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Introduction 

C E G M O N has b e e n d e v e l o p e d t o p r o v i d e y o u w i t h t h e k i n d o f f i r m w a r e s u p p o r t 
tha t y o u n e e d t o get t h e most o u t o f y o u r c o m p u t e r . W h e n O h i o Sc ien t i f i c w r o t e 
t h e i r S Y N M O N m o n i t o r , i n t h e n o n e - t o o - d i s t a n t days o f expens ive c o m p u t e r 
m e m o r y , i t i s c lear tha t cost was ra ther m o r e i m p o r t a n t t h a n f l ex ib i l i t y or 'user-
f r i end l iness ' . To save on cost , OSI 's S Y N M O N 2K m o n i t o r c h i p ac tua l ly con ta ins 
m o n i t o r s f o r several d i f f e r e n t mach ines , a n d o n l y a meagre 3 / 4 K is used fo r each t ype . 
C E G M O N uses t h e fu l l 2 K o f m o n i t o r space. T h e resul t is, we h o p e , a m o n i t o r P R O M 
tha t gives y o u r m a c h i n e m o r e features and f l ex i b i l i t y t h a n any c o m p u t e r i n t h e p r i ce 
range , w h i l e r e t a i n i n g t he greatest p rac t i cab le c o m p a t i b i l i t y w i t h t h e ex is t ing 
f i r m w a r e a n d so f twa re . 

Four vers ions o f C E G M O N are ava i lab le : f o r s tandard S u p e r b o a r d o r C I ; e n h a n c e d 
( 3 2 X 4 8 display) S u p e r b o a r d o r C I ; U K 1 0 1 ; and C2 o r C4. I n t h e f o l l o w i n g notes t h e 
vers ions are r e f e r r e d to as C 1 , C1E, 101 a n d C2 respect ive ly . 

The ma in fea tures o f C E G M O N are : 

O a s c r e e n - e d i t o r f o r use w i t h BASIC or assembler p r o g r a m s , l i n k e d d i rec t l y to t h e 
system's cal l f o r k e y b o a r d i n p u t . 

• a r e v i s e d k e y b o a r d r o u t i n e , g i v i ng t y p e w r i t e r - l i k e response , t r u e ASCI I key -
values and d i rec t access to most g raph ics . 

• a c o m p l e t e l y n e w s c r e e n - h a n d l e r , f o r m a t t i n g screen o u t p u t w i t h i n user-
d e f i n a b l e ' w i n d o w s ' , w i t h cursor c o n t r o l a n d d i r ec t ' w i n d o w ' - o r sc reen-c lear . 

• a f u l l m a c h i n e - c o d e m o n i t o r f o r d e v e l o p m e n t o f m a c h i n e - c o d e r o u t i n e s , w h i c h 
i nc ludes m a c h i n e - c o d e load and save in au to -s ta r t f o r m a t , i n p u t o f tex t o r 
graph ics as w e l l as hex i ns t ruc t i ons , t abu la r h e x a d e c i m a l d isplay of m e m o r y 
c o n t e n t s , m e m o r y m o v e r and b r e a k p o i n t h a n d l e r f o r d e b u g g i n g . 

• i n p u t a n d o u t p u t f r o m BASIC o r assembler v e c t o r e d t h r o u g h R A M , a l l o w i n g 
d i rec t l i nkage t o u s e r - d e f i n e d I / O rou t i nes . 

• c o m p a t i b l e d e s i g n : en t r y po in ts o f al l S Y N M O N ma in rou t i nes a n d most 
sub rou t i nes have been r e t a i n e d ; O S I - c o m p a t i b l e f l o p p y - d i s c boo ts t rap 
p r o v i d e d on al l vers ions, to s u p p o r t OSl 's 610 or 470 d i s c - c o n t r o l l e r boards . 

Start-up 

O n s ta r t -up , t h e usual array o f r a n d o m ' g a r b a g e ' characters w i l l . a p p e a r o n t h e 
sc reen . On h i t t i n g t h e BREAK key (RESET — 1 0 1 ) , t h e garbage w i l l be rep laced by t h e 
C E G M O N 'D/C/W/M V p r o m p t at t h e t o p of a c lear sc reen . As w i t h S Y N M O N , 
answer t h e p r o m p t w i t h D , C , W o r M, to access Disc b o o t s t r a p , BASIC C o l d start , 
BASIC W a r m start o r M o n i t o r respect ive ly . 

As w i t h S Y N M O N , t h e BREAK reset necessari ly resets all t h e i n p u t / o u t p u t vec to rs , 
a n d also resets t h e c u r r e n t ' w i n d o w ' f o r t h e screen h a n d l e r to t h e de fau l t va lues, i.e. 
tex t d isplay on t h e f u l l sc reen area. A c c i d e n t a l BREAK may be a nu isance in some 
app l i ca t i ons , w h e r e t h e vec to rs o r ' w i n d o w ' d e f i n i t i o n are i m p o r t a n t ; it 's p r o b a b l y a 
g o o d idea, especia l ly on OSI mach ines ra ther t h a n U K 1 0 1 , t o insert a n o t h e r sw i t ch 
in series w i t h t h e BREAK key — a n d w e l l o u t o f t h e w a y ! — to p r e v e n t acc iden ta l 
BREAK. 
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Keyboard 

The OSI p o l l e d k e y b o a r d i s n o w d e c o d e d i n t r u e ASCI I f o r m a t , w i t h o n e e x c e p t i o n : 

t h e R U B O U T key is d e c o d e d as $5F (95 1 0 ) to a l l ow i t to be used as a ' d e l e t e ' key w i t h 

OSI 's BASIC or Assemb le r . 

The ma jo r c h a n g e is tha t k e y b o a r d use w i t h SHIFT-LOCK re leased is ra the r m o r e 

p r e d i c t a b l e . The t w o shi f t keys are n o w d e c o d e d i den t i ca l l y ; c a r r i a g e - r e t u r n (CR), 

l i n e - f e e d (LF), R U B O U T and (no t 101) escape (ESC) are all accessible regardless of t h e 

state o f SHIFTS or SHIFT-LOCK. C o n t r o l (CTRL) re tu rns t h e same va lue f r o m a l p h a b e t i c 

keys regardless of SHIFT or SHIFT-LOCK — i.e. C T R L - A a n d CTRL-a b o t h r e t u r n an ASCII 

va lue o f 0 1 ; bu t t h e state o f SHIFT-LOCK i s assessed w i t h CTRL fo r n o n - a l p h a b e t i c keys, 

in o r d e r to access o t h e r w i s e inaccessib le characters in t h e range %7B-7F (123-127 1 0 ) . 

For t h e same reason , SHIFT a n d SHIFT-LOCK pressed t o g e t h e r w i t h a l phabe t i c charac

ters sti l l p r o d u c e a range o f garbage charac ters , i n o r d e r t o a l l o w S H I F T - K t o -O t o 

access t h e u p - a r r o w a n d o t h e r characters in t h e range $5C-5F (91-95 1 0 ) . 

T h e BASIC l i n e - d e l e t e , @, is d e c o d e d as SHIFT-0 (zero) as b e f o r e , bu t n o t asSHiFT-P. 

SHIFT-O sti l l f u n c t i o n s as a c h a r a c t e r - d e l e t e , n o w w o r k i n g as a t r u e b a c k s p a c e / 

d e l e t e ra ther t h a n t h e c r u d e Te le type u n d e r s c o r e ; bu t i t i s s imp le r to use R U B O U T , 

w h i c h w o r k s regardless o f t h e state o f SHIFT or SHIFT-LOCK. 

The REPEAT key (no t 101) is n o w used as a s e c o n d c o n t r o l - k e y , to access t h e n o n -

ASCI I g raph ics i n c o n j u n c t i o n w i t h o t h e r keys. N o t e tha t B A S I C ' s o w n i n p u t r o u t i n e 

masks o u t mos t o f t h e c o n t r o l characters a n d all cha rac te r -va lues a b o v e ASCI I $7C 

(124 1 0 ) ; h o w e v e r , t h e mask ing can be bypassed e i t he r by a USR call d i rec t to t h e 

k e y b o a r d o r e d i t o r r o u t i n e , o r t h r o u g h a m a c h i n e - c o d e 'stack t r i c k ' via t h e i n p u t 

vec to r , as s h o w n in t he p r o g r a m e x a m p l e on page 15. 

A n o t h e r p r o g r a m e x a m p l e shows a n o n - h a l t i n g 'GET' r o u t i n e , ca l led by a USR call 

f r o m BASIC. • 

C E G M O N ' s screen hand le r i s an en t i r e l y n e w des i gn , a p p l y i n g t h e ' p r o t e c t e d area ' 

a n d ' s c ro l l i ng w i n d o w ' concep t s o f e d i t i n g t e r m i n a l s t o t h e m e m o r y - m a p p e d 

d isp lay system of OSI 's m i c r o c o m p u t e r s . A l l o u t p u t to t h e sc reen is via a ' w i n d o w ' 

w h o s e p o s i t i o n , he igh t and w i d t h are all u s e r - d e f i n a b l e , a n d can be c h a n g e d s imp ly 

and q u i c k l y w i t h i n p r o g r a m s . Four n o n - d e s t r u c t i v e c u r s o r - p o s i t i o n i n g c o m m a n d s 

are ava i lab le , as is a ' w i n d o w ' - c l e a r c o m m a n d , a n d also a separate to ta l sc reen-c lear . 

O n s ta r t - up , t h e ' w i n d o w ' i s largely i den t i ca l w i t h t h e ex is t ing fo rma ts fo r C I , C1E, 

C2 a n d 101. An o b v i o u s d i f f e r e n c e i s tha t p r i n t i n g starts a t t h e t o p o f t h e sc reen , w i t h 

a smal l a l l o w a n c e m a d e f o r ove rscan . Sc ro l l i ng o n l y occurs w h e n t h e base- l i ne o f 

t h e ' w i n d o w ' w o u l d be e x c e e d e d ; un t i l th is h a p p e n s , PRINT ing on t h e screen i s very 

m u c h faster t h a n u n d e r S Y N M O N . I n al l o t h e r respects , t h o u g h , t h e s ta r t - up 

' w i n d o w ' p e r f o r m s i n m u c h t h e same m a n n e r as u n d e r S Y N M O N , and most ex is t ing 

p r o g r a m s w o u l d no t n o t i c e any d i f f e r e n c e . 

The cursor con t ro l s are as f o l l o w s : 

Screen handler 

CHR$(10) 

CHR$(11) 

CHR$(12) 

CHR$(13) 

cursor d o w n ( l i ne - feed ) 

cursor r i gh t 

cursor h o m e ( to t o p left o f ' w i n d o w ' ) 

cu rso r le f t to start o f l i ne ( ca r r i age - re tu rn ) 



W h i l e th is is n o t a c o m p l e t e set, these con t ro l s w i l l be e n o u g h f o r a lmos t all 

r e q u i r e m e n t s . For e x a m p l e , a prac t ica l subs t i tu te f o r t h e PRINT AT c o m m a n d o f 

s o m e e x t e n d e d BASICs — us ing c u r s o r - h o m e , c u r s o r - d o w n and c u r s o r - r i g h t — is 

s h o w n in t h e p l o t t i n g r o u t i n e i n t h e p r o g r a m examp les i n page 18. 

' W i n d o w ' - c l e a r is ca l led by CTRL-SHIFT-N ( C T R L - ' u p - a r r o w ' ) , CHR$(30) . This clears t h e 

c u r r e n t w i n d o w a n d h o m e s the cursor l o c a t i o n , b u t does no t p r i n t t h e cursor . By 

c h a n g i n g ' w i n d o w s ' , i t i s very easy to b lank areas of t h e screen se lect ive ly w i t h o u t 

r ecou rse t o t h e 'POKEs i n t o t h e sc reen w i t h i n FOR:NEXT l oops ' p r o g r a m m i n g 

d e m a n d e d b y S Y N M O N . The screen can b e c l ea red c o m p l e t e l y b y C T R L - Z , 

C H R $ ( 2 6 ) ; th is also h o m e s t h e cursor t o t h e t o p left o f t h e c u r r e n t w i n d o w . 

P r o g r a m m i n g w i t h m u l t i p l e ' w i n d o w s ' i s s i m p l e i n p r i n c i p l e , bu t y o u w i l l p r o b a b l y 
n e e d a w o r k i n g k n o w l e d g e o f t h e sc reen m e m o r y , m a p and a l i t t le p rac t i ce in o r d e r 
to use i t to its fu l les t ex ten t . The d e f i n i t i o n o f t h e c u r r e n t ' w i n d o w ' is h e l d in f i ve 
consecu t i ve m e m o r y l oca t i ons , f r o m $0222-0226 (546-550 1 0 ) ; t he i r values are c o p i e d 
i n t o var ious o t h e r loca t ions d u r i n g p r i n t i n g , s c ro l l i ng , ' w i n d o w ' - c l e a r and cursor -
h o m e o p e r a t i o n s . The values at s ta r t -up are as f o l l o w s : 

Store n a m e and contents locat ion C1 C1E C2 101 
S W I D T H c o l u m n w i d t h (-1) $0222 5 4 6 1 0 $77 2 3 1 0 $2F 4 7 1 0 $3F 6 3 1 0 $2 f 4 7 1 0 

SLTOP l o w b y t e of T O P $0223 547w $85 1 3 3 1 0 $80 1 2 8 1 0 $80 1 2 8 1 0 $0C 1 2 1 0 

S H T O P h i g h b y t e o f T O P $0224 5 4 8 1 0 $ D 0 2 0 8 1 0 $D0 2 0 8 1 0 $D0 2 0 8 1 0 $ D 0 2 0 8 1 0 

SLBASE l o w b y t e of BASE $0225 5 4 9 1 0 $85 1 3 3 1 0 $40 6 4 1 0 $40 6 4 1 0 $ C C 2 0 4 1 0 

SHBASE h i g h b y t e o f BASE $0226 5 5 0 1 0 $D3 2 1 1 1 0 $ D 7 2 1 5 , 0 $ D 7 2 1 5 1 0 $D3 2 1 1 1 0 

These va lues, a n d thus t h e d e f i n i t i o n o f t h e c u r r e n t ' w i n d o w ' , may be c h a n g e d a t 

any t i m e w i t h i n a p r o g r a m . 

T h e w i d t h , as d e f i n e d by S W I D T H , may be c h a n g e d on its o w n ; bu t t h e o thers 

s h o u l d be c h a n g e d as a set, to a v o i d t h e risk of p r i n t i n g at r a n d o m i n t o system 

m e m o r y . W i t h i n BASIC, t h e s imp les t way o f d o i n g th is i s to d e f i n e a t w o -

d i m e n s i o n a l BASIC array, such as W I ( W , X ) , w h e r e W is t h e ' w i n d o w ' n u m b e r , and X 

po in t s to each o f t h e s to re loca t ions . The ' w i n d o w ' is t h e n set by a G O S U B ca l l , 

d e p e n d i n g o n t h e c u r r e n t va lue o f W : 

FOR X = 0 T O 4 

POKE 546+X, WI (W,X ) 

NEXT 

PRINT C H R $ ( 1 2 ) ; REM - homes the cursor after setting 'window' 

RETURN 

Even on a 1 M H z r u n n i n g s p e e d , th is w i l l c h a n g e t h e ' w i n d o w ' in a r o u n d 15 m i l l i 

seconds — less t i m e t h a n a s ing le raster scan on t h e m o n i t o r . A f u l l e r e x a m p l e of t h e 

r o u t i n e ' s use is g i ven in t h e p r o g r a m examp les on p a g e 18. It 's genera l l y best to 

h o m e t h e cursor af ter rese t t ing t h e ' w i n d o w ' , else a t least t h e f irst cha rac te r , a n d 

p r o b a b l y m o r e , w i l l b e p r i n t e d ' t r a i l i n g ' o n t h e p r e v i o u s l y - d e f i n e d tex t l i ne . Cu rso r -

h o m e (CHR$(12)) resets t h e t e x t - l i n e p o i n t e r t o t h e t o p o f t h e n e w ' w i n d o w ' ; a n d 

sc reen-c lear (CHR$(26)) a n d ' w i n d o w ' - c l e a r (CHR$(30)) b o t h h o m e t h e Cursor o n 

c o m p l e t i o n , b u t d o no t p r i n t i t . I f y o u w a n t t e x t t o s t a r t f u r t h e r d o w n , y o u can e i the r 

p r i n t a s t r i ng of l i ne - feeds (CHR$(10)) , or reset t h e t e x t - l i n e p o i n t e r separate ly . Its 

t w o loca t ions a re : 

LTEXT 

HTEXT 

$022B 

%022C 
555-iQ 
556 1 0 

l o w by te o f t e x t - l i n e start 

h i g h by te o f t e x t - l i n e start 
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The w i d t h s to red in S W I D T H is o n e less t h a n t h e n u m b e r o f characters p r i n t e d per 
l i ne . The va lue must be less t h a n t h e n o m i n a l w i d t h o f t h e screen m e m o r y (32 1 0 on 
C I , 6 4 1 0 on all o the rs ) , o r else t h e scro l l w i l l no t p e r f o r m co r rec t l y ( try i t ! ) . A b o v e a 
va lue o f 127 1 0 in S W I D T H , t h e screen hand le r w i l l no t f u n c t i o n a t all — i f y o u w a n t to 
e x p e r i m e n t , b e c a r e f u l ! S W I D T H also d e t e r m i n e s t h e scann ing w i d t h o f t h e ed i t 
cu rsor — see the sec t ion on Editing later. 

In se t t i ng t h e TOP and BASE pai rs , check f i rst tha t BASE is b e l o w TOP on t h e screen 
( i .e. has a higher m e m o r y address) , and tha t t hey are in l i ne w i t h each o t h e r on t h e 
m e m o r y m a p . I f BASE is h i g h e r t h a n TOP on t h e sc reen , t h e resul t w i l l b e a t w o - l i n e 
sc ro l l i ng w i n d o w s ta r t ing a t TOP. I f TOP a n d BASE are o u t o f l ine w i t h each o t h e r , 
t he c o l u m n w i d t h w i l l start as d e f i n e d by TOP. a n d al l w i l l appear to f u n c t i o n 
n o r m a l l y , excep t tha t scro l l a n d ' w i n d o w ' - c l e a r w i l l f i n i sh o n e l ine h i g h e r o r l o w e r 
t h a n BASE. 

N o t e tha t sc ro l l i ng a n d c lea r i ng o p e r a t e on TOP a n d BASE inclusive — TOP t h r u 
BASE. A c lear, f o r e x a m p l e , w i l l r u n f r o m TOP to B A S E + S W I D T H inclusive, in a 
c o l u m n S W I D T H + 1 charac ters w i d e . 

No check is m a d e to ensu re tha t TOP a n d BASE are w i t h i n t h e screen m e m o r y — 
they can p r i n t t o a n y w h e r e w i t h i n m e m o r y . W h i l e th is does m e a n that t he i r values 
must be set w i t h care — as w i t h any POKE i n s t r u c t i o n — it also means tha t any 
m e m o r y - m a p p e d dev i ce can be accessed by t h e sc reen h a n d l e r , a n d can be 
PRINTed to by BASIC, by d e f i n i n g a ' w i n d o w ' in t h e same way. Examples of th is are 
i n PRINT ing c o l o u r va lues d i r ec t t o t h e C4's c o l o u r m e m o r y , o r PR INT ing t o an 
a d d i t i o n a l d isplay o r h i g h - r e s o l u t i o n g raph ics b o a r d . 

The p r i n t speed b e f o r e sc ro l l i ng occurs is e x t r e m e l y fast — a r o u n d 250 cycles pe r 
charac te r , g i v i ng a sc reen fu l f r o m BASIC in w e l l u n d e r a s e c o n d even on a 1 M H z C2. 
The scro l l speed fo r a f u l l sc reen w i d t h is a lmos t i den t i ca l to S Y N M O N ' s , bu t 
p r o p o r t i o n a t e l y faster as t h e w i d t h o f t h e c o l u m n to be p r i n t e d is r e d u c e d . P r i n t i ng 
speed can be s l o w e d as b e f o r e by POKE ing 518 1 0 ($0206) w i t h a de lay va lue f r o m 1 to 
255. 

Machine-code monitor 

C E G M O N ' s m a c h i n e - c o d e m o n i t o r has b e e n d e s i g n e d spec i f ica l ly t o s imp l i f y t h e 
d e v e l o p m e n t o f shor t m a c h i n e - c o d e r o u t i n e s , espec ia l ly t hose i n t e n d e d t o l i nk t o 
BASIC, W h i l e i t is no t as c o m p r e h e n s i v e as OSI 's Ex tended M o n i t o r ( E x M o n ) , i t can 
be c o - r e s i d e n t w i t h b o t h BASIC a n d Assemb le r , and i s i m m e d i a t e l y ava i lab le 
w i t h o u t l o a d i n g tape — a great advan tage fo r e d u c a t i o n a l users. We expec t i t to be 
most usefu l f o r d e v e l o p i n g sho r t r ou t i nes o f up to t h i r t y o r so l ines, a n d f o r t es t i ng 
and d e b u g g i n g larger r ou t i nes b e i n g d e v e l o p e d w i t h t h e Assemb le r . 

This sec t i on does assume a basic k n o w l e d g e o f t h e p r i nc i p l es o f m a c h i n e - c o d e 
p r o g r a m m i n g fo r t h e 6502 ( the m o n i t o r w i l l p r o v i d e t h e p rac t i ce ! ) . T h r e e use fu l 
r e f e r e n c e b o o k s a re : 

Programming the 6502, R o d n a y Zaks (Sybex) — g o o d a n d mos t l y c o m p l e t e 
i n t r o d u c t i o n to t h e 6502, b u t ear l ie r e d i t i o n s had a f e w i m p o r t a n t inaccurac ies . 

6502 Assembly Language Programming, Lance A. Leven tha l ( O s b o r n e / M c G r a w -
Hi l l ) — s o l i d , fu l l o f examp les o f p r o g r a m m i n g f o r i n t e rna l r ou t i nes and I / O t h r o u g h 
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PI As, V IAs , A C I A s etc . , in assembly m n e m o n i c s . Beware t h e unusua l page-

n u m b e r i n g ! 

6502 Software Design, Leo J. Scan lon (B lacksburg) — many prac t ica l examp les , 

mos t l y based a r o u n d t h e A I M 6 5 system, bu t st i l l use fu l . 

On s ta r t -up via ' M ' , t h e m o n i t o r ' s p r o m p t — a ' > ' — appears af ter the~screen is 
c l ea red . A t th is p o i n t t h e m o n i t o r i s i n its a d d r e s s / c o m m a n d m o d e , a n d n o r m a l l y 
e x p e c t i n g i n p u t f r o m t h e k e y b o a r d . The c o m m a n d s avai lab le a re : 

/ j u m p to data m o d e , leav ing c u r r e n t address u n c h a n g e d . 

. ' d o n o t h i n g ' — l o o p back to get address. 

L sets load f lag — calls f o r i n p u t f r o m t h e BASIC l oad vec to r at %FFEB. 

S save m a c h i n e c o d e . 

M d o m e m o r y b l ock m o v e . 

T do tabu la r d u m p / d i s p l a y o f m e m o r y c o n t e n t s . 

Z set a b r e a k p o i n t . 

R restart f r o m a b r e a k p o i n t . 

U j u m p to user r o u t i n e . 

I f n o n e of these are g i ven as a rep ly , t h e system expects four hex d ig i ts to m a k e up an 

address (see Error-handling la ter) . On c o m p l e t i o n o f t h e address ( the ' c u r r e n t 

address ' ) , t h e system pr in ts a ' / ' , t h e n t h e c o n t e n t s of tha t address as a hex pa i r , and a 

space. The system is t h e n in t h e data m o d e l o o p , a n d t h e f o l l o w i n g c o m m a n d s are 

ava i lab le : 

r e tu rn t o address m o d e . 

/ r e - o p e n c u r r e n t address, to co r rec t a m i s - t ype . 

G start e x e c u t i o n at t h e c u r r e n t address. . . 

en te r t ex t en t r y l o o p . 

, i n c r e m e n t c u r r e n t address. 

LF ( l ine feed) — i n c r e m e n t c u r r e n t address, do C R / L F , 

d isplay n e w c u r r e n t address and con ten ts on nex t l i ne . 

CR (carr iage re tu rn ) — as fo r LF, bu t do CR o n l y ; 

d isplay by o v e r w r i t i n g on same l ine . 

/\ ( u p - a r r o w , SHIFT-N) — as fo r LF, bu t decrement c u r r e n t address. 

O t h e r w i s e t h e system expects b o t h d ig i ts o f a hex pa i r , stores t h e c o m p l e t e by te a t 

t h e c u r r e n t address, and loops back to t h e start o f t h e data m o d e fo r a n e w 

c o m m a n d o r va lue . 

C o m m a n d / a d d r e s s m o d e : 

/ jump to data mode 

On s ta r t -up t h e c u r r e n t address is set to $0000; t he rea f t e r i t is no t c h a n g e d on a 

restar t , such as on an e r r o r recovery . 

L load 

The m a c h i n e - c o d e load f lag at $FB is set; t h e system t h e n restarts at t h e b e g i n n i n g of 

t he data m o d e l o o p . I t t h e n expects i n p u t f r o m t h e A C I A — e i the r f r o m tape o r f r o m 

an RS-232 serial i n te r face — in t he o l d S Y N M O N f o r m a t o f ' . ' t o d e f i n e a d d r e s s , ' / ' t o 

d e f i n e da ta , data t r a n s m i t t e d in t h e f o r m of hex pairs separated by a CR, a n d 

c o n c l u d e d by ' . ' , an address and ' G ' f o r an au to-s ta r t . The on l y d i f f e r e n c e f r o m 

S Y N M O N ' s load i s tha t t h e f o r m e r con ten t s o f t h e c u r r e n t address are d i sp layed on 

t h e c u r r e n t l i ne as w e l l as t h e address a n d its n e w c o n t e n t s . The load l o o p can r u n at 

up t o 4800 b a u d on a 1 M H z m a c h i n e . 



N o t e that n o r m a l e r r o r - c h e c k i n g is d i sab led d u r i n g toad — see Error-handling 
b e l o w — and that t h e system w i l l no t accept i n p u t f r o m t h e k e y b o a r d un t i l t h e load 
f lag is c l e a r e d , e i t he r in y o u r p r o g r a m , or by a r e -en t r y i n t o t h e m o n i t o r ' s c o m m a n d -
m o d e . As w i t h l o a d i n g tapes fo r BASIC o r Assemb le r , l o a d i n g can be ha l t ed by 
h i t t i n g t h e SPACE bar ; t h e m o n i t o r t h e n restarts i n its c o m m a n d m o d e , w i t h n o r m a l 
e r r o r - c h e c k i n g r e s u m e d . 

S save 

Syntax: .Saaaa,bbbb>cccc w h e r e aaaa is t h e start address of t h e c o d e to be saved, 
bbbb is t h e last address inclusive of t h e c o d e , and cccc is t h e restart address — e i t he r 
t o t h e b e g i n n i n g o f t h e r o u t i n e fo r au tos ta r t , o r t o t h e m o n i t o r f o r f u r t h e r w o r k (see 
List of locations, routines and subroutines la ter) . C o d e is saved f r o m aaaa to bbbb 
i nc lus ive — aaaa t h r u bbbb; t h e r o u t i n e au toma t i ca l l y p rov i des t h e ' , ' a n d ' > ' 
p r o m p t s . I t t h e n wai ts u n t i l t h e RETURN key is pressed on t h e k e y b o a r d — to g ive y o u 
t i m e to start yOur r e c o r d e r — and t h e n p r in ts o u t t h e c o d e i n t h e S Y N M O N load 
f o r m a t . (It w i l l start after any key is p ressed; b u t RETURN is adv ised , s ince i t w i l l also 
o u t p u t t en nu l ls t o t h e tape b e f o r e t h e ac tua l 'save' starts). T h e 's tar t ' a n d ' g o ' 
addresses and hex codes are d i sp layed on t h e s c r e e n ; t h e CR w h i c h separates each 
data by te , h o w e v e r , is o u t p u t d i r ec t to t h e A C I A . As a resul t , this routine is not fully 
vectored for user-defined output — it can o n l y be used t h r o u g h t h e A C I A , to 
cassette po r t or RS-232 in te r face . 

On c o m p l e t i o n o f t h e save, t h e BASIC save f lag is c l e a r e d , and t h e system restarts 
i n t h e c o m m a n d m o d e . 

M memory block move 
Syntax: . M a a a a , b b b b > c c c c w h e r e aaaa is t h e start o f t h e c o d e to be m o v e d , bbbb 
is t h e e n d inc lus ive — aaaa t h r u bbbb — and cccc is t h e n e w start l o c a t i o n . T h e 
r o u t i n e does n o t erase t h e c o d e a t t h e p rev ious l oca t i ons , t h o u g h i t may o v e r - w r i t e 
it if t h e n e w loca t ions o v e r l a p t h e o l d . If the new start is between the old start and 
end addresses, it will over-write the remaining code before it has been copied — if 
y o u n e e d to do th is k i n d o f m o v e , c o p y to a 'safe ' area f i rs t , a n d t h e n c o p y back to 
t h e n e w area. 

T tabular display 
Syntax: .Taaaa,bbbb w h e r e aaaa is t h e start address of t h e c o d e to be d i s p l a y e d , 
a n d bbbb is t h e last address inclusive — aaaa t h r u bbbb. T h e ' , ' p r o m p t is s u p p l i e d by 
t h e r o u t i n e . The c o n t e n t s o f t h e m e m o r y are d i sp layed as a tab le o f e i g h t - b y t e 
b locks (s i x teen-by te b locks — C2) , each b l o c k p r e c e d e d by t h e address o f t h e f irst 
by te o f t h e b l o c k (on C1s, t h e address is p r i n t e d b e t w e e n each l i ne o f t h e tab le ) . I f 
y o u w a n t to d isp lay m o r e t h a n a s c r e e n f u l , it 's adv isab le to s low t h e p r i n t speed 
d o w n by p lac ing a de lay va lue in $0206 b e f o r e ca l l i ng t h e T r o u t i n e ; to send t h e 
d isp lay o u t to a p r i n t e r , set t h e O U T V E C 'save ' f lag at $0205 to $FF b e f o r e y o u start. 

O n c o m p l e t i o n , t h e system restarts i n t h e c o m m a n d / a d d r e s s m o d e , d i sp lay ing 
t h e ' > ' p r o m p t . 

Z z e r o — set a breakpoint 
Syntax: .Zaaaa w h e r e aaaa is t h e address at w h i c h t h e b r e a k p o i n t is to be i nse r ted . 
Z sets up a t $07C0 (OSI's I R Q / B R K address) t h e p o i n t e r to C E G M O N ' s b r e a k p o i n t 
h a n d l e r ; saves t h e c u r r e n t c o n t e n t s o f t h e chosen address in BRKVAL; a n d replaces 
i t w i t h a BRK o p c o d e ($00). N o t e tha t a b r e a k p o i n t c a n n o t be set at any R O M 
address! — see Using breakpoints later. 

T h e r o u t i n e t h e n exits back t o t h e c o m m a n d m o d e , d i sp lay ing t h e ' > ' p r o m p t . 
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R . restart from breakpoint 
Co l lec ts its start address a n d t h e con ten t s o f t h e reg is ters , p rocessor status a n d stack 
p o i n t e r f r o m t h e b r e a k - t a b l e , a n d restarts t h e p r o g r a m a t tha t address by e x e c u t i n g 
an RTI i n s t r u c t i o n — see Using breakpoints later. I n a p p r o p r i a t e use of R w i l l usual ly 
cause a system h a n g - u p or crash — it s h o u l d only be used to restart f r o m a b reak 
p o i n t . 

U jump to user routine 
Causes t h e system to ' j u m p - i n d i r e c t ' to a r o u t i n e w h o s e start address is h e l d in 
$0233-34 — t h e l o w by te of t h e address in $0233, t h e h i g h by te in $0234. Use fu l f o r 
calls t o r egu la r l y -used loca t ions l i ke t he Assemb le r restar t , o r w h e r e t h e ' c u r r e n t 
address ' s h o u l d be lef t u n c h a n g e d . 

D a t a m o d e : 

. exit to command/address mode 
W h e n i n t h e data m o d e , ' . ' mus t be t y p e d b e f o r e ca l l i ng fo r any o f t h e c o m m a n d 
m o d e ' s c o m m a n d s or f o r a n e w address. I f i t i s f o r g o t t e n , t h e c o m m a n d m o d e ' s 
c o m m a n d let ters w i l l be t r ea ted as e r ro rs ; w h i l e t h e i n t e n d e d n e w 'address ' w i l l be 
t r ea ted as t w o hex pai rs , t he s e c o n d o v e r w r i t i n g t h e f i rst a t t h e u n c h a n g e d c u r r e n t 
address! 

/ re-open current address 
Leave c u r r e n t address u n c h a n g e d , to p lace a n e w va lue at t h e c u r r e n t address — 
used i f t h e va lue just t y p e d was i nco r rec t . 

G ' g o ' 
Sets all registers to $00, and starts e x e c u t i o n at t h e c u r r e n t address. Usual ly used w i t h 
t he syntax .aaaaG — b u t make sure tha t t h e ' . ' c o m m a n d p recedes theaaaa address! 

start text mode 
T h e tex t m o d e expec ts ASCI I tex t ra ther t h a n hex d ig i ts . C o n t r o l characters such as 
t h e ' w i n d o w ' - c l e a r and cursor c o n t r o l s , a n d also graph ics characters , can also be 
t y p e d d i rec t i n t o m e m o r y . W h e r e t h e tex t i s t o be p r i n t e d to screen later via t h e 
BASIC o u t p u t vec to r (OUTVEC) , er rors may be c o r r e c t e d by R U B O U T , b u t b o t h i t and 
t h e charac te r i t ' d e l e t e s ' w i l l be s to red in m e m o r y ; o t h e r w i s e no e d i t i n g is poss ib le 
w i t h o u t e x i t i n g back to t h e data m o d e . Each n e w charac te r i s s to red d i rec t l y a n d t h e 
c u r r e n t address is i n c r e m e n t e d . 

A second " ' w i l l ex i t back t o t h e data m o d e on t h e same l i n e ; a ', ' w i l l be p r i n t e d 
af ter i t , fo r c l a r i f i c a t i o n , bu t t h e c u r r e n t address w i l l n o t be f u r t h e r i n c r e m e n t e d . 
T h e t e x t - e n t r y m o d e can also be ex i t ed by t y p i n g a CR (carr iage r e t u r n ) ; th is re tu rns 
t o t h e data m o d e , b u t p r i n t i n g on t h e next l i ne , d i sp lay ing the u p d a t e d c u r r e n t 
address a n d its c o n t e n t s . 

, increment current address 

Used to space s u c c e e d i n g en t r ies i n t o m e m o r y . I f m o r e t h a n o n e ' , ' i s t y p e d , t h e 
c u r r e n t address w i l l b e i n c r e m e n t e d a c c o r d i n g l y , and t h e c o n t e n t s o f t h e ' s k i p p e d ' 
addresses w i l l be left u n c h a n g e d . 

LF line-feed - increment current address, display on next line 
This is t h e same as on OSI 's E x M o n — t h e c u r r e n t address is i n c r e m e n t e d , a CR/LF 
( c a r r i a g e - r e t u r n / l i n e - f e e d ) is issued, and t h e n e w c u r r e n t address and its con ten t s 
are d i sp layed on t h e nex t l i ne . 



CR c a r r i a g e - r e t u r n - increment current address, display on current line 
This d i f fe rs f r o m OSI 's E x M o n , w h e r e CR i s used to ex i t t o t h e c o m m a n d m o d e . Its 
use here is ma in l y to a l l ow fast t ape load w i t h o u t s c r o l l i n g ; i t is i den t i ca l to LF, excep t 
tha t a ca r r i age - re tu rn o n l y ( w i t h o u t l i ne - feed ) is issued. See also t h e use of CR in t h e 
' " ( text) m o d e above . 

/s up-arrow (SHIFT-N) - decrement current address, display on next line 

This is t h e same as in E x M o n . The r o u t i n e is i den t i ca l to LF, excep t tha t t h e c u r r e n t 

address is d e c r e m e n t e d ra the r t h a n i n c r e m e n t e d . 

U s i n g b r e a k p o i n t s 

Breakpo in t s are a use fu l par t o f t h e d e b u g g i n g t o o l k i t f o r m a c h i n e - c o d e w o r k . They 

f o r c e t h e p r o g r a m e x e c u t i o n t o hal t , ra ther l i ke t h e STOP c o m m a n d i n BASIC. I n 

C E G M O N ' s case, t h e halt t h e n presents t h e system registers f o r v i e w and a l t e ra t i on 

as r e q u i r e d . 

In t h e 6502 p rocessor , t h e b r e a k p o i n t is f o r c e d w h e n t h e processor executes a 

BRK i n s t r u c t i o n , o p c o d e $00; so b r e a k p o i n t s are set by o v e r w r i t i n g an ex i s t i ng 

i n s t r u c t i o n w i t h a BRK o p c o d e . C E G M O N does this w i t h t h e Z c o m m a n d : a $00 is 

s to red a t t h e chosen address, a n d t h e c u r r e n t c o n t e n t s are saved , to be res to red by 

t h e b r e a k p o i n t hand le r w h e n t h e b r e a k p o i n t i s h i t . T h e r e are t w o res t r i c t ions on 

se t t ing b r e a k p o i n t s : f i rs t , tha t t h e BRK i n s t r u c t i o n must rep lace an instruction by te , 

s ince i f i t is p l aced in t h e data or address bytes of an i n s t r u c t i o n , i t w i l l s imp ly be 

t r ea ted as par t of tha t data or address; and s e c o n d , tha t s i nee t h e b r e a k p o i n t is set by 

rep lac ing t h e ex is t ing i n s t r u c t i o n by te w i t h BRK, b r e a k p o i n t s c a n n o t be set a t R O M 

addresses. O n l y o n e b r e a k p o i n t can be set at a t i m e , a n d is au toma t i ca l l y c l ea red by 

t h e b r e a k p o i n t hand le r af ter h i t t i n g t h e b r e a k p o i n t . 

To test a p r o g r a m by us ing b r e a k p o i n t s , set a b r e a k p o i n t at a l ike ly l o c a t i o n , a n d 

start t h e p r o g r a m r u n n i n g w i t h a .aaaaC or U c o m m a n d . I f n o t h i n g d i f f e r e n t 

happens , o r i f t he p r o g r a m hangs u p , e i t he r t h e b r e a k p o i n t was never r e a c h e d , o r 

was set i n co r rec t l y and i n t e r p r e t e d as data or address. W h e n t h e p r o g r a m hits t h e 

b r e a k p o i n t , a check is m a d e tha t th is is a BRK a n d no t an I R Q i n t e r r u p t ( w h i c h is 

i g n o r e d ) ; t h e registers and c o r r e c t e d p r o g r a m c o u n t e r (see Zaks, p .111, 235; 

L e v e n t h a l , 14-2, 3) are saved in a t a b l e ; t h e p rev ious o p c o d e is res to red at t h e b reak 

p o i n t , r ep lac ing t h e BRK o p c o d e ; a n d t h e r o u t i n e t h e n j u m p s t o t h e m o n i t o r da ta-

m o d e l o o p , p o i n t i n g t o t h e b e g i n n i n g o f t h e b r e a k - t a b l e . W h a t y o u w i l l see o n t h e 

screen is a CR/LF d o n e , f o l l o w e d by 

OOEO/aa 

w h e r e aa is t h e con ten t s o f t h e A register a t t h e t i m e t h e b r e a k p o i n t was r e a c h e d . 

$00£0 is t h e b e g i n n i n g of t h e b r e a k - t a b l e — t h e same as E x M o n ' s . You can t h e n 

use t h e data m o d e l o o p t o e x a m i n e a n d / o r m o d i f y t h e registers a n d p r o g r a m 

c o u n t e r . They are s t o red as f o l l o w s : 

00E0 A register — a c c u m u l a t o r 

E1 X register 

E2 Y regis ter 

E3 P register — processor status f lags, in h e x a d e c i m a l f o r m 

E4 K register — stack p o i n t e r 

E5 PCL — l o w by te of p r o g r a m c o u n t e r 

E6 PCH — h igh by te of p r o g r a m c o u n t e r 

T h e address s h o w n by E5 and E6 s h o u l d be t h e same as t h e b r e a k p o i n t address that 

y o u set; i f not.) y o u have a loose BRK in y o u r p r o g r a m s o m e w h e r e ! 
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W h i l e in t h e data m o d e , y o u can change these va lues ; y o u can also ex i t as usual to 
t h e c o m m a n d m o d e to set a n o t h e r b r e a k p o i n t — or reset th is o n e — w i t h t h e Z 
c o m m a n d . W h e n y o u ' v e f i n i s h e d , and w a n t t o restar t , t y p e . R ( d o n ' t f o r g e t t h e ' . ' ! ) . 
This co l lec ts t h e regis ters ' values and t h e p r o g r a m c o u n t e r f r o m t h e b reak t ab le , a n d 
restarts e x e c u t i o n . I f y o u ' v e o n l y l o o k e d a t t h e break t ab le , w i t h o u t c h a n g i n g any 
va lues, t h e p r o g r a m w i l l s imp ly carry on w h e r e i t left o f f , as i f n o t h i n g had 
h a p p e n e d , and w i l l do so u n t i l i t f i nds a n o t h e r b r e a k p o i n t o r reaches its o w n 
c o n c l u s i o n . 

O n e m i n o r p r o b l e m does o c c u r w h e n tes t ing p r o g r a m s w i t h t h e Assemb le r st i l l i n 
m e m o r y , such as af ter an A3 assembly. The Assemb le r uses BRK as ' r e t u r n to 
c o m m a n d - m o d e ' s t a t e m e n t ; se t t i ng a b r e a k p o i n t via C E C M O N ' s Z c o m m a n d w i l l 
o v e r - w r i t e t h e Assemb le r ' s o w n j u m p and cause i t t o ' r e t u r n ' t o C E G M O N w h e n 
y o u restart i t af ter t es t i ng y o u r r o u t i n e . I f y o u are w o r k i n g w i t h t h e Assemb le r , n o t e 
d o w n t h e c o n t e n t s of $01C0-01C2 before setting any breakpoint withZ, a n d res to re 
t h e m b e f o r e res tar t ing t h e Assemb le r . 

E r r o r h a n d l i n g 

C E G M O N ' s e r ro r h a n d l i n g in t h e m a c h i n e - c o d e m o n i t o r i s s imi lar to tha t i n OSI 's 
E x M o n . I n t h e c o m m a n d m o d e , o n l y t h e first le t te r af ter t h e ' > ' p r o m p t o r a ' . ' 
c o m m a n d may be a c o m m a n d le t te r ; t he rea f t e r , o n l y hex d ig i ts are a l l o w e d un t i l a 
c o m p l e t e f o u r - d i g i t hex address i s bu i l t up . T h e same app l ies w i t h i n t h e c o m m a n d s 
themse lves — on l y c o m p l e t e f o u r - d i g i t addresses are a l l o w e d , as t h e syntax g i ven 
fo r each c o m m a n d shows . ( N o t e tha t t h e system supp l ies any ' , ' o r ' > ' p r o m p t s ) . 
W i t h i n t h e data m o d e , e x c l u d i n g its tex t i n p u t m o d e , t h e same app l ies : t h e first 
charac te r in each t i m e r o u n d t h e l o o p af ter a p rev ious i ns t r uc t i on o r va lue may be 
an i n s t r u c t i o n , such as ' , ' o r LF; t he rea f t e r , t h e system expects hex d ig i ts to make up 
hex pairs. A ' . ' o r ' / ' may be t y p e d a t any t i m e , to exi t back to t h e c o m m a n d or data-
m o d e s (bu t n o t e tha t th is w i l l leave a p a r t - c o m p l e t e address or da ta -by te o n l y par t l y 
r o t a t ed i n t o p lace , a n d a lmost ce r ta in ly i n co r rec t ) . All other characters are invalid. 
W i t h i n t h e tex t en t r y m o d e , n o characters are i n v a l i d ; t h e o n l y res t r i c ted characters 
are " ' and CR, w h i c h ex i t back t o t h e m a i n data m o d e l o o p . 

D u r i n g tex t en t r y f r o m t h e k e y b o a r d , i nva l i d charac ters w i l l b e p r i n t e d , b u t 
i m m e d i a t e l y f o l l o w e d by an '? ' and CR/LF , a n d t h e restart ' > ' p r o m p t . You are t h e n 
back in t h e c o m m a n d m o d e . The c u r r e n t address, h o w e v e r , i s u n c h a n g e d , as can be 
seen i f y o u t h e n re -en te r t h e data m o d e by t y p i n g a ' / ' . C o n t r o l characters l i k e C T R L -
Z — to clear t h e sc reen — are r e c o g n i s e d , bu t are d e c o d e d as er ro rs on c o m p l e t i o n ; 
C T R L - Z clears t h e sc reen , bu t a '? ' a n d t h e ' > ' p r o m p t are t h e n p r i n t e d . 

D u r i n g a t ape l o a d , th is error checking is disabled. T h e i nev i t ab le ' g l i t c h ' charac
ters tha t p r e c e d e t h e start o f each r e c o r d on cassette w o u l d halt t h e load b e f o r e 
a n y t h i n g had b e e n l o a d e d i f th is was n o t d o n e . This does leave t h e load o p e n to 
e r ro rs . H o w e v e r , i f a d ig i t is i nva l id i t is s imp ly i g n o r e d ; t h e f o l l o w i n g CR b u m p s up 
t h e cu r ren t -add ress c o u n t e r as n o r m a l , a n d o n l y t h e c o n t e n t s o f tha t address are 
a f f ec ted . I f a CR is lost, t h e addresses w i l l be o u t o f s tep w i t h t h e data. N o r m a l e r r o r -
c h e c k i n g is r e s u m e d o n l y w h e n t h e l oad - f l ag at $FB is c l ea red . As m e n t i o n e d ear l ie r , 
th is i s d o n e au tomat i ca l l y by t h e system a t t h e en t r y to t h e c o m m a n d m o d e , and also 
if t h e SPACE bar is hi t d u r i n g l o a d ; i t is also c lea red by a BREAK reset. If y o u r p r o g r a m 
auto-s tar ts w i t h o u t e n t e r i n g t h e m o n i t o r ' s c o m m a n d m o d e , y o u w i l l n e e d t o c lear 
t h e f lag by s to r i ng a nu l l ($00) in it. 

On shor t p r o g r a m s a load can be c h e c k e d s imp ly w i t h t h e T tabu la r d isp lay ; on 



la rger p r o g r a m s a c h e c k s u m loade r s h o u l d p r o b a b l y be b o o t s t r a p p e d i n , as on OSI 's 
E x M o n and Assemb le r — a l t h o u g h we have f o u n d OSl 's o w n c h e c k s u m loade r t o be 
less re l iab le t h a n a s t ra igh t l o a d ! The d i g i t - b y - d i g i t l oad f o r m a t is su rp r i s ing ly 
re l i ab le w i t h a reasonab le t ape and tape r e c o r d e r : w h e n tes t ing C E G M O N we used 
i t to save t h e Assemb le r a n d t h e C E G M O N sou rce c o d e — m o r e t h a n 2 0 K in all — 
a n d r e - l o a d e d i t a t 4 8 0 0 b a u d i n t o a C 2 , w i t h no d e t e c t a b l e e r ro rs . 

Editing 

T w o types o f e d i t i n g are ava i lab le w i t h i n C E G M O N : l i m i t e d i n - l i n e e d i t i n g , us ing 
R U B O U T ; and screen e d i t i n g , us ing a s e c o n d cu rso r . T h e backspace o r R U B O U T 
r o u t i n e i s l i n k e d ma in l y t o C E G M O N ' s s c r e e n - h a n d l e r ; t h e sc reen e d i t o r rep laces 
t h e cal l t o the. k e y b o a r d r o u t i n e i n t h e BASIC i n p u t vec to r ' s r o u t i n e , a n d t h e key
b o a r d is ca l led t h r o u g h it. 

T h e s c r e e n - e d i t o r i s ava i lab le f o r any p r o g r a m w h i c h calls f o r i n p u t v ia t h e i n p u t 
vec to r at $FFEB — w h i c h i nc ludes n o t just BASIC bu t OSI 's Assemb le r and E x M o n as 
w e l l . H o w e v e r , n e i t h e r f o r m o f e d i t i n g i s ava i lab le i n C E G M O N ' s m a c h i n e - c o d e 
m o n i t o r : t he k e y b o a r d r o u t i n e i s ca l led d i r ec t , i n o r d e r to m a i n t a i n c o m p a t i b i l i t y 
w i t h S Y N M O N and t o a v o i d i n te rna l i n c o m p a t i b i l i t y p r o b l e m s ; w h i l e R U B O U T i s 
t r ea ted s imp ly as a n o t h e r i nva l i d charac te r in b o t h c o m m a n d and data m o d e s . In t h e 
data m o d e , y o u can r e - o p e n t h e c u r r e n t l o c a t i o n w i t h ' / ' ; o t h e r w i s e , i f y o u see a 
m is take , it's s imples t e i t he r t o restart t h e c o m m a n d o r data by t y p i n g ' . ' o r ' / ' , o r else 
to crash i t de l i be ra te l y by h i t t i n g t h e SPACE bar, t hus res ta r t ing in t h e c o m m a n d 
m o d e . Edi t ing isn't real ly p rac t ica l o r necessary in t h e m o n i t o r ; and even t h e longest 
c o m m a n d is o n l y just over a d o z e n keys t rokes , af ter a l l ! 

As m e n t i o n e d ear l ie r , R U B O U T is actual ly d e c o d e d as $ 5 F (ASCII unde rsco re ) ra ther 
t h a n $ 7 F , t h e t r u e ASCI I DELETE. O n press ing R U B O U T , t h e charac te r i m m e d i a t e l y t o 
t h e left o f t h e cursor is d e l e t e d , a n d t h e cursor backspaces i n t o its space; i f t h e 
b e g i n n i n g o f t h e l i ne i s r e a c h e d , t h e cursor w i l l sk ip to t h e e n d o f t h e p r e v i o u s l i ne , 
as d e f i n e d by S W I D T H . In p r i n c i p l e , i t w i l l c o n t i n u e d o i n g th is as l o n g as R U B O U T is 
p ressed, u n t i l i t reaches t h e b e g i n n i n g o f t h e t o p l i ne o f t h e c u r r e n t ' w i n d o w ' , 
w h e r e i t w i l l s top. I n p rac t i ce , w h e n l i n k e d to BASIC, i t w i l l backspace up to t h e 
b e g i n n i n g o f t h e c u r r e n t p r o g r a m l i ne , o r t o t h e ' ? ' o f an INPUT reques t f r o m BASIC. 

A t t h e same t i m e , i t w i l l n o r m a l l y de le te t h e last cha rac te r t y p e d in BASIC or t h e 
Assemb le r . But t h e r e are s o m e d i f f i cu l t i es , pa r t i cu la r l y in BASIC, because OSI 's 
B A S I C - i n - R O M was o r i g i na l l y i n t e n d e d fo r use w i t h Te le types , no t v i d e o systems — 
h e n c e t h e care fu l s t o r i n g o f t h e charac ter c o u n t a n d t e r m i n a l w i d t h i n 1 4 1 0 a n d 1 5 1 0 

respect ive ly . These t w o l oca t i ons , and t h e ' h a n g o v e r ' f r o m Te le t ype days, cause t w o 
p r o b l e m s w i t h R U B O U T i n BASIC. 

T h e f i rst comes i f y o u o v e r s h o o t t h e bu f f e r by t y p i n g m o r e t h a n 7 2 1 0 charac ters i n 
o n e go — y o u t h e n see a ' h a l f - b a t t l e s h i p ' on OSI systems. This is C T R L - G , t h e ASCI I 
BELL c o d e . On Te le types , th is is a n o n - p r i n t i n g charac te r — i t r ings t h e be l l . But on 
v i d e o systems — all t hose i n v o l v e d he re — i t is p r i n t e d , bu t n o t s to red in t h e bu f f e r , 
s ince t h e r e i s no r o o m fo r it. R U B O U T w i l l t h e n d e l e t e t h e last va l id charac te r f r o m t h e 
bu f f e r — t h e last b e f o r e any ' ha l f - ba t t l esh ips ' — b u t w i l l de le te t h e last 'ha l f -
ba t t l esh ip ' ra ther t h a n t h e re levan t charac te r f r o m t h e sc reen : t h e backspace w i l l be 
o u t o f step w i t h t h e t r u e d e l e t e . G e t t i n g r o u n d th is p r o b l e m c o m p l e t e l y w o u l d cost 
a b o u t as m u c h c o d e as t h e e n t i r e e d i t o r , a n d w o u l d m a k e e d i t i n g i n c o m p a t i b l e w i t h 
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a n y t h i n g o t h e r t h a n BASIC — and we p re fe r to k e e p C E G M O N as f l e x i b l e as 

poss ib le . I f you get caugh t ou t in th is way , by o v e r - r u n n i n g t h e bu f f e r , use R U B O U T 

w i t h ca re ; t h e n LIST t h e re levan t l i ne , a n d ed i t i t as r e q u i r e d w i t h t h e screen e d i t o r . 

The o t h e r p r o b l e m is m o r e a ma t te r o f hab i t , pa r t i cu la r l y f o r o w n e r s o f 

Supe rboa rds o r UK101s w i t h overscan p r o b l e m s on t h e i r d isp lay. I f y o u ' v e b e e n in 

t h e hab i t o f l i m i t i n g t h e d isplay w i d t h by l i m i t i n g t h e t e r m i n a l - w i d t h va lue ( i .e. 

POKE ing 15 w i t h , say, 22 ra ther t h a n t h e de fau l t va lue of 72) — D O N ' T ! L im i t t h e 

d isplay w i d t h by POKEing t h e same va lue i n t o S W I D T H — i.e. POKE 546, 22. The 

reason is t h e same as w i t h t h e BELL c o d e : i f y o u l im i t t h e t e r m i n a l w i d t h , t h e 

backspace w i l l get o u t o f s tep w i t h t h e t r u e d e l e t e , because w h i l e t he charac ters 

d i sp layed are l i n k e d to t e r m i n a l - w i d t h , t h e backspace i s necessari ly l i n k e d to 

S W I D T H . As l o n g as t h e t e r m i n a l - w i d t h va lue in 15 ($0F) is g rea te r t h a n S W I D T H , no 

p r o b l e m w i l l arise. ' Te rm ina l w i d t h ' s h o u l d st i l l be used t o d e f i n e t h e l i n e - l e n g t h o f 

o u t p u t to a p r i n t e r o r t e r m i n a l . 

The screen e d i t o r i s d i rec t l y l i n k e d to all t h e usual calls f o r k e y b o a r d i n p u t . T h e 
e d i t o r i tself i s t u r n e d on o r o f f by t y p i n g C T R L - E ; w h e n t u r n e d of f , t h e k e y b o a r d 
re tu rns a charac ter exact ly as u n d e r S Y N M O N , as t h o u g h t h e e d i t o r d i d no t exist. 
W h e n e v e r t he e d i t o r i s t u r n e d on f r o m t h e k e y b o a r d , t h e ed i t cursor — a w h i t e 
square — appears a t t h e b e g i n n i n g o f t h e c u r r e n t l i ne . The e d i t o r can also be t u r n e d 
on or o f f w i t h i n p r o g r a m s by POKE ing t h e ed i t f lag at 5 1 6 1 0 , $0204 — POKE 516, 255 
tu rns t h e e d i t o r o n , POKE 516, 0 tu rns i t of f . You can also set t h e s ta r t -pos i t i on of t h e 
ed i t cu rsor w i t h i n p r o g r a m s by POKEing values i n t o its s to re l oca t i ons : C U R S L O , a t 
5 6 1 1 0 ($0237), ho lds t h e l o w by te o f its address, and C U R S H I a t 562 1 0 ($0232) ho lds t h e 
h i gh by te . The ed i t cursor can b e m o v e d a r o u n d o n t h e screen w i t h t h e f o l l o w i n g 
keys: 

CTRL-A (CTRL-a) left 

CTRL-S (CTRL-S) up 

CTRL-D (CTRL-d) r i gh t 

CTRL-F (CTRL-f) d o w n 

W h i l e e d i t i n g , t h e values o f these are no t sent o u t t o t h e ca l l i ng r o u t i n e (e.g. t o 

BASIC) a t all — they are so le ly used to m o v e t h e ed i t cursor . The cursor 'w raps 

r o u n d ' i f i t i s m o v e d of f t h e sc reen ve r t i ca l l y , a n d is no t l i m i t e d to t h e he igh t o f t h e 

c u r r e n t w i n d o w ; its m o v e m e n t h o r i z o n t a l l y , h o w e v e r , i s l i m i t e d to t h e w i d t h o f t h e 

c u r r e n t ' w i n d o w ' as d e f i n e d by S W I D T H , because o f yet m o r e d i f f i cu l t i es caused by 

BASIC'S t e r m i n a l - w i d t h va lues. For th is reason , y o u ' l l p r o b a b l y f i n d i t best to set 

S W I D T H t o t h e fu l l v is ib le screen w i d t h w h e n e d i t i n g . 

As y o u m o v e t h e ed i t cu rsor a r o u n d , t h e charac te r b e n e a t h i t a t each m o m e n t is 

s t o r e d , a n d rep laced w h e n t h e cursor moves away. I f y o u t h e n press t he ESC key (or 

C T R L - Q on UK101) , t h e charac ter ' b e n e a t h ' t h e ed i t cu rsor i s c o p i e d t o t h e ma in 

cu rso r , a n d sent o u t t o BASIC, t h e Assemb le r o r w h a t e v e r ; b o t h cursors t h e n m o v e 

o n e p lace to t h e r igh t . Ent i re l ines — up to t h e l im i t o f t h e BASIC o r Assemb le r i n p u t 

bu f fe rs — can thus be c o p i e d by ESC f r o m a n y w h e r e on t h e sc reen . 

Since any key o t h e r t han t h e ed i t o r ' s c o n t r o l - k e y s can be t y p e d as usua l , b e i n g 

p r i n t e d by t h e ma in cursor , a w i d e var ie ty of e d i t i n g is poss ib le . A m i s t yped l i ne can 

b e c o p i e d u p t o t h e m is take ; t h e m is take c o r r e c t e d b y t y p i n g ; t h e o l d m is take 

s k i p p e d by t h e ed i t cu rso r ; and t h e r e m a i n d e r o f t h e l ine c o p i e d aga in . A m is taken ly 

d e l e t e d l i ne can s imp ly be c o p i e d back i n t o t h e p r o g r a m as l o n g as t he l ine is st i l l on 

t h e sc reen . Lines can be r e n u m b e r e d o r r e - o r d e r e d s imp ly by r e - t y p i n g t h e l ine 

n u m b e r and c o p y i n g t h e rest ( t h o u g h t h e o l d l i ne w i l l st i l l be t h e r e u n t i l i t i s 
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d e l e t e d ) . A p r o g r a m tha t has g o n e ' o u t o f m e m o r y ' can be c o p i e d l ine by l i ne , 

c o n v e r t e d t o m u l t i p l e s ta tements w h e r e v e r poss ib le , a n d s k i p p i n g every u n 

necessary space. A n d by c h a n g i n g t h e ' w i n d o w ' - d e f i n i t i o n s — as is s h o w n in t h e 

p r o g r a m examples — a g r o u p of l ines can be LISTed, p r o t e c t e d in a n o n - s c r o l l i n g 

area, and c o p i e d as r e q u i r e d i n t o a n e w p r o g r a m . P rog ram conve rs ions b e t w e e n 

d i f f e ren t mach ines b e c o m e s i m p l e , t o o , f o r o n l y t h e m a c h i n e - s p e c i f i c parts — 

usual ly screen and k e y b o a r d values a n d a f ew POKE loca t ions — n e e d be c h a n g e d in 

each l ine . * 

Input/output 

Except i n t he m a c h i n e - c o d e m o n i t o r , all i n p u t and o u t p u t i n C E G M O N i s t h r o u g h 

BASIC'S vec tors at $FFEB-FFF9. S ince these all cal l t h e i r r ou t i nes via J M P - i n d i r e c t 

calls t h r o u g h f u r t h e r vec tors s to red in a tab le in page 2, f r o m $0218-0221, any specia l 

i n p u t o r o u ; p u t r ou t i nes f o r p r i n te rs o r specia l p r o g r a m m i n g pu rposes can be 

l i n k e d d i rec t l y to BASIC or e l s e w h e r e by c h a n g i n g t h e vec to rs in t h e t ab le in page 2 . 

The p r o g r a m examples s h o w t w o rou t i nes — a p r o g r a m to sk ip BASIC'S mask ing o f 

c o n t r o l and g r a p h i c characters on i n p u t ; a n d a TRACE r o u t i n e ca l led by BASIC, via 

its C T R L - C check v e c t o r , b e t w e e n t h e e x e c u t i o n o f each BASIC s ta temen t . 

I n t he m a c h i n e - c o d e m o n i t o r , n e i t h e r l o a d , save no r k e y b o a r d i n p u t are 

v e c t o r e d , s imp ly t o m a i n t a i n c o m p a t i b i l i t y w i t h OSI 's o r i g i n a l sys tem. A l l o u t p u t t o 

t h e sc reen , h o w e v e r , does go t h r o u g h t h e BASIC o u t p u t v e c t o r , a n d can be sent to a 

p r i n t e r or w h a t e v e r s imp l y b e i n g se t t i ng t h e BASIC 'save ' f lag at $0205 to 01. 

The i n p u t and o u t p u t vec to rs are as f o l l o w s : 

Page $FF vector th rough normal ly points to loca t ions /contents in d e c i m a l 
1NVEC $FFEB $0218-19 I N P U T $FB46 536 - 70 537 - 251 
O U T V E C $FFEE $021A-1B O U T P U T $FF9B 538 - 155 539 - 255 
C C V E C %FEF1 $027C-7D C T R L C $FB94 540 - 148 541 - 251 
LDVEC $FFF4 $027£-7F SETLOD $FE70 542 - 112 543 - 254 
SVVEC $FFF7 $0220-21 SETSAV $FE7B 544 - 123 545 - 254 

Compatibility and conflicts 

OSI 's system so f twa re , as r e p r e s e n t e d by its BASIC, Assemb le r , E x M o n a n d 

S Y N M O N , was c lear ly n o t d e s i g n e d as a system at a l l . T h e Assemb le r and BASIC 

c a n n o t be co - res i den t , and ExMon ' s d isassembler crashes BASIC by o v e r w r i t i n g t h e 

t a i l - e n d of BASIC'S a l l - i m p o r t a n t m e m o r y scan s u b r o u t i n e ( f r o m $00BC to $00D3). 

BASIC'S k e y b o a r d b u f f e r starts at $0073, t h e Assemb le r ' s at $0080. A n d so o n . In 

d e s i g n i n g C E G M O N , o n e o f o u r ma in c o n c e r n s was t o b u i l d a m o n i t o r tha t c o u l d 

co-ex is t w i t h all o f these c o n f l i c t i n g r e q u i r e m e n t s a n d st i l l c o n t a i n t h e k i n d o f 

fea tures w e w a n t e d . 

A p a r t f r o m t h e d i f f i cu l t i es ove r BASIC'S t e r m i n a l w i d t h a n d c h a r a c t e r - c o u n t e r , 

t h e o t h e r ma jo r p r o b l e m i s w i t h t h e use o f z e r o - p a g e stores. A p a r t f r o m S Y N M O N ' s 

f i ve loca t ions at t h e t o p e n d — $FB-$FF — o n l y o n e pa i r is reasonab ly 'safe ' , a n d even 

tha t is used as'a t e m p o r a r y s to re by t h e Assemb le r . The $E4-E5 pair is thus used in 
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four ways by C E G M O N : as a t e m p o r a r y p o i n t e r f o r t h e ed i t cu rsor , bu t o n l y d u r i n g 

each cal l to t h e k e y b o a r d ; as a t e m p o r a r y s to re fo r t h e ' g o ' address o f t h e m a c h i n e -

c o d e save, b u t o n l y d u r i n g t h e actual save; as t h e s to re fo r t h e ' n e w s t a r t - o f - b l o c k ' 

address d u r i n g a m e m o r y b l o c k m o v e ; and as par t o f t h e b r e a k - t a b l e , f o r t h e stack-

p o i n t e r and PCL c o n t e n t s . This is a n o t h e r reason w h y t h e k e y b o a r d is ca l led d i r ec t 

b y C E G M O N ' s m a c h i n e - c o d e m o n i t o r . T h e o n l y t i m e w h e n t h e c o n f l i c t may b e 

i m p o r t a n t i s w h e n y o u are b o t h tes t ing and sav ing a r o u t i n e w i t h t h e A s s e m b l e r s t i l l 

in m e m o r y , such as af ter an A3 assembly to m e m o r y . The $F9-FA pair is also used by 

C E G M O N as a t e m p o r a r y s to re fo r addresses d u r i n g sc reen-c lear , t abu la r d isp lay, 

save and b l ock m o v e . 

T h e o t h e r i m p o r t a n t p o i n t i s tha t C E G M O N uses some o f t h e o l d ' f ree R A M ' s tar t ing 

at $0222: up to $022E f o r t h e screen hand le r ' s s t o re - l oca t i ons a n d s u b r o u t i n e s , a n d 

to $0232 f o r t h e ed i t o r ' s stores. T h e m o n i t o r U c o m m a n d j u m p vec tors t h r o u g h t h e 

$0233-0234 pa i r , so t h e ' f r e e ' R A M u n d e r C E G M O N starts a t $0235, 565 1 0 . P rograms 

w r i t t e n to start a t $0222 can st i l l be r u n on C E G M O N , t h o u g h o n l y w i t h t h e e d i t o r 

d i sab led and t h e o l d s c r e e n - h a n d l e r ca l led ins tead o f t h e new .The e d i t f l a g a t $0204, 

5 1 6 1 0 must con ta i n 0 , and CTRt-E must no t be t y p e d a t any t i m e , o r t h e e d i t - c u r s o r w i l l 

be w r i t t e n a t r a n d o m i n t o m e m o r y , p r o b a b l y caus ing a p r o g r a m crash. T h e o l d 

screen hand le r may be ca l led by c h a n g i n g t h e o u t p u t v e c t o r : POKE 538,149 enab les 

o u t p u t t h r o u g h t h e o l d screen hand le r a t $BF2D on OSI mach ines , w h i l e POKE538, 

155 enab les o u t p u t t h r o u g h the n e w r o u t i n e . ( W h e n r e t u r n i n g t o t h e n e w h a n d l e r , 

it 's a g o o d idea to h o m e t h e cursor w i t h CHR$(12) o r o n e o f t h e sc reen-c lear calls). 

N o t e tha t a BREAK reset w i l l no t o n l y reset t h e vec to r to p o i n t to t h e n e w screen 

h a n d l e r , bu t also o v e r - w r i t e t h e R A M area up to $0234 — so y o u may n e e d to d isab le 

BREAK as w e l l . No p r o b l e m w i l l arise w i t h e i t he r t h e Assemb le r o r E x M o n , s ince t h e 

cassette vers ions o f b o t h o f these start h i ghe r up in m e m o r y . 

U n d e r t h e OS-65D disc o p e r a t i n g sys tem, t h e e n t i r e R A M f r o m $0200 i s used ; 65D 

has its o w n I / O rou t i nes , a n d ignores t hose n o r m a l l y used by B A S I C - i n - R O M . 

C E G M O N conta ins a b o o t s t r a p to b o o t up 65D , b u t f r o m t h e n on 65D i s self-

c o n t a i n e d , and C E G M O N ' s specia l features l i ke t h e e d i t o r a n d screen h a n d l e r are 

i g n o r e d . Patches fo r 65D, to e n a b l e i t t o use C E G M O N ' s e d i t o r and s c r e e n - h a n d l e r , 

w i l l be m a d e ava i lab le shor t ly . 

Locations, routines and subroutines 

T h e f o l l o w i n g is a list o f va r ious use fu l po in t s w i t h i n C E G M O N . As can be seen , t h e 

loca t ions o f t h e S Y N M O N equ iva len ts have i n genera l b e e n r e t a i n e d ; bu t n o t e tha t 

in most cases t h e way in w h i c h t hey w o r k w i l l be s o m e w h a t d i f f e r e n t — o u t p u t to 

d isp lay i n t h e m a c h i n e c o d e m o n i t o r goes via t h e s c r e e n - h a n d l e r r a t h e r t h a n d i rec t 

t o screen m e m o r y , f o r e x a m p l e . O n e o t h e r i m p o r t a n t p o i n t i s t ha t , w i t h i n t h e 

m a c h i n e - c o d e m o n i t o r , t h e Y register is always reset to z e r o , and most of its r ou t i nes 

assume this to be t h e case — b e w a r e of th is i f y o u use these rou t i nes in y o u r owrv 

p r o g r a m s . 

Locations 
For break-table locations — 00E0-E6 — and their functions, see p.8. 
B T A B K 00E4 part of break-table, but also used as a pair to store 'go ' address in dur ing 
BTABCL 00E5 save; new block start address in move; and edit cursor location dur ing each 

call to keyboard. 
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B R K V A L 00E7 

L O T O 00F9 
H I T O OOFA 

S T O R E OOFC 

L O F R O M OOFE 
H I F R O M OOFF 

D O B R K 01 CO 

C U R D I S 0200 

O L D C H R 0201 

N E W C H R 0202 

L D F L A G 0203 

E D F L A G 0204 

S V F L A C 0205 

S D E L A Y 0206 

C O U N T R 0214 

S C R T C H 0215 

L S T C H R 0216 

C C F L A G 0212 

D I S P 022F 

C U R C H R 0230 

C U R S L O 0231 
C U R S H I 0232 

U S E R L O 0233 
U S E R H I 0234 

M a i n entry points 

RESET FFOO 

N E W M O N FEOO 

M E N T R Y FEOC 

M S T A R T F97E 

D A T A L N FA2E 

S A V E M C FA7E 

D I S K FCOO 

Subrout ines 

I N P U T FB46 

O U T P U T FF9B 

O L D S C R ' FF95 

T E N U L L FFAC 

C T R L C FB94 

S E T L O D FE70 ( 

SETSAV FE7B 

T A P 1 N FB57 

T A P O U T FCB1 

R S A C I A FCA6 

S C N C L R FE59 

S C R E E N F836 

E N D C H K FBCF 

S C O U T FF8C 

C U R H O M FFD1 

s t o r e f o r o p c o d e m o v e d by Z w h e n s e t t i n g a b r e a k p o i n t , 

s t o r e fo r ' t o ' addresses i n save, m o v e a n d t a b u l a r d i sp lay — see N O T E N D . 

s t o r e f o r c u r r e n t da ta d u r i n g da ta m o d e a n d mos t o t h e r r o u t i n e s , 

s t o r e ' c u r r e n t address ' f o r m o s t r o u t i n e s — t h e ' f r o m ' address i n save, m o v e 

a n d t a b u l a r d i sp lay . 

l o c a t i o n f o r I R Q / E S R K j u m p ; set t o ' JMP $ F A 4 F ' b y Z . 

c u r s o r d i s p l a c e m e n t o n c u r r e n t l i ne . 

s to res c u r r e n t c h a r a c t e r d u r i n g S C R E E N ; ex i ts c o n t a i n i n g cha r ' b e n e a t h ' 

t h e cu r so r . 

p a r k f o r n e w char f o r S C R E E N . 

B A S I C l oad f l a g : 0 0 - n o l o a d ; F F - l o a d f r o m A C I A . 

E D I T O R f l a g : 00 - d i sab le e d i t c u r s o r ; FF e n a b l e e d i t cu r so r . 

B A S I C save f l a g : 0 0 - sk i p save; 0 7 - e n a b l e save t o A C I A . 

p r i n t - d e l a y v a l u e f o r S C R E E N ; d e l a y i s d e l a y - v a l u e t imes a p p r o x . 4 0 0 

m a c h i n e - c y c l e s ( i .e . t i m e s 4 0 0 m i c r o - s e c o n d s a t 1 M H z ) . 

a u t o - r e p e a t c o u n t e r f o r G E T K E Y . 

r e t u r n s f r o m G E T K E Y w i t h f i na l A S C I I v a l u e o f key. 

p r e - s h i f t v a l u e o f last key lef t h e r e by G E T K E Y to test a u t o - r e p e a t . 

B A S I C CTRL-C f l a g : 0 0 - e n a b l e s CTRL-C b r e a k ; 0 7 d isab les CTRI-C b r e a k , 

e d i t - c u r s o r d i s p l a c e m e n t f r o m start o f e d i t o r ' s c u r r e n t l i n e , 

s t o r e f o r c h a r ' b e n e a t h ' e d i t cu rso r , 

c o n t a i n star t o f e d i t cu r so r ' s c u r r e n t l i n e o n s c r e e n . 

c o n t a i n l o c a t i o n o f start o f user r o u t i n e c a l l e d b y m a c h i n e - c o d e m o n i t o r ' s 
U c o m m a n d . 

s tar t o f BREAK/RESET r o u t i n e . 

' r ese t ' e n t r y t o m / c m o n i t o r — reset s tack , v e c t o r s / p o i n t e r s , c lear d e c i m a l 

m o d e . R e c o m m e n d e d r e - e n t r y p o i n t f o r a u t o - l o a a m / c tapes, 

n o n - r e s e t e n t r y t o m / c m o n i t o r — c lear s c r e e n , z e r o ' c u r r e n t address ' , 

e n t r y t o c o m m a n d / a d d r e s s m o d e . 

• to d a t a - m o d e l o o p — p r i n t s ' c u r r e n t add ress ' a n d its c o n t e n t s . 

FCOO e n t r y to d isc b o o t s t r a p (at F700 on C2) . 

BAS IC i n p u t r o u t i n e — get a cha r f r o m k e y b o a r d o r A C I A . 

G e n e r a l o u t p u t r o u t i n e , t o SCREEN a n d A C I A . 

A s f o r o u t p u t , b u t s c r e e n - h a n d l i n g d o n e b y $6F2D r a t h e r t h a n SCREEN, 

o u t p u t s t e n nu l l s t o A C I A . 

BASIC'S CTRL-C c h e c k — ca l l ed b e t w e e n e x e c u t i o n o f each BASIC s t a t e m e n t , 

sets BASIC l o a d f l a g , c lears save f l a g ; decrements l o a d f l ag to set it. 

sets BASIC save f l ag . 

co l l ec t s cha r f r o m A C I A ; ex i ts v ia E D I T O R i f SPACE h i t . 

o u t p u t t o t a p e {BF15 on C2) . 

i n i t i a l i se A C I A (BF22 on C2) . 

c lear e n t i r e s c r e e n ; exi ts w i t h X a n d Y reg is te rs z e r o , 

n e w sc reen h a n d l e r . 

checks i f t o p o r base o f s c reen o v e r s h o t — i f Y = 0 , ca r ry c lear i f t o p o v e r s h o t , 

i f Y = 2 , c a r r y set i f base o v e r s h o t , 

p r i n t cha r a t c u r s o r l o c a t i o n . 

resets TEXT l i n e p o i n t e r to T O P ; do STX $0200 to reset cu rso r a t T O P . 
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E D I T O R FABD e n t r y to s c r e e n e d i t o r — see m a i n t ex t , p .11 . 

GETKEY FDOO w a i t t i l l k e y p r e s s e d , r e t u r n w i t h A S C I I v a l u e in A reg is te r . 

KEYWRT FCBE w r i t e - t o - k e y b o a r d i n v e r t f o r C1 {F7BE on C2) . 

K Y R E A D f C C F r e a d - A - f r o m - k e y b o a r d i n v e r t f o r C 1 (F7CF o n C2) . 

KEY2XR FCC6 r e a d - X - f r o m k e y b o a r d i n v e r t f o r C1 {F7C6 on C2) . 
KDELAY FCDF a p p r o x . 6500 cyc l e d e l a y ; ex i ts w i t h X a n d Y reg is te rs z e r o (F7DF on C2). 

DELAY2 FC£7 a p p r o x . (400 X Y- reg is te r ) cycles d e l a y {F7E1 on C2) . 

T R I Q A D FFBD c o l l e c t t h r e e addresses : f i rs t s t o r e d in (FE) pa i r , s e c o n d in (F9), t h i r d in (E4). 

T W O Q A D F9A6 c o l l e c t t w o addresses : f i rs t s t o r e d in (FE) pa i r , s e c o n d in (F9). 

G E T Q D E F9B5 c o l l e c t address , s to re in (FE). N o t e : ca l l C E T N E W f i r s t ! 

GETPRC F9BE c o l l e c t hex pa i r fo r da ta b y t e , s t o r e in FC. N o t e : cal l G E T N E W f i rs t ! 

G E T N E W FE8D get n e w c h a r ; p r i n t i t t o d i sp lay b e f o r e r e t u r n i n g . 

G E T C H R FEE9 ge t cha r f r o m k e y b o a r d o r A C I A . 

M C A C I A FE80 get char f r o m A C I A , s t r i p o f f any t o p b i t b e f o r e r e t u r n i n g . 

ASCHEX FE93 s t r i p A S C I I d i g i t t o h e x ; set to 8 0 1 6 i f n o t hex . 

ROLSTR FEDA r o l l n e w n i b b l e i n t o (FE) i f X = 2 , o r i n t o FC i f X = 0 . 

A D V T O D FEAC p r i n t address in (FE), space , v a l u e in FC to d i sp lay . 

Q D D A T D FEB6 p r i n t address in (FE) to d i sp lay . 

P R D A T D FEBD p r i n t da ta b y t e in FC to d isp lay . 

H E X O U T FECA s t r i p b y t e in A reg is te r to l o w e r n i b b l e ; p r i n t n i b b l e as ASCI I hex to d isp lay . 

PRBYTE FEFO p r i n t da ta a t ' c u r r e n t add ress ' p o i n t e d to by (FE) to d isp lay . A s s u m e s Y = 0 ! 

CRLF FBF5 p r i n t c a r r i a g e - r e t u r n / l i n e - f e e d to d isp lay . 

S P C O U T FBE6 p r i n t A S C I I space to d i sp lay . 

B U M P FEF9 i n c r e m e n t ' c u r r e n t add ress ' a t (FE). 

N O T E N D FBEB c o m p a r e (FE) w i t h (F9); ca r ry c lea r i f (FE) is less. 
SWAP FDE4 m e m o r y b l o c k m o v e . Expects start address in (FE), e n d address in (F9), n e w 

start o f b l o c k in (E4); assumes Y = 0 . 

Program examples and ideas 

R o u t i n e t o b y p a s s B A S I C i n p u t m a s k i n g 

As m e n t i o n e d ear l ie r , BASIC'S i n p u t r o u t i n e masks o u t most o f t h e c o n t r o l and 

g r a p h i c characters . I f w a n t to be ab le to send cu rso r c o n t r o l s , g raph ics fo r d isplay 

a n d t h e l i ke to BASIC — f r o m k e y b o a r d or t ape — BASIC'S mask ing has to be 

bypassed. A USR cal l to t h e k e y b o a r d , as t h e nex t e x a m p l e shows , bypasses t h e i n p u t 

r o u t i n e e n t i r e l y ; w h i l e th is e x a m p l e changes t h e i n p u t vec to r t o p o i n t t o a n 

' u n m a s k i n g ' r o u t i n e , a l l o w i n g i n p u t o f t h e ' n o n - s t a n d a r d ' characters f r o m tape . 

BASIC calls f o r i n p u t by a s u b r o u t i n e at $A357, w h i c h itself calls a n o t h e r 

s u b r o u t i n e a t $A386 — t h e actual cal l f o r i n p u t t h r o u g h t h e i n p u t vec to r . T h e 

mask ing is in t h e f irst s u b r o u t i n e , $A357. T h e r o u t i n e w h i c h f o l l ows thus ' t h r o w s 

away ' these t w o s u b r o u t i n e levels as s o o n as i t is c a l l e d , a n d t h e n does t h e i r w o r k of 

c o l l e c t i n g a BASIC l ine a n d p lac ing i t in t h e i n p u t bu f f e r b e f o r e r e t u r n i n g t o BASIC. 

I t is s h o w n he re as i f t y p e d in w i t h C E G M O N ' s m o n i t o r , s tar t ing at $0240, each l i ne 

b e i n g f o l l o w e d by its m n e m o n i c a n d c o m m e n t . 

To use t h e r o u t i n e f r o m BASIC, t w o POKEs are n e e d e d . POKE 536,64: POKE 537,2 

po in t s t h e i n p u t vec to r to th is r o u t i n e , w h i l e POKE 536, 70: POKE 537, 251 re tu rns 

i n p u t back t o t h e n o r m a l r o u t i n e . 
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0 2 4 0 / 2 4 6 8 ;PL f l 
0241.-24 6 8 ;PLf i - b y p a s s one RTS c a l l 
0242 24 68 ;PL f l 
0 2 4 3 / 2 4 6 8 ;PL f l - b s p a s s s e c o n d RTS c a l l 
0 2 4 4 / 2 4 4 C 5 3 , 0 2 ; JMP t o s t a r * o f l o o p 
0 2 4 7 - 2 4 2 0 , E 5 , R 8 .: JSR $A8E5 - f o r b a c k s p a c e h e r e 

0 2 4 R / 2 4 CR ; DEX - - d e c r e m e n t c h a r - c o u n t a f t e r b a c k s p a c e 
0 2 4 B / 2 4 1 0 , 0 8 ;BPL + 8 - t o -set new c h a r i f c o u n t n o t z e r o 
0 2 4 D / 2 4 2 0 , E 5 , f l 8 ;JSR $A8E5 - f o r t? l i n e - d e l e t e 

0 2 5 0 / 2 4 2 0 , 6 C , R 8 ; JSR *f l86C - f o r CR-LF 
0 2 5 3 / 2 4 R 2 , 00 ;LDX #$00 - r e s e t c h a r c o u n t e r 
0 2 5 5 / 2 4 2 0 , 4 6 , F B ; JSR $FB46 - g e t c h a r f r o n k e y b o a r d o r ACIR 

0 2 5 8 / 2 4 C 9 , 0.1 ;CMP # $ 0 1 - t o mask o f f n u l l s iron t a p e 
0 2 5 R - 2 4 9 0 , F9 ;BCC - 7 - se t a n o t h e r c h a r i f n u l l 
0 2 5 C - 2 4 2 0 , 9 9 , f t 3 ;JSR *A399 - check f o r c t r l - 0 

0 2 5 F - 2 4 C 9 , 0D ;CMP #*0D - c a r n a s e - r e t u r n ? ' 
0 2 6 1 / 2 4 FO, 1C ; BEG! +28 - e x i t i f CR 
0 2 6 3 / 2 4 C 9 , Ofl :• CMP #$0f l - l i n e - f e e d ? 
0 2 6 5 / 2 4 DO, 04 ;BNE + 4 - s k i p n e x t c h e c k i f n o t L F 
0267 ' 2 4 EO, 00 ;CPX # *00 - f i r s t c h a r i n l i n e ? 
0269- /24 F 0 , E f l ;BEQ - 2 2 - i f y e s , i g n o r e ; s e t new c h a r 
0 2 6 B / 2 4 C 9 , 4 0 ;CMP #$40 - i? 

0 2 6 D / 2 4 F 0 , D E ; BEQ - 3 4 - d o l i n e - d e l e t e i f 8 
026F--24 C 9 , 5 F :CMP #$5F - b a c k s p a c e 

0 2 7 1 / 2 4 F 0 , D 4 ;BEQ - 4 4 - i f y e s , d o b a c k s p a c e 
0273,-24 E 0 , 4 7 ;CPX #$47 - c h a r c o u n t e x c e e d s b u f f e r ? 
0 2 7 5 / 2 4 BO, OB ;BCS +11 - s k i p s t o r e - i n - b u f f e r i f f u l l 

0 2 7 7 / 2 4 9 5 , 1 3 .; STfl $ 1 3 , X - e l s e s t o r e i n BASIC l i n e b u f f e r 
0279--24 E3 ; I N X - i n c r e m e n t c h a r c o u n t e r 
027R--24 2 0 , E 5 , R 8 ;JSR $R8E5 - p r i n t t h e c h a r 

0 2 7 D / 2 4 D 0 , D 6 ; BNE - 4 2 - a l w a y s Jur tP, t o s e t new c h a r 

0 2 7 F / 2 4 4 C , 6 6 , R 3 ; JMP $R866 - do CR.--LF, e x i t to BASIC 
0 2 8 2 / 2 4 fl9, 07 .:LDfl #$07 - t h e - b e l l - ' cha r 

0284--24 EO, FE ;CPX„ #$FE - check c h a r c o u n t no t t o o g r e a t ! 

0 2 8 6 / 2 4 F 0 , C 5 ;BEQ - 5 7 - i f y e s , c a n c e l l i n e 
0288-/24 DO,EF ;6NE - 1 7 - e l s e i n c . c o u n t e r , p r i n t - b e i r 

N o n - h a l t i n g ' C E T ' f r o m t h e k e y b o a r d 

C E G M O N ' s k e y b o a r d r o u t i n e w i l l -wa i t u n t i l a key i s pressed b e f o r e r e t u r n i n g w i t h 
its v a l u e ; bu t t h e r e are m a n y cases w h e r e th is hal t is a nu i sance — such as i n . rea l -
t i m e games o r i n f o r e g r o u n d / b a c k g r o u n d w o r k . T h e BASIC r o u t i n e b e l o w cop ies 
t he f irst part o f t h e k e y b o a r d r o u t i n e i n t o page-2 m e m o r y , a n d t h e n m o d i f i e s i t t o 
bypass t h e hal t , de lay a n d a u t o - r e p e a t l oops . W h e n ca l led by a USR(X) s ta temen t in 
BASIC, i t re tu rns t he ASCI I va lue — or a n u l l i f no key was pressed — t o BASIC via its 
INVAR r o u t i n e at $AFC7. 

O n c e l o a d e d , t h e loader can be d e l e t e d by NEW; t h e 'GET' r o u t i n e i s u n a f f e c t e d 
by a BASIC co ld -s ta r t , bu t t h e t w o POKEs to set up t h e USR cal l ( in l ine 100) w o u l d 
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have to be rep laced . Lines 200 to 220 g ive a very br ie f e x a m p l e of t h e rou t i ne ' s syntax 

and use. 

10 FOR X = l TO 8 0 i M=PEEKX6476?+X> : POKE ( 5 7 5 + X ) , M : NEXT 
20 FOR X = i TO 3 s READ Ms POKE (633+X> ,M:NEXT 
30 DATA 7 6 , 2 0 8 , 2 5 3 :REM - JMP *FDD0 

40 FOR X = l TO 15 i READ M: POKE <655+:>0, M: NEXT 

50 DATA 1 4 1 , 1 9 , 2 iREM - STA $ 0 2 1 3 

60 DATA 7 6 , 1 1 0 , 2 5 3 iREM - JMP * F D 6 E 

70 DATA 3 2 , 6 4 , 2 iREM - JSR * 0 2 4 0 

80 DATA 1 6 8 , 1 6 9 , 0 :REM - TAY, LDA # * 0 0 

90 DATA 7 6 , 1 9 3 , 1 7 5 iREM - JMP *AFC1 

100 POKE 1 1 , 1 5 0 : P O K E 1 2 , 2 

2 0 0 P=USR iX) i IF P THEN P$=CHR$'!P;' iGQTO 2 2 0 

210 P R I N T , " N o t h i n 9 " : G O T O 200 

220 P R I N T P J , , " S o m e t h i n g " : G 0 T O 200 

T R A C E f o r B A S I C 

I n d e b u g g i n g BASIC p rog rams it's usefu l to k n o w w h a t s ta tements are b e i n g 

e x e c u t e d w h e n , o r even e x e c u t e d a t al l . A ' t r ace ' r o u t i n e can some t imes he lp in th is . 

Since BASIC checks b e t w e e n each s ta temen t f o r a CTRL-C b reak , t h e f o l l o w i n g 

r o u t i n e uses t h e CTRL-C vec to r t o p r i n t o u t t h e c u r r e n t l i ne n u m b e r b e f o r e t h e check 

i s m a d e . W h e n this ' t r ace ' i s t u r n e d o n , B A S I C p r i n t s o u t ' I N ( l ine n u m b e r ) ' b e t w e e n 

each s ta temen t . 

A c o u p l e o f po in ts s h o u l d be n o t e d . O n e i s tha t t h e r o u t i n e can o n l y be t u r n e d on 

by a single POKE — o t h e r w i s e BASIC w o u l d b e c o m e ' los t ' b e t w e e n the t w o POKEs 

— and thus on l y t h e h i g h - o r d e r par t o f t h e vec to r address is c h a n g e d . I f y o u m o v e 

t h e r o u t i n e f r o m its l o c a t i o n he re — so tha t i t can co - res ide w i t h t h e BASIC 'GET' 

a b o v e , f o r e x a m p l e — i t must start in m e m o r y w i t h its l o w - o r d e r address by te t h e 

same as tha t of t h e CTRL-C r o u t i n e in C E G M O N , at $xx94. 

The o t h e r p o i n t is tha t t h e ' t r ace ' w i l l p r i n t o u t every l i ne n u m b e r i t sees. In a t e n -

t h o u s a n d FOR:NEXT t i m i n g l o o p , i t w i l l p r i n t that l i ne n u m b e r t e n t h o u s a n d t imes 

— t h o u g h the l i ne n u m b e r o f t h e NEXT w i l l o n l y appear w h e n t h e last l o o p is d o n e . 

In these cases, o t h e r l i ne n u m b e r s w i l l be ' b u r i e d ' i n amongs t t he mass o f t h e l o o p 

n u m b e r ; so t u r n t h e ' t r a c e ' o f f w i t h a POKE 541,251 b e f o r e e n t e r i n g these l o o p s , a n d 

t u r n i t on again a f te rwards . T h e ' t r ace ' also takes an a p p r e c i a b l e t i m e for each l ine 

n u m b e r , and s h o u l d no t be used w h e r e t im ings are c r i t i ca l . 

10 FOP X=660 TO 6 6 9 ; READ Ri POKE X , R : NEXT 

20 DATA 1 6 9 , 2 5 5 ; REM - LDA #$FF 

30 DATA 1 3 3 , 95 ! REM - 5TA * 5 F - s e t " t v p e ' f l a g 

40 DATA 3 2 , 8 3 , 1 8 5 s REM - JSR * B 9 5 3 - p r i n t ' ' I N ' l i n e n o . ) ' 

50 DATA 7 6 , 1 4 8 , 2 5 1 1 REM - JMP $FB94 - do c t r l - C c h e c k ; e x i t 

60 REM 

70 REM - POKE 5 4 1 , 2 t u r n s t r a c e 'ON 

80 REM - POKE 5 4 1 , 2 5 1 t u r n * t r a c e OFF 

90 REM 

100 HEW 
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B A S I C ' p l o t ' r o u t i n e 

OSI's BASIC does no t have a 'PRINT AT ' s t a temen t ; b u t C E G M O N ' s c u r s o r - c o n t r o l s 

m a k e s imp te X /Y p l o t t i n g p rac t i cab le w i t h o u t c o m p l e x POKE ca lcu la t i ons . T h e 

f o l l o w i n g BASIC s u b r o u t i n e is f o r a C2's 32 X 64 d isp lay, assuming 28 p r i n t a b l e l ines 

a n d a c e n t r e - z e r o f o r t h e axes. N o t e t h e POKE 14, 0 in l i ne 10020: i t zeroes t h e 

' c u r r e n t charac te r c o u n t ' , t o p r e v e n t BASIC f r o m issuing a CR/LF each t i m e t h e 

c o u n t goes past its ' t e r m i n a l w i d t h ' va lue . T h e r o u t i n e p resumes that t h e X a n d Y 

values and t h e p l o t t i n g charac te r P$ have b e e n d e f i n e d e l s e w h e r e . A faster way of 

h a n d l i n g t h e same p r o b l e m w o u l d be to d e f i n e t w o st r ings, o n e o f 28 l i ne - f eeds (Y$) 

a n d o n e o f 64 cu rso r - r i gh t s (X$), a n d p r i n t t h e co r rec t n u m b e r w i t h a LEFT$(Y$,Y) 

a n d LEFT$(X$,X) ca l l . 

10000 PRINT i :HP$C12>; 

1 0 0 1 0 FOR AY=0 TO C 1 4 - < 1 4 - Y » ! P R I N T CHR*-1'. 11.0 :• [NEXT 

10020 POKE 1 4 , 0 

1 0 0 3 0 FOR HX=0 TO C32+X) '.PRINT C H R $ a i > ; -.NEXT 

10040 PRINT P f ; 

1 0 0 5 0 RETURN 

C h a n g i n g ' w i n d o w s ' 

T h e shor t d e m o n s t r a t i o n p r o g r a m b e l o w s h o u l d g ive s o m e ideas o n h o w t o c h a n g e 
' w i n d o w s ' , t o a l l o w several l ines t o be PRINTed w i t h o u t sc ro l l i ng t h e sc reen . The 
DATA l ines w i t h i n t he p r o g r a m are those fo r all b u t s t anda rd S u p e r b o a r d / C I 
systems; t he DATA lines f o r these are b e l o w t h e m a i n l i s t ing . 

A s imp le way of f i n d i n g t h e r igh t values to POKE i n to t h e ' w i n d o w ' - t a b l e is to PEEK 
t h e ed i t - cu r so r p o s i t i o n . L ike t h e s c r e e n - h a n d l e r , t h e e d i t - c u r s o r i s m o v e d on a l i ne -
b y - l i n e basis, w i t h a d i s p l a c e m e n t s to red e l sewhere . PEEK(562) gives t h e h i g h - o r d e r 
address of t h e cu rso r , w h i l e PEEK(561) + PEEK(559) gives its t r u e l o w - o r d e r address. 

10 FOR X=0 TO 2 i F 0 R Y=0 TO 4:READ f i iWKX, Y>=f i :NEXT Y ,X 

20 DFtTfi 2 5 , 7 2 , 2 1 0 , 2 0 0 , 2 1 0 
3 0 DATA 1 6 , 7 5 , 2 1 1 , 2 0 3 , 2 1 1 

40 ORTfi 2 5 , 1 3 6 , 2 0 9 , 8 , 2 1 0 

50 PRINT CHR$<26) ; 

60 W=0;GGSUB 5 0 0 
70 PR INT " *> • A.- A *• AII 

8 0 PRINT " - 9 - 6 - 3 0 + 3 + 6 + 9 " : 
90 W = l ; G03UB 500 

100 PRINT " D a n P I n « 

110 PRINT " o f o s c i l l a t i o n " ; 

120 W=2iGOSUB 5 0 0 

130 RY=10 iBY=1 i S T = - 1 ; GOSUB 3 0 0 

140 W=l;GOSUB 5 0 0 

1 5 0 PRINT " E x p a n d i n a 

160 PRINT " o s c i l l a t i o n " ; 

170 l.i.l=2: GOSUB 500 

180 f lY=1i BY=101ST=1:GOSUB 300 

190 GOTO 50- ' 
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2 9 0 REM * * * G r a p h - p r i n t s u b r o u t i n e 
300 FOR Y=fiY TO BY STEP ST 

310 FOR X=0 TO 6 . 2 STEP ,2 
3 2 0 PRINT T f l B a i + < Y * 3 I N < X ) ; > V ' * " 

3 3 0 NEXT X , Y 
3 4 0 RETURN 
4 9 0 REM * * * W i n d o w - c h a n g e s u b r o u t i n e 
500 FOR X=0 TO 4 : POKE 546+X, Wl <W, X) : NEXT 
5 1 0 PRINT CHR$C30>; 
520 RETURN 

20 DATA 25.. 166.. 209.. 2 2 8 , 2 0 9 
JO DATA 16.. 7 2 , 2 1 0 . . 1 6 8 , 2 1 0 
40 DATA 2 5 , 7 0 , 2 0 9 , 1 3 4 , 2 0 9 



CEGMON installation — C2 and C4 

T h e o r i g i na l S Y N M O N m o n i t o r used i n t h e C 2 a n d C4 series was d e s i g n e d t o be used 
i n a n u m b e r o f d i f f e r e n t m a c h i n e s , each t y p e accessing e i t he r t w o o r t h r e e d i f f e r e n t 
' pages ' o f t h e e i gh t ava i lab le w i t h i n t h e 2 K c h i p . I n t h e C 2 / C 4 d e s i g n , t h e b inary 
h i g h - o r d e r address l ines are c o n v e r t e d to i n d i v i d u a l select l ines f o r $FDxx, $FExx 
a n d %FFxx; t hese are t h e n used to se lect t h e r e q u i r e d pages in S Y N M O N via t h e 
w i r e - l i n k socke t , U15. As C E G M O N uses t h e f u l l 2K o f address space, f u r t h e r select 
l ines are r e q u i r e d . Because these are n o t ava i lab le w i t h i n t h e ex is t ing h a r d w a r e , a 
s l ight m o d i f i c a t i o n to t h e p rocessor b o a r d i s r e q u i r e d , us ing e i t h e r t h e k i t s u p p l i e d , 
o r y o u r o w n parts as d e s c r i b e d b e l o w . 

1 T a k i n g t h e usual p r e c a u t i o n s , r e m o v e t h e p rocessor b o a r d f r o m y o u r m a c h i n e t o 
e n a b l e t h e m o d i f i c a t i o n t o b e d o n e . 

2 R e m o v e t h e S Y N M O N c h i p f r o m t h e m o n i t o r socke t , U5. 

3 R e m o v e t h e t h r e e w i r e l inks f r o m t h e U15 socke t . 

4 I den t i f y c h i p - e n a b l e o p t i o n l inks W4 (just b e l o w BASIC 2 , a t t h e b o a r d edge) and W5 
( b e t w e e n a n d jus t a b o v e BASICs 3 a n d 4). C u t t h e t w o t racks a n d r e - l i n k as s h o w n 
b e l o w , t o c o n v e r t t h e i r ch ip -se lec t l ines t o a c t i v e - l o w . 

5 C o n n e c t p i n 16 o f U14 t o V c c (+5V) us ing t h e smal l r e d w i r e , w h i c h s h o u l d be a b o u t 

6 S imi la r ly , c o n n e c t p i n 8 of U14 to g r o u n d us ing t h e smal l l e n g t h of black w i r e . 

7 Take t h e smal le r o f t h e t w o leng ths o f r i b b o n cab le (abou t 3 " long) f o r t h e i n d i v i d u a l 
address-se lects , a n d a t tach t h e f o l l o w i n g c o l o u r leads to t h e p ins o f t h e 74154 IC. 
The leads s h o u l d be a t t ached to t h e base o f t h e p ins as c lose to t h e c h i p as poss ib le 
see Step 70). 

Colour Pin Notes 
Black 9 Select f o r F8xx 
B r o w n 10 Select f o r F9xx 
Red 11 Select f o r FAxx 
O r a n g e 13 Select f o r FBxx 
Ye l l ow 8 Select f o r F7xx* 
G r e e n 15 Select f o r FDxx 
Blue 16 Select f o r FExx 
Purp le 17 Select f o r FFxx 

* N o t e t h e c h a n g e in s e q u e n c e : F7xx subst i tu tes f o r FCxx, w h i c h is reserved fo r 
t h e A C I A . 

Q a c t i v e - h i g h 

( a c t i v e - h i g h 

W 4 

a c t i v e - l o w 

1 " l o n g . 

8 L ink t o g e t h e r p ins 12 a n d 18 of t h e 74154, us ing a sho r t l e n g t h of i nsu la ted w i r e . 



C o n n e c t t h e f o l l o w i n g c o l o u r s o f t h e longer l e n g t h o f r i b b o n cab le t o t h e 
a p p r o p r i a t e p ins o f t h e 74154: 

Colour Pin Notes 
Black 23 A8 address l i ne 
B r o w n 22 A9 address l i ne 
Red 21 A10 address l ine 
O r a n g e 20 A11 address l ine 
Ye l l ow 19 Enable fo r Fxxx 

10 ' Splay o u t t h e p ins o f t h e 74154 so tha t t hey w i l l n o t t o u c h t h e b o a r d sur face w h e n t h e 
c h i p i s f i t t e d over U14. A l t e r n a t i v e l y , cu t t h e p ins back b e l o w y o u r so lde r 
c o n n e c t i o n s . 

11 A t t a c h t h e 74154 on t h e t o p o f U14, us ing t h e s t i c ky -pad s u p p l i e d . The 74154shou ld 
be m o u n t e d cen t ra l l y on U14, t a k i n g care tha t n o n e o f t h e p ins t o u c h e i t he r U14 o r 
t h e b o a r d i tsel f , a n d w i t h t h e 74154 i n t h e same o r i e n t a t i o n as t h e o t h e r ch ips on t h e 
b o a r d . * 

12 C o n n e c t V c c ( red w i r e — Step 5) to p i n 24 of t h e 74154, a n d g r o u n d (b lack w i r e — 
Step 6) to p i n 12 of t h e 74154. 

13 C o n n e c t t h e address-selects (shor te r l e n g t h o f r i b b o n cab le — Step 7) to t h e w i r e -
l i nk C O N N socke t U15 , as f o l l o w s : 

C o / o u r Pin Notes 
Black 14 Select f o r F8xx 
B r o w n 13 Select f o r F9xx 
Red 12 Select f o r FAxx 
O r a n g e 11 Select f o r FBxx 
Ye l l ow 10 Select f o r FCxx (see n o t e in Step 7) 
G r e e n 9 Select f o r FDxx 
Blue 8 Select f o r FExx 
Purp le 7 Select f o r FFxx 

14 C o n n e c t t h e l o n g e r l e n g t h o f r i b b o n cab le to t h e b ina ry address l ines as f o l l o w s , 
l e a d i n g t h e cab le across t h e b o a r d as neat ly as poss ib le : 

Colour Chip/Pin Notes 
Black U 1 6 / 2 A8 address l i ne 

* B r o w n U 1 6 / 3 A9 address l i ne 

Red U29 /13 A10 address l i ne 
O r a n g e U 2 9 / 1 0 A11 address l ine 
Y e l l o w U 2 9 / 6 ' Enable f o r Fxxx 

1 5 Instal t h e C E G M O N E P R O M i n t o t h e M o n i t o r socke t U5 , t a k i n g t h e usual p r e 

cau t i ons t o ensu re c o r r e c t dev i ce o r i e n t a t i o n a n d tha t no legs are f o l d e d u n d e r . 

This c o m p l e t e s t h e m o d i f i c a t i o n s . Ref i t t h e processor b o a r d a n d re -assemble t h e 
c o m p u t e r . W h e n p o w e r i s a p p l i e d , y o u s h o u l d see t h e usual r a n d o m c o l l e c t i o n o f 
charac ters o n t h e sc reen . W h e n y o u h i t t h e BREAK key, t h e screen s h o u l d c lear , a n d 
t h e message ' C E G M O N (C)1980 D / C / W / M ? ' s h o u l d appear a t t h e t o p o f t h e sc reen . 
I f n o t h i n g h a p p e n s , o r i f t h e message is g a r b l e d , t u r n o f f t h e m a c h i n e a n d c h e c k t ha t 
each s tep o f these i ns t ruc t i ons has b e e n f o l l o w e d co r rec t l y . 

These m o d i f i c a t i o n s are s i m p l e a n d revers ib le . I f y o u fee l a t all unsu re o f t h e m or o f 
y o u r ab i l i t y t o d o t h e m , get a f r i e n d o r y o u r dea le r t o d o t h e m fo r y o u . 



BASIC 1 and 3 
Replacement PROMs 

I n s t a l l a t i o n 

The t w o rep lacement ch ips are suppl ied as 2716 /2516 type 2K EPROMs, and shou ld be 
instal led as d i rect replacements for the first and th i rd BASIC ROMs. (Confusingly w h i l e 
the exist ing ROMs are usual ly label led BASIC 1 and BASIC 3, their sockets are label led 
BASIC 0 and BASIC 2! Take care). However the polar i ty requirements of the ROMs and 
EPROMs are sl ight ly di f ferent. To avo id the need to mod i fy the CPU board , proceed as 
fo l l ows : 

Bend out pins 18 and 20 on both of the EPROMs. 
Solder a short length of w i re on to each bent-out p i n . 
Identi fy the relevant sockets, remove the exist ing ROMs and insert the EPROMs. 
Take care a) to insert the correct EPROMs in the correct sockets; b) that the bent-out 

pins 1 8 and 20 do not short out anywhere , and that al l other pins are proper ly seated in 
the sockets. 

Connect the wires f rom each p in 18 to ground (Ov). 
The lead f rom pin 20 on each EPROM should be connected to the relevant ch ip select 

as fo l l ows : 
BASIC 1 to BSO: U 1 7 p in 7 on 6 0 0 / U K 1 0 1 ; U 1 6 pin 12 on 502 board 
BASIC 3 to BS2: U17 p in 5 on 6 0 0 / U K 1 0 1 ; U 1 6 p in 10 on 502 board . 

(600 board includes al l C1/Superboard variants; 502 inc ludes all BASIC- in -ROM C2/C4 
series systems). 

Do the usual checks for dry jo ints and the l ike before power i ng up. I f the system does not 
start up correct ly , check the instal lat ion again. In add i t i on , you shou ld note tha t the rated 
access t ime of 450ns of 2716 / 2516 type EPROMs may cause 'speed fa i lure ' prob lems i f 
the 02 l ine is c locked as standard, part icular ly at 2 M H z opera t ion ; i f necessary, t ie the 
02 l ine high by ty ing p in 21 to + 5 V . 

BASIC 1 
Three changes have been made to this part of the BASIC: 

the input 'mask ing ' has been altered to a l l ow d i rect entry of graphics characters and 
cont ro l codes; 

the error messages have been corrected to give SN ERROR rather than S-squiggle, for 
examp le ; 

the superf luous N U L L c o m m a n d has been replaced by a mach ine code CALL instruc
t i on . 

Input masking routine 
The input rout ine no longer ' throws away ' con t ro l and graphics characters. This a l lows 
you to enter them di rect f r om the keyboard , and store and retr ieve them on cassette. 

There is on ly one restr ic t ion: a cont ro l character entered as the first character in a l ine 
w i l l be pr in ted, but w i l l not be stored in the input buffer. This prevents a SN ERROR being 
ca l led on a l ine interpreted after a CTRL-C break or CTRL-Z screen clear under C E G M O N . It 
also prevents certain p rob lems deve lop ing dur ing cassette load . Note that a s t ream'of 
con t ro l characters w i l l al l be treated as 'first characters ' unt i l a non-cont ro l character 
such as SPACE is input ; thereafter they w i l l be stored as ord inary codes. 



/ 3 A * * 
£7rar messages 
The BASIC error messages have n o w been corrected so that the second letter of each r o w 
appears as the correct ASCII letter instead of a graphic character. 

The N U L L instruct ion in OSI's BASIC is superf luous for most purposes: i t on ly a l lows 0-9 
(or 255!) nul ls, stor ing the va lue in 15,6. The instruct ion is l i t t le real use in BASIC, be ing 
more f lex ib ly replaced by the statement POKE 1 5 ,n . 

The N U L L c o m m a n d has thus been replaced by CALL. This a l lows a d i rect cal l to a 
mach ine -code subrout ine at a speci f ied decimal address, descr ibed ei ther as a number 
(CALL 576), a numer ic var iab le ( A = 5 7 6 : CALL A) or a numer ic expression ( A = 5 1 2 : 
B = 6 4 : CALL A + B ) , ca lcu la ted as a signed f i f teen-bi t integer. This means that addresses 
above 32767 have to be expressed as negative numbers, subtracted f rom 6 5 5 3 5 . For 
examp le : 

CALL 576 calls a user rout ine at $0240 , 5 7 6 1 0 

[the USR equiva lent is POKE 11 ,64 : POKE 12 ,2 : X=USR(X)J 
CALL - 7 6 7 calls the keyboard rout ine a t $FD00 , 6 4 7 6 8 , 0 

[the USR equiva lent is POKE 11 ,0 : POKE 12 ,253 : X=USR(X) ] 
Un l i ke USR(X), CALL has no bu i l t - in means of t ransferr ing var iables; however , the 

INVAR ($AE05) and O U T V A R ($AFC1) subrout ines can be used to do this w i t h i n your 
mach ine -code rout ine. CALL does not interfere ei ther w i t h USR or its pointers at 1 1 , 12. 

O n e extensive al terat ion has been made, to correct the string-array hand l ing of the 
'garbage co l lec tor ' rout ine. The rout ine was wr i t ten by Richard Stibbons and pub l ished 
in the OSI /UK User G r o u p Newslet ter . The system's 'housekeep ing ' of al l var iables and 
strings is n o w sl ight ly faster, and runs correct ly for str ing arrays. M a x i m u m t ime for re
sort ing the storage space du r ing a program is of the order of a few seconds (wh ich 
compares very we l l against n e w - R O M Pets, w h i c h can take up to twenty minutes!) . 

CALL 

B A S I C 3 


