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Cache  system. 

©  A  cache  system  having  a  plurality  of  read-in 
ports  through  which  data  fetched  from  a  main  mem- 
ory  system  can  be  transferred  regardless  of  the  type 
of  the  data  fetch  request;  wherein  each  data  fetch 
request  is  output  from  the  available  read-in  port, 
during  the  data  fetch  operation  for  a  previous  data 
fetch  request  of  the  same  type. 
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CACHE  SYSTEM 

processing  is  executed,  an  instruction  fetch  request 
and  an  operand  fetch  request  can  be  generated  at 
every  cycle,  because  an  execution  of  a  simple 
instruction  is  commenced  at  every  cycle,  but  the 

5  data  requested  by  the  instruction  or  operand  fetch 
requests  successively  generated  often  do  not  exist 
in  the  caches.  Accordingly,  successive  fetches  of 
blocks  of  data  from  the  main  storage  (MS)  3  often 
become  necessary. 

10  In  the  above  situation,  although  some  time 
must  be  allowed  for  the  data  fetch  operation  from 
the  main  storage  (MS)  3,  the  problem  is  that  when 
the  successive  block  fetches  from  the  main  storage 
(MS)  3  become  necessary  in  the  cache  system  in 

rs  which  only  one  port  is  provided  for  each  type  of 
data  fetch  request,  the  following  block  fetch  opera- 
tion  can  not  be  commenced  until  the  previous 
block  fetch  operation  is  completed.  Further,  the 
time  necessary  to  complete  the  block  fetch  opera- 

20  tion  includes  the  time  for  writing  (move-in)  the 
block  of  the  data  fetched  from  the  main  storage 
(MS)  3  into  the  cache,  this  means  that  an  un- 
reasonable  waiting  time  must  be  allowed  before  the 
commencement  of  the  following  block  fetch  oper- 

25  ations. 
Although  the  block  fetch  operation  in  the  main 

storage  (MS)  3  is  carried  out  regardless  of  the  type 
of  the  data  fetch  request  from  the  CPU,  the  oper- 
ations  in  the  CPU  differ  depending  on  the  type  of 

30  data  fetch  requests.  For  example,  the  block  data 
fetched  for  the  operand  fetch  request  must  be 
written  into  the  cache  for  the  operands,  and  the 
block  data  fetched  for  the  instruction  fetch  request 
must  be  written  into  the  cache  for  the  instructions, 

35  and  in  the  operations  for  the  operand  or  instruction 
fetch  requests,  the  block  data  fetched  for  the 
operand  or  instruction  requests  also  must  be  send 
directly,  i.e.,  bypassing  the  cache,  to  the  execution 
or  instruction  unit;  on  ther  othe  hand,  the  block 

40  data  fetched  for  a  prefetch  request  need  not  be 
sent  directly  to  the  execution  or  instruction  unit. 
Further,  in  the  operations  for  data  fetch  requests 
for  address  translation,  sometimes,  the  block  data 
fetched  for  the  requests  is  not  written  into  the 

45  cache. 
Therefore,  in  the  cache  system  of  the  prior  art, 

one  port  is  provided  for  each  type  of  data  fetch 
request  exclusively,  so  that,  during  the  operation  of 
the  block  fetch  request  for  one  type  of  data  fetch 

so  request,  the  operation  of  another  type  of  data  fetch 
request  can  be  commenced.  But,  in  the  cache 
system  of  the  prior  art,  the  block  fetch  operations 
for  the  successive  data  fetch  request  of  the  type 
can  not  be  carried  out  in  parallel. 

As  stated  above,  cache  systems  in  the  prior  art 

BACKGROUND  OF  THE  INVENTION 

(1)  Field  of  the  Invention 

The  present  invention  relates  to  a  cache  sys- 
tem.  A  cache  system  is  provided  to  speed  up 
operations  in  central  processing  unit  (CPU). 

(2)  Description  of  the  Related  Art 

In  general,  a  cache  system  comprises  a  cache 
(or  caches)  having  an  access  time  shorter  than  the 
main  memory,  and  temporarily  storing  a  part  of  the 
content  of  the  main  memory.  The  CPU  first  at- 
tempts  to  fetch  the  necessary  data  to  execute 
operations  from  the  cache,  but,  if  the  necessary 
data  does  not  exist  in  the  cache  (a  mishit  occurs), 
a  block  of  data  which  includes  the  necessary  data 
is  transferred  from  the  main  memory  to  the  cache. 

In  the  prior  art,  the  cache  system  is  provided 
with  one  fixed  port  for  each  type  of  data  fetch, 
through  which  a  block  of  data  is  transferred  from 
the  main  memory  system,  when  a  mishit  occurs. 
For  example,  in  some  types  of  data  processing 
system,  four  types  of  data  fetch  requests  are  gen- 
erated  in  the  CPU,  i.e.,  an  instruction  fetch  request, 
an  operand  fetch  request,  a  prefetch  request;  and 
an  address  translation  buffer  request,  For  each 
type  of  data  fetch  request,  one  fixed  port  is  pro- 
vided  exclusively. 

However,  in  the  cache  system  as  mentioned 
above,  when,  for  example,  the  same  type  of  the 
data  fetch  requests  and  mishits  thereof  in  the 
cache  frequently  occur,  any  request  for  transferring 
a  block  of  data  from  the  main  memory  correspond- 
ing  to  the  following  mishit  which  occurred  on  the 
following  data  fetch  request,  can  not  be  accepted 
until  the  transfer  of  a  block  of  data  from  the  main 
memory  on  the  previous  data  fetch  request  is  com- 
pleted,  as  only  one  port  is  available  for  the  same 
type  of  data  fetch  request.  Therefore,  after  the 
transfer  of  the  block  of  data  for  the  previous  data 
fetch  request  is  completed,  then  the  following  re- 
quest  for  transfer  of  a  block  of  data  is  sent  to  the 
main  memory  system,  and  after  a  certain  access 
time  has  elasped  in  the  main  memory  system,  the 
block  of  data  for  the  following  data  fetch  request  is 
transferred  to  the  cache  system. 

The  data  fetch  requests  of  the  same  type  are 
often  generated  successively  in  the  CPU.  For  ex- 
ample,  in  a  computer  system  in  which  pipe-line 
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are  not  efficient  in  the  case  of  transferring  a  block 
of  data  from  the  main  memory  system  when  a 
mishit  occurs,  for  the  data  fetch  requests  of  the 
same  type,  especially  when  mishits  frequently  oc- 
cur  for  the  data  fetch  requests  of  the  same  type. 

Fig.  10  shows  input  signals  and  output  sig- 
nals  of  the  instruction  pipeline  controller  in  the 
cache  system  in  the  embodiment  of  the  present 
invention; 

5  Figs.1  1  and  12  show  an  example  of  a  part  of 
a  construction  of  a  block  fetch  controller  in  the 
cache  system  in  the  embodiment  of  the  present 
invention;  and 

Figs.13A,  13B,  and  13C  show  timing  relation- 
io  ships  for  the  processing  cycles  and  the  main  sig- 

nals  in  the  cache  system  in  the  embodiment  of  the 
present  invention. 

SUMMARY  OF  THE  INVENTION 

The  object  of  the  present  invention  is  to  pro- 
vide  a  cache  system  which  enables  an  efficient 
transfer  of  a  block  of  data  from  the  main  memory 
system  when  a  mishit  occurs  for  the  data  fetch 
requests  of  the  same  type,  especially  when  mishits 
frequently  occur  for  the  data  fetch  requests  of  the 
same  type. 

According  to  the  present  invention,  there  is 
provided  a  cache  system  having  a  plurality  of  read- 
in  ports  through  which  data  fetched  from  the  main 
memory  system  can  be  input,  regardless  of  the 
type  of  the  data  fetch  request,  and  each  of  the  data 
fetch  requests  can  be  sent  out  from  the  available 
read-in  port,  even  during  a  data  fetch  operation  for 
a  previous  data  fetch  request  of  the  same  type. 

75  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Figure  1  is  a  schematic  diagram  showing  an 
outline  of  the  construction  of  a  part  of  a  data 

20  processing  system  pertaining  to  a  data  fetchby  the 
CPU,  to  which  the  present  invention  can  be  ap- 
plied. 

The  part  of  the  data  processing  system  shown 
in  Fig.1  ,  comprises:  a  central  processing  unit  (CPU) 

25  1,  a  memory  control  unit  (MCU)  2,  and  a  main 
storage  (MS)  3.  The  CPU  1  comprises:  an  instruc- 
tion  unit  (lu)  1A,  a  storage  control  unit  (Su)  1B,  and 
an  execution  unit  (Eu)  1C.  Further,  the  instruction 
unit  (lu)  1A  comprises  an  instruction  word  register 

30  (IWR)  64;  the  execution  unit  (Eu)  1C  comprises  an 
operand  word  register  (OWR)  62;  and  the  storage 
control  unit  (Su)  1  B  comprises  two  caches:  one  for 
an  instruction  fetch,  denoted  as  IF  CACHE  4;  and 
the  other  for  an  operand  fetch  denoted  as  OP 

35  CACHE  5. 
All  data  for  the  CPU  1,  including  instructions 

and  the  other  data,  is  stored  in  the  main  storage 
(MS)  3.  As  mentioned  before,  the  CPU  1  fetches 
instructions  and  operands  from  the  main  storage 

40  (MS)  3  in  accordance  with  a  execution  program. 
The  memory  control  unit  (MCU)  2  generally  con- 
trols  the  reading  and  writing  operations  of  the  main 
storage  (MS)  3.  In  the  CPU  1,  the  instruction  unit 
(lu)  1A  inputs  an  instruction,  holds  the  instruction  at 

45  the  instruction  word  register  (IWR)  64,  and  then 
decodes  and  controls  the  execution  of  the  instruc- 
tion.  Under  the  control  of  the  instruction  unit  (lu) 
1A,  the  execution  unit  (Eu)  1C  inputs  an  operand, 
holds  the  operand  at  the  operand  word  register 

so  (OWR)  62,  and  executes  an  arithmetic  or  logic 
operation  on  the  operands.  The  storage  control  unit 
(Su)  1  B  is  provided  for  reading  the  data  necessary 
in  the  instruction  unit  (lu)  1A  and  the  execution  unit 
(Eu)  1C  from  the  main  storage  (MS)  3,  and  for 

55  writing  the  results  into  the  main  storage  (MS)  3. 
The  main  parts  of  the  construction  of  the  cache 
system  are  included  in  the  storage  control  unit  (Su) 
1B. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 

In  the  drawings: 
Figure  1  shows  an  outline  of  the  construction 

of  the  data  processing  system  to  which  the  present 
invention  is  applied; 

Fig.2  shows  the  sequence  of  the  main  sig- 
nals  between  the  components  in  Fig.1; 

Figs.3A  and  3B  show  a  construction  of  the 
address  control  system  in  a  conventional  cache 
system; 

Fig.4  shows  a  construction  of  the  data 
moving-in  and  bypassing  system  in  the  conven- 
tional  cache  system; 

Figs.5A;  5B,  and  5C  show  a  timing  relation- 
ship  of  the  processing  cycles  and  the  main  signals 
in  the  conventional  cache  system  of  Figs.  3A,  3B 
and  4; 

Figs.6A  and  6B  show  a  construction  of  the 
address  control  system  in  a  cache  system  in  the 
embodiment  of  the  present  invention; 

Fig.7  shows  a  construction  of  the  data 
moving-in  and  bypassing  system  in  the  cache  sys- 
tem  in  the  embodiment  of  the  present  invention; 

Fig.8  shows  input  signals  and  output  signals 
of  the  block  fetch  controller  in  the  cache  system  in 
the  embodiment  of  the  present  invention; 

Fig.9  shows  input  signals  and  output  signals 
of  the  operand  pipeline  controller  in  the  cache 
system  in  the  embodiment  of  the  present  invention; 
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the  instruction  fetch  sequence  but  this  case,  the 
operand  fetch  sequence  is  started  by  an  operand 
fetch  request  (OP-REQ)  from  the  instruction  unit 
(lu)  1A  to  the  storage  control  unit  (Su)  1B.  If  the 

5  operand  data  requested  by  the  operand  fetch  re- 
quest  (OP-REQ)  exists  in  the  operand  fetch  cache 
(OP  CACHE)  5  in  the  storage  control  unit  (Su)  1  B, 
i.e.,  a  hit  occurs,  the  storage  control  unit  (Su)  1B 
sends  an  operand  fetch  status  valid  signal  (OP- 

io  STV)  to  the  instruction  unit  (lu)  1A.  Otherwise,  if  the 
operand  data  requested  by  the  operand  fetch  re- 
quest  (OP-REQ)  does  not  exist  in  the  operand 
fetch  cache  (OP  CACHE)  5,  i.e.,  a  mishit  occurs, 
the  storage  control  unit  (Su)  1  B  sends  an  operand 

75  fetch  line  missing  detect  signal  (OP-LMD)  to  the 
instruction  unit  (lu)  1A.  At  this  time,  the  storage 
control  unit  (Su)  1  B  sends  a  main  storage  request 
signal  (MS-REQ),  with  a  main  storage  request 
address-signal  (MS-REQ-  ADRS)  and  a  request 

20  identifier  (REQ-ID)  to  the  memory  control  unit 
(MCU)  2.  The  main  storage  request  address  signal 
(MS-REQ-ADRS)  has  address  information  of  the 
block  of  data  which  includes  the  operand  data  first 
requested  by  the  instruction  unit  (lu)  1A,  and  the 

25  request  identifier  (REQ-ID)  has  information  of  the 
type  of  the  data  fetch,  i.e.,  in  this  case,  the  request 
identifier  (REQ-ID)  indicates  that  this  data  fetch  is 
an  operand  fetch. 

In  accordance  with  the  main  storage  request 
30  signal  (MS-REQ),  the  memory  control  unit  (MCU)  2 

controls  the  main  storage  (MS)  3  to  read  out  a 
block  of  data,  and  accordingly,  the  block  of  data 
are  read  out  from  the  main  storage  (MS)  3  ,  a  few 
cycle  after  the  output  of  the  corresponding  return 

35  identifier  (RTN-ID)  and  data  identifier  (DATA-ID). 
Figures  3A  and  3B  show  a  construction  of  the 

address  control  system  in  a  conventional  cache 
system.  In  Figs.  3A  and  3B,  the  construction  con- 
sists  of  four  sections:  the  P-cycle  section,  T-cycle 

40  or  W-cycle  section,  B-cycle  or  S-cycle  section,  and 
R-cycle  section.  The  P-cycle  is  a  priority  cycle;  the 
T-cycle  is  an  address  translation  cycle  or  a  search 
cycle;  the  W-cycle  is  a  writing  cycle  in  a  cache 
directory;  the  B-cycle  is  a  reading  cycle  from  a 

45  data  array  of  a  cache;  the  S-cycle  is  a  writing  cycle 
to  a  cache  data  array;  and  the  R-cycle  is  a  result 
cycle. 

In  the  construction  of  Figs.  3A  and  3B,  the  P- 
cycle  section  comprises  an  operand  address  selec- 

50  tor  10  and  an  instruction  address  selector  15.  In  the 
construction  of  Figs.  3A  and  3B,  the  T-cycie  or  W- 
cycle  section  comprises  an  operand  T-cycle  effec- 
tive  address  register  (OP-TEAR)  1  1  ,  an  instruction 
T-cycle  effective  address  register  (IF-TEAR)  16,  an 

55  operand  address  translation  buffer  (OP-TLB)  12,  an 
instruction  address  translation  buffer  (IF-TLB)  17, 
an  operand  cache  directory  13,  an  instruction 
cache  directory  18,  and  comparators  14  and  19.  In 

Hereinafter  in  this  specification,  the  preferred 
embodiment  of  the  present  invention  is  explained 
with  comparison  to  a  conventional  cache  system. 
The  conventional  cache  system  is  first  explained  as 
follows. 

Figure  2  shows  the  main  signals  between  the 
components  of  the  construction  of  Fig.1,  and  the 
sequences  of  the  signals,  pertaining  to  a  data  fetch, 
more  particularly,  an  instruction  fetch  and  operand 
fetch.  First,  referring  to  Fig.2,  the  main  sequences 
of  the  conventional  data  fetch  with  a  cache  system 
are  explained. 

The  sequence  of  a  instruction  fetch  is  started 
by  a  instruction  fetch  request  (IF-REQ)  sent  from 
the  instruction  unit  (lu)  1A  to  the  storage  control 
unit  (Su)  1B.  If  the  instruction  data  requested  by 
the  instruction  fetch  request  (IF-REQ)  exists  in  the 
instruction  fetch  cache  (IF  CACHE  4)  in  the  storage 
control  unit  (Su)  1B,  i.e.,  a  hit  occurs,  the  storage 
control  unit  (Su)  1B  sends  an  instruction  fetch 
status  valid  signal  (IF-STV)  to  the  instruction  unit 
(lu)  1A,  but,  if  the  instruction  data  requested  by  the 
instruction  fetch  request  (IF-REQ)  does  not  exist  in 
the  instruction  fetch  cache  (IF  CACHE)  4,  i.e.,  a 
mishit  occurs,  the  storage  control  unit  (Su)  1B 
sends  an  instruction  fetch  line  missing  detect  sig- 
nal  (IF-LMD)  to  the  instruction  unit  (Iu)  1A.  At  this 
time,  the  storage  control  unit  (Su)  1  B  sends  a  main 
storage  request  signal  (MS-REQ),  with  a  main  stor- 
age  request  address  signal  (MS-REQ-ADRS)  and  a 
request  identifier  (REQ-ID),  to  the  memory  control 
unit  (MCU)  2.  The  main  storage  request  address 
signal  (MS-REQ-ADRS)  has  address  information  of 
the  block  of  data  which  includes  the  instruction 
data  first  requested  by  the  instruction  unit  (lu)  1A; 
and  the  request  identifier  (REQ-ID)  has  information 
on  the  type  of  the  data  fetch,  i.e.,  in  this  case,  the 
request  identifier  (REQ-ID)  indicates  that  this  data 
fetch  is  an  instruction  fetch. 

In  accordance  with  the  main  storage  request 
signal  (MS-REQ),  the  memory  control  unit  (MCU)  2 
controls  the  main  storage  (MS)  3  to  read  out  the 
block  of  data.  Accordingly,  the  block  of  data  are 
read  out  from  the  main  storage  (MS)  3,  a  few  cycle 
after  the  time  that  a  return  identifier  (RTN-ID)  and  a 
data  identifier  (DATA-ID)  are  output,  where  the  re- 
turn  identifier  (RTN-ID)  has  the  same  information 
as  the  corresponding  request  identifier  (REQ-ID), 
and  a  data  identifier  (DATA-ID)  indicates  the  num- 
ber  for  identifying  each  set  of  data  which  is  sent 
each  cycle.  A  block  of  data  is  divided  into  a  pre- 
determined  number  of  sets  of  data,  and  is  sent  by 
one  set  of  data  at  each  cycle,  e.g.,  a  block  of  data 
consisting  of  64  bytes  is  sent  in  sets  of  8  bytes  of 
data  per  cycle  for  8  cycles.  In  this  case,  the  data 
identifier  (DATA-ID)  indicates  0,1,2,  . . .   7  for  each 
set  of  data. 

The  operand  fetch  sequence  is  just  similar  to 
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align  circuit  61,  the  operand  word  register  (OWR) 
62  and  the  instruction  word  register  (IWR)  64,  as 
shown  in  Fig1,  an  address  translation  buffer  re- 
quest  data  register  63,  and  a  dynamic  address 

5  translation  (DAT)  circuit  65. 
The  function  and  operation  of  the  conventional 

cache  system  is  explained  below  with  reference  to 
Figs.  3A,  3B,  and  4. 

First,  assume  that  the  instruction  unit  (lu)  1A 
10  outputs  the  operand  fetch  request  (OP-REQ)  to- 

gether  with  the  operand  fetch  request  address  sig- 
nal  (OP-REQ-ADRS)  to  the  storage  control  unit  (Su) 
1B.  The  storage  control  unit  (Su)  1B  receives  the 
operand  fetch  request  address  signal  (OP-REQ- 

75  ADRS)  at  input  terminals  of  the  operand  address 
selector  0  in  the  P-cycle.  Although  the  outputs  of 
the  operand  fetch  block  address  register  (OP- 
BFAR)  31  ,  the  prefetch  block  address  register  (PR- 
BFAR)  32,  and  the  TLB  block  fetch  address  regis- 

20  ter  (TR-BFAR)  33  are  also  applied  to  the  input 
terminals  of  the  operand  address  selector  10,  at 
this  time,  the  operand  fetch  request  address  signal 
(OP-REQ-ADRS)  is  output,  under  the  control  of  the 
operand  address  select  signal  (OP-ADRS-SEL), 

25  and  the  output  of  the  operand  address  selector  10 
is  applied  to  the  operand  T-cycle  effective  address 
register  (OP-TEAR)  1  1  . 

In  the  T-cycle,  the  operand  fetch  request  ad- 
dress  signal  (OP-REQ-ADRS)  is  latched  in  the 

30  operand  T-cycle  effective  address  register  (OP- 
TEAR)  11  as  an  effective  address,  and  is  output  to 
the  operand  address  translation  buffer  (OP-TLB) 
12.  The  operand  address  translation  buffer  (OP- 
TLB)  12  receives  the  above-mentioned  effective 

35  address,  and  transforms  it  to  a  corresponding  ab- 
solute  address.  The  absolute  address  is  then  ap- 
plied  to  the  operand  B-cycle  absolute  address  reg- 
ister  (OP-BAAR)  20. 

On  the  other  hand,  a  part  of  the  above  effective 
40  address  held  in  the  operand  T-cycle  effective  ad- 

dress  register  (OP-TEAR)  11  is  applied  to  the 
operand  cache  directory  13  as  a  tag  address.  Each 
of  the  caches  provided  for  each  of  the  operand 
fetch  system  or  the  instruction  fetch  system,  as 

45  shown  in  Fig.3A  and  3B,  consists  of  a  cache  direc- 
tory  13  or  18  and  a  cache  data  array  23  or  27, 
respectively,  and  each  of  the  caches,  i.e.,  each  of 
the  cache  directories  13  and  18  and  cache  data 
arraies  23  and  27,  comprises  16  ways,  WAY  0, 

so  WAY  1  ,  . . .   WAY  F(in  hexadecimal  numbers). 
Notes  each  way  corresponds  to  64  bytes  of  data. 
The  comparator  14  compares  the  output  of  the 
operand  cache  directory  13  corresponding  to  the 
tag  address  with  the  output  of  the  operand  address 

55  translation  buffer  (OP-TLB)  12,  i.e.,  the  abovemen- 
tioned  absolute  address,  which  is  used  as  a  com- 
parison  tag  address.  The  output  of  the  comparator 
14  is  then  applied  to  the  operand  directory  match- 

the  construction  of  Figs.  3A  and  3B,  the  B-cycle  or 
S-cycle  section  comprises  an  operand  B-cycle  ab- 
solute  address  register  (OP-BAAR)  20,  an  instruc- 
tion  B-cycle  absolute  address  register  (IF-BAAR) 
24,  an  operand  directory  matching  register  (OP- 
DMR)  21  ,  an  instruction  directory  matching  register 
(IF-DMR)  25,  an  operand  B-cycle  effective  address 
register  (OP-BEAR)  22,  an  instruction  B-cycle  ef- 
fective  address  register  (IF-BEAR)  26,  an  operand 
cache  data  array  23,  and  instruction  cache  data 
array  27.  In  the  construction  of  Figs.  3A  and  3B, 
the  R-cycle  section  comprises  a  main  storage  ad- 
dress  register  (MSAR)  30,  an  operand  fetch  block 
address  register  (OP-BFAR)  31,  a  prefetch  block 
address  register  (PR-BFAR)  32,  a  TLB  block  fetch 
address  register  (TR-BFAR)  33,  and  an  instruction 
fetch  block  address  register  (IF-BFAR)  34.  "PIPE- 
CNTL"  and  "BF-CNTL"  denote  logic  circuits,  and 
are  a  pipeline  controier  and  a  block  fetch  controller, 
respectively,  each  of  which  outputs  control  signals 
as  mentioned  before  with  reference  to  Fig.2.  The 
other  control  signals  will  be  described  later. 

Figure  4  shows  a  construction  of  the  data 
moving-in  and  bypassing  system  in  the  abovemen- 
tioned  conventional  cache  system. 

The  construction  of  Fig.  4  comprises  an 
operand  move-in  register  for  even-numbered  sets 
of  data  (OP-MIR-EVN)  40,  an  operand  move-in 
register  for  odd-numbered  sets  of  data  (OP-MIR- 
ODD)  41,  a  prefetch  move-in  register  for  even- 
numbered  sets  of  data  (PR-MIR-EVN)  42,  a 
prefetch  move-in  register  for  odd-numbered  sets  of 
data  (PR-MIR-ODD)  43,  an  address  translation  buff- 
er  move-in  register  for  even-numbered  sets  of  data 
(TR-MIR-EVN)  44,  an  address  translation  buffer 
move-in  register  for  odd-numbered  sets  of  data 
(TR-MIR-ODD)  45,  an  instruction  move-in  register 
for  even-numbered  sets  of  data  (IF-MIR-EVN)  46, 
an  instruction  move-in  register  for  odd-numbered 
sets  of  data.  (IF-MIR-ODD)  47,  an  operand  move-in 
register  output  selector  for  even-numbered  sets  of 
data  48,  an  operand  move-in  register  output  selec- 
tor  for  odd-numbered  sets  of  data  49,  an  operand 
cache  data-in  register  for  even-numbered  sets  of 
data  (OP-CDIR-EVN)  50,  an  operand  cache  data-in 
register  for  odd-numbered  sets  of  data  (OP-CDIR- 
ODD)  51,  an  instruction  cache  data-in  register  for 
even-numbered  sets  of  data  (IF-CDIR-EVN)  52,  an 
instruction  cache  data-in  register  for  odd-numbered 
sets  of  data  (IF-CDIR-ODD)  53,  an  operand  bypass 
data  selector  54,  an  instruction  bypass  data  selec- 
tor  55,  the  operand  cache  data  array  23  and  the 
instruction  cache  data  array  27  as  shown  in  Fig.3A 
and  3B,  and  operand  cache  data  array  output  se- 
lector  56,  an  instruction  cache  data  array  output 
selector  57,  an  operand  bypass/cache  selector  58, 
an  instruction  bypass/cache  selector  59,  an 
operand  data  align  circuit  60,  an  instruction  data 
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control  unit  (MCU)  2  as  a  main  storage  request 
address  signal  (MS-REQ-ADRS).  The  absolute  ad- 
dress  is  also  applied  to  the  operand  fetch  block 
address  register  (OP-BFAR)  31  and  is  held  in  the 

5  operand  fetch  block  register  (OP-BFAR)  31  during 
the  corresponding  block  fetch  operation.  The  out- 
put  of  the  operand  fetch  block  address  register 
(OP-BFAR)  31  is  applied  to  the  corresponding  in- 
put  terminal  of  the  operand  address  selector  10. 

w  At  this  time,  the  output  of  the  operand  directory 
matching  register  (OP-DMR)  21  is  sent  to  the  logic 
circuit  "BF-CNTL",  and  accordingly,  the  logic  cir- 
cuit  "BF-CNTL"  outputs  the  aforementioned  main 
storage  request  signal  (MS-REQ)  and  the  request 

75  identifier  (REQ-ID)  to  the  memory  control  unit 
(MCU)  2,  thus  commencing  the  operation  of  fetch- 
ing  the  block  of  data  in  which  the  requested 
operand  data  is  included. 

In  the  process  for  a  prefetch  or  address  trans- 
20  lation  buffer  request,  when  a  block  fetch  from  the 

memory  control  unit  (MCU)  2  is  carried  out,  an 
address  signal  is  held  in  the  main  storage  address 
register  (MSAR)  30  and  then  sent  to  the  memory 
control  unit  (MCU)  2.  The  address  is  also  held  in 

25  the  prefetch  block  address  register  (PR-BFAR)  32 
or  the  TLB  block  fetch  address  register  (TR-BFAR) 
33  during  the  block  fetch  operation.  The  outputs  of 
the  prefetch  block  address  register  (PR-BFAR)  32 
and  the  TLB  block  fetch  address  register  (TR- 

30  BFAR)  33  are  applied  to  the  corresponding  input 
terminals  of  the  operand  address  selector  10. 

The  block  fetch  mentioned  above  is  carried  out 
for  64  bytes,  and  in  practice,  8  bytes  of  the  data 
from  the  main  storage  (MS)  3  is  sent  8  times,  i.e., 

35  8-bytes  of  data  per  cycle  are  sent  over  8  cycles. 
The  data  identifier  (DATA-ID)  of  the  prior  art  in- 
dicates  the  identifying  number  of  each  sets  of  8- 
bytes  of  data  in  a  block,  i.e.,  0,1,  . . .   7.  The  data- 
out  warning  signal  (DOW),  the  return  identifier 

40  (RTN-ID),  and  the  data  identifier  (DATA-ID)  are 
output  from  the  main  storage  (MS)  3,  3  cycles  (3t) 
prior  to  the  data  (MS-DATA).  The  data-out  warning 
signal  (DOW),  the  return  identifier  (RTN-ID),  and 
the  data  identifier  (DATA-ID)  are  transformed  to 

45  control  signals  in  the  logic  circuit  "BF-CNTL",  and 
these  control  signals  are  used  for  controlling  the 
moving-in  and  bypassing  operations  of  the  data 
(MS-DATA),  and  therefore,  the  output  of  the  data 
must  be  made  3  cycles  (3t)  earlier  for  adjusting 

so  the  timings  of  the  control  signals  in  some  stages  of 
those  operations  of  the  data  (MS-DATA). 

Three  cycles  (3t)  after  the  time  that  the  first 
data-out  warning  signal  (DOW)  is  output,  the  logic 
circuit  "BF-CNTL"  outputs  an  operand  bypass  re- 

55  quest  (OP-BP-REQ)  to  the  logic  circuit  "PIPE- 
CNTL".  In  accordance  with  this  signal,  the  logic 
circuit  "P1PE-CNTL"  outputs  the  operand  line  miss- 
ing  release  signal  (OP-LMR)  for  the  data  fetch 

ing  register  (OP-DMR)  21  . 
In  addition,  the  output  of  the  operand  T-cycle 

effective  address  register  (OP-TEAR)  11,  i.e.,  the 
effective  address  is  applied  to  the  operand  B-cycle 
effective  address  register  (OP-BEAR)  22. 

In  the  B-cycle,  the  output  of  the  comparator  14 
is  latched  in  the  operand  directory  matching  regis- 
ter  (OP-DMR)  21.  If  an  output  from  a  certain  way  of 
the  operand  cache  directory  and  the  comparison 
tag  address  are  matched,  i.e.,  a  hit  occurs,  the 
output  of  the  operand  directory  matching  register 
(OP-DMR)  21  is  sent  to  the  logic  circuit  "PIPE- 
CNTL",  and  accordingly,  the  logic  circuit  "PIPE- 
CNTL"  outputs  the  operand  fetch  status  valid  sig- 
nal  (OP-STV)  to  the  instruction  unit  (lu)  1A.  At  the 
same  time,  the  effective  address  is  held  in  the 
operand  B-cycle  effective  address  register  (OP- 
BEAR)  22,  and  the  output,  i.e.,  the  effective  ad- 
dress  is  applied  to  the  operand  cache  data  array 
23  as  an  address  for  reading  out  the  data.  Accord- 
ingly,  the  data  of  the  address  from  the  1  6  ways  in 
the  operand  cache  data  array  23  is  read  out  and 
applied  to  the  operand  cache  data  array  output 
selector  56  shown  in  Fig.5.  At  this  time,  a  signal 
S1,  which  indicates  a  matched  way,  is  also  output 
from  the  operand  directory  matching  register  (OP- 
DMR)  21  ,  and  is  applied  to  the  control  signal  input 
terminal  of  the  operand  cache  data  array  output 
selector  56.  Under  the  control  of  the  signal  S1  ,  the 
data  requested  by  the  instruction  unit  (lu)  1A  is 
output  from  the  operand  cache  data  array  output 
selector  56  and  is  applied  to  the  instruction 
bypass/cache  selector  59  as  one  of  the  input  data. 

In  the  case  of  a  hit,  in  the  R-cycle,  the  data 
requested  by  the  instruction  unit  (lu)  1  A  is  output  at 
the  operand  bypass/cache  selector  58  under  the 
control  of  the  signal  S1,  the  head  of  the  selected 
data  is  then  correctly  positioned  through  the 
operand  data  align  circuit  60,  and  the  data  is 
latched  in  the  operand  word  register  (OWR)  62  in 
the  execution  unit  (Eu)  1C. 

In  the  case  of  a  mishit,  i.e.,  the  tag  address 
and  the  comparison  tag  address  are  not  matched, 
in  the  B-cycle,  the  output  of  the  comparator  14, 
latched  in  the  operand  directory  matching  register 
(OP-DMR)  21  is  sent  to  the  logic  circuit  "PIPE- 
CNTL",  and  accordingly,  the  logic  circuit  "PIPE- 
CNTL"  outputs  the  operand  fetch  line  missing  de- 
tect  signal  (OP-LMD)  to  the  instruction  unit  (lu)  1  A. 

At  the  same  time,  the  output  of  the  operand 
address  translation  buffer  (OP-TLB)  12,  i.e.,  the 
absolute  address,  is  held  in  the  operand  B-cycle 
absolute  address  register  (OP-BAAR)  20,  and  the 
output  of  the  register  20  is  applied  to  the  main 
storage  address  register  (MSAR)  30.  This  output, 
i.e.,  the  absolute  address,  in  the  R-cycle,  is  held  in 
the  main  storage  address  register  (MSAR)  30,  and 
the  output  of  the  register  30  is  sent  to  the  memory 
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request  for  which  the  operand  fetch  line  missing 
detect  signal  (OP-LMD)  was  output,  to  the  instruc- 
tion  unit  (lu)  1A,  and  accordingly,  the  instruction 
unit  (lu)  1A  again  sends  the  operand  fetch  request 
(OP-REQ)  once  again  to  the  storage  control  unit 
(Su)  1B.  At  this  time,  the  logic  circuit  "PIPE-CNTL" 
also  outputs  the  operand  address  select  signal 
(OP-ADRS-SEL)  to  the  operand  address  selector 
10  shown  in  Fig.3A  and  3B,  to  select  the  output  of 
the  operand  fetch  block  address  register  (OP- 
BFAR)  31  from  among  the  address  signals  applied 
to  the  input  terminals  of  the  operand  address  se- 
lector  1  0. 

The  selected  address  is  held  in  the  operand  T- 
cycle  effective  address  register  (OP-TEAR)  11  in 
the  W-cycle.  In  the  W-cycle,  the  content  of  a  way 
in  the  operand  cache  directory  13  in  Fig.3A  is 
rewritten  by  a  part  of  the  address  held  in  the 
operand  T-cycle  effective  address  register  (OP- 
TEAR)  11,  and  a  constant  number  of  less  signifi- 
cant  bits  of  the  address  is  applied  to  the  operand 
B-cycle  effective  address  register  (OP-BEAR)  22 
shown  in  Fig.3B. 

In  the  S-cycle,  the  address  is  held  in  the 
operand  B-cycle  effective  address  register  (OP- 
BEAR)  22,  and  the  output  of  the  register  22  is  then 
applied  to  the  operand  cache  data  array  23  shown 
in  Fig.3B  as  an  address  in  which  a  block  of  data  is 
to  be  written. 

As  readily  understood  from  the  similarity  be- 
tween  the  constructions  of  the  address  control  sys- 
tems  for  the  operand  fetch  and  instruction  fetch 
shown  in  Fig.3A  and  3B,  the  function  and  operation 
of  the  address  control  systems  for  the  instruction 
fetch  is  similar  to  that  of  operand  fetch  mentioned 
above. 

Referring  to  Fig.4,  for  the  operand  fetch,  a  sets 
of  8-bytes  of  data  sent  from  the  main  storage  (MS) 
3  in  each  cycle  for  a  block  fetch  is  held  alter- 
natively  in  the  operand  move-in  register  for  even- 
numbered  sets  of  data  (OP-MIR-EVN)  40  and  in 
the  operand  move-in  register  for  odd-numbered 
sets  of  data  (OP-MIR-ODD)  41,  i.e.,  each  sets  of  8- 
bytes  of  data  having  (DATA-ID)  =  0,  2,4,6,  is  held 
in  the  operand  move-in  register  for  even-numbered 
sets  of  data  (OP-MIR-EVN)  40,  and  each  sets  of  8- 
bytes  of  data  having  (DATA-ID)  =  1,3,5,7,  is  held 
in  the  operand  move-in  register  for  odd-numbered 
sets  of  data  (OP-MIR-ODD)  41  ,  under  the  control  of 
control  signals  output  from  the  logic  circuit  "PIPE- 
CNTL"  corresponding  to  the  request  indentifier 
(REQ-ID)  and  the  data  identifier  (DATA-ID). 

In  the  construction  of  Fig.4,  the  data  read-in 
port  comprises  a  pair  of  move-in  registers  consist- 
ing  of  one  register  for  even-numbered  sets  of  data 
and  another  register  for  odd-numbered  sets  of  data 
provided  exclusively  for  each  type  of  data  fetch; 
i.e.,  operand  fetch,  prefetch,  data  fetch  for  address 

translation  buffer  rewriting,  and  instruction  fetch. 
The  outputs  of  the  operand  move-in  register  for 

even-numbered  sets  of  data  (OP-MIR-EVN)  40,  the 
prefetch  move-in  register  for  even-numbered  sets 

5  of  data  (PR-MIR-EVN)  42,  and  the  address  transla- 
tion  buffer  move-in  register  for  even-numbered  sets 
of  data  (TR-MIR-EVN)  44,  are  applied  to  the 
operand  move-in  register  output  selector  for  even- 
numbered  sets  of  data  48,  and  the  outputs  of  the 

w  operand  move-in  register  for  odd-numbered  sets  of 
data  (OP-MIR-ODD)  41  ,  the  prefetch  move-in  regis- 
ter  for  odd-numbered  sets  of  data  (PR-MIR-ODD) 
43,  and  the  address  translation  buffer  move-in  reg- 
ister  for  odd-numbered  sets  of  data  (TR-MIR-ODD) 

15  45,  are  applied  to  the  operand  move-in  register 
output  selector  for  odd-numbered  sets  of  data  49. 
In  each  selector  48  and  49,  the  output  is  selected 
under  the  control  of  the  operand  move-in  register 
output  select  signal  (OP-MIR-OUT-SEL)  output 

20  from  the  logic  circuit  "BF-CNTL"  according  to  the 
return  identifier  (RTN-ID).  The  output  of  the 
operand  move-in  register  output  selector  for  even- 
numbered  sets  of  data  48  is  applied  to  the  operand 
cache  data-in  register  for  even-numbered  sets  of 

25  data  (OP-CDIR-EVN)  50,  and  the  output  of  the 
operand  move-in  register  output  selector  for  odd- 
numbered  sets  of  data  49  is  applied  to  the  operand 
cache  data-in  register  for  odd-numbered  sets  of 
data(OP-CDIR-ODD)51. 

30  Similarly,  in  the  construction  of  Fig.4,  the  out- 
put  of  the  instruction  move-in  register  for  even- 
numbered  sets  of  data  (IF-MIR-EVN)  46  is  applied 
to  the  instruction  cache  data  in  the  register  for 
even-numbered  sets  of  data  (IF-CDIR-EVN)  52,  and 

35  the  output  of  the  instruction  move-in  register  for 
odd-numbered  sets  of  data  (IF-MIR-ODD)  47  is 
applied  to  the  instruction  cache  data-in  the  register 
for  odd-numbered  sets  of  data  (IF-CDIR-ODD)  53. 

Every  time  both  of  the  operand  move-in  regis- 
40  ter  for  even-numbered  sets  of  data  (OP-MIR-EVN) 

40  and  the  operand  move-in  register  for  odd-num- 
bered  sets  of  data  (OP-MIR-ODD)  41  are  filled  with 
a  new  8-bytes  of  data,  the  16  bytes  of  data  as  a 
total  are  applied  to  the  input  terminal  of  the 

45  operand  cache  data  array  23,  and  then,  under  the 
control  of  an  output  of  the  logic  circuit  "BF-CNTL" 
the  1  6  bytes  of  the  data  are  written  in  the  operand 
cache  data  array  23.  By  repeating  this  operation  4 
times,  a  block  of  data,  i.e.,  64  bytes  of  data,  is 

so  moved  into  the  operand  cache  data  array  23. 
Similarly,  every  time  both  of  the  instruction 

move-in  register  for  even-numbered  sets  of  data 
(IF-MIR-EVN)  46  and  the  instruction  move-in  regis- 
ter  for  odd-numbered  sets  of  data  (IF-MIR-ODD)  47 

55  are  filled  with  a  new  8-bytes  of  data,  the  16  bytes 
of  data  as  a  total  are  applied  to  the  input  terminal 
of  the  instruction  cache  data  array  27,  and  then, 
under  the  control  of  another  output  of  the  logic 
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the  case  of  hit,  or  selects  the  output  of  the  instruc- 
tion  bypass  data  selector  55  in  the  case  of  a 
mishit. 

Figures  5A,  5B,  and  5C  show  a  timing  relation- 
5  ship  of  the  processing  cycles  and  the  main  signals 

in  the  conventional  cache  system  shown  in 
Figs.3A,  3B,  and  4. 

In  the  central  processing  unit  (CPU)  1  of  this 
embodiment,  a  pipeline  processing  is  executed., 

10  and  therefore,  an  instruction  fetch  request  is  usu- 
ally  output  from  the  instruction  unit  (lu)  1A  at  each 
cycle.  As  shown  in  Fig.5A,  at  the  time  ti  ,  the  first 
operand  fetch  request  (OP-REQ)  is  output,  and 
then  at  the  time  t2,  the  second  operand  fetch 

15  request  (OP-REQ)  of  the  same  type,  i.e.,  an 
operand  fetch  request,  is  output,  and  at  the  time  t3  , 
the  third  operand  fetch  request  (OP-REQ)  is  output. 

As  readily  understood  from  the  construction 
shown  in  Figs.3A  and  3B,  because  the  processing 

20  for  the  same  type  of  the  data  fetch  request,  can  not 
be  executed  at  the  same  time,  in  each  section  of 
the  construction  in  Figs.3A  and  3B,  the  processing 
cycle  for  the  second  operand  fetch  request  (OP- 
REQ)  stops  at  the  B-cycle  at  the  time  fe,  and  the 

25  processing  cycle  for  the  third  operand  fetch  re- 
quest  (OP-REQ)  stops  at  the  T-cycle  at  the  time  fe. 

Regarding  the  processing  cycle  for  the  first 
operand  fetch  request  (OP-REQ),  at  the  time  ti 
corresponding  to  the  first  operand  fetch  request 

30  (OP-REQ),  the  operand  address  select  signal  (OP- 
ADRS-SEL)  for  selecting  the  corresponding 
operand  fetch  request  address  signal  (OP-REQ- 
ADRS)  at  the  operand  address  selector  8  in  Fig.3A, 
is  output.  After  a  search  of  the  operand  cache 

35  directory  13,  at  the  time  t3,  the  result  of  the  search 
is  held  in  the  operand  directory  matching  register 
(OP-DMR)21. 

In  Figure  5A,  shows  the  case  when  a  mishit 
occurs,  wherein,  in  the  following  R-cycle,  the 

40  operand  fetch  line  missing  detect  signal  (OP-LMD) 
is  sent  at  the  time  t*  to  the  instruction  unit  (lu)  1A, 
and  the  main  storage  request  signal  (MS-REQ)  and 
the  request  identifier  (REQ-ID)  are  sent  to  the 
memory  control  unit  (MCU)  2.  At  the  same  time,  to 

45  indicate  that  a  block  fetch  is  in  operation,  a 
operand  block  fetch  address  register  valid  signal 
(OP-BFAR-VAL)  becomes  active.  Corresponding  to 
the  above  main  storage  request  (MS-REQ),  at  the 
time  t7,  i.e.,  about  20  cycles(20r)  after  the  request 

so  (MS-REQ)  and  the  request  identifier  (REQ-ID)  are 
output,  the  transfer  of  the  corresponding  block  of 
data  MS-DATA  from  the  memory  control  unit 
(MCU)  2  begins. 

As  mentioned  before,  the  data-out  warning  sig- 
55  nal  (DOW),  the  return  identifier  (RTN-ID),  and  the 

data  identifier  (DATA-ID)  are  output  from  the  mem- 
ory  control  unit  (MCU)  2,  3  cycles  (3t)  before  the 
output  of  the  data  (MS-DATA),  at  the  time  ts.  In 

circuit  "BF-CNTL"  the  16  bytes  of  the  data  are 
written  in  the  instruction  cache  data  array  27.  By 
repeating  this  operation  4  times,  a  block  of  data, 
i.e.,  64  bytes  of  data,  is  moved  into  the  instruction 
cache  data  array  27. 

On  the  other  hand,  under  the  control  of  control 
signals  output  by  the  logic  circuit  "BF-CNTL"  and 
the  logic  circuit  "PIPE-CNTL",  the  data  requested 
by  the  instruction  unit  (lu)  1A  can  be  directly  sent, 
i.e.,  by  bypassing  the  cache,  from  the  operand 
cache  data-in  register  for  even-numbered  sets  of 
data  (OP-CDIR-EVN)  50  to  the  operand  word  regis- 
ter  (OWR)  62  or  the  address  translation  buffer 
request  data  register  63,  or  from  the  operand 
cache  data-in  register  for  odd-numbered  sets  of 
data  (OP-CDIR-ODD)  51  to  the  operand  word  regis- 
ter  (OWR)  62  or  the  address  translation  buffer 
request  data  register  63.  Also  under  the  control  by 
control  signals  output  by  the  logic  circuit  "BF- 
CNTL"  and  the  aforementioned  logic  circuit  "PIPE* 
CNTL",  the  data  requested  by  the  instruction  unit 
(lu)  1A  can  be  directly  sent,  i.e.,  by  bypassing  the 
cache,  from  the  instruction  cache  data-in  register 
for  even-numbered  sets  of  data  (IF-CDIR-EVN)  52 
or  the  instruction  cache  data-in  register  for"  odd- 
numbered  sets  of  data  (IF-CDIR-ODD)  53,  to  the 
instruction  word  register  (IWR)  64. 

In  detail,  the  bypassing  operation  is  executed 
as  follows: 

The  data  held  in  the  operand  cache  data-in 
register  for  even-numbered  sets  of  data  (OP-CDIR- 
EVN)  50  and  the  data  held  in  the  operand  cache 
data-in  register  for  odd-numbered  sets  of  data  (OP- 
CDIR-ODD)  51  are  applied  to  the  operand  bypass 
data  selector  54. 

At  the  operand  bypass  data  selector  54,  under 
the  control  of  the  operand  B-cycle  bypass  identify- 
ing  signal  (OP-B-BP-ID),  where  the  signal  (OP-B- 
BP-ID)  is  output  from  the  logic  circuit  "BF-CNTL", 
8  bytes  of  data  which  include  the  data  requested 
by  the  instruction  unit  (lu)  1A  are  selected.  Simi- 
larly,  also  at  the  instruction  bypass  data  selector 
55,  and  under  the  control  of  an  instruction  B-cycle 
bypass  identifying  signal  (IF-B-BP-ID),  where  the 
signal  (IF-B-BP-ID)  is  output  from  the  logic  circuit 
"BF-CNTL",  8  bytes  of  data  which  include  the  data 
requested  by  the  instruction  unit  (lu)  1A  are  se- 
lected. 

Under  the  control  of  an  operand  B-cycle  by- 
pass  signal  (OP-B-BP),  the  operand  bypass-cache 
selector  58  in  Fig.4  selects  the  output  of  the 
operand  cache  data  array  output  selector  56  in  the 
case  of  a  hit,  or  selects  the  output  of  the  operand 
bypass  data  selector  54  in  the  case  of  a  mishit. 
Similarly,  under  the  control  of  an  instruction  B- 
cycle  bypass  signal  (IF-B-BP),  the  instruction 
bypass/cache  selector  59  selects  the  output  of  the 
instruction  cache  data  array  output  selector  57  in 
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Fig.5B,  the  return  identifier  (RTN-ID)  is  "0",  which 
denotes  an  operand  fetch.  Further  as  mentioned 
above,  three  cycles  (  3  r  )  after  the  time  that  the 
first  data-out  warning  signal  (DOW)  is  output,  i.e., 
at  the  timing  of  the  begining  of  the  transfer  of  the 
data  (MS-DATA),  the  operand  bypass  request  (OP- 
BP-REQ),  and  the  corresponding  operand  line 
missing  release  signal  (OP-LMR)  are  output  to  the 
instruction  unit  (lu)  1A,  and  accordingly,  the  instruc- 
tion  unit  (lu)  1A  again  sends  the  operand  fetch 
request  (OP-REQ)  to  the  storage  control  unit  (Su) 
1  B.  Accordingly,  the  operand  address  select  signal 
(OP-ADRS-SEL)  is  output  to  the  operand  address 
selector  10  in  Fig.3A,  to  select  the  output  of  the 
operand  fetch  block  address  register  (OP-BFAR) 
31  as  an  address  to  be  applied  to  the  operand  T- 
cycie  effective  address  register  (OP-TEAR)  11  in 
Fig.3A. 

At  the  time  tz,  the  operation  of  bypassing  the 
transferred  data  also  begins.  For  the  bypassing 
operation,  at  the  time  tg,  the  operand  B-cycle  by- 
pass  signal  (OP-B-BP)  and  the  operand  B-cycle 
bypass  identifying  signal  (OP-B-BP-ID)  are  also 
output,  to  control  the  selectors  54  and  58  in  Fig.4. 

At  the  time  tg,  an  operand  move-in  request 
(OP-MI-REQ)  to  start  the  moving-in  process  for  the 
transferred  data,  and  the  operand  move-in  output 
select  signal  (OP-MIR-OUT-SEL)  to  control  the  se- 
lection  in  the  operand  move-in  register  output  se- 
lector  for  even-numbered  sets  of  data  48  and  the 
operand  move-in  register  output  selector  for  odd- 
numbered  sets  of  data  49  in  Fig.4,  are  output  from 
the  logic  circuit  "BF-CNTL".  The  moving-in  cycle 
of  the  transferred  data,  which  consists  of  4  P-,  W-, 
and  S-cycles,  is  executed  during  the  time  interval 
from  t8  to  ti  1  . 

Regarding  the  operation  of  the  second  operand 
fetch  request,  during  the  time  interval  of  from  ts  to 
tio,  the  P-,  T-,  B-,  and  R-cycles  can  be  executed 
without  interrupting  the  operation  for  the  first 
operand  fetch  request.  Nevertheless,  because  the 
operand  block  fetch  address  register  valid  signal 
(OP-BFAR-BAL)  is  active  until  the  moving-in  opera- 
tion  for  the  first  operand  fetch  request  is  com- 
pleted,  in  the  R-cycle,  the  logic  circuit  "PIPE- 
CNTL"  gain  outputs  the  operand  fetch  line  missing 
detect  signal  (OP-LMD),  and  the  operation  for  the 
second  operand  fetch  request  is  stopped  at  the 
time  tio- 

One  cycle  (1t)  after  the  operand  block  fetch 
address  register  valid  signal  (OP-BFAR-VAL)  be- 
comes  non-active,  at  the  time  ti  2.  the  operation  of 
the  second  operand  fetch  request,  which  consists 
of  the  P-,  T-,  B-,  and  R-cycles,  is  begun,  i.e.,  the 
operand  line  missing  release  signal  (OP-LMR)  is 
sent  to  the  instruction  unit  (lu)  1A,  and  accordingly, 
the  operand  fetch  request  (OP-REQ)  and  the 
operand  address  select  signal  (OP-ADRS-SEL)  are 

sent  from  the  instruction  unit  (lu)  1A.  At  this  time, 
the  same  process  as  executed  during  the  time 
interval  of  from  ti  to  ts  for  the  first  operand  fetch 
request  is  executed  for  the  second  operand  fetch 

5  request  during  the  time  interval  of  from  ti  2  to  tu .  
About  20  cycles(20r)  after  the  time  of  the  end 

of  the  R-cycle  at  the  time  tu.,  i.e.,  at  the  time  tts, 
the  corresponding  block  of  data,  MS-DATA,  is 
transferred  from  the  memory  control  unit  (MCU)  2. 

10  The  same  process  as  executed  during  the  time 
interval  of  from  ts  to  ti  1  for  the  first  operand  fetch 
request  is  executed  for  the  second  operand  fetch 
request  during  the  time  interval  of  from  ti  s  to  ti7. 

As  stated  above  and  shown  in  Figs.5A,  5B,  and 
75  5C,  in  the  cache  system  of  the  prior  art,  during  the 

block  fetch  operation  for  the  first  operand  fetch 
request,  the  block  fetch  operation  for  the  second 
operand  fetch  request  of  the  same  type  as  the  first 
operand  fetch  request  can  not  be  started.  That 

zo  means  that  the  cache  system  of  the  prior  art,  does 
not  operate  efficiently,  when  a  block  fetch  of  the 
same  type  as  the  previous  block  fetch  is  request- 
ed. 

Figures  6A,  6B,  7,  8,  9,  10,  11,  12,  and  13 
25  show  a  construction  of  the  embodiment  of  the 

present  invention.  The  embodiment  of  the  present 
invention  as  explained  below,  is  also  within  the 
scope  of  the  construction  of  Fig.1  ,  and  the  se- 
quences  of  the  main  signals  between  the  compo- 

30  nents  in  Fig.1,  shown  in  Fig.2,  are  also  applicable 
to  the  embodiment  of  the  present  invention  except 
that,  in  this  embodiment,  the  return  identifier  (RTN- 
ID)  indicates  which  port  is  to  be  used  for  the 
pertaining  block  fetch,  as  explained  later. 

35  Figures  6A  and  6B  show  a  construction  of  an 
address  control  system  in  the  cache  system  ac- 
cording  to  the  present  invention.  The  construction 
shown  in  Figs.6A  and  6B,  according  to  the  present 
invention,  corresponds  to  the  construction  shown  in 

40  Figs.3A  and  3B  of  the  prior  art. 
And  Figure  7  shows  a  construction  of  a  data 

moving-in  and  bypassing  system  according  to  the 
present  invention.  The  construction  shown  in  Fig.7, 
according  to  the  present  invention,  corresponds  to 

45  the  construction  shown  in  Fig.4  of  the  prior  art. 
Similar  to  the  construction  shown  in  Figs.3A 

and  3B  of  the  prior  art,  the  construction  shown  in 
Figs.  6A  and  6B  consists  of  four  sections:  a  P- 
cycle  section,  T-cycle  or  W-cycle  section,  B-cycle 

so  or  S-cycle  section,  and  R-cycle  section.  The  opera- 
tion,  etc.,  of  each  cycle  is  the  same  as  in  the  prior 
art. 

In  the  construction  of  Figs.  6A  and  6B,  the 
constructions  of  the  T-cycle  or  W-cycle  section  and 

55  the  B-cycle  or  S-cycle  section  are  basically  the 
same  as  those  in  Figs.  3A  and  3B,  and  the  dif- 
ference  between  the  construction  shown  in  Figs. 
6A  and  6B  according  to  the  present  invention  and 
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storage  (MS)  3,  can  be  input  to  any  pair  of  the 
move-in  registers  for  even-numbered  sets  of  data 
and  for  odd-  numbered  sets  of  data  in  Fig.7  men- 
tioned  above,  when  that  pair  of  move-in  registers 

5  are  not  in  use  for  a  block  fetch  for  the  previous 
data  fetch  request. 

In  the  construction  of  Fig.  7,  the  outputs  of  all 
of  the  move-in  registers  for  even-numbered  sets  of 
data  70,  72,  74,  76,  are  applied  to  a  move-in 

70  register  output  selector  for  even-numbered  sets  of 
data  78,  and  the  outputs  of  all  of  the  move-in 
registers  for  odd-numbered  sets  of  data  71  ,  73,  75, 
77,  are  applied  to  a  move-in  register  output  selec- 
tor  for  odd-numbered  sets  of  data  79.  The  selection 

75  in  each  of  the  selectors  78,  79  is  controlled  by  a 
move-in  register  output  select  signal  (MIR-OUT- 
SEL),  output  from  a  block  fetch  controller  "BF- 
CNTL"  100,  which  corresponds  to  the  logic  circuit 
"BF-CNTL"  in  the  prior  art,  as  explained  later. 

20  The  output  of  the  move-in  register  output  se- 
lector  for  even-numbered  sets  of  data  78  is  applied 
to  the  operand  cache  data-in  register  for  even- 
numbered  sets  of  data  (OP-CDIR-EVN)  50  and  the 
instruction  cache  data-in  register  for  even-num- 

25  bered  sets  of  data  (IF-CDIR-EVN)  52.  The  output  of 
the  move-in  register  output  selector  for  odd-num- 
bered  sets  of  data  79  is  applied  to  the  operand 
cache  data-in  register  for  odd-numbered  set  of  data 
(OP-CDIR-ODD)  51  and  the  instruction  cache  data- 

30  in  register  for  odd-numbered  sets  of  data  (IF-CDIR- 
ODD)  53.  The  data  applied  to  each  of  the  above 
cache  data-in  registers  50,  51,  52,  53  is  held  in 
each  of  the  cache  data-in  registers  50,  51,  52,  53 
when  a  corresponding  control  signal  applied  to  the 

35  control  input  terminal  of  each  of  the  cache  data-in 
registers  50,  51  ,  52,  53  is  active. 

The  remaining  part  of  the  construction  of  Fig.7 
is  basically  the  same  as  the  corresponding  part  of 
the  construction  of  Fig.  4. 

40  Figure  8  shows  the  input  signals  and  output 
signals  of  the  block  fetch  controller  "BF-CNTL" 
100  in  the  cache  system  according  to  the  present 
invention. 

In  Fig.8,  the  block  fetch  controller  "BF-CNTL" 
45  100  inputs  the  output  of  the  operand  directory 

matching  register  (OP-DMR)  21,  "OP-DMR",  the 
output  of  the  instruction  directory  matching  register 
(IF-DMR)  25,  "IF-DMR",  the  data-out  warning  sig- 
nal  "DOW",  the  return  identifier  "RTN-ID",  an 

so  operand  B-cycle  operand  signal  "OP-B-OP",  an 
instruction  B-cycle  instruction  signal  "IF-B-IF",  an 
operand  B-cycle  prefetch  signal  "OP-B-PR",  and 
an  operand  B-cycle  translation  signal  "OP-B-TR". 

Among  the  above  signals,  the  operand  B-cycle 
55  operand  signal  "OP-B-OP",  the  instruction  B-cycle 

instruction  signal  "IF-B-IF",  the  operand  B-cycle 
prefetch  signal  "OP-B-PR",  and  the  operand  B- 
cycle  translation  signal  "OP-B-TR"  are  output  from 

the  construction  shown  in  Figs.  3A  and  3B  of  the 
prior  art,  lies  in  the  P-cycle  section  and  the  R-cycle 
section. 

In  the  R-cycle  section  in  the  construction  of 
Figs.  6A  and  6B,  four  block  fetch  address  registers 
35,  36,  37,  38  are  provided  instead  of  the  operand 
fetch  block  address  register  (OP-BFAR)  31,  the 
prefetch  block  address  register  (PR-BFAR)  32,  the 
TLB  block  fetch  address  register  (TR-BFAR)  33, 
and  the  instruction  fetch  block  address  register  (IF- 
BFAR)  34  of  the  prior  art.  Each  of  the  four  block 
fetch  address  registers  35,  36,  37,  38  can  be  used 
in  a  block  fetch  for  any  type  of  data  fetch  request 
when  the  block  fetch  address  register  is  not  used 
for  a  block  fetch  for  the  previous  data  fetch  re- 
quest. 

In  the  P-cycle  section  in  the  construction  of 
Figs.  6A  and  6B,  an  operand  address  selector  8 
and  an  instruction  address  selector  9  are  provided, 
and  to  each  of  the  address  selectors  8  and  9,  all  of 
the  outputs  of  the  block  fetch  address  registers  35, 
36,  37,  38,  are  applied  in  addition  to  the  cor- 
responding  request  address  signal,  i.e.,  the 
operand  fetch  request  address  signal  (OP-REQ- 
ADRS)  or  the  instruction  fetch  request  address 
signal  (IF-REQ-ADRS),  respectively. 

Referring  to  Fig.7,  the  difference  between  the 
construction  shown  in  Fig.7  according  to  the 
present  invention  and  the  construction  shown  in 
Fig.4  of  the  prior  art,  lies  in  the  plurality  of  move-in 
registers.  In  the  construction  of  Fig.7  a  first  pair  of 
move-in  registers  for  even-numbered  sets  of  data 
(MIR0-EVN)  70  and  for  odd-numbered  sets  of  data 
(MIR0-ODD)  71  ,  a  second  pair  of  move-in  registers 
for  even-numbered  sets  of  data  (MIR1-EVN)  72  and 
for  odd-numbered  sets  of  data  (MIR1-0DD)  73,  a 
third  pair  of  move-in  registers  for  even-numbered 
sets  of  data  (MIR1-EVN)  74  and  for  odd-numbered 
sets  of  data  (MIR2-0DD)  75,  and  a  fourth  pair  of 
move-in  registers  for  even-numbered  sets  of  data 
(MIR3-EVN)  76  and  for  odd-numbered  sets  of  data 
(MIR3-0DD)  77  are  provided,  instead  of  the 
operand  move-in  register  for  even-numbered  sets 
of  data  (OP-MIR-EVN)  40,  the  operand  move-in 
register  for  odd-numbered  sets  of  data  (OP-MIR- 
ODD)  41,  the  prefetch  move-in  register  for  even- 
numbered  sets  of  data  (PR-MIR-EVN)  42,  the 
prefetch  move-in  register  for  odd-numbered  sets  of 
data  (PR-MIR-ODD)  43,  the  address  translation 
buffer  move-in  register  for  even-numbered  sets  of 
data  (TR-MIR-EVN)  44,  the  address  translation 
buffer  move-in  register  for  odd-numbered  sets  of 
data  (TR-MIR-ODD)  45,  the  instruction  move-in 
register  for  even-numbered  sets  of  data  (IF-MIR- 
EVN)  46,  and  the  instruction  move-in  register  for 
odd-numbered  sets  of  data  (IF-MIR-ODD)  47 
shown  in  Fig.4  of  the  prior  art. 

The  1  6  bytes  of  data  transferred  from  the  main 

10 
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an  operand  pipeline  controller  "OP-PIPE-CNTL" 
200  and  the  instruction  pipeline  controller  "IF-PIPE- 
CNTL"  300,  which  correspond  to  the,  logic  circuit 
"PIPE-CNTL"  in  the  prior  art  and  are  explained 
later.  These  signals  are  active  in  the  B-cycle  opera- 
tion  for  the  pertaining  type  of  data  fetch  request, 
e.g.,  the  signal  "OP-B-OP"  is  active  in  B-cycle 
operation  for  the  operand  fetch  request. 

The  block  fetch  controller  "BF-CNTL"  100  out- 
puts  the  main  storage  request  signal  "MS-REQ", 
the  request  identifier  "REQ-ID",  the  operand  by- 
pass  request  signal  "OP-BP-REQ",  the  operand 
move-in  request  signal  "OP-MI-REQ",  an  operand 
bypass  move-in  return  identifying  signal  "OP-BP- 
MI-RTN-ID",  the  operand  B-cycie  bypass  identify- 
ing  signal  "OP-B-BP-ID";  an  instruction  bypass  re- 
quest  signal  "IF-BP-REQ",  an  instruction  move-in 
request  signal  "IF-MI-REQ",  an  instruction  bypass 
move-in  return  identifying  signal  "IF-BP-MI-RTN- 
ID",  the  instruction  B-cycle  bypass  identifying  sig- 
nal  "IF-B-BP-ID",  the  move-in  register  output  select 
signal  "MIR-OUT-SEL",  a  control  signal  for  the 
main  storage  address  register  (MSAR)  30,  "MSAR 
CONTROL",  control  signals  for  the  block  fetch  ad- 
dress  registers  (BFARO  -3)  35,  36,  37,  38,  "BFAR 
CONTROL,  and  control  signals  for  the  move-in 
registers  70  to  77,  "MIR  CONTROL." 

Among  the  above  signals,  the  operand  bypass 
move-in  return  identifying  signal  "OP-BP-MI-RTN- 
ID"  is  applied  to  the  operand  pipeline  controller 
"OP-PIPE-CNTL"  200,  so  that  the  pipeline  control- 
ler  "OP-PIPE-CNTL"  200  outputs  the  operand  ad- 
dress  select  signal  (OP-ADRS-SEL)  in  the  P-cycle 
for  the  bypassing  and  moving-in  operations.  The 
instruction  bypass  move-in  return  identifying  signal 
"IF-BP-MI-RTN-ID"  is  applied  to  the  instruction 
pipeline  controller  "IF-PIPE-CNTL"  300  so  that  the 
pipeline  controller  "IF-PIPE-CNTL"  300  outputs  the 
instruction  address  select  signal  (IF-ADRS-SEL)  in 
the  P-cycle  for  the  bypassing  and  moving-in  oper- 
ations. 

Further,  among  the  above  signals,  the  instruc- 
tion  bypass  request  signal  "IF-BP-REQ"  is  similar 
to  the  operand  bypass  request  signal  "OP-BP- 
REQ",  each  of  "IF-BP-REQ"  and  "OP-BP-REQ"  is 
output  3  cycles  (3  r)  after  the  first  data-out  warning 
signal  "DOW"  for  the  corresponding  data  fetch 
request  is  output,  respectively,  to  begin  the  by- 
passing  operation.  The  instruction  move-in  request 
signal  "IF-MI-REQ"  is  similar  to  the  aforementioned 
operand  moving-in  request  signal  "OP-MI-REQ", 
each  of  "IF-MI-REQ"  and  "OP-MI-REQ"  is  output  1 
cycle  (  1  r)  after  the  corresponding  one  of  the 
above  bypass  request  signals  "IF-BP-REQ"  or 
"OP-BP-REQ"  is  output,  respectively,  to  begin  the 
moving-in  operation. 

Figure  9  shows  input  signals  and  output  signals 
of  the  operand  pipeline  controller  "OP-PIPE-CNTL" 

200  in  the  cache  system  according  to  the  present 
invention. 

In  Fig.9,  the  operand  pipeline  controller  "OP- 
PIPE-CNTL"  200  inputs  the  operand  fetch  request 

5  "OP-REQ"  the  operand  bypass  request  signal 
"OP-BP-REQ",  the  operand  move-in  request  signal 
"OP-MI-REQ",  the  operand  bypass  move-in  return 
identifying  signal  "OP-BP-MI-RTN-ID",  and  the  out- 
put  of  the  operand  directory  matching  register  (OP- 

70  DMR)21,  "OP-DMR". 
In  Fig.9,  the  operand  pipeline  controller  "OP- 

PIPE-CNTL"  200  outputs  the  operand  fetch  ad- 
dress  select  signal  "OP-ADRS-SEL",  the  operand 
fetch  status  valid  signal  "OP-STV",  the  operand 

is  fetch  line  missing  detect  signal  "OP-LMD",  the 
operand  line  missing  release  signal  "OP-LMR",  the 
operand  B-cycle  bypass  signal  "OP-B-OP",  the 
operand  B-cycle  prefetch  signal  "OP-B-PR",  and 
the  operand  B-cycle  translation  signal  "OP-B-TR". 

20  Figure  10  shows  the  input  signals  and  output 
signals  of  the  instruction  operand  pipeline  controller 
"IF-PIPE-CNTL"  300  in  the  cache  system  accord- 
ing  to  the  present  invention. 

In  Fig.  10,  the  instruction  operand  pipeline  con- 
25  trailer  "IF-PIPE-CNTL"  300  inputs  the  instruction 

fetch  request  "IF-REQ",  the  instruction  bypass  re- 
quest  signal  "IF-BP-REQ",  the  instruction  move-in 
request  signal  "IF-MI-REQ",  the  instruction  bypass 
move-in  return  identifying  signal  "IF-BP-Mi-RTN- 

30  ID",  and  the  output  of  the  instruction  directory 
matching  register  (IF-DMR)  25,  "IF-DMR". 

Also  in  Fig.  10,  the  instruction  pipeline  controller 
"IF-PIPE-CNTL"  300  outputs  the  instruction  fetch 
address  select  signal  "IF-ADRS-SEL",  the  instruc- 

35  tion  fetch  status  valid  signal  "IF-STV",  the  instruc- 
tion  fetch  line  missing  detect  signal  "IF-MLD",  the 
instruction  line  missing  release  signal  "IF-MLR", 
and  the  instruction  B-cycle  instruction  signal  "IF-B- 
IF". 

40  The  relationship  between  the  input  signals  and 
the  output  signals  determines  the  logical  functions 
of  each  of  the  block  fetch  controller  "BF-CNTL" 
100,  the  operand  pipeline  controller  "OP-PIPE- 
CNTL"  200,  and  the  instruction  pipeline  controller 

45  "IF-PIPE-CNTL"  300,  and  therefore,  these  control- 
lers  can  be  realized  with  hardward  logic  circuitry. 

As  stated  before,  in  the  present  invention,  each 
of  data  fetch  requests  can  be  output  from  the 
available  port  of  the  plurality  of  the  read-in  ports, 

so  even  during  a  data  fetch  operation  for  a  previous 
data  fetch  request  of  the  same  type.  In  the  follow- 
ing  part  of  the  specification,  the  execution  of  the 
read-in  operation  as  stated  above,  in  this  embodi- 
ment,  is  explained. 

55  Figure  11  shows  the  construction  of  a  part  of 
the  block  fetch  controller  "BF-CNTL"  100,  for  re- 
alizing  the  availability  of  each  read-in  port,  and  for 
holding  the  type  of  data  fetch  for  which  the  cor- 

11 
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The  output  of  each  block  fetch  address  register 
valid  flag  register  (BFARO-VAL,  -BFAR3-VAL)  117, 
119,  121,  123  shows  the  availability  of  the  cor- 
responding  data  read-in  port  in  the  storage  control 

5  unit  (Su)  1B,  i.e.,  the  output  of  the  block  fetch 
address  register  valid  flag  register  BFARi-VAL 
(i  =  0—3)  is  "1"  when  the  corresponding  data  read- 
in  port  in  the  storage  control  unit  (Su)  1  B  is  in  use 
for  a  block  fetch. 

to  The  output  of  the  block  fetch  address  register 
valid  flag  register  (BFARO-VAL)  117  is  applied  to 
another  terminal  of  the  AND  gate  113,  after  being 
inverted  by  the  inverter  109.  The  output  of  the 
bfock  fetch  address  register  valid  flag  register 

15  (BFARO-VAL)  117  is  applied  directly  to  another 
terminal  of  the  AND  gate  1  14,  and  the  output  of  the 
block  fetch  address  register  valid  flag  register 
(BFAR1-VAL)  1  18  is  applied  to  the  other  terminal  of 
the  AND  gates  115,  after  being  inverted  by  the 

20  inverter  1  1  0.  The  output  of  the  block  fetch  address 
register  valid  flag  register  (BFARO-VAL)  117  and 
the  output  of  the  block  fetch  address  register  valid 
flag  register  (BFAR1-VAL)  118  are  applied  to  an- 
other  two  terminals  of  the  AND  gate  115,  and  the 

25  output  of  the  block  fetch  address  register  valid  flag 
register  (BFAR2-VAL)  119,  is  applied  to  the  other 
terminal  of  the  AND  gate  115.  And  the  output  of 
the  block  fetch  address  register  valid  flag  register 
(BFARO-VAL)  117,  the  output  of  the  block  fetch 

30  address  register  valid  flag  register  (BFAR1-VAL) 
118  and  the  output  of  the  block  fetch  address 
register  valid  flag  register  (BFAR2-VAL)  119  are 
applied  to  another  three  terminals  of  the  AND  gate 
116,  and  the  output  of  the  block  fetch  address 

35  register  valid  flag  register  (BFAR3-VAL)  120  is  ap- 
plied  to  the  other  terminal  of  the  AND  gate  116. 

The  output  of  each  of  the  AND  gates  113,  114, 
115,  116  is  applied  to  a  set  signal  input  terminal  of 
the  corresponding  one  of  the  block  fetch  address 

40  register  valid  flag  registers  (BFARO-VAL,  -BFAR3- 
VAL)  117,  119,  121,  123  as  a  set  signal,  and  is  also 
applied  to  a  control  signal  input  terminal  of  the 
corresponding  block  fetch  address  register  valid 
flag  register  (BFARO-VAL,  -BFAR3-VAL)  117,  119, 

45  12,  123.  Each  of  the  block  fetch  address  register 
valid  flag  registers  (BFARO-VAL,  -  BFAR3-VAL) 
1  17,  1  19,  121  ,  123  is  set  when  the  above  set  signal 
becomes  active,  and  is  reset  when  receiving  a 
corresponding  block  fetch  end  signal  (BFAR0-BF- 

50  END,  ~  BFAR3-BF-END)  at  the  corresponding  re- 
set  signal  input  terminal.  The  output  of  the  encoder 
108,  i.e.,  the  code  applied  to  the  data  input  termi- 
nal,  is  latched  in  each  of  the  block  fetch  address 
register  valid  flag  register  (BFARO-VAL,  -BFAR3- 

55  VAL)  117,  119,  121,  123,  when  the  signal  applied 
to  the  control  signal  input  terminal  becomes  active. 

The  OR  gate  1  27  and  the  encoder  1  28  receive 
all  the  output  signals  from  the  four  AND  gates  113, 

responding  read-in  port  is  used. 
The  construction  of  Fig.1  1  comprises:  inverters 

101,  102,  109,  110,  111,  112;  AND  gates  103,  104, 
105,  106,  113,  114,  115,  116,  135,  136,  137,  138; 
OR  gates  107,  127;  encoders  108,  128,  133;  a 
DOW  input  register  131;  and  RTN-ID  input  register 
132;  a  decoder  134;  block  fetch  address  register 
valid  flag  register  (BFARO-VAL,  -BFAR3-VAL)  117, 
119,  121,  123;  block  fetch  code  output  registers 
(BFAR0-CODE,  -BFAR3-CODE)  118,  120,  122, 
124;  a  main  storage  request  signal  output  register 
125;  and  a  request  identifier  output  register  126. 

The  operand  B-cycle  operand  signal  (OP-B- 
OP),  the  operand  B-cycle  prefetch  signal  (OP-B- 
PR),  the  operand  B-cycle  translation  signal  (OP-B- 
TR),  and  the  instruction  B-cycle  instruction  signal 
(IF-B-IF),  are  applied,  respectively  to  one  terminal 
of  each  of  the  AND  gates  103,  104,  105  and  106. 
The  output  of  the  operand  directory  matching  reg- 
ister  (OP-DMR)  21  is  applied  after  inverted  at  the 
inverter  101,  to  the  other  terminal  of  each  of  the 
AND  gates  103,  104,  and  105,  and  .the  output  of 
the  instruction  directory  matching  register  (IF-DMR) 
15  is  applied  after  inverted  at  the  inverter  102,  to 
the  other  terminal  of  the  AND  gates  106.  By  this 
construction,  each  output  of  the  AND  gates  103, 
104,  105  and  106,  becomes  active,  when  a  mishit 
occurs  with  regard  to  a  corresponding  data  fetch 
request,  respectively. 

Each  output  of  the  AND  gates  103,  104,  105 
and  106  is  applied  to  both  of  the  OR  gate  107  and 
the  encoder  108,  and  therefore,  the  output  of  the 
OR  gate  107  becomes  active  when  a  B-cycle  pro- 
cess  is  in  operation  for  a  block  fetch  for  any  data 
fetch  request.  The  encoder  108  encodes  the  four 
inputs,  accordingly,  the  output  of  the  encoder  108 
is  a  code  signal  showing  the  type  of  data  fetch 
request,  the  process  for  which  is  in  the  B-cycle,  for 
which  a  block  fetch  is  required  because  a  mishit 
has  occurred  at  the  cache. 

The  output  of  the  encoder  1  08  is  applied  to  the 
four  registers,  i.e.,  the  corresponding  input  termi- 
nals  of  the  block  fetch  code  output  registers 
BFAR0-CODE,-  BFAR3-CODE  118,  120,  122,  124. 

The  block  fetch  address  register  valid  flag  reg- 
isters  (BFARO-VAL,  -BFAR3-VAL)  117,  119,  121, 
123,  and  the  block  fetch  code  output  registers 
(BFAR0-CODE,  -BFAR3-CODE)  118,  120,  122,  124 
are  respectively  provided  corresponding  to  the 
(data)  read-in  ports  in  the  storage  control  unit  (Su) 
1B. 

The  output  of  the  OR  gate  107  is  applied  to 
one  input  terminal  of  each  of  the  AND  gates  113, 
114,  115,  116,  and  the  output  of  each  of  the  AND 
gates  113,  114,  115,  116  is  applied  to  the  data 
input  terminal  of  the  corresponding  one  of  the 
block  fetch  address  register  valid  flag  registers 
(BFARO-VAL,  -BFAR3-VAL)  117,  119,  121,  123. 

12 
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114,  115  and  116.  The  output  of  the  OR  gate  127 
is  active  when  any  of  the  outputs  of  the  AND  gates 
113  is  active,  and  is  applied  to  the  main  storage 
request  signal  output  register  125.  The  main  stor- 
age  request  signal  output  register  125  outputs  the 
main  storage  request  signal  (MS-REQ)  to  the  mem- 
ory  control  unit  (MCU)  2. 

The  encoder  128  encodes  the  four  input  sig- 
nals  applied  thereto,  and  the  output  of  the  encoder 
128  is  applied  to  the  request  identifier  output  regis- 
ter  126.  The  output  of  the  encoder  128  is  the 
request  identifier  (REQ-ID)  to  be  sent  to  the  mem- 
ory  control  unit  (MCU)  2. 

As  readily  understood,  in  the  above-mentioned 
construction,  the  availability  of  each  read-in  port  of 
the  storage  control  unit  (Su)  1  B  can  be  realized  by 
the  output  of  the  corresponding  one  of  the  block 
fetch  address  register  valid  flag  registers  (BFARO- 
VAL,  -  BFAR3-VAL)  117,  119,  121,  123,  and  the 
type  of  data  fetch  request  for  which  each  read-in 
port  of  the  storage  control  unit  (Su)  1  B  is  in  use,  is 
realized  by  the  output  of  the  corresponding  one  of 
the  block  fetch  code  output  registers  (BFARO- 
CODE,  -BFAR3-C0DE)  118,  120,  122,  124. 

According  to  the  above-mentioned  construc- 
tion,  the  read-in  ports  are  used  in  the  order 
BFAR0-BFAR1  -   BFAR2  -BFAR3,  and  when  all 
of  the  ports  are  in  use,  all  of  the  outputs  of  the 
block  fetch  address  register  valid  flag  registers 
117,  119,  121,  123  are  "1",  and  all  of  the  outputs 
of  the  AND  gates  113,  114,  115,  116  are  "0". 
Therefore,  the  output  of  the  OR  gate  127  is  non- 
active,  and  thus,  a  main  storage  request  signal 
(MS-REQ)  is  not  sent  to  the  memory  control  unit 
(MCU)  2. 

Figure  12  shows  the  construction  of  another 
part  of  the  block  fetch  controller  "BF-CNTL"  100, 
for  recognizing  the  type  of  data  fetch  for  which  a 
block  of  data  is  transferred. 

The  construction  of  Fig.  12  comprises:  a  DOW 
input  register  131;  and  RTN-ID  input  register  132;  a 
data  selector-encoder  133;  an  decoder  134;  and 
AND  gates  135,  136,  137,  138. 

The  DOW  input  register  131  receives  the  data- 
out  warning  signal  (DOW)  and  outputs  it  to  one 
input  terminal  of  each  of  the  AND  gates  135,  136, 
137,  138.  The  RTN-ID  input  register  132  receives 
the  return  identifier  (RTN-ID),  and  outputs  it  to  the 
control  signal  input  terminal  of  the  encoder  133.  All 
of  the  outputs  of  the  block  fetch  code  output  regis- 
ters  (BFAR0-CODE,  -BFAR3-CODE)  118,  120, 
122,  124  are  applied  to  the  data  input  terminals  of 
the  data  selector-encoder  133. 

As  mentioned  before,  the  return  identifier 
(RTN-ID),  which  is  sent  from  the  memory  control 
unit  (MCU)  2,  3t  before  the  corresponding  block 
fetch  data  is  transferred,  indicates  the  data  read-in 
port  to  be  used  for  the  data  fetch  request  in  re- 

sponse  to  which  the  corresponding  block  fetch  data 
are  transferred.  Therefore,  in  the  data  selector- 
encoder  133,  one  of  the  outputs  of  the  block  fetch 
code  output  registers  (BFAR0-CODE,  -BFAR3- 

s  CODE)  118,  120,  122,  124,  which  corresponds  to 
the  data  fetch  request,  in  response  to  which  the 
data  and  the  return  identifier  (RTN-ID)  are  trans- 
ferred,  is  selected.  The  selected  output  of  the  block 
fetch  code  output  registers  (BFAR0-CODE, 

w  -BFAR3-C0DE)  118,  120,  122,  124,  shows  the 
type  of  the  data  fetch  request  in  response  to  which 
the  data  are  transferred  from  the  memory  control 
unit  (MCU)  2. 

The  input  of  the  data  selector-encoder  133  is 
15  applied  to  the  decoder  134.  The  decoder  134  de- 

codes  the  input  signal,  and  each  of  four  outputs  of 
the  decoder  134  is  applied  to  the  other  input  termi- 
nal  of  the  corresponding  AND  gate  135,  136,  137, 
138.  Each  of  the  output  terminals  of  the  decoder 

20  134  corresponds  to  the  type  of  the  data  fetch,  i.e., 
operand  fetch,  prefetch,  address  translation  fetch, 
and  instruction  fetch.  Therefore,  each  of  the  AND 
gates  135,  136,  137,  138  also  corresponds  to  a 
respective  type  of  data  fetch,  and  thus  one  output 

25  of  the  AND  gates  135,  136,  137,  138,  which  cor- 
responds  to  the  type  of  the  data  fetch  in  response 
to  which  the  data  is  transferred  from  the  memory 
control  unit  (MCU)  2,  becomes  active. 

Figures  13A,  13B,  and  13C  show  a  timing 
30  relationship  of  the  processing  cycles  and  the  main 

signals  in  the  cache  system  according  to  the 
present  invention,  as  shown  in  Fig.6A,  6B,  7,  8,  9, 
10,  11,  and  12. 

Similar  to  the  case  of  the  conventional  cache 
35  system,  in  Fig.6A  an  instruction  fetch  request  is 

output  from  the  instruction  unit  (lu)  1A  in  each 
cycle.  As  shown  in  Fig.13A,  at  the  time  ti,  the  first 
operand  fetch  request  (OP-REQ)  is  output,  and 
then  at  the  time  fe,  the  second  operand  fetch 

40  request  (OP-REQ)  of  the  same  type,  i.e.,  i.e.,  an 
operand  fetch  request,  is  output,  and  at  the  time  t3, 
the  third  operand  fetch  request  (OP-REQ)  is  output. 

As  readily  understood  from  the  construction 
shown  in  Figs.6A  and  6B,  because  the  processing 

45  of  the  data  fetch  request  for  the  same  type  of  the 
request,  can  not  be  executed  at  the  same  time  in 
each  section  of  the  construction  in  Figs.6A  and  6B, 
the  processing  cycle  for  the  second  operand  fetch 
request  (OP-REQ)  stops  at  the  B-cycle  at  the  time 

so  ts.  And  the  processing  cycle  for  the  third  operand 
fetch  request  (OP-REQ)  stops  at  T-cycle  at  the 
time  ts. 

As  understood  by  comparing  Figs.13A,  13B, 
and  13C  with  Figs.5A,  5B,  and  5C,  which  show  the 

55  timing  relationship  of  the  processing  cycles  and  the 
main  signals  in  the  conventional  cache  system, 
from  time  ti  to  b,  there  is  no  difference  between 
the  timing  relationship  in  the  cache  system  accord- 

13 
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operand  fetch  block  address  register  (OP-BFAR) 
31  as  an  address  to  be  applied  to  the  operand  T- 
cycle  effective  address  register  (OP-TEAR)  11  in 
Fig.6A. 

5  Regarding  the  bypassing  operation,  at  the  tim- 
ing  of  the  beginning  of  the  transfer  of  the  data  (MS- 
DATA),  i.e.,  at  the  time  t7,  the  operand  bypass 
request  (OP-BP-REQ)  is  generated,  and  thus  the 
bypassing  operation  of  the  transferred  data  is  be- 

io  gun.  For  the  bypassing  operation,  at  the  time  t7, 
the  operand  bypass  move-in  return  identifying  sig- 
nal  (OP-BP-MI-RTN-ID),  which  is  "0"  for  selecting 
the  output  of  the  first  block  fetch  address  register 
(BFARO)  35  as  an  address  to  be  output  from  the 

75  operand  address  selector  8,  is  output,  and  at  the 
time  ts,  the  operand  B-cycIe  bypass  signal  (OP-B- 
BP)  and  the  operand  B-cycle  bypass  identifying 
signal  (OP-B-BP-ID)  are  output. 

At  the  time  ts,  an  operand  move-in  request 
20  (OP-MI-REQ)  to  start  the  moving-in  process  for  the 

transferred  data,  and  the  operand  move-in  output 
select  signal  (OP-MIR-OUT-SEL)  to  control  the  se- 
lection  in  the  operand  move-in  register  output  se- 
lector  for  even-numbered  sets  of  data  48  and  the 

25  operand  move-in  register  output  selector  for  odd- 
numbered  sets  of  data  49  in  Fig.7  are  output  from 
the  logic  circuit  "BF-CNTL".  The  moving-in  cycle 
of  the  transferred  data,  which  consists  of  4  P-,  W-, 
and  S-cycles,  is  executed  during  the  time  interval 

30  of  from  ts  to  tu.  The  abovementioned  operand 
bypass  move-in  return  identifying  signal  (OP-BP- 
MI-RTN-ID),  which  is  "0"  for  selecting  the  output  of 
the  first  block  fetch  address  register  (BFARO)  35  as 
an  address  to  be  output  from  the  operand  address 

35  selector  8,  is  output  again  at  every  timing  of  the  4 
P-cycle  processes  in  the  moving-in  operation. 

The  operation  of  the  second  operand  fetch 
request  begins  at  the  time  ts,  without  interrupting 
the  operation  for  the  first  operand  fetch  request. 

40  Accordingly,  at  the  time  ts,  in  P-cycle,  the  operand 
fetch  request  (OP-REQ)  is  output  again,  and  at  this 
time,  to  select  the  operand  fetch  request  address 
signal  (OP-REQ-ADRS)  in  the  operand  address  se- 
lector  8  in  Fig.  6A,  the  operand  address  sele  ct 

45  signal  (OP-ADRS-SEL)  is  output.  Then  at  the 
timetio.  in  the  B-cycle,  the  result  of  the  search  of 
the  operand  cache  directory  13  is  set  to  the 
operand  directory  matching  register  (OP-DMR)  21  . 

Figure  13B  shows  the  case  wherein  a  mishit 
so  has  occurred  again  at  this  time,  and  therefore,  at 

the  time  tn  ,  in  the  R-cycle,  the  operand  fetch  line 
missing  detect  signal  (OP-LMD)  is  sent  to  the  in- 
struction  unit  (lu)  1A.  According  to  the  present 
invention,  even  during  the  operation  for  the  first 

55  operand  fetch  request,  i.e.,  even  if  the  i-th 
(i  =  0,1,2,3)  block  fetch  address  register  valid  signal 
(BFARi-VAL)  is  active,  the  block  fetch  request  for 
the  next  i  +  1-th  data  fetch  request  of  the  same 

ing  to  the  present  invention  and  that  in  conven- 
tional  cache  system;  except  that,  at  the  time  U,  i.e., 
at  the  timing  of  the  output  of  the  operand  fetch  line 
missing  detect  signal  (OP-LMD),  the  block  fetch 
address  register  valid  signal  (BFAR0-VAL)  instead 
of  the  operand  block  fetch  address  register  valid 
signal  (OP-BFAR-VAL)  becomes  active,  and  that 
the  return  identifier  (RTN-ID)  has  a  different  kind  of 
information  from  that  held  by  the  return  identifier 
(RTN-ID)  in  conventional  system  has,  as  mentioned 
before. 

At  the  time  ti,  corresponding  to  the  first 
operand  fetch  request  (OP-REQ),  the  operand  ad- 
dress  select  signal  (OP-ADRS-SEL)  for  selecting 
the  corresponding  operand  fetch  request  address 
signal  (OP-REQ-ADRS)  at  the  operand  address  se- 
lector  8  in  Fig.6A  is  output.  After  the  search  of  the 
operand  cache  directory  13,  at  the  time  t3,  the 
result  of  the  search  is  held  in  the  operand  directory 
matching  register  (OP-DMR)  21  . 

Figure  13A  shows  the  case  where  a  mishit 
occurred,  wherein,  in  the  following  R-cycle,  the 
operand  fetch  line  missing  detect  signal  (OP-LMD) 
is  sent  to  the  instruction  unit  (lu)  1A,  and  the  main 
storage  request  signal  (MS-REQ)  and  the  request 
identifier  (REQ-ID)  are  sent  to  the  memory  control 
unit  (MCU)  2.  Corresponding  to  the  beginning  of 
the  block  fetch,  the  first  block  fetch  address  regis- 
ter  valid  signal  (BFAR0-VAL)  becomes  active,  at 
the  time  U.  and  about  20  cycles(20  r)  after  thr  time 
that  the  above  the  main  storage  request  signal 
(MS-REQ)  and  the  request  identifier  (REQ-ID)  are 
output,  i.e.,  at  the  time  t.7,  the  transfer  of  the 
corresponding  block  of  data  MS-DATA  from  the 
memory  control  unit  (MCU)  2  is  begun. 

As  mentioned  before,  the  data  out  warning 
signal  (DOW),  the  return  identifier  (RTN-ID),  and 
the  data  identifier  (DATA-ID)  are  output  from  the 
main  storage  (MS)  3,  3  cycles  (3t)  before  the  data 
(MS-DATA)  is  output,  beginning  at  the  time  ts.  In 
Fig.13B,  the  return  identifier  (RTN-ID)  is  "0",  which 
denotes  that  "  the  first  read-in  port  is  to  be  used 
for  this  data  transferred  from  the  main  storage  (MS) 
3  through  the  memory  control  unit  (MCU)  2,  ac- 
cording  to  the  present  invention,  instead  of  showing 
the  type  of  data  fetch  request  as  in  the  conven- 
tional  cache  system.  Further,  as  mentioned  above, 
three  cycles  (  3t)  after  the  time  that  the  first  data 
out  warning  signal  (DOW)  is  output,  i.e.,  at  the 
timing  of  the  beginning  of  the  transfer  of  the  data 
(MS-DATA),  the  corresponding  operand  line  miss- 
ing  release  signal  (OP-LMR)  is  output  to  the  in- 
struction  unit  (lu)  1A,  and  accordingly,  the  instruc- 
tion  unit  (lu)  1A  again  sends  the  operand  fetch 
request  (OP-REQ)  to  the  storage  control  unit  (Su) 
1  B.  The  operand  address  select  signal  (OP-ADRS- 
SEL)  is  then  output  to  the  operand  address  selec- 
tor  10  in  Fig.6A  and  6B,  to  select  the  output  of  the 
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type  can  be  sent  to  the  memory  control  unit  (MCU) 
2  using  the  next  read-in  port  corresponding  to  the 
next  block  fetch  address  register  (BFARi  +  1). 
Therefore,  at  the  same  time  as  the  operand  fetch 
line  missing  detect  signal  (OP-LMD)  is  sent  to  the  5 
instruction  unit  (lu)  1A,  the  main  storage  request 
signal  (MS-REQ)  and  the  request  identifier  (REQ- 
ID)  are  sent  to  the  memory  control  unit  (MCU)  2, 
and  the  block  fetch  address  register  valid  signal 
(BFAR1-VAL)  becomes  active.  w 

In  the  same  manner  as  the  operation  for  the 
first  data  fetch  request,  it  takes  about  20  cycles  to 
receive  the  data  fetched  in  response  to  the  block 
fetch  request,  from  the  memory  control  unit  (MCU) 
2  (or  the  main  storage  (MS)  3).  Accordingly,  refer-  75 
ring  to  Fig.i3C,  at  the  time  ti+,  the  data-out  warn- 
ing  signal  (DOW),  the  return  identifier  (RTN-ID), 
and  the  data  identifier  (DATA-ID)  for  the  second 
data  fetch  request,  are  sent  from  the  memory  con- 
trol  unit  (MCU)  2.  20 

Three  cycles  (  3t)  after  the  above  first  data-out 
warning  signal  (DOW)  is  output,  at  the  time  ti  5  ,  the 
bypassing  cycle  for  the  second  data  fetch  request 
is  begun,  and  one  cycle  (  1  r)  after  the  beginning 
of  the  bypassing  cycle,  at  the  time  tis,  the  4  move-  25 
in  cycles  for  the  second  data  fetch  request  are 
begun.  The  details  of  the  operation  are  same  as  for 
the  first  data  fetch  request,  except  that,  at  this  time, 
the  return  identifier  (RTN-ID)  and  the  operand  by- 
pass  move-in  return  identifying  signal  (OP-BP-MI-  30 
RTN-ID)  are  "1  ",  which  denotes  that  the  second 
read-in  port  corresponding  to  the  block  fetch  ad- 
dress  output  register  (BFAR1)  120  is  in  use. 

As  shown  in  Fig.13C,  the  interval  from  the  end 
of  the  move-in  cycles  for  the  first  data  fetch  re-  35 
quest  ends,  i.e.,  ti  3,  to  the  time  that  the  bypassing 
cycles  for  the  second  data  fetch  request  begins, 
i.e.,  tis,  is  about  4  cycles  (  4  r).  This  indicates  that 
the  efficiency  of  successive  block  fetch  of  the 
same  type  is  much  improved  in  this  embodiment  of  40 
the  present  invention. 

As  stated  above  and  shown  in  Figs.13A,  13B, 
and  13C,  in  the  cache  system  according  to  the 
present  invention,  even  during  the  operation  of  a 
block  fetch  for  the  first  data  fetch  request,  the  45 
operation  of  a  block  fetch  for  a  second  data  fetch 
request  of  the  same  type  as  the  first  data  fetch 
request  can  be  started,  and  thus  that  the  the  cache 
system  according  to  the  present  invention  operates 
efficiently  even  when  a  block  fetch  of  the  same  50 
type  as  the  previous  block  fetch  is  requested. 

Claims 

1  .  A  cache  system  having  a  plurality  of  read-in 
ports  through  which  data  fetched  from  a  main 
memory  system  can  be  transferred  regardless  of 
the  type  of  data  fetch  request. 

2.  A  cache  system  having  a  plurality  of  read-in 
ports  through  which  data  fetched  from  main  mem- 
ory  system  can  be  transferred  regardless  of  the 
type  of  data  fetch  request;  wherein  each  data  fetch 
request  is  output  from  an  available  one  of  said 
plurality  of  read-in  ports,  during  a  data  fetch  opera- 
tion  for  a  previous  data  fetch  request  of  the  same 
type. 

3.  A  cache  system  according  to  claim  2,  having 
a  code  register  (118,  120,  122,  124)  for  each  of 
said  plurality  of  read-in  ports,  which  register  holds 
a  code  indicating  the  type  of  data  fetch  request 
during  the  data  fetch  operation  through  said  each 
of  the  plurality  of  read-in  ports  for  said  data  fetch 
request. 

4.  A  cache  system  according  to  claim  3,  having 
a  encoder  (108)  which  encodes  said  type  of  the 
data  fetch  request  into  said  code. 

5.  A  cache  system  according  to  claim  3,  re- 
ceiving  an  identifier  which  accompanies  data  trans- 
ferred  from  said  main  memory  system,  and  which 
indicates  which  one  of  said  plurality  of  read-in  ports 
to  be  used  for  a  transfer  of  the  data;  and  recogniz- 
ing  the  type  of  data  fetch  request  for  which  said 
data  is  transferred  by  the  output  of  one  of  said 
code  registers  (118,  120,  122,  124)  selected  ac- 
cording  to  said  identifier. 

6.  A  cache  system  according  to  claim  2  or 
claim  3,  having  a  flag  register  (117,  119,  121,  123) 
for  each  of  said  plurality  of  read-in  ports,  the  output 
of  which  register  indicates  whether  or  not  the  cor- 
responding  one  of  said  plurality  of  read-in  ports  is 
available. 
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