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©  Apparatus  and  method  for  steering  spare  bit  in  a  multiple  processor  system. 

©  Disclosed  is  a  system  and  method  for  manag- 
ing  spare  bit  steering  information  in  a  multi- 
processor  system  having  a  global/local  memory 
architecture.  During  the  system  boot  cycle  one 
of  the  multiple  processors  1,  2,  3,  4  is  selected 
to  test  global  memory  and  to  configure  the 
steering  of  the  spare  bits  by  bank  or  the  like. 
Each  processor  tests  its  own  local  memory  8 
and  defines  the  associated  spare  bit  steering  for 
the  local  memory.  The  global  memory  14  spare 
bit  steering  configuration  information,  as  well 
as  other  global  memory  configuration  infor- 
mation,  in  the  selected  processor  1  is  distri- 
buted  to  the  other  processors  2,  3,  4  using 
registers  16  in  a  commonly  accessible  atomic 
semaphore  controller  13  or  through  a  com- 
monly  accessible  block  of  global  memory.  Pref- 
erably,  the  selection  of  the  processor  to  test  the 
global  memory  is  performed  so  that  no  single 
processor  always  has  the  responsibility.  In  this 
way,  the  acquisition  of  global  memory  spare  bit 
steering  information  is  not  linked  to  the  opera- 
tive  status  of  any  one  processor. 
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Field  of  the  Invention 

The  present  invention  relates  in  general  to  com- 
puter  system  memories.  More  particularly,  the  inven- 
tion  is  directed  to  systems  and  methods  for  using 
spare  bits  in  the  context  of  a  global  memory  shared 
by  a  multiplicity  of  processors. 

Background  of  the  Invention 

Systems  composed  of  multiple  but  coordinated 
processors  were  first  developed  and  used  in  the  con- 
text  of  mainframes.  More  recently,  interest  in  multiple 
processor  systems  has  escalated  as  a  consequence 
of  the  lowcostand  high  performance  of  microproces- 
sors,  with  the  objective  of  replicating  mainframe  per- 
formance  through  the  parallel  use  of  multiple  micro- 
processors. 

A  variety  of  architectures  have  been  defined  for 
multi-processor  systems.  Most  designs  rely  upon 
highly  integrated  architectures  by  virtue  of  the  need 
for  cache  coherence.  In  such  systems,  cache  coher- 
ence  is  maintained  through  complex  logic  circuit  inter- 
connection  of  the  cache  memories  associated  with 
the  individual  microprocessors  to  ensure  data  consis- 
tency  as  reflected  in  the  various  caches  and  main 
memory. 

A  somewhat  different  approach  to  architecting  a 
multi-processor  system  relies  upon  a  relatively  loose 
hardware  level  coupling  of  the  individual  processors, 
with  the  singular  exception  of  circuit  logic  controlling 
access  to  the  shared  global  memory,  and  the  use  of 
software  to  manage  cache  coherence.  An  architec- 
ture  which  relies  upon  software  managed  cache  co- 
herence  allows  the  designer  to  utilize  existing  proces- 
sor  hardware  to  the  maximum  extent,  including  the 
utilization  of  memory  error  correction  resources  such 
as  bank  related  spare  bit  steering  and  data  error  cor- 
rection  code  (ECC)  memory  configurations.  This  rel- 
ative  independence  of  the  processors  also  lends  itself 
to  multi-  processor  systems  with  extenuated  levels  of 
availability,  in  that  one  or  more  processors  may  be 
disconnected  without  disrupting  the  operation  of  the 
remaining  processors.  Coordination  in  the  access  to, 
and  coherency  with,  a  shared  global  memory  is  of 
course  somewhat  more  difficult  when  the  processors 
are  not  closely  coupled. 

One  problem  that  arises  with  a  shared  global 
memory,  loosely  coupled,  multi-processor  architec- 
ture  relates  to  the  management  of  error  detection  and 
correction  resources.  In  such  context,  the  designa- 
tion  and  coordinated  use  of  spare  bits  as  well  as  error 
correction  code  bits  must  be  consistent  from  proces- 
sor  to  processor,  so  that  the  data  in  global  memory  is 
both  consistent  and  reliable. 

Disclosure  of  the  Invention 

The  present  invention  defines  a  system  and 
method  for  steering  spare  bits  in  a  multi-processor  ar- 

5  chitecture  having  global  memory  resources,  being 
comprised  of  a  means  for  selecting  a  first  processor 
to  define  the  steering  of  spare  bits  in  global  memory, 
a  means  for  enabling  processors  other  than  the  first 
processor  to  define  the  steering  of  spare  bits  in  re- 

10  spective  local  memories,  and  means  for  transferring 
global  memory  spare  bit  steering  information  from  the 
first  processor  to  other  processors. 

In  a  preferred  practice  of  the  invention,  the  first 
of  the  multi-  processors  reaching  a  specified  stage  in 

15  the  booting  process  is  assigned  responsibility  fortest- 
ing  both  its  local  memory  and  the  global  memory.  The 
remaining  processors  test  only  their  respective  local 
memory  arrays.  The  bit  steering  information  derived 
by  the  selected  processor  is  thereafter  conveyed  to 

20  each  of  the  other  processors  as  a  part  of  ensuring 
that  the  memory  spare  bit  steering  is  consistent  from 
processor  to  processor  for  the  global  memory.  Local 
memory  bit  steering  is  individualized  to  the  associat- 
ed  processor. 

25  The  global  memory  spare  bit  steering  information 
is  conveyed  from  the  selected  processor  which  per- 
forms  the  global  memory  test  to  the  remaining  proc- 
essors  in  either  of  two  manners,  as  preferably  embod- 
ied.  The  first  involves  transfer  through  semaphore  re- 

30  lated  registers  in  an  atomic  semaphore  controller  con- 
nected  to  all  of  the  processors.  In  another  form,  spare 
bit  steering  and  bank  configuration  information  is  fun- 
damentally  conveyed  from  the  processor  testing  glo- 
bal  memory  to  the  other  processors  in  the  multi-proc- 

35  essor  system  through  a  specially  allocated  block  of 
global  memory.  Limited  setup  and  global  memory 
pointer  information  is  passed  through  the  atomic 
semaphore  controller  in  the  second  form.  Both  sys- 
tems  and  methods  distribute  for  common  use  an  iden- 

40  tical  set  of  spare  bit  steering  and  memory  configura- 
tion  information. 

Brief  Description  of  the  Drawings 

45  Figure  1  is  a  schematic  block  diagram  of  a  multi- 
processor  system. 

Figure  2  schematically  depicts  the  relationship 
between  data  in  global  memory  and  spare  bit  steering 
and  memory  configuration  information  as  stored  in 

so  configuration  registers  of  the  processors  of  the  sys- 
tem  of  Figure  1  ;  and 

Figure  3  illustrates  by  flow  diagram  the  opera- 
tions  performed  by  the  various  processors  in  the  sys- 
tem  of  Figure  1  . 

55 
Detailed  Description  of  the  Invention 

Figure  1  illustrates  by  schematic  block  diagram 

2 
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an  architecture  for  the  multi-processor  system  to 
which  the  present  invention  pertains.  Included  within 
the  system  are  four  processors,  identified  by  refer- 
ence  numerals  1-4.  A  representative  example  of  a 
processor  is  the  RISC  System/6000  workstation  with 
associated  AIX  Operating  System  as  is  commercially 
available  from  IBM  Corporation.  Each  processor  1-4 
includes  memory  configuration  register  6  and  bit 
steering  configuration  register  7,  which  registers  store 
memory  array  starting  address  and  size  information 
in  the  memory  configuration  register,  and  spare  bit 
steering  by  bank  information  in  the  bit  steering  con- 
figuration  register.  Associated  with  each  processor  1- 
4  are  locally  addressable  memory  arrays,  respective- 
ly  identified  by  reference  numerals  8,  9,  11  and  12. 
Though  not  explicitly  shown,  each  processor  also  in- 
cludes  a  cache  type  memory  for  both  instructions  and 
data.  As  noted  earlier,  cache  coherency  is  managed 
by  software  in  a  manner  to  be  described  hereinafter. 
Atomic  semaphore  controller  13  in  Figure  1  allows 
software  to  coordinate  access  to  the  global  memory 
array,  generally  at  14.  Controller  13  includes  a  num- 
ber  of  lockable  semaphore  type  registers  16.  During 
operation,  controller  13  only  allows  one  processor  at 
a  time  to  acquire  exclusive  access  to  a  semaphore 
register.  However,  different  processors  may  own  dif- 
ferent  semaphores  at  the  same  time,  and  each  proc- 
essor  may  own  more  than  one  semaphore  at  a  time. 
Software  uses  the  semaphores  to  allocate  processor 
access  to  the  different  blocks  or  banks  of  global  mem- 
ory.  Software  also  introduces  cache  flush  cycles  to 
maintain  global  memory  coherence  between  the  va- 
rious  processor  caches. 

Non-blocking  crosspoint  switch  17  uses  a  rela- 
tively  conventional  design  to  allow  processors  1-4  di- 
rect  access  to  all  parts  of  global  memory  array  14,  in 
the  absence  of  any  address  contentions.  The  proces- 
sors  are  thereby  able  to  concurrently  communicate 
with  the  global  memory  in  all  but  localized  contention 
situations. 

The  generation,  distribution  and  use  of  spare  bit 
and  memory  configuration  information  is  best  under- 
stood  with  reference  to  Figure  2.  Block  18  depicts  a 
composite,  local  and  global,  memory  address  range 
as  viewed  by  a  processor.  Typically  the  first  bank, 
Bank  0,  is  the  local  memory.  Each  bank  of  the  mem- 
ory  is  shown  to  include  by  row  not  only  a  string  of  data 
bits  in  columns  O-N,  but  also  a  spare  bit  column  S. 
The  data  bits  O-N  include  both  raw  data  and  bits  add- 
ed  for  error  correction,  preferably  adequate  to  identify 
two  errors  and  to  correct  one.  The  presence  of  one, 
or  possibly  more  than  one,  spare  bit  column  ensures 
that  hard  defects  in  the  memory  array  do  not  consis- 
tently  consume  the  error  correction  code  resources, 
given  that  those  are  usually  included  to  manage  soft 
errors. 

In  the  illustrated  memory  block  18,  bank  0  is  com- 
posed  of  64  megs  and  has,  as  shown,  a  single  bad  bit 

positioned  in  the  third  data  bit  column,  and  a  further 
succession  of  five  bad  bits  in  the  B  data  bit  column. 
In  this  case,  a  single  spare  bit  column  is  inadequate 
to  substitute  for  both  columns  3  and  B,  requiring  that 

5  the  whole  of  the  page  of  memory  be  mapped  out. 
Bank  1  is  composed  of  32  megs,  and  in  this  case  has 
all  five  defective  bits  in  column  6.  The  various  proc- 
essors  when  addressing  bank  1  will  be  steered  so  that 
the  data  designated  for  a  column  6  position  is  written 

10  to  and  read  from  the  spare  bit  column  S. 
Note  that  the  information  about  bank  0  and  bank 

1  ,  as  well  as  bank  2,  appears  in  bit  sparing  configur- 
ation  register  7  of  processor  1  .  Memory  configuration 
register  6  in  processor  1  includes  data  regarding  the 

15  sizes  and  starting  addresses  of  the  banks  in  memory 
system  1  8. 

According  to  the  present  invention,  the  informa- 
tion  in  registers  6  and  7  of  processor  1,  which  is  pre- 
sumed  to  be  the  processor  which  ran  the  global  mem- 

20  ory  test  by  which  the  noted  defects  were  identified,  is 
distributed  in  identical  form  to  each  of  the  other  proc- 
essors  in  the  multi-  processor  system.  On  the  other 
hand,  the  corresponding  form  of  information  about 
the  local  memory  associated  with  each  respective 

25  processor  is  not  distributed.  The  distribution  of  the  in- 
formation  to  corresponding  registers  in  all  of  the  mul- 
ti-processors  ensures  a  consistent  view  of  global 
memory  from  each  of  the  multiple  processors  while 
allowing  fully  individualized  management  of  local 

30  memory. 
The  distribution  of  spare  bit  steering  information 

and  memory  configuration  information  can  be  accom- 
plished  in  various  ways.  Preferably,  the  register  data 
is  conveyed  from  the  processor  which  performed  the 

35  global  memory  test  to  the  other  processors  in  the  sys- 
tem  through  a  broadcast  using  semaphore  registers 
16  (Fig.  1).  In  the  alternative,  the  spare  bit  steering 
and  memory  configuration  information  may  be  written 
to  a  designated  block  of  global  memory  by  the  proc- 

40  essor  which  tested  global  memory,  and  followed  in  in- 
dividualized  succession  by  a  reading  of  such  memory 
resident  register  data  by  each  of  the  other  three  proc- 
essors.  In  this  practice  of  the  invention,  memory  poin- 
ter  and  minimum  configuration  information  is  still 

45  passed  through  semaphores  16.  Pointers  are  used  to 
identify  the  block  of  global  memory  containing  infor- 
mation,  so  that  the  location  can  be  adjusted  for  global 
memory  defects.  The  minimum  configuration  infor- 
mation  specifies  the  global  memory  bank  organiza- 

50  tion. 
Figure  3  illustrates  the  sequences  of  operations 

in  each  of  N  associated  processors.  It  is  presumed 
that  processor  0  acquires  responsibility  for  testing 
global  memory.  Two  aspects  are  worth  noting.  Since 

55  only  one  processor  performs  the  test  of  global  mem- 
ory,  and  determines  the  associated  bit  steering  and 
bank  configuration,  the  delays  and  potential  inconsis- 
tencies  associated  with  having  each  processor  per- 

3 
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form  a  similar  test  are  obviated.  Secondly,  note  by  the 
parallelism  of  the  operations  performed  in  the  various 
processors  that  one  or  more  of  the  processors  could 
be  disconnected  or  disabled  without  inhibiting  of  the 
operation  of  the  remaining  processors.  Since  the  first 
processor  to  reach  a  certain  stage  in  the  booting  proc- 
ess  assumes  the  responsibilities  of  processor  0,  the 
parallel  character  always  remains  intact.  In  reflection, 
it  should  be  apparent  that  the  system  and  related 
method  to  which  the  present  invention  pertains  en- 
sures  consistency  of  global  array  memory  spare  bit 
steering  in  the  context  of  a  loosely  coupled  multipro- 
cessor  system  coordinated  through  software  man- 
agement  of  both  semaphore  registers  in  an  atomic 
semaphore  controller  and  cache  coherence.  Spare  bit 
and  memory  configuration  information  is  derived  by 
a  selected  processor  and  distributed  either  through 
the  atomic  semaphore  controller  or  through  a  com- 
monly  accessible  block  of  global  memory.  The  rela- 
tive  independence  of  the  processors  provides  extenu- 
ated  system  level  operational  redundancy. 

Claims 

1.  Apparatus  for  steering  spare  bits  in  a  multi-proc- 
essor  system  having  local  (8)  and  global  (14) 
memory,  comprising: 

means  for  selecting  a  first  processor  (1)  to 
define  the  steering  of  spare  bits  (S)  in  global 
memory  (14); 

means  (7)  for  enabling  processors  to  de- 
fine  the  steering  of  spare  bits  (S)  in  respective  lo- 
cal  memory  (8);  and 

means  (1  3)  for  transferring  global  memory 
(14)  spare  bit  steering  information  from  the  first 
processor  (1)  to  other  processors  (2,  3,  4); 

wherein  the  first  processor  (1)  defines  the 
steering  of  spare  bits  (S)  for  local  memory  (8)  as- 
sociated  with  the  first  processor  (1). 

prising  pointers  to  the  block  of  global  memory 
(14),  which  pointers  are  transferred  through  a 
means  (16)  separate  from  global  memory  (14). 

5  6.  A  method  of  steering  spare  bits  in  a  multi-proces- 
sor  system  having  local  (8)  and  global  memory 
(14),  comprising  the  steps  of: 

selecting  a  first  processor  (1  )  to  define  the 
steering  of  spare  bits  (S)  in  global  memory  (14); 

10  enabling  the  processors  to  define  the 
steering  of  spare  bits  (S)  in  respective  local  mem- 
ory  (8);  and 

transferring  global  memory  (14)  spare  bit 
steering  information  from  the  first  processor  (1) 

15  to  the  other  processors  (2,  3,  4); 
wherein  the  selected  first  processor  (1) 

also  defines  the  steering  of  spare  bits  (S)  for  local 
(8)  memory  associated  with  the  first  processor 
(1)- 

20 
7.  A  method  as  claimed  in  claim  6,  wherein  the  step 

of  transferring  global  memory  (14)  spare  bit 
steering  information  is  performed  through  an 
atomic  semaphore  controller  (13)  accessible  by 

25  the  multiple  processors  (2,  3,  4). 

8.  A  method  as  claimed  in  claim  6,  wherein  the  step 
of  transferring  global  memory  (14)  spare  bit 
steering  information  is  substantially  through  a 

30  block  of  global  memory  (14)  accessible  by  the 
multiple  processors  (2,  3,  4). 

9.  A  method  as  claimed  in  claim  7  or  claim  8,  where- 
in  the  data  stored  in  memory  includes  error  cor- 

35  rection  code  bits. 

10.  A  method  as  claimed  in  claim  8,  further  compris- 
ing  the  step  of  transferring  pointers  to  the  block 
of  global  memory  (14)  through  a  means  (16)  sep- 

40  arate  from  the  global  memory  (14). 

2.  An  apparatus  as  claimed  in  claim  1,  wherein  the 
means  for  transferring  global  memory  (14)  spare 
bit  steering  information  is  an  atomic  semaphore 
controller  (13)  accessible  by  the  multiple  proces-  45 
sors  (2,  3,  4). 

3.  An  apparatus  as  claimed  in  claim  1,  wherein  the 
means  for  transferring  global  memory  (14)  spare 
bit  steering  information  comprises  a  block  in  glo-  so 
bal  memory  (14)  accessible  by  the  multiple  proc- 
essors  (2,  3,  4). 

4.  An  apparatus  as  claimed  in  claim  2  or  claim  3, 
wherein  the  data  stored  in  memory  includes  error  55 
correction  code  bits. 

5.  An  apparatus  as  claimed  in  claim  3,  further  com- 

4 
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