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Description 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  pertains  to  a  computer 
system,  and  more  particularly,  to  a  parallel  vector 
processor  in  said  computer  system  for  rapidly  pro- 
cessing  a  pair  of  vectors  and  storing  the  results  of 
said  processing. 

A  typical  vector  processor,  such  as  the  vector 
processor  shown  in  Fig.  1,  includes  a  plurality  of 
vector  registers,  each  vector  register  storing  a  vec- 
tor.  The  vector  comprises  a  plurality  of  vector  ele- 
ments.  A  pipeline  processing  unit  is  connected  to  a 
selector  associated  with  the  vector  registers  for 
receiving  consecutive  elements  of  a  first  vector 
from  a  first  vector  register  and  utilizing  the  respec- 
tive  elements  to  perform  an  arithmetic  operation  on 
the  corresponding  elements  of  a  second  vector  in  a 
second  vector  register.  The  results  of  the  arithmetic 
operation  are  stored  in  corresponding  locations  of 
one  of  the  vector  registers,  or  in  corresponding 
locations  of  a  third  vector  register. 

However,  with  this  configuration,  it  is  necessary 
to  perform  operations  on  each  of  the  corresponding 
elements  of  the  vectors  in  sequence.  If  the  vectors 
include  128  elements,  128  operations  must  be  per- 
formed  in  sequence.  The  time  required  to  complete 
operations  on  all  128  elements  of  the  vector  is  a 
function  of  the  cycle  time  per  operation  of  the 
pipeline  unit  as  it  operates  on  each  of  the  cor- 
responding  elements. 

As  a  result  of  increasing  sophistication  of  com- 
puter  systems,  there  is  a  need  to  increase  the 
performance  of  the  vector  processor  portion  of  the 
computer  system  by  decreasing  the  time  required 
to  process  or  perform  arithmetic  operations  on 
each  of  the  corresponding  elements  of  a  plurality  of 
vectors  stored  in  the  vector  registers  within  the 
computer  system. 

One  method  of  increasing  the  performance  of 
computer  systems  is  to  adopt  a  design  such  as 
that  illustrated  in  P.M.Kogge,  "The  Architecture  of 
Pipelined  Computers",  1981,  pp  207-208,  Hemi- 
sphere  Publishing  Corporation,  New  York,  US.  In 
this  example,  a  vector  operation  is  carried  out  by 
having  a  number  of  arithmetic  units  handling  si- 
multaneously  different  elements  of  the  vector.  If 
there  are  more  elements  in  the  vector  than 
arithmetic  units  available,  then  the  operation  is  re- 
peated  an  integral  number  of  times. 

In  the  European  Patent  Application  EP-A-0  053 
457  (FUJITSU)  another  form  of  vector  processor  is 
disclosed,  called  a  bank  interleaved  vector  proces- 
sor.  This  document  teaches  a  plurality  of  vector 
register  means,  each  of  which  is  divided  into  small- 
er  registers  for  performing  processing  on  elements 
of  the  vector.  In  this  form  of  vector  processor,  the 

transfer  of  elements  from  smaller  registers  to  the 
element  processor  in  which  the  arithmetic  opera- 
tion  is  performed  is  not  carried  out  simultaneously. 
Instead  a  first  element  is  transferred  from  a  vector 

5  register  at  time  t1  whilst  the  second  element  is 
transferred  at  a  later  time  t2.  This  time  delay  slows 
down  the  total  processing  time  for  the  operation.  In 
the  Fujitsu  application,  the  whole  operation  is  con- 
trolled  by  a  separate  control  means  and  the  results 

io  of  the  arithmetic  operation  are  returned  to  be 
stored  in  the  vector  register  means. 

SUMMARY  OF  THE  INVENTION 

75  Accordingly,  it  is  a  primary  object  of  the 
present  invention  to  increase  the  performance  of 
the  vector  processor  portion  of  a  computer  system 
by  decreasing  the  time  required  to  process  the 
corresponding  elements  of  the  vectors  stored  in  a 

20  plurality  of  vector  registers  comprising  said  vector 
processor  portion  of  the  computer  system. 

It  is  a  further  object  of  the  present  invention  to 
increase  the  performance  of  the  vector  processor 
portion  of  the  computer  system  by  subdividing  the 

25  plurality  of  vector  registers  into  a  plurality  of  small- 
er  registers,  and  processing  each  of  the  elements 
of  the  smaller  registers  in  parallel  with  one  another. 

These  and  other  objects  are  accomplished,  in 
accordance  with  the  present  invention,  as  claimed, 

30  by  reducing  the  time  required  to  complete  process- 
ing  operations  on  all  elements  of  the  vector.  The 
vector  registers  are  subdivided  into  a  plurality  of 
smaller  registers,  each  of  which  store,  for  example, 
four  elements  of  a  128-element  vector.  An  element 

35  processor  is  associated  with  each  smaller  register, 
the  element  processor  performing  the  same  func- 
tion  as  the  pipeline  processing  unit.  Each  element 
processor,  and  corresponding  smaller  register,  is 
connected  in  parallel  fashion  with  respect  to  other 

40  element  processors  and  their  corresponding  small- 
er  registers.  With  this  configuration,  when  an 
arithmetic  operation  is  performed  with  respect  to  a 
first  and  second  vector,  the  arithmetic  operation, 
performed  on  all  of  the  elements  of  the  vector  (for 

45  example,  all  128  elements),  is  completed  in  the 
time  required  to  complete  an  arithemetic  operation 
on,  in  this  example,  four  corresponding  elements  of 
the  vectors.  As  a  result,  the  performance  of  a 
vector  processor  is  improved  substantially  as  a 

50  result  of  a  utilization  of  the  concepts  of  the  present 
invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

55  A  full  understanding  of  the  present  invention 
will  be  obtained  from  a  reading  of  the  detailed 
description  given  hereinbelow  and  the  accompany- 
ing  drawings,  which  are  given  by  way  of  illustration 
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only,  and  thus  are  not  limitative  of  the  present 
invention,  and  wherein: 

Fig.  1  illustrates  a  conventional  vector  proces- 
sor; 
Fig.  2  illustrates  the  parallel  vector  processor  of 
the  present  invention  wherein  the  vector  regis- 
ters  of  Fig.  1  are  subdivided  into  a  plurality  of 
smaller  registers,  each  smaller  register  contain- 
ing  four  elements,  an  element  processor  is  as- 
sociated  with  each  smaller  register  for  perform- 
ing  processing  operations  on  the  vectors  asso- 
ciated  with  the  four  elements  of  the  smaller 
register  and  a  Processor  Interface  Adaptor  is 
connected  to  each  of  the  element  processors  for 
instructing  each  of  the  element  processors  to 
perform  the  processing  operations  on  the  vec- 
tors; 
Fig.  3  illustrates  the  connection  of  the  Processor 
Interface  Adaptor  to  each  of  the  element  proces- 
sors  of  Fig.  2; 
Fig.  4  illustrates  the  construction  of  the  Proces- 
sor  Interface  Adaptor  of  Figs.  2  and  3;  and 
Fig.  5  illustrates  a  detailed  construction  of  an 
element  processor  shown  in  Figs.  2  and  3. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  Fig.  1,  a  pipeline  vector  processor 
10  is  illustrated.  A  plurality  of  vector  registers  12 
(VRO  through  VR15)  are  shown,  each  register  stor- 
ing  128  elements  (element  0  through  element  127). 
In  the  preferred  embodiment,  an  element  com- 
prises  a  four  (4)  byte  binary  word.  A  selector  14  is 
connected  to  each  of  the  vector  registers  12  for 
selecting  corresponding  elements  from  the  vector 
registers  12  and  gating  the  selected  elements 
through  to  a  pipeline  processing  unit  16.  The  pipe- 
line  processing  unit  16  is  connected  to  the  selector 
for  receiving  the  corresponding  elements  and  for 
performing  selected  operations  on  said  elements, 
such  as  arithmetic  operations.  For  example,  the 
processing  unit  16  may  receive  element  0  from 
vector  register  VRO  and  corresponding  element  0 
from  vector  register  VR15  and  perform  the  follow- 
ing  arithmetic  operation  on  said  element:  VRO  + 
VR15  -  —  >  VR3.  In  this  arithmetic  operation,  each 
of  the  binary  bits  of  element  0  in  VRO  is  added  to 
each  of  the  binary  bits  of  element  0  in  VR15,  and 
the  resultant  sum  is  stored  in  the  element  0  posi- 
tion  of  vector  register  VR3.  A  result  register  18  is 
connected  to  the  pipeline  processing  unit  for  stor- 
ing  the  resultant  sum  received  from  the  pipeline 
processing  unit.  The  result  register  18  is  connected 
to  each  of  the  vector  registers  12  via  a  select  gate 
19  for  transferring  the  resultant  sum  from  the  result 
register  18  to  (in  this  case)  vector  register  VR3. 

The  configuration  illustrated  in  Fig.  1  pos- 

sesses  certain  disadvantages.  Utilizing  the  above 
example,  a  first  element  is  selected  from  register 
VRO  and  a  corresponding  element  is  selected  from 
register  VR15.  The  elements  are  added  in  the 

5  above  manner.  A  second  element  is  selected  from 
registers  VRO  and  VR15  and  they  are  added  to- 
gether  in  the  above  manner.  Each  of  the  128 
elements  must  be  selected  from  registers  VRO  and 
VR15  and  added  together,  in  sequence,  in  order  to 

io  complete  the  processing  of  the  vectors  stored  in 
vector  registers  VRO  and  VR15.  As  a  result,  the 
time  required  to  complete  the  processing  of  the 
vectors  stored  in  vector  registers  VRO  and  VR15  is 
a  function  of  the  number  of  elements  per  vector 

is  and  the  cycle  time  required  to  process  a  set  of 
corresponding  elements  per  vector.  The  perfor- 
mance  of  a  vector  processor  could  be  improved  by 
decreasing  the  time  required  to  process  a  pair  of 
vectors  stored  in  a  set  of  vector  registers. 

20  Referring  to  Fig.  2,  a  parallel  vector  processor 
according  to  the  present  invention  is  illustrated. 
Each  of  the  vector  registers  VRO  through  VR15  of 
Fig.  2  is  subdivided  into  a  plurality  of  smaller 
registers  12a,  each  smaller  register  12a  containing, 

25  for  example,  four  elements.  A  corresponding  plural- 
ity  of  element  processors  20  is  connected  to  the 
plurality  of  smaller  registers  12a  for  performing 
processing  (arithmetic)  operations  on  the  corre- 
sponding  elements  of  the  vectors  stored  in  vector 

30  registers  VRO  through  VR15,  each  of  the  element 
processors  20  performing  processing  operations  on 
four  corresponding  elements  of  said  vectors.  The 
results  of  the  processing  operation  are  simulta- 
neously  produced  by  each  element  processor,  in 

35  parallel,  and  may  be  stored  in  corresponding  loca- 
tions  of  any  one  of  the  vector  registers  VRO 
through  VR15.  A  processor  interface  adaptor  (PIA) 
22  is  connected  to  each  of  the  element  processors 
20  for  transmitting  address,  data,  and  command 

40  information  to  each  of  the  element  processors. 
(The  actual  connection  of  the  PIA  22  to  each  of  the 
element  processors  0-31  is  illustrated  in  Fig.  3.)  An 
instruction  processing  unit  (IPU)  24  is  connected  to 
the  PIA  22  for  transmitting  vector  instructions  to  the 

45  PIA  22.  A  main  memory  or  storage  26  is  connected 
to  the  PIA  22  for  transmitting  the  data  information 
and  address  control  information  to  the  PIA  in  re- 
sponse  to  its  request  for  such  data. 

Referring  to  Fig.  3,  the  actual  connection  of  the 
50  PIA  22  to  each  of  the  element  processors  20 

(processor  0  through  processor  31)  is  illustrated. 
The  PIA  22  is  connected  to  element  processors  0, 
8,  16,  and  24.  Element  processor  0  is  serially 
connected  to  element  processors  1  through  7.  Ele- 

55  ment  processor  8  is  serially  connected  to  element 
processors  9  through  15.  Element  processor  16  is 
serially  connected  to  element  processors  17 
through  23.  Element  processor  24  is  serially  con- 

3 
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nected  to  element  processors  25  through  31  . 
Referring  to  Fig.  4,  the  construction  of  the  PIA 

22  is  illustrated.  The  PIA  22  includes  a  vector 
instruction  register  (VIR)  22a  connected  to  the  IPU 
24  for  receiving  a  vector  instruction  from  the  IPU 
and  temporarily  storing  the  vector  instruction.  A 
vector  data  register  (VDR)  22b  is  connected  to 
storage  26  and  to  the  IPU  24  for  receiving  data 
from  storage  26  and  temporarily  storing  the  data.  A 
vector  status  register  (VSR)  22c  is  connected  to 
the  storage  26  and  to  IPU  24  for  receiving  address 
control  information  from  storage  and  for  temporarily 
storing  the  information.  A  pico  control  store  22d  is 
connected  to  the  VIR  22a  for  decoding  the  vector 
instruction  stored  in  the  VIR  22a  and  for  selecting  a 
pico  control  routine  stored  in  the  store  22d.  A 
command  register  22e  is  connected  to  the  pico 
control  store  22d  and  to  the  element  processors  20 
via  a  command  bus  for  driving  the  element  proces- 
sors.  A  bus  control  22f  is  connected  to  the  VDR 
22b  for  receiving  data  from  the  VDR  22b  and 
transmitting  the  data  to  the  element  processors  20 
via  a  data  bus.  The  bus  control  22f  can  also  steer 
data  from  one  element  processor  to  another  ele- 
ment  processor.  The  VSR  22c  is  also  connected  to 
a  bus  control  22g  via  an  address  control  22h.  The 
address  control  22h  generates  addresses  corre- 
sponding  to  the  data  received  from  the  VSR  22c. 
The  bus  control  22g  transmits  the  generated  ad- 
dresses  to  the  element  processors  20  via  an  ad- 
dress  bus. 

The  functional  operation  of  the  parallel  vector 
processor  of  Fig.  2  will  now  be  described  with 
reference  to  Figs.  2  through  4. 

The  IPU  24  instructs  the  PIA  to  load  specific 
data  into  vector  registers  VRO  and  VR15.  The  IPU 
24  transmits  a  LOAD  instruction  to  the  PIA  22.  The 
LOAD  instruction  is  temporarily  stored  in  the  VIR 
22a.  The  DATA  to  be  loaded  into  the  vector  regis- 
ters  VRO  and  VR15  is  stored  in  storage  26.  When 
the  PIA  receives  the  LOAD  instruction,  it  retrieves 
specific  data  from  storage  26  and  loads  said  data 
into  the  VDR  22b.  Previous  to  the  issuance  of  the 
LOAD  instruction,  the  IPU  24  loaded  address  con- 
trol  information  into  the  VSR  22c.  As  a  result, 
specific  address  information  is  generated  by  the 
address  control  22h.  The  address  information  com- 
prises  the  address  of  selected  element  processors 
20  into  which  the  data  is  to  be  loaded  and  the 
address  of  selected  elements  associated  with  the 
selected  element  processors  20  into  which  the  data 
is  to  be  stored.  The  LOAD  instruction,  stored  in  the 
VIR  22a,  is  decoded  by  the  pico  control  store  22d. 
Command  information,  corresponding  to  the  LOAD 
instruction,  stored  in  the  pico  control  store  22d,  is 
selected.  In  accordance  with  the  address  informa- 
tion  generated  by  the  address  control  22h,  the  data 
stored  in  the  VDR  22b  is  transmitted  for  storage  in 

the  selected  processors  20  via  the  bus  control  22f 
and  a  data  bus.  Furthermore,  in  accordance  with 
the  address  information  generated  by  the  address 
control  22h,  the  command  information,  stored  in 

5  the  pico  control  store  22d  and  selected  by  the 
decoded  LOAD  instruction,  is  transmitted  to  the 
selected  processors  20  via  command  register  22e 
and  a  command  bus.  The  selected  command  in- 
formation  causes  the  data  stored  in  the  selected 

io  processors  20  to  be  loaded  into  the  selected  ele- 
ments  of  the  smaller  registers  12a,  the  selected 
elements  being  identified  by  the  address  informa- 
tion  generated  by  the  address  control  22h. 

Accordingly,  assume,  by  way  of  example,  that 
is  a  128-element  vector  is  stored  in  each  of  vector 

registers  VRO  and  VR15.  An  element  comprises  a 
four  (4)  byte  binary  word.  Assume  further  that  the 
following  vector  arithmetic  operation  is  to  be  per- 
formed  on  the  vectors  stored  in  vector  registers 

20  VRO  and  VR15:  VRO  +  VR15  —  >  VR15.  The  IPU 
24  instructs  the  PIA  22  to  perform  an  ADD  opera- 
tion  wherein  the  vector  stored  in  vector  register 
VRO  is  to  be  added  to  the  vector  stored  in  vector 
register  VR15,  the  results  to  be  stored  in  vector 

25  register  VR15.  The  IPU  24  transmits  the  ADD  in- 
struction  to  the  PIA  22.  The  ADD  instruction  is 
temporarily  stored  in  the  VIR  22a.  In  accordance 
with  the  ADD  instruction,  particular  command  in- 
formation  stored  in  the  store  22d  is  selected.  As 

30  the  ADD  instruction  is  received  by  the  PIA  22,  the 
IPU  24  retrieves  specific  data  from  storage  26 
representative  of  the  addresses  of  the  elements  in 
the  smaller  registers  undergoing  the  ADD  operation 
and  the  address  of  the  selected  processors  20 

35  which  will  perform  the  ADD  operation.  As  a  result, 
address  information  is  generated  by  the  address 
control  22h.  The  address  information  is  transmitted 
to  the  selected  processors  20  via  the  bus  control 
22g  and  an  address  bus.  In  accordance  with  this 

40  address  information,  the  selected  command  infor- 
mation,  selected  from  the  pico  control  store  22d, 
instructs  the  selected  processors  20  to  each  re- 
trieve  the  selected  elements  of  its  associated 
smaller  register  12a  corresponding  to  vector  regis- 

45  ters  VRO  and  VR15.  When  the  elements  are  re- 
trieved,  the  selected  command  information  causes 
the  selected  processors  20  to  execute  the  ADD 
instruction.  For  example,  elements  0  throug  3,  as- 
sociated  with  the  vectors  stored  in  vector  registers 

50  VRO  and  VR15,  are  received  by  element  processor 
number  0.  Element  processor  0  adds  the  cor- 
responding  elements  together,  and,  in  accordance 
with  the  selected  command  information,  stores  the 
results  of  the  addition  operation  in  the  correspond- 

55  ing  locations  of  vector  register  VR15.  That  is,  ele- 
ment  0  of  vector  register  VRO  is  added  to  element 
0  of  vector  register  VR15,  and  the  sum  is  stored  in 
the  element  0  location  of  vector  register  VR15. 

4 
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Elements  1,  2,  and  3  of  vector  registers  VRO  and 
VR15  are  similarly  added  together,  the  sums  being 
stored  in  the  element  1  ,  2,  and  3  locations  of  vector 
register  VR15.  Elements  4,  5,  6,  and  7,  associated 
with  vector  registers  VRO  and  VR15,  are  processed 
by  element  processor  1,  in  the  same  manner  as 
described  above,  the  processing  of  these  elements 
being  performed  simultaneously  with  the  process- 
ing  of  elements  0,  1,  2,  and  3.  The  remaining 
elements  of  the  vectors,  stored  in  vector  registers 
VRO  and  VR15,  are  processed  by  element  proces- 
sors  2  through  31,  in  groups  of  four  elements  each, 
simultaneously  with  the  processing  of  elements  0 
through  3  and  elements  4  through  7  by  element 
processors  0  and  1  respectively.  As  a  result,  the 
above  referenced  vector  arithmetic  operation,  per- 
formed  on  the  vectors  stored  in  vector  registers 
VRO  and  VR15,  is  completed  in  the  time  required 
to  process  four  elements  of  the  vector,  as  com- 
pared  to  the  time  required  to  process  128  elements 
of  the  vector,  typical  of  the  conventional  vector 
processor  systems.  Therefore,  the  parallel  vector 
processor  of  the  present  invention  represents  an 
improvement  over  the  conventional  vector  proces- 
sor  systems. 

Referring  to  Fig.  5,  a  block  diagram  construc- 
tion  of  an  element  processor  20  is  illustrated.  In 
Fig.  5,  a  local  storage  12  is  analogous  to  the  vector 
registers  12  shown  in  Fig.  2  of  the  drawings.  A 
system  bus  11  and  11a  is  connected  to  a  driver 
circuit  9  on  one  end  and  to  a  receiver  circuit  7  on 
the  other  end.  A  first  input  data  assembler  (ASM) 
13  is  connected  to  a  driver  circuit  9  and  to  a 
receiver  circuit  7.  The  ASM  13  is  further  connected 
to  local  storage  12  and  to  the  element  processor 
20.  The  element  processor  20  shown  in  Fig.  5 
comprises  a  second  input  data  assembler  (ASM) 
20a  connected  to  the  local  storage  12  and  to  the 
first  input  data  assembler  13.  A  bus  interface  regis- 
ter  (BIR)  15  is  connected  to  bus  11  and  bus  11a  on 
one  end  and  to  the  second  input  data  assembler 
20a  on  the  other  end.  A  shift  select  register  20b 
and  a  flush  select  register  20c  are  connected  to  the 
input  data  assembler  20a.  The  flush  select  register 
20c  is  connected  directly  to  a  trues/complement 
gate  20d  whereas  the  shift  select  register  20b  is 
connected  to  another  trues/complement  gate  20e 
via  a  pre-shifter  control  20f.  The  trues/complement 
gates  20d  and  20e  are  each  connected  to  an 
arithmetic  logic  unit  (ALU)  20g.  The  ALU  20g  is 
connected  to  a  result  register  20h  via  a  post  shifter 
control  20i,  the  result  register  20h  being  connected 
to  the  local  storage  12  for  storing  a  result  therein 
when  the  element  processor  20  has  completed  an 
arithmetic  processing  operation  on  the  four  ele- 
ments  of  a  pair  of  vectors  stored  in  a  correspond- 
ing  pair  of  vector  registers  12.  A  multiplier  circuit 
20j  is  interconnected  between  the  input  data  as- 

sembler  20a  and  the  ALU  20g.  Two  operands  are 
received  by  the  multiplier  circuit  20j.  A  sum  and  a 
carry  output  is  generated  by  the  multiplier  circuit 
20j,  the  sum  and  carry  outputs  being  received  by 

5  the  ALU  20g. 
A  description  of  the  functional  operation  of  an 

element  processor  20  will  be  provided  in  the  fol- 
lowing  paragraphs  with  reference  to  Fig.  5. 

The  functional  operation  of  the  element  proces- 
io  sor  20  shown  in  Fig.  5  may  be  subdivided  into  four 

cycles  of  operation:  a  read  local  storage  and  shift 
select  cycle,  alternatively  known  as  a  first  cycle;  a 
pre-normalize  shift  cycle,  known  as  a  second  cycle; 
an  ALU  operation  cycle,  known  as  a  third  cycle; 

is  and  a  post-normalize  shift  cycle,  known  as  a  fourth 
cycle. 

Utilizing  the  assumptions  made  previously, 
wherein  the  respective  elements  of  vector  registers 
VRO  and  VR15  are  added  together  and  the  results 

20  of  the  summation  operation  are  stored  in  vector 
register  VRO,  elements  0  through  3  are  received  by 
receiver  7  of  bus  11a  and  stored  in  local  storage 
12  via  ASM  13,  the  local  storage  12  being  analo- 
gous  to  the  first  smaller  register  12a  in  Fig.  2  which 

25  stored  elements  0  through  3.  Assume  further  that 
the  elements  0  through  3  represent  floating  point 
element  operands. 

When  a  command  is  issued  to  add  elements  0- 
3  stored  in  register  VRO  to  elements  0-3  stored  in 

30  register  VR15,  on  the  first  cycle,  the  operands  of 
the  respective  elements  are  read  from  the  local 
storage  12  and  are  temporarily  stored  in  the  flush 
register  20c  and  the  shift  register  20b  via  the  input 
data  assembler  20a.  However,  at  the  same  time, 

35  the  exponents  of  the  respective  elements  enter  an 
exponent  control  path  (not  shown)  where  the  dif- 
ference  in  magnitude  of  the  exponents  is  calcu- 
lated.  Therefore,  the  element  having  the  smaller 
exponent  is  gated  to  the  shift  select  register  20b 

40  whereas  the  element  having  the  greater  exponent 
is  gated  to  the  flush  select  register  20c.  The  flush 
and  shift  select  registers  20c  and  20b  are  latched 
by  a  latch  clock  at  the  end  of  the  first  cycle. 

At  the  beginning  of  the  second  cycle,  a  shift 
45  operation  is  started.  The  element  having  the  great- 

er  exponent,  stored  in  the  flush  select  register  20c, 
is  gated  into  one  input  of  the  arithmetic  logic  unit 
(ALU)  20g.  Shift  control  information  is  passed  from 
the  exponent  control  path  (not  shown)  to  the  pre- 

50  shifter  20f  wherein  the  element  having  the  smaller 
exponent,  stored  in  the  shift  select  register  20b,  is 
right-shifted  by  the  pre-shifter  20f  to  align  said 
element  with  the  element  having  the  greater  expo- 
nent,  which  is  currently  being  gated  into  the  one 

55  input  of  the  ALU  20g.  Concurrently,  the  ALU  20g  is 
selecting  the  appropriate  inputs  from  the 
trues/complement  gates  20d  and  20e  for  receiving 
the  elements  from  the  flush  and  shift  select  regis- 

5 
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ters  20c  and  20b  via  the  trues/complement  gates 
20d  and  20e,  respectively. 

The  third  cycle,  in  the  operation  of  the  element 
processor  20  of  Fig.  5,  is  dedicated  to  the  func- 
tional  operation  of  the  arithmetic  logic  unit  (ALU) 
20g.  The  ALU  is  an  8-byte  high  speed  carry  look 
ahead  adder,  designed  with  1's  complement 
arithmetic  and  with  end  around  carry  and  recom- 
plementation.  The  ALU  performs  an  addition  opera- 
tion,  wherein  the  bits  of  four  respective  elements, 
in  the  example,  elements  0  through  3  stored  in  one 
of  the  smaller  registers  12a,  associated  with  vector 
register  VRO,  are  added  to  the  bits  of  four  respec- 
tive  elements,  associated  with  vector  register 
VR15.  The  results  of  the  addition  operation  are 
ultimately  stored  in  the  local  storage  12  (in  the 
example,  analogous  to  the  vector  register  VRO  il- 
lustrated  in  Fig.  2).  However,  prior  to  this  step,  a 
post-normalization  step  must  take  place  during  the 
fourth  cycle. 

When  the  addition  operation  is  completed  by 
the  ALU  20g,  a  post-normalization  step  takes  place 
during  the  fourth  cycle.  The  term  "post-normaliza- 
tion",  in  data  processing  terms,  comprises  the 
steps  of  detecting  leading  zero  hexadecimal  digits 
in  the  results  produced  by  the  ALU,  and  left  shift- 
ing  the  results  in  accordance  with  the  number  of 
zero  digits  detected.  The  results  exponent  must  be 
adjusted  by  decrementing  the  exponent  by  a  value 
of  1  for  each  digit  shifted.  Digits  of  the  output  of 
the  ALU  20g  are  examined  by  the  post  shifter  20i 
for  their  zero  state,  and  the  results  of  the  ALU 
output  are  left  shifted  in  accordance  with  the  num- 
ber  of  zero  digits  detected.  The  left  shifted  results 
of  the  ALU  output  are  passed  to  the  result  register 
20h  for  temporary  storage  therein.  The  exponent 
control  path  (not  shown)  increments  or  decrements 
the  exponent  value  of  the  result  element  (output 
from  the  ALU)  so  that  a  correct  final  exponent 
value  is  gated  to  the  result  register  20h.  Thus,  a 
result  element  is  stored  in  the  result  register  20h, 
the  operand  of  which  is  left  shifted  a  proper 
amount  in  accordance  with  the  number  of  zero 
digits  detected  in  the  ALU  output,  the  exponent  of 
which  is  the  correct  final  exponent  value.  During 
the  next  cycle,  following  the  fourth  cycle,  the  result 
element  is  passed  to  the  local  storage  12  for  stor- 
age  therein  (the  local  storage  being  analogous  to 
one  of  the  smaller  registers  12a  of  Fig.  2,  in  the 
example,  the  smaller  register  12a  which  stores 
elements  0  through  3). 

Therefore,  the  performance  of  a  vector  proces- 
sor  is  improved  by  virtue  of  the  utilization  of  the 
concepts  of  the  present  invention.  Although  an  in- 
creased  number  of  circuits  is  necessary  to  imple- 
ment  the  present  invention,  this  increased  number 
of  circuits  is  economically  justifiable  as  a  result  of 
the  utilization  of  very  large  scale  integrated  circuit 

(VLSI)  technology. 

Claims 

5  1.  A  vector  processor  for  performing  an 
arithmetic  operation  on  a  first  vector  and  a 
second  vector,  thereby  producing  a  set  of  re- 
sults,  and  for  storing  the  results  of  said  opera- 
tion,  comprising: 

10 
a  plurality  of  vector  register  means  (12),  each 
of  the  vector  register  means  (12)  storing  an  M 
element  vector,  each  of  said  plurality  of  vector 
register  means  (12)  being  subdivided  into  a 

is  plurality  of  smaller  registers  (12a),  each  of  the 
smaller  registers  (12a)  storing  N  elements  of 
said  M  element  vector,  where  N  is  less  than  M; 
and 

20  a  plurality  of  element  processors  (20)  con- 
nected,  respectively,  to  the  plurality  of  smaller 
registers  (12a)  of  said  plurality  of  vector  regis- 
ter  means  (12)  for  receiving  the  elements  of 
said  first  vector  stored  in  the  smaller  registers 

25  (12a)  of  one  of  said  vector  register  means  (12) 
and  the  elements  of  said  second  vector  stored 
in  the  smaller  registers  (12a)  of  another  of  said 
vector  register  means  (12),  arithmetically  op- 
erating  on  said  elements  of  said  first  vector 

30  and  said  second  vector  thereby  producing  said 
set  of  results, 

the  N  element  vector  in  each  of  the  smaller 
registers  (12a)  comprising  a  plurality  of  individ- 

35  ual  elements  sequentially  labelled  from  a  first 
element  to  a  last  element, 

said  plurality  of  element  processors  (20)  re- 
ceiving  the  elements  of  said  first  vector  and 

40  the  elements  of  said  second  vector  by  retriev- 
ing,  in  parallel,  corresponding  ones  of  said 
plurality  of  individual  elements  from  each  of 
said  smaller  registers  (12a)  of  said  one  of  said 
vector  register  means  (12)  and  said  another  of 

45  said  vector  register  means  (12), 

an  element  processor  (20)  sequentially  retriev- 
ing  said  individual  elements  from  a  smaller 
register  (12a)  beginning  with  said  first  element 

50  and  ending  with  said  last  element. 

2.  A  vector  processor  according  to  claim  1  further 
comprising: 

55  instruction  storage  means  (26,  24)  for  storing  a 
set  of  instructions; 

data  storage  means  (26)  for  storing  a  set  of 

6 
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data  information  and  a  set  of  address  informa- 
tion; 

control  means  (22)  connected  to  said  instruc- 
tion  storage  means  (26,  24),  to  said  data  stor-  5 
age  means  (26),  and  to  said  element  proces- 
sors  (20)  for  receiving  an  instruction  from  said 
instruction  storage  means  (26,  24),  said  data 
information  from  said  data  storage  means  (26) 
and  said  address  information  from  said  data  10 
storage  means  (26)  and  for  controlling  an  ex- 
ecution  of  said  instruction  and  thereby  said 
processing  operation  performed  by  said  ele- 
ment  processors  (20)  utilizing  said  data  in- 
formation  and  said  address  information  re-  is 
trieved  from  said  data  storage  means  (26). 

3.  A  vector  processor  according  to  claim  2 
wherein  said  element  processor  (20)  com- 
prises:  20 

read  means  (20a)  for  reading  said  one  or  more 
of  said  elements  of  said  vector  stored  in  said 
one  of  said  vector  register  means  (12)  and  said 
one  or  more  of  said  elements  of  said  vector  25 
stored  in  said  another  of  said  vector  register 
means  (12); 

register  means  (20c,  20b)  connected  to  said 
read  means  for  storing  said  one  or  more  of  30 
said  elements  of  the  vectors  read  from  said 
vector  register  means  (12)  by  said  read  means 
(20a),  said  one  or  more  of  said  elements  in- 
cluding  operands; 

35 
pre-shift  means  (20f)  connected  to  said  regis- 
ter  means  (20b)  for  shifting  the  operands  asso- 
ciated  with  said  elements  of  the  vector  stored 
in  said  one  of  said  vector  register  means  (12) 
to  align  said  operands  with  the  operands  asso-  40 
ciated  with  said  elements  of  the  vector  stored 
in  another  of  said  vector  register  means  (12); 

operation  means  (20d,  20e,  20g,  20j)  connect- 
ed  to  said  pre-shift  means  (20f)  for  processing  45 
said  one  or  more  of  the  elements  of  the  vec- 
tors  stored  in  said  one  of  said  vector  register 
means  (12)  and  said  another  of  said  vector 
register  means  (12); 

50 
post-shift  means  (20i)  connected  to  said  opera- 
tion  means  (20d,  20e,  20g,  20j)  for  receiving  a 
first  set  of  results  from  said  operation  means 
(20d,  20e,  20g,  20j)  and  shifting  said  first  set  of 
results  a  predetermined  amount  to  produce  a  55 
second  set  of  results;  and 

post  operation  storage  means  (20h)  for  storing 

said  second  set  of  results,  said  second  set  of 
results  being  passed  to  one  of  the  plurality  of 
vector  register  means  (12)  for  storage  therein. 

4.  A  vector  processor  according  to  claim  1, 
wherein  said  set  of  results  is  stored  in  one  of 
said  vector  register  means  (12). 

Revendicatlons 

1.  Processeur  vectoriel  pour  effectuer  une  opera- 
tion  arithmetique  sur  un  premier  vecteur  et  un 
second  vecteur,  produisant  de  ce  fait  un  en- 
semble  de  resultats  et  pour  memoriser  les 
resultats  de  ladite  operation,  comprenant  : 

une  pluralite  de  moyens  de  registre  de 
vecteur  (12)  chacun  des  moyens  de  registre 
de  vecteur  (12)  memorisant  un  vecteur  a  M 
elements,  chacun  de  ladite  pluralite  de  moyens 
de  registre  de  vecteur  (12)  etant  sous-divise  en 
une  pluralite  de  registres  plus  petits  (12a), 
chacun  des  registres  plus  petits  (12a)  memori- 
sant  N  elements  dudit  vecteur  a  M  elements 
ou  N  est  plus  petit  que  M  ;  et 

une  pluralite  de  processeurs  d'elements 
(20)  connectes  respectivement  a  la  pluralite 
des  registres  plus  petits  (12a)  de  ladite  plurali- 
te  de  moyens  de  registre  de  vecteur  (12)  pour 
recevoir  les  elements  dudit  premier  vecteur 
memorise  dans  les  registres  plus  petits  (12a) 
d'un  desdits  moyens  de  registre  de  vecteur 
(12)  et  les  elements  dudit  second  vecteur  me- 
morises  dans  les  registres  plus  petits  (12a) 
d'un  autre  desdits  moyens  de  registre  de  vec- 
teur  (12),  operant  de  maniere  arithmetique  sur 
lesdits  elements  dudit  premier  vecteur  et  dudit 
second  vecteur  produisant  de  ce  fait  ledit  en- 
semble  de  resultats, 

le  vecteur  a  N  elements  dans  chacun  des 
registres  plus  petits  (12a)  comprenant  une  plu- 
ralite  d'elements  individuels  sequentiellement 
etiquetes  a  partir  d'un  premier  element  a  un 
dernier  element, 

ladite  pluralite  de  processeurs  d'elements 
(20)  recevant  les  elements  dudit  premier  vec- 
teur  et  les  elements  dudit  second  vecteur  en 
recherchant  en  parallele,  les  elements  corres- 
pondents  de  ladite  pluralite  des  elements  indi- 
viduels  a  partir  de  chacun  desdits  registres 
plus  petits  (12a)  dudit  premier  moyen  desdits 
moyens  de  registre  de  vecteur  (12)  et  dudit 
autre  moyen  desdits  moyens  de  registre  de 
vecteur  (12), 

un  processeur  d'elements  (20)  recherchant 
sequentiellement  lesdits  elements  individuels  a 
partir  d'un  registre  plus  petit  (12a)  commen- 
gant  avec  ledit  premier  element  et  finissant 
avec  ledit  dernier  element. 
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2.  Processeur  vectoriel  selon  la  revendication  1, 
comprenant  de  plus  : 

des  moyens  de  memoire  d'instruction  (26, 
24)  pour  memoriser  un  jeu  d'instructions, 

des  moyens  de  memoire  de  donnees  (26)  5 
pour  memoriser  un  ensemble  d'informations 
de  donnees  et  un  ensemble  d'informations 
d'adresse, 

des  moyens  de  commande  (22)  connectes 
auxdits  moyens  de  memoire  d'instruction  (26,  10 
24)  auxdits  moyens  de  memoire  de  donnees 
(26)  et  auxdits  processeurs  d'elements  (20) 
pour  recevoir  une  instruction  provenant  desdits 
moyens  de  memoire  d'instruction  (26,  24),  les- 
dites  informations  de  donnees  provenant  des-  is 
dits  moyens  de  memoire  de  donnees  (26)  et 
lesdites  informations  d'adresse  provenant  des- 
dits  moyens  de  memoire  de  donnees  (26)  et 
pour  commander  une  execution  de  ladite  ins- 
truction  et,  de  ce  fait,  I'operation  de  traitement  20 
effectuee  par  lesdits  processeurs  d'elements 
(20)  utilisant  lesdits  informations  de  donnees  et 
lesdites  informations  d'adresse  recuperees  a 
partir  des  moyens  de  memoire  de  donnees 
(26).  25 

3.  Processeur  vectoriel  selon  la  revendication  2, 
dans  lequel  ledit  processeur  d'elements  (20) 
comprend  : 

des  moyens  de  lecture  (20a)  pour  lire  ledit  30 
un  element  ou  plusieurs  desdits  elements  du- 
dit  vecteur  memorises  dans  ledit  premier  des- 
dits  moyens  de  registre  de  vecteur  (12)  et  ledit 
un  element  ou  plusieurs  desdits  elements  du- 
dit  vecteur  memorises  dans  ledit  autre  desdits  35 
moyens  de  registre  de  vecteur  (12), 

des  moyens  de  registre  (20c,  20b) 
connectes  audit  moyen  de  lecture  pour  memo- 
riser  ledit  un  ou  plusieurs  desdits  elements 
des  vecteurs  lus  a  partir  du  moyen  de  registre  40 
de  vecteur  (12)  par  lesdits  moyens  de  lecture 
(20a),  ledit  un  ou  plusieurs  desdits  elements 
comportant  des  operandes, 

des  moyens  de  predecalage  (20f)  connec- 
tes  audit  moyen  de  registre  (20b)  pour  decaler  45 
les  operandes  associes  auxdits  elements  du 
vecteur  memorises  dans  ledit  moyen  desdits 
moyens  de  registre  de  vecteur  (12)  pour  ali- 
gner  lesdits  operandes  avec  les  operandes  as- 
socies  auxdits  elements  du  vecteur  memorises  so 
dans  I'autre  moyen  desdits  moyens  de  registre 
de  vecteur  (12), 

des  moyens  d'operation  (20d,  20e,  20g, 
20j)  connectes  audit  moyen  de  predecalage 
(20f)  pour  traiter  ledit  un  element  ou  plusieurs  55 
desdits  elements  des  vecteurs  memorises 
dans  ledit  moyen  desdits  moyens  de  registre 
de  vecteur  (12)  et  ledit  autre  moyen  desdits 

moyens  de  registre  de  vecteur  (12), 
des  moyens  de  past-decalage  (20i) 

connectes  audit  moyen  d'operation  (20d,  20e, 
20g,  20j)  pour  recevoir  un  premier  ensemble 
de  resultats  provenant  desdits  moyens  d'ope- 
ration  (20d,  20e,  20g,  20j)  et  decaler  ledit 
premier  ensemble  de  resultats  d'une  quantite 
predetermined  pour  produire  un  second  en- 
semble  de  resultats,  et 

des  moyens  de  memorisation  de  post-ope- 
ration  (20h)  pour  memoriser  ledit  second  en- 
semble  de  resultats,  ledit  second  ensemble  de 
resultats  etant  passe  a  un  moyen  de  la  plurali- 
te  des  moyens  de  registre  de  vecteur  (12) 
pour  memorisation  dans  celui-ci. 

4.  Processeur  vectoriel  selon  la  revendication  1, 
dans  lequel  ledit  ensemble  de  resultats  est 
memorise  dans  un  desdits  moyens  de  registre 
de  vecteur  (12). 

Patentanspruche 

1.  Vektorprozessor  zur  Ausfuhrung  einer  Rechen- 
operation  mit  einem  ersten  Vektor  und  einem 
zweiten  Vektor,  wodurch  ein  erster  Ergebnis- 
satz  erzeugt  wird,  und  zum  Abspeichern  der 
Ergebnisse  der  Operation  umfassend: 

eine  Anzahl  von  Vektorregistern  (12),  von  de- 
nen  jedes  einen  aus  M  Elementen  bestehen- 
den  Vektor  speichert,  wobei  jedes  der  Anzahl 
der  Vektorregister  (12)  in  eine  Anzahl  von  klei- 
neren  Registern  (12a)  unterteilt  ist,  von  denen 
jedes  N  Elemente  des  aus  M  Elementen  be- 
stehenden  Vektors  speichert,  wo  N  kleiner  als 
M  ist;  und 

eine  Anzahl  von  Elementprozessoren  (20),  die 
jeweils  mit  der  Anzahl  der  kleineren  Register 
(12a)  von  Vektorregistern  (12)  verbunden  sind, 
urn  die  Elemente  des  ersten,  in  den  kleineren 
Registern  (12a)  eines  anderen  der  Vektorregi- 
ster  (12)  zu  empfangen  und  urn  rechnerisch 
auf  die  Elemente  des  ersten  Vektors  und  des 
zweiten  Vektors  einzuwirken,  wodurch  der  Er- 
gebnissatz  erstellt  wird, 

wobei  der  N-Element-Vektor  in  jedem  der  klei- 
neren  Register  (12a)  eine  Anzahl  von  einzelnen 
Elementen  umfa/St,  die  sequentiell  von  einem 
ersten  Element  bis  zu  einem  letzten  Element 
bezeichnet  sind  und 

die  Anzahl  von  Elementprozessoren  (20)  die 
Elemente  des  ersten  Vektors  und  die  Elemente 
des  zweiten  Vektors  durch  paralleles  Abrufen 
entsprechender  der  Anzahl  von  einzelnen  Ele- 
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menten  aus  jedem  der  kleineren  Register  (12a) 
der  einen  der  Vektorregister  (12)  und  der  an- 
deren  der  Vektorregister  (12)  empfangt, 

wobei  der  Elementprozessor  (2)  anfangend  mit  5 
dem  ersten  Element  und  endend  mit  dem  letz- 
ten  Element  sequentiell  die  einzelnen  Elemen- 
te  aus  einem  der  kleineren  Register  (12a)  ab- 
ruft. 

10 
2.  Vektorprozessor  nach  Anspruch  1  weiterhin 

umfassend: 

Befehlspeicher  (26,  24)  zum  Speichern  eines 
Befehlsatzes;  is 

Datenspeicher  (26)  zum  Speichern  eines  Da- 
teninformationssatzes  und  eines  Adre/Sinforma- 
tionssatzes; 

20 
Steuermittel  (22),  das  mit  dem  Befehlspeicher 
(26,  24),  dem  Datenspeicher  (26)  und  den  Ele- 
mentprozessoren  verbunden  ist,  zum  Empfan- 
gen  eines  Befehls  aus  dem  Befehlspeicher  (26, 
24),  der  Dateninformationen  aus  dem  Daten-  25 
speicher  (26)  und  Adre/Sinformationen  aus  dem 
Datenspeicher  (26)  und  zum  Steuern  einer 
Ausfuhrung  des  Befehls  und  dadurch  der  von 
den  Elementprozessoren  ausgefuhrten  Verar- 
beitung  durch  Verwendung  der  Dateninforma-  30 
tionen  und  der  Adre/Sinformationen,  die  vom 
Datenspeicher  (26)  abgerufen  war. 

3.  Vektorprozessor  nach  Anspruch  2,  wobei  der 
Elementprozessor  (20)  umfa/St:  35 

Lesemittel  (20a)  zum  Auslesen  eines  oder 
mehrerer  der  Elemente  des  in  einem  der  Vek- 
torregister  (12)  abgespeicherten  Vektors  und 
eines  oder  mehrerer  der  Elemente  des  in  ei-  40 
nem  anderen  der  Vektorregister  (12)  abgespei- 
cherten  Vektors; 

Operanden,  die  den  in  einem  der  Vektorregi- 
ster  (12)  abgespeicherten  Elementen  des  Vek- 
tors  zugeordnet  sind,  urn  die  Operanden  auf 
die  Operanden  auszurichten,  die  den  in  einem 
anderen  der  Vektorregister  (12)  abgespeicher- 
ten  Elementen  des  Vektors  zugeordnet  sind; 

Betriebsmittel  (20d,  20e,  20g,  20j),  die  mit  dem 
Vorschiebemittel  (20f)  verbunden  sind,  zur  Ver- 
arbeitung  eines  oder  mehrerer  der  in  dem  ei- 
nen  oder  anderen  der  Vektorregister  (12)  abge- 
speicherten  Elemente; 

Nachschiebemittel  (20i),  das  mit  den  Betriebs- 
mitteln  (20d,  20e,  20g,  20j)  verbunden  ist,  zum 
Empfang  eines  ersten  Ergebnissatzes  von  den 
Betriebsmitteln  (20d,  20e,  20g,  20j)  und  zum 
Verschieben  des  ersten  Satzes  urn  einen  vor- 
bestimmten  Betrag,  urn  einen  zweiten  Ergeb- 
nissatz  zu  erzeugen;  und 

Nachverarbeitungsspeicher  (20h)  zum  Abspei- 
chern  des  zweiten  Ergebnissatzes,  wobei  der 
zweite  Ergebnissatz  einem  der  Vektorregister 
(12)  zugefuhrt  wird,  urn  darin  abgespeichert  zu 
werden. 

4.  Vektorprozessor  nach  Anspruch  1,  wobei  der 
Ergebnissatz  in  einem  der  Vektorregister  (12) 
abgespeichert  ist. 

Register  (20c,  20b),  die  mit  dem  Lesemittel 
verbunden  sind,  zum  Speichern  eines  oder  45 
mehrerer  der  Elemente  des  in  einem  anderen 
der  Vektorregister  (12)  abgespeicherten  Vek- 
tors; 

Register  (20c,  20b),  die  mit  dem  Lesemittel  so 
verbunden  sind,  zum  Speichern  eines  oder 
mehrerer  der  aus  den  Vektorregistern  durch 
das  Lesemittel  (20a)  ausgelesenen  Elemente 
des  Vektors,  wobei  eines  oder  mehrere  der 
Elemente  Operanden  enthalten;  55 

Vorschiebemittel  (20f),  das  mit  den  Registern 
(20b)  verbunden  ist,  zum  Verschieben  der 
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