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T h i s   i n v e n t i o n   r e l a t e s   to  d i g i t a l   d a t a   d i s p l a y   s y s t e m s  

and  p a r t i c u l a r l y   to  such  a  s y s t e m   as  d e s c r i b e d   in  o u r  

c o p e n d i n g   UK  P a t e n t   a p p l i c a t i o n   No.  7 9 3 3 5 3 3   and  in  wh ich   a  

d i s p l a y   u n i t   is   u sed   t h a t   can  d i s p l a y   in  more  t h a n   o n e  

c o l o u r .  

The  w i d e s p r e a d   use   of  i n t e r a c t i v e   d i s p l a y   t e r m i n a l s   c o n -  

n e c t e d   to  d i g i t a l   d a t a   p r o c e s s i n g   u n i t s   has   l ed   to  a  d e m a n d  

f o r   i n f o r m a t i o n   to  be  d i s p l a y e d   n o t   o n l y   in  t he   form  o f  

a l p h a n u m e r i c   c h a r a c t e r s   b u t   in  t he   form  of  g r a p h i c a l   p i c -  

t u r e s ,   such   as  g r a p h s ,   ba r   and  p i e   c h a r t s   w h i c h   i l l u s t r a t e  

r e l a t i o n s h i p s   b e t w e e n   v a l u e s   in  a  way  t h a t   is   e a s y   to  u n d e r -  

s t a n d .  

A  r e v i e w   of  some  of  the   p r i o r   a r t   t e c h n i q u e s   used   t o  

d i s p l a y   g r a p h i c a l   p i c t u r e s   is  f o u n d   in  the   C o m m u n i c a t i o n   o f  

t h e   ACM,  Feb  1974  (Vo l .   17,  No.  12)  pp  7 0 - 7 7 ,   a  p a p e r  
e n t i t l e d   "A  C e l l   O r g a n i z e d   R a s t e r   D i s p l a y   f o r   L i n e   D r a w i n g s "  

by  B  W  J o r d a n   and  R  C  B a r r e t t .   T h i s   p a p e r   d i s c u s s e d   t h e  

d i f f e r e n c e s   b e t w e e n   random  s can   or  d i r e c t e d   beam  d i s p l a y s   a n d  

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

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

d i v i d e d   i n t o   a  number   of  c e l l s   e a c h   c e l l   h a v i n g   a  m a t r i x   o f  

b i t   p o s i t i o n s .   As  d e s c r i b e d   in  t h e   p a p e r ,   t he   d i s p l a y   s y s t e m  

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

b u f f e r ,   a  c h a r a c t e r   g e n e r a t o r   and  a  r e f r e s h   memory .   T h e  

c h a r a c t e r   g e n e r a t o r   wh ich   i s   s a i d   to   be  t h e   ' h e a r t   of  t h e  

g r a p h i c s   t e r m i n a l '   i s   a  s p e c i a l   p u r p o s e   p r o c e s s o r   d e d i c a t e d  

to   t h e   p r e p a r a t i o n   of  g r a p h i c a l   f i g u r e s .   The  u se   of  such   a  

s p e c i a l   p u r p o s e   p r o c e s s o r   i s   o b v i o u s l y   an  e x p e n s i v e   i t e m   in  a  

g r a p h i c   t e r m i n a l .  



UK  P a t e n t   S p e c i f i c a t i o n   1 , 3 3 0 , 7 4 8   ( A p p l i e d   D i g i t a l   D a t a  

S y s t e m s   I n c . )   and  US  P a t e n t   3 , 8 9 1 , 9 8 2   (Adage  I n c . )   b o t h  

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

a l p h a n u m e r i c   d a t a .   The  UK  P a t e n t   S p e c i f i c a t i o n   d e s c r i b e s   a  

s y s t e m   in  w h i c h   a l p h a n u m e r i c   and  g r a p h i c a l   d a t a   a r e   t r e a t e d  

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

s i g n a l   g e n e r a t o r .   In  t h e   US  P a t e n t ,   t h e   a p p a r a t u s   d e s c r i b e d  

o p e r a t e s   to   r e p e t i t i v e l y   g e n e r a t e   a  v i d e o   s i g n a l   f o r   d r i v i n g  

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

s e n t i n g   i m a g e   c o m p o n e n t s .   The  r a s t e r   s can   is   c o n s i d e r e d   a s  

b e i n g   d i v i s i b l e   i n t o   a  r e c t i l i n e a r   a r r a y   of  rows  and  c o l u m n s  

of  c e l l s ,   e a c h   image   c o m p o n e n t ,   as  e n c o d e d ,   l y i n g   w i t h i n   a  

s i n g l e   c e l l .   More  t h a n   one  image   c o m p o n e n t   can  be  p r o v i d e d  

in  e a c h   c e l l .   The  a p p a r a t u s   i n c l u d e s   a  s e r i a l   r e f r e s h   m e m o r y  
f o r   h o l d i n g ,   in  c e l l   o r d e r ,   d a t a   words   d e f i n i n g   an  image  t o  

be  d i s p l a y e d .   The  c o n t e n t s   of  t h e   memory  a r e   s e l e c t i v e l y  

a d v a n c e d   to   r e a d   o u t   a l l   d a t a   w o r d s   r e l a t i n g   to   a  g i v e n   c e l l  

and  as  t h o s e   d a t a   words   a r e   s u c c e s s i v e l y   r e a d   o u t   t h e y   a r e  

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

e l e m e n t s .   An  a c c u m u l a t i o n   r e g i s t e r   a c c u m u l a t e s   t h e   p i c t u r e  

e l e m e n t s   d e f i n e d   by  a  s u c c e s s i o n   of  d a t a   words   r e l a t i n g   to  a  

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

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

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

US  P a t e n t   3 , 2 9 3 , 6 1 4   and   3 , 3 5 1 , 9 2 9   b o t h   a s s i g n e d   t o  

H a z e l t i n e   R e s e a r c h   I n c .   r e l a t e   to  d i g i t a l   d a t a   s y s t e m s ,   t h e  

f i r s t   (614)   d e s c r i b e s   a  s y s t e m   in  w h i c h   t he   s c r e e n   i s   d i v i d e d  

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

m e n t s   ( p e l s )   and  t he   a s s o c i a t e d   s t o r a g e   means   h a s   a  s e p a r a t e  

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

l a r g e   s t o r a g e   d e v i c e .   The  s e c o n d   p a t e n t   (929)  d e s c r i b e s   a n  

a t t e m p t   to   r e d u c e   t he   a m o u n t   of  s t o r a g e   r e q u i r e d   by  s t o r i n g  



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

i n c l u d e d   w i t h   e a c h   c h a r a c t e r   word .   The  a d d r e s s e s   a re   d i v i d e d  

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

d e t e r m i n e s   w i t h i n   w h i c h   c h a r a c t e r   s i z e d   s e g m e n t   of  t he   d i s -  

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

t h e   c h a r a c t e r   w i t h i n   the   s e g m e n t .   The  c o m b i n a t i o n   of  t h e  

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

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

In  t h e   c o p e n d i n g   A p p l i c a t i o n   N o . . . . . . .   ( U K 9 - 7 8 - 0 3 4 )  

t h e r e   i s   p r o v i d e d   a  d i g i t a l   d a t a   d i s p l a y   s y s t e m   fo r   p r e -  

s e n t i n g   a  g r a p h i c a l   p i c t u r e   on  an  o u t p u t   d e v i c e   in  wh ich   t h e  

a r e a   or  s c r e e n   from  wh ich   the   p i c t u r e   i s   to  be  v i e w e d   i s  

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

of  wh ich   c o m p r i s e s   a  p r e d e t e r m i n e d   number   of  p i c t u r e   e l e m e n t s  

( p e l s ) ,   t he   s y s t e m   c o m p r i s i n g   means  f o r   c r e a t i n g ,   in  r e s p o n s e  
to  i n p u t   i n f o r m a t i o n ,   a  f i r s t   l e v e l   d e s c r i p t i o n   of  a l l   t h e  

e l e m e n t s   of  a  p i c t u r e   to  be  p r e s e n t e d ,   means   f o r   s t o r i n g   a  

s c r e e n   d e f i n i t i o n   t a b l e   h a v i n g   an  e n t r y   fo r   e a c h   c h a r a c t e r  

c e l l   of  t he   d i s p l a y   a r e a ,   means   f o r   c a l c u l a t i n g   fo r   e a c h  

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

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

c a l c u l a t e d   p a t t e r n   in  a  t a b l e   in  a  c h a r a c t e r   c e l l   s t o r e   a n d  

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

t a b l e   w i t h   t he   r e q u i r e d   p a t t e r n   in  t he   c h a r a c t e r   c e l l   s t o r e ,  

means   to  d e t e r m i n e   when  a  p a r t i c u l a r   c h a r a c t e r   pe l   p a t t e r n  
has   a l r e a d y   been   c a l c u l a t e d   as  r e q u i r e d   f o r   a  p i c t u r e   and  t o  

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

o n l y   one  copy  of  t he   p a r t i c u l a r   c h a r a c t e r   c e l l   pe l   p a t t e r n  

and  means  f o r   t r a n s f e r r i n g   t h e   s c r e e n   d e f i n i t i o n   t a b l e   to  a  

s c r e e n   d e f i n i t i o n   b u f f e r   s t o r e   and  the   c h a r a c t e r   c e l l   p a t t e r n  

t a b l e   to   a  c h a r a c t e r   c e l l   b u f f e r   s t o r e   in  t h e   d i s p l a y   d e v i c e  

w h e r e b y   the   c o n t e n t s   of  t h e   s c r e e n   d e f i n i t i o n   b u f f e r   s t o r e  



and   c h a r a c t e r   c e l l   b u f f e r   s t o r e   c o n t r o l   t h e   c o n s t r u c t i o n   of  a  

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

When  a  d i s p l a y   u n i t   t h a t   can   d i s p l a y   in  more   t h a n   o n e  

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

in   a  p i c t u r e   a r e   d r awn   of  d i f f e r e n t   c o l o u r s   and  t h e y   c r o s s   o r  

m e e t .   The  p r o b l e m   i s   wha t   c o l o u r   s h o u l d   be  d i s p l a y e d   a t   t h e  

c r o s s - o v e r   or   m e e t i n g   p o i n t .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

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

d e v i c e   c a p a b l e   of  p r e s e n t i n g   p i c t u r e s   on  a  s c r e e n   in  m o r e  

t h a n   one  c o l o u r ,   and  means   c o n t r o l l e d   by  an  o p e r a t o r   to  c o n -  

s t r u c t   p i c t u r e s   on  t h e   s c r e e n   c h a r a c t e r i z e d   in  t h a t   means  a r e  

p r o v i d e d   to  a l l o w   an  o p e r a t o r   to  d e t e r m i n e   the   c o l o u r   o f  

p o i n t s   a t   w h i c h   two  or   more  d i f f e r e n t   c o l o u r e d   l i n e s   or  a r e a s  

of  a  p i c t u r e   i n t e r s e c t .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  f u l l y   u n d e r s t o o d   i t  

w i l l   now  be  d e s c r i b e d   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 u r e   1  shows  in   s c h e m a t i c   f o r m ,   t h e   ma in   c o m p o n e n t s   f o r  

i m p l e m e n t i n g   a  d i g i t a l   d a t a   d i s p l a y   s y s t e m .  

F i g u r e   2  shows  in   s c h e m a t i c   form  a  d i s p l a y   u n i t   w i t h   a  

r a n d o m   a c c e s s   s t o r e .  

F i g u r e   3  shows  in  s c h e m a t i c   form  t he   s y s t e m   c o n t r o l  

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

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



R e f e r r i n g   now  to   F i g u r e   1  t h e r e   i s   shown  a  c e n t r a l  

p r o c e s s i n g   u n i t   1  w h i c h   may  f o r   e x a m p l e   be  an  IBM  S y s t e m  

3 7 0 / 1 6 8   m a c h i n e   (IBM  i s   a  R e g i s t e r e d   T r a d e   M a r k ) .   T h e  

c e n t r a l   p r o c e s s i n g   u n i t   1  p e r f o r m s   t h e   main   p r o c e s s i n g   t a s k s  

r e q u i r e d   to  c o n t r o l   t he   d i s p l a y   u n i t   and  a l s o   i n c l u d e s   m e a n s  

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

i n v e n t i o n .   The  c e n t r a l   p r o c e s s i n g   u n i t   may  have   a  d i r e c t  

c o n n e c t i o n   to  a  d i s p l a y   c o n t r o l l e r   2  a n d / o r   may  be  c o n n e c t e d  

r e m o t e l y   to  such  a  d i s p l a y   c o n t r o l l e r   3  t h r o u g h   a  n e t w o r k  

c o n t r o l l e r   4  wh ich   i s   c o n n e c t e d   r e m o t e l y   to  a n o t h e r   n e t w o r k  

c o n t r o l l e r   5  w h i c h   in  t u r n   may  be  c o n n e c t e d   to  s e v e r a l  

d i s p l a y   c o n t r o l l e r s   3.  (Only  one  s h o w n . )  

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

d i s p l a y   d e v i c e s   6.  The  d i s p l a y   d e v i c e s   u s u a l l y   c o m p r i s e   a  

v i s u a l   d i s p l a y   u n i t ,   such   as  a  c a t h o d e   ray   t ube   and  a  

s e p a r a t e   k e y b o a r d ,   by  w h i c h   a  u s e r   e n t e r s   commands  i n t o   t h e  

s y s t e m .   In  o r d e r   to  i m p l e m e n t   t he   p r e s e n t   i n v e n t i o n   t h e  

d i s p l a y   d e v i c e s   6  e a c h   i n c l u d e   a  r andom  a c c e s s   s t o r e   as  w i l l  

be  d e s c r i b e d   b e l o w .  

In  p r i o r   a r t   d i s p l a y   t e r m i n a l s   such   as  t he   IBM  3 2 7 0  

s e r i e s   t h e r e   is  a  b u f f e r   s t o r e   in  t he   d i s p l a y   u n i t   w h i c h  

c o n t a i n s   one  e n t r y   f o r   e a c h   c h a r a c t e r   p o s i t i o n   on  t h e  

s c r e e n .   A  c h a r a c t e r   p o s i t i o n   may  e i t h e r   c o n t a i n   a  c h a r a c t e r  

( w h i c h   may  n o t   a c t u a l l y   be  d i s p l a y a b l e   i . e .   i t   may  be  b l a n k  

or  n u l l ) ,   or  a  f i e l d   a t t r i b u t e   ( w h i c h   d i s p l a y s   as  a  b l a n k ,  

b u t   c o n t a i n s   a t t r i b u t e   i n f o r m a t i o n   a b o u t   how  t he   c h a r a c t e r s  

in  the   f o l l o w i n g   f i e l d   a r e   to  a p p e a r ,   e . g .   h i g h l i g h t e d ,  

i n v i s i b l e ,   e t c . ) .   In  t h e   f o r m e r   c a s e   t h e   e n t r y   in  t h e  

c h a r a c t e r   b u f f e r   c o n t a i n s   an  i n d e x   w h i c h   i s   used   by  t h e  

h a r d w a r e   c h a r a c t e r   g e n e r a t o r   to  a c c e s s   t h e   d e f i n i t i o n   of  t h e  

pe l   p a t t e r n   fo r   t h a t   c h a r a c t e r .   The  d e f i n i t i o n s   t h e m s e l v e s  

a r e   h e l d   in  r ead   o n l y   s t o r a g e ,   so  t h e y   may  n o t   be  a l t e r e d .  



F i g u r e   2  shows  in  s c h e m a t i c   form  a  d i s p l a y   h e a d  

i n c o r p o r a t i n g   t he   p r i n c i p l e s   of  t h e   p r e s e n t   i n v e n t i o n .  

I n s t e a d   of  j u s t   a  s i n g l e   s e t   of  r e a d   o n l y   s t o r a g e   c h a r a c t e r  

d e f i n i t i o n s   t h e   head   c o n t a i n s   one  or   two  s e t s   of  c h a r a c t e r  

d e f i n i t i o n s   h e l d   in  r e a d   o n l y   s t o r e s   7  and  8  and  up  to   s i x  

s e t s   of  c h a r a c t e r   d e f i n i t i o n s   c o n t a i n e d   in   r a n d o m   a c c e s s  

s t o r e s   9,  10  and  11  ( e a c h   of  w h i c h   in   t h e   d r a w i n g   r e p r e s e n t s  

two  r andom  a c c e s s   s t o r e s ) .   The  d e f i n i t i o n s   c o n t a i n e d   i n  

t h e s e   s t o r e s   9,  10,  and  11  can  be  c h a n g e d   by  i n p u t  

i n f o r m a t i o n   f rom  t he   c e n t r a l   p r o c e s s i n g   u n i t   4  ( F i g u r e   1 ) .  

In  t h i s   s p e c i f i c a t i o n   t h e s e   c h a r a c t e r   d e f i n i t i o n s   w h i c h  

can  be  s t o r e d   in  t he   r andom  a c c e s s   s t o r e s   9,  10  and  11  a r e  

r e f e r r e d   to  as  p r o g r a m m e d   s y m b o l s .  

The  c h a r a c t e r   b u f f e r   12  i s   s u p p l e m e n t e d   by  an  e x t e n d e d  

a t t r i b u t e   b u f f e r   13,  w h i c h   c o n t a i n s ,   a g a i n   on  a  c h a r a c t e r  

b a s i s   ( e x c e p t   f o r   t he   p o s i t i o n s   a t   w h i c h   f i e l d   a t t r i b u t e s  

o c c u r ) ,   a d d i t i o n a l   i n f o r m a t i o n   a b o u t   t h e   h i g h l i g h t i n g   f o r  

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

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

c h a r a c t e r   and  a l s o   t he   number   of  t h e   c h a r a c t e r   s e t   from  w h i c h  

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

Of  c o u r s e   w h i l e   t he   p r e s e n t   d e s c r i p t i o n   of  t h e   p r e f e r r e d  

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

t u b e ,   o t h e r   e m b o d i m e n t s   u s i n g   p r i n t e r s   and  o t h e r   o u t p u t  

d i s p l a y   d e v i c e s   may  be  e n v i s a g e d .  

The  d i s p l a y   head   may  have   p r o v i s i o n   f o r   d i s p l a y i n g  

c h a r a c t e r   c e l l s   in  a  s i n g l e   c o l o u r   or   a  p l u r a l i t y   of  c o l o u r s ,  

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

a  s i n g l e   c o l o u r   d i s p l a y   t h e   c h a r a c t e r   d e f i n i t i o n   b u f f e r s   9 ,  



10  and  11  s t o r i n g   t he   p r o g r a m m e d   s y m b o l s   c o n t a i n   one  b i t   f o r  

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

9x16  c h a r a c t e r   c e l l   may  be  h e l d   in  18  b y t e s   of  s t o r a g e ) .   T h e  

p a t t e r n   d e f i n e d   by  t h e   18  b y t e s   w i l l   be  d i s p l a y e d   in  a  

s i n g l e   c o l o u r   (of  n e c e s s i t y   in  a  m o n o c h r o m e   d i s p l a y ,   t h o u g h  

no t   n e c e s s a r i l y   t he   same  c o l o u r   in  a  c o l o u r   d i s p l a y ) ,   in  e a c h  

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

b u f f e r   12.  The  a c t u a l   c o l o u r   where   a  s i n g l e   c o l o u r   c h a r a c t e r  

d i s p l a y   i s   u sed   i s   d e t e r m i n e d   by  t he   c o l o u r   b i t s   in  t h e  

a p p r o p r i a t e   p o s i t i o n   in  t he   e x t e n d e d   a t t r i b u t e   b u f f e r   1 3 .  

I f   t h e r e   i s   to  be  more  t h a n   one  c o l o u r   w i t h i n   a  s i n g l e  

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

T h e r e   a r e   t h e n   t h r e e   b i t s   f o r   e ach   s c r e e n   p e l ,   one  f o r   e a c h  

of  the   p r i m a r y   c o l o u r   g u n s ,   r e d ,   g r e e n   and  b l u e .   When  o n l y  

t he   red  b i t   i s   on  f o r   a  p a r t i c u l a r   p e l ,   t h a t   pel   w i l l   b e  

d i s p l a y e d   in  r e d ;   i f   r ed   and  g r e e n   b i t s   a re   on  the   pe l   w i l l  

be  y e l l o w   and  so  on.   As  t h e   c o l o u r   d e f i n i t i o n   i s   now  w i t h i n  

the   c h a r a c t e r   d e f i n i t i o n   r a t h e r   t h a n   in  t he   e x t e n d e d  

a t t r i b u t e   b u f f e r   13,  a  t r i p l e   r e f e r e n c e d   in  more  t h a n   o n e  

s c r e e n   p o s i t i o n   by  t he   c h a r a c t e r   b u f f e r   12  w i l l   a l w a y s   a p p e a r  
w i t h   t he   same  c o m b i n a t i o n   of  c o l o u r s .  

M e t h o d s   of  u s i n g   p r o g r a m m e d   s y m b o l s   may  be  d i v i d e d   i n t o  

two  main  c a t e g o r i e s :   f i r s t l y   t h e y   may  be  u sed   to  d e f i n e  

d i f f e r e n t   c h a r a c t e r   f o n t s   ( e . g .   i t a l i c   or  Greek)   and  s e c o n d l y  

t h e y   a l l o w   g r a p h i c   o b j e c t s   to   be  d r a w n ,   to  pe l   a c c u r a c y .  
T h e s e   m e t h o d s   may  be  c o m b i n e d   in  the   same  p i c t u r e   d i s p l a y .  

The  p r e f e r r e d   e m b o d i m e n t   d e s c r i b e d   in  t h i s   s p e c i f i c a t i o n  

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

o b j e c t s .  



U s i n g   p r o g r a m m e d   s y m b o l s   e n a b l e s   pe l   a c c u r a t e   g r a p h i c s   t o  

be  d i s p l a y e d   on  a  r e f r e s h   s c r e e n ,   or  p r i n t e d   by  a  p r i n t e r ,  

w i t h o u t   r e q u i r i n g   t h e   q u a n t i t y   of  s t o r a g e   w h i c h   w o u l d  

o t h e r w i s e   be  n e c e s s a r y   in  t he   d i s p l a y   u n i t   to  h o l d   a  c o m p l e t e  

pe l   b u f f e r .   T h i s   i s   b e c a u s e   f o r   a l l   b u t   t h e   m o s t   c o m p l e x  

p i c t u r e s ,   t h e r e   a r e   a  s u b s t a n t i a l   number   of  s c r e e n   c h a r a c t e r  

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

same  p e l   p a t t e r n   as  o t h e r   c e l l   p o s i t i o n s ,   so  t h a t   t h e  

d e f i n i t i o n   need   be  h e l d   o n l y   o n c e .  

The  use   of  p r o g r a m m e d   s y m b o l s   is   w e l l   s u i t e d   t o  

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

of  d a t a ,   m a k i n g   use   of  such   f e a t u r e s   as  a r e a   s h a d i n g   and  t h e  

u s e   of  c o l o u r .   Also   f o r   t h o s e   a p p l i c a t i o n s   in  w h i c h   t h e  

i n t e r a c t i o n   i s   t h r o u g h   t he   use   of  a s s o c i a t e d   a l p h a n u m e r i c   o r  

f u n c t i o n   k e y s   on  a  k e y b o a r d .  

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

e m b o d i m e n t   of   t he   p r e s e n t   i n v e n t i o n   o p e r a t e s   as  f o l l o w s .  

A  u s e r   of   t h e   d i g i t a l   d a t a   d i s p l a y   s y s t e m   ( F i g u r e   1)  

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

p r o g r a m   t h r o u g h   a  d i s p l a y   u n i t   6.  The  a p p l i c a t i o n   p r o g r a m  
w i l l   n o r m a l l y   be  s t o r e d   in   a  b a c k - u p   s t o r e   c o n n e c t e d   w i t h   t h e  

c e n t r a l   p r o c e s s i n g   u n i t   1.  When  a  u s e r   h a s   i d e n t i f i e d   t h e  

a p p l i c a t i o n   p r o g r a m s   r e q u i r e d   t he   s y s t e m   c o n t r o l   s e r v i c e s   o f  

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

p r o g r a m   i n t o   t he   c e n t r a l   p r o c e s s i n g   u n i t ' s   1  w o r k i n g   s t o r e  

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

to  run   t he   a p p l i c a t i o n .  

The  a p p l i c a t i o n   p r o g r a m   w i l l ,   t y p i c a l l y ,   have   b e e n  

w r i t t e n   so  t h a t   a t   some  p o i n t   i t   w i l l   r e q u i r e   t he   s y s t e m  



c o n t r o l   s e r v i c e s   to  d i s p l a y   d a t a   a t   the   d i s p l a y   u n i t   6.  T h e  

d a t a   may  have   been   s u p p l i e d   to  t he   a p p l i c a t i o n   p r o g r a m   by  t h e  

u s e r   d i r e c t l y   from  t he   k e y b o a r d   c o n t a i n e d   in  d i s p l a y   u n i t   6 

or  i t   may  have   been   o b t a i n e d   from  a  f i l e   in  a  d a t a   b a s e   t o  

w h i c h   t h e   c e n t r a l   p r o c e s s i n g   u n i t   1  has   a c c e s s .   T h e  

a p p l i c a t i o n   p r o g r a m   w i l l   r e q u e s t   t h a t   t he   s y s t e m   c o n t r o l  

s e r v i c e s   d i s p l a y   the   d a t a   in  a  p a r t i c u l a r   fo rm,   say  f o r  

e x a m p l e   a  ba r   c h a r t .   Hav ing   r e c e i v e d   the   r e q u e s t   and  t h e  

d a t a   from  t he   a p p l i c a t i o n   p r o g r a m   t he   s y s t e m   c o n t r o l   s e r v i c e s  

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

r e q u i r e d   a t   t he   p a r t i c u l a r   d i s p l a y   u n i t   6  w h i c h   t he   u s e r   i s  

u s i n g .  

The  s y s t e m   c o n t r o l   s e r v i c e s   wh ich   c o n t r o l   t h e   o p e r a t i o n  

of  t he   d i g i t a l   d a t a   d i s p l a y   s y s t e m   a re   shown  s c h e m a t i c a l l y   i n  

F i g u r e   3.  The  c e n t r a l   p r o c e s s i n g   u n i t   1,  w h i c h   as  m e n t i o n e d  

above   may  be  an  IBM  S y s t e m   3 7 0 / 1 6 8 ,   has  an  o p e r a t i n g   s y s t e m  

14  w h i c h   may  be  IBM  V i r t u a l   M a c h i n e   F a c i l i t y / 3 7 0   ( V M / 3 7 0 )  

d e s c r i b e d   g e n e r a l l y   in  t he   I n t r o d u c t i o n   to  IBM  V i r t u a l  

M a c h i n e   F a c i l i t y / 3 7 0   G C 2 0 - 1 8 0 0 - 9   p u b l i s h e d   by  I n t e r n a t i o n a l  

B u s i n e s s   M a c h i n e s   C o r p o r a t i o n .  

VM/370  m a n a g e s   t h e   r e s o u r c e s   of  an  IBM  S y s t e m / 3 7 0   in  s u c h  

a  way  t h a t   m u l t i p l e   u s e r s   have   a  f u n c t i o n a l   s i m u l a t i o n  o f   a  

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

i s ,   t he   v i r t u a l   m a c h i n e   r u n s   as  i f   i t   were   a  r e a l   m a c h i n e  

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

s y s t e m .   These   s i m u l a t i n g   r e s o u r c e s   can  be  e i t h e r   s h a r e d   w i t h  

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

m a c h i n e   f o r   a  s p e c i f i e d   t i m e .   V i r t u a l   m a c h i n e s   can  run  t h e  

same  or   d i f f e r e n t   o p e r a t i n g   s y s t e m s   s i m u l t a n e o u s l y ,   t h u s   a  

u s e r   can  c r e a t e   and  a d a p t   a  v i r t u a l   m a c h i n e   to  mee t   t he   u s e r s  

n e e d s .   A  d e s c r i p t i o n   of  t h e   c o m p o n e n t   p a r t s   and  how  V M / 3 7 0  

o p e r a t e s   i s   f ound   in  t h e   a b o v e   r e f e r e n c e d   m a n u a l .  



A  u s e r   a t   a  r e m o t e   t e r m i n a l   6  ( F i g u r e   1)  c o m m u n i c a t e s  

w i t h   t h e   c e n t r a l   p r o c e s s i n g   u n i t   t h r o u g h   t h e   n e t w o r k  

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

c o n t r o l   s y s t e m   15  ( F i g u r e   3 ) .   The  c o m m u n i c a t i o n   a c c e s s  

c o n t r o l   s y s t e m   15  o p e r a t e s   u n d e r   t h e   c o n t r o l   of  t h e   o p e r a t i n g  

s y s t e m   and  o r g a n i s e s   t he   t r a n s m i s s i o n   and  r e c e p t i o n   o f  

i n f o r m a t i o n   (commands   and  d a t a )   to   and  f rom  t h e   r e m o t e  

n e t w o r k   c o n t r o l l e r s .  

An  e x a m p l e   of  a  c o m m u n i c a t i o n   a c c e s s   c o n t r o l   s y s t e m   i s  

t h e   V i r t u a l   T e l e c o m m u n i c a t i o n s   A c c e s s   Me thod   (VTAM)  d e s c r i b e d  

in   ACF/VTAM  G e n e r a l   I n f o r m a t i o n   Manua l   ( G C 3 8 - 0 2 5 4 )   p u b l i s h e d  

by  I n t e r n a t i o n a l   B u s i n e s s   M a c h i n e s   C o r p o r a t i o n .  

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

i n t e r a c t i v e   or  d a t a   c o m m u n i c a t i o n   s y s t e m   16.  The  o n - l i n e  

r e a l - t i m e   d a t a   b a s e / d a t a   c o m m u n i c a t i o n   d i f f e r s   from  b a t c h  

p r o c e s s i n g   s y s t e m s   in  t he   a m o u n t   and  t y p e s   of  c o n c u r r e n t  

a c t i v i t i e s   t h a t   a r e   l i k e l y   to   o c c u r   w i t h i n   t h e   p r o c e s s i n g  

s y s t e m   a t   a  g i v e n   t i m e .   W h e r e a s   a  b a t c h   p r o c e s s i n g   s y s t e m  

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

s u p p o r t   u n i q u e   to  e a c h   a p p l i c a t i o n ,   a  DB/DC  s y s t e m   c o n t r o l s  

many  t r a n s a c t i o n s   a r r i v i n g   on  a  r andom  n o n - s c h e d u l e d   b a s i s  

and  p r o v i d e s   an  i n t e g r a t e d   d a t a   b a s e   s u p p o r t i n g   e a c h  

a p p l i c a t i o n .   To  do  t h i s   a  DB/DC  s y s t e m   r e q u i r e s   t h e  

i n t e r a c t i v e   or   DC  s y s t e m   16  in   a d d i t i o n   to   t he   b a s i c  

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

C u s t o m e r   I n f o r m a t i o n   C o n t r o l   S y s t e m   (CICS)  d e s c r i b e d   i n  

C u s t o m e r   I n f o r m a t i o n   C o n t r o l   S y s t e m   (CICS)  G e n e r a l  

I n f o r m a t i o n   Manua l   ( G H 2 0 - 1 0 2 8 - 4 )   p u b l i s h e d   by  I n t e r n a t i o n a l  

B u s i n e s s   M a c h i n e s   C o r p o r a t i o n .  



The  s y s t e m   c o n t r o l   s e r v i c e s   wh ich   have  b e e n   d e s c r i b e d  

a b o v e   as  b l o c k s   14,  15  and  16  of  F i g u r e   3  p e r f o r m   t he   b a s i c  

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

u s e r   a t   a  r e m o t e   t e r m i n a l   to  run  s p e c i f i c   a p p l i c a t i o n  

p r o g r a m s   wh ich   a r e   a l s o   s t o r e d   in  a  s t o r a g e   d e v i c e   to  w h i c h  

the   p r o c e s s i n g   u n i t   has   a c c e s s .   T h e s e   a re   i n d i c a t e d   a t   17  i n  

F i g u r e   3.  A p p l i c a t i o n   p r o g r a m s   can  be  d i r e c t e d   to  m a n y  
d i f f e r e n t   and  d i v e r s e   r e q u i r e m e n t s   from  w e e k l y   or  m o n t h l y  

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

t r a c k i n g   of  s p a c e   s a t e l l i t e   s y s t e m s .   Such  a p p l i c a t i o n s   c a n  

be  run   on  t he   same  d i g i t a l   d a t a   p r o c e s s i n g   s y s t e m  

s i m u l t a n e o u s l y   w i t h   u s e r s   a t   a d j a c e n t   t e r m i n a l s   6  ( F i g u r e   1) 

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

t h a t   most   a p p l i c a t i o n s   r e q u i r e   or  r e s u l t   in  i s   t h e  

p r e s e n t a t i o n   of  d a t a   to  t h e   u s e r   o f t e n   d u r i n g   t h e   r u n n i n g   o f  

the   a p p l i c a t i o n .  

The  p r e s e n t   i n v e n t i o n   i s   d i r e c t e d   t o w a r d s   f a c i l i t a t i n g  

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

d i s p l a y   u n i t s   or  p r i n t e r s   r e p r e s e n t e d   as  t he   u n i t s   6  o f  

F i g u r e   1.  To  t h i s   end  t he   c e n t r a l   p r o c e s s i n g   u n i t   has  t w o  

f u r t h e r   p a r t s   to  t h e   s y s t e m   c o n t r o l   s e r v i c e s .   T h e s e   a r e  

shown  as  a  g r a p h i c s   m a n a g e r   18  and  g r a p h i c s   r o u t i n e s   19  i n  

F i g u r e   3.  The  o p e r a t i o n s   of  t he   g r a p h i c s   m a n a g e r   and  t h e  

g r a p h i c s   r o u t i n e s   and  how  t h e y   i n t e r a c t   w i t h   the   c h a r a c t e r  

d e f i n i t i o n   b u f f e r s   7 - 1 1   of  F i g u r e   2  w i l l   be  d e s c r i b e d   in  m o r e  

d e t a i l   b e l o w .  

When  an  a p p l i c a t i o n   p r o g r a m   r e a c h e s   a  p o i n t   in  i t s  

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

u n i t   c a l l   s t a t e m e n t s   may  be  i s s u e d   by  t h e   a p p l i c a t i o n   w h i c h  

i n v o l v e   the   g r a p h i c s   m a n a g e r   18  and  the   g r a p h i c s   r o u t i n e s   19 

of  t h e   s y s t e m   c o n t r o l   s e r v i c e s .   Wi th   t h e   c a l l   s t a t e m e n t s   t h e  



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

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

t h e   d i s p l a y   i s   to   t a k e ,   w h e t h e r   as  a  b a r   c h a r t ,   p i e   c h a r t ,  

venn   d i a g r a m   e t c . ,   t o g e t h e r   w i t h   t h e   a x e s   w h e r e   a p p r o p r i a t e  

and  t h e   a r e a   of  t h e   p a r t i c u l a r   d i s p l a y   d e v i c e   w h e r e   t h e   d a t a  

i s   to  a p p e a r ,   eg .   a  g r a p h   may  a p p e a r   in   o n l y   t h e   top   h a l f   o f  

t h e   d i s p l a y   w i t h   an  a l p h a b e t i c   c h a r a c t e r   e x p l a n a t i o n   in   t h e  

b o t t o m   h a l f .  

The  g r a p h i c s   r o u t i n e s   19  and  g r a p h i c s   m a n a g e r   18  p e r f o r m  

the   f o l l o w i n g   f u n c t i o n s   w h i c h   a r e   d e s c r i b e d   in  g e n e r a l   t e r m s .  

The  g r a p h i c s   r o u t i n e s   19  a c c e p t   i n f o r m a t i o n   p a s s e d   by  t h e  

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

how  t he   p i c t u r e   i s   to   be  d r a w n .   I f   t he   p i c t u r e   i s   n o t   to   b e  

a  f u l l   s c r e e n   or  page   t h i s   i n f o r m a t i o n   i s   p a s s e d   to  t h e  

m a n a g e r .   I f   t h e   a x e s   of  t h e   g r a p h   a r e   to  be  d rawn   t h e n   t h e  

c o o r d i n a t e s   r e l a t i n g   to  two  l i n e s   a re   p a s s e d   to  t h e   m a n a g e r .  
The  d a t a   to  be  d i s p l a y e d   i s   t h e n   f e t c h e d   from  t h e   s t o r a g e  

a d d r e s s   g i v e n   in  t he   c a l l   s t a t e m e n t s   and  the   a p p r o p r i a t e  

p r o c e s s i n g   c a r r i e d   o u t .   For   e x a m p l e   t h e   g r a p h i c s   r o u t i n e s   19  

i n c l u d e   s e v e r a l   s u b - r o u t i n e s   f o r   m a n i p u l a t i n g   and  p r o c e s s i n g  

d a t a   so  t h a t   t h e   a p p r o p r i a t e   p i c t u r e   c an   be  d r a w n .  

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

m a n a g e r   i s   f o u n d   in   o u r   c o p e n d i n g   A p p l i c a t i o n   N o . . . . . . . . .  

( U K 9 - 7 8 - 0 3 4 ) .  

The  p r e s e n t   i n v e n t i o n   i s   c o n c e r n e d   w i t h   p r e s e n t i n g  

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

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

of  two  d i f f e r e n t   c o l o u r e d   l i n e s   or  a r e a s .  



When  two  d i f f e r e n t   c o l o u r e d   l i n e s   m e e t   t h e   u s e r   o r  

a p p l i c a t i o n   p r o g r a m   has   t he   o p t i o n s   of  d i s p l a y i n g   the   c r o s s  

p o i n t   as  t he   c o l o u r   of  t h e   f i r s t   l i n e ,   u n d e r p a i n t ,   or   t h e  

c o l o u r   of  the   s e c o n d   l i n e ,   o v e r   p a i n t ,   or  a  c o l o u r   wh ich   i s  

t h e   r e s u l t   of  m i x i n g   t he   two  c o l o u r s .   D e p e n d i n g   upon  w h i c h  

o p t i o n   is   c h o s e n   so  t h e   g r a p h i c s   m a n a g e r   c o n s t r u c t s   t h e  

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

F i g u r e s   4-10  i l l u s t r a t e   t he   o p e r a t i o n s   i n v o l v e d   i n  

d e t e r m i n i n g   wh ich   c o l o u r   a  p a r t i c u l a r   pe l   in  a  c h a r a c t e r   c e l l  

d e f i n i t i o n   s h o u l d   b e .  

F i g u r e   4  shows  one  c e l l   w i t h   a l l   t h r e e   o p t i o n s   in  u s e .  

The  c e l l   wh ich   i s   a  m a t r i x   of  9  x  16  p e l s   has   a  r ed   l i n e   40  

d rawn   f i r s t .   A  g r e e n   l i n e   41  i s   t h e n   d rawn   w i t h   t h e  

o v e r p a i n t   o p t i o n   w h i c h   means  t h a t   a t   t h e   m e e t i n g   p o i n t   42  a  

g r e e n   pe l   w i l l   be  on.   A  b l u e   l i n e   43  i s   t h e n   d rawn  w i t h   t h e  

u n d e r p a i n t   o p t i o n   so  t h a t   a t   p o i n t   44  a  red   pe l   w i l l   be  o n .  

A  s e c o n d   b l u e   l i n e   45  i s   d rawn   w i t h   t he   mix  o p t i o n   so  t h a t   a t  

p o i n t   46  b o t h   the   red   and  b l u e   p e l s   w i l l   be  on  g i v i n g   in  a  

c r t   a  p i n k   c o l o u r .  

When,  as  d e s c r i b e d   in  ou r   a f o r e m e n t i o n e d   c o p e n d i n g  

a p p l i c a t i o n ,   t he   r ed   l i n e   40  i s   to  be  d r a w n ,   the   g r a p h i c s  

r o u t i n e s   p a s s   t h e   c o o r d i n a t e s   to  t he   g r a p h i c s   m a n a g e r   and  a  

s e r i e s   of  c h a r a c t e r   d e f i n i t i o n   c e l l s   a r e   c o n s t r u c t e d .   By  w a y  
of  e x a m p l e ,   t he   c o n s t r u c t i o n   of  t he   c e l l   shown  in  F i g u r e   4 

w i l l   be  d e s c r i b e d .  

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

f a c t   t h a t   t he   l i n e   i s   to  be  in  r ed   and  t he   g r a p h i c s   m a n a g e r  
w i l l   work  ou t   t h a t   a t   s c r e e n   b u f f e r   p o s i t i o n   48  i t   w i l l  

r e q u i r e   a  d e f i n i t i o n   c e l l   t h a t   has   p e l s   on  as  i s   shown  i n  



F i g u r e   5.  I f   t h e r e   i s   a l r e a d y   a  c e l l   d e f i n i t i o n   h a v i n g   t h e  

same  ' o n '   p e l   p a t t e r n   t h e n   t h e   m a n a g e r   w i l l   c o n s t r u c t   a  

s c r e e n   b u f f e r   p o i n t e r   to   t h a t   p a t t e r n   in  b u f f e r   p o s i t i o n   4 8  

and  w i l l   u p d a t e   t he   e x t e n d e d   a t t r i b u t e   b u f f e r   to  i n d i c a t e  

t h a t   t h e   c o l o u r   a t   c e l l   48  i s   to   be  r e d .   I f   t h e   c e l l   p a t t e r n  
d o e s   n o t   e x i s t   t h e n   one  w i l l   be  c o n s t r u c t e d   and  s t o r e d   in  t h e  

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

one  c o l o u r   i s   u s e d   in  t h e   c e l l   t h e n   o n l y   a  s i n g l e   c e l l  

d e f i n i t i o n   i s   r e q u i r e d .   The  g r a p h i c s   r o u t i n e s   t h e n   p a s s   t o  

t h e   g r a p h i c s   m a n a g e r   t he   r e q u e s t   to  draw  a  g r e e n   l i n e   41  a s  

shown  in  F i g u r e   4  w i t h   t he   o v e r p a i n t   o p t i o n .   F i g u r e   9  s h o w s  

a  f l o w c h a r t   of  t he   s t e p s   t h a t   a r e   t a k e n .  

S t e p   90  i s   t h e   r e c o g n i t i o n   of  t h e   need   to   g e n e r a t e   a  c e l l  

d e f i n i t i o n .   When  the   m a n a g e r   has   t he   c o o r d i n a t e s   of  t h e  

g r e e n   l i n e   41  i t   d e t e r m i n e s   t h a t   i t   mus t   p a s s   t h r o u g h   s c r e e n  

b u f f e r   c e l l   p o s i t i o n   48.  The  f i r s t   d e c i s i o n   t h a t   t h e n   has  t o  

be  t a k e n   i s   shown  as  s t e p   91,  t h a t   i s   ' I s   t h e r e   a n y t h i n g  

p r e v i o u s l y   in  t h a t   s c r e e n   b u f f e r   c e l l   p o s i t i o n   2 ? ' .   I f   t h e r e  

i s   n o t ,   as  t h e r e   was  f o r   t h e   d r a w i n g   of  t h e   r ed   l i n e   40  t h e n  

s t e p   92  i s   e n t e r e d ,   w h i c h   was  e x p l a i n e d   a b o v e .   I f   t h e r e   i s  

a l r e a d y   s o m e t h i n g   in  t h e   c e l l   t h e n   t h e   n e x t   s t e p   93  i s   t o  

d e t e r m i n e   i f   t h e   new  l i n e   i s   to   be  in   t h e   same  c o l o u r .   I f  

t h e   c o l o u r s   a r e   t h e   same  t h e n   a t   s t e p   94  a  new  d e f i n i t i o n   i s  

g e n e r a t e d   and  OR'd  w i t h   t h e   p r e v i o u s   d e f i n i t i o n   to  g i v e   a  

s i n g l e   c e l l   d e f i n i t i o n   w i t h   two  l i n e s   of  t h e   same  c o l o u r .  

The  e x t e n d e d   a t t r i b u t e   b u f f e r   i s   n o t   a l t e r e d   u n l e s s   t he   n e w  

d e f i n i t i o n   i s   s t o r e d   in  a  d i f f e r e n t   P r o g r a m m e d   Symbol  S e t   b u t  

t h e   n e w  d e f i n i t i o n   w i l l   be  s t o r e d   a t  a   new  a d d r e s s   in  t h e  

c h a r a c t e r   d e f i n i t i o n   a r r a y   so  t h e   s c r e e n   b u f f e r   p o i n t e r   i s  

u p d a t e d   to  p o i n t   to  t he   new  a d d r e s s .  



I f   t h e   c o l o u r   i s   d i f f e r e n t ,   as  in  t h e   e x a m p l e ,   t h e n   a t  

s t e p   95,  a  d e f i n i t i o n   is   c o n s t r u c t e d .   A  t r i p l e   d e f i n i t i o n   i s  

t h r e e   9  x  12  b i t s   one  f o r   e ach   of  t h e   c a t h o d e   ray   t u b e  c o l o u r  

g u n s ,   r e d ,   g r e e n   and  b l u e .   The  e x t e n d e d   a t t r i b u t e   b u f f e r   13 

( F i g u r e   2)  f o r   e a c h   s c r e e n   b u f f e r   p o i n t   has   t h r e e   b i t  

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

one  c o l o u r   i s   u s e d ,   as  when  o n l y   t h e   red   l i n e   was  d r a w n ,   t h e n  

o n l y   the   b i t   a s s o c i a t e d   w i t h   red   i s   ' o n '   and  o n l y   a  s i n g l e  

d e f i n i t i o n   is   r e q u i r e d ,   when  red   and  g r e e n   a r e   r e q u i r e d   t h e n  

the   red   and  g r e e n   b i t s   a r e   ' o n '   and  b l u e   ' o f f '   and  a  t r i p l e  

d e f i n i t i o n   i s   u s e d .  

H a v i n g   a l l o c a t e d   a  t r i p l e   d e f i n i t i o n   in  t he   c h a r a c t e r  

d e f i n i t i o n   a r r a y ,   t h e n   fo r   e a c h   p e l ,   wh ich   has  t h r e e   s t o r a g e  

p o s i t i o n s ,   a t   s t e p   96  t h e   d e c i s i o n   as  to   w h e t h e r   a n y  o n e   o f  

the   t h r e e   is   ' o n '   is   t a k e n   a c c o r d i n g   to  t he   d e c i s i o n   t a b l e  

shown  in  F i g u r e   10.  The  d e c i s i o n s   a r e   as  f o l l o w s ,   i f   t h e   p e l  

was  p r e v i o u s l y   ' o f f '   and  the   new  c e l l   pe l   in  t h a t   p o s i t i o n   i s  

a l s o   ' o f f '   t h e n   a l l   t h r e e   c o l o u r s   b i t s   f o r   t h a t   pe l   a r e  

' o f f ' .   I f   the   new  c o l o u r   pe l   i s   ' o f f '   and  the   p r e v i o u s   i s  

' o n '   t h e n   no  c h a n g e   i s   m a d e .  

I f   t h e   u n d e r p a i n t   o p t i o n   i s   in  use   and  the   p r e v i o u s  

c o l o u r   pe l   b i t   is  ' o f f '   and  the   new  c o l o u r   pe l   b i t   w i l l   b e  

' o n ' .   I f   t he   p r e v i o u s   c o l o u r   pe l   b i t   i s   ' o n '   t h i s   r e m a i n s  

' o n '   and  the   new  c o l o u r   pe l   b i t   i s   ' o f f ' .  

I f   t he   o v e r p a i n t   o p t i o n   is   in  u s e ,   as  in  d r a w i n g   g r e e n  
l i n e   41,  t h e n   a t   pe l   p o s i t i o n   42  t h e   g r e e n   b i t   is   ' o n '   a n d  

t h e   red  pe l   b i t   p r e v i o u s l y   ' o n '   i s   s w i t c h e d   o f f .   T h i s   g i v e s  

a  c h a r a c t e r   c e l l   d e f i n i t i o n   as  shown  in  F i g u r e   6 .  



The  d e c i s i o n   f o r   w h e t h e r   a  pe l   b i t   i s   ' o n '   or   ' o f f '   i s  

made  f o r   e a c h   p e l   in  t h e   c e l l .   F i n a l l y   a t   s t e p   97  t he   s c r e e n  

b u f f e r   p o i n t e r   i s   u p d a t e d   to  p o i n t   to  t h e   new  a d d r e s s   of  t h e  

t r i p l e   d e f i n i t i o n .  

The  d r a w i n g   of  t h e   b l u e   l i n e   43  w i t h   t h e   u n d e r p a i n t  

o p t i o n   f o l l o w s   t h e   same  p r o c e d u r e .   When  pe l   p o s i t i o n   44  i s  

b e i n g   d e t e r m i n e d   t h e   d e c i s i o n   ON,  o v e r p a i n t   in   t h e   d e c i s i o n  

t a b l e   F i g u r e   10  a r e   t a k e n .   T h i s   w i l l   r e s u l t   in  a  c e l l  

d e f i n i t i o n   as   shown  in  F i g u r e   7.  The  e x t e n d e d   a t t r i b u t e  

b u f f e r   13  w i l l   h a v e   a l l   t h r e e   c o l o u r   b i t s   ' o n '   now  f o r   c e l l  

48  as   a l l   t h r e e   c o l o u r s   a r e   u s e d .   H o w e v e r ,   so  f a r   e a c h   p e l  

i s   o n l y   b e i n g   d i s p l a y e d   in  one  p r i m a r y   c o l o u r .   When  t h e   l i n e  

45  i s   d r a w n   w i t h   t h e   mix  o p t i o n   t h e n   t h e   b i t s   a t   pe l   p o s i t i o n  

46  w i l l   be  ' o n '   a c c o r d i n g   to  t h e   ON  MIX  row  of  t he   d e c i s i o n  

t a b l e .   T h a t   i s   b o t h   red   and  b l u e   b i t s   w i l l   be  ' o n '   g i v i n g   a  

mix  w h i c h   r e s u l t s   in  p i n k .  T h e   f i n a l   d e f i n i t i o n   w i l l   be  a s  

shown  i n   F i g u r e   8 .  

By  u s i n g   t h e   a b o v e   t e c h n i q u e   a  u s e r   or   a p p l i c a t i o n  

p r o g r a m   can   d e t e r m i n e   wha t   c o l o u r   i s   to   a p p e a r   when  l i n e s   o r  

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

of  t h e   t h r e e   o p t i o n s  -   o v e r p a i n t ,   u n d e r p a i n t   or   m i x  -   i s  

r e q u i r e d .   A l t h o u g h   t h e   t e c h n i q u e   h a s   b e e n   d e s c r i b e d   u s i n g  

s t r a i g h t   l i n e s   in  t he   e x a m p l e ,   i t   w i l l   a p p l y   e q u a l l y   t o  

s h a d e d   a r e a s   m e e t i n g   and  o v e r l a p p i n g .  



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

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

more  t h a n   one  c o l o u r ,   and  means  c o n t r o l l e d   by  an  o p e r a t o r   t o  

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

a r e   p r o v i d e d   to  a l l o w   an  o p e r a t o r   to  d e t e r m i n e   the   c o l o u r   o f  

p o i n t s   a t   w h i c h   two  or  more  d i f f e r e n t   c o l o u r e d   l i n e s   or  a r e a s  
of  a  p i c t u r e   i n t e r s e c t .  

2.  A  d i g i t a l   d a t a   d i s p l a y   s y s t e m   as  c l a i m e d   in  c l a i m   1  i n  

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

p r o c e s s i n g   u n i t   and  each   c h a r a c t e r   c o m p r i s e s   an  a r r a y   o f  

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

b i t s   one  e a c h   a s s o c i a t e d   w i t h   t h e   p r i m a r y   c o l o u r s   u sed   in  t h e  

d i s p l a y   d e v i c e   and  means  to  d e t e r m i n e ,   when  a  c h a r a c t e r  

i n c l u d e s   more  t h a n   one  c o l o u r ,   w h i c h   of  t he   t h r e e   a r r a y   b i t s  

w i l l   be  ' o n '   and  wh ich   ' o f f ' .  

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

w h i c h   t he   means   to  d e t e r m i n e   w h i c h   of  t he   t h r e e   a r r a y   b i t s   i s  

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

s y s t e m .  
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