
1 0 PROCRAH ENVIRONMENT ANO INI TTALI ZATION

T h i s  E e E t i o n  d  i s c t r s E e g  p o s s i b l e  e l t e a n a t i v e  s o f  t u a r ' e  e n v i ? o n 0 r e n t 9
u s i n g  O S  C o n f i g u r s t i o n s .  E n v i r o n n e n t $  o t h e i  t h E n  t h o s e  d i F c u s E e d
h e r e  e r e  a 1 6 o  p o E s i b l e .  A  t h o . o u q h  ! n d e ? i t a n d i n g  o t  t h e  p o u e r - u p
€ n d  s g s t e n  r e E e t  p r . o c e E s e s  ( E e e  s i e c t i o n  7 l  u i ! l  b e  n e r e s E e r g  t o
e v a l u a t e  € 1 1  € l t e r n a t i v e  e n v i r o n o e n t g .

CARTR I DGE

H o g t  9 a m e 9  ( e n d  s o m e  l e n g u a g 6  p r o c e s s o r g )  a . e  E U p p o r t e d  v i a  t h e
c a r t r i d g e  e n v i r o n f l e n t .  T h e  E € r ' t r i d g e  r . e E i d e n t  F o f t u a r e  i 5  i n
c o n t r ' o l  o f  t h s  s g E t e o ,  s o m e t i n e s  ! s i n g  t h e  O S  a n d  E o m e t i r n e s  n o t .
A  c a r t r i d g e  c a n  E p e c i f g  u h e t h e r  t h e  d i s t e t t e  i 6  t o  b e  b o o t e d  a t
P o u e t ' - u p  t i o e ,  u r h e t h e i  t h e  c a " t " i d g €  i 5  t o  p r o v i d e  t h e
c o n t r o l l i n g  s o f t u a r e ,  o r  u h e t h e r  t h e  c a r t r i d g e  1 s  s  s p € c i a l
d i a g n o E t i c  . a r t i i d g e .  T h e s e  o p t i o n E  a r e  E p e c i f i e d  b U  b i t s  i n  t h e
c e r t t  i d g e  h e a d e i ,  a s  s h o | , n  b e l o u :

+----------------+
!  ca r . t i  i d  ge  i
+- -+
i  5 t € r t  a d d r e s s  I

r o 0 !
. i ' - - - - - __ - - - . - i - - - +

i  o p t i o n  b u t e  i
+----------------+
I  c a r t r  i  d  9 e  I
+ -  -+
i  i n i t  a d d i e s E  I
+----------------+

BFFA (9FFA fo r  ce r t? idg€  B )

BFFF (9FFF  fd r  cg r . t i i dqe  g )

F i g u r e  1 O - 1  C e r t r i d q e  H e € d € i  F o r n a t

The  b ' J te  used  to  t s l l ou ,  t he  OS to  de te rm ine  l rn€n  a
c a r t r i d g e  i 6  i n s e r . t e d ;  l o E a t i o n 6  B F F C  a n d  9 F F C  { r i 1 1  n o t  r e a d  r e ! . o
u h e n  t h e r €  i s  n e i t h e r  R A l ' t  d t  t h o s e  l o c a t i o n 6  n o r  a  c a r t ? i d g e
i n E e i t e d .  R A M  i s  d i f f e r e n t i a t e d  f r o m  a  c a r t r i d g e  b 9  i t s  a b i l i t U
t o  b e  a  I  t e r e d .
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T h €  o p t i o n  b g t e  h a s  t h e  + o l l o u i n g  o p t i o n  b i t e :

b i t  O  =  O ,  t h e n  d o  n o t  b o o t  t h e  d  i s k e t t e .
1 ,  t h a n  b o o t  t h e  d i 6 * e t t e .

A i t  2  =  O ,  t h e n  i n i t  b u t  d o  n o t  E t a r t  t h e  c a r t r i d g e .
1 ,  t h e n  i n i t  e n d  6 t a r " t  t h e  c a r t r i d q e .

b i t  7  =  O ,  t h e n  c € r t r i d g e  i s  n o t  a  d i e g n o s t i E  E E i t r i d g e .
1 ,  t h e n  c a r t r i d g e  i 5  e  d i a g n o s t i c  c a r t r i d q e  € n d  c o n t ? o l

u i l l  b e  q i v e n  t o  t h €  t a i t r i d g e  b e f o r e  a n q  o f  t h e  6 s
i s  i n i t i a l i z e d  (  J I ' I P  ( B F F E ) ) .

T h e  c a t t r i d g e  i n i t  s d d t e s s  E p e c i f i e s  t h e  l o c a t i o n  t o  u t h i c h  t h e  D S  o i l l
JSR du r ing  e I1  pouer -up  and  sqs tem rese t  opa iE t i ons .  AE  a  t$ in im !m,
t h i g  v e c t o l .  s h o u l d  p o i n t  t o  a n  R T S  i n 6 t i u e t i o n .

T h e  € a r t r i d g e  E t € r . t  a d d r e g g  s p e c i f i e s  t h e  l o c a t i o n  t o  t r h i c h  t h a  O S
| l r i I t  J l ' t P  d r r i n g  a I l  p o u e r - u p  a n d  s g s t e m  r e s e t  o p e t a t i d n E ,  i f
b i t  1 o +  t h e  o p t i o n  b g t e  i E  =  1 �  T h e  e p p l i c a t i o n  E h o ! l d  e x e  i n e
the  va r i . ab le  I ^TARMST IOOOSI  i f  s r t s ten  .ese t  ac t i on  i s  t o  be
d i f f e ren t  t han  pou re r -up  ( t lARt ' l sT  u r i l l  be  ze ro  on  pou ,e t ' - up  end
n o n  z e r o  t h e r e a f t e r  ) .

C a i t r i d g e  S l i t h o u t  B o o t € d  S u p p o r t  P : c k a g e

A  c a i ' t r ' i d g e  t h e t  d o e s  n o t  s p e c i f g  t h e  d i 5 & e t t e - b o o t  o p t i o n  e n d  d o e E
n o t  g u p p o a t  t h e  c E B s e t t e _ b o o t  p o s 5 i b i l i t q  c a n  u 6 e  1 o { r r e r  m e r n o r g
( t rom O48O to  the  edd re6s  i n  MEMTOP tozEs l )  i n  eng  uau  i t  seeg
f i t .

C a r t r i d g e  t l i t h  B o o t e d  S u p p o r t  P a c k a g e

A  c a t ' t r i d g e  t h € t  d o e s  s p e c i f !  t h e  d i s t e t t e - b o o t  o p t i o n  o r  d o e s
E u p p o i t  t h e  E E s 6 e t t e - b o o t  p o s s i b i l i t U  | n u s t  u s e  5 o f l r e  € € r e  i n  i t E
u E e  o f  l o u e r  l n e n o r q ,  T h e  f o l l o u i n g  r e g i o n s  a r e  d e + i n e d :

O 4 A O - O 6 F F  i s  E l u a q s  s v E l l a b l e  t o  t h e  c e r t r i d g e .
MEMLO/ l ' lE t ' {TOP reg ion  i s  a lu raUs  ava i l ab le  to  the  ca r t t i dge .

DISKETTE-BOATED SOFTI^JARE

Sof tue ie  can  be  boo ted  { ro rn  the  d i5 *  d r i ve  a t  poue i_ ! rp  t i f i e  i n
r e g p o n i i e  t o  o n e  o f  t h e  f o l l o t ! i n g  c o n d i t i o n s :
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I f  a n {  o {  t h e s e  € o n d i t i o n s  a r e  m e t ,  t h e  O g  u i l
t h e  b o o t  r . e c o r d  + r o m  s e c t o r .  * 1  o +  d i 6 t  d r i v €  1
E o n t r o l  t o  t h e  E o f t l r a i e  t h a t  u 6 5  i e € d  i n .  T h a
o p e r a t i o n s  u i l l  b e  e r p l € i n e d  l a t 6 t  i n  t h i s  s e a

N e i t h e r  C 6 r t r  i d g e  A  n o r

C a i t t ' i  d  g e  A  i 6  i n 6 e r t e d
IBFFDI  =  1 .

C e r t r  i d  g e  B  i s  i n E e r t e d
t9FFD l  =  1 .

B  i s  i n s e r ' t e d .

3 n d  h a E  b i t  O  o f

a n d  h e s  b i t  O  o f

i t s  o p t i o n  b q t e

i t s  o p t  i o n  b q t e

l  e t t e n p t  t o  r  e a d
and  then  t rans+er

e x a E t  s e q u e n c €  o f
t  1 0 n .

D i  s t e t t e - B o o t  F i l e  F o r m € t

T h e  l e g  r e g i o n  o f  a  d i E k e t t e - b o o t  f i l e  i s  t h e  f i r s t  5 i r  b g t e 5 ,  u h i c h
a re  fo rma t ted  aE  shourn  be loo r :

+-*--------------+
i  f l a g s  i
+----------------+
i  L  o f  E e c t o r s  i

i  nemorg  ad  d feBs  I

+ i r s t  b g t e

i  t o  6 ta i t  1o€d  i

!  i n i t  !
+-
I  a d d r e s s  i

!  b o o t  I
!  c o n t  i n u € t i  o n  I
I  . o d e  I

s i x t h  b r r t e

F i . . u r .e  1O-2  D is le t te -8oo t  F i l €  Fo r f t a t

T h e  f i r B t  b q t e  i s  s t o i € d  i n  D F L A G S  t O e 4 O l ,  b { t  i 5  o t h e i u r i s e
u n u € € d .  I t  s h o u l d  e q l e l  r e r o .

T h e  E e c o n d  b l t c  c o n t a i n s  t h e  n u f i b e ?  o f  1 2 8 - b q t e  d i s k e t t e  9 e c t o ' l ' 5
t o  b e  r e a d  a E  p a . t  o f  t h e  b o o t  p r o c e s s  ( i n c l u d i n g  t h e  r e c o ? d
c o n t a i n i n g  t h i t  i n f o r m 6 t i o n t .  T h i E  n u n b e r  E e n  r ' 5 n g t  f t o m  1 t o
259 ,  { r i t h  O  mean ing  256 .
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T h e  t h i r d  a n d  f o r r . t h  b ! t e 6  c o n t a i n  t h e  e d d r e s F  ( 1 o , h i )  a t  u h i E h  t o
s t e r t  I o a d i n g  t h €  f i r s t  b { t €  o f  t h e  + i l e .

T h e  f i + t h  a n d  s i r t h  b q t e E  € o n t a i n  t h e  a d d r e s s  ( l o , h i )  t o  u r h i E h  t h e
b o o t e r  u i l l  t r a n s * e t  c o n t r . o l  a f t e r .  t h e  b o o t  p r o c e s E  i 6  c o m p l e t e
and  uhenever  the  tSYSTEM.  RESETI  teg  i s  p ressed_

T h e  D i E l e t t e  F i l e  I ' l a n a g e m e n t  S r J s t e m  ( F M S '  h a 6  e x t i E  b g t e i  a g F i g n e d  t o
i t s  b o o t  r e c o r d ,  b u t  t h i s  i 9  a  s p e r i a l  € a E e  o f  t h e  g e n e r ' E l i z e d
d i s f t e t t e - b o o t  € n d  i s  d i s { o s 9 e d  i n  S e c t i o n  5 .

D i  E  k  e t te -Boo t  P r  oc  e5s

I f  n o  c a r t r i d g e  i B  i n s t € 1 1 e d ,  t h e n  t h e  d i 5 k e t t e  u r i t l  f o l l o u  t h e E e
s t e 9  6  t o  b o o t  ! n :

1 .  R e a d  t h e  f i r . s t  d i e k € t t €  r e c o r d  t o  t h e  c a E E e t t e  b u f + e r  t O 4 O O : .

2 .  E t t r E c t  i n f o r f i a t i o n  + r o m  t h e  + i r s t  E i r  b { t e E :

Save  the  f l ags  bg te  to  DFLAGS (0240 ,  11 .  S6ve  the  *  o$  sec to rs
to  boo t  t o  DBSECT tO241 ,  11 .  Seve  the  l oad  edd resE  to  EOOTAD
f o e 4 2 , 2 l .  S a v e  t h e  i n i i i e l i z a t i o n  a d d r e s s  i n  D O S I N I  I O O O C , A l .

3 -  M o v e  t h e  r e c o r d  J u s t  r e a d  t o  t h e  l o a d  E d d r e g 6  s p € c i f l e d .

4 .  R e B d  t h e  r e m a i n i n g  r e c o r d s  d i r e . t l g  t o  t h e  1 o € d  e r e a .

5 .  J S R  t o  t h e  l o a d  a d d r . e s s + 6  u r h e r e  a  o u l t i E t € 9 €  b o o t  p r o c e s B  € e i l
c o n t i n u e .  T f t e  c s i . r {  b i t  i n d i c s t e B  t h e  s u c c e s s  o f  t h r E
o p e r e t i . o n  { c a r . r g  s € t  =  e l . f o r ,  r a r r g  r e s E t  =  E U c c e E r i ) .

N O T E :  D u r i n g  6 t e p  5 ,  d f t e r  t h e  i n i t i e l  b o o t  p r o E € E s  r g
c o n p l e t e ,  t h e  b o o t e r  u i l l  t r a n s + e r  c o n t r . o l  t o  t h e  s e v e n t h  b U t e
o f  t h e  f i r g t  r e c o r d .  T h e  s o f t { , r 6 r e  s h o u l d  c o n t i n u e  t h e  b o o t
p t o E e r s  a t  t h i 6  p o i n t ,  i f  i t  i s  e  o u l t i 6 t a g e  b o o t .  T h e  v E l u e
o f  l ' {E l , l LO tOAET l  shou ld  po in t  t o  t h€  f i r . s t  f r ee  RAM Ioca t i on
b e g o n d  t h e  E o + t u e r e  J U E t  b o o t e d .  I t  E h o u ! d  b e  e s t e b l i E h e d  b U
the  boo tsd  so f tua re  aB  shou ,n  be lou r :

LDA *END+I , SET UP LgB.
STA MEI'ILO
STA AFPiIHI
LDA *END+1,/256 i SET UP tlSB.
sTA t'lEi,|LO+ 1
STA APPI,IHI + 1

I f  t h e  b o o t e d  s o f t u a r e  i 5  t o  t e l e  c o n t r o l  o f  t h e
s q s t e n  a t  t h e  e n d  o f  t h e  b o o t  o p e r a t i o n ,  t h e
ve t to .  DOSVEC IOOOAI  mu5 t  be  Ee t  up  bg  the
e p p l i c e t i o n  a t  t h i s  t i o e ,  D O S V E g  p o i n t i  t o  t h e
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r e r t a r t  € n t r {  f o r  t h e  b o o t e d  a p p l i c a t i o n .  I f  t h e
b o o t e d  g o f t u a r e  i E  n o t  t o  t a k e  c o n t r o l ,  t h e n
DOSVEC 5hou ld  r . ena i .n  un .h€noed .

LDA *RESTRT ; RESTART LSB.
STA DOSVEC
LDA *RESTRT,/256
STA DOSVEC+ 1

6 .  J S R  i n d i r e c t l q  t h r o u g h  D O S I N I  f o r  i n i t i a l j . l e t i o n  o f  t h e
a p p l i r a t i o n ,  t h e  a p p l i € B t i o n  u i l l  i n i t i s l i t e  a n d  r e t u r n .

N O T E :  T h e  O S  e n t e r s  t h e  i n i t i e l i z e t i o n  p o i n t  o n  € v e r g
5 9 5 t e f i  r e 6 e t  e n d  9 o { r e r - u p .  l n t e i n a l  i n i t i a t i z € t i o n  c a n  t a t €
p l a E e  d u r ' i n 9  s V B t e | n  r e 6 € t  a n d  p o u e r - u p  a E  d e l l .  I n i t i a t i z a t i o n
c a n  a l E o  b e  d e f € r f € d  u n t i l  S t e p  7  f o r .  € o n t r o l 1 i n 9
a p p l i c a t i o n s .

7 .  J t lP  i nd i rec t l g  t h rough  DOSVEC to  t rans fe i  ron t ro l  t o  t he
e p F l i c a t i o n .

MITE:  P ieEs ing  the  CSYSTEM.  RESET!  f t eq  a f te r  t he  app t i ca t i on
i s  + u l l . g  b o o t e d  u i l l  c a u g e  r t e p 6  d  a n d  7  E o  b e  i . e p e a t e d .

Sa f tp Ie  D is  ke t tF -Boo tab  t  e  P rog r "em L iE t i ng

T h i 6  s & e l e t a l  p . o g r a m  c a n  b e  b o o t e d  f r . o m  t h e  d i 6 f t e t t e .  I t  r . e t e i n s
con t t ' o l  r rh€n  i t  i s  en te red .

, THIS IS THE START T]F THE PROGRAI'{ FILE.

PST= +O7OO
,r= PST

,  (OR SO}IE OTHER LOCATION).
I  ( .  o R G ) .

;  TH IS  IS  THE d i s te t te -boo t  CBNTROL INFORT ' iAT ION.

. B Y T E  O  i

.BYTE PND-PST+I27 / 12e i NUI'IBER OF RECARDS.

. I IORD PST , MEMORY ADDRESS TO START LOAD.

.  [ ^ ,ORD P IN IT  ;  PROoRAh IN IT .
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;  THIS IS THE START OF THE BOOT CONTINUATION.

LDA #PND ; ESTABLISH LOW MEHORY LIMITS.
STA T,IET,ILO
STA APPI,IHI
LDA *PND/256
STA l"lEMLO+1
STA AFPiH I+ 1

LDA #RESTRT ; ESTABLISH RESTART VECTOR.
STA OOSVEC
LDA *RESTRT/256
STA DOSVEC+1

cLc ; SET FLAG FOR SUCCESSFUL BOOT.
RTS

;  APPL ICATION IN IT IAL IZATION ENTRY POINT.

PINIT RTS ; NOTHINC TO DO HERE FOR . . .
,  . . .  CONTROLLING APPLICATION.

; THE i '1AIN BODY OF THE PROeRAH FOLLOWS.

RESTRT=*

i THE I'IAIN BODY OF THS PROORAM ENDS HERE.

PND= IT J 'PND' = NEXT FREE LOCATION.
. END

F i q u r e  1 O - 3  D i s k e t t e - B o o t € b l e  P r o g . a f i  L i E t i n g  E x a m p l e

P r o g r e m  t o  C r e e t e  D i E k e t t e - B o o t  F i I e E

T h i s  g e c t i o n  p r o v i d e E  €  p l . o g r € f l  t h a t  c a n  b e  u s e d  t o  t n a k e  b o o t € b l e
f i l e s  o n  d i E f t e t t e E .  I h e  p i o g r a f i  g i v e n  i s  n o t  t h e  o n l q  o n e  p o s s i . b l e r
e n d  n o  € 1 E i f t s  e r e  m a d e  a 6  t o  i t s  e l e q a n c e .
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S h o u n  b e l o u  i 6  €  l i s t i n g  o f  t h e  p r o g r a l l l  t o  r r e a t €  d i s k c t t e - b o o t  f i I e E .

; THIS PROCftAI{ T.IR I TES A SINCLE "FILE" TO THE DISKETTE AND IS. i USED IN CON.JUNCTION I.IITH A PROCEDURE TO I.IAKE DISKETTE-
i SOOTABLE FILES. THE FOLLO{'ING TI.'O SYMBOLS I.IUST BE EOUATED
, USINC THE I.IEI{ORY Lti, I lTS OF THE PROERAfi TO BE COPIED:

, /PST. = PROoRAH START ADDRESS (SEE AAfipLE PROCRAH).
r 'PND. = PROeRAT'| END ADDRESS (SEE SAMPLE PROGRAH ).

sECS 1Z=128
PST= $O7OO
PND= 913e4

+= gDOOO

i  DIs(ETTE SECTOR SI ZE.

FLEN= PND-PST+SECSI Z- 1,/SECSI Z , * OF SECTORS tN FILE.

'  TH IS  PROORAf I 'S  OR IG  IN .

BOOTA BRK i **+ LOAD APPLICATION +**

; SET UF DEVICE CONTROL BLOCK FOR DISKETTE HANDLER CALL

LDA *FLEN
STA COUNT

LDA {+1
$TA DUNIT

LDA *'I" '
STA DCOf''ND

LDA *PsT
STA DBUFLO
LDA {+PST,/256
STA DBUFHI

LDA *O1
STA DAUX1
LDA *OO
STA OAUXz

, {* 0F SECTORS TO t 'RtTE.

;  D ISK DRIVE *1 .

, SET UP FAR {RITE I.I ITH CHECK.

; POINT TO START OF APPLIC. PROE.

; SET UP STARTING SECIOR * = Ooo1.
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,  NT]W I. 'RITE THE FILE ONE SECTBR AT A TIME.

aDTolo JSR DSKINV , TJRITE ONE SECTOR.
BHI  DERR ;  ERROR.

LDA DBUFL0 ; INCREHENT I'IEMORY ADDRESS.

AOC *SECSI Z
STA DBUFLO
LIA DBUFHI
ADC #O
STA DSUFHI

INC DAUX1 , INCREHENT SECTOR *.
8NE BOTOAO
INC DAUXz

8OTO2O DEC COUNT ; HURE SECTORS To IIRITE?
BNE BO'O10 ; YEs.

ARK ; STOP {.|HEN DONE.

DERR BRK ; STOP ON ERROR,

COUNI *=*+1 ; SECTOR COUNT.

, THIS IS THE CARTRIDCE HEADER

*= *BFF9 ; "Atr CARTRIDGE.

IN IT  RTS
. r"roRD 900T0
.  B Y T E  O , 4
. I . JORD IN IT

. END

CASSETTE-BOOTED SOFT}IARE

You  can  boo t  so+ tue re  f r . om the  casse t te  as  { re l l  aE  f r ' om the
d i€ lE t te ,  a t  po r {€ r - ( Jp .  The  +o l l o r r r i ng  requ i reden ts  mus t  be  e t  i n  o .de r
t o  b o o t  f r o o  t h e  c a i s e t t e :

o  You  mrs t  be  p ress ing  the  ISTARTI  keg  as  pouer  iE
e p p l i e d  t o  t h e  s r J E t e n .

o  A  c a s s e t t e  t a l e  u i t h  e  p r o p e i  b o o t  f o r d a t  * i I e  m u E t  b e
i n 6 t a l 1 e d  i n  t h e  c a E s e t t e  d . i v e ,  € n d  t h e  P L A Y  b u t t o n  m u E t  b e
oae9sec l -
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t l h e n  g o u  a a e  g i v e n  t h €  a u d i o  p r o m p t  b g  t h e  c a E s e t t e
hand l€ r .  r Jo r ,  f l r us t  p ress  the  tRETURNI  l eV .

I +  a l t  o f  t h e s e  c o n d i t i o n E  E r e  f t e t ,  t h e  O S  u i l l  r e e d  t h €  b o o t  f i l €
f ro tn  the  ca6ee t te  snd  then  t rans fe .  con t ro l  t o  t he  Eo+ t t r r6 ie  tha t
u a r  r e e d  i n .  l h e  e x a c t  r i e q u e n c e  o f  o p e r a t i o n 6  | , i 1 l  b e  e x p l e i n e d
I a t e r  i n  t h  i s  r e c t i o n .

Caese t te -Boo t  F i l e  Fo r | r l e t

T h e  * e g  r e g i o n  o f  a  c e 5 g e t t e - b o o t  f i l e  i s  t h e  + i r s t  c i x  b q t e s ,  t h a t
a r e  f o r n B t t e d : E  s h o u , n  b e  l o t r :

+----------------+
i  *  o {  R e c o r d E  i
+-*--------------+
i l , lemorq Addr.ess ,
+-- --+
i  To  s t€ i t  Load
+----------------+
I  I n i t

!  a d d r e s €

T h e  f i r E t  b g t e  i E  n o t  u E e d  b g  t h e  c a s s € t t a - b o o t  p t o c e E s .

T h e  s E c o n d  b q t e  c o n t e i n s  t h e  n u f t b e r  o f  1 2 8 - b q t e  c E ! t s e t t e  t e c o . d s  t o
b e  r e g d  a s  p a r ' t  o f  t h e  b o o t  p r o c e s s  ( i n c l r d i n g  t h e  r e c o i e l
c o n t a i n i n g  t h i g  i n f o r f l a t i o n ) .  T h i 6  n u m b e r  E e n  r e n g e  f ? o m  1 t o  2 9 5 ,
u i t h  O  meen ing  256 .

T h e  t h i r d  e n d  f o u i t h  b g t e s  c o n t € i n  t h e  a d d r e t !  ( I o , h i )  t o  t h i c h  t h e
b o o t e f  u i l l  t r a n s + e r  c o n t l . o l  a + t e r  t h e  b o o t  p i o c e s 5  i E  c o t $ P l e t e  e n d
uhenever  th€  ISYSTE i | .  RESETI  kev  iE  p r .es6ed .

C e s s e t t e - B o o t  P F o c e s s

T h e  c a 5 s e t t e - b o o t  p r o c e s s  i E  d e E c r i b e d  s t e p _ b g - 5 t e P  f o r  a
c o n f i g u r : t i o n  i n  t h € t  n o  t a r . t r i d g e  1 5  i n B t e l l E d  a n d  n o  d i s L e t t € E  a r ' e
a t t € c h e d .  F o r  t h e  g e n e r a l  c € s e  E e e  S e c t i o n  7 .

1 .  R e a d  t h e  f i r E t  c a E s e t t e  ! . e c o r d  t o  t h e  a 3 5 5 e t t e  b u + f e t ' .

2 .  E r t r a c t  i n f d r o e t i o n  f r o m  t h e  f i r E t  E i r  b g t e E :
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4 .

Sdve  the  *  o f  r -e .o r .ds  to  boo t .  Save  the  l oad  add ress .  Save
t h e  i n i t i a l i r a t i o n  € d d r e e E  i n  C A S I N I  C O O O Z I

M o v €  t h e  r e c o r d  J o E t  . € 6 d  t o  t h e  l o a d  E d d r e E 6  6 p e c i f i e d .

R 6 a d  t h e  r e m a i n i n g  r e c o r d r  d i r e c t l q  t o  t h €  l o a d  € r e a .

J S R  t o  t t 6  l o a d  a d d r e s e + 6  u h e r e  a  f i u l t i E t e g e  b o o t  p n o c e s s
E a n  c o n t i n u e i  t h e  c € r r . g  b i t  r r r i l l  i n d i c € t e  t h e  s u c c e 6 s  o +
t h i s  o p e i a t i o n  ( c a r r g  s e t = e r r o r ,  c a r r q  r e s s t = 6 u c c e s s ) .

J S R  i n d i . r e E t l g  t h r o u g h  C A S I N I  f o r '  i n i t i e l i r a t i o n  o f  t n e
a p p l i c a t i o n ;  t h e  e p p l i c e t i o n  u i l l  i n i t i a l i t e  a n d  r € t u t " n .

J l {P  i nd i r€c t lV  th rough  DBSVEC to  t rEns fe i  con t ro l  t o  t he
a p p l i c a t i o n .

7 .

P t a E 6 i n g  t h e  I S Y S i T E H .  R E S E T I  l e g  e f t e r  t h e  € p p 1 i € E t i o n  i 6  f u l l g  b o o t e dq r i l l  c € u s e  E t e p s  6  a n d  7  t o  b e  r e p e E t e d .

N O T E :  A f t e r  t h e  i n i t i € l  b o o t  p r o c e e a  i s  c o d r p l e t a ,  t h e  b o o t € r  u i t t
t i e n s f e a  c o n t r o l  t o  t h e  s e v e n t h  b g t e  o f  t h e  S i r i t  r e : o t ' d ;  a t  t h i e
p o i n t  t h e  6 o f t u a r 6  i h o u l d  c o n t i n u e  t h e  b o o t  p r o t e s E  ( i f  i t  i E  a
n u l t i . s t a g e  b o o t ,  € n d  t h e n  g t o p  t h e  c s g E e t t e  d r i v e ,  t r h i c h  d u e  t o  e
s { e t e m  b u g  { r i l l  6 t i l l  b e  r u n n i n g ,  u E i n g  t h e  f o t l o u i n g  i n s t ! . u c t i o n
S A q U 6 n E  e :

LDA
STA

f$3c
PACTL TDSOA]

The  :pp l i ca t i on  shou ld  then  Ee t  a  v :1ue  i n  ME l , t LO t }2g7 )  t he t
p o i n t E  t o  t h e  + i r . E t  f r e e  R A l , l  l o a a t i o n  b e g o n d  t h e  s o f t u e r e  J u s tb o o t e d ,  a s  s h o u n  b e l o u :

LDA

STA
LDA
5TA
STA

{+Et,lD+1
t'tEHLO
APPT'IHI
{iEND+1/256
I'iEHLO.i 1
APPT'IH I + 1

I f  t h e  b o o t e d  s o f t u r e i e  i s  t o  t a f t e  c o n t i o l  o +  t h e  6 V s t e n  a t  t h e  e n d
o f  t h e  b o o t  o p e r a t i o n ,  t h e  v e c t o i  D O S V E C  I O O O A I  m u ; t  b e  5 e t  u p  b g
t h e  6 p p l i c a t i . o n  a t  t h i 6  t i f n e ,  D O S V E C  p o i n t s  t o  t h e  r e E t € r t  e n t r . q
f o r  t h e  b o o t 6 d  a p p l i . a t i o n .  I f  t h e  b o o t e d  E o f t l , a i e  i E  n o t  t o  t a l e
con t roL  then  DOSVEC Ehou ld  r . e l t l a i n  !nch€nged .

LOA *RESTRT , RESTART LSB
9TA DOSVEC
LDA I+RESTRI,/256
STA DOSVEC+1

N O T E :  T h e  i n i t
a n d  P o u e r ' - u p i

166

i a l i z a t i o n  p o i n t  i 5  e n t e r € d  o n  e v e r . q  E q E t e m  r e E e t
i n t e r n e l  i n i t i a l i ? a t i o n  c e n  t a k e  p l a t e  h e ! . e .
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F o r  a o n t r o l l i n g  a p p l i c a t i o n s  i n i t i a l i ! a t i o n  c a n  a l E o  b e  d e f e r r e d
u n t i  I  s t e p  7 .

S a | n p  1 E  C a 6 s c t t e - E o o t a b I €  P r o g r a m  L i r t i n g

S h o t  n  b e l . o U  i s  a  s l e l e t a l  p r o g r a m  t h e t  c s n  b e  b o o t € d  f r . o n  t h e
c a 9 9 e t t e  a n d  t h a t  r e t a i n s  E o n t r o l  u h e n  i t  i s  e n t e r e d .

; THIS IS THE START OF THE PROeRAM FILE.

PST= $O7OO ; (OR SOME DTHER LOCATION).
*=  PST ;  ( .  ORG) .

,  TH :S  IS  THE c€EEe t te -boo t  CONTROL INFORMATIAN.

.BYTE 0  ;  (DOESN.T  HATTER ) .

.8YTE PND-PST+!27/128 t NUMSER OF RECORDS.

. trORO PST ; IIEMORY ADDRESS TO START LOAD.

.  [ |ORD PTNIT  i  PROoRAM IN IT .

; THIS IS THE START OF THE B[]OT CONTINUATION.

LDA {f$3C i STOP THE CASSETTE.
STA PACTL

LDA {+PND , ESTABLISH LOt, t'lEt'luRY LII'IIIS.
STA I'IEMLO
STA APPIIHI
LDA *PND,/2'6
STA MEMLO+I
5IA APPI.IHI+1

LDA {+RESTRT ; ESTABLISH RESTART VECTOR.
5TA DOSVEC
LDA *RESTRT,/E96
STA DUSVEC.|I

CLC , SET FLAO FOR SUCCEESFUL EOOT.
RTS

;  APPL ICATION IN IT IAL IZATION ENIRY POINT,

PINIT RTS , NOTHINO TO OA HERE FOR . . .
,  . . .  CBNTROLLING APPLICATTON.

; THE MAIN BODY OF THE PROERAM FOLLO!.'S.

RESTRT=L

, THE I'IA 'N BODY OF THE PROCRAI'I ENDS HERE-
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PND= * i  ,PND' = NEXI FREE LOCAIION,
. END

F igu ie  1O-4  sa f tp Ie  C :sEe t te -8oo t€b le  P iog ram

P r o g i a | n  t o  C r e a t e  C a 6 E e t t e - B o o t  F i l e s

T h i s  s 6 c t i o n  p r o v i d e s  a  p r o g r s m  I i e t i n g  t h a t  € a n  b e  ! s e d  t o  f i a t e
b o o t a b l e  f i l e s  o n  c a B s e t t e  t e p e 6 .  T h s  p r o g r a f t  g i v e n  i s  n o t  t h e  o n l !
o n e  p o s E i b l e ,  € n d  n o  c l e i l n s  a r e  m a d e  € s  t o  i t s  e 1 6 g a n c e .

g ihoun  be lou  i s  e  I i s t i ng  o f  t he  p rog ra rn  to  . r . eg te  t s  { t sEse t te -boo t
f i . l e :

I THIS PROCRAII I4RITES A SINGLE FILE TO THE CASSETTE AND 1S
, USED IN CONJUNCTION [. ' ITH A PROCEDURE TO I ' IAKE CASSETTE.
' BOOTABLE FILEs. THE FOLLOI.'INO TWO SYMAOLS MUST BE EOUATED
; USING THE I '{EI.{ORY LTHIT9 OF THE PROGRAI.I TO BE COPIED:

, 'PS|T' = PROCRAI,I START ADDRESS (SEE SAMPLE PRACRAT'I ).
,  'FND' = PROGRAI,I END ADDRESS (9EE SAI'IPLE PROGRAM).

PST- *O7Oo
PND= i1324
FLEN= PND-PST+1?7 / l?A*12A , ROUND UP TO IIULTIPLE OF leA.

*= iEOOO I THIS PR0GRAM /S 6RIGIN.

IOOTB LDX *91O , USE IOCB *1.

; FIRST APEN THE CASSETTE FILE FOR 9IRITING.

LDA *OPEN ; SET UP FUR DEVICE "APEN. "
sTA ICCOf,t, X

LDA *OPNOT , DIRECTION IS 'OUTPUT. "
STA ICAX l ,  X
LDA **BO ; SELECT SHORT IRG.
sTA I CAXa, X

LDA *CFILE , SET UP POINTER TU DEvIcE NAt'tE.
5TA ICBAL, X
LDA *CF ILE/296
STA ICSAH, X

JSR CIOV ; ATTET{PT TO OPEN FILE.
Bll  I  CERR ; ERROR.

r NOW WRITE THE ENTIRE FILE AS ONE OPERATION.
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OPERATINe  SYSTEFI  CO16595  - -  Sec t i on  10



LDA I+PUTCHR , sET UP FOR "PUT CIIARACTERS. "

sTA rccor.r, x

LDA {*PsT
STA IC8AL, X
LDA *PST,/436
STA IC8AH, X

LDA *FLEN
STA ICBLL, X
LDA *FLEN/256
5TA ICBLH, X

JSR C IOV
BI'II CERR

, P81NT TO START OF APPLIC. PRAC.

, gET UP * AF BYTES TO $'RTTE.

; t.IR ITE ENTIRE FILE.
i ERROR.

, NOW CLOSE THE FILE AFTER SUCCESSFUL I4,RITE.

LDA {+CLOSE r SET UP FOR "CLOSE. "
STA ICCT]M, X

',SR C IOV
BH' CERR

CERR 8RK

'\-, CFILE . BYTE "C: ", CR ; FILE NAt'18.

i THIS Ig THE CARTRIDEE HEADER

*= 3BFF9

IN IT  RT9
.I.IORD BOATD
,  BYTE O,4

,I. 'ORD IN IT
. END

J CLOSE THE FILE,
, ERROR.

J STOP WHEN DONE.

, STOP ON ERROR.
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11 ADVANCED TECHNICUE$ AND APPLICATTON NOTES

T h i s  s € c t i o n  p i e g e n t s  i n f o i f t € t i o n  t o
e n d  s o o e  o f  t h e  h E r d l , € r e  c a t a b i l i t e B
t h r o u g h  t h e  O S , € n d  i n  f a c t ,  c a n  b e
the  O5 .

u s e  t h e  c a p a b i l i t i r s  o f  t h e  O S
t h a t  a r e n ' t  d i i e c t l q  a v a i t a b l e

i n  d i r e c t  c o n f l i r t  o r i t h  ! a r t E  o +

the  OS

T h e  B S  u E e E  t h e  P U K E Y  c o u n d  g e n e r a t i o n  c a F a b i l i t i e E  o n l g  i n  t h €  L / u
5 u b 9 9 6 t € o ,  + o r  c E s s € t t €  F S K  t o n e  g e n e r a t i o n ?  € n d  + o r  t h e  , , n o i s g
b u 6 "  o p t i o n  i n  S I U .

C a p a b i l i t i e r

T h e  h a r d l r e r e  p r o v i d e s  f o u r  i n d € p e n d e n t l V  p r o g r e m m a b l e  s u d i o
c h a n n e l 6  t h a t  a r e  f i i x e d  a n d  i e n t  t o  t h e  t e 1 € v i 6 i o n  s e t  a s  p a r t  o f
t h e  . o m p o E i t e  v i d e o  E i g n a l .  T h E  p O K E y  r e g i s t e i s  s h o u n  b E l o u  a . e  a l l
c o n c e r n e d  { r i t h  s o u n d  r o n t a o l  ( a 6  d e s E r i b e d  i n  t h e  A T A R I  H o o €
Cof lpu te r  Harduare  I ' lEnua l  )  _

Au t t  i o  c  on t ro  1 .
C h a n n e l  l  r  o n t r o  l .
C h a n n e l  ?  c  o n  t F o  l .
C h a n n e  I  3  r o n t r . o l .
C h a n n e  I  4  E  o n  t r o  1 .

SOUND CENERATION

AUDCTL IDzOA]
AUDC1 lD2oll and AUDF1 CD2OO!
AUDC2 tD2O3l end AUDFA tDpo2l
AUDC3 tD2O9i and AUDF3 tD2O4l
AUDC4 tD2O7l End AUDF4 tD2O6l

C o n + l i c t E  l J i t h  O S

T h e r e  a r e  t { r o  p o t e n t i a l  c o n + l i c t E  0 r i t h
g e n e 1 6 t i o n :

The  OS can  genera tE  i t !  oun  gound5  and  th
e 5  p E ? t  o f  I / O  o p e r e t i o n 6  t o  t h e  . a s € e t t e
P e r t p h e a a l B .

i nvo  1v  j . ng  sound

e n  t u r n  o f f  a l l  g o u n d s
e n d  t h e  E e r i a l  b u s

press !SYSTEfYI. RESETI or
o f f  u n d e t ' t h o 9 €
p r o v i  d  e  t h E t  c a p e b i  I  i t g .

T h e  O S  d o e g  n o t  t u r . n  o f f  s o u n d s  u h e n  g o u
t B R E A K I .  I f  t h e  e o u n d E  € r e  t o  b e  t u r n e d
c o n d i t i o n s ,  t h e  c o n t r o l  I  i n 9  p r o g r e n r  u E t

r70
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SCREEN CRAPHICS

H a r d u r a r e  C a p a b i  l i t i e g

T h €  h a r d u a r e  c E p e b i l i t i e E  f o r  s c r e e n  p r e E e n t a t i o n s  a r e  q u i t e
v e r s a t i l e ,  t h e  O S  u s e s  a  v € r q  E n a I l  e m o u n t  o f  t h e  [ a p a b i l i t g
p r o v i d e d .  T h e  n e a n E  o f  e t t e n g i o n ,  h o u e v e r ,  a r . e  n o n - t r i v i a l ,  a n d
n e l i n g  c h a h g € s  t o  e  s c r e e n  f o r f t E t  i r h i l €  s t i l l  u t i l i r i n g  t h o
r e s i d e n t  D i E p l e {  H a n d l e r  { r i l l  b s  d i f + i c u l t .  S e e  t h e  A T A R I  H o n e
Conpu tea  Hard { ra re  Manoa l  f o r  i n fo rna t i on  rega r .d inq  sc reen
P r E s e n t a t i o n E .

O S  C e p € b  i  l  i t i e E

T h a  r e 6 i d e n t  D i s p l e U  H a n d l e r  a r b i t . a r i l g  s u p p o r t F  I  o f  t h e  1 1
p o i s i b l e  f u l l  s c r e e n  m o d e s  ( 1 1  o f  l 4  l r l o d e s  i f  t h e  e T I A  c h i p  i E  u i e d
i n  p l € s e  o f  t h e  C T I A , .  T h e  r e i i d e n t  D i E p l a q  H € n d 1 € r  e l l o u 6  f o r  e n
o p t i o n a l  " € p l i t - s r r e € n i  t e t t  u i n d o u  o f  f i r e d  9 i ! e .  T h €  h a r . d t  a r e
a l l o r l s  f o r  o a n v  n o r e  o p t i o n g  t h g n  t h e  D i s p l a g  H s n d l e r  E U p p o r t E ,  € s
r r r i l l  be  Eeen  bg  reEd ing  the  ATARI  Ho lne  Co l | l p ! t e r  Herd { r€ re
Manue  1 .

C o  1 o r  C o n t r o l

Y o u  c e n  e 1 t € r .  t h €  c o l o a  l ' e g i 6 t e r  a s E i g n f t e n t s  t h a t  t h e  D i s p l a g
H€nd le r '  ne le6  upon  € I l  OPEN command5  (6ee  Append ix  L  B7 -e  and
e lse l rhe re t .  No te  tha t  sve .9  Eqs te rn  i es€ t  o r  D i rp laq  Hand l€ r .  OPEN
u i l I  r e s e t  t h e  v a l u e 9  b € c l  t o  t h e  9 { r s t e r n  d e + a u l t .

C u ? E o t ' C o n t r o l

Y o u  c a n  c o n t i o l  t h e  D i s p l a q  H a n d I e r .  t e r t  a n d  g r a p h i c E  c u r s o r g
d i i d c t l . {  ( s e e  S e € t i o n  5  € n d  A p p e n d i r  L ,  B 1 - 4 } .
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A I t e r h € t e  C h € r a c t € r  S e  t B

T t o  a h B r a c t e r .  s e t s  a t . e  a v s i l € b 1 e  i n  s c r e e n  t e r t  m o d e s  t  e n d  A .  T h e
v a l u e  s t o r e d  i n  t h e  d e t B  b 6 E e  v a r i a b l e  C H B A S  I O Z F 4 ]  i e l e c t s  t h ec h a i a c t e r  s e t  o f  i n t e . e E t  t o  ! o u .  T h e  d e f a u l t  v s l u e  ; f  $ E Op r o v i d e E  c a p i t a l  ( ! p p e . c a 6 e ,  l e t t e r s ,  n u n b e r s  a n d  t h e  p u n c t u a t i o n
c h € r e c t e r s . c o r r . e s p o n d i n g  t o  d i s p l a g  c o d e s  g A O  t h F o u g h  g S F  i n
A p p e n d i x  E t .  T h e  a l t e r n a t e  v a l u e  o +  S E A  p r o v i d e s  l o ; e ? c a E e  I e t t € r s
a n d  t h e  s p e c i a l  c h a r e r t e r  g i a p h i E s  s e t  ( ; o r r e s p o n d i n g  t o  d i E p 1 6 9
c o d e €  S 6 0  t h . o u g h  $ 7 F  e n d  g O O  t h r o u g h  $ 1 F  i n  A ; p e n d i ;  E ) .

U B e r - d e + i n e d  € h a r a c t e r  s e t E  c e n  a l e o  b e  o b t a i n e d  + o r  t e r t  n o d e , 6  0 ,1 ,  - a n d  a  b t t  p r o v i d i n g  t h €  c h a t , a . t € r  , n a t r i x  d e f i n i t i o r l E  i n  R A t l  a n d
s a t t i n g  C H B A S  t o  p o l n t  t o  t h o s e  d e f i n i t i o n s .  C H B A S  a I l r a g B  c o n t a i n s
t h e  . f n o s t  E i g n i f i c a n t  b i t s  o f  t h €  n e m o r g  € d d f e s s  o f  t h e  g t a r t  o f  t h e
c h € r a c t € r  d e f i n i t i o n E ,  a 6  s h o u n  b e l o { r l :

7 0
+-.t-+-+-t-+-+-+-+
I  M S B  ! r  r !  T € r t  n o d e  OCHBAS
+-+-+-+-+-+-+-+-+

+-+-+-+-+-+-. i-+-+
i  M S B  l x l
+-+-+-+-+-+-+_+_+

T e r t  d o d e s  l  a n d  2

F i g u r e  1 1 - 1  U s e r ' - D e + i n e d  C h a r a c t e r  S E t  B i t  M € r n o r q  A d d r E s s e s

( X  i n d i c a t e s  a n  i g n o r e d  a d d r . € s s  b i t
egsuoed  to  be  O .  '
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E E c h  c h a r a s t e r  i E  d e f i n e d  b 9  a n  E
c h E r a c t e r  ' e '  i s  d e f i n e d  a s  t h o u n

x  E  b i t  r n a t i i I ,  t h e
be  l  ou :

7 0
Bgte +-+-+-+-+-+-+-+-+

l 0 t o t o t o t o l o t o i o l
+-+-+-+-+-+-+-+-+
r o t o t M ! r . ! l i o r o t
+-+-.i-+-+-+-+-+-+
! o ! 1 t  1 ! o t  1 r  1 i o ! o l
+-+-+-+-+-+-+-+-+
i o i  1 i 1 i o i 1 l  r  l o ! o l
+-+*+-+-+-+-+-+-+
i o t  1 t  l  l o i  1 r  1 ! o t o i
+-+-+-+-+-+-+-+-+
t o t  1 i  l  t o i o r 0 r o t o l
+-+-+-+-+-+-+-+-+
t o t o ! 1 t 1 ! t . i o i o l
+-+-+-+-.'-+-+-+-+
r o r o t o r o t o i o i o t o t
+-+-+-+-+-+_+-+-+

o

3

4

6

F i g u r e  1 1 - ?  U E e r  D e f i n e d

The  s to r .age  fo r  t he  cha rac te r
b g t e s  f o r  e e c h  c h a i a c t e i  u i t h
t h e i r  i n t e r n e l  E o d e  v a l u e  ( 5 e e
r e  l a t  i n 9  t o  9 5 9 1 .

C  h e r e c  t e r  b a s e

I  r  I  C h € r ' € c t e r  | l a t r i x  B i t  T a b l e

E € t  i n v o l v € 5  e i g h t
c  h a i a c t e r s  o t d e t e d

t h e  d i E c L r s g i o n  i n

!  ons lE  t  t  i ve
. o n g e r u t  i v e  l  g  b g
Append  i  x  L

+---------------+
!  ChErac te r  f o r  i
I  c o d €  t O O  I  I  b g t e t
+-------_-------r
l C h a . a c t € r  + o r  i
i  . o d e  * O 1  |  i n c r e e E i n g  a d d r e E s e E
+__-------------+

F i  9  u r e  1 1 - 3

+-----___------*+
l c h a r " e c t e r  + o r .  i
I  c o d e  S 7 E  i

+- - re - - - - - - - - - - -+

i  C h a r a € t e r  f o r  :
i  c o d e  $ 7 F  i
.t---------------+

C h d . a c  t e r  B a s e  D i a q r a i | l

PLAYER/HISSILE ORAPHICS

T h e  O S  n a k e s  n o  u 5 e  o f  t h e  p l a q e r / m i s s i l e  g e n e r a t i o n  c a p a b i l i t q
o f  t h e  h a r d t , a r e .  I t  c € n  b e  L r s e d  i n d e p e n d e n t l g  o f  t h e  O S  u r i t h  n o
€ o n t l  i c t .
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Hardu ra re  Capab  i  I  i t i es

T h e  h a a d u a r - e  e l  l o u s  a  n u m b s r  o f  i n d e p e n d e n t l g  m o v e a b  l e  s r r e e n
o b J e c t E  o f  l i ! r i t e d  { r i d t h  t o  b e  p o s i t i o n e d  a n d  | n 0 v e d  e b o u t  t h e
s E r e e n  { r r i t h o r r t  a f + e c t i n g  t h e  ' , p l a g f  i e t d , ,  ( b i t - d l € p p e d  q r a p h i c s  o r
E h € r a c t e r )  d a t a .  P r i o r i t g  c o n t i o l  B l l o u E  t h e  v e r i o u s  o b J e c t s  t o
h e v e  a  d i s p l a g  p . e c e d € n c e  i n  c € s e  o f  c o n + 1 i c t  ( o v e r l a p r .

Con f  I  i r  t s  l ' r i t h  OS

Y o u  | n u s t  a s s o r e  t h a t  t h e  F l a { e r l n i s E i l e  d a t a  i s
add ieEs -€1 i9ned  aE  requ i red  b9  P IV IBASE tD4O7 l .  you  E lso  mu5 t
f i n d  a  5 ! i t a b l e  f r e e  s r e a  t h € t  t h e  O S  g u E r e n t e e s  t o  b e  f r e e  u n d e r
a l I  e n v i r o n  e n t s -

READINE CAME CONTROLLERS

T h e  O S  r e e d s  t h e  g a n e  c o n t r o l l e i s  ( s h o u n  b e l o u )  € E  D € r t  o f  t h e
s t a q e  e  V B L A N K  p r o c e s €  ( s e e  A p p e n d i x  L  J 1 - 9 ) :

J o ! s t i c  * s . / t r . i 9  g F r 6  1 - 4 .
P a d d  l e  c o n t r o L l € t  s / t r . i g g e r . s  1 - 9 .
D r i v i n g  c o n t i o l l e r E . / t r i g g e r 6  1 - 4 .
L i g h t  p e n / t r  i g g e i

I n  a d d i t i o n  t o  t h e E e  i o n t r o l l e r s ,  o t h e r  i n + o r m s t i d h  c a n  b e  s e n s e d
o r  E e n t  u s i n g  t h e  P ! A  € h i p  t o  t h e t  t h €  c o n 6 o l e  c o n n e c E o r E  € r e
i . n t e r f e c e d .

K e r r b  o d r d  C o n t r o l  I e r  S e n s i n g

D a t a  c a n  b e  r e a d  + r o | n  e n  A T A R I  l e g b o e r d  c o n t ? o l 1 € r  c o n n e c t e d  t o  t h e
f i r s t  p o . t .  T h i E  p r o g r a m  a l t e r s  l . e g i s t e r g  o n  e  c h i p  c e l l e d  a  p I A .
T o  5 e t  t h e s e  b a c t  t o  t h e  d e f a u t t  v e l u e s  t o  d o  f u t t h e r  I / O ,  h i t
tSYSTEM.  RESETI  o l '  PUKE PACTL,60 .  I f  t h i s  p r .og "an  i s  t o  be  l oaded  f rom
d i s l e t t e ,  u s e  L O A D ,  n o t  R U N  a n d  o r a i t  f o r  t h e  b o s v  t i g h t  o n  t h e  d i s k
d t i v e  t o  g o  o u t .  D o  n o t  € r e c u t e  t h e  F r o g r a o  b e + o r e  t h i E  l i g h t  g o e s
o u t ,  o t h e r . { r i E e  t h e  d i s l e t t e  c o n t i n u e s  t o  s o i n .

1  ORAPHICS O
5 PRIf{T :PRINT " KEYSOARD CONTROLLER DE|'IO "
10  D I  I t  RO! r (  3 l ,  I $ (  13 l .  EUTTON$(  1 )
30 GOSUB 6000
40 FUR CNT=I Ta 4
60  POSIT IAN 2 ,  CNT*2+5 :  PRINT "CONTROLLER *  " ;  CNT,  " ,  " ,

t74
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70 NEXT CNT
EO FOR CNT=1 TO 4:EOSUB TOOO:POSITION 19, CNT+CNT+s: PR INT BUTTON$,

: NEXT CNI
120 eoTo ao
6000 REH ** SET UP FoR C0NTR0LLERS +*
601O PORTA=54O16: PORTE=54017: FACTL=S4O1E: pgCTL=94O19
6oe0 POKE PACTL,4A: POKE PORTA,2S5: pOKE pACTL, SA: POKE PORTA, ??1
6025 POKE PBCTL,48: POKEPORTB,2SS: pOKE pBCTL, Sg: FOKE PORTB, Aal
6030 ROt^l ( O' =239 : ROW ( 1 ) =2a1 : ROH ( e ) =1A7: ROt, ( 3 l  = 1 1?
6040 I$=" 1234567S9*Ott, '
6090 RETURN
TOOO REH *r+ RETURN BUTTONg t,tTH CHARACTER FOR FUTION ITHICH HAS

BEEN PRESSED ON CDNTROLLER CNT (1-4!. **
7OO1 REt' l  ta NOTE: A I WILL 8E RETURNED IF NO CoNTROLLER IS

CONNECTED. **
7OO2 RET.{ *I1 A SPACE I,IILL BE RETURNED IF THE CONTROLLER IS

CONNECTED BUT NO KEY HAS BEEN PRESSED. **
7OO3 PORT*PBRTA: IF CNT>z THSN PART=PORTB
7OO5 P=l
TOOS PAO=CNT+CNT-2
7O1O FOR J:O TU 3
7O2O POKE PORT, ROW(J)
7O3O FOR I=1  TO lo :NEXT I
7O9O IF PADDLE(PAO+I)}1O THEN P=J+J+J+2: COTO 7O?O
7060 IF PADDLE(PAO)>1O THEN P=J+J+J+3: GOTO 7O9O
7O7O IF STRIG(CNT-I)=O THEN P=J+,J+J+A: COTO 7O9O
TOAO NSXI J
7O9O BUTTAN$=I$ ( P, P )
7O?5 RETURN

Figu re  11 -4  Reed ing  D€ t€  F rom en  ATARI  Kegboar .d  Con t .o l l e r
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T h E  t € b l e  b e l o o ,  s h o u s  t h e
keub  oa id  con t ro l  I e r .  + rom

PORT A
d i r e c t i o n
b i t g

v a f i a b l e / r e g i E t e r  v € l u € !  u s e d  f o r  r e a d i n g
€ a c h  o f  t h e  + o u i  c o n t r o l l e l '  D o r t E .

Por t  1  Po r t  2  Po" t  3  Po r t  4
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

FO - t - l

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
I  PORT B
i d  i i e c t i o n
l b i t s
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

FO

i  P o " t  A
i fgrr, 6€1
i  e c  t
+_+-+-+-+-+-+-+-+_+-+-+-+-+-+_+_+-+-+-+-+-+
I  P o r t B  I
i  rou, ge- i  -

i  l e c t  I

F i g u r e  1 1 - s

EF, DF, I

+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
i  Co luon  I lPADDL1  IPADDLS iPADDLS iPADDLT I
!  S€n6e  |  |  i  I  I
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-.t
I  Co luon  2 IPADDLO IPADDL2  IPADDL4  IPADDL6  i
I  S e n s e  i  i  i  i  I
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
i  Co lu rnn  S iSTRIGo  !STRIO l  ISTRIeA  iSTRIeg  I
I  Sense  i  I  I  i  I
+-+-+-+-+-+-+-+'+-+-+-+-+-+-+-+-+-+_+_+-+-+

ATAR I  K€gboard  Con t ro l l e r  va r i sb
T € b I e

I  e /Reg  iE te r  Va l  ue

F r o n t  P a n e I  C o n n e c t o r s  € E  I / O  P o r t 9

T h e  t h i ' e e  p e g e 5  t h e t  f o l l o u  s h o u  h o t  E o l n e  o f  t h e  P i n q  i n  t h e  f a o n t
p a n e l  ( g e m e  r o n t r o l l e r l  c o n n e c t o r s  c s n  b e  u s e d  a s  g e n e r e l  I / O  p i n 5 .

Hardua t  e  In+o id la t  i on

PIA ( 65�20 / 6A201
O u t :  T T L  l e v e l 6 ,
I n  :  T T L  l e v e I 6 ,

I
I

I o a d
l o a d For  more  i n fo r { r r€ t  i on  re fe r

t o  6 9 2 0 . h i p  m 6 n u a  l .

1 7 6
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P o r t  A  C i r c u i t  ( t ! p i c a l ) :

1d\.-r-lraEk

v

P o r t  B  C i F c u i t ( t g p i c a l ) :
+ 5

4 .  7K
6520

" T r i g g e r "  P o i  t

6 9

l " l €  I  e  conneEtd r ,  FRoNT v ieu ,
P in  B  =  G t ' ound
P i n  7  =  V c c  8 + 5 v  + )

No te :  ScmA ma x  i f t um
t o t e l  e x t e r n a l  d r a i n
o n  p o u J a r  9 u p  p  1 g  a l l o u e d

W t ' i t e  t h i E  i n t D  t h i E  r e g i E t e t .

D a t a  d i r e c t i E n  c o n t r o l

1 = O u t
O  =  I n

( B )

P o r t

C i r e u i t

220

( t g p i c a l ) :

S o f t u a f e  I n + o r m E t i o n

6 9 g 0  P I A :  ( T h i e  s l E o  p e r t a i n r  t o  e l I  o f  t h e  f o l l o n i n g :  * * )
P o . t  A  c o n t r . o l  ( a d d r e s s  D 3 O e )

7 6 5 4 3 2 o

t , h i t e  t h i E  i n t o  t h i s  r e g i s t € r

P o i t  A  D e t e / D € t a  d i r e c t i o n  a d d l . e s

P o r t  A  d a t a  d i r 6 E t i o n

7 6 9 4 3

i n g  r o n t r o l
O  =  D a t a  o i r e c t i o n  i E  a t  D 3 O O
1 =  d€ ta  iE  a t  D3OO

(ad  d re  s6  DsOO )

2 1 0

UPERAT INO .  SYSTEI ' I  CD16555  - -  Se { t ron  11
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P o r t  A  d a t e

4 3 2 L

Jac k 2
P i . n

6520 P rA :
P o i  t

(  address  D3oo '
3 2 1 0

P o r t  B  C o n t i o l  ( a d d . e E s  D 3 0 3 )

4 3 2 7

J e c k  I
N u n b e r s

B  C o n t r o l  (  a d  d r e i s  D 3 O 3 '
7 6 3 4 3 2 1 0

R e e d  o r W r i t e  t h i s  r e g i E t e r

u l ' i . t e  t h i E  i n t o  t h i E  r e g i s t e r

a d d r e 6 E i n g  € o n t r o l
D301  c  on ts  i . ns  da ta
d i r e c t i o n
$DsO1 €on te  i ns

t - p o r t  B  D a t e / D a t a  d i r € , c E r o n

(  add res  6  D3O1
1

d a t €  d i r e c t i o n

6 5 4 3 2

e  t h i . s  i n t o  t h  i 5 r '  e g  r 6 t e r

c  on t r .o  1  fo r  Po r t Bd a t e  d i r e € t i o n
1 = o u t
O  =  l n

P o r t d € t a  (  a d d r e E 6  D 3 o 1 )

6 5 4 3 2 1 0

J  a c k  3

4 3 2 1 4 3 2 r

J a c k  4
P i n  N u | n b e r s

F o l r  " T r i g g e r "  p o r t s :

7 6 9 4 3 2

DO 10,

1 0

R e a d  t h  i r  p o r t

T r i g g e r  V a l u e
D o l o  =  P o r t  1  P i n  6
D 0 1 3  =  P o r t  4  p i n  6

OPERATtNe  SYSTE| i  CO16555  - -  Se r t i on
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Other  l , l i s ce l  l sneous  So f tus te  In fo r$E t ion

1 1 .  T h e  O S  6 e t 6  u p  a l l  p I A  p o r . t s  a s  i n p u t E  d u r i n g
i n i t i € I i r a t i o n .

2 1 .  l h e  O $  u s u a l l g  r e e d s  t h e  € b o v e  o n c e  p e r  t e l e v i s t o n  f r € n e( d u r i n g
v e r t i c a l - b l a n k )  i D t o  R A H  a s  t o l l o u s :

D t s t a  B a s e  N a m e  A d d p e s E

STICKO O27A 7 6

Date

5  4 3 2  |  O

o

Jac  I  1 ,  p  i ns  4 ,  3 ,  2 ,
i f  1 0 0 5 3 , 7

ST  ICK 1

sT rcrl2

ST ICK3

STR IGO

STR IC1

sTR lc2

SIR IC3

PADDLl

PADDL3

PADDLS

PADDLT

PADDLO

PADDL2

PADDL4

PADDL 6

072q

o27A

o27E

ozE4

o2a5

o?47

o27A

o27e

o274

t\)'t 7

o273

o275

o277

.Jec I

. J € c l

,Jac I

Jac  f t  2 ,  P ins

Jac  k  3 ,  P  i n6

.Jac t  4 ,  P ine

J e c l  1 ,  P i n  6

4 , 2 , 2 ,  L

4 , 3 ,  a ,  1

4 t 3 , 2 ,  1

6

64 ,

4

J a c t  1 ,

Jac  &  2 ,

Jac t  3 ,

Jac t  4 ,

J e c t  1 ,

J€r k 2,

Jec I 3,

J€r I 4,

P i n  5

r l n  ;

P  i n  5

P  i n  9

I / O  P o i t s :  P i nF igu r .e  11 -6  Us ing  F ron t  Pane l  Conner to r€
F l n c t i o n  T € b  l e E

P i n E  5  e n d  9  a r e  r e a d  t h r o u g h  t h e  p a d d l a  c o n
a  n o m i n a l  v € 1 u e  o +  7  i n d i c a t e s  t h a t  t h e  o i f l
a n d  E  n o o i n a l  v a l u e  o f  2 2 8  i n d i c a t e s  t h a t  t h

t r o l  l e r  c i r c u i t r q
i c  h i g h  ( o r  + I o a t i n g )
e  p i n  i 3  p u I l e d  l o u .

c t i o n  1 1

o o o x x x x

6 5 4 o
o o o o t o o o

x x x t x X x x x
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Appendir A -- CIA COHI4AND BYTE VALUES

T h e  + o l l o u i n g  h e t  v a l u e E  a r e  k n o u r n  t o  b e

M o E t  h e n d  1 e r 6 :

l eg  i t i { r l a te  C IO  comrnends .

o3
o5

og
OB
oc
OD

-- OPEN
-- OET RECORD
-- CET CHARACTERS
_- PUT RECORD
-- PUT CHARACTERS

-- CET STATUS

D i E p  l a g  H a n d  I  e r  o n l q :

12 -- DRAI'

D i s  k  e t t e  F i l r  t l € n a g e f  o h t g :

20 -- RENAI'IE
2I -- DELETE
22 -. FARHAT
23 -- LOCK
24 -- UNLOCK
25 - -  POINT
26 -- NOTE

APERATINC SYSTEI4
lEO

co16t35 -- A p p e n d  i  x  A



Append ix  E  - -  C IO  STATUS BYTE VALUES

-  Shoun  bs lo { r ,  € re  the  tnoun  C IO STATUS BYTE vE tues .

01 (OO1 ' -- OPERATION COMPLETE (NO ERRORS)

AO (1EA) -- EBREAK] KEY ABORI
81  (129 )  - -  IOCE ALREADY IN  USE (OPEN}
A2 (13OI -- NON-EXISTENT DEVICE
A3 (131) -- OPENED FOR WRITE ANLY
A4 (132) -- INVALID COMI'IAND
A5 (133) -- DEVIC€ OR FILE NOT OPEN
A6 (134 )  - -  INVAL ID  IOCB NUMBER (Y  r .eg  on l { }
87 (135' -- APENED FAR READ I]NLY
AA (136 }  - -  END OF F ILE
89 (137) -_ TRUNCATED REC']RD
AA (138} -- DEVIC€ TIMEOUT (DT]ESN'T RESPSND}
AB (189 }  . -  DEVICE NAK- 
AC (14O} -- SERIAL 8US INPUT FRAI'I INO ERROR
AD (141 !  - -  CURSOR ou t -o * - range
gE (142) ..  SERIAL BUS DATA FRAME OVERRUN ERRAR
AF (143) -. SERIAL BUS DATA FRAME CHECKSUI"I ERROR
90 (144} -- DEVICE DONE ERROR
91 (145) -- SAD SCREEN r'rODE

146) -- FUNCTION NOT SUPPORT€D 8Y HANDLER
147) -- INSUFFICIENT I,IEI1ORY FOR SCREEN I ' IODE

._. A0 ( 1&O) -- DISK DR M * ERROR
A1 (161 ) -.  TOO MANY OPEN DIS( FILES
A2 (162 )  - .  D ISK FULL
A3 ( ' .63} -- FATAL DISK I/O ERROR
A4 (164) __ INTERNAL FILE f I . I ISMATCH
A5 (165) -- FILE NAI'IE ERROR
A6 (166} __ POINT DATA LENOIH ERRT]R
A7  (L67 '  - -  F ILE  LOCXED
AE ( 16S} -_ COI'II{AND INVALID FT]R DISK

.  A9  (1A9 '  - -  D IRECTf IRY FULL  (64  F ILES}
AA (17O} -- FILE NOT FOUND
AB (171 }  - -  PA INT  INVALID

OPERATINo  SYSTE} {  c0 l6559  - -  Append ix  B



Appendir C -- StO STATUS BYTE VALUES

Shoun  be lou  a f .e  the  &houn  S IO  STATUS BYTE hexedec ime l  va lues .

01 (OO1 ' .- OPERATION COHPLETE (NO ERRORS}

AA (138' -- DEVICE TII ' IEOUT (DOEsN'T RESPOND)
BB (139} -- DEVTCE NAK
AC (14O' -- SERIAL 8Ug INPUT FRAMING ERROR
AE (144} -- SERIAL BUS DAIA FRAI'IE OVERRUN ERRSR
EF (143) -- SERIAL SUS DAIA FRAME CHECKSUI,I ERRAR
90 (144' -- DEVICE SONE ERROR

ra2
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4 Xgx E XcxAXBX

p
1

2

3

4

5

v6
g'7
g B

ve
A

9B
gc
gD
gE
0iF

o
Da
0
0
il
0
s
E]
E
tr
I
g
FI
l|
0

#
$
z
&

(

)

+

A

B

c
D

E

F

G

H

T

J

K

L

M

N

o

a

b

c

d

e

f

g

h

t-

j

k

I

m

Lg
1 1

r2

1 4

L 7
' t R

19

IA

1D

1F

E
E
EI
0
tr
E
II
E
et
II
g

og
g
o

g
1
2
3
4

7

o
R

T

U

W

E

l

t

x

v

I Plfra
lYfis
Ftg
TAB

CT,EAR

TAB

BELL

BHln
lHin

Append ix  D  - -  A IA$CI I  CODES

s
g
g
p
g
g

g
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6X4 X2 XX EXC XAXBX

gs
gt-
g 2
g 3
g 4

g s
g 6
g 7

g 8
q9

gA
gB
gc
gD
gE
gF

o
D
tr
EI
CI
ila
s
a
Ea
E
g
FI
EI
il

$
g

&

(

)

+

G
A

B

c
D

E

F

G

H

I

J

K

L

M

N
o

a

b

c

d

e

f

g

h

l-

j

k

t
n
n

o c(DES 8p-FF SHOW
E IN\IERSE VIDE

caDEs 99-1F

AS

Lg

1 1

T2

t 3

1 5

1 6

t'7

1 8

19

fC

1D

E
D
tr
EI
tr
EI
II
EI
et
CIg
Eo
tlo
o

g

L

2

3

4

5

6
'7

8

9

P

0
R

s
T

U

W

X

Y

z
t

l

p

q

r

t

u

x

v
z

tr
I

EI
tr
D

ol

Append i r  E  - -  D ISPLAY CEDES (ATASCI I )

q
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A p p e n d  i  x  F

CTRL

o o , ? o
0 1  A 3 F
02  B  15
0 3 c 1 2
O 4 D 3 A
O S E A A
0 6 F 3 A
O 7 G 3 D
O B H 3 9
0 9 t o D
OA J 01
O B K O S
o c L o o
o D  2 9
O E N A 3
o F o o a
10  P  OA
1 1  0  2 F
t 2 R 2 A

c ,16

1 4 T 2 D
1 5 U 0 8
1 6 V 1 0
17 t,l 2E
1 8  X  1 6
I q Y E B
1 A  Z  L 7
1 9  < e e c )  1 C
1C ^ { !p }  CE
1D ^4dot n> OF
l E  ^ { I e + t }  0 6
1F  ^< r  i gh  t>O7

-- KEYBOARD CODES (AIASC I I }

SHIFT &
LOI"IER

20  < ip€c  e>

LO!IER

60 ^.
6 L a
6 2 b
6 3 c
6 4 d
6 5 e

6 7 9
6 A h
6 9 i
6 A J
6 8 k
6 C l
A D m
6 E n
6 F o
7 o p
7 1  q
7 e t
7 3 t
74 t

7 g x
7 9 q
7 A z
7 9 i
7 C l
7D 4c  l ea r>
7E 4bac  k>
7F <Eeh>

SHIFT

1 F
1 E
1 A
1 A
1 D
1 B

30

07
o6
20

1F
1 E
1 A
1 E

i n

33

30
o2
OD

OF

e 3 5

B  1 3

D 3 4

G 3 D
H 3 9
I O D
J O l
t{ o5
L O O
M 2 5
N 2 3
o o B
P O A
G 2 F

s 3 E
T 2 D
U O B
v  1 0

x  1 6
Y 2 S
7 1 7
[ 2 0
\ 0 6

^ 0 7

- o E

23 t+
2 4 t �

2 6 & �

2 A (
2 S '
2 A *

3 0 0
3 1  1

3 3 3
3 4 4
3 5 5
3 6 6

3 A B
3 9 9
3 A :

3 C <
3 D =
3 E )

40

43
44
45
4h

4e
49
4A
48
4C
4D

4F

3a

57

59
5A

5D

5F

9F 5 { teb }  2C
AO-FC / l \  20 -7C

39
OD
o1
o5
oo
2e

OA
2F

OB
1 0

1 6

t 7

34

go-9A / l \  oo-14
9E < .e tu t 'n>  and ^3  OC,  1A
9C s{ :de l>  34
9D s<: inse l . t>37
9E ^.{tab} 2C

FD ^E
FE ^ {de1 }  34
FF ^< i nser t)37

< c l e e i ) : : =  E {  o i  ^ 4

<r 'e tu rn>  : :=  < re tuan>  o r  E4 i€ tu .n>  o r  "< ie tu l "n>

< e s c >  : : =  < e s c )  o r  E { e s c >  o r  ^ 4 e s c }

{ s p E c e }  : : =  < s P s c e >  o r  9 < s P a c e >  o r  " 4 6 p e f , e }

W h e " e :  s  t s s  a  p r e f i x  i n d i c a t e 5  t S H I F T I '
^  a s  a  P ! ' e f i x  i n d i c € t e E  t C T R L I '
/  i \  a E  a  p t e f i  x  i n d  i c a t e s  A T A R I  f t € q  i n v e t ' 9 e  a c t i v e '

1 E

0PERATtNG SYSTET'I C016559 -- Appendir F
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App end i  x  e  - - PRINTER CODES (ATASC I I  )

Cha | .€E ta r  se t  +o r " n o ' . n a 1 "  $ o d e  p i  i  n t  i n g :

<EPac€>

b

o

f

I
dr

(t

P

l.

t

)

*

*

(
)
*
+

-

1
e

4
J

6
7

9
'.

4

60
6 1

64
63
6h

69
6A
6E

7 L

76
77
7A

7A
7B
7C
7D

4 0 e
4 1  A
4 2 8

4 4 D
4 9 8

4 7 C
4 A H

4 4 J
4 8 K
4 C L
4 D M
4 E N
4 F O

9 1  0
5 2 R
5 3 S
5 4 7

5 6 V
57 t '
5 A X
5 ? Y
5 A Z

5 C \
5lJ _l

5 E ^

20
2L

?e

2A

30

33

37
3A

3D

{ s p a c e }

p r  i n t  d  i f f e i s n t l v t h a n  d e f i n e d  b gN o t e :  T h e  + o l l o u i n g  c o d e s
t h e  A T A S C I  I  d e f i n i t i o n .

t h f . o u g  h  t F  p r i n t  b 1 a n k .
g ? i n t g  \  i n E t e a d  o +  " d i € h o n d " .
p r i n t c  {  i n s t e a d  o +  " s p E d e " .
p i i n t s  )  i n s t e € d  o f  " a l e a r " .
p r i n t s  -  i n s t e a d  o f  " h a c l s p a c e " .
p i i n t s  b l a n k  i n E t e e d  o f  " t a b " .

00

7D

A p p e n d i x  COPERATINO SYSTEH
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C h a r a c t e r  s e t  + o r .  , , E i d e d a g E . ,  m o d e  p r i n t i n g :

4 0 e 6 0 @
4 1  A b L A
4 e B 6 2 9
4 3 C 6 3 C
4 4 D 6 4 D
4 9 E 6 5 E

4 7 e 6 7 e
4 E H 6 A H
49 I 6S r
4 A J 6 A J
4 9 K 6 8 K
4 C L 6 C L
4 D H 6 D H
4 E N 6 E N
4 F A 6 F O
5 0 P 7 0 P
s l  0  7 1  0
5 2 R 7 2 R
5 3 S 7 3 S
5 4 T 7 4  1

5 6 V 7 6 V
5 7 W 7 7 W
5 A X 7 A X
5 9 Y 7 9 Y
5 A Z 7 A Z
5 8 E 7 B t
5 C \ 7 C \
s D l  7 D t
5E {up> 7E <up>
5F <1ef t> 7F <Ie+t>

3 1

34
35
36

3?
3A

3D

o

4

6
7
a
I

i

N o t e :  t h c  f o l l o u i n !  c o d e s  p r . i n t  d i f + e r e n t l g  t h a n  d e f i n e d  b U
t h e  A I A S C I  I  d e f i n i t i o n .

t h r o u g h  a F  p r  i n t  b l a n & .
p " in t s  "up  aaaou , "  i ns tead  o f
p r i n t E  " l e f t  a r r o t  "  i n s t e a d  o f  _ .
t h r o u g h  7 F  r e p e e t 6  4 0  t h r o u g h  5 F  i n E t e a d  o f  p r o p e r  s e t .

oo

5F
60

187
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Append i r  H  - -  SCREEN MODECHARACTER ISTICA

Mode  Hor i  z .  Ve i t .  Ve i t .
* Po6it.  t l lo Sp t ' l  Sp

o 4 0 e 4

Co 1o r5  Da ta
V e l u e

2  b E E t g d .
OO-FF

b a c l g d ,
oo-3F
40-7F
AO-BF
CO-FF

b a . t g d .
oo-3F
4Q-7F

CO-FF

Co lor l ' leno.r,
R e g .  R e q d .

( s p l i t )  ( f u l 1 t
BAK 992 q92

PF 1 "

BAK &74 67e
P F O
P F 1

P F 3

EAK 424 420
P F O
P F 1

8AK 434 43�2
P F O
P F I

sAK 694 696
P F O

BAK L174 117h
P F O

P F 2

BAX 2174 2LA4

BAK 4190 4200
P F O
P F 1

PF 2  S112  E13E
PF l+

a 138

g138

20

420

40

404B

40

BO

ao

1
e

o
I

o
I
2
3

o
I

o
1

3

o
1

Not€  2

o
1
2

4

Pi'l 0
Pf,{ 1
P H 2
P H 3
P F O

Ap pend  i  x  H

6 160 96

7 160 96

BO

I

9

s 320 160  2

9 BO 152

10 ao 1s2

192
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B

Note  3

P F 1

SAK
BAK
BAK
BAK
P F O
P F 1

L 61 1 ao 192 813A

N o t a s :

P H  r :
B A K  : :

Uses  co lo r  o f  PF  2 ,  l ! f t  o+  PF  1 .
UseB co lo r  o+  gAK,  l lm  o f  da te  va lue  ( *O-F l .
UEeF  .o lo r  o f  da ta  va lue  ( tO-F ) ,  I un  o f  BAK.

:  *  P l a g f i e l d  c o l o r  r e q i s t € r  r .
:  =  P l a g 6 i / l ' l i s E i l e  o r a p h i c a  c o L o r  r e g i 5 t e r  r .
=  E a a l g f o u n d  r o l o r  i e g i s t € r  ( a l s o  k n o l , n  a E  P F  4 t .

T h e  d e f a u l t  v a l u e g  f o r  t h e  c o l o r  r e o i s t a a s  a r e  s h o u n  b e l o u r :

8AK = EOO
PFO = 529
PFI = gCA
PFz = $e4
PF3 * $46

OPERATING SYSTEI'I  CO16559 -- Appendix H
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T h e  + o i &  o f  a  c o l o r  r e g i 6 t e r '  b g t e  i s  s h o u n  b e l o u :

7 6 3 4 3 ? I O
+-+-+-+-+-+-+-+-+
i  c o l o r  l 1 ! m  ! O !
+-+-+-+-+-+-+_+_+

W h e r e :  E o l o r  ( h e r  v a l u e s  )  I u o

O = g r € g  O  =  h i n i m u o  l r r o i n a n c e
1 =  l i g h t  o r a n g e  1 =  |
2  =  o r € n g E  2 =
3  =  r e d  o r e n g e  3 =  ( i n r F e a s i n g
4 = p i n *  4 =  l u n l n € n c e ,
5  =  p u r p l e  5  =
6  a  p u r p l e - b l u e  6 s  I
7 = b l u e  7  =  n e r i m u o  l u n i n a n c e
I  =  b l u e
9  =  l i g h t  b  l u e
A  =  t u i q u o i s €
B  =  g reen -b  l se
c  -  g r  een
D  =  g s 1 l o u - g r e e n
E =  g rang  6 -9  reen
F  =  l i g h t  o r a n g e

190
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, N ,

- $5e
- t57
- s$3

APFENdiT I -- SERIAL 8US ID AND COMI.IAND SUMHARY

S e .  i a  1  b ! s  d e v i c e  I D 6

F l o p p g  d i s t e t t e s  D 1 - D 4  E 3 1 - 9 4
Pr  i n te r  P1  $4O
RS-232-C R1-R4 $50-93

E i e r i a l  b u s  c o n t r o l  c o d e E

Ser  i €  I  bus  coo f i and  cod€€

ACK - $41
NAK - S4E
cot'TPLETE - +43
ERR - $45

READ
I.'R I TE
STATUS
P U T ( n o  c h e c t ,  -  $ 5 O
FOR'4AT - *21

, R ' )  O i E t
, V l ,  ,  p r i n t e f / D i s t
' S '  '  P r . i n t e . / D i s l
, P ' '  D i s T
' t ' >  D i s | (
, T ,  ,
' O ' )  D i i l
, u , ,  D i s r
, v ' ,  D i s t

READ ADDRESS - $S4
READ SPIN  -  6 '1
MOTOR ON - $s5
VERIFY SECTAR - 156

OPSRATINC SYSTEI.I CO1695$ -- App€ndir I
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Append ix  J  - -  AAM VECTURS

T h e  f i r e d  a d d r e E s
Eddress  i s  e  J l , lP

OS ROM JMP
i n E t r u c t i o n

Re fe r .ence

3 . 4 . 2

9 . 3

6 . 3

3 .  1 .  1
7 .
7 .

v e c t o r s  a r e  s h o u n  b e l o u r ,  a t  e a c h
t o  t h e  i n d  i  € € t e d  F  o u t  i  n e .

F u n c t i . o nName

D I S K I V
DSKI NV
c lov
stov
SETVEV
sYsvav
X ITVBV
SIOINV
SENDEV
INT I NV
c la  INv
BLKBDV
SIARMSV
coLDsv
RBLOKV
csoP Iv

A d d r

E450
8453

E459
E45C

E46A

E474

E47A
E47D

D i  s  k  e t t €  H e n d l e r  i n i t i a l i z a t i o n
D i s k e t t e  H e n d  1 e r  e n t r g .
C I O  u t i l i t g  e n t r . g .
5 I O  u t i l i t !  e n  t r g .
S € t  S { s t e  T i m e r s  r o u t  i n e .
S tage  1  VBLANK en t rg .
E x i t  V B L A N K  e n t r g .
S I O  u t i l i t ' J  i n i t i a l  i  z E t i o n -
S e n d  e n a b  I e  r o  u t  l  n e .
I n t e r r u p  t  H € n d  1 e r .  i n i t i e l i 2 € t i o n .
C I O  u t i l i t r J  i n i t i a l i z € t i o n .
8 1 € c  k b  o a r d  m o d e  e n t r g .
W6rns ta r t  (  ISYBTEM.  RESETI  )  en t ru .
Co  1d  s t€ r  t  ( po l re r -up  )  en t rg .
C a s s e t t e - r e a d  b l o c k  e t l t r U .
CasEe t te -8PEN inpu t  en t rg .

*  T h € s e  v € c t o r s  a . e  f o r  O S  i n t e r n a l  u 6 e  o n l g .

T h e  f i x e d  a d d r e s E  F l o t s t i n g  P o i n t  p a c t e g e  R O M  r o u t i n e  e n t r g  p o i n t
E d d r e s s e 6  a . e  s h o u r n  b e l o o i  q o m p l e t e  d € s c r i p t i o n s  o f  t h e
€ o r r e E p o n d  i n 9  r o u t i n e s  a r e  p r o v i d e d  i n  S e c t i o n  L

AFP
FASC

FADD

FI,IUL
FDtV
LOC
Locto
EXP
EXP 1O
PLYEVL
ZFRO
ZFL
FLDOR
FLDOP
FLDl R
FLDlP
FSTOR
FSTOP
Fi'IOVE

DAOO ASCI I  t o  FP  conve? t
DeE6  FP  to  ASCI I  . on \ r . r " i .
D?AA In tege r  t o  FP  conve r t .
D9D2  FP to  i n tege r  conve r t .
DA66 FP ad d.
DA6O FP iub t rac t .
DADB FP f tu l t i p1q
D B 2 8  F P  d i v i d e .
DECD FP b€se  e  l ogEr i t hn .
DEDl  FP  ba6e  1O loga r i t h ro .
D D C O  F P  b a s e  e  e r p o n e n t i a t i o n .
D D C C  F P  b e s e  1 0  e x p o n e n t i a t i o n .
DD4O FP p  o lqnoo ia  I  eve lue t i on .
DA44  C lea r  FRO.
DA46 Clsai FP numb er..
DDA9 Load FP n!|t lb er.
DOAD Load FP nuftb e?.
DDg€ Load FP nsnb er.
DD9C Load FP nunb€r..
DDAT S to re  FP  numb e r .
DDAB S to re  FP  nunb  e r .
DDB6 lvlovE FF numb er.

0PERATING SYSTE| {  CO16555  - -  Append ix  J
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The  bes€  add resses  o f  t he  Hand le r ,  vea to i s  f o r  t he  .es i . d€n t
h a n d  l e i s  a r e  s h o u n  b e l o u r :

Sc r€en  Ed  i  t o r  (E )
D i s p  l E g  H a n d l e r  ( S ,
Kegbo€r 'd  Hand  te r .  (K '
P r  i n t e r  H a n d  l e r  ( P )
Cae6e t te  HEnd  !e r  (C )

S€e  Sac t i on  5  fo r  t he  foa f i a t

i n t e r r u p t

A d d i e s s

FFFA
FFAC

The 690A Cotrlp uter

Func  t  i  on

NII I

IRO

8400
E410
E4aO
E430
E440

of  the  en t r .g  +or  each Hand l€r ' .

veEtor  va t lug3 are  ghoun be lou :

Va lu€

E7B4
E477

OPERAIINC SYSTEM CO16955 -- Appendir ,J
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Appsnd ix  K  - -  DEVICE CHARACTERIST ICS

T h i €  a p p e n d i x  d e s E r i b e E  t h e  p h g E i r a l  c h e i E r t e r i s t i r s  o f  t h e
dev i ceE  thg t  i n te i f ece  to  the  ATARI  4OO end  ATARI  8OO Ho f te
C o m F U t e r s .  l J h € r e  e p p l i c E b l e ,  d a t a  t € p e c i t g ,  d a t e  t r e n r S e r
r a t r ,  s t o a E g e  + o i m a t ,  g I O  i n t e i t : c e ,  e n d  c e b l i n g  u i I l  b e
d 6 t a i l e d .

KEYBf]ARD

T h e  t e g b o a . d  i n p u t  r a t e  i E  l i n i t e d  b g  t h .  O S  t e r r b o a r d  r e a d i n g
p ro redu re  to  be  60  chE ' rac te rg  p€T '  se rond .  Th€  cod€ .  f o i .  each  teg
i€  sho&,n  i n  Teb le  5 -4 .  The  &egboard  h€ rd { ra r6  hag  no  bu f fe r i ng  and  i s
r . t e - l i f t i t e d  b g  t h e  d e b o u n c e  € l g o r i t h n  u s e d .

DIEPLAY

T h e  t e l e v i s i o n  s c r e e n  d i i p l a q  g e n e r a t o r  h a s  m a n l  E e p a b i l i t i e s
t h a t  a r e  n o t  u s € d  b g  t h e  D i s p l a g  H a n d l e r  ( a s  d e s c r i b e d  i n  S e c t i o n
5  e f l d  s h o u n  i n  A F p e n d i x  H ) .  T h e r e  a r e  a d d i t i o n a l  d i s p l a t J  | n o d e E ,
o b J e c t  g E n e r a t o l . s ,  h a r d n a r e  d i s p l a q  s c r o l l i n g ,  € n d  m a n g  o t h e r
fea tu reE  tha t  E r ' a  degc r ibed  i n  the  ATARI  Home Congu te r
H€rduare l ' tanua l.

S i n E e  a l l  d i s p l a g  d a t a  i s  s t o r € d  i n  R A t l ,  t h e  d i 6 p l a g  d a t a  u p d . t e
t a t e  i s  l i f t i t e d  p i i n a r i l g  b g  t h e  s o f t u a r e  r o u t i . n e B  t h a t  g e n e r t s t e
and  f0 . l t l 6 t  t ha  da ta  and  acEess  the  RAt ' | .  The  g€ne ia t i on  o f  t he
d i s p l a q  f r o m  t h e  R A f ' l  i e  a c . o { n p l i s h e d  b g  t h e  A N T I C  a n d  C T I A  o i  O T I A
c h i p 6  u r i n t  D i r e E t  M e i n o r g  A c c e e s  ( D f 1 A  l  t o  a c c e s E  t h e  R A M  d a t a .

T h e  i n t e r n a l  s t o r a g e  * o r m a t s  f o r  d i E p l B g  d s t a  f o r  t h e  v a r i o u g
oodeE Er .e  d6 ta i l ed  i n  t he  ATARI  Ho f le  ConDute r  Hard { ,a re
l ' lanuaL

ATARI 41O PRBCRAM RECORDER

T h e  A T A R I  4 1 O  P r o g r a m  R e c o r d e r  h a s  t h e  + o 1 1 o { r i n g  t h 5 t a c t e . i 5 t i . c 6 :

DATA CAPAC ITY:

1 O O  c h € f a . t e F s  p e i  C - 6 0  t a p e  ( u n l o i l n E t t e d ) .

DATA TRANSFER RATES:

+  6 0 0  E e u d  ( 6 0  c h a r a c t e r s  o e r  5 € c o n d ,

* N o t e :  T h €  O S  h a s  t h e  a b i l i t q  t o  a d J u s t  t o  d i f f e i e n t  t a p e  5 p e e i t s
(447  -  995  Eaud  ) .
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STORAGE FORMAT:

T€peE Ere  reco r .ded  i . n  1 , /4  t rack  6 te .€o  +o r f t a t  e t  L  7 lB  i ncheE pe r'  E e E o n d .  I h e  t € p e  c a n  b e  r e E o r d e d  i n  b o t h  d i r e c t i o n s ,  u h e r e  t r € E k s
l  a n d  a  a f e  s i d e  A  l e f t  € n d  r i g h t ,  a n d  t r a € k s  3  a n d  4  a ! . e  s i d e  B
r i g h t  e n d  l e + t  (  i n d u E t r g  E t a n d a r . d  ) .  O n  e a c h  s i d e ,  t h e  l a f t
. h a n n e l  ( 1  o r  4 )  i s  u s e d  f o r  € u d i o  a n d  t h e  r i g h t  c h a n n e l  ( A  s n d
3 )  i s  u 6 e d  f o r  d i g i t 3 l  i n + o r m a t i o n .

T h e  a u d i o  c h a n n e l  i s  r e r o r ' d e d  t h e  n o r r n a l  u e g .  T h e  d i g i t e l  r h a n n e l
iE  reco rded  us ing  the  POKEY t r ro - tone  mode  p roduc inq  FSK da ta  a t
up  to  600  baud .  The  I ' IARK f requencg  i s  9327  Hr  and  the  SPACE
f requenc rJ  i s  3995  Hz .  The  t r€nsn iss ion  o f  d : ta  i 6  agunch ronous
b V t e  B e r i a I  € s  s e e n  + r o n  t h e  c o n p u t e r r  P O K E Y  a e a d s  o r  u r i t e s  a
b i t  s e r i a l  F S K  s e q u e n c e  f o r  e e c h  b g t e ,  i n  t h e  f o l l o u i n g  o r d e r :

l 6 t a r t  b i t  ( S P A C E )
d a t E  6 i t  O  - +
d a t a  b i t  1  |
.  + -  o  =  S P A C E ,  1 =  M A R X .
d a t a  b i t  6  |
d a t a  b i t  7  - +
l .  s top  b i t  ( t lARK)

The  on lg  con t ro l  t he  co ropu t€ r  has  ov€ r .  t ape  f i o t l on  iE  no to r
e t e r t / s t o p ,  € n d  t h i s  o n l g  i f  t h €  P L A Y  b u t t o n  i s  p r e s E e d  b g  t h €

\ ! , .  u s e r .  I n  o r d e r  f o r  r e c o r d i n g  t o  t s k e  p I € E € ,  t h e  u r e r  m u i t  p r e s s
b o t h  t h e  R E C  e n d  P L A Y  b u t t o n s  o n  t h e  c a s s e t t e .  T h e  c o D o ! t e r  h a s
n o  u r a g  t o  E e n s e  t h !  p o s i t i o n  o f  t h e 6 e  b u t t o n E ,  n o r  e v e n  i f  a n
ATARI  410  P rog r .ao  Recorde r  i s  cab led  to  th€  romgu te r ,  so  the  u6e r  mus t
b e  c E r e + u I  u h e n  u s i n g  t h i E  d e v i c e .

gII]  I  NTERFACE

T h e  c e s s e t t e  d e v i c e  u t i l i : e 6  p o r t i o n s  o f  t h e  E e r ' i a l  b u s  h a r d u a r e ,
b u t  d o e s  n o t  f o l 1 o u  6 n V  o +  t h e  p r o t o c o l  a s  d e f i n e d  i n  S e c t i o n  9 .

ATARI A2OTTI.I]  O.COLUI'{N II'IPACT PRINTER

T h e  A T A R I  8 2 O  F r i n t e r .  h a s  t h e  f o l l o u i n g  s h E r 6 E t e r i s t i c 6 :

DATA CAPAC ! TY:

4 0  E h a r a . t e ? s  p e r  l i n e  ( n o r t r l a l  p r i n t i n g l
a q  r h e r € r t e r s  p e r  l i n e  ( 5 i d € u a g s  p r i n t i n g '

DATA TRANSFER RATES:
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B u E  ? a t e :  x x  c h a f a c t e i s  p e r  g a E o n d .
P r i n t  t i m e  ( b u r 6 t ) :  x x  c i a r a r t e r s  p e r  e e E o n d .
P r ^ i n t  t i n e  ( € v e ? a g e ) :  x r  c h a r a c t e i s  p € r  s e c o n d .

STORAGE FARfiAT:

3  7 /8  i nch  q r i d€  paper . .
5 X 7  d o t  m 5 t F i x ,  i & p a c t  p r . i n t i n g .

Noroal foroat --
4 0  t h a r a c  t e r E  p e r  1 i n e .
6  l  i n e E  p e r  i n c h  ( v e r t i c e t ' .
1 2  f , h a r € r t e r E  p e r  i n c h  ( h o r i z o n t a l ) .

9 ida t ,aUg  +o .na t  - -
29  cha rac  te r r  pe r -  l i . ne .
6  I  i n e s  p e r  i n c h  ( v e i t i c a l ) .
9  c h € i a c t € r . s  p e r .  i n c h  ( h o r i z o n t a l  ) .

SIO IN'ERFACE

T h e  c o n t ! . o t l e r  6 e r i a I  b u s  t D  i s  $ 4 O .

T h €  c o n t r o l l 6 r  q u p p o r ' t 6  t h e  + g l l o u r i n g  S I O  ( o m f l a n d s  ( 9 e e  $ e a t i o n  5
fo t  i l o?s  i n fo r .oa t i on  rega?d i rg  thc  Hand le r  End  Sea t ion  9  +o r  a
g € n e f a I  d i s e o s g i o n  o f  b u s  c o n n a n d s ) :

CET STATUS

The  conpu te .  Eends  e  qommand  f reme o f  t h€  fo r&a t  Bhoun  be lou :

Dev ice  ID  =  t4O.
Cotnn€nd bgt€ = $S3.
E U x i I i a r g  1 =  d o e s n ? t  m a t t e r .
a u t i l i a . g  2  =  d o e s n ' t  m a t t e r .
C h e c l s u m  =  c h e E k s l m  o f  b g t e s  a b o v e .

T h e  p r i n t e r  c o n t r o l l e r  r e 5 p o n d s  l r i t h  a  d a t a  f r a { r e  o f  t h e  f o r m a t
Ehourn  ea r l i e r .  i n  t h i s  append i r  as  pa r t  o f  t he  CET STATUS
d  i E c u g s  i o n .

PRINT L INE

The  coopu te r  sends  €  command  + rame o f  t he  fo r f i a t  Ehoun  be lou :

D€v ice  ID  =  34O.
Coomand  bg te  =  $57 .
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e u x i l i e r q  1 =  d o e s n ' t  n a t t e r .
e | r x i l i a rg  2  =  94E  fo r  no t ' t t t e1  p r i n t  o .  $S3  to r  B ideuagg .
C h e c k 6 u r n  =  c h e c k g u m  o f  b u t e s  a b o v E .

The  con rou te r  sends  e  da ta  f ra f l e  o f  t h€  fo roa t  i houn  be lo { r :

L e f t m o s t  r h € i a c t e r .  o f  l i n e  ( c o l u o n  1 ) .
N e x t  E h a r a . t e r  o +  l i n e  ( c o l u r n n  2 ) .

i l g f r tmos t  cha rac te r .  o f  l i ne  ( co tumn 40  o r  a9 ) .
C h  e c  * r u n  b q t e .

N o t €  t h E t  t h e  d a * a  f r e m e  B i r e  i E  v a r i a b l e .  e i t h e r  4 1  o r  3 0  b g t e 6
i n  1 e n 9 t h ,  d e p e n d i n g  u p o n  t h e  p t ' i n t  m o d e  s p e c i f i e d  i n  t h e  r o o m a n d
+iafie.

ATARI  A1O DISK OR IVE

T h e  A T A R I  g l o t T M l  D i E k  D r i v e  h a s  t h e  f o l l o t ! i n g  c h a r a c t e r i s t i c E :

DATA CAPAC I TY:

7 2 O  E e € t o r e  o f  1 2 8  b g t e 6  e a c h
7O9 6ec to r6  o+  125  da ta  b r r tes

( D i s k  H € n d l e r  f o . m a t ) .
each  (D ie t  F i l e  l v l anaqer  fo rme t )

DATA TRANEF€R RATES:

gus  ra te :  1920  ch€ ra r te rs  pe i '  5€aond .
S e e k  t i m € :  5 -  2 5  o e e c .  p e i  t r a c l  +  1 0  t o  a 1 O  n s € E
Rote t i one l  l a tencq :  104  oEec  tna r imu |n  (2eg  rp ln ) .

STORAGE FORMAT:

5 1 / 4  i n c h  d i s f t e t t s ,  s o f t  s e c t o r e d
4 0  t r e c  k r  p e r  d i s * e t t e .
1 B  s e E  t o r ' E  p e r  t r a c t .
12€ }  b  { ,  t es  pe r  6ec to? .

b U  t h e  c o n t r o l  l € r .

C o n t r o l l s d  b g  N e t i o n a l  I N S 1 7 7 1 - 1  f o r o a t t e r ' / c o n t r o l
€ e c t o t  E e q u e n c e  p e .  t r e E k  i s :  1 8 ,  1 ,  3 '  A '  7 '  9 .  I

t 7 ,  2 ,  4 ,  6 ,  A ,  10 ,

l e r  c h i p .
1 ,  1 3 ,  1 5 ,
72 ,  14 ,  L6

S IO INTERFACE

T h e  c o n t r o l l e r  g e r i t s l  b u E  I D s  i ' a n g e  f i o m  * 3 1  ( f o r  ' D 1  ' ,  t o  9 3 4
( f o r  ' D 4 '  ) .

OPERATING SYSTEI ' I  Cu16555  - -  Append ix  K
Lq7



T h €  c o n t r o l t e r  s u p p o I . t s  t h e  + o l l o u r i f i g  S t O  c o m m a n d s  ( 6 e e  e a r l i e r
i n  t h i s  A p p e n d i r  f o i  i n f o r m a t i o n  e b o u t  t h e  D i E k e t * e  H a n d t e r  e n d
S e c t i o n  9  f o .  a  g e n e r a l  d i E c u s s i o n  o f  b u E  c o m m € n d 5  ) :

GET STATUS

The  conFUts r  sends  a  Eo rn roand  + ra$e  o f  t he  +o ime t  shoun  be lou :

Dev iEe  ID  =  i 31 -34 .
Comtoand  bg te  =  $93 .
a u x i l i a r U  1  =  d o e s n  / t  m € t t e r .
a u x i l i a r g  2  =  d o e E n . t  m e t t e r .
C h e c k s u f t  =  c h e c f t s u o  o f  b q t e 6  e b o v e .

T h e  d i s k e t t e  € o n t r o l l e r  r . e s p o n d s  ( l , i t h  a  d a t a  f r e o e  o f  t h e  + d r i l a t
shoun  ea r l i e r  i n  t h i s  Appand ix  as  pa r t  o f  t he  9TATUS REOUEST
d i 9 c r J E E i o n .

PUT SECTOR ( I, ' ITH VERIFY}

The  compu te r  6endE a  command  f ra rne  o f  t he  fo r f t a t  sho { rn  be lou :

Dev ice  ID  =  $31 -34
Cofimend br/te = E57.
a u r i l i . a r g  I  =  l o o  b g t e  o f  s s c t o r  n u m b e r .
a u x i l i a r g  ?  =  h i S h  b g t e  o f  s e c t o r  n u m b e r .  ( 1 - 7 2 0 ' .
C h e c l B r r f l l  =  € h € c k s u m  o f  b q t e 6  a b o v e .

T h e  E o m p u t e r  i e n d E  a  d € t e  f i a m e  o f  t h e  + o r m E t  s h o u r n  b e l o u :

1 2 8  d a t a  b g t e s .
C h  e c  l  s u m  b g t € .

T h e  d i s & e t t e  c o n t r o l l e r  u r i t s s  t h e  f a € f t e  d d t 6  t o  t h e  E p e € i f i e d
E e E t o r ,  t h e n  r e a d 6  t h e  s e c t o r  e n d  c o m p a r e s  t h e  c o n t e n t  { r i t h  t h e
f r a m e  d a t a .  T h e  C O | I F L E I E  b q t e  v a l u e  i n d t c a t e s  t h e  s t e t u E  o f  t h e
o o e t e t i o n .

PUT SECTOR (NO VERIFY}

The  .ompu te r  6ends  a  comoend  f rame o f  t he  +o r .na t  5ho l | Jn  be1ou , :

Dev i ce  ID  =  t31*34
CorDnand  bg te  =  $5O.
E U x i I i a r g  1 =  l o u  b q t s  o f  s e c t o r  n u m b e r .
a u r i l i . a r q  2  =  h i S h  b V t e  o +  s e c t o i  n u m b e r  ( 1 . - 7 2 O 1 .
C h e c * s u m  =  c h e c f t E U m  o f  b g t e s  a b o v e .

T h e  c o m p ! t e r  E e n d 6  e  d a t e  f r a f t €  o +  t h e  f o . m a t  s h o u n  b e l o n :
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1 2 8  d a t e  b ! t e e .
C h e c  &  s u n  b q t e .

T h e  d i 9 * a t t e  c o n t i o l l e r  u r i t e s  t h e
9ec to r ,  t hen  sendE t s  COMPLETE b r l t e
s t a t o s  o +  t h e  o p e r e t i o n .

+ r . a o e  d € t a  t o  t h e  s p e E i + i e d
va l !e  the t  i . nd  i c t s tes  the

EET SECTOR

The  conpu te r .  sends  €  connand  + rErns  o f  t he  fo rna t  Ehoun  be lou :

Dev ice  ID  =  *31 -34
Comnand  bq te  =  $92 .
a u x i l i a a g  1 =  ! o { ,  b g t e  o . F  s e c t o r  n s n b e } .
a u x i l i a ? g  2  =  h i g h  b q t e  o f  s e c t o r  n u m b e r  ( 1 - 7 a O ) .
C h e c t s u m  =  c h e € k s u n  o f  b g t e s  a b o v e .

T h e  d i s & e t t e  c o n t r o l l e r  s e n d s  €  d € t e  f r a n e  o S  t h e  t o r  a t  9 h o { r n  b e l o u :

128  da t€  b  g  tes .
C h e . t s l | n  b g t e .

FORMAT DISKETTE

The  coop ! t€ r  s€nds  a  command  f . ame o f  t he  fo roa t  6hourn  be lou :

Dev ice  !D  =  931 -34
Conoand  bUte  =  $21 .
a u t i l i a r g  1  =  d o e s n ' t  m a t t e i .
e u r i l i a r g  2  =  d o e s n ' t  n e t t e r .
C h e c  l s u f i =  c h e c k E U r | r  o f  b { t e s  e b o v e ,

T h e  d i 6 & e t t e  E o n t r o l l e r  c o n p l e t e l V  f o i  € t s  t h e  d i g k e t t e  ( g € n e i € t € E  4 0
t r a c k r  o f  1 8  s o f t  s e E t o r s  p e r  t i a c k  o i t h  t h e  d a t a  o o r t i o n  o f  e a r h
E e c t o r  € q u € 1  t o  a 1 l  z e r o s )  a n d  t h e n  r e a d s  e a c h  s e c i o r  t o  v e r i f g
i t s  i n t € g r . i t g .  A  d e t €  f r E m e  o f  1 2 8  b g t e s  p t u t  c h e c L 6 ! n  i 5
i e t u r . n e d  i n  t h a t  t h e  s e c t o r  a u r n b e r s  o +  a l l  b a d  s e c t o f s  ( u p  t o  a
|nEx in { r&  o {  63  Eec to rs }  a re  ron ta ined ,  +o l l o { red  bq  t { ro  consecu t i ve
b t J t € 5  o +  * F F .  t $  t h e r e  E r e  n o  b a d  s e c t o i g  o n  t h e  d i s t € t t e  t h e  f i i 6 t
?  b l t e s  o +  t h e  d a t a
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Append i  x  L  - -  OS DATA BASE VARTABLE FUNCTIONAL DESCRIPTIONS

CENTRAL DATA BASE DESCR IPT I AN

T h i s  € p p € n d i r  p l . o v i d e s  d e t a i l € d  i n f o r . m a t i o n  f o r  t h o s e  v a r i a b l e s
i n  t h e  O S  d a t a  b a 5 e  t h a t  c € n  b e  a l t e r e d  b u  t h e  u s e r .  R e r n a i n i n o
v a r i a b l e E  a r e  p r o v i d e d  n t s r r E t i v e  d e s c r i o t i o n s .  I n f o r m a t i o n  o n  t h e
v a r i a b l e s  i E  p r a i e n t e d  i n  €  m u l t i p l s  a c c e E s  E c h e o e :  L o o r ( u p
t e b l e s  e r e  r e * e r € n c e d  t o  a  € o m m o n  6 € t  o f  n € r r € t i v e 6 ,  t h a t  i s
i t E e I f  o r . d e r e d  b !  f u n c t i o n .

V E r i e b I e  d e € c r i p t i o n s  : r e  r e f e r e n c e d  b g  €  l € b e l  c a t t e d  a  v a r i a b l e
i d € n t i + i e i  ( V I D )  . l s f t b e . .  T h e  l a b e I  c o n p r i s e 6  €  s i n g l e  l e t t e r
foL lo l red  bq  a  nu lnbe r .  A  d i f f e r .en t  t e t t e r  i s  a i s igned  fo i .  e t s rh
m a J o r  f u n c t i o n a l  a r e a  b e i n g  d e s a r i b € d ,  a n d  t h e  n u d r b e r , s  a r e
a 6 s i g n e d  s e q u e n t i a t  l g  u i t h i n  d a a h  t u D E t i o n a l  a r e a .  T h 0 6 e
v a ! . i a b l e s  t h a t  t s r e  n o t  E o n g i d e r e d  t o  b e  o f  i n t e r e s t  t o  a n g  u s e r
a r e  f l a g g e d  u i t h  a n  a € t e r i s t  ( * )  a + t e r  t h e i r  n a o e s .  T h e  d a t a  b e s e
l o o t u p  t a b  l € e  t i o v i d e d  a r . e :

1 .  F u n c t i o n a l  g r o u p i n g  - -  i n d e x  t o  t h e  f u n c t i o n  n a r r , a t i v e  a n d
d e B c r i p t i o n s  o f  v s r i e b l e s ,  g i v i n g  V I D  a n d  v a r i € b 1 €  n E | n e .

2 .  A l p h a b € t i c  l i e t  o f  n a m e s  - -  9 i v i n 9  V I D  o f  d e s c r i p t i o n .

3 .  A d d r e s s  o . d e r e d  l i s t  - -  g i v i n g  V I D  o f  d e 5 c r . i p t i o n .

I t e n  1 ,  t h e  f u n c t i o n a l  g r . D U p i n g  i n d € x ,  s t a r . t E  o n  t h e  n e x t  p e g e ;
t h e  o t h e r  t u o  l o o k u p  t a b I e E  a r e  a t  t h e  e n d  o f  A p p e n d i r  L .

2o�0
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FUNCTIANAL INDEX TO DATA EASE VARIAELE DESCR IPTIONS

l lemorg  aon f  i gu r ' e t i on
A 1 r'rEr'tLo
A2 I'IEMTOP
A3 APPI'IH I
44 RAI'ITOP
A5 RAHSIZ

T e r t / g r a p h i c s  s c t e e n

Cur .go r  con t?o l
81  CRS INH
s2 ROWCRS. COLCRS
93 OLDROI.I, OLDCOL
84 TXTROI.', TXTCOL

Screen  marg  i ng
D5 LI'IARCN
86 RI'IAREN

Co lo r  a  on t i o  l
E7 PCALRO _ PCOLR3
9e cctLoRo - ca|-oR4

T e r t  E c r o l l  i n g
99 SCRFLG*

At t rac t  nod  e
B10 ATRACT
811 COLRSH*
812 DRKMSK*

Tab  b  i ng
813 TAEMAP

L o g i c a l  t e r t  l i n e 5
814 LOOHAP*
815 LSGCUL*

S p l i t  s c r e e n
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816 gBTgCR*

F ILL , /DRA$,  fun . t i on
817  F ILDAT
B1g FILFLOI'
819 NEt, SROtr*, NEWCOLT1
B2O HOLD4I'

821 RO{INC*, COLINC*
BE2 D€LTAR*, DELTAC*
BE3 COUNTR*
824 ROHAC*, COLAC}
845 ENDPT*

D i  s p  1 a 9  i n g  c o n t r o l  . h € r € c t e r . s

E E E a p e  ( d i G p l a g  + o l l o u i n g  c o n t r o l  c h a t ' )
826 ESCFLE*

DiEF lEg cont ro t  chsrac ter .s  f iooe
F27 DSPFLC

B i t  n d p p e d  g r . a p h i r s
S2A DHASK*
829 SHFAT{T*

OPERATINC SYSTEM CO16555  - -  AppEnd ix  L
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ID ta fnE  I  l r o r  k  i ng  va r iab leE
B3O HOLDI*
s31 HOLD2*
932 HALD3*
833 TTIPCHR*
834 DSTAT*
935 DINDEX
836 SAVMSC
937 OLDCHR*
B3A OLDADR*
839 ADRESS+
840 MLTTI'IP/OPNTI.IPlTOADR*
841 SAVADR/FRMADR+
842 BUFCNT*
843 BUFSTR*
844 SHPFLG*
945 INSDAT*
946 Tr.tPROt,tn. T|4PCOLi
947 TI.,IPLBT*
844 SUBIF|P*
84? TINDEX+
85O E ITMSK+
s91 LT BUF+
852 TXTIISC
853 TXTOLD*

oPgRATINc SYSTET{ c0l6555 -- Appendir L
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In te rna  I  c  harac  te r
854 ATACHR
955 CHARr

c o o e  E o n v e r ! i l o n

D.

C .  D i B l  H a n d l € r
CT BUFADR*
CZ DSKTIHi

C a e g e t t e  ( p a r t  i e  S I O  p a r t  i n  H a n d l e r ' )

8e0d ra te  de ter0 ina  t  i  on
Dl CBAUDL*, CBAUDH*
DP TII'IFL6*
D3 TIfiER 1*, TII'IER2*
D4 ADDCAR*
D5 TEIIPI*
D6 TET{P3*
D7 SAVIO*

Caee. t te  ood€
DA CASFLC*

Ca3set te  bu$fer
D9 CASBUF*
DlO BLII',I*
011 BPTR*

ln te rna l  uork ing  var iab  1eE
D12 FEOF*
D13 FTYPE*
D14 WHADE.I
D15 FREO*

Keg b  oe i  d

Keg read ing  end debounEing
El  CHl*
E2 KEYDEL*
E3 CH

20�4
OPERATING SVSTET{ CO16555  - -  Append  i  r  L



S p e E  i a  I  f u n c t i o n s

g t a r t / s t o p
E4 SSFLAO

IBREAK ]
E5 ERKKEY

tSHIFT I / [CONTROL]  1oc  k
E6 SHFLIIK
E7 HOLDCH*

Au to rep  ea t
E8 SRTI!IR*

tnve iEe  v id  eo
E9 INVFLO

C o n s o l e  s t i t c h e s  ( t s E L E c T l ,  I S T A R T ] . a n d  t O P T I O N I ]

P .  i n te r

p r i n t e r - b u f f e r '

Fl PRNEUF*
F2 PSUFSZ*
F3 PBPNT+

In t€ rna l  uo r  k  i ng  vs r ' i ab les
F4 PTEI'IP*
F5 PTI I'IOT*

C e n t r a l  l / B  r o u t i n e  ( C I O )

U€er  Ea l  I  pa ra l re te rs

e1  IOCE
G2 ICHI  D
C3 ICDNO
e4 I CCOM
E5 ICSTA
G6 ICEAL, ICBAH
G7 ICPTL, ICPIH
EA I CBLL, ICBLH
09  ICAX 1 ,  ICAX2
c10 IcsPR

Dev ic€  I  t a  t { . , 6
G11 DVSTAT

d e v i  c  e  t e b l e
612 HATAES

0PERATINO SYSTEM CO16555  - -  ApPend ix  L
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C IO , /Hand  1e r  i n te r face  ParameEers

e13  Z IOCS (  IOCSAS)
o14  t cH IDZ
c l5  ICDNOZ
c16 ICCOT'IZ
c l7  ICSTAZ
G1B ICBALZ,  ICAALH
Cl9  ICPTLZ,  ICPTHZ
CAO ICBLLZ, ICBLHZ
Ge l  ICAX lZ ,  ICAX2Z
GA2 ICSPRZ ( IC IDNO, C IOCHR )

In te | .na l  { ro r  k  i nq  ve r ieb le6
623 ICCOHT+
G?4 IC IDNO*
o25 C IOCHR*

H .  S e i i a l  L / B  r o u t i n e  ( S I O )

U iea  ca l l  pa t ' em€ te .9

H 1  D C B  E o n t r o l  b l o E l
HA DDEVIC
H3 DUNI T
H4 DCOI.IND
H9 DSTATS
H6 DEUFLO, DEUFHI
H7 DT I I'ILO
HA DBYTLO, DEYTHI
H9 DAUX 1, DAUX2

Bus  Eound  c  on t r ' o l
H1O SOUNDR

S e r i a l  b u E  c o n t r o l

R e t r q  l o g i c
H l1  CRETRY*
H12 DRETRY*

Ch  ec  &  sum
H13 CHKSUT'!+
Hl4 CHKSNT*
Hl5 NOCKST'I*

OPERATINO SYSTEMC O 1 6 5 5 5  - -  A D e e n d i x  L



D a t a  b u + f e r i n g

O e n e r e l  b u f + e r  c o n t . o t

H16 SUFRLOI+, BUFRH I+
H17  BFENLO* ,8FENHI+

Cos lmand  f ra rne  ou tp ! t  bu+ fe r .
H1e  CDEVTC*
H19 CCOMND*
HeO CAUXt *, CAUXaT+

Rece ive , / t rans f l  i t  da ta  bu f  f  e i i ng
H21 BUFRFL*
HEz RECVDN*
HE3 TEMP*
H24 XI'ITDON+

5IO t  i r neou t
H?g T I I'IFLG*
He6 CDTt'tVl*
H27 CDTt'tA1*

In te rn€  I  uo r  t  i ng  va r iab le i
HzA STACKP*
H29 TSTAT$
H3O ERRFLG*
H31 STATUS*
H32 SSKCTL*

ATARI  ron t .o l  l e iE

J o g s t i c k s
Jl STICKO - STICK3
J2 STRIOO - STF IG3

Padd  I  es
J3 FADDLO - PADDLT
J4 PTRIGO - PTR IG7

P a d d l e  c o n t | . o l  l e r E
JE STICKO * STICK3
J9 STRICO - STR IGs

D i .E l  f i l e  f t ensge i
K1 FTISZPG*

KE ZBUFP*
K3 ZDRVA*
K4 ZSBAT,
K5 ERRNOI'

K .
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L -  D i s k  r r t i t i t i e e  ( D O S I
Ll DSKUTL*

l . t .  F loa t i ng  po in t  pec lag€
Hl FRO
I'I2 FRE*
M3 FR1
l,l4 FR2*
M5 FRXi
M6 EEXP*
t't7 NsIeN*
HA SSIONS
M9 FCHRFLC*
MlO DIGRT*
M l 1  C I X
M12 INEUFF
I'113 ZTEt'tP 1*
ti14 ZTEI{F4*
f.115 ZTEMPS*
I.|16 FLFTR
H17 FPTRz*
l' l1B LSPR 1*
l'119 L8PRA*
tI'O LBUFF
H21 PLYARC+
H2E FPECR./FSCR*
H23 FPACR 1/FSCR 1+
HE4 DEGFLC./RADFLC*

N.  Poure r -Up  €nd  Sg9 te f l  ReseE
R A l l  s i z i n g

N1 RAmLO*, TRAT.|SZ*
N2 TSTDAT*

D i s l € t t e / . a E E e t t e - b o o t
N3 DOS INI
N4 CKEYT
N5 CASSBT*
N6  CASIN I
N7 BOOT?,.
NA DFLAeS*
N9 DSSECT*
NlO BOOTADI.

Env i ronn€n td l  Eon t fo l
Nll  COLDST
N12 DOSVEC

204
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IS RESETI
N13 t 'ARt{St

P .  I n t e r r u p t E
P 1  C R  I T  I C
P2 POKMSK

Sgs te ln  T  i  mer€

Rea l - t i | ne  c loc | l
P3 RTCLOK

Sgs t€ f i  T i l n€ r  1
P4 CDTfM
P5 CDTIIA1

Svs ten  T imer  ?
P6 CDTTVa
P7 CDTI'IA2

$irJ6t€dr Tifters 3-5
P8 CDTllV3, CDTMV4, CDTt'tVs
F9 CDTMF3, CDTHF , CDTI.IF'

RAI ' I - i n teF r i rp t  v€E to i r

NMI - i n te r rup t  vec  to r  s
P1O VDSLST
P 1 1 WSLKI
F 12 WgLKt)

IFQ- in te r rup  t  vec  to .6
P13  V I I , I IRG
P14  VPRCED
P15  V INTER
P16  VBREAK
P17 VKEYED
PlA  VSERIN
P19 VSEROR
P20 VSEROC
P21  VT  IMR 1 ,  VT I t . 1R2 ,  VT IMR4

H E r d u e r e  r e g  i s t e r  u p d a t e E
P22 SDMCTL
P23 SDLSTL, gDLSTH
P24 EPRIOR
P25 CHACT
P26 CHBAS
P27 PCOLRx, COLAR x

OPERAftNc SYgtEl{ CO165S5 -- AeDendir L
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I n te rne  I  l , o r '&  i ng  ve r ieb le
PzA INIEIIP+

R.  UEer  6 r .eaE
R 1  (  u n l a b c l e d  )
R2 USAREA

T h i s  € p p a n d i x  c o n t a i n s  d e B c r i p t i o n s  o S  d l a n g  o +  t h e  d e t a  b a s e
v a r i e b l e g ,  d e g c r i p t i o n s  a r e  i n c l u d e d  f o r  a 1 ! .  o f  t h e  u s e r -
e c c e 5 s i b l e  v a r i E b l e 6  € n d  f o r  E o n r e  o f  t h e  ' , i n t e r n a 1 , ,  v a r i a b l e s  a s
u e l l .  T h o E €  v e r i a b l e s  t h a t  e r ' e  n o t  c o n 6 i d e r e d  t o  b e  n o r o a l l q  o f
i n t e r e s t  t o  a n g  u 9 € r  E . e  + 1 a 9 g e d  u i t h  e n  a s t e r i E &  ( * )  a f t e r  t h e i r
n a f i e 6 i  t h e  o t h e r  v e r i € b l e s  c a n  b e  o f  i n t € r e s t  t o  o n €  o r  m o r e  o +
t h e  + o l l o r r i n g  r l a E 5 e s  o f  u 6 e i s :

o
o

o
o

End  use r .
ee t l e  d€ve Iope r .
Ap  p  I  i ca t i on6  p rog iamtne i .
5 { s t e m  s t i l i t g  u r i t e r .
L a n g u a g e  p r o E e 6 E o r  d e v e l o p e r .
Dev ica  HEnd  le r  { ^ l r  i  t e? .

Each  v€ r  i  ab
f o l  l  o u e d  b g
i n  t h e  d a  t a

l . €  i i  s p e c i f i e d  b
i t E  a d d r e s g  ( i n
b a s e  ( i n  d e c i n e l

q  i  t s
h e x  '
' ,  i n

<nade>  t4ad  d .e5s ) ,  <E  i  r e> l

F o r  e r a o p  1 e :

MEt'lLO f OaE7, 2J

N o t e  t h a t  n o E t  u o r d  ( 2  b g t s )  v a r i € b l e s
s i q n i f i c a n t  b g t e  a t  t h e  l o o r e r  € d d r e s s .

6 g  s  t e m  e q u e t e  f i l e  n a m e
e n d  t h e  n u m b e r  o f  b g t e s  r e g e r v e d

t h e  f o l l o o r i n g  f  o r n :

a te  t t rds red  { r i t h  t he  l eaE t

210
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$ e e  S e c t i o o  4  f o r  d  g e n e i € !  d i g c u E s i o n  o f  m e  o r {  d q n a o i c F  d n d
6 € c t i o n  7  f o r  d e t a l l E  o f  E g s t e m  i n i t i a l i r a t i o n .

A1 MEl " l LO IOAET,a l  - -  U6er - f ! . ee  meno | . {  l ou  edd ress

f ' lE l ' { LO con tE ing  th€  Eddre6s  o f  t he  + i r s t  l o€a t i on  i n  t he  f rae
oe . ro l . g  reg i .on .  The  va lue  i s  e6 tab l i shed  bg  the  Og  du t , i ng  pou ,€ r -up
a n d  s g s t e f n  r e E e t  i n i t i a l i z E t i o n  a n d  i s  n e v e r  € l t e r e d  b q  t h e  O S
th  e re€  f  t e r .

A? i ' lEl, l toP !OAE5,2l -- User-free rne|nol.g high add?eEs

MEI ITOP con ta ins  th€  edd r .e iE  o f  t he  f i r 5 t  non -us€ .b le  f t en ro rg
l o a e t i d n  e b o v e  t h e  f r e e  m e n o r g  . e g i o n .  T h €  v e l u e  i 6  ! s t a b t i € t € d
b g  t h e  B S  d u r i n g  p o u e r - u p  a o d  s g B t e o  r e s e t  i n i t i a l i z d t i o n i  a n d
f , h e n  i s  F e - e s t e b l i E h e d  u h e n € v e "  t h €  d i s p l a g  i s  o p e f l e d ,  b a F 6 d  u F o n
t h e  r e q u i r . e o e n t s  o f  t h e  s e l a c t e d  g " € p h i c s  n o d e .

43  APPI ' {H I  IOOOE,2 l  - -  U6€r -+ re6  mErno rg  sEreen  l oue r  t i o i t

A P P  H I  i s  e  o s e r - c o n t r o l l e d  v € i i E b I €  t h a t  c o n t a i n s  t h e  a d d r e s s
q r i t h in  the  + reE  meno iq  reg ion  be lo t | ,  r rh iEh  the  D iEp leg  Hand le r  canno t
g o  i n  s e t t i n g  o p  s  d i E p 1 t s 9  s c i e e n .  T h i E  v 6 r i a b l e  i s
i n i t i a l i z e d  t o  z e r o  b g  t h e  O S  e t  p o u r e r . - u p .

A4  RAHTOP*  !006A,  1 t  - -  D iEp laq  H€nd1e i  t og  o f  RAH addre6e  ( l , tSB)

RAI ' ITOP Ce ! .m3nen t lg  re ta ins  the  RAH to t  ddd ieEE tha t  q ,ae  con te ined
i n  T R A H S Z  ( a s  d e s c r i b e d  i n  N 1  )  f o r  t h e  D i s p l s g  H a n d l e t . , 6  u 5 e .  T h e
v e l u e  i E  s e t  u p  a E  p e r t  o f  H a n d l e r  i n i t i a l i z E t i o n .

A. I. I€HARY CONFICURATIAN

Ag RA|ISIZ [OAE4, 1] -- Too

RAt' lSI Z perf l l€nsnt 1g retainB
in  TRAMSZ (a6  desc i l b€d  i n

o+  RAM ddd tess  (HSB on lg l

t h e  R A t l  t o p  a d d r e E s  t h a t  u a s . o n t € i n e d
N t  ) .
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S. TEXT./ORAPHICS SCREEN

S e e  S e c t i o n  5  f o r  e  d i 6 c u 6 E i o n  o f  t h e  t e r t  a n d
a n d  t h e i r  H a n d l e r r .

g r a p h  i €  E  6  c  r e e n s

Curso r  Con  t ro  I

F o r  t h e  t e x t  s c r e e n  a o d  s p l i t - s c i , € e n  t e x
v i s i b l e  c u r . E o r  o n  t h e  E r r e e n  u h i c h  s h o { r 5
i n p u t  o r  o u t p u t  g p e r a t i o n .  T h e  c u r . s o r  i s
t h e  v i d e o  o f  t h €  c h E r a . t e r  u p o n  u h i c h  i t
c a n  b e  m a d e  i n v i s i b l s ,  a t  t h e  u s e . , s  o o t
d l u , a 9 9  h € 6  a n  i n v i F i b l E  € u r . s o r .

T h e  c u . r o t '  p 0 3 i t i o n  i s  s e n s e d  b g  e r e m i n i n g  d € t €  b a s e  v € r i a b I € 9
a n d  c E n  b e  m o v e d  b g  a l t e r . i n g  t h o s e  s € o e  v t r i e b t e s ;  i n  € d d i t i o n ,
uhen  us ing  tha  6c reen  Ed i to r . ,  t he re  a re  cu rEor  rnoveoen t  con t i o l
c o d e 6  t h a t  a a n  b e  E e n t  a s  d € t s  ( e s  e x p l e i n e d  i n  S s E t i o n  S ' .

B l  C R S I N H  I O A F O ,  1 l  - -  C u r s o r  d i 6 p t a g  i n h i b i t  f l e t

l ' r h  e n  C R S I N H  i s  l . r o ,  a t I  o u t p u t E  t o  t h e  t e r t  s c r e e n  u i l l  b e
f o l l o u r e d  b g  €  v i s i b l e  c u r E o i  ( i n v e r s s d  c h a r e c t e i r ;  e n d  u h e n
CRSINH i9  non !e ro r  no  v i s ib l€  EU! . so r  l r r i l l  be  gener .€ ted .

CRSINH_ is  Ee t  t o  r . ro  b !  pou ,e i -up ,  t he  tSyS fEH.  RESETI  o r  t gREAKl  kegs
o r  an  OPEN condand  to  the  D isp lag  Hand le r  o?  Sc reen  Ed i to f .

N o t €  t h a t  i l t e r i n g  C R S I N H  d o e E  n o t  E e u s e  t h e  v i s i b l e  c u r E o r  E o
t h a n q e  € t a t e s  u n t i l  t h e  n e x t  o u t p u t  t o  t h e  € c r e e n ;  i +  € n
i i l m e d i a t a  c h a n g a  t o  t h e  c u r F o r  s t a t e  i s  d e s i r e d ,  u i t h o u t  € l t e r i n g
the  sc r€ fen  da ta ,  f o l l o ! ,  t he  CRSINH Ehenge  u i t h  the  ou tpu t  o+
CURSOR UP, CURSOR DOl.lN, or sone other innocuous Eequ€nce.

BA ROITCRS tOO54 ,  1 l  and  COLCRS tOO95 ,2 l  - -  Cu r ren t  t u rso r
p o s i t i o n

ROIJCRS and  COLCRS de f i n€  the  cu r€o i  t oca t i on  ( .ou  and  co I !  n ,
r e s p a E t i v e l g )  + o r  t h e  n a r t  d a t a  e l e n e n t  t o  b e  r € € d  * r o n  o r
k r i t t e n  t o  t h €  o a i n  g c r e e n  E e g m e n t .  t l h e n  i n  s p l i t - s c a e e n  o o d e t
the  va i i ab les  TXTROW end  TXTCOL de+ ine  the  cu rso r  f o r  t he  te r t
u i n d o u  a t  t h e  b o t t o d  o f  t h e  s c . € e n  a e  e r D l € i n e d  i n  B 4  b e l o u .

The  ro | ,  and  co lua ln  nu lnbe r ing  6 ta r t  u i t h  t he  va lu€  re ro ,  and
inc reas6  i n  i nc remen tE  o f  one  to  the  nu l t l be r .  o f  rous  o r  €o lumns  m inuE
1 i  u i t h  t h e  u p p € r  I e + t  c o r n e f  o f  t h e  s c r e e n  b e i n g  t h e  o r . i g i n  ( O , O l .

R O W C R S  i E  a  E i n g l e - b q t E  v a r i a b l e  l r i t h  a  m a r i m u . [  € ! t o u , a b t e  v a l l e
o f  1 9 1  ( s c i e e n  o o d e s  8 - 1 1 1 ,  C O L C R S  i s  a  a - b g t €  v 6 r i e b l e  u i t h  a
n a x i f i u m  a l l o u a b l e  v a l u e  o +  3 1 9  ( E c r e e n  m o d e  8 ) .

t  { r i n d o u  t h e r e  i s  a
t h e  p o s i t i o n  o f  t h e  n e r t
i e P r e s e n t e d  b g  i n v e . s i n q
r e : i i d € E ,  b u t  t h e  c u a g o r

i o n ,  T h e  g r . a p h i r s  s c r e e n
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B3 OLDROI I  [OA5A,  1 I  and  OLDCOL !OO5B,21  - -  PF ioF  .u r5o r  t os l t i on

OLDROII and OLDCOL ar"e updated frolr l  ROITCRS; and COLCRS} befot€ ever.g
opera t i on .  The  va r iab le i  a re  used  on lg  fo r  t he  DRATJ  End  F ILL
oPe ! ' e t i ons .

84  TXTROW [OagO,  1 ]  €nd  TXTC0L  tO291 ,e l  - -  Sp
p o s i t i o n

TXTROI I  and  TXTCOL de f i ne  the  cu tso r  l ocE t ion
r e s p e c t i v e l g )  f o r  t h e  n e r t  d e t a  e l e m e n t  t o  b e
t r i t t e n  t o  t h €  6 D 1 i t - s c r e e n  t e r t  u i n d o u .

1 i  t - sE reen  te t  t  cu t ' so ! '

( rou ,  and  co lumn,
t .ead  f ron  o r

The  i ou  and  co lumn nL rdb€r in9  € ta r t  { r i t h  t he  va lue  ze ro ,  end
i n c r a e s e  i n  i n E T e m e n t 6  o f  o n e  t o  3  a n d  3 ? ,  r ' e s p e c t i v e l q ,  u i t h  t h e
u p p e t  I e { t  c o r n e r  o f  t h e  s p ! i t - E c r e e n  t € x t  u i n d o ! ,  b e i n g  t h e  o r i g i r !
( o , o ) .

Sc ieen  Ma?g  ing

T h e  t e x t  s c r e e n  a n d  6 D 1 i t - E c r e e n  t e x t  0 r i n d o o  h a v e  u E e r _ € 1 t € r a b l €
I e + t  € n d  r i g h t  n a r ' 9 i n E  t h a t  d e f i n e  t h e  n o r m a l  d o o : i n  o f  t h e  t e r t
c u f s o f _

BS L I ' IARGN tOO52 ,  1 l  - -  Te r t  co luon  l e f t  maFg in

LMARGN con ta ins  the  co lumn nsmber  (O-39 )  o f  t he  te r t  sc?een  le f t
m a r l i n ,  t h e  t e x t  c s r g o r .  u i l l  r e h a i n  o D  o r  t o  t h e  r i g h t  o f  t h e
l e + t  o a r g i n  a E  a  r ' e s u l t  o f  s l l  o p e t ' a t i o n s r  u n 1 6 5 5  t h e  c u t s o a
€ o 1 u n n  v a r i a b l e  i c  d i r e E t l t j  u p d e t e d  b ' J  t h e  u s e r  ( 5 e e  9 2  a n d  8 4
e b o v e ) .  T h e  d e + E u l t  v € l u e  f o r  L I ' I A R O N  i s  2  a n d  i :  e E t e b l i 6 h e d  u P o n
pou ,e r -up  o f  5q5 tem r  e5e  t .

B6  R i ' 1ARGN tOO53 ,  1 l  - -  Te r t  co lunn  i i gh t  { l a ig i . n

R i ' {ARGN con ta inE  the  Eo lL , |nn  nu rnbe r  (O_39)  o t  t he  t€ r t  5Eree f l  r i gh t
m t s r g i n ,  t h e  t e x t  c r r r s o r  l , i 1 1  r e m e i n  o n  o r  t o  t h e  l e f t  o f  t h E
r i g h t  m a r g i n  e E  E  i e r u l t  o +  e l l  o p e r € t i o n e ,  u n l E E s  t h e  t ! t 3 o r
c o l u o n  v a r i a b l e  i . 6  d i r e c t l g  u p d a t e d  b V  t h e  u e e r '  ( s e e  8 2  € n d  8 4
a b o v € ) .  T h €  d e + a u l t  v a l u e  + o r  R H A R G N  i s  3 9  a n d  i s  e 5 t a b l i E h e d
u p o n  p o u e r - u p  o f  5 v 5 t e n  r e 5 e t .
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C o l  o r  C o n t r o l

As  pa r t  o f  t he  s tag .  2  VBLANK
n i n e  d a t a  b a s e  v a r . i a b l e 6  6 r e
c o l o .  c o n t r ' o 1  t  e g i E t e r 6 .  T h e
g r o U p 9 :  t h e  p l a g e r / m i s s i l e  c
p l € q f i e l d  € o l o r  r a g  i E t e r E  a r e
a s  s h o u n  i n  A p p e n d i x  H .  T h e  p
used  bg  the  e tandard  OS.

p r o c e E E  ( s e e  S e c t i o n  6 ' ,  t h €  v a l u € E  o +
s t o r e d  i n  c  o r r e s p  o n d  i n g  h a r d u a r e
c o l o r  r € g i E t e r s  a r e  d i v i d e d  i n t o  t t r o
o l o r s  e n d  t h e  p l E q f i e l d  c o 1 o r 6 .  T h e

u t i l i z e d  b q  t h e  d  i  f + e r e n t  s E r e e n  m o d  e s
I t s q e i , h i s s i  1 e  c o l o F  r . e g i g t e r s  a r e  n o t

8 7  P C O L R O  -  P C O L R S  t O e C O , 4 l  - -  p l a g s r / m i s s i t e  g r a p h i E s  c o l o r s

E a c h  c o l o r  v a i i a b l €  i s  g t o r e d  i n  t h e  € o r r e s p o n d i n g  h a r d u a r e
t .eg  i s tea  a3  !houn  be lou :

PCOLRO IOzCO]
PCOLR1 to2c1 l
PCOLRz to2czl
PCOLR3 tO2C3:

E a c h  c o l o r  v a r i a b l e

coLPr,ro IDot2]
coLPi.l1 [ DO13]
coLPMz CDO14I
coLPtt3 tDo15l

COLPFO
COLPFI,
COLPF2
COLPF3
COLSK

7 6 5 4 3 ?  1 0
+-+_+_+*+_+_+_+-+
i  c o l o r  !  l u ' r |  l r !
+-+-+-+-+-+-+-+-+

S e e  A p p e n d i r  H  f o r  i n f o r . m a t i o n  f e g a r . d i n g
f i e l d  v e  l  u € 8 .

E a c h  c o l o r  v a r i . b l e  i 6  s t o r e d
r€g  i  E te r  a9  shoun  b€ lo r r :

ha6  the  fo r f t a t  Fhourn  be lou :

t h e  c o l o r  a n d  I u d r i n a n c e

i n  t h e  c o r r e s p o n d i n g  h d i d u a r e

tDo l6 l
tDo171
fDo le l
cDo19 l
T D O l A J

sE coLoRo - coLaR4 [oec5,9] -- P l € g f i e l d  c o l o r E

coLoRo
coLoRt
coLoR2
coLoR3
coL0R4

roac4l
r 02c91
tozc67
rcacT J
to2cBl

E a c h  c o l o r  v d i i e b l €  h € 6  t h e  f o r m a t  E h o u n  b e l o l r :

7 6 5 4 3 2 1 A
+_+*+_+_+_+_+_+_+
I  c o l o r  I  l u n  i r i
+-+-+_+-+_+_+_.t_+

S e e  A p p e n d i r  H  + o r  i n + o i r n a t l s n
f i e l d  v e  l  u e E .

l . e g a r d  i n g  t h e  c o l o r ' a n d  l l l n i n a n c e

214
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T € r t  g c r o l  t  i n g

T h e  t a x t  s E r € l n  o r
u ieneve r  one  o f  t he

o  A  t e x t  l i n e  a t
r . i gh t  m€r9  i n .

6  A  t e x t  l i h e  a t
EN E.UL.

89  SCRFLC*  tO2gB,  1 I  - -  Sc ro l t  + lag

S C R F L e  i 5  a  u o r l i n g  v a r i a b l e  t i a t  E o u n t s
l i n e s  m i o u s  1  t h d t  u e r e  d e t € t e d  f r o | n  t h e
s i n c e  e  I o g i E a l  l i n e  r E n g e s  i n  s i ! €  + r o m
f r o n  O  t 6  2

s p l i t - s c r e e n  t e r t  u i n d o u , , , s c t ' o l l s , r  u g o r e r d
t r r o  c o n d i t i o n s  s h o u , n  b e l o u  o E C U r s :

t h e  b o t t o o  r o u  o t  t h e  E r r e e n  e t t e n d s  p a s t  t h e

t h e  b o t t o o  r o u  o f  t h e  s c r e e n  i s  t e r o i n a t € d  b q

S c . , o l l i n g  h a E  t h e  o f f e c t  o f  F e r l o v i n g  t h e  € n t i r e  l o g i c a t  t i n e  t h a t
s t a r t s  a t  t h e  t o p  o f  t h e  s c r € e n  a n d  t h e n  m o v i n g  a l i  E U b s r q u e n t
l i n e s  u p u e r d  t o  f i l l  i n  t h e  v o i d .  T h e  E U r r o i  , i l l  a l " o | r | o \ r .
u p l r a r d  i 4  t h e  I o g i c 6 I  l i n e  d e l e t e d  i x r e e d l  o n e  p h g 3 i E e t  t i n € .

the  nu | r l be r  o f  ph t r s i ca l
t op  o f  t he  E  c r€en ,
I to 3, SCRFLC ranger

Attr.€c t f ' tod 6

A t t i a a t  n o d a  i s  a  o e r h a n i 6 a [  t h € t  p r o t e a t E  t h €  t e l e v i s i o n  s c r a 6 n
f r o | n  h € v i n g  p a t t e r n s  , ' b u i n e d  i n t o , r  t h e  p h o E F h o r s  d u e  t o .  f i r e d
d i s p l a q  b e i n g  1 e + t  o n  t h e  s c r e e n  f o a  e r t e n d e d  g e i i o d s  o f  t i | n e .
l f hen  the  .ompu t€ r  i s  l e f t  une t tended  fo r  l no r6  Lhan  g  o tnu tes ,  t he
c o l o r  i n t e n s i t i e E  € r €  l i t n i t e d  t o  g O  p e r c e n t  o f  t n e r i m u n  e n d  t h a
h u € E  a r €  c o n t i n u a t l q  v € r i e d  e v e r g  9 . 3  F e c o n d g .  p i e s 5 i n g  . n g
f tegboard  da te  keq  u i l l  be  su f f iE ien t  t o  re f tove  the  e t t raa t  f i ode
+or  I  no re  f t i  nu tes .

AE p€ r . t  o f  t he  E tag€  2  V8LANK p rdcesE ,  the  co lo i  reg i s te rs  f r . o . l
t he  d . ta  bEEe  a re  9€n t  t o  the  coFrespond ing  ha rd rua r i  co lo r
i e 9 i s t e r E i  b e f o r €  t h a t J  € i e  E e n t ,  t h e g  u n d . r g o  t h e  f o l l o i r i n g
t iEns$oroa t i on :

h€ tduaFa  reg iE te r  ;  da tabase  ve i i ab te  XOR COLRSH AND DRKl lS l {

Normall{ COLRSH = tOO End DRKHSK = *FE, thu5 oeting thr above
ca lcu l€ t i on  e  nu l  l  ope ia t i on ;  hoo reve r ,  once  a t t rac i  f t oda  baco lneg
er t i ve ,  CBLRSH =  the  con t€n t  o f  RTCLOK+I  and  DRKMSK =  fF6 ,  t ha t
h a €  t h e  r t f e c t  o f  f i o d i f { i n g  E } 1  o f  t h e  G o l o r E  a n d  | ( e e p i n g  t h € i r
l u tn inance  a luagE be lo { l ,  t he  50  pe rc€n t  l ev€1 .

S inEe  RTCLOK+I  lE  i nc r .€  en ted  eve rg  256 /60  o f  a  qeEond  end
6 i n E e  t h e  l e r r t  E i g n i + i c a n t  b i t  o f  C O L R S H  i 6  o f  n o  c o n r e q u e n c e ,  a

OPERAIING SYFTEI! Col6igg -- Appendir L
2L5



81O ATRACT rOO4D, t l  - -  A t t r€ . t  mode  t i { ne r ,  €nd  f l eg

ATRACT i s  t h€  t im . r .  (end  + Idg )  t ha t  Eon t r .o l i  t he  i n i t i a t i on  and
ta rm ina t i on  o f  a t t r . aE t  f i ode .  h lheneve r  s  t eqboard  ke rJ  iE  p ressed ,
the  l egboer ' d  IRO s . r v i ce  rou t i n .  se ts  ATRAaT to  . . ro ,  t nu ,
t e i d i n e t i n g  € t t r a c t  n o d e i  t h e  I B R E A K !  k e q  l o g i c  b e h a v e s
acco rd ing lq .  As  pe r . t  o+  the  s tage  l  VDLANK 9 io . . . s ,  ATRACT iE
i n E r e f i e n t e d  e v e r q  4  s € c o n d 9 ;  i +  t h e  v e l u e  e r c e e d s  1 2 7  ( a + t e ,  9
o i n u t 6 s  u i t h o s t  t e g b o a r d  a E t i v i t { } ,  t h e  v € 1 u e  o +  A T R A C T  u r i l l
b e  s e t  t o  * F E  a n d  u i l l  r s t a i n  t h a t  v a t u e  u n t i l  a t t r € E t  f i o d €  i s
t e r o i n a t e d .

S ince  the  a t t . 6c t  | node  i s  p r .even ted  End  te r f i i na ted  bq  the  OS
based  o r l l l  upo f l  kegboard  ac t i v i t q ,  6ooe  sse rs  cen  { tan t  t o  r , eEe t
ATRACT baEad  upgn  A t€ r i - con tao l l e r  €ven t  de tec t i on ,
s s e r - c o n t r o l l e d  6 e ! . i a l  I / O  b u s  a c t i v i t g  o r  a n g  o t h e r  E i g n s  o f
I i f e .

. o l o f / 1 u n  € h a n g e  u i l l  b e  e f f e r t e d  e v e r q  8 . 3  6 e . o n d E  ( 5 l A / 6 0 : ,

811  COLRSH*  (OO4F,  1 l  - -  Co lo r  i h i f t  n€sk

COLRSH ha i  t he  va lue  iOO { rhsn  s t t rac t  node  i s  i oac t i ve ,  t hu6
o f f ! c t i n g  n o  E h a n g e  t o  t h €  s c a e € n  c o l o i s ,  u h e n  a t t r E c t  m o d e  i g
a c t i v e ,  C O L R S H  € o n t e i n E  t h e  c u r r e n t  v a l u e  o f  t h e  t i n e i  v e r i a b l e
m i d d  l €  d i q i t  ( R T C L O K + I ' .

812  DRNI ' ISK*  COO4E,  1 l  - -  Da rk  ( l uo inance )  nas*

DRKI {SK hes  th .  v r l ue  OFE o rhen  E t tFa r t  | node  i s  i odc t i ve ,  uh i ch  does  no t
r l t e r  t ha  l u f i i nenE€ i  and  hEE the  va lue  $F6  uhen  6 t t . ac t  mode
i s  a c t i v e ,  u h i . h  l o r c e s  t h e  m o s t  E i g n i + i r a n t  b i t  o f  t h e  l u f i i n a n . e
f i e l d  t o  r e r o ,  t h u E  g u a r a n t e a i n g  t h e t  t h e  l u n i n € n c e  ! r i I l  n e v e ' | .
e rceed  50  pe r  c  en t .

Teb  b  i n9

g e €  S e c t i o n  5  f o r  a  d i 5 c u 5 s i d n  o f  t h e  u s e  o f  t € b s  i n  c o n J u n c t i o n
u i  t h  t h e  S c r e e n  E d i t o r .

813  TABI IAP  lO tA3 ,  151  - -  Tab  E top  se t t i ng  nap

The  tab  se t t i ngs  a r .e  re ta ined  i n  a  15 -b9 te  (1?O b i t )  f | l ap ,  u rhe re
b i t  v a l u e  o +  1  i n d i c a t e e  a  t a b  i e t t i n g ;  t h e  d i a g r a d  b e l o u  s h o { r s
t h e  m a p p i n g  o f  t h e  i n d i v i d u e l  b i t r  t o  t a b  D o s i t i o n e .

2L6
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7 6 5 4 e e 1 0
+-*-+---+---+---+---+---+---+---+
t o i l. i 3 t 4 t 5 t 6 t 7 t TABHAP+O
+---+---+---+---+---+---+---+---+
I  I  i  9  |  1 0 r  1 M 2 i  1 3 !  1 4 1  1 5 1  + 1
+---+---+---+---+---+---+---+---+

I

t
+---+---+---+---+---+*--+---+---+
|  1 1 2 t  1 1 3 !  1 1 4 i 1 1 5 ! 1 1 6 | 1 1 7 ! 1 1 A t  1 1 9 i  + 1 4
+---+---+---+---+---+---+---+---+

f , l heneve t  t he  D isp lag  Hand le f  o r  sc reen  Ed i to r  i s  opened ,  t h iF  nap
i s  i n i t i a l i l e d  t o  c o n t a i n  t h e  v a l u e  o f  $ O 1  i n  e v € . {  b { t e ,  t h u 6
prov id ing  the  de fau l t  t ab  6 tops  a t  7 ,  t 3 '  23 '  e t t .

L o g  i t a  I  T e r t  L i n e s

t h e  t e r t  s c ? F e n  i B  i n v i s i b t g  d i v l d e d  i n t o  l o g i E € 1  l i n e €  o f  t e r t ,
eaEh  co f tp r . iE ing  f i om one  to  th ree  ph r rs iEE l .  11nes  o f  t e r t .  The
E c r € e n  i E  i n i t i e t i z € d  t o  2 4  l o E i c a l  l i n e s  o f  o n €  p h g s i . a l  l i n €
e € c h ;  b u t  d € t a  € n t r . g  a n d / o r  d a t a  i n s a r t i o n  c a n  i n c t e a s e  t h a  s i z e
o f  e  l o g i c a l  l i n s  t o  t u o  o t .  t h i e e  p h q F i c e l  1 ! . n e 6 .

814  LOe  AP*  to28e ,4 l  - -  Lo t i ca l  l i ne  s ta r t i ng  rou  nep

T h e  b e g i n n i n g  p h g s i . s l  l i n e  n { m b e r  f o r  e a c h  l o g i c a l  l i n a  o n  t h e
s c i e e n  i s  i e t a i n e d  i n  B  f o u r  b q t e  ( 3 2  b i t !  m a p ,  u h e r e  e  b i t  v e l u e
o f  o n e  i n d i c € t e r  t h €  E t a r t  o +  a  l o g i c e l  l i n e ;  t h e  d i a g r a f t  b e l o u
s h o o s  t h e  n a p p i n g  o +  t h €  i n d i v i d u a l  b i t E  t o  p h g E i c a l  l i n e  ( r o u r l
nu tnb  € r3 .

7  b  3  4  3  2 1 0
+--+--+--+--+--+_-+--+--+
I  c r  1 l  2 i  3 1  4 1  9 l  6 1  7 !  L O o H A P + O
+--+--+--+--+--+--+--+--+
I  a l  9 1 1 o i 1 1 1 1 2 1 1 3 i 1 4 1 1 9 1  + 1
+--+--+--+--+--+--+--+--+
i  16 i  17  |  l q l  t 9  t 20 ' t 2L  i 22 i23 i  +2
+--+--+--+--+--+_-+--+--+

+--+--+--+--+--+'-+--+--+

T h e  m a p  b i t E  a i e  t s l 1  E e t  t o  1  { r h e n e v e r  t h e  t e r t  s c r e e n  i 5
o p e n e d  o r  € 1 € a r e d .  F ? o m  t h a t  C o i n t ,  t h e  o a p  i 5  u p t t E t e d  a s
l o g i c a l  1 i . n e 5  e r e  e n t e r e d ,  e d i t e d  a n d  d e l e t e d  f t . o m  t h e  9 c ? e e n .
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815  LOCCOL+ tOO63 ,  1 I  - -  Cu rEor /1og ica l  l i ne  co lumn nu |noe .

L B e C O L  c o n t a i n s  t h e  l o E i E E l - l i n s  a o l u m n  n u m b € r  + o r  t h e  c o a r € n t
a u r E o r  p o E i t i o n ,  n o t e  t h a t  a  l o g i c e l  I i n E  c a n  c o o p r i s e  u p  r o
t h r e e  p h g s i c e l  l i n € s .  T h i E  v € r i a b l €  i s  f o r .  t h e  i n t e r n a l  u s e  o f
t h e  D i  s p  1 a q  H e n d t e r .

go I i , t  Sc reen

T h e  D i s p l a q  H a n d l e r  a n d  S E r € e n  E d i t o r .  t o g e t h e r  s u p p o r t  t h e
o p e r a t i o n  o f  a  s p l i t - s . r € e n  o o d e  ( g e s  S a r t i o n  F )  i n  u h i c h  t h e  n a i n
p o r t i o n  o f  t h e  s c r e e n  i s  i n  o n e  o +  t h e  g r . E P h i c 5  h o d e s  a n d  i g
c o n t . o l l e d  b 9  t h e  D i 6 p l a !  H a n d l e r ,  € n d  t h e r €  a r e  4  p h g i i c a l  l i n e s  i n
t h e  t e r t  u i n d o u ,  e t  t h e  b o t t o m  o f  t h e  s c i € e n  u h i r h  i s  . o n t r o l l e d  b u  t h €
S c F e e n  E d  i t o r .

816  BOTSCR*  tOaAF,  1 I  - -  T€x t  5c i€€n  I i neE  coun t

BOTSCR con ta ins  th€  number
sc reen :  24  fo r  node  o  o i  4
€ l s o  u E € s  t h i s  v a r . i a 6 1 e  a 6
E ta tus ,  t es t s  eF6  nad€  fo r

o f  l i n e s  o f  t e r t  + o r  t h e  E u r r e n i
+o r  a  Ep l i t - sc reen  | | l ode .  Th6  Hand te r
a n  i n d i c a t i o n  o f  t h e  s q l i t - T c r . s e n
t h e  6 p e c i f i c  v a l u e E  4  a n d  2 4 .

DRAUI,/FILL F{rnc t ion

The  DRAI ,  f unE t ion  l i ne  d r5 t r i ng  a lgo r i t hn  i s  shoun  b€ Io ( l ,
t r ane la t l d  t o  the  PASCAL lang !age  + | .on  aseemb lg  tang rage .

Ngt{Rot.l

DELTAR
ROWINC

DELTAC
CI]L INC

= ROI{CRS; NEIICBL : = CBLCRS,

SIGN (NEIICOL-OLDCOL T, t +1 or -1

ABS ( NEWROW-OLDROW },
SIGN (NEWRO{J-OLDRBIJ ); { +1 or -1 }

ABS ( NEI.'COL-OLDCOL };

ROWAC :=  O i  COLAC :=  O ;
ROI.JCRS := OLDRO{, CULCRS := OLDCOLT

COUNTR := MAX (DELTAC, DELTAR );
ENDPT := COUNTRi
IF CI]UNTR = DELTAC

THEN ROIIAC : = ENDPT DIV 2
ELSE COLAC : * ENDPT DM,

I . I H I L E C O U N T R > O D O
BEC IN

? 1 4
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817  F ILDAT IOAFD,  11  - -  F i l l  da ta

F I L L D A T  c o n t a i n E  t h €  f i l l  r e q i o n  d a t a  v € l u e  a E  p e i t  o f  t h .  c a l l i n g
sequEnce  fo i  a  F ILL  ro f l { nand  as  d€sc i i bed  i n  Sec t i on  9 .

ROttAC i= ROl.lAC + DELTAR,
IF ROt^lAC )= ENDPT

THEN
EE6IN

ROt^lAC := ROWAC - ENDPTT
ROHCRS := RO|ICRS + ROWINC

ENB;

COLAC :* COLAC + OELTAC,
IF CALAC )= ENDPT

THEN
BEEIN

COLAC := COLAC - ENDPTT
COLCRS := COLCRS + CALINC

END,

PLOT_POINT,  t  Fo in t  de+ in€d  bg  ROWCRS and  COLCRS )

IF FILFLG <> O THEN FILL_LINE'

CoUNTR := CAUNTn - 1

ENO;

T h e  F I L L  f u n r t i o n  € l g o r i t h m  ( F I L L _ L I N E  a b o v e '  i F  d e s c r i b e d  b r i a f l q  i n
SeE t i ,  on 5.

B lB  F ILFLo*  tO287 ,  1 l  - -  F i l l  f l ag

. -  F ILFLC ind i€a te€  to  the  shEred  code  u i t h in  thc  D i i p l i g  Hand l€ r '
! , he the r  t he  ru r ren t  op€ ra t i on  i s  F ILL  (F ILFLG <>  O '  o r  DRAI I
(F lLFLc  =  O) .

819 NEIIROII* [0060, 1l and NEWCOLi+ tOO61,2J -- D€stin€tlon point

NE l . lROtJ  €nd  NEI ICOL a re  i n i t i e l i r . d  t o  the  va lueE  in  ROI {CRS rnd
COLCRS,  ' r h i ch  i sp resen t  t he  des t i na t i on  €ndpo in t  o f  t he  DRAW/F ILL
command .  Th le  i 5  done  $o  tha t  ROI ICRS and  COLCRS can  be  e l t e red
dur ing  the  p€ r fo roanEe  o f  t he  coomand .

B2O HOLD4*  fO28C,  1 l  - -  Tempora rq  s to .aqe
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HOLD4 i s  used  to  save  and  res to fe  the  ve luF  i n
F ILL  p l "o reEE i  ATACHR i s  t emto ra r i l r J  se t  t o  t he
a . . o t o p l i 6 h  t h €  f i l l i t t g  p o r t i o n  o f  t h €  c o m n a n d .

ATACHR dur  i ng  the
v€  l ve  i n  F ILDAT to

821  ROWINC*  [OO79 ,  1 ]  and  COLINCT.  IOOZA, t I  - -  Ro { r , / co tumn
inc Ieanen t /dec "e  en t

ROWINC dnd  COLTNC d re  th€  rou  snd  co lunn  i nc r€nen t  va lue6 ;  t heg
e r e  e e c h  E e t  t o  + 1  o r  - 1  t o  c o n t r o l  t h e  b d E i c  d i r e c t i o n  o f  l i n e
dralr ing. ROI', INC End CULINC repr.eEent the sign6 of NEI.IROH -
ROI'rCRS and NEI|COL - COLCRS, r.eEpertivelg.

BAe DELTAR* tOO76, 1f and DELTAC* EOO77, A7 -- Delta rou and delta
co l  umn

DELTAR and DELTAC contEin the absolute values of NEITROH - ROtrCRs
and  NEI ' rCOL -  COLCRS,  feEpec t i ve tg ,  t oge the r  u , i t h  ROWINC and
Ct IL INC,  the t ,  de f i ne  the  E tope  o f  t he  l i n€  to  be  d raun .

823  COUNTR*  [OO7E,2 l  - -  D rau  i t e ra t i on  coun t

COUNTR in i t i € l l q  con ta ins  the  l a r .ge r  o f  DELTAR and  DELTAC,  tha t
i 9  t h e  n u m b e r  o f  i t e r a t i o n s  F e q u i r . e d  t o  g e n 6 r € t e  t h e  d e s i ? € d
l i n e .  C O U N T R  i s  t h € n  d e c r e m e n t e d  a f t e r  e t e i {  p o i n t  o n  t h e  t i n e  i s
p l o t t e d ,  u n t i l  i t  r e a c h e 6  €  v a l u e  o f  z e r o .

824 ROI.,AC* [OO7O,2l end COLAC* tOO7a, ?1 -- Accunutators

RO9TAC end  COLAC € re  uo rk ing  accomu la to r .E  the t  . on t ro l  t he  ! . ou r -and
co tu f tn -po in t  p lo t t i | r g  and  i nc re f i en t  (o i  decpe l l l r n t l  +unc t i on .

l e n g t h

DELTAR and DELTAC. and is used in
end  DELTAR/DELTAC to  con t ro l  t h€

B?3 ENDPT* tOO74,2t -- Line

ENDPT conta ins  the  la rger  o+
conJunc t  ion  u i th  ROI ,AC/COLAC
p  l o t t i n g  o f  l i n e  p o i n t s .

D i s p  l a g  i n q  C o n t r o l  C h a . a c t e r E

Of ten  i t  i s  use fu l  t o  have  ATASCI  I  con t ro l  Eodes  (3s .h  as  CLEAR,
CURSOR UP,  e t c l .  d i5p la ' Jed  i n  th€ i r  g raDh i .  f o i$s  i n i t ead  o+
iav ing  then l  pe r fo ro  the i r .  con t r .o l  t unc t i on .  Th i€  d i . 3p lag
cepab i l i t g  i s  p rov ided  i n  tq ro  +o ros  { rhen  ou tpu t t i ng  to  the  Sc ieen
E d i t o r :  1 ,  a  d a t a  E o n t e n t  + o r ( n  i n  o h i c h  a  i p e . i a l  c h a r a c t e r  ( E S C '
p r e c e d e F  e a a h  c o n t , i o l  c h a r a E t e r  t o  b e  d i 6 p l a q e d  a n d  Z )  a  o o d e
con t io  1  fo rm.
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E s c a p e  ( D i i p l a r j  F o l l g u i n !  C o n t r o t  C h a . a c t e r '

l , r heneve r  an  ESC .he rae te i  i r  de tec ted  bg  the  S r re€n  Ed i to r ,  t he
n . r t  c h a . a . t e r  f o l l o l r i n g  t h i E  E o d e  i E  d i E p l ! g e d  a s  d € t € ,  e v e n  i f
i t  l r ou ld  noFrna l l g  b€  t rea t rd  aF  t  Eon t i ' o l  code ,  t he  EOL rode  iE
t h e  9 o l a  e r c a p t i o n .  I t  i s  a I u a V s  t r e a t e d  € B  e  c o n t r . o l  c o d e .  T h e
geEuenae  ESC ESC u i l l  caugo  the  se tond  ESC EhareE te r  t o  be
d i e p l a U d d .

926 ESCFLO* tO2A2, l t  -- Escepe +Iag

ESCFLC iE  uEed  bg  the  gc reen  Ed i to "  t o  con t ro l  t he  eEc€pe
t e q u e n E e  f u n E t i o n ;  t h e  + l a q  i s  s e t  ( t o  t a o )  b g  t h e  d e t e E t i o n  o +
3n  ESC ch€ rac t ! r .  ( l lE )  i n  t he  da t3  e t rea f i  end  i s  r . se t  ( t d  O)
f o l l o { r i n g  t h €  o u t p u t  o f  t h e  n e r t  c h a r r c t e i .

-  
D iEp !a {  Con t ro l  Ch ts rac te r .E  l v l ode

DSPFLC is set to zero b{ Po{rer-up and [SVSTgt'{. RESET].

Bi  t -Hepped  e raph  i . s

A  nuanber  o f  t € l r l po re rg  va r iab leE  e re  us€d  bg  the  D iEp leg  Hand le r
u h e n  h € n d l i n g  d a t a  e l e n e n t c  ( p i r r l E '  g o i n g  t o  o r  + r ' o m  t h e  E c r e e n i
o f  i n t e r . e 5 t  h e r €  a t e  t h o s e  v e r i a h l e E  t h a t  € i €  u s e d  t o  c o n t r o l  t h e
pEc | ( i ng  and  unpack ing  o f  g reph ics  de ta ,  t t h€ ie  a  mE lno rg  bg te
t g p i c a l l r J  E o n t a i n s  m o r €  t h a n  g n e  d a t e  e l e o e n t  ( t o r  e x a n p l e ,
6 c r e e n  n o d e  I  c o n t s i n s  I  p i x e l 5  p e r  | t l € f i o r {  b g t e ) .

828  OHASX*  [O2AO,  1 :  - -  P i xe l  l oca t i on  m€s t

t r h e n  i t  i 5  d e i i r e d  t o  d i s p l a g  A T A S C I I  c o n t f o t  € o d e s  o t h € r '  t h a r
EOL in  tha i r  gFaph iEe  fo r f i ,  bu t  no t  have  an  ESC tha r€c t€ r
a g E o c i a t € d  i r i t h  e e E h  c o n t r o l  c o d e ,  r  d l s p l a q  t l o d e  c a n  b e
e s t E b l i i h e d  b g  E e t t i n g  a  f l a g  i n  t h e  d e t a  b E 3 e .  T h i s  c a p a b i l i t g
i s  u s e d  b g  l € n g u a g e  p r . o c e s E 0 1 6  q r h e n  d i s p l E g i n g  h i g h - l e v e I
l anguage  F ta ta laen ts ,  t ha t  cEn  ton te in  co t t t ro l  Eodes  a t  da ta
e  I  enen t  5 .

827  DSFFLe  [O2FE,  1 ]  - -  D iEp lag  con t i o l  cha rac te r r  f l ag

t rhen  DSPFLC iE  nonz€ fo ,  ATASCI I  con* ro l  code3  o the r  t hen  EBL  5 re
t r e a t e d  a s  d a t a  a n d  d i E p l a g e d  o n  t h e  s c r € € n  u h e n  o s t p u t  t o  t h e
S ic reen  Ed i to r . .  t l h€n  DSPFLO iE  ze ro ,  ATASCI I  . on t .o I  codes  a re
P r o E e : s e d  n o r : l t g .
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DI ' IASK i s  a  mEs l  t ha t  €on t8 ins  ze ro6  fo r  a l1  b i t 6  t he t  do  no t
c o t a e E p o n d  t o  t h €  s p e E i . f i c  p i x e l  t o  b e  o p e r e t e d  l , p o n ?  e n o
1 ' 6  f o t  a l 1  b i t E  t h a t  d o  c o r r . e s p o n d .  D I I A S K  c a n  c o n t a i n
t h €  v s l u € 5  6 h o u n  b e l o 0 ,  i n  b i n 3 r q  n o t e t i o n :

1 1 1 1 1 1 1 1  - -  F c r a . n  m o d e 6  l  s n d  A ,  o n e  p i x e l  p a F  b q t e .

1 1 1 1 O O O O  - -  6 c i e e n  f t o d e s  9 - 1 1 ,  t u r o  p i r € l E  p 6 r  b q E e .
0 0 0 0 1 1 1 1

l  1OOOOOO - -  Ec reen  oodes  3 ,  5  and  7 ,  +ou r  p i re l s  pe r  bg te .
oo1 10000
ooool too
oooooo 1 1

1OOOOOOO - -  sc r - sen  ood .s  4 ,  6  and  &  e igh t  p i xe lB  pe?  bg te .
o1000000

ooooool0
oooooool

829  SHFAI IT*  [OO6F,  1 l  - -  P i re l  JUs t i+ iEa t i on

S H F A M T  i n d i c a t i s  t h e  a n o u n t  t o  s h i f t  t h e  r i g h t - J u s t i f i e d  p i r e l
d a t a  o n  o u t p u t ,  o r  t h s  a m o u n t  t o  s h i + t  t h e  i n g u t  d a t €  t o  r i q h t
Ju6 t i f !  i t  on  i npu t .  The  va lue  i s  a l r r regs  the  saoe  aE  fo r  DMASK
p r i o r  t o  t h e  J U s t i f i c 6 t i o n  p . o c e s s .

In te .na  I  l ' r o r . k  i nE  Ver . i ab IeE

83O HOLDI *  tOO51 ,1 l  - -  Tedpo i€ rq  E to rege

831  HOLDa*  tO29F ,17  - -  Tempo .€ rq  s to rage

832 HOLD3* lO29D, 1l -- Teftpoierg Etorage

833 Ti ' IPCHR* !OO9O, t l  -- Teoportsrg stor.eg€

834  DSTAT*  [OO4C,  1 l  - -  D i sp tag  s ta tuE

835  D INDEX tOOi7 ,  1 l  - -  D i sp tag  tnode

DINDEX aon ta in i  t he  cu r I . en t  sc reen  f t ode  ob ta ined  + r ' oo  the  1ou
o r d e r  + o u r  b i t s  o f  t h e  o o E t  i e c e f l t  O P E N  A U X 1  b u t e .

836 SAVI,|SC [OOS9, al

SAVI'1SC c onta inE th€
d a t a  a t  t h a t  a d d r e E E
sc t ' een .

-- Sareen I ' leoor g

Ioues t  add r .ess  o f
i 5  d i s p l a g e d  a t

A t l d re6s

t h e  s c r e e n  d a t a  . a g i o n ;  t h e
t h e  u p p e r  I e f t  c o r n e r  o f  t h e
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837  OLDCHR*  IOOSD,  11  - -  Cu rso r '  <ha iac te r  Eav€ / r€s to rs

O L D C H R  r . e t € i n s  t h e  v a l u e  o f  t h e  c h a r e c t e r  u n d e ,  t h e  v i s i b l €  t e r t-  c n r t 6 o r i  t h i 6  v a r i a b l e  i E  u g e d  t o  r e 6 t o r e  t h e  o a i g i n E l  c h a r a c t e r
ve lue  uhen  the  cuaso r  i s  moved-

83€ OLDADR* IOOSE,2l -- Cursor |t lemorg addresg

SLDADR re t r i ns  the  memorg  add ress  o+  the  Gur ren t  v i6 ib te  t c r t
cu rso r  l oca t i on ,  t h iE  v€ r . i €b l .  i 6  used  i n  conJunc t i on  ! r i t h  OLDCHR
( 8 3 7 )  t o  F e 6 t o r e  t h e  o r i g l n a t  c h a f a a t e r  v a l u a  u h e n  t h e  c u r r o r  r s

839 ADRESS* tOO64,?f -- Tefiporerg Etorag.

B4O HLTTTiP/OPNTHP/TOADR* 10066,2l -- Teopor.r ig Etorage

841 SAVADR /FRI'{ADR* [OO6E,2l -- t€hporair, storage

842  gUFCNT*  tOO68 ,  1 l  - -  gc reen  Ed i to r  cu . r .€n t  l og i ca l  ! i ne  s i ze

843  SUFSTR*  [OO6C,2 t  - -  Tanpora rq  E to r€g€

844  S I IPFLC*  COO7B,  1 l  - -  Sg I i t - i . r eeo  cu rso r  ron t ro l

I n  sp l i t - sc reen  node ,  t he  g raph i r s  l u r ro r .  da ta  and  ths  t6 r t
{ r i ndou  cu? ioa  da t6  aae  + requen t lq  suapped  a9  shoun  b€ lou  i n  o idea
t o  g e t  t h .  v a r i a b l e s  a s : o c i a t e d  t r i t h  t h e  r e g i o n  b e i n g  a c . e s s e d
in to  the  FOI ICRS-OLDADR va . i ab leE .

ROI{CRS 82 ------- TXTROI| 84
caLcRs 82 ------- TXTCOL E4
DINDEX 835 ------ TINDEX 949
sAvHsc 836 ------ TXTMSC 85e
oLDROlt S3 ------- TXTOLD 853
oLDCOL 83 -------
oLDCHR S37 ------
OLDADR B3A ------

SWPFLG is  uced to  Leep t i .e . t  o f  q ,ha t  da ta  5e t  i5  cur ren t lg  in  the
ROITCRS-OLDADR r .eg ion ;  SWPFLC is  equa l  to  $FF 0rhEn Ep l i t - t c .een
ter t  u r indou cur .sor !  d€ tE is  in  the  main  reg ion ,  o thcr r r i sa  SWPFLO
iE  eq ( ]d l  t o  O .

849 INSDAT* IOO7D, 1l -- Tenpoierg 3to.ate
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846 Tt' tPRO[{r. tO2B6, 1] and THpcoL* CO289,2J -- Tempor€rs srorase

447  TMPLBT*  [OAA1,1 l  - -  Tenpora ig  E to rage

B4g SUBTiIP* fO29E, 1l -- Tenpor.erq storege

849  T INDEX*  tO293 ,  1 l  - -  Sp l i t  sc r€e ' |  t e t t  u indo { r ,  sc reen  |node

T INDEX i r  t he  Ep l i t - sc reen  te r t  t r i ndou  equ iva len t  o f  D INDEX and  i s
e lueg r  . que l  t o  re r .o  uhen  SWFFLG i s  equa t  t o  re r .o  ( see  844 ' .

B9O g I TI.ISK* [OO6E, 1] -- Teftporaig stor.ate

851  L INEUF*  toe47 ,4O l  - -  ph rJs i ca l  l i ne  bu+ fe .

L I N B U F  i E  u s € d  t o  t e f t p o r e ! ' i 1 {  b u f + e r  o n e  p h g E i c a l  l i n e  o f  t e r t
u h € n  t h e  S c r l a n  E d i t o r  i E  m o v i n g  g E r e e n  d a t a .

452  TXTI ' ISC 80 �294 ,27  - -  Sp I i t  Ec ieen  memorq  add r .ess

TXTI {SC ie  the  sp l i t - sq reen  te r t  u indo { ,  ve r i i on  o f  SAVMSC (836 } .

See  844  fo i  | t l o r c  i n fo rma t ibn .

853  TXTOLD*  toe96 ,6 l  - -  So l i t  sE reen  cu rso r  de t€

SEs  844  foa  oo re  i n fo i f i e t i on .

Io te rna l  Chara r te r  Code  Conveas  i  En

T u o  v a r i a b l e B  t i e  q 6 e d  t o  i e t € i n  t h e  r u r r e n t  c h E r a . t e r  b e i n g
ProEe tEad  ( f s r  bo th  Feed ing  and  L r r . i t i ng ) ,  ATACHR .on tE ins  th€
va lqe  9a3 ted  to  o r  + rom C IO,  end  CHAR con tE ins  the  i n te ina l  code
to t . i e iPond ing  to  the  va lue  i n  ATACHR.  SecEuEe  the  h5 rdua re  doeg
no t  i n te ip . c t  ATASCI I  cha rac te r . s  d i rec t l g ,  t he  t rans fo rma t ions
i h o u n  b a l o u  E F c  r p p l i a d  t o  a 1 l  t e r t  d a t e  r e e d  E n d  u r i t t e n :

ATASC I I
CODE

INTERNAL
CODE

oo-lF 40*5F
20-3F OO-IF
40-5F 20-3F
60-7F 60-7F
80-9F CO-DF
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AO-AF
CO-DF

gea P26 for arore

EO-9F
AO_EF
EO-FF

in fo r f i . t  i  on .

S54  ATACHR IOAFS,  1 l  - -  Les t  ATASCI  I  cha r ,€E te r  o . i  p to t  po in t

ATACHR con te ins  the  ATASCI  I  va lu€  fo r  t he  nos t  r . c€h t  Eherac te i
r€ad  o r  ! r . i t t en ,  o .  t he  va l se  o f  t h€  g r .aph i tE  po in t .  Th iE
v a r i a b t e  c a n  6 1 i .  b e  c o n E i d o r e d  t o  b e  e  p a r a m e i e r  o f  t h €
F ILL IDRAI {  co f i nands ,  a r  t h .  va tu .  i n  ATACHR o i l }  de te ro ine  the
l i ne  co toF  r rhen  a  DRAI ,  o r  F 'LL  i 6  pe r+o r .ned .

859  CHAR*  IOAFA,  1 l  - -  t n te rn€ l  che rac te r  code

C H A R  c o n t e i n ;  t h e  i n t e r n E l  e o d 6  v 6 l u e  f o r  t h e  d o E t  r e c a n t
c  h a r a c  t € r  r e a d  o r  t r i t t € n .

C. DISKETTE HANDLER

S e e  S e c t i o n  5  f o l '  a  d i . E c u s E i o n  o +  t h e  r e s i d € n t  D i i t e t t e  H e n d I e a .

Cl  SUFADR*  tOOl9 ,2 l  - -  Da ta  bu++er  po in te r

EUFADR ac ts  eE  t€npora r .g  paga  ze ro  po in t€ r '  t o  t he  .u r ren t
d  i  s L e t t e  b  u  f { e r .

C2  DSKT I I ' l *  40246 ,  1 l  - -  D i s t  f o ros t  ope ra t i on  t imeou t  t i l ne

D S K T I R . o n t . i n E  t h e  t i o e o u t  v a l u €  f o r "  S I O  c a l l i n g  s € q u e n c e
v a r i € b l e  D T I M L O  ( s e e  S e E t i o n  9 ) .  D S K T T M  i s  s e t  t o  1 6 0  ( u h i c h
r e p r € s e n t 3  e  1 7 1 - s € c o n d  t i f i e o r t )  € t  i n i t i a l i l a t i o n  t i o € ,  6 n d  i 5
u p d e t e d  a f t e r  e a c h  d i E t e t t E  s t a t u E  r e q l r e s t  o p e r a t i o n .  I t  c o n t a i n s  t h 6
v a l u e  r e t u r n a d  i n  t h e  t h i i d  b g t e  o f  t h e  s t a t u E  + r . e m e  ( e e e  S € c t i o n
5 1 ,  N o t e  t h a t  a l 1  d i E l e t t e  o D e r € t i o n E  o t h e r  t h E n  + o r m a t  h a v e  a
t i r e d  ( 7 t  s e . o n d  t i m e o u t ,  e E t a b l i s h e d  b U  t h e  D i 6 k e t t e  l l a n d l e r .

D. CASSETTE

S e €  S e c t i o n  5  f o r  a  g e n e r a l  d e s c r i p t i o n  o f  t h e  C a E E e t t e  H a n d l e r .
a a s 9 e t t e  u s e s  t h e  S e a i e l  I / O  b u s  h E r d u a i e ,  b u t  d o € s  n o t  c o n f o r m
t h €  S € r i a 1  l / O  b u s  p r o t o c o l  e E  d e l i n e d  i . n  S s c t i o n  9 .  H e n c e ,  t h e
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I / O  u t i l i t g  ( S I O ,  h a E  c a E E e t t e  € p e c i + i c  c o d e  u i t h i n  i t .  s o n e  v e r i a b l e s
i n  t h i E  s u b s e c t i o n  E r e  u t i l i z s d  b g  S I O  E n d  6 o o e  b g  t h e  C a E € € t t e
Hend  l€ r .

Baud  Ra te  D6 te ro lna t i dn

The  inpu t  baud  ra ta  i !  assum€d  to  be  e  no |n lna l  600  baud ,  bu t  u i l l
b e  € d J U r t e d ,  i f  n e E e s E a ! ' ! ,  b g  t h e  5 I O  r o u t i n e  t o  a c c o u n t  f o t .
d r i v e - d o t o r  v a r i a t i o n E ,  . t r e t c h e d  t a p e ,  e t c .  T h .  b e g i n n i n g  o f
eve tg  saFra t t€  reco rd  con ta ing  a  Pe t te tn  o f  a l t e rna t i ng  1 '3  and
re ro r  t ha t  i c  u rad  i o l s lg  fo r  Fpecd  co r r€c t i on t  bg  aneasu i i ng  th€
t i na  to  "a :d  a  f i r ad  ns l t l be i  o+  b i t g ,  t he  taue - re t ! i ve  baud  re te
i s  d6 t . r . f i i ned  and  th .  ha idue re  adJu t ted  a . .o rd inq Ig .  I nPu t  baud
i ' a t e r . . n g i n 9  f r o f i  3 1 9  t o  1 4 O 7  b a u d  t € n  t h € o i e t i c a l l g  b e  h a n d l € d
u B i n g  t h i s  t . c h n i E U . .

T h e  i n p u t  b a s d  . . 1 .  i s  a d J u s t e d  b r i  s € t t i n q  t h e  P O K E Y . o u n t c f  t h a t
c o n t i g l €  t h e  b i t  r a r r p l i n g  p e . i o d .

Dl CBAUDL* [O?EE, 1l and CBAUDH* [O2EF, 1l -- Cassette baud tate

In i t i a I i . . d  t o  OsCC h€ r ,  uh i ch  r l pFeEen t3  .  nod r in r l  600  baud .
A f t . r  b .ud  ra t6  ca lE { r l a t i on ,  t hsEe  va i i eb le5  ! r i I l  Eon ta in  POKEY
c o u n t € r  v d l u a g  f o r  t h e  c o a a e r t e d  b a u d  r E t e .

DP T I I ' IFLO*  tO317 ,  1 l  - -  Baod  ra tG  de te .n ina t i on  t i oeou t  f l ag

T IHFLO i r  u r rd  b {  S Ig  to  t imeou t  a .  uneucceEEfo l  bNud  ra te
d e t e . n i n . t i o n .  T h e  f l e g  i E  i n i t i a l l g  s e t  t o  1 ,  e n d  i +  i t  a t t a i n E  E
v 8 1 u e  o f  z a r o  ( a + t e r  2  s € E o n d s )  b e f o r e  t h e  f  i r ' s t  b q t €  o $  t h e  c a s s e t t e
r e e o a d  h e 3  b e c n  r e a d ,  t h e  o o e i 6 t i o n  u i l l  b e  a b o r ' t e d .  S e e  E l g o  H e 4 .

D3  T I I ' IERI *  [O3OC,2 l  and  T IMSR2+ tO31O,2 l  - -  Baud  ra te  t im€rs

The3e  t imerE  .on te in  re fe renEe  t i f i ee  fo t  t he  beg inn ing  end  end  o+
t h e  f i r c d  b i t  e e t t . r n  r . e . € i v e  p F . i o d .  T h e  f i r s t  b g t e  o f  e a c h
t i n r r  aon ta ins  tha  then  Eur r€n t  ve t t i ca l  l i ne  {oon ta r  va lus  reed
f ron  ANTIC ,  End  th .  eeEond  bq te  o f  each  t i ne r  con t€ inE  the  then
r u . r € n t  v a l u e  o f  t h e  1 e € 5 t  s i E n i f i c a n t  b g t e  o *  t h e  O S  " e € 1  t i m e
c loc l  (  RTCLOK+2) .

The  d i f f e ienEe  ba tueen  the  t i f i e r s  i s  co l ve r ted  to  tag te r  Pe i r
c o q n t s  e n d  i s  t h a n  u 5 e d  t o  p e r f o l ' l t  a  t 6 b l €  l o o t u p  u i t h
in t€Fgo la t i on  to  de ts t  i ne  the  neu  va1 !s5  fo ! '  CBAUDL and  CBAUDH

D4 ADDCOR*  [O3OE,  1 l  - -  t n te t ' po la t i on  adJUEt f i e [ t  ve t i ab le
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ADDCOR i s  e  te l l l po ra ! -g  va r iab le  used  fo r  t he  i t | t e rpo la t ton
c a l c s l a t i o n  o +  t h e  a b o v e  c o m p u t a t i o n .

DE TEHPI *  tO312 ,21  - -  Tehpo . ia . r ,  s to rage

D6  TEMPS*  fO319 ,  1 l  - -  Tempora r {  s to tage

D7  SAVIO*  80316 ,  1 l  - -  Se r iE l  i n  dE ta  de t€ . t

SAVIO i5  uErd  to  re t€ in  the  s ta t .  o+  SKSTAT IOAOFI  b i t  4  ( se r i . l
d a t a  i n ' ,  i t  i s  u E e d  t o  d e t e c t  ( { n d  i r  u p d a t e d  a f t d r }  e v e . {  b i t
a.r i .vE L

Casse t ta  l , l od  e

Dg CAgFLe* COaOF, t l  -- C.srette I/O ftat

CASFLC i s  uF6d  in te rn : t l l g  bq  S IO  to  con t ro l  t h r  p rog r . f t  { l o l l ,
t h r .ough  she r€d  coda .  A  va l sa  o f  ze ro  i nd iEa ta !  t ha t  t he  ru r i en t
ope re t i on  i t  a  s tandaad  Ser ia l  I /O  bug  o te ra t i on?  aDd  e  no r re rg
v € l u e  i n d i c a t e s  a  c a 6 s € t t e  o o e r a t i o n .

Casse t te  8u++er .

D9  CASBUF*  IOSFD,  1311  - -  CaEse t te  reco rd  bu f f€ r .

CASBUF iE  the  bu++er  uBed  b9  the  Cerse t t r  H .nd l c i  f o r  t h .  pack ing
e n d  u n F a c t i n g  o f  c a s E e t t e - t ' e c o f d  d . t a ,  a n d  b {  t h e  i n i t i a l i z a t i o r l
raE ie t te -boo t  I og i c .  The  fo i l na t  f o r  t he  s tand8 id  tesse t t€  . i eEord
i n  t h e  b u f + e .  i E  E h o u n  b e l o u :

7 6 5 4 3 2 t O
+-+-+-+-+-+-+-+-+
i o  I  o  1  0  1  0 1 i  C A S D U F + O
+-+-+-+-+-+-+-+-+
l o  1 0  I  o  1  0  1 !
.i-+-.t-+-+-+-+-+-+
!  c o n t r o l  b { t .  I
+-+-+-.f-+-+-+-+-+
! 1aa !
=  de td
i  b q t e s  I
+-+-+-+-+-+-+-+-+

+ 1

+2

+ 130

S e e  S e c t i o n  5  f o i  € n  € t p l a n a t i o n  o f  t h e  i t a n d a r d  c a s r e t t e - r e c o r d
fo rme t .
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Dlo gLIt{* to2gA, 1l --

BL I l . t  con ts  i nE  the  coun t
c u r r e n t  c a s g e t t €  !  e c  o r d
rang ing  f ro f t  1  t o  128 ,
e r p  l e  i n e d  i n  g e c t i o n  5 .

C a s s e t t e  r . e c o r d  d t s t a  6 i r €

o f  t h e  n u n b e i  o f  d a t a  b q t e 6  i n  t h e
b e i n g  r e d d .  B L I M  u i l l  h a v e  a  v a l u e

d e p e n d i n g  u p o n  t h e  . e c o r d  c o n t r o l  b ! t e  a s

D l1  EPTR*  [OO3D.  1 l  - -  C€66e t te - r€co r .d  da tE

B P T R  c o n t a i n s  a n  i n d e x  i n t o  t h e  d a t a  p o r t i o n
. e E o | . d  b e i n g  r e a d  o r  u r i t t e n .  T h e  v a l u e  u i l l
t hen  cu r . . n t  va lue  o f  BL IH .  When  BpTR eque ts
(CASAUFt  i i  f t , l 1  i +  ! , r  i t i ng  o . r .  emp tg  i+  r . ead

i, ndi x

o f  t h €  c a s  r  e t  t €
range  f rod r  O  to  the
B L I M  t h e n  t h e  b u f f e r

r n g .

In t€ ina  1  l Jo " t  i ng  Ver iab le i

D12  FEOF*  [OO3F,  1 ]  - -  C€ss€ t te  end -o f * f i t e  +1ag

F E O F  i s  u s e d  b g  t h e  C a E s e t t €  H a n d l € r  t o  + l E g  t h e  d € t e c t i o n  o f  a n
e n d  o f  f i l e  c o n d i t i o n  ( c o n t r . o l  b g t e  =  5 F E l .  F E O F  e { u € 1  t o  z e r o
i n d i c a t e s  t h € t  a n  E O F  h € E  n o t  v e t  b e e n  d e t e c t € d ,  a n d  a  n o n z e r o
v a l o e  i n d i c e t e i  t h E t  e n  E O F  h s E  b e € n  d e t e E t e d .  T h e  f l € g  i E  r e s e t
at evet g OPEN.

D13  F IYPE*  [OO3E,  1 l  - -  I n t€ r . reEord  gep  t ! pe

F IYPE ie  a  cop {  o f  ICAXzZ  f rom the  OPEN co f i  and  end  i nd i c€ tes  the
t g p e  o f  i n t e r a e c o r d  g e p  s e l e c t e d ;  a  p o s i t i v e  v E l u e  i n d i c a t e E
n o r o a l  r . e c o r d  g a p s ,  a n d  a  n e g a t i v e  v e l u e  i n d i E a t e E  c o n t i n u o u s
node  9ap  s .

D14 I 'MODE* to�zBq,11

HI'IODE ie ueed bg the
E u r r e n t  o p e r € t  i o n  i E
i n d  i . a t e g  r € a d ,  E n d  a

D19 FREo* too4o, 1l

FREQ i s  u3ed  to  i e te
th€  BEEP rou t i ne  bg
p r o E e s s .

- -  CEEse t tG  read . /u r i t e  node  + lao

C a s s e t t e  H a n d l e t  t o  i n d i E a t e  u h e t h e r  t h €
a  re€d  o t  u r i i t €  ope fa t i on ,  E  va lue  o f  za ! .o

v a l u €  o f  $ 8 O  i n d i c a t e 5  u r i t e .

- -  Beep  c  oun t

i . n  and  cou l l t  t he
t h e  C a 5 s e t t e  H E n d

rlu.�nb er of beeps
le r  d  u r . i n9  the

r e q u e E t e d  o f
OPEN c ommand
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S r e  S e c t i o n  I  f o t .  a  g e n e r . l  d a s c r i p t i o n  o f  t h e  K e q b o l r d  H e n d t e r .

Keg  Re :d  i ng  end  Deboonc inE

Th :  Eonso l6  | (eg  Eode  r€g ia to r .  iE  r rad  i n  re rponE6  to  an  IRO
in te r rup t  t ha t  iE  gener . ted  t rhenevEr  a  t rg  E t r .o l6  i 3  de tea tad  bg
the  ha rdua re .  The  keg  code  i s  comparcd  r r r i t t r  t ha  p r i o i  | ( € r ,  . ode
a c c e p t . d  ( C H 1 ) i  i +  t h e  c o d € E  6 i e  n o t  i d e n t i c a l ,  t h e n  t h e  n e u  G o d €
i 5  a c c e p t e d  a n d  s t o r e d  i n  t h e  & e !  c o d e  F I F O  ( C H )  a n d  i n  t h e  p r i o r
k e {  c o d e  v a r i € b 1 6  ( C H 1 } .  I f  t h e  c o d e E  a i . e  i d € n t i e E l ,  t h . n  t h e  n e o
c o . l e  i i  a c c e p t e d  o n l q  i f  a  E U i t a b l e  t e g  d € b o u . c r  d e l a q  h a 5
t r a n i p i r € d  g i n c e  t h e  p r i o r  v a l u e  u a r  a c c e g t e d .

I *  t h e  f t e t J  c o d e  r e e d  a n d  a r c a p t e d  i E  t h .  c o d e  f o .  I C T R L I  1 ,  t h a n
the  d i sp lEg  6 ta . t / s top  f t eg  ( sSFLAC,  i s  compte f i en ted  a rd  the
v a l u e  i E  n o t  i t o r e d  i n  t h e  t € q  c o d e  F I F O  ( C H l .

I n  add i t i on  to  th€  t  ead lng  o+  the  *eg  de tE ,  SRTI I . IR  iE  se t  t o  t go
f o i  a l l  l n t e r r u p t 6  r € E e i v e d  ( r e e  E 8 ) r  a n d  A T R A C T  i s  r € t  t o  O
u , n e n e v e i  e  n e u  c o d e  1 s  a E . ! t t € d  ( s e e  B I O ) .

The  Kegboard  Hsnd le r  ob ta ins  a l l  keq  ds ta  f ro f i  CH,  l r heneva r  s
code  i s  e r t rEc ted  f ron  tha t  1 -b tJ te  F IFg ,  t h .  H€nd te t  s to re6  a
v€ lo .  o f  *FF  to  the  F IFO to  i nd tca tc  the t  t ha  code  has  been  Fe .d .
s e e  S e r t i o n  5  f o r  f u r t h e r .  d i E c u e s i o n  o f  t h e  K e q b o € r d  H a n d l e r , B
p r o c € 6 s i n g  o f  t h e  l e r J  c o d e s

E. I{EYBOARD

E 1 C H l +  t O 2 F 2 ,  1 l  - -  P r i o r  l e g b o . r . d  E h 6 r ' € c t e r  . o d e .

C H 1  c o n t a i n s  t h e  k e l t  c o d e  v € 1 u e  o f  t h e  l e g  m o i t  r 6 a € n t l q  r € a d  a n d
E c c € D t e d .

E2 KEYOSL* TO2F1.

KEYDEL i.e set to a
a n d  i 6  d € c r . e i n e n t e d
p . o c e s E  ( u n t i  I  i t

1 l  - -  Debounce  de lag  t i f t e r .

v a l u e  o f  3  u h e n e v e r  a  k € {  c o d e  i s  a c c e p t e d ,
eve rq  6o th  o f  a  i ocond  bq  the  s tage  2  VBLANX

i € a c h e 6  ! a t o  ) .

CH [O2FC,  1 I  - -  Ke rJboard  cha rac te r  Gode  F IFO.

C H  i 5  e  l - b g t e  F I F O  t h a t  c o n t a i n s  e i t h e r .  t h e  v a l l j e  o f  t h e  m o s t
r e c e n t l g  r . e a d  a n d  d c c e p t e d  k e V  c o d e  o i  t h e  v a l u e  3 F F  ( r r h t e h
i n d i c a t e E  t h a t  t h e  F I F O  i s  e n p t g ) .  T h e  F I F O  i s  n o r i l e l l {  r e e d  b {
the  Kegboar "d  Hand le r ,  bu t  c t sn  be  r .€ad  bg  e  uEe i  p rog ram.

K e q  d a t a  c a n  a l s o  b e  g t o r . e d  i n t o  C H  b g  t h e  A u t o r e p e a t  l o g i c  € s
e t p l E i n e d  i n  t h e  d i s c u E s i o n  r e l a t i n g  t o  E g .
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S p e c i a l  F u n c  t  i  o n s

S ta r  t / 5 top

D i s p l a {  H a n d l e i  a n d  s i c r € e n  E d i t o r .  o u t p u t  t o  t h €  t e x t  o r .  g r 6 p h i c s
n o d a  9 c . e e n  c e n  b e  E t o p p e d  e n d  s t a . t e d  ( r y i t h o u t  l o 3 i n g  a n g  o +  t h e
o u t p u t  d a t e )  t h r o u g h  t h e  u s e  o f  t h e  t C T R L I  1 t € t ,  c o f t b i n a t i o n .
E a c h  l e g  d e p r e E € i o n  t o g g I e E  a  f l a g  t h e t  i E  m o n i t o r e d  b {  t h e  € b o v e
| ' € n t i o n e d  H a n d l e r s .  t r h e n  t h e  f l a g  i s  n o n z e r . o ,  t h e  h a n d l e r E  u a i t
+ o i  i t  t o  9 o  t o  z e r o  b e + o i ' e  e o n t i n u i n q  a n r J  o u t p u t -

E4  SSFLAC [O2FF,  1 l  - -  S te r t /E top  f1a9

T h e  + l a g  i s  n o a m a l l g  z e r o ,  i n d i c e t i n g  t h a t  E c r e e n  o u t p u t  i s  n o t
t o  b e  s t o p p E d .  T h e  + l a 9  i E  E o m p l e f i e r t e d  b g  e v e r q  o c c u r r e n c e  o f
t h e  I C T R L I  1 & e g  c o n b i n a t i o n  b g  t h 6  l e q b o a f d  I R G  s e r v i . e  r o u t i n e .

The  + lag  i r . e t  t o  . e ro  upon  pouer -up ,  ISYSTEM.  RESETI  o .  IBREAKI
k a g  p r o c  e s E  i  n g .

IBREAXJ Keg

E5  BRKKEY tOOl1 ,1 !  - -  TBREAKI  keg  +1€g

ERNKEY iE  ssed  to  i nd i ca te  the t  t he  tBREAKI  t€ ' ,  h€E  been  p ieesed .
T h a  v € l u e  i s  n o r n a l l q  n o n z e r o  i | n d  i s  s e t  t o  z e r o  u h e f l e v e r  t h e
I B R E A K I  k e q  i s  p r e s E e d .  T h e  c o d €  t h a t  d e t e E t 6  a n d  p r o r € E E € E  t h e
t B R E A K I  c o n d i t i o n  ( + 1 a g  =  O )  E h o u l d  s e t  t h e  f t a g  n o n u e r o  6 9 a i n .

SRKKEV i s  oon i to ! ' ed  bg  the  fo l l ou ing  OS ?ou t i ne6 :  Kegbo . rd
H a n d l e r ,  D i s p l e g  H a n d l e i ,  S c r € € n  E d i t o r ,  C a s E e t t e  H a n d l e r ,  x x ?
T h e  d e t e . t i o n  o +  a  f B n E A K l  c o n d  i t i o n  d u r . i n g  a n  I / O  o p e r E t i o n
t l i l l  c a u s €  t h e  o p e ? a t i o n  t o  b e  a b o r t e d  a n d  €  E t e t u s  o f  $ 8 O  t o  b €
r e t u r n e d  t o  t h e  u s e r .

The  +1ag  i i  Ee t  t o  nonze ro  upon  Pouer - l p ,  CSYSTEI4 .  RESETI  o r '  ! pon
a b o r t i n g  E  p e n d i n g  L / O  o p e r a t i o n .

ISHIFT I / ICANTRALI  Lock

T h E  l € 9 b o € . d  c o n t r . o l  h a E  t h l . e e  d i f f e r e n t  l n o d e s  f o r  c o d e
g e n a r a t i o n  t h a t  a p p l r J  t o  t h e  € l p h € b e t i c  * e g e  A  t h r o u q h  Z :
1 '  n o r m € 1 ,  2 )  c a p s  l o c k ,  a n d  3 )  c o n t r o l  1 o c | ( -
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I n  n o r m a l  n o d e ,  e 1 l  l n m o d i f i e d  a l p h a b e t i c  c h a r a c t e r  l e q s  g e n e r a t e
the  l ou re rEare  l e t t e r  ATASCTI  code  ( t61 -7A) .

I n  c € p E  l o c t  f t o d e ,  € 1 1  u n m o d i f i e d  a l p h a b e t i a  c h a r a E t e r  k E g E
genera te  the  upperca3€  le t te r  ATA$CI I  . ode  (+41 -9A , .

I n  t o n t r o l  l o c t  n o d e ,  E l l  u n n o d i f i € d  . t p h a b e t i c  c h a r a c t e r  k e g 5
g e n e r a t e  t h e  ( o n t i o l  I e t t e r  A T A S C I I  c o d €  ( l O 1 - 1 A ) .

I n  a l l  t h r r e  m o d € E ,  a n {  a l p h a b e t i c  c h a r € r t E r  | ( e g  t h a t  i c  o o d i f i e d
( b g  b e i n g  p r e s s e d  i n  c o n J U n E t i o n  ' ! i t h  t h e  t g H l F T l  o r  I C T R L I  t € r J )
t t i l l  g e h e r a t e  t h e  d e s i r e d  f t o d i f i e d  E o d e .

E6  SHFLOK IO2BE,  1 l  - -  gh i f t / con t i o l  l oc | l  con t ro l  +1ag

SHFLOK oo ld la l l !  haE  one  o f  t h ree  va lues :

$ O o  =  n o r n a l  f t o d e  ( n o  l o c 1 6  i n  e f t e c t ) .
t 4 O  o  c a p g  l o c k .
38O s  c  on t .o  I  l ock .

SHFL0R is Eet to !t4o upon Pouei-up and csYgTEl' i .  RESETI and is
mod i f i ed  the r "ea f te r  bv  t i e  os  on lg  uhen  the  tCAPg .  LOUERI  f t eg  i s
p r e s E e d  ( e i t h e i  b r J  i t E e l f  o r  i n  c o n J U n c t i o n  u i t h  t h 6  [ S H I F T ]  o r
I C T R L I  k e 9  , .

. -  E7  HOLDCH*  [OO7C,  1 l  - -  Charac te r  ho ld ing  va r ieb le

H U L D C H  i s  u g e d  t o  i e t e i n  t h e  c u r r e n t  c h € r e E t e r  v a l u e  p t i o a  t o  t h e
tSHIFT I . / tCONYROLI  l og i c  p rdcee6 .

Au  to r  ep  ea t

T h e  A o t o r . e p e a t  f e E t u r e  r e s p o n d E  t o  t h e  c o n t i n u o u s  d e p r € 5 5 i o n  o f  €
* e g b o a r d  | ( e g  b g  " e p l i c a t i n g  t h e  t e t J  c o d E  1 0  t i f i e E  p e r  s e E o n d ,
a + t e r  a n  i n i t i e l  1 / ?  s e c o n d  d e I a v .  T h e  t i t [ l e .  v e i i a b l e  S R T I H R  i s
u s e d  t o  c o n t r o l  b o t h  t h e  i . n i t i € 1  d e l s t J  e n d  t h e  r e p € a t  r a t e .

Whenever  SRTI I . IR  i s  eque l  t o  ! e .o  and  a  ke9  i €  be ing  he ld  doun ,
t h e  v a l u e  o f  t h e  * e q  c o d e  i B  s t o r e d  i n  t h e  l € q  c o d e  F I F O  ( C H )
T h i e  l o g i c  i s  p a r t  o f  t h e  s t E g e  2  V B L A N K  p i o c e s € .

EE SRTIHR+ tO2eB,  1 l  - -  Au to reeea t  t i oe r

S R T I M R  i 5  c o n t r o l l e d  b g  t t  o  i n d e p e n d € n t  p r o t e s s e 6 :  1 )  t h e
k e q b o a r d  I R O  E e r v i c e  r o u t i n e ,  u h i c h  e s t € b 1 i 9 h e 5  t h e  i n i t i € 1  d € l € g
v a l u e  a n d  2 )  t h e  6 t e g e  2  V D L A N K  r o q t i n e  t h a t  € E t 5 b I i g h e s  t h e
r e p e € t  r r t e ,  d e c i e f l e n t s  t h e  t i m e r  a n d  i f l P l e m e n t 5  t h e  a u t o  r e p e a t
l o g i c .
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I n v e r s e  V i d € o  C  o n t r o  I

T h e  K € g b o E r d  N a n d l E r  a l l o u s  t h e  d i r e E t  q e n E r € t i o n  o f  n o r e  t h a n
hd l f  o f  t he  296  ATASCI I  codee ;  bu t  codes  *gO-9A  €nd  codeE $AO-  FC
c a n  D e  t e n e r a t e d  o n l t /  u i t h  t h €  , , i n v e r s e  v i d e o  o o d € ' ,  a c t i v e .  T h E
A T A R I  k e g  a c t s  a s  6 n  o n / o + f  t o g g t €  f o r  t h i s  m o d e ,  € n d  a l l
c h a i a c t e a i  ( e x c e p t  S o r  s c a e E n  e d i t i n g  c o n t r o l  c h a r a r t e r s ,  u i I l  b e
9 u b J e € t  t o  i n v e r . g i o n  u h e n  t h e  o o d e  i 9  a c t i v e .

E?  INVFLG tO286 ,  1 l  - -  I nve rse  v ideo  + tag

INVFLG i6  no roa l l g  ze fo ,  i nd i ca t i ng  tha t  no r .ma t  v ideo  ATASCI I
c o d r s  ( b i t  7  a  O '  r r e  t o  b e  q e n e i a t e d  f r o f l  k e q s t r o k e s ;  u h e n e v e r  I N V F L O
i 5  n o n t e r o ,  i n v e r r e  v i d e o  A T A S C I I  € o d e s  ( b i t  7  =  1 t  u i l l  b e  g e n e r a t e d .
T h e  s p e r i a l  r o n t r o l  c o d e €  a r e  e r e m p t  f r o n  t h i E  b i t  r n a n i p u l a t i o n .

INVFLO iF  se t  t o  ze ro  b {  po t  ea - !p  End  sgs te { r  r sse t .

The  Kegboard  Hand le r  i nv€ r t s  b i t  7  o f  INVFLG uhenever .  t he  ATARI  te rJ
i 5  p a e t s e d ,  t h e  l o u e r  o r d e r  b i t s  a r e  n o t  E l t e r . e d  € n d  a r e  E s s u d r e d  t o  b e
t e l o .

T h e  K e g b o a r d  H . n d I e i / s  " e r c l u 6 i v .  o r ' E ' r  ( X O R , s )  t h e  A T A S C I I  k e g  d e t a
u i th  th€  va l se  i n  INVFLC a t  a l l  t i nes ;  t he  no i fnE l  ve lues  o f  gOO and
* B O  t h u i  l e a d  t o  c o n t r o l  o f  t h e  i n v € r s e  v i d e o  b i t  ( b i t  7 ) .

Conso le  Kegs :  tSELECTI ,  fSTARTI ,  and  tOPTIONl

T h e  E o n r o l e  t E g s  e . e  3 e n s e d  d i r e c t l U  + r o n  t h e  h a t . d u a r e
' i eg i6 te r  CANSOL tDOlF l ,  see  the  ATARI  Ho f te  Coopu te l .
He rduEre  M:nua I  f o r  de ta i  l . _

F. PR INTER

g e e  S € c t i o n  5  f o r  a  g e n e r a l  d e s c r i p t i o n  o +  t h e  P r ' i n t e r  H a n d I e r .

P a i n t e r - E u t f e r

F1  PRNBUF*  tO3CO,40 l  - -  P r . i n te r - reco rd  bu f fe r

P R N E U F  i 6  t h e  b u + + e r  u s e d  b U  t h e  P r i n t e r  H a n d l e r .  f o r  p a c | ( i n g  p r i n t e r .
d a t a  t o  b e  E e n t  t o  t h e  d e v i c e  c o n t r o l l e r .  T h e  b ! f f e r  i 5  4 0  b g t e E  l o n g
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a n d  c o n t € i n s  n o t h i n g  b u t  p r i n t e ?  d a t a _

-  FZ  PAUFSZ+ EOO1E,  1 l  - -  p f i n te r - reco rd  6 i ! e

l n te rna  l  t ro r  I  ing  Var iab l€s

F4 PTEl . lP*  IOOIF,  f l  - -  Pr . in te r  Hand ler  temporarg  de ta  Eeve

PTEHP i s  used  bq  the  P r in te r .  Hend le?  to  tempora r i l g  seve  the  ve lue  o f
€  c h e i a c t e r  t o  b e  o u t p u t  t o  t h e  p r i n t e r .

F5  PT INOT*  tOO1C,  1 l  - -  P r i n te f  t i oeoa t  va lue

P T  I t ' i O T  c o n t e i n s  t h €  t i o € o u t  v a l ! e  f o r  g I 8  c a l l i n g  E e q u e n r e  v a i i a b l e
DTIMLO (see  gec t i on  91 ,  PT I t lOT  i i  5e t  t o  30  (uh i ch  r "ep re€en tE  a  32
s e c o n d  t i m e o u t )  a t  i n t i a l i z e t i o n  t i m e ,  a n d  i s  u o d a t e d  a f t e ?  e a c h
pr in te r .  E ta tus  requeEt  ope r .a t i on  to  con ta in  the  va l l Je  r . e tu?ned  in  th€
t h i r d  b g t e  o f  t h e  s t a t u s  f r a m e  ( E e e  S e c t i o n  5 1 .

F3  PBPNT*  IOOID,  1 l  - -  P . i n te r -b r r f f e r  i nde l
-  

PEPNT Eon ta ins  the  cu r ren t  i nde r  t o  the  P r in te r -bu+ fe r .  PBPNT ianges
in  va lu€  + ro l t l  za ro  to  th€  va lue  o f  PBUFSZ.

O.  CENTRAL I /O  RAUTINE (C IO}

S e e  S e c t i o n  5  f o .  €  d e s c i i F t i o n  o f  t h e  c e n t r a l  I / O  U t i l i t i J .

Use i  ce l l  Pa rane te r "s

P B U F S Z  E o n t a i n g  t h e  s i z e  o f  t h e  P r i n t e r - r e c o r d  f o r  t h e  c u r r e n t  n o d e
s e l e a t e d ,  t h e  o o d e s  a n d  r e E p e c t i v e  s i z e s  ( i n  d e c i n a l  b u t e g )  a r e  s h o 0 i n
b e l o u :

Normal, 40
D o u b I e  l , i d t h  2 0  ( n o t  c u r r e n t l g  6 ! p p o r t e d  b g  t h e  d e v i E e )
Si de{rag s 29

S t a t u s  r e q ! e e t  4
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C I O  € a I 1  g a r a m e t e r s  a r e
B I o c  | (  ( I o C B l i  a l t h o u g h
re tu ined  i n  DVSTAT,  and
dev i  ce  teb  l e  (HATABS) .

c 1 IOCB CO34O,  15 I  - -  L /O  Con t . ro t  g loc t

I / O  C o n t F o  I  S l o c t

I O C B  i s  t h e  n a m e  a p p l i e d  c o l l e c t i v e l g  t o  t h e  1 6u r t n  e a c h  o f  t h e  B  p r o v i d e d  c o n t r o l  E t r u c t u . e s i

paE€ed  p r i . | l a r i l g  t h rough  En  I /O  Con t ro l
a d d i t i o n a l  d e v i c e  E t a t ! s  i n f o f m a t i o n  c a n  b e

Hand le r  i n fo roa t i on  i 6  ob ta ined  f ro |n  the

b g t e 5  a s s o c i a t e d
EEr '  gac t i on  5 .

T h e  l € b e l  I O C B  i E  t h e  l o c a t i o n  o f  t h e  f i . s t  b g t e  o f  t h e  f i r . E t  I O C B  i nthe  ds t€  b35e .  Fo i  V IDe  cA  th iough  01O,  the  " i d " . r r . "  g rven  e re  fo i .I U C B  l + O  o n I g ,  t h e  a d d r e e E e s  f o i  a t t  o f  t h e  I O C E , s  i r e  s h o u n  t e t o u :

$ e e  S e E t i o n  5 .  I n i t i a l i 2 e d  t o  t F F  a t Pou ,e i -up  and  rgs teo  i  e9a t .

0340-o34F
o350-o35F
0360-o36F
o370-o37F
osao-o3€F
o390-o39F
oSAO-O3AF
o380-03BF

02 ICHID tO340,  1 l

e3 ICDNO €0341,

See Sec t i  on  5 .

04 ICCOT'i to342,

see S€c t  ion  g .

05 ICSTA to343,

Se€ Sect ion  5 .

E6 ICBAL, ICBAH

Ser  Sec t ion  5 .

IACB {io
IOCB t'1
IOCB t+2
IOCB tf3
rocE *4
rocB t+5
tocB *6
tocg *7

- -  HEnd le r  ID

1 l  - -  D E V i c e  n u m b e r

1 l  - -  Co .nmsnd  bg te

Sta tus

to344,27 -- Buf fa r .  ad  d res6

234
OPERATINC SYSTEI'I co1659s -- A p p e n d i  x  L



C7 ICPIL ,  ICPTH fO346 .21  - -  PUT ByTg  vec to r

g e €  S e E t i o n  t .  I n i t i a l i z e d  t o  p o i n t  t o  C I O ' E  , , I O C B  n o t  O P E N , ,  r . o u t i n s
a t  po { reF -uF  and  sq5 tem re6e t .

eA  ICSLL ,  ICBLH tO346 ,21  - -  Bu+ fe r  l eng th  /  bg te  coun t

See  See  t  i on  5 .

e9  ICAX l ,  ICAX2  EO34A,2 l  - -  Aux i l i a r {  i n fo roa t i on

See  See t ion  3 .

O tO ICSPR tO34C,4 l  - -  Spa re  bg tes  fo r  Hand l6 i  ue€

. -  T h e r e  i E  n o  f i r e d  a s s i g n o a n t  o f  t h e s e  f o u r  b g t e s ;  t h e  H r n d l e a
asEoc ia ted  { r i t h  an  IOCB can  oa  oaq  no t  use  thega  bg t€3 .

Dev iEe  S ta tug

e11  DVSTAT EO2EA,4 l  - -  D .v iEe  E ta tus

See  Sec t i on  5  +o r  e  d i sc l , s . i on  o f  t h€  OET STATUS co l t | f i . nd .

D e v i c e  T a b  1 e

e12  HATABS C031A,3B l  - -  Dev i .6  tab le

S e e  S e c t i o n  9  { o r  a  d e s c . i p t i o n  o f  t h e  d e v i r e  t a b l e .

C IO/Har ld le .  I n te r+ac€  Paramete rs

C o m m u n i c a t i o n  b e t u e € n  C I O  a n d  a  H a n d l e t '  i E  a c c o n p l i e h € d  u E i n g  t h .
650A oach inc  Feg iE te rs ,  and  €  da ta  E t rue tu ie  ce l l ed  tha  Ze ro - ta t6
I O C B  ( Z I O C B t .  T h e  Z I O c s  l 3  6 3 E e n t i . l l !  a  c o p g  o f  t h e  p € r t i c u l . l
IOCB be ing  usea l  f o r  t he  c l r ren t  ope ra t i on .
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Zero -Page  IOC8

G13  Z IOCA ( IOCBASI  tOOe0 ,  161  - -  Ze ro -pase  IOCB

T h €  Z e . o - p a g e  I O C B  i E  e n  € t a c t  c o p q  ( e x c e p t  a s  n o t € d  i n  t h e
d i s c u s E i o n r  t h e t  f o l l o n )  o +  t h e  I O C B  e p . . i f i a d  b r t  t h e  6 5 0 A  X
r d q i 3 t e r  u p o n  e n t r g  t o  C I O ,  C I O . o p i e 6  t h e  o ! t e r  t e v e l  I O C B  t o
th€  Ze r ,o -pe9a  IOCB,  pe r fo rns  the  i nd i ca t€d  +unc t i on ,  noves  the( p o s s i b l q  a l t e r . e d l  Z e r o - p a g e  I O C B  b a c &  t o  t h e  o u t € r  t e v e l  I O C B ,
a n d  t h e n  t . e t ! r n s  t o  t h e  c a l l e r .

A l t h o u g i  b o t h  t h e  o u t e r  l e v e l  I O C B  E n d  t h e  Z e r o - F a g e  I O C B  a . e
d e f i n e d  t o  b e  1 6  b g t e E  i n  E i ! e ,  o n l V  t h e  f i r s t  1 2  6 9 t e s  a r e  m o v e d
b q  C  I O .

C14  ICHIDZ tOOeO,  1 l  - -  Hand le r  i nde r  numbe .

Se€  Sec t i on  5 .  Se t  t o  iFF  on  CLOSE.

G15  ICDNOZ

S e e  S e c t i o n

c l6  ICCOHZ

Se€  Sec t i on

C17  ICSTAT

Se.  Sec t i on

C19 I CPTLZ,

See  Sec t i on
cLosE.

G2O ICBLLZ,

see sec  t ion
r e p r e s e n t i n g

too21,

5 .

too?2,

1 l  - -  Dev iEe  d r i ve  nunber .

1 I  * -  Comoen i  bq te

O1A tCgALZ,  IC8ALH tOO24 ,2 l  - -  gu f fe r  t sdd ress

S . e  S e E t i o n  5 .  T h i s  p o i n t E "  v € r i a b l e  i E  n o d i f i e d  b V  C I O  i n  t h e
cou i .ge  o f  p rocess inE  iom€ com{ rand6 i  houeve r ,  t he  o r iE ina l  ve tue
i E  i e E t o r e d  b e + o r e  r e t u r n i n g  t o  t h e  c e l l e r .

I  CP THZ

5 .  S e t  t o  p o i n t  t o  C I O ' E  , , I O C B  n o t  O P E N . r o u t i n e  o n

tOO23 ,  1 l  - -  S te tus  bg tF

5 .

ICBLHZ tOO2A,2 l  - -  gu f+e r .  l eng th  /  bq te  Eoun t

5 .  T h i s  d o u b l e - b r r t e  v a r i e b l e ?  u h i c h  E t a r t E  o u t
t h €  b u + + e r  l e n g t h ,  i 6  m o d i * i e d  b {  C I O  i n  t h e  c o u r s e
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o f  p t ' oce6€ ing  Eo f te  comm€nds ;  t hen ,  be fo re  re tu rn ing  to  the
c a l l e r ,  t h r  t r a n s a c t i o n  b q t e  c o u n t  i E  E t o r e d  t h e . e i n .

G21  ICAX lZ ,  ICAXAZ tOO2A,2 l  - -  Aux i l i a r { ,  i n fo rna t i on

See  SeE t  i on  9 .

e22  ICSPRZ ( tC IDNO,CIOCHR)  [OO2C,4 t  - -  C I0  uo r l i nq  ve r . i ab teE

I C S P R Z  a n d  I C S P R Z + 1  € r e  u s e d  b g  C I O  i n  o b t a i n i n g  t h 6  e p p i o p r i . t e
H a n d l e r  e n t r q  p o i n t  f r o o  t h e  h € n d l e i . s  v e E t o r  t a b l a  ( E e e  S e c t i o n  9 ) .

ICSPRZ+a  i s  a lEo  lEbe led  IC IDNO and  re tE in5  th r  v . l ue  o+  the  65Oe X
re9 is teD  f r . o rn  C IO en t i g .  The  X  r .eg i s te r  i s  l oaded  f rod r  IC IDNO e i  C IO
r e t ! r n s  t o  t h e  c a ! l e i .

ICSPRZ+3  i s  a l ro  l ab€1ed  C IOCHR
i e g i s t e r  f r o f l  C I O  e n t ! . q ,  e r c e p t
d h i c h  c a 6 e  t h e  m o e t  r e c e n t  d a t €
65Oe A  reg i s te r  iE  l o€ded  f i o l | l

I n te .na  I  t r o r . k  i n9  V€r i€b IeE

and  re te ing  the  va lue  o f  t he  650A A
fo r  da ta  read ing  tgpe  Eo tnn landE,  i n
bg te  read  i s  e to r .ed  tn  C IOCHR.  Th€

CTOCHR aE C IO re tu rn i  t o  t he  ca t l e r . .

e23 tccor,rT* too 17, 1

ICC0HT i r  usFd  as  an
comoand  bq te  va lues
i  n  fo rmE t  i on  ) .  ICCOMT
i6  g rea te r  t han  $OE,

ee4 rcIDNo* to02E, 11

See  022 .

O25  C IOCHR*  (0o?F ,  1 l

See G22.

I  - -  Co imend  tab le  i nd€ r

i n d € t  t o  C I O ' E  i n t e r ' l a l
t g  H E n d l e r ' e n t r g  o f f s e  t E

c o n t a  i n s  t h e  v a l u e  f r o o
in  uh i ch  cd6e  1CCOMT i s

ao|nftand tab 1€,
( s € 6  S e c t i o n  I
I C C O M Z  e x c e p t
i e t  t o  $OE.

uh  i ch  map  t
+or mot.e

uhen  ICCOMZ

- -  C I O  c a l l  X

- -  C I O  c a l l  A

i e g  i  g  t e r  E a v e / r e s t o r e

reg  i s te r  Eave / reE  t  o r  e

H .  SERIAL  I / 6  RAUTINE (S IO}

S e e  5 e € t i o n  9  f o r  d i F r u 6 g i o n $  r e l a t i n g  t o  S I O .
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U6el" Ca 11 Pafanreter.s

S t O  a a I l  p e r E m e t e r s  a i e  p a 6 5 e d  p a i n a t i l g  t h r o u g h  a  D e v i c e  C o n t r o l
B l o E t ;  E l t h o u g h  a n  a d d i t i o n a !  " n o i s g  b u 6 "  o p t i o n  e x i s t s  t h a t  i 5
E e l e c t E b l e  t h r . o u g h  a  s e p € r . a t e  v a i i € b 1 e .

D e v i c e  C o n t r . o l  B l o . t

H1  DCB [O3OO,  1? l  - -  Dev i .e  Con t ro l  B loc t

D C B  i s  t h e  n a n e  a p p l i e d  € o l l e E t i v e l g  t o  t h t  1 2  b g t e E  a t  l o G a t i o n g
OSOO-O3OB.  fhe re  bq teE  p tov ide  th .  p€ ramete r  pass ing  o€chen i6m fo r  g IO

a n d  € r e  d . r c r i b e d  i n d i v i d u e l l g  b € l o n .

HA DDEVIC [O3OO,  1 l  - -  Dev iEe  bu i  ID

s e e  S . c t i o n  9 .

H 3  D U N I T  l O 3 O 1 , l f  - -  D e v i c c  u n i t  n l m b e t

see  gec t i on  9 .

H4 DCol' lND tO3Oe, 1l -- Device cooft€nd

See  Se . t i on  9 .

H9  DSTATS fO3O3,  1 l  - -  Dev i ce  s ta tuE

See  Sec  t  i on  L

H6  DBUFLO,  DBUFHI  tO3O4,2 l  - -  Hsnd le i  bu f f l r  €dd reEe

See  Sec  t  i on  9 .

H7  OTIMLO tO3O6,  1 l  - -  Oev ice  t i neou t

S e e  S e c t i o n  9 .

HA DBYTLO,  DBYTHI  [O3OA,2 ]  - -  Bu f fe r '  l eng th  /  bg te  coun t

see  g i€c t i on  9 .
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H9 DAUX1., DAUX2

S e e  S e c t  i o n  9 .

CRETRY con t ro l s  t he  i nne r  t oo !
r r i  t h  E e n d  i n g  a n d  r e c € i v i n q  a n
C R E T R Y  i 5  s e t  t o  1 3  b u  S I O  e t
i n  i t  i € t  i o n ,  t h u E  E 1 1 o ; i n g  + o r
add  i t  i ona l  re t r . i  es .

H1O SOUNDR tOO41 ,  l l  - -  Ou ie t /no iEg  t /O  f lEg

S O U N D R  i s  a  * l a g  u s e d  t o  i n d i c a t e  t o  S I O  l r h e t h € r . n o i s e  i ,  t o  b €
9 e n e r € t € d  o n  t h e  t e l e v i E i o n  a u d i o  c i F € s i t  u h e a  S e r . i a l  I / O  b { J 9
€Et i v i t q  iE  i n  p rog iesE .  SOUNDR eq la l  t o  ! e ro  i nd i ca teB  the t
9 o u n d  i 3  t o  b e  i n h i b i t e d ,  a n d  n o n ! e r o  i n d i e s t e B  t h a t  s o u n d  i s  t o
be  €neb led .  S IO  Ee ts  SOUNDR to  g  a t  poder -sp  dnd  sqE ten  rgs6 r .

56 r .  i e  I  BuF  Con t ro l

Re t r .g  Log ic

S I O  u i 1 1  a t t e & p t  o n e  c o m p l e t e  c o d m a n d  " e t r g  i f  t h e  f i r E t  a t t e m p t
rE  no t  e r ro r  f i ee ,  a rhe ra  a  conp le te  co insnd  t i g  ron i i s t s  o+  up  to
14  € t te f tp t i  t o  send  (End  ecknou ledge)  a  rgd toan ;  f . ane ,  f o l l o l l l ed
bq  a  E ing Ie  e t tempt  to  recE ive  COHpLETE rnd  poEE ib lq  a  da t r
f rame-

B U E  S o u n d  C o n t r o l

H l1  CRETRY*  tOO36 ,  1 l  - *  Conoend  f raoe  r€ t r9  roun t . r

tO3OA '  2 l  - -  Aux  i  I  i e r r J  i n+o r f t e t  i on

o f  t h e  r ' e t r . g  l o g i c ,  t h a t  a . i o c i e t e d
ac lnou ledgemen t  o+  the  con f tand  fFaoe .
the  bag inn ing  o f  eve r .g  comoand
€ n  i n i t i . l  a t t . n p t  a n d  u p  t o  1 3

H12 DRETRY* tOO37, 1l -- D e v i c e  r e t r g  c o u n t e r

DRETRY Eon t ro  lE  the  ou ta r
a s 6 o c  i a t e d  u i  t h  i n i t i a t i n g
sub6eq t ,en t  t o  t he  romnand
1  b r j  S I O  a t  e n t r g ,  t h u 6  . 1
l  e d d  i  t  i o n a l  r e t F u .

l o o p  o f  t h e  f e t r q  I 0 9 i c ,  t h a t
a  c o n n a n d . e t . q  a f t e r  e  f a i l u i e

f rane  ac lnou ledg€oen t .  DRETRY i r  E€ t
l oo ing  fo i  an  i n i t i r !  a t t eo ! t  € t l d

t o
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Ch ec  &Bu to

T h .  S e r i a l  I / O  b u E  p r o t o E o t  i p e c i f i e s  t h a t
r l . a n a s  o u s t  c o n t e i n  a  c h e c f t s u m  v E l i d e t i o n
a r i t h . . e t iE  sum (u i t h  end -a r .o !nd  ca r r { }  o f
i n  t h€  + feoe .

a l I  r oo f tend  and  da ta
b t J t e ,  t h i s  b q t e  i s  t h e
a l l  o +  t h e  o t h e r -  b q t e s

H13 CHKSUI'I+ tOO31, 1J -- Checlrsut, velue

CHKSUI i  con ta ins  the  f tE rD€  aheckgurn  as  co t$pu ted  bg  S IO  +o r  a l l  fFame
ta6ns+er9 .

i n t e r r u p  t  s e r v i c e
b6 .n  sen t  V  e t .  CHKSNT
t e  h a s  n o t  g e t  b e e n
then  5€ t  non :  s ro .

H14  CHKSNT*  IOOAB,  1 l  - -  CheckEum sen t  f 1a9

CMSNT i rd i c . t eE  to  th€  E6 i i a t  boc  t ! . anE f t i t
r ou t i n .  uhe the i  t he  f rane  chec | t j uo  bg te  hag
e q u a l  t o  z e r o  i n d i r a t E s  t h a t  t h e  c h e i t s u r n  b g
sen t ,  a f te r  t he  chec tsu fn  iE  Een t ,  CHKSNT i s

H15  NOCKS *  [OO3C,  1 l  - -  No  chec&sud  $o l tous  da t€  + Ieg

NOCKSI I  iE  r  f l eg  u5ed  to  conmun ic . te  be toeen  the  g IO  toD  Ieve I
c o d e  a n d  t h e  S e i i a I  b u 9  r ' e r a i v e  i o t e r r u p t  g e r v i c €  r o u t i n e  t h a t
t h €  n e x t  i n p u t  u t l l  n o t  b e  f o l l o u r e d  b !  €  c h e c * e u f t  b g t e .  A  v 6 l u e
o f  a e r o  r p e c i f i e E  t h e t  e  c h e a l i s t l |  b r l t e  r r r i t l  f o l l o o ,  n o n r e r o  s p e c i f i e 6
t h a t  E  c h e c t s u m  b g t .  u i l l  n o t  f o l l o u .

Da ta  8u f fe .  i  nE

Ornera l  Bu+ fe i  Con t i  o  I

H16  BUFRLO*  tOO32 ,  1 l  and  BUFRHT*  tOOg3 ,  1 l  - -  Ne r t  bq te  add ress

BUFRLO end  BUFRHT ro f i p r i ge  E  po in te r  t o  t he  nex t  bu f fe r  l oce t i on
to  be  read  + | ' om g r  oF i t t en  to .  Fo i  e  da ta  f ra rae  t rens fa r ,  t he
p o i n t e i  i 5  i n i t i e l l g  E e t  t o  t h e  v a l u e  c o n t e i n € d  i r  t h e  S I O  c a l l
pa rane te r .  DBUFLO and  DBUFHI ,  rnd  iE  then  i nE ienen ted  bg  the
in taa rup t  ge rv i re  aou t i nec  t s  a  pa r t  o f  oo , t  5 l  bus  de ta  t r . €n !+e r ' .
Fo r  a  conoand  f rama t rEns fe r ,  t ha  po in te r  iE  i € t  t o  po in t  t o  t h€
S IO-ma in ta ined  command  f i ams  ou tpu t  bu f fe r , .

H17  BFENLO*  tOO34 ,  1 l  and  BFENHT*  tOO35 ,  t t  - -  Bu f fe r  end  add r€s5

SFENLO. /BFENHI  fo . f i .  po in te r  t o  t he  bg t€  to t l ou ing  the  tas t  f reme
d a t a  b g t o  ( n o t  i n c l u d i n g  t h e  c h € s l r u o t  t o  b e  s e n t  d r .  r € E a i v e d .
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BFENLO/BFENHI i6
f r a o €  s i r e  p l u s

the  a i  t  t h { r r t  1c EUm o f  BUFRLD/EUFRHI  9 lus  the

Command Frame Output  Bu++et

S e e  S e E t i o n  9  f o t '  t h e  t o m m a n d  f r . e m e  f o r ' f t a t  a n d  d a s c r i P t i g n

H1A CDEVIC* tO23A, 1

CDEVIC i s  se t  t o  t h€
DDEVIC to  DUNTT and

H19 CCOIIND* tO23B, 1

CCOI'IND is Eet to the
DCOI-IND.

H20  CAUXI *  tO29C,1 l

CAUXI  end  CAUX2 a re
pa r ' 6nE te r ' 3  DAUXl  and

I  - -  Comf iend  + raoe  dev i cE  tD

v a l u e  o b t : i n e d  b q  € d d i n g  S I O  c a l I  p a F a n e t e r
Eub  t rac  t  i ng  1 -

I -- Command +r6me cofttnand.

va lue  ob ta ined  f ro {n  S IO  ca l l  pEaametea

end  cAuxa*  to23D,  1 I  - -  Au t i l lE rg  i n fo t f i a t i on

B e t  t o  t h e  v a l u e s  o b t e i n € d  + r o  S I O  c a l l
D A U X 2 ,  r e s P e c t i v e ! 9 .

Rea€ ive /T rEnEd i . t  De ta  Bu f+€ r  i ng

H21  BUFRFL*  tO03B,  1 l  - -  Bu$ fe r  f u1 l  f l ag

S U F R F L  i s  €  f l a g  u s e d  b {  t h e  E e i i 5 1  b u 5  r e c e i v €  i n t e r r u P t  t e r v i c e
i o u t i n E  t o  i n d i i a t e  u h e n  t h e  m € i n  p o r t i o n  o f  a  b u c  f r a n e  h a s  b r e n
rece ived  - -  e11  bu t  t he  chec*EL t t t l  b ' J te .  EUFRFL equE l  t o  te fo
i n d i c a t e s  t h e t  t h e  i t t E i n  p o i t i o n  h e E  n o t  b e e n  c o | n p l E t e l l i  r e c e i v e d '
€  n o n z e r o  v a l u e  i n d i c a t e s  t h e t  t h e  o e i n  p o r t i o n  h e s  b e e n
i ' € c e i v e d .

H22 RECVDN* tOO39, 1r

RECVDN i s  a  f l ag  uEed
b u s  r e c e i v e  i n t e r r u P t
f  1 a g  i E  i n i t i a l l q  E e t
t h e  i n t e r r u p  t  s e i v i c e
h e E  b e e n  r ' e c e i v e d ,

- -  Rece ive  + ra ,ne  done  f l ag

b q  S I O  t o  c o m n o n i c a t e  b e t { r a e n  t h e  S e r i a l
s ; r v i c €  r o u t i n €  a n d  t h e  m a i n  S I O  c o d s .  T h e
t o  2 e r o  b q  5 I 0 ,  a n d  l a t e r  6 e t  n o n z e r o  b q
iou t i ne  a f te l .  t he  l ss t  bg te  o f  €  bus  + r ' ane

TEt' lPit CO23E, 1l -- SIO 1-b{te I/O data
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TEI ' IP  i s  used  to  race i ve  1 -bq te  responseE f ro l t l  5e r i a I  bug
con t ro l l e .E r  EUch  as  ACK,  NAK.  COI ' IPLETE o r  ERROR.

H24 XI{TDAN* [OO3A, 1l -- Transdtit  frane done f}ag

XMTDON i s  e  f lEg  used  bq  g lu  to  comr t l un i ca te  be to€ in  the  Ser iB l
b u E  t r ' e n B m i t  i n t e r r u p t  E e r v i c e  r o u t i n e  a n d  t h €  m a i n  5 I O  c o d e .  T h e
+ 1 a 9  i s  i n i t i e l l g  E e t  t o  z e F o  b U  S I O ,  a n d  l a t e r  5 e t  n o n z e . o  b q
the  i n te ! . t ' sp t  Ee .v l c€  r ' ou t i ns  a+ tea  the  l eE t  bg te  o f  a  bus  + iane
h a 5  b e e n  t r a n E m i t t e d .

S IO  T i  meou  t

S I O  u 6 e 5  S g s t e n  T i o e r  1  t o  p r o v i d e  t h e  t i o e o u t  E e p a b i l i t g  f o r '
v a r . i o u s  o p e r a t i o n g  i n i t i a t e d  i n t e i n a l l r J .  S a e  S e E t i o n  6  f o r  a
d i E c u i s i o n  o f  t h e  c a p a b i l i t i € s  o +  t h €  S q E t € ( n  T i m e r E .  T I h F L o  i 3
t h e  f l e g  u s e d  t o  c o f i f i u n i E a t a  b e t u € e n  S I O  a n d  t h e  t i n € r  i n i t i e t e d
code  po i r t ed  to  b rJ  CDTI ' |A1 .

H25  T l  l . l F l . c+  [0317 ,  1 ]  - -  s IO  op . ra t i on  t i l neou t  f l ag

T I I I F L O  i e  u s € d  t o  i n d i c e t e  a  t i  e o u t  s i t u a t i o n  f o i  a  b u E
o p e r € t i o n  T h e  f l a g  i 5  i n i t i a l l g  5 e t  t o  1 ,  5 n d  i f  i t  a t t e i n E  a
v a l u e  o f  r e r o  ( e f t € r  t h e  t i m a o u t  p e r i o d )  b e f o i e  t h e  t u t r e n t
o p e r e t i o n  i s  E o m p l e t e ,  t h e  o p e r e t i o n  { t i 1 l  b e  a b o r t e d .  S e e  . I s o
D�2.

H26  CDTt ' tV1*  to21g ,2 l  - -  Sg5 tem T ioe r  1  va lue

T h i E  e - b g t e  r o u n t  t a t e r  o n  v E i i o u s  v a l u e s  d e p e n d i n g  u P o n  t h e
o p e r a t i o n  b € i n g  t i o e d .  S e €  a l 6 o  P 4 .

H27 CDTI' 'AI+ EOe26' 27 -- SUiten Timer 1 addreEs

T h i r  v e r t o ?  E l u r e q E  p o i n t E  t o  t h e . J T I M E R  r o u t i n e ?  u h o s e  o n l g
f u n c t i o n  i s  t o  s e t  T  I i ' l F L G  t o  z e r o .  T h i s  v e c t o r  i 5  i n i t i a l i r e d  b q
S I O  b e t o r e  e v e r g  u s e ,  s o  t h a t  S ' r s t e  T i & e r  1 c a n  b e  u g e d  b g  a n !
p r o c e s s  t h a t  d o e s  n o t  u s e  S I O  & r i t h i n  d  t i n i n g  + u n c t i o n  S e e  a I s o
P5 .
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I n te rna  I  Work  i ng  V€r . i ab te i

H28  STACKP*  tO31A,  1 l  - -  S tec t  p6 in te r  sav . / r , e i t o .e

STACXP con ta inE  the  va tu€  o f  t he  650g  Sp  rag ' i s te r  a t  en t .q  to
S I O i  t h i s  i i  r e t a i n e d  t o  f a e i l i t a t e  a  d i r e r i  e r r o .  e r i t  + i o f t  a ng I O  E u b r o u t i n € .

H29 TSTAT| f0319, 1l -- T€mpoiarg statug

TSTAT iE ured to rett,rn the operetion stat{rg fr.ott l  th€ l , lAIT
rou t i ne  and  u i t l  con tE in  one  o+  th !  g IO  E ta tu3  bg to  ve tue5  as
ihoun  tn  Append  i  r  8 .

H3O ERRFLe* tO23F, 1l -- t /O error, f l .g

!  ERRFLC i s  u ;ed  fo r .  Eo f l run i ca t l on  b€ t t  een  th€  I IA IT  .ou t i ne  and  the
ou t . r  l ave !  S tO  code .  ERRFLo  i s  no r f i . l l g  z r .o ,  bu t  i r  Be t  t o  IFF
t h e n  €  d e v i c e  r s s p o n d s  u i t h  a n  i n v a l i d  i t e p o n s e  b g t e .

H31 STATUS* [OO3O, 1I -- SIO operation 3tEtus

STATUS i r  a  ! e ! .o -p i t ge  ve i i ab le  thE t  i s  uged  l r , i t h in  S IO  to  con ta in
\  _ .  t h e  o p e r e t i o n  s t € t r r s  t h a t  u i l l  b e  E t o r e d  t o  t h €  c a t l i n g  , e q u e n . .

pa .aoe te r  v€ r . i ab l r  DSTATS uhen  S ID  r . t u rns  to  th€  ca l l . r .

H3a SSKCTL* [0232, 1] -- SXCTL Gop{

SSKCTL i c  o t i l i . ed  bg  S tO  to  teep  t rac l  o f  t he  con ten t  o f  t h .
SKCTL  [D2OF l  reg lE te r r  uh i ch  lE  a  uF i ta -on lg  r€g i s t€ r .

!,. ATARI CONTROLLERS

The  ATARI  Eon t io l l € rs  a re  read  es  pa r t  o f  t he  S tage  e  VBLANK
p.ocese .  The  .neoded  de ta  i e  p i r t i a l lV  decoded  a . rd  p roce3 red  as
shourn  i n  t he  subsec t i ong  tha t  +o I l o r r .

J o r J E t i c t s

Up  to  fou r  Jogg t i c t  con t ro l l e r r  r rn  bc  a t t . chad  to  the  Eo f iFu tea
E o n s o l e ,  e a c h  u i t h  a  ? - p o 3 i t i o n  J o g s t l c *  p l u s  a  t r i g g e r  b s t t o n .
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J1  ST ICKO *  ST ICK3  EO27e ,4 j  - -  Joq6 t i c l

T h e  4  J o U s t i . c f t  p o s t t i o n  s e n E e  v a . i a b l e E
p o s i t i o n  s a n s e  a 9  s h o | l , n  b e i o u :

p  o 6  i t  i o n  s e n g e

c o n t a i n  a  b  i t - e n c o d e d

7 6 5 4 3 e 1 0
+-+-+-+-+-+-+-+-+
i o  o  o  o t R t L t D l u i
+-+-+-+-+-+_+-+_+

u h e r . e :  R  =  O  i n d i c a t e s  J o g s t i c t  R I O H T  s e n s o r  t r l e .
L  -  O  i f | d i ca te5  Jo l r s t i ck  LEFT senso i  t rqe .
D  c  O  i n d i c a t E s  J o g s t i c *  D O W N  s e n s o r  t i u e .
U  e  O  i n d i c a t e F  J o g s t i c k  U p  s e n s o a  t r u e _

N i n e  u n i q u e  c o n b i n a t i o n g  a r e  p o s i i b l e ,  i n d i c e t i n g  t h e  p o B s i b l e
J o g s t i a &  p o E  i  t  i o n s  s h o u n  b  e t o u r :

CENTER
UP

toF
toE

UPlRIOHT 306
RICHT 907
DOUIN/R IOHT tO5
DA!'N 9OD
DOI"IN/LEFT IO9
LEFT *OB

J2  STRICO -  STRte3  tO tA4 ,4 t  - -  JoqB t iE l  t . i ggEr .  sen6e

T h 6  f o u i  J o g s t i c &  t r i g g e r  s e n s e  v a r i e b t e s  e a c h  c o n t e i n  a  s i D o l e
i n d i c a t i n g  t h 6  p o F i t i o n  o f  t h e  J o q s t i E | (  t i i q g e l '  € s  s h o 0 r n  b e l i u :

UPlLEFT 304

7 6 9 4 3 ? 1 0
.i-+_+_+_+_+_+_+_+
t o  o  o  o  o  o  o t T i
+-+-+_+_+_+_+_+_+

U h e ! ' e :  T  c  O  i n d i r a t e g  t r i g g e i  p r € s E e d .

b i t

P a d d l e E

U p  t o  e i g h t  p e d d l e  c o n t r o l l e r 5  E a n  b e  c o n n e c t € d  t o  t h e  c o o o ! t e i ,
eech  l r i t h  a  po ten t i ode te r  €nd  a  t r i gge r  sens€ .

J3  PADDLO -  PADDLT tOe7O,  A l  - -  padd t€  DoE i t i on  eense

T h e r e  i r  a  s i n g l e - b g t e  v a r i a b l e  e s E o . i a t e d  { r i t h  e e c h  , a d d l .
pos i t i on  a€nger  the  va lu€€  r .anga  f "o rn  eAB fo r  f u l l

OPERATINe SYSTET'i CO16SSS -- Appendir L
244



c o u n t e i c l o c k u i s e  a o t a t i o n  t o  l  f o r  + u l l  c l o c t { r i s e  r ' o t a t i o n .

The  padd le  va lues  e r€  o f tan  €onve r ted  bg  the  us r i ,  a i  t hoo rn
b e l o u ,  t o  t i v e  a  t e s u l t  o f  O  f o r  + q l 1  c o q n t e ! ' E l o c l r r i a €  t o t a t i o n
a n d  2 2 7  f o r  f ! 1 1  c l o E l U i e e  r o t a t l o n :

VALUE := eAB - PADDLX;

J4  PTRIOO -  PTRIGT tO27C,A I  - *  Padd le  t r . i gg l r '  e€nee

T h .  g - p s d d 1 !  t t ' i 9 g e r  s e n r .  v a r i a b l e s  e e c h  t o n t . i n  e  s i n g l €  b i t
i n d i r a t i n g  t h e  p o E i t i o n  o f  t h e  t a d d l e  t ? i g g e r  a E  E h o o n  b . l o u :

7 6 t r 4 3 2 1 A
+-+-+-+-+-+-+-+-+
l o  o  o  o  o  o  o i T l
+-+-+-+-+*+-+-+-+

u h e r a :  T  =  O  i n d i c a t e s  t r i g g e r  p r e s s e d .

L i q h t  P e n

T h €  O S  t e a d r  t h e  p o s l t i o n  o f  a  s i n g l e  l i g h t  p e n . n d  3 t o r e €  t h e
h o f i z o n t € l  a n d  v e r t i c € 1  r o s i t i o n  c o d a $  i n  t u o  v a r i a b l € 5 i  t h " 3 a  t o d s B
a r ' e  n o t  t h a  g a o e  e s  t h a  e E t u a l  s € r a € n . o o r ' d i n E t a 9 .  T h e  p e n  p o E i t i o n
c o d e E  f o a  d i f + e r e n t  o o r t i o n s  o f  t h e  s E i e e n  a r e  s h o u n  b e l o u , :

\._, Left edge -- 67.
codee  inc i ' ease  i n  i ncaeoen t5  o+  on t  t o  E  va lua  o f  e27 ,  t han  Eo  to  o
a n d  t o n t i a u a  t o  i n c r e e € e  m o n o t o n i c a l l g  ( o n e  c o u n t  P e l .  c o l o ! '  c l o c k ) .
R i g h t  e d g e  - -  7 .

Uppo t  odga  - -  16 .
Codeg  inEreEEe  in  i nE iemen tS  o f  one  (one  coun t  pe f  t l r o  rSE to r
I  i n e e  l .  L o u e r '  e d g e  - -  1 1 1 .

.  T h e  l i q h t  p e n  h a r d u , a r e  u i l l  i e a d  a n d  l a t E h  t h .  p . n  P o c i t i o n  6 0  t i f i e s-  
p " .  s e ; o n d ;  i n d e p e n d e n t  o f  t h e  p e n  b u t t o n  p o s i t i o n ,  l r h l c h  i s
5 e P a r a t 6 l {  s e n E e d .

I n  g r d e r  + o r  t h e  l i g h t  P c n  t o  o p e a a t e  i t  t n u s t  b e  P o E i t i o n e d  o v e r  a
p o r t i o n  o f  t h e  s c r e e n  | , h i c h  h a E  s u f f i . i e n t  l u n i n a n c E  t o  a c t i v t t e  t h e
p h o t o E e n s o t  i n  t h e  p e n i  a  b l a n t  ( d a r k )  s c f e e n  u i l l  g e n . " a l 1 g  n o t
p r o v i d e  e n o l g h  l u o i n a n c e  t o  u t i l i z e  t h G  l i g h t  F e n

J 5  L P E N H  t o e 3 4 ,  1 l  - -  L i g h t  p E n  h o r i z o n t a l  P o c i t i o n  q o d e

L P E N H  E o n t E i o 6  t h e  h o r i r o n t a l  p o 5 i t i o n  . o d e  f o t  t h e  l i g h t  p e n ,  t h e
a l g o t i t h t n  6 e 1 o { ,  ( u r i t t e n  i n  P a E c a l  )  s h o u E  t h e  c o n v e i B i o n  f r o m  P o E i t i o n
c o d e  t o  6 c i e e n  c o o r d i n s t e  ( s c r e e n  m o d e  7 ) :

IF  LPENH {  33  {  chec t  +o .  ro l l ove r  po in t  }
T H E N  {  a d J u s t  v e l u e g  t o  f i g h t  o f  r o t l o v e r  }
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XPSS := LPENH + zaz
ELSE {  no  adJ l re toent  to  le f t  o+  ro l }over  lo in t  }

XPOS : a LPENHT
X P O S : s  X P O S  -  6 7 ,  t  a d J u s t  f o r  l a t t  e d g e  o f f r e t  )
IF XFAS d O THSN XPOS := O;
IF XPOS ) 159 fHEN XPOS := 1s9;

J6  LPENV tO235 ,  1 !  - -  L igh t  pen  ve r t i ca l  pos i t i on  cod€

L P E N V  c o n t E i n E  t h e  v e r t i c e l  p o 6 i t i o n  E o d e  + o i  t h e  l i g h t  p e n ;  t h e
a l g o r i t h n  b e l o q ,  ( u r i t t e n  i n  p a s c a l  )  s h o r r s  t h e  c o n v e r ; i o n  + i . o m  D o E i t i o n
c o d e  t o  B c f ' e e n  c o o r d i n E t e  ( g c ? e e n  f t o d e  7 ' :

yPOS :s  LPENV -  16 ,  {  adJUEt  fo r  uppe i  €dge  o f f se t  }
IF YPOS 4 O THEN YPES :* O,
IF YPOS ], 95 THEN ypOS : = 95,

J7  ST ICKO -  ST ICKS tO27B,  47  - -  L igh t  pen  bu t ton  Eense

The  l i gh t  pen  bu t ton  Eens€  i g  enEoded  in  one  o f  STTCKO -  S t ICKa
( d a p e n d i n g  u p o n  t h e  a c t u € 1  E o n t i o l l e r  p o r t  u E e d l  a s  s h o u r n
b e l o u :

+-+-+-+-+_+_+_+-+
i  t o t o i o t T i
+-+-+-+-+_+_+_+_+

u h e r e :  T  -  O  i n d i r a t e 5  t h e  l i g h t  F e n  b u t t o n  i s  p r . s s E e d .

D r i v i n g  C o n t i o t  l e . s

T h e  d " i v i n g  c o n t r o l l e r  h e s  n o  p o E i t i o n  E t o p E  E n d  t h { J 6  6 l l o r r s  u n l i m i t e d
r o t a t i o n  i n  e i t h r i  d i r e E t i o n ,  t h e  o u t p r r t  o f  t h e  E o n t r o l t e r  i s  €  2 - b i t
C a a g  e o d e  { r h i c h  c a n  b e  u s e d  t o  d e t e r t n i n e  t h e  d i r € c t i o n  o f  a o t a t i o n .
T h e  c o n t a o l l e r  i 5  E e n s o d  u s i n g  t h e  s a t n e  i n t e r n € 1  h a r d u a r €  a 9  t h e
J o g E t i r k ,  t h u i  t h e  E a t n €  d e t a  b a c e  v E r i E b t e s  3 r e  u r e d  f o r  b o t h .

246
OPERAI ING SYSTEI ' I  CO16555  - -  A reend ix  L



Je  S 'T ICKO -  sT ICK3  [O2ZE,4 l  - -  D " i v inq  con t ro t l e .  Eense

T h e  4  d r i v i n g  c o n t r o l l e r  s e n € e  v a r . i € b l e s  c o n t e l n  a n  e n c o d G d
r o t a t i o n  ( p o E i t i o n )  E e n s e  v a l . u e ,  € E  F h o o r n  b e l o u :

7 6 e 4 3 2 L O
+_+_+_+_+_+_+_+_+
l O  O  O  O  1  l i v a l !
+_+_+_.t_+_+_+_+_+

u r h e i €  a  c l o c k u i s e  r o t a t i o n  o f  t h a  c o n t r . o t l € r  p r o d u c e E  t h e  f o 1 l o o i n g
E o n t i n u o u E  a e q u e n c e  o f  f o u r  v a l u e s  ( E h o u n  i n  h e x a d e c i f l E l t :

o F ,  o D ,  O C , O E ,  O F ,  O D , . . . .  . . .

e n d  a  € o q n t a r c l o c t r r i s e  r o t a t i o n  o f  t h e  c o n t r o l l e r .  p r o d u c e s  t h e
f o l l o ' r r i n g  E o t | t i n u o u s  s e q u e n c c  o f  f o u r  v e l u e S :

oF, oE, oc, oD, oF, oE, . . . . .

J9 SSSSsTRIGO - STRIG3 tOAA4t 47 -- Driving tr igg.r 3en5e

f h : . f o u r  d r i v i n g  t r i g g e r  s e o s e  v a r i a b l . E  e e c h  c o n t e i n  a  i i n g l e  b i t
i n d i c a t i n g  t h .  p o r i t i o n  o f  t h e  d r i v i n g  t r i g g e .  a s  s h o u n  b e t o 0 r :

7 6 9 4 3 2 L O
+-t-+_+_+_+_+_+_+
i o  o  o  o  o  o  o l T !
+_+-+_+_+_+-l_+_+

o r h € i e :  T  =  C  i n d i c € t e 6  t . i g q e r  p i e g E e d .

K. DISK FILE I'IANACER

See  Sec t i on  5  +o r  i n+o roa t i on  re la t i ng  to  the  D iE t  F i ! , e  M .nager .

K1 FMSZPC* tOO43,7l -- Ft ' tS reserved space

FHSZPG i r  t hc  rege fved  Epare  i n  t he  da tabas r  f o t '  t he  va r iab tcB  rhoun
b a l o u i  t h e  n a o e E  a B E o r i a t e d  u i t h  K 2  t h i o u g h  K g . i e  n o t  i n  t h e  e t r s t e f i
e q u a t e  f  i l e .

K t  ZSUFP*  fOO43 ,2 l  - -  Bu f fe r  po in te r

K3  ZDRVA*  lOO49 ,2 l  - -  D r i ve  po in te i

K4  ZSBA*  tOO47 ,e l  - -  Sec to r  bu f fe r  oo in te r
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KS ERRNO* [OO49, 1] -- Error numoer

L .  D ISK UTIL ITY  POINYER

L1  DSKUTL*  [OO1A,2 l  - -  Feg€-ze ro  po in te r  ve r i ab le

tI. 
.FLOATINC 

POINT PACRAEE

S e e  S € c t i o n  g  + o r  a  d c s c r i p t i o n  o f  t h €  F l o a t i $ g  p o i n t  p a c k a g e .

Ml  FRO IOOD4,6 I  - -  Fp  .eg i r t€ r  O

He FRE*  IOODA,6 l  - -  FP r .ca iE ter  ( in te rna l )

t t3  FRI  [OO€O,61 - -  FP r .eg is ts i  1

t t4  FR2*  [OOE6,6 t  - -  FP ieg i r ta r  2  ( in te rne t l

l . l5  FRx*  [OO€C,  1 ]  - -  Spare  ( ! ,nu€ed)

i16  EEXP*  IOOED,  1 l  - -  Erponent  va lse  ( in te rnE l l

I ' 17  NSICN*  IOOEE,  1 l  - -  S ign  o f  oent i6sa  ( in tg inEt )

I ' l g  ESI0N*  IOOEF,  1 l  - -  S ign  o f  exponent  ( in ta rns l l

t ' 19  FCHRFLC* fOOFO,  1 l  - -  F i r .E t  cha iac ter  f leg  ( in te ! ,n€ t )

t ' l l o  DIGRT*  !OOF1,  l :  - -  D iq i ts  to  . igh t  o f  de . i f te l  po in t

t '111  CIX IOOFa,  1 ]  - -  Charac ter  inder

t '112  INBUFF IOOFS,e l  - -  Input  t€ r t  bu+fe .  po in te i
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l ' 113  ZTEMPl*  IOOFS,e ]  - -  Te  por€r tJ  s to rage

.- H14 ZTEt'tP4* [OOF7,e] -- T€|nporarg 6torag€

Hl5 ZTEt'tP3* COOF9,?l -- Tenporar{ stoiage

|116  FLPTR COOFC,2 I  - -  Po in te r  t o  FP  nuober

H l7  FPTRa+ IOOFE,2 ]  - -  FP  pac*ege  u5e

H1a  L8PRI *  tO57E,  1 l  - -  LBUFF p reemb le

t '119 LBPRa* tO$7F, 1l -- LAUFF p!.€anbIe

M2O LBUFF tO5AO,96l -- Text buffei

Ha l  PLYARC*  IO5EO,6 l  - -  FP  r€g i s te r  ( i n t€ rne l )

Mea  FFSCR/FSCR*  COSE6,6 l  - -  FP  rsg l s t . r  ( l n te rna l t

t ' 123  FPSCRl , /SCR1*  (OSEC,6 l  - -  Fp  r .€E iB te r  ( i n t l r na l )

t{24 DEeFLe./RADFLG IOOFB,tl -- D€g,reos/radianr flag

DEGFLG = O ind ica tes  r ' rd ians ,  6  ind icd te i  {eorees .

N. Pouer-UD and SYSTEH RESET

Se€  Sec t i on  7  fo r  de ta i l s  o+  the  poue i -up  €nd  Egg tem r69e t
o P e r r t i o n s .

RAf , l  S i z ing

Dur ' i ng  go t re r -up  rnd  Eq5 teo  aege t  t he  t i rE t  no [ -RAM addre3s  dbove  1OOO
h e x  i s  l o c a t e d  a n d  i t s  s d d r e s g  r e t e i n e d  u 3 i n g  a  n o r l d e s t r ! e t i v e
t e s t .  T h e  f i r s t  b g t e  o +  e v e i t J  4 K  m e m o t . g  " b l o c l "  i E  t € s t e d  t o  g e r  i f
i t  i s  a l t e r a ! 1 e ,  i f  s o ,  t h e  o r ' i g i n a l  v a l u e  i 9  t e s t o r e d  e n d  t h e  n e x t
b l o E k  i s  t 6 5 t e d ,  : n d  i f  n o t ,  t h a t  a d d r e s E  i i  c o n € i d e r e d  t o  b e  t h €
end of RAM.
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Nl  RAMLO* /TRAI '1SZ*  [ooo4 ,3 ]  - -  RA l l  d€ ta . / t e3 t  Fo in te r  ( t empo fe rg ]

RAI ILO+I  Eon ta ins  the  LgB  o f  t he  Eddress  to  be  teE ted  (a ludqs  =  O t
and TRAIISZ (san6 ar RAl. lLO+z ) contains thr f ' lSB of th€ addie3E to b€
ta6 ted .  RAHLS+O con ta inE  the  comp lemen ted  va lue  o f  t he  da ta
o r i g l n a l l g  . o n t . i n . d  i n  t h e  o e f i o r g  l o c a t i o n  b e i n g  t e t t e d .

L 6 t e r  i n  t h e  i n i t l a t l z a t i o n  p i o c e s E  t h e s e  v e r i € b I e E  e r e  o s o d  f o r
to te l l g  un ie l . t r d  func t i one ,  bu t  f i r 3 t  t he  v r l u€  i n  TRA lv l sz  i 5  f i oved
to  the  va r iab les  RAHSIZ  and  MEI ' ITOP+1 .

N2 TSTDAT* EOOO7, L7 -- T€st data blte $av€

T S T D A T  c o n t a i n s  t h e  o r i g i n a l  v a l u e  o f  t h e  m e o o r {  l o c e t i o n  b e i n g
t e e t e d .

D is t s t t r /C i sse t te -Boo t

A9  a  p r r t  o f  t hc  Poqre r -up  Eequenca ,  so f tuaae  can  be  boo ted  f ro f i  €n
€ t t a c h e d  d i s l  d r i v €  o r .  c e 6 ! i a t t e  p l a g e i  € 5  e x p l € i n e d  i n  S e c t i o n  1 O

N 3  D O S I N I  I O O O C , e ]  - -  D i 6 l € t t e - b o o t  i n i t i a l i z a t i o n  v € c t o r .

D O S T N I  c o r t a i n s  t h r  d i E k  b o o t . d  3 0 + t t  a t e  i n i t i s l i z e t i o n  a d d r e s s
f r o o  t h .  b e g i n n i n g  o f  t h e  b o o t  f i l e  ( s e e  S a c t i o n  1 O )  u h e n e v € r  s
d  i s t  e t t . - b o o t  i s  s u c c a 6 s f u l l {  c o . n p l e t e d .

N4  CKEY*  too4A,  1 l  - -  casEe t ta -boo t  requeEt  f rag

CI (EY iE  an  i n te rna l  f IEg  u6€d  to  i nd i ca te  the t  t he  tonso le  ISTARTI
l e q  u a r  p r e s s e d  d u r i n g  P o o e . - u p ,  t h u E  i n d i c a t i n g  t h s t  a
casss t t€ -boo t  i s  des i red .  CKEY equa ls  z€ ro  r r , hen  no  ca6se t te -boo t  i 5
reques ted ,  and  iE  non :e ro  l l r h€n  a  Easse t te -bgo t  i s  reques ted .  The
+ l a g  i 9  c l e a r e d  t o  z e r o  6 f t e r  a  c e s s e t t e _ b o o t .

N5  CASSBT*  [OO4B,  1 ]  - -  CaEEet te -boo t i ng  f I ag

C A S S B T  i s  u E e d  d u i i n g  t h e  c a E s e t t e - b o o t  P r o . € 5 5  t o  i n d i c a t a  t o
i h a r e d  c o d e  t h e t  t h €  c a E t € t t e  i 6  b e i n g  b o o t € d  a n d  n E t  t h e  d i 6 k e t t e .
C A S S B T  € q u a t  t o  . e " o  i n d i c t t e s  a  d i s l e t t e - b o o t ,  a n d  n o n z e i o  i n d i c a + e s
a  ra95e  t t e -b  oo t .

N6  CASTNI  rOOO2,2J  - -  CEes€ t te -boo t  i n i t i a l i r e t i on  vec to r

C A S I N I  c o n t a i n s  t h e  . a E s e t t e - b o o t e d  E o f t u a r e  i n i t i a l i z € t i o n  a d d r e s s
+ i o n  t h e  b e 9 ! n n i n g  o f  t h e  b o o t  f i l e  ( s e e  S e c t i o n  1 o )  { r r h e t r e v e r  a
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N7 BOOT?*  [OOO?,  1 ]  - -  SuEce iE fu t  d ieke t t s /Eaese t t . _boo t  f I 6g .

B O O T ?  i n d i . a t e e  t o  t h e  i n i t i . t i z a t i o n  p r . o c e E E o i  u h i c h ,  i f  a n t j ,  o ft h e  b o o t  o p e ! . e t i o n s  u a o t  t o  6 u c c c s s + u l  E o o p t e t i o n .  T h €  f l a g  v a l u e Eare  se t  bq  the  OS Bnd  the  +o rma t  fo r  t h€  va t  i ab te  i 9  Ehoun  ba lou :

a a s s € t t € - b o o t  i s  s u a c E E g f u I  l V  r o n p l e t e d .

7 6 5 4 3 2 1 0
+_+_+_l_+_+_+_+_+
i  t c t D i
+-+-+-+-+-+_+_+_+

{ r i te re :  C c  1  ind iE6tes  tha t
D - l i n d i E a t e s t h a t

t h e  c a s s e t t e - b o o t  u e s  G o m p l a t e d .
t h e  d i s t ! t t € - b o o t  u . E  c o o p t e t e d .

NB DFLAOS* [O24O, 1] -- Diskette

DFLAeS con td ins  the  va lue  o f  t h€
d  i  s  ke t t . -boo t ,  See  S€c t i on  10 .

f l a g e

f i r e t  b q t !  o f  t h e  b o o t  f i l . ,  . f t e r  .

NP DASECT*  foa41,1 l  - -  D iske t te -boot  Eac tor  count

DBSECT iE  in i t ia l l rJ  se t  to  tho  ve lue  o f  the  s .cohd bg ts  o f  the  bootf i l e ,  d u r ' i n g  a  d i s l e t t € - b o o t ,  a D d  i s  t h e n  u s e d  t o  c o r i t r o t  t h e  n u n b e ro f  a d d i t i o n a l  d i E t e t t e  s o c t o r s  r . e a d ,  1 f  r n g .

NlO BSOTAD* tO242,2i -- Di6lr€tte-boot . lnor9 add..sg

BOOTAD iE  i n i t i r l l ' J  se t  t o  t he  va lue  o f  t he  th i rd  and  fou r th
b g t e E  o +  t h r  b o o t  f l l e ,  d u r i n g  a  d l s t ( F t t e - b o o t r  a n d  i s  n q t
tnod i f i ed  th  e rea f te r .

Env i ron f ien t  Contao l

t f ,  e t  the  end o+ a  poorar -up  or
9 1 v € n  t o  o n e  o f  t h e  c a r t r i d q e s
than progr .a  cont ro l  passeE to
base veriab le DOSVEC.

9 9 s t € m  r e 5 e t ,  c o n t r o l  i r  n o t
( e s  E t p l e l n e d  i n  S € c t t o n r  7  . n d  1 0 ' ,
t he  add r€3 r  con t€ ioad  i n  tha  da ta

N1l COLDAT* t0e44, 1' --

COLDST i r  used b{  the  in i
E  9 9 3 t e m  r l B e t  o c < u r r i n g
procer i .  COLDST i r  s€ t  td

Co lds t . i t  .o f tp t . t€  f159

t  i e l  i  ! e t i o n  r o u t i n e  t o  d e t e c t
b € f o r e  t h e  c o  p l e t i o n  o f  t h e

3FF a t  tha  b .g lnn ing  o f  th r

t he  cas6
po!ref-up
pouer-!g
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s e { u e n c e  a n d  i s  s e t  t o  O  € t  t h e  c o n p l e t i o n ,  i f  5  E g E t e d  r B 6 e t
o c c u r ' 9  u h i l e  t h e  v a l u e  i E  n o n z e r o ,  t h e  p o u e r - u p  E e q u e n . e  u i l l  b e
r e i n i t i a t e d  ( r e t h e r  t h a n  i n i t i a t i n g  €  9 { s t e | n  t e E e t  s € q u e n c e } .

N12  DOSVEC tOOoA,2 l  - -  Non .a r t r i dg€  coo t ro l  vec to r

A t  t h€  beg inn ing  o+  pquer ' -up  tho  OS Ee ts  DOSVEC to  po in t  t o  t he
"b la rkboer .d "  rou t i ne ,  DOSVEC cen  then  be  a l t e red  as  a  conse {uence
o +  a  d i s t e t t e - b o o t  o r .  c a E s e t t e - b o o t  ( a s  e r p l a i n e d  i n  S e c t i o n  1 O l  t o
r F t a b l i g h  a  n e u  c o n t r o l  p r o g l € t ! r .  C o n t r o l  u r i l l  b e  p a E i e d  t h t " o u g h
DOSVEC on  d l1  pou6r -up  end  sgs teo  rese t  cond i t i ons  i n  uh i ch  e
c  t r i d g e  d o € E  n o t  t € t e  c o n t . o l  + i r s t .

SgEte tn  Res i t

N13 $tARllST IOOOA,

WARI IST.qua ls  tFF
i n i t i a l  i  z . t i o n  a n d
( c o l d s t . r t t .

1l -- Werl| letart f  lag

ds r lng  a  sgs tam rese t  (u re i i t l 6 ta r t )
€qus lE  O  du r . i f | 9  a  pouer ' -up  i n i t i a l i za t i on

P. INTERRUP'S

g e €  S e € t i o n  5  f o r  e  d i s c u E E i o n  o f  i n t e t ' r u P t  F r o c € s E i n g .

P 1 C R I T I C  [ O O 4 2 ,  1 ]  - -  C r i t i c a ]  c o d e  E e c t i o n  f l a g

CRIT IC  i s  uecd  to  s igna l  t o  t h€  VBLANK in te r rup t  p ro . .5eo i  t ha t  a
c r i t i c a l  c o d e  e . . t i g n  i s  e x e c u t i n g  t r i t h o u t  I R O  i n t e r r u p t s  b e i n g
inh ib i t ed ,  t he  VBLANK in te r rup t  g roceEEo l '  u i t l  s top  i n te . rup t
p t ' oce i s lng  3+ te i  E t .g€  l  end  be+o t€  6 tage  2 ,  Jus t  es  i f  t he  69Oa
proEegso t  I  b i t  t ' e i e  se t ,  uhen  CRIT IC  i s  se t .

C R I T T C  s q u a l  t o  z e i o  i n d i . a t e 5  t h a t  t h e  c q i r e n t l q  e r e c u t i n g  t o d e
E e c t i o n  i 5  n o n c r i t i c a l ,  u h i l e  a n g  n o n ! e f o  v a l u e  i n d i E e t a s  t h a t  t h e
c u r r e n t L r J  e r e c u t i n g  E o d €  s e c t i o n  i 5  c t ' i t i c a l .

PA FOK|€K [OO1O,  1 l  - -  POKEY in te r rup t  mes*

POK SK i s  a  so f tua re  ne in ta ined  i n te r i up t  mEs l  t ha t  i s  used  i n
r o n J U n c t i o n  t r i t h  t h e  e n e b l i n g  a n d  d i s E b l i n g  o f  t h €  v a i l o u s  P O K E Y
in te r rup t€ .  Th i !  f i aE*  i e  req ! i ?ed  becau i .  t he  POKEY in t { r rup t
. n a b l e  i e g i E t e r  I R O S N  E D 2 O E I  i 6 .  u r i t e - o n l g  r o g i s t e r ,  . n d  a t  a n g
po in t  i n  t i l | l e  t he  5g5 te ! ! t  Ean  hdve  seve ra l  uEe"5  i ndependan t l !
€n .b l i nE  €nd  d i ssb l i ng  PONEY in te i rup ts .  POK} iSK  iE  upda ted  bq  th€
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OPERATINe SYSTEII CO16555 -- App6ndix L



s6ers  to  a lud {s  cda ta in  the  cu r ten t  con t€n t  o f  IRCEN.

5 {s t sn  l i ne r€

The  Sge ted  T i f i e rs  a ! .o  d i scugced  in  de te i l  i n  ge . t i on  6 .

R e a l t i n !  C l o c l

T h e  r e € l t i r n e  c l o c t  ( o r  f i a o e  c o u n t e r ,  a 6  i t  i E  E o m e t i m e s  c a l 1 e d '
i i  i ne ieden t€d  es  pa r t  o f  t he  s tage  I  VSLANK p ro t€3g  ,9  exp lE ined
in  Sec  t  i on  6 .

P3  RTCLOK tOO12 ,3 l  - -  Rea l t i ne  + .a f i e  . oun teF

RTCLt l t (+O i s  t he  nos t  E ign i f i t an t  bg te ,  RTCLOK+1  the  no r t  i nos t
s i g ' | i f i c a n t  b g t 6 ,  a n d  R T C L O K + a  t h e  l e a 6 t  s i g n i f l E a n t  b q t a .  S e e  t h e
d is .uss ionE  a t  D3  and  p re .ed ing  B10  fo r  OS u te  o f  RTCLOX.

S g 6 t € o  l i m e r  1

ggs tem T imer '  1  i s  ma in ta ined  a5  pa r . t  o f  t he  s t . t e  1  VALANK P .oceEs ,
a n d  t h u s  h € s  t h e  h i g h e s t  p r i o . i t g  o f  a n g  o f  t h e  u 9 6 r  t i n e t s .

P4  CDTHVI  toe l8 ,2 l  - -  sgs tEm T ioe r  1  ve lue

cDTHv l  con ta inE  ze io  uhen  th€  t i oe r  i s  i nsc t i ve ,  o the i l r i e .  i t
con ta ing  the  nunber  g f  VBLANK9 r ' eoa in ing  un t i l  t i oeou t .  A l so  5ee
H26.

P5 CDTI'{AI tO?,26' 27 -- gtJste$ Tiner I Jlop address

CDTI '1A l  con ts in6  the  add rese  to  t t h i ch  to  JSR 5hou ld  the  t imer
t i oeou t .  Se€  3 l . so  H27  and  Eec t i o f l  6 .

gPERATINO SYSTEII CO16555 -- Appendir L
253



Srr Et€o Tifte. 2

Sgs ten  T ih€ r .  2  iE  na in ta in .d  aE  pa r t  o f  t h€  B tage  Z  VALANK p roc€Es ,
e n d  h d E  t h e  E € c o o d  h i g h e s t  p i i o ! ' i t 9  o f  t h e  u E e r  t i m e r 6 .  T h e  O S  d o e i
no t  have  an rJ  d i rec t  use  fo r  Sgs tem T imer  2 ,

P6  CDTMV2 tO21A,27  - -  Sgs t .m  T ime i  2  va tue

C D T H V a  c o n t a i n s  r e r o  u h e n  t h e  t i o e r  i s  i n a c t i v e ,  o t h e r u i s e  i t
con ta ins  the  nu tnbe r  o f  VBLANKS r .me in ing  un t i l  t i f t eou t .

P7  CDTI {Ae  tO22A,2 l  - -  Sgs te f t  T ide .  2  JUmp addr€e3

CDTI ' !A2  con ta in i  t he  €dd re6s  to  t rh i ch  to  JSR shou ld  the  t ime .
t imeou t .  See  Sec t i on  6 .

Sgs tem T ine r i  3 ,  4  and  5

Sgs tem T imers  3 ,  4  end  5  a?e  oa in ta in€d  as  pa . t  o f  t he  € tage  2
VBLANK p .oaegs ,  end  have  the  l oues t  p r i oF i tg  o+  the  u ie i  t imer6 .
Th€  OS does  no t  have  anq  d i r . €c t  uae  +o r  t ha re  t i f t e rs .

PE CDTlfV3 toztC,?J, CDTl.tV4 tO21E,2t and CDTt'tVg tO22O,2l

l h a i €  v a r i a b l e E  c o n t a i n  z e r o  u h e n  t h e  c o r r e g p o n d i n g  t i m e r s  a r e
inac t i ve ,  o the ru i s .  t h6g  con ta in  the  numba i  o f  VBLANKE rema in in0
un t  i . I  t  ime  ou  t .

F9 CDTl. lF3 tO22A, lL CDTtlF4 tOa2C, 11 €nd CDTMFS COAAE,2i

E a c h  o f  t h c s e  l - b g t e  v a r i a b l e s  u i l l  b e  s e t  t o  l e r o  s h o u l d  i t s
c o r t  € s p o n d i n E  t i f t e a  t i m e o { r t .  T h e  O S  n € v e r  m o d i f i e g  t h e 6 e  b g t e s
excep t  t o  ge t  t hen  to  ze ro  { . r9on  t i r neou t  (and  i  n  i  t  i  a  I  i  !  a  t  i  o  n  )  .

RAI'I  Interisp t V€. tor6

The ie  a ie  RA lv l  v r c to rs  fo r  menq  o f  t he  i n te r rup t  cond i t i onE  u i th in
t h e  s U s t e h .  S e €  S e c t i o n  6  f o i .  a  d i 5 c u s e i o n  o f  t h e  p l a c i n g  o +  v a l u e s
to  these  veE  to r .€ .
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NHI  In te r rup t  Vec  to r6

P1O VDSLST IOAOO,AI  - -  D iEp1aq- t i s t  in te r rup t  vec tor

Th i6  vec tor .  i s  no t  | ,5ed bq  the  OS.  See Se. t ion  6 .

P11 WBLKI 8c.222, e7 -- Imoediate VBLANK veEtor

T h i s  v e E t o r  i s  i h i t i a l i r e d  t o  p o i n t  t o  t h 6  B S  s t e g e  l  V B L A N K

P1? WBLKD tO224,27 -- Deferred VBLANK vector

T h i s  v e c t o r  i e  i n i t i a l i z e d  t o  p o i n t  t o  t h e  O S  V E L A N K  e r i t  r o u t i n e .
See  Sec  t  i on  6 -

IRO In te r i up t  Vec  to rs

P13  V t t ' l lRO tO216 ,2J  - -  G€n€ ia I  tRO vec toF

T h i s  v e E t o r  i E  i n i t i € l i z e d  t o  p o i n t  t o  t h e  O S  t n o  i n t e r r q o r
p roce9Eor . .  S€€  Sec t i on  6 .

P14  VPRCED tOzO? '  27  - -  Se r ia t  I . /O  bus  p roeeed  , t gna l

The  Ear iE l  buE  l i ne  the t  p roduaas  th i r  i n te r . r . up t  l s  no t  uEed  in  thaEUf ren t  Egs te i r .  See  SeEt ion  6 .

P15  VTNTER tO2O4,A t  - -  Se r ia l  I /O  bu6  i n te i i up t  s iqna t
-  T h e  s e r i a l  b u s  l i n €  t h e t  p | . o d u c e i  t h i s  i n t e i r u p t  i s  n o t  u r e d  i n  t h e

cu r . r€n t  sqs te$ .  See  Sec t i o | r  6 .

P16  V ISREAK:  EO2O6,  21  - -  BRK ins t ruE t ion  veE to ,

T h i s  v e E t o r .  i s  i n i t i a l i z e d  t o  p o i n *  t o  e  p L A ,  R T I  E . { u e n r c  . s  t h €
US p rope r  does  { ro t  u t i t i ze  the  BRK ins t ru r t i on .  See  S - . c t t on  6 .

P17  VKEYSD IOaOA,2 ]  - -  Keqboard  i n te i i up t  veE to ,

T h i s  v e c t o r  i s  i n i t i 6 l i r e d  t o  p o i n t  t o  t h e  K r g b o a . d  H a n d l e r , . E
i n t e r r u p t  g e r v i c e  r o u t i n e .  S e e  S e c t i o n  6  a n d  a h e  d i E c u s s r o n
p i e c e d  i n 9  E 1 .
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Plg  VSERIN [O2OA,2 t  - -  Se r ia l  I /O  buE  reEe ive  da ts  i e€d rJ

T h i F  v e c t o r  i s  i n i t i E l i ! e d  t o  p o i n t  t o  t h e  S I O  | J t i l i t q ' s  i n t e r r u p t
6 e r v i c a  r o u t i n e .  S e e  S e c t i o n  6 .

P19  VSEROR [O2OC,? l  - -  Se r . i a l  l /O  bus  t f i nsm i t  readg

T h i t  v € c t o r  1 s  i n i t i i l i z a d  t o  p o i n t  t o  t h e  S I O  u t i l i t g , s  i n t € r r u p t
€ e r v i c e  r o u t i n e .  S e e  S e c t i o n  6 .

PzO VSEROC [O2OE,2 l  - -  Se i i a I  I /O  b i ! €  t . sn rm i t  ro$p le te

T h i r  v . c t o r  i r  i n i t i a l i r e d  t o  p o i n t  t o  t h e  S t O  u t i l i t U . e  i n t o r r u p t
3 a r v i a e  r o u t i n e .  S e e  S e c t i o n  6 .

Pe1 VTIMR1 EO?IO,27, VTttJtR2 tO212,al and VTIttR4 to2t4,21 -- pOKEy
t ioer. vec tors

The  POKEY t i ne r .  i n te r r .up ts  a re  no t  used  bq  the  OS See  Se . t i on  6 .

Hardue ie  R .g  i s t . .  Upda te6

A !  p a r t  o +  t h .  s t e g e  2  V B L A N K  p r o c e s E ,  c e r t e i n  h a . d u a r . a . . 9 i s t € . e
a r a  u p d a t e d  f F o m  0 8  d g t €  b a s o  v a r i a b l e 6  a s  r x p l a i n c d  i n  S e c t i o n  6 .

P22 SDHCTL* tozeF, 1l -- DttA controt

SDMCTL iE  se t  t o  a  va lpe  o f  t oz  a t  t he  beg inn ing  o f  a  D isp t€ !
Hand le r  OPEN comnandr  and  then  l a te r  Ee t  t o  a  va l { r .  o f  t 22 .  The
va lue  o f  SDMCTL i i  s to .ed  to  D I ' IACTL  [D4OO]  a i  pa r t  o f  t he  s tage  e
VBLANK p roce5  r .

P?3  SDLSTL*  tO23O,  1 l  and  SDL8THT.  tO?31 ,11  - -  D i i p IaU  l i s t  ddd re rs

The  D isp l r {  Hand le r  f o rma t6  a  neu  d i6p lag  l iE t  u i t h  €ve rg  OPEN
coooand  and  pu te  th6  d i i p lag  L i s t  add reE€  in  SDLSTL  a rd  SDLSTH.  The
v . l uc  o f  t hesF  bg tae  a re  6 to red  to  DL ISTL  ED4O2I  and  DL I$TH [D4O3]
aE  pa r i  o f  t he  s tage  2  VBLANK p rocess .

o360-o36F IOCE lf2
o370-o37F rOCg {+3
0380-o3EF IOCA *4
o390-o39F IOCB tts
oSAO-O3AF IOCB ti6
o3BO-O3BF rOCB lf7
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N U T E :  T h e . e  i s  a  p o t e n t i a l  t i { r i n g  p r o b l e o  a s s o t i e t . d  t i t h  t h e
upda t ing  o f  t ha  ha rdo ra rc  te9 i6 te r9  + rom the  dE ta  ba6a  va i i sb leE .
s ince  the  i t age  a  VBLANK p roEe ts  i s  pe r fo ro€d  u i t h  i n te i rup tg

' -  e n a b l € d ,  i t  i .  p o g 6 i b l €  f o i  € n  I R O  i n t e t r o p t  t o  o c E u r  b e f o i r  t h r
upda t ing  o f  DL ISTH and  DL IS fL .  I+  the  p ! .oca i r i ng  o f  t ha t
i n t e r r u p t  ( p l u s  o t h e r  n e E t e d  i n t e r r u p t g ,  a r c a e d €  t h e
v e r t i c a l - b 1 . n *  d . l € g  ( 1  f i s e c r ,  t h e n  t h €  d i g p l . g  l i r t  p o i n t . r
r e g i i t e r  u i l l  n o t  h a v e  b e e n  u p d a t e d  u h e n  d i s p l a g  I i E t  P t o c e s t i n g
coomenc ls  fo r  t he  ne { ,  f r emc ,  end  e  r c tesn  g } i t ch  l r i l I  r ' aF |J ! t .

P24  GPRIOR*  IOAAF,  1 l  - -  P r i o i i t g  con t ro l

The  D isp la {  Hand le r  . l t e i s  b i t 3  6  and  7  o f  GPRIOR a t  Pa t t  o f
eB tab l i r h ing  the  OTIA  mode .  Th .  v . l ue  o f  GPRIOR i s  t t o i rd  to
PRIOR [DOlB l  aE  pa t t  o+  the  s tege  a  VBLANK P toc . ! s .

P23  CHACT*  EO2F3 ,  17  - -  Charac te r  con t ro l

The  D isp lag  Hand le r .  Ee t6  CHACT to  toa  on  eve ig  OPEN co |nn .nd .  Th€
va lu .  o f  CHACT i .  E to rad  to  CHACTL tD4o l l  aE  p t r t  o f  t h .  € tage  2
VBLANK rr.oc ess.

P26  CHAAS lOaF4 ,  11  - -  Charac te i  add re .s  ba3 .

Th .  D isp lag  H . f | d la i  6e ts  CHBAS to  IEO on  eve rg  OPEN codn .nd .  Th€
va tue  o f  CHEAS ie  E to r€d  to  CHBASE CD4O9]  as  pa t t  o+  th !  5 tage  2

\ : .  VSLANK pFocere .  Th i s  ve r iab te  con t to l t  t he  eh : r ' . c te t  . ub t . t  f o r
sEreen  oodeE l  and  e ,  a  va lue  o f  tEO P l ' ov idas  the  €ap i ta l  l e t t e i s
and  nu f i be?  se t  { rhe reas  a  vs lue  o f  lEe  p rov ides  the  l oo ra rcase
le t te r ' s  €nd  spee ia t  g raph ics  3e t .  See  85$  fo .  | no t ' e  i n fo i f t a t i o ' | .

P27  PCOLRX EOACO,4 I  and  COLORT tO2C4,9 l  - -  Co lo r  reg i6 t l r i

See 87 and 88,

In te rna l .  ! { o rk  i ng  Var iab  l es

P2g INTEIIP* toeeD, t l  -- Tempora?g Etotage

INTEI'IP is ui€d bg th6 SETVBL (SETVBV' routine.
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R. USER AREAS

The area6 sho l ,n  be lou  are  ava i l rb16 to  th€  lser  in  a  non-nes ted
env i , .on f ien t .  gee S.c t ion  4  fo i  +ur . th€r  in fo ioa t ion .

R1 IOOEO, 12E]

R2 tO4aO,640I

zea
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ALPHABET'CAL LIST OF DATA BIrSE VAR IABLES

ADDRESS SI ZE

o30E, I
0064, 2
oooE, 2
O2FB, 1
oo4D, I

oo39, I
oo34, 1
oo5E, 1
o2aA, 1
ooo?, 1
0242,2
O2BF, 1
oo3D, 1
ool  1 ,  1
oo15,  a
oo5g, 1
oo3g, 1
oo33, 1
oo3e, 1
oo6c, 2

o3FD, 131
o30F, 1
ooo2,2
oo48, 1
o23C, I
o23D, 1
O2EF, 1
OzEE, 1
oe38, 1
oe3A, 1
422&, 2
aezB,2
oe2A, 1
oazc, 1
o22E, 1
0226,2
o21A,2
o21C,2

SYSIEII CO16559 -- A9p.nd i r

NAt'IE

ADDCOR
ADRESS
APPMHI
ATACHR
ATRACT

BFENHI
BFENLO
B I TI'ISK
BLIII
BOOT?
BOOTAD
BOTSCR
EPTR
BRKKEY
BUFADR
BUFCNT
BUFRFL
EUFRHI
BUFRLO
EUFSTR

CASBUF
CASFLG
CAS:NI
CASSBT
CAUXl
CAUX2
CSAUDH
CBAUDL
ccoHND
CDEVIC
CDTHAl
CDTMA2
cDTHFs
CDTMF4
cDlr.{F$
cDTHV 1
cDTt'rv2
cDTt|v3

H t 7
Hl7
450
D 1 0
N7
N10

D 1 1
F q

842
H21
H 1 6
H 1 6
843

o9
DA
N6
N5
H20
l{20
D 1
D 1
H19
H1E
P5,l,!.27

P9
P9
P9
P4, H26
P6
PE

OPERATINO

v tD

D4
839
A3
s94
8 1 0

e59



cDTt'tv4
cDTf.tv9
CH
CHKSNT
cH1
CHACT
CHAR
CHSAS
CHKSNT
cHKSUIl
C IOCHR
c r x
CKEY
COLAC
coLcRs
COLDST
COLINC
coLoRo
coLoRl
co|-oR2
co|-oR3
coLoR4
COLRSH
COUNTR
CRETRV
C R I T I C
CRSINH
CSTAT

DAUX 1
DAUX2
DBSECT
DAUFHI
DBUFLO
DEYTHI
DEYTLO
DCB
DCOt'tND
DDEV IC
DEEFLC
D€LTAC
DELTAR
DFLAOS
DICRT
D I NDEX
DMASK
DOSINI
DOSVEC
DRETRV
DRKI'ISK
DSI(T I f'r
DSKUTL
DSPFLE
DSTAT

260

P8
PB

H l 4
F I

Pe5
855
P2A
H 1 4
t l t , t

t ' t11
N4
424
92
N l 1
821
BA, F27
BA, P27
88, P27
84, P27
BA, P?7
8 1 1
823
H l 1
P 1
B 1

H9
H9
N9
H6
H5
HA
HE
H1
H4
H2
n24
Bet
B2e
NE
H t o
835
B2g
N3
N12
H 1 ?
8 1 2
c2
L 1
s27
434

OPSRAT ING

o a L E , 2
0220,2
ozFC, 1
oo3s, 1
oeF?, 1
oaF3, 1
OzFA, 1
o2F4, I
oo3B, 1
oo31,  1
oozF, 1
ooF2, 1
oo4A, 1
oo72, 2
oo95, 2
oe44, 1
oo7A, 1
oac4, 1
ozcs, 1
cec6, I
o2c7, 1
ozcE, 1
oo4F, 1
ao7E, 2.
0036, 1
oo4a, 1
o?Fo, 1
oeg8, 1

o30A, I
0308,2
o24L, 1
0304, 1
0305, 1
0304, 1
0309, 1
0300, 1?
0302, 1
0300, 1
OOFB, 1
oo77 ' 2
0076, 1
oe40, 1
ooF1,  I
aoeT ' 1
o2AO, I
oooc,2
000A, a
oo37, 1
oo4E, 1

o o 1 A , 2
O2FE, 1
oo4c, 1
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H5
H7
H3

c 1 1

H6
025
H30
K5)

f.{a

l',t9
D 1 2

B  1 A
i416
K 1
Hee
H23
t1l7
M 1
tt3
M4
H2
o 1 5

1,122
M23
D 1 3

P24

o 1 2
830
831

820

G9
Gel
e9

o6
o t s
o6
G 1 B
oa
G20
ca

DSTATg
DT I ITLO
OUNIT
DUNUSE
DVSTAT

ENDPT

(ERRNO
ESCFLC
ES ICN

FCHRFL

F ILDAT
F l LFLC
FLPTR
FtlSZP6
FPSCR
FPSCR 1
FPTR2

F R l

FRI.IADR
FRX
FSCR
FSCRl
FTYPE

EPRIOR

HATABS
HOLDI
HOLD2
HOLD3
HOLD4
HOLDCH

ICAX 1
I C A X l Z
ICAX2
1CAX27
ICBAH
I  CBAHZ
I  CBAL
I  CEALZ
ICSLH
ICELHZ
I CELL
ICELLZ

0303, 1
0306, 1
0301,  1
0307 t 1
o2EA, 4

OOED, 1
oo74t e

oo49, I
o2A2, L
OOEF, 1

ooFo, 1
oo3F, 1
OEFD, 1
o2B7 , 1
ooFc, 2
oo43, 7
o5E6, 6
ogEC,6
OOFE, 2
00D4, 6
oo€o, 6
ooE6, 6
OODA, 6
oo40, 1
0069, 2
ooEc, 1
o5E6,6
o5EC, 6
oo3E, 1

o26F , L

o31A,3A
o o 5 1 , 1
o29F. 1
o29D, 1
ozDC, 1
oo7c, t

o34A, 1
oo2A, 1
0348, 1
oo28, 1
o?45, L
oo25, 1
0344, t
ooe4, 1
0349, t
oo29, 1
0344, I
oo2g, 1
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rccor'l
ICCOHT
ICCOttZ
I CDNO
I CDNOZ
ICHID
ICHIDZ
IC IDNO
ICPTH
ICPTHZ
I CPTL
ICPTLZ

I CSPR Z
ICSTA
ICSTAZ
INAUFF
INSDAT
: NTE}IP
INVFLE
IOCB
I OC BAS

KEYDEL

LSFEND
LBPR 1
LBPR2
LBUFF
LINBUF
L['ARCN
LOeCOL
LOGfIAP

I'lE!tLO
ItEt'rToP
MLTTI'IP

NEI.'COL
NEI'ROW
NOCKSII
NgIGN

OLDADR
OLDCHR
OLDCOL
OLDROI,I
OPNTI'IP

PADDLO
PADDLI
PADDL2
PADDL3
PADDL4

262

G4
e23
G 1 6
G3
G l 5

c 1 4
c24, C2

c 1 9

e1?
c 1 0

GS
c 1 7
it 12
445
PzE

c1
G13

M20
M 1 E
I't 19
 20
851

8 1 5
814

0342, L
o017,  1
oo22, 1
0341 .  1
ooel ,  1
0340, 1
oo?o, I
2002E, 1
0347, t
oaeT, 1
0346, 1
0026, 1
434C, 4
oo2c,4
0343, 1
oo23, I
ooF3, 2
ao7D, 1
oaeD, 1
0286, 1
4340t t6
oo20, 16

osEO, 96
o37E, t
o37F, L
oigo, 96
oe47, 40
oo5?, 1
0063, 1
a?82, 4

a2€7, 2
o2E5, e
4066, ?

oo6L,2
0060, 1
oo3c, I
OOEE, 1

oo5E, ?
oogD, I
oo5D, t
oo5A, 1
0066,2

oe70, 1
oe71,  L

oe73, 1
0274, 1

sYsTEf't co16s55

A1
A2
840

8 1 9
s19
H l 5
?17

B3S
837
B3

840

J3
J3
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PADDLS
PADDL6
PADDLT
PBPNT.
PBUFSZ
PCOLRO
PC I]LR 1
PCOLR2
PCOLR3
PLYARO
POKMSK
PRNBUF
PTEMP
PT IMOI
PTR ICO
PTR IO1
PTRIG2
PTR IE3
PTR IG4
PTRIGS
PTRIC6
PTN IE7

RADFLC
RAMLO
RAt'lSI Z
RAIITOP
RECVDN
RI.IARON
ROWAC
ROWCRS
RAS' I NC
RTCLOK

SAVADR
SAVIO
sAv!tsc
SCRFLC
SDLSTH
SDLSTL
SDHCTL
SHFAI{T
SHFLOI(
SOUNDR
SR T I I.IR
SSFLAG
ssl(cTL
STACXP
STATUS
STICKO
ST ICKl
sTtcK2
sTlcK3
STRIEO

97, P27
a7, P27
87, P27
s7, P27
t'121

F4
t - t
J4
J4
.r4

J4
J4

.J4

H24
N 1
A5
A4

824

821

841

836
B9
P23

P?2
829

H 1 0

H2B
H31
J1 ,  J7 ,  J8
J', J7, JA
J', J7, JB
,J1, J7, .rE
.J2, .J7 , ,tg

OPERATINC

0276, L
0277 , I
oo1D,  1
oo 1E,  1
o2co, 1
o2c 1, 1
ozce, 1
oec3, 1
osEO, 6
oo10,  1
o3co, 40
ootF,  1
oo1c,  1
oeTc, 1
o27D, 1
o27Et t
oeTF, 1
o2ao, 1
0281,  I
o2E?, 1
0293, 1

OOFB, 1
ooo4, 3
opE4, 1
006A, 1
oo3?, 1
oo53, 1
oo70, a
oo54, I
0079, 1
o o 1 2 , 3

oo6E, 2
0316 ,  1
oosg, e
O2BB, 1
o:31,  1
0230, 1
o22F, t
oo6F, I
O2BE, 1
oo41,  1
oazB, 1
OzFF, 1
oe32, 1
031A,  1
0030, 1
o27e, I
0279, 1
o27A, 1
o27B, 1
0e94, I
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STR IG2
STR I G3
SU8 TfIP
sl.lPFLo

TABI.IAP
TEIIP
TEMPl
TEIIP3
T I }{ER 1
T tf'tER2
T l.tFLC
TINDEX
TI,IPCHR
THPCOL
TI'IPL8T
T}IPROW
TOADR
TRAHSZ
TSTAT
TSTDAT
TXTCOL
TXTt'tSC
TXTOLD
TXTROW

UgAREA

VSREA'(
VDSLST
vIHtRO
VINTER
vt(sY8D
VPRCED
VSER I N
vsERoc

VTIIIRI
vTrHR2
vT 'tR4
VVELKD
WBLKI

ltARfiST
||t.loDE

xHTDON

IZBUFF
( ZDRVA
Z IOCB
( z58A
ZTEXPl

264

J2, J7, Jq
J2, J7, ,Jg
J2, J7, J9
s48
844

s 1 3
H23

I)6

D2, HES
849
833
946
847
846
940
N1
H29
N2
94
s52
853
B4

R 1

PL6
P 1 0
P 1 3
P 1 5
P L 7
P 1 4
P l g
P?O
P 1 9
P2L
P2L
P2 l
P12
P 1 1

N 1 3
D 1 4

H24

K2)
K3'
G13
K 4 )

0285, 1
oeB6, 1
o2s4, 4

oo7B, 1

o2A3, 15
o23E, 1
o 3 1 2 , 2
0319,  1
o30c, 2
0 3 1 0 , 2
o317,  1
oe93, r
oo90, I
oeBq, a
o2A1,  1
O:BB, 1
ao66, e
ooo4, 3
0319, 1
ooo7, 1
o29L, 2
a294, 2
0296,6
0290, 1

ooao, 1ea

0?0�6, ?
0200, 2
o2L6, 2
020�4, 2
oeo8, a
0202, e
o20A, a
o20E, 2
o20c, 2
o 4 1 0 , 2
o2L2, 2
oeL4, 2
o2e4, 2
o2??, ?

oooa, 1
0289, 1

oo3A, 1

oo43, a
oo45, 2
oo?o, 16
oo47,2
ooFs, 2
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zTEr.,rP3 M19 00F9, 2
zTEr'rP4 M14 00F7, ?
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IIEI.,IORY ADDRESS ARDERED LIST OF DATADASE VARIABLES

ADDRESS

oooo-ooo1
ooo2-ooo3
ooo4-oo06
oooT
oooa
ooo9
oooA-oooB
oooc-oooD
oooE-oooF
oo 10
oo11
oo12-oo14
oo15-oo 16
oo 17
oolA-oo1B
oo 1c
oo 1D
ootE
ool F
oo20
oo21
oo22

ooa4-ooe5
ooe6-oo27
oo2a-oo29
oo2A-oo29
oo2c-oo2F
oo30
oo31
oo32-oo33
oo34-oo35
oo36
oo37
oo3a
oo39
oo3A
oo3B
oo3c
oo3D
oo3E
oo3F
o040
oo41
oo42
oo43-oo49
oo4A
oo4B
oo4c

26h

V I D NAI'IE

s7 LNZSS
N6 CASIN I
N1 RAI'ILO, TRAIISZ
N2 TSTDAT
N13 9tARf'tST
N7 800T?
N12 DOSVEC
N3 DOSINI
A3 APPI.IHI
P? POKI,ISK
E5 BRKKEY
P3 RTCLOK
C1 BUFADR
c23 ICCOI1T
Ll DSKUTL
F5 PTIMOT
F3 PSPNT
FE PBUFSZ
F4 PTEHP
813 ,  G14  ICHIDZ
c15 tcDNOZ
G16 ICCOMZ
e17 ICOBAS
G1g ICBALZ, ICBAHZ
G19  ICPTLZ,  I  CPTHZ
O2O ICBLLZ, ICBLHZ
O21  ICAXIZ ,  ICAX2Z
G22, e24, G29 ICSPRZ
H31 STATUS
t{13 CHKgUt'l
H16 SUFRLO, BUFFRHI
H'7 BFENLO, BFENHI
H l l  CRETRY
H12 DRETRY
H21 BUFRFL
H22 RECVDN
H24 XI,4TDON
H14 CHKSNT
H15 NOCKSI.I
D11  BPTR
D13 FTYPE
D12 FSOF
D15 FRSO
H1O SOUNDR
P l  C R I T I C
Kl, KA, K3, K4, K5 ZEUFF' ZgUFP, ZDRVA,
N4 CKEY
N' CASSBT
834 DSTAT
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oo4D
oo4E
oo4F
oo50
oo51
oo9e
oo53
oo54-oos6
ao67
ooSB-oo59
ooSA-oo5c
ooSD
ooSE-oo9F
0060-0062
oo63
oo64-oo55
0066-0067
oo68-0069
OO6al
oo68
oo6c-006D
oo6E
oo6F
oo70-oo73
oo74-oo79
oo76-0078
oo79-oo7A
ooTB
ooTc
ooTD
ooTE-oo7F

ooao-ooFF

o100-olFF

o200-oao 1
oeoz-o203
o204-o205
aza6-0207
020a-0209
oeoA-0208
o20c-oaoo
o20E-o20F
0210-o215
o2t6-o2L7
o?19-o219
oelA-o218
oalc-o221
o22?-O2e3
0224-0�223
o2e6-oae7
oeza-0229
o?24

9 1 0
8 1 2
B t l
833
930
s5
g6

835
836
B3

8 1 9
8 1 5

840
84 t
A4
B4a
843
850

924
825

841
844

B4S
423

gEE FLOATINC

690? SIACK

P 1 0
P 1 4
P 1 9
P t 6
Pt7
P 1 S
P 1 9
P20
Pat
P 1 3
P4, H26
P6
PA

PA, He7
77
P9

ATRACT
DRKMSI{
COLRSH
TI,IPCHR
HOLDl
LMARGN
RI'IARON
ROt"tcR6, COLCRS
DINDEX
sAvt'tsc
OLDROOI, OLDCOL
OLDCHR
OLDADR
NE!|RO0, NEHCOL
LOeCOL
ADRESS
H-TT}IP, OPNTI'IP, TOADR
SAVADR./ FRf{ADR
RAI.ITOP
EUFCNT

BUFSTR
BITMSK
SHFAMT
ROltAC, COLAC
ENDPT
DELTAR, DELTAC
ROWINC, COL I NC
SWPFLC
HOLDCH
INSDAT
COUNTR

POINT VARIABLE LIST AT END.

VDSLST
VPRCED
VINTER
VBREAK
VKEYED
VSER I N
VSEROR
vsERoc
vIT R 1, VI tr 'rR2, VITllR4
VIMIRO
cDTt'lv1
cDTt'tvz
cDTt'tv3, cDTMV4, CDTttVS
WBLKI
W9LKD
c DTt'lA I
CDTI{AA
cDTi'tF3
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o*B
ozec
ozeD
o?2E
o�22F
oe30-o231
oe32
o23A
o23S
o23C-O23D

o240
o24L
024e-oa43
o244
o246
0247-A?6E
o�26F
o270-o277
o27e-o279
o27C-O2A3
o2a4-o2a7
oea9
02aA
o2gg-o2aF
oe90-o292
oe?3
oa94-o295
o2g6-0�298
oa9D
o29E
o29F
o2AO
o2A 1
o2A2
o2A3-0281
02B2-O?85
02B6

02BE-02AA
02BB
02BC
oagE
OABF
02co-ozc3
o?c4-o2cB
o2E4
o2E5-02E6
o2E7-O2E8
OAEA-02ED

oeFo
ozF 1

EA SRTIT{R
P9 CDTI'IF4
PIE INTEI'IP
P9 CDTT,{F5
P?? SDIICTL
PE3 SDLgTL, SDLSTH
H32 SSttcTL
H1A CDEVI C
H1S cct]t ' tND
HzO CAUXl ,  CAUX?
H23 TEHP
H3O ERRFLG
NA DFLAGS
N9 DBSECT
N1O BOOTAD
Nl1 COLDST
C2 DSKTIH
851  L  INBUF
P24 OPR I{IR
J3 PADDLO -- PADDLT
.,1, J7, JA STICKO -. STICK3
.J4 PTRIOO -- PTR IG7
J2, J7,,.tg STRIOO -- STRIGS
D14 WMODE
DlO BL lt . t
E i lO  un |Jsed
84 TXTROI.I, TXTCOL
A4S TINDEX
852 TXTi'iSC
853 TXTOLD
832 HOLD3
E4S suSTtlP
831 HOLD2
BzE DhASK
847 TMPLST
826 ESCFLO
413 TA8r.lAP
814 LAGHAP
E9 INVFLE
B lA  F ILFLE
944 T}!PROW, TI'PCOL
89 SCRFLO
BEO HOLD4
E6 SHFLOT{
876 BOTSCR
87,P27 PCOLRO -- PCULR3
BA,P27 PCOLRO -- PCOLR4
A5 RAiISI Z
A2 }4Ef'ITUP
A I l4Et'rLO
811  DVSTAT
Dl CHBAUDL, CHBAUDH
81 CRS INH
E2 KEYDEL
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oeFS
oaF4
O2FA
02FB
ozFC
O2FD

OzFF

o300
o301
o302
o303
o304-o305
o306
030a-o30?
o30a-o308
o30c-o30D
o30E
030F
os10-o3t 1
031a-o313
031S
0316
03t7
031E
0319
03lA-o33F
0340
o341
o342
0343
o344-0345

0346-0347
o348-0349
034A-0348
034C-034F
0390-o35F
0360-o36F
0370-037F
03BO-O3AF
0390-o39F
o3AO-O3AF
03go-03BF
03co-o3E7

o3FD-047F

0480-o6FF

Pe5
P26
855
B$4
E3
EL7
827
E4

Hl ,  HE
H3
H4
H '
H6
H7
H8
H9

D4
DA

D5
D6

D2, H25
H?A
He9

G1,  C2
G3
G4
o5

ca
o9
e 1 0
Gz-O10
e2-c10
o2-G10
e2-c10
e2-er o
Gz-O10
e2-o10
F 1

D9

c H l
CHACT
CHBAS
CHAR
ATACHR
CH
FILDAT
DSPFLG
SSFLAC

DCB/DDEVIC
DUNIT
DCOMND
DSTATS
OEUFLO, DBUFHI
DTIHLO
DBYTLO, DBYTHI
DAUXl, DAUX2
T I I'IER 1
ADDCAR
CASFLG
Tt I'iER2
TEI.IP 1
TEI'1P3
SAV IO
TII{FLE
STACKP
TSTAT
HATABS
IOCE,  ]CHI  D
ICDNO
I CCOl.l
ICSTA
ICBAL, ICBAH

ICPTL, ICPTH
ICBLL, ICBLH
I C A X I , I C A X 2

ICSPR
(  tocB *1 )
(  IOCB *2 )
(  IOCS *3 )
(  IOCE *41
(  tDcB *s '
(  IOCB *61
(  IOCB *7 )
PRNAUF

CASBUF

UBer  A rea
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FLOATINO POINT

ooD4-ooD9
OODA-OODF
ooEo-ooE9
ooE6-ooEB
ooEc
OOED
OOEE
OOEF
ooFo
ooF 1
ooF2
ooF3-ooF4
ooFS-ooF6
ooFT-ooFE
ooF?-ooFA
OOFB
ooFc-ooFD
OOFE-OOFF

o57E
o57F
oSao-o5FF
osEO-O5E5
o5E6-O5EB
oSEC-O5Fl

PACKAC€

l.t1
I't2
M3
M4

H6
?17
 E
t't9
t'r10
1,t11
l,|l2
r13
t'i 14

H24
H 1 6
M 1 7

1 A
t119
ll?o
t421
.422
n23

VAR IABLES

FRO

FR1
FR2
FRX
EEXP
NSICN
ESICN
FCHRFLO
DIORT

INBUFF
ZTEIIPl
ZTE}IP4
zTEHP3
RADFLO/DECFLE
FLPTR
FPTR2

LSPR 1
LEPR2
LEFEND, LBUFF
PLYARG
FPSCR,/FSCR
FPSCRl/SCR1
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INDEX

T h e  E U b J e c t  i n d e r  c o n t a i n s  t h r € e  f o r i n s  o f  r r t e r e n c e s :
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