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I n t r o d u c t i o n  

This  pape r  does  no t  h e r a l d  a  new b reak th rough  
i n  t h e  a r t  o f  computer g r a p h i c s .  I n s t e a d ,  i t  p r e -  
s e n t s  our e f f o r t  i n  u t i l i z i n g  t h e  e x i s t i n g  t e c h -  
nology t a  f a b r i c a t e  a  d i s p l a y  t e r m i n a l  w i t h  h i g h  
pe r fo r -ance  c h a r a c t e r i s t i c s  and r e a s o n a b l e  f l e x i -  
b i l i t y .  

\ 
Re s t a r t e d  w i t h  s e v e r a l  r e q u i r e m e n t s  f o r  a 

d i s p l a y :  

1. Remote t e r m i n a l .  The d i s p l a y  must be  
capab le  of  o p e r a t i n g  r emote ly  from t h e  main com- 
p u t e r s .  

2. D i sp lay  b u f f e r .  Both f o r  t e x t  e d i t i n g  
and i s a g e  m o d i f i c a t i o n ,  we have found i t  neces-  
s a r y  t o  b e  a b l e  t o  modify t h e  image w i t h i n  v e r y  
s h o r t  p e r i o d s  of t ime;  and s t o r a g e  tube  d i s p l a y  
t e n i n a l s  r e q u i r i n g  long e r a s e  t ime and slow vec-  
t o r  drawing r a t e  were  u n s a t i s f a c t o r y .  Using r e -  
g e n e r a t i v e  d i s p l a y s  one c a n  modify  t h e  image w i t h -  
i n  30 2 s .  However, t h e  number of v e c t o r s  t h a t  
one ca2  d i s p l a y  f l i c k e r  f r e e  on s u ~ h  a  d i s p l a y  
a r e  a  f u n c t i o n  o f  t h e  s i z e  o f  t h e  d i s p l a y  b u f f e r  
and t h e  v e c t o r  drawing r a t e .  We found i t  d e s i r -  
a b l e  t o  have a  d i s p l a y  c a p a b l e  of  d i s p l a y i n g  
3,000 t o  4 ,000 c h a r a c t e r s  f l i c k e r  f r e e  o r  about  
t h e  s a e  number of  v e c t o r s  o f  1 t o  2 inches  long. 

3. Display p rocesso r .  Our e x p e r i e n c e ,  and 
t h a t  of o t h e r s ,  h a s  shown s p e c i a l i z e d  d i s p l a y  
p r o c e s s o r s  wi thou t  g e n e r a l  pu rpose  computing 
a b i l i t i e s  sooner  o r  l a t e r  r u n  i n t o  l i m i t a t i o n s  
which r e q u i r e  t h e  i n t e r v e n t i o n  o f  t h e  main com- 
p u t e r .  Th i s  h a s  l e d  u s  t o  t h e  u s e  of  a  minicom- 
p u t e r  !?DP-11) i n  c o n j u n c t i o n  w i t h  a  s p e c i a l l y  
des igned d i s p l a y  p rocesso r .  

4 .  A r b i t r a r y  c h a r a c t e r  s e t .  Most t e r m i n a l s  
p r e d e t e m i n e  t h e  c h a r a c t e r  s e t  t o  a s i n g l e  f i x e d  
one. Ye have found t h i s  t o  b e  a  most  c o n s t r a i n -  
i n g  a s p e c t  of  d i s p l a y  t e . m i n a l s .  Not o n l y  would 
we l i k e  a  l a r g e  c h a r a c t e r  s e t ,  b u t  a l s o  a  u s e r  
d e f i - a j l e  c h a r a c t e r  s e t  which c a n  b e  changed under  
p r o g r a  c o n t r o l .  

5 .  High-speed ccxmunicat ions .  A main d i s -  
a d v a c t a ~ e  of  re:note d i s p l a y  t e r m i n a l s  is  t h a t  t h e y  
a r e  o f t e n  l i m i t e d  t o  a  maximum of  1200 bps  t e l e -  
phone l i n e s ,  which proves  t o  b e  t h e  main b o t t l e -  
neck i n  r h e  e f f i c i e n t  u s e  of  h i g h  performance 
d i s p l a y  t e rmina l s .  

6 .  E x p a n d i b i l i t y .  The bus  s t r u c t u r e  o f  t h e  
s y s t m  z u s t  make i t  p o s s i b l e  t o  add o t h e r  d e v i c e s ,  
such a s  a  l i g h t  pen, t a b l e t ,  o r  a  mouse w i t h o u t  
nuch d i f f i c u l t y .  
*The r e s e a r c h  r e p o r t e d  i n  h e r e  was suppor t ed  i n  
pa re  b y  t h e  Advanced Research P r o j e c t s  Agency of  
t h e  O i f i c e  o f  t h e  S e c r e t a r y  o f  Defense under  con- 
t r a c e  Fk4620-70-C-0107 and moni tored by t h e  A i r  
Force ~ J f i i c e  of S c i e n t i f i c  Research.  

7.  The c o s t  should  be  l e s s  t h a n  $10,00v. 

A survey showed t h a t  o n l y  two t e r m i n a l s  were 
even c l o s e  t o  t h e  above r equ i remen t s :  one was t h e  
s t o r a g e  tube ,  and t h e  second was t h e  programmed 
computer d i s p l a y  t e r m i n a l .  The s t o r a g e  tube  d i s -  
p l a y s  have a f i x e d  c h a r a c t e r  s e t  end a  slow vec -  
t o r  drawing r a t e .  The programmed t e m i n a l  w i t h  
i t s  own CPU and d i s p l a y  b u f f e r  was more s u i t a b l e ,  
b u t  t h e  main l i m i t a t i o n s  were speed ,  f i x e d  c h a r -  
a c t e r  s e t ,  and l i m i t e d  a r c h i t e c t u r e  of  t h e  p ro -  
c e s s o r .  

The Disp lay  Terminal  

The d i s p l a y  t e r m i n a l  c o n s i s t s  of  a  mod i f i ed  
PDP-11 p r o c e s s o r  and a  VT04 d i s p l a y  t e r m i n a l ,  b o t h  
o f  which a r e  manufactured by D i g i t a l  Equipment 
Corpora t ion ,  and a  MICROSWITCH keyboard des igned  
by t h e  S t a n f o r d  A r t i f i c i a l  I n t e l l i g e n c e  p r o j e c t ,  
p e r m i t t i n g  a  t o t a l  o f  1024 d i f f e r e n t  combinat ions  
o f  i n p u t  c h a r a c t e r s  (10 b i t s ) .  I n  t!ie normal node 
of  o p e r a t i o n ,  two of  t h e s e  b i t s  a r e  used a s  con- 
t r o l  keys ,  p e r m i t t i n g  a t c t a l  of 255 6 i f f e r e i ; t  
c h a r a c t e r s  t o  b e  r e p r e s e n t e d .  The P:4S d iagram f o r  
t h e  mod i f i ed  PDP-11 w i t h  d i s p l a y  c o n t r o l l e r  i s  
g i v e n  helow: 

P  - P r o c e s s o r  g  - g r a p h i c s  d i s p l a y  
M - Memory o u t p u t  

(program o r  pr imary)  kb- keyboard 
S  - Switch '11- PDP-11 
K - C o n t r o l l e r  u-  un ibus  
T - Terminal  c -  co~ .munica t ions  

P r o c e s s o r  

The d i s p l a y  p r o c e s s o r  has  s e v e r a l  r e g i s t e r s  
which a r e  program a d d r e s s a b l e .  These a r e :  

Con t ro l  S t a t u s  R e g i s t e r  
Con t ro l  S t a t u s  A u x i l i a r y  R e g i s t e r  
X P o s i t i o n  R e g i s t e r  
Y P o s i t i o n  R e g i s t e r  
Vector  Buf fe r  R e g i s t e r  
Vector  P o i n t e r  R e g i s t e r  
I n t e r r u p t  S t a t u s  R e g i s t e r  
C h a r a c t e r  Buf fe r  R e g i s t e r  
Charac te r  P o i n t e r  R e g i s t e r  
D i spa tch  Tab le  P o i n t e r  R e g i s t e r  

I n  a d d i t i o n  t o  t h e  above Unibus a d d r e s s a b l e  
r e g i s t e r s  t h e r e  a r e  s i x  i n t e r n a l  r e g i s t e r s  a s  
fo l lows :  

. .  . 



S h i f t  Regis te r  /SHR <9'02 
Deflect ion  Regis te r  
Scal ing Regis te r  
Di rec t ion  Regis te r  el 
Di rec t ion  R e g i s t e r  82 
Vector L i s t  Enable 

FORMAT 15 13 12 8 7 5 4 @ 

The d i s p l a y  processor  can d i s p l a y  e i t h e r  a  
po in t ,  a  v e c t o r ,  a  l i s t  of v e c t o r s ,  o r  a  l i s t  of 
l i s t s  of vec tors .  The l a s t  op t ion  can a l s o  be 
thought of a s  being a  l i s t  of  c h a r a c t e r s ,  each 
charac te r  being represen ted  by a  l i s t  of vec tors .  
Loading XR and YR wi th  t h e  a p p r o p r i a t e  coord ina tes  
w i l l  cause t h e  beam t o  be s h i f t e d  t o  t h a t  loca-  
t ion .  Loading t h e  VBR w i l l  cause a  vec tor  t o  be 
drawn; loading VPTR w i l l  s e t  VLE and cause a  l i s t  
of v e c t o r s  beginning a t  t h a t  address  t o  be drawn. 
The l i s t  i s  u s u a l l y  terminated by a  vec tor  of 0  
length.  Loading CPTR wi th  t h e  beginning address  
of a  l i s t  of c h a r a c t e r s  w i l l  cause t h a t  l i s t  t o  
be drawn. This c o n s t i t u t e s  a  double loop i n  t h e  
normal programming terminology. The c h a r a c t e r s  
a r e  accessed through CPTR and t h e  l o c a t i c n  of i t s  
vec tor  d e s c r i p t i o n  i s  c a l c u l a t e d  by adding twice 
the  charac te r  code t o  t h e  con ten ts  of DTPTR and 
loading the  r e s u l t  i n t o  VPTR. I f  VPTR<O> = 0 
then a  l i s t  of vec tors  represen t ing  t h a t  c h a r a c t e r  
w i l l  be drawn. I f  VPTR<b = 1 then a n  i n t e r r u p t  
w i l l  be  generated.  The i n t e r r u p t  vec tor  f o r  t h i s  
type of i n t e r r u p t  i s  the  word p a i r  composed of 
WTR and STAT where WTR<O> i s  always read 0 by 
t h e  Unibus. By using t h i s  escape mechanism one 
can provide s p e c i a l  sof tware func t ions  a s  w e l l  a s  
extending t h e  looping c a p a b i l i t y  t o  l i s t s  of l i s t s  
of vec tors  by adding two more r e g i s t e r s  (not  neces- 
s a r i l y  hardware). 

0  DIRECTION LENGTH DIRECTIOS 

15 13 12 10 9 0 

For Formats 0 and 1 t h e  d i r e c t i o n  i s  one of e i g h t  
p o s s i b i l i t i e s  spaced each 45O. 

LESGTH 

1 DIRECTION UNUSED I LEKGTH 

When d i sp lay ing  d a t a  i n  Formats 0 and 1 a 
vec tor  of l eng th  0 i s  considered c o n t r o l  func t ions  
and t h e  d i r e c t i o n  f i e l d  i s  decoded a s  follows: 

5  CHARACTER CODE 

0 - Vector l i s t  tem. iaa tor ;  (1 C! A DIE) = 
INT EXRUPT 

2 - Bean) + 0 
3 - Beam - 1 
4 - I n t e n s i f y  t h e  presen t  p o i n t  (XX,YR) 

CHAUCTER CODE 

The Control S t a t u s  Regis te r  

1 

The CSR c o n s i s t s  of e r r o r  i n d i c a t i o n s  of 
var ious  types ,  t h e  s c a l i n g  f a c t o r ,  i n t e r r u p t i o n  
c o n t r o l ,  format s p e c i f i c a t i o n ,  and t h e  Blank-Un- 
blank B i t .  The fol lowing i s  a  map of t h e  CSR: 

Conclusion 

I n  a d d i t i o n  t o  wide a v a i l a b i l i t y  of  inexpen- 
s i v e  c h a r a c t e r  t e rmina ls ,  i t  i s  our  b e l i e f  t h a t  
t h e r e  i s  a  growing need f o r  a  high performance 
graphics  (vec tor  d i s p l a y  te rmina l  which can be 
used remotely from t h e  main processor .  A f u l l y  
genera l  purpose minicomputer has  t o  be a n  i n t e -  
g r a l  p a r t  of such a  d i s p l a y  te rmina l  f o r  s o p h i s t i -  
ca ted  d i s p l a y  generat ion.  It i s  our  hope t h a t  
t h i s  e f f o r t  w i l l  lead i n t o  cons ider ing  product ion 
of such d i s p l a y  terminals .  

Error  
Scale  Overflow 
Regis te r  Overflow 
Non-Existent Memory Access 
RV Supress 
Sca l ing  Factor  
Done Ind ica tor  
Done I n t e r r u p t  Enable 
Error I n t e r r u p t  Enable 
Character  Mode I n d i c a t o r  
Format S p e c i f i c a t i o n  
Blank-Unblan!! B i t  

:= CSR <15> 
:= CSR <14> 
:= CSR <13> 
:= CSR <12> 
:= CSR <11> 
:= CSR < l o :  8> 
:= CSR <7> 
: = CSR <6> 
:= CSR <5> 
:= CSR <4> 
:= CSR <3:1> 
:= CSR <Cn 

We +uld l i k e  t o  acknowledge t h e  con t r ibu-  
t i o n s  of B i l l  Broadley, Ted Wagstaff,  Lee Erman 
and Richard Neely i n  designing t h i s  sys ten .  

Data Formats 

The X and Y P o s i t i o n  Regis te r s  a r e  10 b i t s  
long and have the  fol lowing format: 

The p o i n t  0,O i s  i n  t h e  c e n t e r  of t h e  d i s p l a y  
a rea .  The Vector Buffer  Regis te r  may conta in  d a t a  
i n  four  of t h e  formats s p e c i f i e d  by FORM i n  the  
CSR. Formats 4-6 do not  r e q u i r e  use of VBR. 
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