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©  Method  of  allowing  write-back  caching  in  a  write-through  environment. 

©  A  processor  having  a  cache  memory  which 
supports  both  write-through  and  write-back 
cache  protocols,  a  control  register  for  storing 
cache  control  information  and  locking  circuitry 
for  preventing  one  or  more  portions  of  the 
cache  control  information  from  being  over- 
written.  The  locking  circuitry  is  controlled  by  a 
signal  stored  in  a  configuration  register.  The 
processor  may  be  selectively  enabled  to  per- 
form  one  or  both  of  the  cache  protocols  respon- 
sive  to  a  signal  (hardwired  or  memory  stored) 
on  the  processor  circuit.  Fault  generating  cir- 
cuitry  generates  faults  responsive  to  the  status 
bits  stored  in  the  control  registers,  the  hard- 
wired  control  signal  and  the  new  data  to  be 
written  to  the  control  register. 

GP_FAULT 
FIG.  4  
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This  application  is  related  to  a  co-pending  U.  S.  Patent  Application  Ser.  No.  07/976,366,  titled  "Coherency 
for  Write-  Back  Cache  In  A  System  Designed  For  Write-Through  Cache",  filed  November  13,  1992,  and  as- 
signed  to  the  assignee  of  this  application. 

The  invention  relates  generally  to  data  processors,  e.g.  integrated  circuit,  and  more  particularly  to  a  meth- 
5  od  of  allowing  a  data  processor  capable  of  operating  in  computer  (hardware/software)  systems  supporting  eith- 

er  or  both  write-through  or  write-back  cache  operations. 
Cache  memory  designs  support  either  or  both  of  two  basic  write  policies:  write-through  or  write-back.  In 

write-through  mode,  each  write  to  a  cache  line  is  followed  by  an  external  bus  cycle  to  write  the  corresponding 
block  of  main  memory  -  as  a  result,  the  cache  and  main  memory  always  have  the  same  data.  In  write-back 

10  mode,  write  hits  to  the  cache  do  not  automatically  cause  an  external  bus  cycle,  but  rather,  main  memory  is 
updated  only  upon  replacement,  invalidation,  or  inquiry  (write-  back  without  replacement  or  invalidation)  of  a 
cache  line  containing  "dirty"  data  -  data  is  characterized  as  "clean"  or  "dirty"  depending  on  whether  the  data 
in  the  cache  is  different  from  that  in  the  main  memory. 

Without  limiting  the  scope  of  the  invention,  this  background  information  is  provided  in  the  context  of  a 
15  specific  problem  to  which  the  invention  has  application.  Many  computer  systems  employ  an  Intel  486  micro- 

processor  that  although  using  an  NW  bit  in  the  control  register  for  selecting  between  cache  write-through  and 
write-back  modes,  supports  only  a  write-through  mode  of  operation  and  does  not  support  write-back  opera- 
tions.  Thus,  the  NW  bit  must  be  set  to  write-through  mode  (along  with  the  appropriate  setting  for  the  CD  bit) 
for  normal  cache-enabled  operations.  The  microprocessor  will  generate  a  general  protection  (GP)  fault  if  the 

20  software  attempts  to  set  the  NW  bit  to  write-back  mode  during  cache-enabled  operations. 
Parenthetically,  the  Intel  microprocessor  does  support  the  use  of  the  cache  in  a  "scratch-pad"  mode  by 

setting  the  CD  (cache  disabled)  bit  in  the  control  register  to  cache-disabled,  and  the  NW  bit  to  write-back  mode 
~  the  cache  can  be  used  in  this  scratch-pad  mode  and  writes  to  the  cache  will  not  result  in  external  bus  cycles 
(as  they  would  for  write-through  cache  operations)  but  any  data  in  the  cache  would  have  to  be  invalidated  if 

25  normal  cache  operations  are  enabled  (i.e.,  CD  set  to  cache-enabled,  and  NW  set  to  write-through). 
Write-  back  cache  designs  can  provide  significant  performance  advantages  overwrite-through  designs  be- 

cause  of  the  reduction  in  memory  bandwidth  requirements  ~  fewer  external  bus  cycles  are  required  because 
not  all  writes  to  the  cache  result  in  corresponding  writes  to  main  memory. 

Accordingly,  one  object  of  the  invention  is  to  enable  a  microprocessor  to  be  used  in  computer  systems 
30  configured  either  for  write-back  or  write-through  caching,  and  in  the  latter  case,  function  compatibly  with  mi- 

croprocessors  that  do  not  support  a  cache  write-back  mode. 
Various  aspects  of  the  invention  are  set  out  in  independent  claims  1,  10,  16  and  20.  Preferred  features 

and  other  aspects  of  the  invention  are  set  out  in  the  dependent  claims. 
One  embodiment  of  the  invention,  as  implemented  in  a  logic  device  that  includes  or  controls  cache  mem- 

35  ory,  is  a  write-back  cache  configuration  method  that  involves:  (a)  in  a  computer  system  configured  for  write- 
back  caching,  inhibiting  software  (or  hardware)  from  inadvertently  placing  the  cache  in  write-through  mode 
(such  as  by  setting  an  NW  control  bit  to  write-through  in  switching  to  cache-enabled  operation),  and  (b)  in  a 
computer  system  configured  for  write-through  caching,  operating  in  a  manner  with  normal  write-through  cach- 
ing  (such  as  issuing  a  general  protection  fault  if  software  attempts  to  erroneously  set  the  NW  control  bit  to 

40  write-  back  mode). 
The  technical  advantages  of  an  embodiment  of  the  invention  include  the  following.  The  write-back  con- 

figuration  method  permits  486-based  computer  systems  to  obtain  the  performance  advantages  offered  by 
write-back  caching,  while  maintaining  compatibility  with  existing  486-type  microprocessor  designs  that  do  not 
support  write-back  caching.  In  particular,  a  486-type  microprocessor  implements  the  write-back  configuration 

45  method  using  a  LOCK  NW  cache  configuration  bit  to  prevent  alteration  of  the  NW  bit.  When  the  NW  bit  is  set 
for  write-through  mode  and  the  LOCK_NW  bit  is  set  to  prevent  alteration  of  the  NW  bit,  the  microprocessor 
operates  in  486-compatible  mode,  generating  a  GP  fault  if  the  software  inadvertently  attempts  to  set  the  NW 
control  bit  to  write-back.  When  NW  is  set  for  write-back  mode  and  LOCK_NW  is  set  to  prevent  alteration  of 
the  NW  bit,  the  microprocessor  inhibits  the  software  from  inadvertently  switching  the  NW  bit. 

so  For  a  more  complete  understanding  of  the  invention,  and  for  further  features  and  advantages,  reference 
is  now  made  to  the  detailed  description  of  an  exemplary  embodiment  of  the  invention,  together  with  the  ac- 
companying  drawings,  it  being  understood  that  modifications  or  alternative  embodiments  can  be  provided 
within  the  scope  of  the  invention. 
In  the  drawings: 

55  FIGURE  1  is  a  block  diagram  of  a  microprocessor; 
FIGURE  2  illustrates  a  representation  of  pertinent  portions  of  a  control  register  CRO  in  the  microprocessor 
of  FIGURE  1; 
FIGURE  3  is  a  simplified  block  diagram  illustrating  control  of  the  cache  memory  in  FIGURE  1;  and 
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FIGURE  4  is  a  block  diagram  of  cache  control  logic  included  in  FIGURE  1  for  implementing  an  embodiment 
of  the  invention. 
The  detailed  description  of  an  exemplary  embodiment  of  the  write-back  configuration  method  and  imple- 

mentation  is  organized  as  follows: 
5  1.0  Microprocessor 

2.0  Write-Back  Configuration  Method 
3.0  Hardware  Implementation 
3.1  Configuration  and  Control  Registers 

~  CRO  -  PG,  CD,  NW,  PE 
10  -  CC1  -  LOCK  NW 

3.2  Cache-Mode  Control  Logic 
4.0  Conclusion 

This  organizational  outline,  and  the  corresponding  headings  used  in  this  Detailed  Description,  are  provided 
for  convenience  of  reference  only. 

15  An  embodiment  of  the  invention  will  be  discussed  in  the  context  of  an  exemplary  microprocessor  system 
shown  in  Figure  1  compatible  with  a  486-bus  architecture.  The  486-bus  architecture  together  with  relevant 
signal  descriptions  are  described  in  greater  detail  in  AGARWAL,  Rakesh  K.,  80x86  Architecture  and  Program- 
ming,  Prentice-Hall,  1991.  The  invention,  as  described  and  claimed  herein,  is  adaptable  to  other  processor 
architectures  as  would  be  apparent  to  one  skilled  in  the  art. 

20 
1.0  Microprocessor 

Figure  1  illustrates  an  exemplary  implementation  of  a  microprocessor  in  which  a  cache  configuration  con- 
troller  embodying  the  invention  may  be  employed.  The  microprocessor  chip  is  generally  designated  by  refer- 

25  ence  numeral  110  and  includes  a  cache  and  memory  management  system  112.  The  microprocessor  110  is  cou- 
pled  to  an  external  main  memory  114  via  bus  interface  116.  Execution  pipeline  118  decodes  and  executes  in- 
structions.  The  execution  pipeline  118  outputs  linear  (virtual)  addresses  over  an  internal  linear  address  bus 
120,  while  data  transfers  occur  over  an  internal  data  bus  122. 

The  cache  and  memory  management  system  112  includes  a  memory  management  unit  (MMU)  124  which 
30  converts  linear  addresses  to  physical  addresses  for  output  over  separate  internal  instruction  and  data  address 

buses  126  and  128.  The  physical  addresses  are  provided  to  both  (a)  the  cache  memory  system  130,  and  (b) 
to  address  buffers  132  which  interface  to  an  external  address  bus  for  signals  A31-A2  and  BE3#-BE0#. 

The  cache  memory  system  130  includes  a  cache  and  a  cache  control  system.  The  cache  control  system 
receives  physical  addresses  off  the  internal  instruction  and  data  bus  address  buses  126  and  128  (together 

35  with  the  lower  order  bits  of  the  linear  address  which  are  not  translated  in  the  MMU)  .  In  addition,  the  cache 
control  system  is  able  to  receive  data  from  the  internal  data  bus  122  which  is  coupled  to  the  bus  interface  data 
buffers  by  write  buffers  138.  A  prefetch  data  bus  is  coupled  between  the  instruction  buffer  and  the  cache  mem- 
ory  system  1  30. 

The  exemplary  cache  is  a  2K  byte  unified  (instruction  and  data)  cache  with  128  cache  lines  of  8  bytes 
40  each.  The  caching  protocol  may  be  either  write-through  or  write-back,  as  configured  by  the  system  program- 

mer.  The  cache  is  organized  conventionally  as  four-way  set  associative  and  its  operation  also  is  conventional. 

2.0  Write-Back  Configuration  Method 

45  An  exemplary  write-back  configuration  method  embodying  the  invention  is  implemented  in  a  486-type  mi- 
croprocessor  (illustrated  in  FIGURE  1)  designed  for  installation  in  a  computer  system  using  the  80x86  archi- 
tecture  (such  as  the  80486  architecture)  The  computer  system  can  be  a  conventional  design  that  either  (a) 
only  supports  operation  of  the  internal  microprocessor  cache  in  write-through  mode  notwithstanding  the  in- 
clusion  of  an  NW  write-through/write-back  control  bit  in  the  CRO  control  register,  or  (b)  is  designed  to  support 

so  (alternatively  or  additionally)  operation  of  the  microprocessor  in  write-back  mode.  In  the  latter  case,  the  com- 
puter  system  implements  a  write-back  protocol  and  this  Detailed  Description  is  concerned  with  so  much  of 
that  protocol  that  is  involved  with  the  functioning  of  the  NW  control  bit. 

The  microprocessor  110  includes  a  CRO  control  register,  shown  in  FIGURE  2,  which  stores  a  plurality  of 
control  flags  which  control  operating  modes  and  indicate  the  general  state  of  the  processor.  The  lower  sixteen 

55  bits  of  CRO  are  referred  to  as  the  machine  status  word  (MSW).  The  CRO  contents  may  be  modified  using  the 
MOV  instruction.  Typically,  only  the  basic  input/output  system  (BIOS)  will  alter  the  register's  contents;  how- 
ever,  it  is  possible  that  other  system  software  may  also  write  to  CRO. 

If  a  microprocessor  having  write-back  capabilities  is  used  in  a  computer  system  incorporating  a  BIOS  (or 
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other  program)  which  does  not  contemplate  a  selection  of  caching  protocols  through  a  control  register  (such 
as  CRO),  then  the  BIOS  (or  other  program)  may  inadvertently  switch  the  NW  control  bit  from  write-back  to 
write-through  mode 

A  microprocessor  embodying  the  invention  includes  a  cache  configuration  register  enabling  the  micropro- 
5  cessor  to  support  either  a  write-through  or  a  write-back  cache  operational  mode.  Locking  circuitry  is  provided 

to  prevent  inadvertent  switching  between  the  two  modes  during  operation  of  the  microprocessor  while  per- 
mitting  user,  e.g.  programmer,  controlled  selection  of  either  mode.  In  the  write-through  mode,  with  write-back 
mode  disabled,  the  microprocessor  operates  compatibly  with  a  corresponding  microprocessor  without  write- 
back  capabilities  (e.g.  an  Intel  808486  processor  in  the  exemplary  embodiment).  However,  by  updating  the 

10  contents  of  the  cache  configuration  register,  the  same  microprocessor  can  readily  be  enabled  to  support  a 
write-back  cache  operational  mode.  Thus,  in  the  specific  embodiment  being  described,  the  same  processor 
can  be  used  to  provide  486-type  functionality  in  a  write-back  as  well  as  in  a  write-through  cache  environment. 

3.0  Hardware  Implementation 
15 

3.1  Configuration  and  Control  Registers 

FIGURE  2  illustrates  a  representation  of  the  CRO  register,  showing  the  location  of  status  bits  relevant  to 
implementation  of  this  embodiment  of  the  invention.  The  illustrated  status  bits  are  described  in  greater  detail 

20  in  Table  1. 

TABLE  1 

CRO  Bit  Definitions 

25  Bit  Position  Name  Function 

Protected  Mode  Enable.  This  control  bit  enables  the  segment-based  protection 

g  mechanism.  If  PE=1  ,  protected  mode  is  enabled.  If  PE=0,  the  processor  operates 
in  real  mode,  with  segment-based  protection  disabled,  and  addresses  are 

30  formed  as  in  an  8086-class  processor. 

Cache-protocol  selector.  IF  NW=1,  then  write-back  cache  protocol  is  selected. 29  NW IF  NW=0,  then  write-through  cache  protocol  is  selected. 

35  Cache  disable.  If  CD=1  ,  no  further  cache  fills  occur.  However,  data  already 

^   present  in  the  cache  continues  to  be  used  if  the  requested  address  hits  in  the 
cache.  The  cache  must  also  be  invalidated  to  completely  disable  any  cache 
activity.  If  CD=0,  the  cache  filling  is  enabled. 

^  Page  enable  bit.  If  PG=1  and  protected  mode  is  enabled  (PE=1),  paging  is 
40  enabled.  If  PE=0,  then  paging  is  disabled. 

As  shown  in  FIGURE  3,  memory  management  unit  124  and  a  cache  control  subsystem  12  (included  in 
the  cache  control  system  of  the  cache  memory  system  130)  control  memory  access  through  the  bus  interface 
116  in  response  to  control  bits  stored  in  the  register  CRO  (and  other  control  bits). 

In  order  to  provide  compatibility  with  the  Intel  80486  processor,  the  processor  embodying  the  present  in- 
vention  that  is  being  described,  uses  two  additional  control  signals:  WBAKMODE  (Write  Back  Mode)  and 
LOCK_NW  (Lock  cache  protocol).  The  LOCK_NW  signal  is  stored  in  a  separate  control  register  (CCR1)  in  the 
microprocessor  110  which  would  not  normally  be  written  to  by  a  BIOS  or  other  program  which  was  not  aware 
of  the  processor's  write-back  cache  protocol.  In  other  words,  programs  written  for  an  Intel  80486  processor 
would  not  know  of  the  location  of  the  CCR1  register,  and  therefore,  this  register  would  not  be  written  to  by 
programs  which  are  expecting  a  non-write-back-enabled  processor. 

The  WBAKMODE  signal,  in  the  preferred  embodiment,  is  hardwired  into  the  processor  at  the  time  of  man- 
ufacture,  although  it  could  be  stored  in  a  memory.  The  WBAKMODE  =  0  signal  forces  the  processor  to  emulate 
the  operation  of  the  Intel  80486  with  regard  to  the  cache  protocol  (Table  2)  while  a  WBAKMODE  =  1  signal 
allows  the  enhanced  write-back  cache  protocol  to  be  used  (Table  3).  Thus,  a  single  processor  design  may  be 
used  to  supply  either  compatible  (non-write-back-enabled)  caching  features  or  enhanced  (write-back-enabled) 
caching  features  under  control  of  the  LOCK_NW  signal,  simply  by  setting  the  WBAKMODE  signal  to  an  ap- 
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propriate  logic  level  as  will  be  described  below. 

TABLE  2 

Cache-Modes  for  WBAKMODE  =  0 5 
CD  NW  MODE 

10  0  0  Write-Through  mode  with  allocation 

0  1  General  Proctection  Fault 

1  0  Write-Through  mode  with  no  new  line  allocations 

15  1 1   Scratch-  pad  mode 

Table  2  illustrates  the  cache  mode  fora  processor  with  WBAKMODE  =  0,  i.e,  having  the  write-back  mode 
disabled.  If  CD  =  0  and  NW  =  0,  the  processor  performs  the  normal  write-through  caching  protocol.  If  CD  =  0 
and  NW  =  1  ,  a  general  protection  fault  is  generated.  The  microprocessor  exception  processor  handles  the  gen- 

20  eral  protection  fault.  If  CD  =  1  and  NW  =  0,  the  cache  memory  is  in  a  write-through  mode  with  no  new  line 
allocations.  In  other  words,  the  cache  is  not  updated  on  a  read  miss.  If  CD  =  1  and  NW  =  1,  the  cache  is  in  a 
"scratch-pad"  mode,  as  used  in  the  Intel  80486  processor.  If  WBAKMODE=0,  then  LOCK_NW  is  "0"  and  cannot 
be  changed. 

TABLE  3 

Cache-modes  for  WBAKMODE  =  1 

CD  NW  MODE 

0  0  Write-through  mode  with  allocation 

0  1  Write-back  mode  with  allocation 

1  0  Write-through  mode  with  no  new  line  allocation 

1  1  Write-back  mode  with  no  new  line  allocation 

Table  3  indicates  the  cache  mode  for  WBAKMODE  =  1.  If  CD  =  0  and  NW  =  0,  then  the  cache  is  in  a  write- 
40  through  mode  with  allocation.  If  CD  =  0  and  NW  =  1  ,  the  cache  is  in  a  write-back  mode  with  allocation.  If  CD 

=  1  and  NW  =  0,  the  cache  is  in  a  write-through  mode  with  no  new  line  allocation.  If  CD  =  1  and  NW  =  1,  the 
cache  is  in  a  write-back  mode  with  no  new  line  allocation. 

3.2  Cache-Mode  Control  Logic 
45 

An  example  of  cache-mode  configuration  control  logic  incorporated  in  the  microprocessor  110  to  imple- 
ment  the  invention  is  illustrated  in  FIGURE  4  .  The  control  logic  16  includes  fault  generating  circuitry  18  for 
generating  general  protection  faults  GP_FAULT  under  predetermined  conditions,  which  are  input  to  the  EX- 
CEPTION  PROCESSOR  in  FIGURE  1  ,  and  blocking  circuitry  20  for  preventing  inadvertent  writes  to  the  NW 

50  bit  of  register  CRO. 
To  write  to  the  CRO  register,  the  desired  configuration  status  word  is  stored  in  a  latch  21  .  The  status  bits 

in  latch  21  are  distinguished  from  the  corresponding  status  bits  in  CRO  by  the  suffix  "(n)".  Upon  writing,  in 
response  to  the  MOV  instruction  to  CRO,  the  contents  of  CRO  are  replaced  with  the  contents  of  latch  21  .  The 
locking  circuitry  20,  shown  in  FIGURE  3  as  a  multiplexer  22,  selectively  writes  either  NW(n)  or  NW  (the  value 

55  currently  in  the  NW  status  bit)  to  control  register  CRO,  depending  on  the  value  of  LOCK_NW.  If  LOCK_NW  = 
1  ,  the  NW  status  bit  is  not  updated  (i.e.,  the  current  value  is  restored).  If  LOCK_NW  =  0,  then  the  new  value, 
NW(n),  is  written  into  the  corresponding  bit  of  CRO.  As  previously  stated,  the  LOCK_NW  control  signal  eman- 
ates  from  cache  control  register  CCR1.  Hence,  a  programmer  can  set  the  NW  bit  to  a  desired  value  and  set 

5 
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the  LOCK_NW  bit  to  "1"  in  order  to  prevent  inadvertent  rewriting  of  the  NW  bit.  If  an  intentional  change  in  the 
value  of  the  NW  bit  is  desired,  the  LOCK_NW  bit  may  be  set  to  "0",  which  will  allow  the  value  of  NW(n)  to  pass 
to  the  NW  status  bit  of  CRO. 

Hence,  the  locking  circuitry  allows  the  programmer  to  design  a  program  which  can  change  the  value  of 
5  the  NW  status  bit,  but  prevent  inadvertent  changing  of  the  bit  by  other  programs. 

The  fault  generating  circuitry  18  generates  a  fault  GP_FAULT  which  indicate  an  illegal  condition  in  the 
CRO  register.  What  constitutes  an  illegal  condition  will  be  dependent  upon  whether  the  processor  is  enabled 
for  write-back  mode.  Fault  generating  circuitry  18  comprises  AND  gates  24,  26  and  28  connected  to  receive 
inputs  from  the  latch  21  ;  each  AND  gate  has  an  output  coupled  to  OR  gate  30.  AND  gate  24  receives  WBAK- 

w  MODE,  CD(n)  and  NW(n)  as  inputs^AND  gate  26  receives  WBAKMODE,  CD(n),  NW(n),  NW,  and  LOCK_NW. 
AND  gate  28  receives  PG(n)  and  PE(n).  Consequently,  the  logic  definition  of  the  GP_FAULT  signal  (see  gen- 
eral  protection  fault  signal)  can  be  described  as 

15  ( W B A K M O D E   -  CD  ( n )   •  N  W  (  n  )  )  + 
(WBAKMODE  •  CD  (n)  -NW(n)  -NW-  LOCK_NW)  +  (  PG  (n)  •  PE  (n)  ) 

In  words,  GP_FAULT  can  be  described  as  follows.  If  WBAKMODE  =  0,  indicating  that  the  part  is  not  a 
20  write-back  protocol  processor,  a  general  protection  fault  will  be  generated  if  the  CD(n)  status  bit  is  set  to  "0" 

and  the  NW(n)  status  bit  is  set  to  "1".  If  WBAKMODE  =  1,  a  general  protection  fault  will  be  generated  if  the 
CD(n)  bit  is  set  to  "0",  the  NW  bit  is  "0",  the  NW(n)  bit  is  set  to  "1"  and  the  LOCK_NW  bit  is  "1".  Regardless  of 
the  value  of  WBAKMODE,  a  general  protection  fault  will  be  generated  if  the  PG(n)  bit  is  set  to  "1"  and  the  PE(n) 
bit  is  set  to  "0".  In  the  case  where  WBAKMODE  is  set  to  "0",  the  generation  of  the  GP_FAULT  signal  is  identical 

25  to  the  generation  provided  in  the  Intel  80486  processor.  Hence,  compatibility  is  preserved  with  a  non-write- 
back-enabled  processor. 

4.0  Conclusion. 

30  Although  the  Detailed  Description  of  the  Invention  has  been  directed  to  certain  exemplary  embodiments, 
various  modifications  of  these  embodiments,  as  well  as  alternative  embodiments,  will  be  suggested  to  those 
skilled  in  the  art.  For  example,  the  invention  has  general  applicability  to  other  data  processing  devices  where 
control  is  necessary  to  prevent  inadvertent  over-writing  of  memory  contents.  The  implementation  of  the  lock- 
ing  circuitry  20,  for  example,  could  be  performed  using  logic  other  than  the  multiplexer  22.  While  the  locking 

35  circuitry  shown  herein  is  limited  to  a  single  bit  of  CRO,  in  other  implementations  additional  bits  may  be  con- 
trolled  by  the  locking  circuitry.  If  multiple  bits  are  controlled,  separate  signals  (counterparts  of  LOCK_NW) 
could  be  used  to  independently  control  each  bit,  using  respective  multiplexers,  or  a  common  signal  could  be 
used.  Further,  the  logic  performed  by  the  fault  generating  circuitry  18  could  be  performed  using  other  logic 
implementations. 

40 

Claims 

1.  A  method  of  controlling  functional  features  of  a  data  processor  cache,  comprising  the  steps  of: 
45  configuring  predetermined  ones  of  said  functional  features  according  to  stored  control  information; 

reconfiguring  at  least  one  of  the  predetermined  ones  of  said  functional  features  by  replacing  at 
least  some  of  said  stored  control  information  with  updating  control  information;  and 

selectively  locking  or  unlocking  said  stored  controlled  information  corresponding  to  at  least  one  of 
said  functional  features  alternatively  to  prevent  or  to  permit  reconfiguration  of  said  at  least  one  feature. 

50 
2.  The  method  of  Claim  1  ,  wherein  said  at  least  one  functional  feature  comprises  a  cache  write  policy  (pro- 

tocol). 

3.  The  method  of  Claim  2,  wherein  said  updating  information  for  said  cache  write  policy  feature  alternatively 
55  provides  a  write-through  cache  policy  or  a  write-back  cache  policy. 

4.  The  method  of  Claim  2,  and  wherein  the  stored  control  information  corresponding  to  said  cache  write 
policy  feature  is  unlocked  to  permit  reconfiguration  by  said  updating  control  information. 
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The  method  of  Claim  4,  wherein  said  cache  write  policy  feature  can  be  updated  to  a  write-through  policy 
or  a  write-back  policy  by  said  updating  control  information. 

The  method  of  Claim  2,  wherein  said  cache  write  policy  is  a  write-through  cache  policy,  and  the  stored 
control  information  corresponding  to  said  write-through  cache  policy  feature  is  locked  to  prevent  recon- 
figuration  by  said  updating  control  information. 

The  method  of  any  preceding  claim,  further  comprising  the  step  of  generating  at  least  one  fault  signal  in 
response  to  predetermined  conditions  of  said  updating  control  information. 

The  method  of  Claim  5,  comprising  the  step  of  generating  a  fault  signal  in  response  to  a  first  set  of  pre- 
determined  conditions  when  said  updating  control  information  corresponds  to  said  write-through  cache 
policy,  and  in  response  to  a  second  set  of  predetermined  conditions  when  said  updating  control  informa- 
tion  corresponds  to  said  write-back  cache  policy. 

The  method  of  any  preceding  claim,  wherein  said  selective  locking  and  unlocking  are  controlled  by  a  stor- 
ed  signal. 

10.  A  data  processor  including  a  cache  control  circuitry  comprising: 
a  first  memory  to  store  control  information  to  configure  predetermined  functional  features  of  a 

20  cache; 
a  second  memory  to  store  updating  control  information; 
coupling  paths  between  said  second  memory  and  said  first  memory  to  permit  transfer  of  said  up- 

dating  control  information  from  said  second  memory  to  said  first  memory,  and 
at  least  one  of  said  coupling  paths  including  locking  circuitry  selectively  operable  to  prevent  or  to 

25  permit  said  transfer  of  updating  control  information  corresponding  to  at  least  one  of  said  functional  fea- 
tures. 

11.  The  data  processor  of  Claim  10,  wherein  said  at  least  one  functional  feature  is  a  cache  write  policy  feature. 

30  12.  The  data  processor  of  Claim  11  ,  wherein  said  control  information  corresponding  to  said  write  policy  fea- 
ture  alternatively  provides  for  a  write-through  cache  policy  or  a  write-back  cache  policy. 

13.  The  data  processor  of  any  of  Claims  10-12,  further  including  fault  signal  logic  coupled  to  receive  inputs 
from  said  second  memory  to  generate  a  fault  signal  in  response  to  predetermined  conditions  of  said  up- 

35  dating  control  information. 

14.  The  data  processor  of  Claim  12,  further  including  fault  signal  logic  having  inputs  coupled  to  said  second 
memory  to  generate  a  fault  signal  in  response  to  predetermined  conditions  of  said  updating  control  in- 
formation,  said  fault  signal  logic  having  further  inputs  to  receive  signals  to  determine  different  sets  of 

4o  
said  predetermined  conditions  under  which  said  fault  signals  are  generated. 

15.  The  data  processor  of  Claim  14,  wherein  said  locking  circuitry  is  connected  to  be  operable  by  a  control 
signal  which  is  also  applied  to  at  least  one  of  said  further  inputs  of  said  fault  signal  logic. 

16.  A  microprocessor  including  a  cache  control  circuitry  comprising: 
45  a  register  including  bit  locations  to  store  control  bits  to  configure  predetermined  functional  features 

of  a  cache; 
a  latch  including  bit  locations  to  store  updating  control  bits,  corresponding  to  respective  control 

bit  locations  in  said  register; 
coupling  paths  between  corresponding  bit  locations  in  said  register  and  said  latch  to  permit  transfer 

50  of  said  updating  control  bits  from  said  latch  to  said  register,  and 
at  least  one  of  said  coupling  paths  including  locking  circuitry  selectively  operable  to  prevent  or  to 

permit  said  transfer  of  updating  control  bits  corresponding  to  at  least  one  of  said  functional  features. 

17.  The  microprocessor  of  Claim  16,  further  including  fault  signal  logic  coupled  to  receive  inputs  from  bit  lo- 
ss  cations  of  said  latch  to  generate  a  fault  signal  in  response  to  predetermined  conditions  of  said  updating 

control  bits. 

18.  A  microprocessor  according  to  Claim  16,  wherein  said  locking  circuitry  comprises  a  multiplexer  having  a 
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first  input  connected  to  a  bit  location  of  said  latch  corresponding  to  said  at  least  one  functional  feature, 
and  a  second  input  connected  to  the  corresponding  bit  location  in  said  register,  and  an  output  coupled  to 
a  bit  location  of  said  register  corresponding  to  said  at  least  one  functional  feature,  said  multiplexer  in- 
cluding  a  control  input  to  receive  a  control  signal  to  select  which  of  said  first  and  second  inputs  commu- 
nicates  with  the  multiplexer  output. 

The  data  processor  of  Claim  18,  further  including  fault  signal  logic  having  inputs  coupled  to  bit  locations 
of  said  latch  to  generate  a  fault  signal  in  response  to  predetermined  conditions  of  said  updating  control 
bits,  said  fault  signal  logic  having  further  inputs  to  receive  signals  to  determine  different  sets  of  said  pre- 
determined  conditions  under  which  said  fault  signals  are  generated,  and  wherein  said  locking  circuitry  is 
connected  to  be  operable  by  a  control  signal  which  is  also  applied  to  at  least  one  of  said  further  inputs 
of  said  fault  signal  logic. 

A  microprocessor  including  a  cache  control  system  comprising: 
means  for  alternatively  selecting  either  a  write-back  caching  protocol  or  a  write-through  caching 

protocol;  and 
means  for  switching  between  selection  of  said  protocols. 

The  microprocessor  of  Claim  20,  including  means  for  selectively  locking  said  means  for  switching  to  pre- 
vent  switching  a  selected  protocol. 
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