
IV. SATPLE PROGRA}{

This asaeobly language progran l l lustrates the use of players, Flsst les,
and dlsplay 1ists. I'he dlagran on the next page shows shat lhe display
looks 1lke and whlch oblects are used. The conBents in the progran listtng
describe how lt works.

rv .1



n

i > :

;l

------'

3l?
I
I
I
I
I
I
I

E

sl

d ,r.

a l

q E

I V . 2



a i

i 2

. -  ' r d  . t
. - .
r - ! r

:  . ? 9  : q ]
: : 3  \ . -  . > ;
- J

-  I $ :  : s '  i - . s
o d w

.  { r o  _ : r  c : ; : d b
,  r i g  " : - =
i  : ; i  - : * '
'  : : F  : ' r : 4  P ' z o ' : z'  i ;  { - * 5  : - t 1 P 9 9

:  _ ) , ,  i . . r  F : 6 r F ; '
: r n : - - E t  ; d ' C ' g ' H

:  i : :  " , . - =  ) ; . F - : ! : +o  : - E : i  d e  nI  $ * 3 [ : -  $  c  E c e : , ; s ; ;  )
s  i : " H - : : 8  5  : ? t ; t l : ; " " , , . ;-  " r i 0 : ? i :
; "  h , " " , 9 , E :  ;  !

t  :  : ! : s - l E i  '  s 3 h 3 3 3 a r e ; s 3 t s  E
. :  " - ! i i : j j - i : ! !  E  3 : 3 3 3 $ 3 3 3 X S 3 :  -  3 + 9 3 !  : R : g g S P

:  f  \ a : 5 - - E ' l [ 3-  !  L  - L d I J  .  a
;  *  

: i Y : i " i ; * :
; " - " " " 9 - 9 S ; n , r , ' ro . J , : - . t a : :  - r - o o o r r r d a F  :  o
{  l iQE :+ : l :  ^ i  E - � ! f t f t : q iE f : i i  $  ! 3  " i y2z2E ;1
!  i l ; i  : r j i :  r ' E 6 t l U d 6 ' & g F E
3  I t J l ;  u  d  r i  =  o  d  o  ;  E  d  -  t  r  .  :  .  :  ;  d .  i  i  <  6  6  6  6  6  o ,  d  6

J , ; *  ; ,  ;  ; : iE ! ! i ! !E$$ i : : f ;  i f ;  f ;  f ;  qE :$ :$E$ f r  $EE"9 :FCE:d j d j 6 i o d i ! b i r j o o  o o b  6 d 6 , n d d d , n o

E$*EH;8$E}3$g EEEEEEgE$E$g$;

I V . 3



a ^ a
i  a -
d  : E"  a  " 9
6  H  i c
H  o  9 p
5 K
E  H  s ;

e :  ;F
- d  ,  3  i c U
E  $  g .  e  c i H b
-  "  Y  a  C d 3 , 4;  !  c r !  q  5 Q * *
i  E  E J  . F  : : : ; i
E  E  d >  : d  o * U ;
P  d  ' ' i i  

c i  c c c o

u n r ic gc F$H$
; L L - - L r E - L L L L L E L L -

. b E b b b b 3 B E 6 b b b b 6 6 6t E rraitrrrrrr?zr-z v. d 3
9 F q

I  E  .  d  :  :  '  g  :  -  s  *  s  '  a  j  '  r  P  5  [  o . " " "  " 5 t i .
9 at  '  d  ' ,  ' , , " "  i l  r  " ' , ,  , ' " '

L  i  x  S  > y  f  "g  E  " - - - - - - , - - - - - : 6 ;6  H  a  fEEER 4EEr
. . . Y . f i d i d E . d i d i

IEgEEfi EEEEEEEEEIEEEE$$EEBR8;ggEgB$EEEE

B$H$H EgEHE $ E$B*H$$EHEH*$EH3$

;



U

I

t

9 t

d d

S o

;

I V . 5



f

. 3 :
d n = e

6

j - ! n ' - :

3 + 1  *  4  S :

{ ; q t 3 ' i i
=  V " d  d  u i  ! i  b

; t o
"  , 2  d  ! l  !  g  d

- e u t >

n  o 6 $ 6 6 o 6

H  9 :  : : : :  :  i  :  :
d

3  " " " " "

E F ; 3 t S t d S 3 S f f 3 3 S S ,' S I S f 3 f f H 3 3 S 3 S S 3 $ S 3 : f P fr S i S

I V i 6



6

J

+ -
& 6

t

g

9 " :

+ e  P

- F E  
\ E  F l i J

i H 5  S C  t r C
. r+
:  i _ :

- . r E q  c  g

,  a  a o .

t

i

I V . 7



E
E

K
E

5

6

:

i

-

n

6

;
i

o
fr

5

E A  F C E E E i 9

3 3 3 . S

€

r v . 8



p

6 ; g

3

3

g * s s s s s P

[ 3 h i = t s $ E t s 3
i;

S S R S $ E $ R A 3 3 9

$ e 3 s 3 3 E $ 3 S $

I V . 9



.E  d  d
fi fi fi fi R$fi $HHRHB$$B$$Bgi$939s$H$f fi fr fi

P  E g C S  I
L o  r U  6 $ i ' i  6 r r .  c  x  3
$ F  E H  H H ! l H e e s e s J H  s * $ e s $ e E :

N a  v o u e i ' l t F \
F F -  P P  P P P P K R T R R K , :  I S X R R R R ^ " E
; i  6 i 6  i , n i h n i D h i  i ^ i

ts

3
5

3

5

z f t
q q

6 E

I  q  ! P
.  . i i  o  E t  i 6

d  o  r r u 6 6  o g

vt I 3" "
6  9  - o  9 r  P

u  r ! !  t > L

E  s * a e r  E E

s
. ' o  5

d
q !  *
i i -

e $ a *  r  e  "  i
B S 3 $  P g  :  :  S

gfrsfr=:irilEd E:EEE$rHH

I V .  l 0.i.



o

di

I

g

nJ

q

r v . 1 1



HARDWARE REGISTER I,ISTS

ANDRESS ORDER

CTIA ADDRESSES

REPEAT AS BEI,OW

Wrlte Co
on Clear

V e r t .  D e
? r i o r i

Color-1um of 3
si le  2

laver-Ulss1le I

GraDhlcs A1l
aDhlcs Plaver 3

GraDhlcs Plaver I

Slze A11 l t tsst le

Slze Plaver  2
Plaver I

l lorz.  Poslt .  Mlssl le
r z ,  P o s l ! .  M l s s l l e  2

Itorz.  P
I lorz.  Poslr ,  l41ssl le 0
Itorz.  P
1{orz. Poslt .  Plaver 2

o r z .  P o s l t .  ? l a v e r  0

D OTF

t
I
i

D020

Address

01r
D O  l E
D O ] D

9 t3
0lA

D01

D O  I 6
D 0 l 5
D0 t4
D 0 l
D 0 l 2
D 0 1 1

DOOT

DOOD

DOOB

D009
D008
D00
D006

D004

D002

D000

Read Joyst lck
Trlgge!
Buttons

Read PLayer
to Player
Col l lsLoDs

Read Mlssl le
To ?Iayer
col l ls lons

Read P]ayer
To Playf ield
Col l ls lons

Read Mlsst le
To Playfteld
Col l is loIrs

READ
Descrt

7 MORE TIMES

Consol SW. Port

RXAN PAJ-/NTSCb l t s

V . I



REPEAT (AS BELOW)

Reset NUI
Interrupt Status

Walt for IIBLANK

Character Base
Address Red

Player-Mlssi le Base
Address Re

Ve!t lca1 Scrol l

Horizontal  Scro11

D1-1ST11
Dtsplay List

olnrer (H
Display Llst

Character Control

DMA Control

ANTIC ADDRES

D4FF

t
t

Address

D4OT

D4OE

D4OD

D 4 0 C

D4OB

D4OA

D409

D408

D40  7

D406

D402

D401

D400

15 MORE TIMES

NMI Interrupt
Status Reglster

Llght Pen Reglster
Vert lcaL
Llght Pen Reglsrer
Horlzontal
Vert ical  Llne
Counter

! . 2



POKEY A.DDRESSES

DescrlDt lon

REPEAT (AS BE].OW)

Serlal  Port  4 Key
control
IRQ lnterrupt
lnable
Serlal  Port

Start  Pot Scan

Reset Status

Sralt  Tlmers

dio control
Audlo Channel 4

Audlo Channel 4

Audio channel 4

Audio channel 3

Audlo channel
control
Andlo chanRel 2

Audto Channel

Ardlo channel I

DzFI

t
I
i

D 2 l 0

READ
Descri

15 MORE TIMES

Serlal  Port  4 Key

IRQ lnterrupt
s  R e e i s t e r

Ser{al  Porl
Resister

Rendon Numb

oard code
Read

1ca1 ]-lne

Read the
value of
each POT

D206

D205

D20

D202

v . 3



ANDRESSES

READ

Add!ess
D3TF

D301

D300

Same as wrlce

J a c k 2 & J a c k 3
If  Dlrect lon Bits

e 0  *

Same as wrl te

J A C K U d J  C K I

I f  Dlrect lor Bi ts

* NoTE: Ortpur data is retained 1n Jack Output Registers.
I f  dlrect lon bl ts are true, a read of the iacks
! d l I  r e a d  o l d  d a r a  f r o m  t h e s e  r e s l s t e r s .

DescrlDt ion

Repeat as shown below rnany tlnes

Direct lon Reglster
If PBCTI, Bit 2-0

J a c k 2 & J a c k 3
If  Dlrect lon Blts

Dlrec!1oo Register
I f  PACTL t l t  2=0

J a c k 0 & J a c k l
I f  Dlrect lon Bits



R e a d  8 1 i n e  l o t  P o r t  S t a t e
Audto Channel I Colltrol
Audlo Chafirel 2 CoDtrol
Audlo Channel 3 Control

o Channel

53768
5376r
53763
53765
5316'l

Audlo Control
Audio Channel 1 Frequency
Audlo Channel 2 f'requency
A[dto Channel 3 lrequency
Audto Channel 4 lreouenc

53  768
53760
53762

Character control
Character base addless
Color-l-umlnance of Background
Color Luninance of Playfteld 0

54273
54281
53274
53210

2F3
2F4
2C8
2C4
2C5

Color Lunlnance of Playfield 2

Color Lunlnance of P1a;er-l.tlss1le O
Color Luninance of Player-l4isst1e I

olor Luolnance of Plaver-Missl le 2

53272
53273
53266
53267

coLoR2
col-oR3
PCOLRO
PCOLRI

Color Lunlnance of Player-Mlsslle
Console Sldtch Port
Display Ltst  Potnter (hlgh byte)
Display l ist  Potnter (1ow byte)
DIrect Menorv Access (DMA) Control

D 0 l 5
D OIF
D403
D 402

53269
53279

5427  4

Graphics for al l  l l lssl les
Graphlcs for Player 0
Graphica for Player I
GraDhlcB for Plaver 2

D O1D
D 01I.
DOOD
DOOE
DOOF

53271
53265
5326r
53262

r izontal  PoslEion of Mlssl le 2

Graphics for Player 3
Col lsslon Clear
l{or izontal  Poslt lon of Mtssi le 0
l lor lzontal  Poslt lon of Missi le 1

D0 l0
DO lE
r004

53264
5327I
53252
s3253

o f  P l a v e r

Hor{zontal  Post l ton of Mlssl le 3
Horlzontal  ?ostr lon of Playet 0
norlzontal  Poslt lon of Player I
lor lzortal  Poslt lotr  of  Player 2

D007
D000
D001
D002
D003

53255
53248
53249
53250
53251

r n E e r r u p E  K e q r e s r  ( 1 K q )  E n a D r e

Keyboard Code

D 4 0 4
D2OE
D2OE
D 2 0 9

54276
53714
53714
53769

Mlssl le 0 !o Player col1l6tons
l, l tsst1e 1 to Playfteld Col l ts lons
Mlssl le I  to Player col l ls lons
Ulssl le 2 to Playf leld col l ls lons

53256
53249
53257
53250

AI,LPOT
AttDc I
AUDC 2
ATIDC 3

AUDCTL
AI'DF I
AIJDF 2
AIDT3

CHACTL
CITBASE
C01,BK
COLPFO

COL?F2
coI-PF3
COLPMO
COI,PMI

COLPlI3
coNsoL
DLISTII
D],ISTL

AIPHABETICAL ORIER

Itard l s t e r
Address Add!ess

DecHex

TL

'155

156
7 t2
708
709
7 t 0
7 1 1
704
705

764

PCOlR3
S e t  t o
S'LSTE
SDLSTL

TL

70
2C3 | 707
8 du r lng VBLANK
23 I  |  56 I
230 ts60
22F | 559

ERACTL
GRAI'M
GRAI?O
GRAFP 1

GRATP3
I{1TC]-R
ITPOSMO
ITPOSMl

IIPO SM3
HPOSPO
HPOSPI
HPOSP2

HSCROT
IRQEN
IRqST
KBCODE

MOPL
MIPF
MIPL
M2?I
IT2PL



llardnare ister
Address

0S Shadow
Address

},13PF
M3PL
NMIEN
NMIRES
NMIST

Misst le 3 ro Playf leld co1l1slons
}l lss11e 3 to Player
Non-Maskable Interrupt (NMI) Enabte
NMl reset
NMl Stahrs

D 0 0 3
DOOB
D 4 O E
D4OF
D4OF

53251
53259
54246
5 4287
54287

set to $40 by IRQ code
wrl t ten to by NMI code
read bv NIlI code

?OPF
POPL
P I P F
PIPL
P2PF

Player 0 to Playf ield Col l ls lons
Player 0 to ?layer Co1l ls lons
Player l  to Playfteld Col l is ions
Player I  to Player Col l ls lons

D004
D00c
D005
DOOD
D006

53252
53260
53253
53261

PzIL
P 3 P F
P3PL
PACTL
PA]-

Player 2 to Player Col l ls lons
Player 3 to ?layf leld col l ls ions
Player 3 to Player Col l ls lons
Port A Cot l t lo l
PAr,/NTsc tndtctor

DOOE
D 0 0 7
DOOF
D302
D 0 1 4

53262
53255
53263
54018
53268

se t  t o  $ iC by IR Code

PBCTL
PENH
PENV
P}EASE
?ORTA

Port B Conlrol
Llght Pen I lor lzontal  Posi l ion
Ltght Pen Vert lcal  Posl l lon
Player Missl le Base Address
P o r t  A

D303
D40C
D4OD
D40 7
D300

5  4019
54284
54285
54279

set to $
LPENII
IPENV

sTlCK0 - l

iC by
234
235

2 7  8 .

IR

279

Code
564

PORTB
POTO
POTl
POT2
POT3

Port A
P o t  0
P o t  I
P o L  2

D 301
D200
D2 01
D202

54017
53760
53761

53163

sTrcK2,3
PADDI-O
PADDL I
?ADD]-2
?ADDI-3

27  ! , , 21R
270 ,
271
2 7 2
273

634,635
624
625
626

POT4
POT5
POT6
POTT
POTGO

P o t  4

Pot 7 (r lght paddle control ler)
Star!  POT Scan Sequence

DZ04
D 205
DZO6
D20'I
D2OB

53764
53765
53766
537 67
53771

PADDL4
PADD],5
PADD]-6
PAI}D].7
WRITTEN

274
275
276
27'I

624
629
630
6 3 1
ILANK

PRIOR
RANDOM
SERIN
SEROUT

D r ' l ^ i l  r w  C a l e . r

Raodon number generator
Serial  Port  Input
serlal  Port  output
stzes for al l  n issl les

D O I B
D 2OA
D2OE
D2 OD
D00c

53275
53770
53774
53773
53260

GPRIOR 26r 623

SIZE?O
S I Z E P  1
S'ZEP2
S I Z E P 3
SKCTI

stze of Player 0
size of Player I
s lze ot Player 2
Slze of Player 3
Serlal  Port  Control

D 0 0 8
D  0 0 9
DOOA
DOOB
D 2 O F

53256
53257
53258
53259

SSKCTL 232 562
SXREST
SKSTAT
STlMER
IRIGO

Reset Sertal  Port  Status (SKSTAT)
Serial  Port  Status
Slart  Tiner
Joysr ick cortrol ler Tr igger 0
Joast ick Control ler Tr isser I

D2OA
D2OF
D209
D0t0
D 0 1 l

53770

53769
53264
53265

STRIGO
STRIGL

284
285

644

TRIG2
TRIG3T
VCOIJNT
VDELAY
VSCROL

Joysrtck Control ler ' I r igget 2
Joyst lck Conlrol ler T!1gger 3
Vert ical  Llne Counler
Vertcal  Delay
vert ical  scrol f

D 0 1 2
D O  I 3
D4OB
D 0 I C
D405

53266
53267
54283
5 4216
5  4217

STRIG2
STRIG3

286
247

6 4 6
6 4 1

WSYNC Wait for Horizontal  Sync D4OA 54282 Used by keyboald
cl tck routtne

v . 6



v I . FIGURES

MEMORY MAP

RE s
FFTF

D800

Operat lng Systen
And

Math Rout lnes
IOK

DOOO-D7TF
C}FF

Ilardware Addresses

Reserved for Future
O.S. exDanslon

2K

4K

BFFF

8000

Rol,l Cartrldge

(Col1een lef t  and r ight
slot  and Candy single
slo! al l  address to

16K

7}FF

2000

RAM

Expanslon

lFTF
RAM tnl t ia l ly
suppl led 1n rhe
product

8K

RAM expansion can actual ly exten to BFEF. However,  lhe ROM cartr ldges
wil l  deselect the RAM. Deselectton occurs on 8K boundartes. Atar i  400
unlts are RAM expandable onty at the factory. They can accepr RAlt  up
to 2FFF (16K) when ful ly exrended.

v I . l



i3 rO'an-,OS:o 3Nr-r Z -.l.Nnot^
--__l-

l .

tu ibt9o
:3lNfral (!Nri r..\"s) 'tYf,.i.!:^

U

6
z
< F

> J

F

3d r'r'OalltvN I:j\/IS

/\\7-1dS1C ]!VJs

id ^/€r*Jwtl ON=+

>N(9. rgir t:93d
.LejnE EcrcD €N=-

3Nr€H IfS3-

cN,|gH I3S

d * /  \ . .  -
l s > 1 L  L t  tL9:rHflHftl
h$ HY H>dAE

---r-
I
I
l
I

(, \_q <
-r -J

, < s
-

l-
(, -J

0 , <w =
: -

6 N
t r N
R V
d - .
r J3 <

i t . r
O r-r

0 <
I

()
t")
Fz.
I
I
I

_,l-
f
=<
L U n
>rn
--J .\

A{- l

l Y  o
sd $b

t
d  l ' z
ul r iii
ET LU

'i0S
U rjt

tNAsts
>JN\?'IEH
ld 3Cl7\

N,|S A ON=
aNnan€)># c^rncEg>tx

o
trj
( o
J<.rr nl
A d

Q o o

i U Y
( q d
t rud
, , , 0 q
6 0 6
; d U

O N
, .9

o
J O
p o
<q
-J i]

^ u
d Y
{ 6u ( l
7 -
< o
F l a

nu): vuu
$( lqd
fi'fl.- o

i d
? 0
z(\t

CNncljgtx'r€ LONneE9>r

at:1Nno, (3Ntr Nv?9



$

trl

F

=

t 2
U ;

( r ! r t o s l

( r r r a o s )

t t 3 ) 1 3 o 5 )



E
{JJ

F

=

<f

il*

::r.!.'?!r: i::r : : : :r*: l l fEh!S:;f

;  : : r : : r : : r : ! r  r r : : . : . :

r : i i : : : i : . :3 : : r :E: ! : : : i . :  f  !

t : : i a t r : : r : : ? n ; ! 3 r t r ! :  i a



3e
F

(D

Ll.j'r

; E .

Ei Ei

5 R

+ .:-

9E

*

:E

E:

E

tE:



l D @

I <

o <
=

s3 N r ' l

t n o  0 ! 0  r A

G .

r l - o Y r . ! >

( M a o s )

> ;u !  xaos )

3tvts-r t .L



3*,:r;i,PJ
E
r!i:i9!

r:r
; -
i i t t

=1

o
(I

c0
CC
lrl
=
Fo

i-{H.:;F+#

fFr "FF+r 1
tsrl rii I
i i i l : : l r+ i11' t " l l l t
i - rH  l l t  l

rEi ! !  :9ci ' ! , : r !6! : : : ! . :

: l : ! : i r : : : : : 1 ! ? ! r . ' , " i  x : : : r " r ; q

: I l l r : ic . ; i t r :? : r :  ! ,?  : r t r t ! : ;1

: : : : ; r i a : : . : : l r i r : :  i : , 3 ;  - .  r 1 ; : : !  : !  I

>i ,! i.r! 3>1 ;a:!

;9 . ' ;a ! ! >3>; 3.t:

P; i i111: : r : : : : : !  i  , t  ; ! ; ! !  ! , r  B ! ! :



r 3E

O N

A Fo *

E.
IJ

F

o _8:- Ei
3o-$nf ! i

;
E

a

E

!-*-e Er Et'

: ; : :



F

(L

o

Lrl
=

(L

: 6

- !  !

: ; G
;  o 9

: r
i 6

; F

- ; <



i E
tp

-

t!
=

\r

,g*ils:i**iE



a-

ao

lrJ G
= <
O F
o - <

;

- -  E

; 5  s
. ! :

9 ; E

: t
i 4

g ;

< 5



-

tf
IJ
=

o
i i i
E E :

E i s

; ; 3 3

E:3 i
iEiE:iie:iiiElI

i



F

7

u) ).
E <
lrl

lr,J

g F
6 J

< =

F

J

F

0 u v o 8  u 3 H L o l t  o i -



"1"-"r" '= i
.

" "1=r"=" ' . " "

"-" 'r" 
l ' - '  

"

1=rt_D

-i"r.i

F

2 @

G <
LIJ Fo - <

d

{

f ' .

:i

:t '

t
! " ''i
) :

: ; : : E 3 E E

: . - : : :  E

r € ; ; :  a ?  i
: : - - .  :  -  9

t=]B il
."i
U

i .i

;

i : ;  33 ; : 3 1 3 3 ; : : l



o

o

o

l - ( , . !
Y

o
J

!t

Q

F

c , u J
Q =
J g l

z

F

Y
I
t ,

d F

H i
1 ;
A

ut

F

-9 9
t h E

a ) z
z o

0 u v o E  u 3 H 1 0 r {  O J .



: :

: I

e !
. 3i i i  n

: : : : :

! l

i E  s  !

, . s  : "EE
3:E

E i i  i  : r : : e
s

E  E 3 E : 8 3 ;

ecE!  lE  d  ,a

l i !

E * :
6 .  "

3  s B ; ;

E :re! H  E  ; ;  " r 5 : : : ;

5



z

F

F

c,
Ltl
2

F

j  < t !

* ar. o

z

z
F

> 2
< o
- J E

8 3 X 3 1 d t t 1 n , { 3 0

s s 3 c 0 0 v

> . :

tt
lrJ

lr

o rrl
- J
F t D( r <
r g z
o t !

F

E | r l
< J

u 3 H 1 0 t ^ t  0 IO U V O E



!
! r i

! i :
! t  i

! ; 3 !

i t , 3 , i 9!
!

1  : l1n  , , ,T ,  -  r  t l lE

l l : r r ? ! : : l !

l l : : : : : : : 1 3

P : l r . . . . B l !

I
?

:

-

:

! : : : : a i : : : : : :



:

z

.^ t-* k

z

F

: < :
l - t ; e @

o

:

F
> t
< o

u ! x 3 1 d l t t n F t 3 o

s s 3 8 0 0 v

F
> t

J E
| r l -

o
trJ

lrl

F

l E t !
< J
O lrl
@ l t

0 U V O g  U 3 H 1 0 r ' l  O J



s
i i  i

E ; ;
! i  e
! t :

!  i i  s

! ' ! ' E J . rI
!

1 3 : : ! . r : : l : i

l ! r : r r : : : 1 3

E : : : T r . : r l i

p : : , 1 r . : B l i

rf" ;:
l r r . r T r . r n l i

: : : : : : : .



tn

UJ
(9

a
t -
IY

=

F

O U V O S  U 3 H I O N  O J -



! : : ? : l : : : : ? :

s  9 i  l r
. . . " . . . - , . ;

: i ! ? I ? l l l ? q -

lrlo

tr
F
ty.

o

=
LIJ
T

U)

l 3 l 3 i E 3 3 3 8 a ;



-l

J

I
ruoro | 'F-Rr F ( ro(T

+t-_,-_

I

6



r ' t rAU:e( r€e ! r r r !  ro - )

- l

I

I.iI
I
l
v,
I

l'":l
, r ^n^ . l .dm,L  R. . ' rE . re .a€oJ
.au . '  I  r , ,  a  aRr ,  " , t  nL  \ j  <o  tu^ .  I

-a!-Fi:3f*i*5*

"ti
{?,t

'f:;*".

/\ *:i*lx
ATAR| o.--"--- --
*  

; ; , r i L F t , q / i l J r A L
AtD,.  a.vc aEntnl  Po,?T-
I ] L O I  (  O i H 6 i i / r / ' ) 1



The

2 .

3 .

APPENDIX A

USE OF PLAYER/MISSILE  GRAPHICS

I . ] ]  TH  BAS lC

l fA .e l  t 9 , tOOTeOO l r " rHardware  
l 4anua l  shou ld  be  read  f i r s t  t o  unders tand

d e t a i l s  o f  t h e  P I a y e r / M i s s i l e  c r a p h i c s .

To  enab le  the  P /M Graph ics  f ron  BASIC  the  fo l l ow ing  p rocea lu re
b e  u s e d :  *

G e n e r a t e  t h e  p l a y f i e l d ,  e i t h e r  w i t h  a  c R A p H I C S  c a l t  o r  b u i l d
a  c u s t o n  d i s p l a y  l i s t  ! r i t h  a  s e r i e s  o f  P O K D  s t a t e n e n t s , .

Enab le  P , /M  D l lA  con t ro l  by  a  POKE 559  ! , i t h  e i t he r  a  62  fo r
s i n g l e  I i n e  r e s o l u t i o n  p l a y e r s  o r  a  4 6  f o r  d o u b l e  l i n e
r e s o l u t i o n  p l a y e r s .

T h e r e  a r e  f o u !  p l a y e r s  a n d  f o u r  r n i s s i l e s  ( o r  f i v e  p l a y e r s  i f
t h e  f o u r  i n i s s i l e s  a r e  c o m b i n e d  i n t o  o n e  p l a y e r ) .  E a c h  o f
t h e s e  h a s  a  h o r i z o n t a l  p o s i t i o n  r e g i s t e r  L h a t  c o n t r o l s  i t s
h o r i z o n t a l  p o s i t i o n  o n  t h e  s c r e e n .  T h e  r e g i s t e r s  a n d  t n e r r
l o c a t  i o n s  a r e  a s  f o l l o w s :

ADDRESS EORIZONTAL POSIT IO I I  OF

53248  p laye r  0
53249  P1ayer  1
53254  p laye r  2
5 3 2 5 I  p l a y e r  3
53252  M i  ss  i l e  I
5 3 2 5 3  M i s s i l e  2
53254  M i  ss  i . l e  3
5 3 2 5 5  M i s s i l e  4

the  ho r i zon ta l  pos i t i ons  can  range  on  the  p lay f i e ld  be tween  4 t
a n d  2 0 0 .  S o  P O K E  5 3 2 4 9 , 1 2 0  w i l ]  n o v e  p l a y e r  1 t o  t h e  m i d d l e
o f  t h e  s c r e e n .

* N O T E i  A l I  n u m b e r  r e f e r e n c e s  a r e  d e c i m a l .

A  - 1 -



Use  o f  PLaye r / l 4 i ss  i l e  Graph ics
w i t h  B A S I C ,  c o n t .

4 .  E a c h  p l a y e r  ( a n d  i t s  m i s s i l e )  h a s  a  c o l o r  r e g i s t e r  w h i c h
d e t e r m i n e s  i t s  c o l o r .  T h e s e  r e g i s t e r s  c a n  b e  c o n t r o l l e d  b y
pok ing  to  the  fo l l ow ing  l oca t i ons l

A D D R E S S

7 0 4'745

7 0 6
1 0 1
7 1 1

COLOR OF

P/M O

P/M 2
P/t4 3
f  i f t h  p l a y e r  ( i f  e n a b l e d )

T h u s  a  P O K E  7 0 6 , 2 0 0  w i l l  c o l o r  p l a y e r  2  g r e e n .

5 .  T h e  P , / M  b i t  i n f o r m a t i o n  ( t h o s e  b y r e s  w h i c h  a c t u a l l y  d e s c r i b e
F h a  e h . h a  ^ F  t h c  n l h v A r l  n , r e t  h a  q i o r p d  j n  r n  i r a a  w h e r e  i t

wi l l  no t  i n te r fe re  w i th  BAs Ic  o r  t he  ope ra t i ng  sys tem.  I t
mus t  a l so  s ta r t  a t  a  2K  nemory  boundary  i f  s i ng le  l i ne
reso lL l t i on  p laye rs  a re  used ,  o r  a  IK  boundary  fo r  doub le  l i ne
reso lu t i on  p laye rs .

6 .  T h e  p a g e  n u m b e r  ( i . e .  n u m b e r  o f  2 5 6  b y t e  s e c t i o n s  o f  r n e m o r y )
fo r  t he  s ta r t i ng  add ress  o f  t he  P /M in fo rma t ion  ob ta i . ned  i n
s t e p  5  i s  p o k e d  i n t o  l o c a t i o n  5 4 2 7 9 .

7 ,  E n a b l e  t h e  P / M  D M A  b y  a  P O K E  5 3 2 7 7 , 3 .

B .  T h e  s t a r t i n g  a d d r e s s  o f  e a c h  p l a y e r  i s  o b t a i n e C  b y  m u l L i p l y i n g
t h e  n u m b e r  o b t a i n e d  i n  s t e p  6  b y  2 5 6  a n d  t h e n  a d d i n g  t h e
o f f s e t  i n d i c a t e d  i n  P , / M  n e n o r y  c o o f i g u r a t i o n  t a b L e .

9 .  T h e  v e r t i c a l  p o s i L i o n  o f  t h e  p l a y e r  i s  d e t e r r n i n e d  b y  i t s
l oca t i on  i n  memory .  A f te r  t he  i n i t i . a l  o f f se t  i s  ob ta ined  i n
s C e p  8 ,  i t s  h e i g h t  m a y  b e  d e f i n e d .  I t s  r a n g e  o n  t h e  o l a y f i e l d
i s  f ro rn  32  Lo  223  i n  s ing le  l i ne  resoLu t ion  and  f rom 16  to  111
i n  d o u b l e  l i n e  r e s o f u t i o n .  B y  a d d i n g  t h e  d e s i r e d  h e i g h t  t o

' L 5  : F , c ^ l , r f 6  : 4 / i r a c <  ^ F  a i - h  n l : v a r  i c

f o u n d .  T h e  a " p r o p r i a t e  b i t  i n f o r m a t i o n  f o r  t h e  p l a y e r  c a n  n o w
X o  ^ ^ L a n  i h f ^  l h i c  > ; ? l ,- - - r e s s .



Use of Player,/Missile craphics
i,rith BASIC, cont.

(9, cont. )

Exampfe to Generate a rectangular box player, eight color
clocks wide and four Lines bigh irt irfi€diate rode.

STEP TYPE RESULT

1 GRAPHICS B SetuP l{cde B Playfield

2 POKE 559, 62 Enable P/M DMA single line

3 POKE 53248,L20 Set horizontal position

4 POKE 704,88 Set clIor to pink

5 I = PEEK(106)-8 Get P/M base addless

6 F(]r'.dB 54279tI Store in base register

'7 PaRE 53277 t3 Enable P/M Df'lA

8 J = I * 256 + 1024 Get player starting address

9 PoKE J + 125,255 Draw player on screen
PORE J + 126,129
POKE J + 127.129
POKE J + 128,255



Use of Player^issile
with BASIC, cont.

DI4ACTL
bit D4=0

start at
PTtsASE*L0:425t

Graphics

DMACTL
bit D4=1

start at
PMBASE *

PIAYER-MISS ILE

Uefi1ory

Absolute address

PMBASE.

Relative address
shqum along sides
of maps.

Eacn Player-$lsst1e
sectj.on (128 bytes
in single l ine, 256
bytes in double line)
naps directly onto
the totaf hei.ght of
TV screen.

;4xt5L
+0+0

+384

+5I2

+640

+768

+896

+t-024

+7 68

+I424

+1280

+1536

+2048

.o

single l ine
resolution

+- 8 bi ts wide --+

384 bytes
unused

+--8 bits wide -+

768 b!'tes
unused

u: lr'rz
I

tt luo

Player 0

Plaver 1

Player 2 [,13 t42 Mt MO

P]ayer 3

128 bytes

\-----rr------l

double line
resolution

Player 0

PraYer z

Player 3



APPENDIX B

} , I I  X l  N C  G R A P E I C S  M O D E S

I . G E N E R A L

T h l s  p r o c e d u r e  d e s c r l b e s  h o a  t o  l d i x  s e v e r a t  g r a p h l c  n o d e s  o n
t h e  T V  s c r e e n  a r  r h e  s a r e  t l n e  u s i n g  B A S r c  c o m n a n e s .  E a c h  g . a p h l c s
n o d e  h a s  a  d l f f e r e n r  n u n b e r  o f  s c a n  l i n e s  p e i  , , M o d e  L l n e r  ( o n e  t i n e
o f  a  g r a p h l c s  l n o d e ) .  T h e  T v  s c r e e n  m u s t  c o n s t s t  o f  1 9 2  s c a n  1 i n e s ,
s o - w h e n  E l x l n g  m o d e s ,  t h e y  m u s t  b e  c o n b i n e d  l n . s u c h  a  w a y  a s  r o  g e t
1 9 2  s c a n  1 t n e s .  T h l s  1 s  a c c o D p t i s h e d  b y  n o d i f y t n g  t h e  D i s p t a y
L l s t ,

W h e n  a  g r a p h i c s  n o d e  i s  s e t  o n  r h e  c o r c p u t e r ,  t h e  O / S  a t t o c a t e s
R A M  € p a c e  f o r  t h e  g r a p h i c s  n o d e ,  r h e n  b u 1 1 d s  t h e ,  d i s p l a y  l i s r
a d j a c e n t  t o  t h e  g r a p h i c s  R A M ,  a n d  s e t s  a  p o i n r e r  t o  i r r e  t e g r n n r n g
o f  t h e  d l s p l a y  1 i s r .  E a c h  I ' E o d e  1 i n e "  i s  c o n s t r u c ! e a l  f r o r  a , , r n o d e
b y t € "  i n  r h e  d t s p l a y  1 i s !  t h a r  d e t e r n i n e s  h o l '  n a n y  s c a n  t l n e s  i n
e a c h  o o d e  1 1 n e .  T h e  d i s p l a y  l i s t  d e s c r i b e s  t t  e  s c r e e n  d t s D r a v  f r o r a
E o P  r o  b o t t o E .

A  D l s p l a y  L i s r  [ l u s r  b e  b u i l r  f o r  r h e  " n a x  R A X  n o d e , ,  ( r h e
g r a p h l c s  n o d e  t h a r  r e q u l r e s  t h e  d o s t  R - { M )  t h e n  m o d i f i e d  a i t h  p O K E S
t o  l r i x  t h e  o t h e !  l x o d e s  v i r h  1 r .  T h i s  " n a x  R A t {  l l o d e ' ,  c a n n o t  b e  a
s p l i t  s c r e e n  ! 1 o d e  ( t e x t  w i n d o \ r ) ,  r h e r e f o r e  ' , n a x  R A l , t  i n o d e , '  + 1 6  o u s t
b e  u s e d .  T f  t h e  ' n a i  R A M  o o d e  w i l l  b e  a r  t h e  r o p  o f  t h e  s c r e e n ,  t h e n
- t h e  

r L M S _ b y ! e r r  ( 1 o a d  m e n o r y  s c a n  b y r e )  u t  t i r .  i o p  o f  t h e  D i s p l a y
L l s !  r 1 1 1  a l r e a d y  b e  c o r r e c c .  I f  n o r ,  t h e  " L M s  b i r e .  \ r i t I  h a v e
! o  b e  i n o d i f t e d .

T h e  D t s p l a y  L i s r  i s  n o d l f t e d  b y  p O K I N c  a  n e l '  D o d e  b y i e  f o !
e a c h  n o d e  l i n e  i h a t  i s  n o t  a  n a x  R A t , t  n o d e  l i n e .  A r . r h e  e n d  o f  t h e
d i s p l a y  l i s t  i s  a  J U M P  f n s r r u c r r o n  p o i n r l n e  r o  t h e  r o D  o f  r h e
D i s p l a - \ r  1 1 s t .  W h e n  r h e  D i s p l a y  L i s r  i s  D o d i f l e d ,  r h e  J U I I p  t n s t r u c _
t i o n  n u s t  b e  p l a c e d  l n r o e d i a t e l y  a f t e r  r h e  l a s t  o o d e  b y r e .

E x a n p l e  ' , J I  v i 1 1  b e  u s e d  r h r o u g h o u t  t h i s  p r o c e a t u r e  r o
i  I l u  s  t r a t  e  e a c h  s t e D .



N O R M A L

YnoDE 7

? 6  L I N E . 5

T V  s c R r E N Y h O O \ F I E D

T o T A  L =  l g 2

moog
L r N e  +

moDE 7
O I  5 I ' L A Y

f  o o  \ F  I e D
tnoUe ?
D I 5 P L A V

6 t ,S  - -  43

6 \ a  - -  I I L

T O T A  L

s<Ah

2.q

4 A

r ' 1 6
t q z

1 1 2

-T-
I
I
I

r 9 L

LINE5

'i

;:- (r rns BYIE) ---->
:1

)-

3
q

(

5 d
5 Z

V

l b o

1
8

J
T
6 l

I

2
3
4

I

1
q mooE I

6  L I D  E 5

Mo 7
N E 5

moDE 7
6 6 r r N 9 5

/hoDE 2-
c .!1

q q

q6 l g o
r q 2

MODE 1
6  L I N E 5

moDe

S G T I N E J

I l / .ooE z
2  L r N E 5

(d D) 13

( 6 D ,  t 3

( rD\  13
( 6 0 )  1 3
(7 O) 13

( i r E x )  l D E c
( q u ) 1  1 d

(d6)  G
( \  L
@e) c
@L\ 6
k c )  6
(do )  t 3
(6 D) 13

I

(o o) / 3
@o) t3
@ 7 )  1
(d ' t ,  7
(rr r) 6.5

t o

e x Arnrru E tJ

1
7



M i x l  n g  G r a p h  i c s  { o d e s ,  c o n t .

I I .  P R O C E D U R E  T O  S E T  U P  S C R E E N  I N  M I X E D  M O D E S :

1 .  S e l e c t  n o d e s  d e s t r e d ,  t h e n  l o o k  u p  q h i c h  n o d e  1 s  t h e  n a x
R A M  n o d e  f r o o  t a b l e  # 2 .

e x a b p l e :  m o d e s  s e l e c E e d  -  e o d e  I ,  o o d e  7 ,  E o d e  2

n o d e  7  =  m a x  R A M  n o d e

2 .  U s e  t a b l e  * L  t o  c a l c u l a t e
! h a t  l h e  t o i a l  n u m b e r  o f  s

e x a E p l e l

I i o e

I I
1 l

3 .

t h e  n u n b e r  o f  r o o d e  l i n e s  s u c h
c a n  l t n e s  *  1 9 2 .

1 l r e s

I t n e  I
4 8

I T 2
t 6

t 9 2

5 6

T O T A L

Y o d e
U o  d e

( l {Ex  )

0 6

l f  l h e  D a x  R A M  D o d e  l s  a t  t h e  t o p
t h l s  s t e p :  C a I c u L a t e  t h e  L Y S  b y t e
n l b b l e  t o  4 ,  t h e n  u s e  t a b l e  l l I  r o
r h e  d r a r h  i . c  r n . t e  : .  f h e  F n D  o f  r h

e v r h ^ l a  l -  r o c r  r r h \ ' .  =  4

^ f  r h .  c . r a r n  r F a n  c L { n

h w  c p r r ' l n '  f h c  l c f F

f  t n d  r h e  r t g h l  n t b b  1 e  f o r

d e  I  =  6

o d e .  S e i  ! h e  l e f r  n t b b l e
h t  n t b b l e  f o r  e a c h  0 o d e .

3 ,  L M S  b y t e  -  4 6  ( H E X )

t h e  n o d e  b y t e  f o r  e a c h  I 0
t a b L e  l I  r o  f i n d  t h e  ! l g

4 .  C a l c u l a t e
! o  0 ,  u s e

a v , F n 1 o . l , e f l
N i b b l e N l b b l e

OD
o 7

B  - 3 -



M l x l n g  G r a p h l c s  X o d e s ,  c o n t .

1 1 . P R o C E D U R E  T 0  S E T  U P  S C R E E N  I N  M I i E D  U O D E S .  c o n l . :

5 ,  C o n v e ! t  a l l  b y t e s  t o  d e c t n a l

6 .  E x e c u t e  a  g r a p h i c s
l l o d e  ( . r 1 5  )  .

M o d e  I 0 6  |
M o d e  7 0 D  I
M o d e  2 o 7  |

c a l l  o n  i h e  c o d p u t e r u s i n g  t h e  l o a x  R A M

7 .

e x a r d p l e :  G R A P E T C S  7  +  l 6

P E E K  t h e  D l s p l  a y  L i s i  p o l n t e r
v a r l a b  l e  t a b e l t e d  " S T A R T " .

e x a n p l e :  S T A R T  =  P E E K  ( 5 5 0 )

T  f  t h e  m a x  R A M  m o d e  1 s  a t  t h e
r h i s  s + F n :  P . k c  r h p  T , Y s  h v t e

e x a n p  1 e :  P O K E  S T A R T - 1 , 7 0

t o  c a  1 c u  1 a t  e  a

+  P r E K ( 5 6 1 )

r ^ n  ^ {  r 1 l a  .

t  2 i 6  +  4

c r e e n ,  t h e n  s k l p
s l A R T - t .

E v e r y  n o d e  l i n e  r e q u l r e s  a  m o d e  b y r e  1 n  t h e  D l s p I a y  L i s l  i n
l h e  s a E e  o r d e r  a s  l h e  n o d e  1 l n e s  a p p e a r  o n  l h e  s c r e e n .  T h e
n o d e  b y t e s  b u s L  b e  D 0 K E D  L n l o  r h e  D  I s p l  a y  L  l s c  a t  l o c a t i o n
S T A R T  +  o f f s e t .  w h e r e  o f f s e r  =  D o d e  I  L n e  l .

M O D E  L I N E  #E x a n p l e :

M O D E  I

MO DE

MOD E

7

2

2
3

5
6

6 4

t s t  w i I I  a l r e a d y  b e  c o r r e c t  f o r  t h e  E a x
m o d e  b y t e s  d o  n o t  n e e d  t o  b e  P O K E d .

P O K E  I N S T R U C T I O N

P o K E  S T A R T  +  2 , 6
P O K E  S T A R T  +  3 , 6
P O K E  S T A R T  +  4 , 6
P O K E  S T A R T  +  5 , 6
P o K !  S T A R T  +  6 , 6

f o r  l o o d e  7  ( D a x  R A M  E o d e )

? o K E  S T A R T  +  6 3 , t
P O K E  S T A R T  +  6 4 , 7

N 0 T E :  . T h e  D i s p t a y  L
n o d e ,  t h e r e f o r e  l t s

B  - 4 -

R A X



M l x l n g  C r a p h i c s  M o d e s  '  c o n t .

1 1 .  ,  c o n l . :

I 0 .  ? O K E  t h e  J U M P  l n s t r u c t l o r  f  o I 1 o i . ' e d  b y  t h e  L O  b y t e ,  t h e n  t h e
H I  b y t e  l o t o  t h e  D t s p l a y  I - 1 s t .  T h e  o f f s e t  f o r  r h e  J U M P
? O K E  1 s  t h e  l a s t  D o d e  1 1 n e  #  +  I ,  f o r  L 0  b y t e  t t  1 s  +  2 '
f o r  H I  b y t e  1 t  1 s  +  3 .

e x a o p l e :  ( L a s !  l l o d e  l i n e  #  1 . ' a s  6 4 )

R E M A R K  ? O K E  I N S T R U C T I O N

J U M P  P O K E  S T A R T  1 . 6 5 , 6 5
I , O  B Y T E  P O K E  S T A R T  +  6 6 ,  P E E K ( 5 6 0 )
I I l  B Y T E  P O K E  S T A R T  +  6 7 ,  P E E K ( 5 6 I )

1 I I .  P R O C E D U R T  T O  P R I N T  A N D  P ] - O T  I N  M I X E D  } I O D E S

l .  1 f  t h e  n o d e  1 1 $ e  l l ' s  o t  a  t n o d e  o n  t h e  s c ! e e n  f a 1 1  w i t h l n
t h e  ! a n g e  o f  t h a t  n o d e ' s  n o r n a l  n o d e  f l n e  # ' s  ! h e n  u s e  t h e
f  o l l o w t n g  p r o c e d u r e :

a .  ? O K E  8 7  n ' i t h  t h e  n o d e  #
b .  D e l e r n l r t e  t h e  Y  c o o r d i n a t e  b y  c o u 1 1 ! l n g  ! h e / l  o f  n o d e

l i n e s  f r o n  t h e  l o p  o f  r h e  s c r e e n  t o  t h e  c u i r e n l
p o s M o n .

c .  D e t e r n l n e  ! h e  X  p o s l l i o n  1 n  l h e  n o r D a l  l l a n n e r  f o r  t h a t
E o d e .

d .  D e p e n d l n g  o n  t h e  n o d e ,  e i t h e r  P L O T  a n d  D R A W T 0 '  o r
P O S I T I O N  a n d  P R I N T .

e .  T h e s e  s ! e p s  D u s t  b e  d o n e  f o r  e a c h  n o d e  o n  t h e  s c r e e n
t h a t  n e e t s  t h e  c o n d l t i o n  1 r i  s ! e p  1 .

e x a n p l e :  } I O D E  I  P o K E  8 7 , 1
P O S I T I O N  2 ,  I :  P R I N T  I 6 ;  " T E X T "

M O D E  7  P O K E  8 7 , 7
C o L 0 R  1 :  P L o T  2 0 , 2 0 : D R A W T o  3 0 , 3 0

M o D E  2  S e e  s t e p  2



M l  v i  n o  C i - n h l . e  M ^ . l o c

I I I .  P R 0 C E D U R E  T o  P R I I T  A N D  P L 0 T  I N  M I X E D  v o l P S .  c o ' r r .

2 .  S o x d e  b o d e s  E a y  h a v e  r 0 o d e  l i r e  / l ' s  o u ! s l d e  o f  t h e i r  n o r o a l
r a n g e .

e : . a m p I e :  X o d e  2  n o r $ a 1 1 y  h a s  n o d e  1 1 n e  # ' s  I  t h r o u g h  1 2
( f u 1 I  s c r e e n ) .  T h e s e  a r e  n o d l f l e d  t o  / 1 6 3  a n d
# 6 4  1 n  e x a n p l e  # 1 .

T o  p r e v e n L  t h e  c o n p u t e r  f r o m  g i v l n g  o u c  o i  r a r g e "
e r r o r  n e s s a g e  c h e  F o l l o i r l n g  p r o c e d u r e  c a n  b e  u s e d :

a ,  S e t  a  v a r t a b l e  I a b e l l e d  " M E 1 4 S T "  r o  b e  t h e  d i s p l a y

l , l E M S T  =  P E E K ( S T A R T )  +  P E E K ( S T A R T  +  l )  *  2 5 6
b .  S e t  a  v a r l a b l e  l a b e l l e d  C H R P 0 S  t o  p o s l t l o n  c h a r : a c t e r : s

t o  b e  p r l n t e d  o n  t h e  t a r g e t  L l n e .

C E R P O S  =  . ' . l E l r s T  +  [ ( M r  - I ) * R - U ,  * ( R _ 2 0 ) - 1 , 1 3  * ( R - 1 0 ) ] + X

l i n e .
R  =  c h e  R A V  p e r  1 1 n e  o f  t h e  Y a x  R A M  Y o d e  r t a b l e  , / l ) ,

Y r  =  t h e  U o d e  L i n e  +  o f  L h e  t a r g e t  L i n e .
M  =  f l a a  n , t F h p r  . f  n ^ , r a  l

l l n e  a b o v P  - h F  - r r d p F  l i n e .
' { r  =  t h e  n L r m b e r  o f  m o d e  1  i n e s  o f  L 0  b y t e s  o f  R A Y  p e r

l ' - e  c h ^ v F  ' h F  r : r o a r  r i n e .

E x a n p L e :  c a l c u l a t e  C H R P O S  f o r  l . I o d e  1 - i n e  # 6 4  ( t h e
l a s t  t l n e  o f  r h e  M o d e  2  a r e a )  a t  h o r i z o o t a l
p o s l t t o n  5 .

x = 5
R  =  4 0
M r  =  6 a
M ,  -  7  ( 6  f r o m  M o d e  1  a r e a ,  I  f r o n  M o d e  2  a r e a . ) .
M " =  0

C H R P O  S  =  l . l E M S T  +
c H R P o  S  = : , l E M S T  +
C E R P O  S  =  ) I E M S T  +
C E R P 0 S  =  M E M S T  +  [ 2 3 8 0 ]  + 5
C H R P o S = Y E M S T + 2 3 8 5

( 6 4 - l ) * 4 0 - 7 *  ( 4 0 - 2 0 ) - 0 * ( 4 0 - r 0 )  I  + s
( 6 3 ) ' , 4 0 - 7 * ( 2 0 ) _ 0 r ( 3 0 )  I  + 5
2 5 2 0  -  1 4 0 1  + 5

B  - 6 -



M i x l n g  C r a p h l c s  U o d e s ,  c o n t .

l I I .  P R O C E D U R E  T O  P R I N T  A N D  P L o T  I N  M I X E D  M O D E S ,  c o n r ,

c .  T f  f e ! r  c h a r a c t e r s  \ r 1 1 1  b e  p r i n t e d ,  t h e n  e a c h  c h a r a c ! e r , s
i n t e r n a l  v a l u e  d a y  b e  f o o k e d  u p  i n  t h e  I n ! e r n a 1
C h a r a c r e !  S e r  T a b l e  ( T a b 1 e  9 . 6 )  ,  t n  r h e  n e ! ,  B A S I C
R e f e r e n c e  M a n u a l .  T h i s  v a l u e  i s  r h e n  p 0 K E D  l n t o
CIIRPO S .

d .  I f  s r r l n g s  a r e  t o  b e  o u t p u ! ,  a n d  1 f  r h e  A T A S C I I  v a t u e s
o f  a l l  r h e  c h a r a c t e r s  1 1 e  i r l t h l o  o n e  o f  t h e  t a n g e s
s h o w n  t n  r h e  r a b l e  b e l o l , ' ,  r h e n  d o  r h e  f o l l o r , i n g l

I  )  0 b t a t n  r h e  a p p r o p r i a t e  A T A S C I I  v a t u e  r a n g e  f o !
t h e  c h a r  a c t  e x s

2 )  D o  t h e  0 P E R A T I O N  t h e  ! a b l e  t n d l c a r e s  o n  r h e
A T A S C I I  v a l u e  o f  e a c h  c h a r a c r e r .

3 )  p 0 K E  t h t s  v a l u e  i n t o  c E R p o s  -

A T A S C  I  I  V A L U E  ]
R A N G E  I  O P E R A T I O N

0 - 3 1
32-9  5
9 6 - r 2 7

t 2 8 - 1 5 9
t 6 0 - 2 2 3
2 2 4 - 2 5 5

V a l u e  +  6 4

N O N E
V a l u e  +  6 4

N O N E

l x a E p l e :  I )  a s s u s e  w e  w a n t  t o  p r l n r  E h e  v o r d  " T E X T ' i

I n  ! h e  E o d e  2  a r e a  o f  e x a c 0 p l e  # l  u s  L n g
t h e  C H R P 0 S  c a l c u l a t e d  p r e v i o u s l y .

2 )  r h e s e  c h a r a c t e r s  a r e  1 n  t h e  A T A S C I I
V A L U E  R A N G E  o f  " 3 2  '  9 5 " .

l )  t 5 e  O P I R A T I 0 N  f o r  c \ i s  ! a f l g e  I s  " V a I u e - 3 2 " ,

s o  3 2  E u s t  b e  s u b t r a c t e d  f r o 0  e a c h
A T A S C I  I  v a l u  e .

4 )  t h e  p r o g r a n  s t a t e s e n t s  ! 7 o u l d  n o n  l o o k
I  i k e  t h i s :

T S ( I , 4 )  =  " T E x T "

C H R P o S  =  Y E M S T  +  2 3 8 5

O  L E N ( T $ )
+ x - r , A s c l T $ ( x , x ) l - 3 2

A 4
t l

( 0  P E R A T I 0 N :  v a l u e  -  3 2 )

I o R  X  =  I  T
P O K E  C 1 I R P O  S

N E X T  X

5 )  r h a  F n c / \ " v _  l n n .  P O < c <  E h e  f l r s c
c h a r a c ! e r  o f  T $ ,  A S C I T $ ( X , X ) l - 3 2 ,  i n t o
C H R P O  S  +  0 ,

6 )  t h e  n e x t  l r e r a t i o n  P 0 K E s  t h e  n e x t
c h a ! a c t e r  o f  T $  l n t o  t h e  n e x t  C H R P 0 S ,
a n d  s '  ' n '  

B  - 7 -



M i x l n g  G ! a p h l c s  l t l o d e s ,  c o n t .

o
(;l

81, ANK I 0 - 7

W h e n  t h e  l l a x
l e f l  n l b b l e

L e f  t  n l b b  t e

C o l . o r  &  L u r o  f o !  t h e
L u n  f o r  c h a r a c t o r s

J U U P  -  u s e d  ! o  e n d  t h e  d l s P l a Y  l i s l
b e g i n n l n g .

B 1 - A N K  -  l o  o u t p u t  s e l e c t e d  n u o b e r  o f

R A t {  m o d e  1 s  ! ! 3  a t  t h e  t o P  o f  t h e  s c r e e n ,  t h e
o f  E h e  L l { S  b y t e  m u s l  b e  c h a n g e d  l o  a  4 '

I [ o d e  b y t e s  a f t e r  t h e  L Y S  b Y ! e .

f i e l d  i s  c o n E r o l t e d  b y  s e t c o l o r  2 '  a o d

o r  g r a p h  i c s  f r o o  s e t c o l o r  l .

T A B ' , E  #  I

1 E  F T
N I B B L E
( I t E X )

R I  Gl lT
N I B B I - E
( H E X )

P E R
P  I X E L

S  C A N
I . I N E S

P E R
I,IO D E
L I N E

',}

c 0 L 0 R s
M O D E

RA}1
P E R
L l N E

R E M A R R

U M P

^ l
( 1 )  |  1- l

C lTAR

M O D E S

G R A P H  I  C

M O D E S

0

I A L

2 0
l 0

4 0
4 0

B L A N K
S P M P

I

a n d  r e t u r n  ! o  ! h e

b  a c k g  r  o u  n d  1 1 n e  s  .

1----Z----l-.i- | s | 7 I - I 40

B  - 8 -



Y t x i n g  G r a p h i c s  Y o d e s ,  c o n t .

6 +

6

5 +

5

4

3 +

3

, ' , tode I  + 16

8

' l  +  1 6

7

2 +  I

2

T A B L E  # 2

G R A P I l I C S  M O D E S
R A M  R E Q U I R E M E N T S

I 6

I 6

I 6

l 6

1 6

t n c l u d e  ! h e  d i s p l a y

8 i 3 8  B y ! e s

8 1 1 2

4240

4 1 9 0

2 t 8 4

2 1 7  4

I I 7 6

I t 7  4

6 9 6

6 9  4

4 3 2

L 3 4

424

t + 2 4

6 7  2

6 1 4

9 9 2

I

0

t h e s e  v a l u  e s
u nu sed rnerno ry

l i s t  a n d a n y  t l l b e d d e d
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A P P E N D I  X  C : P I  N O U T S

Ye!]!9l-iesl-l!!-q-_eo ry L
D . f . N

1 .
2 .

4 .
5 .
6 .' 7 .

5 Jack

Audio OutDut

Ground

Coilposi te Chroma

Composite Luninence

a ^ m n ^ c  i  r a  \ r i  r l a ^

Serial f  , /O Jack

Clock Output

Ground
Data  Ou tpu t
cround
cor,mand

(Joys t i ck )  Fo4eard  Inpu t
( Joys t i ck )  Back  TnPu t
(Joys t i ck )  Le f t  rnpu t
( Joys i i ck )  R igh t  I npu t

a  D ^ + o h +  i  ^ m a + o r  T . ^ f +

8 .  Mo to r  Con t ro  I
9 .  P roceed

10 .  +5 /Ready
11 .  . a .ud  i o  l npu t
1 2 .  + 1 2  v o l t s
l ' l  r h + o r . , 1 ^ +

b .  l  r r g g e r  L n p u E
7 .  + 5  v o f t s
8 .  c round
9 .  A  Po ten t i ome te r  I npu t

Con t ro l l e r  Jack

1 -
2 .
3 .
4 .

1 0  1 22 4 6 8

1 1  1 3I

L 2 3 4 5

6 7 8 9


