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@)  Display  control  in  a  data  processing  system. 

©  In  a  distributed  computer  system,  each  CPU  (101)  ac- 
cesses  memory  via  an  intelligent  memory  control  unit  (401) 
connected  by  a  memory  bus  (404)  to  a  local  memory  (102)  and 
video  memory  (113)  and  by  an  interface  bus  to  other  memory 
control  units  (401)  In  the  system.  A  video  control  unit  (406) 
relieves  the  CPU  (1  01  )  of  much  of  the  detailed  work  of  modify- 
ing  bit  maps  in  the  video  memory  (113).  More  specifically,  in 
order  to  enhance  the  ability  of  the  system  to  manage  displays, 
especially  in  a  technical  graphics  environment,  where  a  single 
physical  display  supports  a  plurality  of  logical  displays  (win- 
dows),  machine-language  (graphics)  instructions  are  provided 
which,  in  conjunction  with  logical  display  descriptors  (forms) 
that  describe  each  window,  enable  management  and  genera- 
tion  of  display  image  data  to  be  performed  directly  by  the 
processing  hardware  of  the  digital  computer  system,  minimiz- 
ing  the  need  for  intervening  software.  Mechanisms  are  pro- 
vided  which  gives  the  hardware  the  ability  to  defer  complex 
protection  and  creation  policies  (faults)  to  operating  system 
software.  Data  computed  from  the  logical  display  descriptors 
may  be  encached,  greatly  enhancing  the  speed  of  consecutive 
operations  on  windows.  Graceful  creation  is  enhanced  by  per- 
mitting  prosessing  control  to  escape  (trap)  to  software  emula- 
tion  handlers. 
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UlbrLAY  LUN  I  RUL  IN  A  DATA  PROCESSING 
SYSTEM 

This  inven t ion   r e l a t e s   g e n e r a l l y   to  d i g i t a l   data  s y s t e m s ,  

and  more  p a r t i c u l a r l y   to  t e chn iques   for  managing  the  d i sp lay   o f  

data  by  such  systems  in  an  environment   wherein  a  s ing le   d i s p l a y  

device  may  provide  for  a  p l u r a l i t y   of  l og ica l   d i s p l a y s   f u n c t i o n i n g  

i n d e p e n d e n t l y   of  each  o t h e r .   Each  l og i ca l   d i sp l ay   is  known  a s  

a  "window".  Windows  may  all   be  d i sp l ayed   c o n c u r r e n t l y   in  t h e i r  

e n t i r e t y ,   or  some  windows  may  be  p a r t i a l l y   or  comple te ly   c o v e r e d  

Dy  o ther   windows.  
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c h a p t e r   17,  18,  2 0 ) .  

D i g i t a l   da ta   sys tems   have  been  equ ipped   with  d i s p l a y   d e v i c e s  

a lmos t   s i n c e   t h e i r   a d v e n t .   The  type   of  d i s p l a y   t h a t   has  t a k e n  

p r e - e m i n e n c e   as  the  most  f l e x i b l e   for  i n t e r f a c i n g   wi th   the  use r   i s  

the  c a t h o d e   ray  tube   d i s p l a y .   A  r e c e n t l y   evo lved   mode  of  the  u s e  

of  such  d i s p l a y s   is  to  p e r m i t   s e v e r a l   p rog rams ,   or  s e v e r a l   p r o c e s -  

ses  to  sha re   the  a v a i l a b l e   space   on  a  d i s p l a y ,   wi th   each  s u c h  

program,   or  p r o c e s s   be ing   a l l o c a t e d   a  c e r t a i n   amount  of  d i s p l a y  

a r e a .   Each  such  a rea   is  known  as  a  window.  

Windows,  t hen ,   may  be  t h o u g h t   of  as  i n d e p e n d e n t   l o g i c a l  

d i s p l a y s   c o - e x i s t i n g   on  (or  m u l t i p l e x e d   on to)   one  p h y s i c a l   d i s p l a y .  

An  ana logy   is  s e v e r a l   s h e e t s   of  paper   on  a  d e s k t o p ;   they  may  b e  

a r r a n g e d   so  t h a t   a l l   are   s i m u l t a n e o u s l y   v i s i b l e ,   or  as  they  a r e  

m a n i p u l a t e d   some  may  c o m p l e t e l y   cover   ( o b s c u r e )   or  p a r t i a l l y   c o v e r  

( o c c l u d e )   o t h e r s .   When  o b s c u r e d   or  o c c l u d e d   s h e e t s   are  a g a i n  

u n c o v e r e d ,   they  s t i l l   c o n t a i n   a l l   the  i n f o r m a t i o n   t h a t   was  t e m p o r a -  

r i l y   i n v i s i b l e .  

Windows  on  a  d i s p l a y   may  l i k e w i s e   be  m a n i p u l a t e d   so  t h a t   some 

are  somet imes   p a r t i a l l y   or  c o m p l e t e l y   i n v i s i b l e   on  the  d i s p l a y   — 

i . e . ,   they  p r e s e n t   the  a p p e a r a n c e   of  be ing   "covered"   by  o t h e r  

windows.  A  good  embodiment   p e r m i t s   the  da ta   in  windows  to  b e  

m a n i p u l a t e d   even  wh i l e   the  a f f e c t e d   windows  or  p o r t i o n s   of  windows 

are  not  v i s i b l e   on  the  s c r e e n ,   with  s u b s e q u e n t   " u n c o v e r i n g "   r e v e a l -  

ing  the  m a n i p u l a t i o n s   t h a t   were  pe r fo rmed   on  a  window  w h i l e  

i n v i s i b l e .  

Windowing  has  h e r e t o f o r e   been  a c c o m p l i s h e d   p r i m a r i l y   by 

s o f t w a r e .   While  such  an  i m p l e m e n t a t i o n   of  windowing  can  p r o v i d e  

2 
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b u i n u i e m   c a p a D n i - c y ,   i t   aoes  so  at  the  expense   of  c o m p u t a t i o n a l  

overhead   . 

The  u s e r ' s   r e q u e s t s ,   t a k i n g   the  form  of  s o f t w a r e   c a l l s ,   m u s t  

go  t h r o u g h   l e v e l s   of  i n t e r p r e t a t i o n   by  s o f t w a r e   in  o r d e r   to  d e r i v e  

a  s e r i e s   of  machine-   l anguage   i n s t r u c t i o n s   t h a t   the  system  c a n  

e x e c u t e ,   even  for   whol ly   v i s i b l e   w i n d o w s .  

The  s o f t w a r e   the  user   c a l l s   must  be  t r u s t e d   s o f t w a r e ,   s i n c e   i t  

r e q u i r e s   a  g l o b a l   p e r s p e c t i v e   of  a l l   o p e r a t i o n s   (bo th   v i s i b l e   and  

i n v i s b l e )   p e r f o r m e d   to  a l l   l o g i c a l   d i s p l a y s .   For  example ,   one  u s e r  

may  want  to  o c c l u d e   a n o t h e r   u s e r ' s   window;  t h i s   r e q u i r e s   r e a d i n g  
the  window  to  be  o c c l u d e d   from  the   d i s p l a y   memory  and  w r i t i n g   i t  

o r d i n a r y   system  memory,  then  u p d a t i n g   the  a p p r o p r i a t e   d i s p l a y  
d a t a b a s e   to  r e f l e c t   the  o c c l u s i o n .  

O p e r a t i n g   system  s o f t w a r e   is  n a t u r a l l y   t r u s t e d   but  u s u a l l y  
r e s u l t s   in  a  p e r f o r m a n c e   d e g r a d a t i o n ,   s i nce   more  l e v e l s   of  i n t e r -  

p r e t a t i o n   are  r e q u i r e d   to  p e r f o r m   the  u s e r ' s   r e q u e s t .   P r o p e r  
p r o t e c t i o n   and  o p e r a t i o n   can  be  p r o v i d e d ,   but  only   at  a  premium 
per fo rmace   c o s t .  

Another   r e a s o n   for  the  s e v e r i t y   of  t h i s   ove rhead   is  t h a t   t h e  

amount  of  d e s c r i p t i v e   i n f o r m a t i o n   r e q u i r e d   for  a  window  ( l o g i c a l  
S i s p l a y )   is  much  g r e a t e r   than  for   a  p h y s i c a l   d i s p l a y .  

F u r t h e r ,   the  d e s c r i p t i v e   i n f o r m a t i o n   for   each  window  must  b e  

comple t e ly   r e p r o c e s s e d   for   eve ry   r e q u e s t   —  t h e r e   is  no  a r c h i t e c -  
tura l   p r o v i s i o n   for   r e t a i n i n g   ( c a c h i n g )   the  r e s u l t s   of  p r e v i o u s  
compu ta t ions   a f f e c t i n g   t hose   p o r t i o n s   of  the  d i s p l a y   not  i n v o l v e d  
Ln  a  c u r r e n t   c h a n g e .  
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Summary  Of  The  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   d i s c l o s e s   a  method  of  managing  d i s p l a y s  

of  a  da ta   system  which  i n c l u d e s   u s e r s ,   a  window  manager,   memory,  a 

p r o c e s s o r ,   a  d i s p l a y ,   and  a  d i s p l a y   i n t e r f a c e .   The  p r o c e s s o r   i s  

c a p a b l e   of  e x e c u t i n g   machine  l anguage   i n s t r u c t i o n s   t h a t   may  d i r e c -  

t l y   ( i . e . ,   w i t h o u t   i n t e r v e n i n g   i n t e r p r e t a t i o n   by  s o f t w a r e )   m a n i p u -  

l a t e   d i s p l a y e d   d a t a .   The  method  c o m p r i s e s   p r o v i d i n g   a  s e r i e s   o f  

such  i n s t r u c t i o n s   and  p r o v i d i n g   a  se t   of  form  d e s c r i p t o r s ,   f o r m  

d e s c r i p t o r   i d e n t i f i e r s ,   and  o p e r a t i n g   system  keys  which  d e s c r i b e  

ownersh ip   and  the  c h a r a c t e r i s t i c s   of  windows  on  the  d i s p l a y .   The 

p r o c e s s o r   t akes   each  such  i n s t r u c t i o n   a long  with  the  form  i d e n t i -  

f i e r   and  o p e r a t i n g   system  key  of  the  u se r   and  in  t u rn ,   t r i e s   t o  

a s s o c i a t e   i t   with  a  form  d e s c r i p t o r .   If   the  p r o c e s s o r   d i s c o v e r s   a  

match,  i t   then  d e t e r m i n e s   the  p r e v i o u s   s t a t e   of  the  d i s p l a y   f r o m  

the  form  d e s c r i p t o r ,   and  a s s e m b l e s   a  new  se t   of  da ta   to  which  t h e  

d i s p l a y   i n t e r f a c e   is  r e s p o n s i v e   to  p roduce   the  m o d i f i e d   d i s p l a y  

s p e c i f i e d   by  the  i n s t r u c t i o n .   If  an  a s s o c i a t i o n   c a n ' t   be  made,  

then  a  f a u l t   occu r s   to  the  o p e r a t i n g   s y s t e m .  

It   is  thus  an  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   a n  

improved  da ta   p r o c e s s i n g   s y s t e m .  

I t   is  a n o t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e   d a t a  

sys tems  with  the  a b i l i t y   to  e f f i c i e n t l y   manage  windowed  d i s p l a y s .  

I t   is  a  f u r t h e r   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

data   sys tems  in  which  u s e r - s u p p l i e d   i n s t r u c t i o n s   d i r e c t l y   e f f e c t u -  

a te   windowed  d i s p l a y s   with  no  need  for   i n t e r v e n i n g   use r   s o f t w a r e ,  

t h a t   the  windows  can  be  changed  ( c o v e r e d   or  uncove red )   w i t h o u t   u s e r  

4 
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oui  i*GiB  veil ing  . 

I t   is  an  a d d i t i o n a l   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  

da t a   sys tems  in  which  e f f i c i e n c y   is  enhanced   by  r e t a i n i n g   t h e  

r e s u l t s   of  i n t e r m e d i a t e   c a l c u l a t i o n s   r e l a t i v e   to  windowed  d i s p l a y s ,  

even  when  u se r s   are  c h a n g e d .  

I t   is  an  a d d i t i o n a l   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   to  p r o v i d e  
da ta   sys tems   in  which  p r o t e c t i o n   is  added  to  windows  so  t h a t   u s e r s  
are  l i m i t e d   to  t h e i r   l o g i c a l   d i s p l a y s .  

Other   o b j e c t s   and  a d v a n t a g e s   of  the   p r e s e n t   i n v e n t i o n   w i l l   b e  

u n d e r s t o o d   by  t hose   of  o r d i n a r y   s k i l l   in  the  a r t ,   a f t e r   r e f e r r i n g  
to  the  d e s c r i p t i o n   of  the  p r e f e r r e d   embodiments   and  the  a p p e n d e d  

d r a w i n g s   w h e r e i n :  

B r i e f   D e s c r i p t i o n   Of  D r a w i n g s  

Fig.   1  is  a  s i m p l i f i e d   block  d iag ram  of  a  p r i o r   a r t   d a t a  

p r o c e s s i n g   s y s t e m ;  

Fig.   2  is  a  s i m p l i f i e d   block  d iag ram  of  the  d e t a i l   of  b l o c k  
113  in  Fig.   1; 

Fig.   3  is  a  more  d e t a i l e d   block  d iag ram  of  pa r t   of  the  s y s t e m  
shown  in  Fig.  2 ;  

Fig.   4  is  a  s i m p l i f i e d   d iagram  of  a  da ta   p r o c e s s i n g   S y s t e m  

i n c o r p o r a t i n g   the  i n v e n t i o n ;  

Fig.  5  is  a  d e t a i l e d   block  d iagram  of  b lock  401  in  f i g .   4 ;  

Fig.  6  is  a  d e t a i l e d   block  d iagram  of  b locks   406,  407  and  113 
in  f i g .   4 ;  

Fig.   7  is  a  b lock   diagram  showing  data   flow  t h r o u g h   t h e  

5 
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g r a p h i c s   p r o c e s s   board  d e p i c t e d   in  f i g .   6  in  p i x e l   mode;  

Fig.   8  is  a  b lock  d iag ram  showing  da ta   flow  t h rough   t h e  

g r a p h i c s   p r o c e s s   board  d e p i c t e d   in  f i g .   6  in  p l ane   mode;  

Fig.   9  is  a  more  d e t a i l e d   b lock   d iagram  of  f i g .   4 ;  

Fig.   10  is  a  r e p r e s e n t a t i o n   of  a  s c r e e n   wi th   a  window;  

Fig.   11  is  a  r e p r e s e n t a t i o n   of  a  form  d e s c r i p t o r ;  

Fig.   12  is  an  i l l u s t r a t i o n   of  two  windows,  wi th   one  p a r t i a l l y  

o c c l u d i n g   the  o t h e r ;  

Fig.   13  is  a  r e p r e s e n t a t i o n   of  the  form  d e s c r i p t o r s   for  t h e  

windows  in  f i g .   12 ;  

Fig.   14  is  a  r e p r e s e n t a t i o n   of  p i x e l   mapping  which  is  used  i n  

the  i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n   of  P r e f e r r e d   Embod imen t s  

Through  out  t h i s   document ,   the   term  GIS  ( G r a p h i c s   I n s t r u c t i o n   S e t )  

r e f e r s   to  p r e v i o u s l y   m e n t i o n e d   U.S.  P a t e n t   A p p l i c a t i o n   6 2 3 , 9 0 8  

(EP  85  305  716.4)  ;  whereas   the  term  GIS  II  r e f e r s   to  t h i s  

i n v e n t i o n .  

1  D i s c u s s i o n   of  P r i o r   A r t  

1  .  1  System  P r i o r   A r t  

R e f e r r i n g   to  f i g .   1,  which  is  a  b lock  d iagram  of  a  t y p i c a l  

6 
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p r i o r - a r t   computer ,   trie  C e n t r a l   P r o c e s s i n g   Unit   (CPU)  101  is  t h e  

b a s i c   s ea t   of  i n t e l l i g e n c e   in  the  computer   and,  as  is  i n d i c a t e d   by  

i t s   be ing   d e p i c t e d   at  the  hub  of  a l l   the  o t h e r   e l e m e n t s ,   is  c a l l e d  

upon  to  c o n t r o l   a l l   i n f o r m a t i o n   t r a n s f e r s   between  those   o t h e r  

e l e m e n t s .  

CPU  101  is  c o n n e c t e d   to  memory  102  by  memory  bus  103,  and  m u s t  

c o n t r o l   a l l   t r a n s f e r s   over  memory  bus  103.  System  c o n s o l e   104 

c o n n e c t s   d i r e c t l y   i n t o   CPU  101,  which  must  c o n t r o l   a l l   t r a n s f e r s   t o  

system  c o n s o l e   104.  CPU  101  is  c o n n e c t e d   to  the  e x t e r n a l   world  by  

I/O  bus  105,  which  c o n n e c t s   to  I/O  c o n t r o l l e r s   108,  t h rough   w h i c h  

t r a n s f e r s   may  be  made  to  I/O  d e v i c e s   109;  c o m m u n i c a t i o n s   c o n t r o l l e r  

106,  t h r o u g h   which  t r a n s f e r s   may  be  made  to  communica t ion   l i n e s  

107;  and  i n t e r p r o c e s s o r   c o n t r o l l e r   110,  t h r o u g h   which  t r a n s f e r s   may 
be  made  to  o t h e r   p r o c e s s o r s   111  c o m p r i s i n g   the  d i s t r i b u t e d   c o m p u t e r  
ne twork .   The  c o n t r o l l e r s   106,  108,  and  110  may  be  p r o v i d e d   w i t h  

some  l i m i t e d   i n t e l l i g e n c e   to  c o n t r o l   l o w - l e v e l   d e t a i l s   of  t r a n s f e r s  
e f f e c t e d   t h rough   them,  but  CPU  101  must  p r o v i d e   a l l   h i g h - l e v e l  

c o n t r o l ,   s e t t i n g   up  the  c o n t r o l l e r s   and  o v e r s e e i n g   r e t u r n s   o f  

s t a t u s   i n f o r m a t i o n   from  t h e m .  

A l t e r n a t i v e l y ,   i n t e r p r o c e s s o r   bus  112  may  be  p r o v i d e d   t o  
i n t e r f a c e   with  o t h e r   p r o c e s s o r s   111;  t h i s   may  r e l i e v e   some  of  t h e  
load  on  I/O  bus  105,  but  does  n o t h i n g   to  e l i m i n a t e   the  problem  o f  

Dverhead  on  CPU  101 .  

Video  RAMs  113  may  be  p r o v i d e d   to  c o n t a i n   " b i t   maps"  of  s c r e e n  
I n f o r m a t i o n   for  use r   t e r m i n a l s .   CPU  101  p r o v i d e s   b i t   map  da ta   a n d  

s t o r e s   i t   in  the  RAMs  in  a  form  in  which  i t   may  be  d i s p l a y e d   o n  
Jser  t e r m i n a l s .  



0 2 2 3 5 5 7  

i . z   G r a p h i c s   P r i o r   A r t  

x .z . j .   o v e r v i e w  

Graph ic s   memory  is  composed  of  t h i r t y - t w o   64K  Video  RAMs  (VRAMs) 

113  and  is  o r g a n i z e d   i n t o   a  IK  x  IK  x  2  space .   RS-343A  m o n i t o r  

t im ing   a l l ows   d i s p l a y   of  the  e n t i r e   a r r a y .   A  f r e e - r u n n i n g   b l i n k  

c lock   s e l e c t s   one  of  two  comple t e   P a l e t t e s   c a p a b l e   of  mapping  a n y  

p i x e l   va lue   to  one  of  four   l e v e l s   of  gray  ( O b l a c k   to  3 = w h i t e ) .  

P a l e t t e   I/O  and  o t h e r   l o c a l   o p e r a t i o n s   are  t r a n s a c t e d   t h r o u g h  

" G r a p h i c s   Space" ,   a c t u a l l y   encoded  as  the  IOC  A u x i l l i a r y   P r o c e s s o r  

(AP)  Communicat ion  c h a n n e l .   In  o r d e r   to  s u p p o r t   t h e  

" R e g i s t e r - T r a n s f e r "   f u n c t i o n   p e c u l i a r   to  VRAMs  and  a d d i t i o n a l  

d i a g n o s t i c   and  VS  boo t -   t ime  c h a r a c t e r   d rawing ,   d i s p l a y   memory 

t im ing   and  c o n t r o l   l o g i c   202  w i l l   a r b i t r a t e   for   the  Memory  Bus  103 

as  a  r e q u e s t o r .  

1 . 2 . 2   Video  Memory 

The  64K  doub le -word   v ideo   memory  113  is  m a n i p u l a t e d   by  the  CPU  a s  

normal  system  memory.  The  s c r e e n   is  g e n e r a t e d   from  a  l o g i c a l  

b i t - m a p   packed  w i t h i n   a  l i n e a r   a r r a y   of  d o u b l e - w o r d s   which  a r e  

o r d e r e d   in  the  c l a s s i c a l   sense   of  l e f t - t o - r i g h t   and  top-   t o - b o t t o m .  

Two  b i t   p i x e l s   w i l l   be  packed  l e f t - t o - r i g h t   with  t h e i r   most  s i g n i -  

1 
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i-L^aui.  o i i s   iowara   ine  aouDie-word   most  s i g n i f i c a n t   b i t .  

VRAM  random  a c c e s s   c y c l e s   are  e s s e n t i a l l y   i d e n t i c a l   with  t h o s e  

of  s t a n d a r d   DRAMs.  The i r   un ique   c h a r a c t e r i s t i c   is  the  a b i l i t y   t o  

t r a n s f e r   an  e n t i r e   256  b i t   row  of  i n t e r n a l   s t o r a g e   to  a  s e r i a l  

s h i f t   r e g i s t e r   203  in  one  s p e c i a l   a c c e s s .   This  r e g i s t e r   may  t h e n  

be  c locked   i n d e p e n d e n t l y   of  f u r t h e r   random  a c c e s s   a c t i v i t y .   A d d i -  

t i o n a l   c o n t r o l s   a l low  m u l t i p l e x i n g   four   64  b i t   s e c t i o n s   of  t h i s   row 

r e g i s t e r   to  aid  in  c o n f i g u r a b i l i t y .  

1 . 2 . 3   Timing  and  C o n t r o l  

Dot  and  CRT  t i m i n g   is  d e r i v e d   from  a  l o c a l   o s c i l l a t o r   o p e r a t i n g   a t  

a p p r o x i m a t e l y   44  MHz.  Due  to  the  i n d e p e n d e n t   n a t u r e   of  VRAM  s e r i a l  

c l o c k i n g ,   no  e x p l i c i t   s y n c h r o n i z a t i o n   with  e x i s t i n g   memory  t i m i n g ,  
□ther   than  the  a r b i t r a t i o n   for   r e g i s t e r -   t r a n s f e r   c y c l e s ,   i s  

r e q u i r e d .   R e l a t i v e l y   s imple   m u l t i p l e x i n g   is  a l l   t h a t   is  r e q u i r e d  
to  pass  p i x e l   v a l u e s   to  the  p a l e t t e .   The  above  c a p a b i l i t i e s   can  b e  
s a t i s f i e d   by  an  i n t e l l i g e n t   m i c r o - c o n t r o l l e r   206  (uC),  the  I n t e l  
B051  being  the  bes t   cho i ce   in  t h a t   minimal  c o s t   and  CEQs  w i l l  

r e s u l t ,   a l t h o u g h   an  8031/2732  EPROM  i m p l e m e n t a t i o n   is  a l s o  

p o s s i b l e .  

1 .2 .4   Memory  Bus  I n t e r f a c e  

*  Memory  Bus  A r b i t e r   202  w i l l   g r a n t   the  r e g i s t e r - t r a n s f e r ,  

j r a p h i c s ,   and  p a l e t t e   c y c l e s   r e q u e s t e d   by  the  d i s p l a y   memory  uC. 
Standard   p r o t o c o l   w i l l   be  implemented   in  a  PAL-based  s t a t e   m a c h i n e .  
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ERCC  syndrome  b i t s   w i l l   be  g e n e r a t e d   l o g i c a l l y   for  a l l   r e ads   b o t h  

as  an  economica l   measure   and  due  to  the  c i r c u m s t a n c e   t h a t   VRAM 

o u t p u t s   remain  t r i - s t a t e d   du r ing   r e g i s t e r -   t r a n s f e r   c y c l e s .   M i c r o -  

code  w i l l   implement   AP  p r o t o c o l   v ia   UABA  r e f e r e n c e s   to  w r i t e  

p a l e t t e   da ta   and  i n i t i a t e   any  r e q u i r e d   commands.  

1 . 2 . 5   R o t a t e   and  Merge  L o g i c  

In  the  cou r se   of  a n a l y z i n g   the  mic rocode   n e c e s s a r y   to  implement   t h e  

BITBLT  i n s t r u c t i o n ,   a  need  was  noted  to  a c c e l e r a t e   g r a p h i c s   memory 

r e f e r e n c e s   on  a r b i t r a r y   b i t   b o u n d a r i e s .   C o n s e q u e n t l y ,   the   h a r d w a r e  

r e q u i r e d   to  implement   t h i s   f u n c t i o n   as  a  M e m o r y - B u s - r e s i d e n t   d e v i c e  

was  d e v e l o p e d :   r o t a t e   and  merge  l o g i c   205.  A  c o n t r o l   b i t   s p e c i f i e s  

the  d i r e c t i o n   of  the  merge  s equence .   A  " m e r g e - e n a b l e "   b i t   is  a l s o  

a v a i l a b l e   in  o rde r   not  to  p r e c l u d e   a  c i r c u l a r   " r o t a t e - o n l y " .  

1 . 2 . 6   The  P a l e t t e   and  DAC 

The  P a l e t t e   204  is  o r g a n i z e d   as  a  4  x  2  x  2  a r r ay   a r r a n g e d   w i t h i n   a  

s i n g l e   doub le -word   of  s t o r a g e .   Two-bi t   P a l e t t e   da ta   w r i t t e n  

t h r o u g h   the  AP  G r a p h i c s   Space  w i l l   encode  the  d e s i r e d   gray  l e v e l   t o  

be  a s s o c i a t e d   with  a  g iven   p i x e l   va lue   for   each  phase  of  the   b l i n k  

c l o c k .   Al though  d i r e c t   r e a d i n g   of  t h i s   r e g i s t e r   is  not  a v a i l a b l e ,  

Microcode   m a i n t a i n s   an  image  of  i t   in  a  s i n g l e   s c r a t c h p a d   l o c a t i o n .  

The  EDH13400  208  is  a c t u a l l y   a  t r i -DAC  of  which  only  the  g r e e n  

channe l   w i l l   be  d r i v e n .   It  not  only  pe r fo rms   s y n c - m i x i n g ,   but  i s  

c a p a b l e   of  d i r e c t   75-0hm  d r i v e .  

10 
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In  f i g u r e   3,  the  system  is  seen  to  compr i se   a  c e n t r a l   p r o c e s s i n g  

uni t   (CPU  101),  memory  (102) ,   v ideo   i n t e r f a c e   320  c o n s i s t i n g   o f  

video  rams  113,  v ideo   d r i v e r   c i r c u i t r y   324,  and  a  v ideo   d i s p l a y  

322.  User  s o f t w a r e   307  and  309,  which  is  r e s i d e n t   in  memory  ( 1 0 2 )  

may  i n c l u d e   a l l   manner  of  s o f t w a r e   e n t i t i e s ,   i n c l u d i n g   CPU  i n s t r u c -  

t i o n s   to  m a n i p u l a t e   the  l o g i c a l   d i s p l a y s   (311,  313,  and  315)  o r  

s o f t w a r e   c a l l s   for   windowing  s e r v i c e s .   Such  s o f t w a r e   c a l l s   i n v o k e  

windowing  s o f t w a r e   317  a l s o   r e s i d e n t   in  memory  (102)  which  i n t e r -  

p r e t s   the  u s e r ' s   c a l l s   and  in  t u r n   may  p r e s e n t   to  the  CPU  i n s t r u c -  

t i o n s   which  w i l l   r e s u l t   in  c a r r y i n g   out  the  u s e r ' s   r e q u e s t s   or  c a l l  

system  s o f t w a r e   to  c a r r y   out  the  u s e r ' s   r e q u e s t s .   The  w i n d o w i n g  
s o f t w a r e   317  may  i n t e r r o g a t e   the  d i s p l a y   d a t a b a s e s   311,  313  or  315 

to  d e t e r m i n e   the  p r e v i o u s   s t a t e   of  the  d i s p l a y ,   and  w i l l   upda te   t h e  

d i s p l a y   d a t a b a s e   so  t h a t   i t   r e f l e c t s   any  changes   b r o u g h t   about   by 
bhe  c u r r e n t   c a l l   from  use r   s o f t w a r e .  

S t i l l   r e f e r r i n g   to  F igu re   3,  machine  l anguage   i n s t r u c t i o n s  

p r e s e n t e d   to  CPU  101  by  s o f t w a r e   are  decoded  by  e l emen t   303  w h i c h ,  

r e g a r d l e s s   of  whe the r   by  " h a r d - w i r e d "   or  mic rocoded   means,  d i r e c t s  

s r i t h m e t i c   and  l o g i c   u n i t   (ALU)  305  in  e x e c u t i n g   the  i n s t r u c t i o n s ,  
rhe  d e s c r i p t i v e   i n f o r m a t i o n   in  d i s p l a y   d a t a b a s e s   311,  313,  315  i s  
:hen  used  to  c r e a t e   a  new  s c r e e n   b i tmap  113,  which  would  t h e n  
: o n t a i n   a  " s c r e e n   image"  of  the  d i s p l a y   s c r een   as  i t   shou ld   now 

lppear ,   r e f l e c t i n g   the  m a n i p u l a t i o n s   c a l l e d   for   by  the  c u r r e n t  
: a l l s   from  use r   s o f t w a r e .   D i s p l a y   i n t e r f a c e   324  ( r e g a r d l e s s   o f  

11 
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whe ther   by  programmed  I/O  or  D i r e c t   Memory  Access  means)  r eads   and  

p r o c e s s e s   the  b i t   map  to  g e n e r a t e   a p p r o p r i a t e   s i g n a l s   to  d i s p l a y  

322  c a u s i n g   i t   to  d i s p l a y   the  i n f o r m a t i o n   s p e c i f i e d   in  b i t   map  113 .  

Note  t h a t   the  term  " b i t   map"  is  used  h e r e i n   by  c o n v e n t i o n ,   and  

may  deno te   a  c h a r a c t e r   map  for  a  c h a r a c t e r - o r i e n t e d   d i s p l a y ,   or  a  

p i x e l   map  for  a  p i x e l - o r i e n t e d   d i s p l a y :  

-  On  a  c h a r a c t e r - o r i e n t e d   d i s p l a y ,   the   s m a l l e s t   a d d r e s s a b l e  

e l emen t   is  a  c h a r a c t e r   p o s i t i o n ,   which  may  be  o c c u p i e d   by  a n y  

c h a r a c t e r   from  a  d e f i n e d   font   of  c h a r a c t e r s .   The  s e l e c t i o n   o f  

which  c h a r a c t e r   is  to  occupy  a  p a r t i c u l a r   c h a r a c t e r   p o s i t i o n  

is  made  by  p l a c i n g   the  b i n a r y   code  r e p r e s e n t i n g   t h a t   c h a r a c t e r  

in  the  c o r r e s p o n d i n g   p o s i t i o n   of  the   b i t   map. 

On  a  p i x e l - o r i e n t e d   d i s p l a y ,   the  s m a l l e s t   a d d r e s s a b l e   e l e m e n t  

is  e s s e n t i a l l y   d e t e r m i n e d   by  the  s i z e   of  the  "dot"  t h a t   w o u l d  

be  made  to  appea r   on  the  s c r een   by  the   e l e c t r o n   beam  i f   i t   d i d  

not  move.  This  is  termed  a  " p i c t u r e   e l e m e n t " ,   from  which  t h e  

term  "p ixe l "   was  co ined .   In  the  s i m p l e s t   p i x e l   b i t   map,  a  

s i n g l e   b i t   p o s i t i o n   in  the  b i t   map  r e p r e s e n t s   each  p i x e l  

p o s i t i o n   on  the  d i s p l a y ;   a  "1"  (one)  at  a  p o s i t i o n   in  the  b i t  

map  deno te s   i l l u m i n a t i o n   "on"  at  the  c o r r e s p o n d i n g   p o s i t i o n   on  

the  s c r e e n ,   and  "0"  ( ze ro )   d e n o t e s   " o f f " .   In  more  c o m p l e x  

i m p l e m e n t a t i o n s ,   s e v e r a l   b i t s   in  the  b i t   map  r e p r e s e n t   e a c h  

p i x e l   p o s i t i o n   on  the  d i s p l a y ;   a  c o m b i n a t i o n   of  s e v e r a l   b i t s  

at  a  p o s i t i o n   in  the  b i t   map  might  d e n o t e   the  i n t e n s i t y   l e v e l ,  

or  the  c o l o r ,   or  both,   to  be  d i s p l a y e d   at  the  c o r r e s p o n d i n g  

p i x e l   p o s i t i o n   on  the  s c r e e n .  
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Tne  p r i o r   a r t   a p p r o a c h   can  be  s u c c e s s f u l l y   imp lemen ted ,   but  i t  

has  the  d i s a d v a n t a g e s   of  (1)  i n t r o d u c i n g   s u b s t a n t i a l   o v e r h e a d ,  

b e c a u s e   of  the  need  for   the  system  s o f t w a r e   to  i n t e r p r e t   a l l   of  t h e  

u s e r ' s   c a l l s   to  e f f e c t   p r o t e c t i o n   or  (2)  a l low  a l l   the  u s e r s  

s h a r i n g   the  d i s p l a y   d i r e c t   a c c e s s   to  the  d i s p l a y ,   g i v i n g   up 

p r o t e c t i o n .  

2  D e s c r i p t i o n   of  System  H a r d w a r e  

R e f e r r i n g   to  F igu re   4,  an  ove rv iew  b lock   d iagram  of  compute r s   o f  

the  p r e s e n t   i n v e n t i o n   employed  in  a  d i s t r i b u t e d   comput ing   n e t w o r k ,  
i t   is  seen  t h a t   CPU  101  is  no  l o n g e r   c o n f i g u r e d   at  the  hub  of  a l l  

the  o t h e r   e l e m e n t s .   Over  Local  Memory  Bus  (LMB)  403,  CPU  101  c a n  
communica te   with  i n t e g r a t e d   I/O  and  sys tem  c o n s o l e   p r o c e s s o r   ( I S C )  

402,  and  memory  c o n t r o l   and  I-Bus  i n t e r f a c e   (MCU)  401,  both  o f  

which  c o n t a i n   s u f f i c i e n t   i n t e l l i g e n c e   to  o v e r s e e   t h e i r   r e s p e c t i v e  

f u n c t i o n s   w i t h o u t   c l o s e   s u p e r v i s i o n   by  CPU  101.  Without   i n t e r v e n -  

t i o n   by  CPU  101,  MCU  401  d e t e r m i n e s   whe ther   memory  l o c a t i o n s  

r e q u e s t e d   by  CPU  101  are  in  l o c a l   memory  or  not ;   i f   not ,   MCU  401 

a u t o m a t i c a l l y   p e r f o r m s   the  r e q u e s t e d   memory  r e f e r e n c e   via  I  -Bus  404 

in  the  memory  a s s o c i a t e d   with  a n o t h e r   computer   on  the  n e t w o r k .  

Communicat ion   between  p r o c e s s o r s   of  the  p r e s e n t   i n v e n t i o n  

c o n f i g u r e d   as  a  d i s t r i b u t e d   system  is  e f f e c t e d   by  memory 
r e f e r e n c e s .   All  memory  l o c a t i o n s   w i t h i n   the  d i s t r i b u t e d   system  a r e  

a c c e s s i b l e   to  any  CPU  --  a  CPU  may  read  from  or  w r i t e   to  a  memory 
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l o c a t i o n   a s s o c i a t e d   with  a n o t h e r   CPU  on  the  d i s t r i b u t e d   system  w i t h  

the  same  f a c i l i t y   wi th   which  i t   may  a c c e s s   any  of  the  memory 

l o c a t i o n s   a s s o c i a t e d   wi th   i t s e l f .   All  memory  a c c e s s   r e q u e s t s   f rom 

a  CPU  401  are  passed   over  LMB  bus  403  to  MCU  401,  which  d e t e r m i n e s  

from  the  memory  a d d r e s s   whe the r   the  d e s i r e d   l o c a t i o n   is  a s s o c i a t e d  

with  the  l o c a l   p r o c e s s o r   ( the   p r o c e s s o r   c o n t a i n i n g   the  CPU  and  MCU) 

or  one  of  the  o t h e r   p r o c e s s o r s   c o m p r i s i n g   the  ne twork .   If  t h e  

former ,   MCU  401  a c c e s s e s   the  l o c a l   memory  102  (or  v ideo   RAM  113,  a s  

a p p r o p r i a t e )   over  memory  bus  405  p e r f o r m i n g   the  r e q u e s t e d   read  o r  

w r i t e   and  o b t a i n i n g   da ta   from  CPU  101  over  LMB  bus  403  ( i f   a  w r i t e )  

or  p a s s i n g   da ta   to  CPU  101  over  LMB  bus  403  ( i f   a  r e a d ) .   If  t h e  

l a t t e r ,   MCU  401  p a s s e s   the  r e q u e s t   over   I-Bus  404  whence  the  MCU 

401  '  s  of  a l l   o t h e r   p r o c e s s o r s   on  the  system  examine  the  memory 

a d d r e s s ;   the   p r o c e s s o r   having  t h a t   a d d r e s s   w i t h i n   i t s   l o c a l   memory 

pe r fo rms   the  memory  a c c e s s ,   the   da ta   be ing   p a s s e d   over   I  -Bus  404 

between  the  MCU  401  of  the  p r o c e s s o r   having   the  memory  a d d r e s s   a n d  

the  MCU  401  of  the  r e q u e s t i n g   p r o c e s s o r .  

An  a r b i t r a t i o n   scheme  is  p r o v i d e d   to  e n s u r e   t h a t   no  p r o c e s s o r  

can  monopo l i ze   the  I-Bus  and  t h a t   no  p r o c e s s o r   can  be  d e p r i v e d   o f  

the  use  of  the  I -Bus .   This  scheme  is  based  on  a  r o t a t i n g   p r i o r i t y ,  

where in   the  p r o c e s s o r   t h a t   has  j u s t   used  the  bus  is  g iven   l o w e s t  

p r i o r i t y   and  must  wai t   t i l l   o t h e r   r e q u e s t i n g   p r o c e s s o r s   have  u s e d  

the  bus  b e f o r e   i t   can  use  the  bus  a g a i n .  

I n t e g r a t e d   I/O  and  System  Console   P r o c e s s o r   (ISC)  402  c o n t a i n s  

a  m i c r o p r o c e s s o r   and  is  p r o v i d e d   to  r e l i e v e   CPU  101  of  d e t a i l - l e v e l  

o v e r s i g h t   of  da ta   t r a n s f e r s   between  the  computer   and  I/O  d e v i c e s  

109,  communica t ion   l i n e s   107,  and  system  c o n s o l e   104 .  

14 
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LMB  bus  403  is  p r o v i d e d   so  t h a t   c o m m u n i c a t i o n   between  CPU  101 ,  

ISC  402,  and  MCU  401  can  take   p l a c e   w i t h o u t   c o n t e n t i o n   from  any  o f  

the  memory  d e v i c e s   102  or  113 .  

Video  C o n t r o l   Unit   (VCU)  406  is  p r o v i d e d   ahead  of  the  v i d e o  

RAMs  113  to  r e l i e v e   CPU  101  of  much  of  the  d e t a i l e d   work  of  m o d i f y -  

ing  b i tmaps   for  c o n t r o l l i n g   d i s p l a y s   on  user   t e r m i n a l s .  

Video  Expans ion   Unit   (VEU)  407  may  o p t i o n a l l y   be  p r o v i d e d   t o  

expand  the  p i x e l   s i z e   from  8  to  24  b i t s .   VEU  407  i n c l u d e s   a d d i t i o -  

nal  VRAM  c h i p s ,   but  does  not  r e s u l t   in  the  c r e a t i o n   of  more  VRAM 

l o c a t i o n s   —  i t   mere ly   expands   the  s i z e   of  the  e x i s t i n g   l o c a t i o n s .  

In  the  p r e s e n t   embodiment ,   each  compute r   is  a  3 2 - b i t   c o m p u t e r  

and  is  embodied  on  a  s i n g l e   15"xl5"   p r i n t e d   c i r c u i t   board .   Each  

board  c o n t a i n s   i t s   own  LMB  Bus  403  which  does  not  l eave   the  b o a r d .  

Each  board  has  a  c o n n e c t i o n   to  I-Bus  404.  Each  board  has  a  Memory 

Bus  405  which  may  l e a v e   the  board  and  c o n n e c t   to  o p t i o n a l   e x p a n s i o n  

memory  and  v ideo  memory  b o a r d s ;   up  to  2  MBytes  of  memory  may  b e  

accommodated  on  the  p r o c e s s o r   board  and  are  c o n n e c t e d   to  Memory  Bus 

405;  a d d i t i o n a l   memory  and  v ideo   memory  boa rds   may  be  c o n n e c t e d   t o  

the  p r o c e s s o r   b o a r d ' s   Memory  Bus  405  to  expand  each  c o m p u t e r ' s  

memory  c a p a c i t y .  

Up  to  s i x t e e n   such  compu te r s   (each  with  a s s o c i a t e d   memory  a n d  

video  memory  b o a r d s )   may  be  accommodated  in  a  s i n g l e   c a b i n e t ,   t h e  

c a b i n e t   i n c l u d i n g   a  " b a c k p l a n e "   c o m p r i s i n g   s o c k e t s   i n t o   which  a l l  

the  boards   are  p l u g g e d ,   and  pe rmanen t   w i r i n g   i n t e r c o n n e c t i n g   t h e  

s o c k e t s .   I-Bus  404  is  made  up  of  b a c k p l a n e   w i r ing   and  i n t e r c o n -  

nec t s   a l l   the  c o m p u t e r s   p lugged  i n to   the  c a b i n e t   to  form  a  d i s t r i -  

buted  computer   n e t w o r k .  

.5 
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The  s i x t e e n   computers   may  sha re   a  t o t a l   memory  space   of  512 

MBytes.  As  d e s c r i b e d   above,  any  of  the  compute r s   may  a cce s s   any  

l o c a t i o n   of  the  512  MBytes,  which  may  thus  be  r e g a r d e d   as  a  " g l o b a l  

a d d r e s s   s p a c e " .  

The  Memory  p o r t i o n   of  the  CPU  c o n t a i n s   the  main  memory  c o n t r o l  

un i t   (MCU  401)  and  2  Megabytes  of  main  memory  102  i t s e l f .   The  MCU 

401  a l so   p r o v i d e s   the  c o n t r o l   for   an  e x p a n s i o n   memory  bus  405 

( c a l l e d   the  MEM  Bus)  and  the  c o n t r o l   for  the  g l o b a l   I -Bus   404.  The 

MEM  Bus  405  is  a l so   the  c o n n e c t i o n   for   b i t   mapped  v ideo   s c r e e n s  

t h a t   are  a t t a c h e d   to  the  main  memory  a d d r e s s   space .   The  o n l y  

communica t ion   pa th   between  the  CPU  p o r t i o n   or  I/O  p o r t i o n   and 

Memory  p o r t i o n   of  the  board  is  the  LMB  4 0 3 .  

The  Memory  p o r t i o n   is  e n t i r e l y   c o n t r o l l e d   by  two  ga t e   a r r a y s  

(see  f i g u r e   5):  CMOS-MEM  ga te   a r r a y   561  and  Bipolar-MEM  ga te   a r r a y  

562.  These  two  ga te   a r r a y s   are   b a s i c a l l y   t r a f f i c   d i r e c t o r s   and  

e r r o r   c h e c k i n g   d e v i c e s   which  c o n t r o l   a l l   the  i n t e r a c t i o n s   t h a t   t a k e  

p lace   among  the  LMB  403,  and  I-Bus  404  and  the  MEM  Bus  4 0 5 .  

The  LMB  403  and  the  I-Bus  404  are  the  two  b u s s e s   t h a t   c a n  

i n i t i a t e   memory  o p e r a t i o n s .   The  LMB  403  i n i t i a t e s   a l l   l o c a l   memory 

a c c e s s e s   whi le   the  I-Bus  404  i n i t i a t e s   a l l   a c c e s s e s   of  t h i s   p a r -  

t i c u l a r   node  from  o t h e r   g l o b a l   nodes .   The  MEM  bus  405  is  e s s e n t i -  

a l l y   an  i n t e r n a l   bus  to  t h i s   memory  p o r t i o n   which  c a r r i e s   t h e  

a c t u a l   a d d r e s s   and  da ta   of  the  l o c a l   RAM's  t h e m s e l v e s .   This  bus  i s  

"raw",  u n a l i g n e d ,   u n c o r r e c t e d   da t a   which  is  s t o r e d   in  the  RAMs 

t h e m s e l v e s .   This  MEM  Bus  has  e x p a n s i o n   c a p a b i l i t y   so  t h a t   up  to  16 

Mbytes  can  be  a d d r e s s e d   by  t h i s   MCU  ( the   two  gate   a r r a y s )   w i t h o u t  

adding  more  c o n t r o l .   Thus,  the   MEM  bus  goes  of f   - boa rd   so  t h a t  

16 



0 2 2 3 5 5 7  

mc.ui.jf  ton  ue  ouuea  e i t n e r   in  tne  rorm  of  s t a n d a r d   DRAMs 

or  in  the  form  of  memory  mapped  g r a p h i c s .  

To  i l l u s t r a t e   the  flow  of  a  memory  a c c e s s ,   c o n s i d e r   a  CPU 
r e f e r e n c e .   The  r e f e r e n c e   is  i n i t i a t e d   by  the  CPU  via  the  LMB  4 0 3 .  
The  MCU  401  ( c o m b i n a t i o n   of  CMOS  561  and  B i p o l a r   MEM  562  g a t e  
a r r a y s )   r e c o g n i z e s   the  s t a r t   of  the  memory  o p e r a t i o n .   i t   t h e n  
makes  a  d e t e r m i n a t i o n   of  whether   the  r e f e r e n c e   was  a  l o c a l   r e f e r -  
ence  -  i . e .   to  t h i s   node  -  or  a  g l o b a l   r e f e r e n c e .   Assuming  i t   was  
l o c a l ,   the  MCU  g e n e r a t e s   the  p r o p e r   RAS  and  CAS  (row  a d d r e s s   a n d  
column  a d d r e s s )   l i n e s   to  a cce s s   the  r e q u i r e d   d a t a .   (The  RAS  a n d  
=AS  l i n e s   are  p a r t   of  the   MEM  Bus  405) .   E i t h e r   the  memory  a r r a y   on  
the  board  i t s e l f   (2  Mbytes)   or  an  e x t e r n a l   e x p a n s i o n   memory  on  t h e  
HEM  Bus  405  w i l l   r e spond   with  the  d a t a .   The  MCU  401  now  d i r e c t s  
tha t   da ta   back  onto  the  LMB  403  and  s i g n a l s   the  p r o c e s s o r   101  t h a t  
the  da ta   is  a v a i l a b l e .   i f   the  da t a   r e q u i r e d   a l i g n i n g   o r  
c o r r e c t i n g ,   the  MCU  401  would  have  t a k e n   the  da ta   i n to   the  g a t e  
a r r ays   t h e m s e l v e s ,   m a n i p u l a t e d   i t   as  r e q u i r e d ,   and  r e b r o a d c a s t   t h e  
Jata  back  onto  the  LMB  403  p r i o r   to  s i g n a l i n g   the  p r o c e s s o r   1 0 1 .  

Had  the  r e f e r e n c e   been  g loba l   -  i . e .   not  for  t h i s   node,  t h e n  
:he  MCU  would  not  have  i s sued   the  r e f e r e n c e   on  the  MEM  bus  4 0 5 .  
l a t h e r ,   the  MCU  would  have  begun  a r b i t r a t i n g   and  r e - i n i t i a t i n g   t h e  
r e f e r e n c e   onto  the  I-Bus  404.  The  r e s p o n d i n g   I-Bus  node  111  w i l l  
- e tu rn   a l i g n e d ,   c o r r e c t e d   da ta   back  via  the  I-Bus  404  at  which  t i m e  
:he  MCU  401  w i l l   d i r e c t   the  data  back  onto   the  LMB  403,  b u f f e r i n g  
:he  da ta   as  n e c e s s a r y .  
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3  D e s c r i p t i o n   of  G r a p h i c s   H a r d w a r e  

R e f e r r i n g   to  F igu re   4,  VCU  406  p r o v i d e s   high  r e s o l u t i o n   c o l o r  

g r a p h i c s   (1280  x  1024),   us ing   8  b i t s   per  p i x e l .   Video  E x p a n s i o n  

Unit   (VEU)  407  may  o p t i o n a l l y   be  i n c l u d e d   to  expand  the  p i x e l   s i z e  

to  24  b i t s ,   g i v i n g   the  e f f e c t   of  a  2 4 - b i t   VCU  4 0 6 .  

Note:  In  the  e n s u i n g   d i s c u s s i o n ,   "VCU  406/8"  s h a l l  

mean  t h a t   VEU  407  is  a b s e n t   and  the  p i x e l   s i z e   i s  

e i g h t   b i t s ;   "VCU  406/24"  s h a l l   mean  t h a t   VEU  407  i s  

p r e s e n t   and  the  p i x e l   s i z e   is  24  b i t s ;   ba ld   r e f e r e n c e s  

to  "VCU  406"  s h a l l   apply   r e g a r d l e s s   of  p i x e l   s i z e .  

VEU  407  i n c l u d e s   a u g m e n t a t i o n   of  VRAMs  113;  t h i s   does  n o t  

p r o v i d e   a d d i t i o n a l   VRAM  l o c a t i o n s ,   but  expands  the  s i z e   of  t h e  

e x i s t i n g   l o c a t i o n s   from  8  to  24  b i t s .   VCU  406  d r i v e s   a  60  h e r t z  

n o n - i n t e r l a c e d   19"  c o l o r   m o n i t o r .   The  v ideo   o u t p u t s   to  the  m o n i t o r  

are  RGB  (RED-GREEN-BLUE)  sync-on-GREEN  with  75  ohm  d r i v e   i m p e d a n c e .  

P ixe l   da ta   r e t r i e v e d   from  VRAMs  113  are  not  w r i t t e n   to  t h e  

s c r een   d i r e c t l y ,   but  are  i n p u t   to  a  t a b l e   lookup  f u n c t i o n .   The 

t a b l e ,   c o n t a i n e d   in  a  s e p a r a t e   RAM  and  known  as  a  " p a l e t t e " ,  

o u t p u t s   a  2 4 - b i t   number.  E ight   of  the  24  b i t s   are  c o n v e r t e d   f rom 

d i g i t a l   to  ana log   to  p r o v i d e   the  RED  v ideo   s i g n a l ,   e i g h t   p r o v i d e  

the  BLUE,  and  e i g h t   p r o v i d e   the  GREEN.  There  are  thus  2**24  (two  t o  

the  24th  power)  or  16  m i l l i o n   c o l o r s   which  can  be  d i s p l a y e d .   8 - b i t  

p i x e l s   can  d i s p l a y   any  256  of  the  16  m i l l i o n   c o l o r s   at  any  g i v e n  

time;  the  s e l e c t i o n   of  which  256  may  be  a l t e r e d   by  r e l o a d i n g   t h e  
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p a i e t t e   ram.  z« -Di t   p i x e l s   can  d i s p l a y   any  of  the  16  m i l l i o n  

c o l o r s ;   the  c o r r e s p o n d e n c e   of  p i x e l   va lue   to  c o l o r   may  be  a l t e r e d  

by  r e l o a d i n g   the  p a l e t t e   RAM. 

VEU  407  must  be  used  in  c o n j u n c t i o n   with  VCU  406  and  c o n n e c t s  

to  VCU  406  via  44  s i g n a l s   on  the  b a c k p l a n e .   It  p r o v i d e s   an  a d d i t i -  

onal  16  b i t s   per  p i x e l   b r i n g i n g   the  t o t a l   b i t s   per  p i x e l   of  t h e  

g r a p h i c s   d i s p l a y   from  8  to  24.  VEU  407,  having  c i r c u i t r y   a n a l o g o u s  

to  t h a t   in  VCU  406,  w i l l   not  be  d e s c r i b e d   in  d e t a i l .  

P ixe l   da ta   from  the  hos t   computer   may  be  w r i t t e n   d i r e c t l y   i n t o  

VRAMs  113,  or  may  be  combined  a c c o r d i n g   to  v a r i o u s   Boolean  r u l e s  

( d i s c u s s e d   l a t e r )   with  da ta   p r e v i o u s l y   in  VRAMs  113 .  

VCU  406  may  be  o p e r a t e d   in  " p i x e l   mode"  or  "p lane   mode" .  

P ixe l   mode  p r o v i d e s   more  f l e x i b i l i t y ,   s i n c e   any  of  a  g r e a t   number  

of  c o l o r s   may  be  drawn  at  any  s c r e e n   p o s i t i o n ,   but  r e q u i r e s   t h e  
host   to  forward   every   b i t   of  every   p i x e l   of  a  d e s i r e d   d i s p l a y .  
Plane  mode  is  p r o v i d e d   to  enhance   p e r f o r m a n c e ,   at  the  expense   o f  

l i m i t i n g   the  number  of  c o l o r s   t h a t   can  be  d i s p l a y e d   for  a  g i v e n  

p a l e t t e   l o a d i n g   to  9  for  VCU  406/8  or  to  25  for   VCU  406/24 .   P l a n e  

mode  e f f e c t s   " p l a n e s "   or  " l a y e r s "   of  d i s p l a y s   ( e i g h t   p l a n e s   for  VCU 

406/8,   24  p l a n e s   for  VCU406/24)  where in   the  c o l o r   of  each  p l a n e  
need  be  s p e c i f i e d   only  once,  " h i g h e r "   p l a n e s   may  o b s c u r e   " l o w e r "  

p l anes ,   and  the  hos t   need  only  send  a  s i n g l e   b i t   ( d e n o t i n g   "ON"  o r  
"OFF"  )  for   each  p i x e l   p o s i t i o n   of  each  p l a n e .   For  example,   if  i t  
is  d e s i r e d   to  d i s p l a y   a  bar  graph  in  w h i c h :  

1)  the  background   is  b l u e ;  

2)  a  g reen   g r id   is  p r e s e n t e d ;  
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3)  the  bars   are  ye l low;   and  

4)  red  l a b e l s   may  appear   on  the  b a r s ,  

then  i t   is  n e c e s s a r y   t o :  

1)  

a)  s p e c i f y   t h a t   the  c o l o r   of  the  background   is  b lue   by:  ( i )  

l oad ing   l o c a t i o n   0  of  the  p a l e t t e   with  a  number  t h a t  

e f f e c t s   d i s p l a y   of  the  d e s i r e d   b lue ;   and  ( i i )   c l e a r i n g  

VRAMs  113  to  a l l   O's,   meaning  t h a t   a l l   p a l e t t e   l o o k u p s  

wi l l   a c c e s s   p a l e t t e   l o c a t i o n   0  y i e l d i n g   the  d e s i r e d   b l u e  

of  the  b a c k g r o u n d ;  

b)  load  p a l e t t e   l o c a t i o n   1  with  a  number  t h a t   is  d i s p l a y e d  

as  the  d e s i r e d   green   for  the  g r i d   l i n e s ;  

c)  load  p a l e t t e   l o c a t i o n s   2  and  3  wi th   a  number  t h a t   c a u s e s  

d i s p l a y   of  the  ye l low  d e s i r e d   for   the  b a r s ;  

d)  load  p a l e t t e   l o c a t i o n   4,  5,  6,  and  7  with  a  number  t h a t  

causes   d i s p l a y   of  the  red  d e s i r e d   for  the  l a b e l s ;  

At  t h i s   p o i n t ,   the  VRAMs  s t i l l   c o n t a i n i n g   a l l   O's,  the  s c r e e n  

w i l l   be  e n t i r e l y   b lue ,   the  c o l o r   s p e c i f i e d   in  p a l e t t e   l o c a t i o n  

0 ;  

2)  p r o v i d e   o n e - b i t s   ( d e n o t i n g   "ON")  to  the  l e a s t   s i g n i f i c a n t   b i t  

( the   " lowes t   p l a n e " )   of  the  p i x e l s   at  p o s i t i o n s   c o r r e s p o n d i n g  

to  the  s c r een   p o s i t i o n s   c o m p r i s i n g   the  d e s i r e d   g reen   g r i d  

l i n e s ;   ( t h e s e   p i x e l s   w i l l   then  c o n t a i n   a  va lue   of  1,  wi th   t h e  
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r e s u l t   t n a t   p a l e t t e   lookups   a c c e s s   p a l e t t e   l o c a t i o n   1,  y i e l d -  

ing  g r een ;   at  t h i s   p o i n t   the  d i s p l a y   w i l l   be  a  g r een   g r id   on  a  

blue  b a c k g r o u n d )  

3)  "OR"  in  o n e - b i t s   to  the  next   l e a s t   s i g n i f i c a n t   b i t s   of  t h e  

p i x e l s   ( the   "second  p l a n e " )   at  p o s i t i o n s   c o r r e s p o n d i n g   to  a l l  

s c r e e n   p o s i t i o n s   c o n s t i t u t i n g   the  d e s i r e d   ye l low  b a r s ;   ( t h e s e  

p i x e l s   w i l l   have  v a l u e s   of  2  i f   ORed  with  a  b lue   b a c k g r o u n d  

p i x e l   or  3  i f   ORed  with  a  g reen   g r i d   l i n e   p i x e l   —  in  e i t h e r  

case ,   p a l e t t e   lookup  y i e l d s   y e l l o w .   Thus,  the  g reen   g r id   and  

blue  background   are  not  v i s i b l e   on  the  ye l low  bars   —  t h o s e  

s c r e e n   p o s i t i o n s   c o n t a i n   pure  ye l low,   and  not  a  s u p e r i m p o s i -  

t i o n   or  m i x t u r e   of  ye l low,   b lue ,   and  g r een .   ) 

4)  OR  in  o n e - b i t s   to  the  next   l e a s t   s i g n i f i c a n t   b i t s   ( t he   " t h i r d  

p lane"   )  of  the  p i x e l s   at  p o s i t i o n s   r e q u i s i t e   to  p r o d u c i n g   t h e  

d e s i r e d   l a b e l s .   (These  p i x e l s   w i l l   then  have  v a l u e s   of  4  o r  

5,  e i t h e r   of  which  causes   p a l e t t e   o u t p u t   of  red.   ) 

The  d e s i r e d   bar  graph  is  now  d i s p l a y e d   on  the  s c r e e n .   A l t h -  

iugh  some  of  the  da ta   is  o b s c u r e d   (namely,   the  p o r t i o n s   of  t h e  

fellow  ba r s   t h a t   are  under  red  l a b e l s ;   the  p o r t i o n s   of  the  g r e e n  
j r id   t h a t   are  under   ye l low  ba r s ;   the  p o r t i o n s   of  the  b lue   b a c k -  

jround  t h a t   are  under  green  g r i d   l i n e s )   i t   is  s t i l l   p r e s e n t   i n  

/RAMs  113  and  w i l l   aga in   become  v i s i b l e   when  the  o v e r l a y i n g   da ta   i s  

removed.  For  example,   if  z e r o - b i t s   are  sent   to  the  t h i r d   p l a n e ,  

:hus  e r a s i n g   the  red  l a b e l s ,   the  ye l low  bars   w i l l   aga in   be  f u l l y  

r i s i b l e   with  no  need  to  r e c o n s t r u c t   any  p o r t i o n   of  them;  l i k e w i s e ,  
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i f   z e r o - b i t s   are  s en t   to  the  second  p l ane   to  e r a se   the  ye l l ow   b a r s ,  

the  green   g r id   w i l l   aga in   be  f u l l y   v i s i b l e   w i t h o u t   hav ing   t o  

r e c o n s t r u c t   i t .  

3.1  Graph ic s   Hardware  O v e r v i e w  

Refer   now  to  F igu re   6.  In  the  p r e f e r r e d   embodiment,   VCU  406  and  

VRAMs  113  are  c o n t a i n e d   on  a  c i r c u i t   board  ( G r a p h i c s   P r o c e s s o r  

Board  301)  which  is  a  15"  x  15"  6  l a y e r   board  with  e t ch   wid th   of  8 

mils   and  e t ch   s p a c i n g   of  8  mi l s .   The  board  c o n t a i n s   the  f o l l o w i n g  

major  c o m p o n e n t s :  

1)  64  256k  VIDEO  RAMS  113  with  a s s o c i a t e d   d r i v e r s   and  b u f f e r s .  

2)  Address   mapping  c i r c u i t r y   602  for   r e c e i v i n g   a d d r e s s e s   o v e r  

Memory  Bus  405  and  t r a n s l a t i n g   same  to  p h y s i c a l   a d d r e s s e s  

w i t h i n   VRAMs  1 1 3 .  

3)  Data  m a n i p u l a t i n g   c i r c u i t r y   603  for   p e r f o r m i n g   m a n i p u l a t i o n s  

on  data   r e c e i v e d   over  Memory  Bus  405  or  c o n t a i n e d   in  VRAMs 

113,  and  for  s t o r i n g   m a n i p u l a t e d   da ta   in  VRAMs  113.  D a t a  

m a n i p u l a t i o n   c i r c u i t r y   603  is  main ly   c o n s t i t u t e d   by  e i g h t  

Graph ic s   Data  P r o c e s s o r   (GDP)  ga te   a r r a y s   714  (on  F i g u r e   7 ) .  

The  keyboard   611,  mouse  613,  and  v e r t i c a l   b l ank ing   a l l   i n t e r -  

rup t   the  host   p r o c e s s o r   via  NMIs  ( n o n - m a s k a b l e   i n t e r r u p t s ) .   The 

s e r v i c i n g   of  NMIs  is  very  f a s t   r e l a t i v e   to  normal  i n t e r r u p t s  

because   the  hos t   does  not  have  to  i s s u e   a  VECT  i n s t r u c t i o n ,   o r  
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l e s u i e u u i e   lqsks   upon  r e c e i p t   or  tne  i n t e r r u p t .  

The  mouse  can  i n t e r r u p t   the  hos t   as  f a s t   as  every   33 

m i l l i s e c o n d s .   S e r v i c i n g   of  the  mouse,  which  i n c l u d e s   c u r s o r  

p l o t t i n g / r e p l o t t i n g ,   shou ld   r e q u i r e   no  more  50  m i c r o s e c o n d s   out  o f  

every   33  m i l l i s e c o n d s   of  t ime.   This  is  a  t o t a l   of  .15%  of  t h e  

h o s t ' s   cpu  time  when  the  mouse  is  moving,  which  r e l a t i v e l y  

s p e a k i n g ,   is  not  o f t e n .  

The  keyboard   c o n s t a n t l y   i n t e r r u p t s   the  host   at  an  i n t e r v a l   o f  

80  m i l l i s e c o n d s .   The  t ime  r e q u i r e d   to  s e r v i c e   the  keyboard   when  i t  

is  i d l e   is  about   25  m i c r o s e c o n d s ,   a  t o t a l   of  .03%  of  the  h o s t s   c p u  
t ime.   If  the  keyboard   is  not  i d l e ,   the  t ime  to  s e r v i c e   i t   is  a b o u t  
400  m i c r o s e c o n d s .   With  a  t y p i s t   who  can  type  60  w o r d s / m i n u t e   ( a  
word  be ing   6  c h a r a c t e r s ) ,   the  i n t e r r u p t   load  is  equal   to  about   .12% 
of  the  h o s t s   cpu  t i m e .  

V e r t i c a l   b l a n k i n g   i n t e r r u p t s   can  be  used  to  pace  the  c o l o r  

p a l e t t e   u p d a t e s .   VCU  406  only  u p d a t e s   p a l e t t e s   d u r i n g   v e r t i c a l  

b l a n k i n g .   I t   t a k e s   6  f rames  to  f u l l y   upda te   the  3  2 5 6 - c o l o r  

p a l e t t e s .   M u l t i p l e   a t t e m p t s   by  the  system  to  upda te   the  p a l e t t e s  
In  l e s s   than  one  frame  w i l l   not  be  r e a l i z e d .   The  sys tem  can  u s e  
the  v e r t i c a l   b l a n k i n g   i n t e r r u p t   to  i n d i c a t e   t h a t   VCU  406  h a s  

jpda ted   the  p a l e t t e s ,   and  to  i s s u e   a n o t h e r   upda te   i f   r e q u i r e d .  
Since  t h i s   f u n c t i o n   can  be  done  via   s e t t i n g   a  f l a g ,   the  time  t o  
s e r v i c e   the  i n t e r r u p t   is  c o n s i d e r e d   n e g l i g i b l e .  

To ta l   load  on  the  sys tem,   wors t   case ,   i n c l u d i n g   both  mouse  a n d  

ceyboard,   is  e s t i m a t e d   to  be  a p p r o x i m a t e l y   .27%  of  the  t o t a l   CPU 
: ime .  
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3 .1 .1   P ixe l   Mode  O v e r v i e w  

Note:  This  d i s c u s s i o n   is  in  terms  of  8 - b i t   p i x e l s ;  

a  d i s c u s s i o n   for  2 4 - b i t   p i x e l s   would  be  a n a l a g o u s .  

R e f e r r i n g   to  F igu re   7,  p i x e l   da ta   is  sent   from  the  hos t   CPU 

over  Memory  Bus  405,  is  p r o c e s s e d   by  the  Graph ic   Data  P r o c e s s o r s  

714,  and  e i g h t - b i t   p i x e l s   are  s t o r e d   in  "b i t   map"  form  in  VRAMs 

113 .  

N o t e :  

o  The  term  "hos t   CPU"  may  r e f e r   to  CPU  101  of  t h e  

l o c a l   p r o c e s s o r ,   or  some  o t h e r   node  on  the  I - B u s .  

o  The  " p r o c e s s i n g "   pe r fo rmed   by  the  Graphic   D a t a  

P r o c e s s o r s   714  may  take   the  form  of  a l i g n i n g  

p i x e l s   from  the  3 2 - b i t   bus  word  onto  VRAM  p i x e l  

b o u n d a r i e s ,   merging  incoming  p i x e l   da ta   w i t h  

p i x e l   da ta   p r e v i o u s l y   in  VRAMs  113,  and  the  l i k e .  

As  is  i n d i c a t e d   by  the  b i d i r e c t i o n a l   i t y   of  the  arrow  c o n n e c -  

t i n g   GDPs  714  and  VRAMs  113,  GDPs  714  have  the  c a p a b i l i t y ,   i n  

r e s p o n s e   to  commands  from  the  the  hos t   CPU,  to  e x t r a c t   b i t   map  d a t a  
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from  VRAMs  113,  pe r fo rm  m a n i p u l a t i o n s   upon  i t ,   and  r e t u r n   i t   t o  

VRAMs  113.  W r i t i n g   to  VRAMs  from  the  hos t   is  known  as  a n  

" e x t e r n a l "   a c c e s s " ;   the  l a t t e r   case  is  c a l l e d   an  " i n t e r n a l "   a c c e s s .  

C i r c u i t r y   604  e x t r a c t s   b i t   map  da t a   from  VRAM's  113  a n d  

t r a n s f o r m s   each  p i x e l   to  a  d e s i r e d   v ideo   r e p r e s e n t a t i o n   as  d i r e c t e d  

by  p a l e t t e   609  under   c o n t r o l   of  p a l e t t e   lookup  t a b l e   605.  D i g i t a l -  

t o - a n a l o g   c o n v e r t e r s   (DACs)  606  t r a n s f o r m   the  v ideo  r e p r e s e n t a t i o n s  

to  red,   g reen ,   and  b lue   v ideo   s i g n a l s   which  are  fo rwarded   to  t h e  

v ideo   mon i to r   for  d i s p l a y .  

3 . 1 . 2   Plane  Mode  O v e r v i e w  

Plane  mode  data   f o l l o w s   e s s e n t i a l l y   the  same  path  as  p i x e l   mode 

d a t a ,   but  is  hand led   d i f f e r e n t l y ,   as  shown  in  F igure   8.  W i t h  

r e f e r e n c e   to  the  bar  g raph   example  se t   f o r t h   above,  suppose   t h a t   a s  

p a r t   of  w r i t i n g   the  red  l a b e l s   on  the  ye l low  bars   i t   is  d e s i r e d   t o  

w r i t e   the  c h a r a c t e r   "A".  A  r e p r e s e n t a t i o n   of  the  c h a r a c t e r   "A" 

( e l e m e n t   815)  is  shown  as  i t   might  appea r   in  a  " fon t"   of  c h a r a c t e r s  

( f o n t s ,   well   known  to  those   in  the  a r t ,   may  be  t h o u g h t   of  a s  

p r e s t o r e d   b i tmaps   of  o f t e n - u s e d   g r a p h i c   e n t i t i e s ) .   The  p r e s t o r e d  

p l ane -mode   (one  b i t   per  p i x e l )   b i tmap  for   "A"  is  shown  as  e l e m e n t  

816.  Where  the  b i tmap  c o n t a i n s   a  1,  the  c o l o r   deno ted   by  f o r e g -  

round  r e g i s t e r   819  w i l l   be  d i s p l a y e d   at  the  c o r r e s p o n d i n g   s c r e e n  

p o s i t i o n ;   where  i t   c o n t a i n s   a  0,  the  c o l o r   denoted   by  b a c k g r o u n d  

r e g i s t e r   818  w i l l   be  d i s p l a y e d .   The  d i s c u s s i o n   of  the  bar  g r a p h  

example  in  s e c t i o n   5.1  did  not  c o n s i d e r   use  of  t hese   r e g i s t e r s ;  

they  enhance  f l e x i b i l i t y   by  p e r m i t t i n g ,   for  example,   red  l a b e l s   on  
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a  b lack   background   on  the  ye l low  ba r s .   I t   is  assumed  here   t h a t   t h e  

background   r e g i s t e r   c o n t a i n s   a  va lue   d e n o t i n g   the  ye l low  of  t h e  

bars   and  t h a t   the  f o r e g r o u n d   r e g i s t e r   c o n t a i n s   a  va lue   d e n o t i n g   t h e  

d e s i r e d   red  of  the  l a b e l s .  

3.2  Programming  O v e r v i e w  

The  v ideo   memory  (VRAMs  113)  c o n t a i n s   v ideo   i n f o r m a t i o n   which  i s  

c o n t i n u o u s l y   d i s p l a y e d   on  the  s c r e e n .   The  s m a l l e s t   p i c t u r e   e l e m e n t  

t h a t   is  a d d r e s s a b l e   in  the  v ideo   memory  is  c a l l e d   a  p i x e l .   Each  

p i x e l   c o n t a i n s   i n f o r m a t i o n   t h a t   c o r r e s p o n d s   to  a  va lue   t h a t   t h e  

p i x e l   can  t ake   on.  For  VCU  406/8 ,   a  p i x e l   is  r e p r e s e n t e d   by  8  b i t s  

of  v ideo   memory,  and  can  t ake   on  any  one  of  256  p o s s i b l e   v a l u e s .  

For  VCU  406/24  a  p i x e l   is  r e p r e s e n t e d   by  24  b i t s   of  v ideo   memory, 

and  can  t ake   on  any  one  of  1 6 , 7 7 7 , 2 1 6   ( w r i t t e n   as  16M  for   f u t u r e  

d i s c u s s i o n )   p o s s i b l e   v a l u e s .  

There  are  1280  p i x e l s   d i s p l a y e d   h o r i z o n t a l l y   and  1024  p i x e l s  

d i s p l a y e d   v e r t i c a l l y .   There  are  a c t u a l l y   4048  VRAM  l o c a t i o n s  

h o r i z o n t a l l y ,   the  l a s t   768  of  which  are  never   d i s p l a y e d .   T h i s  

s e c t i o n   of  the  v ideo  memory  can  be  used  to  s t o r e   t e m p o r a r y  

p i c t u r e s ,   i cons ,   c h a r a c t e r   f o n t s ,   or  small   windows  of  d a t a .  

Each  b i t   of  the  p i x e l   is  c a l l e d   a  ' p l a n e ' .   When  c o n f i g u r e d   a s  

an  8  b i t   per  p i x e l   c o n t r o l l e r   (VCU  406/8)   t h e r e   are  8  p l a n e s .   When 

c o n f i g u r e d   as  a  24  b i t   per  p i x e l   c o n t r o l l e r   (VCU  4 0 6 / 2 4 ) ,   t h e r e   a r e  

24  p l a n e s .  

The  p i x e l   p lane   b i t s   are  passed   to  the  a d d r e s s   f i e l d   of  a  h i g h  

speed  RAM  lookup  t a b l e .   The  data   r e t u r n e d   by  the  RAM  is  t h e n  

26 



0 2 2 3 5 5 7  

passed   to  tne  v ideo   o u t p u t   s t a g e .   This  t a b l e   a l lows   the  p i x e l  

i n f o r m a t i o n   s t o r e d   in  the  video  memory  to  be  r e d e f i n e d   b e f o r e   b e i n g  

d i s p l a y e d   on  the  s c r e e n .   This  RAM  is  c a l l e d   the  c o l o r   p a l e t t e .  

On  VCU  406/8 ,   8  b i t s   of  i n f o r m a t i o n   are  p laced   on  the  RAM 

a d d r e s s   l i n e s   and  24  b i t s   of  da ta   are  r e t u r n e d .   Because  each  p i x e l  

is  8  b i t s   wide,  i t   can  take   on  any  one  of  256  v a l u e s .   The  c o l o r s  

r e p r e s e n t e d   by  the  v a l u e s   can  be  chosen   from  a  range  of  1 6 , 7 7 7 , 2 1 6 .  

VCU  406/24 ,   wi th   r e s p e c t   to  the  c o l o r   p a l e t t e s ,   is  e s s e n t i a l l y  

3  VCU  406/8  d e s i g n s   in  p a r a l l e l .  

3.3  R e s t r i c t i o n s  

VCU  406  is  d e s i g n e d   to  read  and  w r i t e   the  v ideo   memory  on  p i x e l  
b o u n d a r i e s .   To  a c c o m p l i s h   t h i s ,   VCU  406  m a n i p u l a t e s   the  d a t a  

i n t e r n a l l y .   F u r t h e r m o r e ,   on  w r i t e   c y c l e s ,   VCU  406  p e r f o r m s   a  

r e a d - m o d i f y - w r i t e   c y c l e   i n t e r n a l l y .   MCU  406  ,  the   M-bus 

c o n t r o l l e r ,   is  a l s o   c a p a b l e   of  p e r f o r m i n g   r e a d - m o d i f y - w r i t e   c y c l e s ,  
but  cannot   m a n i p u l a t e   the  da ta   in  the  same  manner  as  VCU  406.  VCU 
406  e x p e c t s   only  s imple   reads   and  w r i t e s   via   the  M-bus.  If  MCU  406 

per forms   a  r e a d - m o d i f y - w r i t e   to  VCU  406,  i n d e t e r m i n a t e   r e s u l t s   w i l l  

occur  . 

To  i n s u r e   t h a t   MCU  406  e x e c u t e s   on ly   s imple   r eads   and  w r i t e s  
to  VCU  406  the  f o l l o w i n g   programming  r u l e s   must  be  f o l l o w e d :  

o  For  NORMAL  space   a c c e s s e s   to  VCU  406  only  even  doub le   word 

r eads   or  w r i t e s   are  a l l owed .   S p e c i f i c a l l y ,   odd  doub le   word 

reads   or  w r i t e s ,   byte  r eads   or  w r i t e s ,   and  word  r eads   o r  
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w r i t e s   are  d i s a l l o w e d ,  

o  For  OTHER  space  a c c e s s e s   to  VCU  406,  by  d e f i n i t i o n ,   only  e v e n  

double   word  r eads   or  w r i t e s   are  a l l owed .   S p e c i f i c a l l y ,   odd 

doub le   word  r eads   or  w r i t e s ,   byte   r eads   or  w r i t e s ,   and  word 

r eads   or  w r i t e s ,   are  d i s a l l o w e d   in  the  p r e s e n t   e m b o d i m e n t .  

J.  4  Types  Of  Video  Memory  A c c e s s e s  

VCU  406  is  c a p a b l e   of  the  f o l l o w i n g   types   of  v ideo   memory  a c c e s s e s :  

1  )  Host  p r o c e s s o r   to  v ideo   memory  a c c e s s e s   (  and  v i c e   v e r s a   )  . 
2  )  Video  memory  to  v ideo   memory  a c c e s s e s   . 

3)  S p e c i a l   c h a r a c t e r   w r i t e   a c c e s s e s   (from  hos t   p r o c e s s o r   to  v i d e o  

memory. 

The  fo rmat   in  which  the  da ta   is  packed  is  BLOCK  form  -  the   32  b i t  

data   word  c o n t a i n s   4  c o n s e c u t i v e   8  b i t   p i x e l s   for   VCU  406/8;   and  1 

r i g h t   j u s t i f i e d   24  b i t   p i x e l   for   VCU  406/24  for   v ideo   memory 

a c c e s s e s .   A  s p e c i a l   c h a r a c t e r   w r i t e   c o n t a i n s   32  c o n s e c u t i v e   p i x e l s  

in  a  doub leword   a c c e s s   and  is  i n d e p e n d e n t   of  the  b i t s   per  p i x e l .  

3.5  On-board  Graph ic s   Hardware  C a c h i n g  

Video  memory  to  v ideo   memory  a c c e s s e s   ( i n t e r n a l   a c c e s s e s )   do  n o t  

use  the  M-bus.  During  an  INTERNAL  READ  data   is  read  from  the  v i d e o  
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memory  ana  s t o r e d   in  an  o n - b o a r d   r e g i s t e r .   On  an  INTERNAL  WRITE 

o p e r a t i o n ,   the  da t a   t h a t   was  p r e v i o u s l y   s t o r e d   in  the  o n - b o a r d  

r e g i s t e r   from  the  INTERNAL  READ  is  w r i t t e n   back  to  the  s c r e e n  

b u f f e r ,   p o t e n t i a l l y   at  a n o t h e r   a d d r e s s .   Because  i n t e r n a l   a c c e s s e s  

do  not  use  the  M-bus  403,  the  t r a n s f e r   of  da ta   is  not  b a n d w i d t h  

l i m i t e d   by  the  M-bus  to  32  b i t s   per  a c c e s s ;   but  r a t h e r   l i m i t e d   t o  

the  bandwid th   of  the  v ideo   memory  da ta   l i n e s .   For  VCU  406  i t   is  32 

t imes   the  number  of  p l a n e s   per  p i x e l .   This  y i e l d s   a  t r a n s f e r   r a t e  

of  256  b i t s   per  t r a n s f e r   for   VCU  406/8  and  768  b i t s   per  t r a n s f e r  

for  VCU  406/24 .   In  both  c a s e s ,   t h i s   t r a n s l a t e s   to  32  p i x e l s   p e r  
t r a n s f e r .  

3 . 5 . 1   X  and  Y,  SOURCE  and  DESTINATION  R e g i s t e r s  

The  SOURCE  r e g i s t e r s   are  n o r m a l l y   used  as  p o i n t e r s   to  a  row 
and  a  column  of  the  window  to  be  moved  or  drawn.  VCU  406  can  u s e  
e i t h e r   p a i r   of  r e g i s t e r s   to  read  or  w r i t e .   This  a l lows   for   e a s y  

h a n d l i n g   of  b lock  moves  and  l o g i c   o p e r a t i o n s   from  v ideo   memory  t o  

v ideo   memory. 

By  p r o v i d i n g   s e p e r a t e   SOURCE  and  DEST  r e g i s t e r s   for   X  and  Y 

a d d r e s s e s ,   window  moving  in  e i t h e r   the  X  or  the  Y  p l a n e   can  b e  

a c c o m p l i s h e d   much  more  e f f i c i e n t l y   b e c a u s e   only  one  c o o r d i n a t e  

a d d r e s s   needs  to  be  sen t   a f t e r   the  i n i t i a l   X  and  Y  a d d r e s s   i s  

l o a d e d .  

Note  t h a t   both  the  SOURCE  and  the  DEST  r e g i s t e r s   can  be  u s e d  
for  r e a d i n g   and  w r i t i n g .   Labels   " s o u r c e "   or  "des t "   are  used  f o r  
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c i a r i x y   onxy,  ax tnougn   s o u r c e   r e g i s t e r   n o r m a l l y   holds   the  top  r i g h t  
c o o r d i n a t e   of  the  window  to  be  read  and  DEST  r e g i s t e r   n o r m a l l y  

ho lds   the  top  r i g h t   c o o r d i n a t e   of  the  window  to  be  w r i t t e n .  

3 . 5 . 2   R e a d / w r i t e   P i x e l  

PIXEL  o p e r a t i o n s   may  be  used  to  draw  l i n e s ,   c i r c l e s ,   and  o t h e r  

p i x e l - b y - p i x e l   g r a p h i c s   e f f i c i e n t l y .   P i x e l   read  and  p i x e l   w r i t e  

are  j u s t   s p e c i a l   c a s e s   of  BLOCK  READ  and  BLOCK  WRITE  r e s p e c t i v e l y .  
All  a c c e s s e s   are   double   word  a c c e s s e s .   However,  i f   the   p i x e l  

e n a b l e   r e g i s t e r   c o n t a i n s   a  va lue   of  00000001  (hex)  then   on  a  h o s t  

w r i t e   a c c e s s ,   a  p i x e l   w r i t e   is  a c c o m p l i s h e d .   The  p i x e l   to  b e  
w r i t t e n   must  always  be  r i g h t   j u s t i f i e d .   S i m i l a r l y ,   on  a  h o s t   r e a d ,  
the  r i g h t   most  p i x e l   of  the  double   word  read  from  the  v ideo   memory 
is  the  p i x e l   a d d r e s s e d ,   the  r e s t   of  the   p i x e l s   must  be  masked  o u t  

by  the  hos t   CPU.  Note  t h a t   the  PIXEL  ENABLE  r e g i s t e r   is  used  by  VCU 
406  only  on  a  w r i t e   c y c l e .  

PIXEL  a c c e s s e s   r e q u i r e   the  s e tup   of  the  f o l l o w i n g   r e g i s t e r s :  

o  the  X  and  Y  SOURCE  or  DESTINATION  r e g i s t e r s ,  

o  the  LALU  r e g i s t e r ,  

o  the  PIXEL  ENABLE  r e g i s t e r ,  

o  the  PLANE  ENABLE  r e g i s t e r .  
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j . d . j   Keaa/  wr i t e   b l o c k  

A  doub le   word  a cce s s   w i l l   a c c e s s   e i t h e r   4  c o n s e c u t i v e   p i x e l s   on  VCU 

406/8  or  1  p i x e l   on  VCU  406 /24 .   For  VCU  406/8 ,   each  p i x e l   is  8 

b i t s   wide,  so  4  p i x e l s   w i l l   f i t   i n to   a  double   word.  For  VCU  4 0 6 / 2 4  

each  p i x e l   is  24  b i t s   wide,  so  only  1  p i x e l   w i l l   f i t   in  a  d o u b l e  

word.  This  24  b i t   p i x e l   is  RIGHT  JUSTIFIED  in  the  32  b i t   d o u b l e  

word.  Note  t h a t ,   s e t t i n g   or  c l e a r i n g   of  the  v ideo   memory  is  f a s t e r  

if   a  s p e c i a l   c h a r a c t e r   w r i t e   a c c e s s   is  p e r fo rmed   I n s t e a d .  

BLOCK  a d d r e s s i n g   may  be  used  when  i t   is  r e q u i r e d   to  move  o r  

draw  a  l a r g e   r e c t a n g u l a r   b locks   of  g r a p h i c s   memory  more  

e f f i c i e n t l y .   CHRBLT,  2DLINE,  and  BITBLT  i n s t r u c t i o n s   use  BLOCK 

t r a n s f e r s .   Note  t h a t   BLOCK  a c c e s s e s   are  NOT  l i m i t e d   to  double   word  

b o u n d a r i e s   of  p i x e l s ,   but  are  l i m i t e d   to  p i x e l   b o u n d r i e s .  

BLOCK  a c c e s s e s   r e q u i r e   the  s e tup   of  the  f o l l o w i n g   r e g i s t e r s :  

o  the  X  and  Y  SOURCE  or  DESTINATION  r e g i s t e r s  

o  the  LALU  r e g i s t e r  

o  the  PIXEL  ENABLE  r e g i s t e r  

o  the  PLANE  ENABLE  r e g i s t e r  

>.o  vtu  4U/ 

fEV  407  is  very  s i m i l a r   in  ha rdware   de s ign   to  VCU  406.  The  f o l -  

lowing  p a r a g r a p h s   d e s c r i b e   t h o s e   d i f f e r e n c e s .  
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There  is  no  a d d r e s s   g e n e r a t i o n ,   r e f r e s h   c o n t r o l ,   or  X  and  Y 

source   and  d e s t i n a t i o n   r e g i s t e r   s e c t i o n s   on  VEU  407.  The  a d d r e s s  

t h a t   goes  to  the  v ideo   RAMs  is  passed   via   a  c ab l e   to  the  VEU  407 

board  from  the  VCU  406  b o a r d .  

There  is  no  8081  uP  and  a s s o c i a t e d   c i r c u i t r y   ( t h i s   i n c l u d e s  

the  COM  DATA  r e g i s t e r   and  COM  STATUS  r e g i s t e r ) ;   the  n e c e s s a r y   v i d e o  

t iming   s i g n a l s   and  da ta   bus  i n f o r m a t i o n   are  passed   via   a  c ab l e   t o  

VEU  4 0 7 .  

There  are  two  v ideo   o u t p u t   c h a i n s   ( s h i f t e r s ,   e t c . )   and  t w i c e  

as  much  memory  (128  v ideo   RAMs)  on  VEU  407  as  t h e r e   is  on  VCU  406 .  

Note  t h a t   t h i s   memory  does  not  y i e l d   any  a d d i t i o n a l   l o c a t i o n s ,   b u t  

expands  the  s i z e   of  the  e x i s t i n g   l o c a t i o n s .   There  are  only  two 

DACs  on  VEU  407,  one  per  v ideo   o u t p u t   s t a g e .  

There  is  no  keyboa rd   or  mouse  i n t e r f a c e   on  VEU  4 0 7 .  

3.7  C o n v e r t i n g   VCU  406/8  to  VCU  4 0 6 / 2 4  

There  e x i s t s   a  jumper  c a b l e   t h a t   is  c o n n e c t e d   on  the  b a c k p l a n e   when 

both  VCU  406  and  VEU  407  are  p r e s e n t   in  a  sys tem.   This  c a b l e  

p a s s e s   s i g n a l s   from  VCU  406  to  VEU  407  and  v i c e - v e r s a .   One  of  t h e  

s i g n a l s   on  the  c a b l e   t e l l s   the  VCU  406  board  t h a t   a  VEU  407  i s  

c o n n e c t e d   so  t h a t   i t   (VCU  406)  c o n f i g u r e s   i t s e l f   a p p r o p r i a t e l y .  

The  RED  gun  and  GREEN  gun  c a b l e s   are  c o n n e c t e d   to  the  VEU  407 

s l o t .   The  BLUE  gun,  keyboard   c a b l e ,   and  mouse  cab le   are  c o n n e c t e d  

to  the  VCU  406  s l o t .  
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The  p r i o r   a r t   app roach   can  be  s u c c e s s f u l l y   imp lemen ted   (as  d i s -  
cussed  above) ,   but  i t   has  the  d i s a d v a n t a g e s   of  i n t r o d u c i n g   s u b -  
s t a n t i a l   o v e r h e a d ,   because   of  the  need  to  e i t h e r   (1)  i n t e r p r e t   a l l  
of  the  u s e r ' s   c a l l s   to  e f f e c t   p r o t e c t i o n   whi le   s t i l l   s h a r i n g   t h e  
d i s p l a y   or  (2)  a l low  the  use r   d i r e c t   a c c e s s   to  the  d i s p l a y ,   g i v i n g  
up  p r o t e c t i o n .   The  method  of  the  p r e s e n t   i n v e n t i o n   overcomes   t h e s e  

d i s a d v a n t a g e s   by  

o  the  c o n s t r u c t i o n   of  a  da t a   system  in  which  s p e c i a l - p u r p o s e  

m a c h i n e - l a n g u a g e   i n s t r u c t i o n s   are  a v a i l a b l e   for   d i r e c t l y  
m a n i p u l a t i n g   da t a   in  windowed  d i s p l a y s ,   e i t h e r   l o g i c a l   o r  
p h y s i c a l ,  

o  p r o v i d i n g   both   p r i v i l e g e d   ( p r o t e c t e d )   and  n o n - p r i v i l e g e d  
i n s t r u c t i o n s   which  are  d i r e c t l y   e x e c u t a b l e   by  the  CPU, 

o  p r o v i d i n g   ha rdware   f a u l t s   i n t o   the  o p e r a t i n g   system  when 
p r o t e c t i o n   p o l i c y   d e c i s i o n s   are  r e q u i r e d .  

^   „  iiKsam  uo  De  xne  a a t a   p r o c e s s i n g  
sys tem,   and  i n c l u d e s ,   but  is  not  l i m i t e d   to,  the  p a r t s  
of  the  da ta   p r o c e s s i n g   system  d e p i c t e d   in  f i g .   9 .  

Since   the  use r   can  use  t h e s e   i n s t r u c t i o n s   d i r e c t l y   on  the  CPU, 
3  i n t e r v e n i n g   s o f t w a r e   is  r e q u i r e d   to  i n t e r p r e t   them.  Since   t h e y  
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e x e c u t e   d i r e c t l y   in  the  CPU,  which  can  i n c l u d e   a  h i g h s p e e d   memory 

for  e n c a c h i n g   d e s c r i p t i v e   i n f o r m a t i o n ,   t h e r e   is  no  need  to  r e p r o -  

cess   t h i s   d e s c r i p t i v e   i n f o r m a t i o n   on  every   i n s t r u c t i o n .   Thus  t h e  

method  of  the  p r e s e n t   i n v e n t i o n   uses   s i g n i f i c a n t l y   l e s s   of  t h e  

p r o c e s s i n g   power  of  a  g iven   machine ,   or  p e r m i t s   i m p l e m e n t a t i o n   o f  

windowed  d i s p l a y s   on  a  s m a l l e r ,   l e s s   power fu l   machine   than   i s  

p o s s i b l e   for   a  p r i o r   a r t   i m p l e m e n t a t i o n .  

The  method  of  the  p r e s e n t   i n v e n t i o n   is   d e p i c t e d   in  f i g .   4,  b u t  

f i g .   4  does  not  p u r p o r t   to  d e p i c t   a l l   e l e m e n t s   of  a  da t a   s y s t e m ,  

but  only  t hose   e l e m e n t s   n e c e s s a r y   to  g e n e r a t e   and  p roduce   d i s p l a y s .  

The  da ta   sys tem  is  aga in   seen  (see   f i g .   4)  to  c o m p r i s e   a  CPU 

(101) ,   memory  bus  c o n t r o l l e r   and  i n t e r f a c e   (401) ,   a  memory  b u s  

(404) ,   memory  (403) ,   a  v ideo   c o n t r o l   u n i t   (405) ,   a  v ideo   e x p a n s i o n  

u n i t   (406) ,   v ideo   rams  (407)  and  a  d i s p l a y   (408) .   In  t h i s   p a r t i c u -  

l a r   embodiment  the  d i s p l a y   is  a  p i x e l - o r i e n t e d   v ideo   m o n i t o r   and  

not  a  c h a r a c t e r - o r i e n t e d   t e r m i n a l .   A  d i s p l a y   i n t e r f a c e   is  u s e d  

t h a t   is  a p p r o p r i a t e   to  d r i v e   the  v ideo   m o n i t o r .  

User  s o f t w a r e   is  not  c o n s t r a i n e d   to  s o f t w a r e   c a l l s   for   m a n i p u -  

l a t i n g   the  d i s p l a y s ,   but  may  now  a l so   c o n t a i n   i n s t r u c t i o n s   w h i c h  

w i l l   d i r e c t l y   s t i m u l a t e   CPU  201  for  t h a t   p u r p o s e .   User  s o f t w a r e   i s  

always  c o n s t r a i n e d   to  m a n i p u l a t e   l o g i c a l   d i s p l a y s ,   which  may  or  may 

not  be  on  the  p h y s i c a l   d i s p l a y .  

Some  d e f i n i t i o n s   are  n e c e s s a r y   at  t h i s   p o i n t .  

-  User  Graph ic s   I n s t r u c t i o n s   are  n o n - p r i v i l e g e d   i n s t r u c t i o n s  

t h a t   u se r s   can  use  to  d i r e c t l y   m a n i p u l a t e   the  l o g i c a l   d i s p l a y .  

The  user   is  r e s t r i c t e d   to  use  t h e s e   i n s t r u c t i o n s   only  on 
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l o g i c a l   d i s p l a y s   t h a t   the  system  s o f t w a r e   has  s p e c i f i c a l l y  

g iven  the  use r   a c c e s s   to  by  l o a d i n g   i n f o r m a t i o n   i n t o   the  CPU 

via  p r i v i l e g e d   g r a p h i c s   i n s t r u c t i o n s .   D e t a i l e d   d e s c r i p t i o n   o f  

the  user   g r a p h i c s   i n s t r u c t i o n s   can  be  found  in  Appendix  A. 

P r i v i l e g e d   G r a p h i c s   I n s t r u c t i o n s   are  i n s t r u c t i o n s   t h a t   o n l y  

p r i v i l e g e d ,   sys tem  s o f t w a r e   can  use.   If  a  user   a t t e m p t s   t o  

use  any  p r i v i l e g e d   i n s t r u c t i o n   ( g r a p h i c s   or  o t h e r w i s e ) ,   a  

h a r d w a r e - t o - s o f t w a r e   f a u l t   is  p e r f o r m e d   and  the  i n s t r u c t i o n   i s  

not  e x e c u t e d   by  the  CPU.  P r i v i l e g e d   i n s t r u c t i o n s   can  only  b e  

e x e c u t e d   from  segment   zero  of  Data  Genera l   •  s  MV  s e r i e s  

compute r s   . 

A  u s e r ' s   form  i d e n t i f i e r   is  an  un ique   ( in  space)   i d e n t i f i e r ,  

c r e a t e d   by  the  sys tem  s o f t w a r e ,   and  used  by  both  the  h a r d w a r e  

and  the  u se r   to  a cce s s   a  l o g i c a l   d i s p l a y   (window).   The  f o r m  

i d e n t i f i e r   is   pa s sed   as  a  p a r a m e t e r   with  a l l   u s e r  

( n o n - p r i v i l e g e d )   g r a p h i c s   i n s t r u c t i o n s .  

The  ha rdware ,   when  s t a r t i n g   a  g r a p h i c s   i n s t r u c t i o n ,   d e t e r m i n e s  

acce s s   based  on  the  u s e r ' s   form  i d e n t i f i e r   and  the  o p e r a t i n g  

s y s t e m ' s   key.  The  hardware   s e a r c h e s   forms  cache  e n t r y   l i s t ,  

l o o k i n g   for   a  ma t ch ing   u s e r ' s   form  i d e n t i f i e r   /  o p e r a t i n g  

system  key  p a i r .   See  Appendix  B,  s e c t i o n   2,  for   a  more  

comple te   d e s c r i p t i o n   of  the  form  cache   and  how  the  u s e r ' s   f o r m  

i d e n t i f i e r   is  u s e d .  

The  o p e r a t i n g   s y s t e m ' s   key  for   t h i s   embodiment ,   is  the   S e g m e n t  

Base  R e g i s t e r ' s   (SBR)  c o n t e n t s   for   t h a t   p a r t i c u l a r   u s e r ' s  

segment .   This  is  a  known  un ique   v a l u e   t h a t   both  the  o p e r a t i n g  

system  and  ha rdware   can  use  to  s a f e l y   d e t e r m i n e   which  use r   i s  
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us ing   the  CPU.  The  system  s o f t w a r e   s p e c i f i c a l l y   loads   t h e  

forms  cache ,   u s ing   a  p r i v i l e g e   g r a p h i c s   i n s t r u c t i o n ,   wi th   t h e  

t r i p l e   (u se r   form  id,  o p e r a t i n g   system  key,  a d d r e s s   of  t h e  

c o r r e s p o n d i n g   form  d e s c r i p t o r ) .  

A  form  d e s c r i p t o r   d e s c r i b e s ,   or  ho lds   p o i n t e r s   to  d e s c r i p t o r s  

(such  as  a t t r i b u t e s ,   c u r s o r   and  r e c t a n g l e s )   of  a  l o g i c a l  

s c r e e n .   The  form  d e s c r i p t o r   c o n t a i n s   such  i n f o r m a t i o n   as  a 

p o i n t e r   to  the  a t t r i b u t e s   b lock ,   the  s i z e   of  the  window,  and  

the  l o c a t i o n   of  the   window  on  the  p h y s i c a l   s c r e e n ,   e t c .   S e e  

Appendix  B,  s e c t i o n   1  which  d e s c r i b e s   the  GIS  II  form  d e s c r i p -  

t o r   and  o t h e r   r e l a t e d   da t a   s t r u c t u r e s   for   comple te   d e t a i l s .  

I t   shou ld   be  no ted   t h a t   the  form  d e s c r i p t o r   a c t u a l l y   c o n s i s t s  

of  d a t a b a s e s   used  to  d e s c r i b e   the  window  ( l o g i c a l   d i s p l a y ) .  

A  window,  when  n e i t h e r   f u l l y   v i s i b l e   nor  f u l l y   o b s c u r e d ,   i s  

b roken   i n t o   p a r t s   c a l l e d   r e c t a n g l e s .   Each  of  t h e s e   r e c t a n g l e s  

is  d e s c r i b e   by  a  r e c t a n g l e   d e s c r i p t o r .   These  r e c t a n g l e s  

d e s c r i p t o r s   are  then  s t r u n g   t o g e t h e r   i n t o   a  l i n k e d   l i s t ,  

anchored   off   the  form  d e s c r i p t o r .   Each  r e c t a n g l e   (on  t h e  

l i s t )   must  be  e i t h e r   f u l l y   v i s i b l e   or  f u l l y   i n v i s i b l e .  

Background  r e a d i n g   m a t e r i a l   on  the  use  of  r e c t a n g l e s   can  b e  

found  in  [PIK]  .  D e t a i l s   on  the  r e c t a n g l e   d e s c r i p t o r   can  b e  

found  in  Appendix  B,  s e c t i o n   1 .  

Each  window  in  the  system  can  have  a  c u r s o r .   The  c u r s o r   i s  

u s u a l l y   used  to  p o i n t   at  s p e c i f i c   o b j e c t s   on  the  s c r e e n  

( somet imes   c a l l e d   ICONs)  to  pe r fo rm  some  o p e r a t i o n   on.  F o r  

example ,   a  t y p i c a l   o p e r a t i o n   is  to  move  a  window  on  the  s c r e e n  

by  f i r s t   moving  the  c u r s o r   to  p o i n t   at  the  upper   l e f t   c o r n e r  
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ui  me  wmaow  to  move,  p u s m n g   a  Key,  and  moving  the  c u r s o r  

(and  window)  to  the  new  p l ace   on  the  s c r e e n .   E f f i c i e n t   c u r s o r  

management  r e q u i r e s   e x t r a   e f f o r t ,   s i n c e   the  c u r s o r   is  NOT  p a r t  

of  the  window,  but  can  be  t h o u g h t   of  as  a  p l a n e   over  t h e  

window.  The  form  d e s c r i p t o r   for   each  window  p o i n t s   to  a  

c u r s o r   d e s c r i p t o r .   For  d e t a i l s   of  the  c u r s o r   d e s c r i p t o r   s e e  

Appendix  B,  s e c t i o n   1 .  

A  G r a p h i c s   F a u l t   o c c u r s   when  the  CPU  d e t e c t s   t h a t   (1)  a  u s e r ' s  

form  i d e n t i f i e r   is  not  in  the  forms  cache  e n t r y ,   (2)  t h e  

c u r r e n t   g r a p h i c s   i n s t r u c t i o n   i n t e r s e c t s   a  v i s i b l e   c u r s o r ,   ( 3 )  
an  unknown  a t t r i b u t e   index  is  r e f e r e n c e d ,   or  (4)  an  u s e r ' s  

sou rce   form  i d e n t i f i e r   c a n ' t   be  found.   This  f a u l t   is  t h e  
CPU's  way  of  i n f o r m i n g   the  system  s o f t w a r e   of  a  c o n d i t i o n   t h a t  
i t   c a n ' t   manage,  and  needs  system  s o f t w a r e   to  r e s o l v e .   F o r  
d e t a i l s   of  the  t h i s   f a u l t i n g   mechanism,  see  Appendix  B, 
s e c t i o n   4 .  

A  G r a p h i c s   Unimplemented   I n s t r u c t i o n   Trap  occur s   when  the  u s e r  
t r i e s   to  e x e c u t e   a  g r a p h i c s   i n s t r u c t i o n   t h a t   h a s n ' t   b e e n  

implemented   by  the  CPU.  When  t h i s   o c c u r s   a  t r a p   h a n d l e r ,   t h a t  

was  d e f i n e d   by  the  u se r ,   is  e x e c u t e d .   At  t h i s   p o i n t   the  t r a p  
h a n d l e r   can  c a l l   on  o t h e r   s o f t w a r e   to  emula te   the  u n i m p l e m e n -  
ted  i n s t r u c t i o n ,   or  a b o r t .   This  p r o v i d e s   a  g r a c e f u l   way  t o  

m i g r a t e   g r a p h i c s   f u n c t i o n s   between  hardware   and  s o f t w a r e .   S e e  

Appendix  A  for   more  d e t a i l s .  

System  s o f t w a r e   somet imes  c a l l e d   o p e r a t i n g   system  s o f t w a r e   i s  

one  or  more  p rograms   t h a t   can  e x e c u t e   p r i v i l e g e d   i n s t r u c t i o n s .  

The  window  manager  is  s o f t w a r e   t h a t   is  r e s p o n s i b l e   for  man- 
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aging   windows  in  the  sys tem.   Some  embodiments   may  or  may  n o t  

make  the  window  manager  a  p a r t   of  the  system  s o f t w a r e ,   b u t  

r a t h e r   a l low  i t   to  make  p r i v i l e g e d   c a l l s   to  the  sys tem.   Some 

embodiments   may  a l s o   p r o v i d e   p a r t s   of  the  window  m a n a g e r  

s o f t w a r e   ( the   p o r t i o n s   t h a t   do  not  need  to  be  t r u s t e d )   as  u s e r  

r u n t i m e s   . 

S t i l l   r e f e r r i n g   to  f i g .   10,  i t   is  seen  t h a t   u se r   s o f t w a r e   3 1 1 ,  

must  make  s o f t w a r e   c a l l s   to  a  p i e c e   of  sys tem  s o f t w a r e   c a l l e d   t h e  

window  manager  317,  to  p roduce   form  d e s c r i p t o r s .   This  is  u s u a l l y  

not  a  f r e q u e n t   o p e r a t i o n ,   and  can  be  slow.  A  use r   may  not  p r o v i d e  

her  own  form  d e s c r i p t o r s ,   but  must  have  the  window  manager  p r o v i d e  

them  for   her .   The  use r   then   uses   a  un ique   form  i d e n t i f i e r   r e t u r n e d  

to  the  use r   by  the  window  manager  t h a t   r e p r e s e n t s   the  form  d e s c r i p -  

t o r   c r e a t e d   for   her .   This  is  n e c e s s a r y   in  a  m u l t i - u s e r ,  

m u l t i - p r o g r a m ,   or  m u l t i - p r o c e s s   e n v i r o n m e n t   to  a r b i t r a t e   among  t h e  

v a r i o u s   u s e r s ,   p rograms ,   or  p r o c e s s e s   t h a t   are  c o n t e n d i n g   f o r  

window  space  on  the  same  p h y s i c a l   s c r e e n .  

Each  user   g r a p h i c s   i n s t r u c t i o n   ( fo r   w r i t i n g   i n to   windows)  a r e  

p r e s e n t e d   by  user   s o f t w a r e   (307,  309)  to  CPU  (101)  where  they  a r e  

i n t e r p r e t e d   by  the  mic rocode   u n i t   (303) ,   which  in  r e s p o n s e   to  e a c h  

i n s t r u c t i o n   f e t c h e s   an  a p p r o p r i a t e   sequence   of  m i c r o i n s t r u c t i o n s   t o  

d i r e c t   ALU  (305)  in  p e r f o r m i n g   the  i n s t r u c t i o n .  
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Each  such  user   g r a p h i c s   i n s t r u c t i o n   must  c o n t a i n   a  user   fo rm 

i d e n t i f i e r .   Also  known  to  the  CPU/microcode  is  the  c u r r e n t   o p e r a -  
t ing   system  key  for  the  user   c u r r e n t l y   r unn ing   on  the  CPU.  (The  

o p e r a t i n g   system  key  was  se t   when  the  use r   was  g iven   the  CPU  v i a  
the  SBR  management  i n s t r u c t i o n s .   In  a  d i f f e r e n t   embodiment ,   t h i s  
key  can  be  g e n e r a t e d   d i f f e r e n t l y ,   as  long  as  i t   u n i q u e l y   i d e n t i f i e s  
s l l   u s e r s   in  the  system  and  can  be  agreed   upon  by  the  ha rdware   and  
system  s o f t w a r e ) .   The  mic rocode   then  s e a r c h e s   the  forms  e n t r y  
cache  l o o k i n g   for   a  ma tch ing   form  i d e n t i f i e r   / o p e r a t i n g   system  k e y  
p a i r .  

If  the  i d / k e y   p a i r   is  not  found  in  the  form  id  cache ,   a  f o r m s  
cache  miss  f a u l t   is  g e n e r a t e d ,   b a s i c a l l y   c a l l i n g   sys tem  s o f t w a r e   t o  
r e so lve   the  f a u l t .   The  o p e r a t i n g   system  must  then  s e a r c h   i t s   l i s t  
)f  v a l i d   forms  for  t h i s   p a r t i c u l a r   user   to  d e t e r m i n e   i f   a  new  fo rm 
lust  be  loaded  i n t o   the  cache  ( u s i n g   the  WGLFORM  i n s t r u c t i o n )   or  i f  
:he  use r   a t t e m p t e d   to  r e f e r e n c e   an  i l l e g a l   f o r m .  

If  i d / k e y   p a i r   is  found  in  the  forms  e n t r y   cache  then  the  fo rm 
l e s c r i p t o r   a d d r e s s   is  g o t t e n   from  the  form  id  cache .   The  f o r m  
l e s c r i p t o r   a d d r e s s   is  then  used  to  see  i f   the  form  d e s c r i p t o r   i s  
ncached  in  the  form  d e s c r i p t o r   cache .   (In  the  p r e f e r r e d  
mbodiment,   the  form  d e s c r i p t o r   is  a c t u a l l y   encached   both  on  t h e  
PU  101  and  the  Video  C o n t r o l   Unit   406.  In  o t h e r   embodiments ,   t h e  
e s c r i p t o r   may  be  whol ly   encached   on  e i t h e r   the  CPU  or  VCU,  or  n o t  
ached  at  a l l .   Also  no te ,   t h a t   o t h e r   d e s c r i p t o r s ,   r e l a t e d   to  t h e  
orm  such  as  the  r e c t a n g l e ,   a t t r i b u t e   and  c u r s o r   d e s c r i p t o r s   a r e  
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oxso  cacnea  to  a i r r e r m g   d e g r e e s ) .   If   the  form  d e s c r i p t o r   is  n o t  

cached,   then  i t   is  read  from  memory  102  in to   the  form  d e s c r i p t o r  

cache.   A f t e r   the  form  d e s c r i p t o r   is  in  cache ,   the  g r a p h i c s   i n s -  

t r u c t i o n   can  p r o c e e d .  

In  the  i d e a l   embodiment,   many  forms,   of  s e v e r a l   u s e r s   w i l l   be  

encache  at  one  t ime.   This  cache  can  be  a  high  speed  s c r a t c h   pad  

memory  used  by  the  CPU,  or  i t   can  be  wholly  imp lemen ted   on  a  

g r a p h i c   p r o c e s s o r   board .   At  the  o t h e r   ex t reme ,   i t   is  p o s s i b l e   t o  

p rov ide   (a  l e s s   e x p e n s i v e )   i m p l e m e n t a t i o n   which  p r o v i d e s   l i t t l e   o r  

no  c a c h i n g ,   and  a lways  r eads   the  form  d e s c r i p t o r   from  memory.  Some 

form  of  c a c h i n g   w i l l   be  n e c e s s a r y   to  s t o r e   the  form  id,   o p e r a t i n g  

system  key,  form  d e s c r i p t o r   a d d r e s s   t r i p l e s   to  avoid  f a u l t i n g   t o  
the  system  s o f t w a r e   on  every   u se r   g r a p h i c s   i n s t r u c t i o n .   T h i s  

caching  could   be  a  known  l o c a t i o n   in  main  memory,  or  h igh  s p e e d  
s c r a t c h   pad  space   in  the  CPU. 

4.2  C o o r d i n a t e   Systems  and  C o n v e r s i o n s  

rhe  r e a d i n g   of  the  form  i n to   the  i n t e r n a l   cached  form  c o n s i s t s   o f  

c a l c u l a t i n g   s c r e e n - g l o b a l   c o o r d i n a t e s   from  w i n d o w - l o c a l   c o o r d i n a t e s  

provided   by  the  system  in  the  form  d e s c r i p t o r .   (The  u s e r   is  n o t  
r e q u i r e d   to  know  where  on  the  s c r e e n   her  window  is  l o c a t e d ,   and  c a n  
only  f ind  out  by  a s k i n g   the  window  manager  s o f t w a r e ) .  

R e f e r r i n g   to  f i g .   10,  a  window  p o s i t i o n e d   on  a  s c r e e n   i s  
d e p i c t e d .   Wi th in   the  window  are  a  u s e r - s p e c i f i e d   o r i g i n   "O"  ( 1007 )  
( the  user   may  s p e c i f y   c o o r d i n a t e s   in  the  window  r e l a t i v e   to  t h i s  

o r i g i n )   and  a  p o i n t   "P"  (1008)  at  which  the  user   may  wish  t o  
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o p e i a i e .   i - i s i ea   on  t i g .   iu  are  the  g l o b a l   c o o r d i n a t e s   of  t h e  

c o r n e r s   of  the  s c r e e n ,   and  the  g l o b a l   and  l o c a l   c o o r d i n a t e s  

( r e l a t i v e   to  the  upper   l e f t   c o r n e r   (ULC)  of  the  window)  of  p o i n t s  
of  i n t e r e s t   of  the  window:  i t s   four   c o r n e r s   E , F , G , H .  

In  the  s y s t e m - s u p p l i e d   form  d e s c r i p t o r ,   the  system  is  r e q u i r e d  
to  s p e c i f y   the  h e i g h t   and  wid th   of  the  window  ( in  p i x e l s ) ,   and  t h e  
l o c a l   c o o r d i n a t e s   r e l a t i v e   to  the  u s e r ' s   o r i g i n   "0"  of  the  w i n d o w ' s  

ULC.  Note  t h a t   t h i s   i m p l i c i t l y   s p e c i f i e s   the  l o c a t i o n   of  the  o r i g i n  
"O".  

Fig.   11  d e p i c t s   a  form  d e s c r i p t o r   in  sys tem  form.  The  t r a n s -  
f o r m a t i o n   spoken  of  c o n s i s t s   in  c a l c u l a t i n g   and  f i l l i n g   in  t h e  

g l o b a l   c o o r d i n a t e s   of  the  window's   ULC  (1009  and  1010)  and  a  
p o i n t e r   to  g l o b a l   0,0  ( 1007 ) .   S ince   the  form  d e s c r i p t o r   can  now  b e  
encached   as  a  forms  cache   e n t r y ,   t h e r e   is  no  need  to  r e c a l c u l a t e  
such  i n f o r m a t i o n   on  s u b s e q u e n t   r e f e r e n c e s   to  the  same  window,  
u n l e s s   the  window's   g l o b a l   ULC  c h a n g e s .  

Every  b i tmap  employs  a  g l o b a l   c o o r d i n a t e   system  w i t h i n   w h i c h  
i n d i v i d u a l   windows  are  a l l o c a t e d .   Each  form,  in  t u r n ,   d e f i n e s   i t s  
own  l o c a l   ( i n t e r n a l )   sys tem  t h a t   is  i n d e p e n d e n t   of  the  l o c a t i o n   o f  
the  window  w i t h i n   the  c o n t a i n i n g   b i tmap .   D i s p l a y - a f f e c t i n g   i n s -  
t r u c t i o n s   are  w r i t t e n   in  terms  of  l o c a l   c o o r d i n a t e s ;   t r a n s l a t i o n   t o  
g loba l   c o o r d i n a t e s   is  p e r fo rmed   when  the  i n s t r u c t i o n s   are  e x e c u t e d ,  
rhus,   with  r e f e r e n c e   to  f i g . s   10  and  11,  a  form  d e s c r i p t o r   c o n t a i n s  
both  l o c a l   (1103,  1104)  and  g l o b a l   (1101,  1102)  d e s i g n a t i o n s   of  t h e  
fo rm's   Upper  Left   Corner   (ULC),  po in t   E  ( 1 0 0 3 ) .  

Suppose  t h a t   i t   is  d e s i r e d   to  a d d r e s s   p o i n t   P  1008.  The 
sncached  form  d e s c r i p t o r   s u p p l i e s   v e c t o r s   AE  (E ' s   g l o b a l   c o o r d i n a -  
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tes   1101 ,1102)   and  OE  (E ' s   l o c a l   c o o r d i n a t e s   1103,  1104).   I n s t r u c -  

t i o n   i n p u t s   supp ly   v e c t o r   OP  (P ' s   l o c a l   c o o r d i n a t e s :   XL,  YL  r e l a t i v e  

to  the  use r   s u p p l i e d   o r i g i n   1007).   The  v e c t o r   AP  is  c a l c u l a t e d  

i n t e r n a l l y .  

The  cache  then  a lways  c o n t a i n s   the  t r a n s f o r m e d   v e r s i o n s   of  t h e  

"n"  most  r e c e n t l y   used  forms  d e s c r i p t o r s .   This  can  g r e a t l y   a c c e l e -  

r a t e   e x e c u t i o n ,   s i n c e   in  p r a c t i c e   many  forms  w i l l   o f t e n   be  u s e d  

r e p e t i t i v e l y .   (The  d e t e r m i n a t i o n   of  the   v a l u e   of  "n"  is   l e f t   t o  

the  d e s i g n e r s   of  a  p a r t i c u l a r   e m b o d i m e n t ) .  

Since   b i tmap  1007  c o n t a i n s   an  image  of  what  is  to  be  d i s p l a y e d  

on  the  s c r e e n ,   e x e c u t i o n   of  the  p r e s e n t   i n s t r u c t i o n   may  be  r e g a r d e d  

as  comple te   when  the  b i tmap  is  u p d a t e d   to  c o n t a i n   the  new  d i s p l a y  

i n f o r m a t i o n   s p e c i f i e d   by  the  c u r r e n t   i n s t r u c t i o n .   T r a n s l a t i n g   t h e  

b i t   map  1007  to  a  v i s i b l e   d i s p l a y   is  a  f u n c t i o n   of  d i s p l a y   i n t e r -  

face   324,  the  t i m i n g   of  which  is  a s y n c h r o n o u s   to  the  t i m i n g   o f  

i n s t r u c t i o n   e x e c u t i o n .  

Note  t h a t   b i tmap  1007  is  c o n t a i n e d   in  VRAM's  ( v i d e o   random 

a c c e s s   memory  c h i p s ) .   Depending  on  the  p a r t i c u l a r   embodiment ,   t h e  

VRAM's  may  or  may  not  be  a c c e s s i b l e   to  the  ALU  j u s t   as  any  o t h e r  

p o r t i o n   of  main  memory.  

4.3  C l i p p i n g  

The  method  w i l l   not  p e r m i t   a  user   to  w r i t e   o u t s i d e   of  the   window  he  

has  r e f e r e n c e d .   The  system  s o f t w a r e   is  r e s p o n s i b l e   for   d e f i n i n g  

the  s i z e   of  the  u s e r ' s   window,  by  s p e c i f   ing  in  the  form  d e s c r i p t o r  

the  bounding  r e c t a n g l e   1105,  1106,  1107,  1108  t h a t   the   u s e r ' s  
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l e i e i e n g e s   must  s t ay   w i t n i n .   to r   example,   Iff  a  use r   I n s t r u c t i o n  

s p e c i f i e d   a  h o r i z o n t a l   l i n e   400  p i x e l s   long  in  window  1002  t h a t   i s  

only  250  p i x e l s   wide,  only  t h a t   p o r t i o n   of  the  l i n e   t h a t   f i t s  

w i t h i n   the  window  is  w r i t t e n   to  the  window  1002,  and  the  r e s t   i s  

i g n o r e d .   This  is  known  as  " c l i p p i n g " .   The  user   is  NOT  i n f o r m e d  

t h a t   the  c l i p p i n g   has  been  p e r f o r m e d ;   f u r t h e r ,   the  use r   does  n o t  

need  to  know  t h i s .   If  the  user   was  to  be  i n fo rmed ,   then  p a r a l l e l  

o p e r a t i o n   of  the  g r a p h i c s   subsys t em  would  g r e a t l y   be  l i m i t e d ,   s i n c e  
the  CPU  would  have  to  'wai t*   for  the  g r a p h i c s   i n s t r u c t i o n   to  n e a r l y  

comple te   to  d e t e r m i n e   i f   c l i p p i n g   i n f o r m a t i o n   needs  to  be  r e t u r n e d .  

In  p r i o r   a r t ,   i t   was  n e c e s s a r y   to  know  i f   the  i n s t r u c t i o n   was  
c l i p p e d ,   s i nce   t h i s   p r o v i d e d   the  s o f t w a r e   a  h i n t   t h a t   the  g r a p h i c s  
i n s t r u c t i o n   l e f t   one  r e c t a n g l e   1203  of  a  window.  If  t h i s   was  t h e  

case,   the  s o f t w a r e   would  then  have  to  r e s t a r t   the  i n s t r u c t i o n   o n  
the  next   r e c t a n g l e   from  the  r e c t a n g l e   d e s c r i p t o r   l i s t .   In  t h e  
c u r r e n t   i n v e n t i o n ,   s i n c e   the  r e c t a n g l e   l i s t   is  known  to  the  CPU  a n d  

sncached ,   i t   can  e f f i c i e n t l y   walk  the  r e c t a n g l e   l i s t   to  c o m p l e t e  
the  i n s t r u c t i o n   w i t h o u t   s o f t w a r e   i n t e r v e n i n g .  

1.4  O c c l u s i o n :   Broken  Windows 

\  c o m p l i c a t i o n   o c c u r s   in  the  d e s c r i b e d   p r o c e s s i n g   when  a  window  i s  
sec luded   ( p a r t i a l l y   c o v e r e d )   by  a n o t h e r   window.  R e f e r r i n g   to  f i g .  
505,  i t   is  seen  t h a t   Window  A  (502)  is  p a r t i a l l y   c o v e r i n g   Window  B 
:501).   P r i o r   to  t h i s   o c c l u s i o n ,   the  p r o c e s s i n g   was  able   to  r e g a r d  
Undow  B  as  a  s i n g l e   whole  e n t i t y ,   but  must  now  r e g a r d   i t   as  a  
:omplex  e n t i t y   made  up  of  s e v e r a l   s imple   e n t i t i e s   c a l l e d  
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r e c t a n g l e s .   Here  we  i n t r o d u c e   the  term  r e c t a n g l e   to  deno te   a  

p o r t i o n   of  a  window.  Window  B  is  broken  i n t o   t h r e e   r e c t a n g l e s :   B l  

(503) ,   B2  (504) ,   and  B3  (505) .   In  o rder   to  keep  the  s imple   e n t i -  

t i e s   as  s imple   as  p o s s i b l e ,   the  c o n s t r a i n t   is  imposed  t h a t   r e c t a n -  

g les   must  always  be  r e c t a n g u l a r   in  shape  --  i . e . ,   the  method  d o e s  

not  a l low  c o n s i d e r a t i o n   of  the  occ luded   r e c t a n g l e   and  the  L - s h a p e d  

r e m a i n d e r ,   but  r e q u i r e s   d i v i s i o n   of  the  L-shaped   r e m a i n d e r   i n to   two 

r e c t a n g l e s ,   B2  and  B3. 

The  use r   is  not  r e q u i r e d   to  know  t h a t   t h i s   o c c l u s i o n   h a s  

o c c u r r e d   because   i t   may  have  been  caused  by  a  d i f f e r e n t   u s e r ,  

program,   or  p r o c e s s ,   and  hence  does  not  bear   the  burden  of  k n o w i n g  

about   the  panes  —  the  sys tem  s o f t w a r e   does  t h i s   a u t o m a t i c a l l y   a n d  

in  a  manner  t h a t   is  t r a n s p a r e n t   to  the  u s e r .   The  system  s o f t w a r e  

c r e a t e s   a  d e s c r i p t o r   d e s c r i b i n g   each  pane.   This  d e s c r i p t o r   i s  

known  as  a  r e c t a n g l e   d e s c r i p t o r .   Form  d e s c r i p t o r s   d e s c r i b e   t h e  

e n t i r e   window,  whereas   r e c t a n g l e   d e s c r i p t o r s   d e s c r i b e   only  an  a r e a  

of  the  window.  See  append ix   B,  s e c t i o n   1 .4 ,   for   a  d e t a i l e d   d e s -  

c r i p t i o n   of  the  r e c t a n g l e   d e s c r i p t i o n .  

When  o c c l u s i o n   r e q u i r e s   b r e a k i n g   a  window  i n t o   r e c t a n g l e s ,   t h e  

p r o c e s s i n g   w i l l   c r e a t e   new  r e c t a n g l e   d e s c r i p t o r s   for   t h e  

r e c t a n g l e s ,   and  w i l l   l i n k   them  off   the  form  d e s c r i p t o r   for  t h e  

window.  In  f u t u r e   embodiments   t h i s   a u t o m a t i c   c r e a t i o n   may  t a k e  

p l a c e   under   c o n t r o l   of  m i c r o c o d e ,   but  in  the  p r e s e n t   embodiment  i t  

is  done  by  s o f t w a r e ,   invoked   by  the  m i c r o c o d e - t o - s o f t w a r e   f a u l t  

c a p a b i l i t y ,   to  be  d i s c u s s e d   f u r t h e r   o n .  

A  form  d e s c r i p t o r   for   a  window  e s s e n t i a l l y   c o m p r i s e s   a  l i s t   o f  

p o i n t e r s   to  the  r e c t a n g l e   d e s c r i p t o r s   t h a t   make  up  t h a t   window.  I n  
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Lu^.j.cin.  cHiuouiineiiL,  m e s e   p o i n t e r s   are   Kept  by  u s i n g   a  l i n k e d  

l i s t ,   anchored   in  the  form  d e s c r i p t o r   for   the  window,  u s ing   p h y s i -  
cal  a d d r e s s e s .   I t   is  i n t e r e s t i n g   to  note   t h a t   the  form  d e s c r i p t o r  

can  e a s i l y   change  shape  and  s i z e   s i n c e   a  s i z e   f i e l d   is  p a r t   of  t h e  

d e s c r i p t o r ,   and  t h a t   only  the  o p e r a t i n g   system  s o f t w a r e   uses   t h e  
form  d e s c r i p t o r ,   not  user   s o f t w a r e .  

When  a  pane  becomes  o c c l u d e d ,   the  da ta   t h a t   were  d i s p l a y e d   on 
it   are  not  to  be  d i s p l a y e d   any  l o n g e r ,   i n d i c a t i n g   t h a t   the  c o r r e s -  
ponding  l o c a t i o n s   in  b i t   map  (1007)  w i l l   be  o v e r w r i t t e n   by  the  d a t a  
for  the  o c c l u d i n g   window  ( f i g .   12  window  A  1202).   R a t h e r   t h a n  
d i s c a r d   t h i s   i n f o r m a t i o n ,   which  would  n e c e s s i t a t e   r e c o m p u t i n g   i t  
Later  when  the  pane  is  to  become  v i s i b l e   aga in   ( f o r c i n g   the  u s e r  
so f tware   to  be  aware  t h a t   the  window  was  p a r t i a l l y   or  f u l l y  
o c c l u d e d ) ,   or  when  the  use r   wishes   to  m a n i p u l a t e   da ta   w i t h i n   t h e  
pane  ( r e c a l l   t h a t   i t   is  p o s s i b l e   to  m a n i p u l a t e   da ta   in  an  i n v i s i b l e  
?ane),   i t   is  r e t a i n e d   in  a  v i r t u a l   b i tmap  in  main  memory.  

R e f e r r i n g   to  f i g .   13,  which  d e p i c t s   the  forms  d e s c r i p t o r   1301 
Eor  Window  B  1201  t h a t   r e f l e c t s   the  o c c l u s i o n   s i t u a t i o n   d e p i c t e d   i n  
rig.  12,  i t   is  seen  t h a t   the  window  has  been  broken  i n t o   t h r e e  
r e c t a n g l e s   (or  panes )   1306,  1308,  1310.  The  window  m a n a g e r  
so f tware ,   when  t o l d   to  move  window  B  1201  over  the  top  of  window  A 
L202,  d i v i d e s   window  B  1201  i n t o   the  p r o p e r   number  of  r e c t a n g l e s ,  
s e a t i n g   new  r e c t a n g l e   da ta   d e s c r i p t o r s ,   a l l o c a t i n g   v i r t u a l   b i t m a p  
space  (more  p r o p e r l y ,   v i r t u a l   r e c t a n g l e s )   and  copying  the  da ta   f rom 
:he  p h y s i c a l   d i s p l a y   i n to   memory  as  n e c e s s a r y .   in  o r d e r   to  p r e v e n t  
i  user   from  chang ing   the  window  whi le   i t   is  being  m o d i f i e d   by  t h e  
findow  manager,   the  t r i p l e   form  i d e n t i f i e r   /  os  key  /  form  d e s c r i p -  
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tor   a d d r e s s   is  purged  from  the  CPU;  then  any  r e f e r e n c e s   the  u s e r  

a t t e m p t s   to  make  w i l l   r e s u l t   in  a  cache  miss  f a u l t .   At  t h a t   p o i n t  

the  window  manager  (wi th   he lp   from  system  s o f t w a r e )   w i l l   pend  t h e  

u s e r ' s   pa th   (by  not  r e l o a d i n g   the  cache  and  r e suming   the  f a u l t )  

u n t i l   the   window  manager  has  f i n i s h e d   mod i fy ing   the  window.  

S u b s e q u e n t   use r   i n s t r u c t i o n s   to  m a n i p u l a t e   window  B  can  now  b e  

h a n d l e d .   For  example ,   ( r e f e r r i n g   to  Fig.  12)  i f   the  u s e r   s p e c i f i e s  

a  l i n e   from  I  to  J  in  window  B,  the  p r o c e s s i n g   w i l l   a u t o m a t i c a l l y  

t r a n s l a t e   i t   to  t h r e e   o p e r a t i o n s :   one  for   l i n e   I - I*   in  r e c t a n g l e   B3 

1205,  one  for   l i n e   I'  - J '   r e c t a n g l e   Bl  1203,  and  one  for   l i n e   J'  - J  

in  r e c t a n g l e   B2  1206.  Hand l ing   t h e s e   t h r e e   r e q u e s t s   w i l l ,   a s  

u s u a l ,   r e s u l t   in  r e c o r d i n g   the  l i n e   in  the  b i tmaps   for   the  t h r e e  

r e c t a n g l e s .   However,  s i n c e   r e c t a n g l e   Bl  is  o c c l u d e d ,   l i n e   I ' - J *   i s  

w r i t t e n   i n t o   the  o f f - s c r e e n   b i tmap  and  w i l l   not  p r e s e n t l y   b e  

v i s i b l e   on  the  d i s p l a y .   The  CPU  can  e a s i l y   f ind   the  t h r e e   r e c t a n -  

gle  n e c e s s a r y   to  pe r fo rm  the  t h r e e   l i n e   draw  f u n c t i o n s ,   s imply   by  

f o l l o w i n g   the  r e c t a n g l e   l i s t .  

An  o p t i m i z a t i o n   has  been  i n c l u d e d ,   c a l l e d   the  bounded  r e c t a n -  

gle  which  is  d e s c r i b e d   in  the  form  d e s c r i p t o r   1105,  1106,  1107 ,  

1108;  which  d e s c r i b e s   a  r e c t a n g l e   which  the  r e c t a n g l e s   on  t h e  

r e c t a n g l e   must  f u l l y   f i l l .   In  t h i s   way,  the  CPU  can  check  once  a t  

the  b e g i n n i n g   to  see  i f   any  p o r t i o n   of  the  g r a p h i c s   o p e r a t i o n   is  i n  

the  window.  

S u b s e q u e n t   removal  of  window  A  w i l l   r e s u l t   in  r e t u r n i n g   t h e  

form  d e s c r i p t o r   for  window  B  to  i t s   o r i g i n a l   shape,   moving  r e c t a n -  

gle  B l ' s   b i t   map  i n f o r m a t i o n   from  the  o f f - s c r e e n   b i tmap  onto  t h e  

p h y s i c a l   b i tmap  and  c o l l a p s i n g   the  t h r e e   r e c t a n g l e s   i n t o   one  and  
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-•"=  ^w.mjjj.c:  n u c   i-u  w u i   oe  v i s i D i e   even  though  p a r t   of  i t  

was  i n v i s i b l e   when  d r a w n .  

4  .  5  Cursor   Management  

R e f e r r i n g   to  f i g .   12  a  c u r s o r   1207  is  shown.  Since  the  c u r s o r   i s  
not  p a r t   of  a  u s e r ' s   window  p r o p e r ,   u s e r s   do  not  need  to  be  a w a r e  
of  where  i t   i s .   C o n s e q u e n t l y ,   d rawing   over   the  top  of  the   c u r s o r  
should  not  d e s t r o y   i t ,   or  make  i t   i n v i s i b l e .   Users  can  s t i l l   h a v e  
' u s e r '   c u r s o r s   t h a t   are   not  a l lowed   to  l e a v e   the  window.  This  i s  

irery  u s e f u l   when  p r o v i d i n g   a  t e r m i n a l   l i k e   i n t e r f a c e   w i t h i n   a  
window.  In  the  form  d e s c r i p t o r   for   a  window  is  a  p o i n t e r   1109  to  a  
cursor   d e s c r i p t o r   1303.  For  more  d e t a i l s   of  the  c u r s o r   d e s c r i p t o r  
see  append ix   B,  s e c t i o n   1.5.   C u r s o r s   may  be  v i s i b l e   or  i n v i s i b l e ;  
Lf  i n v i s i b l e   the  CPU  knows  i t   can  s a f e l y   i g n o r e   any  i n t e r s e c t i o n s .  

When  the  CPU  d e t e c t s   t h a t   a  g r a p h i c s   i n s t r u c t i o n   i n t e r s e c t s  
:he  c u r s o r ,   a  f a u l t   is  t aken ;   a l l o w i n g   the  system  s o f t w a r e   and  
window  manager  to  d e c i d e   what  to  do  about   the  c u r s o r ,   and  r e s u m e  
:he  i n s t r u c t i o n .  

1.6  Mic rocode -   t o - S o f t w a r e   E s c a p e s  

'his  is  the  mechanism  t h a t   p e r m i t s   t a k i n g   complex  i s s u e s   out  o f  
l i c rocode   and  moving  them  i n t o   s o f t w a r e ,   whi le   l e a v i n g   the  way 
: lear   to  c o n s t r u c t   improved  f u t u r e   embodiments   with  more  f u n c t i o n s  
performed  by  m i c r o c o d e .   I t   a l so   p r o v i d e s   a  guide   for  i m p l e m e n t a -  
ion  s t a g i n g   and  for  m i g r a t i o n   of  f u n c t i o n a l i t y   up  and  down.  T h i s  
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is  pe r fo rmed   by  two  m e c h a n i s m s :  

1)  Microcode  F a u l t s :   t h e s e   are  e s c a p e s   i n t o   system  s o f t w a r e   t o  

deal   with  complex  i s s u e s   such  as  Form  Cache  Miss,   C u r s o r  

I n t e r s e c t ,   Unknown  A t t r i b u t e   Index,   and  I n v a l i d   WGCHRBLT 

Source  . 

2)  Unimplemented  I n s t r u c t i o n   Traps :   t h e s e   are  e s c a p e s   i n t o   u s e r  

s o f t w a r e   to  dea l   wi th   g r a p h i c s   i n s t r u c t i o n s   t h a t   may  not  e x i s t  

in  the  c u r r e n t   i m p l e m e n t a t i o n .   This  a l lows   the  s o f t w a r e   t o  

p r o v i d e   the  r i c h e s t   p o s s i b l e   i n s t r u c t i o n   se t ,   whi le   m i g r a t i n g  

f u n c t i o n a l i t y   up  and  down. 

When  an  o p e r a t i o n   i n i t i a t e s ,   m ic rocode   must  d e t e r m i n e   whe the r   i t  

can  do  the  o p e r a t i o n ,   and  whether   i t   can  hand le   the  forms  on  w h i c h  

i t   must  o p e r a t e .   If  the  answer  is  no  in  e i t h e r   case ,   the   i n s t r u c -  

t i o n   must  f a u l t   to  sys tem  s o f t w a r e   b e f o r e   i t   p roduces   any  s i d e  

e f f e c t s .   A  f a u l t   h a n d l e r   a d d r e s s   is  s u p p l i e d   in  segment  z e r o .   The 

f a u l t   h a n d l e r   w i l l   d e t e r m i n e   what  o p e r a t i o n   must  be  p e r f o r m e d   ( l o a d  

a  form  d e s c r i p t o r ,   moving  a  c u r s o r ,   p r o v i d e   a t t r i b u t e   i n f o r m a t i o n ,  

or  i n v a l i d a t e   a  r e f e r e n c e ) ,   by  us ing   u se r   and  p r i v i l e g e d   i n s t r u c -  

t i o n s   if   n e c e s s a r y .   The  i nvok ing   program  is  resumed  via   WDPOP.  F o r  

more  d e t a i l s ,   see  Appendix  B,  s e c t i o n   4 .  

Note  in  some  embodiments   a l t h o u g h   system  s o f t w a r e   w i l l   r e c e i v e  

the  f a u l t ,   i t   may  then  pass  t h a t   i n f o r m a t i o n   onto  the  window 

manager  to  h a n d l e .   In  t h i s   way,  the  window  manager  does  not   n e e d  

to  be  a  p a r t   of  the  system  s o f t w a r e   p r o p e r ,   but  is  n o n e t h e l e s s ,  

s t i l l   a  t r u s t e d   p a r t   of  the  o p e r a t i n g   s y s t e m .  
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When  a  g r a p h i c s   i n s t r u c t i o n   s t a r t s ,   m ic rocode   must  d e t e r m i n e  

if  the  i n s t r u c t i o n   is  d e f i n e d .   If  i t   i s n ' t ,   an  Undef ined   I n s t r u c -  

t i o n   Trap  (UIT)  is  p e r f o r m e d   and  c o n t r o l   is  pa s sed   to  the  u s e r  

p r o v i d e d   Emula tor   r o u t i n e .   This  r o u t i n e ' s   a d d r e s s   is  the  2nd  a n d  

3rd  words  of  the  i n s t r u c t i o n ,   which  ho lds   a  program  c o u n t e r -  

r e l a t i v e   o f f s e t   ( n o n - i n d i r e c t a b l e ) ,   of  a  s o f t w a r e   e m u l a t o r / f a u l t  

h a n d l e r .  

D i s p l a c e m e n t   to  Emula tor   Code  
Pr imary   :  S e c o n d a r y  

GIS  Opcode  D i s p l a c e m e n t   to  Emula tor   Code  S u b - o p c o d e  
107151  o c t a l   

 ̂ :  for  f u n c t i o n  
—  ~  —  —  —  ~_  i 

0  15  16  31  32  47  48  63 

P r i m a r y  
GIS  Opcode  

107151  o c t a l  

The  p r o c e s s   pe r fo rms   a  LPSHJ  to  the  r o u t i n e .   The  e m u l a t o r   h a n d l e r  

can  then  emula te   the  f u n c t i o n ,   and  r e t u r n   via  an  WPOPJ  i n s t r u c t i o n .  

R e c u r s i v e   t r a p s   are  thus   s u p p o r t e d   i m p l i c i t l y .  

3  .  /  P i x e l   Values  and  P a l e t t e s  

rne  p r e s e n t   embodiment  uses   a  p i x e l   va lue   as  s imply   an  index  i n t o   a 

p a l e t t e .   A  p a l e t t e   is  a  s p e c i a l   ha rdware   map,  which  t r a n s l a t e s  

p ixe l   v a l u e s   to  ( d i g i t a l )   beam  i n t e n s i t i e s .   P r i v i l e g e d   i n s t r u c -  

t i ons   e x i s t   to  se t   and  r e t r i e v e   p i x e l - t o - c o l o r   t r a n s l a t i o n s ,   i . e . .  

Load  and  s t o r e   the  p a l e t t e .  

S ince   the  p a l e t t e   is  a  r e s o u r c e   to  be  s h a r e d   by  more  than  o n e  

j s e r ,   i t   must  be  p r o t e c t e d   by  the  sys tem.   This  is  a c c o m p l i s h e d   b y  

naking  the  p a l e t t e   i n s t r u c t i o n s   p r i v i l e g e d .   System  s o f t w a r e   i s  

r e s p o n s i b l e   for  d i v i d i n g   the  p a l e t t e   up  i n t o   as  many  p i e c e s   a s  

p o s s i b l e   so  t h a t   a l l   u s e r s   s h a r i n g   the  p h y s i c a l   d e v i c e   can  have  a s  

nany  u s e f u l   ' c o l o r s '   as  p o s s i b l e .   When  the  form  d e s c r i p t o r   i s  
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c r e a t e d   for   the  u s e r ,   the  range  of  p o s s i b l e   p a l e t t e   e n t r i e s   t h a t  

the  use r   can  use  is  s p e c i f i e d   by  b i t   mask  in  the  forms  d e s c r i p t o r  

c a l l e d   the  op  mask .  

When  the  u se r   w r i t e s   a  p i x e l   (v ia   a  w r i t e   p i x e l   or  b i t b l t  

i n s t r u c t i o n )   onto  the  p h y s i c a l   b i tmap ,   the  CPU  masks  the  u s e r s  

p i x e l   b i t s   by  u s ing   t h i s   op  mask,  by  masking  the  c o o r e s p o n d i n g  

p i x e l   on  the  p h y s i c a l   bi tmap  us ing   the  o n e ' s   complement  of  the  op 

mask,  then  ORing  the  u s e r ' s   p i x e l   wi th   b i tmap  p i x e l .   If  a  c o m b i n a -  

t i o n   r u l e   was  s p e c i f i e d ,   or  i f   the  u se r   s p e c i f i e d   a  g l o b a l   o p e r a -  

t i o n   mask,  t h i s   is   a p p l i e d .   (NOTE  t h a t   masking  is  a  t r a n s i t i v e  

o p e r a t i o n ,   l e a v i n g   the  d e s i g n e r s   to  change  the  o r d e r ) .   O p t i m i z a -  

t i o n s   are  p o s s i b l e   due  to  d i f f e r e n t   c o m b i n a t i o n   r u l e s   and  a t t r i b u -  

t e s   the  use r   has  s p e c i f i e d .   See  c o m b i n a t i o n s   r u l e s   and  a t t r i b u t e s  

in  append ix   A  for   more  d e t a i l s .  

An  example  seems  n e c e s s a r y   to  c l a r i f y   t h i s .   Suppose  the  u s e r  

r e q u i r e s   s i x t e e n   c o l o r s   which  is  4  b i t s / p i x e l ,   and  t h a t   the   p h y s i -  

cal   b i tmap  has  256  c o l o r s   which  is  8  b i t s / p i x e l s .   Then  i t   i s  

p o s s i b l e   to  have  16  d i f f e r e n t   windows,  each  with  t h e i r   own  se t   o f  

16  c o l o r s   us ing   the  same  p a l e t t e   (16  *  16  -  256).   This  is  shown  i n  

f ig .   14.  If  we  number  the  u se r s   from  0  to  15  (a  four   b i t   v a l u e ) ,  

we  can  e a s i l y   use  t h a t   in  the  high  h a l f   1401  of  each  p i x e l   t o  

r e p r e s e n t   which  16  e n t r y   p o r t i o n   of  the  p a l e t t e   t h a t   user   can  h a v e .  

In  the  c u r r e n t   embodiment,   the  system  s o f t w a r e   must  p r e c h a r g e ,  

by  us ing   an  WGRFLOOD  i n s t r u c t i o n ,   each  p o r t i o n   of  the  p h y s i c a l  

b i tmap  with  the  use r   number  b e f o r e   the  user   can  e f f e c t i v e l y   u s e  

t h a t   a r ea .   in  f u t u r e   embodiments ,   t h i s   could  be  moved  i n t o  

ha rdware ,   by  i n c l u d i n g   the  user   number  to  the  forms  d e s c r i p t o r .  
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u n a   iiieunonisni  is  t n a t   wnen  r e c t a n g l e s   a r e  
occ luded ,   and  moved  of f   the  p h y s i c a l   b i tmap  onto  a  v i r t u a l   b i t m a p ,  
Dnly  the  e x a c t   number  of  b i t s   per  p i x e l   t h a t   the  use r   can  use  i s  
r e q u i r e d .   Using  the  p r e v i o u s   example,   then  when  a  r e c t a n g l e   i s  
v - i r t u a l i z e d ,   i t   only  r e q u i r e s   4  b i t s / p i x e l ,   h a l f   the  space   r e q u i r e d  
when  on  the  p h y s i c a l   b i t m a p .  

The  p a l e t t e   can  be  s p l i t   i n t o   a s y m e t r i c   p a r t i t i o n s   by  g i v i n g  
d i f f e r e n t   u s e r s   d i f f e r e n t   s i z e   masks.  For  example ,   i f   one  u s e r  
r e q u i r e s   32  c o l o r s ,   then  i t   would  have  a  f i ve   b i t   mask.  Using  t h i s  
bechnique ,   the   only  r e a l   r e s t r i c t i o n   is  t h a t   the  use r   a l w a y s  
r e c e i v e s   a  power  of  two  c o l o r s .   This  makes  s ense ,   s i n c e   the  u s e r  
nust  a lways  use  a  whole  number  of  b i t s   to  r e p r e s e n t   a  p i x e l .  

1.8  B l i n k i n g  

'he  p r e s e n t   embodiment  p r o v i d e s   a  b l i n k   c l o c k .   The  b l i n k   c l o c k  
>rovides  a  s t i m u l u s   to  s w i t c h   between  two  p a l e t t e s   wi th   a  50%  d u t y  
:ycle  at  a  f i xed   r a t e   of  about   1 . 0 - 1 . 5   Hz.  E n t r i e s   in  the  two  
> a l e t t e s   are  s p e c i f i e d   s e p a r a t e l y .   This  a l lows   a  g iven   p i x e l   v a l u e  
o  a l t e r n a t e   between  two  c o l o r s   (or  l e v e l s   of  i n t e n s i t y   on  a  
ono-chrome  d i s p l a y ) .   The  c h a r t   below  shows  some  of  the  e f f e c t s  
o s s i b l e   when  us ing   t h i s   p a l e t t e   scheme  for   t w o - b i t   p i x e l s .  

Pixel   Phase -0   1  Phase-1   v i s u a l   I / a lue   |  P a l e t t e   |  P a l e t t e   e f f e c t  
00  b lack   b lack   o f f  01  dim  whi te   dim  whi te   d im 10  whi te   whi te   on  11  b lack   whi te   b l i n k  
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«.y  A t t r i b u t e s  

A t t r i b u t e s   are  s t o r e d   in  the  a t t r i b u t e   d e s c r i p t o r   1305,  1312  whose  

a d d r e s s   is  kept   in  the  form  d e s c r i p t o r   1110.  I n d i v i d u a l   a t t r i b u t e s  

are  r e f e r e n c e d   by  an  index  number  i n to   the  a t t r i b u t e   d e s c r i p t o r .  

C u r r e n t l y ,   a l l   a t t r i b u t e s   are  3 2 - b i t   q u a n t i t i e s .   These  a t t r i b u t e s  

are  se t   by  the  WGWRATTR  i n s t r u c t i o n ,   and  read  by  the  WGRDATTR  w h i c h  

are  n o n - p r i v i l e g e d   i n s t r u c t i o n s .  

Note:  If  an  a t t r i b u t e   in  a  Form  D e s c r i p t o r   i s  

changed  whi le   a  GIS  i n s t r u c t i o n   is  o p e r a t i n g   on  t h a t  

Form,  the  r e s u l t s   are  u n d e f i n e d .  

Val id   i n d i c e s   (and  the  a t t r i b u t e s   t h a t   they  r e f e r   to)   a r e :  

0:  Global   O p e r a t i o n   Mask 
1:  Global   Combina t ion   R u l e  
2:  Line  C o n t r o l   Word 
3:  Line  Foreground   C o l o r  
4:  Line  Background  C o l o r  
5:  L i n e s t y l e  
6:  C h a r a c t e r   C o n t r o l   Word 
7:  C h a r a c t e r   Fo reg round   C o l o r  
8:  C h a r a c t e r   Background  C o l o r  

For  more  d e t a i l s   on  the  a t t r i b u t e   d e s c r i p t o r   see  append ix   A, 

s e c t i o n   1 . 1 .  

4 . 9 . 1   Combina t ion   R u l e s  

Many  of  the  i n s t r u c t i o n s   employ  a  c o m b i n a t i o n   r u l e   to  dea l   w i t h  

s u p e r p o s i t i o n   of  sou rce   p i x e l s   on  d e s t i n a t i o n   p i x e l s .   One  does  n o t  

always  wish  s t r i c t l y   to  r e p l a c e   the  d e s t i n a t i o n   p i x e l   with  t h e  
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sou rce   p i x e i ;   i t   may  oe  d e s i r e d   to  p l a n t   a  p i x e l   whose  v a l u e   i s  

some  f u n c t i o n   of  s o u r c e   and  d e s t i n a t i o n .   This  i m p l i e s   t h a t   d e s -  

t i n a t i o n   may  a l so   be  an  i n p u t .  

In  the  c o n t e x t   of  a  block  t r a n s f e r   or  l i n e   i n s t r u c t i o n ,   e a c h  

b i t   in  the  s o u r c e   p i x e l   VALUE  is  combined  with  the  c o r r e s p o n d i n g  

b i t   in  the  d e s t i n a t i o n   p i x e l   VALUE,  to  form  the  new  d e s t i n a t i o n  

p i x e l   VALUE.  A  s t a n d a r d   Boolean  f u n c t i o n   is  used  to  s p e c i f y   t h e  

l o g i c a l   o p e r a t i o n   used  for  each  b i t   p o s i t i o n .  

The  o p e r a t i o n   mask  s e l e c t s   which  p i x e l   b i t s   are  m o d i f i e d   by  
the  o p e r a t i o n .   A  zero  means  "do  not  do  a n y t h i n g   to  t h i s   b i t , "  
whi le   a  one  means  " o p e r a t e   on  t h i s   b i t   u s ing   RULE." 

The  COMBINATION  RULE  is  a p p l i e d   on  a  b i t - b y - b i t   b a s i s   to  e a c h  

b i t   in  the  s o u r c e   p i x e l   and  d e s t i n a t i o n   p i x e l .   The  RULEs  a r e  
d e f i n e d   as  f o l l o w s :  

i^uie  D3.J.S 
28  29  30  31 

Number  \  |  |  /  
—  —  —  —  —  —  —  —  —  —  —  —  -i 

n u t i o n  I n t e r p r e t a t i o n  

'  uuw  a e s t   »  u  C lear   d e s t i n a t i o n   b i t  
0001  d e s t   -  de s t   AND  s o u r c e  

!  0010  d e s t   -  source   AND  " d e s t  
0011  d e s t   -  source   Move  sou rce   to  d e s t  I  0100  d e s t   -  des t   AND  " s o u r c e  

»  0101  d e s t   -  de s t   NOP 
0110  d e s t   =  de s t   X0R  s o u r c e   Set  i f   u n e q u a l  '  0111  d e s t   ■  de s t   OR  s o u r c e   Set  p i x e l s  
1000  d e s t   =  "des t   AND  " s o u r c e  

>  1001  d e s t   -  des t   XN0R  s o u r c e   Set  if  e q u a l  0  1010  d e s t   «  "des t   Complement  d e s t   b i t s  1  1011  d e s t   »  source   OR  " d e s t  
2  1100  d e s t   «  " sou rce   Move  c o m p l e m e n t e d  3  1101  d e s t   -  " source   OR  d e s t  
4  1110  d e s t   -  " ( d e s t   AND  s o u r c e )  
5  1111  d e s t   -  1  se t   d e s t i n a t i o n   b i t s  

inose  KULts  witn  a  dash  in  the  i n t e r p r e t a t i o n   column  are  s e l d o m  

lsed  and  have  no  p a r t i c u l a r l y   m e a n i n g f u l   i n t e r p r e t a t i o n .   (The  
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e x c l u s i v e   nor,   xnuk,  o p e r a t i o n   is  a l so   known  as  the  e q u i v a l e n c e ,  

EQV,  o p e r a t i o n .   ) 

When  any  PIXEL  is   o p e r a t e d   on,  the  f o l l o w i n g   e q u a t i o n s   a r e  

used  to  c a l c u l a t e   the  r e s u l t i n g   d e s t i n a t i o n   PIXEL: 

DEST_PIXEL  :-  [OPERATION_MASK  AND  (  SOURCE_PIXEL  RULE  DEST  PIXEL)]  
+  [~OPERATION_MASK  AND  DEST_PIXEL] 

4 . 9 . 2   Line  A t t r i b u t e s  

L i n e s t y l e   word,  combined  wi th   the  Line  C o n t r o l   word  is  a  way  o f  

drawing  o t h e r   than  s o l i d   l i n e s .   The  l i n e   s t y l e   word  is  s p e c i f i e d  

as  a  b i t   s t r i n g   of  l e n g t h   32,  i t   c o n t r o l s   which  c o l o r   ( f o r e g r o u n d  

or  b a c k g r o u n d )   to  use  when  drawing  the  l i n e .   For  each  d r aw  

p o s i t i o n ,   the  l e f t m o s t   b i t   in  the  l i n e s t y l e   is  examined.   If  s e t ,  
the  f o r e g r o u n d   c o l o r   ( p i x e l )   is  p l a n t e d ;   i f   c l e a r ,   the  b a c k g r o u n d  
c o l o r   ( p i x e l )   is  p l a n t e d .   The  l i n e s t y l e   is  r o t a t e d   l e f t   one  b i t  

p o s i t i o n ,   and  the  next   draw  p o s i t i o n   is  c o m p u t e d .  

The  l i n e   f o r e g r o u n d   c o l o r ,   l i n e   background   c o l o r   and  l i n e  

c o n t r o l   word  are  se t   by  us ing   the  WGWRATTR  ( w r i t e   a t t r i b u t e )  
i n s t r u c t i o n .   For  more  d e t a i l s   on  l i n e   a t t r i b u t e s   see  Appendix  A, 
s e c t i o n   1  . 

Examples  of  l i n e s t y l e   ( e x p r e s s e d   in  h e x a d e c i m a l )   a r e :  

FFFFFFFF:  s o l i d   AAAAAAAA:  somewhat  g r e y  FOFOFOFO:  a lmost   d o t t e d   FFFOFFFO:  long  d a s h e s  
FFFFOFFO:  l o n g / s h o r t   dashes   FFFFF060:  d a s h - d o t  
88888888:  very  f a i n t   FFFF0660:  d a s h - d o t - d o t  

The  Line  Con t ro l   word  is  used  to  d e t e r m i n e   whether   to  use  t h e  

f o r e g r o u n d   and /o r   background   c o l o r s ,   and  to  j o i n   m u l t i p l e   l i n e s .  
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c u r r e n t   emooaiment ,   only  four   l i n e   c o n t r o l   c h a r a c t e r i s t i c s  

are  d e f i n e d :   s u p p r e s s   l e a d i n g   or  t r a i l i n g   p i x e l ,   s u p p r e s s   f o r e g -  

round  or  background   c o l o r .  

4 . 9 . 3   C h a r a c t e r   A t t r i b u t e s  

A  font   o r g a n i z a t i o n   has  been  chosen  t h a t   uses  one  b i t   per  p i x e l  

b i tmap.   C h a r a c t e r   d rawing   is  c o n t r o l l e d   in  a  manner  s i m i l a r   to  t h e  

l i n e s t y l e   p r o c e s s .   There  is  a  c h a r a c t e r   f o r e g r o u n d   and  b a c k g r o u n d  

co lo r   as  well   as  a  c h a r a c t e r   c o n t r o l   w o r d .  

C o n c e p t u a l l y ,   a  c h a r a c t e r   drawn  by  WGCHRBLT  from  the  c h a r a c t e r  

bitmap  (one  b i t   per  p i x e l )   onto  the  a c t u a l   t a r g e t   b i tmap .   As  e a c h  

bi t   is  read  from  the  c h a r a c t e r   b i tmap ,   i f   the  b i t   is  se t   t h e  

f o r e g r o u n d   c o l o r   ( p i x e l )   is  p l a n t e d ;   i f   the  b i t   is  r e s e t   t h e  

background  c o l o r   ( p i x e l )   is  p l a n t e d   onto  the  t a r g e t   b i t m a p .  

The  c h a r a c t e r   c o n t r o l   word  is  used  to  d e t e r m i n e   whe the r   to  u s e  
the  f o r e g r o u n d   a n d / o r   background   c o l o r s .   For  more  d e t a i l s   on  
c h a r a c t e r   a t t r i b u t e s   see  Appendix  A,  s e c t i o n   1 . 4 .  

i  .  10  Access  M e t h o d s  

3y  way  of  d e f i n i n g   the  i n s t r u c t i o n s ,   g r a p h i c s   p r a c t i c e   r e v e a l s   t h a t  

c e r t a i n   - f a v o r i t e "   o p e r a t i o n s   are  pe r fo rmed   f r e q u e n t l y ,   i n c l u d i n g :  

o  r e a d i n g   or  w r i t i n g   a  p i x e l ' s   v a l u e ,  

o  moving  a  r e c t a n g u l a r   area   of  p i x e l s   a r o u n d ,  

o  drawing  a  l i n e   or  s e r i e s   of  c o n n e c t e d   l i n e   s e g m e n t s ,  
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o  f i l l i n g   an  p o l y g o n a l   a rea   with  a  p a t t e r n ,   end  

o  drawing  a  s t r i n g   of  ASCII  c h a r a c t e r s .  

These  o p e r a t i o n s   compr i s e   t h r e e   major  methods  of  drawing  on  a 

d i s p l a y :   p i x e l s ,   f i g u r e s ,   and  c h a r a c t e r s .  

4 . 1 0 . 1   C h a r a c t e r   Access   Method  

This  method  p r o v i d e   ways  to  p l a n t   t e x t   in  a  window.  The  C h a r a c t e r  

Block  T r a n s f e r   (WGCHRBLT)  i n s t r u c t i o n   a l l ows   for   a r b i t r a r y   f o n t  

s p e c i f i c a t i o n .  

4 . 1 0 . 2   F igu re   Access  Method  

Drawing  a  l i n e   is  an  i m p o r t a n t   p a r t   of  t e c h n i c a l   computer   g r a p h i c s .  

I t   is  used  in  CAD/CAM  p a c k a g e s ,   a r c h i t e c t u r a l   d e s i g n   p a c k a g e s ,   a n d  

b u s i n e s s   g r a p h i c s   p a c k a g e s .   Since  t h i s   o p e r a t i o n   is  pe r fo rmed   s o  

o f t e n ,   s p e c i a l   i n s t r u c t i o n s   are  p r o v i d e d .   Both  c o n t i n u o u s  

(LINESEG)  and  i n c r e m e n t a l   (  BRESENHAM_STEP  )  forms  of  l i n e   d r a w i n g  

are  i n c l u d e d .   Lines  can  be  drawn  c l o s e d ,   h a l f   -open,   or  f u l l y   o p e n .  

The  a c t u a l   a l g o r i t h m   must  be  r e v e r s i b l e   so  as  to  make  t h i n g s   s u c h  

as  l i n e   e r a s u r e   p r e c i s e .  

4 . 10 .3   P ixe l   Access  Method  

This  a c c e s s   method  d e a l s   with  i n d i v i d u a l   p i x e l s   and  r e c t a n g u l a r  

a r ea s   of  them.  I t   can  s e rve   as  the  f o u n d a t i o n   of  h i g h e r - l e v e l  
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uv-^cooiuy  iiHSLiiuus,  su  m a i   u s e r s   can  c r e a t e   t h e i r   own  d i s p l a y  

m a n i p u l a t i o n   i n s t r u c t i o n s   ( f o r   image  m a n i p u l a t i o n ,   c o n i c   s e c t i o n  

g e n e r a t i o n ,   e t c ) .   Read  P ixe l   and  Wri te   P ixe l   o p e r a t o r s   a l l o w  

d i r e c t   a c c e s s   to  p i x e l s .   A l though   only  t h e s e   two  o p e r a t i o n s   a r e  

s t r i c t l y   n e c e s s a r y   to  do  the  job,   h i g h e r   l e v e l   o p e r a t i o n s   are  much 

more  common. 

These  are  the  only  d rawing   i n s t r u c t i o n s   t h a t   do  not  take   a  
c o m b i n a t i o n   r u l e   s p e c i f i e r .   They  are  i n t e n d e d   as  the  s i m p l e s t   o f  
a l l   b u i l d i n g   b l o c k s .   The  model  of  use  is  one  of  many  w r i t e   o p e r a -  
t i o n s   to  the  same  form  in  r a p i d   s e q u e n c e .  

A  Bit   Block  T r a n s f e r   ( o f t e n   a b b r e v i a t e d   '  B1TBLT  '  )  o p e r a t o r   i s  
a  very  u s e f u l   p i x e l - l e v e l   o p e r a t o r .   I t   is  e s s e n t i a l l y   a  r e c t a n -  
gu la r   c o m b i n a t i o n   and  a s s i g n m e n t   f u n c t i o n .   This  is  done  e s p e c i a l l y  
when  s c r o l l i n g   windows,  moving  windows  around,   c r e a t i n g   and  d e s -  

t r o y i n g   windows  t h a t   o b s c u r e   o t h e r   windows.  A  s p e c i a l   r e c t a n g u l a r  
f i l l   o p e r a t i o n   is  a l s o   u s e f u l   for   d e a l i n g   with  c l e a r i n g   s c r e e n s   a n d  

r e p a r t i t i o n i n g   w i n d o w s .  

BITBLT  is  the  only  o p e r a t i o n   t h a t   t akes   two  forms,   s i n c e  
c e r t a i n   r e s t r i c t i o n s   are  p l a c e d   on  s o u r c e   and  t a r g e t   forms.   S o u r c e  
l o g i c a l   p i x e l s   w i l l   be  padded  or  chopped  to  conform  to  the  t a r g e t  
fo rm's   p a r a m e t e r s .  

1.11  I n s t r u c t i o n   D i c t i o n a r y  

Ml  G r a p h i c s   I n s t r u c t i o n s   sha re   a  common  i n s t r u c t i o n   s t r eam  f o r m a t ,  
rhe  f i r s t   1 6 - b i t   word  of  a l l   such  i n s t r u c t i o n s   is  o c t a l   107151 
[hexadec ima l   8E69,  Nova  ADD0L#  2 , 0 , S K P ) .   The  next  two  1 6 - b i t   w o r d s  
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hold  a  program  c o u n t e r - r e l a t i v e   o f f s e t   ( n o n - i n d i r e c t a b l e )   ,  of  a  

s o f t w a r e   e m u l a t o r   h a n d l e r .   The  f o u r t h   1 6 - b i t   word  c o n t a i n s   a  

smal l ,   u n s i g n e d   i n t e g e r   s u b - o p c o d e   t h a t   s p e c i f i e s   the  p a r t i c u l a r  

f u n c t i o n   to  be  p e r f o r m e d .  

P r i m a r y  
GIS  Opcode 

107151  o c t a l  I  D i s p l a c e m e n t   to  Emula tor   Code  S u b - o p c o d e  
:  I  for   f u n c t i o n  

15  16  31  32  47  48  63 

S e c o n d a r y  
S u b - o p c o d e  

for   f u n c t i o n  

The  i n s t r u c t i o n   se t   is  b roken   i n to   two  p a r t s :   p r i v i l e g e d  

( sys tem)   i n s t r u c t i o n s ,   and  n o n - p r i v i l e g e d   ( u s e r )   i n s t r u c t i o n s .   The 

f o l l o w i n g   t a b l e   l i s t s   the  mnemonic,  b r i e f   d e s c r i p t i o n   and  t h e  

dec imal   s u b - c o d e .  

P r i v i l e g e d   i n s t r u c t i o n s :  

WGLFORM  ( load   form)  16  dec imal   s u b - c o d e  
WGPFORMS  (purge   forms)  17 
WGRDPAL  ( read   p a l e t t e )   18 
WGWRPAL  ( w r i t e   p a l e t t e )   19 

N o n - p r i v i l e g e d   i n s t r u c t i o n s :  

WGRDPIXL  ( read   p i x e l )   20 
WGWRPIXL  ( w r i t e   p i x e l )   21 
WGRFLOOD  ( r e c t a n g l e   f l o o d )   22 
WGPLINE  (po ly   l i n e )   23 
WGBITBLT  ( b i t   b lock  t r a n s f e r )   24 
WGCHRBLT  ( c h a r a c t e r   t r a n s f e r )   25 
WGRDATTR  ( read   a t t r i b u t e s )   26 
WGWRATTR  ( w r i t e   a t t r i b u t e s )   27 

See  a p p e n d i c e s   A  ( n o n - p r i v i l e g e d )   and  B  ( p r i v i l e g e d )   for   d e t a i l e d  

d e s c r i p t i o n s   of  t h e s e   i n s t r u c t i o n s .  
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Appendix  A:  N o n - p r i v i l e g e d   G r a p h i c s   I n s t r u c t i o n s  

This  document  d e s c r i b e s   the  i n i t i a l   se t   of  n o n - p r i v i l e g e d   or  ' U s e r *  

GIS  i n s t r u c t i o n s   as  they  w i l l   appear   to  a  programmer  u s i n g  

g r a p h i c s .   Some  b a s i c   r u l e s   of  GIS  II  a r e :  

o  AC1  always  c o n t a i n s   a  Form  ID.  This  is  not  only  c o n s i s t e n t  

from  the  u s e r ' s   p o i n t   of  view  but  he lp s   reduce   mic rocode   s p a c e  

by  a l l o w i n g   common  c o d i n g .  

o  AC2  always  c o n t a i n s   a  p o i n t e r   to  an  i n s t r u c t i o n   p a c k e t   ( i f  

such  a  packe t   is  d e f i n e d ) .   Again,   t h i s   is  c o n s i s t e n t   to  t h e  

use r   and  he lps   r e d u c e   mic rocode   s p a c e .  

o  AC3  is  not  used  at  a l l .   This  a l l ows   e f f i c i e n t   i n v o c a t i o n   o f  

GIS  II  s u b r o u t i n e s   from  h i g h - l e v e l   l a n g u a g e s   t h a t   use  AC3  t o  

hold  the  frame  p o i n t e r .  

o  A t t r i b u t e s   (such  as  l i n e   s t y l e ,   f o r e g r o u n d   c o l o r ,   e t c . ) ,   a r e  

a s s o c i a t e d   wi th   the  form  and  not  with  an  i n d i v i d u a l  

i n s t r u c t i o n .   This  means  t h a t   a t t r i b u t e s   are  no  l o n g e r   p r o v i -  

ded  with  WGPLINE,  WGBITBLT,  and  WGCHRBLT  p a c k e t s ,   but  are  s e t  

p r i o r   to  i s s u i n g   t hose   i n s t r u c t i o n s   with  the  WGWRATTR 

i n s t r u c t i o n .   This  is  the  way  e x i s t i n g   g r a p h i c s   a p p l i c a t i o n s  

t r e a t   a t t r i b u t e s .   A  b e n e f i t   of  t h i s   is  t h a t   by  r e s t r i c t i n g  

a t t r i b u t e   p r o c e s s i n g   to  a  s i n g l e   i n s t r u c t i o n ,   we  f u r t h e r  

r educe   mic rocode   s p a c e .  

o  All  i n s t r u c t i o n s   t h a t   w r i t e   to  a  FORM  use  the  OPERATION  MASK. 

WGBITBLT  and  WGCHRBLT  use  the  d e s t i n a t i o n   FORM's  OPERATION 

MASK  o n l y .  

o  A  m a j o r i t y   of  the  GIS  II  i n s t r u c t i o n s   should   be  ab le   t o  
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e x e c u t e   on  a  p a r a l l e l   g r a p h i c s   p r o c e s s o r .   This  d i c t a t e s   t h a t  

no  i n f o r m a t i o n   is  r e t u r n e d   by  t h e s e   i n s t r u c t i o n s .  

A.l  A t t r i b u t e s  

A.  1.1  A t t r i b u t e   B l o c k  

A t t r i b u t e s   are  s t o r e d   in  the  Form  D e s c r i p t o r   and  are  r e f e r e n c e d   by 

an  index  number.  C u r r e n t l y ,   a l l   a t t r i b u t e s   are  3 2 - b i t   q u a n t i t i e s .  

These  a t t r i b u t e s   are   se t   by  the  WGWRATTR  i n s t r u c t i o n  

Note:  If  an  a t t r i b u t e   in  a  Form  D e s c r i p t o r   i s  

changed  whi le   a  GIS  i n s t r u c t i o n   is  o p e r a t i n g   on  t h a t  

Form,  the  r e s u l t s   are  u n d e f i n e d .  

Val id   i n d i c e s   (and  the  a t t r i b u t e s   t h a t   they  r e f e r   to)   a r e :  

0:  GLOBAL  OPERATION  MASK 

1:  GLOBAL  COMBINATION  RULE 

2:  LINE  CONTROL  WORD 

3:  LINE  FOREGROUND  COLOR 

4:  LINE  BACKGROUND  COLOR 

5  :  LINESTYLE 

6:  WGCHRBLT  CONTROL  WORD 
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n.A.^  u p e r a i i o n   nasK  ana  uomDina t lon   R u l e  

The  o p e r a t i o n   mask  and  c o m b i n a t i o n   r u l e   are  a t t r i b u t e s   used  t o  

s p e c i f y   how  p i x e l s   are  to  be  combined  for   any  i n s t r u c t i o n   t h a t  

w r i t e s   to  a  FORM.  These  a t t r i b u t e s   are  se t   by  the  WGWRATTR  command. 

In  the  c o n t e x t   of  a  b lock   t r a n s f e r   or  WGPLINE  i n s t r u c t i o n ,  

each  b i t   in  the  sou rce   p i x e l   VALUE  is  combined  with  the  c o r r e s p o n -  
ding  b i t   in  the  d e s t i n a t i o n   p i x e l   VALUE,  to  form  the  new  d e s t i n a -  

t i on   p i x e l   VALUE.  A  s t a n d a r d   Boolean  f u n c t i o n   is  used  to  s p e c i f y  
the  l o g i c a l   o p e r a t i o n   used  for   each  b i t   p o s i t i o n .   This  f u n c t i o n   i s  

c a l l e d   the  COMBINATION  RULE,  or  s imply  RULE. 

The  OPERATION  MASK  s e l e c t s   which  p i x e l   b i t s   are  m o d i f i e d   by  
the  o p e r a t i o n .   A  zero  means  "do  not  do  a n y t h i n g   to  t h i s   b i t , "  
while  a  one  means  " o p e r a t e   on  t h i s   b i t   u s ing   RULE." 

The  c o m b i n a t i o n   RULE  is  a p p l i e d   on  a  b i t - b y - b i t   b a s i s   to  e a c h  
bit   in  the  source   p i x e l   and  d e s t i n a t i o n   p i x e l .   The  RULEs  a r e  
de f ined   as  f o l l o w s :  

Rule  B i t s   | 
28  29  30  31 

\ 
\  I lumoer  \  |  |  /  |  A c t i o n  n t e r p r e t a t i o n  

001 
010 
O i l  
100 
101 
110 

es t   -  a e s t   and  s o u r c e  
es t   -  sou rce   AND  " d e s t  
lest  ■  s o u r c e  

iest  ■=  u  

e s t   -  a e s t   and  s o u r c e  
es t   -  d e s t  
e s t   ■  a e s t   auk  s o u r c e  

l e a r   d e s t i n a t i o n   b i t s  

love  source   to  d e s t  

OP 
et  if   u n e q u a l  
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7  0111  de s t   -  d e s t   OR  source   Set  p i x e l s  
8  1000  d e s t   -  " d e s t   AND  " s o u r c e  
9  1001  d e s t   -  d e s t   XNOR  source   Set  i f   e q u a l  
10  1010  de s t   -  " d e s t   Complement  d e s t   b i t s  
11  1011  de s t   »  sou rce   OR  " d e s t  
12  1100  de s t   «  " s o u r c e   Move  c o m p l e m e n t e d  
13  1101  de s t   *=  " s o u r c e   OR  d e s t  
14  1110  d e s t   -  " ( d e s t   AND  s o u r c e )  
15  1111  d e s t   -  1  Set  d e s t i n a t i o n   b i t s  

+■ 

Those  RULEs  with  a  dash  in  the  i n t e r p r e t a t i o n   column  are  s e l d o m  

used  and  have  no  p a r t i c u l a r l y   m e a n i n g f u l   i n t e r p r e t a t i o n .   (The  

e x c l u s i v e   nor,   XNOR,  o p e r a t i o n   is  a l so   known  as  the  e q u i v a l e n c e ,  

EQV,  o p e r a t i o n .   ) 

When  any  PIXEL  is  o p e r a t e d   on,  the  f o l l o w i n g   e q u a t i o n s   a r e  

used  to  c a l c u l a t e   the  r e s u l t i n g   d e s t i n a t i o n   PIXEL: 

DEST_PIXEL  :=  [OPERATION_MASK  AND  (  SOURCE_PIXEL  RULE  DEST  PIXEL)]  
+  [~OPERATION_MASK  AND  DEST_PIXEL] 

The  v i s i b l e   e f f e c t   of  a p p l y i n g   a  RULE  du r ing   an  i n s t r u c t i o n  

depends   on  the  a s s i g n m e n t   of  COLORS  to  the  VALUES  of  the  sou rce   and  

d e s t i n a t i o n   p i x e l s .  

A.  1.3  LINE  A t t r i b u t e s  

LINESTYLE  t o g e t h e r   wi th   the  LINE  CONTROL  WORD  are  used  to  g ive   a 

l i n e   a  t e x t u r e .   LINESTYLE  is  a  s t r i n g   of  32  b i t s   t h a t   d e f i n e   a 

p a t t e r n   ( s o l i d ,   d o t t e d ,   dashed ,   e t c . ) .   As  WGPLINE  draws  e a c h  

p i x e l ,   i t   looks  at  each  b i t   in  the  LINESTYLE,  going  from  the  m o s t  

s i g n i f i c a n t   b i t   (MSB)  to  the  l e a s t   s i g n i f i c a n t   b i t   (LSB).  If  t h e  

s e l e c t e d   LINESTYLE  b i t   is  1  for  a  g iven   p i x e l ,   then  the  p i x e l   i s  

p l a n t e d   wi th   the  LINE  FOREGROUND  COLOR.  If  the  s e l e c t e d   LINESTYLE 
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b i t   is  0  for   a  g iven   p i x e l ,   then  the  p i x e l   is  p l a n t e d   wi th   the  LINE 

BACKGROUND  COLOR.  When  the  LSB  of  the  LINESTYLE  is  r e a c h e d ,   t h e  

p r o c e s s o r   r e t u r n s   to  the  MSB  of  the  LINESTYLE.  This  p r o c e s s   s t a r t s  

at  the  f i r s t   p i x e l   of  the  the  f i r s t   l i n e   segment,   to  the  l a s t   p i x e l  

of  the  l a s t   l i n e   s e g m e n t .  

The  LINE  CONTROL  WORD  is  used  to  s u p p r e s s   the  FOREGROUND 

a n d / o r   BACKGROUND  c o l o r s   when  drawing  a  p o l y l i n e .   I t   is  a l so   u s e d  

to  s u p p r e s s   the  i n i t i a l   a n d / o r   f i n a l   e n d p o i n t   of  the  p o l y l i n e .  

S u p p r e s s i o n   of  a  p i x e l   means  t h a t   i t   w i l l   be  l e f t   u n a f f e c t e d   by  t h e  

i n s t r u c t i o n .  

The  s t r u c t u r e   of  the  LINE  C o n t r o l   Word  i s :  
Bit   #  D e s c r i p t i o n  

0 Draw  the  f o r e g r o u n d   p i x e l s   i f   c l e a r .  
Suppres s   the  f o r e g r o u n d   p i x e l s   i f   s e t .  

1 Draw  the  background   p i x e l s   i f   c l e a r .  
Suppre s s   the  background   p i x e l s   i f   s e t .  

2 Draw  the  i n i t i a l   p o i n t   if   c l e a r .  
Suppres s   the  i n i t i a l   po in t   i f   s e t .  

3 Draw  the  f i n a l   po in t   if   c l e a r .  
Suppres s   the  f i n a l   p o i n t   if   s e t .  

4 - 3 1  Reserved   for   f u t u r e   u s e .  
Must  be  se t   to  z e r o .  

N o t e :  If  the   l i n e   being  drawn  is  a  s i n g l e   p o i n t ,  

i . e .  a l l   the  e n d p o i n t s   of  the  p o l y l i n e   are  the  same  

c o o r d i n a t e ,   the   p o i n t   is  drawn  only  if   b i t s   1  &  2  o f  

the  LINE  c o n t r o l   word  are  both  c l e a r .  
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A.  1.4  WGCHRBLT  A t t r i b u t e s  

The  WGCHRBLT  CONTROL  WORD  is  used  to  s u p p r e s s   the  FOREGROUND 

and /o r   BACKGROUND  c o l o r s   when  c h a r a c t e r   p l o t t i n g .  

The  s t r u c t u r e   of  the  WGCHRBLT  C o n t r o l   Word  i s :  

Bit   #  D e s c r i p t i o n  

0  Draw  the  f o r e g r o u n d   p i x e l s   i f  
c l e a r .   Suppress   the  f o r e g -  
round  p i x e l s   i f   s e t .  

1  Draw  the  background   p i x e l s   i f  
c l e a r .   Suppres s   the  b a c k -  
ground  p i x e l s   i f   s e t .  

2-31  Reserved  for   f u t u r e   use.   Must  
be  set   to  z e r o .  

A.  2  Traps  and  I n t e r r u p t s  

A.  2.1  Unknown  I n s t r u c t i o n   T r a p  

The  GIS  p r o v i d e s   a  mechanism  for   f u t u r e   e x p a n s i o n   to  i n c l u d e  

i n s t r u c t i o n s   in  a d d i t i o n   to  t hose   l i s t e d   here .   If  the   p r o c e s s o r  

e n c o u n t e r s   a  g r a p h i c s   i n s t r u c t i o n   with  an  unknown  s u b - o p c o d e   or  i f  

i t   cannot   p r o c e s s   the  i n s t r u c t i o n   for   some  o t h e r   r e a s o n ,   i t  

pe r forms   an  u n k n o w n - g r a p h i c s - i n s t r u c t i o n   t r a p .   This  t r a p   makes  t h e  

p r o c e s s o r   per form  an  LPSHJ  i n s t r u c t i o n   f u n c t i o n .   Then,  the  u n d e f i -  
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nea  g r a p h i c s   i n s t r u c t i o n   can  be  emula ted   by  s o f t w a r e ,   or  some  o t h e r  

a p p r o p r i a t e   a c t i o n   can  be  t aken .   Return   from  s o f t w a r e   is  by  t h e  

WPOPJ  i n s t r u c t i o n .  

Each  GIS  i n s t r u c t i o n   has  an  e m u l a t o r   a s s o c i a t e d   wi th   i t .   The 

a d d r e s s   of  t h i s   e m u l a t o r   is  g iven   as  a  P C - r e l a t i v e   d i s p l a c e m e n t   i n  

the  i n s t r u c t i o n   i t s e l f   ( B i t s   1 6 - 4 7 ) .  

In  the  even t   t h a t   the  GIS  i n s t r u c t i o n   is  implemented   i n  

s o f t w a r e   i n s t e a d   of  mic rocode ,   the  p r o c e s s o r   pushes  PC+4  on  t h e  

wide  s t a c k .   C a l c u l a t e s   the  e f f e c t i v e   a d d r e s s   of  the  e m u l a t o r  

r o u t i n e .   Loads  the  PC  with  the  e f f e c t i v e   a d d r e s s .   C o n t i n u e s  

s e q u e n t i a l   o p e r a t i o n   at  the  word  a d d r e s s e d   by  the  upda ted   PC. 

A.  2.  2  I n t e r r u p t s  

All  GIS  i n s t r u c t i o n s   are  i n t e r r u p t a b l e   and  r e s t a r t a b l e ,   w i t h  

an  i n t e r r u p t   l a t e n c y   of  about   15  m i c r o s e c o n d s .   When  an  i n t e r r u p t  

o c c u r s ,   a  GIS  i n s t r u c t i o n   saves  t h e i r   c u r r e n t   s t a t e   on  the  w i d e  

s t a c k ,   and  t akes   the  i n t e r r u p t ,   s t o r i n g   the  program  c o u n t e r   v a l u e  

for  the  c u r r e n t l y   e x e c u t i n g   GIS  i n s t r u c t i o n   in  l o c a t i o n s   2  and  3  o f  

segment   0.  C o n t r o l   p a s s e s   to  the  a d d r e s s   s p e c i f i e d   by  l o c a t i o n   1 

of  segment  0.  Bit   2  (IRES)  of  the  P r o c e s s o r   S t a t u s   R e g i s t e r   (PSR) 

is  se t   to  1  when  a  GIS  i n s t r u c t i o n   is  i n t e r r u p t e d .  

When  i n t e r r u p t   s e r v i c e   is  comple t e ,   c o n t r o l   p a s s e s   back  to  t h e  

GIS  i n s t r u c t i o n ,   which  pops  the  saved  s t a t e   off   the  wide  s t a c k   and  

c o n t i n u e s   with  i t s   e x e c u t i o n .   Bit  2  (IRES)  of  the  P r o c e s s o r   S t a t u s  

R e g i s t e r   (PSR)  is  c l e a r e d .  
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L3  The  I n s t r u c t i o n   D i c t i o n a r y  

K.3.1  WGRDPIXL  —  Read  P ixe l   V a l u e  

WGRDPIXL  [ d i s p l a c e m e n t   to  e m u l a t o r j  

I n p u t  

ACO  :  Unused  

AC1:  Form  ID 

AC2:  Address   of  a  WGRDPIXL  p a c k e t   (X,Y) 

O u t p u t  

ACO:  P ixe l   v a l u e  

AC1  :  Unchanged  

AC2  :  Unchanged  

Under  the  c o n t r o l   of  AC1,  and  AC2,  r eads   the  va lue   a s s o c i a t e d  

with  the  FORM  s p e c i f i e d   by  (X,Y)  and  r e t u r n s   t h a t   VALUE  in  ACO. 

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR  of  the  FORM 

c o n t a i n i n g   the  p i x e l .  

AC2  c o n t a i n s   a  p o i n t e r   to  the  X  and  Y  c o o r d i n a t e s   of  the  p i x e l  

in  the  FORM. 

Upon  c o m p l e t i o n ,   the  c o n t e n t s   of  AC1,  and  AC2  are  u n c h a n g e d .  

If  the  p i x e l   with  the  g iven  c o o r d i n a t e s   is  in  the  s p e c i f i e d   FORM, 
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n^\j  u o n t o i n s   w e   p i x e i   val.uk  as  a  3 2 - b i t   number,  r i g h t   j u s -  
t i f i e d   and  zero  e x t e n d e d ;   o t h e r w i s e ,   ACO  is  u n c h a n g e d .  

DWord  #  Mnemonic  D e f i n i t i o n  

rj.xfct._x  A  s i g n e d   3 2 - b i t   i n t e g e r   for   t h e  
X - c o o r d i n a t e   l o c a t i o n .  

2  PIXELY  A  s i g n e d   3 2 - b i t   i n t e g e r   for  t h e  
Y - c o o r d i n a t e   l o c a t i o n .  

nunn.i-j.Aij  --  n r i t e   r i x e i   v a l u e  

nunnriAu  [u iHpiacBnient   io  e m u x a t o r j  

M: i :  

*C2: 

r i x e i   v a x u e  

Form  ID 

"Vddress  of  a  WGWRPIXL  p a c k e t   (X,Y) 

\C0:  U n c h a n g e d  

VC1  :  U n c h a n g e d  

VC2  :  U n c h a n g e d  

cue  u o n w o i   or  At;i,  and  AC2,  w r i t e s   the  VALUE  in  ACO 
.nto  the  p i x e l   s p e c i f i e d   by  (X,Y)  of  the  a s s o c i a t e d   FORM. 

ACO  c o n t a i n s   the  r i g h t - j u s t i f i e d   VALUE  to  be  w r i t t e n   i n t o   t h e  
•ORM. 

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR  of  the  FORM 
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c o n t a i n i n g   the  p i x e l .  

AC2  c o n t a i n s   a  p o i n t e r   to  the  X  and  Y  c o o r d i n a t e s   of  the  p i x e l  

in  the  FORM. 

This  i n s t r u c t i o n   uses   the  OPERATION  MASK  and  COMBINATION  RULE 

when  p l a n t i n g   p i x e l s .  

A f t e r   e x e c u t i o n ,   the  c o n t e n t s   of  the  a c c u m u l a t o r s   a r e  

unchanged .   This  i n s t r u c t i o n   has  no  e f f e c t   i f   the  p i x e l   s p e c i f i e d  

by  (X,Y)  l i e s   o u t s i d e   the  FORM,  or  i f   t h a t   p i x e l   in  the  form  i s  

w r i t e   i n h i b i t e d .  

DWord  #  Mnemonic  D e f i n i t i o n  

1  PIXEL_X  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
X - c o o r d i n a t e   l o c a t i o n .  

2  PIXEL_Y  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
Y - c o o r d i n a t e   l o c a t i o n .  

A.  3.  3  WGRFLOOD  —  Flood  a  R e c t a n g l e  

WGRFLOOD  [ d i s p l a c e m e n t   to  e m u l a t o r ]  

I n p u t  

ACO:  P ixe l   v a l u e  

AC1:  Form  ID 

AC2:  Address   of  a  WGRFLOOD  p a c k e t  

O u t p u t  

ACO  :  Unchanged  

AC1  :  Unchanged  
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AC  2  :  Unchanged  

Under  the  c o n t r o l   of  AC1,  and  AC2,  w r i t e s   the  VALUE  in  ACO 

in to   a  r e c t a n g u l a r   a rea   of  p i x e l s   in  the  a s s o c i a t e d   FORM. 

ACO  c o n t a i n s   the  r i g h t - j u s t i f i e d   VALUE  to  be  w r i t t e n   i n t o   t h e  

FORM.  This  is  an  n o n n e g a t i v e   3 2 - b i t   i n t e g e r .  

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR  of  the  FORM 

c o n t a i n i n g   the  p i x e l ( s ) .  

AC  2  c o n t a i n s   a  p o i n t e r   to  the  p a c k e t   d e s c r i b i n g   the  r e c t a n -  

g u l a r   a rea   in  the  FORM. 

This  i n s t r u c t i o n   uses  the  OPERATION  MASK  and  COMBINATION  RULE 

when  p l a n t i n g   p i x e l s .  

A f t e r   e x e c u t i o n ,   the  c o n t e n t s   of  the  a c c u m u l a t o r s   a r e  

unchanged .   This  i n s t r u c t i o n   has  no  e f f e c t   on  p i x e l s   l y i n g   o u t s i d e  

the  FORM,  or  on  p i x e l s   on  the  FORM  t h a t   are  w r i t e   i n h i b i t e d .  

If  e i t h e r   the  X  EXTENT  or  Y  EXTENT  is  se t   to  zero ,   t h i s  

i n s t r u c t i o n   has  no  e f f e c t .  
DWord  #  Mnemonic 

D U L C X  

D_ULC_Y 

XEXTENT 

Y  EXTENT 
p i x e l s .  

D e f i n i t i o n  

A  s i gned   3 2 - b i t   i n t e g e r   for   t h e  
X - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  u p p e r - l e f t - h a n d   c o r n e r   o f  
the  r e c t a n g l e .  

A  s i gned   3 2 - b i t   i n t e g e r   for   t h e  
Y - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  - u p p e r - l e f t - h a n d   c o r n e r   o f  
the  r e c t a n g l e .  

Width  of  the  r e c t a n g l e   in  p i x e l s .  

Height   of  the  r e c t a n g l e   i n  
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A.  3.  4  WGPLINE  —  Draw  a  poly  l i n e  

WGPLINE  [ d i s p l a c e m e n t   to  e m u l a t o r ]  

I n p u t  

ACO:  Number  of  l i n e s   to  d r aw  

AC1:  Form  ID 

AC2:  Address   of  a  WGPLINE  p a c k e t  

O u t p u t  

ACO  :  Unchanged  

AC1  :  Unchanged  

AC2  :  Unchanged  

Draws  one  or  more  l i n e   segments   between  the  e n d p o i n t s   s p e c i -  

f i ed   in  the  WGPLINE  packe t   with  the  c u r r e n t   LINESTYLE.  As  WGPLINE 

draws  each  p i x e l ,   i t   looks  at  each  b i t   in  the  LINESTYLE,  going  f rom 

the  most  s i g n i f i c a n t   b i t   (MSB)  to  the  l e a s t   s i g n i f i c a n t   b i t   (  LSB  )  . 

If  the  s e l e c t e d   LINESTYLE  b i t   is  1  for   a  g iven  p i x e l ,   then  t h e  

p ixe l   is  p l a n t e d   with  the  LINE  FOREGROUND  COLOR.  If   the   s e l e c t e d  

LINESTYLE  b i t   is  0  for   a  g iven   p i x e l ,   then  the  p i x e l   is  p l a n t e d  

with  the  LINE  BACKGROUND  COLOR.  When  the  LSB  of  the  LINESTYLE  i s  

r eached ,   the  p r o c e s s o r   r e t u r n s   to  the  MSB  of  the  LINESTYLE.  T h i s  

p r o c e s s   s t a r t s   at  the  f i r s t   p i x e l   of  the  the  f i r s t   l i n e   segment ,   t o  

the  l a s t   p i x e l   of  the  l a s t   l i n e   s e g m e n t .  

ACO  c o n t a i n s   the  number  of  l i n e   segments   in  the  poly   l i n e  

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR  of  the  FORM  t o  

draw  the  l i n e   segments   i n .  
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a lz   c o n t a i n s   a  p o i n t e r   to  a  packe t   c o n t a i n i n g   c o o r d i n a t e s   o f  

two  or  more  e n d p o i n t s .  

This  i n s t r u c t i o n   uses   the  OPERATION  MASK  and  the  COMBINATION 

RULE  when  p l a n t i n g   p i x e l s .  

A f t e r   e x e c u t i o n ,   the  c o n t e n t s   of  the  a c c u m u l a t o r s   a r e  

unchanged .   This  i n s t r u c t i o n   has  no  e f f e c t   on  p i x e l s   l y ing   o u t s i d e  

the  FORM,  or  on  p i x e l s   on  the  FORM  t h a t   are  w r i t e   i n h i b i t e d .  

DWord  #  Mnemonic  D e f i n i t i o n  

1  Xl  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
X - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  f i r s t   e n d p o i n t .  

2  Yl  A  s i gned   3 2 - b i t   i n t e g e r   for   t h e  
Y - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  f i r s t   e n d p o i n t .  

3  X2  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
X - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  second  e n d p o i n t .  

4  Y2  a  s i gned   3 2 - b i t   i n t e g e r   for   t h e  
Y - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  second  e n d p o i n t .  

•  X  •  .  •  • 

•  Y  •  . . .  

2n-l   Xn  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
X - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  n - t h   e n d p o i n t .  

2n  Yn  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
Y - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  n - t h   e n d p o i n t .  

i.  j.   o  wuuiTULT  —  Bit   Block  T r a n s f e r  
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WGBITBLT  [ d i s p l a c e m e n t   to  e m u l a t o r ]  

■input 

ACu: s o u r c e   form  i d  

a c l :  D e s t i n a t i o n   form  ID 

a c z :  Address   of  a  WGBITBLT  p a c k e t  

u u t p u t  

a c u :  u n c h a n g e d  

Aci  : Unchanged  

a c z :  Unchanged  

Moves  a  RECTANGLE  (a  r e c t a n g u l a r   a rea   of  p i x e l s )   from  t h e  

source   PIXEL  FORM  to  the  d e s t i n a t i o n   PIXEL  FORM,  p e r f o r m i n g   an  

OPERATION  as  i t   moves  the  p i x e l s .   If  the   sou rce   and  the  d e s t i n a -  

t ion   FORM  IDs  are  the  same,  the  t r a n s f e r   is  pe r formed  is  such  a  way 

tha t   a  p i x e l   is  cop ied   be fo re   being  w r i t t e n   t o .  

ACO  c o n t a i n s   the  key  to  the  sou rce   FORM  DESCRIPTOR. 

AC1  c o n t a i n s   the  key  to  the  d e s t i n a t i o n   FORM  DESCRIPTOR. 

AC2  c o n t a i n s   a  p o i n t e r   to  the  p a c k e t   d e s c r i b i n g   the  r e c t a n -  

gu la r   area  in  the  sou rce   and  d e s t i n a t i o n   FORM. 

Upon  c o m p l e t i o n ,   the  c o n t e n t s   of  ACO,  AC1,  and  AC2  a r e  

unchanged  . 

A  RECTANGLE  is  d e f i n e d   by  a  POINT  s p e c i f y i n g   the  u p p e r  
l e f t h a n d   c o r n e r   and  the  X  and  Y  EXTENT  of  the  r e c t a n g l e   w i t h i n   a 

FORM.  The  RECTANGLE,  then,   is  a  l i s t   of  2  s igned   and  2  u n s i g n e d  

3 2 - b i t   i n t e g e r s .   The  X - c o o r d i n a t e   is  the  f i r s t   double   word  in  t h e  

l i s t ,   the  Y - c o o r d i n a t e   is  the  second,   the  X  EXTENT  is  the   t h i r d .  
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and  the  Y  EXTENT  the  f o u r t h .   The  source   RECTANGLE  must  be  c o n -  

t a i n e d   w i t h i n   the  s o u r c e   FORM  and  must  f i t   i n s i d e   the  d e s t i n a t i o n  

FORM  when  moved.  If  i t   does  not  l i e   e n t i r e l y   w i t h i n   one  of  t h e  

FORMs,  the  WGBITBLT  i n s t r u c t i o n   w i l l   cause   the  RECTANGLE  to  b e  

c l i p p e d   so  t h a t   i t   does  f i t   in  e i t h e r   FORM.  This  i n s t r u c t i o n   w i l l  

not  w r i t e   to  p i x e l s   on  the  FORM  t h a t   are  w r i t e   i n h i b i t e d .  

If  e i t h e r   the  XEXTENT  or  YEXTENT  is  se t   to  zero ,   t h i s  

i n s t r u c t i o n   has  no  e f f e c t .  

This  i n s t r u c t i o n   uses   the  OPERATION  MASK  and  the  COMBINATION 

RULE  when  p l a n t i n g   p i x e l s .  

No  p i x e l   w i l l   ever   be  taken  from  o u t s i d e   the  sou rce   FORM,  o r  

drawn  o u t s i d e   the  b o u n d a r i e s   of  the  d e s t i n a t i o n   FORM. 

DWord  #  Mnemonic  D e f i n i t i o n  

1 D_ULC_X A  s igned   3 2 - b i t   i n t e g e r   for  t h e  
X - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  u p p e r - l e f t - h a n d   c o r n e r   o f  
the  d e s t i n a t i o n   r e c t a n g l e .  

2 D U L C Y  A  s igned   3 2 - b i t   i n t e g e r   for  t h e  
Y - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  u p p e r - l e f t - h a n d   c o r n e r   o f  
the  d e s t i n a t i o n   r e c t a n g l e .  

3 X_EXTENT Width  of  the  r e c t a n g l e   i n  
p i x e l s   . 

4 Y_EXTENT Height  of  the  r e c t a n g l e   i n  
p i x e l s   . 

5 S_ULC_X A  s igned   3 2 - b i t   i n t e g e r   for  t h e  
X - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  u p p e r - l e f t - h a n d   c o r n e r   o f  
the  source   r e c t a n g l e .  

5 S U L C Y  A  s igned   3 2 - b i t   i n t e g e r   for   t h e  
i f - c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  u p p e r - l e f t - h a n d   c o r n e r   o f  
the  source   r e c t a n g l e .  
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A.  3.  6  WGCHRBLT  —  C h a r a c t e r   Block  T r a n s f e r  

WGCHRBLT  [ d i s p l a c e m e n t   to  e m u l a t o r ]  

I n p u t  

ACO:  Source  Form  ID 

AC1:  D e s t i n a t i o n   Form  ID 

AC2:  Address   of  a  WGCHRBLT  p a c k e t  

O u t p u t  

ACO  :  Unchanged  

AC1  :  Unchanged  

AC2  :  Unchanged  

Copies   a  r e c t a n g u l a r   a rea   of  p i x e l s   from  a  1 - b i t   per  p i x e l  

SOURCE  FORM,  expand ing   each  p i x e l   to  a  FOREGROUND  COLOR  or  BACK- 

GROUND  COLOR,  p e r f o r m i n g   an  OPERATION  as  i t   c o p i e s   the  p i x e l s ,   i n  

a c c o r d a n c e   with  the  v a l u e s   of  the  FOREGROUND  SUPPRESS  and  BACK- 

GROUND  SUPPRESS  f l a g s .  

Note:  The  SOURCE  FORM  must  be  1 - b i t   per  p i x e l .  

ACO  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR  of  the  SOURCE 

FORM. 

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR  of  the  DESTINATION 

FORM. 
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a  yuj.nj.mr  lu  tne  p a c x e t   d e s c r i b i n g   the  r e c t a n -  
g u l a r   a rea   in  the  s o u r c e   and  d e s t i n a t i o n   FORM. 

This  i n s t r u c t i o n   uses   the  OPERATION  MASK  and  the  COMBINATION 
RULE  when  p l a n t i n g   p i x e l s .  

If  e i t h e r   the  XEXTENT  or  YEXTENT  is  se t   to  zero ,   t h i s  
I n s t r u c t i o n   has  no  e f f e c t .  

The  sou rce   RECTANGLE  must  be  c o n t a i n e d   w i t h i n   the  s o u r c e   FORM 
and  must  f i t   i n s i d e   the  d e s t i n a t i o n   FORM  when  moved.  If  i t   d o e s  
not  l i e   e n t i r e l y   w i t h i n   one  of  the  FORMs,  the  WGCHRBLT  i n s t r u c t i o n  
-t i l l   cause   the  RECTANGLE  to  be  c l i p p e d   so  t h a t   i t   does  f i t   i n  
e i t h e r   FORM.  This  i n s t r u c t i o n   w i l l   not  w r i t e   to  p i x e l s   on  the  FORM 
bhat  are  w r i t e   i n h i b i t e d .  

If  the  s o u r c e   form  is  not  1 - b i t   per  p i x e l   and  not  on  a  v i r t u a l  
>itmap,  an  I n v a l i d   WGCHRBLT  Source  F a u l t   w i l l   o c c u r .  

Upon  c o m p l e t i o n ,   the  a c c u m u l a t o r s   are  u n c h a n g e d .  
DWord  #  Mnemonic  D e f i n i t i o n  

,_ui^_a  a  c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  upper   l e f t - h a n d   c o r n e r   o f  
the  d e s t i n a t i o n   l o c a t i o n   f o r  
the  '  c h a r a c t e r   '  . 

>_ULC_Y  y  c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  upper   l e f t - h a n d   c o r n e r   o f  
the  d e s t i n a   t i o n   l o c a t i o n   f o r  
the  '  c h a r a c t e r   '  . 

:_EXTENT  Width  of  the  c h a r a c t e r   to  b e  
p l o t t e d   in  p i x e l s .  

_EXTENT  Height   of  the  c h a r a c t e r   to  be  
p l o t t e d   in  p i x e l s .  

ULCX  x  c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  upper   l e f t - h a n d   c o r n e r   o f  
the  ' c h a r a c t e r ' .  

ULCY  y  c o o r d i n a t e   of  the  l o c a t i o n   o f  
the  upper  l e f t - h a n d   c o r n e r   o f  
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the  ' c h a r a c t e r '   . 

a.  3.7  w g r d a t t r   —  Read  A t t r i b u t e  

WGRDATTR  [ d i s p l a c e m e n t   to  e m u l a t o r ]  

I n p u t  

ACO:  A t t r i b u t e   I n d e x  

AC1:  Form  ID 

AC2:  Address   to  s t o r e   a t t r i b u t e  

O u t p u t  

ACO  :  Unchanged  

AC1  :  Unchanged  

AC2  :  Unchanged  

Reads  an  a t t r i b u t e   indexed   by  ACO  from  the  FORM  DESCRIPTOR 

r e f e r e n c e d   by  AC1  and  s t o r e s   i t   at  the  a d d r e s s   s p e c i f i e d   by  AC2. 

ACO  c o n t a i n s   the  a t t r i b u t e   i n d e x .  

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR. 

AC2  c o n t a i n s   a  word  p o i n t e r   to  s t o r e   the  a t t r i b u t e .  

If  the   va lue   in  ACO  is  g r e a t e r   than  8,  an  I n v a l i d   A t t r i b u t e  

Index  F a u l t   w i l l   o c c u r .  

Refer   to  the  c h a p t e r   "ATTRIBUTES"  for   more  i n f o r m a t i o n .  
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« . o . o   NunKAiiK  —  w r i t e   A t t r i b u t e  

wiiWKATTR  [ d i s p l a c e m e n t   to  e m u l a t o r ]  

I n p u t  

ACO:  A t t r i b u t e   i n d e x  

AC1:  Form  ID 

AC2:  Address   to  read  a t t r i b u t e   f r o m  

O u t p u t  

ACO  :  U n c h a n g e d  

AC1  :  U n c h a n g e d  

AC  2  :  U n c h a n g e d  

Wr i t e s   an  a t t r i b u t e   indexed   by  ACO  to  the  FORM  DESCRIPTOR 

r e f e r e n c e d   by  AC1  wi th   the  va lue   at  the  a d d r e s s   s p e c i f i e d   by  AC2. 

ACO  c o n t a i n s   the  a t t r i b u t e   i n d e x .  

AC1  c o n t a i n s   the  key  to  the  FORM  DESCRIPTOR. 

AC2  c o n t a i n s   a  word  p o i n t e r   to  read  the  a t t r i b u t e   f r o m .  

If  the   v a l u e   in  ACO  is  g r e a t e r   than  8,  an  I n v a l i d   A t t r i b u t e  

Index  F a u l t   w i l l   o c c u r .  

Refer   to  the  c h a p t e r   "ATTRIBUTES"  for   more  i n f o r m a t i o n .  

Appendix  B:  P r i v i l e g e d   G r a p h i c s   I n s t r u c t i o n s  

/  
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B.4  Data  S t r u c t u r e s  

B  .  4  .  1  Comments  and  G u a r a n t e e s  

The  da ta   s t r u c t u r e s   d e s c r i b e d   here   c o n s t i t u t e   a  c o n t r a c t  

between  o p e r a t i n g   sys tems   and  mic rocode   for  i m p l e m e n t i n g   GIS  I I .  

This  se t   of  i n f o r m a t i o n   is  the  sum  t o t a l   r e q u i r e d   by  mic rocode   f r o m  

o p e r a t i n g   s y s t e m s .  

An  o p e r a t i n g   system  can  d e t e r m i n e   t h a t   GIS  II  m ic rocode   e x i s t s  

on  the  sys tem.   If  an  o p e r a t i n g   system  is  only  c o n c e r n e d   with  t h e  

e x i s t e n c e   or  n o n - e x i s t e n c e   of  GIS  I I ,   i t   can  a t t e m p t   to  i s s u e   a  GIS 

II  i n s t r u c t i o n   (WGPFORMS  is  f a i r l y   h a r m l e s s ) .   If  the  i n s t r u c t i o n  

g e n e r a t e s   a  UIT  (Unimplemented   I n s t r u c t i o n   Trap)  or  t r a n s f e r s  

c o n t r o l   to  i t s   e r r o r   h a n d l e r ,   the  o p e r a t i n g   system  can  assume  t h a t  

GIS  II  does  not  e x i s t   on  the  system.   If  the  i n s t r u c t i o n   e x e c u t e s ,  

the  o p e r a t i n g   system  can  assume  t h a t   GIS  II  does  e x i s t .   If  a n  

o p e r a t i n g   system  is  conce rned   with  the  l e v e l   of  GIS  II  s u p p o r t  

(which  i n s t r u c t i o n s   are  s u p p o r t e d ,   what  l e v e l   of  o p t i m i z a t i o n  

e x i s t s ,   e t c ) ,   t h e r e   is  c u r r e n t l y   no  way  to  f ind   t h i s   o u t .  

The  f o l l o w i n g   g u a r a n t e e s   can  be  made  about   t h e s e   d a t a  

s t r u c t u r e s   : 

-  they  are  always  r e s i d e n t  

-  they  do  not  c r o s s   page  b o u n d a r i e s  
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-  icy  me   a l i g n e d   on  a  aouDiewora  Doundaxy  

iiiaKimum  s i z e   or  any  da ta   s t r u c t u r e   is  one  p a g e .  
Most  of  the  a d d r e s s e s   s t o r e d   in  t h e s e   da ta   s t r u c t u r e s   a r e  

p h y s i c a l   a d d r e s s e s .   This  a l lows   the  mic rocode   to  f o l l o w   l i n k e d  

L i s t s   w i t h o u t   hav ing   to  t r a n s l a t e   l o g i c a l   a d d r e s s e s .  

3 .4 .2   The  Form  D e s c r i p t o r  

~  xs»  cue  u o j e c t   upon  wnicn  a l l   GIS  o p e r a t i o n s   a r e  
pe r fo rmed .   The  Form  D e s c r i p t o r   d e s c r i b e s   the  form  i t s e l f   a n d  
po in t s   to  r e l a t e d   d a t a b a s e s   ( c u r s o r   d e s c r i p t o r   and  a t t r i b u t e s ) ,  
[•he  Form  D e s c r i p t o r   is  c r e a t e d   in  r e s p o n s e   to  a  user   r e q u e s t ,  
■"orm  D e s c r i p t o r :  

Jnui  u  ft j e s c r i p t i o n  

u  in  o  i_ir\ 

JI\  Uljl,  X 

Jns lgned   3 2 - b i t   i n t e g e r .   The 
Length  of  the  Form  D e s c r i p t o r   i n  
tfords  . 

Jns igned  3 2 - b i t   i n t e g e r .   P h y s i c a l  
address   of  the  A t t r i b u t e   B l o c k .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
bhe  X  c o o r d i n a t e   of  the  u p p e r - l e f t -  
:o rne r   of  the  bounding  r e c t a n g l e  
*ith  r e s p e c t   to  the  l o c a l   o r i g i n   o f  
:he  f o r m .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
:he  Y  c o o r d i n a t e   of  the  u p p e r - l e f t -  
:o rner   of  the  bounding  r e c t a n g l e  
f i th  r e s p e c t   to  the  l o c a l   o r i g i n   o f  
:he  f o r m .  



0 2 2 3 5 5 7  

10 

11 

BR_EXT_X  Unsigned  3 2 - b i t   i n t e g e r .   Width  o f  
the  bounding  r e c t a n g l e   in  p i x e l s .  

BR_EXT_Y  Unsigned  3 2 - b i t   i n t e g e r .   Height   o f  
the  bounding  r e c t a n g l e   in  p i x e l s .  

GBL_ULC_X  Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  u p p e r - l e f t -  
c o r n e r   of  the  form  with  r e s p e c t   t o  
the  o r i g i n   of  the  p h y s i c a l   b i t m a p .  

GBL_ULC_Y  Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  u p p e r - l e f t -  
c o r n e r   of  the  form  with  r e s p e c t   t o  
the  o r i g i n   of  the  p h y s i c a l   b i t m a p .  

LOC_ULC_X  Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  u p p e r - l e f t -  
c o r n e r   of  the  form  wi th   r e s p e c t   t o  
the  o r i g i n   of  the  f o r m .  

LOC_ULC_Y  Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the   u p p e r - l e f t -  
c o r n e r   of  the  form  with  r e s p e c t   t o  
the  o r i g i n   of  the  f o r m .  

FLAGS  Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
f l ag   b i t s .   The  i n d i v i d u a l   b i t s   and  
t h e i r   i n t e r p r e t a t i o n s   are  d e s c r i b e d  
below  . 

12 FORM  MASK Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
b i t s .   The  i n t e r p r e t a t i o n   of  t h e s e  
b i t s   is  d e s c r i b e d   b e l o w .  

13 

14 

15 

16 

17 

18 

RECT  LIST 

CURSOR  DESC 

DEV  TYPE 

P  BMAP  ADDR 

P  X  PITCH 

P  Y  PITCH 

Unsigned  3 2 - b i t   i n t e g e r .   P h y s i c a l  
a d d r e s s   of  a  R e c t a n g l e   D e s c r i p t o r .  

Unsigned  3 2 - b i t   i n t e g e r .   P h y s i c a l  
a d d r e s s   of  a  Cursor   D e s c r i p t o r .  

Unsigned  3 2 - b i t   i n t e g e r .   D e v i c e  
type  of  the  p h y s i c a l   b i t m a p .  

Unsigned  3 2 - b i t   i n t e g e r .  
ID  for  the  v ideo   b o a r d .  

M i c r o c o d e  

Unsigned  3 2 - b i t   i n t e g e r .   Number  o f  
b i t s   per  p i x e l   for  the  p h y s i c a l  
b i tmap .   This  number  must  be  w i t h i n  
the  l i m i t s   1  <«  X  <=  3 2 .  

Unsigned  3 2 - b i t   i n t e g e r .   Number  o f  
p i x e l s   per  l i n e   for  the  p h y s i c a l  
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19 

20 

21 

22 

23 

24 

25 

P  LOG2  XPITCH 

P  LOG2  YPITCH 

V  BMAP  ADDR 

V  X  PITCH 

V  Y  PITCH 

V  LOG2  XPITCH 

V  LOG2  YPITCH 

bi tmap.   This  number  must  be  a  
power  of  t w o .  

Unsigned  3  2  - b i t   i n t e g e r .   The  l o g  
( to  the  base  two)  of  the  X  p i t c h   o f  
the  p h y s i c a l   b i t m a p .  

Unsigned  3 2 - b i t   i n t e g e r .   The  l o g  
( to  the  base  two)  of  the  Y  p i t c h   o f  
the  p h y s i c a l   b i t m a p .  

Unsigned  3 2 - b i t   i n t e g e r .   L o g i c a l  
a d d r e s s   of  the  s t a r t   of  the  v i r t u a l  
bi tmap  memory. 

Unsigned  3 2 - b i t   i n t e g e r .   Number  o f  
b i t s   per  p i x e l   for   the  v i r t u a l  
b i tmap.   This  number  must  be  w i t h i n  
the  l i m i t s   1  <-  X  <-  3 2 .  

Unsigned  3 2 - b i t   i n t e g e r .   Number  o f  
p i x e l s   per  l i n e   for   the  v i r t u a l  
b i tmap .   This  number  must  be  a  
power  of  t w o .  

Unsigned  3 2 - b i t   i n t e g e r .   The  l o g  
(to  the  base  two)  of  the  X  p i t c h   o f  
the  v i r t u a l   b i t m a p .  

Unsigned  3 2 - b i t   i n t e g e r .   The  l o g  
( to  the  base  two)  of  the  Y  p i t c h   o f  
the  v i r t u a l   b i t m a p .  

The  Bounding  R e c t a n g l e   encompasses   a l l   r e c t a n g l e s   on  t h e  

r e c t a n g l e   l i s t   for  the  form.  The  ULC  of  the  bounding   r e c t a n g l e   i s  

equal   to  the  ULC  of  the  uppe rmos t ,   l e f t h a n d   r e c t a n g l e   in  t h e  

r e c t a n g l e   l i s t .   The  e x t e n t s   of  the  bounding  r e c t a n g l e   are  the  sum 

of  the  e x t e n t s   of  the  r e c t a n g l e s   in  the  r e c t a n g l e ,   l i s t .   T i l i n g   a 

form  wi th   r e c t a n g l e s   is  d e s c r i b e d   in  the  next   s e c t i o n .  

The  f l ag   b i t s   c u r r e n t l y   d e f i n e d   in  the  FLAGS  f i e l d   of  t h e  

Forms  D e s c r i p t o r   a r e :  

Bi t   #  D e s c r i p t i o n  

0  If  s e t ,   the  r e c t a n g l e   l i s t   c o n t a i n s   one  or  more 
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r e c t a n g l e s   on  the  p h y s i c a l   b i tmap.   If  c l e a r ,  
no  r e c t a n g l e s   in  the  r e c t a n g l e   l i s t   are   on  t h e  
p h y s i c a l   b i t m a p .  

1  If  s e t ,   the  r e c t a n g l e   l i s t   c o n t a i n s   one  or  more  
r e c t a n g l e s   on  the  v i r t u a l   b i tmap.   If  c l e a r ,  
no  r e c t a n g l e s   in  the  r e c t a n g l e   l i s t   are  on  t h e  
v i r t u a l   b i t m a p .  

2  If  s e t ,   the  r e c t a n g l e   l i s t   c o n t a i n s   one  or  more  
r e c t a n g l e s   t h a t   are  not  on  e i t h e r   the  v i r t u a l  
b i tmap  or  the  p h y s i c a l   b i tmap .   If  c l e a r ,   a l l  
r e c t a n g l e s   in  the  r e c t a n g l e   l i s t   are  on  e i t h e r  
the  v i r t u a l   bi tmap  or  the  p h y s i c a l   b i t m a p .  

3  If  s e t ,   the  r e c t a n g l e   l i s t   c o n t a i n s   one  or  more  
w r i t e - i n h i b i t e d   r e c t a n g l e .   If  c l e a r ,   none  o f  
the  r e c t a n g l e s   in  the  r e c t a n g l e   l i s t   are   w r i t e -  
i n h i b i t e d .  

4  If   s e t ,   the  r e c t a n g l e   l i s t   c o n s i s t s   of  a  s i n g l e  
r e c t a n g l e .   If  c l e a r ,   t h e r e   are  m u l t i p l e   r e c t a n g l e s  
in  the  r e c t a n g l e   l i s t .  

5  If  s e t ,   the  p a l e t t e   index  s u p p l i e d   on  a  WGWRPAL 
(Wri te   P a l e t t e )   i n s t r u c t i o n   is  r e p l i c a t e d   f r o m  
one  byte   to  t h r e e   by t e s   i f   the  p a l e t t e   is  on  a  
24  b i t / p i x e l   b i t m a p .  

6-31  Rese rved   for   f u t u r e   use.   These  b i t s   s h o u l d  
be  zero ,   but  the  mic rocode   w i l l   pe r form  no  
v a l i d a t i o n .  

The  Form  Mask  d e f i n e s   the  p i x e l   dep th   of  the  b i tmaps   a s s o c i -  

ated  with  a  form.  For  a  bi tmap  with  "n"  b i t s   per  p i x e l ,   t h e  

l o w - o r d e r   "n"  b i t s   of  the  Form  Mask  are  se t   to  one.  The  r e m a i n i n g  

b i t s   in  the  Form  Mask  are  se t   to  zero .   When  p e r f o r m i n g   a  GIS 

i n s t r u c t i o n ,   the  Form  Mask  is  ANDed  with  the  O p e r a t i o n   Mask 

( c o n t a i n e d   in  the  A t t r i b u t e   Block)  to  p roduce   a  mask  t h a t   d e t e r m i -  

nes  which  b i t s   w i t h i n   a  p i x e l   should   be  o p e r a t e d   u p o n .  

The  ULC  of  the  v i r t u a l   bi tmap  always  c o r r e s p o n d s   to  the  ULC  o f  

the  form,  r e g a r d l e s s   of  the  l o c a l   c o o r d i n a t e   system  e s t a b l i s h e d   f o r  

the  f o r m .  
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±l  uie  l o i n   nas  onj.y  a  p n y s i c a i   b i tmap  a s s o c i a t e d   wi th   i t ,   t h e  

v i r t u a l   b i tmap  p o r t i o n   of  the  Form  D e s c r i p t o r   w i l l   be  f i l l e d   w i t h  

z e r o s .   An  "empty"  b i tmap   d e s c r i p t i o n   w i l l   never   be  used  by  m i c r o -  

code  so  long  as  no  r e c t a n g l e s   on  the  f o r m ' s   r e c t a n g l e   l i s t   r e f e r   t o  
the  n o n - e x i s t e n t   b i tmap .   If  a  r e c t a n g l e   does  r e f e r   to  a  n o n -  
e x i s t a n t   b i tmap ,   the  r e s u l t s   are  u n d e f i n e d .   Microcode   w i l l   p r o b a -  

bly  t r a p .  

If   a  GIS  II  i n s t r u c t i o n   is  in  p r o g r e s s   on  a  p a r t i c u l a r   Form 

D e s c r i p t o r ,   only  the  f o l l o w i n g   i n f o r m a t i o n   can  be  s a f e l y   a l t e r e d :  

1)  Global   ULC 

2)  Local  ULC 

3)  The  r e c t a n g l e   b i t s   in  the  FLAGS 

4)  The  r e c t a n g l e   l i s t  

Changing  any  o t h e r   i n f o r m a t i o n   w i l l   p roduce   u n d e f i n e d   r e s u l t s .  

3 .4 .3   The  A t t r i b u t e   B l o c k  

Values   such  as  f o r e g r o u n d   c o l o r   and  l i n e   s t y l e   a re   s t o r e d   i n  
:he  A t t r i b u t e   Block.   I n i t i a l l y ,   the  A t t r i b u t e   Block  is  f i l l e d   w i t h  
i  s e t   of  d e f a u l t   v a l u e s .   All  of  t h e s e   v a l u e s   can  be  examined  by  
:he  user   with  the  WGRDATTR  (Read  A t t r i b u t e )   i n s t r u c t i o n   and  a l t e r e d  
>ith  wi th   the  WGWRATTR  (Wri te   A t t r i b u t e )   i n s t r u c t i o n .   The  A t t r l -  
>ute  Block  is  c r e a t e d   when  a  Form  D e s c r i p t o r   is  c r e a t e d .  
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A t t r i b u t e   b i o c k :  

DWord  #  Mnemonic D e s c r i p t i o n  

LENGTH 

OP_MASK 

COMBO_RULE 

LINE_CTRL 

LINE_F_COLOR 

LINE_B_COLOR 

LINE_STYLE 

Unsigned  3  2  - b i t   i n t e g e r .   The 
l e n g t h   of  the  A t t r i b u t e   B l o c k  
in  w o r d s .  

Unsigned  3 2 - b i t   i n t e g e r .   A  mask 
t h a t   d e t e r m i n e s   which  b i t s   w i t h i n  
a  p i x e l   w i l l   be  a f f e c t e d   by  a  GIS 
o p e r a t i o n .  

Unsigned  3 2 - b i t   i n t e g e r .   S p e c i f i e s  
one  of  16  boo lean   f u n c t i o n s   to  b e  
a p p l i e d   du r ing   a  GIS  o p e r a t i o n .  

Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
f l ag   b i t s   t h a t   govern  the  d r a w i n g  
of  l i n e s .   The  i n d i v i d u a l   b i t s   a n d  
t h e i r   i n t e r p r e t a t i o n s   are  d e s c r i b e d  
below  . 

Unsigned  3 2 - b i t   i n t e g e r .   P i x e l  
va lue   of  the  f o r e g r o u n d   c o l o r   u s e d  
when  drawing  l i n e s .  

Unsigned  3 2 - b i t   i n t e g e r .   P i x e l  
va lue   of  the  background   c o l o r   u s e d  
when  drawing  l i n e s .  

Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
b i t s   t h a t   d e t e r m i n e s   the  t e x t u r e   o f  
any  l i n e s   t h a t   are  drawn.  B i t s  
t h a t   are  se t   i n d i c a t e   t h a t   a  f o r e -  
ground  c o l o r   p i x e l   shou ld   be  p l a n t -  
ed.  B i t s   t h a t   are  c l e a r   i n d i c a t e  
t h a t   a  background   c o l o r   p i x e l  
should   be  p l a n t e d .  

CHAR_CTRL Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
f lag   b i t s   t h a t   govern  the  d r a w i n g  
of  c h a r a c t e r s .   The  i n d i v i d u a l   b i t s  
and  t h e i r   i n t e r p r e t a t i o n s   a r e  
d e s c r i b e d   b e l o w .  

CHAR_F_COLOR Unsigned  3 2 - b i t   i n t e g e r .   P i x e l  
va lue   of  the  f o r e g r o u n d   c o l o r   u s e d  
when  drawing  c h a r a c t e r s .  

1U CHAR_B_COLOR Unsigned  3 2 - b i t   i n t e g e r .   P i x e l  
va lue   of  the  background   c o l o r   u s e d  
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when  d rawing   c h a r a c t e r s .  

me  n a g   c i t s   c u r r e n t l y   d e n n e d   in  the  LINECTRL  f i e l d   of  t h e  

Forms  D e s c r i p t o r   a r e :  

Bit   #  D e s c r i p t i o n  

v  Draw  tne  f o r e g r o u n d   p i x e l s   i f   c l e a r .   S u p p r e s s  
the  f o r e g r o u n d   p i x e l s   i f   s e t .  

1  Draw  the  background  p i x e l s   i f   c l e a r .   S u p p r e s s  
the  background   p i x e l s   i f   s e t .  

2  Draw  the  i n i t i a l   p o i n t   i f   c l e a r .   S u p p r e s s   t h e  
i n i t i a l   p o i n t   if   s e t .  

3  Draw  the  f i n a l   po in t   i f   c l e a r .   Suppres s   t h e  
f i n a l   p o i n t   i f   s e t .  

4-31  Rese rved   for  f u t u r e   use .   These  b i t s   s h o u l d  
be  ze ro ,   but  the  m ic rocode   w i l l   pe r fo rm  n o  
v a l i d a t i o n .  

me  n a y   u i t s   c u r r e n t l y   d e n n e d   in  the  CHAR_CTRL  f i e l d   of  t h e  
Forms  D e s c r i p t o r   a r e :  

Bit   #  D e s c r i p t i o n  

u  uraw  tne  r o r e g r o u n d   p i x e l s   i f   c l e a r .   S u p p r e s s  the  f o r e g r o u n d   p i x e l s   i f   s e t .  

1  Draw  the  background  p i x e l s   i f   c l e a r .   S u p p r e s s  
the  background   p i x e l s   i f   s e t .  

2-31  Rese rved   for  f u t u r e   use.   These  b i t s   s h o u l d  
be  ze ro ,   but  the  m ic rocode   w i l l   per form  n o  
v a l i d a t i o n .  
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B.4 .4   The  R e c t a n g l e   D e s c r i p t o r  

A l though   the  user   p e r c e i v e s   a  form  as  a  u n i t ,   in  r e a l i t y   t h e  

form  may  be  d i v i d e d   i n t o   m u l t i p l e   p i e c e s .   For  c o n v e n i e n c e ,   e a c h  

p iece   is  a  r e c t a n g l e .   A  R e c t a n g l e   D e s c r i p t o r   d e s c r i b e s   one  of  t h e  

set   of  r e c t a n g l e s   t h a t   make  up  a  form.  A  r e c t a n g l e   can  r e s i d e  

e n t i r e l y   on  the  p h y s i c a l   b i tmap ,   e n t i r e l y   on  the  v i r t u a l   b i tmap,   o r  

on  n e i t h e r   b i t m a p .  

The  c o l l e c t i o n   of  r e c t a n g l e s   t h a t   make  up  an  e n t i r e   form  i s  

c a l l e d   a  " t i l i n g "   of  t h a t   form.  C e r t a i n   c o n s t r a i n t s   are  p l aced   on  

a  t i l i n g .   R e c t a n g l e s   may  not  o v e r l a p ,   must  c o m p l e t e l y   t i l e   t h e  

bounding   r e c t a n g l e   for   the  form,  and  may  not  l i e   o u t s i d e   of  t h e  

form.  If   e i t h e r   of  t h e s e   c o n d i t i o n s   are  v i o l a t e d ,   u n d e f i n e d  

r e s u l t s   w i l l   o c c u r .  

R e c t a n g l e   D e s c r i p t o r :  

DWord  #  Mnemonic  D e s c r i p t i o n  

L NEXT Unsigned  3 2 - b i t   i n t e g e r .   P h y s i c a l  
add re s s   of  the  next   R e c t a n g l e  
D e s c r i p t o r   in  the  l i s t   or  minus  o n e .  

2 FLAGS Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
f l ag   b i t s .   The  i n d i v i d u a l   b i t s   a n d  
t h e i r   i n t e r p r e t a t i o n s   are   d e s c r i b e d  
b e l o w .  

3 JLC_X Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  u p p e r - l e f t -  
corner   of  the  r e c t a n g l e   with  r e s p e c t  
to  the  o r i g i n   of  the  f o r m .  

1 JLC_Y Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  u p p e r - l e f t -  
corner   of  the  r e c t a n g l e   wi th   r e s p e c t  
to  the  o r i g i n   of  the  f o r m .  
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u n s i g n e d   j ^ - D i t   i n t e g e r .   Width  o f  
the  r e c t a n g l e   in  p i x e l s .  

EXT_Y  Unsigned  3 2 - b i t   i n t e g e r .   He igh t   o f  
the  r e c t a n g l e   in  p i x e l s .  

xxciy  uii.5  c u r r e n t l y   a e r m e o   in  the  FLAGS  f i e l d   of  t h e  
Rec tang le   D e s c r i p t o r   a r e :  

Bit   #  D e s c r i p t i o n  

"   ^   r e c t a n g l e   is  on  the  p h y s i c a l   b i t m a p .  
1  If   s e t ,   the  r e c t a n g l e   is  on  the  v i r t u a l   b i t m a p .  
2  If  s e t ,   the  r e c t a n g l e   is  not  on  any  b i t m a p .  
3  i f   s e t ,   the  r e c t a n g l e   is  w r i t e - i n h i b i t e d .  

4-31  Rese rved   for  f u t u r e   use.   These  b i t s   s h o u l d  
be  zero ,   but  the  mic rocode   w i l l   pe r fo rm  n o  v a l i d a t i o n .  

B i t s   #0,  #1,  and  #2  are  m u t u a l l y   e x c l u s i v e .   E x a c t l y   one  b i t  
:an  be  s e t .  

t .4.5  The  Cursor   D e s c r i p t o r  

~  v.«iOUi  j.b  some  p a t t e r n   t n a t   is  drawn  on  the  b i tmap  s c r e e n   t o  
e p r e s e n t   the  p o s i t i o n   of  a  p o i n t i n g   d e v i c e .  

There  are  two  d i f f e r e n t   types   of  c u r s o r s .   The  f i r s t   type  i s  
n  image,  such  as  an  arrow.   This  c u r s o r   is  d e f i n e d   by  the  r e c t a n -  
le  t h a t   c o n t a i n s   the  v i s i b l e   p o r t i o n   of  the  image.  The  s e c o n d  
ype  of  c u r s o r   is  a  c r o s s - h a i r .   This  c u r s o r   is  d e f i n e d   by  t h e  
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e n d p o i n t s   of  the  h o r i z o n t a l   and  v e r t i c a l   l i n e s   t h a t   form  t h e  

c r o s s - h a i r .   In  the  case   of  a  f u l l - s c r e e n   c r o s s - h a i r ,   the  h o r i z o n -  

t a l   and  v e r t i c a l   l i n e s   always  span  the  e n t i r e   width   and  h e i g h t  

( r e s p e c t i v e l y )   of  the  b i tmap  s c r e e n .   The  e n d p o i n t s   of  a  f u l l -  

s c r e e n   c r o s s - h a i r   are  always  on  the  edge  of  the  b i tmap  s c r e e n .   I n  

the  case   of  a  c r o s s - h a i r   t h a t   is  s imply  very  l a r g e ,   the  c r o s s - h a i r  

may  be  c l i p p e d   to  the  edge  of  the  bi tmap  s c r e e n .   The  e n d p o i n t s   o f  

a  l a r g e   c r o s s - h a i r   d e f i n e   the  v i s i b l e   p o r t i o n   of  the  c r o s s - h a i r .  

For  each  of  t h e s e   two  types   of  c u r s o r s ,   t h e r e   is  a  d i f f e r e n t  

d e s c r i p t o r .   The  f i r s t   doubleword   of  the  Cursor   D e s c r i p t o r ,  

however,   r emains   the  same  in  a l l   c a s e s .   This  is  the   F lags   w o r d ,  

which  c o n t a i n s   b i t s   t h a t   d e t e r m i n e   the  format   of  the   d e s c r i p t o r  

t h a t   f o l l o w s .  

The  Cursor   D e s c r i p t o r   is  used  by  the  mic rocode   to  d e t e r m i n e   i f  

a  g iven   GIS  o p e r a t i o n   could   i n t e r s e c t   the  c u r s o r .   If  no  i n t e r s e c -  

t i o n   is  p o s s i b l e ,   mic rocode   can  per form  the  GIS  o p e r a t i o n   d i r e c t l y .  

If  an  i n t e r s e c t i o n   could  occur ,   mic rocode   must  ask  the  o p e r a t i n g  

system  to  e r a s e   the  c u r s o r   b e f o r e   the  GIS  o p e r a t i o n   can  b e  

p e r f o r m e d .  

Microcode   must  a c c e s s   the  Cursor   D e s c r i p t o r   in  two  s t a g e s .  

The  f i r s t   a c c e s s   r e t r i e v e s   the  Flags   word.  If  the  c u r s o r   i s  

i n v i s i b l e ,   mic rocode   must  not  a t t e m p t   to  a cce s s   the  r e s t   of  t h e  

d e s c r i p t o r .   If  the  c u r s o r   is  v i s i b l e ,   mic rocode   r eads   in  the  r e s t  

of  the  d e s c r i p t o r   based  on  the  type  of  c u r s o r .  

When  a  Cursor   D e s c r i p t o r   changes ,   a l l   forms  t h a t   r e f e r   to  t h a t  

d e s c r i p t o r   must  be  purged  from  the  Form  Cache  p r i o r   to  the  c h a n g e .  

Image  D e s c r i p t o r :  
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DWord  # Mnemonic 

FLAGS 

ULC  X 

ULC  Y 

EXTENT  X 

EXTENT  Y 

D e s c r i p t i o n  

Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
f l ag   b i t s .   The  i n d i v i d u a l   b i t s   and  
t h e i r   i n t e r p r e t a t i o n s   are   d e s c r i b e d  
b e l o w .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  u p p e r - l e f t -  
c o r n e r   of  the  r e c t a n g l e   wi th   r e -  
s p e c t   to  the  o r i g i n   of  the  p h y s i c a l  
b i tmap  . 

S igned  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  u p p e r - l e f t -  
c o r n e r   of  the  r e c t a n g l e   wi th   r e -  
spec t   to  the  o r i g i n   of  the   p h y s i c a l  
b i t m a p .  

Unsigned  3 2 - b i t   i n t e g e r .   Width  o f  
the  r e c t a n g l e   in  p i x e l s .  

Unsigned  3 2 - b i t   i n t e g e r .   He igh t   o f  
the  r e c t a n g l e   in  p i x e l s .  

C r o s s - h a i r   D e s c r i p t o r :  

DWord  #  Mnemonic 

FLAGS 

HSTART  X 

H  START  Y 

H  END  X 

D e s c r i p t i o n  

Unsigned  3 2 - b i t   i n t e g e r .   A  se t   o f  
f l ag   b i t s .   The  i n d i v i d u a l   b i t s   and  
t h e i r   i n t e r p r e t a t i o n s   are  d e s c r i b e d  
b e l o w .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  l e f t  
e n d p o i n t   of  the  h o r i z o n t a l   l i n e  
with  r e s p e c t   to  the  o r i g i n   of  t h e  
p h y s i c a l   b i t m a p .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  l e f t  
e n d p o i n t   of  the  h o r i z o n t a l   l i n e  
with  r e s p e c t   to  the  o r i g i n   of  t h e  
p h y s i c a l   b i t m a p .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  r i g h t   e n d -  
p o i n t   of  the  h o r i z o n t a l   l i n e   w i t h  
r e s p e c t   to  the  o r i g i n   of  the   p h y s -  
i c a l   b i t m a p .  
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H  END  Y 

V  START  X 

V  START  Y 

V  END  X 

V  END  Y 

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  r i g h t   e n d -  
p o i n t   of  the  h o r i z o n t a l   l i n e   w i t h  
r e s p e c t   to  the  o r i g i n   of  the  p h y s -  
i c a l   b i t m a p .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  t o p  
e n d p o i n t   of  the  v e r t i c a l   l i n e   w i t h  
r e s p e c t   to  the  o r i g i n   of  the  p h y s -  
i c a l   b i t m a p .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  t o p  
e n d p o i n t   of  the  v e r t i c a l   l i n e   w i t h  
r e s p e c t   to  the  o r i g i n   of  the   p h y s -  
i c a l   b i t m a p .  

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  X  c o o r d i n a t e   of  the  bot tom  e n d -  
p o i n t   of  the  v e r t i c a l   l i n e   wi th   r e -  
spec t   to  the  o r i g i n   of  the   p h y s i c a l  
bi tmap  . 

Signed  3 2 - b i t   i n t e g e r .   R e p r e s e n t s  
the  Y  c o o r d i n a t e   of  the  bot tom  e n d -  
p o i n t   of  the  v e r t i c a l   l i n e   wi th   r e -  
spec t   to  the  o r i g i n   of  the   p h y s i c a l  
b i t m a p .  

The  f l ag   b i t s   c u r r e n t l y   d e f i n e d   in  the  FLAGS  f i e l d   of  t h e  

Cursor   D e s c r i p t o r   a r e :  

Bit   # D e s c r i p t i o n  

If  s e t ,   the  c u r s o r   is  v i s i b l e .   If  c l e a r ,  
the  c u r s o r   is  i n v i s i b l e .  

1 

2 

3 - 3 1  

If  s e t ,   the  c u r s o r   is  an  image  c u r s o r .  

If   s e t ,   the  c u r s o r   is  a  c r o s s - h a i r   c u r s o r .  

Rese rved   for  f u t u r e   use.   These  b i t s   s h o u l d  
be  zero ,   but  the  mic rocode   w i l l   pe r fo rm  no  
v a l i d a t i o n .  

Only  one  of  the  c u r s o r   type  b i t s   may  be  se t   at  any  one  t i m e .  
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" ■ " • " " a   wui.il  ui  m e s e   d i i s   w i n   produce  u n d e f i n e d   r e s u l t s .  

B.5  The  Form  Cache  

In  o r d e r   for   a  GIS  II  i n s t r u c t i o n   to  o p e r a t e   on  a  form,  the  t a r g e t  
form  must  be  loaded   i n t o   the  Form  Cache.  If  the  t a r g e t   form  is  n o t  
in  the  Form  Cache,  m ic rocode   w i l l   g e n e r a t e   a  "Form  Cache  M i s s "  
f a u l t   (GIS  II  f a u l t s   are  d e s c r i b e d   in  more  d e t a i l   l a t e r ) .   The 

o p e r a t i n g   system  c o n t r o l s   a c c e s s   to  forms  by  l o a d i n g   or  not  l o a d i n g  
a  p a r t i c u l a r   form  i n t o   the  Form  Cache  in  r e s p o n s e   to  a  "Form  C a c h e  
Hiss"  f a u l t .  

A  form  is  u n i q u e l y   i d e n t i f i e d   in  the  Form  Cache  by  a  cache  t a g  
c o n s i s t i n g   of  the  a d d r e s s   of  the  Form  D e s c r i p t o r   and  two  keys.   The 
f i r s t   key  is  the  u s e r ' s   form  ID.  This  is  the  number  t h a t   i s  
s u p p l i e d   on  a  GIS  II  i n s t r u c t i o n .   The  second  key  is  some  p r o c e s s -  
s p e c i f i c   number  chosen   by  the  o p e r a t i n g   sys tem.   For  M V - c l a s s  
n a c h i n e s ,   t h i s   number  is  the  c o n t e n t s   of  the  Segment  Base  R e g i s t e r  
[SBR)  for   the  r ing   on  whose  b e h a l f   the  form  was  loaded  i n t o   t h e  
•orm  Cache.  This  is  not  only   p r o c e s s - s p e c i f i c   but  r i n g -   s p e c i f i c ,   a  
fact  t h a t   a l lows   r ing   m a x i m i z a t i o n   on  forms.   For  o t h e r  
i r e h i t e c t u r e s ,   some  o t h e r   va lue   may  be  a p p r o p r i a t e .  

A  Form  Cache  e n t r y ,   t h e r e f o r e ,   looks  l i k e   t h i s :  

j i  
+  N 

U s e r ' s   Key  |  \  
+  >  Cache  t a g  

O p e r a t i n g   S y s t e m ' s   Key  |  /  
+  /  

Form  D e s c r i p t o r   Address   | 
+ 
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To  d e t e r m i n e   i f   the  form  r e q u i r e d   by  a  p a r t i c u l a r   GIS  I I  

i n s t r u c t i o n   is  in  the  Form  Cache,  mic rocode   o b t a i n s   the  u s e r ' s   fo rm 

ID  and  the  o p e r a t i n g   s y s t e m ' s   key  and  s e a r c h e s   the  Form  Cache  for   a  

cache  tag  c o n t a i n i n g   those   v a l u e s .   If  a  tag  is  found  whose  

c o n t e n t s   match  both   keys,   the  GIS  II  i n s t r u c t i o n   c o n t i n u e s ,   u s i n g  

the  form  p o i n t e d   to  by  the  Form  D e s c r i p t o r   a d d r e s s .   If  no  m a t c h  

can  be  found,  the  mic rocode   f a u l t s   to  the  o p e r a t i n g   s y s t e m .  

I t   shou ld   be  noted   t h a t   mic rocode   w i l l   only  check  the   o p e r a -  

t i ng   s y s t e m ' s   key  if   -the  GIS  II  i n s t r u c t i o n   was  i s s u e d   from  R i n g s  

One  to  Seven.  If   a  GIS  II  i n s t r u c t i o n   is  i s s u e d   from  Ring  Z e r o ,  

the  mic rocode   w i l l   only  s e a r c h   the  Form  Cache  for   a  tag  t h a t  

c o n t a i n s   the  g iven   form  ID.  

While  p r o c e s s i n g   of  a  GIS  II  i n s t r u c t i o n ,   any  forms  in  t h e  

Form  Cache  t h a t   are   unused  by  the  i n s t r u c t i o n   may  be  p u r g e d .  

B.6  P r i v i l e g e d   I n s t r u c t i o n   D i c t i o n a r y  

The  f o l l o w i n g   i n s t r u c t i o n s   are  p r i v i l e g e d   i n s t r u c t i o n s   t h a t  

may  only  be  i s s u e d   from  Ring  Z e r o .  

B.6.1   WGLFORM  —  Load  the  Form  Cache  

Per forms   an  u n c o n d i t i o n a l   load  of  the  form  s p e c i f i e d   by  AC2 

in to   the  Form  Cache.  If  the  form  be ing   loaded  e x i s t s   in  the  c a c h e  
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a l r e a d y ,   the  v e r s i o n   in  the  cache  is  o v e r w r i t t e n .   The  cache  t a g  

a s s o c i a t e d   with  the  form  is  b u i l t   from  ACO  and  AC1. 

WGLFORM  [ d i s p l a c e m e n t   to  e r r o r   h a n d l e r ]  

I n p u t  

ACO:  O p e r a t i n g   S y s t e m ' s   Key 

AC1:  U s e r ' s   Form  ID 

AC2:  P h y s i c a l   a d d r e s s   of  the  Form  D e s c r i p t o r  

O u t p u t  

ACO  :  U n c h a n g e d  

AC1  :  Unchanged  

AC2  :  U n c h a n g e d  

B.6.  2  WGPFORMS  --  Purge  the  Form  Cache  

Purges   e i t h e r   a  s e l e c t e d   form  from  the  Form  Cache  or  a l l   f o r m s  

In  the  Form  Cache.  A  cache  tag  is  b u i l t   from  ACO  and  AC1  i f   only  a  

s i n g l e   form  is  being  p u r g e d .  

WGPFORMS  [ d i s p l a c e m e n t   to  e r r o r   h a n d l e r ]  

I n p u t  

ACO:  One  of  the  f o l l o w i n g :  

Zero.  Purge  the  form  s p e c i f i e d   by  AC1  f rom 
the  Form  C a c h e .  
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Non-zero .   Purge  a l l   e n t r i e s   in  the  Form  C a c h e .  

AC1:  One  of  the  f o l l o w i n g :  

Unused  i f   ACO  is  n o n - z e r o .  

U s e r ' s   Form  ID  i f   ACO  is  z e r o .  

AC  2  :  Unused  

O u t p u t  

a lu   :  u n c n a n g e a  

AC1  :  Unchanged  

AC2  :  Unchanged  

a  .  o  .  o  wlfku^ali  —  Keaa  F a i e t t e  

neaas   an  e n t r y   xrom  tne  p a l e t t e   s p e c i f i e d   by  AC1  i n t o   t h e  

jacket   s p e c i f i e d   by  AC2.  The  p a l e t t e   e n t r y   to  read  is  s p e c i f i e d   by  
^CO.  The  v a l u e s   read  from  the  p a l e t t e   may  not  be  the  v a l u e s  

i r i g i n a l l y   w r i t t e n   to  the  p a l e t t e .  

WGRDPAL  [ d i s p l a c e m e n t   to  e r r o r   h a n d l e r ]  

I n p u t  

ACO:  P a l e t t e   i n d e x  

AC1:  Microcode  ID  for  v ideo  b o a r d  

AC2:  Log ica l   a d d r e s s   of  a  p a l e t t e   e n t r y   p a c k e t  

O u t p u t  
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alu  :  u n c n a n g e a  

AC1  :  U n c h a n g e d  

AC  2  :  U n c h a n g e d  

c a i e t i e   e n t r y   f a c K e x :  

DWord  #  Mnemonic 

BIjUE_rU 

L»KCX_fU 

D e s c r i p t i o n  

Unsigned  3 2 - b i t   i n t e g e r .   Red 
c o l o r   i n t e n s i t y   for  phase  z e r o  
of  the  b l i n k   c l o c k .  

Uns igned  3 2 - b i t   i n t e g e r .   G r e e n  
c o l o r   i n t e n s i t y   for  phase  z e r o  
of  the  b l i n k   c l o c k .  

Unsigned  3 2 - b i t   i n t e g e r .   B l u e  
c o l o r   i n t e n s i t y   for  phase   z e r o  
of  the  b l i n k   c l o c k .  

Uns igned  32  - b i t   i n t e g e r .   G r e y  
l e v e l   for   phase  zero  of  the   b l i n k  
c lock   . 

Uns igned  3 2 - b i t   i n t e g e r .   Red 
c o l o r   i n t e n s i t y   for  phase  o n e  
of  the  b l i n k   c l o c k .  

Unsigned  3 2 - b i t   i n t e g e r .   G r e e n  
c o l o r   i n t e n s i t y   for  phase   o n e  
of  the  b l i n k   c l o c k .  

Unsigned  3 2 - b i t   i n t e g e r .   B l u e  
c o l o r   i n t e n s i t y   for  phase  o n e  
of  the  b l i n k   c l o c k .  

Unsigned  3 2 - b i t   i n t e g e r .   G r e y  
l e v e l   for  phase  one  of  the  b l i n k  
c l o c k .  
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b . o . 4   wgwrpal  —  w r i t e   P a l e t t e  

W r i t e s   an  e n t r y   i n t o   the  p a l e t t e   s p e c i f i e d   by  AC1  from  t h e  

packe t   s p e c i f i e d   by  AC2.  The  p a l e t t e   e n t r y   to  w r i t e   is  s p e c i f i e d  

by  ACO. 

WGWRPAL  [ d i s p l a c e m e n t   to  e r r o r   h a n d l e r ]  

I n p u t  

ftvju  : p a l e t t e   i n d e x  

rui   : Microcode  ID  for   v ideo   b o a r d  

Logical   a d d r e s s   of  a  p a l e t t e   e n t r y   p a c k e t  

j u t p u r  

unchanged  

: J n c h a n g e d  

j n c h a n g e d  

a./  v a u l t s   under  g is   I I  

j . / . i   xne  f a t r u c t u r e   of  the  C u r r e n t   Fau l t   Wor ld  
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Tne  s t r u c t u r e   of  a  f a u l t   c o n t e x t   b lock   for  any  p r o c e s s o r   o t h e r  

than  an  MV/6000  or  an  MV/8000  i s :  

o  31 
+  + 
|  Program  S t a t u s   Word  | 
+  + 
|  ACO  on  F a u l t   | 
+  + 
|  AC1  on  F a u l t   | 
+  + 
|  AC2  on  F a u l t   | 
+  + 
|  AC3  on  F a u l t   | 
+  + 
|  Car ry   and  PC  on  F a u l t   | 
+  + 
|  Next  Ring  of  E x e c u t i o n   ( in   b i t s   0-2)  | 
+  + 
|  L o g i c a l   Word  Address   Causing  F a u l t   | 
+  + 

The  f o l l o w i n g   AC  v a l u e s   are  passed   to  the  o p e r a t i n g   sys tem  on  

a  f a u l t :  

ACO:  U n d e f i n e d  

AC1:  F a u l t   c o d e  

AC2:  U n d e f i n e d  

AC3:  U n d e f i n e d  

a . / .   t  The  S t r u c t u r e   of  the  GIS  II  F a u l t   Wor ld  

me  s t r u c t u r e   of  a  GIS  II  f a u l t   c o n t e x t   b lock  i s :  

O 

)7 

i l  
—  + 
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|  Program  S t a t u s   Word  j 

|  U s e r ' s   ACO  | 

|  U s e r ' s   AC1  | 

|  U s e r ' s   AC2  | 

|  U s e r ' s   AC3  | 

|  Carry   and  PC  on  F a u l t   | 

|  Next  Ring  of  E x e c u t i o n   ( in   b i t s   0-2)  | 

|  Block  S t a t e   | 

|  Value  Causing  F a u l t   | 

|  R e s t a r t   Value  | 

The  f o l l o w i n g   AC  v a l u e s   are  passed   to  the  o p e r a t i n g   sys tem  on 

a  GIS  II  f a u l t :  

ACO  :  U n d e f i n e d  

AC1:  F a u l t   c o d e  

AC2  :  U n d e f i n e d  

AC3  :  U n d e f i n e d  

When  a  GIS  II  f a u l t   o c c u r s ,   the  " R e s t a r t   Value"  f i e l d   of  t h e  

c o n t e x t   b lock  c o n t a i n s   a  zero .   If  t h i s   f i e l d   r ema ins   u n c h a n g e d  

when  the  o p e r a t i n g   system  resumes  the  f a u l t   (v ia   WDPOP),  t h e  

microcode   w i l l   c o n t i n u e   the  f a u l t i n g   i n s t r u c t i o n .   I f ,   however ,   t h e  

o p e r a t i n g   system  s t o r e s   some  n o n - z e r o   va lue   in  the  " R e s t a r t   V a l u e "  

f i e l d   p r i o r   to  r esuming   the  f a u l t ,   the  mic rocode   w i l l   s top   p r o c e s -  

s ing  the  f a u l t i n g   i n s t r u c t i o n   and  begin   e x e c u t i o n   of  the  n e x t  

s e q u e n t i a l   i n s t r u c t i o n .  
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t » . / . j   f a u l t   c o a e s  

rne  r a u i t   coaes   c u r r e n t l y   d e f i n e d   a r e :  

r  a u i t  
Code  F a u l t   Type  

u 

1 

2 

4 

M u l t i p l e   ERCC  F a u l t  

Page  Table  Depth  F a u l t  

Page  Table  Page  F a u l t  

Normal  Ob jec t   R e f e r e n c e   F a u l t  

ine  i»it>  xi  r a u i t   coaes   a r e :  

r a u i t  
Code r a u i t   Type 

C o n t e n t s   o f  
"Value  Caus ing   F a u l t "  

3 

6 

i i i s u u c t i o n .  

8 

rorm  uacne  m i s s  

c u r s o r   i n t e r s e c t  

unnnown  A t t r i b u t e  
I n d e x  

m v a i i a   WGCHRBLT 
S o u r c e  

The  ID  of  the  form  t h a t   was 
not  found  in  the  Form  C a c h e .  

The  Form  ID  s u p p l i e d   on  t h e  
GIS  i n s t r u c t i o n .  

The  Form  ID  s u p p l i e d   on  t h e  
WGRDATTR  or  WGWRATTR 

i  i n v a i i a   w g c h r u l t   U n d e f i n e d .  
S o u r c e  

'-12  [Rese rved   for   f u t u r e   u s e ]  

ine  unxnown  A t t r i b u t e   Index"  and  " I n v a l i d   WGCHRBLT  S o u r c e "  

Eaul ts   can  only  be  t aken   at  the  s t a r t   of  a  GIS  i n s t r u c t i o n .   Once 

the  m ic rocode   b e g i n s   p e r f o r m i n g   the  GIS  i n s t r u c t i o n ,   t h e s e   f a u l t s  

sre  i n v a l i d .  
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The  "Form  Cache  Miss"  and  "Cursor   I n t e r s e c t "   f a u l t s   may  b e  

taken   at  any  t i m e .  

None  of  t h e s e   f a u l t s   should   be  g e n e r a t e d   at  i n t e r r u p t   l e v e l .  

I t   is  g u a r a n t e e d   t h a t   the  Form  Cache  w i l l   always  be  c a p a b l e   o f  

c o n t a i n i n g   the  s o u r c e   form  and  d e s t i n a t i o n   form.  I t   is  S o f t w a r e ' s  

r e s p o n s i b i l i t y   to  load  the  cache  with  the  c o r r e c t   forms  in  o r d e r   t o  

p r e v e n t   f a u l t s   when  runn ing   at  i n t e r r u p t   l e v e l .  

B .7 .4   F a u l t   D i c t i o n a r y  

This  d i c t i o n a r y   g ives   the  s i t u a t i o n   in  which  each  GIS  II  f a u l t  

is  t aken   and  the  a c t i o n s   t h a t   the  o p e r a t i n g   system  p e r f o r m s   t o  

s e r v i c e   the  f a u l t .   In  a l l   c a se s ,   the  mic rocode   w i l l   g e n e r a t e   t h e s e  

f a u l t s   us ing   the  e x i s t i n g   page  f a u l t   mechanism.  Mic rocode   s t a t e  

w i l l   be  s t o r e d   in  the  GIS  II  f a u l t   c o n t e x t   block  d e s c r i b e d   a b o v e .  

The  WDPOP  i n s t r u c t i o n   w i l l   be  used  to  resume  from  t h e s e   f a u l t s .  

B .7 .4 .   1  Form  Cache  M i s s  

This  f a u l t   is  g e n e r a t e d   if   the  Form  ID  given  on  a  p a r t i c u l a r  

GIS  i n s t r u c t i o n   cou ld   not  be  found  in  the  Form  C a c h e .  

The  f a u l t / s e r v i c e / r e s u m e   p r o c e d u r e   i s :  

1)  Microcode   f a u l t s   to  the  o p e r a t i n g   system  with  the  u s e r ' s   Form 

ID  in  the  "Value  Causing  Fau l t "   f i e l d   of  the  c o n t e x t   b l o c k .  
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2)  The  o p e r a t i n g   sys tem  s e a r c h e s   for  the  s p e c i f i e d   form  in  i t s  

i n t e r n a l   d a t a b a s e s .  

3)  If  no  form  is  found,   the  o p e r a t i n g   sys tem  t r a p s   the  p r o c e s s  

u s ing   the  same  mechanism  as  an  "Inward  Address   Trap" .   The 

t r a p   code  w i l l   be  " I n v a l i d   Form  ID  T r a p " .  

4)  If  a  form  is  found,  the  o p e r a t i n g   system  i s s u e s   an  WGLFORM 

I n s t r u c t i o n   to  load  the  Form  D e s c r i p t o r .  

5)  The  o p e r a t i n g   sys tem  p a s s e s   c o n t r o l   back  to  the  mic rocode   w i t h  

a  WDPOP  i n s t r u c t i o n .  

B . 7 . 4 .   2  Cursor   I n t e r s e c t  

This  f a u l t   is  g e n e r a t e d   if   a  p a r t i c u l a r   GIS  i n s t r u c t i o n   c o u l d  

c o r r u p t   the  c u r s o r .  

The  f a u l t / s e r v i c e / r e s u m e   p r o c e d u r e   i s :  

1)  Microcode   f a u l t s   to  the  o p e r a t i n g   sys tem  wi th   the  u s e r ' s   Form 

ID  in  the  "Value  Caus ing   Fau l t "   f i e l d   of  the  c o n t e x t   b l o c k .  

2  )  The  o p e r a t i n g   sys tem  e r a s e s   the  c u r s o r   a s s o c i a t e d   with  t h e  

s p e c i f i e d   f o r m .  

3  )  The  o p e r a t i n g   sys tem  p a s s e s   c o n t r o l   back  to  the  mic rocode   w i t h  

a  WDPOP  i n s t r u c t i o n .  
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B .7 .4 .   3  Unknown  A t t r i b u t e   I n d e x  

This  f a u l t   is  g e n e r a t e d   i f   the  a t t r i b u t e   index  p r o v i d e d   on  a  

WGRDATTR  or  WGWRATTR  i n s t r u c t i o n   f a l l s   o u t s i d e   of  the  Form 

D e s c r i p t o r ' s   a t t r i b u t e   b l o c k .  

The  f a u l t / s e r v i c e / r e s u m e   p r o c e d u r e   i s :  

1)  Microcode   f a u l t s   to  the  o p e r a t i n g   system  wi th   the  u s e r ' s   Form 

ID  in  the  "Value  Causing  Fau l t "   f i e l d   of  the  c o n t e x t   b l o c k .  

2)  If  the   A t t r i b u t e   Index  s p e c i f i e d   by  the  u se r   does  not  r e f e r   t o  

a  v a l i d   " s o f t "   a t t r i b u t e ,   the  o p e r a t i n g   system  t r a p s   t h e  

p r o c e s s .  

3)  If  the   A t t r i b u t e   Index  s p e c i f i e d   by  the  use r   r e f e r s   to  a  v a l i d  

" s o f t "   a t t r i b u t e ,   the  o p e r a t i n g   system  s e t s   the  " R e s t a r t  

Value"  f i e l d   of  the  c o n t e x t   block  to  some  n o n - z e r o   v a l u e   and  

p a s s e s   c o n t r o l   back  to  the  microcode   with  a  WDPOP  i n s t r u c t i o n .  

B .7 .4 .   4  I n v a l i d   WGCHRBLT  S o u r c e  

This  f a u l t   is  g e n e r a t e d   i f   the  source   form  g iven   on  a  WGCHRBLT 

i n s t r u c t i o n   does  not  meet  the  f o l l o w i n g   r e s t r i c t i o n s :  

102 
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,  —  j-j-o«-  uuuaiaLb  ui  a  sxngxe  r e c t a n g l e   on  t h e  
v i r t u a l   b i t m a p .  

)  The  v i r t u a l   b i tmap  is  1  b i t / p i x e l   d e e p .  

The  f a u l t / s e r v i c e / r e s u m e   p r o c e d u r e   i s :  

)  Mic rocode   f a u l t s   to  the  o p e r a t i n g   with  n o t h i n g   in  the  " V a l u e  
Caus ing   F a u l t "   f i e l d   of  the  c o n t e x t   b l o c k .  

)  The  o p e r a t i n g   system  t r a p s   the  p r o c e s s .  
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CLAIMS: 

1.  A  d i g i t a l   computer  system,  compris ing  main  memory  means 

(102)  for  s t o r i n g   i n s t r u c t i o n s   and  data ;   p roces s ing   means  (101)  

for  performing  o p e r a t i o n s   on  data  in  response  to  the  i n s t r u c t i o n s ;  

and  d i sp l ay   means  for  d i s p l a y i n g   r e p r e s e n t a t i o n s   of  d a t a ;  

c h a r a c t e r i s e d   in  tha t   the  system  c o n t r o l s   the  d i s p l a y s   by  t h e  

s teps  o f :  

a)  s t o r i n g   in  the  main  memory  means  (102)  l og i ca l   form 

d e s c r i p t o r s   for  d e s c r i b i n g   o r g a n i z a t i o n   of  data  to  be  d i s p l a y e d ;  

b)  s t o r i n g   in  the  main  memory  means  (102)  i n s t r u c t i o n s   f o r  

s p e c i f y i n g   f i r s t   data  and  for  s p e c i f y i n g   r e p r e s e n t a t i o n s   o f  

f i r s t   data  which  are  to  be  d i s p l a y e d ,   and  for  d e s c r i b i n g   t h e  

p o s i t i o n   within  the  o r g a n i z a t i o n   desc r ibed   by  the  log ica l   form 

d e s c r i p t o r s   at  which  the  r e p r e s e n t a t i o n   of  the  f i r s t   data  a r e  

to  be  d i s p l a y e d ;  

c)  s t o r ing   in  the  main  memory  means  (102)  form  d e s c r i p t o r  

i d e n t i f i e r s   for  r e p r e s e n t a t i o n   of  log ica l   form  d e s c r i p t o r s ;  

d)  s t o r i n g   in  the  main  memory  means  (102)  o p e r a t i n g   sys tem 

keys  for  r e p r e s e n t a t i o n   of  users   of  the  d i g i t a l   computer  s y s t e m ;  

e)  s e l e c t i n g   an  i n s t r u c t i o n   and  a  form  i d e n t i f i e r ;  

f)  c a l c u l a t i n g ,   using  the  p rocess ing   means  (101) ,   s econd  

data  using  the  ope ra t ing   system  key  r e p r e s e n t i n g   the  user  of  t h e  

d i g i t a l   computer  system  and  the  matching  form  i d e n t i f i e r ,   t h e  

second  data  being  the  form  d e s c r i p t o r ;  

g)  c a l c u l a t i n g ,   in  the  p roces s ing   means  (101) ,   t h i rd   d a t a  

which  is  a  func t ion   of  the  s e l e c t e d   i n s t r u c t i o n ,   the  second  d a t a ,  

and  c e r t a i n   f i r s t   data  s p e c i f i e d   by  the  s e l e c t e d   i n s t r u c t i o n ,  

the  t h i r d   data  being  a  r e p r e s e n t a t i o n   of  what  is  to  be  d i s p l a y e d ;  
and 

h)  forwarding  the  t h i rd   data  to  the  d i sp lay   means  f o r  

r e p r e s e n t a t i o n   of  th is   data  to  be  d i s p l a y e d .  
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