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  An  improved  display  control  system  is  disclosed  which 
is  capable  of  reducing  the  time  necessary  for  executing  its 
display  operation.  In  this  display  control  system,  when  a 
display  memory  (4)  is  to  be  accessed,  its  software  supplies 
values  of  the  X,  Y  coordinates  of  a  display  screen  and  these 
values  are  then  converted  into  the  physical  addresses  of  the 
memory  (4).  For  this  purpose,  a  limit  check  function  (33)  is 
provided.  Also,  an  X  register  (30)  for  setting  up  values  on  the 
X  coordinate  in  a  display  unit  (3A)  may  be  formed  by  a 
counter,  thereby  eliminating  the  need  for  setting  the  values 
on  the  X  coordinate  each  time. 

The  display  control  system  may  also  be  capable  of 
dealing  with  the  change  of  a  plurality  of  screen  configura- 
tions  in  the  above-mentioned  X,  Y  coordinate  system. 





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  a  d i s p l a y   c o n t r o l  

s y s t e m   e . g .  f o r   use   in   a  c o m p u t e r .  

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

In  t h i s   f i g u r e ,   t h e r e   i s   p r o v i d e d   a  C P U ( m i c r o p r o c e s s o r )  

1  f o r   c o n t r o l l i n g   the   who le   s y s t e m ,   and  a  ma in   memory  2  a n d  

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

CPU  1.  Main  memory  2  i s   u s e d   to   h o l d   p r o g r a m s   and  d a t a ,   a n d  

D i s p l a y   C o n t r o l   C i r c u i t   3  i s   d e d i c a t e d   to  c o n t r o l   t he   d i s p l a y  

of  c o l o r   g r a p h i c s .   R e f e r e n c e   4  d e s i g n a t e s   a  V R A M ( v i d e o  

memory)   f o r   h o l d i n g   CRT  d i s p l a y   d a t a ,   and  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 .  

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

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  i l l u s t r a t e d   in   F i g .   1 .  

A  t i m i n g   c o n t r o l l e r   11  i s   o p e r a t e d   to  g e n e r a t e   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   to  a  c o u n t e r   12  h a v i n g   a  c o l u m n  

c o u n t e r ,   a  l i n e   c o u n t e r   and  a  row  c o u n t e r .   T h i s   c o u n t e r   1 2  

g e n e r a t e s   a  CRT  d i s p l a y   s y n c h r o n i z i n g   s i g n a l   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,  w h i l e   t h i s   c o u n t e r   12  c r e a t e s   a  d i s p l a y  



a d d r e s s   w h i c h   i s   o u t p u t   v i a   a  m u l t i p l e x e r   15  as  a  VRAM  a d d r e s s .  

The  d a t a   t h a t   i s   r e a d   ou t   f rom  VRAM4  f o r   d i s p l a y   a c c e s s  

i s   i n p u t t e d   v i a   a  b u f f e r  1 9   i n t o   a  v i d e o   o u t p u t   c o n t r o l  

c i r c u i t   20,  w h e r e   a  CRT  v i d e o   s i g n a l   i s   c r e a t e d .  

On  t he   o t h e r   h a n d ,   in   the  case   when  CPU  1  t r i e s   to  a c c e s s  

VRAM 4,  i f   an  a d d r e s s   of   VRAM 4  i s   s e t   in   a  VRAM  a d d r e s s   r e -  

g i s t e r   14  and  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 he   o u t p u t   of   VRAM  A d d r e s s   R e g i s t e r   1 4  

due  to  CPU1  i s   s e l e c t e d   by  a  m u l t i p l e x e r   15  as  the   VRAM 

a d d r e s s ,   and  t h e   w r i t e   d a t a   f rom  CPU1  i s   w r i t t e n   v i a   b u f f e r s  

16,  17  i n t o   VRAM 4. 

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   a b o v e - m e n t i o n e d  

VRAM  4,  t h e   s c r e e n   c o n f i g u r a t i o n   of  which  c o m p r i s e s   640  h o r i z o n t a l  

d o t s ,   200  v e r t i c a l   d o t s ,   and  4 - b i t   ( 1 6 - c o l o r )   c o l o r   i n f o r m a -  

t i o n .  

Let   us  t a k e   a  c o n v e n t i o n a l   e x a m p l e   of  o p e r a t i o n   w h e r e  

t he   b l o c k   d a t a   o f   a  s o u r c e   a r e a   w i t h i n   VRAM4  i s   t r a n s f e r r e d  

to  a  d e s t i n a t i o n   a r e a   b a s e d   on  t he   X,  Y  c o o r d i n a t e s   as  s h o w n  

in   F i g .   3 .  

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   of  VRAM4  b a s e d   o n  

t he   s o u r c e   a r e a   c o o r d i n a t e s   (Sx,   Sy)  and  s e t s   t he   c a l c u l a t e d  

p h y s i c a l   a d d r e s s   in   VRAM  A d d r e s s   R e g i s t e r   14  w i t h i n   D i s p l a y  

C o n t r o l   C i r c u i t   3.  A l s o ,   CPU 1  o u t p u t s   a  r e a d   command  t o  



r e a d   ou t   thn   c o l o r   d a t a   w i t h i n   VRAM 4  t h a t   c o r r e s p o n d s   t o  

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   in  VRAM 4 

b a s e d   on  t he   c o o r d i n a t e s   (Dx,  Dy)  of   t he   d e s t i n a t i o n   a r e a  

to  w h i c h   t h e   b l o c k   d a t a   i s   to  be  t r a n s f e r r e d ,   and  s e t s   t h e  

c a l c u l a t e d   p h y s i c a l   a d d r e s s   in  VRAM  A d d r e s s   R e g i s t e r   1 4  

w i t h i n   D i s p l a y   C o n t r o l   C i r c u i t   3.  A l s o ,   CPUI  w r i t e s   t h e  

c o l o r   d a t a   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   (Sx,   Sy)  i n t o  

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

the   c o o r d i n a t e s   (Dx,  D y ) .  

Then,   i t   i s   n e c e s s a r y   to  r e p e a t   t he   a b o v e - m e n t i o n e d  

r e a d / w r i t e   o p e r a t i o n s   NX  t i m e s   r e g a r d i n g   the   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   r e g a r d i n g   t he   v e r t i c a l   d i r e c t i o n ,   o r  

a  t o t a l   of  (NX  X  NY)  t i m e s   b e f o r e   t he   b l o c k   d a t a   of  t h e  

s o u r c e   a r e a   can   be  t r a n s f e r r e d   to  t h e   d e s t i n a t i o n   a r e a .  

In  o r d e r   to   s a t i s f y   the   n e e d s   of   s m a l l   s i z e   a n d  

low  c o s t   of  a  p e r s o n a l   c o m p u t e r ,   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   s y s t e m   f o r   use   in  the   p e r s o n a l   c o m p u t e r   i s   d e s i g n e d  

s u c h   t h a t   i t s   h a r d w a r e   i s   r e d u c e d   in  a m o u n t .   As  a  r e s u l t  

of  t h i s ,   i t s   s o f t w a r e   must   t a k e   h e a v y   l o a d s   to  make  u p  

f o r   the   r e d u c t i o n   of   t he   h a r d w a r e   a m o u n t .  

As  can  be  s e e n   f rom  the   e x a m p l e   of   the   t r a n s f e r   of   t h e  

b l o c k   d a t a   m e n t i o n e d   a b o v e ,   CPU1  mus t   p e r f o r m   a l l   of   t h e  



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

t r a n s f e r   s u c h   b l o c k   d a t a   in  t he   p r i o r   a r t   s y s t e m .  

A l s o ,   in   t h e   a b o v e - m e n t i o n e d   c o n v e n t i o n a l   s y s t e m ,  

n o r m a l l y ,   CPU1  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 i n g  

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

of  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   when  CPU 1 

a c c e s s e s   VRAM4,  w h i c h   e x t r e m e l y   d e c r e a s e s   t h e   e f f i c i e n c y  

of   t h e   d a t a   t r a n s f e r .  

In  o t h e r   w o r d 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   s y s t e m ,  

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

c o n t r o l ,   t h e r e   i s   a  p r o b l e m   t h a t   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 s .   A l s o ,   as  t h e   c o m p u t e r   i s   g r a d e d  

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

s s a r y   f o r   i t s   o p e r a t i o n   e x e c u t i o n   b e c o m e s   o u t s t a n d i n g l y   l o n g e r .  

On  the   o t h e r   h a n d ,   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  

s y s t e m ,   when  t h e   s o f t w a r e   i s   u s e d   to  c a l c u l a t e   t he   p h y s i c a l  

a d d r e s s   o f   VRAM 4,  i f  t h e   v a l u e s   of  t he   p h y s i c a l   a d d r e s s   o n  

t h e   X,  Y  c o o r d i n a t e s   a r e   n o t   c o n t a i n e d   in  t he   d i s p l a y   s c r e e n ,  

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

p e r f o r m e d .   T h e r e f o r e ,   i t   i s   n e c e s s a r y   by  a l l   means   to   c a r r y  

o u t   a  c h e c k   ( w h i c h   i s   r e f e r r e d   to  as  a  l i m i t   c h e c k )   w h e t h e r  

t he   v a l u e s   on  t he   X,  Y  c o o r d i n a t e s   e x i s t   w i t h i n   t he   l i m i t   o f  



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

T h i s   l i m i t   c h e c k   i n c r e a s e s   the   l o a d s   of  the   s o f t w a r e   c o n s i d e -  

.  r a b l y ,   and ,   in   t h i s   s e n s e ,   t he   t i m e   r e q u i r e d   f o r   e x e c u t i o n   o f  

t he   o p e r a t i o n s   b e c o m e s   a l s o   l o n g .   In  p a r t i c u l a r ,   when  d r a w i n g  

a  c i r c l e ,   s u c h   l i m i t  c h e c k   mus t   be  p e r f o r m e d   q u i t e   f r e q u e n t l y  

so  t h a t   t he   o p e r a t i o n   e x e c u t i o n   t i m e   b e c o m e s   l o n g e r .  

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   the   p r o b l e m s  

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

A c c o r d i n g l y ,   i t   i s   an  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  

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

r e d u c e   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 s .  

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

v e n t i o n ,   when  a c c e s s i n g   a  d i s p l a y   memory ,   s o f t w a r e   g i v e s   t h e  

v a l u e s   on  t he   X,  Y  c o o r d i n a t e s   on  a  d i s p l a y   s c r e e n   and  t h e s e  

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

T h e r e   a r e   a l s o   p r o v i d e d   a  l i m i t   c h e c k   f u n c t i o n   and  means   f o r  

o p e r a t i n g   on  t he   v a l u e s   on  the   X,  Y  c o o r d i n a t e s   s t e p - b y - s t e p  

f o r   e a c h   a c c e s s   to  the  d i s p l a y   m e m o r y .  

The  a b o v e   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   f rom  a  r e a d i n g   of  t he   f o l l o w i n g  

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



d r a w i n g s   in   w h i c h :  

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   c o n v e n t i o n a l  

c o l o r   d i s p l a y   s y s t e m ;  

F i g .   2  i s   a  b l o c k   d i a g r a m   of   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   in   F i g .   1 ;  

F i g .   3  i s   a  b l o c k   d i a g r a m   of   a  VRAM  in  F i g .   1,  i l l u s t r a -  

t i n g   t h e   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 .   4  i s   a  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  t he   i n v e n -  

t i o n ;  

F i g .   5  i s   a  v i e w   to  e x p l a i n   t he   o p e r a t i o n   of  an  a d d r e s s  

c o n v e r s i o n / c o m p o s i t i o n   c i r c u i t   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   of  t he   i n v e n t i o n ;  

F i g .   6  i s   a  b l o c k   d i a g r a m   of   a  l i m i t   c h e c k   c i r c u i t   in   t h e  

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

F i g .   7  i s   a  v i e w   to  i l l u s t r a t e   an  e x a m p l e   of  a  c o m p a r i s o n  

c i r c u i t   c o n t a i n e d   t h e   a b o v e - m e n t i o n e d   l i m i t   c h e c k   c i r c u i t ;  

F i g .   8  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 ;  

F i g .   9  i s   a  v i e w   to  i l l u s t r a t e   t h e   o p e r a t i o n   of   a n  

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

ment   in  F i g .   8 ;  



F i g .   10  i s   a  v i ew   to  i l l u s t r a t e   an  X  c o u n t e r   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 s   of   t h e   i n v e n t i o n ;  

F i g .   11  i s   a  s c h e m a t i c   v iew  of   a  d e c o d e r   c i r c u i t   f o r  

d i s t r i b u t i n g   t h e   r e s p e c t i v e   r e a d / w r i t e   s i g n a l s   f rom  CPU  t o  

r e g i s t e r s ;  

F i g .   12  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 h e   i n v e n t i o n ;  

F i g s .   13  and  14  a re   s c h e m a t i c   v i e w s   r e s p e c t i v e l y   s h o w -  

ing   an  a d d r e s s   c o n v e r s i o n / c o m p o s i t i o n   c i r c u i t   t h a t   c o r r e s -  

p o n d s   to   a  p l u r a l i t y   of  s c r e e n   r e s o l u t i o n s   or   c o n f i g u r a t i o n s ;   a n d ,  

F i g .   15  i s   a  v i e w   to  i l l u s t r a t e   a  mode  r e g i s t e r   and  a  

c o u n t   s i g n a l   g e n e r a t i o n   c i r c u i t .  

In  F i g .   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   of  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 .   T h i s   e m b o d i m e n t   i s   d i f f e r e n t  

f rom  t he   c o n v e n t i o n a l   s y s t e m   shown  in  F i g .   2  in  t h a t   an  X 

r e g i s t e r   30,  a  Y  r e g i s t e r   31  and  an  a d d r e s s   c o n v e r s i o n / c o m -  

p o s i t i o n   c i r c u i t   32  a re   p r o v i d e d   i n s t e a d   of   t he   VRAM  a d d r e s s  

r e g i s t e r   14  in  F i g .   2,  and  t h a t   a  l i m i t   c h e c k   c i r c u i t   33  i s  

p r o v i d e d .   L i m i t   Check  C i r c u i t   33  i s   a  c i r c u i t   t h a t   c h e c k s  

w h e t h e r   t he   v a l u e s   of  the   c o o r d i n a t e s   to  be  a c c e s s e d   e x i s t  



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

r o l   c i r c u i t   3A  o t h e r w i s e   c o r r e s p o n d s   to  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  in   F i g .   2 .  

When  CPU 1  t r i e s   to  a c c e s s   VRAM 4,  a  v a l u e   of   t h e   X 

c o o r d i n a t e   c o r r e s p o n d i n g   to   i t s   s c r e e n   p o s i t i o n   on  t h e   VRAM4 

i s   s e t   i n   X  R e g i s t e r   30  and  an  a s s o c i a t e d   v a l u e   of   t h e   Y 

c o o r d i n a t e   i s   s e t   in   Y  R e g i s t e r .  

A d d r e s s   C o n v e r s i o n / C o m p o s i t i o n   C i r c u i t   32  i n p u t s   t h e  

v a l u e   s e t   i n   X  R e g i s t e r   30  and  the   v a l u e   s e t   in   Y  R e g i s t e r   31  

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

of   VRAM 4-,  and  a l w a y s   s u p p l i e s   t he   t h u s - c o n v e r t e d   or   c o m p o s e d  

p h y s i c a l   a d d r e s s   as  an  a c c e s s   a d d r e s s   to  M u l t i p l e x e r   1 5 .  

A c c o r d i n g l y ,   a f t e r   s e t t i n g   of  t he   v a l u e s   on  t h e   X,  Y 

c o o r d i n a t e s ,   CPU1  can   a c c e s s   c o l o r   i n f o r m a t i o n   v i a   a  d a t a   b u s  

by  g i v i n g   a  w r i t e   s t r o b e   or   a  r e a d   s t r o b e   to   CPU  I n t e r f a c e  

C o n t r o l l e r   1 8 .  

X  R e g i s t e r   30  and  Y  R e g i s t e r   31  may  e a c h   c o m p r i s e   a n  

o r d i n a r y   r e g i s t e r .  

A d d r e s s   C o n v e r s i o n / C o m p o s i t i o n   C i r c u i t   32  may  be  r e a l i z e d  

by  u se   o f   a  s i m p l e   a d d e r   or   by  means   of  r e a r r a n g e m e n t   of   b i t s  

of   X  R e g i s t e r   30  and  Y  R e g i s t e r   31.  Some  e x a m p l e s   of   t h e  

a d d r e s s   c o n v e r s i o n / c o m p o s i t i o n   c i r c u i t   32  a r e   shown  in   F i g .   5 .  

F i g .   5  i l l u s t r a t e s   t he   o p e r a t i o n   of   an  a d d e r   when  t h e  



a d d e r   i s   e m p l o y e d   as  the   a d d r e s s   c o n v e r s i o n / c o m p o s i t i o n  

c i r c u i t   3 2 .  

F i r s t ,   F i g .   5 ( a )   i l l u s t r a t e s   how  an  a d d r e s s   c r e a t e d   b y  

a  v a l u e   in  X  R e g i s t e r   30  and  a  v a l u e   in   Y  R e g i s t e r   31  i s  

c o n v e r t e d   i n t o   a  p h y s i c a l   a d d r e s s   f o r   VRAM 4  in  c a se   of   a  

screen   c o n f i g u r a t i o n   compris ing  640  x  200  d o t s   as  shown  in   F i g .   3 .  

In  o t h e r   w o r d s ,   a  v a l u e   c o n t a i n e d   in   t h e   b i t   a r r a y   of   X  R e -  

g i s t e r   30,  a  v a l u e   in  the   b i t   a r r a y   of   Y  R e g i s t e r   31  s h i f t e d  

by  7  b i t s   f rom  X  R e g i s t e r   30,  and  a  v a l u e   in  the   b i t   a r r a y  

of  Y  R e g i s t e r   31  s h i f t e d   by  2  b i t s   s h i f t e d   f rom  the   a b o v e  

Y  R e g i s t e r   31  a r e   a d d e d .   A d d i t i o n   of   t h e s e   t h r e e   v a l u e s  

p e r m i t s   e x e c u t i o n   of  640  X  Y  +  X  b a s e d   on  the   v a l u e s   of   X 

R e g i s t e r   30  and  Y   R e g i s t e r   31  ( t h a t   i s ,   t h e s e   v a l u e s   can   b e  

c o n v e r t e d   i n t o   t he   p h y s i c a l   a d d r e s s   of   VRAM 4). 

N e x t ,   F i g s .   5 (b )   and  (c)   r e s p e c t i v e l y   i l l u s t r a t e   c a s e s  

in  w h i c h   the   number   of  d o t s   in  t he   X  a x i s   d i r e c t i o n   c o m p r i s e s  

the   p o w e r   v a l u e   of  2.  In  t h e s e   c a s e s ,   in  o r d e r   to  c o n v e r t  

t he   a d d r e s s   c r e a t e d   by  the  v a l u e   of  X  R e g i s t e r   30  and  t h e  

v a l u e   of   Y  R e g i s t e r   31  to  t he   p h y s i c a l   a d d r e s s   of  VRAM 4,  Y 

R e g i s t e r   31  n e e d s   o n l y   be  c o n n e c t e d   as  a  h i g h e r   b i t   of   X  R e -  

g i s t e r   3 0 .  

Tha t   i s ,   F i g .   5 ( b )   i l l u s t r a t e s   a  c a s e   w h e r e i n   t he   s c r e e n  

i s   c o m p o s e d   of  512  x  200  d o t s   and  t h u s   Y  R e g i s t e r   31  n e e d  



o n l y   be  c o n n e c t e d   to  t he   h i g h e r   p o s i t i o n   o f   the   8  b i t   o f  

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

a d d r e s s .   A l s o ,   F i g .   5 ( c )   shows   a  c a s e   in   w h i c h   t he   s c r e e n  

has  a  c o n f i g u r a t i o n   o f  2 5 6   x  200  d o t s   and  t h u s   t he   b i t   a r r a y   o f  

Y  R e g i s t e r   31  n e e d   o n l y   be  c o n n e c t e d   to   t h e   h i g h e r   p o s i t i o n  

of  t he   l o w e r   7  b i t   of  X  R e g i s t e r   30  to   p r o v i d e   f o r   c o n v e r s i o n  

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

When  t h e   t r a n s f e r   of  t he   b l o c k   d a t a   shown  in  F i g .   3  i s  

e x e c u t e d ,   the   i n f o r m a t i o n   t h a t   o c c u r s   f i r s t   i s   v a l u e s   on  t h e  

X,  Y  c o o r d i n a t e s .   T h e r e f o r e ,   i f   i t   i s   p o s s i b l e   to  s p e c i f y  

such   v a l u e s   on  the   X,  Y  c o o r d i n a t e s   as  t h e y   a r e ,   to   h a r d w a r e ,  

t h e n   CPU1  can   s a v e   a l l   of  p r o c e s s i n g s   n e c e s s a r y   to   c a l c u l a t e  

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

In  o t h e r   cases   than  t h a t   shown  in  Fig.   3  as  we l l ,   i f   the  system  Which 

is  us ing  the   d i s p l a y   screen  has  a  h i g h e r   l e v e l   language  as  i t s   o r i g i n a l  

l a n g u a g e ,   t h e n   when  the   s c r e e n   i s   a c c e s s e d ,   the   f i r s t   o c c u r r -  

ing   i n f o r m a t i o n ,   mos t   of  a l l ,   i s   p o s i t i o n s   on  the   s c r e e n .   I n  

p a r t i c u l a r ,   t h e   p o s i t i o n s   on  the   s c r e e n   a r e   e x p r e s s e d   as  v a l u e s  

on  t he   X,  Y  c o o r d i n a t e s .  

T h e r e f o r e ,   even   in  an  o r d i n a r y   c a s e ,   i t   i s   p o s s i b l e   t o  

l i g h t e n   t h e   l o a d s   of  i t s   s o f t w a r e   to  a  g r e a t   e x t e n t ,   i f   i t  

h a p p e n s   to   be  a  c a s e   in  w h i c h   t h e s e   X,  Y  c o o r d i n a t e s   can   b e  

u s e d   to   p r o v i d e   a c c e s s   to  a  d i s p l a y   m e m o r y .  



Now,  F i g .   6  i l l u s t r a t e 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  L i m i t   Check   C i r c u i t   33,  and  F i g .   7  i l l u s t r a t e s   c o m p a r i s o n  

c i r c u i t s   i n c l u d e d   in   t h i s   l i m i t   c h e c k   c i r c u i t   3 3 .  

When  CPU 1  i s   g o i n g   to  a c c e s s   VRAM 4,  i f   c o o r d i n a t e  v a l u e s  

are   s e t   in   X  R e g i s t e r   30  and  Y  R e g i s t e r   31  r e s p e c t i v e l y ,   t h e n  

L i m i t   Check   C i r c u i t   33,  t o g e t h e r   w i t h   A d d r e s s   C o n v e r s i o n / C o m -  

p o s i t i o n   C i r c u i t   32,  is   o p e r a t e d .   T h a t   i s ,   C o m p a r i s o n   C i r -  

c u i t s   40  and  41  a r e   o p e r a t e d   to  c h e c k   w h e t h e r   the   r e s p e c t i v e  

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

or  n o t .   I f   e i t h e r   of   them  e x c e e d s   t h e   maximum  v a l u e ,   t h e n   a n  

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 .   In  t h i s   way,  by  i n t e r r u p t i n g  

CPU1,   i t  i s   p o s s i b l e   to   i n f o r m   to  t h e   e f f e c t   t h a t   t h e   c o o r d i -  

n a t e s   to  be  a c c e s s e d  d o   no t   e x i s t   in   t he   a s s o c i a t e d   d i s p l a y  

s c r e e n .  

A l s o ,   C o m p a r i s o n   C i r c u i t s   40  and  41  may  be  c o n n e c t e d   t o  

a  d a t a   bus   by  means   of  a  g a t e   c i r c u i t   42  such   t h a t   t h e i r   o u t -  

pu t   c o n d i t i o n s   can  be  w r i t t e n   in  the  form  of  a  s t a t u s   i n d i c a t i o n ,   so  t h a t  

i t   i s   p o s s i b l e   to  know  wh ich   of  t he   c o o r d i n a t e   v a l u e s   i s   i n  

e x c e s s   of  t he   maximum  v a l u e .  

Even  in   c a s e   when  CPU 1  i s   o p e r a t e d   in  a  c o n d i t i o n  i n  

which   i t   c a n n o t   or  does   no t   i n i t i a t e   an  i n t e r r u p t ,   i f ,   a f t e r  

s e t t i n g   of   the  X,  Y  c o o r d i n a t e s ,   s u c h   s t a t u s   i s   a l w a y s  

e x a m i n e d ,   t hen   i t   i s   p o s s i b l e   to  j u d g e   w h i c h   of  t he   c o m p a r i s o n  



c i r c u i t s   40,   41  e x c e e d s   t he   maximum  v a l u e .  

F i g .   7 ( a )   i l l u s t r a t e s   an  e x a m p l e   of   a  c o m p a r i s o n  

c i r c u i t   f o r   c h e c k i n g   w h e t h e r   the   v a l u e   of   X  R e g i s t e r   30  i s  

in   e x c e s s   o f   640  or   n o t .  

When  t h e   b i t s   9  -   7  of   X  R e g i s t e r   30  a r e   e q u a l   to  o r  

more  t h a n   " 1 0 1 " ,   NL  (NOT  LESS)  s i g n a l   i s   o u t p u t   f rom  C o m p a -  

r i s o n   C i n c u l t   40.  T h i s   NL  s i g n a l   and  a  v a l u e   in   the   b i t s  

1 5  -   10  of   X  R e g i s t e r   30  i s   ORed  to   c r e a t e   an  X  L i m i t   O u t  

s i g n a l   h a v i n g   t he   m e a n i n g   t h a t   the   a s s o c i a t e d   v a l u e   h a s  

e x c e e d e d   t h e   maximum  v a l u e   on  the   X  c o o r d i n a t e .  

The  v a l u e   on  the   X  c o o r d i n a t e   i s   s t o r e d   in  t e r m s   of   2 

b y t e s   ( 1 6 . b i t s )   of   s o f t w a r e .   The  r e s p e c t i v e   v a l u e s   of   t h e  

X  c o o r d i n a t e   s h o u l d   have   b e e n   d e t e r m i n e d   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   demand  i t e m s   of   t he   s y s t e m   p r e v i o u s l y   o c c u r r e d ,  

and  i f   t h e   v a l u e   i s   o t h e r   t h a n   " 0  -   Max.  v a l u e " ,   t h e n   i t s  

p o s i t i o n   on  t he   c o o r d i n a t e s   e x i s t s   o u t s i d e   t h e   s c r e e n   a n d  

t h u s   any  a c c e s s   to   i t   must   be  p r o h i b i t e d .   S i n c e   the   v a l u e  

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

s u f f i c i e n t l y   g r e a t e r   t h a n   i t s   maximum  v a l u e ,   when  i t   i s   o u t  

of   p o s i t i o n   in   e i t h e r   of  a  p o s i t i v e   or   n e g a t i v e   d i r e c t i o n ,  

i t   b e c o m e s   a  v a l u e   o t h e r  t h a n   " 0  -   Max.  v a l u e " .   H e r e ,   t h e  

b i t   15  i s   i n t e r p r e t e d   as  a  s i g n .  

F i g .   7 ( b )   i l l u s t r a t e s   an  e x a m p l e   of   a  c o m p a r i s o n   c i r -  

c u i t   f o r   c h e c k i n g   w h e t h e r   a  v a l u e   on  t h e   Y  c o o r d i n a t e   i s   i n  



e x c e s s   of  200  or   n o t .   I f   the   v a l u e   i s   more  t h a n   200,  t h e n  

a  Y  L i m i t   Out  s i g n a l   i s   o u t p u t .  

F i g .   7 ( c )   i l l u s t r a t e s   a  c h e c k   c i r c u i t   f o r   c h e c k i n g  

w h e t h e r   a  v a l u e   on  t h e   X  c o o r d i n a t e   i s   in  e x c e s s   of  512  o r  

n o t .   I f   i t s   s c r e e n   i s   s t r u c t u r e d   s u c h  t h a t   i t s   l i m i t   v a l u e  

i s   c o m p o s e d   of   a  p o w e r   v a l u e   of  2  in  t h i s   m a n n e r ,   t h e n   C h e c k  

C i r c u i t   33  can  be  r e a l i z e d   v e r y   s i m p l y .  

F i g .   8  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 m e n t  

of   t he   i n v e n t i o n .   T h i s   e m b o d i m e n t   i s   s u b s t a n t i a l l y   s i m i l a r  

to  t he   p r i o r   e m b o d i m e n t   i n  F i g .   4,  b u t   a  d i s p l a y   c o n t r o l   c i r -  

c u i t   3B  in  F i g .   8  i s   d i f f e r e n t   f rom  the   d i s p l a y   c o n t r o l   c i r -  

c u i t   3A  in  F i g .   4  i n   t h a t   an  X  c o u n t e r   30c  i s   e m p l o y e d   i n  

p l a c e   of  t he   X  r e g i s t e r   30.  The  d i s c u s s i o n   made  in  c o n n e c -  

t i o n   w i t h   the   e m b o d i m e n t   in  F i g .   4  may  a l s o   a p p l y   to  t h e  

e m b o d i m e n t   in  F i g .   8,  w i t h   X  R e g i s t e r   30  b e i n g   r e p l a c e d   b y  

X  C o u n t e r   3 0 c .  

F i g .   9  i l l u s t r a t e s   the   o p e r a t i o n   of   an  a d d e r   when  t h e  

a d d e r   i s   u s e d   as  A d r e s s   C o n v e r s i o n / C o m p o s i t i o n   C i r c u i t   3 2 .  

S i m i l a r l y ,   t he   d e s c r i p t i o n   g i v e n   in  c o n n e c t i o n   w i t h   F i g .   5 

can  a l s o   a p p l y   to  F i g .   9,  o n l y   w i t h   X  R e g i s t e r   30  r e p l a c e d  

by  X  C o u n t e r   3 0 c .  

F ig .   10  i l l u s t r a t e s   X  C o u n t e r   30c ,   and  F i g .   11  i l l u s t -  

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

r e a d / w r i t e   s i g n a l s   f rom  CPU1  to  r e g i s t e r s .  



X  C o u n t e r   30c  i s   u s e d   as  means   to  s e t   up  a  v a l u e   o n  

the   X  c o o r d i n a t e ,   and  as  a  l o a d   s i g n a l   to  X  C o u n t e r   30c  a n  

i n d i c a t i o n   s i g n a l   i s   u s e d   w h i c h   i s   e m p l o y e d   by  CPU 1  to   s e t  

up  t he   v a l u e   on  t h e   X  c o o r d i n a t e .   As  a  c o u n t - u p   s i g n a l ,   a  

s i g n a l   in  u s e d   w h i c h   i n d i c a t e s   t h a t   CPU 1  has   a c c e s s e d   VRAM 4. 

Each   o f   t h e   s i g n a l s   i s   o u t p u t t e d  f r o m   D e c o d e r   18d .   D e -  

c o d e r   18d  i s   i n c l u d e d   w i t h i n   CPU  I n t e r f a c e   C o n t r o l l e r   18  a n d  

is   o p e r a t e d   when  CPU1  r e a d s / w r i t e s   d a t a   b e t w e e n   t he   r e s p e c -  

t i v e   r e g i s t e r s .  

X  C o u n t e r   30c  may  be  c o u n t e d   up  by  use   o f   t h e   t r a i l i n g  

edge  of  t h e   c o u n t   s i g n a l .  

Y  R e g i s t e r   31  may  a l s o   be  c o m p o s e d   of   a  c o u n t e r .   I n  

t h i s   c a s e ,   i t s   c o u n t - u p   s i g n a l   may  be  s u p p l i e d   f rom  CPU 1  o r  

i t   may  o c c u r   a u t o m a t i c a l l y   w i t h i n   D i s p l a y   C o n t r o l   C i r c u i t  3 .  

T h i s   a u t o m a t i c   o c c u r r e n c e   may  i n c l u d e   s u c h   an  o p e r a t i o n   a s  

to  c o u n t   up  by  1  a  v a l u e   on  the   Y  c o o r d i n a t e   when  X  C o u n t e r  

30c  c o u n t s   N  t i m e s .   Thus ,   such   a u t o m a t i c   o p e r a t i o n   can   i m -  

p r o v e   t h e   p e r f o r m a n c e   of  t he   s y s t e m .   A l t e r n a t i v e l y ,   i t   m a y  

be  p o s s i b l e   n o t   o n l y   to  c o u n t   up  the   v a l u e   on  t he   Y  c o o r d i -  

n a t e   b u t   a l s o   to   s p e c i f y   i t s   c o u n t - d o w n .  

F i g .   12  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 .  

T h i s   e m b o d i m e n t   i s   d i f f e r e n t   f rom  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   in   F i g .   8  in  t h a t   i t   i s   f u r t h e r   p r o v i d e d   w i t h  

a  mode  r e g i s t e r   34.   The  t h u s - m o d i f i e d   d i s p l a y   c o n t r o l  

c i r c u i t   i s   d e s i g n a t e d   by  3C  in  t h i s   F i g u r e .  

At  an  i n i t i a l i z a t i o n   t ime   or  t he   l i k e ,   p r i o r   to  a c c e s s  

to  VRAM 4,  CPU 1  s e t s   up  a  v a l u e   to   s p e c i f y   a  screen  c o n f i g u r a t i o n  

to  Mode  R e g i s t e r   34.   B a s e d   on  t h i s   v a l u e ,   Column  C o u n t e r /  

L ine   C o u n t e r / R o w   C o u n t e r   12  p e r f o r m s   i t s   c o u n t i n g   o p e r a t i o n  

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

to  D i s p l a y   T i m i n g   C i r c u i t   1 3 .  

In  F i g .   3  t he   v a l u e   of  t he   X  c o o r d i n a t e   r a n g e s   up  t o  

639  and  t h u s   i t   can  d i s p l a y   640  d o t s ,   w h i l e   t h i s   h o r i z o n t a l  

d i s p l a y   do t   n u m b e r   can  be  c h a n g e d .   The  c h a n g e   of  the   n u m b e r  

i s   r e f e r r e d   to  as  c h a n g e   of  the   s c r e e n   c o n f i g u r a t i o n .  

F u r t h e r ,   s i n c e   i t   i s   a l s o   n e c e s s a r y   to  c h a n g e  t h e   c o n -  

t e n t s   of  A d d r e s s   C o n v e r s i o n / C o m p o s i t i o n   C i r c u i t   32  c o r r e p o n d -  

i n g l y   to  t he   c h a n g e   of  t h e  r e s p e c t i v e   s c r e e n  c o n f i g u r a t i o n s ,   t h e  

c o n t e n t s   of  Mode  R e g i s t e r   34  a re   i n p u t t e d   to  A d d r e s s   C o n v e r -  

s i o n / C o m p o s i t i o n   C i r c u i t   32  as  w e l l .   A d d r e s s   C o n v e r s i o n / C o m -  

p o s i t i o n   C i r c u i t   32  i s   c o m p o s e d   of  two  s e l e c t o r s   321,   322  a n d  

an  a d d e r   323  as  shown  in  F i g .   1 3 .  

In  t h i s   e m b o d i m e n t ,   t h r e e  k i n d s   of  screen   c o n f i g u r a t i o n s   ( o r  

M0,  Ml,  M2)  a r e   e m p l o y e d   and,   t h e r e f o r e ,   t he   f o l l o w i n g   c o r r e s -  

p o n d e n c e s   a r e   n e c e s s a r y :  



For   M0,  640  X  Y  +  X 

For   Ml,  512  X  Y  +  X 

For   M2,  256  X  Y  +  X 

T h e s e   e q u a t i o n s   can  be  g e n e r a l i z e d   by  the   f o l l o w i n g   e q u a t i o n s :  

X  +  Y  X  256  X  S  1  +  128  X  S 2  

w h e r e ,   S1  i s   1  f o r   M2  and  2  f o r   Ml,  MO,  w h i l e   S2  i s   1  f o r  

MO  and  0  f o r   M1  and  M2. 

S e l e c t o r   1(321)  shown  in  F i g .   13  has   s h i f t e d   the   v a l u e s   o f  

Y  R e g i s t e r   by  one  b i t   f o r   M0,M1,  t h e r e b y   r e a l i z i n g   the   c o n d i -  

t i o n s   of  S1.  S e l e c t o r   2  (322)  s e l e c t s   0  for   M1,M2  and  thus  r e a l i z e s  

t h e   c o n d i t i o n s   of  S 2 .  

When  t h e   number   of  h o r i z o n t a l   d o t s  i n   the  screen  c o n f i g u r a t i o n  

is  a  p o w e r   number   of   2  o n l y ,   f o r   e x a m p l e ,   when  i t   i s  

o n l y   Ml,  M2,  t he   c i r c u i t   shown  in  F i g .   10  may  be  u s e d   t o  

c o m p o s e   t h e   b i t s   ( t h a t   i s ,   r e - a r r a n g e   them)  o n l y ,   w h i c h   e l i -  

m i n a t e s   t h e   n e e d   f o r   Adder   3 2 3 .  

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

s u c h   an  X  c o u n t e r   as  shown  in   F i g .   15  f o r   s p e c i f y i n g   c o u n t  

modes   in  a d d i t i o n   to  the   s p e c i f i c a t i o n   of  the   s c r e e n   c o n f i g u r a -  

t i o n .  

In  F i g .   15,  t h e r e   a re   p r o v i d e d   a  mode  r e g i s t e r   34  u s e d  

to  p e r f o r m   s u c h   mode  s p e c i f i c a t i o n   and  a  c i r c u i t   18d  r e s p o n -  

s i v e   to  t h e   mode  r e g i s t e r   34  to  g e n e r a t e   c o u n t   s i g n a l s .  



When  we  t a k e   a c c o u n t   of  the   o p e r a t i o n   of  an  X  c o u n t e r   t h a t  

c o r r e s p o n d s   to  the   o p e r a t i o n   of   s o f t w a r e ,   in  c a s e   of   a  r e a d /  

m o d i f y / w r i t e   o p e r a t i o n ,   i t   may  be  c o n v e n i e n t   to  c o u n t   u p  

o n l y   f o r   t he   w r i t e   o p e r a t i o n s .   H o w e v e r ,   when  a  c o n t i n u o u s  

r e a d i n g   or  a  c o n t i n u o u s   w r i t i n g   i s   c a r r i e d   o u t ,   i t   i s   c o n -  

v e n i e n t   to  c o u n t   up  f o r   n o t   o n l y   t he   w r i t e   o p e r a t i o n s   b u t  

a l o s   t h e   r e a d   o p e r a t i o n s .   A l s o ,   i t   wou ld   be  more  c o n v e n i e n t  

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

the   d i r e c t i o n   of  p r o c e s s i n g s   on  the   s c r e e n ,   w h i c h   can   i m p r o v e  

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

R e c e n t l y ,   w i t h   p r o g r e s s   in  the   s e m i - c o n d u c t o r   t e c h n o l o g y ,  

even   a  r e l a t i v e l y   c o m p l i c a t e d   c i r c u i t   has   been   made  in   t h e  

form  of  an  LSI ,   a  g a t e   a r r a y   or  t he   l i k e   w h i c h   can   r e d u c e   i t s  

e f f e c t   to  t he   c o s t   of   t he   f i n i s h e d   p r o d u c t .   T h u s ,   s i t u a t i o n s  

p e r m i t t i n g   a d d i t i o n   of  h a r d w a r e   have   been   u n d e r   a r r a n g e m e n t .  

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

o p e r a t i o n s   n o t   d i r e c t l y   c o n c e r n e d   w i t h   the   p r e s e n t   i n v e n t i o n  

can  be  r e a l i z e d   by  the   t e c h n i q u e s   w e l l   known  in  t he   a r t .   F o r  

e x a m p l e ,   the   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 s   3A,  3 B ,  

and  3C  and  t he   s e t t i n g   of  t he   r e g i s t e r s   a re   to   be  p e r f o r m e d  

by  T i m i n g   C o n t r o l l e r   11  and  CPU  I n t e r f a c e   C o n t r o l l e r   1 8 .  

A l s o ,   in  the   a b o v e - m e n t i o n e d   e m b o d i m e n t ,   a l t h o u g h   t h e  

p r i n c i p l e s   of  t he   i n v e n t i o n   have   been   d e s c r i b e d   by  way  o f  



t he   memory  so  c o n t r u c t e d   as  to  have   4  b i t s   f o r   1  m e m o r y  

a d d r e s s   (=  1  d o t ,   e a c h   d i s p l a y   c o l o r   i n f o r m a t i o n   i s   c o m p o s e d  

of   16  c o l o r s ) ,   as  shown  in  F i g .   3,  i t   s h o u l d   be  u n d e r s t o o d  

t h a t   t h e y   a r e   n o t   l i m i t e d   to  t h e   i l l u s t r a t e d   e x a m p l e   b u t  

o t h e r   e m b o d i m e n t s   can   a l s o   be  i n c l u d e d   w i t h i n   t he   s c o p e   o f  

the   i n v e n t i o n .   For  e x a m p l e ,   the   i n v e n t i o n   i s   a d a p t a b l e   t o  

a  c o n f i g u r a t i o n   t h a t   employs  8  b i t s   f o r   1  memory  a d d r e s s   (=  2 

d o t s , e a c h   d i s p l a y   c o l o r   i n f o r m a t i o n   o f   16  c o l o r s ,   o r ,   4  d o t s ,  

e a c h   d i s p l a y   c o l o r   i n f o r m a t i o n   of   4  c o l o r s )   in  a c c o r d a n c e  

w i t h   t he   c o n t r u c t i o n   o f  a   memory  e l e m e n t ,   t he   a c c e s s   t i m e   o f  

the   memory ,   t h e   a d j u s t a b i l i t y   r e l a t i v e   to  CPU 1  and  t h e   l i k e .  

F u r t h e r ,   t h e   i n v e n t i o n   i s   a b l e   t o   c o p e   w i t h   a  c o n f i g u r a t i o n  

e m p l o y i n g   16  b i t s   f o r   1  memory  a d d r e s s   by  s p e c i f y i n g   t h e   m o -  

d i f i c a t i o n   p o r t i o n s   of  a  word  by  m e a n s   of   t he   l o w e r   b i t s   o f  

X  C o u n t e r   30c  and  u s i n g   the   h i g h e r   b i t s   o f   X  C o u n t e r   30c  a s  

a d d r e s s   v a l u e s .  

As  can   be  s e e n   f rom  t he   f o r e g o i n g   d e s c r i p t i o n ,   a c c o r d i n g  

to  t h e   i n v e n t i o n ,   most   of  the   o p e r a t i o n s   of  t he   s o f t w a r e   r e -  

l a t i n g   to   t h e   d i s p l a y   o p e r a t i o n s   can   be  p r o c e s s e d   by  t h e  

h a r d w a r e .   A c c o r d i n g l y ,   the   i n v e n t i o n   i s   a d v a n t a g e o u s   in   t h a t  

i t   i s   a b l e   to  s p e e d   up  i t s   d i s p l a y   memory  a c c e s s   and  t h a t ,   i n  

d o i n g   so ,   t h e   a m o u n t   of  t he   h a r d w a r e   a d d e d   i s   c o m p a r a t i v e l y  

s m a l l .  



A l s o ,   t he   p r e s e n t   i n v e n t i o n   e l i m i n a t e s   t he   n e e d   t o  

s e t   up  v a l u e s   on  the   X  c o o r d i n a t e   e v e r y   t i m e ,   when  t he   X,  

Y  c o o r d i n a t e   s y s t e m   i s   e m p l o y e d .  



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

means   (30)   f o r   s e t t i n g   up  v a l u e s   of   t h e   X  c o o r d i n a t e  

in  a  d i s p l a y   u n i t   ( 5 ) ;  

means   (31)   f o r   s e t t i n g   up  v a l u e s   of  t h e   Y  c o o r d i n a t e  

in  s a i d   d i s p l a y   u n i t   ( 5 ) ;   a n d  

means   (32)   f o r   c o n v e r t i n g   or  c o m p o s i n g   s a i d   s e t - u p  

v a l u e s   of  s a i d   X,  Y  c o o r d i n a t e s   i n t o   t h e   p h y s i c a l   a d -  

d r e s s e s   of   a  d i s p l a y   memory  ( 4 ) ,  

c h a r a c t e r i s e d   in  t h a t   memory  a c c e s s   d a t a   f o r   r e a d -  

i n g ,   m o d i f y i n g   or  w r i t i n g   i n t o   t h e   c o n t e n t s   of  s a i d   d i s -  

p l a y   memory  (4)  i s   s p e c i f i e d   f o r   s a i d   X,  Y  c o o r d i n a t e s .  

2.  A  d i s p l a y   c o n t r o l   s y s t e m   c o m p r i s i n g :  

means   (30)   f o r   s e t t i n g   up  v a l u e s   of  t h e   X  c o o r d i n a t e  

in  a  d i s p l a y   u n i t   ( 5 ) ;  

means   (31)  f o r   s e t t i n g   up  v a l u e s   of  t h e   Y  c o o r d i n a t e  

in  s a i d   d i s p l a y   u n i t   ( 5 ) ;   a n d  

means   (32)   f o r   c o n v e r t i n g   or  c o m p o s i n g   s a i d   s e t - u p  

v a l u e s   on  s a i d   X,  Y  c o o r d i n a t e s   i n t o   t h e   p h y s i c a l   a d -  

d r e s s e s   of  a  d i s p l a y   memory  ( 4 ) ;  

c h a r a c t e r i s e d   in  t h a t   X  c o o r d i n a t e   c o m p a r i s o n   m e a n s  

(40)  i s   p r o v i d e d   f o r   c o m p a r i n g   s a i d   v a l u e s   on  s a i d   X  c o -  

o r d i n a t e   w i t h   a  maximum  v a l u e   on  s a i d   X  c o o r d i n a t e   t h a t  

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

s a i d   d i s p l a y   u n i t   ( 5 ) ;   in  t h a t   Y  c o o r d i n a t e   c o m p a r i s o n  

means   (41)   i s   p r o v i d e d   f o r   c o m p a r i n g   s a i d   v a l u e s   on  s a i d  

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

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

of  s a i d   d i s p l a y   u n i t   ( 5 ) ;   in   t h a t   means   i s   p r o v i d e d   f o r  

i n f o r m i n g   a  CPU  (1)  of  t he   r e s u l t s   c o m p a r e d   by  s a i d   X 

and  Y  c o o r d i n a t e   c o m p a r i s o n   means   ( 3 3 ) ;   in  t h a t   m e m o r y  

a c c e s s   d a t a   f o r   r e a d i n g ,   m o d i f y i n g   or  w r i t i n g   t h e   c o n -  

t e n t s   of  s a i d   d i s p l a y   memory  (4)  i s   s p e c i f i e d   f o r   s a i d  



X,  Y  c o o r d i n a t e s   r e s p e c t i v e l y ,   and  in  t h a t   s a i d   CPU  ( 1 )  

is   i n f o r m e d   i f   t he   X,  Y  c o o r d i n a t e s   to   be  a c c e s s e d   a r e  

p r e s e n t   o u t s i d e   t he   l i m i t   of  s a i d   s c r e e n   ( 5 ) .  

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

c h a r a c t e r i s e d   in  t h a t   s a i d   i n f o r m i n g   means  is  c o n s t r u c -  

t e d   (42)   such   t h a t   s a i d   CPU  (1)  i s   a b l e   to  r e a d   t he   o u t -  

p u t s   of  s a i d   X,  Y  c o o r d i n a t e   c o m p a r i s o n   means   as  a  

s t a t u s   i n d i c a t i o n .  

4.  A  d i s p l a y   c o n t r o l   s y s t e m   as  c l a i m e d   in  c l a i m   2  or  3 

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

i n t e r r u p t   s a i d   CPU  when  i t   j u d g e s   t h a t   at   l e a s t   one  o f  

s a i d   X,  Y  c o o r d i n a t e   c o m p a r i s o n   means   i s   g r e a t e r   t h a n  

s a i d   maximum  v a l u e .  

5.  A  d i s p l a y   c o n t r o l   s y s t e m   c o m p r i s i n g :  

means   (30)  fo r   s e t t i n g   up  v a l u e s   on  t h e   X  c o o r d i n a t e  

in  a  d i s p l a y   u n i t   ( 5 ) ;  

means   (31)  fo r   s e t t i n g   up  v a l u e s   on  t h e   Y  c o o r d i n a t e  

in  s a i d   d i s p l a y   u n i t   ( 5 ) ;   a n d  

means   (32)  fo r   c o n v e r t i n g   or  c o m p o s i n g   s a i d   s e t - u p  

v a l u e s   on  s a i d   X,  Y  c o o r d i n a t e s   i n t o   t h e   p h y s i c a l   a d -  

d r e s s e s   of  a  d i s p l a y   m e m o r y ;  
c h a r a c t e r i s e d   in  t h a t   s t e p - b y - s t e p   means   i s   p r o v i d e d  

f o r   a d v a n c i n g   s a i d   v a l u e s   of  s a i d   X  c o o r d i n a t e   s t e p   b y  

s t e p   f o r   e a c h   a c c e s s   to  s a i d   d i s p l a y   memory  ( 4 ) ,   in   t h a t  

memory  a c c e s s e s   fo r   r e a d i n g ,   m o d i f y i n g   or  w r i t i n g   t h e  

c o n t e n t s   of  s a i d   d i s p l a y   memory  (4)  a r e   s p e c i f i e d   o n  

s a i d   X,  Y  c o o r d i n a t e s ,   and  t h a t   f o r   a c c e s s   o p e r a t i o n s  

f o r   t h e   X  c o o r d i n a t e   d i r e c t i o n   t he   need   f o r   r e s e t t i n g  

s a i d   v a l u e s   on  s a i d   X  c o o r d i n a t e   i s   e l i m i n a t e d .  

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

means   (30)  fo r   s e t t i n g   up  v a l u e s   on  t he   X  c o o r d i n a t e  

in  a  d i s p l a y   u n i t   ( 5 ) ;  



m e a n s   (31)   fo r   s e t t i n g   up  v a l u e s   on  t h e   Y  c o o r d i n a t e  

in  s a i d   d i s p l a y   u n i t   ( 5 ) ;   a n d  

m e a n s   (32)   f o r   c o n v e r t i n g   or  c o m p o s i n g   s a i d   s e t - u p  

v a l u e s   on  s a i d   X,  Y  c o o r d i n a t e s   i n t o   t h e   p h y s i c a l   a d -  

d r e s s e s   of  a  d i s p l a y   m e m o r y :  
c h a r a c t e r i s e d   in  t h a t   means   (34)  a r e   p r o v i d e d   f o r  

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

s p e c i f y i n g   one  of   s a i d   s c r e e n   c o n f i g u r a t i o n s ;   in  t h a t  

means   ( 3 0 c , 3 1 )   i s   p r o v i d e d   f o r   c h a n g i n g   t h e   c o n t e n t s   o f  

s a i d   c o n v e r s i o n   or  c o m p o s i t i o n   means   (32)   in   a c c o r d a n c e  

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

a c c e s s e s   f o r   r e a d i n g ,   m o d i f y i n g   or  w r i t i n g   t he   c o n t e n t s  

of  s a i d   d i s p l a y   memory  (4)  a r e   s p e c i f i e d   on  s a i d   X,  Y 

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

t i o n s   a r e   a v a i l a b l e .  

7.  A  d i s p l a y   c o n t r o l   s y s t e m   c o m p r i s i n g :  

m e a n s   (30)   f o r   s e t t i n g   up  v a l u e s   on  t h e   X  c o o r d i n a t e  

in  a  d i s p l a y   u n i t   ( 5 ) ;  

m e a n s   (31)   f o r   s e t t i n g   up  v a l u e s   on  t h e   Y  c o o r d i n a t e  

in  s a i d   d i s p l a y   u n i t   ( 5 ) ;   a n d  

m e a n s   (32)  fo r   c o n v e r t i n g   or  c o m p o s i n g   s a i d   s e t - u p  

v a l u e s   on  s a i d   X,  Y  c o o r d i n a t e s   i n t o   t h e   p h y s i c a l   a d -  

d r e s s e s   of  a  d i s p l a y   memory  4 ;  

c h a r a c t e r i s e d   in  t h a t   s t e p - b y - s t e p   means   i s   p r o v i d e d  

f o r   a d v a n c i n g   s a i d   v a l u e s   of  s a i d   X  c o o r d i n a t e   f o r   e a c h  

a c c e s s   to   s a i d   d i s p l a y   memory  ( 4 ) ;   in  t h a t   means   (34)   i s  

p r o v i d e d   f o r   s p e c i f y i n g   c o u n t   modes ;   means  ( 30c )   i s   p r o -  
v i d e d   w h i c h   i s   r e s p o n s i v e   to  s a i d   memory  a c c e s s   b a s e d   o n  

s a i d   s p e c i f i c a t i o n   fo r   g e n e r a t i n g   a  p u l s e   s i g n a l   f o r  

c o u n t - u p   or  c o u n t - d o w n :   in  t h a t   memory  a c c e s s e s   f o r  

r e a d i n g ,   m o d i f y i n g   or  w r i t i n g   t h e   c o n t e n t s   of  s a i d   d i s -  

p l a y   memory  (4)  a r e  s p e c i f i e d   on  s a i d   X,  Y  c o o r d i n a t e s ,  

and  in   t h a t   v a r i o u s   c o u n t   modes   can   be  r e a l i z e d   c o r r e s -  

p o n d i n g   to   s a i d   memory  a c c e s s e s .  
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