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Description 

The  present  invention  relates  to  look-aside  buffers  used  with  computer  main  storage  devices  and  more 
particularly  to  prioritizing  addresses  contained  in  such  look-aside  buffers  as  a  function  of  the  type  of  data 

5  identified  by  such  addresses. 
Look-aside  buffers  are  used  with  large  main  storage  devices  to  identify  addresses  of  pages  of  memory 

such  that  the  addresses  are  available  without  a  requirement  for  significant  processing  to  determine  the 
address  each  time  a  page  is  referenced.  A  page  of  memory  has  a  higher  order  address  associated  with  it 
which  is  stored  in  a  particular  location  in  the  look-aside  buffer.  Several  pages  correspond  to  a  location  which 

io  may  have  space  for  a  limited  number  of  the  pages'  addresses,  such  as  two.  Various  schemes  have  been 
devised  to  optimize  which  two  or  more  addresses  are  to  be  retained  in  the  look-aside  buffer.  Such  schemes 
usually  utilize  a  least  recently  used  criterion  for  retaining  addresses. 

U.S.  Patent  No.  4,059,850  to  Van  Eck  et  al  describes  a  memory  system  which  includes  a  least  recently 
used  criterion  for  assigning  priority  to  word  groups.  The  priority  of  word  groups  is  adjustable  in  that  an 

75  invalid  word  group  is  assigned  the  lowest  priority.  In  U.S.  Patent  No.  4,437,155  to  Sawyer  et  al  a  cache 
store  for  storing  segments  and  deleting  older  segments  is  described  wherein  segments  which  are  most 
likely  to  be  accessed  soon  are  read  in  addition  to  the  segment  specified  by  a  command.  The  likely  to  be 
accessed  segments  are  given  a  priority  below  the  segment  specified  by  the  command.  U.S.  Patent  No. 
4,322,795  to  Lange  et  al  relates  to  a  main  memory  shared  by  two  processors  wherein  sections  of  a  cache 

20  are  indicated  as  empty  when  one  of  the  processors  has  changed  corresponding  data  in  the  main  memory. 
When  different  types  of  data  are  located  within  a  main  storage  device  and  a  look-aside  buffer  or  cache 

is  employed  to  reduce  access  time,  one  type  of  data  can  replace  data  of  another  type  in  the  buffer  and 
cause  the  replaced  data  to  be  determined  again. 

In  the  case  of  a  computer  which  executes  instructions  which  require  2  or  more  data  operands  which 
25  may  be  on  different  pages  of  memory,  and  performs  prefetch  of  a  subsequent  instruction  specified  by  the 

current  instruction,  the  subsequent  instruction's  address  is  inserted  in  a  buffer  with  an  address  of  one  of  the 
required  data  operands.  Resolution  of  a  further  required  operand  address  then  results  in  the  other  required 
operand  address  being  removed  from  the  buffer.  The  current  instruction  is  then  restarted,  one  of  the 
operand  addresses  resolved,  the  subsequent  instruction  address  resolved,  and  then  the  next  operand 

30  address  resolved,  causing  the  other  operand  address  to  be  removed  and  a  restart  of  the  current  instruction. 
This  results  in  an  infinite  loop  which  was  previously  handled  by  delay  of  access  of  subsequent  instructions 
and  check-pointing  the  current  instruction  to  permit  it  to  be  resumed  rather  than  restarted.  This  required 
more  instructions  and  resulted  in  reduced  performance  due  to  the  additional  time  spent  waiting  for  the 
subsequent  instruction  and  extra  checkpoint  processing. 

35  A  look-aside  buffer  contains  real  addresses  of  pages  in  a  memory  of  a  computer  system,  the  memory 
being  arranged  in  a  page  format.  The  memory  stores  at  least  a  first  and  a  second  type  of  data.  The  look- 
aside  buffer  contains  at  least  two  different  real  addresses  of  such  pages  per  buffer  location.  One  of  the  real 
addresses,  which  are  resolved  by  the  computer  system,  is  indicated  as  least  recently  used  by  a  marker  and 
therefore  is  deleted  when  a  further  different  real  address  is  resolved  from  a  virtual  address.  A  data  type 

40  detection  means  detects  address  resolutions  by  the  system  which  occur  corresponding  to  the  first  type  of 
data.  When  a  resolution  of  an  address  of  the  first  type  of  data  occurs,  the  least  recently  used  marker  is 
prevented  from  indicating  that  the  address  corresponding  to  a  second  type  of  data  is  least  recently  used. 

The  look-aside  buffer  provides  a  means  of  translating  a  6-byte  virtual  address  to  a  real  address  by 
looking  for  the  translation  in  the  look-aside  buffer  before  a  microcode  routine  is  used  to  translate  to  a  real 

45  address.  The  look-aside  buffer  is  arranged  such  that  each  position  has  two  entries.  A  total  of  128  locations 
exist,  so  at  any  one  time  256  main  storage  page  addresses  are  translated  through  or  looked  up  in  the  look- 
aside  buffer.  A  page  address  is  placed  in  either  of  the  two  entries  in  its  assigned  position.  However,  a 
particular  virtual  page  which  is  uniquely  specified  by  an  exclusive  OR  of  selected  bits  of  the  virtual  address 
can  be  placed  in  only  one  of  the  128  locations  of  the  look-aside  buffer.  This  provides  a  128  by  2-way 

50  associativity  for  the  look-aside  buffer. 
Thus,  only  addresses  corresponding  to  two  different  pages  can  be  stored  in  one  position  of  the  look- 

aside  buffer.  When  a  third  different  page  address  which  specifies  the  same  position  of  the  look-aside  buffer 
is  needed,  one  of  the  addresses  in  the  look-aside  buffer  must  be  replaced.  In  the  preferred  embodiment, 
the  first  type  of  data  is  an  instruction,  and  the  second  type  of  data  is  an  operand.  In  a  two  operand 

55  instruction,  the  real  addresses  of  both  operands  need  to  be  present  in  the  look-aside  buffer  to  perform  an 
operation  specified  by  the  instruction.  Instruction  addresses  are  being  resolved  coincident  with  operand 
addresses  and  at  certain  times,  the  instruction  addresses  will  be  resolved  before  both  operand  addresses 
are  present  in  the  look-aside  buffer.  When  this  occurs,  the  least  recently  used  marker  is  prevented  from 
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indicating  that  the  operand  address  present  in  the  look-aside  buffer  is  least  recently  used  so  that  when  the 
next  operand  address  is  resolved,  the  instruction  address  is  removed  from  the  look-aside  buffer.  This 
prevents  a  potential  infinite  loop  of  address  resolutions  between  the  two  operand  addresses  and  the 
instruction  address  which  would  have  to  be  resolved  by  microcode.  It  also  allows  early  resolution  of 

5  instruction  addresses  because  the  potential  infinite  loop  is  removed  which  is  an  overall  system  performance 
improvement. 

The  present  invention  requires  only  a  small  amount  of  additional  hardware,  requires  no  additional 
microcode,  and  permits  instruction  address  resolutions  to  occur  as  early  as  possible,  solving  the  potential 
infinite  loop  at  low  cost  with  no  loss  of  performance.  Additionally,  it  increases  the  probability  of  finding  an 

io  operand  address  in  the  look-aside  buffer.  Similarly,  it  increases  the  probability  that,  when  a  buffer  location 
contains  both  an  operand  address  and  an  instruction  address,  the  instruction  address  will  be  marked  least 
recently  used.  Since  the  address  marked  least  recently  used  is  compared  last  during  a  translation,  the 
performance  of  operand  address  translations  is  again  improved  at  the  expense  of  instruction  address 
translations.  Because  operand  address  translations,  occurring  for  most  instructions,  are  much  more  frequent 

is  than  instruction  address  translations,  occurring  only  when  a  branch  is  taken  or  the  instruction  stream 
crosses  into  a  new  page  of  memory,  the  more  frequently  translated  type  of  address  becomes  more  likely  to 
be  retained  and  more  likely  to  be  the  first  address  compared  during  a  translation,  resulting  in  an  increase  in 
performance. 

Fig.  1  is  a  block  diagram  representation  of  the  operation  of  the  look-aside  buffer  of  the  present 
20  invention. 

Figs.  2a,  2b,  and  3  are  a  detailed  schematic  representation  of  the  look-aside  buffer  of  the  present 
invention  showing  logic  used  to  control  a  least  recently  used  marker. 

Fig.  4  is  a  timing  diagram  of  the  look-aside  buffer  of  Figs.  2a,  2b  and  3  detailing  timing  when  a  second 
type  data  address  is  resolved. 

25  Fig.  5  is  a  timing  diagram  of  the  look-aside  buffer  of  Figs.  2a,  2b  and  3  detailing  timing  when  a  first 
type  data  address  is  resolved. 

A  block  diagram  of  the  general  operation  of  the  present  invention  in  relations  to  a  computer  system  is 
shown  in  Fig.  1  at  10.  A  central  processing  unit  (CPU)  20  executes  microcode  instructions.  Instructions  are 
temporarily  stored  in  an  instruction  buffer  within  CPU  20.  When  the  instruction  buffer  is  empty,  CPU  20 

30  sends  out  a  fill  instruction  buffer  (FIB)  request  and  a  translate  (TRANSLATE)  request  to  a  virtual  address 
translator  control  (VAT)  24.  A  virtual  address  is  provided  to  VAT  24  from  CPU  20  on  a  CPU  bus.  The  VAT 
24  searches  a  look-aside  buffer  to  see  if  it  already  contains  a  real  address  corresponding  to  a  main  store 
(MS)  28  location.  If  it  does,  then  MS  28  is  accessed  upon  provisions  of  a  translate  complete  signal 
(TRANSLATE  COMPLETE)  and  a  main  store  address  signal  (MS  ADDR)  and  main  store  data  (MS  DATA)  is 

35  provided  to  CPU  20  which  is  preferably  the  required  instruction  which  is  a  first  type  of  data  stored  in  MS 
28.  This  instruction  may  also  contain  the  virtual  address  of  the  next  instruction. 

If  the  real  address  is  not  found  in  VAT  24,  a  look-aside  buffer  miss  (LB  MISS)  signal  is  provided  to  the 
CPU  20,  and  the  real  address  is  resolved  by  a  microcode  routine  and  inserted  in  the  look-aside  buffer  when 
the  CPU  20  attempts  to  execute  the  instruction  which  could  not  be  accessed. 

40  A  second  type  of  data  referred  to  as  an  operand  is  also  stored  in  MS  28.  The  look-aside  buffer  stores 
real  addresses  of  both  types  of  data.  Some  instructions  require  two  operands  to  execute.  Since  the 
instruction  buffer  may  need  filling  during  translation  of  one  of  the  operand  addresses,  one  of  the  operand 
real  addresses  used  to  be  deleted  from  the  look-aside  buffer  by  the  translation  of  the  other  operand 
address  because  of  the  intervening  translation  of  the  instruction  address.  An  LB  MISS  on  instruction 

45  addresses  is  resolved  by  the  microcode  routine  at  a  later  time  after  a  second  type  of  data  address  has 
been  translated. 

Detailed  operation  of  the  look-aside  buffer  in  relation  with  the  VAT  24  is  now  described  with  reference 
to  Figs.  2a,  2b,  3,  and  timing  Figs.  4  and  5.  The  bottom  of  Fig.  2a  fits  with  the  top  of  Fig.  2b  along  the 
corresponding  broken  lines  to  form  a  composite  figure.  The  look-aside  buffer  (LB)  is  indicated  at  120  in  Fig. 

50  2a.  It  is  arranged  such  that  a  total  of  128  locations  exist  with  2  entries  for  each  location,  so  that  at  any  one 
time  256  main  storage  pages  can  be  translated  through  LB  120.  For  each  entry,  LB  120  comprises  a 
segment  identifier  (SID)  and  a  frame  identifier  (FID),  FID1  for  the  first  entry  and  FID2  for  the  second  entry. 
The  FID1  entry  (bits  0-14)  contains  the  top  15  bits  of  a  real  main  store  address.  The  FID2  entry  (bits  16-30) 
contains  the  top  15  bits  of  a  different  real  main  store  address.  A  32  bit  SID1  is  associated  with  each  FID1 

55  entry  and  a  32  bit  SID2 
is  associated  with  each  FID2  entry. 

The  LB  120  operation,  prior  to  the  improvement,  for  a  two  operand  instruction  at  the  end  of  a  page  of 
memory  is  indicated  in  Table  1  .  The  two  operands  have  virtual  addresses  which  HASH  to  the  same  location 
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of  LB  120  as  the  virtual  address  of  the  next  page  of  the  instruction  stream.  Each  time  a  translated  operand 
address  is  not  in  LB  120,  the  current  instruction  will  be  restarted.  Because  of  the  nature  of  the  CPU,  when 
the  instruction  is  restarted,  it  is  no  longer  in  the  instruction  buffer,  so  the  instruction  buffer  must  be  assumed 
to  be  empty  and  the  CPU  must  send  out  new  FIB  requests.  The  virtual  addresses  in  the  instruction  are 

5  encountered  in  the  order  OP1  (first  operand),  FIB,  OP2  (second  operand).  Because  of  the  nature  of  the  FIB, 
it  will  access  the  LB  before  a  miss  on  the  OP1  address  can  be  resolved  by  the  microcode.  An  LB  MISS  on 
a  FIB  for  a  subsequent  instruction  will  be  resolved  by  microcode  after  the  current  instruction  completes  and 
will  not  cause  the  current  instruction  to  be  restarted. 
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The  operation  of  LB  120  for  the  same  case  above,  but  with  the  improvement  as  indicated  in  Table  2. 
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The  improvement  removes  the  potential  infinite  loop  of  the  previous  method  as  shown  in  Table  1  where 
40  the  OP1  address  resolved  at  time  2  is  then  indicated  as  least  recently  used  at  time  3  due  to  an  FIB  address 

translation.  Upon  the  translation  of  OP2,  at  time  4,  the  OP1  address  is  lost  from  LB  120  because  it  was 
indicated  as  least  recently  used.  At  time  5,  translation  of  the  restarted  FIB  address  changes  the  LRU  marker 
to  indicate  OP2  address  as  least  recently  used  such  that  at  time  6,  when  OP1  address  is  resolved  again, 
the  LB  120  appears  as  it  was  at  time  2.  In  Table  2,  it  is  seen  that  at  time  3,  translation  of  an  FIB  address 

45  does  not  change  the  LRU  marker  such  that  at  time  4,  both  required  OP  addresses  are  present  in  LB  120. 
A  virtual  translate  is  initiated  by  the  CPU  activating  a  translate  (TRANS)  signal  200  in  Fig.  2a  and 

loading  a  6  byte  virtual  address  on  a  CPU  bus  102  (Fig.  2b)  into  a  virtual  register  (V  REG)  101.  Selected 
bits  39-47  of  the  6  byte  virtual  address  comprise  (MS  ADDRESS)  Fig.  2a.  Other  selected  bits  23-17,  31-25, 
and  32-38  are  exclusive  ORed  by  an  XOR  selector  106  to  form  a  look-aside  buffer  address  (HASH)  which 

50  specifies  a  unique  location  for  the  virtual  address  in  the  LB  120.  Several  virtual  addresses  have  the  same 
HASH,  but  no  virtual  addresses  correspond  to  more  than  one  HASH  or  LB  120  location. 

Each  location  in  the  LB  120  comprises  a  least  recently  used  bit  (LRU)  22  bit  31  which  preferably 
indicates  if  entry  1  was  least  recently  used  with  a  1  or  ON,  while  a  0  or  OFF  indicates  entry  2  was  least 
recently  used.  LRU  22  in  Fig.  3  is  inverted  by  a  NOT  gate  215  with  the  result  being  ANDed  by  an  AND  gate 

55  216  through  an  OR  gate  217  to  initiate  a  select  SID  (SEL  SI)  1  signal  if  LRU  22  is  0.  The  SEL  SI  1  signal  is 
provided  to  a  buffer  address  register  105  in  Fig.  2a  such  that  the  most  recently  used  entry  is  accessed  first 
in  LB  120.  The  TRANS  200  signal  is  provided  to  a  pair  of  latches  203  and  206  which  provide  a  RD  FID  C1 
signal  and  RD  FID  C2  signal  on  consecutive  C1  and  C2  clock  times.  The  RD  FID  C1  signal  is  provided  to 

5 
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an  AND  gate  112  in  Fig.  2a  to  initiate  a  load  of  an  LB  FID  register  115  on  a  C2  clock.  The  FID  register  115 
receives  the  two  FID  addresses  in  a  particular  LB  120  location.  The  RD  FID  C2  signal  is  provided  as  a 
further  input  to  AND  gate  216  and  to  an  AND  gate  218.  If  LRU  22  is  1,  an  AND  gate  220  and  an  OR  gate 
219  provide  an  active  SEL  SI  2  signal  provided  the  real  address  was  not  found  in  the  first  entry  as  indicated 

5  by  the  RD  SI  1  C2  signal  which  is  also  provided  to  AND  gate  220.  The  SEL  SI  2  signal  is  provided  to  a 
buffer  address  register  105  in  Fig.  2  such  that  the  least  recently  used  entry  is  accessed  second  in  LB  120. 
The  HASH  is  also  provided  to  register  105  to  identify  the  location  of  the  desired  addresses  in  LB  120.  In 
Fig.  3,  the  SEL  SI  1  signal  is  provided  to  a  pair  of  latches  210  and  211  to  provide  a  RD  SI  1  C1  signal  on  a 
C1  clock  and  a  RD  SI  1  C2  signal  on  a  C2  clock. 

io  Similarly,  the  SEL  SI  2  signal  is  provided  to  a  pair  of  latches  212  and  213  to  provide  a  RD  SI  2  C1 
signal  on  a  C1  clock  and  a  RD  SI  2  C2  signal  on  a  C2  clock. 

At  a  C1  clock  time,  TRANS  200  is  provided  through  an  OR  gate  110  to  an  AND  gate  109  to  clock 
register  105  in  Fig.  2a.  The  addressed  SID  entry  is  provided  on  an  ARRAY  OUT  line  111  to  a  compare 
means  125  in  Fig.  2b  which  compares  the  SID  with  the  first  32  bits  of  the  6  byte  address  from  V  REG  101. 

is  A  valid  comparison  sets  a  compare  latch  (COMP  LT)  126  on  a  C2  clock  provided  either  READ  SID  1  C1  or 
READ  SID  2  C1  is  active  as  indicated  by  an  OR  gate  127  and  an  AND  gate  128.  The  COMP  LT  signal  is 
provided  to  a  NOT  gate  221  in  Fig.  3,  to  an  AND  gate  226  and  230  and  to  an  AND  gate  247.  The  result  of 
NOT  gate  221  is  provided  to  an  AND  gate  222,  to  AND  gate  220  and  to  AND  gate  243.  AND  gates  226  and 
230  are  coupled  to  an  OR  gate  227  which  in  turn  is  coupled  to  a  pair  of  latches  228  and  229  which  provide 

20  a  WR  FID  C1  and  a  WR  FID  C2  signal  on  successive  C1  and  C2  clocks.  The  WR  FID  C1  signal  is  provided 
to  an  AND  gate  145  in  Fig.  2a  and  through  an  OR  gate  146  on  a  C2  clock  to  cause  the  FID  address  in  the 
LB  FID  register  115  to  be  written  back  into  the  LB  120.  The  LRU  bit  is  part  of  the  address  written  back  into 
the  LB  120,  and  is  provided  by  a  NOT  gate  140  responsive  to  an  ENTRY  1  COMP  signal.  The  ENTRY  1 
COMP  signal  is  provided  by  a  latch  130  at  a  C2  clock  provided  the  virtual  addressed  compare  and  the 

25  signal  RD  SI  1  C1  is  active  as  indicated  by  an  AND  gate  129. 
In  Fig.  3,  the  SEL  SI  1  and  SEL  SI  2  signals  are  ORed  by  an  OR  gate  240,  which  result  is  inverted  by  a 

NOT  gate  241  and  ANDed  by  an  AND  gate  243  with  the  OR  of  the  RD  SI  2  C2  and  RD  SI  1  C2  signals 
provided  by  an  OR  gate  242  and  NOT  gate  221  to  indicate  an  LB  MISS.  The  LB  MISS  signal  is  provided  at 
a  C1  clock  time  by  a  latch  244  and  indicates  to  the  CPU  that  neither  entry  in  the  LB  120  contained  the 

30  required  real  address.  If  one  of  the  entries  did  contain  the  required  address,  the  WR  FID  C2  signal  is 
provided  to  OR  gate  248  to  provide  a  TRANSLATE  COMPLETE  signal  which  would  be  provided  to  both  the 
CPU  and  the  main  store  to  indicate  that  the  real  address  is  available  from  the  FID  register  115.  Since  the 
FID  register  115  contains  two  addresses,  a  selector  135  selects  the  correct  address  as  a  function  of  the 
ENTRY  1  COMP  signal  provided  by  latch  130.  The  selected  address  is  combined  with  bits  39  through  47  of 

35  the  6  byte  virtual  address  to  provide  a  complete  real  address  to  the  main  store. 
In  the  event  of  a  first  type  of  data,  or  instruction  fetch,  an  FIB  signal  is  active.  In  Fig.  3,  the  FIB  signal  is 

inverted  by  a  NOT  gate  225  comprising  a  marker  control  means,  which  result  is  provided  to  AND  gates  226 
and  230  to  prevent  the  WR  FID  C1  and  WR  FID  C2  signals  from  being  activated.  This  prevents  a  write  of 
the  contents  of  the  FID  register  115  back  into  the  LB  120  and  thus  prevents  a  change  in  the  LRU  bit  by 

40  NOT  gate  140.  To  provide  the  TRANSLATE  COMPLETE  signal  since  the  WR  FID  C2  signal  is  no  longer 
active,  the  FIB  signal  is  ANDed  by  an  AND  gate  247  with  the  COMP  LT  signal  and  the  OR  of  the  RD  SI  1 
C2  and  RD  SI  2  C2  signals  by  an  OR  gate  246.  This  result  is  provided  to  OR  gate  248  to  provide  the 
TRANSLATE  COMPLETE  signal. 

When  a  virtual  address  translate  is  to  be  done,  the  6  byte  virtual  address  is  loaded  into  the  V  REG  101 
45  by  means  of  the  CPU  BUS  102.  The  TRANS  200  signal  becomes  active  as  shown  in  Fig.  4  from  a  C2  clock 

time  to  the  next  C2  clock  time.  When  the  TRANS  200  signal  becomes  active,  the  LB  120,  ADDR  REG  105 
is  loaded  with  the  HASH  consisting  of  the  exclusive  OR  of  V  REG  101  bits  32  to  38  with  V  REG  101  bits  31 
to  25  and  V  REG  101  bits  23  to  17.  The  ADDR  REG  105  is  loaded  with  the  HASH  at  a  C1  clock  time  by 
means  of  AND  gate  109  and  OR  gate  110.  Since  SEL  SI  1  and  SEL  SI  2  signals  are  not  yet  active,  one  of 

50  the  first  128  locations  of  the  LB  120  will  be  addressed  by  ADDR  REG  105.  At  the  same  C1  clock  time  as 
the  DDR  REG  105  is  loaded,  the  READ  FID  C1  latch  203  is  set. 

At  the  next  C2  clock  time,  the  LB  FID  REG  115  is  loaded  with  the  contents  of  the  LB  120  addressed  by 
ADDR  REG  105.  The  LB  FID  REG  115  is  loaded  by  means  of  AND  gate  112.  Bits  0-14  of  the  LB  FID  REG 
115  contain  the  top  15  main  store  address  bits  of  the  first  LB  entry.  Bits  16-30  of  the  LB  FID  REG  115 

55  contain  the  top  15  main  store  address  bits  of  the  second  LB  entry.  Bit  31  of  the  LB  FID  REG  115  is  called 
the  LRU  (least  recently  used)  bit.  The  purpose  of  this  bit  is  to  keep  track  of  which  entry  compared  to  the 
last  translated  virtual  address  specifying  this  LB  location.  If  this  bit  is  a  0  then  the  LB  SID  1  entry  located  in 
the  LB  120  between  the  address  range  of  128  to  255  was  the  last  entry  referenced  by  the  HASH  in  which 
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the  virtual  address  to  be  translated  compared.  If  this  bit  is  a  1  then  the  LB  SID  2  entry  located  between 
locations  256  and  383  in  the  LB  120  was  the  last  entry  which  compared  with  the  last  virtual  address 
translated. 

At  the  next  C1  clock  time,  either  the  RD  SI  1  C1  latch  210  or  the  RD  SI  2  C1  latch  212  will  be  set 
5  depending  on  the  LRU  22.  If  the  LRU  22  bit  is  a  0  then  the  RD  SI  1  C1  latch  will  be  set  by  means  of  NOT 

gate  215,  AND  gate  216  and  OR  gate  217  indicating  that  the  last  time  this  LB  entry  was  used  in  a 
translation,  LB  SID  1  entry  compared.  If  the  LRU  22  bit  is  a  1  then  the  RD  SI  2  C1  latch  212  will  be  set  by 
means  of  AND  gate  218  and  OR  gate  219  indicating  that  the  last  time  this  LB  entry  was  used  in  a 
translation,  LB  SID  2  entry  compared.  At  the  same  C1  clock  time,  the  ADDR  REG  105  is  loaded  again  with 

io  the  HASH  and  with  either  bit  0  or  bit  1  forced  ON  depending  on  the  value  of  the  LRU  22  bit  by  means  of 
the  SEL  SI  1  or  SEL  SI  2  signals.  Also  at  this  time,  the  READ  LB  FID  C1  latch  203  is  reset. 

At  the  next  C2  clock  time,  either  the  RD  SI  1  C2  latch  211  will  be  set  if  the  RD  SI  1  C1  latch  210  is  set 
or  the  RD  SI  2  C2  latch  213  will  be  set  if  the  RD  SI  2  C1  latch  212  is  set.  At  the  same  C2  clock  time,  a 
compare  is  made  between  the  4  byte  SID  of  the  virtual  address  being  translated  in  the  V  REG  101  (bits  0- 

15  31)  with  the  4  byte  LB  SID  being  read  from  the  LB  120  (either  the  LB  SID  1  entry  or  the  LB  SID  2  entry)  by 
means  of  the  COMPARE  logic  125.  If  the  compare  is  equal,  the  COMP  LT  latch  126  is  set  by  means  of  OR 
gate  127  and  AND  gate  128.  In  addition  if  the  compare  is  equal  and  the  RD  SI  1  C1  latch  210  is  set,  then 
the  ENTRY  1  COMP  latch  130  will  be  set  by  means  of  AND  gates  128  and  129  and  OR  gate  127,  indicating 
the  compare  occurred  on  LB  SID  1  entry.  The  READ  FID  C2  latch  206  is  reset  at  this  time.  If  the  FIB  signal 

20  is  active  and  the  COMP  LT  latch  126  is  set  then  the  TRANSLATE  COMPLETE  signal  will  become  active  by 
means  of  OR  gates  246  and  248  and  AND  gate  247. 

At  the  next  C1  clock,  if  the  SID  entry  that  was  read  did  not  compare,  then  the  SID  entry  not  read 
previously  will  be  read  and  compared.  If  RD  SI  1  C2  latch  211  is  set  then  RD  SI  1  C1  latch  210  will  be  reset 
and  RD  SI  2  C1  latch  212  will  be  set  by  means  of  NOT  gate  221,  AND  gate  220  and  OR  gate  219.  If  RD  SI 

25  2  C2  latch  213  is  set,  then  RD  SI  2  C1  latch  212  is  reset  and  RD  SI  1  C1  latch  210  will  be  set  by  means  of 
NOT  gate  221,  AND  gate  222  and  OR  gate  217. 

At  the  next  C2  clock  time  (provided  the  first  SID  entry  read  did  not  compare),  either  the  RD  SI  1  C2 
latch  211  will  be  set  if  the  RD  SI  1  C1  latch  210  is  set  or  the  RD  SI  2  C2  latch  213  will  be  set  if  the  RD  SI  2 
C1  latch  212  is  set.  At  the  same  C2  clock  time,  a  compare  is  made  between  the  4  byte  SID  of  the  virtual 

30  address  being  translated  in  the  V  REG  101  (bits  0-31)  with  the  4  byte  LB  SID  being  read  from  the  LB  120 
(either  the  LB  SID  1  entry  or  the  LB  SID  2  entry)  by  means  of  the  COMPARE  logic  125.  If  the  compare  is 
equal,  the  COMP  LT  latch  126  is  set  by  means  of  OR  gate  127  and  AND  gate  128.  In  addition  if  the 
compare  is  equal  and  the  RD  SI  1  C1  latch  210  is  set,  then  the  ENTRY  1  COMP  latch  will  be  set  by  means 
of  AND  gates  128  and  129  and  OR  gate  127,  indicating  the  compare  occurred  on  LB  SID  1  entry.  If  the  FIB 

35  signal  is  active  and  the  COMP  LT  latch  126  is  set  then  the  TRANSLATE  COMPLETE  signal  will  become 
active  by  means  of  OR  gates  246  and  248  and  AND  gate  247. 

If  the  COMP  LT  latch  126  is  set  by  either  of  the  LB  SID  1  or  2  compares  and  the  FIB  signal  is  not 
active,  then  at  the  next  C1  clock  time,  the  RD  SI  1  C1  latch  210  and  the  RD  SI  2  C1  latch  212  will  be  reset. 
At  the  same  time  the  WR  LB  FID  latch  228  will  be  set  by  means  of  AND  gate  226  and  OR  gate  227  if  the 

40  compare  occurred  when  the  LB  SID  1  was  read  or  by  means  of  AND  gate  230  and  OR  gate  227  if  the 
compare  occurred  when  the  LB  SID  2  was  read.  NOT  gate  225  prevents  the  LB  FID  from  being  written  if  a 
FIB  is  being  translated  and  thus  prevents  the  LRU  22  bit  in  the  LB  120  location  from  being  altered. 

If  the  FIB  signal  is  not  active  and  the  COMP  LT  latch  126  is  set,  then  at  the  next  C2  clock  time,  the  RD 
SI  1  C2  latch  211  and  the  RD  SI  2  C2  latch  213  will  be  reset.  At  the  same  time,  the  WR  FID  C2  latch  229 

45  will  be  set  if  the  WR  FID  C1  latch  228  is  set.  Since  the  WR  FID  C1  latch  228  is  set  (because  no  FIB 
translate  is  taking  place),  the  LB  FID  REG  115  bits  0-30  concatenated  with  the  new  LRU  bit  generated  by 
NOT  gate  140  is  written  into  the  FID  entries  of  the  LB  120  location  addressed  by  the  HASH  by  means  of 
AND  gate  145  and  OR  gate  146.  The  TRANSLATE  COMPLETE  signal  becomes  active  at  this  time  by 
means  of  OR  gate  248. 

50  The  main  store  address  is  valid  to  the  main  store  control  logic  after  the  SID  compare  is  complete  until 
after  the  TRANSLATE  COMPLETE  signal  becomes  active  by  means  of  SELECTOR  135  concatenated  with 
V  REG  101  bits  39  to  47.  The  SELECTOR  135  gates  the  LB  FID  REG  115  bits  0-14  to  the  top  main  store 
address  bits  when  the  ENTRY  1  COMP  latch  130  is  set;  otherwise  if  the  ENTRY  1  COMP  latch  130  is  reset, 
then  the  LB  FID  REG  115  bits  16-30  are  gated  to  the  top  main  store  address  bits. 

55  If  neither  LB  SID  entries  compared  with  the  first  4  bytes  of  the  virtual  address  in  V  REG  101,  then  at  the 
C1  clock  time  after  the  second  LB  SID  compare,  the  LB  MISS  latch  244  will  be  set  by  means  of  OR  gates 
240  and  242,  NOT  gates  241  and  221  and  AND  gate  243. 

Condition  1:  An  operand  translate  is  initiated  by  the  CPU,  the  LRU  bit  is  OFF  and  the  LB  120  SID  2 
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entry  referenced  by  the  HASH  compares  with  the  first  4  bytes  of  the  virtual  address  in  the  register  101. 
Since  the  LRU  bit  is  off,  the  SID  1  entry  is  read  first  when  the  RD  SI  1  C1  signal  is  active.  Since  the  SID  1 
entry  does  not  compare,  the  SID  2  entry  is  read  when  the  RD  SI  2  C1  signal  is  active.  Because  the  SID  2 
entry  being  read  compares  with  the  SID  in  the  first  4  bytes  of  the  register  101,  the  COMP  LT  signal  is  on 

5  and  the  ENTRY  1  COMP  signal  is  reset.  Since  a  compare  occurred,  the  LB  120  location  is  re-written  with 
the  LRU  bit  ON  when  the  WR  LB  FID  C1  signal  is  active,  indicating  that  the  SID  2  entry  compared  last.  The 
main  store  address,  formed  by  concatenating  FID  REG  115  bits  16-30  with  the  register  101  bits  39-47,  is 
gated  to  the  main  store  during  the  writing  of  the  LB  120  location.  A  TRANSLATE  COMPLETE  signal  is  then 
generated  indicating  the  translate  is  finished. 

w  Condition  2:  Fig.  4.  An  operand  translate  is  initiated  by  the  CPU,  the  LRU  bit  is  OFF  and  the  LB  120  SIP 
1  entry  referenced  by  the  HASH  compares  with  the  first  4  bytes  of  the  virtual  address  in  the  register  101. 
Since  the  LRU  bit  is  OFF,  the  SID  1  entry  is  read  first  when  the  RD  SI  1  C1  signal  is  active.  Because  the 
SID  1  entry  being  read  compares  with  the  SID  in  the  first  4  bytes  of  the  register  101,  the  COMP  LT  signal 
and  the  ENTRY  1  COMP  signal  are  active.  Since  a  compare  occurred,  the  LB  120  location  is  re-written  with 

is  the  LRU  bit  OFF  when  the  WR  LB  FID  C1  signal  is  active,  indicating  that  the  LB  SID  1  entry  compared  last. 
The  main  store  address,  formed  by  concatenating  the  first  14  bits  of  the  LB  FID  register  115  with  the  V 
register  101  bits  39-47,  is  gated  to  the  main  store  during  the  writing  of  the  LB  120  location.  A  TRANSLATE 
COMPLETE  signal  is  then  generated  indicating  the  translate  is  finished: 

Condition  3:  Fig.  5.  An  instruction  translate  is  initiated  by  the  CPU,  the  LRU  bit  is  OFF  and  the  LB  120 
20  SID  1  entry  referenced  by  the  HASH  compares  with  the  first  4  bytes  of  the  virtual  address  in  the  register 

101.  Because  an  instruction  translate  is  being  done,  the  FIB  signal  will  be  active  until  the  TRANSLATE 
COMPLETE  or  LB  MISS  signals  become  active.  Since  the  LRU  bit  is  OFF,  the  SID  1  entry  is  read  first 
when  the  RD  SI  1  C1  signal  is  active.  Because  the  SID  1  entry  being  read  compares  with  the  SID  in  the  first 
4  bytes  of  the  V  register  101,  the  COMP  LT  signal  is  active,  and  the  ENTRY  1  COMP  signal  is  active. 

25  Because  the  FIB  signal  is  active,  the  FID  register  115  is  not  written  to  LB  120.  Instead,  the  TRANSLATE 
COMPLETE  signal  becomes  active.  Thus  the  LRU  bit  in  the  LB  120  location  is  not  altered  during  the  FIB 
translate.  The  main  store  address,  formed  by  concatenating  the  first  14  bits  of  the  FID  register  115  with  V 
register  101  bits  39-47,  is  gated  to  the  main  store  when  the  TRANSLATE  COMPLETE  signal  becomes 
active  indicating  the  translate  is  finished. 

30 
Claims 

1.  Look-aside  buffer  (120)  in  a  computer  system  (10)  which  has  a  memory  (28)  having  at  least  a  first  type 
of  data  and  a  second  type  of  data  stored  in  a  page  format,  the  look-aside  buffer  (120)  being  arranged  to 

35  retain  in  a  selected  location  at  least  two  real  addresses  (FID1,  FID2)  which  have  been  resolved  by  the 
system,  of  pages  containing  the  different  types  of  data,  one  of  said  page  addresses  being  indicated  as 
least  recently  used  by  a  marker  (LRU22)  and  therefore  deleted  when  a  further  address  is  resolved  by 
the  system,  wherein  the  buffer  (120)  is  accessed  by  the  system  with  a  virtual  address  to  look  up  the 
real  address,  characterized  in  that  it  comprises 

40 
data  type  detection  means  (FIB)  to  detect  buffer  accesses  by  the  system  which  occur  corresponding  to 
the  first  type  of  data,  and 

marker  control  means  (225,  226,  230)  coupled  to  the  data  type  detection  means  (FIB)  to  prevent  the 
45  least  recently  used  marker  from  indicating  that  an  address  corresponding  to  the  second  type  of  data 

was  least  recently  used  when  a  first  type  of  real  data  address  is  accessed  in  the  buffer  (120)  by  the 
system  such  that  second  type  data  page  addresses  are  not  deleted  from  the  look-aside  buffer  (120)  as 
a  result  of  resolving  a  first  type  data  page  address. 

50  2.  The  look-aside  buffer  of  Claim  1  characterized  in  that  each  page  of  data  stored  in  the  memory  has  an 
associated  virtual  address  which  indicates  one  look-aside  buffer  location  (HASH). 

3.  The  look-aside  buffer  of  Claim  2  characterized  in  that  several  virtual  addresses  associated  with  different 
pages  of  memory  indicate  the  same  look-aside  buffer  location  (HASH). 

55 
4.  The  look-aside  buffer  of  any  one  of  Claims  1  to  3  characterized  in  that  the  first  type  of  data  comprises 

instructions  for  execution  by  the  computer  system  (20). 
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5.  The  look-aside  buffer  of  any  one  of  Claims  1  to  4  characterized  in  that  the  second  type  of  data 
comprises  data  for  use  in  execution  of  instructions. 

6.  The  look-aside  buffer  of  Claim  5  characterized  in  that  certain  instructions  require  two  real  addresses  of 
5  the  second  type  of  data  in  a  single  look-aside  buffer  location. 

7.  The  look-aside  buffer  of  any  one  of  claims  1  to  6  characterized  in  that  the  marker  control  means 
prevents  an  instruction  address  translation  from  changing  (140)  the  least  recently  used  marker. 

io  8.  The  look-aside  buffer  of  Claim  7  characterized  in  that  it  further  comprises  compare  means  (125)  for  first 
comparing  the  virtual  address  provided  by  the  computer  system  with  one  of  the  first  and  second  virtual 
addresses  in  the  location  specified  by  the  virtual  address  provided  by  the  computer  system  and  then 
comparing  the  virtual  address  provided  by  the  computer  system  with  the  other  of  the  first  and  second 
virtual  addresses  in  the  location  specified  by  the  virtual  address  provided  by  the  computer  system. 

15 
9.  The  look-aside  buffer  of  Claim  8  characterized  in  that  the  least  recently  used  marker  determines  which 

of  the  first  and  second  virtual  addresses  is  first  compared  with  the  virtual  address  provided  by  the 
computer  system. 

20  10.  The  look-aside  buffer  of  Claim  9  characterized  in  that  the  least  recently  used  marker  for  each  location 
is  stored  at  that  location. 

11.  The  look-aside  buffer  of  Claim  10  characterized  in  that  the  least  recently  used  marker  for  each  location 
is  stored  with  the  first  and  second  real  addresses. 

25 
12.  The  look-aside  buffer  of  Claim  11  characterized  in  that  it  further  comprises  writing  means  (WR  FID) 

coupled  to  the  marker  control  means  for  writing  the  first  and  second  real  addresses  and  the  least 
recently  used  marker  back  to  the  location  indicated  by  the  virtual  address  provided  by  the  computer 
system  responsive  to  the  marker  control  means. 

30 
13.  The  look-aside  buffer  of  Claim  12  characterized  in  that  the  marker  control  means  provides  a  first  type 

data  translation  signal  to  the  writing  means  to  prevent  (226,  230)  the  writing  means  from  writing  the 
least  recently  used  marker  back  to  the  location  such  that  the  least  recently  used  marker  is  not  changed 
in  response  to  a  first  type  data  address  translation. 

35 
Revendicatlons 

1.  Tampon  a  consultation  parallele  (120)  dans  un  systeme  informatique  (10)  qui  comprend  une  memoire 
(28)  ayant  au  moins  un  premier  type  de  donnees  et  un  deuxieme  type  de  donnees  stockees  en  un 

40  format  de  page,  le  tampon  a  consultation  parallele  (120)  etant  agence  pour  conserver,  dans  un 
emplacement  choisi,  au  moins  deux  adresses  reelles  (FID1,  FID2),  qui  ont  ete  resolues  par  le  systeme, 
de  pages  contenant  les  differents  types  de  donnees,  une  desdites  adresses  de  page  etant  indiquee  par 
une  marque  (LRU22)  comme  la  plus  anciennement  utilisee  et  etant  done  effacee  lorsqu'une  nouvelle 
adresse  est  resolue  par  le  systeme,  le  tampon  (120)  etant  accede  par  le  systeme  avec  une  adresse 

45  virtuelle  pour  rechercher  I'adresse  reelle,  caracterise  en  ce  qu'il  comprend 
des  moyens  de  detection  de  type  de  donnees  (FIB)  pour  detecter  les  acces  de  tampon  par  le 

systeme  qui  se  produisent  et  correspondent  au  premier  type  de  donnees,  et 
des  moyens  de  commande  de  marque  (225,226,230)  associes  aux  moyens  de  detection  de  type 

de  donnees  (FIB)  pour  empecher  que  la  marque  de  plus  grande  anciennete  d'utilisation  indique  qu'une 
50  adresse  correspondant  au  deuxieme  type  de  donnees  a  ete  la  plus  anciennement  utilisee,  lorsqu'un 

premier  type  d'adresse  reelle  de  donnees  est  accede  dans  le  tampon  (120)  par  le  systeme,  de  sorte 
que  les  adresses  de  page  de  donnees  du  deuxieme  type  ne  sont  pas  effacees  du  tampon  a 
consultation  parallele  (120)  comme  resultat  de  la  resolution  d'une  adresse  de  page  de  donnees  du 
premier  type. 

55 
2.  Tampon  a  consultation  parallele  suivant  la  revendication  1,  caracterise  en  ce  que  chaque  page  de 

donnees  stockee  dans  la  memoire  possede  une  adresse  virtuelle  associee  qui  indique  un  emplacement 
de  tampon  a  consultation  parallele  (HASH). 
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3.  Tampon  a  consultation  parallele  suivant  la  revendication  2,  caracterise  en  ce  que  plusieurs  adresses 
virtuelles  associees  a  differentes  pages  de  memoire  indiquent  le  meme  emplacement  de  tampon  a 
consultation  parallele  (HASH). 

5  4.  Tampon  a  consultation  parallele  suivant  I'une  quelconque  des  revendications  1  a  3,  caracterise  en  ce 
que  le  premier  type  de  donnees  comprend  des  instructions  pour  execution  par  le  systeme  informatique 
(20). 

5.  Tampon  a  consultation  parallele  suivant  I'une  quelconque  des  revendications  1  a  4,  caracterise  en  ce 
io  que  le  deuxieme  type  de  donnees  comprend  des  donnees  a  utiliser  dans  I'execution  d'instructions. 

6.  Tampon  a  consultation  parallele  suivant  la  revendication  5,  caracterise  en  ce  que  certaines  instructions 
necessitent  deux  adresses  reelles  du  deuxieme  type  de  donnees  dans  un  meme  emplacement  du 
tampon  a  consultation  parallele. 

15 
7.  Tampon  a  consultation  parallele  suivant  I'une  quelconque  des  revendications  1  a  6,  caracterise  en  ce 

que  les  moyens  de  commande  de  marque  empechent  une  traduction  d'adresse  d'instruction  de 
modifier  (140)  la  marque  de  plus  grande  anciennete  d'utilisation. 

20  8.  Tampon  a  consultation  parallele  suivant  la  revendication  7,  caracterise  en  ce  qu'il  comprend  en  outre 
des  moyens  de  comparaison  (125)  pour  comparer  d'abord  I'adresse  virtuelle  fournie  par  le  systeme 
informatique  avec  une  des  premiere  et  deuxieme  adresses  virtuelles  dans  I'emplacement  specifie  par 
I'adresse  virtuelle  fournie  par  le  systeme  informatique,  puis  pour  comparer  I'adresse  virtuelle  fournie 
par  le  systeme  informatique  avec  I'autre  des  premiere  et  deuxieme  adresses  virtuelles  dans  I'emplace- 

25  ment  specifie  par  I'adresse  virtuelle  fournie  par  le  systeme  informatique. 

9.  Tampon  a  consultation  parallele  suivant  la  revendication  8,  caracterise  en  ce  que  la  marque  de  plus 
grande  anciennete  d'utilisation  determine  celle  des  premiere  et  deuxieme  adresses  virtuelles  qui  est 
comparee  en  premier  avec  I'adresse  virtuelle  fournie  par  le  systeme  informatique. 

30 
10.  Tampon  a  consultation  parallele  suivant  la  revendication  9,  caracterise  en  ce  que  la  marque  de  plus 

grande  anciennete  d'utilisation  pour  chaque  emplacement  est  stockee  a  cet  emplacement. 

11.  Tampon  a  consultation  parallele  suivant  la  revendication  10,  caracterise  en  ce  que  la  marque  de  plus 
35  grande  anciennete  d'utilisation  pour  chaque  emplacement  est  stockee  avec  les  premiere  et  deuxieme 

adresses  reelles. 

12.  Tampon  a  consultation  parallele  suivant  la  revendication  11,  caracterise  en  ce  qu'  il  comprend  en  outre 
des  moyens  d'ecriture  (WR  FID)  associes  aux  moyens  de  commande  de  marque,  pour  reecrire  les 

40  premiere  et  deuxieme  adresses  reelles  et  la  marque  de  plus  grande  anciennete  d'utilisation  a 
I'emplacement  indique  par  I'adresse  virtuelle  fournie  par  le  systeme  informatique,  en  reponse  aux 
moyens  de  commande  de  marque. 

13.  Tampon  a  consultation  parallele  suivant  la  revendication  12,  caracterise  en  ce  que  les  moyens  de 
45  commande  de  marque  fournissent  un  signal  de  traduction  de  donnees  de  premier  type  aux  moyens 

d'ecriture  pour  empecher  (226,230)  les  moyens  d'ecriture  de  reecrire  la  marque  de  plus  grande 
anciennete  d'utilisation  dans  I'emplacement,  de  sorte  que  la  marque  de  plus  grande  anciennete 
d'utilisation  n'est  pas  changee  en  reponse  a  une  traduction  d'adresse  de  donnees  du  premier  type. 

50  Patentanspruche 

1.  Puffer  (120)  mit  Seitwartsblick  in  einem  Rechnersystem  (10),  das  einen  Speicher  (28)  mit  zumindest 
einer  ersten  Art  von  Daten  und  einer  zweiten  Art  von  Daten,  die  in  einem  Seitenformat  gespeichert  sind, 
wobei  der  Puffer  (120)  mit  Seitwartsblicke  eingerichtet  ist,  urn  in  einer  ausgewahlten  Stelle  zumindest 

55  zwei  reale  durch  das  System  aufgeloste  Adressen  (FID1,  FID2)  von  Seiten  zu  behalten,  welche  die 
verschiedenen  Arten  von  Daten  enthalten,  eine  der  Seitenadressen  von  einem  Markierer  (LRU  22)  als 
LRU  angezeigt  und  daher  geloscht  wird,  wenn  eine  weitere  Adresse  durch  das  System  aufgelost  wird, 
bei  welchem  auf  dem  Puffer  (120)  durch  das  System  mit  einer  virtuellen  Adresse  zugegriffen  wird,  urn 
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die  reale  Adresse  zu  suchen,  dadurch  gekennzeichnet,  da/S  er  aufweist: 

Erfassungsmittel  (FIB)  fur  Datenarten,  urn  Pufferzugriffe  durch  das  System  zu  erfassen,  die  entspre- 
chend  der  ersten  Art  von  Daten  erfolgen  und 

5 
ein  Markierersteuermittel  (225,  226,  230),  das  mit  den  Erfassungsmitteln  (FIB)  fur  Datenarten  verbunden 
ist,  urn  den  LRU-Markierer  zu  hindern,  anzuzeigen,  da/S  eine  der  zweiten  Art  von  Daten  entsprechende 
Adresse  LRU  war,  wenn  auf  eine  erste  Art  realer  Datenadressen  in  dem  Puffer  (120)  durch  das  System 
so  zugegriffen  wird,  da/S  Seitenadressen  von  Daten  zweiter  Art  aus  dem  Puffer  (120)  mit  Seitwartsblick 

io  infolge  des  Auflosens  einer  Seitenadresse  von  Daten  erster  Art  nicht  geloscht  werden. 

2.  Puffer  mit  Seitwartsblick  nach  Anspruch  1  dadurch  gekennzeichnet,  da/S  jede  Seite  von  in  dem 
Speicher  gespeicherten  Daten  eine  Zugeordnete  virtuelle  Adresse  aufweist,  die  eine  Stelle  (HASH) 
eines  Puffers  mit  Seitwartsblick  anzeigt. 

15 
3.  Puffer  mit  Seitwartsblick  nach  Anspruch  2  dadurch  gekennzeichnet,  da/S  mehrere,  virtuelle,  verschiede- 

nen  Seiten  eines  Speichers  zugeordnete  Adressen  dieselbe  Stelle  (HASH)  eines  Puffers  mit  Seitwarts- 
blick  anzeigen. 

20  4.  Puffer  mit  Seitwartsblick  nach  irgend  einem  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet,  da/S  die 
erste  Art  von  Daten  Befehle  fur  eine  Ausfuhrung  durch  das  Rechnersystem  (20)  enthalt. 

5.  Puffer  mit  Seitwartsblick  nach  irgend  einem  der  Anspruche  1  bis  4,  dadurch  gekennzeichnet,  da/S  die 
zweite  Art  von  Daten  Daten  fur  eine  Verwendung  in  einer  Ausfuhrung  von  Befehlen  enthalt. 

25 
6.  Puffer  mit  Seitwartsblick  nach  Anspruch  5,  dadurch  gekennzeichnet,  da/S  gewisse  Befehle  zwei  reale 

Adressen  der  zweiten  Art  von  Daten  in  einer  einzelnen  Stelle  eines  Puffers  mit  Seitwartsblick 
benotigen. 

30  7.  Puffer  mit  Seitwartsblick  nach  irgend  einem  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  da/S  das 
Markierersteuermittel  eine  Befehlsadressenumwandlung  hindert,  den  LRU-Markierer  zu  andern  (140). 

8.  Puffer  mit  Seitwartsblick  nach  Anspruch  7,  dadurch  gekennzeichnet,  da/S  er  ferner  Vergleichermittel 
(125)  aufweist,  urn  zuerst  die  virtuellen,  von  dem  Rechnersystem  gelieferten  Adressen  mit  einer  der 

35  ersten  und  zweiten  virtuellen  Adressen  in  der  Stelle  zu  vergleichen,  die  durch  die  von  dem  Rechnersy- 
stem  gelieferte  virtuelle  Adresse  angegeben  ist  und  sodann  die  von  dem  Rechnersystem  gelieferte 
virtuelle  Adresse  mit  der  anderen  der  ersten  und  zweiten  virtuellen  Adressen  in  der  Stelle  zu 
vergleichen,  die  durch  die  von  dem  Rechnersystem  gelieferte  virtuelle  Adresse  angegeben  ist. 

40  9.  Puffer  mit  Seitwartsblick  nach  Anspruch  8,  dadurch  gekennzeichnet,  da/S  der  LRU-Markierer  bestimmt, 
welche  der  ersten  und  zweiten  virtuellen  Adressen  zuerst  mit  der  von  dem  Rechnersystem  gelieferten 
virtuellen  Adresse  verglichen  wird. 

10.  Puffer  mit  Seitwartsblick  nach  Anspruch  9,  dadurch  gekennzeichnet,  da/S  der  LRU-Markierer  fur  jede 
45  Stelle  an  jener  Stelle  gespeichert  wird. 

11.  Puffer  mit  Seitwartsblick  nach  Anspruch  10,  dadurch  gekennzeichnet,  da/S  der  LRU-Markierer  fur  jede 
Stelle  mit  den  ersten  und  zweiten  realen  Adressen  gespeichert  wird. 

50  12.  Puffer  mit  Seitwartsblick  nach  Anspruch  11,  dadurch  gekennzeichnet,  da/S  er  ferner  Schreibermittel  (WR 
FID)  aufweist,  die  mit  dem  Markierersteuermittel  verbunden  sind,  urn  die  ersten  und  zweiten  realen 
Adressen  und  den  LRU-Markierer  an  die  Stelle  zuruckzuschreiben,  die  von  der  virtuellen  Adresse 
angezeigt  ist,  die  von  dem  Rechnersystem  geliefert  ist,  das  auf  das  Markierersteuermittel  anspricht. 

55  13.  Puffer  mit  Seitwartsblick  nach  Anspruch  12,  dadurch  gekennzeichnet,  da/S  das  Markierersteuermittel  ein 
Umwandlungssignal  fur  Daten  erster  Art  an  die  Schreibermittel  liefert,  urn  die  Schreibermittel  zu 
hindern  (226,  230),  den  LRU-Markierer  an  die  Stelle  so  zuruckzuschreiben,  da/S  der  LRU-Markierer 
entsprechend  einer  Adre/Sumwandlung  fur  Daten  erster  Art  nicht  geandert  wird. 

11 



P  0  173  909  B1 

F I G .   1  

2 0  
MS  DATA 

1 0  

2 4 '  

C P U  

CPU  B U S  

F I B  

T R A N S L A T E  

V I R T U A L  
A D D R  

T R A N S  
C O N T R O L  

MS  ADDR 

T R A N S L A T E  
f -  

C O M P L E T E  

LB  M I S 5  

2 8  

MS 

12 



EP  0  173  909  B1 

CPU  BUS  1 0 2 -  

0  31  

CPU  B U 5 -  
0  j  

SEL  51  2  —  
SEL  SI  1  —  

0 T  

HASH 

8  

A 
D 
D 
R 

R  " 
E 
b  

1 0 5  

C 

C  1  -  
2 0 0   T R A N S —  
RD  FID  C 2 -  
RD  SI1  C 2 -  
RD  S I 2   C 2 - -  

0 T H E R -  
C P U  
CTR.  

OR 
1  1 0  

5  
* 8  

A 
1 0 9  

8 1  

LB  FID  1  LB  F ID  2  L 

LB  FID  1  LB  FID  2  L 

LB  S I D   1 

:  1 2 0  

LB  S ID  1 

LB  S ID  2  

LB  S ID  2  
i-  .  1 

0  

C 2 - H  
h  iU  LI  —  |  1  4 5  

OTHER  C P U -  
C T R L  

W R I T E  
LB 
ARRAY 

OR 
N 6  

C2  —  
READ  —  
FID  CI  

A 
1  1 2  

31  

ARRAY 
OUT  1  1  1 

W O  

LB  F ID   REG  L L 5  

0  
 ̂ h- 

14  1 6  

16TI  

3 0 J  

0  1 

F I G .   2 A  1 4 1  

ENTRY  1  C O M P H S  

<30  3,  g >  

"IT  0  T  0  

SEL 

1 3 5  

L14 

-   MS 
ADDR 

L 2 3  

3 



tK  U  U3  9U9  til 

°  I?  l b  J>  I  3d .  ■4  /  
■  >  1  1  I 

V  REG  1 0 1  

1  ' 
3 9 1  

AKKAY 
OUT 

■ 

3d. 

23  T 

H A S H  
( X O R )  

K > 6  

□ 4 7 J  

—  H A S H  
1 0 7  

)  L T  

:  1 3 0  

: o m p  
_ T  

ENTRY 
I 
I 0 M P  

Jl  VJ3  o  £ _ l 3  



t r -  

J L _  
mi 

L-r- 

S L l U  

o  
2 L l  

r  

u  

CO 
C\J 
c\j 

10 

5   1  
71 

h—  I 

OJ  l|  c 

IA 
2  CO 

OJ 
1 

J  CO 
)>-* 

1 

1   "  

cr  oj  1  q  u  1  cc 

U  
1 

i  I  Q  L  
i  —  i  —   r 



EP  0  173  909  B1 

NORMAL  TRANSLATE  -  LRU  BIT  OFF  -  S I D   1  ENTRY  C O M P A R E  

c l o c k   m n j n j T J i J i j n j ^  

c i   c l o c k   _ j n _ j ^ j n j i J i _ r ^  

T R A N S L A T E   | 

READ  FID  CI  | 

READ  F ID   C2  | 

LOAD  LB  F ID   REG  |~1 

LRU  B I T  

RD  SI  1  CI  |  | 

RD  SI  1  C2  | 

COMP  L T  

ENTRY  ]  COMP 

WRITE  FID  CI  |  ' 

WRITE  F ID  C2  I  1 

LRU  WRITE  BIT   3 1  

WRITE  LB  ARRAY  |~1  

T R A N S L A T E   COMPLETED  |  
. 

F I G .   4 -  

16 



cr  u  1  10  sua  a  i 

h l b   I  KANbLA  I  L  -  LKU  d1  I  Uhr   -  S I D   1  ENTRY  C O M P A R E  

C2  c l o c k   n j n _ r i j n _ r i J i _ r L J T _ r  

Kt-AL/  r-  IU  l_  I  _ 

READ  F I D   C 2 _  

LUAU  LD  r  IU  Kt<J  

■XU  I  L.  I  _ 

RD  51  I  C 2 .  

EOMP  L T  

lNIKY  I  LvJMr  _  

r L T L T L r U T J l J I ^ L  

n _  

I  KANbLA  I  L  LUMHLL  I  LU 

l b .   5  


	bibliography
	description
	claims
	drawings

