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AVMAC: AN ASSEMBLY LANGUAGE FOR THE AYDIN 5214A 

REFRESH DISPLAY GENERATOR 

ABSTRACT 

We p r e s e n t  an i n s t r u c t i o n  s e t  and program l i s t i n g  f o r  AVMAC, a n  assembly 

language f o r  t h e  Aydin 5214A Refresh Disp lay  Generator .  AVMAC runs  on a 

Varian V-70 s e r i e s  computer. We d e s c r i b e  t h e  mnemonics and a p p r o p r i a t e  param- 

e t e r  l i s t ,  f o r  each Aydin ope ra t ion ,  needed t o  g e n e r a t e  t h e  Aydin machine 

code. 

INTRODUCTION 

AVMAC i s  a n  assembly language f o r  t h e  Aydin 52148 ~ e f r e s h  Disp lay  

Generator ,  a c r o s s  assembler t h a t  runs  on a Varian V-70 s e r i e s  computer w i t h  

Vortex System. The code c o n s i s t s  of  macros, f o r  t h e  Varian DASMR Maero 

Assembler, which d e f i n e  Aydin d i s p l a y  g e n e r a t o r  ope ra t ions .  Aydin mnemonics 

along w i t h  a p p r o p r i a t e  parameter l i s t s  g e n e r a t e  t h e  Aydin machine code. 

Often used Aydin ope ra t ions  o r  sequences of  o p e r a t i o n s  can  b e  de f ined  wi th  . 

macros. 

I n  t h e  fo l lowing  we d e s c r i b e  each o p e r a t i o n  o f  AVMAC. Words i n  i t a l i c s  

a r e  o p t i o n a l  o r  d e f a u l t  t o  a ze ro  v a l u e .  A s ix -cha rac t e r  alphanumeric symbol 

can b e  used a s  a t a g  i n  t h e  f i r s t  p o s i t i o n  i n  each l i n e .  A l l  . l i n e s  which 

s t a r t  w i t h  a n  * ( a s t e r i s k ) .  a r e  t r e a t e d  a s  comments. The l a s t  l i n e  -of t h e  

code must be  a n  END ca rd .  Each Aydin o p e r a t i o n  i s  desc r ibed  by i t s  mnemonic 

followed by a parameter l i s t  where each i t em i s  de l imi t ed  by commas. Two 

ad jacen t  commas may be  used t o  s p e c i f y  0.  Commas a r e  n o t  necessary  i f  t h e  

l a b e l ,  OP code, and v a r i a b l e  f i e l d  convent ions of t h e  DASMR assembler  a r e  

observed. 

For mnemonics, t h e  mneominic u s u a l l y  corresponds t o  t h e  v a l u e  1. 

Defaul t  i s  t h e  oppos i t e  c a s e  and corresponds t o  t h e  v a l u e  V. Note t h a t  a l l  

numbers may ' be  w r i t t e n  a s  decimal o r  o c t a l .  A l l  o c t a l  numbers must b e  pre- 

ceded by a 0; decimal  numbers may n o t  b e  preceded by 0 .  

Some o p t i o n a l  symbols a r e  de f ined  a t  t h e  end o f  t h e  program l i s t i n g  i n  

Appendix B. 



INSTRUCTION SET 

Each d i s p l a y  gene ra to r  i n s t r u c t i o n  i s  a  16 -b i t  word, c o n s i s t i n g  of a n  

OP code f i e l d  ( 4  t o  7 b i t s )  and one o r  more a d d i t i o n a l  f i e l d s .  A l l  o f  t h e  

i n s t r u c t i o n s  a r e  s i n g l e  word i n s t r u c t i o n s  except  BXM (b lock  t r a n s f e r  mode), 

and t h e  o p t i o n a l  i n s t r u c t i o n s  LLU ( l o a d  look-up) and LPF ( load  programmable 

f o n t ) ,  which must b e  followed by one o r  more d a t a  words. 

I n s t r u c t i o n  mnemonics, word formats ,  and b i t  assignments  a r e  g iven  wi th  

each i n s t r u c t i o n  d e s c r i p t i o n  below. 

Automatic Cursor Advance (ACA) Word 

ACA 

y  s i g n  
0 = down l' ' 1 = up 

y  magnitude 

0 = r i g h t  
x  s i g n  

1 = l e f t  

x  magnitude 1 

Usag.5. ' 
<-.- -. .. 

s ymbo Z 

UP 
down 

ACA , 0 
1 
./c 

, y  va lue ,  I l e f t  
r i g h t  

0 
1 * 

, x va lue  

where * is  any u s e r  de f ined  symbol equa l  t o  e i t h e r  0 o r  1, o r  omission of 

t h i s  parameter  f o r  0 .  

The ACA word s p e c i f i e s  t h e  amount by which t h e  c u r s o r  i s . t o  be  moved 

each time. a, memory w r i t e  oper .at ion i s  performed i n  t h e  g raph ic  mode. A s  

noted i n  t h e  MCW (mode c o n t r o l  word) d e s c r i p t i o n  below, t h e  c u r s o r  movement 

is  predetermined by the  s e l e c t e d  f o n t  i n  t h e  alphanumeric mode i f  t h e  A/N 

f l a g  of MCW i s  0 .  - 2- 



Each of  t h e  f i e l d s ,  ACA and ACAx, s p e c i f i e s  a magnitude a n d ' d i r e c t i o n .  
Y 

The magnitude of t h e  c u r s o r  advance may b e  0 t o  3 1  r a s t e r  l i n e s  i n  t h e  y 

d i r e c t i o n  and 0 t o  3 1  p i c t u r e  elements i n  t h e  x d i r e c t i o n .  

Block Transfer  Mode (BXM) 

BXM 

Word count f i e l d  f 
The BXM i n s t r u c t f o n  i s  used t o  t r a n s f e r  a b l o c k  of d a t a  words from t h e  

h o s t  computer t o  t h e  r e f r e s h  memory. The b lock  l e n g t h  i s  g iven  by t h e  number 

of words s p e c i f i e d  i n  t h e  word count  f i e l d  (up t o  2047). BXM must always b e  

fol lowed by t h e  number of words s p e c i f i e d  i n  t h e  word f i e l d  count  f i e l d .  The 

d a t a  words fo l lowing  BXM may r e p r e s e n t  g raph ic  d a t a  o r  c h a r a c t e r  codes,  a s  

explained below. Vectors  and con ic s  can  b e  w r i t t e n  only  by t h e  EXC (execute  

conic  i n s t r u c t i o n )  ' command, and cannot b e  s p e c i f i e d  by a b lock  t r a n s f e r ,  

except  a s  g raph ic  d a t a .  

Usage. Type 

symboZ., BXM, wordcount 

symbol, DATA, word 1, word 2 ,  . . . . , word n 

f o r  g raph ic s  o r  

symbol, DATA, 'abcdefg ' 
f o r  alphanumerics where each word i s  decimal o r  o c t a l .  .The two c h a r a c t e r s  

pe r  word i n  t h e  Varian a r e  packed i n  r e v e r s e  o r d e r  i n  t h e  Aydin. Therefore ,  

t o  w r i t e  ' abcdefg '  you must type  'badcfe g ' .  



Cursor Pos i t i on ing  (LCX, LCY, and CUR) 

LCX 

LCY O 1 1 1 1 R - A A A A A A A A A  
Y Y Y Y Y Y Y Y Y  

Cursor x ,  y  
R e l a t i v e  f l a g  coord ina t e  v a l u e  

. R e l a t i v e  movement 
depends on  d i s p l a y  mode 

The s t a r t  address  of r e f r e s h  memory r ead  and w r i t e  o p e r a t i o n s  i s  spec- 

i f i e d  by t h e  cu r so r  x and y  coord'inates i n  t h e  p i c t u r e  element ma t r ix .  The 

l e a s t  s i g n i f i c a n t  9 b i t s  of LCX, LCY a r e  loaded i n t o  t h e  c u r s o r  coun te r s  upon 

execut ion.  I f  t he  r e l a t i v e  f l a g  i s  set ,  t h e  v a l u e s  of A o r  A a r e  added t o  
X Y 

t h e  p re sen t  cu r so r  l o c a t i o n  C o r  C I f  t h e  r e s u l t  o f  LCX o r  LCY p l a c e s  t h e  
X Y *  

cu r so r  o u t s i d e  t h e  c u r r e n t  va lues  o f  t h e  l i m i t s ,  a n  overf low e r r o r  message 

i s  s e n t  t o  t h e  computer. 

The CIJR i n s t r u c t i o n  al . lows mnvement o f  the c u r s o r  i n  bo th  t h e  x  and y  

d i r e c t i o n s  wi thou t  i s s u i n g  a  p a i r  o f  LCX, LCY commands. This  i n s t r u c t i o n  i s  

J s i m i l a r  t o  a  r e l a t i v e  LCX o r  LCY, except  t h a t  t h e  number of  p i c t u r e  elements  

by which t h e  c u r s o r  p o s i t i o n  i s  incremented i s  s p e c i f i e d  as shown i n  Table 1. 

With t h e  a p p r o p r i a t e  b i t  s e t t i n g s ,  CUR provides  common f u n c t i o n s  such a s  

c a r r i a g e  r e t u r n  and l i n e  f eed  ( C R ~ L F ) ,  backspace and l i n e  f e e d  (BSILF), HOME, 

e t c .  



Table 1. Cursor advance v s  d i s p l a y  mode. 

Disp lay  mode Cursor x  Cursor y  
- ~ ~ - 

Graphic ACAx (0  t o  31) 

Alphanumeric ACAx (0  t o  31) 
I 

(A/N b i t  of  MCW = 1 )  

Alphanumeric 
(A/N b i t  of MCW = 0) 

5 x 7 f o n t  

7 x 9  f o n t  

p~ ~ - - - -  ~ - -  ~ 

ACA (0 t o  31) 
Y 

ACA (0 t o  31) 
Y 

1 0  x 1 4  f o n t  16  16  , 

1 6  x 15  prog.  f o n t  x  c u r .  adv. y  p i t c h  
( s e e  LPF) 

Usage. Type 

r Re 

symbol, LCY 

, x v a l u e  

, y v a l u e  

symboZ, CUR, o c t a l  e x p r e s s i o n , ' d o t  

I n  a d d i t i o n  t o  t h e  Aydin i n s t r u c t i o n s  t h e  fo l l owing  ope ra t i ons  a r e  

a v a i l a b l e .  They a l l  use  t h e  CUR i n s t r u c t i o n .  

To move t h e  c u r s o r  home, t ype  

symbo 2 ,  HOME 

For c a r r i a g e  r e t u r n  and l i n e  f eed ,  t ype  

For back space  and l i n e  f eed ,  type  

symboZ, BSLF 



For  l i n e  f e e d ,  t y p e  

symbol, LF 

For c a r r i a g e  r e t u r n ,  t y p e  

symbol, CR 

For  s p a c e ;  t y p e  

symbol,  ,SPACE . . . 

S c r o l l i n g  and C l e a r i n g :  E d i t  I n s t r u c t i o n  (EDT) 

1 5  9 8 3 2 1 0  

C l e a r  b i t s  
S c r o l l  b i t  

EDT 

The e d i t  i n s t r u c t i o n  p r o v i d e s  f o r  c l e a r i n g  any combina t ion  of s e l e c t e d  

channe l s  s i m u l t a n e o u s l y ,  e i t h e r  t o  a l l  1's o r  a l l  0 ' s .  I n  a d d i t i o n ,  a l l  d a t a  

w i t h i n  t h e  r e c t a n g u l a r  l i m i t s  may b e  s c r o l l e d  up o r  down one  r a s t e r  l i n e  w i t h  

t h e  s c r o l l  i n s t r u c t i o n .  The t h r e e  l e a s t  s i g n i f i c a n t  b i t s  o f  t h e  e d i t  in -  

s t r u c t i o n  a r e  decoded a s  shown i n  T a b l e  2 .  

T a b l e  2 .  L e a s t  s i g n i f i c a n t  t h r e e  b i t s  of e d i t  i n s t r u c t i o n .  

I 

1 0 1 0 0 1 1  

Bit No, 

- - - - - -  1 / Z  CLR U/D 

1 
CLR Meaning 

- - . - - -- 

S c r o l l  down 

ScrrIl.1. 11p 

0  1 x Clear t o  0 ' s  

1 1 x C l e a r  t o  1's 



S c r o l l  

.Zeros i n  b i t s  1 and 2 of EDT d e f i n e  t h e  s c r o l l  i n s t r u c t i o n .  This  in-  

s t r u c t i o n  causes t he  d isp layed  d a t a  i n  s e l e c t e d  channels  t o  move up o r  down 

one v e r t i c a l  element.  The s c r o l l  o p e r a t i o n  i s  performed only  on  d a t a  w i t h i n  

the  p rev ious ly  def ined  r ec t angu la r  l i m i t s .  Data i n  each s e l e c t e d  channel  i s  

s c r o l l e d ,  s t a r t i n g  wi th  t h e  lowest .  channel  number and proceeding u n t i l  a l l  

s e l e c t e d  channels  have been s c r o l l e d .  The execut ion  time f o r  t h e  s c r o l l  i n -  

s t r u c t i o n  depends on the  number of channels  s e l e c t e d ,  N ,  and t h e  v a l u e s  of 

t he  r e c t a n g u l a r  l i i w i  t s : 

t = , ( RL-,,I 
s c r o l l  

x (BL-TL)] x 4.8 us 

f o r  RL-LL = 512, BL-TL = 512, N = 1, and t = 79 m s .  
s c r o l l  

Clear  

B i t  1 of  EDT s p e c i f i e s  t h a t  a  memory c l e a r  o p e r a t i o n  i s  t o  be  performed. 

A l l  s e l e c t e d  memory channels  a r e  c l e a r e d  t o  0 ' s  i f  b i t  1 = 0 o r  a r e  c l e a r e d  

t o  1's i f  b i t  1 = 1. Se lec t ed  channels  a r e  s imul taneous ly  c l e a r e d  w i t h i n  t h e  

c u r r e n t  v a l u e s  of t h e  r e c t a n g u l a r  l i m i t s ,  and t h e  maximum execut ion  t ime f o r  

512 x 512 i s  28 m s .  

Usage. 

To s e t  t o  O ' s ,  type  

s ymbo L , CLEAR 

To set t o  1 's .  type 

symbol, . SETIS 

To s c r o l l  up,  type  

symbol, SCRLUP 

TO s c r o l l  down, type  

symbo Z , S CRLDN 

V e c t o r / ~ o n i c  Generator :  Execute Conic I n s t r u c t i o n  (EXC) 

D i s c r e t e  approximations t o  v e c t o r s ,  and c i r c l e s ,  a r e  computed and 

w r i t t e n  i n t o  a l l  s e l e c t e d  memory channels  by t h e  EXC i n s t r u c t i o n .  The 



r ec t angu la r  l i m i t s  w i t h i n  which con ic s  a r e  w r i t t e n  a r e  s p e c i f i e d  by LRR ( load  

r e c t a n g u l a r  l i m i t s ,  r i g h t ) ,  LRT ( load  r e c t a n g u l a r  l i m i t s ,  t o p ) ,  and LRB ( load  

r e c t a n g u l a r  l i m i t s ,  bottom), i n s t r u c t i o n s  w i t h  t h e  con ic  l i m i t  f l a g  s e t .  

These l i m i t s  a r e  independent of t h e  l i m i t s  used t o  d e f i n e  a r e a s  t o , b e  s c r o l l e d ,  

c l e a r e d ,  t r ansmi t t ed ,  o r  w r i t t e n  i n t o  w i t h  BXM, LGE ( load  g r a p h i c  e lements ) ,  

o r  LAC ( load  alphanumeric c h a r a c t e r )  i n s t r u c t i o n s .  

EXC 1 0 1 O 1 O O C I C O R R R R R R R .  

-* .. . 
Conic Ro ta t ion  
type  . ( f o r  e l l i p s e s  only)  

Vectors 

The end p o i n t  coo rd ina t e s  a r e  loaded i n t o  t h e  index x  and y  r e g i s t e r s .  

The s t a r t  p o i n t  is  t h e  cu r so r  l o c a t i o n .  Having s p e c i f i e d  t h e s e  parameters ,  

a n  EXC i n s t r u c t i o n ,  s e t  f o r  v e c t o r s ,  w i l l  cause  t h e  v e c t o r  t o  b e  drawn. Thc 

cu r so r  i s  pos i t i oned  a t  t h e  end p o i n t  when t h e  v e c t o r  i s  complete.  End-to-end 

v e c t o r s  a r e  drawn by r e s p e c i f y i n g  t h e  end p o i n t  and i s s u i n g  ano the r  EXC in -  

s t r u c t i o n .  Random v e c t o r s  a r e  drawn by r e l o a d i n g  both  t h e  c u r s o r  and index  

r e g i s t e r s  and i s s u i n g  EXC. Computation and execut ion  r e q u i r e  40 u s / p o i n t .  

Usage. Type 

s p h n l ,  VECTOR, x end p o i n t  v a l u e ,  y end p o i n t  v a l u e  

This  r e s u l t s  i n  code which loads  t h e  x-index r e g i s t e r  and t h e  y-index 

r e g i s t e r  and executes  the  v e c t o r .  

C i r c l e s  

The r a d i u s  is  s t o r e d  i n  t h e  index  x  r e g i s t e r ,  and t h e  c e n t e r  p o i n t  i s  

t h e  cu r so r  l p c a t i o n .  The c i r c l e  thus  de f ined  i s  then  drawn by t h e  EXC in-  

s t r u c t i o n  s e t  f o r  c i r c l e s .  Upon complet ion of  t h e  c i r c l e ,  t h e  c u r s o r  i s  

pos i t i oned  a t  C + R ,  C where t h e  s u b s c r i p t s  x  and y a r e  t h e  c e n t e r  
xo YO' 0  0  

coord ina tes .  The time t o  execute  a  c i r c l e  i s  80 u s / p o i n t .  



Usage. Type 

symbol, CIRCLE, r a d i u s  

T h i s  r e s u l t s  i n  code  t h a t  l o a d s  t h e  x-index r e g i s t e r  and e x e c u t e s  t h e  

c i r c l e .  

Load Alphanumeric C h a r a c t e r  (LAC) 

C h a r a c t e r  code  

LAC 

The s e v e n  l e a s t  s i g n i f i c a n t  b i t s  o f  LAC s p e c i f y  one  o f  1 2 8  p o s s i b l e  

c h a r a c t e r  codes .  T h i s  code  a d d r e s s e s  a l l  o f  t h e  c h a r a c t e r  f o n t s ,  b u t  o n l y  

t h e  o u t p u t  o f  t h e  f o n t  s p e c i f i e d  i n  MCW w i l l  b e  w r i t t e n .  L i m i t  checks  a r e  

performed b e f o r e  t h e  c h a r a c t e r  i s  w r i t t e n  and  t h e  c u r s o r  i s  advanced a f t e r  

t h e  w r i t e  o p e r a t i o n  h a s  been  performed.  B i t  9 o f  LAC p e r m i t s  indexed  

a d d r e s s i n g  as d e s c r i b e d  f o r  LGE. MCW must s p e c i f y  t h e  a lphanumeric  mode 

1 0 0 1 1 0 1 - - b b b b b b b  
7 6 5 4 3 2 1  

when LAC i s  u s e d .  C h a r a c t e r s  may a l s o  b e  w r i t t e n  i n  t h e  b l o c k  t r a n s f e r  mode. 

I J 

Indexed a d d r e s s  
f l a g  1 

C h a r a c t e r  Block D e f i n i t i o n  

A s s o c i a t e d  w i t h  e a c h  c h a r a c t e r  f o n t  i s  a f i x e d  c h a r a c t e r  b l o c k  area with- 

i n  which t h e  c h a r a c t e r  s p e c i f i e d  by LAC i s  w r i t t e n .  The c u r s o r  p o s i t i o n  a t  

t h e  s t a r t  o f  LAC i s  t h e  t o p  l e f t  p i c t u r e  e lement  o f  t h e  c h a r a c t e r  b l o c k  a r e a ,  

and t h e  c h a r a c t e r  i s  w r i t t e n  one l i n e  a t  a t i m e  f rom t o p  t o  bottom. 

I f  d i f f e r e n t  a d j a c e n t  c h a r a c t e r  s p a c i n g s  a r e  r e q u i r e d ,  t h e  A/N ACA f l a g  

o f  MCW may b e  set and t h e  d e s i r e d  s p a c i n g s  s p e c i f i e d  by a n  ACA i n s t r u c t i o n  

Usaxe. Type ( f o r  upper  c a s e )  .... -,,,,.. ".- 

symboZ, LAC, 'ASCII c h a r a c t e r ' ,  



The ASCII c h a r a c t e r  t o  b e  d i s p l a y e d  i s  e n c l o s e d  i n  s i n g l e  q u o t e s  

( s h i f t  7 ) .  For  lower  c a s e  symbols u s e  the -  o c t a l  o r  d e c i m a l  e q u i v a l e n t  o f  t h e  

ASCII c h a r a c t e r .  Type 

symbol, LAC, number, 

Load Graphic  Elements (LGE) 

LGE 

Indexed a d d r e s s  
f l a g  

P i c t u r e  e lement  
d a t a  f i e l d  

T h i s  i n s t r ~ . ~ c t i o n  w r i t e s  e i g h t  b i t s  o f  p i c t u r e  e l e m e n t s  d a t a  i n t o  a l l  

s e l e c t e d  memory c h a n n e l s ,  s t a r t i n g  a t  t h e  memory l o c a t i o n  a d d r e s s e d  b y  t h e  

c u r s o r  x and y  c o o r d i n a t e s .  I f  b i t  9 i s  s e t ,  t h e  a c t u a l  s t a r t i n g  a d d r e s s  f o r  

t h e  memory w r i t e  i s  C + Ix, C + ' I  where  C i s  t h e  c u r s o r  c o o r d i n a t e  and I 
X Y Y '  

d e n o t e s  t h e  i n d e x  r e g i s t e r  c o n t e n t .  

Data f o r  s i n g l e  p i c t u r e  e lements  i s  e n t e r e d  u s i n g  LGE w i t h  t h e  OR 1's 

memory i n p u t  mode s e l e c t e d .  A f t e r  LGE h a s  performed t h e  memory w r i t e ,  t h e  

c u r s o r  i s  advanced t o  t h e  r i g h t  b y  t h e  number o f  p i c t u r e  e l e m e n t s  s p e c i f i e d  

by ACA. The programmer may e n t e r  f rom 1 t o  8 g r a p h i c  e l e m e n t s  and  move t h e  

c u r s o r  t h e  d e s i r e d  amount ( 1  t o  32  p i c t u r e  e lements )  b y  t h e  s e t t i n g  of ACA . 
X 

The g r a p h i c  d i s p l a y  mode must b e  s e l e c t e d  b e f o r e  LGE i s  e x e c u t e d .  Graph ic  

d a t a  may also b e  e n t e r e d  i n  t h e  b l o c k  t r a n s f e r  mode. 

Usage. Type 

oymboZ, LGE, p i c t u r e  e l e n ~ e ~ i t s ,  

where IND c a u s e s  i n d e x i n g .  



Load Index R e g i s t e r s  (LIX and LIY) 

LIX 

l o o o o o l \  
9  

LIY ' 11 0 0 0 0 111 

The l e a s t  s i g n i f i c a n t . 1 0  b i t s  o f  LIX and  LIY s p e c i f y  t h e  c o n t e n t s  o f  t h e  

x  and y  i n d e x  r e g i s t e r s ,  r e s p e c t i v e l y .  The i n d e x  r e g i s t e r s  p r o v i d e  indexed 

r e f r e s h  memory a d d r e s s i n g  f o r  t h e  LAC and LGE d i s p l a y  i n s t r u c t i o n s ,  as w e l l  

as s t o r a g e  o f  p a r a m e t e r s  used  i n  s p e c i f y i n g  c o n i c s  ( s e e  t h e  EXC i n s t r u c t i o n ) .  

Usage. Type . - 
symbol,  LIX, x  v a l u e  

symhnl, TdIY, y  v a l u e  

Load Look-Up Tab le  (LLU) 

1 5  9 8 -  6 5  

LLU 

~ l i h k  Blue  Green Red 

COLOR/intensity 
d a t a  word 

LLU i s  a  two-word i n s t r u c t i o n  u s e d  t o  i n i t i a l l y  d e f i n e  t h e  c o l o r  d a t a  

words s t o r e d  i n  t h e  look-up t a b l e .  The w f i e l d  o f  LLU s p e c i f i e s  t h e  add ' ress  

i n  t h e  c o l o r  t a b l e  a t  which t h e  subsequen t  c o l o r  d a t a  word i s  s t o r e d .  The 

c o l o r  d a t a  word h a s  t h r e e  4 - b i t  f i e l d s ,  o n e  f o r  e a c h  p r imary  c o l o r  ( r e d ,  

g r e e n ,  and b l u e ) .  Each f i e l d  r e p r e s e n t s  1 o f  1 6  p o s s i b l e  i n t e n s i t y  l e v e l s  
1 2  

f o r  each  p r imary  c o l o r .  The u s e  o f  4  b i t s  p e r  p r imary  c o l o r  g i v e s  2  o r  

4096 d i f f e r e n t  c o l o r  d a t a  words.  The c o l o r  t a b l e  p r o v i d e s  s t o r a g e  f o r  a n y  

64 o f  t h e  4096 p o s s i b l e  c o l o r s  t h a t  t h e  programmer w i s h e s  t o  u s e .  However, 
N 

o n l y  2  (N 5 6  memory channe l )  c o l o r  d a t a  words may b e  a d d r e s s e d .  F o r  

example,  5 memory c h a n n e l s  p e r m i t  32 c o l o r s  t o  b e  s i m u l t a n e o u s l y  d i s p l a y e d .  

The LLU i n s t r u c t i o n  may b e  used t o  a l t e r  t h e  c o l o r  o f  a d i s p l a y e d  image 

w i t h o u t  a l t e r i n g  ' t h e  c o n t e n t s  o f  any o f  t h e  r e f r e s h  memory c h a n n e l s .  

- - 4 3 2 1  4 3 2 1  
- B B B B B - G G G G - R R R R  

4 3 2 1  



Usage. Type 

symbol, LLU, word number, c o l o r  

Note: word number i s  n o t  complemented. - 
The assembler  recognizes  t h e  fo l lowing  f u l l  i n t e n s i t y  c o l o r s .  BLACK, 

WHITE, RED, GREEN, BLUE, MAGENT, CYAN, YELLOW. 

For b l i n k i n g  of t h e  above c o l o r s  u se  t h e  fol lowing:  BWHITE, BRED, 

BGREEN, BBLUE, BMAGEN, BCYAN, BYELLOW. 

A l l  t h e  o t h e r  p o s s i b l e  c o l o r s  of  o t h e r  i n t e n s i t i e s  may be  de f ined  by t h e  

use r  i n  t h e  fo l lowing  manner: type  

c o l o r ,  EQU, o c t a l  express ion  o r  decimal number 

where t h e  o c t a l  express ion  i s  t h e  c o l o r / i n t e n s i t y  word descr ibed  above. The 

co lo r  EQU s t a t emen t  must precede i t s  u s e  i n  a n  LLU s t a t emen t .  

Programmable Font:  Load Programmable Font (LPF) 

LPF 

x cur .  adv. y  p i t c h  x  p i t c h  

LP F  

D D D D D D D D D D D D D D D D  

0 0 

Charac ter  
Data (next  
1 5  con- 
s e c u t  i v e  
words) 

XA4 XA3 XA2 XA1 XAo X X X X  x , y  p i t c h  

LPF i s  a  m u l t i p l e  word i n s t r u c t i o n  used t o  s p e c i f y  any one of  t h e  64 

c h a r a c t e r s  i n  t h e  programmable f o n t .  The 16  words which fo l low LPF a r e  s t o r e d  

i n  s e q u e n t i a l  l o c a t i o n s  of t h e  programmable f o n t  RAM (random acces s  memory), 

sta~,:tj,ng a t  the address specified by b i t s  0 through 5  of  LPF, To load  a l l  

64 c h a r a c t e r s ,  i t  i s  necessary  t o  i s s u e  64 d i f f e r e n t  LPF i n s t r u c t i o n s ,  each 

followed by 16  d a t a  words i n  t h e  format shown above. An x  p i t c h  f i e l d  v a l u e  

of 0 s p e c i f i e s  and x p i t c h  of one p i c t u r e  element;  t h e  v a l u e  1 5  s p e c i f i e s  an  

x pitch of l 6 &  

O 1 word vu- 



Each programmed c h a r a c t e r  may have a y dimension of 2 t o  1 5  p i c t u r e  

elements ,  and a n  x dimension of  1 t o  16  p i c t u r e  elements  i s . s p e c i f i e d  i n  t h e  

x and y p i t c h  f i e l d s .  Cursor advance informat ion  i s  a l s o  s p e c i f i e d  by t h e  

p i t c h  word. A f t e r  a programmed c h a r a c t e r  i s  w r i t t e n ,  t h e  XA (x  advance) 

f i e l d  determines t h e  amount of cu r so r  x advance, and t h e  y p i t c h  f i e l d  de te r -  

mines t h e  cu r so r  y advance when a new l i n e  i s  begun. The y p i t c h  f i e l d  a l s o  

s p e c i f i e s  t he  c h a r a c t e r  b lock  y dimension. Note t h a t  when load ing  t h e  f o n t ,  

LPF must be followed by a p i t c h  word and 1 5  d a t a  words, even i f  t h e  programmed 

c h a r a c t e r  occupies  l e s s  than  15  s c a n  l i n e s .  When t h e  c h a r a c t e r  i s  d isp layed ,  

only t h e  number of l i n e s  s p e c i f i e d  i n  t h e  y p i t c h  f i e l d  a r e  d i sp l ayed .  

Usage. Type 
symbol name 

s ~ m b o Z y  LPFy o c t a l  express ion  1 , x cu r .  adv. ,  y p i t c h ,  x p i t c h  

L decimal number 1 

where t h e  symbol name i s  def ined  by an  EQU s ta tement .  

symbol, DATA, word 1, word 2 ,  . . , . . . . . .., word 15 

Load Kectangular Limits  (LRR, LRL, LRT, and LRB) 

L e f t  - LRL 1 0  1 0  1 o I c L I L L  L L L L  L L L  L I  

TOP - LRT 1 0  1 1  o O ~ C L ~ T T  T T T  T T T T T I  

Right  - LRR C L R R . R R R R R R R R  

1 = con ic  Binary v a l u e  of l i m i t  

Bottom - LRB 

The 10  l e a s t  s i g n i f i c a n t  b i t s  o f  t h e  l i m i t  i n s t r u c t i o n s  a r e  t h e  b ina ry  

va lues  of t l ie r e c t a n g u l a r  l i m i t s ,  though only  t h e  9 l e a s t  s i g n i f i c a n t  b i t s  

0 1 1  O . ~ I C L I B  B B B B B B B B B 

a r e  normally used .  Two independent s e t s  of l i m i t s  a re  s t o r e d  - one s e t  f o r  

u se  i n  d e f i n i n g  a r c s  of conics  i n  conjunct ion  w i t h  t h e  EXC i n s t r u c t i o n  

\ v 1 

(en tered  w i t h  t h e  conic  f l a g  b i t  s e t ) ,  and one s e t  f o r  u s e  i n  a l l  o t h e r  

-13- 



ope ra t ions .  Limit  va lues  en t e red  w i t h  t h e  con ic  f l a g  b i t  r e s e t  d e f i n e  a  

r e c t a n g u l a r  a r e a  w i t h i n  which a l l  subsequent  o p e r a t i o n s  on r e f r e s h  memory 

d a t a  a r e  performed. Data which has  been p rev ious ly  s t o r e d  o u t s i d e  t h e  c u r r e n t  

l i m i t s  a r e  s t i l l  d isp layed .  The l i m i t  v a l u e s  apply  t o  a l l  memory channels  

i n  t h e  u n i t .  

The o r i g i n  of x , y  coo rd ina t e s  i s  i n  t h e  upper lef t -hand c o r n e r  of  t h e  

CRT sc reen .  The p o s i t i v e  x  d i r e c t i o n  i s  from l e f t  t o  r i g h t ,  and t h e  p o s i t i v e  

y  d i r e c t i o n  i s  from top t o  bottom. The top  and bottom l i m i t s  de te rmine  t h e  

range through which t h e  cu r so r  y coo rd ina t e  may move. When t h e  c ~ l r s o r  y  

exceeds LRB, t h e  cu r so r  y  i s  au toma t i ca l ly  r e s e t  t o  LRT ( v e r t i c a l  wraparound). 

LRT must always be l e s s  than LRB. When t h e  c u r s o r  x  coo rd ina t e  exceeds LRR, 

t h e  cu r so r  x i s  au toma t i ca l ly  r epos i t i oned  a t  t h e  l e f t  l i m i t  ( h o r i z o n t a l  

wraparound) and t h e  cu r so r  y  coo rd ina t e  i s  advanced a s  d i r e c t e d  by ACA o r  t h e  

f o n t  s p e c i f i e d  i n  MCW. 

A s p e c i f i c a t i o n  of t h e  r e c t a n g u l a r  l i m i t s  i s  e s s e n t i a l  f o r  b lock  t r a n s f e r  

i n p u t s  ( s e e  t h e  BXM i n s t r u c t i o n  f o r  f u r t h e r  d e t a i l s ) ,  d e f i n i n g  a r e a s  i n  which 

d a t a  i s  t o  b e  read  back t o  t h e  computer ( s e e  t r a n s m i t  s e l e c t e d  channel ,  TSC, 

below), and d e f i n i n g  a r e a s  t o  b e  s c r o l l e d  o r  c l e a r e d  ( s e e  t h e  EDT i n s t r u c t i o n ) .  

For g raph ic  o r  alphanumeric b lock  t r a n s f e r s ,  a s  w e l l  a s  f o r  ' t he  s c r o l l  

and t r ansmi t  ope ra t ions ,  t h e  l e f t  and r i g h t  l i m i t  v a lues  a r e  t r u n c a t e d  by t h e  

hardware s o  t h a t  t h e  q u a n t i t y  (LRR - LRL + 1) /16  i s  a n  i n t e g e r  between 1 and 

32;  t h e  f o u r  LSB's of LRL a r e  t runca ted  t o  0 ' s  and t h e  f o u r  LSB's of  LRR a r e  

rounded t o  1 's .  

Usage. 'I'ype 

LRL 

, o c t a l  exp res s ion  o r  decimal  
number 

Example : 

symbol, , LRL 

w i l l  s e t  nonconic l e f t  l i m i t  t o  0 .  



Mode Cont ro l  Word (MCW) 

Memory inpu t  mode s e l e c t  I I 

MCW 

Font s e l e c t  (A/N mode o111.~)- I 
Display Mode S e l e c t  alphanumeric = 0 

g raph ic  = 1 1 

o 1 o o o 

Display Mode S e l e c t i o n  

I f  ' b i t  0  5s set ,  graph ic  informat ion  may b e  w r i t t e n  i n t o  t h e  r e f r e s h  

memory us ing  t h e  LGE o r  BXM i n s t r u c t i o n s .  I f  b i t  0  i s  r e s e t ,  alphanumerics 

may b e  w r i t t e n  us ing  LAC o r  BXM i n s t r u c t i o n s .  

Alphanumeric mode ACA f l a g  t 
- - 

Font S e l e c t i o n  

I n  t h e  alphanumeric mode ( b i t  0  = O), b i t s  3 and 4 of MCW a r e  decoded 

t o  s e l e c t  t h e  ou tpu t s  of one of f o u r  c h a r a c t e r  f o n t s .  Af t e r  a  c h a r a c t e r  i s  

w r i t t e n ,  t h e  c u r s o r  i s  advanced i n  x and,  i f  t h e  r i g h t  l i m i t  i s  exceeded, i n  

y by t h e  number of p i c t u r e  elements shown i n  Table 3 .  

Table 3. Standard f o n t  c u r s o r  advance. 

A / N Z ~ Z ~ V  F ~ F ~ -  

B i t  No. 
4 3 Font s e l e c t e d  

- 

Cursor advanke 
i n  . s e l e c t e d  f o n t  

(number of  
p i c t u r e  elements)  

X Y 

M 

x cur.adv. y p i t c h  
(programmable 
f o n t )  

B i t s  3 and 4 have no e f f e c t  i n  t h e  g r a p h i c  mode. The x and y c u r s o r  advances 
s h a m  are used unless ljfe 8 of MCW is  sef'. 



Alphanumeric Mode Cursor Advance Flag 

When b i t  8 of MCW ( t h e  A/N f l a g )  i s  s e t ,  t h e  c u r s o r  advance v a l u e s  shown 

above do no t  apply .  I n s t e a d ,  t h e  x  and y  c u r s o r  advance informat ion  i s  spe- 

c i f i e d  by the  ACA word. 

. 
,Memory Inpu t  Mode S e l e c t i o n  

The Z1, ZO,  and V b i t s  ( b i t  numbers 7 ,6 ,5)  of MCW determine t h e  manner 
I 

i n  which d a t a  i s  en tered  tn to  t h e  s e l e c t e d  r e f r e s h  memory channels .  The 

Z b t t s  a re  decoded t o  s e l e c t  one of t h r e e  memory i n p u t  modes. 

MCW b i t  No. 7 6  5  
Designat ion 

z1 zo 

Note t h a t  t h e  V b i t  ( b i t  5 )  a p p l i e s  on ly  i n  t h e  "Replace da ta"  mode. 

Any memory i n p u t  mode may b e  s e l e c t e d  w h i l e  i n  e i t h e r  t h e  alphanumeric o r  

graphic  d i s p l a y  mode. The t h r e e  modes d i f f e r  i n  t h e  manner i n  which i n p u t  

d a t a  i s  condi t ioned  p r i o r  t o  being w r i t t e n  i n t o  t h e  r e f r e s h  memory. An 

example i s  g iven  f o r  each mode i n  t h e  paragraphs which fo l low.  

Memory i n p u t  mode 

0  1 110 

1 0  0  

1 1  X 

OR 1 's Memory Inpu t  Mode 

I n  t h i s  memory i n p u t  mode, on ly  i n p u t  d a t a  b i t s  which a r e  1 o g . i ~  1 ' s  a r e  

en tered  i n t o  t h e  r e f r e s h  memory, w h i l e  d a t a  b i t s  which a r e  l o g i c  0 ' s  a r e  

Replace d a t a  

Erase 1's 

Not de f ined  

ignored.  I n  t h i s  manner, i n p u t  d a t a  i s  e s s e n t i a l l y  OR1ed w i t h  e x i s t i n g  d a t a .  

. For example, suppose t h e  e i g h t - b i t  p a t t e r n  shown below ( r ep resen t ing  e i g h t  

p i c t u r e  elements on a  r a s c e r  l i n e )  i s  w r i t t e n  i n  t h e  OR 1's mode, and t h a t  
* 

t h e  e x i s t i n g  d a t a  i n  t h e  same l o c a t i o n s  i s  a s  shown. By w r i t i n g  o n l y  t h e  

inpu t  d a t a  l o g i c  l ' s ,  t h e  i n p u t  d a t a  i s  e s s e n t i a l l y  OR1ed w i t h  t h e  e x i s t i n g  

d a t a .  



1 0  1 1 1 1 0  1 - E x i s t i n g  d a t a  

1 0 1 0  1 0  1 0  - Input  d a t a  

1 0  1 1 1 1 1 1 - Resul t  when OR 1's mode i s  
s p e c i f i e d  

1's w r i t t e n  i n  l o c a t i o n s  
corresponding t o  l o g i c  1's 

I I I I E x i s t i n g  d a t a  l e f t  unchanged s i n c e  
i n p u t  0  b i t s  a r e  n o t  w r i t t e n  

Erase 1's Memory Inpu t  Mode 

I n  t h i s  mode, i npu t  d a t a  b i t s  t h a t  a r e  l o g i c  1's a r e  w r i t t e n  a s  O ' s ,  and 

a s  i n  t h e  OR 1's mode, i n p u t  d a t a  b i t s  which a r e  0 ' s  a r e  ignored .  The r e s u l t  

o r  a n  e r a s e  1's memory inpu t  i s  shown below f o r  t h e  same b i t  p a t t e r n s  used 

i n  ' t he  OR 1 ' s example. 

1 0  1 1 1 1 0  1 - E x i s t i n g  d a t a  
. - . - .  

1 0  1 0 1 0 1 0  - Input  d a t a  

0  0  0  1 0  1 0  1 - Resul t  when e r a s e  1's mode 
i s  s p e c i f i e d  

0 ' s  w r i t t e n  i n  l o c a t i o n s  
corresponding t o  i n p u t  l o g i c  1 's 

I I I I E x i s t i n g  d a t a  l e f t  unchanged s i n c e  
i n p u t  0  b i t s  a r e  n o t  w r i t t e n  

Replace Data Memory Input  Mode 

This  memory ' i nput  mode s imply r e p l a c e s  e x i s t i n g  d a t a  w i t h  new d a t a .  If 

t h e  V b i t  ( b i t  5),  of MCW is  0 ,  t h e  i n p u t  d a t a  r e p l a c e s  t h e  e x i s t i n g  d a t a .  

I f  t h e  V b i t  i s  1, t h e  e x i s t i n g  d a t a  i s  r ep laced  by t h e  l o g i c a l  i n v e r s i o n  of  

t h e  i n p u t  d a t a .  

1 0 1 1 1 1 1 1 - E x i s t i n g  d a t a  

1 0 1 0  1 0 1 0 - Inpu t  d a t a  

1 0  1 0  1 0 1 0 - Res1.1lt when r e p l a c e  d a t a  mode 
i s  s p e c i f i e d  and V = 0 

0  1 0  1 0  1 0 1 - Resu l t  when r e p l a c e  d a t a  mode 
. . i s  s p e c i f i e d  aud V = 1 



The V b i t  i s  normally used t o  d i s p l a y  alphanumerics a s  co lored  symbols on a 

b lack  background (V = 0) o r  as b l a c k  symbols on  a co lo red  background (V = 1 ) .  

Usage. Type 

u s e  
ACA 

type 
1 o r  * 

ORlS 
RPDAL S * 
o CTAL t 
ERSlS 
RPDA 

Masking. 

MMC 

Mode 
graphic(1)  

o r  
a lpha-  

numeric(0) 

Channel number 
masked by 
corresponding 
b i t  number 

MMC causes  t h e  memory channel  i n p u t s  i n d i c a t e d  i n  t h e  channel  mask f i e l d  

t o  b e  d i s a b l e d ,  i n h i b i t i n g  f u r t h e r  e n t r y  of  d a t a  i n t o  t h e  corresponding 

memory channel .  This  i n s t r u c t i o n  i s  mainly f o r  u s e  by a n  execu t ive  r o u t i n e  

f o r  memory p r o t e c t i o n .  

To ensure  cons i s t ency  i n  programs invo lv ing  p r o t e c t e d  channe l s ,  on ly  

unse l ec t ed  channels  may be  masked, and only  unmasked channels  may b e  s e l e c t e d .  

S e l e c t i n g  a masked channel  causes a n  e r r o r ,  d e s e l e c t i o n  of  the  of fending  

channels ,  and s e l e c t i o n  of  on ly  unmasked channels  t h e r e a f t e r .  S i m i l a r l y ,  t h e  

e r r o r  caused by masking .a s e l e c t e d  channel  i s  c l e a r e d  by unmasking t h e  

channel.  



Usage. Type 

symbol, MMC, o c t a l  express ion  

Example. 

symbol, MMC, 016 

This masks channels  2,  3 ,  and 4 .  

No Operat ion (NOOP) 

Usage. Type 

symbol., NOOP 

This  gene ra t e s  a 0 word. 

The Aydin OP code mnemonic NOP c o n f l i c t s  w i t h  t h e  usage  of  NOP by t h e  

Varian DASMR assembler .  Thus t h e  name has  been changed t o  NOOP. 

Read Look-Up Table (RLU) 

The RLU i n s t r u c t i o n  causes t h e  d i s p l a y  g e n e r a t o r  t o  t r ansmi t  t o  t h e  

computer t h e  con ten t s  of t h e  look-up t a b l e .  The d i s p l a y  gene ra to r  w i l l  

t r a n s m i t . a n  LPF word spec i fy ing  t h e  s p e c i f i c  look-up t a b l e  and addres s  a s  

w e l l  a s  t h e  corresponding d a t a  word f o r  each  of  t h e  64 l o c a t i o n s .  

RLU 

Usage. Type 

symbol, RLU 

Channel Se l ec t ion :  S e l e c t  Major Channel (SMC) 

15  12  11 0 B i t N o .  

SMC L o O O ~ I C C C C C C C C C C C C ~  

12 11 1 0  9 8 7 6 5 4 3 2 1 Channel number 
s e l e c t e d  by  
corresponding 
b i t  number 



The SMC i n s t r u c t i o n  con ta ins  a  12-bi t  channel  s e l e c t  f i e l d .  Each b i t  

of t h e  channel s e l e c t  f i e l d  ( b i t s  0  t o  11)  enables  t h e  i n p u t s  of one of up 

t o  twelve 512 x 512 r e f r e s h  memory channels .  The SMC i n s t r u c t i o n  i s  used t o  

s e l e c t  any combination of  memory channels  f o r  u s e  i n  subsequent i n s t r u c t i o n s .  

Af t e r  SMC, any d a t a  w r i t t e n  i n t o  t h e  r e f r e s h  memory ( c h a r a c t e r s ,  v e c t o r s ,  

e t c . )  a r e  en t e red  i n  t h e  same l o c a t i o n s  i n  each of t h e  s e l e c t e d  channels .  A 

channel  t h a t  i s  n o t  s e l e c t e d  w i l l  r e c e i v e  no f u r t h e r  i n p u t  d a t a ,  b u t  i t s  pre- 
v 

v ious  con ten t s  w i l l  cont inue  t o  b e  d i sp l ayed .  SMC i s  used i n  conjunct ion  

wi th  MMC t o  provide  memory p r o t e c t i o n  (desc r ibed  e a r l i e r ) .  SMC may b e  i s s u e d  

many times t o  c o n s t r u c t  a  complex p i c t u r e .  

Usage. Type 

o c t a l  express ion  
symbol, SMC, 

Cursor P o s i t i o n  Readback: T r a n s i t  Cursor Only (TCO) 

The TCO i n s t r u c t i o n  causes t h e  d i s p l a y  gene ra to r  t o  t r ansmi t  t h e  c u r r e n t  

con ten t s  of t h e  cu r so r  x and y r e g i s t e r s  t o  t h e  computer. 

TCO I l O O O 1 1 - - - - - - I 1 1 1 1  

Usage. Type 

symboZ, TCO 

Memory Data ' ~ e a d b a c k :  T r a n s i t  Se l ec t ed  Channel (TSC) 

TSC 

The TSC i n s t r u c t i o n  causes  t h e  d i s p l a y  gene ra to r  t o  t r ansmi t  t h e  d a t a  

w i t h i n  t h e  t runca ted  r e c t a n g u l a r  l i m i t s  i n  each s e l e c t e d  memory channel ,  one 

channel a t  a  t ime. The d a t a  r e tu rned  a r e  p i c t u r e  element informat ion  f o r  

each r a s t e r  l i n e  of each memory channel .  Display i n s t r u c t i o n s  a r e  i n s e r t e d  



where necessary  s o  t h a t  t h e  d i s p l a y  g e n e r a t o r  o u t p u t  of  memory d a t a  may be  

r e t r a n s m i t t e d  a t  a  l a t e r  t ime t o  r e c r e a t e  t h e  d i sp l ayed  image o r i g i n a l l y  read  

back. 

Usage. Typ,e 

symbol, TSC 



REFERENCES 

1. Programming Information, Model 5214A Display Generator by Aydin Controls,  

Aydin Controls,  For t  Washington, PA, pp. 1-32. 

2. V 6 a n  V73 System Handbook, Publ ica t ion 98A9906 011, Varian Data Machines, 

I r v i n e ,  CA, pp.  15-1 - 15-27. 

3 .  Varian Software Handbook, Vol. 1, Publ ica t ion 98A 9952 201, Varian Data 

Machines, I rv ine ,  CA, pp .  DAS 1-DAS 40. 



APPENDIX A: SUMMARY OF USAGE 

Automatic cu r so r  advance. 

symboi, ACA, , y v a l u e ,  
171 , x v a l u e  

where * i s  any u s e r  de f ined  sy111hnl equa l  t o  e i t h e r  0 o r  1, n r  omission of 

t h i s  ' parameter  f o r  0. 

Block t r a n s f e r .  

symbol, BxM, wordcount 

symbol, DATA, word 1, word 2 ,  . . . . . , word n 

( f o r  graphic)  o r  

symbol, DATA, 'abcdefg '  

( f o r  alphanumerics) . 
Cursor p o s i t i o n i n g .  

symbol, CUR, o c t a l  express ion ,  d o t  

Move cu r so r  home. 

symbol, HOME 

Car r i age  r e t u r n  and l i n e  feed.  

symboZ, CRLF 

Back space  and l i n e  feed .  

symbol, BSLF 

L i n t  f eed .  

symbol, LF 

Car r i age  r e t u r n .  

symbol, CR 

Space. 

symbot, SPACE 

To s e t  zeros.  

symbol, CLEAR 

To set onco. 

 symbol^, SETlS 

To . sc ro l l  i . i p .  

symbol, S CRLW 



To s c r o l l  down. 

symbol, SCRLDN 

To draw a c i r c l e .  

symbol, CIRCLE, r a d i u s  

This  r e s u l t s  i n  code t h a t  l oads  x-index r e g i s t e r  and executes  t h e  c i r c l e .  

To d i s p l a y  a c h a r a c t e r .  

o c t a l  exp res s ion  
symbol, LAC, decimal  number ] , [IF] 

c h a r a c t e r '  

Load c u r s o r  x .  

symbol, LCX, 

Load cu r so r  y .  

symbo 2, LCY , [ I  , y v a l u e  

Load g raph ic  elements.  

symbol, LGE, [I:] , p i c t u r e  elements 

Load index  x .  

symbol, LIx, x v a l u e  

Load index y .  

symboZ, LTY, y va lue  

Load look-up t a h l  I?. 

symbol, LLU, word number, c o l o r  

co lo r ,  EQU. o c t a l  exp res s ion  o r  decimal  number 

Load programmable f o n t  . 



symbot, LPF, 
symbol name I , X cu r .  adv . ,  y  p i t c h ,  x  p i t c h  
o c t a l  express ion  

symbol, DATA, word 1, word 2 ,  . . . . . ,. . . . . . , word 1 5  

Load l i m i t s .  

s ymbo 2 ,  k] , /Oilc] , o c t a l  exp res s ion  o r  d i c i m a l  number 

Mode c o n t r o l  word. 

symbot, MCW, [a] , 

F5x7 
F7X9 

FPROG 

* 

Mask channels .  

symbol, MMC, o c t a l  express ion  o r  decimal  number 

No ope ra t ion .  

symbo 2, NOOP , 
Read look-up t a b l e .  

symbol, RLU, 

S e l e c t ,  channels .  

decimal number 
symbol, SMC, express ion  

ALL * I 
Transmit c u r s o r  only .  

symbol, TCO, 

Transmit s e l e c t e d  channel .  

symbol, TSC, 

Draw a  v e c t o r .  

symbol, VEC'I'OK, x end poinL va lue ,  y end p o i n t  v a l u e  



APPENDIX B : PROGRAM LISTING 

1 X AYDIN CROSSASSEMBLER MAY 1976 BY R. E. WERNER NOT COPYRIGHTED 
2 NOOP MAC 
3 DATA 0 
4 EMAC 
5 SMC MAC 
6 . DATA 010000+P( 1) 
7 EM AC 
8 MMC MAC 
9 DATA 020000+P(l) 
10 EN AC 
11 ACA MAC 
12 DATA C((OG+P(I))X32+P(2))t2+P(3))*3E!+P(4) 
13 EMAC 

000800 fi 14 DOWN EQU 0 
080001 A 15 UP EQU 01 
008001 A 16 LEFT EQU 0 1 
B00000 A 17 RT EQU 0 

18 X ACA,U/D,Y,L/R,X 
19 X 
20 X ,MCW,FLAG,OPERATION,FONT,NOEE 

000000 A 21 ORlS EQU 0 
000003 A 22 RPDAlS EQU 03 
000002 A 23 RPDA EQU 02 
008004 A 24 ERSlS EQU 04 
008091 A 25 ALP EQU 0 1 
000000 A 26 NONALP EQU 0 

27 MCW MAC 
28 DATA 040000+P(l)X256+P(2)t32+P(3)%8+P(4) 
29 EMAC 

000000 A 30 FSX? EQU 0 
000001 A 31 F7X9 EQU 0 1 
000002 A 32 F10X14 EQU 02 
000003 A 33 FPROG EQU 03 

34 X 
35 X BXM,WORDCOUNT 
36 BXM MAC 
37 DATA 044000+P(l) 
38 EM AC 
39 * 
40 X LRL,CONIC, LEFT LIMIT 
11 LRL MAC 
42 DATA (024+P(l))X1024+P(2) 
43 EMAC 

088881 A 44 COtiIC EQU 01 
45 X 
46 X LRR,CONIC, RIGHT LIMIT . 
47 LRR MAC 
48 DATA (026+P(l))Xl@E!4+P(2) 
49 EMRC 
50 X 
51 X LRT,CONIC TOP LIMIT 
52 LRT MAC 
53 DGTA (030+P(l))X1024+P(2) 
54 EMAC 
55 * 
56 X LRB,CONIC, BOTTOM LIMIT 
57 LRB MAC 
58 DATA (032+P(l))X1024+P(2) 
59 EMAC 
60 % 
61 X LCX,RE,X VALUE 

000017 A 62 ALL . EQU 017 
I @@@0Q1 A 63 RE EQU 0 1 

64 LCX MAC 
65 DATA (034+P(l))Xi024+P(2) .. . . 



67 t 
68 t LCY,RE,Y VALUE 
69 LCV MAC 
70 DATA (036+P(l))X1024+P(2) 

$5 * L I X ,  INDEX X VALUE 
7 4 L I X  MAC 
75 DATA 0100000+P(l) 
76 EM AC 
77 * 
7s L I Y ,  INDEX Y VALUE 
79 L I Y  MAC 
sa DATA 0102000+~(1) 
81 EM AC 
82 X 
83 X LGE,IND,PICTURE ELEMENTS 

880001 A 84 I N D  EQU 81 
85 LGE MAC 
86 DATA 0104000+P(l)+P(2)X512 
87 EMAC 
88 t 
89 t TCO OR TCO , KA IFKEYBOARDS THEN DATA, 0106000~+ ( 1 

00001? A 90 KA EQU 017 
91 TCO MAC 
92 DATA 0106017 
93 EI1AC 
94 X 
95 X LPF,SYMBOL NUMBER,X CUR ADV., Y PITCH, X PITCH 
96 X,DATA, . .15  DATA WORDS,.. 
97 LPF MAC 
98 DATA 0112000+P(1) 
99 DATA (P(2)XlG+P(3))X32+P(4) . 
100 EMAC 
101 X 
102 X LAC,'CHAR',INX 

000001 A 103 I N X  EQU 0 1 
104 LAC MAC 
105 DATA 0114800+P(l~+P(2)X512 
106 EM AC 
107 t. 
108 X LLU.WORD.COLOR 
109 L L U  MAC. . . 
110 DATA 077-P(1)+0122000 
111 D A T R '  P(2)  ' 

112 EM AC 
000000 A 113 BLACK EQU 
036757 A 114 WHITE EQU 
000017 A 115 RED EQLJ 
000740 A 116 GHEtN EMU 
036000 A 117 BLUE EQU 
036017 A 118 MAGEN EQU 
036740 A 119 CYAN EQU 
000757 A 120 YELLOW EQU 
076757 A 121 BWHITE EQU 
040017 A 122 BRED EQU 
040740 A 123 BGREEN EQU 
076000 A 124 BBLUE EQU 
076817 A 125 BWf?GEN EUU 
076740 R 126 BCYAN EQU 
@4@757 A 127 BYELLO EQU - .  

128 f 
129 X CLEAR SCREEN 
130 CLEAR MAC 
131 DATA 0123002 
132 EMAC 
133 t 
134 % SET TO ONES 
i35 S E T l S  WAC 
136 DATA UlZJ866 
137 EMFIC 
138 X 

-27- 



139 X SCROLL UP 
1 4 0  SCRLUP MAC 
141 DATA 0123081 
1 4 2  EMAC 
143 X 
144 X SCROLL DOWN 
145 SCRLDN MAC 
1 4 6  DATA 0123800 
147 EMAC 
1 4 8  X 
149 X EXECUTE CONIC OR VECTOR 
150 X VECTOR,X END POINT,Y END POINT  
151 VECTOR MAC 
152 L I X  P (  1) 
153 . L I Y  P ( 2 )  
1 5 4  DATA 0 1 2 4 0 0 0  
1.55 EMRC 
156 X 
157 % CIRCLE,RADIUS 
158 CIRCLE MAC 
159 L I X  PC11 
1 60 DATA 0124208 
161 EMAC 
162 X 
163 X READ LOOKUP TABLE 
1 6 4  F L U  MAC 
165 DAI'A 0125000 
166 EMMC 
167 X 
168 X CURSOR, OCTAL CODE 
169 X ,, CUR, OCTALCODE , DOT 

000001 A 170 DOT EQU 1 
171 CUR MAC 
172 DATA 0 1 3 2 0 8 0 + P ( l ) + P ( 2 ) X 6 4  
173 EMAC 
114 HOME MAC 
175 DATA 8132060 
176 EMAC 
177 CRLF MAC . 
178 DATA 0132030 
179 EMAC 
180 ESLF MAC 
181 DATA 0132012 
182 EPl AC 
183 E S  MAC 
184 DATA 0132002 
185 EM AC 
186 LF MAC 
187 DATA 0132010 
188 EMAC 
189 CR MAC 
190 DATA 0132020 
191 EM AC 
192 SPACE MAC 
193 DATA 0132001 
194 EMAC 
195 X 
196 EXC MAC 

' 197 DATA 0124000+P(l) 
19s EMAC 
199 X 
200 X TRANSNIT SELECTED CHANEL 
201 TSC NHC 
202 DATA 0133000 
203 EMAC 
204 X 
2(db . EI'JO 



ENTRY NAMES 
EXTERNAL NAMES 
SYMBOLS 
000017 A ALL 000001 A ALP 
040740 A BGREEN 000000 A BLACK 
040017 A BRED 076757 A BWHITE 
036740 A CYAN 008001 A DOT 
800002 A F10X14 000000 A F5X7 
000740 A GREEN 000001 A IND 
000001 A LEFT 036017 A MAGEN 

:* 
008001 A RE 060017 A RED 
008000 A RT .000001 A UP 

0 ERRORS ASSEMBLY COMPLETE 

076000 A BBLUE 076740 A BCYAN 
036000 A BLUE 076017 A BMAGEN 
040757 A BVELLO 000001 A CONIC 
000000 A DOWN 000004 A ERSlS 
000001 A F7X9 000003 A FPROG 
000001 A INX 000017 A KA 
000000 A NONALP 000000 A ORlS 
000002 A RPDA 000003 A RPDAlS 
036757 A WHITE ,000757 A YELLOW 



INDEX 

Automatic c u r s o r  advance 

AC A 

Block t r a n s f e r  mode 

BXM 

Cursor p o s i t i o n i n g  

CUR 

Cursor p o s i t i o n  readback 

T CO 

Ed i t i ng  

E DT 

Execute con ic  o r  v e c t o r  

EXC 

Load alphanumeric c h a r a c t e r  

LAC 

Load cu r so r  

LCX, LCY 

Lnad g raph ic  element 

LGE 

Load index r e g i s t e r s  

LIX, LIY 

Load look-up t a b l e  

LLU 

Load programmable f o n t  

LPF 

Load recLaugular  l i m i t s  

LRL, LRR, LRT, LRB 

Mode c o n t r o l  word 

MCW 

Masking 

MMC 

Memory d a t a  reacllack 

TSC 

Read Loolc-up t a b l a  

RLU 

Select channels  

SMC 
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