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This  i nven t ion   re la tes   to  a  data  d isplay  system  and  p a r t i c u l a r l y   to  a  

d isp lay   system  which  is  used  as  an  i n p u t - o u t p u t   terminal   of  a  d a t a  

p r o c e s s i n g   system  which  may  be  used  for  c o n c u r r e n t   p r o c e s s i n g   of  a p p l i -  

cation  p r o g r a m s .  

V iewpor t i ng   is  the  gener ic   name  given  to  the  t e c h n i q u e   of  de f in ing   a  

p a r t i c u l a r   sc reen   area  as  the  v iewpor t   on  which  an  app l ica t ion   wri tes   a n d  

d i sp lays   d a t a  -   g r aph ic   or  a l p h a n u m e r i c .   When  a  user   is  us ing   a  d i s p l a y  

terminal   to  i n t e r a c t   with  more  than  one  appl ica t ion   p rog ram  then  d i f f e r e n t  

a reas   of  the  sc reen   will  be  a l located  to  d i f f e r e n t   app l i ca t ions   this  i s  

mult iple  view  p o r t i n g .   This  concept   is  exp la ined   in  F u n d a m e n t a l s   o f  

I n t e r a c t i v e   Compute r   Graph ics   by  Foley  and  Van  Dam  p u b l i s h e d   b y  

Addison  Wesley  1982.  

A  f u r t h e r   deve lopment   has  been  the  so-ca l led   'messy  desk '   c o n c e p t  
in  which  multiple  v i e w p o r t s   over lap   and  the  use r   r e g a r d s   the  view  w h i c h  

ove r l ays   the  o the r s   as  that  which  h ighes t   p r i o r i t y   and  the  one  which  i s  

c u r r e n t l y   be ing   u s e d .  

V iewpor t i ng   de s igns   for  c u r r e n t   r a s t e r   d i sp l ays   use  the  concept   t h a t  

only  the  v iewpor t   which  is  of  h i g h e s t   p r i o r i t y ,   i .e .   on  top  of,  o r  

o v e r l a y i n g ,   all  o t h e r s   can  be  modified  at  a n y  o n e   time.  This ,   in  e f f e c t ,  

c o r r e s p o n d s   to  a  single  app l ica t ion   s i tua t ion   and  r e q u i r e s   the  c o m p l e t e  

r e - d r a w i n g   of  a  v i ewpor t   w h e n e v e r   it  is  given  h ighes t   p r i o r i t y   a f ter   i t  

has  p r e v i o u s l y   been  o v e r l a i d .  

An  example  of  such  a  t e c h n i q u e   is  d e s c r i b e d   in  Eu ropean   P a t e n t  

Appl ica t ion   No.  083301868 .2 .  

This  app l ica t ion   d e s c r i b e s   a  m u l t i - v i e w p o r t   system  in  which  t h e  

wr i t ing   of  app l ica t ion   data  into  o v e r l a p p i n g   v i e w p o r t s   is  con t ro l led   by  a  

sc reen   manager .   The  sc reen   manager   mainta ins   a  ser ies   of  p r i o r i t y   f l a g s  

for  each  pixel  (bit  in  the  sc reen   b u f f e r )   r e l a t i ng   to  the  l aye r s   of  t h e  

' v i ewpor t s ,   and  a  v iewpor t   o r d e r   list.   Only  the  c u r r e n t ,   or  h i g h e r  



pr io r i ty   v iewport   is  wr i t ten   into  by  an  app l ica t ion .   There   is  no  p r o v i s i o n  

for  hav ing   more  than  one  appl ica t ion   wr i t ing   into  a  lower  p r i o r i t y  

v iewpor t   o v e r l a p p e d   by  the  c u r r e n t   v iewpor t   o ther   than  se r ia l ly ,   i . e .  

wr i t ing   to  one  v iewpor t   is  completed  before   p r o c e s s i n g   the  next  o n e .  

The  main  a d v a n t a g e   of  the  p r e s e n t   i nven t ion   is  that  lower  p r i o r i t y  

v i ewpor t s   may  be  wr i t ten   into  r e q u i r i n g   only  a  single  pass  over  the  d a t a  

held  in  a  data  b u f f e r ,   and  it  is  able  to  handle   the  most  complex  o f  

over la id   v i e w p o r t s .  

Accord ing   to  the  i nven t ion   there   is  p r o v i d e d   a  data  d isplay   s y s t e m  

in  which  a  d isplay  sc reen   may  s imu l t aneous ly   d i sp lay   data  r e l a t ing   t o  

d i f f e ren t   app l ica t ions   in  o v e r l a p p i n g   view  por t s   hav ing   d i f f e ren t   p r i o r i t y  

l e v e l s  

c h a r a c t e r i s e d   in  that  the  system  inc ludes   a  pixel  b u f f e r   ( s c r e e n  

b u f f e r )   in  which  the  p i c tu re   data  for  all  view  por t s   is  s t o r e d ,  

a  mask  bu f f e r   hav ing   a  p l u r a l i t y   of  bit  pos i t ions   equal  to  the  t o t a l  

d isplay   sc reen   pixels  each  one  a s soc ia t ed   with  a  c o r r e s p o n d i n g   d i s p l a y  

screen   p i x e l ,  

means  to  set  the  con ten t s   of  the  mask  bu f f e r   when  an  a p p l i c a t i o n  

sends   data  to  an  a s soc ia ted   view  port   in  a cco rdance   with  the  v i e w p o r t  

areas  hav ing   a  high  p r i o r i t y  

and  logic  means  that  uses  the  con ten t s   of  the  mask  b u f f e r   to  

de te rmine   w h e t h e r   a  pixel  should  be  wr i t ten   d u r i n g   vec to r   or  c h a r a c t e r  

d r a w i n g .  

In  o rde r   that  the  inven t ion   may  be  fully  u n d e r s t o o d   p r e f e r r e d  

embodiments   t he reo f   will  now  be  d e s c r i b e d   with  r e f e r e n c e   to  the  a c c o m p a -  

ny ing   d r awings   in  w h i c h :  



FIG.  1  is  a  block  schemat ic   of  a  data  p r o c e s s i n g   c o n f i g u r a t i o n   i n -  

c lud ing   a  data  d isp lay   system  i n c o r p o r a t i n g   the  i n v e n t i o n .  

FIGS.  2-4  i l l u s t r a t e   multiple  v i e w p o r t s   on  a  d i s p l a y .  

FIG.  5  is  a  block  sc reen   schemat ic   of  a  data  d isp lay   s y s t e m .  

FIG.  6  i l l u s t r a t e s   the  con ten t   of  the  mask  b u f f e r   before   d r awing   d a t a  

to  a  view  p o r t .  

Until  r e c e n t l y ,   a  use r   has  only  been  able  to  use  a  terminal   for  a  

s ingle ,   i n t e r a c t i v e   sess ion  at  a n y  o n e   time.  This  sess ion  might  b e  

c o n d u c t e d   with  a  host  app l i ca t ion ,   or  with  an  app l ica t ion   r u n n i n g   in  a  

s t a n d - a l o n e   w o r k s t a t i o n .   The  r ange   of  app l i ca t ions   avai lable   is  v e r y  
b road   and  inc ludes   w o r d - p r o c e s s i n g ,   data  base  o p e r a t i o n s ,   c o m m u n i c a t i o n s  

and  g r a p h i c s   des ign .   These   app l i ca t ions   might  be  commercial ly  w r i t t e n ,  

or  coded  by  the  u s e r .  

The  g rowing   complexi ty   of  u s e r s ,   app l i ca t ions   and  w o r k s t a t i o n s ,   h a s  

b r o u g h t   about  the  r e q u i r e m e n t   to  i n t e r a c t   with  one  or  more  app l i ca t ions   a t  

one  time.  Thus ,   while  wr i t ing   a  l e t t e r ,   with  a  w o r d - p r o c e s s i n g   sys tem,   a  

user   may  wish  to  obtain  in format ion   from  a  data  base  or  per form  some 

financial   ca lcula t ion   with  a  s p r e a d - s h e e t   app l i ca t ion ,   and  include  t h i s  

in format ion   in  the  l e t t e r .   To  handle   these   c o n c u r r e n t ,   m u l t i p l e  

a p p l i c a t i o n s ,   the  concept   of  the  " m e s s y = d e s k "   has  evolved .   This  c o n c e p t  

allows  a  use r   to  allocate  a  s u b a r e a ,   or  v i e w p o r t ,   of  the  w o r k s t a t i o n  

s c r e e n ,   to  each  of  the  c o n c u r r e n t l y   r u n n i n g   a p p l i c a t i o n s .  

In  gene ra l ,   each  app l ica t ion   g e n e r a t e s   ou tpu t   to  a  c o n c e p t u a l  

p r e s e n t a t i o n   space ,   which  is  c o n s i d e r e d   to  be  mapped  onto  the  e n t i r e  

w o r k s t a t i o n   s c r een .   Each  v iewpor t   p r o v i d e s   a  window  onto  the  c o r r e -  

s p o n d i n g   p r e s e n t a t i o n   space .   The  c o n t e n t s   of  the  p r e s e n t a t i o n   s p a c e ,  
con ta ined   within  this  window,  are  d i sp l ayed   on  the  sc reen   v i e w p o r t .  

While  the  v iewpor t   remains  in  a  fixed  pos i t ion  on  the  s c r een ,   the  w i n d o w  

may  be  moved,   or  sc ro l l ed ,   over   the  p r e s e n t a t i o n   space ,   u n d e r  



user   cont ro l ,   thus   allowing  the  whole  of  the  p r e s e n t a t i o n   space  to  b e  

accessed   and  viewed.   For  maximum  f lexibi l i ty   in  sc reen   layout ,   the  u s e r  

may  change   the  size  of  a  v iewpor t   and  its  posi t ion  on  the  s c r e e n .  

While  the  user   is  d i rec t ly   i n t e r a c t i n g   with  a  p a r t i c u l a r   a p p l i c a t i o n ,  

one  or  more  of  the  o ther   app l ica t ions   may  be  comput ing   the  r e s u l t s   of  a  

p r e v i o u s   user   r e q u e s t .   Thus ,   for  example ,   a  communica t ions   a p p l i c a t i o n  

may  be  p r o v i d i n g   a  con t inuous   r epor t   on  the  movement  of  s tocks   a n d  

s h a r e s ,   or  moni tor ing   the  s t a tus   of  a  major  power  s ta t ion;   a  data  b a s e  

appl ica t ion   might  be  s e a r c h i n g   and  r e p o r t i n g   o c c u r r e n c e s   of  a  subjec t   in  a  

world  wide  collection  of  in format ion   sys t ems .   This  m u l t i - a p p l i c a t i o n  

system  allows  the  user   to  r e t r i e v e   in format ion   when  it  is  n e e d e d ,   r a t h e r  

than  when  the  c u r r e n t   app l ica t ion   has  t e r m i n a t e d .  

In  the  full  "messy  desk"  concep t ,   these   v i ewpor t s   may  over lap   on  

the  s c r e e n ,   just  as  severa l   documents   might  over lap   on  someone 's   d e s k .  

They  would  be  a r r a n g e d ,   by  the  u s e r ,   so  that  the  p o r t i o n s   of  i n t e r e s t  

are  v is ible ,   even  if  o ther   v i ewpor t s   pa r t i a l ly   obscu re   them.  Thus ,   whi le  

a  user   is  i n t e r a c t i n g   with  one  v i ewpor t ,   i n fo rma t ion ,   from  o t h e r  

v i e w p o r t s ,   is  immediately  available  for  r e f e r e n c e .   However ,   unlike  a  

document   on  a  desk  the  content   of  these   o ther   v i e w p o r t s   may  be  d y n a m -  

ically  c h a n g i n g ,   d e p e n d i n g   on  the  c o r r e s p o n d i n g   a p p l i c a t i o n s .  

In  the  "messy  desk"  concept ,   the  active  v i ewpor t ,   with  which  t h e  

user   is  c u r r e n t l y   i n t e r a c t i n g ,   ove r l ays   the  o ther   v i e w p o r t s .   The  u s e r  

can  chose  to  i n t e r ac t   with  one  of  the  o ther   v i e w p o r t s ,   when  it  will  " p o p "  

to  the  top  so  that  it  ove r l ays   the  o t h e r s .  

The  p u r p o s e   of  this  i nven t ion   is  to  p rov ide   a  t e c h n i q u e   whe reby   a n  

app l i ca t ion ,   a ssoc ia ted   with  an  over la id   v i ewpor t ,   may  dynamical ly   u p d a t e  

its  ent i re   p r e s e n t a t i o n   space,   have  this  new  data  immediately  d i sp l ayed   on  

the  v is ible ,   n o n - o v e r l a y e d ,   por t ion   of  the  v i ewpor t ,   and  yet  not  i n t e r f e r e  

with  the  o v e r l a y i n g   v i e w p o r t s .  

FIG.  1  shows  in  schematic  form  a  data  p r o c e s s i n g   system  in  which  a  

host  data  p r o c e s s o r   10  which  can  be  a  m u l t i - p r o c e s s o r   such  as  an  IBM 



3033  will  p r o c e s s   data  r e l a t i ng   to  many  app l ica t ion   p r o g r a m s   c o n c u r r e n t l y .  

The  p r o c e s s o r   can  s u p p o r t   many  d isplay  sys tems   such  as  that   t h r o u g h   a  

link  12.  The  d isplay   system  compr ises   a  d isplay  terminal   14,  a  k e y b o a r d  

16,  a  l ight  pen  18  or  i n t e r a c t i v e   device  such  as  a  mouse  or  a  t a b l e t .  

The  d isplay  system  may  be  communica t ing   with  the  host  p r o c e s s o r  

with  data  r e l a t ing   to  up  to  four  appl ica t ion   p r o g r a m s   at  a  time.  A  f i f t h  

app l ica t ion   p rogram  may  be  r u n n i n g   on  a  locally  a t t a c h e d   p r o c e s s o r   20,  

such  as  an  IBM  Persona l   C o m p u t e r .  

In  the  c o n f i g u r a t i o n   shown  in  F igure   1  d a t a - s t r e a m i n g   may  take  p l a c e  

to  one  or  more  v i e w p o r t s   o the r   than  the  v iewpor t   with  which  the  o p e r a t o r  

is  c u r r e n t l y   i n t e r a c t i n g .   In  gene ra l ,   these   lower  p r i o r i t y   v i e w p o r t s   m a y  
be  over la id   by  the  active  v iewpor t   and  poss ib ly   by  one  or  more  o t h e r  

v i e w p o r t s .  

When  only  a  single  v iewpor t   is  in  use,   or  when  the  v iewpor t   r e -  

ce iv ing   a l p h a n u m e r i c   or  g r aph ic   data  ove r l ays   all  o ther   v i e w p o r t s ,   f o r  

example  v iewpor t   B  in  F igure   2  then  ou tpu t   may  be  drawn  d i r ec t l y ,   u s i n g  

normal  c l ipp ing   p r o c e d u r e s   within  the  v iewpor t   b o u n d a r y .   H o w e v e r ,  

when  ou tpu t   is  to  be  drawn  in  v iewpor t   A,  which  is  pa r t i a l ly   over la id   b y  

v iewpor t   B,  then  the  normal  r e c t a n g u l a r   c l ipp ing   a lgor i thms   become  m o r e  

c o m p l e x .  

A  simple  scheme  would  be  to  s u b - d i v i d e   v iewpor t   A  into  two  r e c t a n -  

gles  Al  and  A2  as  shown  in  F igure   3.  The  a l p h a n u m e r i c   and  g r a p h i c  

data  would  be  wr i t t en   twice,  f irst   c l ipp ing   to  the  b o u n d a r y   of  area  A l  

and  then  a  second  time,  c l ipp ing   to  the  b o u n d a r y   of  area  A2.  T h i s  

invo lves   two  pa s se s   over  the  data  which  can  be  time  c o n s u m i n g .  

In  a  more  complex  s i tua t ion   for  example  v iewpor t   D  in  F igure   4,  t h e  

v iewpor t   would  need  to  be  split  into  five  r e c t a n g u l a r   areas   for  t h e  

p u r p o s e s   of  c l ipp ing   r e q u i r i n g   five  pa s se s   over  the  data.   In  a d d i t i o n  

there   is  the  complexi ty   of  d e t e r m i n i n g   the  c l ipp ing   b o u n d a r i e s   in  t h e  

optimum  way  for  a  genera l   set  of  o v e r l a p p i n g   v i e w p o r t s .  



A  p r e f e r r e d   embodiment   of  the  i nven t ion   will  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  Fig.  5.  Fig.  5  shows  schemat ica l ly   the  component   p a r t s   o f  

the  d isplay  unit  i n c l u d i n g   a  d r a w i n g   o rde r   s tore  50  which  r ece ives   d a t a  

from  up  to  four  app l ica t ions   from  the  host  p r o c e s s o r   10  and  one  from  t h e  

local  p r o c e s s o r   20  on  lines  51.  

Graphic   and  a l p h a n u m e r i c   data  is  r ece ived   in  the  form  of  o r d e r s  

which  may  include  a  vec to r   list.   A  fo rma t t e r   52  t r a n s f o r m s   the  o rde r   l i s t  

to  a  form  su i table   for  a  r a s t e r   scan  and  p a s s e s   the  r a s t e r e d   data  to  a  b i t  

plane  logic  device  54.  A  pixel  b u f f e r   56  inc ludes   bit  pos i t ions   o n e  

assoc ia ted   with  each  pixel  on  the  d isplay  sc reen   and  is  read  out  for  e a c h  

r e f r e s h   cycle  of  the  d isplay   unit .   A  mask  bu f f e r   58  is  connec t ed   to  t h e  

bit  plane  logic  device  54  and  t o g e t h e r   control   the  wr i t ing   of  r a s t e r  

fo rmat ted   in format ion   into  the  pixel  b u f f e r .   The  d isplay   unit  c o m p o n e n t s  

are  cont ro l led   by  a  control   unit  60  which  conta ins   a  m i c r o p r o c e s s o r   a n d  

its  a s soc ia ted   ROM  and  RAM  s tores   with  the  microcode  for  con t ro l l ing   t h e  

ope ra t ion   of  the  u n i t .  

The  actual   p i c t u r e   data  for  all  v i ewpor t s   is  s to red   in  the  p i x e l  
bu f f e r   56.  Typica l ly   this  b u f f e r   is  made  up  of  one  or  more  bit  p l a n e s .  

The  mask  bu f f e r   58  compr ises   a  single  bit  c o r r e s p o n d i n g   to  each  pixel  o f  

the  main  pixel  bu f f e r   56.  Typica l ly   the  mask  b u f f e r   comprises   a n  

addi t ional   bit  plane  to  those  used  for  the  pixel  b u f f e r .   The  logic  of  t h e  

bit  plane  logic  54  uses  the  content   of  the  mask  b u f f e r   58  to  d e t e r m i n e  

whe the r   a  pixel  should  be  wr i t ten   in  the  pixel  bu f f e r   d u r i n g   c h a r a c t e r   o r  

vec tor   d r a w i n g .  

The  control   unit  60  enables   or  d isables   the  mask  b u f f e r   so  that  w h e n  

the  mask  b u f f e r   is  d isabled   all  p ixe ls ,   i nc lud ing   the  mask  b u f f e r   bit  o f  

the  pixel  may  be  wr i t ten   r e g a r d l e s s   of  the  c u r r e n t   mask  c o n t e n t .  

However ,   when  in  the  enable  mode  a  mask  bit  hav ing   a  '1'  value  i n h i b i t s  

the  wr i t ing   into  the  a s soc ia t ed   pixel  in  the  pixel  b u f f e r   p l a n e s .  

Pixel  data  is  wr i t ten   to  the  bit  p lanes   of  the  pixel  and  mask  b u f f e r s  

u n d e r   the  control   of  the  control   unit  60.  The  bit  plane  logic  device  54 

inc ludes   a  bit  plane  enable  r e g i s t e r   which  selects   the  b i t  



planes   that  are  to  be  u p d a t e d .   If  a  bit  of  the  r e g i s t e r   is  set,  then  t h e  

c o r r e s p o n d i n g   bit  plane  may  be  wr i t t en .   A  bit  for  the  mask  bu f f e r   is  i n -  

cluded  in  the  r e g i s t e r .  

A  single  control   bit  enab les   the  use  of  the  mask  b u f f e r   as  an  o v e r a l l  

control   of  w h e t h e r   a  p a r t i c u l a r   pixel  is  ac tual ly   u p d a t e d .   When  e n a b l e d ,  

data  from  the  mask  b u f f e r   is  read  by  the  upda te   logic  and  used  to  

de t e rmine   w h e t h e r   the  c o r r e s p o n d i n g   pixel  is  to  be  u p d a t e d .  

The  ope ra t ion   u n d e r   the  control   of  the  control   unit  60  of  t h e  

embodiment   is  as  fo l lows .  

The  area  of  the  mask  b u f f e r   c o r r e s p o n d i n g   to  the  v iewpor t   to  b e  

wr i t t en   is  reset   to  zero.  This  allows  pixel  d rawing   a n y w h e r e   within  t h e  

v i ewpor t .   This  reset   ope ra t ion   is  implemented   us ing  normal  'area  f i l l '  

methods   simplified  for  speed  by  t ak ing   account   of  the  r e c t a n g u l a r  

v iewpor t   s h a p e .  

Then  for  each  h i g h e r   p r i o r i t y   v iewpor t   in  s e q u e n c e :  

1.  Set  the  Bit  Plane  Write  Enable  r e g i s t e r   so  that  wr i t ing   o n l y  

takes   place  to  the  mask  b u f f e r   p l a n e .  

2.  Turn   on  (se t )   each  bit  in  the  mask  b u f f e r   c o r r e s p o n d i n g   to  a  

pixel  within  the  h ighe r   p r i o r i t y   v i ewpor t .   Again,   a  s implif ied,   'area  fil l '  

method  may  be  u s e d .  

Then  the  control   unit  enab les   the  use  of  the  mask  b u f f e r   to  c o n t r o l  

the  wr i t ing   of  pixel  d a t a .  

The  Bit  Plane  Write  Enable  r e g i s t e r   is  set  to  allow  wr i t ing   to  t h e  

pixel  b u f f e r ,   but  not  the  mask  b u f f e r .  

The  data  is  then  wr i t ten   into  the  low  p r i o r i t y   v i ewpor t ,   but  o n l y  

into  these   pixels  whose  c o r r e s p o n d i n g   mask  bit  is  z e r o .  

The  ope ra t ion   is  conc luded   by  the  d i sab l ing   of  the  mask  bu f f e r   t o  

allow  normal  wr i t ing   o p e r a t i o n s   to  the  h ighe r   p r i o r i t y   v i e w p o r t .  



FIG.  6  i l l u s t r a t e s   the  conten t   of  the  mask  bu f f e r   just   before   t h e  

s ta r t   of  wr i t ing   data  to  v iewpor t   D  of  FIG.  4.  It  shows  how  the  o v e r l a i d  

areas  of  v iewpor t   D  are  i nd ica t ed   by  the  mask  of  '1's  in  the  mask  b u f f e r  

and  c o n s e q u e n t l y   inhibi t   the  f u r t h e r   modi t ica t ions   of  pixels  in  t h e s e  

areas .   Each  '1'  in  the  mask  b u f f e r   inh ib i t s   pixel  modif icat ion  whi le  

v iewpor t   D  data  is  be ing   wr i t t en .   Normal  c l ipp ing   ope ra t ion   for  the  whole  

of  v iewpor t   D  will  p r e v e n t   pixels  ou ts ide   of  the  v i ewpor t   being  m o d i f i e d .  

The  h a r d w a r e   implementa t ion   of  the  i nven t ion   d e s c r i b e d   above  may  
be  s imulated  in  s o f t w a r e .  

This  second  embodiment   is  appl icable   for  d isplay   sys tems   where  t h e  

addi t ional   bit  plane  is  not  avai lable ,   or  where  ex i s t i ng   h a r d w a r e   cannot   b e  

modified  to  allow  one  of  the  ex i s t i ng   bit  p lanes   to  be  used  for  the  " m a s k "  

b u f f e r .  

The  a lgor i thm  used  is  similar  to  that  d e s c r i b e d   above  for  t h e  

h a r d w a r e   solut ion,   except   that  no  h a r d w a r e   assis t   is  used .   It  is  e n t i r e l y  

a  sof tware   solut ion.   In  this  case,  it  is  a s sumed   that  the  s y s t e m  

p r o c e s s o r ,   or  poss ib le   a  second  slave  p r o c e s s o r ,   is  used  to  draw  t h e  

vec to r s   in  a  set  of  bit  p lanes .   A  p seudo   "mask"  b u f f e r   is  b u i l t - u p   i n  

normal  p r o c e s s o r   s t o r age .   It  is  used   d u r i n g   d r awing   o p e r a t i o n s   to  

de te rmine   whe the r   a  p a r t i c u l a r   pixel  is  to  be  drawn  in  the  bit  p lanes   a s  

d e s c r i b e d   for  the  h a r d w a r e   implementa t ion .   If  a  second  p r o c e s s o r   is  u s e d  

to  draw  the  actual  v e c t o r s ,   s to rage   within  its  own  a d d r e s s   space  might  b e  

used  to  contain  the  "mask"  b u f f e r .  



1.  A  data  d isplay  system  in  which  a  display  sc reen   may  

s i m u l t a n e o u s l y   d isplay   data  r e l a t ing   to  d i f f e ren t   app l ica t ions   in  

o v e r l a p p i n g   v i ewpor t s   hav ing   d i f f e ren t   p r i o r i t y   l e v e l s  

c h a r a c t e r i s e d   in  that  the  system  inc ludes   a  pixel  bu f f e r   in  which  t h e  

p i c t u r e   data  to  be  d i sp l ayed   on  the  sc reen   is  s t o r e d ,  

a  mask  b u f f e r   hav ing   a  p l u r a l i t y   of  bit  pos i t ions   equal  to  the  t o t a l  

d isplay  sc reen   pixels   each  one  a s soc ia ted   with  a  c o r r e s p o n d i n g   d i s p l a y  

screen   p i x e l ,  

means  to  set  the  con t en t s   of  the  mask  b u f f e r   when  an  a p p l i c a t i o n  

sends   data  to  an  a s soc ia t ed   v iewpor t   in  a c c o r d a n c e   with  the  v i e w p o r t  

a reas   hav ing   a  high  p r i o r i t y  

and  logic  means  that  uses  the  con ten t s   of  the  mask  b u f f e r   to  

de te rmine   w h e t h e r   a  pixel  in  the  pixel  b u f f e r   should  be  wr i t ten   d u r i n g  

vec to r   or  c h a r a c t e r   d r a w i n g .  

2.  A  data  d isplay   system  as  claimed  in  claim  1  in  which  the  p i x e l  

b u f f e r   compr ises   a  p lu r a l i t y   of  bit  p l anes ,   each  plane  hav ing   a  number   o f  

bits  equal  to  the  number   of  pixels   on  the  d isplay  sc reen   and  the  m a s k  

b u f f e r   is  a  bit  plane  of  an  equal  number   of  bits  to  the  pixel  bit  p l a n e s .  

3.  A  data  d isplay   system  as  claimed  in  claim  1  or  claim  2  in  w h i c h  

the  opera t ion   of  the  system  is  u n d e r   the  control   of  a  control   u n i t  

compr i s ing   a  m i c r o p r o c e s s o r   and  a s soc ia t ed   read  only  s tore  and  r a n d o m  

access   s t o r e s .  

4.  A  data  d isp lay   system  as  claimed  in  a n y  o n e   of  claims  1,  2  or  3 

in  which  the  ope ra t ion   of  the  mask  bu f f e r   is  s imulated  in  a  d a t a  

p r o c e s s o r .  



5.  A  data  d isplay  system  in  which  a  d isplay   sc reen   may  

s imul taneous ly   d isplay   data  r e l a t ing   to  d i f f e ren t   app l i ca t ions   i n  

o v e r l a p p i n g   v i ewpor t s   hav ing   d i f f e r en t   p r i o r i t y   levels  i n c l u d i n g ,  

a  d rawing   o rde r   s tore  for  r e ce iv ing   commands  r e l a t ing   to  i n f o r m a t i o n  

to  be  d i sp layed   on  a  d isplay  sc reen   from  a  p l u r a l i t y   of  a p p l i c a t i o n  

p rogram  s o u r c e s ,  

a  f o rma t t e r   to  conver t   d rawing   o rde r   in format ion   from  a  vec to r   to  a  

r a s t e r   scan  o f r m ,  

a  pixel  bu f f e r   for  s to r ing   r a s t e r   scan  in format ion   to  be  d i sp layed   o n  

the  d isplay  sc reen   d u r i n g   each  r e f r e s h   c y c l e .  

a  mask  bu f f e r   hav ing   a  bit  posi t ion  for  each  pixel  of  the  d i s p l a y  

screen   means  to  net  the  con ten t s   of  the  mask  b u f f e r   when  an  a p p l i c a t i o n  

sends   data  to  an  a s soc ia t ed   v iewpor t   in  a c c o r d a n c e   with  the  v i e w p o r t  

areas  hav ing   a  high  p r i o r i t y  

and  logic  means  that  uses  the  con ten t s   of  the  mask  b u f f e r   t o  

de te rmine   whe the r   a  pixel  in  the  pixel  b u f f e r   should  be  wr i t t en   d u r i n g  

vec to r   or  c h a r a c t e r   d r a w i n g .  
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