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Description 

Background  to  the  invention. 

5  This  invention  relates  to  data  memory  systems  and,  more  specifically,  is  concerned  with  a  data  memory 
system  including  a  copy-back  cache. 

It  is  well  known  to  provide  a  two-level  memory  system,  consisting  of  a  main  memory  and  a  smaller,  faster 
cache  memory.  In  operation,  the  cache  is  arranged  to  hold  copies  of  data  items  from  the  main  memory  that 
are  currently  in  use,  or  are  likely  to  be  required  in  the  near  future,  so  that  these  items  can  be  accessed  rapidly, 

w  without  the  delay  of  a  main  memory  access.  Such  memories  are  described,  for  example,  in  "Cache  Memories" 
by  A.J.  Smith,  ACM  Computing  Surveys,  September  1982,  page  473. 

In  such  a  memory  system,  when  a  data  item  in  the  cache  is  written  to  (updated),  the  new  value  must  also 
eventually  be  written  into  the  main  memory,  so  as  to  keep  it  up-to-date.  There  are  two  strategies  normally  used 
for  this,  referred  to  as  write-through  and  copy-back.  In  the  write-through  strategy,  whenever  an  item  is  updated 

15  in  the  cache,  the  updated  value  is  immediately  written  to  the  main  memory.  In  the  copy-back  strategy,  on  the 
other  hand,  the  main  memory  is  updated  at  some  later  time,  usually  only  when  the  modified  data  item  is  about 
to  be  cast  out  of  the  cache  to  make  room  for  another  item.  This  has  the  advantage  that  it  reduces  the  number 
of  accesses  to  main  memory.  The  present  invention  is  concerned  only  with  caches  that  use  this  copy-back 
strategy. 

20  It  is  also  known  in  virtual  caches  to  tag  the  data  items  in  a  cache  with  context  numbers,  to  indicate  which 
of  a  number  of  different  processes  or  programs  the  data  item  at  a  particular  virtual  address  is  associated  with. 
Whenever  a  data  item  is  loaded  into  the  cache,  it  is  tagged  with  the  current  context  number,  i.e.  the  context 
number  of  the  program  that  is  currently  being  executed.  Whenever  a  data  item  is  accessed  in  the  cache,  its 
context  tag  is  compared  with  the  current  context  number  and,  if  they  are  not  equal,  a  "miss"  signal  is  produced, 

25  indicating  that  the  required  data  item  is  not  present  in  the  cache.  This  allows  the  cache  to  hold  data  relating  to 
a  number  of  different  contexts,  while  avoiding  the  necessity  for  clearing  the  whole  cache  when  the  context  is 
changed. 

Normally,  context  numbers  are  allocated  sequentially  to  programs  when  required.  Eventually,  however,  all 
possible  context  numbers  will  have  been  allocated,  and  in  this  case  it  is  necessary  to  "flush"  the  cache,  to  allow 

30  the  context  numbers  to  be  used  again  for  subsequent  programs. 
The  usual  technique  for  flushing  a  copy-back  cache  is  to  step  through  each  data  location  in  turn,  and  to 

copy  back  the  contents  of  each  modified  location  to  the  main  memory.  This  ensures  that  the  modified  values 
are  preserved  in  the  main  memory  before  the  data  in  the  cache  is  invalidated.  However,  this  flushing  procedure 
takes  a  relatively  long  time,  and  can  result  in  an  undesirable  interruption  on  the  operation  of  the  system. 

35  The  object  of  the  present  invention  is  to  overcome  this  problem. 
The  precharacterizing  part  of  Claim  1  has  been  disclosed  in  COMPUTER  DESIGN,  vol.  26,  no.  14,  1st  Aug- 

ust  1987,  pages  89-94;  W.  Van  Loo:  "Maximize  performance  by  choosing  best  memory". 
US-A-3  845  474  describes  that  a  cache  which  contains  data  which  has  been  modified  in  the  main  memory 

is  cleared  by  resetting  level  status  flags  of  a  tag  directory  to  the  cache  store. 
40 

Summary  of  the  invention 

According  to  the  invention  there  is  provided  a  data  memory  system  comprising: 
a)  a  main  memory 

45  b)  a  cache,  having  a  plurality  of  locations,  each  location  having  a  context  tag  and  a  virtual  tag, 
c)  data  processing  means  for  executing  a  plurality  of  processes,  and  for  allocating  one  of  a  predetermined 
set  of  values  to  each  of  the  processes  as  a  context  number  for  that  process, 
d)  means  for  storing  a  current  context  number  equal  to  the  context  number  of  the  process  currently  being 
executed  by  the  data  processing  means, 

so  e)  means  for  loading  a  data  item  from  the  main  memory  into  a  location  of  the  cache,  overwriting  any  data 
items  already  in  that  location,  and  setting  the  context  tag  of  that  location  equal  to  the  current  context  num- 
ber,  and 
f)  means  for  copying  back  modified  data  items  from  the  cache  to  the  main  memory  when  they  are  about 
to  be  overwritten  in  the  cache, 

55  characterised  in  that,  when  all  of  said  predetermined  set  of  values  have  been  allocated,  the  processing 
means  resets  all  the  context  tags  in  the  cache  to  a  predetermined  reserved  value  not  equal  to  any  of  said 
predetermined  set  of  values,  without  immediately  copying  any  modified  data  items  from  the  cache  to  the 
main  memory. 
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It  can  be  seen  that  re-setting  the  context  tags  effectively  flushes  the  cache,  since  none  of  the  context  tags 
will  match  with  the  current  context  number.  However,  the  data  is  still  physically  present  in  the  cache,  and  mod- 
ified  items  will  eventually  be  copied  back  to  the  main  memory  before  they  are  overwritten. 

5  Brief  description  of  the  drawings. 

A  data  processing  system  embodying  a  data  memory  system  in  accordance  with  the  invention  will  now  be 
described  by  way  of  example  with  reference  to  the  accompanying  drawings. 

Figure  1  is  an  overall  block  diagram  of  the  data  processing  system. 
w  Figure  2  is  a  block  diagram  of  one  of  the  processing  modules  of  the  system. 

Figure  3  is  a  block  diagram  of  a  cache  memory  forming  part  of  each  of  the  processing  modules. 
Figure  4  is  a  flow  chart  illustrating  the  operation  of  the  cache  memory. 
Figure  5  is  a  flow  chart  illustrating  the  operation  of  a  snoop  logic  unit  forming  part  of  each  of  the  processing 

modules. 
15 

Description  of  an  embodiment  of  the  invention. 

Referring  to  Figure  1,  the  data  processing  system  comprises  a  plurality  of  data  processing  modules  10, 
and  a  main  memory  11,  interconnected  by  a  high-speed  bus  12. 

20  In  operation,  any  one  of  the  processing  modules  can  acquire  ownership  of  the  bus  for  the  purpose  of  initiat- 
ing  a  bus  transaction  e.g.  a  read  or  write  over  the  bus  12  to  the  memory  module  11.  Ownership  of  the  bus  is 
acquired  by  a  bus  arbitration  scheme,  details  of  which  are  not  relevant  to  the  present  invention. 

Referring  now  to  Figure  2,  this  shows  one  of  the  processing  modules  10  in  more  detail. 
The  processing  module  comprises  a  processing  unit  20,  which  may  be  a  conventional  microprocessor. 

25  The  processing  module  also  includes  a  cache  memory  21.  This  is  a  relative  small,  fast-access  memory, 
compared  with  the  main  memory  11,  and  holds  local  copies  of  data  items,  for  rapid  access  by  the  processing 
unit.  In  operation,  when  the  processing  unit  requires  to  access  a  data  item,  for  reading  or  writing,  it  generates 
the  virtual  address  VAof  the  item,  on  an  address  path  22.  The  virtual  address  VA  is  applied  to  the  cache  21. 
If  the  required  data  item  is  present  in  the  cache,  a  HIT  is  indicated,  allowing  the  processing  unit  to  read  or  write 

30  the  data  item,  by  way  of  the  data  path  23. 
If,  on  the  other  hand,  the  required  data  item  is  not  present  in  the  cache,  it  must  be  accessed  from  the  main 

memory  and  loaded  into  the  cache.  The  main  memory  is  addressed  by  means  of  a  physical  address  PA,  which 
is  derived  from  the  virtual  address  VA  by  means  of  a  memory  management  unit  (MMU)  24.  The  physical  address 
is  sent  over  the  bus  11  by  way  of  an  interface  unit  25. 

35  The  processing  module  also  includes  a  snoop  logic  unit  26  whose  purpose  is  to  ensure  coherency  between 
the  contents  of  the  cache  21  and  the  caches  in  the  other  processing  modules.  The  snoop  logic  26  is  an  associa- 
tive  memory  which  stores  as  tags  the  physical  address  of  all  the  data  currently  resident  in  the  cache  21  .  The 
snoop  logic  receives  all  the  physical  addresses  appearing  on  the  high  speed  bus  from  all  the  processing  mod- 
ules,  and  compares  each  received  address  with  the  stored  physical  address  tags.  If  the  received  address 

40  matches  any  one  of  the  stored  physical  addresses,  the  snoop  logic  generates  the  corresponding  virtual 
address,  and  applies  it  to  the  cache  21  so  as  to  access  the  corresponding  line  of  data. 

The  operation  of  the  snoop  logic  unit  26  will  be  described  in  more  detail  below  with  reference  to  Figure  5. 
Referring  now  to  Figure  3,  this  shows  the  cache  21  in  more  detail. 
In  this  figure,  the  virtual  address  VA  is  shown  as  consisting  of  the  32  bits  VA  0-31  ,  where  VAO  is  the  least 

45  significant  bit. 
The  cache  21  comprises  a  data  array  30,  which  is  a  random-access  memory  (RAM)  holding  16K  double 

words,  each  double  word  consisting  of  64  bits  (8  bytes).  The  data  array  30  is  addressed  by  bits  VA3-16  of  the 
virtual  address,  so  as  to  access  one  double  word.  This  double  word  can  then  be  written  or  read,  by  way  of  the 
high  speed  bus  12,  or  the  processor  data  path  23. 

so  The  data  array  is  regarded  as  being  organised  into  4K  lines  of  data,  each  line  containing  four  double  words 
(32  bytes).  Bits  VA  5-16  select  one  line  of  the  cache,  while  bits  VA  3-4  select  one  double  word  within  this  line. 

The  cache  also  comprises  a  virtual  tag  array  31  ,  a  context  tag  array  32,  a  status  array  33,  and  a  copy-back 
address  array  34.  Each  of  these  arrays  comprises  a  RAM,  having  4K  locations,  one  for  each  line  of  data  in  the 
cache.  These  arrays  are  all  addressed  in  parallel  by  bits  VA  5-16  of  the  virtual  address,  so  that  whenever  a 

55  line  of  the  data  array  is  accessed,  the  corresponding  location  in  each  of  the  arrays  31-34  is  also  accessed. 
The  virtual  tag  array  31  holds  a  1  5-bit  virtual  address  tag  for  each  line  in  the  cache.  Whenever  a  new  line 

is  loaded  into  the  data  array,  bits  VA  17-31  of  its  virtual  address  are  written  into  the  array  31  as  the  virtual 
address  tag  for  that  line.  Correspondingly,  whenever  a  line  of  data  is  accessed  in  the  data  array,  its  virtual 

3 



EP  0  347  040  B1 

address  tag  is  compared  with  bits  VA  17-31  of  the  virtual  address.  If  they  are  equal,  a  VT  MATCH  signal  is  pro- 
duced. 

The  context  tag  array  32  holds  a  1  6-bit  context  tag  for  each  line  of  the  cache.  The  data  input  of  this  array 
is  connected  to  a  current  context  register  35.  Whenever  a  new  line  is  loaded  into  the  cache,  the  contents  of 

5  the  register  35  are  written  into  the  currently  addressed  location  of  the  array,  as  the  context  tag  for  this  line,  so 
that  each  line  of  data  is  tagged  with  the  context  number  of  the  program  to  which  it  belongs.  Correspondingly, 
whenever  a  line  of  data  is  accessed,  its  context  tag  is  compared  with  the  contents  of  the  register  35.  If  they 
are  equal,  a  CT  MATCH  signal  is  produced. 

In  this  example,  both  the  tag  arrays  31  and  32  are  constructed  from  JGS  -  THOMSON  MK41H80  devices, 
w  which  provide  the  necessary  RAMs  and  also  comparators  for  performing  the  above-mentioned  comparisons. 

The  current  context  register  35  is  accessible  by  the  processing  unit  20.  Whenever  the  processing  unit  20 
initiates  a  new  program,  it  allocates  a  16-bit  context  number  to  that  program.  This  context  number  can  have 
any  value,  except  hexadecimal  FFFF  (all  ones),  which  is  reserved  as  a  null  context  number.  Whenever  the  pro- 
cessing  unit  starts  to  execute  a  program  to  which  a  context  number  has  been  allocated,  it  loads  that  context 

15  number  into  the  current  context  register  35. 
Eventually,  all  possible  context  numbers  will  have  been  allocated  by  the  processing  unit.  When  this  hap- 

pens,  it  is  necessary  to  flush  the  cache,  so  as  to  allow  the  context  numbers  to  be  recycled.  This  is  done  as 
follows.  A  single-bit  register  36  is  connected  to  a  RESET  input  of  the  context  tag  array.  When  the  processing 
unit  requires  to  flush  the  cache,  it  resets  the  register  36,  and  this  causes  all  the  locations  of  the  context  tag 

20  array  to  be  reset  to  the  null  value  FFFF.(  In  practice,  the  tag  RAMs  are  reset  to  the  all-zero  state,  and  the  inverse 
value  is  used;  that  is,  the  current  context  tag  is  inverted  before  being  compared).  This  achieves  the  desired 
flushing  of  the  cache,  since  none  of  the  lines  in  the  cache  will  now  have  a  context  tag  that  matches  the  current 
context  number.  However,  it  should  be  noted  that  the  data  is  still  physically  present  in  the  cache,  and  will  even- 
tually  be  copied  back  to  the  main  store,  as  will  be  described. 

25  The  status  array  33  holds  three  status  bits  for  each  line  of  the  cache.  These  indicate  the  state  of  the  cor- 
responding  line,  as  follows. 

S t a t u s   b i t s   S t a t e  

30 
000  INVALID 

001  PRIVATE 

011  MODIFIED 
35 

101  SHARED. 

INVALID 

PRIVATE 

MODIFIED 

SHARED  . 

PRIVATE  means  that  the  data  in  the  line  is  not  shared  with  any  of  the  other  processing  modules,  and  that  it 
has  not  been  modified  (updated)  since  it  was  loaded  into  the  cache. 

40  MODIFIED  means  that  the  data  in  the  line  is  not  shared,  and  that  it  has  been  modified.  It  is  therefore  the  most 
up-to-date  copy  in  the  system  of  this  data. 
SHARED  means  that  a  copy  of  this  data  is  also  held  in  at  least  one  other  processing  module,  and  that  it  has 
not  been  modified. 

The  outputs  of  the  arrays  31-33  are  all  fed  to  a  cache  control  logic  unit  37,  which  controls  the  operation  of 
45  the  cache  as  will  be  described. 

The  copy-back  address  array  holds  a  19-bit  physical  address  PA  for  each  line  in  the  cache.  This  indicates 
the  physical  address  to  which  the  line  will  eventually  be  copied  back. 

Referring  now  to  Figure  4,  this  illustrates  the  operation  of  the  cache  21. 
As  mentioned  above,  whenever  the  processing  unit  20  requires  to  access  a  data  item,  it  applies  the  virtual 

50  address  VA  of  the  data  to  the  cache  21  ,  so  as  to  access  a  line  of  the  cache.  If  VT  MATCH  and  CT  MATCH  are 
both  true,  and  if  the  line  is  valid  (i.e.  the  status  bits  are  not  equal  to  000)  then  a  HIT  is  scored,  indicating  that 
the  required  data  item  is  present  in  the  addressed  line  of  the  cache.  Otherwise,  a  MISS  is  scored. 

The  operation  of  the  cache  depends  on  whether  a  HIT  or  a  MISS  is  scored,  and  on  whether  this  is  a  READ 
or  WRITE  operation,  as  follows. 

55  (1)  READ  HIT.  In  this  case,  the  data  can  be  accessed  immediately  from  the  cache.  The  status  of  the  cache 
line  is  not  changed. 
(2)  READ  MISS.  In  this  case,  the  required  data  must  be  fetched  from  the  main  store,  and  loaded  into  the 
cache,  overwriting  the  existing  line  of  the  cache.  If  the  existing  line  is  in  the  MODIFIED  state,  it  must  first 

4 
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be  copied  back  to  the  main  memory,  so  as  to  ensure  that  the  most  up-to-date  copy  of  the  data  is  preserved. 
This  is  achieved  by  means  of  a  block  write  transaction  over  the  high  speed  bus.  The  required  data  is  then 
fetched  from  the  main  memory  by  means  of  a  block  read  transaction  over  the  high  speed  bus,  and  loaded 
into  the  cache.  The  status  of  the  new  block  is  set  either  to  SHARED  or  PRIVATE,  according  to  whether  or 

5  not  this  line  is  already  present  in  the  cache  of  another  processing  module,  as  indicated  by  a  "shared"  status 
line  of  the  bus. 
(3.)  WRITE  HIT.  If  the  current  status  of  the  cache  line  is  PRIVATE,  the  data  is  written  into  the  cache,  and 
the  status  is  set  to  MODIFIED.  If  the  status  is  already  MODIFIED,  the  write  proceeds  without  delay  and 
there  is  no  state  change.  If  the  cache  line  status  is  SHARED,  then  the  physical  address  on  the  line  is  broad- 

w  cast  over  the  bus  to  the  other  processing  modules,  so  that  they  can  invalidate  the  corresponding  line  in 
their  caches,  to  ensure  cache  coherency.This  is  referred  to  as  a  broadcast  invalidate  operation.  The  data 
is  written  into  the  cache  and  the  cache  line  status  set  to  MODIFIED. 
(4.)  WRITE  MISS.  In  this  case,  the  cache  follows  the  sequence  for  read  miss  described  above,  followed 
by  the  sequence  for  write  hit. 

15  Referring  now  to  Figure  5,  the  operation  of  the  snoop  logic  unit  23  is  as  follows.  If  the  snoop  logic  detects 
a  match  during  a  broadcast  invalidate  operation  by  another  processing  module,  it  sets  the  status  of  the  addres- 
sed  cache  line  to  INVALID.  This  ensures  cache  coherency. 

If,  on  the  other  hand,  the  snoop  logic  detects  a  match  during  a  block  read  transaction,  instead  of  during  a 
broadcast  invalidate,  it  checks  the  status  of  the  data  line  in  the  cache  21  .  If  the  status  of  the  cache  line  is  MOD- 

20  IFIED,  the  snoop  logic  initiates  an  INTERVENTION  operation.  This  casuses  the  block  read  transaction  to  be 
temporarily  suspended,  while  the  data  line  is  copied  back  to  the  main  memory.  The  block  read  transaction  is 
then  allowed  to  continue.  This  ensures  that  the  most  up-to-date  copy  of  the  data  is  available  in  the  main  memory 
for  the  block  read  transaction. 

It  should  be  noted  that  the  snoop  logic  monitors  block  read  transactions  generated  by  all  the  processing 
25  modules,  including  the  module  in  which  the  snoop  logic  is  located.  This  latter  possibility  is  referred  to  as  a  "self- 

snoop"  operation,  its  purpose  being  to  prevent  the  problem  of  synonyms  in  the  cache.  Asynonym  occurs  where 
two  or  more  virtual  addresses  map  on  to  the  same  physical  address,  so  that  more  than  one  copy  of  the  same 
data  item  may  be  present  in  different  locations  of  the  cache. 

If  the  cache  hit  resulted  from  a  self-snoop  operation,  the  status  of  the  addressed  line  of  the  cache  is  set 
30  to  INVALID.  Thus,  the  existing  copy  of  the  data  item  in  the  cache  is  invalidated,  preventing  the  occurrence  of 

a  synonym. 
If,  on  the  other  hand,  the  cache  hit  resulted  from  a  read  transaction  by  another  processing  module,  then 

the  status  of  the  addressed  line  of  the  cache  is  set  to  SHARED,  and  the  shared  status  line  of  the  bus  is  asserted, 
so  as  to  inform  the  other  module  that  the  data  in  question  is  also  present  in  the  cache  in  this  processing  module. 

35  In  summary,  it  can  be  seen  that  the  cache  can  be  flushed  simply  by  resetting  all  the  context  tags  in  the 
array  32  to  the  null  value.  This  ensures  that  none  of  the  existing  data  items  in  the  cache  can  now  be  accessed 
by  the  processing  unit,  since  none  of  them  will  produce  a  CT  MATCH.  However,  the  data  items  are  still  held  in 
the  cache,  and  modified  items  are  eventually  copied  back  to  the  main  memory  either  when  the  line  is  overwritten 
as  a  result  of  a  MISS,  or  as  a  result  of  an  INTERVENTION  operation. 

40 

Claims 

1.  A  data  processing  system  comprising: 
45  a)  a  main  memory 

b)  a  cache,  having  a  plurality  of  locations,  each  location  having  a  context  tag  and  a  virtual  tag, 
c)  data  processing  means  for  executing  a  plurality  of  processes,  and  for  allocating  one  of  a  predetermined 
set  of  values  to  each  of  the  processes  as  a  context  number  for  that  process, 
d)  means  for  storing  a  current  context  number  equal  to  the  context  number  of  the  process  currently  being 

so  executed  by  the  data  processing  means, 
e)  means  for  loading  a  data  item  from  the  main  memory  into  a  location  of  the  cache,  overwriting  any  data 
items  already  in  that  location,  and  setting  the  context  tag  of  that  location  equal  to  the  current  context  num- 
ber,  and 
f)  means  for  copying  back  modified  data  items  from  the  cache  to  the  main  memory  when  they  are  about 

55  to  be  overwritten  in  the  cache, 
characterised  in  that,  when  all  of  said  predetermined  set  of  values  have  been  allocated,  the  processing  means 
resets  all  the  context  tags  in  the  cache  to  a  predetermined  reserved  value  not  equal  to  any  of  said  predeter- 
mined  set  of  values,  without  immediately  copying  any  modified  data  items  from  the  cache  to  the  main  memory. 
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2.  A  data  processing  system  according  to  claim  1  including  means  operative  when  a  data  location  in  the 
cache  is  accessed,  for  comparing  the  context  tag  of  that  location  with  the  current  context  number,  and  for  com- 
paring  the  virtual  tag  of  that  location  with  the  current  virtual  address,  and  for  indicating  a  cache  hit  if  both  com- 
parisons  indicate  equality. 

5  3.  A  data  processing  system  according  to  claim  1  or  2,  comprising  a  plurality  of  processing  units,  each 
with  a  separate  cache,  said  main  memory  being  shared  between  said  processing  units. 

4.  A  data  processing  system  according  to  claim  3,  wherein  each  processing  unit  comprises  a  snoop  logic 
unit  for  monitoring  accesses  to  the  main  memory  from  the  other  processing  units. 

10 
Patentanspruche 

1.  Datenverarbeitungsanordnung  mit 
(a)  einem  Hauptspeicher 

15  (b)  einem  Pufferspeicher  mit  einer  Mehrzahl  von  Speicherplatzen,  wobei  jeder  Speicherplatz  eine  textab- 
hangige  Markierung  und  eine  virtuelle  Markierung  besitzt, 
(c)  eine  Datenverarbeitungsvorrichtung  zur  Durchfuhrung  einer  Mehrzahl  von  Verarbeitungsvorgangen 
und  zum  Zuweisen  eines  Wertes  eines  vorbestimmten  Wertesatzes  an  jeden  der  Verarbeitungsvorgange 
als  eine  textabhangige  Zahl  fur  diesen  Vorgang, 

20  (d)  einer  Vorrichtung  zum  Speicherung  einer  laufenden  textabhangigen  Zahl  gleich  der  textabhangigen 
Zahl  des  Vorganges,  der  von  der  Datenverarbeitungsvorrichtung  gerade  ausgefuhrt  wird, 
(e)  eine  Vorrichtung  zum  Eingeben  eines  Datenausdruckes  aus  dem  Hauptspeicher  in  einen  Speicher- 
platz  des  Pufferspeichers,  Uberschreiben  von  in  diesem  Speicherplatz  bereits  vorhandenen  Datenaus- 
drucken,  und  Setzen  der  textabhangigen  Markierung  dieses  Speicherplatzes  gleich  der  laufenden 

25  textabhangigen  Zahl,  und 
(f)  eine  Vorrichtung  zum  Ruckkopieren  modifizierter  Datenausdrucke  aus  dem  Pufferspeicher  in  den 
Hauptspeicher,  wenn  sie  in  Pufferspeicher  uberschrieben  werden  sollen, 

dadurch  gekennzeichnet,  dali  dann,  wenn  alle  Werte  des  vorbestimmten  Wertesatzes  zugewiesen  worden 
sind,  die  Verarbeitungsvorrichtung  alle  textabhangigen  Markierungen  im  Pufferspeicher  auf  einen  vorbestimm- 

30  ten  reservierten  Wert  rucksetzt,  der  ungleich  einem  Wert  des  vorbestimmten  Wertesatzes  ist,  ohne  dali  mo- 
dif  izierte  Datenausdrucke  aus  dem  Pufferspeicher  unmittelbar  in  den  Hauptspeicher  kopiert  werden. 

2.  Datenverarbeitungsanordnung  nach  Anspruch  1  ,  mit  einer  Vorrichtung,  die  wirksam  wird,  wenn  ein  Da- 
tenspeicher  platz  im  Pufferspeicher  zugegriffen  wird,  urn  die  text  abhangige  Markierung  dieses  Speicherplat- 
zes  mit  der  jeweiligen  textabhangigen  Zahl  sowie  die  virtuelle  Markierung  dieses  Speicherplatzes  mit  der 

35  jeweiligen  virtuellen  Adressezu  vergleichen,  und  urn  ein  Pufferspeicher-Bitanzuzeigen,  wenn  beide  Vergleiche 
Gleichheit  ergeben. 

3.  Datenverarbeitungsanordnung  nach  Anspruch  1  oder2,  mit  einer  Mehrzahl  von  Verarbeitungseinhei- 
ten,  deren  jede  einen  getrennten  Pufferspeicher  aufweist,  wobei  der  Hauptspeicher  zwischen  den  Verarbei- 
tungseinheiten  geteilt  wird. 

40  4.  Datenverarbeitungsanordnung  nach  Anspruch  3,  bei  der  jede  VerarbeitungseinheiteinelogischeSnoop- 
Einheit  zur  Uberwachung  von  Zugriffen  zum  Hauptspeicher  aus  den  anderen  Verarbeitungseinheiten  auf- 
weist. 

45  Revendications 

1  .  Systeme  de  traitement  de  donnees  comprenant: 
a)  une  memoire  centrale, 
b)  une  antememoire,  comportant  une  pluralite  d'emplacements,  chaque  emplacement  comportant  un 

so  repere  de  contexte  et  un  repere  virtuel, 
c)  un  moyen  de  traitement  de  donnees  pour  executer  une  pluralite  de  traitements,  et  pour  affecter  une  d'un 
jeu  predetermine  de  valeurs  a  chacun  des  traitements  comme  numero  de  contexte  pour  ce  traitement, 
d)  un  moyen  pour  memoriser  un  numero  de  contexte  present  egal  au  numero  de  contexte  du  traitement 
alors  en  cours  d'execution  par  le  moyen  de  traitement  de  donnees, 

55  e)  un  moyen  pour  charger  une  donnee  elementaire  de  la  memoire  centrale  a  un  emplacement  de  I'ante- 
memoire,  pour  recouvrir  des  donnees  elementaires  deja  a  cet  emplacement  ,  et  pour  rendre  le  repere  de 
contexte  de  cet  emplacement  egal  au  numero  de  contexte  present  ,  et 
f)  un  moyen  pour  recopier  des  donnees  elementaires  modifiees  de  I'anternemoire  dans  la  memoire  centrale 
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quand  elles  sont  sur  le  point  d'etre  recouvertes  dans  I'anternemoire, 
caracterise  en  ce  que,  lorsque  I'ensemble  dudit  jeu  predetermine  de  valeurs  a  ete  affecte,  le  moyen  de  traite- 
ment  remet  tous  les  reperes  de  contexte  dans  I'anternemoire  a  une  valeur  reservee  predeterminee  non  egale 
a  I'une  quelconque  dudit  jeu  predetermine  de  valeurs,sans  copier  immediatement  des  donnees  elementaires 

5  modifiees  de  I'anternemoire  dans  la  memoire  centrale. 
2.  Systeme  de  traitement  de  donnees  selon  la  revendication  1,  incluant  un  moyen  actif  quand  un  empla- 

cement  de  donnees  de  I'anternemoire  fait  I'objet  d'un  acces,pour  comparer  le  repere  de  contexte  de  cet  empla- 
cement  au  numero  de  contexte  present  et  pour  comparer  le  repere  virtuel  de  cet  emplacement  a  I'adresse 
virtuelle  presents,  et  pour  indiquer  une  presence  de  correspondance  d'antememoire  si  les  deux  comparaisons 

w  indiquent  une  egalite. 
3.  Systeme  de  traitement  de  donnees  selon  I'une  quelconque  des  revendications  1  et  2,  comprenant  une 

pluralite  d'unites  de  traitement  dont  chacune  comporte  une  antememoire  separee,  ladite  memoire  centrale 
etant  partagee  entre  lesdites  unites  de  traitement. 

4.  Systeme  de  traitement  de  donnees  selon  la  revendication  3,  dans  lequel  chaque  unite  de  traitement 
15  comprend  une  unite  logique  d'espionnage  pour  controler  les  acces  a  la  memoire  centrale  par  les  autres  unites 

de  traitement. 

7 



EP  0  347  040  B1 

11 
I  

M A I N  
MEMORY 

HIGH  SPEED  BUS 
1  -  -  

12 

PROCESSING  P R O C E S S I N G  
MODULE  MODULE 

F i a t  

HIGH  SPEED  B U S  
11 

A  

26  
A  

S N O O P  
LOGIC 

21 

CACHE 

PA 2 5  

I N T E R F A C E  

2 4  

MMU 

22-  

2 0  

VA 

■23 

DATA 

P R O C E S S I N G  
UNIT 

F I G .   2 .  



EP  0  347  040  B1 

V A 5 - 1 6 -  

36  

O N E - B I T  

REGISTER 

CONTEXT 
REGISTER 

3 5  

V A 3 - 1 6 -  

3U 
L  

COPY-  BACK 

A D D R E S S  

ARRAY 

COPY  BACK 
ADDRESS 

33 

S T A T U S  

ARRAY 

STATUS 

P R E S E T   /  

1  CONTEXT 
J  TAG  ARRAY 

32  

CT  MATCH 

V I R T U A L  

TAG  ARRAY 

31 

VT  MATCH 

CACHE 

CONTROL 
LOGIC 

DATA  
7  

ARRAY 

\ 
37  

HIGH  S P E E D  

BUS 

12 

P R O C E S S O R  
DATA  B U S  

T  

2 3  

F I G .   3 .  

9 



EP  0  347  040  B1 

<  ADDRESS  CACHE 

READ 
HIT 

READ 
M I S S  

WRITE 
HIT 

>  

WRITE 
MISS 

MODIFIED?  

Y E S  

COPY  BACK 
TO  MAIN 

MEMORY 

^ S H A R E D   ] >  
NO 

Y E S  

BROADCAST 

INVALIDATE 

FETCH  DATA 

FROM  MAIN 

MEMORY  & 

LOAD  INTO 

CACHE 

WRITE  TO 

CACHE 



' E S  
/ /   B KUAULAo  I 

NVALIDATE  ?  j  

U 

/   5 >  IAIUb  =  
10D1FIED?  

L  

sET  STATUS  I 

TO  INVALID 

N ^ Y E S  

U 
1 

INTERVENE 

8-  COPY  BACK 
1 

SELF  SNUUP  < 

SHARED  LINE 

SET  S T A T U S  

TO  SHARED 

i 

TO  INVALID 

Q y   F I G . 5 .  

11 


	bibliography
	description
	claims
	drawings

