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(57)  A  sorting  processor  has  a  polygonal  priority 
order  generating  circuit.  The  polygonal  priority 
order  generating  circuit  includes  a  memory  for 
storing  information  of  centers  of  plural 
polygons  ;  a  position  setting  section  for  trans- 
forming  a  coordinate  of  each  of  the  polygonal 
centers  from  an  object  coordinate  to  an  abso- 
lute  coordinate  ;  and  a  visual  field  transforming 
circuit  for  transforming  the  transformed  coordi- 
nate  as  a  position  set  object  obtained  by  the 
position  setting  section  with  respect  to  a  visual 
field.  The  sorting  processor  further  has  a  sort- 
ing  circuit  for  sorting  transformed  results  about 
the  visual  field  on  the  basis  of  Z-axis  infor- 
mation.  In  accordance  with  this  structure  of  the 
sorting  processor,  no  frame  delay  is  caused 
until  the  polygonal  information  is  completely 
sorted.  Further,  it  is  not  necessary  to  dispose  a 
RAM  for  storing  information  geometrically 
transformed  before  a  sorter. 
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The  present  invention  relates  to  a  sorting  proces- 
sor  for  sorting  and  processing  polygonal  information. 

For  example,  a  Z-sorting  method  is  generally 
used  when  a  three-dimensional  image  is  processed  in 
three-dimensional  graphics,  game  machines,  work- 
stations,  word  processors,  personal  computers,  etc. 
In  the  Z-sorting  method,  a  sorting  operation  image 
data  is  performed  in  hidden-surface  processing  by 
setting  a  Z-axis  in  a  depth  direction  of  a  screen  to  a 
reference  axis. 

When  the  Z-sorting  method  is  used  in  the  three- 
dimensional  image  processing,  a  polygonal  informa- 
tion  generating  circuit,  a  sorting  circuit  and  a  polygo- 
nal  display  circuit  are  used  as  disclosed  in  e.g.,  Jap- 
anese  Patent  Application  Laying  Open  (KOKAI)  No.  1- 
103785.  These  circuits  are  constructed  such  that  a 
pseudo  three-dimensional  image  as  a  two-dimen- 
sional  image  showing  a  three-dimensional  image  is 
synthesized  and  displayed  on  a  cathode  ray  tube 
(CRT)  display. 

In  this  case,  the  polygonal  information  generat- 
ing  circuit  processes  three-dimensional  image  infor- 
mation.  The  polygonal  information  generating  circuit 
performs  various  kinds  of  converting  and  transform- 
ing  operations  such  as  rotation,  parallel  displace- 
ment,  perspective  projection,  etc.  with  respect  to  the 
three-dimensional  image  information.  Thus,  the  poly- 
gonal  information  generating  circuit  converts  the 
three-dimensional  image  information  to  be  displayed 
to  combinational  information  of  two-dimensional  poly- 
gons.  The  polygonal  information  generating  circuit 
calculates  X  and  Y  coordinates  at  an  end  point  as  a 
vertex  of  each  of  the  polygons  as  polygonal  informa- 
tion. 

Adisplay  point  of  each  of  the  polygons  in  a  depth 
direction  thereof  is  shown  by  a  Z-coordinate  of  a  cen- 
tral  point  of  each  of  the  polygons.  The  polygonal  in- 
formation  generating  circuit  also  calculates  this  Z-co- 
ordinate  as  polygonal  information.  Further,  in  accor- 
dance  with  necessity,  the  polygonal  information  gen- 
erating  circuit  calculates  color  information,  brightness 
information,  etc.  of  the  polygons  as  additional  data. 

The  polygonal  information  generating  circuit  fur- 
ther  geometrically  transforms  information  such  as  X 
and  Y  coordinates  at  each  of  end  points  of  these  poly- 
gons,  a  Z-coordinate  in  a  central  position  of  each  of 
the  polygons,  etc.  Thereafter,  the  geometrically 
transformed  information  are  sorted  by  a  sorter  using 
the  Z-sorting  method. 

In  this  general  Z-sorting  method,  when  a  polygo- 
nal  shape  is  complicated  and  the  number  of  polygons 
is  increased,  the  number  of  vertexes  of  the  polygons 
to  be  geometrically  transformed  is  increased.  As  a  re- 
sult,  there  is  a  case  in  which  an  amount  of  the  poly- 
gonal  information  to  be  geometrically  transformed  by 
the  polygonal  information  generating  circuit  is  very  in- 
creased  before  these  polygonal  information  are  sort- 
ed.  Therefore,  a  geometrical  transformation  process- 

ing  time  of  information  of  one  frame  in  the  polygonal 
information  generating  circuit  is  longer  than  a  time 
(which  is  called  one  frame  time  in  the  following  de- 
scription)  required  to  process  information  of  one 

5  frame  in  a  sorting  processing  circuit.  Accordingly,  a 
so-called  frame  delay  is  caused  in  a  certain  case.  In 
this  frame  delay,  a  portion  of  the  information  data  is 
delayed  and  sorted  when  the  next  frame  information 
is  processed  by  the  sorting  processing  circuit. 

10  It  is  necessary  to  dispose  a  buffer  RAM  to  prevent 
such  a  frame  delay  from  being  caused.  In  this  case, 
the  buffer  RAM  is  disposed  to  input  geometrical  trans- 
formation  results  of  one  frame  obtained  by  a  geomet- 
rical  transforming  device  to  the  sorting  processing  cir- 

15  cuit  at  predetermined  timing. 
It  is  therefore  an  aim  of  the  present  invention  to 

provide  a  sorting  processor  in  which  no  frame  delay 
is  caused  until  polygonal  information  is  completely 
sorted,  and  it  is  not  necessary  to  provide  a  RAM  for 

20  storing  information  geometrically  transformed  before 
a  sorter. 

According  to  the  present  invention  there  is  pro- 
vided  a  sorting  processor  comprising  a  polygonal  pri- 
ority  order  generating  circuit  including  a  memory  for 

25  storing  information  of  centers  of  plural  polygons;  a 
position  setting  section  for  transforming  a  coordinate 
of  each  of  the  polygonal  centers  from  an  object  coor- 
dinate  to  an  absolute  coordinate;  and  a  visual  field 
transforming  circuit  for  transforming  the  transformed 

30  coordinate  as  a  position  set  object  obtained  by  the 
position  setting  section  with  respect  to  a  visual  field; 
the  sorting  processor  further  comprising  a  sorting  cir- 
cuit  for  sorting  transformed  results  about  the  visual 
field  on  the  basis  of  information  of  a  reference  axis. 

35  The  polygonal  priority  order  generating  circuit  is 
a  geometrical  transforming  device  for  geometrically 
transforming  polygonal  center  information.  The  poly- 
gonal  priority  order  generating  circuit  transforms  only 
a  coordinate  of  a  polygonal  center  by  the  position  set- 

40  ting  section  from  an  object  coordinate  to  an  absolute 
coordinate  as  a  world  coordinate.  The  visual  field 
transforming  circuit  transforms  the  transformed  coor- 
dinate  of  the  polygonal  centerwith  respect  to  a  visual 
field  set  by  X,  Y  and  Z  axes.  The  visual  field  trans- 

45  forming  circuit  transfers  the  transformed  results  to 
the  sorting  circuit. 

Accordingly,  the  number  of  information  geomet- 
rically  transformed  by  the  polygonal  priority  order 
generating  circuit  is  equal  to  the  number  of  polygons. 

so  Therefore,  a  time  required  for  processing  of  the  geo- 
metrical  transformation  prior  to  the  sorting  circuit  can 
be  reduced  to  a  time  within  one  frame  time. 

Processed  results  of  the  polygonal  priority  order 
generating  circuit  are  inputted  to  the  sorting  circuit. 

55  The  sorting  circuit  then  sorts  these  processed  results 
by  using  a  distribution  counting  method  in  which  an 
application  bin  sort  is  used  as  an  algorithm.  Namely, 
a  polygon  number  is  written  to  the  distribution  count- 
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ing  memory  of  a  work  memory  in  accordance  with  a 
Z-value  transformed  by  the  polygonal  priority  order 
generating  circuit  with  respect  to  the  visual  field. 
When  there  are  a  plurality  of  polygon  numbers  at  the 
same  Z-value,  the  plural  polygon  numbers  are 
chained  and  written  to  the  chain  memory.  After  proc- 
essing  of  the  polygonal  priority  order  generating  cir- 
cuit  and  this  writing  operation  of  the  chain  memory 
are  completely  performed,  the  polygon  numbers  are 
read  out  of  the  distribution  counting  memory  in  a 
small  address  order,  i.e.,  in  a  small  order  of  the  Z-val- 
ue  and  are  transferred  to  a  polygonal  display  circuit. 
When  there  are  a  plurality  of  polygon  numbers  at  the 
same  Z-value,  the  plural  polygon  numbers  are  read 
out  of  the  chain  memory  and  are  transferred  to  the 
polygonal  display  circuit. 

The  present  invention  will  be  further  described 
hereinafter  with  reference  to  exemplary  embodi- 
ments  of  the  present  invention  and  in  the  accompa- 
nying  drawings,  in  which: 

Fig.  1  is  a  circuit  block  diagram  of  a  sorting  proc- 
essor  in  accordance  with  one  embodiment  of  the 
present  invention; 
Fig.  2  is  a  block  diagram  of  a  polygonal  priority  or- 
der  generating  circuit  in  the  present  invention; 
Fig.  3  is  a  block  diagram  of  a  Z-sorting  circuit  in 
the  present  invention; 
Figs.  4a  and  4b  are  views  showing  stored  pat- 
terns  of  a  work  memory  in  the  Z-sorting  circuit  in 
the  present  invention; 
Fig.  5  is  a  timing  chart  showing  an  operation  of 
the  sorting  processor  in  the  present  invention; 
Fig.  6  is  a  circuit  block  diagram  of  a  sorting  proc- 
essor  in  accordance  with  another  embodiment  of 
the  present  invention; 
Figs.  7a  and  7b  are  views  showing  stored  pat- 
terns  of  a  distribution  counting  memory  and  a 
chain  memory  in  each  of  the  above  two  embodi- 
ments  of  the  present  invention;  and 
Fig.  8  is  a  view  showing  a  stored  pattern  of  a  Z- 
value  low  side  memory  in  each  of  the  above  two 
embodiments  of  the  present  invention. 
The  exemplary  embodiments  of  a  sorting  proces- 

sor  in  the  present  invention  will  next  be  described  in 
detail  with  reference  to  the  accompanying  drawings. 

Asorting  processor  in  accordance  with  a  first  em- 
bodiment  of  the  present  invention  will  first  be  con- 
cretely  described  with  reference  to  Figs.  1  to  5. 

As  shown  by  a  block  diagram  of  Fig.  1  ,  this  sort- 
ing  processor  has  a  polygonal  priority  order  generat- 
ing  circuit  1  and  a  Z-sorting  circuit  2  integrated  within 
one  semiconductor  chip  T.  The  polygonal  priority  or- 
der  generating  circuit  1  generates  a  priority  order  of 
a  polygon.  For  example,  the  polygonal  priority  order 
generating  circuit  1  receives  information  about  the 
center  of  a  polygon  provided  from  a  polygonal  infor- 
mation  recording  medium  disposed  outside  this  poly- 
gonal  priority  order  generating  circuit  1  .  The  polygo- 

nal  priority  order  generating  circuit  1  geometrically 
transforms  a  central  position  of  this  polygon.  The  Z- 
sorting  circuit  2  performs  a  sorting  operation  based 
on  the  above  processed  results  of  the  geometrical 

5  transformation  by  a  distribution  counting  method  (or 
an  application  bin  sorting  method)  with  a  Z-axis  as  a 
reference  axis.  The  Z-sorting  circuit  2  outputs  sorted 
information  about  the  central  position  of  the  polygon 
to  a  polygonal  display  circuit  3. 

10  As  shown  by  a  circuit  block  diagram  of  Fig.  2,  the 
polygonal  priority  order  generating  circuit  1  has  a 
polygonal  center  memory  11  for  storing  provided  in- 
formation  about  the  polygonal  center,  an  address 
generating  section  12,  a  memory  interface  (l/F)  13,  a 

15  position  setting  section  14,  a  Y-rotating  section  1  5,  an 
X-rotating  section  16,  a  Z-rotating  section  17  and  a 
controller  18  for  controlling  operations  of  these  sec- 
tions.  The  polygonal  center  memory  11,  the  memory 
interface  (l/F)  13,  the  position  setting  section  14,  the 

20  Y-rotating  section  15,  the  X-rotating  section  16  and 
the  Z-rotating  section  17  are  connected  in  series  to 
each  other.  The  address  generating  section  12  is  con- 
nected  to  the  polygonal  center  memory  11  . 

The  polygonal  center  memory  1  1  stores  informa- 
25  tion  of  single  or  plural  polygonal  centers  inputted  to 

this  polygonal  center  memory  11  from  its  exterior  in  a 
state  in  which  an  address  generated  by  the  address 
generating  section  12  is  added  to  this  polygonal  cen- 
ter  information.  The  memory  interface  (l/F)  13  se- 

30  quentially  reads  the  above  stored  polygonal  center  in- 
formation  from  the  polygonal  center  memory  11  .  The 
position  setting  section  14  transforms  a  coordinate  of 
the  polygonal  center  from  an  object  coordinate  to  an 
absolute  coordinate  as  a  world  coordinate.  There- 

35  after,  the  Y-rotating  section  1  5,  the  X-rotating  section 
16  and  the  Z-rotating  section  17  perform  a  required 
geometrical  transformation  as  a  visual  field  transfor- 
mation  for  rotating  the  transformed  polygonal  center 
information  around  Y,  X  and  Z  axes,  respectively.  The 

40  Y-rotating  section  15,  the  X-rotating  section  16  and 
the  Z-rotating  section  17  then  outputs  the  polygonal 
center  information  transformed  with  respect  to  the 
visual  field  to  the  Z-sorting  circuit  2. 

In  this  first  embodiment,  for  brevity,  the  polygo- 
ns  nal  center  information  is  simply  rotated  in  the  visual 

field  transformation,  but  may  be  processed  by  various 
kinds  of  transformations  such  as  parallel  displace- 
ment,  perspective  projection,  etc. 

As  shown  by  a  block  diagram  of  Fig.  3,  the  above 
so  Z-sorting  circuit  2  has  an  address/data  converting 

section  21,  a  memory  interface  (l/F)  22,  a  polygon 
number  (No)  generating  section  23,  a  work  memory 
24  and  a  flag  processing  section  25.  The  address/da- 
ta  converting  section  21  receives  the  polygonal  cen- 

55  ter  information  outputted  from  the  polygonal  priority 
order  generating  circuit  1  and  transformed  with  re- 
spect  to  the  visual  field.  For  example,  the  address/da- 
ta  converting  section  21  converts  a  Z-value  as  data 

3 



5 EP  0  590  933  A2 6 

of  the  polygonal  center  information  to  each  of  ad- 
dresses  0  to  Zn.  The  memory  interface  (l/F)  22  out- 
puts  the  above  converted  address  and  a  polygon 
number  generated  by  the  polygon  number  generating 
section  23  to  the  work  memory  24  in  one-to-one  cor- 
respondence. 

As  shown  by  memory  patterns  in  Figs.  4a  and  4b, 
the  work  memory  24  has  a  distribution  counting  mem- 
ory  shown  in  Fig.  4a  and  a  chain  memory  27  shown 
in  Fig.  4b.  The  distribution  counting  memory  26  has  a 
starting  number  (No)  area  26a  and  an  end  number 
(No)  area  26b. 

Data  inputted  from  the  memory  interface  (l/F)  22 
to  the  distribution  counting  memory  26  are  sequen- 
tially  stored  to  memory  regions  of  the  starting  number 
area  26a  and  the  end  number  area  26b  correspond- 
ing  to  added  addresses. 

Each  of  the  addresses  of  the  distribution  counting 
memory  26  shows  a  Z-value  of  central  information  of 
each  of  polygons.  Accordingly,  there  is  a  case  in 
which  plural  polygon  numbers  as  plural  data  are  input- 
ted  to  the  same  address  of  the  distribution  counting 
memory  26.  In  this  case,  the  sorting  processor  is  set 
such  that  first  written  data  are  held  in  the  starting 
number  area  26a.  In  contrast  to  this,  stored  data  in  the 
end  number  area  26b  are  rewritten  to  newly  inputted 
data. 

The  chain  memory  27  has  a  memory  area  having 
an  address  corresponding  to  each  of  the  polygon 
numbers.  When  data  in  the  end  number  area  26b  are 
updated,  a  polygon  number  as  the  updated  data  in  the 
end  number  area  26b  is  written  to  this  memory  area 
of  the  chain  memory  27  in  a  state  in  which  data  in  the 
end  number  area  26b  prior  to  this  update  are  set  to  an 
address. 

When  all  polygon  numbers  are  completely  written 
to  the  distribution  counting  memory  26  or  the  chain 
memory  27,  inputted  data  in  the  starting  number  area 
26a  at  an  address  of  the  distribution  counting  memory 
26  next  to  an  address  providing  different  data  in  the 
starting  number  area  26a  and  the  end  number  area 
26b  are  written  to  the  chain  memory  27  with  the  data 
in  the  end  number  area  26b  as  an  address. 

Thus,  a  data  number  is  stored  to  the  starting  num- 
ber  area  26a  of  the  distribution  counting  memory  26 
and  the  chain  memory  27  in  a  state  in  which  the  start- 
ing  number  area  26a  and  the  chain  memory  27  are 
chained  together.  Thereafter,  a  polygon  number  as 
the  data  number  is  read  out  of  the  starting  number 
area  26a  through  the  memory  interface  l/F  22  in  a 
small  address  order,  i.e.,  in  a  small  order  of  Z-  values. 
The  read  polygon  number  is  then  outputted  to  the 
polygonal  display  circuit  3.  When  there  are  plural 
polygon  numbers  at  the  same  address,  polygon  num- 
bers  are  read  from  the  starting  number  area  26a  and 
polygon  numbers  written  to  the  chain  memory  27  are 
then  read  from  this  chain  memory  27  in  a  writing  order 
of  these  polygon  numbers.  Thereafter,  next  data  stor- 

ed  at  subsequent  addresses  in  the  starting  number 
area  26a  are  read  out  of  the  starting  number  area  26a 
and  are  outputted  to  the  polygonal  display  circuit  3. 

The  flag  processing  section  25  is  disposed  to  re- 
5  strain  useless  processings  from  being  minimized 

when  the  Z-values  are  read  in  a  small  order.  For  ex- 
ample,  the  useless  processings  are  constructed  by 
reading  of  data  at  addresses  at  which  no  data  are  in- 
putted. 

10  Similar  to  the  geometrical  transformation  proc- 
essing  of  the  polygonal  central  position  information, 
the  other  data  with  respect  to  the  polygonal  informa- 
tion  can  be  completely  processed  by  geometrically 
transforming  these  data  in  parallel  with  sorting  proc- 

15  essing  of  the  polygonal  central  position  information 
while  a  sorting  operation  is  performed  with  respect  to 
these  data.  The  other  data  information  geometrically 
transformed  can  be  inputted  to  the  polygonal  display 
circuit  3  and  can  be  outputted  and  displayed  by  the 

20  polygonal  display  circuit  3  in  a  state  in  which  the  other 
data  information  corresponds  to  the  polygonal  central 
position  information. 

Thus,  it  is  possible  to  reduce  a  data  amount  of  the 
geometrical  transformation  prior  to  the  sorting  proc- 

25  essing  by  geometrically  transforming  only  the  polygo- 
nal  central  position  information.  For  example,  as 
shown  by  a  timing  chart  of  Fig.  5,  a  processing  time 
of  the  geometrical  transformation  can  be  sufficiently 
reduced  to  a  time  within  one  frame  time.  Accordingly, 

30  it  is  possible  to  prevent  a  frame  delay  from  being 
caused  without  disposing  any  buffer  RAM  before  the 
Z-sorting  circuit  2. 

The  polygonal  priority  order  generating  circuit  1 
and  the  Z-sorting  circuit  2  are  integrated  in  one  sem- 

35  iconductor  chip  T.  Accordingly,  it  is  possible  to  delete 
or  reduce  pin  holes,  foot  prints,  conductive  patterns, 
etc.  in  a  printed  board  for  arranging  the  polygonal  pri- 
ority  order  generating  circuit  1  and  the  Z-sorting  cir- 
cuit  2.  Accordingly,  manufacturing  cost  of  the  printed 

40  board  can  be  reduced.  Further,  it  is  possible  to  pre- 
vent  noises  from  being  caused  by  connecting  the 
polygonal  priority  order  generating  circuit  1  to  the  Z- 
sorting  circuit  2.  Accordingly,  a  processing  speed  of 
the  sorting  processor  can  be  further  increased  by  us- 

45  ing  a  high  speed  clock  signal. 
Fig.  6  shows  a  sorting  processor  in  accordance 

with  a  second  embodiment  of  the  present  invention. 
In  this  embodiment,  two  polygonal  priority  order  gen- 
erating  circuits  1  A,  1  B  and  one  Z-sorting  circuit  2  are 

so  integrated  in  one  semiconductor  chip.  In  this  case, 
the  two  polygonal  priority  order  generating  circuit  1A 
and  1B  are  operated  in  parallel  with  each  other.  Data 
results  transformed  by  the  polygonal  priority  order 
generating  circuits  1Aand  1B  with  respect  to  a  visual 

55  field  are  alternately  inputted  to  the  Z-sorting  circuit  2 
and  are  written  to  a  work  memory  24.  Accordingly,  it 
is  possible  to  reduce  a  processing  time  of  the  polygo- 
nal  priority  order  generating  circuits  1A  and  1B.  It  is 

4 
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also  possible  to  reduce  a  preprocessing  time  for  writ- 
ing  data  to  the  Z-sorting  circuit  2  and  equal  to  the 
processing  time  of  the  polygonal  priority  order  gener- 
ating  circuits  1Aand  1B.  For  example,  central  position 
information  of  many  polygons  such  as  about  15,000 
polygons  can  be  sorted  within  one  frame  time. 

When  the  number  of  polygons  is  equal  to  about 
6,000,  a  width  of  Z-values  is  widened  from  0  to  about 
215  so  that  the  size  of  a  memory  region  is  consider- 
ably  increased.  Therefore,  at  a  technical  level  of  the 
sorting  processor  at  present,  it  is  difficult  to  integrate 
one  polygonal  priority  order  generating  circuit  1  and 
the  Z-sorting  circuit  2  in  one  semiconductor  chip. 

To  solve  this  problem,  the  sorting  processor  in 
each  of  the  first  and  second  embodiments  of  the  pres- 
ent  invention  has  a  high  side  region  26H  and  a  low 
side  region  26L  as  shown  in  Fig.  8.  The  high  side  re- 
gion  26H  is  disposed  in  the  distribution  counting 
memory  26  of  the  work  memory  24  of  the  Z-sorting 
circuit  2  and  has  addresses  numbered  from  0  to  OFF. 
The  low  side  region  26L  is  disposed  in  the  distribution 
counting  memory  26  of  the  work  memory  24  of  the  Z- 
sorting  circuit  2  and  has  addresses  numbered  from 
1  00  to  1  FF.  The  chain  memory  27  has  a  high  side  re- 
gion  27H  having  addresses  numbered  from  0000  to 
1  FFF  and  has  a  low  side  region  27L  having  addresses 
numbered  from  2000  to  3FFF.  Further,  as  shown  in 
Fig.  8,  the  work  memory  24  has  a  Z-value  low  side 
memory  28  for  setting  a  polygon  number  to  an  ad- 
dress  and  storing  data  of  lower  8  bits  showing  a  Z-val- 
ue. 

In  this  second  embodiment,  the  Z-value  is  calcu- 
lated  by  the  polygonal  priority  order  generating  circuit 
1  and  is  divided  into  upper  8  bits  and  lower  8  bits.  The 
upper  8  bits  about  the  Z-value  are  converted  to  ad- 
dresses  from  0  to  100  by  an  address/data  converting 
section  21.  Each  of  these  addresses  0  to  1  00  are  add- 
ed  by  a  memory  l/F  22  to  a  polygon  numbergenerated 
by  the  polygon  number  generating  section  23.  This 
polygon  number  is  written  to  a  memory  region  corre- 
sponding  to  each  of  addresses  in  a  starting  number 
region  26Ha  and  an  end  number  region  26Hb  of  the 
high  side  region  26H. 

When  plural  data  are  inputted  to  the  same  ad- 
dress  in  the  high  side  region  26H,  data  in  the  starting 
number  region  26Ha  are  held  as  a  first  inputted  poly- 
gon  number  and  data  in  the  end  number  region  26Hb 
are  updated  to  a  polygon  number  inputted  later.  In  this 
case,  the  updated  polygon  number  is  written  to  the 
high  side  region  27H  of  the  chain  memory  27  in  a 
state  in  which  the  polygon  number  prior  to  this  update 
is  set  to  an  address. 

When  all  polygon  numbers  are  completely  written 
to  the  high  side  region  26H  of  the  distribution  counting 
memory  26  or  the  high  side  region  27H  of  the  chain 
memory  27,  plural  inputted  polygon  numbers  are  read 
out  of  the  starting  number  region  26Ha  and  the  high 
side  region  27H  of  the  chain  memory  27  at  respective 

addresses  in  the  high  side  region  26H  of  the  distrib- 
ution  counting  memory  26  to  which  the  plural  polygon 
numbers  are  inputted.  The  lower  8  bits  about  the  Z- 
value  are  written  to  the  Z-value  low  side  memory  28 

5  with  these  polygon  numbers  as  addresses.  Each  of 
the  polygon  numbers  is  written  to  the  starting  number 
region  26La  and  the  end  number  region  26Lb  in  the 
low  side  region  26Lof  the  distribution  counting  mem- 
ory  26  with  the  Z-value  of  the  lower  8  bits  as  an  ad- 

10  dress. 
When  plural  polygon  numbers  are  written  to  the 

same  address  in  the  low  side  region  26L,  data  in  the 
starting  number  region  26La  are  held  as  a  first  input- 
ted  polygon  number  and  data  in  the  end  number  re- 

15  gion  26Lb  are  updated  to  a  polygon  number  inputted 
later.  In  this  case,  the  updated  polygon  number  is  writ- 
ten  to  the  low  side  region  27L  of  the  chain  memory  27 
with  the  polygon  number  prior  to  this  update  as  an  ad- 
dress.  Then,  the  polygon  numbers  are  read  from  the 

20  distribution  counting  memory  26  in  a  small  order  of 
addresses  in  the  low  side  region  26L.  Data  in  the 
starting  number  region  26Ha  of  the  low  side  region 
26Lof  the  distribution  counting  memory  26  are  updat- 
ed  to  data  at  a  smallest  address.  Further,  the  remain- 

25  ing  data  are  chained  and  stored  to  the  high  side  re- 
gion  27H  of  the  chain  memory  27.  An  address  provid- 
ing  plural  inputted  data  in  the  low  side  region  26L  of 
the  distribution  counting  memory  26  is  read  therefrom 
in  an  input  order  of  data  inputted  to  the  low  side  region 

30  27L  of  the  chain  memory  27  in  a  state  in  which  this 
address  is  chained  to  the  plural  inputted  data  at  this 
address.  The  read  address  is  stored  to  the  high  side 
region  27H  of  the  chain  memory  27. 

No  processing  with  respect  to  the  lower  8  bits 
35  about  the  Z-value  is  required  when  no  high  side  re- 

gion  26H  has  an  address  to  which  plural  data  are  in- 
putted 

Such  processing  is  completely  performed  with 
respect  to  all  addresses  in  the  high  side  region  26H 

40  of  the  distribution  counting  memory  26  to  which  plural 
polygon  numbers  are  inputted.  Thereafter,  data  in  the 
starting  number  area  26Ha  in  the  high  side  region 
26H  of  the  distribution  counting  memory  26  are  read 
therefrom  in  a  small  address  order  and  are  transfer- 

45  red  to  the  polygonal  display  circuit  3. 
When  plural  data  are  inputted  to  the  same  ad- 

dress  in  the  starting  number  area  26Ha  in  the  high 
side  region  26H  of  the  distribution  counting  memory 
26,  these  plural  data  at  this  address  and  data  chained 

so  and  stored  to  the  high  side  region  27H  of  the  chain 
memory  27  are  sequentially  read  from  the  starting 
number  area  26Ha  and  the  high  side  region  27H,  re- 
spectively.  Thereafter,  inputted  data  at  an  address 
next  to  the  address  providing  the  plural  inputted  data 

55  are  read  from  the  starting  number  area  26Ha  and  the 
high  side  region  27H  and  are  transferred  to  the  poly- 
gonal  display  circuit  3. 

In  this  sorting  processor,  when  a  clock  signal  for 

5 
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controlling  timing  of  the  sorting  processing  has  a  fre- 
quency  of  4  MHz  (a  period  of  70  ns),  the  sorting  proc- 
essing  can  be  sufficiently  performed  by  setting  a 
processing  time  of  the  polygonal  priority  order  gener- 
ating  circuit  1  to  1/90  sec  showing  2/3  frame.  Asorting 
operation  of  the  sorting  circuit  2  can  be  performed  in 
parallel  with  processing  of  the  polygonal  priority  order 
generating  circuit  1  .  When  the  flag  processing  section 
25  is  constructed  by  using  a  register  file  of  8  bits  x  32 
words,  the  sorting  operation  can  be  performed  by  us- 
ing  (N  +  8709)  clock  signals  when  an  initializing  time 
of  the  work  memory  24  is  included  and  N  is  set  to  the 
total  number  of  polygons.  When  the  total  number  N  of 
polygons  is  equal  to  6000,  a  processing  time  of  the 
sorting  circuit  2  is  equal  to  about  2.3  ms  showing 
about  1/6  frame  time  since  1/3  frame  time  is  approxi- 
mately  equal  to  5.5  ms. 

As  mentioned  above,  in  accordance  with  the 
present  invention,  a  Z-sorting  operation  is  performed 
with  respect  to  only  information  of  a  polygonal  center. 
Accordingly,  an  amount  of  processed  data  is  reduced 
before  the  sorting  operation.  Therefore,  a  processing 
time  of  the  processed  data  can  be  reduced  and  it  is 
possible  to  reliably  prevent  a  frame  delay  from  being 
caused. 

Further,  in  the  present  invention,  when  the  poly- 
gonal  priority  order  generating  circuit  and  the  sorting 
circuit  are  integrated  in  one  semiconductor  chip,  it  is 
possible  to  delete  or  reduce  pin  holes,  foot  prints  and 
conductive  patterns  in  a  printed  wiring  board  for  ar- 
ranging  the  polygonal  priority  order  generating  circuit 
and  the  sorting  circuit  so  that  cost  of  the  sorting  proc- 
essor  can  be  reduced.  It  is  also  possible  to  prevent 
noises  from  being  caused  by  connection  of  the  poly- 
gonal  priority  order  generating  circuit  and  the  sorting 
circuit.  Further,  sorting  processing  of  the  sorting 
processor  can  be  performed  at  a  high  speed  by  using 
a  high  speed  clock  signal. 

In  the  present  invention,  the  above  sorting  circuit 
has  an  address/data  converting  circuit  for  converting 
data  of  the  polygonal  center  information  to  an  ad- 
dress;  an  address  number  generating  section  for  gen- 
erating  an  in  put  order  of  the  polygonal  center  informa- 
tion;  a  distribution  counting  memory  for  writing  the  in- 
put  order  of  the  polygonal  center  information  by  add- 
ing  an  address  converted  from  the  polygonal  center 
information  data  to  this  input  order;  and  a  chain  mem- 
ory  for  chaining  and  writing  data  at  the  same  address 
converted  from  the  polygonal  center  information 
data.  The  distribution  counting  memory  includes  a 
high  side  region  for  setting  upper  8  bits  at  the  convert- 
ed  address  to  an  address,  and  includes  a  low  side  re- 
gion  for  setting  lower  8  bits  at  the  same  converted  ad- 
dress  as  the  upper  8  bits  to  an  address.  Data  in  the 
high  side  region  are  read  therefrom  in  a  small  address 
order  when  these  data  are  read  out  of  the  distribution 
counting  memory.  Data  in  the  lowside  region  are  read 
therefrom  in  a  small  order  of  addresses  in  the  lowside 

region  only  when  there  are  plural  data  at  the  same  ad- 
dress  in  the  high  side  region.  Data  of  the  chain  mem- 
ory  are  read  therefrom  only  when  there  are  plural 
data  at  the  same  address  in  the  lowside  region.  In  ac- 

5  cordance  with  this  structure  of  the  sorting  processor, 
the  polygonal  priority  order  generating  circuit  and  the 
sorting  circuit  can  be  easily  integrated  in  one  semi- 
conductor  chip.  Further,  a  processing  time  of  the  sort- 
ing  processor  can  be  greatly  reduced. 

10  Many  widely  different  embodiments  of  the  pres- 
ent  invention  may  be  constructed  without  departing 
from  the  spirit  and  scope  of  the  present  invention.  It 
should  be  understood  thatthe  present  invention  is  not 
limited  to  the  specific  embodiments  described  in  the 

15  specification,  except  as  defined  in  the  appended 
claims. 

Claims 
20 

1  .  A  sorting  processor  comprising: 
a  polygonal  priority  order  generating  cir- 

cuit  including: 
a  memory  for  storing  information  of  cen- 

25  ters  of  plural  polygons; 
a  position  setting  section  for  transforming 

a  coordinate  of  each  of  the  polygonal  centers 
from  an  object  coordinate  to  an  absolute  coordin- 
ate;  and 

30  a  visual  field  transforming  circuit  for  trans- 
forming  the  transformed  coordinate  as  a  position 
set  object  obtained  by  the  position  setting  section 
with  respect  to  a  visual  field; 

the  sorting  processor  further  comprising: 
35  a  sorting  circuit  for  sorting  transformed  re- 

sults  about  the  visual  field  on  the  basis  of  infor- 
mation  of  a  reference  axis. 

2.  A  sorting  processor  as  claimed  in  claim  1  ,  where- 
40  in  the  polygonal  priority  order  generating  circuit 

and  the  sorting  circuit  are  integrated  in  one  sem- 
iconductor  chip. 

3.  A  sorting  processor  as  claimed  in  claim  1  or  2, 
45  wherein  said  sorting  circuit  has: 

an  address/data  converting  circuit  for  con- 
verting  data  of  the  polygonal  center  information 
to  an  address; 

an  address  number  generating  section  for 
so  generating  an  input  order  of  the  polygonal  center 

information; 
a  distribution  counting  memory  for  writing 

the  input  order  of  the  polygonal  center  informa- 
tion  by  adding  an  address  converted  from  the 

55  polygonal  center  information  data  to  this  input  or- 
der;  and 

a  chain  memory  for  chaining  and  writing 
data  at  the  same  address  converted  from  the 

6 
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polygonal  center  information  data; 
said  distribution  counting  memory  includ- 

ing: 
a  high  side  region  for  setting  upper  8  bits 

at  the  converted  address  to  an  address;  and  5 
a  low  side  region  for  setting  lower  8  bits  at 

the  same  converted  address  as  the  upper  8  bits 
to  an  address; 

the  sorting  processor  being  constructed 
such  that  data  in  the  high  side  region  are  read  10 
therefrom  in  a  small  address  order  when  these 
data  are  read  out  of  the  distribution  counting 
memory; 

data  in  the  low  side  region  are  read  there- 
from  in  a  small  order  of  addresses  in  the  low  side  15 
region  only  when  there  are  plural  data  at  the 
same  address  in  the  high  side  region;  and 

data  of  the  chain  memory  are  read  there- 
from  only  when  there  are  plural  data  at  the  same 
address  in  the  low  side  region.  20 

4.  An  apparatus  for  displaying  a  two  dimensional 
representation  of  a  three  dimensional  body,  the 
apparatus  comprising: 

a  sorting  processor  according  to  any  one  25 
of  claims  1  to  3  for  sorting  data  representative  of 
a  plurality  of  polygons  representative  of  said 
three  dimensional  body;  and 

means  for  displaying,  in  two  dimensions, 
the  sorted  data  output  by  said  sorting  processor.  30 
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