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©  Apparatus  for  controlling  writing  and  reading  in  rela- 
tion  to  graphic  memories  (1R,  1G,  1B)  for  a  red  screen,  a 
green  screen  and  a  blue  screen,  respectively,  each  of  the 
graphic  memories  having  a  capacity  of  N  x  M  bits.  The  ap- 
paratus  operates  in  such  a  manner  that  data  is  written  into 
the  graphic  memories  (1R,  1G,  1B)  bit  by  bit  and  is  read  out 
therefrom  in  units  of  M  bits.  The  apparatus  is  capable  of 
modification  of  one  bit  per  cycle  of  a  CPU  (8)  with  a  reduced 
number  of  hardware  elements.  Each  of  the  graphic  memo- 
ries  (1R,  1G,  1B)  is  constituted  by  an  M-bit  output  RAM  group 
consisting  of  M  1-bit  output  RAMs  (20  to  27)  each  having  a 
capacity  of  1  X  N  bits.  Further,  the  same  address  space  is 
allotted  to  the  graphic  memories  (1R,  1G,  1B),  and  1-bit  data 
lines  of  a  data  bus  (9)  of  the  CPU  (8)  are  respectively 
connected  to  all  the  RAMs  (2„  to  27)  in  each  of  the  graphic 
memories  (1R,  1G,  1B).  The  writing  of  data,  which  is  effected 
bit  by  bit,  is  carried  out  in  such  a  manner  that  one  bit  of  each 
of  the  RAMs  (2„  to  27)  in  each  of  the  graphic  memories  (1R, 
1G,  1B)  is  specified  by  the  CPU  address,  and  a  write  signal 
is  delivered  to  any  of  the  desired  M  RAMs  (2„  to  27)  with  a 
part  of  the  CPU  address. 
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ACTORUM  AG 

Apparatus  for  controlling  writing  and  reading  in  rela- 
tion  to  graphic  memories  (1R,  1G,  1B)  for  a  red  screen,  a 
green  screen  and  a  blue  screen,  respectively,  each  of  the 
graphic  memories  having  a  capacity  of  N  x  M  bits.  The  ap- 
paratus  operates  in  such  a  manner  that  data  is  written  into 
the  graphic  memories  (1R,  1G,  1B)  bit  by  bit  and  is  read  out 
therefrom  in  units  of  M  bits.  The  apparatus  is  capable  of 
modification  of  one  bit  per  cycle  of  a  CPU  (8)  with  a  reduced 
number  of  hardware  elements.  Each  of  the  graphic  memo- 
ries  (1R,1G,  1B)  is  constituted  by  an  M-bit  output  RAM  group 
consisting  of  M  1-bit  output  RAMs  (2o  to  2,)  each  having  a 
capacity  of  1  X  N bits.  Further,  the  same  address  space  is 
allotted  to the  graphic  memories  (1R,  1G,  1B),  and  1-bit data 
lines  of  a  data  bus  (9)  of  the  CPU  (8)  are  respectively 
connected  to  all  the  RAMs  (2o  to  27)  in  each  of  the  graphic 
memories  (1R.  1G,  1B).  The  writing  of  data,  which  is  effected 
bit  by  bit,  is  carried  out  in  such  a  manner  that  one  bit  of  each 
of  the  RAMs  (2o to 2,)  in  each  of  the  graphic  memories  (1R, 
1G.  1B)  is  specified  by  the  CPU  address,  and  a  write  signal 
is  delivered  to  any  of  the  desired  M  RAMs  (2o  to  27)  with  a 
part  of  the  CPU  address. 



TECHNICAL  FIELD 

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  w r i t e / r e a d   c o n t r o l  

u n i t   fo r   a  g r a p h i c   memor ie s   in  a  c o l o r   g r a p h i c   d i s p l a y .  

BACKGRAOUND  ART 

In  g e n e r a l   c o l o r   g r a p h i c   d i s p l a y s ,   s i n c e   one  b i t   o f  

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

d i s p l a y   s c r e e n ,   the   p r e p a r a t i o n ' o f   g r a p h i c   d a t a   in  t h e  

g r a p h i c   memory  c a l l s   fo r   a  b i t w i s e   d a t a   w r i t e .   C o n v e n t i o n a l l y ,  

t h i s   b i t w i s e   p r o c e s s i n g   is  a c c o m p l i s h e d   by  such  me thods   a s  

f o l l o w s :  

1)  A  p r o c e s s o r   (CPU)  r e a d s   out   d a t a   from  the  g r a p h i c  

memory  b y t e   by  b y t e ,   m o d i f i e s   the  c o n c e r n e d   b i t   in  t h e  

by t e   and  w r i t e s   the  d a t a   a g a i n   i n t o   the  g r a p h i c   memory 

by t e   by  b y t e .   , 

2)  Ha rdware   commonly  r e f e r r e d   to  as  a  b i t   o p e r a t i o n  

c i r c u i t   is  p r o v i d e d   b e t w e e n   the  CPU  and  the  g r a p h i c   memory  

fo r   e f f e c t i n g   the  r e a d ,   m o d i f i c a t i o n   and  w r i t e   m e n t i o n e d  

above  in  1 ) .  

However ,   the   method   1)  is  sma l l   in  the   amount   o f  

h a r d w a r e   r e q u i r e d   bu t   needs   at   l e a s t   two  c y c l e s   of  o p e r a t i o n  

of  the  CPU  fo r   the  o n e - b i t   w r i t e ,   and  hence   has  the  d e f e c t  

of  low  p r o c e s s i n g   s p e e d .   The  method  2)  p e r m i t s   t h e  

m o d i f i c a t i o n   of  one  b i t   in  one  c y c l e   of  the  CPU  bu t   r e q u i r e s  

ve ry   complex   h a r d w a r e ,   and  hence   is  c o s t l y .  



DISCLOSURE  OF  THE  INVENTION 

An  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   is  to  make  i t  

p o s s i b l e   to  m o d i f y   one  b i t   in  one  c y c l e   of  the   CPU  s i m p l y  

by  the  a d d i t i o n a l   p r o v i s i o n   of  a  s m a l l   amount   of  h a r d w a r e .  

B r i e f l y   s t a t e d ,   the   g r a p h i c   memory  w r i t e / r e a d   c o n t r o l  

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

by  b i t ,   i n t o   g r a p h i c   memor i e s   fo r   r e d ,   g r e e n   and  b l u e  

p i c t u r e s ,   e ach   h a v i n g   a  c a p a c i t y   of  N  x  M  b i t s ,   and  r e a d s  

ou t   d a t a   t h e r e f r o m   in  u n i t s   of M  b i t s .   The  g r a p h i c   m e m o r i e s  

f o r   r e d ,   g r e e n   and  b l u e   p i c t u r e s   each  c o m p r i s e   an  RAM  g r o u p  

of  an  M - b i t   o u t p u t   which   i n c l u d e s   M  RAMs  each  h a v i n g   a  

o n e - b i t   o u t p u t   and  a  1  x  N  b i t   c a p a c i t y .   The  g r a p h i c  

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

same  a d d r e s s   s p a c e r ,   and  d i f f e r e n t   o n e - b i t   d a t a   l i n e s   o f  

a  d a t a   bus  of  the   CPU  a re   c o n n e c t e d   to  a l l   the   RAMs  of  t h e  

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

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

one  b i t   of  each   RAM  of  each  g r a p h i c   memory  by  a  CPU 

a d d r e s s   and  by  s e n d i n g   a  w r i t e   s i g n a l   to  an  a r b i t r a r y  

one  of  the   M  RAMs  by  a  p a r t   of  the  CPU  a d d r e s s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  b l o c k   d i a g r a m   i l l u s t r a t i n g   the  p r i n c i p a l  

p a r t   of  an  e x a m p l e   of  the   h a r d w a r e   s t r u c t u r e   of  the   w r i t e /  

r e a d   c o n t r o l   u n i t   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ;   F i g s .  

2  and  3  a r e   d i a g r a m s   showing   the   r e l a t i o n s h i p s   b e t w e e n  

r e s p e c t i v e   a r e a s   of  RAMs  20  to  27  and  d i s p l a y   p o s i t i o n s   o n  



the  d i s p l a y   s c r e e n ;   F ig .   4  is  a  d i a g r a m   showing   e x a m p l e s   o f  

s i g n a l  w a v e f o r m   o c c u r r i n g   a t   r e s p e c t i v e   p a r t s   in  F ig .   1 ;  

F ig .   5  is  a  f o l w c h a r t   showing   an  example   of  p r o c e s s i n g   b y  

a  CPU  8  fo r   w r i t i n g   g r a p h i c   d a t a   i n t o   g r a p h i c   memor ie s   1R, 

1G  and  1B;  F ig .   6  is  a  d i a g r a m   s h o w i n g   an  example   of  t h e  

d a t a   f o r m a t   of  the   CPU;  and  F ig .   7  is  a  b l o c k   d i a g r a m  

i l l u s t r a t i n g   an  e m b o d i m e n t   of  a  t i m i n g   g e r e r a t o r   1 4 .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

In  F ig .   1,  r e f e r e n c e   n u m e r a l   1R  i n d i c a t e s   a  g r a p h i c  

memory  fo r   a  red   p i c t u r e ,   1G  a  g r a p h i c   memory  fo r   a  g r e e n  

p i c t u r e   and  1B  a  g r a p h i c   memory  fo r   a  b lue   c o l o r ,   each   o f  

which  is  p r o v i d e d   w i t h   e i g h t   RAMs  2 0  t o   27  each  h a v i n g   a  

c a p a c i t y   of  1  x  N  b i t s .   These   g r a p h i c   memor ies   have  t h e  

same  a d d r e s s   s p a c e .   In  F ig .   1  on ly   the  g r a p h i c   memory  1R 

fo r   a  red   c o l o r   p i c t u r e   is  shown  to  have  the  e i g h t   RAMs  2 0  t o  

2 -  f o r   c o n v e n i e n c e   s a k e ,   bu t   the  o t h e r   g r a p h i c   memor ies   1R 

and  1B  a l s o   have  the   e i g h t   RAMs.  The  o u t p u t s   of  the   g r a p h i c  

memor ies   1R,  1G  and  1B  a re   e i g h t - b i t ,   t h a t   i s ,   one  b i t   is  o  

o b t a i n e d   from  each  of  the  RAMs  2 0  t o   27  and  a  t o t a l   of  e i g h t   b i t s  

a re   s e t   in  each  of  s h i f t   r e g i s t e r s   3R,  3G  and  3B.  For  e x a m p l e ,  

i f   the  r e s p e c t i v e   o u t p u t   b i t s   of  the   RAMs  2 0  t o   27  a re   n u m b e r e d ,  

as  shown  in  F ig .   2,  t hen   each  of  a  t o t a l   of  8  x  N  b i t s  

c o r r e s p o n d s ,   on  a  d i s p l a y   s c r e e n   4,  to  one  of  a r e a s   s h o w n  

in  F ig .   3,  fo r   i n s t a n c e .   The  r e a s o n   fo r   t h i s   is  as  f o l l o w s :  

B i t s   ( f o r   e x a m p l e ,   0  to  7,  8  to  15,  e t c . )   at   the   s ame  

l o c a t i o n s   in  the  RAMs  2 0  t o   27  a re   r e ad   out   by  one  o f  

a d d r e s s e s   fo r   d i s p l a y   which   a re   a p p l i e d   v ia   m u l t i p l e x e r   6 



from  a  CRT  c o n t r o l l e r   5,  and  the  e i g h t   b i t s   are   s i m u l t a n e -  

o u s l y   s e t   in  each   of  the  s h i f t   r e g i s t e r s   3R,  3G  and  3B  a n d  

then   i n p u t   as  r e d ,   g r e e n   and  b lue   v i d e o   s i g n a l s ,   in  t h e  

form  of  s e r i a l   d a t a ,   by  a  do t   c l o c k   dc  ( the   f r e q u e n c y   o f  

which   is  e i g h t   t i m e s   h i g h e r   than   t h a t   of  a  c l o c k   f o r  

c o u n t i n g   up  a  d i s p l a y   a d d r e s s   c o u n t e r )   from  the  CRT 

c o n t r o l l e r   5,  v i a   AND  c i r c u i t s   7R,  7G  and  7B  i n t o   a  CPU 

no t   shown.   I n c i d e n t a l l y ,   a  s i g n a l   f  i n p u t   i n t o   each  of  t h e  

AND  c i r c u i t s   7R,  7G  and  7B  from  the  CRT  c o n t r o l l e r   5  is  a  

s i g n a l   which   is   a  "0"  on ly   d u r i n g   the  h o r i z o n t a l   f l y b a c k  

p e r i o d   and  is  a  g a t e   s i g n a l   which   c a u s e s   the   r ed ,   g r e e n   a n d  

b l u e   v i d e o   s i g n a l s   to  be  o u t p u t   o n l y   d u r i n g   the  d i s p l a y  

p e r i o d .  

T h e  d a t a   i n p u t   to  the  RAMs  20  to  27  is  e f f e c t e d   b y  

z e r o t h ,   f i r s t   and  s e c o n d   b i y s   ( a 0 ) ,   (al)   and  (a2)  of  a  d a t a  

bus  9  of  a  CPU  8  in  c o n n e c t i o n   w i t h   the  g r a p h i c   m e m o r i e s  

1R,  1G  and  1B  f o r   r e d ,  g r e e n   and  b l u e   p i c t u r e s ,   r e s p e c t i v e l y .  

Namely ,   in  any  of  the  g r a p h i c   m e m o r i e s ,   on ly   a  r e w r i t e   o f  

o n e - b i t   d a t a   is  e f f e c t e d   in  one  c y c l e   of  o p e r a t i o n   of  t h e  

CPU  8.  R e f e r e n c e   n u m e r a l s   10R,  10G  and  10B  i n d i c a t e   d r i v e r s .  

A d d r e s s i n g   and  s e n d i n g   of  a  w r i t e   s i g n a l   fo r   w r i t i n g  

o n e - b i t   d a t a   from  the   CPU  8  i n t o   the   RAMs  20  to  27  a r e  

c a r r i e d   ou t   in  the  f o l l o w i n g   manner :   Of  a  1 6 - b i t   a d d r e s s  

bus  11  of  the   CPU  8,  z e r o t h   to  s e c o n d   b i t s   (a0,  a1  and  a 2 ) ,  

i . e .   a  t o t a l   of  t h r e e   b i t s ,   a re   p r o v i d e d   to  a  RAM  s e l e c t o r  

12  and,   f o r   e x a m p l e ,   10  b i t s   of  the   r e m a i n i n g   b i t s   a r e  



a p p l i e d   to  the  m u l t i p l e x e r   6.  The  a d d r e s s i n g   of  each   g r a p h i c  

memory  is  e f f e c t e d   by  the  CPU  a d d r e s s   t h a t   is  i n p u t   v i a   t h e  

m u l t i p l e x e r   6.  On  the  o t h e r   hand,   the   RAM  s e l e c t o r   12  i s  

f u r t h e r   s u p p l i e d   w i t h a   s i g n a l   d  from  an  a d d r e s s   d e c o d e r   13 

and  a  s i g n a l   c  from  a  t i m i n g   g e n e r a t o r   14,  and  the  AND 

s i g n a l   of  the  s i g n a s l s   d  and  c  is  p r o v i d e d   on  a n y  o n e   o f  

e i g h t   o u t p u t   l i n e s   120  to  127.  I t   is  d e p e n d e n t   upon  t h e  

c o n t e n t s   of  the  t h r e e   l o w - o r d e r   b i t s   (a2,  a1  and  ao)  t o  

which  o u t p u t   l i n e   the  above  AND  s i g n a l   is  o u t p u t .   The  

e i g h t   o u t p u t   l i n e s   120  to  127  are   each  c o n n e c t e d   to  o n e  

of  w r i t e   t e r m i n a l s   of  the   RAMs  20  to  27  of  each  of  t h e  

g r a p h i c   memor ies   1R,  1G  and  1B.  A c c o r d i n g l y ,   i t   is  d e t e r -  

mined  by  a d d r e s s e s   a2,  a1and  a0  of  the   t h r e e   l o w - o r d e r  

b i t s   in  which   RAM  of  each  of  the  g r a p h i c   memor i e s   1R,  1G 

and  1B  the  o n e - b i t   d a t a   is  w r i t t e n .   I n c i d e n t a l l y ,   t h e  

a d d r e s s   d e c o d e r   13  d e c o d e s   a d d r e s s   i n f o r m a t i o n   on  t h e  

a d d r e s s   bus  11  and  makes  the  s i g n a l   d  a  "1"  when  the   CPU 

is  to  a c c e s s   the  g r a p h i c   memor ies   1R,  1G  and  1B,  and  m a k e s  

a  s i g n a l   e  a  "1"  when  the  CPU  is  to  a c c e s s   the   CRT  c o n t r o l l e r  

5.  The  a d d r e s s   d e c o d e r   13  can  be  c o n s t i t u t e d   by  an  AND 

c i r c u i t   wh ich ,   a s s u m i n g   t h a t   the   a d d r e s s   s p a c e   of  each   o f  

the   g r a p h i c   memor ies   1R,  1G  and  1B  is  F0000  to  FFFF,  m a k e s  

the   s i g n a l   d  a  "1"  when  f o u r   b i t s   of  a d d r e s s e s   a l6   to  a 1 9  

of  the  CPU  a l l   go  to  " i s " ,   and  an  AND  c i r c u i t   which   m a k e s  

the   s i g n a l   e  a  "1"  when  the  a d d r e s s   space   of  the   CRT  c o n t r o l l e r  

is  a c c e s s e d .  

The  t i m i n g   g e n e r a t o r   14,  when  r e c e i v i n g   the  w r i t e  

s i g n a l   from  the  CPU  8,  makes  the  s i g n a l   c  a  "1"  in  t n e  



w r i t e   c y c l e   of  the   RAMs  20  ro  27  i m m e d i a t e l y   t h e r e a f t e r .  

F u r t h e r m o r e ,   the   t i m i n g   g e n e r a t o r   14  o u t p u t s   a  s i g n a l   a  t o  

the   m u l t i p l e x e r   6  a n d   a  s i g n a l   b  to  the  s h i f t   r e g i s t e r s   3R ,  

3G  and  3B.  The  s i g n a l   a  is  to  make  a  d i s t i n c t i o n   b e t w e e n  

the   c y c l e   of  r e a d i n g   ou t   d a t a   from  the  g r a p h i c   m e m o r i e s  

1R,  1G  and  1B  and  the  c y c l e   of  w r i t i n g   t h e r e i n t o   d a t a   f r o m  

the   CPU  8,  and  by  t h i s   s i g n a l   a,  the  o u t p u t   of  the   m u l t i -  

p l e x e r   6  is  s w i t c h e d   b e t w e e n   the  s i d e   of  the   a d d r e s s   bus  9 

of  the   CPU  and  the   s i d e   of  the  CRT  c o n t r o l l e r   5.  A  s i g n a l  

b  is  a  s t r o b e   s i g n a l   by  which   e i g h t - g i t   d a t a   r ead   ou t   o f  

the   g r a p h i c   m e m o r i e s   1R,  1G  and  1B  is  l a t c h e d   in  the   s h i f t  

r e g i s t e r s   3R,  3G  and  3B,  r e s p e c t i v e l y .  

The  t i m i n g   g e n e r a t o r   14  can  be  a r r a n g e d ,   f o r   i n s t a n c e ,  

as  shown  in  F ig   7.  In  F ig .   7,  an  o c t a l   c o u n t e r   70  i s  

c o u n t e d   up  by  the   do t   c l o c k   dc  and  o u t p u t s   Q1,  Q2  and  Q3  o f  

i t s   t h r e e   l o w - o r q e r   b i t s   a re   t a k e n   ou t .   The  o u t p u t s   Q1  t o  

Q3  are   p r o v i d e d   to  an  AND  c i r c u i t   71,  the  o u t p u t   of  w h i c h  

is  used   as  the   s i g n a l   b.  The  s i g n a l   Q3  becomes  the   s i g n a l  

a.  The  do t   c l o c k   dc  is  a p p l i e d   to  the  c l o c k   t e r m i n a l s   o f  

f l i p - f l o p s   73  and  74  as  w e l l .   The  w r i t e   s i g n a l   and  t h e  

o u t p u t   of  the   AND  c i r c u i t   71  a re   ANDed  by  an.AND  c i r c u i t   7 2 ,  

the   o u t p u t   of  which   is  i n p u t   to  the  s e t   t e r m i n a l   S  of  t h e  

f l i p - f l o p   73.  The  o u t p u t   Q  of  the  f l o p - f l o p   73  is  c o n n e c t e d  

to  the  s e t   t e r m i n a l   S  of  the   f l i p - f l o p   74,  the   i n v e r t i n g  

o u t p u t  Q   of  the   f l i p - f l o p   73  is  c o n n e c t e d   to  the  r e s e t  

t e r m i n a l   R  of  the   f l i p - f l o p   74  and  the  o u t p u t   Q  of  t h e  



f l i p - f l o p   74  is  c o n n e c t e d   to  the  r e s e t   t e r m i n a l   R  of  t h e  

f l i p - f l o p   73.  The  o u t p u t  Q   of  the  f l i p - f l o p   74  is  u sed   a s  

the  s i g n a l   c .  

F ig .   4  shows  t i m i n g   c h a r t s   of  the  dot   c l o c k   w h i c h  

s e r v e s   as  s h i f t   p u l s e s   of  the  s h i f t   r e g i s t e r s   3R,  3G  and  3B ,  

a  word  c l o c k   fo r   c o u n t i n g   up  the  d i s p l a y   a d d r e s s ,   the   o u t p u t  

of  the  m u l t i p l e x e r   6,  the   i n p u t   to  each  of  the  g r a p h i c  

memor ies   1R,  1G  and  1B,  the  o u t p u t   of  each  of  the  g r a p h i c  

memor ies   1R,  1G  and  1B,  the   s i g n a l s   a,  b  a n d   c  and  t h e  

w r i t e   s i g n a l   from  the  CPU  8.  As  shown  in  F ig .   4,  t h e  

c o n t e n t s   of  the   g r a p h i c   memor ie s   1R,  1G  and  1B  are   r e a d   o u t  

by  s t e p s   of  e i g h t   b i t s   and  the  w r i t e   c y c l e   o c c u r s   in  t h e  

i n t e r v a l   b e t w e e n   the  r e ad   c y c l e s .  

Nex t ,   a  d e s c r i p t i o n   w i l l   be  g i v e n   of  the  o p e r a t i o n  

of  the  u n i t   i l l u s t r a t e d   in  F ig .   1.  F ig .   5  is  a  f l o w c h a r t  

showing   an  example   of  p r o c e s s i n g   by  the  CPU  8  fo r   w r i t i n g  

g r a p h i c   d a t a   i n t o   the  g r a p h i c   memor ies   1R,  1G  and  1B.  As 

shown  in  F ig .   5,  the  c r e a t i o n   of  a  g r a p h i c   form  s t a r t s   w i t h  

d e c i d i n g   the  c o l o r   in  which   the   g r a p h i c   form  is  to  b e  

c i s p l a y e d .   Then  the  f o l l o w i n g   i n f o r m a t i o n   is  s t o r e d   i n  

t h r e e   l o w - o r d e r   b i t s   of  an  e i g h t - b i t   r e g i s t e r   such  as  a n  

i n t e r n a l   r e g i s t e r   of  the  CPU.  Tha t   i s ,   as  shown  in  F ig .   6 ,  

red  i n f o r m a t i o n   is  s e t   in  the  l e a s t   s i g n i f i c a n t   b i t   a 0 ,  

g r e e n   i n f o r m a t i o n   in  the  n e x t   b i t   a1  and  b lue   i n f o r m a t i o n  

in  the  n e x t   b i t   a 2 .  



D i s p l a y   c o l o r   b l a c k   000  D i s p l a y   c o l o r   red  001 

D i s p l a y   c o l o r   g r e e n   010  D i s p l a y   c o l o r   b lue   100 

D i s p l a y   c o l o r   y e l l o w   Oil  D i s p l a y   c o l o r   magen t a   101 

D i s p l a y   c o l o r   cyan  110  D i s p l a y   c o l o r   w h i t e   111  

Nex t ,   the   d a t a   of  the   above  r e g i s t e r   is  w r i t t e n   i n t o  

an  a d d r e s s   of  the   c o n c e r n e d   one  of  the  RAMs  20  to  27.  F o r  

i n s t a n c e ,   in  the   c a se   of  d i s p l a y i n g   a  red  dot   a t   one  p o i n t  

on  the   d i s p l a y   s c r e e n ,   i f   the   a r e a   of  the   g r a p h i c   memory  

c o r r e s p o n d i n g   to  t h a t   p o i n t   is  a  s e c o n d   a r e a   (numbered   9  i n  

F i g .   2)  of  the   RAM  2 1   t hen   a  w r i t e   s i g n a l   is  p r o d u c e d ,   a s  

shown  in  F i g .   4,  a f t e r   which   the  t h r e e   l o w - o r d e r   b i t s   of  t h e  

CPU  a d d r e s s   a re   made,  f o r   e x a m p l e ,   (0,  0,  1)  so  as  to  s e l e c t  

the   o u t p u t   l i n e   121  and  the   a d d r e s s   b e i n g   a p p l i e d   to  t h e  

m u l t i p l e x e r   6  is  s e t   so  t h a t   the   s e c o n d   a r e a   of  the   RAM  21 

is  s e l e c t e d .   Then  d a t a   (00000001)   is  p r o v i d e d   on  the   d a t a  

bus  9.  S i n c e   the   l e a s t   s i g n i f i c a n t   b i t   of  the   d a t a   bus  9  i s  

c o n n e c t e d   to  the   g r a p h i c   memory  1R  fo r   red  p i c t u r e ,   a s  

m e n t i o n e d   p r e v i o u s l y ,   d a t a " l "   is  s t o r e d   in  the  s e c o n d   a r e a  

of  the   RAM  21.  At  t h i s   t i m e ,   a  "1"  is  s t o r e d   in  each  o f  

s e c o n d   a r e a s   of  the   g r a p h i c   memor i e s   1G  and  1B. 

On  On  the   o t h e r   hand ,   when  the  m u l t i p l e x e r   6  i s  

c h a n g e d   o v e r   by  the   s i g n a l   a,  the   c o n t e n t s   of  the  g r a p h i c  

m e m o r i e s   1R,  1G  and  1B  a re   r ead   out   by  s t e p s   of  e i g h t   b i t s  

and  the   d a t a   of  the   RAM  21  is   r ead   out   and  d i s p l a y e d   in  a t  

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

As  d e s c r i b e d   a b o v e ,   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,  



in  g r a p n i c   memory  a  w r i t e / r e a d   c o n t r o l   u n i t   which   w r i t e s ,  

b i t   by  b i t ,   da t a   i n t o   g r a p h i c   memor i e s   fo r   r ed ,   g r e e n   a n d  

b lue   p i c t u r e s ,   each  h a v i n g   a  c a p a c i t y   of  N  x  M  b i t s ,   a n d  

r e a d s   ou t   t h e r e f r o m   the  d a t a   by  s t e p s   of  M  b i t s ,   s i n c e   t h e  

g r a p h i c   memor ies   fo r   r ed ,   g r een   and  b lue   p i c t u r e s   a re   e a c h  

formed  by  a  RAM  group  of  an  M - b i t   o u t p u t   which  i n c l u d e s   M 

RAMs  each  h a v i n g   a  o n e - b i t   o u t p u t   and  a  1  x  N  b i t   c a p a c i t y  

and  s i n c e   the  g r a p h i c   memor ies   fo r   r ed ,   g r e e n   and  b l u e  

p i c t u r e s   a re   a s s i g n e d   the  same  a d d r e s s   s p a c e ,   i t   is  p o s s i b l e  

to  s p e c i f y ,   by  one  a d d r e s s i n g   from  a  CPU,  e i g h t   b i t s   of  t h e  

same  a d d r e s s e s   of  the  g r a p h i c   memor ie s   fo r   r e d ,   g r e e n   a n d  

b lue   p i c t u r e s .   F u r t h e r m o r e ,   s i n c e   d i f f e r e n t   o n e - b i t   d a t a  

l i n e s   of  the  CPU  are   c o n n e c t e d   to  a l l   the   RAMs  of  t h e  

g r a p h i c   memor ies   fo r   r ed ,   g r e e n   and  b l u e   p i c t u r e s   and  s i n c e  

the  a b o v e s a i d   b i t w i s e   d a t a   w r i t e   is  e f f e c t e d   by  s p e c i f y i n g  

one  b i t   of  each  RAM  of  each   g r a p h i c   memory  by  a  CPU  a d d r e s s  

and  by  s e n d i n g   a  w r i t e   s i g n a l   to  an  a r b i t r a r y   one  of  t h e  

M  RAMs  by  a  p a r t   of  the   CPU  a d d r e s s ,   i t   is  p o s s i b l e   t o  

w r i t e   d a t a   b i t   by  b i t   from  the  CPU  and  to  s p e c i f y   the  d i s p l a y  

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

i n v e n t i o n   makes  i t   p o s s i b l e   to  m o d i f y   one  b i t   of  each   g r a p h i c  

memory  in  one  c y c l e   of  the   CPU  s i m p l y   by  the  a d d i t i o n a l  

p r o v i s i o n   of  a  sma l l   amount  of  h a r d w a r e .  



A  g r a p h i c   memory  w r i t e / r e a d   c o n t r o l   u n i t   which  w r i t e s ,  

b i t   by  b i t ,   d a t a   in  g r a p h i c   memor ies   fo r   r ed ,   g r e e n   and  b l u e  

p i c t u r e s   and  r e a d s   out   t h e r e f r o m   the  d a t a   in  u n i t s   of  M  b i t s ,  

c h a r a c t e r i z e d   in  t h a t   the  g r a p h i c   memor ies   fo r   r ed ,   g r e e n  

and  b l u e   p i c t u r e s   each  c o m p r i s e   a  RAM  group  of  an  M - b i t  

o u t p u t   wh ich   i n c l u d e s   M  RAMs each  h a v i n g   a  o n e - b i t   o u t p u t  

and  a  1  x  N  b i t   c a p a c i t y ;   the   g r a p h i c   memor ies   fo r   r e d ,  

g r e e n   and  b l u e   p i c t u r e s   a re   a s s i g n e d   the  same  a d d r e s s   s p a c e ;  

d i f f e r e n t   o n e - b i t   d a t a   l i n e s   of  a  d a t a   bus  of  a  CPU  a r e  

c o n n e c t e d   to  a l l   the   RAMs  of  the  g r a p h i c   memor i e s   f o r   r e d ,  

g r e e n   and  b l u e   p i c t u r e s ;   and  the  b i t w i s e   d a t a   w r i t e   i s  

e f f e c t e d   by  s p e c i f y i n g   one  b i t   of  each  RAM  of  each  g r a p h i c  

memory  by  a  CPU  a d d r e s s   and  by  s e n d i n g   a  w r i t e   s i g n a l   to  a n  

a r b i t r a r y   one  of  the   M RAMs  by  a  p a r t   of  the   CPU  a d d r e s s .  














