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(54)  Cache  controller  index  address  generators 

(57)  The  invention  is  a  device  for  determining  an 
address  of  a  modified  line  in  a  cache  memory  and  retriev- 
ing  a  tag,  a  data,  and  a  corresponding  associativity  to 
execute  a  copyback  routine  to  an  external  memory  for 
the  modified  line.  The  cache  memory  includes  an 
attribute  array,  a  tag  array,  and  a  data  array.  The  device 
includes  a  priority  lookahead  encoder  logic  circuit  which 
simultaneously  checks  a  status  bit  in  each  line  of  the 
attribute  array  to  determine  whether  one  or  more  modi- 
fied  lines  are  indicated.  The  priority  lookahead  encoder 
logic  circuit  then  prioritizes  the  modified  lines,  if  more 
than  one  is  detected,  for  purposes  of  a  copyback  routine 
writing  the  modified  lines  to  external  memory.  The  device 
then  generates  an  address  of  external  memory  which 
corresponds  to  each  of  the  modified  lines  as  and  when 
each  becomes  next  in  priority  for  copyback.  Finally,  the 
device  retrieves  and  holds  data  which  corresponds  to 
each  of  the  modified  lines  for  copyback. 
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Description 

This  application  is  related  to  our  copending  European  Application  Serial  No.  being  filed  con- 
currently  herewith  and  claiming  priority  from  US  application  08/271  ,373  (our  ref  PCCS/TT0239/SMP).  The  subject  matter 

5  of  the  related  application  is  incorporated  herein  by  this  reference  thereto. 
The  invention  relates  generally  to  cache  memories  in  computers  and,  more  particularly,  to  a  device  and  method  for 

determining  the  address  of  a  modified  line  in  a  cache  memory  and  retrieving  the  tag  address,  data,  and  corresponding 
associativity  to  execute  a  copyback  routine  for  the  modified  cache  line. 

Cache  memories  in  computers  and  other  digital  processing  devices  are  generally  known.  A  cache  is  a  memory 
10  allotment  provided  for  storage,  usually  temporary,  of  data  which  may  or  may  not  be  later  accessed  or  permanently  stored. 

Cache  memories  serve  to  hold  data  most  often  requested  by  an  associated  processor  in  order  to  speed-up  fetch  and 
store  times.  Cache  is  thus  fast  memory,  and  so  is  often  used  in  devices  to  optimize  processor  performance  and  enhance 
bus  bandwidth. 

Cache  memories,  in  effect,  serve  to  reduce  the  average  memory  access  time  of  devices.  By  reducing  that  time, 
15  cache  speeds  processing  by  eliminating  the  need  to  access  external  memory  which  is  usually  larger  and  for  which 

access  times  are  much  less.  By  locating  the  cache  close  to  the  processor  and  equipping  the  cache  with  desirable  access- 
ing  and  storing  procedures,  cache  can  significantly  speed  operation  of  a  processing  device.  As  may  be  anticipated, 
many  factors  impact  the  effectiveness  of  cache,  for  example,  cache  size,  physical  organization,  cache  line  replace- 
ment/modification  algorithms,  and  the  behavior  of  any  software  being  run  which  employs  the  cache  memory. 

20  In  typical  operation,  the  cache  maintains  a  copy  of  the  most  recently  used  code  or  data  from  the  main  (or  "external") 
memory.  This  code  or  data  in  cache  is  what  is  used  by  the  processor  in  its  iterative  operations.  Main  memory,  i.e.,  external 
memory,  is  employed  for  permanent  (or  extended)  data  storage  and  is  typically  not  accessed  directly  by  the  processor. 
Because  the  processor  operates  with  data  from  cache  memory,  data  stored  in  the  cache  from  time  to  time  must  be 
identical  to  the  data  stored  in  external  memory.  When  the  cache  memory  is  modified  in  a  desired  manner  during  processor 

25  operation,  the  data  in  the  external  memory  must  be  updated  as  well. 
There  are  a  number  of  known  procedures  and  devices  for  determining  modifications  of  cache  memory  and  writing 

modified  data  to  external  memory.  These  procedures  and  their  effectiveness  are  generally  dependent  upon  cache  organ- 
ization  and  the  other  factors  previously  described  with  respect  to  cache  effectiveness.  Regardless  of  organization  and 
other  factors,  however,  prior  procedures  for  determining  modifications  of  cache  and  writing  cache  modifications  to  exter- 

30  nal  memory  have  required  a  stepped  check  through  each  location  of  stored  information  in  the  cache  to  determine  at 
each  location  whether  there  has  been  any  modification  of  cached  data.  Only  when  a  modification  is  found  in  that  stepped 
check  is  the  external  memory  updated.  Because  cache  memory  is  being  replaced  continually  during  the  operation  of  a 
processor,  these  prior  procedures  of  stepping  through  every  piece  of  information  stored  in  the  cache  until  a  modification 
is  found  are  time  consuming  relative  to  processor  operations.  It  would,  therefore,  be  an  advantage  over  the  prior  art  if 

35  new  devices  and  procedures  were  developed  for  identifying  modifications  of  cache  and  updating  external  memory  to 
reflect  those  modifications,  which  devices  and  procedures  would  allow  reduced  cache  memory  operation  times. 

In  discussion  of  cache  memories,  a  number  of  particular  terms  are  often  used.  For  a  better  understanding  of  the 
objects  and  advantages  of  the  present  invention,  definitions  are  provided  here  for  certain  of  those  terms  as  follows: 

Associativity  -  a  number  which  refers  to  the  number  of  possible  locations  in  the  cache  based  on  cache  organi- 
40  zation  in  which  a  specific  address  may  be  cached.  It  also  refers  to  the  number  of  tags  which  are  read  and  compared 

concurrently. 
Clean  line  -  a  cache  line  that  is  not  marked  as  modified  because  it  is  not  written  to  main  memory  in  a  copyback 

write  policy.  The  fact  that  such  a  cache  line  is  not  marked  as  modified  indicates  that  the  line  is  not  modified  relative  to 
the  relevant  main  memory. 

45  Copyback  --  a  write  policy  in  which  a  write-back  is  performed  in  the  cache  when  data  is  modified  within  the  cache. 
When  cached  data  is  modified,  the  cache  is  flushed.  When  flushed,  the  data  in  the  line  or  lines  of  the  cache  then  marked 
as  modified  is  written  (copied  back)  to  the  main  memory. 

Data  array  -  a  random  access  memory  array  that  contains  the  data  variables  for  use  by  a  processor. 
Data  cache  -  a  cache  which  is  used  for  caching  frequently  used  processor  data  variables. 

so  Index  -  each  cache  line  has  an  index  associated  with  it  that  must  be  stored  and  compared  against  the  index  of  the 
memory  reguest.  Indexes  are  kept  as  entries  (one  per  line)  in  a  directory  that  establishes  the  correspondence  between 
the  data  in  the  cache  and  the  particular  fragment  of  main  memory  that  is  represented. 

Line  (or  Block)  -  a  cache  line  or  block  is  a  group  of  sequential  words  in  cache  memory  associated  with  a  tag. 
Look-up  ~  a  look-up  is  performed  when  some  data  is  pulled  from  the  main  memory  and  placed  in  the  cache. 

55  Modified  line  ~  a  cache  line  is  marked  as  modified  when  it  is  written  in  a  copyback  write  policy.  The  mark  indicates 
that  the  line  contains  the  most  recent  version  of  the  data. 

Status  Bits  -  a  status  bit  is  associated  with  each  cache  line  and  indicates  the  modified  or  unmodified  status  of  the  line. 
Tag  -  the  tag  identifies  the  address  of  the  data  or  instruction  which  is  currently  present  in  the  cache.  A  cache  tag 

is  associated  with  each  cache  line  and  is  stored  in  the  tag  array. 
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Tag  array  -  a  random  access  memory  array  that  contains  the  address  tags  for  cache  data. 
We  shall  describe  a  cache  controller  index  address  generator  that  provides  an  improved  apparatus  and  method  for 

determination  of  the  address  of  a  modified  line  in  a  cache  memory  and  retrieval  of  the  tag  address,  data,  and  corre- 
sponding  associativity  of  that  line  in  order  to  execute  a  copyback  routine  for  the  modified  cache  line.  In  practice,  the 

5  generator  provides  a  faster  type  of  flush  mechanism  for  a  cache  memory  and  allows  for  speeded  cache  memory  oper- 
ations. 

We  shall  describe  a  device  for  identifying  a  modified  line  in  a  cache  memory  and  writing  the  modified  line  to  an 
external  memory.  The  device  comprises  a  detector  for  simultaneously  determining  all  modifications  of  the  cache  memory, 
a  prioritizer  for  prioritizing  the  modifications  for  purposes  of  sequentially  writing  the  modifications  to  the  external  memory, 

10  and  identifier  for  identifying  an  address  in  the  external  memory  to  which  each  the  modification  is  to  be  written. 
In  one  aspect,  the  cache  memory  includes  an  attribute  array,  a  tag  array,  and  a  data  array. 
In  another  aspect,  the  detector  is  a  logic  circuit  that  simultaneously  checks  a  status  bit  of  each  line  of  the  attribute 

array  in  order  to  determine  the  modifications. 
In  a  further  aspect,  the  prioritizer  is  a  logic  circuit  that  sequentially  outputs,  according  to  a  desired  prioritizing  scheme 

15  inherent  in  the  design  of  the  logic  circuit,  an  associativity  signal  and  an  index  signal  each  corresponding  to  each  of  the 
modifications. 

In  yet  another  aspect,  the  prioritizer  is  a  logic  circuit  that  sequentially  outputs,  according  to  a  desired  prioritizing 
scheme  inherent  in  the  design  of  the  logic  circuit,  an  associativity  signal  and  an  index  signal  each  corresponding  to  each 
of  the  modifications. 

20  In  even  another  aspect,  the  identifier  includes  a  determiner  utilizing  the  index  signal  and  the  associativity  signal  to 
determine  from  the  tag  array  a  tag  signal  for  combination  with  the  index  signal  to  yield  the  address. 

In  another  further  aspect,  a  data  signal  corresponding  to  an  associativity  of  the  modified  index  line  is  produced  by 
a  second  mux,  the  index  signal  determining  locations  in  the  data  array  of  possible  data  signals,  the  associativity  signal 
being  input  to  the  second  mux  in  order  to  select  the  applicable  cache  line,  and  the  second  mux  yielding  the  data  signal. 

25  In  even  a  further  aspect,  the  detector  is  a  logic  circuit  that  simultaneously  checks  a  status  bit  of  each  line  of  the 
attribute  array  in  order  to  determine  the  modifications. 

In  a  further  aspect,  the  identifier  includes  a  first  mux,  the  index  signal  determining  locations  in  the  tag  array  of 
possible  tag  signals,  the  associativity  signal  being  input  to  the  first  mux  in  order  to  select  the  applicable  tag  address, 
and  the  first  mux  yielding  a  tag  signal. 

30  In  a  further  aspect,  the  device  further  comprises  a  copyback  buffer,  the  data  signal  being  stored  in  the  copyback 
buffer  for  writing  to  the  external  memory. 

We  shall  further  describe  a  device  for  determining  an  address  of  a  modified  line  in  a  cache  memory  and  retrieving 
a  tag,  a  data,  and  a  corresponding  associativity  to  execute  a  copyback  routine  to  an  external  memory  for  the  modified 
line,  the  cache  memory  including  an  attribute  array,  a  tag  array,  and  a  data  array.  The  device  comprises  a  checker  for 

35  simultaneously  checking  a  status  bit  in  each  line  of  the  attribute  array  to  determine  whether  one  or  more  of  the  modified 
lines  is  indicated,  a  prioritizer  for  prioritizing  the  modified  lines  when  more  than  one,  a  generator  for  generating  an  address 
of  the  external  memory  corresponding  to  each  of  the  modified  lines  as  and  when  each  of  the  modified  lines  becomes 
next  in  priority,  and  retriever  for  retrieving  each  of  the  data  which  corresponds  to  each  of  the  modified  lines  as  and  when 
each  of  the  modified  lines  becomes  next  in  priority. 

40  In  one  aspect,  the  checker  is  a  priority  lookahead  encoder. 
In  a  further  aspect,  the  generator  includes  a  first  mux,  the  first  mux  receives  inputs  of  an  associativity  signal  from 

the  priority  lookahead  encoder  and  several  possible  tags  from  the  tag  array  determined  by  an  index  signal  from  the 
priority  lookahead  encoder,  the  first  mux  yielding  the  tag,  the  tag  being  combined  with  the  index  signal  to  give  the  address. 

In  even  another  aspect,  the  retriever  includes  a  second  mux,  the  second  mux  receives  inputs  of  the  associativity 
45  signal  and  selects  from  several  possible  data  from  the  data  array  determined  by  the  index  signal,  the  second  mux  yielding 

the  data. 
In  even  a  further  aspect,  the  device  further  comprises  storage  for  storing  the  data  for  performing  the  copyback  routine. 
In  another  aspect,  the  storage  is  a  copyback  buffer. 
We  shall  further  describe  a  method  of  determining  an  address  of  a  modified  line  in  a  cache  memory  and  retrieving 

so  a  tag,  a  data,  and  a  corresponding  associativity  to  execute  a  copyback  routine  to  an  external  memory  for  the  modified 
line,  the  cache  memory  including  an  attribute  array,  a  tag  array,  and  a  data  array.  The  method  comprises  the  steps  of 
checking,  simultaneously,  a  status  bit  in  each  line  of  the  attribute  array  to  determine  whether  one  or  more  of  the  modified 
lines  is  indicated,  prioritizing  the  modified  lines  when  more  than  one,  generating  an  address  of  the  external  memory 
corresponding  to  each  of  the  modified  lines  as  and  when  each  of  the  modified  lines  becomes  next  in  priority,  and  retrieving 

55  each  of  the  data  which  corresponds  to  each  of  the  modified  lines  as  and  when  each  of  the  modified  lines  becomes  next 
in  priority. 

In  one  aspect,  the  steps  of  checking  and  prioritizing  are  performed  by  a  priority  lookahead  encoder  logic  circuit. 
In  yet  another  aspect,  the  step  of  generating  is  performed  by  a  first  mux,  the  first  mux  receives  inputs  of  an  associ- 

ativity  signal  from  the  priority  lookahead  encoder  and  selects  from  several  possible  tags  from  the  tag  array  determined 
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by  an  index  signal  from  the  priority  lookahead  encoder  logic  circuit,  the  first  mux  yielding  the  tag,  the  tag  being  combined 
with  the  index  signal  to  give  the  address. 

In  even  another  aspect,  the  step  of  retrieving  is  performed  by  a  second  mux,  the  second  mux  receives  inputs  of  the 
associativity  signal  and  selects  from  several  possible  data  from  the  data  array  determined  by  the  index  signal,  the  second 

5  mux  yielding  the  data. 
In  a  further  aspect,  the  method  further  comprises  the  step  of  storing  the  data  in  a  copyback  buffer  for  use  in  the 

copyback  routine. 
For  a  more  detailed  understanding  of  the  present  invention  and  for  further  objects  and  advantages  thereof,  reference 

may  now  be  had  to  the  following  description  taken  in  conjunction  with  the  accompanying  drawings,  in  which,  by  way  of 
10  example  only: 

FIG.  1  is  a  simplified,  block  illustration  of  a  prior  art  cache  accessing  and  copyback  process  and  apparatus;  and 
FIG.  2  is  a  simplified,  block  illustration  of  a  cache  controller  index  address  generator  embodying  the  present  invention, 
showing  the  improved  apparatus  and  method  for  determining  the  address  of  a  modified  line  in  a  cache  memory  and 

15  retrieving  the  tag  address,  data,  and  corresponding  associativity  of  that  line  in  order  to  execute  a  copyback  routine, 
which  apparatus  and  method  employ  and  incorporate  a  priority  encoder  mechanism. 

Referring  first  to  FIG.  1  ,  a  prior  art  cache  memory  addressing  and  copyback  apparatus  2  is  illustrated.  This  prior 
apparatus  2  consists  of  a  central  processing  unit  ("CPU")  3  and  certain  external  memory  1  8.  The  CPU  3  includes  a  data 

20  array  14  and  a  tag  and  attribute  array  10. 
Still  referring  to  FIG.  1  ,  the  data  array  14  of  this  prior  art  cache  memory  apparatus  2  contains  a  number  of  memory 

locations,  for  example,  512  if  a  four-layer  array  each  having  128  lines  of  cache  data.  Such  a  data  array  14  is  typically 
employed  in  this  arrangement  for  storing  processor  data  variables  frequently  used  by  the  CPU  3  of  the  device  during 
iterative  operations.  The  data  array  14  holds  the  variable  values  for  ready  access  and  manipulation  by  the  CPU  3. 

25  Continuing  to  refer  to  FIG.  1,  the  tag  and  attribute  array  10  is  a  cache  which  is  used  for  storing  identifying  data 
relevant  to  the  addressing  of  information  stored  in  the  data  cache  14.  The  particular  identifying  data  stored  in  the  tag 
and  attribute  array  1  0  can  be  of  a  variety  of  forms  depending  upon  the  particular  type  of  addressing  technique  employed 
with  the  cache  memory  2.  In  a  typical  type  of  addressing  technique,  the  tag  and  attribute  array  10  contains  an  indicator 
of  status  of  data  at  each  particular  location  in  the  data  array  14  (i.e.,  whether  modified  or  unmodified)  and  a  respective 

30  location  address  for  that  data  in  the  data  array  1  4. 
Still  continuing  to  refer  to  FIG.  1  ,  the  CPU  3  also  includes  a  counter  4  mechanism.  The  counter  4  serves  to  step 

processing  through  each  of  the  address  tags  stored  in  the  tag  and  attribute  array  10  when  accessing  data  of  the  data 
array  1  4.  The  counter  signal  6  directs  the  check  if  modified  mechanism  1  2  to  look  at  a  particular  line  of  the  tag  and 
attribute  array  10.  The  point  signal  8  directs  the  counter  4  to  point,  respectively,  to  each  of  the  four  layers  of  the  tag  and 

35  attribute  array  1  0  so  that  the  counter  signal  6  may  cause  the  check  if  modified  mechanism  1  2  to  check  each  line  of  each 
of  the  layers.  The  check  if  modified  mechanism  12  of  the  CPU  3  serves  to  check  for  a  modification  in  each  location  of 
the  tag  and  attribute  array  1  0  as  the  counter  4  steps  through  those  locations. 

Still  referring  to  FIG.  1  ,  operation  of  the  prior  art  cache  memory  addressing  and  copyback  apparatus  2  may  be 
understood.  For  exemplary  purposes,  consider  that  each  of  the  tag  and  attribute  array  1  0  and  the  data  array  1  4  are  four 

40  layer  and  have  128  lines  per  layer.  The  counter  signal  6,  is  then,  for  example,  a  7-bit  signal,  which  corresponds  to  the 
1  28  locations  of  each  layer  of  the  tag  and  attribute  array  10.  The  point  signal  8  may  be,  for  example,  a  2-bit  signal,  which 
causes  the  check  if  modified  mechanism  1  2  to  look  at  a  particular  one  of  the  four  layers  while  the  counter  signal  6  causes 
the  check  if  modified  mechanism  12  to  step  through  each  line  of  that  layer.  Once  all  locations  of  a  particular  layer  are 
checked  for  modification,  the  point  signal  8  causes  the  check  if  modified  mechanism  12  to  look  at  the  next  successive 

45  layer,  and  so  on  until  a  modification  is  found  or,  if  no  modification,  then,  until  each  location  of  the  entire  tag  and  attribute 
array  10  has  been  checked. 

Further  referring  to  FIG.  1  ,  the  counter  4,  in  this  prior  art  apparatus  2,  must  step  the  check  if  modified  mechanism 
1  2  through  each  memory  location  of  the  tag  and  attribute  array  1  0,  one  by  one,  and  check  each  such  location  to  determine 
whether  the  particular,  relevant  line  of  the  tag  and  attribute  array  10  has  been  modified.  In  this  exemplary  prior  art 

so  apparatus  2  described  herein,  this  may  require  the  check  if  modified  mechanism  12  to  look-up  and  check  up  to  512 
sequences  each  time  cache  memory  is  to  be  checked  for  a  modification.  Even  if  a  modified  line  is  found  and  an  address 
determined  and  copyback  routine  exercised,  the  check  if  modified  mechanism  12  must  again  be  stepped  through  each 
memory  location  of  the  tag  and  attribute  array  10  to  determine  the  next  or  later  modified  line.  As  may  be  readily  appre- 
ciated,  stepping  a  check  mechanism  12  through  each  of  some  512  possible  cache  lines  each  time  a  modification  must 

55  be  determined  is  time  consuming  in  terms  of  processor  speed.  The  speed  of  cache  memory  modification  addressing 
and  copyback  becomes  even  more  important  as  cache  memory  size  increases  in  devices.  It  will  be  understood  by  those 
in  the  art  that  the  8K  arrays  10,14  described  here  are  intended  only  as  exemplary  and  that  the  problem  addressed  by 
the  present  invention  is  found  in  all  cache  memories. 
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Now  referring  to  FIG.  2,  the  present  cache  controller  index  address  generator  50  of  the  present  invention  is  illustrated. 
As  will  be  hereinafter  more  fully  understood,  this  cache  controller  index  address  generator  50  speeds  determination  of 
the  address  of  a  modified  line  in  a  cache  memory  and  retrieval  of  the  tag  address,  data,  and  corresponding  associativity 
of  that  line  in  order  to  execute  a  copyback  routine  for  the  modified  cache  line.  In  general  concept,  the  generator  50 

5  simultaneously  looks  at  a  specified  bit  of  each  line  of  the  attribute  array  10b  indicative  of  status  of  the  line  (i.e.,  modified 
or  unmodified)  and  provides  a  scheme  to  prioritize  copyback  of  modified  lines  when  more  than  one  modified  line  is 
indicated. 

Still  referring  to  FIG.  2,  like  elements  in  FIGS.  1  and  2  are  identified  by  the  same  numbers.  As  in  the  prior  art  cache 
memory  addressing  and  copyback  apparatus  2  of  FIG.  1  ,  the  present  cache  controller  index  address  generator  50 

10  includes  tag  and  attribute  arrays  10a,  10b  (identified  separately  here  in  FIG.  2)  and  a  data  array  14.  The  cache  controller 
index  address  generator  50  operates  on  those  attribute  and  tag  arrays  10b,  10a  to  directly  determine  lines  of  the  data 
array  14  which  are  modified  and  the  tag,  attribute,  and  corresponding  associativity  of  those  modified  lines. 

Continuing  to  refer  to  FIG.  2,  a  priority  lookahead  encoder  56  simultaneously  checks  a  particular  status  of  each  line 
of  the  attribute  array  1  0b.  A  status  bit,  as  previously  defined,  is  associated  with  each  memory  location  or  cache  line  and 

15  indicates  the  modified  or  unmodified  field  status  of  the  location.  If  the  status  bit  of  any  line  (or  lines)  of  the  attribute  array 
10b  indicates  a  modification  of  cached  data,  i.e.,  a  modified  line  in  the  data  array  14,  then  that  signals  the  priority  looka- 
head  encoder  56  to  prioritize  modifications  (if  more  than  one)  and  cause  the  cache  memory  to  perform  copyback  routines 
to  write  the  modified  data  to  external  memory. 

Further  referring  to  FIG.  2,  the  priority  lookahead  encoder  56  is  preferably  a  logic  circuit  which  simultaneously  looks 
20  only  at  each  status  bit  of  each  line  of  the  attribute  array  1  0b.  By  looking  at  each  status  bit  of  each  such  line  in  that  manner, 

the  priority  lookahead  encoder  56  detects  any  modification(s)  indicated  by  status  bit(s).  The  priority  lookahead  encoder 
56  logic  circuitry  also  preferably  serves  to  prioritize  the  modifications  detected,  if  more  than  one,  for  purposes  of  copyback 
to  external  memory.  Though  the  description  herein  is  of  the  preferred  priority  lookahead  encoder  56  mechanism,  the 
mechanism  may  alternatively  perform  only  certain  of  those  functions,  with  other  devices  or  mechanisms  performing  the 

25  functions  not  performed  by  the  priority  lookahead  encoder  56.  As  another  alternative,  the  priority  lookahead  encoder  56 
could  check  status  bits  of  only  a  portion,  but  not  all,  of  the  lines  of  the  attribute  array  10b,  simultaneously;  in  that  event, 
the  priority  lookahead  encoder  56  could  provide  alternative  or  additional  prioritizing  arrangements  since  multiple  deter- 
minations  would  be  necessary  for  a  single  look  at  all  cache  locations  for  determining  modifications.  As  will  be  apparent 
to  those  skilled  in  the  art,  additional,  further,  alternative  and  combinational  modifications  of  the  priority  lookahead  encoder 

30  56  may  be  possible. 
Still  referring  to  FIG.  2,  in  the  preferred  embodiment  of  the  cache  controller  index  address  generator  50,  the  priority 

lookahead  encoder  56,  upon  detecting  one  or  more  status  bits  of  the  attribute  array  10b  indicating  modified  lines  of  the 
data  array  14,  yields  two  signals:  an  associativity  signal  60  and  an  index  signal  58  indicative  of  the  associativity  and 
index,  respectively,  of  a  modified  line  of  the  data  array  given  priority.  It  should  be  noted  that  the  priority  lookahead  encoder 

35  56  may  simultaneously  detect  more  than  one  status  bit  of  the  attribute  array  1  0b  indicating  modification.  This  is  the  case 
when  there  is  more  than  one  modified  line  of  the  data  array  14.  In  fact,  there  will  at  any  point  in  time  be  one  status  bit 
indicating  modification  for  each  line  of  the  data  array  1  4  which  is  then  modified.  Because  the  priority  lookahead  encoder 
56  may  so  simultaneously  detect  several  status  bits  indicating  modification,  the  generator  50  must,  in  some  manner, 
prioritize  the  several  modifications  for  purposes  of  performing  copyback.  As  previously  discussed,  the  priority  lookahead 

40  encoder  56  of  the  cache  controller  index  address  generator  50  performs  that  function  in  the  preferred  embodiment.  The 
associativity  signal  60  and  the  index  signal  58  will  first  correspond  with  the  modification  given  first  priority,  will  second 
correspond  with  the  modification  given  second  priority,  and  so  on  until  the  associativity  signal  60  and  index  signal  58 
corresponding  to  each  modification  detected  in  the  modification  check  by  the  priority  lookahead  encoder  56  is  passed 
from  the  priority  lookahead  encoder  56. 

45  Continuing  still  to  refer  to  FIG.  2,  as  each  associativity  signal  60  and  index  signal  58  relative  to  each  particular 
modification  detected  is  passed  from  the  priority  lookahead  encoder  56,  the  signals  60,58  are  stored  in  an  associativ- 
ity/index  register  64.  This  associativity/index  register  64  is  a  temporary  data  storage  register  which  allows  each  succes- 
sive  associativity  signal  60  and  index  signal  58  corresponding  to  modified  lines  of  the  data  array  14  to  be  processed 
according  to  the  priority  established  by  the  priority  lookahead  encoder  56. 

so  Further  referring  to  FIG.  2,  the  associativity  signal  60  passes  from  the  associativity/index  register  64  to  a  first  mux 
80  and  a  second  mux  90.  The  index  signal  58,  on  the  other  hand,  passes  from  the  associativity/index  register  64  to  a 
tag  array  10a  and  a  tag/index  register  84  for  storage.  The  tag/index  register  84  is  a  temporary  data  storage  register 
which  holds  the  index  signal  58  during  processing  of  a  particular  associativity  signal  60  and  index  signal  58  from  the 
priority  lookahead  encoder  56.  The  tag/index  register  84  also  holds  a  tag  signal  82  which  will  hereinafter  be  discussed 

55  more  fully. 
Referring  further  to  FIG.  2,  the  index  signal  58  passed  to  the  tag  array  10a  performs  a  look-up  on  all  four  layers  of 

the  tag  array  1  0a  to  find  the  index  in  the  tag  array  1  0a  indicated  by  the  index  signal  58.  The  particular  associativity  is 
then  selected  by  the  mux  80,  which  mux  80  receives  the  associativity  signal  60  passed  to  the  associativity/index  register 
64  by  the  priority  lookahead  encoder  56.  In  effect,  the  mux  80  receives  the  associativity  signal  60  which  indicates  the 
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desired  associativity  in  order  to  select  from  the  four  indexes  of  the  tag  array  10a  corresponding  to  the  index  signal  58 
to  the  tag  array  1  0a.  The  mux  80  selects  from  the  memory  locations  of  the  four  layers  identified,  and  yields  the  tag  signal 
82.  As  previously  mentioned,  the  tag/index  register  84  stores  the  tag  signal  82  and  index  signal  60. 

Further,  still  referring  to  FIG.  2,  the  index  signal  58  is  likewise  passed  to  the  data  array  14.  That  index  signal  58 
5  passed  to  the  data  array  14  performs  a  look-up  on  all  four  layers  of  the  data  array  14  to  find  the  index  in  the  data  array 

14  indicated  by  the  index  signal  58.  The  particular  associativity  is  then  selected  by  the  mux  90,  which  mux  90  receives 
the  associativity  signal  60  passed  to  the  associativity/index  register  64  by  the  priority  lookahead  encoder  56.  This  proc- 
ess,  like  that  in  the  first  mux  80,  is  basically  a  cache  data  look-up  which  selects  which  way,  i.e.,  which  associativity,  is 
to  be  sent  out  for  direction  to  external  memory.  The  mux  90  selects  from  the  memory  locations  of  the  four  layers  identified, 

10  yielding  a  data  signal  86.  The  data  signal  86  is  directed  to  a  copyback  buffer  94  for  storage  during  performance  of  a 
copyback  routine. 

Referring  still  to  FIG.  2,  the  tag/index  register  84  makes  available  the  address  92,  indicative  of  the  location  in  external 
memory  at  which  particular  data  86  then  stored  in  the  copyback  buffer  94  is  to  be  written.  As  described,  the  copyback 
buffer  94  stores  the  particular  data  86  for  performance  of  the  copyback  routine.  In  this  manner,  the  generator  50  allows 

15  ready  determination  of  modified  cache  memory  lines  and  allows  data  from  those  modified  lines  to  be  written  to  external 
memory  via  some  copyback  routine.  Clearly,  the  generator  50  and  method  thereof  speed  cache  operation,  eliminating 
the  necessity  of  a  stepped  check  through  the  cache  for  modifications. 

Still  referring  to  FIG.  2,  operation  of  the  cache  controller  index  address  generator  50  may  be  better  understood  by 
an  example.  For  purposes  of  the  example,  consider  that  each  of  the  attribute  array  1  0b,  the  tag  array  1  0a,  and  the  data 

20  array  14  are  four  layer  and  have  128  lines  per  layer,  that  is,  each  array  10b,  10a,  14  is  512  kilobytes  of  memory.  The 
priority  lookahead  encoder  56  simultaneously  detects  a  single  bit,  i.e.,  the  status  bit,  of  each  line  of  each  of  the  four 
layers  and  so  detects  512  bits  simultaneously  (this  is  indicated  in  FIG.  2  by  signal  54).  Upon  detecting  one  or  more  of 
the  512  status  bits  indicating  modifications  of  lines  of  memory,  the  priority  lookahead  encoder  56  prioritizes  the  detected 
modifications,  if  more  than  one.  The  priority  lookahead  encoder  56  then  successively,  in  the  order  prioritized,  transmits 

25  a  7-bit  index  signal  58  and  a  7-bit  associativity  signal  60  corresponding  to  the  line  in  which  each  status  bit  indicating 
modification  was  found.  Each  of  these  7-bit  signals  58,60  are  held  in  the  associativity/index  register  64.  Additionally,  the 
7-bit  associativity  signal  60  is  passed  to  the  first  mux  80  and  the  second  mux  90  and  the  7-bit  index  signal  58  is  passed 
to  the  tag  array  1  0a  and  the  data  array  1  4.  A  look-up  is  performed  in  each  array  1  0a,  1  0b  to  yield  tag  and  data  information, 
respectively,  corresponding  to  the  particular  index  signal  58.  Each  mux  80,90  selects,  based  on  the  associativity  signal 

30  60  inputs,  a  particular  tag  transmitted  as  a  tag  signal  21  and  a  particular  data  transmitted  as  a  data  signal  86.  The  tag 
signal  21  is  2  1  -bits  in  this  example.  The  data  signal  86  is  1  28-bits  in  the  example.  The  tag  signal  2  1  and  index  signal  58 
are  combined  in  the  tag/index  register  84  to  give  a  28-bit  address  92  for  a  copyback  routine  in  writing  the  modification 
to  external  memory  (not  shown  in  FIG.  2).  The  data  signal  86  is  stored  in  the  copyback  buffer  to  give  a  28-bit  data  for 
the  copyback  routine. 

35  As  is  clearly  seen,  the  present  invention  overcomes  the  problems  presented  by  the  prior  art  devices  and  methods. 
The  present  invention  is  believed  to  be  especially  effective  when  configured  and  employed  as  described  herein,  however, 
those  skilled  in  the  art  will  readily  recognize  that  numerous  variations  and  substitutions  may  be  made  in  the  device  and 
its  use  and  configuration  to  achieve  substantially  the  same  results  as  achieved  by  the  embodiments  and,  in  particular, 
the  preferred  embodiment  expressly  described  herein.  Each  of  those  variations  is  intended  to  be  included  in  the  descrip- 

40  tion  herein  and  forms  a  part  of  the  present  invention.  The  foregoing  detailed  description  is,  thus,  to  be  clearly  understood 
as  being  given  by  way  of  illustration  and  example  only,  the  spirit  and  scope  of  the  present  invention  being  limited  solely 
by  the  appended  claims. 

Claims 
45 

1  .  A  device  for  identifying  a  modified  index  line  in  a  cache  memory  and  writing  said  modified  index  line  to  an  external 
memory,  comprising: 

detector  for  simultaneously  determining  all  modifications  of  said  cache  memory; 
prioritizer  for  prioritizing  said  modifications  for  purposes  of  sequentially  writing  said  modifications  to  said 

so  external  memory;  and 
identifier  for  identifying  an  address  in  said  external  memory  to  which  each  said  modification  is  to  be  written. 

2.  The  device  of  claim  1  ,  wherein  said  cache  memory  includes  an  attribute  array,  a  tag  array,  and  a  data  array. 

55  3.  The  device  of  claim  1  ,  wherein  said  detector  is  a  logic  circuit  that  simultaneously  checks  a  status  bit  of  each  line  of 
said  attribute  array  in  order  to  determine  said  modifications. 

6 



EP0  691  614  A1 

4.  The  device  of  claim  1  ,  wherein  said  prioritizer  is  a  logic  circuit  that  sequentially  outputs,  according  to  a  desired 
prioritizing  scheme  inherent  in  the  design  of  said  logic  circuit,  an  associativity  signal  and  an  index  signal  each  cor- 
responding  to  each  of  said  modifications. 

5  5.  The  device  of  claim  2,  wherein  said  prioritizer  is  a  logic  circuit  that  sequentially  outputs,  according  to  a  desired 
prioritizing  scheme  inherent  in  the  design  of  said  logic  circuit,  an  associativity  signal  and  an  index  signal  each  cor- 
responding  to  each  of  said  modifications. 

6.  The  device  of  claim  5,  wherein  said  identifier  includes  a  determiner  utilizing  said  index  signal  and  said  associativity 
10  signal  to  determine  from  said  tag  array  a  tag  signal  for  combination  with  said  index  signal  to  yield  said  address. 

7.  The  device  of  claim  5,  wherein  a  data  signal  corresponding  to  an  associativity  of  said  modified  index  line  is  produced 
by  a  second  mux,  said  index  signal  determining  locations  in  said  data  array  of  possible  data  signals,  said  associativity 
signal  being  input  to  said  second  mux  in  order  to  select  an  applicable  cache  line,  and  said  second  mux  yielding  said 

15  data  signal. 

8.  The  device  of  claim  5,  wherein  said  detector  is  a  logic  circuit  that  simultaneously  checks  a  status  bit  of  each  line  of 
said  attribute  array  in  order  to  determine  said  modifications. 

20  9.  The  device  of  claim  6,  wherein  said  identifier  includes  a  first  mux,  said  index  signal  determining  locations  in  said 
tag  array  of  possible  tag  signals,  said  associativity  signal  being  input  to  said  first  mux  in  order  to  select  an  applicable 
tag  address,  and  said  first  mux  yielding  a  tag  signal. 

10.  The  device  of  claim  7,  further  comprising  a  copyback  buffer,  said  data  signal  being  stored  in  said  copyback  buffer 
25  for  writing  to  said  external  memory. 

11.  A  device  for  determining  an  address  of  a  modified  line  in  a  cache  memory  and  retrieving  a  tag,  a  data,  and  a 
corresponding  associativity  to  execute  a  copyback  routine  to  an  external  memory  for  said  modified  line,  said  cache 
memory  including  an  attribute  array,  a  tag  array,  and  a  data  array,  comprising: 

30  checker  for  simultaneously  checking  a  status  bit  in  each  line  of  said  attribute  array  to  determine  whether  one 
or  more  of  said  modified  lines  is  indicated; 

prioritizer  for  prioritizing  said  modified  lines  when  more  than  one; 
generator  for  generating  an  address  of  said  external  memory  corresponding  to  each  of  said  modified  lines 

as  and  when  each  of  said  modified  lines  becomes  next  in  priority;  and 
35  retriever  for  retrieving  each  of  said  data  which  corresponds  to  each  of  said  modified  lines  as  and  when  each 

of  said  modified  lines  becomes  next  in  priority. 

12.  The  device  of  claim  1  1  ,  wherein  said  checker  a  priority  lookahead  encoder. 

40  1  3.  The  device  of  claim  1  2,  wherein  said  generator  includes  a  first  mux,  said  first  mux  receives  inputs  of  an  associativity 
signal  from  said  priority  lookahead  encoder  and  several  possible  tags  from  said  tag  array  determined  by  an  index 
signal  from  said  priority  lookahead  encoder,  said  first  mux  yielding  said  tag,  said  tag  being  combined  with  said  index 
signal  to  give  said  address. 

45  14.  The  device  of  claim  13,  wherein  said  retriever  includes  a  second  mux,  said  second  mux  receives  inputs  of  said 
associativity  signal  and  several  possible  data  from  said  data  array  determined  by  said  index  signal,  said  second 
mux  yielding  said  data. 

15.  The  device  of  claim  14,  further  comprising  storage  for  storing  said  data  for  performing  said  copyback  routine. 
50 

16.  The  device  of  claim  15,  wherein  said  storage  is  a  copyback  buffer. 

17.  A  method  of  determining  an  address  of  a  modified  line  in  a  cache  memory  and  retrieving  a  tag,  a  data,  and  a 
corresponding  associativity  to  execute  a  copyback  routine  to  an  external  memory  for  said  modified  line,  said  cache 

55  memory  including  an  attribute  array,  a  tag  array,  and  a  data  array,  comprising  the  steps  of: 
checking,  simultaneously,  a  status  bit  in  each  line  of  said  attribute  array  to  determine  whether  one  or  more 

of  said  modified  lines  is  indicated; 
prioritizing  said  modified  lines  when  more  than  one; 
generating  an  address  of  said  external  memory  corresponding  to  each  of  said  modified  lines  as  and  when 
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each  of  said  modified  lines  becomes  next  in  priority;  and 
retrieving  each  of  said  data  which  corresponds  to  each  of  said  modified  lines  as  and  when  each  of  said 

modified  lines  becomes  next  in  priority. 

1  8.  The  method  of  claim  1  7,  wherein  the  steps  of  checking  and  prioritizing  are  performed  by  a  priority  lookahead  encoder 
logic  circuit. 

1  9.  The  method  of  claim  1  8,  wherein  the  step  of  generating  is  performed  by  a  first  mux,  said  first  mux  receives  inputs 
of  an  associativity  signal  from  said  priority  lookahead  encoder  and  several  possible  tags  from  said  tag  array  deter- 
mined  by  an  index  signal  from  said  priority  lookahead  encoder  logic  circuit,  said  first  mux  yielding  said  tag,  said  tag 
being  combined  with  said  index  signal  to  give  said  address. 

20.  The  method  of  claim  19,  wherein  the  step  of  retrieving  is  performed  by  a  second  mux,  said  second  mux  receives 
inputs  of  said  associativity  signal  and  several  possible  data  from  said  data  array  determined  by  said  index  signal, 
said  second  mux  yielding  said  data. 

21  .  The  method  of  claim  20,  further  comprising  the  step  of  storing  said  data  in  a  copyback  buffer  for  use  in  said  copyback 
routine. 

8 
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