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Description 

Background  of  the  invention 
This  invention  relates  to  digital  computers,  and  more  particularly,  it  relates  to  digital  computer  systems 

s  in  which  a  plurality  of  independent  processors  interact  to  perform  respective  activities  within  various  tasks. 
Conventionally,  a  data  processing  task  is  performed  in  its  entirety  by  a  single  computer.  That  task,  for 

example,  may  be  the  solving  of  a  scientific  problem,  the  calculation  of  a  payroll,  etc.  But  in  any  case,  the 
speed  at  which  the  task  is  performed  by  the  single  computer  depends  directly  upon  the  number  of  data  bits 
that  the  computer  can  process  in  a  single  cycle  and  the  speed  of  that  cycle. 

10  Thus,  the  computing  power  of  a  single  computer  conventionally  is  increased  by  either  increasing  the 
number  of  bits  which  the  computer  can  operate  on  in  a  single  cycle  or  by  shortening  the  computer's  cycle 
time.  However,  the  extent  to  which  the  cycle  time  can  be  shortened  is  limited  by  the  speed  at  which 
integrated  circuits  operate.  And  increasing  the  number  of  bits  on  which  a  computer  can  operate  in  a  single 
cycle  also  causes  the  complexity  of  the  computer's  design  and  maintenance  to  increase. 

15  Alternatively,  the  speed  at  which  a  data  processing  task  is  performed  may  be  increased  by  providing  a 
plurality  of  independent  processors  each  of  which  performs  one  or  more  activities  within  the  task.  In  such  a 
multiprocessor  system,  the  individual  processors  can  be  tailored  to  perform  their  respective  activities 
which  decreases  the  execution  time  of  the  overall  task.  Further,  the  individual  processors  of  the  system 
inherently  make  the  system  modular,  which  reduces  the  complexity  of  the  system's  design  and 

20  maintenance. 
Also,  in  the  multiprocessor  system,  the  various  processors  can  perform  activities  for  several  unrelated 

tasks  at  the  same  time.  This  allows  for  more  parallelism  within  the  system,  which  further  increases  the 
system's  computing  power. 

However,  in  the  multiprocessor  system,  some  means  must  be  provided  for  coordinating  the  various 
25  activities  that  the  processors  perform.  That  is,  a  means  must  be  provided  for  keeping  the  execution  of 

activities  within  a  task  in  the  correct  sequence.  And  a  means  must  be  provided  for  keeping  many 
processors  active  at  the  same  time.  But  this  becomes  very  complicated  as  the  number  of  processors, 
number  of  tasks,  and  number  of  activities  within  each  task  increases. 

IEEE  Proceedings  of  the  annual  symposium  on  computer  architecture,  March  23  —  25,  1977,  Symp.  4, 
30  Long  Beach,  USA,  IEEE  1977,  pages  193  —  200  discloses  a  distributed  computer  system  in  which 

interprocess  communication  is  by  process  name  and  not  by  address.  Remote  programs  are  callable  by  a 
global  network  process  also  by  name  and  not  by  location  using  a  generalised  parameter  transfer 
mechanism.  The  idea  is  that  a  single  user  process  should  logically  be  able  to  control  the  sequential 
execution  of  programs  that  are  physically  scattered  among  several  processors  in  the  network. 

35  From  one  aspect  the  present  invention  relates  to  a  method  of  performing  a  task  as  a  sequence  of  called 
activities  in  multiple  digital  processors,  including  the  steps  of:  executing  a  portion  of  a  first  activity  of  said 
sequence  in  a  first  processor  up  to  an  INTERPROCESSOR  CALL  instruction;  and  suspending  execution  of 
the  first  activity  in  response  to  said  INTERPROCESSOR  CALL  instruction  and  signalling  a  second  processor 
that  a  second  activity  has  been  called  by  the  first  activity. 

io  From  this  aspect  the  invention  is  characterised  in  that  said  method  further  includes  completely 
executing  the  second  activity  in  the  second  processor  in  response  to  said  INTERPROCESSOR  CALL 
instruction  and  further  executing  an  INTERPROCESSOR  NEXT  instruction  to  a  third  activity  in  a  third 
processor;  signalling  the  third  processor  in  response  to  said  INTERPROCESSOR  NEXT  instruction  that  said 
third  activity  has  been  called  not  by  said  second  activity  but  by  the  caller  of  the  second  activity;  and 

45  completely  executing  said  third  activity  in  said  third  processor  and,  upon  completion  thereof,  signalling 
said  third  activity's  caller  to  resume  execution  of  said  suspended  first  activity. 

From  another  aspect  the  invention  relates  to  a  data  processing  system  including  first,  second  and  third 
digital  processors  which  operate  asynchronously  to  each  other;  said  system  being  adapted  to  perform  a 
task  as  a  sequence  of  called  activities  and  including  means  for  directing  said  first  processor  to  execute  a 

so  portion  of  a  first  activity  in  said  sequence,  said  portion  including  and  ending  with  an  INTERPROCESSOR 
CALL  instruction;  and  means  for  signalling  a  second  processor  in  response  to  said  INTERPROCESSOR 
CALL  instruction  that  a  second  activity  has  been  called  by  said  first  activity  and  also  suspending  execution 
of  said  first  activity. 

From  this  aspect  the  invention  is  characterised  in  that,  in  order  to  provide  improved  calling  flexibility, 
55  said  system  further  includes:  means  for  directing  said  second  processor  to  completely  execute  said  second 

activity  and  further  execute  an  INTERPROCESSOR  NEXT  instruction  which  references  a  third  activity  in  said 
third  processor;  means  for  signalling  said  third  processor  in  response  to  said  INTERPROCESSOR  NEXT 
instruction  that  said  third  activity  has  been  called  not  by  said  second  activity  but  by  whatever  activity 
happened  to  call  said  second  activity;  and  means  for  directing  said  third  processor  to  completely  execute 

60  said  third  activity,  and  upon  completion  thereof,  to  signal  said  third  activity's  apparent  caller  as  indicated 
by  said  INTERPROCESSOR  NEXT  instruction  to  resume  execution. 

Brief  description  of  the  drawings 
Various  features  and  advantages  of  the  invention  are  described  in  the  Detailed  Description  in 

65  conjunction  with  the  accompanying  drawings  wherein: 
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Figure  1  illustrates  a  system  in  which  sequences  of  activities  in  digital  processors  are  synchronized 
according  to  the  invention; 

Figure  2  illustrates  an  exemplary  arrangement  of  the  processor  records  and  activity  records  in  the 
shared  memory  of  the  Figure  1  system; 

5  Figures  3,  4,  5,  and  6  illustrate  examples  of  how  the  pointers  in  the  processor  records  and  activity 
records  of  the  Figure  1  system  change  in  response  to  the  execution  of  INTERPROCESSOR  CALL 
instructions,  INTERPROCESSOR  RETURN  instructions,  and  INTERPROCESSOR  NEXT  instructions; 

Figure  7  illustrates  another  system  for  synchronizing  sequences  of  activities  within  digital  processors 
according  to  the  invention;  and 

10  Figures  8A  and  8B  illustrate  the  detailed  logic  of  a  file  access  controller  in  the  Figure  7  system. 

Detailed  description  of  the  invention 
In  Figure  1,  a  plurality  of  "n"  independent  digital  processors  are  represented  by  several  boxes  labeled 

P1(  P2,  ...  Pn.  These  processors  may  be  of  any  programmable  type;  and  they  may  be  the  same  or  different 
is  from  each  other.  Suitably,  processors  P,  through  Pn  are  of  the  type  described  in  U.S.  Patent  4,346,438 

entitled  "Digital  Computer  Having  Programmable  Structure"  by  H.  Potash  et  al  and  assigned  to  Burroughs 
Corporation,  or  of  the  type  described  in  U.S.  Patent  4,327,355  entitled  "Digital  Device  with  Interconnect 
Matrix"  by  H.  Potash  et  al  and  assigned  to  Burroughs  Corporation. 

Processors  Pn  P2,  ...  Pn  are  coupled  to  memories  M1f  M2,  ...  M„  respectively.  These  memories  may  be 
20  any  digital  type  memory.  For  example,  they  may  be  static  or  dynamic  type  semiconductor  memories;  and 

they  may  be  made  of  MOS  or  bipolar  circuitry.  Also,  the  storage  capacity  and  operating  speed  of  the 
memories  may  be  the  same  or  different  from  each  other. 

One  portion  of  memory  M-,  contains  the  data  that  processor  P,  operates  on;  while  another  portion  of 
memory  M1  contains  the  intraprocessor  activities  that  processor  P,  performs.  As  used  herein,  an 

25  intraprocessor  activity  is  comprised  of  a  program  or  set  of  programs  which  direct  a  processor  to  perform  a 
particular  task  by  using  only  the  resources  of  that  processor.  Such  resources  include  the  processor's  own 
internal  hardware,  the  processor's  memory,  and  any  peripheral  equipment  such  as  disks,  tapes,  etc.  (not 
shown)  connected  to  the  processor.  In  Figure  1,  the  respective  intraprocessor  activities  that  processor  P̂  
performs  are  symbolically  indicated  as  A^,   AZPU  ...  ,  etc. 

30  Similarly,  a  portion  of  memory  M2  contains  the  data  that  processor  P2  operates  on;  and  another  portion 
of  memory  M2  contains  the  intraprocessor  activities  that  processor  P2  performs.  Those  activities  are 
indicated  in  Figure  1  as  A^,   A2P2,  ...  ,  etc.  In  like  fashion,  memory  Mn  contains  the  data  that  processor  Pn 
operates  on;  and  it  contains  the  intraprocessor  activities  A-,Pn,  A2Pn,  ...  that  processor  Pn  performs. 

Each  of  the  memories  M1f  M2,  ...  Mn  also  contains  interprocessor  instructions.  They  are  an 
35  INTERPROCESSOR  CALL,  an  INTERPROCESSOR  RETURN,  and  an  INTERPROCESSOR  NEXT  instruction.  In 

general,  these  interprocessor  instructions  provide  the  means  by  which  the  processors  P1f  P2  ...  P„ 
communicate  with  one  another.  More  specifically,  they  provide  the  means  by  which  all  of  the 
intraprocessor  activities  A^ ,   A1P2...A1Pn,  etc.  are  linked  together  and  performed  in  an  orderly 
synchronized  sequence  as  is  explained  in  much  greater  detail  below. 

40  Processors  P1f  P2,  ...  Pn  are  coupled  via  a  single  time-shared  bus  to  an  intelligent  memory  controller 
IMC;  and  controller  IMC  is  coupled  to  a  shared  memory  SM.  Controller  IMC  preferably  is  a  programmable 
computer  of  the  type  referenced  above;  and  memory  SM  may  be  any  type  of  read/write  memory. 

Memory  SM  contains  one  separate  processor  record  for  each  of  the  processors;  and  each  such  record 
is  herein  indicated  as  PR,.  Memory  SM  also  contains  a  separate  activity  record  for  each  of  the 

45  intraprocessor  activities  in  the  processors;  and  each  such  record  is  indicated  as  ARxPi.  Further,  memory  SM 
contains  parameters  that  are  shared  and  passed  from  one  processor  to  another  via  the  intraprocessor 
instructions. 

Included  in  each  processor  record  PR,  are  flags  which  indicate  whether  processor  P,  is  currently  BUSY 
performing  an  activity  or  NOT  BUSY.  Processor  record  PR,  also  contains  a  CURRENT  entry  which  points  to 

so  the  current  intraprocessor  activity  that  processor  P,  is  performing  if  the  processor  is  BUSY. 
Processor  record  PR,  further  includes  a  PROCESSOR  QUEUE  HEAD  entry  (PQH),  and  a  PROCESSOR 

QUEUE  TAIL  entry  (PQT).  These  two  entries  respectively  point  to  the  head  and  tail  of  a  queue  of  activity 
records  for  the  different  kinds  of  intraprocessor  activities  that  processor  P,  is  to  perform.  That  is,  a  pointer 
to  the  same  kind  of  activity  is  entered  into  the  processor  queue  only  once  even  though  that  activity  may  be 

55  called  several  times.  Processor  record  PR,  may  also  include  other  entries,  as  a  matter  of  design  choice,  in 
addition  to  those  described  above. 

Activity  record  AR„P,  includes  a  set  of  flags  indicating  when  the  corresponding  activity  is  DORMANT,  or 
ACTIVE,  or  SUSPENDED.  An  activity  is  ACTIVE  when  a  processor  is  actually  being  used  to  execute  that 
activity.  An  activity  remains  ACTIVE  but  in  a  SUSPENDED  state  when  it  has  executed  partway  to 

60  completion  and  then  stopped  while  it  awaits  the  results  of  another  activity  in  another  processor.  Such 
results  are  requested  and  obtained  via  the  INTERPROCESSOR  INSTRUCTIONS.  In  all  other  cases,  an 
activity  is  DORMANT. 

Activity  record  ARXP,  also  includes  a  CALLER  entry  which  is  a  pointer  to  the  activity  record  of  the 
activity  which  is  first  to  call  activity  AXP,.  Any  subsequent  callers  of  activity  AXP,  are  kept  track  of  by  means 

65  of  an  ACTIVITY  QUEUE  TAIL  entry  (AQT)  and  ACTIVITY  QUEUE  HEAD  entry  (AQH)  in  the  activity  record. 
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Specifically,  pointers  to  the  subsequent  callers  of  activity  AXP,  are  placed  in  a  queue  of  that  activity. 
Entry  AQH  points  to  the  activity  record  of  the  second  caller  of  activity  AXP|;  and  entry  AQT  points  to  the 
activity  record  of  the  last  caller  of  activity  AXP,.  Intermediate  entries  in  either  the  activity  queue  or  the 
processor  queue  are  linked  together  by  a  NEXT  IN  QUEUE  entry  (NIQ)  in  the  activity  records  of  the  various 

5  callers  of  an  activity. 
Activity  record  ARXP,  also  has  a  PARAMETER  entry  (PARAM)  which  contains  a  pointer  to  parameters 

that  are  passed  between  two  activities  via  the  INTERPROCESSOR  INSTRUCTIONS.  For  example,  when 
activity  AXP,  calls  activity  AyPj(  then  the  PARAM  entry  of  activity  record  ARXP|  points  to  parameters  in  the 
shared  memory  SM  on  which  activity  AyPj  is  to  operate.  Conversely,  when  activity  AyPj  completes,  then  the 

10  PARAM  entry  in  activity  record  ARXP,  points  to  parameters  in  the  shared  memory  that  are  being  passed  by 
activity  AyPj  to  activity  AXP,. 

One  example  of  a  complete  set  of  the  processor  records  and  activity  records  for  a  Figure  1  system  is 
illustrated  in  Figure  2.  In  this  example,  there  are  eleven  processor  records  PR1  through  PR„  which 
respectively  represent  eleven  physical  processors  ?̂   through  P„.  Also  in  this  example,  the  number  of 

is  activities  that  each  processor  performs  varies  from  processor  to  processor. 
Figure  2  shows  that  processor  1  performs  five  intraprocessor  activities;  and  the  above-described 

pointers  for  those  activities  are  respectively  in  activity  records  AR^  through  AR5PV  In  like  manner,  Figure 
2  shows  that  processor  2  performs  eleven  intraprocessor  activities,  processor  3  performs  nine 
intraprocessor  activities,  processor  4  performs  three  intraprocessor  activities,  etc.  Again,  these  activity 

20  records  and  processor  records  each  have  their  own  pointers  that  keep  track  of  which  activity  is  calling 
which;  and  resolve  the  order  by  which  the  various  processors  perform  their  respective  intraprocessor 
activities. 

Consider  now  the  details  of  the  operations  that  are  performed  by  the  controller  IMC  in  response  to  the 
INTERPROCESSOR  CALL  instruction.  TABLE  1  below  lists  those  operations  for  the  generalized  case  where 

25  activity  AXP)  in  processor  P,  calls  activity  AyPj  in  processor  Pj. 

TABLE  1  (AXP,  CALLS  AyPj) 

ARyPj  PRj  ACTION  TAKEN 

DORMANT  NOT  BUSY  SET  ARyPj  ACTIVE 
ARXP,  POINTER-*  ARyPj  CALLER 
ARyPj  POINTER-*PRj  CURRENT 
SET  PRj  BUSY 
NOTIFY  Pj 

DORMANT  BUSY  SET  ARyPj  ACTIVE 
ARXP,  POINTER-»ARyPj  CALLER 
ARyPj  POINTER-»PRj  QUEUE 

ACTIVE  0  ARXP|  POINTER-»ARyPj  QUEUE 

PR,  QUEUE  ACTION  TAKEN 

NOT  EMPTY  POP  PR,  QUEUE 
POPPED  ENTRY-̂ PR,  CURRENT 
NOTIFY  P, 
(ARXP,  REMAINS  ACTIVE) 

EMPTY  SET  PR,  NOT  BUSY 
0-̂ .PR,  CURRENT 
(ARXP,  REMAINS  ACTIVE) 

55 
If  activity  AyPj  is  DORMANT  and  processor  Pf  is  NOT  BUSY,  then  controller  IMC  performs  the  following 

tasks.  First  it  makes  activity  AyPj  ACTIVE  by  setting  the  ACTIVE  flag  in  activity  record  ARyPj.  Then  it  loads  a 
pointer  to  activity  record  ARXP,  into  the  CALLER  entry  of  activity  record  ARyPj.  Also,  a  pointer  to  activity 
record  ARyPj  is  loaded  into  the  CURRENT  entry  of  processor  record  PRj.  Then  the  BUSY  flag  for  processor 

60  record  PRj  is  set,  and  a  message  is  sent  to  processor  Pj  which  notifies  it  to  start  performing  activity  AyPj. 
If,  however,  activity  AyPj  is  DORMANT  and  processor  Pj  is  BUSY  at  the  time  of  the  INTERPROCESSOR 

CALL,  then  controller  IMC  operates  as  follows.  First  it  sets  the  ACTIVE  flag  in  activity  record  ARyPj.  Then  it 
loads  a  pointer  to  activity  record  ARXP,  into  the  CALLER  location  of  activity  record  ARyPj.  Then  it  loads  a 
pointer  to  activity  record  ARyPj  into  the  queue  of  processor  record  PRj.  This  latter  operation  involves 

65  loading  a  pointer  to  activity  record  ARyPj  into  the  NEXT  IN  QUEUE  entry  of  the  activity  record  that  is  pointed 
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to  by  the  PROCESSOR  QUtUfc  I  AIL  OT  processor  recora  rrij;  anu  men  uiumyiuy  mw^i-oow,.  ^ . . w . -  
TAIL  entry  of  processor  record  PR,  such  that  it  also  points  to  activity  record  ARyPj. 

Finally,  if  activity  AyP,  is  ACTIVE  at  the  time  of  the  INTERPROCESSOR  CALL,  then  the  intelligent 
memory  controller  loads  a  pointer  to  activity  record  ARXP,  into  the  queue  of  activity  record  ARyPj.  This 

■  involves  loading  a  pointer  to  activity  record  ARXP,  into  the  NEXT  IN  QUEUE  entry  of  the  activity  record  that 
is  pointed  to  by  the  ACTIVITY  QUEUE  TAIL  of  activity  record  ARyPj;  and  then  changing  the  ACTIVITY 
QUEUE  TAIL  in  activity  record  ARyPj  to  point  to  activity  record  ARXP,. 

Note  that  the  above  operations  only  affect  the  CALLED  activity  record  and  CALLED  processor  record. 
But  in  addition,  various  operations  must  also  be  performed  on  the  CALLING  activity  record  and  CALLING 

?  processor  record.  These  operations  are  as  follows. 
If  the  queue  in  the  CALLING  processor  record  PR,  is  NOT  EMPTY,  then  one  entry  is  removed  from  that 

queue  and  loaded  into  the  CURRENT  entry  of  processor  record  PR,.  This  unloading  operation  involves 

moving  the  PROCESSOR  QUEUE  HEAD  entry  of  processor  record  PR,  into  the  CURRENT  entry  of  processor 
record  PR,;  and  then  the  NEXT  IN  QUEUE  entry  from  the  activity  record  that  is  pointed  to  by  the 

5  PROCESSOR  QUEUE  HEAD  in  processor  record  PR,  is  loaded  into  the  PROCESSOR  QUEUE  HEAD  of 

processor  record  PR,.  Also,  a  message  is  sent  by  the  controller  IMC  to  processor  P,  which  notifies  that 

processor  of  the  new  activity  that  is  pointed  to  by  the  CURRENT  entry  in  the  processor  record  PR,. 
If  on  the  other  hand,  the  queue  in  processor  record  PR,  is  EMPTY,  then  the  flags  in  that  processor 

record  are  set  to  indicate  that  processor  P,  is  NOT  BUSY.  Also,  under  those  conditions,  the  CURRENT  entry 
o  in  processor  record  PR,  is  set  to  a  null  value.  Note  further  that  in  both  this  and  the  above  case,  the  ACTIVE 

flag  in  the  calling  activity  record  ARXP,  remains  set,  even  though  the  calling  activity  is  in  a  suspended  state. 
Next,  consider  the  operations  that  are  performed  by  the  controller  IMC  in  response  to  an 

INTERPROCESSOR  RETURN  instruction  from  one  of  the  processors.  Specifically,  consider  the  case  where 

activity  AyPj  in  processor  Ps  RETURNS  to  activity  AXP,  in  processor  P,.  These  operations  are  listed  in  TABLE  2 

5  below. 

s  

15 

SO 

TABLE  2  (AyPj  RETURNS  TO  AXP,) 

ARyPj  PRj  ACTION  TAKEN 

QUEUE  POP  ARyPj  QUEUE 
NOT  NOTIFY  Pj  TO  RE-EXECUTE  ARyPj 

EMPTY 

QUEUE  QUEUE  SET  ARyPj  DORMANT 
EMPTY  NOT  POP  PRj  QUEUE 

EMPTY  POPPED  ENTRY—  >PRj  CURRENT 
NOTIFY  Pj 

QUEUE  QUEUE  SET  PRj  NOT  BUSY 
EMPTY  EMPTY  0->PRj  CURRENT 

PR,  ACTION  TAKEN 

BUSY  ARXP,  POINTER-̂ PR,  QUEUE 

NOT  BUSY  ARXP,  POINTER^PR,  CURRENT 
NOTIFY  P, 

If  the  queue  of  activity  recora  AHŷ   is  i\ui  tiviri  t  wnen  me  nciunm  u^u.o,  ...,<=.,  v^....w.,~. 
performs  the  following  operations.  Firstly,  one  entry  is  removed  from  the  queue  of  activity  record  ARyPj. 
This  is  achieved  by  moving  the  pointer  in  the  ACTIVITY  QUEUE  HEAD  of  activity  record  ARyPj  into  the 

55  CALLER  location  of  activity  record  ARyP,;  and  moving  the  NEXT  IN  QUEUE  entry  of  theactiyity  record  that 
is  pointed  to  by  the  ACTIVITY  QUEUE  HEAD  of  activity  record  ARyP,  into  the  ACTIVITY  QUEUE  HEAD  of 

activity  record  ARyPj.  Thereafter,  a  message  is  sent  to  processor  P,  to  re-execute  activity  AyPj  for  the  new 
caller  of  that  a c t i v i t y . .   _ .  

On  the  other  hand,  if  the  queue  of  activity  AyPj  is  EMPTY  but  the  queue  of  processor  Pj  is  NOT  EMPTY 

so  when  the  RETURN  instruction  is  sent  to  the  controller  IMC,  then  that  controller  performs  the  following 
operations.  Firstly,  the  flags  in  activity  record  ARyPj  are  changed  to  indicate  a  DORMANT  state.  Then  one 
entry  is  removed  from  the  queue  of  the  processor  record  PRj  and  the  CURRENT  entry  in  that  processor 
record  is  updated  with  that  entry  that  is  removed  from  the  queue.  Then  a  message  is  sent  to  processor  P, 
which  informs  the  processor  of  the  new  activity  record  that  is  being  pointed  to  by  the  CURRENT  entry  in 

65  processor  record  PRj. 
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Finally,  if  the  queue  of  activity  record  ARyPj  and  the  queue  of  processor  record  PRj  are  both  EMPTY 
when  the  RETURN  instruction  is  sent  to  the  controller  IMC,  then  there  are  no  other  activities  for  processor  Pj 
to  currently  perform.  Consequently,  the  flags  in  processor  record  PRj  are  set  to  indicate  that  processor  Pj  is 
NOT  BUSY;  and  the  CURRENT  entry  in  processor  record  PRj  is  set  to  a  null  state. 

5  All  of  the  above  operations  for  the  RETURN  instruction  are  performed  on  the  CALLED  activity  record 
ARyPj  are  CALLED  processor  record  PRj.  In  addition,  the  following  operations  are  performed  in  response  to 
the  RETURN  instruction  on  the  CALLING  activity  record  ARXP,  and  CALLING  processor  record  PR,. 

If  the  flags  in  the  CALLING  processor  record  PR,  indicate  that  processor  Pi  is  BUSY,  then  the  intelligent 
memory  controller  loads  a  pointer  to  activity  record  ARXP,  into  the  queue  of  processor  record  PR|.  This  is 

10  performed,  when  the  queue  of  processor  record  PR,  is  not  empty,  by  loading  the  pointer  to  activity  record 
ARXP,  into  the  NEXT  IN  QUEUE  entry  of  the  activity  record  that  is  pointed  to  by  the  PROCESSOR  QUEUE 
TAIL  in  processor  record  PRr;  and  by  changing  the  PROCESSOR  QUEUE  TAIL  entry  to  also  point  to  activity 
record  ARXP|.  And  it  is  achieved,  when  the  queue  of  processor  record  PR,  is  empty,  by  loading  the  pointer  to 
activity  record  ARXP,  into  the  PROCESSOR  QUEUE  HEAD  and  PROCESSOR  QUEUE  TAIL  of  processor 

is  record  PR,. 
If,  however,  processor  P,  is  NOT  BUSY,  then  the  pointer  to  activity  record  ARXP,  is  loaded  Into  the 

CURRENT  entry  of  processor  record  PR,;  and  the  flags  of  processor  record  PRt  are  set  to  indicate  that 
processor  P|  is  BUSY.  Then  a  message  is  sent  to  processor  P,  to  notify  the  processor  of  the  new  activity  that 
it  is  to  perform  as  indicated  by  the  new  CURRENT  entry  in  processor  record  PR|. 

20  Consider  now  the  operations  that  are  performed  by  the  controller  IMC  in  response  to  an 
INTERPROCESSOR  NEXT  instruction  from  one  of  the  processors.  Specifically,  consider  the  actions  that  are 
taken  in  the  generalized  case  where  activity  AyPj  in  processor  Pj  performs  a  NEXT  instruction  to  activity  AzPk 
in  processor  Pk.  These  operations  are  listed  in  TABLE  3  below. 

25 
TABLE  3  (AyPj  CALLED  BY  AXP,  PERFORMS  NEXT  AzPk) 

ARyPj  PRj  ACTION  TAKEN 

QUEUE  POP  ARyPj  QUEUE 
NOT  NOTIFY  Pj  TO  RE-EXECUTE  ARyPj 

EMPTY 

QUEUE  QUEUE  SET  ARyPj  DORMANT 
EMPTY  NOT  POP  PR]  QUEUE 

EMPTY  POPPED  ENTRY->PRj  CURRENT 
NOTIFY  Pj 

QUEUE  QUEUE  SET  PRf  NOT  BUSY 
EMPTY  EMPTY  O^PRj  CURRENT 

ARzPk  PRk  ACTION  TAKEN 

ACTIVE  0  ARXP,  POINTER-̂ ARzPk  QUEUE 

DORMANT  BUSY  ARzPk  POINTER->PRk  QUEUE 
ARXP,  POINTER-»ARzPk  CALLER 
SET  ARzPk  ACTIVE 

DORMANT  NOT  ARzPk  POINTER-̂ PRk  CURRENT 
BUSY  ARXP,  POINTER-*ARzPk  CALLER 

SET  ARzPk  ACTIVE 

55  Those  operations  which  are  performed  on  activity  record  ARyPj  and  processor  record  PR]  in  response  to 
the  NEXT  instruction  are  the  same  as  the  operations  which  are  performed  on  activity  record  ARyPj  and 
processor  record  PRj  in  response  to  the  RETURN  instruction  as  described  above.  But  the  operations  that  are 
performed  in  response  to  the  NEXT  instruction  on  activity  record  ARzPk  and  processor  record  PRk  are  as 
follows. 

so  If  activity  AzPk  is  ACTIVE,  then  a  pointer  to  activity  record  ARXP,  gets  loaded  into  the  activity  queue  of 
activity  record  ARzPk.  This  is  achieved  by  moving  the  CALLER  entry  of  activity  record  ARyPk  into  the  activity 
queue  of  activity  record  ARZ. 

If,  however,  activity  AzPk  is  DORMANT  and  processor  Pk  is  BUSY  at  the  time  the  NEXT  instruction  is 
sent  to  controller  IMC,  then  that  controller  performs  the  following  operations.  First,  a  pointer  to  activity 

65  record  ARzPk  is  loaded  into  the  queue  of  processor  record  PRk.  Then,  the  CALLER  entry  of  activity  record 

6 
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ARyPj  (which  is  a  pointer  to  activity  record  ARXP,)  is  moved  to  tne  OALLtn  entry  ot  activity  recora  Mnzrk. 
Then,  the  flaps  in  activity  record  ARzPk  are  set  to  an  ACTIVE  state. 

On  the  other  hand,  if  processor  Pk  is  NOT  BUSY  at  the  time  that  the  NEXT  instruction  is  sent  to  the 
intelligent  memory.  controller,  then  that  controller  performs  the  following  operations.  The  pointer  to 

;  activity  record  ARzPk  is  loaded  into  the  CURRENT  entry  of  processor  record  PRk.  Also,  the  CALLER  entry  of 
activity  record  ARyPj  (which  is  a  pointer  to  activity  record  ARXP,)  is  loaded  into  the  CALLER  entry  of  activity 
record  ARzPk.  Then  the  flags  in  activity  record  ARzPk  are  set  to  an  ACTIVE  state. 

Reference  should  now  be  made  to  Figure  3.  It  illustrates  an  exemplary  sequence  of  the  above- 
described  changes  that  occur  to  the  processor  records  and  activity  records  during  a  CALL  and 

o  corresponding  RETURN  operation.  That  sequence  occurs  during  time  instants  t,  through  t5;  and  TABLE  4 
below  outlines  the  events  which  occur  at  each  time  instant. 

TABLE  4 

TIME  ACTION  TAKEN 

t,  Px  performing  AbPx,  Py  performing  AdPy 

t2  Px  CALLS  AcPy,  suspends  AbPx,  &  starts  AaPx 

t3  Py  completes  AdPy  and  starts  AcPy 

t4  Py  completes  A0Py  and  RETURNS  to  AbPx 

t5  Px  completes  AaPx  and  RETURNS  to  AbPx 

In  this  example,  there  are  two  processors  Px  and  Ky;  ana  tney  nave  processor  recoras  rnx  dnu  rny 
30  respectively.  Initially,  processor  Px  is  BUSY  performing  an  activity  AbPx  which  has  an  activity  record  ArbPx. 

Also,  another  activity  AaPx  which  has  an  activity  record  ARaPx  is  waiting  in  the  PRX  processor  queue  to  be 
performed;  and  Processor  Py  is  BUSY  performing  an  activity  A0Py.  These  initial  conditions  are  indicated  in 
Figure  3  by  the  pointers  having  reference  numeral  1. 

Specifically,  the  CURRENT  entry  with  reference  numeral  1  in  processor  record  PRX  points  to  activity 
35  record  ARbPx  to  indicate  that  processor  Px  is  initially  performing  activity  AbPx.  Also,  the  PROCESSOR 

QUEUE  HEAD  entry  and  PROCESSOR  QUEUE  TAIL  entry  with  reference  numeral  1  in  processor  record  PRX 
point  to  activity  record  ARaPx  to  indicate  that  activity  AaPx  is  initially  in  the  queue  of  processor  record  PRX. 

Further,  the  CURRENT  entry  with  reference  numeral  1  of  processor  record  PRy  points  to  activity  record 
ARdPy  to  indicate  that  initially  processor  Py  is  performing  activity  AdPy.  And,  the  PROCESSOR  QUEUE  HEAD 

40  entry  with  reference  numeral  1  of  processor  record  PRy  has  a  null  value  to  indicate  that  no  other  activities 
are  waiting  to  be  performed  on  processor  Py. 

Subsequently,  as  indicated  by  the  pointers  in  the  records  having  reference  numeral  2,  activity  AbPx 
CALLS  activity  AcPy.  As  a  result,  the  CALLER  entry  in  activity  record  ARcPy  is  written  such  that  it  points  to 
activity  record  ARbPx;  and  the  PROCESSOR  QUEUE  HEAD  and  PROCESSOR  QUEUE  TAIL  entries  in 

45  processor  record  PRy  are  written  such  that  they  point  to  activity  record  ARcPy. 
Also,  since  activity  AbPx  was  a  CALLER,  processor  Px  suspends  execution  of  that  activity  and  begins 

execution  of  another  activity  which  it  gets  from  its  queue.  Consequently,  the  CURRENT  entry  in  processor 
record  PRX  is  written  to  point  to  activity  record  ARaPx;  and  the  PROCESSOR  QUEUE  HEAD  entry  of 
processor  record  PRX  is  written  to  a  null  value. 

so  Subsequently,  as  indicated  by  the  record  entries  having  reference  numeral  3,  processor  Py  completes 
the  execution  of  activity  AdPy;  and  thus  it  starts  the  execution  of  another  activity  in  its  queue.  Thus,  the 
CURRENT  entry  in  processor  record  PRy  is  written  to  point  to  activity  record  AR0Py  and  the  PROCESSOR 
QUEUE  HEAD  entry  of  processor  record  PRy  is  written  to  a  null  value. 

Thereafter,  as  indicated  by  the  record  entries  having  reference  numeral  4,  processor  Py  completes  the 
55  execution  of  activity  AcPy.  Thus,  the  activity  that  CALLED  activity  AcPy  can  resume  execution;  and  so  a 

pointer  to  activity  record  ARbPx  is  loaded  into  the  PROCESSOR  QUEUE  HEAD  and  PROCESSOR  QUEUE 
TAIL  entries  of  processor  record  PRX.  Also,  processor  Py  is  free  to  perform  another  activity;  but  since  its 
processor  queue  is  EMPTY,  the  CURRENT  pointer  of  processor  record  PRy  is  written  to  a  null  value. 

Processor  Px  continues  with  the  execution  of  activity  AaPx  until  that  activity  completes  or  calls  another 

.  60  activity.  That  occurs  at  time  t5.  Then,  processor  Px  resumes  execution  of  activity  AbPx  since  activity  record 
ARbPx  is  pointed  to  by  the  processor  queue  of  processor  record  PRX. 

Referring  now  to  Figures  4  and  5,  another  example  of  a  sequence  of  the  changes  that  occur  to  the 
processor  records  and  activity  records  during  several  CALL  and  RETURN  operations  will  be  described.  In 
this  example,  an  activity  A^x  which  processor  Px  performs  is  CALLED  three  times  and  another  activity  A2PX 

65  which  processor  Px  also  performs  is  CALLED  two  times. 
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All  of  this  calling  occurs  while  processor  Px  is  busy  performing  another  activity;  so  the  queues  in 
processor  records  PRX  and  activity  records  AR,PX  and  AR2PX  get  loaded  while  the  calling  occurs. 
Subsequently,  processor  Px  finishes  the  task  that  it  was  performing;  and  then  it  performs  the  activities 
which  are  pointed  to  in  the  queues  of  the  processor  and  activity  records.  TABLE  5  below  lists  the  sequence 

s  by  which  the  various  events  occur. 

TABLE  5 

10  TIME  ACTION  TAKEN 

t,  Px  performing  some  activity 

t2  AaP,  CALLS  A,PX 
75 

t3  AbP2  CALLS  A2PX 

t4  ACP3  CALLS  A ^  

20  ts  AdP4  CALLS  A2PX 

t6  AeP5  CALLS  A,PX 

t7  Px  RETURNS  to  ArPx  for  A..P, 
25 

t8  Px  RETURNS  to  A ^   for  ACP3 

t9  Px  RETURNS  to  A ^   for  AeP5 

30  t10  Px  RETURNS  to  A2PX  for  AbP2 

tn  Px  RETURNS  to  A2PX  for  AdP4 

35  Figure  3  illustrates  the  sequence  by  which  the  processor  and  activity  record  queues  get  loaded;  while 
Figure  4  illustrates  the  sequence  by  which  the  queues  get  unloaded.  In  both  of  these  figures,  the  pointers 
having  reference  numerals  1  through  11  respectively  indicate  the  various  entries  in  the  processor  and 
activity  records  at  sequential  time  instants  which  correspond  to  those  numbers. 

Inspection  of  Figure  4  shows  that  during  time  instants  t,—  16,  the  CURRENT  entry  of  processor  record 
40  PRX  is  pointing  to  an  activity  record  which  processor  Px  is  currently  performing.  But  at  time  instant  t2,  an 

activity  AaP-i  in  processor  P,  CALLS  activity  A ^   in  processor  Px.  As  a  result,  the  CALLER  entry  of  activity 
record  AR^  is  written  such  that  it  points  to  activity  record  ARaP1(-  and  the  PROCESSOR  QUEUE  HEAD  and 
PROCESSOR  QUEUE  TAIL  entries  of  processor  record  PRX  are  written  such  that  they  point  to  activity  record 
A R ^ .  

45  Thereafter,  at  time  instant  t3,  an  activity  AbP2  in  processor  P2  CALLS  activity  A2PX  in  processor  Px.  As  a 
result  of  this  CALL,  the  CALLER  entry  in  activity  record  AR2PX  is  written  to  point  to  activity  record  ARbP2. 
Also,  the  PROCESSOR  QUEUE  TAIL  entry  of  processor  record  PRX  is  changed  to  point  to  activity  record 
AR2PX;  and  the  NEXT  IN  QUEUE  entry  of  activity  record  AR,PX  is  written  to  point  to  activity  record  AR2PX. 

Subsequently,  at  time  instant  t4,  an  activity  A0P3  in  processor  P3  CALLS  activity  A^.  This  CALL  of 
so  activity  AnPx  does  not  reload  activity  record  AR^  into  the  queue  of  processor  record  PRX;  but  instead,  a 

pointer  to  activity  record  ARCP3  is  written  into  the  activity  queue  of  activity  record  AR^.  This  is  achieved  by 
writing  the  ACTIVITY  QUEUE  HEAD  and  ACTIVITY  QUEUE  TAIL  entries  of  activity  record  AR^  such  that 
they  point  to  activity  record  AR0P3. 

Next,  at  time  instant  t5,  an  activity  AdP4  in  a  processor  P4  CALLS  activity  A2PX.  Again,  since  the  activity 
55  record  AR2PX  is  already  in  the  processor  queue  of  processor  record  PRX,  a  pointer  to  activity  record  ARdP4  is 

simply  loaded  into  the  activity  queue  of  activity  record  AR2PX.  This  is  achieved  by  writing  the  ACTIVITY 
QUEUE  HEAD  and  ACTIVITY  QUEUE  TAIL  entries  of  activity  record  AR2PX  such  that  they  point  to  activity 
record  ARdP4. 

Then,  at  time  instant  t6,  an  activity  AePs  in  a  processor  Ps  CALLS  activity  A,  Px.  As  a  result,  activity  record 
60  AReP5  is  loaded  into  the  activity  queue  of  activity  record  ARnPx.  This  is  achieved  by  changing  the  ACTIVITY 

QUEUE  TAIL  entry  of  activity  record  AR.,PX  such  that  it  points  to  activity  record  AReP5;  and  by  writing  the 
NEXT  IN  QUEUE  entry  of  activity  record  ARCP3  such  that  it  also  points  to  activity  record  ARePs. 

Turning  now  to  Figure  5,  the  unloading  of  the  queues  in  processor  record  PRX,  activity  record  A R ^ ,  and  AR2PX  will  be  described.  In  Figure  5,  those  pointers  having  reference  numeral  6  are  the  same  as  the 
65  pointers  having  reference  numeral  6  in  Figure  4. 

3 
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At  time  instant  t7,  processor  Px  completes  the  activity  whicn  it  was  worKing  on  at  time  insianis  i-, 
through  t6.  Thus  it  performs  an  INTERPROCESSOR  RETURN  instruction.  In  response  thereto,  the  controller 
IMC  removes  an  activity  record  from  the  queue  in  processor  record  PRX  and  notifies  processor  record  PRX  of 
that  removed  activity.  This  removal  operation  is  achieved  via  controller  IMC  by  moving  the  PROCESSOR 

5  QUEUE  HEAD  entry  in  processor  record  PRX  to  the  CURRENT  entry  in  that  processor  record;  and  by  moving 
the  NEXT  IN  QUEUE  entry  of  activity  record  AR^  to  the  PROCESSOR  QUEUE  HEAD  entry  of  processor 
record  PRX. 

Thereafter,  at  time  instant  -t8,  processor  Px  completes  activity  A-,PX.  Thus  it  performs  another 
INTERPROCESSOR  RETURN  instruction.  In  response  to  that  RETURN  instruction,  controller  IMC  removes 

0  one  activity  record  from  the  activity  queue  of  activity  record  ARnPx.  This  it  achieves  by  moving  the  ACTIVITY 
QUEUE  HEAD  entry  in  activity  record  AR,PX  to  the  CALLER  entry  of  that  record;  and  by  moving  the  NEXT  IN 
QUEUE  entry  of  activity  record  AR0P3  into  the  ACTIVITY  QUEUE  HEAD  entry  of  activity  record  AR^.  Then 
processor  Px  is  notified  that  it  should  re-execute  activity  A^x  for  the  second  caller  of  that  activity. 

At  time  instant  t9,  processor  Px  again  completes  the  execution  of  activity  A-,PX.  Thus,  it  again  executes 
5  an  INTERPROCESSOR  RETURN  instruction.  In  response  thereto,  the  controller  IMC  removes  another 

activity  record  from  the  activity  queue  of  activity  record  AR^,,.  This  it  achieves  by  moving  the  ACTIVITY 
QUEUE  HEAD  entry  of  activity  record  AR^  into  the  CALLER  entry  of  that  activity  and  by  setting  the 
ACTIVITY  QUEUE  HEAD  entry  of  activity  record  AR^  to  a  null  value.  Then,  controller  IMC  informs 
processor  Px  to  re-execute  activity  Ai?x  for  the  third  caller  of  that  activity. 

'0  Thereafter,  at  time  instant  t10,  processor  Px  completes  the  execution  of  activity  AnPx;  and  so  it  again 
executes  an  INTERPROCESSOR  RETURN  instruction.  In  response  thereto,  controller  IMC  removes  another 
activity  record  from  the  processor  queue  of  processor  record  PRX;  and  it  informs  processor  Px  of  the  new 
activity  that  it  is  to  perform.  This  removal  operation  is  achieved  by  moving  the  PROCESSOR  QUEUE  HEAD 
entry  of  processor  record  PRX  into  the  CURRENT  entry  of  that  record  and  by  changing  the  PROCESSOR 

?5  QUEUE  HEAD  entry  in  processor  record  PRX  to  a  null  value. 
Next,  at  time  instant  t11(  processor  Px  completes  the  execution  of  activity  A2PX.  Thus  it  again  executes 

an  INTERPROCESSOR  RETURN  instruction.  In  response  thereto,  controller  IMC  removes  an  entry  from  the 
activity  queue  of  activity  record  AR2PX  and  informs  processor  Px  to  re-execute  activity  A2PX  for  the  second 
caller  of  that  activity-  This  removal  operation  is  achieved  by  moving  the  ACTIVITY  QUEUE  HEAD  entry  of 

30  activity  record  AR2PX  to  the  CALLER  entry  of  that  activity  and  by  setting  the  ACTIVITY  QUEUE  HEAD  entry  of 
activity  record  AR2PX  to  a  null  value. 

After  processor  Px  completes  the  execution  of  activity  A2PX,  it  will  again  execute  an  INTERPROCESSOR 
RETURN  instruction.  At  that  point,  there  are  no  other  activities  for  processor  Px  to  perform;  and  so 
controller  IMC  merely  resets  the  BUSY  flag  in  processor  record  PRX  and  sets  the  CURRENT  entry  of  that 

35  record  to  a  null  value. 
From  the  above  sequence  of  operations,  it  can  be  seen  that  the  order  in  which  processor  Px  performed 

activities  A ^   and  A2PX  was  entirely  different  than  the  order  in  which  those  activities  were  called. 
Specifically,  the  activities  were  called  in  the  following  order:  AtPx,  A2Px,  A^,   A2Px,  and  AnPx;  but  the  order 
in  which  the  activities  were  performed  was:  A.,PX,  A^,   A-,PX,  A2PX,  and  A2PX. 

40  In  other  words,  activity  A-,PX  was  performed  once  for  every  one  of  its  callers;  and  then  activity  A2PX  was 
performed  once  for  every  one  of  its  callers.  And  this  occurs  regardless  of  the  order  in  which  those  activities 
are  called.  Such  re-ordering  of  the  activities  is  important  because  it  minimizes  the  number  of  times  that  a 
processor  switches  from  performing  one  activity  to  another. 

Each  time  a  switch  occurs,  the  code  for  the  new  activity  must  be  read  into  the  memory  of  the  processor 
45  which  is  to  perform  the  activity.  Also,  space  must  be  re-allocated  in  the  memory  for  data  on  which  the 

activity  performs.  These  resource-allocating  operations  are  time-consuming;  and  thus  they  detract  from 
the  overall  performance  of  the  system. 

Reference  should  now  be  made  to  Figure  6  which  illustrates  the  operation  of  the  INTERPROCESSOR 
NEXT  instruction.  In  this  figure,  as  in  the  previous  Figures  3—5,  the  pointers  having  reference  numerals  1 

50  through  9  indicate  respective  entries  in  the  activity  records  and  processor  records  at  time  instants  which 
correspond  to  those  reference  numerals. 

TABLE  6  below  lists  the  sequence  of  events  that  occur  in  Figure  6  in  outline  form.  This  outline  shows  a 
sequence  in  which  an  activity  AaPn  calls  another  activity  AbP2;  then  activity  AbP2  executes  a  NEXT 
instruction  to  an  activity  A0P3;  then  activity  A0P3  executes  a  NEXT  instruction  to  an  activity  AdP4;  then 

55  activity  AdP4  returns  directly  to  AaP,  without  reentering  activities  AbP2  or  ACP3. 

60 

65 
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TABLE  6 

TIME  ACTION  TAKEN 
5 

t|  P,  executes  AaP-i 

t2  P,  CALLS  AbP2,  suspends  AaP, 

10  t3  P2  begins  AbP2  for  AaP-, 

t4  P2  continues  to  execute  AbP2  for  AaP, 
while  AXP4  CALLS  AbP2 

15  t5  P2  executes  a  NEXT  from  AbP2  to  ACP3  with 
A..P,  as  CALLER 

t6  P3  executes  A0P3  for  AaP-, 

20  t7  P3  executes  a  NEXT  from  ACP3  to  AdP4  with 
AaP,  as  CALLER 

t8  P4  executes  AdP4  for  A0P,  and  RETURNS 
to  AaP, 

25 
tg  P-,  continues  execution  of  AaP, 

Inspection  of  Figure  6  shows  that  at  time  t1(  processor  P,  is  executing  an  activity  AaP,.  That  is  because 
30  at  time  t1f  the  CURRENT  entry  in  processor  record  PR,  is  pointing  to  activity  record  ARaPv 

Next,  at  time  t2,  activity  AaP,  SUSPENDS  its  execution  by  CALLING  activity  AbP2  in  processor  P2.  As  a 
result,  the  CALLER  entry  in  activity  record  ARbP2  is  written  by  controller  IMC  such  that  it  points  to  activity 
record  ARaP,.  Also,  since  processor  record  PR2  indicates  that  processor  P2  is  currently  busy  performing 
another  activity  at  time  instant  t2,  the  PROCESSOR  QUEUE  HEAD  and  PROCESSOR  QUEUE  TAIL  entries  of 

35  processor  record  PR2  are  written  by  controller  IMC  to  point  to  activity  record  ARbP2. 
Subsequently,  at  time  t3,  processor  P2  completes  the  execution  of  its  current  activity  by  performing  an 

INTERPROCESSOR  RETURN  instruction.  As  a  result,  controller  IMC  moves  the  PROCESSOR  QUEUE  HEAD 
entry  of  processor  record  PR2  to  the  CURRENT  entry  of  that  record;  and  so  the  execution  of  activity  AbP2 
begins. 

to  Subsequently,  at  time  t4,  another  activity  AxPy  CALLS  activity  AbP2.  Accordingly,  since  activity  AbP2  is  in 
an  ACTIVE  state,  a  pointer  to  activity  record  ARxPy  is  written  by  controller  IMC  into  the  activity  queue  of 
activity  record  ARbP2. 

Next,  at  time  t5,  activity  AbP2  performs  an  INTERPROCESSOR  NEXT  instruction  to  activity  A0P3.  As  a 
result,  controller  IMC  moves  the  CALLER  entry  of  activity  record  ARbP2  to  the  CALLER  entry  of  activity 

45  record  ARCP3.  Thus,  the  pointers  in  activity  record  ARCP3  are  exactly  as  if  activity  ACP3  had  been  called 
directly  by  activity  AaPv 

As  a  result  of  the  above  moving  of  the  CALLER  entry,  activity  AbP2  will  not  receive  any  parameters  from 
activity  A0P3.  Instead,  those  parameters  will  be  passed  directly  to  activity  AaP,.  Thus,  upon  execution  of  the 
INTERPROCESSOR  NEXT  instruction,  activity  AbP2  is  free  to  be  re-executed  by  additional  callers  of  that 

so  activity.  Accordingly,  at  time  ts,  controller  IMC  moves  the  ACTIVITY  QUEUE  HEAD  entry  of  activity  record 
ARbP2  into  the  CALLER  entry  of  that  activity  record;  and  it  notifies  processor  P2  to  re-execute  activity  AbP2 
for  its  new  caller. 

At  time  t6,  processor  P3  completes  the  execution  of  the  activity  that  it  was  previously  executing;  and  so 
it  performs  an  INTERPROCESSOR  RETURN  instruction.  As  a  result,  controller  IMC  moves  the  pointer  to 

55  activity  record  ARCP3  from  the  PROCESSOR  QUEUE  HEAD  entry  to  the  CURRENT  entry  of  processor  record 
PR3.  Processor  P3  then  begins  execution  of  activity  ACP3. 

Upon  completion  of  activity  ACP3  at  time  t7,  processor  P3  has  the  option  to  perform  either  an 
INTERPROCESSOR  RETURN  instruction  or  another  INTERPROCESSOR  NEXT  instruction.  In  Figure  6,  an 
INTERPROCESSOR  NEXT  instruction  is  performed  to  activity  AdP4.  As  a  result,  controller  IMC  moves  the 

60  CALLER  entry  of  activity  record  ARCP3  to  the  CALLER  entry  of  activity  record  ARdP4.  Also,  since  processor  P4 
is  not  busy,  the  CURRENT  entry  of  processor  record  PR4  is  loaded  by  controller  IMC  with  a  pointer  to 
activity  record  ARdP4;  and  processor  P4  is  notified  to  begin  execution  of  activity  AdP4. 

At  time  t8,  processor  P4  completes  execution  of  activity  AdP4.  Thus,  processor  P4  has  the  option  of 
performing  either  an  INTERPROCESSOR  RETURN  instruction  or  an  INTERPROCESSOR  NEXT  instruction. 

65  In  Figure  6,  processor  P4  performs  an  INTERPROCESSOR  RETURN  instruction. 
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Due  to  the  INTERPROCESSOR  RETURN,  controller  IMC  loads  the  CALLER  entry  of  activity  record  ARdP4 
into  the  processor  queue  of  processor  record  PRV  Thereafter,  at  time  t9,  processor  P,  completes  the 
execution  of  the  activity  that  it  was  previously  performing;  and  it  resumes  the  execution  of  activity  A ^  
which  it  had  previously  suspended  back  at  time  t2. 

s  This  resumption  of  the  execution  of  activity  AaP,  is  possible  since  the  parameters  which  that  activity 
was  waiting  for  from  the  CALLED  activity  AaP2  were  made  available  at  time  t8.  But  from  the  above,  it  is 
evident  that  those  parameters  did  not  merely  come  from  the  CALLED  activity  AbP2.  Instead,  they  were  the 
result  of  the  sequential  execution  of  three  activities  AbP2,  ACP3,  and  AdP4. 

But  all  of  this  sequential  execution  was  completely  hidden  from  activity  AaP,  due  to  the  operation  of 
10  the  INTERPROCESSOR  NEXT  instruction.  Consequently,  the  linking  of  activity  AaP,  to  the  other  activities 

A0P3  and  AdP4  was  greatly  simplified.  Further,  since  activities  AbP2  and  ACP3  did  not  have  to  be  re-executed 
as  parameters  where  passed  from  activity  AdP4  to  activity  AaP1f  that  parameter  passing  occurred  very 
quickly. 

Reference  should  now  be  made  to  Figure  7  which  illustrates  another  system  in  which  the  plurality  of 
is  processors  P1f  P2,  ...  Pn  access  and  change  multiple  processor  records,  activity  records,  and  parameters  in 

a  shared  memory  SM.  This  system  differs  primarily  from  the  above-described  Figure  1  system  in  that  it 
includes  a  file  access  controller  20  which  authorizes  the  processors  to  access  and  change  the  records 
directly  by  conventional  memory  read  and  memory  write  commands. 

That  is,  the  records  in  the  Figure  7  system  are  stored  in  a  conventional  memory;  they  are  accessed 
20  through  a  conventional  nonintelligent  memory  controller  MC;  and  the  processors  of  the  Figure  7  system 

execute  the  INTERPROCESSOR  instructions  by  sending  sequences  of  one-word  memory  read  and  memory 
write  commands  directly  to  a  nonintelligent  memory  controller  MC.  But  before  any  processor  sends  such 
commands  to  the  nonintelligent  memory  controller  to  read  or  write  the  records  in  the  shared  memory  SM, 
it  must  receive  authorization  to  do  so  from  the  file  access  controller  20. 

25  Figure  8  illustrates  the  details  of  one  preferred  embodiment  of  the  file  access  controller  20.  It  includes  a 
plurality  of  "n"  flip-flops  21-1  through  21-n.  In  one  embodiment,  each  flip-flop  corresponds  to  one  record  in 
the  shared  memory  SM.  That  is,  each  flip-flop  corresponds  to  one  processor  record  or  one  activity  record. 
Alternatively,  as  a  design  choice,  each  flip-flop  corresponds  to  one  processor  record  and  all  of  the 
corresponding  activity  records  for  that  one  processor  record. 

30  Initially,  all  of  the  flip-flops  are  reset.  Then,  before  a  processor  is  permitted  to  access  any  record,  it  must 
first  interrogate  the  flip-flops  to  determine  whether  those  which  correspond  to  the  records  that  it  wants  to 
access  are  presently  reset.  To  that  end,  the  requesting  processor  sends  a  message  over  the  bus  to  a  module 
22  within  the  controller.  Suitably,  module  22  is  a  microprocessor. 

That  message  which  is  sent  to  module  22  identifies  the  requesting  processor;  and  it  also  identifies  all 
35  of  the  records  of  which  access  is  sought.  For  example,  four  processor  records  PRa,  PRb,  PR0,  and  PRdandall 

of  the  corresponding  activity  records  may  be  identified  by  four  encoded  fields  Fa,  Fb,  F0,  and  Fd  in  the 
message. 

Upon  receiving  the  message,  module  22  passes  it  over  an  internal  bus  23  to  a  register  24.  From  there, 
fields  Fa,  Fb,  F0,  and  Fd  are  sent  to  the  control  input  terminals  of  multiplexers  25a,  25b,  25c,  and  25d 

40  respectively.  Each  multiplexer  also  has  its  data  input  terminals  coupled  to  the  Q  outputs  of  all  of  the 
flip-flops  21-1  through  21-n.  _ Thus,  field  Fa  of  register  24  causes  the  Q  output  of  the  one  flip-flops  which  corresponds  to  field  Fa  to  be 
gated  to  the  output  of  multiplexer  25a.  Similarly,  field  Fb  of  register  24  causes  the  Q  output  of  the  one 
flip-flop  which  corresponds  to  that  field  to  be  gated  to  the  output  of  multiplexer  25b;  etc.  All  of  those  Q 

45  outputs  are  then  ANDed  together  by  an  AND  gate  26;  and  the  result  is  sent  back  to  module  22  where  it  is 
sensed. 

If  the  signal  from  AND  gate  26  is  a  logic  ONE,  then  module  22  sends  a  message  over  the  bus 
authorizing  the  requesting  processor  to  change  the  contents  of  the  identified  records.  Internal  bus  23 
provides  a  means  for  sensing  the  requesting  processor's  identification  so  this  message  can  be  sent  to  it. 

so  Also,  if  the  signal  from  AND  gate  26  is  a  ONE,  module  22  sends  a  single  clock  pulse  to  all  of  the 
flip-flops  21-1  through  21-n.  Those  flip-flops  are  JK  flip-flops;  and  which  of  them  have  an  active  signal  on 
their  J  input  is  controlled  by  the  Fa,  Fb,  F0,  and  Fd  fields  in  register  24.  Thus,  those  flip-flops  that  correspond 
to  the  fields  Fa,  Fb,  F0,  and  Fd  are  all  set  in  response  to  the  single  clock  pulse. 

More  specifically,  the  Fa,  Fb,  F0,  and  Fd  fields  in  register  24  are  sent  to  decoders  27a,  27b,  27c,  and  27d 
55  respectively.  Each  of  those  decoders  generates  multiple  output  signals;  but  only  one  of  those  signals  goes 

high  at  a  time.  That  output  signal  which  goes  high  corresponds  to  the  code  which  the  decoder  receives 
from  register  24. 

In  other  words,  the  first  output  of  decoder  27a  goes  high  when  field  Fa  in  register  14  equals  a  binary 
one;  the  second  output  of  decoder  27a  goes  high  when  field  Fa  in  register  24  is  a  binary  two;  etc. 

60  Also,  the  first  ouptut  of  decoders  27a,  27b,  27c,  and  27d  are  all  connected  together  in  a  WIRED-OR 
fashion.  Thus,  if  any  of  the  fields  Fa,  Fb,  F0,  or  Fd  in  register  24  equal  a  binary  one,  it  will  cause  flip-flop  21-1 
to  be  set.  Similarly,  the  second  output  of  decoders  27a,  27b,  27c,  and  27d  are  connected  together  in  a 

'WIRED-OR  fashion;  etc. 
Suppose  now  that  module  22  receives  a  request  from  a  processor  to  access  various  records  as 

65  specified  by  fields  F,  through  F4;  but  the  output  of  gate  26  is  a  ZERO  which  indicates  that  at  least  one  of  the 
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corresponding  flip-flops  is  set.  In  that  case,  module  22  loads  the  contents  of  register  24  into  a 
first-in-first-out  (FIFO)  queue  28;  and  it  adds  one  to  a  counter  which  is  internal  to  module  22. 

Next,  suppose  that  one  of  the  processors  which  previously  was  granted  authorization  to  interrogate 
some  records  has  completed  its  task.  In  that  case,  the  processor  must  send  module  22  a  message  indicating 

5  which  records  it  has  finished  interrogating.  Preferably,  those  records  are  identified  in  the  message  by 
multiple  encoded  fields. 

That  message  is  then  sent  by  module  22  to  a  register  29.  From  there,  the  fields  which  contain  the 
numbers  of  the  records  that  were  interrogated  are  sent  to  respective  decoders.  For  example,  four  decoders 
30a,  30b,  30c,  and  30d  are  provided  if  the  message  in  register  29  contains  four  encoded  fields  Fa',  Fb',  F0', 

io  and  Fd'. 
Decoders  30a  through  30d  all  have  their  first  outputs  connected  together  in  a  WIRED-OR  fashion;  and 

they  also  connect  to  the  K  input  of  flip-flop  21-1.  Thus,  if  any  of  the  four  fields  in  register  29  contains  a 
binary  one,  flip-flop  21-1  will  be  reset  when  all  of  the  flip-flops  are  clocked. 

Similarly,  the  second  output  of  decoders  30a  —  30d  are  all  connected  together;  and  they  are  connected 
15  to  the  K  input  of  flip-flop  20-2;  etc.  Thus,  to  reset  the  flip-flops  which  correspond  to  the  records  that  were 

interrogated,  module  22  merely  clocks  all  of  the  flip-flops  with  a  single  pulse  after  it  loads  register  29. 
Then  module  22  examines  its  internal  counter  to  determine  how  many  entries  are  in  the  FIFO  28.  If  the 

count  is  not  zero,  module  22  moves  the  queue  entries  one  at  a  time  into  register  24.  After  each  such  move,  it 
examines  the  output  of  AND  gate  26  to  determine  if  it  is  in  a  ONE  state. 

20  If  AND  gate  26  is  in  a  ONE  state,  then  module  22  reads  the  requester  portion  of  register  24  onto  bus  23 
and  sends  that  requester  a  message  indicating  that  it  may  now  modify  the  records  it  requested.  Also,  ail  of 
the  flip-flops  21-1  through  21-n  are  clocked  by  module  22  with  a  single  pulse  which  sets  them  as  directed  by 
the  outputs  of  decoders  27a  through  27d.  Further,  the  counter  that  is  internal  to  module  22  is  decremented 
by  one. 

25  Conversely,  if  the  output  of  AND  gate  26  is  in  a  ZERO  state,  then  module  22  merely  reloads  the  contents 
of  register  24  back  into  FIFO  28. 

In  Figure  8,  a  set  of  six  dashed  lines  represent  respective  conductors  on  which  respective  control 
signals  are  sent  by  module  22  to  cause  the  above-described  operations  to  occur.  Specifically,  a  clock  pulse 
is  sent  on  conductor  A  to  load  a  word  into  FIFO  28;  and  a  clock  pulse  is  sent  on  conductor  B  to  unload  a 

30  word  from  FIFO  28. 
Also,  a  control  signal  is  sent  on  conductor  E  to  select  the  input  data  to  register  24  to  be  from  FIFO  28  or 

bus  23;  and  a  clock  pulse  is  sent  on  conductor  F  to  load  the  selected  input  data  into  register  24.  Further,  a 
clock  pulse  is  sent  on  conductor  L  to  clock  the  flip-flops  21-1  through  21-n;  and  a  clock  pulse  is  sent  on 
conductor  M  to  load  register  29. 

35  One  feature  of  the  above-described  file  access  controller  20  is  that  it  enables  several  of  the  processors 
P1f  P2,  ...  Pn  to  access  and  change  various  records  in  the  shared  memory  at  the  same  time.  The  only 
restriction  on  this  is  that  no  two  processors  can  change  the  same  record.  Thus,  for  example,  processor  P, 
could  be  changing  records  1,  15,  30  and  56,  while  processor  P2  is  changing  records  2,  12,  31  and  40,  while 
processor  P3  is  changing  records  3,  11,  20  and  31. 

40  Another  feature  of  the  Figure  7  system  is  its  flexibility.  Once  a  processor  obtains  authorization  from  the 
file  access  controller  20  to  interrogate  and  change  particular  records,  it  can  do  so  by  any  sequence  of 
memory  read  and  memory  write  commands.  Therefore,  records  may  be  first  read;  and  then  the  processor 
may  CALL  one  activity  or  another  based  on  contents  of  the  records  that  it  read.  This  implements  a 
CONDITIONAL  INTERPROCESSOR  CALL  instruction. 

45  As  one  example  of  the  usefulness  of  a  CONDITIONAL  INTERPROCESSOR  CALL  instruction,  suppose 
that  two  processors  perform  the  same  activities.  Both  processors,  for  example,  may  perform  high-speed 
floating  point  mathematical  activities.  In  that  case,  by  performing  a  CONDITIONAL  INTERPROCESSOR 
CALL  instruction,  the  caller  can  first  examine  the  activity  records  of  the  two  processors  that  perform  the 
floating  point  activities;  and  then  it  can  CALL  an  activity  in  one  processor  or  the  other  depending  upon 

so  which  processor  was  not  presently  busy. 
Another  feature  of  the  Figure  7  system  is  the  speed  at  which  a  processor  can  acquire  access  to  the 

records  in  the  shared  memory  SM.  To  send  a  control  word  to  the  file  access  controller  20  over  the  bus  takes 
one  cycle;  to  pass  that  message  to  register  24  takes  a  second  cycle;  to  wait  for  the  test  condition  from  AND 
gate  26  to  stabilize  takes  a  third  cycle;  and  to  send  a  message  back  to  the  requesting  processor  authorizing 

55  it  to  access  the  requested  records  based  on  AND  gate  26  plus  send  a  clock  pulse  to  set  the  corresponding 
flip-flops  21-1  through  21-n  takes  a  fourth  cycle.  Thus,  with  a  cycle  time  of  100  nanoseconds,  for  example, 
access  to  the  records  is  acquired  in  only  400  nanoseconds. 

Claims 
60 

1.  A  method  of  performing  a  task  as  a  sequence  of  called  activities  (Ax,  Ay,  Az)  in  multiple  digital 
processors,  including  the  steps  of:  executing  a  portion  of  a  first  activity  (AXP,)  of  said  sequence  in  a  first 
processor  (P,)  up  to  an  INTERPROCESSOR  CALL  instruction;  and  suspending  execution  of  the  first  activity 
in  response  to  said  INTERPROCESSOR  CALL  instruction  and  signalling  a  second  processor  (Pj)  that  a 

65  second  activity  (AyPj)  has  been  called  by  the  first  activity;  characterised  in  that  said  method  further  includes 
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completely  executing  the  second  activity  in  the  second  processor  in  response  to  saia  iin  i  tHKKUUtssuii 
CALL  instruction  and  further  executing  an  INTERPROCESSOR  NEXT  instruction  to  a  third  activity  (AzPk)  in  a 
third  processor  (Pk);  signalling  the  third  processor  in  response  to  said  INTERPROCESSOR  NEXT  instruction 
that  said  third  activity  has  been  called  not  by  said  second  activity  but  by  the  caller  (AXP,)  of  the  second 

5  activity;  and  completely  executing  said  third  activity  in  said  third  processor  and,  upon  completion  thereof, 
signalling  said  third  activity's  caller  to  resume  execution  of  said  suspended  first  activity. 

2.  A  method  according  to  Claim  1  and  further  including  the  step  of  signalling  said  second  processor  in 
response  to  said  INTERPROCESSOR  NEXT  instruction  to  re-execute  said  second  activity  for  any  other 
callers  thereof  while  said  third  activity  is  being  executed  by  said  third  processor. 

>o  3.  A  method  according  to  Claim  1  and  further  including  the  steps  of: 
providing  each  activity  with  a  queue  containing  pointers  to  the  respective  callers  of  that  activity;  and 
moving  the  caller  pointer  from  the  queue  of  the  second  activity  into  the  queue  of  the  third  activity  in 

response  to  said  INTERPROCESSOR  NEXT  instruction. 
4.  A  method  according  to  Claim  3  and  further  including  the  step  of  limiting  access  to  said  queues  such 

'5  that  said  pointers  are  loaded  and  unloaded  during  multiple  cycles  by  only  one  processor  at  a  time. 
5.  A  method  according  to  Claim  1  and  further  including  the  step  of  executing  another  activity  in  said 

first  processor  while  said  first  activity  is  suspended. 
6.  A  data  processing  system  including  first  (P,),  second  (Pj)  and  third  (Pk)  digital  processors  which 

operate  asynchronously  to  each  other;  said  system  being  adapted  to  perform  a  task  as  a  sequence  of  called 
»o  activities  (Ax,  Ay,  Az)  and  including  means  for  directing  said  first  processor  (P,)  to  execute  a  portion  of  a  first 

activity  (AXP,)  in  said  sequence,  said  portion  including  and  ending  with  an  INTERPROCESSOR  CALL 
instruction;  and  means  for  signalling  a  second  processor  (Pj)  in  response  to  said  INTERPROCESSOR  CALL 
instruction  that  a  second  activity  (AyPj)  has  been  called  by  said  first  activity  (AXP,)  and  also  suspending 
execution  of  said  first  activity;  characterised  in  that,  in  order  to  provide  improved  calling  flexibility,  said 

ts  system  further  includes:  means  for  directing  said  second  processor  (Pj)  to  completely  execute  said  second 
activity  (AyPj)  and  further  execute  an  INTERPROCESSOR  NEXT  instruction  which  references  a  third  activity 
(AzPk)  in  said  third  processor  (Pk);  means  for  signalling  said  third  processing  in  response  to  said 
INTERPROCESSOR  NEXT  instruction  that  said  third  activity  has  been  called  not  by  said  second  activity  but 
by  whatever  activity  (e.g.  AXP,)  happened  to  call  said  second  activity;  and  means  for  directing  said  third 

30  processor  to  completely  execute  said  third  activity,  and  upon  completion  thereof,  to  signal  said  third 
activity's  apparent  caller  (P,)  as  indicated  by  said  INTERPROCESSOR  NEXT  instruction  to  resume 
execution. 

7.  A  system  according  to  Claim  6  and  further  including  means  for  signalling  said  second  processor  to 
execute  said  second  activity  for  any  other  callers  thereof  while  said  third  activity  is  being  executed  by  said 

35  third  processor  in  response  to  said  INTERPROCESSOR  NEXT  instruction. 
8.  A  system  according  to  Claim  6  and  further  including: 
a  queue  means  for  each  activity  containing  pointers  to  the  respective  callers  of  that  activity;  and 
means  for  moving  the  caller  pointer  from  the  queue  of  said  second  activity  into  the  queue  of  said  third 

activity  in  response  to  said  INTERPROCESSOR  NEXT  instruction. 
40  9.  A  system  according  to  Claim  8  and  further  including  a  means  for  limiting  access  to  said  queues  such 

that  said  pointers  are  loaded  and  unloaded  during  multiple  cycles  by  only  one  processor  at  a  time. 
10.  A  system  according  to  Claim  6  and  further  including  means  for  executing  another  activity  in  the  first 

processor  while  said  first  activity  is  suspended. 

45  Patentanspriiche 

1.  Verfahren  zum  Durchfiihren  einer  Aufgabe  in  Form  einer  Folge  von  angerufenen  Tatigkeiten  (Ax,  Ay, 
Az)  in  digitalen  Mehrfachprozessoren,  mit  folgenden  Verfahrensschritten: 

—Ausfuhren  eines  Teils  der  ersten  Tatigkeit  (AXP,)  der  Folge  in  einem  ersten  Prozessor  (P,)  bis  zu  einem 
so  INTERPROCESSOR  CALL-Befehl;  und 

—  Suspendieren  der  Ausfuhrung  der  ersten  Tatigkeit  abhangig  von  dem  INTERPROCESSOR  CALL- 
Befehl  und  Signalisieren  an  einen  zweiten  Prozessor  (Pj),  daB  eine  zweite  Tatigkeit  (AyPj)  durch  die  erste 
Tatigkeit  angerufen  worden  ist; 

gekennzeichnet  durch  folgende  weitere  Verfahrensschritte: 
55  —vollstandiges  Ausfuhren  der  zweiten  Tatigkeit  in  dem  zweiten  Prozessor  abhangig  von  dem 

INTERPROCESSOR  CALL-Befehl  und  weiteres  Ausfuhren  eines  INTERPROCESSOR  NEXT-Befehls  fur  eine 
dritte  Tatigkeit  (AzPk)  in  einem  dritten  Prozessor  (Pk); 

—Signalisieren  an  den  dritten  Prozessor  abhangig  von  dem  INTERPROCESSOR  NEXT-Befehl,  da(S  die 
dritte  Tatigkeit  nicht  durch  die  zweite  Tatigkeit,  sondern  durch  den  Anrufer  (AXP,)  der  zweiten  Tatigkeit 

60  angefordert  wurde;  und 
—vollstandiges  Ausfuhren  der  dritten  Tatigkeit  in  dem  dritten  Prozessor  sowie  Signalisierung,  nach 

dessen  AbschluG,  dalS  der  Anrufer  der  dritten  Tatigkeit  die  Ausfuhrung  der  suspendierten  ersten  Tatigkeit 
fortsetzen  soil. 

2.  Verfahren  nach  Anspruch  1,  gekennzeichnet  durch  den  Verfahrensschritt  der  Signalisierung  an  den 
65  zweiten  Prozessor  abhangig  vom  Ansprechen  auf  den  INTERPROCESSOR  NEXT-Befehl,  dalS  dieser  die 
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Ausfuhrung  der  zweiten  Tatigkeit  fur  andere  Anrufer  derselben  wiederholt,  wahrend  die  dritte  Tatigkeit 
durch  den  dritten  Prozessor  ausgefiihrt  wird. 

3.  Verfahren  nach  Anspruch  1,  gekennzeichnet  durch  die  folgenden  weiteren  Verfahrensschritte: 
—  Ausstatten  jeder  Tatigkeit  mit  einer  Reihenfolge,  in  der  Zeiger  bezuglich  der  entsprechenden  Anrufer 

5  der  Tatigkeit  vorgesehen  sind;  und 
—  Bewegen  des  Anruferzeigers  aus  der  Reihenfolge  der  zweiten  Tatigkeit  in  die  Reihenfolge  der  dritten 

Tatigkeit  abhangig  von  dem  INTERPROCESSOR  NEXT-Befehl. 
4.  Verfahren  nach  Anspruch  3,  gekennzeichnet  durch  den  Verfahrensschritt  des  Begrenzens  des 

Zugriffszu  den  Reihenfolgen  derart,  daB  die  Zeiger  wahrend  Mehrfachzyklen  durch  einen  Prozessor  einzeln 
io  geladen  und  entladen  werden. 

5.  Verfahren  nach  Anspruch  1,  gekennzeichnet  durch  den  Verfahrensschritt  des  Ausfiihrens  einer 
anderen  Tatigkeit  in  dem  ersten  Prozessor  wahrend  die  erste  Tatigkeit  suspendiert  ist. 

6.  Datenverarbeitungssystem  mit  einem  ersten  (P,),  einem  zweiten  (Pj)  und  einem  dritten  (Pk) 
Digitalprozessor,  die  asynchron  zueinander  arbeiten;  das  derart  ausgebildet  ist,  daB  es  eine  Aufgabe  in 

is  Form  einer  Folge  von  angerufenen  Tatigkeiten  (Ax,  Ay,  A2)  durchfiihrt  und  Mittel  enthalt,  die  den  ersten 
Prozessor  (P,)  anweisen,  einen  Teil  einer  ersten  Tatigkeit  (AyP|)  der  Folge  auszufiihren,  welcher  Teil  einen 
INTERPROCESSOR  CALL-Befehl  einschlieBt  und  mit  diesem  endet;  und  mit  Mitteln  zum  Signalisieren  an 
einem  zweiten  Prozessor  (Pj)  abhangig  von  dem  INTERPROCESSOR  CALL-Befehl,  daB  eine  zweite  Tatigkeit 
(AyPj)  durch  die  erste  Tatigkeit  (AXP,)  angerufen  wurde,  und  zum  Suspendieren  der  Ausfuhrung  der  ersten 

20  Tatigkeit,  dadurch  gekennzeichnet,  daB  zum  Erreichen  einer  verbesserten  Anrufflexibilitat  das  System 
folgende  Einheiten  enthalt: 

—  Mittel  zum  Anweisen  des  zweiten  Prozessors  (Pj),  die  zweite  Tatigkeit  (AyPj)  vollstandig  auszufiihren 
und  auBerdem  einen  INTERPROCESSOR  NEXT-Befehl  auszufiihren,  der  eine  dritte  Tatigkeit  (AzPk)  in  dem 
dritten  Prozessor  (Pk)  einleitet; 

25  —  Mittel  zum  Signalisieren  an  den  dritten  Prozessor  abhangig  von  dem  INTERPROCESSOR  NEXT- 
Befehl,  daB  die  dritte  Tatigkeit  nicht  durch  die  zweite  Tatigkeit,  sondern  durch  irgendeine  Tatigkeit  (z.B. 
AXP,)  angerufen  wurde,  die  gerade  die  zweite  Tatigkeit  angerufen  hat;  und 

—  Mittel  zum  Anweisen  des  dritten  Prozessors,  die  zweite  Tatigkeit  vollstandig  auszufiihren  und  nach 
deren  Ausfuhrung  dem  Anrufer  (P,)  der  dritten  Tatigkeit,  der  durch  den  INTERPROCESSOR  NEXT-Befehl 

30  angezeigt  wird,  zu  signalisieren,  die  Ausfuhrung  wieder  aufzunehmen. 
7.  System  nach  Anspruch  6,  gekennzeichnet  durch  Mittel  zum  Signalisieren  an  den  zweiten  Prozessor, 

die  zweite  Tatigkeit  fur  beliebige  andere  Anrufer.  durchzufiihren,  wahrend  die  dritte  Tatigkeit  durch  den 
dritten  Prozessor  abhangig  von  dem  INTERPROCESSOR  NEXT-Befehl  ausgefiihrt  wird. 

35  8.  System  nach  Anspruch  6,  gekennzeichnet  durch  einen  Folgespeicher  fur  jede  der  Tatigkeiten,  mit 
den  entsprechenden  Anrufern  der  Tatigkeiten  zugeordneten  Zeigern;  und  Mitteln  zum  Bewegen  der 
Anruferzeiger  von  dem  Folgespeicher  der  zweiten  Tatigkeit  in  den  Folgespeicher  der  dritten  Tatigkeit 
abhangig  von  dem  INTERPROCESSOR  NEXT-Befehl. 

9.  System  nach  Anspruch  8,  gekennzeichnet  durch  Mittel  zum  Begrenzen  des  Zugriffs  zu  den 
4g  Folgespeichern  in  der  Weise,  daB  die  Zeiger  wahrend  Mehrfachzyklen  durch  einen  Prozessor  einzeln 

geladen  und  entladen  werden. 
10.  System  nach  Anspruch  6,  gekennzeichnet  durch  Mittel  zum  Ausfuhren  einer  anderen  Tatigkeit  in 

dem  ersten  Prozessor  wahrend  die  erste  Tatigkeit  suspendiert  ist. 

„r  Revendications 45 
1.  Procede  pour  executer  une  tache  corhme  sequence  d'activites  appelee  (Ax,  Ay,  Az)  dans  des 

processeurs  numeriques  multiples  comprenant  les  etapes  suivantes:  on  execute  une  partie  d'une  premiere 
activite  (AXP,)  d'une  sequence  dans  un  premier  processeur  (PJ,  jusqu'a  une  instruction  APPEL 

5Q  INTERPROCESSEUR;  on  suspend  I'execution  de  la  premiere  activite  en  reponse  a  I'instrction  APPEL 
INTERPROCESSEUR  et  on  signale  a  un  second  processeur  (Pj)  qu'une  seconde  activite  (AyPj)  a  ete 
demandee  par  la  premiere  activite,  procede  caracterise  en  ce  qu'il  consiste  en  outre  a  executer 
completement  la  seconde  activite  dans  le  second  processeur  en  reponse  a  ('instruction  APPEL 
INTERPROCESSEUR,  a  executer,  en  outre,  une  instruction  INTERPROCESSEUR  SUIVANT  pour  une 

S5  troisieme  activite  (AzPk)  dans  le  troisieme  processuer  (Pk),  a  signaler  au  troisieme  processeur,  en  reponse  a 
cette  instruction  INTERPROCESSEUR  SUIVANT,  que  la  troisieme  activite  a  ete  appelee  non  par  la  seconde 
activite  mais  par  I'appelant  (AXP,)  de  la  seconde  activite;  et  a  terminer  I'execution  de  la  troisieme  activite 
dans  le  troisieme  processeur  et  a  la  fois  de  cette  execution,  a  signaler  au  demandeur  de  la  troisieme  activite 
qu'il  peut  reprendre  I'execution  de  la  premiere  activite  suspendue. 

60  2.  Procede  selon  la  revendication  1,  caracterise  en  ce  qu'il  comprend  en  outre  I'etape  consistant  a 
signaler  au  second  processeur,  en  reponse  a  ['instruction  INTERPROCESSEUR  SUIVANT,  de  reexecuter  la 
seconde  activite  pour  tous  les  autres  demandeurs  pendant  que  cette  troisieme  activite  est  executee  par  le 
troisieme  processeur. 

3.  Procede  selon  la  revendication  1,  caracterise  en  ce  qu'il  comprend,  en  outre,  I'etape  suivante:  on 
65  prevoit  pour  chaque  activite  une  file  contenant  les  pointeurs  vers  les  demandeurs  respectifs  de  cette 
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activite  et  on  deplace  le  pointeur  de  I'appelant  de  la  file  de  la  seconde  activite  dans  la  file  de  la  troisieme 
activite  en  reponse  a  I'instruction  INTERPROCESSEUR  SUIVANT. 

4.  Procede  selon  la  revendication  3,  caracterise  en  ce  qu'il  comprend  en  outre  I'etape  consistant  a 
limiter  I'acces  aux  files  de  maniere  que  les  pointeurs  soient  charges  et  decharges  au  cours  des  cycles 

5  multiples,  par  un  seul  processeur  a  la  fois. 
5.  Procede  selon  la  revendication  1,  caracterise  en  ce  qu'il  comprend  en  outre  I'etape  d'execution  d'une 

autre  activite  dans  le  premier  processeur  pendant  que  la  premiere  activite  est  suspendue. 
6.  Systeme  de  traitement  de  donnees  comprenant  un  premier  (P,),  un  second  (Pj)  et  un  troisieme  (Pk) 

processeurs  numeriques  qui  travaillent  de  maniere  asynchrone  I'un  par  rapport  a  I'autre,  ce  systeme  etant 
10  susceptible  d'executer  une  tache  sous  la  forme  d'une  sequence  d'activites  appelee  (Ax,  Ay,  Az)  et 

comprenant  des  moyens  pour  diriger  le  premier  processeur  (P,)  pour  executer  une  partie  d'une  premiere 
activite  (AXP,)  de  la  sequence,  la  partie  comprenant  et  se  terminant  par  I'instruction  APPEL  INTERPRO- 
CESSEUR;  et  un  moyen  pour  signaler  a  un  second  processeur  (Pj),  en  reponse  a  I'instruction  APPEL 
INTERPROCESSEUR,  qu'une  seconde  activite  (AyPj)  a  ete  appelee  par  la  premiere  activite  (AXP,)  et  a 

is  suspendre  egalement  I'execution  de  la  premiere  activite,  systeme  caracterise  en  ce  que  pour  realiser  une 
plus  grande  souplesse  pour  les  appels,  le  systeme  comprend  en  outre  des  moyens  pour  diriger  le  second 
processeur  (Pj)  pour  terminer  I'execution  de  la  seconde  activite  (AyPj)  et  pour  executer  en  outre  une 
instruction  INTERPROCESSEUR  SUIVANT  qui  concerne  une  troisieme  activite  (AzPk)  dans  le  troisieme 
processeur  (Pk);  un  moyen  pour  signaler  au  troisieme  processeur,  en  reponse  a  I'instruction  INTERPRO- 

20  CESSEUR  SUIVANT  que  la  troisieme  activite  a  ete  appelee  non  par  la  seconde  activite  mais  par  n'importe 
quelle  activite  (en  general  (AXP,)  qui  a  pu  appeler  cette  seconde  activite;  et  un  moyen  pour  diriger  ie 
troisieme  processeur  pour  terminer  I'execution  de  la  troisieme  activite  et  a  la  fin  de  cette  execution,  pour 
signaler  a  cet  appelant  (P,)  de  la  troisieme  activite,  indiquee  par  I'instruction  INTERPROCESSEUR  SUIVANT 
de  reprendre  I'execution. 

25  7.  Systeme  selon  la  revendication  6,  caracterise  en  ce  qu'il  comporte  en  outre  un  moyen  pour  signaler 
au  second  processeur,  d'executer  la  seconde  activite  pour  n'importe  quel  autre  appelant  pendant  que  la 
troisieme  activite  est  en  cours  d'execution  par  le  troisieme  processeur  en  reponse  a  I'instruction 
INTERPROCESSEUR  SUIVANT. 

8.  Systeme  selon  la  revendication  6,  caracterise  en  ce  qu'il  comprend  en  outre  une  file  pour  chaque 
30  activite,  contenant  des  pointeurs  vers  les  appelants  respectifs  de  I'activite  et  un  moyen  pour  deplacer  le 

pointeur  appelant  de  la  file  de  la  seconde  activite  dans  la  -file  de  la  troisieme  activite  en  reponse  a 
I'instruction  INTERPROCESSEUR  SUIVANT. 

9.  Systeme  selon  la  revendication  8,  caracterise  en  ce  qu'il  comprend  en  outre  un  moyen  pour  limiter 
I'acces  aux  files  de  maniere  que  les  pointeurs  soient  charges  et  decharges  au  cours  des  cycles  multiples  par 

35  un  seul  processeur  a  la  fois. 
10.  Systeme  selon  la  revendication  6,  caracterise  en  ce  qu'il  comprend  un  moyen  pour  executer  une 

autre  activite  dans  le  premier  processeur  pendant  que  la  premiere  activite  est  suspendue. 
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