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54)  Apparatus  for  controlling  screen  display. 
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©  Screen  division  display  wherein  a  screen  is  divided  into 
plural  portions  and  an  independent  image  is  displayed  on 
each  divided  portion,  is  achieved  by  the  provision  of  a  plu- 
rality  of  image  memory  areas  (VCBr-VCB,,)  each  corre- 
sponding  to  the  screen;  a  display  management  memory 
area  (DMM)  for  storing  the  positions  on  the  screen  of  the 
storage  contents  of  the  image  memory  areas;  and  a  display 
controller  (DCT)  for  displaying  the  storage  content  of  the 
designated  image  memory  area  on  a  predetermined  di- 
vided  portion  of  the  screen,  based  on  the  storage  content  of 
the  display  management  memory  area.  Further,  there  are 
provided  a  designating  unit  (14)  for  designating  a  desired 
one  of  the  plural  divided  portions  and  a  display  manage- 
ment  unit  (WMG)  for  renewing  the  storage  content  of  the  dis- 
play  management  area  in  such  a  way  that  the  position  on 
the  screen  of  the  image  memory  area  corresponding  to  the 
divided  portion  designated  by  the  designating  unit  is  lo- 
cated  on  the  entirety  of  the  screen. 
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  Screen  division  display  wherein  a  screen  is  divided  into 
plural  portions  and  an  independent  image  is  displayed  on 
each  divided  portion,  is  achieved  by  the  provision  of  a  plu- 
rality  of  image  memory  areas  (VCB,-VCB4)  each  corre- 
sponding  to  the  screen;  a  display  management  memory 
area  (DMM)  for  storing  the  positions  on  the  screen  of  the 
storage  contents  of  the  image  memory  areas;  and  a  display 
controller  (DCT)  for  displaying  the  storage  content  of  the 
designated  image  memory  area  on  a  predetermined  di- 
vided  portion  of  the  screen,  based  on  the  storage  content  of 
the  display  management  memory  area.  Further,  there  are 
provided  a  designating  unit  (14)  for  designating  a  desired 
one  of  the  plural  divided  portions  and  a  display  manage- 
ment  unit  (WMG)  for  renewing  the  storage  content  of  the  dis- 
play  management  area  in  such  a  way  that  the  position  on 
the  screen  of  the  image  memory  area  corresponding  to  the 
divided  portion  designated  by  the  designating  unit  is  lo- 
cated  on  the  entirety  of  the  screen. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  a p p a r a t u s  

f o r   c o n t r o l l i n g   an  i m a g e   to   be  d i s p l a y e d   on  t h e   s c r e e n  

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

more   p a r t i c u l a r l y   to   an  a p p a r a t u s   f o r   c o n t r o l l i n g   a  

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

d i s p l a y e d .  

P l u r a l   a p p l i c a t i o n   p r o g r a m s   a r e   e x e c u t e d   i n  

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

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

s u c h   as  a  CRT.  I t   i s   p r e f e r a b l e   to   m o n i t o r   t h e   r e s u l t s  

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

d e v i c e .   Such   a  r e q u i r e m e n t   has   b e e n   met   by  m e a n s   of  a  

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

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

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

p o s i t i o n   of   e a c h   d i v i d e d   p o r t i o n ,   or   t h e   n u m b e r   o f  

p o r t i o n s   may  be  s e t   as  d e s i r e d .   W i t h   t h i s   m e t h o d ,  

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

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

b i l i t y   of   t h e   c o m p u t e r .   D u r i n g   or   a f t e r   e x e c u t i o n   o f  

a p p l i c a t i o n   p r o g r a m s ,   a  d e s i r e d   one  of   t h e   i m a g e s  

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



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

a t   a  m a g n i f i e d   s c a l e .   To  t h i s   e n d ,   c o n v e n t i o n a l l y   a n  

i m a g e   e r a s u r e   f u n c t i o n   f o r   e r a s i n g   u n n e c e s s a r y   i m a g e s  

has   b e e n   p r o v i d e d .   H o w e v e r ,   on  t h e   c o n t r a r y ,   a  f u n c t i o n  

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

so  t h a t   t h e   e r a s u r e   f u n c t i o n   can   o n l y   p e r f o r m   a n  

e r a s u r e   of   a  s i n g l e   i m a g e   a t   a  t i m e .   T h u s ,   to   r e t a i n   a  

d e s i r e d   i m a g e   among  a  p l u r a l i t y   of  i m a g e s   and  d i s p l a y  

i t   on  t h e   e n t i r e   s c r e e n   a t   a  m a g n i f i e d   s c a l e ,   i t   h a s  

b e e n   n e c e s s a r y   to   u s e   t h e   e r a s u r e   f u n c t i o n   as  many  t i m e s  

as  t h e   n u m b e r   of   u n n e c e s s a r y   i m a g e s ,   t h e r e b y   r e s u l t i n g  

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

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

J a p a n e s e   P a t e n t   U n e x a m i n e d   P u b l i c a t i o n   ( JP -A)   No.  5 1 -  

1 1 4 8 2 9 .  

SUMMARY  OF  THE  INVENTION 

In  v i e w   of   t h e   a b o v e   p r o b l e m s ,   t h e   p r e s e n t  

i n v e n t i o n   s e e k s   to   p r o v i d e   an  a p p a r a t u s   f o r   c o n t r o l l i n g  

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

a  p l u r a l i t y   of   i m a g e s   d i s p l a y e d   on  p l u r a l l y   d i v i d e d  

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

a t   a  m a g n i f i e d   s c a l e .  

I m a g e   d i s p l a y   on  d i v i d e d   p o r t i o n s   of   t h e  

s c r e e n   can   be  a c h i e v e d   by  t h e   p r o v i s i o n   o f :   a  p l u r a l i t y  

of  i m a g e   memory   a r e a s   e a c h   c o r r e s p o n d i n g   to   an  i m a g e   t o  

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

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



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

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

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

of  t h e   d i s p l a y   m a n a g e m e n t   memory   a r e a .   In  m o r e  

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

p a r t i c u l a r   p r o g r a m   to   be  e x e c u t e d   by  a  c o m p u t e r .   E a c h  

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

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

memory   a r e a   s t o r e s   i n f o r m a t i o n   as  to   w h i c h   p r o g r a m   i s  

to   be  a l l o c a t e d   to   a  p a r t i c u l a r   i m a g e   memory   a r e a ,   a n d  

w h i c h   d i v i d e d   p o r t i o n  o f   t h e   s c r e e n   i s   to   be  u s e d   f o r  

d i s p l a y i n g   t h e   c o n t e n t   of   t h e   i m a g e   memory   a r e a .   B a s e d  

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

memory   a r e a ,   t h e   d i s p l a y   c o n t r o l l e r   c o n t r o l s   to   d i s p l a y  

t h e   c o n t e n t   of   a  d e s i r e d   i m a g e   memory   a r e a   on  a  d e s i r e d  

p o s i t i o n   of   t h e   s c r e e n .  

A  s c r e e n   p o s i t i o n   p o i n t e r   i s   p r o v i d e d   f o r  

d e s i g n a t i n g   a  d e s i r e d   i m a g e   among  a  p l u r a l i t y   of   i m a g e s  

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

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

s c r e e n .   The  s c r e e n   p o s i t i o n   p o i n t e r   may  be  a  c o o r d i n a t e  

i n p u t   d e v i c e   of   a  v a r i o u s   t y p e   or   a  k e y b o a r d .   A  w i n d o w  

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

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

t h e   i m a g e   d e s i g n a t e d   by  t h e   s c r e e n   p o s i t i o n   p o i n t e r   o n  

t h e   e n t i r e   s c r e e n   a t   a  m a g n i f i e d   s c a l e .  

Upon  d e s i g n a t i o n   by  t h e   s c r e e n   p o s i t i o n  

p o i n t e r   of   an  i m a g e   d e s i r e d   to   be  r e t a i n e d   among  a  



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

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

a r e a .   As  a  r e s u l t ,   t h e   d i s p l a y   c o n t r o l l e r ,   w h i c h  

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

d i s p l a y   m a n a g e m e n t   memory   a r e a ,   can   d i s p l a y   t h e   c o n t e n t  

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

i m a g e   on  t h e   e n t i r e   s c r e e n   a t   a  m a g n i f i e d   s c a l e .   I n  

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

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

among  a  p l u r a l i t y   of   i m a g e s   d i s p l a y e d   on  d i v i d e d  

p o r t i o n s   of   t h e   s c r e e n ,   on  t h e   e n t i r e   s c r e e n   a t   a  

m a g n i f i e d   s c a l e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   p r i n c i -  

p l e   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   2  i s   a  b l o c k   d i a g r a m   of   a  c o m p u t e r   t o  

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

F i g .   3  s h o w s   an  e x a m p l e   of   a  d i s p l a y   i m a g e   o n  

a  s c r e e n ;  

F i g s .   4  and   5  show  a  c o r r e s p o n d e n c e   b e t w e e n  

t h e   d i s p l a y   i m a g e s   and  t h e   i m a g e   memory   a r e a s ;  

F i g s .   6  and  7  show  an  e x a m p l e   of   t h e   s c r e e n  

p o s i t i o n   p o i n t e r   and  i t s   o p e r a t i n g   p r i n c i p l e ;  

F i g .   8  shows   one  e x a m p l e   how  a  d i s p l a y   i m a g e  

i s   d i v i d e d ;  

F i g .   9  i s   a  f l o w   c h a r t   of  an  o p e n   o p e r a t i o n  

f o r   o p e n i n g   an  i m a g e   to   t h e   s c r e e n ;  



F i g .   10  i s   a  f l o w   c h a r t   of   a  c l o s e   o p e r a t i o n  

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

F i g .   11  i s   an  e x a m p l e   of  t h e   memory   map  o f  

t h e   d i s p l a y   m a n a g e m e n t   memory   a r e a ;  

F i g .   12  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e   o u t l i n e  

of  t h e   w i n d o w   m a n a g e m e n t   p r o g r a m ;  

F i g .   13  shows   one  e x a m p l e   how  a  d i s p l a y   i m a g e  

i s   r e o r g a n i z e d ;  

F i g .   14  i s   a  f l o w   c h a r t   s h o w i n g   one  e x a m p l e   o f  

i m a g e   r e o r g a n i z i n g   o p e r a t i o n ;  

F i g .   15  i s   a  f l o w   c h a r t   s h o w i n g   t h e   r e l a t i o n -  

s h i p   b e t w e e n   t h e   w i n d o w   m a n a g e m e n t   p r o g r a m   and  t h e  

s c r e e n   p o s i t i o n   p o i n t e r ;  

F i g .   16  i s   a  f l o w   c h a r t   of   t h e   w i n d o w   c o n t r o l  

p r o g r a m ;  

F i g .   17  i s   a  f l o w   c h a r t   of   t h e   c o m m a n d  

r e c o g n i z i n g   r o u t i n e ;  

F i g .   18  i s   a  f l o w   c h a r t   of   t h e   j u d g e m e n t  

p r o c e d u r e   f o r   e a c h   command  i c o n ;  

F i g .   19  shows   t h e   i c o n   r e p r e s e n t a t i o n   " R E T A I N "  

on  t h e   s c r e e n ;  

F i g .   20  i s   an  e x a m p l e   of   t h e   memory   map  of   t h e  

i c o n   p o s i t i o n   i n f o r m a t i o n   t a b l e ,  

F i g .   21  i s   a  f l o w   c h a r t   s h o w i n g   one  e x a m p l e   o f  

t h e   w i n d o w   o p e n   r o u t i n e ;  

F i g .   22  i s   a  f l o w   c h a r t   s h o w i n g   one  e x a m p l e  

of   t h e   w i n d o w   c l o s e   r o u t i n e ;  

F i g .   23  i s   a  f l o w   c h a r t   s h o w i n g   one  e x a m p l e   o f  



t h e   w i n d o w   r e o r g a n i z i n g   r o u t i n e ;  

F i g .   24  shows   e x a m p l e s   of   w i n d o w   p a t t e r n s   o n  

t h e   s c r e e n ;  

F i g s .   25  and  26  show  t r a n s i t i o n s   of   w i n d o w  

p a t t e r n s ;   a n d  

F i g .   27  i s   t h e   memory   map  of   m e m o r i e s   RWNO 

and  TNO. 

DESCRIPTION  OF  THE PREFERRED  EMBODIMENTS 

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

d r a w i n g s .   F i g .   2  i s   a  b l o c k   d i a g r a m   s h o w i n g   t h e  

c o n s t r u c t i o n   of   a  c o m p u t e r   to   w h i c h   t h e   p r e s e n t   i n v e n -  

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

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

R e f e r r i n g   p a r t i c u l a r l y   t o   F i g .   2,  a  d i s p l a y   d e v i c e   1  i s  

a  c a t h o d e   r a y   t u b e   ( m e r e l y   c a l l e d   CRT  h e r e i n a f t e r ) .  

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

( m e r e l y   c a l l e d   RAM  h e r e i n a f t e r ) ,   a  m i c r o p r o c e s s o r   3 

c o n s t i t u t i n g   a  p r o c e s s i n g   u n i t ,   a  k e y b o a r d   4  c o n s t i t u t -  

i n g   an  i n p u t   u n i t ,   a  r e a d - o n l y   memory   5  ( a b b r e v i a t e d  

ROM  h e r e i n a f t e r ) ,   a  c l o c k   o s c i l l a t o r   6,  a  t i m i n g  

c o n t r o l l e r   7,  a  c h a r a c t e r   f o n t   ROM  8,  a  CRT  c o n t r o l l e r  

9,  a  r e f r e s h i n g   memory   10,   a  p a r a l l e l / s e r i a l   c o n v e r t e r  

11,   a  d i s k   s t o r e   12  c o n s t i t u t i n g   an  o u t e r   s t o r a g e  

d e v i c e ,   a  d i s k   c o n t r o l l e r   c o n n e c t i n g   t h e   d i s k   s t o r e   12  

to   t h e   m i c r o p r o c e s s o r   8  v i a   t h e   b u s .   A  s c r e e n   p o s i t i o n  

p o i n t e r   14  i s   f o r   i n d i c a t i n g   c o o r d i n a t e s   on  t h e   CRT  1 



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

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

m i c r o p r o c e s s o r   8  v i a   t h e   bus   as  shown  in  F i g .   2 .  

F i g .   3  shows   a  d i s p l a y   e x a m p l e   of   a  p l u r a l i t y  

of   d i v i d e d   p o r t i o n s   ( h e r e i n a f t e r   c a l l e d   a  w indow)   o f  

t h e   s c r e e n   SC  of   t h e   CRT  1  and  an  a r e a   ICN  ( h e r e i n a f t e r  

c a l l e d   an  i c o n   a r e a )   w i t h i n   w h i c h   a  s y m b o l i z e d   r e p r e s e n -  

t a t i o n   of   an  i m a g e ,   w h o s e   c o n t e n t   has   a l r e a d y   b e e n  

s t o r e d ,   i s   d i s p l a y e d .   D i f f e r e n t   a p p l i c a t i o n   p r o g r a m s  

a r e   r e s p e c t i v e l y   a s s i g n e d   to   e a c h   w i n d o w   WD1,  WD2  a n d  

WD3  of   t h e   s c r e e n   S C .  

F i g .   4  shows   t h e   r e l a t i o n s h i p   b e t w e e n   t h e  

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

( h e r e i n a f t e r   r e f e r r e d   to   as  v i r t u a l   s c r e e n )   VS1,  VS2  

and   VS3  i n d i c a t e d   by  a  b r o k e n   l i n e   w h i c h   p r o g r a m s  

a s s i g n e d   to   t h e   r e s p e c t i v e   w i n d o w s   WD1,  WD2  and  WD3  c a n  

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

WD1  p e r f o r m s   i t s   d i s p l a y   a s s u m i n g   t h e   v i r t u a l   s c r e e n  

VSl   as  i t s   r e a l   s c r e e n ,   w h i l e   t h e   p r o g r a m   c o r r e s p o n d i n g  

to   t h e   w i n d o w   WD2  p e r f o r m s   i t s   d i s p l a y   a s s u m i n g   t h e  

v i r t u a l   s c r e e n   VS2  as  i t s   r e a l   s c r e e n .   S i m i l a r l y ,   t h e  

P r o g r a m   c o r r e s p o n d i n g   to   t h e   w i n d o w   3  p e r f o r m s   i t s  

d i s p l a y   a s s u m i n g   on  t h e   v i r t u a l   s c r e e n   VS3  as  i t s   r e a l  

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

t h e   v i r t u a l   s c r e e n   VS1,  VS2  or   VS3,  w h i l e   e a c h   p r o g r a m  

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

t h e   v i r t u a l   s c r e e n   V S l ,   VS2  or   VS3.  The  e n t i r e   c o n t e n t  

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



s c r e e n   e q u a l s   t h e   s i z e   of   t h e   s c r e e n .   The  v i r t u a l  

s c r e e n s   V S l ,   VS2  and  VS3  a r e   r e a l i z e d   by  p r o v i s i o n   o f  

i m a g e   memory   a r e a s   c o r r e s p o n d i n g   t h e r e t o   in   t h e   RAM  2 .  

F i g .   5  shows   t h e   memory   map  of   i m a g e   memory   a r e a s   V C B 1 ,  

VCB2,  VCB3  and  VCB4  of   t h e   RAM  2.  Each   of   d i f f e r e n t  

a p p l i c a t i o n   p r o g r a m s ,   w h i c h   a r e   s t o r e d   in   t h e   RAM  2,  ROM  5 

or   e x t e r n a l   d i s k   s t o r e   12  and  e x e c u t e d   by  t h e   m i c r o -  

p r o c e s s o r   8,  i s   a s s i g n e d   to   a  d e s i r e d   one  o f   t h e   i m a g e  

memory   a r e a s   V C B 1 ,  V C B 2 ,   VCB3  and  V C B 4 .  

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

14  i s   u s e d   to   p i c k   up  t h e   p o s i t i o n   i n f o r m a t i o n   on  t h e  

s c r e e n   SC  of   t h e   CRT  1  and  c o n t r o l s   t h e   p o s i t i o n   a n d  

d i m e n s i o n   of   e a c h   w i n d o w   WD1,  WD2  or   WD3.  F i g .   6  s h o w s  

an  e x a m p l e   of   t h e   s c r e e n   p o s i t i o n   p o i n t e r   14  w h i c h  

d i s p l a y s   a  g r a p h i c   p o i n t e r   Pi   on  t h e   s c r e e n   SC,  f o r  

e x a m p l e ,   a t   t h e   c h a r a c t e r   t r a i n   as  shown  in  F i g .   6 .  

The  p o s i t i o n   w h e r e   t h e   p o i n t e r   Pi   i s   d i s p l a y e d   can   b e  

s e t   by  m o v i n g   t h e   s c r e e n   p o s i t i o n   p o i n t e r   14  w h i c h   i n  

t h i s   e m b o d i m e n t   i s   a  s o - c a l l e d   m o u s e   140 .   The  p o s i t i o n  

i n f o r m a t i o n   f r o m   t h e   m o u s e   140  i s   o u t p u t t e d   to   t h e   b u s  

as  shown  in   F i g .   2  so  t h a t   t h e   m i c r o p r o c e s s o r   8  c o n t r o l s  

t h e   p o s i t i o n   of   t h e   g r a p h i c   c u r s o r   Pi   b a s e d   on  t h e  

i n f o r m a t i o n   r e c e i v e d   v i a   t h e   b u s .   The  m o u s e   140  i s  

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

b u t t o n   s w i t c h   SR,  t h e   s w i t c h e s   b e i n g   u s e d   f o r   c o n t r o l  

o v e r   t h e   p o i n t e d   c h a r a c t e r   t r a i n ,   w i n d o w   WD1,  WD2  o r  

WD3.  F i g .   7  shows   t h e   p r o p o r t i o n a l   r e l a t i o n   b e t w e e n  

t h e   m o v e m e n t   of   t h e   m o u s e   140  and  t h e   m o v e m e n t   o f  



t h e   g r a p h i c   c u r s o r   P i .   Upon  m o v e m e n t   of   t h e   m o u s e   1 4 0  

in  t h e   d i r e c t i o n   XP,  XN,  YP  or   YN  i n d i c a t e d   by  a n  

a r r o w ,   t h e   g r a p h i c   c u r s o r   Pi  on  t h e   s c r e e n   SC  moves   i n  

t h e   d i r e c t i o n   X P ' ,   XN' ,   YP'  or   YN' ,   r e s p e c t i v e l y .   S u c h  

o p e r a t i o n   i s   a c h i e v e d   by  p r o g r a m s   s t o r e d   in   t h e   RAM  2 ,  

ROM  5  or   t h e   l i k e .  

F i g .   8  shows   one  e x a m p l e   of   a  w i n d o w   c o n t r o l  

u s i n g   t h e   s c r e e n   p o s i t i o n   p o i n t e r   14  and  t h e   g r a p h i c  

c u r s o r   P i ,   w h e r e i n   F i g .   8 ( a )   shows   t h e   s c r e e n   SC  w i t h  

w i n d o w   W D 2  i s   c l o s e d   w h i l e   F i g .   8 (b )   shows   t h e   s c r e e n  

SC  w i t h   w i n d o w s   W D l  a n d   WD2  o p e n e d .   R e f e r e n c e   15  

r e p r e s e n t s   t h e   names   of   t h e   o p e n e d   w i n d o w s   WD1  and  WD2. 

To  c l o s e   t h e   w i n d o w ,   t h e   name  15  i s   p o i n t e d   by  t h e  

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

l e f t   b u t t o n   S L  o f   t h e   m o u s e   140 ,   t h e   g r a p h i c   c u r s o r   i s  

moved   to   t h e   i c o n   a r e a   ICN.  An  i c o n   16  i s   u s e d   f o r  

c h a n g i n g   t h e   d i m e n s i o n   of   an  o p e n e d   w i n d o w   on  t h e  

s c r e e n   SC.  For   i n s t a n c e ,   to   make  w i d e r   t h e   w i d t h   o f  

t h e   w i n d o w   WD,  of  F i g .   8 ( b ) ,   t h e   g r a p h i c   c u r s o r   Pi  i s  

f i r s t   p o i n t e d   a t   t h e   i c o n   16  d i s p l a y e d   on  t h e   u p p e r  

s i d e   of   t h e   w i n d o w   WD,,  and  t h e r e a f t e r   t h e   m o u s e   1 4 0  

i s   moved   to   t h e   r i g h t   w h i l e   p u s h i n g   t h e   l e f t   b u t t o n   S L .  

An  i c o n   17  i s   u s e d   f o r   d e l e t i o n   of   i m a g e   i n f o r m a t i o n   o n  

a  w i n d o w   to  t h e r e b y   i n h i b i t   r e - o p e n i n g   t h e   d e l e t e d  

w i n d o w .   An  i c o n   19  d i s p l a y e d   on  t h e   i c o n   a r e a   ICN  i s  

u s e d   f o r   i n d i c a t i o n   of   a  w i n d o w   w h i c h   can   be  o p e n e d   o n  

t h e   s c r e e n   SC  in  s u c h   a  way  t h a t   t h e   i c o n   19  i s   m o v e d  

to   t h e   a r e a   w h e r e   t h e   i m a g e   i n f o r m a t i o n   i s   to   b e  



d i s p l a y e d .  

The  o p e r a t i o n   p r o c e d u r e   w i t h   r e s p e c t   to   F i g .  

8  w i l l   be  d e s c r i b e d   by  r e f e r r i n g   to   t h e   f l o w   c h a r t s   o f  

F i g s .   9  and  10.   The  f l o w   c h a r t   of   F i g .   9  shows   t h e  

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

and  d i s p l a y i n g   two  w i n d o w s   WDl  and  WD2  on  t h e   w i n d o w  

a r e a ,   i . e . ,   t h e   p r o c e s s e s   f r o m   F i g .   8 ( a )   to   F i g .   8 ( b ) .  

F i r s t   a t   s t e p   9a ,   by  m o v i n g   t h e   m o u s e   140  t h e   i c o n   19  

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

c u r s o r   Pi   and  t h e   l e f t   b u t t o n   s w i t c h   SL  i s   p u s h e d   f o r  

d e s i g n a t i o n   of   t h e   i c o n   19.   N e x t ,   a t   s t e p   9b  t h e  

d e s i g n a t e d   i c o n   19  i s   moved   to   t h e   r i g h t   a r e a   on  t h e  

s c r e e n   SC  by  m o v i n g   t h e   m o u s e   140  w h i l e   p u s h i n g   t h e  

l e f t   b u t t o n   s w i t c h   SL.  At  s u c c e e d i n g   s t e p   9c  t h e   l e f t  

b u t t o n   s w i t c h   SL  of   t h e   m o u s e   140  i s   r e l e a s e d .   As  a  

r e s u l t ,   t h e   w i n d o w   WD2  i n d i c a t e d   by  t h e   i c o n   19  i s  

o p e n e d   on  t h e   r i g h t   a r e a   of   t h e   s c r e e n   SC  as  shown  i n  

F i g .  8  ( b )  .  

On  t h e   c o n t r a r y ,   t h e   f l o w   c h a r t   of   F i g .   10  

shows   t h e   p r o c e s s e s   f o r   c l o s i n g   t h e   w i n d o w   WD2,  i . e . ,  

t h e   p r o c e s s e s   f r o m  F i g .   8 (b)   to   F i g .   8 ( a ) .   F i r s t ,   a t  

s t e p   10a  by  m o v i n g   t h e   m o u s e   140  t h e   w i n d o w   name  15  

" H I J "   of   t h e   w i n d o w   WD2  i s   p o i n t e d   by  t h e   g r a p h i c  

c u r s o r   Pi   and  t h e   l e f t   b u t t o n   s w i t c h   SL  i s   p u s h e d   f o r  

d e s i g n a t i o n   of   t h e   w i n d o w   name  " H I J " .   N e x t ,   a t   s t e p   1 0 b  

t h e   d e s i g n a t e d   i c o n   19  i s   moved   to   t h e   i c o n   a r e a   on  t h e  

s c r e e n   SC  by  m o v i n g   t h e   m o u s e   140  w h i l e   p u s h i n g   t h e  

l e f t   b u t t o n   s w i t c h   SL.  At  s u c c e e d i n g   s t e p   10c  t h e   l e f t  



b u t t o n   s w i t c h   SL  of   t h e   mouse   140  i s   r e l e a s e d .   As  a  

r e s u l t ,   t h e   w i n d o w   WD2  i s   e r a s e d   and  t h e   s c r e e n   SC 

b e c o m e s   as  shown  in   F i g .   8 ( a ) .  

F i g .   1  shows   t h e   e n t i r e   c o n s t r u c t i o n   of  t h e  

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

memory   a r e a s   VCB1,  VCB2,  VCB3  and  VCB4  in  t h e   RAM  2  a s  

d e s c r i b e d   p r e v i o u s l y .   A l t h o u g h   f o u r   i m a g e   memory   a r e a s  

a r e   u s e d   in   t h i s   e m b o d i m e n t ,   i t   i s   o n l y   f o r   c o n v e n i e n c e  

of   e x p l a n a t i o n   and  t h e   n u m b e r   of   memory   a r e a s   i s   n o t  

l i m i t e d   t h e r e t o .   A  d i s p l a y   m a n a g e m e n t   memory   a r e a   DMM 

is   p r o v i d e d   in   t h e   RAM  2  a t   a  p r e d e t e r m i n e d   a r e a .  

D i s p l a y   m a n a g e m e n t   memory   a r e a s   DMM1,  DMM2,  DMM3  a n d  

DMM4  c o r r e s p o n d   to   t h e   i m a g e   memory   a r e a s   VCB1,  V C B 2 ,  

VCB3  and   VCB4,  r e s p e c t i v e l y .   The  d i s p l a y   m a n a g e m e n t  

memory   a r e a   DMM  i s   c o n s t r u c t e d   of  s e v e r a l   memory   a r e a s  

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

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

memory   a r e a   VCB1,  VCB2,  VCB3  or   VCB4,  and  t h e   l i k e .  

F i g .   11  shows   t h e   c o n c r e t e   memory   map  of   t h e   d i s p l a y  

m a n a g e m e n t   memory   a r e a   i n c l u d i n g   WP,  DMM1,  DMM2,  DMM3 

and  DMM4.  The  d i s p l a y   m a n a g e m e n t   memory   a r e a s   DMM1, 

DMM2,  DMM3  and  DMM4  e a c h   h a v e   p o s i t i o n   m e m o r i e s   f o r  

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

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

c o r r e s p o n d i n g   i m a g e   memory   a r e a   VCB1,  VCB2,  VCB3  o r  

VCB4.  T h a t   i s ,   t h e   p o s i t i o n   m e m o r i e s   i n c l u d e   ML1,  ML2 ,  

ML3  and  ML4  e a c h   f o r   s t o r i n g   t h e   u p p e r   l e f t   c o o r d i n a t e s  

of  t h e   c o r r e s p o n d i n g   w i n d o w   on  t h e   s c r e e n   SC,  and  MR1, 



MR2'  MR3  and  MR4  e a c h   f o r   s t o r i n g   t h e   l o w e r   r i g h t  

c o o r d i n a t e s   of   t h e   c o r r e s p o n d i n g   w i n d o w .   The  w i n d o w  

p a t t e r n   a r e a   WP  s t o r e s   t h e   d i s p l a y   p a t t e r n   i n f o r m a t i o n  

of   t h e   w i n d o w ,   w h i c h   w i l l   l a t e r   be  d e s c r i b e d .  

A  d i s p l a y   c o n t r o l l e r   DCT  c o n t r o l s   d i s p l a y   o f  

t h e   r e s p e c t i v e   c o n t e n t s   of   t h e   i m a g e   memory   a r e a s   V C B l ,  

VCB2,  VCB3  and  VCB4  on  t h e   s c r e e n   SC  a t   a p p r o p r i a t e  

a r e a s ,   b a s e d   on  t h e   s t o r e d   i n f o r m a t i o n   in   t h e   d i s p l a y  

m a n a g e m e n t   memory   a r e a s   DMM1,  DMM2,  DMM3,  and  DMM4.  A 

w i n d o w   m a n a g e m e n t   u n i t   WMG  p e r f o r m s   a  r e n e w a l   m a n a g e m e n t  

of   t h e   w i n d o w s   on  t h e   s c r e e n   SC,  b a s e d   on  o u t p u t  

i n f o r m a t i o n   f rom  t h e   s c r e e n   p o s i t i o n   p o i n t e r   14.   F i g .  

12  shows   t h e   w i n d o w   m a n a g e m e n t   u n i t   WMG  in   more   d e t a i l  

in   t h e   f o rm  of   p r a c t i c a l   p r o g r a m s .   The  p r o g r a m s   of   t h e  

w i n d o w   m a n a g e m e n t   u n i t   WMG  a r e   s t o r e d   in   t h e   RAM  2  ROM  5 

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

e x e c u t i o n   by  t h e   m i c r o p r o c e s s o r   8.  R e f e r r i n g   to   F i g .  

12,   a  w i n d o w   m a n a g e m e n t   p r o g r a m   WMGP  of   t h e   WMG  i s  

m a i n l y   d i v i d e d   i n t o   two  p r o g r a m s ,   i . e . ,   a  w i n d o w   c o n t r o l  

p r o g r a m   WCTP  of   a  w i n d o w   c o n t r o l l e r   WCT  and  a  p r o g r a m  

e x e c u t i o n   c o n t r o l   p r o g r a m   PECP  of   a  p r o g r a m   e x e c u t i o n  

c o n t r o l l e r   PEC.  The  w i n d o w   c o n t r o l   p r o g r a m   WCTP 

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

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

w i n d o w   c l o s e   r o u t i n e   WCL,  a  w i n d o w   o p e n   r o u t i n e   WOP, 

a  w i n d o w   d i m e n s i o n / p o s i t i o n   c h a n g i n g   r o u t i n e   WED,  a  

w i n d o w   d e l e t i n g   r o u t i n e   WDL,  a  w i n d o w   r e o r g a n i z i n g  

r o u t i n e   WAR  w h i c h   i s   a  m a i n   f e a t u r e   of   t h e   i n v e n t i o n ,  



a  command  r e c o g n i z i n g   r o u t i n e   COM,  and  a  w i n d o w   r e n e w i n g  

r o u t i n e   WRW.  The  w i n d o w   c l o s e   r o u t i n e   WCL  i s   f o r  

c l o s i n g   d e s i r e d   one  of   t h e   w i n d o w s   o p e n e d   on  t h e   s c r e e n  

SC.  On  t h e   c o n t r a r y ,   t h e   w i n d o w   o p e n   r o u t i n e   WOP  i s  

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

w i n d o w   d i m e n s i o n / p o s i t i o n   c h a n g i n g   r o u t i n e   WED  i s   f o r  

c h a n g i n g   t h e   d i m e n s i o n   or   p o s i t i o n   of   a  w i n d o w   o p e n e d  

on  t h e   s c r e e n   SC.  The  w i n d o w   d e l e t i n g   r o u t i n e   WDL  i s  

f o r   d e l e t i n g   an  a p p l i c a t i o n   p r o g r a m   of   a  w i n d o w .   T h e  

p r o g r a m   r e o r g a n i z i n g   r o u t i n e   WAR  c o n s t i t u t i n g   t h e   m a i n  

p a r t   of   t h e   i n v e n t i o n   w i l l   be  l a t e r   d e s c r i b e d .   T h e  

o p e r a t i o n   r e s u l t s   of   t h e   r o u t i n e s   WCL,  WOP,  WED,  WDL 

and  WAR  a r e   g i v e n   to   t h e   w i n d o w   r e n e w i n g   r o u t i n e   WRW 

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

m e n t   memory   a r e a s   DMM1,  DMM2,  DMM3  and  DMM4  of   t h e  

d e s i g n a t e d   w i n d o w .  

F i g .   13  show  t h e   s c r e e n   d i s p l a y s   f o r   e x p l a i n -  

i n g   t h e   w i n d o w   r e o r g a n i z i n g   r o u t i n e   WAR,  w h e r e i n   t h e  

w i n d o w   WD4  i s   r e m a i n e d   u n c l o s e d   w h i l e   t h e   o t h e r   w i n d o w s  

WD11  WD2  and  WD3  a r e   c l o s e d .   F i g .   1 3 ( a )   shows   a  s c r e e n  

d i s p l a y   b e f o r e   r e o r g a n i z a t i o n   by  t h e   w i n d o w   r e o r g a n i z i n g  

r o u t i n e   WAR,  w h i l e   F i g .   1 3 ( b )   shows   a  s c r e e n   d i s p l a y  

a f t e r   r e o r g a n i z a t i o n .   To  r e o r g a n i z e ,   f i r s t   an  i c o n  

"RETAIN"  on  t h e   s c r e e n   SC  i s   p o i n t e d   by  t h e   c u r s o r   S i  

by  m o v i n g   t h e   m o u s e   140  to   t h e r e b y   s t a r t   o p e r a t i n g   t h e  

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

shown  in  t h e   f l o w   c h a r t   of   F i g .   14.   F i r s t ,   a t   s t e p   1 4 a  

by  m o v i n g   t h e   m o u s e   140  t h e   g r a p h i c   c u r s o r   Pi  i s   m a d e  



to   p o i n t   t h e   i c o n   "RETAIN"  of   t h e   w i n d o w   WD4  n a m e d  

"STU".   N e x t ,   t h e   l e f t   b u t t o n   s w i t c h   S L  of   t h e   m o u s e  

140  i s   p u s h e d   f o r   d e s i g n a t i o n   of   t h e   i c o n   "RETAIN"  o f  

t h e   w i n d o w   WED4.  T h e n ,   a t   s t e p   14c  t h e   s c r e e n   d i s p l a y  

i s   r e o r g a n i z e d   to   o b t a i n   t h e   d i s p l a y   as  shown  in  F i g .  

1 3  ( c ) .  

E a c h   r o u t i n e   WCL,  WOP,  WED,  WDL  or  WAR  s t a r t s  

o p e r a t i n g   upon   d e s i g n a t i o n   of   an  i c o n   d i s p l a y e d   on  t h e  

s c r e e n   SC.  The  command  r e c o g n i z i n g   r o u t i n e   COM  i s   u s e d  

f o r   d i s c r i m i n a t i n g   i n f o r m a t i o n   f rom  t h e   m o u s e   140  a n d  

s t a r t i n g   an  a p p r o p r i a t e   r o u t i n e .   The  w i n d o w   c o n t r o l  

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

t h e   w i n d o w s   to   a t t a i n   a  s u i t a b l e   s t a t u s   of   e a c h   w i n d o w .  

The  p r o g r a m   e x e c u t i o n   c o n t r o l   p r o g r a m   PECP 

s t a r t s   o p e r a t i n g   t h e   a p p l i c a t i o n   p r o g r a m   APP  c o r r e s p o n d -  

i n g   to   t h e   w i n d o w   i n d i c a t e d   by  t h e   g r a p h i c   c u r s o r   P i .  

I f   a n o t h e r   w i n d o w   i s   i n d i c a t e d ,   t h e   o p e r a t i o n   of   t h e  

a p p l i c a t i o n   p r o g r a m   APP  of   l a s t   i n d i c a t e d   w i n d o w   i s  

s t o p p e d   and   t h e   p r o g r a m   f o r   t h e   o t h e r   w i n d o w   s t a r t s  

o p e r a t i n g .   The  p r o g r a m   e x e c u t i o n   c o n t r o l   p r o g r a m   PECP 

c o n t r o l s   to   e x e c u t e   t h e   a p p l i c a t i o n   p r o g r a m   APP  in   t h e  

m a n n e r   d e s c r i b e d   a b o v e   in   an  o r d i n a r y   s t a t e .  

F i g .   15  i s   a  f l o w   c h a r t   s h o w i n g   t h e   r e l a t i o n -  

s h i p   b e t w e e n   t h e   p r o g r a m   e x e c u t i o n   c o n t r o l   p r o g r a m   PECP 

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

t h e   w i n d o w   m a n a g e m e n t   p r o g r a m   WMGP,  w h e r e i n   m o u s e  

i n t e r r u p t i o n   i s   i n c o r p o r a t e d .   The  p o s i t i o n   i n f o r m a t i o n  

of   t h e   m o u s e   140  i s   p i c k e d   up  e v e r y   t i m e   when  a n  



u n r e p r e s e n t e d   mouse   i n t e r r u p t i o n   r o u t i n e   s t a r t s ,   f o r  

e x a m p l e ,   a t   e v e r y   20  m s e c .   The  m o v e m e n t   of  t h e   g r a p h i c  

c u r s o r   Pi  i s   c o n t r o l l e d   in   t h e   m a n n e r   as  shown  in  F i g .  

7  in   a c c o r d a n c e   w i t h   t h e   p o s i t i o n   i n f o r m a t i o n .   In  a n  

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

u n d e r   t h e   p r o g r a m   e x e c u t i o n   c o n t r o l   p r o g r a m   PECP.  When  

t h e   m o u s e   i n t e r r u p t i o n   r o u t i n e   s t a r t s   a t   e v e r y   20  m s e c ,  

t h e   p o s i t i o n   i n f o r m a t i o n   of   t h e   m o u s e   140  i s   s e n t   t o  

t h e   w i n d o w   e x e c u t i o n   c o n t r o l   p r o g r a m   WCTP,  w h i c h   in   t u r n  

j u d g e s ,   when  t h e   m o u s e   140  i s   m o v e d ,   w h e t h e r   t h e   i n f o r -  

m a t i o n   c o r r e s p o n d s   to   any   command  i c o n   or  n o t .   In  c a s e  

of  a  command  i c o n ,   t h e   c o r r e s p o n d i n g   r o u t i n e   WCL,  WOP, 

WEP,  WDL  or   WAR  i s   e x e c u t e d .   I f   n o t ,   t h e   a p p l i c a t i o n  

p r o g r a m   c o r r e s p o n d i n g   to   t h e   w i n d o w   i n d i c a t e d   by  t h e  

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

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

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

t h e   c u r r e n t   a p p l i c a t i o n   p r o g r a m   APP.  The  w i n d o w   c o n t r o l  

p r o g r a m   WCTP  and  t h e   p r o g r a m   e x e c u t i o n   c o n t r o l   p r o g r a m  

PECP  a r e   a l t e r n a t e l y   e x e c u t e d   upon   m o u t h   i n t e r r u p t i o n .  

F i g .   16  i s   a  f l o w   c h a r t   i l l u s t r a t i n g   t h e  

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

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

w i n d o w   m a n a g e m e n t   p r o g r a m   WMGP  as  d i s c u s s e d   w i t h   F i g .  

15.  When  t h e   w i n d o w   c o n t r o l   p r o g r a m   WCPT  o p e r a t e s ,  

f i r s t   a t   s t e p   16a  t h e   w i n d o w   p r o g r a m   i n f o r m a t i o n   n o w  

e x e c u t e d   i s   s a v e d   in   a  p r e d e t e r m i n e d   a r e a   in   t h e   RAM  2 .  

T h e r e a f t e r ,   a t   s t e p   16b  t h e   command  r e c o g n i z i n g   r o u t i n e  



COM  i s   c a l l e d   f o r   e x e c u t i o n ,   w h i c h   j u d g e s   i f   t h e  

g r a p h i c   c u r s o r   Pi   p o i n t s   a t   a  command  i c o n ,   and   in   c a s e  

of   a  command  i c o n ,   p r e p a r e s   f o r   e x e c u t i o n   of   t h e   a p p l i -  

c a t i o n   p r o g r a m   APP.  The  p r e p a r a t i o n   f o r   e x e c u t i o n  

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

RAM  2  a t   s t e p   16a  i s   r e s t o r e d   and   w a i t   f o r   a  f u r t h e r  

e x e c u t i o n .  

F i g .   17  i s   a  f l o w   c h a r t   s h o w i n g   t h e   d e t a i l   o f  

t h e   command  r e c o g n i z i n g   r o u t i n e   COM,  w h i c h   o p e r a t e s   a s  

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

c u r s o r   Pi   on  t h e   s c r e e n   SC  a r e   c h e c k e d   i f   t h e y   c o r r e -  

s p o n d   to   any  command  i c o n .   In  c a s e   o f   a  command  i c o n ,  

t h e   c o r r e s p o n d i n g   command  e x e c u t i o n   r o u t i n e   WCL,  WOP, 

WED,  WDL  or  WAR  s t a r t s   o p e r a t i n g .   F i r s t ,   a t   s t e p   1 7 a  

i t   i s   j u d g e d   i f   t h e   g r a p h i c   c u r s o r   Pi  i n d i c a t e s   t h e  

d i m e n s i o n / p o s i t i o n   c h a n g i n g   i c o n   16.  T h i s   j u d g e m e n t  

w i l l   be  e x p l a i n e d   l a t e r   in   more   d e t a i l .   In  c a s e   of   t h e  

d i e m n s i o n / p o s i t i o n   c h a n g i n g   i c o n ,   t h e n   s t e p   17b  f o l l o w s  

to   s t a r t   o p e r a t i n g   t h e   w i n d o w   d i m e n s i o n / p o s i t i o n  

c h a n g i n g   r o u t i n e   WED.  I f   n o t   a t   s t e p   1 7 a ,   t h e n   s t e p  

17c  f o l l o w s   to   j u d g e   i f   t h e   g r a p h i c   c u r s o r   Pi  i n d i c a t e s  

t h e   d e l e t i o n   i c o n .   In  c a s e   of   t h e   d e l e t i o n   i c o n ,   s t e p  

17d  f o l l o w s   to   s t a r t   o p e r a t i n g   t h e   w i n d o w   d e l e t i n g  

r o u t i n e   WDL.  I f   n o t ,   s t e p   17e  f o l l o w s .   S i m i l a r l y ,   a t  

s t e p s   1 7 e ,   17g ,   1 7 i ,   i t   i s   j u d g e d   i f   t h e   g r a p h i c   c u r s o r  

Pi  i n d i c a t e s   t h e   r e o r g a n i z i n g   i c o n   17,  w i n d o w   o p e n   i c o n  

19,   or  w i n d o w   c l o s e   i c o n   15.  I f   a f f i r m a t i v e ,   a t   s t e p  

1 7 f ,   1 7 h ,   or   17 i   t h e   w i n d o w   r e o r g a n i z i n g   r o u t i n e   WAR, 



w i n d o w   o p e n   r o u t i n e   WOP,  or  w i n d o w   c l o s e   r o u t i n e   WCL  i s  

e x e c u t e d .   A f t e r   t h e   end  of  e x e c u t i o n   of   a n y  o n e   of   t h e  

r o u t i n e s   WED,  WDL,  WAR,  WOP  and  WCL,  or  t h e   g r a p h i c  

c u r s o r   Pi  i n d i c a t e s   no  command  i c o n ,   t h e n   t h e   p r o c e s s  

r e t u r n s   to   s t e p   16c  of   F i g .   16  f r o m   t h e   r o u t i n e   COM. 

F i g .   18  i s   a  f l o w   c h a r t   s h o w i n g   one  e x a m p l e  

how  t h e   command  i c o n   i s   d i s c r i m i n a t e d   a t   s t e p s   1 7 a ,   1 7 c ,  

1 7 e ,   17g  and  1 7 i .   I n f o r m a t i o n   on  p o s i t i o n   or   a r e a  

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

s t o r e d   in   t h e   RAM  2  to   r e a l i z e   t h e   d i s c r i m i n a t i o n   o f  

command  i c o n s .   Fo r   i n s t a n c e ,   in   F i g .   19  s h o w i n g   t h e  

r e o r g a n i z i n g   i c o n   "RETAIN"  on  t h e   s c r e e n   SC,  t h e   d i s p l a y  

a r e a   of   t h e   i c o n   can   be  d e f i n e d   by  t h e   c o o r d i n a t e s   o f  

t h e   u p p e r   l e f t   c o r n e r   I CL  and  t h e   l o w e r   r i g h t   c o r n e r  

ICR'   As  shown  in   F i g .   20,   a  c o m b i n a t i o n   of   X  c o o r d i n a t e  

ICLX  and  Y  c o o r d i n a t e   ICLy  of   t h e   u p p e r   l e f t   c o r n e r   I C L  

and  X  c o o r d i n a t e   ICRx  and  Y  c o o r d i n a t e   I CRy  of  t h e   l o w e r  

r i g h t   c o r n e r   ICR,  i s   s t o r e d   b e f o r e h a n d   in   t h e   RAM  2  a t  

an  a p p r o p r i a t e   memory   a r e a .   Such   c o o r d i n a t e   i n f o r m a t i o n  

i s   s t o r e d   f o r   e a c h   command  i c o n .   Upon  o p e r a t i o n   of   t h e  

command  i c o n   j u d g e m e n t   r o u t i n e ,   f i r s t   a t   s t e p   1 8 a ,   t h e  

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

s c r e e n   SC  i s   r e a d   f r o m   a  c u r s o r   memory   p r o v i d e d   a t   t h e  

CRT  c o n t r o l l e r   9  of  F i g .   2  or  in   t h e   RAM  2.  At  s u c c e e d -  

i n g   s t e p   18b  p o s i t i o n   i n f o r m a t i o n   I CL  and  I CR  of   t h e  

i c o n   to  be  j u d g e d   a r e   r e a d   f rom  t h e   p r e d e t e r m i n e d  

memory   a r e a   of   t h e   RAM  2.  At  s t e p s   18c  and   18d  t h e  

c o o r d i n a t e s   of  t h e   g r a p h i c   c u r s o r   Pi  a r e   j u d g e d   i f   t h e y  



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

ICL  and  t h e   l o w e r   r i g h t   c o r n e r   ICR*  I f   b o t h   c o n d i t i o n s  

a t   s t e p s   18c  and  18d  a r e   m e t ,   t h e n   a t   s t e p   18e  i t   i s  

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

now  c o n c e r n e d .   On  t h e   c o n t r a r y ,   i f   one  of  t h e   c o n d i -  

t i o n s   i s   n o t   m e t ,   t h e n   a t   s t e p   18f   i t   i s   d e c i d e d   t h a t  

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

c o n c e r n e d .  

The  w i n d o w   o p e n   r o u t i n e   WOP,  w i n d o w   c l o s e  

r o u t i n e   WCL  and  w i n d o w   r e o r g a n i z i n g   r o u t i n e   WAR  w i l l   b e  

d e s c r i b e d   in   c o n n e c t i o n   w i t h   F i g s .   21  to   2 3 .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   n u m b e r   o f  

w i n d o w s   a r e   f o u r   and  t h e   p a t t e r n s   of   t h e s e   w i n d o w s   c a n  

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

one  a f t e r   a n o t h e r   in   a c c o r d a n c e   w i t h   t h e   s t a t u s   t r a n s i -  

t i o n   d i a g r a m s   of   F i g s .   25  and   26.   I t   i s   n o t e d   t h a t  

F i g .   24  o n l y   c o n c e r n s   a b o u t   t h e   p a t t e r n   i t s e l f   and   d o e s  

n o t   show  t h e   r e l a t i v e   d i m e n s i o n   of  t h e   w i n d o w s   WD1,  WD2, 

WD3  and  WD4.  The  n u m e r a l   shown  a b o v e   e a c h   s c r e e n   SC  o f  

F i g .   24  i s   t h e   n u m b e r   f o r   i d e n t i f y i n g   i t s   p a t t e r n .   T h e  

n u m e r a l   p a r e n t h e s i z e d   w i t h i n   a  c i r c l e   in   F i g .   2 5  

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

The  s c r e e n   SC  of  t h e   CRT  h a s   a  d i m e n s i o n   of   640  d o t s   i n  

t h e   h o r i z o n t a l   or  X - d i r e c t i o n   and  400  d o t s   in   t h e  

v e r t i c a l   or  Y - d i r e c t i o n ,   w h e r e i n   t h e   u p p e r   l e f t   c o r n e r  

c o o r d i n a t e s   a r e   r e p r e s e n t e d   by  (0,  0)  w h i l e   t h e   l o w e r  

r i g h t   c o r n e r   c o o r d i n a t e s   a r e   r e p r e s e n t e d   by  ( 6 3 9 ,   3 9 9 ) .  

In  F i g .   25,  P i x   and  P i y   r e p r e s e n t   t h e   X  and  Y  c o o r d i n a t e s  



of  t h e   g r a p h i c   c u r s o r   P i ,   r e s p e c t i v e l y .  

R e f e r r i n g   f i r s t   to   F i g .   25,  t h e   p o s i t i o n   o f  

t h e   g r a p h i c   c u r s o r   Pi  may  be  a t   any  c o o r d i n a t e s   on  t h e  

s c r e e n   a t   t h e   s t a r t   of  w i n d o w   o p e n i n g .   To  c h a n g e   t h e  

s c r e e n   SC  f r o m   p a t t e r n   1  to   p a t t e r n   2,  i t   i s   n e c e s s a r y  

t h a t   t h e   X  c o o r d i n a t e   of   t h e   g r a p h i c   c u r s o r   Pi  i s   n o t  

"0"  n o r   " 3 9 9 " .   To  c h a n g e   t h e   s c r e e n   SC  f rom  p a t t e r n   2 

to   p a t t e r n   4,  i t   i s   n e c e s s a r y   t h a t   t h e   X  c o o r d i n a t e   o f  

t h e   g r a p h i c   c u r s o r   Pi  i s   l a r g e r   t h a n   "0"  and   s m a l l e r  

t h a n   " 3 1 9 "   and  t h e   Y  c o o r d i n a t e   i s   l a r g e r   t h a n   "0"  a n d  

s m a l l e r   t h a n   " 1 9 9 " ,   or  t h a t   t h e   X  c o o r d i n a t e   i s   l a r g e r  

t h a n   " 3 2 0 "   and  s m a l l e r   t h a n   " 6 3 9 "   and  t h e   Y  c o o r d i n a t e  

i s   l a r g e r   t h a n   "0"  and  s m a l l e r   t h a n   " 1 9 9 " .   S i m i l a r l y ,  

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

t h e   c o n d i t i o n s   d e s c r i b e d   in   t h e   f i g u r e ,   w h e r e i n   w o r d  

" o r "   m e a n s   a  l o g i c a l   OR  and  word   " a n d "   m e a n s   a  l o g i c a l  

AND.  F i g .   26  i s   a  t r a n s i t i o n   g r a p h   f o r   s e q u e n t i a l  

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

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

s c r e e n   SC  of  F i g .   24  s i m i l a r   to   t h o s e   in   F i g .   25.   F o r  

i n s t a n c e ,   to   c h a n g e   t h e   s c r e e n . S C   f rom  p a t t e r n   8  t o  

p a t t e r n   4,  one  of   t h e   w i n d o w s   WD3  and  WD4  i s   d e l e t e d ,  

or  to   c h a n g e   t h e   s c r e e n   SC  f rom  p a t t e r n   8  to   p a t t e r n   4 ,  

one  of   t h e   w i n d o w s   WD  and   WD2  i s   d e l e t e d .   O t h e r  

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

w i t h   t h e   t r a n s i t i o n   g r a p h   of   F i g .   2 6 .  

R e f e r r i n g   now  b a c k   to   F i g s .   21  to   23,  t h e  

t h r e e   r o u t i n e s   w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   t o  



F i g s .   24  to   26.   F i g .   21  i s   t h e   f l o w   c h a r t   of   t h e  

w i n d o w   o p e n   r o u t i n e   WOP  w h i c h   i s   e x e c u t e d   when  t h e  

g r a p h i c   c u r s o r   Pi  p o i n t s   t h e   w i n d o w   open   i c o n   a t   s t e p  

17g  of   F i g .   17.   F i r s t ,   a t   s t e p   21a  i t   i s   j u d g e d   i f   t h e  

l e f t   b u t t o n   s w i t c h   SL  of   t h e   m o u s e   140  i s   b e i n g   p u s h e d .  

I f   a f f i r m a t i v e ,   t h e   c o o r d i n a t e   i n f o r m a t i o n   of   t h e  

g r a p h i c   c u r s o r   Pi  a t   t h a t   t i m e   i s   s a v e d   a t   s t e p   2 1 b .  

The  memory   a r e a   of  t h i s   c o o r d i n a t e   i n f o r m a t i o n   may  b e  

a  p r e d e t e r m i n e d   memory   a r e a   in   t h e   RAM  2  or   in   t h e  

c u r s o r   memory   a r e a   p r o v i d e d   a t   t h e   CRT  c o n t r o l l e r   9 .  

When  t h e   r e l e a s e   of  t h e   l e f t   b u t t o n   s w i t c h   SL  of  t h e  

m o u t h   140  i s   d e t e c t e d   a t   s t e p   2 1 a ,   t h e n   a t   s t e p   2 1 c  

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

s c r e e n   SC  i s   r e a d   f r o m   t h e   p a t t e r n   i n f o r m a t i o n   m e m o r y  

a r e a   WP  p r o v i d e d   a t   t h e   RAM  2.  In  t h i s   e m b o d i m e n t ,  

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

t h o s e   shown  in   F i g .   24  i s   a l w a y s   s t o r e d   in   t h e   RAM  2 .  

At  s u c c e e d i n g   s t e p   21d  a  w i n d o w   p a t t e r n   i s   d e c i d e d   i n  

a c c o r d a n c e   w i t h   t h e   t r a n s i t i o n   g r a p h   of   F i g .   25,   t a k i n g  

i n t o   c o n s i d e r a t i o n   of   t h e   c u r r e n t   w i n d o w   p a t t e r n  

i n f o r m a t i o n   r e a d   a t   s t e p   21c  and  t h e   c o o r d i n a t e   i n f o r -  

m a t i o n   s a v e d   a t   s t e p   21b  of   t h e   c u r s o r   P i .   The  p a t t e r n  

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

p a t t e r n   i n f o r m a t i o n   memory   a r e a   WP.  S t e p s   2 l e   and  2 1 f  

show  t h e   w i n d o w   r e n e w i n g   r o u t i n e   WRW  w h e r e   a l l   t h e  

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

21d  a r e   r e n e w e d .  

F i g .   22  i s   t h e   f l o w   c h a r t   of   t h e   w i n d o w   c l o s e  



r o u t i n e   WCP  w h i c h   i s   e x e c u t e d   when  t h e   g r a p h i c   c u r s o r  

Pi  p o i n t s   t h e   w i n d o w   c l o s e   i c o n   a t   s t e p   17 i   of  F i g .   1 7 .  

S t e p s   22a  and  22b  a r e   t h e   same  w i t h   t h o s e   in   F i g .   2 1 .  

At  s t e p   22c  i t   i s   j u d g e d   i f   t h e   c o o r d i n a t e s   s a v e d   a t  

s t e p   22b  of  t h e   g r a p h i c   c u r s o r   Pi   a r e   w i t h i n   t h e   i c o n  

a r e a   ICN  on  t h e   s c r e e n   SC.  I f   n o t   w i t h i n   t h e   i c o n   a r e a  

ICN,  t h e   r o u t i n e   e x e c u t e s   no  f u r t h e r   p r o c e s s .   I f   w i t h i n  

t h e   i c o n   a r e a   ICN,  t h e n   a t   s t e p   22d  t h e   c u r r e n t   w i n d o w  

i n f o r m a t i o n   i s   r e a d   f r o m   t h e   memory   a r e a   WP  of   t h e   RAM 

2,  s i m i l a r l y   to   t h e   c a s e   of  s t e p   21c  of   F i g .   21.  A t  

s u c c e e d i n g   s t e p   22d  a  w i n d o w   p a t t e r n   i s   d e c i d e d   i n  

a c c o r d a n c e   w i t h   t h e   t r a n s i t i o n   g r a p h   of  F i g .   26,   t a k i n g  

i n t o   c o n s i d e r a t i o n   of  t h e   c u r r e n t   w i n d o w   p a t t e r n  

i n f o r m a t i o n   r e a d   a t   s t e p   22d  and   t h e   c o o r d i n a t e   i n f o r -  

m a t i o n   s a v e d   a t   s t e p   22b  of   t h e   c u r s o r   P i .   The  p a t t e r n  

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

p a t t e r n   i n f o r m a t i o n   memory   a r e a   WP.  S t e p s   22e  a n d  

22f   show  t h e   w i n d o w   r e n e w i n g   r o u t i n e   WRW  w h e r e   a l l   t h e  

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

21d  a r e   r e n e w e d .  

F i g .   23  i s   t h e   f l o w   c h a r t   of   t h e   w i n d o w  

r e o r g a n i z i n g   r o u t i n e   WAR  w h i c h   i s   e x e c u t e d   when  t h e  

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

18  a t   s t e p   17e  of   F i g .   17.   To  e x e c u t e   t h i s   r o u t i n e ,  

two  m e m o r i e s   a t   p r e d e t e r m i n e d   memory   a r e a s   in   t h e   RAM  2 

a r e   u s e d   a d d i t i o n a l l y .   One  i s   a  r e t a i n e d   w i n d o w   n u m b e r  

memory   RWNO  f o r   s t o r i n g   t h e   w i n d o w   n u m b e r   of  t h e   w i n d o w  

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



a  t e m p o r a r i l y   w i n d o w   n u m b e r   memory   TNO  f o r   t e m p o r a r i l y  

s t o r i n g   a  w i n d o w   n u m b e r .   The  w i n d o w   n u m b e r s   " 1 " ,   " 2 " ,  

"3"  and  "4"  a r e   a s s i g n e d   to   t h e   r e s p e c t i v e   w i n d o w s   WD, ,  

WD2,  WD3  and  WD4,  in   t h i s   o r d e r .  

Upon  s t a r t   of  t h e   w i n d o w   r e o r g a n i z i n g   r o u t i n e  

WAR,  t h e   c u r r e n t   w i n d o w   p a t t e r n   i n f o r m a t i o n   i s   r e a d   a t  

s t e p   2 3 a ,   s i m i l a r l y   to   s t e p   21c  of  F i g .   21  and   to   s t e p  

22d  of   F i g .   22.   N e x t ,   a t   s t e p   23b  t h e   w i n d o w   n u m b e r   o f  

t h e   w i n d o w   to   be  r e t a i n e d   i s   d e c i d e d   b a s e d   of   t h e  

c o o r d i n a t e s   of   t h e   g r a p h i c   c u r s o r   Pi  on  t h e   s c r e e n   SC 

and  t h e   w i n d o w   p a t t e r n   i n f o r m a t i o n   r e a d   a t   s t e p   2 3 a .  

The  n u m b e r   i n f o r m a t i o n   i s   s e t   in   t h e   r e t a i n e d   w i n d o w  

n u m b e r   memory   RWNO.  At  s u c c e e d i n g   s t e p s   t h e   w i n d o w  

w h o s e   n u m b e r   s e t   in   t h e   memory   RWNO  i s   d i s p l a y e d   w h i l e  

t h e   o t h e r   w i n d o w s   a r e   c l o s e d .   To  t h i s   p u r p o s e ,   f i r s t  

a t   s t e p   23c  t h e   w i n d o w   n u m b e r   "1"  i s   s t o r e d   in   t h e  

t e m p o r a r y   w i n d o w   n u m b e r   memory   TNO.  N e x t ,   a t   s t e p   2 3 d  

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

n u m b e r   memory   TNO  i s   more   t h a n   4  or   n o t ,   s i n c e   in   t h i s  

e m b o d i m e n t   t h e   n u m b e r   of   w i n d o w s   i s   s e t   as  4  a t   a  

max imum.   At  s u c c e e d i n g   s t e p   23e  i t   i s   c h e c k e d   i f   t h e  

c o n t e n t   of  t h e   r e t a i n e d   w i n d o w   n u m b e r   memory   RWNO 

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

memory   TNO.  The  a b s e n c e   of  a  c o i n c i d e n c e   m e a n s   t h a t   t h e  

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

w i n d o w   n u m b e r   memory   TNO  i s   a l l o w e d   to   be  c l o s e d .  

T h e r e f o r e ,   a t   s t e p   23f   t h e   i c o n   of  t h e   w i n d o w   c o r r e -  

s p o n d i n g   to   t h e   n u m b e r   s t o r e d   in   t h e   t e m p o r a r y   w i n d o w  



n u m b e r   memory   TNO  i s   d i s p l a y e d   on  t h e   i c o n   a r e a   I C N .  

At  s t e p   23g  t h e   c o n t e n t   of   t h e   t e m p o r a r y   w i n d o w   n u m b e r  

memory   TNO  i s   i n c r e m e n t e d   by  1  and  s t e p   23d  f o l l o w s .  

The  p r o c e d u r e   of  s t e p s   23d ,   2 3 e ,   23f   and  23g  i s   r e p e a t e d  

u n t i l   t h e   c o n t e n t s   of  t h e   m e m o r i e s   TNO  and  RWNO 

c o i n c i d e   e a c h   o t h e r   a t   s t e p   2 3 e ,   or   u n t i l   t h e   c o n t e n t  

of   memory   TNO  e x c e e d s   4  a t   s t e p   23d .   Upon  c o i n c i d e n c e  

b e t w e e n   t h e   c o n t e n t s   of   t h e   m e m o r i e s   TNO  and  RWNO,  i . e . ,  

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

c o n c e r n e d ,   t h e n   s t e p   23h  f o l l o w s   w h e r e   t h e   c o n t e n t   o f  

t h e   w i n d o w   p a t t e r n   memory   WP  i s   s e t   as  of  p a t t e r n   1 .  

At  s u c c e e d i n g   s t e p   23 i   w i n d o w   r e n e w a l   i s   e x e c u t e d   by  t h e  

w i n d o w   r e n e w i n g   r o u t i n e   WRW  so  t h a t   t h e   p a t t e r n   to   b e  

r e t a i n e d   i s   d i s p l a y e d   on  t h e   s c r e e n   SC  in  t h e   f o rm  o f  

p a t t e r n   1  of   F i g .   24.  N e x t ,   t h e   p r o c e d u r e   a d v a n c e s   t o  

s t e p   23g  w h e r e   w i n d o w   c l o s i n g   o p e r a t i o n s   f o r   t h e   o t h e r  

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

The  w i n d o w   r e n e w i n g   r o u t i n e   WRW  shown  in   F i g s .  

1  and  12  p e r f o r m s   a  r e n e w a l   of   t h e   c o n t e n t s   of   t h e  

d i s p l a y   m a n a g e m e n t   memory   a r e a s   DMM1,  DMM2,  D M M 3  a n d  

DMM4,  c o r r e s p o n d i n g   r e s p e c t i v e l y   to   t h e   w i n d o w s   W D  ,  

WD2,  W D 3  a n d   WD4,  in   a c c o r d a n c e   w i t h   t h e   e x e c u t i o n  

r e s u l t s   of   t h e   r e s p e c t i v e   r o u t i n e s   WAR,  WDL,  WED,  WOP 

and  WCL.  T h u s ,   t h e   c o n t e n t s   of   t h e   d i s p l a y   m a n a g e m e n t  

memory   a r e a s   DMMl,  DMM2,  DMM3 and  DMM4  a r e   r e n e w e d   i n  

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

i n f o r m a t i o n   a t   s t e p s   21d ,   22e  and  23h  of  F i g s .   21  t o  

23.  A s s u m i n g   t h a t   t h e   w i n d o w   WD2  i s   i n t e n d e d   to   b e  



r e t a i n e d   on  t h e   s c r e e n   SC.  The  w i n d o w   r e n e w i n g   r o u t i n e  

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

d i s p l a y   m a n a g e m e n t   memory   a r e a   DMM  b a s e d   on  t h e   e x e c u -  

t i o n   r e s u l t   of   t h e   w i n d o w   r e o r g a n i z i n g   r o u t i n e   WAR: 

The  u p p e r   l e f t   c o r n e r   c o o r d i n a t e s   of   t h e   w i n d o w   W D 2  a r e  

s t o r e d   in   t h e   memory   a r e a   ML2  of   t h e   d i s p l a y   m a n a g e m e n t  

memory   a r e a   DMM2,  w h i l e   t h e   l o w e r   r i g h t   c o r n e r   c o o r d i -  

n a t e s   a r e   s t o r e d   in   t h e   memory   a r e a   MR2.  The  o t h e r  

r e m a i n i n g   d i s p l a y   m a n a g e m e n t   memory   a r e a s   DMM1,  DMM3  a n d  

DMM4  a r e   a l l   c l e a r e d .  

As  d e s c r i b e d   p r e v i o u s l y ,   t h e   d i s p l a y   c o n t r o l -  

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

memory   a r e a s   VCB1  to   VCB4  on  t h e   s c r e e n   SC  in   a c c o r d a n c e  

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

memory   a r e a s   DMM1 to  DMM4.  T h e r e f o r e ,   w i t h   t h e   c o n t e n t  

of  t h e   d i s p l a y   m a n a g e m e n t   memory   a r e a   DMM2  w h o s e   w i n d o w  

WD2  has   b e e n   d e s i g n a t e d   as  a  r e t a i n e d   o n e ,   t h e   f o l l o w i n g  

p r o c e d u r e   i s   p e r f o r m e d :   The  d i s p l a y   c o n t r o l l e r   DCT 

t r a n s f e r s   o n l y   t h e   c o n t e n t   of   t h e   i m a g e   memory   a r e a  

VCB2  to   t h e   r e f r e s h i n g   memory   10  of   F i g .   2  f o r   s t o r a g e  

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

i n f o r m a t i o n   memory   a r e a   i s   t h a t   of   p a t t e r n   1  and  t h e  

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

m a n a g e m e n t   memory   a r e a   DMM2.  As  a  r e s u l t ,   t h e   w i n d o w  

to   be  r e t a i n e d   i s   d i s p l a y e d   on  t h e   s c r e e n   SC  in  t h e  

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

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

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



t h e   s c r e e n   SC  by  u s i n g   t h e   w i n d o w   o p e n   r o u t i n e  W O P ,  

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

and  t h e   o t h e r   w i n d o w s   can   be  c l o s e d ,   by  a  s i m p l e  

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

g r a p h i c   c u r s o r   Pi  t h r o u g h   t h e   s c r e e n   p o s i t i o n   p o i n t e r  

1 4 .  

In  t h e   a b o v e   e m b o d i m e n t s ,   a l t h o u g h   a  CRT  h a s  

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

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

d e v i c e s   s u c h   as  a  l i q u i d   c r y s t a l   d i s p l a y   d e v i c e   m a y  

a l s o   be  u s e d .   F u r t h e r ,   a l t h o u g h   t h e   n u m b e r   of  d i v i d e d  

p o r t i o n s   or  w i n d o w s   of  t h e   s c r e e n   has   b e e n   s e t   as  4  f o r  

c o n v e n i e n c e   of  d e s c r i p t i o n ,   an  o p t i o n a l   n u m b e r   may  b e  

u s e d .   The  n u m b e r   of  p a t t e r n s   of   t h e   w i n d o w s   i s   a l s o  

o p t i o n a l .   The  g r e a t e r   t h e   n u m b e r   of   t h e s e   w i n d o w s   a n d  

p a t t e r n s   a r e ,   t h e   more   a d v a n t a g e o u s   e f f e c t s   t h e   p r e s e n t  

i n v e n t i o n   a f f o r d s .  

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

t i o n   of   a  w i n d o w   d u r i n g   w i n d o w   r e o r g a n i z i n g   h a s   b e e n  

c o n d u c t e d   by  u s i n g   t h e   s c r e e n   p o s i t i o n   p o i n t e r   14  s u c h  

as  t h e   m o u t h   140 .   H o w e v e r ,   o t h e r   i n p u t   d e v i c e s   s u c h   a s  

a  k e y b o a r d   may  be  u s e d   f o r   t h a t   p u r p o s e .  

M o r e o v e r ,   a l t h o u g h   t h e   i m a g e   memory   a r e a s  

VCB1  to   VCB4,  t h e   d i s p l a y   m a n a g e m e n t   memory   a r e a s  

DMM1  to  DMM4 and  o t h e r   a r e a s   h a v e   b e e n   a l l o c a t e d   to   t h e  

RAM  2,  t h i s   p h y s i c a l   a l l o c a t i o n   of  memory   a r e a s   i s   n o t  

l i m i t e d   t h e r e t o   b u t   any  s t o r a g e   d e v i c e   may  be  u s e d   s o  

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



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

c o m p r i s i n g :   a  d i s p l a y   d e v i c e   (1)  h a v i n g   a  d i s p l a y  

s c r e e n   (SC) ;   a  p l u r a l i t y   of   i m a g e   memory   a r e a s   ( V C B  

VCB4)  e a c h   c o r r e s p o n d i n g   to   t h e   s c r e e n ;   a  d i s p l a y   m a n -  

a g e m e n t   memory   a r e a   (DMM)  f o r   s t o r i n g   t h e   p o s i t i o n s   o n  

t h e   s c r e e n   of   t h e   s t o r a g e   c o n t e n t s   of   t h e   i m a g e   m e m o r y  

a r e a s ;   d i s p l a y   c o n t r o l l e r   m e a n s   (DCT)  f o r   d i s p l a y i n g   t h e  

s t o r a g e   c o n t e n t   of   t h e   d e s i g n a t e d   i m a g e   memory   a r e a   o n  

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

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

a r e a ;   d e s i g n a t i n g   m e a n s   (14)  f o r   d e s i g n a t i n g   a  d e s i r e d  

one  of   t h e   d i v i d e d   p o r t i o n s   of   t h e   s c r e e n ,   s a i d   d i v i d e d  

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

s a i d   p l u r a l i t y   of  i m a g e   memory   a r e a s ;   and  d i s p l a y  

m a n a g e m e n t   m e a n s   (WMG)  f o r   r e n e w i n g   t h e   s t o r a g e   c o n t e n t  

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

p o s i t i o n   on  t h e   s c r e e n   of   t h e   i m a g e   memory   a r e a   c o r r e -  

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

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

s c r e e n .  

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

a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   d e s i g n a t i n g   m e a n s   i s  

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

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

p o r t i o n   of  t h e   s c r e e n .  

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

a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   d i s p l a y   m a n a g e m e n t  



m e a n s   c o m p r i s e s   a  memory   a r e a   (DMM1 - DMM4)  f o r   s t o r i n g  

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

s c r e e n   d e s i g n a t e d   by  s a i d   d e s i g n a t i o n   m e a n s ,   and  r e n e w s  

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

a r e a   b a s e d   on  t h e   s t o r a g e   c o n t e n t   of   t h e   memory   a r e a .  

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

a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d   d i s p l a y   m a n a g e m e n t  

m e a n s   c o m p r i s e s   a  f i r s t   memory   a r e a   f o r   s t o r i n g   i n f o r -  

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

d e s i g n a t e d   by  s a i d   d e s i g n a t i o n   m e a n s ;   a  s e c o n d   m e m o r y  

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

to   d i v i d e d   p o r t i o n s ;   and  j u d g e m e n t   m e a n s   f o r   j u d g i n g  

t h r o u g h   c o m p a r i s o n   b e t w e e n   t h e   s t o r a g e   c o n t e n t s   of  t h e  

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

m a n a g e m e n t   m e a n s   r e n e w s   t h e   s t o r a g e   c o n t e n t   of   t h e  

d i s p l a y   m a n a g e m e n t   memory   a r e a   b a s e d   on  t h e   j u d g e m e n t  

r e s u l t .  

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

a c c o r d i n g   to   c l a i m   4,  w h e r e i n   s a i d   d i s p l a y   m a n a g e m e n t  

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

c o n t e n t   of   s a i d   s e c o n d   memory   a r e a   to   i n f o r m a t i o n  

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

j u d g e m e n t   m e a n s   c o m p l e t e s   i t s   j u d g e m e n t .  
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