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(57)  A  method  and  apparatus  for  improving  data 
processing  system  performance  having  a  cache 
(18,  20).  Data  from  one  cache  line  is  easily  and 
quickly  copied  to  another  cache  line  within  the 
cache.  In  the  preferred  embodiment,  this  copy 
cache  line  operation  is  initiated  using  an 
opcode  of  a  central  processing  unit's  instruc- 
tion  set.  Thus,  software  running  on  the  data 
processing  system  can  invoke  this  cache  line 
copy  by  executing  this  CPU  instruction. 

Another  feature  is  the  ability  to  rename  a 
cache  line,  again  using  a  CPU  instruction  to 
initiate  the  operation.  This  provides  a  logical 
copy  of  the  cache  data  without  having  to  per- 
form  a  physical  copy. 
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This  invention  relates  generally  to  the  field  of  computers  and  data  processing  systems,  and  more  partic- 
ularly  to  the  area  of  memory  access  and  control.  Specifically,  the  invention  relates  to  a  mechanism  for  cache 
manipulation  in  a  data  processing  system. 

In  a  data  processing  system  with  storage  hierarchy,  selected  lines  of  data  in  main  storage  are  copied  in  a 
5  high  speed  buffer,  often  called  a  cache,  forfast  access  by  a  processor.  Whenever  the  processor  requests  data, 

or  needs  an  instruction  to  execute,  the  system  first  checks  the  cache  to  determine  whether  the  data  or  in- 
struction  is  available  in  the  cache.  If  it  is,  the  data/instruction  is  quickly  provided  to  the  processor.  If  it  is  not 
available,  the  data/instruction  is  retrieved  more  slowly  from  main  memory.  A  portion  of  the  untranslated  logical 
address  in  each  processor  request  is  often  used  to  directly  access  the  cache  directory,  ratherthan  use  a  trans- 

10  lated  absolute  address,  because  system  performance  is  significantly  reduced  by  waiting  for  the  translated  ad- 
dress  of  the  data/instruction.  A  representative  cache  system  is  described  in  U.S.  patent  5,113,508  and  hereby 
incorporated  by  reference  and  "IBM  RISC  SYSTEM/6000  Technology",  First  Edition,  1990,  IBM  order  number 
SA23-2619,  and  hereby  incorporated  by  reference  as  background  material. 

Cache  synonyms  are  created  by  the  use  of  untranslated  logical  addresses  to  access  the  cache.  A  given 
15  data/instruction  item  may  exist  in  multiple  locations  within  the  cache  and  can  be  accessed  by  more  than  one 

name.  As  described  in  U.S.  patent  4,400,770  and  US  4,797,814,  both  incorporated  here  by  reference,  syno- 
nyms  provide  flexibility  when  multiple  processes  may  be  accessing  a  given  cache  line  with  dissimilar  logical 
(virtual)  addresses,  or  the  ability  exists  to  access  a  cache  line  with  either  a  logical  (virtual)  or  a  physical  (real) 
address  at  any  given  instant. 

20  As  a  result  of  such  synonym  usage,  various  schemes  such  as  those  described  by  Brenza,  J.G.,  in  the  IBM 
Technical  Disclosure  Bulletin,  June  1991,  pp  377-381,  and  hereby  incorporated  by  reference  as  background 
material,  were  designed  to  avoid  the  possibility  of  cache  synonyms  having  entries  to  dissimilar  cache  line  lo- 
cations. 

However,  the  prior  art  has  not  addressed  the  need  or  desire  to  efficiently  copy  or  move  data,  within  a 
25  cache,  from  one  cache  line  to  another.  This  capability  would  improve  system  throughput  in  the  management 

of  cache  by  eliminating  the  requirement  to  execute  multiple  load/stores  from  main  memory  to  copy  or  move 
data,  creating  duplicate  entries  in  the  cache  and  creating  extra  traffic  between  the  cache  and  main  memory. 

Nor  has  the  prior  art  addressed  the  ability  to  easily  rename  a  cache  line  in  a  cache  directory.  This  ability 
would  be  desirable  to  logically  copy  data  items,  a  cache  line  at  a  time,  while  only  using  one  cache  line. 

30  Viewed  from  one  aspect  the  present  invention  provides  a  method  for  accessing  data  stored  in  the  memory 
of  a  data  processing  system,  comprising  the  steps  of:  loading  data  from  the  memory  of  the  data  processing 
system  into  a  first  line  of  a  cache  in  the  data  processing  system;  storing  data  bytes  in  a  second  line  of  the  cache 
without  reaccessing  the  memory;  and  accessing  the  data  from  the  first  and/or  second  line  of  the  cache. 

Viewed  from  another  aspect  the  present  invention  provides  a  method  for  accessing  data  stored  in  the  mem- 
35  ory  of  a  data  processing  system,  comprising  the  steps  of:  loading  a  cache  line,  having  a  directory  entry  in  a 

cache  directory,  from  data  stored  in  the  memory  of  the  data  processing  system;  and  renaming  the  cache  line's 
directory  entry. 

Advantages  of  the  present  invention  are  that  overall  system  performance  of  a  data  processing  system  is 
improved  and  memory  access  latency  is  improved.  Cache  reloads  from  main  memory  are  reduced  and  the  hit 

40  ratio  in  a  data  processing  system  cache  is  improved. 
In  order  that  the  invention  may  be  fully  understood  preferred  embodiments  thereof  will  now  be  described, 

by  way  of  example  only,  with  reference  to  the  accompanying  drawings,  in  which: 
Figure  1  shows  the  system  data  flow  for  a  data  processing  system  having  a  cache; 
Figure  2  shows  the  state  of  a  cache  and  corresponding  tag  after  a  load  miss  has  occurred; 

45  Figure  3  shows  the  state  of  a  cache  and  corresponding  tag  after  a  store  miss  has  occurred; 
Figure  4  shows  the  state  of  a  cache  and  corresponding  tag  after  a  load/store  sequence  of  CPU  instructions 
has  occurred; 
Figure  5  shows  the  state  of  a  cache,  and  corresponding  tag,  after  a  load/store  sequence  of  CPU  instruc- 
tions,  followed  by  a  miss,  has  occurred; 

50  Figure  6  shows  the  state  of  a  cache,  and  corresponding  tag,  after  a  load  miss  has  occurred; 
Figure  7  shows  the  state  of  a  cache,  and  corresponding  tag,  aftera  rename  CRB  instruction  has  occurred; 
Figure  8  shows  the  state  of  a  cache,  and  corresponding  tag,  after  a  load/rename  sequence  of  CPU  in- 
structions,  followed  by  a  miss,  has  occurred;  and 
Figure  9  shows  the  format  of  a  dcmtrb  and  dcrrb  instruction. 

55  There  are  several  operations  in  the  AIX1  kernel  that  are  very  sensitive  to  the  speed  of  copying  data  (AIX 

1AIX  is  a  trademark  of  International  Business  Machines  Corporation 
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is  a  particular  IBM  version  of  the  popular  UNIX2  operating  system  which  was  developed  by  AT&T  and  the  Uni- 
versity  of  Berkeley).  A  very  important  one  of  these  operations  is  the  'fork'  system  call.  This  system  call 
"spawns"  a  child  process,  which  executes  concurrently  with  the  parent  process.  The  child  process  requires  its 
own  copy  of  the  parent's  data  areas.  A  variety  of  schemes  have  been  used  to  reduce  the  actual  amount  of 

5  actual  copying  required  such  as  'copy-on-read'  and  'copy-on-write'  schemes  used  in  AIX  and  Mach  respective- 
ly.  Even  with  those  optimizations,  copying  of  pages  still  requires  a  measurable  amount  of  system  time,  so  a 
method  for  copying  pages  more  efficiently  is  highly  desirable. 

One  very  efficient  method  is  to  provide  a  "copy  data  cache  line"  instruction.  Even  if  slow,  this  instruction 
is  significantly  faster  than  any  of  the  current  ways  to  copy  a  page.  The  following  compares  the  number  of  bytes 

10  per  cycle  that  a  representative  data  processing  machine  can  copy. 

bytes/cycle  machine 

2  Rise  System/6000  Model  530  -  fixed  point 

4  Rise  System/6000  Model  530  -  floating  point 

Therefore,  a  4  cycle  copy  cache  line  would  move  data  twice  as  fast  as  using  the  floating  point  registers  (as- 
suming  32  bytes/cache  line).. 

The  copy  cache  line  instruction  would  not  fetch  the  'to  address'  from  memory.  This  is  an  additional  per- 
formance  advantage  in  that  it  saves  at  least  half  of  the  cache  misses,  and  thus  improves  the  hit  ratio. 

There  are  three  options  to  implementing  a  cache  line  copy  in  a  RISC  processor: 
1)  Have  an  instruction  which  has  two  memory  addresses,  RA+RB  and  (RA+1)+RB,  one  which  points  to 
the  source  and  one  to  the  destination  (where  RA+1  means  the  register  immediately  after  RA).  This  has  a 
simple  interface  to  software  and  is  generally  useable,  but  is  very  complicated  to  implement  since  no  other 
RISC  instructions  have  two  memory  addresses. 
2)  Define  a  new  special  registerwhich  contains  eitherthe  source  or  target  memory  address  in  it  and  define 
a  new  instruction  which  copies  from/to  RA+RB  to/from  the  address  in  the  special  register.  This  is  similarly 
complicated  to  implement.  Additionally,  software  must  worry  about  how  to  handle  this  new  register  (i.e. 
the  register  either  becomes  a  new  part  of  the  process  state  or  is  it  a  serially  useable  register  that  requires 
this  code  to  run  with  interrupts  disabled). 
3)  Define  two  new  privileged  instructions.  The  first  is  Data  Cache  Move  to  Reload  Buffer  (or  demtrb).  The 
second  is  Data  Cache  Rename  Reload  Buffer  (or  dcrrb).  The  Cache  Reload  Buffer  (or  CRB)  is  an  imple- 
mentation  registerwhich  acts  like  a  one  line  additional  set  in  the  Data  Cache  containing  the  line  currently 
being  reloaded.  By  exposing  it  to  software  in  this  way,  the  copy  cache  line  function  can  be  performed  in 
software. 
The  preferred  embodiment  for  implementing  a  data  cache  move  and  rename  will  now  be  described.  Re- 

ferring  to  Figure  1  ,  a  standard  central  processing  unit  (CPU)  10  generates  address  and  data  signals  on  a  bus 
12.  This  bus  interconnects  the  CPU  1  0  with  system  memory  50,  a  data  cache  array  20,  a  tag  array  30,  a  CRB 
tag  array  60,  as  well  as  tag  matching  logic  70  and  CRB  tag  matching  logic  80.  The  CPU  10  is  further  connected 
via  bus  14  to  a  mux  1  6  for  accessing  a  cache  reload  buffer  1  8  (CRB),  and  to  a  mux  22  for  accessing  the  data 
cache  array  20.  The  particular  instances  for  these  accesses  by  the  CPU  to  the  cache  reload  buffer  and  the 
data  cache  array  will  be  further  described  below. 

The  data  cache  array  20  is  a  conventional  array  of  high  speed  read/write  memory,  as  known  to  those  of 
ordinary  skill  in  the  art,  used  for  a  data  cache  for  CPU  1  0.  A  cache  reload  buffer  1  8  is  used  to  buffer  data  from 
system  memory  50  until  a  complete  cache  line  (32  bytes  in  the  preferred  embodiment)  of  data  is  ready  to  be 
written  into  the  cache.  The  tag  array  30  contains  one  entry  per  cache  line  in  the  data  cache  array  20  comprising 
the  value  of  the  system  memory  address  for  a  given  cache  line  location.  The  CRB  tag  60  is  a  buffer  for  tem- 
porarily  storing  the  address  corresponding  to  the  data  in  the  cache  reload  buffer  18  which  is  to  be  written  in 
the  data  cache  array  20.  The  value  stored  in  the  CRB  tag  60  is  transferred  to  the  corresponding  location  in 
the  tag  array  30  when  the  data  in  the  cache  reload  buffer  18  is  transferred  into  a  location  within  the  data  cache 
array  20.  This  data  transfer  between  the  CRB  tag  array  60  and  the  tag  array  30,  as  well  as  the  data  transfer 
between  the  cache  reload  buffer  18  and  the  data  cache  array  20,  will  be  further  described  below  in  reference 
to  Figures  2-5. 

Control  logic  40  controls  the  overall  data  flow  depicted  in  Figure  1,  and  is  coupled  to  the  CPU  10,  the  CRB 
mux  16,  the  CRB  18,  the  data  cache  array  mux  22,  and  the  data  cache  array  20.  The  control  logic  is  further 

2UNIX  is  a  trademark  of  Unix  System  Laboratories,  Inc. 
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coupled  to  the  tag  equate  logic  70  and  CRB  tag  equate  logic  80  for  detecting  when  a  match  occurs  between 
an  address  presented  on  the  bus  12,  and  that  stored  in  either  the  tag  array  30  or  the  CRB  tag  array  60. 

In  a  traditional  cache  system,  the  CPU  10  accesses  data  via  bus  12.  For  performance  improvements,  a 
cache  20  is  used  to  quickly  provide  the  CPU  10  with  data.  The  cache  provides  a  localized  copy  of  a  portion 

5  of  data  which  resides  in  system  memory  50.  The  cache  comprises  data  near,  or  adjacent  to,  data  which  has 
recently  been  accessed  by  the  CPU  10  in  preceding  CPU  instructions.  Thus,  the  probability  is  high  that  the 
next  data  accessed  by  the  CPU  will  reside  in  the  cache  20  (which  has  a  relatively  fast  access  time),  rather 
than  only  residing  in  the  system  memory  50  (which  has  a  relatively  slow  access  time). 

When  the  CPU  10  places  an  address  on  the  bus  12  to  read  data  from  such  address,  tag  equate  logic  70 
10  determines  whether  the  address  matches  the  address  of  a  cache  line  currently  in  the  data  cache  array  by 

comparing  with  the  addresses  in  the  tag  array  30.  As  this  tag  array  comprises  address  values  for  the  corre- 
sponding  data  lines  stored  in  the  cache,  this  tag  equate  logic  70  can  compare  the  address  presented  on  the 
bus  12  with  those  values  stored  in  the  tag  array  30.  If  a  match  is  found,  meaning  the  data  cache  array  20  con- 
tains  the  data  item  sought  by  the  CPU  10,  the  CPU  retrieves  the  requested  data  from  the  cache  20.  This  is 

15  shown  by  the  tag  equate  logic  70  signalling  at  24  the  control  logic  40  that  a  match  was  detected.  The  control 
logic  then  enables  at  26  the  cache  array  20  to  transfer  the  requested  data  contained  therein  to  the  CPU  10 
at  28.  If  no  match  is  found,  meaning  the  data  cache  array  does  not  contain  the  data  item  sought  by  the  CPU 
10,  a  check  is  made  at  80  to  ensure  that  the  requested  data  has  not  already  been  buffered  in  the  CRB  18, 
waiting  to  be  stored  into  cache  20  (as  described  below  in  reference  to  Figure  2).  This  is  done  by  comparing 

20  the  address  on  bus  12  with  the  value  stored  in  the  CRB  tag  60.  The  results  of  the  check  are  transferred  at  25 
to  the  control  logic  40.  If  a  match  is  detected,  the  control  logic  40  causes  the  data  from  the  CRB  1  8  to  be  trans- 
ferred  to  the  CPU  10  at  29.  If  no  match  is  detected  by  80  or  70,  a  miss  occurs.  This  means  that  a  cache  line 
must  be  loaded  into  the  data  cache  with  data  from  system  memory  50.  A  cache  line  contains  more  than  the 
actual  data  requested,  as  the  odds  are  that  the  adjacent  or  nearly  adjacent  data  will  be  subsequently  requested 

25  from  the  CPU.  Thus,  the  cache  line  is  loaded  with  not  only  the  actual  data  requested,  but  adjoining  bytes/words 
of  data  stored  in  system  memory  50  as  well.  Again,  this  need  for  loading  a  cache  line  (because  of  a  miss)  is 
detected  using  the  tag  equate  logic  70  and  80,  which  signals  at  24  and  25  to  the  control  logic  40  that  no  address 
stored  in  tag  array  30  or  CRB  tag  array  60  equates  with  the  address  being  presented  on  bus  12.  At  this  point, 
data  is  read  from  system  memory  50  along  path  13,  through  mux  16  as  controlled  by  control  logic  40,  into  the 

30  cache  reload  buffer  1  8  along  path  1  7.  This  cache  reload  buffer  is  used  to  buffer  data  being  received  from  sys- 
tem  memory  50  until  a  complete  cache  line  worth  of  data  is  available  to  store  into  the  data  cache  array  20 
along  path  21.  When  the  CRB  18  is  full,  the  control  logic  40  enables  the  cache  multiplexor  22  to  load  data 
from  the  CRB  into  the  particular  location  in  the  cache  20.  This  may  occur  during  the  next  available  cycle,  or 
be  deferred  until  a  subsequent  cache  miss  occurs,  as  will  now  be  discussed. 

35  Reference  is  now  made  to  Figure  2,  which  depicts  one  method  for  cache  operation  during  a  load  miss  from 
addressl.  Again,  a  load  miss  means  that  the  CPU  10  was  attempting  to  load  data  from  addressl,  and  this  data 
is  not  currently  in  the  data  cache  array  20,  but  rather  is  in  the  slower  system  memory  50  (of  Figure  1).  Thus, 
the  data  cache  array  20  must  be  replenished  with  the  data  from  system  memory  50.  Figure  2  shows  the  CRB 
18,  the  data  cache  array  20,  the  CRB  tag  60,  and  the  tag  array  30.  The  CRB  18  contains  a  line  of  data  to  be 

40  stored  into  the  cache  20.  This  cache  array  20  is  a  multidimensional  array,  such  that  multiple  lines  of  data  can 
be  stored  therein,  such  as  at  locations  32  and  34.  Each  location  contains  a  complete  cache  line  in  the  preferred 
embodiment.  However,  other  configurations,  such  as  requiring  2  or  more  locations  for  a  full  cache  line,  would 
also  be  possible  without  departing  from  the  scope  and  spirit  of  this  invention.  The  CRB  tag  60  contains  the 
address  (addressl)  to  be  loaded  into  the  tag  array  30.  This  address  corresponds  to  the  data  then  existing  in 

45  the  CRB  18.  The  tag  array  30  contains  multiple  locations,  such  as  36  and  38,  where  addresses  are  stored  which 
correspond  to  the  data  stored  in  the  cache  array  20.  For  example,  the  data  stored  in  cache  line  at  32  has  an 
address  which  is  stored  in  tag  array  30  at  36.  As  depicted  in  Figure  2,  a  line  of  data  at  addressl  (which  has 
been  requested  by  the  CPU  10)  is  buffered  in  the  CRB  at  18.  Addressl  is  buffered  in  the  CRB  tag  buffer  60. 
This  data  and  address  information  will  be  stored  into  the  corresponding  array  20  and  tag  locations  30.  The 

so  information  is  stored  either  in  an  empty  location  34  and  38,  or  a  least  recently  accessed  location  if  no  empty 
locations  exist.  In  one  embodiment,  the  transfer  of  the  data  and  address  to  the  cache  and  tag  does  not  occur 
until  the  CRB  18  and  CRB  tag  60  are  required  by  a  subsequent  load  or  store  miss.  In  an  alternate  embodiment, 
the  CRB  data  and  CRB  tag  could  be  transferred  into  the  cache  array  and  tag  during  a  system  cycle  not  requiring 
access  to  the  cache,  thus  reducing  delays  in  system  throughput. 

55  Returning  to  Figure  1  ,  a  CPU  store  operation  will  now  be  described.  When  CPU  1  0  initiates  a  store  oper- 
ation,  the  tag  30  and  CRB  tag  60  must  be  checked  against  the  address  on  bus  12  using  logic  70  and  80  in  a 
manner  similar  to  that  described  above  with  reference  to  a  load  operation.  The  control  logic  40  directs  mux  22 
at  21  to  store  the  data  from  the  CPU  into  data  cache  array  20  through  data  path  14  and  17,  when  a  cache  hit 

4 
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is  detected  in  tag  30  (meaning  an  address  match  was  found  in  tag  30,  and  the  cache  20  contains  a  copy  of 
the  data  being  written).  The  control  logic  40  directs  mux  16  at  1  9  to  store  the  data  from  the  CPU  into  the  CRB 
18  through  data  path  14  and  15,  when  a  cache  hit  is  detected  on  the  CRB  tag  60  (meaning  an  address  match 
was  found  in  CRB  tag  60,  and  the  CRB  18  contains  a  copy  of  the  data  being  written).  If  there  is  not  a  hit  to 

5  either  the  tag  30  or  CRB  tag  60,  a  store  miss  occurs. 
Figure  3  depicts  a  store  miss  to  address2.  A  store  miss  means  that  the  CPU  10  initiated  a  data  store  to 

address2,  but  neither  the  cache  20  nor  CRB  18  (which  is  an  extension  of  the  cache  20)  contain  a  local  copy 
of  address2  data. 

The  data  previously  loaded  from  addressl  has  been  transferred  into  the  cache  array  20  at  34,  with  a  cor- 
10  responding  tag  entry  at  38.  The  data  to  be  stored  at  address2  is  temporarily  resident  in  the  CRB  1  8,  with  cor- 

responding  CRB  tag  60.  An  empty,  or  least  recently  used,  location  exists  in  the  cache  array  at  42,  with  corre- 
sponding  tag  location  44. 

Referring  now  to  Figure  4,  the  cache  array  20  contains  data  from  addressl  at  34.  This  data  resulted  from 
a  previous  load  command  (similar  to  that  described  above  with  reference  to  Figure  2).  A  corresponding  tag 

15  address  for  this  cache  line  34  is  stored  at  38.  As  the  load/store  operations  for  copying  a  page  of  data  from  ad- 
dressl  to  address2  are  typically  in  close  proximity  to  one  another  in  the  stream  of  CPU  instructions  being  exe- 
cuted,  and  the  use  of  the  CRB  18  to  buffer  the  cache  line  prior  to  storage  into  the  cache  array  20,  the  instruction 
sequence  will  load  the  data  from  addressl  and  store  that  data  to  address2  resulting  in  the  situation  depicted 
in  Fig.  4.  The  CRB  18  will  contain  the  data  from  addressl  as  the  result  of  the  store  instructions  to  copy  the 

20  data.  This  occurrence  is  not  unusual,  as  a  sequence  of  load/stores  using  the  same  data  occurs  when  a  page 
of  data  is  being  copied  from  one  location  (e.g.  addressl)  to  another  location  (e.g.  address2).  This  need  for  copy- 
ing  pages  occurs  frequently  in  a  Unix  operating  system,  when  a  system  fork  operation  occurs.  A  child  is 
spawned  by  this  fork,  and  requires  a  duplicate  copy  of  the  environment  which  the  parent  maintained  prior  to 
the  fork  operation. 

25  Figure  5  shows  the  results  of  Figure  4  when  the  CRB  and  CRB  tag  information  have  been  transferred  to 
the  cache  array  20  and  cache  tag  30  as  a  result  of  a  miss  to  address3  (prompting  the  use  of  the  CRB  to  load 
the  cache  with  the  miss  data).  As  can  be  seen,  this  results  in  a  copy  of  data  being  stored  in  the  cache  array 
at  both  locations  34  and  42  (see  Figure  5).  Further,  additional  system  cycles  were  required  to  transfer  the  data 
from  address2  even  though  it  was  subsequently  replaced  by  the  data  from  addressl  by  the  store  instructions. 

30  This  approach  represents  the  current  state  of  the  art  for  copying  pages  in  systems  like  the  RISC  Sys- 
tem/6000.  This  has  two  obvious  disadvantages:  1)  The  copied  data  occupies  two  lines  within  the  data  cache 
array,  making  less  efficient  use  of  the  data  cache  and  increasing  cache  miss  rates,  and  2)  The  data  from  ad- 
dress2  is  unnecessarily  copied  into  the  CRB  18,  thus  wasting  system  memory  bandwidth  and  CPU  cycles. 

Referring  now  to  Figure  6,  a  miss  caused  by  the  execution  of  a  dcmtrb  instruction  similar  to  that  depicted 
35  in  Figure  2  is  shown.  Data  from  addressl,  which  did  not  previously  exist  in  the  cache,  has  been  buffered  into 

the  CRB  18,  and  has  an  address  of  addressl  stored  in  the  CRB  tag  60.  The  dcmtrb  instruction  does  not  require 
the  creation  of  an  empty  slot  in  the  data  cache  array  30  by  selecting  the  least  recently  used  cache  line  since 
the  dcmtrb  instruction  indicates  that  this  entry  will  not  be  transferred  into  the  data  cache  array  30,  thus  saving 
one  line  in  the  cache. 

40  The  results  of  executing  a  dcrrb  instruction  can  now  be  fully  appreciated  with  regards  to  Figure  7.  As  op- 
posed  to  the  previous  load/store  sequence  used  to  copy  a  page  of  data,  the  dcrrb  instruction  allows  for  merely 
modifying  the  address  value  stored  in  CRB  tag  60.  This  subsequent  operation  to  the  CRB  did  not  result  in  hav- 
ing  to  load  the  data  from  address2  into  the  CRB,  thus  saving  memory  bandwidth. 

Finally,  the  results  of  providing  this  dcmtrb/dcrrb  pair  are  even  more  apparent  with  regards  to  Figure  8  in 
45  comparison  to  Figure  5.  Figure  8  shows  how  the  CRB  and  CRB  tag  information  from  Figure  7  have  been  trans- 

ferred  into  the  cache  array  20  and  tag  30  as  a  result  of  a  miss  to  address3  (which  thus  prompting  use  of  the 
CRB  and  triggered  the  transfer).  The  data  from  addressl,  which  was  in  the  CRB  at  18  of  Figure  7,  has  now 
been  moved  to  the  cache  array  20  at  cache  line  42.  The  corresponding  address  (address2),  which  was  in  the 
CRB  tag  at  60  of  Figure  7,  has  now  been  moved  to  the  tag  array  30  at  location  44.  Locations  46  and  48  remain 

so  empty,  ready  to  receive  the  data  and  address  from  address3.  A  duplicate  copy  of  the  data  from  addressl  (34 
of  Figure  5)  does  not  exist  using  this  approach,  greatly  improving  the  utilization  of  the  cache  by  eliminating 
such  duplication  of  data.  As  overall  system  performance  is  greatly  impacted  by  the  size  of  cache  arrays,  and 
since  cache's  are  relatively  expensive  in  relation  to  system  memory,  due  to  fast  access  requirements,  the 
cost/performance  of  systems  using  this  approach  will  be  greatly  enhanced. 

55  Now  that  the  hardware  flow  has  been  described,  the  software  operations  used  to  drive  the  hardware  are 
now  described.  An  instruction  called  Data  Cache  Move  to  Reload  Buffer  (dcmtrb)  is  provided  to  move  data  to 
the  cache  reload  buffer.  Referring  now  to  Fig.  9,  an  instruction  62  has  an  opcode  64,  a  temp  register  66,  register 
A  68,  register  B  72  and  extended  opcode  74.  For  an  instruction  62  having  a  dcmtrb  opcode  64,  the  address  of 
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a  cache  line  to  be  moved  into  the  CRB  is  computed  by  adding  the  contents  of  register  A  (RA)  68  and  register 
B  (RB)  72.  The  line  containing  the  byte  addressed  by  this  address,  if  already  in  the  data  cache,  is  copied  to 
the  cache  reload  buffer.  The  line  containing  the  byte  addressed  by  this  address,  if  not  already  in  the  data  cache 
array,  is  copied  directly  to  the  cache  reload  buffer  without  selecting  a  line  for  replacement. 

5  An  instruction  called  Data  Cache  Rename  Reload  Buffer  (dcrrb)  is  also  provided.  Referring  again  to  Figure 
9  for  an  instruction  62  having  a  dcrrb  opcode  64,  the  address  to  which  the  CRB  is  to  be  renamed  is  computed 
by  adding  the  contents  of  register  A  (RA)  68  and  register  B  (RB)  72.  If  a  line  of  the  data  cache  array  contains 
the  byte  addressed  by  this  address,  the  line  is  invalidated.  The  directory  entry  for  the  cache  reload  buffer  is 
marked  to  indicate  that  this  cache  line  contains  the  data  for  the  cache-line-sized  block  of  storage  containing 

10  the  byte  addressed,  and  a  line  is  selected  for  replacement. 
The  code  for  copying  a  page  pointed  to  by  R2  to  a  page  pointed  to  by  R3  is  as  follows  in  Table  1  .  R2  contains 

the  address  of  the  first  cache  line  in  the  source  page  and  R3  contains  the  address  of  the  first  cache  line  in 
the  destination  page.  R4  is  used  as  an  index  register.  The  counter  (used  by  the  branch  and  decrement  (bdn) 
instruction)  contains  the  number  of  lines  in  the  page. 

load  r4,0  clear  index  register 

loop:  dcmtrb  (r2,r4)  load  line  to  crb 

dcrrb  (r3,r40  rename  it 

addi  r4,r4,32  increment  index  by  cache  line  size 

bdn  loop  branch  and  decrement  counter 

TABLE  1 

To  reiterate,  the  ability  to  rename  the  cache  line  is  achieved  since  the  load/store  sequence  performed  by 
traditional  operating  systems  to  copy  data  from  one  location  to  another  doesn't  require  the  copied  from  data 
once  it  has  been  stored.  However,  the  traditional  approach,  while  not  needed  this  data,  resulted  in  a  duplicate 
copy  of  the  data  being  maintained  in  the  cache.  We  have  significantly  improved  the  cost/performance  of  cache 
based  systems  by  recognizing  and  eliminating  this  duplication  of  data,  thus  reducing  cache  storage  inefficien- 
cies  as  well  as  reducing  data  traffic  to/from  the  cache. 

A  method  and  apparatus  for  improving  data  processing  system  performance  having  a  cache  has  been  de- 
scribed.  Data  from  one  cache  line  is  easily  and  quickly  copied  to  another  cache  line  within  the  cache.  In  the 
preferred  embodiment,  this  copy  cache  line  operation  is  initiated  using  an  opcode  of  a  central  processing  unit's 
instruction  set.  Thus,  software  running  on  the  data  processing  system  can  invoke  this  cache  line  copy  by  exe- 
cuting  this  CPU  instruction. 

Another  feature  is  the  ability  to  rename  a  cache  line,  again  using  a  CPU  instruction  to  initiate  the  operation. 
This  provides  a  logical  copy  of  the  cache  data  without  having  to  perform  a  physical  copy. 

40 

Claims 

45 

50 

1.  A  method  for  accessing  data  stored  in  the  memory  of  a  data  processing  system,  comprising  the  steps  of: 
loading  data  from  the  memory  of  the  data  processing  system  into  a  first  line  of  a  cache  in  the  data 

processing  system; 
storing  data  bytes  in  a  second  line  of  the  cache  without  reaccessing  the  memory;  and 
accessing  the  data  from  the  first  and/or  second  line  of  the  cache. 

2.  A  method  as  claimed  in  claim  1  wherein  the  storing  step  occurs  substantially  simultaneously  with  the  load- 
50  ing  step. 

3.  A  method  as  claimed  in  claim  1  wherein  the  storing  step  includes  loading  the  second  cache  line  from  data 
stored  in  the  first  cache  line. 

55  4.  A  method  for  accessing  data  stored  in  the  memory  of  a  data  processing  system,  comprising  the  steps  of: 
loading  a  cache  line,  having  a  directory  entry  in  a  cache  directory,  from  data  stored  in  the  memory 

of  the  data  processing  system;  and 
renaming  the  cache  line's  directory  entry. 
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10 

5.  A  method  as  claimed  in  any  of  claims  1  to  4  wherein  the  loading,  storing  and  renaming  steps  are  initiated 
by  a  central  processing  unit  (CPU)  instruction. 

6.  A  method  as  claimed  in  any  of  claims  1  to  5  wherein  the  cache  comprises  a  cache  array  and  a  cache 
5  reload  buffer. 

7.  A  method  as  claimed  in  claim  6  wherein  the  data  is  loaded  into  the  cache  reload  buffer  of  the  cache. 

8.  A  method  as  claimed  in  claim  7  wherein  the  data  in  the  cache  reload  buffer  is  transferred  to  the  cache 
array  as  a  result  of  cache  miss. 

10  1 

9.  A  data  processing  system  including  a  memory  and  means  for  accessing  data  in  the  memory  comprising: 
means  for  loading  data  from  the  memory  into  a  first  line  of  a  cache  in  the  data  processing  system; 
means  for  storing  the  data  in  a  second  line  of  the  cache  without  reaccessing  the  memory;  and 
means  for  accessing  the  data  from  the  first  and/or  second  line  of  the  cache. 

15 
10.  A  data  processing  system  as  claimed  in  claim  9  wherein  the  means  for  storing  includes  means  for  loading 

the  second  cache  line  from  data  stored  in  the  first  cache  line. 

11.  A  data  processing  system  including  a  memory  and  means  for  accessing  data  in  the  memory  comprising: 
20  means  for  loading  a  cache  line,  having  a  directory  entry  in  a  cache  directory,  from  data  stored  in 

the  memory;  and 
means  for  renaming  the  cache  lines  directory  entry. 

12.  A  data  processing  system  as  claimed  in  any  of  claims  9  to  11  wherein  the  cache  comprises  a  cache  array 
25  and  a  cache  reload  buffer. 
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