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Description 

The  present  invention  relates  to  a  multiprocessor 
system  having  distributed  shared  resources  and  dy- 
namic  global  data  replication.  It  also  refers  to  the  re- 
lated  method  for  dynamic  allocation  of  global  data. 

The  modern  data  processing  systems  may  per- 
form  several  processes  at  the  same  time  and  are  de- 
fined  multiprocessing  systems. 

Whilst  a  program  may  be  defined  as  a  sequence 
of  ordered  instructions  which  perform  onasetofdata, 
a  process  is  shortly  defined  as  "an  address  space,  a 
thread  of  control  which  operates  within  that  address 
space  and  the  set  of  required  system  resources". 

The  execution  of  a  program  requires  the  creation 
of  one  or  more  processes,  that  is  the  set  up,  in  terms 
of  addressable  space,  and  the  organization  of  the  re- 
quired  resources  and  their  operation. 

The  data  needed  for  program  execution  and  on 
which  the  program  operates  must  be  loaded  in  the 
process  space. 

A  physical  working  memory  space  must  neces- 
sarily  correspond  to  the  process  space  as  a  material 
support  for  the  data. 

In  a  multiprogramming  system  (or  even  simply  in 
a  multiprocessing  system)  the  joint  generation  of  a 
plurality  of  processes  is  implied.  Then  it  may  happen 
that  some  of  the  data  used  in  differing  processes,  in 
case  at  subsequent  times,  are  the  same  for  more 
processes. 

These  data  are  defined  as  "shared  data". 
The  problem  has  therefore  arised  to  avoid  the 

loading  of  the  same  data,  used  in  more  processes,  si- 
multaneously  or  subsequently  actives,  in  an  address 
space,  hence  in  a  physical  memory  space,  differing 
for  each  process,  with  the  need  to  replicate  the  same 
information  for  each  process  or  to  move  it  from  one 
space  to  another,  depending  on  the  process. 

Therefore  the  concept  of  shared  memory,  typical 
of  the  UNIX  (Registered  Trademark)  operating  sys- 
tem,  has  arosen,  as  memory  space  intended  for  stor- 
ing  shared  data. 

The  several  processes  which  must  operate  on 
shared  data,  get  the  shared  data  from  this  shared 
memory. 

In  the  modern  data  processing  systems  and  in  or- 
der  to  obtain  higher  performances,  a  plurality  of  proc- 
essors  are  jointly  used,  which  processors  may  jointly 
and  simultaneously  execute  a  plurality  of  processes. 

The  processors  are  interconnected  by  a  system 
bus,  through  which  they  cmmunicate  among  them 
and  with  common  shared  resources,  such  as  in- 
put/output  units  and  working  memories. 

To  overcome  the  performance  limitations  im- 
posed  by  the  system  bus  and  to  reduce  the  competi- 
tion  in  the  access  to  the  system  bus,  local  memories 
are  used  too. 

A  local  memory  is  related  to  a  processor  and  may 

be  accessed  by  the  related  processor  without  need  to 
obtain  access  to  the  system  bus. 

Local  memories  are  preferably  used  to  store  "lo- 
cal  data"  only  used  by  the  related  processor  in  the 

5  processes  executed  by  the  related  processor. 
As  far  as  "shared  data"  are  concerned,  the  mul- 

tiprocessor  architecture  poses  some  problem. 
It  is  clear  that  several  processors  may  operate 

with  a  plurality  of  processes  on  the  same  shared  data. 
10  Therefore,  in  a  multiprocessor  system  the  con- 

cept  may  be  introduced  of  local  data,  shared  or  un- 
shared,  as  data  used  in  the  processes  performed  in 
a  single  processor,  and  global  data,  that  is  shared 
data  which  are  used  by  more  processes  executed  in 

15  differing  processors. 
The  global  data  may  be  stored  in  a  single  shared 

memory,  which  may  be  accessed  through  the  system 
bus,  or  in  one  or  more  local  memories  to  which  the  un- 
related  processors  may  have  access  through  the  sys- 

20  tern  bus,  with  the  already  indicated  drawbacks. 
To  overcome,  at  least  in  part,  this  drawback,  it  has 

been  recently  proposed  and  described  in  the  EP-A- 
0320607,  published  21/06/1989,  the  concept  of  repli- 
cated  global  data. 

25  According  to  this  concept,  the  global  data  are 
stored  and  replicated  in  each  of  the  local  memories  of 
a  multiprocessor  system. 

In  this  way,  each  system  processor  may  read  the 
global  data  in  its  related  local  memory  without  having 

30  access  to  the  system  bus. 
In  case  a  write  operation  is  performed  on  global 

data,  access  to  the  system  bus  is  required  to  write  the 
data  in  all  local  memories,  thus  assuring  its  consisten- 
cy  everywhere. 

35  This  drawback  is  largely  balanced  by  the  result- 
ing  advantages.  A  second  drawback  is  that  the  local 
memories  must  be  sized  to  store  the  global  data. 

Each  of  them  must  therefore  have  a  large  capaci- 
ty,  adequate  for  storing  all  the  global  data  which  may 

40  be  required  for  parallel  execution  of  several  process- 
es. 

To  contain  in  economically  acceptable  limits  the 
capacity  of  the  local  memories  it  is  therefore  required 
to  keep  the  global  data  and  related  replication  at  a 

45  minimum. 
The  present  invention  according  to  claims  1  and 

5  achieves  this  result  by  adopting  a  criterion  of  dy- 
namical  global  data  replication  and  is  based  on  the 
fact  that  global  data  may  be  considered  of  two  broad 

so  categories: 
-  Global  data  which  define  the  status  of  the  sys- 

tem  and  may  be  needed  at  any  time  by  any  one 
of  the  processors.  They  are  generally  data 
used  by  the  system  Supervisor. 

55  -  Global  data  of  user  processes,  which  may  be 
needed  in  a  plurality  of  user  processes,  hence 
needed  by  several  processors,  jointly,  in  limit- 
ed  time  periods  during  which  each  of  the  proc- 
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essors  performs  one  of  the  processes  simulta- 
neously  with  the  other  processors.  The  global 
data  of  the  second  category  are  therefore  data 
shareable  by  more  processors  but  actually 
shared  in  particular  circumstances  only. 

According  to  the  invention  the  global  data  of  the 
second  category,  as  long  as  used  by  one  processor 
only,  are  stored  only  in  the  local  memory  related  to  the 
one  processor  and  qualified  as  local  data,  so  as  not 
to  require  space  in  the  local  memory  of  the  other  proc- 
essors,  nor  replication  operations  and  consequent 
system  bus  accesses. 

They  are  qualified  as  global  data  only  when  a 
second  processor  at  least  requires  their  use. 

On  this  occurrence  they  are  replicated  in  all  local 
memories. 

They  resume  the  local  data  qualification  when 
they  are  needed  by  one  processor  only  and  not  by  the 
others,  thus  making  available  some  space  in  the  local 
memory  related  to  the  other  processors. 

The  dynamic  global  data  managing  in  the  way 
previously  summarized  does  not  require  architectural 
modifications. 

What  is  needed  is  a  set  of  tables  in  the  local  mem- 
ories,  the  tables  storing  information  which  describes 
the  status  of  the  memory  pages  in  the  several  local 
memories  for  those  pages  which  are  intended  for  stor- 
ing  shared  and  potentially  global  data. 

These  table  are  as  well  a  set  of  global  data  used 
by  the  Supervisor.  Some  change  to  the  page  fault 
handling  mechanism,  that  is  to  the  routine  which  man- 
ages  the  operations  to  be  performed  on  the  occur- 
rence  of  the  page  error  signal  is  required. 

The  global  data  replication  in  each  of  the  system 
local  memories  requires  that  some  space  be  available 
in  each  local  memory,  for  replication. 

If  the  replication  is  performed  with  a  global  data 
write  command  characterized  by  a  physical  memory 
address  and  generated  by  one  system  processor,  it  is 
required  that  the  physical  memory  space  reserved  to 
the  global  data,  has  the  same  physical  addresses. 

This  constraint  is  overcome  with  the  arrange- 
ments  and  means  described  in  the  italian  patent  ap- 
plication  N.19787A/89  filed  March  15,1989.  Basical- 
ly,  according  to  the  disclosure  of  such  application,  the 
global  data  read  or  write  operations  make  use  of  a 
memory  address  which  is  conventionally  designated 
as  real,  to  distinguish  it  from  the  physical  one. 

This  real  address  is  converted,  in  each  local 
memory,  in  a  physical  address,  generally  different  in 
each  local  memory,  by  means  of  a  a  plurality  of  trans- 
lation  memories,  each  coupled  to  a  local  memory.  In 
this  way  each  processor  may  control  the  allocation  of 
global  data  in  its  own  local  memory,  in  autonomous 
way,  even  if  at  system  level  the  global  data  are  refer- 
enced  by  a  common  address,  say  the  real  address. 
Given  that  the  multiprocessor  system  of  the  present 
invention,  as  well  as  those  described  in  the  cited  pa- 

tent  applications,  make  use  of  the  virtual  memory 
concept,  it  results  that  each  system  processor  is  pro- 
vided  with  a  first  memory  management  unit  or  MMU 
which  converts  logical  or  virtual  addresses,  used  at 

5  SW  level,  directly  in  physical  addresses  in  case  of  lo- 
cal  data,  and  in  real  addresses,  in  case  of  global  data. 

Each  system  processor  is  further  provided  with  a 
second  address  translation  unit,  coupled  to  its  own  lo- 
cal  memory,  for  converting  the  real  addresses  in 

10  physical  addresses. 
Each  processor  manages  the  allocation  of  the  in- 

formation  in  its  own  local  memory,  with  its  own  mem- 
ory  memory  management  system  and  in  autonomous 
way. 

15  After  these  introductory  considerations,  the  fea- 
tures  and  the  advantages  of  the  invention  will  result 
more  clearly  from  the  following  description  of  a  pre- 
ferred  form  of  embodiment  and  from  the  enclosed 
drawings  where: 

20  -  Figure  1  is  a  block  diagram  of  a  multiprocessor 
system  having  shared  resources  and  providing 
a  dynamic  replication  and  management  of  glo- 
bal  data,  in  accordance  with  the  present  inven- 
tion. 

25  -  Figure  2  shows  the  format  of  the  addresses 
generated  by  the  memory  management  units 
(MMU)  in  the  system  of  Fig.  1  . 

-  Figure  3  shows  the  memory  tables  which  are 
used  by  a  memory  management  system  of 

30  conventional  kind  in  the  system  of  Fig.  1  . 
-  Figure  4  shows  the  memory  tables,  which  are 

used  according  to  the  present  invention  for  the 
dynamic  replication  and  management  of  global 
data  and  the  data  segments  to  which  they  per- 

35  tain. 
-  Figure  5  shows  the  structure  of  one  of  the  ta- 

bles  of  Fig.  4  which  describes  the  features  of  a 
global  data  segment. 

-  Figure  6,7,8,9  shows  by  way  of  example,  the 
40  contents  of  the  table  of  Fig.  5  at  subsequent 

times. 
Figure  1  shows,  in  block  diagram,  a  multiproces- 

sor  system  capable  of  global  data  replication  and  dy- 
namic  and  selective  management  in  accordance  with 

45  the  present  invention. 
A  multiprocessor  system  similar  to  the  one  shown 

in  Fig.  1  is  described  in  detail  in  the  EP-A-320607  as 
well  as  in  the  European  patent  applications  N. 
89120432.3  filed  Nov.  4  1989,  N.  89120433.1  filed 

so  Nov.  4  1989  and  in  the  Italian  Patent  Application  N. 
19787  A/89  filed  March  15  1989,  to  which  reference 
is  made  for  all  information  not  provided  herein. 

The  system  of  Fig.  1  comprises  four  central  proc- 
essing  units  CPU0,CPU1,CPU2,CPU3,  connected 

55  each  to  the  other  through  a  system  bus  5.  The  several 
units  are  timed  by  a  timing  unit  6. 

CPUO  comprises  a  microprocessor  7  or  MPUO, 
an  address  managing  unit  9  or  MMUO,  a  local  memory 

3 
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8  or  LMO,  an  interface  and  arbitration  unit  10,  a  local 
arbitrator  13  and  an  address  translation  unit  8B. 

The  microprocessor  7  communicates  with  the  lo- 
cal  memory  and  with  the  interface  unit  10  by  means 
of  a  local  bus  11. 

The  microprocessor  7  has  access  to  the  system 
bus,  through  the  interface  unit  10,  for  receiving  from 
and  forwarding  information  to  the  other  CPUs,  and  for 
referencing  the  local  memory  of  the  other  CPUs  or 
peripheral  control  units  connected  to  the  system  bus, 
such  as  a  controller  20  for  disk  unit  21  or  secondary 
memories,  a  controller  22  for  a  display  23  and  key- 
board  24,  a  communication  line  controller  25,  a  con- 
troller  26  for  a  printer  27. 

Unit  10,  together  with  corresponding  units  in  the 
other  CPUs,  arbitrates  access  to  the  system  bus  by 
the  several  CPUs  and  manages  the  communication 
protocol  on  the  system  bus. 

The  other  CPUs  of  the  system  may  obtain  ac- 
cess,  through  the  interface  unit  10,  to  the  local  bus  11 
of  CPU0  and  from  there  to  the  local  memory  8. 

The  address  management  unit  9,  shown  in  Fig.  1 
as  an  entity  separate  from  processor  7,  may  be  incor- 
porate  as  an  integral  part  of  processor  7.  For  instance 
this  is  the  case  if  processor  7  consists  in  an  integrated 
microprocessor  manufactured  by  the  US  firm  MO- 
TOROLA  and  marketed  with  the  code  MC68030. 

In  addition  to  the  address  management  unit  9 
(MMU0)  CPU0  comprises  an  address  translation  unit 
8B.  coupled  to  the  local  memory  8. 

The  addressing  of  local  memory  8  is  performed 
by  a  physical  addresses,  received  through  the  local 
bus  11  either  from  the  address  management  unit  9  or 
from  the  interface  and  arbitration  unit  10. 

In  case  a  real  address  is  put  on  the  local  bus 
(hence  a  global  data  address),  this  address  is  detect- 
ed  as  a  global  data  address  and  converted  in  a  phys- 
ical  address  by  the  translation  unit  8B  coupled  to  the 
local  memory  8. 

The  other  CPUs  of  the  system  have  an  architec- 
ture  identical  to  the  one  of  CPU0. 

In  the  system  of  Fig.  1,  the  addresses  in  output 
from  the  MMUs  of  the  several  CPUs,  have  the  format 
shown  in  Figure  2. 

Intentionaly  such  addresses  are  not  referenced 
as  physical  addresses  because  they  may  either  be  ef- 
fective  physical  addresses,  or  real  addresses,  which 
require  a  further  conversion  to  physical  addresses.  A 
physical  or  real  address,  in  output  from  the  MMU  of 
any  one  of  the  CPUs  comprises  32  bits  (bits  0-31). 

The  more  significant  bits,  respectively  refer- 
enced  as  I  (Internal  Space,  bit  31),  PN  (for  Processor 
Number,  bit  29,30)  and  G  (for  Global,  bit  28)  define 
the  nature  of  the  space  addressed  by  bits  0-27. 

Bit  31,  depending  on  its  level  true  or  false,  con- 
ceptually  distinguishes  between  two  spaces;  an  in- 
ternal  space  (bit  31=1)  and  an  external  space  (bit 
31=0). 

Within  the  external  space  (bit  31=0),  bits  29,30 
identify,  depending  on  their  level,  the  memory  space 
(that  is  the  local  memory)  of  one  of  the  several  CPUs 
0,1,2,3. 

5  Within  the  local  memory  space,  bit  28  asserted 
indicates  that  the  referenced  space  is  a  "global 
space"  for  storing  global  data;  bit  28  deasserted  indi- 
cates  that  the  referenced  space  is  a  local  space  for 
storing  local  information. 

10  Bit  31  asserted  indicates  that  the  addressed 
space  is  internal  that  is  within  the  resources  of  the 
same  CPU  where  the  address  is  generated.  If  bits 
29,30  are  both  deasserted  and  bit  31  is  asserted  the 
selected  internal  space  is  the  one  of  the  local  memory 

15  and  within  this  space  bit  28,  depending  on  its  level, 
references  a  local  or  global  space. 

If  at  least  one  of  bits  29,30  is  asserted,  the  refer- 
enced  internal  space  is  generically  a  "register  space": 
bits  0-28  or  some  of  them  are  used  to  reference  one 

20  among  a  plurality  of  resources  other  than  the  local 
memory. 

Bit  28,  in  addition  to  identifying  a  global  space  (bit 
28=1)  as  opposed  to  a  local  space  (bit  28=0)  has  an- 
other  important  function:  when  asserted  it  indicates 

25  that  the  address  to  which  it  pertains  is  a  "real  address" 
and  must  be  converted  in  a  physical  address  for  ref- 
erencing  the  several  local  memories. 

The  conversion  operation  is  peformed  in  autono- 
mous  way  by  each  CPU,  through  the  related  transla- 

30  tion  unit  (such  as  unit  8B  in  CPU0). 
Bits  from  27  to  12  of  each  address  are  a  physical 

or  real  page  address  (depending  on  bit  28  being  false 
or  true)  and  bits  from  11  toO,  are  an  "offset"  (invariant 
in  the  conversion  of  an  address  from  logical  to  real 

35  and  from  real  to  physical  one)  which  references  a  byte 
of  information  within  a  4  Kbytes  page. 

It  is  clear  that  by  means  of  this  address  format  a 
CPU  may  reference,  through  the  related  MMU,  an  en- 
try  of  its  own  local  memory  (internal  space)  or  an  en- 

40  try  of  any  one  of  the  other  local  memories  (external 
space)  which  are  seen  as  distributed  and  shared 
memory  resources. 

The  selection  of  an  internal  memory  space  may 
be  performed  through  the  local  bus,  without  affecting 

45  the  system  bus. 
The  selection  of  an  external  space  is  performed 

through  the  local  bus  and  the  interface  unit  of  the 
agent  CPU,  the  system  bus,  the  interface  unit  and  the 
local  bus  of  the  CPU  related  to  the  destination  local 

so  memory. 
The  previously  mentioned  patent  applications  de- 

scribe  in  detail  the  circuits  which  perform  these  oper- 
ations. 

In  case  of  global  data  write,  the  operation  is  per- 
55  formed  jointly  in  all  the  local  memories,  so  that  the 

global  data  are  replicated  in  all  local  memories. 
The  global  data  addressing,  both  for  read  and 

write  operations,  is  performed  with  the  real  address 

4 
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which  locally,  just  upstream  of  each  local  memory  is 
converted  in  a  physical  address  by  the  address  trans- 
lation  unit  coupled  to  each  local  memory. 

The  management  of  the  local  memories,  which  in 
the  whole  form  a  distributed  and  shared  memory,  is 
performed,  as  known,  by  means  of  a  main  memory 
management  program  or  MMMS,  based  on  a  set  of 
sofware  tables,  linked  in  a  hierarchical  data  structure. 

Figure  3  shows  such  tables  and  their  linking  in 
schematics. 

These  tables  are  obviously  stored  in  memory 
and,  in  view  of  the  specific  context  of  the  invention, 
for  each  of  them  it  is  indicated  if  it  is  local  (LOCAL)  or 
global  (GLOBAL),  that  is  replicated  in  each  of  the  local 
memories. 

The  memory  space  needed  for  storing  such  ta- 
bles  is  allocated  by  the  supervisor  system,  at  initiali- 
zation. 

The  first  table  30  named  PROC.T.E  is  basically  a 
list  of  processes  (in  Fig.  3  the  generical  processes 
PROC#X,PROC#Y,PROC#Z  are  shown)  which  have 
been  created  for  execution  in  the  system  (by  means 
of  system  primitives  which  in  the  case  of  UNIX  V  are 
FORK  and  EXEC). 

Each  process,  referenced  by  an  identifier  (Proc- 
ess  ID)  has  a  pointer  to  a  data  region  named  P-RE- 
GION. 

The  P-REGION  contains  information  related  to 
the  virtual  address  space  used  by  the  process  (space 
bases)  that  is  to  the  regions  of  addresses  used  by  the 
process. 

In  figure  3,  P-REGIONs  31,32,33  are  shown  re- 
spectively  connected  to  processes  #X,#Y,#Z. 

Afirst  region,  named  TEXT,  is  for  storing  instruc- 
tions  executed  by  the  process. 

A  second  region,  named  DATA  is  for  storing  data 
used  and/or  created  by  the  process. 

A  third  region,  named  STACK  is  for  storing  tran- 
sient  information  used  in  the  course  of  process  exe- 
cution. 

Afourth  or  more  regions  (if  present),  named  SHM 
(shared  memory)  is/are  for  storing  global  data. 

For  each  one  of  these  regions  or  segments  there 
is  a  data  structure  in  the  table  P-REGION. 

This  data  structure  defines  the  virtual  address 
base  of  the  segment  and  a  pointer  to  a  further  table 
named  REGION. 

Figure  3  shows  REGION  tables  34,35,36,37. 
Tables  PROC.T.E.  and  P-REGION  contain  infor- 

mation  which  may  be  used  and  tested  by  more  proc- 
essors  in  differing  processors. 

This  information  is  a  global  data  and  therefore 
these  tables  are  replicated  in  each  one  of  the  local 
memories  in  a  shared  memory  segment  of  the  "Ker- 
nel". 

This  segment  is  allocated  in  a  predetermined 
memory  space  whose  physical  address  coincide  with 
the  real  address. 

The  REGION  table  related  to  each  virtual  seg- 
ment  of  the  process  contains  information  as  to  the 
size  and  nature  of  the  segment  and  a  pointer  to  a  sec- 
ond  table  or  list  named  R-LIST  (tables  38,39  of  Fig. 

5  3).  The  R-LIST  defines,  in  terms  of  "displacement", 
the  virtual  addresses  of  the  page  sets  which  form  the 
segment. 

Each  address  refers  to  a  further  table  PTE  (page 
table  entry,  tables  40,41,42,43  of  Fig.  3). 

10  This  table  contains  the  physical  page  address 
which  correspond  to  each  logical  address  and  which 
is  assigned  by  the  MMMS. 

Other  information  is  further  contained  such  as 
the  location  of  the  data  referenced  by  the  physi- 

15  cal/logical  address  on  a  disk  or  swap  file  as  well  as 
the  status  of  the  related  memory  page  (valid  if  data 
are  effectively  stored  in  memory  or  invalid). 

Tables  REGION,  R-LIST  and  PTE  have  the  char- 
acter  of  information  specific  of  the  process  which  they 

20  describe.  Therefore  they  are  local  data,  stored  only  in 
the  local  memory  of  the  processor  where  the  process 
is  active. 

As  it  will  be  described  in  the  following  the  table 
REGION  related  to  a  shared  memory  segment  con- 

25  tains  further  a  pointer  to  a  global  data  structure  which 
the  system  uses  to  coordinate  the  use  of  the  shared 
memory  segment  in  the  several  CPUs. 

This  data  structure  is  an  essential  feature  of  the 
present  invention.  The  conventional  operation  of  an 

30  operating  system  with  the  above  described  data 
structures  related  to  non  shared  segments  is  as  fol- 
lows.  When  a  new  process  is  created  in  a  processor 
by  a  FORK  system  call,  the  operating  system  adds, 
in  the  table  PROC.T.E,  a  new  process  identifier  and 

35  related  pointer,  builds  up  a  new  P-REGION  for  the 
new  process,  a  new  REGION  and  a  new  R-LIST  for 
each  segment  of  the  process  and  a  new  PTE  table, 
where  the  physical  pages  are  tagged  as  missing  (in- 
valid). 

40  The  effective  allocation  of  physical  pages  to  the 
process,  the  compilation  of  the  PTE  tables  with  phys- 
ical  page  addresses  and  their  validation,  are  per- 
formed,  page  by  page,  on  demand. 

The  operating  system  further  loads  the  possible 
45  references  to  a  mass  storage  (disk)  and  a  context  reg- 

ister,  contained  in  the  MMU  related  to  the  processor. 
All  the  MMU  entries  are  tagged  as  invalid. 

In  fact,  by  the  previous  operations  a  certain  mem- 
ory  space  has  been  reserved,  without  filling  it  with 

so  valid  contents. 
At  this  point  the  process  may  be  started. 
The  processor,  where  the  MMU  has  been  so  pre- 

set,  controls  the  reading  of  a  first  instruction  of  the 
TEXT  segment  at  a  first  virtual  address.  This  address 

55  is  received  by  the  MMU. 
Since  an  invalid  contents  corresponds  to  this  en- 

try,  the  MMU  generates  an  error  signal  (Page  fault) 
which  call  for  supervisor  intervention.  The  supervisor 

5 
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may  ascertain  the  reason  of  the  error  signal  by  means 
of  the  contex  register  contents  and  the  already  men- 
tioned  linked  tables.  Therefore  it  reads  the  first  text 
page  from  a  secondary  storage  and  loads  it  in  an 
available  physical  page  of  local  memory,  whose 
physical  address  is  caused  to  be  related  to  the  virtual 
address  of  the  first  text  page.  The  PTE  entry  corre- 
sponding  to  the  virtual  page  address  is  loaded  with 
the  corresponding  physical  page  address  and  with  a 
valid  page  indicator.  Then  the  process  may  be  restart- 
ed  and  proceeds  until  the  generation  of  a  virtual  ad- 
dress  for  which  there  is  no  correspondence  with  a  val- 
id  physical  address. 

This  causes  a  retriggering  of  the  "page  fault  han- 
dling"  mechanism.  It  must  be  noted  that  the  above  de- 
scribed  operations  are  performed  at  local  processor 
level,  without  affecting  the  system  bus,  except  for 
read  operations  from  secondary  storage  and  global 
data  table  write  operations. 

The  above  described  operations  occurr  in  the 
handling  of  text,  data  and  stack  segments. 

In  the  case  of  the  shared  memory  segment  SHM, 
the  system  operates  in  a  new  and  innovative  way,  ac- 
cording  to  the  present  invention. 

Figure  4  shows  in  schematics,  the  tables  used,  in 
accordance  with  the  invention,  for  managing  shared 
memory  segments,  and  the  links  of  such  tables. 

In  this  case  a  plurality  of  processes  listed  in  table 
PROC.T.E  (in  Fig.4  processes  PROC#l,PROC#M, 
PROC#N  are  shown)  may  share  the  same  memory 
segment  SHM. 

To  manage  this  segment  the  system  uses  a  new 
global  table  comprising  a  fixed  size  portion  44  SHM- 
DS  (for  Shared  Memory-Data  Structure)  and  a  vari- 
able  size  portion  GSD  (for  Global  Segment  Descrip- 
tor). 

In  the  SHM-DS  table,  information  is  stored  relat- 
ed  to  the  features  of  the  memory  segment  intended 
for  storing  shared  data. 

The  following  information  is  specifically  men- 
tioned: 

A)  N  pointers  (46,47,48,49)  as  many  as  the  CPUs 
in  the  system  (4  in  the  described  embodiment). 
Each  pointer  references  a  local  table  REGION 
50,51  ,52,53,  each  table  being  specific  to  a  CPU. 
Each  REGION  table  points  to  a  local  R-LIST 
54...57. 
B)  Information  related  to  the  user  who  has  creat- 
ed  the  shared  segment,  the  user  group  to  which 
the  user  pertains,  segment  access  permissions 
(who  and  in  which  manner  has  access  to  the  seg- 
ment),  number  of  users  actively  using  the  seg- 
ment,  segment  size. 
C)  A  code  "key-t"  which  identifies  the  container 
function  of  the  segment,  say  the  data  which  have 
to  be  stored  in  the  segment. 
Each  of  the  local  REGIONS  contains  the  informa- 

tion  already  considered  with  reference  to  the 

TEXT,DATA,STACK  segments. 
In  addition  it  contains  information  as  to  the  num- 

ber  of  users  who  are  using  the  region. 
The  local  R-LISTs,  related  to  the  SHM  segment, 

5  are  functionally  identical  to  those  related  to  the 
TEXT,DATA,STACK  segments. 

The  format  of  the  global  segment  descriptor  GSD 
45  is  shown  in  Fig.  5  and  comprises  an  identification 
header  HD  and  one  entry  E1,E2,E3,  for  each  logical 

10  page  address  of  the  segment. 
Each  entry  contains  a  page  real  address  RA  cor- 

responding  to  a  page  logical  address,  a  status  bit  GS, 
which  defines  the  related  page  as  global  or  local,  a 
status  bit  for  each  CPU,  S0,S1  ,S2,S3  which  defines 

15  foreachCPU  ifthe  page  is  valid  or  invalid  and  a  swap 
area  address  SWA,  where  in  case  the  information 
contained  in  the  related  page  has  to  be  saved. 

Table  GSD  points,  through  tables  SHM-DS,  RE- 
GION,  R-LIST,  as  shown  in  Fig.  4  to  four  local  tables 

20  PTE  58,59,60,61. 
Each  one  of  tables  58,59,60,61  is  for  storing  a 

physical  page  address  corresponding  to  each  virtual 
page  address. 

In  addition  to  these  tables,  there  is  also  a  global 
25  table  which  is  simply  a  list  RALIST  62  (fig.  4)  of  real 

addresses  used  in  association  with  global  segments 
which  have  been  created  and  are  in  existance,  as  well 
as  a  table  63  (KEYLIST)  which  establishes  a  relation 
between  each  global  segment  key  and  global  seg- 

30  ment  identification  code  or  shm-id.  The  shared  mem- 
ory  identifier  shm-id  enables  to  directly  point  to  the 
structure  SHM-DS. 

The  operation  of  the  system  by  means  of  these 
data  structures  is  the  following. 

35  When  a  new  process  is  created  by  a  system  call 
and  a  new  data  structure  is  created,  describing  the 
process,  the  table  PROC.T.E.  is  updated  first. 

If  the  new  process  requires  the  use  of  a  shared 
segment  a  system  primitive,  named  shm-get  is  acti- 

40  vated. 
This  primitive  checks  if  a  shared  segment  having 

the  required  features  and  functionalities  is  already 
existing. 

This  check  is  performed  by  means  of  the  KEY 
45  LIST. 

If  the  shared  segment  does  not  exist,  the  data 
structure  SHM-DS  (which  is  a  global  table,  and  is 
therefore  replicated)  is  built  up,  to  describe  the  new 
segment. 

so  Alocal  REGION  is  built  up  in  each  CPU  to  provide 
a  local  description  of  the  new  segment;  the  SHM-DS 
table  and  the  REGION  tables  are  linked  each  other 
through  pointers. 

In  addition  a  table  GSD  is  allocated  as  global  ta- 
55  ble  (hence  replicated  in  the  local  memory  of  each 

CPU). 
Table  GDS  is  provided  with  the  due  heading,  cor- 

responding  to  the  segment  key  or  shm-id. 

6 
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The  size  of  the  table  is  defined  as  a  function  of 
the  size  of  the  segment  to  be  described. 

In  this  phase,  table  GSD  is  empty,  except  for  the 
heading. 

It  is  initialized  or  compiled  ata  subsequent  phase. 
It  must  be  noted  that  no  memory  space  is  allocat- 

ed,  except  the  one  needed  by  the  REGION  local  ta- 
bles  and  by  the  global  tables  SHM-DS  and  GSD. 

The  KEYLIST  is  updated  with  the  new  pair 
KEY/shm-id  related  to  the  created  shared  segment. 

Thus  a  new  segment  is  nominally  created. 
The  use  of  such  segment  is  performed  by  means 

of  a  primitive  shm-at  which  invokes  the  connection  of 
the  segment  to  a  user  process.  By  means  of  this  prim- 
itive,  the  PROC.T.E  entry  of  the  requesting  process 
is  connected,  through  the  P-REGION  and  in  conven- 
tional  way)  to  the  REGION  which  locally  describes  the 
shared  segment. 

This  means  that  if  the  requesting  process  I  is  exe- 
cuted  in  the  CPUO,  it  will  be  connected  to  REGION  50, 
built  up  in  CPUO,  whilst  a  requesting  process  N.  exe- 
cuted  in  the  CPU1  ,  will  be  connected  to  REGION  51  , 
built  up  in  CPU1  (Fig.  4). 

Both  REGION  tables  50,51,  are  linked  to  the 
same  table  SHM-DS  44.  Further,  the  first  time  the 
primitive  shm-at  is  performed  in  a  CPU  for  connecting 
the  segment,  the  tables  R-LIST  (54,55,56,57  of  Fig.4) 
and  the  tables  PTE  (58,59,60,61  of  Fig.4)  are  built-up 
in  the  local  memory  of  all  the  CPUs. 

It  is  further  tested,  in  all  the  CPUs,  if  memory 
space  is  available  for  the  physical  allocation  of  the 
shared  segment. 

Once  verified  that  the  memory  space  is  avail- 
able,  as  free  space  of  the  working  memory  and/or  as 
a  memory  space  already  containing  information 
which  can  be  swapped,  thus  freeing  the  space,  this 
space  is  booked  in  terms  of  required  number  of  pa- 
ges,  but  not  allocated. 

Then  segment  GSD  is  compiled  with  a  series  of 
real  addresses  choosen  among  those  which  have  not 
been  used,  on  the  basis  of  the  list  RALIST,  which  is 
updated. 

The  allocation  of  physical  memory  space  is  made 
only  on  demand,  owing  to  the  "page  fault"  mecha- 
nism. 

Initially  the  tables  R-LIST  and  PTE  linked  to  the 
REGION  tables  are  loaded  with  information  defining 
the  several  physical  pages  as  invalid  or  missing  (no 
physical  page  address  is  given). 

Subsequently,  as  the  physical  pages  are  allocat- 
ed  on  demand  to  store  information  identified  by  vir- 
tual  page  addresses  and  related  real  addresses,  the 
relation  between  real  page  address  and  physical  ad- 
dress  is  established. 

The  physical  addresses  so  assigned  are  then 
written  in  the  translation  memory  8B  for  locally  con- 
verting  the  real  addresses  in  physical  addresses. 

In  table  GSD  the  pages  are  all  set  missing  (bit 

S0,S1,S2,S3  invalid)  and  the  status  bit  GS  is  mean- 
ingless. 

In  the  REGION  table  related  to  the  CPU  where 
the  first  connection  of  the  shared  segment  is  per- 

5  formed,  the  field  reserved  to  indicate  the  number  of 
current  users  of  the  shared  segment,  initially  empty, 
is  incremented  by  one. 

The  same  occurs  for  a  field  in  the  SHM-DS  struc- 
ture,  which  has  the  same  function  at  system  level. 

10  It  is  reminded  here  that  the  shm-at  primitive  con- 
nects  a  shared  segment  to  a  process  but  does  not  al- 
locate  a  physical  memory  space  to  the  process. 

Allocation  is  made  on  demand,  by  the  page  fault 
mechanism,  suitably  modified. 

15  Before  considering  this  aspect  it  is  advisable  to 
consider  the  case  of  shared  segment  generation 
when  the  segment  is  already  existing,  and  its  connec- 
tion  to  another  process. 

A)  If  a  generic  process  requests,  with  the  shm-get 
20  primitive,  the  creation  of  a  shared  segment  and 

this  segment  already  exists  and  is  defined  by  the 
same  KEY  and  the  same  SHM-ID,  the  primitive 
makes  nothing  more  than  supplying  the  process 
with  information  enabling  it  to  perform  the  con- 

25  nection,  that  is  to  execute  the  shm-at  primitive. 
B)  If  a  generic  process  requests,  with  the  shm-at 
primitive,  the  connection  of  an  already  existing 
segment,  the  segment  being  already  connected 
to  another  process  in  the  same  CPU,  the  system 

30  selects,  in  the  structure  SHM-DS,  the  address  of 
the  region  REGION  in  the  same  CPU  where  the 
requesting  process  is  operating  and  connects  the 
P-REGION  of  the  requesting  process  to  this  RE- 
GION. 

35  Then  the  REGION  field  which  defines  the 
number  of  segment  current  users  is  incremented 
by  one,  as  well  as  the  corresponding  field  of  the 
SHM-DS  structure. 

This  implies  that  more  processes  operating 
40  on  the  same  shared  segment  can  use  differing 

virtual  addresses  for  reference  to  the  shared  seg- 
ment,  because  the  base  of  the  virtual  addresses 
is  stored  in  the  P-REGION,  there  being  a  P-RE- 
GION  per  process,  whilst  several  differing  P-RE- 

45  GIONSs  point  to  the  same  REGION. 
It  is  now  considered  how  the  page  fault  mecha- 

nism,  therefore  the  Main  Memory  Management  Sys- 
tem  MMMS  operates  to  allocate  physical  pages  in 
case  of  shared  pages. 

so  The  first  time  a  program  active  in  a  CPU  (for  in- 
stance  CPUO)  seeks  to  have  access  (by  a  virtual  ad- 
dress)  to  a  shared  segment  page  (this  operation  is 
certainly  proceded  by  execution  of  the  primitives 
shm-get  and  shm-at,  which  generate  the  tables  RE- 

55  GION,  R-LIST  and  PTE  in  the  local  memory  of  all 
CPUs),  the  related  MMU  generates  a  page  error  sig- 
nal. 

Therefore  the  memory  management  system 

7 
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MMMS  is  activated. 
By  means  of  the  already  described  tables,  in  par- 

ticular  GSD  table,  it  can  be  detected  that  the  page  is 
for  a  shared  segment  and  it  does  not  exist  in  any  one 
of  the  local  memories  (bits  S0,S1,S2,S3  invalid  in 
GSD  table). 

The  MMMS  system  then  selects  a  free  memory 
page  and  loads  the  related  physical  address  in  the 
PTE  table. 

It  further  validates  the  page  status,  both  in  PTE 
table  and  in  GSD  table  (by  setting  to  1  the  related  sta- 
tus  bit  SO). 

Eventually  the  contents  of  MMU  are  updated 
whith  the  relation  virtual  address/physical  address. 

In  this  case,  since  the  page  is  valid  in  one  CPU 
only  (CPUO),  it  is  treated  as  local  information  and  the 
related  physical  address  is  written  in  the  MMU. 

Bit  28,  which  characterizes  the  information  as 
global  or  local  is  set  to  0. 

Any  subsequent  access  operation  to  the  same 
page,  by  the  same  program  occurs  without  activation 
of  the  page  fault  mechanism. 

If  another  program,  active  in  the  same  CPU,  at- 
tempts  to  have  access  to  the  same  page  (in  compli- 
ance  with  access  limitations,  for  instance  read  only) 
the  access  occurs  normally  without  activation  of  the 
page  fault  mechanism,  unless  a  differing  virtual  ad- 
dress  (synonym)  is  used  for  the  same  information. 

In  this  case,  the  page  fault  mechanism  is  again 
activated  and  once  ascertained  that  the  page  already 
exists  in  the  same  CPU,  after  having  checked  that  the 
page  is  not  yet  global  (block  119)  and  is  referenced  by 
the  physical  address  stored  in  the  PTE  table,  the 
MMU  entries  are  updated  to  provide  the  new  relation 
virtual  address  sinonym/physical  address. 

Should  be  detected  that  the  page  has  already  be- 
come  global,  the  MMU  would  be  loaded  with  the  real 
address  instead  of  the  physical  one. 

Now,  if  a  program  active  in  a  CPU  other  than  the 
previously  considered  one  (CPUO)  seeks  to  access 
the  same  page  of  shared  segment,  the  MMU  related 
to  said  other  CPU  generates  a  page  error  signal. 

Therefore  in  this  CPU,  hereinafter  referred  to  as 
requesting  CPU,  the  MMMS  system  is  activated  and 
through  the  already  considered  tables  it  may  ascer- 
tain  that  the  page  is  already  present  in  the  local  mem- 
ory  of  another  CPU  (CPUO  which  for  the  following  is 
referenced  as  owing  CPU).  The  requesting  CPU  then 
requests  that  the  page  be  converted  from  local  to  glo- 
bal  hence  be  replicated  in  all  local  memories. 

To  this  purpose  the  requesting  CPU  gives  in- 
structions  to  all  other  CPUs  and  to  itself,  but  not  to  the 
owning  CPU,  so  that  each  one  allocates  a  physical 
free  page, 

A  predetermined  real  address,  selected  among 
those  already  booked  and  present  in  the  GSD  table 
is  assigned  to  each  allocated  page. 

Each  CPU  other  than  the  owning  CPU,  by  means 

of  its  own  MMMS  system,  finds  a  free  physical  page 
within  the  local  memory  and  loads  the  corresponding 
physical  address  in  the  translation  memory  8B  cou- 
pled  to  its  own  local  memory,  at  the  translation  mem- 

5  ory  entry  defined  by  the  assigned  real  address.  The 
physical  address  is  also  written  in  the  PTE  table. 

The  status  of  this  page,  in  the  tables  which  refer- 
ence  it  (PTE,GSD),  is  set  invalid,  to  prevent  its  use. 

Once  these  operations  are  performed,  each  CPU 
10  other  than  the  owning  CPU,  provides  to  notify  the  re- 

questing  CPU  that  the  operations  have  been  complet- 
ed. 

Once  confirmation  is  received  that  a  physical 
page  has  been  reserved  for  a  global  write,  the  re- 

15  questing  CPU  sends  a  message  to  the  owing  CPU 
and  requests  that  the  requested  page  be  moved  to 
the  global  space. 

Then  the  owning  CPU  performs  the  following  op- 
erations: 

20  -  updates  the  MMU  tables  by  changing  the  phys- 
ical  address  with  the  corresponding  real  one,  in 
which  bit  28  is  set  to  1  and  characterize  the 
page  as  global. 

-  loads  the  physical  address  (obtained  from  its 
25  own  PTE  table)  in  its  own  translation  unit  8B, 

at  the  entry  referenced  by  the  real  address  of 
the  page. 

-  performs  a  sequence  of  read  and  write  opera- 
tions  so  as  to  locally  copy  the  full  page.By  the 

30  write  operation,  (global  data  write)  a  replication 
is  performed  in  the  local  memory  of  the  other 
CPUs. 

-  updating  of  GSD  table  by  setting  to  one  the  bit 
GS  related  to  the  page. 

35  Once  these  operation  are  performed,  the  owning 
CPU  sends  a  message  to  the  requesting  CPU  and  no- 
tifies  that  the  page  has  been  replicated,  may  be  vali- 
dated  and  the  user  process  may  be  restarted. 

The  requesting  CPU,  once  this  message  is  re- 
40  ceived,  updates  the  status  bit,  related  to  its  own  local 

memory,  in  the  GSD  table,  validates  the  page  in  its 
own  local  memory  and  restarts  the  program  who  re- 
quested  the  page. 

The  CPUs  others  than  the  owning  and  requesting 
45  one,  do  not  update  the  related  status  bit  in  the  GSD 

table  and  leave  invalid  the  page  which  is  replicated  in 
their  local  memory,  even  if  present. 

Once  the  page  is  made  global,  any  data  modifi- 
cation  within  the  global  page  performed  by  the  own- 

so  ing  CPU  or  the  requesting  CPU,  is  performed  and  re- 
plicated  in  all  local  memories. 

If  a  third  CPU,  requires  access  to  the  same 
shared  page  for  a  generic  process,  obviously  after 
connection  of  the  shared  segment  by  the  shm-at 

55  primitive,  the  page  fault  mechanism  detects,  through 
the  GSD  table,  that  the  page  is  global. 

Therefore  it  simply  validate  it,  by  setting  to  1  the 
status  bit  related  to  the  page  and  the  new  CPU,  in  the 
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GSD  table. 
If  another  process,  in  the  third  CPU,  requests  ac- 

cess  to  the  same  page  (with  the  same  virtual  ad- 
dress),  access  is  obtained  without  activation  of  the 
page  fault  mechanism.  5 

It  may  be  noted  that  a  shared  or  global  segment, 
in  the  course  of  its  use  by  a  plurality  of  processors 
consists  in  a  plurality  of  physical  pages  some  of  which 
are  global,  hence  replicated  in  the  local  memory  of  the 
CPUs,  which  have  requested  them,  others  of  which  10 
are  local  and  present  in  only  one  of  the  local  memor- 
ies,  not  necessarily  the  same  local  memory  for  all  the 
local  pages. 

The  situation  is  depicted  by  way  of  example  in 
Fig.  6  which  shows  the  status  of  GSD  table,  compiled  15 
to  describe  the  status  of  a  virtual  segment  comprising 
pages  defined  by  real  addresses  1,2,3,4,5. 

The  pages  having  real  address  1,2,3  are  global 
(GS=1),  replicated  in  the  local  memory  of  CPUO,  1,2,3 
and  used,  hence  valid,  by  one  or  more  processes  ac-  20 
tive  in  CPU  1,2,3,  in  CPU  0,1,2  and  CPU  0,1  respec- 
tively. 

The  page  having  real  address  4  is  local  and  pres- 
ent  only  in  the  local  memory  of  CPU2  (GS=0,S2=1). 

The  page  having  real  address  5  is  local  and  pres-  25 
ent  only  in  the  local  memory  of  CPUO  (GS=0,  S0=1). 

In  this  way  the  pages  of  real  address  4  and  5  are 
treated  as  local,  need  physical  memory  space  in  one 
local  memory  only  and  their  modification  by  write  op- 
eration  does  not  require  system  bus  access  opera-  30 
tion. 

Having  shown  how  a  page  of  a  shared  segment 
may  be  converted  from  local  page  to  global  page,  dy- 
namically,  that  is  at  "run  time",  it  may  be  considered 
how  the  opposite  operation,  conversion  from  global  to  35 
local,  is  performed. 

In  the  operating  systems,  there  are  two  com- 
mands  which  enable  to  exit  from  or  end  a  process  or 
to  disconnect  a  segment  from  a  process. 

They  are  the  exit  and  detach  commands.  40 
The  first  one  is  implicit:  at  the  end  of  a  process 

the  operating  system  causes  the  exit  from  the  proc- 
ess. 

The  second  is  explicit  command,  which  controls 
the  disconnection  of  a  segment.  45 

In  particular,  in  those  operating  systems  where  a 
shared  segment  is  provided,  there  is  a  specific  com- 
mand  shm-dt  which  controls  the  disconnection  of  a 
shared  segment. 

When  in  a  generical  CPUN  a  process  ends,  the  50 
command  shm-dt  decrements  by  one  the  number  of 
users  stored  in  the  structure  SHM-DS  and  in  the  RE- 
GION  table  related  to  CPUN  and  tests  if  in  the  RE- 
GION  table  the  users  number  has  become  zero. 

If  they  are  still  users,  the  GSD  table  is  not  modi-  55 
fied. 

If  for  CPUN  the  number  of  users  is  zero,  the  GSD 
table  is  updated  by  setting  to  0  the  status  bit  related 

to  CPUN  for  all  those  pages  of  the  segment  which  are 
global  (GS=1). 

The  pages  which  where  local  are  kept  valid,  even 
if  no  more  used  by  CPUN,  because  they  are  pages  of 
a  shared  segment  and  potentially  they  may  be  re- 
quested  by  other  processes  in  other  CPUs. 

For  the  global  pages  which  are  invalidated,  the 
relation  physical  address/real  address  in  the  transla- 
tion  memory  8B  is  left  unchanged,  as  well  as  the  sta- 
tus  of  the  page  in  table  PTE. 

As  a  consequence  the  invalidated  pages  contin- 
ue  to  be  present  in  the  local  memory  and  continue  to 
be  updated  if  global  write  operations  are  caused  to 
occur  by  other  processors. 

It  is  further  tested  if  due  to  such  updating  the  pa- 
ges  which  were  global  remain  valid,  all  of  them  or 
some  of  them  only,  in  one  CPU  only,  named  receiving 
CPU. 

If  this  condition  is  not  met,  the  pages  continue  to 
be  treated  as  global. 

If  this  condition  is  met  for  at  least  one  page,  the 
CPUN  signals  to  the  receiving  CPU  that  this  second 
one  is  the  last  to  use  one  or  more  pages  of  the  shared 
segment  and  that  such  pages  have  to  be  converted 
in  local  pages. 

Therefore  the  receiving  CPU  get  access  in  turn  to 
the  GSD  table  to  change  bit  GS  (global  page  indica- 
tor)  from  1  to  zero  for  all  pages  which  remain  of  ex- 
clusive  use  by  the  receiving  CPU. 

It  further  replaces  the  real  address  with  the  relat- 
ed  physical  address  in  the  MMU  for  the  pages  con- 
verted  to  local. 

The  physical  address  is  obtained  from  the  trans- 
lation  memory  8B  coupled  to  the  local  memory  relat- 
ed  to  the  receiving  CPU. 

It  further  signals  to  the  other  CPUs  that  the  phys- 
ical  pages  allocated  to  that  or  to  those  global  pages 
may  be  freed. 

In  this  way  some  or  even  all  the  pages  of  the 
shared  segment,  previously  global  and  replicated, 
cease  to  be  treated  as  such  and  return  to  be  treated 
and  addressed  as  local  to  one  CPU  (even  if  shared 
by  a  plurality  of  processes  within  the  same  CPU). 

When  in  the  last  CPU  using  pages  of  the  shared 
segment,  the  last  process  using  the  shared  segment 
ends,  the  segment  consists  in  local  pages  only,  even 
if  they  may  be  distributed  in  several  CPUs. 

Liberation  of  these  local  pages  and  the  discon- 
nection  of  the  shared  segment  are  performed  with  ex- 
plicit  disconnection  request  RMID  (Remove  shared 
memory  identifier). 

This  means  that  all  the  global  and  local  data 
structures  which  have  been  created  to  describe  the 
shared  segment  (SHM-DS,REGION,R-LIST,PTE, 
GSD)  and  related  pointers,  are  cancelled  after  having 
previously  saved  in  a  swap  area  the  contents  of  the 
segment,  if  so  required. 

To  better  show  the  advantages  of  the  invention 
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and  the  way  in  which  a  shared  segment  changes  from 
a  state  of  global  pages  to  a  state  of  local  pages,  fig- 
ures  7,8,9  provide  an  example. 

Departing  from  the  state  shown  in  Fig.6,  which 
shows  the  situation  at  a  time  TO,  it  may  be  assumed 
that  at  a  subsequent  time  T1,  the  last  process  ends 
which  uses  the  segment  in  the  CPUO. 

Thus,  bit  SO  related  to  the  pages  having  real  ad- 
dress  2,3  is  set  to  0  (Fig.  7)  and  the  related  memory 
space  in  CPUO  becomes  free  (usable  for  other  pur- 
pose). 

The  page  having  real  address  5  was  already  lo- 
cal.  Therefore  the  related  bit  SO  is  left  valid  and  the 
page  remains  available. 

The  page  having  real  address  3  was  global  but 
used  in  CPUO  and  CPU1  only.  Therefore  it  becomes 
a  local  page  of  CPU1  (bit  GS  is  set  to  0)  and  the  re- 
lated  memory  space  becomes  available  in  all  CPUs, 
except  CPU1,  for  other  purposes. 

The  page  having  real  address  2,  which  was  used 
by  CPU0,CPU1  and  CPU2  was  global  and  remains 
global. 

The  physical  memory  space  used  by  this  page  in 
CPUO  continues  to  be  used  for  allocation  of  the  page 
and  is  not  available. 

At  a  time  T2,  subsequent  to  T1  (Fig.  8)  the  proc- 
esses  actives  in  CPU1  and  using  the  segment,  have 
their  end. 

Then  even  page  2,  which  was  global,  is  converted 
to  local. 

At  a  time  T3  subsequent  to  T2  (Fig.  9)  the  proc- 
esses  actives  in  CPU2  and  using  the  segment  have 
end. 

Page  1,  which  was  global,  is  converted  to  local 
and  it  is  the  only  one  still  in  use. 

Most  of  the  physical  memory  space  previously 
used  to  store  the  several,  concurrently  used  pages  of 
the  segment,  is  available.  This  before  the  shared  seg- 
ment  ceases  to  be  used,  that  is  before  a  time  T4  at 
which  the  processes  using  the  segment  in  CPU3  have 
their  end  and  the  segment  may  be  disconnected  and 
removed  from  memory. 

Most  of  the  pages,  even  if  used  in  differing  CPUs 
are  replicated  or  treated  as  local,  without  incurring  in 
the  overheads  resulting  from  their  handling  as  global. 

From  the  previous  description  it  appears  that  all 
the  operations  of  dynamic  allocation  and  deallocation 
of  global  data  are  performed,  in  the  several  CPUs,  by 
the  processors  contained  therein,  which  processors, 
suitably  controlled  by  instruction  streams,  constitute 
logical  means  which  together  with  memory  tables, 
and  among  them  table  GSD,  and  by  examination  of 
their  contents,  control  the  execution  of  the  several 
desribed  phases. 

It  is  further  clear  that  the  preceding  description 
relates  to  a  preferred  embodiment  of  system  and 
method  in  accordance  to  the  invention  and  that  sev- 
eral  changes  can  be  made. 

In  particular,  the  use  of  translation  memories  to 
remove  the  constraint  of  allocating  global  data  pages 
at  physical  pages  having  the  same  physical  address 
in  the  several  local  memory,  even  if  preferable  and 

5  providing  several  advantages,  is  not  necessary. 
In  this  case,  the  advantage  of  memory  space  sav- 

ing  in  the  allocation  of  global  data  is  lost. 
However  the  advantages  resulting  from  reduc- 

tion  of  the  bus  traffic  for  replicated  write  operations 
10  are  maintained. 

Even  the  functions  performed  by  the  several 
primitives  in  the  generation  and  modification  of  the 
tables  which  describe  the  several  processes  and  in 
the  generation  of  the  messages  among  the  several 

15  CPUs,  may  be  assigned  in  a  different  way,  as  a  func- 
tion  of  operating  system  constraints  and  derogations 
to  compatibility  (with  conventional  operating  sys- 
tems)  of  the  operating  system  incorporating  the  mod- 
ifications  required  by  the  invention. 

20  For  example  the  conversion  of  a  page,  from  local 
to  global,  by  its  replication,  may  be  performed  by  the 
requesting  CPU,  rather  than  the  owning  CPU  and  by 
means  of  direct  memory  access  (DMA)  circuits,  rath- 
er  than  by  the  CPU  processor. 

25 

Claims 

1  .  Multiprocessor  system  having  distributed  shared 
30  resources  and  dynamic  global  data  replication 

comprising: 
-  a  system  bus 
-  a  plurality  of  central  processing  units  (CPU) 

each  comprising: 
35  -  a  processor 

-  a  local  memory  related  to  said  proces- 
sor 

-  a  memory  management  unit  (MMU)  re- 
lated  to  said  processor  for  converting 

40  virtual  addresses  received  from  said 
processor  in  addresses  having  a  bit  field 
which  identifies  said  addresses  as  relat- 
ed  to  global  data,  i.e.  data  used  jointly  in 
more  than  one  CPU  of  said  plurality  and 

45  which  need  replication  in  the  local  mem- 
ory  of  each  CPU  in  said  plurality,  or  as 
related  to  local  data,  i.e.  data  used  by 
one  only  of  said  CPUs, 

-  an  interface  unit  connected  to  said  sys- 
50  tern  bus  and  enabling  information  ex- 

change  among  said  CPUs,  through  said 
system  bus 

said  system  being  characterized  by  comprising: 
-  a  memory  table  (GSD)  replicated  in  the  lo- 

ss  cal  memory  of  each  of  said  CPUs,  refer- 
enced  by  codes  related  to  virtual  page  ad- 
dresses  of  shared  segments  and  storing  in- 
formation  which,  for  each  virtual  page  ad- 
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dress,  defines  if  the  data  in  said  virtual 
page  are  global  data  or  local  data,  and  in 
which  of  said  CPUs  said  global  data  are 
used,  and  if  it  is  effectively  stored  in  the  re- 
lated  local  memory,  in  which  case  said  data  5 
is  called  valid; 

-  first  logic  means  in  any  CPUX  among  said 
CPUs,  for  performing  a  page  fault  proce- 
dure,  which  responsive  to  an  indication  of 
missing  page  generated  by  the  related  10 
MMU,  references  said  GSD  table  in  the  lo- 
cal  memory  related  to  said  CPUX  to  detect 
if  said  missing  page  is  used  in  another 
CPUY  among  said  CPUs  and  stored  in  the 
local  memory  of  said  CPUY  as  local  data  15 
page,  and  in  the  affirmative  requests  of  all 
said  CPUs,  other  than  said  CPUY,  to  allo- 
cate  a  free  physical  memory  page  of  the  re- 
lated  local  memory  for  storing  a  global  data 
page,  and  obtains  that  said  page,  missing  in  20 
said  CPUX  and  stored  in  the  local  memory 
of  said  CPUY,  be  replicated  in  the  local 
memory  of  all  said  CPUs,  and 
second  logic  means  for  changing  the  infor- 
mation  stored  in  said  GSD  table  to  indicate  25 
that  said  page  requested  to  be  replicated  is 
global,  upon  execution  of  said  replication. 

2.  System  as  in  Claim  1,  comprising  third  logic 
means  in  a  CPUZ  among  said  CPUs,  for  detect-  30 
ing,  at  the  end  of  a  process  executed  in  said 
CPUZ,  that  a  global  data  page  is  no  more  used  in 
said  CPUZ  but  is  still  used  in  at  least  two  other 
CPUs  and  for  modifying  the  information  stored  in 
said  GSD  table,  to  indicate  that  said  page  no  35 
more  used  in  said  CPUZ  is  invalid  in  said  CPUZ. 

3.  System  as  in  Claim  2,  comprising  fourth  logic 
means  in  a  CPUZ  among  said  CPUs,  for  detect- 
ing,  at  the  end  of  a  process  executed  in  said  40 
CPUZ,  that  a  global  data  page  is  no  more  used  in 
said  CPUZ  and  is  still  used  in  one  CPUM  only 
among  said  CPUs,  and  for  causing  modification 
of  the  information  stored  in  said  GSD  table  to  in- 
dicate  that  said  page,  used  in  said  CPUM  only,  is  45 
a  local  data  page  which  does  not  need  replication 
in  the  local  memory  of  said  CPUs,  otherthan  said 
CPUM. 

4.  System  as  in  Claim  1,  wherein  said  GSD  table  50 
stores,  for  each  virtual  page  address  of  a  page 
defined  as  global  data  page  by  said  GSD  table, 
a  page  address  code,  named  real  page  address, 
wherein  each  of  said  CPUs  comprises  its  own 
translation  means  for  translating  said  real  page  55 
address  in  physical  page  addresses,  in  an  auton- 
omous  way  for  each  of  said  CPUs,  and  wherein 
said  MMU  in  each  of  said  CPUs  when  referencing 

data  in  pages  designated  as  global  by  said  GSD 
table,  generates  an  address  having  a  first  field 
consisting  in  said  real  page  address  and  said  bit 
field  identifying  said  address  as  related  to  a  glo- 
bal  data. 

5.  In  a  multiprocessor  system  having  distributed 
shared  resources  and  comprising: 

-  a  system  bus 
-  a  plurality  of  central  processing  units 

(CPU),  each  comprising  a  processor,  a  local 
memory, 

a  memory  management  unit  (MMU) 
and  an  interface  unit  connected  to  said  sys- 
tem  bus  for  enabling  information  exchange 
among  said  CPUs,  through  said  system 
bus, 

the  method  for  dynamic  allocation,  deallocation 
of  replicated  global  data,  characterized  by  the 
steps  of: 

-  generation  for  each  shared  data  segment  of 
a  table  GSD  which  for  each  page  of  the 
shared  segment  contains  information  indi- 
cating  if  the  page  is  global,  that  is  used  by 
processes  active  in  more  than  one  of  said 
CPUs,  or  local,  that  is  used  by  one  or  more 
processes  active  in  one  only  of  said  CPUs, 
said  information  further  indicating  in  which 
of  said  CPUs  said  page  is  used  and  in  which 
of  said  CPU  local  memories  is  stored, 

-  detecting,  by  means  of  said  GSD  table,  if  a 
shared  data  page  needed  by  a  process  ac- 
tive  in  a  CPUX  among  said  CPUs  is  used  in 
another  process  created  in  another  CPUY 
among  said  CPUs,  and  stored  in  the  local 
memory  of  said  CPUY,  and  in  the  affirma- 
tive 

-  requesting  of  all  said  CPUs  other  than  said 
CPUY,  to  allocate  a  physical  memory  page 
of  the  related  local  memory  for  storing  a  glo- 
bal  data  page, 

-  replicating  said  page  needed  by  said  proc- 
ess  active  in  said  CPUX,  and  stored  in  the 
local  memory  of  said  CPUY,  in  the  local 
memory  of  all  said  CPUs, 

-  changing  the  information  stored  in  said 
GSD  table  to  indicate  that  said  replicated 
page  is  global. 

6.  Method  as  in  claim  5,  comprising  further  the 
steps  of: 

-  detecting,  at  the  end  of  a  process  executed 
in  a  CPUZ  among  said  CPUs,  if  a  global 
data  page,  previously  used  in  said  process 
is  no  more  needed  in  said  CPUZ  but  is  still 
used  in  at  least  two  of  said  CPUs  and  in  the 
affirmative 

-  changing  the  informatin  stored  in  said  GSD 
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table  to  Indicate  that  said  page,  no  more 
needed  In  said  CPUZ,  Is  Invalid  In  said 
CPUZ. 

7.  Method  as  in  claim  6  comprising  furtherthe  steps 
of: 

-  detecting,  at  the  end  of  a  process  execut- 
ed  in  a  CPUZ  among  said  CPUs  if  a  global  data 
page,  previously  used  in  said  process  is  no  more 
needed  in  said  CPUZ  but  is  still  used  in  one 
CPUM  only  among  said  CPUS,  and  in  the  affir- 
mative 

changing  the  information  stored  in  said 
GSD  table  to  indicate  that  said  page,  no  more 
needed  in  said  CPUZ  is  invalid  in  said  CPUZ  and 
is  local  to  said  CPUM  only. 

Patentanspruche 

1.  Multiprozessorsystem  mit  verteilten  gemeinsa- 
men  Betriebsmitteln  und  mit  Vervielfaltigung  von 
dynamischen  globalen  Daten,  umfassend: 

-  einen  Systembus, 
-  eine  Vielzahl  von  Zentraleinheiten  (CPU), 

die  jeweils  aufweisen: 
-  einen  Prozessor, 
-  einen  auf  den  Prozessor  bezogenen  lo- 

kalen  Speicher, 
-  eine  auf  den  Prozessor  bezogene  Spei- 

chermanagementeinheit  (MMU)  zum 
Umsetzen  von  vom  Prozessor  empfan- 
genen  virtuellen  Adressen  in  Adressen 
mit  einem  Bitfeld,  das  die  Adressen  als 
auf  globale  Daten  bezogen,  d.h.  auf  Da- 
ten,  die  gemeinsam  in  mehr  als  einer 
CPU  der  Vielzahl  verwendet  sind  und 
die  eine  Vervielfaltigung  in  dem  lokalen 
Speicher  jeder  CPU  in  der  Vielzahl  er- 
fordern,  oder  als  auf  lokale  Daten  bezo- 
gen,  d.h.  Daten,  die  durch  nur  eine  der 
CPUs  verwendet  sind,  identif  iziert, 

-  eine  Schnittstelleneinheit,  die  mit  dem 
Systembus  verbunden  ist  und  einen  In- 
formationsaustausch  unter  den  CPUs 
uber  den  Systembus  ermoglicht, 

wobei  das  System  dadurch  gekennzeichnet  ist, 
daft  es  aulierdem  aufweist: 

-  eine  Speichertabelle  (GSD),  die  in  dem  lo- 
kalen  Speicher  jeder  der  CPUs  vervielfaltigt 
ist,  auf  die  durch  Codes  Bezug  genommen 
ist,  die  auf  virtuelle  Seitenadressen  der  ge- 
meinsamen  Segmente  bezogen  sind,  und 
die  Information  speichert,  welche  fur  jede 
virtuelle  Seitenadresse  festlegt,  ob  die  Da- 
ten  in  der  virtuellen  Seite  globale  Daten 
oder  lokale  Daten  sind,  und  in  welcher  der 
CPUs  die  globalen  Daten  verwendet  sind, 

und  ob  sie  wirksam  in  dem  betreffenden  lo- 
kalen  Speicher  gespeichert  sind,  in  wel- 
chem  Fall  die  Daten  gultig  genannt  sind, 

-  eine  erste  Logikeinrichtung  in  jeglicher 
5  CPUX  unter  den  CPUs  zum  Durchf  uhren  ei- 

ner  Seitenfehlerprozedur,  die  abhangig  von 
einem  durch  die  betreffende  MMU  erzeug- 
te  Anzeige  einer  fehlenden  Seite  auf  die 
GSD-Tabelle  in  dem  auf  diese  CPUX  bezo- 

10  genen  lokalen  Speicher  Bezug  nimmt,  urn 
zu  erfassen,  ob  die  fehlende  Seite  in  einer 
anderen.  CPUY  unter  den  CPUs  verwendet 
und  in  dem  lokalen  Speicher  der  CPUY  als 
eine  lokale  Datenseite  gespeichert  ist,  und 

15  die  im  Bestatigungsfall  alle  CPUs  aulier 
dieserCPUYauffordert,  eine  freie  physika- 
lische  Speicherseite  des  betreffenden  loka- 
len  Speichers  zuzuweisen,  urn  eine  globale 
Datenseite  zu  speichern,  und  die  erzielt, 

20  dali  diese  Seite,  die  in  der  CPUX  fehlt  und 
in  dem  lokalen  Speicher  der  CPUY  gespei- 
chert  ist,  in  dem  lokalen  Speicher  von  alien 
CPUs  vervielfaltigt  wird,  und  eine  zweite 
Logikeinrichtung  zum  Andern  der  in  der 

25  GSD-Tabelle  gespeicherten  Information, 
urn  anzuzeigen,  dali  nach  Ausfuhrung  der 
Vervielfaltigung  die  Seite,  die  zum  Verviel- 
faltigen  gefordert  ist,  global  ist. 

30  2.  System  nach  Anspruch  1,  umfassend  eine  dritte 
Logikeinrichtung  in  einer  CPUZ  unter  den  CPUs, 
urn  am  Ende  eines  in  der  CPUZ  ausgefuhrten 
Prozesses  zu  erfassen,  dali  eine  globale  Daten- 
seite  nichtmehrin  der  CPUZ  verwendet,  sondern 

35  noch  in  wenigstens  zwei  anderen  CPUs  verwen- 
det  ist,  und  urn  die  in  der  GSD-Tabelle  gespei- 
cherte  Information  zu  modifizieren,  urn  anzuzei- 
gen,  dali  diese  Seite,  die  nicht  mehr  in  der  CPUZ 
verwendet  ist,  in  dieser  CPUZ  ungultig  ist. 

40 
3.  System  nach  Anspruch  2,  umfassend  eine  vierte 

Logikeinrichtung  in  einer  CPUZ  unter  den  CPUs, 
urn  am  Ende  eines  in  der  CPUZ  ausgefuhrten 
Prozesses  zu  erfassen,  dali  eine  globale  Daten- 

45  seite  nicht  mehr  in  der  CPUZ  verwendet  ist  und 
noch  in  nur  einer  CPUM  unter  den  CPUs  verwen- 
det  ist,  und  urn  eine  Modifikation  der  in  der  GSD- 
Tabelle  gespeicherten  Information  zu  veranlas- 
sen,  urn  anzuzeigen,  dali  die  Seite,  die  lediglich 

so  in  der  CPUM  verwendet  ist,  eine  lokale  Datensei- 
te  ist,  die  nicht  eine  Vervielfaltigung  in  dem  loka- 
len  Speicher  der  CPUs  aulier  der  CPUM  erfor- 
dert. 

55  4.  System  nach  Anspruch  1  ,  bei  dem  die  GSD-Ta- 
belle  fur  jede  virtuelle  Seitenadresse  einer  als 
globale  Datenseite  durch  die  GSD-Tabelle  defi- 
nierten  Seite  einen  Seitenadressencode,  ge- 
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nannt  reale  Seitenadresse,  speichert,  wobei  jede 
der  CPUs  ihre  eigene  Ubersetzungseinrichtung 
zum  Ubersetzen  der  realen  Seitenadresse  in 
physikalische  Seitenadressen  auf  autonome 
Weise  fur  jede  der  CPUs  aufweist,  und  wobei  die  5 
MMU  injederderCPUs,  wenn  auf  Daten  in  Seiten 
Bezug  genommen  wird,  die  als  global  durch  die 
GSD-Tabelle  bezeichnet  sind,  eine  Adresse  mit 
einem  ersten  Feld  in  der  realen  Seitenadresse  er- 
zeugt  und  das  Bitfeld  diese  Adresse  als  bezogen  w 
auf  globale  Daten  identifiziert. 

5.  In  einem  Multiprozessorsystem  mit  verteilten  ge- 
meinsamen  Betriebsmitteln  und  umfassend: 

-  einen  Systembus,  15 
-  eine  Vielzahl  von  Zentraleinheiten  (CPU), 

jeweils  umfassend  einen  Prozessor,  einen 
lokalen  Speicher,  eine  Speichermanage- 
menteinheit  (MMU)  und  eine  Schnittstellen- 
einheit,  die  mit  dem  Systembus  verbunden  20 
sind,  urn  uber  den  Systembus  einen  Infor- 
mationsaustausch  unter  den  CPUs  zu  er- 
moglichen, 

ein  Verfahren  zur  dynamischen  Zuweisung,  Ent- 
weisung  von  vervielfaltigten  globalen  Daten,  ge-  25 
kennzeichnet  durch  die  folgenden  Schritte: 

-  Erzeugung  fur  jedes  gemeinsame  Daten- 
segment  von  einer  Tabelle  GSD,  die  fur  jede 
Seite  des  gemeinsamen  Segmentes  Infor- 
mation  enthalt,  die  anzeigt,  ob  die  Seite  glo-  30 
bal  ist,  das  heilit,  verwendet  durch  Prozes- 
se,  die  aktiv  in  mehr  als  einer  der  CPUs 
sind,  oder  lokal,  das  heilit,  verwendet  in  ei- 
nem  oder  mehreren  Prozessen,  die  aktiv  in 
nur  einer  der  CPUs  sind,  wobei  diese  Infor-  35 
mation  weiterhin  anzeigt,  in  welcher  der 
CPUs  diese  Seite  verwendet  und  in  wel- 
chem  der  lokalen  Speicher  der  CPU  diese 
gespeichert  ist, 

-  Erfassen  mittels  der  GSD-Tabelle,  ob  eine  40 
gemeinsame  Datenseite,  die  durch  einen 
Prozeli  benotigt  ist,  der  aktiv  in  einer  CPUX 
unter  den  CPUs  ist,  in  einem  anderen  Pro- 
zeli  verwendet  ist,  der  in  einer  anderen 
CPUY  unter  den  CPUs  hervorgerufen  ist,  45 
und  gespeichert  ist  in  dem  lokalen  Speicher 
der  CPUY,  und,  im  Bestatigungsfall, 

-  Anfordern  von  alien  CPUs  aulier  der  CPUY, 
urn  eine  physikalische  Speicherseite  des 
betreffenden  lokalen  Speichers  zum  Spei-  50 
chern  einer  globalen  Datenseite  zuzuwei- 
sen, 

-  Vervielfaltigen  der  Seite,  die  durch  den  Pro- 
zeli  benotigt  ist,  der  in  der  CPUX  aktiv  ist, 
und  die  in  dem  lokalen  Speicher  der  CPUY  55 
gespeichert  ist,  in  dem  lokalen  Speicher 
von  alien  CPUs, 

-  Andern  der  in  der  GSD-Tabelle  gespeicher- 

ten  Information,  urn  anzuzeigen,  dali  die 
vervielfaltigte  Seite  global  ist. 

6.  Verfahren  nach  Anspruch  5,  umfassend  die  fol- 
genden  weiteren  Schritte: 

-  Erfassen  am  Ende  eines  in  einer  CPUZ  un- 
ter  den  CPUs  ausgefuhrten  Prozesses,  ob 
eine  globale  Datenseite,  die  zuvor  in  dem 
Prozeli  verwendet  ist,  nicht  mehr  in  der 
CPUZ  benotigt,  aber  noch  in  wenigstens 
zwei  der  CPUs  verwendet  ist,  und  im  Besta- 
tigungsfall 

-  Andern  der  in  der  GSD-Tabelle  gespeicher- 
ten  Information,  urn  anzuzeigen,  dali  diese 
Seite,  die  nicht  mehr  in  der  CPUZ  benotigt 
ist,  in  dieser  CPUZ  ungultig  ist. 

7.  Verfahren  nach  Anspruch  6,  weiterhin  umfas- 
send  die  folgenden  Schritte: 

-  Erfassen  am  Ende  eines  in  einer  CPUZ 
unter  den  CPUs  ausgefuhrten  Prozesses,  ob  ei- 
ne  globale  Datenseite,  die  zuvor  in  dem  Prozeli 
verwendet  ist,  nicht  mehr  in  dieser  CPUZ  beno- 
tigt  ist  aber  noch  in  nur  einer  CPUM  unter  den 
CPUs  verwendet  wird,  und  im  Bestatigungsfall 

Andern  der  in  der  GSD-Tabelle  gespei- 
cherten  Information,  urn  anzuzeigen,  dali  diese 
Seite,  die  nicht  mehr  in  der  CPUZ  benotigt  ist,  in 
dieser  CPUZ  ungultig  ist  und  lokal  fur  nur  diese 
CPUM  ist. 

Revendications 

1.  Systeme  multiprocesseur  comprenant  des  res- 
sources  partagees,  distributes  etune  duplication 
dynamique  de  donnees  globales  comprenant  : 

-  un  bus  de  systeme 
-  une  pluralite  d'unites  centrales  de  traite- 

ment  (CPU)  comprenant  chacune  : 
-  un  processeur 
-  une  memoire  locale  connexe  audit  pro- 

cesseur 
-  une  unite  de  gestion  de  memoire  (MMU) 

connexe  audit  processeur  destinee  a 
convertir  les  adresses  virtuelles  recues 
dudit  processeur  en  adresses  compor- 
tant  un  champ  binaire  qui  identif  ie  lesdi- 
tes  adresses  comme  etant  relatives  aux 
donnees  globales,  c'est-a-dire  aux  don- 
nees  utilisees  conjointement  dans  plus 
d'une  CPU  de  ladite  pluralite  et  qui  a  be- 
soin  d'une  duplication  dans  la  memoire 
locale  de  chaque  CPU  dans  ladite  plura- 
lite,  ou  comme  etant  relatives  aux  don- 
nees  locales,  c'est-a-dire  aux  donnees 
utilisees  par  I'une  seulement  desdites 
CPU, 
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-  une  unite  d'interface  reliee  audit  syste- 
me  de  bus  et  permettant  I'echange  d'in- 
formations  entre  lesdites  CPUs,  par  I'in- 
termediaire  dudit  bus  de  systeme,  ledit 
systeme  etant  caracterise  en  ce  qu'il  5 
comprend  : 

-  une  table  de  memoire  dupliquee  dans 
ladite  memoire  locale  de  chacune  desdi- 
tes  CPUs,  pourvue  de  references  par 
des  codes  relatifs  aux  adresses  virtuel-  10 
les  de  page  des  segments  separes  et  a 
I'information  emmagasinee  qui,  pour 
chaque  adresse  virtuelle  de  page,  def  i- 
nit  si  les  donnees  qui  se  trouvent  dans 
la  page  virtuelle  sont  des  donnees  glo-  15 
bales  ou  des  donnees  locales,  et  dans 
lesquelles  parmi  lesdites  CPUs  lesdites 
donnees  globales  sont  utilisees,  et  si  el- 
les  sont  effectivement  emmagasinees 
dans  la  memoire  locale  connexe,  auquel  20 
cas  lesdites  donnees  sont  appelees  va- 
lides, 

-  un  premier  moyen  logique  qui  se  trouve 
dans  une  CPUX  quelconque  parmi  les- 
dites  CPUs,  pour  realiser  une  procedure  25 
de  defaut  de  page,  qui  repond  a  I'indica- 
tion  de  manque  de  page  produite  par  la 
MMU  connexe,  qui  munit  ladite  table 
GSD  de  references  dans  la  memoire  lo- 
cale  connexe  a  ladite  CPUX  pour  detec-  30 
ter  si  ladite  page  manquante  est  utilisee 
dans  une  autre  CPUY  parmi  lesdites 
CPUs  et  qui  est  emmagasinee  dans  la 
memoire  locale  de  ladite  CPUY  en  tant 
que  page  locale  de  donnees,  et  en  cas  35 
de  demande  affirmative  de  toutes  lesdi- 
tes  CPUs,  autres  que  ladite  CPUY,  pour 
inspecter  une  page  de  memoire  physi- 
quement  libre  de  la  memoire  locale 
connexe  afin  d'emmagasiner  une  page  40 
de  donnees  globales,  et  obtient  que  la- 
dite  page,  manquante  dans  ladite  CPUX 
et  emmagasinee  dans  la  memoire  locale 
de  ladite  CPUY  soit  dupliquee  dans  la 
memoire  locale  de  toutes  lesdites  45 
CPUs,  et 
un  second  moyen  logique  pour  modifier 
I'information  emmagasinee  dans  ladite 
table  GSD  pour  indiquer  que  ladite  page 
demandee  devant  etre  dupliquee  est  50 
globale,  lors  de  I'execution  de  ladite  du- 
plication. 

2.  Systeme  selon  la  revendication  1  ,  comprenant  un 
troisieme  moyen  logique  qui  se  trouve  dans  une  55 
CPUZ  parmi  lesdites  CPUs,  pourdetecter,  a  la  fin 
d'un  processus  execute  dans  ladite  CPUZ, 
qu'une  page  de  donnees  globales  n'est  plus  uti- 

lisee  dans  ladite  CPUZ  mais  est  encore  utilisee 
dans  au  moins  deux  autres  CPUs  et  pour  modi- 
fier  I'information  emmagasinee  dans  ladite  table 
GSD,  pour  indiquer  que  ladite  page  qui  n'est  plus 
utilisee  dans  ladite  CPUZ  est  invalide  dans  ladite 
CPUZ. 

3.  Systeme  selon  la  revendication  2,  comprenant  un 
quatrieme  moyen  logique  qui  se  trouve  dans  une 
CPUZ  parmi  lesdites  CPUs,  pour  detecter,  a  la  fin 
d'un  processus  execute  dans  ladite  CPUZ  qu'une 
page  de  donnees  globales  n'est  plus  utilisee 
dans  ladite  CPUZ  et  est  encore  utilisee  dans  une 
CPUM  seulement  parmi  lesdites  CPUs,  et  pour 
provoquerla  modification  de  I'information  emma- 
gasinee  dans  ladite  table  GSD  pour  indiquer  que 
ladite  page,  utilisee  seulement  dans  ladite 
CPUM,  est  une  page  de  donnees  locales  qui  n'a 
pas  besoin  de  duplication  dans  la  memoire  locale 
desdites  CPUs,  autres  que  ladite  CPUM. 

4.  Systeme  selon  la  revendication  1  ,  dans  lequel  la- 
dite  table  GSD  emmagasine,  pour  chaque  adres- 
se  virtuelle  de  page  d'une  page  definie  comme 
une  page  de  donnees  globales  par  ladite  table 
GSD,  un  code  d'adresse  de  page,  une  adresse  de 
page  denommee  en  elle,  dans  lequel  chacune 
desdites  CPU  comprend  son  propre  moyen  de 
traduction  pour  traduire  ladite  adresse  de  page 
reelle  en  adresse  de  page  physique,  de  maniere 
autonome  pour  chacune  desdites  CPU,  et  dans 
lequel  ladite  MMU  de  chacune  desdites  CPU  lors- 
qu'il  met  en  reference  des  donnees  dans  des  pa- 
ges  indiquees  comme  globales  par  ladite  table 
GSD  produit  une  adresse  ayant  un  premier 
champ  constitue  dans  ladite  adresse  de  page 
reelle  et  ledit  champ  binaire  identifiant  ladite 
adresse  comme  etant  relative  a  des  donnees  glo- 
bales. 

5.  Dans  un  systeme  multiprocesseur  comportant 
des  ressources  partagees,  distributes  et 
comprenant  : 

-  un  bus  de  systeme 
-  une  pluralite  d'unites  centrales  de  traite- 

ment  (CPU),  chacune  comprenant  un  pro- 
cesseur,  une  memoire  locale, 
une  unite  de  gestion  de  memoire  (MMU)  et 
une  unite  d'interface  reliees  audit  bus  de 
systeme  pour  permettre  I'echange  d'infor- 
mations  entre  lesdites  CPUs,  parl'interme- 
diaire  dudit  bus  de  systeme, 

le  precede  pour  I'affectation,  la  desaffectation  et 
la  duplication  dynamique  de  donnees  globales, 
caracterise  par  les  etapes  de  : 

-  production  pour  chaque  segment  de  don- 
nees  partagees  d'une  table  GSD  qui  pour 
chaque  page  de  segment  partage  contient 
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reformation  indiquant  si  la  page  est  globa- 
le,  qui  est  utilisee  pourdes  processus  actifs 
dans  plus  d'une  desdites  CPUs,  ou  locale, 
qui  est  utilisee  par  un  ou  plusieurs  proces- 
sus  actifs  dans  I'une  seulement  desdites  5 
CPUs,  ladite  information  indiquant  en  outre 
dans  quelle  page  desdites  CPUs  est  utili- 
see  ladite  page  et  dans  quelle  CPU  est  em- 
magasinee  la  memoire  locale, 

-  de  detection,  au  moyen  de  ladite  table  GSD,  10 
si  une  page  de  donnees  partagees  neces- 
saires  a  un  processus  actif  dans  une  CPUX 
parmi  lesdites  CPUs  est  utilisee  dans  un 
autre  processus  cree  dans  une  autre  CPUY 
parmi  lesdites  CPUs,  et  est  emmagasinee  15 
dans  la  memoire  locale  de  ladite  CPUY,  et 
dans  I'affirmative 

-  demande  de  toutes  lesdites  CPUs  autres 
que  ladite  CPUY  d'affecter  une  page  physi- 
que  de  memoire  de  la  memoire  locale  20 
connexe  pour  emmagasiner  une  page  de 
donnees  globales, 

-  duplication  de  ladite  page  necessaire  au 
processus  actif  dans  ladite  CPUX,  etqui  est 
emmagasinee  dans  la  memoire  locale  de  25 
ladite  CPUY,  dans  la  memoire  locale  de  tou- 
tes  lesdites  CPUs, 

-  modification  de  I'information  emmagasinee 
dans  ladite  table  GSD  pour  indiquer  que  la- 
dite  page  dupliquee  est  globale.  30 

Precede  selon  la  revendication  5,  comprenant  en 
outre  les  etapes  de  : 

-  detection,  a  la  fin  d'un  processus  execute 
dans  une  CPUZ  parmi  lesdites  CPUs,  si  35 
une  page  de  donnees  globales,  utilisee  au- 
paravant  dans  ledit  processus  n'est  plus  ne- 
cessaire  a  ladite  CPUZ  mais  est  encore  uti- 
lisee  dans  au  moins  deux  desdites  CPUs  et, 
dans  I'affirmative  40 

-  modification  de  I'information  emmagasinee 
dans  ladite  table  GSD  pour  indiquer  que  la- 
dite  page,  qui  n'est  plus  necessaire  dans  la- 
dite  CPUZ,  est  invalide  dans  ladite  CPUZ. 

45 
Precede  selon  la  revendication  6,  comprenant  en 
outre  les  etapes  de  : 

-  detection,  a  la  fin  d'un  processus  execute 
dans  une  CPUZ  parmi  lesdites  CPUs,  si  une  page 
de  donnees  globales,  utilisee  auparavant  dans  50 
ledit  processus,  n'est  plus  necessaire  dans  ladite 
CPUZ  mais  est  encore  utilisee  dans  une  CPUM 
seulement  parmi  lesdites  CPUs,  et  dans  I'affir- 
mative  modification  de  I'information  emmagasi- 
nee  dans  ladite  table  GSD  pour  indiquer  que  la-  55 
dite  page,  qui  n'est  plus  necessaire  dans  ladite 
CPUZ,  est  invalide  dans  ladite  CPUZ  et  est  locale 
pour  seulement  ladite  CPUM. 

15 
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