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Errors: Illegal quantity - if the sprite number is <0 or >7 

Use: OFF is used to disable a previously enabled sprite. The value sp# is the sprite 
number (0-7). 

Routine entry point: $2BA9 

Routine operation: This routine is a very short one. It simply reads in the sprite 
number and resets the relevant bit in the enable register. 

PLACE 

Abbreviated entry: PL(shift)A 

Affected Basic abbreviations: None 

Token: Hex $D8 Decimal 216 

Purpose: To put a sprite at a certain position. 

Syntax: PLACE sp#,X,Y 

Errors: Illegal quantity - if any of the values is out of its range 

Use: PLACE is used to position a sprite on the screen. The sprite to be 
positioned is specified by sp#, and is a value between 0 and 7. The value X is the 
X coordinate of the sprite. This value lies in the range 0 to 511 and the value is 
the top left corner of the sprite. The value Y is the sprite Y coordinate and is in 
the range 0 to 255. 

The X and Y coordinates of the sprite are not at the same position as the 
plotting coordinates. The X value is 24 less than the plotting coordinate. The Y 
value runs from top to bottom (rather than bottom to top as in plotting) and the 
top line on the screen is equivalent to the value 51: 

X = X(plotting)+ 24 
Y = 251-Y (plotting) 

Routine entry point: $2BBA 

Routine operation: The X and Y values are read in and the Y value and low byte 
of the X value are stored directly into the VIC chip. If the high byte of the X 
value is not zero, the correct bit in register 16 is set. Otherwise the bit is reset. 

SPRITE 

Abbreviated entry: S(shift)P 

Affected Basic abbreviations: SPC( - SP(shift)C 
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Token: Hex $D6 Decimal 214 

Purpose: To enable a sprite for the graphics screen. 

Syntax: SPRITE sp#,bl#,XX,YX,pr,col,mu1(,coll,coI2] 

Errors: Illegal quantity - if any parameter is out of range 

Use: SPRITE will, in one command, set the expansions (in X and Y) and set 
priority to background, colour and multicolour. If in multicolour the two extra 
colours are allocated. The parameters are as follows: 

sp# - Sprite number (0-7) 
bl# - Sprite block pointer (33-63) 
XX - X expand (0 = off, I = on) 
YX - Y expand (0 = off, I = on) 
pr - Sprite to background priority (0 = behind, I = in front) 
col - Sprite main colour (0-15) 
mul - Multicolour (0 = off, I = on) 
coli - Sprite multicolour I (0-15) 
col2 - Sprite multicolour 2 (0-15) 

The block number 'bl#' is the pointer to the memory in which the sprite is 
stored. This value is determined from the start address, thus: 

bl# = (address-49152)/64 or 
address = 49152+bl#*64 

The value of the address lies between 51264 and 53184 in steps of 64. This value 
is the address in memory of the first byte of the sprite. 

SPRITE is illustrated in Program 5. 

1 REM *** SPRITE MAN *** 
2 REM DEMO OF PLACE 
5 GOSUB700 
10 A=51264 
213 GOSUB520 
39 A=51328 
49 GOSUB520 
41 A=51392 
42 GOSUB520 
43 A=51456 
44 GOSUB520 
45 GOSUB400 
50 FORI=320T070STEP-8 
60 SPRITEO,33,0,O,O.S,0 
79 PLACEO, 1+0. 100 
813 FORJ=aT0100:NEXT 
99 SPRITE9.35.9.0.9.S.0 
199 PLACE0,I+4,100 
119 FORJ=0T0100:NEXT 
129 SPRITEO.34.0.0.0.5.0 
130 PLACE0. 1+2. 100 
140 FORJ=OT0100:NEXT 
159 SPRITEO.35.0,0,0,S.O 
169 PLACE0, I. 190 
1713 FORJ=aT0100:NEXT 
240 NEXT 
259 FORI=58T080STEP4 
269 FORJ=50T020STEP-.5 
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270 PLACE3,47,J 
280 NEXT 
2913 FORJ=2eTOI 
3130 PLACE3,47,J:NEXT 
310 PLACEO,74,I+42 
320 NEXT 
330 GETA$: IFA$()I4-"THEN330 
398 NORM 
399 STOP 
4000FFO:OFFl:0FF2 
410 FORI=leeT01ge 
4213 DF:A~jO, 1,23, 1,7,1 
430 NEXT 
450 OFFO: OFF 1 : OFF2 
460 FORI=17eT047STEP-O.5 
470 PLACE3, L 50 
4813 NEXT 
485 FORI=lOOT012S 
487 DRAW24,I,32e, 1,12, 1 
489 NEXT 
4913 RETURN 
520 FORI=0T020 
5313 READ A$:P=G 
5413 FORJ=0T02:T=O 
550 FORK=0T07:P=P+l 
560 IFMID$(A$, p, 1>=II1i"THENT=T OR2t<7-K) 
570 NEXT 
5813 POKEA,T:A=A+l 
590 NEXT 
6130 NEXT 
610 RETURN 
700 FORI=51264T051264+64*4-
710 POKE!.O 
720 NEXT 
740 SPRITE0.33.1.1,1.5,0 
7513 PLACEO,50.50 
760 SPRITEl,34/1,1,l,6,0 
7713 PLACE 1 , 913. 50 
780 SPRITE2.35,1.1,1,7,e 
790 PLACE2,13e,50 
800 SPRITE3.36,1,1,1.9,0 
8113 PLACE3,170,50 
820 RETURN 
10013 DATA ••••••••••• **** ••••••••• 
1001 DATA ••••••••••• **** ••••••••• 
1002 DATA ••••••••• ******* •••••••• 
1003 DATA ••••••••••• **** ••••••••• 
1004 DAT~ •••••••••• **.*** •••••••• 
1005 DATA ••••••••• ******* •••••••• 
1006 DATA ••••••••••• ***** •••••••• 
1007 DATA •••••••••• ***** ••••••••• 
1008 IIATA •••••••••••• ** •••••••••• 
U)09 DATA ••••••••••. **** ••••••••• 
1010 DATA •••••••••• ***** ••••••••• 
11311 DATA •••••••.• *.**** ••••••••• 
1012 IIATA ••••••• ** •• **** ••••••••• 
1013 DATA ••••••••••• **** ••••••••• 
1014 DATA ••••••••••• **** ••••••••• 
1015 IIATA •••••••••• **** •••••••••• 
1016 DATA ••••••••• **. ** •••••••••• 
1017 DATA ••••••.• ** •• ** •••••••••• 
1018 DATA •••••• **** •• ** •••••••••• 
1019 DATA ••••••• ** •• ** •••••••••• 
11320 DATA ••••••••••• *** •••••••••• 
1999 REM 
2(10(1 DATA ••••••••••• **** ••••••••• -
2001 DATA ••••••••••• **** ••••••••• 
2002 DATA ••••••••• ******* •••••••• 
2003 DATA ••••••••••• **** ••••••••• 



2004 DATA •••••••••• **.*** •••••••• 
2005 DATA ••••••••• ***,.** •••••••• 
2006 DATA •••••••••••• **** •••••••• 
2007 DATA •••••••••• ***** ••••••••• 
2008 DATA ••••••.••••• **.oa ...... . 
2009 DATA ••••••• * ••• **** ••••••••• 
2010 DATA •••••••• *.**.** ••••••••• 
2011 DATA ••••••••• *.**** ••••••••• 
2012 DATA ••••••••••• **** ••••••••• 
2013 DATA ••••••••••• **** ••••••••• 
2014 DATA •••••••••••• *** ••••••••• 
2015 DATA •••••••••••• ** •••••••••• 
2016 DATA ••••••••••• *** •••••••••• 
2017 DATA •••••••••• ***** ••••••••• 
2018 DATA •••••••••• ** •• ** •••••••• 
2019 DATA •••••••••• ** ... " ...... . 
2020 DATA ••••••••• *** •• * ••••••••• 
2999 REM 
3000 DATA ••••••••••• **** ••••••••• 
3001 DATA ••••••••••• **** ••••••••• 
3002 DATA ••••••••• ******* •••••••• 
3003 DATA ••••••••••• **** ••••••••• 
3004 DATA •••••••••• **.*** •••••••• 
3005 DATA ••••••••• ******* •••••••• 
3006 DATA •••••••••••• **** •••••••• 
3(107 DATA •••••••••• ***** ••••••••• 
3008 DATA •••••••••••• ** •••••••••• 
30139 nATA ••••••••••• **** ••••••••• 
3010 DATA •••••••••• ***** ••••••••• 
3011 DATA ••••••• ***.**** ••••••••• 
3012 nATA ••••••••••• **** ........ . 
3013 DATA ••••••••• ,.**** ........ . 
3014 DATA ••••••••••• **** ••••••••• 
3015 DATA •••••••••••• ** ......... . 
3[116 DATA ••• a a a •• II ••• ** .. a •• a II •• II 

3017 DATA ••••••••• D.G .** ......... . 
3018 DATA •••••.••••••• ** •••••••••• 
3019 DATA •••••••••••• ** ......... . 
3020 DATA ••••••••••• *** •••••••••• 
3999 REM 
4000 DATA ••••••••••••••••• ** ..... 
4001 DATA ••••••••••••••••••• ** ••• 
4002 DATA •••••••••••••••••••• ** .. 
4003 DATA •••••••••••••••••••• ** .. 
4004 DATA •••••••••••••••••••• ** .. 
4005 DATA ••••••••••••••••••• *** •• 
40136 DATA •••••••••••••••••• **** •• 
4007 DATA******* •••••••••• ***** •• 
4008 DATA***********************. 
4009 DATA***********************. 
4010 DATA***********************. 
4011 DATA******* •••••••••• ***** •• 
4012 DATA ••••••••••••••••• ***** •• 
4013 DATA ••••••••••••••••• ***** •• 
4014 DATA •••••••••••••••••• *** ... 
4015 DATA •••••••••••••••••• *** ••• 
4016 DATA •••••••••••••••••• *** ••• 
4017 DATA •••••••••••••••••• *** ... 
4018 DATA •••••••••••••••• *******. 
4019 DATA •••••••••••••••• *******. 
4020 DATA •••••••••••••••• *******. 
4999 REM 
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Program 5. 
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Routine entry point: $2C0B 

Routine operation: The values are read in and stored in their relevant locations 
in the VIC chip (after being checked for range validity). 

LOC CODE LINE 

21M9 
21?A9 
2BA9 
2M9 20 9E B7 
21?AC BO E0 0F 
21?AF 49 FF 
2BI?1 20 CA 2C 
21?B4 80 CA 2C 
21?·B7 4C CB 2C 
2P.BA 
2 I?e.A 
2BBA 
2P.BA 
2Be.0 
2BC0 
2BC3 
28C4 
2P.C5 
2BCB 
2P.CP. 
2BCE 
2M1 
21m2 
2B05 
2BD7 
2BDA 
2BDC 
2e.DE 
28E1 
2P·E4 
2P.E6 
2BE9 
28EC 
2BED 
2BEF 
2e.F1 
2BF4 
2BF7 
2BFA 
2BFO 
28FE 
2BFE 
21?FE 
21?FE 
2C00 
2C02 
2C05 
2C07 
2C0A 
2C0B 
2C0B 
2C0P. 
2C0B 
2C0E 
2C11 
2C14 
2C17 
2C1A 

20 9E P.7 
BE 66 03 
20 FE 2B 
BA 
0A 
BO 67 03 
20 FD AE 
20 EB P.7 
AC 67 03 
8A 
99 01 00 
A5 14 
99 00 00 
A5 15 
00 0F 
AE 66 03 
BO E0 0F 
',9 FF 
20 10 00 
80 10 00 
60 
C9 01 
00 11 
AE 66 03 
1:'.0 E0 0F 
00 10 00 
BO 10 00 
60 

E0 08 
90 08 
20 52 0E 
A2 0E 
4C 37 A4 
60 

20 9E B7 
BE 66 03 
BD E0 0F 
0D CA 2C 
8D CA 2C 
20 F1 B7 

• LIP. SPRITE 
ROUTINE TO DISABLE SPRITE 

, 
OFF JSR $879E 

LOA TOP2X,X 
EOR It$FF 
AND ENABLE 
STA ENABLE 
JMP STENAB 

;GET " TO TURN OFF 
;FINO 2tX 

;OISABLE SPRITE 

ROUTINE TO PLACE SPRITE 
; 
PLACE JSR $B79E 

STX CHAR 
JSR CHt(N08 
TXA 
ASL A 
STA RVORN 
JSR CHI(COM 
JSR PARAMS 
LOY RVORN 
TXA 
STA VIC+1,Y 
LOA $14 
STA VIC,Y 
LOA $15 
BNE SETHI 
LOX CHAR 
LOA TOP2X,X 
EOR "$FF 
AND VIC+16 
STA VIC+16 
RTS 

SETHI CMP "$01 
BNE OISPER 
LOX CHAR 
LOA TOP2X,X 
ORA VIC+16 
STA VIC+16 
RTS 

;GET " TO PLACE 
;STORE IT 
; CHECI' IN RANGE 

;MULTIPLY I!.y 2 
;STORE IT 
;SCAN PAST ',' 
;GET SPRITE POSITION 
;GET OFFSET FOR PLACE 
;GET Y POS 
;SET IT 
;GET X POS 
·SET IT 
;GET x POS HIGH 
;NOT ZERO, SET HIGH BIT 

;ZERO HIGH BIT 

;IS HIGH BIT 17 
;NO, ERROR 

;SET HIGH BIT TO 1 

ROUTINE TO CHECK X VALUE 
, 
CHKNOB CF'X "$08 

BCC OONECC 
OISF'ER JSR NORM 

LOX "$0E 
JMF' $A437 

OONECC RTS 
; 

; IS SPRITEIt <B? 
;YES, D.t:. 

;SET TEXT SCREEN 

;'ILLEGAL QUANTITY' 

; ROUTINE TO ENABLE SPRITE 
; 
SPRITE JSR $B79E 

STX CI:IAR 
LOA TOP2X,X 
ORA ENAP.LE 
STA ENAI?LE 
JSR PARAM 

;GET SPRITE" 
;STORE IT 
;GET 2tX 
; TURN SF'R ITE ON 

;GET BLOCK" 
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LOC COOE LINE 

2CIO 8A TXA ;TRANSFER TO .A 
2CIE AE 66 0'3 LOX CHAR 
2C21 90 F8 C3 STA $C3F8,X ;SET POINTER TO BLOCK 
2C24 20 Fl B7 JSR PARAM ;GET X EXPANSION 
2C27 E0 01 CPX 11$01 
2C29 00 0E l'.NE XXOFF 
2C2l'. AE 66 03 LOX CHAR 
2C2E l'·0 E0 0F LOA TOP2X,X 
2C31 00 1D D0 ORA VIC+29 ;SET x EXPAND ON 
2C34 80 10 D0 STA VIC+29 
2C37 00 0E BNE YEXP 
2C39 AE 66 03 XXOFF LOX CHAR 
2C3C BO E0 0F LDA TOP2X,X 
2C3F 49 FF EOR II$FF 
2C41 2D 10 00 AND VIC+29 ;SET X EXPAND OFF 
2C44 80 10 00 STA VIC+29 
2C47 20 F1 B7 YEXP JSR PARAM ;GET Y EXF'ANSION 
2C4A £0 01 CPX 11$01 
2C4C 00 0E BNE YXOFF 
2C4E AE 66 03 LOX CHAR 
2C51 l'.0 E0 0F LOA TOP2X,X 
2C54 00 17 00 ORA VIC+23 SET Y EXPAND ON 
2C57 8D 17 00 STA VIC+23 
2C5A 00 0E l'.NE PRIOR 
2C5C AE 66 03 YXOFF LOX CHAR 
2C5F l'.0 E0 0F LOA TOP2X,X 
2C62 49 FF EOR II$FF 
2C64 2~ 17 00 AND VIC+23 ;SET Y EXPAND OFF 
2C67 80 17 00 STA VIC+23 
2C6A 20 F1 B7 PRIOR JSR PAR AM ;GET PRIORITY 
2C60 E0 00 CF'X 11$00 
2C6F 00 0E BNE F'ROFF 
2C71 AE 66 03 LDX CHAR 
2C74 SO E0 0F LOA TOF'2X,X 
2C77 00 11? 00 ORA VIC+27 ; SPRITE F!.EHINO 
2C7A 80 1B 00 STA VIC+27 ; BACKGROUND 
2C70 D0 0E F!.NE COLOUR 
2C7F AE 66 03 F'ROFF LOX CHAR 
2C82 l'.0 E0 0F LOA TOf'2X,X 
2C85 49 FF EOR II$FF 
2C87 20 1B 00 AND VIC+27 ; SPRI TE IN H~ONT 
2C8A 80 1l'. 00 STA VIC+27 ; OF BACKGROUND 
2C80 20 F1 l'.7 COLOUr, JSR PAR AM ;GET SPRITE COLOUR 
2C90 8A TXA 
2C91 AE 66 03 LDX CHAR 
2C94 90 27 00 STA VIC+39,X ;STORE THE COLOUR 
2C97 20 F1 B7 JSR F'ARAM ;GET MULTICOLOUR 
2C9A E0 00 CPX 11$00 
2e9C D0 11 BNE MCON 
2C9E AE 66 03 LOX CHAR 
2CA1 I?D E0 0F LOA TOF'2X,X 
2CA4 49 FF EOR II$FF 
2CA6 2D IC D0 AND VIC+28 ;TURN OFF MULTICOLOUR 
2CA9 8D IC 00 STA VIC+28 , FOR THAT SPRITE 
2CAC .I,C CB 2C JMP STEIIIAS ;SPRITE COMMAND COMPLETE 
2CAF AE 66 03 MCON LOX CHAR 
2CF!·2 BD E0 0F LDA TOP2X,X 
2ce.5 00 1C 00 ORA VIC+28 ;TURN ON MULTICOLOUR 
2CB8 80 1C 00 STA VIC+28 ; FOR THAT SF'RITE 
2CBB 20 F1 B7 JSR PARAM ;GET MULTICOLOURII1 
2CBE 8E 25 00' STX VIC+37 ;STORE IT 
2CCl 20 Fl B7 JSR PARAM ;GET MULTICOLOURII2 
2CC4 BE 26 D0 STX VIC+38 ;STORE IT 
2CC7 4C CB 2C JMP STENAB ;COMPLETE SPRITE 
2CCA 00 ENAI?LE .IHT 0 
2CCB A9 20 STENAB LOA .11$20 ;ARE WE IN 
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LOC CODE LINE 

2CCD 2C 11 00 BIT VIC+17 ;TEXT MODE? 
2CD0 00 01 BNE STENA1 ;NO. ENABLE SPRITES 
2CD2 60 RTS 
2CD3 AD CA 2C STENA1 LDA ENAl'.LE ;SET SPRITE ENABLE 
2CD6 80 15 00 STA VIC+21 
2CD9 60 RTS 
2CDA .END 

GLOAD and GSAVE 

Abbreviated entry: GLOAD: G(shift)L 
GSA VE: G(shift)S 

Affected Basic abbreviations: None 

Token: GLOAD: Hex $E2 Decimal 226 
GSAVE: Hex $EI Decimal 225 

Purpose: To load or save the graphics screen. 

Syntax: GLOAD fiJename[,dev] 
GSAVE filename[,dev] 

Errors: The error messages produced are as in the normal LOAD and SAVE 
commands. 

Use: GLOAD is used to load a previously GSAVEd screen. GSAVE saves offa 
graphics screen to disk or tape along with the colour, sprite definitions and 
settings. 

Routine entry point: G LOAD: $2D59 
GSA VE: $2CDA 

Routine operation: GLOAD reads in the filename and device number, and 
loads the file from the device. After loading, the graphics screen is copied from 
the temporary location into the display area. The colour screen is treated 
likewise as are the VIC chip register settings. The other information saved (the 
graphics mode, sprite enable register, screen and border colours) are stored to 
their relevant locations. 

GSA VE first gets the filename and device number and then copies the 
graphics screen from behind the kernal ROM (un savable RAM) to the RAM 
behind the Basic ROM. The colour memory is then copied over to the memory 
starting at location $C400 and the VIC chip is copied to memory starting at 
$C800. The mode flag, sprite enable flag, screen colour and border colour are 
stored directly after the colour memory and then the whole memory from $A000 
to $D000 is saved. 
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LOC CODE LINE 

2CDA .LIB LOAD/SAVE 
2CDA 20 0 /, E1 GSAVE JSFt $E1D4 ;GET FILE PARAMETERS 
2CDD A0 00 LOY 11$00 
2COF B9 00 08 COPCOL LOA $0800,Y ;COPY THE SCREEN 
2CE2 99 0~ C4 STA $C400,Y ; COLOUR MEMORY INTO 
2CE5 B9 00 D9 LOA $D900,Y ; SAVABLE RAM 
2CE8 99 00 C5 STA $C500,Y 
2CE!?, B9 00 DA' LOA $DA00,Y 
2CEE 99 00 C6 STA $C600,Y 
2CF1 B9 00 DB LDA $OB00,Y 
2CF4 99 00 C7 STA $C700,Y 
2CF7 88 OEY 
2CF8 00 E5 BNE COP COL ;UNTIL DONE 
2CFA AO CA 2C LDA ENABLE ;GET SPRITE ENABLE FLAG 
2CFO 80 FE C7 STA $C7FE ;STORE IT FOR SAVE 
2D00 A5 02 LDA MOOE ;GET MOOE FLAG 
2002 80 FF C7 STA $C7FF ;STORE IT FOR SAVE 
2005 AD 82 0E LOA SCTMF'l ;GET SCREEN COLOUr, 
2008 80 FO C7 STA $C7FO ;STORE IT FOJ~ SAVE 
2D0B AD 83 0E LDA BDTMP1 ; GET BORDEI( COLOUI( 
200E 80 FC C7 STA $C7FC ;STORE IT For, SAVE 
2D11 A0 2F LOY 1147 
2013 B9 00 00 VICLOP LOA $D000,Y ;COPY THE VIC CHIP 
2D16 99 00 C8 STA $C800,Y ; REGISTERS FOI( SAVE 
2019 88 DEY 
2D1A 10 F7 BF'L VICLOP ; UNTIL DONE 
201C A9 E0 LOA II$E0 ;SET POINTERS TO COPY 
201E 85 FC STA $FC ; HIRES SCREEN TO 
2020 A9 00 LOA 11$00 ; SAVABLE RAM 
2022 85 FE.'. STA $FB 
2024 85 FO STA $FO 
2026 A9 A0 LDA II$A0 
2028 85 FE STA $FE 
202A 20 20 11 JSr, I(EROUT ; SWITCH OUT I(ERNAL 
2020 A0 00 LOY 11$00 
2D2F Bl FB COPSC LOA ($FB),Y ;GET BYTE 
2031 91 FO STA ($FO),Y ;STORE BYTE 
2033 C8 INY 
2034 00 F9 BNE COPSC ;UNTIL PAGE OONE 
2036 E6 FE INC $FE 
2038 E6 FC INC $FC 
203A 00 F3 BNE COPSC ;UNTIL al: OONE 
203C 20 34 11 JSR KERIN ; I(ERNAL BACI( IN 
203F A9 A0 LOA II$A0 ;SET SAVE POINTERS 
20'.1 85 FC STA $FC 
2043 A5 01 LDA $01 ;REMOVE BASIC ROM 
2D'_5 29 FE ANO II$FE 
2047 85 01 STA $01 
2049 A9 FB LDA II$FB 
204E.'. A2 00 LOX 11$00 
2040 A0 00 LOY 11$00 
204F 20 08 FF JSR $FFD8 ; SAVE FILE 
2052 A5 01 LOA $01 ;F'UT BASIC J\oM BACI( 
2054 09 01 ORA 11$01 
2056 85 01 STA $01 
2058 60 RTS 
2059 , 
2059 20 D4 E1 GLOAO JSR $E1D4 ;GET FILE PARAMETERS 
205C A9 00 LOA 11$00 ;SET FOR ALT LOAD 
205E 85 B9 STA $B9 
2060 AA TAX ; SET ALT LOAD AT 
2061 A0 A0 LDY ij$A0 $A000 
2063 20 05 FF JSR $FF05 LOAD FILE 
2066 B0 71 £?CS LOADER ERROR 
2068 AD FF C7 LOA $C7FF GET MODE FLAG STORE 
206B 85 02 STA MODE SET MODE 



116 Advanced Commodore 64 Graphics and Sound 
LOC COOE LINE 

2060 AO FE C7 LOA $C7FE ;GET SPRITE ENABLE 
2070 BO CA 2C STA ENABLE ;SET ENABLE 
2073 AO FO C7 LOA $C7FO ;GET SCREEN COLOUR 
2076 BO 82 0E STA SCTMF'l ;SET COLOUR 
2079 130 21 00 STA $0021 
207C AO FC 0 LOA $C7FC ; GET e·OROER COLOUR 
207F 80 83 0E STA BOTMPl ,SET BOROER 
2082 80 20 00 STA $0020 
2085 A0 00 LOY 11$00 
2087 B9 00 C4 COLLOP LOA $C400,Y ;LOOP TO COPY 
208A 99 00 08 STA $0800,Y COLOUR RAM STORE 
2080 B9 00 C5 LOA $C500,Y ; BACK INTO THE COLOUR 
2090 99 00 09 STA $0900,Y ; RAM 
2093 B9 00 C6 LOA $C600,Y 
2096 99 00 OA STA $OA00,Y 
2099 B9 00 C7 LOA $C700,Y 
209C 99 00 OB STA $OB00,Y 
209F 88 OEY 
20A0 00 E5 BNE COLLOP 
20A2 A0 2F LOY "47 
20M B9 00 C8 MOVVIC LOA $C800,Y ;COPY VIC CHIP 
20A7 99 00 00 STA $0000,Y ; REGISTER STORE 
20AA B8 OEY ;INTO THE VIC CHIP 
20AB 10 F7 BPL MOVVIC 
20AO A9 00 LOA 11$00 ;SET POINTERS TO 
20AF 85 FB STA $FB COPY THE SCREEN 
20Bl 135 FO STA $FO ; FROM STORE INTO 
2083 A9 E0 LOA II$E0 ; CORRECT MEMORY 
20B5 85 FC STA $FC 
2087 A9 A0 LOA II$A0 
20B9 85 FE STA SFE 
20B8 A5 01 LOA $01 ;REMOVE BASIC ROM 
20BO 2'9 FE AND II$FE 
2D8F 85 01 STA S01 
20Cl A0 00 LOY 11$00 
20C3 Bl FO SCCOP LOA ($FD),Y ;GET BYTE 
20C5 91 FB STA ($FS), Y ;STORE BYTE 
20C7 C8 INY 
20CB 00 F9 8NE SCCOP ;UNTIL ENO OF PAGE 
2DCA E6 FE INC $FE 
20CC E6 FC INC $FC 
20CE 00 F3 BNE SCCOP ; UNTIL 8f( DONE 
2000 A5 01 LOA $01 ;PUT BASIC ROM BACK 
2002 09 01 ORA 11$01 
2004 85 01 STA $01 
2006 4C 4C 00 JMP R0000B ;CAUSE ' GRAPH' COMMANO 
2009 48 LOADER PHA ;STORE ERROR 
2DOA 20 52 0E JSR NORM GO TO TEXT 
2000 6B F'LA RESTORE ERROR 
200E 4C F9 E~ JMP $E0F9 OUTPUT ERROR 
20El .END 
20E1 0O .BYT 0 
20E2 O0 BSSTRT .SYT 0,0 
20E3 O0 
20E4 O0 VRSTRT .I?YT ° 2DE5 .END 

Symbol table 

SYMBOL VALUE 
A0 035E Al 0360 AA2R 24A0 AAERR 247C 
AALOOP 24BO AALOP 2403 AAMRC 24E4 AASOK 2481 
ABFA 2333 A8NC 233E AI?SC 22FF A8SLOF' 2300 
AOBADS 22FA ADO 10Fe. ADDS lElB ADOSCO 1E12 
ADDSF lE35 AODSUB 22CA ADV2NC 2374 AMULT 2433 
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SYMBOL VALUE 

ARITH 0B06 ARITH1 0E~.EB ARITH2 0BF2 ARITH3 0BE5 
ASARAF: 212C ASlOOP 2105 ASlOP 2107 ASNC 2113 
ASNC9 2120 ASR1R 2135 ASR2R 2141 ASREXT 2240 
ASRIR 21BB Asr<ITR 2205 ASRlOF' 2105 ASRlF'l 2109 
ASRNC1 2225 ASRNC2 21E4 ASRSOK 2151 ASRSUB 214C 
ASRTM 2215 AsraMI 2219 ASRTM3 2232 ASSGN 20BF 
ASSIC 20C9 ASSRI 20E6 ASSTlO 2197 ASS TN 1 21Al 
ASSTN2 '21A7 ASSTN3 21AF ATINTl 250E E?DTMP 0E81 
BOTMPI 0E83 BEGIN 1679 BEXPOK IFB9 BITIS1 1658 
BITIS2 165F BITOI( 0F0E BI(FlG 0C24 BORDER 0EB2 
BOX 1140 BRCOl 0373 BROK 1818 BROK1 1829 
E?·RUSH0 102B BRUSHl 1042 BRUSH2 106E BRUSH3 1092 
E'.SSTRT 2DE2 CAOOR 0900 CAlCOl 11E9 CALCXY lAF9 
CHAR 0366 CHAR01 15BA CHAREX 15F5 CHAROI( 13A8 
CHECI(X 11B;) CHECKY liE-A CHI(COM AEFD CHI(NOB 2BFE 
CHIWP IFB3 CHOf{ IEEC CHOta IF0A CHOt(2 1F56 
CHDI(2A IF63 CHOK3 1FEB CHRGET 0073 CHRGOT 0079 
CIR01 lD0C CIR03 108C CIRANG lE4F CIRBMP 1092 
CIRCLE lCA1 CIRlO2 1012 CIRlOO lCFC CIROK1 lCE0 
CIRTNC 109A CLIST 094E'. ClRCOl 0E3A ClRMEM 009C 
ClRSCN 0E27 CNTR1 036A COL 00FD COLD 08B5 
COllOP 2087 COlM 2574 COLOUR 2CBD COlTMP 037C 
CONTSH 271C CONV 1453 COPCOl 2COF COPSC 202F 
COSR 25A2 COST lC38 COSVAL lE?CA CRNC01 0A97 
cr~NC02 0M3 CRNC03 0AB9 CRNC04 0ACl CRNC05 0AC4 
CRNC06 0AC7 CRNC07 0AC9 CRNC08 0ACB CRNC09 0AE0 
CRNC10 0AE2 CRNCII 0AE9 CRNC12 0AF2 CRNC13 0AF9 
CRNC15 0B03 CRNC16 0B0E CRNC17 0EH0 CRNC18 0E?·21 
CRNC19. 0B34 CRNC20 01:'.36 CRNC21 0B46 CRNC22 0e.4A 
CRNCHT 0A91 CT 0356 01 0358 OEREl 1447 
OFIll 1826 OISAB 0A2C OIsPER 2C02 OIsRAS 0A6E 
OIV8 0F40 DIVIDE 2ABE OIVlST 2B10 OIVN0 2A05 
OIVNC 280A OIVRl 2t,E3 OIVSUl 2AEC OMl 184B 
OM4 1848 OMAIN 182C OOMAT 2012 OOMATA 20A1 
OOMULT 2330 DONE 0070 OONECC 2C0A OORAST 0C52 
OOSUB 2326 DOT 0ECE EDVNA1 1F17 EOVNA2 IF70 
EOVNA3 1FFA EFLAG 28F9 ENAB 0A40 ENAB1 0A67 
ENABLE 2CCA ENOCOL 251E ENOROW 2554 ENTMP 0A2A 
EOl 0B0B EVlEXP A08A FITOVI 2407 FACM 1EC6 
FACONT 225A FACT 1ECE'. FAEl 2296 FAEX 22B6 
FA GETS 2288 FAlOOP 2249 FANAR 226B FANC 2285 
FANOAR 2885 FANOOl( 229B FICONT 289E FIEI 280A 
FIGETS 28CC FILOOP 2880 FILRT 17C8 FILRTl 17Fl 
FIlRT2 17F9 FILRT4 17F8 FIN 1452 FINAR 28AF 
FINC 28C9 FINOAR 2241 FINOOK 280F FIXALL lA71 
FIXIT lAOB FIXXI lAC2 FIXX2 lA00 FIXYl lAC9 
FIXY2 lA07 FNAOOR 0C03 F"OE'1 1F31 FSTUP 18F2 
FSTUPI laFO FSTUP2 1904 GADS 243A GAR3 206B 
GCE'. 2B42 GCBl 2S58 GETEL 2860 GETV3 lFA8 
GFPARI 192C GFPARS 190A GlOAO 2059 GlOOP 1966 
GlPARS 1361 GRAPH 005D GSAVE 2COA GSBCL1 0EC9 
GSBCOL 0EBC GXTRA 195C GXTRAI 1959 GXTRA3 1988 
GXY 10E3 GXYZ 2960 HAND01 0SCl HAN002 0SC7 
HANDLE 0SB4 HIRES 10AB IAC1 2900 IAC2 2902 
IACR 2905 ILlQ 29AB INITUP IBM INITX IBCF 
INITY lC38 IOEXIT 0A19 IRQ1 0C3E IRQ EXT 0C46 
IRQINT 0C25 IRQVEC 0C4C ISNALF B113 f(ERIN 1134 
f(EROUT 1120 L360 1238 L380 126F L420 12B3 
L460 130F L470 1348 L.745 0CCS l809 0CE0 
l810 0CD0 L812 0CE8 L.813 0CEA lG 034C 
LINt( 0813 llV2 2575 LNE IF0D LNE2 IF66 
lNE3 IFEE LOAD 0A06 l.OADER 2009 lOOP 0D9F 
LOOF'0 13AE LOOF'01 13Cl lOOF'02 13F0 lOOPI 0E2A 
lOOP2 0E30 lOOF'OI 1599 lSW 0375 M 1690 
M1 16B0 M2 16B6 M3 1608 M4 1600 
~15 16FF M6 1704 M7 172C MA 2570 
MAIN 1390 MAT lEE1 MB 2582 MC 2587 
MCON 2CAF MD 258C MERR 2430 MERSGN 295B 
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SYMBOL VALUE 
MMULT lE7B MMULTl lE8B MMULT2 lE93 MMULT3 lE94 
MMULT4 lEAE MODE 0002 MDVVIC 2DA4 MUL320 0F7C 
MUL40 0FAE MULa 0F63 MULT 2A6a MULTCN 2A80 
MULTEX 2A8C MULTI 0010 MUL TIl 1012 MULTLO 2A34 
MULTNA 2MF Nl lE75 N2 lE77 NASSIG IF90 
NEM 2550 NELEM 2591 NELEP 2605 NELNC 2811 
NOPLOT 12CE NORM 0E52 NORM1 0E57 NORMAL 130F 
NRHOR 1190 NROW 2572 NSARR0 246C NSTR 2507 
NSTRl 1F20 NSTR2 IF79 NSTR3 2003 NTEXP2 IF4E 
NTEXP3 IF07 NTINTl IF2A NTINT3 200F NUMOK IFC3 
NXTLNE 1431 NXTPNT 1415 OFF 2BA9 OFFT 00D7 
OPJMP 20B5 OPJTAB 20B7 OPTYPE lE06 ORDER 234A 
ORIGIN 0E84 F'ARAM B7Fl F'ARAMS B7EB PBR 00FC 
PBRTMP 037B POABOR 21M8 F1>RAW 2B5F F'I0180 IBC0 
F'LACE 2BM PLOT 1002 PLOTl 1008 F'LOTPT 1940 
PNTTK 00E6 POINT 036B POINTC 15F6 F'OINTf: 1624 
F'OINTR 0061 POINTT 1619 F'OLERR 1996 POLYGN 198C 
POLYLP 1M3 POLYMN 19FA POLYXl IB04 POLYX2 IB09 
POLYXC 1BBD F'OLYVl lC3D F'OLYY2 lC42 POLYYC IBBB 
POSl 11AE POS2 llDD POWER 08El F'PABOR 2e.41 
PPLOT 2BIA PRIN01 0B5D PRIN02 0B60 PRIN03 0B77 
PRIN0'. 0e.7F PRIN05 0B82 PRIN06 0B8A PRIN07 0B95 
f'RIN08 0B71 PRIN09 0E'.96 F'RIN10 0E'.9E PR1Nll 0Ml 
PRIN12 0e.A9 F'RIN13 0E'.74 PRINT 0B5B PRIOR 2C6A 
f'ROFF 2C7F PTBR 0372 PULL 1743 PULLl 1752 
PUSEXT 17C7 PUSH 17A6 PUSHL 1796 PUSHLC 179C 
PUSHU 1783 PUSHUC 1789 PVIEW 290F R00001 0CFE 
R00002 0FE8 R00004 113D R00005 1553 R00007 1673 
R00008 0D4C R00011 0D15 R000DN 0C8B R000GR 0C88 
R0000N 0C83 R217DN 0C6C R217GR 0C66 R2170N 0C61 
RADIUS IBBF RAS000 0C7C RAS217 0C5A RASFLG 0CEE 
F:ESULT 1E79 ROW 2573 RTN 1360 RVORoN 0367 
50 035A 51 035C SAERR 1E6D SAVE 0All 
SCCOF' 20C3 SCREEN 0EA8 SCTMP 0EB0 SCTMP1 0E82 
SEND 166B SEND0 1666 SEND1 166E SEf'EXN 2958 
SEPN 294C SEF'SGN 2946 SETE'·AS 093F SETHI 2BEO 
SETf:ER 0876 SETMUL 0D78 SETOFF IB6D SETUP 172F 
SGNTX 290B SGNTY 290E SH 034E SHAPE 25A7 
SHCHK 25B2 SHCHKl 25Cl SHCMm: 273E SHORAW 2821 
SHEVNA 25CE SHFILL 2845 SHLNE 25C4 SHLOOF' 2713 
SHPLOT 2827 SHV 2817 SHVT 2819 SIAC 2904 
SIDEOI: 199C SIDES 11'.M SINR 2590 SINT IBCF 
SINVAL le.C5 SIZEOK 263B SPRITE 2C0B STANOD 162F 
STBASl 0941 STENAl 2CD3 STENAB 2CCB STf(ERl 0880 
SUB lDF9 SX 2593 SY 2598 SYNTE IFD4 
Tl 0057 T2 0059 T3 005[>, T4 0050 
T5 005E T6 005F TEl lEOD T£2 lEOF 
TEST01 185F TESTe2 1862 TESTF·,. 185A TOP2X 0FE0 
TRPTl 2389 TRPT2 237F TRPT3 2375 TS 0350 
TSTCR1 0CFD TSTCUR 0CEF TSTXM 18CE TSTXMl 18E0 
TSTXP IBM TSTXPl 18BC TSTYM 188C TSTYMl 189E 
TSTYM2 18A7 TSTYP 1870 TSTYPl 1882 TSTYF'2 l8SB 
TT 0352 TX 2909 TXTFLG 0E51 TXTTMP 0A2B 
TY 290C TYMISE 1FlB UO 0354 UNPLOT 1003 
USW 0376 VIE'.PT 2415 V1INT 2'.21 V1REAL 2027 
V2E'.F'T 23[>,2 V2COLP 2577 V2INT 23BE V2RA 23M 
V2TOT2 2394 V3e.F'T 23EA 1)3INT 23F6 V3TOF1 230C 
VANAME 2579 VECTor, 081F VIC 0000 VICLOF' 2013 
VNAME1 lEBO VNAME2 1EC0 VNAME3 lEC3 VPTR1 00FE'. 
VF'TR2 00FO VF'Tr,3 009E VRSTRT 2DE4 VSIZE 257B 
VSIZEl lE00 tJSIZE2 1£02 VSIZE3 lE04 VSTT1 lE07 
VSTT2 1E09 VSTT3 1£oB VTYPE1 lEE?F VTYPE2 1EC2 
VTYPE3 lEC5 VX 28FA VY 28FC VZ 28FE 
WINDl 0C13 WIND2 0C19 WINDOW 0C05 WINFLG 0C22 
WINTMF' 0A29 WNTFLG 0C23 WRST 0843 WRST01 0850 
WRST02 0871 WRSTl 0852 WRST2 0855 Xl 033C 
Xll 036C X2 0340 X22 036F X2RAO lA5e 
X2TOX1 lAE1 X2X1LF' 1AE3 XO 0344 XE 0348 
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SYMBOL VALUE 
XER 0EDE XMAX 0140 Xm( 
XTEMP 0368 XTL 0362 XTL HIP 
Y1 033E Yll 036E Y2 
Y2TOYI IAED Y2Y1Lf' lAEF YD 
YEXP 2C47 YMAX 00C8 YND7Of( 
YTL 0364 YTLTMP 0379 YXOFF 
ZPVZNN 29B0 

o F:H! 
1 REt·! DEMONSTRATION OF THE EXTENDED 
2 F:EM GRAPH I CS PACKAGE. 
::: REt1 
10 HIRES1, 12:WINDOI~ DFF:PRINT":J" 
20 CHAR32,19L 0,1.1," -.... --.f 1-+1 h-. " 
3(1 CHAR48, 191, 7,2,O, " .... ~ 1-+1 h ...... 
40 CHAR32, 199,0,1,1," 
50 CHAR32,183,0,1,1," 
60 CHAR144,175,2. 1,0, "BY" 
9(1 CHARS .. 29,6, -1, 0, "+IFRA .OFTWARE LTD." 
110 DRAI~9fl, 139,22511 39,7,1 
120 IIRAI·J229, 139.229 .. 119,7.1 
F:rf DF;AW229, 119, 130 .. 79.· 7.1 
14fl DRAW130.79,229.79.7,1 
150 DF:AI·J229, 79, 229. 59. 7, 1 
160 DF.:AI·J229 .. 59, 90, 59.·7.1 
17£1 DF.:AI·J90, 59,9(1 .• 79, 7, 1 
180 DRAW90,79.189,119,7,1 
190 DRAWI89,119,90.119,7,l 
200 DRAI·J90. 119 .. 90 .. 139,7',1 
210 DFILL[227,60,92, 138],14,3,1 
220 GOSU:E: 100(1 
225 SCREEtl=O: BORDER=0 
2:30 HIRES1 .. 12 
240 FOF:I=tlT062: POKE51264+1 ,255: NE;"<T 
250 FORI=OT07:SPRITEI,33,I,l,IAND1,I,O 
26101 PLACE I , 0, (1 : NE~~T 
261 CHAF:32, 179,6. L 1. ".IFRA -{)tHROLLED" 
262 CHAR32 .. 179, 7, 3, 0, ". I FRA -(ltHROLLED" 
263 CHAR104, 169,6, L L "."""'/-." 
264 CHAR104,169,7,3,13,"."" ... /-l;" 
270 FORI=0T036 
280 FORJ=OT07 
290 PLACEJ, I *J +30, 16fl-J*2: NEXT: NEXT 
::3013 DRAI~0,39 .. 319, 39, 0,1 
301 DRAW319,39,319,107,O,l 
302 Dr;:AJ.J319, 107,0,107,13,1 
303 DRAI~0, 1137,0,39,0,1 

0EE0 
0377 
0342 
0346 
0F3A 
2C5C 

305 CHAR24,149,6/LI,"tHD -.LL _OUTWES" 
306 CHAR24.·149, 7,3,0, "+t~D -.LL -DUTlNES" 
310 FILLI60,73,13,3,1 

XORIG 0E4D 
XXOFF 2C39 
Y22 0371 
YE 034A 
YORIG 0E4F 
ZPVZ 2907 

119 

315 DFILL[2B,73,60,73,I00,731 140,73, lS0,73,220,73,260,73,3 eO,73J,3,O,O 
320 FORI=OT07:FORJ=160-I*2TOOSTEP-3 
330 PLACEr. H36+30,J:tiEXl;:OFFI : NEXT 
335 ~.JINDOI·J ON: PRIHT"IOO plus A 4 LINE TEXT WINDOW TO PRHlT TO"; 
343 GOSUB 10(10 
845 ~HNDOI~ OFF 
:::60 HIRES 0,1 
370 CHAR 0,198,0,1.0," IJU CAN PLOT A TL IIr/ OF / SHIES (3-20)" 
380 FORS=3T0213 
390 CHAR 150 .• 93,6.1,13, STR:t(S) 
400 POL'T'GON S, 160,89,89,2,1, ° 
41[1 FORI=0T0250:NEXT 
420 POLYGON S,I60,89,89,2,(I,(l 
425 CHAR 150 .• 93,6,O,O,STR:t(S) 
43~J NEXT 
440 GOSUB1040 
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450 DEF FI'II] 0: II ) =2000/SQR (XlI!X+ <1013-Z) 1'2+ 70) -11313 
460 HIRES':;:I,.12 
470 PORIGIN160.100.100 
48(1 CHARO. 199. L 1. 13 " "3 -r MENS rONAL COMMANDS ALLOl~ EASY PLOTT - " 
490 CHAR!),. 191. I. I. O. "ING CO~lI'lAI-lDS USlt~G 01'. I. AIm • ORDINATES" 
500 U<=-160 
510 FORZ=OT0200STEPlO 
52£1 :'<=-160: L'T'=FI·lQ(O) : LX=-160 
530 FOR>(=-160TO 160:3TEP5 
540 'T'=FNGI(O) 
550 PIIRAI·J LiC. L'r'. 2. ){. 'r'. 2. 0.1 
560 LX=::'~: L'T':'T' 
570 IIE:<T ){. Z 
5:::0 LZ=O 
590 FOR)<=-160TO 160STEP 113 
6002=0:LY=FNQ(e):LZ=0 
610 FORZ=OT0200STEP5 
620 'r'=FI1C'!(I) 
630 PIIRAl,j )LL'r'.LZ"X"T'.2.0.1 
640 L'T'='r': LZ=Z 
650 11E)(T Z " ){ 
660 GO:3UP,lIJ413 
:::60 Hlf;H;(1.12 
870 CHAR 16 .198. 0. 1. 0. 'orR JUST NORMAL LJ'"I IHG CAll FE DONE." 
::::30 DEF FtIA(z)=38*(SIN(Z/24)+. 48:+.S!N(3*Z .... 24) )+20 
895 FORX=-100TOOSTEPI 
900 f(=6:L=I):P=1 ::1=0 
91'" 'T'l =f<:f.I 1·1HSQF.:< 10000-X*>D/K) 
920 FOR'T'='r'l TO-'T' 1 STEP-I< 
93£1 2=HlT(80+Ft~A(SG~R(>O:*X+Y*'r') )-. 707106*Y) 
940 IFZ(L THEt'198(1 
950 1'1= 1 : L=2 
960 PL0T160+M*>(. Z. 0.1 
970 I F11= 1 THEI'111=-1 : GOT0960 
9:::1":1 NE:":T'r'. x 
990 GOSUP,10413 
999 PRIIH"II": CLC: NORM: END 
lOflO FORI=l T05 
1010 DRAW0.0.319.0.0.3 
1815 DRAW319.0.319.199.0.3 
1016 DRAW319.199.0.199.0.3 
1017 DRAW0.199.0.e.O.3 
11320 DRAW0.0.319.e.l.2 
11321 DRAW319.0.319.199.1.2 
11322 rIRAI~319. 199.13, 199. 1. 2 
102::: DRAI~(I,. 199. O. e. 1. 2 
1030 NEXT:RETURH 
1040 FOR I = 1TOS 
1050 DRAW0.0.319.0.0.1 
1055 DRAH319.0.319.199,O,1 
1056 DRA/~319.199. 13.199. 13.1 
1057 DRAWO.199.0,O.O.1 
1060 DRAWO.0.319.e.O.O 
1061 DRAW319.0.319.199.e.0 
11362 DRAI~319. 199.13.199.0.0 
1063 DRAHO.199.o.e.0.0 
11370 NEXT:RETURN 

Program 6, Demonstration program to show the use of commands within the graphics 
extension to Basic package, 



Chapter Three 

The Theory of High 
Resolution Graphics Displays 

3.1 Point plotting and coordinates 

Fundamental to any high resolution display is the ability to plot single pixel 
points at any desired location on the screen. On the CBM 64 the X coordinate 
has a range from .0-319 addressable points and in the Y coordinates .0- I 99 
addressable points. The origin of the X and Y coordinates (X=.0 and Y=.0) is 
located in the bottom left corner of the screen shown in Fig. 3. I, in all the 
examples in this book, and is standard for most graphics display programs. The 
actual mechanics of plotting a point on the screen are given in detail in many 
introductory texts, but the short Basic program (Program 7) shows the 
technique for point plotting. All the programs in this book use the PLOT 
command from the graphics Basic expansion package included in the previous 
chapter. 

40 colwnn 

120X 
200~==--=---~--=---------------~ : 

I 
I 
I 
I 

120Y I- ---------1120X, 
25 line 

120Y 

Fig. 3.1. Coordinate plotting on the CBM 64. 
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10 P£"************************ 
28 REM PLOT POINT 
30 REM************************ 
40 REM SET AND CLEAR HI-RES SCREEN 
50 PRINT":J"; 
60 : 
70 REM SET DOT DATA ADDRESS 
80 POKE53272,29 
90 REM SET BIT MAP MODE 
100 POKE53265,59 
110 : 
120 REM BACKGROUNn COLOUR 12 
130 FORI=OT010ee 
140 POKE1024+I,12 
150 NEXT 
160 : 
170 DI/'1P2(7):REM .. rABLE POWERS OF 2 
180 FORI=OT07 
190 P2(7-l)=2tI 
2(h3 NEXT 
210 : 
220 REt1 CLEAR HI-RES SCREEN 
2;;:0 FORI=OT08000 
24£1 POKEI+8192,a 
250 NEXT 
26(1 
27(1 
280 RHI PLOT A SIN WAVE IN COLOUR 1 Ol:l 12 
290 Y=100:C=12+16*1 
292 : 
:300 FOF:X=13TO;;:19 
310 'r'=70*SIN(X/20)+100 
32(1 GOSUB440 PLOT X, Y 
33(1 NEXT 
34(1 : 
350 : 
36[1 GETA$: IFA$="ITHEt~36a I~AIT FOR KEY 
370 REM RESTORE TEXT SCREEN 
380 POKE53272,21 
390 POKE53265,27 
4(10 PRINT":J"; 
410 END 
420 • 
430 • 
440 REM **** PLOT ROUTINE X,Y, COLOUR C 
450 RE~l CALC PIXEL ADDF:ESS 
460 A=8192+(XAND-S)+(YAND-S)*40+(YAND7) 
470 : 
475 RE/'1 PUT IN PIXEL 
480 POKEA,PEEK(A)ORP2(XANDl) 
481 : 
485 REM CALC COLOUR ADDRESS 
490 CA=1024+INT(X/S)+(YAND-S)*5 
492 : 
493 REM PUT IN COLOUR 
495 POKECA,C 
500 RETURN 
51(1 • 
520 NOTE: 'X AND -8' IS THE SAt1E AS 
530: 'INT(Xl8)*8' 

Program 7. 
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3.2 line plotting 

Of almost equal importance to point plotting in any graphics application is line 
plotting. Lines obviously have to be built up from dots and there are several 
different algorithms for determining the position of each dot on the line. These 
routines have to ensure that the resulting line is straight, terminates accurately, 
is of a constant density with consistent spacing of dots along the length of the 
line. The problems involved in line drawing are best shown in Fig. 3.2. 

Vertical 
pixels 

One pixel 
position 

eStep quantisaUon 

Horizontal pixels 

Fig. 3.2. Step quantisation in Basic line drawing. 

The equation for a line is fairly straightforward and can be represented in the 
following form: 

Y=M*L+B 

where: 

and 

L = YI- Y0 
M = XI- X0 

(X0,Y0 are the start coordinates of the line) 
(XI,YI are the end coordinates of the line) 

B = Y0 - (X0 * M) 

One of the best and simplest routines for drawing a line uses what is known as 
a 'digital differential analyser' or DDA algorithm. This algorithm works on the 
basis of simultaneously incrementing the X and Y coordinates by small steps 
which are proportional to the slope of the line. The DDA algorithm is best 
explained by examining the Basic program, Program 8. 

It should be noted that this method is an approximation and because of the 
fixed dot position and consequential necessity of round results, X and Y 
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10 REM************************ 
20 REM PLOT LINE 
30 REM************************ 
40 REM SET AND CLEAR HI-RES SCREEN 
50 PRINT":J" j 
60 : 
70 REM SET DOT DATA ADDRE~ 
80 POKE53272 I 29 
90 REM SET BIT MAP. MODE 
100 POKE53265/59 
110 : 
121) REM BACKGROUND COLOUR 12 
130 FORI=eT010e0 
140 POKE1024+I/12 
151) NEXT 
1613 : 
170 REM CLEAR HI-RES SCREEN 
180 REM THE FAST WAY 
190 POKE828/PEEK(55):POKE829/PEEK(56) 
200 POKE55 I 64: POKE56 I 63: RE~l TOP I'lEM 
210 CLR 
22(1 FOR I = 1 T025(1 : A$=A$+CHR$ (0) : NEXT 
2;::0 POKE55 I PEEK (828) : POKE56, PEEK (829) 
24£1 CLR 
250 : 
260 DIMP2(7):REM TABLE POWERS OF 2 
270 FORI=OT07 
280 P2(7-l)=2tI 
29~) NEXT 
30£1 : 
310 REt1 DRAW TO A SIN I~A'v'E COLOUR 1 ON 12 
32(1 C=12+16*1 
330 
335 )<1=160: Y1=50 
340 FORX2=0T0319STEP 5 
35(1 ',.'2=70*SIN(X2/20)+100 
360 GOSUB100e DRAW X I, ',.' 1 TO X2, Y2 
3;:-0 I~EXT 
3813 : 
390 : 
4(10 GETA$: IFA$=HIITHEN4e0 WAIT FOR KEY 
410 REI'l RESTORE TEXT SCREEN 
420 POKE53272/21 
4313 POKE53265/27 
44(1 PRINT":J"; 
451;; END 
461) • 
4713 • 
480 REM **** PLOT ROUT I1~E X, Y I COLOUR C 
4913 REt1 CALC PIXEL ADDRESS 
500 A=S192+(XAND-8)+(YAND-S)*40HYAND?:I 
510 : 
520 REM PUT IN PIXEL 
530 POKEA,PEEK(A)ORP2(XAND7) 
540 
550 REt'1 CALC COLOUR ADDF:ESS 
560 CA=1024+ INT(X/S)+(',.'AND-S)*5 
5,((1 

580 REI1 PUT IN COLOUR 
590 POf<ECA,C 
6(11) RETURN 
610 • 
620 NOTE-: 'X AND -8' IS THE SAME AS 
630: 'INTG{/S)*8' 
64(1 • 
1000 REM DRAI~ LINE XL ',.'1 TO X2/',.'2 
101(1 REI'1 COLOUR C 
1020 Ll=ABS(Xl-X2) 
1030 L2=ABSC,'1-','2) 



The Theory of High Resolution Graphics Displays 125 

10413 IFL2)Ll THEN U=L2 
1050 XI=(X2-Xl)/Ll 
W60 "'1= ('T'2-'r'l )/Ll 
1070 X=Xl+.5 
11380 Y='r'l +.5 
1090 FORL=lTOLl 
1100 GOSUB480 PLOT X,Y 
1110 X=X+XI 
1120 Y=Y+'r'I 
1130 NEXT 
11413 RETURN 

Program 8. 

coordinates can give rise to some inaccuracies on line termination. Otherwise 
this DDA algorithm is both fast and easy to use. All the programs in this book 
use the DRAW command from the graphics Basic expansion package included 
in the previous chapter. 

3.3 Circle plotting 

In many applications it is advantageous to be able to plot circles, arcs and 
ellipses. The general equation for generating a circle is quite simple: 

X = R * SIN (A) 
Y = R * COS (A) 

where A is the angle around the centre of the circle. The angle increment for each 
successive plotting of X and Y is determined by the radius of the circle and the 
desired dot spacing. R is the radius of the circle. Program 9 uses this equation to 
draw a circle. 

5 REM BASIC CIRCLE 
113 INPUT"RADIUS "; RA 
20 HIRESe,l 
25 ORIGHU6e, lee 
100 FORI=0TOrr*2 STEP 2/RA/rr 
1513 PLOTSIN(I)*RA,COS(I)*RA,0,1 
180 NEXT 
185 GETA$:IFA$=""THEN185 PAUSE FOR KEY PRESS 
1913 NORM 

Program 9. 

The problem with this routine is that it is fairly slow due to the number of 
trigonometric calculations which must be performed. A much faster method 
which does not require this is the 'circle digital differential analyser' algorithm. 
The following Basic program, Program 10, shows how this algorithm works. 

5 REM .BASIC CIRCLE 
113 INPUT"RADIUS "i RA 
20 HIRES0,1 
25 ORIGIN160,100 
30 R=RA 
33 A=0 
1130 FORI=0TORA*rr*2 
150 PLOTA,R,0,1 
1613 A=A-R/RA 
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170 R=R+A/RA 
180 NEXT 
185 GETA$:IFA$=""THEN185 PAUSE FOR KEY PRESS 
190 t~ORM 

Program 10. 

All the programs in this book use the CIRCLE command from the graphics 
Basic expansion package included in the previous chapter. 

3.4 Two dimensional shapes 

Two dimensional shapes can be divided into two categories: regular polygons 
whose shape can be calculated from a given formula, and irregular shapes which 
can be constructed only from a table of data points. Irregular shapes can be 
further divided into closed fully joined shapes and open disjoined shapes. The 
calculation of regular polygons can be useful but often has severe limitations 
when constructing complex displays made up from many separate two 
dimensional shapes. The best method is to use data tables for all shapes. If 
regular polygons are to be displayed then it is best first to create the data table 
using a calculation and then display the figure, thereby allowing greater 
flexibility in the subsequent manipulation of the figure. The construction of a 
shape using a data table is best shown in Fig. 3.3. 
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Fig. 3.3. Two dimensional shape and corresponding data table. 

x y 
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12 3 
8 3 
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4 12 



The Theory of High Resolution Graphics Displays 127 

Program II is an example of such a program to create regular polygons, store 
the calculated end of line coordinates in a data table and then display the 
resulting shape. This program includes the routine to draw a shape from a data 
table of beginning and end of line coordinates. 

1 (1 REI-l ******************** 
2(1 RE~l POL 'T'Got~ 
30 F.:EM ***H*************** 
40 P=(I: Q= 1 O(IIJ 
45 DIN XS(O-l),YS(Q-l)'XE(Q-1>,.'T'E(Q-1) 
50 PRINTOI:'FOL'T'GON OF N SIDES" 
60 PRWT:PRINT 
7(1 INPUT" N (LESS THFfI~ :3 TO ENII INPUT) II ; N 
75 IFIK3THENHl00 ENII INPUT $. START PLOT 
8(1 S=rr/N 
9£1 I NPUT II LEI~GTH OF S I DE II ; L 
100 INPUT"CHlTRE POSITION X, 'T'''.; )<, 'T' 
110 F.:EM CALC DISTANCE OF CORI·IERS FROf1 CElnRE 
120 F:=L/SII-ICS)/2 
140 FOF: I =PTOI'I-l +P 
150 XSCI)=SINCS*2*I)*R+X 
160 YSCI)=COS(S*2*I)*R+Y 
170 ~<E( I )=:3IN( S*2*( 1+1;' ):+lR+X 
180 ITIE(I)=COS(S*2t(I+l»*F:+'r' 
190 I·IE::{T 
200 P=P+N 
210 (;OTO 50 F:ESTART INPUT LOOP 
~2~3 : 

1 (11)(1 F:Et-l ******************* 1010 REM DRFH·l DATA IN ARRAYS 

102(1 REt1 ******************* 1030 HIRES (1,1 
1(1*:1 C=O 
H.l5~) FOR I =OTOP-l 
1070 DRAWKSCI),YSCI).XECI),YECI).C,l 
10:::0 IIE>=:7 
109121 GETA$: IFA$="ITHENl090 
1100 I~OF:1'1 

Program 11. 

3.5 Translation of a two dimensional shape 

Translation of a shape means simply moving the shape. There are two ways in 
which a two dimensional shape can be moved within the screen plane: 
translation and rotation. Translation implies that the shape is moved but its 
angular orientation with respect to the screen coordinates remains constant. 

The translation of a shape is very simple. The initial shape coordinate data 
table is defined at a set position on the screen. To move the shape to the required 
position on the screen one calculates the X and Y coordinate offsets between the 
desired position and the position within the data table. These offsets are then 
added to every point within the data table and the shape is displayed at the new 
position. Determining the offset coordinate values can cause a problem, namely 
which coordinate from the data table to measure from. The solution is to 
calculate the centre of the shape and use this centre point to calculate the offset. 
To find the coordinates ofthe centre ofthe shape add all the X coordinate values 
together then divide by the number of coordinate values; this gives the centre X 



128 Advanced Commodore 64 Graphics and Sound 

coordinate. Repeat this for the Y coordinates to get the centre Y coordinate. 
Program 12 takes a shape stored in a data table, finds its centre and then 

displays the shape at any desired position on the screen. 

5 REM SHRPE TRANSLATION 
10 P=14 
20 DIMXS(P),YS(P),XE(P),YE(P) 
30 FORI=OTOP 
40 READXS(I),YS(X),XE(I),YE(I) 
50 NEXT 
60 HIRES0,12 
70 FORJ=0T040 
80 C=(J AND3)+1 
85 B=JAND3 
90 XT=RND(1)*310 
100 YT=RND(1)*190 
110 GOSUB1000 DRRW IT AT XT,YT 
120 NEXT 
130 GETA$:IFA$= .... THEN130 
1413 NORM 
150 END 
1000 REM ********************* 
1010 REt1 !lRAI~ DATA IN ARRAYS 
1015 REM TRANSLATED BY XT & YT 
1020 REM ********************* 
1059 FORI=OTOP 
1070 DRAI·IXS( l)+XT, 'r'S(I)+'1T ,XE( I)+XT, 'r'E<I )+YLC, 1 
1080 t~EXT 
1090 RETURt~ 
10000 DATAO, 11,0,-6, 0,11,5,13 
10010 DRTA5/13,0/16, 0,16,-5,13 
100213 DATR-5,13,0,11, 0,5,-5,0 
10030 DATA-5/0/-l,S, O,5,7,5 
101340 DRTA7,5,5/-2, 0,-6,5,-10 
100513 DATA-5 .. -11,-1.. -12, -1, -12,-3, -14 
10060 DATA5,-10,O,-14, 0,-14,3,-15 
10070 DRTA 0,-6,-5,-11 

Program 12. 

3.6 Rotation of a two dimensional shape 

Rotation involves changing the angular orientation of the shape with respect to 
the screen coordinates and a rotational centre. To understand the rotation of a 
shape it is first necessary to understand the rotation of a point, as shown in Fig. 
3.4. 

The centre of rotation is very important in rotation since this is the only fixed 
reference point for calculating the rotational position of each coordinate. When 
rotating a point about this fixed rotational centre by an angle T, the fOllowing 
equations give the new coordinate offsets which, when added to the rotational 
centre coordinates, will give the new coordinates for the rotated point: 

X2 = XI * COS T + YI * (- SIN T) 
Y2 = X I * SIN T + Y I * COS T 

A shape can be rotated by performing this calculation on every corner 
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Y1 
Y2 

--~----------~~--~--~-.,-~-X1 

Fig. 3.4. Rotational transformation of a point Q by an angle of (J degrees from the initial 
coordinates on X1, V1 to the new coordinates on X2, V2. Note that the centre of rotation at 
X</>, V</) stays constant. 

coordinate in the shape data table prior to drawing the shape. Program 13 
shows how a simple shape can be rotated. 

5 REM SHAPE ROTATION 
10 P=28 
20 DIMX(P+l).~(P+l),XP(P+1>,~P(P+l) 
313 FORI=aTOP+l 413 READX( 1), ~< D 
50 NEXT 
55 INPUT"ANGLE (DEGREES) "iT 
56 T=HE1I"/180 
57 : 
613 FORI=tHOP+1 
70 XP(!)=X(I>!lECOS<T)-Y(I)*SIN(T) 
813 YP( I>=X< Dl!ESIN<T)+Y.( D*COS<n 
913 NEXT 
95 : 
lee HIRES0.1:0RIGINl60,10a 
1113 GOSUBle00 DRAW IT 
1313 GETA$: IFA$=" "THEN130 
1413 NORM 
15£1 END 
9013 • 
113013 ·REM ********************* 10113 REM DRAI~ DATA IN ARRA~S 
1015 REM ROTATED T 
10213 REN ********************* 10513 FORI=OTOPSTEP2 
1070 DRAI~XP( I), 'IP( I). XP( 1+1). YP<I +1>. C, 1 
10813 t~EXT 
1090 RETURN 
1130130 DATAO.l1,0.-6, 13.11,5.13 
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1131310 DATA5,13,O,16, 13,16,-5,13 
101320 DATA-5,13,O,II, O,5,-5,0 
1131330 DATA-5,a,-7,S, 0,5,7,5 
10040 DATA7,5,5,-2, 13,-6,5,-10 
1131350 DATA-5,-II,-I,-12,-1,-12,-3,-14 
113060 DATA5.-10,O.-14, 0,-14,3,-15 
10070 DATA 0,-6,-5,-11 

Program 13. 

3.7 Scaling and stretching a two dimensional shape 

Scaling involves changing the size of a shape with respect to its original size in 
the data table with all the dimensions being kept proportional to the original 
shape. Stretching also involves changing the size of the shape but only in one 
given direction, and is a special form of scaling. 

Scaling involves simply mUltiplying all the line lengths which constitute the 
shape by a given scaling factor. To make the shape larger the scaling factor is 
larger than one and to make it smaller the value is less than one. In practice the 
problem is slightly more complex since the shape data table consists of a table of 
beginning and end of line coordinates, and simply changing line length will leave 
a sequence of disjointed lines either shorter or longer than the original but in the 
same position. Thus in addition to changing line lengths one must also change 
the position of the line relative to the centre of the shape. The centre of the shape 
is determined by adding all the X coordinates and then dividing by the number 
of coordinate points. This gives the X coordinate of the shape centre and works 
similarly for the Y coordinate. The scaling is then done by multiplying all the 
coordinates relative to the centre of the shape by the scaling factor as shown in 
Program 14. 

5 REM SHAPE SCALING 
Hi P=28 
20 DHlX(P+1),Y(P+1) 
30 FORI=0TOP+l 
413 READX(I),Y(I) 
SO NEXT 
55 INPUT"X AND Y SCALING" ;X,Y 
57 : 
613 FORI=OTOP+l 
713 X(l)=X(l)*X 
813 Y(I)=Y(l)l!EY 
913 NEXT 
95 : 
100 HIRESO.I:0RIGINI60,100 
lie GOSUBI001) DRf1I~ IT 
13fl GETA$: IFA$= .. · .. THEH130 
140 NORM 
1513 END 
900 • 
113130 REM ********************* 1010 REr1 DRAI~ DATA I N ARRAYS 
1015 REM SCALED I:'y' X AHD 0,.' 

10213 REM ********************* 1050 FORI=eTOPSTEP2 
10713 DRAWX(I),Y(I),X(I+l),Y(I+l),C,l 
If188 NE>:T 
1090 RETURN 
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10000 DATAO,ll,O,-6, 0,11,5,13 
10010 DATA5,13,O,16, O,16,-5,13 
10020 DATA-5,13,O,11, 0,5,-5,0 
10030 DATA-5,0,-7,S, 0,5,7,5 
10040 DATA7,5,5,-2, 0,-6,5,-10 
10050 DATA-5,-11,-1,-12,-1,-12,-3,-14 
10060 DATA5,-10,O,-14, O,-14,3,-15 
10070 DATA 0,-6,-5,-11 

Program 14. 

Stretching an object in either the X or Y axis is simple; just use a different 
scaling factor for X and Y in Program 14. This kind of stretching is not often 
required, however. It is more common to want to stretch the shape along any 

Y 

SY2=1 

Y2 

'k--Po.-----r--~x 

Y 

Ob-=-----------------------------~x 

Fig. 3.5. Two dimensional stretching at an angle of (J degrees with no stretching in the Y 
direction and two times stretching in the X direction. 

given angle as shown in Fig. 3.5. For this we require the stretch angle and a 
scaling factor in order to calculate the relative stretching in the X and Y axes for 
all coordinates of the shape. This requires some fairly elaborate trigonometric 
calculations which are best demonstrated in Program 15. 

5 REM SHAPE STRETCHING 
10 P=28 
20 DIMX(P+l),Y(P+l),XP(P+l),YP(P+l) 
30 FORI=0TOP+l . 
40 READX(l),YCl) 
50 NEXT 
55 INPUT"ANGLE (DEGREES) ";T 
56 INPUTulISTRETCHIHG FACTORS' "W,V 
58 T=1*1I'/180 
59 : 
60 SI=SIH(T):CO=COS(T) 
65 FOR I =0TOP+ 1 
70 X=(X(I)*CO-Y(I~SI)*U 
75 Y=(X(I)*SI+Y(I>*CO)*V 
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80 XP(I)=X*CO+Y*SI 
85 ~'P(I)=-X*SI+Y*CO 
913 NEXT 
95 : 
100 HIRES0,1:0RIGIN16(:1,10e 
110 GOSUBl1300 DRAW IT 
1313 GETA$: IFA$="ITHEN13e 
140 NORM 
1513 END 
9(10 • 

1000 REM ********************* 
10 10 REI1 DRA~~ DATA I N ARRA~'S 
1015 REM STRETCHED AT ANGLE T 
1020 REM ********************* 
11350 FORI=OTOPSTEP2 
1(170 DRAI~XP( I), YP< 1), XP( 1+1), YP( 1+1) ,e, 1 
lOSe NEXT 
1090 RETURN 
10000 DATA0,IJ,e,-6, 0,11,5,13 
10010 DATA5, 13,(:1,16, (:1,16,-5,13 
10020 DATA-5,13,0,11, 0,5,-5,0 
113030 DATA-5,0,-7,S, 0,5,7,5 
10040 DATA7,5,5,-2, 0,-6,5,-10 
10050 DATA-5,-II,-l,-12,-l,-12,-3,-14 
10060 DATA5,-1O,0 .. -14, (L-14,3,-15 
1130713 DATA 0,-6,-5,-11 

Program 15. 

3.8 Combining transformations using matrices 

The previous sections of this chapter have dealt with the routines which can be 
used to translate, scale and rotate a two dimensional shape. It is, however, 
frequently desirable to be able to perform more than one of these functions on a 
shape at anyone time. Successive translations, rotations or scalings would be 
slow and cumbersome in terms of program length, but this can be overcome by 
combining the three mathematical operations into a single operation capable of 
performing all three functions. This can be done using matrix arithmetic. Each 
of the three calculations can be represented as a 3 by 3 matrix, thus: 

Translation: [X' Y' 1] = [X Y 1] 1 0 0 
0 1 0 
TX TY 1 

Rotation: [X' Y' 1] = [X Y 1] cosO -sinO 0 
sinO cosO 0 
0 0 1 

Scaling: [X' Y' 1] = [X Y 1] SX 0 0 
0 SY 0 
0 0 1 

These matrices can be combined to give a single 3 by 3 matrix using a process 
known as matrix concatenation. This gives the following matrix: 
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[X' Y' 1] = [X Y 1] sx * cose sx * sine 0 
SY * -sine SY * cose 0 
TX TY I 

An understanding of the maths required is not essential but forthose interested 
the study of a good maths textbook covering matrix arithmetic could be 
rewarding. To make the use of matrix arithmetic easier the graphics Basic 
expansion package includes a set of matrix commands which greatly speed up the 
required calculations. Program 16 uses matrix arithmetic and the MAT 
command of the graphics Basic expansion package to scale, rotate or translate 
any two dimensional shape contained within the data table of the program. 

5 REM COMBINED TRANSFORMATION 
10 P=28 
20 DIMMl(P+l,2),M2Y(P+l,2),A(2,2) 
3(1 FORI=OTOP+l 
40 READMl(I,O),M1(I,l):Ml(I,2)=1 
50 NEXT 
55 T=5 
56 SX=1. 07: SY=l 
57 TX=2:TY=1 
58 T=TlIIIT/180 
59 : 
60 A(O,O)=SX*COS(T) 
70 A(O,l)=SX*SIN(T) 
80 A(0,2)=0 
90 A(l,B)=-S'T'*SIN(T> 
100 A(1,1)=SY*COS(T) 
110 A( 1, 2)=0 
120 A(2,O)=TX 
130 A(2,1)=TY 
140 A(2,2)=1 
150 HIRES(1,1:C=0:ORIGIN160,100 
900 NAT N2=/,WI!A : MAT m =M2 
9113 GOSUBI000 DRAW IT 
930 GETtU: IFA$() " "THEN900 
940 t·jORM 
950 END 
960 • 
1000 REM ********************* 
1010 REM DF:AI~ DATA IN ARRAYS 
1015 F.:EM ROTATED lW ANGLE T 
10 1 7 REM ,..lOVEII BY TX , T'T' 
10 1 B RE,..l SCALED BY SX .' SY 
1020 REM ********************* 
1050 FORI=OTOPSTEP2 
1(170 DRAI~r12( 1, 0), M2( 1, 1), M2( 1+1. 0), M2( 1 +1, 1), C, 1 
1080 NEXT 
1090 RETURt~ 
10000 DATAO,11,O,-6, 0,11,5,13 
10010 DATA5, 13,0,16, (1,16,-5,13 
10020 DATA-5,13,0,11, 0,5,-5,0 
10030 DATA-5,O,-7,S, 0,5,7,.5 
10040 DATA7, 5,5, -2,· (1, -6,5,-10 
10050 DATA-5,-1 1..-1, -12,-1, -12,-3,-14 
10060 DATA5,-10,O,-14, 0,-14,3,-15 
10070 DATA 0,-6,-5,-11 

Program 16. 
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3.9 Three dimensional shapes 

The displaying of two dimensional shapes on the computer screen is adequate for 
many applications; however, there is often no substitute for the added realism of a 
three dimensional display. It is not difficult to display three dimensional graphics 
representations of objects, the formula required being simply an extension of 
those already developed for two dimensional displays but with the addition of an 
extra coordinate. 

Of course it is not possible to really display an object in three dimensions on the 
screen. All that can be done is to use certain rules to display a two dimensional 
representation of a three dimensional object. To give this two dimensional 
display the realism which will lead the human eye into believing that it is actually 
seeing a three dimensional object presents many problems, only some of which 
are technically within the capabilities of the 64 processor and display hardware. 
These techniques involve the problems of depth cueing, perspective, surface 
shading and lighting, hidden surface elimination and many others. 

3.10 Simple three dimensional shape display 

In the simplest manner a three dimensional shape can be displayed as a wire frame 
model. This means that the object is defined as a series of corner coordinates 
joined by straight lines - the wire framework, as shown in Fig. 3.6. 

Fig. 3.6. Three dimensional wire frame image of a cube. (Note: The image reversal illusion 
is due to the eye·s inability to determine the depth of lines.) 

The kind of representation of a shape shown in Fig. 3.7 requires the viewer to 
imagine the surfaces of the 0 bject. This can be difficult; because there are no solid 
faces the viewer can see both the back and front of the object, and with many 
shapes this causes the viewer to have problems determining which side of the 
object he is viewing. This can be overcome by the use of depth cueing, perspective 
and hidden line removal, all of which will be looked at later. 

Fundamental to the display of any three dimensional object is the initial setting 
up of a system of world coordinates within which the object or objects can be 
defined, as well as establishing the position of the viewer with respect to the 
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Fig. 3.7. Different methods of three dimensional image representation. 
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objects. We will use a three dimensional Cartesian coordinate system with the X 
as the horizontal axis, the Y as the vertical axis and the third Z axis at right angles 
to the other two axes, as shown in Fig. 3.8. 

The individual objects and the topographical relationship between objects can 
be defined within this coordinate system using predefined units of measurement. 
The measurement units selected depend on the amount of detail within the image; 
the greater the detail the smaller the measurement unit and the degree of 
magnification which may be required. 
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Fig. 3.B. Three dimensional coordinate system. 

The point from which the three dimensional image is seen is very important. It 
is specified as the view point, viewing direction and aperture. The aperture would 
normally be the screen area and the view point the distance of the eye from the 
screen and the distance ofthe screen from the object. The view point is defined as a 
point within the three dimensional coordinate system, and its position in front of 
the screen aperture would normally be regarded as a constant. The viewing 
direction determines what part of the three dimensional world is being viewed 
with the eye at the defined view point. The viewing angle is defined as three sets of 
angles, one within each coordinate plane. The relationship between aperture, 
viewing angle and view point is shown in Fig. 3.9. Thus when we rotate or 
translate a three dimensional image it is the viewing position and angle which 
change rather than the object. 

It is best to consider a three dimensional object as either a simple polyhedron or 
a collection of polyhedrons. The reason for this is that a simple polyhedron is a 
complete enclosed solid and therefore easily represented using standard three 
dimensional display mathematics. Any complex shape can be constructed using 
several polyhedrons and the repeated use of similar polyhedrons can give 
considerable savings in the amount of data required to store an object. A wire 
frame model of a polyhedron can easily be constructed given information on its 
vertices, edges and faces. For a simple wire frame model only a knowledge of the 
vertices and edges is necessary, but if hidden line or surface elimination is 
employed then a knowledge of the faces is essential. 

The data for each of the vertices (end of line or corner coordinates) is quite 
simple and consists of the X,Y and Z coordinates of the point within the 
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Fig. 3.9. Image viewing coordinates. 

coordinate system. A table of these coordinates is the first and most im portant of 
the data tables used to define an object. The order in which the vertices are stored 
in the table is not very important. The second data table contains the edge 
information and shows which vertices within the first table are joined by lines. 
The third and last table contains information on the faces of the object. Unlike 
lines and points, a face has both a front and back and it is essential to be able to 
determine which side of a face is being viewed, particularly if we are to employ a 
hidden face removal algorithm. Whereas the order in which data on the vertices 
and edges is stored in the respective tables is unimportant, the order of the vertices 
describing a face is important. The standard convention is to list the vertices of a 
face in an anti-clockwise direction when viewing the face from outside the 
polyhedron. A face viewed from inside the polyhedron will therefore have a 
elockwise order of vertices, thereby making the determination of which side of a 
face is being viewed fairly easy. Figure 3.8 shows a cube and the following data 
tables describe it: 

Table of vertices 
X y Z X Y Z 

VI 2 2 V5 2 2 2 
V2 2 V6 2 2 
V3 I V7 2 
V4 2 V8 2 2 
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Table of edges 

EI Vl-V2 
E2 V2-V3 
E3 V3-V4 
E4 V4-VI 
E5 VI-V5 
E6 V4-V8 
E7 V3-V7 
E8 V2-V6 
E9 V5-V6 
El0 V6-V7 
Ell V7-V8 
El2 V8-V5 

Table of faces 

FI Vl,V4,V3,V2 
F2 Vl,V5,V8,V4 
F3 V6,V2,V3,V7 
F4 V5,V6,V7,V8 
F5 VI,V2,V6,V5 
F6 V3,V4,V8,V7 

3.11 The mathematics of three dimensional displays 

Just as the formulae for two dimensional displays are best performed in matrix 
format the same applies to three dimensional displays, the only difference being 
that 4 by 4 matrices are used. The techniques are simply extensions of those 
applied to two dimensional shapes, and as with the two dimensional formulae the 
separate function matrices can be concatenated to give a single matrix which 
combines all functions. We will first look at the basic formulae. 

3. 11. 1 Translation 
The transformation matrix to translate a point at coordinate X, Y ,Z within a three 
dimensional image space to a new point X',Y',Z' is as follows: 

[X',Y',Z',I]=[X,Y,Z,I] I 0 0 0 
o I 0 0 
o 0 I 0 
TX TY TZ 1 

TX,TY, and TZ are the translation components in the X,Y and Z components 
respectively. 
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3.11.2 Scaling 
The following scaling transformation matrix will scale the dimensions in each 
coordinate direction separately depending on the respective scaling factors, 
SX,SYand SZ. The matrix is as follows: 

[X',Y',Z',I]=[X,Y,Z,I] SX 0 0 0 
0 SY 0 0 
0 0 SZ 0 
0 0 0 I 

3.11.3 Rotation 
Whereas the process of either translation or scaling is a simple extension of the 
two dimensional equivalent, the process of rotation is far more complex. In order 
to perform a rotation we must first determine a three dimensional axis about 
which to rotate. To perform the rotation we need three operations; translate the 
point to the origin, perform the rotation around the appropriate axis, and then 
translate back. Each axis has its own rotation transformation matrix. The three 
axes are shown diagramatically in Fig. 3.9. 

To rotate a point about the Z coordinate axis by an angle 0 requires the 
following transformation matrix: 

[X'Y'Z'I]=[XYZI] cosO 
sinO 
o 
o 

-sinO 
cosO 
o 
o 

o 
o 
I 
o 

o 
o 
o 
I 

It should be noted that the angle 0 is measured in a clockwise direction about the 
origin when viewing the origin from a point on the +Z axis. 

To rotate a point about the Y axis use the following matrix: 

[X'Y'Z'I]=[XYZI] cosO 
o 
sinO 
o 

o 
I 
o 
o 

-sinO 
o 
cosO 
o 

To rotate a point about the X axis use the following matrix: 

[X'Y'Z'I]=[XYZI] I 
o 
o 
o 

o 
cosO 

-sinO 
o 

o 
sinO 
cosO 
o 

3. 11.4 Concatenation of three dimensional matrices 

o 
o 
o 
I 

o 
o 
o 
I 

In applications where a number of different transformations are to be applied to 
an image, the individual transformation matrices can be combined to produce a 
single matrix by a process known as concatenation. An understanding of the 
maths involved in such a concatenation is not necessary. The following matrix is 
derived from a concatenation of all the three dimensional transformation 
matrices and thus enables anyone using it to rotate (in any of the three axes) 
translate and scale. 



SX*COS(Y)*COS(Z) SX*COS(Y)*SIN(Z) SX*-SIN(Y) 

[C)= SY*COS(X)*(-SIN(Z)+SIN(X) )*SIN(Y)*COS(Z) SY*COS(X)*COS(Z)+SIN(X)*SIN(Y)*SIN(Z) SY*SIN(X)*COS(Y) 

SZ*(-SIN(X) )*(-SIN(Z)+COS(X) )*SIN(Y)*COS(Z» SZ*(-SIN(X) )*COS(Z)+COS(Z)*SIN(Y)*SIN(Z) SZ*COS(X)*COS(Y) 

TX TY TZ 

Concatenation of all the three dimensional transformation matrices. 

.... 
~ 
o 

h 
~ 
III 
:::3 
C") 
CD 
Cl.. 
C") 

~ 
o g. 

01 ~ 

o 

o 

~ 
G) .., 
~ 
:::r-
~. 

III 
:::3 
Cl.. 
CI) 
o 
§ 
Cl.. 
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Program 17 illustrates this. 

1 REM SIMPLE CUBE 
5 READ N,LK 
113 DIM 11(2,2),MS(2,2),A(N,2),B(N,2),LK(LK,1) 
213 HIRES1,0 
22 ORIGIN16e, 100 
23 SX=10:SY=10:SZ=10 
24 Ax=e.3:AY=0.39:AZ=0.30 
25 GOSUB 31313 
313 GOSUB 21313 
35 MAT B=A*MS 
36 MAT A=B 
40 MAT B=A*M 
513 GOSUB 1013 
98 GETA$:IFA$()II+o"THEN36 
99 NOF:M:LIST 
10(1 F:EM 
1(13 CLG 
107 FORI=eTOLK 
108 U=LK(L0) :L2=LK(L 1) 
110 DRAI·J B(L1,e),B(L1.1),B(L2,(;D,B(L2,l>,3.l 
120 I-IE)<T 
130 RETURN 
2(10 FORI=0TON 
210 READ A(I,0),A(I,1),A(I,2) 
220 HEXT 
230 FORI=0TOLK 
2413 READLK(I,0),LK(I,l) 
250 I-IEXT 
2613 F:ETURN 
31313 M(13, e)=cos (AY)lI!COS (AZ) 
310 M(13,l)=COS(AY)*SIN(AZ) 
320 M(0,2)=-SIN(AY) 
;;:40 ~1( 1,0)=COS(AX)*-SIN(AZ>+SIN(A>O*SIl~(A'r')*COS(AZ) 
3513 1'1 ( 1, 1)= COS(AX)*COS(AZ>+SIN(AX)*SIN(AY)ilESIN(AZ) 
3613 N( L 2)=sm(AX)*COS(AY) 
370 M(2,0)=SIN(AX)*SIN(AZ)+COS(AX)*SIN(AY)*COS(AZ) 
3B0 1'1(2,1>=-SIN(AX)*C08(AZ)+COS(AZ)*SIN(AYH,SIN(AZ> 
390 M(2,2)=COS(AX)lI!COS(AY) 
400 11S(e,0)=SX 
410 MS(L 1)=SY 
420 11S(2,2)=8Z 
430 RETURN 
1000 IIATA 7, 11 
1010 DATA-5,-5,-5, 5,-5,-5, 5,5,-5, -5,5,-5 
1020 DATA-5,-5,5, 5,-5,5, 5,5,5, -5,5,5 
1025 REM LINK 
1830 DATA 13, L 1,2, 2,3, 3i0, 0,4 
10413 DATA 4,5, 5,6, 6,7, 7,4, 1,5 
1050 DATA 2.6, 3,7 
9999 REM ROUTIHE TO CHECK ACCURACY OF MAT COMMAND 
1001313 FORI=0T07:PRINTSQR(B(I,O)12+B(I,1)12+B(I,2)t2):NEXT 

Program 17. 

3.12 Techniques to give realism to a three dimensional image 

The human eye and mind can have difficulty in understanding a three 
dimensional wire frame image of any complexity. The basic problem is that 
projection of a three dimensional object on a two dimensional screen lacks any 
significant information about the depth of objects and surfaces. To overcome 
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this we need to use techniques which will give visuai depth cueing. These 
techniques work by giving the eye clues that certain lines and surfaces are in 
front of or behind others; the following is a list of a few of these techniques. 

3. 12. 1 Perspective projection 
This takes advantage of a phenomenon familiar to all; that objects of the same 
size appear to become smaller as they are positioned further and further away 
from the viewer. Perspective projection is an ideal depth cue when the image has 
a considerable amount of depth, but it can still give rise to ambiguity in objects 
which have only limited depth variation. This can be overcome to a degree by 
exaggerating the perspective effect in a similar manner to that perceived when 
viewing an object through a wide angle lens. Exaggerated perspective 
projection, however, can give rise to odd visual effects and should be avoided 
unless absolutely necessary. This is demonstrated in Program 18 and illustrated 
in Fig. 3.10. 

1 REM PERSPECTIVE CUBE 
5 READ t~,LK 
10 DIM MC2.2),MSC2,2),ACN,2),BCN,2),LKCLK,1) 
20 HIRESLO 
22 PORIGItH6Cl., 100,300 
23 SX=10:SY=10:SZ=10 
24 A;-<=0. 07 : A'r'=O. 05 : A2=0. 06 
25 GOSUB 3130 
30 GOSUB 200 
35 MAT B=AlIEMS 
36 MAT A=B 
4(1 ~jAT B=A*M 
50 GOSLIB 100 
98 GETA$: IFA$()""'''THEN36 
99 t-lORt1: LI ST 
10(1 CLG 
101 FORI=OTOLK 
102 Ll=LKCI.0):L2=LKCI,1) 
110 PDRAW B(Ll,O),B(Ll,1),B(Ll,2),BCL2,0),BCL2,l),BCL2,2).3,1 
12£1 tIE){T 
130 RETUF.:t~ 
:::tllJ FORI =(1 TOt·1 
210 READ A(I.O),A(I,I),A(I,2) 
220 tln:T 
23(1 FORI=0TOLK 
241~1 REAIiLK( I, 13)" LK( 1,1) 
250 t·IEXT 
260 RETURt~ 
300 M(O,O)=COS(AY).COS(AZ) 
310 M(0,1)=C08(AY)'SIN(A2) 
320 M(0,2)=-SIN(AY) 
340 M(l,O)=COSCAX)*-SIN(AZ)+SINCAX)*SIN(AY)'COS(AZ) 
350 Mel.l)= COSCAX).COSCAZ)+SINCAX>.SIN(AY).SINCA2) 
360 t'j( 1, 2)=81 t~(A>()'COS(A'y') 
370 t'l (2, (1 )=81 t~ (A)O*S IN (AZ)+COS( A:": >.81 t~( A'y"'COS(A2) 
380 MC2,1)=-SIN(AX)'COS(AZ)+COS(AZ>'SIN(AY)'SIN(AZ) 
390 t'l(2" 2)=COS(A:~HCOSCAY) 
4013 NSC0"I)=SX 
410 t'lS( L 1 )=8'" 
420 r'lS(2 .. 2)=52 
430 RETURN 
1 (10(1 IIATA 7, 11 
1010 DATA-5.-5,-5, 5,-5,-5, 5,5,-5, -5,5,-5 
1020 DATA-5,-5,5, 5.-5,5, 5,5,5, -5.5,5 
1 025 RE~l LI Nf( 
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1030 DATA 0,1, 1,2, 2,3, 3,0, 0,4 
1040 DATA 4,5, 5,6, 6,7, 7,4, 1,5 
1050 DATA 2,6, 3J7 
10000 FORI=0T07:PRINTSQR(B(L0H2+BO,Dt2+B(I.2)t2) :t~D<T 

Perspective projection 

Line of sight 

X axis 
vanishing point 

Program 18. 

Picture plane 
[Projector 

----
Projector 

Horizon 

Object 

Y axis 
vanishing point 

(a) Oblique cube (b) Isometric cube (c) Perspective cube 

Fig. 3.10. Three dimensional perspective projection. 
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3.12.2 Line intensity 
A variation of the perspective effect is line intensity variation. This simply 
means that lines which are close to the viewer are drawn thick and bold and lines 
in the distance are drawn thin and faint. This technique is really only effective on 
simple objects, and can be very confusing on large objects. It is, however, a 
useful technique when applied in conjunction with perspective projection. This 
technique is also constrained by the technical limitations of the CBM 64 raster 
scan display. This means that the plot resolution does not allow a very wide 
range of line intensities; 2 or 3 at most. In addition the extra plotting required 
can slow down the generation of a display considerably. 

3.12.3 Kinetic depth effect 
One way of giving depth cueing is by moving the viewing angle and perceiving 
the way in which objects appear to move in relation to each other. The 
processing power of the CBM 64 is not sufficient to allow the kinetic depth effect 
to be employed in real time animated displays except where the displays are very 
simple. 

3.12.4 Hidden line elimination 
The depth of objects can be determined more easily if lines and surfaces which 
would normally be hidden from view by an opaque object are eliminated from 
the display. This is called hidden line elimination and is a very useful way of 
removing most of the depth of field ambiguities present within a wire frame 
image. Hidden line elimination can be achieved on a CBM 64 but does add 
considerably to the amount of computation involved in creating the display, 
consequently slowing down image generation. The technique of hidden line 
removal is shown in Program 19. 

1 REM CUBE HIDDEN SURFACE 
5 REArl N,lK 
113 DIM M(2,2),MS(2,2),A(N,2),BCN,2),lKelK,I) 
2(1 HIRES1, 13 
22 ORIGIN160,1I30 
23 SX=10:S'T'=113:SZ=10 
24 AX=0. 137 : A'r'=0. OS: AZ=13. 136 
25 GOSUB 3130 
313 GOSUB 21310 
35 "1AT B=A*MS 
36 MAT A=B 
40 NAT B=A*M 
50 GOSUB 11:)13 
98 GETM: I FA$() II +-" THEN36 
99 NORf1: LI ST 
10(1 '·1Z=-9999: FORI=0TON 
101 IFB( L 2»M2 THENNZ=B( 1,2): ZZ=I 
1132 NEXT 
103 CLG" 
107 FORI=13TOlK 
198 Ll=lK(I,O):l2=LKCI,I) 
1(19 I FL1 =ZZORl2=ZZTHEIH 20 
110 DF.:AH Bell, 0), B(lL 1), B(l2, 0), B(L2'!) ,3d 
120 t·1E::<T 
130 RETURI~ 
200 FORI=OTON 
210 READ A(I,O),/1(I,l),A(I,2) 
220 ND<T 
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230 FORI=OTOLK 

.240 READLK(I,O),LK(I,l> 
250 NEXT 
26(1 RETURN 
300 M(O,0)=COS(AY)*COS(AZ) 
310 M(O,l)=COS(AY)*SIN(AZ) 
320 r1(O,2)=-SIN(AY) 
340 M(l,O)=COS(AX)*-SIN(AZ)+SIN(AX>*SIN(AY>*COS(AZ) 
350 M(l,l)= COS(AX)*COS(AZ)+SIH(AX>*SIN(AY>*SIN(AZ) 
360 M(l,2)=SIN(AX)*COS(AY) 
370 M(2,O)=SIN(AX)*SIN(AZ)+COS(AX>*SIN(AY>*COS(AZ) 
380 M(2, 1 )=-SIN(AX>*COS(AZ>+COS(AZ>ltiSIN(A'r'H'SIN(AZ) 
390 M(2,2)=COS(AX)*COS(AY) 
400 r1S(0,O)=SX 
410 MS(l, 1>=SY 
420 MS(2,2)=SZ 
430 RETURN 
1000 DATA 7,11 
1010 DATA-5,-5,-5, 5,-5,-5, 5,5,-5, -5,5,-5 
1020 DATA-5,-5,5, 5,-5,5, 5,5,5, -5.5,5 
1025 REM LI NK 
1030 DATA 0,1, 1,2, 2,3, 3.0, 0,4 
1040 DATA 4,5, 5,6, 6,7, 7,4, 1,5 
1050 DATA 2,6, 3,7 
10000 FORI=0T07:PRIHTSQR(B(I,O)t2+B(I,1)12+B(I,2)12):NEXT 

Program 19. 

An enhancement of the hidden line removal technique is shading with hidden 
surfaces removed. This method, while computationally the most involved and 
therefore the slowest of the methods so far looked at, gives the most realistic and 
unambiguous display. The technique of shading an object with hidden surfaces 
removed is possible on a CBM 64 and is explained later in this chapter. 

3.12.5 Stereoscopic views 
It is feasible to give a feeling of image depth by creating a stereoscopic image. 
Such an image consists of two separate but nearly identical images, one 
constructed using red lines and the other using blue lines. The two images are 
offset from each other by a small amount according to the rules of stereo image 
construction. When viewed through glasses which have one eye covered with a 
red filter and the other with a blue filter the brain will combine the two images to 
give a perceived image with a convincing appearance of depth. This method has 
been tried on the CBM 64 but the screen resolution is inadequate to give good 
quality results; it is also essential that a monitor is used to ensure a good stable 
coloured image. 

3.13 Shading surfaces 

Shading surfaces properly is an important part of producing life-like images on 
a computer screen. Many complex algorithms have been produced to give near 
perfect results on powerful computers, but the C64 does not have the resolution 
or the processing power to make good use of them. The short demonstration 
program, Program 20, uses primitive approximations to give an acceptable 
result. The program draws a three dimensional cube with shading of visible 
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1 RHI *HH********* 
2 REM SHADED CUBE 
3 F~Hl ***H********* 
5 READ tUW, NS 
10 DIM M(2,2).MS(2.2),A(N,2),B(N,2),FCNF,NS) 
2(1 HIRES(l. 12. 11 
21 ORIGIN160.100 
22 REM SCALING AND ROTATION FACTORS 
23 S>(=10; S'T'=1 (1; S2=10 
24 A)<=0. 3 ; A'r'=0. 39 ; AZ=0. 30 
25 GOSUB 300 ;REM GET DATA 
31) GOSUB 2(1(1 ; REI1 SET UP ARRAYS 
35 NAT E=A*r'IS ; REM SCALE B'r' SX, S'r' , S2 
:;:6 t'lAT A=E . 
40 t'lAT B=A*r1 : REN ROTATE B'r' AX. AY, AZ 
50 GOaliE 1 (1(1 ; F.:E~1 DRAI~ CUBE 
9:3 GETA:t; IFA$()II (-IITHEN36 
99 NORM: L1 ST 
1013 F.:E~1 CALCULATE SIDE OF FACE BEING VIEL,JED 
101 CLG 
105 FOF~F=13TONF 
11(1 Xl=BCFCF.1).0)-BCFCF,O),0) 
120 Yl=BCFCF,1'.1)-BCFCF.0).1) 
130 )<2=BCFCF,l),13)-BCFCF,2),O) 
140 'T'2=B(FCF, 1), D-BCFCF,2), 1) 
150 p=>a *'T'2-'T'1*)<2 
16(1 IFP ) 0.001 THEN GOSUB 5130 DRAI~ FACE 
170 t·JE)<T 
1:30 F.:ETURt~ 
199 • 
200 REt1 REArl CORNER COORDINATES 
205 FORI=OTON 
210 READ ACL,0),A(I,l),ACI.2) 
220 t~EXT 
225 RE~I READ CUBE FACE LINKING 
230 FORI=OTON~ 
240 FOR J=(ITO~lS 
25'':1 READF( I J J) 
26[1 NEXTJ. I 
270 RETURt~ 
280 
299 REI'I ROTATIOt~ ARRA'T' 
300 MCO,O)=COSCAY'*COS(AZ) 
310 M(0,1)=COSCAY).SINCAZ) 
320 11«('.2)=-SHICA'r') 
340 M( 1, O)=COSo:R<,.-SIN(AZ)+SIWA:«>*SIN(A'T'HCOSCAZ) 
350 M(l,l)= COSCAX>*COSCAZ)+SINCAX>*SINCAY)*SINCAZ) 
360 r'IC 1,2) =SIN<A>D*COS(A'T') 
370 I1C2. 0)=SIt~(A)o*sm(AZ'+COS(AX)*sm(A'T')*COS(AZ) 
38[1 r1C2, 1 )=":':=;mCAXHCOSCAZ)+CostAZ)*SIN(Ay,.:3It4CAZ) 
390 M(2,2)=COSCAX)'COS(AY) 
399 REM SCALI NO ARRA'r' 
400 t'IS(O .. (l)=SX 
4H:1 I'ISC 1.,1 )=:3'T' 
420 t'18(2., 2)=:32 
430 RETURtJ 
440 • 
5[n) REM DF.~AI~ A FACE OF THE CUBE 
51C, FOF<~ I=1TOHS 
520 DRAWBCFCF.I-l),O),BCF(F,I-l).1).B(FCFII),0',BCF(F.I).1),13 .. 1 
53[1 NEXT 
600 REr1 SHADE IT 
610 Zl=B(F(F,l).2)-B(F(F,O),2) 
628 Z2=BCF(F,l),2)-BCFCF.2),2) 
630 Wl=SQR(Xl*Xl+Yl*Yl+Z1*Zl) 
64 [1 I'J2=SI}R CQ*>Q+'T'2*'T'2+Z2.Z2) 
650 )·a =),: 1 /l~ 1 
660 X2=X2/I·J2 
670 'T'l ='T'l /1.J1 
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68(1 'T'2='T'2/l~2 
690 ZI=ZI/!·J1 
700 Z2=Z2/!~2 
710 U= )·~1*Z2-X2*ZI : REI1 U=1 FOR SURFACE UP THE RIGHT IJAY $, HORIZONTAL 
72[1 PN=~:U;'T'2-'T'U)~2 : REM PH=! FOR SlIRFACE E:=<ACTL'''' FACmG PLAHE OF VIEIJING 
730 5S= <U+ 2) *4-F'tf"2 
7513 FORR= !TOloH STEP SS 
76[1 FORS= 1 TOI·12STEP SS 
770 X=B(F(F.l),0)-RtXl-S*X2 
7:313 'T'=B(F(F, 1) .. 1 )-~:*'T'I-~;+'T'2 
790 PLOTX, 'T', 0.1 
:::00 tlE)<T S. R 
:::10 RETURt·l 
woe DATA 7 .. 5 .. 4 
1005 FHl CORHERS 
1010 DATA~5}-5)-5, 51-5,-5, 5/5/-51 -5,5,-5 
1020 DATA-S,-5/5, 5,-5,S} 5,5/5, -5,SJ5 
1021 
1025 REM CORt~ERS OF FACES It-l At-lTI-CLOCKWISE ORDER AS VIEI~ED FROM OUTSIDE CUBE 
11330 DATA 4,5 .. 6 .. 7.4 
1040 DATA 2,1.O.3.2 
1050 DATA 5,1,2,6,5 
1060 DATA 0,4,7i3,a 
11370 DATA 7,6,2,3,7 
1080 DATA O,1,5,4,O 
109(1 • 
9999 REM ROUTI HE TO CHECK ACCURACY OF MAT COMMAND 
10000 FORI=0T07:PRIHTSQR(B(I,0)~2+B(I,1)12+B(I,2)t2):NE)0 

Program 20. 

surfaces. This program works on hidden surfaces rather than hidden lines. To 
make this possible the data for the cube is organised as the four edges of each 
face of the cube, and not as the 12 edges of the cube. The data on the linking of 
the edges of each face is stored in anti-clockwise order of the corners of the face 
as seen from outside the cube. 

The program uses one main algorithm to calculate the direction in which a 
face is facing relative to an axis. It takes the form of a calculation to give a result 
of one number. If the result is zero then the surface is a parallel axis, otherwise 
the sign of the result gives the way it is facing along the axis. The magnitude is 
maximum when the plane is perpendicular to the axis. The equation requires the 
coordinates of 3 points on the surface. The program uses 3 corners of a face of 
the cube. If the points are numbered 1,2 and 3 then the lines I to 2 and 2 to 3 need 
to be at right angles. 

If the coordinates of point I are XI,YI,ZI then the following formula is 
required to calculate the orientation of a plane compared to the Z axis: 

r= (X2-X I )*(Y2-Y3)-(Y2-Y 1 )*(X2-X I) 

The program also uses this with the length of the lines prescaled to 1. This is 
calculated twice; once to approximate the inclination relative to a light source 
above the cube and again for the inclination to the plane of view. These two 
values are used to find the number of dots to put on the face. 



Chapter Four 

Games Graphics: Some Hints 
and Techniques 

4.1 Initial planning of a graphics game 

When writing games for the Commodore 64, a very early part of the planning is 
deciding which type of graphics to use. There is the choice of character or high 
resolution graphics, either of which can be used with or without sprites. Further 
considerations are that the game may require mUltiple screens, smooth 
scrolling, or split screens to give mixed text and high resolution or to enable 
more than eight sprites to be displayed simultaneously. There are many other 
decisions to be made; last in the list is often which colour combinations to use. 

When ready to start writing the game it is best to have a good plan for where 
in memory to put code, data and graphics screens. Start by considering which 
bank of 16K you will give the VIC chip access to. Your game can use more than 
one bank switching as desired. The following is a guide to choosing which banks 
to use. 

Bank IJ 
(3 in $DD~~ bank select register.) If you use the VI C chip with this bank notall of 
the 16K can be used for graphics. Zero page is always best reserved for variables 
and pointers, and most of page one has to be reserved for stack. If 64 ROM 
routines are to be used they will also require pages ~,2 and 3 to be intact. 

Bank 1 
All of bank 1 can be used for graphics data. The only disadvantage is that this 
bank is near the centre of the memory map and may cause problems when 
finding space for large data tables, such as text data for adventure games. 

Bank 2 
Half of this bank contains the Basic ROM but this will only cause problems to 
programs in Basic and only then if they want to PEEK graphics data. Machine 
code programs can use this bank just like bank 1, after switching out the Basic 
ROM using address 1. 

Bank 3 
This bank can be useful in some cases. The main problem in using this bank is 
the 110 area (VIC,SID,CIA chips and colour RAM) and that for read 
operations the kernal ROM lies over it. The simplest use for this bank is as a 
high resolution title screen during loading of a game. Also large games not using 
kernal can use it for a text screen with a suitable character set. 
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High resolution (bit map) screens 

If the high resolution screen is being used only for a background or for a title 
display, then it is best placed out of the way behind a ROM. It can easily be 
flashed up on the screen using a quick change of bank. If it is to be used with a 
large number of sprites or continuous plotting onto it, don't put it behind the 
kernal if kernal is being used as well. 

4.1.1 Character screens and character sets 
If the ROM character set is being used and a small number of sprites the default 
screen position is the easiest to use. The only thing to consider when moving the 
bank and position of the character screen is that the kernal screen scroll and 
read routines cannot work behind a ROM that is switched in. 

4.1.2 Bit map or character screen 
A passive background or title display is best done on a high resolution screen. 
Games using moving line graphics or software sprites have to be done on a high 
resolution screen or plotted on a block of user defined characters. Most other 
types of games are normally done on character screens as this enables a whole 
host of games effects. These effects include smooth scrolling and changing 
character definitions. Also there is a large memory saving which is very 
important in games with a few screens. 

4.1.3 Split screens 
If you need a high resolution display and characters for text you will either have 
to use a block of user defined characters to plot on or split the screen using raster 
interrupts. A raster interrupt can also be used to give you more than 256 user 
defined characters or more than 8 sprites, or simply enable you to change the 
VIC colour registers. 

4.1.4 Raster effects 
The VIC chip makes the number of the current raster line being displayed 
available on the high bit of register 17 and register 18. A simple but not very 
useful method of using this is to make the program loop until the required raster 
IS reached. The following Basic program (Program 21) just changes the 

10 REI'l BASIC SPLIT 
15 (JOSUB 1013 STOP TIMER IRQ 
20 A=53265:B=53281 
25 RE~l I~AIT ON RASTER HI BIT 
30 I'JAITA,128:WAITA,128,128 
40 POKEB,4 
50 POKE!!,\) 
60 GOT030 
90 • 
100 A=53266:B=53281:POKE56334,0 
11 (1 PR I NT ":l~.oo!I USE " 
120 PF:INT")!l RUN STOP/RESTORE 
130 PRINT"lj TO EXIT 
1413 RETURH 

Program 21. 
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background colour of a band across the screen using the WAIT command to 
test the high bit of register 17. The only real use for this is as a simple screen wait 
to stop screen flicker on moving graphics. 

A more useful method is to store the required raster number in registers 17 
and 18 and enable raster interrupts. Before this is done normal interrupts must 
be disabled and the interrupt vector at $0314-$0315 changed to point to a 
routine to handle and clear the interrupts. Normal timer interrupts need to be 
disabled because they cause flicker on splits. 

4.1.5 Raster IRQ routines 
A routine to switch from normal timer IRQ to raster IRQ could be as follows: 

SEI Set interrupt disable 

Disable and clear CIA timer interrupts: 

Disable IRQ: 
LDA #$IF 
STA $DC0D 
STA DD0D 

Clear IRQ: 
LDA $DC0D 
LDA $DD0D 

CIA control registers 

Change IRQ vector (assuming kernal is being used): 

LDA #<SPLIT lsb of address IRQ routine 
STA $0314 
LDA #>SPLIT 
STA $0315 

Enable interrupts: 

CLI 

Change to hi bit of raster comparison register: 

LDA$D011 
AND #$7F 
ORA #Raster no. high bit (0 or $80) 
STA $D011 

Set low byte of raster comparison: 

LDA #Raster low byte 
STA $D012 

Clear processor interrupt flag: 

CLI 

Enable VIC raster IRQ: 

LDA #1 
STA $D01A 
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The interrupt routine pointed to by $0314-$0315 should at one point contain 
the code: 

LDA #1 
STA $D019 

If interrupts are being handled by kernal and $0314-$0315 then the routine may 
end with either a JMP $EA31 or: 

PLA Restore registers 
TAY 
PLA 
TAX 
PLA 
R TI Return from interrupt 

The jump to $EA31 will scan the keyboard and update the clock (the clock will 
be slow as it is only updated every 1/50 sec). When exiting using an R TI, if the 
keyboard is required a JSR $FF9F can be included in the routine to scan the 
keyboard. 

In most cases a single split on the screen will not be enough. For effects like 
smooth scrolling and two or more background colours etc., you need at least 
two splits. The first split is near the top of the screen to set the effect. The second 
split resets to the conditions used for the remainder of the screen. If you are 
using more than one split it is best that only one ends with a JMP $EA31 or uses 
a JSR to $FF9F. 

4.2 Smooth sCll'OlIing 

Horizontal smooth scrolling of part of a text screen is simple once you have 
mastered using splits. Scrolling looks best with the screen width reduced to 38 
characters. Screen width may be reduced for the whole screen or just the part 
being scrolled, as suits the game. 

Your first split routine will have to reduce screen width if this is not done for 
the whole screen. Then store a value for the smooth scroll position. The smooth 
scroll position can be either increased or decreased each time it is stored to 
register $D012. When this value crosses zero (from 7 to 0 or 0 to 7) the lines 
being scrolled must be moved physically one character sideways. This physical 
scroll is best done on the next or later split from the one that sets the smooth 
scroll position. The assembly listing in Program 22 is to smooth scroll 10lines of 

C0DD 
C000 
C000 
C000 
CfKl0 
COOO 
COOl) 
C(10fl 78 
C001 
ce01 A91F 
C003 8DODDC 

*=$C000 
! SI·l00TH SCROLL 1 (1 LI HES 
! F:RSTER CMP HUt1BERS FOR SPLITS 
RASl = 114 
RAS2 = 194 
! 
! IHITIALISE NEW IRQ 
SETUP SEI 
!KILL CIA CHIPS 

LIlA #$1F 
STR IDceD 
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C006 SDODDD STA $DD0D 
C(1i39 ADODDC LIlA $DCOD 
COOC ADODDD LDA $DDOD 
COOF ! CLEAR HI BIT RASTER C~lP 
(:OOF ADI1DO LDA $DOll 
C012 297F AND #$7F 
C014 8DIID0 STA $D011 
C017 'SET C~lP VALUE FOR FIRST SPL IT 
C017 A972 LDA #f;:ASl 
C019 8D12DO 8TA $11(112 
COle !POrtH IRQ VECTOR TO SPLITl 
C£11 C A92D LDA #(SPLI Tl 
C(HE :3D1403 STA :f0314 
C021 A9CO LDA *I)-SPLITl 
(:023 8D151)3 STA $0315 
[:026 'ENABLE It~TERF.:UPTS BEFORE EXIT 
C026 A:?01 LIlA #1 
(:028 8D1AIli3 STA :tD01A 
C02I: 58 eLI 
C02C 60 RTS 
C02D ! 
[:02D ! FIRST I NTERRUPT ROUT H~E 
C02D EA SPLIT 1 t~OP 
C02E EA NOP 
C02F EA NOP 
C030 EE20I10 mc $D020 
[:033 EE21D13 INC $D021 
CO:::6 ! SET Sf'lOOTH SCROLL POS I T! OH 
(:036 ! At~D REDUCE SCF:EEt~ tHIITH 
C036 AD04C1 LDA SCRP 
C(139 2907 At·m *17 
C03B 8II16DO STA $D016 
C(13E ! NEW RASTER 01P VALUE 
[:03E A9C2 LDA ,#RAS2 
C040 8I112Di3 STA $D012 
C043 ! CLEAR IRQ 
C043 A9i31 LDA #1 
C045 8D19Di3 STA $D019 
C048 !POINT IRQ VECTOR TO SPLIT2 
C048 A955 LDA #(SPLIT2 
C04A 8D1403 STR $0314 
C04D A9CO LDA #)SPLIT2 
C04F 8D1503 STA $0315 
(052 ! EXIT TO KERHRL I RI:;! ROUT! I~E 
C052 4C31EA JMP $E~31 
C£155 ! 
C055 ! SECOND INTERRUPT ROUT mE 
C055 EA SPLIT2 I'~OP 
C056 EA l'lOP 
C057 EA NOP 
CC15S CE20DO DEC $D020 
C05B CE21IiO DEC $D021 
C05E ! NORf'lAL SCREW t~ I DTH 
C05E A908 LDA #8 
C060 8D16D0 STA $D016 
C063 !BUNP Sf100TH SCROLL POSITION 
(:(163 EE(14Cl mc SeRF' 
C066 ! F'H'T''r'SICAL SCROLL REQUIF:ED ? 
C066 AD04C1 LDA SCRP 
C069 2907 At·m #7 
C06I: D07D I:t~E I~OSCRL 
COGD !PHYSICAL SCROLL 
C06II A026 LII'T' #$26 
(06F B94C1(15 PHSCF:L LIlA $0541:1, 'r' 
C072 994105 :3TA $13541, 'r' 
(:(175 B968(15 LIlA $0568, 'T' 
C078 9969(15 STA $0569, 'T' 
Ct)7E: B99005 LDA $0590, 'r' 
COlE 999105 STA $0591, 'T' 

! DELA'T' 

!BORDER 
!SCREEH 

! DELA'-r' 

! BOF.:IiER 
!SCREEN 

! 1 

!2 

1'-' • .;0 
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C081 B9B805 
C084 99B9(15 
C(I:;::7 B9EO(l5 
C08A 99E105 
C08D B90:306 
C09(1 990906 
C093 B93006 
C096 993106 
C099 B95806 
C(1ge 995906 
(:(19F 1:98006 
COA2 99:31 (16 
COA5 B9A806 
COA::: 99R9(16 
COAB 88 
((lRC lOC1 
CORE 
CORE AD6705 
COBl 8D4005 
C0B4 ADE:F05 
COB7 8D6805 
WBA AD6705 
COBD l::It9005 
COCO ADftF05 
03C3 8DB805 
CO(6 AD(l706 
COC9 8DE005 
C(ICC AD2FI36 
COCF 8D(1806 
COD2 AD5706 
COD5 8D30(l6 
COII:3 AD7F(16 
CODB :3D5806 
COIlE ADA?(16 
COE1 :3D8(106 
COE4 ADCF06 
CflE7 srlR806 
COEA 
C0EA A92D 
(OEC 8111403 
COEF A9CO 
COFl 8D1503 
COF4 
COF4 A972 
COF6 E:II12DO 
C(lF9 A901 
COFI: E:II19I10 
COFE 68 
COFF fi8 
CH)O 6:3 
C101 AA 
(102 68 
C103 40 
C104 (10 

LDA $05B8, 'T' 

8m $1351:9, 'T' 
LIlA $05EO, 'T' 
STA $(l5E1, 'T' 
LIlA $0608, 't' 
STA ;f(l6(l9 .. 'T' 
LIlA $0630, 'T' 
STA $0631, 'T' 
LDA $0658, 'T' 
:3TA $")659, 'T' 
LDA $1)680, 'r' 
STA $0681, 'T' 
LIlA $£16AS, 'T' 
STA $06R:?, 'T" 
DE'T' 
BPL PHSCRL 

! ~10'v'E LAST B'r'TE OF LI tlE TO FI RST 
LIlA $0567 
STA $0540 
LIlA $058F 
STA $(1568 
LItA $0567 
STA $0590 
LItA $05DF 
8TA $05I:S 
LIlA $£1607 
sm $£15EO 
LIlA $062F 
STA $0608 
LDA $0657 
8TA $0630 
LDA $067F 
STA $0658 
LIlA $06A? 
STA t0680 
LIlA $06CF 
sm t06R:3 

! SET I NTERRUPT "lECTOR TO SPLI Tl 
t·lOSCRL LIlA #(SPLITl 

8TA t0314 
LDA #)SPLITl 
:;TA $0315 

! CHAt~GE RASTER01P '· ... ALUE 
LIlA #F:AS1 
STA $Ii012 
LItA #1 
:3TA $D019 
PLA 
TR'T' 
F'LA 
TA::-:: 
PLA 
RTI 

SCRP :E:'T'T 0 

Program 22. 

!4 

!5 

!6 

!7 

!8 

!9 

!10 

! 1 

I""' .Co 

!4 

!5 

1 .­.0 

17 

1'-' .0 

!9 

!10 

the screen from left to right at 50 pixels a second. The routine also includes wrap 
around; that is, characters leaving the right edge of the screen appear on the left 
side of the screen. To enable the smooth scroll, enter S YS 49152. 

4.3 More than eight sprites 

Sprite registers can also be changed by splits. The normal method is for a main 
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program to calculate the required sprite settings and store them in a reserved 
area. Then a split interrupt routine takes the settings and transfers them to the 
VI C registers and sprite block pointers. Note that the split routine may also read 
collision registers and store them to a reserved place. It will usually be necessary 
for the interrupt routine and the main program to set and wait for flags so that 
the main program won't change the sprite settings before the split routine has 
used them. 

The assembly listing in Program 23 enables 8 sprites and changes the vertical 
position on each of its 6 splits giving you 48 sprites. To enable the routine, enter 
SYS 49152. 

ceoe *=$Ce0e 
C000 A9FF START 
C0132 8D15D0 
C0a5 8D17D0 
COa8 A20S 
Ce0A 8A CLOOP 
CeOB 9D1FD0 
Ca0E E8 
CO OF Eale 
CfH 1 DOF7 
Ce13 A91E 
C015 A200 
C017 9DeOD0 XLOOP 
COlA E8 
C01B E8 
COIC 18 
COlD 6926 
COIF E010 
C021 DOF4 
C023 A9CO 
0325 SIII0D0 
C(128 A210 
C(12A 8'1 PLOOP 
C02E: 9DES07 
C02E E8 
C02F E018 
Ce31 II(IF7 
C033 A91F 
C035 7:3 
ca36 8I10DDC 
C1339 SDOIIDD 
C03C ADODDC 
C(13F ADODDD 
C042 A9(10 
C(144 aD66CO 
Ca47 AD68Ca 
C04A aD12D0 
C04D A96D 
C04F SD1403 
C052 A9CO 
CO 54 8D1503 
0357 A901 
Ca59 8D 1 ADI) 
C05C AD1ID0 

C05F 297F 
C061 SD11D0 
C064 58 
C065 60 
C066 0(1 SPLITN 
C(167 (1133264 SPVTAB 
C06D AE66Ca SPLIT 
C070 EA 

LDA #$FF 
STA $OD015 
STA $ODe17 
LD>( #8 
n:A 
STA $D01F,X 
INX 
CPX #$113 
B/'~E CLOOP 
LDA #30 
LDX #0 
STA $D000,X 
mx 
INX 
CLC 
ADC #38 
CP;\ #$10 
BNE )<:LOOP 
LDA #$C0 
STA $Da10 
LDX #16 
Ti<:A 
STA $07E8,X 
II·j:O< . 
CP;\ #24 
B/~E PLOOP 
LDA #$lF 
:3EI 
STA $DCOD 
STA $DDOD 
LDA $DCOD 
LIlA $DD0D 
LDA #0 
STA SPLITI~ 
LDA SPVTAB+l 
STA $D1312 
LDA #{SPLIT 
STA $0314 
LIlA #)SPLIT 
STA $0315 
LIlA #1 
STA $D01A 
LDA $Dal1 

AND #$7F 
STA $D011 
CLI 
F:TS 
S'!'TO 
B'r'T 0,50 .. 1(113,1513,200 .. 2513 
LD::< SPLI Tt~ 
l·lOP 

! ENABLE ALL SPRITES 

!KILL CIA CHIPS 

! CLEAR A/·N I RGI FLAGS 

! STAF:T WITH SPLIT 1 

! F:A:::TER t~O. OF SPLIT 
! RA:3TEI<: Ct1P REG 
! CHA~jGE I RQ VECTOR 

! ENABLE I<:ASTER I RGI 

!CLEAR HI BIT RASTER CM 



C07l EA 
C072 EA 
C073 EA 
C074 EA 
C075 EA 
C076 EA 
[077 E:E20DO 
C07A 8E21DO 
C07D E:3 
[07E EO(16 
C(180 II005 
C082 209FFF 
WE:5 A2(1f1 
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I-KiP 

C087 E:E66CO RNOK 
O):3A :£:D67C13 
WE:D 8D12De 
C09(1 ASlC11 
C092 eII19II0 
C095 AD12DO 
C098 18 
C099 69135 
C£191: 8D131DO 
[£19E 8D03II0 
COAl 8Df15D(l 
C(IA4 8D07DO 
COA7 8D09II0 
COAA 8DOFDO 
COAD 8DODIIO 
[OFO 8DOFD0 
CflB3 6:3 
COM A8 
COB5 68 
C(IF6 AA 
CeB? 68 
C0BS 413 

I-lOP 
I-lOP 
NOP 
I-lOP 
I~OP 
ST)< 1D020 
::;T:><: $D021 
m'< 
CP:,,: #6 
BIlE RI-IOK 
JSf<: $FF9F 
LDX #(1 
STX SPLITI~ 
LIlA SP'·/TAB, X 
STA $D012 
LDA #1 
STA $D019 
LDA $D012 
CLC 
ADC #5 
STA $D(101 
STA :fDO(13 
STA $D!)05 
STA :f:D007 
STA 1DOl2l9 
STA $D0~rS 
STA $DO(m 
STA $D00F 
PLA 
TA'r' 
PLA 
TAX 
PLA 
RTI 

Program 23_ 

4.4 Moving objects in interrupts 

! :3CREEI~ & BORDER 

; CHECK SPLI T Hur'1I:ER 

! SCAt-I KEYBOARII 

!CLEAR IRQ 

! CUF:REHT RASTER 

!STORE SPRITE Y 

It may be desirable as part of a game that an object moves continuously with 
little interaction with the main program. The routine to move the sprite (or 
block of pixels etc.) as part of an interrupt routine will enable you to set it 
moving and then leave it going until it is stopped. The assembly listing in 
Program 24 moves a block shaped sprite around the screen bouncing off 
characters. The routine runs on raster interrupts, using background collision to 
detect characters. To start the sprite moving, enter SYS 49152. 

C000 *=$C000 
COOO ! ENABLE A SPRITE 
COOO A901 START LDA #$01 
Ce02 8D15DO STA :fD015 
C005 Age1 LDA #1 
C007 !SET COLOUR 
Coe7 8D27De 
CeOA Agee 
C(leC 
COOC SIIl7D0 
COOF 8D1DDe 
C012 
C012 A90B 

STA $D027 
LDA #0 

! NO EXPANSIOI~ 
STA $D017 
STA $D01D 

f SPR I TE 11 BLOCK 
LDA #11 



156 Advanced Commodore 64 Graphics and Sound 
C014 8IIF807 STA :t07'FS 
COl7' A9FF LIlA #255 
C019 A23E LDX #62 
COIB ! :30LIII BLOCK 
c13n 9DC002 FSPRL STA $02CO,X 
COlE CA IIEX 
COIF 10FA BPL FSPRL 
CC121 !START SPRITE AT 100,100 
C021 A900 LDA #0 
C023 8IIEECO STA :-':P+1 
C026 8I110I10 5TH $D0113 
C029 A964 LDA #1013 
C02B 8DEIlC0 8TA XP 
C02E 8I1EFCO STH 'r'P 
e031 8I10~3D(1 STA $D13eIJ 
C034 8Ile1Il0 STA $DC101 
C(137 !KILL CIA CHIPS 
C037' A91F LDA #$1F 
C039 -:0.-. 

"'~ SEI 
C133A 8I113I1DC STA :tDCOD 
CC1311 8DODIID STA :tDDOD 
C040 !CLEAR ANY IRQ FLAGS 
C040 AIIODIIC LIlA $IIC0D 
C043 AD0DDD LDA $DDOD 
C046 !RASTER NO, 
C046 A500 LDA 0 
C1348 !RASTER eMP F:EG 
((148 8D12D0 STA $D012 
CC14B !CHANGE IRQ VECTOR 
C04B A964 LDA #(SPLIT 
C0411 8I114e3 STA $0314 
C050 A9C0 LDA #}SPLIT 
C052 S1I1503 :3TA $13315 
C055 !ENABLE RASTER IRQ 
C(155 A901 LDA #1 
C(157 8D1AD0 STA $D01A 
e05A !CLEAR HI BIT RASTER CMP 
COSA AIII1DO LDA $D1311 
eC15D 297F At-lD #$7F 
C£15F 8IlllDO STA :tD011 
C062 58 CLI 
C136:3 613 RTS 
C064 ! I RG! ROLIn NE 
C£164 !CLEAR IRQ 
C064 A9~31 SPLIT LDA #1 
C066 S1I19DO STA :tD019 
e069 !t10VE SPRITE ? 
C069 AIIECCO LDA ENABLE 
C06C D1303 WE com 
e06E 4C31EA JMP $EA31 
C(1?l !CHECK FOR COLLISION 
CC171 AII1FD~3 CO NT LDA $D01F 
C074 F(1213 BEO t~OCOLL 
C07'6 AIIFlxe LDA CO 
ca79 !LAST t'10VE Hl v .... OR 'r' DIR ? 
C079 29131 AND #1 
c13n F00E BEO 'T'COL 
C07'D !REVERSE X MOVEMEIH 
C13nl A901 LIlA #1 
C07F 4DFIC0 EOR XII 
C(182 8DF1CO STA XV 
C085 !At~D MOVE 
C085 20C0CO JSR Xf10VE 
C1388 4C96ce .IMP NOCOLL 
C08B !REVERSE 'r' f10'·iEf1EHT 
C08B A901 YCOL LrlA #1 
C08D 4DF2C0 EOR 'T'V 
C09(1 8DF2CO sm 'r'V 
C1393 !AND ~10VE 
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C093 20DBCe JSR 'mOVE 
C096 'HO COLLI S I mol OCCURRED 
C096 I MOVE ALTERNATE X OR 'T' DIRo 
C096 EEF£lCO NOCOLL INC CO 
(:(199 A901 LIlA # 1 
C09B 2DFOCO At·m co 
Cl39E F£l06 Bm 'T'110'y' 
COA£I 20COCO JSR :X:MO'./E 
COA3 4CA9CO JI1P PLACE 
C[lAG 2£1DIlCO 'r'110V J:3R 'T'tKII:'E 
COA9 I PUT COORII mATE:; m I:' 1 e REG. 
COA9 ADEDCO PLACE LDA ?;F' 
COAC :::D.X1DO :3TA fD00£1 
COAF ADEECO LDA :X;P+ 1 
COB2 2901 Atm # 1 
C0B4 8DlOD0 STH :fD01£! 
COB? ADEFC(1 LDA 'r'F' 
Cl1BA 8D01DO :3TA :fD001 
COBD 4C31EA JMP :fEA31 
COCO ,mc. OF: DEC. ;,< POSITlOtol 
COC'~1 A901 XI'10'.,lE LIlA # 1 
COC2 AOOO LD'r' #0 
CiK4 AEF 1 CO Lm< >';'.,1 
COC7 D003 BNE XADD 
COC9 88 DEY 
COCA A9FF LDA #:fFF 
coce 18 XADD CLC 
COCD 6DEIICO AIIC ;<F' 
CODO 8DEDCO STA >-~P 
COD3 9::: T'r'A 
COD4 6DEECO ADC XP+1 
COD? 8DEECO STA XP+l 
COIlA 6f) F:TS 
CODB ! HiC. OF: DEC. 'r' POSITIOtj 
CODE: A901 'T't'10VE LDA #1 
CODD AEF2C0 Lm< 'T''.,'' 
Cl3H1 D002 Bt·jE 'r'ADD 
COE2 A9FF LDft #$FF 
03E4 1e: 'T'AIIII CLC 
COE5 6DEFC.3 ADC 'r'P 
com 8DEFCO STA 'T'P 
COEB 60 RTS 
e[1EC ! EtiABLE FLAG 
COEC 00 HIABLE B'T'T £1 
COED ! HOR I 20NTAL PO:; I TI ON 
COEl, £1000 :X:P ~'lOR £1 
C[1EF ! VERT I CAL po::; I T I OH 
COEF 00 
COFO 
03FO 00 
C~)F1 

():1F1 O£l 
C[1F2 
C[1F2 .(1(1 

'T'P 
!BIT 
CO 
!FLAG 

\,11. 
t" ',' 

IFLAG 
'r'1I 

£I FLAG 

£I=1IEC 

0=11EC 

E:'T'T [1 
1'10VE X OF: 
B'T'T () 

:x: .. 1=mC 
B'r'T 0 
'r' .. 1=lNC 
B'T'T (1 

'T' 

;x: 

'T' 

Program 24. 

It is also possible to create animation effects by switching between slightly 
different images stored on separate screens within memory. This is shown in 
Program 25. 

10 REM *************************** 
20 REI1 11UL T I PLE TEXT SCREEN 
30 REM AtH 11ATI ON 
40 REM *************************** 
50 DIM CH(15),P2(3) 
55 REM READ CHAR CODE TABLe FOR PLOT ROUTINE 
60 FORI=0T015 
70 F:EADCH ( 1 ) 
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80 ~JEXT 
82 REI1 TABLE POWERS OF 2 
85 FORI=OT03: P2( D=2tI : NEXT 
89 REM l'lAKE SCREEN POKES VISIBLE ON OLD C64 
90 POKE53281.14:POKE646,14 

95 REI1 CLEAR SCREENS 8 TO 15 
97 REM At~D PRINT SCREEN NUI'1BER AT TOP 
100 FOR 8=8 TO 15 
11 0 GOSUB Hh)O 
12121 PRINT":;"; S 
130 NEXT:POKE53281,6 
131 
135 REr1 DRAI,J PATTER ON SCREENS 8 TO 15 
140 FORS=8T015 
150 !JOSUB WOO 
160 FORU=0T020 
170 FOF:J=(1T03 
1t:O A=J*fT/5+li.,·'20+S1/tfT/4 
190 ){=40+U;+iSIN(A) 
20(1 'r'=25+UiCOS(A) 
210 GOSUB2(100 Q SQUARE PLOT AT X. Y 
220 NEXTJ,U.S 
221 
225 F:Hl LOOP DISPLAYING SCREENS 
230 FORZ=0T02000 
240 FORS=8T015 
250 GOSUBI000 
260 GETA$:IFA$()""THEHZ=2000:REM DELAY OR END LOOP 
270 NEXTS,Z 
~c:l:.1 S=1: GOSUB1000 NORMAL SCREEN 
2913 END 
10(113 RE~l *************************** 
H':11 13 F:EM V I C AND KERt~AL FOR SCREEN S 
1 (120 RE~l *********************~***** 
1(130 IF(S)1 Atm S(S)OR S=OTHEN S=1 
1(140 F'OKE53272, 5+S* 16: REI1 SET V I C 
1050 POKE648,4*S:REM TELL KERNAl 
1060 RETURN 
10713 
20(10 REt1 QUARTER SQUARE PLOT X.' 'r' 
2001 1 F}:;(00R'r'(OORX) 790RY)49THENRETURN 
201(1 A= I NT (;,/2) + I NT ( 'r'/2 ) *40+S* 1 024 
2020 P=P2«X RNDl)+('r' AND 1)*2) 
20::::0 C=€1 
2040 V=PEEK(A) 
2050 FORC1=OT015 
2(160 I FV=CH ( C 1 HHENC=C 1 
2070 ~JEXT 
2(1::;:0 POKER, CH (C OR P) 

1 (1(1(11) DATA32 J 126, 124,226, 123 J :q J 255,236 
10010 DATA108, 127.225.251, 98. 252. 254 
11)020 DATAIGO 

Program 25. 

4.5 Changing characters in interrupts 

Interrupt routines are also used for changing the definition of characters or 
sprite block pointers while they are being displayed. This can give the effect of 
constant movement or rotation. This can be used for scrolling short messages or 
for moving walkways etc. The assembly listing in Program 26 scrolls the word 
'READY.' sideways and '.0123456789' vertically. Both are scrolled with wrap 
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around from the first character to the last. This routine runs in normal timer 
interrupts but is well suited for use on raster. To start this routine, enter SYS 
16384. 

033C 
033C 
033C 
033C 
033C 
40013 

!************************* !CHANGING CHAR DEFINITIONS 
• ! FROM INTERRUPTS 

!************************* ! 

401313 A938 
4002 8538 
40134 85FE 
4€106 A90a 
41Z108 8537 
40eA 85FD 
40ec A9De 
400E 85FC 
4010 A9130 
41312 85FB 
4014 78 
41315 A933 
4(117 8501 
4,,;119 A(le0 

lIE = $413013 
ENTRY 

401B B1FB MOVE 
401D 91FD 
401F C8 
41320 DOF9 
41Z122 E6FC 
4024 E6FE 
4(126 A5FE 
4028 C9413 
402A DOEF 
402C A937 
402E 85131 
40313 A91F 
4~)32 8D 18110 
4(135 A941 
4037 8D14133 
4(l:3A A941.3 
403C 8D15e3 
403F 58 
4041.3 60 
4041 A20e IRQ 
4043 Imge38 LOOP 
41346 (IA 
4047 3E7039 
4€14A 3EC838 
404I1 3E2e38 
4050 3E0838 
4053 3E2838 
4056 3Ege38 
4£159 E8 
405A HW8 
405C D£1E5 
405E A24E 
4060 ACCF39 
4(163 BD8039 LOOP 1 
4066 9D8139 
4069 E0ee 
406B F(1I34 
406D CA 
406E 4C6340 
4071 8C8039 E>U T 
4074 4C31EA 

LDA #$38 
STA $38 
STA $FE 
LDA #0 
STA $37 
STA $FD 
LDA #$D0 
STA $FC 
LDA #$00 
sm $FB. 
SEI 
LDA #$33 
sm $131 
LD'r' #0 
LIlA ($FID.,'y' 
STA ($FD),Y 
It~'T' 
BNE t'10',o'E 
mc $FC 
mc $FE 
LIlA $FE 
C~1P #$40 
Bt~E t'10VE 
LIlA #$37 
STA $I,H 
LIlA #$1F 
STA $D1318 
LIlA #<IRQ 
STA $13314 
LDA #)IRQ 
STA $0315 
CLI 
RTS 
Lm( #13 
LIlA :f38ge,X 
ASL A 
ROL $3970,X 
ROL $38CS,X 
ROL :S3820,X 
ROL $3808,X 
ROL $3828,X 
RC~ $3890,X 
It·V'; 
CP)< #8 
Bt~E LOOP 
LliX #78 
LD'T' 139CF 
LIlA $3980,){ 
STA $39S1,X 
CP); #10 
BEQ E){IT 
IIEX 
Jt'lP LOOP1 
ST'r' $398(1 
Jt'1P $EA31 

Program 26. 

! PROTECT ~1EMORY 

! COPY CHAR SET I tHO RAt1 

!USER CHAR AT $3800 

!CHANGE IRQ VECTOR 

!RETURN TO BASIC 

! SCROLL 'REAII'T'.' 
! 'R' 

!SCROLL '13123456789' 

! COHT It~UE NORMAL IRQ 



Chapter Five 

Some Advanced Aspects of 
Sound on the CBM 64 

The CBM 64 has excellent sound generation capabilities and it is possible to 
program the computer to generate very acceptable quality music. This chapter 
covers two advanced aspects of music generation on the 64. The first is adding a 
real music keyboard to allow easy input and playing of a musical score. The 
hardware is quite simple and cheap to construct and can easily be undertaken by 
anyone with a small amount of electronics experience. The software is capable 
of a considerable amount of expansion with potential applications ranging from 
the teaching of music to computerised score writing. The second part of this 
chapter is devoted to the techniques of playing music in the background whilst 
running a program, a feature frequently encountered in games programs. 

5.1 The keyboard decoder and player 

To go with the interface for the keyboard, a program is required to ask for and 
accept data from the interface. This program must be able to run fast enough to 
accept a keypress the instant that it is made and must therefore be written in 
machine code. To make it even better, the routine in Program 27 has been 
encoded to run within the hardware interrupts of the Commodore 64 and can 
thus check the keys 60 times a second and be totally independent of the rest of 
the computer. 

LOC 

0000 
00013 
00013 
00013 
0000 
00013 
COOO 
COO13 
coeo 
C01313 
ceo 1 
C002 
C003 
C(1I34 
ce05 
(:0(16 
ce07 
(:008 
C009 
C(10A 
C0(lB 

CODE 

00 
eo 
93 
08 
15 
09 
9F 
09 
32 
OA 
CD 
OA 

LINE 

, 

KE'r'BOARD SCANNER At~D PLAYER 
FOR USE ~~ITH THE KEYBOARD 
INTERFACE 

iii =$C000 
; TABLE FOR THE ACTUAL NOTES TO 
; BE PLAYED. 
, 
TABLE .BYT 0,0,147,8,21,9,159,9 

.BYT 50,10.205.10,113.11,32,12 
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LOC CODE LINE 

ceoc 71 
C00D eB 
COOE 20 
C€10F ec 
C010 D8 .BYT 216.12.156,13.107.14,71,15 
C0ll 0C 
C012 9C 
ce13 eD 
C014 6:8 
C(115 €IE 
C016 47 
cel7 OF 
C018 2F .BYT 47.16.38,17.43.18,63,19 
C019 Ie 
celA 26 
C01B 11 
celC 2B 
C13ID 12 
C13lE 3F 
calF 13 
C020 64 .BYT.leo.2o,155.21.227.22,64.24 
C021 14 
C022 9B 
C€123 15 
C024 E3 
C025 16 
C1326 413 
C1327 18 
ce28 Bl .BYT 117..25.56.27.215,28.142.30 
C029 19 
C02A 38 
C02B IB 
C02C D7 
C02D lC 
ce2E BE 
C02F lE 
C1330 5F .BYT 95.32.76.34.86,36.127.38 
C031 20 
ce32 4C 
C033 22 
ce34 56 
C035 24 
C036 7F 
ce37 26 
C038 C9 .BYT 2131.413.54.43/199.45,128,48 
C039 28 
ce3A 36 
C03B 2B 
ce3C C7 
ce3D 2D 
C03E 813 
C03F 313 
C040 63 .BYT 99.51.113,54.174,57,28.61 
C041 33 
C042 71 
C043 36 
C044 AE 
C045 39 
C046 lC 
C047 3D 
C048 BE .BYT 1913.64,152,68.172,72,254.76 
ce49 413 
C04A 98 
C04B 44 
C134C AC 
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LOC CODE LINE 

C04D 48 
C04E FE 
C04F 4C 
C050 92 .BYT 146.81.108.86.143.91.1.97 
C051 51 
CI352 6C 
C053 56 
C054 SF 
cess 5B 
C£156 01 
C057 61 
C058 C6 .BYT 198.102.226.1138.92.115.56.122 
C059 66 
C135A E2 
C135B 6C 
C135C 5C 
C135D 73 
C135E 38 
C05F 7A 
C069 7C .BYT 124.129.48.137 
C061 S1 
C062 313 
C1363 S9 
C964 
C064 INITIALISE THE KEYBOARD 
C1364 
ce64 !If =$C080 
cese A9 90 LDA #$90 
C982 A0 18 LDY #24 
C984 99 00 D4 LOOP STA $D400.Y 
COS? 88 DEY 
C08S 10 FA BPL LOOP 
C0SA A90F LDA #$0F iSET UP THE D.D.R 
cesc BD 93 DD STA $DD03 i FOR THE USER PORT 
coaF A999 LDA #$09 iATTACK=0.DECAY=9 
C091 ~ 95 D4 STA $D4e5 
C094 '8D 9C D4 STA $D40C 
ce97 8D 13 D4 STA $D413 
C£19A A9 e0 LDA #$00 iSUSTAIN=0.RELEASE=0 
C(l9C SD 06 D4 STA $D4e6 
ce9F SD OD D4 STA $D413D 
C0A2 BD 14 D4 STA $D414 
COA5 A9 40 LDA #$49 iWAVEFORI1=PULSE 
ceA7 8D BS C2 STA WAVE 
ceAA 8D 04 D4 STA $D4e4 
C0AD SD OB D4 STA $D40B 
C0Be 8D 12 D4 STA $D412 
ceB3 A9 £10 LDA #$09 iLOW BYTE OF P WIDTH 
C0B5 SD 02 D4 STA $D4e2 
ceBS SD 13.9 II4 STA $D409 
ceBB 8D 10 D4 STA $D410 
ceBE A9 08 LDA #$98 iHI BYTE OF P WIDTH 
C0C0 8D 03 D4 STA $D4e3 
C0C3 8D 0A D4 STA $D40A 
C0C6 BD 11 D4 STA $D411 
ceC9 7S ENABLE SEI 
COCA A9 eF LDA #$eF 
cecc SD IS D4 STA $D418 iSET MAX VOLUME 
ceCF A9 ED LDA #(TESTER iPUT ADDRESS OF 
ceDI SD 14 03 STA $0314 i SCANNER INTO IRQ 
C0D4 A9 C0 LDA #)TESTER i VECTOR 
C0D6 8D 15 93 STA $0315 
ceD9 58 CLI jENABLE KEYBOARD 
C0DA 60 RTS 
ceDB i 
C0DB iDISABLE KEYBOARD 
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LOC CODE LINE 

cemB ; 
C0DB 78 DISABL SEI 
CIJDC A9 1313 LDA #$00 
CeDE 8D 18 D4 STA $D418 ;NO VOLUME 
ceEl A9 31 LDA #$31 
COE3 8D 14 133 STA $9314 ;RESET IRQ 
C0E6 A9 EA LDA #$EA 
C0E8 8D 15 133 SiR $0315 
ceEB 58 CLI 
ceEC 60 RTS 
ceED 
ceED ACTUAL SCANNER FOR KEYBOARD 
C9ED i 
ceED A0 139 TESTER LDY #$139 ;# OF NOTES FOUND 
COEF 84 FB STY $FB ; EQUALS ZERO 
ceF1 8C 131 DD INPUT STY $DDel ; TEST FOUR KEYS 
ceF4 AD 131 DD LDA $DD131 
ceF7 85 132 STA $92 ;STORE VALUE OFF 
C13F9 29 1-0 AND #$113 ;TEST CHIP 1 
COFB Fe ee BEQ Non ;NO KEY 
ceFD 18 CLC 
ceFE 98 TYA 
C0FF 69 131 ADC #$131 ; CotNERT TO KEY # 
Clel A6 FB LDX $FB ;POINTER TO INPUT BUFFER 
Cle3 ~D D2 C2 STA INPUTB,X ;STORE KEY # 
ClO6 E8 INX 
C1e7 86 FB STX $FB 
CHl9 A5 02 Non LDA $02 
C10B 29 213 AND #$20 ;TEST CHIP 2 
CleD Fe ec BEQ NOT2 ;NO KEY 
CleF 18 CLC 
Clle 98 TYA 
Clll 69 11 ADe #$11 ;CONVERT TO KEY # 
C113 Fl6 FB LIIX $FB ;GET POIt.fTER 
Cll5 9D D2 C2 STA INPUTB,X ;STORE KEY # 
C1l8 E8 INX 
C119 86 FB STX t.FB 
CllB AS 92 NOT2 LDA $132 
CllD 29 49 AND #$413 ;TEST CHIP 3 
CllF F0 OC BEQ NOT3 iNa KEY 
C121 18 CLC 
C122 98 TYA 
C123 69 21 ADC #$21 ;CONVERT TO KEY # 
C125 A6 FB LDX $FB ;GET POINTER 
C127 9D D2 C2 STA INPUTB,X ;STORE KEY # 
C12A E8 INX 
C12B 86 FB STX $FB 
C12D CO 013 NOT3 CPY #$1313 ; IS IT A SWITCH? 
C12F De 12 BNE NOTKEY iYES 
C131 AS 132 LIlA $92 
C133 29 89 AND #$813 ;TEST CHIP 4 
C135 Fe ID BEQ NOT4 ;NO KEY 
C137 A9 31 LDA #$31 ;KEY # 
C139 A6 FB LDX $FB ;GET POINTER 
C13B 9D D2 C2 STA INPUTB,X iSTORE KEY # 
C13E E8 INX 
C13F 86 FB STX $FB 
C141 De 11 BNE HOT4 iALWAYS 
C143 98 NOTKEY TYA 
C144 AA TAX 
C145 AS 132 LDA $92 
C147 29 89 AND #$813 
C149 De 93 BNE HOSW 
C14B A9 FF LDR #$FF 
C14D 2C .BYT 12C iSKIP NEXT 
C14E A9 1313 HOSW LDA #$00 
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LOC CODE _HIE 

C1513 CA DEX 
C151 9D C3 C2 STA SIHTCH,X 
C154 CS NOH INY iDO NEXT FOUR KEYS 
C155 C13 19 CPY #$10 iALL DONE? 
C157 FO 03 BEQ COMPLT iYES 
C159 4C Fl CO JMP INPUT 
C15C 
C15C SCANNING COMPLETE. TEST SLI DERS 
C15C ; 
C15C A2 01 COMPLT LDX #$01 
C15E AD 132 DC LDA $DC92 ;GET CURRENT DDR 
C161 SD B7 C2 STA DDRSAV 
C164 A9 C9 LDA #$C9 
C166 8D 132 DC STR $DC02 
C169 A9 89 LDR #$80 ;READ PORT B 
C16B 8D 09 DC READ STR $DCOe 
CIGE' Ae 8e LDY #$Se ; PAUSE FOR READING 
C1713 EA PAUSE NOP 
C171 88 DEY 
C172 10 FC BPL PAUSE 
C174 AD 19 D4 LDA $D419 ;GET POT 1 
Cl77 9D BF C2 STA SLIDES,X 
C17A AD IA D4 LDA $D41A ;GET POT 2 
C17D 9D Cl C2 STA SLlDES+2,X 
C1813 A9 49 LDA #$413 ;READ PORT A 
C182 CA DEX 
C183 Ie £6 BPL READ 
C185 AD B7 C2 LDA DDRSAV ;RESTORE DDR 
C188 8D ~12 DC STA $DC02 
C18B 
Cl8B SLIDERS COMPLETE, PLAY NOTES 
C1SB THAT HAVE BEEN READ. 
ClSB 
C18B A6 FB LDX $FB 
CIE:D EO 03 PAD CPX #$03 .; 3 KEYS AT LEAST? 
C18F BO 08 BCS ENOUGH ;'.,'ES 
C191 A9 1313 LDA #$1313 
C193 9D D2 C2 STR INPUTB,X 
C196 E8 INX 
C197 DO F4 BNE PAD ; ALWAYS 
C199 ; 
C199 86 FB ENOUGH STX $FB 
C19B 213 3F C2 JSR CHKHLD ; CHECK FOR HELD DOI~N 
C19E AD BC C2 LDA VIENAB ;VOICE 1 ENABLED? 
CHi! De 03 Bt~E DOVC2 
CIA3 213 B9 Cl JSR PLAYI 
CIAG AD BD C2 DOVC2 LDA V2ENAB ;VOICE 2 ENABLED? 
CIA9 De 133 BHE DOVC3 
CIAB 213 DE C1 JSR PLAY2 
CIAE AD BE C2 DOVC3 LDA V3ENAB ;VOICE 3 ENABLED? 
CIBI Du 133 B~lE ALUit~E 
CIB3 213 133 C2 JSR PLA'r'3 
ClE6 4C 31 EA ALLDt~E Jt1P $EA31 ; NOR~lAL IRQ 
CIB9 j 

CIB9 ; PLAY THE NOTE IN VOICE 1 
CIB9 ; 
CIB9 213 28 C2 PLAYj JSR GETVCE ;OET A NOTE 
CIBC 8D B9 C2 STA VOICEl 
C1BF OA ASL A 
CIC13 A8 TAY 
CICl AD B8 C2 LDA lJAVE 
CIC4 SD 1'34 D4 STA $D404 ;TURN GATE OFF 
ClC7 98 TYA 
ClCS F0 13 BEQ PLl E:O<T 
ClCA B9 013 ce LDA TABLE, '.,' ;SET NEW NOTE 
CICD 8D 1'30 D4 STA $D400 ..; VALUE 
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CID0 B9 131 ce LDA TABLE+l,Y 
CID3 SD 131 D4 STA $D401 
CID6 8E B8 C2 LDX WAVE 
CID9 E8 INX 
CIDA SE 134 D4 STX $D4B4 ;SET GATE ON 
CIDD 60 PLlEXT RTS 
CIDE ; 
CIDE ; PLAY VOICE 2 
CIDE ; 
CHIE 213 28 C2 PLAY2 JSR GETVCE ;GET A NOTE 
CIEI SD BA C2 STA VOICE2 
CIE4 BA ASL A 
CIE5 A8 TAY 
CIE6 AD BS C2 LIlA I~AVE 
CIE9 SD 0B D4 STA $D4BB ;TURN GATE OFF 
CIEC 98 TYA 
CIED FB 13 BEQ PL2EXT 
ClEF B9 1313 CB LDA TABLE,Y ;SET NEW NOTE 
CIF2 SD 137 D4 STA $D4B7 i VALUE 
CIF5 B9 01 C0 LDA TABLE+l,Y 
CIFS 8D 08 D4 STA $D408 
CIFB AE Be C2 LDX WAVE 
CIFE E8 INX 
CIFF 8E BB D4 STX $D4BB 
C202 613 PL2EXT RTS 
C2e3 ; 
C2B3 ; PLAY VOICE 3 
C203 i 
C203 213 28 C2 PLAY3 JSR GETVCE ;GET A HaTE 
C206 8D BB C2 STA VOICE3 
C2e9 BA ASL A 
C20A A8 TAY 
C2BB AD B8 C2 LDA WAVE 
C2BE SD 12 D4 STA $D412 iTURN GATE OFF 
C211 98 TYA 
C2I2 F0 13 BEQ PL3EXT 
C214 B9 013 CIl LDA TABLE,Y ;SET NEW NOTE 
C217 SD 0E D4 STA $D4BE i VALUE 
C21A B9 131 CB LDA TABLE+l,Y 
C21D 8D 0F D4 STA $D40F 
C22e AE B8 C2 LDX WAVE 
C223 E8 l-I-IX 
C224 8E 12 D4 STX $D4I2 
C227 613 PL3EXT RTS 
C228 i 
C228 i GET A VALUE FRot1 THE INPUT 
C228 iBUFFER 
C228 ; 
C228 Ael 130 GETVCE LD'r' #$130 ;LOOP START 
C22A B9 D2 C2 GETl LDA INPUTB,Y iGET VALUE 
C22D F0 138 BEQ GETNXT 
C22F 48 PHA 
C2313 A9 1313 LDA #$130 
C232 99 D2 C2 STA INPUTB, 'T' 
C235 68 PLA 
C236 613 RTS 
C237 i 
C237 C8 GETHXT INY 
C238 C4 FB CPY $FB 
C23A DB EE BNE GET1 
C23C A9 Be LDA #$Ele 
C23E 613 RTS 
C23F i 
C23F ;CHECK ALL VOICES FOR KEYS HELD 
C23F ; DOWN 
C23F ; 
C23F AD Be C2 CHKHLD LDA VIENAB 
C242 29 7F AND #$7F 
C244 aD Be C2 STA VIENAB 
C247 AD BD C2 LDA V2ENAB 
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LOC CODE LINE 

C24F! 297F AND #$7F 
C24C 8D BD C2 STA V2ENAB 
C24F AD BE C2 LDA V3ENAB 
C252 29 7F AND U7F 
C254 aD BE C2 STA V3ENAB 
C257 AO 013 LDY #$013 
C259 B9 D2 C2 CHECK 1 LDA INPUTB,Y 
C25C Fe 135 BEQ NEXT! 
C25E CD B9 C2 CliP VOICEl 
C26l Fe 137 BEQ CONTI 
C263 ca NEXTl IN'r' 
C264 C4 FB CPY $FB 
C266 De FI BI~E CHECK I 
C268 Fe 0D BEQ CHCKV2 
C26A AD BC C2 CONTl LDA VIENAB 
C26D 139 813 ORA #$S0 
C26F SD BC C2 STA \lIENAB 
C272 A9 013 LDA #$013 
C274 99 D2 C2 STA INPUTB,Y 
C277 Fie 130 CHCKV2 LDY #$013 
C279 B9 D2 C2 CHECK2 LIlA I NPUTB, Y 
C27C FO 135 BEQ NEXT2 
C27E CD BA C2 CI'lP \/0 I CE2 
C281 F0 137 BEQ CONT2 
C283 C8 NEXT2 INY' 
C284 C4 FB CPY $FB 
C286 De Fl BHE CHECK2 
C288 Fe aD BEQ CHCKV3 
C28A AD BD C2 CONT2 LDA V2ENAB 
C28D 139 813 ORa #$80 
C28F 8D BD C2 STA V2ENAB 
C292 A90a LDA #$1313 
C294 99 D2 C2 STA INPUTB,Y 
C297 AO 913 CHCKV3 LDY #$1313 
C299 B9 D2 C2 CHECK3 LDA INPUTB,Y 
C29C F0 135 BEQ NEXT3 
C29E CD BB C2 CMP VOICE3 
C2Al Fe 136 BEQ CONT3 
C2A3 ca NEXT3 INY 
C2A4 C4 FB CPY $FB 
C2A6 D13 Fl BNE CHECK3 
C2AS 613 RTS 
C2A9 AD BE C2 CONT3 LDA V3ENAB 
C2AC 09 S13 ORA U8e 
C2AE SD BE C2 STA V3ENAB 
C2Bl A9 913 LDA #$013 
C2B3 99 D2 C2 STA INPUTB,Y 
C2B6 613 RTS 
C2B7 £10 DDRSAV .BYT a 
C2B8 013 1~F!\lE .BYT 0 
C2B9 1313 VOICEl .BYT 13 
C2BF! eo VOICE2 • B'r'T e 
C2BB 130 VOICE3 .BYT (3 
C2BC 013 VIENAB .BYT 13 
C2BD 013 V2ENAB .BYT 0 
C2BE 013 V3ENAB .BYT a 
C2BF 013 SLIDES .BYT 0,.13,0,13 
C2C13 0£1 
C2Cl 013 
C2C2 (Ie 
C2C3 1313 SWITCH .BYT 0,9,13,9,9,9,9,9 
C2C4 013 
C2C5 913 
C2C6 013 
C2C7 130 
C2ca 130 
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1.INE 

C2C9 0e 
C2CA £Ie 
C2CB 00 
C2CC 0e 
C2CD £Ie 
C2CE 00 
C2CF 013 
C2De £Ie 
C2Dl £Ie 
C2D2 £19 
C2D3 

SYNBOL VALUE 
ALLDNE CIB6 
CHECK2 C279 
CONTI C26A 
DISAEL ceDB 
ENOUGH C199 
INPUT C0Fl 
NEXT2 C283 
NOT2 CllB 
PAD C1SD 
PL3EXT C227 
READ C16B 
TESTER ceED 
VOICEI C2B9 

I NPUTB 
• END 

CHCKV2 
CHECK3 
COHT2 
DOVC2 
GET! 
INPUTB 
NEXT3 
NOT3 
PAUSE 
PLAYl 
SLIDES 
VIENAB 
VOICE2 

.BYT e 

C277 CHCKV3 
C299 CHKHLD 
C28A CONT3 
CIA6 DOVC3 
C22A GETNXT 
C2D2 LOOP 
C2A3 NOSW 
C12D NOT4 
C170 PLlEXT 
CIE9 PLAY2 
C2BF SWITCH 
C2BC \/2ENAB 
C2BA VOICE3 

Program 27. 

C297 CHECKl C259 
C23F CO~lPLT ClSC 
C2A9 DDRSAV C2B7 
CIAE ENABLE CeC9 
C237 GETVCE C228 
C084 NEXTl C263 
C14E NOTl C109 
C154 NOTKEY C143 
CIDD PL2EXT C202 
CIDE PLAY3 C203 
C2C3 TABLE C00a 
C2BD V3EHAB C2BE 
C2BB WAVE C2B8 

In addition to reading the keyboard to determine keys pressed, the same 
routine plays the relevant notes in the SID chip. There is also a routine within 
the scanner to read four potentiometers (slides) connected to the joystick ports. 
The slide values are stored in a four byte table at location $C2BF (49855). 

The routine's playing section uses a table for the frequency values to be put 
into the SID chip. This table has values for 49 notes (a 49 key keyboard or 4 
octaves). It must be noted, however, that the interface can handle 64 keys, so the 
extra 15 connections have been wired up to onloff switches and the code has 
been written to determine between keys and switches. The switch values are 
stored in a 15 byte table at location $C2C3 (49859). 

The playing part of the routine is set up to play notes on all three voices of the 
SID chip taking into account any keys held down to make full use of the 
envelopes. This means that the attack I decay I sustain is working while the key is 
held down and when released the release part of the envelope starts. Any of the 
three voices of the SID chip can be disabled by putting a non zero (not 128) 
value into its disable register: 

Voice 1 : $C2BC (49852) 
Voice 2 : $C2BD (49853) 
Voice 3 : $C2BE (49854) 

This will allow these voices to be controlled by your program for such things as 
special effects. 
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5.2 Scanning the keyboard 

The main principle for scanning the keyboard is to send a value (0-15) to the 
multiplexers which in turn tests the relevant line to the keys. The result is sent 
back as either a I or 0 on one of the four input lines (1 bit per multiplexer). 
Therefore, four keys are tested each time through the loop and the loop is 
repeated 16 times for a total of 64 keys. After receiving the results of one pass 
each bit is tested, and if it is I the value for that key is stored in an input buffer to 
be dealt with later. With the fourth multiplexer, only an output of zero is 
considered as a key; the other 15 connections are switches which are stored in 
the switch table (255 or 0). 

Once all 64 lines have been tested and the results stored away, the routine tests 
the four potentiometers (slides). This is performed using the routine given in 
The Commodore 64 Programmer's Reference Guide and the results are stored 
in the slide table. 

5.3 Playing the notes read in 

In this section of the routine, the first action is to test each of the three voices to 
see if the note is still being played. If the value is found in the table it is removed 
and the voice is temporarily disabled using the highest bit of the enable register. 
After all three voices have been checked for hold down, each voice is dealt with. 
If the enable register is non zero the voice is ignored, if the value is zero the gate 
is first turned off and the first non zero note in the table is removed and played. 
If no non zero note is available the gate is left off to allow the release to work. If a 
note is found the new value is looked up from the frequency table and stored in 
the relevant SID chip locations and the gate is turned on. Normal IRQ is then 
jumped to and the routine is repeated every 1/ 60th of a second. 

The keyboard routine is first initialised by SYS(49280). To disable the 
keyboard use SYS(49371) and to re-enable use SYS(49353). 

5.4 Constructing the keyboard interface 

The interface board uses four 74150 multiplexer chips, each of which is 
connected to 16 keys, one on each of its input lines. The 74150 chips are fed with 
a 4 bit address via a 7417 buffer driver (as shown in the circuit diagram in Fig. 
5.1). This address is used to select one input key whose state is reflected on the 
multiplexer output line. The output line of each of the multiplexers is connected 
to one of the four lines used for input on the user port by organising the 
keyboard such that pressing a key connects one of the multiplexer input lines to 
ground. The four multiplexers are then scanned by outputting a value between 0 
and 15 on the user port output lines. While simultaneously testing the four input 
lines it is possible to determine which key or keys are being pressed. 

The keyboard interface is constructed on a single sided printed circuit board 
which is etched and drilled according to the pattern shown in Fig. 5.2. The 
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74/7 

(Vu) 

1 ftB,.l.7--!"6-5-!.-!+-"!'3-2.J..-,I~ 
Fig. 5.1. Circuit diagram of keyboard interface. 

.. .. 
s" ..... ..... ..... 

ca48 ..... ..... ..... 
~:::.C! • .....::~~ " ..... 

IIIIII ~NP 

Fig. 5.2. Printed circuit board design. 

components and wire links are attached as shown in Fig. 5.3. There are two 
cables which connect the keyboard interface board to the CBM 64, a 16 way 
ribbon cable connects the user port to the interface board and an 8 way cable 
connects the slider potentiometers to the joystick ports. The connections 
between the board and computer are shown in Fig. 5.4 which illustrates all the 
interconnections in detail. 
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Fig. 5.3. Component layout for keyboard interface circuit (top view). 

Ribbon 
C cable 

PBQ) 1 

PBl D 
2 

PB2 E 3 

PB3 
F 

4 Pin 

PB4 H 
5 

connections 
on 16 pin 

.jJ J 6 DIP 
t... PB5 connector 0 
0. K on PC board 
t... PB6 7 
Q) 
U) L 8 ;::J PB7 

GND A 
9 

+5V 2 10 

Fig. 5.4. Interconnection between user port and interface circuit. 

5.5 Playing music in interrupts 

In the majority of Commodore 64 games that are on the market some sort of 
background music is played. The routine in Program 28 plays music in 
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033C lMUSIC IN I t4TERRUPTS. 
033C '*********-********** (133C 1 
033C 1 
033C 
033C 
033C SID = 54272 
C000 *=$C000 
C€I(u) AOl8 LD'T' #24 
Ce02 A90e LDA #$013 
C004 9913OD4 LOOPl 5TA SID,'r' !ZERO SID 
C0137 88 DE'T' 
C€le8 10FA BPL LOOP1 
C00A A90F LDA #$0F IVOLUfolE 
C(uJC 8D18D4 8TA SID+24 
CBOF A900 LIlA #$013 1 ATTACK/DECA'T' 
C011 :::D05D4 STA SID+S IVOICE 1 
C014 8DOCIr4 STFt SID+12 IVOICE 2 
C017 8D13D4 STA SlD+19 ! '·/0 ICE ~. 

.::0 

COlA A9F1 LDA #$F1 I SUSTAHVRELEASE 
COIC 8D~)6D4 STA SIII+6 ! '.,,IOICE 1 
C01F :::D0IID4 STFt SlD+13 I '·/0 ICE ,.., , 
C022 BD14D4 STA ~:;;rD+20 !VOICE 3 
[:025 A907 LIlA #$07 
C027 ;::DI0D4 ~3TA SID+16 
CD2A BDOArr4 STFt SID+10 
C02D A90F LDA #$OF 
C(12F 8DI1Ir4 STA ~;ID+17 
CD32 8D09Ir4 STA SID+9 
C035 AD8FC0 LDFt TENTI'1P !TENPO VALUE 
0)38 8D:::ACl STFt TEt1PO 
C03B A9Dl LDA #$01 !DURATION 
CD3D 8D8BCl sm V1DUR 
C(140 E:DBCC1 STR ··/2DUR 
C(143 BD8DCl STA V3DUR 
C046 A963 LIlA #(VOICE1 !START OF I'1USIC Vl 
(1:)48 8DDOCO STFt VIPtH+1 
CD41:: A9C2 LDA #)VOICE1 
C04D 8IIDlC0 STA VIPtH+2 
C1350 A96:3 LDA #(··/0ICE2 !START OF MUSIC ' .. ,'2 
Ct152 8D13EC1 STFt V2PNT+1 
(\)55 A9C2 LDA #)VOICE2 
C€l57 8D(IFC1 STFt ··/2PNT+2 
C05A A9FO LIlA #('· ... 0ICE3 !STAPT OF ~lUSIC '·/3 
C05C 8D4CC1 STR V3P~lT+1 
C[!SF A9Cl LDA #)',0'0 ICE3 
[:(161 8D4DC1 STR V3PNT+2 
C064 A9F6 LDA #(DURATl !·· ... OICE 1 DUPATIot~ HL 
C066 8DC2Ca STA V1TBL+1 
C069 A9C3 LDA #)DURATl 
C(16B 8DC3Ca STA VlTBL+2 
C(16E A9F6 LIrA #<IIURAT2 ! •· ... OICE .-. DUF.:ATIOti HL , 
C137(1 8DI)OC1 STR V2TBL+1 
C€173 A9C3 LDA #)DURAT2 
CD75 :3D01Cl STFt '\"2TBLic2 
CO?E: A984 LDA #(ItURAT3 !'./OICE ~. DUF:ATION TBL ..:> 
C07A 8D3ECl STR V3TBL+l 
C07Ir A9C3 LIrFt #)DURAT3 
C07F 8Ir3FCl STA V3TBL+2 
C0:32 ..,.-. 

I'e· SEI 
cos::: A993 LDA #(PLR'T'ER !IFW POINTER 
C085 :3D14133 STA $€I314 
C088 A9C0 LIrFt #)F'LA'r'ER 
C(18A 8Ir1503 STA $13315 
C~)8D 58 CLI 
Cf18E 6(1 RTS 
C08F 
C(18F 01 TE~ln1P B'T'T 
-((19(1 21 V1~·JAVE B',,'T ........ 

.~.:,a I ~;Al.JTOOTH 
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C091 41 V21·lAVE 
C092 41 'y'3HA'v'E 
C(I93 ! 
C093 !IRQ PLAYER 
COK: ! 
C093 CEf::AC 1 PLA~'ER 
CI396 F003 
Cl2198 4C31EA EXIT 
G09,B ! 
C09,B AD8FC0 PLA~'01 
C09E 8IrE:AC 1 
COAl CE8EC1 
CtlA4 111303 
WAG 20ECCe 
C0A9 CESCC1 PLAY02 
C(lAC DIJ03 
COAE 20FACO 
COB1 CE8DC1 PLAY03 
COB4 DOE2 
Cl3B6 2038C1 
C(IBS' 4C31EA 
COBC 
COBe 
COBe 

! 
!PLAY VOICE 
I 

C01::C A900 DOV1 
CO BE 8D04114 
CtIC 1 ADF 6C3 V 1 TEL 
COC4 8DGEC1 
COC? EEC2C0 
COCA DOO:3 
coce EEC3CO 
COCF AD63C2 VIPNT 
COD2 EE1IOC0 
Cl3D5 Dt1l33 
Ci:m? EEIl1 Co 
CODA C90(1 DO'v'12 
CODC F01F 
CODE C9FF 
COE0 D003 
COE2 4C76C1 
WE5 OA 
WE6 AA 
WE? BDGEC1 
C[tEA SD0 1 D4 
COED 1::D8FC1 
COF0 8DCt0D4 
COF3 AD90C0 
C(lF6 E:D04D4 
C(iF9 60 
COFA 

DOV13 

DOV14 
! 

F'T'T 65 
,B'T'T 65 

DEC TEI'lPO 
BEG! PLAY01 
JI1P $EA31 

LDA'TEI1Tt1P 
5TA TEI1PO 
1IEe VIDUR 
FNE PLAY02 
JSR DOVl 
1IEe V2DUR 
BI-IE PLA'T'03 
JSR DOV2 
DEC V3DUR 
FI-IE E)< IT 
JSR DOV3 
J~lP $EA31 

LIlA #$013 
8TA :::ID+4 
LDA 1IURATl 
STA VlDUR 
mc VlTBL+1 
1::I-IE VI PtH 
H1C VlTBL+2 
LIlA VOICE1 
INC V1PNT+1 
Bt~E 1IOV12 
me V1PtH+2 
CI'lP #$(113 
BEQ DO ..... 14 
C~lP #$FF 
BIlE 110'· ... 13 
JI'lP MUS EXT 
ASL A 
TAX 
LDA FREQTBL,X 
STA SID+1 
LIlA FREQTBL + 1, X 
STA SID 
LDA Vll-lAVE 
STA SID+4 
RTS 

COFA !PLA~' VOICE 2 
COFA 
C(lFA A9(1(1 DOV2 
COFC 8DOFD4 
COFF ADF6C3 V2TBL 
C102 8D8CC1 
Cl(015 EEOOC1 
CW::: D[1(I~: 

CWA EEOICl 
C10D AD6:3C2 V2PIH 
ClIO EEOECl 
e113 D003 
Cl1::; EE(IFCl 
Cl18 C900 DOV22 
CI1A F01 B 
CllC C9FF 
CI1E DI3133 
C12121 4C76C1 
C123 OA DOV23 

LDA #$130 
STA 8ID+11 
LDA DURAT2 
STA V2DU~ 
INC '·/2TBL + 1 
BIlE V2PtlT 
mc V2TEL+2 
LDA VOICE2 
I ~IC '· ... 2PtlT + 1 
ENE IIO ..... 22 
INC V2PNT+2 
01P #$00 
BEGI DOl,/24 
Ct'lP #$FF 
PoNE DO ..... 23 
-.Tt·lP NUS EXT 
ASL A 

! ::;AI·JTOOTH 
!TRIANGLE 

! TINE TO UP1IATE? 
!'T'ES 
!NO 

!RESET TEMPO 

ITIt'lE FO~: VI? 
!NO 
! ~'ES_· PLA'T' NEXT 1,11 
! TI I1E FOR V2? 
!1-lD 
! 'IES.. PLA'r' t~EXT ',12 
! TII'lE FOR V3? 
!1-10 
I'T'ES I PLA'r' 1-1EXT V3 
! DO NOF:~lAL IRQ 

!GATE OFF 
I GET DURATI 011 
! SET liURATI ON 

! GET 1-IOTE # 

! EHD OF l'lUS I C? 

! E)<IT PLA'T'ER 

!GATE OFF 
I GET IIIJRATI ON 
! SET 1IIJRATI ON 

! GET 1-IOTE # 

! Elm OF NUSIC? 

! ElU T PLA'r'ER 



C124 AA 
C125 13D8EC1 
C128 8D08D4 
C12B FD8FC1 
C12E 8Il07D4 
C131 AD91C0 
C134 8DOBD4 
C137 613 DOV24 
C1;;:8 ! 
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TAX 
lIlA FREQTBL X 
STA SID+8 
LDA FREQTBL+l.X 
STA SID+7 
LDA V214AVE 
STA SID+ll 
RTS 

C138 !PLAY VOICE 3 
C138 
Cl:::8 A9013 IIOV3 
Cl:3A 8D12I14 
C1311 AD84C3 'v'3TBL 
C140 8D8DC1 
C14::: EE:::ECl 
C146 D0!33 
C148 EE:::FCl 
C14B ADFiC1Cl V3PtH 
C14E EE4CCl 
C151 D!303 
C15::: EE4DCl 
C156 C900 DOl,l32 
C158 F01B 
C15A C9FF 
C15C DO!3:3 
C15E 4C76C1 
C161 IJH 
C162 AA 
C163 BD8ECl 
C166 8Il0FD4 
G169 Jm8FCl 
C16C 8D!3ED4 
C16F AD92CO 
C172 8D12D4 
C175 60 
C176 
C176 68 
Cl77 68 
C178 A931 
C17A 8D1483 
Cl7I1 A9EA 
C17F f:D1503 
C182 A9013 
C184 8D18D4 
C187 4C31EA 

DOV33 

DOV34 
! 

MUSEXT 

C18A ! 
C18A 130 TEMPO 
CISB 00 VlIiUR 
C18C 00 V2DUR 
C18D 130 V3IiUR 
C18E ! 
C18E 00130133 FREQT13L 
Cl96 13449f14 
C19E 056705 
CIRG 136CE07 
CIAE 13:=:9309 
C1BG (IACD!3F 
CIFE !3D9C0E 
CICG 112512 
C1CE 159R16 
ClI16 IF381C 
CIDE 224F24 
CIE6 2B342D 
C1EE 366F 
CIF0 
CIFO (10 
elFl 030003 
CIF9 030(103 

! 
V01CE3 

LDA #$138 
STA SIII+18 
LIlA DURAT3 
8m \o'3DUR 
HlC V3TFL+1 
Bt~E V3PNT 
HJC V3TFL+2 
LDA I/01CE3 
HlC V3PNT+1 
BNE DOV32 
INC V3PNT+2 
Ct'lP #$(113 
:E:EQ DO'·/34 
Ct1P #$FF 
BNE DOV33 
J~lP ~lUSEXT 
ASL A 
TAX 
LDA FREQTBL X 
STA SlIi+15 
LDA FREQTBL + LX 
STA SID+14 
LDA V3WAVE 
STA SlIi+18 
RTS 

PLA 
PLA 
LIlA #$31 
STA $0314 
LDA #$EA 
STA $0315 
LDA #$013 
STA S1D+24 
Jt'lP $EA31 

llYT 0 
ll'T'T 0 
BYT (1 
B'T'T 0 

BYT 0.0.3.155.3.210.4.12 
B'r'T 4.73 .. 4 .. 139 .. 4 .. 208 .. 5. 25 
BYT 5.103.5.185 .. 6.16.6.108 
BIT'T 6 .. 206" 7 J 53 .. 7 J 163 .. 8 .. 23 
BYT 8.147.9.21.9.159.10.60 

!GATE OFF 
! GET DURATIm~ 
! SET DURATI ON 

!GET HOTE # 

! Etm OF MUSIC? 

BYT 18.205,11.114.12,32.12.216 
BYT 13.156.14.107,15,70.16,47 
B'T'T 17.37.18 .. 42 .. 19 .. 63 .. 20. Elll 
FIT'T 21 .. 154 J 22" 227 .. 24" 63 .. 25 .. 1 77 
B'y'T 27156 .. 28 .. 214.,30/141 .. 32 .. 94 
BYT 34.75.36.85.38,126.40.200 
B'T'T 43.52.45.198.48.127.51.97 
B'r'T 54.111 

B'T'T 0 
BYT 3 .. 0,,310,,3,,0 .. 3 .. e 
BYT 3.0.3.13.3.0.3.0 
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C201 e8eceF BYT 8,12,15,17,18,17,15,12 
C2e9080coF B'T'T B~12,15,17,18,17,15,12 
C211 01135138 BYT 1,5,8,113,11,113,8,5 
C219 08eC13F B'r'T 8,12,15,17,18,17,15 .. 12 
C221 OF1613 B'T'T 15,22,19,22,13,20,17,213 
C2291380C13F BYT 8,12,15,17,18,17,15,12 
C231 13813COF B'r'T 8,12,15,17,18,17,15,12 
C2391380COF BYT 8,12,15,17,18,17,15,12 
C241 0113508 BYT 1,5,8,113,11,10,8,5 
C249 13813C0F B'r'T 8,12,15,17,18,17,15,12 
C251 13F1613 B'r'T 15,22,19,22,13 .. 20.17 .. 2121 
C25913813CeF BYT 8,12,15,17,18,17,15,12 
C261 138FF B'r'T 8,IFF 
C263 
C263 130 
C263 
C263 00 
C264 1Be01B 
C26C 001B0e 
C274 140014 
C28e lE13elE 
C2S9 181B 
C28B 1401314 
C297 lE€l€HE 
C2Ft€1 181E 
C2Ft2 190019 
C2AE 23(11323 
C2B7 1D213 
C2B9 140£114 
C2C5 lE001E 
C2CE 181B 
C2De IB€lelB 
C2D8 190€119 
C2E13 1401314 
C2EC lE13elE 
C2F5 18lB 
C2F7 14131314 
C2FD 1401314 
C3133 1401314 
C309 1401314 
C3E:1F 14131314 
C315 14131314 
C31B 1413014 
C321 1401314 
C327 190€119 
C32D 1913019 
C333 1901319. 
C339 1913019 
C33F 14131314 
C345 1401314 
C34B 14013.14 
C351 140(114 
C357 IB13(11B 
C35I1 IBee1B 
C363 1913(119 
C369 1901319 
C36F 1413014 
C375 1401314 
C37B 14131314 
C381 1490FF 
C384 60 
C385 060606 
C3SD 060606 
C395 aC13cac 
C39D 13C0C0C 
C3A5 eC0COC 
C3AD ococec 
C3B5 (lC13C0C 
C3BD acococ 

! 
VOICE2 
*=*-1 
VOICEl 

DURFtT3 

BYT 0 

BYT 13 
BYT 27 .. 0,27,13,27,0,0,27 
B'T'T E:l,27,13,27,27,27,27,e 
B'lT 213,121,20,24,0,24,27,0,27,29,13,29 
B'r'T 30,13,313,29,27,23,24,27,23 
BYT 24,27 
BYT 20,0,213,24,0,24,27,13,27,29,13.29 
B'T'T 3fl. 13, 30, 29.27, 23,24,27,23 
:BYT 24,27 
BYT 25,0,25,29.0,29,32,13,32,34,0,34 
B'r'T 35,13,35,34,32,28,29,32,28 
BYT 29,32 
BYT 20,0,213,24,13.24,27 .. 13,27,29,13,29 
B'r'T 313. O. 30,29,27,23,24.27,23 
B'lT 24.27 
BYT 27.13,27,39.37,0,37,34 
B'r'T 25,13.25,37.35,35,32,29 
BYT 2B,13,20,24,lij, 24,27,13 .. 27,29,0,29 
E'T'T 313,0,30,29,27,23,24,27,23 
B',.'T 24,27 
BYT 20,0,213,23,24,27 
BYT 213,0,20,23,24,27 
BYT 213,13,213,23,24,27 
B'T'T 20,0,20,23,24,27 
BYT 20,0,213,23,24,27 
B',.'T 29,13,213,23,24,27 
BYT 213,13,213,23,24,27 
B',.'T 20,9,2£1 .. 23,24,27 
BYT 25,13,25,28,29,32 
B'T'T 25,13,25,28,29,32 
BYT 25,13,25,28,29,32 
B'T'T 25,0,25,28,29,32 
BYT 213, E:l,2Q... 23,24,27 
B'T'T 20,13,213,23,24,27 
B'T'T 20,0,213,23,24,27 
B'T'T 20,13,213,23,24,27 
B'T'T 27 .. 0, 27,30 .. 31 .. 34 
B'T'T 27.13,27,313,31,34 
B'r'T 25 .. 0 .. 25,28 .. 29132 
B'r'T 25,0,25 ... 28,·29 .. ·82 
B'T'T 20,13,213,23,24,27 
B'T'T 20,0,213,23,24,27 
BYT 20,13,20,23,24,27 
BYT 20,13.$FF 
BYT 96 
BYT 6,6,6,6,6.6,6,6 
BYT 6.6,6.6,6,6,6,. 
BYT 12,12.12,12,12,12,12,12 
B'lT 12,12.12,12,12,12,12,12 
BYT 12,12,12,12,12,12,12,12 
BYT 12,12,12.12,12,12,12,12 
B'T'T 1'2,12.12,12,12,12,12,12 
BYT 12,12,12,12,12,12,12,12 



C3C5 OCOCOC 
C3CD OC8C0C 
C3Ir5 13COCOC 
C3Dlr eC0cec 
C3E5 ececac 
C3ED ecee0e 
C3F5 30 
C3F6 ! 
C3F6 130 DURAT2 
C3F6 *=*-1 
C3F6 613 DURATI 
C3F7 06136136 
C3FF 06136136 
C407 138131133 
C413 080103 
C41E 13813183 
C42A 138131133 
C435 13801133 
C441 13813103 
C44C 1380103 
C458 888103 
C463 08131133 
C46B 0801133 
C473 08(1103 
C47F 1380103 
C48Ft (161330:3 
C496 060303 
C4A2 0613303 
C4AE 1360303 
C4BA 13613303 
C4C6 0613303 
C4D2 060303 
C4DE e6e3e3 
C4EA 060303 
C4F6 0603e3 
C5e2 (1603133 
C50E 136133133 
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BYT 12.12.12.12.12.12.12.12 
BYT 12.12.12.12.12.12.12.12 
BYT 12.12.12.12.12.12.12.12 
BYT 12.12.12.12.12.12.12.12 
BYT 12.12.12.12.12.12.12.12 
BYT 12.12.12.12.12.12.12.12 
BYT 48 

BYT €I 

BYT 96 
BYT 6.6.6.6.6.6.6.6 
BYT 6.6.6.6.6.6.6.6 
BYT 8,1,3,8JIJ3,S,1,3~8,1/3 
BYT 8.1.3.9.3.4.4.4.4.4.4 
BYT 8.1.3.8.1.3.8,1.3.8.1.3 
BYT 8.1.3,9.3.4.4.4.4,4.4 
BYT 8.1.3.8.1.3.8.1.3.8.1.3 
BYT 8.1.3.9.3.4.4.4.4.4.4 
BYT 8.1.3.8.1.3.8.1.3.8.1.3 
BYT 8.1.3.9.3.4.4.4.4.4.4 
BYT 8.1.3.6.9.3.6.12 
BYT 8.1.3.6.9.3.6.12 
BYT 8.1.3.8.1.3.8.1.3.8.1.3 
BYT 8.1.3.9.3.4.4.4.4.4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4,4 
BYT 6.3.3.4.4.4.6.3.3.4.4,4 
BYT 6.3.3.4.4.4.6.3.3.4.4 .. 4 
BYT 6.3.3.4.4.4.6.3.3.4,4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4.4 
BYT 6.3.3.4.4.4.6.3.3.4,4.4 
BYT 6.3.3.4.4.4.6.3.3.4.4.4 
B'-r'T 6.3.3.4.4.4.6.74 

Program 28. 
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interrupts. The main IRQ routine can be standard but the initialisation and the 
actual tables have to be coded from sheet music (for the best results). 

The following are the main principles behind the playing of music in 
interrupts: 

1. The piece of music has an overall 'tempo' value which is a counter for how 
regularly the music IRQ is carried out. A value of 1 means each time a system 
IRQ occurs, 2 - every other system IRQ, etc. 
2. Each voice has two reference tables. The first is the actual note number (one 
byte) which is used to look up the SID chip value from the frequency table. The 
second table is a note duration table and holds the value for how many music 
IRQ routines must be carried out before the next note is played. For example, if 
the tempo value is 2 and the note duration value is 6, the next note to be played 
on that voice will be after 12 IRQs have been called. 

It is best to keep the duration values as low as possible. This is done by going 
through the music and finding the shortest note. The duration for that note is 1 
and other notes have greater durations. When the duration table and the note 
table have been entered, the final adjustment required is to change the tempo 
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value (to speed up or slow down). In most cases the tempo value would be less 
than 6. 

In the demonstration piece (which is part of the full piece) the overall tempo 
value is set to 2. The reason for this is that in the music there is an unusual 
duration value for some notes (4/3rds) and so all duration values have to be 
multiplied by 3 to give whole numbers. This means that the tempo value must be 
decreased. 

The coding of the piece of music is a very tedious job and requires at least 
some ability to read music. Each note must be written down along with its 
duration value for each voice to play. The notes must then be converted to 
numbers corresponding to the position in the frequency table. The frequency 
table below is set up in a two byte hi-Io order table and the values required 
follow. 

Position Note Position Note Position Note Position Note 

I AI I3 A2 25 A3 37 A4 
2 A#I 14 A#2 26 A#3 38 A#4 
3 BI 15 B2 27 B3 39 B4 
4 C2 16 C3 28 C4 40 C5 
5 C#2 17 C#3 29 C#4 41 C#5 
6 02 18 03 3,0 04 42 05 
7 0#2 19 0#3 31 0#4 43 0#5 
8 E2 20 E3 32 E4 44 E5 
9 F2 21 F3 33 F4 45 F5 

10 F#2 22 F#3 34 F#4 46 F#5 
I I G2 23 G3 35 G4 47 G5 
12 G#2 24 G#3 36 G#4 48 G#5 

Position,0 causes the gate to be turned off and no change made to the frequency 
(setting the release in action). 

This table was made up by finding out the highest and lowest notes to be 
played and including all notes in the range. The table could be decreased in size 
by containing just the notes that are played. 

5.6 Music IRQ operation 

The actual IRQ routine first decrements the tempo value and, if not zero, the 
normal IRQ is done. If the tempo value is down to zero the music IRQ routine is 
called. In this routine, the tempo value is reset and the duration value for each 
voice is decremented. If it reaches zero a subroutine is called to put the next 
value into the voice and set up the next note's duration. If the next note found 
for any of the voices is $FF, a routine to reset the IRQ vector to normal is 
jumped to and the music ends. After all three voice durations have been tested 
the normal IRQ routine is called. 
Note: The total of durations for each voice should be equal so that all voices end 
at the same time. 



Appendix A 

Sprite Editor 

Program 29 is a simple sprite editor for the CBM 64. It allows adding and 
deleting dots, in either multicolour or standard sprites. 

1000 REM *******$SPRITE EDITOR******** 
1010 REM FOR MULTI COLOUR OR STANDARD 
10213 REM SPRITES. 
1030 REM ***************************** 
1040 DEF FNS(Z)=32769+(R+l>*4e+C+l 
1050 DEF FNC(Z)=FNS(Z)+22529 
1060 SP=0:POKE2,0:VIC=53248:POKE65e,128 
10713 DIM F'2(7) : FORI=OT07:P2(l)=2tI : NEXT 
1080 CD$="~~~" 
1098 GOSUB2630: REM PUT IN MACHINE CODE 
11130 REM ***************************** 
1110 REM PROTECT MEMORY 
1120 REM ***************************** 
1130 POKE56 , 12S:POKE54,12S:POKE52,128 
1140 REM ***************************** 
1150 REM SELECT BANK 2 
1160 REM ***************************** 
1170 POKE5657S,PEEK(S6578)OR3 
1180 POKE56576, (PEEK (56576)AND252)ORl 
1190 POKE53272,PEEK(53272)AND15:POKE64S,128 
1200 PRINT":C":POKE532S1,11:POKE532S0,9 
1210 GOSUB2070: REM DO YOU HAtH TO LOAD 
122(1 REf1 ***************************** 
12313 REM SET VIC CHIP SETTINGS 
1240 REM ***************************** 
1250 POKEVIC+21, 1 :POKEVIC,240: POKEVIC+L 59 
1260 POKEVIC+16,0:POKEVIC+23,1:POKEVIC+29,1 
1270 POKEVIC+39,7:POf(EVIC+37,0:POKEVIC+38,e 
12813 POKEVIC+28,0:GOSUB1790 
12913 REM ***************************** 
1300 REM MAIN INPUT LOOP FOR COMMAHDS 
1310 REM ***************************** 
13213 POKEFNC(e),e 
13313 GETA$: I FA$:= " "THEN 1330 
1340 POKEFNC(0) , 1 
1350 IFA$="+"THEN1570 
13613 IFA$="-"THEt-H640 
13713 IFA$=")ll"THENR=R+1: IFR=2lTHEt·1R=0:GOT0132e 
13813 IFA$=":'1"THENR=R-1: IFR=-1 THEt·1R=20: GOT013213 
1390 IFA$="PlI"THENC=C+1: IFC=24THENC=O:GOT01320 
14130 IFA$="II"THENC=C-1: IFC=-lTHENC=23: GOT0132e 
1410 IFA$="N"THENSP=(SP+1)AND31: GOSUB2020: GOT01320 
14213 IFA$="Q"THEN2220 
14313 IFA$= "M "THENPOKEV I C+28, PEEK(VIC+28)OR1 : GOT0132(1 
1440 IFA$="O"THENPOKEVIC+28,PEEK(VIC+28)AND254:GOT01320 
1450 IFA$="S"THEN171O: Rnl SELECT 
1460 IFA$="."THENPOKE53281,(PEEK(53281)+1)AtlD15:GOT01320 
1470 IFA$="!!!!"THENPOKE532Se, (PEEK(53280)+1 )ANII15: GOT01320 
1480 IFA$="II"THENPOKEVIC+39, (PEEK(VIC+39)+1 )Atm15: GOT0132e 
14911 IFA$="II"THENPOKE'v'I8+37, (PEEK(VIC+37)+ 1 )AHD15: GOT01320 
1500 IFA$=" ."THENPOKEVIC+38, (PEEK(VIC+38)+1 )AtlD15: GOT01320 
1510 IFA$= "X " THENPOKEV I C+29, (PEEK(VIC+29)+1)At~D1 : GOT0132e 
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1520 IFA$='''r'''THENPOKEVIC+23, (PEEK(VIC+23)+1)ANII1 : GOT0132fl 
153£1 I FA$=":')" THENFOR I =(lT063 : POKE32768+ (SP+ 16) *64+ I , ° : NE~<T : GOSUB2020 : A$:= " j:j" 
15413 IFA$="~"THENR=0:C=0:GOT01320 
1550 GOT01320 
1560 REM ***************************** 
1570 REf1 ADD A POINT TO THE SPRITE 
1580 REM ***************************** 
15913 AD=32768+R*3+INT(C/8)+64*(SP+16) 
1613(1 POKEAD, PEEKCAD)ORP2(7-(CAND7» 
1610 POKEFNSCO),81 
1620 A$::".'" : GOT01390 
1630 REM ***************************** 
1640 RE~l DELETE A POWT FRO~l THE SPRITE 
1650 REM ***************************** 
1660 AII=32768+F:*3+ I NT C C/8) +64* (SP+ 16) 
1670 POKEAD, PEEKCAD)AND(255-P2(7-(CAND7») 
16813 POKEFt-lS(0),.46 
1690 A$= ...... :GOTOI390 
17130 REM ***************************** 
1710 REM SELECT A SPR ITE TO D I SPLA'r' 
17213 REf1 ***************************** 
17313 OPENl,O 
174£1 PRINTCD$;" SPRITE t~UMBER (0-31) ";: HlPUTitL SP$: CLOSE1 
1750 PRINTCD$" 11.lil "; 
1760 SP=VALCSP$): IFSP)31 ORSP«(lTHENI71 13 
1770 GOSUB2020:GOTOI320 
1780 RHI ***************************** 
1790 REM PUT UP D I SF'LA'" 
1800 REM ***************************** 
1810 PRINT":,) i SPRITE" i 
18213 FORI=1T021 
18313 PRINT" J •••••••••••••••••••••••• J N 

1840 NEXT 
1850 PRIHT" Ii" 
16613 PRINT"~IIMIQ"SPC(27)";r;OHTROLS:" 
187e PRINTSPC(27)"~!! ADD DOT " 
1880 PR ItlTSPC (27) "~!! DELETE DOT It 
1890 PRINTSPC(27)" ~i><!! Er~PAHD " 
1900 PRINTSPC(27)" ~r'!!! EXPAtlD " 
1910 PRINTSPC(27)''.l1!! ~lULTI Ot~ 
192£1 PRWTSPC(27)'' oD!! ~lUL TI OFF " 
1930 PRmTSPC(27)":l3!!! SELECT 
194(1 PR I NTSPC (27)'' ::~'I!! NEXT 
195121 PR I NTSPC (27) "~~!! Gill IT 
1960 PRItHSPC(29) "COLOURS: 

" 
1970 PRINTSPC(27)"::-F1! SCREEN " 
1980 PR INTSPC ( 27> "::-F3! BORDER " 
1990 PRINTSPC(27)"::.r5! SPRITE 
2£1013 PRINTSPC(27)" • .r7! N-C 1 
201 e PR INTSPC (27) " • .rB!!! M-C 2 
2020 POKE33784,SP+16 
2121313 PRINT"~~"SPC(34)"*"RIGHT$(" 
2134£1 S.,.'S49152, SP+16 
2050 R=0:C=eJ:RETURN 

"+8TR:fCSP),4) 

2060 REM ***************************** 
2070 RE~l LOAD A SPRITE FILE FROM TAPE 
2080 REM OR DISK. 
20913 REf1 ***************************** 
2100 POKEVIC+21,O:PRINT":') SPRITE EDITOR" 
2110 PRINT")lI!l[IO "'OU l~ISH TO LOAD A SPRITE FILE 7"; 
2120 GETA$:IFA$O"V"ANDA$O"H"THEN2120 
2130 IFA$="WTHENRETURN 
2140 PRINT'''Y''':GOSUB2480:REM ~:ET UP FILE DETAILS 
2150 POKE780,O:SYS(65493) 
2160 IF(PEEK(783)AI~Dl )=OTHEI4RETURN 
2170 PRINT")l~~OAD ERROR!!! DO 'r'OL! I~Atn TO TRY AGAIN?" 
21813 GETA$:IFA$()"Y"ANDA$O"N"THEN2180 
2190 IFA$="N"THEHRETURH 



2200 GOT0207e 
2210 REM ***************************** 
22213 REM END PROGRAM AND SAVE SPRITES 
2230 REM ***************************** 
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2240 POKEVIC+21, 0:PRINT":JD0 'r'OU WISH TO SAVE THE SPRITES 7"; 
2250 GETAt-: IFA$()"'r"'ANDA$()"N"THEN2250 
2260 IFA$="WTHEN2420 
2270 PRINT"Y":PRINT")lJIENTER RAHGE OF SPRITES:" 
2280 PRINT"lIl:3TART SPRITE NU/1BER:";: OPEN!. 0: INPUT#L SS$:CLOSEl :PRINT 
2290 SS=VAL<SS$): IFSS(00RSS)31 THENPRI NT":-rrl" : GOT02280 
2300 PRINT")lEI~D SPRITE NU/1BER:"; : OPENl, (I: IIIPUnll, ES$: CLOSE 1 : PRINT 
2310 ES=VAL(ES$): IFES(~10RES)31THENPRINT":Tn": GOT023130 
2320 IFSS)ESTHENPRINT"TIID":GOTCI2280 
2330 SS=(S8+16)*64+32768:ES=(ES+17)*64+32768 
2340 POKE252,INT<SS/256):POKE251,SS-INT<8S/256)*256 
2350 POKE78(1,251:POKE782,INT(ESI'256):POKE781,ES-INT(ES/256)*256 
2360 GOSUB2480 
23713 S'r'S(65496): REM SAVE 
23813 IFST=0THEN2420 
23913 PRINT":aoo=SAVE ERROR!!!! DO YOU WANT TO TRY AGAIN ?" 
2400 GETA$:IFA$O"Y"ANDA$()"N"THEN2400 
2410 IFA$="Y"THEN2220 
2420 POKE53280,14:POKE532S1,6 
2430 POKE64S,4:PRINT":D" 
2440 POKEVIC+24,(PEEK(VIC+24)ANDI5)OR16 
24513 POKE56578,PEEK(56578)AND252 
24613 END 
2470 REM ***************************** 
2480 REM GET FILE DETAILS FOR LOAD 
2490 REM AND SAVE 
2500 REM ***************************** 
25113 PRINT")ftpLEASE ENTER FILENAI1E: N; 
25213 OPEN1,0:INPUT#l,FM$:CLOSE1:PRINT 
2530 PRINT" :rIIII1:.u~E OR i2D!!ISK: N; 
2540 GETA$:IFA$()"T"ANDA$O"D"THEN2540 
25513 PRINTA$:D=8:IFA$""T"THEND=1 
25613 IFLEN(FM$»)16THENFM$=LEFT$(FM$/16) 
25713 POKE183,LEN(FM$) 
25813 POKEI86/D:POKEI85,D:POKEI84/D 
25913 POKEI88/2:POKE187,192 
26913 FORI= 1TOLEN (FM$) :POKE703+I , ASC(MID$(FM$, r, l» : NEXT 
26113 RETURN 
2629 REM ***************************** 
26313 REM STORE MACHINE CODE INTO 
26413 RE/1 ~lEMOR'r' 

2650 REM ***************************** 
2660 1=49152 
2670 READA: I FA=-l THEH27ee 
2680 POKEI,A:I=I+1 
2690 T=T+A:GOT02670 
2700 IFT014011THENPRINT":JDATA ERROR":END 
27113 RETURN 
27213 REM ***************************** 
2730 REM DATA FOR MACHINE CODE SPRITE 
2740 REM DISPLAY 
2750 REM ***************************** 
27613 DATA32 1 253, 174,32/158, 183,,134 
27713 DATA251 1 169,131 133/2521 1613.5 
27813 DATA6,251,38,252,136,16.249 
27913 DATAI65,252,le5:128.133,252,32 
2800 DATAI02.229,169,17,32,210,255 
2810 DATA160,0,169,29/32,210.255 
2820 DATA32,64, 192,21313,32,64,192 
28313 DATA2BB,32.64,192,200,169.13 
28413 DATA32,21e, 255, 192,63,208,239 
28~B DATA96,177,251,133,254.169,128 
2869 DATAI33.253.37,2S4.240,8,169 
2870 DATA209,32/210,2S5,76,89,192 
2880 DATA169,46,32,210,255,79,253 
2899 DATAI65,253,208.233,96,-1 Program 29. 
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All colour combinations (except text) can be changed at the press of a button. 
In total, 32 sprites may be edited/ created using this program and they can then 
be saved to disk or tape and reloaded to be edited further or for the final 
program. 

For speed, a short machine code program is first poked into memory which 
displays the enlarged sprite grid onto the screen. All editing commands 
available are displayed on the screen continuously, and when you have pressed 
'Q' to quit you will be asked if you wish to save the sprites. The sprites are stored 
as memory (not as a data file) and are located at $84.0.0. 



Appendix B 

Character Editor 

This character editor (Program 3.0) allows the editing of 128 characters in the 
Commodore 64. The characters may be standard, multicolour, or a mixture of 
both. The characters are edited on a large 8 by 8 grid and all characters are 

1000 REM ******CHARACTER EDITOR******* 
101 (1 REM FOR ~lUL TI COLOUR OR STANDARD 
1020 REM CHARACTERS. 
1030 REM ***************************** 
1040 DEF FNS(Z)=32768+(R+l)*40+C+l 
1050 DEF FNC(Z)=FNS(Z)+22528 
1 (160 CH=0: CO= 1 : POKE2, 0 : V I C=53248 : POKE650, 128 
1070 DIM P2(7):FORI=0T07:P2(I)=2tI:NEXT 
1080 CD$="~I!I~IIJlltllllI/ili/ilillJllJi.ItII1I:ll" 
10913 GOSUB2550: REM PUT IN CHARACTERS 
1100 REM ***************************** 
11 10 REM PROTECT NEMORY 
1120 REM ***************************** 
1130 POKE56,128:POKE54,128:POKE52,128 
1140 REM ***************************** 
1150 REM SELECT BANK 2 
1160 REM *********~****************** 
1170 POKE56578,PEEK(56578)OR3 
118(1 POKE56576, (PEEK (56576)AHD252)OR1 
1190 POKE53272,2:POKE648,128 
1200 PRINT":.Q":POKE53281,11:POKE53280,9 
1210 GOSUB2040: REM DO 'T'OU ~IANT TO LOAD 
1220 GOSUB1710 
12:::(1 F:EM ***************************** 
1240 REM ~lAIN INPUT LOOP FOR COM11ANIIS 
1250 REM ***********~***************** 
1260 POKEFI~C(0),0 
1270 GETM: I FA$=" "THEN1270 
128(1 POKEFHC (0) , 1 
12913 IFA$="+"THEN1490 
13(10 IFA$="-"THEIU560 
13113 I FA$="~" THEI'lR=R+ 1 : I FR=8THENR=0 : GO TO 1260 
1320 IFA$=":J"THENR=R-l: IFR=-lTHEI~R=7:GOT01260 
13:::13 IFFt$="~I"THENC=C+l: IFC=8THEIK:=13:GOT01260 
1340 IFA$="gl"THEI~C=C-l: IFC=-lTHEHC=7:GOT01260 
1350 IFA$="N"THEI~CH=(CH+l)AND127:GOSUB1960:GOT01260 
13613 I FA$= "Q" THEN2190 
137(1 I FA$=" 11" THENPOI(EV 1 C+ 22, PEEK (V I C+22) OR 16: GOTO 1260 
1380 IFA$="O"THEI-lPOKEVIC+22,PEEK(VIC+22)AND239:GOT01260 
1390 IFA$="S"THEIH630:RHI SELECT 
1400 IFA$= "1I"THEI~POKE53281, (PEEK(53281 )+1 )AND15: GOT01261j 
1410 IFA$="~"THENPOKE53280,(PEEK':5328(1)+1)AHD15:GOT01260 
142(1 r FM= "II" THEll2650: REM CHANGE CHARACTER COLOURS 
14;;:0 I FA$= "II" THENPOKE'y' I C+34, .: PEEK (V I C+34) + 1 )Alm 15: GOTO 1260 
1440 IFA$="."THENPOKEVIC+35, (PEEK(VIC+35)+1 )AI·m15: GOT01260 
1450 IFFt$="::'!"THEI·lFORI=0T07: POKE34816+CH*S+I,0 : NEXT : GOSUB1960: A$="~" 
1460 IFA$="~"THEtlR=O:C=0:GOT01260 
147(1 GOT01261j 

14::::0 RHI ***************************** 1490 REI'! AriD A POINT TO THE' CHARACTER 

1500 RHI ***************************** 
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1510 AD=34816+R+8*CH 
1520 POKEAD,PEEK(AD)ORP2(7-(CAND7» 
153(1 POKEFNS(O) , 81 +128 
1540 A$=" JI" : GOTO 1330 
1550 F.:EM ***************************** 1561:1 REM IIELETE A POmT FROM THE CHAR 
1570 REM ***************************** 
1580 FID=34816+R+8*CH 
1590 POKEAD, PEEK (FtD)AHD(255-P2 <7-(CAHD."7) » 
1600 POKEFNS(O),46+128 
1610 A$="~I": GOT013313 
1620 REM ***************************** 
1630 REI'! SELECT A CHAR TO DISPLA', 
1640 REt1 ***************************** 
1650 OPEN!'G 
1660 PR WTCD$; ":CHAR HUt'lEER (0-127> "i: I NPUTi 1, CH$ : CLOSE 1 
1670 PF:HlTCD$" ;:S" 
168(1 CH=VAL<CH$): IFCH)1270RCH(OTHENI630 
1690 GOSUB196G:GOT01260 
17(1£1 REt1 ***************************** 
1710 REM" PUT UP DISPLAY 
1720 RE~1 ***************************** 
17:::0 PR It-lT ":'J" : FOR I =OT0999 : POKE32768+ 1, 160 : NEXT 
1740 PRlI-lT"~:~1 _ ro~ CHARACTER" 
175(1 FORI=1T08 
1760 PRINT".~I~ ••••••••• ," 
17713 NEXT 
1780 PRIHT".:.J I III 

1790 PRINT"i:!~~ ••• ' •••••••••••••• 11 I" 
1800 PRINT":~."" ••••••••••• " •• I\.....JII 

181(1 PRINT";:S~~~"SPC(20)"~OHTROLS: II 

182(1 PRIHTSPC(20)"~ ADD DOT " 
18313 PRINTSPC(2G)" ~ DELETE DOT" 
1840 PR INTSPC (20) "~1 MULTI ON II 

1850 PRIHTSPC(20) II :ll MULTI OFF II 

186(1 PRINTSPC(213)"~ SELECT " 
1870 PF.:INTSPC(20)":I~ NEXT II 

18S(1 PF: lI-lTSPC ( 213) ":~ QU IT " 
189(1 PF.: HlTSPC (22) " :£OLOURS : " 
19013 F'RINTSPC(2G) ".Fl SCREEN II 

1910 PRINTSPC(20)":F3 BORDER " 
1920 PRItnSPC(20) " :F5 CHARACTER" 
19:::0 PF:IHTSPC(20)".F7 M-C 1 " 
1940 PR It4TSPC < 20) ":F8 ~l-C 2 ~" 
195(1 GOSUB2720 
1960 PRINT"~~I"SPC(29) II N4UMBER"RIGHT$( " "+STR$(CH) ,4) 
1970 FORR=OT07:A=PEEK(34816+R+CH*8) 
198(1 FORC=0T07 
1990 IF(AAt4DP2<7-C) )=0THENPOKEFHS(0) ,46+128: GOT020Hl 
2000 POKEFNS(0),81+128 
20113 NEXT:NEXT:POKE32828.CH:POKE55356,CO 
20213 R=0:C=G:RETURH 
21330 REM ***************************** 
2(14€1 REM LOAD A CHARACTER FILE FROM 
2050 REt1 TAPE OR DISK. 
2060 REM ***************************** 
21370 PRINTCHR$(S)":'J~ CHARACTER EDITOR 
213813 PRINT":~~:mO \-'OU '''ISH TO LOAD A CHARACTER FILE ?" i 
213913 GETA$: IFA$()IY"ANDA$()"N"THEN2090 
21013 IFA$="N"THENRETURH 
21113 PRWT"Y":GOSUB2400:REM SET UP FILE DETAILS 
212(1 POKE7S13,O: SYS(65493> 
2130 IF(PEEK(783)ANDl)=0THENRETURN 
214(1 PRINT":.II!I:t..OAD ERROR DO. YOU '''ANT TO TRY AGAIN?" 
2150 GETA$:IFA$()"Y"ANDA$O"N"THEN2150 
21613 IFA$="N"THENRETURN 
217(1 ODT02040 
218(:1 RE~l ****************If!************ 
2190 REM END PROGRAM AND SAVE CHARS 

II 
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2200 REM ***************************** 
2210 PRIHT":'.lo:IDO \'OU l~ISH TO SAVE THE CHARACTERS 1"; 
2220 GETA$:IFA$<>"Y"ANDA$O"H"THEN2220 
2230 IFA$="N"THEN2340 
2240 PRINTA$ 
2250 SS=348i6:ES=35840 
2260 POKE252.INT(SS/256):POKE251.SS-INT(SS/256)*256 
2270 POKE780,251:POKE782,INT(ES/256):POKE781,ES-INT(ES/256)*256 
2280 GOSUB240£t 
229(1 S'r'5(65496): REM SAVE 
2300 IF5T=OTHEN2340 
2311:1 PRItH"~.eAVE ERROR DO 'T'OU WANT TO TRY AGAIN 1" 
232(1 GETA$: IFA$()"Y"AHDA$()"N"THEN2320 
2330 IFA$="'T"'THEN2190 
2340 POKE53280,14:POKE53281.6 
235£1 POKE64S,4:PRINT":I]" 
2360 POKEVIC+24,21:POKEVIC+22,200 
2370 POKE5657S,PEEK(5657S)AND252 
2380 END· 
2390 REM ***************************** 
2400 REM GET FILE DETAILS FOR LOAD 
2410 REM AND SAVE 
2420 REM ***************************** 
24313 PRHlT":.laJ.-F'LEASE ENTER FII,.ENAI·lE:"; 
2440 OPENhO: INPUnU,FM$:CLOSE1 : PRINT 
24513 PRIHT")IQI:lTAPE OR DISK:"; 
2460 GETA$: IFA$<>"T"ANDA$()"D"THEH2469 
2470 PRINTA$:D=S:IFA$="T"THEND=l 
2480 IFLEN(FM$»16THENFM$=LEFT$(FM$.16) 
2490 POKE183,LEN(FN$) 
2500 POKE186.D:POKE185.D:POKE184.D 
25113 POKE188.2:POKE187.192 
2520 FORJ=1TOLEN(FM$):POKE7e3+I.ASC(MID$(FM$.I.1»:NEXT 
2530 RETURN 
2540 REM ***************************** 
25513 REM COpy CHARACTERS INTO RAM FOR 
25613 REM EDITING 
2570 REM *********-******************** 
2580 A=34S16:B=35B4e:P0KE56334.PEEK(56334)AND254 
2590 POKE L PEEK ( 1)AHD251 
2600 FORI=5:3248T054272 
26113 F'OKEA, PEE!( ( I ) : POKEB, PEEK ( I ) : A=A+ 1 : B=B+ 1 : NEXT 
2620 POKE!" PEEK( 1)OR4 
26:313 POKE56334, PEEK (56334)ORl 
2640 RETURN 
2650 REM ***************************** 
266(1 REM CHANGE COLOUR OF USER DEF 
2670 REM CHARACTERS 
2680 RE~l ***************************** 
26913 CO=(CO+1)AND15:POKE55356,CO 
27130 GOSUB28013:GOT012613 
27113 REM ***************************** 
27213 REM PUT UP CHARACTER DISPLA'T' 
2730 REM ***************************** 
2740 PRINT"1:MI~~_~ 0123456789" 
2750 PRINT"~ •. .-----.. 
2760 FORI=0T011 
27713 PRINT" ~=-"RIGHT$(" "+STR$(I>.2); "I I I" 
2780 NEXT 
27913 PRINT"~:(12.' ,..-I::@I:S"; 
28£10 FORRR=0T011 
2810 FORCC=0T09 
28213 POKE33251+RR*40+CC.RR*10+CC 
2830 POKE5S779+RR*40+CC.CO 
28413 NEXT:NEXT:FORI=0T07 
2850 POKE33731+I.I+129:POKES6259+I.CO 
2860 NEXT:RETURN 

Program 30. 
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displayed on the screen. The character, like the sprites in Appendix A, can be 
loaded and saved as blocks of memory. The saved characters reside in memory 
at locations $88,0,0-$9,0,0,0 and are the full 128 characters. 

Editing is performed with the same commands as for the sprite editor, with 
the exception of expanding. 



Appendix C 

Sound Editor 

The sound editor in Program 3 I is designed to allow you to experiment with the 
SID chip settings to find out what sounds good and what doesn't. 

1£1£1£1 REM ****************************** 
1£110 REM ** SOUND EFFECTS EDITOR -64 ** 
1£120 REM ****************************** 
133£1 REM 
1£14£1 REM ZERO THE SID CHIP 
lese REM 
1£160 SID=54272:FORI=OT024:POKESID+I.3:NEXT 
137£1 DIM K;~(64),FL~(33),FH~(.33) 
1£180 FORI=£1T064:READK~(I):NEXT:REM GET KEY TABLE 
109£1 FORI=0T033:READFL~(I) :NEXT:RE~l GET FREQUENC'r' TABLE LOI~ 
11£1£1 FORI =13T033: READFH.~~( I> : NEXT: REM GET FREQUENCY TABLE HIGH 
11113 REM 
1129 REM SET INITIAL VALUES 
1139 REM 
11413 AT=e:DE=9:su=e:RE=0:03=0:FF=0:FR=9:FPf=" OFF":S$="NOTHING":WV$="PULSE 
11513 FP=O:POKE SII ... ·5,.9:POKE SID+6,0 
1169 POKE SID+24,15 
117£1 WV=64:PW=2948:POKESID+3,PW/256:POKESID+2,PW-INT(PW/256)*256: GOSUB2473 
11813 REM 
11913 REM MAIN LOOP STARTS HERE WITH 
1213£1 REM KEYBOARD INPUT 
12Hl REM 
122£1 K=PEEK(197):IFK=LKTHEN1220 
123£1 LK=K:POKE SID+4,I~V 
1243 IFK~(K)=64 THEN 12213 
125£1 IFK;~(K»64 THEN 138£1 
126£1 REM 
1270 REM CHANGE FREQUENCY SETTINGS FOR 
1280 REM NEI~ KEY 
129£1 REM 
1330 POKE SID, FL:~(K;!(K» 
1310 POKE SIII+l,FH;~(KY.(K» 
13213 POKE SID+4,WV+l 
1330 GOTO 122£1 
13413 REI1 
135£1 REM EITHER A FUNCTION KEY OR 
13613 REM RETURN 
13713 REM 
1380 ON (K~(K)-64) GO TO 14313,1483,1539.1589,1649 
1390 STOP 
14£13 REM 
141£1 REM Fl 
14213 REM 
143£1 AT=(AT+l)AND15:POKESID+5.AT*16+DE 
1449 GOT01590 
145£1 REM 
146£1 REM F3 
1473 REM 
1483 DE=(DE+1)AND1S:POKESID+5,AT*16+DE 
1490 GOT015.99 
1500 REM 
1510 REM F5 
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152£1 REM 
15313 SlI=(SlI+1)AND15:POKESID+6.SU*16+RE 
15413 GOT0159121 
15513 REM 
15613 REM F7 
15713 REM 
15813 RE=(RE+1)AND15:POI(ESID+6.SU*16+RE 
15913 LK=64:GOSUB268e:GOT0122121 
16013 Rnl 
1610 REM F:ETURI~ KE'T'. CHOOSE OTHER 
16213 REM VALUES TO CHANGE 
16;::(1 REI1 
1641:1 POKE 198. 0 : PR I NT" i:M~lmOO!l1!l~l1!l~~Q1!l~l!!lqlP.l" ; 
1650 PRINT " ENTER REQUIRED NUMBER:"; :OPEN2,0:1NPUT#2,Q$:CLOSE2 
1660 PRmT:PRINT":1 II 

16713 Q=INT<VAL<Q$»: IFQ(lORQ)7THEIH6413 
16813 ONQGOT0173e,18ee/1940,20S0,2150,2250,235e 
16913 STOP 
1700 REM 
1710 REM 1, SPECIAL EFFECT 
1721:1 REM 
1730 PRINT":1:.J;:~IN8 MOD, ~!!mc, :"~!!!IJTHWG" 
1740 NEWA$:IFA$()"N"ANDA$()"S"ANDA$()"R"THEN1740 
17513 PRINT":1 "; 
1760 IFA$="N"THEI~S$="NOTHING": WV=WVAI1D24(1: GOT01790 
1770 I FA$=" S" THENS$= II S~'NC" : ~JV= (WVAND24fD 0R2 : GOTO 1790 
17813 S$=" RING ":WV=(WVAND240)OR4 
17913 POKESID+4,lN: GOSUB268e: GOT0122\3 
181313 PRINT":ENTER NEl~ VALUE FOR OSC3 (121-65535)" 
18113 REM 
18213 REM 2. OSC 3 SETTING USED IN 
1830 REM CONJUNCTION WITH #1 
1840 REM 
18513 OPEN2.0:INPUT#2,03$:PRINT:CLOSE2 
18613 PRINT":Tl " 
1870 PRINT" " 
1880 03=ItH(VAL<03$»: IF03<eOR03)65535THENPRII~T":1"; : GOT0180e 
18S10 POKES I 11+ 15 , 03/256 : POKES I D+ 14, 03-I NT (03/256) *256 
19013 GOSUB2680:GOTOl22e 
1910 REM 
19213 REM 3, CHANGE WAVEFORM 
19313 REM 
19413 PRINT":1:.lT!I!UANGLE, ~!!'l~JTOOTH, .P!ULSE, ;J·l!lJISE" 
19513 NEWA$:lFA$OIN"ANDA$O"P"ANDA$()"S"ANDA$()"T"THENI95e 
19613 PRINT":1 " 
19713 IFA$="T"THENWV$="TRIANGLE": WV=(l~VAND15)OR16: 80T02e1e 
1980 IFA$="S"THENlN$="SAWTOOTH": l.JV=(WVANDI5)OR32: 80T0201(1 
19~O IFA$="P"THENWV$="PULSE ": l~V=(W'y'AND15)OR64: GOT02fj10 
2131313 WV$="NOISE ": l.JV=(l~VAND15)OR128 
21310 GOSUB268fj:GOT0122e 
2020 REM 
21330 REM 4. CHANGE PULSE WIDTH 
213413 REM 
20513 PRINT":ENTER NEW PULSE lHDTH (9-41395)" 
2fj600PEN2,0:INPUT#2,PW$:PRINT:CLOSE2 
21370 PRINT":Tl " 
2080 PRINT" " 
2090 PW= I NT (VAL (PW$) ) : I FP~J(eORPW)4e95THENPR I NT":1"; : GOT0205e 
2100 POKESID+3,PW/256:POKESID+2,PW-INT(PW/256)*256 
2110 GOSUB2680:GOTOI220 
2120 REM 
21313 REM 5, CHANGE FILTER FREQUENCY 
21413 REM 
2150 PRINT":ENTER NEL.J FILTER FREQUENCY (0-2047> II 
21600PEN2,0:INPUT#2,FF$:PRINT:CLOSE2 
2170 PRINT":Tl " 
2180 PRINT" 
2190 FF=INT< VAL (FF$) ) : IFFF(eORFFn047THENF'RINT":1"; : GOT02150 
2200 POKESID+21,FFAND7:POKESID+22,INT(FF/8) 
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2210 GOSUB2680:GOT01220 
222£1 REM 
223£1 REM 6 J CHANGE F I L TER RESONAt~CE 
2240 PEM 
225t1 PRWT":-EJlTER NEH FILTER RESOHANCE (£1-15)" 
2260 OPEIl2, 13 : I NPUT#2, FR$ : PR INT : CLOSE2 
227£1 PRItlT":TI 
2280 PRINT" 
2290 Ff':=INT(VAL (FR$)) : IFFR(OORFR)15THENPRI I~T":J"; : GOT02250 
23~)0 POKESHI+23, FRlH 6+FP 
2310 GOSUB2680:GOT01220 
232101 REt1 
233(1 REt1 7, CHANGE F I L TER PASS 
2340 F:EM 
235(1 PRINT":J::~!!!IGH.. ::~!(II~, ~!!=!HD, ~!!FF" 
236£1 NEI~A$: IFA$()"O"ANDA$()"B"ANDA$O"L "ANDA$O"H"THEN2360 
2370 PRWT":J " 
2380 FP=1:IFA$="H"THENFP$="HIGH":I/C=79:GOT02420 
2390 IFA$="L"THENFP$=" LOW':',IC=31:GOT02420 
2400 IFA$="B"THENFP$="BAND":I/C=47:GOT02420 
2410 FP$=" OFF" :'y'C=15:FP=0 
24213 POKES III+24 , ',IC : POKES I D+ 23 J FR:U E?+FP 
2430 GOSUB2680:GOT01220 
2440 REt1 
24513 REM PUT UP SCREEN DISPLA'r' 
2460 REM' 
2470 POKE53281,14:POKE53280,14 
2480 PRINT"~~ mOUND EDITOR 64~ 
2490 PRINT"~::~ 
2500 PRINT"QI~ 
2505 PR INT" =- .7 =-
2510 PRINT"~::~ 
25213 PRINT"QI~ 
2530 PRINT"~:.I 
2535 PRINT" =- .J:f 
2540 PRINT"~~ 
255£1 PRINT"~::~ 

=- 1i12:l1 13::1/ I .5=1 116"; 
Ml9=- 10=t I .-::!I 1/\= ~ "; 
~ IW IE IR IT 1'1' III 1110 IP It!! 1* 11i1 

=t IiIS:lf IID:::II I IG=1 IIH"; 
ilL =- /I::lI ~ 
~ IX IC IV IB IN It'l" I. II'" 

,,-, 

II' .' 

" . , 

II' , 

" -, 

" . , 

" . , 

2560 PRINT"!!:iI!lI!OO:~I!l~~1:O=ATTACK: :ill ::3PECIAL:" 
2570 PRHlT"F3::C:: IIECAY JU2 ~SC 3 : " 
2580 PRINT"F5::C:: SlISTAIN:" 
259(1 PRINT"F7:O:: RELEASE:" 
2600 PR I NT" :il3 =~AVEFORM : " 
2610 PRINT" AI4 ~ULSE l.JlDTH:" 
2620 PRINT";Ql liB ~IL TER FREQUEt~C\':" 
2630 PRI NT" ~ ~ I L TER RESONAtlCE:" 
2640 PRINT" liiJ7 :FILTER PASS :" 
2650 REM 
2660 REM DISPLAY VALUES AFTER CHANGES 
2670 REM 
2680 PR INT" =I:;I1!l1!laI1!IIIl1!l1!l1!lQ ............. ," R I GHH (STR$ (AT) ,2) 
2690 PRINT" ............ '''RIGHT$(STR$(DD ,2) 
2700 PRIHT" ............. I"RIGHT$(STR$(SU) ,2) 
271(1 PRI NT" ............. I"RIGHT$ (STR$(RE) ,2) 
2720 PRINT":TTIlI .............................. I";S$ 
2730 PRINT" ................... III •••••••• ,II"RIGHT$(" 
2740 PR I NT" ~ •••• /II ...... " •••• I" ; l~V$ 
2750 PRINT" .................. I"RIGHT$(" "+STR$(PI~),4) 

"+STR$(o3) ,5) 

2760 PRINT ":O ........................ I"RI GHT$ ( " "+'3TF::HFF>, 4) 
2770 PRI NT " ......................... I"R I GHT$ (STR$ (FR) ,2) 
27813 PRINT " ....................... /" ; FP$ 
2790 RETURN 
2800 REN 
281 £1 RE~1 KE'r'BOARD TABLE, VALlIE 64 NEANS 
282(1 REM NOT USED, (64 IS A NOTE .• )64 
2830 REM IS FOR I'lODIFICATION ROUTINES 
2840 REM 
2850 DATA 
2860 IIATA 
287£1 DATA 

64,69,64,68,65,66 .• 67,64 
15,14,64,64,0,1,16,64 
18,17,3,20.4,64,19,2 
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2880 DATA 22,21,6,64,7,8,23,5 
2890 DATA 25,24,10,27,11,64,26,9 
2900 DATA 64,28,13,30,14,15,29,12 
2910 DATA 32,31,64,64,64,64,33,16 
2920 DATA 64,64,64,13,64,64,12,64,64 
2930 REM 
2940 REM FREQUENCY LOW BYTE TABLE 
2950 REM 
2960 DATA 147,21,159,60,205,114,32,216 
2970 DATA 156,107,70,47,37,42,63,100 
2980 DATA 154,227,63,177,56,214,141,94 
2990 DATA 75,85,126,200,52,198,127,97 
3000 DATA 111,172 
3010 REM 
3020 REM FREQUENCY HIGH BYTE TABLE 
3030 REM 
3040 DATA 8,9,9,10,10,11,12,12 
3050 DATA 13,14,15,16,17,18,19,20 
3060 DATA 21,22,24,25,27,28,30,32 
~070 DATA 34,36,38,40,43,45,48,51 
3080 DATA 54,57 

Program 31. 

Notes can be played on voice I and you can change the filter values, set ring 
mod or sync with its corresponding oscillator 3 frequency, and change 
waveform, pulse width and the envelopes until you find the required sound. 

Most of the keys on the keyboard are taken up with notes: 

and 

2356790 -£ 
QWERTYUIOP@*t 

SD GHJ L: 
ZXCVBNM,./ 

which give in total just over two and a half octaves to work with. 
The function keys are set up to change the envelope settings and all the other 

values are changed by first pressing RETURN and then the number next to the 
required parameter. 
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screen memory, 1,3 
scrolling, 151 
shading surfaces, 145 
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SID registers, 10, II, 12 
smooth scrolling, 151 
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editor, 177 
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shape tables, 137 
shapes, 134 
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The graphics and sound capabilities of the Commodore 64 are 
one of the prime reasons for its success, but these features are 
some of the least understood by programmers. This book deals 
with the advanced techniques required to use the machine's 
capabilities to the full. Included is a full package of machine 
code routines to add graphics commands to the 64. These range 
from simple point plot to advanced three dimensional shape 
plotting. Besides a whole range of graphics utilities, many 
advanced subjects are covered ranging from smooth scrolling to 
split screens. Music and sound generation are dealt with in 
detail, from background music to adding a full keyboard to your 
computer. 

Any programmer wishing to make full use of the graphics and 
sound capability of the Commodore 64 will find this book an 
invaluable mine of essential information - much of it previously 
unpublished. 
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