~ AtariGraphicsand
Arcade Game Design

By Jeffrey ;S‘i_wi;ton
__with Dan Pinal
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9 ADVANCED ARCADE TECHNIQUES

45A3:
45A6:
45A8:
45AB:
45AD:
45B0:
45B3:
45B6:

45B7:
45B9:
45BB:
45BD:
45BF:
45C1%
45G3:
45C5:
45C7:
45C8:
45CA
45CC:
45CF:
45D1:
45D3:
45D6¢

45D8:
45DA:
45DC:
45DE:
45E0:

45E2:
45E4
45E6:

45E8:
45EA:
45ED:
45EF:
45F1:
45F4
45F6:

45F8:
45FB:
45FE:
4601:
4604 :
4606:
4609:
460C:
460D
460F:

4610:
4613:
4615:

73

S5F

4B
4B
DO

4B
4B

4B

4B

4B

4B

4A

4A
71

71

4B

4B

00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960
00970

00980 .

00990
01000
01010
01020
01030

01040 .

01050
01060
01070

01080 .

01090
01100
01110
01120
01130
01140
01150

01160 .

01170
01180
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320

STA
LDA
STA
LDA
STA
STA
STA
RTS
£ 3
DOSCREEN

SECONDS
#$02
MINUTES
#$01
HITCLR
GAME
ENABLE

; RESET SCREEN

LDA
STA
LDA
STA
LDA
STA
LDA
STA
CLC
LDA
ADC
STA
LDA
ADC
STA
LDY

LDA
STA
INC
BNE
INC

INC
BNE
INC

LDA
CMP
BNE
LDA
CMP
BNE
LDX

LDA
STA
LDA
STA
LDA

STA
DEX
BPL
RTS

*

LOOKAHEAD
LDA
AND
STA

#MAZE
POTMPO
/MAZE
POTMP1
#SCREEN
POTMP2
/SCREEN
POTMP3

#400
#SCREEN
TEMPO
/400
/SCREEN
TEMP1
#$00

(POTMPO), Y
(POTMP2),Y

POTMPO
i3
POTMP1

POTMP2
a
POTMP3

POTMP2
TEMPO
o2
POTMP3
TEMP1

a2

#$13
LIMSG,X
LINE1,X
L2MSG, X
LINE2,X
#$00

LINE3, X
LINE4, X

.5

NEWH
#$07
XOFF

CLEAR ANY ERRONEOUS COLLISIONS

SET UP TO MOVE 400 BYTES TO SCREEN

3

TAKE A BYTE

MOVE TO SCREEN MEM

INCREMENT LOAD ADDRESS BY 1

INCREMENT HIBYTE IF NECC.

INCREMENT STORE ADDRESS BY ONE
INCREMENT HIBYTE IF NECCESSARY

IS LOW BYTE=LOWBYTE OF ENDING ADDRESS
NO? KEEP MOVING THEM

HIBYTE=HIBYTE OF ENDING ADDRESS?
KEEP MOVING THEM TILL ENDING ADDRESS REACHED

; GET HORIZ. POS.

; GET # OF BITS INTO SCREEN CHR
SAVE IT

’



ADVANCED ARCADE TECHNIQUES 9

4618:
461B:
461D:
4620:
4621:
4624
4626:
4627:
4628:
4629:
462C:
462D:
4630:
4632:
4633:
4634
4635:

4638:
463A:
463D:
463E:
4641 :
4644
4646
4648:
464B:
464D:
4650:
4652:

4655
4658:
465A:
465D:
465F:
4662:
4665:

4667:
466A:
466D:
466E:

4670:
4673:
4675:
4678:

467A:
467D:
4680:
4682:
4684
4686:
4689:
468A:
468C:
468E:
4690:

EE
AD
Cc9
DO
A9
8D

A5
69
85
90

74
07
60

73
30

4B
4B

4B

4B

4B

4B

46
4B
4B
4B
46
4B
4B
4B
4B
4B

4B
4B

4B

4B

4B
4B

4B

01330 LDA NEWV

01340 AND #$07 ; GET # OF SCAN LINES DOWN INTO SCREEN CHR
01350 STA YOFF ; SAVE IT

01360 SEC

01370 LDA NEWH

01380 SBC #$30 ; —LEFT EDGE

01390 LSR

01400 LSR

01410 LSR i 48

01420 STA CHRX

01430 SEC

01440 LDA NEWV

01450 SBC #$20 ; —TOP EDGE

01460 LSR

01470 LSR

01480 LSR ; /8

01490 STA CHRY

01500 *

01510 *

01520 LDX #$14 ; 20 BYTES/ROW

01530 JSR MULTIPLY

01540 CLC

01550 LDA CHRX

01560 ADC RESULT

01570 STA CHRLO

01580 LDA /SCREEN

01590 ADC RESULT+1

01600 STA CHRHI

01610 JSR DOCPTR

01620 LDA #$00

01630 STA DPOINTER

01640 LABEL

01650 LDY YOFF

01660 LDA (DATAP1),Y

01670 STA BYTE

01680 LDA (DATAP2),Y

01690 STA BYTE+1

01700 LDY XOFF

01710 BEQ .2

01720 .1

01730 ASL BYTE+1 ;COMBINE TWO BYTES

01740 ROL BYTE

01750 DEY

01760 BNE .1

01770 .2

01780 LDY DPOINTER

01790 LDA (POTMP1),Y ; GET BYTE OF TANK DATA
01820 AND BYTE ; MASK IT WITH OVERLAPPING 8 BITS OF SCREEN
01840 BNE COLLISION ;COLLISION RESULT NON ZERO
01850 * SET FOR NEXT POSITION

01860 .20

01870 INC YOFF ; SET FOR NEXT BYTE OF CHARACTER DATA
01880 LDA YOFF

01890 CMP #$08 ; HAVE WE DGONE THROUGH ALL 8 BYTES OF CHAR DATA
01900 BNE .4 ; NO.

01910 LDA #$00 ; SET POINTER FOR 1ST BYTE OF CHR BELOW
01920 STA YOFF

01930 CLC

01940 LDA CHRLO

01950 ADC #$14 ; WIDTH

01960 STA CHRLO

01970 BCC .3
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9 ADVANCED ARCADE TECHNIQUES

4692
4694 ;

4697
469A:
469D:
469F:
46A1:
46A2:

46A3:
46A4L:

46A5:
46A7:

46A9:
46AB:
46AD:
46AF:
46B1:
46B4 :
46B5:
46B7:
46B8:
46BA:
46BB:
46BD:
46BE:
46C0:
46C1:
46C3:
46C5:
46C7:
46(C8:
46C9:
46CB:

46CC:
46CF:
46D2:
46D4 :
46D7:
46DA :

46DC:
46DF:
46E2:

E6

38
60

8E

Fl1
A5
65
65

10
B4

F2

F2

F2

F3

F3

DE

5B
5C
00
59
5A
08

59
5C

4B
4B

4B
4B

4B
4B
4B

01980

01990 ;
02000 .

02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02150
02160
02170
02180
02190
02200
02210
02220

02230 .

02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02510
02520
02530
02540
02550
02560
02570
02580
02590

INC
3 JSR
A
INC
LDA
CMP
BNE
CLC
RTS

COLLISTON
SEC
RTS

’
’
3
’
’
’
3%

DOCPTR
LDY
LDX

LDA
STA
LDA
AND
STA
ASL
ROL
ASL
ROL
ASL
ROL
DEX
STA
CLC
LDA
ADC
STA
DEX
DEY

BPL .

RTS

CHRHI ; GO GET POINTERS TO CHRDATA FOR CHARACTERS ON-
s -THE NEXT LINE DOWN
DOCPTR

DPOINTER ; SET FOR NEXT BYTE OF TANK DATA

DPOINTER

#$10 ; DONE ALL 16 BYTES OF TANK DATA

LABEL ; GO BACK TILL THEY ARE ALL DONE
; SET FLAG FOR POSITION OK.

; FLAG POS. NO GOOD

* GET CHR & ADJACENT CHR

#$01
#$03

#$00

DATAP1,X

(CHRLO), Y

#%00111111 ; MASK OFF COLOR BITS
CHR1,Y

DATAP1,X

DATAPI, X

DATAP1, X

DATAPL, X

DATAP1+1,X

/CHRSET
DATAP1+1,X

8 BIT MULTIPLY

: MULTIPLIES

ACC BY X REG.

STORES RESULT (L,H) IN RESULT & RESULT+1

MULTIPLY
STA
STX
LDA
STA
STA
LDX
I |
ASL
ROL
ASL

M1 ; MULTIPLIER
M2 ; MULTIPLICAND
#3$0

RESULT

RESULT+1

#$08

RESULT
RESULT+1
M2



ADVANCED ARCADE TECHNIQUES 9

46ES:
46E7:
46E8:
46EB:
46FE:
46F1:
46F3:

46F6:
46F7:
46F9:

46FA:
46FD:
4700:
4702:
4705:
4708:
470A:
470D:
4710:
4712
4715:
4718:
471A:
471D:
4720:
47222
4725:
4728:
4724
472D:
4730:
4732:
4735:
4738:
473A:
473D:
4740:
4742
4745
4748:
474A:
474D
47501
4752:
4755:
4758:
475A:
475D:
4760:
4762:
4765:
4768:
476A:
476D:
4770:
4772

4B
4B
4B

4B

18
00

18
00

18
18

00
00

00
00

5C

7E

7E

76
5E

7E
7E

34
2C

3C
5E
3E
7E

02600
02610
02620
02630
02640
02650
02660

02670 .

02680
02690
02700
02710
00140
00010
00020
00030

00040

00050

00060

00070

00080

00090

00100

00110

00120

00130

00140

00150

00160

00170

00180

BCC
CLC
LDA
ADC
STA
BCC
INC

DEX
BNE
RTS
.IN
* TANK DATA

-l

RESULT
M1
RESULT
o2
RESULT+1

.1

""D: TANKDATA . SRC"

* THIS IS D:TANKDATA.SRC

NEWSET

HS

JHS

HS

JHS

.HS

JHS

JHS

LHS

.HS

HS

.HS

0000000000000000

0OOO0001F1F181818

000000F8F8181818

1818181F1F000000

181818F8F8000000

1818181818181818

OOO0OOFFFFO00000

0000000000000000

007E5C2A665E6E00

007E7E7E7E7E7EQO

00387636485E2C00

003C7E7E7E7E3C00

00343434282C1C00

003C3C3C3C3C3C00

00005E225C3E0000
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9 ADVANCED ARCADE TECHNIQUES

4775: 7E 7E TE
4778: 00 00 00190 .HS 00007E7E7E7E0000
00200 ;
00210 MAZE
477A: Cl C6 C6
477D: C6 C6 C6
4780: C6 C6 00220 .HS C1C6C6C6C6CHCHCH
4782: C6 C6 Cob
4785: C6 C6 C6
4788: C6 C6 00230 HS C6C6C6CHCHCOCHCH
478A: C6 C6 C6
478D: C2 C5 00
4790: 00 00 00240 .HS C6C6C6C2C5000000
4792: 00 OD 00
4795: 00 00 00
4798: 00 00 00250 .HS 000D000000000000
479A: 00 00 00
479D: 0D 00 00
47A0: 00 C5 00260 .HS 0000000D000000CS
47A2: C5 00 00
47A5: 00 00 OD
47A8: 00 00 00270 .HS C5000000000D0000
47AA: 00 00 00
47AD: 00 00 00
47B0: 00 OD 00280 .HS 000000000000000D
47B2: 00 00 00
47B5: C5 C5 00
47B8: 00 00 00290 .HS 000000C5C5000000
47BA: 00 OD 00
47BD: 00 00 00
47C0: 00 00 00300 .HS 000DO00000000000
47C2: 00 00 00
47C5: 0D 00 00
47C8: 00 C5 00310 .HS 0000000D000000CS
47CA: C5 00 00
47CD: 00 00 OD
47D0: 00 00 00320 .HS C5000000000D0000
47D2: 00 00 00
47D5: 00 00 00
47D8: 00 OD 00330 .HS 000000000000000D
47DA: 00 00 00
47DD: C5 C5 00
47E0: 00 00 00340 .HS 000000C5C5000000
47E2: 00 OD 00
47E5: 0D 00 00
47E8: 00 00 00350 .HS 000DO00DO0000000
47EA: 00 OD 00
47ED: 0D 00 00
47F0: 00 C5 00360 .HS 000D0O00DO00000CS
47F2: C5 OF OF
47F5: OF 00 OD
47F8: 00 OD 00370 .HS C50FOFOF000DO00D
47FA: 00 09 09
47FD: 09 OF OB
4800: OF OD 00380 .HS 000909090FOBOFOD
4802: OF OF OF
4805: C5 C5 00
4808: 00 00 00390 .HS OFOFOFC5C5000000
480A: 00 OD 00
480D: 0D 00 09
4810: 09 09 00400 .HS 000DO00D0O0090909
4812: 00 OD 00

438



ADVANCED ARCADE TECHNIQUES 9

4815:
4818:
481A:
481D:
4820:
4822:
4825:
4828:
482A:
482D:
4830:
4832;
4835
4838:
483A:
483D:
4840:
4842:
4845
4848:
484A:
484D:
4850:
4852
4855:
4858:
485A:
485D;
4860:
4862:
4865:
4868:
486A:
486D:
4870:
4872
4875:
4878:
487A:
487D:
4880:
4882:
4885:
4888
488A:
488D:
4890:
4892:
4895
4898:
489A:
489D:
48A0:
48A2:
48A5:
4B8A8:
48AA:
48AD:
48B0:
48B2:
48B5:
48B8:

0D 00
00 C5
C5 00
00 00
00 00
00 09
09 00
00 00
00 00
C5 C5
00 00
00 00
00 00
09 09
00 00
00 00
00 C5
C5 00
00 00
00 00
00 09
09 00
00 00
00 00
€5 €5

00

00
00

09
00

00
00
09
00
00
00

09
00

00
00

00
09

00
00

00
00

09
00

00
00
09

00
00

00
00

09
00
OF

OF
09

oD

" OF

00410

00420

00430

00440

00450

00460

00470

00480

00490

00500

00510

00520

00530

00540

00550

00560

00570

00580

00590

00600

00610

.HS

.HS

«HS

JHS

HS

.HS

000DO00ODO0000OCS

€500000000000000

0009090900000000

000000C5€5000000

0000000000090909

00000000000000C5

€500000000000000

0009090900000000

000000C5€5000000

0000000000090909

00000000000000C5

€500000000000000

0009090900000000

000000C5C5000000

0000000000090909

00000000000000C5

€50000000D00000D

00090909000DOD0O0

000000C5C50FOFOF

0D00QFOBOF090909

000D0NOOOFOFOFCS

439



9 ADVANCED ARCADE TECHNIQUES

48BA: C5 00 00

48BD: 00 0D 00

48C0: 00 0D 00620 .HS €50000000D00000D

48C2: 00 00 00

48C5: 00 00 0D

48C8: 0D 00 00630 .Ht 00000000000DODOO

48CA: 00 00 00

48CD: C5 C5 00

48D0: 00 00 00640 .HS 000000C5C5000000

48D2: 0D 00 00

48D5: 00 00 00

48D8: 00 00 00650 .HS 0DO0O000000000000

48DA: 00 00 OD

48DD: 00 00 00

48E0: 00 C5 00660 .HS 00000DO0000000OCS

48E2: C5 00 00

48E5: 00 0D 00

48E8: 00 00 00670 .HS C50000000D000000

48EA: 00 00 00

48ED: 00 00 00

48F0: 0D 00 00680 .HS 0000000000000D00

48F2: 00 00 00

48F5: C5 C3 C6

48F8: C6 C6 00690 .HS 000000C5C3C6CHCH

48FA: C6 Cb CO

48FD: C6 C6 C6

4900: C6 Cb 00700 .HS C6C6C6CHCHCHCHCO

4902: C6 C6 C6

4905: C6 Cb Cb

4908: C6 C4 00710 HS C6C6C6CHCHCOHCHCH
00720 ; TANK DATA
00730 TANKO

490A: 00 00 00

490D: C6 38 38

4910: C6 38 00740 .HS 000000C63838C638

4912: 38 C6 38

4915: 38 C6 00

4918: 00 00 00750 .HS 38C63838C6000000
00760 TANK1

491A: 00 00 00

491D: 10 08 20

4920: 1A 5D 00770 .HS 0000001008201A5D

4922: 3C BA 58

4925: 04 10 08

4928: 00 00 00780 .HS 3CBA580410080000
00790 TANK2

492A: 00 00 00

492D: AA AA AA

4930: 7C 7C 00800 .HS O00000AAAAAAT7C7C

4932: 7C 7C AA

4935: AA AA 00

4938: 00 00 00810 HS 7C7CAAAAAAO00000
00820 TANK3

493A: 00 00 00

493D: 08 10 04

4940: 58 BA 00830 .HS 00000008100458BA

4942: 3C 5D 1A

4945: 20 08 10

4948: 00 00 00840 .HS 3C5D1A2008100000
00850 TANK4

494A: 00 00 00

494D: C6 38 38

440



ADVANCED ARCADE TECHNIQUES 9

4950:
4952:
4955:
4958

495A:
495D:
4960:
4962:
4965:
4968:

496A:
496D:
4970:
4972
4975:
4978:

497A:
497D:
4980:
4982
4985:
4988:

498A:
498D:
4990:
4992:
4995:
4998:

499A:
499D:
49A0:
49A2:
49A5:
49A8:

49AA:
49AD:
49B0:
49B2:
49B5:
49B8:

49BA:
49BD:
49C0:
49C2:
49C5:
49C8:

49CA:
49CD:
49D0:
49D2:
49D5:
49D8:

49DA:

38
00

00
20

00
04

1A
10
1A
49
5A
49
18
18
00
00

02
OE

00
00

00
00
OE
02

00

00860

00870
00880

00890

00900
00910

00920

00930
00940

00950

00960
00970

00980

00990
01000

01010

01020
01030

01040

01050
01060

01070

01080
01090

01100

01110
01120

JHS

JHS
TANK5

JHS

HS
TANK6

JHS

LHS
TANK7

HS

JHS
TANKTAB

.DA

.DA
TURRETO

HS

HS
TURRET1

JHS

JHS
TURRET2

HS

HS
TURRET3

JHS

HS
TURRET4

000000C63838C638

38C63838C6000000

0000001008201A5D

3CBA580410080000

0000005555553E3E

3E3E555555000000

00000008100458BA

3C5D1A2008100000

TANKO, TANK1,TANK2, TANK3

TANK4, TANKS, TANK6, TANK7

003C18181818183C

3C18000000000000

00000203060E1C3C

3C18000000000000

000000000000193F

3F19000000000000

000000000000183C

3C1COE0603020000
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9 ADVANCED ARCADE TECHNIQUES

49DD: 00 00 00

49E0: 18 3C 01130 .HS 000000000000183C

49E2: 3C 18 18

49E5: 18 18 18

49E8: 3C 00 01140 LHS 3C18181818183C00
01150 TURRETS

49EA: 00 00 00

49ED: 00 00 00

49F0: 18 3C 01160 .HS 000000000000183C

49F2: 3C 38 70

49F5: 60 CO 40

49F8: 00 00 01170 .HS 3C387060C0400000
01180 TURRET6

49FA: 00 00 00

49FD: 00 00 00 ¢

4A00: 98 FC 01190 .HS 00000000000098FC

4A02: FC 98 00

4A05: 00 00 00

4A08: 00 00 01200 .HS FC98000000000000
01210 TURRET7

4A0A: 00 00 40

4A0D: CO 60 70

4A10: 38 3C 01220 .HS 000040C06070383C

4A12: 3C 18 00

4A15: 00 00 00

4A18: 00 00 01230 .HS 3C18000000000000
01240 TURTAB

4A1A: 9A 49 AA

4A1D: 49 BA 49

4A20: CA 49 01250 .DA TURRETO,TURRET1,TURRET2,TURRET3

4A22: DA 49 EA

4A25: 49 FA 49

4A28: OA 4A 01260 .DA TURRET4, TURRETS, TURRET6, TURRET7
01270 ;
01280 NDLIST

4A2A: 70 70 70

4A2D: 46 01290 HS 70707046

4A2E: 00 70 01300 .DA SCREEN

4A30: 06 06 06

4A33: 06 06 06

4A36: 06 06 01310 S 0606060606060606

4A38: 06 06 06

4A3B: 06 06 06

4A3E: 06 06 01320 HS 0606060606060606
4A40: 06 06 86
4A43: 46 01330 .HS 06068646
4A44: 90 71 01340 .DA WINDOW
4AL6: 06 06 06
4A49: 41 01350 .HS 06060641
4ALA: 2A LA 01360 .DA NDLIST
01370

01380 DOFFS

4A4C: 00 00 00

4A4F: 00 00 01

4A52: 01 01 01390 .HS 0000000000010101

4A54: 00 FF FF

4A57: FF 00 00

4A5A: 00 00 01400 .HS OOFFFFFFO0000000
01410 HOFFS

4A5C: 00 01 01

4A5F: 01 00 FF

4A62: FF FF 01420 .HS O001010100FFFFFF

442



ADVANCED ARCADE TECHNIQUES 9

4AGL:
4A67:
4ABA:

4A6C:
4LAGF:
4AT2:
4AT4L:

4AT5:
4LATT:
4A79:
4LATB:
4ATD:
4ATF:

4A81:
4ABL:
4A87:
4ABA:
4A8D:
4A90:

4A93:
4A96:
4A99:
4A9C:
4AQF:
4AA2:

4AAS:
4LAA8:

4AA9:
4AAC:

4AAD:
4LAAF:
4ABl:
4AB3:

4ABS:
4AB8:
4ABB:
4ABD:
4ACO:
4AC3:
4ACS5:
4AC8:

4AC9:
4ACC:

FF
01
00

44
OE
96
00
66
64
01
FE

04

67
65
04
FB

08

4A

AO
60

BO

00
01

OE
46

00
00

10

00

00
00

01430

01440

VOFFS

01450 ;

01460

01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
01610

01620

01630
01640

01650

01660
01670

01680
01690

01700
01710
01720
01730
01740
01750
01760
01770
01780
01790

01800

01810

01820
01830

COLORS

PLAYTAB
PLAYTAB2
SHELLS
SHTMSK
HITMASK
WHO

UZAP

DZAP

UZTAB
DZTAB

IDLE
VROOM
STARTH
STARTV

SMSG

EMSG

AT

AT

FFFFOO01010100FF

44940EOE1646964E
00

/PLAYER2, /PLAYER3
/PLAYERO, /PLAYER1
0104
FEFB
0408

0100

000000000000000000

000000000000000000

000000000000000000

000000000000000000

UZAP,UZAP+9

DZAP,DZAP+9
EOAO
8060
40BO

6080

n n

"3:00 i

" n
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4ACF:
4AD1:
4AD4:
4AD7 :
4AD9:
4ADC:
4ADD:
4AEO:
LAE3:
4AES:
4AES8:
4AEB:
4AED:
4AFQ:

4AF1:
4AF4:
4AFT:
4AF9:
4AFC:
4AFF:
4B01:
4B04 :

4B05:

4B07:
4BOA:
4BOD:
4BOF:
4B12:
4B14:
4B17:
4B19:

4B1B:
4B1E:
4B21:
4B23:
4B26:
4B29:
4B2B:
4B2E:
4B2F:
4B32:
4B35:
4B37:
4B3A:
4B3D:
4B3F:
4B42:
4B43:
4B46:
4B49:
4B4B:
4BLE:
4B51:
4B53:
4B56:

4B57:

00
25

00

2C
25

00
2C

12
00
10

00
00

00

70
70

46

70

00
34

22
34

00

Al
B7

Al

A5

80
F9

30
EE

80

01840

01850

01860

01870

01880
01890
01900

01910

01920
01930
01940

01950
01960

01970
01980
01990
02000

02010
02020

02030

02040

02050

02060

02070

02080

02090

02100

02110
02120
02130

02140 ;

LIMSG

L2MSG

SCPOS

TDLIST

TITLED

CSHIFT

AT

AT

AT
AT

HS

AT

AT

AT

" GAII

"ME OVER "

n "

" PLAYER1"

" PLAYII

"ERZ n

7070707070707070
707046
TITLED

7006700641
TDLIST

" TANII

"K BATTLE"

" "

" A TWO "

-"PLAYER G"

_"Al\qE "

_n by an

-"an pinal"

_n "
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4B59:
4B5B:
4B5C:
4B5D:
4B5E:
4B5F:
4B60:
4B61:
4B62:
4B63:
4B65:
4B66:
4B67:
4B68:
4B69:
4B6A:
4B6B:
4B6D:
4BOF:
4B71:
4B73:

4B75:
4B76:
4B77:
4B78:
4B79:
4B7A:
4B7B:
4B7C:

4B7D:
4B7F:

4B81:
4B83:
4B85:
4B87:
4B89:
4B8B:
4B8D:
4B8E:
4B90:
4B91:
4B92:
4B93:

02150 ;
02160 ;

00150
00010
00020
00030
00040
00060
00070
00080
00090
00100
00110
00120
00130
00140
00150
00160
00170
00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00450
00460
00470
00480
00490
00500
00510
00520
00530

00540 ;

00160

’

FIRSTVAR

RESULT
M1

M2
CHRX
CHRY
XOFF
YOFF
CHR1
CHR2
BYTE

DPOINTER

SAVEX
SAVEY
TANK
GAME
ENABLE
PLAYERH
PLAYERV
PLAYERD
PLAYERF
NEWH
NEWV
NEWD
NEWF
NEWTD
TEMPO
TEMP1
TEMP2
TEMP3
TEMP4

TURRETF
TURRETD

SHOTS
SHOTD
SHOTH
SHOTV
SHOTF
CYCLES
INDEX
IMMUNE
TIMER
MINUTES
SECONDS
SCORE

LASTVAR

%k

.IN "D:TANKVAR.SRC"
* TANK GAME VARIABLE
* THIS IS D:TANKVAR.SRC

.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
-BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS

.BS
.BS

.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS
.BS

o e e S R I S e e R e e e NG e e e e e R S S e

NN

NHFEFEFFNNFEFNDNDNDND NN

e we we we we WP We ws We We We W we We We we We WE We We We We e we we we we we we we

e we we we we we we we we we s we

PRODUCT
MULTIPLIER
MULTIPLICAND
HORZ. POS. OF CHAR TANK IS ON TOP OF
VERT. POS. OF CHAR TANK IS ON TOP OF
HOW MANY PIXELS TANK IS OFFSET FROM LEFT EDGE OF CHR
HOW MANY SCAN LINES TANK IS OFFSET FROM TOP OF CHR
CHAR TANK IS ON TOP OF
ADJACENT CHARACTER TANK MAY BE ON TOP OF
ACTUAL 8 BITS OF SCREEN DATA TANK IS ON TOP OF
DATA POINTER INTO TANK DATA
TEMP. X REG. STORAGE
TEMP. Y REG. STORAGE
WHICH TANK IS BEING DONE
GAME IN PROGRESS FLAG
FLAG FOR VBI TO SKIP CODE IF GAME NOT RUNNING
TANK HORIZ. POS.
TANK VERT. POS.
TANK DIRECTION OF MOVEMENT
DIRECTION TANK IS FACING
TEMPORARY COPIES OF TANK POSITIONS
"

FLAG FOR TURRET MODE
TURRET DIRECTION

SHOT SOUND FLAG

SHOT DIRECTION

SHOT HORIZ. POS.

SHOT VERT. POS.

SHOT IN PROGRESS FLAG
EXPLOSION SEQUENCE FLAG AND COUNTER
AN INDEX

TEMPORARY TANK IMMUNITY TIMER
JIFFY COUNTER

TIME

TIME

PLAYER SCORES
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CHAPTER 10

GAME DESIGN THEORY

There 1s no sure-fire way to predict whether a game will be successful, but there are
certain attributes that contribute to success. Certainly a game should have a goal—
without one, what is the point in playing? Rules should be straightforward and
logical. The game should also be a challenge; if it requires no skill, you will quickly
tire of it. A game should evoke either fantasy or your innate curiosity; if it isn’t novel
or puzzling, itbecomes boring. And lastly, arcade games, that by definition have a lot
of action, should be easily controllable.

Game objectives take two different forms. There are games where you gradually
approach the goal, like destroying a fleet of invaders in Galaxian, eating all the dots
in Pac Man, or rescuing all of the hostages in Choplifter. There are other games
where the goal is to avoid catastrophe. Examples of this range from preventing a
nuclear power plant meltdown in Scram, to saving your cities during a nuclear
missile attack in Missile Command, or preserving all of your fuel canisters in Ripoff.
Do not confuse these two kinds of game objectives with the simplistic and mindless
act of scoring lots of points by shooting everything that moves.

Goals must suit a player’s expectations or fantasies. This is why certain people
like certain types of games better than others. The battle lines of good against evil
lurk in the background of many space games, wherein evil, menacing invaders are
bent on the destruction of Earth. It becomes the player’s goal to protect the Earth as
long as possible while scoring the most points for killing aliens. Other appealing
goals range from accumulating the most treasure while exploring a dangerous
cavern, to escaping from a crumbling building before it collapses or your food runs
out.

Computer game fantasies derive some of their appeal from the emotional needs
they satisfy. Different fantasies appeal to different people. Sometimes the fantasy is
simply an adolescent emotional release as in Food Fight, where you battle pie-
throwing chefs with tables full of messy food. The fantasy of destroying objects
during a game appeals to others. It can take the form of popping balloons by
bouncing a clown off a teeter-totter, as in Clowns and Balloons, or breaking out
bricks in a wall, as in Breakout. In each case, the partially-destroyed wall or rows of
balloons presents a visually compelling goal and a graphic scorekeeping device as
well.

Goals in most games imply an end point, either when the goal is reached or when
vou fail. It is often important to make sure the game doesn’t just go on and on
forever. Limits should be set. Sometimes these take the form of time limits or
constantly diminishing amounts of ammunition, balls, or ships. The most wides-
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pread limiting factor, at least on home computers, is speeding up the game. It is also
the most abused. A game tempo, where it is neither humanly nor mechanically
possible to withstand the onslaught of the computer’s forces, cheats the player.

Fora game to be considered challenging, it should have a goal where the outcome
is uncertain. If the player is certain to reach the goal or certair. not to reach it, the
game is unlikely to present a challenge, and the player will lose interest. It is very
casy to introduce randomness into the game either by hiding important information
or by introducing random variables that draw the player toward disaster. Be careful
not to overdo this, since a totally random game lacks a skill factor. Players quickly
discover that they have no control over the outcome.

One of the more important design elements in any game is a logical set of rules.
The rules can be extremely simple or utterly complex, but they must make sense.
Since the game must follow its theme, any rules or variations should stem directly
from that theme. It is pointless to throw in game elements that simply don’t belong
just because you think that confusing the player would make the game more
difficult. For instance, Donkey Kong, one of the best jumping, climbing arcade
games, doesn’t require the player to shoot everything in sight, just avoid obstacles to
reach the goal. Similarly, a tough, shoot-’em-up game like Galaxian keeps its fluid
alien attack uncluttered by distracting game elements.

A game like Galaxian is considered asymmetric. Itis not a balanced game because
both the player and the computer’s alien fleet are unbalanced in strength. Yet the
differences between the advantages and disadvantages of the two opponents are too
similar to build triangular relationships that make an arcade game more interesting.

The triangular relationship is one in which each opponent can defeat one other or
be defeated by the third. The relationship is often used in many games to lure the
player into a trap by sacrificing a weakly-armed player. Battlezone 1s a good exam-
ple. The computer maneuvers the saucer to entice the human into a poor position
against the tank. Time Pilot lures you into a poor position more subtly by placing
the bonus parachute directly in line with the incoming enemy fighter pack. Other
games use the bonus to distract you. Sky Blazer nearly always drops a fuel canister
just at the time that your target appears, and bomb targets come up in Xevious just
when you are engaged in a heavy five fight with the alien armada.

A variable difficulty level is often used to alter the game’s level of play. These
levels, often with ego-satisfying names like Star Commander or Pilot, can be set by
the player. Many games are designed to become harder the further you progress. The
increasing skill level requirement presents an added challenge, while preventing the
player from growing complacent. Often the technique is to speed up the game or
place additional enemy craft into battle. The player is required to play faster and
better, honing his reflexes during the process. Another variation allows less time to
complete your objective as the difficulty increases.

Care must be taken so that the game’s level of difficulty progresses evenly from
beginner to expert level. Players’ scores should reflect a steady improvement in what
1s known as a positive monotonic curve. A game with arelatively flat curve is hard to
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