


OK· 
OK 

.NLIST 



70 ( CONSTANTS AND 10 PORT DEFINITI~NS ) 
71 ( SPECIAL VGS VERBS ) 
72 ( VGS ~erse verb SWAN ) 
73 ( VGS random, ranger ) 
74 ( VGS random, RND,RANGER~ RANGERND) 
75 ( UPDATE COLOR MAP QUI~KLY) 

76 ( VGS FLOOD I VERTICAL , HORIZONTAL ) 
77 ( VGS INTHIGHRES , FILL ,SCRERASE ) 
78 ( VGS write routines pattern representation ) 
79 ( VGS pattern board and magic equates ) 
80 ( RELABS ) F= relabs SUBR ffrelabs <ASSEMBLE 
81,( VGS RELABS ) 
82t( VGS WRTSET , write) 
831·( VGS write con't. ) 
841( VGS write con't. 
85t( VGS writep ) 
861C VGS WRITEP ) 
871( VGS WRITE) 
881( FRAME, UNFRAMEMACROS ) 
89~( SPECIAL RELABS FOR BOX) 
901( PATTERN BOARD BOX COMMAND) 
91l( X Y XS YS MODE BOX) HEX 
92 I ( BOX ) E A MOV I 4 CP I, .. XSL4 JRC, (JUMP IF LESS THAN 4. ) 
93 ( BOX) B DAD, LBX.X Y STX, H BX.X 1+ Y STX, ( UPDATE) 
94 ( BOX) LABEL .. PLOP PIXVALLDA, M XRA, C ANA, ( PLOP LOOP) 
95 ( BOX ) 
96 ( 1 6 BIT I NT E G E R D 1 V IDE R 0 UTI N E : M N U NI Q R ) DEC Hi A L 
97 ( SNAP COMMAND ) 
98 ( 8 X 10 CHARACTER SET - ROTATED ) 
99t( MORE CHARS ) C03F I E03F ~ 700C , 700C I E03F I C03F I ( A) 

100 1 ( CHARS) E01F I F03F 1 3020 I 3028 I F01F I E02F I ( Q ) 
101 ( NEW CHARACTER DRAW ROUTINE ) 
102 ( NORMAL BCD ADDITION ) 
103 ( VGS CPOST , SPOST ) 
104 ( DISPLAY 6 DIGIT BCD NUMBER -- X Y OPT NUMADDR DISPBCD6 ) 
105 ( n-processor MUSPCU, this is starting load block ) HEX 
106 ( MUSIC EQUATES FOR VECTOR OFFSETS ) HEX 
107'( MUSIC VARIABLES & IY EQUATES FOR OFFSETS ) HEX 
108 ( STEREO EFFECTS RAM AND VOLUME CRES.-DECRES. RAM ) HEX 
109 ( MUSIC VARIABLES FOR COMPUTER MUSIC GENERATOR AND SYNCER ) HEX 
110 ( MUSIC PROCESSOR COMANDS ) HEX ( data,PORT l 
111 ( MUS I C PROCESSOR COMANDS cont. ) HEX 
112 ( MUSIC PROCESSOR COMANDS cent., STEREO STUFF and ABCRND ) HEX 
113 ( NOTE CONSTANTS) HEX 
114 ( SIN ETAELE FOR LEFT-RIGHT PAN VOLTAGES) DECIMAL 
115.( HELPING SUER's for MUSCPU *** NOTICE*** ) HEX 
1161·( HELP 1 NG SUER's cont. ) HEX 
1171( MUSIC PROCESSOR- emusic ) 
1181( OPCODE SUBR's, 0-4 ) 
1191( OPCODE SUER's, 5-6, HL= MUSPC ) 
1201( OPCODE SUERJs~ 8-0E, 10H ) 
1211( OPCODES 0C-0~ ) 

·1221< OPCODES ii-IS I/O PORT OUTPUTS and PAN COUNTING, tAM) HEX 
123!( STEREO C~COD~ !~, T~UMPER 23, MUSIC GENERATOR 07H } HEX 
124:( OPCODE A~~RE5S TABLE and FORWARDS ) HEX 
125!( COMFMUS!~'~ ~-d~gp .• 15MOD, NOTAEL~ ~nd T~U~~LO~ATION ) HEX 

,.. ...... ~",-" ' •. "/"."" 
~....,. n-- e"';J ~"it" ~.,' .. 

1281( •• MUSC?U ~~ 
\.~.S i ( ·I"IUSCFU 

.1301( MUSCPU cant. 
1311( MUSCPU cent .• 

·132 i ( MUSCPU 
. 1331 ( MUSCPU 
1341( MUSPCU cent .• 

•• STEREO~. ) HEX 
NOTETIMER,MOSYNC ) 

MORAMBLE , LOWMOVER~ HIGHMOVER ) 
MORAMBLE cant., STEPMOVER ) 
VOLUME MOV 1 NG ) 

STEPMOVER, COMPDURMOVER ) 
TEMOVER} NOMOVER ) 



13SI( ** MUSIC INTERRUPTER ** 
13StC MUSCPU cont., 

COMPUTER MUSIC ) HEX 
RANDOM NOTES ) 

1371< MUSCPU cent., PROCESS the score, ) 
MUSCPUS PUT TOGETHER ) HEX 

NEED AN IY LOAD ) HEX 
1381( MUSIC PROCESSOR-
13SIe MUSIC PROCESSOR- ALL xmusics 
1401( MUSCPU SUBROUTINE CALLS) 
141 I ( MUS I C PROCESSOR- EMUS I C" BMUS I C , ... ) 
i 42 I ( MUS I C PROCESSOR- E2MUS I C, B2MUS I C, ... ) 
1431( JAYS VIDEO GAME GOODIES) : CL SCRERASE ; 
1441( QUEUE - VECTOR MANIPULATION ROUTINES) 
1451( VECTOR FIELD EQUATES CONTINUED ) 
1461( STATUS EIT EQUATES) 
1471( VGS VWRITE ) 
148'( VGS VERASE ) 
14S ( GLOEAL GAME RAM AREA START ) 
150 ( STORAGE ALLOCATOR GOODIES ) 
151 ( ADD NODE TO QUEUE ROUTINE ) 
152 ( DELETE FROM QUEUE ) 
153 ( ADVANCE TO NEXT NODE ON QUEUE ) 
154, ( INCREMENT T I ME BASES - C = T I ME BASE" I Y = Q HEAD ) 
1551' NEW, IMPROVED, HOTROD INTERRUPT SYSTEM) DECIMAL 
lS61( RESUME B0CKGROUND - END INTERRUPT) 
lS71( TRY TO RUN SOMETHING IN FOREGROUND) 
iS8/( BACKGROUND END INTERRUPT) 
lSS' ( 
160 ( 
161 ( 
162 ( 
163 , 
164 ( 
165 ( 
166 ( 
167 ( 
168 ( 
16S ( 
170 ( 
171 ( 
172 ( 
173 ( 
i74 ( 
175, ( 
176 ( 
177 ( 
178 ( 
17S ( 
180 ( 
181 ( 
182 ( 
183 ( 
184 ( 
185 ( 
186 ( 
187 ( 
188 ( 

INTERRUPT START ROUTINE ) HEX 
ROUTINE TO DELETE VECTOR IF STATUS SO INDICATES ) 
MACROS TO GENERATE ANIMATION OPCODES ) DECIMAL 
MORE ANIMATION MACRO STUFF ) 
ANIMATION iNTERPRETER ROUTINES ) 
MORE ANIMATION INTERPRETER ROUTINES ) 
YET MORE ANIMATION INTERPRETER ROUTINES ) 
THE ABSOLUTELY LAST SCREEN OF ANIMATION INTERPRETER STUFF ) 
JUMP TA~LE FOR INTERPRETER ROUTINES ) 
ANIMATION UPDATOR ROUTINE ) 
DECREMENT ANIMATION TIMERS, COMPUTE VECTORING TIME ) 
TIME BASED VECTOR UPDATE - IX=VECTOR ADDR, IY=QUEUE ENTRY ) 
iNITIALIZE INTERRUPT VERBS ) 
SUBROUTINE TO UPDATE PATTERN USING XOR ) 
SUBROUTINE TO VECTOR USING SECOND DERIVITIVE ) 
SUBROUTINE TO UPDATE PATTERN USING XOR AND 2ND DERV VECTOR ) 
UPDATE VECTOR FROM JOYSTICK ) HEX 11 C= JOYSTICK 
SUBROUTINE TO UPDATE PATTERN FROM JOYSTICK ) 
COMPUTE DELTA FOR 1 COORDINATE) 
CLEAR VECTOR ) F= INIZL 
SUBROUTINE TO PUT VECTOR ON PROCESS Q ) 
XVMOVE COMMAND - MOVE AN EXISTING VECTOR ) 
XSTART COt1MAND - START AN EX I ST! NG VECTOR ) 
START A VECTOR WITH JUST INITIAL X AND Y ) DECIMAL 
CHECK FOR INTERCEPT WITH VECTOR ) 
CHECK GROUP OF VECTORS FOR iNTERCEPT ) 
NUMBER PATTERNS 1 5 X 7 ORDERED 0-9 ) 
ROUTINE TO DISPLAY A BCD NUMBER 3 DIGITS LONG FROM VECTOR ) 
INTERRUPT WRITE NUMBER ROUTINE ) 

189,( S~ALL !~S~ ) ~~C!~AL DATA SMALBASE ~ B, 11 E. ~~~r 
190!( GCP~ ~ ~~~~MAL nATA G0R~ ~ E, !S P, Q~~D 
t S~~ <. :~~-.. ' .... '"". ~"- -" .-~(.:: ~ ~ ... /r'-.""", ~)~:::'1---~~ -::.;(~r;.:-~·'- .,'" '7C I' r';' ~~ ~_",,",lAD 

1941( CONTiNUAT~ON OF F3~XF2. PHASOR ~N~ NULPAT ) 
.,~T'S:S I ( FBEXP3 ) 
1S61( CONTINUED FBEXP3 ) 
1S71( FBEXP4 ) 
198/( FBEXP4 CONTINUED) 
1SSI( FIREBASE EXPLOSION 5 ) 
2001( FBEXP5 CONTINUED ) 



2011( FIRE BASE EXPLOSION 6 ) 
2021( FIRE BASE EXPLOSION 6 CONTINUED) 
203 1 ( ALIEN EXPLOSION PATTERN) 
204 ( MORE ALIEN EXPLOSIONS ) 
205 ( EXPLOSION PATTERNS ) DECIMAL 
206 ( I NVADERS- PLAYER SHOOT I NG SOUND 1 I D ) HEX 
207 ( I NVADERS- PLAYER EXPLOS I ON I 1 G -- AND PZ I P PZ ) HEX 
208 ( SPACE MISSIONS ZPIP SOUND - ZP ) HEX 
209 ( DRAW FIREEASES ON SCREEN ) 
210 ( GAME VARIAELES AND CONSTANTS ) 
211 ( I NIT I AL I ZE GAME SCREEN ) HEX 
212 ( RACK UPDATOR ) 
213,( SUBROUTINES TO CALCULATE DISPLACEMENTS FOR RACK MEMBER ) HEX 
214 ( WAIT AND ANIMATION TRACKING TABLE ROUTINES ) HEX 
215 ( RECOMPUTE LIMITS ) HEX 
216 ( SUBR TO STEP MASTER COORDS ONE TICK AND LIMIT CHECK ) HEX 
217 ( WE FOUND AN INVADER - WRITE HIM ) 
218 ( REWRITE A RACK MEMBER USING NORMAL PATTERNS ) 
219 ( REENTER RACK ) HEX 
220 ( INTERRUPT ROIJT I NE TO REENTER A GALAX I AN ) DEC I MAL 
221 ( CHECK FOR INTERCEPT WITH RACk MEMBER ) 
222 ( ANIMATION LIST AND ROUTINE TO EXPLODE THE FIREBASE ) 
223 ( SCOR IN) HEX TABLE ASTBL 80 I 60 I 80 I 100 I 300 1 2,00 , 
224 ( MORE SCORING GOOD!ES ) 
225 ( BACKGROUND PHASOR INTERCEPT PROCESSING ROUTINES ) 
226 ( ROUTiNE TO CALL FROM SCAN LOOP ) 
227 ( ANIMATION SUBR TO INITIALIZE THE FIRE BASE ) 
228 ( CHECK FOR PLAYER HIT ) 
229 ( COMMON INITIALIZATION GOODIES ) 
230 ( SPECIAL ROUTINE TO MOVE PHASOR BLAST ) 
231 ( START OR RESTART THE PHASOR MOVING ) 
232 ( CHECK FIRE SWITCH ) 
233,( AWAIT THE ARRIVAL OF THE VERTICAL INTERVAL ) 
2341( NEW COLOR ROUTINES ) 
2351( FADE UP/DOWN ROUTINES) 
2381( FORCE FIELD DRA~ER ) DECIMAL 
2371C MORE F:~:~ F!ELD GOODIES) 
2381< RADIAL L!NE GENERATOR) 

2<·-1 
.:::,t.:~ ~" 

.'.-'" 

"'"" '~~:~7 D:::L=r·~,'~::~ 

.~~ -~~~~0K~J AND BIAS TO EFFECT CENTER) 



+--------Block 70--------
0lC CONSTANTS AND 10 PORT DEFINITIONS ) 
11{ : C= } CONSTANT { ; } { : V= } VARIABLE { i }' 
2lHEX 0 C= CC? ( 0 TO CROSS COMPILE, 1 FOR NORMAL) 
3'CC? IFTRUE 0Fe00 C= nAMBASE 0FFFF C= LASTRAMADDR 
4 OTHERWISE 0D000 C= ~AMBASE 0DFFfC= LASTRAMADDR IFEND 
5 { NC=} 1 -:- DUP C= { } { : SC= } DUP C= { } 
G { : T= } TABLE { ; } : A= } ARRAY { ; } 
7 { : BT= } ETABLE { ;} {: BA= } BARRAY { 
8 { : BV= } EVAR! ABLE { ; } { : F= } FORWARD { .i 
9 0 C= COL0R 1 C= COL1R 2 C= COL2R 3 C= COL3R 

10 4 C= COL0L 5 C= COL1L G C= COL2L 7 C= COL3L 
11 0B C= COLEX 9 C= HORCE 0A C= VERBL 
12 10 C= TONMO !1 C= -~~EA 12 C= TONEE 
13 14 C= VIBRA 1S C= VOLAB 15 C= VOLC 
14.0D C= INFBK 0E C= INMOD 0F C= INLIN 
1510C C= MAGIC 19 C= XDAND 8 C= INTST 

13 C= TONEC 
17 C= VOLN 18 C= SNDBX 

8 C= CONCM 0F C= HORAF 
0E C= 'If'ERAF -- > 

+--------Block 71--------
o ( SPECIAL VG5 VER3S ) 
1 CODE DI DI, NEXT ( disable interrupts) 
2 CODE E I EI I NEXT ( e,nab 1 e li ntel""rupts ) 
3 CODE XDI DI, A XRA, INMOD OUT, NEXT 
4 : MS 0 DO 4 0 DO LOOP LOOP ; 
5 CC? IFTRUE 
G : ROMIT DP @ other @ DP ! J : TIMOR DP @ other 
7 IFEND 
8 -- > 
9 

10 
11 
12 
13 
14 
15 

+--------Block 72--------
01( VGS terse verb SWAN) 
1lCODE SWAN (swap nibbles in low b~te ) 

3: out- s~e~~cci ~ESU!t ) 

DP 

41 H POP, L A ~OV, RLC, RLC, RLC, RLC, A L MOV, H PUSH, NEXT 
51--> 
61 
'7' 

L' " 

'J.2l 
13 

15 



+~-------Block73--------
01( YGS random, ranqer·) 
tl2 A= RNDt: ("=Jou must seed RNDt: !!!!!!!!!. ) 
2 1 SUBR random ( 32 bit random * generator) 
3 (out- randoml~ selected_* in DEHL.) . 
4B PUSJ.I, @ RNl>+ LBCD ,--1321 J.I LXI, B DAD, J.I PUSH, 
5 277S H LXl h B DADC, 1 RND* LDED, n DAD, XTHL, 
S BRAn, XTHL, D DADC, XTHL, B DAD, XTHL, D DADC, XTHL, 
7 E ~ HOYi B E MOV , C E MOV, 0 C MUI, E DAD, 0 RND+ SHLD, 
8 XTJ.lL, D DADC, 1 RND# SHL~, D POP, B POP, REt, 
9 SUER ranger ( pass # in HL, range in DE, .) E PUSH, EXX, 

1@ @ H LXI, H D MOY, L E MOY, EXX, D PUSH, B POP, XCHG, 
11 0 H LXI, BEGIN, 2 SRLR, C RARR, CY, IF, D DAD; EXX, D DADC 1 

12 EXX, THEN, B A MOV, CORA, <), IF, E,SLAR,D RALR, ~XX, E RALR, 
13 D RALR, EXX, SWAP} JMP, THEN, 'EXX, B POP, RET, 
14 --) 
15 

+--------EloCK 74--------
o ( VGS random, RND, RANGER, RANGERND ) 
1 SUER rnd ( pass range'in DE, returns. in HL ) 
2 D PUSH, random tALL, D POP, ranger CALL, RET, 
3 CODE RANDOM (, Oy~= # on stack ) random CALL, H PUSH, NEXT 
4 CODE RANGER ( pass range, * on stacK ) 
5 ( result is e ~Imes range / FFFF, ie. 30H 8000H ---- is 18H ) 
S D POP, H POP, ran~er CALL, H PUSH, NEXT 
7 CODE RND ( pass r~n~e on stack ) 
8 random CALL. ~ POP. ranger CALL, H PUSH, NEXT 
9 --) 

1@ 
11 , 
121 
131 
141 
151 

+--------Block 75--------
o C· UPDATE COLOR MAP -- QUICKLY ) 
1 CODE COLOR EXX, H POP, 800 E LX!, 
2 BEGIN, M A MOV, A OUT?, H !NX, C INR, 
3 EXX, NEXT 
4 --) 
5 
S 
7 

OJ 
'!D' ,J 

10; 
116 
12~ 

13~ 
141 
15! 

LOOP, 



+------~-Elock 76--------
01( VGS FLOOD, VERTICAL, HORIZONTAL ) 
t'CODE FLOOD (set all color ports to the same value) 
2 (i n- b~te co 1 or ',/81 ue . ) 
3 (out- screen coler ports set to same value ) 
4 EXX, H POP, L A MOV, 800 B LXI, BEGIN, A OUTP, C IN~, LOOP, 
5 EXX, NEXT 
6 VERTICAL intialize vertical blank port 
7 (i n- * of 1 i ne 
8 (out- vertical b:ank port set ) 0A OUTP ; 
9 HORIZONTAL sets horizontal color boundr~ and outside 

10 pixel value ) 
11 in- x value for boundr~ J outside screen pixel value 
12 bits 6 and 7 determine value ) 
13 (out- hori~ontE! color boundr~ port set ) 
14 DUP SWAB OR 9 OUTP ; 
15 --) 

+--------Elock 77--------
0 ' ( VGS lNTHIGHRES , FILL, SCRERASE ) 
1 INTHIGHRES intialize screen for high resolution mode) 
2 1 8 OUTP ( con,com port ) C0 VERTICAL 0 HORIZONTAL J 
3 FILL (fill screen whith constant data 
4 (i n- cOns-cant , start i ng address , :jj: of b~tes -to f i 11 ) 
5 (out- docs seq~ential fill whith constant specified) 
G ROT ROT 2DUP ! SWAP DROP DUP 1+ ROT 1- EMOVE , 
7 SCRERASE 
8 0 4000 3C00 
9 DECIMAL --) 

10 
11 
12 
13 
14, 
151 

+----.,..---E lode 

et-ase 
I=" 11 I • 
..... ~- 1 

entire screen except last 1 k 

78--------
0:( VGS wr i te rO'..I-t i nes __ pattern representat i on ) 
11--) PATTERN REPRESENTATION 

) 

21 Pattern header requirments are determined b~ the write 
3: routine used. The followinq diagram shows the hierarch~ 
4: used 
5~ VWR!TER ~ ~RI7ER X displacement 
61 v d~G~lacsm~~~ 

71 

'3 i 
10 
1'1 

'1,,1,. 
15~ 

r:;:': 3 
"-,,:,, r':aSE?;S;. 



+--------B16~k 79--------
01( VGS ~attern board and magic equates ) 
11HEX 
21( patte~n boa~d po~ts ) 
3178 C= PBLINADRL 79 C= P8LINADRH 7A C= PBSTAT 78 C= PBAREADRL 
417B C= PBXMOD'7C C= PBAREADRH 7D C= PEXWIDE 7E C=PEYHIGH 
51 (pattern bOdr~ status port bits) 
Sl0 C= PBDIR 1 C= PBEXP 2 C= PBCONS 3 C= PBFLUSH 
714 C= PBFLIP 5 C= PEFLOP 
81 (magic re~i$ter bits) 
912 C= MRROT 3 C= MREXP 4 C= MROR 5 C= MRXOR 

101S C= MRFLOP 7 C= MRFLIP 
11 1 -- > 
121 
131 
141 
151 

+--------BlocK 80--------
o ( RELABS ) F= relabs SUBR VVrelabs(ASSEMBLE 
1 7 C BIT, 13< >, IF, 1 Y A LDX,H ADD,. A DCR, A H MOV, 
2 TI-IEN, S C BIT, 0< >, IF, 13 Y A LDX, D ADD, A DCR, 
3 A D MOV I THEN I ( FALL ! NTO. .. ) 
4 LABEL relabs ( relative X Y to magic address conversion ) 
5 (i n- BC=exphna<;;l D:::=x HL=..., ) 
S (out- BC=exp/mag+shiVt HL=sc~~d~ ) 
7 1-1 A MOV, 0 H MVI~ A L MOV, 
8 1-1 DAD, H DAD, H DAJ, 
9 . H DAD, D PUSH, L E MOV, H D MOV, H DAD, H DAn, ( *S4 ) 

10 D DAD,. ( *80 ) XCHG I H POP, ( x ) 
11 L A MOV, (SAVE BIT CNT ) H L MOV~ @ H MVI, D DAD, ( x+..., ) 
12 RLC,. RLC, HEX 3 AN:. 
13 MRFLOP C B I 1"; 0!-(;> _, ! F, NEG I 0=, ! F, H DCX I THEN I THEN I 
14 3 ANI, A E MOV, C A MOV. FC ANI. E ORA, A C HOV, RET, 
15 ASSEMBLE> --) 

+--------Block S~--------
@I( VGS RELABS ) 
11CODE RELABS ( relative to absol~te conversion) 
2 I ( i n- exp/mac; I X 1 Y ) 
31 (out- exp/mag+skift , scradr ) 
41 EXX, ( save BC ) 
51 H POP, ( ~ ) D POP~ ( X ) B POP, ( exp/mag ) 
61 relabs CALL, P PUSH, ( exp/m&q+sh¥ , 
7! H PUS~; ! ~~-~d~ ) ~XX, ~EXT 

10~ 
j[ -1 ~ 

:il.2! 
'l.3l 
114~ 

'lSi 



+.;...-------Block 
0J( VGS 

82--------
WRTSET , wr i "te ) 

wri~e $~$tem fla~ ) 
E! (wri~e s~stem b~te intialize ) 

~ 11 BV= WRTSYS { 
2:: WRTSET WRTSYS 
31 ( 0<;. for pattern board 0= for sof'tware ) 

write (write pattern on screen ) 
41 
5lSUBR 
61 ( 
71 

in- EC=exp/mag+snift DE=~/x size HL=scradr IY=patadr ) 
( WRTSYS 0<;. forpa.ttern board 0= for software write 

81 
81--) 

10 
11 
12 
13 
14 
15 

out- C=~a~+5hift J pattern on screen ) 

+--------Block 83--------
o ( VGS wr i te con ~ t. ) 
1 (pattern board write ) 
2 B A MOV~ XPAND OUT, C A MOV, MAGIC OUT~ HEX 24 A MVI~ 
3 MRFL I PCB I T J 0< > ~ ! F I PBFL I F' A SET ~ THEN I 

4 MRFLOP C 13 I T I 13<;. ~ I F ~ PBFLOP A RES I THEN I 

5 MREXP eEl T 1 0<)-, I F I PBEXP A SET I THEN 1 

6 A B MOV, FBSTAT OUT. ( B=status C=m&gic ) 
7 H PUSH, 
8 Y PUSHX, H POP. L A MOV, PBLINADRL OUT. 
8 H A MOV, PBLINADRH OUT. 

1121 
1 1 
12 

H POP, 

13 --) 
14 
15 

+--------ElocK 
Ol( VGS 

L A MOV, PEAREADRL OUT, 
H A NOV I PEAREADRH OUT, 

84--------
wr i te con' t . ) 

1: E H MOV, ( X size 
2 I MREXP C E IT! 0<;., IF 1 H RLCR 1 ( *2 ) THEN, 
31 H DCR, ( H='X size zero relative ) 
4 I MRFL I peE 1 T I 0<;. 1 IF 1 

5 ( MRFLOP C E J T:I 0<? l! Z ~ , DEC ! MAL 
61 ELSE, DEC ? M ........ ~ 

~ " ",-.,'--

( (> ~-.., )< rit r~; ("':. 

14 --;. 
11.5 

l"""","7'", ... ,?' " -, 
" ""'" ":1" .. '7 , 

-80 A MV ! 
-8oL; ::~"! ~--:\l , 

I H ADD , 
; H SUE ) 3HEN , 



+--------Block 85--------
writep ) @ ( VGS 

1 SUER 
2 ( 

writep ( does write with pattern size header on pattern) 
i~- BC=exp/maq+shift DE=~/x size HL=scradr IY=patadr ) 

3 
4 

( WRTSYS Q() for pattErn board @= for software write ) 
( out- C=mag+~h~~t pattern on screen ) 

121 Y E LDX J ( X s ~ ze Y I NXX, 5 
6 o Y D LDX, ( Y size Y INXX, write JMP, 
7 -- > 
8 
:9 

1121. 
111 
121 
131 
141 
151 

+--------Block 86--------
o ( VGS WRITEP ) 
1 CODE WRITEP (write with pattern size header on pattern ) 
2 (in- x 1 ~ 1 pa"'tadr 1 ex/mag ) 
3 ( WRTSYS 0< > for pattern board 121= for softw~re write ) 
4 (out- pattern on screen ) 
5 Y PUSHX, H POP, EXX, B POP, Y POPX, H POP, D POP, 
6 relabs CALL, 
7 writep CALL, EXX. H PUSH, Y POPX, NEXT 
8 CODE FFWRITEP Y PUSHX, H POP, EXX, B POP, Y POPX, H POP. D POP, 
9 ffrelabs CALL. writ£p CALL, EXX, H PUSH, Y POPX, NEXT 

1121 --) 
1 1 
12 
13 
14 
15 

+--------Elock 87--------
121\( VGS WRITE 
llCODE WRITE (wri"'te with X Y sizes J pattern with no header) 
2 I (i n - x , ~ , pat a dr 1 ~ / x s i z e ex / mag ) 
31 WRTSYS 0< > for pattern board 0= for software write 
41 (out- pattEr~ on screen ) 
51 Y PUSHX. ~ ?OP. ~XX. B POP. ( ex/ma~ ) H POP, ( SS~ES 

6: : Y POP X , ': CC'E!,";',::',dr ) D POP, { Y ) X:1·L I ~ H< -:7\ S< - '7"r'5 ) 

7i XCHG, :~,{-> ... ,:, '-~'~,:::ibs G~4LL} D :""'O?p r' ,":~;:::,:!~,~ ) 
8 wr~te CA~~c -YV ~~S~c PO~~ ~~XT 

S --) 
1 r~ : 

:l'1' 

/ 



+--------Block 88-----.... -~ 
01( FRAME, UNFRAME MACROS) 
112 C= FR.P1 4 C= FR.P2 S C= FR.P3 
2 { FRAME} { [ } ASl'l { J } Y PUSJ..IX I (i) Y LX I X I SP DADY I { 

3 { UNFRAME} { [ ;. ASM { J } Y POPX I { j } 

4 -- > 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
+-~------Block 89--------

01( SPECIAL RELABS FOR BOX ) 

. , } 

1'SUBR R2A ( RELA~IVE TO AESOLUTE CONVERSION FOREOX AND LINE) 
2 E A MOV, 3 ANI. PSW PUSH, D PUSH, D SRLR, E A MOV, RAR, 
3 A ANA, RAR, C L MOV, 0 H MVI, H DAD, H DAD, H DAD; 
4 H DAD, L E MOV, H D MOV, H DAD, H DAD, D DAD, 
5 A E MOV, e ~ MVI. D DAD, D POP, PSW POp, RET. 
6 --} 
7 
8 
9 

1121 
11 
12 
13 
14 
15 

+--------Block 90--------
o ( PATTERN BOARD BOX COMMAND ) 
1 ( X Y XS YS MODE EOX ) 
2 ( PARAMETER ADDRESS EOUATES ) 
3 DECIMAL 
4 2 C= BX.M 4 C= BX.YS 6 C= BX.XS 8 C= BX.Y 10 C= BX.X 
5 ( SCRATCH ~~E~ USED BY EOX COMMAND ) 
S 0 BVARIAELE WRMCDE @ BVARIABLE PIXVAL 

,-" 
!> "' .::;., .'--. F~ c ~~~- F= PB~OX 

:3 F= ~F ~~ .XS3G ~= .. 

t 2: j-j E X ~)(~ ~~ :.,,r,'::" ~/''''''' --. ~ 

1.3 -- > 
1 <''J. 
ie::; 



+--------Block 91--------
~I( X Y X5 Y5 MODE BOX ) HEX 
1 CODE BOX <ASSEMBLE 
2 FRAME EXX, 
3 BX,M Y A LDX, 
4 A C ~10V, ( I S MODE = 4· ) 
5 4 CP I, .• SK I P JZ, ( I F SO SK I PIT ) 
6 8 CP I 1 •• SK I P JNC, ( SK I P 1 F >= 8 TOO ) 
7 4 ANI, WRMODE STA, ISOLATE AND STUFF MODE) 
8 C A MOV, 3 ANI, A C MOV, ( GET A BYTE ALL THE SAME) 
9 0 B MVl~ MSKTBL H LXI, 

10 E DAD, M A MOV, ~IXVAL STA, ( AND REMEMBER AS PIXVAL ) 
11 EX.XS Y E LDX, BX.XS 1+ Y D LDX, ( DE=XS ) 
12 LABEL .. BOX? E A MOV, DORA, .. SKIP 
13 BX.X Y A LDX, 3 ANI, 
14 .. MNZ JRN2, 
15 D A MOV J A ORA, .. CPBE JRNZ, 

+--------Block 92--------
o I ( BOX ) E A MOV 1 £':. CO!} •• XSL4 JRC 1 

1 I 8 C? I I •• SLOB JRC, 

JRZ I ( au I T IF XS=0 ) 
( ON A BYTE BOUNDARY? ) 
( 1'10 - JU~1P ) 

( IF >256 USE PE ) --) 

21LABEL .• CPBB PEBOX CALL, .. XSTI JMPR~ 
31LABEL .. SLOB FF C MV], .. STRC CALL, 

( JUMP IF LESS THAN 4 ) 
( IF <.3 DON 1 T USE PB ) 

CALL DRAW WITH PB ) 
( PAINT A FULL STRIPE ) 

4 I 4 C i"lV I, .. ;:':STF JMPR, 
5lLABEL .. MNZ 3 AN!, A B MOV, C COMPUTE MIN(X,4-MOD(XS-4 
6 I 4 A MV I ~ B SUB, D 0 BIT, .. X5BG JNZ 1 ( ,JI'1P IF XS >256 ) 
7 I E CMP I •• ;:':SBG JC, E A MOV, (OR > MOD •.. ) 
81LABEL .. XSBG A C MOV, B PUSH, B C MOV, ( MOD IS BIGGER) 
91 

10 LABEL 
11 LABEL 
12 
13 LABEL 
14 LABEL 
15 --) 

A B t'jOV, A >-:::::::A, 
· . FFF Ri~C~ R?'::C, C0 OR I, .. FFF D.JNZ 1 C B MOV, ~ MASK ) 
· . DOSF RRC, RRC 1 . 3F AN I I •• DOSF D·JNZ I ( SH I ~T J'10D T II'1ES ) 

A C MOV, ., SIRe CALL J B POP 1 ( DRAS,l 2A:H STR I PE ) 

• .XSTl 3X.X Y L LDX, EX.X 1+ Y H LDX, ( HL=X ) 

+--------Elock 33--------
01( BOX) E DAD. L BX.X Y STX, H BX.X 1+ Y STX, ( UPDATE) 
1 I XCHG. A XRA 1 13 DSEC; XCHG 1 •• BOXP .JMP, ( SUBTRACT SIZE ) 
21LABEL .. XSL4 A E OV, A XRA, ( PA:NT FINAL STRIPE) 
31 LABEL .. XSLA :;:{RC, RRC 1 C0 OR 1 I •• XSLA D.JN2, ( Fom1 '=.1 ~<AL ) 
4: A C ~101l., ,,~STRC- CALL: ( AND :)C: F!: Nr'~i:"" ST;:? ::~ °E ) 
51LABEL .. SKIP ~. ~RAME pop, H POP, H POP, H POP: ~-; 

c~ " 

1121 
1"1 
12 LABEL 
13 
14 
t5 -- > 

T CIRCLE ROUTT ~ ) 
" f"; 

~-=, " ""'j ., ..•• 

. '·,,1::, 
" " ~ 

""" .. """" ,t';"",,: 
,...,.,'>:",1""'" "" ",."r-"'" 

::',.t -- ,.;. ... 

""0 ;~. ...;'~ ", 

.. c,.';.... 



+"..-,....-- ..... --B1 oc;!.t: 94--------
017( BOX ) LABEL .• PLOP PI XVAL LDA, M XRA ,e ANA, ( PLOP LOOP ) 
1; t1 XRA 1 A MMOV, D DAD:1 .. PLOP D.JNZ, ( USE XOR -TRICK ) 
21 . D POP, RET, 
31LABEL PBBOX 
41 D PUSH, D S~LRJ E RARR, D SRLR, E RARR, ( DE=DE/4 ) 
51 E B ~10V 1 

61· 
7 1 ,.. I 

81 
9lLABEL 

BX.Y Y C LDX, BX.X Y E LDX, BX.X 1+ Y D LDX, ( COORDS ) 
R2A CALL. WRMODE LDA, 4 ANI, ( CONVERT, C4ECK WRTYPE ) 
.. OUTM JRZ 1 20 A MVI, ( .JUMP IF PLOP, ELSE ITS XOR ) 

101 
111 
121 
131 
141 
151--> 

.. OUTM MAG!C OUT, 20 A MV l,P I XVAL D LX I I ( SET Mr:: f 5T ) 
OUTPB CALL. B DCR, 50 A MVI, B SUB, ( COM~UTE XMOD ) 
PEX!'lOD OUT, B A MOV, PBXW I DE OUT ~ (THEN I DTH )! 

BX.YS Y A LDX, A DCR, PBYHIGH OUT, ( THEN ~EIGHT 
D POP. B L MOV, 0 H MVI, L INR, ( COMPUTE BYTES USED) 
H DAD 1 H DA D , L. C t1 0 V, H B M 0 V, RET, 

+-----~--Block 
o ( BOX ) 

95--------

1 LABEL QUTPB ( ROUTINE TO OUTPUT STUFF TO PAT BOARD ) 
2 PBSTAT OUT, E A MOV, PBLINADRL OUT, ( STAT AND 
3 D A MOV, ?B~:NADRH OUT, L A MOV, 
4 PBAREAD~L OUT, H A MOV, PEAREADRH OUT, ( AREA ) 
5 LABEL NULRtT RET, 
6 -ASSEMBLE» 
7 DECIMAL 
8 --» 
9 

10 
1 i 
12 
13 
14 
15 
+--------El~ck 96--------

·0 ( 16 BIT INTEGER DIVIDE ROUTINE: M N UNI Q R ) DECIMf~L 
1 FORWARD .ZERO FORWARD IDV50 FORWARD IDV60 
2 FORWARD IDV10 FORWARD IDV20 FORWARD IDV30 FORWARD IDV40 

LINEAR ) 

3 SUBR unsdiv <ASSEMBLE L C MOV, H B MOV, D A MOV •. 0 H LXI, 
4 E ORA, . ZERO JRZ, E i~MOV, 16. B MV I , 
5 LABEL IDV~0 C RA~R. RAL. ~ DADC. D DSEC, 
6 LABEL IDV20 CMC, IDV50 JRNC, 

11 i:'L~~B~::L ,.2 D~~J::;~d C 
12 LABEL .ZE~O ~E7 

131 SUER UNSI"' C \i 
14lH POP. ~r~di~ 

15!UNSDIV CA~L, ~ 

~. DS3C, (V, I~, 0 ~ LXI, H PO~~ ~L~E? 

- =:~ .r) REi s ])E :..QJJ\'./ ":::><:~~ F D PC':,;:-:- /' ~-t /:'I(~~P JP 



+--------Block 97--------
0J( SNAP COMMAND) 
1l~EX CODE snap EXX. 
2125 ~ MUl. PBSTAT OUT. 
31H POP, 
41 D POP, E A t10V, PBAREADRL OUT, D A MOV, 40 OR I, PEAREADRJ..l OUT I . 

S'D POP. B POP, 
6 B INX, B INX, E INX, B SRLR, C RARR, B SRLR, C RARR, 
7 C A MOV, PB~WIDE OUT, A INR, A M MOV, ~ INX, E M MOV, H INX, 
8 L A MOV, PBL:~~JRL OUT, H A MOV, PBLINADRH OUT, 
9 50 A MVI, C SUE, PBXMOD OUT, 

10 E A MOV, A DC~. PBYHIGH OUT~ ( DO IT TO IT ) 
11 EXX, NEXT 
12 : SNAP 121 ROT ReT RELABS SWAP DROP SWAP snap ; 
13 DECIMAL --> 
14 
15 

+--------B10cl.( 98--------
121 ( 8 X 10 CHARACTER SET - ROTATED ) 
1 HEX 
2: DATA CHRTBL 
3 9999 9999 09013 1 9909 9999 I 991313 1 

4 E01F , FQ3F 1 3030 3030, FQ3F , E01F • 
5 9990 , 212139 • D03F ~ F03F , 9939 , 91390 I 

6 693E 703F 3033 1 312133 • F@33 E@31 

( SPACE ) 

( 0 
( 1 
( 2: 

7 612118 7038 3033 ~ 3033 F03F E01E. ( '2 -' 8 F093 F003 0003 F03F 
9 F01E I F033 I 3033 ~ 3033 303F 

F03F 
12101::: 

" ( 4 
, ( 5 

) 

) 

10 E91F • F03F , .r~ 2033 
11 3099 3038 .' E0121F 

, 31213F , 1211211 E , ( 6 
F003 F000 I ( 7 ) 
F03F , E01 E ; ( 8 
FI2I3F , EO·1 F , ( :3 ) 

12 E@1E 1 F93F 3033 3033, 
13 E991 , F003 , 3033 I 3033 
14 --) 
151 

+--------Elock 99--------
01( MORE CHARS ) C03F , E03F • 700C I 700C I E03F I C03F I ( A ) 
1lF03F I F03F 1 3033 • 3033 I F93F I E01E ICE) 
21E01F F03F 3030 3030 7038 S018, ( C 
31F03F F03~ 3030 3030F03F. E01~ • ( D 
4!F03F F03F 3033 3033 3033. 3030 
SlF03F F03F 2A~~ ~003 3003 3000 
61E01F F0Z= ~~ 336 303E 2:0.E 
7 F03~::' 

:3 0(71C 
10 F,2;3;,," 
1-1 ] F03F 
'1:2: F0:3F 
13 F(t.:~3~:-

,.- .7_.,r-~ ",-

1-' ',. ':- :,~ 

,.- ",,-~....-,~r 

;:~ I 

~;l 

co .... 
F 

( -~ -. 
_'i 

~,...' 

~ .,." 
"--" 

) 

) 

-- ,. 



+------~-Block 100------~-
01 ( CHARS ) E01F , F@3F , 30213 
11F03F ~ F@3F , 31303 , 31307 ~ 

21 E01 S. , F03B ~ 3033: ,. 3033 , 
3 3000 , 3000 p F(;;':::Jr F03F l 

4 F@1F , F@3F ~ Q;C3C p 0030 , 
5 F00S , F@0F ~ ~2:~~3'c , 003E , 
6 F@3F , @@@C , 8007 , 8007 , 
7 71338 , F@3C I C!WF , C00F , 
8 7131313 , F@00 , CG3F , C03F , 
S 3@3C , 3@3E " 3037 ~ 8033 , 

10.CC? IFTRUE ROMIT IFEND -- ) 

111 
121 
131 
141 
151 

+--------Block 101--------

, 31328 
FQ3F I 

703F , 
3000 I 

F03F , 
F00F 
0@0C , 
F03C , 
F000 
F03i , 

01( NEW CHARACTER DRAW ROUTINE ) 

., F01F , E02F ; 
E03D I ( R ) 

601E ,. ( S ) 

31300 1 ( T ) 

F@1F , ( U ) 

F@@3 , ( V ) 

F03F ~ ( W ) 

7038 , ( X ) 

70000 , ( y ) 

F030 , ( Z ) 

11 ( IN HL=Y DE=X BC=EXPAND/MAG I C A= CHAR TO D I SPLAY ) 
21HEX 

( 

31SUBR dr&wch&r E PUSH, H PUSH, D PUSH, 213 SUI, 0<), IF, 
410F SUI, @B CPI, CY~, IF, 7 SUI, THEN, THEN, 
51A L MOV, 0 H MVl, H DAD, H DAD, L E MOV, H D MOV, 
6 1 H DAD, D DAD I ·CHRTEL D LX I, D DAD, H PUSH, Y POPX I 

7 D POP, H POp, M PUSH, D PUSH, relabs CALL, 
8 6132 D LXI, write CALL, D POP, H POP, H A MOV, 7 AD!, 
S A H MOV, B POP, RET, . 

10 

Q ) 

11 ( TERSE INTERFACE - X Y COLOR/MAG I C CHAR· cpost -...;- NEW X Y ) 
12 CODE cpost EXX, B POP, C A MOU, B POP, H POP. D POP, 
13 X PUSHX, Y PU~HX. drawchar CALL, Y POPX, X POPX, 
14 D PUSH, H PUSH, B PUSH, EXX, NEXT 
15 DECIMAL --) 

+--------Block 102--------
o ( NORMAL BCD ADDITION ) 
1 CODE BCD+! EXX, H POP, D POP, 
2 M A MOV, E ADD, DAA. A M MOV, 
3 H INX, M A MOV, D ADC, DAA, A M MOV, 
4 H INX, M A MOV~ 0 ACI~ DAA, A M MOV, 
5 EXX, NEXT 
6 DECIMAL --> 
7 
8, 
51! 

10] 
11: 
12ij 
'l.3~ 

'l.4! 
151 



+------'-..;.;Block 
01( VGS 

103--------
CPOST , SPOST ) 

1 I: CPOST ( 
2 I ( i n= :x: 
3' 

post an ascii-character on the screen i see options) 
, ~ , opt+e:x:Jma~ , ascii-char) 

4 
5 
6 
7 
8 
9 

WRTSYS 0<) far pattern board 0= for software write ) 
( out- charac~er on screen ) 

10 
11 
12 
13 
14 
15 

cpos~ DROP DROP DROP ; 

SPOST post an ascii-string on the screen J see o~tions 
( in= :x: , ~ , cpt+ex/mag , addr , count ) 

( i.e. 0 0 28 An STRING" COUNT SPOST ) 
( WRTSYS 0<) for pattern board 0= for sof~ware write 
( cannot be used in immediat mode ) 

( out- charac~er C~ screen ) 
OVER + SWAP DO I 89 cpost LOOP DROP DROP DROP ; 

-- > 

+--------Block 104--------

) 

01( DISPLAY S D!GIT BCD NUMEER -- X Y OPT NUMADDR DISPBCD6 ) 
11HEX SUBR digit 0F ANI, 0=, IF, DORA, 0< h IF,0F0 A t'iVl, THEN, 
2IELSE, 0 D MUI, THEN. 30 ADI, EXX, drawchar CALL, EXX, RET, 
31HEX 
41 
5 1 F= DGTL 
6 CODE DISPBCDS <ASSEMBLE H POP, M A MOV~ H INX, MORA. 
7 H INX, M ORA, A D MOV, 3 E MUI, 
8 EXX, E POP, H POP, D POP, X PUSHX, Y PUSHX, EXX, 
9 LABEL DGTL M A MOV, RRC, RRC, RRC, RRC, digit CALL, 

10 MAMOU, digit CALL, H DCX, E DCR, DGTL JRNZ, 
11 Y POPX, X POPX, NEXT ASSEMBLE> 
12 DECIMAL --) 
13 
14 
15 

+--------Block 105--------
01( n-processor MUSPCU, this is starting load block) HEX 
11( old TERSE music still'works and runs on this MUSCPU or ) 
2 I ( 2MUSCPU ¥ ,",",,-, l-t:, p 2 '" p:-ocessors re load ! Y .-for f!lUS i c viE:ct"or ~ ) 
3« and the variable SOUNDBOX ~o the pprt 1 pas~ the NOISE port, ) 
4 I ( i e. sounds a~"-e i 1'"1 .: 0-1 7, set SQU!'lDBOX to 1 SH. ) 
510 BV= MUSIC~L~2 ~ ~urns eff all processors for G~MEQV~R ) 
6118 c= C~EP1 58 c= SU'P2 ( h!~h pc~t c~ ~cunci~ox ~~~ ~r~ chips) 
7 ~ ( EtE~rjS:: !,:~ "~,:,.~~:,.,,: r- c 

'." :::2r··-j"JS E C~ ~.Jj5l2~·~,; C:H I ~~:; "to" 02~dr::: I '..r~ ~ (-., ,"" '!0: 

12 --} 

H·i 
~5~ 

- r~'--' 



+--------Elock 10S--------
0'( MUSIC EQUATES FOR VECTOR OFFSETS ) HEX 
1 {{ 0 SC= BEGMUSRAM ( fi~st b~te of mysic~yeetor ) 
i SC= MUSPC SC= MUSPC~ NC= MUSPCL ( music p~Og~am counter) 
3 NC= STA~T.PC SC= Sn::'RTPCH NC= STARTPCL ( sta~tove~ add~ess ) 
4 NC= SOUND BOX ( hig~est po~t of 1/0 chips sound po~ts ) 
5 NC= PANPORT~ ( ~c~tom and left po~t of stereo output ) 
6 NC= MOVALUE ( cu~~ant value ) 
7 NC= VIBTRACKER ( vibratoconvlenc:;e tra6ke~ fo~ ga.mes )}; 
8 {{ NC= MULTIPLE NC= PRIORITY}} ( fo~ ~epeated and important) 
9 {( NC= RAMPFLAG ( lilll vs. 1'1'1 ) NC= RAMBLEFLAG ( onloff ) 

10 MC= HIGHLIM NC= LOWLIM NC= STEP ( pe~taining to MO walk ) 
11 NC= RAMBLETIMER ( maste~ oscillator timer) 
12 NC= TIMEBASE ( ~eload ~ambletime~ value) }} 
13 NC= LIMCOUNTER ( MO limit c:;ounte~ ) 
14 --) 
15 

+--------Block 107--------
01( MUSIC VARIAELES & lY EQUATES FOR OFFSETS ) HEX 
11({ NC= STOPTB ( stopvalue fo~ timebase-move~ ) 
2INC=TBSTEP NC= TETB NC= TBTIMER ( tbmover's ss,tb,time~ ) }} 
31{{ NC= NOSTO? ( noisemove~'s sv,ss,timeritb,tracke~ ) 
4INC= NO STEP NC= NOTIMER NC= NOTIMEBASE HC= NOVALUE }} 
51{{ NC= STOPSTE?S ( MO's stepmove~ etc. ) 
6 NC= BIGOFASTEP NC= STEPTIMEBASE NC= STEPTIMER }I 
7 {. { NC= STOPLOWL I M ( low 1 i m I s mover' s ~am 1 stopva 1 ue ) 
8 NC= LOWSTEP ( ss or ~tepsize ) 
9 NC= LOW# ( * of limits to hit before moving) 

10 NC= LOWCOUNTER ( counting low# down) }} 
11 {{ NC= STOP~IGHLIM ( highmove~'s ram) 
12 NC= HIGHSTEP NC= H!GH* HC= HIGHCOUNTER }} 
13 --) 
14\ 
151 
+~-------Elock 108--------

0 1 ( STEREO EFFECTS RAM AND VOLUME CRES.-DECRES. RAM) HEX 
1 ( total pan volumes eithe~ channel, FFH, S4 STEPS BETWEEN) 
2 ( load lowest port in PANPORT+, th i sis 1 ef't side 1 '1 + r i qht ) 
3 ( watch'step st&rtin~ direction fo~ lef't-~iqht action) 
4 {{ NC= LEFTPAN ( tracke~ ) 
5 NC= PANSTEP ( step si~e ) 
S ( timebase fo~ u~det~n~ ) 
7 il NC= Pe~t,;:~T ~ ~,.I~EB('::~~5~:: ~!C~ r:"'~~\]~~! t':ER 
8~, ( count ~ ~~ ~~-~~~ ~o &c~~~ve ) 
8 H MC= PA~.:jCr>" '0,;'":';-' 

10 ~ {{ NC= e./;:>" ..... c ;:::-'"_ ~ ',' -'~c.,-,: VO·_0~"":~_ ~ [V) :-.:~= "lO~_ S'"':"~':' 
11 ~ NC= \;':I)1.."T = ~";~::~'i-·~':r:-:':"" VOL"" ~ ',-'"::"C, 

/ 1 2: ~ NC = ~-1 (; ~:~: ~~ i~·~: .. : ":'~: .. ~: j = '¥"'-:>~, 100fJ ~~Jr::: s ".,,~ ~-1 L{ S ~ "~r-tr.:lry~ ~:: ) 

13! -- > 
14: 
151 



+----~---Block 109--------
01( MUSIC VARIABLES FOR COMPUTER MUSIC GENERATOR AND SYNCER:) HEX 
11{1 NC= SYNCMO NC= STARTMC ( special bvarbs for THUMPING) }} 
21{{ NC= NOTETIMER ( note timer) 
3rNC= COMPDURATION ( computer music note duration) 
4INC= COMPSTEP ( s'::ep::: { ~,0§-1 } ) 
S:NC= COMPT!MER ( ~o- COMPDURATION moving) 
6 NC= ATRACKER Ne= BTRACKER NC= CTRACKER NC= MOTRACKER 
7 NC= NOTECOUNTE~ C for ke~ chanqes ) }} 
8 ( trackers of indGcies to NOTABLE and MOTABLE ) 
9 NC= MST ( MU5IC-5TAT~-TRANSITION Jump around variable ) 

10 NC= ENDMUSRAt-l .: ~ ast b"'rl:'e of ram ) 
11 80 C= COMPTB ( ~~ an equate to reload timer ~* ) 
12 DUP BARRAY MUSlC-EARRAY-l 
13 BARRAY MUSIC-BARRAY-2 
14 { : MB1 } 0 MUSIC-BARRAY-1 { } 
15 { : MB2 } €I :v~:,JS r C-B?~RRAY-2 { -- ) 

+--------Block 11e--------
o ( MUSIC PROCESSOR COMANDS ) HEX ( data,PORT ) 
1 { MASTER} 10 BIB, { ~ } { : ATONE } 11 ·B, B I { ; } 

2 { BTONE} 12 B., B! { } { : CTONE } 13 BIB 1 { ; } 

3 { V I BS )- 14 18 I B, { ; { : ABVOLS } 16 E, B I { J } 
4 { MCVOLS} 15 18:1 E I { ;} {: NO I SE } 17 B,B, { ; } 
5 ( ranqe,disp.,port ) { : RDRNDNTE } 0 H, B, H, 3, { ; } 
6 ( ranqe,pcn-t ) { : RRNDNTE } 0 B, B, 0 B, B, } 
7 ( port ) { RNDN'TE} 0 18, B, 0 B 1 FF B, ;)-
8 { : DURAl" 1 ON } '1 P, 1 E 1 { } {: PLAY 3 B 1 { J } 
9 ( addres:s to cont. at ) { : LDPCC } 2 )3, .' { 

10 ( time,#A ) { ANOTE ATONE DURATION { 
11 ( time,.B ) '1 : !3NOTE lHONE DURATION { 
12 I ( time, *C ) { ; C:'-lO-;::': CTONE DURAT I ON { 
13: ( #A, #B,:ll=C 1 { TONES} CTONE BTONE j:HONE { ; } 
14!(tirne,#A',#B,:ii:C ) i ; NOTES} TONES DURATION { } 
15 i -- > 

+--------Blocv. 11~--------
0: ( MUS 1 C PROCE,SSO'R COMANDS cant ~ .) HEX 
11{ : QUIET} 48., {.i (does an emusic ) 
2: ( 1:' i me, step, 1 o~··!, high ) { : RAMBLE } 5 E 1 B, E, B, p" { J } 
3 I ( tim e 1 s t e p, I C ",I 1 h t g h ) { : RAM P } 6 B, B 1 ,B.. E, E I { } 

41( computer music generator, stepslze {1,0,-1}, duration ---- ) 
5-1 
6H 

8' ~ { 
::; ~ ( 

U( 
1.;2 t 
~1:j~~~ 

j 4 t ( 

l" \ 

} 
"'''1 '!"": 
.;::~ :-



+--------Blocll 112--------
01C MUSIC, PROCESSOR COMANOS cortt., STEREO STUFR ~nd A8CRNO ) HEXl 
11C tr~ - timebase, stepsize, ie¥tvolume, --~~:) 
2: HEX {: MOVESOUI\iD } 18 B. 8. 8... 8. { ; } 
31( also notice tha.t stepvol is pos. for left-->right ) 
41( for limited movement, use the ¥ollowirig : • of limits ---- ) 
5: { : COU['1TP~JHS } 19 13, B, { ; } 
SIC volume moving is indo of stereo) 
7 I ( A8vo 1 s, MCvo 1 5 ,-",:b, 55, 1 1 ,h 1 ---- ) 
8 { : MOVEVOLS } '1 ~l B, B. 8, B, B, MCVOLS ABVOLS { J } 
9 ( special opcode to reload MC for fade out ... STARTING MC ) 

10 { : HI "TMO } 1 B B I 8, { ; } 
11 -- > 
12 
13 
14 
15 

+--------Block 113--------
o ( NOTE CONSTANTS ) HEX 
1 FO C= +G0 EE C= +GS0 El C= +A0 
2 BO C= +C1 82 C= CCS1 AS C= +01 
3 80 C= +F1 85 C= *FS1 7E C= +G1 
4 6A C= +AS1 64 C= *BI 5E C= +C2 
5 4F C= +OS2 4A C= ~E2 4G c= #F2 
S 38 C= +GS2 37 C~ 0A2 34 C= +AS2 
7 2C C= +CS3 29 C= *D3 27C= .OS3 
8 20 C= +FS3 iF C= *G3 1D C= +GS3 
9 18 C= +B3 17 C= .~G 15 C= +CS4 

10 12 C= +E4 11 C= oFG 10 C= +FS4 
11 00 C= +A4 0B ~= .C5 0A C= +CS5 
12 07.C= +G5 06 C= *A5 05 C= +CS 
13 02 C= +C7 01 C= 0G7 00 C= +G8 

04 C= +AS0 
9F C= +DS1 
77 C= :l=GS1 
59 C= :ll:CS2 
42 C= oJi:FS2 

31 c= ~i:B2 

25 C= #E3 
1B C= #A3 

14 C= #D4 
0F C= :ll=G4 
09 C= :l=DS5 

04 C= +DS6 

C8 C= :fi:E0 
96 C= *EI 
70 C= *A1 
54 C= #D2 
3E c= ':~G2 
2E c= '~~C3 
22 C= 'J:F3 
1A C= OAS3 

13 C= +nS4 
0E C= *GS,4 
08 C= #F5 
03 C= #1'.16 

14 BTABLEMOTABLE 23 B. 22 B. 20 B, 1E B, lC B, fA H, 18 13,17 B, 
15 1S B, 15 B~ 14 B. '13 B, 12 13, 1113, 0D 13, 0B B, --) 

+--------Block ~14--------
01( SIN BTABLE FOR LEFT-RIGHT PAN VOLTAGES ) DECIM~L 
11f A} ( STORE BYTES ON STACK IN RAM AS PATTERN) 
21 {-1 >R BEGIN DUP -1 = IF DROP f ELSE )R0 THEN END 
3 BEGIN R> DUP -1 = IF DROP, '1 ELSE} E, { 0 THEN END 
4 -1 CONSTANT ~ ( MARK START OF PATTERN ) 
5 BTABLE sin-te~le 
S ( 00-10 ) ~ 255 255 255 
7 ( '1 1 - 21 ) '" t: f_ cc :-·3 2 t. ~l 
8 (22-3:2 "" c < .- 1:;:: '-'SI 
SiC 33-43 ~ ,-~ ~S7 :~2 

10 r: (l~4-S~:~ F:... t:l:~ S 1: i.·~~:S; /" (.~<. 

11 ~ ( 55-63 ) ",. C'?, /' ..- ';:j.e:. 

12~SUER sin ( p~~=~: 0<~ ( 
131 0 sin-~~b1~ ~ . 
14~ 

15~--) 

255 
2:3~S 

I, '-' .::. 

" _., ~ 

S S 
:3 '1 -
( =: 

254 
-', 2]7' r 
,;.~ 

(~. 
oF"", 

" 0:::", _lC 

92 
2 5 

133 J 

2·53 252 
23~~ -' " 

~ 
~::. :3 

" 
':;;,;'-

'1 t" ..,. " , i t:~2 
13.1b :3Q! 
L£ S " .-. .. 0"" 

i. 1"j E -. 10 

25 .1 250 2<1-8 247 .. 
":~:I ':'W ,<:01 '??',., 7~20 . ....,;. .::.-~l;*'i :",1.-," .. "" 

~:;, ~:;l t~ ~:~' : " ·1 77 ',' ! 

" . :.. l 
., 32 ,- "(" ,''''' . . ,: 

" ~ .' 
I- ~~ 18.3 "":;r .-. 

is (."~ 

'"' MV ~ .' 

} 

"" 
A 

A-

..... 

"'. 
,.",-



+--------Elock 115---~~---

01( HELPING SUER's for MUSCPU *** NOTICE *** ) HEX 
11C The MUSPC rides in HL for the coarse of the MUSCPU ) 
21( EACH MUSCPU LOADS ITS STARTING RAM IN IV 
3 1 SUER PCJUMP ( reload MUSPC ) 
4 M E MOV; H I N~~; ~·1 :: MO',,'., XCHG I ( 1 eave in HL ) 
5 L MUSPC Y STX, H JSPC i+ Y STX, ( store) RET, 
6 SUER portout ( pass value in A, port in C ) 
7 A E MOV, 17 A ~1\i' I p C CMF, ( all ports are 1121-17 ) 
8 121>=, IF, C chec~ for bad values) 
:9 8 SUI, ( b 0 -1: -t 0 i'rE ) C C M F, 121 < I I F I ( 0 k: e d ) 

1121 18 A MVI, C SUB, SOUNDEOX Y SUEX, NEG, A C MOV, E OUTP, 
11 THEN, THEN, A XRA, RET, 
12 SUBR babs ( b·~3-":'E; absc. 1 ute va 1 ue ) 
13 I 7 A E IT, 0<;; -' r F I ?·:::::G I 7 A RES, THEN I RET I 

141CODE EAES H PCP, L A MOV, babs CALL, A L MOV, H PUSH, NEXT 
151-- ) 

+--------ElocK 116--------
121 I ( HELP I NG SU:::;R' s con-t. ) HEX 
1 ISUBR LIMITCOJNT ( detect Music-State-transition if completed) 
2 I L I MCOUNTER Y A LD:X: I A ORA J 121<)' I F I 

31 A nCR, A LIMCOUNTER Y STX, 121=, IF, ( done 
41 A RAMBLEFLAG Y SiX, ( stop ramble ) 1 MST Y MVIX, 
51 THEN, THEN, RET, 
S·SUBR PAN OUTS ( pass location in E ) 
7 PANPORT* Y C LDX, E B MOV, ( save ) sin CALL, 
8 A OUTP, 3F A MV 1., ( S4 steps ) E SUE I A E MO'.,,!:I 
:9 sin CALL, ( enter table from bottom ) C INR, A OUTP~ 

10 RET, 
11 --) 
12 
13 
14 
15 

+--------Block 117--------
0;( MUSIC PROCESSOR- emusic 
1lDATA ENDMUS PLAY 
21 
31SUBR emusic ( ~~ each EMUSIC passes vector addr in DE' ) 
4: MUSPC H LXI, D DAD1 END MUS E LXI, C M MOV, H INX. B M MOV, 
51 A XRA, S H LX~, D DAD, ( skip MUSPC/STARTPC,SOU~DB0X,PANPORT. ) 
61 ENDMUSRAM B~GMVSRAM - S - B MUI, 
7 I BEG I N 1 ~0 M c, F ~ "1>:;., B DCR ,')= I Et-lJ, 
8 ~ SOU DE"C:i 
:3 J BEG~ ~ 

11 ~ -".- } 
12! 
~13 i 
14 
15 



+--------Block 118--------
o ( OPCODE SUER's, 0-4 ) 
1 SUER RANDOMNOTES H PUSH, ( save PC ¥romRND ) 
2 0 D MVI, M E MOV, D PUSH, H INX, M E MOV, D PUSH, H INX, 
3 M E MOV, ra ndCH", CA,-L, D POP, ( d i SP • ) D DAD, returns in !-IL ) 
4 B POP, L A MOV, ?c~taut CALL, H POP, 3 D LXI,D DAD, ( MUSPC ) 
5 A XRA, RET, 
6 SUBR LOADTIMER M A MOV, A NOTETIMER Y STX, H INX, A XRA, 
7 A COMPDURATION Y STX, A INR, RET. 
8 SUER CONTJUMP M E MOV, H INX, M D MOV, XCHG, A XRA, RET. 
9 SUBR aUITJUMP ( H DCX, 3 in A ) RET, 

10 SUBR au I TYET? ( 0:"; I ET ) MULTI PLE Y DCRX I 

11 0< >, IF, STARTPC Y L LDX 1 STARTPC 1 + Y H LDX I A XRA I 

12 ELSE, Y PUSHX, ~XX, D POP, emusic CALL, 1 ORI, THEN, RET, 
13 -- > 
14 
15 

+--------Block 119--------
01( OPCODE SUBR's, 5-6, HL= MUSPC ) 
11FORWARD RAMBLESTORES 
21SUBR RAMBLIN' A XRA, ( turn off ramp flag) 
3: LABEL RAMBLESrORES A RAMPFLAG Y STX, 
4 M A MOV I H : tj:;~ 1 A HI GHL I M Y STX, 
5 M A MOV, H I~XJ A LOWL!M Y STX, 
6 M A MOV, H INX, A STEP Y STX, 
7 M A MOV, H XNX, A RAMBLETIMER Y STX, 
8 A TIMEBASE Y STX, 1 A MVI, A RAMBLEFLAG Y STX, A nCR, RET, 
9 SUER RAMPIN' i A MVI I RAMBLESTORES JMP. 

10 -- > 
1 1 
12 
13 
14 
151 

+--------Elock 120--------
Ol( OPCODE SUBR's, 8-0B, 10H ) 
1ISUBR MASTART ( MASTER, 10H ) SOUND BOX Y A LDX, 8. SUI, A C MOV, 
2: M A MOV~ H INX, A MOVALUE Y STX, 
31 A OUTP, A XR~, RET, 
41SUBR RAMBLE-ON 1 A MUl, A RAMBLEFLAG Y STX, A XRA. RET. 
5lSUBR RAMBLE-OFF A , A RAMBLEFLAG Y STX, RET, 
6lSUBR LIMlTRA~~~E ( ~~~ u~ LIMCOUNT~R , 

12 -- > 
1.31 
14 
15 

~~(OFASTt? ~ STX, M A MOV p H !NX~ 
Y S-~: A STEPT:MER Y • A XRA, ~ I, 



+--- .... ----BlocLc 121---------
o ( OPCODES 0C-0F ) 
1 SUBR LOWMOVIN' M A MOY, H INX. A STOPLOWLIM Y STX. 
2 M A MOV~ H INX~ A LOWSTEP Y STX. M A MOY. H INX~ A LOW# Y STXj' 
3 A LOWCOUNTER Y STX , A XRA, RET, 
4 SUBR HIGHMOVIN' M A MOY, H INX, A STOPHIGHLIM Y ST~, 
5 M A MOV~ H INX, A HIGHSTEP Y STX, M A MOV, H INX~ 
S A HIGH# Y STX, A HIGHCOUNTER Y STX, A XRA, RET~ 
7 SUBR TEMOVIN~ M A MOV, H INX, A STOPTB Y STX , M A MOV, H INX, 
8 A TBSTEP Y STX, M A MOV, H INX, A TBTB Y STX, A TETINER Y STX, 
9 A XRA, RET, 

10 SUBR NOMOVIN' M A MOV, H INX, A NOSTOP Y STX, M A MOV, H INX, 
11 A NOSTEP Y STX, M A MOV, H INX, A NOTIMER Y STX, 
12 A NOTIMEBASE Y STX, SOUNDBOX Y C LDX, C DCR, 
13 M A MOV, H INX, A NOVALUE Y STX, A OUTP, A XRA, RET, 
14 --) 
15 

+--------BloCK 122--------
o ( OPCODES 11-16 I/O PORT OUTPUTS and PAN COUNTING, 1AH ) HEX 
1 SUBR OPPORT ( 11H-14H. 16-17H ) 
2 RRC, A C MOV, M A MOV, HINX, ~ortout JMP, 
3 SUBR MCMOV IN' ( iSH ) 
4 RRC, A C MOV, M A MOV, H INX, A MCTRACKER.Y STX, portoutJMP, 
5 SUBR NOISEPORT ( 17H ) 
6 RRC, A C MOV, M A MOV, H I NX, A NOVALUE Y STX 1 'portout JMP .. · 
7 SUBR SOUNDMOV IN' ( 13H ) M E MOY, H I NX, E LEFTPAN Y STX I 

8 H PUSH, PANOUTS CALL, H POP I ( in it) 
9 M A MOV, H INX, A PANSTEP Y STX, 

10 M A MOV, H INX, A PANTIMEEASE Y STX, 
11 A PANTIMER Y STX, FF PAN COUNTER Y MVIX, A XRA, RE!, 
12 SUBR PANL I M I TCOUNT II'P ( i 9 ) 
13 M A MOV, H INX, A PANCOUNTER Y STX, 
14 PANT I MEBASE Y A LD;<, A PANT I MER Y STX, A XRA, RET, 
15 --) 

+--------Block 123--------
o ( STEREO OPCO~E 1A, THUMPER 1B, MUSIC GENERA~OR 07H ) HEX 
1 SUBR VOLMOVIN' ( 1AH ) 
Z M A MOV, ~ INX~ A VOLHIGHLIM Y STX, 
3 M A MOV~ H INX, A VOLOWLIM Y STX, 
4 M A MOV, H INX, A VOLSTEP Y STX, 
5 M A MOV, H !NX, ~ VOLTIMEEASE Y STX, 
6 1 VOLTIMER Y MVIX, A XRA; RET~ 
7 SUBR NOH r T7' r ~,: l ~ ':. :3 ) 
8 i 1. SYr-,1C)"') ..•.. (": ~ :.~, ( "'7~.:·~"i' C:c """[-::)~';PER-s:¥-nc ) 3 A M\l I, Thl; .. ?";~COI)NTER 
:9 il STA ~ ;~ ... ~ (': ~\~(~~,:,~~ ,"' ~""J ~ >::.v~ ,'" ';;> :~~~':--:;~-~··->i·<:: ).l' ST>~:" {.:~ >::RF.~~, R~"!",''1 

10!SUBR ~~S~~~~; ( n~ 

11 l M ~ ~Oy~ ~ -~V; A C~V~JU~A7~CN v 3 Y Xr ~ ~07~TI~~R Y MY~X~ 
1l 2: ~v~ L~:; ~~< ::') ~J.", " ... ~ ... r " - 1 'v~ ~ S,...... ,":'0 ." . .!' ~~ T ~< .~ C(;)t~4 ::'-'" is'! ::~ ",:r>"'] PT I -'"o~ r: ~ y ~-~~ ~,.:~ : ~"\ 1I 

'15~--) 



+--------Block 124--------
o ( OPCODE ADDRESS TABLE and FORWARDS ) ~EX 
1 { : FW } FORWARD {} 1 B C= #-OF-OPCODES 
2 FW process FW endprocess FW MUS END 
3 TABLE OPADDRESSES 
4 RANDO~NOT~S • LOADTIMER I CONTJUMP I QUITJUMP I 

5 ·OUITYE~? ; ?A~BLIN' J RAMPIN' J MUSICIN' I 

S RAMBL~-C~ RAMBLE-OFF, LIMITRAMBLE , STEPMOVIN' , 
7 LOWMOVr>" , H!GHMOVIN' , TBMOVIN' , NOMOVIN' , 
8 MAST ART , 3 0 < < OPPORT , > > 
9 OPPORT ~ MCMOVIN' , OPPORT , NOISEPORT , 

10 SOUNDMOVIN~ , PANLIMITCOUNTIN' I VOLMOVIN' , MOHITTIN· , 
11 --> 
12 
13 
14 
15 

+--------Block 125--------
01( COMPMUSIC's +-disp., 15MOD,NOTABLE and T~UMPLOCATION ) HEX 
llBTABLE THUMPLOCATION ( where to locate sound in stereo image) 
2 I 3F B, 2A B 1 15 E, 00 ~, 
31BTABLE NOTABLE ( 3 octave range) 
4 #G0 B, #A0 8, *80 E, #C1 B, #D1 B, #E1 B, #FSl H, 
5 #G1 B, #Al B:, *B1 8, *C2 8, #D2 B, vE2 B, *FS2 H, 
S #G2 B, #A2 B, *B2 E, *C3 B, *D3 H, #E3 E, #FS3 E, 
7 SUER +-disp. ( change A to a + or - 3-bi~ # ) 
8 0 A B!T; Qi<>§ IFJ 0: neg) FS ORI~ ELSE.' 7 A!'H:. 'THEN, RET, 
9 SUBR 15MOD ( base 2-1decimal ) 15 CPI, '2q-=, IF I 7 SUI, 

10 ( on 1 "" ad just no';=e d':lwn 1 octave ) THEN:1 A ORA ~ \;;l{ ~ IF:1 
11 ( adjust UP 1 cc~avs ) 7 ADI. THEN, RET~ 
12 SUBR UP-AN-OUT ( pass index in A ) EXX, 
13 0 NOTAELE D LX~, 0 H MVI, A L MOV, 
141 D DAD, C INR. M A MOV, A OUTP, ( cutp note ) EXX~ RET, 
15/CC7 IFTRUE T]~OR IF~ND --) 

+--------Block 
01 ( STEREO STUFF} L ~ 1 1'COU1';1' I NG ) 
tIC PANLIMITS- achieving limits of volumes per channel) 
21SUBR PANLIMIT ( A&E= LEFTVOL, D=tb, H=counter, L=stapvol ) 
3: H INR, 121<), !F ~ ~ !"lasn't FF ) H DCR, H DCR, ( e.::;,un-tea ) 

12 
13 
'14 



+--.:.----.... Block 127--------
0 L ( ** MUSCPU ** **STEREO** ) HEX 
1 SUBR MUSCPU ( runs in interrupt ) 
2 A XRA I MST Y CMP~I 0<)1 IFI RET, T~ENI ( no background) 
3 NOTET I MER Y CMPX ~ 0< >, IF, NOTET I MER Y DCRX, 13=, IF, , 
4 COMP-DURAT I ON Y -:1'1PX I 0< > ~ IF, 2, A MV I I NOTECOUNTER '( DCRX, 
5 ELSE, A !NR, THEN, 
6 A MST Y STX, THEN, THENI ( * PANNER .) 
7 -- > 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 128-------~ 

o ( ** MUSCPU ** **STEREO** ) HEX 
1 LEFTPAN Y E LDX, ( setups Tor PANNER ) 
2 PANTIMER Y CMPX, C all vectorin~ routines Tollow ) 
3 0< >, IF, ( timer on ) PANTIMER Y DCRX, 0=, IF, ( expired ) 
4 PANTIMEBASE Y D LDX, PANCOUNTER Y H LDX, PAN STEP Y L LDX, 
5 ( A&E=I,eTtvol, D=timer-reload, value H=count~r, L=.tepvol ) 
6 E A MOV I L ADD, ( newpan ) A E MOV, A ORA, 
7 0<, IF, ( low limit) 0 E MVI, PANLIMIT CALL, 
8 ( ~ screen 220, PANLIMIT zaps D, so a zero timer comes in ) 
9 ELSE, 3F CP I, >=.. ! F, ( 64 ) 3F E MV I, PANL I MIT CALL, 

10 THEN, THEN, L PANSTEP Y STX, D PANTIMER Y STX, 
11 E LEFTPAN Y STX, ( PANOUTS creams E ) H PANCOUNTER Y STX, 
12 THEN, THENI PANOUTS CALL, ( pass location in E ) 
13 --> 
14 
15 

+--------Block 129--------
o { MUSCPU NOTETIMER,MOSYNC ) 
1 A XRA, RAMBLEFLAG Y CMPX, ( * RAMBLER * ) 
2 0< >, IF, RAMBLETIMER Y DCRX, 0=, IF} 
3 STEP Y L LDX, ( setup) SOUNDBOX Y A LDX, 8 SUI, A C MOV, 
4 MOVALUE Y A LDX, L ADD, ( step ) A MOVALUE Y STX, ( upit ) 
5 A OUTP~ A D MOV, ~ XRA, SYNCMO Y CMPX, 0< >, IF, EXX, 
6 ( * special opcode for thumpin~ sound. ) STARTMC Y ~ LDX~ 

\. 

7 A MCTRACKER Y ST~. TIMEBASE Y ~ lDX~ ( k~c~ i~ratio"$ a~e) 

8~ 
HH 
111, 
12! 

1 £~. r 

'iSil 

THrJr:~F'COti'?,--~T:~~ "-" L,,(~ ~.~ ~'"< :-JCR.~ j"" ,.~.~: '''-":,-.' ":,..:: ~~ ..:~.,~ ,'" ,<:. :-:: :,.".:\!:~"'f T[~~t\~:1 

~ B f":'j [",) } .,' ~;,~ ,.,..,., ~ .. ,: ;",.:'\,-"1--I~ .... O(>~~ 7' ] () \~ : .. ~J ',:, c-<. "-', (",,-,., - ( ;-~ .. ~ .. ~ r~'" '":':'. '7' 7. ~ -::::: PI! ;':'1 

M E MO~~ ~ ~~~-~~~ v 
EX:~:"~:~ ~,"'iT"1;~:~;. 



+--------Blo~k 
o ( MUSCPU c~nt. 

1 ( HI GHMOVER ) 

130--------
MORAMBLE, LOWr-10YER, 1-1 I GI-IMOVER ) 

2 LOWLIM Y A LDX, A DCR, D CMP, <, IF, 
3 HIGH ... Y A Lm::, A ORA, 0< >, IF, 
4 HIGHCOUNTER Y DCRX, 0=. IF, A C MOV, 
5 HIGHLIM Y A LDX, H]GHSTEP Y ADDX, 
6 STOPHIGHLIM Y CMP\, =, IF, 0 HIGH# Y MYIX, THEN, 
7 A HIGHLIM Y STX, C HIGHCOUNTER Y STX, THEN, THEN, 
8 LIMITCOUNT CALL, RAMPFLAG Y A LDX, 3 CPI, 0=, IF, 
51 ( just came f~-o~"~ r...O~i!~~OVER ) 1 A MY I, A RAMPFLAG Y ,STX I ELSE I 

1121 A ORA, 121< >, IF 1 ( RAMP ) 
11 RAMPFLAG Y INRX, ( tell LOWMOYER donotking ) 
12 HIGHLIM Y A LDX, L SUB, A MOYALUE Y STX, ELSE, ( ~hange sign ) 
13 L SUE, A STEP Y STX, THEN, THEN, THEN, 
14 -- > 
15 

+--------Block 131--------
@IC MUSCPU cont., 
11 I-IIGHLIM Y A LDX, D CMP, >=, 
2'( LOWMOVER ) 

MORAMELE cont., STEPMOYER ) 
IF" ( at limit) 

3 LOW. Y A LDX, A ORA, 0< >, IF 1 ( not dead a 1 read", ) 
4 LOWCOUNTER Y DCRX, 0=, IF, A C MOV, 
5 LOWLIM Y A LDX, LOWSTEP Y ADDX, 
S STOPLOWLIM Y CVPX, =,IF, (I LOW# Y MVIX, THEN, 
7 A LOWLIM Y STX, C LOWCOUNTER Y STX, THEN, THEN, 
8 LIMITCOUNT CALL, RAMPFLAG Y A LDX, 
8 2 CPI, 0=, IF. RAMFFLAG Y DCRX, ELSE, 

10 A ORA, 0< >, :; [0", ( ramp ) 3 A MV I , . A RAMPFLAG Y STX, 
11 ( te I 1 H I GH~'iOVER to donutt i nq ) 
12 LOWLIM Y A LDX, L SUB, A MOVALUE Y STX, ELSE, L SUB, 
13 A STEP Y STX, THEN, THEN, THEN. 
14 TIMEEASE Y A LDX, A RAMBLET!MER Y STX, THEN, THEN. 
15 --> 
+--------Bloc~ 132--------

01( MUSCPU VOLUME MOVING) 
1 I VOL T I MER Y A LDX 1 A ORA I 0< >, IF 1 A DCR 1 0= I IF 1 

21C D=MCtracker, E=MOset, H=limitcheck, L=stepsiz€ ) 
3: MCTRACKER Y D LDX. ) A MOV, 0F0 ANI, A E MOV, D A MOV, 
41 E SUB, VOLSTEP Y L LDX, L ADD, ( update tracker ) A D MOV, 
5 I VOLH I GHL .. ;'1 \" '-i U::;\., H c~,.~p 1 0 >=, IF, \<0'\<", ( cher::"< top ) 
6: A XRA, L SUB, A L MOV,,( ch2nge dlr. ) 
7 ~ ELSE J A ~(:? t ~i~:,:,r_ :t'\1:_: ~o,,'l ... { :_1 ~~.v )(~: H C~:~P.~ y"T{ 'J' ~ rr- ",' 

.;:;i Trr.~2:: ~l 
1. ~') f :>;..:.;~-T ' ... 

1.5!--> 



+--------BlocLc 133--------
0/( MUSCPU STEPMOVER~ COMPDURMOVERl 
11 STEPTIMER Y A LDX, A ORA, 0c), IF, ( work on it ) 
21 STEPTIMER Y DCRX, 0=, IF, 
3 STEP Y A LDX.I AE MOV, ( save Tor s i qn ) babs .CALL, ( abs ) 
4 BIGOFASTEP Y ADDX, ( positive value ) 
5 STOP STEPS Y C!'1PX, ( pos i t i ve ) 0< >, IF, ( not done ) 
S STEPTIMEBASE Y A LDX, A STEPTIMER Y STX, THEN, 7 E BIT, 
7 0c >, IF, NEG, THEN, A STEP Y STX, ( store ) THEN, THEN, 
8 ( COMP-DURATION MOVER ) COMPDURATION Y A LDX, A ORA, 0<), IF, 
9 COMPTIMER Y DCRX, 0=, If, COMPTB COMFTIMER Y MVIX, ( equate) 

10 COMPSTEP Y ADDX, A DCR, 0<, IF, ( 1 = >CARRy, 81 = >NC ). 
11 0 COMPDURATION Y MVIX, ( botn stop) 
12 1 MST Y MVIX, ( tell backqround we're there) ELSE, 
13 A INR, A COMPDURATION Y STX, THEN, THEN, THEN, 
14 --) 
15 

+--------Block 134--------
01( MUSPCU cont., TBMOVER, NOMOVER ) 
11C TBMOVER timebase ) TBSTEP Y A LDX, A ORA, 0< >, If, 
2 ( not done ) TETIMER Y DCRX, 0=, IF, 
3 TIMEBASE Y ADDX, A TIMEBASE Y STX, STOPTB Y SUBX, 
4 0=, IF, A TESTEP Y STX, THEN, 
5 TBTE Y A LDX, A TBTIMER Y STX, THEN, THEN, 

'S ( NOMOVER noise mover ) NOTIMER Y A LDX, A ORA, 0< >, IF, 
. 7 HOTIMER Y DCRX, 0=, IF, ( update) 

8 SOUNDEOX Y C LDX, C DCR, ( output port ) 
9 NO VALUE Y A LDX, NOSTEP Y ADDX, A NO VALUE YSTX, A OUTP, 

10 NOSTOP Y CMPX, ( timer to stop? ) 
11 0< >, I F I ( not donE: I re load ) 
12 NOTIMEBASE Y A LDX. A HOTIMER Y STX, THEN, THEN" THEN, 
13 RET, 
14 -- > 
15 

+--------Block 135--------
o ( ** MUSIC INTERRUPTER ~* COMPUTER MUSIC ) HEX 
1 SUBR MUSINTERP ( music interrupter, pre-load IY ) 
2 < ASSEMBLE MST Y A LDX.. A ORA 1 ( cneck, ovet-run of! aq ) 
3 0=, IF I RET I THEN, A DCR, 0=" IF I ( AHA!! state transition ) 
4 process ~MP, THEN, ( AHHA HA!! MST=2 => COMPUTER MUSIC) 
5 COMPDURATION Y A LDX, A NOTET!MER Y STX p ( compmusic duration ) 
S randOM CALL, ( ~se 3 reg. malod~ trac~ersl 1 ~or MO tracker) 
7~ NOTECOUN7~~ Y A L~X: A ORA, 0<, :F, C ~~w k8~ ~ ~~~~ 
8 ~ LDAR, ( ~~~ ~~[.,: ~"-!r;'~ ~; ... :. ~~ ) ~ :: ~'.r'~'J! ~ 7 ~ [~~'",,-.? I;z ( -: '.':" /.~-..., ~ .. 
9~ EEGiN. RP2, C~: lF1 E S~~?) THEN~ ~ 3C r 1 0=; ~~~ ~ ~~AP, 

10 ~ ( 2A2 t",,::-"',":', :' c:: ~':f.)-=-:C~'!:,)"'--':::R YSeX, =>:;::'~ f ~ L ii···· ", " .'. 'V::- ~K~) 

1. '1 ~ ELSE p ~; ;:.. >,. ::: r( :. ; '-'.',',::: ,. ) THic:::>-)~, 

12 ~ L ,~ MO',,! " ~. ,-:" ,-'.'~v'-·.n·." <. ~:, ~<f'l~U;~ : 

'I. 3~ MOTr:t~C:,{~7" v·,:-::'c::':.... J'~ ~::L., I: 0-~.::'- ) (.': ~('-:;::f~C[r::::~ v 5-:<.-
14~--> 

15~ 



+--------Block 138--------
01( MUSCPU cont., RANDOM NOTES) 
11 EXX , 0 MOTABLE H LXI, A E MOV, 0 D MVI, D DAD, M A MOV, 
2~ A MOVALUE Y STX, A B MOV, ( save from soundbox ) 
3 I SOUNDBOX Y A LDX 1 e, SU 1.1 A C t10V I 20 CF'I 1 <, IF 1 ( low c:h i p ) 
4: B OUTP, C D MOV~ ~0 ADI, A C MOV, B OUTP, ( MO ) D C MOV. THEN, 
51 EXX, H A MOV, ( u~c this. for disp. to index) +-disp. CALL, 
61 ( +7 to -7 ) ATRAO'(ER Y ADDX, 15MOD CALL, ( index (:-151-1 
71 A ATRACKER Y STX, UP-AN-OUT CALL, 
81 E A MOV. ( next no~e ) +-disp. CALL, ( +7 to -S disp. ) 
9 I BTRACKER Y ADD::; I ~ 5~'lOD CALL, ( index 0-15H ) 

10 A BTRACKER Y STX, UP-AN-OUT CALL, ( get from NOTE TABLE 
1 1 DAM 0 V, ( n ext d:: S? ) -:- - dis p. CAL L, ( + 7 to - IS ) 
12 CTRACKER "( A[;»~, ~ 5>lOD CALL, ( index 0-151-1 ) 
13 A CTRACKER ~ STX. UP-AN-OUT CALL, 
14 ( done with notes) MUSENDJMP, 
15 --) 

+--------Bloc:k ~37--------
o ( MUSCPU cont., PROCESS the score, 
1 LABEL Process MUSPC Y L LDX, MUSPC 1+ Y H LDX, 
2 BEGIN, ( MUSPC in HL until done) 
3 M A MOV, H INX, o-OF-OPCODES 1+ CPI, ( bad opcode check ) 
4 <, IF, EXX, ( swap to keep MUSPC around 
5 endprocess H LXI, H PUSH, ( ret to end of process) 
6 0 OPADDRESSES H LXI, (get address of opcoae verb) 
7 RLC, ( words) A E MOV, 0 D MVI, D DAD, 
a M E MOV, H INX, M D MOV, D PUSH, RET to routine ) 
9 EXX, ( put MUSPC in HL ) RET, 

10 ELSE, 1 ORI, ( q'.Ji"t ) THEN, 
11 LABEL endprocess A ORA, 0<), END, ( opvarbs return non-0 or 0) 
12 L MUSPC Y STX, H MUSPC 1+ Y STX, 
13 LABEL MUSEND 0 ~1Si Y MV I X, ( 1 at i nterl~upts run ) RET 1 

14 ASSEMBLE> 
15 -- > 

+--------Elock 138--------
01( MUSIC PROCESSOR- MUSCPUS PUT TOGETHER) HEX 
11SUBR MUSCPUS 
21 MUSICFLA~ LDA, A ORA; 0< >, IF, YPUSHX, ( F4 A MV!~ 0 OUT, ) 
31 0 MUSIC-BARRAY-_ Y LXIX, MUSCPU CALL, ( A2 A MV!, 0 OUT. ) 
41 0 MUS I C-EARRl::;:'(-2 Y LX I X 1 MUSCPU CALL, ( 53 PI H',! =, 0 OUT., ) 

SISUBR bus&round ! bsck-music-ground ) 
7 ~ M ~J SIC ? ~ :,~i :':: ~_ :"' -< ~ I"., f""~ r.-- ~) < )-:; = ~ l' ."~:". ~ :,_,~ S ~-'~: .'" 

-.J -.,,--

!f~CODE BMS ~ --~~ 
22 busarc~nd ~/ 

11 3 ~ 
1~4~--) 

j5 

- -...-:' 

) 

) 



+--------Block 139--------
o ( MUSIC PROCESSOR- ALL xmusics NEED AN IY LOAD ) ~EX 
1 
2 SUBR loadpc L MUSPC Y STX, L STARTPC Y STX, 
3 ~ MUSPC 1+ Y STX, ~ STARTPC 1+ Y STX, RET, 
4 -- > 
5 
b 
7 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 140----~---
o ( MUSCPU SUBROUTINE CALLS ) 
1 ( * SET SCORE IN HL, RAM IN IY, MULTIPLE IN E iT req. * ) 
2 SUBR bmusic 
3 PRIORITY Y A LDX, A ORA, 0=, IF, 1 MST Y MUIX, 
4 A NOTETIMER Y STX. A INR, A MULTIPLE Y STX, loadpc JMP, 
5 ( 1 eave MST= 1 fOI- Ei'1S ) THEN I RET, 
b SUER pmusic 1 MST Y MUIX, Y PUSHX, EXX. D POP, emusle CALL, 
7 1 A MVI~ A MST Y STX. A MULTIPLE Y STX, A PRIORITY Y STX, 
8 loadpc ,JMP 1 

9 SUBR mmusic PRIORITY Y A LDX, A ORA. 0=, IF. 1 MST Y MVIX, 
10 A NOTETIMER Y STX, E MULTIPLE Y STX, loadpc JMP, THEN, RET, 
11 SUER mpmusic 1 MST Y MVIX, Y PUSHX, EXX, D POP, emusie CALL. 
12 1 A MVI, A MST Y STX, A PRIORITY Y STX, E MULTIPLE Y STX, 
13 loadpc .JMP, 
14 --> 
15 

+--------ElocK 141--------
01( MUSIC PROCESSOR- EMUS!C} BMUSIC, ) 
tiCODE EMUSIC EXX, 0 MUS]C-BARRAY-i D LXI, ( pass to emusle ) 
21 MST ~ LX!, D DAD, 1 M MVl, ( make non-Eero ) 
31 SOUNDBOX H LXI, D DAD, CHIP! M MVI, 
4j PANPORT* Y LX~, D DAD, PANPORT1 M MVl , 
51 emusie CALL. ( m~sS=cverun flag is zeroed last) NEXT 
S!C *** ALWAYS CALL E~US!C AS AN IN!T IN PROGRAM *~* } 
7!CODE BMU7-C - ~~- ~USHX, 

,\,,- "'~., ~ "':':' r_) ·v" . :; 

141 0 MUSIC-?A~~~Y-' 
15~--> 

'l".r".......'·.·"
'-"l-" 

y~-" r ~ \_<"~. /') ~ '1,,.;1' ~\.~ C . M~' "";'" 

"-_'.-,~ l' {,~, 1- """rI ' 



+--------Block 142--------
01( MUSIC PROCESSOR- EZMUSIC, BZMUSIC, .•• ) 
.1'CODE E2MUSIC EXX, 0 MUSIC~BARRAY-2 D LXI, ( pass to ~music ) 
2 MST 1-1 LX I, D DAD 11M MV I, ( make; non-ze;ro ) 
3 SOUNDEOX ~ LXI, D DAD, C~!PZ M MUI, 
4 PANPORT* ~ LX!; D ~AD, PANPORTZ M MVI, 
5 emusic CALL, ( musicoverun flag is zeroed last ) NEXT 
S ( *** ALWAYS CALL E2MUSIC AS AN INIT IN PROGRAM *** 
7 CODE BZMUSIC H POP. Y PUSH~. 
8 0 MUSIC-BARRAY-2 Y LXIX, bmusic CALL, Y POPX, NEXT 
9 CODE P2MUSIC ~ PCP. Y PUSHX, 

10 0 MUSIC-BARPgY-2 ~ LXIX, PMusic CALL, Y POPX, NEXT 
11 CODE MZMUSIC H POP. D POP, Y PUSHX, 
1~1 0 MUSIC-EARRAY-2 Y LXIX w mmusic CALL, Y POPX, NEXT 
131CODE MP2MUSIC H POP, D POP, Y PUSHX, 
141 0 MUSIC-BARRAV-2 Y LXIX~ mpmusic CALL, Y POPX, NEXT 
151--> 

+--------Elock 143--------
o ( ~AYS VIDEO GAME GOODIES ) 
1 DEC I MAL { : B I NArZy } :2 BASE 
2 ( : QUAD } 4 Br.:':tSE:: ! { 3 } 
3 HEX 

CL SCRERASE ; 
{ } 

4 CC? IFTRUE 
5 IFEND 

GRAPHICS MAP 0 FE OUTP ; OTHERWISE : GRAPHICS J 

6 : TEXOUT 
7 ROT 1'210 
8 : XY 100 
9'DECIMAL 

10 * 8 + SWAP ROT 4 * + 100 • + ROT FFFC AND 40 • 
• ROT ~ : NOW COUNT SPOST ; 
* SWAP 40 • SWAP J 

10 : SETOUT S4 * + HORIZONTAL J 
11 CODE DOlT H POP, ?CHL, NEXT 
12 : I NIT GRAPH R CS '1 3 OUTP 204 
13 -- > 
14 
15 

+--------Block 144----~---

10 OUTP 43 

o ( QUEUE - VECTOR MANIPULAT10N ROUTINES ) 

o SETOUT J 

1 ( THE QUEUE IS MAINTAINED AS A DOUBLE LINKED CIRCULAR LIST ) 
2 ( FIELD NAMES POR QUEUE ENTRIES: ) 
3 0 C= PQS ( STATUS ) 1 C= PQFL 2 C= PQFH ( FORWARD LINK ) 
4 3 C= PQBL 4 C= ?QBH ( BACKWARD LINK ) 
5 5 C= PQRL S C= PQRH ( ROUTINE ) 7 C= POTB ( TIME BASE ) 
6 8 C= VXZW ( EXCLU8!0N ZONE WIDTH ) 9 C= VAUXS ( ~~~ STATUS ) 
7 1 0 C = I~I f~~ --:f r"f P ( "'-- _': ,~~ >: 1" X ?,-.,] E?7: ) 
S J J1 '1 C = " -~" ~- -~ 'v] ~ r_~: M r T ) 

10 -1l7 C= 
LI t S c= 

14123 c= VXP~N~ • 
"15 -- > 

v 

V 

~., y ,':, ~-l t -y-
0'" 

'1"':t v , , If' .,.<"~ 

'''''!i 

~:~ C"'>~I: 7', V , 

<'-.. ".~ -'. .~~ . .. ~. 

~t~('~ ~ c ) 
"""". -,- (·l":i~. F. ) 



, 

+~~------Block 145-~------
01( VECTOR FIELD EQUATES CONT1NUED ) 
1131 C= VFVPL 32 C=VFVPH ( FORMATION VECTOR POINTERS ) 
2;33 C= VPCL 34 C= VPCH ( ANIMATION PROGRAM COUNTER ) 

"3 1 35 C= VSPL 36 C= VSPH ( ANIMATION STACK POINTER) 
4 37 C.= ,VPTBL 38 C::: VPTBI-I ( AN! MAT I ON PATTERN TABLE ) 
5 39 C= V I RL 402 C= V r R~-j ( I NJERCEPT CHECK ROUT I NE ) 
6 41 C= V INTER ( ! NTERCEPT CODE ) 41 C= VRACK ( RACK CODE ) 
7 42 C= VFNLPL 43 C= VFNLPH ( FINAL ANiMATION PATTERN ) 
8 44 C= VSHFTA ( MAGIC REG USED IN LAST WRITE ) 
9 45 C= V I DENT ( 1 DENT! TY CODE - WHAT I AM ) 

10 46 C= VFXBL 47 G= VFXBH ( .FORMATION X BIAS ) 
11 48 C= VFYBL 45 C= VFYEH C FORMATION Y BIAS ) 
12 50 C= VASTKS ~ ANIMATION STACK AREA.START ) 
13 --). 
14 
15 

+--------BlocK 146--------
0 ( STATUS BIT EQUATES ) 

1 7 C= PQSRH ( RUN/HALT ) 

2 6 C= PQSDW ( DO~JT WRITE ) 

3 5 C= PQSDE ( DONT ERASE ) 

4 4 C= PQSDF ( DONT FREE ) 

5 3 C= PQSDS ( DONT SCREEN SYNCHONIZE ) 

S 2 c= PQSUFP ( USc FINAL PATTERN ON 
7 1 C= PQSNMT ( NO MASTER TIME LIMIT 
8 0 C= PQSFRZ ( OfFSTAGE FREEZE ) 

9 1 ( AUXILLARY STATUS E!TS ) 

1017 c= ASFLOK ( FORMATION MEMBER 
11l( EQUATES FOR VECTOR HEAD ) 

1210 C= OFL 1 C= QFH 2 C= OBL 3 C= aSH 
131--> 
141 
15; 

+--------Block 147--------
o ( VGS VWRITE ) 

IS 

HALT 
) 

LOCKED 

) 

1 SUBR vwrite ( Write from a vector structure ) 

IN ) 

2 (in- IX=vma~ic of proper vector ; vector equates set ) 
3 ( WRTSYS @< > for ~a~~ern board 0= for software write ) 
4 (out- pattern on screen J scradr and shift saved for VERASE ) 
5 VXPAND X B LDX, VMAGIC X C LDX, VXH X D LDX, VXL X E LDX, 
G VPATH X H L:X~ VPATL X L LDX~ H PUS~~ XTIY. 
7. VYH X ~ ~~~; VVL f ~ ~DX, 

12~--> 
13~ 
'J.4 l 
15i 



+----..:.---Elock 
01 ( VGS 

148-----.... -
VERASE ) 

IISUBR verase ( does pattern board erase from vector IX ) 
21 ( in.,... I X=vmaqj c of proper vector i vector e:q,uate:s set ; 
3 1 scradl- and sh i ft saved from VI.-1R ITER ) 
4 ( WRTSYS 0< > ~or pattern board 0= for software write ) 
5 (out- erased pa~~ern from screen ) 
6 VXPAND X E LeX, VSHFTA x C LDX, VPATH X H LDX I YPATL X L LDX, 
7 H PUSH, XTIY, 
8 VSAH X H LDX, VSAL X L LDX, 
9 write:p CALL, Y POPX, RET, 

10 DECIMAL --> 
11 I 

121 
131 
141 
151 

+--------Elock 149--------
01( GLOBAL GAME R~M AREA START 
llHEX RAMBASE 300 + C= FIRSTRAMADDR FIRSTRAMADDR VPTR 
2'0 V= FBCOUNTER 3 BA= P1SCR 3BA= P2SCR 0 Y= MISSION 
3 0 V= P1ACT 0 V= P2ACT 
4 0 V= SKILLFACTCR 0 V= PLAYERUP 
5 0 V= NPLAYERS 0 V= CTHERFECTR 0 V= OTHERSKILLF 
6 
7 4 BARRAY vqhead N!LVQ 0 0 vqhe:ad ! 0 2 vqhe:ad ; 
8 
9 FIRSTRAMADD2 40 + C= 1STCLRADDR 

10 LASTRAMADDR 1STCLRADDR - 1+ C= CLRSIZE 
11 DECIMAL --> 
12 
13 
14 
15: 

+--------Block 150--------
Ol( STORAGE ALLOCATOR GOODIES) 
111STCLRADDR VPTR 

DECIMAL 

2 24 C= NODECOUNT 64 C= NODESIZE NODECOUNT NODESIZE • C= POOLSIZE 
3 POOLSIZE BARRAY MEMPOOL 0 MEMPOOL VARIABLE FREELIST 
4 INITFREELIST NODECOUNT 1 DO NODESIZE I * MEMPOOL 
5 NODESIZE I ! - ~ MEMPOOL 1+ ! LOOP ( THREAD THRU POINTERS ) 
6 0 NODECO~~7 : - NO~ES!ZE ~ MEMPOOL 1+ ! 0 MEMPOCL FREEL ST I ; 

7 ( GET ~ ~~ ~-OM ~ L0N 0E - RETV~~~ ~L=~O~ - 0 IF C0~~T ) 

2J ~ 01 ( >.!P ~ ~."! ~-~ - :''': ", ~ C::: './ 2 ~,...' .,.. ,,;-... ~ .. ;" ~) '!'~; ~::1 ~~~\~ ." 
1'2J:H DC;'<, FP·""~:~_-s-- .. ~::'''''-,; -_.".; .... ) .... ;7 ••• 

11 CODE GE~~ . ~ ~~~~~~~ .~~~, ~USH, ~I, 

·ii<·~H lNX. 'i; 
15: CODE F2.':,· 0:') 



+--------B lock· 151--------
o ( ADD NODE TO QUEUE ROUTINE ) 
1 SUBR ADDQ , HL = NEW, IV = HEAD ) 
2 OFL Y E LDX, OFH Y D LDX, E A MOV, DORA, 0<>, IF; 
3 QBL Y C LDX, aSH Y B LDX, H PUSH, H INX, 
4 E M MOV, H INX, D M MOV, H INX, C M MOV, H INX, B M MOV, 
5 XCHG, D POP, ~ !NX, H !NX, H INX, E M MOV, H INX, D M MOV, 
SEA MOV, B INX, B STAX, D A MOV, B INX, B STAX, 
7 ELSE, L E MOV. H D MOV, H INX, E M MOU, H INX, D M MOU, 
8 H INX, E M MOV, H INX, D M MOV, E OBL Y STX, DaSH Y STX, 
9 THEN, E QFL Y STX, D QFH Y STX, RET, 

10 CODE ADDTQDI, EXX, H POP, XTIY, ADDO CALL, Y POPX, EXX, EI,i 
11 NEXT --> ' 
12 
13 
14 
15 

+--------Block 152--------
01( DELETE FROM QUEUE ) 
1 I SUBR de 1 q ( I Y=HEAD, I X=NODE TO DELETE ) 
2tQFL Y E LDX, QFH Y D LDX, QBL Y L LDX, QEH Y H LDX, ( HEADER) 
3 I A XRA I D DSEC, 0= J IF, ( IF I AM THE ONLY GUY LEFT ) 
4lA QFL Y STX, A QFH Y STX, A QBL Y STX, A OBH Y STXj ( NIL OUT ) 
51ELSE, PQFL X E LDX, PQFH X D LDX, PQEL X C LDX, POEH X B LDX, 
SIC L MOV, E H MOV, H INX, E M MOV, H INX, D M MOV, ( F[P[N]]=F) 
7 POBL H LXI, D DAD, C M MOV, H INX, B M MOV, ( E[F[NlJ=E[NJ ) 
8 X PUSHX, H POP, XCHG, H PUSH, ( DE=NODE ADDR, TOF=NODE FORW) 
9 QFL Y L LDX, QFH Y HLDX, A ANA, D DSEC, H POp, 

10 0=, IF, L OFL Y STX, H OFH Y STX, ( SET HEAD TO F[N] ) 
11 ELSE, QEL Y L LDX, QEH Y H LDX, A ANA, D DSBe, 0=, IF, 
12 C OEL Y STX, saSH Y STX, ( SET TAIL ) THEN, THEN, THEN~ RET, 
13 CODE DELO EXX~ H Pop, XTIY, X PUSHX, H PUSH, X POPX, delq CALL, 
14 X POPX, Y POFX~ EXX, NEXT 
15 -- > 

+--------Elock 153--------
o ( ADVANCE TO NEXT NODE ON QUEUE ) 
1 SUBR nE!:x"t'q, ( ! Y = :-;:S';lD ) 
2 OFL Y L LDX, QFH Y H LDX, H A MOV, L ORA~ RZ, 
3 H .INX, M E MOV~ ~ INX , M D MOV. ( DE=FORW[FORW[HEADJ] ) 
4 H DCX, H DCX. L OBL Y STX. HaSH Y STX. ( BACK[HEADl=NODE ) 
5 E OFL Y STX. ~ QFH Y STX, ( FORW[HEADJ=FORW[NODEJ 
S,RET .• 

8 ~ _ .. - > 

'1!~ ~ 

1. '.I ~ 
·12 ~ 

13i 
14~ 
'l.5; 



+--------Block 154--------
01 ( . INCREMENT T I ME BASES - C = T I ME BASE, I Y = Q J.fEAD ) 
11SUBR INCTB 
2·IQFL Y ·L LDX, QFH Y H LDX, H A MOV, LORA, ( Q FORW, NIL CHECK ) 
3 1 RZ, LE MOV, ~ D MOV, BEGIN, (QUIT IF NIL, ELSE REMEM FIRST ) 
4 D PUSH, POTB ~ LX!; D DAD; M A MOV, C ADD, A M MOV, ( UPDATE) 
5 A ANA, 0 DSBC. r pop, ( AND RETURN PTR TO NORMAL ) 
6 H INX, M A MOV, H INX, M H MOV, A L MOV, ( HL=FORW[NODEl ) 
7 E XRA, A B MOV, H A MOV, D XRA, BORA, 0=, ( ONCE AROUND ) 
8 END, RET, 
:3 -- > 

10 
11 
12 
13 
14 
15 

+--------Block 155----~---
01( NEW, IMPROVED, HOTROD INTERRUPT SYSTEM ) DECIMAL 
11( THE~E PARAMETERS TUNE THE BACKGRbUND TIME SLICING) 
2 I 0 V= BGW I NDOW ( :f: OF LINES FOR BACKGRO'UND T I ME SL I CE ) 

.310 V=BGTLMT ( BACKGROUND MINUMUM SERVICE FREQUENCY ) 
4'HEX CC? IFTRUE G2 C= IPNT OTHERWISE HERE 0F + FFF0 AND DP 
5 DATA KPNT 0 , 0 , 0 , KPNT 2 + C= IFNT IFEND 
6 1 V= BACKGROUNDRUNNING 0 V= LOCKOUTCOUNTER 0 V= BGTIMER 
7 0 V= L?YC 0 V= LPFLAG IPNT 2 + C= BGINTVEC 
8 0 V= TIMER0 0 V= TIMER1 0 V= TIMER2 0 V= TIMER3 
9 ( LIGHT PEN' I NTERRUPT ROUT I NE ) 

10 SUBR LPINT PSW PUSH, VERAF IN, LPYC STA, 8 A MVI, LPFLAG STA, 
11 INMOD OUT, PSW POP R ~I, RET, 
12 ( ROUTINE TO RETURN Y ADDRESS SCREEN IS AT ) 
13 SUBR GETSYC A XRA. L?FLAG STA, 18 A MVI, INMOD OUT, BEGIN, 
14 LPFLAG LDA ~ A ANA I 0<;>, END, LPYC LDA; RET, --)-
15 

+--------Block 156--------
o ( RESUME BACKGROUND - END INTERRUPT ) 
1 DECIMAL F= ENDINT 
2 SUBR RESUMEBACKGROUND <ASSEMBLE 
3 DI, BGWINDOW LDA, C ADD, A C MOV, 
4 112 SUI, 52 CP:, ENDINT ~RC, C A MOV, INLIN OUT, 
5 BGINTVEC A MVl, INFB~ OUT, 
6 LABEL END!NT Y POPX, X POPX, H POP, D POP, B POP, PSW POP, 
7 EXX~ EX~F: ~ ~O~: n r~~: S POP J ! A MV!: BACKGROVNnRUNN~NG STA~ 
8.3GTL~T ~=~~ ~C~!~~~ ~-', 
9 ~ PS~~~ ?:)p:; 

'10! --» 
U~ 

J'l4~ 

J'l5~ 

~~-
: __ "J; I:':, ,I:~ " .'-



+--------Block 157--------
0:< TRY TO RUN SOMETHING IN FOREGROUND ) 
l1F= RETPT F= TRYAGAIN 
2lHEX SUER TRYFOREGROUND <ASSEMBLE 
3 1 A XRA, BACKGRCUNDRUNNING STA, El, 
4 LABEL TRYAGA:~ GETSYC CALL, A C MOV, ( C=CURRENT LINE ) 
5 LOCKOUTCOUNTER LDA, A ANA, RESUMEEACKGROUND JNZ, ( IF LOCKOUT ) 
6 BGTIMER LDA, A ANA, RESUMEEACKGROUND J2, ( OR TIMER COUNTDOWN ) 
7 0 vqhead Y LXIX, QFL Y L LDX, QFH Y H LDX, H A MOV, LORA, 
8 RESUMEBACKGROUND JZ~ H PUSH, X POPX, POTB X A LDX, A AN~, 
9 RESUME BACKGROUND JZ, PQSDS POS X BITX, 0=, IF, 

10 VYH X ~: LDX, C SUE! 0<, IF, CMA, A I NR, THEN, 
11 VXZW X CMPX, RESUMEEACKGROUND JC, THEN, DI, nextq CALL, 
12 EI, TRYAGAIN H LX~~ ~. PUSH, PORL X L LDX, PORH X H LDX, PCHL, 
13 ASSEMBLE> 
14 --) 
15 

+--------Block 158--------
0:( BACKGROUND END !NTERRUPT ) 
llHEX SUBR BGENDI PSW PUSH, B PUSH, D PUSH, H PUSH, EXX, EXAF, 
2lPSW PUSH, B PUSH, D PUSH, H PUSH, X PUSHX, Y PUSHX, 
3\80 A MVI, INLIN OUT, IPNT A MVI, INFBK OUT, TRYFOREGROUND JMP, 
4lSUBR TIMINT ( TIMER INTERRUPT ROUTINE ) 
5lPSW PUSH, B PUSH. D PUSH, H PUSH, EXX, EXAF, PSW PUSH~ B PUSH, 
6:D PUSH, H PUSh •. X PUSHX, Y PUSHX, 
71TIMER0 LHLD, H A Mev, lORA, 0<), IF, H DCX, TIMER0 SHLD. THEN~ 

8 I T I MER 1 lHlD J :-: ("J ~"O'v', lORA 1 0<)} IF 1 H DCX J T! MER:1 ::::"-11 .. ;:"; T:""'lEN 1 

91TIMER2 LHlD. H A MOV, LORA, 0< >, IF, H ncx, TIMER2 S~LD, 7~~N. 
10 I T I MER3 LHLD 1 H ,~. :"C',}" LORA, 0<) I ! F J H DCX J T! ~'IElr;::3 .:;;: .... _,) ,. 'T;··:EN ~ 
11 I BGT I MER LDA" A PJ'~A., 0<).f IF 1 A DCR, BGT I MER STA.f THE>!., 
1211 C MVI, 0 vqhead Y lXIX, INCTB CALL, MUSCPUS CALL, 
131BACKGROUNDRUNNING LDA, A ANA, TRYFOREGROUND JNZ, 
14lY POPX, X POPX, H P0~, D pop, B POP, PSW POP. 
151EXX, EXAF, H POP, D POP, E POP, PSW POP, El, RET, --) 

+--------Block 1ES--------
01 ( I NTERRUPT START ROUT! HE ) HEX 
11CODE INTSTART DIp ~F'NT { SWAB} A MVI, STAI, IPNT A ~WIJ 
21INFBK OUT, 1 A MVI~ EACKGROUNDRUNNING STA, 8 A MVI. INMon OUT, 
3 I 80 A MV I, I N~ r N '~)UT, 
4 I H12 I E I I NEX-:-
5:-- :> 

71 
8~ 



+--------Block 160--------
o ( ROUTINE TO DELETE VECTOR IF STATUS SO INDICATES ) 
1 SUER KILLOFF PQSR~ PQS X EITX 1 0=1 IF, Dr, 0 yqhead Y LXIX, 
2 delq CALL, PQSDF PQS X BITX, 0 POS X MVIX, 
3 0=, IF, X PUSHX, H POP, freenode CALL, 
4 THEN, El, THEN, RET, 
5 -- > 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 161--------
01( MACROS TO GENERATE ANIMATION OPCODES ) DECIMAL 
1 I { SETP} 0 B 1 I { ; } 

2 I { SETM} 2 E p E, { ; 
3 SETR} 4 B I i { ; 

4 SWA IT} G B,B, { J } 
5 ACALL} g E, " { 
G AJMP} 19 :3, 1 { 

7 SETDC} 12 B, SWAP , I { ; } 

8 SETDDC} .: 4- :3" St·,lAP , I { ; } 

9 ARET)- 16 3 , { } 
10 AHAL T } 18 B, { ; } 
11 SET I } 20 B, ,{ } 
12 SETXC 22 Eo J { J } 
13 SETye} 24 E:; ? { ; } 

14 { DISPL} 2r:; El, SW[~p B, B, 
15 --> 

+--------Block 162--------
01( MORE ANIMATION MACRO STUFF) 
1 I { AREPEAT} .28 E, E} HERE { ; } 
2 I { ALOO?} 30 E.'., .. 
3it SETS} 32 BJ' BJ 3 p "{ } 

4 I { PAT 1 } 34 E" :3 1 

51{ 
81{ 
7 ~ { 

t -1 { 
12~ 
13 -1 
14 -1 

15 ~ -- > 

SE7YE~ 

SET ~') f . :,:,;~ .'. 

{ 

l. , 

i' } 



+--------Block 163--------
o ( ANIMATION INTERPRETER ROUTINES ) 
1 SUBR RASETP M E MOV, H INX. M D MOV, H INX~ E VPATL X STX, 
2 DVPATH X STX, RET, 
3 SUER RASETM M A MOV, H INX, A VMAGIC X STX, RET, 
4 SUER RASETR M E MOV, H INX, M D MOV, H INX, E PQRL X STX, 
5 D PQRH X STX, RET. 
6 SUER RAWAIT M A MOV. H INX, A VATMR X STX, L VPCL X STX, 
7 ~ VPCH X STX, H POP, RET, 
8 SUER RACALL M C MOV. H lNX. M B MOV, H INX, XCHG, 
9 VSPL X L LDX, vsrH X H LDX, E M MOV, H INX, D M MOV, H !NX, 

10 L VSPL X STX I H '!SPH X ST1: I C L MOV, E H MOV, RET I 

11 SUER RARET VSPL X L LDX, VSPH X H LDX~ H DCX. M D MOV, H DCX, 
12 M E MOV, L VSPL X STX, H VSPH X STX, XCHG, RET, 
13 SUBR RAHALT PQSRH PQS X RESX, H POP, RET, 
14 SUBR RASETXP M A MOV, H INX, A VXPAND X STX, RET, 
15 -- > 

+--------BlocK 164--------
01( MORE ANIMATION INTERPRETER ROUTINES) 
1 ISUBR RASETI M E MOV, H INX, M D MOV, HINX, E VIRL X STX, 
21D VIRH X STX, RET, 
31SUER RASETXC M E MOV, H INX, M D MOV, H INX, E VXL X STX, 
4:D VXH X STX, ReT, 
51SUER RASETYC M E MOV, H INX, M D MOV, H INX, E VYL X STX. 
SID VYH X. STX, RET, 
71SUER RAJMP M E MOV~ H INX, M D MOV, XCHG, RET, 
81SUBR RASETDC M E MOV, H !NX~ M D MOV. H !NX, 
91E VDXL X STX, D VDXH X STX, 

101M E MOV, H INX, M D MOV. H INX, 
11 IE VDYL X STX, D VDYH X STX, RET, 
12lSUER RASETDDC M E MOV, H INX, M D MOV, H INX, E vnDXL x STX, 
131D VDDXH X STX, M E MOV, H !NX, M D MOV, H INX. EVDDYL X STX, 
141D VDDYH X STX, RET. 
151--) 
+--------Bloc~ 185--------

o ( YET MORE ANIMATION INTERPRETER ROUTINES ) 
1 SUER RASETREP M A MOV, H INX, VSPL X E LDX, VSPH X D LDX, 
2 D STAX, D INX, E VSPL X STX. D VSPH X STX. RET, 
3 SUBR RALOOP M E ~ov, H INX, M D MOV, H INX, VSPL X C LDX. 
4 VSPH X E LDX, E DCX, B LDAX, A nCR, 0<), IF. B STAX~ XCHG, 
5 ELSE, C VSPL X STX: E VSPH X STX, THEN, RET, 
6 SUER RASET5 M C MOV, ~ !NX. M B MOV, ~ ~~X. PQS X A LD~. 
7 ~ C ,:::;(:-:;:;: .~, 

8 ~ f-':: 
.~ " ~~:-,' 'i";:::~ ~ 

.-.:' ..... '.:;..:' 
~-._" " r·-
'-' ',' .~ 

-'_~. c· ..... 
~:~ "(', 

"~_,c .-~ .. "'::'" ~~ 
:-",!! ,f! 

r r ,;","-,".-" 
1.- ,~.', 

15 DEC I liAr., ... ,. '.' 



+--------Block 1SS--------
o ( THE ABSOLUTELY LAST SCREEN OF ANIMATION INTERPRETER STUFF) 
1 SUBR RAPATI M C MOV, H INX, 0 B'MVI, XCHG, 
2 VPTBL X L LDX, VPTIH .. ! X H LDX, B DAD, M C MOV, H ~I NX, MB MOV#, 
3 C VPATL X STX, B V?ATH X SIX, XCHG, RET, 
4 SUBR RASMCALL ~ C MOV, H !NX, M D MOV, H INX, D PUSH, RET, 
5 SUBR RASETPT M ~ MDV, H 'I~X, M D MOV, H INX, E VPTBL X 5TX, 
6 D VPTBH X STX, RET, 
7 SUBR RASETFP M E MOV, H INX, M D MOV, H INX, E VFNLPL X STX, 
8 D VFNLPH X STX, RET, 
9 SUBR RASETXZW M A MOV, H INX, A VXZW X STX, RET, 

10 SUBR RARANDOMDO M C MOV, H INX, M E MOV, H INX, M D MOV, H INX, 
11 LDAR, C ANA, RNZ, XCHG, RET, 
12 SUBR RASETXB M E MOV, H INX, M D MOV, H INX, E VFXBL X STX, 
13 D VFXBH X STX, RET, 
14 SUBR RASETYB M E MOV, H INX, M D MOV, H INX, E VFYBL X 5TX, 
15 D VFYBH X STX, RETl --) 

+--------Block !G7--------
o ( JUMP TABLE 70R INTERPRETER ROUTINES ) 
1 DATA AJTBL RASETP I RASETM , RASETR , RAWAIT , 

, 2 RACALL , RAJMP I RASETDC , RASETDDC , ,RARET , 
3 RAHALT , RASETI , RASETXC , RASETYC. , RADISP , 
4 RASETREP , RALOOP , RASETS I RAPATI , RASMCALL , 
5 RASETPT , RASETFP , RASETXZW , RARANDOMDO , 
6 RASETXB , RASETYB , RASETXP , 
7 -- > 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 168--------
o ( ANIMATION UPDATOR ROUTINE ) 
1 F= ANJRET 
2 SUBR &inter VATMR X A LDX, A ANA, RNZ, ( QUIT IF NOT NEEDED ) 
3 VPCl X L lDX, VPCH X H LDX, 
4 LABEL ANIRET 
5 ANIRET D LXI, D PUSH, M C MOY, H INX, 0 B MVI, XCHG, 
6 AJTBL H LX!, B DAD, M C MOV, H !NX, M B MOY, XCHG, 
7 i B PUSH; ~E:" 
~3 ~ SUER &1,.,.i7' r~·. 1', .. ~ .. :.-,;~ ":~~_L f' ?Q:S;l}.:J. PQS X :3!"IX ~1!' ?= J' ! F ~ 
91PQSUFP FC3 ~ 3!T~r 0~ >, ~F, VFNLPL X L LJX, VFNLF~ X H L~X, 

10~L VPA1L X S7X. ~ ~~~-~ X STX. TH~N, THE~~ RE7. 
11 : -- }-
'il2i 
131 
1l4~ 

15i 



+~-------Block IS9--------
'0 ( DECREMENT ANIMATION TIMERS; COMPUTE VECTORING TIME)· 
1 F=.TBVD F= TBaK F= TBOUIT 
2 SUBR TBCAlC <ASSEMBLE DI, 

- 3 POTB X C lDX, VATMR X B lDX, ~ A MOV, C SUB, 
4 0>=, IF, A V~TMR X STX, 0 POTB X MVIX, 
5 ELSE, C A MOV, B SUB, A paTB X STX, 0 VATMR X MVIX, B C MOV, 
G THEN, PQSNMT POS X B!TX, TBQUIT JRNZ, ( QUIT IF NO MASTER ) 
7 0 B MVI, VTLL X L LDX, VTLH X H LDX, A ANA, B DSEC, 
8 TBVD JRZ, TEOK JP, 
9 LABEL TBVD L A MOV, C ADD, A C MOV, A XRA, A H MOV, A L MOV, 

10 A VATMR X STX, A POTB X STX, PQSRH PQS X RESX, 
11 LABEL TBOK L VTLL X STX, H VTLH X STX, 
12 LABEL TBQUIT E!, RET) ASSEMBLE> 
13 --> 
14 
15 

+--------Block 170--------
01( TIME BASED VECTOR UPDATE - lX=VECTOR ADDR, IY=QUEUE ENTRY) 
tIC THIS VERSION VECTORS LINEARLY ~ITH LIKIT CHECKING) 
2IHEXF= ,VlPI F= .VLP2 F= NUD 
3 LSUBR VECTLC <~SSEMBLE 

:4 C A MOV, A ANA, RZ, ( DONT IF ZERO VECTORING WANTED ) 
5 ( NOW UPDATE COORDINATES) 
G VXL"X L LDX, VXH X H LDX, VDXL X E LDX~ VDXH X D LDX, C B MOV, 
7 LABEL ,VlPI D DAD, .UlP1 DJNZ, ~ A MOV, 50 CPI, NUD JRNC~ 
8 l VXL X STX, H VXH X STX, 
9 VYL X L LDX, VYH X ~ LDX, VDYL X E LDX, VDYH X D LDX, C B MOV, 

10 LABEL ,VLP2 D DAD, .VLP2 DJNZ, H A MOV, 0BA CPIiNUD JRNC, 
11 L VYL X STX I H VYH X STX I 28 VXZW X 1'11\.1.1 X I RET 1 

12 LABEL NUD PQSRH FQS X RESX, PQSDW PQS X SETX, RET, ASSEMBLE> 
13 DECIMAL --). 
14 
15 

+--------B 1 cd.:: 171--------
o ( INITIALIZE INTERRUPT VERBS ) 
1 CC'? NOT IFTRUE 
2 LPINT IPNT 2 - UI TIMINT IPNT U! BGENDI BGINTVEC U! 
3 : FIREUP INTSTART ; OTHERWISE 
4 : FIREUP LPINT iFNT 2 - U! TIMINT IPNT U! BGENDI BG!NTVEC U! 
5 INTSTART J IFEND 
6 : START D~ Z~~~ :N~TFREELIST NILYQ LOCKCUTCOUNT~R ~ERO 
7 BGT!~~? ==~0 ~r~LA~ 0 23 BGWl~DOW I 2 JGTLM7 ' ~~rEU~ F 
.g 
S~( ROGT!NE TO VWR7~~ ~~~~~N~ERC~~~ C~~C~~~G ) 

101SUBR V!WR!TE~~-~- !~~ v~r~~~ C~~L) ~~~ST !N~ 

11 ~ A ANA I 10,,,:> J = ~!' I' C rL ~;: 1_ '_:~--:;:, "f 2 :;;:" .. ; :;:;:. c,: LDX I 

12 i H A MOV ~ r r-c:::\ I:i<;- I' -;;-:-:' C:'C::"'L ~ -.:-.:.~"'~: -::-H:::::~'] ~ RET I 

'l131 DEC I MAL ... 
141--> 
1Si 



+--------Block 172--------
o ( SUBROUTINE TO UPDATE PATTERN USING XOR ) 
1 SUBR XAWRITE TBCALC CALL~ 
2 VECTLC CALL; ( UPDATE VECTOR ) 
3 PQSDE PQS X BITX, 0=~ IF, verase CALL, ELSE, 
4 PQSDEPQS X RESX, 
5 THEN, aup CAL~~ paSDW PQS X BITX, 0=, 
6 IF, vwrite CALL, ELSE, PQSDW PQS X RESX, PQSDE PQS X SETX, 
7 THEN, KILLOFF JMP, 
8 ( SUBROUTINE TO XAWR!TE WITH INTERCEPT CHECKING ) 
S SUBR XIWRITE TECALC CALL. 

10 VECTLC CALL, ( UPDATE DA VECTOR ) 
11 PQSDE PQS X BITX, 0=, IF, verase CALL, ELSE, 
12 PQSDE PQS X RESX, THEN, aup CALL, PQSDW PQS X BITX, 0=, 
13 IF, VIWRITE CALL, ELSE, PQSDW PQS X RESX, PQSDE PQS X SETX, 
14 THEN, KILLOFF JMP, 
15 --) 

+--------Block 173--------
o ( SUBROUTINE TO VECTOR USING SECOND DERIVITIVE ) 
1 F= VUPX F= VUPY 
2 SUBRVECTDD ~ASSEMBLE PQSFR2 PQS X SITX, 0(), IF, 
3 PQSDW PQS X SETX, RET, THEN, C A MOV, A ANA, RZ, PSW PUSH, 
4 VXL X L LDX, VXH X H LDX, VDXL X E LDX, VDXH X D.LDX, 
5 VDDXL X C LDX, VDDX~ X B LDX, 
6 LABEL VUPX XCHG~ B DAD, XCHG, D DAD, A DCR, VUPX JRNZ, 
7 E VDXL X STX, D VDXH X STX, L VXL X STX, H VXH X STX, 
8 H A MOV, 80 CPI, CY~, IF, PQSFRZ PQS X SETX, PQSDW PQS X SETX, 
S THEN, PSW POP, VYL X L LDX. VYH X H LDX, VDYL X E LDX, 

10 VDYH X D LDX, VDD~L X C LDX, VDDYH X B LDX, 
11 LABEL VUPY XCHG, 3 DAD1 XCHG, D DAD, A nCR, VUPY JRNZ. 
12 E VDYL X STX, D VDYH X STX, L VYL X STX, H VYH X STX. 
13 H A MOV, 182 cpr, Re, PQSFRZ PQS X SETX, PQSDW PQS X SETX, RET, 
14 ASSEMBLE) --) 
15 

+--------Block 174--------
o ( SUBROUTINE TO UPDATE PATTERN USING XOR AND 2ND DERV VECTOR ) 
1 SUBR XADDWRITE TBCALC CALL, 
2 VECTDD CALL; 
3 PQSDE PQS X E!TX~ 0=, IF, ver&se CALL, ELSE, 
4 FOSDE POS X RESX p 

5 THEN, aup CA~L; 
6 PQSDW POS X BlTX, 0=, .IF, vwrite CALL. ELSE, 
7 i PQSDE PQS X S~TXp PQSDW PQS X RESX, TH~N, KILLOFF ~MP, 
8!--) 
9~ 

10~ 
1 1 ~ 

12~ 
13! 
14~ 

15~ 



+------~-Block 175--------
'01( UPDAT~ VECTOR FROM ,JOYSTICK) HEX 11 C~ JOYSTICK 
11F= JYLP1 F= JYLP2 F= JXLPI F= JXLP2 F= ~XCK 
21SUBR JOYUPD <ASSEMBLE C A MOV~ AANA~ RZ, JOYSTICK IN~ 18 ANI~\ 
3118 CPI, JXCK JZ, VYL X L LDX, VYH X H LDX, VOYL X E ,LOX, 
4 1 VOYH X D LDX, C B HOY, JOYSTICK IN, 10 ANI, @<), IF, 
5 LABEL JYLP1 A ANA, D OSBe, JYLP1 OJNZ, H A MOV, VDDYL X CMPX, 
6 CY, IF, VDDYL X H LDX, 0 L MVI, THEN, ELSE, 
7 LABEL JYLP2 D DAD, JYLP2 DJNZ, H A MOV, VDDYH X CMPX, CY~, IF, 
8 VODYH X H LDX, 0 L MVI, THEN, THEN, L VYL X STX, H VYH X STX, 
9 LABEL JXCK JOYSTICK IN, 6 ANI, 6 CPI, RZ, VXL X L LDX, 

10 YXH X H LOX, VDXL X E LOX, YOXH X 0 LOX, C B MOV, JOYSTICK IN, 
11 4 ANI, 0=, IF, LABEL JXLPt AANA~ 0 OSEC, JXLPI OJN2, H A MOV, 
12 VODXL X CMPX, CY, IF, VODXL X H LOX, 0 L MVI, THEN, ELSE, 
13 LABEL JXLP2 D DAD, JXLP2 DJNZ, H A MOV, VDOXHX CMPX, CY~I IF, 
14 VDDXH X H LOX, 0 L MVI, THEN, THEN, L VXL X STX, H YXH X STX, 
15 RET, ASSEMBLE> DECIMAL --) 
+----~---Block 176--------

o ( SUBROUTINE TO UPDATE PATTERN FROM JOYSTICK ) 
1 SUBR JOYWRITE TBCALe CALL, 
2 JOYUPD CALL, ( UPJATE FROM JOYSTICK ) 
3 38 VXZW X MVIX, 
4 PQSDE PQS X BITX, 0=, IF. ver&se CALL, ELSE, 
5 POSDE POS X RESX, 
6 THEN, aup CALL~ PQSDW PQS X BITX, 0=, 
7 IF, VIWRITE CALL, ; 
8 ELSE, POSDE PQS X SETX, PQSDW PQS X RESX, THEN,KILLOFF JMP, 
9 --) 

10 
11 
12 
13 
14 
15 

+--------Block 177--------
, 0 ( COMPUTE DELTA FOR 1 COORDINATE ) 

,1 ( FIRST A NEGAT I ON SUBROUT I NE ) \ 
2 SUBR CMPHL H A MOV, CMA, A H MOV, L A MOV, CMA, A L NOV I H INX, 
3 RET, 
4 ( IN: I-IL=TARGE7 ~ DE=T I ME I EC=START ) 
5 SUBR CDELTA B ?US~~ ~ ANA~ B DSBC, CY~, IF, UNSDIV CALL, 
S ELSE, CMPHL C~LL, UN~D1Y CALL, CMPHL CALL, XCHG , CMPHL CALL, 
7 XCI-IG 1 THEN. r ~crr B DAD, R~T~' 

8 i -- > 
91 

10! 
u.~ 
121 
131 
141 
151 



+--------B 1 oct.c 178----.:....---
o ( CLEAR VECTOR') F= INIZL 
1 SUBR CLRVEC. (ASSEMBLE X PUS~X, ~ POP, S4 B', MV I , ,A XRA, , 
2 LABEL INIZL A M MOV, H ,INX, INIZL DJNZ, RET, ASSEMBLE) 
3 ( RESET ANIMATION STUFF ) 
4 SUB~ CRAS~A Dl, L VPCL X STX, ~ VPC~ X STX, 
5 X PUSHX, H POP§ VASTKS D LXI; D DAD, L VSPL X STX, 
6 H VSPH X STX, 0 VATMR X MVIX, EI, RET, 
7 DECIMAL --) 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 179.:....-------
o ( SUBROUTINE TO PUT VECTOR ON PROCESS Q ) 
1 SUBR STARTVEC DI, Y PUS~X, 
2 X PUSHX, H POP, 0 v_head Y LXIX, ADDQ CALL, 
3 Y POPX, El, RET, 
4 ( SUBROUTINE TO INITIALIZE A STANDARD XOR WRITE ) 
5 HEX 
6 SUBR SETSTDW 8 Y L LDX, 9 Y H LDX, CRASHA CALL, 
7 6 Y L LDX, 7 Y H LDX, L VTLL X STX, H VTLH X STX, L VRACK X STXj 
8 5 Y A LDX, A VIDENT X STX, ( SET ID BYTE WITH H.O. STATUS ) 
9 4 Y A LDX, A PQS X STX, 20 VMAGIC X MVIX, 

10 30 VXZW X MVIX, XAWRITE H LXI, 
11 L PQRL X STX, H PQRH X STX, RET, 
12 DECIMAL --) 
13 
14 
15 

+--------Block 180--------
o ( XVMOVE COMMAND - MOVE AN EXISTING VECTOR ) 
1 ( VRACK Xi Y 1 X2 Y2 AL I ST T I ME STATUS VE,CTOR UMOUE ) 
2 CODE XVMOVE X PUSHX, H POP, Y PUSHX, D POP, EXX, 
3 FRAME 2 Y L LDX. 3 Y H LDX, H PUSH, X POPX, CLRVEC CALL, 
4 16 Y C LDX, 17 Y BLDX, 12 Y L LDX, 13 Y H LDX~ 
5 6 Y E LDX, 7 Y D LDX, D PUSH, CDELTA CALL, 
S L VXL X STX, H VXH X STX, E VDXL X STX~ D VDX~ X STX, 
71D POP, 14 Y C ~~X, !5 Y B LDX, ~0 Y L LDX) !1 v H LD~. 
8lCDELTA C('f_~_" '_"'""- ~~ '--X," :4 VY:-' ".; S7i~". r::: VD"rL ~;;~TT~p 

9 ~ D V D 't H ;;.: :3~ '":"?<.~ :~~ :.: 7' s ... :-" ..... ~ ':.-~". ";:'~1 :.-L .~ '~_ ,~: ~~l' ,.:~~ ~ 1::;< ,r' ~ ~.J R ~:'1 C r~< ~", ·3 ~r >.~ ;p 

10~STARTVEC C0~~: ~~~~A~~ !B ~ L~~, SF DAD~ SP~L, 

11 ~EXX, D PUS~~ y -~x; ~ PUSH, X POPX, N~XT 

12l: VMOVE G=~~0~: ~~? 0 () r~ XVMOVZ ELS~ ~Di .~ FUBARo THEMJ 
13 ~ DEC I riAL. --~, 

'14! 
is! 



+--------Block 181--------
01( XSTART COMMAND - START AN EXISTING VECTOR ) 

:1·1 ( ALIST TIME STATUS VECTOR V~OVE ) 
2 CODE XVSTART X PUSHX, H p·OP, Y PUSHX,· D POP, EXX, 

.3 FRAME 2 Y L LDX, 3 Y H LDX, H PUSH, X POPX, CLRVEC CALL, 
4 SETSTDW CALL, STARTVEC CALL, 
5 UNFRAME 8 H LXI, SP DAD~ SPHL, 
S EXX, D PUSH, Y POPX, H PUSH, X POPX, NEXT 
7 : VSTART GETNODE DUP 0 < > IF XVSTART ELSE XUI R FUBARO THEN; 
8 DECIMAL --> 
S 

10 
11 
12 
13 
14 
15 

+--------Block 182--------
01( START A VECTOR WITH ~UST INITIAL X AND Y ) DECIMAL 
1~( X Y ANIMATION TIME STATUS XYVSTART ) 
2 SUBR XYVSTART DI, getnode CALL, EI, H PUSH, 
3 FRAME 2 Y L LDX, 3 Y H LDX, H PUSH, X POPX, 
4 CLRVEC CALL; 6 Y C LDX, C VRACK X STX, 
5 12 Y L LDX, 13 Y H LDX, L VXL X STX, H VXH X STX, 
6 10 Y L LDX, 11 Y H LDX, L VYL X STX, H VYHX STX, 
7 SETSTDW CALL, STARTVEC CALL, 
8 UNFRAME 12 H LXI, SP DAD, SPHL, RET, 
S ( CLUDGE TO CALL AS A VERB - VERY BIZARRE BUT IT SHOULD WORK ) 

10 SUBRCLUDGEIT H PUSH, D PUSH, B PUSH, EXX, H PUSH, D PUSH, 
11 X PUSHX, D POP, Y P.USHX, H POP, EXX, XYVSTART J.MP 1 

12 ( X Y ~NIMATIO~ TIME STATUS XYVECTOR ) 
13 CODE XYVECTOR D POP, H POP, EXX, B POP, D POP, H POP, 
14 CLUDGEIT CALL, EXX, D PUSH, X POPX, H PUSH, Y POPX, NEXT 
15 -- > 

+-------~Block 183--------
o ( CHECK FOR INTERCEPT WITH VECTOR ) 
1 F= NOINI 
2 SUBR CHECKVEC <ASSEMBLE 
3 PQSRH PQS Y B I TX ~ NO 1 NT .JZ, ( I F DEAD ALREADY ) 
4 PQSDE POS Y B!TX, NO!NT .JNZ, ( OR IF NOT WRITTEN ) 
5 VPATL X L LDX, VPATH X H LDX, M C MOV, H INX, M E MOV, 
6 VPATL Y L LDX~ VPAT~ Y H LDX. M B MOV, H INX. M D M0V J 

7 VYH X A LDX. vvy Y ~U~XJ 0>=, !F, D CMP, 
8~NO!N7 ·"::W:::, -_. '-.-:. -- ,·.-v·;, "\;OINT .• ,n".- -i-~-:~·l~ 

9 ~ vx~ X ~~ ~:':<":(.- " .. :. _f '." ~~·I~.}~i~~.~ 

11 INOINT ~NC. :_~~~ c 0D)~ 
12INOIN¥ .JM, T~~N~ ~ A ~V], ~ ANA, RET, 
13iLABEL N01NT A ~~~: ~-:-l ASSE~BLE> 

14~--> 
151 



+---~----Block 184----~---
o ( CHECK GROUP OF VECTORS FOR INTERCEPT ) 
1 ( IX = ME, C=MASK SPECIFING SUBSET. TO EXAMINE ) 
2 ( RETURNS NZ AND IY=CULPRIT IF FOUND, ELSE Z ) 

, 3 F= ICKL F= NOTEND F~ NOTHIM 
4 SUBR CHECKALL (~SSEMELE 
5 121 vqhead LHLD, r: HL=NEXT FELLA AFTER Mi:: 
6 LABEL ICKL X PUSHX, D POP, ( DE=ME ) 
7 H A MOV, D ,CMF 1 NOTEND JRNZ, L A MOV I E CMP, RZ, 
8 LABEL NOTEND ~ PUSH, Y POPX, 
9 VIDENT Y A LDX, C ~NA, NOTHIM JRZ, ( SELECTED BY MASK? ) 

10 B PUSH, CHECKVEC CALL, 13 POP, 
11 RNZ, ( KICKOUT IF HE IS IT ) 
12 LABEL NOTHIM PQFL Y L LDX, PQFH Y H LDX, ICKL JMPR, 
13 ASSEMBLE> 
14 DECIMAL 
15 -- > 

+--------Block 185--------
01( NUMBER PATTERNS 1 5 X 7 ORDERED 0-9 ) 
11DATA NUMPATS BINARY 
2 1 01111100 B, 1012100010 B, 10000010 B, 10000010 
3 1210000000 E, '10000100 B, 11111110 :8, 10000000 
4 1110010121 13, 1001t00~0 B, 10010010 B, 10010010 
5 01000100 13, ~0020010 :8, 10010010 E, 10010010 
6 00110000 B, 00112'112100 E, 00101211121121 :8, 11111110 
7 01001110 B, 100(HCS0 B, 10001010 B, 11200HHt0 
8 01111000 ]3, 100~0~00 B, ~0010010 B, 10010010 
9 00000010 13, 11'lo30(~~~ B, 030010010 B" 000301010 

10 01101100 B" H·i'(,):l.0010 B, 10010010 B, 10010010 
11 00001100 B, 10010010 B, 10010010 B" 01010010 
12 DECIMAL -- > 
13 
14 
15 
+-~------Block 186--------

B, 01111100 
:8, 01211210012100 
B, 10001100 
B, 01101100 
E, 001 (2l0~'00 
B, 0~U,0010 
13, 0'1180000 
B~ 01000'0'110 
B~ '2< '?.i 0 'l.1 0 0 

B" 001:111100 

B, 
B, 
B" 
E ,. 
B, 
B, 
E" 
B .. 
BJII 
13, 

01( ROUTINE TO DISPLAY A BCD NUMBER 3 DIGITS LONG FROM VECTOR ) 
11HEX F= SHOWNUM F= NUMLP 
21SUBR DISPBCD3 <ASSEMBLE 
31VXL X E LDX, VXH X D LDX, VYL X L LOX, VYH X ~ LDX, 
41428 B LXI, relabs CALL" XCHG, C A MOV, 
51 MAG I C OUT p 2 r-~ f'"~O';~ f XPAND OUT I 

61VPATL X L L~X. VPATH X H LDX, H INX, M A MOV" 0F ~N!? 
7~5HOWNUM CNZ, H ~CYr ~ A MOv, R?C J RRC, PRe. RRC, 
8~SHOWXUM C?~~; M ~ M0V~ 
S ~ABEL SHOWNUM ~ ?~~~, F AN:~ A C MOV, p~c. RLC, C ADD~ A C MOV" 

10i0 B MVI. ~VMF~~S ~x~. 3 DAD. XC~G, S B MV!. 
l1iLABEL NUMLP ) ~~~ ~ A M MOV: N INX, ~ ~ MOV; ~ X~~~ H I~X~ 
12 ~ A 1'1 MOV.. )..;: >,':V: r ." "'1 '''10\/, D ': NX J' 

131L A MOV, ~~ A~ ~ 

14 ~ NUMLr-:'. :),)~1;;:. ~"~' -, _>~ ~., D D(Y~., XCHC., 



+--------Elock 187--------
o ( INTERRUPT WR I TE NUMBER ROUT I NE ) 
1 SUBR NUMWRITE 
2 TBCALC CALL~ 
3 aup CALL, 
4 PQSDW PQS X BITX I 0=, IFI DISPBCD3 CALL, THENI 
5 K I LLOFF Jt-1P, 
e; -- > 
7 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 
o ( BASE STATION ) 

188--------

1 DECIMAL DATA FIREBASE 5 BI 13 B, 
2 QUAD 022i B, 2222 H, 2000 B, 0000 B, 
3 2111 B, 1111 8 , 2220 8, 0000 B, 0 B, 
4 0222 B, 2222 B, 2000 8, 0000 B, 0 B, 
5 0000 B, 1110 E~ 0022 8, 2200 8, 0 B, 
e; 0000 8, 0111 H, 0002 B, 2220 B. 0 B, 
7 1111 B~ 1111 E, 11G2 B, 2222 B, 0 B, 
8 1 0002 B, 2222 E, 2222 B, 2222 H, 1000 E~ 
9 1111 B, 1111 B, 1102 B, 2222 B, 0 B, 

10 0000 B, 0111 8, 0002 H, 2220 E, 0 B, 
11 0000 B, 1110 E, 0022 8,2200 E. 0 B, 
12 0222 B, 2222 B, 2000 B, 0000 E, 0 E, 
13 2111 B, 1111 B. 2220 B, 0000 B, 0 H, 
14 0222 H, 2222 5, 2000 B, 0000 E, 0 B, 
15 

+--------Block 
1.21:( SMALL BASE 
110222 B, 2220 B, 
212222 B, 2200 ~. 
310011 B, 0000 S. 
410111 H, 1000 3, 
5i1111 B, 11:1 

189--------
DECIMAL DATA SMALBASE 

00(H2J H, 0 B, 
00(H? E, 0 E, 
112000 B, 0 E, 
220~~ E 0 B, 

610002 B. 222~ - ~~0 ~. 2000 B. 

~\ 3 
14 

-- > 



+--------Block 190--------
0>( GORF ) DECIMAL DATA GORF 6 B, 15 B, QUAD 
1 2000 B, 3330 B, 0000 B, 0000 B, 0010 B, 0B, 
2 2003 B, 3333 B, 3300 B, 0000 B, 0100 B, 0B, 
3 2223 B, 3333 B, 3333 B, 3000 B, 1000 B, 0 B, 
4 0003 B, 3333 B, 3323 8, 3333 8, 0000 B, 0 B, 
5 0033 8, 3331 EI 1 ~'"1 3, 3333 8, 3300 B, 0 8, 
6 0031 H, 1132 E, 21~1 8, 3333 B, 3330 B, 0 B, 
7 0032B, 1233 E, 3333 8, 3333 8 , 3333 E, 0 8, 
8 0031 B, 1133 E, 3333 B, 3333B, 3333 B, 0 B, 
9 0032 B, 1233 B, 3333 B, 3333 B, 3333 B, 0 B, 

10 0031 B, 1131 E, 1~~1E, 3~33 B, 3330 B, 0 8, 
11 0033 H, 3332 B, 2111 B, 3333 H, 3300 B, 0 B, 
12 0003 H, 3333 B, 3333 B, 3333 B, 0000 B, 0 B, 
13 2223 B, 3333 E, 3333 B, 3000 8 , 1000 B, 0 B, 
14 2003 B, 3333 E, 3300 E, 0000 B, 0100 B, 0 B, 
15.2000 B, 3330 H, 0e00 H, 0000 B, 0010 B, 0 B, --> 

~--------Block. 181--------
o ( GORFB ) DECIMAL DATA GORFB 6 B, 15 B, QUAD. 
1 0000 B, 3330 B, 0000 B, 0000 8, 2000 B, 0000 B, 
2 0003 B, 3333 H, 3300 8, 0000 8, 0200 8, 0000 B, 
3 1113 B, 3333 8, 3333 8, 3000 H, 2000 8, 0000 8, 
4 1003 8, 3333 8, 3333 H, 3333 8 , 0000 B, 0000 B, 
5 1033 8, 3331 B~ 1222 3~ 3333 B, 3300 E, 0000 8, 
6 0033 8, 2332 B~ 2222 B, 3333 8, 3330 3, 0000 B, 
7 0033 8, 2333 E, 3333 B~ 3333 8 , 3333 8, 0000 8, 
8 0033 8, 2333 E~ 2333 E, 3333 8, 3333 8, 0000 H, 
9 0033 B, 2333 H, 3333 8, 3333 B, 3333 8, 0000 H, 

"10 0033 H, 2331 E, 1222 3, 3333 B, 3330 E, 0000 8, 
11 1033 B, 3332 E, 2222 B, 3333 B, 3300 B, 0000 E, 
12 1003 H, 3333 H, 3333 E, 3333 B, 0000 B, 0000 :a, 
13 1113 8, 3333 H, 3333 3, 3000 H, 2000 B, 0000 B, 
14 0003 8, 3333 B, 3300 B, 0000 B, 0200 B, 0000 B, 
15 0000 B, 3330 E~ @000 3, 0000 E, 2000 E, 0000 B, DECIMAL --> 

+--------81ccK jS2--------
0 1 ( FIRE BASE EXPLOSION PATTERN ) 
1 DATA FBEXPl 4 B, 12 8, QUAD 
2 0000 B, 3000 B, 0010 B, 0000 B, 
3 3000 H, 3303 B, oeco B, 0000 H, 
4 0333 8, 3333 B. CO?, B, 0000 8, 
5 0033 8, 3333 B~ e 3. 0000 lB, 
6 0033 8, 3133 B, ~3~3 B, 0000 E, 
7 3333 B" 2 j f <~ .-. .::~J"';"".. '21000 E 1 

B 333~ :g~ 'J" .".- e-_. "" :z~ c;: 0 ~:ZJ [: L"' 

9 0333 
1{'~ 0f~33 B.-. 
'11 ~ 1030 E .• 
1210000 B. 
1310000 lB, 
14iDECIMAL 
15~ 

"'..; p Si()~:0 ~;.1 

0333 -r ~3~0"~ 0€00 B. 
0033 ~ ~0~: ~r '~000 B~ 

10 ~.o 3; ~~~:' ~~~ r '·'1 ~:-~ ~ .. ('"1 .. -. :() ~) 0 :9 13.111 



'0 
1 
2 
3 
4 
5 
IS 
7 
8 
9 

10 
11 
12 
13 
14 

+,...---- .... --Block 193..:------.... 
( ANOTHER FIREBASE EXPLOSION 
DATA FBEXP2 5 B, 17 B, QUAD 
0001 B, 0000 B, 0000 B, 0000 
0000 B, 1000 B, 0000 H, 0000 
1210121121 B, 1.1~1?' ~ 000~ E, 0101313 
0000 B, 0~~C ji: tJ 001 (21 B} 0000 
0000 B, 0111 El, 1110 B, 0000 
0000 B, 0131 B, 1110 B, 0110 
0000 B, 1133 B,'3111 B, 1111 
0000 B, 1133 E, 3333 :8, 3311 
3001 B, 1333 13, 3333 :3, 3310 
0111 B, 1333 13, .3333 B, 3110 
0111 B, 3333 B .. 3333 :8, 3110 
0011 B, 3333 E, 3333 E, 331t 
0011 B, 3311 13, 333~. B, 3310 

15 --) 
+--------Block ~84--------

PATTERN ) 

B, 0000 B, 
13, 0000 B" 
8. 12,12,1012,. 8, 
H, 00100 B, 
H, 3000 E, 
B, 0000 H, 
B, 012100 B, 
H, 0000 8, 
B, 0000 B, 
B, 0'2100 B, 
B, 0000 8, 
B, 0000 B, 
B, 0000 13, 

o ( CONTINUATION OF FBEXP2, PHASOR AND NULPAT ) 
1 0000 B, 1111 8, 1111 B, 1110 B, 0000 B, 
2 0011 B,0110 8, 0110 B, 1011 B, 1000 B, 
3 0010 B, 0000 E, 0000 8, 1000 B, 1000 B, 
4 1100 B, 0000 B, 0080 B, 1000 8, 0000 B, 
5 DECIMAL DATA PBURST 4 8, 1 13, QUAD 1111 B, 1111 B, 1111 B, 0 B, 
IS DECIMAL DATA NULPAT 1 B, 1 8, 0.B, 
7 DECIMAL --) 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 195--------
o ( FBEXP3 ) 
1 DATA FBEXF3 6 B, 23 B, QUAD 
2 0000 B, 0000 BI 2000 B, 0000 B, 
3 0000 B, 0002 B, 1200 E, 0000 E, 
4 0000 B, 2221 B, 1120 E, 0000 B, 
5 0002 H, 11~~ R. 1!~2 3, 0022E, 
6 0023 E, 3~33 ~3 331! ~, 22!~ S. 
f !j21 • E ~ ; 

l' .r-.~.-

". :; ~. 'I_ , __ -,,:1 j. 

c,I ";:':;;J2~: '7'", 
'"-~ ." 

0000 B, 
@00'21 B" 
0000 B, 
[[~J~2l!0@ BI 
7~-::00 E of 

,:- " ,=, " 
• .1, ,,_',~ ~"' 

S ~~~:?G2 ,:2, , _-.'1 ,~.'.'l 3333 B r of' ~ ", "::' 

~. ~~ :;;)0(~0 

• ~~ 01002 :~ ;; 

1 :2 0021 
1 3 021 1 
t4- 2-' c. 1 
1 5 -- ;. 

E~ .' 
E , 
B ~ 
S .' 
B .' 

.-.. -, ,--.. - ~-, ''';'1 ""'::' "':""1 ""':7: -.... , 
,.:.:: ,~'::.: ,,:.'" .:~_ . . _ ," " ........ "._ "*,' ,1;) 

",," .. - .""" ,,~,~ 

.' 

'1;7.: 
".A . ,'4'" 

0000 B , 
000121 B , 
0000 B .I' 
0000 E , 
0090 E .I' 

""> ~:} ~) ~~'1 E ~ 
'-." ':"';', ~ ..... " ~ 

,,~.' P 
",:~'" • .,. ... ..1':" ~r ... .,'"':, .• , ... r 

:.~.: "~':~::'; ~Z~ 
"k,':; , ." 

;- .;.'., ,,''', ,f'-;, ~~. 

<-:" ,~ 



+--------Hlock ISG--------
0/( CONTINUED FBEXP3 ) 
110211 B, 1133 H, 3333 H, 3311 H, 1120 H, 0000 B, 
2/0021 H, 3333 H, 3333 B, 33J! B, 2200 H, 0000 H, 
3 :'0002 B, 3323 ::2, 3333 :3. 3-::::32 8, 020200 B, 0000 8, 
4/0000 B, 323~ ~ j3~~ E, 3332 B. 0000 H, 0000 H, 
510000 B, 2!33 ~,~ B, 3332 B3 2200 H, 0000 B, 
GI0002 B, '1~.~-::" _").33 H, :::331 B, 1120 B, 0000 B, 
7/0000 8, 2111 Z, 1123 B. 1311 H, 1200 B, 0000 H, 
810000 B, 02!1 5, 1202 B, 1111 H, 2000 8, 0000 8, 
SI0000 H, 0021 H. 2000 3, 2112 B, 0000 S, 0000 H, 

10 0000 E, 0002 ~. 0008 B. 0220 8, 0000 H, 0000 8, 
11 --) 
12 
13 
14 
15 

+--------Bloc::;k 
0 ' ( FBEXP4 ) 

197--------

1 DECIMAL DATA FBEXP4 G B, 23 E, QUAD 
2 2000 B, 0000 H, 0020 B, 0000 B, 0000 B, 
3 0200 B, 0000 H, 0200 B, 0000 E, 0002 B, 
4 0020 B, 0000 B, 2000 B. 0000 H, 0020 B, 
5 0002 H, 0000 B, 2000 H, 0000 H, 0200 H, 
G 0000 E, 2202 E, 2201 E, 1000 H, 2000 B. 
7 0000 B, 0223 ~, 1332 3, 1102 H, 0000 B, 

2000 B, 
0000 13, 
0000 H, 
00121121 ]8, 
000121 B, 
0000 H, 

8 0000 B, 2233 B, 3333 3, 2110 H, 0002 H, 00.~ H, 
9 0000 H, 0231 E. ~~~~ B, 3310 H, 0020 B, 0000 B. 

10 0000 H, 0223 E, 1333 B, 3111 B, 2200 B. 0000 S, 
11 0000 B, 0023 H, 1333 H, 3120 B, 0000 B, 0000 8 7 

12/0000 E, 2223 B) 1333 B. 3122 H, 0000 B. 0000 H, 
13:0002 B, 2331 E. 3333 B, 3312 8, 0000 B, 0000 H, 
1410022 E, 3133 8, 3333 H, 3220 B, 0000 E, 0000 B, 
151--) 

+--------Bloc::;k 193--------
01( FBEXP4 CONTINUED . 
1 ~0223 E, 3113 8 1 3333 H, 1200 B, 0000 H, 0000 8. 
2:0002 8, 2311 B. 3331 8, ~220 H, 0000 8. 0000 B. 
310002 E, 2233 B, 333~ H, 3322 B, 0000 B, 0000 H, 
410020 B, 0232 P, 2233 3, 3320 B, 0000 E, 00G0 H, 
510200 8. 022e 0223 B, 3222 3, 0000 3. SC@0 H, 
6 ~ 2000 E) (2J~?~:~?::"::' J ? q:~0;:~2 ~ E J :-:~::~c:~ 13 J' 200!3 ::,) e'::)ttH;~ E ~'l' 

9 J 00lZt0 B.-"' ~~,,(-.. 

1~;:' 0~~0·~-Y) E.7 
1 1 JD E C: I t"'j ~':'J L ~'T L_ ,-

12 
13 
'1.4 ~ 

:15" 



, 
+-----...,.--Block 199--------

0 ( FIREBASE EXPLOSION 5 ) 

1 DATA FBEXP5 G B,; 23 B~ QUAD 
.2 .... 0000 0000 0010 0'003 000121 0000 " 
3 ... 00'00 030'0 1001 200'0 0300 0000 '" 
4 .... 0000 2030 '020'0 0;':';2'0 0'0Q;,g, '0'000 '" 
5 .... 000121 121@(,0 0C01 CC,":~0 00(;0 00'0'0 " 
6 .... 0300 21 "2'0 20'00 3013'0 02'0'0 '0000 '" 
7 ..;. 0030 020'0 00'02 0(00'0 0033 300'21 '" 
8 .... 0300 002'21 121220 0C~30 03'010 '0'0'0'0 '" 
9 .... 0000 0'21'210 030e ~2;~2: (::9 0003 '0000 " 

10, .... 0033, 3002 22@0 O! "1'0 0011 1000 .I\, 

111 ..... 0003 3001 2900 1 "1'00 0122 0000 .I\, 

121 .... 0033 2201 2201 1'010 1022 1000 A 

131 .... 3300 0221 2011 1'1'0'21 111'21 00'21'21 .I\, 

141 .... 3330 '21022 2'091 ~ ~ ~ 01 1100 0000 .I\, 

151 .... 0030 20'0'0' '0222 21'0'0 00'0'0 10'00 .I\, 

+--------Block 2'09-\------
'01 ( FBEXP5 CONT!NUED ) 

1 I .... 0033 1110 092'0 i020 11'0'0 '0000 .A. 

21 .... '0300 '011'0 '0200 10'0'0 010'0 0000 .A. 

31 .... 0001 0003 0030 '0'01'0 0030 000'0 .I\, 

41 .... 0'000 '010'0 '0G'0e o '2l 0'0 1'00'0 0000 A 

5' .... 0200 0000 0(110 0'0'00 00'0'0 0'0'0'0 A 

6 .... 0001 0030 00'0'0 '0'03'0 0010 0000 .I\, 

7 .... 0000 0000 002'0 '0'0'0'0 0000 0'000 .I\, 

8 .... 0000 001'0 '00'00 '0100 30'0'0 '00'00 " 
9 ..... 00,00 0000 0'1:'02 r2:@20 '0'000 '0'000 .I\, 

10 DECIMAL -- > 
11 
12 
13 
14 
15 

+--------Block 2a1--------
01( FIRE BASE EXPLOSION 6 ) 
11DATA FBEXP6 6 B, 23 B, QUAD 
21~0000 0000 3000 0000 0000 0000 .I\, 

31~ 0000 0020 0000 0300 0000 '0000 A 

41~(0000 0000 030e 0eeo 0010 0000 .I\, 

5:~ '0001 00@0 0000 @200 0000 0000 .I\, 

61~ 0000 0000 0000 0000 0000 0000 A 

7! ..... 0002 00~8 r~- ~~~~ ~200 0000 A 

s u 
l 

S ! 
u 

10 ij 

" '1 '1 " ! 

12 " ,. 
01"1"':' 
,I' ..... J! 

14 I 
ij 

15 I 
I 

"- 011002 
...... 00~;r0 
..... ~ 1 fje~ 
.... 900f 
...... 3~a0v2J 

""" 0020 
"" 0090 
'" 203'0 

O~~0 ~0~A 0~r~ 0~A0 ~ 

020r2' f"0~·"-··· 

~~ 01:~ 1:, 0?~ 

-- > 



+--------Block 202--------
o ( FIRE BASE EXPLOSION S CONTINUED ) 
1 ~ 0001 0000 0200 0003 0000 1000 A 

-2 ~ 1000 0010 0003 0100 0020 0000 A 

3 ~ 0000 0000 1000 0000 0000 0000 A 

4 ~ ,0030 0300 0020 00C0 0200 0009 A 

5 ~ 0000 0000 10ce 00e8 0000 0000 A 

s'~ 0000 30S0 0000 !000 0200 0000 A 

7 ~ 0000 0100 0200 0003 0000 0000 A 

8 ~ 0000 0003 0010 0000 0000 0000 A 

9 ~ 0000 0001 0020 ~e00 0000 0000 A 

10 DECIMAL --) 
11 
12 
13 
14 
15 

+--------BloCK 203--------
o ( 'AL I EN EXPLOS I ON PATTERN ) 
1 DATA EXPLOSION1 3 B~ 11 B, QUAD 
2 0000 B, 0000 B,'0000 B, 0000 B~ 
3 0000 B, 0010 B, 0000 E, 0100 B, 
4 0033 B, 3330 H, 0000 E, 0003 B, 
5 0031 B, 1130 E, 0000 H, 0033 B, 
S 0103 B, 3000 8 , 0000 B, 0000 B, 
7 0000 B, 0000 E, 0t~9 H, 

0000 
3000 
1300 
1330 
0010 

B" 
B" 
B~ 
B~ 
B, 

8 DECIMAL DATA EXPLCS!ON2 3 B, 11 
9 1001 B, 0001 lEi, 00(~Hl! B, 0100' B, 

B, QUAD 

10 0011 B, 1100 B. 0000 B, 011! B, 
11 0013 B, 3310 B; 0000 B, 1011 B, 
12 0113 B, 1100 B~ 0C00 8, 0011 B, 
13 0101 B, 0110 B. 0030 B, 0000 B, 
14 1000 B, 1001 !, 0G00 E, 
151DECIMAL --) 

+--------Block 204--------
o ( MORE ALIEN EXPLOSIONS ) 
1 DATA EXPLOSION3 3 B~ 12 B, QUAD 
2 0000 B, 0101 E. 0000 H, 
3 1000 B,00@0 E. 0e@e B. 
4 0010 B, 0000 B~ 0000 H, 
5 0000 B, 3000 Bp 0000 E, 
6 0003 B, 3301 B, 0000 B, 
i 0033 B, 2301 ~, ~~00 :3 
8- ~ 0J~03 B F 2:;-:~1(~"\ ::'." 

Si0003 B. ~230 ,;, 
10~0100 J~ 2~~~ -
'11 ~ 90010 5.:.' -~:"0!'" -. 
~ 2 ~ ~~0'h: 5:., "~" ,'-"-, .• ';'\ ,r:"" ~--

, . 
1\ 3 ~ 00iZl0 :::;:. .~; 

115i 

, 1 .~' 

1010 E, 
3111 B, 
3110 13, 
0111 13" 
0010 H, 

0000 B, 
0000 B, 
0000 B" 
0000 B, 
0000 B, 

0000 BI 
0000 B, 
0000 B, 
0000 13, 
0000 B, 



+--------Blo~k 205-~------
01( EXPLOSION PATTERNS) DECIMAL 
11DATAEXPLOSION43 B, 11 B, QUAD 
213001 B, 0020 E, ~000 B, 3001 B, 
310300 B, 0300 :. 00~~ ~, 0001 E, 
410111 B, 1100 :, 00~~ 8, 2110 B, 
5~0101 B, 1000 ~: 0000 B, 0111 H, 
S 2001 B, 0000 B~ 0000 B, 3001 H, 
7 0020 B, 0101 B~ Be:, S, DECIMAL 
8 DATA EXPLOSIO~5 ~ ~r 11 H, QUAD 
9 0000 B, 0010 E. GCJ0 H, 0200 B, 

10 0000 B, 0300 E, GGG0 H, 0000 B, 
11 2000 B,0010 Er 0000 H, 0030 B, 
12 0000 B, 1000 E, 00003, 0100 H, 
13 0020 B, 2030 F. @QG0 E, 3000 H, 
14 0002 B, 0001 LJ 9000 H, DECIMAL 
15 -- > 
+--------Blo~k 20G--------

0030 
112123 
1102 
1101 
0220 

01200 
0000 
121212 
1212012 
120012 

B, '0000 
B, 12121212 
E, 00012 
E, 0012112 
B, 0000 

B, 0000 
B, 0000 
BJ' 120120 
E, 00012 
EJ' 0012121 

01 ( I NVADERS- PUWER SHOOT I NG SOUND I' I D ) HEX 
11DATA IDSCORE 
2 88 ABVOLS 18 MCVOLS 
3 A0 87 15 TONES 
4 50 1-2 2 MOVENOISE 
5 1 -23F ( far right ) MOVE SOUND 
6 4A MASTER 1 f 6A 8 RAMBLE 3 COUNTLIMITS 
7 PLAY . 
8 QUIET 
9 -- > 

10 
11 
12 
13 
14 
15 
·+--------Blo~k 207--------

B, 
B, 
B, 
B, 
B, 

B, 
B, 
BI 
E, 
E, 

o i ( I NVADERS- PLAYER EXPLOS I ON , 1 G -- AND PZ I P PZ ) HEX 
11DATA 1GSCORE 
2 2 1 20 MOVESOUND 
3 53 6S 75 TONES 
4 1F MCVOLS 0F~ ABVOLS 
5 4 5 1 01F MOVENCISE 
6 3 MASTER 2A -1 3 2 RAMBLE 2 COUN~LIMITS 
7 PLAY FF !F 0C -' 0 9F MOVEVOLS 
81 ~ 2 10 ~ov~sr~Y~ 
9~ 4 COUNTL:~~-~ ?ERP~DL~ 

111DATA P2Scc-~ ~G2 ~-~ ~:?2 ~0NES 1. -4 3F MOV~SOUND 10 MASTER 
12 J ~ 4 ~~~, ., r, ~r'~~:-,,;._ -::"":'.':C',_ ~ ~'1 X IS '1 (,I '1 4- 70 ~<c"',::ENO I SE 

14~--) 



+--------Block 208~-------
o ( SPACE MISSIONS 2PIP SOUND - 2P )! HEX 

.1 DATA 2PSCORE 
2 *G3 *F3 #CS3 TONES 
3 2 1 0 MOVESOUND 
4 0 1 4 30 MOVE~OISE 
5 60 MASTER ! -~ S0 30 RAMBLE 1 COUNTLIMITS 
6 88 ABVOLS 18 MCVOLS PLAY I 
7 2B MASTER 1 -42F 5 RAMBLE 1 COUNTLIMITS 1E 1 -4 S MOVENOISE 
8 PLAY QUIET 
9 ( SPACE MISSIONS BMUSIC BLOCK ) 

10 : 1G 1GSCORE PMUSIC 8 MS 1GSCORE F2MUSIC i 
11 = P2 P2SCORE 3~OSIC 
12 : 2P 2PSCORE 3~US!C 
13 DECIMAL --) 
14 
15 

+--------Block 20S---~----
o ( DRAW FIREBASES ON SCREEN ) 
1 HEX TABLE FBADDRESSES 200 , 1000 ,. 1 E00 , 2CP0 , 3A00 , 
2 : REDRAWFB FBCOUNTER @ IF 
3 FBCOUNTER @ 0 DO 
4 100 I FBADDRESSES @ SMALBASE 20 WRITEP LOOP THEN J 
5 DECIMAL --} 
.; 
7 
8 
S 

10 
11 
12 
13 
14 
15 

+--------Block 210--------
0 1 ( GAME VARIABLES AND CONSTANTS) 
1 TIMER0 C= WTIMER TIMER1 C= BOMBTIMER TIMER2 C~ ATTACKTI~ER 
2 TIMER3 C= RACKTIMER 0 V=.FIREACTION 
3 0 V= RACKDONE @ V= INVADERSLEFT 0 V= FLAYERHIT 0 V= ENDOFFRAME 
4 0 .Y= GAMEOYER 0 Y= PHASINTR 0 Y= FIRETRACK 
5 0 Y~ SCRPTR 0 V= FYi 2 V= MAXEOMES 4 ARRAY EVLIST 
.; 0Y= FBANIM 0 V= RSTBL 0 V= RE!NIT ( MUST REINITIALIZE ) 
7 10 C= N30~BS ~ ~= ~~MBAS!Z~ Ng0~BS FO~3ASIZE ~ C= BATQTAL 

101 ~~ \/= PZ>~~"2:~~~ .... «:-~ ~~~ ":~~ :-~A0j::-ER!i\~ 0 \l= P!NTERX 0' \;~ \?~.\'-.~"T:-:;7:y 

11 ~!0 c= CO~~~~ ~~ ~~ 3~lPG 1 C= SWFIRE 9 C= PLY~I~~Y ~r c= ~~XLL 
12 ~ 0 C= I ~.] ~ ~)~."~, (" .-. .. "-', r:~ ~ r:i J \Pt)L -'200 c~ BO?<?:r.<"< 7r:';~0 c= E ~:---< ~:?::r:l~:: 

13: 200 C= =;\ =~v 
14 I DEC I M~!L 
15! --} 



+--------Block 211--------
o ~ ( I NI T I AL I 2E GAME SCREEN ) HEX 
11: INITSCREEN DI GRAPHICS 1 CONCM OUTP. INITFREELIST 
21NILVQ FIREUP 0 4000 4000 FILL CB VERBL OUTP D 0 SETOUT 
31128 SC C A 1 ~QX ; 
4/: UPDATESC~~E ~~(IV~~UP @ IF 0 P2SCR BCD+! 4900 9600 408 0 P2SCR 
5 ~ ELSE 0 P~, :;0;:, ::>:::~~,".' ,:t2C~0 0 40a 0 P -I SCR THEN DID I BCDt; E I ; 
6 : I N 11 PG ':;.S<>~1· ,.·;:)8 '21 P 1 SCR D I SPECD6 
7 4D00 0B00 ~C6~" ONE" COUNT SPOST 
8 4D00 4800 ~G8 A" MISSION" COUNT SPOST 
9 49C0 5E00 428 MISSION @ CPOST REDRAWFB J 

10 :INI2PG INliPG 4900 9600 408 0 P2SCR DISPBCD6 
11 4D00 A100 4G8 A" TWO· COUNT SPOST ; 
12 : DRAWMISSIONSC~EEN INITSCREEN NPLAYERS @ IF INI2PG ELSE INI1PG 
13lTHEN START; 
14/DECIMAL --) 
151 

+--------Block 212--------
o ( RACK UPDATOR ) 
1 HEX 0 V= INVADERNUM 0 V= MASTERY 0 V= DMASTERY 
2 0 V= MASTERX 0 V= DMASTERX 0 V= INVLL 0 V= INVUL 
3 0 V= LEFTINVN 0 V= RIGHTINVN 
4 0 V= BUMPMASTERROUT!NE 0 V= NORMLP1 0 V= NORMLP2 
5 8 BARRAY ALIVEZITS 
6 8 BARRAY RACKBITS DATA BITMASK 1 B, 2 B; 4 B, 8 B, 10 B, 20 B, 
7 40 B, 80 B, 80 ARRAY ANIMSTATE 
8 8 BARRAY RACKEXPS 0 V= INVPATAB 
9 : RESETRACK 0 !NVA:~~NUM B! 0 MASTERY! 0 MASTERX 

10/INIDMY D~ASTERY 
11 I FE00 DMASTER/: :i N I VLL I N'v'LL ! HU VUL I NVUL ! J 
121·-- > 
13: 
141 
15/ 

+--------BloCK -.""~ L .::. .,.:)--------

01( SUBROUTINES TO CALCULATE DISPLACEMENTS FOR RACK MEMBER) HEX 
11SUBR CALCINVX 7 ANII RLC, RLC, A H MOV, 0 L MUI, RET, 
2 i SUBR CALC I NVY 3.£- AN I, RLC, A H MOV, (fL MV I, RET 9 

31C CHECK FOR SCREEN EDGE, NEGATE DELTA AND BUMP X IF AT IT ) 
41 SUBR FL I PCHEC{ '-1 ;:c MOV p B ct'lP 1 RNZ I L A MOV, C CMF _, 'RNZ 1 

S/D A MOV, C~~c ~ D MOV. E A MOV, CMA , A ~ MOV. D INX~ ~ XRA, 
6lRET, 
7 ~ ( I NDEX p~~~r'"::< ~ ~ -3 r-'N::-~ 0~_ ~ \\'E ? = ~~ ) 
"g t SUER x:r?~c<'-'- '-'-:~ -.' .~:: c. ' .. ' '. ""~' ~~ ~<C'!,l!, ~~ r~ 

1 (2' RRC J 

~l:l riff :(!: 

~~ f'? .'\ '. r .. ". ~" ,r .. 
" ,'~;- 1:'.~ -'..e' 'i 



+--------Block 214--------
0( W.A I T AND AN I MAT ION TRACK I NG TABLE ROUT I NES ) HEX 
'1 : WAIT WTIMER! BEGIN WTIMER @ 0= END ; 
2 SUBR NOTEANIM INVADERNUM LDA, RLC, 
3 RLC, A E MOV, 0 D MVI, 0 ANIMSTATE H LXI,D'DAD, XCHG, 
4 MASTERY LHLD, DMASTERY LBCD, 7 B BIT, 0=, IF, B DAD, THEN, 
5 XCHG, DI, EM MOV, ~ INX. D M MOV, H INX, MASTERX LDED, 
6 E M MOV, H INX, D M MOV, El, RET, 
7 SUBR GETASTATE C ~ ~OV, RLC~ RLC, A E MOV, 0 D MVI, 
8 0 ANIMSTATE H L~;, D DAD, ME MOV, HINX, M D MOY, H INX, 
9 H PUSH, C A MOV s CALCINVY CALL, D DAD, D POp, H PUSH, D PUSH, 

10 1 H BIT, No.RMLP 1 LHLD, 0< >. IF, 10 D LX!,D DAD, . THEN, 
11 C A MOV, 7 ANI, RLC, A E MOV, 0 D MVI, D DAD, 
12 M E MOV, H INX, M ~ MOV, D PUSH, Y POPX, 
13 C A MOV, H POP, M E MOV, H INX, M D MOV, CALCINVX CALL, D DAD, 
14 XCHG, H POP, RET, 
15 -- > 

+--------Block 215--------
o ( RECOMPUTE LIM!~S ) HEX 

. 1 F= LLFL F= LLFND F= ULFL F= ULFND 
2 SUBR RELMT <ASSEMBLE INVADERSLEFT LDA, A ANA, 
3 RZ, INIVLL H LXI, 0 ALIVEBITS D LXI, 800 B LXI, 
4 LABEL LLFL D LDAX, A ANA, LLFND JRNZ, H A MOV, 10 SUI, 
5 A H MOV, D INX, C A MOV, 8 ADI, A C MOV, LLFL DJNZ, RET, 
6 LABEL LLFND INVLL SHLD, 7 AL!VEBITS D LXI, IN!VUL H LX!, 
7 C A MOV, LEFTiNVN STA, 38 C MVI, 
8 LABEL ULFL D LJAX, A ANA, ULFND JRNZ, H A MOV, 10 AD!, 
9 A H MOV, D DCX, C A MOV, 8 SUI, A C MOV, ULFL JMPR, 

10 LABEL ULFN~ ZNVUL SHLD, C A MOV, RIGHTINVN STA, RET, ASSEMBLE> 
11 DECIMAL --> 
12 
13 
14 
15 

+--------BloCK 216--------
o ( SUBR TO STEP MASTER COORDS ONE TICK AND LIMIT CHECK ) HEX 
1 ( ROUTINE TO WRITE ONE INVADER, IF POSSIBLE ) 
2 F= INVFIND F= STEPMASTER F= NONERD 
3 SUBR WRITEINVADER {~SSEMBLE 
4 INVADERNUM LDA. A C MOV~ XALIVEBITS CALL, NONERD JRZ. 
5 DI,XRACK2!TS CALL, !NVFIND JNZ; NOTEAN!M CALL, EI~ 
G,LABEL NO NERD !NYADE~NUM LDA. A INR, 3F ANI, INVADERNUM STA, 

s~--> 

U~ 
:Il2~ 



+--------Block 217--------
01( WE FOUND AN INVADER - WRITE ~IM ) 
1lLABEL INVFIND INVADERNUM LDA, CALCINVY CALL, MASTERY LDED, 
2lD DAD, XCHG, INYADEPNUM LDA, 7 ANI. RLC, A C MOY, 
310 B MUI, INVPATA~ ~~~D, B DAD, M C MOV, H INX, M B MOV, 
4 I B PUSH I XT I Y) 2r? Z :..::<!, 1 DEI T ,0< > I IF, 1 Y H LN<', H nCR, 
5: 0 L MY I, D DAD) >~c:-:~::;, A0 C MY I, THEN 1 B PUSH, 
6 INVADERNUM LDA, 
7 CALCINVX CALL, MASTERX LECD, B DAD, XCHG, B POP, relabs CALL, 
8 DI, writep CALL. NOTEANIM CALL, Y POFX, INVADERNUM LDA, 
9 A INRJ 3F ANI, INVADZRNUM BTA, STEPMASTER JZ, RET, 

10 ASSEMBLE> 
11 CODE WRTINV RACKTIMER LDA, A ANA, 0=, IF. B PUSH. X PUSHX, 
12 WRITEINVADER CALL, X POPX, B pop, THEN, NEXT 
13 DECIMAL --> 
14 
15 

+--------Block 218--------
o ( REWRITE A RACK MEMBER USING NORMAL PATTERNS ) 
1 HEX 
2 ( USED FOR GAME INITIALIZATION ) 
3 F= TOGGLEMEMEER 
4 SUBR REWRITE~EMBER <ASSEMBLE XRACKBITS CALL~ RZ, 
5 LABEL TOGGLEMEMBER 
6 GETASTATE CALL, 
7 20 B LXI, relabs CALL, DI, writep CALL, EI, RET, 
8 ASSEMBLE> 
8 CODE REWRITER H POP, B PUSH, Y PUSHX, L C MOV, 

10 REWRITEMEMBER C8LL, Y POPX, E POP. NEXT 
11 DECIMAL --> 
12 
13 
14 
15 

+--------Block 218'--------
01( REENTER RACK ) HEX 
1 ISUBR PLOTREENTRY 
21VRACK X C LDX, GETASTATE CALL, 
310 E MVl y H VYH X SiX, 
4128 VXZ~ X MV!X, 
51XCHG, VXL X A LDX, 0C0 ANI, A E MOV, 
6:VXH X D LDX, A ANA, D DSEC, 
7 10< >, X F, L-~ (~ Cc:;"::~",.' 

8 i THEN 1 2) ::r ~, 

9 BA ~'IO\).7 ",' 

1 (2' t '~., PUSr-i::s; 
1 ·~l r'QS~~:"J r ~~~. -,.' 

15 

"'il'~A s f;}(, IF 1 -40 H LX J 1 ELSE 1 4(;,' H 
v S7X. H VX~ X S7X, B INR, T~EN, 

V-0~L X S~Xs H V~ATH v STX~ 

,,) ~'(~. _n.~< ;.".~ C: L DX:; ~:<~~:":1(:::<~ :-~ T~:~ CALL,.r 

! ':e!' ,_,'11 .. JP 



+----~---Blo~k 220--------
01( I NTERRUPT ROUT I NE T'O REENTER A GALAXI AN ) DEC I MAL 
11F= ROGER 

. 2'SUBR RENTGAL <ASSEMBLE 
3 TBCALC CALL~ B PUS~~ 
4 PQSDE PQS X BITX, C=, IF, vera~e CALL. ELSE,PQSDEPQS X RESX~ 
5 THEN, aup CALL, B POP, . 
S PQSR~ PQS X BITX~ 0< >1 IFI 
7 LABEL ROGER B PUS~~ PLOTREENTRY CALL, B POP, 
8 PQSRH PQS X BITX I 0< >~ IF, C DCR, ROGER JRNZ. THEN. 
9 THEN, PQSDW PQS X EITX, 0=, IF, vwrite CALL, ELSEj 

10 PQSRH PQS X EI1X~ 0<), IF, PQSDW PQS X RESX, 
11 PQSDE PQS X SE1~" THEN, THEN, 
12 KILLOFF JMP, ~SS~MBLE> 

13 --> 
14 
15 

+--------Block 221--------
01( CHECK FOR INTERCEPT WITH RACK MEMBER) 
11( REJURNS NZ, C=INVADERNUM IF DETECTED. ELSE Z ) 
21F= NORKI 
31HEX SUBR RACK CHECK <ASSEMBLE 
41VXL X L LDX, VXH X H LDX, H INR. H INR, 

. 5'MASTERX LDED, A ANA, D DSBC, H A MOV, A ANA, NORKl JM, 
'S RRC~ RRC, 7 ANI, A C MOV, VYL X L LDX, VYH X H LDX, 

7 MASTERY LDED, A ANA, D DSBC, HA MOV, 2 ADI, RRC, 
8 38 ANI, CORA, AC MOV, XRACKBITS CALL, RET, 
9 LABEL NORK! ~ XRA, RET, 

10 ASSEMBLE> 
11 DECIMAL --> 
12 
13 
14 
15 

+--------Block 222--------
01< ANIMATION LIST AND ROUTINE TO EXPLODE THE FIREBASE ) 
11HEX DATA FBEXPSUB 0 0 SETDC, 
214 S DISPL FBEXP1 SET? 08 SWAIT A0 SETM 08 SWAIT 
3120 SETM -4 -6 DISPL FBEXP4 SETP 08 SWAIT A0 SETH 08 SWAIT 
4120 SETM 1 2 ~ISPL F3EXP2 SETF 08 SWAIT A0 SETM .08 SWAIT 
5~20 SETM -1 -2 ~=SPL FBEXF3 SETF 8 SWAIT A@ SETM 8 SWAIT 20 SETM 
GIARET 
71DATA FBEXP F?EXPSU~ ACALL FBEXP5 SETF 8 SWAIT A. SETM 8 SWAIT 

9 ~ 1 S~]~~:T c::·~:~::.:~,:_,.-

10:( ROUT!NE TO E~r=C! T~E ~XPLOSION ) 
11;SUBR EXPLo"~r~ p~AY~r~lT LDAc ~ A~A, 0=. :7, 
12l1A MV!. 2~~Y~~~=- 1-P, FBEXP 
13!CRASHA C0~~c Y0~~--2 ~. ~~=, L 
14IRET. D~C:~1L --, 
'.is: 

""~ L~~EJP 

·?c~~r:.- X 



+--------Bl~ck 223--------
o l( SCOR I N ) HEX TABLE. ABTBL 60 1 60 1 80 1100 I ,300 , 200 1 

11500 , 500 , 
21DECIMAL DATA EXPISUEEXPLOSION1 SETP 5 SWAIT EXPLOSION2 SETF 
315 SWAIT EXPLOSION3 SETP 5 SWAIT EXPLOSION4 SETF 5 SWAIT 
41EXPLOSION5 SETP 5 SWAIT NULFAT SETF ARET 
S;DATA EX?INV EXP:SUZ ACALL A~ALT 

6 DATA EXPNS EXPISUB ACALL NUMWRITE BETR 1 SWAIT ARET 
7 DATA EXPNF 1 SHAlT HEX SF 40 SETS Ie SWAIT SF 0 SETS AHALT 
8 DECIMAL .... -) 
9 

10 
1 1 
12 
13 
14 
15 

+--------Block 224-~------
o ( MORE SCORING GOODIES ) 
1 DATA SCR60 EXFNS ACALL 0 ASTBL SETP EXPNF AJMP 
2 DATA SCR80 EXPNS ACALL 2 ASTBL SETP EXPNF AJMP 

.3 DATA SCR100 EXPNS ACALL 3 ASTBL SETP EXPNF A~MP 
4 DATA SCR300 EXPNS ~CALL 4 ASTBL SETP EXPNF AJMP 
5 DATA SCR200 Ei<P~\:S ,::l:ALL 5 ASTBL SETP EXPNF AJMP 
S DATA SCR500 EXPNS ACALL 6 ASTBL SETP EXPNF AJMP 
7 HEX DATA EXPTHEGOR? FBEXPSUB ACALL FBEXP5 SETP 40 SWAIT 
8 A0 SETM 40 SWArT 2J SETM FBEXP6 SETP 40 SWAIT A0 SETM 40 SWAIT 
9 20 SETM NULPAT SET~ NUMWRITE SETR 1 SWAIT 7 ASTBL ·SETP 

10 EXPNF A.JMP 
t1lDATA ATTACKEXFTEL SeRG0 , SCR60 • SCR80 , SCR100 , SCR300 , 
121SCR200 ~ SCR500 • ~X?THEGORF 1 DECIMAL --) 
13: 
141 
151 

+--------Block 225--------
01( BACKGROUND PHASOR INTERCEPT PROCESSING ROUTINES) 
11( ROUTINE TO EXPLODE AN INVADER) 
2lHEX SUBR PINTERPROC A DCR, 0=, IF, PINTERN LDA, 7 ANI, RLC, 
31A C MOV, 0 B MVI. ATTACKEXPTBL H LXI, B DAD, M C MOV, H INX, 
41M B MOV, PINTERX LDED. PINTERY LHLD, 
5lELSE, PINTERN ~DAJ ~ C MOV, 
SIDI, XRACKE!TS C~LLF M XR~. A M MOV, X~LIVEBITS CALL. M XRA. 



+--------Bloclc 226'--------
"0 ( ROUTINE TO CALL FROM. SCAN LOOP ) 
,1 CODE PIFC~ECK X PUS~X~ Y PUS~X~ EXX~ PINTERC~ECK CALL~ 
2 Y POPX, X POPX, 0<), IF, H PUSH, D PUS~, 1 ~ LXI, ELSE, 
3 0 ~ LXI, T~EN, H PUSH, EXX, NEXT 
4 : P~ASOR I NTERCEPTC~-lECK PI FCHECK IF 1 = IF 7 AND ASTBL ZP 
5 ELSE 7 AND 2 * RSTEL @ + PZ THEN @ 
6 UPDATESCORE THEN , 
7 DECIMAL --) 
8 
9 

10 
1 1 
12 
13 
14 
15 

+--------Bloclc 227-~----~-
o ( ANIMATION SUBR TO iNITIALIZE T~E FIRE BASE ) 
1 ( NEEDS INTERCE~TAND LIMITS SET BEFORE CALL ) 
2 ~EX DATA PLAYERANIM JOYWRITE SETR 1000 SETYC 0600 SETXC 
3 20 100 SETDC 
4 FOREVER FIREBASE SETP 78 SWAIT EVERFOR 
5 ( ROUTINE TO ACTIVATE THE FIREBASE ) 
6 : ACTFB FBAN!M @ 0 0B2 0 FBVECTOR XVSTART ; 
7 DECIMAL -;..) 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 228~-------
01( C~ECK FOR PLAYER HIT ) 
1lHEX 
21: PWA I T !,..IT I MER ~ BEG I'N BMS P~ASOR I NTERCEPTCHECK WT I MER @ 0= 
3lEND ; 
41: PLAYERH I TC~,",jEC!< PLAYERH I T @ IF 1 G PHASOR I NTERCEPTCH,ECK 
5196 PWAIT EMUSIC E2MUSIC FBCOUNTER @ '0= IF 
611 GAME OVER ! '1 EN::OFFRAME !, ELSE FBCOUNTER @ 1. - DUP 
7 ! FBCOtH"HER ~ F!"~:';~ES:3ES (1;1 100 S!,JAP Sl"JPU?,'''':3E 2'21 !~!R I TEl? 
8~PLAY2~~=7 Z~~~ ~:~~~- & DO:

. 9 ~ ~~ .. 0 t~]7~::::J~:L<:"" ~~.~.~~ . ;~~:--F:3 "fl-'r:~·~ 

12~DECIMAL , 
'i3~--) 

14: 
15! 



+--~----~Block 229------~-
0;( COMMON IN1TIALIZATION GOODIES ) 
11CODE NULC6DE NEXT 
21: REPAINTRACK G4 0 DO I REWRITER LOOP J 
31HEX 
41: INITMISSIONRAM XDI GRAPHICS 
510 1STCLRADDR CLRSI:E FILL 
611 MUSICFLAG B! EMUSIC E2MUSIC 
711 WRTSYS B! 
81' NULCODE REINIT ! NULRET FIREACTION I J 
S[:'STARTGAME 0 P1SCR ZERO 1 PSSCR ZERO 0 P2SCR)ZERO 1 P2SCR ZERO 

,1013 FBCOUNTER ! PLAYERUP ZERO NPLAYERS ZERO 
111SKILLFACTOR ZERO; 
121DECIMAL --> 
131 
141 
151 
+--~-----Block 230--------

01( SPECIAL ROUTINE TO MOVE PHASOR BLAST ) 
1IC SUBROUTINE TO XAWRITE WITH INTERCEPT CHECKING) 
21HEX F= PHL 
3 1 SUBR PHWRITE <ASSEMBLE POTB X C LDX, 0 PQTB X MVIX, 
4 LABEL PHL E PUSH~ VXH X A LDX, A INR, A VXH X STX, 
5 48 tPI,CY-, IF, PQSRH PQS X ~ESX, THEN, 
6 PQSDE PQS X EITX; 0=, IF, ver&se CALL, ELSE, 
7 PQSOE PQSX RESX, THEN,PQSRH POS X BITX, 0< >, IF, 
8 VIWRITE CALL, THEN, 
S B POP, PQSRH POS X B! TX, 0<)", IF J C OCR, PHL .JRNZ, 

10 THEN, KILLOFF JMP, 
11 ASSEMBLE> 
12 DECIMAL -.:...) 
13 
14 
15 

+--------Block 231--------
o ( START OR. RESTART THE PHASOR MOVING ) 
1 SUBR DOFIREACT C M MOV, FIREACTION LHLO, PCHL, 
2 HEX SU~R SETPxr 

.3 0 FEVECTOR Y LXiX, VXL Y L LDX .. VXH Y H LOX, 500 D LXI, 
4 D DAD, L VXL X s~x, H VXH X STX, VYL Y L LDX, VYH Y H LDX, 
5 700 D LX!, D ~~2) L VYL X STX, H VYH X STX, 60 VATMR X MVIX, 
6 RET, 
7 SUER SHOOTPHASOR DOF!REACT CALL. 
S CLRVEC CALL. ~~T?~Y CA~L~ 0B~ PQS X ~V1X. 
9120 VMAGIC ~ ~ -X; 3~ vxz~ ~ YYIX, ~HWRi~E H LXI 1 

10 i L PORL X ~~~.-:; .. - ~-"~·~H :--:::::-'X.7 ;-'[-]::"'1:3 :': ~~~F:( U..,1LD ,. ~ ',,' r RL X STX.I" 
'11 l H V! xH X~?·-~:·' .,. 
12!PBURST H ~~'; ~ v~0-~ X S1X, H VPA1H X STX~ f Y~XH X Nvrx, 

14 ~ SUER RES~'z)O'"fi:'P~,~ .. "\:-"~)p~ DOr ~ 7'1::: ACT CA~_~~ JP SET?;~lr CALL ~ ~ET I 

15~DECIMAL --> 



+--------Block 232--------
01< C~ECK FIRE SWITC~ ) 
t;F= FIREBUT 
2;SOBR FIRESWCK <ASSEMBLE 
31 F I RETRACK H LX I r ·JOYST I CK .I N, A C MOV, M XRA, Sf,.,IF I RE AN I, 
4'; RZ I C A, MOV.. SWF I RE AN I, F I REBUT ,JRZ, C M MOV I RET I 

5 l LABEL FIREBUT PV1 LIXD, DI, PQSRH PQS X BITX, 0c), IF, 
'6 ( KICKOUT IF PH~SC? EXPLOSION IN PROGRESS ) 
7 POSFR2 POS X E:~~! RN2, RESHOOTPHASOR CALL, 
8 ELSE, PQS X A LD~, A ANA, RN2, SHOOTP~ASOR CALL, THEN, 
9 EI, ID~CORE H LXI, 0 MUSIC-BARRAY-1 Y LXIX, bmusid JMP, 

10 ASSEMBLE) 
11 HEX SUBR FSLITE A XRA, PV1 LtXD, PQSRH POS X BITX, 0=, IF, 
12 A INR, THEN, 26 OUT, RET, , 
13 CODE FIRECHECK X PUSHX, Y PUSHX, EXX, FSLITE CA~L, 
14 FIRESWCK CALL, EI, EXX, Y POPX, X POPX, NEXT 
15 DECIMAL --) 

+--------Bloc.k 233--------
01( AWAIT THE ARRIVAL OF THE VERTICAL INTERVAL) 
11HEX 
21F= WVIL 
3;CQDE WVI <ASSEM~LE 
4 ; D II 11 A MV I, I NMCD OUT, 
51VERAF IN, A E MOV, 
61'LABEL f,.,IVIL VERAF IN, E eMP, f,.,IVIL ,JZ, 0D0 CPI, WVIL JC, 
7;0E0 CPI, WVIL ~NC, 

818 A MVI, INMOD OUT, 
91NEXT ASSEMBLE> 

101DECIMAL --> 
11; 
i2; 
131 
14; 
15; 

+--------Block 234--------
o ( NEW COLOR ROUTINES ) 
1 HEX 8 BA= COLTBL 0 V= TARGETCT 
2 CODE MAKECOLS EXX., B POP .. '0 COL TBL H LX I.. TARGETCT LDED .. 
3 8 B MVI, BEGIN, D LDAX, F8 ANI, C ORA, A M MOV, H INX, 
4 D INX, LOOP, EXX; NEXT 
5 CODE APPROACHL EXX, B POP, I COLTBL H LXI, 0 E MVI, 8 B MVI, 
6 BEGIN, M A MOV~ 7 ~N! ~ C CMP" 0< >, IF, 
7 j C A MOU D ~ ~~A~ n-: ~~) M DC~. ELSE. ~ !NR. THEN~ E 
81 THEN., :-: ~ "'X [ :_.>-:v',- "0 )"1 L>~ I" E A ;"::;)",.1., ,,;,, (>:<,c;.o c~::::" :: F ." ;.,' I NX, 

10!CODE APP?0~~~: E~~" 0 COLTBL H LXI, TAR~~TCT'L~~~: ~C0 B LXI, 
1 ~ ~ BEG I ~j" D ~=;:;~:<: :""': r:~AI-"."} lfe< > fIr- 1 C-,.- ~'f ! F 1 r~ r;1t~:R ~~ r~::" .... f"~~:.r: r--; ! ~'~R I~ 

12ITHEN" C IN? r~~~." ~ !NX, D !NX, LOOP. 
'13 ! 0 H LX I" C A 1"0\/.", ~'" (\~',1A., 13=. IF., H : N~~. THEN. H l'~·:S'-~.' ~:"r:",; ~ t'~EXT 

141DECIMAL --> 
151 



+~-~-----Blo~k 235--------
01( FADE UP/DOWN ROUTINES). 
110 V= CWTMR 
2 DC 0 COLTBL wvr COLOR EI i 
3 : CWAIT CWTMR I rW~IT ; : SCT CWTMR ! ; 
4 STC TARGETCT ' ; 
5 SC STC 8 0 DO I TARGETCT @ +B@ I COLTBL B! LOOP DC ; 
S FDC STC SCT 7 FLOOD CWAIT 7 MAKECOLS DC CWAIT 
7 BEGIN APPROACHC DC CWAITEND ; 
8 : FUC STC SCT 0 FLOC~ CWAIT 0 MAKECOLS DC CWAIT 
9 BEGIN APPROACHC DC CWAIT END ; 

10 : FDB SCT BEGIN 0 APPROACHL DC CWAIT END 0 WVI FLOOD EX ; 
11 : FUW SCT BEGIN 7 APPROACHL DC CWAIT END 7 WVI FLOOD EI ; 
12 DECIMAL --> 
13 
14 
15 

+--------Block 236--------
01( FORCE FIELD DRAWER ) DECIMAL 
11TIMER2 C= FFTIMER 0 V= DDXC 
2 192 BAR RAY FIELDADR 0 V= DXC 0 V= XC 0 V= FFLAG 0 V= FFBIAS 
3 : INITFF DDXC ! 0 DXC ! 25600 xc ! 0 96 DO 
4 DXC @ DDXC @ + DUP DXC ! 
5 XC @ ~ DUP XC ! 256 / DUP I FIELDADR B! 191 I - FIELDADR B! 
6 -1 +LOOP 0 FFLAG ! ; 
7 HEX F= FFLOOP SUBRFIELDRAW <ASSEMBLE 
8 FFBIAS LHLD, C0 E MVI 1 H PUSH, 0 FIELDADR H LXI, 
9 LABEL FFLOOP M A MOVe A ANA, XTHL, 0< >, IF, A C MOV, 
10~3 ANI, 20 ORI, MAGIC OUT, C A MOV, XCHG, RRC, RRC, 3F ANI, 
111A L MOV, 0 H MYI, P DAD, FF M MUI, H INX, 0 M MUI. XCHG~ THEN, 
12150 D LXI, D DAD~ XTHL, H INX, FFLOOP D~NZI H POP; RET, 
13IASSEMBLE> 
141CODE DRAWFIELD EXX; Di, FIELDRAW CALL, El, EXX, NEXT 
151DECIMAL --) 

+--------Block 237--------
o ( MORE FORCE FIELD GOODIES ) 
1 DECIMAL 
2 : DRAWFF FFLAG @ 0 = !F FFTIMER @ 0 = IF 1 DI FFLAG 
3 DRAWFIELD EI THEN THEN ; 
4 : ERASEFF FFLAG @ !~ 0 DI FFLAG DRAWFIELD EI THEN J 
5 DECIMAL --) 
6 
7 
8 
9" 

10: 
1 1 i 
12! 
13~ 
14~ 

15! 



+--------Block 238-----~--
o ( RADIAL LINE GENERATOR ) 
1 0 C= LTMR 
2 1 C= LDXL 
3 2 C= LDXH 
4 3 C= LXL 
5 4 C= LXH 
6 5 C= LD'r'L 
7 6 C= LDYH 
8 7 C= LYL 
9 8 C= LYH 

1.0 9 C= LXRL 
11 10 C= LXRH 
12 11 C= L'r'R 
13 12 C= LRTMR 
1.4 13 C= LPXV 
15 --) 

+--------BlocK 239--------
o ( RADIAL EFFECT VARIABLES ) 
1 14C= LMSIZ 32 C= LACOUNT 
2 LMSIZ LACOUNT * C= LASIZ 
3 LASIZ BA= LARRAY 
4 0 V= LINIT ( INITIALIZE LINE ROUTINE) 
5 0 V= LQUAD ( QUADRANT COUNTER ) 0 V= LRADIAL ( ANGLE ) 
6 0 V= XB 0 V= YE ( BIASES ) 
7 0 V= XS 0 V= YS 0 V= XF 0 V= YF ( LINE ENDPOINTS ) 
8 0 V= SFEX 0 V= SFFX e V= SFBY 0 V= SFFY ( SCALE FACTORS ) 
9 0 V= XLP 0 V= XLM 0 V= YLP 0 V= YLM ( LIMIT FACTORS ) 

1.0 -- > 
11 
12 
13 
14 
15 

+--------BlocK 240--------
o ( NEAT SUBROUTINES ) 
1 SUBR SINE A E MOV~ 0 D MVI~ 0 Sin-table H LXI~ D DAD, 
2 M E MOV ~ .RET I • 

3 SUBR COSINE A E MOV~ 63 A MVI, E SUB, A E MOU, 0 D MVI, 
4 0 sin-table H LXI, D DAD, M E MOV, RET, 
5 ( UNSIGNED MULTiPLY ) 
6 F= MNOSW F= MMPL F= NOADD 
7 SUER UMPY <ASS~MELE ~ A MOV, A ANA, MNOSW ~R2; XC~G. 
8.LABEL MNOS4 L P ~~V, 0 H LXI. 
9~LABEL MMPL 2~r: ~:~DD ~~~~, D DAD, 

10!LABEL NQ~~J ~C~~, ~ ~p-. ~GHC, A ANA, MMPL ~RN~, ~=~~ 

2 1 ~ ASSEMEU:: ;, 
121SUBR COh~~ ~ ~ MOV, 



+--------Block 241--------
o (SUBR TO WRITE NEXT PIXEL IN A LINE) 
1 ~EX F= TMRZ F=RT2 
2 SUBRSTEPLINE <ASSEMBLE 
3 LTMR X A LDX, A ANA, TMRZ ~RZ, A DCR, A LTMR XSTX, 
4 LDXL X E LOX. LDX~ X D LOX. LXL X L LOX, LX~ X ~ lDX,' D DAD, 
5 L LXL X STX, ~ LXH X STX, XCHG, 
S LDYL X C LDX. ~JY~ X B LDX. LYl X L LDX, LYH X H lDX, B DAD, 
7 L LYL X STX, H LYH X STX, 
8 20 C MVI, rEI&b~ CALL, C A MOV, DI, MAGIC OUT, 0C0 M MYI, EI, 
9 RET, LABEL TMRZ LRTMR X A LDX, A ANA, RTZ JRZ, 

10 A LTMR X STX, 0 LRTMR X MVIX, 
11 LXRL X L lDX, LXRH X H LDX, L LXL X STX, ~ LXH X STX,. 
12 LYR X A LDX, A LYH X STX, ,'LYL X MVIX, RET, 
13 LABEL RTZ L!NI! LHLD, PCHL, 
14 ASSEMBLE> 
15 DECIMAL --) 

+--------Block 242--------
01( OTHER NEAT VERBS ) 
1t: LSTART LINIT !LASIZ 0 DO 0 I LARRAY B! LOOP J 
2 F= UPAL 
3 CODE UPDATEALL (ASSEMBLE X PUSHX, Y PUSHX, EXX, LACOUNT B LXI, 
4 0 LARRAY X LXIX, 
5 LABEL UPAl B PUSH, STEPLINE CALL, 
6 LMSIZ D LXI, D DADX, 
7 B POP, B DCX, C A MOY, B ORA,~UPAL JRNZ, 
8 EXX, Y POPX, X POPX, NEXT ASSEMBLE> 
9 --) 

10 
1 1 
12 
13 
14 
15 

+--------Block 243~-------
o ( GENERATE A LINE ) 
1 HEX F= DOY F= OKX 
2 SUBR GENLI~E <ASSEMBLE random CALL, L A MOV, 3 ANI, LQUAD STA, 
3 D A MOV, 3F ANI, LRADIAL STA , 
4 ( X START ) 
5 SINE CALL, SFBX LHLD, UMPY CALL, H A MOV, XS STA, 
6 ( X END ) 
7 LRADIAL LJ~: ?~~~ C~LL, SFFX LHLD, UMPY CALL, 

9! ( Y S7t-l:r.r: ~, 

10iLRADIAL LDA. COSI~E CALL: SFRY LHLD, ~MPY CALL~ 

111H A MOV 1 YS STP: 
121 ( Y END ) 
13~LRADIAL LDO. r~-1~: C~L~. SFFY LHLD, UMFY CALL. 
14 ! H A MOV, ,,~ S"/· 
15 ~ -- :> 



+--------Block 244--------
01t LINE GENERATOR - CLIP CHECK ) 
11LQUAD LDA~ Z ANI, 0=, IF, XLM LDA, ELSE, XLP LOA, THEN, 
21A C MOV, XF LDA, C CMP, DOY ~RC, ( ~UMP IF OK) 
31B PUSH, YS LDED, YF LDA, : SUB, A E MOV, 
41XF LDA, C SUB, A L MOV, 0 H MVI, H D MOV, UMPY CALL, 
5 XS LDED, XF LDA, E SUB, A E MOV, 0 D MVl, UNSDIV CALL, 
S YF LDA, E SUB, YF STA, B POP, C A MOV, XF STA, 
7 ( Y STUFF ) 
8 LABEL DOY LQUAD LDA, A INR, 3 ANI, 2 CPI, CY, IF,YLM LDA, 
9 ELSE, YLP LDA, THEN, A C MOV, YF LDA, C CMP, OKX ~RC, 

10 B PUSH, XS LDED, XF ·LDA, E SUB, A E MOV, 
11 VF LDA, C SUB, A L MOY, 0 H MVI, UMPY CALL, 
12 VS LDED, YF LDA, E SUB, A E MOY, 0 D MYI, UNSDIV CALL, 
13 XF LDA, E SUE, XF SrA, B POP, C A MOY, YF STA, 
14 -- > 
15 

+--------Block 245--------
0'( LINE GENERATOR - SET DELTAS) 
1 LABEL OKX XS LDED. XF ~DA, E SUB, A C MOY, VS LOED, YF LOA, 
2 E SUB, A B MOV, C CMP, CY, IF, ( X IS LARGER ) 
3 C LRTMR X STX, C LTMR X STX, 40 LDXL X MVIX) 0 LDXH X MVIX, 
4 B H MOY, 0 L MVI, C E MOV, L D MOY, UNSDIV CALL, 
5 E LDYL X STX, D LDYH X STX, 
6 ELSE, ( V IS LARGER ) , 
7 B LRTMR X STX, B LTMR X STX; 0 LDYL X MVIX, 
8 1 LDYH X MVIX, C A MOV, RRC, RRC, A H MOV, 0C0 ANI, A L MOV, 
9 H A MOV, 3f ANI, A hi MOV, B E MOV, 0 D MVI, UNSDIV CALL, 

10 E LDXL X STX, D LDXH X STX, 
1.1 THEN, 
12 -- > 
1"3 
14 
15 

+--------BloCK 24S~-------
o ( AD~UST DELTAS TO QUADRANT, AND BIAS TO EFFECT CENTER ) 
1 XS LDA, RRC, RRC,A D MtV, 0C0 ANI, A E MOV, D A MOV, 
2 3F ANI, A D NOV; XE LHLD, 
3 LQUAD LDA, 
4 2 ANI, 0<), IF. A ANA, D DSEC, XCHG, LDXL X L LDX, 
5 LDXH X H L~X, COMHL CALL, L LDXl X STX, H LDXH X STX, 
6 XCHG, ELSE:- D DAD! 
7!THEN~ L LXL X sy~, ~ LX~ X ST~, L LXRL X STX, H LXR~ X STX, 
8 iYS LDA, p~ D ~~0··'·- ,",- :: "" .. : ~.' .-;.~~; U-iLD p. 

9~LQUAD LD0~ ~ ~~r= ? 0~:= 2 CFi~ CY~, IF, A ~~~n D ~SBS, 
1 @ ! XCHG, r~:G'·'f~_ ;-; ~_ ... -'x = ·_~··1H i< :~: LDX.' COF-F"'1L CAL;;_.-
11 ~ l LDY~_ ~~~ 2~"7"~< t ~./ - .~""-~ "~ 5~T~~; XC~ .... "t:; 11 

!4IRET. ASSE~~~~~ .~C~S 

15 ~ DEC : M~C;;~, -- > 



+--------Block 247-~------
o ( SET CENTER OF LINE EFFECT ) 
1 : SETLXY 2DUP YB ; XB ! 
2 256 / DUP YLP ~ 192 SWAP - YLM ! 
'3 64 / DUP DUP 255 ) IF DROP 255 THEN XLP ! 
4 292 SWAP - DUP 2G5 > IF DROP 255 THEN XLM ! ; 
5 : SETSF SFFY ~ sn:'x ! SFEY ! SFBX ! ; 
6 DECIMAL --) 
7 
8 
9 

10 
11 
12 
13 
14 
15 

+--------Block 248--------
o ( CHECK FOR INTERCEPT WITH ANY OF THE ATTACKERS ) 
1 F= CNH 

'2 SUBR CKATRS <ASSEMBLE P!NTERFLAG LDA~ A ANAl CNH ~RNZ, 
3 1 C MVI, CHECKALL CALL, CNH ~RZ, 
4 PQSRH PQS Y RESX, PQSDW POS Y SETX, 
5 VYL Y L LDX, VYH Y H LDX, PINTERY SHLD, 
6 VXL Y L LDX, VXH Y H LDX, P!NTERX SHLD, 

s;s A 3!~~ ?~) ~F, ~ C MOV, X~LiVEB!TS CALL, M XRA? 
-~-0 M MOV, -~~Nf ~ 0 ~V~: PIN7ER~~AG STA; Q A~A~ 

101f2El', 

14J 
15~ 
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