














Extended Graphics Commands 109
Token: Hex $D6 Decimal 214

Purpose: To enable a sprite for the graphics screen.
Syntax: SPRITE sp#,bl#,XX,YX,pr,col,mull,coll,col2]
Errors: llegal 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 (§-7)

bl# - Sprite block pointer (33-63)

XX - X expand (§ = off, | = on)

YX - Y expand (f§ = off, | = on)

pr - Sprite to background priority (§ = behind, 1 = in front)
col - Sprite main colour (§-15)

mul - Multicolour (§ = off, 1 = on)

coll - Sprite multicolour 1 (#-15)

col2 - Sprite multicolour 2 (#-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 #ck  SPRITE MAN ¥k
2 REM DEMO OF PLACE
S GOsuBree

18 A=51264

20 GOSUBS206

3@ R=51328

40 GOSUBS20

41 A=51392

42 GOSUBS520

43 A=51456

44 GOSUBS28

45 GOSUB4@0

5@ FORI=328T076STEP-8

68 SPRITEG@.33.0,0,08,5,0
78 PLACEB, I+5,100

88 FORJ=0T01@6:NEXT

98 SPRITEG.35,0.9.0,5.,8
168 PLACE®, I+4, 109

116 FORJ=8T0108:NEXT

12@ SPRITE®,34.0.08,8,5,0
130 PLACEG, 1+2, 169

148 FORJ=0T0188:NEXT

158 SFRITE®,35,8.6,0.5,0
1@ FLACEB.I, 168

178 FORJ=8TU160:NEXT

298 NERXT

258 FORI=58T08OSTEP4

268 FORJ=5@TO20STEP-.5
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278 FLACE3,47,J

288 NEXT

259 FORJ=28T01

308 PLACE3, 47, J:NEXT

318 PLACEB., 74, 1+42

328 NEXT

338 GETA$: IFA$O"«"THEN330
HORM

393 STOP

400 OFF@:0FF1:0FF2

41@ FORI=1008T0190

420 DRAKB, 1,23,1,7,1

433 NEXT

458 OFFQ@:QFF1:0FF2

46@ FORI=170TO47STEP-0.5

478 PLRCE3, 1,50

488 NEXT

485 FORI=108T0128

487 DRAW24,1,3208,1,12,1

489 NEXT

498 RETURN

S28 FORI=8T020

530 RERD A$:P=0

948 FORJ=0T0Z:T=0

358 FORK=8T07: P=P+1

Sed IFMID$CAS, P, 1)="%"THENT=T OR2M(7-K)
978 NEXT

988 PUKER, T:R=R+]

598 NEXT

600 NEXT

618 RETURH

78y FORI=51264T051264+64%4

Y18 PCOKEI, 8

728 NEXT

748 SPRITE®,33,1,1,1,5,0

759 PLACE@. 58,50

760 SPRITE1,34,1,1,1,6,0

770 PLACE1, 998,50

760 SPRITE2,35,1,1,1,7.,0

798 PLACE2, 138, 50

8a8 SPRITE3,36,1,1,1,9,0

810 PLACE3, 178,50

820 RETURN

1680 DATA..eeeconeee ¥K K u0nnnnn,

1801 DATA. .eveenano $KFK. L L0unn,,

1062 DATA. cvuuc o MRERNN, ... ...,

1983 DATR.wseoceeos #K¥K cuvsnoae

1604 DATA cevwanae HH. KK, Lo uua.

1003 DATA. weoowo. . #KHMKEE, ... oo

1086 DATH. . oevevnnn Mh¥#K L oi0aa.

1087 DATA. o eevoaes o WRKEK, ot venans

1983 IATA. ..o ¥buunnnnn.,

1889 DATA. cvevnnee e e MK L eunns.

1810 DATA. o veewne, H4KNE, L ouenna.

1611 DATA. ceeeas.. LI 5

1012 DATA. o awoo o K. H6¥¥, L uvnnas

1913 DATAceaacvonne e ¥ 8Kuiuonnnasns

1814 DATA..covaneen o ¥R 00nun,

1615 DATA..eeeana. . ¥b¥E, .,
1916 DATA . veawen ¥ ¥ ¥iiinenonn.
1817 DATA. ..o o ¥¥e a¥beuinnnnnnn
1612 DATA. ..o H#%K, . #K. i iuun...
1812 DATR.ceeee ¥ o ¥ inernana
1628 DATA...oveeeoe e ¥¥Keeuronnnn.
1933 REM

208 DATA. eeeecoee o ¥¥¥Keeurannn.
2081 DATH. .o ceeonen e #FMK. Lurunean
SEAZ DATR..ovuu.. HHRRREK, .. uuu,
2683 DATAe . veoceese o ¥ i vannnes




2004
2005
2088
2087
2888
2809
2810
2011

2012
20813
2814
2815
2016
2617
2018
=019
2028
2939
3000
3001

3eez
30683
a4
3885

@)
o]
RN
(2]

[SEOENES]
Lo i I AR
Do I
D =~

DATA. o eoncooe i, Hl¥ocnooon
DATA. e oo s oo HANINAN, coooan
IATAR: ccovaonnco e ¥¥HHecanocon
DATA. e veovcoe e HKK¥¥ . 0o nonas
DATA.caveccoaceae®¥ucoacoanas
DATR. cvcac e o W0HH. c0ncocan
PATA. e voao oo HARFN, c00coaan
DATA. covccaano bbb, ouoc..,
DQTH.l.lunt.aoo****.on.ntaﬁn
DATA. ccoecncon o #i¥8Kecccaooca
DATA. s ocoacooes Bl co0oaon
DATAR. e oecconvoc e ¥heuoonaoons
IATA: covoaovooe ¥Mecocoooaas
DATA: aoacoans s ¥HKHK. covoooan
DATA. o veevoes o ¥  ¥Heooaooo
DATA. ccecnoae o ¥ o e W Mooouoaa
DATA. o ceonoo o ¥ aMaconnoaan
REM

DATA: s ooavoncco ¥ 0anaooas
DATAc cvacaconn e ¥k uooanoon
DATA. cocaoos  HKNRNEA. c0unuoe
DATA. cocenacae c ¥, o 0nunaae
DATA. cononcee o MK ¥, 0 0o0oan
DATA. oo cecan  HENARHES, cna o
DATA. ceecccncee n #8¥ Mo u0ncans
DATH: cevocooo o HlNEK. 0 0voooa
DATAR. cecececoec o #¥uvoonanana
DATA. oo sevonee s ¥, 0 ounane
DATA. cavonoas o ¥00HH, o0 0acoao
DATA. coaoo o K. 4HRE. Lo vonaan
2 DATR.coosvcona s ¥HK¥¥ L ouoonan
2 DATA. cocovnaes e ¥ Lo,
DATA. cononcano o ¥ Mo uaonoon
S DATALcoovconsseo®ousaooooce
DHTﬂu..n.,......*ﬁ..a,...,..
DATAcccooccassce®¥¥eunacoonas
DHTR............*#.n........
4 DATA.ecooosecso e ¥asucansona
DATA. ceoeonneae A, o cceaoans
REM

DATR.ccoeceaconsanaas H¥eaaon
DATA. ceeanecoccanoacoecadona
2 DATA. coecccncnecascncososdias
3 DATAccoocncancosesnnnscea i,
DATA.cevecaccnncsccanacodWa,
DATA. ccacascnsaosccoass ¥ilify,

5 DATH.ococcnncoocseas. KKK, ,

DATARENMMER. L 000 ooo o o BRRER,

S DATAKARkdRERAAof A Aol
S DATAMERRRAk bR AN

DAT ARk RoloR oo
DATASRARARE, o . o 000w o o BHERF.,
DATHu cacoacononansesa kb, ,
3 DATAccoceasanaaoasaa o dlilR#,,
DATAc cocancesconcaanno iy,
DATH. coeescooancnoceso ¥lH.o,
DATH. cavocsccasoooenos il

V DATAccacoccsocancaosss ¥lfa,,

DATA: ceoesooocaaanss FlREERE,

S DATAc o esasaooososaoe REKEREE,

DATA: s ovesonoooasaaos SlbEENR,
REM
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Program 5.
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Routine entry point: $2C§B

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

2BA9 .LIB SPRITE

2PA9 ; ROUTINE TO DISARLE SFRITE

2BA9 :

2BA9? 20 9E R7 OFF JSR $B79E ;GET # TO TURN OFF
2BAC BD EO oF LDA TOP2X,X ;FIND 24X

2BAF 49 FF EOR H$FF

2ep1 2D CA 2C AND ENABLE ;DISABLE SFRITE
2eP4 8D CA 2C STA ENARLE

2BB7 4C Ce 2C JMP STENAB

2B.RA H

28RA ; ROUTINE TO PLACE SPRITE

2PBA ;

28RBA 20 9E B7 FLACE JSR $BR79E ;GET # TO FLACE
2BBD BE 66 03 STX CHAR ;STORE IT

2p8C0 20 FE 2P JSR CHKNOS ; CHECK IN RANGE
2BC3 BA TXA

2BC4 0A ASL A sMULTIFLY BY 2
2BCS 8D 67 03 STA RVORN ;STORE IT

28C8 20 FD AE JSR CHKCOM ;SCAN FAST 7,7
2BCE 20 EB P7 JSR PARAMS ;GET SPRITE FOSITION
2BCE AC 67 03 LDY RVORN ;GET OFFSET FOR FLACE
2801 8A TXA ;GET Y POS

2802 99 o1 Do STA VIC+1,Y ;SET IT

2BDS A5 14 LDA %14 ;GET X POS

2BD7 99 00 DO STA VIC,Y 3SET IT

2BDA A5 15 LDA $15 ;GET X FOS HIGH
2eDC Do oF BNE SETHI ;NOT ZERO, SET HIGH BIT
2BDE  AE 66 03 LDX CHAR

2BE1 BD EO OF LDA TOP2X,X +ZERO HIGH BIT
2RE4 49 FF EOR HS$FF

2RES6 2D 16 DO AND VIC+16

2BE? 8D 10 Do STA VIC+16

2BEC 60 RTS

2BED C9 o1 SETHI CMP H$01 ;IS HIGH BIT 17
2BEF Do 11 BNE DISFER ;NO, ERROR

2BF1 AE 66 03 LDX CHAR

2BF4 PBD EO OF LDA TOP2X,X

2BF7 0D 10 Do ORA VIC+16 ;SET HIGH BIT TO 1
2BFA 8D 10 DO STA VIC+16

2BFD 60 RTS

2BFE ;

2BFE ; ROUTINE TO CHECK X VALUE

2BFE H

2BFE E@ 08 CHKNO8 CFX #¢$08 ;IS SFRITEH <87
2000 90 03 BCC DONECC ;YES, O0.K.

2002 20 52 9OE DISFER JSR NORM ;SET TEXT SCREEN
2005 A2 ©OE LDX H$QE

2C07 4C 37 A4 JMF $A437 ; "ILLEGAL QUANTITY’
2C00A 60 DONECC RTS

2Cop ;

2C08 ; ROUTINE TO ENABLE SFRITE

2Coe :

2Cee 20 9E B7 SPRITE JSR $B79E ;GET SFRITEH

2C0E BE 66 03 STX CHAR ;STORE IT

2C11 BD E@ oF LDA TOP2X,X ;6ET 24X

2C14 oD CA 2C ORA ENABLE ;s TURN SFRITE ON
2C17 b CAa 2 STA ENARLE

2C1A 20 F1 B7 JSR PARANM ;GET BLOCKH



Loc

2C1D
2C1E
2c21
2C24
2c27
2c29
2Cc28
2C2E
2C31
2C34
237
2Cc39
2c3C
2C3F
2C41
2C44
2C47
2C4A
2C4C
2C4E
2c51
2C54
257
2C5A
2C5C
2CSF
2C62
2C64
2C67
2C6A
2C6D
2C4F
2c71
274
2c77
2C7A
2C70
2C7F
2082
2085
2c87
2C8A
2C8D
2C90
2C91
2C94
297
2C9A
2c9¢C
2C9E
2CAl
2CA4
2CA6
2CA9
2CAC
2CAF
2Ce2
2CR5
2ces
2CeR
2CBE
2cc1
2CC4
2cc7
2CCA
2cce

66
F8
F1
01
0E
66
EQ
1D
1D
OE
66
E®
FF
1D
1D
Fi
01
oE
66
EO
17
17
oE
66
EO
FF
17
17
F1
00
oE
66
EO
1B
18
oF
66

FF
1p
18
F1

66
27
F1
00
11
66
EQ
FF
iCc
1C
Ce
66
EO
iC
ic
F1
“«
F1
26
ce

20

03
Cc3
87

03
oF
Do
Do

03
oF

Do
Do
B7

03
oF
Do

03
oF

Do
Do
e7

03

Do
Do

23
oF

Do
De
B7

03
Do
B7

03
oF

Do
Do
2c
o3

Do
Do
B7
D&
B7
Do

2C

LINE

TXA
LDX
STA
JSR
CFX
ENE
LDX
LDA
ORA
STA
BNE
XXOFF LDX
LDA
EOR
AND
STA
YEXP JSR
CPX
ENE
LDX
LDA
ORA
STA
BNE
YXOFF LDX
LDA
EOR
AND
STA
PRIOR JSK
CFX
BNE
LDX
LDA
ORA
STA
BNE
FROFF LDX
LDA
EOR
AND
STA
COLOUR JSK
TXA
LDX
STA
JSR
CFX
BNE
LDX
LDA
EOR
AND
STA
Jnp
MCON  LDX
LDA
ORA
STA
JSKR
STX
JSR
STX
Jmp

Extended Graphics Commands

CHAR
$C3F8,X
FPARAM
H$01
XXOFF
CHAR
TOP2X, X
VIC+29
VIC+29
YEXF
CHAR
TOP2X, X
HSFF
VIC+29
VIC+29
FARAM
Heo1
YXOFF
CHAR
TOFP2X,X

; TRANSFER TO .A

;SET FOINTER TO BLOCK
;GET X EXPANSION

;SET X EXPAND ON

;SET X EXFAND OFF
;GET Y EXFANSION

VIC+23 SET Y EXFAND ON

VIC+23
FRIOR
CHAR
TOP2X,X
HSFF
VIC+23
VIC+23
PARAM
H$00
PROFF
CHAR
TOF2X, X
VIC+27
VIC+27
COLOUR
CHAR
TOF2X, X
H$FF
VIC+27
VIC+27
FPARAM

CHAR
VIC+39,X
FARAN
4300
MCON
CHAR
TOF2X, X
H$FF
VIC+28
vIc+28
STEMAB
CHAR
TOP2X, X
vIC+28
vIC+28
PARAM
VIC+37
PARAM
vIC+38
STENAR

ENABLE .BYT @

STENAB LDA

H%20

;SET Y EXPAND OFF
;GET PRIORITY

;SPRITE BEHIND
; BACKGROUND

;SPRITE IN FRONT
; OF BACKGROUND
;GET SFRITE COLOUR

;STORE THE COLOUR
;GET MULTICOLOUR

; TURN OFF MULTICOLOUR
; FOR THAT SPRITE
;SFRITE COMMAND COMPLETE

; TURN ON MULTICOLOUR
; FOR THAT SFRITE
3GET MULTICOLOURH1
;STORE IT

;GET MULTICOLOUR#2
;STORE IT

;COMFLETE SPRITE

;ARE WE IN

113



114 Advanced Commodore 64 Graphics and Sound

Loc CODE LINE

2CCD 2C 11 Do BIT VIC+17 ; TEXT MODE?

2CDo Do o1 BENE STENA1 ;NO, ENABLE SFRITES
ac02 60 RTS

2CD3 AD CA 2C STENA1 LDA ENABLE ;SET SFRITE ENABLE
2CD6 8D 15 Do STA VIC+21

2009 60 RTS

2CDA -END

GLOAD and GSAVE

Abbreviated entry: GLOAD: G(shift)L
GSAVE: G(shift)S

Affected Basic abbreviations: None

Token: GLOAD: Hex $E2 Decimal 226
GSAVE: Hex $E1I Decimal 225

Purpose: To load or save the graphics screen.

Syntax: GLOAD filename[,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: GLOAD: $2D59
GSAVE: $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.

GSAVE first gets the filename and device number and then copies the
graphics screen from behind the kernal ROM (unsavable RAM) to the RAM
behind the Basic ROM. The colour memory is then copied over to the memory
starting at location $C409 and the VIC chip is copied to memory starting at
$C8pP. The mode flag, sprite enable flag, screen colour and border colour are
stored directly after the colour memory and then the whole memory from $ Ap99
to $DPPP is saved.
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LOC  CODE LINE

2C0A .LIB LOAD/SAVE

2CDA 20 D4 E1 GSAVE JSR $E1D4 ;GET FILE FARAMETERS
2CDD  A@ @@ LDY #$00

2CDF P9 00 DB COPCOL LDA $D800,Y ;COFY THE SCREEN
2CE2 99 @09 C4 STA $C400,Y ; COLOUR MEMORY INTO
2CES B9 00 D9 LDA $D900,Y ; SAVABLE RAM

2CE8 99 00 CS STA $C500,Y

2CER B9 20 DA LDA $DAGO,Y

2CEE 99 00 C6 STA $C600,Y

2CF1 B9 00 DB LDA $DP0O,Y

2CF4 99 00 C7 STA $C700,Y

2CF7 98 DEY

2CF8 D@ ES BNE COPCOL ;UNTIL DONE

2CFA  AD CA 2C LDA ENABLE ;GET SFRITE ENAPLE FLAG
2CFD 8D FE C7 STA $C7FE ;STORE IT FOR SAVE
2000 AS 02 LDA MODE ;GET MODE FLAG

2002 8D FF C7 STA $C7FF ;STORE IT FOR SAVE
2005 AD 82 OE LDA SCTMF1 ;GET SCREEN COLOUK
2008 8D FD C7 STA $C7FD ;STORE IT FOR SAVE
2DQP  AD 83 9OF LDA BDTHP1 ;GET PORDER COLOUR
2D@E 8D FC C7 STA $C7FC ;STORE IT FOR SAVE
2011 A@ 2F LDY H47

2013 B9 00 DO VICLOF LDA $D000,Y ;COPY THE VIC CHIF
2D16 99 00 C8 STA $C800,Y ; REGISTERS FOR SAVE
2019 88 DEY

2D1A 10 F7 BFL VICLOP ;UNTIL DONE

2D1C A9 EO LDA H$E® ;SET FOINTERS TO COPY
2D1E 85 FC STA $FC ; HIRES SCREEN TO
2020 A9 00 LDA H$00 ; SAVABLE RAM

2022 85 FP STA $FP

2024 85 FD STA $FD

2026 A9 AO LDA H#$A0

2028 85 FE STA $FE

2D2A 20 2D 11 JSK KEROUT ;SWITCH OUT KERNAL
202D AQ 00 LDY H$00

2D2F B1 FB COPSC LDA ($FBR),Y ;GET BYTE

2031 91 FD STA ($FD),Y ;STORE BYTE

2033 C8 INY

2034 DO F9 BNE COFSC ;UNTIL PAGE DONE
2036 Eé FE INC $FE

2038 E6 FC INC $FC

2D3A DO F3 BNE COFSC ;UNTIL 8K DONE

2D3C 20 34 11 JSK KERIN ;KERNAL BACK IN

2D3IF A9 AR LDA H$AQ ;SET SAVE FOINTERS
2041 85 FC STA $FC

2043 A5 01 LDA $01 ;KEMOVE BASIC ROM
2045 29 FE AND H$FE

2D47 €5 o1 STA $01

2D49 A9 FB LDA H$FR

2D4R A2 00 LDX #300

204D  AQ DO LDY #$DO

2D4F 20 D8 FF JSR $FFD8 ;SAVE FILE

2052 A5 o1 LDA $01 ;FUT BASIC ROM RACK
2054 09 o1 ORA H$01

2056 85 o1 STA $01

2058 6@ RTS

2059 :

2D59 20 D4 E1 GLOAD JSK $E1D4 1GET FILE FARAMETERS
2D5C A9 00 LDA H300 ;SET FOR ALT LOAD
2DSE 85 B9 STA $B9

2060 AA TAX ;SET ALT LOAD AT
2061 A0 A0 LDY #$A0 ;$A000

2063 20 D5 FF JSR $FFDS ;LOAD FILE

2066 BO 71 BCS LOADER ; ERROR

2068 AD FF C7 LDA $C7FF ;GET MODE FLAG STORE

206B 85 02 STA MODE 3SET MODE
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Loc

2D6D
2D70
2073
2D76
2079
apzc
207F
2082
2085
2087
2D8A
208D
2D90
2093
2D96
2D99
209C
209F
2DAO
20A2
2DA4
2DA7
2DAA
2DAR
2DAD
2DAF
201
2De3
2DBY
2pe7
209
2pee
2DeD
2DBF
2DC1
2DC3
20CS
ancz
2Dcs
2DCA
2DCC
2DCE
2DDo
2002
20D4
2DD6
2009
2004
200D
2DDE
2DE1
2DE1
2DE2
2DE3
2DE4

Advanced Commodore 64 Graphics and Sound
CODE

AD
8D
AD
8D
8D
AD
8D
8D
A0
B9
9?9
B9
9?9
B?
99
B9
99
88
Do
noe
B9
99
88
10
A9
85
8%
A%
85
A9
85
AS
29
89
A0
B1
91
c8
Do
E6
Eé
Do
AS
o9
85
4C
48
20
68
4C

00
00
00
00

FE
CA
FD
82
21
FC
83
20
00
00
00
00
0
00
00
00
00

ES
2F
09
00

F7
00
FE
FD
EQ
FC
AQ
FE
o1
FE
01
00
FD
Fe

F9
FE
FC
F3
01
o1
01
4C

52

Fo

c7
2C
c7
(413
Do
L7

De
C4
D9
Cé
DA

C7
pe

cs
Do

oD
13
Eo

2DES

Symbol table

SYMBOL VALUE
A0

AALOOF

ABFA

ADRADS
ADDSF

03SE
24BD
2333
22FA
1E35

LINE

COLLOF

MOVWIC

SCCoP

LOADEKR

BSSTRT
VRSTRT

Al
AALOP
ABNC
ADD
ADDSUR

LDA $C7FE ;GET SFRITE ENABLE

STA ENABLE :SET ENABLE

LDA $C7FD ;GET SCREEN COLOUR

STA SCTMF1 ;SET COLOUR

STA $D021

LDA $C7FC ;GET BORDER COLOUR

STA BDTMP1 ;SET BORDER

STA $D020

LDY #$00

LDA $C400,Y ;LOOF TO COPY

STA $DB00,Y ; COLOUR RAM STORE

LDA $C500.Y ; BACK INTO THE COLOUR

STA $D900,Y ; RAM

LDA $C600,Y

STA $DA0O,Y

LDA $C700.Y

STA $DB0O,Y

DEY

BNE COLLOP

LDY #47

LDA $C800,Y ;COPY VIC CHIP

STA $D000,Y ; REGISTER STORE

DEY ;INTO THE VIC CHIP

BFL MOWIC

LDA H3$00 ;SET POINTERS TO

STA $FP ; COPY THE SCREEN

STA $FD ; FROM STORE INTO

LDA HSEO ; CORRECT MEMORY

STA $FC

LDA #$A0

STA $FE

LDA $o1 ;REMOVE BASIC ROM

AND H$FE

STA so1

LDY #$00

LDA ($FD),Y :GET BYTE

STA ($FB),Y ;STORE BYTE

INY

BNE SCCOP ;UNTIL END OF PAGE

INC $FE

INC $FC

BNE SCCOP ;UNTIL 8K DONE

LDA $01 ;PUT BASIC ROM BACK

ORA H$01

STA $o1

JMP RO000S ;CAUSE "GRAFH’ COMMAND

PHA ;STORE ERROR

JSR NORM ;60 TO TEXT

FLA ;RESTORE ERROR

JNF $EQF9 ;OUTFUT ERROR

.END

.BYT @

.BYT 0,0

.BYT @

.END
0360 AAZR 24A0 AAERR 247C
24D3  AAMRC 24E4 AASOK 2481
233 ARSC 22FF ABSLOF 230D
1DFE. ADDS 1E1B ADDSCO  1E12
22CA  ADV2ZNC 2374 AMULT 2433



SYMBOL VALUE

ARITH
ASARAR
ASNC?
ASRIR
ASRNC1
ASRTN
ASSIC
ASSTN2
BDTMF1
BITIS2
B.0X
ERUSHO
BSSTRT
CHAR
CHECKX
CHKOP
CHOK2A
CIRO1
CIRCLE
CIRTNC
CLRSCN
COLLOP
CONTSH
COSR
CRNCo2
CRNCo6
CRNC10
CRNC1S
CRNC19
CRNCHT
DFILL
DIvs
DIVNC
DmM4
DOMULT
Dosue
EDUNA3
ENABLE
EOL
FACONT
FAGETS
FANDAR
FIGETS
FILRT2
FINC
FIXIT
FIXY2
FSTUP1
GCB
GFPAR1
GLFARS
GSecoL
GXY
HANDLE
IACR
INITY
IRQINT
KEROUT
L460
L81eo
LINK
LNE3
LOOF9
LOOF2
ni

Mg
MAIN
MCON

0BDS
212C
2120
21ep
2229
2215
20C9
21A7
oE83
165F
1140
1028
2DE2
0366
11838
1F83
1F&3
iDeC
1CAl
1D9A
QE27
2087
271C
25A2
QAA3
eAC?7
QAE2
oR03
0B34
0A91
1826
OF 4D
2B0A
1848
2330
2326
1FFA
2CCA
o8oe
2254
2288
2885
28CC
17F9
28C9
1ADB
1AD7
18FD
2842
192C
1361
OEBC
10E3
QBR4
2905
1C38
0C25
112D
130F
oCDo
0813
1FEE
13AE
OE3D
1600
16FF
139D
2CAF

ARITH1
ASLOOF
ASR1R
ASRITR
ASRNC2
ASRTM1
ASSR1
ASSTN3
BEGIN
BITOK
BRCOL
BRUSH1
CADDR
CHARO1L
CHECKY
CHOK
CHOK3
CIRO3
CIRLO2
CLIST
CNTR1
coLm
CONV
cosT
CRNCO3
CRNCO?7
CRNC11
CRNC16
CRNC20
CT
DISAR
DIVIDE
DIVRL
DMAIN
DONE
DoT
EFLAG
ENDCOL
EVLEXP
FACT
FALOOP
FANDOK
FILOOF
FILRT4
FINDAR
FIXX1
FNADDR
FSTUP2
GCRe1
GFPARS
GRAFH
GXTRA
6XYZ
HIRES
ILL@
IOEXIT
IRAQVEC
L340
L4790
L812
LLv2
LOAD
LOOFo1
LOOFDI
mn2

mé

mAT

nMD

ORER
2105
2139
2205
21E4
2219
20E6
21AF
1679
OF OE
0373
1042
09D0
1584
11RA
1EEC
1FER
1D8C
1012
094p
036A
2574
1453
1C38
QAR9
QALY
QAE?
OB.OE
0R 34
0356
QA2C
2ARE
2A4E3
182C
oD7D
OECE
28F9
2AS1E
ADBA
1ECR
2249
2298
288D
17F8
2241
1AC2
oCo3
1904
2R58
190A
oDSD
195C
2960
10AB
29AR
QA19
oC4C
1238
1348
oCES8
2575
QA0S
13C1
1599
16R6
1704
1EE1
258C

Extended Graphics Commands

ARITH2
ASLOF
ASR2R
ASRLOP
ASRSOK
ASRTNM3
ASSTLO
ATINT1
BEXFOK
BKFLG
BROK
BRUSH2
CaLCD1
CHAREX
CHKCOM
CHOK1
CHRGET
CIRANG
CIRLOO
CLRCOL
coL
COLOUR
COFCOL
cosvaL
CRNCo4
CRNCo8
CRNC12
CRNC17
CRNC21
D1
DISFER
DIVLST
DIVSUL
DOMAT
DONECC
EDUNAL
ENAR
ENDROW
F1TOV1
FAEL
FANAR
FICONT
FILRT
FIN
FINDOK
FIXX2
FOEQ
GADS
GETEL
GLOAD
GSAVE
GXTRA1
HANDO1
IACH
INITUP
IRQ1
ISNALF
L380
L7435
L813
LNE
L.OADER
LOOF02
LSuW

n3

nz

mne
MERR

OBF2
2107
2141
2105
2151
2232
2197
25DE
1FR9
0C24
1818
106E
11E9
15F5
AEFD
1FOA
2073
1E4F
1CFC
OE3A
00FD
2C80
2CDF
1BCA
QAC1
9ACR
QAF2
oB10
0B46
0358
2C02
2p10
2AEC
2012
2C0A
1F17
0A4D
2554
2407
2296
2268
289E
17¢C8
1452
28DF
1ADO
1F31
243A
286D
2059
2CDA
1959
0BC1
2900
1BAA
OC3E
B113
126F
occe
QCEA
1FeD
2DD9
13F0
0375
16D8
172C
2582

2430

ARITH3
ASNC
ASREXT
ASRLF1
ASRSUB
ASSGN
ASSTN1
BDTMF
BITIS1
BORDEKR
BROK1
BRUSH3
CALCXY
CHAROK
CHKNO8
CHOK2
CHRGOT
CIRBMP
CIROK1
CLRMEM
coLD
COLTAP
COPSC
CRNCO1
CRNCOS
CRNCo9
CRNC13
CRNC18
CRNC22
DERE1
DISRAS
DIVN®O
bmMi1
DOMATA
DORAST
EDUNA2
ENAB1
ENTMF
FACRM
FAEX
FANC
FIE1
FILRT1
FINAR
FIXALL
FIXY1
FSTUP
GAR3
GETV3
GLOOP
GSeCL1
GXTRA3
HAND@2
IAC2
INITX
IRQEXT
KERIN
L420
L8009
LG
LNE2
LooP
LOOF1
M

mna

nA

mnc
MERSGN

QBES
2113
2249
21D9
214C
20BF
21A1
OEB1
1658
QER2
1829
1092
1AF9
13A8
2BFE
1FS6
0079
iD92
1CEQ
oD9C
08RY
037C
2D2F
0A97
QAC4
QAE®
QAF9
op21
OR4A
1447
QALE
2ADS
1848
20A1
0CS2
1F70
QAL7
OA2A
1ECé
2286
2285
28DA
17F1
28AF
1A71
1AC?
18F2
2068
1FA8
1966
QEC?
1988
oRCc?
2902
1BCF
0C46
1134
1283
oCEQ
034C
1F66
ODYF
0E2A
1690
16DD
257D
2587
2958

117
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SYMBOL VALUE
nmuLT 1E7R MMULT1 1E8P MMULT2 1E93 MMULT3 1E94

MMULT4 1EAE MODE 0002 MOVWVIC 20A4 MUL320 oF7C
nuL4o OFAE muLs OF63 MULT 2A68 MULTCN 2A8BD
MULTEX 2A8C MULTI oD1D MULTII 1012 MULTLO 2A84
MULTNA  2AAF N1 1E7S N2 1E77 NASSIG 1F90
NEAA 2550 NELEM 2591 NELEP 2605 NELNC 2811
NOFLOT 12CE NORM QES2 NORM1 0ES?7 NORMAL 130F
NRHOR 1190 NROW 2572 NSARRO 244C NSTR 2507

NSTR1 1F20 NSTR2 1F79 NSTR3 2003 NTEXF2 1F4E
NTEXFP3 1FD7 NTINT1 1F2A NTINT3 200F NUMOK 1FC3

NXTLNE 1431 NXTENT 1415 OFF 2BA9? OFFT 00D7
OF JMF 20BS OFJTAE 2087 OPTYPE 1EDé ORDER 234A
ORIGIN  ©EB4 FARAM B7F1 FARAMS B7ER PER 00FC
PERTMP 0378 FDABOR 2BA8 FDRAW 2BSF FID180 1BCO
FLACE 2PBA FLOT 1002 FLOT1 1008 FLOTFT 194D

FNTTK Q0ES FOINT 034k FOINTC 15F6 FOINTK 1624
FOINTR 0061 FOINTT 1619 FOLERR 1996 POLYGN 198C
FOLYLP 1A43 FOLYMN 19FA POLYX1 1BD4 POLYX2 1BD?
FOLYXC 1RED FOLYY1 1C3D POLYY2 1C42 FOLYYC ipee
FOS1 11AE F0S2 110D FOWER 08E1 FFABOR 2041
FFLOT 2B1A FRINOL 0BSD FRINO2 oR.60 FRINO3 oe77
FRINO4 QB7F PRINOS oR82 FRINOS oe8A PRINO?7 0R.95
FRINOB  0QBR71 FRINO? 0896 FRIN1O OR.9E FR1N11 0RAl
FRIN12 ORA? FRIN13 0R74 PRINT oRSP PRIOR 2C4A
FROFF 2C7F FTER 0372 FULL 1743 FULL1L 17352
FUSEXT 17C7 FUSH 1746 FUSHL 1796 FUSHLC 179C
FUSHU 1783 FUSHUC 1789 FVIEW 290F Ro0001 OCFE
R00002 OFES R0O0004 113D R00005S 1583 R00007 1673
R00008  @D4C RO0011 o015 ROOODN ocee ROQOGR ocss
ROOOON oC83 R217DN 0C4C R217GR 0C66 R2170N oCé1
RADIUS 1BBF RAS00Q oc7C RAS217 0CSA RASFLG OCEE

RESULT 1E79 ROW 2573 RTN 1360 RVORN 0367
50 035A S1 035C SAERR 1E6D SAVE 0A11
SCCOoF 2DC3 SCREEN QEAS SCTMF QEBQ SCTMP1 0ES2
SEND 166R SENDO 1666 SEND1 166E SEFEXN 2938
SEFN 294C SEFSGN 2946 SETRAS 093F SETHI 2PED
SETKER 0876 SETMUL oD78 SETOFF 1B6D SETUP 172F
SGNTX 290e SGNTY 290E SH 034E SHAFE 20A7

SHCHK 2582 SHCHK1 25C1 SHCMOK 273E SHDRAW 2821
SHEVUNA  25CE SHFILL 2845 SHLNE 25C4 SHLOOF 2713
SHFLOT 2827 SHY 2817 SHVT 2819 SIAC 2904
SIDEOK 199C SIDES 1BRA SINR 2590 SINT 1BCF
SINVAL 1RCS SIZEOK 2638 SPRITE acoe STANDD 162F
STBRAS1 0941 STENA1 2CD3 STENAB 2cce STKER1 0880

SuB 1DF9 SX 2593 sY 2598 SYNTE 1FD4
T 0057 T2 0059 T3 0oSe T4 095D
T5 00SE Té6 QOSF TE1 1EDD TE2 1EDF
TESTO1 185F TEST2 1862 TESTFT 185A TOP2X OFEQ
TRFT1 2389 TRFT2 237F TRPT3 2375 TS 0350

TSTCR1 OCFD TSTCUR OoCEF TSTXM 18CE TSTXM1 18E®
TSTXP 18AA TSTXF1 18eC TSTYM 188C TSTYML 189E
TSTYM2 18A7 TSTYF 1870 TSTYF1 1882 TSTYF2 1880

17T 0352 TX 2909 TXTFLG QES1 TXTTMFP 0A2R
TY 29eC TYMISE 1F1p uo 0354 UNFLOT 1003
usu 0376 VIBPT 2415 V1INT 2421 V1IREAL 2027
V2BFT 23e2 V2COLF 2577 V2INT 23BE V2RA 23A6
vaT0T2 2394 V3BFT 23EA UIINT 23F6 V3TOF1 230C
VANANE 2579 VECTOR Q81F VIC Dooe VICLOF 2D13

UNAME1 1EBD UNAME2 1ECO UNAMEJ 1EC3 VFTR1 00FER
VFTR2 OOFD VFTR3 009E VRSTRT 2DE4 USIZE 2578
VSIZE1 1EDO VSIZE2 1ED2 VUSIZE3 1ED4 VUSTT1 1ED7
VUSTT2 1ED9 VSTT3 1EDER VTYFEL 1EBF UTYFE2 1EC2

UTYFEZ 1ECS VX 28FA vy 28FC (4 28FE
WIND1 oC13 WIND2 oC19 WINDOW 0CO5 WINFLG oCc22
WINTMF 0A29 WNTFLG 9C23 WRST 0843 WRSTO1 0850
WRSTO2 0871 WRST1 0852 WRST2 0855 X1 033C
X11 036C X2 0340 x22 036F X2RAD 1ASC

X2T0OX1 1AE1L X2X1LF 1AE3 XD 0344 XE 0348
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SYMPOL VALUE

XER OEDE XMAX 0140 X0K QEEQ XORIG QE4D
XTEMP 2368 XTL 0362 XTLTAP 0377 XXOFF 2C39
Y1 033E Y11 034t Y2 9342 Y22 0371
Y270Y1 1AED Y2YILP 1AEF YD 0346 YE 034A
YEXP 2C47 YMAX 00C8 YND70OK OF 3A YORIG QE4F
YTL 0364 YTLTMP 0379 YXOFF 2CSC ZPVZ 2907

ZFVINN 29RO

FEM
FEM DEMONSTRATION OF THE EXTENDED
EEM GRAFHICS PACKAGE.
EM
8 HIRES1,12:WINDOW QFF:FRINT"I"
28 CHAR3Z, 191,8,1,1," "&v—ppt | AT In=9
S8 CHAR4E, 181,7,2,0, "on—t | A7 [\ —¢"
48 CHAR32,193,8,1,1," "
S8 CHAR22,182.8,1,1," "
58 CHAR144,175,2,1,9,"BY"

2@ CHHRS-;-;&,I,B;“OIFRH ®OFTWARE LTD."

Do N 5 I X

DPHU“*Q 1?,;-¢J;11
IRAKZZ22, 113, 138, ’9
I’RHNI\JU) ( "l;;.c") l
IRAKM22%, 73,229, 59,
DF HZ23 ., _.Q QU) .'9 , ?
DREAKWSA, 53, 20,75, 7,
DRHHBﬁ.’“ 1q 113,75

Q

=
DA AINAKE)

RN

PRI R Ra JR I TN (3]

LA
=
alea i
E
=
—
oy v
'~.I.
.....
—
'\D

D
0
~
..-
L) b L
L

5 DFILL[CCT;S@;??;138];14,3,1
228 GOsSUE1BGa
225 SCREEN=8:BORDER=O
239 HIRES1.1Z
248 FORI=8TOSZ POKES 126441, 285 ' NERT
288 FORI=BTOV:SPRITEI.33.,1,1,1AND1,1.0
258 FLACEI., 9, 8:NEX
261 CHAR3Z,179,6.1,1,"eIFRA —ONTROLLED"
262 CHAR32.172.7,3,8,"¢IFRA —ONTROLLED"
263 CHAR1G4,162,65,1,1,"9 1~ 78"
264 CHAR124.,1€9,7,3,8, "¢~ "o"
278 FORI=BTO36
280 FORJI=GTO?
250 FLACEJ. I#J+30, 160-J42 :NEXT : NEXT
298 DRANQ, 32,319,33,6,1
3‘:11 I‘PH“\I-I\-:‘)QISIIGIJB 1
"0 DFH““ "3'; 107;01 10( .-B)
332 DRANG, 187,8,3%.8,1
305 CHARZ24,143,6,1,1,"#HD —~LL QUTIHES"
385 CHAR24.,149,7,3,8, "#ND —LL —OUTIHES"
310 FILL168,73,13.,5,1
315 DFILLL28.73,60.73,10808,73,140,73,188, 73,220, 73,260,73,308,731.3,6.,0
SEB FORI=BTO? : FORJ=166-1#2TOASTEP-3
330 PLACEI., I#36+30.J:NEXT OFFT:NEXT
235 WINDOW OM:PRINT"SW FLUS R 4 LINE TEXT WINDOW TO FRINT TO";
348 GOSUR1960
345 WINDOW OFF
Z66 HIRES 8.1
278 CHAR 9,198,8,1,8," 0U CAN PLOT R TL I/ OF ~» SIDES (3-2B>"
388 FORS=3T028@
328 CHAR 150.93,6,1,8.5TR$(S)
448 POLYGON 5,1608,89.89,2.1.0
416 FORI=ATO258:NEXT
420 POLYGON S,168,83,853,2,0,8
425 CHAR 150.93,6,8,8,STR$(S)
428 HEXT
448 GOSUR10480
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LEF FHQCD)=2000/30R(X¥X+(100-2)12+70>-100
HIRESH, 12

FORIGINIGE, 100, 106

8 CHARG. 123,1,1,0,"3 “IMENSIONAL COMMAHDS ALLOW EASY FLOTT-"
498 CHARG. 121,71, i;u,"INC COMMANDS USING #, |, AHD & ORDINATES"
SO0 Lk=-150

S18 FDRZ=8TOB@BSTEP1@

S20 H=-18@:LYsFHREY (LX=-160

D29 FDRX=-16GTDIS®STEPS

S48 Y=FNRCE)

SIS PORAM LE.LY,2,8.%,2,8,1

L\I- Ll l_l ]

"El) ‘. ’

LZ=8

FORK=-1€ATO1AOSTEF1Q

2=R:LY=FHEA) L 2=0

FORZ=GTOZH05TERS

¥=FHG(B) v

FI'RHIJ \J :L XJ‘Y’I:I ;1

LI !_!l LT—

HE\T Z.¥

uugup1n4n

HIREZ@, 12

CHAR1E,123,A.1,0, "M JUST NORMAL “LI1 ING CAH BE DONE."
DEF FHA(Z»=32#(SIN(2/245>+, 4834SIN(34%Z/245>+20
FORX=-1a0TO&STEF 1

{=n:L=R:P=1:21=0

Y1=K#THT CSORC1RRR0-X¥X) /KD
FORY=Y1T0-41STEF-K

Z=IHT (2B+FHACSAR (MFX+YHY Y ) -, FAT7 1068Y)

1 IF2CLTHEMSSG

4 M=1:L=Z

FLOT1Sa+M$M, 2.8, 1

IFM=1THEHM=-1:GOTOSAA

Do)

D W
00

4o 0 Y T 0 T T
AR DD I XN

~J T R
DDA

DR

0 00 00T 3y Ty o ln LN cn

[T S Exx]

D G AT

AN RN Y

Lo
0 e
Dx)

= HEST'Y . &

225 BOSUE1040

533 PRINT"®":CLC:NORM:END
1696 FORI=1TOS

1816 DRAKD, &,319,0,8,3
1815 DRAWG1S,A,313,122,48,3

181& DRAMZ13,192,8,133,8,3
1817 DRHNB'ISSJ@)@IGJ3
1820 DRAWG.0,319,0,1,2

1821 DRANZ12,0,3 19,1Q 1.2
1022 DRAW319,199,0,199,1,2
1022 DRAMG.199,0,0,1.2
1836 MENT:RETURN

1344 FORI=1T0S

1“56 DRHNG: E‘) 319; el GJ 1
108355 DRAMG19,0,319,199,0,1
1855 DRRAN319,172,0,193,0.1
1657 DRANG, 129,6,0,0,1
1666 DRAMNG,6,319,6,0,0
1061 DRAN219,0,319,199,0,0
1662 DRAM219,1929,0,199,6,8
1863 DRAMG, 199,0,06,0.8
1878 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 §-319 addressable points and in the Y coordinates §-199
addressable points. The origin of the X and Y coordinates (X=@ and Y=0) is
located in the bottom left corner of the screen shown in Fig. 3.1, 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 column
120X
200 T
[
|
|
[
|
120V ———————— -1120X, 120Y
25 line
0

320
Fig. 3.1. Coordinate plotting on the CBM 64.
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10 REMaaNfdeioRpkaah o gl Rk
28 REM PLOT POINT
38 REM#fsk ek dehmidoripppppssaion
48 REM SET AND CLEAR HI-RES SCREEN
S8 PRINT"J";
66
V8 REM SET DOT DATA ADDRESS
80 POKES3272,29
23 REM SET EBIT MAP MODE
i?g POKES3265, 59
128 REM BACKGROUND COLOUR 12
136 FORI=6TO1608
149 POKE1G24+1,12
158 NEXT
189 :
178 DIMP2(7):REMTABLE POWERS OF 2
18@ FORI=BTO?
120 Pz(7-1>=211
200 ExT
2208 REM CLEAR HI-RES SCREEN
239 FORI=0TOSHE@
2460 POKEI+3192,0
258 NEXT
268
2ra ¢
28@ REM FLOT R SIN WAYE IN COLOUR 1 ON 12
220 Y=100:C=12+16%1
232 ¢
80 FORX=2T0Z19
318 Y=Pa#%SIN(X/20)+160
320 GOSUBR440 PLOT X.Y
338 MEXT
348 ¢
Zo9
360 GETH$: IFA$=""THEN360 WRIT FOR KEY
370 REM RESTORE TEXT SCREEN
288 POKES3272.21
398 FUOKESZ265,27
4653 PRINT"3",
416 END
420 .
438 .,
440 REM ###% FLOT ROUTINE X,¥., COLOUR C
4589 REM CALC PIXEL ADDRESS
3§g A=8192+(XAND-8)>+(YRND-8) #48+ (YAND?7)>
475 REM PUT IN PIXEL
3§? FOKER, PEEKCA)ORP2C(XAND?)
485 REM CALC COLOUR ADDRESS
i@g CH=1824+INT(X/8)+(YRHD-8)#5
92
4%3 REM PUT IN COLOUR
495 PUKECA.C
S00 RETURN
S1a .
S8 NOTE:“X AND -8 IS THE SAME AS
538 7 INT(X/8)%87

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.

pd

e —: /

Hl ]

i TT >

N %z One ptl?cel
Vertical | M /I/ position
ixels | H- \
P - Step quantisation

L~

NiipVapyd

Qg a% _

B __ZI’I 1 1 | | | 1 i 1

Lt | I

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:

L=Yl—-Y9 (X0,YP are the start coordinates of the line)
M= X1—X@ (X1,Y1 are the end coordinates of the line)

and
B=Yp— (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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18 REMAORERIRR RO R

26 REM PLOT LINE

50 REMAIMSFFERERR R RO

4@ REM SET AND CLEAR HI-RES SCREEN
58 PRINT"2")

(=5 I

7@ REM SET DOT DATA ADDRESS

28 POKES3272,29

96 REM SET BIT MAP.MODE

189 POKES3265,59

11@

126 REM BACKGROUND COLOUR 12

130 FORI=2T01800

148 POKE1624+1,12

158 NEXT

168

17@ REM CLEAR HI-RES SCREEN

189 REM THE FAST WAY

136 POKEE2S, PEEK(55) : PUKES29, PEEK(56)
200 POKESS, 64:FOKES6, 63:REHN TOP PN
226 FORI=1T025@: A$=Fi$+CHRS (@) : NEXT
230 POKESS, FEEK(828) : POKES6, PEEK(829)
4@ CLR

259

268 DIMP2(7> :REM TABLE POWERS OF 2
279 FORI=6T07

280 P2(7-D=21

299 NEXT

218 REM DRAW TO A SIN WAVE COLOUR 1 ON 12
32@ C=12+16%1

335 '1=160191=58

343 FORXe=BTU319STEP S

350 Y2=7E#SIN(X2/28)>+1600

3560 GOSUB1@BB DRAW X1,Y1 TO X2,¥2
Ire NEXT

460 GETH$:IFA$=""THEN488@ WAIT FOR KEY
419 REM RESTORE TEXT SCREEN

420 POKESS272,21

438 PUOKES3265,27

448 PRINT"";

458 END

468 .

480 REM ###%# PLOT ROUTINE X,Y, COLOUR C
45@ REM CALC PIXEL ADDRESS
SA6 F=8152+CXAND-8)+( YAND-8)#40+ (YAND?Y

23 REM PUT IN PIXEL
S&B POKEA, FEEKC(R)ORP2(XAND?)

1) éEN CALC COLOUR RDDRESS
& LH=1@24+INT(X/8)+(YHND-8)*5

Seo REH FUT IN COLOUR
588 POKECA.C
cae FETURN

518

620 NOTE /¥ AND -8“ IS THE SAME RS
30 ZINT(R/8)%87

640

1660 REM DRAN LINE X1,¥1 TO X2,¥2
16160 REM COLOUR C
1026 L1=ABS(X1-X2)
1830 L2=ARS(Y1-Y2)
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1840 IFL2>L1THEN L1=L2
1556 XI=(X2-X1)>/L1
1068 YI=(Y2-Y1>/L1
1872 X=X1+.5

1080 Y=Y1+.5

162@ FORL=1TOL1

1100 GOSUB46@ PLOT XK.V
1118 X=X+XI

1120 Y=y+Y'l

1130 NEXT

1140 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.

S5 REM BASIC CIRCLE

18 INFUT"RADIUS ". RA

28 HIRES®S., 1

25 ORIGIM1606, 108

160 FORI=8TOn¥2 STEF 2/RA/w

1586 PLOTSINCID>#RA,COSCID#RA,0,1

180 NEXT

185 GETAS$:IFA$=""THEN18S PAUSE FOR KEY PRESS
156 HORM

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.

S5 REM BASIC CIRCLE

16 INPUT"RADIUS “; RA
26 HIRES®. 1

25 ORIGIN160., 100

38 R=RA

33 A=0

108 FORI=@TORA¥H2
1S90 PLOTA.R,8.1

168 A=AR-R/RA



126 Advanced Commodore 64 Graphics and Sound

178 R=R+A/RA
189 HEXT
1285 GETA$: IFA$=""THEN18S PAUSE FOR KEY PRESS

129 HORM
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.

X Y
19 1 1110 18
2116 | 12
3112 |12
41 12 3
5] 8 3
6] 8 112
6 3 71 4112
7 2
Y 10
5 y
0 10
X

Fig. 3.3. Two dimensional shape and corresponding data table.
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Program 11 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.

REM bk asok e drspsas

28 REM POLYGON

FEM $#kds i ppitadin

P=6:G=1069

DIM ¥5¢-15, YSCG—-1), XE(R-13,5EC@-1)
FRINT"ZPOLYGON OF N SIDES"

FRINT :FRINT

INFUT"N (LESS THAN 3 TO END INPUT)";N
IFNC3THEN19@88 ENI' INFUT & START PLOT
88 S=n/N

3@ IMPUT"LENGTH OF SIDE";L

168 INPUT"CEMTRE POSITION X, 'W"iX,Y

118 REM CALC DISTANCE UF CORMERS FROM CENTRE
126 F=L/SINCS) /2

148 FORI=PTON-1+P

158 HECID=SINCSHIH]FR+X

b B L8 I O R g
[ DA RS DADAR A DA

166 ¥SCD=COSCSHIFLIAR+HY

178 MECI=SINCSHZHC T+ 04R+Y
138 YECI)=COSCSH2HCI+10 D¥R+Y
126 HEXT

268 P=F+N

‘16 GUTO 39 RESTART INFUT LOOP

QG0 FEN #SS4s$Radeh S 44
7 REM DRAM DATA IN ARRAYS

G20 REM #3%fasaktdhhsaass

628 HIRES &, 1

3 0=

4 FORT=ATOP-1

3 IRAMKSCID ,¥S(ID, KECIY, YECID, .l
3 HENT

25 GETA$: IFA$=""THEN103@

3 NORM

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 of the centre of the shape add all the X coordinate values
together then divide by the number of coordinate values; this gives the centre X
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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.

S REM SHAPE TRANSLATION
g P=14

20 DIMXSCP),YS(P),XECP), YECP)
30 FORI=OTOP

48 RERDXS(I),YSCIY,XECI),YECDD
S8 NEXT

60 HIRES®, 12

70 FORJ=8T040

80 C=(J AND3)+1{

85 B=JAND3

90 XT=RND(1>#%318

188 YT=RMD(1)%190

118 GOSUB160® DRAW IT AT XT,¥T
128 NEXT

138 GETA%: IFA$=""THEN138

148 NORM

156 END

1680 REM kool ke gk
16818 REM IRAKN DATA IN ARRAYS
1815 REM TRANSLATED BY XT & YT
1820 REM ssdebifopmpasaonsdonig
1650 FORI=BTOP

1870 DRAWXSCIN+XT, ¥SCII+YT, XECI)+XT, YEXID)+YT.C, 1

1886 NEXT

1858 RETURN

16068 DATA®, 11,0,-6, €,11,5,13
lea1e DATAS, 13,0,16, 9,16,-5.13
19929 DATA-S,13,9,11, 8,5,-5,8
106638 DATA-5,8,-7,3, 8,5,7,5
18249 DATA?,S5.5,-2, 9,-6,5,-198

16658 DATR-S.-11,-1.-12,-1,-12,-3,-14
18866 DATARS,-108,08,-14, 8,-14,3,-15
16678 DATA 8,-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=XI1*COST+ Y1*(—=SINT)
Y2=XI1*SINT+ Y1 *COST

A shape can be rotated by performing this calculation on every corner
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Fig. 3.4. Rotational transformation of a point Q by an angle of 6 degrees from the initial
coordinates on X1, Y1 to the new coordinates on X2, Y2. Note that the centre of rotation at
X0, Y$ stays constant.

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

S REM SHAPE ROTATION
16 P=28

20 DIMXCP+1),Y(P+1),XP(P+1),YP(P+1)
38 FORI=8BTOP+1

40 READXCID,Y(I)

58 NEXT

S5 INPUT"ANGLE (DEGREES) “;T

56 T=T#1/180

60 FORI=@TOP+1
78 XPCI>=XC1DHCOSCTI=YC I DRSINCT)
80 YPCII=RCIASINCT>+< [ ACOS(T)

S

188 HIRESG.1:0RIGIN1&0, 100

119 GOSUB1B8G DRAW IT

130 GETA$: IFA$=""THEN130

148 HORM

158 END

960 .

1880 REM sl doidolddob fdi
1819 REM DRAW DATA IN RRRAYS

1815 REM ROTATED T

1820 REM #fubgbstsbihdabbontig
1658 FORI=BTOPSTEP2

1878 DRANXPCID,YPCI), XPCI+1),YPC(I+1),C,1
1886 HEXT

18S@ RETURN

109@0 DRTHE‘J 11)@: -61 9' 1115: 13
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16019 DATAS. 13,6,16, 8,16,-5.13
18628 DATA-9,13,@,11, 0.5,-5,8
1@839 DRTF“S»GJ"?;S' 615:?.-5
1834‘3 DATR?.,5.,5,-2, 31-61 5)"19

16858 DATA-S,-11,-1,-12,-1,-12.-3,-14
16868 DATAS.-10,0,-14, 8,-14,3,-15
18970 IATA 8,-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.

S REM SHAPE SCALING

18 P=28

20 DIMX(P+1),Y(P+1)

30 FORI=BTOP+1

46 READXCI), ¥CI>

S8 NEXT

55 INPUT"X AND ¥ SCALING ";X.,¥

60 FORI=BTOP+1

78 XCI=X(I>#X

88 Y(IX=Y(I)®Y

99 NEXT

95 ¢

168 HIRES®,1:0RIGIN16G, 108

11@ GOSUB1803 DRANW IT

138 GETA$: IFA$=""THEM13@

1483 HORM

158 END

260 .

1008 REM $ffdbrfdssafasqpnng
1816 REM DRAN DATA IN ARRAYS
1815 REM SCHLED EY X HAND ¥
1026 REM #$fdpdhdmsgdissnhssss
1850 FORI=BTOPSTEF2

1670 DRAWXCI), YC(IX, X(I+1),¥CI+1),C.1
1888 HEXT

1828 RETURN
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1@009 DHTHG:II:B'-G' 9:11;5: 13
16816 DATARS, 12,8, 16, 8,156,-5.13
18628 DATA-S,13.8.11, 8,5,-5.,8
10039 DF‘TF’-S;G;*?: 3: E'lsi ?;5
10849 DHTR?; 5; 5) "21 9'-6) 51"18

16950 DATA-S,-11,-1,-12,-1,-12,-3,-14
180608 DATHS, -18,8,-14, 8,-14,3,-15
18878 DATH ©,-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 4. This kind of stretching is not often
required, however. It is more common to want to stretch the shape along any

Y
A

SY2=1 sxo=n X2
Y2 Y

0 &= X

Fig. 3.5. Two dimensional stretching at an angle of 6 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.

S5 _REM SHAPE STRETCHING
18 P=28

20 DIMX(P+1),YCP+1), XPCP+1), YP(P+1)
39 FORI=0TOP+1

40 READKCIY, Y(I)

50 NEXT ]

S5 INPUT"ANGLE (DEGREES) ";T

96 INPUT“RSTRETCHING FACTORS' “;U.V¥
58 T=T#1/180

60 SI=SIN(T):C0=COS(T>
65 FORI=BTOP+1

70 X=CXCID#HCO-Y(ISIdRU
75 Y=(XCDHSI+PCIDHCOI%Y
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88 XP(ID=X#¥CU+Y#%5]

85 YP(I)=-X#SI+Y4C0O

98 NEXT

95 :

180 HIRESG.,1:0RIGIN16G, 100
116 GOSUB19©8 DRAW IT

130 GETR$: IFA$=""THEN130
149 HORM

158 END

S8y .

1800 REM sfokdehanndp sk

1818 REM DRAW DATA IN ARRAYS

1815 REM STRETCHED AT AWGLE T

1928 REM SRERERKKERRERRRERARAR

1850 FORI=BTOPSTEP2

1670 DRAWXPCI),YPCIX, XPC(I+13,YP(I+15,C.1
1688 HEXT

1890 RETURHN

10060 DATAB,11,0,-6, 0,11,5,13
16816 DATAS, 13,06, 16, ©.16,-5,13
10828 DRTH"S; 13: 9, 111 B,- 5; "5;9
18630 DATA-S,8.-7.,8, 8.5,7.5
1‘384‘3 DHTH?}S;S;"Z} 0;’6'51'19

16858 DATA-S,-11,-1,-12,-1,-12,-3,-14
160968 DATRS,-1d@,08.-14, 8,-14,3,-15
16978 DATA B,-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 ona
shape at any one 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]=[XY 1] 1 ) [}
9 1 [/
X TY 1

Rotation: [X’ Y’ 1]=[X Y 1] cosf —sinf 9
sinf cos6 P
1

) 9
Scaling: [X’ Y’ I]=[XYI] SX # )

) SY ¢

|/ ) 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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XY I]=[XYI1]SX * cosf SX *sinf 0
SY *—sinf SY *cos®@ 0
X TY |

An understanding of the maths required is notessential but for those 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.

?@REHngNBINED TRANSFORMATION

28 DIMMICP+1,25,M2Y(P+1,2),AC2,2)
36 FORI=BTOP+1

48 RERDMICI,8).,MICI,1):M1CI,2>=1
58 NEXT

55 T=5

S6 SX=1.87:8vY=1

97 TX=2:TY=1

S8 T=T#n/180

68 ACB,8>=SX#C0S(T)

78 RACB, 1>=SXKSINCT>

88 A(B,2)=0

S8 ACL,8)=-5Y%RSINCTD

160 AC1,1>=8Y%CO3(T)

118 A1,2>=0

128 AC2,8)>=TX

139 A2, 1)=TY

148 R{2,2>=1

156 HIRES®,1:C=0:0RIGIN168., 108
308 MAT M2=M1#%A :MAT M1=M2
21@ GOSUE16&@9 DRAW IT

938 GETR$: IFA$C" "THENS®B
248 HORM

35 END

s86 .

16088 REM #sdubsdohhdpskddndgng
1518 REM DRAKW DATA IN ARRAYS
1815 FEM ROTRTED BY ANGLE T
1817 REM MOVED BY TX , TY

1818 REM SCHLED BY SX . S¢Y
1020 REM sspgopdeladahpfndnpgigg
185@ FORI=GTOPSTEP2

1678 DRANM2CT, 8),M2CT, 1), M2¢T1+1,8), M2¢I1+1,1),C, 1

1888 NEXT

1898 RETURN

196@8 DRTHE’III)GI-GJ 8'1115: 13
16018 DARTAS. 13,08, 16, @,16,-5,13
1‘3920 DRTH-S: 13, aa 11; @l 51"5;0
16030 DATA-S,8.-7,8, 8.5,7,5
18848 DATR?7.S5,5.-2, - 8,-6,5.-1@

18858 DATA-S,-11.-1,-12,-1,-12,-3,-14
18068 DATAS.-16,0.-14, 6.-14,3,-15
16879 DATA 8,-6,-5,-11

Program 16.
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3.9 Three dimensional shapes

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

Of course it is not possible to really displayan object in three dimensionsonthe
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 dimensionalshape can be displayed asa 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. (Vote: 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 object. This can be difficult; because thereare nosolid
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.

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 Zaxisat rightangles
to the other two axes, as shown in Fig. 3.8.

The individual objects and the topographical relationship between objectscan
be defined within this coordinate system using predefined units of measurement.
The measurement units selected depend ontheamount of detail withintheimage;
the greater the detail the smaller the measurement unit and the degree of
magnification which may be required.
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Y coordinate

J
3 2
(1,2,3,4) 4 4
6 7
5
(5,6,7,8) & 3
R
8+ (3,2,6,7)
oo{ ’ y b
Vv (5,4,1,8)
(3,4,5,6) 1,2,7,8) X coordinate

Fig. 3.8. 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 of the screenfrom the object. The view pointisdefined asa
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.

Itis best to consider a three dimensional object aseitherasimple 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 mostimportant 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 isunimportant, 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 1 V5 2 2 2
V2 2 1 1 V6 2 1 2
Vi 1 1 1 V7 1 1 2
\Z! 2 1 v8 1 2 2
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Table of edges
El VI-V2
E2 V2-V3

E3 V3-Vv4
E4 V4-V1
ES VI-V5
E6 V4-V8
E7 V3-v7
E8 V2-V6
E9 V5-V6
Elp V6-V7
Ell V7-V8
El12 V8-V5
Table of faces

Fl  VI,V4,V3,V2
F2 VI,V5,V8 V4
F3  V6,V2,V3,V7
F4 V5V6,V7,V8
FS  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 twodimensional 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.

3.117.7 Translation
The transformation matrix totranslatea pointatcoordinate X,Y,Z withina three
dimensional image space to a new point X*,Y’,Z’ is as follows:

X,V Z0]=[XY,Z1] 1 § 9 9

p 1 9 P
p 0 1 P
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,SY and SZ. The matrix is as follows:

[X,Y,Z,1]=[X,Y,Z,1]] SX P 9 1)
9 SY ¢ [
P [/ SZ )
[ ) 9 1

3.11.3 Rotation
Whereas the process of either translation or scaling is a simple extension of the
two dimensional equivalent, the process of rotationis far morecomplex. Inorder
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 6 requires the
following transformation matrix:

[XY'Z’1]=[XYZI]] cosb —sinf [} 0
sinf cosf /] 1]
Y ) 1 0
[ ﬂ ) 1

It should be noted that the angle 6 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’1]=[XYZ1] cosb U} —sinf )
p 1 p g
sinf ] cosf /]
1Y 9 P 1
To rotate a point about the X axis use the following matrix:
(XY Z1]=[XYZI] 1 9 0 9
[4] cosf sinf [4]
[4] —sinf cosf [4]
[ 9 9 1

3.11.4 Concatenation of three dimensional matrices

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.



[C=

SX*COS(Y)*COS(2)

TX

SX*COS(Y)*SIN(Z) SX*—=SIN(Y)

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)

TY TZ

Concatenation of all the three dimensional transformation matrices.

punog pue saiydel $9 810powLIo) paauespy Qb L
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Program 17 illustrates this.

1 REM SIMPLE CUBE

S READ N, LK

180 DIM MC2.,25,MSC2,2>,AR(N,2), BC(N,2),LKC(LK, 1)

208 HIRES1,9

22 URIGIN168;100

23 SX=10:SY=10:52=10

24 HX—B.S AY=@.39:A2=0.30

25 GOSUB 3e@

3@ GOSUB 208

35 MAT B=R*MS

36 MAT A=B

468 MAT B=r%M

S& GOSUB 180

38 GETR$: IFR$COY«"THEN36

39 NORM:LIST

108 REM

163 CLG

187 FORI=BTOLK

188 Li=LK{I,@>:L2=LK(I, 1)

116 DRAW BC(L1,8>,B(L1,1),B{L2,0),B¢L2,1>,3,1

280 HEXT

138 RETURN

288 FORI=OTON

218 RERD ACI,8>,ACI,1),AC1,2)

228 NERT

238 FORI=OTOLK

249 REABLK(I,8),LK(I,1)

259 HEXT

266 RETURN

308 M(8,8>=COS(AY>*COSCAZ)

218 M(B,1,=C0S(RY>#SINC(AZ)

2e@ Mca, 2>=-SINCAY)

248 M(1,8)>=COS(RX>*-SINCAZ>+SINCRAXI#SINCAYI*COS(AZ)
3508 M(1, 1>= COSCAX)>#COSCAZI+SINCAXIHSINCAYIRSINCAZ)
368 M(1,2>=SIN(AX>*COSCAY)

378 M(2,8>=SIN(AXI¥SIN(AZ)+COSCAXI RSINCAY >#COSC(RZ)
389 M(2,1)>=-SINC(AX>¥CUSC(AZ>+COSCAZ>¥SINCAYIRSINCAZ)
398 M(2, 2>=CO05(AX>*¥COS(AY)

4688 MS¢0,8>=5X

418 MSC(1,1)=8Y

428 MS(2,2)=82

438 RETURN

1age IRATA 7,11

1616 DHTH-S,—S;-'S‘ 9,-5,-9, 505;"'5) "515'!"5

1926 DHTH‘S)'S)S' 5:"5:5: SJSJSl ’5;5;5

1825 REM LINK

1638 DATA 8,1, 1.2, 2,3, 3,0. 6.4

1846 DATA 4,5, 5,6, 6.7, 7,4, 1,5

185@ DATR 2.6, 3,7

3922 REM ROUTINE TO CHECK ACCURACY OF MAT COMMAND
18036 FORI=8TO7:PRINTSQR(B(I,0)12+B(1,1)12+B(1,2>12) :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 visual 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.

EENDPER:PELTIVE CUBE

"

A DIM M(2,25,M5¢2,25,ACN, 2>, R(N, 2), LKLK, 1D
' HIRES1, 9

= PORIGIN166. 108,368

23 Sk=1b:5Y=10:52=18@

24 Hx=0.087:AY=0.05:RZ2=0,06
25 GOSUR 3@

~@ GOSUB 268

35 MAT B=A#M3

36 MAT A=B

48 MAT B=A%M

<@ GOSUE 106

32 GETAR%: IFAFCO"«"THENS6E
33 MORM:LIST

166 CLG

181 FORI=GBTOLK

162 L1=LK{I, a0 L2=LK({I, 1)
11a

128

P
-
1
)
=
-
<
29

5 535¢N B(L1,8),BCL1, 10, BCL1, 25, BCL2,8), BCL2,10,EBCL2,2).3,1
= JEY

128 RETURN

SBB FORI=GTOH

218 RERD ACI.82 . ACTL1),ACT, 20

3 HEXT

230 FORI=aTOLK

248 FEADLKCI, 82 LKCIL 1D

258 HENT

268 FETURN

380 MCE,@x=CO3{AYI#COS(AZ)

318 MCE, 13=COSAY¥SINCAS)

228 M@, 2x=-SIHAY?

0 ML, BY=COS{RXD#-SINCAZI+SINCAXD ¥SINCAY ) ¥COSCAT )
4 MC1.12 S ’;Fu (ﬁ§)+ﬂ1H(HX)*oINkH?}*uIN(Hs)

- s e

N\_;O,—QIN(H‘.+’IN&H"'+LH1(H?)§QIN(H ')¥COSCRS

A M2, 13=-81M Hs'#CUw(H’)+CUo(H¢)#oIN\HY)#oIN(Hg;

A8 MC2. 2x=COS{AR)I¥COSCAY)

33 MSCE.8X=EX

MS¢1,1>=58Y

1 M3(2.2x=52

1 RETUREN

loag DATA 7,11

1019 I‘HTH‘S.-‘S."’S.- 5;';1‘5; 5/\.)-5' '5.-5)"5

1828 DATH-S5.-5,5. 5,-5.5., 5,5,5, -5,5.5

1925 REM LINK
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1828 DATA 8.1, 1,2, 2,3, 3.8, 8,4
1840 DRATR 4.9, S'D 6,7, o4, 1,3
185@ DRTA 2.5
1EaEE FOPI—BTO" PPlHTouR\B(I B> 12+BC1, 1) 12+EBC1, 25125 ' NEXT

Program 18.

Plcture plane

Projector
Perspective projection ¢/’

143

Line of sight __’—,_.————-’

Observer

::gég: Object
K~§14§J’§ J
R— _

\t\\
Projector

X axis Y axis
vanishing point Horizon vanishing point

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

Fig. 3.10. Three dimensional perspective projection.
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3.712.2 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

S READ N,LK

18 DIM MC2,2),M5¢2,2>,ACN, 2>, BCH, 2), LK(LK, 1)
2@ HIRES1,0

22 ORIGIN1E@. 16@

23 5X=10:5Y=10:52=1@

24 AX=0.07:AY=A, B5:AZ=D. 06

25 GOSUB 300

20 GOSUB 208

35 MAT B=A#MS

36 MAT A=B

40 MAT B=A¥M

S0 GOSUR 108

92 GETR$: IFA$<O"«"THEN36

29 NORM:LIST

106 MZ=-3399: FORI=ATON

181 IFECI,2)DMZ THENMZ=B(1,2):Z2=1
182 HEXT

192 CLG

187 FORI=@TOLK

105 L1=LK<T. @) :L2=LK<T, 1)

162 IFL1=ZT0RL2=ZZTHEN129

116 DRAM BCL1,8),BCL1,1),B(L2,85,B(L2,1),3,1
129 HEXT

133 RETURN

208 FORI=ATON

218 READ RACIL0),ACT, 17,RCT2)

228 HERT
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2268 FORI=ATOLK
248 RERILKCI,B5,LK(I,1)
298 MEXT
Z68 PETURN
288 MC@, 8>=COS{RYI¥COSCARZ>
318 MCB, 1>=COS(RYI¥SINCARZD
328 M8, 2>=-5INC(RY>
348 M(1,0>=COSC(AXI*~-SINCAZI+SINCAXIXSINCAY Y *#COSCRZ)
3568 M(1,1)>= COSCAXIRCOS(AZI+SINCAXIRSINCAY YXSINCAZD
358 M{1,2x=SINCAX>#CAS(AY)
378 MC2,0>=SIN(AXI¥SINCAZY+COS(AXI¥SINCAY ) ¥COSCAZ)
338 M2, 1)=-5IN{AXORCOS(AZ>+COSCAZI¥SINCAY IFSINCRZ)
398 M(2, 2>=COS(AXY¥COS(AY)
408 M5(8, 8>=5X
416 MSCL, 1)=3Y
28 M&(2,2)=52
426 RETURN
1566 DATH 7,11
1610 DATA-S,-5,-5, 5,-5,-5., 5,5,-5, -5,5,-5
1629 DATR-5,-5,95, 5,-3,5, 5)5:5' ‘51545
1825 REM LINK
1828 DATA 8,1, 1,2, 2,3, 3.0, 6.4
1848 DATA 4.5, 5.6, 6,7, 7,4, 1,5
185@ DATA 2.6, 3.7
18888 FORI=8TO7:PRINTSAR(B(I,8) 12+B(I1, 1) 12+B(1,2712)> : 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 2f), uses primitive approximations to give an acceptable
result. The program draws a three dimensional cube with shading of visible
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1 FEM R#$3EEEdingg

REM SHRDED CUBE

REM ¥$fEdsdppgpng

READ H,HF,NS

18 DIM M(2.20,M5¢2,2),ACN, 2>, BN, 2, FC(HF, HS)
28 HIRES®, 12,11

=21 DRIGIM1&E, 168

22 FEM SCHLING AND ROTATION FACTORS

23 S¥=19:5%Y=10:52=108

24 AX=R.3:AY=8.39:AZ=8.38

25 CGOSUER 398 :REM GET DATA

30 GOSUR 263 :REM SET UP ARRAYS

35 MAT P=A%MS :REM SCALE BY 5X,8%,52

26 MAT A=B

48 MAT B=A#M :REM ROTATE BY AN.AY,AZ

S& GOSUR 198 :REM DRAW CUBE

23 GETAF: IFA$SCO "' THENSE

22 HORM:LIST

180 REM CALCULATE SIDE QF FACE PBEING VIEWED
101 CLG

165 FORF=ATONF

116 ¥1=B(F(F,1>,8)-BCF(F,Q),8)

126 Y1=B{F(F, 1), 1)=-BCFCF, 80, 1)

126 K2=B(F{F.1),8)-B(F(F,2),8>

148 Y2=R(F(F,1),1>=-B(FCF.2), 1D

150 P=X18Y2-Y1¥x2

166 IFP > 9.891 THEN GOSUE 508 DRAW FACE
178 HEXT

128 RETURN

122,
289 REM READ CORNER COORDINRTES
285 FORI=ATON

REARD ACIL.8>.ACIL1).ARLI,2)
8 NEXT

REM READ CUBE FACE LIHKING
FORI=ATONF

49 FOR J=ATOHS

1 RERDF(¢I,J>

8 HNEXTJ, I

1 RETLEN

REM FROTATION RARRAY

A8 MO, 2x=COSCRYI#COSCAZ)

2 M@, 1)=COSCAYIRSINCAD)

3 M¢R, 2>=-SIMCAY)

248 M1, 80=CO5 AKI$-SIN(AZY+STHCAX I FSINCRY Y$CO0S(AZ)

LA RO %]

)
i1
!

35E M(1, 1= COSCAXDHRCOS(AZ)+STNCAXM$SINCAY I¥SINCAZ)
3EQ ML, 2)=8INCANIKCOS{AY)

ITE M(2, 80=SINCAMDFSIN(AZY+COSCAXIESINCAY Y¥COSCAZ)
320 MC2, 1>==SINCAKIFCOSCAZ Y +COSTAZIRSINCAY Y ¥3INCAZD
330 M{2,2)=COS3(AXIHCOSCAY)

332 REM SCALING RERRY

480 MS(A, B)=5X
416 M5(1, 1)>=5Y
420 MS5(2.2>=52

430 REETURH

565 REM DRAN A FACE OF THE CUBE
Sie FOR I=1TOHS

528 DREAWBCFC(F, I-13,0), BCFCF,I-15, 1), BCFC(FY >, @, B(F(F,1),15.08.1
528 NEXT

585 REM SHADE IT

618 Z1=B{F{F.,1),2)-B(F(F,8),2)
E20 22=R(F(F,15,2:-B(F(F,25,23
638 MI=SAR(MIFNI+YIRY1+Z1821)
A0 W2=SOR(NIENZ+HY2HYSHI2HI2)
5OR H1=K1/N1

BEE H2=X2H2

€

cra Y1=Y1/01
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B8 YI=Y2/N2

£33 21=21-M1

7O0 Z2=72/N2

718 U= X1#22-X2%21 :‘REM U=t FOR SURFACE UP THE RIGHT WAY & HORIZOHTAL
VIR PN=M1#Y2-Y1%K2 ‘REM PM=1 FOR SURFACE EXACTLY FACIHG PLANE OF YIEWIMG
TR SS=(L4+2)#4-FHE2

7oA FORR=1TOWISTEF €5

Vel FORS=1TOWM2ETEP S8

TrE K=B(F(F, 12, 0)-R¥EX1I-58N2

It Y=R{FCF, 10, 10 -ReY1-E3Y2

v PLOTN, Y, 8,1

288 MEXT S,R

210 RETURM

1230 DATA 7.5, 4

1895 REM CORMERS

116 DATA-S, -5,-5, &§,-5.-5. §,5,-5. -5,5,-5

1520 DRTH’S.-"S)E‘.‘ 5.""5;5; 5;5'5; ‘5:5'5

1821

1825 REM CORNERS OF FACES IM AMTI-CLOCKWISE ORDER AS VIEWED FROM QUTSIDE CURBE

1636 DATA 4,5.6.7,4

1846 DATA 2.1.8,3,2

1658 IATA 5,1,2.6,S

1656 DATH 9, 4,7,3.8

187 IRTA 7.6,2,3,7

1882 DATA 8,1.5,4,8

1854 ,

99223 REM ROUTINE TO CHECK ACCURACY OF MAT COMMAND

19660 FORI=ATO?:FRINTSAR(R(I,A) t2+B(1,1) 12+E(I,2>12) :NE}

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 1 to 2 and 2 to 3 need
to be at right angles.

If the coordinates of point 1 are X1,Y1,Z1 then the following formula is
required to calculate the orientation of a plane compared to the Z axis:

r=(X2-X1)*(Y2-Y3)~(Y2-Y 1)*(X2—X1)

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 #

(3in $DD@@ bank select register.) If you use the VIC 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 1/O 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 REM BASIC SPLIT

15 GOSUR 168 STOP TIMER IRQ
26 R=53265:'B=53281

25 REM WRIT ON RASTER HI BIT
38 WAITA, 128:WARITA, 128,128

48 POKEB, 4

5& POKEB,®

58 GOTO38

38,

168 A=53266:B=53281:POKES6334, 6
116 PRINT " DJ=(alalalalalalals] USE "
128 PRINT"M RUN STOP/RESTORE
136 PRINT"N TO EXIT

149 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 #$1F
STA $DCPD CIA control registers
STA DD¢gD
Clear IRQ:
LDA $DC@D
LDA $DD@D

Change IRQ vector (assuming kernal is being used):

LDA #<SPLIT Isb of address IRQ routine
STA $p314

LDA #>SPLIT

STA $0315

Enable interrupts:
CLI

Change to hi bit of raster comparison register:

LDA $Dg11
AND #$7F
ORA #Raster no. high bit (f or $80)
STA $Dg11

Set low byte of raster comparison:

LDA #Raster low byte
STA §$D@12

Clear processor interrupt flag:
CLI
Enable VIC raster IRQ:

LDA #1
STA $Dp1A



Games Graphics: Some Hints and Techniques 151

The interrupt routine pointed to by $4314-$315 should at one point contain
the code:

LDA #1
STA $D@19

If interrupts are being handled by kernal and $§314-$0315 then the routine may
end with either a JMP $EA3I or:

PLA Restore registers
TAY

PLA

TAX

PLA

RTI Return from interrupt

The jump to SEA31 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 RTI, 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 witha JMP $EA31 or uses
a JSR to $FF9F.

4.2 Smooth scrolling

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 $DP12. When this value crosses zero (from 7 to § or # 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 10 lines of

cooa ¥=3Co00

cang ISMODTH SCROLL 1& LIMES

Caoo !RASTER CMP MUMBERS FOR SPLITS
Caay RAS1 = 114

Cane RASZ2 = 194

Cova !

Cang 'INITIALISE HEW IRQ

Caaa 78 SETUP SEI

Ceot IKILL CIA CHIPS

€ae1 AS1F LIA #%1F

Cue3 8D68DDC STH ¢DCeD
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Coess SDBDDD STA $DDED
C&o3 ADODDC LIIA $DC8D
CoaC ADOIDD LDA $DDBD
CooF ICLEAR HI BIT RASTER CMP
COaF AD11D9 LDA $Da1y
cei2 237F AMD #$7F
Coi4 8Dn11DB STH $De11
cei? I2ET CMP VALUE FOR FIRST SPLIT
Ca1v Asv2 LDA #RAS1
Ca12 8p12pe STAH $DB12
calc IPOINT IRG YECTOR TO SFLITH
Ca1C R2ZD LIA #{SPLITI
C&lE 301483 STH #8314
CR21 A2Ce LDA #>SPLITY
CR23 3D1S83 STA #0315
CEzs IEHAELE INTERFUPTS BEFORE EXIT
Cazs A1 LDA #1
cozg 8DIADY 3TA $DB1A
CoZE Se CLI
CE2C 68 RT3
CazD !
cezn IFIRST INTERRUFT ROUTIHE
CozD EA SPLITY NOP IDELAY
Co2E ER MOP
Ce2F EA HOP
Cozo EEZGDA INC $Daz@ | EORDER
Ce33 EE21D8 INC D@21 VSCREEN
case 'SET SMOOTH SCROLL POSITION
Cale !AND REDUCE SCREEN WIDTH
CO36 RDB4C1 LA SCRP
Ca3s 2307 AHD #7
CO3E Shielo STA $D816
Ca3E 'NEW RASTER CMP \ALUE
CB3E RASC2 LDA #RAS2
Cad4a SUiIzZDa STA sD812
co43 ICLEAR IRQ@
Ca43 R291 LDA #1
CB845 8D19Da STA $D@12
ca48 IPOINT IRQ VECTOR TO SPLIT2
Ca4g8 A2SS LDA #<SPLIT2
CB4R 201403 STA $8314
Ca4D ASCca LDR #>SPLIT2
CO4F 8D1503 STH $6315
Cas52 VEXIT TO KERWAL IRR ROUTINE
CAS2 4C31EA JMP $EAS31
Cass !
Cass ISECOHD INTERRLUPT ROUTINE
Coss ER SFLITZ HOP I DELRY
5 ER MOP
. EH MNOP
CE20D9 DEC #Dp20 'BORDER
: CEZ1D8 LEC #Da21 I SCREEN
INORMAL SCREEHN WIDTH
A2G3 LDR #=
4 SDileDv STR #Dals
] VBUMP SMOOTH SCROLL FOSITICN
Coags EEO4CL IHC SCRFP
Coss IPHYYSICAL SCROLL REQUIRED 7
Cocs RDDECT LDIA SCRP
Cags 2397 AMD #7
CosE D7D EHE HWOSCRL
Coel IPHYSICAL SCROLL
CoEl AR2S LI #3286
F E33005 PHSCRL LDA #6544,Y 15
CET2 934185 STH $6541.Y
Cavs BI620S LI $9563,Y 12
Cove 23259305 STH $£03632.,Y
CA7E BRI20AS LDA $a5%4.,Y 1z
Co7E 233185 STR $6521,%
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B2R86S LDR #&3E8,Y 4
Q3p96ES STH $QSE3.Y

BSEG@S LIA 585EE,? ]
S5E189 STH $#0SE1,Y

BS@306 LDA #2563, Y '6

SRIHE STR $0:£02,Y

3005 LIR fﬁﬁQG ? i
233186 STH )
g2% BRSS0e LIA SUC\S'. A3 g

Cus
Casc 235206 STA $#a553,Y
Ca3F EB9SOBE LDA $9689,¥ 15
CORE 9223186 3TA #3&81,Y
CORS BIAS9S5 LDAR $86R3, Y e
CARS 29R3G6 STA $65R3,Y
CHRE 82 DEY
CHAC 16C1 BFL PH3CRL
C IMOVE LRST BYTE OF LIME TOD FIRST
C ADETES LIR $B567 "
NG SD4585 STA #6544
ADEFOS LIRA #458F 12
9B7 8DE5YS STA $B5ARS
ADETAS LIA #9567 12
09005 3TA #6229
GCE ADDFGS LIA #GSIDF B
% 8DE2@S STA $45E23
5 RDBTVE LIA #asa7 1S
A SLEQGS STA $8SEQ
ADZFRE LIR $9:52F le
30306 STA #9ead
AIISTO6 LIA #0857 I7
S SDEURS STH #9538
2 RIVFIS LIA #9567 18
¢ 205385 STRA #0658
CeLE RIRVGE LDA $86R7 13
CBE1 2Dswas STR #0650
CRE4 RICFBE LDA #98CF 118
COET 8IARSOS STA #35A2
CHERA 'ZET INTERRUPT YECTOR TO SPLITH
CoEA A32D  HOSCRL LIA #<SFLITL
CHEC 3D1493 5TA #0314
CHEF A3CH LDA #>SPLITI
CoF1 3D1Se3 STH #0315
CEF4 ICHANGE RASTERCMF “ALUE
CRF4 R9?7Z LDA #RAS1
CEFE 201208 STA $Da12
CRFS AZ01 LDA #1
COFE 2D1SD8 STA $Da1e
CAFE &2 PLA
CEFF A8 TH'Y
Clea &3 FLA
Cial AR TH=
c1a82 &2 FLA
C1a2 4@ ETI
C1e4 e SCRP EYT @
Program 22.

the screen from left to right at 59 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 SYS 49152.

4.3 Miore 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
VIC 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.

Ceog x=$C008

Coud R2FF  START LDAR #3FF !EMABLE ALL SPRITES
cen2 201506 STA #¥DR1S

ceas &017D8 STA #0817

Cees A28 LDN #3

CaoR 8A cLoop THA’

CeeE SLI1FDO STA $DB1IF,X

CogE E8 INX

CooF EB1@ CPX #$192

Call DEF? EME CLOOP

Ce13 R2IE LDA #30

Co1S A2008 LDX #9

Caly 2DuBDO XLOOR STR #0608, X

CalA ES IHX

CelB EB INX

caic 18 CcLC

CalD 5926 ADC #38

CaiF Exla CFX #3106

Ce21 DaF4 BHE XLOOP

Ch23 RSCO LR #%Co

Ca25 8T16DO STR $[@1e

Ce28 A1 LDX #1€6

CazA 8A FLOOP TR

C82E SLEB87 STA $@7ES, X

CO2E ES THX

CA2F EB13 CFx #24

Cazl DeFvy ENE FLOOP

Ce3s AZ1F LDA #¥1F IKILL CIA CHIPS
cags 72 SEI

Ca36¢ 8IBIIC STR #DCap

Ca3>? sperDD STR #0DED

C&3C RDEDIC LIR $DCE&n ICLERR AMY IR FLAGS
C&3F RDADDD LIR $DDGD

Ca42 RGO LIA #4 ISTART WITH SFLIT 1
Cad4 2heclo STA SPLITN

Co47 ADESCA LDA SPYTAEB+1 IRASTER HO. OF SPLIT 1
Cadn 801206 STR #D@12 'RRSTER CMP FEG
ca4n A6 LDA #{SPLIT ICHANGE IRE VECTUR
Ca4F 8[1463 STA #6314

casz ASCA LIR #>SPLIT

Ca54 201583 STR %8315

CASY RSal1 LIA #1 !ENABLE RASTER IRQX
Ces9 &D1ADA STA $DE1RA

CesC AniiDpe LDA $D811 ICLEAR HI BIT RASTER CM
CASF 237F AHD #37F

Ccasl €hiiDe STA $Detl

Cas4 58 CLI

COES &6 RTS

Coge 8@ SFLITN BYT @

Cas? e032e4 SPVTAB EYT @,56.188, 158, 208.259

Caell REseCB SPLIT LDX SPLITHN

t8va EA HOP
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cor1 EA HCOP

carz EA HOP

Caz3 EA HOP

074 ER HOP

Cars EA HOP

Caré EA NOP

car? SEZOD0 STX $D020 I'SCREEN & BORDER
CO7A SE21D9 STx $D921

Azl E: IHX

CovE CF #6 ;CHECK SFLIT NUMEER
Casa EHE RHOK

03z JER $FF9F I'SCAM KEYBOARD
CAZS AZGE LIK #6

037 SEESCH RNOK STX SPLITH

CA3A ELE7CA LIA SFYTAE,X

Cash 801208 5TA #0812

CaSR AZH1 LDA #1 ICLEAR IRQ

CR32 801300 STH %0019

CA9S ADN2D0 LIA $0812 ICURRENT RASTER
Ca93 18 cLC

Ca39 6905 ALC #5

Ca3E 306100 STR $D801 ISTORE SPRITE Y
CO3E SDE3D0 STA $00G3

COR1 SIASDHO STR $0085

CoA4 SDB7TA 5TA $00a7

COR7 SDE2DH STA $D0RQ

CORA SDEEID STA $0065

COADl SDEDDO 2TA $D0AD

C@BG SDGFDY 3TA $D00F

CAE3 63 PLA

COR4 AB TRY

CABS 63 FLA

CER6 AR TAX

CaB? 68 PLA

CeB3 40 RTI

Program 23.

4.4 Moving objects in interrupts

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,

Caeo #=3CH008

caon 'EMABLE R SPRITE

coad A%81  START LDA #3061
cepz SDISDY STA §DO1S
ceas R501 LDR #1
caar ISET COLOUR

Ccesy 8D27D0 STR D@27
CoaR A980 LDA #9
CcesC INO EXPANSION

ceac 8rivDe STAR D817
CeeF €D1DDo 3TR $D61D
caeiz ISPRITE 11 ELOCK

Cal12 ASOB LDA #11
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Ce14 SIFSR? STA $07FS
COIT RAZFF LDA #255
Ce19 AZ3E LDX #62
Co1R ISOLID BLOCK

CA1E 2DCEE2 FSPRL STA $92C0, X
CO1E CA IEX

CaiF 18FA EPL_FSPRL
ca1 ISTART SPRITE AT 100,109
Ca21 A0 LIA #0
CP23 SIEECE STA ¥P+1
CoZ6 S01G09 STH #1019
COZS A9G4 LDA #1089
C&2R SDEICA STA %P
CO2E SIEFCA STA YP
CA31 2IEnDa 5TA $D0@5
Ca34 09109 5TA #0001
casv? IKILL CIA CHIPS

Co37 A1F LDA #$1F
ca3s 73 3E1

CA3A SDODIC STA $ICED
C3D SDADID STA $008D
cadn ICLEAR ANY IRQ FLAGS
0846 ADEDDC LDA $ICeD
C@43 ADEDDD LDA $DD@D
cade IRASTER NO.

Cads ASOD LDA ©

Ca4s IRASTER CMP REG

Co4s SD12D@ 3TA $I012
Ca4E ICHANGE IRG YECTOR
CB4E A964 LLA #<SPLIT
Ca4I 11403 5TA $0314
Casa Raca LDA #>SPLIT
cas2 8r1563 3TA $0315
cass IENAELE RASTER IRQ
CHSS A1 LDA #1
CAS? 8DIADD 5TA $DD1A
55 ICLEAR HI BIT RASTER CMP
COSA AD11D8 LDA £Da11
CasD Zo7F AHD #$7F
CESF 8D11D0 STA $0011
Ce62 53 CLI

CO63 68 RTS

LG4 ! IR ROUTINE

Cco64 ICLEAR IRQ

CAE4 AIB1  SPLIT LDA #1
CBsE 801300 5TA $0@19
CoES IMOVE SPRITE ?

DRSS ADECCH LDA ENFELE
CREC DER3 EHE COHT
COSE 4C21EA TMP $EA31
v ICHECK FOR COLLISIOHN
CE71 ADNFDO CONT LDA $DA1F
cav4 Fozo BEQ NOCOLL
CB7E ADFECE LDA CO
cars ILAST MOVE IN ¥ OR ¥ DIR ?
cave a0t FAND #1
COTE FBOE BEQ YCOL
CATD IREVERSE ¥ MOYEMENT
CarD AZe1 LDA #1

CAYF 4DF1CA EOR XY
Ca32 SIF1CO STA XY
CRESs IAND MOVE

OS5 26CACH JSR XMOVE
COS3 4C96Ca JMF NOCOLL
CO3R IREVERSE Y MOYEMENT
COSR AS91  YCOL LIA #1
C8SD 4DF2CH EOR YV
Casa SIF2Ce STA YV

cesz 'AND MOVE
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casé 'HD COLLISIOH UCLURRED

case IMOVE ALTERMATE N OR Y DIR.

Ca36 EEF&Ce NOCOLL INC CO

CE33 AZ91 LIA #1

CO3F ZDFaco AHD CO

C32E Foos BER YMOY

CHRE 2aCoca J3R SMOVE

CER3 4CAR2CH JHMP FLACE

CoAs 28DECE YMOv J3F YMOVE

CERS 'PUT COORDIMATES IN VIC REG.

CoR= ADEDCY FLACE LIA NP

CORC SDeaDa 2TR $#Dea

CEAF ADEECA LDIR NP+1

Cap2 221 AND #1

Cep4 21809 STH $DB1a

CGEY ADEFCH LA YFP

CAEA S 1Da STA FDGa1

CeBDY 4C31EA JHMF $EAS1

Cace I'INC, OR DEC. X POSITION

Cacs A791 NMOVE LIA #1

Coacz Rao LDY #8

CaC4 REF1CO LDx »vY

CaCc? Dao3 BHE »ADD

cacs a2 IEY

CaCH ASFF LDA #%FF

cocc 1e XADD cLe

CocDh SDEDCS AOC ®F

Caps SDEDCA STH WP

capz se TYH

Calid SDEECE ADC xP+1

cany SLEECS TR XP+1

CalR éa RT3

CaLE 'INC. OR DEC. % FOSITIOH

CalE A1 YMOVE LIR #1

Cobll AEFZCO LI v

CoERn Doa2 EHE YRID

CEEZ RIFF LDA #3FF

CHES 1& YALD CLC

COES &DEFCH ADC YP

CoE2 EDEFCH 3TA YP

CHEE c@ RT3

CHeEC 'ENARELE FLRG

CHEC 889 ENAELE EYT @

CHED 'HORIZONTAL POSITION

COEL ©o89 »P HOR &

CeEF IVERTICHL POSITION

CEEF 09 vF T @

CaFa IEIT @ FLAG MOYE X OR Y

CEFE aa co BT @

CaF1 IFLAG @=DEC % . 1=INC X

CoF1 o ®e EYT @

CaF2 'FLAG 9=DEC % . 1=INC V¥

CoF2 &8 v BYT @
Program 24.

157

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 sbdokgponibdponf Ea s

28 REM MULTIFLE TEXT SCREEN

36 REM ANIMATION

40 REM scbksckdeidpmioiioiseliidolg

S@ DIM CHC15),P2¢3)

55 REM READ CHAR CODE TABLE FOR PLOT ROUTINE
68 FORI=0TO1S

7& READCHCID
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MEXT

REM TRELE POWERS OF 2
FORI=BTO3:P2(I>=211:NEXT

REM MAKE SCREEN POKES VISIELE ON OLD Cé4
POKES32381 ., 14: POKE646. 14

REM CLERK SCREENS & TO 15
REM AND PRINT SCREEN NUMBER AT TOP
FOR S§=2 TO 15

GOSUE10&e

FRINT""; S

NEXT : POKES3281., 6

REM DRAW FATTER ON SCREENS 8 TO 15
FORS=8TU1S

158 50SUB1 608

168 FORU=GTOZO

178 FORJ=8TOZ

188 R=J#r/5+U- 20+S%kn/4

138 X=48+U&SIN(RA)

200 Y=25+U+COS¢A)

218 GOSUBZ2wEeB Q@ SQUARE PLOT AT X.Y

228 NEXTJ,U,S

225 REM LOOP DISPLAYING SCREENS

238 FORZ=0T0z60d

248 FORS=8TO1S

298 GUSUEB16688

268 GETR$: IFAR$CO""THENZ=2006:REM DELAY OR END' LOOP
278 HEXTS. 2

288 S5=1:G05UB1608 NURMAL SCREEN

298 END

1008 REM fedepRfppadpngpuigopnion
1818 REM VIC AHD KERWAL FOR SCREEN S
1828 REM @b f it
1839 IF(S>1 AMD SC820OR S=BTHEN S=1
1848 POKES3272,5+5%16:REM SET \'IC
1850 POKEG4S, 4%5:REM TELL KERNAL

186@ RETURN

18ve .

Zoee REM QUARTER SQUARE PLOT X.Y

26081 IFXCEO0RYCBORK> 730RY>42THENRETURN
A=INT(X/2)+INT(Y/2) 4404541024
P=F2{(X AND1>+CY AND 1)%2)

C=0

2848 Y=PEEK(A>

2858 FORC1=6TO1S5

2856 IFVY=CH(C1)THENC=C1

870 NEXT

PCOKEA . CH(C OR P>

1 RETUREN

e DATH32, 126,124,226, 123, 97, 255, 236
a1a

bt b b e g L RO OO 0D €O 0D

£ 00X LI DY @ = AR E D AR G

o S

= = PO
DDA

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.

a33c DR ok

833C ICHANGING CHAR DEFINITIONS

833C » IFROM INTERRUPTS

833C RREEEEEEEEEE R SRS

azac !

4280 ¥ = $£40060

4808 A933  ENTRY LDA #$38 'PROTECT MEMORY
4082 8538 5TR £33

4604 8SFE STH %FE

4835 ASa9 LIA #0

4088 8537 STA £37

460A 2SFD STH #FD

4aac A308 LDA #$D0

468E 8SFC STR #FC

4018 A2E8 LIA #$00

4812 8SFB 5TH $FB.

4614 78 SEI 'COPY CHAR SET INTO RAM
4815 A233 LDA #3533

4817 8561 5TH %81

4319 ADGE LIY #a

401F EIFE  MOVE LIA C(3FFBY.Y

4010 21FD S5TR ($FDo,Y

4a1F c2 IHY

$a26 DUF“ BHE MOVE

4822 EGFC IMC #FC

4824 E&FE IHMC $FE

$826 HSFE LIA $FE

4628 0240 CMFP #%48

$a2[4 DSEF EHE MOVE

482C AZET LDA #%37

482E 8501 STHR #4al

4839 ARLF LDA #%1F 'USER CHAR AT $Zceoo
4332 SD13089 STR #0818

4835 A4 LDA #CIRR ICHAHGE IRG VECTOR
4037 201483 STH 8314

4837 AR49 LDA #2>IRQ

482C en15e3 STR #@315

4azF 53 CLI IRETURN TO EBRSIC
4348 69 RT3

4641 Azda IRQ LDy #8 'SCROLL “RERDY. 7
4a4% EBLI3838 LOOP LDR #3898, X I R”

4845 BA ASL A

4847 SEVE3I FOL #3378, X b

404mn 3ECE3R FOL $38C5, X A 4

4a4Dl 2EZH33 ROL $3328, 8 LS U

4058 3EES33 ROL #3808, X rRe

4833 3EZ838 FEOL $3328, % I YE”

4656 3E2038 RQ¥ $3358, X I “R”7

4855 ES THX

485 EQE8 CPys #3

4a5C DOES ENE LOOP

4A5E AZ4E LI #7828 ISCROLL 781234567697
4868 ACCF33 LDY $33CF

4653 BLZE22 LOOP1 LIA ¥3330, X [IE5 )4

4@cs 902139 STR %3281, X

4@5? EQRQ CPy #0

486 Fog4 EEQ EXIT

4@¢Dd CA TEX

495E JCE548 JMF LOOR1

4871 SCaass EXIT STY #2520

4874 4C31ER JHMP $EAS1 'CONTINUE NORMAL IRG

Program 26.



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 firstisaddinga
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 6@ times a second and be totally independent of the rest of
the computer.

LoC CODE LINE

8668 ; KEYBUARD SCANNER AND PLAYER
asee ; FOR USE WITH THE KEYBOARD

6609 ; INTERFACE

(cluls]] ;

9508 ;

6608 ® =$C00a

Covg ; TABLE FOR THE ACTUAL NOTES TO
Coes ; BE PLAYED.

coas ;

Caze @0 THELE .BYT 0.8.147.8,21,9,152,9
ceel oo

cev2 93

ceas 63

Caad 15

c#as 89

coas  SF

cea? 09

ceas 32 .BYT 56,10,265,16,113,11,32,12
cead3 BA

ceegn CD
CouB



Loc

ceac
CoaD
CoeE
CaoF
caiv
tott

c812
Co13
co14
Ca15
Ca1s
Ca17
calg
Cce1s
Coe1R
Co1B
Co1c

C8iD
ColE
CoiF
Cce2e
ca2i

coze
caz23
caz4
825
ceze
cazvy
cez3
o239
Cce2n
CazB
cazC
CozD
CecE
CazF
B30
31
ce32
Ca33
€634
€835
cassé
Cag3?
Co38
Ca39
Ca3A
C83B
Ca3C
Co3D
C8zE
Ca3F
€49
ce41

ca42
Co43
cad4
Ce45
Ccad6
Co47
Cce48
Ca439
Cadn
Co4B
ce4C
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CODE LINE

-BYT 216,12,156,13,1087,14,71,15

«BYT 47,16,38,17,43,18,63,19

-BYT 168,28, 155,21,227,22, 64,24

«BYT 127.,25,56,27,215,28,142,30

«BYT 95.32,76,34,86,36.,127,38

. BYT 201,40,54,43,°193,45,128,48

. BYT 99,51,113,54,174,57,28,61

.BYT 190,64,152,68,172,72,254,76

161
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CODE

Loc

Ca4D
CadE
Ca4F
CeSe
Cas1
cas2
cas3
casy
cass
cass
casvy
Cass
cesg
CoSH
CoSB
cesc
Ccesh
Case
CasF
Co60
Co61
ceez
Cus3
Coe4
cac4
cag4
Cos4
Cage
cec2
ces4
caes?
cess
CosA
CasC
CoBF
a1
casy
casy
Caor
casc
casrF
Cer2
CEAS
CoR?
CarRA
CORD
CoEB
CoB3
CaEs
CaB8
CBBB
COEE
coce
Cacs
caCo
cecso
caCA
cecc
CBCF
cuD1
cen4
caps
coens
capA
CaDB
CaDB

43
FE
4C
92
Si

D4

D4
a3
@3

LINE

-BYT 146,81,108,865.143,91,1,97

-BYT 198,102,226.198,92,115,56,122

«BYT 124.,129,48,137

; INITIALISE THE KEYBOARD
] =$C080

LDA
LY
LOOP  STR
DEY
BPL
LDA
STA
LDA
STA
STA
STA
LDA
STA
STA
STA
LDA
STA
STR
STA
STR
LDA
STA
STR
STA
LIA
sTA
STA
STA
ENRBLE SEI
LDR
STR
LDR
STA
LDA
5TA
CLI
RTS

#3500
#24

$D400. Y

LOOP
H$OF
$DDa3
#3059
$D405
$D46C
$D413
#5300
D406
$D460
$D414
#3409
WAYE
$D404
$D4@R
£D412
#$00
D402
$D489
$D410
#$08
$D403
$D40A
$D411

#$0F
$D418
#<TESTER
$0314
#>TESTER
$6315

;DISHBLE KEYBOARD

JSET UP THE D.D.R
;5 FOR THE USER PORT
iATTACK=9, DECAY=9

;SUSTAIN=0, RELEASE=0

s WAVEFORM=PULSE

sLOW BYTE OF P WIDTH

JHI BYTE OF P WIDTH

;SET MAX VOLUME
;PUT ADDRESS OF

; SCANNER INTO IR@
s VECTOR

;ENABLE KEYBOARD



Loc

COIB
CoDB
CADC
CELE
COE1
COE3
CEE6
COES
COEB
COEC
COED
CED
CEED
COED
CHEF
CEF 1
CarF4
COF7
COF9
CoFB
COFD
COFE
COFF
c161
c1e3
C106
cle?
C169
C10B
C19D
C19F
C116
111
c113
C115
118
119
C11B
C11D
C11F
c121
c122
c123
125
c127
Ci2A
C12B
C12D
C12F
€131
€133
€135
C137
€139
C13B
C13E
C13F
C141
143
C144
145
147
143
C14B
14D
C14E

CODE

aa
18
31
14
ER
15

D2
FB
(517
12
82

1D

31
D2
FB
11
2
80
FF
oo

D4
83
a3

DD
DD

c2

c2

c2
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LINE

DISABL SEI
LDA
§TH
LIA
STA
LDA
SR
CLI
RTS

#$00
$D418
#331
$0314
#$ER
$6315

sNO VOLUME
JRESET IR@Q

; RCTUAL SCANNER FOR KEYBUFRD

,
TESTER LDY
STY
INPUT STY
LDA
STR
AND
BEQ
CLC
TYA
RDC
LDX
STA
INX
STX
NOT1  LDA
AND
EER
CLC
TYA
ARDC
LI
STR
INX
5TX
NOT2  LDA
AND
BEQ
CLC
VA
AdC
LD¥
STA
INX
STX
NOT3  CPY
BHE
LIR
AHD
BEQ
LDA
LDX
STR
INX
STX
BNE
NOTKEY TYA
TAX
LDA
AND
BNE
LDA

#3500
$FR
§DDo1
$DDB1
$02
#3510
NOT1

#3501
$FB
INPUTE, X

$FB
$u2
#$20
NOT2

#3511
$FB
INPUTB, X

$FB
$62
#$40
NOT3

#321
$FB
INPUTB. X

$FB
#300
NOTKEY
$02
#3550
NOT4
#531

$FB
INPUTB., X

$FB
NOT4

$02

#3560
NOSH
#$FF

.BYT 32C

NOSW  LDA

#300

;# UF NOTES FOUND
; EQUALS ZERD
sTEST FOUR KEYS

JSTORE VALUE OFF
STEST CHIP 1
sNO KEY

;CONVERT TO KEY #
JFOINTER TO INFUT BUFFER
JSTURE KEY #

JTEST CHIP 2
;JNO KEY

;CONYERT TO KEY #
sGET POINTER
;JSTORE KEY #

SJTEST CHIP 3
iNO KEY

;CONVERT TO KEY #
JGET POINTER
JSTORE KEY #

IS IT R SWITCH?
;YES

S;TEST CHIP 4

iNO KEY

JKEY #

JGET POINTER
JSTORE KEY #

;ALKHAYS

iSKIP MEXT
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Loc

C158
C151
C154
C155
C157
C153
C1sC
C1SC
C15C
Ci1sC
CiSE
C161
Clé4
C166
Cies
Ci6B
CléE
Cive
Ci71
Civ2
Civ4
C177
C17R
Ci?D
18
Ccigs2
C183
€185
cisg
CigR
CisB
CisE
Ci8B
CiSB
C18D
CisF
Cis1
C183
C19¢6
C157
C193
C199
C19B
C1SE
CliAl
C1A3
CirS
C1A9
C1AB
C1ARE
CiBl
CiB3
C1B6
CiB3
C1E9
C1B9S
C1B3S
C1pC
C1BF
cice
CcicC1
CiC4
CiCvz
cics
CicA
CiCDp
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CODE

CR

9D C3 C2

c8
co
F8
4C

10
@3
F1

B8
04

13
0o
00

coe

nc
c2

hrlo}

4

D4
c2

c2
nc

c2

g2

c2

Ci
c2

C1
c2

c2

EAR

cz2
c2

c2

D4

ce
D4

-INE

NOT4

LEX
STA
INY
CPY
BEQ
JHP

5 SCANNING

COMPLT

READ
PRUSE

’

LDX
LDA
STA
LDA
STA
LDA
STA
Loy
NOP
LEY
BFL
LDA
STH
LA
STA
LDA
DEX
BPL
LDA
STA

SWITCH. X

;DO NEXT FOUR KEYS
#%10 +ALL DONE?
COMPLT JYES
INPUT
COMPLETE., TEST SLIDERS
#s01
f§Dce2 +GET CURRENT DDR
DDRSAY
#3CO
$DCo2
#3280 JREAD PORT B
$DCooB
#3$80 sPRUSE FOR READING
PRUSE
§D418 JGET POT 1
SLIDES, X
$D41R sGET POT 2
SLIDES+2, X%
#3$40 JREAD FORT R
RERD
DDRERY JRESTORE DIR
$DCe62

; SLIDERS COMPLETE. PLAY NOTES
; THAT HAVE BEEN READ.

;

PAD

novez
Doves

ALLDNE
; PLAY
PLAY1

LIX
CPX
BCS
LDR
STR
INX
BNE

STX
JSR
LDA
BHE
JSR
LDA
ENE
JSR
LDA
BME
JSR
Jup

THE

JER
STA
ASL
TAY
LDA
STR
TYA
BEQ
LDR
STA

$FB

#$03 +3 KEYS AT LERST?
ENQUGH ;YES

#%00

INPUTB. X

PAD i ALWARYS

$FB

CHKHLD sCHECK FGR HELD DOWN
V1ENRE JVOICE 1 ENABLED?
novcz

FLAY1

\'2ENRB sVOICE 2 ENABLED?
DOVC3

FLAY2

\'3ENAB ;JVOICE 3 ENABLED?
ALLDNE

PLAY3

$ER31 sNURMAL IR@

NOTE IN VOICE 1

GETVCE sGET A NUTE

VOICE1
R

WAVE
$D404 ;s TURH GRTE OFF

FLIEXT
TABLE. Y JSET NEW NOTE
$D406 -+ VALUE



CiDe
C1p3
CiDe
Cing
C1DR
C1DD
CI1IE
C1IE
C1DE
CIIE
CI1El
ClE4
CI1ES
C1Es
CIES
CI1EC
C1ED
CIEF
CiF2
CIFS
CIF3
CIFB
CIFE
CIFF
202
c2a3
C283
C263
Cczv3
c2as
C2g9
C20R
C2eB
C26E
c211
c212
C214
cz21?
C21A
C21D
C22v
C223
224
cz227
223
228
cazs
czz8
Ca2z8
c2z2n
c22D
22F
C2z8
Ca3:
C23S
C236
ca37
c237
C238
C23R
Ccz3C
C23E
C23F
C23F

C23F
C23F
€242

C247

AD
29

a1
B8
24

606
D2
8

o6
D2

FB
(5%}

BC
7F

co
14
c2

b4

c2
c2

c2

c2

c2

8D BC C2
AD BD C2

LDA
STR
LDX
INX
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THBLE+1.,Y
$0491
WRVE
$D4064 JSET GRTE ON

STR
PLIEXT RTS

; PLAY VOICE 2

’

PLAY2 JSR
STR
ASL
TRY
LA
STR
TYA
BEQ
LDA
STR
LDA
STR
LDX
INX
STX

PL2EXT RTS

GETVCE sGET R NOTE
VOICE2
]

WAVE
$D46B iTURN GRTE OFF

FL2EXT

TRELE. ¥ JSET NEW NOTE
$D407 ; VALUE
TRBLE+1,Y

$D468

WRAVE

$040B

; PLAY VOICE 3

PLAY3 JSR
STR
ASL
TAY
LDR
STR
TYR
BEQ
LDR
STR
LIA
STR
LDX
FNX

GETVCE JGET A NOTE
VOICE3
A

WAVE
$D412 ;TURN GATE OFF

FL3EXT

TABLE, Y sSET NEW NOTE
$D40GE i VALUE
TABLE+1.,Y

$D48F

WAVE

TX $D412

S \,
PL3EXT RTS

SGET A VALUE FROM THE INPUT

s BUFFER
GETVCE LDY
GET1 LDIR
BEQ
PHA
LDA
&TA
PLA
RTS
GETNXT INY
CPY
BNE
LDA
RTS
JCHECK ALL
5 DOWN
CHKHLD LDA
AND
STA

LDR

#3060 ;LOOP START
INFUTB, ¥ JGET VALUE
GETNXT

#3060
INPUTB. Y

$FB
GET1
#3000

VOICES FOR KEYS HELD

ViENAB
#$7F

VIENAB
Y2ENAB

165
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LOC CODE LINE

C24r 29 7| AMD #37F
C24C 8D ED C2 STR V2ENAB
Cz24F RAD BE C2 LDA V3ENAB
Cas2 29 7F AHD #37F
€254 8D BE C2 STA V3ENARB
C357 RO 00 LIY #3090
Ca33 B9 D2 C2 CHECK1 LDA INPUTB,Y
CaSC FB 85 BEQ NEXT1
C25E CD B9 C2 CMP VOICE1
Casl Fo B7 BEQ CONT!
Cas3 C8 NEXT1 INY
Cz64 C4 FB CPY $FB
C266 Do Fi ENE CHECK1
C263 F© &b BEQ CHCKV2
C26A RD BC C2 CONT1 LDA VIENAB
C26D 09 co CORA #3860
C26F 8D EC C2 STR V1ENAB
Cav?2 RS 00 LIA #3000
C274 99 D2 C2 STA INPUTE.,Y
C277 HO o8 CHCKV2 LIV #3600
c2?3 B9 D2 C2 CHECK2 LIA INPUTB,Y
C27C F@ @5 EEQ@ NEXT2
C27E CD PBA C2 CHP VOICE2
Cz81 Fo o7 BEQ CONT2
Cze3 C8 NEXT2 INw
C2s4 C4 FB CPY $FB
C255 Do Fi BHE CHECK2
238 Fo 8D BEQ CHCKY3
C2&R AD BD C2 CONT2 LDA V2ENAB
C28D @9 8o CRB #%50
C2s8F 8D BD C2 STR V2ENAB
€292 H9 @0 LDR #3568
C254 99 D2 C2 STA INPUTB.,Y
€297 f@ 60 CHCKV3 LDY #$09
€299 B9 D2 C2 CHECK3 LDA INPUTB,Y
CasC FB B85 BE@ NEXT3
C29E CD BB C2 CMP VOICE3
C2A1 Fuv 06 BEQ CONT3
C2R3 C8 NEXT3 INY

C2R4 C4 FB CPY $FB

C2A6 DB Fi BNE CHECK3
C2H8 60 RTS

C2R9 HAD BE C2 CONT3 LDA V3ENAB
CeAC B9 8@ URA #$806
C2HRE 8D BE C2 STR VSENAB
C2B1 A9 vo LDA #3006
C2B3 93 Dz C2 STR INPUTE.Y
C2B6 &9 RTS

C2E? 00 DDR3AY .BYT @

C2B8 B WARVE . BYT @

C2ES 68 VOICEL .BYT 8

CZBH ©o VOICE2 .BYT @

C2ERB 09 VOICE3 .BYT ©

C2EC wo VIENAB .BYT @

CzBD o0 V2ENAB .BYT ©

C2EE o8 V3ENAB .BYT 0

CSBF @9 SLILES .BYT @.6.0.0
czCa oo

c2C1 oo

Ca2Cz w6

2C3 @o SWITCH .BYT 6,0.0.0,0.0.08.0
C2C4 @0

C2CS o8

C2Cé wo

CzC? @o

c2C8 oo
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LOC COIE LINE

Cc2Co oo

ca2cA o8

C2CB @8 .BYT 8.0.8.,0.0,06.8
c2CcC we

CaCD oo

CeCE o0

C2CF o8

C2D8 oo

czpl 68

c2n2 oe INPUTB .BYT @
cans3 «END

SYMBUOL VALUE

ALLDNE C1B6 CHCKvY2  c277 CHCKVY3 €297 CHECK1  C255
CHECK2  C279 CHECK3  Cz93 CHKHLD  C23F COMPLT  Ci1SC
CONT1 Ca26R CONT2 ca2en CONT3 CzR9 DDRSAV 2B7
DISREL  C®lB novea Cin6 DoVCR CIlRE EHRELE  CBC?
ENOUGH  C199 GET1 C22R GETNXT  C237 GETYCE C228

INPUT CoF1 INPUTB  C2D2 LOoP ceg4 HEXT1 Ca63
NEXT2 Cc283 NEXT3 C2R3 HOSKH Cl4E NOT1 Cies
NOT2 CiiB NOT3 c12D NOT4 C154 NOTKEY  C143
PRD C138D PRUSE Ci7v8 PL1EXT  C1DD FL2EXT  C2e2
PL3EXT  Cca227 FLAYL CiR2 FLAY2 CIiIE FLAY3 Cze3
RERD C16B SLIDES  C2ZEF SWITCH  C2C3 TRBELE Caed

TESTER  CeED VIENRB  C2BC VZENAB  CZ2BD “3ENAB  CZRE
VOICEL  C2B9 VOICE2 C2BR VOICES  (C2BB WAVE CZB8

Program 27.

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 on/ off 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/decay/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 : SC2BD (49853)
Voice 3 : SC2BE (49854)

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



168 Advanced Commodore 64 Graphics and Sound
5.2 Scanning the keyboard

The main principle for scanning the keyboard is to send a value (#-15) to the
multiplexers which in turn tests the relevant line to the keys. The result is sent
back as either a 1 or § 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 | 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 ).

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. Ifa
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
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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Fig. 5.7. Circuit diagram of keyboard interface.
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Fig. 5.2. Printed circuit board design.

i
=

o

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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ﬁ
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’ a3 31 I3
A 2 4 40 56
74150 74150 4150 74150
s
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741
» 7
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SND J

Fig. 5.3. Component layout for keyboard interface circuit (top view).

Ribbon
C cable
PBOQ 1
pB1 |0 2
pR2 |E 3
F
PB3 4 Pin
H connections
PBY > on 16 pin
J DIP
g PB5 6 connector
Q. C
° PEG K 7 on PC board
@ L
> PRy 8
aNp |2 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




Cand
ceav
caag
CoRR
casc
CaaF
ce11
caid
caiv
CeiR
cRic
Cair
cezz
cazs
cazv
CA2A
ce2n
CH2F
CG?J

1 AB13

R9Ga
286004
ga
18FA
ASBF
&r18D4
RZ0@
eDasp4
&pach4
201304
ASF1
SDecDd
enannd
&014D4
R2E7
SD12D4
ShaRD4
HIEF
eriing
20a3n4
ROGFCA

s 2DEACT

CU?B
caan
Cada
Cadz
Code
ca42
CB4E
ca4n
case
casz
C955
CG«.’!
CaSAH
casc
CaSF
Ces1
Casd
case
cé
CeeER
CasE
cevrn
LU’F'
CL v .'
cara
carA
cavn
CavF
ca3z2 v
[plsfoic]
Cass
casa

CaaR
Casl
CH3E
CasF
CaaF

Co3g

H2Ra1
bDBBCl
gnsc
an3 DLI
ARES
2Dnace
R2C2
SDDice
AI53
SDBECH
R3C2
sIAaFCt
RSF&
&D4CC1e
R3C1
SD4DC1
R3FS
8LC2Co

65 HIC3

80C3CH
RASFE&
8haacy
AZC3
3031C1
A234
SD3ECH
ASCR
8DdFCl
9993
SDhi1493
AICA
8011583
"0

&8

91
21
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{MUSIC IN INTERRUFTS.
REAER LR R BB S
!

|
!
!
SID = 54272
*=5CEO00
LDY #24

LIA #3060
LOOP1 STH SIDLY
DEY
BPL LOOP1
LDA #%0F
STR SID+24
LIA #$00
STA SID+S
STA SII+12
STA S1D+19
LIR #3F1
STA SID+6
STR SID+13
STA SID+28
LIA #$37
STA SID+16
STA SID+16
LIA #36F
STAH SID+17
STA GI1D+2
LDA TEMTHP
STR TEMPO
LA #%31
STA VIDUR
5TR WeIDLR
STR V3DUR
LA #C\VOICEL
STA VIPHT+1
LDR #>VOICE1L
STA VIFHT+2
LDA #{VOICE2
STA V2PHT+1
LDA #>VOICEZ2
STA Y2PHNT+2
LIA #VOICES
STA Y2PNT+1
LDA #>VOICE3
STR V3FPHT+2
LDR #<DURAT1
STA VITEL+1
LDA #>DURAT1
STAR VITEL+2
LDA #<DURATZ2
STA VeTEL+1
LDA #>DURATZ
STA V2TRL+2
LDA #<DURATS
STA V'3STEL+1
LDA #>DURAT3
5TA Y3TEL+2
SE1
LDA #<PLAYER
STH #9314
LDA #>FLAYER
2TH #8315

CLI
RTS
!
TEMTMP BYT 1
V1WAYE BYT 33

IZERC SID

'VOLUME
'RTTACK./DECAY
WOICE 1

IWOICE 2

IMOICE &
'SUSTAIM/RELERSE
VWOICE 1

IYOICE 2

INOICE 2

ITEMFO VALUE
!DURATICON

'START OF MUSIC Y1

ISTART OF MUSIC v2

'STHET OF MUSIC %3

IICE 1 DURATION TEL

r.__l

IWOICE 2 DURATION TEL

IYOICE 3 DURATION TEL

VIR POINTER

ISAWTOOTH
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caat 41 VZWAYE BYT &5 VERWTOOTH

o3z 41 VIWAYE BYT 65 I TRIANGLE

Ca33 !

a3 !IRQ PLAYER

casz !

€93 CEEAC1 FLAYER DEC TEMFO !TIME TO UPDATE?
Cose Faal EER PLAYGO1 IYES

Co28 4C31ER EXIT JHMP $ER31 'NO

Co3B !

Ce2E ADBFCO FLAYS1 LIA" TEMTHF IRESET TEMFO
Ca3E 3DERCI STH TEMPO

Corl CEEEBCH DEC \'1DUR ITIME FOR ¥1?
CaR4 I3 BHE FPLAYBZ THO

CBRS 20ECCH JSR Day IYES. FLAY NEXT V1
CeRs CESCC1 PLAYG2 LEC V2DUR ITIME FOR V27
CeRC Dae3 EHE FPLAYG3 THO

CORE 20FACO J5R DOV2 IYES. PLAY HEXT Ve
CoB1 CESDC1 PLAYG3 DEC Y3DUR ITIME FOR V37
COE4 DEE2 EHE EXIT {HO

CoBE 2932C1 JER DOV3 'YES., FLAY HEXT ¥3
CeP2 4C31ER JMP $EAS1 D0 HORMAL IRG
CapC !

CapC IPLAY VOICE 1

COBC !

CoEC ASBE DOVl LDA #$89

CBEE elu4nd STH Z1D+4 !GATE OFF

CaCl ADFEC3 WI1TBL LDAR DURAT1 IGET DURATICOH
Céc4 3D3BCI STR VIDUR 'SET DURATIOH
CaC? EECZCO INC V1TBL+1

CacA Does EME W1PNT

Cect EEC2Ca IHC VITBL+2

CECF ADS3C2 WIPNT LA VYOICEL IGET HOTE #
cel2 EETECE INC VIPNT+1

Cans peagz BNE DOV12

Cen? EEIICE THZ Y1IPNT+2

CeDR C29@  DOVi2 CHMP #$80

calnC FeiR BERQ D0OVi14

CeLE LCSFF CHMP #3FF IEND OF MUSIC?
CEES DeB3 EHE DONI3

CBEZ 4C76CH JHFP MUSEXT 'EXIT FLAYER
CEES ©A ov13 ASL A

CEES AR TAY

COE? BD2EC1 LDA FREGTBL, X

CHER SDE1D4 STH 51D+

COED EDEFC1 LIA FREGTEL+1,X

CeFg 8naand STH SID

CarF3 AL2ace LDA Y1WAYE

CeF& &hed4D4 5TA SI1D+4

CeF> €8 ov'14 RTS

CaFR !

CaFA 'FLAY YOICE 2

CaFA !

CoFA A2B8  DOve LIA #3900

CaFC 8I3RD4 STA SID+11 IGATE OFF

CHFF ADFSC3 V2TEL LIA DURAT2 VWGET DURATION
Clag goecct TR Y2DUR !'SET DURATION
C1as EESEC] INC %2TEL+1

C1as Dead BHE WaPHT

Cian EER1CH IHC V2TBL+2

C1an ADS2C2 VYZPNT LDA VOIZE2 'GET HOTE #
Clle EESECH IHC W2FHT+1

C113 Daes BNE IOVz2

C11% EEGFC1 IMC V2PNT+2

Clig Cm@é  DOv2z CMP #%00

Cl1A FGiR FEQ DOY24

C11C C2FF CHP #3FF 'END OF MUSIC?
Cl1E D@z ENE D023

C12a 4C76C1 JHMP MUSEXT 'EXIT PLAYER

C12& BAR DoNV23 ASL A



Ci24
€125
ci1ze
CI1ZR
C12E
C131
C134
C13v
C133
138
ci3e
Cizs
C132A
C13D
Cl4i
C14z
Ci48
Ci4z
Ci14E
Cl4E
Cis1
C153
C156
C15&
C15H
CIsC
C13E
Ciol
C1
C1
Cles
C1e9
C1eC
Ci&F
Cive
lud
Civ

01?6 :

c177
cive
C1?H
Civ?D
CIvF
ci1az
Ci134
C1387v
C1zR
Ci13A
Ci8E
ciac
C18D
C1sE
C12E
Ci1%6
CiSE
C1R&
C1RE
C1E6
C1EE
CiCe
CICE

CiD6 1
C1DE 22

C1lEs
C1EE
CiFB

CiF@ €

CiF1
CiF3 @

AA

BIIBECY
eraen4
EDSFC1
eravo4
RD21CO
§I0ED4
ca

A58
So1z2nd
ADS4CE
SICS) 091
EECEC1
puslsics
EESFC1
ROFEC]
EE4CC1
a2
EE4IC1
Coad
FE1E
CSFF
D3
4C7eCt
BA

&2 AA
63 BDBECH

SDEFD4
BIDEFCH
2DDED4
ADS2CA
2D12D4
5}

&n1ses
A%aR

sI1&D4
4CS1ER

o8
a9
an
(515

ABEGA3
944904
aseras
ASCERT
229269
@ACIAER
BLSCEHE
112512
152A16
B321C
4B24
2E342D
366F
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Dov24
{FLAY VOICE
Hova
¥3TBL

Y3PNT

nowsz

DOV33

DoY34
Mussxr

]
TEMPO
V1DUR
V2DUR
?SDUR

FREQTEL

!
YOICES

TAX
LIA
STA
LDA
STR
LDA
5TA
RTS

3

LDA
3TA
LIA
STR
INC
EHE
IHC
LDA
IMC
ENE
IHC
CHP
EEQ
CHMP
EHE
JMP
HSL
TAN
LDA
2TAR
LDA
3TR
LDAR
STH
RT3

FLA
FLA
LDA
5TA
LDA
STAR
LDA
5TA
JMP

BYT
BYT
EYT
EYT

BYT
YT
BYT
EYT
YT
EYT
BYT
BYT
B IT'

EYT 2
EYT
BYT
BYT
EYT

BYT
BYT

FREGTEL, X
SID+E
FREQTBL+1,X
SID+?
V2WRAYE
SID+11

#4300

SID+18 IGATE OFF
DURAT3 IGET DURATION
V3DLR ISET DURATIOW
W3TBL+1

V3PNT

[} IF\TBL+"'

YOICES IGET NOTE #
VIPHT+1

novaz

VIPHT+2

#$909

no's4

#3FF 'EMD OF MUSIC?
now'33

gUoEAT IEXIT FLAYER

FREQTBL., X
SII+1S
FREQTBL+1,X
SIT+14

I'..l 3“ Fi I_.'IE
SID+18

#$31
$0314
#3ER
$0315
#3600
cll+24
$ER31

e
8
8
o

@,8,3,155,3,216.4. 12
d 4. 100 4'LDQJJ}LJ

5)183)5J185!6!16!61158
bac@ﬁ;r;5dz-;163»8;23
QJ14fJ4 51»¢11J9119368
16,285,11,114,12,32, 12,216
13»156,14;IB?JISJ?BJ16;4?
lrJ‘l;lh 4_-14 60 _n an
51 1'4);;-L2,;;4 b*»;d)l
2V.56,28,214,38, 141,32 4
=4, ?JJ\.SJ -w,oS 126, 4“)29‘3
43,52,45,1398,43, 127,51, 57
54,111

173
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czal
Cczes

211
C213
ca21
Ca29
€231
Ca332
Ca41
Ca49
Casi
Cas9
Ca¢l
283
Ca63
a6l
Ca63
Coed
Ccaec

cavd

caca
cags
CaeB
C297
C2RE
CzRz
C2RE
C2B?
C2E3
C2Cs
C2CE
cana
Czn3
C2E8
C2EC
C2FS
C2F7
C2FD
caa2
C303
C3eF
C315
C31F
C321
ca2

cazn
333
€332
C33F
C24S
C34B
C351
casve
C350
C3&3
C2658
C36F
C3vs
C37B
c3el
C324
389
C3sT
C395
Ca33n
C3RS
C3RD
C3BS
C3BD

a3acaF
a2oCer
a1ases
BEaCeF
6F1513
aeacer
B2aCer
080CoF
019568
GeBCer
BF1613
BSBCeF
G8FF

53]

ae
1BRA1B
oa1Eoe
140814
1EGB1E
121RB
146014
1EB8LE
181B
1980213
238823
1D2v
1460814
1EBB1E
181ER
1FEO1E
158619
148814
1E@R1E
181E
140014
140014
140914
146014
140014
140014
140814
140014
198319
188519
196813
129313
148014
145814
140814
148014
1P5E1B
1EQS1R
199812
198819
146814
140014
1423814
1480FF
&a
vEDEBE
Q506
ecacsc
acecac
gcecec
ACeC3C
acacac
ecocec

!
VOICE2
=1
VOICE1

DURRT3

BYT
BYT
BYT
BYT
BYT
EYT
BYT
BYT
BYT
BYT
BYT
BYT
BYT

BYT

BYT
BYT
BYT
BYT
BYT
YT
BYT
YT
EYT
YT
BYT
BT
BYT
BYT
YT
BYT
BYT
BYT
BYT
BYT
BYT
EYT
BYT
BYT
BYT
BYT
BYT
EYT
BYT
BYT
BY

BYT
BYT
BT
BYT
YT
YT
BYT
VT
BYT
BT
BYT
T
EYT

BYT @

BYT
YT
EYT
EYT
EYT
BYT
BYT
EYT

8,12,15,17,18,17,15. 12
§,12,15,17.18,17,18,12
1,5,8.18,11,18.8.,5
8,12,15,17,18,17,15.12
15,22.19,22,13,28,17.20
&,12,15,17,18,17, 15,12
€,12,15,17,18,17,15,12
8,12,15,17,18,17,15,12
1,5.8,108,11,18,8,5
8.,12,15.17,18.17,15,12
15,22,15.,22.13.,20,17.29
€,12,15,17,18.17,15,12
8, $FF

8

a
27.8,27,9,27.8.8,27
= p =
U}Z?)U) 2?-2?:2?;2|’ J‘.“
20,18,20,24,0,24,27,8,27,2
30,1,38,29,27,23,24,27,23
24,87
20,0,20,24,0,24,27.0.27.29,8,29
=

26,0,30,29,27.,23,24,27,23
24,27
£5,8,25,29,08,29,32.8,32.34,0,
35,8,35,34.,32,28,29,32, 28
29,132
e ve
29,0,20,24,0,24,27.8.,27.29.8,2%
39,6,38,23,27,23.24,27.,23
24,27

Pxca

2,8,

8]

9

i
O
’

)
&

33,§%3@;29;2?;23;2
Ay

L X4
£0,0,20,23,24,27
28,68,20,23,24,27
26,1,20,223,24,27
23,8,20,238,24,27
£0,8,20,23,24,27
20,0,20,23,24,27
£0,8,20,22,24,27
£0,8,20.23,24,27
25,8,25%,28,2%,32
25,8,25,28,22,32
23,8,25,28,29,32
£5,8,25,88,25,32
28,8,2q, 23,24, 27
28,8,208,23,24.27
20,8,20,22.24,27
20,8,20,23,24,27
&v,n,27,320,31,34
27.8,27,38,31,34
25,8,25,28.29,32
25.8,25,28,29.32
28,9,28,23,24,27
29,8,26,23,24,27
£0,0,21,28,24,27

20,8, §FF
26

6:6:6:6:6,6,6.6

6,6:6,6,6:6,6:6

12,12,12,12,12,12,12,12
12,12,12,12,12,12,12,12
12,12,12,12,12,12,12,12
12,12,12,12,12,12,12,12
12,12,12,12,12,12,12,12
12,12,12,12,12,12,12,12
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C3CS acecac BYT 12,12,12.,12,12,12,12.12
C3CDh 8cacec BYT 12.12.,12,12,12,12,12,12
C3DS acecec BYT 12.,12,12,12,12,12,12,12
C3DDr acecec BYT 12.12,12.12,12,12.12.,12
C3ES acscec BYT 12.12,12,12.,12,12,12,12
C3ED @cecec BYT 12.,12,12,12,12,12,12,12
C3F5 30 BYT 48

C3F& !

C3Fé 0o DURART2 EYT ©

C3F& #=%-1

C3Fe 64 DURAT1 BYT 26

C3F? 95Bcas BYT 6,6.8:6.6,6:6.6

C3FF &880 BYT 6,6,6,6,6:6.A,6

C497 @2010932 BYT &,1,3,5,1.3,8,1.2.8,1,2
C413 8221693 BYT €,1.3.2:3,4,4.4,4.4,4
C41E BE@163 BYT 8,1,3,8,1,3,68,1,3,8. 1,3
C428 ﬂbulo\. EYT 8,1.3,%,2,4,4,4.4,4,4
C435 @391683 EYT 2,1,3,8:1,3,8,1.3,8,1.3
C441 @8@133 BYT 8,1,3,9,3:4.4,4,4,4.4
C44C AEB163 EYT 8,1.3,8.1,3,8,1,3,8,1,83
C458 esw1a3 BYT 8,1.3,2,3,4,4,4.4.4.4
0463 08'3193 B"I"T 6)11;‘;6;.&{.“6' 1:_

C46F 880163 EYT 8,1.3,6.,9,3,6,12

C473 vee193 BYT &,1,3,8,1,3,8,1,3,8.1,3
C47F o812 EYT 8,1:2,%,3.4,4,4,4,4,4
C43A ©50393 BYT 6,3,3:4,4,4,6,3,3,4.4.4
C435 voaze3 BYT 6,3,3,4,4,4,6,3,3,4,4,4
C4A2 BEBRE3 BYT 6,3.3,4,:4,4,6,3,3,4,4.4
C4RE BEB303 BYT €,3.,3,4,4,4,6,3.2.4,4,4
C4BA ©EQ303 EYT 6.3,3,4,4,4,6,2,3,4,4.4
C4C6 Bep3as BYT 6,3.3,4.4,4,6,3,3.,4,4,4
C4DZ Beazo3 EYT £.,3,3,4,4,4,6,3,3:4,4.4
C4IE 8&ca383 EYT €.3,3,4.4,4,6,3:3,4,4,4
C4ER 050383 BYT €.3,3,4,4,4,6,3,3,4.4.4
C4FE Bee3ed BYT 6,3,3,4,4,4,6,3,3:4,4,4
CSnz a&BIal BYT 6.3,3,4,4,4.€6,3.2,4,4,4
CSBE 863093 BYT 6»3}3;4:4;416:?4

Program 28.

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
IR Q 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-lo order table and the values required
follow.

Position Note Position Note Position Note Position Note

I Al 13 A2 25 A3 37 A4
2 A#l 14 A#2 26 A#3 38 A#4
3 Bl 15 B2 27 B3 39 B4
4 C2 16 C3 28 C4 49 Cs
5 C#2 17 C#3 29 C#4 4] C#5
6 D2 18 D3 30 D4 42 D5
7 D#2 19 D#3 31 D#4 43 D#5
8 E2 20 E3 32 E4 44 ES
9 F2 21 F3 33 F4 45 F5
19 F#2 22 F#3 34 F#4 46 F#5
11 G2 23 G3 35 G4 47 G5
12 G#2 24 G#3 36 G#4 48 G#5

Position § 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.

1008 REM #okaiiciSPRITE EDITORssbuskaion

1016 REM FOR MULTI COLOUR OR STRNDRRD

1620 REM SPRITES.

1038 REM sieicsoisiaiolionioiiioioiioing

1040 DEF FNS(Z)>=32763+(R+1)¥40+C+1

1858 DEF FNC(Z>=FNS(Z>+22528

1060 SP=8:POKE2,0:VIC=53248:POKE6SO, 128
1676 DIM F2(7):FORI=0BTO7: P2(I)-2TI NEXT
1080 CD$=" HRIAlIIIMADIMAINIRT: I

1896 GOSUB2638: REM PUT IN NHCHINE CODE
1106 REM sdaetikrmpkiplpornikntn

1118 REM PROTECT MEMORY

1126 REM sisskaaiokpdangobnmkiogg

1130 POKES6.128:POKES4, 128:POKES2, 128

1140 REM sestsikaslofiibfolonongdorono

1158 REM SELECT BRNK 2

1166 REM skdtiofioielRidenin ok fa g

1170 POKESE578,PEEK(S56578)0R3

1188 POKES6576, (FEEK(56976)AND252)0R1

1190 POKES3272,PEEK(53272)RND15 : FOKE648, 128
1200 PRINT" 3" :POKES3281.,11:POKES3280, 9
1218 GOSUB2&78: REM DO YOU WANT TO LOAD
1220 RENM sasspddomipnnkor ok nidpmmiing

128@ REM SET VIC CHIP SETTINGS

1240 REM ok porr erdagngnsy

1256 POKEYIC+21,1:POKEVIC,246: POKEVIC+1.59
1266 FOKEVIC+16,8:FOKEVIC+23,1 :POKEYIC+23,1
270 POKEYIC+38,7:POKEVIC+37,0:POKEVIC+38.,8
128@ POKEVIC+28,8:GUSUBI7I@

12960 REM sffskfiohjngdnssrbhf R

1368 REM MAIN INFUT LOOP FOR COMMAMDS

1310 REM skspiibbgdadpmirsfninidet

1320 POKEFHC(©),0

1350 GETAS$: IFAF=""THEN1338

1346 POKEFNC(8),1

1358 IFA$="+"THEN157®

1366 IFA$="-"THEN1640

13786 IFH$'"Q“THENR-R+1 IFR=21THEMR=8:G0T01320

138@ IFA%$="T"1"THENR=R-1:IFR=-1THEMR=2@:G0TO01320

1399 IFA$="B"THENC=C+1 : IFC=24THENC=0:G0TO1326

1480 IFA$="81"THENC=C-1:IFC=-1THEMNC=23:GOT01220

1410 IFA$="N"THENSP=(SP+1)AND31 :GOSUB2828 :GUT01328

142@ IFA$="Q"THEN2220

1436 IFA$="M"THENPOKEVIC+23, FEEK(YIC+28)0R1:G0TO1326&

1440 IFA$="0"THENPOKEVYIC+28, PEEK(VIC+28>AND254:G0TO1326
1456 IFAS$="S"THEN17?10:REM SELECT

1468 IFA$="m"THENPOKES3281, (PEEK(53281 »+1>RHD15: GOTO1329
147@ IFA$="2"THENPOKES3280, (FEEK(53288+1)>AND1S5: GOTO1326
1488 IFR$="I1"THENPOKEVIC+39, (PEEK(VIC+33>+1)>AND15:G0T01326
1429 IFR$="BI"THENPOKEVIC+37, (FEEK(VIC+37)+1)AND1S: GOTO1320
1560 IFA%="8"THENPOKEVIC+38, (FEEK(YIC+32)+1)ANHINS : GOTU1326
1518 IFA$="X"THENPOKEVYIC+2%, (PEEK(VIC+235>+1)AND1 : GOTO1328




178

1526
1536
1540
1556
1568
1578@
1550
1550
1608
1610
16280
1538
1643
165a
1556
178
168@
1656
17a@
171a
1vze
1736
174@
1756
176a
1770
1vew
1790
186w
1818
18209
1830
1846
1850
1868
187u
1850
18909
196@
1910
132a
12z0
1946
1958
1956
197¢€
138
13%9@
2068
2610
2028
2630
284a
2056
2060
zaze
2680
2098
210a
2116
2128
2138
214@
2150
2160
21va
2180
21%a@

Advanced Commodore 64 Graphics and Sound

IFA$=""""THENPOKEVIC+23, (PEEK(YIC+23)>+1AND1 : GOTO1 320
IFA$="71"THENFORI=AT063 : FOKES2768+(SP+16)#64+]1 , @ :NEXT : GOSUE2020 : Ag="3"
IFR$="""THENR=6:C=8:G0T01320
GOTO1328
REM sfdfioorbapi e e aenrs e ehssn
REM ADD H FOINT TO THE SFRITE
REM $ifsdibeb b b R Rk e e
AD=327&8+R#3+ INT(C/3)+64% (S5P+16>
POKERD, PEEKCAD> ORFZ(7~{CAND?> >
POKEFNS(@), 81
RAE="§" :G0TO13%G

REM #psdfpfaesfniib g sy

REM DELETE A POINT FROM THE SFRITE
REM ##680a6b 8 St £ R R R S E e S n K
RO=32768+R¥3+ INT (C/3)+64¥ {SP+165)

PUKEAD, PEEK(RD) AND(255~P2{7-{CANDV> »)
POKEFHS(©2,46
A$="p1" :GOTO132¢

REM s#fdeoksdepdgdgaddrbfibaesedy
REM SELECT A SFRITE TO DISFLAY
REM dseiopikppbriassgdrddasptsgioon
OPEN1, @
PRINTCD%$," SPRITE NUMBER (8-31) ", :INPUT#1,5FP%:CLOSEL
FRINTCD#" IZERIE "
SP=YAL (5P$) : IFSP>310R5P<OTHEN1V10
GOSUB2820:G0T01320
REM ssdekofioRubbnsbagnndiotids

REM FUT UP DISFLAY

REM ssddebiobfkgafiapandn

PRINT") | SPRITE";
FORI=1TO21

PRINT" |.ccoucccacasosnncancnnas I”
NEXT

FRI NT L1 )

PRINT " RENAMARA" SPCC27)> " CONTROLS : "
PRINTSFC(27>"c+® ADD DOT "
PRINTSFC(27>" &8 DELETE DOT"

PRINTSPC(27)" JX® EXFAND !
PRINTSPC(27)" Y8 EXPAHD !
PRINTSPC(27)" 18 MULTI OH "
PRINTSPC(27>" 208 MULTI OFF "

PRINTSPC(27)" 358 SELECT !
PRINTSPC(27)" 2| NEXT !
PRINTSPC(27)" 88 QUIT "
PRINTSPC(29)"COLOURS: "
PRINTSPC(27>"cF 1® SCREEN "
FRINTSPC(Z27)>"¥F>® BORDER "
PRINTSPC(27)"FS® SPRITE "
PRINTSFC(2?)"F 7™ M-C 1 "
PRINTSPC(27)"FC® M-C 2 |q"
POKE33784,5P+16

PRINT"SN"SPC(34>" @ "RIGHT$(" "+3TR¥(SPY. 4>
SYS49152, SP+16

=@:C=06:RETURN

REM LORD A SPRITE FILE FROUM THPE
REM OR DISK.
REM ssseioriob ol ook goniagk
POKEVIC+21,@:FRINT"D SPRITE EDITOR"
PRINT"XID YOU WISH TO LOAD A SPFRITE FILE 2",
GETA%: IFR$C>"Y"ANDASCO"N"THENZ120
IFA$="N"THENRETURN

PRINT"'" :GOSUB2488:REM SET UP FILE DETHILS
POKET8&, 6:5YS(65493>

IF(PEEK(?23>AND1 >=8THENRETURN
PRINT"RRSLOAD ERRORE DO Y'OU WANT TO TRY AGAIN?®
GETA$: IFA$CO"Y"ANDAFCO"N" THEN2186
IFR$="N"THENRETURN
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2260 GOTO2678

2218 REM #ssisiaksiiompimigopnothsaaionsy

2220 REM END PROGRAM AND SAYE SPRITES

2230 REM soksoikadskbp b diop ool

2240 POKEVIC+21,8:FPRINT"IIDO YOU WISH TO SAVE THE SPRITES 7",
22506 GETH$: IFASCO"Y"ANDAR$CO"N"THEN2258

2260 IFA$="N"THEN242@

2276 PRINT"Y" :PRINT"RWENTER RAMGE OF SPRITES:"

228@ PRINT"WSTART SFRITE NUMBER:"; :OPEN1,@:INPUT#1,55%:CLOSE] :FRINT
229@ S5=VAL (55%) : IFSSCOORSSIC1 THENFRINT " TTTY" : GOTO22E0
-230@ PRINT"REND SPRITE MUMEER:"“; :UPENI1,&:IHPUT#1,ES3:CLOSEL FRINT
2310 ES=VAL(ES%) : IFESCHORES>Z1 THENPRINT"TT1" : GOTO2566
2320 IFSSOESTHENPRINT"TTITT) :GOTO2288

2330 SS=(SS+16)%64+32768  ES=(ES+17)%64+32763

2348 POKE2S52, INT(SS/256) 1 POKE251 , 5S-INT (88236 ) %256
235@ POKE?8®, 251 :POKE?82, INT(ES/256) : FOKE?S1,ES-INT(ES/ 256 3%256
2360 GOSUE245@

2378 SYS(65456> :REM SAVE

2388 IFST=BTHEMN2428

2390 PRINT"REIRSAYVE ERRORE DO YOU WANT TO TRY AGAIN 27"
2460 GETAs: IFA$CO"Y"ANDASCO"N" THENZ24680

2410 IFR$="Y"THEMN22208

2426 POKES3280, 14 :PUKES3281.6

2430 POKE64S,4:PRINT"X3"

2440 POKEVYIC+24, (PEEK(VIC+24)AND15O0R16

2456 POKESE578.,PEEK(S6578)ANDZS2

2466 END

2476 REM sefedsekgamiollolickagssiogg

2480 REM GET FILE DETRILS FOR LOAD

2490 REM AND SAVE

2500 REM ¥fukiorniklkientok ok gdon

2510 PRINT"HWPLERSE ENTER FILENAME:";

2526 OPEN1,0:INPUT#1,FM$:CLOSEL : PRINT

2530 PRINT"HMXTEAPE OR SDWISK:*“;

2546 GETA$: IFA$CO T ANDASCO D" THEN2540

2550 PRINTA$:D=8:IFA$="T"THEND=1

256@ IFLENCFM$>X>16THENFM$=LEFT${FM$, 16>

2570 POKE133,LENCFM$)

25280 POKE186,D:POKE18S,D:POKE1S4,D

2598 POKE188,2:POKE1S7,192

2608 FORI=1TOLEMC(FMS$) :POKE7@3+1,ASC(MIDFC(FMS, 1,150 :NEXT
2618 RETURM

2620 REM sedspdfieopioiiaopicre sk ok

2638 REM STORE MACHINE CODE INTO

264G REM MEMORY

2606 REM e bgukdioiioniciick koo

2660 1=49152

2670 READA: IFA=-1THENZ27@0Q

2688 POKEI,A:I=I+1

269@ T=T+A:60T0267@

2768 IFT<C>14811THENPRINT"IDATA ERROR" :END

271@ RETURN

2720 REM dokseieiiaiiompiokogioicor oo

2730 REM DATA FOR MACHINE CODE SPRITE

274@ REM DISPLRY

2750 REM xckypioiokiomiiaiopisiloneisioroy

2760 DATAR32,253,174,32,158,183,134

2776 DATA251.,169,0,133,252,168,95

278@ DATA6.,251,38.252,136,16,249

279@ DATAR16S, 252,105,128, 133,252, 32

2800 DATAR102,229,1€69,17,32,214,255

2810 DATA16@.0,169,29,32,218,255

2820 DATA32,64,192,2008,32,64.192

28308 DATA200,32,64,192,200,169,13

28408 DATA32,218,255, 192, 63,208,230

2850 DATAR96, 177,251, 133,254,169, 128

2860 DATA133,253,37,254,240,8,169

2870 DATAR209,32,218,255,76,89,192

2880 DATA169,46,32,210,255,70,233

2898 DATA165,253,208,233,96,-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 $8409.



Appendix
Character Editor

This character editor (Program 30) 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

1608@ REM #¥¥##ckCHARACTER EDI TORsMesksesd#
161@ REM FOR MULTICOLOUR OR STANDARD
1820 REM CHRARACTERS.
1630 REM #dopdkipiicoRiindorioioiiorioniorck
184@ DEF FNS(Z)>=32768+(R+1)%48+C+1
1858 DEF FNC(Z)>=FNS(Z2>+22523
1860 CH=0:C0=1:POKEZ.0:YIC=53248:POKE6SO, 128
1676 DIM F2(?): FORI—UTD? P2(1>=211 :NEXT
18580 CD$=" =IRInAlAlK AHEETelEE R R BN B BB R RERRID"
1636 CHSUB°550 REM PUT IN CHARACTERS
1186 REM dckiopseiiolokdolffonp ook
1118 REM PROTECT MEMORY
1128 REM sonstorfooRopfarsopon s kaanag
1138 PUOKESG, 128:POKES4, 128:POKESZ., 128
1148 REM skdokdedegikdomnppaiaspaffasrsk
1156 REM SELECT BANK 2
1166 REM slskaoibsoioriitnagapopiiorg
1172 POKES6578,PEEK(S56573)0R3
1188 POKESES?6, (PEEK(S56576>ARND252)0R1
11%a POKESS2v2,2:POKE64E, 128
1268 PRINT"XJ" :POKES3281, 11 :POKES3286, 9
121@ GOSUB2G4@: REM DU YOU WANT TO LOAD
1226 GUSUE17T10

238 REM s¥fedkdddihisbaagaadargdag
1248 REM MAIN INPUT LOCP FOR COMMHANDS
1256 REM Rdkffpfhf QR afaEandaaafuipgsg
1268 POKEFHC(@), @

278 GETA%:IFA$="“THEN127
1228 POKEFNCC@), 1
1258 IFA$="+"THEN1420
1366 IFR$="-"THEN1568
1319 IFA$="R"THEMR=R+1 : IFR=8THEHR=Q:GOT012608
132a IFA$="71"THENR=R-1: IFR=-1THENR=?:GOT01260
1328 IFA$="B1"THEHC=C+1:IFC=8THENC=8:G0T0126@
1349 IFA¥="BN"THENC=C-1 : IFC=-1THEHC=7:G0T0Q1260
1358 IFA$="N"THENCH=(CH+1)AND127 :GOSUB15€8 :GOTO1260
136 IFA$="Q"THEN2198
1276 IFA%="M"THENPOKEVIC+22, PEEKCVIC+22>0R16:G0T01260
36@ IFA$="0"THENPOKEYIC+22, PEEK(YIC+22)AND233:6G0T01268
1328 IFR$="8"THEN1&38:REM SELECT
1400 JFA$="B"THENPOKES32&1, (FEEK(S53281>+1)AND13:GOTO1268
1418 IFA$="E"THENPOKESZZ29, (PEEK{53280)>+1)>AND1S:GOTO1 260
1426 IFR$="I8"THEH2653: REM CHHANGE CHARACTER COLOURS

428 IFAF="81"THENPOKEYIC+34, (FEEKC(VIC+34)>+1)ANDIS: GOTD1260
4 IFA$="®"THENPOKEY IC+35, (FEEK(YIC+35)>+1)AND1S: GOTO1268
3 IFA$="1"THENFORI=AT(7 : POKE34316+CH#3+1, 8:NEXT : GOSUB1 960 : A$=""
IFA$="3"THEMR=6:C=8:G0T01268
GOTO1261
REM $¥fpf e $p s R E E At R R o nd
3 REM AID A POINT TO THE CHARACTER

1 REM sl bbbk R A Aol




182 Advanced Commodore 64 Graphics and Sound

151
1526

1538

DU IV ]

=
o
1
Py
2
3
d

—
Ty
U

A

A

S Bt ¥ g}

L) T L0
L)

1216
1228
1320
15348
1850

RAl=34316+R+84CH
FOKERD, PEEKCADYORP2{7-{CAND?))
POKEFHS(B),81+128

3 AE="RI" 150701320

FEN !#**&$$$$¥$$$$***#***#*#§#*$*

S REM DELETE H POINT FROM THE CHAR

REM S$#bAnbtifdh ki anon S h A nd
AD=3481&+R+8%CH

POREAD, PEEK (RO ANDC255-P2¢7-CCAND?) ) )
FOKEFNS(8).46+128

AT="p1" : GOT31330

REM b SRR RN EREER RN

REM SELECT A CHAR TO DISFLAY

REN SR EaREan it h i RS R AR oh

50 OFEH1,8

FRINTCD#,; "dCHAR NUMBER (@-127) ", :INPUT#1,CH$:CLOSEL
FRIMTCD£" SR
CH=VAL{CH$) : IFCH>1270RCH<BTHEN16309
GDSUE1ScE: GOTO1 268

REM SRR RN ARk

REM~ PUT UP DISFLAY

REM a3 bfdhmand Eappnppanstng

3 PRINT 1" : FORI=0T0535: POKES27E6+1, 168 NEXT
8 PRINT"S@R —————— —d CHARACTER"

FORI=1T08

PRINT B4 .......&1"
HEXT
L E e ——
FRINT"S:eBRODBRBBRRIRRRBRRBI| |"
FRINT":BBBRERBRRBBRBDRBRND) — ¥
PRINT " SN SPC (260 * ACONTROLS :
PRINTSPCC26> s+ ADD DOT "
PRINTSPC(28)"% DELETE DOT"
PRINTSFC(20>" = MULTI QN "
FRINTSPC(28>" &0 MULTI OFF *

S8 PRINTSFC(Z28>" 385 SELECT "
3 PRINTSFPC(28)>" 4 NEXT "
2260 PRINTIFCC28M"3% QUIT "
138 PRINTSPC(22)"QCOLOURS: "
258 FRINTSPC(Z@)"F1 SCREEN
218 PRINTSPC(Z@>" 3 BORDER "
920 PRINTSPC(26)>"FS CHARACTER"
‘@ PRINTSPC(28)"F7 M-C 1 b
0 PRINTSPC(28)"¥8 M-C 2 "
258 GOSUR2729
2c@ FRINT"SN"SPC(23)" UMBER"RIGHT$(" "+STR$(CH), 4>

1956
135
2088
2810
20z
2030
2046
2650
205
zave
285
2530
2160
2118
2128
2138
2148
2150
21€0
2176
2159

2134

FORR=BTO? : R=PEEK(34816+R+CH#%8)

FORC=9TO?

IF{RANDF2¢7-C) >)=8THENPOKEFNS(@>,46+128:G0T02010
POKEFNS(8)>,81+128

NEKT : NEXT : POKE32828, CH: POKESS356, CO
R=8:C=8:RETURN

FEM fffaasabspiarspabnakaan

REM LOAD A CHARACTER FILE FROM

KEM TAPE OR DISK.

REM i aioptandagoaengr
PRINTCHR$(8>"a CHARACTER EDITOR
PRINT"2NND0O YOU WISH TO LOAD A CHARACTER FILE ?“;
CETAS : IFA$CC"Y"ANDASCO "N THEN20SG
IFA$="N"THENRETURN

PRIHT"Y":GOSUB2460:REM SET UP FILE DETAILS
FOKE?38, & SYS(654932

IF(PEEK(783>AND1 >=0THENRETURN

FRINT "M 0AD ERROR DQ.YOU WHNT TO TRY AGAIN?®
GETR% : IFA$CO"Y " ANDA$CO "N THENZ2150
IFA$="N"THENRETURN

SOTOZ049

REM s pdpondipappnpnpangorisng

REM END PROGRAM RAND SAVE CHARS
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2268 REM Akfddddddsdshdipadnbn st
2218 PRINT"JJA00 YOU WISH TO SAVE THE CHARACTERS ?";
2226 CETAS: IFA$CO"Y"ANDA$CO "N"THEN22208
223208 IFA$="N"THEN2340
2246 PRINTA$
2258 S5=34016:ES=35848
POKEZ2352, INT(S5/256) : POKEZ51, SS-INT (S5/256 %256
5 POKEYS0, 251 ' POKE?S2, INTCES/256) : POKE731 ., ES-INT(ES/256 %236
@ GUSLUE2408
@ SYS5(e5496)> :REM SAVE -
IFST=8THEN2348
18 PRINT"AIRSRVE ERROR DO YOU WANT TO TRY AGAIN 2"
2028 GETAF : IFR$O"Y"ANDASCO "N THEN2326
2338 IFA$="Y"THEN2190
2348 POKESS280.14:POKES3231,6
2358 FOKEE$3, 4 :PRINT"Y"
2360 POKEVIC+24.21 :POKEVIC+22, 200
23v@ POKESSESYS, PEEK(S56578)RND252
2320 EMD .
2330 RENM #fgedniiorobitddsatngnninisg
246@ REM GET FILE DETAILS FOR LORD
2415 REM AMD SAYE
2420 FEM #spdnihpipsnganbana ks
2433 PRINT"MAUSPLEASE ENTER FILENAME:";
2440 UPEN1,@:INPUT#1,FM$:CLOSEL : PRINT
2458 PRINT"MEATAPE OR DISK:";
2460 GETR$: IFA$CO"T"ANDASC> " D" THENZ2460
2478 PRIMTA$:D=8:IFAR$="T"THEND=1
2420 IFLENCFM$)>16THENFM$=LEFT$(FM$, 161
2458 POKE133,LEN(FM$)
2568 POKE134,D:POKE185,D:POKE184,D
2518 POKE188,2:POKE187, 192
2526 FORI=1TOLENCFM$):POKE783+I,ASCC(MID$CFM$, 1,105 :NEXT
253@ RETURN
2540 REM ssppimkdsiolon skt ntxg
255@ REM COPY CHARACTERS INTO RAM FOR
2568 REM EDITING
2570 REM ssskiiaolioiiaikorrsilrok joksk
RA=34816:B=35848 : POKES6334 , PEEK(56334)AND254
POKE1, PEEK(1)AND251
3 FORI=S5G248T705427
FOKER, PEEKCI)Y :POKEB, PEEK(I Y :A=A+1 : B=R+1 :NEXT
1 POKEL.PEEK(1)0R4
223 POKESE334 .. PEEK(S6334)0R1
1 RETURN
1 REM ssdskdeiori s cilongsanoonkg
1 REM CHANGE COLOUR OF USER DEF
1 REM CHARACTERS
REM s#aiopopoiarnkilolior i
2653 CO=(C0+1)ANDLS : FOKESS356, CO
27 GOSUR2E86 :60T01261
2710 REM sdpkirgsbsdoiiiakooroeesk
2726 REM PUT UP CHARACTER DISPLAY
SP30 REM ek fenrkniiationkiek
2740 PRINT“slelalhRINE 0123456789
2758 PRINT"d ®r————

2VeQ FORI=@TO11

2778 PRINT"RH"RIGHT$("  "+STR$(1),2>;"m| [
27eR HEXT
2798 PRINT" 34128 | — =gt

2268 FORRR=8TO11

2310 FORCC=0T09

2628 POKE33251+RR¥48+CC,RR#¥16+CC ©
2836 POKESSYT9+RR¥4@+CC, CO

2846 NEXT:HEXT :FORI=ATO?

2858 POKE33731+1,1+120:POKES6259+1,C0

2368 HEXT: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 $8800-$990P 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 31 is designed to allow you to experiment with the
SID chip settings to find out what sounds good and what doesn’t.

1000 REM skgddfdpsaigopiaripitpsaigg

1619 REM ## SOUNDN EFFECTS EDITOR -64 #*#%

1620 REM rganspionioorfinais i dmbags

1838 REM

1648 REM ZERO THE SID CHIP

1850 REM

1868 SID=54272:FORI=8T024:FOKESID+I1,8:NEXT

18676 DIM K¥X(&4>,FLAC(33),FHA(33)

1029 FORI=8TO64 :RERDKXCI) :NEXT :REM GET KEY TRELE

1898 FORI=BTU33:READFLXCI):NEXT:REM GET FREQUENCY TAEBLE LONW

ii?@ ES§I=BT0333REHDFHK(I)2NEXT1REM GET FREQUENCY TRELE HIGH
2]

1126 REM SET INITIAL VALUES

1136 REM

1148 AT=0:LE=9:S5U=0:RE=0:03=0:FF=0:FR=06:FP$=" OFF" :5%="NOTHING" :WV%$="PULSE

1158 FP=0:POKE SID+S,9:POKE SID+6.8

11681 POKE SI1D+24,15

ii?q gg;S41PN=29481PUKESID+3,PN/256tPOKESID+2.PN-INT(PN/ESG)*QSG’GOSUBQ4?0
&0 R

1199 REM MAIM LOOP STRARTS HERE WITH

1200 FEM KEYBUARD INFUT

218 REM

122& K=PEEK(197):IFK=LKTHEN1228

230 LKk=K:POKE SI1D+4,WY

1248 IFKZ(K)=64 THEN 1228

1250 IFKKX(K)>64 THEN 1380

1266 REM

1279 REM CHANGE FREGUENCY SETTINGS FOR

1286 REM NENW KEY

1238 REM

1388 POKE 3ID,FLICKZCKY)

1316 POKE SI1D+1,FHHCKECKD)

1328 PUKE SID+4,Hv+1

1338 GOTO 12208

1340 REM

1358 REM EITHER H FUMCTION KEY OR

13¢@ REM RETURN

1376 REM

1380 ON (K%CK>-64> GOTO 1438,1488, 1530, 15806, 1640

1359 STOP

148@ REM

141@ REM F1

14298 REM

1438 AT=CAT+1)AND1S:POKESID+5, AT#16+1E

1446 GOTO015S9@

1456 REM

1468 REM F3

1470 REM

1426 DE=(DE+1)>RAND15:POKESID+S, AT#I16+DE

1490 GOT015%9

1568 REM

1510 REM FS
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1525
1520
1548
1556
15¢@
1‘?U
5". G
15%9a
1668
1618
1628
1650
1646
1556
lfeﬁ
16718
1680
1698
1786
1718
vea
1738
1748
1758
1760
1778
1738
1756
1808
1816
1828
1838
1848
1850
18¢8
1&va
1888
1896
1966
1316
1920
1938
1948
1958
19¢6
1978
1sc@
192
2aa8
2@18
2028
2638
2048
2a5a
20860
28ve
2888
2898
2166
2118
2120
2130
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REM
SU=(SU+1)>AND1S : POKESIT+6, SU¥16+RE
G0T015509
EEM
REM F7
REM
RE=(RE+1)>AND15:POKESID+6, SU%#15+RE
LK=54 : GOSUE2680:60T01220
REM
REM RETURN KEY, CHOOSE OTHER
REM ¥RLUES TO CHRNGE
REM
POKE123, @ FRINT " sialelrlaialalrlalalrIalnalaleleloInTeTAIE" ¢
8 PRINT"ENTER REQUIRED NUMBER:";:OPENZ,8:INPUT#Z,0$: CLGuE;
PRINT:FRINT"N
R=INT (VAL (Q$) ) IFECI0RESTTHEN1 6480
C'NQCUTUI?.;U; i OUB 4 19481 LUJOJ ;.1 el QQSUJ 2359
STOP
REM
REM 1, SPECIAL EFFECT
REM
FRINT"TJSRBING MOD, R58¢NC, HBITHING
NEWA$: IFR$<>“N“HNDH$<>"S"HNDH$C>“R"THENI?49
PRINT"O
IFR$="N"THENS%="NOTHING" : NV-NJBHD24D GOTO1758
IFR$="S"THENS$=" SYNC " :%=(WYAND248)0R2:G0OTO1738
S#=" RING ":WY=(WYAND24@)>0R4
POKESID+4, WY : GOSUEZ680: GATO1 228
EE INT" ENTER NEW VALUE FOR 0OSC3 (8-65535>"
M
REM 2, 0USC 3 SETTING USED IN
Egn CONJUNCTION WITH #1
OPENz, 8: INPUT#2, 03% : PFRINT : CLOSE2
PRINT"T] "
FRINT" "

03=INT{YAL (03%) ) : IFO3CEORO3I>E6S53STHEMFRINT " 1" : GOTO1 888
FOKESID+1S, 03°256 : POKESID+14, 03-INT(03/255 %256
GUSUB2658 - GUTUI 28

REM

REM 3, CHANGE WRYEFORM

REM

FRINT"IRTERIANGLE, ISBALTOOTH, PRILSE, RHBIISE"
MNEWRS$ : IFHS{)"N"HNDH$<>"P“HNDH$<)"C“HNDH$<>“T"THENISJU
PRINT"]

IFA$="T"THENWY$="TRIANGLE" : Y=(WNVAMD1S)0OR16 : GOTO261 8
IFA$="8"THEMNNV$="SAWTOOTH" : V=(WYAND1S)0R3S : GOTOZO1 6

IFA$="P"THENWY$="PULSE " :WY=(WYAND1S)0R&4:G0TO2610
WV$="HOISE  ":Wy=C(WVANDI1S)>OR123

GOSUB2686 : GOTO1228

REM

gg" 4, CHAMGE PULSE WIDTH

EM

PRINT"7ENTER HEW PULSE WIDTH (B-4093>"

OPENZ . @: INPUT#2, PW$ : FRINT : CLOSE2

PRINT"T] "

PRINT" "
PR=INT (VAL (PW$) > : IFPHKBORPW>4B35THENFRINT 1" ; : GOTO2058
POKESID+3, PW/256 : PUKESID+2, FW-INT(PN/256) %256
GOSUB2656 : GOTO1228

REM

REM 5, CHANGE FILTER FREGUENCY

2148 REM

215@
216
z17e
2188
2158
2268

PRINT"’ENTER NEW FILTER FREQUENCY (0-2@47)"
OFEN2, &: INPUT#2, FF$ :PRINT : CLOSE2
PRINT"T] "

PRINT" "

FF=IHT (VAL (FF$) ) : IFFFCOORFF>2047THENFRINT )", : GOTOZ150
POKESID+21, FFAND? : POKESID+22, INTCFF /3>



2z21a
2228
2238
2246
2258
2260
22Ta
2280
2293
pgcis 2]
2318
2328
2338
2344
235a
2368
2376
2338
233@
2400
2410
2420
2438
2448
2450
2460
2478
24¢0
2490
2500
25085
2510
2528a
2530
2535
25408
2558
2560
2579
2580
2598
2660
2610
2628
2639
2640
2650
26608
2679
260
2650
27ag
2716
2720
2730
2748
2758
2760
277e
2780
2798
2800
281a
2828
2830
2840
2856
2660
DT

2ay

Sound Editor
GOSUB26&£8:60TO1220
REM
REM &, CHANGE FILTER RESUNARNCE
FEM
FRINT"TENTER NEW FILTER RESUMAMCE (&-135)>"
QPEMZ, @ INPUT#2., FR%:PRINT : CLOSE2
FRIMT"T] "
FRINT" "
FR=IMT(VAL(FR$ ) > 1 IFFRCBORFRO1STHENPRINT 1", 1 GUTU2250
POKESID+23, FR#15+FP
GOSUE265d : G0T01220
REM
Egg 7, CHANGE FILTER PASS
PRINT"H®RIGH., R #OW, P™ND, 0EFF"
NEWAS$ : IFA$CO D" ANDASCO "B ANDARFCO "L "ANDAS O "H THEN2366
PRINT"N "
FP=1:IFA$="H"THENFP$="HIGH" : ¥C=7V9: GOTO2429
IFA$="L"THENFP$=" LON":¥YC=31:G0T02420
IFA$="B"THENFP$="BAND" : YC=47 : GUT02420
FP$=" OFF":{C=15:FP=0
POKESID+24,\V'C:POKESID+23, FR¥16+FP
GOSUERZ2688: 60101228
REM
REM PUT UP SCREEN DISPLAY

REM
POKES328&1, 14:POKES3280, 14

PRINT" 83 MS0UND EDITOR o4 "
PRINT"&R "
PRINT"SJ o 924 34 | m5d we",

PRINT"S m7 | @34 @64 | p-o gh\d § ";
PRINT"Sd SIWIEIRITIYVIUITIONP @ 1% 118 "5
FRINT"8J "
FRINT "8 24 854 gD | @G gH";

PRINT"S BJH | L= @: 4 § ";

FRINT"S83 LKIXICIVIBIMNIMI, 1. I/8 "
FRINT"SR "
PRINT " Eyalelalalelalelelds 1 0 ATTACK Wl SSPECIAL:"
PRINT"F32LE DECARY ®|2 BOSC 3 "

PRINT"FS2DE SUSTAIM:"

PRINT"F?a>5 RELERSE:"

PRINT" ®3 SIAYEFORM B

FRINT" ®4 SPULSE WIDTH:*"

PRINT"R &5 SFILTER FREQUENCY:"

PRINT" ® SFILTER RESONARHCE:"

PRINT" a7 SFILTER PHSS 2

REM

REM DISPLAY VALUES AFTER CHANGES

REM

FRINT " SJalalalalslalela e B RPRERRRERRI ' RIGHT$(STR$CATY , 20
FRINT"pBBEBERRNBRRI"RIGHT$(STRF(DED, 2
PRINT"BBRERRN BI"RIGHT#(STR$(SU), &
PRINT"ENBBBERBRRREI'RIGHTS (STR¥(RE, 22
PRINT"TTTRRRRBFDERERREDBOERERENEBRBRE]" ; 55
PRINT"sFREBRRBRRDEEPRIDORRBBRERBKI"RIGHT$(" "+5TR$<03>, 5>
PRINT"NrNRBREREEBRERRNBE]" ; lI\VF
PRINT"sPERDBRRBRBRBERRI'RIGHT$(" "+STRF(PWD, 4)
PRINT " EuBBRERRBRRBEBRROBRERRBBI"RIGHT$(" "+3TRECFF) ., 4)
FRINT"sRBBPBRBEERERRRRRRBEBPRI"RIGHT$(STR$(FR), 22
PRINT"ABBBRRBREBRRBUENEDRRRI" ; FP$

RETURN

REM

REM KEYBORRD TABLE, YALUE &4 MERNS

REM NOT USED, <64 IS H NUTE. 264

?Eg IS5 FOR MODIFICATION ROUTINES

DIATA 64,69,64,68,65.66.57,64

DATA 15.14,64,64.8,1,16,64

DATR 18,17,3,20.4,64,13,2

187
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2886 DHTA 22,21,6.,64,7,8,23,5

2858 DATH 25,24,10,27,11,64,26,9
2206 DATA 64,28,13,308,14,15,29,12
2916 DRTA 32,31,64,64,64.64,33,15
2926 DATA 64,564,64,13,64.64,12,64,64
2936 REM

2948 REM FREGUENCY LOW BYTE TRELE
2956 REM

29668 DATA 147,21,159,66,205,114,32,216
2976 DATA 156,187,70,47,37,42,63,160
2988 DATRH 154,227,63,177.56,214,141,94
2990 DATR 795,85, 126,200,52,198, 127,97
3000 DATA 111,172

3818 REM

3628 REM FREGUENCY HIGH BYTE TAELE
3630 REM

2048 DATA 8.9,3,10,10,11,12,12

3856 DATH 13.14,15,16,17,18,13,28
3068 DATA 21,22,24,25,27,28,30,32
3676 DATA 34,36.,38,40,43,45,48,51
e8e DATA 54,57

Program 31.

Notes can be played on voice 1 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:

2 3 567 99 —¢£
QWERTYUIOP @ *!

and

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.






Index

aperture, 136

bank select, 3,4, 5
BORDER, 34

changing characters in interrupts, 158
CHAR, 52
character
editor, 182
generator, 1,4,5,6
memory, |, 4
plot, 46
screen, 149
CIA#2,3
CIRCLE, 73
circle plotting, 125
CLC, 31
CLG, 30
colour memory, 1,3
combined 2D transformation using matrices,
132
combined transformations in Basic, 132
concatenated 3D matrix, 139
coordinates, 121, 136, 137
crunch to tokens wedge, 20

DFILL, 60

Diamond FILL demo program, 61

digital differential analyser algorithm, 123
display modes, 2

DRAW, 42

execute arithmetic wedge, 24

execute statement wedge, 23

extended graphics
commands, 13 et seq.
demo program, 119
wedges, 15 et seq.

FILL, 55
FILL demo program, 56

games graphics planning, 148
GLOAD, 114

GRAPH, 29

graphics registers, 1, 2
GSAVE, 114

hidden line elimination, 144

hidden surface program, 144

high resolution bit mapped screen, 149
high resolution display storage, 9
HIRES, 27

image viewing coordinates, 137
initialisation wedge, 15
interrupts, 155, 158, 170

IRQ wedge, 24

keyboard, 160, 168
kinetic depth, 144

line intensity, 144
line plot in basic, 124
line plotting, 123

MAT, 78

mathematics of 3D displays, 138
matrix arithmetic, 78, 132, 139
matrix 2D transforms, 132
memory usage, 1, 2

moving 2D shape, 127

moving objects in interrupts, 155
multiple text screen animation, 157
music in interrupts, 170

music keyboard circuit, 168
music keyboard software, 160

NORM, 32

OFF, 107
ORIGIN, 33

PDRAW, 101

perspective cube - Basic program, 142
perspective projection, 142
PLACE, 108

PLOT, 38

POINT, 53

point plot in Basic, 122

point plotting and coordinates, 121
POLYGON, 66

polygon in Basic, 127
polyhedrons, 136

PORIGIN, 100

PPLOT, 101



raster effects, 149
rotation
2D shape, 128
3D shape, 139

scaling
2D shape, 130
3D shape, 139
SCREEN, 34
screen memory, 1, 3
scrolling, 151
shading surfaces, 145
SHAPE, 91
SHAPE demo program, 93
shape
rotation in Basic, 129
scaling in Basic, 130
stretching in Basic, 131
tables, 126, 137
translation in Basic, 128
SID,9
SID registers, 10, 11, 12
smooth scrolling, 151
sound editor, 186
split screens, 149
SPRITE, 108
demo program, 109
display storage, 9
editor, 177
sprites - more than 8, 153
step quantisation, 123
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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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