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©  Display  control  unite. 

O   A  display  control  unit  (3)  is  disclosed  which  is  able  to 
change  the  processing  form  of  a  central  processing  unit  (1) 
(CPU)  for  increased  processing  speeds.  In  this  display  control 
unit  (3),  when  the  execution  time  of  its  display  operation  is 
reduced  by  reading  out  data  in  a  source  area  from  a  memory 
unit  (4)  and  then  writing  the  read-out  data  sequentially  into  a 
destination  area,  a  predetermined  period  of  time  before  the 
beginning  of  a  vertical  or  horizontal  retrace,  the  CPU(I)  is 
interrupted  so  that  the  CPU  (1)  can  omit  its  confirmation  as  to 
whether  a  video  CPU  has  completed  its  previous  processing. 

Also,  in  this  display  control  unit  (3),  an  updating 
processing  of  color  specification  in  display  data  can  be 
performed  at  increased  speeds,  only  desired  dots  on  a 
display  screen  (5)  can  be  logically  operated,  a  form  or  an 
object  having  a  solid  body  on  a  transparent  background 
within  a  source  area  can  be  transferred  at  higher  speeds,  and 
an  expansion  memory  (111)  can  be  used  as  a  "kanji  (chinese 
character)"  ROM  (pattern  memory)  or  the  like. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t he   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   r e l a t e s   to   an  i m p r o v e d   d i s p l a y  

c o n t r o l   u n i t   f o r   c o m p u t e r   s y s t e m s .  

2.  D e s c r i p t i o n   o f   the   P r i o r   A r t  

In  F i g ;   1,  t h e r e   is   i l l u s t r a t e d   a  b l o c k   d i a g r a m   of  a  

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

As  shown  in   F i g .   1,  t h e r e   i s   p r o v i d e d   a  CPU  ( m i c r o -  

p r o c e s s o r )   1  to  c o n t r o l   a  who le   s y s t e m ,   and  to  t h i s   CPU  1 

a r e   c o n n e c t e d   a  m a i n   memory  2  and  a  d i s p l a y   c o n t r o l   c i r -  

c u i t   3.  The  main   memory  2  i s   d e d i c a t e d   to  h o l d i n g   p r o g r a m s  

and  d a t a ,   and  the   d i s p l a y   c o n t r o l   c i r c u i t   3  i s   u s e d   t o  

c o n t r o l   t he   c o l o r   g r a p h i c s   d i s p l a y .   R e f e r e n c e   c h a r a c t e r  

4  d e s i g n a t e s   a  VRAM  ( v i d e o   memory)  to   h o l d   d a t a   f o r   CRT 

d i s p l a y ,   and  c h a r a c t e r   5  r e p r e s e n t s   a  CRT  c o l o r   d i s p l a y  

u n i t .  

F i g .   2  shows  a  b l o c k   d i a g r a m   of   an  e x a m p l e   of   t h e  

d i s p l a y   c o n t r o l   c i r c u i t   3  i l l u s t r a t e d   in   F i g .   1 .  

In  t h i s   e x a m p l e ,   a  t i m i n g   c o n t r o l l e r   11  g e n e r a t e s   a  ·  

c l o c k   s i g n a l   w h i c h   i s   in  t u r n   i n p u t t e d   to  a  c o u n t e r   1 2  

h a v i n g   a  c o l u m n  c o u n t e r   and  a  l i n e   c o u n t e r .   T h i s   c o u n t e r   12 



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

CRT  d i s p l a y   v i a   a  d i s p l a y   t i m i n g   c i r c u i t   13.  On  t h e  

o t h e r   h a n d ,   t he   c o u n t e r   12  c r e a t e s   d i s p l a y   a d d r e s s e s  

w h i c h   a r e   t h e n   o u t p u t t e d   as  VRAM  a d d r e s s e s   v i a   a  m u l t i -  

p l e x e r   1 5 .  

Read  d a t a   f o r   d i s p l a y   a c c e s s   c o m i n g   f rom  VRAM  4 

a r e   i n p u t t e d   to  a  v i d e o   o u t p u t   c o n t r o l l e r   20  v i a   a  b u f f e r  

1S  to  p r o d u c e   CRT  v i d e o   s i g n a l s .  

On  t h e   o t h e r   h a n d ,   when  CPU  1  t r i e s   to   a c c e s s   VRAM  4 ,  

t h e   a d d r e s s e s   o f   VRAM  4  a r e   s e t   in   a  VRAM  a d d r e s s   r e g i s t e r  

14 .   And,  i f   a  w r i t e   s t r o b e   i s   i n p u t   to   a  CPU  i n t e r f a c e  

c o n t r o l l e r   18,  t h e n   t h e   m u l t i p l e x e r   15  s e l e c t s   t he   o u t p u t s  

of   t h e   VRAM  a d d r e s s   r e g i s t e r   14  g i v e n   by  CPU  1  as  VRAM 

a d d r e s s e s ,   and  a l s o   t h e   w r i t e   d a t a   f rom  CPU  1  i s   w r i t t e n  

i n t o   VRAM  4  v i a   b u f f e r s   16,  1 7 .  

F i g .   3  i l l u s t r a t e s   an  e x a m p l e   of   t he   VRAM  4  w h i c h   h a s  

a  s e r i e s   of  p h y s i c a l   a d d r e s s e s   as  a  memory  u n i t .   L o g i c a l l y ,  

i t   has   a  d i s p l a y   s c r e e n   as  shown  and  the   d i s p l a y   s c r e e n  

c c m p r i s e s   256  h o r i z o n t a l   d o t s   x  1024  v e r t i c a l   d o t s .  

N o r m a l l y ,   a  d i s p l a y   s c r e e n   i s   p h y s i c a l l y   c o m p o s e d   o f  

200  v e r t i c a l   d o t s .   T h e r e f o r e ,   t he   l o g i c a l   e x i s t e n c e   o f  

1024   v e r t i c a l   d o t s   means   t h a t   t he   s c r e e n   h a s   u n o b s e r v e d  

a r e a s   or  t h a t   a  p l u r a l i t y   of  s c r e e n s   a r e   p r e s e n t .  



Now  l e t   us  c o n s i d e r   an  e x a m p l e :   On  the   d i s p l a y   s c r e e n  

shown  in  F i g .   3,  c o o r d i n a t e s   of  X,  Y  a r e   u s e d   to  s u p e r p o s e  

the   c o l o r   code  b l o c k   d a t a   in  the   s o u r c e   a r e a   w i t h i n   VRAM  4 

on  t h e   c o l o r   code  d a t a   in  t he   d e s t i n a t i o n   a r e a . (   a r e a   t o  

w h i c h   d a t a   i s   t r a n s f e r r e d ) .  

CPU  1  c a l c u l a t e s   the   p h y s i c a l   a d d r e s s e s   of  t he   VRAM  4 

b a s e d   on  t he   c o o r d i n a t e s   (Sx,   Sy)  in  the   s o u r c e   a r e a   a n d  

t h e n   s e t s   them  in  t he   VRAM  a d d r e s s   r e g i s t e r   14  w i t h i n   t h e  

d i s p l a y   c o n t r o l   c i r c u i t   3.  CPU  1  a l s o   p r o d u c e s   a  r e a d  

command  o u t p u t   so  as  to  r e a d   the  c o l o r   code   d a t a   w i t h i n   t h e  

VRAM  4  c o r r e s p o n d i n g   to  the   c o o r d i n a t e s   (Sx,   S y ) .  

N e x t ,   CPU  1  c a l c u l a t e s   the  p h y s i c a l   a d d r e s s e s   w i t h i n  

the   VRAM  4  b a s e d   on  the   c o o r d i n a t e s   (Dx,  Dy)  in  the   d e s t i n a -  

t i o n   a r e a   to  w h i c h   the   d a t a   i s   to  be  t r a n s f e r r e d   and  s e t s  

them  in  t h e   VRAM  a d d r e s s - r e g i s t e r   14  w i t h i n   t he   d i s p l a y  

c o n t r o l   c i r c u i t   3.  Here   a g a i n ,   CPU  1  o u t p u t s   a  r e a d   c o m m a n d  

to  r e a d   t he   c o l o r   code   d a t a   w i t h i n   t he   VRAM  4  c o r r e s p o n d i n g  

to  t he   c o o r d i n a t e s   (Dx,  Dy),   and  t h e n   o b t a i n s   the   OR  of  ( i . e . ,  

ORs)  t h e   c o l o r   code  d a t a   w i t h i n   the   VRAM  4  and  the   c o l o r   c o d e  

d a t a   f rom  the   a b o v e - m e n t i o n e d   c o o r d i n a t e s   (Sx ,   S y ) .   T h e n ,  

CPU  1  o u t p u t s   a  w r i t e   command  to  w r i t e   t he   ORed  c o l o r   c o d e  

d a t a   i n t o   t he   VRAM  4,  in  p a r t i c u l a r ,   a  l o c a t i o n   of  the   VRAM  4 

c o r r e s p o n d i n g   to  the   c o o r d i n a t e s   ( D x ,  D y ) .  



A c c o r d i n g l y ,   t he   a b o v e - m e n t i o n e d   R e a d / R e a d / L o g i c a l  

o p e r a t i o n / W r i t e   s e q u e n c e   i s   r e p e a t e d   NX  t i m e s   w i t h   r e s p e c t  

to  a  h o r i z o n t a l   d i r e c t i o n   and  NY  t i m e s   w i t h   r e s p e c t   to  a  

v e r t i c a l   d i r e c t i o n   ( t h a t   i s ,   N X  X   NY  t i m e s )   so  as  t o  

s u p e r p o s e   t h e   s o u r c e   a r e a   c o l o r   code  d a t a   on  t h e   d e s t i n a t i o n  

a r e a   c o l o r   c o d e   d a t a .  

In  o r d e r   to   mee t   t he   demands   f o r   r e a l i z a t i o n   o f   c o m p a c t  

c o m p u t e r s   and   r e d u c e d   c o s t s ,   such   c o n v e n t i o n a l   d i s p l a y   c o n t -  

ro l   u n i t   f o r   p e r s o n a l   c o m p u t e r s   is   d e s i g n e d   to  r e d u c e   t h e  

a m o u n t s   o f   i t s   h a r d w a r e ,   e . g .   the   number   o f   g a t e s   and  I C  

e l e m e n t s   u s e d ,   i n v o l v i n g   the   i n t e r n a l   s t r u c t u r e   of  t h e   d i s -  

p l a y   c o n t r o l   u n i t   and  i t s   a s s o c i a t e d   i n t e r f a c e s .   T h i s ,   h o w -  

e v e r ,   r e s u l t s   in   i n c r e a s e d   l o a d   on  t h e   s o f t w a r e   a c c o r d i n g -  

l y .  

As  can   be  s e e n   f rom  the   a b o v e - m e n t i o n e d   e x a m p l e ,   n a m e l y ,  

the  c o l o r   c o d e   d a t a   t r a n s f e r / s u p e r p o s i t i o n ,   in   t he   p r i o r   a r t  

p e r s o n a l   c o m p u t e r   d i s p l a y   c o n t r o l   u n i t s ,   a l l   of   t he   p r o c e s -  

s i n g s   m u s t   be  p e r f o r m e d   by  CPU  1  and  t h u s   i t   t a k e s   q u i t e   a  

l o t   of   t i m e   to  e x e c u t e   t h e s e   p r o c e s s i n g s .  

In  a n o t h e r   a s p e c t   of   t he   c o n v e n t i o n a l   d i s p l a y   c o n t r o l  

u n i t ,   CPU  1  and  D i s p l a y   C o n t r o l   C i r c u i t   3  a r e   o p e r a t e d   i n d e -  

p e n d e n t l y   o f   e a c h   o t h e r ,   and  the  d i s p l a y   t i m i n g   of   t he   d i s -  

p l a y   c o n t r o l   c i r c u i t   3  has   p r i o r i t y   o v e r   t h e   VRAM  t i m i n g   o f  



t h e   CPU  1.  As  a  r e s u l t   of  t h i s ,   a  w a i t   t ime   a r i s e s   i n  

a c c e s s   f rom  CPU  1  to  VRAM  4,  w h i c h   r e s u l t s   in  t h e   e x t r e m e l y  

d e t e r i o r a t e d   e f f i c i e n c y   of  the   d a t a   t r a n s f e r .  

In  o t h e r   w o r d s ,   in  the   a b o v e - m e n t i o n e d   p r i o r   a r t ,   t h e  

s o f t w a r e   mus t   s h a r e   a  h e a v y   l o a d   in  t he   d i s p l a y   c o n t r o l  

and  t h u s   i t   t a k e s   a  v e r y   l o n g   t i m e   to  e x e c u t e   i t s   o p e r a t i o n .  

When  a  c o m p u t e r   i s   u p g r a d e d   w i t h   i n c r e a s e d   d i s p l a y   s p e c i f i -  

c a t i o n s   and  w i t h   a  p l u r a l i t y   of   d i s p l a y   m o d e s ,   t h e n   i t s   a d -  

d r e s s   c a l c u l a t i o n   b e c o m e s   more  c o m p l i c a t e d   and  t h u s   i t   w i l l  

t a k e   an  e x t e n d e s   p e r i o d   of  t i m e   to   p e r f o r m   i t s   r u n n i n g   o p e -  

r a t i o n .  

A l s o ,   in  the   m a r k e t   t h e r e   a r e   u r g e n t   n e e d s   f o r   no t   o n l y  

r e d u c t i o n   of  t he   s i n g l e   b l o c k   d a t a   t r a n s f e r   r u n n i n g   t ime  b u t  

a l s o   f o r   r e d u c t i o n   of  the   t r a n s f e r   run   t i m e   f o r   a  v a r i o u s  

k i n d s   of  b l o c k   d a t a .   F u r t h e r ,   t h e r e   e x i s t s   a  n e e d   f o r   new 

o t h e r   e l e m e n t s .  

For   e x a m p l e ,   t h e   f o l l o w i n g   a r e   n e c e s s a r y  

to  r e p l a c e   t he   CPU  p r o c e s s i n g   mode 

d u r i n g   a  r e t r a c e   p e r i o d   by  t h a t   d u r i n g   a  d i s p l a y   p e r i o d ;  

to   s p e e d   up  the   u p d a t i n g   p r o c e s s   of  s p e c i f y i n g   c o l o r   i n  

t h e   c o l o r   d a t a ;   to  p e r f o r m   a  l o g i c a l   o p e r a t i o n   f o r   o n l y  

d e s i r e d   d o t s   on  the   d i s p l a y   s c r e e n ;   and ,   to  t r a n s f e r   a t  

h i g h e r   s p e e d s   a  form  or  an  o b j e c t   h a v i n g   a  s o l i d   body  on  a  



t r a n s p a r e n t   b a c k g r o u n d   w i t h i n   a  s o u r c e   a r e a .   F u r t h e r ,   i t  

i s   d e s i r e d   to   be  a b l e   to  d i s p l a y   " k a n j i "   p a t t e n s   f a s t   s o  

as  to  f a c i l i t a t e   a c c o m o d a t i o n   of  the   k a n j i .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   a ims   a t   e l i m i n a t i n g   t h e   d r a w b a c k s  

in  t he   a b o v e - m e n t i o n e d   p r i o r   a r t   d i s p l a y   c o n t r o l   u n i t   a s  

w e l l   as  m e e t i n g   t h e   d e m a n d s   c u r r e n t l y   r e q u e s t e d   in  the   m a r k e t .  

A c c o r d i n g l y ,   i t   i s   a  p r i m a r y   o b j e c t   of   t h e   i n v e n t i o n   t o  

p r o v i d e   an  i m p r o v e d   d i s p l a y   c o n t r o l   u n i t   w h i c h ,   when  a  r u n  

t ime  f o r   a  d i s p l a y   o p e r a t i o n   i s  r e d u c e d   by  r e a d i n g   o u t   d a t a  

w i t h i n   a  s o u r c e   a r e a   and  w r i t i n g   the   r e a d - o u t   d a t a   s e q u e n -  

t i a l l y   i n t o   a  d e s t i n a t i o n   a r e a ,   i s   a b l e   to  s p e e d   up  a  c o m m a n d  

p r o c e s s i n g   d u r i n g   a  v e r t i c a l   or  h o r i z o n t a l   r e t r a c e   p e r i o d .  

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

b l o c k   d a t a   t r a n s f e r   d e v i c e   w h i c h   is   c a p a b l e   to   s p e e d   up  a n  

u p d a t i n g   p r o c e s s i n g   of   s p e c i f y i n g   c o l o r   in   d i s p l a y   d a t a .  

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

d i s p l a y   c o n t r o l   u n i t   w h i c h   is   c a p a b l e   to  p e r f o r m   a  l o g i c a l  

o p e r a t i o n   f o r   o n l y   d e s i r e d   d o t s   on  a  d i s p l a y   s c r e e n .  

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

a  d i s p l a y   c o n t r o l   u n i t   w h i c h   i s   c a p a b l e   to  t r a n s f e r   a t   h i g h  

s p e e d s   a  f o r m   o r   an  o b j e c t   h a v i n g   a  s o l i d   b o d y   on  a  t r a n s -  



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

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

a  memory  e x p a n s i o n   s y s t e m   in  which   an  e x p a n s i o n   memory  c a n  

be  e m p l o y e d   as  a  " k a n j i "   ROM  ( p a t t e r n   memory )   or  as  a  

b u f f e r   a r e a .  

In  a c c o m p l i s h i n g   t h e s e   o b j e c t s ,   a c c o r d i n g   to  the   i n v e n -  

t i o n ,   t h e r e   i s   p r o v i d e d   an  i m p r o v e d   d i s p l a y   c o n t r o l   u n i t  

in  w h i c h   the   p r o c e s s i n g   form  of  i t s   CPU  can   be  m o d i f i e d ,  

t h a t   i s ,   when  the   e x e c u t i o n   t ime  of  i t s   d i s p l a y   o p e r a t i o n  

i s   r e d u c e d   by  r e a d i n g   out   d a t a   in  a  s o u r c e   a r e a   f rom  w i t h i n  

a  memory  u n i t   and  s e q u e n t i a l l y   w r i t i n g   t h e   r e a d - o u t   d a t a  

i n t o   a  d e s t i n a t i o n   a r e a ,   a  p r e d e t e r m i n e d   p e r i o d   of  t i m e  

b e f o r e   the   b e g i n i n g   of   a  v e r t i c a l   r e t r a c e  

the   CPU  i s   i n t e r r u p t e d   so  t h a t   t h e   CPU  can  omi t   i t s  

c o n f i r m a t i o n   as  to  w h e t h e r   a  v i d e o  C P U   h a s   c o m p l e t e d   i t s  

p r e v i o u s   p r o c e s s i n g  

The  above   and  o t h e r   r e l a t e d   o b j e c t s   and  f e a t u r e s   o f  

t h e   i n v e n t i o n   w i l l   be  a p p a r e n t   from  a  r e a d i n g   of  the   f o l l o w i n g  

d e s c r i p t i o n   w i t h   r e f e r e n c e   t o ' t h e   a c c o m p a n y i n g   d r a w i n g s   and  t h e  

n o v e l t y   t h e r e o f   p o i n t e d   ou t   in  the  a p p e n d e d   c l a i m s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  b l o c k   d i a g r a m   of  a  t y p i c a l   e x a m p l e   o f  

t h e  p r i o r   a r t   c o l o r   d i s p l a y   u n i t s ;  



F i g .  2   i s   a  b l o c k   d i a g r a m   o f   a  d i s p l a y   c o n t r o l   c i r c u i t  

e m p l o y e d   i n   t h e   p r i o r   a r t   c o l o r   d i s p l a y   u n i t   of   F i g .   1 ;  

F i g .  3   i s   a  b l o c k   d i a g r a m   o f   an  e x a m p l e   of   VRAMs  u s e d  

in  t h e   c o l c r   d i s p l a y   u n i t   o f   F i g .   1,  i l l u s t r a t i n g   the   t r a n s -  

f e r   o p e r a t i o n   of   a  b l o c k   d a t a ;  

F i g .  2   i s   b l o c k   d i a g r a m   of  an  e m b o d i m e n t   of  the   i n v e n -  

t i o n ;  

F i g s .  5   and  6  a re   v i e w   to  i l l u s t r a t e   t he   c o n t e n t s   o f  

t he   r e s p e c t i v e   r e g i s t e r s   e m p l o y e d   in  t h e   a b o v e - m e n t i o n e d  

e m b o d i m e n t   o f   t he   i n v e n t i o n ;  

F i g .   7  i s   a  v iew  to  i l l u s t r a t e   t h e   command  c o d e s   u s e d  

in  t he   a b o v e   e m b o d i m e n t ;  

F i g .   8  i s   a  v i ew  to  i l l u s t r a t e   a  l o g i c a l   o p e r a t i o n  

u s e d   in  t h e   a b o v e   e m b o d i m e n t ;  

F i g .  9   i s   a  t i m i n g   v i e w   of   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n ;  

F i g .   10  i s   a  c i r c u i t   d i a g r a m   of   ma in   p o r t i o n s   of  t h e  

e m b o d i m e n t   o f   F i g .   9 ;  

F i g .   11  i s   a  b l o c k   d i a g r a m   of   s t i l l   a n o t h e r   e m b o d i m e n t  

of  t he   i n v e n t i o n ;   a n d ,  

F i g .   12  i s   c i r c u i t   d i a g r a m   of   main   p o r t i o n s   of  t h e  

e m b o d i m e n t   shown   in  F ig .   1 1 .  



DETAILED  DESCRIPTION  OF  PREFERRED 

EMBODIMENTS  OF  THE  INVENTION 

In  F ig .   4,  t h e r e   i s   i l l u s t r a t e d   a  b l o c k   d i a g r a m   o f  a n  

e m b o d i m e n t   of   t h e   i n v e n t i o n .  

In  the  i l l u s t r a t e d   e m b o d i m e n t ,   t h e r e   a re   p r o v i d e d   a  

c l o c k   g e n e r a t o r   31  to  g e n e r a t e   a  d i s p l a y   t i m i n g   c l o c k   a n d  

a  c o u n t e r   32  w h i c h   c o m p r i s e s   a  column  counter   to  g e n e r a t e   a  

CRT  s c r e e n   d i s p l a y   t i m i n g   and  a  VRAM  a d d r e s s   in  a c c o r d a n c e  

w i t h   the  d i s p l a y   t i m i n g   c l o c k ,   a  l i n e   c o u n t e r ,   and  a  r o w  

c o u n t e r .  

Da ta   bus   41  f rom  CPU  1  i s   c o n n e c t e d   v i a   B u f f e r   42  t o  

R e g i s t e r   bus   43.   The  number   of   r e g i s t e r s   w i t h i n   a  d i s p l a y  

c o n t r o l   c i r c u i t   3  a c c e s s e d   by  CPU  1  i s   h e l d   by  a  r e g i s t e r  

p o i n t e r / c o u n t e r   44  and  the  o u t p u t s   of  t h i s   r e g i s t e r   p o i n t e r /  

c o u n t e r   44  a r e   d e c o d e d   by  a  r e g i s t e r   s e l e c t o r   d e c o d e r   45,  s o  

t h a t   the   r e g i s t e r s   can  be  s p e c i f i e d   i n d i v i d u a l l y .   In  a d d i -  

t i o n   to  t h i s   r e g i s t e r   f u n c t i o n ,   the   r e g i s t e r   p o i n t e r / c o u n t e r  

44  has  a  c o u n t - u p   f u n c t i o n .   T h a t   i s ,   in  s e t t i n g   p a r a m e t e r s  

of  the  r e s p e c t i v e   r e g i s t e r s ,   a f t e r   one  s e t t i n g   h a s   b e e n  

c o m p l e t e d ,   i t   c o u n t s   up  1.  T h u s ,   the   r e g i s t e r s   can   be  a u t o -  

m a t i c a l l y   s p e c i f i e d   s u c c e s s i v e l y   one  by  o n e .  

Command  R e g i s t e r   46  h o l d s   the   command  i n f o r m a t i o n   f r o m  

CPU  1,  and  V i d e o   CPU  47  p r o c e s s e s   the   d i s p l a y   d a t a   in  a c c o r d -  



a n c e   w i t h   the   commands   f r o m   CPU  1.  SR  R e g i s t e r   48  h o l d s  

t h e   s t a t u s   f rom  V i d e o   CPU  47  to   CPU  1.  When  CPU  1  s p e c i f i e s  

t he   p h y s i c a l   a d d r e s s   o f   VRAM  4  to  a c c e s s   t he   VRAM  4,  t h e  

VRAM  a d d r e s s   i s   to  be  h e l d   by  VRAM  A d d r e s s   R e g i s t e r / C o u n t e r  

37.   C o l o r   Code  R e g i s t e r   33  h o l d s   t h e   r e a d   d a t a   f rom  VRAM  4 

as  w e l l   as  the   w r i t e   d a t a   to   VRAM  4 .  

The  f e a t u r e s   of   t h e   i n v e n t i o n   i n c l u d e   the   b e l o w - m e n t i o n e d  

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

At  f i r s t ,   t h e r e   a r e   i n c l u d e d   SX  R e g i s t e r / C o u n t e r   38  t o  

h o l d   t h e   v a l u e s   on X  c o o r d i n a t e s   e x i s t i n g   in   a  h o r i z o n t a l  

d i r e c t i o n   w i t h i n   a  s o u r c e   a r e a ,   SY  R e g i s t e r / C o u n t e r   39  t o  

h o l d   t h e   v a l u e s   on  Y  c o o r d i n a t e s   in   a  v e r t i c a l   d i r e c t i o n ,   a n d  

SX  A d d r e s s   C o m p o s i n g   C i r c u i t   40  to   c r e a t e   t he   p h y s i c a l   a d d r e s s  

of   VRAM  4  in  a c c o r d a n c e   w i t h   t h e   r e s p e c t i v e   o u t p u t s   of   SX,  SY 

R e g i s t e r / C o u n t e r   38,  3 9 .  

A l s o ,   t h e r e   a re   p r o v i d e d   DX  R e g i s t e r / C o u n t e r   58  to  h o l d  

t h e   v a l u e s   on  the   h o r i z o n t a l   X  c o o r d i n a t e s   of  a  d e s t i n a t i o n  

a r e a ,   DY  R e g i s t e r / C o u n t e r   59  to  h o l d   t h e   v a l u e s   on  the   v e r -  

t i c a l   Y  c o o r d i n a t e s   o f   t h e   s a m e ,   and  DX  A d d r e s s   C o m p o s i n g  

c i r c u i t   57  to  c r e a t e   t h e   p h y s i c a l   a d d r e s s   of  VRAM  4  in  a c c o r d -  

a n c e   w i t h   t he   r e s p e c t i v e   o u t p u t s   of  DX,  DY  R e g i s t e r / C o u n t e r s  

58,  5 9 .  

The  a b o v e - m e n t i o n e d   SX,  SY,  DX,  DY  R e g i s t e r / C o u n t e r s   3 8 ,  



39,  58,  59  have   no t   o n l y   a  r e g i s t e r   f u n c t i o n   b u t   a l s o   a n  

u p / d o w n   c o u n t e r   f u n c t i o n ,   r e s p e c t i v e l y .  

F u r t h e r ,   VRAM  A d d r e s s   Bus  3 6 , w h i c h   i s   c o n t a i n e d   w i t h i n  

the   d i s p l a y   c o n t r o l   c i r c u i t   3,  i s   c o n n e c t e d   t h r o u g h   B u f f e r  

55  to  A d d r e s s   L ine   56  of  VRAM  4.  VRAM  D a t a   Bus  35,  w h i c h   i s  

a l s o   c o n t a i n e d   in  the  d i s p l a y   c o n t r o l   c i r c u i t   3,  i s   c o n n e c t e d  

t h r o u g h   B u f f e r   53  to  VRAM  D a t a   L i n e   5 4 .  

NX  R e g i s t e r   61  h o l d s   t h e   t r a n s f e r   d a t a   n u m b e r   in  a  h o r i -  

z o n t a l   d i r e c t i o n   ( t h a t   i s ,   a  d i r e c t i o n   of  t he   X  c o o r d i n a t e s ) ,  

w h i l e   NY  R e g i s t e r   63  h o l d s   t he   t r a n s f e r   d a t a   n u m b e r   in  a  

v e r t i c a l   d i r e c t i o n   ( t h a t   i s ,   a  d i r e c t i o n   of   t h e   Y  c o o r d i n a t e s ) .  

T h e r e   i s   p r o v i d e d   a  h o r i z o n t a l   d i r e c t i o n   f l a g   60  w h i c h   p o i n t s  

to  a  p o s i t i v e   d i r e c t i o n   ( o r ,   r i g h t   d i r e c t i o n )   when  i t   i s   " 0 "  

and  p o i n t s   to  a  n e g a t i v e   d i r e c t i o n   ( o r ,   l e f t   d i r e c t i o n )   f o r  

"0" .   A  v e r t i c a l   d i r e c t i o n   f l a g   62  i n d i c a t e s   a  p o s i t i v e  

d i r e c t i o n   ( o r ,   downward  d i r e c t i o n )   when  i t   i s   " 0 " ,   and  a  

n e g a t i v e   d i r e c t i o n   ( o r ,   u p w a r d   d i r e c t i o n )   f o r   " 1 " .   S  R e g i s t e r  

34  h o l d s   t he   r e a d   d a t a  f r o m   t h e   s o u r c e  a r e a ,   and  D  R e g i s t e r  

52  h o l d s   t he   r e a d   d a t a   f rom  t h e   d e s t i n a t i o n   a r e a .   ALU  ( a r i -  

t h m e t i c   and  l o g i c   u n i t )   51  p e r f o r m s   l o g i c a l   o p e r a t i o n s   such  a s  

IMP,  AND,  OR,  EOR,  NOT  o p e r a t i o n s   of  t he   o u t p u t s   of  S 

R e g i s t e r   34,  C o l o r   Code  R e g i s t e r   33  and  D  R e g i s t e r  5 2   i n  

a c c o r d a n c e   w i t h   the   c o n t r o l   f r om  V i d e o   CPU  4 7 .  



I n t e r r u p t   l i n e   (IL)  R e g i s t e r   70  is  used  to  p r e v i o u s l y   se t   t h e  

number  o f  c o l u m n s ,   l i n e s ,   o r  rows   f o r   IL  i n t e r r u p t i o n s ,   w h i l e  

C o m p a r a t o r   71  i s   d e d i c a t e d   to  d e t e c t i n g   t h e   c o r r e s p o n d e n c e  

of  t h e   n u m b e r   of   t h e   c o l u m n s ,   l i n e s ,   or   rows   s e t   by  I L  

R e g i s t e r   7 0 .  

R e f e r r i n g   now  to  F i g .   10,  S o u r c e   D a t a   B i t   S e l e c t o r   1 0 1  

s e l e c t s   h i g h e r   4  b i t s   or   l o w e r   4  b i t s   f r o m   t h e   s o u r c e   d a t a  

and  t h e n   u s e s   t he   s e l e c t e d   4  b i t s   to  f o rm  h i g h e r   4  b i t s   o r  

l o w e r   4  b i t s .   By t e   D a t a   S e l e c t o r   102  s e l e c t s   t he   d a t a  

w h i c h   h a s   p a s s e d   t h r o u g h   S o u r c e   D a t a   B i t   S e l e c t o r   101  o r  

the   s o u r c e   d a t a   f rom  S  R e g i s t e r   3 4 .  

T r a n s p a r e n c e   D e t e c t i o n   C i r c u i t   104  s e r v e s   to  d e t e c t  

a  c o l o r   c o d e   ( t h a t   i s ,   t r a n s p a r e n c y )   f o r   a  p o r t i o n   of   t h e  

s o u r c e   a r e a   in   w h i c h   no  o b j e c t   e x i s t s .  

P a r a l l e l   B i t   S e l e c t o r   103  c a u s e s   o m i s s i o n   of  l o g i c a l  

o p e r a t i o n s   o f   some  of   t h e   c o l o r   c o d e s   w i t h i n   t he   d e s t i n a -  

t i o n   a r e a   w h i c h   c o r r e s p o n d s   to  t he   c o l o r   c o d e   w i t h i n   t h e  

s o u r c e   a r e a ,   p r o v i d e d   t h a t   the   v e r y   s o u r c e   a r e a   c o l o r  c o d e  

h a p p e n s   to   be  t r a n s p a r e n t .  

R e f e r r i n g   to  F i g .   11,  E x p a n s i o n   Memory  111  i s   u s e d   a s  

" k a n j i "   R O M ( P a t t e r n   Memory)  or  a  b u f f e r   a r e a .  

R e f e r r i n g   to  F i g .   12,  S l o t   S w i t c h   121  i s   d e d i c a t e d   t o  

s w i t c h i n g   a  v i d e o   r e q u e s t   or  a  p r o c e s s   r e q u e s t .  



ARGR  S w i t c h   123  is  u s e d   to  s w i t c h   a  r e q u e s t   to   a  

v i d e o   r e q u e s t   or   a  p r o c e s s   r e q u e s t   in  a c c o r d a n c e   w i t h   t h e  

r e s p e c t i v e   b i t s   of   an  a r g u m e n t   r e g i s t e r .  

The  f o r e g o i n g   e l e m e n t s   a re   the  c h a r a c t e r i s t i c   o n e s   o f  

the   p r e s e n t   i n v e n t i o n .   A l t h o u g h   t h e r e   e x i s t   o t h e r   e l e m e n t s  

t h a n   the   f o r e g o i n g s   in  the   d i s p l a y   c o n t r o l   c i r c u i t   3,  a n  

e x p l a n a t i o n   i s   o m i t t e d   h e r e   r e g a r d i n g   such   e l e m e n t s   as  n o t  

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

N e x t ,   we  w i l l   d e s c r i b e   the   o p e r a t i o n   of  t he   a b o v e -  

m e n t i o n e d   e m b o d i m e n t .  

F i r s t ,   the   o p e r a t i o n   of  t he   d i s p l a y   c o n t r o l   c i r c u i t   3 

is   d e s c r i b e d ,   by  way  of  e x a m p l e ,   in  c o n n e c t i o n   w i t h   t h e  

b l o c k   d a t a   t r a n s f e r / s u p e r p o s i t i o n   b a s e d   on  X,  Y  c o o r d i n a t e s .  

I t   i s   n e c e s s a r y   t h a t   CPU  1  has  p r e v i o u s l y   s e t   i n f o r m a -  

t i o n   n e c e s s a r y   f o r   t he   l o g i c a l   o p e r a t i o n   and  b l o c k   d a t a  

t r a n s f e r   in  the   r e s p e c t i v e  r e g i s t e r s   of  the   d i s p l a y   c o n t r o l  

c i r c u i t   3.  When  a c c e s s i n g   the   r e s p e c t i v e   r e g i s t e r s   shown  i n  

F i g s .   5  and  6,  CPU  1  s e t s   t he   r e g i s t e r   n u m b e r   of  a  r e g i s t e r  

to  be  a c c e s s e d   in  a  r e g i s t e r   p o i n t e r / c o u n t e r   44  and   t h e r e -  

a f t e r   p e r f o r m s   i t s   r e a d / w r i t e   o p e r a t i o n .  

When  the   s o u r c e   a r e a   c o l o r   code  d a t a   w i t h i n   VRAM  4  a n d  

the  d e s t i n a t i o n   a r e a   c o l o r   code  a r e a   a re   ORed  and  s u p e r -  

p o s e d   on  e a c h   o t h e r ,   " 1 0 0 1 0 0 1 0 "   is   to  be  s e t   in  R e g i s t e r   # 4 5  



(Command  R e g i s t e r ) .   I t s   h i g h e r   4  b i t s   " 1 0 0 1 "   r e p r e s e n t s  

a  command  code   s h o w n  i n   F i g .   7  ( b l o c k   d a t a   t r a n s f e r   f r o m  

VRAM  4  to  VRAM  4  w i t h   a  l o g i c a l   o p e r a t i o n ) ,   w h i l e   i t s   l o w e r  

4  b i t s   " 0 0 1 0 "   e x p r e s s e s   an  OR  shown  i n   F i g .   8 .  

A l s o ,   when  s u c h   b l o c k   d a t a   as  s h o w n   in   F i g .   3  i s   to  b e  

p r o c e s s e d ,   i t   i s   n e c e s s a r y   to  s e t   up  t h e   f o l l o w i n g   p a r a -  

m e t e r s :   The  s t a r t   c o o r d i n a t e s   (SX,  SY)  of   t h e   s o u r c e   a r e a  

a r e   s e t   in   SX  R e g i s t e r / C o u n t e r   38  and  SY  R e g i s t e r / C o u n t e r   3 9 ,  

r e s p e c t i v e l y .   SX  R e g i s t e r / C o u n t e r   38  i s   c o m p o s e d   of   SXL 

( R e g i s t e r   # 3 2 )   and   S X H  ( R e g i s t e r   # 3 3 ) ,   w h i l e   SY  R e g i s t e r /  

C o u n t e r   39  i s   c o m p o s e d   of   SYL  ( R e g i s t e r   # 3 4 )   and  SYH  ( R e g i s t e r  

# 3 5 ) .   T h e r e f o r e ,   CPU  1  s e t s   a  4 - b y t e   p a r a m e t e r   on  t h e  

t r a n s f e r   s t a r t i n g   p o i n t   or   the   s t a r t i n g   c o o r d i n a t e s   (SX,  S Y ) .  

By  t h e   way,   F i g .   5  i l l u s t r a t e s   t h e   c o n t e n t s   of  R e g i s t e r s  

# 3 2  -   42,  and  F i g .   6  i l l u s t r a t e s   t he   c o n t e n t s   of   R e g i s t e r s  

# 4 3  -   46  as  w e l l   as   t h e   c o n t e n t s   of  R e g i s t e r s   #2,   # 8 .  

T h e n ,   t h e   d e s t i n a t i o n   a r e a   s t a r t   c o o r d i n a t e s   (DX,  SY) 

a r e   s e t   in   SX  R e g i s t e r / C o u n t e r   58  and  DY  R e g i s t e r / C o u n t e r   5 9 .  

DX  R e g i s t e r / C o u n t e r   58  i s   composed   o f   D X L ( R e g i s t e r   #36)   a n d  

D X H ( R e g i s t e r   # 3 7 ) ,   w h i l e   DY  R e g i s t e r / C o u n t e r   59  is   c o m p o s e d  

o f   y Y L ( R e g i s t e r   # 3 8 )   and  D Y H ( R e g i s t e r   # 3 9 ) .  

N e x t ,   t h e   n u m b e r   NX  of  d a t a   to  be  t r a n s f e r r e d   to  a  

h o r i z o n t a l   d i r e c t i o n   (a  d i r e c t i o n   of  t h e   X  c o o r d i n a t e s )   i s  



s e t   in   NX  R e g i s t e r   61  and  the   number   NY  of  d a t a   to   b e  

t r a n s f e r r e d   to  a  v e r t i c a l   d i r e c t i o n   (a  d i r e c t i o n   of  t he   Y 

c o o r d i n a t e s )   i s   s e t   in   NY  R e g i s t e r   63.  NX  R e g i s t e r   61  i s  

c o m p o s e d   of  NXL  ( R e g i s t e r   #40)   and  NXH  ( R e g i s t e r   # 4 1 ) ,  

w h i l e   NY  R e g i s t e r   63  i s   c o m p o s e d   of  NYL  ( R e g i s t e r   #42)   a n d  

NYH  ( R e g i s t e r   # 4 3 ) .  

S i n c e   the  b l o c k   d a t a   to  be  t r a n s f e r r e d   to  b o t h   of  t h e  

X,  Y  d i r e c t i o n s   when  v i e w e d   f rom  the   s t a r t   c o o r d i n a t e s   ( S X , S Y )  

a re   in   a  p o s i t i v e   d i r e c t i o n ,   "0"  i s   s e t   in   b o t h   of  D i r e c t i o n  

F l a g   60  and  D i r e c t i o n   F l a g   62.  D i r e c t i o n   F l a g   60  c o r r e s p o n d s  

to  t h e   b i t   3  of  A r g u m e n t   R e g i s t e r   ARGR  ( R e g i s t e r   # 4 5 ) ,   a n d  

D i r e c t i o n   F l a g   62  to  t h e   b i t   2  of  A r g u m e n t   R e g i s t e r   ARGR 

( R e g i s t e r   # 4 5 ) .   When  a l l   of  the   f o r e g o i n g   s e t t i n g s   h a v e  

b e e n   e f f e c t e d ,   i t   i s   c o n s i d e r e d   t h a t   t h e   s e t t i n g   of   p a r a -  

m e t e r s   n e c e s s a r y   f o r   t r a n s f e r   of  t he   b l o c k   d a t a   has   b e e n  

c o m p l e t e d .   These   p a r a m e t e r   s e t t i n g s   a r e   to  be  p e r f o r m e d  

s u c c e s s i v e l y   f rom  R e g i s t e r   #32  to  R e g i s t e r   # 4 5 .   F i r s t ,  

"32"   i s   s e t   in  R e g i s t e r   P o i n t e r / C o u n t e r   44.   Then ,   i t   i s  

n e c e s s a r y   o n l y   to  w r i t e   t he   p a r a m e t e r s   s u c c e s s i v e l y   so  t h a t  

the   a s s o c i a t e d   r e g i s t e r s   can   be  s e t   up  s e q u e n t i a l l y .   A f t e r  

t h e n ,   R e g i s t e r   P o i n t e r / C o u n t e r   44  i s   c a u s e d   to  p o i n t   t o  

R e g i s t e r   #46  and  i s   in  a  p o s i t i o n   to  w a i t   f o r   s e t t i n g   of  a  

command  c o d e .  



F i g .  7   i s   a  t a b l e   to   i l l u s t r a t e   command  c o d e s .  

In  t h i s   f i g u r e ,   "VDC"  s t a n d s   f o r   t he   d i s p l a y   c o n t r o l  

c i r c u i t   3 .  

F i g .   8  i s   a  t a b l e   to  i l l u s t r a t e   l o g i c a l   o p e r a t i o n s .   I n  

t h i s   f i g u r e ,   SC  r e p r e s e n t s   a  s o u r c e   c o l o r   code  and  DC  s t a n d s  

f o r   a  d e s t i n a t i o n   c o l o r   c o d e .  

CPU  1  c r e a t e s   command  c o d e s   s u c h   as  " 1 0 0 1 0 0 1 0 "   in   a c c o r d -  

a n c e   w i t h   t h e   a b o v e - m e n t i o n e d   command  c o d e s   and  l o g i c a l  

o p e r a t i o n   c o d e s   and  t h e n   s e t s   them  in   Command  R e g i s t e r   4 5  

( R e g i s t e r   # 4 5 ) .  

The  h i g h e r   4  b i t s   of   t h e   a b o v e - m e n t i o n e d   command  c o d e  

e x p r e s s   an  i n s t r u c t i o n   to  t r a n s f e r   a  b l o c k   d a t a   w i t h i n   VRAM  4  

p r o v i d e d   t h a t   the   s o u r c e   a r e a   and  t h e   d e s t i n a t i o n   a r e a   a r e  

b o t h   p r e s e n t   w i t h i n   t h e   VRAM  4.  On  t h e   o t h e r   h a n d ,   t h e   l o w e r  

4  b i t s   of   t h e   above   e x a m p l e   r e p r e s e n t   a  l o g i c a l   o p e r a t i o n  

c o d e ,   t h a t   i s ,   " 0 0 1 0 "   means   t h a t   t h e   OR  of  the   s o u r c e   c o l o r  

code   d a t a   and  the   d e s t i n a t i o n   c o l o r   c o d e   d a t a   b e f o r e   t r a n s -  

f e r r e d   i s   to   be  w r i t t e n   i n t o   t h e   d e s t i n a t i o n .  

On  r e c e i v i n g   a  command  code   and  a  l o g i c a l   o p e r a t i o n   c o d e  

f r o m   CPU  1,  V ideo   CPU  47  s e t s   t he   command  e x e c u t i n g   (CE)  o f  

t h e   b i t  7   of   SR  R e g i s t e r   48  to  i n i t i a t e   t h e  e x e c u t i o n   a n d  

p r o c e s s i n g   of  the   c o m m a n d .  

SXY  A d d r e s s   C o m p o s i n g   C i r c u i t   40  i s   o p e r a t e d   to  c r e a t e  



a  p h y s i c a l   a d d r e s s   of  VRAM  4  f rom  SX  R e g i s t e r / C o u n t e r   38  

and  SY  R e g i s t e r / C o u n t e r   39  r e s p e c t i v e l y   h o l d i n g   the   s o u r c e  

a r e a   c o o r d i n a t e s   u n d e r   c o n t r o l   of   V i d e o   CPU  47.  A c c o r d i n g  

to  t h i s   p h y s i c a l   a d d r e s s ,   a  c o l o r   code   d a t a   i s   r e a d   out   f r o m  

VRAM  4,  w h i c h   r e a d - o u t   d a t a   i s   in   t u r n   s e t   in  S  R e g i s t e r   34  

t h r o u g h   D a t a   L i n e   54,  B u f f e r   53,   and  VRAM  D a t a   Bus  3 5 .  

N e x t ,   DXY  A d d r e s s   C o m p o s i n g   C i r c u i t   57  i s   o p e r a t e d   t o  

c r e a t e   a  p h y s i c a l   a d d r e s s   of  VRAM  4  f rom  the   o u t p u t s   o f  

DX  R e g i s t e r / C o u n t e r   58  and  DY  R e g i s t e r / C o u n t e r   59  r e s p e c t i v e l y  

h o l d i n g   t he   d e s t i n a t i o n   a r e a   c o o r d i n a t e s .   A c c o r d i n g   to  t h i s  

p h y s i c a l   a d d r e s s ,   a  c o l o r   code  d a t a   i s   r e a d   f rom  VRAM  4,  w h i c h  

d a t a   is   in   t u r n   s e t   in  D  R e g i s t e r   5 2 .  

.  On  t he   o t h e r   hand ,   a  c o l o r   code   d a t a   w i t h i n   S  R e g i s t e r   34  

r e a d   ou t   f rom  t h e   s o u r c e   s i d e   and  a  c o l o r   code  d a t a   in  D 

R e g i s t e r   52  r e a d   out  from  the  d e s t i n a t i o n   s i d e   a re   ORed  b y  

ALU  ( A r i t h m e t i c   and  Log ic   U n i t )   51  to   p r o d u c e   a  s u p e r p o s e d  

c o l o r   code  d a t a .  

The  n e w l y   o p e r a t e d   and  p r o d u c e d   c o l o r   code  d a t a   i s   o u t p u t  

on  VRAM  D a t a   L i n e   54  v i a   VRAM  D a t a   Bus  35  and  B u f f e r   53,  a n d  

is   t h e n   w r i t t e n   i n t o   VRAM  4  in  a c c o r d a n c e   w i t h   a  p h y s i c a l  

a d d r e s s   on  t h e   d e s t i n a t i o n   s i d e   p r o d u c e d   by  DXY  A d d r e s s  

C o m p o s i n g   C i r c u i t   5 7 .  

The  a b o v e   o p e r a t i o n s   c o m p l e t e   t h e   l o g i c a l   o p e r a t i o n   a n d  



d a t a   t r a n s f e r   of   a  c o l o r   code   d a t a   of  1  d o t .  

In  t he   same  m a n n e r   as  w i t h   t h e   b l o c k   d a t a   t r a n s f e r  

b a s e d   on  X,  Y  c o o r d i n a t e s ,   l o g i c a l   o p e r a t i o n s   (OR)  and  b l o c k  

d a t a   t r a n s f e r   o p e r a t i o n s   a r e   p e r f o r m e d   on  t h e   sum  (NX  X  NY) 

of   X - d i r e c t i o n   NX  c o l o r   code   d a t a   and  Y - d i r e c t i o n   NY  c o l o r  

code   d a t a .  

When  NX  R e g i s t e r   61  c o i n c i d e s   w i t h   NX  C o u n t e r   64  a n d  

NY  R e g i s t e r   63  c o i n c i d e s   w i t h   NY  C o u n t e r   65,   t h e n   V ideo   CPU  4 7  

d e c i d e s   t h a t   t h e   l o g i c a l   o p e r a t i o n   (OR) /   b l o c k   d a t a   t r a n s f e r  

h a s   b e e n   c o m p l e t e d ,   c l e a r s   t h e   command  e x e c u t i n g   (CE)  b i t  

w i t h i n   SR  R e g i s t e r   48,  and  i n f o r m s   CPU  1  o f   t h e   end  of  t h e  

c o m m a n d .  

In  t h e   a b o v e   d i s c u s s i o n ,   t h e   l o g i c a l   o p e r a t i o n   ( O R ) /  

b l o c k   d a t a   t r a n s f e r   b a s e d   on  t h e   X,  Y  c o o r d i n a t e s   o n l y   w i t h i n  

VRAM  4  has   b e e n   e x p l a i n e d .   H o w e v e r ,   i t   i s   s i m i l a r l y   p o s s i b l e  

to  p e r f o r m   o t h e r   l o g i c a l   o p e r a t i o n / b l o c k   d a t a   t r a n s f e r   p r o -  

c e s s i n g s   in   a c c o r d a n c e   w i t h   c o m m a n d s   w h i c h   s p e c i f y   o t h e r  

c o m b i n a t i o n s .   Such  c a s e s   w i l l   be  d i s c u s s e d   f r o m   now  o n .  

(1)  L o g i c a l   o p e r a t i o n / b l o c k   d a t a   t r a n s f e r   f rom  CPU  1 

to  VRAM  4  (Command  code  CM  3-0   " 1 0 1 1 " ) :  

In  t h i s   c a s e ,   s i n c e   t h e   s o u r c e   i s   CPU  1,  SX  R e g i s t e r /  

c o u n t e r   38,  SY  R e g i s t e r / c o u n t e r   39  and  S  R e g i s t e r   34  a r e   n o t  

u s e d ,   b u t   i n s t e a d   C o l o r   Code  R e g i s t e r   33  i s   u s e d .  



S p e c i f i c a l l y ,   when  CPU  1  s e t s   a  t r a n s f e r   d a t a   in  C o l o r  

Code  R e g i s t e r   33  and  V i e d o   CPU  47  w r i t e s   the   t r a n s f e r   d a t a  

of  Color  Code  R e g i s t e r   33  in to   VRAM  4  a c c o r d i n g  t o   DX  R e g i s t e r / c o u n t e r  

58  and  DY  R e g i s t e r / c o u n t e r   59,  the  t r a n s f e r   ready  (TR)  b i t  

of  SR  R e g i s t e r   48  i s   s e t   to  i n f o r m   CPU  1  t h a t   one  d a t a  

t r a n s f e r   i s   c o m p l e t e d   and  t h a t   C o l o r   Code  R e g i s t e r   33  i s   n o w  

r e a d y   to  r e c e i v e   a  n e x t   d a t a .  

A f t e r   c o n f i r m i n g   t h a t   t h i s   TR  b i t   is   "1" ,   CPU  1  s e t s   a  

n e x t   t r a n s f e r   d a t a   in  C o l o r   Code  R e g i s t e r   33.  Th i s   r e s e t s  

t he   TR  b i t   and  r e t u r n s   i t   to  i t s   o r i g i n a l   s t a t u s .  O t h e r  

o p e r a t i o n s   a re   the   same  as  w i t h   t h e   a b o v e - m e n t i o n e d   b l o c k  

d a t a   t r a n s f e r   w i t h i n   VRAM  4 .  

(2)  L o g i c a l   o p e r a t i o n / b l o c k   d a t a   t r a n s f e r   f rom  VRAM4 

to  CPU  1  (Command  code   CM  3-0  " 1 0 1 1 " ) :  

In  t h i s   i n s t a n c e ,   s i n c e   the   d e s t i n a t i o n   i s   CPU  1,  a  

c o l o r   code  d a t a   f rom  CPU  1  ( t h a t   i s ,   a  f i x e d   d a t a )   i s   s e t  

i n t o   D  R e g i s t e r   52  v i a   C o l o r   Code  R e g i s t e r   33.  The  c o l o r  

code   d a t a ,   a f t e r   o p e r a t e d ,   i s   s e t   in   C o l o r   Code  R e g i s t e r   3 3  

and  is   t h e n   r e a d   by  CPU  1 .  

Video   CPU  47  r e a d s   ou t   a  t r a n s f e r   d a t a   from  VRAM 4  i n  

accordance  with  SX  R e g i s t e r / c o u n t e r   38  and  SY  R e g i s t e r / c o u n t e r   39  a n d  

se t s   the  r e a d - o u t   t r a n s f e r   data  in  Color  Code  Reg i s t e r   33,  and  

at   the   same  t ime   s e t s   t he   TR  b i t   of  SR  R e g i s t e r   48  f o r   ' ' 1 " .  



CPU  1  c h e c k s   t h i s   TR  b i t ,   and,   i f   i t   i s   " 1 " ,   t h e n   CPU  1 

r e a d s   o u t   t he   t r a n s f e r   d a t a   f rom  C o l o r   Code  R e g i s t e r   3 3 .  

As  a  r e s u l t   of   t h i s ,   t he   TR  b i t   i s   r e s e t   and   r e t u r n s   t o  

i t s   i n i t i a l   s t a t u s .   O t h e r   o p e r a t i o n s   a r e   p e r f o r m e d   in  t h e  

same  way  as  in   t h e   a b o v e - m e n t i o n e d   d a t a   t r a n s f e r   w i t h i n  

VRAM  4 .  

(3)   L o g i c a l   o p e r a t i o n / b l o c k   d a t a   t r a n s f e r   from  a  

s i n g l e   r e g i s t e r   ( C o l o r   Code  R e g i s t e r   33)  w i t h i n   the   d i s p l a y  

c o n t r o l   c i r c u i t   3  to   VRAM  4  (Command  Code  CM3-0  " 1 0 1 0 " ) :  

In   t h i s   c a s e ,   t h e   d a t a   w r i t t e n   i n t o   C o l o r   Code  R e g i s t e r  

33  i s   t r a n s f e r r e d   to   t he   d e s t i n a t i o n   a r e a   of  VRAM  4 .  

T h i s   i s   an  e f f e c t i v e   way  in  w r i t i n g   t h e   s a m e  d a t a .   T h e  

p r o c e d u r e   of  t h i s   o p e r a t i o n   i s   t he   same  as  i n   t he   a b o v e -  

m e n t i o n e d   b l o c k   d a t a   t r a n s f e r   f rom  CPU  1  to   VRAM  4.  H o w e v e r ,  

in  t h i s   i n s t a n c e ,   CPU  1  i s   r e q u i r e d   to  w r i t e   the   d a t a   i n t o  

C o l o r   Code  R e g i s t e r   33  o n l y   o n c e ,   and  t h e   d a t a   i s   to  b e  

t r a n s f e r r e d   u n d e r   c o n t r o l   of  V ideo   CPU  4 7 .  

(4)   V a r i o u s   l o g i c a l   o p e r a t i o n s   i n c l u d i n g   no t   o n l y   t h e  

OR  b u t   a l s o   t he   AND,  XOR,  c o m p l e m e n t   o r   t h e   l i k e   of  t h e  

s o u r c e   a r e a   c o l o r   c o d e   d a t a   and  t he   d e s t i n a t i o n   a r e a   c o l o r  

code   d a t a   can  a l s o   be  p e r f o r m e d   a t   h i g h   s p e e d s   by  ALU  51  

( i n   a c c o r d a n c e   w i t h   t h e   i n s t r u c t i o n s   f r o m   Command  R e g i s t e r  

L0  2 - 0 ) .  



The  o p e r a t i o n s   c o n c e r n i n g   t he   a b o v e - m e n t i o n e d   a r t i c l e s  

(2)  and  (3)  a r e   p e r f o r m e d   by  CPU  1  in   c o o p e r a t i o n   w i t h   D i s -  

p l a y   C o n t r o l   C i r c u i t   3 ,  w h i c h   means   b o t h   of  them  m u s t   w a i t  

w h i l e   t h e i r   p a r t n e r s   a re   in  e x e c u t i o n   m u t u a l l y .   Such  m u t u a l  

e x e c u t i o n   w a i t   i s   c o n t r o l l e d   by  s e t t i n g   and  r e s e t t i n g   the  TR 

b i t   of  SR  R e g i s t e r   4 8 .  

C o n d i t i o n s   of   the   above  m e n t i o n e d   e x e c u t i o n   w a i t   a r e  

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

p e r i o d .   N a m e l y ,   d u r i n g   the  r e t u r n   l i n e   p e r i o d ,   s i n c e  

a l l   of  t he   memory  a c c e s s e s   can  be  u s e d   f o r   command  p r o c e s s i n g ,  

t he   command  p r o c e s s i n g   can  be  e x e c u t e d   a t   h i g h   s p e e d s   so  t h a t  

t h e   w a i t i n g   of  CPU  1  i s   e l i m i n a t e d .   In  p a r t i c u l a r ,   a  v e r t i c a l  

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

p e r i o d   and  t hus   i t   t a k e s   l o n g e r   t ime   to  p r o c e s s  

commands   in  t he   v e r t i c a l   r e t r a c e   p e r i o d   t h a n   in  t h e  

h o r i z o n t a l   r e t r a c e   l i n e   p e r i o d .   A c c o r d i n g l y ,   i f   i t   i s   p o s s i b l e  

to  e m p l o y   s u c h   a  command  p r o c e s s i n g   s y s t e m   as  can  a v o i d   t h e  

w a i t i n g   of  CPU  1  in  the  v e r t i c a l   p e r i o d ,   t h e n   the   p e r f o r m a n c e  

of  t he   d i s p l a y   c o n t r o l   u n i t   can  be  e n h a n c e d   s u b s t a n t i a l l y .   To 

t h i s   end,   when  t h e   v e r t i c a l   r e t r a c e   p e r i o d   comes  n e a r ,   a n  

i n t e r r u p t   ( o r ,   IL  i n t e r r u p t )   i s   c a u s e d   to  o c c u r   to  i n -  

fo rm  CPU  1  of  t h e   e f f e c t .  

Such  IL  i n t e r r u p t   is   e n a b l e d   by  p r e v i o u s l y   h a v i n g   s e t  



t h e   v a l u e   of  V e r t i c a l   C o u n t e r   ( L i n e ,   Row)  32  in   IL  R e g i s t e r  

70  shown  in  F i g .   4  (an   i n t e r r u p t   l i n e   r e g i s t e r ,   #8  R e g i s t e r  

shown   in  F i g .   6 ) .  

The  v a l u e   to   be  s e t   f o r   t h i s   p u r p o s e   may  be  the  s t a r t  

l i n e   number   of   t h e   v e r t i c a l   r e t r a c e   o r ,   in  ca se   w h e n  

t h e   o v e r h e a d   t i m e   f o r   i n t e r r u p t   p r o c e s s i n g   is   l o n g ,   s u c h  

a  v a l u e   may  be  s e t   as  c a u s e s   an  i n t e r r u p t   to  t a k e   p l a c e  

e a r l i e r   by  s u c h   l o n g   t i m e .   In  e i t h e r   e v e n t ,   i t   i s   p o s s i b l e  

to  i m p r o v e   the   e f f i c e n c y   of   t he   d i s p l a y   c o n t r o l   u n i t .  

D u r i n g   t h e   v e r t i c a l   r e t r a c e  ,   SR  R e g i s t e r   4 8  

shown   in  F i g .   4  (a  s t a t u s   r e g i s t e r ,   or  #2  R e g i s t e r   shown  i n  

F i g .   6)  i s   s o m e t i m e s   c h e c k e d   f o r   i t s   VR  b i t   ( t h a t   i s ,   t h e  

o u t p u t   of  the   VR  s t a t u s   s i g n a l   p r o d u c e d   by  d e c o d i n g   the   o u t -  

p u t   of   C o u n t e r   32  i s   r e a d   o u t )   to  d e c i d e   w h e t h e r   a  p r o c e s s i n g  

in  t h e   v e r y   v e r t i c a l   r e t r a c e   i s   to   be  c o n t i n u e d  

or  n o t .  

The  a b o v e - m e n t i o n e d   VR  b i t   i s   p r o d u c e d   by  d e c o d i n g   t h e  

o u t - p u t   of  C o u n t e r   32  s u c h   t h a t   i t   b e c o m e s   "0"  a  p r e d e t e r m i n e d  

t i m e   b e f o r e   the   t e r m i n a t i o n   of  t h e   v e r t i c a l   r e t r a c e   l i n e  

p e r i o d .   I t   i s   n e c e s s a r y   to  s e t   up  t h e   p r e d e t e r m i n e d   t i m e  

d u r a t i o n   even   when  a  p r o c e s s i n g   h a p p e n s   to  be  l o n g e s t   d u r i n g  

the   v e r t i c a l   r e t r a c e   so  as  to  p r e v e n t   s u c h  

l o n g e s t   p r o c e s s i n g   f r o m   b e i n g   c a r r i e d   o v e r   i n t o   the   d i s p l a y  



p e r i o d .  

S i m i l a r l y   as  w i t h   the   a b o v e - m e n t i o n e d   IL  i n t e r r u p t  

o c c u r r e d   when  t he   v e r t i c a l   r e t r a c e   a p p r o a c h e s ,  

t he   s t a t u s   of   t h e   h o r i z o n t a l   r e t r a c e   can  a l s o   b e  

s h i f t e d   f o r w a r d l y   i n  t i m e   to  i n c r e a s e   i t s   p r o c e s s i n g   e f f i c e n c y .  

When  CPU  1  p e r f o r m s   a  p r o c e s s i n g   a i m i n g   a t   the   h o r i z o n t a l  

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

to  c h e c k   SR  R e g i s t e r   48  f o r   i t s   HR  b i t .   In  t h i s   c a s e ,   a  t i m i n g  

to  g e n e r a t e   t he   HR  b i t   can  a l s o   be  s t a g g e r e d   in  the   f o l l o w i n g  

m a n n e r   to  e n h a n c e   t he   p r o c e s s i n g   e f f i c i e n c y .   T h a t   i s ,   in  t h e  

r e p e t i t i v e   p r o c e s s i n g s   d u r i n g   t he   h o r i z o n t a l   r e t r a c e ,  

t he   l e a d i n g   edge  of  t he   t i m i n g   may  be  s h i f t e d   b e f o r e  

a  minimum  t i m e   d u r a t i o n   r e q u i r e d   to  i s s u e   a  VRAM  a c c e s s   a f t e r  

d e t e c t i o n   of   t he   HR  b i t ,   and  the   t r a i l i n g   edge   t h e r e o f   may  b e  

s t a g g e r e d   b e f o r e   more  t h a n   the  maximum  t i m e   d u r a t i o n .  

F i g .   9  i l l u s t r a t e s   the   t i m i n g   m e n t i o n e d   a b o v e .  

The  p r e d e t e r m i n e d   t ime   d u r a t i o n   f rom  t h e   b e g i n n i n g   o f  

the   v e r t i c a l   or  h o r i z o n t a l   r e t r a c e   n e c e s s a r y   t o  

c a u s e   an  i n t e r r u p t   to  CPU  1  may  be  c h a n g e d   d e p e n d i n g   u p o n  

the   t ime   p e r i o d s   f rom  the  g e n e r a t i o n   of  an  i n t e r r u p t   s i g n a l  

to  CPU  1  to  t he   i n i t i a t i o n   of  t he   i n t e r r u p t   p r o c e s s i n g .   A l s o ,  

t h i s   p r e d e t e r m i n e d   t ime   d u r a t i o n   mus t   be  c h a n g e d   in  a c c o r d a n c e  

w i t h   the   l e n g t h   of  the   e x e c u t i o n   t i m e   of  p r o g r a m s .  



A l s o ,   d u r i n g   the   v e r t i c a l   and  h o r i z o n t a l   r e t r a c e ,  

t h e   p r o c e s s i n g   mode  o f   CPU  1  i s   c h a n g e d   by  c a u s i n g  

CPU  1  to  o m i t   t he   c o n f i r m a t i o n   as  to   w h e t h e r   V i d e o   CPU  47 

has   c o m p l e t e d   i t s   p r e v i o u s   p r o c e s s i n g ,   and  a t   t h e   same  t i m e  

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

w i t h i n   t he   r e t r a c e   p e r i o d   i s   m o n i t o r e d   so  as  to  c o n t i n u e  

to  c h a n g e   t h e   p r o c e s s i n g   mode  o f   CPU  1.  The  s t a t u s   s i g n a l  

has   b e e n   p r e v i o u s l y   e x t i n g u i s h e d   w i t h i n   a  p r e d e t e r m i n e d   t i m e  

a f t e r   t he   t e r m i n a t i o n   of  t he   r e t r a c e .   Then,   t h e  

p r o c e s s i n g   mode  of  CPU-1  is   r e t u r n e d   to  i t s   o r i g i n a l   w a y ,  

in   w h i c h   CPU  1  c o n f i r m s   w h e t h e r   V i d e o   CPU  47  has   c o m p l e t e d  

i t s   p r e v i o u s   p r o c e s s i n g .  

F i g .   10  i l l u s t r a t e s   a  b l o c k   d i a g r a m   of  a n o t h e r   e m b o d i -  

ment   of  t h e   i n v e n t i o n ,   s h o w i n g   an  e x a m p l e   in  w h i c h   an  u p -  

d a t i n g   p r o c e s s i n g . o f   c o l o r   s p e c i f i c a t i o n   in  t h e   d i s p l a y   d a t a  

can   be  p e r f o r m e d   a t   i n c r e a s e d   s p e e d s .  

The  f o r e g o i n g   d i s c u s s i o n   i s   c o n c e r n e d   w i t h   the   memory  

c o n t e n t s   o f   one  memory  a d d r e s s   and  i s   l i m i t e d   to  the   1  d o t  

d i s p l a y   s y s t e m .   H o w e v e r ,   in  g e n e r a l ,   a  memory  i n t e r f a c e  

c o n s i s t s   of   a  b y t e ( 8   b i t s )   or  a  word   ( 1 6  -   32  b i t s )   and  t h u s  

c o n t a i n s   i n f o r m a t i o n   on  d i s p l a y   of   a  p l u r a l i t y   of   d o t s .   I n  

t h i s   c a s e ,   when  the   d o t s   a re   to   be  p r o c e s s e d   one  by  one,   t h e  

r e m a i n i n g   b i t s   mus t   be  m a s k e d .  



Next ,   we  w i l l   d e s c r i b e   the   o p e r a t i o n   to  be  p e r f o r m e d  

when  a  b y t e   i n t e r f a c e   h a s   4 - b i t   c o l o r   i n f o r m a t i o n   (2  d o t s / b y t e ) .  

As  i t   c o n t a i n s   t h e   i n f o r m a t i o n   a b o u t   2  d o t s / b y t e ,   t h e   s o u r c e  

d a t a   and  d e s t i n a t i o n   d a t a   a r e   r e s p e c t i v e l y   s e l e c t e d   f o r   e a c h  

b i t .  

S o u r c e   D a t a   S e l e c t o r   101  s e l e c t s   h i g h e r   4  b i t s   when  0  

b i t   of  SXY  i s   " 0 " ,   and  l o w e r   4  b i t s   when  t h i s   0  b i t   i s   " I " .  

The  d a t a   i s   t h e n   t r a n s f e r r e d   v i a   Byte   Da t a   S e l e c t o r   102  t o  

ALU  51.  In  ALU  51,   a  l o g i c a l   o p e r a t i o n   of  the   d a t a   and  t h e  

v a l u e   o f  D   R e g i s t e r   5 2  i s   e x e c u t e d   f o r   e ach   b i t .   A f t e r   t h e n ,  

P a r a l l e l   B i t   S e l e c t o r   103  o u t p u t s   as  VRAM  d a t a   e i t h e r   4  b i t s  

( t h a t   i s ,   t h e   u p p e r   4  b i t s   f o r   "O",   the   l o w e r   4  b i t s   f o r   " 1 " )  

to  be  s p e c i f i e d   in   a c c o r d a n c e   w i t h   the   v a l u e   of  t h e   b i t   0  o f  

DXY. 

I f   t he   v a l u e   of   the   s o u r c e   d a t a   bus  i s   "0"  and  L0  3  =  1 ,  

T r a n s p a r e n c y   D e t e c t i o n   C i r c u i t   104  d e c i d e s   the   s o u r c e   d a t a  

as  t r a n s p a r e n t   and   t h u s   P a r a l l e l   B i t   S e l e c t o r   103  a l l o w s   t h e  

v a l u e   of  D  R e g i s t e r   52  as  i t   i s   to  p a s s   t h r o u g h .  

In  t h i s   m a n n e r ,   the   b i t   s e l e c t / m a s k   f u n c t i o n   and  t r a n s -  

p a r e n c y   p r o c e s s i n g   can  be  r e a l i z e d .  

In  o t h e r   w o r d s ,   the   c o l o r   code   d a t a   w i t h i n   t h e   s o u r c e  

a r e a   and  the   c o l o r   code  d a t a   w i t h i n   the  d e s t i n a t i o n   a r e a   a r e  

l o g i c a l l y   o p e r a t e d ,   w h i l e   a  p o r t i o n   b e l o n g i n g   to  t h e   s o u r c e  



a r e a   and  h a v i n g   no  o b j e c t   e x i s t i n g   t h e r e i n ,   more  p a r t i c u l a r l y  

t h e   c o l o r  c o d e   ( t r a n s p a r e n t   c o l o r )   of   s u c h   p o r t i o n   i s   d e t e c t e d  

-by  T r a n s p a r e n c y   D e t e c t i o n   C i r c u i t   104  and  t h e   l o g i c a l   o p e r a -  

t i o n   of   t he   t r a n s p a r e n t   p o r t i o n   i s   o m i t t e d ,   so  t h a t   o n l y   t h e  

f o r m   s t o r e d   in   t h e   s o u r c e   a r e a   and  h a v i n g  a   s o l i d   body  c a n  

be  t r a n s f e r r e d   a t   h i g h   s p e e d s .  

The  a b o v e - m e n t i o n e d   o p e r a t i o n s   can   be  r e a l i z e d   s i m i l a r l y  

e v e n   i f   t he   n u m b e r   of  the   c o l o r   i n f o r m a t i o n   b i t s   or  the   n u m b e r  

of   b i t s   /  word  may  be  v a r i e d .  

The  a b o v e   d i s c u s s i o n   r e l a t e s   to   a  b i t - b y - b i t   p r o c e s s i n g .  

A c c o r d i n g   to  c a s e s ,   h o w e v e r ,   i t   may  be  n e c e s s a r y   to  p r o c e s s  

d a t a   in   b y t e s   f o r   p u r p o s e s   of   h i g h e r   s p e e d s .   In  t h i s   i n s t a n c e ,  

t h e   command  code   " 1 1 1 1  -   1100"   i s   u s e d .   S o u r c e   D a t a   B i t  

S e l e c t o r   101  i s   n o t   u s e d   f o r   t h i s   p u r p o s e ,   b u t   t h e   v a l u e   o f  

S  R e g i s t e r   34  i s   d i r e c t l y   g u i d e d   to  ALU  51  by  B y t e   D a t a  

S e l e c t o r   102  (CH2  =  1 ) ,   and  t h e n   t h e   o u t p u t   of   ALU  51  i s  

f o r c i b l y   g u i d e d   to   VRAM  D a t a   Bus  35,   so  t h a t   a  h i g h e r   s p e e d  

p r o c e s s i n g   can  be  e x e c u t e d .  

In  o t h e r   w o r d s ,   a  p a r t   of  t he   d i s p l a y   d a t a   r e a d   ou t   t o  

t h e   d e s t i n a t i o n   r e g i s t e r   i s   m o d i f i e d   and  t he   m o d i f i e d   d i s p l a y  

d a t a   is   w r i t t e n   i n t o   VRAM  4,  so  t h a t   i t   i s   p o s s i b l e   to  s p e e d  

up  t h e   u p d a t i n g   p r o c e s s i n g   of  the   c o l o r   s p e c i f i c a t i o n   in  t h e  

d i s p l a y   d a t a .  



S o u r c e   d a t a   s p e c i f i e d   by  a:  s o u r c e   a d d r e s s   is   d i v i d e d  

i n t o   a  p l u r a l i t y   of   p o r t i o n s   and  one  of   the   d a t a   p o r t i o n s  

i s   t h e n   s e l e c t e d ,   w h i l e   d e s t i n a t i o n   d a t a   s p e c i f i e d   by  a  

d e s t i n a t i o n   a d d r e s s   i s   a l s o   d i v i d e d   i n t o   a  p l u r a l i t y   of  d a t a  

p o r t i o n s   and  one  of  t he   d a t a   p o r t i o n s   i s   s e l e c t e d .   A f t e r  

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

p o r t i o n s ,   the   l o g i c a l   o p e r a t i o n   r e s u l t   or  the   d e s t i n a t i o n  

d a t a   is   s e l e c t e d   f o r   each   of  the   p o r t i o n s   of  the   r e s p e c t i v e  

d a t a .   As  a  r e s u l t   of   t h i s ,   i t   i s   p o s s i b l e   to  p e r f o r m   l o g i c a l  

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

F i g .   11  i s   a  b l o c k   d i a g r a m   of   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   i l l u s t r a t i n g   an  e x a m p l e   u s i n g   an  e x p a n s i o n   m e m o r y  

as  a  " k a n j i " ( c h i n e s e - c h a r a c t e r )   a c c o m o d a t i o n   or  as  a  b u f f e r  

a r e a .  

In  F i g .   11,  E x p a n s i o n   Memory  111  i s   e x t e n d e d   in  p a r a l l e l  

w i t h   VRAM  4.  For  e x a m p l e ,   when  t h i s   e x p a n s i o n   memory  111  i s  

e x t e n d e d   in  p a r a l l e l   w i t h   VRAM  4  as  a  c h i n e s e - c h a r a c t e r  

p a t t e r n   ROM,  c h i n e s e   c h a r a c t e r s   ( " k a n j i " )   can  be  a c c o m m o d a t e d .  

T h i s   is   b e c a u s e   a  h i g h - s p e e d   d i s p l a y   can  be  r e a l i z e d   by  t r a n s -  

f e r r i n g   a  c h i n e s e - c h a r a c t e r   p a t t e r n   to  VRAM  4  by  means  o f  

a r e a   m o v e m e n t .   A l s o ,   i t   is   c o n v e n i e n t   s i n c e   t h e r e   is   no  n e e d  

to  l o a d   any  e x t e r n a l   p a t t e r n   d a t a   f o r   t h i s   p u r p o s e .   F u r t h e r ,  

s i n c e   the   r e a d   s p e e d   of  the  c h i n e s e - c h a r a c t e r   p a t t e r n   ROM,  o r  



the   c y c l e   t i m e   of  the   a r e a   m o v e m e n t   in  t h i s   c a s e   may  b e  

s l o w e r   t h a n   t h e   d i s p l a y   memory  a c c e s s ,   l o w - s p e e d   and  l a r g e -  

c a p a c i t y   m e m o r y   e l e m e n t s   can   be  u s e d .   To  a c h i e v e   t h i s ,   a n  

a d d r e s s   r e g i s t e r   may  be  l o c a t e d   w i t h i n   t he   e x p a n s i o n   m e m o r y  

and,   a t   t h e   t i m e   when  the   p r e v i o u s   a c c e s s   has   been   c o m p l e t e d ,  

an  a d d r e s s   may  be  u p d a t e d   to   i n i t i a t e   t he   n e x t   r e a d i n g .  

A l s o ,   when  an  RAY,  i s   e x t e n d e d   as  an  e x p a n s i o n   m e m o r y ,  

t h i s   can  be  u s e d   as  a  work  memory  of  VRAM  4  to  e x p a n d   t h e  

a d d r e s s   s p a c e   up  to  the   same  c a p a c i t y   as  t h a t   of  VRAM  4 .  

S p e c i f i c a l l y ,   b i t s   MXC,  MXD  and   MXS  of  ARGR  a r e   d e f i n e d .  

MXC,  w h i c h   s e r v e s   to  s w i t c h   and   c o n t r o l   t he   VRAM  a c c e s s   f r o m  

CPU  1,  m a k e s   i t   p o s s i b l e   to  d i r e c t l y   r e a d   and  w r i t e   an  e x p a n -  

s i o n   memory  f rom  CPU  1.  MXD  s p e c i f i e s   t he   d e s t i n a t i o n   a r e a  

to  t he   e x p a n s i o n   memory  and  m a k e s   i t   p o s s i b l e   f o r   t he   e x p a n -  

s i o n   memory  to  be  r e a d   and  w r i t t e n   as  t he   d a t a   memory.   MXS 

s p e c i f i e s   t h e   s o u r c e   a r e a   to   t h e   e x p a n s i o n   memory  and  p e r m i t s  

r e a d i n g   of   a  f i x e d   p a t t e r n   or   r e a d i n g   f rom  a  b u f f e r   m e m o r y .  

F i g .   12  i s   a  c i r c u i t   d i a g r a m   of   t he   ma in   p o r t i o n s   o f  

the   e m b o d i m e n t   shown  in  F i g .   1 1 .  

N e x t ,   t h e   o p e r a t i o n   of  t h e   e m b o d i m e n t   in  F i g .   11  w i l l   b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g .   1 2 .  

A c c e s s   r e q u e s t s   f o r   a  memory  a r e   n o r m a l l y   c l a s s i f i e d  

i n t o   two  m a i n   c a t e g o r i e s ;   n a m e l y ,   v i d e o   r e q u e s t s   (VRQ)  a n d  



p r o c e s s   r e q u e s t s   (PRQ) .   The  v i d e o   r e q u e s t s   VRQ  a r e   r e q u e s t s  

f o r   r e a d i n g   of  d a t a   f o r   CRT  d i s p l a y   and  a re   i s s u e d   b a s e d   o n  

the   c o u n t s   o f  C o u n t e r   32.  The  p r o c e s s   r e q u e s t s   PRQ  a re   VRAM 

a c c e s s e s   t h a t   a r e   i s s u e d   by  V ideo   CPU.  T h i s   i s s u e   r e s u l t s  

f rom  the   c o n t r o l s   of   CPU  such  as  s e t t i n g   of  p a r a m e t e r s   f r o m  

CPU  1,  s t a r t i n g   o f   commands ,   VRAM  a c c e s s   and  the   l i k e .  

The  v i d e o   r e q u e s t s   VRQ  and  p r o c e s s   r e q u e s t s   PRQ  a r e  

c o n t r o l l e d   by  t i m i n g   c o n t r o l   s i g n a l s ,   and  a re   r e s p e c t i v e l y  

p e r m i t t e d   by  t h e   a l l o c a t e d   t ime   s l o t s .   These   o p e r a t i o n s   a r e  

p r o c e s s e d   by  S l o t   S w i t c h   121  shown  in  F i g .   12.  T h a t   i s ,   a t  

a  t i m i n g   when  t h e   v i d e o   r e q u e s t   VRQ  i s   i s s u e d , S l o t   S w i t c h   1 2 1  

i s   a l w a y s   c o n n e c t e d   to  t h e  v i d e o   r e q u e s t  V R Q   s i d e ,   and  i n  

o t h e r   c a s e s   i t   i s   c o n n e c t e d   to  the   p r o c e s s   r e q u e s t   PRQ  s i d e .  

Thus ,   PRQ  i s   p e r m i t t e d   o n l y   when  S l o t   S w i t c h   121  i s   c o n n e c t e d  

to  the   PRQ  s i d e .  

N e x t ,   we  w i l l   d e s c r i b e   the   o p e r a t i o n   and  f u n c t i o n   o f  

the   b i t s   MXC,  MXD,  MXS  of  ARGR. 

The  c o n t e n t s   of  t he   p r o c e s s   r e q u e s t   PRQ  are   c l a s s i f i e d  

i n t o   CRQ  to  be  i s s u e d   when  CPU  1  a c c e s s e s   VRAM  4  d i r e c t l y ,  

DRQ  i s s u e d   when  t he   d e s t i n a t i o n   d a t a   i s   a c c e s s e d   w h i l e   V i d e o  

CPU  122  i s   e x e c u t i n g   a  command,  and  SRQ  i s s u e d   when  t h e  

s o u r c e   d a t a   i s   a c c e s s e d .   These   r e q u e s t s   a re   n o r m a l l y  

c o n n e c t e d   to  t h e   p r o c e s s   r e q u e s t   PRQ  s i d e   by  ARGR  S w i t c h   1 2 3 .  



T h i s   ARGR  S w i t c h   123  i s   a d a p t e d   to  c o n n e c t   t he   r e q u e s t s ,   CRQ, 

DRQ  and   SRQ  to  an  XRQ  s i d e   in  a c c o r d a n c e   w i t h   e a c h   of  t h e  

b i t s   MXC,  MXD  and  MXS.  T h i s   XRQ  i s   a  memory  r e q u e s t   (MX 

r e q u e s t )   to   t h e   e x p a n s i o n   memory ,   and  when  t h e   XRQ  a p p e a r s  

t h e   e x p a n s i o n   memory  i s   to  be  a c c e s s e d   i n s t e a d   of  VRAM  4 .  

T h u s ,   by  d i s t r i b u t i n g   e a c h   of  t h e   p r o c e s s   r e q u e s t   or  PRQ 

r e q u e s t s   i n d e p e n d e n t l y   to  t he   VRAM  4  e x p a n s i o n   memory  in  t h i s  

way,   t h e   e x p a n s i o n   memory  can   be  u s e d   as  a  b u f f e r   memory  or   a  

p a t t e r n   memory .   When  t he   e x p a n s i o n   memory  i s   s p e c i f i e d   b y  

MXD  and   VRAM  4  by  MXS  to  s p e c i f y   t h e   a r e a   m o v e m e n t ,   t h e n   i t  

i s   p o s s i b l e   to  s a v e   t h e   d a t a   in   an  a r e a   where   VRAM  4  i s   c o n -  

t a i n e d .   On  t h e   o t h e r   h a n d ,   when  VRAM  4  and  t h e   e x p a n s i o n  

memory   a r e   s p e c i f i e d   by  MXD  and  MXS  r e s p e c t i v e l y ,   t h e n   i t   i s  

p o s s i b l e   to  r e t u r n   t he   s a v e d   d a t a   to  i t s   o r i g i n a l   s t a t e ,   o r  

to  move  a  f i x e d   p a t t e r n   ( o r ,   a  c h i n e s e - c h a r a c t e r   p a t t e r n )   t o  

VRAM  4  f o r   d i s p l a y .  

The  f o r e g o i n g   d e s c r i p t i o n   h a s   b e e n   made  on  c o n d i t i o n  

t h a t   a  c o l o r   code   or   c o l o r   d a t a   i s   to  be  h a n d l e d ,   b u t   t h i s  

can  a l s o   a p p l y   to  a  m o n o c h r o m e   s y s t e m .   In  t h a t   c a s e ,   t h e  

c o l o r   d a t a   may  be  r e p l a c e d   by  t he   b y t e   d a t a .  

The  p r e s e n t   i n v e n t i o n   i s   u s e f u l   in   p e r f o r m i n g   d i s p l a y  

c o n t r o l   of   n o t   o n l y   t he   c o l o r   CRT  b u t   a l s o   o t h e r   d i s p l a y   u n i t s  

s u c h   as  a  m o n o c h r o m e   CRT,  LCD,  p l a s m a ,   and  E L .  



As  can   be  c l e a r l y   u n d e r s t o o d   f rom  t he   f o r e g o i n g   d e s -  

c r i p t i o n ,   t he   p r e s e n t   i n v e n t i o n   p r o v i d e s   s e v e r a l   e f f e c t s :  

n a m e l y ,   when  r e d u c i n g   the   e x e c u t i o n   t i m e   f o r   d i s p l a y   o p e -  

r a t i o n   by  r e a d i n g   o u t   the   s o u r c e   a r e a   d a t a   f rom  a  m e m o r y  

u n i t   and  t h e n   w r i t i n g   the   r e a d - o u t   s o u r c e   a r e a   d a t a   s e q u e n -  

t i a l l y   i n t o   the   d e s t i n a t i o n   a r e a ,   the   command  p r o c e s s i n g  

s p e e d   c an   be  i n c r e a s e d   d u r i n g   a  v e r t i c a l   or   h o r i z o n t a l  

r e t r a c e   l i n e   p e r i o d ;   i t   i s   p o s s i b l e   to  i n c r e a s e   the   s p e e d  

of  an  u p d a t e   p r o c e s s i n g   on  c o l o r   s p e c i f i c a t i o n   in  d i s p l a y  

d a t a ,   and   a t   the   same  t i m e   on ly   a  d e s i r e d   do t   on  the   d i s p l a y  

s c r e e n   c an   be  l o g i c a l l y   o p e r a t e d ;   and ,   i t   i s   p o s s i b l e   t o  

t r a n s f e r   a  form  or   an  o b j e c t   e x i s t i n g   w i t h i n   t h e   s o u r c e  

a r e a   and   h a v i n g   a  s o l i d   body  at  h i g h   s p e e d s ,   and  an  e x p a n s i o n  

memory  c an   be  u s e d   as  a  " k a n j i "   ( c h i n e s e - c h a r a c t e r )   ROM  ( o r ,  

a  p a t t e r n   memory)   or  a  b u f f e r   a r e a .  



1.  A  d i s p l a y   c o n t r o l   u n i t   f o r   p r o v i d i n g   s c r e e n   i m a g e  

i n f o r m a t i o n   and   a  c o n t r o l   s i g n a l   to   a  d i s p l a y   u n i t   ( 5 ) ,  

s a i d   d i s p l a y   c o n t r o l   u n i t   (3)   c o m p r i s i n g   a  c o l u m n / l i n e /  

row  c o u n t e r   ( 3 2 )   f o r   g e n e r a t i n g   a  c o n t r o l   t i m i n g ,   c h a r -  

a c t e r i z e d  b y   an  IL  r e g i s t e r   (70)   f o r   s t o r i n g   an  i n t e r -  

r u p t   i s s u i n g   c o u n t   v a l u e ,   and   an  IL  i n t e r r u p t i n g   m e a n s  

(71)  f o r   c o m p a r i n g   s a i d   c o u n t   v a l u e   w i t h   t h e   v a l u e   o f  

s a i d   IL  r e g i s t e r   (70)   and  f o r   o u t p u t t i n g   an  i n t e r r u p t  

s i g n a l   ( INT)  on  d e t e c t i n g   t h e   c o i n c i d e n c e   of  s a i d   t w o  

v a l u e s ,   w h e r e b y   s a i d   d i s p l a y   c o n t r o l   u n i t   (3)  i s   a b l e   t o  

g e n e r a t e   s a i d   i n t e r r u p t   s i g n a l   a t   an  a r b i t r a r y   p o s i t i o n  

s i m u l t a n e o u s l y   w i t h   d i s p l a y   s c a n n i n g .  

2.  A  d i s p l a y   c o n t r o l   u n i t   as   c l a i m e d   in  c l a i m   1,  c h a r -  

a c t e r i z e d   in   t h a t   s a i d   IL  i n t e r r u p t   means  (71)   i s   i n i -  

t i a t e d   to  c h a n g e   t he   p r o c e s s i n g   mode  of  a  c e n t r a l   p r o -  

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

3.  A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   1,  c h a r -  

a c t e r i z e d   in   t h a t   s a i d   i n t e r r u p t   means  (71)  i s   s e t   a  

p r e d e t e r m i n e d   t i m e   b e f o r e   t h e   s t a r t   of  a  r e t r a c e   p e r i o d  
and  s a i d   i n t e r r u p t   s i g n a l   i s   g e n e r a t e d   e a r l i e r   by  t h e  

t ime   of  t h e   o v e r h e a d   of  an  i n t e r r u p t   r o u t i n e   so  as  t o  

make  e f f e c t i v e   u s e   of  p r o c e s s i n g s   d u r i n g   s a i d   r e t r a c e  

p e r i o d .  

4.  A  d i s p l a y   c o n t r o l   u n i t   f o r   e x e c u t i n g   a  command  p r o -  
c e s s   f u n c t i o n   u n d e r   c o n t r o l   of   a  c e n t r a l   p r o c e s s i n g   u n i t  

(CPU),   c h a r a c t e r i z e d   in  t h a t   t h e   w a i t   t ime   p r o c e s s i n g   o f  

s a i d   CPU  i s   c h a n g e d   by  i n i t i a t i o n   of  IL  i n t e r r u p t i n g  

means  ( 7 1 ) ,   in   t h a t   d u r i n g   a  d i s p l a y   p e r i o d   a  command  i s  

i n i t i a t e d   a f t e r   c o n f i r m a t i o n   of  c o m p l e t i o n   of  i t s   p r e -  
v i o u s   command ,   and  in  t h a t   d u r i n g   a  r e t r a c e   a  n e x t   c o m -  

mand  is  i n i t i a t e d   w i t h o u t   c o n f i r m a t i o n   of  c o m p l e t i o n   o f  



i t s   p r e v i o u s   command,   w h e r e b y   t he   s p e e d   of  a  command  

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

5.  A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   4,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   IL  i n t e r r u p t i n g   means   (71)  is   s e t  

a  p r e d e t e r m i n e d   t ime   b e f o r e   t h e   s t a r t   of  a  r e t r a c e   p e r i -  

od  and  an  i n t e r r u p t   s i g n a l   i s   g e n e r a t e d   e a r l i e r   by  t h e  

t ime   of  the   o v e r h e a d   of  an  i n t e r r u p t   r o u t i n e   so  as  t o  

make  e f f e c t i v e   use  of  p r o c e s s i n g s   d u r i n g   s a i d   r e t r a c e  

p e r i o d .  

6.  A  d i s p l a y   c o n t r o l   u n i t   fo r   p r o v i d i n g   s c r e e n   i m a g e  

i n f o r m a t i o n   and  a  c o n t r o l   s i g n a l   to   a  d i s p l a y   u n i t ,  

c h a r a c t e r i z e d   by  means  f o r   g e n e r a t i n g   a  s t a t u s   s i g n a l   t o  

i n d i c a t e   t h a t   i t   is   w i t h i n   a  r e t r a c e   p e r i o d   b a s e d   on  t h e  

v a l u e   of  a  c o l u m n / l i n e / r o w   c o u n t e r   (32)   f o r   p r o d u c i n g   a  

c o n t r o l   t i m i n g .  

7.  A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   6,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   s t a t u s   s i g n a l   i s   o u t p u t t e d   a  p r e -  
d e t e r m i n e d   t ime   b e f o r e   t h e   a c t u a l   s t a r t   of  s a i d   r e t r a c e  

p e r i o d .  

8.  A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in   c l a i m   6,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   p r e d e t e r m i n e d   t i m e   is   s e t   as  a  

minimum  t ime   n e c e s s a r y   f o r   t r a n s f e r   to  e x e c u t i o n   of  a  

p r o c e s s i n g   in  s a i d   r e t r a c e   p e r i o d   on  d e t e c t i o n   of  s a i d  

s t a t u s   s i g n a l .  

9.  A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   6,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   s t a t u s   s i g n a l   i s   t u r n e d   o f f   a  

p r e d e t e r m i n e d   t ime   b e f o r e   t h e   a c t u a l   t e r m i n a t i o n   of  s a i d  

r e t r a c e   p e r i o d .  

10.  A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   9,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   p r e d e t e r m i n e d   t i m e   is   s e t   as  a  



maximum  t i m e   n e c e s s a r y   to  e x e c u t e   s a i d   p r o c e s s i n g   i n  

s a i d   r e t r a c e   p e r i o d   on  d e t e c t i o n   of  s a i d   s t a t u s   s i g n a l .  

11 .   A  d i s p l a y   c o n t r o l   u n i t   f o r   p r o v i d i n g   s c r e e n   i m a g e  

i n f o r m a t i o n   and  a  c o n t r o l   s i g n a l   to   a  d i s p l a y   u n i t   ( 5 ) ,  

s a i d   d i s p l a y   c o n t r o l   u n i t   (3)  c o m p r i s i n g   a  d e s t i n a t i o n  

r e g i s t e r   ( 52 )   f o r   r e a d i n g   and  s t o r i n g   d i s p l a y   d a t a   a t   a  

d e s t i n a t i o n   a d d r e s s   to  be  w r i t t e n   by  a  c e n t r a l   p r o c e s -  

s i n g   u n i t   ( C P U ) ,   and  a  w r i t e   r e g i s t e r   f o r   h o l d i n g   d a t a  

t o   be  w r i t t e n ,   c h a r a c t e r i z e d   in  t h a t   a  p o r t i o n   of  s a i d  

d i s p l a y   d a t a   i s   c o m b i n e d   w i t h   a  p o r t i o n   of  s a i d   d a t a   t o  

be  w r i t t e n   t o   m o d i f y   s a i d   d i s p l a y   d a t a ,   and  s a i d   m o d i -  

f i e d   d i s p l a y   d a t a   i s   w r i t t e n   i n t o   s a i d   d e s t i n a t i o n   a d -  

d r e s s   so  as  to   be  a b l e   to  c h a n g e   a  p o r t i o n   of  a  word  i n  

a  d i s p l a y   m e m o r y .  

12 .   A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   1 1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   m o d i f y   f u n c t i o n   i s   c o m p o s e d  

of   d a t a   f o r   e a c h   1 - d o t   i n f o r m a t i o n   when  a  command  i s  

e x e c u t e d .  

13.   A  d i s p l a y   c o n t r o l   u n i t   as  c l a i m e d   in  c l a i m   1 1 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   m o d i f y   f u n c t i o n   i s   c o m p o s e d  

of   a  p a r a l l e l   b i t   s e l e c t o r .  

14 .   A  d i s p l a y   c o n t r o l   u n i t   f o r   p r o v i d i n g   s c r e e n   i m a g e  

i n f o r m a t i o n   and  a  c o n t r o l   s i g n a l   to   a  d i s p l a y   u n i t   ( 5 ) ,  

s a i d   d i s p l a y   c o n t r o l   u n i t   b e i n g   c h a r a c t e r i z e d   b y :  

m e a n s   ( 3 8 , 3 9 )   f o r   s p e c i f y i n g   a  t r a n s f e r   s t a r t   p o i n t  

of  a  s o u r c e   a r e a ;  

m e a n s   f o r   s p e c i f y i n g   a  t r a n s f e r   s t a r t   p o i n t   of  a  
d e s t i n a t i o n   a r e a   ( 5 8 , 5 9 ) ;  

m e a n s   (61)   f o r   h o l d i n g   t h e   a m o u n t   of  t r a n s f e r   d a t a  

in  a  h o r i z o n t a l   d i r e c t i o n ;  

m e a n s   (63)   f o r   h o l d i n g   t h e   a m o u n t   of  t r a n s f e r   d a t a  

in  a  v e r t i c a l   d i r e c t i o n ;  



means  ( 6 0 , 6 2 )   fo r   h o l d i n g   t he   moving   d i r e c t i o n s   o f  

r e s p e c t i v e   h o r i z o n t a l   and  v e r t i c a l   t r a n s f e r   p o i n t s ;  

f i r s t   s e l e c t   means   (40)   fo r   d i v i d i n g   s o u r c e   d a t a  

s p e c i f i e d   by  a  s o u r c e   a d d r e s s   i n t o   a  p l u r a l i t y   of  d a t a  

s e c t i o n s   and  s e l e c t i n g   one  of  s a i d   d a t a   s e c t i o n s ;  

s e c o n d   s e l e c t   means   (57)   f o r   d i v i d i n g   d e s t i n a t i o n  

d a t a   s p e c i f i e d   by  a  d e s t i n a t i o n   a d d r e s s   i n t o   a  p l u r a l i t y  

of  d a t a   s e c t i o n s   and  s e l e c t i n g   one  of  s a i d   d a t a   s e c t i o n s ;  

means   (51)   fo r   p e r f o r m i n g   l o g i c a l   o p e r a t i o n s   o n  
s a i d   d a t a   s e c t i o n s   s e l e c t e d   by  s a i d   f i r s t   and  s e c o n d  

s e l e c t   m e a n s ;   a n d  

t h i r d   s e l e c t   means   (47)   f o r   s e l e c t i n g   s a i d   l o g i c a l  

o p e r a t i o n   r e s u l t   or  d e s t i n a t i o n   d a t a   fo r   e a c h   of  s a i d  

s e c t i o n s   of  s a i d   d a t a ,  

w h e r e i n   d a t a   in  s a i d   s o u r c e   a r e a   s p e c i f i e d   by  s a i d  

means  is   r e a d   o u t   f rom  a  memory  u n i t   (4)  and  s a i d   r e a d -  

out   d a t a   i s   s e q u e n t i a l l y   w r i t t e n   i n t o   s a i d   d e s t i n a t i o n  

a r e a ,   t h e r e b y   p e r f o r m i n g   d a t a   t r a n s f e r   b e t w e e n   s a i d  

s o u r c e   and  d e s t i n a t i o n   a r e a s ,   and  w h e r e i n   s a i d   l o g i c a l  

o p e r a t i o n s   a r e   p e r f o r m e d   o n l y   on  a  d e s i r e d   do t   on  a  d i s -  

p l a y   s c r e e n   ( 5 ) .  

15.  A  d i s p l a y   c o n t r o l   u n i t   f o r   p r o v i d i n g   s c r e e n   i m a g e  

i n f o r m a t i o n   and  a  c o n t r o l   s i g n a l   to  a  d i s p l a y   u n i t ,   s a i d  

d i s p l a y   c o n t r o l   u n i t   b e i n g   c h a r a c t e r i z e d   b y :  

means  ( 3 8 , 3 9 )   fo r   s p e c i f y i n g   a  t r a n s f e r   s t a r t   p o i n t  

of  a  s o u r c e   a r e a ;  

means  f o r   s p e c i f y i n g   a  t r a n s f e r   s t a r t   p o i n t   of  a  

d e s t i n a t i o n   a r e a   ( 5 8 , 5 9 ) ;  

means  (61)   fo r   h o l d i n g   t he   amount   of  t r a n s f e r   d a t a  

in  a  h o r i z o n t a l   d i r e c t i o n ;  

means  (63)   f o r   h o l d i n g   t h e   amount   of  t r a n s f e r   d a t a  

in  a  v e r t i c a l   d i r e c t i o n ;  

means  ( 6 0 , 6 2 )   fo r   h o l d i n g   t he   moving  d i r e c t i o n s   o f  

the  r e s p e c t i v e   h o r i z o n t a l   and  v e r t i c a l   t r a n s f e r   p o i n t s ;  



t r a n s p a r e n c y   d e t e c t i o n   means   (104)   f o r   d e t e c t i n g   a  

t r a n s p a r e n t   c o l o r   t h a t   i s   a  c o l o r   code  f o r   a  p o r t i o n   o f  

s a i d   s o u r c e   a r e a   w i t h   no  o b j e c t   e x i s t i n g   t h e r e i n ;   a n d  

l o g i c a l   o p e r a t i o n   m e a n s   (51)  fo r   p e r f o r m i n g   l o g i c a l  

o p e r a t i o n s   on  c o l o r   code   d a t a   w i t h i n   s a i d   s o u r c e   a r e a   a s  

w e l l   as  on  c o l o r   code   d a t a   w i t h i n   s a i d   d e s t i n a t i o n   a r e a  

and  a l s o   o m i t t i n g   l o g i c a l   o p e r a t i o n s   on  s a i d   t r a n s p a r e n t  

c o l o r   p o r t i o n ,  

w h e r e i n   d a t a   in  s a i d   s o u r c e   a r e a   s p e c i f i e d   by  s a i d  

means  i s   r e a d   o u t   f rom  a  memory  u n i t   (4)  and  s a i d   r e a d -  

out   d a t a   i s   s e q u e n t i a l l y   w r i t t e n   i n t o   s a i d   d e s t i n a t i o n  

a r e a ,   t h e r e b y   p e r f o r m i n g   d a t a   t r a n s f e r   b e t w e e n   s a i d  

s o u r c e   and  d e s t i n a t i o n   a r e a s ,   and  w h e r e i n   a  fo rm  h a v i n g  

a  s o l i d   b o d y   w i t h i n   s a i d   s o u r c e   a r e a   i s   t r a n s f e r r e d   a t  

h i g h   s p e e d s .  

16.  A  m e m o r y   e x p a n s i o n   s y s t e m   c h a r a c t e r i z e d   in  t h a t   a n  

e x t e n s i o n   memory   ( I I I )   i s   p r o v i d e d   in  p a r a l l e l   w i t h   VRAM 

(4)  f o r   h o l d i n g   d i s p l a y   d a t a ,   and  in  t h a t   t h e r e   i s   p r o -  

v i d e d   s p e c i f i c a t i o n   means   f o r   s p e c i f y i n g   e i t h e r   s a i d  

VRAM  or  s a i d   e x t e n s i o n   memory   f o r   t he   command  p r o c e s s i n g  

memory  a c c e s s   of  CPU  or  a  d i s p l a y   c o n t r o l   u n i t ,   w h e r e b y  

s a i d   e x t e n s i o n   memory  ( I I I )   i s   u sed   as  a  d a t a   a r e a   o f  

s a i d   VRAM  (4)   to  be  a b l e   to  e x p a n d   the   a d d r e s s   s p a c e   o f  

s a i d   VRAM  e q u i v a l e n t l y .  

17.  A  memory   e x p a n s i o n   s y s t e m   as  c l a i m e d   in  c l a i m   1 6 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   e x t e n s i o n   memory  ( 1 1 1 )   i s  

u s e d   as  a  b u f f e r   a r e a .  

18.  A  m e m o r y   e x p a n s i o n   s y s t e m   as  c l a i m e d   in  c l a i m   1 6 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   e x p a n s i o n   memory  (111)   i s  

u sed   as  a  p a t t e r n   m e m o r y .  
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