 01 
5A49 00 5A7D 01 
5A4A 00 5A7E 01 . 
5A4B 00 5A7F 01 
5A4C 00 5A80 01 1760 , BYTE 1 , I , 1 , 1 , 1 , 1 , I , 1 
5A4D 00 5A81 01 
5A4E 00 5A82 01 
5A4F 00 5A83 01 
5A50 00 1700 .BYTE O,O,O,O,O,O,O,O 5A84 01 
5A51 00 5A85 01 
5A52 00 5A86 01 
5A53 00 5A87 01 
5A54 00 5A88 01 1770 • BYTE I , I , I , 1 , 1 , 1 , I , 1 
5A55 00 5A89 01 
5A56 00 5A8A 01 
5A57 00 5A8B 01 
5A56 00 1710 .BYTE O,O,O,O,O,O,O,O 5A8C 01 
5A59 00 5A60 01 
5A5A 00 5A8E 01 
5A5B 00 5A8F 01 
5A5C 00 5A90 01 1780 .BYTE I , I, 1, 1, 1 , 1 , 1, I 
5A5D 00 5A91 01 
5A5E 00 5A92 01 
5A5F 00 5A93 01 
5A60 00 1720 .BYTE O,O,O,O,O,O,O,O 5A94 01 
5A61 00 5A95 01 
5A62 00 5A96 01 
5A63 00 5A97 01 
5A64 00 5A98 01 1790 .BYTE I, 1, 1, 1, I, 1, I, I 
5A65 00 5A99 01 
5A66 00 5A9A 01 
5A67 00 5A9B 01 
5A68 00 1730 .BYTE o,o,o,0,1,1,1,1 5A9C 01 
5A69 00 5A9D 01 
5A6A 00 5A9E 01 
5A6B 00 5A9F 01 
5A6C 01 5AAO 01 1800 • BYTE 1 , I , 1 , 1 , 1 , 1 , I , I 
5A6D 01 5AAI 01 
5A6E 01 5AA2 01 
5A6F 01 5AA3 01 
5A70 01 1740 • BYTE 1 , 1 , I , 1 , 1 , I , I , 1 5AA4 01 
5A71 01 5AA5 01 
5A72 01 5AA6 01 
5A73 01 5AA7 01 
5A74 01 5AA8 01 1810 .BYTE I, 1, I, I, I, I, I, I 
5A75 01 5AA9 01 
5A76 01 5AAA 01 



5AAl3 OJ 5ADF 02 
5AAC 01 5AEO 02 1880 .BYTE 2,2,2,2,2,2,2,2 

5AAD 01 5AEI 02 
5AAE 01 5AE2 02 
5AAF 01 5AE3 02 
5AHO 01 1820 • BYTE I , I , I , I , I , I , I , I 5AE4 02 
5ABI 01 5AE5 02 
5AB2 01 5AE6 02 
5AB3 01 5AE7 02 
5AB4 01 5AE8 02 1890 .BYTE 2,2,2,2,2,2,2,2 
5A65 01 5AE9 02 
5AB6 01 5AEA 02 
5AB7 01 5AEB 02 
5AB8 01 1830 • BYTE I , 1 , 1 , I , 1 , 1 , 1 , 1 5AEC 02 
5AB9 01 5AED 02 
5ABA 01 5AEE 02 
5ABB 01 5AEF 02 
5ABC 01 5Af 0 02 1900 .BYTE 2,2,2,2,2,2,2,2 
5ABD 01 5AF1 02 
5ABE 01 5AF2 02 
5ABF 01 5AF3 02 
5ACO 01 1840 • BYTE 1 , 1 , I , 1 , 1 , 1 , 1 , I 5AF4 02 
5AC1 01 5AF5 02 
5AC2 01 5Af 6 02 
5AC3 01 5AF7 02 
5AC4 01 5Af 8 02 1910 .BYTE 2,2,2,2,2,2,2,2 
5AC5 01 5Af 9 02 
5AC6 01 5AFA 02 
5AC7 01 5AFB 02 
5AC8 01 1850 • BYTE I , I , 1 , 1 , 1 , 1 , 1 , 1 5AFC 02 
5AC9 01 5AFD 02 
5ACA 01 5AFE 02 
5ACB 01 5AFF 02 
5ACC 01 5800 02 1920 .BYTE 2,2,2,2,2,2,2,2 
5ACD 01 5801 02 
5ACE 01 5802 02 
5ACF 01 5B03 02 
5AOO 02 1860 .BYTE 2,2,2,2,2,2,2,2 5B04 02 
5ADI 02 5B05 02 
5A02 02 5B06 02 
5AD3 02 5B07 02 
5AD4 02 5B08 00 1930 TDIGIT .BYTE O,O,O,O,O,O,O,O,O,O 
5A05 02 5809 00 
5A06 02 5BOA 00 
5AD7 02 5BOB 00 
5A08 02 1870 .BYTE 2,2,2,2,2,2,2,2 5BOC 00 
5A09 02 5800 00 
5ADA 02 5BOE 00 
5AOB 02 580F 00 
5AOC 02 5610 00 
5ADO 02 5BI I 00 
5ADE 02 5Bl2 01 1940 • BYTE I , I , I , I , 1 , I , I , 1 , I , I 



5613 01 5647 06 
5614 01 5B48 06 
5Bl5 01 5B49 06 
5B16 01 5B4A 06 
5617 01 5B4B 06 
5618 01 5B4C 06 
5B19 01 5640 06 
5BIA 01 5B4E 07 2000 .BYTE 7,7,7,7,7,7,7,7,7,7 

5B1B 01 5B4F 07 
5BIC 02 1950 .BYTE 2,2,2,2,2,2,2,2,2,2 5B50 07 
5610 02 5B51 07 
5BIE 02 5B52 07 
5B1F 02 5B53 07 
5B20 02 5B54 07 
5B21 02 5B55 07 
5B22 02 5B56 07 
5B23 02 5B57 07 
5B24 02 5B58 06 2010 .BYTE 6,8,8,8,6,8,8,8,8,8 
5B25 02 5B59 08 
5626 03 1960 .BYTE 3,3,3,3,3,3,3,3,3,3 5B5A 08 
5627 03 5B5B 06 
5028 03 5B5C 08 
5629 03 5650 06 
5B2A 03 505E 06 
5626 03 5B5F 08 
5B2C 03 5660 08 
5620 03 5661 08 
5B2E 03 5B62 09 2020 .BYTE 9,9,9,9,9,9,9,9,9,9 
5B2F 03 5663 09 
5630 04 1970 .BYTE 4,4,4,4,4,4,4,4,4,4 5B64 09 
5631 04 5665 09 
5832 04 5666 09 
5633 04 5067 09 
5B34 04 5B68 09 
5635 04 5B69 09 
5636 04 5B6A 09 
5637 04 5B6B 09 
5B36 04 5B6C 00 2030 .BYTE O,O,O,O,O,O,O,O,O,O 
5639 04 5B60 00 
5B3A 05 1960 .BYTE 5,5,5,5,5,5,5,5,5,5 5B6E 00 
5B3B 05 5B6F 00 
5B3C 05 5670 00 
5B30 05 5B71 00 
5B3E 05 5B72 00 
5B3F 05 5673 00 
5B40 05 5B74 00 
5B41 05 5B75 00 
5042 05 5B76 01 2040 • BYTE I , I , I , I , I , I , 1 , 1 , I , I 
5B43 05 5B77 01 
5044 06 1990 .BYTE 6,6,6,6,6,6,6,6,6,6 5B76 01 
5845 06 5879 01 
5646 06 567A 01 



5U7U 01 5BAF 06 
567C 01 5660 06 
5670 01 5BBI 06 
567E 01 56B2 07 2100 .BYTE 7,7,7,7,7,7,7,7,7,7 

587F 01 5883 07 
5880 02 2050 .BYTE 2,2,2,2,2,2,2,2,2,2 5BB4 07 
5681 02 5BB5 07 
5882 02 5866 07 
5883 02 5BB7 07 
5884 02 5BB8 07 
5885 02 5BB9 07 
5B86 02 5BBA 07 
5687 02 5BBB 07 
5B88 02 58BC 08 2110 .BYTE 8,8,8,8,8,8,8,8,8,8 

5889 02 5BBO 08 
5BtlA 03 2060 .BYTE 3,3,3,3,3,3,3,3,3,3 5B8E 08 
5B8B 03 5BBF 08 
5B8C 03 5BCO 08 
5BUO 03 5BC1 08 
5BUE 03 5BC2 08 
5B8F 03 5BC3 08 
5B90 03 5BC4 08 
5B91 03 5BC5 08 
5892 03 5BC6 09 2120 .BYTE 9,9,9,9,9,9,9,9,9,9 
5893 03 5BC7 09 
5694 04 2070 .BYTE 4,4,4,4,4,4,4,4,4,4 5BC8 09 
5895 04 5BC9 09 
5696 04 5BCA 09 
5897 04 5BC6 09 
5698 04 5BCC 09 
5B99 04 5BCO 09 
5B9A 04 5BCE 09 
5898 04 5BCF 09 
5B9C 04 5800 00 2130 .BYTE O,O,O,O,O,O,O,O,O,O 
5890 04 5B01 00 
5B9E 05 2080 .BYTE 5,5,5,5,5,5,5,5,5,5 5802 00 
5B9F 05 5803 00 
5EJAO 05 5B04 00 
58AI 05 5805 00 
5BA2 05 5B06 00 
5BA3 05 5B07 00 
5BA4 05 5B08 00 
5BA5 05 5B09 00 
5BA6 05 5BOA 01 2140 • BYTE 1 , 1 , I , I , 1 , I , I , I , I , I 
5BA7 05 5BOB 01 
5BA8 06 2090 .BYTE 6,6,6,6,6,6,6,6,6,6 5BOC 01 
5BA9 06 5BOO 01 
5BAA 06 5BOE 01 
5BAB 06 5BOF 01 
5BAC 06 5BEO 01 
5BAO 06 5BEI 01 
5BAE 06 5BE2 01 



5BE3 01 5Cl7 05 
5BE4 02 2150 .BYTE 2,2,2,2,2,2,2,2,2,2 5Clli 06 
5BE5 02 5C19 07 
5BE6 02 5C1A 06 
5BE7 02 5C1B 09 
5BE6 02 5C1C 00 2210 .BYTE 0,1,2,3,4,5,6,7,6,9 
5BE9 02 5C10 01 
5BEA 02 5C1E 02 
5BEB 02 5C1F 03 
513EC 02 5C20 04 
5BED 02 5C21 05 
5BEE 03 2160 .BYTE 3,3,3,3,3,3,3,3,3,3 5C22 06 
5BEF 03 5C23 07 
5BFO 03 5C24 06 
5BF1 03 5C25 09 
5BF2 03 5C26 00 2220 .BYTE 0,1,2,3,4,5,6,7,6,9 
5BF3 03 5C27 01 
5BF4 03 5C26 02 
513F5 03 5C29 03 
5BF6 03 5C2A 04 
5BF7 03 5C2B 05 
5BF6 04 2170 .BYTE 4,4,4,4,4,4,4,4,4,4 5C2C 06 
5BF9 04 5C2D 07 
5BFA 04 5C2E 06 
5BFB 04 5C2F 09 
5BFC 04 5C30 00 2230 .BYTE 0,1,2,3,4,5,6,7,6,9 
5BFD 04 5C31 01 
5BFE 04 5C32 02 
56FF 04 5C33 03 
5COO 04 5C34 04 
5C01 04 5C35 05 
5C02 05 2180 .BYTE 5,5,5,5,5,5 5C36 06 
5C03 05 5C37 07 
5C04 05 5C36 06 
5C05 05 5C39 09 
5C06 05 5C3A 00 2240 .BYTE 0,1,2,3,4,5,6,7,6,9 
5C07 05 5C3B 01 
5COB 00 2190 ODIGIT .BYTE O,l,2,3,4,5,6,7,6,9 5C3C 02 
5C09 01 5C30 03 
5COA 02 5C3E 04 
5COB 03 5C3F 05 
5COC 04 5C40 06 
5COD 05 5C41 07 
5COE 06 5C42 06 
5COF 07 5C43 09 
5C10 00 5C44 00 2250 .BYTE O,l,2,3,4,5,6,7,6,9 
5Cll 09 5C45 01 
5C12 00 2200 • BYTE 0, 1 , 2, 3, 4, 5, 6, 7, 6, 9 5C46 02 
5Cl3 01 5C47 03 
5Cl4 02 5C46 04 
5C15 03 5C49 05 
5Cl6 04 5C4A 06 



5C48 07 5C7F 09 
5C4C 08 5C80 00 2310 .BYTE 0,1,2,3,4,5,6,7,8,9 

5C40 09 5CBI 01 
5C4E 00 2260 .BYTE 0,1,2,3,4,5,6,7,8,9 5C02 02 
5C4F 01 5C83 03 
5C50 02 5C84 04 
5C51 03 5C85 05 
5C52 04 5C86 06 
5C53 05 5C87 07 
5C54 06 5C88 08 
5C55 07 5C89 09 
5C56 08 5C8A 00 2320 .BYTE 0,1,2,3,4,5,6,7,8,9 

5C57 09 5C8B 01 
5C58 00 2270 .BYTE 0,1,2,3,4,5,6,7,8,9 5C8C 02 
5C59 01 5C8D 03 
5C5A 02 5C8E 04 
5C5B 03 5C8F 05 
5C5C 04 5C90 06 
5C5D 05 5C91 07 
5C5E 06 5C92 08 
5C5F 07 5C93 09 
5C60 08 5C94 00 2330 .BYTE 0,1,2,3,4,5,6,7,8,9 
5C61 09 5C95 01 
5C62 00 2280 .BYTE 0,1,2,3,4,5,6,7,8,9 5C96 02 
5C63 01 5C97 03 
5C64 02 5C98 04 
5C65 03 5C99 05 
5C66 04 5C9A 06 
5C67 05 5C9B 07 
5C68 06 5C9C 08 
5C69 07 5C90 09 
5C6A 08 5C9E 00 2340 .BYTE 0,1,2,3,4,5,6,7,8,9 
5C6B 09 5C9F 01 
5C6C 00 2290 .BYTE 0,1,2,3,4,5,6,7,8,9 5CAO 02 
5C60 01 5CA1 03 
5C6E 02 5CA2 04 
5C6F 03 5CA3 05 
5C70 04 5CA4 06 
5C71 05 5CA5 07 
5C72 06 5CA6 08 
5C73 07 5CA7 09 
5C74 08 5CA8 00 2350 .BYTE 0,1,2,3,4,5,6,7,8,9 
5C75 09 5CA9 01 
5C76 00 2300 .BYTE 0,1,2,3,4,5,6,7,8,9 5CAA 02 
5C77 01 5CAB 03 
5C78 02 5CAC 04 
5C79 03 5CAO 05 
5C7A 04 5CAE 06 
5C7B 05 5CAF 07 
5C7C 06 5CBO 08 
5C7D 07 5CB1 09 
5C7E 08 5C62 00 2360 .BYTE 0,1,2,3,4,5,6,7,8,9 



5CB3 01 5CE7 03 
5CB4 02 5CE8 04 
5CB5 03 5CE9 05 
5CB6 04 5CEA 06 
5CB7 05 5CEB 07 
5CB8 06 5CEC 08 
5CB9 07 5CEO 09 
5CBA 06 5CEE 00 2420 .BYTE 0,1,2,3,4,5,6,7,B,9 
5CBB 09 5CEF 01 
5CBC 00 2370 .BYTE 0,1,2,3,4,5,6,7,8,9 5CFO 02 
5CBO 01 5CF1 03 
5CBE 02 5CF2 04 
5CBF 03 5CF3 05 
5CCO 04 5CF4 06 
5CC1 05 5CF5 07 
5CC2 06 5CF6 08 
5CC3 07 5CF7 09 
5CC4 08 5CF8 00 2430 .BYTE 0,1,2,3,4,5,6,7,8,9 
5CC5 09 5CF9 01 
5CC6 00 2380 .BYTE 0,1,2,3,4,5,6,7,B,9 5CFA 02 
5CC7 01 5CFB 03 
5CC8 02 5CFC 04 
5CC9 03 5CFO 05 
5CCA 04 5CFE 06 
5CCB 05 5CFF 07 
5CCC 06 5000 08 
5CCD 07 5001 09 
5CCE 08 5002 00 2440 .BYTE 0,1,2,3,4,5 
5CCF 09 5003 01 
5COO 00 2390 .• BYTE 0,1,2,3,4,5,6,7,8,9 5004 02 
5C01 01 5005 03 
5CD2 02 5006 04 
5CD3 03 5007 05 
5C04 04 5008 50 2450 TXTIBL .BYTE "PLEASE HITER YOU" 
5CD5 05 5009 4C 
5CD6 06 500A 45 
5CD7 07 500B 41 
5CD6 08 500C 53 
5C09 09 5000 45 
5COA 00 2400 .BYTE 0,1,2,3,4,5,6,7,8,9 500E 20 
5COB 01 500F 45 
5COC 02 5010 4E 
5COO 03 5011 54 
5CDE 04 5012 45 
5COF 05 5013 52 
5CEO 06 5014 20 
5CE1 07 5015 59 
5CE2 08 5016 4F 
5CE3 09 5017 55 
5CE4 00 2410 .BYTE 0,1,2,3,4,5,6,7,8,9 5018 52 2460 .BYTE "R ORDERS MO\'/ " 
5CE5 01 5019 20 
5CE6 02 501A 4F 



50113 52 504F 47 
5DIC 44 5050 20 

5010 45 5051 40 
5DIE 52 5052 4F 
5DIF 53 5053 56 

5020 20 5054 45 
5021 4E 5055 3B 
5022 4F 5056 20 
5023 57 5057 4E 
5024 20 5058 4F 2500 .BYTE 110 ORDERS ALLOl'IED" 

5025 20 5059 20 
5026 20 505A 4f 
5027 20 505B 52 
5028 20 2470 .BYTE 11 GAf.IE 011 505C 44 
5029 20 5050 45 
502A 20 505E 52 
5028 20 505f 53 
502C 20 5060 20 
5020 20 5061 41 
502E 20 5062 4C 
502F 20 5063 4C 
5030 20 5064 4f 
5031 20 5065 57 
5032 47 5066 45 
5033 41 5067 44 
5034 40 5068 00 2510 MOtlLEN .BYTE 0,31,28,31,30,31 
5035 45 5069 IF 
5036 20 506A IC 
5037 4f 506B IF 
5038 56 2480 .BYTE "VER II 506C IE 
5039 45 5060 If 
503A 52 506E IE 2520 .BYTE 30,31,31,30,31,30,31 
5038 20 506F IF 
503C 20 5070 IF 
5030 20 5071 IE 
503E 20 5072 IF 
503f 20 5073 IE 
5040 20 5074 IF 
5041 20 5075 2530 Hf.IOROS •= •+159 
5042 20 5El4 2540 l·IHOROS •= •+318 
5043 20 5f52 IE 2550 BEEPTB .BYTE 30,40,50,60 
5044 20 5f 53 28 
5045 20 5f54 32 
5046 20 5f55 3C 
5047 20 5f56 20 2560 ERRl·ISG • BYTE II THAT IS A RU" 
5048 46 2490 .BYTE i1FIGURING llOVE; N" 5F57 20 
5049 49 5F58 20 
504A 47 5f 59 20 
5046 55 5F5A 54 
504C 52 5f 5B 48 
5040 49 5f5C 41 
5D4E 4E 5F50 54 



5F5E 20 5F92 21 
5F5F 49 5F93 20 
5F60 53 5F94 20 
5F61 20 5F95 20 
5F62 41 5F96 20 2600 .BYTE II PLEASE 11A IT FO" 

5F63 20 5F97 20 
5F64 52 5F98 50 
5F65 55 5F99 4C 
5F66 53 2570 .BYTE 11SS1Ml utllTI II 5F9A 45 
5F67 53 5F9B 41 
5F68 49 5F9C 53 
5F69 41 5F90 45 
5F6A 4E 5F9E 20 
5F6B 20 5F9F 57 
5F6C 55 5FAO 41 
5F60 4E 5FA1 49 
5F6E 49 5FA2 54 
5F6F 54 5FA3 20 
5F70 21 5FA4 46 
5F71 20 5FA5 4F 
5F72 20 5FA6 52 2610 .BYTE "R MALTAKREUZEI II 

5F73 20 5FA7 20 
5F74 20 5FA8 40 
5F75 20 5FA9 41 
5F76 20 2560 .BYTE II Otll Y 8 ORDERS" 5FAA 4C 
5F77 20 5FAB 54 
5F78 20 5FAC 41 
5F79 4F 5FAO 4B 
5F7A 4E 5FAE 52 
5F7B 4C 5FAF 45 
5F7C 59 5FBO 55 
5F70 20 5FB1 5A 
5F7E 38 5FB2 45 
5F7F 20 5FB3 21 
5F80 4F 5FB4 20 
5F81 52 5FB5 20 
5F82 44 5FB6 20 2620 .BYTE II NO 0 I AGOMAL 1·1" 
5Fll3 45 5FB7 20 
5F84 52 5FB8 20 
5F85 53 5FB9 4E 
5F86 20 2590 .BYTE II ARE ALLOl'IEDI II 5FBA 4F 
5F87 41 5FBB 20 
5F88 52 5FBC 44 
5F89 45 5FBO 49 
5F8A 20 5FBE 41 
5FOB 41 5FBF 47 
5FCC 4C 5FCO 4F 
5F8D 4C 5FC1 4E 
5F8E 4F 5FC2 41 
5F8F 57 5FC3 4C 
5F90 45 5FC4 20 
5F91 44 5FC5 40 



5FC6 4F 
5FC7 56 
5FC8 45 
5FC9 53 
5FCA 20 
5FC8 41 
5FCC 4C 
5FCO 4C 
5FCE 4F 
5FCF 57 
5FDO 45 
'.>FOi 44 
5f02 21 
5FD3 20 
5F04 20 
5FD5 20 
5FD6 00 
5FD7 08 
5FD8 00 
5FD9 F8 
5FDA F8 
5FDB 00 
5FDC 08 
5FDO 00 
5FOE 03 
5FOF OC 
5FEO 30 
5FEI CO 
5FE2 00 
5FE3 01 
5FE4 00 
5FE5 FF 
5FE6 FF 
5FE7 00 
5FEB 01 
5FE9 00 
5FEA 00 
5FEB 12 
5FEC 12 
5FED 12 
5FEE 02 
5FEF 08 
5FFO 06 
5FFI C4 
5FF2 04 
5FF3 C2 
5FF4 12 
5FF5 12 
5FF6 12 
5FF7 24 
5FF8 24 
5FF9 E7 

2630 .BYTE "OVES ALLOl'IEDI II 

2640 XOFF .BYTE 0,8,0,$F8 

2650 YOFF .BYTE $f6,0,8,0 

2660 MA SKO • BYTE 3 , $0C, UO , $CO 

2670 XADD .BYTE O,l,O,$FF 

2680 YADD .BYTE $FF,O,l,O 

2690 TRTAD .BYTE 0,$12,$12,$12,$02,$08 

2700 .BYTE $06,$C4,$04,$C2,$12,$12,$12 

2710 I-IL TKflZ .BYTE $24, $24, $E7 ,0 ,O, $E7, $24, $24 

5FFA 00 
5FFB 00 
5FFC E7 
5FFD 24 
5FFE 24 
5FFF 

6000 

6400 70 
6401 70 
6402 70 
6403 C6 
6404 EO 
6405 64 
6406 90 
6407 90 
6408 F7 
6409 FE d190 
640A 64 
6408 F7 
640C 2E 
6400 65 
640E F7 
640F 5E 
6410 65 
6411 F7 
6412 BE 
6413 65 
6414 F7 
6415 BE 
6416 65 
6417 F7 
6418 EE 
6419 65 
641A F7 
641B IE 
641C 66 
6410 F7 
641E 4E 
641F 66 
6420 F7 
6421 7E 
6422 66 
6423 57 
6424 AE 
6425 66 
6426 90 
6427 C2 
6428 50 

2720 
2730 
2740 
2750 
2760 
2770 
2780 

2800 

2810 

2820 

lt; $6000 
;F lrst comes 1024 bytes of neu character set 

*" •+1024 
, 
;The display list goes here; It Is 49 bytes long. 

.BYTE $70, $70, $70, $C6, $EO, $64, $90, $90, $F7 

.BYTE $FE,$64,SF7,$2E,S65,$F7,$5E,$65 

.BYTE ~F7,$8E,S65,$F7,$BE,$65,$F7,$EE 

.BYTE S65,$F7,$1E,S66,$F7,$4E,$66,$F7 

.BYTE $7E,S66,$57,$AE,$66,$90,$C2,$50 



6429 64 2830 .BYTE $64,$02,$90,$02,$90,$41,$00,l64 6504 7F 
642F. 02 6505 7F 
642B 90 6506 7F 
642C 02 6507 7F 
6420 90 6508 7F 2960 .DYTE 127, 127, 127, 127, 127, 127, 127, 127 
642E 41 6509 7F 
642F 00 650A 7F 
6430 64 650B 7F 
6431 10 2840 AP.RTAB .BYTE $10,$36,$54,$92,$10,$10,$10,$10 650C 7F 
6432 38 6500 7F 
6433 54 650E 7F 
6434 92 650F 7F 
6435 10 6510 7F 2970 .BYTE 127, 127, 127, 127, 127, 127, 127, 127 
6436 10 6511 7F 
6437 10 6512 7F 
6438 10 6513 7F 
6439 06 2050 .BYTE 6,4,2,$FF,2,4,8,0 6514 7F 
643A 04 6515 7F 
643B 02 6516 7F 
643C FF 6517 7F 
6430 02 6518 7F 2980 .BYTE 127, 127, 127, 127, 127, 127, 127, 127 
643E 04 6519 7F 
643F 00 651A 7F 
6440 00 651B 7F 
6441 10 2860 .BYTE $10,Sl0,$10,$10,$92,$54,$38,$10 651C 7F 
6442 10 6510 7F 
6443 10 651E 7F 
6444 10 651F 7F 
6445 92 6520 7F 2990 .BYTE 127, 127, 127, 127, 127, 127, 127, 127 
6<146 54 6521 7F 
6447 38 6522 7F 
6448 10 6523 7F 
6449 10 2870 .BYTE $10,$20,$40,$FF,$40,$20,$10,0 6524 7F 
644A 20 6525 7F 
644[3 40 6526 7F 
644C FF 6527 7F 
6440 40 6528 7F 3000 .BYTE 127, 127, 127, 127, 127, 127, 127, 127 
644E 20 6529 7F 
644F 10 652A 7F 
6450 00 652B 7F 

2880 ; 652C 7F 
6451 2890 *= $6450 6520 7F 

2900 ;This next area Is reserved tor the text window 652E 7F 
6450 2910 TXTl/D\'I *= $64FF 652F 7F 

2920 ; 6530 7F 3010 .BYTE 127,191,191,191,169,0,0,0 
2930 ;The map data goes here. 6531 BF 
2940 ; 6532 BF 

64FF 7F 2950 .OYTE 127,127,127,127,127,127,127,127,127 6533 BF 
6500 7F 6534 A9 
6501 7F 6535 00 
6502 7F 6536 00 
6503 7F 6537 00 



6538 00 )0:!0 .BYTE o,o,o,o,o,1uo,191,191 656C 07 
6539 00 6560 06 

653A 00 656E 03 
6530 00 656F BO 
653C 00 6570 BO 3090 .BYTE 116,o,o,o,o,o,o,o 

6530 04 6571 00 
b53E BF 6572 00 
653F BF 6573 00 
6540 AA 3030 .BYTE 170,0,0,0,0,0,0,0 6574 00 
6541 00 6575 00 
6542 00 6576 00 
6543 00 6577 00 
6544 00 6578 00 3100 .BYTE 0,0,0,0,0,0,0,0 

6545 00 6579 00 
6546 00 657A 00 
6547 00 657B 00 
6548 00 3040 .BYTE O,O,O,O,O,O,O,O 657C 00 
6549 00 6570 00 
654A 00 657E 00 
6541:l 00 657F 00 
654C 00 6580 00 3110 .BYTE O,O,O,O,O,O,O,O 
6540 00 6581 00 
654E 00 6582 00 
654F 00 6583 00 
6550 00 3050 .BYTE O,O,O,O,O,O,O,O 6584 00 
6551 00 6585 00 
6552 00 6586 00 
6553 00 6587 00 
6554 00 6588 00 3120 .BYTE o,o,o,o,o,o,0,121 
6555 00 6589 00 
6556 00 658A 00 
6557 00 6588 00 
655fi 00 3060 .BYTE o,o,o,o,o,o,0,121 658C 00 
6559 00 6580 00 
655A 00 65oE 00 
655B 00 658F 7F 
655C 00 6590 7F 3130 .BYTE 127,191,191,l91,191,175,184,183 

6550 00 6591 BF 
655E 00 6592 BF 
655F 7F 6593 OF 
6560 7f 3070 .BYTE 127,191,191,191,175,178,0,0 6594 BF 
6561 Bf 6595 AF 
6562 Bf 6596 BO 
6563 BF 6597 B7 
6564 AF 6598 69 3140 .BYTE 185,191,191,177,176,71,157,155 
6565 B2 6599 BF 
6566 00 659A BF 
6567 00 659B Bl 
6568 00 3ouo .BYTE 0,181,182,184,lo3,182,179,lfi7 659C BO 
6569 05 6590 47 
656A B6 659E 90 
6560 BB 659F 9B 



65AO 00 3150 .OYTE O,O,O,O,O,O,O,O 6504 00 
65AI 00 6505 00 
65A2 00 6506 00 
65A3 00 6507 00 
65A4 00 6508 90 3220 .OYTE 157, 165,0, 156, 160, 162, 166,0 
65A5 00 6509 A5 
65A6 00 65DA 00 
65A7 00 65DB 9C 
65A8 00 3160 .BYTE O,O,O,O,O,O,O,O 65DC AO 
65A9 00 6500 A2 
65AA 00 65DE A6 
65AB 00 65DF 00 
65AC 00 65EO 00 3230 .BYTE O,O,O,O,O,O,O,O 
65AD 00 65EI 00 
65AE 00 65E2 00 
65AF 00 65E3 00 
6560 00 3170 .BYTE O,O,O,O,O,O,O,O 65E4 00 
6581 00 65E5 00 
65B2 00 65E6 00 
65B3 00 65E7 00 
65B4 00 65E8 00 3240 .BYTE o,o,o,o,o,o,0,121 
6585 00 65E9 00 
65B6 00 65EA 00 
65B7 00 65EB 00 
6588 00 3180 .BYTE o,o,o,o,o,o,0,121 65EC 00 
65C9 00 65ED 00 
65BA 00 65EE 00 
650B 00 65EF 7F 
65BC 00 65FO 7F 3250 .BYTE 127, 191, 191, 191, 191, 191, 171,0 
65BO 00 65F1 BF 
65BE 00 65F2 BF 
65BF 7F 65F3 BF 
65CO 7F 3190 .BYTE 127, 191, 191, 191, 191, 191, 177, 172 65F4 BF 
65CI BF 65F5 BF 
65C2 Bf 65F6 AB 
65C3 BF 65F7 00 
65C4 BF 65F8 00 3260 .BYTE 0,0,106,178,152,142,149,1 
65C5 BF 65F9 00 
65C6 Bl 65FA BA 
65C7 AC 65FB B2 
65C8 AD 3200 .BYTE 173,174,187,188,164,141,148,140 65FC 98 
65C9 AE 65FO BE 
65CA BO 65FE 95 
65CG BC 65FF 01 
65CC A4 6600 05 3270 .BYTE 5,0,0,0,0,0,0,0 
65CD 80 6601 00 
65CE 94 6602 00 
65CF 3C ci603 00 
6500 00 3210 .BYTE 0,0,0,0,0,0,0,0 6604 00 
6501 00 6605 00 
6502 00 6606 00 
6503 00 6607 00 



660tl 94 32(;0 .BYTE 148,145,161,154,0,0,146,159 663C 00 
6609 91 6630 00 
660A Al o63E 00 
660B 9A 663F 9C 
660C 00 6640 A8 3350 .BYTE 168, 72,0, 157, 161, 153, 145, 160 

6600 00 6641 48 
660E 92 6642 00 
660f 9F 6643 90 
6610 A5 3290 .BYTE 165,0,0,0,0,156,164,0 6644 Al 
6611 00 6645 99 
6612 00 6646 91 
6613 00 6647 AO 
6614 00 6648 A5 3360 .BYTE 165,0,0,0,0,0,0,127 

6615 9C 6649 00 
6616 A4 664A 00 
6617 00 664B 00 
6618 00 3300 .BYTE o,o,o,o,o,o,0,121 664C 00 
6619 00 6640 00 
661A 00 664E 00 
6616 00 664F 7f 
661C 00 6650 7f 3370 .BYTE 127,191,191,191,191,191,175,178 
6610 00 6651 Bf 
661E 00 6652 BF 
661F 7f 6653 BF 
6620 7F 3310 .BYTE 127,191,191,191,191,191,170,0 6654 Bf 
6621 BF 6655 BF 
6622 OF 6656 AF 
6623 BF 6657 B2 
6624 BF 6658 00 3380 .BYTE 0,0,0,176,149,139,151,3 
6625 BF 6659 00 
6626 AA 665A 00 
6627 00 665B BO 
6628 00 3320 .BYTE 0,0,160,170,147,140,150,2 665C 95 
6629 00 6650 88 
662A 84 665E 97 
6628 AA 665f 03 
662C 93 6660 01 3390 .BYTE 1,0,o,o,o,o,o,o 
6620 8C 6661 00 
662E 96 6662 00 
662f 02 6663 00 
6630 06 3330 .BYTE 6,0,0,0,0,0,0,0 6664 00 
6631 00 6665 00 
6632 00 6666 00 
6633 00 6667 00 
6634 00 6660 00 3400 .BYTE o,o,o,o,o,o,0,149 
6635 00 6669 00 
6636 00 666A 00 
6637 00 666f; 00 
6038 97 3340 .BYTE 151,0,0,0,0,0,0,156 666C 00 
6639 00 6660 00 
663A 00 666E 00 
6638 00 666f 95 



6670 91 3410 .BYTE 145,160,159,155,0,0,0,73 66M oo 
6671 AO 66A5 00 
6672 9F 66A6 00 
6673 9B 66A7 00 
6674 00 66A8 00 3480 ,BYTE 0,149,0,0,0,0,0,127 

6675 00 66A9 95 
6676 00 66AA 00 
6677 49 66AB 00 
6676 92 3420 .BYTE 146,166,0,0,0,0,0,127 66AC 00 
6679 A6 66AO 00 
667A 00 66AE 00 
667B 00 66AF 7F 
667C 00 66BO 7F 3490 .BYTE 127, 191, 191, 177,172,191, 191, 170 

6670 00 6601 BF 
667E 00 6602 BF 
667F 7F 66B3 Bl 
6600 7F 3430 .BYTE 127, 191, 191, 191, 191, 191, 191, 169 66B4 AC 
6681 BF 66B5 BF 
6682 BF 66B6 BF 
6683 BF 66B7 AA 
6684 BF 6688 48 3500 .BYTE 72,0,0,0,0,0,148,0 
6665 BF 66B9 00 
6606 BF 66BA 00 
6687 A9 66BB 00 
6668 00 3440 .BYTE o,o,o,o,0,0,152,4 66BC 00 
6689 00 66BO 00 
668A 00 66BE 94 
668B 00 66BF 00 
665C 00 66CO 02 3510 .BYTE 2,0,0,o,o,o,o,o 
6660 00 66CI 00 
668E 96 66C2 00 
668F 04 66C3 00 
6690 03 3450 .BYTE 3,0,0,0,0,0,0,0 66C4 00 
6691 00 66C5 00 
6692 00 66C6 00 
6693 00 66C7 00 
6694 00 66C8 02 3520 .BYTE 2,o,o,0,0,0,150,o 
6695 00 66C9 00 
6696 00 66CA 00 
6697 00 66CB 00 
6698 00 3460 .BYTE o,o,o,0,0,0,157,154 66CC 00 
6699 00 66CD 00 
669A 00 66CE 96 
669B 00 66CF 00 
669C 00 6600 00 3530 .BYTE 0,0,0,0,0,0,0,0 
6690 00 6601 00 
669E 90 6602 00 
669F 9A 6603 00 
66AO 00 3470 .BYTE 0,0,0,0,0,0,0,0 6604 00 
66AI 00 6605 00 
66A2 00 6606 00 
66A3 00 6607 00 



6600 00 3;40 .UYTE 0,144,162,159,167,0,0,127 670C 99 
6609 90 6700 00 
660A A2 670E 00 
6608 9F 670F 7F 
660C A7 6710 7F 3610 .BYTE 127,191,191,169,0,0,0,0 

6600 00 6711 OF 
66DE 00 6712 OF 
660F 7F 6713 A9 
66EO 7F 3550 .BYTE 127,191,191,170,0,179,173,168 6714 00 
66El 13F 6715 00 
66E2 llF 6716 00 
66E3 AA 6717 00 
66E4 00 6718 00 3620 .BYTE 0,0,143,164,0,0,0,0 

66E5 B3 6719 00 
66E6 AD 671A BF 

66E7 BC 6710 A4 
66£tl 9F 3560 .BYTE 159,160,165,0,0,0,0,0 671C 00 
66E9 AO 6710 00 
66£A A5 671E 00 
66£8 00 671F 00 
66EC 00 6720 00 3630 .BYTE 0,157,155,0,0,0,73,0 
66EO 00 6721 90 
6<.iEE 00 6722 9B 
66EF 00 6723 00 
66FO 00 3570 .BYTE O,O,O,O,O,O,O,O 6724 00 
66FI 00 6725 00 
66F2 00 6726 49 
66F3 00 6727 00 
66F4 00 6728 00 3640 .BYTE 0,0,74,0,0,156,153,0 
66F5 00 6729 00 
66F6 00 672A 4A 
66F7 00 672B 00 
66F6 01 3500 .BYTE 1,o,o,o,o,0,151,o 672C 00 
66F9 00 6720 9C 
66FA 00 672E 99 
66FB 00 672F 00 
66FC 00 6730 00 3650 .BYTE O,O,O,O,O,O,O,O 
66FO 00 6731 00 
66FE 97 6732 00 
66Ff 00 6733 00 
6700 00 3590 .BYTE O,O,O,O,O,O,O,O 6734 00 
6701 00 6735 00 
6702 00 6736 00 
6703 00 6737 00 
6704 00 6738 00 3660 .BYTE o,o,0,149,o,o,o,121 
6705 00 6739 00 
6706 00 673A 00 
6707 00 6738 95 
670U 00 3600 .BYTE o,o,o,156,l53,0,0,127 673C 00 
6709 00 6730 00 
ti70A 00 673E 00 
670B 9C 673F 7F 



6740 7F 3670 .BYTE 127,191,191,171,0,0,0,0 6774 132 
6741 BF 6775 00 
6742 BF 6776 00 
6743 AB 6777 00 
6744 00 6778 00 3740 .BYTE 0,0,0,0,0,145,162,163 
6745 00 6779 00 
6746 00 677A 00 
6747 00 677B 00 
6748 00 3680 .BYTE 0,0,0,144,161,166,0,0 677C 00 
6749 00 6770 91 
674/\ 00 677E A2 
674B 90 677F A3 
674C Al 6780 99 3750 .BYTE 153,0,0,0,2,151,4,I 
6740 A6 6781 00 
674E 00 6782 00 
674F 00 6783 00 
6750 9C 3690 .BYTE 156,154,0,0,0,0,0,3 6764 02 
6751 9A 6765 97 
6752 00 6766 04 
6753 00 6707 01 
6754 00 6766 02 3760 .BYTE 2,156,163,161,159,155,0.0 
6755 00 6769 9E 
6756 00 678A A3 
6757 03 676B Al 
6756 06 3700 .BYTE 6,0,0,0,0,152,0,0 676C 9F 
6759 00 6760 9B 
675A 00 678E 00 

· 675B 00 678F 00 
675C 00 6790 00 3770 .BYTE 0,0,0,0,0,0,0,0 
6750 96 6791 00 
675E 00 6792 00 
675F 00 6793 00 
6760 00 3710 .BYTE 0,0,0,0,0,0,0,0 6794 00 
6761 00 6795 00 
6762 00 6796 00 
6763 00 6797 00 
6764 00 6798 00 3780 .BYTE 0,0,0,150,0,0,0,127 
6765 00 6799 00 
6766 00 679A 00 
6767 00 6798 96 
6768 00 3720 .BYTE 0,0,0,147,0,0,0,127 679C 00 
6769 00 6790 00 
676A 00 679E 00 
676B 93 679F 7F 
676C 00 67AO 7F 3790 .BYTE 127,191,191,191,170,0,0,0 
6760 00 67A1 BF 
676E 00 67A2 BF 
676F 7F 67A3 BF 
6770 7F 3730 .BYTE 127,191,191,175,178,0,0,0 67/\4 AA 
6771 BF 67A5 00 
6772 BF 67A6 00 
6773 AF 67A7 00 



67Ab 00 5800 .BYTE O,O,O,O,O,O,O,O 670C 02 

67A9 00 6700 06 

67AA 00 670E 05 

67AfJ 00 670F 00 

67AC 00 67EO 00 3870 .BYTE 0,157,163,154,71,0,l,6 

67AO 00 67EI 90 
67AE 00 67E2 A3 
67AF 00 67E3 9A 
67BO 00 3810 .UYTE o,o,o,156,l62,153,0,3 67E4 47 
67BI 00 67E5 00 
6782 00 67E6 01 
6703 9C 67E7 06 
67B4 A2 67E8 00 3880 .BYTE 0,147,0,0,152,0,0,0 

67B5 99 67E9 93 
67B6 00 67EA 00 
67B7 03 67EB 00 
67B8 04 3820 .BYTE 4,148,0,0,0,0,0,0 67EC 98 

6709 94 67£0 00 
67BA 00 67EE 00 
670B 00 67EF 00 
67BC 00 67FO 00 3890 .BYTE O,O,O,O,O,O,O,O 

6760 00 67FI 00 
67BE 00 67F2 00 
67BF 00 67F3 00 
67CO 00 3830 .BYTE O,O,O,O,O,O,O,O 67F4 00 
67C1 00 67!"5 00 
67C2 00 67F6 00 
67C3 00 67F7 00 
67C4 00 67F8 00 3900 .BYTE 0,0,151,74,0,0,0,127 
67C5 00 67f9 00 
67C6 00 67f A 97 
67C7 00 67fB 4A 
67C8 00 3840 .BYTE 0,0,156,154,0,0,0,127 67fC 00 
67C9 00 67f0 00 
67CA 9C 67FE 00 
67CB 9A 67ff 7f 
67CC 00 6800 7F 3910 .BYTE 127,191,177,176,0,0,0,0 
67CO 00 6001 Bf 
67CE 00 6802 Bl 
67CF 7F 6803 BO 
6700 7F 3850 .BYTE 127,191,191,177,188,160,159,161 6804 00 
6701 BF 6805 00 
6702 Bf 6806 00 
6703 Bl 6807 00 
6704 BC 6808 91 3920 .BYTE 145,162,0,1,4,3,1,0 
6705 AO 6009 A2 
6706 9F 680A 00 
6707 Al 6008 01 
6708 A4 3860 .BYTE 164,0,0,0,2,6,5,0 680C 04 
6709 00 6800 03 
670A 00 600E 01 
670B 00 680f 00 



6810 9E 3930 .BYTE 158,155,0,0,0,0,0,0 6844 00 
6011 90 6845 00 
6812 00 6846 00 
6813 00 6847 00 
6814 00 6848 00 4000 .BYTE o,o,o,0,143,162,167,0 

6815 00 6849 00 
6816 00 684A 00 
6817 00 684B 00 
6818 00 3940 .BYTE o,o,o,o,151,0,o,o 684C BF 
6619 00 6840 A2 
661A 00 684E A7 
681B 00 684F 00 
681C 97 6850 00 4010 .BYTE O,O,O,O,O,O,O,O 

6810 00 6851 00 
681E 00 6852 00 
681F 00 6853 00 
6020 00 3950 .BYTE O,O,O,O,O,O,O,O 6854 00 
6821 00 6855 00 
6822 00 6856 00 
6823 00 6657 00 
6024 00 6858 00 4020 .BYTE 0,158,155,0,0,0,0,127 
6825 00 6859 9E 
6026 00 685A 9B 
6827 00 685B 00 
6828 00 3960 .BYTE 0,0,148,0,0,0,0,127 685C 00 
6829 00 6850 00 
682A 94 685E 00 
682B 00 685f 7F 
6B2C 00 6860 7F 4030 .BYTE 127,0,0,0,0,0,0,0 
6820 00 6861 00 
682E 00 6862 00 
682f 7f 6863 00 
6830 7f 3970 .BYTE 127,173,176,0,0,0,0,0 6864 00 
6031 AD 6865 00 
6032 BO 6866 00 
6033 00 6867 00 
6834 00 6868 00 4040 .BYTE O,l,3,5,0,0,0,142 
6035 00 6869 01 
6836 00 686A 03 
6837 00 6860 05 
6838 00 3980 .BYTE 0,0,0,2,6,74,0,140 686C 00 
6839 00 6860 00 
683A 00 686E 00 
6030 02 686F SE 
683C 06 6870 90 4050 .BYTE 144,165,141,0,0,0,0,0 
6830 4A 6871 A5 
683E 00 6872 80 
603f oc 6873 00 
6840 96 3990 .BYTE 150,139,0,0,0,0,0,0 6874 00 
6841 88 6875 00 
6042 00 6876 00 
6843 00 6877 00 



6878 00 4060 .OYTE 0,71,0,0,0,0,150,73 68AC 00 
6879 47 68AO 00 
687A 00 68AE 91 
6876 00 68Af A5 
687C 00 6860 00 4130 .BYTE 0,0,0,0,0,0,0,0 

6870 00 68Bl 00 
687E 96 68B2 00 
687f 49 6883 00 
6880 00 4070 .BYTE 0,0,0,0,0,0,0,0 6884 00 
6861 00 6865 00 
61l82 00 6866 00 
61l83 00 68B7 00 
6884 00 68B8 00 4140 .BYTE 0,150,0,0,0,0,0,127 
6885 00 6869 96 
6886 00 68BA 00 
6b87 00 6888 00 
6888 00 4080 .BYTE 0,152,0,0,0,0,0,127 68BC 00 
6889 98 68BO 00 
686A 00 68BE 00 
688B 00 68Bf 7f 
688C 00 68CO 7f 4150 .BYTE 127,166,73,0,0,0,0,0 
6880 00 68Cl A6 
688E 00 68C2 49 
688f 7f 68C3 00 
6890 7f 4090 .BYTE 127,0,0,0,0,0,0,0 68C4 00 
6891 00 68C5 00 
6892 00 68C6 00 
6893 00 68C7 00 
6894 00 68C8 05 4160 .BYTE 5,4,0,0,139,140,142,141 
6895 00 68C9 04 
6896 00 68CA 00 
6897 00 68CB 00 
6898 02 4100 .BYTE 2,6,0,0,0,0,141,139 68CC BB 
6899 06 68CD ac 
689A 00 68CE SE 
689B 00 68Cf 80 
689C 00 6800 BC 4170 .BYTE 140,0,152,0,0,0,0,0 
6890 00 6801 00 
689E BO 6802 98 
689f SB 6803 00 
68AO BE 4110 .BYTE 142,146,167,0,0,0,0,0 6804 00 
68Al 92 6605 00 
61JA2 A7 6806 00 
68A3 00 6807 00 
68A4 00 6808 00 4180 .BYTE o,o,o,o,0,0,0,149 
68A5 00 6809 00 
6ilA6 00 68DA 00 
68A7 00 68DB 00 
68AH 00 4120 .BYTE 0,0,0,0,0,0,145,165 68DC 00 
68A9 00 6800 00 
66AA 00 68DE 00 
68AB 00 68Df 95 



6BEO 00 4190 .BYTE 0,0,0,0,0,0,0,0 6914 00 
68EI 00 6915 00 
6BE2 00 6916 00 
68E3 00 6917 00 
68E4 00 691B 00 4260 .BYTE 0,151,0,0,0,0,0,127 
68E5 00 6919 97 
68E6 00 691A 00 
68E7 00 6918 00 
6BE8 00 4200 .BYTE 0,149,0,0,0,0,0,127 691C 00 
68E9 95 6910 00 
68EA 00 691E 00 
6BEB 00 691F 7F 
6BEC 00 6920 7F 4270 .BYTE 127,0,143,167,0,0,0,3 
6BEO 00 6921 00 
6BEE 00 6922 BF 
6BEF 7F 6923 A7 
6BFO 7F 4210 .BYTE 127,146,165,0,0,0,0,0 6924 00 
6BFI 92 6925 00 
6BF2 A5 6926 00 
68F3 00 6927 03 
60F4 00 692B 04 42BO .BYTE 4,6,0,139,140,142,141,145 
6BF5 00 6929 06 
6BF6 00 692A 00 
6BF7 00 692B 8B 
6BFB 03 4220 .BYTE 3,1,0,0,141,159,163,165 692C BC 
68F9 01 6920 BE 
6!JFA 00 692E 80 
68FB 00 692F 91 
6BFC BO 6930 AO 4290 .BYTE 160,166,151,0,0,0,0,0 
6BFO 9F 6931 A6 
6BFE A3 6932 97 
6BFF A5 6933 00 
6900 BE 4230 .BYTE 142,139,148,0,0,0,0,0 6934 00 
6901 BB 6935 00 
6902 94 6936 a}7 00 
6903 00 6938 00 4300 .BYTE 0,0,145,166,0,0,0,0 
6904 00 6939 00 
6905 00 693A 91 
6906 00 693B A6 
6907 00 693C 00 
6908 00 4240 .BYTE 0,0,150,0,0,0,0,144 6930 00 
6909 00 693E 00 
690A 96 693F 00 
690B 00 6940 00 4310 .BYTE 0,146~166,0,0,0,0,0 
690C 00 6941 92 
6900 00 6942 A6 
690E 00 6943 00 
690F 90 6944 00 
6910 Al 4250 .BYTE 161, 164,0,0,0,0,0,0 6945 00 
6911 A4 6946 00 
6912 00 6947 00 
6913 00 



694tl 00 4320 .UYTE 0,148,0,0,0,0,0,127 697C 00 

6949 94 6970 00 

694A 00 697E 00 

6948 00 697F 7F 
694C 00 6960 7F 4390 .BYTE 127,0,156,154,0,0,0,0 

6940 00 6981 00 
694E 00 6962 9C 
694F 7F 6963 9A 
6950 7F 4330 .BYTE 127,0,0,149,0,0,0,2 6964 00 
6951 00 6985 00 
6952 00 6986 00 
6953 95 6987 00 
6954 00 6968 00 4400 .BYTE 0,140,139,141,142,140,0,0 

6955 00 6989 8C 
6956 00 698A 8B 
6957 02 6988 80 
6958 05 4340 .BYTE 5,139,142,141,139,140,139,142 69BC BE 
6959 BB 69BO BC 
695A BE 698E 00 
6950 BO 698F 00 
695C SB 6990 00 4410 .BYTE 0,139,14B,O,O,O,O,O 
6950 BC 6991 BB 
695E BB 6992 94 
695F BE 6993 00 
6960 BC 4350 .BYTE 140,146,16B,O,O,O,O,O 6994 00 
6961 92 6995 00 
6962 AB 6996 00 
6963 00 6997 00 
6964 00 699B 00 4420 .BYTE 0,0,74,148,0,0,0,0 
6965 00 6999 00 
6966 00 699A 4A 
6967 00 6998 94 
6968 00 4360 .BYTE 0,0,0,151 ,0,0,0,0 699C 00 
6969 00 6990 00 
696A 00 699E 00 
6960 97 699F 00 
696C 00 69AO 00 4430 .BYTE o,o,o,o,o,o,0,141 
6960 00 69AI 00 
696E 00 69A2 00 
696F 00 69A3 00 
6970 00 4370 .BYTE 0,0,143,163,159,l61,160,l66 69A4 00 
6971 00 69A5 00 
6972 8F 69A6 00 
6973 A3 69A7 93 
6974 9F 69A8 47 4440 .BYTE 71,143,159,160,162,165,0,127 
6975 Al 69A9 8F 
6976 AO 69M 9F 
6977 A6 69AB AO 
6978 00 4380 .~YTE 0,152,0,0,0,0,0,127 69AC A2 
6979 98 69AO A5 
697A 00 69AE 00 
6976 00 69AF 7F 



69130 7F 44~0 .BYTE 127,153,151,0,0,0,0,0 69E4 00 
69BI 99 69E5 00 
69B2 97 69E6 00 
69B3 00 69E7 00 
69B4 00 69E8 00 4520 .BYTE O,O,O,O,O,O,O,O 
6985 00 69E9 oo 
6966 00 69EA 00 
69B7 00 69EB 00 
6988 00 4460 .BYTE 0,0,142,0,0,0,0,0 69EC 00 
69B9 00 69EO 00 
69BA SE 69EE 00 
69BB 00 69EF 00 
69BC 00 69FO 00 4530 .BYTE 0,0,143,156,161,0,0,0 
6900 00 69F1 00 
69BE 00 69F2 BF 
69BF 00 69F3 9C 
69CO 00 4470 .BYTE 0,71,149,0,0,0,0,0 69F4 Al 
69CI 47 69F5 00 
69C2 95 69F6 00 
69C3 00 69F7 00 
69C4 00 69F8 00 4540 ,BYTE 0,0,0,0,146,156,155,157 
69C5 00 69F9 00 
69C6 00 69FA 00 
69C7 00 69FB 00 
69C8 00 4480 .BYTE 0,0,0,144,165,0,0,0 69FC 92 
69C9 00 69FO 9C 
69CA 00 69FE 9B 
69CB 90 69FF 90 
69CC A5 6AOO 9A 4550 .BYTE 154,156,160,0,0,0,0,148 
69CD 00 6A01 9C 
69CE 00 6Al.'2 AO 
69CF 00 6A03 00 
6900 00 4490 .BYTE o,o,o,o,0,0,0,149 6A04 00 
6901 00 6A05 00 
6902 00 6A06 00 
6903 00 6A07 94 
6904 00 6AO& 00 4560 .BYTE o,o,o,0,0,0,146,121 
6905 00 6A09 00 
6906 00 6AOA 00 
6907 95 6AOB 00 
6908 00 4500 .BYTE 0,0,0,0,0,144,166,121 6AOC 00 
6909 00 6A00 00 
690A 00 6AOE 92 
69DB 00 6AOF 7F 
690C 00 6AIO 7F 4570 .BYTE 127,2,5,3,4,0,0,0 
6900 90 6A11 02 
69DE A6 6Al2 05 
69DF 7F 6A13 03 
69EO 7F 4510 .BYTE 127,1,6,0,0,0,0,0 6A14 04 
69El 01 6Al5 00 
69E2 06 6Al6 00 
69E3 00 6Al7 00 



6Altl 00 45b0 .BYTE 0,0,0,0,0,0,0,0 6A4C 00 

6A19 UO 6A4D 00 

6AIA 00 6A4E 9C 
6AIB 00 6A4F 9F 
6AIC 00 6A50 00 4650 .BYTE o,o,o,o,0,0,144,154 

6AID 00 6A51 00 
6AIE 00 6A52 00 
6AIF 00 6A53 00 

6A20 00 4590 .BYTE o,o,0,0,145,155,155,o 6A54 00 

6A21 00 6A55 00 
6A22 00 6A56 90 
6A23 00 6A57 9A 

6A24 91 6/\58 AO 4660 .BYTE 160,0,0,0,0,0,0,0 

6A25 9B 6A59 00 
6A26 9E 6A5A 00 
6A27 00 6A5B 00 
6A26 00 4600 .BYTE 0,0,0,0,0,0,0,0 6A5C 00 
6A29 00 6A5D 00 
6A2A 00 6A5E 00 
6A2B 00 6A5F 00 
6A2C 00 6A60 00 4670 .BYTE 0,0,0,153,162,155,151,0 

6A2D 00 6A61 00 
6A2E 00 61162 00 
6A2F 00 6A63 99 
6A30 00 4610 .BYTE 0,0,145,157,158,0,152,150 6A64 A2 
6A31 00 6A65 98 
6A32 91 6A66 97 
6A33 90 6A67 00 
6A34 9E 6A68 00 4680 .BYTE o,o,o,o,0,0,0,121 
6A35 00 6A69 00 
6A36 98 6A6A 00 
6A37 96 6A6B 00 
6A38 00 4620 .BYTE o,o,o,o,0,0,0,121 6A6C 00 
6A39 00 6A60 00 
6A3A 00 6A6E 00 
6A3B 00 6A6F 7F 
6A3C 00 6A70 7F 4690 .BYTE 127,0,0,0,0,4,3,1 
6A3D 00 6A71 00 
6A3E 00 6A72 00 
6A3F 7F 6A73 00 
6A40 7F 4630 .BYTE 127,0,0,l,5,6,3,0 6A74 00 
6A41 00 6A75 04 
6A42 00 6A76 03 
6A43 01 6A77 01 
6A44 05 6A78 05 4700 .BYTE 5,0,145,159,0,0,0,146 

. 6A45 06 6A79 00 
6A46 03 6A7A 91 
6A47 00 6A7B 9F 
6A40 00 4640 .BYTE 0,156,161,0,0,0,156,159 6A7C 00 
6A49 9C 6A70 00 
6A4A Al 6A7E 00 
6A4B oo 6A7F 92 



61\80 90 4710 .BYTE 157,15a,o.o.o.o,o,o 6AB4 00 
6A81 9E 6A65 00 
6A82 00 6AB6 00 
6A83 00 6A67 00 
6A84 00 6A68 00 4780 .BYTE 0,0,143,158,0,0,0,0 
6A85 00 6AB9 00 
6A86 00 6ABA BF 
6A87 00 6ABB 9E 
6A88 92 4720 .BYTE 146,157,159,0,0,0,0,0 6ABC 00 
6A69 90 6ABD 00 
6A8A 9F 6ABE 00 
6ABB 00 6ABF 00 
6A8C 00 6ACO 00 4790 .BYTE 0,153,150,0,0,0,0,0 
6ABD 00 6AC1 99 
6A8E 00 6AC2 96 
6A8F 00 6AC3 00 
6A90 00 4730 .BYTE 0,0,152,151,0,0,0,0 6AC4 00 
6A91 00 6AC5 00 
6A92 98 6AC6 00 
6A93 97 6AC7 00 
6A94 00 6ACO 00 4800 .BYTE o.o.o,o,o,o,0,121 
6A95 00 6AC9 00 
6A96 00 6ACA 00 
6A97 00 6ACB 00 
6A98 00 4740 .BYTE o,o,o,o,o,0,0.121 6ACC 00 
6A99 00 6ACD 00 
6A9A 00 6ACE 00 
6A9B 00 6ACF 7F 

. 6A9C 00 6ADO 7F 4810 .BYTE 127,0,0,0,0,0,0,1 
6A90 00 6A01 00 
6A9E 00 6A02 00 
6A9F 7F 6A03 00 
6AAO 7F 4750 .BYTE 127,0,0,0,0,0,2,4 6A04 00 
6AA1 00 6A05 00 
6AA2 00 6A06 00 
6AA3 00 6A07 01 
6AA4 00 6AD8 03 4820 .BYTE 3,5,0,0,0,0,0,144 
6AA5 00 6A09 05 
6AA6 02 6ADA 00 
6AA7 04 6AOB 00 
6AA8 06 4760 .BYTE 6,0,0,143,155,156,154,160 6ADC 00 
6AA9 00 6AOO 00 
6AAA 00 6ADE 00 
6AAB 8F 6AOF 90 
6AAC 9B 6AEO 9E 4830 .BYTE 158,0,0,145,160,0,0,0 
6AAO 9C 6AEI 00 
6AAE 9A 6AE2 00 
6AAF AO 6AE3 91 
6ABO 00 4770 .BYTE 0, 143, 154, 161,0,0,0,0 6AE4 AO 
6ABI BF 6AE5 00 
6AB2 9A 6AE6 00 
6AB3 Al 6AE7 00 



bAEo 00 4840 .BYTE 0,0,72,147,0,0,0,176 601C 00 

bAE9 00 6BID Bl 

6AEA 48 6BIE A6 

6AEB 93 6BIF AA 

6AEC 00 6820 B2 4910 .BYTE 178,174,0,0,0,0,0,0 

6AED 00 6B21 AE 
6AEE 00 6B22 00 

6AEF BO 6B23 00 
6AFO A5 4850 .BYTE 165,188,73,0,0,0,0,0 6B24 00 
6AFI BC 6B25 00 
6AF2 49 6B26 00 
ol\F3 00 6B27 00 
6Af4 00 6B28 00 4920 .BYTE o,o,o,o,o,0,0,121 

6AF5 00 6B29 00 

6AF6 00 6B2A 00 
6AF7 00 6B2B 00 
6AF8 00 4860 .BYTE o,o,o,o,o,0,0,121 6B2C 00 

6AF9 00 6B20 00 
6AFA 00 6B2E 00 
6AFB 00 6B2F 7F 
6AFC 00 6B30 7F 4930 .BYTE 127,0,0,0,0,0,0,0 

6AFD 00 6B31 00 
6AFE 00 6B32 00 
6AFF 7F 6B33 00 
6000 7F 4870 .BYTE 127,0,0,0,0,0,0,0 6B34 00 
6B01 00 6835 00 
6802 00 6B36 00 
6003 00 6B37 00 
6804 00 6838 00 4940 .OYTE 0,5,t,6,0,160,0,0 
6805 00 6839 05 
6006 00 6B3A 01 
6807 00 6B3B 06 
6008 02 4880 .BYTE 2,6,4,0,0,0,0,0 6B3C 00 
6B09 06 6B3D AO 
6BOA 04 683E 00 
6800 00 6B3F 00 
6BOC 00 6B40 00 4950 .BYTE 0,143,159,0,0,146,158,0 
6800 00 6B41 6F 
6BOE 00 6B42 9F 
600F 00 6043 00 
6010 92 4890 .BYTE 146,161,0,0,144,l59,0,0 6B44 00 
6BI I Al 6B45 92 
6[)12 00 6646 9E 
6813 00 6647 00 
6[)14 90 6648 00 4960 .BYTE 0,0,149,0,175,171,l91,179 
6015 9F 6B49 00 
6816 00 6641\ 95 
6017 00 6846 00 
6018 00 4900 .BYTE 0,0,153,150,0,177,166,170 6B4C AF 
6019 00 61340 AB 
6011\ 99 6B4E BF 
6BIU 96 604F B3 



61350 AO 4970 .BYTE 173,0,0,0,0,0,0,0 6B84 00 
6051 00 6B85 00 
61352 00 6886 00 
6B53 00 6B87 00 
6B54 00 6B88 00 5040 .BYTE o,o,o,o,o,o,0,121 
6855 00 6B89 00 
6B56 00 6B8A 00 
6B57 00 6B8B 00 
6B58 00 4980 .BYTE o,o,o,o,o,0,0,121 6B3C 00 
6059 00 6880 00 
6B5A 00 6B8E 00 
6B50 00 6B8F 7F 
6B5C 00 6B90 7F 5050 .BYTE 127,0,0,0,0,0,0,0 
6650 00 6891 00 
685E 00 6B92 00 
6B5F 7F 6B93 00 
6860 7F 4990 .BYTE 127,0,0,0,0,0,0,0 6B94 00 
6B61 00 6895 00 
6B62 00 6B96 00 
6B63 00 6B97 00 
6B64 00 6B98 00 5060 .BYTE 0,5,3,6,2,1,143,159 
6B65 00 6B99 05 
6B66 00 6B9A 03 
6B67 00 6B9B 06 
6868 00 5000 .BYTE 0,1,2,4,3,144,161,0 6B9C 02 ' 6069 01 6B90 01 
6B6A 02 6B9E 8F 
6B6B 04 6B9F 9F 
606C 03 6BAO 00 5070 .BYTE o,o,o,146,IB6,l65,187,166 
6860 90 6BAI 00 
686E Al 6BA2 00 
6B6F 00 6BA3 92 
6B70 00 5010 .BYTE 0,0,145,160,73,0,147,0 6BA4 BA 
6871 00 6BA5 A5 
6B72 91 6BA6 BB 
6B73 AO 6BA7 A6 
6074 49 6BA8 A7 5080 .BYTE 167, 188,182,172, 191, 191, 191, 178 
6875 00 6BA9 BC 
6876 93 6BAA 66 
6877 00 6BAB AC 
6B78 00 5020 .BYTE 0,152,151,0,164,191,191,l6G 6BAC BF 
6879 98 6BAO BF 
6B7A 97 6BAE BF 
6076 00 6BAF B2 
6B7C A4 68BO AE 5090 .BYTE 174,0,74,152,154,157,156,159 
6870 BF 6BBI 00 
607E BF 6BB2 4A 
6B7F AB 6BB3 98 
6Bfl0 B4 5030 .BYTE 180,0,0,0,0,0,0,0 6BB4 9A 
6C81 00 61:lG5 90 
6662 00 6BB6 9C 
6[)83 00 6BB7 9F 



6Li1Jtl 00 5100 .BYTE o,o,o,o,o,o,0,121 6BEC 00 
blJIJ9 00 6BED 00 
6BBA 00 6BEE 00 
6BBl3 00 6BEF 7F 
613BC 00 6BFO 7F 5170 .BYTE 127,0,0,5,3,6,4,1 

61300 00 6BF1 00 
6BBE 00 6BF2 00 
6Bl3F 7F 6BF3 05 
6BCO 7f 5110 .BYTE 127,0,0,4,5,1,5,2 6BF4 03 
6BC1 00 6BF5 06 
6BC2 00 6BF6 04 
6BC3 04 60F7 01 
66C4 05 6BF8 04 5180 .BYTE 4,2,0,3,4,1,6,0 
6BC5 01 6BF9 02 
6BC6 05 6BFA 00 
60C7 02 6BFB 03 
6BC8 03 5120 .BYTE 3,6,1,4,5,6,2,145 6BFC 04 
6BC9 06 6BFO 01 
6BCA 01 6BFE 06 
6BCB 04 6BFF 00 
6BCC 05 6COO 92 5190 • BYTE 146, 186, 16 7 , 171 , I 91 , I 91 , I 91 , I 91 
66CO 06 6COI BA 
6BCE 02 6C02 A7 
6BCF 91 6C03 AB 
6BOO 9E 5130 .BYTE 15ti,0,0,176,170,191,191,191 6C04 BF 
6001 00 6C05 BF 
6002 00 6C06 BF 
6B03 00 6C07 BF 
61304 AA 6C08 AB 5200 .BYTE 168,180,0,0,176,170,191,169 
6B05 BF 6C09 B4 
6B06 Bf 6COA 00 
6B07 BF 6COB 00 
6808 B2 5140 .OYTE 178,173,183,184,184,185,163,181 6COC BO 
6B09 AO 6COO AA 
6BOA B7 6COE BF 
6BOB B8 6COF A9 
6BOC B8 6CIO BB 5210 .BYTE 187,166,167,180,0,0,0,0 
6BOO B9 6C1 I A6 
6BDE A3 6C12 A7 
6BOF B5 6C13 B4 
6BEO 99 5150 .BYTE 153,157,155,150,0,0,0,148 6Cl4 00 
6BE1 90 6C15 00 
6BE2 96 6Cl6 00 
6BE3 96 6Cl7 00 
6BE4 00 6C18 00 5220 .BYTE o,o,o,o,o,0,0,121 
6BE5 00 6C19 00 
6BE6 00 6C1A 00 
6BE7 94 6CIB 00 
6BEB 00 5160 .BYTE o,o,o,o,o,o,0,121 6C1C 00 
6BE9 00 6C10 00 
6BEA 00 6CIE 00 
6BE8 00 6C1F 7F 



6C20 7F 5230 .BYTE 121,0,o,o,o,o,o,o 6C54 00 
6C21 00 6C55 00 
6C22 00 6C56 00 
6C23 00 6C57 00 
6C24 00 6C58 00 5300 .BYTE 0,0,0,0,0,0,0,0 
6C25 00 6C59 00 
6C26 00 6C5A 00 
6C27 00 6C5B 00 
6C28 00 5240 .BYTE 0,0,0,0,0,0,0,0 6C5C 00 
6C29 00 6C5D 00 
6C2A 00 6C5E 00 
6C2B 00 6C5F 00 
6C2C 00 6C60 A4 5310 .BYTE 164, 191, 191, 191, 191, 191, 191, 191 
6C2D 00 6C61 BF 
6C2E 00 6C62 BF 
6C2F 00 6C63 BF 
6C30 Bl 5250 .BYTE 177,172,191,191,191,191,191,191 6C64 BF 
6C31 AC 6C65 BF 
6C32 BF 6C66 BF 
6C33 BF 6C67 BF 
6C34 BF 6C68 BF 5320 .BYTE 191,191,168,172,191,191,191,191 
6C35 BF 6C69 BF 
6C36 BF 6CGA A8 
6C37 BF 6C6B AC 
6C30 BF 5260 .BYTE 191,169,181,175,171,191,191,191 6C6C BF 
6C39 A9 6C6D BF 
6C3A B5 6C6E BF 
6C3B AF 6C6F BF 
6C3C AB 6C70 BF 5330 .BYTE 191,191,191,191,191,l68,166,167 
6C30 BF 6C71 BF 
6C3E BF 6C72 BF 
6C3F BF 6C73 BF 
6C40 OF 5270 .BYTE 191,191,191,169,165,IOl,5,4 6C74 BF 
6C41 BF 6C75 AO 
6C42 BF 6C76 A6 
6C43 A9 6C77 A7 
6C44 A5 6C78 B5 5340 .BYTE 181,1,Z,3,4,3,3,127 
6C45 B5 6C79 01 
6C46 05 6C7A 02 
6C47 04 6C7B 03 
6C48 02 5280 .BYTE Z,3,6,1,6,2,1,127 6C7C 04 
6C49 03 6C7D 03 
6C4A 06 6C7E 03 
6C4B 01 6C7F 7F 
6C4C 06 6C80 7F 5350 .BYTE 127,127,127,127,127,127,127,127 
6C4D OZ 6C81 7F 
6C4E 01 6C82 7F 
6C4F 7F 6C83 7F 
6C50 7F 5290 .BYTE 127,0,0,0,0,0,0,0 6C84 7F 
6C51 00 6C85 7F 
6C52 00 6C86 7F 
6C53 00 6CB1 7F 



bC8o 7F 53i>0 .BYTE 127,127,127,127,127,127,127,127 6C8C 03 
6CG9 7F tiCBD FF 
6CoA 7F 6COE 02 
6CUl3 7F 6CBF 00 
6C8C 7F 6CCO FF 
6C80 7F 6CCI 28 5430 SSllCOD .BYTE 40,40,40,20,0,0,0,0,0,20,40,40 
6C8E 7F 6CC2 28 
6CUF 7F 6CC3 28 
6C90 7F 5370 .UYTE 127,127,127,127,127,127,127,127 6CC4 14 
6C91 7F 6CC5 00 
6C92 7F 6CC6·00 
6C93 7F 6CC7 00 
6C94 7F 6CC8 00 
6C95 7F 6CC9 00 
6C96 7F 6CCA 14 
6C97 7F 6CCB 28 
6C98 7F 5380 .BYTE 127,127,127,127,127,127,127,127 6CCC 28 
6C99 7F 6CCD 06 5440 TRNTAB .BYTE 6,12,8,0,0,18,14,8,20,128 
6C9A 7F 6CCE OC 
6C9B 7F 6CCF 08 
6C9C 7F 6COO 00 
6C9D 7F 6C01 00 
6C9E 7F 6C02 12 
6C9F 7F 6C03 OE 
6CAO 7F 5390 .BYTE 127,127,127,127,127,127,127,127 6CD4 08 
6CAI 7F 6C05 14 
6CA2 7F 6C06 80 
6CA3 7f 6CD7 04 5450 .BYTE 4,8,6,0,0,18,13,6,16,128 
6CA4 7F 6C08 08 
6CA5 7F 6C09 06 
6CA6 7f 6COA 00 
6CA7 7F 6COB 00 
6CAIJ 7F 5400 .BYTE 127,127,127,127,127,127,127,127,127 6CDC 12 
6CA9 7F 6COD OD 
6CAA 7F 6COE 06 
6CAB 7F 6CDF 10 
6CAC 7F 6CEO 80 
6CAD 7F 6CE1 18 5460 .BYTE 24,30,24,0,0,30,30,26,28,128 
6CAE 7F 6CE2 IE 
6CAF 7F 6CE3 18 
6CBO 7F 6CE4 00 
6C01 FF 5410 STKTAB .BYTE $FF,SFF,$FF,$Ff,)ff,$FF,$ff,1 6CE5 00 
6CB2 Ff 6CE6 IE 
6C03 FF 6CE7 IE 
6CB4 FF 6CE8 IA 
6C05 FF 6CE9 lC 
6C06 FF 6CEA 80 
6C07 FF 6CEB lE 5470 .BYTE 30,30,30,0,0,30,30,30,30,126 
6C08 01 6CEC IE 
6CB9 FF 5420 .BYTE $FF,$FF,$FF,3,$FF,2,0,$Ff 6CED lE 
6CBA FF 6CEE 00 
6CBB FF 6CEF 00 



6CFO IE 6024 24 
6CFI IE 6025 04 
6C.F2 IE 6026 07 
6CF3 lE 6027 07 
6CF4 80 6028 08 
6CF5 OA 5480 .BYTE 10,16,10,12,12,24,28,12,24,128 6029 24 5530 .BYTE 36,36,36,33,37,37,3,6,7 ,7,4,3 
6CF6 10 602A 24 
6CF7 OA 602B 24 
6CF8 OC 602C 21 
6CF9 OC 6020 25 
6CFA 18 602E 25 
6CFB lC 602F 03 
6CFC OC 6030 06 
6CFD 18 6031 07 
6CFE 80 6032 07 
6CFF 06 5490 ,BYTE 6,10,8,8,8,24,28,8,20,128 6033 04 
6000 OA 6034 03 
6001 08 6035 28 5540 BHX2 .BYTE 40,39,38,35,35,34,22,15,14,14 
6002 08 6036 27 
6003 08 6037 26 
6004 13 6038 23 
6005 lC 6039 23 
6006 08 603A 22 
6007 14 603B 16 
6008 80 603C OF 
6009 28 5500 BHXI .BYTE 40,39,38,36,35,34,22,15,15,14 6030 OE 
600A 27 603E OE 
600B 26 603F 23 5550 .BYTE 40,39,38,36,35,34,22,15,15,14,19,19 
600C 24 6040 27 
6000 23 6041 26 
600E 22 6042 24 
600F 16 6043 23 
6010 OF 6044 22 
6011 OF 6045 16 
6012 OE 6046 OF 
6013 28 5510 .BYTE 40,39,38,35,35,34,22,15,14,14,19,19 6047 Of 
6014 27 6048 OE 
6015 26 6049 13 
6016 23 604A 13 
6017 23 604B 24 5560 BHY2 .BYTE 36,36,36,33,37,37,3,6,7,7 
6018 22 604C 24 
6019 16 6040 24 
601A Of 604E 21 
601B OE 604F 25 
601C OE 6050 25 
6010 13 6051 03 
601E 13 6052 06 
601F 23 5520 C3HY1 .BYTE 35,35,35,33,36,36,4,7,7,8 6053 07 
6020 23 6054 07 
6021 23 6055 23 5570 .BYTE 35,35,35,33,36,36,4,7,7,8,3,4 
6022 21 6056 23 
6023 24 6057 23 
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0014 
0040 
004E 
004F 
0000 

OOBO 
OOB2 
0063 
OOB4 
OOB5 
OOB6 
OOB7 
OOB8 
OOB9 
OOBA 
OOBB 
OOBC 
OOBO 
OOBE 
OOBF 

OOC9 

02CO 
0278 
02FC 

0000 
0001 
D002 
D003 
DOIO 
DOI I 
D012 
D016 
D017 
D018 
DOIA 

10 ;EFT VERSION 1.81 <INTERRUPT> 11/30/81 COPYRIGHT CHRIS CRAWFORD 1 
20 ; 
30 ;Page zero RAM 
40 ; 
50 RTCLKL 
60 ATRACT 
70 DRKMSK 
80 COLRSH 
90 
0100 ; 

•= 

$14 
S4D 
S4E 
S4F 
SBO 

0110 ;These locations are used by the Interrupt service routine 
0120 ; 
0130 DLSTPT *= 
0140 MAPLO *= 
0150 MAPHI *= 

*+2 
*+I 
*+1 

0160 CORPS *= *+1 
0170 CURSXL *= •ti 
0180 CURSXH *= •+1 

*+I 
*ti 
*+I 
•ti 

0190 CURSYL *= 
0200 CURSYH *= 
0210 OFFLO *= 
0220 OFFHI *" 
0230 TEMP I *= 
0240 CNTI *= 
0250 CNT2 *= 
0260 CHUNKX *= 
0270 CHUNKY *= 
0280 ; 

•+1 
*+I 
*+I 
*+1 
*+I 

Zero page pointer to dlsplay llst 

number of unit under window 

cursor coordinates on screen (map frame) 

How far to offset new LMS value 

An all-purpose temporary register 
DLI counter 
DLI counter tor movable map DLI 
cursor coordinates (plxel frame) 

0290 ;THIS VALUE IS USED BY MAINLINE ROUTINE Alf> INTERRUPT 
0300 ; 
0310 TURN 
0320 ; 

SC9 

0330 ;OS locatlons (see OS manual) 
0340 ; 
0350 PCOLRO = 
0360 STla< = 
0370 CB 
0380 ; 

S02CO 
$0278 
S2FC 

0390 ;HARDWARE LOCATIONS 
0400 ; 
0410 HPOSPO = 
0420 HPOSPI = 
0430 HPOSP2 = 
0440 HPOSP3 = 
0450 TRIGO = 
0460 TRIG! 
0470 TRIG2 = 
0480 COLPFO = 
0490 COLPFI = 
0500 COLPf 2 = 
0510 COLBAK = 

$0000 
SDOOI 
$0002 
$0003 
$0010 
SDOll 
$0012 
$0016 
$0017 
SD018 
SDOIA 

DOIF 
0200 
D201 
D404 
D405 
D40A 
D409 
E45C 
E462 

ooco 

0600 
0601 
0602 
060j 
0604 
060!> 
0606 
0607 
0608 
0609 
060A 
060B 
060C 
060D 
060E 
060F 
0610 
0611 
061;( 
0613 
0614 
0615 
0616 
0617 
0618 
0619 
061A 
061B 
061C 
0610 
061E 
061F 
0620 
0621 
0622 
0623 
0624 
0625 

0520 CONSOL • 
0530 AUOFl 
0540 AUOCl 
0550 HSCROLL• 
0560 VSCROLL= 
0570 WSYNC • 
0580 CHBASE • 
0590 SETVBV • 
0600 XITVBV • 
0610 ; 

$D01F 
SD200 
$0201 
SD404 
SD405 
SD40A 
SD409 
SE45C 
SE462 

0620 ;Page 6 usage 
0630 ; 
0640 •• $0600 
0650 ;first come locatlons used by the Interrupt service routine 
0660 XPOSL •= •+1 Horlzontal position of 
0670 YPOSL •• *+1 Vertlcal position of 
0680 YPOSH •• *+1 upper left corner of screen window 
0690 SCY •• •+1 vert position of cursor (player frame) 
0700 SHPOSO •= •+1 shadows player 0 position 
0710 TRCOLR *• *+1 
0720 EARTH •= *+1 
0730 ICELAT *• *+1 
0740 SEASNl *• *+1 
0750 SEASN2 *• *+1 
0760 SEASN3 *• *+1 
0770 DAY *• *+1 
0780 MONTH *• *+1 
0790 YEAR *• *+1 
0800 BUTFLG *• *+1 
0810 BUTJ4SK *• *+1 
0820 TYL *• *+1 
0830 TYH *• *+1 
0840 DELAY *• *+1 
0850 TIMSCL *• *+1 
0860 TEMPLO *• *+1 
0870 TEMPHI •= *+1 
0880 BASEX *• *+1 
0890 BASEY •= *+1 
0900 STEPX *• *+1 
0910 STEPY *= •+1 
0920 STPCNT *= *+1 
0930 OROCNT *• *+1 
094U ORD! *• *+1 
0950 ORD2 •= *+1 
0960 ARRNDX *• *+1 
0970 HOWMNY •= *+1 
0980 KRZX *• *+1 
0990 KRZY *= *+1 
1000 DBTIMR *• *+1 
1010 STla<I *= *+1 
1020 ERRFLG *• *+1 
1030 KRZFLG *= *+1 

acceleratlon delay on scroll Ing 
frame to scroll In 
temporary 

start position for arrow !player frame) 

Intermediate position of arrow 

which Intermediate steps arrow Is on 
which order arrow !s showing 
orders record 

arrow Index 
how many orders tor unit under cursor 
maltakreuze coords (player frame) 

joystick debounce timer 
coded value of stick direction (0-3) 



0626 1040 STKFLG h *+l 6046 1560 6HY2 *= *+22 

0627 1050 H ITFLG h *+l 6061 1570 EXEC •= *+159 

0628 lOt>U TXL •= •+1 temporary values---sllghtly shifted 1580 ; 

0629 1070 TXH •= •+I 1590 ;everything In here Is taken up by the map data 

068F 1080 HANOCP = $68F 1600 ; 
1090 ; 1610 ; 

062A 1100 •= $5200 1620 ;This Is the vertlcal blank Interrupt routine 

5200 1110 PLYRO •= *+128 1630 ;It reads the Joystick and scrolls the screen 

5280 1120 PLYRl •= •+128 1640 ; 
5300 1130 PLYR2 •= 11 +128 6EOO 1650 •• $7400 

i~ls t..l& ln~~ttt OU~ , brut~ ~ 
5380 1140 PLYR3 •= •+128 7400 A01100 1660 LOA TRIGl check tor break button 

54u0 1150 CORPSX h •+159 x-coords of all units (plxel frame) 740j OOOF 1670 6NE Z30 no, check next in tiro\ WniDI\. 
549F 11 bO CORP SY *= •+159 y-coords of all units (plxel frame) 7405 A03E 1680 LOY #62 reset 60 Hertz vector 

553E 11 70 MSTRNG *= *+159 muster strengths 7407 A2E9 1690 LOX 1233 C1400<- M,H, EA 

5500 1180 CSTRNG •= *+159 combat strengths 7409 A907 1700 LOA 17 
567C 1190 SWAP •= •+159 terrain code underneath unit 7406 205CE4 1710 JSR SETV6V 

5716 1200 ARRIVE *= •+159 turn of arrlval 740E 68 1720 PLA reset stack 

576A 1210 WORDS *= *+272 various words for messages 740f 68 1730 PLA 

58CA 1220 CORPT *" •+159 codes for unit types 7410 68 1740 PLA 

5969 1230 CORPNO *= *+159 ID numbers of units 7411 4C1072 1750 JMP $7210 break routine 

5A08 1240 llOIGIT *= *+256 tables tor dlsplaylng numbers (hundreds) 7414 A08F06 1760 Z30 LOA HANOCP 

5608 1250 TDIGIT *"' •+256 tens tables 7417 F02D 1770 BEQ A31 
5C08 12b0 OOIGIT *"' *+256 ones tables 7419 A01000 1780 LOA TRIGO 

5008 1270 TXTTBL *"' •+96 more text 741C F028 1790 6EQ A31 

5068 1280 MONLEN *= •+13 table of month lengths 741E A908 1800 LOA #$08 
. 5075 1290 llMORDS *" •+159 how many orders each unit has In queue 7420 801FOO 1810 STA CONSOL 

5E14 1300 WHOROS *= •+159 what the orders are 7423 A01FOO 1820 LOA CONSOL 
5EB3 1310 WHORDH *= •+159 7426 2904 1830 ANO #$04 

5F52 1320 6EEPTB *= *+4 table of beep tones 7428 001C 1840 6NE A31 
5F56 1330 ERRMSG *= *+128 table of error messages 742A 808F06 1850 STA HANDCP 
5F06 1340 XOFF le •+4 offsets tor moving maltakreuze 7420 A930 1860 LOA 1$30 

5FOA 1350 YOFF •= •+4 742F 8D7A7B 1870 STA $767A my trademark 
5FOE 1360 MASKO ... •+4 mask values for decoding orders 7432 A236 1880 LOX 1$36 
5FE2 1370 XAOO •= *+4 offsets tor moving arrow 7434 B03E55 1890 LOOPJ LOA MSTRNG,X 
5FE6 1380 YADD ... *+4 7437 85BB 1900 STA TEMPI 
5FEA 1390 TRTAB •= •+13 7439 4A 1910 LSR A 
5FF7 1400 ML TKRZ *= •+8 maltese cross shape 743A 65BB 1920 AOC TEMPI 

1410 ; 743C 9002 1930 BCC A22 
1420 ;RAM from $6000 to $6430 Is taken up by 743E A9FF 1940 LOA #$FF 
1430 ;character sets and the dlsplay llst 744u 903E55 1950 A22 STA MSTRNG,X 
1440 ; 7443 CA 1960 DEX 

5FFF 1450 •= $6431 7444 OOEE 1970 6NE LOOPJ 
6431 1460 ARRTAB *= •+32 arrow shapes 1980 ; 
6451 1470 •= $6450 1990 ; 
6450 1480 TXTWOW *= $6CB1 7446 A01000 2000 A31 LOA TRIGO button status 

1490 ; 7449 OOOF06 2010 ORA BU TM SK button al lowed? 
6CB1 1500 STKTA6 *= *+16 a joystick decoding table 744C F03B 2020 BEQ X17 
6CC1 1510 SSNCOO •= •+12 744E AOOE06 2030 LOA 6UTFLG no button now; previous status 
6CCO 1520 TRNTA6 *= •+60 7451 0003 2040 BNE X23 
6009 1530 6HX1 •= •+22 745j 4CCF77 20~0 JMP NOBUT 
601F 154U BHYl •= *+22 7456 A958 2060 X23 LOA #$58 button Just released 

6035 1550 61iX2 •= •+22 7458 80C002 20/0 STA PCOLRO 

-1 



7456 A900 2060 LOA ISOO 74DF AD1706 2600 LOA BASEY 
7450 6DOE06 2090 STA BUTFLG 74E2 601906 2610 STA STEPY 
7460 602506 2100 STA KRZFLG 74E5 A514 2620 xso LOA RT CL KL 
7463 SD0102 2110 STA AUDC1 74E7 2903 2630 Atll 1$03 
7466 A252 2120 LOX IS52 74E9 F003 2640 6EQ X54 time to move arrow? 
746S 905S64 2130 LOOPS STA TXTIWW+S,X clear text window 74EB 4C6F79 2650 JMP ENO I SR no 
7468 CA 2140 DEX 74EE AC1F06 2660 X54 LOY HOWMNY yes 
746C 10FA 2150 BPL LOOPS 74F1 0003 2670 BNE X65 any order~ to show? 
746E A908 2160 LOA IS08 74F3 4C6F75 26SO Jtf> PCURSE no, go ahead to maltakreuze 
7470 6D120b 2170 STA DELAY 74F6 20357A 2690 X65 JSR CLRP1 yes, clear old arrow 
7473 1S 21SO CLC 74F9 AD1B06 2700 LOA ORDCNT 
7474 6514 2190 ADC RT CL KL 74FC A200 2710 LOX ISOO assume first byte 
7476 601306 2200 STA TIMSCL 74FE C905 2720 04P IS05 
7479 20EF79 2210 JSR SWITCH 7500 9001 2730 BCC X52 second byte or first? 
747C A900 2220 LOA ISOO 7502 ES 2740 INX second byte 
747E S5B4 2230 STA CORPS 7503 2903 2750 X52 Attl 1$03 Isolate bit pair Index 
74SO 20357A 2240 JSR CLRP1 7505 AS 2760 TAY 
7463 204A7A 2250 JSR CLRP2 750b B9747A 2770 LOA BITTAB,Y get mask 
7466 4C6F79 2260 Jtf> ENDISR 7509 301C06 27SO X50 AND ORD1 ,X get orders 
74S9 6540 2270 Xl7 STA ATRACT button Is pressed 2790 ; 
7468 A07602 2260 LOA STICK 2600 Jrlght justify orders 
74SE 290F 2290 AND ISOF 2610 J 
7490 490F 2300 EOR ISOF 750C 66 2620 DEY 
749:.:! F003 2310 BEQ X20 joystick active? 7500 1002 2S30 6PL X51 
7494 4CDA76 2320 Jlf> ORDERS yes 750F A003 2S4U LOY IS03 
7497 602206 2330 X20 STA OBTIMR no, set debounce 7511 F005 2650 X51 BEQ X53 
749A 600102 2340 STA AUDC1 7513 4A 2660 LOOP21 LSR A 
7490 602606 2350 STA STKFLG 7514 4A 2S70 LSR A 
74AO ADOE06 2360 LOA BUTFLG 7515 66 2660 DEY 
74A3 0003 2370 6NE 6UTHLD Is this the f lrst button pass 7516 DOFB 2890 BNE LOOP21 
74A5 4CAA75 2360 JMP F6UTPS yes 751S SD1E06 2900 X53 STA ARRNDX 
74A6 205E7A 2390 6UTHLD JSR ERRCLR no, clear errors 7518 OA 2910 ASL A 
74A6 AD2706 2400 X61 LOA HITFLG 751C OA 2920 ASL A 
74AE F003 2410 BEQ X63 anybody In the window? 7510 OA 2930 ASL A 
7460 4C6F79 2420 Jl-P END I SR no 2940 Jget arrow Image and store It to player RAM 
7483 ADFC02 2430 X63 LOA CH 751E AA 2950 TAX 
7466 C921 2440 04P IS21 751F AC1906 2960 LOY STEPY 
7466 0026 2450 BNE xso space bar pressed? 7522 603164 2970 X55 LOA ARRTAB,X 
746A A6B4 2460 LOX CORPS yes, check for Russian 1525 coso 2960 CPY 1$60 
746C E037 2470 CPX 1$31 7527 8003 2990 BCS X43 
74BE 8025 2460 BCS X60 7529 99B052 3000 STA PLYR1,Y 
74CO A900 249U LOA 1$00 752C EB 3010 X43 INX 
74C2 BDFC02 2500 STA CH 7520 C8 3020 INY 
74C5 907550 2510 STA llMORDS,X clear out orders 752E BA 3030 TXA 
74CB 8DIF06 2520 STA HOWMNY 752F 2907 3040 Attl 1$01 
74CB BD1A06 2530 STA STPCNT 7531 DOEF 3050 BNE X55 
74CE A901 2540 LOA 1$01 3060 J 
7400 601606 2550 STA ORDCNT 7533 AD1806 3070 LOA STE PX position arrow 
7403 20357A 2560 JSR CLRP1 7536 600100 3060 STA HPOSP1 
7406 204A7A 2570 JSR CLRP2 3090 
7409 AD1606 2560 LOA 6ASEX 3100 ;now step arrow 
74DC 801806 2590 STA STEPX 3110 



7539 AE1E06 3120 LOX ARRNOX 3640 ;looks for a unit Inside cursor 
753C A01806 3130 LOA STEPX 3650 ;If there Is one, puts unit Into Into text window 
753F 1 B 3140 CLC 3660 ; 
7540 7DE£5F 3150 ADC XADD,X 75AA A9FF 3670 F8UTPS LOA #$FF 
7543 801806 3160 STA STEPX 75AC 8DOE06 3680 STA 8UTFLG 
7546 AD1906 3170 LOA STEPY 3690 ; 
7549 1 B 3180 CLC 3700 ;first get coords of center of cursor <map frame> 
754A 7DE65F 3190 AOC YADD,X 3710 J 
7540 801906 3200 STA STEPY 75AF A585 3720 X24 LOA CURSXL 

3210 ; 7581 18 3730 CLC 
7550 EE1A06 3220 INC STPCNT next step 7582 6906 3740 AOC 1$06 
7553 AD1A06 3230 LOA STPCNT 7584 802806 3750 STA TXL 
7556 2907 3240 AND 1$01 7587 A586 3760 LOA CURSXH 
7558 0040 3250 8NE X59 If not done end ISR 7589 6900 3770 ADC 1$00 
755A 801A06 3260 STA STPCNT end of steps 7588 802906 3780 STA TXH 
7550 EE1806 3270 INC OROCNT next order 758E A587 3790 LOA CURSYL 
7560 AD1B06 3280 LOA OROCNT 75CO 18 3800 CLC 
7563 CD1F06 3290 CMP HOWMNY last order? 75C1 6909 3810 AOC 1$09 
7566 903F 3300 BCC X59 no, out . 75C3 801006 3820 STA TYL 
7568 F03D 3310 BEQ X59 no, out 75C6 A588 3630 LOA CURSYH 
756A A901 3320 LOA 1$01 75C8 6900 3840 ADC 1$00 
756C 801B06 3330 STA OROCNT yes, reset to start of arrow's path 75CA 801106 3850 STA TYH 

3340 ; 75CD AD2906 3860 LOA TXH 
3350 ;display maltese cross ( 1maltakreuze 1 or KRZl 7500 4A 3870 LSR A 
3360 ; 7501 AD2806 3880 LOA TXL 

756F AC1906 3370 PCURSE LOY STE PY 7504 6A 3890 ROR A 
7572 8C2106 3380 STY KRZY 7505 4A 3900 LSR A 
7575 A9FF 3390 LOA #$FF 7506 4A 3910 LSR A 
7577 802506 3400 STA KRZFLG 3920 ; 
757A A200 3410 LOX 1$00 3930 ;coords of cursor <plxel frame> 
757C BDF75F 3420 LOOP24 LOA ML TKRZ,X 3940 J 
757F COBO 3430 CPY 1$80 7507 85BE 3950 STA CHUNKX 
7581 8003 3440 BCS X44 7509 AD1106 3960 LOA TYH 
7583 9900!>3 3450 STA PLYR2,Y 750C 4A 3970 LSR A 
7586 ca 3460 X44 INY 7500 AA 3980 TAX 
7587 E6 3470 INX 75DE AD1006 3990 LOA TYL 
7586 E006 3480 CPX 1$08 75E1 6A 4000 ROR A 
758A DOFO 3490 BNE LOOP24 75E2 A8 4010 TAY 
758C AD1806 3500 LOA STEPX 75E3 dA 4020 TXA 
756F 36 3510 SEC 75E4 4A 4030 LSR A 
7590 E901 3520 SBC 1$01 75E5 96 4040 TYA 
759£ 802006 3530 STA KRZX 75E6 6A 4050 ROR A 
7595 800200 3540 STA HPOSP2 75E7 4A 4060 LSR A 
7598 20357A 3550 JSR CLRPl clear arrow 75E6 4A 4070 LSR A 
7598 AD1606 3560 LOA BA SEX reset arrow's coords 75E9 85BF 4080 STA CHUNKY 
759E 601806 3570 STA STE PX 4090 
75A1 ADl706 3580 LOA BASEY 4100 ;now look for a match with unit coordinates 
75A4 601906 3590 STA STEPY 4110 ; 

3600 ; 75EB A29E 4120 LOX #$9E 
V4C6F79 3610 X59 JMP END I SR 75ED DD9f54 4130 LOOP6 CMP CORPSY,X 

3620 ; 75FO FOOC 4140 BEQ MAYBE 
3630 ;FIRST BUTTON PASS 75f 2 CA 4150 Xl6 DEX 



75F3 OOF8 4160 BNE LOOP6 7658 88 4680 DEY 
75F5 8684 4170 STX CORPS no match obtained 7659 A91A 4690 LOA #SIA ": .. 
75F7 CA 4160 DEX 7658 995064 4700 STA TXTWDW,Y 
75F6 6E2706 4190 STX HITFLG 765E C6 4710 INY 
75F8 4C6F79 4200 JMP END I SR 765F C6 4720 INY 

4210 ; 7660 A6B4 4730 LOX CORPS 
75FE A5BE 4220 MAYBE LOA CHl.JIKX 7662 803E55 4740 LOA MSTRNG,X muster strength 
7600 000054 4230 CMP CORPSX,X 7665 208278 4750 JSR DNUMBR 
7603 0008 4240 BNE X35 7668 C6 4760 INY 
7605 801857 4250 

. 
LOA ARRIVE,X 7669 C6 4770 INY 

7606 3006 4260 BMI X35 766A A920 4760 LOA IS20 "CCM!AT" 
760A C5C9 4270 CMP TURN 766C 20C079 4790 JSR DWORDS 
760C 9007 4280 ace MATCH 766F A921 4600 LOA IS21 "STRENGTH" 
760E FOOS 4290 BEQ MATCH 7671 20C079 4810 JSR DWORDS 
7610 A5BF 4300 X35 LOA CHl.JIKY 7674 88 4820 DEY 
7612 4CF275 4310 JMP Xl6 7675 A91A 4830 LOA #SIA "1" 

4320 J 7677 995064 4840 STA TXTWDW,Y 
4330 ;match obtained 767A C6 4850 INY 
4340 ; 7678 ca 4860 INY 

761!> A900 4350 MATCH LOA ISOO 767C A684 4870 LOX CORPS 
7617 802706 4360 STA HITFLG note match 767E 800055 4660 LOA CSTRNG,X combat strength 
761A 6DFC02 4370 STA CH 7661 208278 4690 JSR ONUMBR 
7610 A95C 4380 LOA IS5C 7684 20EF79 4900 X27 JSR SWITCH fllp unit with terrain 
761F 6DC002 4390 STA PCOLRO I I ght up cursor 7667 A5B4 4910 LOA CORF'S 

4400 ; 7669 C937 4920 CMP 1$31 
4410 ;display unit specs 7688 9007 4930 ace X79 Russian? 
4420 ; 7680 A9FF 4940 LOA ISFF yes, mask orders and exit 

7622 8684 4430 STX CORPS 768F 802706 4950 STA HITFLG 
7624 AOOD 4440 LOY #SOD 7692 3043 4960 BMI X75 
7626 806959 4450 LOA CORPNO,X ID number 4970 J 

7629 208278 4460 JSR DNUMBR 4980 ;German unit 
762C CB 4470 INY 4990 ;set up orders display 
7620 A6B4 4480 LOX CORPS 5000 ;first calculate starting coords (BASEX, BASEY) 
762F BDCA58 4490 LOA CORPT,X first name 5010 J 

7632 8588 4500 STA TEMPI 7694 A901 5020 X79 LOA #SOI 
7634 29FO 4510 AND ISFO 7696 801806 5030 STA ORDCNT 
7636 4A 4520 LSR A 7699 A900. 5040 LOA ISOO 
7637 20DA79 4530 JSR ENTRY2 7698 801A06 5050 STA STPCNT 
763A A5BB 4540 LOA TEMPI 5060 ; 
763C 290F 4550 AND ISOF second name 769E AD2606 5070 LOA TXL 
763E 18 4560 CLC 76A1 2907 5080 AND 1$01 
763F 6908 4570 ADC ISOB 76A3 18 5090 CLC 
7641 20C079 4580 JSR DWORDS 76A4 6901 5100 ADC #SOI 
7644 A91E 4590 LOA IS1E 76A6 18 5110 CLC 
7646 A684 4600 LOX CORPS 76A7 600406 5120 ADC SHPOSO 
7648 E037 4610 CPX 1$31 76M 801606 5130 STA BA SEX 
764A 8002 4620 BCS X26 76AD 801806 5140 STA STEPX 
764C A910 4630 LOA #SID 5150 
764E 20C079 4640 X26 JSR OW OROS display unit size (corps or army) 7680 AD1006 5160 LOA TYL 
7651 A038 4650 LOY 1$36 7683 290F 5170 AND ISOF 
7653 A91F 4660 LOA #SIF "MUSTER" 7685 4A 5180 LSR A 
7655 20C079 4670 JSR OW OROS 7686 38 5190 SEC 



7667 E901 5200 SBC 1$01 7722 B9525F 5720 LOA BEEPTB,Y 
7669 18 5210 CLC 7725 800002 5730 STA AUDFI "BEEPI" 
76BA 600306 5220 AOC SCY 7728 A9A8 5740 LOA #$A8 
7660 801706 5230 STA BASEY 772A 800102 5750 STA AUDCl 
76CO 801906 5240 STA STEPY 7720 A9FF 5760 LOA #$FF 

5250 ; 772F 802606 5770 STA STKFLG 
5260 ;now set up page 6 values 5780 
5270 ; 773'J. A6B4 5790 LOX CORPS 

76C3 A6B4 5280 LOX CORPS 7734 FE755D 5800 INC HMOR'JS,X 
76C5 BD7550 5290 LOA HMORDS,X 7737 807550 5810 LOA HMOli.DS,X 
76C8 801F06 5300 STA HO WM NY 773A 801F06 5820 STA HOWMNY 
76CB BD145E 5310 LOA WHORDS,X 7730 38 5830 SEC 
76CE 801C06 5320 STA ORD! 773E E901 5840 SBC 1$01 
7601 BOB35E 5330 LOA WHORDH,X 7740 2903 5850 AND 1$03 
7604 801006 5340 STA ORD2 7742 A8 5860 TAY 
7607 4C6F79 5350 X75 JMP ENDISR 7743 8468 5870 STY TEMPI 

5360 ; 7745 B0755D 5880 LOA HMOROS,X 
5370 ;ORDERS INPUT ROUTINE 7748 38 5890 SEC 
5380 ; 7749 E901 5900 SBC #SOI 

76DA A02606 5390 ORDERS LOA STKFLG 7748 4A 5910 LSR A 
7600 DOF8 5400 BNE X75 774C 4A 5920 LSR A 
76DF A6B4 5410 LOX CORPS 7740 AA 5930 TAX 
76E1 E037 5420 CPX IS31 774E AD2306 5940 LOA STIO<I 
76E3 900:> 5430 BCC X64 Russian? 5950 ;Isolate order 
76E5 A200 5440 LOX 1$00 yes, error 7751 88 5960 X71 DEY 
76E7 4CAC77 5450 JMP SQUAWK 7752 3005 5970 BMI X70 
76EA 607550 5460 X64 LOA HMORDS,X 7754 OA 5980 ASL A 
76ED C908 5470 CMP 1$08 7755 OA 5990 ASL A 
76EF 9005 5480 BCC X66 only 8 orders allowed 7756 4C5177 6000 JMP X71 
76F1 A220 5490 LOX 1$20 7759 A4BB 6010 X70 LOY TEMPI 
76F3 4CAC77 5500 JMP SQUAWK 775B 5DIC06 6020 EOR OR01,X told In new order (sneaky code) 
76F6 A02506 5510 X66 LOA KRZFLG 775E 39DE5F 6030 ANO MASKO,Y 
76F9 0005 5520 BNE X67 must wait tor maltakreuze 7761 501C06 6040 EOR OROl ,X 
76FB A240 5530 LOX 1$40 7764 901C06 6050 STA OROl,X 
76FD 4CAC77 5540 JMP SQUAWK 7767 A01C06 6060 LOA OROI 
7700 EE2206 5550 X67 INC DBTIMR 776A A6B4 6070 LOX CORPS 
7703 A02206 5560 LOA OBTIMR wait tor debounce time 776C 90145E 6080 STA WHOROS,X 
7706 C910 5570 CMP 1$10 776F A01006 6090 LOA OR02 
7708 6002 5580 BCS X68 7772 9DB35E 6100 STA WHOROH,X 
770A 90CB 5590 BCC X75 6110 ; 
770C A900 5600 X68 LOA noo 6120 ;move maltekreuze 
770E 802206 5610 • STA DBTIMR reset debounce timer 6130 
7711 AE7802 5620 LOX STIO< 7775 204A7A 6140 JSR CLRP2 
7714 BDB16C 5630 LOA STKTAB,X 7778 AE2306 6150 LOX STIO<I 
7717 1005 5640 BPL X69 777B AD2006 6160 LOA KRZX 
7719 A260 5650 LOX 1$60 no diagonal orders allowed 777E 18 6170 CLC 
771B 4CAC77 5660 JMP SQUAWK 777F 70065F 6180 ADC XOFF,X 

5670 ; 7782 802006 6190 STA KRZX 
5680 ;OK, this Is a good order 7785 AD2106 6200 LOA KRZY 
5690 ; 7788 18 6210 CLC 

771E A8 5700 X69 TAY 7789 700A5F 6220 ADC YOFF,X 
771F 802306 5710 STA STIO<I 778C 802106 6230 STA KRZY 



778F AD2006 6240 DSPKRZ LOA KRZX display It 77F4 8540 6760 STA ATRACT 
7792 800200 6250 STA HPOSP2 6770 ; 
7795 AC2106 6260 LOY KRZY 6780 ;acceleration feature of cursor 
7798 A200 6270 LOX 1$00 6790 ; 
779A BDF75F 6280 LOOP26 LOA MLTKRZ,X 77F6 ADI 306 6800 LOA TIMSCL 
7790 coeo 6290 CPY 1$80 77F9 C514 6810 CMP RT CL KL 
779F B003 6300 BCS X45 77FB DOF2 6820 BNE EXITI 
77AI 990053 6310 STA PLYR2,Y 77FD AD1206 6830 LOA DELAY 
77A4 ce 6320 X45 INY 7800 C901 6840 CMP 1$01 
77A5 ES 6330 INX 7802 F006 6850 BEQ X21 
77A6 E008 6340 CPX 1$08 7804 38 6860 SEC 
77A8 DOFO 6350 BNE LOOP26 7805 E901 6B70 SBC 1$01 
77M F043 6360 BEQ EXITI 7807 BD1206 6880 STA DELAY 

6370 ; 7BOA lB 6890 X21 CLC 
6380 ;ERROR on Inputs routine 780B 6514 6900 ADC RT CL KL 
6390 ;squawks speaker and puts out error message 7800 801306 6910 STA TIMSCL 
6400 ; 6920 

77AC A069 6410 SQUAWK LOY 1$69 7810 A900 6930 LOA 1$00 
77AE BD565F 6420 LOOP28 LOA ERRMSG,X 7B12 B5B9 6940 STA OFFLO 
77B1 38 6430 SEC 7Bl4 85BA 6950 STA OFFHI zero the offset 
77B2 E920 6440 SBC 1$20 6960 
77B4 995064 6450 STA TXTWOW,Y 7816 AD7802 6970 LOA STICK get joystick reading 
77B7 ce 6460 INY 7819 4B 69BO PHA save It on stack tor other bit checks 
77B8 EB 6470 INX 781A 2908 6990 AND 1$08 joystick left? 
77B9 BA 6480 TXA 7BIC 003A 7000 BNE CHKRT no, move on 
77BA 291F 6490 At-0 #SIF 781E A5B5 7010 LOA CURS XL 
77BC OOFO 6500 BNE LOOP2B 7B20 0004 7020 BNE Xl3 
77BE A968 6510 LOA 1$66 7822 A6B6 7030 LOX CURSXH 
77CO 800102 6520 STA AUOCl 7824 F071 7040 BEQ CHKUP 
77C3 A950 6530 LOA #$50 7826 3B 7050 Xl3 SEC 
77C5 800002 6540 STA AUDFI "HONKI" 7827 E901 7060 SBC 1$01 
77C8 A9FF 6550 LOA ISFF 7829 B5B5 7070 STA CURSXL 
77CA 802406 6560 STA ERRFLG 782B B002 7080 BCS Xl4 
77CD 3020 6570 BMI EXITI 7B2D C6B6 7090 DEC CURSXH 

6580 ; 782F AD0406 7100 X14 LOA SHPOSO 
6590 ;NO BUTTON PRESSED ROUTINE 7632 C9BA 7110 CMP #SBA 
6600 ; 7B34 FOOB 7120 BEQ XI 

77CF BD2206 6610 NO~UT STA OBTIMR 7636 16 7130 CLC 
7702 A07B02 6620 LOA STICK 7637 6901 7140 AOC #SOI 
7705 290F 6630 ANO #SOF 7639 800406 7150 STA SHPOSO 
7707 490F 6640 EOR ISOF 763C 800000 7160 STA HPOSPO 
7709 0017 6650 BNE SCROLL 7B3F 0056 7170 BNE CHKUP 
7706 B00102 6660 STA AUOCI 7B41 AD0006 71BO XI LOA XPOSL 
770E 802606 6670 STA STKFLG 7B44 36 7190 SEC decrement x-coordlnate 
77E1 A908 66BO LOA 1$08 7845 E901 7200 SBC #$01 
77E3 801206 6690 STA DELAY 7647 800006 7210 STA XPOSL 
77E6 18 6700 CLC 784A 2907 7220 AND 1$01 
77E7 6514 6710 ADC RT CL KL 7B4C 800404 7230 STA HS CROLL tine scrol I 
77E9 801306 6720 STA TIMSCL 784F C907 7240 CMP 1$01 scrol I overflow? 
77EC 20,E7A 6730 JSR ERRCLR 7651 0044 7250 BNE CHKUP no, move on 
77EF 4C6F79 6740 EXITI JMP END I SR 7853 E6B9 7260 INC OFFLO yes, mark It tor offset 
77F2 A900 6750 SCROLL LOA 1$00 7B55 B8 7270 CLY 



7856 503F 721l0 BVC CUKUP no point In checking for joystick right 78BC 8E0306 7800 STX SCY 
7858 68 7290 CHKRT PLA get back Joystick byte 78BF 8A 7810 TXA 
7859 4!1 7300 PHA save It again 78CO 18 7820 CLC 
785A 2904 7310 AND #$04 Joystick right? 78C1 6912 7830 ADC 1$12 
785C 0039 7320 BNE CHKUP no, move on 78C3 85BB 7840 STA TEMPI 
785E A5B5 7330 LOA CURSXL 78C5 800052 7850 LOOP4 LOA PLYRO,X 
7860 C964 7340 CMP #$64 78C8 9DFF51 7860 STA PLYR0-1,X 
7862 0004 7350 BNE X12 78CB ES 7870 INX 
7864 A6B6 736U LOX CURSXH 78CC E4BB 7880 CPX TEMPI 
7866 D02F 7370 BNE ChKUP 78CE OOF5 7890 BNE LOOP4 
7868 18 7380 Xl2 CLC 7800 F024 7900 BEQ CHKDN 
7869 6901 7390 ADC #$01 7802 A00106 7910 X6 LOA YPOSL 
786B 85B5 7400 STA CURSXL 7805 38 7920 SEC 
7860 9002 7410 BCC X15 7806 E901 7930 SBC #$01 
786F E6B6 7420 INC CURSXH 7808 B003 7940 BCS X7 
7871 AD0406 7430 X15 LOA SHPOSO 78DA CE0206 7950 DEC YPOSH 
7874 C936 7440 CMP 1$36 7800 800106 7960 X7 STA YPOSL 
7876 FOOB 7450 BEQ X2 78EO 290F 7970 Atl> #$OF 
7878 38 7460 SEC 78E2 800504 7980 STA VSCROLL tine scrol I 
7879 E901 7470 SBC #$01 78E5 C90F 7990 CMP #$OF 
7878 800406 7480 STA SHPOSO 78E7 0000 8000 BNE CHKON scroll overflow? It not, amble on 
787E 800000 7490 STA HPOSPO 78E9 A5B9 8010 LOA OFF LO yes, set up offset tor character scroll 
7881 0014 7500 BNE CHKUP 78EB 38 8020 SEC 
7883 AD0006 7510 X2 LOA XPOSL 78EC E930 8030 SBC 1$30 
7886 18 7520 CLC no, Increment x-coordlnate 78EE 85B9 8040 STA OFF LO 
7887 6901 7530 ADC #$01 78FO A5BA 8050 LOA OFFHI 
7889 800006 7540 STA XPOSL 78F2 E900 8060 SBC 1$00 
788C 2907 7550 X4 AND 1$07 78F4 85BA 8070 STA OFFHI 
788E 800404 7560 STA HS CROLL fine scrol 1 78F6 68 8080 CHKDN PLA joystick down? 
7891 0004 7570 PllNE CHKUP scroll overflow? If not, move on 78F7 4A 8090 LSR A 
7893 C6B9 7580 DEC OFF LO yes, set up offset for character scroll 78F8 B05F 8100 BCS CHGDL no, trudge on 
7895 C6BA 7590 DEC OFFHI 78FA A5B7 8110 LOA CURSYL 
7897 68 7600 CHKUP PLA joystick up? 78FC C902 8120 CMP 1$02 
7898 4A 7610 LSR A 78FE 0004 8130 BNE X5 
7899 48 7620 PHA 7900 A6B8 8140 LOX CURSYH 
789A B05A 7630 BCS CHKDN no, ramble on 7902 F055 8150 BEQ CHGDL 
789C A5B7 7640 LOA CURSYL 7904 38 8160 X5 SEC 
789E C95E 7650 Cf.IP #$5E 7905 E901 8170 SBC 1$01 
78AO 0006 7660 BNE X3 7907 85B7 8180 STA CURSYL 
78A2 A6B8 7670 LOX CURSYH 7909 8002 8190 BCS XlO 
78A4 E002 7680 CPX 1$02 7908 C6B8 8200 DEC CURSYH 
78A6 F04E 7690 BEQ CHKDN 7900 AE0306 8210 X10 LOX SCY 
78A8 E6B7 7700 X3 INC CURSYL 7910 E04E 8220 CPX #$4E 
78AA 0002 7710 BNE Xll 7912 F023 8230 BEQ X8 
78AC E6B8 7720 INC CURSYH 7914 38 8240 SEC 
78AE AE0306 7730 Xll LOX SCY 7915 E901 8250 SBC #$01 
78B1 E01B 7740 CPX #$1B 7917 85B7 8260 STA CURSYL 
7863 FOID 7750 BEQ X6 7919 B002 8270 BCS X19 
78B5 E6B7 7760 INC CURSYL 791B C6B8 8280 DEC CURSYH 
7887 0002 7770 BNE X18 7910 E8 8290 X19 INX 
78B9 E6B8 7780 INC CURSYH 791E 8E0306 8300 STX SCY 
78BB CA 7790 X18 DEX 7921 BA 8310 TXA 



7922 18 8320 CLC 7978 4A 8840 LSR A 
7923 6912 8330 ADC IS12 7979 4A 88~0 LSR A 
7925 CA 8340 DEX 797A C91 I 8860 CW' 1$11 
7926 CA 8350 DEX 797C 6004 8870 BCS X39 
7927 86BB 8360 STX TEMPI 797E A9FF 8880 LOA ISFF 
7929 AA 8370 TAX 7980 3010 8B90 BMI X40 
792A BOFF51 8380 LOOP5 LOA PLYR0-1,X 79B2 C91A B900 X39 CMP #SIA 
7920 900052 B390 STA PLYRO,X 79B4 9004 B910 ace X41 
7930 CA B400 DEX 79B6 A902 B920 LOA 1$02 
7931 E4BB B410 CPX TEMPI 798B 1008 8930 BPL X40 
7933 OOF5 8420 BNE LOOP5 79BA B5BB B940 X41 STA TEMPI 
7935 F022 8430 BEQ CHGOL 798C EB B950 INX 
7937 AOOI06 B44o xB LOA YPOSL 79BO A910 8960 LOA #SID 
793A IB B450 CLC no, decrement y-coordlnate 798F 3B B970 SEC 
793B 6901 B460 AOC #SOI 7990 E5BB 89BO SBC TEMPI 
7930 800106 B470 STA YPOSL 7992 B5BC B990 X40 STA CNTI 
7940 900j B4BO BCC X9 7994 A900 9000 LOA ISOO 
7942 EE0206 8490 INC YPOSH 7996 B5BO 9010 STA CNT2 
7945 290F 8500 X9 AND ISOF 7998 4C62E4 9020 JMP XITVBV exit vertlcal blank routine 
7947 B00504 B510 STA VSCROLL fine scrol I 9030 ; 
794A 0000 8520 BNE CHGOL no, move on 799B 9040 •• S799C 
794C A5B9 8530 LOA OFF LO yes, mark offset 799C 00 9050 JSTP .BYTE 0,0,0,0,3,3,3,3 
794E 18 8540 CLC 7990 00 
794F 6930 8550 ADC 1$30 799E 00 
7951 85B9 B560 STA OFFLO 799F 00 
7953 A5BA 8570 LOA OFFHI 79AO 03 
7955 6900 B5BO ADC ISOO 79AI 03 
7957 B5BA B590 STA OFFHI 79A2 03 

B600 ; 79A3 03 
B610 ;In this loop we add the offset values to the existing 79A4 02 9060 .BYTE 2,2,2,2,1,1,1,0 
B620 ;LMS addresses of all dlsplay I Ines. 79A5 02 
B630 ;This scrolls the characters. 79A6 02 
8640 ; 79A7 02 

7959 A009 B650 CHGOL LOY 1$09 79AB 01 
795B BIBO 8660 OLOOP LOA (OLSTPTl, Y 79A9 01 
7950 18 B670 CLC 79AA 01 
795E 65B9 86BO ADC OFF LO 79AB 00 
7960 9180 8690 STA <DLSTPTl, Y 79AC 00 9070 .BYTE 0,0,3,3,2,2,1,0 
7962 CB 8700 INY 79AO 00 
7963 BIBO B710 LOA <DLSTPTl, Y 79AE 03 
7965 65BA 8720 AOC OFFHI 79AF 03 
7967 9180 8730 STA <OLSTPTl, Y 7980 02 
7969 CB 8740 INY 79BI 02 
796A CB B750 INY 7982 01 
796B C027 8760 CPY IS27 7963 00 
7960 OOEC . B770 BNE OLOOP 7984 02 90BO OEFNC .BYTE 2,3,3,2,2,2,1,1,2,0 

B7BO l 79B5 03 
796F A00206 B790 ENDISR LOA YPOSH 7966 03 
7972 4A BBOO LSR A 79B7 02 
7973 A00106 BBIO LOA YPOSL 796B 02 
7976 6A BB20 ROR A 7969 02 
7977 4A B830 LSR A 79BA 01 



79BB 01 
79BC 02 
7980 00 
79BE 9090 

9100 ; 
*"' $79CO 

9110 ;SUBROUTINE DWORDS 
9120 ;displays a single word from a long table of words 
9130 ; 

79CO OA 9140 DWORDS ASL 
79CI OA 9150 P.SL 
79C2 OA 9160 ASL 
79C3 9015 9170 BCC 
79C5 AA 9180 TAX 

A 
A 
A 
ENTRY2 

79C6 BOBA58 9190 BOOP20 LDA WORDS+256,X 
79C9 3a 9200 SEC 
79CA E920 9210 SBC 
79CC FOOA 9220 BEQ 
79CE 995064 9230 STA 
7901 ca 9240 INY 
7902 Ea 9250 INX 
7903 8A 9260 TXA 

#$20 
BNDW 
TXTWOW,Y 

7904 2907 9270 AND #$07 
7906 DOEE 92aO BNE BOOP20 
79Da ca 9290 BNDW INY 
7909 60 9300 RTS 
79DA AA 9310 ENTRY2 TAX 
790B BDBA57 9320 LOOP20 LOA WORDS,X 
79DE 3a 9330 SEC 
790F E920 9340 SBC 
79EI FOOA 9350 BEQ 
79E3 995064 9360 STA 
79E6 ca 9370 INY 
79E7 Ea 9380 INX 
79Ea 8A 9390 TXA 

1$20 
NOW 
TXTWDW,Y 

79E9 2907 9400 AND #$07 
79EB OOEE 9410 BNE LOOP20 
79ED CB 9420 NOW INY 
79EE 60 9430 RTS 

9440 ; 
9450 ; 

this Is another entry point 

9460 ;SUBROUTINE SWITCH FOR SWAPPING CORPS Wini TERRAIN 

79EF A900 
79f 1 a5B3 
79F3 A927 
79F5 3a 
79F6 E56F 
79Fa OA 
79F9 26B3 
79FB OA 
79FC 26B3 
79FE OA 

9470 ; 
94aO SWITCH LOA #$00 
9490 STA MAPHI 
9500 LOA #$27 
9510 SEC 
9520 SBC 
9530 ASL 
9540 ROL 
9550 ASL 
9560 ROL 
9570 ASL 

CHUNKY 
A 
MAPHI 
A 
MAPHI 
A 

79FF 2663 95aO 
7A01 OA 9590 
7A02 26B3 9600 
7A04 a01406 9610 
7A07 A6B3 9620 
7A09 aE1506 9630 
7AOC OA 9640 
7AOD 26B3 9650 
7AOF la 9660 
7A10 601406 9670 
7A13 a562 9680 
7A15 A563 9690 
7A17 601506 9700 
7AlA 6965 9710 
7AIC a5B3 9720 
7AIE A92E 9730 
7A20 38 9740 
7A21 E56E 9750 
7A23 AB 9760 
7A24 B1B2 9770 
7A26 A6B4 9780 
7A28 FOOA 9790 
7A2A 4a 9800 
7A2B BD7C56 9alO 
7A2E 9182 9820 
7A30 6a 9830 
7A31 907C56 9840 
7A34 60 9850 X34 

9860 ; 

ROL 
ASL 
ROL 
STA 
LOX 
STX 
ASL 
ROL 
CLC 
ADC 
STA 
LOA 
ADC 
ADC 
STA 
LOA 
SEC 
SBC 
TAY 
LOA 
LOX 
BEQ 
PHA 
LOA 
STA 
PLA 
STA 
RTS 

MAPHI 
A 
MAPHI 
TEMPLO 
MAPHI 
TEJ.f'HI 
A 
MAPHI 

TEMPLO 
MAPLO 
MAPHI 
TEMPHI 
1$65 
MAPHI 
146 

CHUNKX 

<MAPLO),Y 
CORPS 
X34 

SWAP,X 
(MAPLO>,Y 

SWAP,X 

9a70 J SUBROUTINE Cl.RPI 
9880 ;clears the arrow player 
9a90 ; 

7A35 A900 9900 Cl.RPI LOA #$00 
7A37 AC1906 9910 LOY STEPY 
7A3A 88 9920 DEY 
7A3B AA 9930 TAX 
7A3C coao 9940 LOOP23 CPY #$aO 
7A3E 8003 9950 BCS X22 
7A40 9980~2 9960 STA PLYRl,Y 
7 A43 CB 9970 X22 I NY 
7A44 Ea 9980 INX 
7A45 EOOB 9990 O"X #SOB 
7A47 DOF3 010000 BNE LOOP23 
7A49 60 010010 RTS 

010020 ; 
010030 ;SUBROUTINE CLRP2 
010040 ;clears the maltakreuze 
010050 ; 

7A4A A900 010060 CLRP2 LOA #$00 
7A4C AC2106 010070 LOY KRZY 
7A4F AA 010080 TAX 
7A50 coao 010090 LOOP25 CPY ISaO 



7A52 0003 010100 BCS X42 7A91 010390 OBJX *" *+104 
7A54 990053 010110 STA PLYR2,Y 010400 ; 
7A57 ca 010120 X42 INY 010410 ;From here to $7BOO Is expansion RAM 
7A58 E8 010130 INX 010420 ; 
7A59 EOOA 010140 CPX ISOA 010430 ;This Is the DLI routine 
7A5B OOF3 010150 BNE LOOP25 010440 ; 
7A5D 60 010160 RTS 7AF9 010450 •• S7BOO 

010170 ; 7BOO 48 010460 DLISRV PHA 
010180 ;SUBROUTINE ERRCLR 7801 8A 010470 TXA 
010190 ;clears sound and the text window 7B02 48 010480 PHA 
010200 ; 7803 E6BD 010490 INC CNT2 

7A5E AD2406 010210 ERRCLR LOA ERRFLG 7B05 A5BO 010500 LOA CNT2 
7A61 1010 010220 BPL ENDERR 7807 C5BC 010510 CMP CNTI 
7A63 A900 010230 LOA ISOO 7B09 0014 010520 BNE OVERI 
7A65 802406 010240 STA ERRFLG 780B A262 010530 LOX 1$62 map OLI 
7A68 A086 010250 LOY IS86 7BOO A928 010540 LOA 1$28 
7A6A A21F 010260 LOX ISIF 780f 454F 010550 EOR COLRSH 
7A6C 995064 010270 LOOP29 STA TXTWOW,Y 7Bll 254E 010560 ANO ORKMSK 
7A6F 88 010280 DEY 7Bl3 800A04 010570 STA WSYNC 
7A70 CA 010290 DEX 7Bl6 8E0904 010580 STX CHBASE 
7A71 IOF9 010300 BPL LOOP29 7Bl9 801600 010590 STA COLPFO 
7A73 60 010310 ENDERR RTS 7BIC 4CAE7B 010600 Jl-f' DLIOUT 

010320 ; 010610 ; 
7A74 CO 010330 BITTAB .BYTE SC0,3,SC,S30 7BIF C90F 010620 OVER! CM' ISOF 
7A75 03 7B21 0019 010630 BNE OVER6 
7A76 OC 7B23 A93A 010640 LOA IS3A 
7A77 30 7B25 454F 010650 EOR COLRSH 
7A78 04 010340 ROTARR .BYTE 4,9,14,19,24 7B27 254E 010660 AND DRKMSK 
7A79 09 7B29 AA 010670 TAX 
7A7A OE 7B2A A900 010680 LOA ISOO 
7A7B 13 7B2C 454F 010690 EOR COLRSH 
7A7C 18 7B2E 254E 010700 AND DRKMSK 
7A70 03 010350 .BYTE 3,8,13,18,23 7B30 8DOAD4 010710 STA WSYNC 
7A7E 08 7B33 8El800 010720 STX COLPF2 
7A7f OD 7B36 801700 010/30 STA COLPFI 
7A80 12 7B39 4CAE7B 010740 JMP DLIOUT 
7A81 17 010750 ; 
7A82 02 010360 .BYTE 2,7,12,17,22 7B3C C901 010760 OVER6 Of> #SOI 
7A83 07 7B3E DOif 010770 BNE OVER2 
7A84 OC 7B40 AD0506 010780 LOA TRCOLR green tree color 
7A85 11 7B43 454F 010790 EOR COLRSH 
7A86 16 7B45 254E 010800 AND DRKMSK 
7A87 01 010370 .BYTE 1,6,11,16,21 7B47 AA 010810 TAX 
7A88 06 7B48 A91A 010820 LOA #SIA yellow band at top of map 
7A89 OB 7B4A 454F 010830 EOR COLRSH 
7A8A 10 7B4C 254E 010840 AND DRKMSK 
7A8B 15 7B4E 800AD4 010850 STA WSYNC 
7A8C 00 010380 .BYTE 0,5,10,15,20 7B51 801ADO 010860 STA COLBAK 
7A8D 05 7B54 8El6DO 010870 STX COLPFO 
7A8E OA 7B57 A960 010880 LOA 1$60 
7A8F OF 7B59 800904 010890 STA CHBASE 
7A90 14 7B5C 4CAE7B 010900 JMP DLIOUT 



010910 ; 
7B5F C903 010920 OVER2 O~P #$03 
7661 0010 010930 BNE OVER3 
7B63 A00606 010940 LOA EARTH 
7B66 454F 010950 EOR COLRSH 
7666 254E 010960 ANO DRKMSK 
7B6A 600AD4 010970 STA WSYNC 
7660 6DIADO 010960 STA COLBAK 
7B70 4CAE7B 010990 JMP DLIOUT 

011000 ; 
7B73 C900 011010 OVER3 CMP 1$00 
7B75 0014 011020 BNE OVER4 
7B77 A2EO 011030 LOX #SEO 
7879 A922 011040 LOA 1$22 
7B78 454F 011050 EOR COLRSH 
7B70 254E 011060 ANO DRKMSK 
7B7F 6DOA04 011070 STA WSYNC 
7B62 601600 011060 STA COLPF2 
7B65 6E09D4 011090 STX CHBASE 
7866 4CAE7B 011100 JMP DLIOUT 

011110 ; 
7B6B C90E 011120 OVER4 CMP #SOE 
7860 DOOF 011130 BNE OVER5 
7B6F A96A 011140 LOA 1$6A 
7B91 454F 011150 EOR COLRSH 
7B93 254E 011160 ANO DRKMSK 
7895 600AD4 011170 STA WSYNC 
7B96 601ADO 011160 STA COLBAK 
789B 4CAE7B 011190 JMP OLIOUT 

011200 ; 
7B9E C910 011210 OVER5 CMP 1$10 
7BAO DOOC 011220 BNE DLIOUT 
7BA2 A9D4 011230 LOA 1$04 
7BA4 454F 011240 EOR COLRSH 
7BA6 254E 011250 AND DRKMSK 
7BA6 46 011260 PHA 
7BA9 6a 011270 PLA 
7BAA EA 011260 NOP 
7BA8 6DIAOO 011290 STA COLBAK 

7BAE 66 
7BAF AA 
7880 6a 
7681 40 

011300 ; 
011310 DLIOUT PLA 
011320 TAX 
011330 PLA 
011340 RTI 
011350 ; 
011360 ;SUBROUTINE DNUl-ER 

top of map 

bottom of map 

bright blue strip 

green bottom 

some extra delay 

011370 ;dlsplays a number with leadlng zero suppress 
011360 ; 

7BB2 AA 011390 DNUMBR TAX 
7683 1a 011400 CLC 
7BB4 BOOa5A 011410 LOA HDIGIT,X 
7BB7 F007 011420 BEQ X36 

ADC 1$10 78B9 6910 011430 
7A§5064 011440 STA TXTWDW,Y 
768E ca 011450 
7BBF 36 011460 
7BCO 600a5B 011470 X36 
7BC3 8002 0114aO 
7BC5 F007 011490 
7BC7 la 011500 X3a 
7BCa 6910 011510 
7BCA 995064 011520 
7BCO CB 011530 
7BCE BDOa5C 011540 X37 
7BDI 1a 011550 
7602 6910 011560 
7BD4 995064 011570 
7607 ca 0115ao 
7BD8 60 011590 

011600 ; 
011610 NDX 

011620 

011630 

INY 
SEC 
LOA 
BCS 
SEQ 
CLC 

TDIGIT,X 
X3a 
X37 

ADC 1$10 
STA TXTWOW,Y 
INY 
LOA OOIGIT,X 
CLC 
ADC #$10 
STA TXTWOW,Y 
INY 
RTS 

.BYTE 0,1,2,3,4,9,14,19 

.BYTE 24,23,22,21,20,15,10,5 

.BYTE 6,7,a,13,la,17,16,11 

7BD9 00 
760A 01 
7BDB 02 
7BDC 03 
7600 04 
780E 09 
760F OE 
7BEO 13 
7BEI I a 
78E2 17 
78E3 16 
78E4 15 
7BE5 14 
78E6 OF 
7BE7 OA 
78Ea 05 
7BE9 06 
78EA 07 
78EB Oa 
7BEC 00 
7BED 12 
7BEE II 
7BEF 10 
7BFO OB 
7BFI 01 
7BF2 00 
7BF3 FF 
7BF4 00 
7BF5 01 
7BF6 01 
7BF7 01 
7BF8 01 
7BF9 01 
7BFA 01 

011640 YINC .BYTE 1 
011650 XINC .BYTE O,SFF,0,1 

011660 OFFNC .BYTE 1,1,1,1,1,1,2,2,1,0 
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0600 0520 XPOSL *= *+5 Horizontal position ot screen window 
10 ;EFT VERSION I.BM <MAINLINE) 11/30/81 COPYRIGHT CHRIS CRAWFORD 1981 0605 0530 TRCOLR *= *+1 
20 ; 0606 0540 EARTH *= *+1 
30 ;Page zero RAM 0607 0550 ICELAT *= *+1 

OOBO 40 DLSTPT " SBO Zero page pointer to display llst 0608 0560 SEASNl *"' *+I 
0004 50 CORPS = SB4 0609 0570 SEASN2 *= *'.-I 
0000 60 *= SBE 060A 0580 SEASN3 *= *+1 
OOBE 70 CHUNKX *= *+1 cursor coordinates <plxel frame) 0600 0590 DAY *= *+I 
OOBF BO CHUNKY *= *+1 060C 0600 MONTH *= *+1 

90 ; 060D 0610 YEAR *= *+1 
0100 ;These locations are for the malnllne routines 060E 0620 BUTFLG *= *+1 
0110 ; 060F 0630 BUTMSK *= *+1 

ooco 0120 MAPPTR *" *+2 0640 ; 
OOC2 0130 ARMY *= *+1 0650 ;THESE VALUES ARE USED BY MAINLINE ROUTINE ONLY 
OOC3 0140 UN ITNO *= *+1 0660 l 
OOC4 0150 DEFNDR *= *+1 0610 0670 *• S62A 
OOC5 0160 TEMPR *= *+1 062A 0680 OLDLAT *= *+I 
OOC6 0170 TEMPZ *= *+1 0626 0690 TRNCOO *= *+I 
OOC7 0180 ACCLO ... *+1 062C 0700 TLO *= *+1 
OOC8 0190 ACCHI *= *+1 062D 0710 THI *= *+1 
OOC9 0200 TURN *= *+1 062E 0720 TICK *= *+1 
OOCA 0210 LAT *= *+1 062F 0730 UNTCOO *= *+1 
OOCB 0220 LONG *= *+1 0630 0740 UNT(])1 *= *+I 
oocc 0230 RFR *= *+I 0750 ; 
00(]) 0240 TRNTYP *= *+1 068F 0760 HAtiJCP = S68F 
OOCE 0250 SQVAL *= *+1 0694 0770 zoc = $694 

0260 l 0697 0780 VICTRY = $697 
0270 ;OS locations <see OS manual) 0790 ; 
0280 l 0800 ;declarations of routines In other modules 

022F 0290 SDMCTL = S022F 0810 l 
0230 0300 DLSTLO = $0230 Existing OS pointer to display llst 5140 0820 CHKZOC = $5140 
0231 0310 DLSTHI = $0231 5091 0830 LOGSTC = $5091 
026F 0320 GPRIOR = S026F 7BB2 0840 DNU~R = S7BB2 
02CO 0330 PCOLRO = S02CO 79CO 0850 DWORDS " $79CO 

0340 ; 79EF 0860 SWITCH = $79EF 
0350 ;HARDWARE LOCATIONS 7BF1 0870 YINC = S7BF1 
0360 l 7BF2 0880 XINC = $7BF2 

DOOO 0370 HPOSPO = $0000 0890 l 
D008 0380 SIZEPO = $0008 0631 0900 *= $5200 
D01A 0390 COLBAK = $D01A 5200 0910 PLYRO *= *+512 
DOlD 0400 GRACTL = $0010 5400 0920 CORPSX *= *+159 x-coords of all units (pixel frame) 
020A 0410 RANDOM = SD20A 549F 0930 CORPSY *= *+159 y-coords of all units (pixel frame) 
0404 0420 HSCROL = SD404 553E 0940 MSTRNG *= *+159 muster strengths 

. D405 0430 VSCROL = SD405 5500 0950 CSTRNG *= *+159 combat strengths 
0407 0440 PMBASE = S0407 567C 0960 SWAP *= *+159 terrain code underneath unit 
D40E 0450 NMIEN = S040E 5716 0970 ARRIVE *= *+159 turn of arrlval 
E45C 0460 SETVBV = $E45C 57BA 0980 *= S5C08 

0470 l 5COB 0990 OOIGIT *= *+256 
0480 ;Page 6 usage 5008 1000 TXTTBL *= *+96 more text 
0490 l 5066 1010 MONLEN *= *+13 table of month lengths 

OOCF 0500 *= $0600 5075 1020 HMORDS *= *+159 how many orders each unit has In queue 
0510 ;first come locations used by the Interrupt service routine 5E14 1030 l'/HOROS *= *+159 what the orders are 



5£133 1040 WHOROH JI; •+159 6E3E EOAO 1560 CPX #SAO 

5F52 1050 *= $5FE2 6E40 OOEB 1570 BNE LOOP22 

5FE2 1060 XAOO *= *+4 offsets tor moving arrow 1580 

5FE6 1070 YAOO *= *+4 1590 ; 

5FEA toBO TRTAB *= *+13 
1600 ;Now set up player window 

5FF7 1090 MLTKRZ *"' *+8 maltese cross shape 1610 

1100 ; 6E42 A950 1620 LOA #$50 

5FFF 1110 *= $6450 6E44 800704 1630 STA PMBASE 

6450 1120 TXTWOW 11 = S6CB1 1640 ; 

6C81 1130 STKTA8 *= *+16 a joystick decoding table 1650 ;here follow various Initializations 

6CCI 1140 SSNCOO *= *+12 1660 ; 

6CCO 1150 TRNTAB •= •+co 6E47 A92f 1670 LOA #$2f 

6009 1160 BllX 1 •= *+22 6E49 B02f02 16BO STA sm.cTL 

601F 1170 BHYI *= *+22 6E4C A903 1690 LOA 1$03 

6035 1 lBO 8HX2 •= *+22 6E4E 801000 1700 STA GR AC TL 

6048 1190 BHY2 *= *+22 6E51 A978 1710 LOA 1$18 

6061 1200 EXEC *= *+159 6E53 800000 1720 STA HPOSPO 

1210 ; 6E56 A901 1730 LOA #$01 

1220 ;This Is the Initialization program 6E58 808F06 1740 STA HANOCP 

1230 ;The program begins here 6E5B 806f02 1750 STA GPRIOR 

1240 ; 6E5E 800800 1760 STA SIZEPO 

6EOO 1250 ll= $6EOO 6E61 A233 1770 LOX 1$33 

1260 ; 
1780 

6EOO A20B 1270 LOX 1$08 
6E63 A9FF 1790 LOA 1$FF 

6E02 808673 1280 BOOP99 LOA ZPVAL,X Initialize page zero values 6E65 900052 1800 STA PLYRO,X 

6E05 9560 1290 STA DLSTPT,X 6E68 E8 1810 INX 

6E07 BDCf73 1300 LOA COLTAB,X 6E69 900052 1620 STA PLYRO,X 

6EOA 9DC002 1310 STA PCOLRO,X 6E6C EB IB30 INX 

6EOD CA 1320 DEX 
6E60 A981 1640 LOA 1$81 

6EOE IOF2 1330 BPL BOOP99 6E6f 900052 1850 LOOP2 STA PLYRO,X 

1340 ; 
6E72 E8 1860 INX 

6EIO A20F 1350 LOX #SOf 
6E73 E03f 1870 CPX 1$3F 

6E12 BOBF73 1360 BOOP98 LOA PSXVAL,X Initialize page six values 6E75 OOf 8 1880 BNE LOOP2 

6El5 900006 1370 STA XPOSL,X 6E77 A9ff 1B90 LOA #$ff 

6El8 CA 13BO DEX 6E79 900052 1900 STA PLYRO,X 

6El9 10F7 1390 BPL BOOP9B 6E7C 65C9 1910 STA TURN 

1400 ; 6E7E EB 1920 INX 

6EIB A900 1410 LOA 1$00 6E7f 900052 1930 STA PLYRO,X 

6EIO 803002 1420 STA OLSTLO 1940 ; 

6E20 BD0404 1430 STA HSCROL 1950 ;Now enable deterred vertical blank Interrupt 

6E23 B00504 1440 STA VSCROL 1960 ; 

6E26 A5BI 1450 LOA OLSTPT+I 6EB2 AOOO 1970 LOY 1$00 

6E28 BD3102 1460 STA OLSTHI 6EB4 A274 1980 LOX 1$74 

1470 ; 6E86 A907 1990 LOA #$07 

6E28 A200 14BO LOX 1$00 6EBB 205CE4 2000 JSR SETV8V 

6E20 BD3E55 1490 LOOP22 LOA MSTRNG,X 6E8B A900 2010 LOA 1$00 This Is OLI vector (low byte) 

6E30 900055 1500 STA CSTRNG,X 6E80 B00002 2020 STA $0200 

6E33 A900 1510 LOA #$00 6E90 A97B 2030 LOA 1$78 

6E35 907550 1520 STA HMOROS,X 6E92 800102 2040 STA $0201 

6E38 A9FF 1530 LOA ISFF 6E95 A9CO 2050 LOA #$CO 

6E3A 906160 1540 STA EXEC,X 6E97 BOOED4 2060 STA NMIEN Turn Interrupts on 

6E3D EB 1550 INX 2070 ; 



6E9A E6C9 2080 NEIHRN I NC TURN 6F02 AEOD06 2600 LOX YEAR 
2090 ; 6f05 A914 2610 LOA 1$14 
2100 ;first do calendar calculations 6f07 995064 2620 STA TXTWDW,Y 
2110 ; 6f OA CB 2630 INY 

6E9C AOOB06 2120 LOA DAY 6FOB BD085C 2640 LOA ODIGIT,X 

6E9f 18 2130 CLC 6FOE 18 2650 CLC 
6EAO 6907 2140 ADC 101 6FOF 6910 2660 ADC IS10 
6EA2 AEOC06 2150 LOX t-40NTH 6f11 995064 2670 STA TXTWDW,Y 
6EA5 006850 2160 CMP MONLEN,X 2680 I 
6EA8 F027 2170 BEQ X28 2690 ;now do season calculations 
6EAA 9025 2180 BCC X28 2700 ; 
6EAC E002 2190 CPX 1$02 6f 14 ADOC06 2710 LOA MONTH 
6EAE DOOA 2200 BNE X96 6f17 C904 2720 ()f 1$04 
6EBO AC0006 2210 LOY YEAR 6fl9 0017 2730 BNE X87 
6EB3 C02C 2220 CPY 144 6f1B A902 2740 LOA 1$02 

6EB5 0003 2230 BNE X96 6FID 800606 2750 STA EARTH 
6EB7 3B 2240 SEC 6f20 A940 2760 LOA IS40 
6EBB E901 2250 SBC 1$01 6f22 800B06 2770 STA SEA SN I 
6EBA 3B 2260 X96 SEC 6f25 A901 27BO LOA #SOI 
6EBB FD6B50 2270 SBC MONLEN,X 6f27 BDOA06 2790 STA SEASN3 
6EBE EB 2280 INX 6F2A A900 2BOO LOA 1$00 

6EBF EOOD 2290 CPX 113 6f2C 800906 2B10 STA SEASN2 
6ECI 0005 2300 BNE X29 6f2f 4CEB6F 2B20 JMP ENDS SN 
6EC3 EEOD06 2310 INC YEAR 6F32 C90A 2B30 XB7 CMP ISOA 
6EC6 A201 2320 LOX IOI 6F34 DOOB 2B40 BNE XBB 
6ECB BEOC06 2330 X29 STX MONTH 6F36 A902 2B50 LOA 1$02 

6ECB BCEA5F 2340 LOY TRTAB,X 6F3B 800606 2B60 STA EARTH 
6ECE BC0506 2350 STY TRCOLR 6F3B 4CEB6F 2B70 JMP ENDS SN 
6EDI aOOB06 2360 X28 STA DAY 6F3E C905 2aao XaB CMP 1$05 
6ED4 A093 2370 LOY #S93 6F40 OOOa 2a90 BNE Xa9 
6ED6 A900 23BO LOA 1$00 6F42 A910 2900 LOA 1$10 
6EDa 995064 2390 LOOPl3 STA TXTWDW,Y 6f44 aoo606 2910 STA EARTH 
6EDB ca 2400 INY 6F47 4CEB6f 2920 JMP ENDSSN 

6EDC COA7 2410 CPY ISA7 6F4A C90B 2930 Xa9 CMP #SOB 
6EDE DOFa 2420 BNE LOOP13 6f4C oooa 2940 BNE X90 

6EEO A093 2430 LOY IS93 6F4E A90A 2950 LOA ISOA 
6EE2 BA 2440 TXA 6F50 800606 2960 STA EARTH 
6EE3 18 2450 CLC 6F53 4C716F 2970 JMP X91 
6EE4 6910 2460 ADC 1$10 6F56 C901 29BO X90 CMP 1$01 

6EE6 20C079 2470 JSR DWORDS 6F5a 0010 2990 BNE X92 
6EE9 ADOB06 2480 LOA DAY 6F5A A9BO 3000 LOA 1sao 
6EEC 20B27B 2490 JSR DNUMBR 6F5C 800a06 3010 STA SEA SN I 
6EEF A90C 2500 LOA #SOC 6F5F A9FF 3020 LOA ISFF 
6EFI 995064 2510 STA TXTWDW,Y 6F61 a00906 3030 STA SEASN2 
6EF4 ca 2520 INY 6F64 aOOA06 3040 STA SEASN3 
6EF5 ca 2530 INY 6F67 4CEB6F 3050 JMP ENDS SN 
6EF6 A911 2540 LOA 1$11 6F6A C903 3060 X92 CMP 1$03 

6EFa 995064 2550 STA TXTWDW, Y 6F6C f 003 3070 BEQ X91 

6EFB ca 2560 INY 6F6E 4CEB6F 30aO JMP ENDSSN 

6EFC A919 2570 LOA 1St9 3090 ; 
6EFE 995064 25aO STA TXTWDW,Y 3100 I 
6FOI ca 2590 INY 3110 ;freeze those rivers, baby 



6FD6 C00706 3640 CMP ICELAT 
3120 ; 

6F71 ADOAD2 3130 X91 LOA RAl'lJOM 
6FDE f 006 3650 6EQ ENDS SN 

6F74 2907 3140 AND #S07 6FEO 38 3660 SEC 

6F76 18 3150 CLC 
6FE1 EDOA06 3670 SBC SEASN3 

6F77 6907 3160 ADC IS07 
6FE4 856F 3680 STA CHUNKY 

6F79 400906 3170 EOR SEASN2 
6FE6 85CA 3690 STA LAT 

6F7C 85C5 3180 STA TE..v>R 
6FE8 4CA36F 3700 JMP LOOP40 

6F7E AD0706 3190 LOA ICELAT 
3710 ; 

6F81 8D2A06 3200 STA OLOLAT 
6FE6 A29E 3720 ENDSSN LOX 1$9E any reinforcements? 

6F64 38 3210 SEC 
6FED 601857 3730 LOOP14 LOA ARRIVE,X 

6F85 E5C5 3220 sac TEWR 6FFO C5C9 3740 CMP TURN 

6F87 F002 3230 6EQ X95 6FF2 D02C 3750 6NE X33 

6F89 1002 3240 6PL X94 
6FF4 600054 3760 LOA CORPSX,X 

6f86 A901 3250 X95 LDA 1$01 6FF7 856E 3770 STA CHUNKX 

6F8D C927 3260 X94 CMP 1$27 
6FF9 85CB 3780 STA LONG 

6F8F 9002 3270 6CC X93 
6FF6 609F54 3790 LOA CORPSY,X 

6F91 A927 3280 LDA #$27 6FFE 856F 3800 STA CHUNKY 

6F93 800706 3290 X93 STA ICELAT 7000 85CA 3810 STA LAT 

6F96 A901 3300 LOA 1$01 
7002 8664 3820 STX CORPS 

6F98 856E 3310 STA CHUNKX 7004 204672 3830 JSR TERRB 

6F9A 85C6 3320 STA LONG 
7007 FOOF 3840 BEQ SORRY 

6F9C AD2A06 3330 LOA OLOLAT 
7009 E037 3850 CPX 1$31 

6F9F 856F 3340 STA CHUNKY 
7008 8005 3860 BCS A51 

6FA1 85CA 3350 STA LAT 
7000 A90A 3870 LOA #$0A 
700F 807464 3880 STA TXTWDW+36 

3360 ; 
6FA3 204072 3370 LOOP40 JSR TERR 

7012 20EF79 3890 A51 JSR SWITCH 
7015 4C2070 3900 JMP X33 

3380 ; 
6FA6 293F 3390 AND 1$3F 

7018 A5C9 3910 SORRY LOA TURN 

6FA8 C908 3400 CMP 1$08 
701A 18 3920 CLC 

6FAA 9010 3410 6CC NOTClt 
7018 6901 3930 AOC #$01 

6FAC C929 3420 CMP #$29 7010 901657 3940 STA ARRIVE,X 

6FAE 6019 3430 6CS NOTCH 
7020 CA 3950 X33 DEX 

6F60 A66F 3440 LOX CHUNKY 
7021 DOCA 3960 8NE LOOP14 

6F62 EOOE 3450 CPX 1$0E 
3970 ; 

6FB4 6004 3460 6CS DOT CH 
7023 A29E 3980 X31 LOX #$9E 

6FB6 C923 3470 0-IP 1$23 
7025 86C2 3990 LOOPF STX ARMY 

6FB8 600F 3480 6CS NOTCH 
7027 209150 4000 JSR LOGSTC logistics subroutine 

6F6A 000806 3490 DOTCli ORA SEASNl 
702A A6C2 4010 LOX ARil4Y 

6F60 A6C3 3500 LDX UNITNO 702G CA 4020 DEX 

6F6F F006 3510 6EQ X86 7020 DOF6 4030 6NE LOOPF K> 4040 ; 

6FC1 907C56 3520 STA Sl~AP ,X 4050 ;calculate some points 

6FC4 4CC96F 3530 JMP NOTCH 
4060 ; 

6FC7 91CO 3540 X86 STA (MAPPTR), Y 702F A900 4070 LOA 1$00 

6FC9 E66E 3550 NOTCH INC CHUNKX 7031 85C7 4080 STA ACCLO 

6FC6 A58E 3560 LDA CHUNKX 7033 85C8 4090 STA ACCHI 

6FCO 85CB 3570 STA LONG 7035 A201 4100 LOX #$01 

6FCF C92E 3580 Q4P 146 
7037 A930 4110 LOOPB LOA 1$30 

6FD1 DODO 3590 6NE LOOP40 7039 38 4120 SEC 

6FD3 A900 3600 LDA 1$00 
703A FD0054 4130 SBC CORPSX,X 

6FD5 858E 3610 STA CHUNKX 7030 85C5 4140 STA TEWR 

6FD7 85C6 3620 STA LONG 
703F 6D3E55 4150 LOA MSTRNG,X 

6FD9 A58F 3630 LDA CHUNKY 



7042 4A 4160 LSR A 7099 IOFO 4680 BPL LOOPG 
7043 FOl2 4170 BEQ AOI 4690 ; 
7045 A8 4180 TAY 709B AE8F06 4700 LOX HAt{)CP was handicap option used? 

7046 A900 4190 LOA 1$00 709E DOOi 4710 BNE A23 no 

7048 18 4200 CLC 70AO 4A 4720 LSR A yes, halve score 

7049 65C5 4210 LOOPA AOC TEMPR 70A1 A005 4730 A23 LOY #$05 

7040 9007 4220 BCC AO 70A3 200278 4740 JSR DNUMBR 

7040 E6C8 4230 INC ACCHI 70A6 A900 4750 LOA 1$00 

704F 18 4240 CLC 70A8 995064 4760 STA TXTWDW,Y 

7050 0002 4250 BNE AO 70A8 A5C9 4770 LOA TURN 

7052 C6C8 4260 DEC ACCHI 70AD C928 4780 CMP 1$28 

7054 88 4270 AO DEY 70AF 0008 4790 8NE zoo 
7055 DOF2 4280 BNE LOOPA 7001 A901 4800 LOA #SOI end of game 

7057 ES 4290 AOl INX 7083 20E473 4810 JSR TXTMSG 

7058 E037 4300 CPX 1$31 7086 4CB670 4820 FINI JMP FINI hang up 

705A 0008 4310 BNE LOOPB 4830 ; 
4320 ; 4840 ; 

705C 000054 4330 LOOPC LOA CORPSX,X 7089 A900 4850 zoo LOA 1$00 

705F 85C5 4340 STA TEMPR 70BB 8DOF06 4860 STA 8UTMSK 

7061 800055 4350 LOA CSTRNG,X 708E 8584 4870 STA CORPS 

7064 4A 4360 LSR A 70CO 20E473 4880 JSR TXTMSG 

7065 4A 4370 LSR A 70C3 200047 4890 JSR S4700 artlflclal Intel I lgence routine 

7066 4A 4380 LSR A 70C6 A901 4900 LOA 1$01 

7067 F012 4390 8EQ A02 70C8 8DOF06 4910 STA 8UTMSK 

7069 A8 4400 TAY 70CB A902 4920 LOA 1$02 

706A A900 4410 LOA 1$00 70CD 20E473 4930 JSR TXTMSG 

706C 18 4420 CLC 4940 ; 

7060 65C5 4430 LOOPD AOC TEMPR 4950 ;movement execution phase 

706F 9007 4440 BCC A03 4960 ; 

7071 E6C7 4450 INC ACCLO 7000 A900 4970 LOA 1$00 

7073 18 4460 CLC 7002 802E06 4980 STA TICK 

7074 0002 4470 BNE A03 7005 A29E 4990 LOX 1$9E 

7076 C6C7 4480 DEC ACCLO 7007 86C2 5000 LOOP31 STX ARMY 

7078 88 4490 A03 DEY 7009 200172 5010 JSR DINGO determine f lrst execution time 

7079 DOF2 4500 8NE LOOPD 70DC CA 5020 DEX 

7078 E8 4510 A02 INX 7000 DOF8 5030 8NE LOOP31 

707C E09E 4520 CPX 1$9E 5040 ; 
707E DODC 4530 BNE LOOPC 70DF A29E 5050 LOOP33 LOX #S9E 

4540 ; 70E1 86C2 5060 LOOP32 STX ARMY 

7080 A5C8 4550 LOA ACCHI 70E3 BD3E55 5070 LOA MSTRNG,X 

7082 38 4560 SEC 70E6 38 5080 SEC 

7083 E5C7 4570 SBC ACCLO 70E7 FDDD55 5090 SBC CSTRNG,X 

7085 8002 4580 BCS A04 70EA C902 5100 CMP 1$02 

7087 A900 4590 LOA #SOO 70EC 900B 5110 8CC Y30 
7089 A203 4600 A04 LOX 1$03 70EE FEDD55 5120 INC CSTRNG,X 
7080 BCEA71 4610 LOOPG LOY MOSCOW,X 70F1 CDOAD2 5130 CMP RANDOM 
708E F008 4620 BEQ A15 70F4 9003 5140 BCC Y30 

7090 18 4630 CLC 70F6 FEDD55 5150 INC CSTRNG,X 

7091 700873 4640 ADC MPTS,X 70F9 006160 5160 Y30 LOA EXEC,X 

7094 9002 4650 BCC A15 70FC 3045 5170 8MI A60 

7096 A9FF 4660 LOA #SFF 70FE CD2E06 5180 CMP TICK 

7098 CA 4670 A15 DEX 7101 0040 5190 8NE A60 



7103 BD145E 5200 LOA liHORDS,X 7177 AD9406 5720 LDA zoc 
7106 2903 5210 ANO #$03 717A C902 5730 a.IP #S02 

7108 A8 5220 TAY 717C BOBA 5740 BCS TR JAM 

7109 BD0054 5230 LOA CORPSX,X 717E 20EF79 5750 Z94 JSR SWITCH 

710C Ill 5240 CLC 71B1 A6B4 5760 LDX CORPS 

71 OD 79F27B 5250 ADC XINC,Y 71B3 A5CA 5770 LOA LAT 

7110 B5CB 5260 STA LONG 71B5 B5BF 57BO STA CHUNKY 

7112 B5C7 5270 STA ACCLO 71 B7 9D9F54 5790 STA CORPSY,X 

7114 BD9F54 52BO LDA CORPSY,X 71BA A5CB 5BOO LOA LO/JG 

7117 lB 5290 CLC 718C B58E 5B10 STA CHLtlKX 

7118 79f17B 5300 .~[;(; YINC,Y 718E 900054 5820 STA CORPSX,X 

71 IB 85CA 5310 STA LAT 7191 20EF79 5B30 JSR SWITCH 

71 lD B5CB 5320 STA ACCHI 7194 A6C2 5840 LOX ARMY 

711F 204072 5330 JSR TERR 7196 A9FF 5B50 LOA #SFF 

7122 A5C3 5340 LOA IJHTNO 7198 906160 5B60 STA EXEC,X 

7124 F02A 5350 8EQ DOMOVE 7198 DE7550 5B70 DEC HMORDS,X 

7126 C937 5360 CMP #$31 719E F032 5880 8EQ 1 Y06 

712B 9008 5370 BCC GERMAN 71 AO 5E835E 5890 LSR WHORDH,X 

712A A5C2 53BO LOA ARMY 71A3 7E145E 5900 RDR WHORDS,X 

712C C937 5390 a.IP #$37 71A6 5EB35E 5910 LSR WHORDH,X 

712E BOOB 5400 BCS TR JAM 71A9 7E145E 5920 ROR WHORDS,X 

7130 9014 5410 BCC COl43AT 71AC A003 5930 LOY #S03 

7132 A5C2 5420 GERMAN LOA ARMY 71AE 800054 5940 LOOPH LOA CORPSX,X 

7134 C937 5430 a.IP #$31 7161 09DC73 5950 a.IP MOSCX,Y 

7136 BOOE 5440 BCS COl43AT 7164 0013 5960 BNE A18 

713B A6C2 5450 TRJAM LOX ARMY 7166 809F54 5970 LOA CORPSY,X 

713A AD2E06 5460 LOA TICK 7169 D9E073 5980 CMP MOSCY,Y 

7130 lB 5470 CLC 71BC 0008 5990 BNE A18 

713E 6902 5480 ADC #$02 71BE A9FF 6000 LOA #SFF 

7140 906160 5490 STA EXEC,X 71CO E037 6010 CPX 1$37 

7143 4CD271 5500 A60 JMP Y06 71C2 9002 6020 8CC A19 

7146 20084E 5510 COMBAT JSR S4ED8 71C4 A900 6030 LOA noo 
7149 AD9706 5520 LOA VICTRY 71C6 99EA71 6040 A19 STA MOSCOl1, Y 

714C FOF5 5530 BEQ A60 71C9 BB 6050 AlB DEY 

714E D02E 5540 BNE Z94 71CA 10E2 6060 BPL LOOPH 

7150 A6C2 5550 DOMOVE LOX ARMY 6070 ; 

7152 B6B4 5560 STX CORPS 71CC 200172 6080 JSR DINGO 

7154 BD9F54 5570 LOA CORPSY,X 71 CF 200072 6090 JSR STALL 

7157 B5BF 55BO STA CHUNKY 7102 A6C2 6100 Y06 LOX ARMY 

7159 85CA 5590 STA LAT 7104 CA 6110 DEX 

7158 800054 5600 LOA CORPSX,X 7105 f003 6120 8EQ Y07 

715E 85BE 5610 STA CHUNKX 7107 4CE170 6130 JMP LOOP32 

7160 B5CB 5620 STA LONG 71DA EE2E06 6140 Y07 INC TICK 

7162 204051 5630 JSR CHKZOC 7 lDD AD2E06 6150 LOA TICK 

7165 A5C8 5640 LOA ACCHI 71EO C920 6160 a.IP 1$20 

7167 B5CA 5650 STA LAT 71E2 F003 6170 BEQ YOB 

7169 A5C7 5660 LOA ACCLO 71E4 4CDF70 6180 JMP LOOP33 

7166 B5CB 5670 STA LONG 6190 ; 

7160 AD9406 56BO LOA zoc 6200 ;end of movement phase 

7170 C902 5690 Cf.IP #$02 6210 ; 

7172 900A 5700 BCC Z94 71E7 4C9A6E 6220 YOB JMP NEWTRN 

7174 204051 5710 JSR CHKZOC 6230 ; 



71EA 00 6240 MOSCOW .BYTE O,O,O,O 7248 85C1 6730 STA MAPPTR+I 

71EB 00 724A 85C3 6740 STA 1.JUTNO 

71EC 00 724C A927 6750 LOA 1$21 

71ED 00 724E 38 6760 SEC 
6250 ; 724F E5CA 6770 SBC LAT 

71EE 6260 *= $7200 7251 OA 6780 ASL A 

7200 A900 6270 STALL LOA ISOO 7252 26C1 6790 ROL MAPPTR+l 

7202 48 62BO LOOP79 PHA 7254 DA 6BOO ASL A 

7203 68 6290 PLA 7255 26CI 6810 ROL MAPPTR+l 

7204 48 6300 PHA 7257 OA 6820 ASL A 

7205 68 6310 PLA 725B 26C1 6B30 ROL MAPPTR+I 

7206 48 6320 PHA 725A QA 6840 ASL A 

7207 68 6330 PLA 7258 26C1 6850 ROL MAPPTR+l 

7208 6901 6340 ADC #$01 7250 BD2C06 6860 STA TLO 

720A DOF6 6350 BNE LOOP79 7260 A4C1 6870 LOY MAPPTR+l 

720C 60 6360 RTS 7262 BC2006 6880 STY THI 

6370 ; 7265 DA 6890 ASL A 

6380 ;this Is the debugging routine 7266 26C1 6900 ROL MAPPTR+I 

6390 ;It can't be reached by any route any longer 7268 18 6910 CLC 
6400 ; 7269 602C06 6920 ADC TLO 

6410 ; 726C 85CO 6930 STA MAPPTR 

7200 6420 *= $7210 726E A5C1 6940 LOA MAPPTR+l 

7210 A900 6430 LOA 1$00 7270 602006 6950 ADC THI 

7212 801000 6440 STA $0010 7273 6965 6960 ADC #$65 

7215 BDODDO 6450 STA $0000 7275 85C1 6970 STA MAPPTR+l 

721B 8DOEDO 6460 STA SDOOE 7277 A92E 6980 LOA #46 

7218 BDOFDO 6470 STA SDOOF 7279 38 6990 SEC 
721E A922 64BO LOA #$22 727A E5CB 7000 SBC LONG 

7220 802F02 6490 STA S22F 727C A8 7010 TAY 

7223 A920 6500 LOA #$20 7270 BlCO 7020 LOA IMAPPTRl, Y 

7225 BD3002 6510 STA $230 727F 802B06 7030 STA TRNCOD 

722B A9BC 6520 LOA #SBC 72B2 293F 7040 AND #$3F 

722A 803102 6530 STA $231 72B4 C930 7050 CMP #$30 

7220 A940 6540 LOA #$40 72B6 F002 7060 BEQ ABO 

722f BDOED4 6550 STA NMIEN 72BB C93E 7070 CMP #S3E 

7232 A90A 6560 LOA #SOA 728A 60 7080 ABO RTS 

7234 8DC502 6570 STA S2C5 7090 ; 

7237 A900 6580 LOA #$00 7288 AD2B06 7100 LOOKUP LOA TRNCOD 

7239 BDFF5F 6590 STA $5FFF 72BE 802F06 7110 STA lJffCOD 

723C BDC802 6600 STA $2C8 7291 29CO 7120 AND #$CO 

723F 00 6610 BRK 7293 A29E 7130 LOX #S9E 

6620 ; 7295 C940 7140 CMP #$40 

6630 ; 7297 0002 7150 BNE X98 

6640 ; 7299 A237 7160 LOX #$37 

6650 ;Subroutine TERR determines what terrain Is In a square 729B A5CA 7170 X9B LOA LAT 

6660 ; 7290 DD9F54 7180 LOOP30 CMP CORPSY,X 

7240 6670 *= $7240 72AO FOOA 7190 BEQ MIGHTB 

66BO ; 72A2 CA 7200 X97 DEX 

7240 204672 6690 TERR JSR TERRB 72A3 DOF8 7210 BNE LOOP30 

7243 F046 6700 BEQ LOOKUP 72A5 A9FF 7220 LOA #$FF 

7245 60 6710 RTS 72A7 800064 7230 STA rxrnow+12B 

7246 A900 6720 TERRB LOA #$00 72AA 301C 7240 BMI MATCH 



72AC A5CB 7250 MIGHTB LOA LONG 731E A20A 7770 LOX #$0A armor 
72AE 000054 7260 CMP COHPSX,X 7320 8A 7780 YOI TXA 
7281 0010 7270 BNE X99 7321 AEOC06 7790 LOX MONTH 
72B3 000055 7280 LOA CSlRNG,X 7324 18 7800 CLC 
72B6 F008 7290 BEQ X99 7325 7DC06C 7810 ADC SSNCOD-1,X add season Index 
7288 BD1B57 7300 LOA ARRIVE,X 7328 65a:l 7820 ADC TRNTYP add terrain Index 

72BB 3006 7310 BMI X99 732A AA 7830 TAX 
7280 C5C9 7320 CMP TURN 7328 8Da:l6C 7840 LOA TRNTAB,X get net delay 
72BF 9007 7330 BCC MATCH 732E 18 7850 CLC 
72C1 F005 7340 BEQ MATCH 732F 602E06 7860 ADC TICK 

72C3 A5CA 7350 X99 ~cA LAT 7332 A6C2 7870 LOX ARMY 
72C5 4CA272 7360 JMP X97 7334 906160 7880 STA EXEC,X 
72C8 86C3 7370 MATCH STX UNITNO 7337 A5a:J 7890 LOA TRNTYP 
72CA BD7C56 7380 LOA SWAP,X 7339 C907 7900 QI> 1$01 
72a:J 802806 7390 STA TRNCOD 7338 9028 7910 BCC Y02 
7200 60 7400 RTS 7330 A015 7920 LOY 1$15 

7410 ; 733F A5CA 7930 LOOP35 LOA LAT 
7420 ;determines execution time of next move 7341 091F6D 7940 cw 8HY1, Y 
7430 ; 7344 DOif 7950 8NE Y03 

7201 A6C2 7440 DINGO LOX ARMY 7346 A5CB 7960 LOA LONG 
7203 807550 7450 LOA HMORDS,X 7348 090960 7970 ()4p 8HX1, Y 
7206 0006 7460 8NE YOO 7348 0018 7980 8NE Y03 
7208 A9FF 7470 LOA #$ff 7340 A6C2 7990 LOX ARMY 
72DA 906160 7480 STA EXEC,X 734F 800054 8000 LOA CORPSX,X 
7200 60 7490 RTS 7352 093560 8010 CMP 8HX2,Y 
72DE 600054 7500 YOO LOA CORPSX,X 7355 DOOE 8020 8NE Y03 
72EI 85CB 7510 STA LONG 7357 BD9f54 8030 LOA CORPSY,X 
72E3 BD9f54 7520 LOA CORPSY,X 735A 094860 8040 cw 8HY2,Y 
72E6 85CA 7530 STA LAT 7350 0006 8050 8NE Y03 
72E8 204072 7540 JSR TERR 735F A9FF 8060 LOA #$ff 
72E8 A02f06 7550 LOA UNTCOD 7361 906160 8070 STA EXEC,X 
72EE 803006 7560 STA UNTa:ll 7364 60 8080 RTS 
72fl A6C2 7570 LOX ARMY 7365 88 8090 Y03 DEY 
72F3 80145E 7580 LOA WHORDS,X 7366 10•>96100 6PL LOOP35 
72f6 4902 7590 EOR #$02 7366 60 6110 Y02 RTS 
72f6 2903 7600 AND #$03 6120 ; 
72FA AS 7610 TAY 6130 ;this subroutine determines the type of terrain 
72FB 800054 7620 LOA CORPSX,X 6140 ;In a square 
72FE 16 7630 CLC 6150 ; 
72ff 79E25f 7640 ADC XADD,Y 7369 AOOO 6160 TERRTY LOY 1$00 
7302 65C8 7650 STA LONG 7366 AD2B06 6170 LOA TRNCOD 
7304 809F54 7660 LOA COHPSY,X 736E F043 6180 6EQ DONE 
7307 16 7670 CLC 7370 C97F 8190 cw IS7F border? 
7306 79E65F 7660 ADC YADD,Y 7372 0004 6200 8NE Y04 
7306 65CA 7690 STA LAT 7374 A009 6210 LOY 1$09 
7300 204072 7700 JSR TERR 7376 0038 6220 6NE DONE 
7310 206973 7710 JSR TERRTY 7376 ca 6230 Y04 INY 
7313 AD3006 7720 LOA UNTCOI 7379 C907 6240 CMP 1$01 mountain? 

7316 293F 7130 AND #S3F 7378 9036 6250 6CC DONE 
7316 A200 7740 LOX #$00 1310 ca 6260 INY 
731A C930 7750 CMP #$30 737E C948 6270 ().f> #$46 city? 
731C F002 7760 8EQ YOI I nfilntry 7360 9031 6260 BCC DONE 



7382 CB 8290 INY 
7383 C94F 8300 Q.IP #S4F frozen swamp? 
73B5 902C B310 BCC DONE 
13B1 CB B320 INY 
7388 C969 B330 CMP 1$69 frozen river? 
13BA 9027 B340 BCC DONE 
13BC CB B350 INY 
13BD C9BF 8360 CMP ISBF swamp? 
73BF 9022 B370 BCC DOtlE 
7391 CB B3BO INY 
7392 C9A4 8390 CMP ISA4 river? 
7394 9010 B400 BCC DONE 
7396 A6CA B410 LOX LAT 
739B EOOE B420 CPX #SOE 
739A 9004 B430 BCC NEXT 
739C C9A9 B440 mP ISA9 
739E 9013 B450 BCC DONE 
73AO CB B460 NEXT INY 
73AI C9BA B470 CMP #SBA coast I lne? 
73A3 900E B4BO BCC DONE 
73A5 EOOE B490 CPX #SOE 
73A7 9004 B500 BCC NEXT2 
73A9 C9BB B510 CMP ISBB 
73AB 9006 B520 BCC DONE 
73AD ca B530 NEXT2 INY 
73AE C9BD B540 CMP #$BO estuary? 
73BO 9001 B550 BCC DONE 
7382 CB B560 INY 
7383 B4CD 8570 DONE STY TRNTYP 
7385 60 85BO RTS 
7386 00 8590 ZPVAL .BYTE 0,$64,0,0,0,$22,1,$30,2 
7387 64 
73BB 00 
7389 00 
73BA 00 
73BB 22 
73BC 01 
7380 30 
73BE 02 
73BF EO 8600 PSXVAL .BYTE $E0,0,0,$33,$78,$06,$10,$27 
73CO 00 
73CI 00 
73C2 33 
73C3 7B 
73C4 06 
73C5 10 
73C6 27 
73C7 40 B610 .BYTE $40,0,1,15,6,41,0,I 
73C8 00 
73C9 01 
73CA OF 
73CB 06 

73CC 29 
73CD 00 
73CE 01 
73CF 5B B620 COLTAB .BYTE $5B,$DC,$2F,0,$6A,SC,$94,S46,$BO 
7300 DC 
7301 2F 
7302 00 
7303 6A 
7304 oc 
7305 94 
7306 46 
7307 BO 
7308 14 B630 ~TS .BYTE 20,I0,10,10 
7309 OA 
73DA OA 
730B OA 
73DC 14 8640 MOSCX .BYTE 20,33,20,6 
7300 21 
73DE 14 
73DF 06 
73EO IC 8650 MOSCY .BYTE 2B,36,0,15 
73Et 24 
73E2 00 
73E3 OF 
73E4 OA B660 TXTMSG ASL A 
73E5 OA B670 ASL A 
73E6 OA 8680 ASL A 
73E7 OA 8690 ASL A 
73EB OA B100 ASL A 
73E9 AA 8710 TAX 
73EA A069 8720 LOY #$69 
73EC BDOB5D B730 LOOP19 LOA TXTTBL,X 
73EF 38 B740 SEC 
73FO E920 B750 SBC 1$20 
73F2 995064 B160 STA TXTWDW,Y 
73F5 CB B770 INY 
73F6 EB B7BO INX 
73F7 BA B790 TXA 
73F6 291F 6BOO AND #$IF 
73FA DOFO B810 BNE LOOP19 
73FC 60 BB20 RTS 
73FD 8630 .END 





OOBE 
OOBF 
OOB4 
0000 
ooco 
OOC2 
OOC3 
OOC4 
OOC5 
OOC6 
OOC7 
ooc8 
OOC9 
OOCA 
OOCB 
oocc 
ooa:i 
OOCE 

DOIF 
D200 
D201 
D20A 
D40E 

0606 
062B 
OOCF 
0636 
0637 
0638 
068E 
068F 
0690 
0691 
0692 
0693 
0694 
0695 
0696 
0697 

10 ;EFT VERSION 1.8C !CIWBATl 11/30/81 COPYRIGHT CHRIS CRAWFORD 1981 
20 ; 
30 ;Page zero RAM 
40 ; 
50 ;These locations are tor the mainline routines 
60 ; 
70 CHUNKX 
80 CHUNKY 
90 CORPS 
0100 •= 
0110 MAPPTR *= 
0120 ARMY *= 
0130 UNITNO *"' 
0140 DEFNOR *= 
0150 TEMPR *= 
0160 TEMPZ *= 
0170 ACCLO *= 
0180 ACCHI *= 
0190 TURN *= 
0200 LAT *= 
0210 LONG *= 
0220 RFR *= 
0230 TRNTYP *= 
0240 SQVAL *= 
0250 ; 
0260 ; 
0270 CONSOL = 
0280 AUDF1 
0290 AUDC1 
0300 RANDOM = 
0310 NMIEN 
0320 ; 

$BE 
$BF 
$B4 
$CO 
•+2 
*+1 
*+I 
*+1 
•+1 
*+I 
*+1 
*+1 
*+1 
*+1 
*+1 
*+1 
*+1 
*+I 

$001F 
$D200 
$D201 
$D20A 
$D40E 

0330 ;THESE VALUES ARE USED BY MAINLINE ROUTINE ONLY 
0340 ; 
0350 EARTH = 
0360 TRNCOD = 
0370 •= 
0380 SQX *= 
0390 SQY *= 
0400 *= 

$606 
$62B 
$636 
*+1 
*+1 
$66E 

0410 DELAY •~ *+1 
0420 HANDCP *= *+1 
0430 TOTGS *= 
0440 TOTRS •= 
0450 OFR •= 
0460 HOMEDR •= 

*+I 
*+I 
*+1 
*+1 

0470 zoc •= •+1 
0460 TEMPQ •= *+1 
0490 LLIM *= *+1 
0500 VICTRY *= *+1 
0510 ; 

adjacent square 

4026 
7200 
7240 
7246 
72DE 
7369 
7882 
799C 
79CO 
79EF 
7984 
7BF6 
7BF2 
7BFI 

0696 
5400 
549F 
553E 
5500 
567C 
5718 
57BA 
56CA 
5969 
5A06 
5606 
5C06 
5006 
5066 
5D75 
5E14 
5EB3 
5F52 
5F56 
5F06 
5FDA 
5FDE 
5FE2 
5FE6 
5FEA 
5FF7 

5FFF 
6431 
6451 
6450 

0520 ;declarations of routines In other modules 
0530 ; 
0540 INVERT " 
0550 STALL = 
0560 TERR 
0570 TERRB a 

0580 YOO 
0590 TERRTY = 
0600 ONUMBR .. 
0610 JSTP 
0620 DWOROS • 
0630 SWITCH ,. 
0640 DEFNC • 
0650 OFFNC • 
0660 XINC 
0670 YINC 
0660 ; 
0690 ... 
0700 CORPSX *= 
0710 CORPSY *• 
0720 MSTRNG *" 
0730 CSTRNG *"' 
0740 SWAP *= 
0750 ARRIVE *"' 
0760 WORDS *• 
0770 CORPT *= 
0780 CORPNO *• 
0790 HDIGIT *-
0600 TDIGIT *-
0610 OOIGIT *= 
0620 TXTIBL *= 
0830 MONLEN *" 
0640 HMORDS *= 
0650 WHORDS *= 
0660 WHORDH *= 

$4D26 
$7200 
$7240 
$7246 
$72DE 
$7369 
$7BB2 
$799C 
$79CO 
$79EF 
$7984 
$7BF6 
$7BF2 
$7BF1 

$5400 
*+159 
*+159 
*+159 
*+159 
*+159 
*+159 
*+272 
*+159 
*+159 
*+256 
*+256 
*+256 
*+96 
*+13 
*+159 
*+159 
*+159 

0670 BEEPTB *= *+4 
0660 ERRMSG *= *+126 
0690 XOFF *" 
0900 YOFF *• 
0910 MASKO *-
0920 XADD *= 
0930 YADD *" 
0940 TRTAB *-
0950 MLTKRZ *= 
0960 ; 

*+4 
*+4 
*+4 
*+4 
*+4 
*+13 
*+6 

x-coords of all units (pixel frame) 
y-coords of all units Cplxel frame) 
muster strengths 
combat strengths 
terrain code underneath unit 
turn of arrival 
various words tor messages 
codes for unit types 
10 numbers of units 
tables for displaying numbers (hundreds) 
tens tables 
ones tables 
more text 
table of month lengths 
how many orders each unit has 
what the orders are 

table of beep tones 
table of error messages 
offsets for moving maltakreuze 

In queue 

mask values for decoding orders 
offsets tor moving arrow 

tree color table 
maltese cross shape 

0970 ;RAM from $6000 to $6430 Is taken up by 
0960 ;character sets and the display list 
0990 ; 
1000 •= 
1010 ARRTAB *= 
1020 *= 
1030 TXTWDW *" 

$6431 
•+32 
$6450 
$6CB1 

arrow shapes 



6C61 1040 STKTAB *= *+16 a joystick decoding table 4F23 20EF79 1560 JSR SWITCH 

6CC1 1050 SSNCOD •= *+12 season codes 4F26 A6C4 1570 LOX DEF NOR 

6CCO 1060 TRNTAB 1t: •+60 terrain cost tables 4F28 68 1580 PLA 

6009 1070 BHXI •= •+22 lntraverslble square pair coordinates 4F29 907C56 1590 STA SWAP,X 

6DIF 1080 BHYI ... •+22 1600 
6035 1090 BHX2 •= •+22 1610 ; 
604B 1100 BHY2 •= *+22 4F2C 206973 1620 JSR TERRTY terrain In defender's square 

6061 1110 EXEC •= *+159 execution times 4F2F BEB479 1630 LOX DEFNC,Y defensive bonus factor 

1120 ; 4F32 B9DD55 1640 LOA CSTRNG,Y defender's strength 

6EOO 1130 tt:;; S4ED8 4F35 4A 1650 LSR A 
1140 ; 4F36 CA 1660 Y15 DEX adjust for terrain 

1150 ;combat routine 4F37 f 005 1670 BEQ Y16 

1160 ; 4F39 2A 1680 ROL A 

4ED8 A900 1170 LOA 1$00 4F3A 90FA 1690 BCC Yl5 

4EDA 809706 1180 STA VICTRY clear victory flag 4f3C A9Ff 1700 LOA #$Ff 

4EOO A6C2 1190 LDX ARMY 1710 ; 
4EDF E02A 1200 CPX #$2A Finns can't attack 1720 ;now adjust tor defender's motion 
4EEI F004 1210 BEQ AIO 1730 ; 
4EE3 E02B 1220 CPX 1$2B 4F3E BE755D 1740 Y16 LOX HMORDS, Y 
4EE5 0001 1230 BNE All 4F41 FOOl 1750 BEQ OOBATL 

4EE7 60 1240 AIO RTS 4f43 4A 1760 LSR A 
4EE8 A4C3 1250 All LOY UNITNO 1770 ; 
4EEA 84C4 1260 STY DEF NOR 1780 ;evaluate defender's strike 
4EEC A6C4 1270 LOX DEF NOR ma~e combat graphics 1790 ; 
4EEE BD7C56 1280 LOA SWAP,X 4F44 COOAD2 1800 OOBATL CMP RANDOM 

4EF1 48 1290 PHA 4f47 9017 1810 BCC ATAKR 

4EF2 A9FF 1300 LOA #$FF sol Id red square 4F49 A6C2 1820 LOX ARMY 

4EF4 E037 1310 CPX 1$37 Russian unit? 4F4B DE3E55 1830 DEC MSTRNG,X 

4EF6 8002 1320 BCS Bl 4f4E 800055 1840 LOA CSTRNG,X 

4Ef 8 A97f 1330 LOA 1$7F make It white tor Germans 4f51 E905 1850 SBC 1$05 

4EFA 907C56 1340 Bl STA SWAP,X 4F53 900055 1860 STA CSTRNG,X 

4EFD 8664 1350 STX CORPS 4F56 f 002 1870 BEQ Z28 

4EFF BD0054 1360 LOA CORPSX,X 4f 58 6003 1880 BCS Y24 
4F02 85BE 1370 STA CHUNKX 4F5A 4CAB51 1890 Z28 JMP DEAD attacker dies 

4F04 B09F54 1380 LOA CORPSY,X 4F5D 20CE51 1900 Y24 JSR BRKCHK attacker I Ives; does he break? 

4F07 85BF 1390 STA CHUNKY 1910 1 

4F09 20EF79 1400 JSR SWITCH 1920 ;evaluate attacker's strike 
4FOC A008 1410 LOY 1$08 1930 ; 
4FOE A28F 1420 LOX 1$8F 4F60 A6C2 1940 ATAKR LOX ARMY 
4FIO 8EOID2 1430 LOOP78 STX AUOCl 4F62 BD0054 1950 LOA CORPSX,X 
4F13 8COOD2 1440 STY AUDFl 4F65 85CB 1960 STA LONG 
4Fl6 200072 1450 JSR STALL 4F67 B09F54 1970 LOA CORPSY,X 
4F19 98 1460 TYA 4F6A 85CA 1980 STA LAT 
4F1A 18 1470 CLC 4F6C 204072 1990 JSR TERR 

4F16 6908 1480 ADC #$08 4F6F 206973 2000 JSR TERRTY 

4F1D A8 1490 TAY 4F72 B9F67B 2010 LOA OFFNC,Y 

4FIE CA 1500 DEX 4F75 AS 2020 TAY 

4F1F E07F 1510 CPX 1$7F 4F76 A6C2 2030 LOX ARMY 

4F21 OOED 1520 BNE LOOP78 4F78 800055 2040 LOA CSTRNG,X 
1530 ; 4F7B 88 2050 DEY 
1540 ;now replace original unit character 4F7C FOOl 2060 BEQ Y19 
1550 • 4F7E 4A 2070 LSR A river attack penalty 



4F7F COOAD2 2080 Y19 CMP RANDOM 4FF7 A5CB 2600 LOA LONG 
4F82 9014 2090 BCC A20 4FF9 900054 2610 STA CORPSX,X 
4F84 A6C4 2100 LOX DEF NOR attacker strikes defender 4FFC 85BE 2620 STA CH~KX 

4F86 DE3E55 2110 DEC MSTRNG,X 4FFE 20EF79 2630 JSR SWITCH 
4F89 800055 2120 LOA CSTRNG,X 5001 A6C2 2640 VICCOM LOX ARMY 
4F8C E905 2130 SBC 1$05 5003 8684 2650 STX CORPS 
4F8E 900055 2140 STA CSTRNG,X 5005 800054 2660 LOA CORPSX,X 
4F91 F002 2150 BEQ Z29 5008 85BE 2670 STA CHUNKX 
4F93 8006 2160 BCS Y25 500A BD9F54 2680 LOA CORPSY,X 
4F95 20AB51 2170 Z29 JSR DEAD defender dies 5000 85BF 2690 STA CHUNKY 
4F98 4C1C50 2180 A20 JMP ENDCOM 500F A5C7 2700 LOA ACCLO defender's coordinates 
4F9B 20CE51 2190 Y25 JSR BRKCHK does defender break? 5011 85CB 2710 STA LONG 
4F9E 90F8 2200 BCC A20 5013 A5C8 2720 LOA ACCHI 
4FAO A4C2 2210 LOY ARMY 5015 85CA 2730 STA LAT 
4FA2 B9145E 2220 LOA WHORDS,Y 5017 A9FF 2740 LOA ISFF 
4FA5 2903 2230 AND 1$03 5019 809706 2750 STA VICTRY 
4FA7 AS 2240 TAY first retreat priority : away from attack 501C A6C2 2760 ENDCOM LOX ARMY 
4FA8 202250 2250 JSR RETRET 501E FE6160 2770 INC EXEC,X 
4FAB 9054 2260 BCC VICCOM defender died 5021 60 2780 RTS 
4FAD F030 2270 BEQ Y27 defender may retreat 2790 J 

4FAF AOOl 2280 LOY 1$01 second priority: east/west 2800 ;Subroutines for combat 
4FB1 E037 2290 CPX 1$37 2810 ;Input: X s ID I of defender. Y =proposed DIR of retreat 
4FB3 6002 2300 BCS Y28 2820 ioutput: C bit set If defender I Ives, clear If dies 
4FB5 A003 2310 LOY 1$03 2830 ;Z bit set If retreat open, clear If blocked 
4FB7 202250 2320 Y28 JSR RETRET 2840 ; 
4FBA 9045 2330 BCC VICCOM 5022 800054 2850 RETRET LOA CORPSX,X 
4FBC F021 2340 BEQ Y27 5025 18 2860 CLC 
4FBE A002 2350 LOY 1$02 third priority: north 5026 79F27B 2870 ADC XINC,Y 
4FCO 202250 2360 JSR RE TR ET 5029 85CB 2880 STA LONG 
4FC3 903C 2370 BCC VICCOM 5028 BD9F54 2890 LOA CORPSY,X 
4FC5 FOl8 2380 BEQ Y27 502E 18 2900 CLC 
4FC7 AOOO 2390 LOY 1$00 fourth priority: south 502F 79F17B 2910 ADC YINC,Y 
4FC9 202250 2400 JSR RETRET 5032 85CA 2920 STA LAT 
4FCC 9033 2410 BCC VICCOM 5034 204072 2930 JSR TERR examine terrain 
4FCE FOOF 2420 BEQ Y27 5037 206973 2940 JSR TERRTY 
4FDO A003 2430 LOY 1$03 last priority: west/east 503A A6C4 2950 LOX DEF NOR 
4FD2 E037 2440 CPX 1$37 503C A5C3 2960 LOA llllTNO anybody In this square? 
4FD4 8002 2450 BCS Y26 503E 0030 2970 BNE Y22 
4FD6 AOOl 2460 LOY #SOI 5040 A5CO 2980 LOA TRNTYP no 
4FD8 202250 2470 Y26 JSR RETRET 2990 ; 
4FDB 9024 2480 BCC VICCOM 3000 ;check for bad ocean crossings 
4FDD 0030 2490 BNE ENDCOM 3010 J 

4FDF 8684 2500 Y27 STX CORPS retreat the defender 5042 C907 3020 CMP 1$07 coast I lne? 
4FE1 800054 2510 LOA CORPSX,X 5044 9027 3030 BCC Y41 
4FE4 85BE 2520 STA CHIJ-IKX 5046 C909 3040 CMP 1$09 

4FE6 BD9F54 2530 LOA CORPSY,X 5048 F033 3050 BEQ Y22 
4FE9 85BF 2540 STA CH~KY 504A A015 3060 LOY #$15 
4FEB 20EF79 2550 JSR SWITCH 504C A5CA 3070 LOOP42 LOA LAT 
4FEE A6B4 2560 LOX CORPS 504E D91F60 3080 Ct~P BHYl,Y 
4FFO A5CA 2570 LOA LAT 5051 0017 3090 BNE Y43 
4FF2 909F54 2580 STA CORPSY,X 5053 A5CB 3100 LOA LONG 
4FF5 85BF 2590 STA CHUNKY 5055 090960 3110 CMP BHXl, Y 



5058 0010 3120 BNE Y43 5088 9058 3640 8CC A12 

505A 800054 3130 LOA CORPSX,X 508A A910 3650 LOA #$10 harder to get suppl les In winter 

5050 093560 3140 CMP BHX2, Y 50BC 85C7 3660 A13 STA ACCLO 

5060 0008 3150 8NE Y43 508E AOOI 3670 LOY #$01 Russians go east 

5062 B09f54 3160 LOA CORPSY,X 50CO E037 3680 CPX 1$31 

5065 094860 3170 ().1P 8HY2,Y 50C2 8002 3690 BCS Z80 

5068 F013 3180 8EQ Y22 50C4 A003 3700 LOY 1$03 Germans go west 

506A 88 3190 Y43 DEY 50C6 8C9306 3710 ZBO STY HOME OR 

5066 lOOf 3200 8PL LOOP42 50C9 800054 3720 LOA CORPSX,X 

3210 ; 50CC 85CB 3730 STA LONG 

3220 ;any blocking ZOC 1s7 50CE 809f54 3740 LOA CORPSY,X 

3230 ; 5001 85CA 3750 STA LAT 

5060 204051 3240 Y41 JSR CllKZOC 5003 A900 3760 ]> #$00 

5070 A6C4 3250 LOX DEFNDR 5005 85CC 3770 STA RfR 

5072 A09406 3260 LOA zoc 5007 A5CB 3780 LOOP91 LOA LONG 

5075 C902 3270 CMP 1$02 5009 803606 3790 STA SQX 

5077 8004 3280 BCS Y22 no retreat Into ZOC 500C A5CA 3800 LOA LAT 

5079 A900 3290 LOA 1$00 retreat Is possible 500E 803706 3810 STA SQY 

5078 38 3300 SEC 50E1 A03606 3820 LOOP90 LOA SQX 

507C 60 3310 RTS 50E4 18 3830 CLC 

5070 800055 3320 Y22 LOA CSTRNG,X retreat not posslble,extract penalty 50E5 79f27B 3840 AOC XINC,Y 

5080 38 3330 SEC 50E8 85CB 3850 STA LONG 

5081 E905 3340 SBC #$05 50EA A03706 3860 LOA SQY 

5083 900055 3350 STA CSTRNG,X 50ED 18 3870 CLC 

5066 f002 3360 8EQ Z27 50EE 79F178 3880 AOC YINC,Y 

5088 8004 3370 BCS Y23 50FI 85CA 3890 STA LAT 

508A 20A851 3360 Z27 JSR DEAD 50F3 204051 3900 JSR CHKZOC 

5080 18 3390 CLC 50F6 E037 3910 CPX 1$31 

508E A9FF 3400 Y23 LOA #$FF 50F8 900A 3920 BCC ABO 

5090 60 3410 RTS 50FA 204672 3930 JSR TERR8 

3420 ; 50FD AD2806 3940 LOA TRNCOD 

3430 ;supply evaluation routine 5100 C98F 3950 CMP #$BF 

3440 I 
5102 F009 3960 BEQ A77 

5091 801857 3450 LOA ARRIVE,X 5104 A09406 3970 ABO LOA zoc 

5094 C5C9 3460 CMP TURN 5107 C902 3980 CMP 1$02 

5096 f 003 3470 8EQ Z86 5109 901C 3990 BCC Z81 

5098 9001 3480 8CC Z86 5108 E6CC 4000 INC RFR 

509A 60 3490 RTS 5100 E6CC 4010 A77 INC RFR 

5098 A918 3500 Z66 LOA #$18 510F A5CC 4020 LOA Rf R 

5090 E037 3510 CPX 1$31 5111 fr 4030 CMP ACCLO 

509F 8018 3520 BCS A13 cto 5113 D 9 4040 @ za4 sec. 
50AI A918 3530 LOA 1$16 5115 ED055 4050 Al2 LSR CSTRNG,X 

50A3 AC0606 3540 LOY EARTH 5118 0003 4060 8NE A50 

50A6 C002 3550 CPY 1$02 mud? 511A 4CAB51 4070 JMP DEAD 

50A8 F068 3560 8EQ A12 5110 60 4080 A50 RTS 

50AA COOA 3570 CPY #$0A snow? 511E AOOAD2 4090 Z84 LOA RANDOM 

50AC DOOE 3580 8NE A13 5121 2902 4100 ANO 1$02 

50AE 800054 3590 LOA CORPSX,X this discourages gung-ho corps 5123 AB 4110 TAY 

5081 OA 3600 ASL A double distance 5124 4CE150 4120 JMP LOOP90 

5082 OA 3610 ASL A 5127 AC9306 4130 Z81 LOY HOME DR 

5083 694A 3620 AOC #$4A 512A A5CB 4140 LOA LONG 

5085 CDOAD2 3630 CMP RANDOM 512C COOi 4150 CPY #$01 



512E 0008 4160 
5130 C9FF 4170 
5132 OOA3 4180 
5134 FE3E55 4190 
5137 FE3E55 4200 
513A 60 4210 
5138 C92E 4220 Z85 
5130 0098 4230 
513F 60 4240 

4250 I 

8NE 
CMP 
8NE 
INC 
INC 
RTS 
CMP 
8NE 
RTS 

Z85 
#SFF 
LOOP91 
MSTRNG,X 
MSTRNG,X 

#S2E 
LOOP91 

Russian replacements 

4260 ;routine to check 
4270 ; 

tor zone of control 

5140 A900 4280 CHKZOC LOA 
5142 809406 4290 STA 
5145 A940 4300 LOA 
5147 E037 4310 CPX 
5149 8002 4320 8CS 
5148 A9CO 4330 LOA 
5140 85C5 4340 A70 STA 
514F 204672 4350 JSR 
5152 001E 4360 8NE 
5154 AD2806 4370 LOA 
5157 29CO 4380 AND 
5159 C5C5 4390 CMP 
5158 FOOF 4400 8EQ 
5150 800054 4410 LOA 
5160 C5C8 4420 CMP 
5162 0007 4430 8NE 
5164 809F54 4440 LOA 
5167 C5CA 4450 CMP 
5169 F007 4460 8EQ 
5168 60 4470 A79 RTS 

ISOO 
zoc 
#S40 
#S37 
A70 
#SCO 
TEMPR 
TERR8 
A74 
TRNCOD 
#SCO 
TEWR 
A71 
CORPSX,X 
LONG 
A79 
CORPSY,X 
LAT 
A74 

516C A902 4480 A71 LOA #$02 
516E 809406 4490 STA ZOC 
5171 60 4500 RTS 
5172 A207 4510 A74 LOX 
5174 8CAC79 4520 LOOPQ LOY 
5177 A5C8 4530 LOA 
5179 18 4540 CLC 
517A 79F278 4550 ADC 
5170 85C8 4560 STA 
517F A5CA 4570 LOA 
5181 18 4580 CLC 
5182 79F178 4590 ADC 
5185 85CA 4600 STA 
5187 204672 4610 JSR 
518A 0015 4620 8NE 
518C AD2806 4630 LOA 
518F 29CO 4640 AND 
5191 C5C5 4650 CMP 
5193 OOOC 4660 8NE 
5195 8A 4670 TXA 

#S07 
JSTP+16,X 
LONG 

XINC,Y 
LONG 
LAT 

YINC,Y 
LAT 
TERR8 
A75 
TRNCOD 
#SCO 
TEMPR 
A75 

5196 2901 4680 
5198 18 4690 
5199 6901 4700 
5198 609406 4710 
519E 809406 4720 
51AI CA 4730 A75 
51.\2 1000 4 7 40 
51A4 C6CA 4750 
51A6 C6CB 4760 
51A8 A6C2 4770 
51AA 60 4780 

4790 I 
4800 I 

51AB A900 4810 DEAD 
51AD 903E55 4820 
51BO 900055 4830 
51B3 907550 4840 
5186 A9FF 4850 
5188 906160 4860 
5166 9DIB57 4870 
51BE 8684 4880 
51CO 600054 4890 
51C3 85BE 4900 
51C5 B09F54 4910 
51C8 858F 4920 
51CA 20EF79 4930 
51CO 60 4940 

4950 ; 

ANO 
CLC 
AOC 
AOC 
STA 
DEX 
BPL 
DEC 
DEC 
LOX 
RTS 

LOA 
STA 
STA 
STA 
LOA 
STA 
STA 
STX 
LOA 
STA 
LOA 
STA 
JSR 
RTS 

#SOI 

#SOI 
zoc 
zoc 
LOOPQ 
LAT 
LONG 
ARMY 

ISOO 
MSTRNG,X 
CSTRNG,X 
HMOROS,X 
#SFF 
EXEC,X 
ARRIVE,X 
CORPS 
CORPSX,X 
CHUNKX 
CORPSY,X 
CHUNKY 
SWITCH 

4960 ;Subroutine BRKCHK evaluates whether a unit under attack breaks 
4970 I 

51CE E037 4980 BRKCHK CPX 
5100 BOOE 4990 BCS 
5102 BDCA58 5000 LOA 
5105 29FO 5010 AND 
5107 0007 5020 BNE 
5109 BD3E55 5030 LOA 
510C 4A 5040 LSR 
5100 4CEE51 5050 Jf.f' 
51EO BD3E55 5060 WEAKLG LOA 
51E3 4A 5070 LSR 
51E4 4A 5080 LSR 
51E5 4A 5090 LSR 
51E6 85C5 5100 STA 
51E8 B03E55 5110 LOA 
51EB 38 5120 SEC 
51EC E5C5 5130 SBC 
51EE 000055 5140 Y40 CMP 
51F1 900A 5150 BCC 
51F3 A9FF 5160 LOA 
51F5 906160 5170 STA 
51F8 A900 5180 LOA 
51FA 907550 5190 STA 

1$37 
WEAK LG 
CORPT,X 
#SFO 
WEAK LG 
MSTRNG,X 
A 
Y40 
MSTRNG,X 
A 
A 
A 
TEMPR 
MSTRNG,X 

TEMPR 
CSTRNG,X 
A30 
#SFF 
EXEC,X 
#SOO 
HMORDS,X 
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0621:: 0520 TICI< *= •+1 
10 ;EFT VERSION I.BT !THINKING) 11/30/81 COPYRIGHT CHRIS CRAWFORD 1981 062F 0530 UNTCOD *'= *+I 
20 ; 0630 0540 UNTCDI *'= *+I 
30 ;Page zero RAM 0631 0550 BYAL ... •+1 best value 
40 ; 0632 0560 BONE ... *+I best Index 
50 aThese locations are tor the malnllne routines 0633 0570 DIR •• *+I direction 
60 ; 0634 0580 TARGX ... *+I square under consideration 

OOBE 70 CHUNKX = SBE 0635 0590 TARGY •• *+1 
OOBF 80 CHUNKY = SBF 0636 0600 SQX ... *+I adjacent square 
0084 90 CORPS = SB4 0637 0610 SQY *"' *+I 
0000 0100 •= sco 0638 0620 JCNT •= •+1 counter for adjacent squares 
ooco 0110 MAPPTR *" *+2 0639 0630 LI NCOO *= *+1 code value of llne configuration 
OOC2 0120 ARMY •= *+I 063A 0640 NBVAL ... *+I another best value 
OOC3 0130 UNITNO *" *+1 063B 0650 ROR01 •= *+1 Russian orders 
OOC4 0140 DEFNOR w.. *+I 063C 0660 RORD2 ... *+I 
OOC5 0150 TEMPR •= *+1 0630 0670 HDIR *= *+1 horlzontal direction 
OOC6 0160 TEMPZ *= *+1 063E 0680 VOIR ... *+I vertical direction 
OOC7 0170 ACCLO •= •+1 063F 0690 LDIR ... •+1 larger direction 
ooca 0180 ACCHI •= •+1 0640 0700 SDIR *• *+I smaller direction 
OOC9 0190 TURN •= *+I 0641 0710 HRNGE ... •+1 horlzontal range 
OOCA 0200 LAT •= *+I 0642 0720 VRNGE ... •+1 vertlcal range 
OOCB 0210 LONG *= *+I 0643 0730 LRNGE ... *+I I arger range 
oocc 0220 RFR •= *+I 0644 0740 SRNGE ... *+1 smaller range 
OOCD 0230 TRNTYP *= *+1 0645 0750 CHRIS ... *+I midway counter 
OOCE 0240 SQVAL *= *+1 0646 0760 RANGE •• *+1 just that 

0250 ; 0647 0770 RCNT ... *+I counter for Russian orders 
0260 ; 0648 0780 SECDIR *= *+I secondary direction 

0010 0270 TRIGO = SDOIO 0649 0790 POTATO *" *+I a stupid temporary 
DOif 0280 CONSOL = SDOIF 064A 0800 8AKARR *= *+25 
D200 0290 AUDFI = $D200 0663 0810 LINARR *- •+25 
D201 0300 AUOCI = SD201 067C 0820 IFRO ... •+1 
D20A 0310 RANDOM = SD20A 067D 0830 IFRI ... *+I 
D40E 0320 NMIEN = SD40E 067E 0840 IFR2 ... *+I 
E45C 0330 SETV8V = SE45C 067F 0850 IFR3 ... *+I 

0340 ; 0680 0860 XLOC ... *+I 
0350 ;THESE VALUES ARE USED BY MAINLINE ROUTINE ONLY 0681 0870 YLOC ... *+I 
0360 ; 0682 0880 TEMPX *• *+I 

OOCF 0370 *= $605 0683 0890 TEMPY ... *+1 
0605 0380 TRCOLR *= *+1 0684 0900 LV ... *+5 
0606 0390 EARTH •= *+I 0689 0910 LPTS •= *+I 
0607 0400 ICELAT w.. *+I 068A 0920 COLUM •= *+I 
0608 0410 SEASNI *= *+I 0688 0930 OCOLUM *= •+1 
0609 0420 SEASN2 *= •+1 068C 0940 IFRHI ... *+1 
060A 0430 SEASN3 •= •+1 0680 0950 PASSCT *= *+I 
0608 0440 DAY •= *+I 068E 0960 DELAY •= *+I 
060C 0450 MONTH •= *+I 068F 0970 HANDCP *'= •+1 
060D 0460 YEAR •= *+I 0690 0980 TOTGS ... *+1 
060E 0470 •= S62A 0691 0990 TOTRS •= *+1 
062A 0480 OLDLAT •= *+1 0692 1000 OFR *= •+1 
0628 0490 TRNCOD *= •+1 1010 ; 
062C 0500 TLO •= *+1 1020 ;declarations of routines In other modules 
0620 0510 THI •= *+I 7984 1030 DEFNC " $7984 



r 
I 

7A78 
7A91 
799C 
0693 
7609 
76F1 
76F2 
7BF6 
5398 
0696 
7240 
72DE 

7COO 
5400 
549F 
553E 
5500 
567C 
5718 
578A 
58CA 
5969 
5A08 
5608 
5C08 
5006 
5066 
5075 
5E14 
5EB3 
5F52 
5F56 
5FD6 
5FDA 
5FDE 
5FE2 
5FE6 
5FEA 
5FF7 

5FFF 
6431 
6451 
6450 
6C61 
6CCI 
6CCO 
6009 

1040 ROTARR = S7A78 
1050 OBJX = $7A91 
1060 JSTP = S799C 
1070 *= $7609 
1080 NDX •= •+24 
1090 YINC *= *+1 
1100 XINC •= *+4 
1110 OFFNC •= *+10 
1120 06JY = $5398 
1130 I FR = $698 
1140 Tfoi. ~ $7240 
1150 YOO = S72DE 
1160 ; 
1170 •= $5400 
1180 CORPSX 11= *+159 x-coords of all units <plxel frame) 
1190 CORPSY *" •+159 y-coords of all units <pixel frame) 
1200 MSTRNG *"' 11+159 muster strengths 
1210 CSTRNG •= *+159 combat strengths 
1220 SWAP •= *+159 terrain code underneath unit 
1230 ARRIVE *= *+159 turn of arrival 
1240 WORDS *= *+272 various words for messages 
1250 CORPT •= *+159 codes for unit types 
1260 CORPNO *" *+159 ID numbers of units 
1270 HDIGIT *= 11 +256 tables tor displaying numbers (hundreds) 
1280 TDIGIT *= *+256 tens tables 
1290 OOIGIT *= *+256 ones tables 
1300 TXTTBL *" *+96 more text 
1310 MONLEN *= *+13 table of month lengths 
1320 HMORDS *= *+159 how many orders each unit has In queue 
1330 WHORDS •= •+159 what the orders are 
1340 WliOROH *= •+159 
1350 8EEPT8 11= •+4 table of beep tones 
1360 ERRMSG *= •+126 table of error messages 
1370 XOFF •= *+4 offsets tor moving maltakreuze 
1360 YOFF •= *+4 
1390 MASKO •= *+4 mask values tor decoding orders 
1400 XAOO •= *+4 offsets for moving arrow 
1410 YADO •= *+4 
1420 TRTAB •= •+13 tree color table 
1430 MLTKRZ *'.. *+8 maltese cross shape 
1440 ; 
1450 ;RAM from $6000 to $6430 Is taken up by 
1460 ;character sets and the dlsplay llst 
1470 ; 
1480 •= $6431 
1490 ARRTA8 •= •+32 arrow shapes 
1500 •= $6450 
1510 rxrnow *" $6CB1 
1520 STKTA6 *= *+16 a joystick decoding table 
1530 SSNCOO *= *+12 season codes 
1540 TRNTAB *= *+60 terrain cost tables 
1550 BHXl •= *+22 lntraverslble square pair coordinates 

601F 1560 6HY1 *= *+22 
6035 1570 6HX2 •= *+22 
6046 1580 6HY2 *= 11+22 
6061 1590 EXEC •= *+159 execution times 

1600 
1610 ; 
1620 ;Russian artificial lntelllgence routine 
1630 ; 

6EOO 1640 ... $4700 
1650 ; 
1660 ;Initialization loop 
1670 ; 

4700 A201 1660 LOX 1$01 
4702 65C5 1690 STA TEMPR 
4704 809106 1700 STA TOTRS 
4707 809006 1710 STA TOT GS 
470A A09E 1720 LOY IS9E 
470C 091857 1730 LOOP80 LOA ARRIVE,Y 
470F C5C9 1740 CMP TURN 
4711 6000 1750 6CS Z50 
4713 A5C5 1760 LOA TEMPR 
4715 18 1770 CLC 
4716 790055 1780 AOC CSTRNG, Y 
4719 65C5 1790 STA TEf.f'R 
4718 9003 1800 8CC Z50 
4710 FE9006 1810 INC TOTGS,X 
4720 86 1820 Z50 DEY 
4721 C037 1830 CPY 1$31 
4723 80E7 1840 8CS LOOP60 
4725 A200 1850 LOX 1$00 
4727 cooo 1860 CPY 1$00 
4729 OOE1 1870 8NE LOOP80 

1880 ; 
1890 ;now shift values 4 places right 
1900 ; 

4728 A09106 1910 LOA TOTRS 
472E 85C5 1920 STA TEMPR 
4730 A09006 1930 LOA TOT GS 
4733 A204 1940 LOX 1$04 
4735 OA 1950 LOOP81 ASL A 
4136 9008 1960 8CC Z51 
4738 6A 1970 ROR A 
4739 46C5 1980 LOOP62 LSR TEf.f'R 
4738 CA 1990 DEX 
473C DOFB 2000 8NE LOOP82 
473E F003 2010 BEQ Z52 
4740 CA 2020 Z51 DEX 
4741 OOF2 2030 8NE LOOP81 

2040 ; 
2050 ;now calculate overall force ratio 
2060 ; 

4143 AOFF 2070 Z52 LOY #$FF 



4745 A6C5 2080 LOX TElf'R 47A7 B99f54 2600 LOA CORPSY,Y 
4747 f006 2090 BEQ Z53 47AA 38 2610 SEC 
4749 38 2100 SEC 47AB f09f54 2620 SBC CORPSY,X 
474A ca 2110 LOOP83 INY 47AE 203040 2630 JSR INVERT 
474B E5C5 2120 SBC TElf'R 47B1 18 2640 CLC 
4740 BOfB 2130 BCS LOOP83 47B2 65C5 2650 ADC TEMPR 
474f 8C9206 2140 Z53 STY OfR 47B4 4A 2660 LSR A 

2150 ; 47B5 4A 2670 LSR A 
2160 ;now calculate lndlvldual force ratios 47B6 4A 2680 LSR A 
2170 ; 47B7 B015 2690 BCS Y54 

4752 A29E 2180 LOX 1$9E 47B9 85C5 2700 STA TElf'R 
4754 86C2 2190 LOOP50 STX ARMY 47BB B96106 2710 LOA lfR-55,Y 
4756 B01B57 2200 LOA ARRIVE,X 47BE 38 2720 SEC 
4759 C5C9 2210 CMP TURN 47Bf E5C5 2730 SBC TEMPR 
4758 BOOf 2220 BCS Y44 47C1 9008 2740 ace Y54 no good using nearby armies 
4750 20234C 2230 JSR CALlfR 47C3 CD3106 2750 Ct.a> BYAL 
4760 800054 2240 LOA CORPSX,X 47C6 9006 2760 ace Y54 
4763 905A7A 2250 STA OBJX-55,X 47C8 803106 2770 STA BYAL 
4766 809F54 2260 LOA CORPSY,X 47CB 8C3206 2780 STY BONE 
4769 906153 2270 STA OBJY-55,X 47CE 88 2790 Y54 DEY 
476C CA 2280 Y44 DEX 47Cf C037 2800 CPY 1$31 

4760 E037 2290 CPX 1$31 4701 80C1 2810 BCS LOOP52 
476f 80E3 2300 BCS LOOP50 4703 AC3206 2820 LOY BONE beleagueredest army 

2310 ; 4706 890054 2830 LOA CORPSX,Y 
2320 ;here begins the main loop 4709 905A7A 2840 STA OBJX-55,X 
2330 ; 47DC 899f54 2850 LOA CORPSY,Y 

4771 A29E 2340 MLOOP LOX 1$9E outer loop for entire Russian army 470f 906153 2860 STA OBJY-55,X 
4773 86C2 2350 LOOP51 STX ARMY Inner loop tor lndlvldual armies 47E2 4C1148 2870 JMP TOGSCN 
4775 801B57 2360 LOA ARRIVE,X 2880 ; 
4778 C5C9 2370 CMP TURN 2890 ;front tine armies 
477A 9003 2380 ace Z26 2900 ; 
477C 4C114B 2390 Z54 JMP TOGSCN 47E5 A9ff 2910 Y51 LOA ISFF 
477f BOCA58 2400 Z26 LOA CORPT,X 47E7 803306 2920 STA DIR a direction of $ff means •stay put' 
4782 C904 2~10 CMP 1$04 47EA 803206 2930 STA BONE 
4784 FOF6 2420 BEQ Z54 47EO A900 2940 LOA 1$00 

4786 A09206 2430 LOA OFR Is army near the front? 47Ef 803106 2950 STA BYAL 
4789 4A 2440 LSR A 2960 ; 
478A 006106 2450 CMP lfR-55,X 2970 ;ad hoc loglc tor surrounded people 
4780 0056 2460 BNE Y51 yes 2980 ; 
478f 803106 2470 STA BYAL no, treat as reinforcement 47f2 806940 2990 LOA lfRE-55,X 

2480 ; 47f5 C910 3000 CMP 1$10 
2490 ;find nearby beleaguered army 47f7 8009 3010 BCS Z55 
2500 ; 47F9 B03E55 3020 LOA MSTRNG,X 

4792 A09E 2510 LOY IS9E 47FC 4A 3030 LSR A 
4794 891857 2520 LOOP52 LOA ARRIVE,Y 47f0 000055 3040 CMP CSTRNG,X out of supply? 
4797 C5C9 2530 CMP TURN 4800 9010 3050 BCC ORLOOP 
4799 B033 2540 BCS Y54 4802 BD0054 3060 Z55 LOA CORPSX,X head due eastl 
4796 890054 2550 LOA CORPSX,Y 4805 38 3070 SEC 
479E 38 2560 SEC 4806 E905 3080 SBC 1$05 
479f f00054 2570 SBC CORPSX,X 4808 B002 3090 BCS Z96 
47A2 203040 2580 JSR INVERT 480A A900 3100 LOA 1$00 

47A5 85C5 2590 STA TEMPR 480C 905A7A 3110 Z96 STA OBJX-55,X 



480F 4C114B 3120 JMP TOGSCN 4888 DOI I 3640 8NE Y58 

4812 8D5A7A 3130 DRLOOP LOA OBJX-55,X 488A 806153 3650 LOA OBJY-55,X 

4815 AC3306 3140 LOY DIR 4880 Cll3706 3660 CMP SQY 

4818 3004 3150 8MI Y55 4890 0009 3670 8NE Y58 

481A 18 3160 CLC 4892 E4C2 3680 CPX ARMY 

4818 79F278 3170 ADC XINC,Y 4894 FOOA 3690 8EQ Y31 

481E 803406 3180 Y55 STA TARGX 4896 B03E55 3700 LOA MSTRNG,X 

4821 806153 3190 LOA OBJY-55,X 4899 0007 3710 8NE Y59 

4824 AC3306 3200 LOY DIR 4898 CA 3720 Y58 DEX 

4827 3004 3210 BMI Y56 489C E037 3730 CPX 1$31 

4829 18 3220 C'LC 489E 8009 3740 8CS LOOP55 

482A 79Fl78 3230 ADC YINC,Y 48AO A900 3750 Y31 LOA 1$00 

4820 803506 3240 Y56 STA TARGY 48A2 AC3806 3760 Y59 LOY JCNT 

4830 A900 3250 LOA 1$00 48A5 BED978 3770 LOX NOX,Y 

4832 85CE 3260 STA SQVAL 48A8 906306 3780 STA LINARR,X 

4834 A03306 3270 LOA DIR 48AB 88 3790 DEY 

4837 3010 3280 8MI Y57 48AC lOAE 3800 8PL LOOP56 O> 3810 ; 

4839 90145E 3290 STA WHORDS,X 48AE A6C2 3820 LOX ARMY 
483C 200E72 3300 JSR YOO 4880 B03E55 3830 LOA MSTRNG,X 

483F A4C2 3310 LOY ARMY 4883 806f 06 3840 STA LINARR+12 

4841 896160 3320 LOA EXEC,Y Is square accesslble? 4886 A900 3850 LOA 1$00 

4844 1003 3330 8PL Y57 yes 4888 85C7 3860 STA ACCLO 

4846 4Cll64A 3340 JMP EVALSQ no, skip this square 488A 85C8 3870 STA ACCHI 

3350 ; 488C 804806 3880 STA SEClllR 

3360 ;now flll In the direct line array 3890 ; 

3370 ; 3900 ;bulld LY array 

4849 A900 3380 Y57 LOA 1$00 3910 ; 

4848 803906 3390 STA LINCOD 488F A200 3920 Y88 LOX 1$00 

484E A03406 3400 LOA TARGX 48CI 8E4906 3930 STX POTATO 

4851 803606 3410 STA SQX 48C4 AOOO 3940 Y92 LOY 1$00 

4854 AD3506 3420 LOA TARGY 48C6 806306 3950 Y90 LOA LINARR,X 

4857 803706 3430 STA SQY 48C9 0006 3960 8NE Y89 

485A A017 3440 LOY 1$17 48CB EB 3970 INX 

485C 8C3806 3450 LOOP56 STY JCNT 48CC ca 3980 INY 

485F 899C79 3460 LOA JSTP,Y 48Cll C005 3990 CPY 1$05 

4862 A8 3470 TAY 48CF OOF5 4000 8NE Y90 

4863 A03606 3480 LOA SQX 4801 AE4906 4010 Y89 LOX POTATO 

4866 18 3490 CLC 4804 98 4020 TYA 

4867 79F278 3500 ADC XINC,Y 4805 908406 4030 SU LV,X 

486A 803606 3510 STA SQX 4808 ES 4040 INX 

4860 A03706 3520 LOA SQY 4809 8E4906 4050 STX POTATO 

4870 18 3530 CLC 48DC EOOI 4060 CPX 1$01 

4871 79F178 3540 ADC YINC,Y 480E 0004 4070 8NE Y91 

4874 803706 3550 STA SQY 48EO A205 4080 LOX 1$05 

3560 ; 48E2 DOEO 4090 8NE Y92 

4877 A29E 3570 LOX 1$9E 48E4 E002 4100 Y91 CPX 1$02 

4879 801857 3580 LOOP55 LOA ARRIVE,X 48E6 0004 4110 8NE Y93 

487C C5C9 3590 CMP TURN 48E8 A20A 4120 LOX 1$0A 

487E f 002 3600 8EQ Z25 48EA 0008 4130 8NE Y92 

4880 8019 3610 BCS Y58 4140 ; 

4882 805A7A 3620 Z25 LOA 08JX-55,X 48EC E003 4150 Y93 CPX 1$03 

4885 Cll3606 3630 CMP SQX 



48EE 0004 
48FO A20F 
48F2 0000 
48F4 E004 
48F6 0004 
48F8 A214 
48FA DOCS 

4160 
4170 
4180 
4190 Z40 
4200 
4210 
4220 
4230 ; 

BNE 
LOX 
BNE 
CPX 
BNE 
LOX 
BNE 

Z40 
ISOF 
Y92 
1$04 
Z41 
1$14 
Y92 

48FC A900 4240 Z41 LOA ISOO 
48FE A004 4250 LOY 1$04 
4900 BE8406 4260 LOOP76 LOX LY,Y 
4903 E005 4270 CPX IS05 
4905 F003 4280 BEQ Z42 
4907 18 4290 CLC 
4908 6928 4300 AOC 1$28 
490A 88 4310 Z42 DEY 
4908 IOF3 4320 BPL LOOP76 

4330 ; 
4340 ;now add bonus If central column Is otherwise empty 
4350 J 

4900 AC6006 4360 
4910 0012 4370 
4912 AC6E06 4380 
4915 0000 4390 
4917 AC7006 4400 
491A 0008 4410 
491C AC7106 4420 
491F 0003 4430 
4921 18 4440 
4922 6930 4450 
4924 808906 4460 Y95 

4470 ; 

LOY 
BNE 
LOY 
BNE 
LOY 
BNE 
LOY 
BNE 
CLC 
ADC 
STA 

LINARR+lO 
Y95 
LINARR+l I 
Y95 
LINARR+13 
Y95 
LINARR+l4 
Y95 

1$30 
LPTS 

4480 ;now evaluate blocktng penalty 
4490 ; 

4927 A200 4500 LOX ISOO 
4929 808406 4510 LOOP72 LOA LY,X 
492C C904 4520 CMP 1$04 
492E BOIF 4530 BCS Y96 
4930 85C5 4540 STA TEMPR 
4932 86C6 4550 STX TEMPZ 
4934 8A 4560 TXA 
4935 OA 4570 ASL A 
4936 OA 4580 ASL A 
4937 65C6 4590 ADC TEMPZ 
4939 65C5 4600 AOC TEMPR 
4938 A8 4610 TAY 
493C C8 4620 INY 
4930 696306 4630 LOA 
4940 FOOD 4640 BEQ 
4942 A08906 4650 LOA 
4945 38 4660 SEC 

LINARR, Y 
Y96 
LPTS 

4946 E920 4670 SBC 1$20 

4948 6002 4680 BCS A91 
494A A900 4690 LOA ISOO 
494C 808906 4700 A91 STA LPTS 
494F E8 4710 Y96 INX 
4950 E005 4720 CPX 1$05 
4952 0005 4730 BNE LOOP72 

4740 J 
4750 ;now evaluate vulnerablllty to penetrations 
4760 ; 

4954 AOOO 4770 LOY ISOO 
4956 8C8B06 4780 LOOP54 STY DCOLUM 
4959 A200 4790 LOX ISOO 
4958 8E8A06 4800 LOOP73 STX COLlJ4 
495E EC8B06 4810 CPX OCOLUM 
4961 F021 4820 BEQ NXCLM 
4963 808406 4830 LOA LY,X 
4966 38 4840 SEC 
4967 F9840b 4850 SBC LY,Y 
496A F018 4860 BEQ NXCLM 
496C 3016 4870 BMI NXCLM 
496E AA 4880 TAX 
496F A901 4890 LOA 1$01 
4971 OA 4900 LOOP74 ASL A 
4972 CA 4910 DEX 
4973 OOFC 4920 BNE LOOP74 
4975 85C5 4930 STA TEMPR 
4977 AD8906 4940 LOA LPTS 
497A 38 4950 SEC 
4978 E5C5 4960 SBC TEMPR 
4970 8002 4970 BCS Y32 
497F A900 4980 LOA 1$00 
4981 808906 4990 Y32 STA LPTS 
4984 AE8A06 5000 NXCLM LOX COLUM 
4987 E8 5010 INX 
4988 E005 5020 CPX 1$05 
498A DOCF 5030 BNE LOOP73 
498C ca 5040 INY 
4980 C005 5050 CPY 1$05 
498F OOC5 5060 BNE LOOP54 

5070 ; 
5080 ;now get overall tine value weighted by danger vector 
5090 J 

4991 A6C2 5100 LOX ARMY 
4993 AC4806 5110 LOY SECDIR 
4996 0006 5120 BNE Z18 
4998 800140 5130 LOA IFRN-55,X 
4996 4C8549 5140 JMP Z20 
499E COOi 5150 Z18 CPY ISOI 
49AO 0006 5160 BNE Z19 
49A2 606940 5170 LOA IFRE-55,X 
49A5 4CB549 5180 JMP Z20 
49A8 C002 5190 Z19 CPY 1$02 



49AA 0006 5200 6NE Z17 4A03 f 002 5720 6EQ Z45 

49AC 600140 5210 LOA IFRS-55,X 4A05 6021 5730 6CS Y68 

49AF 4C6549 5220 JMP Z20 4A07 690054 5740 Z45 LOA CORPSX,Y 

4962 60394E 5230 Z17 LOA IFRW-55,X 4AOA 36 5750 SEC 
4965 tl5C5 5240 Z20 STA TEMPR 4AOB E03406 5760 SBC TARGX 

4967 AE8906 5250 LOX LPTS 4AOE 203040 5770 JSR INVERT 

49BA FOl3 5260 6EQ Z49 4All 85C5 5780 STA TEJ.f>R 

49BC A5C7 5270 LOA ACCL.0 4A13 B99F54 5790 LOA CORPSY,Y 

496E 18 5280 CLC 4A16 38 5800 SEC 

49BF 65C5 5290 LOOP75 ADC TElf'R 4A17 E03506 5810 SBC TARGY 

49Cl 9009 5300 BCC Y34 4A1A 203040 5820 JSR INVERT 

49C3 E6C8 5310 INC ACCHI 4Al0 18 5830 CLC 

49C5 18 5320 CLC 4A1E 65C5 5840 ADC TEMPR 

49C6 0004 5330 6NE Y:S4 4A20 CD3A06 5850 04P NB VAL 

49C8 A9FF 5340 LOA ISFF 4A23 8003 5860 BCS Y68 

49CA 85C8 5350 STA ACCHI 4A25 803A06 5870 STA NB VAL 

49CC CA 5360 Y34 DEX 4A28 88 5860 Y66 DEY 

49CD OOFO 5370 BNE LOOP75 4A29 1003 5890 BPL LOOP59 

5380 ; 5900 J 

5390 ;next secondary direction 5910 ;now determine whether to use offensive or defensive strategy 

5400 ; 5920 J 

49CF CB 5410 Z49 INY 4A2B A6C2 5930 LOX ARMY 

4900 C004 5420 CPY 1$04 4A20 806106 5940 LOA IFR-55,X 

4902 FOlF 5430 BEQ Y35 4A30 85C5 5950 STA TEJ.f>R 

4904 8C4806 5440 STY SECDIR 4A32 A90f 5960 LOA ISOF 

5450 ; 4A34 36 5970 SEC 
5460 ;rotate array 4A35 E5C5 5960 SBC TEJ.f>R 

5470 ; 4A37 900C 5990 ace A40 

4907 A216 5480 LOX #$18 4A39 OA 6000 ASL A OK, let's fool the routine 

4909 806306 5490 LOOP70 LOA LINARR,X 4A3A 85C5 6010 STA TEMPR 

49DC 904A06 5500 STA BAKARR,X 4A3C A909 6020 LOA 1$09 

490F CA 5510 DEX 4A3E 36 6030 SEC 

49EO 10f7 5520 6PL LOOP70 4A3f E03A06 6040 SBC NB VAL I know that NBVAL<9 for all front line units 

49E2 A218 5530 LOX #$18 4A42 603A06 6050 STA NB VAL 

49E4 BC787A 5540 LOOP71 LOY ROTARR,X 6060 ; 

49E7 BD4A06 5550 LOA BAKARR,X 6070 ;now add NBVAL*IFR to SQVAL with defensive bonus 

49EA 996306 5560 STA LINARR, Y 6080 ; 

49ED CA 5570 DEX 4A45 AC3A06 6090 A40 LOY NBVAL 
49EE 10F4 5580 BPL LOOP71 4A48 0005 6100 BNE Z24 this square occupied by a German? 

49FO 4CBF48 5590 JMP Y88 4A4A 64CE 6110 STY SQ VAL yes, do not enterlll 

5600 ; 4A4C 41l>64A 6120 JMP EVALSQ 

5610 ; 4A4f A4CD 6130 Z24 LOY TRNTYP 

49F3 A5C8 5620 Y35 LOA ACCHI 4A51 898479 6140 LOA DEFNC,Y 

49f5 85CE 5630 STA SQVAL 4A54 18 6150 CLC 

5640 ; 4A55 603A06 6160 ADC NBVAL 
5650 ;get range to closest German Into NBVAL 4A56 A6 6170 TAY 

5660 ; 4A59 A900 6180 LOA 1$00 

49f7 A036 5670 Y65 LOY #$36 4A5B 16 6190 CLC 

49F9 A9FF 5680 LOA #SFF 4A5C 65C5 6200 LOOP60 ADC TEMPR 

49FB 803A06 5690 STA NBVAL 4A5E 9004 6210 ace Y69 

49FE 891857 5700 LOOP59 LOA ARRIVE,Y 4A60 A9FF 6220 Z22 LOA ISFF 

4AOI C5C9 5710 CMP TURN 4A62 3003 6230 BMI Y71 



4A64 88 6240 Y69 
4A65 OOf 5 6250 

4A67 18 
4A68 65CE 
4A6A 9002 
4A6C A9ff 
4A6E 85CE 

6260 ; 
6270 Y71 
6280 
6290 
6300 
6310 xoo 
6320 ; 

DEY 
8NE LOOP60 

CLC 
AOC 
BCC 
LOA 
STA 

SQYAL 
xoo 
#$FF 
SQYAL 

6330 ;extract penalty It somebody else has dibs on this square 
6340 ; 

4A70 A09E 6350 LOY 
4A72 B95A7A 6360 LOOP58 LOA 
4A75 CD3406 6370 CMP 
4A78 001E 6380 BNE 
4A7A B96153 6390 LOA 
4A70 CD3506 6400 CMP 
4A80 0016 6410 BNE 
4A82 C4C2 6420 CPY 
4A84 F012 6430 BEQ 
4A86 B91B57 6440 LOA 
4A89 C5C9 6450 CMP 
4A8B F002 6460 BEQ 
4A80 B009 6470 BCS 
4A8f A5CE 6480 Z44 LOA 
4A91 E920 6490 SBC 
4A93 85CE 6500 STA 
4A95 4CD64A 6510 JMP 
4A98 88 6520 Y63 DEY 

#$9E 
08JX-55.Y 
TARGX 
Y63 
OBJY-55.Y 
TARGY 
Y63 
ARMY 
Y63 
ARRIYE.Y 
T~ 
Z44 
Y63 
SQVAL 
1$20 
SQYAL 
EVALSQ 

4A99 C037 6530 CPY 1$37 
4A9B B005 6540 BCS LOOP58 

6550 ; 
6560 ;now extract distance penalty 
6570 ; 

4A90 800054 6580 Y60 
4AAO 38 6590 
4AA1 E03406 6600 
4AA4 203040 6610 
4AA 7 85C5 6620 
4AA9 B09f54 6630 
4AAC 38 6640 
4AAO E03506 6650 
4ABO 203040 6660 
4AB3 18 6670 
4AB4 65C5 6680 
4AB6 C907 6690 
4AB8 9006 6700 
4ABA A900 6710 
4ABC 85CE 6720 
4ABE F016 6730 

4ACO AA 
6740 ; 
6750 Z48 

LOA 
SEC 
SBC 
JSR 
STA 
LOA 
SEC 
SBC 
JSR 
CLC 
AOC 
CMP 
BCC 
LOA 
STA 
BEQ 

TAX 

CORPSX.X 

TARGX 
INVERT 
TEMPR 
CORPSY,X 

TARGY 
INVERT 

TEMPR 
1$07 
Z48 
1$00 
SQVAL 
EVALSQ 

this square Is too tar away 

4AC1 A901 
4AC3 OA 
4AC4 CA 
4AC5 lOFC 
4AC7 85C5 
4AC9 A5CE 
4ACB 38 
4ACC E5C5 
4ACE 85CE 
4A00 6004 
4A02 A900 
4A04 85CE 

6760 LOA #$01 
6770 LOOP77 ASL A 
6780 DEX 
6790 BPL 
6800 STA 
6810 LOA 
6820 SEC 
6830 SBC 
6840 STA 
6850 BCS 
6860 LOA 
6870 STA 
6880 ; 

LOOP77 
T.::MPR 
SQYAL 

TEMPR 
SQYAL 
EVALSQ 
1$00 
SQVAL 

6890 ;now evaluate this square 
6900 ; 

4A06 AC3306 6910 EYALSQ LOY DIR 
4A09 A6C2 6920 LOX ARMY 
4AOB A5CE 6930 LOA SQYAL 
4AOO CD3106 6940 CMP BYAL 
4AE0 9006 6950 BCC Y72 
4AE2 803106 6960 STA BYAL 
4AE5 8C3206 6970 STY BONE 
4AE8 ca 6980 Y72 I NY 
4AE9 C004 6990 CPY 
4AE6 f 006 7000 BEQ 
4AEO 8C3306 7010 STY 
4AFO 4C1248 7020 JMP 

7030 ; 
4AF3 B05A7A 7040 Y73 
4AF6 AC3206 7050 
4AF9 3004 7060 
4AFB 18 7070 
4AFC 79F27B 7080 
4Aff 905A7A 7090 Y74 
4602 B06153 7100 
4B05 AC3206 7110 
4B08 3004 7120 
4BOA 18 7130 
4808 79F178 7140 
4BOE 906153 7150 Y75 

7160 ; 
7170 ; 

LOA 
LOY 
BMI 
CLC 
AOC 
STA 
LOA 
LOY 
BMI 
CLC 
AOC 
STA 

4B11 A01000 7180 TOGSCN LOA 
4B14 FOOC 7190 6EQ 
4816 A908 7200 LOA 
4618 801FOO 7210 STA 
4816 AOlFOO 7220 LOA 
481 E 2901 7230 ANO 
4820 F008 7240 8EQ 
4822 CA 7250 A30 DEX 

1$04 
Y73 
DIR 
ORLOOP 

OBJX-55,X 
BONE 
Y74 

XINC,Y 
OBJX-55,X 
OBJY-55,X 
BONE 
Y75 

YINC,Y 
OBJY-55,X 

TRIGO 
A30 
1$08 
CONSOL 
CONSOL 
1$01 
WRAPUP 

4823 E037 7260 CPX 1$37 
4825 9003 7270 6CC Y76 

Ignore game console If red button Is down 



4B27 4C7347 7260 JMP LOOP51 4BAO 4A 7600 LSR A 

4B2A 4C7147 7290 Y76 JMP MLOOP 4BAE 804506 7610 STA CHRIS 

7300 ; 
7820 ; 

4620 A29E 7310 WRAPUP LOX #$9E 4661 A04506 7830 LOOP61 LOA CHRIS 

4B2F 66C2 7320 LOOP62 STX ARMY 4684 18 7840 CLC 

4631 601657 7330 LOA ARRIVE,X 4665 604406 7850 ADC SRNGE 

4634 C5C9 7340 CMP TURN 4668 8D4506 7860 STA CHRIS 

4636 9003 7350 BCC Y78 4668 38 7870 SEC 

4638 4C1A4C 7360 JMP Y77 4BBC E04606 7880 SBC RANGE 

4638 8D5A7A 7370 Y78 LOA 08JX-55,X 4BBF 8005 7890 BCS OVRFLO 

483E A003 7360 LDY 1$03 4BC1 AD3F06 7900 LOA LOIR FBC4 9006 7910 BCC STIP 

4640 38 7390 SEC 4BC6 804506 7920 OVRFLO STA CHRIS 

4841 F00054 7400 SBC CORPSX,X 4BC9 AD4006 7930 LOA SDIR 

4844 1005 7410 BPL Y79 4BCC 803306 7940 STIP STA DIR 

4846 A001 7420 LOY 1$01 4BCF A04706 7950 LOA RCNT 

4848 203240 7430 JSR INVERT+2 4802 2903 7960 AND 1$03 

4848 8C3D06 7440 Y79 STY HOIR 4804 AB 7970 TAY 

4B4E 804106 7450 STA HRNGE 4805 85C5 7980 STA TEMPR 

4651 AOOO 7460 LOY 1$00 4807 A04706 7990 LOA RCNT 

4653 806153 7470 LOA OBJY-55,X 480A 4A 8000 LSR A 

4656 38 7460 SEC 4800 4A 8010 LSR A 

4857 FD9F54 7490 SBC CORPSY,X 4BOC M 8020 TAX 

485A 1005 7500 BPL Y80 4800 AD3306 8030 LOA DIR 

4B5C A002 7510 LOY 1$02 4BEO 68 8040 Y85 DEY 

4B5E 203240 7520 JSR INVERT+2 4BE1 3005 8050 BMI Y84 

4661 8C3E06 7530 Y80 STY VOIR 4BE3 OA 8060 ASL A 

4664 804206 7540 STA VRNGE 4BE4 OA 8070 ASL A 

4867 CD4106 7550 0-IP HRNGE 4BE5 4CE04B 8080 JMP Y85 

4B6A 9015 7560 ace Y81 8090 ; 

486C 804306 7570 STA LRNGE 4BE8 A4C5 8100 Y84 LOY TEMPR 

4B6F AD4 106 7 580 LOA HRNGE 4BEA 503606 8110 EOR ROR01,X 

4672 8D4406 7590 STA SRNGE 4BEO 39DE5F 8120 AN> MASKO,Y 

4875 AD3006 7600 LOA HOIR 4BFO 503806 8130 EOR ROR01,X 

4678 804006 7610 STA SOIR 4BF3 903806 8140 STA ROR01,X 

4678 8C3F06 7620 STY LDIR 4BF6 AE4706 8150 LOX RCNT 

487E 4C934B 7630 JMP Y82 4Bf 9 E8 8160 INX 

4881 604406 7640 Y81 STA SRNGE 4BFA 8E4706 8170 STX RCNT 

4884 8C4006 7650 STY SDIR 4BFD E008 8160 CPX #$08 

4687 AD4106 7660 LOA HRNGE 4Bff 8005 8190 BCS Y86 

4B8A 604306 7670 STA LRNGE 4C01 EC4606 8200 CPX RANGE 

4680 AC3006 7680 LOY HDIR 4C04 90AB 8210 ace LOOP61 

4890 6C3F06 7690 STY LOIR 4CD6 A6C2 6220 Y66 LOX ARMY 

4893 A900 7700 Y82 LOA 1$00 4C08 AD3806 8230 LOA ROR01 

4895 804706 7710 STA RCNT 4COB 90145E 8240 STA WHORDS,X 

4896 803606 7720 STA RORDl 4COE AD3C06 8250 LOA RORD2 

4896 803C06 7730 STA RORD2 4C11 9DB35E 8260 STA WHORDH,X 

4B9E AD4306 7740 LOA LRNGE 4C14 A04706 8270 LOA RCNT 

4BA1 18 7750 CLC 
4Cl7 907550 8280 STA HMOROS,X 

4BA2 604406 7760 AOC SRNGE 
8290 ; 

4BA5 804606 7770 STA RANGE 4C1A CA 8300 Y77 DEX 

4BA8 F05C 7780 BEQ Y86 4C1B E037 8310 a>X #$37 

4BAA AD4306 7790 LOA LRNGE 



, 

4CID 9003 8320 BCC Y87 4C87 AD8306 8840 ZOO LOA TEMPY 
4C1F 4C2F4B 8330 JMP LOOP62 4C8A IOOE 8850 BPL Z03 
4C22 60 8340 Y87 RTS 4C8C 203240 8860 JSR INVERT+2 

8350 ; 4C8F A202 8870 LOX 1$02 

8360 ;Subroutine CALIFR determines lndlvldual force ratios 4C91 C08206 8880 CMP TEMPX 
8370 ;In all four directions 4C94 BOIE 8890 BCS Z02 
8380 ; 4C96 A203 8900 LOX 1$03 

4C23 AOOO 8390 CALI FR LOY #SOO lnltlallze vectors 4C98 901A 8910 BCC Z02 
4C25 8C7C06 8400 STY IFRO 4C9A A200 8920 Z03 LOX #$00 

4C28 8C7006 8410 STY IFRI 4C9C C08206 8930 CMP TEMPX 
4C2B 8C7E06 8420 STY IFR2 4C9F 8013 8940 BCS Z02 
4C2E 8C7F06 8430 STY IFR3 4CA1 A203 8950 LOX #S03 
4C31 8C8C06 8440 STY IFRHI 4CA3 900F 8960 BCC Z02 

4C34 ca 8450 INY 4CA5 AD8206 8970 ZOl LOA TEMPX 

4C35 84CC 8460 STY RFR 4CA8 203240 8980 JSR INVERT+2 

4C37 800054 8470 LOA CORPSX,X 4CAB A201 8990 LOX #SOI 

4C3A 808006 8480 STA XLOC 4CAD C08306 9000 CMP TEMPY 

4C3D BD9F54 8490 LOA CORPSY,X 4CBO 8002 9010 BCS Z02 

4C40 808106 8500 STA YLOC 4CB2 A200 9020 LOX #SOO 

4C43 A09E 8510 LOY IS9E 4CB4 890055 9030 Z02 LOA CSTRNG,Y 

4C45 B91B57 8520 LOOP53 LOA ARRIVE,Y 4CB7 4A 9040 LSR A 

4C48 C5C9 8530 CMP TURN 4CB8 4A 9050 LSR A 

4C4A 8021 8540 BCS Z07 4CB9 4A 9060 LSR A 

4C4C B99F54 8550 LOA CORPSY,Y 4CBA 4A 9070 LSR A 

4C4F 38 8560 SEC 4CBB C037 9080 Zll CPY 1$31 

4C50 ED8106 8570 SBC YLOC 4CBD 900C 9090 BCC Z12 

4C53 808306 8580 STA TEMPY save signed vector 4CBF 18 9100 CLC 

4C56 203040 8590 JSR INVERT 4CCO 65CC 9110 ADC RFR 

4C59 85C5 8600 STA TEMPR 4CC2 9002 9120 BCC Z13 

4C5B 890054 8610 LOA CORPSX,Y 4CC4 A9FF 9130 LOA ISFF 

4C5E 38 8620 SEC 4CC6 85CC 9140 Z13 STA RFR 

4C5F E08006 8630 SBC XLOC 4CC8 4C064C 9150 JMP Y48 

4C62 808206 8640 STA TEMPX 4CCB 18 9160 Z12 CLC 

4C65 203040 8650 JSR INVERT 4CCC 707C06 9170 ADC IFRO,X 
4C68 18 8660 CLC 4CCF 9002 9180 BCC Z05 

4C69 65C5 8670 ADC TEMPR 4C01 A9FF 9190 LOA #SFF 

4C6B C909 8680 Z21 CMP #S09 no point In checking It he's too tar 4CD3 907C06 9200 Z05 STA IFRO,X 

4C6D 8067 8690 Z07 BCS Y48 4C06 88 9210 Y48 DEY 
4C6F 4A 8700 LSR A 4C07 F003 9220 BEQ Z06 

4C70 85C5 8710 STA TEMPR this Is half of range to unit 4C09 4C454C 9230 JMP LOOP53 
8720 9240 ; 
8730 now select which IFR gets this German 4COC A203 9250 Z06 LOX 1$03 

8740 4COE A900 9260 LOA #SOO 

4C72 A08206 8750 LOA TEMPX 4CEO 18 9270 Y37 CLC 

4C75 1010 8760 BPL zoo 4CE1 707C06 9280 ADC IFRO,X 

4C77 A08306 8770 LOA TEMPY 4CE4 9002 9290 BCC Y36 

4C7A 1029 8780 BPL ZOl 4CE6 A9FF 9300 LOA ISFF 

4C7C A202 8790 LOX 1$02 4CE8 CA 9310 Y36 DEX 

4C7E CD8206 8800 CMP TEMPX 4CE9 IOF5 9320 BPL Y37 

4C81 8031 8810 BCS Z02 9330 

4C83 A201 8820 LOX #SOl 9340 

4C85 9020 8830 BCC Z02 4CEB OA 9350 ASL A 



" I 

4CEC 2E8C06 9360 ROL IFRHI 
4CEF OA 9370 ASL A 
4CFO 2E8C06 9380 ROL IFRHI 
4CF3 OA 9390 ASL A 
4CF4 2EBC06 9400 ROL IFRHI 
4CF7 OA 9410 ASL A 
4CF8 2E6C06 9420 ROL IFRHI 
4CFB A200 9430 LOX ISOO 
4CFD 38 9440 SEC 
4CFE E5CC 9450 Z16 SBC RFR 
4000 8006 9460 BCS Z14 
4002 CE8C06 9470 DEC IFRHI 
4005 38 9480 SEC 
4006 3004 9490 BMI Zl5 
4008 E8 9500 Z14 INX 
4009 4CFE4C 9510 JMP Z16 
4DOC BA 9520 Z15 TICA 
4000 A6C2 9530 LOX ARMY 
4DOF 18 9540 CLC 
4010 609206 9550 AOC OFR remember strategic situation 
4013 6A 9560 ROR A average strategic with tactical 
4014 906106 9570 STA IFR-55,X 

9580 ; 
9590 ;keep a record of danger vector 
9600 ; 

4017 A07C06 9610 LOA IFRO 
401A 900140 9620 STA IFRN-55,X 
4010 A07006 9630 LOA IFRl 
4020 906940 9640 STA IFRE-55,X 
4023 A07E06 9650 LOA IFR2 
4026 900140 9660 STA IFRS-55,X 
4029 A07F06 9670 LOA IFR3 
402C 90394E 9680 STA IFRW-55,X 
402F 60 9690 RTS 

9700 ; 
4030 1005 9710 INVERT BPL Z46 
4032 49FF 9720 EOR ISFF 
4034 18 9730 CLC 
4035 6901 9740 AOC ISOl 
4037 60 9750 Z46 RTS 

9760 ; 
4038 9770 IFRN ... *+104 
40AO 9780 IFRE ... *+104 
4E08 9790 IFRS ... *+104 
4E70 9800 IFRW ... *+104 
4E08 9810 .ENO 



DISCLAIMER OF WARRANTY AND LIABILITY ON COMPUTER PROGRAMS 
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delivered or mailed, postage prepaid, to the ATARI Program Exchange. 

This warranty shall not apply if the media or ha.rd ware accessories C1) have been 
misused or show signs of excessive wear, C2) ha.ve been damaged by playback equipment 
or by being used with any products not supplied by ATARI, or <3> if the purchaser 
ca.uses or permits the media or hardware accessories to be serviced or modified by 
anyone other tha.n an authorized AT.ARI Service Center. Any applicable implied 
warranties on media. or ha.rdwa.re accessories, induding warranties of merchantability 
and fitness, are hereby limited to 30 da.ys from the da.te of purchase. Consequential 
or incidental damages resulting from a. breach of any applicable express or implied 
warranties on media or hardware accessories are hereby exduded. Some states do not 
allow limitations on how long an implied warranty lasts, so the above limitation may 
not apply to you. Some states also do not allow the exdusion or limitation of 
incidental or consequential damage, so the above limitation or exdusion may not 
apply to you. 





ATARI PROGRAM EXCHANGE 
REVIEW FORM 

We're interested in your experiences with APX programs and documentation, both favorable and 
unfavorable. Many software authors are willing and eager to improve their programs if they know 
what users want, And, of course, we want to know about any bugs that slipped by us, so that the 
software author can fix them. We also want to know whether our documentation is meeting your needs. 
You are our best source for suggesting improvements! Please help us by taking a moment to fill in 
this review sheet. Fold the sheet in thirds and seal it so that the address on the bottom of the 
back becomes the envelope front. Thank you for helping us! 

1. Name and APX number of program----------------------

2. If you have problems using the program, please describe them here. 

3. What do you especially like about this program? 

4. What do you think the program's weaknesses are? 

5. How can the catalog description be more accurate and/or comprehensive? 

6. On a sc:ale of 1 to 10, 1 being "poor" and 10 being "excellent", please rate the following 
aspects of this program? 

__ Easy to use 
__ User-oriented <e.g., menus, prompts, clear language> 
__ Enjoyable 

Self-instructive 
__ Useful <non-game software> 
__ Imaginative graphics and sound 

7, Describe any technical errors you found in the user instructions <please give page numbers>. 



a. What did you especially like about the user instructions? 

9. What revisions or additions would improve these instructions? 

10. On a scale of 1 to 10t 1 representing "poor" and 10 representing "excellent"• how would you 
rate the user instructions and why? 

11. Other comments about the software or user instructions: 

ATARI Program Exchange 
P.O. Box 427 
155 Moffett Park Drive, B-1 
Sunnyvale, CA 94086 

[seal hereJ 

I I 
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I I 
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