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INTRODUCTION 

Imagine yourself as capta in of a space ship traveling throughout 
the galaxy. Your mission is to seek and destroy all alien ships to 
make the galaxy safe so that other ships from your planet may jour­
ney into outer space. Due to the urgency of the mission it must be 
completed within a given time. If the mission is not completed with­
in the time allotted, the sa fety of all future voyages is in jeopardy. 
Your space ship is supplied with a limited amount of fuel and 
weapons so you must choose your course and attack strategy care­
fully. Mission con trol has placed space stations at various points in 
the galaxy for refu eling. A space station contains a limitless amount 
of fuel and weapons. However, don 't get caught too far from a space 
station with your energy low or you may end up drifting end lessly 
through space. 

As an aid in searching the galaxy, the space ship is equipped with 
a galaxy scanner which is capable of displaying three different de­
grees of detail. The short range scan provides an accurate picture of 
the immediate quadrant through whi ch the space ship is currently 
traveling. You r location and that of any alien ships, stars , and space 
stations in the quadrant are defined by exact sector coordinates. The 
long range scan displays t he contents of the eight quadrants sur­
rounding the quadrant you presently reside in. The wide angle 
scanner provides a view of the total galaxy from which you can plot 
your course. 

The space ship is equipped with two types of weapons. The 
PHASOR is an energy discharge device which homes in on all enemy 
ships in the immediate area and directs specified amounts of energy 
at each . This energy, if e nough to destroy, will completely eliminate 
the alien ship. However, should the alien sh ip survive the attack, it 
will retaliate by shooting back at your ship. It is important that you 
keep the energy in your ship's protective shields at sufficient levels 
to withstand any possible retaliation from the enemy. The other 
weapon available is the TORPEDO. It is capable of d estroying any 
alien ship on impact. The target must be in direct line of sight of 
the space ship for the torpedo to reach its destination. A missed tor-
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pedo shot results in immediate retaliation by the alien ship. Also, be 
careful when there is a space station in the area. If the torpedo hi ts 
it, the space station is destroyed. 

Now, turn your imagination into the realm of reality by t rans­
forming your small computer system into the contro l station of the 
space ship. Eac h move by the space ship is contro lled by the com­
puter operator and the responsibility of the total mission is placed on 
the operator's shoulders. The GALAXY program presented here 
will allow one to make this transformation by load ing the program as 
presented, and simply adding the appropriate I /O routines for one's 
specific I/O setup . Or, it ca n be expanded by revising the command 
operations or adding new commands to make the game mo re com­
plex, and modifying it to take adva ntage of special I/O devices which 
the reader may have associated with one's computer system. The 
number of possible variations are limitless. The operation of this 
program is explained in detail to aid those that desire to make 
revisions and additions to its operation. 
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OPERATION OF THE GALAXY PROGRAM 

Be[ore geLling into the specifics of the SCELBI GALAXY pro­
gram, it is important that the reader understands the general opera­
tion o f the program. As one might imagine, the programming will be 
a bit intricate at times, so a good general knowledge of its operation 
will help keep things in perspective. This section is also written so 
that it may be used as an operating guide which may be referred to 
when playing th e game. 

The object of the Galaxy game is to destroy all the ali en ships in 
the galaxy . The exact number of alien ships which must be destroyed 
is defined in th e initial message along with the number of stardates 
One has to complete the mission, and the number of space stations 
available in the galaxy for refueling. Each tim e a game is started , the 
entire galaxy is set up in a random manner so that nO two games will 
be the same . The number of alien ships and space stations, and their 
respective locations in the galaxy will also be different for each game. 

The galaxy is made up of 64 quadrants arranged in an eight-by­
eight matrix. The quadrants are identified by the row number and 
column number of its location in the matrix. The row numbers run 
from one to eight starting with the top row. The co lumn numbers go 
from one to eight starting with the left-hand co lumn . Within each 
quadrant there are 64 sectors arranged in the exact same format as 
the quadrants in the ga lax y. There can exist only one galactic object 
in a sector at anyone time. An illustration of the matrix is shown 
on the following page. 

The space ship used to traverse the galaxy in search of enemy ves­
sels contains several integral parts which allow it to carry out its 
mission. First, there is the main storage bank which contains the 
main supply of energy [or the space ship. This energy is used to move 
the ship through the galaxy, supply the power to fire the phasors 
and torpedoes, and transfer energy to the protective shields. The 
maximum energy capacity in the main storage bank is 5000 units. 
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The master co ntrol panel is used to enter commands to direct the 
ship 's moveme nt, request scanner displays, fire phasors and torpe­
does, and transfer energy to t he protective shields. It also di splays 
status reports to inform the operator of various conditions which 
arise during the course of the mission. The master control panel re­
quires 10 units of energy for each command entered. It is also a posi­
tive action panel which means that once a command mode is entered , 
the command sequence must be completed . The physical arrange­
ment of the master control panel will d epend on the I/O facili t ies of 
the individual computer system. 

The alien ships which are to be destroyed have the following 
properties. First, a protective shi eld, similar to the space ship's 
shields, surrounds the alien ship . This shield can contain from 0 to 
1023 uni ts of energy. This supply of energy is d epleted by a p hasor 
shot from the space ship in direct proportion to t he amount of 
phasor energy which reaches the shield. Next, the alien ship has an 
endless supply of energy to fire back at the space ship. This energy is 
fired on ly in retaliation for an attack by the space ship. If a torpedo 
shot misses, the alien ship responds with a phasor of 200 units of 

1 - 2 



energy. If a phasor does not destroy the alien ship , a phasor with 1 /4 
o f the amount of energy left in the shields of the ali en ship is fi red 
at the space ship . The a lien ship is destroyed by the direct hi t of a 
torpedo, hy a phasor which removes all of its shi eld energy, or by the 
space ship colliding with th e alien ship. 

Space stations are scattered throughout the galaxy to provide the 
space ship with re fueling locations. In order for the space ship to re­
fuel, it mu st ma neuver to a sector a longside the space station wh ere 
it is co nsidered " docked. " When the space ship is docked , its energy 
supply is repleni shed to its maximum capacity , and t he torpedo 
tubes are refi lled to the ir capacity of 10 torpedoes. The energy and 
torpedoes are t ransferred to the space ship o nly on the initial move 
to dock with th e space statio n. Remaining d ocked while using e nergy 
to fire phasors and torpedoes will no t provide the space ship with an 
end less supply. To repl enish its supply after attacking from a docked 
posi tion , the space ship mll st move away from, and then retu rn to, 
the space statio n. Also, when docking, if the space ship collides with 
the space station , the space station will be d estroyed. 

The ship's weapons arsonal consists of a phasor, whi ch discharges 
high levels of co ncen trated energy, and a torpedo launcher. The 
phasor "homes in " on all alien ships in the quadrant in which the 
space ship is residing. The actual amount of energy fired is selected 
by the operator. The to rpedo must proceed in a strai ght line to t he 
object that it is to destroy . The maximum number of to rpedoes, and 
the amount of energy used for each , will be covered shortly. 

The protective shield s are the ship's defense against any attack by 
an alien ship, or it's protection from damage shou ld it accidently 
collide with a space station or alien ship . The shields are ca pable of 
absorbing an amount of energy equal to the amount of energy they 
contain . It is important that the shield energy level be maintained 
high enough to withstand any possible attack, since severe energy 
losses occur if the shield energy goes to zero. 

The stars , which are scattered throughout the galaxy, serve as 
possible obstructions for the space ship when moving about in a 
quadrant, and by block ing the direct line of fire of a torpedo. The 
space ship must also be very careful in man euvering around a star 
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because co lliding with one means instant destruction. 

When a co mmand is to be input to th e pro~ram , t he following 
message will he displayed: 

The operalor must then enter a number from zero to six to initiate 
one o f the fo llo wing command m odes. 

O· SPACE SHIP \ IO\'E:\IE:\T CO\I~I.-\ :-'; O 

1 · SHO RT RA:\GE SC\ :\ ('0 \1\1.-\ '\'0 
2· LO :\G R"\:\G E SC.\:\ CO\I~J..\ :\O 
3· G.-\ L,-\XY O ISPL.-\Y CO\I\I.-\;-.ID 
-I · S III EL D CO.\I\I.-\ :'\O 
5 - PIIASO R CO\I\ I.-\ :\O 
6· TORPEDO CO\ I\ I.-\ :\O 

COilIMA:-.JO 0 - SP AC E S IIII' \ IOVE il IE:-';T 

Th e movement of the space ship is contro lled by designating bo th 
course direction and distance. Movement wit.hin a quadrant requires 
o nl y the energy req uired fo r the eommand. which is 10 uni ts. If the 
move crosses one or more quadran t boundaries, 25 units are used for 
each quadrant crossed. \\'hen the completion of any move results in 
the space ship residing- in a new quadrant, one stardate is used up. 

When a movement command is entered, the course direction is 
requ ested by the fo llowing message be ing displayed: 

COURSE (1-8.5)? 

Cou rse direct ion is entered by specifying a two digit number as 
indicated in th e request of the value l.0 t.o 8.5. This number indi­
cates the direction the space ship is t.o move according to the com­
pass o n the following page. 
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From this diagram, one can see that the possib le directions star t to 
the right with a value of 1.0 and move around in a counterclockwise 
manner with assignments made every 22 '/, degrees. If one desired to 
move to the left and slightl y down , the course would be entered as 
5.5. This direction assignment is also used to define th e trajectory of 
a torpedo fired from the space ship , as wi ll be discussed shortly. 

After th e d irection has been entered, the distance, or warp factor, 
is requested by the following message being displayed: 

WARP FACTO R (0.1-7.7)? 

As indicated, the warp factor is entered by specify ing a two digit 
value. The space ship will move a distance of one sector for each 0 .1 
designated in th e input. The maximum va lue fo r either digit is seven. 
Thus, to move to the same sector in the quadrant to the right of 
one's cu rrent position , the course direction would he 1 .0 , and the 
warp factor would be 1.0, not 0.8. This setup creates a one-to-one 
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relationship between the distance entered, and the number of quad­
rants and sectors moved through, since the quadrants are broken up 
into an 8 x 8 matrix for the sectors. 

'lnere are several moves which one must be very careful to avoid 
whi le traveling through the galaxy. One is that of mov ing o ut of the 
boundaries of the galaxy. If this occurs, the space ship is lost forever 
in outer space. Another move of equivalent consequence is a move 
which causes the space ship to crash into a star . A star is considerably 
larger than t he space ship, and a collision results in the space ship 
becoming completely engulfed in the gaseous composition of the star 
and destroyed. The third move to avoid is a collision wi th a space 

_ station. The force of the collision will result in the loss of 6 00 uni ts 
of energy from the space sh ip . Of a greater consequence, however , is 
the aspect that the space station is wiped o ut on impact , since it co n­
tains no defensive mechanism to absorb such a collision. This may 
seriously damage t he chances of completing a mi ssion . The final 
move is a "kami-kazi" move against an alien ship . This gives the de­
sired affect of destroying the enemy, but the space ship will sustain a 
loss of 1500 units of energy which may leave it with very little 
power. The possibility of colliding wit h another object is only 
present while traveling in the quadrant that the space ship is in at the 
time the movement command was entered. Once the ship moves out­
side the initial quadrant, the automatic guid ance control takes over 
and safely steers the space ship to its d estination. 

COMMAND 1 - SHORT RANGE SCAN 

The short range scan provides a detailed picture of the contents o f 
the quadrant in which the space ship currently resides . A short range 
scan uses on ly the energy required for the command , which is 10 
units. T he precise sector location of the space ship, stars, alien ships, 
and space stations are displayed for examination by the operator. 
The fo llowing symbo ls are used to define each of the possible 
objects. 

<*> -SPACE SHIP 
+++ - ALIEN SHIP 
* -STAR 

> 1< -SPACESTATIO N 
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A sample of a short range scan display is shown below . The display 
also provides the basic status information for the ship to the left of 
the scan. The stardate will always start with a 30, and the last two 
digits will approach the value of 50. When the stardate reaches 3050, 
the space ship has run out of stardates and the mission has failed. 
The condi tion status will be red if an alien ship is present in the cur­
rent quadrant, and green if there are no alien ships in the quadrant. 
The quadrant and sector values re fer to the current position of the 
space ship . The first digit indicates the row number, and the second 
digit ind icates the co lumn o f the respective position in the galaxy. 
The energy is the amount of energy currently contained in the main 
storage bank. This energy will be a maximum value of 5000 units. 
The next entry provides a count of the number of torpedoes avail­
able on the space ship. The final status entry indicates the amount of 
energy in t he protective sh ield s. 

·1 --2--3--4 --5--6-- 7- -8 -
1 * 
2 
3 +++ 
4 
5 
6 
7 
8 

* --
>1< * 

· 1 - - 2 -·3 - - 4 - - 5 - - 6 - - 7 - - 8-

STARDATE 
CONDITION 
QUADRANT 
SECTOR 
ENERGY 
TORPEDOES 
SH IELDS 

EXAM PLE OF A SHORT RANGE SCAN 

COMMAND 2 - LONG RANGE SCAN 

3023 
RED 
6,5 
5,3 
5000 
10 
0000 

The long range scan command gives an overall view of the eight 
quadrants which surround the quadrant currently occupied by th e 
space ship. The 10 units of energy needed for a command are all that 
is required to display a long range scan . The presence of alien ships, 
space statio ns and stars are indicated for each quadrant. The co ntents 
are indicated by a three digi t number in each square. The left hand 
digit indicates the number o f alien ships in the q uadrant· HlP center 
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d igit indicates the number of space stations, and the right hand digi t 
ind icates the number of stars. A sample of a long range scan is pre­
se nted below. 

L.R. SCAN FOR QUADRANT 6,5 

1 112 1 001 1 006 1 

1 001 1 11 3 1 104 1 

1 203 1 007 1 004 1 

COMM AN D 3 - GALAX Y DISPLAY 

The contents of the ent ire galaxy may be d isplayed by requesting 
a galaxy d isplay. The display requires only the 10 units of energy ne­
cessary fo r the command . The con tents of each quadrant are shown 
in the same form as that used in the long range scan . From this dis­
play t he operator may plan a long range course to successfully com­
plete a mission . The fo llowing is a sample o f a ga laxy display. The 
reader may no te the location of the long range scan quadrants as pre-

1 105 1 002 1 003 1 000 1 000 1 105 1 000 1 000 1 

1 117 1 000 1 304 1 106 1 005 1 003 1 107 1 002 1 

1 105 1 007 1 003 1 006 1 000 1 000 1 000 1 000 1 

1 005 1 003 1 000 1 000 1 000 1 000 1 003 1 004 1 

1 001 1 000 1 000 1 112 1 001 1 006 1 203 1 105 1 

1 000 1 103 1 000 1 001 1 11 3 1 104 1 002 1 117 1 

1 000 1 103 1 000 1 203 1 007 1 004 1 000 1 002 1 

1 000 1 000 1 003 1 000 1 000 1 001 1 102 1 107 1 
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sented in the previous illustration . 

COMMAND 4 - SHI ELD CONTROL 

The shie ld control command provides a means of tran sferring 
energy between the main energy storage bank and the protective 
shields. The shields must contain e nergy to protect the space ship 
from attacks by the alien shi ps or from possib le co llisions with 
either an alien ship or a space station. The e nergy required to make 
the transfer is simply the 10 units req uired for the command. The 
amount of energy transferred is specified by t he o perator in response 
to the following message being displayed: 

SH IELD ENERG Y TRANSfE R = 

The operato r then enters a four digit number indicating the 
amount of e nergy desired to be transferred. When a four digit num­
ber is ente red , the energy is tran sferred from the main storage bank 
to the sh ield. If a four digit number is preceeded by a m inus sign , the 
energy is t ransfe rred from the protective sh ie ld back to the main 
storage bank . 

It is important that t he amo unt of energy in the shie lds be main­
tained at sufficient levels to withstand any possible attack. If the 
shield energy shou ld become too low to absorb t he energy of an 
attack, the addi tional energy needed will be taken from the main 
supply, and an additional 25 percent of the total energy loss will be 
depleted from the main sto rage bank as a penalty. This 25 percent 
loss is the amount of energy required to ma ke repairs to the port ions 
of the space ship damaged by th e energy that was not absorbed by 
the shields. 

COMMAND 5 - PH ASOR CONTROL 

The phasor contro l di rects the phasor's energy at the alien ships 
that reside in t he immediate quadrant. The amount of energy that is 
to be fired is specified by the operator in response to the following 
message be ing displayed . 
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PHASOR ENERGY TO FIRE: 

A four digit number is then entered and the phasor shots are fired 
at the alien ships in the quadrant. The resul t o f the phasor energy 
shot at each alien sh ip is reported by t he following message being 
displayed: 

AL IEN SHIP AT SECTOR X,Y: ENERGY = ZZZZ 
o r DESTROYED 

The values of X and Y indicate the sector location of the alien ship, 
and the message after the colon will indicate either the amount of 
energy (ZZZZ) remaining in the alien ship, or that the alien ship has 
been destroyed . If the alien shi p is not destroyed by the phasor, one 
quarter o f its energy wi ll be shot back at the space ship in retalia­
tion . This retaliation will be indicated by the following message: 

LOSS OF ENERGY XXXX 

Befo re specifying the amount of energy, the ope rator must be 
aware o f several prope rties of phasor energy. First, the amount of 
energy to be fired is divid ed eq ually between the alien sh ips in 
the quadrant. If there are two alien ships in the quadrant, and the 
operator indicates 500 units of energy , 250 uni ts will be fired at each 
alien ship. Next, the amount of phasor energy that reaches the target 
is governed by the distan ce the energy must travel. The distan ce is 
figured by adding up the number of sectors in the horizontal and ver­
tical direction be tween the space ship and th e ali en ship. Thi s 
distan ce is then d iv ided by four and the fraction is discarded; this 
value is used as the distan ce factor. The distan ce factor is the num­
ber of times the amo un t of energy fired at an alien ship is to be 
divided by two. The distance between the space ship and the alien 
ship is therefore cri t ical to the amou nt o f phasor ene rgy to reach the 
alien ship. For example, if the space ship is at secto r 2,4 and the alien 
ship is at sector 6,6, the tota l number of sectors is equal to two in 
the horizontal directio n (6-4=2) plus four in the vertical direction 
(6-2=4). Th is distance of six is divid ed by four and the wh ole number 
one is used as the distance factor . This di stance factor divides the 
energy to be fi red at the alien ship by 2. It is important that the 
space sh ip be as close to the alien ship(s) as possible to achieve the 
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maximum effec tiveness of a phasor shot. 

COMMAND 6 . TORPEDO CONTROL 

The torpedo control fires a torpedo in the direction specified by 
the operator. Each torpedo requ ires 250 units of energy to fire, and 
mllst be in the direct line of fire of the targeL The trajectory of t he 
torpedo is ente red by the operator in response to the following 
message heing displayed: 

TORPEDO TRAJECTORY: 

The trajectory is defined in the same format as the course spec ifi· 
cation when entering a movement command. A two digit number is 
entered indicating the direction in which the torpedo is to t rave l. The 
track of the torpedo is then traced, and re ported to the operator as it 
moves from one sector to another. This is reported by a series 'o f 
track ing messages displayed in the following format: 

TRACKING : X,Y 
TRACKING: U,V 
TRACKI NG : S,T 

The values of X,Y, U,V, and S,T are the row and column of the 
sectors thro ugh wh ich the torpedo is passin g. Wh en the torpedo 
either reaches the boundary of the q uad ran t or hits an o bject, an 
advisory message is displayed. If the torped o misses the alien ship 
and reaches the bo undary of the q uad ran t, or if the torpedo hits a 
star, the fo llowing message wi ll be displayed : 

YOU MISSED! ALIEN SHIP RETALIATES 
LOSS OF ENERGY = 200 

Missing the alien ship causes it to retaliate by firing back 200 uni ts of 
energy at the space ship . If the torpedo hi ts a space station, not on ly 
is the alien ship going to retaliate , but the space station is destroyed 
since it has no defense against a torpedo. The following message is 
displayed to inform the operator of this serious disaster. 
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SPACE STATION DESTROYED 
YOU MISSED! ALIEN SHIP RETALIATES 

LOSS OF ENERGY ~ 200 

If all goes well, and the trajectory is right on target, the alien ship 
will be destroyed and the following message will inform the operator 
of the successful hit : 

ALIEN SHIP DESTROYED 

1 - 12 



SYSTEM REQUI REMENTS 

MEMORY USAGE FOR THE GALAXY PROGRAM 

The Galaxy program presented in the book requires 4096 bytes of 
RAM memory to operate in an 8008 based micro-computer system. 
The 8080 version listed in the back is slightly shorter but also re­
quires a 4 K system to operate in. The program is broken down into 
the following blocks o f memory. Page 00 is used to store the course 
table, temporary data, th e galaxy display line, and the galaxy content 
table. Pages 01 through 04 contain the messages used by the pro­
gram. The s.uhroutines reside on pages 05 through 11, and the major 
program ro utin es run from page 12 to page 16. The lower half of 
page 17 contains the galaxy setup table and the upper half of page 
17 is reserved [or the user supplied input/output routines. If more 
than 128 bytes are required by the use r for the I/O routines, and the 
user's system does not have more than 4K of memory, the length of 
several o f the messages can be cut down to provide the additional 
memory space needed for I/O routines. 

INP UT /OUTPUT REQU IREMENTS 

The input/o utput req uirements for the galaxy program presented 
herein allow the reader to tailor the I/O portion of the program to 
the specific devices wh ich are available [or use o n one's computer 
system. The characte r code used in this program is the 7 bit ASCII 
code with the 8th bit, or parity bit, assumed to be at a " l." The 
game uses the full alphanumeric character set plus severa l punctua­
tion marks. A table of the ASClI code required by this program is 
presented next. 

CHARACTERS 
SYMBOLIZED 

1\ 
B 

BI NA RY 
CODE 

11 000 001 
11 000 010 
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301 
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CHARACTERS BINARY OCTAL 
SYMBOLIZED CODE REP 

C 11 000 011 303 
D 11 000 100 304 
E 11 000 101 305 
F 11 000 110 306 
G 11 000 111 307 
H 11 001 000 310 
I 11 001 001 311 
J 11 001 010 312 
K 11 001 011 313 
L 11 001 100 314 
M 11 001 101 315 
N 11 001 110 316 
0 11 001 111 317 
P 11 010 000 320 
Q 11 010 001 321 
R 11 010 010 322 
S 11 010 011 323 
T 11 010 100 324 
U 11 010 101 325 
V 11 010 110 326 
W 11 010 111 327 
X 11 011 000 330 
Y 11 011 001 331 
Z 11 011 010 332 
r 11 011 011 333 
\ 11 011 100 334 
J 11 011 101 335 
l' 11 011 110 336 
~ 11 011 111 337 

SPACE 10 100 000 240 
10 100 001 241 

" 10 100 010 242 
# 10 100 011 243 
$ 10 100 100 244 
% 10 100 101 245 
& 10 100 110 246 

10 100 111 247 
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CHARACTERS BINARY OCTAL 
SYMBOLIZED CODE REP 

( 10 101 000 250 
) 10 101 001 251 
* 10 101 010 252 
+ 10 101 Oll 253 

10 101 100 254 
10 101 101 255 
10 101 110 256 

/ 10 101 III 257 
0 10 110 000 260 
1 10 110 001 261 
2 10 110 010 262 
3 10 1l001l 263 
4 10 110 100 264 
5 10 110 101 265 
6 10 110 110 266 
7 10 110 III 267 
8 10 III 000 270 
9 10 III 001 271 

10 III 010 272 
10 III Oll 273 

< 10 III 100 274 
10 III 101 275 

> 10 III 110 276 
? 10 III III 277 
@ II 000 000 300 

LI E FEED 10 001 010 212 
CAR-R ET 10 001 101 215 

There are two input ro utines req uired by the galaxy program. The 
first is o ne which simply tests the status of the inpu t device to deter­
mine whether the device has a character input available and returns 
to the ca ll ing program. This routine can use whatever registers are 
required to perform the status check . The only require ment is that 
the SIGN flag be set to a " 1" if the character input is available, and 
reset to a " 0" if the character input is not available. This routine 

2 - 3 



should be as brief as possible . It is called o nce in the program at the 
s!.art o f the operating portion by the instruction CAL INPCK. The 
purpose of t his check is to allow the rando m number generator to 
run while waiting for the operator to enter the first response . The 
purpose o f the random number generator will be explained later. 

The other input routine must input a character from the system 
input dev ice , such as a keyboard , and return to the calling program 
with the ASCI I code for the character entered in the accumulator. 
The input routine, labe led INPUT, can use registers A and B to input 
the character. If the CPU registers must be used, the input routine 
must save and t hen restore the contents o f those registers before re­
turning. If the input device is not connected in some way to t he 
display device to provide automatic printout of the characters 
entered, the INPUT routine should provide some means of o ut­
putting the character received to the output device. This may be 
achieved by echoing the character in the input routine, or by calling 
the print routine to perform the output. The INPUT routine is called 
in the subroutines labe led DRCT and EIN, and in the major routines 
labeled GALAXY , CMND, and CRSE. 

The out put routine is required to o utput th e character whose 
ASCli code is contained in the accumulator when the o utput routine 
is called . The output routine can use on ly registers A and B in out­
putting the characte r to the output device . 1f the other registers are 
used, t heir contents must be saved and t hen restored before returning 
to the ca lli ng program. The output routine is referred to by the label 
PRINT . This routine is called by the subroutines MSG, NTN, and 
DRCT, and the major routine CRSE. 
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DATA TABLE, MESSAGES, and SUBROUTINES 

DESCRIPTION OF THE GALAXY DATA ON PAGE 00 

The major portion of t he operation of the Galaxy game concerns 
itself with the contents and manipulation of the data stored on page 
00 from location 100 to 135. This table area is reserved for the 
storage of inform ation, such as the location of t he space ship, stars, 
alien ships, and space stations within t he current quadrant, t he 
amount of energy contained in t he main energy sto rage, the shie lds 
of the space ship, and the energy in the shie lds of the alien ships. The 
count of the number of torpedoes, space stations, alien ships, and 
stardates remaining is also stored here. The format of the data in this 
table is summarized below with a description of each fo llowing t he 
summary. 

LOCAT IONS 

100, 101 
102 
103 
104 - 112 
ll3 
ll4 
ll5 
ll6 
ll7 , 120 
121 , 122 
123, 124 
125, 126 
127 , 130 
131 
132 
133 
134 
135 

FORMAT 

XXXXXXXX 
OOAASTTT 
OORRRCCC 
OORRRCCC 
OORRRCCC 
OORRRCCC 
OORRRCCC 
OORRRCCC 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
OORRRCCC 
OOOOPPPP 
OOOOOXXX 
OOOXXXXX 
OOXXXXXX 

DEFINITION 

Random number storage 
Current quadrant contents 
Sector location of space ship 
Sector locatio n o f stars 
Sector location of space station 
Sector location of alien ship No. 1 
Sector location o f a lien shi p No.2 
Sector location of a lien ship No.3 
Dbl precision value of main energy 
Dbl precision val. of shield energy 
D.P. val. of alien ship No.1 energy 
D.P. val. of alien shi p No.2 energy 
D.P. val. of alien ship No.3 energy 
Cmt. quad. location of space ship 
Number of torpedoes remaining 
Number of space stations 
Number of a lien ships 
Number of stardates remaining 
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LOCATIONS 100 and 101 

The random numbe r routine uses the contents of these two loca­
tions to generat.e and store the next random number. 

LOCATIO N 102 

The contents of the current quadrant in whi ch the space ship is 
located are stored in th is byte. The bits indicated by 'ITT provide a 
count of t he number of stars in the quadrant, th e S indicates a space 
station present when set to " 1 ," and the bits AA indicate the number 
of alien ships in the quadrant. Each time a new quadrant is e ntered, 
this location is loaded with its contents. This is done to provide the 
prob1Ta m with a convenient reference location for the contents of the 
quadrant. All of t he quadrants are set up at the start of the game, 
and stored in the ga laxy content table on the up per quarter of 
page 00. 

LOCATIO N 103 

The row and column numbers for t he curre nt secto r location of 
the space shi p are indicated by the RRR and CCC bits, respectively , 
in this byte. The row and column numbers are represented by the 
binary values zero through se ven in this location. However, they 
represent the row a nd co lumn numbers one through eight when 
presented in the output to the display device. This row a nd column 
representatio n is used in the nex t 11 locations to indicate t he loca­
tion o f the stars, space stations, and a lien ships in the quadrant. This 
provides the program with a convenien t. means of checking for a 
strike by a torpedo, or a collisio n of the space ship with another 
object in the quadrant. The initial value stored in this location is se t 
up using the random number generator. Afte r that time, the location 
of the space ship is contro lled by the opera tor. 

LOCATIONS 104 through 112 

The location of the stars in the current quadrant is indi cated by 
the row and column numbe rs contained in t his portion of the table. 
The values RRR and CCC are o f the same format as that presented 
for the space ship . If there are less than seven stars in the current 
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quadrant, the unu sed locations in this tab le are se t to octal 200. If 
there are no sta rs in the quad rant all of these locations will contain 
200. The locat ion of the stars are set using the random number 
generator each time a new quadrant is entered. 

LOCATION 113 

The lo cation of the space station in the cu rrent quadrant is stored 
here. The row and column numbers are represented in the same for­
mat as the space ship and stars: they are set by use of the random 
number generator each time a new quadrant is entered. If a space 
station does not reside in the current quadrant, this location will 
contain 200. At the co mplet ion of a move by lhe space ship, this 
localion is used in determining whether the space sh ip has docked 
with the space station. 

LOCATIONS 114 through 116 

This portion of the lable is used for the storage of the location of 
the alien ships. The row and co lumn representation is the same as 
that presented fo r the previo us nine lo cations. If less than t hree a lien 
ships are in the current quad rant , the unused locations wil l contain 
200. When an alien ship is destroyed , the correspond ing location in 
this table will be set to 200 as part of the process of eliminat ing it 
from the galaxy. 

LOCATIONS 117 and 120 

The binary value o f the amount of energy in the main storage 
bank is maintained in this location pair. The least significant half is 
saved in location 117 , and the most significant half in location 120. 
The maximum value sto red in this location is 5000, which is set up at 
the start of a ga me and each time the space ship docks. 

LOCATIONS 121 and 122 

This location pair is used to store the binary value of the e nergy 
contained in the space ship 's protective sh ields. As with the main 
ene rgy sto rage, the least significant ha lf is stored in location 121 , 
and the most signifi cant half in location 122 . The amo un t of energy 
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stored in this location is set up by a command entry and is depleted 
by attacks by alien ships. 

LOCATIONS 123 through 130 

The binary value of the energy leve ls of the alien ships protective 
sh ields are contained in this portion of the table. The least signi fi cant 
half is in t he odd numbe red byte, and the most significant half in the 
even numbered byte. The energy leve l for each alien ship is set up 
lI sing the random number generato r wh en a space ship enters a quad­
rant. The energy indicated in these locations is the only defense an 
alien ship has against a phasor attack. 

LOCATION 131 

This location contains the row and co lumn numbers of the space 
ship's current quadrant location within the galaxy. The format is 
the same as that for the sector location of the space ship defined 
previously. The quad rant lo cation is set up initially by use of the 
random number ge nerator, and is th en controlled by the operator 
as the space ship is moved throughout the galaxy. The contents of 
this location are used to fetch the quadrant contents by setting the 
two most significant bits to " 1 ," and using this as a pointer to the 
galaxy content table. 

LOCATION 132 

A count of the number of torpedoes remaining in the space ship is 
maintained here. This location is set to 10 at the start of each game 
and each time the space ship docks with the space station . When a 
torpedo is fired , this count is decremented by one until it reaches 
zero which indicates there are no torpedoes le ft. 

LOCATION 133 

This location maintains a count of the number of space stations in 
the galaxy. If a space station is destroyed by collision or torpedo , the 
count is decremented by one . When the count goes to zero, a 
warning message is displayed to inform the operator that the last 
space station has bee n destroyed. 
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LOCATION 134 

A count of the number of alien ships remaining is maintained in 
this location. Each time an alien ship is destroyed, this location is de­
cremented by one. When it reaches zero, the mission is comple ted by 
the successful destruction o f all the alien ships. 

LOCATION 135 

This location indicates the number of stardates left in the game. 
A stardate is used up when a move results in the space ship residing 
in a new quadrant. This location will be decremented by one each 
time this occurs. When this count goes to zero, the operator has run 
out o f time and the game is over. This count is initially set to five 
more than the number of alien ships. 

IMPORTANT NOTE 

The presence o f the data table on page zero 
means t hat when dealing with these tab les, 
register H is set to zero. This fact is often 
used to load memory locations and other 
registers with a value of zero by simply 
loading them with the contents of register 
H. If the contents of page zero are to be re­
located to another page in memory, the 
entire program must be examined and 
corrected at the location s where this tech­
nique has been employed. 
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GALAXY PROGRAM - MESSAGES & SUBROUTINES 

TEXT MESSAGES USED IN THE GALAXY PROGRAM 

The Galaxy program uses a number of messages to inform the 
player of the current status of t he game in progress, and to request 
information from the player about the move that is to be made next. 
These messages are stored in a large block of memory on pages 01 
through 04 . Each message is stored as a string of ASCII characters 
with a zero byte as the terminator for the message. There are a num­
ber of these messages that require the addition of variable infor­
mation before the message is to be printed. These messages indicate 
the current status of the space ship which the player must keep 
watch over, the position of the objects in the ga laxy , and the current 
progress o f a specific move, such as t he energy used or the tracking 
of a torpedo as it moves through a quadrant. The text of these 
messages is presented next with the location of the variable data in­
dicated by X's. 

"DO YOU WANT TO GO ON A SPACE VOYAGE?" 

" YOU MUST DESTROY XX ALIEN SHIPS IN XX STARDATES 
WITH X SPACE STATIONS" 

" - 1 - - 2 - - 3 - - 4 - - 5 - - 6 - - 7 - - 8 -" 

"X " (Short Range Scan Row) 

" STARDATE 30XX " 

"CONDITION XXXXX" (Green o r Red) 

" QUADRANT X,X" 

" SECTOR X,X" 

"ENERGY XXXX" 
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"TORPEDO ES XX" 

"SH1 ELDS XXXX " 

" COMMAND?" 

"COURSE (1 -8.5 )? " 

" WARP I"ACTOR (0.1 -7.7)?" 

" L.R. SCA N I"OR" 

" 1 XXX 1 XXX 1 XXX I " (Lo ng Range Scan Row) 

" 1 XXX 1 XXX 1 XXX 1 XXX 1 XXX 1 XXX 1 XXX 1 XXX I" 
(Galaxy Display Row) 

" MISSION I"AILED , YO U I-lAVE RUN OUT OF STARDATES " 

" KA -BOOM , YOU CRASHED INTO A STAR. 
YO UR SH IP IS DESTROYED. " 

" YOU MOVED OUT 01" THE GALAXY . 
YO UR SHIP IS LOST .. . LOST" 

" ABANDON S HIP' NO ENERGY LEFT'" 

" CONGRATULATIONS , YOU HAVE ELIMINATED ALL 01" 
THE ALIEN SHIPS" 

" LOSS 01" E ERGY XXXX" 

" DANGER - SHIELD ENERGY 000" 

"SHI ELD ENERGY TRANSI"ER = " 

"NOT ENOUGH ENERGY" 

" TORPEDO TRAJECTORY: " 
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" ALlEN SHIP DESTROYED" 

" YOU MISSED' ALIEN SH IP RETALIATES" 

"SPACE STATION DESTROYED" 

" TRACKING: X,X" 

"GALAXY DISPLA Y" 

" PHASOR ENE RGY TO FIRE = " 

" ALIEN SHIP AT SECTOR X,X:" 

" ENERGY = XXXX " 

"NO ALIEN SHIPS' WASTED SHOT" 

"NO TORPEDOES" 

" LAST SPACE STATION DESTROYED " 

" CHICKEN !" 

These messages require lK bytes of memory to store one byte at a 
time. The text of many of these messages can be changed by the 
reader to indicate varying degrees of emotion if desired. Or, if the 
user provided I/O routines require more than the amount of memory 
allocated , several of the messages can be shortened, or, if necessary , 
de leted , to make room for the i/O programming. If the messages are 
changed , the addresses in the program that refer to them must also 
be changed. These locations in the program will be indicated when 
the ope ratin g portion of the program is presen ted. 

SUBROUTINES FOR THE GALAXY PROGRAM 

There are many subroutines in this program. They are written to 
perform various tasks common to many of the routines throughout 
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the Galaxy program. Among the types of fun ctions they perform are 
outputting me ssages to the printer device I converting binary numbers 
to decimal (and vice-versa), sett in g lip message conten ts with data to 
be displayed, controlling the movemen t of objects in the ga laxy , and 
controlling the transfe r of energy within tllf> space ship_ The subrou­
tines of the Galaxy pro!:!ram reside in 11 IK bytes of memory on pagE's 
05 through 1l. This is equal ro t he amo unt o f memory the operating 
portion of the program requi res. Thus. onp can see that thp Galaxy 
program relies 1lf'3Vil.y· on the subrolitinE's to allow it to fit within ..t K 
of memory. This section provides the detai ls on the purpose and 
operation o f the subrou tines lIsed in the Galaxy program. 

The majority of th e messages in til(' Ga laxy program are o utpu t 
by means of the subroutine labeled \ ISG. Thi s routine , presented 
below, outputs a string of .-\ SC II characte rs sto red in memory to t he 
output device. \ ISG out put begins with the character pointed to by 
the memory pointe r registers II and L. It wi ll continue to o utput 
characte rs by cal ling th e PRI:\'T routine unti l a ze ro byte is en­
countered in t he chara<.:tc r str ing. Th e routine then returns to the 
ca lling program. 

\ISG. L,\\I 
:--ID.-\ 
RT Z 
CAL PRI N'l' 
CA L 1 :-.1~lml 

J~I P \ISG 

retch characte r 
End of message? 
Y es, return 
No, print character 
Increment message pointer 
Co ntinue printout 

The next group of subroutines are general purpose rout ines which 
are the type used in many programs. These subroutines perform such 
operations as incrementing and decrementing the memory pointer re­
giste rs I-I and L, switching the register pairs 1-1 and L with D and E, re­
spectively, and rotati ng the accum ul ator right . The fi rst th ree sub­
routines are replaced in the 8080 version by the instructions o f t he 
8080 instruction set which pe rform the same functions . The li stings 
of these subrolltines are presented next. 
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INMEM, INL 
RF Z 
INH 
RET 

DCMEM, DCL 
INL 
JFZ LODCR 
DCH 

LODCR, DC L 
RET 

SWITCH, LCL 
LLE 
LEC 
LCH 
LHD 
LDC 
RET 

ROTR4, RRC 
ROTR3, RRC 

RRC 
RRC 
RET 

Increment low address 
If non·zero, return 
Else, increment page address 

Low address = a? 
No, decr. low address only 
Yes, decrement page address 
Decremen t low address 

Save low address No.1 
Move low address No.2 
Save low address No.1 
Save page address No.1 
Move page address No.2 
Save page address No.1 

Rotate accumulator right 

The next subro ut ine is a random number generator used to pro­
vide random locations for the initial galaxy setup. It is also used in 
the placement of the alien ships, stars, and space stations each time 
a quadrant is entered by the space sh ip. The amount of energy an 
alien sh ip contains is also set up by calling on the random number 
subroutine . This random number routine provides a variation of 
numbe rs suffi cient for use in the Galaxy program, and it can be 
applied to other programs requiring rando m number selection . The 
listing fo r this ro utin e is presented next. 

RN , LLI 100 
LHI 000 
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LAM 
LBA 
RLC 
XH,B 
RRC 
INL 
LBM 
I B 
LMB 
AOB 
DCL 
LMA 
RET 

The random number 
Is generated by performing 
The series of arithmetic 
Operations presented 

Save random nu mb er 

The Galaxy program perform s a number of operations involving 
the co nversion of numbers from binary to decimal and vice-versa for 
inputting and outputting numbers. The next trio of subroutines per­
forms the conversion of double precision binary whole numbers to 
and from decimal, and also checks that digits entered on the key­
board fall within th e range of the ASCII code for digits, nam e ly 260 
through 271. The binary-to -decimal routi ne co nverts a single or 
doub le precision binary number to its d ec imal equivalent up to five 
digits long, and stores the result in locations 140 through 144 on 
page 00. Regi ster B is set to 001 for a si ngle precision number, and 
002 for a doubl e precision number, and the memory pointer is set 
to the least signifi cant byte of the number to be converted before the 
BINDEC subroutine is called. The d ecimal-to-binary subro utin e, 
labeled DCBN, converts the decimal values stored in lo cations 140 
through 143 on page 00 to the equivalent double precision binary 
number which is saved in locations 136 for the least significant half, 
and 137 on page 00 for the most significant half of the binary value. 
The listing for these subroutines is presented next . 

BINDEC, CAL SWITCH 
LLl140 
Ll-II 000 
LMI-I 
INL 
LMH 
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Clear digit table 



BNDC, 

BD, 

INL 
LMH 
INL 
LMH 
INL 
LMH 
CAL SWITCH 
LEM 
DCB 
JTZ BNDC 
INL 
LDM 
LLI 144 
LHT 000 
LCI020 
LBT 047 
CALBD 
DCL 
LCI350 
LBI003 
CALBD 
DCL 
LCI144 
LBT 000 
CAL BD 
DCL 
LCI 012 
CALBD 
DCL 
LME 
RET 

LAM 
ADI 001 
LMA 
LAE 
SUC 
LEA 
LAD 
SBB 
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Set pointer to binary number 
Fetch least significant half 
Single precision? 
Yes, most significant half = 0 
No, advance pointer 
Fetch most significant half 
Set pointer to 5th digit 

Least sign ificant half of 10000 
Most sign ificant half of 10000 
Calculate 5th digit 
Set pointer to 4th digit 
Least significant half of 1000 
Most significant half of 1000 
Calcu late 4th digit 
Set po in ter to 3rd digit 
Least significant half of 100 
Most significant half of 100 
Calculate 3rd digit 
Set pointer to 2nd digit 
Least significant half of 10 
Calculate 2nd digit 
Set pointer to 1st digit 
Store 1st digit 
Return to calling program 

Fetch decimal digit 
Increment and 
Save new digit 
Fetch least significant half 
Subtract least sign if. constant 
Save least significant half 
Fetch most significant half 
Subtract most signif. constant 



DCBN, 

DC1, 

DC2, 

LDA 
JFC BD 
LAE 
ADC 
LEA 
LAD 
ACB 
LDA 
LCM 
DCC 
LMC 
RET 

LLI 140 
LAM 
DCL 
LMH 
DCL 
LMA 
LLI 141 
LAM 
NDA 
JTZ DC1 
LBA 
LEI 012 
LDH 
CAL TOBN 
LLl142 
LAM 
NDA 
JTZ DC2 
LBA 
LEI 144 
LDH 
CAL TOBN 
LLI 143 
LAM 
NDA 
JTZ DC3 
LBA 
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Save most significant half 
If greater than 0, continue calc. 
Else, restore bin. & dec. value 
Add least significant constant 
Save least significant half 
Fetch most significant half 
Add most significant constant 
Save most significant half 
Fetch digit 
Decrement digit stored 
Save digit in table 
Return 

Fetch unit's digit 

Move pointer to temp. storage 
Set temporary storage to 
Value of units digit 

Fetch ten's digit 

Is ten's digit = a? 
Yes, do lOa 's digit 
Save ten 's digit 
Set up binary value 
Of 10 in 'E' and 'D' 
Add 10 X digit 
Fetch lOa's digit 

Is lOa's digit = a? 
Yes, finish 
Save lOa's digit 
Set up binary value 
Of 100 in 'E' and 'D' 
Add 100 X digit 
Fetch 1000 's d igi t 

[s 1000's digit = a? 
Yes, set bn val in 'E' & 'D' 
Save 1000's digit 



DC3, 

FNUM, 

LEJ 350 
LDI 003 
CAL TOBN 
LLJ 136 
LEM 
! L 
LDM 
RET 

LAM 
CPl 260 
RTS 
SUI 272 
AD! 200 
RET 

Set up binary value of 
1000 in 'E' and ' 0 ' 
Add 1000 X digit 
Set pointer io binary value 
Fetch least signi fi cant half 

Fetch most significant half 

Fetch number 
Is number valid? 
No, return with'S' flag set 
Yes, return with'S' flag reset 

Seiiing up the sector locaiion of the stars, alien ships, and space 
station within a quadrant each time the space sh ip enters a new quad­
rant is performed by use of the following group of subroutines. When 
a game is started, ihe galaxy contents are set up in the last 64 bytes 
of page 00. The initial quadrant location of the space ship is then set 
and the quadrant contents are moved from the galaxy content table 
to location 102 on page 00 by the QCNT subroutine. The NWQD 
subrouiine is then called to set the location of the stars, space station 
and al ien ships in ihe quadrant. NWQD begins by clearing the sector 
locations of the galactic objects by storing 200 in locations 104 
through 116 on page 00. It then determines how many of each 
objeci is coniained in the quadrant, and caLls on LOCSET to set the 
exaci sector locat ion of each. As each location is set, it is checked 
againsi the locations of the other objects in the quadrant by the 
MATCH subroutine. If the new location is already assigned to 
another object, LOCSET selects a new location. As the final step in 
the NWQD subroutine, the energy in t he shie lds of the alien ships is 
se t to random leve ls from 0 to 1023 in the data tab le. After the game 
is underway, these same subroutines are called to set up t he quadrant 
each time a new quadrant is entered . The LOAD subroutine is cal led 
at the start of the game and each time the space sh ip docks with the 
space stat ion to restore it's energy and set the torpedo count to ten. 
The listings of these subroutines are presen ted next. 
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NWQD, LLI104 Set pa in ter to star table 
LEI 013 Set number of en tries 

CLR, LMl200 Store term inate entry 
INL To clear table 
DCE Table cleared? 
JFZ C LR No, cl ear more 
LLI102 Set pointer to quad. contents 
LAM ~'etch quadrant contents 
NDlO07 Fetch number of stars 
LCA Save in "C" 
LEI 104 Set pain ter to star table 
CFZ LOCSET Set up star locations 
LLI102 Pointer to quadrant contents 
LAM Fetch quadrant contents 
CAL ROTR3 Move to space station position 
NDI 001 Isolate space station entry 
LCA Save in "C" 
LEI 113 Set pointer to space station tbl 
CFZ LOCSET If S.S. present, set position 
LLI102 Pointer to quadrant contents 
LAM Fetch quadrant contents 
CAL ROTR4 Move to alien ship position 
NDI 003 Iso late alien ship entry 
LCA Save in "e" 
LEI 11 4 Set pointer to alien ship table 
CFZ LOCSET If A. ship present, set positio n 

LDAS, CA L RN Fetch ran. no. for A.S. energy 
LLI 123 Set pntr to A.S. no . 1 energy 
CAL LAS Store A.S. number 1 energy 
LLI 125 Set pointer to alien ship no. 2 
CAL LAS Store A.S. number 2 energy 
LLJ 127 Set po inter to alien ship no. 3 
JMP LAS Store A.S. No.3 nrgy & RET 

LAS, LMA Store least signifi cant half 
NDI 003 Form most significant ha lf 
INL 
LM A Store most significant half 
JMP lW Fetch nxt ran. num. & Return 
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LOCSET, CAL RN Fetch random location 
ND I 077 Mask off most significant bits 
LBA Save location 
CAL MATCH New location match others? 
JTZ LOCSET Yes, find new location 
LLE Set pointer to storage location 
LMB Save indicated loc. in tab le 
INE Advance table pointer 
DCC Last entry filled? 
J!"Z LOCSET No, find next location 
RET Yes, return 

MATCH, LLI 104 Set pointer to star table 
SCK, LAM Fetch first star location 

NDA [s location stored here? 
JTS NS N'o;chec k S.S. location 
CPB Are locations equal? 
RTZ Yes, return 
INL No, increment pointer 
LA I 113 Check for end of star table 
CPL End of star table? 
JFZ SCK No, check next star location 

NS, LL I 11 3 Set pointer to S.S. location 
LAM Fetch S.S. location 
CPB Locations equa l? 
RTZ Yes, return 

ACK, INL Advance pointer to A.S. table 
LAM Fetch a lien ship location 
CPB Are locations equal? 
RTZ Yes, return 
LAL No, ck for end of A.S. table 
CPI116 End of a lien ship tab le? 
J!"Z ACK No, try next location 
NDA Yes, reset' Z' flag to 0 
RET Return 

QC T , LHlOOO Set pointer to current quad. 
LLl 131 Row & co lumn storage 
LAM !"etch current quadrant 
ADI 300 !"orm pointer to galaxy 
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LOAD, 

LLA 
LAM 
LLI 102 
LMA 
RET 

LLlll7 
LMI210 
INL 
LMI023 
INL 
LMH 
INL 
LMH 
LLI 132 
LMI012 
RET 

Set up pointer 
Fetch quadrant contents 
Set pointer to quad . contents 
And store new contents 

Space ship energy storage 
Least signif. half of 5000 uni ts 

Most signif. half of 5000 units 
Advance to shield energy 
Initial shield energy = 0 

Most sign if. half of shie ld nrgy 
Set pointer to torpedo storage 
Initial amount = 10 torpedoes 

The next group of subroutines are ca lled to indicate to the oper­
ator that the game has ended due to the occurance of one of the 
following problems. Either the stardaLe time has run out (TIME), or 
the space ship has moved out of the known ga laxy (LOST), or the 
space ship has smashed into a star (WPOUT), or the space ship has 
run out of energy (EOUT). These subroutines print an advisory 
message, and then jump to the beginning of the program to inquire 
whether the operator desires to try again . The listings for these su b­
routines are presented below. 

TIME, 

DONE, 

LOST, 

WPOUT, 

LLI 135 
LHI002 
CA L MSG 
JMP GALAXY 

LLI 310 
LHI 002 
JMP DONE 

LLI 215 
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Stardate's time has run 
Out. Player loses. 
Prin t message and start 
A new game. 

Moved out of known ga laxy 
Player loses 
Print message & start again 

Smashed into star 



EOUT, 

LIII002 
JMP DONE 

LLI 227 
LH I 004 
JMP DO NE 

Space ship destroyed 
Print message & start again 

Out of ene rgy 
Abandon ship 
Print message & star t again 

The next group of subroutines deals with setting up various 
messages for the output to the display device. The first subroutine, 
DIGPRT, fetches a digit stored in memory , forms the ASCII equiva­
lent , and stores the ASCIl code in the message to be pri nted. The 
digit storage is indicated by registe rs Hand L beginning with the 
units digit and the message pointer is set up in registe rs D and E with 
registe r B containing a binary count of the number of digits to place 
in the message. The listing for this subroutine is now presented . 

DIGPRT, LAM 
Am 260 
CA L I MEM 
CA L SWITCH 
LMA 
CAL DCMEM 
DCB 
RTZ 
CAL SWITCH 
JMP DIGPRT 

Fetch digit 
Form ASC II code 
Increment digi t table pointer 
Set pointe r to message area 
Put digi t in message 
Move message pointer 
Last digit in message? 
Yes, return 
No, se t pointer to digit table 
Move more digits 

ROWSET is used by the short range scan routin e to set up the 
contents o f each row be fore it is printed. ROWSET first clears the 
row message by filling it with space characters. It then stores the 
ASCII code for the row number at the beginning of the message. The 
location o f a ll o f the objects co ntained in the quadrant is then 
checked to determine whether they are present in the row being pre­
pared for output. If one or more of the objects are located in the 
row, the ASCII code for the sy mbolic representation of each is 
stored in the row message at the proper column location . T he sub­
routine RWPNT is used to check for the location o f each object, and 
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to se t a po inte r to the column location within the row message for 
storage o f the o bject 's ASCII re prese ntation. When ROWSET is 
called, register 'C' must contain the binary value o f the row number 
minus one . Whe n the row message is set up , the MSG subroutine is 
called to print it. The listings for these two subroutines are given 
be low. 

ROWSET, 

RCLR , 

STR, 
STR1 , 

NXST R, 

LLI 217 
LHI001 
LMI240 
INL 
LAI 247 
CPL 
JF Z RCLR 
LAC 
ADI 260 
LLi 216 
LMA 
DCC 
LHIOOO 
LLi 103 
CA L RWPNT 
JF Z STR 
LMI 274 
INL 
LMI 252 
INL 
LMI 276 
LLi 104 
LHIOOO 
CAL RWPNT 
JF Z NXSTR 
INL 
LMI 252 
LLE 
INL 
LAI 11 3 
CPL 
JF Z STR1 
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Pointer to row message 

Store a space charac ter 
Advan ce message pointer 

Message cleared·) 
No, continue clearing 
Se t up row No . fo r message 

Poin ter to row number char. 
Store row number in message 
Set row number for check out 
Resto re page po inter 
Set po inte r to location table 
Fetch space ship location 
In this row? No 
Yes, store space ship code 

Set po inter to sta r table 

Fetch star location 
Star here? No, try nex t star 
Se t po inter to store star 
Sto re star code 
Set po in te r to star table 
Advan ce star table po inter 
End o f table? 

No, check nex t star 



Li-II 000 Restore page pointer 
CAL RWPNT Fetch S.S. location 
JFZ AS S.S. here? No, try A.S. 
LMI276 Store S.S. cod e 
INL 
LMl261 
INL 
LMl27 4 

AS, LLI114 Pointer to A.S. table 
AS1, LHI 000 

CAL RWPNT Fetch A.S. location 
JF Z NXAS A.S. here? No, try next 
LMI253 Yes, sto re A.S. code 
IN L 
LMI 253 
INL 
LMI253 
LLE Fetch A.S . tab le pointe r 

NXAS, I L Advance A.S. pointer 
LAI117 End of table? 
CPL 
JF Z AS1 No, try next A.S. location 
LHI001 Set up to print 
LLl214 Short range scan line 
JMP CMSG Print and return 

RWPNT, LAM Fetch entry location 
NOA Anything here? 
RTS No, return 
CAL ROTR3 Position row value 
NOI007 Separate row entry 
CPC Is row equal current row? 
RFZ No, return 
LAM Yes, fetch co lumn location 
NDl 007 Separate column location 
LBA Save co lumn 
RLC Multiply by two 
AOB Form pointer to row message 
ADl 217 
LEL Save table pointer 

3 - 20 



LLA 
LHI 001 
XRA 
NDA 
R ET 

Set pointer to row message 

Set Ze ro fl ag 

Return with 'Z ' flag set 

The subrou ti ne labeled QUAD is used to place the row and 
co lumn location of the current quadrant into the QUADRANT R ,C 
message. The quadrant message is used in the sho rt range scan and in 
the heading for the long range scan. It fetches the quadrant location 
from the data tab le and stores the ASCII code for the row and 
column numbers in the message. It then calls MSG to print it. The 
subroutin e TWO is ca lled to separate the row and column numbers 
and store them in the proper locations in the message. TWO is also 
used to place the row and co lumn location of the curren t sector in 
the SECTOR R,C message, which is part of the short range scan 
routine. The listings for QUAD and TWO are presented next. 

QUAD, LLI 131 Poin ter to quadran t location 
LH I OOO 
LEI 324 Pointer to quadrant message 
LD I001 
CA L TWO Put two digits in message 
LLI 311 Pointer to quad ran t message 
JMP MSG Print quadrant message 

TWO, LAM Fetch row and column 
LBA Save row and column 
CA L SWITCH Set pointer to message 

TI l CAL ROTR3 Position row number 
ND! 007 Mask off other bits 
AD l 261 Form ASCII digit 
LMA Save ASC II code in message 
LAB Fetch co lumn number 
ND! 007 Separate co lumn number 
AD! 261 Form ASC II digit 
CAL INMEM Advance message pointer 
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CAL INMEM 
LMA 
RET 

Store digit in message 
Return 

The final three subroutines of this group are used in the prepara­
tion and output of the long range scan and the galaxy display. The 
NTN subroutine prints the dividing line between rows for each of the 
printouts ment ioned. It first outputs a carriage return / line feed com­
bination , and then prints as many hyphens as are defined in register 
H. QDSET takes the q uadrant contents stored in register 'C' and 
forms the ASCJ1 code for the digits indicating the number of alien 
ships, space stations, and stars in the quadrant, and stores them in 
the message indicated by the memory pointer registers Hand L. 
QDSET is called by the galaxy display routine and LRR. LRR is a 
subroutine o f the long range scan ro'titilie that sets up each row of 
the scan for printout. The quadrant location in the center of the long 
range row being prepared is contained in the accumulator when LRR 
is called. If the le ft hand quadrant is outside the galaxy, it is set up 
to be prin ted as all zeroes. When the long range row is completed , the 
MSG routine is called to output the row to the di splay device. The 
listing for these subroutines is presented below. 

NT N, LHI023 Set cou nter to 19 dashes 
NT1, LAI215 Print carriage return 

CAL PRINT 
LAI 212 Print line feed 
CAL PRINT 

NT2, LAI255 ASCII code for dash 
CAL PRINT Print" - " 
DCH Decrement co unter =O? 
JFZ NT2 No, print more dashes 
RET 

QDS1, LHI004 Set message pointer 
QDSET, LCA Save quadrant contents 

CAL ROTR4 Position alien ship number 
NDI003 Mask alien ship number 
ORr 260 Form ASCII digit 
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CLCl, 

CLC2, 

LRR, 

LR3, 

LMA 
CAL INMEM 
LAC 
CAL ROTR3 
NO IOOI 
OR I 260 
L~IA 

CAL INMEM 
LAC 
NOI007 
ORI 260 
LMA 
RET 

XRA 
JMP LR3 

XRA 
JMP LR4 

AOl300 
LBA 
NOI007 
JT Z CLCI 
LAB 
SU I 001 
LLA 
LAM 
LLl311 
CA L QDSI 
LLB 
LH I OOO 
LAM 
LLI 317 
CA L QDSI 
LAB 
NOI007 
CPI007 
JT Z CLC2 
LAB 
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Store in message 
Increment message pointer 
Fetch quadrant contents 
Position space sh ip number 
Mask space ship number 
Form ASCII digit 
Store space ship in message 
In crement message pointer 
Fetch quadrant contents 
Mask star number 
Form ASCII digit 
Store in message 

Clear column contents 
Print 000 quadrant 

Clear column contents 
Print 000 quadrant 

Set poin ter to galaxy 
Save pointer 
First co lumn? 
Yes, first column zero 
Fe tch ga laxy pointer 
No, back up one co lum n 
Pointer to quadrant in galaxy 
Fetch quadrant contents 
Set pointer to left quadrant 
Set quadrant contents 
Pointer to quadrant in galaxy 

Fetch quadrant contents 
Po inter to middle quadrant 
Set quadrant contents 
Fetch quadrant location 
Is quadrant in last column ? 

Yes, right column zero 
No , fetch quadrant )"c'ltion 



LR4, 

LRP, 

AD! 001 
LLA 
LHt 000 
LAM 
LLI 325 
CAL QOSI 
LLI 305 
LHI004 
JMP MSG 

Set location to right quadrant 
Set pointer to right quadrant 

Fetch quadrant contents 
Pointer to right quadrant 
Se t quadrant contents 
Set pntr. to L.R. row message 

Print L.R. scan row and return 

The deple tion o f energy from the space ship's main storage bank 
and its shields is an important function in this program. The 
following group of subro ut ines is called to de lete the energy from the 
ship, and to check the energy level of the ship. The subroutine 
labeled ELOS deletes t he amoun t of energy contained in registers 0 
and E, which indicate the most and least significant halves of a 
double precision value , respective ly, from the ship's protective 
shields. The amount of energy deleted is first output to the display 
device to inform the operator of the loss. The shield energy level is 
checked, and if sufficient, the energy is removed from the shie ld . If 
the level is not high enough to absorb the loss, the remaining shield 
energy is t ran sferred to the main supply and the loss is taken from 
the main storage bank. If at this time the main supply is not enough, 
the ship is out of energy, and t he game is over. Otherwise, since the 
shie ld energy is zero, the warning message is output and an additional 
25 percent of the energy loss is depleted from the main supply as a 
penalty. The listing of ELOS and its supporting subroutines is shown 
next. 

ELOS , LLI 062 
LME 
INL 
LMO 
OCL 
LBI002 
CAL BINOEC 
LOt 003 
LE I 023 
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Pointer to temporary storage 
Put energy amount in 
Temporary storage 

Pointer to energy loss 
Number of bytes for BINOEC 
Convert energy amount 
Set pointer to energy message 



LSI 004 Counter to number of digits 
CAL DlGPRT Put digits in message 
LLI 377 Set pointer to energy loss msg 
LHI002 
CALCMSG Print loss message 
LLI 062 Put energy amount back to 
LEM Allow t he energy to be 
INL Removed fro m the shie lds 
LDM 

ELS1, CAL CKSD Is shie ld energy sufficient? 
JFC FMSD Yes, de lete from shield & RET 
LEM No, move shie ld energy to 
INL Main supply 
LDM 
CAL FMSD Set shie ld energy to 0 
CAL TOMN 
LLI 062 Then fetch energy loss 
LEM From temporary storage 
INL 
LDM 

SDO, CAL CKMN Enough energy? 
JTC EOUT No, ship o ut of energy 
CAL FMMN Yes, take fro m main 
LLI025 Print warning 
LHI003 'Danger - Shield Energy 000 ' 
CAL CMSG 
LEI 002 Divide energy loss by 4 
CAL DVD 
CA LCKM N Delete fro m main as a 
JTC EOUT Penalty for no energy 
JMP FMM N In shie lds 

CKSD , LLI 122 Check shie ld energy leve l 
JMP CK1 Against requested level 

CKM N, LLI 120 Set pointer to main energy 
CK1 , LAM Fe tch most significant half 

DCL Set poin ter to least signif. half 
CPD Is most significant half = O? 
RFZ No, return with flags set up 
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e K2, LAM If greater than or =, ret. with 
e PE 'e' fl ag reset, if less than 
RET Return with 'e ' flag set 

FMSO, LLI 121 Set pointer to shield energy 
JMP FM1 Suhtr . 'E' & '0 ' fm . shld ener. 

PMMN, LLJ 117 Set pain ter to main energy 
PM1 , LAM Fetch least sign iricant hair 

SUE Subtract 'E' 
LM A Save new least significant half 
INL Advance pntr. to most signiL 
LAM Petch most significant ha lf 
SBD Subtract ' 0 ' with carry 
LMA Save new most significant half 
RET 

TOSO, LLI 121 Set po inter to shie ld energy 
JMP 1'01 Add 'E' & 'D ' to shield 

TOMN, LLJ 117 Set pointer to main energy 
T01 , LAM Petch least significant half 

AOE Add 'E' 
LMA Save new least significant hair 
INL Advance pntr. to most sign if. 
LAM Fetch most significant half 
Ae D Add 'D' with carry 
LMA Save ne w most significant half 
RET 

DVD, NDA Divide the double 
LAD Precision value 
RAR By two by the number 
LOA or times indicated 
LAE In '8 ' 
RAR 
LEA 
DeB Finished divide? 
Jp Z OVD No, continue 
Rr,T Yes, return 
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TOBN, LLI 136 
CALT01 
DCB 
RTZ 
JMPTOBN 

Pointer to binary storage 
Add value in 'E' and 'D' 
Multiplier = O? 
Yes, return 
No, add again 

The removal of energy from the main supply for the execution of 
command s, firing phasors and torpedoes, and moving through the 
galaxy, is provided by the ELOM subroutine. The amount of energy to 
be removed is stored in registers D and E (as described in the ELOS sub­
routin e) when the ELOM subroutine is called. If the main energy bank 
contains eno ugh energy, the energy is deleted and the subroutine 
returns to the ca lling program . If there is not enough energy, the shield 
energy is transferred to the main storage bank in an effort to provide 
for the loss. If this does not provide sufficient energy, the game is over. 
However , if the transfer does produce the ene rgy needed in the main 
supp ly , the energy will be removed, and since the shield energy has 
been reduced to zero, an additional 25 percent of the energy loss will 
be deleted from the main supply as a penalty. The listing for ELOM 
is presen ted nex t . 

ELOM, CAL CKMN 
JFC FMMN 
LCE 
LBD 
LLI 121 
LEM 
TNL 
LDM 
CAL FMSD 
CAL TOMN 
LEC 
LOB 
JMPSDO 

Enough energy in main? 
Yes, take from main and return 
No, save energy loss 

Fetch shie ld ene rgy 

Remove all shie ld energy 
And put in main supply 
Restore energy loss 

Take energy from main 

The amount of energy transferred to or from the shields and the 
energy to be fired by the phasor is entered by the operator. The ErN 
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subroutine is called to input these energy values. The fi rs t entry is 
checked to dete rmine whether it is a minus sign, used in the shield 
entry. Location 144 on page 00 will be all zeros if the value is to be 
positive , and non-zero for" negative entry . Each digit entered is 
checked for validity and then t he ASCII code is masked off, resulting 
in the binary digits being stored in locations 143 through 140 . The 
units digit is stored in location 140. Four digits must be entered by 
the operator wh en thi s routin e is called. If the input is found to be 
invalid, the routine returns with the SIGN fl ag set to 'l.' If the input 
is va lid , the SIGN flag is reset upon returnin g to t he calling program. 
The listing for this routine is presented below. 

EIN, 

EN1, 
EN2, 

LHIOOO 
LLI 1 44 
LMH 
LLI 143 
CAL INPUT 
CP I 255 
JFZ EN2 
INL 
LML 
OCL 
CA L INPUT 
LMA 
CALFNUM 
RTS 
LAM 
NOI 017 
LMA 
DCL 
LAI 137 
CPL 
RTZ 
JMP EN1 

Set pointer to sign indicator 

Clear sign indicato r 
Set pointer to input tab le 
In put 1st character 
Negative sign? 
No, check digit 
Yes, advance pntr to sign indo 
Set sign indicator to non-zero 
Reset table pointer 
In put digit 
Save digit in table 
Valid d igit? 
No, return with S fl ag set 
Yes, fetch d igit 
Mask off ASCII code 
Save binary value 
Move tab le pointer 
Is the table pointer 
Indicating table full? 
Yes, return with S flag reset 
No, input more digits 

When the space ship destroys an alien ship or space station, the 
resul t is t he e limination of the alien ship or space station from the 
galaxy. The subroutine DLET is called to perform this function. 
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First, the sector location of the object is cleared by storing a 200 in 
the data table at the location indicated by registers H and L. From 
this location, the id enti ty o f the object to be deleted is ascertained. 
A pointer is then formed indicating the location of the quadrant in 
the ga laxy content table from whi ch the object is to be removed. 
If the o bject was a space station , it is removed from the galaxy and 
the number o f space stations is decremented . If this value goes to 
zero, a warnin g message is o utput to inform the operator that the last 
space station has bee n destroyed. I f an al ien ship is destroyed, it is 
removed from the galaxy and its count is d ecremented. When the 
number of alien ships reaches zero, the game is over and the operator 
has suc('essfu lI y completed the mission. The listing of D LET is shown 
be low 

DLET, 

CMSG, 

DLAS, 

LMI200 
LBL 
LLI 131 
LAM 
AD! 300 
LLA 
LAB 
CPl11 3 
JFZ DLAS 
LAM 
ND! 067 
LM A 
LLI 102 
LMA 
LLI 133 
LBM 
DCB 
LMB 
RFZ 
LLI 333 
Ll-Il 004 
CAL MSG 
Ll-II 000 
RET 

LAM 
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Remove from quadrant table 
Save table pointer 
Fetch current quad. location 

Form pntr. to ga laxy location 
Set galaxy pointer 
Fetch table pointer 
Space station hit? 
No, delete alien ship 
Fetch location in galaxy 
Delete space station 
Restore in galaxy 
Set pntr. to quad. contents 
Save new contents 
Set pointer to number of S.S. 
Fetch number space stations 
Decrement number of S.S. 

If number not 0, return 
If number of space stations=O, 
Print warning message 

Reset pointer to page 000 

Fetch location in ga laxy 



SUI 020 
LMA 
LLII02 
LMA 
LLI134 
LBM 
DCB 
LMB 
RFZ 
LLI 324 
LHI003 
JMP DONE 

Delete 1 alien ship from quad . 
Restore in galaxy 
Fetch current quad . contents 
Save new con ten ts 

Fetch number of A.S. counter 
Subtract 1 from number 
Save new alien ship counter 
If counter not = 0, return 
If counter = 0, game over 
Print CONGRATULATIONS! 
And start again 

The short routine of DLET, which begins at the label CMSG, is 
used by many other routines to call the MSG subroutine. Since 
most subroutine messages reside on pages other than zero, it is often 
required to reset register H to zero upon returning from the MSG 
sub routine . To save memory space and provide a common means of 
resetting register H, this short routine has been set up. 

The final group of subroutines to be presented deals with the 
movement of the space ship through the galaxy, and the tracking of 
the torpedo within the quadrant. Moving an object through the 
galaxy is performed with the use of a table referred to as the 
COURSE TABLE. The course table, presented on the following page, 
is located at the beginning of page 00 , and contains 16 pairs of row 
and co lumn displacement values. There is one pair of displacement 
values for each possible direction of movement. The first value of 
each pair is the column displacement and the second value is the row 
displacement. The entries in the course table are made up of the 
binary values 2, I, 0, -I, and -2. A displacement of 1 advances the 
object one half of a sector for each secto r move made. So, for 
example, if the course was chosen as 8.5, the disp lacement value for 
the column is two, and for the row is one. This means that for every 
column moved to the right, the object would move one half of a row 
down. A move is made by the program by separating the row and 
column location of the object to be moved, rotating each to the left 
once, and using the adjusted values to calculate the move . Then for 
each sector move made, the row and column displacement is added 
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to the adj usted row and column location. When the move is com­
pleted, the adjusted values are rotated to the right once, and then 
combined to give a new sector location to the object. By using this 
method it is possible for the direction of travel to be broken down 
to every 22'h degrees. 

DISPLACEMENT COURSE 
VALUES SELECTED 

002 1.0 
000 
002 1.5 
377 
002 2.0 
376 
001 2.5 
376 
000 3.0 
376 
377 3.5 
376 
376 4.0 
376 
376 4.5 
377 
376 5.0 
000 
376 5.5 
001 
376 6.0 
002 
377 6.5 
002 
000 7.0 
002 
001 7.5 
002 
002 8.0 
002 
002 8.5 
001 
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The subroutine OI{CT is called to input the course direction from 
the operator through the input device. The two digits defining the 
move are checked for validity when entered, and then used to form a 
pointer to the course table . If the input is valid , the routine returns 
with the ZERO flag reset and the pointer stored in location 136 on 
page 00. If invalid , th e ZERO flag is set before returning. The ACTV 
subroutine is then cal led to fetch the displacement values from the 
course table, and store th e column displacement in register C and the 
row displacement in register O . It then sets up the adjusted row and 
column values and stores them in locations 136 and 137 respectively. 

The subroutine labeled TRK is called to make the individual sec­
tor moves. First, locatio n 60 on page 00 is cleared to be used as a 
quadrant crossing flag . The co lumn displacement is then add ed to the 
adjusted column location, and a quadrant crossing to the left or right 
is checked . If the crossing did occur, the crossing flag is set and the 
adjusted column is corrected to indicate the new column value. The 
crossing is then checked for a move out of the galaxy, which would 
be indicated by the TRK su broutine returning with the ZERO flag 
set. If the move is not out of the galaxy, the new quadrant location is 
stored at location 131 on page 00. The row displacement is then 
added to the adjusted row location, and a quadrant crossing up and 
down is checked. If a quadrant is crossed, the crossing flag is set and 
a move out of the galaxy is checked. If the crossing is out of the 
galaxy, the routine returns with the ZERO flag set. Otherwise, the 
new quadrant location is stored at location 131 and the routine re­
turns with the ZERO flag reset. The final subroutine of this group is 
called RWCM, and is cal led to restore the adjusted row and column 
locations to the single byte used to define the final location of the 
object moved. The listings for these subroutines are presented next. 

ORCT, CAL INPUT 
LLl136 
LI:-IJ 000 
CPI 261 
JTC ZRET 
CPI271 
JFC ZRET 
NDI 017 
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Input first course number 
Pointer to temporary storage 

Is input less than I? 
Yes, illegal input 
Is input greater than 8? 
Yes, illegal input 
No, mask off ASCII code 



RLC If good, times 2 
LMA And save in temporary storage 
LAI256 Print a decimal point 
CAL PRINT 
CA L INPUT Input 2nd course number 
CPT 260 Is digit = O? 
JTZ CR1 Yes, continue process 
CPI265 No, is digit = 5? 
JFZ ZRET No, return with Z flag set 

CR1, ND! 001 Mask all but least signif. bit 
ADM Add 1st number input 
RLC And form pointer to course 
SUI 004 Table 
LMA Save pointer in temp. storage 
RFZ Return with Z flag reset 
AD! 001 If not reset, reset it 
RET 

ZRET, XRA Set Z flag 
RET And return 

ACTV, LLI136 Fetch course pointer 
LLM 
LCM Fetch column movement 
INL Advance pointer 
LDM Fetch row movement 
LLI 103 Pointer to current sector 
LAM Fetch current sector 
LBA Save in 'B' 
ND! 007 Mask off row 
LLI136 Pointer to temporary storage 
RLC Multiply times 2 
LMA Save adjusted co lumn 
INL Advance storage pointer 
LAB Fetch current sector 
ND! 070 Mask off column 
RRC Set up times 2 value 
RRC 
LMA Save adjusted row 
RET 
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TRK, LLI060 Set pointer to crossing flag 
LMH Clear quadrant crossing flag 
LLI 136 
LAM Fetch adjusted column 
ADC Add column move 
LMA Temp. save current column 
JFS NOBK If not left crossing, jump 
NDI 017 Left crossing, correct and 
LMA Save new adjusted column 
LLI 060 Indicate left crossing in 
LML Crossing flag by non-zero 
LLI131 And decrement current quad. 
LAM Column entry 
NDI 007 Is current quad. column = O? 
RTZ Yes, return with Z flag set 
LBM No, fetch current quadrant 
DCB Decrement current quad. elmn 
LMB Restore current quadrant 
JMP RMV Do row move 

NOBK, CPI020 Quadrant crossing right? 
JTC RMV No, do row move 
NDI 017 Yes, correct and 
LMA Save new adjusted column 
LLI060 Indicate right crossing in 
LML Crossing flag by non-zero 
LLI 131 Then incr. current quad. elmn 
LAM 
NDI 007 Separate column entry 
ADI001 Increment column entry 
CPI010 Move out of galaxy? 
RTZ Yes, return with Z flag set 
LBM No, the increment quad . elmn 
INB 
LMB 

RMV, LLI 137 
LAM Fetch adjusted row 
ADD Add row move 
LMA Save new adjusted row 
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NOUP, 

CKX, 

JFS NOUP 
NDI 017 
LMA 
LLI060 
LML 
LLI1 31 
LAM 
NDI 070 
RTZ 
LAM 
SUI 010 
LMA 
JMP CKX 

CPI020 
JTC CKX 
NDI 017 
LMA 
LLI060 
LML 
LLI 131 
LAM 
NDI 070 
ADI010 
CPI 100 
RTZ 
LAM 
ADI 010 
LMA 

LLI050 
LM E 
INL 
LMD 
INL 
LMC 
RF Z 
LAI001 
NDA 
RET 
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If not up , jump 
Move up 1 quadrant, correct 
And save new adjusted row 
Then indicate crossing in 
Crossing flag by non-zero 
And decrement quadrant row 
Fetch current quadrant entry 
Is quadrant row = O? 
Yes, return with Z flag set 
No, decr. current quad. row 

Save new current quadrant 
The perform crossing logic 

Quadrant crossing down? 
No, check for crossing flag 
Yes, correc t and 
Save new adjusted row 
Then indicate down crossing 
In crossing flag by non-zero 
Then incr. current quad. row 

Separate row entry 
Increment row entry 
Move out of galaxy? 
Yes, return with Z flag set 
No, then in cr. crnt. quad. row 

Save new current quadrant 

Set po inter to register storage 
Save registers 'E' 'D' and 'e' 

Return with Z flag reset 
If not reset 
Reset it and return 



RWCM, LLI136 
LAM 
RRC 
NDI 007 
LB A 
INL 
LAM 
RLC 
RLC 
NDI070 
ADB 
LBA 
RET 
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Pointer to adjusted column 
Fetch adjusted co lumn 
Adj ust positio n 
Form co lumn value 
Save column 
Advance po in ter 
Fetch adjusted row 
Position ro w value 

Form row value 
Form row and column byte 
Save in 'B' 
Return 



MAJOR RO UT INES OF THE GALAXY PROGRAM 

The main portion of the Galaxy program consists of nine major 
functional routines. The first of these routines provides the initial 
galaxy setup. The contents of each quadrant are randomly selected 
from the galaxy setup tab le which co nsists of many possible quad­
rant content arrangements. The selected quadran t arrangements are 
then stored in the galaxy content tab le . This random selection pro ­
vides a different game for the operator each time GALAXY is 
played. 

This routine, labeled GALAXY, is the starting poin t of the ent ire 
program. It begins by posing the questio n, " DO YOU WANT TO GO 
ON A SPACE VOYAGE?" While waiting for the response from the 
operator, the program goes into a loop which advances th e rand om 
number generator and then checks the input status for a character 
available. The program remains in this loop until the INPCK routine 
returns with the SIGN flag set to '1.' The character is then read in 
from the input device. If the response is "N," the program outputs 
the message "CHICKEN!" and halts. For any other input , the pro­
gram will proceed to form the galaxy contents to be used for this 
game. 

With the use of the random number generator, various locations 
in the galaxy setup table are selected and stored in the galaxy con­
tent table. When the galaxy co ntent table is filled, the number of 
alien ships and space stations in the newly formed galaxy is calcu ­
lated . If the count is not within the limits desired, the contents of 
the galaxy are revised unti l the proper limits are met. The number of 
alien ships must be between 10 and 31, and the number of space 
stations must be between 2 and 6. These limits may be revised by the 
reader by simply changing the binary values in the compare instruc­
t ions which set the limits. Once the galaxy is co mpleted, the values 
indicating the number of space stations and alien ships are stored in 
the data table. The number of stardates is then set to a value of five 
greater than the number of alien ships, and is also stored in the data 
table. The message stating the missio n assigned for this game is then 
prepared by storing the ASC II code for the number of alien ships, 
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stardates, and space stations in the body of the message, and calling 
the MSG subroutine to output it . This routine finishes by selecting 
the starting quadrant, loading the initial energy and torpedoes for the 
space ship, setting up the locations of the quadrant contents, and 
setting the start location of the space ship within the q uadrant. The 
flow chart and program listing of this routine is presented next. 

GALAXY, 

START, 

GLXSET, 

GLXCK, 

GLXCK1, 

LLlOOO 
LH l001 
CAL MSG 
CAL RN 
CAL INPCK 
JFS START 
CAL INPUT 
CPI 316 
JTZ OVER 
LEI 300 
CAL RN 
NO I 177 
LLA 
LHI 017 
LAM 
LLE 
LHlOOO 
LMA 
INE 
JFZ GLXSET 

LOH 
LCH 
LLI300 
LAM 
NDI 010 
ADO 
LOA 
LAM 
NDI 060 
RRC 
RRC 
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Print introduction 
Increment rando m number 
Input yet? 
No, continue wait 
Input character 
No, stop game? 
Yes, vanish from galaxy 
Set pointer to galaxy storage 
Fetch rand om number 

Set pointer to galaxy table 
Fetch galaxy entry 

Set pntr. to galaxy content tb l 
Store quadrant contents 
Galaxy storage complete? 
No, fetch more sectors 

Space station count = 0 
Alien sh ip count = 0 
Set pntr. to galaxy content tbl 
Fetch quadrant co ntents 
Mask space station 
Add to space station total 
Save space station total 
Fetch quadran t contents 
Mask alien ship 



ADD 1 

NO 

SET UP 
GALAXY CONTENTS 

ADD ALIEN SHIPS 
AND SPACE STATIONS 

HALT 

SPACE STAT ION iE---'-C 
DELETE 

>---1 1 SPACE STATION 

ADD 1 
!?-----I A L IE N SHIP IE---=--< 

> DELETE 
>-c------Il ALIEN SHIP 

? 

SAVE COUNT OF 
ALIEN SHIPS, 

SPACE STATIONS 
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ADC 
LCA 
INL 
JFZ GLXCK1 
LAD 
RRC 
RRC 
RRC 
LDA 
CPI007 
J FC SSPLS 
CPI 002 
JTC SSMNS 
LA C 
RRC 
RRC 
LCA 
CPl 040 
J FC ASPLS 
CPI 012 
JTC ASMNS 

LLI 133 
LMD 
INL 
LM C 
LAC 
AD I 005 
INL 
LMA 
LBI 001 
CA L B1NDEC 
LDI001 
LEI 116 
LBI002 
CA L DlGPRT 
LLI 134 
LI-I I OOO 
LBI 001 
CA L BINDEC 
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Add to alien ship total 
Save alien ship total 
End of galaxy storage? 
No, con tinue adding 
Fetch space station total 
Position total to right 

Save space station tota l 
Too many space stations? 
Yes, delete 1 
Too few space stations? 
Yes, add 1 more 
Fetch alien ship total 

Save alien ship total 
Too many alien ships? 
Yes, delete 1 
Too few alien sh ips? 
Yes, add 1 more 

Set pntr to store number S.S. 
Save number of space stations 
Advance pntr to number A.S. 
Save number of alien ships 

Adv. pntr to nmbr of stardates 
Save number of stardates 
Set nmbr bytes for BINDEC 
Convert stardate value 
Set pointer to digit storage 
In starting message 
Set counter to nmbr of digits 
Put digits in message 
Set pointer to number A.S. 

Set nmbr bytes for BI NDEC 
Convert alien ship value 



LDJ 001 
LEI 074 
LEI 002 
CAL DIGPRT 
LLI1 33 
LHIOOO 
LAM 
OR I 260 
LHI 001 
LLI137 
LMA 
LLJ 050 
L HI 001 
CALMSG 
CAL RN 
NDl077 
LLI131 
LMA 
CA L QCNT 
CAL LOAD 
CAL NWQD 
LCI 001 
LEI 103 
CAL LOCSET 

Set poin ter to digit storage 
In starting message 
Set counter to no. of digits 
Pu t digits in message 
Set po in ter to no . space stat. 

Set no . bytes for BINDEC 
Convert space station value 
Set pointer to digit storage 
In starting message 
Set coun ter to no. of digits 
Set po in ter to start message 

Prin t starting message 
Fetch start quadrant 
Mask off most signifi cant bits 
Set pntr. to quadrant storage 
Save quadrant location 
Fetch curren t quad. con tents 
Set initia l conditions 
Set quad . con ten ts locatio n 
Set space ship coun ter 
Set space ship loc. storage 
Set initial space ship loca tio n 

The fo llowi ng routines are part of the Galaxy setup routine, but 
do not follow directly after the above li sting. In stead , they are stored 
in the same portion of memory as the subroutines. 

ASPLS, 
PLS, 

LEI 317 
CAL RN 
OR I 300 
LLA 
LAE 
NDM 
LMA 
JMP GLXCK 
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Mask to delete a lien ship 
Fetch random low address 
Set to point to galaxy 
Set up galaxy poin ter 
Load mask into accumulator 
Delete from galaxy 
Put back in galaxy 
Chec k galaxy again 



SSPLS, LEI 367 Mask to d elete space station 
JMP PLS Delete excess space station 

ASM NS, LEI 020 Mask to add alien ship 
MNS, CALRN Fetch random low address 

ORl300 Set to point to galaxy 
LLA Set up galaxy pointer 
LAE Load mask into accumu lator 
ORM Add to galaxy 
LMA Pu t back in galaxy 
JMP GLXCK Check galax y again 

SSMNS, LEI 010 Mask to add space station 
JMP MNS Add a space station 

OVlOR , LLI342 
Ll-II 004 Prin t " CHI CKEN" 
CALMSG 
H LT Halt 

The next routine , which immediately follows the galaxy setup 
routine, is th e short range scan. The location o[ each of the objects 
contained in th e current quadrant is displayed as illustrated in the 
sample short range scan in Chapter One. By the use o[ the ROWSET, 
BINDEC, DlGPRT, and MSG subroutin es, each line o [ the scan is 
prepared and output to the display device. T h is routine is entered 
following th e galaxy setup to display the in itial quadrant ; then after 
each move by the space ship either within the quadrant or when a 
new quadrant is entered, and in response to a command to display 
a short range scan. The flow chart and listing [or this routine, which 
begins at the label SRSCN, is presented next. 

SRSC , LLI 160 
LH I 001 
CAL MSG 
LCI001 
CAL ROWSET 
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Set pntr. [or short ran ge scan 

Print initial row 
Set row number 
Set up row for printout 



SET U P 1st ROW CONTENT S & PR INT 

PRINT STAR DATE ~IESS'\GE 

SET U P 2nd ROW CONTE NT S & PR INT 

PRINT CONDITION " I ESSA GE 

SET UP 3rd ROIl CONTENTS & PR INT 

PIW,T Q UA DRANT MESSAGE 

SET UP ~th ROW CONTENTS & PR INT 

PI{[ NT SECTOH " I ESSAGE 

SET U P 5th HOW CONTE NTS & PRINT 

PRI NT EN ERG Y MESSAGE 

SET U P 6th ROW CONTE NT S ,~ PH INT 

PRI NT TORPEDO MESSAGE 

SET U P i th ROW CONTEN T S & PR I NT 

PRI:-.iT SHI ELD ENEHGY MESSAGE 

SET U P 8th ROW CONTENTS & PRINT 

PRI NT BOTTOM BORDER 

JUMP TO COMMAN D I N PUT 
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CND , 

LLl1 35 
LH I OOO 
LAI062 
SU I 
I L 
LMA 
LSI 001 
CAL BI NDEC 
LDI 001 
LEI 266 
LB I 002 
CA L DIGPRT 
LL I 250 
LHI 001 
CAL MSG 
LCI 002 
CAL ROWSET 
LL I 102 
LAM 
LLl 303 
LH I 001 
NO I 060 
JFZ RED 
LMI307 
INL 
LMI322 
INL 
LM I 305 
INL 
LM I 305 
INL 
LMI 316 
LLl 270 
CAL MSG 
LCI003 
CAL ROWSET 
CALQUAD 
LC I 004 
CAL ROWSET 
LLI 103 
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Set pointer to stardate 

Ca lcu late number used 
Adv pntr to temporary storage 
Save number used 
Set no. bytes for BINDEC 
Co nvert to current stardate 
Set po inter to stardage msg. 

Set co un ter to no . of digits 
Put d igits in stardate message 
Set pointer to message 

Print stardate message 
Set row number 2 
Set up row for printout 
Set pntr to cu rrent quadrant 
Fetch current co ntents 
Set pointer to condition msg 

Alien ship in quadrant? 
Yes, cond itio n "RED" 
Condition "G REEN " 

Set pointer to cond ition msg 
Print condition message 
Set row number 3 
Set up row for printout 
Print curren t quadrant 
Set row number 4 
Set up row for printout 
Po in ter to current sector 



LE I 343 
INO 
CAL T\vO 
LLI 330 
CAL MSG 
LCI005 
CAL RO\vSET 
L LI 117 
LB I 002 
CAL BI NDEC 
LDI001 
LE I 365 
LBI004 
CAL D IGPRT 
LLI3 '17 
L HI 001 
CAL MSG 
LC I 006 
CAL ROIVSET 
LLI 132 
LBI 001 
CAL BINDEC 
LO I 002 
LE I 003 
LBI 002 
CAL DIGPRT 
LL I 367 
LHI 001 
CAL MSG 
LCI 007 
CAL ROWSET 
LL I 1 21 
LBI 002 
CAL BIND EC 
LDI 002 
LEI 023 
LB I 004 
CA L DIG PRT 
LLI 005 
Ll-II 002 
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Set digit cod e storage 

ru t two digits in message 
Set pointer to sector message 
Print sector message 
Set row number 5 
Set up row for printout 
Set poin ter to energy sto rage 
Number of bytes fo r BI NDEC 
Convert to energy stored 
Set pain ter to energy message 

Set co unter to no. of digits 
Pu t d igi ts in message 
Set pain ter to e nergy message 

Pr int current energy message 
Set row number 6 
Set up row fo r prin tou t 
Set pointer to no. torpedoes 
Number of bytes fo r BI NDEC 
Conver t num ber of torpedoes 
Set pointer to torpedo msg 

Set counter to no. o f digits 
Put no. to rped oes in message 
Set pointer to torped o msg 

Print torpedo message 
Set row nu mber 7 
Set up row fo r prin tou t 
Set pointer to sh ie ld energy 
Number of bytes for BI NOEC 
Convert shie ld e~ergy 
Set p ointer to shield message 

Set counter fo r no. of d igits 
Put shie ld energy in message 
Set pointer to shield m essage 



CALMSG 
LCI010 
CA L ROWSET 
LLI160 
LHI 001 
CA L MSG 

Print shield message 
Set row number 8 
Set up row for printout 
Se t pointer to final row 

Print final row of S.R. scan 

This next portion of the short range scan routine is stored with the 
subroutines in memory, since it does not fall in the direct sequence 
of the program. 

RED, LMI 3 22 
INL 
LMI305 
INL 
LMI304 
INL 
LMIOOO 
JMP CNO 

Co ndi t ion " RED" 

Return to short range scan 

The commands, in put by the operator to direct the operation of 
the space ship , are controlled by the COMMAND INPUT rout ine, 
labeled CMNO . This routine (which immediately follows th e short 
range scan) begins by deleting ten units of energy from the main 
storage bank to simulate t he loss of energy resulting from the opera­
t ion o f the ship 's contro l panel. The seco nd byte of the random 
number storage is then incremented to increase the rand om number 
generator' s overall randomness. The command request message is 
then output to the d isplay device followed by a call to the input 
routin e to rece ive the command from the input device . lf th e char­
acter input matches o ne of the ASC II codes, indicating a valid 
command, the proper rout ine is ente red to perform the command. 
If the character is not a valid command en try, the program simply 
requests the command input again . The flow chart and listing for the 
command input routine is presented next . 
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ADVANCE RANDOM NUMBER 
GENERATOR CONSTANT 

NO rORPEDO 
SHOT 

? 

JUMP TO >-----..., SHIP MOVEMENT 
ROUTINE 

JUMPTO 
.>--------i SHORT RANGE SCAN 

ROUTINE 

JUMP TO 
~------t LONG RANGE SCAN 

ROUTINE 

JUMP TO 
.>--------i GALAXY DISPLAY 

ROUTI NE 

JUMPTO 
> ------; SI-IIELD ENERGY 

ROUTI NE 

JUMP TO 
PHASOR 

ROUTINE 

YES JUMPTO 
:>-- - - ----j TORPEDO 

ROUTINE 

4 - 11 



CMND, LI-I I OOO 
LEI 012 Delete 10 units of 
LDI-I Energy for each command 
CAL ELOM 
LLI 101 Set pointer to random number 
LEM Fetch random nmbr. constant 
INE Increment to aid in making 
LM E Random number random 

CMD, LLI 025 Set pointer to command msg 
LI-II 002 
CA L CMSG Request command input 
CA L INPUT I nput command 
CPI 260 Ship movement? 
JT Z CRSE Yes, in pli t cou rse 
CPI 261 Sho rt range scan? 
JT Z SRSCN Y es, print short range scan 
CPI 262 Long range scan? 
JT Z LRSCN Yes, print long range scan 
CPI 263 Galaxy printout? 
JTZ GXPRT Yes, prin t galaxy 
CPI 26'1 Shie ld energy? 
JTZ SHEN Yes, adjust shield energy 
CPI 265 Phasor contro l? 
JT Z PII SR Yes, fire phasors 
CP I 266 Torpedo shot? 
JT Z TRPD Yes, shoot torpedo 

JMP CM D Illegal co mmand , try aga in 

The lo ng range scan ro utine outputs th e contents of lhe current 
quadrant and the eigh t quadrants whi ch immediately surround it. 
The number o f alien ships, space stations, and stal's in each of these 
quadrants is di splayed as dpscrihed in the first chapter. II message 
is output first indicating the current quadrant locatio n of th e space 
ship . The contents o f the three quadrants in the row above the 
current quadran t arc then output by calling the LRR subroutine. 
If this top row is outside the galaxy, the co n ten ts will be output as 
all ze ros by use of the RWC routine. The row co ntaining the current 
quadran t is then output followed by the row helow the current quad-
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rant, If this bOllom row is outside the ga laxy, its contents wi ll be 
displayed as all zeros. ,-\ dividing line of dashes is output between 
each row. At th e co mpletion, th e routine return s to input a new 
co mmand , The long range scan routine beg ins at the labe l LRSCN, 
The fl ow chart and listing for thi s routine are presen ted next. 

LRSC:--:, LLI 11 5 Set pntr to long range msg 
LIII 002 
e \L \ISG Print lo ng ran ge scan 
C. \ I. Cll' ,.\ 0 Prill t q lIad ran t location 
C-\ L :--:'1':-.1 Print row of dashes 
LL I 131 Pointer to current quadrant 
L.-\:-I Felch current quadrant 
:--:01 070 Current quadrant in row 1? 
JT Z 1l\\'C 1 Yes, top ro w clear 
L.·" I No, se tup quadrant to 
SL'I 010 Indicate row · 1 
CAL LIlR Set & prin t top row 

Llll , CA L:--:T:-.I Print separa ting row 
LLI 131 Set pointer to current quad, 
1 .. "1 Fetch current quadrant 
C,\L LIW Set & print middle row 
CAL :--:T~ Prin t separating row 
LLI 1 31 Sel po in ter to current quad, 
1, ," 1 Fetch current quad rant 
CPI 070 Current quadrant in row 8? 
J FC 1l\\'C2 Y es, bottom row clear 
c\01 0 10 :-.io, set quad rant to row + 1 
C'.-\L Llill Set & prin t bottom row 

LR2, C,·\L:--:T:--: Prin t separating row 
J\lP C~ I :-.I O Input next co mmand 

RWCI. C'. \L R\\'C Print c lear row 
J\lP Llll Continu e long range scan 

R\\'C2, Cel L R\\, C Prin t clear row 
J :-IP LR2 Fini sh long range scan 

RIV C, LL I 311 Set pointer to left quadrant 
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PRINT LONG RANGE HEADING 
INDICATING CENTER 

QUADRANT LOCATION 

SET UP TOP ROW 
CONTENTS & PRINT 

YES 

YES 

SET BOTTOM ROW 
CONTENTS & PRINT 
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PRINT 
TOP ROW 

AS ALL ZEROS 

PRINT 
BOTTOM ROW 
AS ALL ZEROS 



XRA 
CAL QDS1 
LLI 317 
XRA 
CAL QDS1 
LLI325 
XRA 
CAL QDS1 
JMP LRP 

Set zero entry 
Set quadrant contents 
Set pointer to middle quad. 
Set zero entry 
Set quadrant con tents 
Set pointer to right quadrant 
Set zero contents 
Set quadrant contents 
Print long range row 

The galaxy disp lay routine produces an output of the entire galaxy 
contents to the disp lay device in a format similar to that of the long 
range scan . The display is used to provide the operator with a map 
from which a course may be charted for the mission. The contents of 
a complete row are set up in the galaxy printout message on page 00 
by calling the QDSET subroutine, and then the row is output to the 
display device. A dividing line of dashes is output between each row. 
When the output is finished, the routine returns to the command in­
put routine. The galaxy d isplay routin e flow chart and listing is 
presented next. 

GXPRT, 

GL1, 

GL2, 

LLI 042 
LHI 004 
CAL MSG 
LH l 061 
CAL NT1 
LLl 300 
LDH 
LEI 204 
LAM 
CAL SWITCH 
CA LQDSET 
LAL 
AD I 004 
LLA 
CAL SWITCH 
I L 
CPI264 
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Print galaxy display . 

Prin t border 
Set poin ter to galaxy 
Set printout pointer 

Fetch quadran t contents 
Set message pointer 
Set quad. contents in message 
Fetch message pointer 
Advance to next quad. in msg 

Set galaxy pointer 
Advance to next quad. in glxy 
This end of line? 



JFZ GL2 
CA L SWlTCH 
LLI200 
CA LMSG 
LHI061 
CAL NTI 
LAE 
CPH 
JTZ CMND 
CAL SWITCH 
JMP GLI 

No, set next quad. in msg 
Save ga laxy pointer 
Prin t current line of galaxy 

Print dividing line 
Fetch galaxy poin ter 
End of galaxy prin ted? =O? 
Yes, retu rn to command input 
No , set up galaxy pointer 
Continue printout 

PRI NT GALAXY HEADING 

SET UP & PRfNT 8 QUADRANTS 

o 

OF GALAXY 

J UM P TO 
COMMAND INPUT 
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The shield ro utine transfers energy between the main energy 
supply and the pro tective shields as designated by the operator. The 
routine begins by req uesting the operator to enter the amount of 
energy to be transferred. The EIN routine is called to input the 
energy from t he input device. The input is then converted to its 
binary value and the sign of the input is checked. If a minus sign was 
entered preceeding the energy input, the energy is transferred fro m 
the shield energy to t he main energy storage . If only the four digits 
are entered, the transfer of energy goes from the main su pply to the 
shields by jumping to the routine labeled pas. In e ither case, the 
supply from which the energy is to be taken is checked to d etermine 
whether there is enough energy for the transfer. If there is not 
enough , a message is output to inform the operator, and the routine 
returns to the command input routine. If there is suffic ient energy, 
the transfer will be co mpleted and the program returns to the co m­
mand input routine. This routine begins at the label SHEN. The fl ow 
chart and listing are presented next . 

SHEN, 

pas, 

LLI060 
LHI003 
CAL MSG 
CAL EIN 
JTS SHEN 
CA L DCBN 
LLI 144 
LAM 
NDA 
JTZ pas 
CA LCKSD 
JTC NE 
CAL FMSD 
CAL TOMN 
JMP CMND 

CA L CKMN 
JTC NE 
CAL FMMN 
CAL TOSD 
JMP CMND 

4 - 17 

Print " Shield Energy 
Transfer = " 

Input energy amount 
Invalid input, try again 
Convert to binary 
Fetch sign ind icator 

Is sign positive? 
Yes, from main to shield 
No, check shie ld energy 
If shield less than req, no good 
Subtract from shield 
Add to main 
Input new command 

Check main energy 
If main less than req, no good 
Subtract from main 
Add to shield energy 
Input new co mmand 



TRANSFER 
FROM SHIELD 

TO MAIN 

NO 

PRINT "SHIELD 
ENERGY TRANSFER=" 

NO 

PRINT 
"NOT ENOUGH 

ENERGY" 

YES 

JUMP TO 
COMMAND IN PUT 
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TRANSFER 
FROM MAIN 
TO SH1ELD 



E, LLI1l4 
LHI003 
CAL MSG 
JMP CMND 

Print "Not Enough 
Energy" 

Input new command 

The movement routine is called when it is desired to move the 
space ship within the galaxy . The course direction is input by calling 
the DRCT subroutine, which returns with the pointer to the course 
table stored in location 136 on page 00. The distance, or warp factor , 
is th en entered, and the binary count of the number of sectors to be 
traversed is stored in register E. The ACTV subroutine is called to set 
up the adjusted row and column values used by t he TRK subroutine 
in advancing the space ship . The crossing indicator is cleared before 
the routine begins the actual move ment of the space ship . The 
crossing indicator is used at the end of the move to indicate whether 
one or more quadrant borders have been crossed. 

Movement of the space ship begins at the label MOV which first 
calls TRK to move the space sh ip one sector. If the return from TRK 
indicates the space ship is outside the known galaxy, the LOST sub­
routine is called, which ends the current game. Otherwise, a quad­
rant crossing is checked by read ing the crossing flag. If a crossing did 
not occur, the program checks for a possib le co llision . However, if 
the space ship did cross a quadrant border , the crossing indicator is 
set, 25 units of energy are deleted from the main supply, and the 
new quadrant is set up. 

The routine then checks for a collision between the space ship and 
the other objects in the quadrant. If a collision occurs within the 
initial quadrant, the resu lt will be one of the fo llowing. For a 
collision with a star, the game wi ll end by jumping to the WPOUT 
subroutine . A collision with a space station results in the elimina­
tion of the space station and the lo ss of 600 units of energy from the 
ship 's shield s. Finally, a collision with an alien ship resu lts in its 
elimination, and a loss of 1500 units of energy from the space ship's 
shields. 

After a collision with a space station or alien ship, or if there was 
no co llision, the move is continued by decrementin.; thp '"'"r;:o factor 

4 - 19 



and, if not zero , returning to MOV to move the space ship one more 
sector . When the warp factor reaches zero, the crossing indicator is 
checked and , if set, the stardate counter is decremented. When the 
stardate coun ter goes to zero, the operator has run out of time and 
the game ends by jumping to the TIME subroutine. 

The locat ion of the space ship is then checked against the location 
of th e o th er object s in the quadrant. If the space sh ip is in the same 
sector as another object in the quadrant, the other object is moved. 
This co incidence may occur when the space ship moves into a new 
quadrant, since a collision outside the original quadrant is ignored in 
the co llision routine . 

The final operation of this routine is to check for a docking with a 
space statio n . This can only occur when the space ship cOlnpletes its 
move by residing in a sector on either side of the space station. The 
space sh ip is not docked when it is in the sector above or below the 
space stat io n . Tf the space ship is docked, its energy banks and tor­
pedo t ubes are re fill ed. The flow chart and listing for the movement 
routin e is now presented. 

CRSE, 

WRP, 

LLl 040 
LHT 002 
CAL MSG 
CAL ORCT 
JTZ CRSE 
LLl 063 
LHI002 
CAL CMSG 
LLI 137 
CAL INPUT 
CPI260 
JTCWRP 
CPT 270 
JFC WRP 
NDI 007 
RLC 
RLC 
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Pointer to "Course" message 

Request course input 
Input course direction 
Inpu t error, try again 
Pointer to "Warp" message 

Request warp inpu t 
Se t pntr. to temporary storage 
Input warp factor number 1 
Is digit less than O? 
No, request input again 
Is digit greater than 7? 
Yes, try again 
Mask off ASCII code 
Position to 3rd bit 



MOV, 

CLSN, 

RLC 
LM A 
LAI 256 
CAL PRINT 
CAL INPUT 
CPI 260 
JTC WRP 
CPI 270 
JFC WRP 
ND I007 
ADM 
J TZ WRP 
LEA 
CA L ACTV 
LLI061 
LMH 
CA LTRK 
JTZ LOST 
LLI060 
LAM 
NDA 
JT Z CLSN 
INL 
LML 
LEI 031 
LDH 
CAL ELOM 
CAL QCNT 
CAL NWQD 
CAL RWCM 
CAL MATCH 
JF Z MVDN 
LBL 
LAB 
CPl 113 
LL1061 
LAM 
JTZ SSOUT 
JFC ASOUT 
NDA 
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Save in temporary storage 
Print decimal point 

Input 2nd warp factor number 
Is d igit less than O? 
Yes, no good 
Is digit greater than 7? 
Yes, no good 
Mask off ASCII cod e 
Add warp digit number 1 
If 0 , no good 
Save warp factor in 'E' 
Fetch adjusted row & column 
Set pntr to crossing indicator 
Clear crossing ind icator 
Track 1 sector 
Out of galaxy? Yes, lost 
Fetch crossing flag 

Quadran t crossed ? 
No, chec k collisio n 
Advance to crossing indicator 
Set crossing indicator to non-O 
Delete 25 uni ts o f 
Energy from main supply 

Fetch new quadrant co ntents 
Set up new quadran t 
Form row and co lumn byte 
Co lli sion? 

0, complete move 
Yes, save object location 
Set flags to d etermine 
What was hit 
Po inter to cro ssing indicator 
Fetch crossing ind icator 
Space station co llision 
Alien ship collision 
Star, ini t ial quadrant? 



JTZ WPOUT Yes, ship wiped out 

MVDN, LHIOOO Restore registers 'E' 'D' & 'e' 
LLI050 
LEM 
INL 
LDM 
INL 
LCM 
DCE Decrement warp factor 
JFZ MOV Not 0, continue move 

LLI061 Fetch crossing indicator 
LAM 
NDA Quadrant crossing occurred? 
JTZ NOX No , complete move 
LLI 135 Yes, fetch stardate 
LBM 
DCB Decrement stardate counter 
JTZ TIME If 0, end of game 
LMB Else save new date 

NOX, CAL RWCM Form row and column byte 
LLI 103 Set pointer to current sector 
LMB Save new sector 
CAL MATCH Last move a co llision? 
CTZ CHNG Yes, change object location 
CAL DKED Check for docking 
JMP SRSCN Do short range scan 

SSOUT, NDA Initial quadrant? 
JFZ MVDN No, no lo ss 
LLB Yes, set object pointer 
CAL DLET Remove space station fm glxy 
LEI 130 Then delete 600 units 
LDI002 Of energy from space ship 

SSOl, CAL ELOS Delete energy 
JMP MVDN Finish move 

ASOUT, NDA Initial quadrant? 
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JFZ MVDN No, no loss 
LLB Yes, delete alien ship 
CAL DLET 
LEI 334 Delete 1500 uni ts of 
LD I 005 Energy from space ship 
JMP SSOl And fini sh move 

CHNG, LEL Set tab le location and 
LCI 001 Num ber o f objects counter for 
JMP LOCSET Move object and retu rn 

DKED, LL I 113 Fetch space station byte 
LAM 
NDA Space station in quadrant? 
RTS No, return 
LAB Fetch space ship location 
NDI070 Separate row location 
LCA Save in 'C' 
LAB Fetch space ship location 
ND I 007 Separate co lumn locatio n 
LBA Save in 'B' 
LAM Fetch space ship location 
ND I 007 Separate space ship clmn loc 
LEA Save in 'E' 
LAM Fetch space station location 
ND I 070 Separate row location 
CPC Same row as space sh ip? 
RFZ No, return 
LAB Fetch space ship co lumn 
AD I 001 Advance one column 
CPE Space station adjacent? 
JT Z LOAD Yes, load up space shi p 
SU I 002 No, try column to left 
CPE Space station adjacent? 
RFZ No, return 
JMP LOAD Yes, load space ship & return 
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GAM E 
OVER 

START AGAIN 

YES IN ITIAL 
QUAD. 

? 

PERFORM 
NECESSA RY 

OPERATION FOR 
OBJECT H IT 

YE. GAME NO 
OVER 

? 

YES 

YES 

OUTOF NO 
GALAXY 

YES 

? 

NO 
COLLISION ? 

NO 

? 

YES 

? 

CH ECK 
SPACE SHIP 
POSITION 

I N QUA DRANT 

SET UP 
NEW 

QUADRANT 

NO YES .«----...... ;...-~ DOCKED?'>...;:.=--------, 

J UMPTO 
SHORT RANGE 

SCAN 
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RELOAD 
SPA CE 
SHIP 



The torpedo routine fires a torpedo in the direction specified by 
the operator in an attempt to d estroy an alien ship . This routin e first 
checks the number of torpedoes available . If there are no torpedoes 
remaining, a message is output to inform the operator, and the rou­
t ine returns to the command routine . If there is a torpedo available, 
the torpedo co un t is decremented, and 250 uni ts of energy are de­
ple ted from the main sto rage bank. The DRCT subrout ine is then 
call ed to input the direction of fire for the torpedo. The ACTV sub ­
routine t hen sets the adj usted row and co lumn values for tracking 
the torpedo. 

Once the trajectory is set up, the torpedo is moved one secto r at 
a time, using the TRK subrout ine. If the torpedo moves out of the 
q uadrant, it has missed its intend ed target and the alien ship re­
taliates by firing 200 units of phasor energy back at th e space ship . 
Otherwise, the sector location of the torpedo is output in the 
tracking message so that the operator can follow the torpedo 's path. 
The M ATCII subrou t ine checks for a collision after each sec tor 
moved. If there is no co llision at thi s sector, the torpedo will be 
tracked another secto r by returning to the TR2 label in this routine. 
If an alien ship has been hit, it is removed fro m the galaxy. If it is 
the last a lien ship, the mission is com plete , and the program begins a 
new ga me. If a space stat ion is hit, it is eliminated and the alien ship 
will reta liate as mentioned above. If a star is hit, the torpedo has 
missed its mark and the alien ship will again retaliate for the 
attempted attack. The program then re turns to the command input 
routine. The torpedo fl ow chart and listing are presented next. 

TRPD, LLI1 32 
LAM 
NDA 
JT Z NTPD 
LEI 372 
LDI-I 
CAL CKM N 
JTC NE 
CAL FMM N 
LLI 132 
LAM 
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Fe tch number o f torpedoes 

Any torpedoes left? 
No , print no torpedo message 
Set up 250 units 
Of energy to delete 
Enough in main supply? 
No, report not enough 
Yes, d elete from main 

Fetch torpedo count 



RDIOVE 
ALIEN SHIP 

FRO~I G A LAX Y 

PHI NT i\ II SS ION 
CO~IPLETE 

~ I ESSAGE 

? 

NO HIT YES REMOVE 
S. STATION>----1 SPACE STATION 

? FROM GAL AXY 

YES HIT NO 
~E----<A LIEN SH IP'>-- --, 

? 

OUT OF YES 
QUADRANT >------tIO~---..J 

? 
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D ELETE 200 
UN ITS OF ENERGY 

FROM SHIELDS 

JUMP TO 
COMMAND I NPUT 



SUI 001 Remove one torpedo 
LMA 

TR1 , LLI140 Print "Torpedo 
LH I003 Trajectory ' 
CAL MSG 
CA L DRCT In put direction 
JTZ TR1 Invalid input, try again 
CA L ACTV Form adjusted row & column 
LLI1 31 Save cu rrent quadrant location 
LAM In temporary storage 
LLl 053 
LMA 

TR2, CALTRK Move torp edo one sector 
JTZ QO UT Out of quadran t? Missed 
LLI060 Fe tch crossing flag 
LAM 

DA Crossed quadrant? 
JF Z QOUT Yes, mi ssed 
CA L RWCM No, fonn row and column 
LCB Save row and co lumn byte 
LLI036 Set up tracking message 
LHI004 By insert ing row and co lumn 
CA LT1 In message 
LLI 022 Set pointer to message 
CAL CMSG Print 'Tracking: R,C' 
LBC Fetch row and co lumn byte 
CAL MATCH Torpedo hit anything? 
JTZ HIT Yes, analyze 
LLI050 No, restore registers 
LEM 
INL 
LDM 
IN L 
LCM 
JMP TR2 Continue track ing 

HIT , LAL What was hit? 
CPI11 3 Was it a star? 
JTC QO UT Yes, missed alie n ship 
JTZ SSTA Space stat.? Yes, d elete S.S. 
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CA L DLET No, de lete alie n ship 
LLI 177 Print a lien ship hit message 
LHI003 
CAL MSG 
JMP CMND Input new command 

SSTA, CA L DLET De lete space station fm galaxy 
LLI 27 2 Print message o f loss of 
LHI003 Space station 
CAL MSG 

QOUT, LLI 226 Print missed message 
LHI 003 
CAL CMSG 
LEI 310 Set up loss of 200 
LDH Uni ts due to alien ship 
CA L ELOS Reta liating 
LLI 053 Resto re current quadrant 
LAM Locatio n 
LLI 131 
LMA 
JMP CMND rnpu t new command 

NT PD , LL I 266 Set po inter to No Torpedo 
L111 00 '1 Message 
CA L MSG Print message 
JMP CMND Jump to input command 

The phaso r routine fires a designated amount o f phasor energy at 
the alien shi ps in th e quad rant. The E IN subroutine is called to input 
the energy to he fired. The amount of e nergy entered is then deleted 
from the main sto rage bank. The number o f alien ships in the im­
mediate quadrant is t hen determ ined to calculate the amount of 
energy to be fi red at each . If there are no alien sh ips, a message is 
outpu t ind icaLing th e energy fired was wasted . The amount of phasor 
energy to be fi red at the alien sh ips is calcu lated a nd saved fo r use by 
the AS IIP subro u t ine. 

The ASPII subro utine is call ed to fir e the phasor at each of the 
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three possible alien ships in the quadrant. It first ascertains the 
presence of t he particular alien ship by looking for its row and 
co lumn location in the data table. If this location contains a 200, no 
alien ship is located here and th e routine simply returns. Otherwise, 
this row and co lumn location is output to inform the operator which 
alien sh ip is about to be attacked. The distance between the space 
ship and the alien ship , as defined in Chapter One, is then calculated 
and the distance factor is used to determine how much of the phasor 
energy actually reaches the alien ship. This energy is subtracted from 
the alien ship's sh ield energy, and if the result is zero or less, the alien 
ship is destroyed . A message is output to inform the operator of its 
destruction. If the alien ship is not d estroyed, the new energy level of 
the alien ship's shield s is output and, in retaliatio n, the alien ship 
fires a phasor equal to one quarter of its sh ield energy at the space 
ship. When the AS PH subroutine has completed its operation, it re­
turns to the phasor routin e. After all alien sh ips in the quadrant have 
been fired upon , t he phasor routine returns to the command input 
routine. The phasor routine flow chart and listing is now presented. 

PHSR, 

PHI, 

LLI063 
LHI004 
CAL MSG 
CALEIN 
JTS PHSR 
CA L DCBN 
CA L ELOM 
LLI 102 
LAM 
NDl 060 
JTZ WASTE 
CAL ROTR4 
SU l OOl 
JT Z PHI 
LBA 
CAL DVD 
LLI 136 
LME 
INL 
LMD 
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Print ' Phasor Energy to Fire: ' 

Inpu t energy amo unt 
Input error, try again 
Convert energy to binary 
De lete energy from main 
Fetch current quad . contents 

An Y alien sh ips? 
No, waste of energy 
Position number of alien ship 
1 alien sh ip, full energy 
2 al ien sh ips, half energy 
3 a lien ships, quarter energy 

Set pointer to energy storage 
Save energy amou nt 



YES LAST 
ALIEN 
SH IP? 

INPUT PI·IASOR 
EN ERG Y TO FIRE 

YES ALIEN NO 

PRESENT ~-----r====~L-~~, 
? 

DELETE ',4 A.S. NO.1 
~~~ ENERGY FROM 

SPA CE S HIP S HIELDS 

YES DELETE ',4 A.8. NO.2 
fE-----------=-<rDESTROYED :;-?:>~ ENERGY FROM 

YES LAST 
AL IEN 
S HIP? 

SPACE S I·IIP SHIELDS 

YES NO DELETE % A.S. NO.3 
~------C-DESTROYED ? ENERGY FROM 

YES LAST 
ALIEN 
SH IP? 

MISSION COMPLETE 
START AGAIN 

J UMP TO 
COMMAN D INPUT 
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SPACE SHIP SHIELDS 



LL I 050 Save energy in temp . storage 
LME 
IN L 
LMD 
INL Save lac. of alien sh ip in tab le 
LM I 114 
CAL ASPH Ca lc. phsr dmg to A.S. No . 1 
LLI 052 Set pntr to A.S. lac. storage 
LM I 115 Save location of A.S. in tab le 
CA L ASP H Ca lc. phsr dmg to A.S. o. 2 
LL I 052 Set pntr to A.S. lac. storage 
LMI116 Save location of 3rd alien ship 
CAL ASPH Calc. p hsr d mg to A.S. No.3 
JMP CMND I nput new command 

ASPI-I, LLM Set pntr to a lien ship in table 
LAM r etch alien sh ip location 

DA Alien ship in this location? 
RTS No, return 
LE I 145 Set pointer to secto r 
LD I 004 Storage in message 
CAL TWO Set sector coord inates 
LLI 116 Print 'A.S. at sector X,Y:' 
CA L CMSG 
LL I 103 r etch space ship location 
CA L SPRC Separate row and column 
LLE Save space ship row & co lumn 
LHD 
LEC 
LDB 
CA L SPRC Separate A.S. row & co lumn 
LAB Fe tch a lien sh ip row 
SU D Su b tract space sh ip row 
JrS PH2 To calcu late distance between 
X RI 377 Alien ship and space ship 
ADI00 1 

1'1-12 , LBA Save row distance 
LA C r etch a lien sh ip co lumn 
SUE Subtract space sh ip column 
JrS PH 3 '1'0 calculate co lu m n distan ce 
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XR I 377 Between A. ship & S. ship 
ADI001 

PH3, ADB Add ro w distance 
RRC Form distance factor 
RRC To be used to calcu late 
ND I 003 Energy that reach es alien ship 
LBA Save in 'S ' 
LCL Save pointer in 'C' 
LLI 050 Petch phasor energy 
LEM 
IN L 
LDM 
DCB Divide energy by 
INB 
CPZ DVD Distance factor 
LAC Fetch table pointer 
ND I003 
RLC And set pointer to alien ship 
ADI123 Energy storage 
LL I 053 Save energy pointer 
LMA 
LLA Set pntr. to alien ship energy 
CAL FM1 Delete energy fm alien ship 
JTS DSTR I f negative, A. sh ip destroyed 
JP ZALOS I [ non-O, print A. sh ip energy 
DCL Check 2nd half of alien ship 
LAM Energy to see if zero. 
INL 
NDA Alien ship energy = 07 
JTZ DSTR Yes, remove from galaxy 

ALOS, DCL Set pntr to alien sh ip energy 
LBlO02 Set number for BINDEC 
CA L BTNDEC Co nvert A.S. enrgy to decimal 
LEI 167 
LDI004 
LB I 004 Set number of digits 
CAL DIGPRT Put energy in message 
LL I 153 Print energy of alien ship 
LHI004 
CA L CMSG 
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LLI 053 Fetch a lien ship energy 
LDI 
LDI Fe tch alien ship energy 
1:\ L 
LD\I 
LBI 002 Divide alien sh ip energy 
CAL DVD By ~ as retaliation by A.S. 
J\IP ELOS Remove fm sh Id nrgy & ret 

DSTR, LL I 312 Prin t "' Dest royed" 
Ll II003 
C.-\L C~ISG 
LL I 052 Fe tch alie n ship location in tbl 
LL~I 

J~IP DLET Remove A.S. fm gLxy & ret 

SPRC, LA~I Felch row and co lumn 
~D I 007 Separate co lumn 
LCA Save co lumn in 'e' 
LAM Fetch row 
CA L ROTR3 Posit io n row to righ t 
NDI007 Separate row 
LBA Save row in '8' 
RET 

WASTE , CA L ELOM Delete power from ma in 
LLI 171 
LHI004 Print 'No A.S .' Wasted shot' 
CAL MSG 
JMP CMND In put new command 
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8008 ASSEMBLED LISTlNG 

This chapter contains the assembled list ing for th e 8008 version of 
the Galaxy program. The assembled listing provides the memory 
addresses and machine code for the mnemonics which make up the 
Galaxy program. All that is required is to add th e read er provided 
I/O driver routines for the specific devices availab le on one's system. 
These ro utin es mu st follow the guidelines d escribed in Chapter Two. 

The first portion of the listing indicates the usage of page 00 for 
the course tab le, temporary data storage, the galaxy d isplay message, 
and th e galaxy content tab le. The galaxy disp lay message on page 00, 
the messages of page 01 through 04, and the galaxy setup tab le on 
page 17 are presented as octal dumps. 

The start of execut ion address for the Galaxy program as pre­
sented herei n is page 12 location 000. 

000 000 002 Course 1.0 
000 001 000 
000 002 002 Course 1.5 
000 003 377 
000 004 002 Course 2.0 
000 005 376 
000 006 001 Course 2 .5 
000 007 376 
000 010 000 Course 3.0 
000 all 376 
000 012 377 Course 3.5 
000 01 3 376 
000 014 376 Course 4.0 
000 01 5 376 
000 016 376 Course 4.5 
000 017 377 
000 020 376 Course 5.0 
000 021 000 
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000 022 376 Course 5.5 
000 023 001 
000 024 376 Course 6.0 
000 025 002 
000 026 377 Course 6.5 
000 027 002 
000 030 000 Course 7 .0 
000 031 002 
000 032 001 Course 7.5 
000 033 002 
000 034 002 Course 8.0 
000 035 002 
000 036 002 Course 8.5 
000 037 001 

000 050 000 Register storage 
000 051 000 Register storage 
000 052 000 Register storage 
000 053 000 Tern porary storage 

000 060 000 Crossing flag 
000 061 000 Crossing indicator 
000 062 000 Temporary storage 
000 063 000 Tern porary storage 

000 100 000 Random number 
000 101 000 Ran. num . constant 
000 102 000 quadrant contents 
000 103 000 Sec. loco of S. ship 
000 104 000 Sector loco of star 
000 105 000 Sector loco of star 
000 106 000 Sector loco of star 
000 107 000 Sector lo co of star 
000 110 000 Sector loco of star 
000 III 000 Sector loco of star 
000 ll2 000 Sector loco of star 
000 ll3 000 Sec. loco of space st. 
000 ll4 000 S. loco of A.S. No.1 
000 ll 5 000 S. loc. of A.S. No.2 
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000 116 000 S. loc. of A.S. No.3 
000 117 000 Main nrgy L.S. half 
000 120 000 Main nrgy M.S. ha lf 
000 121 000 Shld nrgy L.S. half 
000 122 000 Shld nrgy M.S. half 
000 123 000 A.S. 1 nrgy L.S. half 
000 124 000 A.S. 1 nrgy MS half 
000 125 000 A.S . 2 nrgy L.S. half 
000 126 000 A.S. 2 nrgy MS half 
000 127 000 A.S. 3 nrgy L.S. half 
000 130 000 A.S. 3 nrgy MS half 
000 131 000 Quad. loc. of S. ship 
000 132 000 Number torpedoes 
000 133 000 Num. space stations 
000 134 000 Num. alien ships 
000 135 000 Nurn . stardates 
000 136 000 Temporary storage 
000 137 .-UOO Tem porary storage 
000 140 000 Digit storage 
000 141 000 Digit storage 
000 142 000 Digit storage 
000 143 000 Digit storage 
000 144 000 Digit storage 

000 200 215 212 261 240 240 240 240 240 
000 210 261 240 240 240 240 240 261 240 
000 220 240 240 240 240 261 240 240 240 
000 230 240 240 261 240 240 240 240 240 
000 240 261 240 240 240 240 240 261 240 
000 250 240 240 240 240 261 240 240 240 
000 260 240 240 261 

000 300 th ro ugh 377 reserved for Galaxy content table 

5 - 3 



001 000 215 212 304 317 240 331 317 325 
001 010 240 327 301 316 324 240 324 317 
001 020 240 307 317 240 317 316 240 301 
001 030 240 323 320 301 303 305 240 326 
001 040 317 331 301 307 305 277 240 000 
001 050 215 212 331 317 325 240 315 325 
001 060 323 32.1 240 30.1 305 323 324 322 
001 070 317 331 240 240 240 240 301 314 
001 100 311 305 316 240 323 310 311 320 
001 110 323 240 311 316 240 240 240 240 
001 120 323 32·1 301 322 304 301 324 305 
001 130 323 240 327 311 324 310 240 240 
001 140 240 323 320 301 303 305 240 323 
001 150 324 30 1 32·1 311 317 316 323 000 
001 160 215 212 240 255 261 255 255 262 
001 170 255 255 263 255 255 264 255 255 
00 1 200 265 255 255 266 255 255 267 255 
001 210 255 270 255 000 215 212 260 240 
001 220 2.10 240 240 240 240 240 240 240 
001 230 2.10 240 240 240 240 24 0 240 240 
001 240 240 2.10 240 240 240 240 240 000 
001 250 240 323 32·1 301 322 304 301 324 
001 260 305 240 240 263 260 260 260 000 
001 270 240 303 317 316 304 311 324 311 
001 300 317 316 240 307 322 305 305 316 
001 310 000 240 321 325 301 304 322 301 
001 320 316 324 240 240 240 254 240 000 
001 330 240 323 305 303 324 317 322 240 
001 340 240 240 240 240 254 240 000 240 
001 350 305 316 305 322 307 331 240 240 
001 360 2·10 240 240 240 240 240 000 240 
001 370 324 317 322 320 305 304 317 305 
002 000 323 240 240 240 000 240 323 310 
002 010 311 305 314 304 323 240 240 240 
002 020 240 2.10 240 240 000 215 212 303 
002 030 317 315 315 301 316 304 277 000 
002 040 215 212 303 317 325 322 323 305 
002 050 2.10 250 261 255 270 256 265 251 
002 060 277 240 000 215 212 327 301 322 
002 070 320 240 306 301 303 324 317 322 
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002 100 240 250 260 256 261 255 267 256 
002 110 267 251 277 240 000 215 212 314 
002 120 256 322 256 240 323 303 301 316 
002 130 240 306 317 322 000 215 212 315 
002 140 311 323 323 311 317 316 240 306 
002 150 301 311 314 305 304 254 240 331 
002 160 317 325 240 310 301 326 305 240 
002 170 322 325 316 240 317 325 324 240 
002 200 317 306 240 323 324 301 322 304 
002 210 301 324 305 323 000 215 212 313 
002 220 301 255 302 317 317 315 254 240 
002 230 331 317 325 240 303 322 301 323 
002 240 310 305 304 240 311 316 324 317 
002 250 240 301 240 323 324 301 322 256 
002 260 240 331 317 325 322 240 323 310 
002 270 311 320 240 311 323 240 304 305 
002 300 323 324 322 317 331 305 304 000 
002 310 215 212 331 317 325 240 315 317 
002 320 326 305 304 240 317 325 324 240 
002 330 317 306 240 324 310 305 240 307 
002 340 301 314 301 330 331 254 240 331 
002 350 317 325 322 240 323 310 311 320 
002 360 240 311 323 240 314 317 323 324 
002 370 256 256 314 317 323 324 000 215 
003 000 212 314 317 323 323 240 317 306 
003 010 240 305 316 305 322 307 331 240 
003 020 240 240 240 240 000 215 212 304 
003 030 301 316 307 305 322 255 323 310 
003 040 311 305 314 304 240 305 316 305 
003 050 322 307 331 240 260 260 260 000 
003 060 215 212 323 310 311 305 314 304 
003 070 240 305 316 305 322 307 331 240 
003 100 324 322 301 316 323 306 305 322 
003 110 240 275 240 000 215 212 316 317 
003 120 324 240 305 316 317 325 307 310 
003 130 240 305 316 305 322 307 331 000 
003 140 215 212 324 317 322 320 305 304 
003 150 317 240 324 322 301 312 305 303 
003 160 324 317 322 331 250 261 255 270 
003 170 256 265 251 240 272 240 000 215 
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003 200 212 301 314 311 305 316 240 323 
003 210 310 311 320 240 304 305 323 324 
003 220 322 317 331 305 304 000 215 212 
003 230 331 317 325 240 315 311 323 323 
003 240 305 304 241 240 301 314 311 305 
003 250 316 240 323 310 311 320 240 322 
003 260 305 324 301 314 311 301 324 305 
003 270 323 000 215 212 323 320 301 303 
003 300 305 240 323 324 301 324 311 31 7 
003 310 316 240 304 305 323 324 322 317 
003 320 331 305 304 000 215 212 303 317 
003 330 316 307 322 301 324 325 314 301 
003 340 324 311 317 316 323 254 240 331 
003 350 317 325 240 310 301 326 305 240 
003 360 305 314 311 315 311 316 301 324 
003 370 305 304 240 301 314 314 240 317 
004 000 306 240 324 310 305 240 301 314 
004 010 311 305 316 240 323 310 311 320 
004 020 323 000 215 212 324 322 301 303 
004 030 313 311 316 307 272 240 240 254 
004 040 240 000 215 212 307 301 314 301 
004 050 330 331 240 304 311 323 320 314 
004 060 301 331 000 215 212 320 310 301 
004 070 323 317 322 240 305 316 305 322 
004 100 307 331 240 324 317 240 306 311 
004 110 322 305 240 275 240 000 215 212 
004 120 301 314 311 305 316 240 323 310 
004 130 311 320 240 301 324 240 323 305 
004 140 303 324 317 322 240 240 254 240 
004 150 272 240 000 305 316 305 322 307 
004 160 331 240 275 240 240 240 240 240 
004 170 000 215 212 316 317 240 301 314 
004 200 311 305 316 240 323 310 311 320 
004 210 323 24 1 240 327 301 323 324 305 
004 220 304 240 323 310 317 324 000 215 
004 230 212 301 302 301 316 304 317 316 
004 240 240 323 310 311 320 241 240 316 
004 250 317 240 305 316 305 322 307 331 
004 260 240 314 305 306 324 000 215 212 
004 270 316 317 240 324 317 322 320 305 
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004 300 304 317 305 323 000 215 212 261 
004 310 240 240 240 240 240 261 240 240 
004 320 240 240 240 261 240 240 240 240 
004 330 240 261 000 215 212 314 301 323 
004 340 324 000 215 212 303 310 311 303 
004 350 313 305 316 241 000 

005 000 307 MSG, LAM 
005 001 240 NDA 
005 002 053 RTZ 
005 003 106 300 017 CAL PRINT 
005 006 106 014 005 CAL INMEM 
005 011 104 000 005 JMP MSG 

005 01 4 060 INMEM , INL 
005 015 013 RFZ 
005 016 050 INH 
005 017 007 RET 

005 020 066 100 RN, LLI 100 
005 022 056 000 LH I OOO 
005 024 307 LAM 
005 025 310 LBA 
005 026 002 RLC 
005 027 251 XRB 
005 030 012 RRC 
005 031 060 INL 
005 032 317 LBM 
005 033 010 INB 
005 034 371 LMB 
005 035 201 ADB 
005 036 061 DCL 
005 037 370 LMA 
005 040 007 RET 

005 041 046 367 SSPLS, LEI 367 
005 043 104 055 005 JMP PLS 

005 046 046 010 SSMNS , LEI 010 
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005 050 104 073 005 JMP MNS 

005 053 046 317 ASPLS, LEI 317 
005 055 106 020 005 PLS, CALRN 
005 060 064 300 ORI300 
005 062 360 LLA 
005 063 304 LAE 
005 064 247 NDM 
005 065 370 LMA 
005 066 104 053 012 JMP GLXCK 

005 071 046 020 ASMNS, LEI 020 
005 073 106 020 005 MNS, GALRN 
005 076 064 300 ORI300 
005 100 360 LLA 
005 101 304 LAE 
005 102 267 aRM 
005 103 370 LMA 
005 104 104 053 012 JMP GLXCK 

005 107 307 D!GPRT, LAM 
005 110 004 260 AD! 260 
005 112 106 014 005 CALINMEM 
005 115 106 144 005 CAL SWITCH 
005 120 370 LMA 
005 121 106 134 005 CAL DCMEM 
005 124 011 DCB 
005 125 053 RTZ 
005 126 106 144 005 CAL SWITCH 
005 131 104 107 005 JMP D!GPRT 

005 134 061 DCMEM, DCL 
005 135 060 INL 
005 136 110 142 005 JFZ LODCR 
005 141 051 DCH 
005 142 061 LODCR, DCL 
005 14 3 007 RET 

005 144 326 SWITCH, LCL 
005 145 364 LLE 
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005 146 342 LEC 
005 147 325 LCH 
005 150 353 LHD 
005 151 332 LDC 
005 152 007 RET 

005 153 106 144 005 B1NDEC, CAL SWITCH 
005 156 066 140 LLl140 
005 160 056 000 LHI 000 
005 162 375 LMH 
005 163 060 INL 
005 164 375 LMH 
005 165 060 INL 
005 166 375 LMH 
005 167 060 INL 
005 170 375 LMH 
005 171 060 INL 
005 172 375 LM H 
005 173 106 144 005 CAL SWITCH 
005 176 347 LEM 
005 177 011 DCB 
005 200 150 205 005 JTZ BNDC 
005 203 060 INL 
005 204 337 LDM 
005 205 066 144 BNDC, LLl144 
005 207 056 000 LHlOOO 
005 211 026 020 LCI020 
005 213 016 047 LBI047 
005 215 106 251 005 CAL BD 
005 220 061 DCL 
005 221 026 350 LCI 350 
005 223 016 003 LBI 003 
005 225 106 251 005 CALBD 
005 230 061 DCL 
005 231 026 144 LCI1 44 
005 233 016 000 LBI 000 
005 235 106 251 005 CAL BD 
005 240 061 OCL 
005 211 026 012 LCI012 
005 243 106 251 005 CALBD 
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005 2-16 061 DCL 
005 2-17 37 -1 L~ I E 

005 250 007 RET 

005 251 307 BD, LA~ I 

005 252 00-1 001 AD I 001 
005 25-1 370 L~L\ 

005 255 30-1 LA!:: 
005 256 222 SUC 
005 257 3-10 LEA 
005 260 303 LAD 
005 261 231 SBB 
005 262 330 LDA 
005 263 100 251 005 JFC BD 
005 266 30-1 LAE 
005 267 202 ADC 
005 270 3-10 LEA 
005 27 1 303 LAD 
005 272 211 ACB 
005 273 330 LDA 
005 274 327 LCM 
005 275 021 DCC 
005 276 372 LMC 
005 277 007 RET 

005 300 066 ll7 LOAD , LLI 117 
005 302 076 210 LMI 210 
005 30-1 060 (NL 
005 305 076 023 LMI 023 
005 307 060 (NL 
005 310 375 LMH 
005 311 060 (NL 
005 312 375 LMH 
005 313 066 132 LLI1 32 
005 315 076 012 LMI 012 
005 317 007 RET 

005 320 012 ROTR4, RRC 
005 321 012 ROTR3, RRC 
005 322 012 RRC 
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005 323 012 RRC 
005 324 007 RET 

005 325 106 020 005 LOCSET, CAL RN 
005 330 044 077 ND!077 
005 332 310 LBA 
005 333 106 237 007 CAL MATCH 
005 336 150 325 005 JTZ LOCSET 
005 341 364 LLE 
005 342 371 LMB 
005 343 040 INE 
005 344 021 1)CC 
005 345 110 325 005 JFZ LOCSET 
005 350 007 RET 

005 351 066 217 ROWSET, LLI217 
005 353 056 001 LHI001 
005 355 076 240 RCLR, LMI240 
005 357 060 INL 
005 360 006 247 LAI247 
005 362 276 CPL 
005 363 110 355 005 JFZ RCLR 
005 366 302 LAC 
005 367 004 260 AD! 260 
005 371 066 216 LLI216 
005 373 370 LMA 
005 374 021 DCC 
005 375 056 000 LHI 000 
005 377 066 103 LLI 103 
006 001 106 125 006 CAL RWPNT 
006 004 110 017 006 JFZ STR 
006 007 076 274 LMI274 
006 011 060 INL 
006 012 076 252 LMI252 
006 014 060 INL 
006 015 076 276 LMI276 
006 017 066 104 STR, LLI104 
006 021 056 000 STR1, LHIOOO 
006 023 106 125 006 CAL RWPNT 
006 026 110 035 006 JFZ NXSTR 
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006 031 060 lNL 
006 032 076 252 LMl 252 
006 034 364 LLE 
006 035 060 NXSTR, lNL 
006 036 006 113 LAl113 
006 040 276 CPL 
006 041 110 021 006 JFZ STR1 
006 044 056 000 LHl 000 
006 046 106 125 006 CAL RWPNT 
006 051 110 064 006 JFZ AS 
006 054 076 276 LMl 276 
006 056 060 l NL 
006 057 076 261 LMl 261 
006 061 060 l NL 
006 062 076 274 LMl274 
006 064 066 114 AS, LLl 114 
006 066 056 000 AS1, LHlOOO 
006 070 106 125 006 CAL RWPNT 
006 073 110 107 006 JFZ NXAS 
006 076 076 253 LMl 253 
006 100 060 lNL 
006 101 076 253 LMl 253 
006 103 060 l NL 
006 104 076 253 LMl 253 
006 106 364 LLE 
006 107 060 NXAS, lNL 
006 110 006 117 LAl 117 
006 112 276 CPL 
006 11 3 110 066 006 JFZ AS1 
006 116 056 001 Ll-Il 001 
006 120 066 214 LLI 214 
006 122 104 112 010 JMP CMSG 

006 125 307 RWPNT , LAM 
006 126 240 NDA 
006 127 063 RTS 
006 130 106 321 005 CAL ROTR3 
006 133 044 007 NDI 007 
006 135 272 CPC 
006 136 013 RFZ 
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006 137 307 LAM 
006 140 044 007 NDI 007 
006 142 310 LBA 
006 143 002 RLC 
006 144 201 ADB 
006 145 004 217 ADI 217 
006 147 346 LEL 
006 150 360 LLA 
006 151 056 001 LHI001 
006 153 250 XRA 
006 154 240 NDA 
006 155 007 RET 

006 156 076 322 RED, LMl322 
006 160 060 INL 
006 161 076 305 LMI305 
006 163 060 INL 
006 164 076 304 LMI304 
006 166 060 INL 
006 167 076 000 LMIOOO 
006 171 104 372 012 JMP CND 

006 174 066 131 QUAD , LLl131 
006 176 056 000 LHIOOO 
006 200 046 324 LEI 324 
006 202 036 001 LDI 001 
006 204 106 214 006 CAL TWO 
006 207 066 311 LLl311 
006 211 104 000 005 JMP MSG 

006 214 307 TWO, LAM 
006 215 310 LBA 
006 216 106 144 005 CAL SWITCH 
006 221 106 321 005 '1'1, CAL ROTR3 
006 224 044 007 NDI 007 
006 226 004 261 AD! 261 
006 230 370 LMA 
006 231 301 LAB 
006 232 044007 NDr 007 
006 234 004 261 ADr 261 
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006 236 106 014 005 CALINMEM 
006 24 1 106 014 005 CALI NMEM 
006 244 370 LMA 
006 245 007 RET 

006 246 307 FNUM, LAM 
006 247 074 260 CPI260 
006 251 063 RTS 
006 252 024 272 SUI 272 
006 254 004 200 ADI200 
006 256 007 RET 

006 257 056023 NTN, LI-II 023 
006 261 006 215 NT1, LAI 215 
006 263 106 300 017 CAL PRINT 
006 266 006 212 LAI 212 
006 270 106 300 017 CAL PRINT 
006 273 006 255 NT2, LAI255 
006 275 106 300 017 CAL PRINT 
006 300 051 DCI-! 
006 301 110 273 006 JFZ NT2 
006 304 007 RET 

006 305 004 300 LRR, AD1300 
006 307 310 LBA 
006 310 044 007 NDJ 007 
006 312 150 034 007 JTZ CLC1 
006 315 301 LAB 
006 316 024 001 SUI 001 
006 320 360 LLA 
006 321 307 LAM 
006 322 066 311 LR3, LLI311 
006 324 106 373 006 CAL QDS1 
006 327 361 LLB 
006 330 056 000 LI-!I 000 
006 332 307 LAM 
006 333 066 317 LLI 317 
006 335 106 373 006 CAL QDS1 
006 340 301 LAB 
006 341 044 007 NDI 007 
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006 343 074 007 CPI007 
006 345 150 040 007 JTZ CLC2 
006 350 301 LAB 
006 351 004 001 AD! 001 
006 353 360 LLA 
006 354 056 000 LHIOOO 
006 356 307 LAM 
006 357 066 325 LR4, LLI 325 
006 361 106 373 006 CAL QOS1 
006 364 066 305 LRP, LLI305 
006 366 056 004 LHI 004 
006 370 104 000 005 JMP MSG 

006 373 056 004 QOS1, LHI 004 
006 375 320 QOSET, LCA 
006 376 106 320 005 CAL ROTR4 
007 001 044 003 ND! 003 
007 003 064 260 ORI260 
007 005 370 LMA 
007 006 106 014 005 CAL INMEM 
007 011 302 LAC 
007 012 106 321 005 CAL ROTR3 
007 015 044 001 NOI 001 
007 017 064 260 ORI 260 
007 021 370 LMA 
007 022 106 014 005 CALINMEM 
007 025 302 LAC 
007 026 044 007 NDI 007 
007 030 064 260 ORI 260 
007 032 370 LMA 
007 033 007 RET 

007 034 250 CLC1, XRA 
007 035 104 322 006 JMP LR3 

007 040 250 CLC2, XRA 
007 041 104 357 006 JMP LR4 

007 044 066 136 RWCM, LLI136 
007 046 307 LAM 
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007 047 012 RRC 
007 050 044 007 NDl 007 
007 052 310 LBA 
007 053 060 INL 
007 054 307 LAM 
007 055 002 RLC 
007 056 002 RLC 
007 057 044 070 NDI 070 
007 061 201 ADB 
007 062 310 LBA 
007 063 007 RET 

007 064 066 135 TIM E, LLI 135 
007 066 056 002 LHI002 
007 070 106 000 005 DON E, CA L MSG 
00 7 073 104 000 012 JMP GALAXY 

007 076 066 310 LOST, LLI 310 
007 100 056 002 LHI002 
007 102 104 070 007 JMP DONE 

007 105 066 215 IV POUT, LLI 215 
007 107 056 002 LHI002 
007 11 1 104 070 007 JMP DONE 

007 114 066 227 EOUT, LLI 227 
007 116 056 004 LHI004 
007 120 104 070 007 JMP DONE 

007 123 066 104 NWQD, LLl104 
007 125 046 013 LEI 01 3 
007 127 076 200 CLR, LM I 200 
007 131 060 INL 
007 132 041 DCE 
007 133 110 127 007 J FZ CLR 
007 136 066 102 LLI 102 
007 140 307 LAM 
007 141 044 007 NDl 007 
007 143 320 LCA 
007 144 046 104 LEI 104 
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007 1-16 112 325 005 c r z LOCS ET 
007 151 066 102 LLI 102 
007 153 307 LA~ I 

007 1 5~ 106 321 005 CA L ROTR3 
00 7 157 O~ -I 00 1 NOI 001 
007 161 320 LCA 
007 162 0-16 ll3 LEI 11 3 
00 7 16-1 112 325 005 c r z LOCSET 
007 167 066 102 LLi 102 
007 171 307 LA~ I 

007 172 106 320 005 CAL IWT R4 
00 7 175 O-I ~ 003 NOI 003 
007 177 320 LCA 
007 200 0~6 11-1 LEI 11 ~ 

007 202 112 325 005 crz LOCSET 
007 205 106 020 005 LO AS, CA L RN 
007 210 066 123 LLi 123 
007 212 106 227 007 CAL LAS 
007 215 066 125 LLi 125 
007 217 106 227 00 7 CA L LAS 
007 222 066 127 LLI 127 
007 22~ 1 0~ 227 007 JMP LAS 

007 227 370 LAS, LMA 
007 230 O-I~ 003 NOI003 
007 232 060 INL 
007 233 370 LMA 
007 23~ 1 0~ 020 005 JMP RN 

007 237 066 10·1 MATCH, LLI 104 
007 2-11 307 SCK, LAM 
007 212 2~0 NDA 
007 2-13 160 257 007 JTS NS 
007 2~6 271 CPE 
007 2-17 053 RT Z 
007 250 060 INL 
007 251 006 11 3 LA I 113 
007 253 276 CPL 
007 25~ 110 2-11 007 JrZ SCK 
007 257 066 113 NS 1 LLll P 
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007 261 307 LAM 
007 262 271 CPB 
007 263 053 RTZ 
007 264 060 ACK, INL 
007 265 307 LAM 
007 266 271 CPB 
007 267 053 RTZ 
007 270 306 LAL 
007 271 074 116 CPI116 
007 273 110 264 007 JFZ ACK 
007 276 240 NDA 
007 277 007 RET 

007 300 066 062 ELOS, LLI 062 
007 302 374 LME 
007 303 060 INL 
007 304 373 LMD 
007 305 061 DCL 
007 306 016 002 LBI002 
007 310 106 153 005 CALBINDEC 
007 313 036 003 LDI 003 
007 315 046 023 LEI 023 
007 317 016 004 LBI004 
007 321 106 107 005 CALDIGPRT 
007 324 066 377 LLI 377 
007 326 056 002 LHI 002 
007 330 106 112 010 CAL CMSG 
007 333 066 062 LLI062 
007 335 347 LEM 
007 336 060 INL 
007 337 337 LDM 
007 340 106 332 011 ELS1, CAL CKSD 
007 343 100 314 011 JFC FMSD 
007 346 347 LEM 
007 347 060 INL 
007 350 337 LDM 
007 351 106 314 011 CAL FMSD 
007 354 106 263 011 CAL TOMN 
007 357 066 062 LLI062 
007 361 347 LEM 
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007 362 060 INL 
007 363 337 LOM 
007 364 106 321 Oll SOD, CAL CKMN 
007 367 140 114 007 JTC EOUT 
007 372 106 302 Oll CA L FMM N 
007 375 066 025 LLl 025 
007 377 056 003 Ll-Il 003 
010 001 106 ll 2 010 CA L CMSG 
010 004 016 002 LB I 002 
010 006 106 062 011 CAL OVO 
010 011 106 321 011 CA L CKMN 
010 014 140 ll4 007 JTC EOUT 
010 017 104 302 Oll J MP FMMN 

010 022 106 321 011 ELOM, CAL CKM N 
010 025 100 302 011 JFC FMMN 
010 030 324 LCE 
010 031 313 LBO 
010 032 066 121 LLI 121 
010 034 347 LEM 
010 035 060 INL 
010 036 337 LOM 
010 037 106 314 011 CAL FMSO 
010 042 106 263 011 CAL TOMN 
010 045 342 LEC 
010 046 331 LOB 
010 047 104 364 007 JMP SOD 

010 052 076 200 DLET, LMI 200 
010 054 316 LBL 
010 055 066 131 LLl 131 
010 057 307 LAM 
010 060 004 300 AD] 300 
010 062 360 LLA 
010 063 301 LAB 
010 064 074 113 CP1113 
010 066 110 120 010 JF Z OLAS 
010 071 307 LAM 
010 072 044 067 NO! 067 
010 07 4 370 LMA 
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010 075 066 102 LLI 102 
010 077 370 LMA 
010 100 066 133 LLI 133 
010 102 317 LBM 
010 103 011 DCB 
010 104 371 LMB 
010 105 013 RF Z 
010 106 066 333 LLI 333 
010 110 056 004 LI-Il 00'1 
010 112 106 000 005 CMSG, CAL MSG 
010 115 056 000 LI-II 000 
010 117 007 RET 

010 120 307 DLAS, LAM 
010 121 024 020 SUI 020 
010 123 370 LMA 
010 124 066 102 LLI 102 
010 126 370 LMA 
010 127 066 134 LLI 134 
010 131 317 LBM 
010 132 011 DCB 
010 133 371 LMB 
010 134 013 RF Z 
010 135 066 32'1 LLI 324 
010 137 056 003 LI-II 003 
010 141 104 070 007 JMP DONE 

010 144 106 210 017 DRCT, CA L INPUT 
010 147 066 136 LLI1 36 
010 151 056 000 LHIOOO 
010 153 074 261 CPI 261 
010 155 140 226 010 JTC ZRET 
010 160 074 271 CPI 271 
010 162 100 226 010 JFC ZRET 
010 165 044 017 NDI 017 
010 167 002 RLC 
010 170 370 LMA 
010 171 006 256 LAI256 
010 173 106 300 017 CAL PRI NT 
010 176 106 210 017 CAL INPUT 
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010 201 074 260 CPI 260 
010 203 150 213 010 JTZ CR1 
010 206 074 265 CPI 265 
010 210 110 226 010 JFZ ZRET 
010 213 044 001 CR1, NDl 001 
010 215 207 ADM 
010 216 002 RLC 
010 217 024 004 SUI 004 
010 221 370 LM A 
OlD 222 013 RFZ 
010 223 004 001 AD I 001 
010 225 007 RET 

010 226 250 ZRET, XRA 
010 227 007 RET 

010 230 056 000 QCNT, LHIOOO 
010 232 066 131 LLI 131 
010 234 307 LAM 
010 235 004 300 AD I 300 
010 237 360 LLA 
010 240 307 LAM 
010 241 066 102 LLI 102 
010 243 370 LMA 
010 244 007 RET 

010 245 066 136 ACTV, LLl1 36 
010 247 367 LLM 
010 250 327 LCM 
010 251 060 INL 
010 252 337 LDM 
010 253 066 103 LLI 103 
010 255 307 LAM 
010 256 310 LBA 
010 257 044 007 NDI 007 
010 261 066 136 LLl136 
010 263 002 RLC 
010 264 370 LMA 
010 265 060 INL 
010 266 301 LAB 
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010 267 044 070 NDI 070 
010 271 012 RRC 
010 272 012 RRC 
010 273 370 LMA 
010 274 007 RET 

010 275 066 060 TRK, LLI060 
010 277 375 LMH 
010 300 066 136 LLI 136 
010 302 307 LAM 
010 303 202 ADC 
010 304 370 LMA 
010 305 120 332 010 JFS NOBK 
010 310 044 017 NO! 017 
010 312 370 LMA 
010 313 066 060 LL! 060 
010 315 376 LML 
010 316 066 131 LLI 131 
010 320 307 LAM 
010 321 044 007 NDI 007 
010 323 053 RT Z 
010 324 317 LBM 
010 325 011 DCB 
010 326 371 LMB 
010 327 104 362 010 JMP RMV 
010 332 074 020 NOBK , CPI020 
010 334 140 362 010 JTC RMV 
010 337 044 017 NDI 017 
010 341 370 LMA 
010 342 036 060 LLI060 
010 344 376 LML 
010 345 066 131 LLI 131 
010 347 307 LAM 
010 350 044 007 NDI 007 
010 352 004 001 ADI 001 
010 354 074 010 CPI010 
010 356 053 RTZ 
010 357 317 LBM 
010 360 010 INB 
010 361 371 LMB 

5 - 22 



010 362 066 1 37 RMV , LLI137 
010 364 307 LAM 
010 365 203 ADD 
010 366 370 LMA 
010 367 1 20 015 011 JFS NOUP 
010 372 044 017 ND! 017 
010 374 370 LMA 
010 375 066 060 LLI 060 
010 377 376 LML 
011 000 066 131 LLI131 
011 002 307 LAM 
011 003 044 070 NDI 070 
011 005 053 RTZ 
011 006 307 LAM 
011 007 024 010 SUI 010 
011 011 370 LMA 
011 012 104 046 011 JMP CKX 
011 01 5 074 0 20 NOUP, CPI 020 
011 017 140 046 011 JTCCKX 
011 022 044 017 NDI 017 
011 024 370 LMA 
011 02 5 066 060 LLI060 
011 027 376 LML 
011 030 066 131 LLI 1 31 
011 032 307 LAM 
011 033 044 070 NDI070 
011 035 004 010 ADI010 
011 037 074 100 CPI100 
011 041 053 RT Z 
011 042 307 LAM 
011 043 004 010 AD! 010 
011 045 370 LMA 
011 046 066 050 CKX, LLI050 
011 050 374 LME 
011 051 060 INL 
011 052 373 LMD 
011 053 060 INL 
011 054 372 LMC 
011 055 013 RFZ 
011 056 006 001 LA! 001 
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011 060 240 NDA 
011 061 007 RET 

011 062 240 DVD, NDA 
011 063 303 LAD 
011 064 032 RAR 
011 065 330 LOA 
011 066 304 LAE 
011 067 032 RAR 
011 070 340 LEA 
011 071 011 DCB 
011 072 110 062 011 JFZ DVD 
011 075 007 RET 

011 076 106 022 010 WASTE, CAL ELOM 
Oll 101 066 171 LLT 171 
Oll 103 056 004 LHI 004 
011 105 106 000 005 CAL MSG 
Oll 110 104 171 013 JMP CMND 

Oll 113 056 000 ErN, LHIOOO 
Oll 115 066 144 LLT 144 
011 117 375 LMI-I 
Oll 120 066 143 LLI 143 
Oll 122 106 210 017 CAL INPUT 
Oll 125 074 255 CPI 255 
Oll 127 110 140 011 JFZ EN2 
011 132 060 INL 
011 133 376 LML 
011 134 061 DCL 
011 135 106 210 017 EN1, CAL INPUT 
011 140 370 E 2, LMA 
011 141 106 246 006 CAL FNUM 
011 144 063 RTS 
011 145 307 LAM 
011 146 044 017 NO! 017 
011 150 370 LMA 
011 151 061 DCL 
011 152 006 137 LAl1 37 
011 154 276 CPL 
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011 155 053 RTZ 
011 156 104 135 011 JMP EN1 

011 161 066 140 DCBN , LLI 140 
011 163 307 LAM 
011 164 061 DCL 
011 165 375 LMI-I 
011 166 061 DCL 
011 167 370 LMA 
011 170 066 141 LLI141 
011 172 307 LAM 
011 173 240 NDA 
011 17 '1 150 206 011 JTZ DC1 
Oll 177 3 10 LBA 
011 200 046 012 LEI 012 
011 202 335 LDH 
011 203 106 251 011 CAL TOBN 
011 206 066 142 DC1, LLI 142 
011 210 307 LAM 
011 211 240 NDA 
011 212 150 224 011 JT Z DC2 
011 215 310 LBA 
011 216 046 144 LEI 144 
011 220 335 LOll 
011 221 106 25 1 011 CAL TOBN 
011 224 066 14 3 DC2, LLI143 
011 226 307 LAM 
011 227 240 NDA 
011 230 150 243 011 JTZ DC3 
011 233 310 LBA 
Oll 234 046 350 LEI 35 0 
Oll 236 036 003 LOI 003 
011 240 106 251 011 CAL TOBN 
011 243 066 136 DC3, LLl136 
011 245 347 LEM 
011 246 060 INL 
011 247 337 LDM 
011 250 007 RET 

011 251 066 136 TOBN, LLl136 
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011 253 106 265 011 CALT01 
011 256 011 DCB 
011 257 053 RTZ 
011 260 104 251 011 JMPTOBN 

011 263 066 117 TOMN , LLl1l7 
011 265 307 T01, LAM 
011 266 204 ADE 
011 267 370 LMA 
011 270 060 INL 
011 271 307 LAM 
011 272 213 ACD 
011 273 370 LMA 
011 274 007 RET 

011 275 066 121 TOSD, LLl121 
011 277 104 265 011 JMP T01 

011 302 066 117 FMMN, LLl1l7 
011 304 307 FM1, LAM 
011 305 224 SUE 
011 306 370 LMA 
011 307 060 INL 
011 310 307 LAM 
011 311 233 SBD 
011 312 370 LMA 
011 313 007 RET 

011 314 066 121 FMSD, LLl121 
011 316 104 304 011 JMP FM1 

011 321 066 120 CKMN, LLl120 
011 323 307 CK1, LAM 
011 324 061 DCL 
011 325 273 CPD 
011 326 013 RFZ 
011 327 307 CK2, LAM 
011 330 274 CPE 
011 331 007 RET 
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011 332 066 122 CKSD, LLl122 
011 334 104 323 011 JMP CK1 

011 337 066 342 OVER, LLI 342 
011 341 056 004 LHI 004 
011 343 106 000 005 CAL MSG 
011 346 000 HLT 

011 347 307 SPRC, LAM 
011 350 044 007 NDI 007 
011 352 320 LCA 
011 353 307 LAM 
011 354 106 321 005 CAL ROTR3 
011 357 044 007 NDI 007 
011 361 310 LBA 
011 362 007 RET 

012 000 066 000 GALAXY, LLI 000 
012 002 056 001 LHI 001 
012 004 106 000 OO~ CALMSG 
012 007 106 020 005 START, CALRN 
012 012 106 200 017 CALINPCK 
012 015 120 007 012 JFS START 
012 020 106 210 017 CAL INPUT 
012 023 074 316 CPI316 
012 025 150 337 011 JTZ OVER 
012 030 046 300 LEI 300 
012 032 106 020 005 GLXSET, CALRN 
012 035 044 177 NDIl77 
012 037 360 LLA 
012 040 056 017 LHI 017 
012 042 307 LAM 
012 043 364 LLE 
012 044 056 000 LHI 000 
012 046 370 LMA 
012 047 040 INE 
012 050 110 032 012 JFZ GLXSET 

012 053 335 GLXCK, LDH 
012 054 325 LCH 
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012 055 066 300 LLl 300 
012 057 307 GLXCKI. LAM 
012 060 044 010 ND! 010 
012 062 203 ADD 
012 063 330 LDA 
012 064 307 LAM 
012 065 044 060 ND! 060 
012 067 012 RRC 
012 070 012 RRC 
012 071 202 ADC 
012 072 320 LCA 
012 073 060 INL 
012 074 110 057 012 JF'Z GLXCK1 
012 077 303 LAD 
012 100 012 RIlC 
012 101 012 RRC 
012 102 012 RIlC 
012 103 330 LDA 
012 104 074 007 CPI 007 
012 106 100 041 005 JF'C SSPLS 
012 III 074 002 CPI002 
012 ll3 140 046 005 JTC SSMNS 
012 ll6 302 LAC 
012 ll7 012 RRC 
012 120 012 RIlC 
012 121 320 LCA 
012 122 074 040 CPI040 
012 124 100 053 005 JF'C ASPLS 
012 127 074 012 CPI 012 
012 131 140 071 005 JTC ASMNS 
012 134 066 133 LLI 133 
012 136 373 LMD 
012 137 060 INL 
012 140 372 LMC 
012 141 302 LAC 
012 142 004 005 AD! 005 
012 144 060 INL 
012 145 370 LMA 
012 146 016 001 LBI001 
012 150 106 153 005 CAL BINDEC 

5 - 28 



012 153 036 001 LDI 001 
012 155 046 116 LEI 11 6 
012 157 016 002 LBI002 
012 161 106 107 005 CAL DIGPRT 
012 164 066 134 LLI1 34 
012 166 056 000 LHIOOO 
012 170 016 001 LBI001 
012 172 106 153 005 CAL BINDEC 
012 175 036 001 LDI 001 
012 177 046 074 LEI 074 
012 201 016 002 LBI002 
012 203 106 107 005 CAL DIGPRT 
012 206 066 133 LLI1 33 
012 210 056 000 LHIOOO 
012 212 307 LAM 
012 213 064 260 ORI 260 
012 215 056 001 LHI 001 
012 217 066 137 LLI1 37 
012 221 370 LMA 
012 222 066 050 LLI 050 
012 224 056 001 LHI 001 
012 226 106 000 005 CA L MSG 
012 231 106 020 005 CAL RN 
012 234 044 077 NDI077 
012 236 066 131 LLI 131 
012 240 370 LMA 
012 24 1 106 230 010 CAL QCNT 
012 244 106 300 005 CAL LOAD 
012 247 106 123 007 CAL NWQD 
012 252 026 001 LCI 001 
012 254 046 103 LEI103 
012 256 106 325 005 CAL LOCSET 
012 261 066 160 SRSCN , LLI 160 
012 263 056 001 LHI001 
012 265 106 000 005 CAL MSG 
012 270 026 001 LCI 001 
012 272 106 351 005 CA L ROWSET 
012 275 066 135 LLI 135 
012' 277 056 000 LHIOOO 
012 301 006 062 LAI062 
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012 303 227 SUM 
012 304 060 I NL 
012 305 370 LMA 
012 306 016 001 LBI001 
012 310 106 153 005 CAL BINDEC 
01 2 313 036 001 LDI 001 
012 315 046 266 LEI 266 
012 317 016 002 LBI002 
012 321 106 107 005 CALDIGPRT 
012 324 066 250 LLI 250 
012 326 056 001 LHI001 
012 330 106 000 005 CAL MSG 
012 333 026 002 LCI002 
012 335 106 351 005 CAL ROWSET 
012 340 066 102 LLI102 
012 342 307 LAM 
012 343 066 303 LLI 303 
012 345 056 001 LHI001 
012 347 044 060 NDI 060 
012 351 110 156 006 JFZ RED 
012 354 076 307 LMJ 307 
012 356 060 INL 
012 357 076 322 LMI322 
012 361 060 INL 
012 362 076 305 LMI305 
012 364 060 INL 
012 365 076 305 LMI305 
012 367 060 INL 
012 370 076 316 LMI316 
012 372 066 270 CND, LLI270 
012 374 106 000 005 CAL MSG 
012 377 026 003 LCI003 
013 001 106 351 005 CAL ROWSET 
013 004 106 174 006 CAL QUAD 
01 3 007 026 004 LCI004 
013 011 106 351 005 CAL ROWSET 
013 014 066 103 LLI103 
013 016 046 343 LEI 343 
013 020 030 IND 
013 021 106 214 006 CAL TWO 
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013 024 066 330 LLI 330 
013 026 106 000 005 CAL MSG 
013 031 026 005 LCI005 
013 033 106 351 005 CAL ROWSET 
013 036 066 ll7 LLI ll7 
013 040 016 002 LBI002 
013 042 106 153 005 CAL BINDEC 
013 045 036 001 LDI 001 
013 047 046 365 LEI 365 
013 051 016 004 LBI 004 
013 053 106 107 005 CALDIGPRT 
013 056 066 347 LLI347 
013 060 056 001 LHI001 
013 062 106 000 005 CAL MSG 
013 065 026 006 LCI006 
013 067 106 351 005 CAL ROWSET 
013 072 066 132 LLI 132 
013 074 016 001 LBI 001 
013 076 106 153 005 CALBINDEC 
013 101 036 002 LDI 002 
013 103 046 003 LEI 003 
013 105 016 002 LBI002 
013 107 106 107 005 CALDIGPRT 
013 ll2 066 367 LLI367 
013 114 056 001 LHI 001 
013 116 106 000 005 CAL MSG 
013 121 026 007 LCI007 
013 123 106 351 005 CAL ROWSET 
013 126 066 121 LLI121 
013 130 016 002 LBI 002 
01 3 132 106 153 005 CALBINDEC 
013 135 036 002 LDI 002 
013 137 046 023 LEI 023 
013 141 016 004 LBI 004 
013 143 106 107 005 CAL DIGPRT 
013 146 066 005 LLI 005 
013 150 056 002 LHI 002 
013 152 106 000 005 CAL MSG 
013 155 026 010 LCI010 
01 3 157 106 351 005 CAL ROWSET 
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013 162 066 160 LLI 160 
013 164 056 001 LHI001 
013 166 106 000 005 CA L MSG 

013 171 056 000 CMND, LHIOOO 
013 173 046 012 LEI 012 
013 175 335 LDH 
013 176 106 022 010 CAL ELOM 
013 201 066 101 LLl101 
013 203 347 LEM 
013 204 040 INE 
013 205 374 LME 
013 206 066 025 CMD , LLI025 
013 210 056 002 LHI002 
013 212 106 112 010 CAL CMSG 
013 215 106 210 017 CAL INPUT 
013 220 074 260 CPI 260 
013 222 150 021 014 JTZ CRS E 
013 225 074 261 CPI 261 
01 3 227 150 261 012 JTZ SRSCN 
013 232 074 262 CPI 262 
013 234 150 266 013 JTZ LRSCN 
013 237 074 263 CPI263 
013 241 150 266 016 JTZ GX PRT 
01 3 244 074 264 CPI264 
013 246 150 007 01 5 JTZ SHEN 
013 251 074 265 CP1265 
013 253 150 343 015 JT Z PHSR 
013 256 074 266 CPI266 
013 260 150 106 015 JTZ TRPD 

013 263 104 206 013 JMP CMD 

013 266 066 115 LRSCN, LLl11 5 
013 270 056 002 LI-II 002 
013 272 106 000 005 CAL MSG 
01 3 275 106 174 006 CA L QUAD 
01 3 300 106 257 006 CA L NTN 
01 3 303 066 131 LLl1 31 
013 305 307 LAM 
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013 306 044 070 ND! 070 
013 310 150 360 013 JTZ RWC1 
013 313 307 LAM 
013 314 024 010 SU I 010 
013 316 106 305 006 CA L LRR 
013 321 106 257 006 LR1 , CAL NTN 
013 324 066 131 LLI 131 
013 326 307 LAM 
013 327 106 305 006 CAL LRR 
013 332 106 257 006 CAL NTN 
013 335 0f)6 131 LL I 131 
013 337 307 LAM 
01 3 340 074 07 0 CPT 070 
013 342 100 366 013 JFC RWC2 
013 345 004 010 AD! 010 
013 34 7 106 305 006 CAL LRR 
013 352 106 257 006 LR2, CAL NTN 
013 355 104 171 013 JMP CMND 

013 360 106 374 013 RWC1, CAL RWC 
013 363 104 321 013 JMP LR1 

013 366 106 374 013 RWC2, CAL RWC 
013 371 104 352 013 JMP LR2 

013 374 066 311 RWC, LL I 311 
01 3 376 250 XRA 
01 3 377 106 373 006 CAL QDS1 
01 4 002 066 317 LLI 317 
01 4 004 250 XRA 
014 005 106 373 006 CAL QDS1 
01 4 010 066 325 LLI 325 
01 4 012 250 XRA 
014 013 106 373 006 CAL QDS1 
01 4 016 104 364 006 JMP LRP 

01 4 021 066 040 CRSE, LLJ 040 
01 4 023 056 002 LH I 002 
01 4 025 106 000 005 CAL MSG 
014 030 106 144 010 CAL DRCT 
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014 033 150 021 01 ·1 ,JT Z CRSE 
014 036 066 063 IVRP, LLI 063 
014 040 056 002 LII1 002 
014 042 106 112 010 CAL CMSG 
014 045 066 137 LLI 137 
014 047 106 210 017 CAL INPUT 
014 052 074 260 CPI 260 
014 054 140 036 01 ·1 JTC IVRP 
014 057 074 270 CPI 270 
014 061 100 036 014 JFC IVRP 
014 064 044 007 NOI 007 
014 066 002 RLC 
014 067 002 RLC 
014 070 002 RLC 
014 07 1 370 LMA 
014 072 006 256 LAI 256 
014 074 106 300 017 CAL PRJNT 
014 077 106 210 017 CA L INPUT 
014 102 074 260 CP I 260 
01 ·1 104 1·10 036 014 JTC WRP 
014 107 074 270 CPI 270 
014 111 100 036 014 JFC IVRP 
014 11 4 0·14 007 NOI 007 
014 116 207 AOM 
014 117 150 036 OJ.! JT Z IVRP 
014 122 3·10 LEA 
014 123 106 2·15 010 CAL ACTV 
014 126 066 061 LLI 061 
01·1 130 375 LMH 
01 ·1 131 106 275 010 ~'OV , CALTRK 
014 13,1 150 076 007 JTZ LOST 
014 137 066 060 LLJ 060 
014 141 307 LAM 
014 142 240 NOA 
014 14 3 150 164 01 ·1 JTZ CLSN 
014 146 060 INL 
014 1·17 376 LML 
014 150 046 031 LE I 031 
014 152 335 LOH 
014 153 106 022 010 CAL ELOM 
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014 156 106 230 010 CAL QCNT 
014 161 106 123 007 CAL NWQO 

014 164 106 044 007 CLSN, CAL RWCM 
014 167 106 237 007 CAL MATCH 
014 172 110 216 014 JFZ MYDN 
014 175 316 LBL 
014 176 301 LAB 
014 177 074 113 CPI 113 
014 201 066 061 LLI 061 
014 203 307 LAM 
014 204 150 274 014 JTZ SSOUT 
014 207 100 316 014 JFC ASOUT 
014 212 240 NOA 
014 213 150 105 007 JT Z WPO UT 

014 216 056 000 MYON, LHI OOO 
014 220 066 050 LLI 050 
014 222 347 LEM 
014 223 060 INL 
014 224 337 LOM 
014 225 060 INL 
014 226 327 LCM 
014 227 041 DCE 
014 230 110 131 014 JFZ MOY 

014 233 066 061 LLI 061 
014 235 307 LAM 
014 236 240 NDA 
014 237 150 252 014 JTZ NOX 
014 242 066 1 35 LLI 135 
014 244 317 LBM 
014 245 011 DCB 
014 246 150 064 007 JTZ T IME 
014 251 37 1 LMB 

014 252 106 044 007 NOX, CAL RWCM 
014 255 066 103 LLI 103 
014 257 371 LMB 
014 260 106 237 007 CAL MATC H 
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014 263 152 335 014 CTZ CI-ING 
014 266 106 343 01 4 CAL DKED 
014 271 104 261 012 JMP SRSCN 

014 274 240 SSOUT, NDA 
014 275 110 216 014 JFZ MVD N 
014 300 361 LLB 
014 301 106 052 010 CAL DLET 
014 304 046 130 LE I 130 
014 306 036 002 LDI002 
01 4 310 106 300 007 SSOl, CAL ELOS 
014 313 104 216 014 JMP MVDN 

014 316 240 ASOUT, NDA 
014 317 110 216 014 JFZ MVD N 
014 322 361 LLB 
014 323 106 052 010 CA L DLET 
014 326 046 334 LE I 334 
014 330 036 005 LDI 005 
014 332 104 310 014 JMP SSOl 

014 335 346 CI-ING, LEL 
014 336 026 001 LCI 001 
014 340 104 325 005 JMP LOCSET 

014 343 066 11 3 DK"~D, LL I1 13 
014 345 307 LAM 
014 346 240 NDA 
014 347 063 RTS 
014 350 301 LAB 
014 351 044 070 NDI 070 
014 353 320 LCA 
014 354 301 LAB 
014 355 044 007 NDI 007 
014 357 310 LBA 
014 360 307 LAM 
014 361 044 007 NDI 007 
014 363 340 LEA 
014 364 307 LAM 
014 365 044 070 NDI 070 
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014 367 272 CPC 
014 370 013 RFZ 
014 371 301 LAB 
014 372 004 001 ADI001 
014 374 274 CPE 
014 375 150 300 005 JTZ LOAD 
015 000 024 002 SUI 002 
015 002 274 CPE 
015 003 013 RFZ 
015 004 104 300 005 JMP LOAD 

015 007 066 060 SHEN, LLI060 
015 Oll 056 003 LHI003 
015 013 106 000 005 CAL MSG 
015 016 106 113 011 CAL EIN 
015 021 160 007 015 JTS SHEN 
015 024 106 161 011 CAL DCBN 
015 027 066 144 LLI 144 
015 031 307 LAM 
015 032 240 NDA 
015 033 150 055 015 JTZ POS 
015 036 106 332 011 CAL CKSD 
015 041 140 074 015 JTC NE 
015 044 106 314 011 CAL FMSD 
015 047 106 263 Oll CAL TOMN 
015 052 104 171 013 JMP CMND 

015 055 106 321 Oll POS, CAL CKMN 
015 060 140 074 015 JTC NE 
015 063 106 302 011 CAL FMMN 
015 066 106 275 011 CAL TOSD 
015 071 104 171 013 JMP CMND 

015 074 066 114 NE, LLI 114 
015 076 056 003 LI-U 003 
015 100 106 000 005 CAL MSG 
015 103 104 171 013 JMPCMND 

015 106 066 132 TRPD, LLI 132 
015 llO 307 LAM 
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015 III 240 NOA 
015 ll2 150 331 015 JTZ NTPO 
015 ll5 046 372 LEI 372 
015 117 335 LDH 
015 120 106 321 011 CAL CKMN 
015 123 140 074 01 5 JTC NE 
015 126 106 302 011 CAL FMMN 
015 131 066 132 LLI 132 
015 133 307 LAM 
015 134 024 001 SU I 001 
015 136 370 LMA 
015 137 066 140 TR1, LLI 140 
015 141 056 003 LHI 003 
015 143 106 000 005 CAL MSG 
015 146 106 144 010 CAL ORCT 
015 151 150 137 015 JTZ TRI 
015 154 106 245 010 CAL ACTV 
015 157 066 131 LLI 131 
015 161 307 LAM 
015 162 066 053 LLl 053 
015 164 370 LMA 
015 165 106 275 010 TR2 , CALTRK 
015 170 150 303 015 JTZ QOllT 
015 173 066 060 LLI 060 
015 175 307 LAM 
015 176 240 NDA 
015 177 110 303 015 JFZ QOUT 
015 202 106 044 007 CAL RWCM 
015 205 321 LCB 
015 206 066 036 LLl 036 
015 210 056 004 LH I 004 
015 212 106 221 006 CALT1 
015 215 066 022 LLl 022 
015 217 106 112 010 CAL CMSG 
015 222 312 LBC 
015 223 106 237 007 CAL MATcr r 
015 226 150 243 015 JTZ HIT 
015 231 066 050 LLI 050 
015 233 347 LEM 
015 231 060 INL 
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015 235 337 LDM 
015 236 060 I NL 
015 237 327 LCM 
015 240 104 165 015 JMP TR2 

015 243 306 HIT , LAL 
015 244 074 ll 3 CPI113 
015 246 140 303 015 JTC QOUT 
015 251 150 271 015 JT Z SSTA 
015 254 106 052 0 10 CALDLET 
015 257 066 177 LLI177 
015 261 056 003 LHI00 3 
015 263 106 000 005 CAL MSG 
015 266 104 171 013 JMP CMND 

015 271 106 052 0 10 SSTA , CAL DLET 
015 274 066 272 LLI272 
015 276 056 003 LHI00 3 
01 5 300 106 000 00;; CAL MSG 

015 303 066 226 (~OUT, LLI 226 
015 305 056 003 LHI003 
015 307 106 ll 2 010 CAL CMSG 
01 5 312 046 310 LEI 310 
015 314 335 LDH 
015 315 106 300 007 CAL ELOS 
015 320 066 053 LLI053 
015 322 307 LAM 
01 5 323 066 131 LLI 131 
015 325 370 LM A 
015 326 104 171 013 JMP CMND 

01 5 331 066 266 NTPD , LLI266 
015 333 056 00 4 LHI004 
01 5 335 106 000 00 5 CAL MSG 
01 5 340 104 171 0 13 JMP CMND 

01 5 343 066 063 PHSR , LLI 063 
01 5 345 056 004 LHI004 
01 5 347 106 000 005 CAL MSG 
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015 352 106 11 3 Oll C \ L Eli" 
015 355 160 3-13 015 JTS PII SR 
015 360 106 161 011 CAL DCBN 
015 363 106 022 010 CAL ELO:- I 
015 366 066 102 LLI 102 
015 370 307 L.-\ :-/ 
015 37 1 O~ ~ 060 \"D I 060 
015 373 150 076 Oll JTZ \\·ASTE 
015 376 106 320 005 C \L ROTR~ 

016 00 1 02 ~ 00 1 SU I 001 
016 003 150 012 016 JTZ PIll 
016 006 310 LB . .\ 
016 007 106 062 011 CA L DVD 
016 012 066 136 Pill . LLI 136 
016 0 1 ~ 37~ L~ I E 

016 015 060 1:-..' L 
016 016 373 L:-ID 
016 017 066 050 LLI 050 
016 021 3 7 ~ UIE 
016 022 060 INL 
016 023 373 LMD 
016 02~ 060 INL 
016 025 076 11-1 L~ II 11 -1 
016 027 106 053 016 CA L ASPH 
016 032 066 052 LLI 052 
016 03-1 076 11 5 un 11 5 
016 036 106 053 016 CAL ASPH 
016 041 066 052 LLI 052 
016 043 076 116 LM I 116 
016 045 106 053 016 CA L ASPH 
016 050 1 0~ 171 013 JMP CMND 

016 063 367 ASPH , LLM 
016 054 307 LAM 
016 055 240 NDA 
016 056 063 RTS 
016 057 046 145 LEI 145 
016 061 036 004 LDI 004 
016 063 106 214 006 CAL TWO 
016 066 066 116 LLI 116 
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016 070 106 112 010 CAL CMSG 
016 073 066 103 LLI 103 
016 075 106 347 011 CAL SPRC 
016 100 364 LLE 
016 101 353 LHD 
016 102 342 LEC 
016 103 331 LOB 
016 104 106 347 011 CAL SPRC 
016 107 301 LAB 
016 110 223 SUD 
016 III 120 120 016 JFS PH2 
016 114 054 377 XRI377 
016 116 004 001 AD! 001 
016 120 310 PH2, LBA 
016 121 302 LAC 
016 122 224 SUE 
016 123 120 132 016 JFS PH3 
016 126 054 377 XRI 377 
016 130 004 001 AD! 001 

016 132 201 PH3, ADB 
016 133 012 RRC 
016 134 012 RRC 
016 135 044 003 ND! 003 
016 137 310 LBA 
016 140 326 LCL 
016 141 066 050 LLI050 
016 14 3 347 LEM 
016 144 060 INL 
016 145 337 LDM 
016 146 011 DCB 
016 147 010 INB 
016 150 112 062 011 CFZ DVD 
016 153 302 LAC 
016 154 044 003 ND! 003 
016 156 002 RLC 
016 157 004 123 AD! 123 
016 161 066 053 LLI053 
016 163 370 LMA 
016 164 360 LLA 
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016 165 106 304 011 CAL PM1 
016 170 160 251 016 JTS DSTR 
016 173 110 205 016 JPZ ALOS 
016 176 061 DCL 
016 177 307 LAM 
016 200 060 INL 
016 201 240 NDA 
016 202 150 251 016 JTZ DSTR 
016 205 061 ALOS, DCL 
016 206 016 002 LBI 002 
016 210 106 153 005 CAL BI NDEC 
016 213 046 167 LEI 167 
016 215 036 004 LD I 004 
016 217 016 004 LBI004 
016 221 106 107 005 CAL DIGPRT 
016 224 066 153 LLI 153 
016 226 056 004 LHI 004 
016 230 106 112 010 CAL CMSG 
016 233 066 053 LLI 053 
016 235 367 LLM 
016 236 347 LEM 
016 237 060 INL 
016 240 337 LDM 
016 241 016 002 LBI 002 
016 243 106 062 011 CAL DVD 
016 246 104 300 007 JMP ELOS 

016 251 066 312 DSTR, LLI 312 
016 253 056 003 LI-II 003 
016 255 106 112 010 CAL CMSG 
016 260 066 052 LLI 052 
016 262 367 LLM 
016 263 104 052 010 JMP DLET 

016 266 066 042 GXPRT , LLI042 
016 270 056 004 LHI004 
016 272 106 000 005 CAL MSG 
016 275 056 061 un 061 
016 277 106 261 006 CAL NT1 
016 302 066 300 LLl 300 
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016 304 335 GL1, LDH 
016 305 046 204 LEI 204 
016 307 307 GL2, LAM 
016 310 106 144 005 CAL SWITCH 
016 313 106 375 006 CALQDSET 
016 316 306 LAL 
016 317 004 004 AD! 004 
016 321 360 LLA 
016 322 106 144 005 CAL SWITCH 
016 325 060 INL 
016 326 074 264 CPI264 
016 330 no 307 016 JFZ GL2 
016 333 106 144 005 CAL SWITCH 
016 336 066 200 LLI200 
016 340 106 000 005 CAL MSG 
016 343 056 061 un 061 
016 345 106 261 006 CAL NT1 
016 350 304 LAE 
016 351 275 CPH 
016 352 150 171 013 JTZ CMND 
016 355 106 144 005 CAL SWITCH 
016 360 104 304 016 JMP GLI 
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017 000 000 001 004 043 012 003 007 000 
017 010 000 032 043 005 003 024 026 022 
017 020 000 000 000 000 000 005 004 027 
017 030 005 001 024 000 000 004 005 000 
017 040 007 002 021 011 000 004 000 000 
017 050 04 3 000 002 044 000 000 003 007 
017 060 000 025 000 005 014 000 002 006 
017 070 025 000 003 002 023 000 064 003 
017 100 007 001 000 000 000 003 025 000 
017 110 000 004 000 037 004 001 003 002 
017 120 003 024 000 000 000 026 015 000 
017 130 000 004 023 003 000 000 000 024 
017 140 013 001 025 023 000 000 004 003 
017 150 007 000 000 000 035 004 000 026 
017 160 000 023 025 000 000 004 006 002 
017 170 003 025 000 000 026 000 047 000 

017 200 INPCK, 

017 210 INPUT, 

017 300 PRI NT, 
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8080 ASSEMBLED LISTING 

The assembled li st ing for the 8080 version of the Galaxy program 
is now presented. It contains essentially t he same logic as the 8008 
version. The 8080 version , however , makes use o f the ex tend ed in­
struction set of t he 8080 CPU for setting up poin ters, incrementing 
and d ecrementing register pairs and memory locations, and 
exchanging the con tents of register pairs. The listing fo r the 8080 
version a lso incl ud es instructions for se tting up the stack pointer, 
an operation not required for the 8008. The stack for this program 
is located in the upper portion of page 11 starting at location 377 
and working down . 

The memory usage of pages 00 through 04 and page 17 is exactly 
the same as that assigned for the 8008 version . These areas include 
the co urse table, temporary data storage, the galaxy content table , 
messages, and the galaxy set up table. Because they are the same as 
presented in th e 8008 listing , they will not be repeated here. The 
read er should refer back to Chapter Five for the contents of these 
particular sections. The listing pre sen ted here contains the memory 
addresses and contents for the subroutines and major routines of the 
Galaxy program for operation in an 8080 based microcomputer. The 
reader simpl y adds the requ ired I/O driver routines for the devices 
available on one's system, as described in Chapter Two, and the 
Galaxy program is ready to operate. 

The start of execu tion address of this program, as listed, is on 
page 12 at locatio n 000. 

005 000 176 MSG, LAM 
005 001 247 NDA 
005 002 310 RT Z 
005 00 3 315 300 017 CAL PRINT 
005 006 04 3 INXH 
005 007 30 3 000 005 JMP MSG 
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005 012 041 100 000 RN, LXI-! 100000 
005 015 176 LAM 
005 016 107 LBA 
005 017 007 RLC 
005 020 250 XRB 
005 021 017 RRC 
005 022 054 INL 
005 023 064 INM 
005 024 206 ADM 
005 025 055 DCL 
005 026 167 LMA 
005 027 311 RET 

005 030 036 367 SSPLS, LEI 367 
005 032 303 044 005 JMP PLS 

005 035 036 010 SSMNS, LEI 010 
005 037 303 062 005 JMP MNS 

005 042 036 317 ASPLS, LEI 317 
005 044 315 012 005 PLS, CAL RN 
005 047 366 300 ORI 300 
005 051 157 LLA 
005 052 173 LAE 
005 053 246 NDM 
005 054 167 LMA 
005 055 303 055 012 JMP GLXCK 

005 060 036 020 ASMNS, LEI 020 
005 062 315 012 005 MNS, CAL RN 
005 065 366 300 ORI 300 
005 067 157 LLA 
005 070 173 LAE 
005 071 266 aRM 
005 072 167 LMA 
005 073 303 055 012 JMP GLXCK 

005 076 176 DIGPRT, LAM 
005 077 306 260 ADI 260 
005 101 043 INXI-I 

6-2 



005 102 353 XCI-IG 
005 103 167 LMA 
005 104 053 DCX I-I 
005 105 005 DCB 
005 106 310 RTZ 
005 107 353 XC I-I G 
005 110 303 076 005 JMP orGPRT 

005 113 353 BINDEC, XC HG 
005 114 041 140 000 LXH 140000 
005 117 164 LMI-I 
005 120 054 INL 
005 121 164 LMH 
005 122 054 INL 
005 123 164 LMH 
005 124 054 INL 
005 125 164 LMH 
005 126 054 INL 
005 127 164 LMH 
005 130 353 XCI-IG 
005 131 136 LEM 
005 132 005 DCB 
005 133 312 140 005 JTZ BNDC 
005 136 054 INL 
005 137 126 LDM 
005 140 041 144 000 BNDC, LXH 144000 
005 143 001 020 047 LXB 020 047 
005 146 315 200 005 CALBD 
005 151 055 DCL 
005 152 001 350 003 LXB 350 003 
005 155 315 200 005 CALBD 
005 160 055 DCL 
005 161 001 144 000 LXB 144 000 
005 164 315 200 005 CALBD 
005 167 055 DCL 
005 170 016 012 LCI012 
005 172 315 200 005 CALBD 
005 175 055 DCL 
005 176 163 LME 
005 177 311 RET 

6-3 



005 200 064 BD, INM 
005 201 173 LAE 
005 202 221 SUC 
005 203 137 LEA 
005 204 172 LAD 
005 205 230 SBB 
005 206 127 LDA 
005 207 322 200 005 JFC BD 
005 212 173 LAE 
005 213 201 ADC 
005 214 137 LEA 
005 215 172 LAD 
005 216 210 ACB 
005 217 127 LDA 
005 220 065 DCM 
005 221 311 RET 

005 222 056 117 LOAD , LLl117 
005 224 066 210 LMI210 
005 226 054 INL 
005 227 066 023 LMI023 
005 231 054 INL 
005 232 164 LMH 
005 233 054 INL 
005 234 164 LMH 
005 235 056 132 LLI132 
005 237 066 012 LMI012 
005 241 311 RET 

005 242 017 ROTR4, RRC 
005 243 017 ROTR3, RRC 
005 244 017 RRC 
005 245 017 RRC 
005 246 311 RET 

005 247 315 012 005 LOCSET, CALRN 
005 252 346 077 NDJ077 
005 254 107 LBA 
005 255 315 135 007 CAL MATCH 
005 260 312 247 005 JTZ LOCSET 
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005 263 153 LLE 
005 264 160 LMB 
005 265 034 INE 
005 266 015 DCC 
005 267 302 247 005 JFZ LOCSET 
005 272 311 RET 

005 273 041 217 001 ROWSET. LXH 217001 
005 276 066 240 RCLR. LMI240 
005 300 054 INL 
005 301 076 247 LAI247 
005 303 275 CPL 
005 304 302 276 005 JFZ RCLR 
005 307 171 LAC 
005 310 306 260 AD! 260 
005 312 056 216 LLI 216 
005 314 167 LMA 
005 315 015 DCC 
005 316 041 103 000 LXH 103000 
005 321 315 044 006 CAL RWPNT 
005 324 302 337 005 JFZ STR 
005 327 066 274 LMI 274 
005 331 054 INL 
005 332 066 252 LMI 252 
005 334 054 INL 
005 335 066 276 LMI 276 
005 337 056 104 STR. LLI 104 
005 341 046 000 STR1. LHI 000 
005 343 315 044 006 CAL RWPNT 
005 346 302 355 005 JFZ NXSTR 
005 351 054 INL 
005 352 066 252 LM I 252 
005 354 153 LLE 
005 355 054 NXSTR. INL 
005 356 076 113 LAI113 
005 360 275 CPL 
005 361 302 341 005 JFZ STR1 
005 364 046 000 LHIOOO 
005 366 315 044 006 CAL RWPNT 
005 371 302 004 006 JFZ AS 
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005 374 066 276 LMI276 
005 376 054 INL 
005 377 066 261 LMI261 
006 001 054 INL 
006 002 066 274 LMI 274 
006 004 056 114 AS, LLI 114 
006 006 046 000 AS1, LHIOOO 
006 010 315 044 006 CAL RWPNT 
006 013 302 027 006 JFZ NXAS 
006 016 066 253 LM I 253 
006 020 054 INL 
006 021 066 253 LM I 253 
006 023 054 INL 
006 024 066 253 LM I 253 
006 026 153 LLE 
006 027 054 NXAS, INL 
006 030 076 117 LAI 117 
006 032 275 CPL 
006 033 302 006 006 JFZ AS1 
006 036 041 214 001 LXH 214001 
006 041 303 002 010 JMP CMSG 

006 044 176 RWPNT, LAM 
006 045 247 NDA 
006 046 370 RTS 
006 047 315 243 005 CAL ROTR3 
006 052 346 007 NDl 007 
006 054 271 CPC 
006 055 300 RFZ 
006 056 176 LAM 
006 057 346 007 NDl 007 
006 061 107 LBA 
006 062 007 RLC 
006 063 200 ADB 
006 064 306 217 ADI 217 
006 066 135 LEL 
006 067 157 LLA 
006 070 046 001 LHI 001 
006 072 257 XRA 
006 07 3 247 NDA 

6-6 



006 074 311 RET 

006 075 066 322 RED, LMI 322 
006 077 054 INL 
006 100 066 305 LMI 305 
006 102 054 INL 
006 103 066 304 LMI 304 
006 105 054 INL 
006 106 066 000 LMJ 000 
006 110 303 361 012 JMP CND 

006 113 04 1 131 000 QUAD, LXI-I 131000 
006 116 021 324 001 LXD 324 001 
006 121 315 131 006 CAL TWO 
006 124 056 311 LLI 311 
006 126 303 000 005 JMP MSG 

006 131 176 TWO, LAM 
006 132 107 LBA 
006 133 353 XCHG 
006 134 315 243 005 Tl, CAL ROTR3 
006 137 346 007 ND! 007 
006 141 306 261 AD! 261 
006 143 167 LM A 
006 144 170 LAB 
006 145 346 007 ND! 007 
006 147 306 261 AD! 261 
006 151 043 INXH 
006 152 043 INX H 
006 153 167 LMA 
006 154 311 RET 

006 155 176 FNUM, LAM 
006 156 376 260 CPI 260 
006 160 370 RTS 
006 161 326 272 SUI 272 
006 163 306 200 AD! 200 
006 165 311 RET 

006 166 046 023 NTN, LHI023 
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006 170 076 215 NT1, LAI215 
006 172 315 300 017 CAL PRI NT 
006 175 076 212 LAI 212 
006 177 315 300 017 CAL PRINT 
006 202 076 255 NT2, LA! 255 
006 204 315 300 017 CAL PRI NT 
006 207 045 DCH 
006 210 302 202 006 JFZ NT2 
006 213 311 RET 

006 214 306 300 LRR, ADI 300 
006 216 107 LBA 
006 217 346 007 NDI 007 
006 221 312 336 006 JTZ CLC1 
006 224 170 LAB 
006 225 326 001 SU I 001 
006 227 157 LLA 
006 230 176 LAM 
006 231 056 311 LR3, LLI 311 
006 233 315 301 006 CAL QDS1 
006 236 150 LLB 
006 237 046 000 LHIOOO 
006 241 176 LAM 
006 242 056 317 LLI 317 
006 244 315 301 006 CAL QDS1 
006 247 170 LAB 
006 250 3~6 007 NDI 007 
006 252 376 007 CPI007 
006 254 312 342 006 JTZ CLC2 
006 257 170 LAB 
006 260 306 001 ADI 001 
006 262 157 LLA 
006 263 0~6 000 LHIOOO 
006 265 176 LAM 
006 266 056 325 LR4, LLl 325 
006 270 315 301 006 CAL QDS1 
006 27 3 041 305 004 LRP, LXH 305 004 
006 276 303 000 005 JMP MSG 

006 301 046 004 QDS1, LHI 004 
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006 303 117 QDSET, LCA 
006 304 315 242 005 CAL ROTR4 
006 307 346 003 NDI 003 
006 311 366 260 ORI260 
006 313 167 LMA 
006 314 043 INXH 
006 315 171 LAC 
006 316 315 243 005 CAL ROTR3 
006 321 346 001 NDI 001 
006 323 366 260 ORl260 
006 325 167 LMA 
006 326 043 INXH 
006 327 171 LAC 
006 330 346 007 NDI 007 
006 332 366 260 ORl260 
006 334 167 LMA 
006 335 311 RET 

006 336 257 CLC1, XRA 
006 337 303 231 006 JMP LR3 

006 342 257 CLC2 , XRA 
006 343 303 266 006 JMP LR4 

006 346 056 136 RWCM, LLI1 36 
006 350 176 LAM 
006 351 017 RRC 
006 352 346 007 NDI 007 
006 354 107 LBA 
006 355 054 INL 
006 356 176 LAM 
006 357 007 RLC 
006 360 007 RLC 
006 361 346 070 NDI 070 
006 363 200 ADB 
006 364 107 LBA 
006 365 311 RET 

006 366 041 135 002 TIME, LXH 135 002 
006 371 315 000 005 DONE, CAL MSG 
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006 374 303 000 012 JMP GALAXY 

006 377 041 310 002 LOST, LXH 310 002 
007 002 303 371 006 JMP DONE 

007 005 041 215 002 WPOUT, LXH 215 002 
007 010 303 371 006 JMP DONE 

007 013 041 227 004 EOUT, LXH 227 004 
007 016 303 371 006 JMP DONE 

007 021 '056 104 NXQD, LLI 104 
007 023 036 013 LEI 013 
007 025 066 200 CLR, LMI200 
007 027 054 INL 
007 030 035 DCE 
007 031 302 025 007 JFZ CLR 
007 034 056 102 LLl 102 
007 036 176 LAM 
007 037 346 007 NDI 007 
007 041 117 LCA 
007 042 036 104 LEI 104 
007 044 304 247 005 CFZ LOCSET 
007 047 056 102 LLl102 
007 051 176 LAM 
007 052 315 243 005 CAL ROTR3 
007 055 346 001 NDI 001 
007 057 117 LCA 
007 060 036 113 LEI 113 
007 062 304 247 005 CFZ LOCSET 
007 065 056 102 LLI 102 
007 067 176 LAM 
007 070 315 242 005 CAL ROTR4 
007 073 346 003 NDI 003 
007 075 117 LCA 
007 076 036 114 LEI 114 
007 100 304 247 005 CFZ LOCSET 
007 103 315 012 005 LDAS, CALRN 
007 106 056 123 LLI 123 
007 110 315 125 007 CAL LAS 
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007 113 056 125 LLJ 125 
007 115 315 125 007 CAL LAS 
007 120 056 127 LLJ 127 
007 122 303 125 007 JMP LAS 

007 125 167 LAS, LMA 
007 126 346 003 NDI 003 
007 130 054 INL 
007 131 167 LMA 
007 132 303 012 005 JMP RN 

007 135 056 104 MATCH, LLI104 
007 137 176 SCK, LAM 
007 140 247 NDA 
007 141 372 155 007 JTS NS 
007 144 270 CPB 
007 145 310 RTZ 
007 146 054 INL 
007 147 076 113 LA! 113 
007 151 275 CPL 
007 152 302 137 007 JFZ SCK 
007 155 056 113 NS, LLJ 113 
007 157 176 LAM 
007 160 270 CPB 
007 161 310 RTZ 
007 162 054 ACK, INL 
007 163 176 LAM 
007 164 270 CPB 
007 165 310 RTZ 
007 166 175 LAL 
007 167 376 116 CP! 116 
007 171 302 162 007 JFZ ACK 
007 174 247 NDA 
007 175 311 RET 

007 176 056 062 ELOS, LLI062 
007 200 163 LME 
007 201 054 INL 
007 202 162 LMD 
007 203 055 DCL 
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007 204 006 002 LBI002 
007 206 315 11 3 005 CAL BINDEC 
007 211 021 023 003 LXD 023 003 
007 214 006 004 LBI 004 
007 216 315 076 005 CAL DIGPRT 
007 221 041 377 002 LXH 377 002 
007 224 315 002 010 CAL CMSG 
007 227 056 062 LLI062 
007 231 136 LEM 
007 232 054 INL 
007 233 126 LDM 
007 234 315 206 011 ELS1, CAL CKSD 
007 237 322 170 011 JFC FMSD 
007 242 136 LEM 
007 243 054 INL 
007 244 126 LDM 
007 245 315 170 011 CAL FMSD 
007 250 315 137 011 CAL TOMN 
007 253 056 062 LLI062 
007 255 136 LEM 
007 256 054 INL 
007 257 126 LDM 

007 260 315 175 011 SDO, CAL CKMN 
007 263 332 013 007 JTC EO UT 
007 266 315 156 011 CAL FMMN 
007 271 041 025 003 LXH 025 003 
007 274 315 002 010 CAL CMSG 
007 277 006 002 LBI002 
007 301 315 341 010 CAL DVD 
007 304 315 175 011 CALCKMN 
007 307 332 013 007 JTC EOUT 
007 312 303 156 011 JMP FMMN 

007 315 315 175 011 ELOM, CAL CKMN 
007 320 322 156 011 JFC FMMN 
007 323 113 LCE 
007 324 102 LBD 
007 325 056 121 LLI121 
007 327 136 LEM 
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007 330 054 INL 
007 331 126 LDM 
007 332 315 170 011 CAL FMSD 
007 335 315 137 011 CALTOM N 
007 340 131 LEC 
007 3-11 120 LDB 
007 342 303 260 007 JMP SDO 

007 3·15 066 200 DLET. LMl200 
007 3·17 105 LBL 
007 350 05f; 131 LLl 131 
007 352 176 LAM 
007 353 306 300 AD l 300 
007 355 157 LLA 
007 356 170 LAB 
007 357 376 11 3 CPl1l3 
007 361 302 010 010 JF Z DLAS 
007 364 176 LAM 
007 365 346 067 NDI067 
007 367 167 LMA 
007 370 056 102 LLI 102 
007 372 167 LMA 
007 373 056 133 LLI 133 
007 375 065 DCM 
007 376 300 RFZ 
007 377 041 333 004 LXH 333 004 
010 002 315 000 005 CMSG. CAL MSG 
010 005 046 000 LHI 000 
010 007 311 RET 

010 010 176 DLAS. LAM 
010 011 326 020 SUI 020 
010 013 167 LMA 
010 01 ·1 056 102 LLI102 
010 016 167 LMA 
010 017 056 134 LLI 134 
010 021 065 DCM 
010 022 300 RFZ 
010 023 04 1 324 003 LXH 324003 
010 026 303 371 006 JMP DONE 
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010 031 315 210 017 DRCT, CAL INPUT 
010 034 041 136 000 LXH 136 000 
010 037 376 261 CPI261 
010 041 332 112 010 JTC ZRET 
010 044 376 271 CPI271 
010 046 322 112 010 JFC ZRET 
010 051 346 017 ND! 017 
010 053 007 RLC 
010 054 167 LMA 
010 055 076 256 LAI 256 
010 057 315 300 017 CAL PRINT 
010 062 315 210 017 CAL INPUT 
010 065 376 260 CPI260 
010 067 312 077 010 JTZ CR1 
010 072 376 265 CPI265 
010 074 302 112 010 JFZ ZRET 
010 077 346 001 CRl. ND! 001 
010 101 206 ADM 
010 102 007 RLC 
010 103 326 004 SUI 004 
010 105 167 LMA 
010 106 300 RFZ 
010 107 306 001 AD! 001 
010 111 311 RET 

010 112 257 ZRET, XRA 
010 113 311 RET 

010 114 041 131 000 QCNT, LXH 131 000 
010 117 176 LAM 
010 120 306 300 ADI300 
010 122 157 LLA 
010 123 176 LAM 
010 124 056 102 LLI 102 
010 126 167 LMA 
010 127 311 RET 

010 130 056 136 ACTV, LLI136 
010 132 156 LLM 
010 133 116 LCM 
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010 134 054 INL 
010 135 126 LOM 
010 136 056 103 LLI 103 
010 140 176 LAM 
010 141 107 LBA 
010 142 346 007 NOI 007 
010 144 056 136 LLI 136 
010 146 007 RLC 
010 147 167 LMA 
010 150 054 INL 
010 151 170 LAB 
010 152 346 070 NDI 070 
010 154 017 RRC 
010 155 017 RRC 
010 156 167 LMA 
010 157 311 RET 

010 160 056 060 TRK, LLI 060 
010 162 164 LMH 
010 163 056 136 LLI 136 
010 165 176 LAM 
010 166 201 ADC 
010 167 167 LMA 
010 170 362 213 010 JFS NOBK 
010 173 346 017 NDI 017 
010 175 167 LMA 
010 176 056 060 LLI 060 
010 200 165 LML 
010 201 056 131 LLI 131 
010 203 176 LAM 
010 204 346 007 NOI 007 
010 206 310 RTZ 
010 207 065 OCM 
010 210 303 241 010 JMP RMV 
010 213 376 020 NOBK, CPI020 
010 215 332 241 010 JTC RMV 
010 220 346 017 NDI 017 
010 222 167 LMA 
010 223 056 060 LLI 060 
010 225 165 LML 
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010 226 056 131 LLI 131 
010 230 176 LAM 
010 231 346 007 ND! 007 
010 233 306 001 AD! 001 
010 235 376 010 CPI010 
010 237 310 RTZ 
010 240 064 INM 
010 241 056 137 RMV, LLI137 
010 243 176 LAM 
010 244 202 ADD 
010 245 167 LMA 
010 246 362 274 010 JFS NOUP 
010 251 346 017 ND! 017 
010 253 167 LMA 
010 254 056 060 LLI060 
010 256 165 LML 
010 257 056 131 LLI 131 
010 261 176 LAM 
010 262 346 070 ND! 070 
010 264 310 RT Z 
010 265 176 LAM 
010 266 326 010 SUI 010 
010 270 167 LMA 
010 27l 303 325 010 JMP CKX 
010 274 376 020 NOUP, CPI020 
010 276 332 325 010 JTC CKX 
010 301 346 017 ND! 017 
010 303 167 LMA 
010 304 056 060 LLI060 
010 306 165 LML 
010 307 056 131 LLI 131 
010 311 176 LAM 
010 312 346 070 ND! 070 
010 314 306 010 AD! 010 
010 316 376 100 CPI100 
010 320 310 RTZ 
010 321 176 LAM 
010 322 306 010 AD! 010 
010 324 167 LMA 
010 325 056 050 CKX, LLI050 
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010 327 163 LME 
010 330 054 INL 
010 331 162 LMD 
010 332 054 INL 
010 333 161 LMC 
010 334 300 RFZ 
010 335 076 001 LAI001 
010 337 247 NDA 
010 340 311 RET 

010 341 247 DVD, NDA 
010 342 172 LAD 
010 343 037 RAR 
010 344 127 LDA 
010 345 173 LAE 
010 346 037 RAR 
010 347 137 LEA 
010 350 005 DCB 
010 351 302 341 010 JFZ DVD 
010 354 311 RET 

010 355 315 315 007 WASTE, CAL ELOM 
010 360 041 171 004 LXH 171 004 
010 363 315 000 005 CAL MSG 
010 366 303 153 013 JMP CMND 

010 371 041 144 000 ElN, LXH 144000 
010 374 164 LMH 
010 375 056 143 LLI143 
010 377 315 210 017 CAL INPUT 
011 002 376 255 CPI255 
011 004 302 015 011 JFZ EN2 
011 007 054 INL 
011 010 165 LML 
011 011 055 DCL 
011 012 315 210 017 EN1, CAL INPUT 
011 015 167 EN2, LMA 
011 016 315 155 006 CAL FNUM 
011 021 370 RTS 
011 022 176 LAM 
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011 023 346 017 NDi 017 
011 025 167 LMA 
011 026 055 DCL 
011 027 076 137 LAI 137 
011 031 275 CPL 
011 032 310 RTZ 
011 033 303 012 011 JMP EN 1 

011 036 056 140 DCBN, LLI 140 
Oll 040 176 LAM 
011 041 055 DCL 
011 042 164 LMI-I 
011 043 055 DCL 
Oll 044 167 LM A 
011 045 056 141 LLI 141 
011 047 176 LAM 
Oll 050 247 NDA 
Oll 051 312 063 011 JTZ DC1 
Oll 054 107 LBA 
011 055 036 012 LEI 012 
Oll 057 124 LDI-I 
011 060 315 125 011 CAL TOBN 
Oll 063 056 142 DC1, LLI142 
011 065 176 LAM 
Oll 066 247 NDA 
011 067 312 101 Oll JT Z DC2 
Oll 072 107 LBA 
011 073 021 144 000 LXD 144 000 
Oll 076 315 125 011 CAL TOBN 
Oll 101 056 143 DC2, LLI 143 
011 103 176 LAM 
Oll 104 247 NDA 
Oll 105 312 117 011 JTZ DC3 
Oll 110 107 LBA 
Oll III 021 350 003 LXD 350 003 
Oll 114 315 125 Oll CAL TOBN 
011 117 056 136 DC3, LLI136 
011 121 136 LEM 
011 122 054 INL 
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011 123 126 LDM 
011 124 311 RET 

011 125 056 136 TOBN, LLI 136 
011 127 315 141 011 CALT01 
011 132 005 DCB 
011 133 310 RTZ 
011 134 303 125 011 JMPTOBN 

011 137 056 117 TOMN, LLI117 
011 141 176 T01, LAM 
011 142 203 ADE 
011 143 167 LMA 
011 144 054 INL 
011 145 176 LAM 
011 146 212 ACD 
011 147 167 LMA 
011 150 311 RET 

011 151 056 121 TOSD, LLI121 
011 153 303 141 011 JMP T01 

011 156 056 117 FMMN, LLI117 
011 160 176 FM1, LAM 
011 161 223 SUE 
011 162 167 LMA 
011 163 054 INL 
011 164 176 LAM 
011 165 232 SBD 
011 166 167 LMA 
011 167 311 RET 

011 170 056 121 FMSD, LLI121 
011 172 303 160 011 JMP FM1 

011 175 056 120 CKMN, LLI 120 
011 177 176 CK1, LAM 
011 200 055 DCL 
011 201 272 CPD 
011 202 300 RFZ 
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011 203 176 CK2, LAM 
011 204 273 CPE 
011 205 311 RET 

011 206 056 122 CKSD, LLI122 
011 210 303 177 011 JMP CK1 

011 213 056 342 OVER, LLI342 
011 215 046 004 LHI004 
011 217 315 000 005 CAL MSG 
011 222 166 HLT 

011 223 176 SPRC, LAM 
011 224 346 007 NOI 007 
011 226 117 LCA 
011 227 176 LAM 
011 230 315 243 005 CAL ROTR3 
011 233 346 007 NOI 007 
011 235 107 LBA 
011 236 311 RET 

012 000 061 000 012 GALAXY, LXS 000 012 
012 003 041 000 001 LXH 000001 
012 006 315 000 005 CALMSG 
012 011 315 012 005 START, CALRN 
012 014 315 200 017 CAL INPCK 
012 017 362 011 012 JFS START 
012 022 315 210 017 CAL INPUT 
012 025 376 316 CPI316 
012 027 312 213 011 JTZ OVER 
012 032 036 300 LEI 300 
012 034 315 012 005 GLXSET, CALRN 
012 037 346 177 NOIl77 
012 041 157 LLA 
012 042 046 017 LHI017 
012 044 176 LAM 
012 045 153 LLE 
012 046 046 000 LHIOOO 
012 050 167 LMA 
012 051 034 INE 
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012 052 302 034 012 JFZ GLXSET 

012 055 124 GLXCK, LDH 
012 056 114 LCH 
012 057 056 300 LLI 300 
012 061 176 GLXCK1, LAM 
012 062 346 010 NDI 010 
012 064 202 ADD 
012 065 127 LDA 
012 066 176 LAM 
012 067 346 060 NDI 060 
012 071 017 RRC 
012 072 017 RRC 
012 073 201 ADC 
012 074 117 LCA 
012 075 054 INL 
012 076 302 061 012 JFZ GLXCK1 
012 101 172 LAD 
012 102 017 RRC 
012 103 017 RRC 
012 104 017 RRC 
012 105 127 LDA 
012 106 376 007 cpr 007 
012 no 322 030 005 JFC SSPLS 
012 113 376 002 cpr 002 
012 115 332 035 005 JTC SSMNS 
012 120 171 LAC 
012 121 017 RRC 
012 122 017 RRC 
012 123 117 LCA 
012 124 376 040 cpr 040 
012 126 322 042 005 JFC ASPLS 
012 131 376 012 CPI012 
012 133 332 060 005 JTC ASMNS 

012 136 056 133 LLI 133 
012 140 162 LMD 
012 141 054 INL 
012 142 161 LMC 
012 143 171 LAC 
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012 144 306 005 ADI 005 
012 146 054 INL 
012 147 167 LMA 
012 150 006 001 LBI 001 
012 152 315 11 3 005 CAL BINDEC 
012 155 021 116 001 LXD 116001 
012 160 006 002 LBI002 
012 162 315 076 005 CAL D1GPRT 
012 165 041 134 000 LXH 134000 
012 170 006 001 LBI001 
012 172 315 113 005 CAL BI NDEC 
012 175 021 074 001 LXD 074 001 
012 200 006 002 LBI 002 
012 202 315 076 005 CAL D1GPRT 
012 205 04 1 133 000 LXH 133 000 
012 210 176 LAM 
012 211 366 260 ORr 260 
012 213 041 137 001 LXH 137 001 
012 216 167 LMA 
012 217 041 050 001 LXH 050 001 
012 222 315 000 005 CAL MSG 

012 225 315 012 005 CALRN 
012 230 346 077 NDlO77 
012 232 056 131 LLI131 
012 234 167 LMA 
012 235 315 114 010 CAL QCNT 
012 240 315 222 005 CAL LOAD 
012 243 315 021 007 CAL NWQD 
012 246 016 001 LCI001 
012 250 036 103 LEI 103 
012 252 315 247 005 CAL LOCSET 
012 255 041 160 001 SaSCN, LXH 160001 
012 260 315 000 005 CAL MSG 
012 263 016 001 LCI 001 
012 265 315 273 005 CAL ROWSET 
012 270 041 135 000 LXH 135000 
012 273 076 062 LAI062 
012 275 226 SUM 
012 276 054 INL 
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012 277 167 LMA 
012 300 006 001 LBI 001 
012 302 315 113 005 CAL BINDEC 
012 305 021 266 001 LXD 266001 
012 310 006 002 LBI002 
012 312 315 076 005 CAL DIGPRT 
012 315 041 250 001 LXH 250001 
012 320 315 000 005 CAL MSG 

012 323 016 002 LCI 002 
012 325 315 273 005 CA L ROWSET 
012 330 056 102 LLI 102 
012 332 176 LAM 
012 333 041 303 001 LXH 303001 
012 336 346 060 NDI 060 
012 340 302 075 006 JFZ RED 
012 343 066 307 LMI 307 
012 345 054 1 L 
012 346 066 322 LMI322 
012 350 054 INL 
012 351 066 305 LM I 305 
012 353 054 INL 
012 354 066 305 LMI 305 
012 356 054 INL 
012 357 066 316 LMI 316 
012 361 056 270 CND, LLI 270 
012 363 315 000 005 CAL MSG 
012 366 016 003 LCI003 
012 370 315 273 005 CAL ROWSET 
012 373 315 113 006 CAL QUAD 
012 376 016 004 LCI004 
013 000 315 273 005 CAL ROWSET 
013 003 056 103 LLl103 
013 005 036 343 LEI 343 
01 3 007 024 IND 
013 010 315 131 006 CAL TWO 
013 013 056 330 LLl 330 
01 3 015 315 000 005 CAL MSG 
013 020 016 005 LCI005 
013 022 315 273 005 CAL ROWSET 
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013 025 056 117 LLI 117 
013 027 006 002 LBI002 
013 031 315 113 005 CAL BINDEC 
013 034 021 365 001 LXD 365 001 
013 037 006 004 LBI004 
013 041 315 076 005 CA LDIGPRT 
013 044 041 347 001 LXH 347 001 
013 047 315 000 005 CAL MSG 
013 052 016 006 LCI006 
013 054 315 273 005 CAL ROWSET 
013 057 056 132 LLI 132 
013 061 006 001 LBI001 
013 063 315 113 005 CAL BINDEC 
013 066 021 003 002 LXD 003002 
013 071 006 002 LBI002 
013 073 315 076 005 CAL DIGPRT 
013 076 041 367 001 LXH 367 001 
013 101 315 000 005 CAL MSG 
013 104 016 007 LCI007 
013 106 315 273 005 CAL ROWSET 
013 111 056 121 LLI 121 
013 113 006 002 LBI 002 
013 115 315 113 005 CAL BINDEC 
013 120 026 002 LDI 002 
013 122 021 023 002 LXD 023002 
013 125 006 004 LBI004 
013 127 315 076 005 CAL DIGPRT 
013 132 041 005 002 LXH 005 002 
013 135 315 000 005 CAL MSG 
013 140 016 010 LCI010 
013 142 315 273 005 CAL ROWSET 
013 145 041 160 001 LXH 160 001 
013 150 315 000 005 CAL MSG 

013 153 046 000 CMND, LHIOOO 
013 155 061 000 01 2 LXS 000 012 
013 160 036 012 LEI 012 
013 162 124 LDH 
013 163 315 315 007 CAL ELOM 
013 166 056 101 LLI 101 
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013 170 064 INM 
013 171 041 025 002 CMD, LX H 025 002 
013 174 315 002 010 CAL CMSG 
013 177 315 210 017 CAL INPUT 
013 202 376 260 CPI 260 
013 204 312 002 014 JTZ CRS)'; 
013 207 376 261 CPI261 
013 211 312 255 012 JTZ SRSCN 
013 214 376 262 CP1 262 
013 216 312 250 013 JTZ LRSCN 
013 221 376 263 CPl 263 
013 223 312 222 016 JTZ GXPRT 
013 226 376 264 CPl 264 
013 230 312 363 014 JTZ SHEN 
013 233 376 265 CPl 265 
013 235 312 304 015 JTZ PHSR 
013 240 376 266 CPl 266 
013 242 312 060 015 JTZ TRPD 

013 245 303 171 013 JMP CMD 

013 250 041 115 002 LRSCN , LXH 115 002 
013 253 315 000 005 CA L MSG 
013 256 315 113 006 CAL QUAD 
013 261 315 166 006 CAL NTN 
013 264 056 131 LLI131 
013 266 176 LAM 
013 267 346 070 NOT 070 
013 271 312 341 013 JTZ RWC1 
013 274 176 LAM 
013 275 326 010 SUI 010 
013 277 315 214 006 CAL LRR 
013 302 315 166 006 LR1 , CAL NTN 
013 305 056 131 LLI 131 
013 307 176 LAM 
013 310 315 214 006 CAL LRR 
013 313 315 166 006 CAL NTN 
013 316 056 131 LLI 131 
013 320 176 LAM 
013 321 376 070 CPI 070 
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013 323 322 347 013 JFC RWC2 
013 326 306 010 AD! 010 
01 3 330 315 214 006 CAL LRR 
01 3 333 315 166 006 LR2, CAL NTN 
013 336 30 3 153 013 JMP CMND 

013 341 315 355 01 3 RWC1, CAL RWC 
013 344 303 302 013 JMP LR1 

013 347 315 355 013 RWC2 , CAL RWC 
013 352 303 333 013 JMP LR2 

013 355 056 311 RWC , LLI3ll 
01 3 357 25 7 XRA 
01 3 360 315 301 006 CAL QDS1 
013 363 056 317 LLI317 
013 365 257 XRA 
013 366 315 301 006 CA L QDS1 
013 371 056 325 LLI 325 
013 373 257 XRA 
013 374 315 301 006 CALQDS1 
013 377 303 273 006 JMP LRP 

014 002 041 040 002 CRSE, LXH 040 002 
014 005 315 000 005 CAL MSG 
014 010 315 031 010 CALDRCT 
014 013 312 002 014 JT Z CRSE 
014 016 041 063 002 WRP, LXH 063 002 
01 4 021 315 002 010 CAL CMSG 
014 024 056 137 LLI 137 
014 026 315 210 017 CAL INPUT 
014 031 376 260 CPI260 
014 033 332 016 014 JTC WRP 
014 036 376 270 CPI270 
014 040 322 016 014 JFC WRP 
014 043 346 007 ND! 007 
014 045 007 RLC 
014 046 007 RLC 
014 047 007 RLC 
014 0 50 167 LMA 
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014 051 076 256 LAI256 
014 053 315 300 017 CA L PRI NT 
014 056 315 210 017 CAL INPUT 
014 061 376 260 CPI260 
014 063 332 016 014 JTC WRP 
014 066 376 270 CPT 270 
014 070 322 016 014 JFC WRP 
014 073 346 007 ND I 007 
014 075 206 ADM 
014 076 312 016 014 JTZ WRP 
014 101 137 LEA 
014 102 315 130 010 CAL ACT V 
014 105 056 061 LLI061 
014 107 164 LMH 
014 110 315 160 010 MOV, CALTRK 
014 113 312 377 006 JT Z LOST 
014 116 056 060 LLI060 
014 120 176 LAM 
014 121 247 NDA 
014 122 312 143 014 JTZ CLSN 
014 125 054 INL 
014 126 165 LML 
014 127 036 031 LEi 031 
014 131 124 LDH 
014 132 315 315 007 CAL ELOM 
014 1 35 315 11 4 010 CAL QCNT 
014 140 315 021 007 CA L NWQD 

014 143 315 346 006 CLS N, CAL RWCM 
014 146 315 135 007 CAL MATCH 
014 151 302 175 014 JFZ MVDN 
014 154 105 LBL 
014 155 170 LAB 
014 156 376 11 3 cpr 113 
014 160 056 061 LLI 061 
014 162 176 LAM 
014 163 312 252 014 JTZ SSOUT 
014 166 322 273 014 JFC ASO UT 
014 171 247 NDA 
014 17 2 312 005 007 JT Z WPOUT 
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014 175 041 050 000 ~ I VDN, LXH 050 000 
0 14 200 136 LEM 
0 14 201 054 INL 
014 202 126 LDM 
0 14 203 054 INL 
01 ·1 204 116 LCM 
014 205 035 DCE 
014 206 302 11 0 014 JF Z MOV 

014 2 11 056 061 LLI 061 
014 213 176 LAM 
OU 214 247 NDA 
014 215 312 230 0 14 JTZ NOX 
OU 220 056 135 LLI1 35 
014 222 106 LBM 
014 223 005 DCB 
014 224 312 366 006 JTZTIME 
014 227 160 LMB 

0)4 230 315 346 006 NOX, CAL RWCM 
0 14 233 056 103 LLl103 
014 235 160 LMB 
014 236 315 135 007 CAL MATCH 
014 241 314 311 014 CTZ CHNG 
014 244 315 317 014 CA L DKED 
014 247 303 255 012 JMP SRSCN 

014 252 247 SSOUT, NDA 
0 14 253 302 175 014 JF Z MVD N 
014 256 150 LLB 
014 257 315 345 007 CAL DLET 
014 262 021 130 002 LXD 1 30002 
014 265 315 176 007 SSOl, CAL ELOS 
014 270 303 175 014 JMP MVDN 

014 273 247 ASOUT, NDA 
014 274 302 175 014 JF Z MVD N 
014 277 150 LLB 
014 300 315 345 007 CAL DLET 
014 303 021 334 005 LXD 334 005 
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014 306 303 265 014 JMP SSOl 

014 311 135 CHNG, LEL 
014 312 016 001 LCI 001 
014 314 303 247 005 JMP LOCSET 

014 317 056 113 DKED , LLI 11 3 
014 321 176 LAM 
014 322 247 NDA 
014 323 370 RTS 
01 4 324 170 LAB 
014 325 346 070 ND] 070 
014 327 117 LCA 
014 330 170 LAB 
01 4 331 346 007 ND! 007 
014 333 107 LBA 
014 334 176 LAM 
014 335 346 007 ND! 007 
014 337 137 LEA 
014 340 176 LAM 
014 341 346 070 ND! 070 
014 343 271 CPC 
014 344 300 RFZ 
014 345 170 LAB 
014 346 306 001 AD! 001 
01<1 350 27 3 CPE 
014 351 312 222 005 JTZ LOAD 
014 354 326 002 SUI 002 
014 356 27 3 CPE 
01 4 357 300 RFZ 
01 4 360 303 222 005 JMP LOAD 

014 363 041 060 003 SHEN, LXH 060003 
014 366 315 000 005 CAL MSG 
01 4 371 315 371 010 CAL EI N 
01 4 374 372 363 014 JTS SHEN 
014 377 315 036 011 CAL DCBN 
015 002 056 144 LLI144 
015 004 176 LAM 
015 005 247 NDA 
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015 006 312 030 015 JTZ POS 
015 011 315 206 011 CAL CKSD 
015 014 332 047 015 JTC NE 
015 017 315 170 011 CAL FMSD 
015 022 315 137 011 CAL TOMN 
015 025 303 153 013 JMP CMND 

015 030 315 175 011 POS, CAL CKMN 
015 033 332 047 015 JTC NE 
015 036 315 156 011 CAL FMMN 
015 041 315 151 011 CAL TOSD 
015 044 303 153 013 JMP CMND 

015 047 041 114 003 NE, LXH 114003 
015 052 315 000 005 CAL MSG 
015 055 303 153 013 JMP CMND 

015 060 056 132 TRPD, LLI132 
015 062 176 LAM 
015 063 247 NDA 
015 064 312 273 015 JTZ NTPD 
015 067 036 372 LEI 372 
015 071 124 LDH 
015 072 315 175 011 CAL CKMN 
015 075 332 047 015 JTC NE 
015 100 315 156 011 CALFMMN 
015 103 056 132 LLI132 
015 105 065 DCM 
015 106 041 140 003 TR1, LXH 140003 
015 111 315 000 005 CAL MSG 
015 114 315 031 010 CALDRCT 
015 117 312 106 015 JTZ TR1 
015 122 315 130 010 CAL ACTV 
015 125 056 131 LLI131 
015 127 176 LAM 
015 130 056 053 LLI053 
015 132 167 LMA 
015 133 315 160 010 TR2, CALTRK 
015 136 312 246 015 JTZ QOUT 
015 141 056 060 LLI060 
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015 143 176 LAM 
015 144 247 NDA 
015 145 302 246 015 JFZ QOUT 
015 150 315 346 006 CAL RWCM 
015 153 110 LCB 
015 154 041 036 004 LXH 036004 
015 157 315 134 006 CALT1 
015 162 056 022 LLI 022 
015 164 315 002 010 CAL CMSG 
015 167 101 LBC 
015 170 315 135 007 CAL MATCH 
015 173 312 210 015 JTZ HIT 
015 176 056 050 LLl 050 
015 200 136 LEM 
015 201 054 INL 
015 202 126 LDM 
015 203 054 INL 
015 204 116 LCM 
015 205 303 133 015 JMP TR2 

015 210 175 HIT, LAL 
015 211 376 113 CPI113 
015 213 332 246 015 JTC QOUT 
015 216 312 235 015 JTZ SSTA 
015 221 315 345 007 CALDLET 
015 224 041 177 003 LXH 177 003 
015 227 315 000 005 CALMSG 
015 232 303 153 013 JMP CMND 

015 235 315 345 007 SSTA, CALDLET 
015 240 041 272 003 LXH 272 003 
015 24 3 315 000 005 CALMSG 

015 246 041 226 003 QOUT, LXH 226003 
015 251 315 002 010 CAL CMSG 
015 254 036 310 LEI 310 
015 256 124 LDH 
015 257 315 176 007 CAL ELOS 
015 262 056 053 LLI053 
015 264 176 LAM 
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015 265 056 131 LLI 131 
015 267 167 LMA 
015 270 303 153 013 JMP CMNO 

015 273 041 266 004 NTPO , LXH 266 004 
015 276 315 000 005 CAL MSG 
015 301 303 153 013 JMP CMND 

015 304 041 063 00·1 PIISR, LXH 063004 
015 307 315 000 005 CAL MSG 
015 312 315 371 010 CAL EIN 
015 315 372 304 015 J'l'S PI-ISR 
015 320 315 036 011 CA L DCBN 
015 323 315 315 007 CAL ELOM 
015 326 056 102 LLI 102 
015 330 176 LAM 
0]5 331 346 060 NOI 060 
015 333 312 355 010 JTZ WASTE 
015 336 315 2·12 005 CAL ROTR4 
015 3·11 326 001 SUI 001 
015 343 312 J52 015 JTZ 1'111 
015 3"16 107 LBA 
015 347 315 3-1 1 010 CAL DVO 
015 352 056 136 PHI, LLI 136 
015 354 163 LM E 
015 355 05·1 INL 
015 356 162 LMD 
015 357 056 050 LLI 050 
015 361 163 LME 
015 362 05·1 INL 
015 363 162 LMO 
015 36-1 05-1 INL 
015 365 066 114 LMI 114 
015 367 315 013 016 CAL ASPH 
015 372 056 052 LLI 052 
015 374 066 115 LM I 115 
015 376 315 013 016 CAL ASPI-I 
016 001 056 052 LLI052 
016 003 066 116 LM I 116 
016 005 315 013 016 CA L ASPH 
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016 010 303 153 013 JMP CMND 

016 013 156 ASP II , LLM 
016 014 176 LAM 
016 015 247 NDA 
016 016 370 RTS 
016 017 021 145 004 LXD 145 004 
016 022 315 131 006 CAL TWO 
016 025 056 116 LLI116 
016 027 315 002 010 CAL CMSG 
016 032 056 103 LLI 103 
016 034 315 223 011 CAL SPRC 
016 037 153 LLE 
016 040 142 LHD 
016 041 131 LEC 
016 042 120 LDB 
016 043 315 223 011 CAL SPRC 
016 046 170 LAB 
016 047 222 SUD 
016 050 362 057 016 JFS PH2 
016 053 356 377 XRI 377 
016 055 306 001 ADI001 
016 057 107 PI-12, LBA 
016 060 171 LAC 
016 061 223 SUE 
016 062 362 071 016 JFS PH3 
016 065 356 377 XRI377 
016 067 306 001 AD! 001 
016 071 200 PH3, ADB 
016 072 017 RRC 
016 073 017 RRC 
016 074 346 003 ND! 003 
016 076 107 LBA 
016 077 115 LCL 
016 100 056 050 LLI 050 
016 102 136 LEM 
016 103 054 INL 
016 104 126 LDM 
016 105 005 DCB 
016 106 004 INB 
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016 107 304 34 1 010 CFZ OVO 
016 112 171 LAC 
016 113 346 003 NDI 003 
016 115 007 RLC 
016 116 306 123 AD! 123 
016 120 056 05 3 LLI 053 
016 122 167 LMA 
016 123 157 LLA 
016 124 315 160 011 CA L FM1 
016 127 372 206 016 JTS OSTR 
016 132 302 144 016 JF Z ALOS 
016 135 05 5 DCL 
016 136 176 LAM 
016 137 054 INL 
016 140 247 NDA 
016 141 312 206 016 JTZ DSTR 
016 144 05 5 ALOS, DCL 
016 145 006 002 LBI002 
016 147 315 113 005 CAL BINDEC 
016 152 021 167 004 LXD 167 004 
016 155 006 004 LBI 004 
016 157 315 076 005 CALD IGPRT 
016 162 041 153 004 LXH 153 004 
016 165 315 002 010 CALCMSG 
016 170 056 053 LLl 053 
016 172 156 LLM 
016 173 136 LEM 
016 174 054 INL 
016 175 126 LDM 
016 176 006 002 LBI002 
016 200 315 34 1 010 CALDVD 
016 203 303 176 007 JMP ELOS 

016 206 041 312 003 OSTR, LXH 312003 
016 211 315 002 010 CALCMSG 
016 214 056 052 LLI052 
016 216 156 LLM 
016 217 303 345 007 JMP DLET 

016 222 041 042 004 GXPRT, LXH 042 004 
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016 225 315 000 005 CAL MSG 
016 230 046 061 LHI 061 
016 232 315 170 006 CAL NT1 
016 235 056 300 LLI 300 
016 237 124 GL1, LDH 
016 240 036 204 LEI 204 
016 242 176 GL2, LAM 
016 243 353 XCHG 
016 244 315 303 006 CALQDSET 
016 247 175 LAL 
016 250 306 004 AD! 004 
016 252 157 LLA 
016 253 353 XCHG 
016 254 054 INL 
016 255 376 264 CPI264 
016 257 302 242 016 JFZ GL2 
016 262 353 XCHG 
016 263 056 200 LLI200 
016 265 315 000 005 CAL MSG 
016 270 046 061 LHI 061 
016 272 315 170 006 CAL NTl 
016 275 173 LAE 
016 276 274 CPH 
016 277 312 153 013 JTZ CMND 
016 302 353 XCHG 
016 303 303 237 016 JMP GL1 

017 200 INPCK, 

017 210 INPUT, 

017 300 PRINT, 
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SAMPLE OF GALAXY OPERATION 

For those that may sti ll be unsure of the operation of the Galaxy 
gron e, th e follo wing sample illustrates t he initial moves that may be 
made in a typical gam e. The galaxy contents are assumed to be the 
same as that displayed o n page 1-8. All operator entries are under­
lined. The co mmen ts in the parentheses are included to point out 
var io us fa cts one should watch as a gam e progresses, and to exp lain 
the reasoning behind each o f the moves . The Galaxy game is initiated 
by jumping to th e start address of page 12 location 000. 

OOYOU WA TTOGOON ASPACEVOYAGE? ::L 

YO U M UST D ESTRO Y 22 ALIEN SII IPS IN 27 STARDATES 
WITH 4 SPACE STATIONS 

- 1 -- 2 -- 3--4- -5 - - 6 -- 7 - -8 -

1 * 
2 
3 +++ 

4 * 
5 <*> 
6 
7 >1< * 
8 

- 1 - -2 -- 3 -- 4-- 5- -6 - -7--8-

STARDATE 
CONDITION 
QUADRANT 
SECTOR 
ENERGY 
TORPEDOES 
SHIELDS 

302 3 
REO 
6,5 
5,3 
5000 
10 
0000 

(Before at tack ing th e alien ship , energy should be transferred to th e 
pro tective shield s. ) 

COMMA ND? .1. 

SHIELD EN ERGY TRA SFER ~ 1000 
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(The alien ship is located three columns to the right and two rows 
up. A torpedo traj ectory of 1.5 just might make it.) 

COMMAND? .§... 

TORPEDO TRAJECTORY: 1.5 

TRACKING 4,4 

TRACKING 4 ,5 

TRACKING 3,6 

ALIEN SHIP DESTROYED 

(Good shot. Now , a short range scan will indicate the loss of the alien 
ship and amount of energy remaining. The energy consumed was 10 
units for each command entered p lus 250 units to fire the torpedo .) 

COMMAND? 1 

-1--2--3--4- - 5--6--7--8-
1 * 
2 
3 
4 * 
5 <*> 
6 
7 >1< * 
8 
-1--2--3--4--5--6--7--8-

STARDATE 
CONDITION 
QUADRANT 
SECTOR 
ENERGY 
TORPEDOES 
SHIELDS 

3023 
GREEN 
6,5 
5,3 
3720 
09 
1000 

(Before leaving this quadrant, docking with the space station will 
refill the energy banks and torpedo tUbes.) 

COMMAND? 0 

COU RSE (1 - 8.5)? 7.0 

WARP FACTOR (0.1-7.7)? 0.2 
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-1--2--3 --4--5--6-- 7--8-
1 * 
2 
3 
4 * 
5 
6 
7 <*»1< * 
8 

- 1 --2--3--4 - -5-- 6--7--8-

STARDATE 
CONDITION 
QUADRANT 
SECTOR 
ENERGY 
TORPEDOES 
SHIELDS 

3023 
GREEN 
6,5 
7,3 
5000 
10 
0000 

(A long range scan will display the surrounding quadrants_) 

COMMAND? 2 

LONG RANGE SCAN FOR QUADRANT 6,5 

1 112 1 001 1 006 1 

1 001 1 013 1 104 1 

1 203 1 007 1 004 1 

(Let's move into quadrant 7,4 to attack the two alien ships residing 
there. The stardate will increase by one, and U, e new quadrant 
location will be indicated. If the move is tracked o ne sector at a time 
it wou ld be noted that two quadrant borders were cro ssed , resulting 
in the loss o f 25 units of energy for each crossing.) 

COMMA ND? .Q 

COU RSE (1 - 8.5)? 6.0 

WARP FACTOR (0.1 - 7.7)? 1.0 
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1 
2 

-1 -- 2--3--4 -- 5--6--7--8-

3 +++ 
4 * 
5 
6 +++ * 
7 * <*> 
8 

- 1- -2--3--4--5--6 --7--8 -

STARDATE 
CONDTTION 
QUADRANT 
SECTOR 
ENERGY 
TORPEDOES 
SHI ELDS 

(Don 't forget the shield energy before attacking.) 

COMMAND? 4 

SHIELD ENERGY TRANSFER = 1000 

3024 
RED 
7,4 
7,3 
4930 
10 
0000 

(The stars are blocking the path to both alien ships for the to rpedoes. 
Instead of maneuvering to a posit ion to fire a torpedo at each , a 
small phasor is fired to determine the size o f the alien ships. ) 

COMMAND? 2. 

PHA SO R ENERGY TO FIRE = 0100 

ALIEN SHIP AT SECTO R 3 ,3: DESTROYED 

AL IEN SHIP AT SECTOR 6,1: ENERGY = 01 50 

LOSS OF ENERGY 0037 

(The alien ship at sector 3,3 was destroyed . The other alien ship fired 
back in retaliation. However, since its shield energy is o nly 150, and 
the distance factor (as d efined on page 1 - 10) is zero, another phasor 
shot shou ld take care of it.) 

COMMAND? 5 

PHASOR ENE RGY TO FIRE = 0150 
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ALIEN SHIP AT SECTOR 6,1: DESTROYED 

(A short range scan will provide proof that the alien ships are des­
troyed, and a lso indicate how mu ch energy is lefL) 

COMMAND? 1 

-1- -2-- 3- -4 - -5- -6--7-- 8-
1 
2 
3 
4 * 
5 
6 * 
7 * <*> 
8 

- 1- - 2- -3--4--5-- 6--7- -8-

STARDATE 
CONDITION 
QUADRANT 
SECTOR 
ENERGY 
TORPEDOES 
SHIELDS 

3024 
GREEN 
7,4 
7,3 
3640 
10 
0963 

(The game would be co ntinued by maneuvering about to the other 
quadrants in the galaxy which contain alien ships _ However, one 
must always be aware o f the amount of energy in the space ship, and 
the number of stardates remaining as the game progresses_ Allowing 
e ither of th ese to run out would be as disasterous as moving out of 
the known galaxy or making a fatal error such as the following 
attempt to move to quadrant 5 ,4_) 

COMMAND? 0 

COURSE (1 - 8 .5)? 3.0 

WARPFACTOR(0.1 -7.7)? 2.1 

KA-BOOM, YOU CRASHED INTO A STAR. 
YOUR SHIP IS DESTROYED. 
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