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Description 

The  present  invention  relates  to  multiprocessor 
computer  systems.  More  particularly  the  invention 
relates  to  multisystem  networks  of  multiprocessor 
computer  systems  and  the  manner  in  which 
processors  from  one  system  communicate  with 
processors  in  another  system. 

Connecting  two  or  more  multiprocessor 
systems  together  in  a  network  is  desirable  in  many 
applications,  such  as  applications  where  there  is  a 
need  for  communications  between  separately 
managed  systems.  Also,  there  is  a  practical  limit  to 
the  number  of  processors  which  can  be  included  in 
multiprocessor  systems.  When  system  size  limits 
are  reached,  the  only  manner  in  which  processing 
power  may  be  further  expanded  is  by  connecting 
two  or  more  multiprocessor  systems  together  in  a 
network. 

When  networking  multiprocessor  systems 
together,  it  is  common  to  employ  one  of  the 
processors  in  each  system  as  a  communication 
link  and  intersystem  communications  manager. 
This  dedicated  processor  handles  all  of  the  com- 
munications  between  processors  in  the  network. 

Although  this  scheme  allows  for  intersystem 
communication  between  processors,  the  use  of  a 
processor  as  the  communication  link  through 
which  all  processor  communications  are  funnelled 
creates  a  bottleneck  which  acts  to  limit  the  infor- 
mation  throughput  rate.  Since  high  speed  and 
high  throughput  are  always  desirable  parameters 
in  any  computer  system,  there  is  a  need  to  provide 
a  multisystem  network  which  operates  in  a  rapid 
and  efficient  manner  to  accomplish  intersystem 
communications. 

Another  known  technique  for  networking  mul- 
tiprocessor  systems  together  involves  using  a 
number  of  processor-memory  pairs  connected  by 
a  hierarchical,  distributed  switching  structure. 
Clusters  of  the  processor-memory  pairs  communi- 
cate  with  one  another  via  a  "mapping"  processor 
which,  in  turn,  communicates  with  other  mapping 
processors  that  also  have  associated  therewith 
clusters  of  processor-memory  pairs.  Again,  as 
indicated  above,  the  mapping  processors  create  a 
bottleneck  which  acts  to  limit  information  trans- 
fers.  An  example  of  this  latter  technique  is  shown 
in  an  article  entitled  "The  CM*  Test  Bed",  Com- 
puter,  October,  1982,  Vol.  15,  No.10. 

Another  known  example  is  found  in  an  article 
entitled  "A  Fault  Tolerant  Local  Computer  Net- 
work",  (Proceedings  of  the  National  Electronics 
Conference,  Oakbrook,  Illinois,  4th  —  6th  October, 
1982,  Vol.  36,  pps.  328—333,  M.  T.  Liu,  et  al.),  in 
which  there  is  disclosed  a  distributed  double-loop 
computer  network  forming  a  fault-tolerant  local 
computer  network,  interconnecting  computers, 
terminals,  and  peripheral  devices  using  a  double- 
loop  structure.  This  system  suffers  from  problems 
similar  to  those  described  above. 

An  object  of  the  present  invention  is  to  provide  a 
multiprocessor  network  system  which  overcomes 
the  aforementioned  shortcomings  of  the  prior  art. 

The  present  invention  as  claimed  resides  in  a 

multisystem  network  in  which  any  processor  in 
any  system  may  communicate  with  any  other 
processor  in  any  one  of  the  systems  which  com- 
prise  the  network.  Each  multiprocessor  system,  or 

5  cluster,  has  associated  with  it  a  node  through 
which  it  is  linked  via  data  links  to  other  nodes 
associated  with  other  multiprocessor  systems. 

Each  node  is  an  interface  between  the  local 
interprocessor  bus  of  the  multiprocessor  system 

10  with  which  it  is  associated  and  the  data  links  which 
connect  the  systems  together  in  the  network. 
Besides  containing  the  circuitry,  firmware,  and 
software  to  manage  and  direct  the  transfer  of 
information,  each  node  contains  a  series  of  buffer 

15  memory  locations,  each  dedicated  to  a  particular 
processor  in  the  network  and  each  having  the 
capacity  to  store  a  plurality  of  packets  of 
information. 

Whenever  a  processor  in  any  system  in  the 
20  network  wishes  to  send  information  to  any  other 

processor  in  any  other  system  in  the  network,  it 
passes  that  information  from  the  sender  pro- 
cessor,  across  the  interprocessor  bus,  under  the 
control  of  the  node  to  one  of  the  buffer  memory 

25  locations  in  its  associated  node  which  corre- 
sponds  to  the  destination  processor.  Under  con- 
trol  of  the  node  the  information  is  then  passed 
through  the  data  link  to  the  adjacent  node  in  the 
network,  and  under  control  of  that  node,  is  then 

30  placed  in  one  of  the  locations  in  buffer  memory 
corresponding  to  the  destination  processor. 

The  information  is  passed  to  successive  nodes 
in  the  manner  just  described  until  it  is  recognized 
by  a  receiving  node  as  being  destined  for  a 

35  processor  in  the  multiprocessor  system  asso- 
ciated  with  that  receiving  node.  The  information  is 
passed  under  control  of  that  node,  from  the  buffer 
memory  location  in  which  it  has  been  placed  to  the 
destination  processor  via  the  local  interprocessor 

40  bus. 
The  nodes  of  the  present  invention  may  be 

connected  to  one  another  in  one  of  several 
manners,  including  linearly  in  an  open  chain 
arrangement,  a  star  or  hub  and  spoke  arrange- 

45  ment,  or  some  hybrid  combination  such  as  a 
redundant  connected  graph.  Each  multiprocessor 
system  may  be  associated  with  more  than  one 
node  in  order  to  provide  redundant  paths  to  make 
the  network  more  fault-tolerant. 

so  In  order  to  manage  the  flow  of  information 
through  the  network,  the  nodes  communicate  with 
their  adjacent  neighbours  to  indicate  the  avail- 
ability  of  buffer  space.  Start  and  stop  messages  are 
sent  to  ensure  that  the  buffer  space  allocated  to  a 

55  particular  destination  processor  in  any  given  node 
is  available  to  store  any  packets  of  information 
which  are  ready  to  be  passed  along  to  that  node. 
Packets  destined  to  a  given  processor  may  be 
sequentially  numbered  and  the  buffers  are  man- 

60  aged  in  a  FIFO  manner  to  allow  for  error  detection 
and  recovery. 

The  network  of  a  preferred  embodiment  of  the 
present  invention  consists  of  a  ring  of  clusters, 
each  of  which  is  itself  a  multiprocessor  system. 

65  Each  cluster  is  connected  to  two  cluster  modules, 
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ach  of  which  connects  to  two  otner  aajacenx 
sighbouring  cluster  modules  by  means  of  two 
idirectional  links,  forming  a  dual  bidirectional 
ng.  Any  processor  in  any  cluster  may  communi- 
ate  with  any  other  processor  im  any  cluster 
though  each  cluster  module  comunicates 
irectly  only  with  its  two  adjacent  neighbours. 
A  cluster  module  acts  as  an  interface  node  to 

annect  each  cluster  to  the  serial  data  links  and  to 
le  interprocessor  bus  (IPB)  of  the  local  system, 
ontained  in  each  interface  node  are  a  series  of 
uffer  memory  locations,  each  dedicated  to  a 
articular  processor  in  the  network  and  each 
aving  the  capacity  to  store  a  plurality  of  packets 
f  information.  Since  there  are  two  directions 
round  the  cluster  ring,  a  separate  set  of  buffers  is 
rovided  for  each  direction  (right  or  left)  around 
ne  ring.  Packets  for  any  processor  in  the  network 
re  sent  around  the  ring  in  a  given  direction 
uccessively  via  one  cluster  module  at  a  time.  At 
ach  cluster  module  the  packets  are  placed  in  the 
uffer  associated  with  the  destination  processor 
/hich  is  to  receive  the  message. 

Because  there  are  two  rings  and  two  possible 
lirections  around  each  ring,  there  are  four  poss- 
Dle  message  paths.  The  system  attempts  to  send 
he  messages  over  the  shortest  possible  route.  If 
here  is  a  failure  in  the  communications  path 
hosen,  the  system  will  send  the  message  over  an 
ilternate  functioning  route. 

In  order  to  efficiently  manage  the  communica- 
ions  between  processors,  the  buffer  memory 
:ontrol  circuitry  utilizes  upper  and  lower 
hresholds  in  buffer  capacity,  which  when 
eached  cause  the  cluster  module  controller  to  tell 
ts  neighbour  (and  its  local  interprocessor  bus)  to 
:ease  or  to  commence  the  sending  of  packets  for 
hat  particular  destination.  Packets  to  a  given 
jrocessor  are  sequentially  numbered  and  the 
juffers  are  managed  in  a  FIFO  manner  in  order  to 
allow  for  error  detection  and  recovery. 

An  algorithm  is  provided  to  select  which  inter- 
Drocessor  packets  to  send  at  any  given  time  in 
Drder  to  avoid  favouring  one  processor  or  group 
af  processors  over  others. 

The  preferred  embodiment  of  this  invention  will 
be  disclosed  for  use  in  conjunction  with  a  mul- 
tisystem  multiprocessor  machine  environment, 
smploying  multiprocessor  systems  of  the  type 
disclosed  in  U.S.  Patent  4,228,496  to  Katzman,  et 
al.,  to  which  reference  is  expressly  directed, 
although  it  will  be  apparent  to  those  skilled  in  the 
art  that  it  will  be  readily  applicable  to  other 
configurations  of  multiprocessor  systems. 

The  invention  is  described  further  hereinafter, 
by  way  of  example  only,  with  reference  to  the 
accompanying  drawings,  in  which: 

Figure  1  is  a  multiprocessor  system  of  a  type 
suitable  for  use  in  the  present  invention; 

Figure  2  is  a  multiprocessor  system  as  is  shown 
in  Figure  1,  but  modified  for  use  with  the  present 
invention; 

Figure  3  is  a  network  configured  as  a  ring  using 
multiprocessor  systems  as  shown  in  Figure  2; 

Figure  4  is  a  detailed  block  diagram  of  a  cluster 

muUUItj  wmuii  may  uc  uocu  ■  ■  ■  K . . . .  
invention; 

Figure  5  is  a  diagram  of  a  packet  format  which 
may  be  used  with  the  present  invention; 

Figure  6  is  a  flow  diagram  of  the  idle  loop 
routine  for  a  preferred  embodiment  of  the  present 
invention; 

Figure  7  is  a  flow  diagram  of  the  local  INQ 
service  routine; 

>  Figure  8  is  a  flow  diagram  of  the  local  OUTQ 
service  routine; 

Figure  9  is  a  flow  diagram  of  the  serial  INQ 
service  routine; 

Figure  10  is  a  flow  diagram  of  the  serial  OUTQ 
5  service  routine;  and 

Figure  1  1  is  the  IPB  controller  state  diagram  and 
transition  table. 

Figure  1  depicts  the  processors  and  inter- 
processors  communications  portion  of  a  muiti- 

o  processor  system  having  processors  10  each 
connected  to  an  X  interprocessor  bus  12  and  a  Y 
interprocessor  bus  14.  Each  of  the  interprocessor 
busses  12  and  14  is  connected  to  an  identical 
interprocessor  bus  controller  16  (IPB  controller) 

5  which  controls  the  data  flow  and  other  operations 
of  the  processors  10  in  the  manner  disclosed  in 
U.S.  Patent  4,228,496,  to  which  reference  is 
hereby  directed. 

As  is  apparent  from  Figure  1,  each  processor  10 
o  (Po  —  pn)  can  communicate  with  each  other  via 

either  of  interprocessor  busses  12  or  14,  which 
provide  redundant  paths  to  allow  the  system  to 
remain  in  operation  in  the  event  of  component 
failure  in  one  part  of  the  system.  For  purposes  of 

is  the  disclosure  of  the  preferred  embodiment,  the 
number  of  processors  in  each  individual  multi- 
processor  system  will  be  sixteen  (n  =  16).  How- 
ever,  those  skilled  in  the  art  will  recognize  that 
with  minor  modifications  of  instruction  word  field 

to  lengths,  register  lengths  and  other  obvious  hard- 
ware/software  changes  to  accommodate  other 
numbers  of  processors,  the  system  of  the  present 
invention  will  operate  with  any  number  of  pro- 
cessors  greater  or  smaller  than  sixteen. 

is  It  is  with  respect  to  the  multiprocessor  system 
of  the  type  depicted  in  Figure  1  that  the  present 
invention  will  be  described,  although  those  skilled 
in  the  art  will  recognize  that  the  invention  is 
equally  applicable  to  multiprocessor  systems  not 

50  providing  the  multiple  path  redundancy  of  the 
system  disclosed  in  the  U.S.  Patent  4,228,496.  It 
will  be  appreciated,  however,  that  such  a  network 
will  not  have  as  many  possible  data  paths. 

Referring  now  to  Figure  2,  the  basic  building 
55  block  of  a  system  network  built  according  to  the 

present  invention  is  depicted.  As  in  Figure  1,  the 
multiprocessor  system  of  Figure  2  contains  a 
plurality  of  processors  10  communicating  on  X 
and  Y  interprocessor  busses  12  and  14,  respec- 

60  tively.  Unlike  the  system  in  Figure  1,  however,  the 
multiprocessor  system  of  Figure  2  does  not  use 
an  IPB  controller  16  to  act  as  an  interface  for  both 
of  its  X  and  Y  interprocessor  busses  12  and  14. 
Instead,  at  each  of  the  X  and  Y  busses  12  and  14, 

65  each  multiprocessor  system  used  in  the  present 

o 
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invention  interfaces  to  the  network  via  X  and  Y 
cluster  modules  18  and  20.  X-cluster  module  18  is 
connected  to  the  X-bus  and  Y-cluster  module  20  is 
connected  to  the  Y-bus.  Segments  of  X-left  serial 
data  link  22  and  X-right  serial  data  link  24  can  be 
seen  running  from  X-cluster  module  18  and 
similar  segments  of  Y-left  and  right  serial  data 
links  26  and  28  can  be  seen  running  from  Y- 
cluster  module  20.  X-  and  Y-cluster  modules  18 
and  20  are  identical  in  structure  and  will  form  the 
basis  for  a  dual  ring  network. 

As  will  be  more  clearly  seen  with  reference  to 
Figure  4,  X-  and  Y-cluster  modules  18  and  20  each 
contain  an  interprocessor  bus  controller  (IPB  con- 
troller)  30  interfacing  directly  with  the  X  and  Y 
interprocessor  busses  12  or  14.  The  functioning  of 
IPB  controller  30  in  the  present  invention  is  the 
same  as  is  disclosed  in  U.S.  Patent  4,228,496  for 
the  interprocessor  bus  controller  disclosed 
therein  for  the  purposes  of  controlling  intra- 
system  local  interprocessor  bus  communications, 
except  in  the  following  three  respects. 

In  the  multiprocessor  system  disclosed  in  the 
U.S.  Patent  4,228,496,  individual  processors  10 
are  polled  in  sequence  to  ascertain  if  any  has  a 
message  to  send  to  other  processors  10.  This 
polling  sequence  is  initiated  by  the  IPB  controller 
when  a  signal  called  SNDREQ  is  received  by  the 
IPB  controller  from  the  control  bit  portion  of  the 
interprocessor  bus  indicating  that  a  processor  has 
a  packet  to  send  to  another  processor. 

In  the  present  invention,  the  SNDREQ  signal  is 
assumed  to  always  be  asserted.  The  result  is  that 
system  processors  are  constantly  polled  to  ascer- 
tain  if  any  has  a  packet  or  packets  to  send  to  any 
other  processor  in  the  same  system  or  any  other 
system  in  the  network.  Operation  of  this  aspect  of 
the  IPB  controller  30  and  cluster  module  18  will  be 
disclosed  more  fully  with  respect  to  Figure  4  and 
Figure  11. 

In  addition,  processors  are  preferably  polled  in 
a  nonsequential  manner  as  opposed  to  the 
sequential  manner  used  in  the  system  of  U.S. 
Patent  4,228,496,  although  a  sequential  polling 
scheme  would  also  function  in  the  present 
invention. 

The  third  difference  is  the  added  ability  of  the 
IPB  controller  of  the  present  system  to  send  and 
receive  packets  to  and  from  external  sources  as 
will  be  more  fully  disclosed  herein. 

The  multisystem  network  of  the  present  inven- 
tion  is  achieved  when  several  systems  of  Figure  2 
are  connected  together  to  form  a  network 
wherein  any  processor  in  the  network  is  capable 
of  communicating  with  any  other  processor  in  the 
network  at  a  high  rate  of  speed,  such  as  1 
megabyte/sec,  as  compared  with  the  typical 
speed  of  only  700O  bytes/sec  across  conventional 
communications  links.  Such  a  configuration  is 
depicted  in  Figure  3. 

Referring  how  to  Figure  3,  a  dual  bi-directional 
ring  configured  network  of  several  multi- 
processor  systems  is  shown,  comprising  pro- 
cessors  10  connected  to  X  and  Y  interprocessor 
busses  12  and  14,  terminated  in  interface  X-  and 

Y-cluster  modules  18  and  20.  Although  only  four 
of  such  systems  are  shown  in  Figure  3,  formed 
into  a  dual  bi-directional  ring  network  via  X- 
cluster  modules  18a,  18b,  18c  and  18n  and  Y- 

5  cluster  modules  20a,  20b,  20c  and  20n,  in  the 
presently  preferred  embodiment,  there  may  be  up 
to  fourteen  multiprocessor  systems  configured  in 
a  ring  structure  like  that  of  Figure  3,  since  cluster 
number  0  is  reserved  for  indicating  local  inter- 

10  processor  bus  transfers  and  cluster  number  15  is 
reserved  for  monitoring  and  controlling  cluster 
modules.  A  smaller  or  larger  number  of  multi- 
processor  systems  may  be  used  without  depart- 
ing  from  the  scope  of  the  present  invention. 

15  Those  skilled  in  the  art  will  readily  understand 
from  this  description  how  larger  or  smaller  num- 
bers  of  multiprocessor  systems  may  be  con- 
figured  according  to  the  present  invention. 

In  Figure  3,  one  ring  of  the  dual  ring  structure  is 
20  shown  having  as  its  nodes  the  X-cluster  modules 

18  and  the  other  is  shown  having  as  its  nodes  the 
Y-cluster  modules  20.  The  X-cluster  modules  are 
connected  together  by  serial  data  links,  the  X-left 
links  22a,  22b,  22c  and  22  d  and  the  X-right  links 

25  24a,  24b,  24c  and  24d.  As  suggested  by  its  name, 
each  of  the  links  22  and  24  transfers  data  only  in 
one  direction.  Similarly,  the  Y-cluster  modules  20 
are  connected  together  via  links,  Y-left  links  26a, 
26b,  26c  and  26d  and  Y-right  links  28a,  28b,  28c 

30  and  28d.  Thus,  it  can  be  seen  that  there  are  four 
paths  which  may  be  taken  for  information  to 
travel  from  one  cluster  module  to  another,  i.e.,  on 
any  one  of  links  22,  24,  26  and  28. 

Links  22,  24,  26  and  28  are  preferably  high 
35  speed  fibre  optic  cables  as  are  known  in  the  art  for 

data  transmission  use.  Such  cables  interface  with 
X  and  Y  cluster  modules  18  and  20  through  the 
use  of  fibre  optic  interfaces  (not  shown)  known  in 
the  art  for  such  uses.  Those  skilled  in  the  art  will 

40  understand  that  links  22,  24,  26  and  28  may  also 
be  electronic  lines  rather  than  fibre  optic  cables 
and  will  understand  the  use  of  either  without  the 
need  for  further  description  herein. 

Because  of  the  multiplicity  of  hardware  paths 
45  which  can  be  used  in  inter-cluster  communica- 

tion,  it  can  be  seen  that  not  only  is  a  more  reliable 
system  possible  due  to  the  redundancy  of  data 
paths  provided,  but  also,  as  will  be  shown,  the 
paths  can  operate  independently  and  may  be 

so  used  simultaneously  thus  providing  up  to  four 
times  the  throughput  which  would  be  possible  if 
only  a  single  ring  path  was  used. 

The  management  and  control  of  information 
which  is  travelling  inter-system  via  the  ring,  i.e., 

55  from  a  processor  10  in  one  system  to  another 
processor  10  in  another  system,  is  handled  by  the 
logic  and  intelligence  contained  within  the  cluster 
modules  18  and  20. 

Each  X-cluster  module  18  in  a  multisystem 
60  network  configured  according  to  the  present 

invention  directly  communicates  only  with  its  two 
adjacent  neighbour  cluster  modules.  For  instance, 
X-cluster  module  18b  shown  in  Figure  3  com- 
municates  only  with  X-cluster  module  18a  to  its 

65  immediate  left  and  X-cluster  module  18c  to  its 

4 
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mediate  right.  Likewise,  Y  -cluster  mouuie  ±vu 
mmunicates  directly  only  with  Y-cluster 
adules  20a  and  20c  to  its  immediate  left  and 
Iht. 
Since  both  X-  and  Y-cluster  modules  are  identi- 
I  and  function  in  an  identical  manner,  dis- 
jsure  of  the  operation  of  the  network  herein  will 
i  with  reference  only  to  X-cluster  modules  18,  it 
sing  understood  that  such  disclosure  is  equally 
iplicable  to  transfers  of  packets  in  either  direc- 
>n  around  the  Y-cluster  module  ring. 
Since  each  cluster  module  18  can  communicate 
rectly  only  with  its  two  adjacent  neighbours, 
rerly  complex  system  control  is  unnecessary, 
ny  cluster  module  18  may  communicate  by 
mding  and  receiving  packets  in  three  directions: 
ith  its  left-hand  neighbour,  with  its  right-hand 
sighbour,  and  with  the  processors  10  on  the 
cal  interprocessor  bus  12  to  which  it  is 
)nnected. 
By  way  of  example,  and  for  simplification, 

iference  to  cluster  module  18b  of  Figure  3  shows 
lat  it  may  send  packets  to  cluster  module  18a  via 
-left  serial  data  link  22b,  to  cluster  module  18c 
ia  X-right  serial  data  link  24c,  and  to  any  pro- 
sssor  10  on  its  own  local  X  interprocessor  bus 
2b. 
Since  any  processor  may  communicate  with 

ny  other  processor,  any  node  must  be  able  to 
andie  traffic  sent  by  and  destined  for  any  pro- 
essor,  and  some  means  must  be  provided  to 
fficiently  manage  this  enormous  potential  of 
lformation  transfer. 
In  the  present  system,  cluster  module  18b,  as 

lustrative  of  all  cluster  modules  18,  manages  all 
if  these  packet  transfers  via  an  internally-located 
luffer  memory.  The  buffer  memory  is  arranged 
o  that  each  processor  in  the  entire  ring  has  some 
pace  assigned  to  it  within  the  buffer  with  a 
opacity  for  a  fixed  number  of  packets.  Half  of  this 
:apacity  is  dedicated  to  transfers  in  the  left  direc- 
ion  and  half  is  dedicated  to  transfers  in  the  right 
iirection.  The  space  assigned  to  each  processor  is 
irranged  as  a  FIFO  queue  so  that  packets  destined 
or  any  given  processor  are  delivered  in  the  same 
sequence  that  they  are  sent.  A  single  sequence 
:heck  can  be  used  by  the  destination  processor  to 
ascertain  whether  it  has  received  all  packets  sent 
:o  it,  thus  providing  for  error  detection  and 
•ecovery. 

In  the  presently  preferred  embodiment,  the 
Duffer  memory  space  for  each  processor  in  the 
network  in  each  direction  around  the  ring  will 
accommodate  16  packets,  although,  as  will  be 
readily  recognized  by  those  of  ordinary  skill  in  the 
art,  with  appropriate  and  obvious  hardware  and 
software  changes,  provision  may  be  made  for  any 
smaller  or  larger  capacity.  This  feature  of  the 
invention  and  the  description  which  follows  may 
be  easily  understood  with  reference  to  Figure  4. 

From  an  examination  of  Figure  4,  cluster  mod- 
ule  18b  is  seen  to  consist  of  four  main  functional 
blocks,  IPB  controller  30,  cluster  module  con- 
troller  32,  buffer  memory  34,  and  serial  data  link 
controller  36. 

IMCs  II  l-»  wVUfciwiiwi  —  • 
transfers  between  processor  located  on  X  inter- 
processor  bus  12b  (local  transfers),  and  packet 
transfers  in  and  out  of  the  ring  to  and  from  any 
processor  on  interprocessor  bus  12b. 

Cluster  module  controller  32  manages  and  con- 
trols  all  packet  transfers  in  and  out  of  the  node 
comprising  cluster  module  18b,  in  conjunction 
with  buffer  memory  34.  It  also  controls  the  oper- 
ation  of  IPB  controller  30  with  respect  to  transfer 
of  packets  beyond  the  confines  of  the  processors 
located  on  interprocessor  bus  12b  and  the  trans- 
fer  of  packets  in  and  out  of  the  node  via  serial  data 
link  controller  36,  which  accomplishes  the  actual 
transfer  of  packets  between  the  node  and  serial 
data  links  22  and  24. 

The  operation  of  cluster  module  .18b  can  be 
best  understood  with  reference  to  its  function 
when  sending  and  receiving  packets. 

i  When  packets  are  to  be  moved  out  of  buffer 
memory  34,  they  have  two  possible  destinations, 
either  a  processor  on  local  X  interprocessor  bus 
12b  or  a  neighbouring  buffer  memory  34  in 
cluster  module  18a  or  18c. 

;  When  a  packet  is  to  be  sent  from  buffer 
memory  34  to  a  neighbouring  cluster  module  18a 
or  18c,  serial  data  link  controller  36  is  involved. 
Serial  data  link  controller  36  is  seen  to  include 
cluster  module  controller  interface  38,  as  well  as 

■)  other  hardware  for  transmitting  and  receiving 
packets. 

Specifically,  serial  data  link  controller  36 
includes  left  and  right  OUTQ  buffers  40  and  42 
respectively,  left  and  right  parallel  to  serial  con- 

5  verters  and  CRC  (cyclic  redundancy  check) 
generators  44  and  46,  respectively,  left  and  right 
transmitters  48  and  50  respectively,  left  and  right 
receivers  58  and  60  respectively,  left  and  right 
serial  to  parallel  converters  and  CRC  checkers  62 

o  and  64  respectively,  and  left  and  right  INQ  buffers 
66  and  68  respectively.  The  CRC  generator  gener- 
ates  a  CRC—  16  check  word,  for  error  detection 
purposes,  over  the  transmitted  data.  This  check 
word  is  transmitted  as  the  last  word  of  the  data 

is  frame.  A  CRC  checker  at  the  receiver  checks  that 
the  frame  received  is  error  free  by  computing  a 
CRC  word  across  the  entire  frame  (including  the 
transmitted  CRC  word)  and  verifying  that  the 
computed  word  is  zero.  CRC  checking  techniques 

;o  are  well  known  in  the  art. 
Since  the  left  and  right  portions  of  serial  data 

link  controller  36  are  identical,  reference  will  be 
made  to  the  left  portion  only,  with  the  under- 
standing  that  the  right  portion  functions 

55  identically. 
Packets  transferred  on  the  serial  data  links  are 

enveloped  within  a  frame.  In  addition  to  the 
packet,  each  frame  includes  two  control  words 
and  a  CRC  word.  The  control  words  are  used  for 

60  flow  control,  specifically  start  and  stop  messages. 
The  CRC  word  is  computed  over  the  entire  frame 
to  provide  for  detection  of  errors  in  the  trans- 
mission  of  the  frame  to  the  receiver.  There  is  one 
other  type  of  frame,  called  a  "control-only"  frame, 

65  which  in  place  of  a  data  packet  may  contain  16 
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additional  control  words  (for  a  total  of  18  control 
words  and  1  CRC  word).  Control-only  frames  may 
be  used  when  more  than  two  control  words  need 
to  be  sent  to  a  neighbour  at  any  given  time,  when 
any  control  words  need  to  be  sent  but  there  are 
no  data  packets  to  be  sent  or  periodically  when 
control  words  are  circulated  to  update  the  entire 
network.  In  a  preferred  embodiment,  a  control 
only  frame  is  sent  each  10-milliseconds,  needed 
or  not,  to  insure  against  possible  loss  of  a  start 
control  word. 

Left  OUTQ  buffer  may  be  a  double  buffer, 
having  capacity  to  store  two  packets  of  infor- 
mation  awaiting  transmission  over  left  serial  data 
link  22.  When  one  or  both  of  its  sections  is  empty, 
it  asserts  a  buffer-not-full  flag,  which  is  read  by 
cluster  module  controller  32.  When  both  sections 
of  left  OUTQ  buffer  40  are  full,  this  flag  is  not 
asserted  and  the  packets  it  contains  are  being 
transmitted,  as  will  be  disclosed  more  fully  later. 

When,  however,  left  OUTQ  buffer  40  has 
asserted  its  buffer-not-full  flag,  cluster  module 
controller  32  attempts  to  fetch  a  packet  from 
buffer  memory  34  to  fill  it  for  transmission  to  left 
serial  data  link  22.  For  this  purpose,  cluster  con- 

=■  trailer  32  uses  information  stored  in  its  control 
memory  52  in  a  "ready-list".  This  ready-list  may 
be  a  doubly  linked  list,  as  is  known  in  the  art, 
where  each  item  in  the  list  carries  a  reference 
address  to  the  previous  item  and  the  next  item  on 
the  list,  and  functions  as  follows. 

When  packets  have  arrived  into  cluster  module 
18b,  cluster  module  controller  32  examines  the 
packet  word  containing  identification  of  the  desti- 
nation  cluster  number  and  destination  processor 
number  assigned  to  the  packet.  These  numbers, 
combined  with  a  bit  indicating  the  direction  in 
which  the  packet  is  moving  around  the  ring,  are 
used  as  an  address  in  the  ready-list  in  control 
memory  52.  At  this  address  is  a  table  consisting  of 
a  series  of  memory  locations.  One  location  in  the 
table  is  a  buffer  memory  address  pointing  to  the 
oldest  packet  in  the  FIFO  queue  (head  of  the 
queue).  The  buffer  memory  address  pointing  to 
the  tail  of  the  FIFO  queue,  where  the  next  packet 
should  be  placed,  is  derived  by  adding  the  packet 
count  (described  next),  module  16,  to  the  head  of 
the  queue  pointer.  Another  location  in  the  table 
contains  a  record  of  the  number  of  packets 
(packet  count)  stored  in  buffer  memory  34  des- 
tined  for  the  particular  cluster  and  processor.  This 
number  is  incremented  by  cluster  module  con- 
troller  32  when  a  packet  is  placed  in  the  buffer 
memory  34. 

The  other  two  locations  contained  in  the  table 
in  the  ready-list  in  control  memory  52  contain  the 
address  in  control  memory  52  of  the  previous 
item  and  next  item  on  ready-list  in  control 
memory  52. 

Another  location  in  control  memory  52  holds  a 
pointer  called  "first-item",  referring  to  the 
address  of  the  first  item  on  the  ready-list.  It  is  to 
this  location  which  cluster  module  controller  goes 
when  it  wishes  to  place  a  packet  into  left  OUTQ 
buffer  40. 

At  that  location,  it  fetches  the  address  in  buffer 
memory  34  containing  the  packet  to  be  sent  (head 
of  the  queue  pointer),  goes  to  that  address  and 
takes  the  packet  and  transfers  it  to  left  OUTQ 

5  buffer  40,  decrements  the  packet  count,  adjusts 
the  head  of  the  queue  pointer,  and  sets  the  first- 
item  point  to  the  value  found  in  the  next  item 
location.  If  the  decremented  packet  count  has 
passed  the  lower  threshold  value,  cluster  module 

10  controller  32  generates  a  start  message  to  send  to 
its  left  hand  cluster  module  neighbour  and  resets 
the  appropriate  bit  in  the  INQ  STAT  table,  as  will 
be  described  below.  If  the  decremented  packet 
count  has  reached  zero,  cluster  module  controller 

is  32  removes  the  destination  cluster  and  processor 
from  the  ready-list,  since  it  has  nothing  to  send 
and  the  system  avoids  needless  polling. 

Since  left  OUTQ  buffer  40  is  a  double  buffer, 
cluster  module  controller  32  can  be  filling  half  of  it 

20  with  a  packet  while  left  CRC  generator  and  paral- 
lel  to  serial  converter  44  and  left  transmitter  48  are 
sending  the  packet  contained  in  the  other  half  of 
left  OUTQ  buffer  40.  Left  CRC  generator  and 
parallel  to  serial  converter  44  and  left  transmitter 

25  48  are  clocked  by  an  internal  transmit  clock  (not 
shown)  in  a  conventional  manner. 

If  a  control  word  in  an  incoming  frame  contains 
a  stop  message  from  the  immediate  left  hand 
neighbour  of  cluster  module  18,  this  stop  word  is 

30  recognized  by  cluster  module  controller  32,  which 
fetches  the  table  associated  with  the  destination 
cluster  and  processor  from  control  memory  52 
and  effectively  removes  it  from  the  ready-list.  This 
is  accomplished  in  the  manner  known  in  the  art 

35  for  removing  items  from  a  doubly  linked  list. 
Cluster  module  18b  is  also  capable  of  transmit- 

ting  a  packet  to  any  processor  on  its  own  local 
interprocessor  bus  12b.  ' 

When  such  a  packet  is  retrieved  from  buffer 
40  memory  34,  it  is  recognized  and  transferred  to  IPB 

controller  30  and  placed  in  the  location  in  OUTQ 
buffer  54  associated  with  a  particular  processor 
on  the  local  interprocessor  bus  12b.  Each  OUTQ 
buffer  location  has  a  single  packet  capacity  for 

45  each  processor  on  the  local  interprocessor  bus 
12b. 

Associated  with  OUTQ  buffer  54  is  OUTQ  STAT 
56,  a  register  having  one  bit  position  for  each 
location  in  OUTQ  buffer  54.  When  the  cluster 

so  module  controller  wants  to  transmit  a  packet  to  a 
processor  on  the  local  bus,  it  first  examines  the 
contents  of  OUTQ  STAT  register  bit  associated 
with  the  processor.  If  that  bit  is  set,  it  means  that 
the  corresponding  OUTQ  buffer  is  full  and  the 

55  cluster  module  controller  must  wait  until  its 
present  packet  has  been  transferred  to  the  local 
destination  processor  before  the  next  packet  may 
be  placed  in  that  location  in  OUTQ  buffer  54. 
Whenever  a  transfer  from  OUTQ  buffer  54  to  a 

60  local  destination  processor  takes  place,  its  corre- 
sponding  OUTQ  STAT  bit  is  reset  to  signal  its 
readiness  to  accept  another  packet  for  transfer  to 
a  local  destination  processor  via  local  inter- 
processor  bus  12b. 

65  Packets  arrive  at  cluster  module  18b  via  left  or 
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ght  receivers  58  and  bU  respecxiveiy,  ana 
rough  left  or  right  CRC  checker  serial  to  parallel 
)nverters  62  and  64  respectively.  Arriving  pack- 
:s  are  self-clocked  through  the  receivers  58  or 
),  having  been  formatted  in  Manchester  type 
)de  or  another  self-clocking  code  known  in  the 
1. 
Once  converted  to  parallel  form,  incoming  pac- 

3ts  are  placed  in  INQ  buffers  66  and  68.  INQ 
uffer  66  may  be  a  double  buffer,  configured  in 
lat  manner  so  that  one  portion  of  it  may  be 
lied  by  CRC  checker  serial  to  parallel  converter 
2  as  the  other  portion  is  being  emptied  by 
uster  module  controller  32.  INQ  buffer  68  is 
lentical  in  structure  and  in  function. 
Cluster  module  controller  32  reads  the  destina- 

on  cluster  and  processor  number  of  the  incom- 
lg  packet.  If  the  packet  is  not  destined  to  be 
assed  through  to  another  cluster  module  18, 
ut  is  destined  for  a  processor  10  on  the  local 
iterprocessor  bus,  as  determined  by  comparing 
ie  destination  cluster  number  of  the  packet  with 
ie  cluster  number  of  the  cluster  module,  several 
nings  occur.  A  local  IPB  status  list  is  accessed 
sing  the  processor  number  as  an  address.  The 
seal  IPB  status  list  contains,  for  each  local  pro- 
essor:  1)  address  in  buffer  memory  pointing  to 
he  oldest  packet  in  the  FIFO  queue,  and  2)  count 
if  the  number  of  packets  in  the  queue.  The 
ocket  is  stored  in  buffer  memory  34  at  the 
acation  specified  by  an  address  in  the  table 
ibtained  from  the  local  IPB  status  list,  and  the 
>acket  count  in  the  table  is  incremented.  If  the 
lew  count  has  passed  the  upper  threshold,  a 
;top  message  is  generated  to  be  sent  in  the 
ippropriate  direction  and  the  appropriate  bit  in 
he  INQ  STAT  table  is  set  as  will  be  described 
ater.  If  the  previous  packet  count  was  zero,  a  flag 
s  set  indicating  that  the  buffer  for  that  particular 
)rocessor  has  something  to.  send.  This  flag  is 
ocated  in  a  word  in  control  memory  52  which 
las  a  one  bit  flag  for  each  processor  on  the  local 
nterprocessor  bus  12b.  This  "local-ready"  flag 
word  indicating  what  local  processors  have  pack- 
3ts  to  be  received  from  the  cluster  module  is 
jsed  in  conjunction  with  the  OUTQ  STAT  word 
previously  described)  to  determine  when  to 
■ransfer  a  packet  from  buffer  memory  to  the 
DUTQ  for  a  particular  local  processor.  Each  time 
a  packet  is  transferred  from  buffer  memory  to  an 
OUTQ,  the  packet  count  (for  the  local  processor 
in  question)  in  the  local  IPB  status  list  is 
decremented.  When  the  packet  count  reaches 
zero,  the  flag  bit  for  the  processor  in  the  local- 
ready  flag  word  is  reset,  indicating  that  there  are 
no  longer  any  packets  to  send  to  that  local 
processor.  Also,  when  the  count  falls  below  a 
lower  threshold,  start  messages  are  generated 
(similar  to  transfers  on  the  serial  link). 

If  the  incoming  packet  is  destined  for  another 
cluster  module  18,  the  destination  cluster  and 
processor  number  is  used  as  an  address  to 
access  the  appropriate  table  in  the  ready-list  in 
control  memory  52.  The  packet  is  placed  in  the 
address  in  buffer  memory  34  specified  in  the 

reaUy-llsi  iduic,  emu  me  ûwi  i  ̂   >~ 
table)  is  incremented  by  cluster  module  con- 
troller  32.  If  the  number  of  packets  in  the  buffer 
now  exceeds  the  upper  threshold,  cluster  mod- 
ule  32  generates  a  stop  message  to  send  in  the 
direction  from  which  the  packet  came  and  sets 
the  appropriate  bit  in  the  INQ  STAT  table,  as  will 
be  described  below.  If  the  previous  number  of 
packets  in  storage  in  that  location  in  buffer 

)  memory  34  was  zero,  that  destination  cluster  and 
processor  for  which  the  incoming  packet  is  des- 
tined  is  not  on  the  ready-list,  so  cluster  module 
controller  32  inserts  it  into  the  doubly  linked 
ready-list  immediately  behind  the  location 

>  specified  by  the  pointer  indicating  the  first  item. 
If,  however,  there  has  been  a  stop  message  sent 
from  the  cluster  module  to  which  the  packet  is  to 
be  sent  next,  the  entry  will  not  be  made  to  the 
ready-list.  When  a  start  message  is  received  for  a 

9  particular  destination  processor,  that  processor 
will  then  be  put  on  the  ready-list,  provided  that 
the  packet  count  is  not  zero. 

Packets  are  also  generated  on  the  local  inter- 
processor  bus  12b  for  transmission  through  the 

5  ring.  They  are  handled  first  by  the  IPB  controller 
30. 

During  the  poll  cycle,  the  first  word  of  a  packet 
appears  on  the  interprocessor  bus  12b,  and  the 
IPB  controller  recognizes  it  as  a  request  for  an 

o  external  transfer  if  the  destination  cluster 
number  is  non  zero.  The  destination  cluster  and 
processor  number  are  used  by  the  IPB  controller 
as  an  address  into  an  INQ  STAT  table  70  located 
in  the  IPB  controller.  If  a  stop  message  has  been 

is  sent  with  respect  to  the  buffer  location  which  is 
the  intended  resting  place  for  the  packet,  a  bit 
will  be  set  at  the  address  in  the  INQ  STAT  table 
70  pointed  to  by  the  first  word  of  the  packet  and 
will,  when  recognized  at  this  time,  prevent  the 

to  transfer  from  taking  place.  No  transfer  of  packets 
to  INQ  buffer  72  can  take  place  while  cluster 
module  controller  32  is  addressing  INQ  STAT 
table  70. 

If,  however,  the  stop  bit  for  that  packet's  desti- 
15  nation  has  not  been  set  in  INQ  STAT  table  70,  the 

IPB  controller  looks  to  see  if  the  INQ  buffer  72  is 
full  by  examining  its  flag.  If  the  INQ  buffer  72  is 
full,  no  transfer  takes  place;  if  it  is  empty,  the 
packet  is  transferred  to  INQ  buffer  72  in  IPB 

so  controller  30  and  the  INQ  buffer-full  flag  is  set. 
This  flag  is  periodically  examined  by  cluster 
module  controller  32  and  if  it  is  found  to  be  set, 
the  contents  of  INQ  buffer  72  are  transferred  to 
the  appropriate  location  in  buffer  memory  34  and 

55  INQ  buffer  flag  is  reset.  The  ready-list  is  then 
updated  as  described  with  respect  to  packets 
being  received  from  the  serial  data  links  22  or  24. 

The  operation  of  IPB  controller  30  is  under  the 
discretion  of  state  machine  74,  which  is  more 

eo  fully  described  with  reference  to  Figure  11.  State 
machine  74  directs  the  transfer  of  packets  to  and 
from  interprocessor  bus  12. 

Understanding  of  the  present  invention  may 
be  facilitated  by  examination  of  the  manner  in 

65  which  hardware  and  software  co-operate  to 
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transfer  data  between  processors.  Transmissions 
of  data  from  a  processor  to  a  processor  in  another 
multiprocessor  system  are  initiated  and  accom- 
plished  under  software  control  by  means  of  the 
SEND  instruction. 

The  following  explanation  assumes  that  a  data 
block  is  to  be  sent  from  a  processor  10  in  the 
multiprocessor  system  (a)  of  Figure  3  to  a  pro- 
cessor  in  the  multiprocessor  system  (b). 

In  the  SEND  instruction,  a  processor  10  of 
Figure  3  reads  a  data  block  from  its  memory, 
breaks  it  up  into  packets  (see  Figure  5  for  packet 
format),  calculates  packet  checksum  words,  and 
transmits  the  data  block  one  packet  at  a  time  to 
either  of  cluster  modules  18a  or  20a.  Parameters 
supplied  to  the  SEND  instruction  specify  the  use 
of  the  X  (18a)  or  Y  (20a)  cluster  module,  the 
starting  packet  sequence  number,  the  direction  in 
which  the  packet  is  to  be  sent  around  the  ring,  the 
identity  of  the  receiving  cluster  module,  the  iden- 
tity  of  the  receiving  processor  within  the  multip- 
rocessor  system  connected  to  the  receiving  clus- 
ter  module,  the  starting  address  of  the  data  block 
in  memory,  the  number  of  bytes  in  the  data  block, 
and  the  initial  timeout  value  to  wait  for  the 
outqueue  67  of  Figure  2  of  U.S.  Patent  4,228,496 
to  become  available. 

For  a  packet  that  is  destined  for  a  processor 
within  a  different  cluster,  the  SEND  instruction  in 
the  processor  10  places  an  indication  of  the 
direction  in  which  to  send  the  packet  into  the  field 
identified  as  the  sender  cluster  field  (bits  0  to  3)  of 
word  0  of  the  packet  shown  in  Figure  5.  If  the 
packet  is  to  be  sent  to  the  left,  a  value  of  0  is 
placed  in  the  sender  cluster  field;  if  the  packet  is 
to  be  sent  to  the  right  a  value  of  1  is  placed  in  the 
field.  This  value  is  used  by  the  cluster  module  to 
determine  the  proper  direction  in  which  to  send 
the  packet.  Once  the  direction  is  determined  by 
the  cluster  module,  the  sender  cluster  field  (bits  0 
to  3)  of  word  0  of  the  packet  is  rewritten  with  the 
sender  cluster  number  which  is  known  to  the 
cluster  module. 

The  preferred  direction  in  which  a  packet  will 
travel  to  a  destination  processor  is  determined 
when  the  system  is  configured.  Thus,  the  pre- 
ferred  direction  will  depend,  in  part,  on  the 
geometry  of  the  network.  Obviously,  the  main 
determining  factor  will  be  the  path  length,  since  it 
is  preferable  to  send  packets  over  the  shortest 
path.  This  factor  is,  of  course,  tempered  by  traffic 
volume  considerations  since  the  designer  will 
wish  to  avoid  potential  slowdowns  by  balancing 
the  traffic  flow  among  the  various  paths. 

For  example,  in  a  ring  configuration  containing 
2n  cluster  modules,  the  designer  will  want  to  pick 
a  direction  which  has  any  packet  pass  through 
fewer  than  n  cluster  modules  before  it  reaches  its 
destination.  In  a  bi-directional  ring,  the  X  an  Y 
paths  should  be  chosen  at  random  to  balance 
traffic  between  them. 

These  selected  directions  are  placed  in  a  table 
in  each  processor  in  each  system  according  to 
destination  clusters.  When  a  packet  is  ready  to 
send  to  a  particular  cluster,  the  sending  processor 

uses  this  table  to  assign  a  direction  for  the  packet 
to  take.  Optionally,  a  compilation  of  error  infor- 
mation  may  be  used  to  alter  the  path  chosen  in  a 
given  direction,  or  the  direction  itself  if  too  many 

5  errors  indicate  a  path  malfunction. 
The  SEND  instruction  terminates  after  the 

entire  block  has  been  broken  into  packets  and 
transmitted;  thus,  the  sending  of  a  block  appears 
to  be  the  execution  of  a  single  instruction  from 

10  the  software  viewpoint,  although  this  instruction 
is  interruptible. 

The  receipt  of  data  by  a  processor  of  a  multi- 
processor  system  ((b)  of  Figure  3)  is  not  per- 
formed  by  means  of  a  software  instruction  since 

15  the  arrival  times  and  sources  of  data  packets 
cannot  be  predicted.  The  receiving  of  data  must 
be  enabled  but  cannot  be  initiated  by  the  receiver. 

The  processor  accepts  a  packet  from  the  X 
cluster  module  18b  or  the  Y  cluster  module  20b  by 

20  executing  a  bus  receive  microprogram  (reference 
115  of  U.S.  Patent  4,228,496)  which  takes  the 
received  data  packet  from  the  inqueue  section  of 
the  inter-processor  control  55  of  U.S.  Patent 
4,228,496,  verifies  the  correct  checksum  and 

25  sequence  number,  and  stores  the  data  in  a 
memory  buffer. 

The  reassembly  of  received  packets  into  blocks 
is  accomplished  using  bus  receive  table  entries  in 
memory.  A  bus  receive  table  entry  corresponds  to 

30  a  specific  multiprocessor  system  ((a)  of  Figure  3) 
and  processor  ((12a)  of  Figure  3)  within  that 
system.  The  bus  receive  table  entry  contains  a 
memory  address,  a  count  word,  and  an  expected 
sequence  number. 

35  As  each  data  packet  is  received,  the  bus 
microprogram  is  activated.  This  microprogram 
accesses  the  bus  receive  table  entry  that  corre- 
sponds  to  the  sending  multiprocessor  system  and 
processor  within  that  system.  If  the  received 

40  packet  contains  a  correct  checksum  and  if  its 
sequence  number  matches  the  expected 

..sequence  number  of  the  next  packet  to  be 
received,  then  the  data  words  of  the  packet  are 
stored  into  the  specified  area  and  adjustments  are 

45  made  to  the  area  address,  sequence  number,  and 
byte  count  in  the  bus  receive  table  to  prepare  for 
receipt  of  the  next  packet  in  sequence.  If  the  count 
has  reached  zero  or  any  error  is  detected,  a 
software  interrupt  is  caused. 

so  This  method  of  processing  the  received  packets 
permits  recovery  from  errors  in  the  transmission 
process  by  retransmission  of  the  entire  block  of 
data.  All  packets  that  are  duplicates  of  those 
packets  that  may  have  been  correctly  received 

55  during  a  previous  transmission  will  be  recognized 
as  being  out  of  sequence  and  will  not  be 
deposited  in  memory. 

Reliable  message  transmission  is  accomplished 
by  a  protocol  implemented  between  processors 

60  of  the  multiprocessor  system.  Each  transmission 
that  is  received  without  indication  of  error  is 
positively  acknowledged  by  a  subsequent  trans- 
mission  from  the  receiving  processor  to  the  send- 
ing  processor.  The  receipt  of  this  acknowledge- 

65  ment  at  the  sending  processor  confirms  to  the 
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snding  processor  that  the  transmission  was 
ideed  received. 
When  a  sending  processor  first  sends  a  trans- 

lission,  it  determines  a  time  by  which  the 
cknowledgement  should  have  been  received 
ased  upon  a  specified  time  interval.  If  no 
cknowledgement  has  been  received  by  the  pre- 
etermined  time,  then  a  retransmission  will  take 
lace  and  a  new  time  will  be  determined  based 
pon  the  same  specified  time  interval!  Thus, 
stransmissions  will  take  place  repeatedly  until  an 
cknowledgement  is  received  by  the  sending 
rocessor. 
Since  the  transmissions  may  be  sent  through 

ither  of  two  cluster  modules  (18a  and  20a),  and 
l  either  of  two  directions  (left  or  right),  there  are 
aur  possible  transmission  paths  that  may  be 
sed  im  sending  a  block  of  data  to  a  receiving 
irocessor.  When  a  sending  processor  initiates  the 
ttempt  to  transmit  a  data  block  to  a  receiver,  it 
elects  one  of  the  four  paths  according  to  certain 
tate  information  that  is  available  to  it.  This  state 
iformation  includes  the  definition  of  the  pre- 
erred  direction  (left  or  right)  that  is  built  into  the 
oftware  when  it  is  created,  and  the  number  of 
irrors  that  have  previously  occurred  on  each 
lath.  If  the  number  of  errors  exceeds  a  certain 
hreshold,  the  path  is  considered  down  and  is  no 
onger  used.  In  selecting  a  path,  an  attempt  is 
nade  to  choose  the  X  or  Y  bus  at  random  in  order 
o  achieve  a  more  even  distribution  of  traffic. 

When  the  sending  processor  has  not  received 
m  acknowledgement  from  the  receiving  pro- 
:essor  after  a  certain  time  interval  has  elapsed,  it 
selects  the  path  for  the  retransmission  attempt 
seconding  to  a  rule  built  into  the  system  intelli- 
gence.  The  rule  is  somewhat  arbitrary  and  can  be 
any  algorithm  which  efficiently  takes  into  account 
30th  the  same  state  information  referred  to  in  the 
areceding  paragraph  and  also  the  identity  of  the 
Dath  used  on  the  previous  transmission  attempt, 
rhis  rule  is  used  to  ensure  that  the  successive 
■etransmission  attempts  will  switch  through  ail 
Four  paths  in  some  sequence,  or  through  all 
available  paths  when  one  or  more  paths  is  down 
because  of  errors. 

In  a  presently  preferred  embodiment,  a  data 
block  is  sent  on  one  of  two  busses  in  a  given 
direction.  If  no  acknowledgement  is  received  in 
the  allotted  time,  retransmission  is  attempted. 
After  a  second  instance  of  no  acknowledgement, 
the  data  block  is  sent  on  the  other  bus  in  the  same 
direction.  After  two  instances  of  no  acknowledge- 
ment,  the  busses  in  the  other  direction  are  tried  in 
a  similar  manner.  This  process  is  repeated,  if 
necessary,  unless  it  is  clear  that  no  path  is 
functioning. 

In  the  event  that  transmission  of  a  block  of  data 
is  successful  but  the  acknowledgement  message 
from  the  receiver  is  not  successfully  transmitted 
back  to  the  transmitter,  the  retransmission 
attempts  that  are  initiated  by  the  transmitter  will 
cause  sequence  errors  to  occur  at  the  receiver 
since  the  packets  have  already  been  successfully 
received  and  the  bus  receive  table  sequence 

number  has  been  updated.  The  receiver  detecting 
the  sequence  errors  will  send  an  additional 
acknowledgement  packet  on  all  four  paths,  or  on 
all  available  paths  when  one  or  more  paths  is 

.  down  because  of  errors. 
Thus,  messages  can  be  successfully  transmit- 

ted  and  acknowledge  if  any  one  of  the  four  paths 
from  the  sender  to  the  receiver  and  any  one  of  the 
four  paths  from  the  receiver  to  the  sender  are 

j  functional. 
The  operation  of  cluster  modules  is  now 

described  in  detail,  in  conjunction  with  a 
presently  preferred  control  structure,  by  reference 
to  Figures  6  to  11.  Each  cluster  module  controller 

s  32  directs  operation  of  each  cluster  module  18  by 
repeatedly  examining  input  queues,  output 
queues,  and  an  interval  timer  (not  illustrated). 
Each  input  queue  is  serviced  when  it  becomes  full 
by  transferring  data  from  the  associated  input 

o  queue  to  the  buffer  memory  34.  Similarly,  each 
output  queue  is  serviced  when  it  becomes  empty, 
by  transferring  data  from  buffer  memory  34  to  the 
associated  output  queue.  Timer  services  are  per- 
formed  periodically  when  the  interval  timer 

5  triggers  an  interrupt. 
Buffer  memory  34  is  divided  into  fixed  length 

spaces  of  sixteen  packets  each.  Each  possible 
destination  processor  in  the  ring  is  allocated  two 
of  these  spaces  in  buffer  memory  34,  one  space 

o  for  each  of  the  two  directions  in  which  a  packet 
may  travel  to  any  destination  processor  10.  These 
spaces  in  buffer  memory  34  are  treated  as  FIFO 
queues  such  that  packets  are  sent  in  the  order  in 
which  they  are  received.  Each  queue  (space)  in 

is  buffer  memory  34  is  managed  by  the  cluster 
module  independent  of  the  state  of  any  other 
queue.  For  example,  a  cluster  module  handles 
packets  going  to  a  processor  in  the  left  direction 
completely  independent  of  any  packets  goingto 

to  that  same  processor  in  the  right  direction. 
The  cluster  module  controller  32  manages  the 

allocation  and  use  of  the  FIFO  queues  in  buffer 
memory  34.  In  order  to  manage  the  queues,  the 
cluster  module  controller  32  maintains  a  table  of 

is  information  in  its  control  memory  52  for  each 
queue  in  the  buffer  memory  34  (queue-control 
table).  Each  queue-control  table  contains  a  count 
of  the  number  of  packets  currently  in  the  asso- 
ciated  queue  (packet  count),  a  pointer  to  the 

50  oldest  packet  in  the  queue  (head  pointer),  and  a 
pointer  to  the  newest  packet  in  the  queue  (tail 
pointer).  The  location  of  the  queue  in  buffer 
memory  34  allocated  for  a  particular  destination 
processor  and  direction  is  determined  by  the 

55  cluster  and  processor  numbers  of  that  destination 
and  the  direction.  Likewise,  the  location  of  the 
associated  queue-control  tables  in  the  control 
memory  52  is  determined  by  cluster  and  pro- 
cessor  numbers  of  that  destination  and  the  direc- 

60  tion.  Those  skilled  in  the  art  will  recognize  that  the 
absolute  address  is  purely  a  matter  of  choice. 

When  a  packet  is  received  at  a  cluster  module, 
the  cluster  module  controller  32  locates  the 
proper  queue  in  the  buffer  memory  34  and  the 

65  proper  queue-control  table  in  control  memory  52 
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based  on  the  destination  cluster  and  processor 
numbers  and  the  direction  in  which  the  packet  is 
to  be  sent.  Before  placing  the  packet  into  the 
queue,  the  cluster  module  controller  32  incre- 
ments  the  packet  count.  If  the  new  packet  count 
exceeds  sixteen,  the  packet  is  discarded  and  the 
queue-control  table  in  control  memory  52  is  not 
altered.  If  the  new  packet  count  is  less  than  or 
equal  to  sixteen,  the  tail  pointer  is  incremented, 
modulo  16,  the  packet  is  placed  into  the  queue  at 
the  location  pointed  to  by  the  new  value  of  the  tail 
pointer,  and  the  tail  pointer  and  packet  count  in 
the  queue-control  table  are  updated  with  the  new 
values. 

When  a  packet  is  to  be  sent,  the  cluster  module 
controller  32  locates  the  proper  queue  in  the 
buffer  memory  34  and  the  proper  queue-control 
table  in  control  memory  52  based  on  the  destina- 
tion  cluster  and  processor  numbers  and  the  direc- 
tion  in  which  the  packet  is  to  be  sent.  The  cluster 
module  controller  32  then  removes  the  packet 
from  the  location  in  the  queue  pointed  to  by  the 
head  pointer,  increments  the  head  pointer,  mod- 
ulo  16,  decrements  the  packet  count,  and  updates 
the  queue-control  table  in  control  memory  52 
with  the  new  values. 

Thus,  the  contents  of  each  queue-control  table 
always  contains  the  correct  values  for  the  head 
pointer  (which  points  to  the  next  packet  in  that 
queue  to  send),  the  tail  pointer  (which  points  to 
the  last  packet  placed  into  that  queue),  and  the 
packet  count  (which  indicates  how  many  packets 
are  currently  contained  in  that  queue). 

The  cluster  module  controller  32  must  have  an 
efficient  method  for  selecting  the  next  packet  in 
the  buffer  memory  34  to  send.  This  may  be 
accomplished  by  maintaining  a  ready-list  as  pre- 
viously  described  in  the  form  of  a  doubly  linked- 
list  of  the  queue-control  tables  which  have  a  non- 
zero  packet  count.  The  preferred  method  is  to 
maintain  two  additional  types  of  tables  of  infor- 
mation  in  the  control  memory  52;  cluster  ready- 
to-send  tables  and  processor  ready-to-send  tab- 
les.  There  are  two  cluster  ready-to-send  tables, 
one  for  each  direction.  The  location  of  the  cluster 
ready-to-send  tables  in  control  memory  52  are 
determined  by  the  direction  in  which  the  packets 
are  to  be  sent  although  those  skilled  in  the  art  will 
recognize  that  the  absolute  address  assigned  is 
purely  a  matter  of  choice.  There  are  two  pro- 
cessor  ready-to-send  tables  for  each  possible 
cluster,  one  for  each  direction.  The  location  of  the 
processor  ready-to-send  tables  in  control 
memory  52  are  likewise  determined  by  the  cluster 
number  and  the  direction  in  which  the  packets  are 
to  be  sent. 

Each  ready-to-send  table  is  made  up  of  three 
parts:  a  packets-waiting  mask,  a  flow-control 
mask,  and  a  priority  mask.  There  is  a  one-to-one 
relationship  between  bits  in  each  mask  and  a 
particular  cluster  (or  processor  10)  number.  Each 
bit  in  the  packets-waiting  mask  indicates  if  there 
are  packets  in  buffer  memory  34  waiting  to  be 
sent  to  the  cluster  (or  processor  10)  number 
associated  with  that  bit.  Each  bit  in  the  flow- 

control  mask  indicates  the  flow  control  state 
(stopped  or  started  as  explained  below)  of  the 
cluster  (or  processor  10)  associated  with  that  bit. 
The  logical  product  (AND)  of  a  packets-waiting 

5  mask  and  a  flow-control  mask  is  a  ready-to-send 
mask  where  each  bit  in  the  ready-to-send  mask 
indicates  if  there  are  packets  in  buffer  memory  34 
that  can  currently  be  sent  to  the  cluster  (or 
processor  10)  associated  with  that  bit.  The  priority 

w  mask  is  used  to  indicate  at  which  bit  the  ready-to- 
send  mask  search  is  to  be  started.  In  the  priority 
mask,  the  bits  associated  with  the  last  cluster  (or 
processor  10)  for  which  a  packet  was  sent  and  all 
lower  numbered  clusters  (or  processors)  are  reset 

w  and  the  bits  associated  with  all  other  clusters  (or 
processors)  are  set.  Thus,  the  logical  product 
(AND)  of  the  ready-to-send  mask  and  the  priority 
mask  forms  a  mask  in  which  only  the  bits  asso- 
ciated  with  those  clusters  (or  processors)  num- 

20  bered  higher  than  the  last  cluster  (or  processor 
10)  sent  to  can  be  set. 

When  a  packet  is  placed  in  buffer  memory  34, 
the  bit  associated  with  the  packet's  destination 
processor  is  set  in  the  packets-waiting  mask  of  the 

25  processor  ready-to-send  table  associated  with  the 
packet's  destination  cluster  and  direction. 
Similarly,  the  bit  associated  with  the  packet's 
destination  cluster  is  set  in  the  packets-waiting 
mask  of  the  cluster  ready-to-send  table  associated 

30  with  the  direction  in  which  the  packet  is  to  be 
sent. 

When  a  packet  is  removed  from  buffer  memory 
34,  if  the  packet  count  for  the  queue  goes  to  zero, 
then  the  bit  associated  with  the  packet's  destina- 

35  tion  processor  is  reset  in  the  packets-waiting 
mask  of  the  processor  ready-to-send  table  asso- 
ciated  with  the  packet's  destination  cluster  and 
direction.  If  this  operation  results  in  a  packets- 
waiting  mask  with  no  bits  set  (there  are  no  more 

40  packets  waiting  to  be  sent  to  that  cluster),  then  the 
bit  associated  with  the  packet's  destination  clus- 
ter  is  reset  in  the  packets-waiting  mask  of  the 
cluster  ready-to-send  table  associated  with  the 
direction  in  which  the  packet  is  sent.  Also,  the 

45  ■  priority  masks  in  the  processor  and  cluster  ready- 
to-send  tables  are  set  to  indicate  to  which  destina- 
tion  processor  and  cluster  the  packet  is  being 
sent. 

The  use  of  the  ready-to-send  tables  can  best  be 
so  explained  using  an  example.  To  initiate  a  packet 

transfer,  the  cluster  module  controller  32  gets  the 
cluster  ready-to-send  table  for  the  appropriate 
direction  from  the  control  memory.  It  then  sear- 
ches  the  logical  product  of  the  ready-to-send  and 

55  priority  masks  sequentially  for  the  first  bit  which 
is  set  indicating  a  cluster  for  which  there  are 
packets  which  can  be  sent.  If  no  cluster  is  found 
by  searching  the  logical  product  of  the  ready-to- 
send  and  priority  masks,  then  the  ready-to-send 

60  mask  is  searched  in  a  similar  manner  to  find  a 
cluster  to  which  to  send.  Once  a  cluster  is 
selected,  the  processor  ready-to-send  table  asso- 
ciated  with  that  cluster  is  obtained  from  control 
memory  52  and  searched  in  a  similar  manner. 

65  When  the  destination  and  processor  have  been 

10 
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sleeted,  the  associated  FIKJ  queue  ana  queue- 
>ntrol  table  are  located,  the  packet  pointed  to  by 
e  tail  pointer  is  removed  from  the  queue,  and  the 
jeue-control  and  ready-to-send  tables  are 
jdated  as  previously  described. 
This  two-step  search  operation  implements  an 
fective  round-robin  priority  scheme  where  the 
st  cluster  (and  the  last  processor  within  a  cluster) 
snt  to  is  always  given  the  lowest  priority  for 
jnding  next.  Thus,  all  possible  destination  clus- 
srs  (and  processors  within  a  cluster)  are  given  a 
lir  share  of  the  available  serial  data  link 
andwidth. 
The  preferred  method  of  selecting  the  next 

acket  in  buffer  memory  34  to  send  to  was  chosen 
)  take  advantage  of  the  efficient  search 
apabilities  of  the  hardware  priority  encoderthat  is 
art  of  the  cluster  module  controller  32.  Those 
killed  in  the  art  will  recognize  that  the  previously 
escribed  ready-list  would  also  work. 
Because  packets  for  any  given  destination  may 

rrive  at  a  cluster  module  at  a  higher  rate  than  they 
re  leaving  that  cluster  module,  a  flow  control 
rotocol  is  required.  Flow  control  is  achieved 
sing  stop  messages,  start  messages,  and  the  INQ 
ITAT  table  70.  Associated  with  the  FIFO  queues  in 
iuffer  memory  34  are  two  constant  values  referred 
a  as  the  stop  threshold  and  the  start  threshold. 
Vhen  a  packet  is  placed  in  a  queue,  the  new  packet 
ount  is  compared  against  the  stop  threshold.  If 
he  new  pack  count  is  equal  to  or  greater  than  the 
top  threshold,  then  the  queue  is  considered  full 
ind  action  is  taken  to  stop  the  flow  of  packets  into 
hat  queue  (referred  to  as  stopping  the  destina- 
ion).  The  flow  of  packets  into  the  queue  from  the 
ocal  interprocessor  bus  is  stopped  by  setting  the 
)it  in  the  INQ  STAT  table  70  associated  with  the 
iestination.  The  flow  of  packets  into  the  queue 
rom  the  serial  data  link  is  stopped  by  sending  the 
appropriate  neighbour  cluster  module  a  stop 
nessage.  Stop  messages  are  normally  sent  in  the 
xmtrol  words  of  the  serial  linkframes  and  contain 
:he  cluster  and  processor  number  of  the  destina- 
:ion  which  is  to  be  stopped. 

When  a  packet  is  removed  from  a  FIFO  queue  in 
auffer  memory  34,  the  new  packet  count  value  is 
compared  to  the  start  threshold.  If  the  new  packet 
count  is  equal  to  the  start  threshold  and  the 
destination  has  been  previously  stopped,  then 
action  is  taken  to  start  the  flow  of  packets  into  the 
queue  (referred  to  as  starting  the  destination).  The 
flow  of  packets  into  the  queue  from  the  local 
interprocessor  bus  is  started  by  resetting  the  bit  in 
the  INQ  STAT  table  70  associated  with  the  destina- 
tion.  The  flow  of  packets  into  the  queue  from  the 
serial  data  link  is  started  by  sending  the  approp- 
riate  neighbour  cluster  module  a  start  message. 
Start  messages  are  normally  sent  in  the  control 
words  of  the  serial  link  frames  and  contain  the 
cluster  and  processor  number  of  the  destination 
which  is  to  be  started. 

Start  and  stop  messages  are  not  sent  imme- 
diately  but  are  queued  for  sending  in  a  special,  two 
word,  queue  associated  with  each  serial  data  link 
and  are  included  in  the  next  frame  sent  on  that 

be  I  Id  I  uaia  in  11  liicic  hio  nivi\*  *iiwh  w  ~—  ■  ■  —  ■ 
messages  to  be  sent  on  a  serial  data  link  or  there 
are  no  packets  waiting  to  be  sent  on  that  serial  data 
link,  then  a  control-only  frame  is  sent.  A  control- 
only  frame  is  a  frame  in  which  the  packet  data  is 
replaced  with  a  bit  map  which  represents  the  start/ 
stop  status  of  all  destination  processors  in  the 
direction  of  interest.  Control-only  frames  are  also 
sent  at  periodic  intervals  to  maintain  flow  control 

i  synchronization.  Thus,  if  a  start  message  is  lost 
due  to  a  transient  serial  data  link  error,  that 
destination  will  be  started  by  the  next  periodic 
control-only  frame. 

Because  control  messages  take  some  time  to  be 
>  sent  to  and  to  be  acted  on  by  the  neighbouring 

cluster  module,  the  stop  threshold  must  be  chosen 
to  be  less  than  the  actual  size  of  the  FIFO  queues. 
Also,  to  maximize  the  queue  utilization,  the  start 
threshold  is  chosen  to  be  greater  than  zero.  In  the 

?  presently  preferred  embodiment,  for  example, 
with  a  FIFO  queue  having  a  sixteen  packet 
capacity,  six  and  eight  were  chosen  as  the  start  and 
stop  thresholds  respectively. 

When  a  cluster  module  controller  32  receives  a 
5  stop  control  message,  it  resets  the  associated  bit  in 

the  flow-control  mask  of  the  associated  processor 
ready-to-send  table.  If  the  resultant  flow  control 
mask  is  all  zero  (indicating  that  all  processors  in 
that  destination  are  stopped),  then  the  associated 

o  bit  in  the  flow-control  mask  of  the  associated 
cluster  ready-to-send  table  is  reset.  When  a  cluster 
module  controller  32  receives  a  start  control 
message,  it  sets  the  associated  bit  in  the  flow 
control  mask  of  the  associated  processor  ready-to- 

s  send  table  and  the  associated  bit  in  the  flow 
control  mask  of  the  associated  cluster  ready-to- 
send  table.  When  a  cluster  module  controller  32 
receives  a  control-only  frame,  it  updates  the  flow 
control  masks  in  all  the  processor  and  cluster 

to  ready-to-send  tables  associated  with  the  direction 
from  which  the  frame  came. 

In  a  preferred  embodiment,  there  is  a 
mechanism  to  deal  with  "runaway"  packets.  A 
"runaway"  packet  is  is  one  which  has  gone  all  the 

t5  way  around  the  network  and  remains  unclaimed. 
The  runaway  packet  mechanism  operates  as 

follows.  When  a  packet  is  taken  from  the  local 
interprocessor  bus  12,  its  destination  cluster 
number  (see  Figure  5)  is  replaced  with  a  bit  field 

50  which  is  initialized  to  zero.  Each  time  the  packet  is 
received  at  a  cluster  in  the  ring,  this  bitfield  value  is 
read  and  incremented.  If  the  value  read  is  equal  to 
or  exceeds  the  number  of  clusters  in  the  network, 
i.e.,  the  packet  has  visited  all  clusters  and  remains 

55  unclaimed,  it  is  discarded. 
Referring  now  to  Figures  6  to  11,  a  presently 

preferred  cluster  module  operational  sequence  is 
depicted.  Upon  system  startup,  an  initialization 
routine  (not  shown)  is  performed  which  initializes, 

60  registers  and  tables,  clears  flags,  and  initializes  all 
processor  control  or  cluster  control  structures,  in 
the  typical  manner  for  initialization  well  under- 
stood  in  the  art.  It  sets  the  INQ  STAT  table  70  in  the 
IPB  controller  30  to  accept  packets  for  all  valid 

65  destination  addresses. 
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Referring  first  to  Figure  6,  an  idle-loop  102  is 
entered,  which  repeatedly  polls  each  trigger  item 
or  resource  in  the  loop  in  turn.  The  service 
associated  with  the  resource  is  performed  if 
necessary. 

The  left  serial  INQ  check  1  04  tests  the  flag  in  left 
serial  INQ  buffer  66  to  see  if  it  is  full  indicating  that 
the  left  serial  INQ  needs  servicing.  If  so,  the  left 
serial  INQ  service  routine  105  is  performed  and 
the  loop  is  continued. 

The  right  serial  INQ  check  106  next  tests  the  flag 
in  right  serial  INQ  buffer  68  to  see  if  it  is  full 
indicating  that  the  right  serial  INQ  needs  servic- 
ing.  If  so,  the  right  serial  INQ  service  routine  107  is 
performed  and  the  loop  is  continued. 

The  timer-runout  check  108  next  tests  to  see  if 
an  internal  interval  timer  has  counted  down  to 
zero.  If  so,  the  timer-runout  service  routine  109  is 
performed  which  includes  sending  "control-only" 
frames  at  those  intervals,  and  the  idle-loop  102  is 
then  re-entered.  If  not,  the  loop  is  continued. 

The  left  serial  OUTQ  check  110  next  tests  to  see 
if  the  left  serial  OUTQ  buffer  40  is  empty  by 
examining  its  flag.  If  so,  the  left  serial  OUTQ 
service  routine  111  is  performed,  and  the  idle- 
loop  102  is  re-entered.  If  not,  the  loop  is 
continued. 

The  right  serial  OUTQ  check  112  next  tests  to 
see  if  the  right  serial  OUTQ  buffer  42  is  empty  by 
examining  its  flag.  If  so,  the  right  serial  OUTQ 
service  routine  113  is  performed,  and  the  idle- 
loop  102  is  re-entered.  If  not,  the  loop  is 
continued. 

The  local  INQ  check  114  next  tests  to  see  if  the 
local  INQ  buffer  72  is  full  by  examining  its  flag.  If 
so,  the  local  INQ  service  routine  115  is  performed, 
and  the  idle-loop  102  is  re-entered.  If  not,  the  loop 
is  continued. 

The  left  local  OUTQ  check  116  next  tests  to  see 
if  there  are  left-direction  packets  for  a  particular 
processor  whose  local  OUTQ  buffer  54  is  empty.  If 
so,  the  left  local  OUTQ  service  routine  117  is 
performed,  and  the  idle-loop  102  is  re-entered.  If 
not,  the  loop  is  continued. 

The  right  local  OUTQ  check  1  18  tests  if  there  are 
right-direction  packets  for  a  particular  processor 
whose  local  OUTQ  buffer  54  is  empty.  If  so,  the 
right  local  OUTQ  service  routine  119  is  per- 
formed,  and  the  idle-loop  102  is  re-entered.  If  not, 
the  loop  is  continued. 

The  idle-loop  102  is  re-entered  each  time  it 
terminates. 

Although  only  one  idle-loop  102  is  described,  in 
a  presently  preferred  embodiment  several  idle- 
loops  are  executed  to  prevent  overly  concentrat- 
ing  on  service  requests  which  are  tested  for 
earlier  in  the  loop.  Once  a  resource  has  been 
serviced,  rather  than  re-entering  the  original  idle- 
loop  102,  the  steps  which  service  both  serial 
outqueues  111  and  113,  the  inqueue  115,  and 
local  outqueues  117  and  119  are  permutated. 
Similar  loops  are  entered  which  perform  the 
same  services  but  in  a  different  order,  except  for 
the  three  tests  104,  106  and  108,  which  are  always 
tested  first.  This  has  the  effect  of  dynamically 

revising  the  priority  of  each  service  so  as  to 
assure  equal  attention  to  each  resource. 

Referring  now  to  Figure  7,  a  flow  chart  for  the 
local  INQ  service  routine  115  is  depicted. 

5  The  special-function  .check  201  examines  the 
incoming  packet  to  test  for  a  packet  which 
requests  a  special  function.  If  so,  the  service 
routine  terminates  and  the  special-function 
routine  202  is  executed.  If  not,  the  service  routine 

10  continues. 
The  storage-overrun  check  203  next  examines 

the  queue  control  table  allocated  to  the  destina- 
tion  processor  for  the  incoming  packet  to  test  for 
a  storage  overrun,  i.e.,  a  packet  count  greater  than 

w  16.  If  so,  the  storage-overrun  error-count  is 
incremented  at  step  204,  and  the  service  routine  is 
terminated  since  there  is  no  available  space  in 
FIFO  queue  in  buffer  memory  34.  If  not,  the 
service  routine  continues.  This  error  count  may 

20  optionally  be  used  to  perform  diagnostics. 
The  packet  frame  is  next  moved  from  the  INQ 

buffer  72  into  the  FIFO  queue  in  buffer  memory 
34,  at  step  205,  and  the  packet  is  added  to  the 
ready-to-send  tables  at  step  206. 

25  The  flow-control  check  207  examines  the  pac- 
ket-count  in  queue  control  table  to  determine  if  it 
is  equal  to  or  greater  than  the  stop  threshold.  If 
so,  at  step  208  the  previously-described  actions  to 
stop  the  destination  are  taken. 

30  The  INQ  service  routine  is  then  terminated. 
Referring  now  to  Figure  8,  the  local  OUTQ 

service  routine  117  (left)  or  1  19  (right)  is  depicted. 
The  rotating  priority  encoder  is  used  to  select 

.an  OUTQ  which  is  empty  and  which  has  pending 
35  packets'  at  step  211.  The  proper  packet  is  then 

moved  from  the  FIFO  queue  in  buffer  memory  34 
to  the  selected  OUTQ  at  step  212. 

At  this  point,  a  parity  check  213  may  be  used  to 
test  for  a  parity  error.  If  an  error  exists,  an  optional 

40  parity  error-count  (useful  for  diagnostics)  in  con- 
trol  memory  52  may  be  incremented  at  step  214; 
otherwise,  a  bit  in  the  OUTQ  STAT  register  56 
corresponding  to  the  destination  processor  is  set 
at  step  215.  The  queue  control  table  for  the 

45  destination  processor  is  then  updated  at  step  216. 
The  empty-queue  check  217  examines  the 

queue  control  table  to  test  for  an  empty  FIFO 
queue.  If  so,  at  step  218  the  destination  processor 
ready-to-send  table  is  updated  as  previously 

so  described  and  the  local  INQ  service  routine  ter- 
minates,  if  not,  the  service  routine  continues. 

The  flow-control  check  21  9  tests  to  see  if  the 
packet  count  is  equal  to  the  start  threshold.  If  so, 
at  step  220  the  previously  described  actions  to 

55  start  the  destination  are  taken,  and  the  local 
OUTQ  service  routine  is  terminated. 

Referring  now  to  Figure  9,  the  serial  INQ  service 
routine  is  shown. 

The  control-only  check  221  examines  the  packet 
60  to  test  for  a  control-only  frame.  If  so,  the  flow 

control  masks  are  updated  at  step  223  and  the 
serial  INQ  service  routine  is  terminated.  If  not,  the 
service  routine  continues. 

The  storage-overrun  check  226  next  examines 
65  the  queue  control  table  allocated  to  the  destina- 

12 
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on  processor  for  the  incoming  packet  to  test  tor 
storage  overrun,  i.e.,  a  packet  count  greater 

lan  16.  If  so,  an  optional  storage-overrun  error- 
aunt  useful  for  diagnostics  may  be  incremented 
t  step  227;  incoming  control  words  are  pro- 
sssed,  and  the  serial  INQ  service  routine  ter- 
linates.  If  not,  the  service  routine  continues. 
The  runaway-packet  check  228  examines  the 

acket  to  test  if  the  packet  is  visiting  its  16th 
ode.  If  so,  the  packet  is  discarded  and  an 
ptional  runaway-packet  error-count  useful  for 
iagnostics  may  be  incremented  at  step  229, 
icoming  control  words  are  processed,  and  the 
erial  INQ  service  routine  terminates.  If  the  pac- 
et  is  not  a  runaway  packet,  the  service  routine 
ontinues. 
The  packet  frame  is  moved  from  the  serial  INQ 

iuffer  66  or  68  into  the  FIFO  in  buffer  memory  34 
t  step  230. 
The  queue  control  table  is  updated  at  step  235. 
The  flow-control  check  236  tests  if  there  are 

nore  packets  queued  in  the  buffer  area  than  the 
top  threshold.  If  so,  the  previously  described 
iction  to  stop  the  destination  is  taken. 

The  packet  is  linked  into  the  ready-to-send 
ables  and  updated  as  previously  described  at 
:tep  238. 

Incoming  control  words  are  processed  at  step 
!39  and  the  serial  INQ.  service  routine  is 
erminated. 

Referring  now  to  Figure  10,  the  serial  OUTQ 
service  routine  for  either  of  the  left  or  right 
DUTQ  is  depicted. 

The  resync  check  241  tests  if  there  are  more 
ban  two  control  words  to  be  sent,  or  if  the 
esync  interval  timer  has  run  out.  In  a  preferred 
smbodiment,  this  interval  is  10  milliseconds.  If 
jither  condition  is  met,  a  "control-only"  frame  is 
sent  at  step  242,  and  the  serial  OUTQ  service 
•outine  is  over.  If  not,  the  routine  continues. 

The  round-robin  priority  scheme  is  used  to 
select  a  cluster  and  processor  at  step  243.  If  there 
s  either  no  cluster  to  select  or  no  processor 
within  that  cluster  to  select,  the  control-word 
check  245  is  invoked.  The  control-word  check  245 
tests  if  there  are  control  words  in  the  control 
word  queue  to  be  sent.  If  so,  two  control  words 
are  sent  with  no  packet  at  step  246.  The  service 
routine  is  then  over.  If,  however,  a  cluster  and 
processor  is  chosen,  the  service  routine  con- 
tinues. 

The  selected  packet  is  then  moved  from  the 
FIFO  queue  in  buffer  memory  34  to  the  serial 
OUTQ  buffer  40  or  42.  Control  words  are  added 
from  the  control  word  queue.  The  queue-control 
tables  are  them  updated  at  step  247. 

The  memory-parity  check  248  tests  for  a  buffer 
memory  parity  error.  If  an  error  is  detected,  an 
optional  memory-parity  error-count  useful  for 
diagnostics  may  be  incremented  at  step  249,  and 
two  control  words  are  sent  with  no  packet  at  step 
250.  Otherwise,  the  frame  is  sent  at  step  251. 

The  packets-remaining  check  252  tests  for 
remaining  packets  in  the  FIFO  queue.  If  there  are 
none,  the  ready-to-send  tables  are  updated  at 

Step  <iOo  ana  uie  senai  uu iu   seivioe  iuuumg  ^  
over. 

Otherwise,  the  routine  continues. 
The  flow-control  check  254  tests  to  see  if  the 

packet  count  is  equal  to  the  start  threshold.  If  so, 
at  step  255  the  previously  described  action  for 
starting  a  destination  is  taken. 

The  serial  OUTQ  service  routine  is  then  over. 
The  IPB  controller  30  controls  information 

o  transfers  between  pairs  of  local  processors  and 
between  local  processors  and  the  cluster  mod- 
ule.  It  is  attached  to  the  IPB  bus  and  is  directly 
connected  to  the  cluster  module.  Control  lines 
are  used  to  transmit  control  signals  between  the 

5  IPB  controller  and  local  processors  and  between 
the  IPB  controller  and  the  cluster  module  con- 
troller. 

Data  from  one  local  processor  to  another  is 
moved  by  a  method  much  like  that  of  U.S.  Patent 

o  4,228,496.  When  a  processor  is  selected  to  trans- 
mit  a  packet,  it  places  the  packet's  destination 
address  on  the  IPB.  The  local  destination  pro- 
cessor  is  then  ordered  to  receive  a  packet  from 
the  IPB.  The  local  source  processor  'then  moves 

5  the  packet,  via  the  IPB,  to  the  local  destination 
processor. 

Data  from  a  local  processor  to  the  cluster 
module  is  moved  from  the  local  source  pro- 
cessor  to  the  IPB  controller's  INQ  buffer  72.  The 

to  INQFULL  flag  is  set,  signalling  the  cluster  module 
that  a  packet  is  ready.  The  cluster  module  then 
moves  the  packet  to  buffer  memory  34  and 
resets  the  INQFULL  flag. 

Data  from  the  cluster  module  to  a  local  pro- 
(5  cessor  is  first  moved  by  the  cluster  module  from 

buffer  memory  34  into  the  local  processor's 
associated  OUTQ  buffer  54.  The  associated  flag 
in  the  OUTQ  STAT  register  56  is  set,  signalling 
the  IPB  controller  that  a  packet  is  ready.  The 

to  destination  local  processor  is  ordered  to  receive 
a  packet  from  the  IPB.  The  IPB  controller  then 
moves  the  packet,  via  the  IPB,  to  the  destination 
local  processor. 

Flow  control  between  local  processors  and  the 
45  cluster  module  is  used  to  prevent  overflow  of  the 

FIFO  queues  in  buffer  memory  34.  The  INQ  STAT 
register  70  is  used  to  signal  the  IPB  controller 
which  FIFO  queues  are  switched  on  or  off.  Each 
bit  in  the  INQ  STAT  register  70  indicates  a  desti- 

50  nation  processor  and  direction  in  the  network; 
when  the  bit  is  set,  the  IPB  controller  refuses  any 
packets  addressed  to  that  processor  and  network 
direction. 

Referring  now  to  Figure  ila,  the  IPB  controller 
55  state  diagram  is  depicted. 

The  control  logic  for  the  IPB  controller  is 
implemented  as  a  state  machine  with  six  states. 
These  are  called  STDSEND  300,  POLL  302, 
OQSEND  304,  RCVRSEL  306,  OQRCVRSEL  308 

60  and  SEND2INQ  310.  Fourteen  transitions  (T  —  1  to 
T—  14  illustrated  in  Figure  lib)  are  defined  which 
indicate  when  a  state  change  should  occur. 

In  the  POLL  state,  no  information  transfers  are 
taking  place.  The  IPB  controller  polls  each  .local 

65  processor  in  turn  for  a  request  to  send  a  packet 
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{signal  SNDACK)  and  its  ability  to  receive  a  packet 
(signal  RCVACK).  It  also  tests  the  local  processor's 
associated  bit  in  the  OUTQ  STAT  register  56 
(signal  OUTQFULL). 

If  RCVACK  and  OUTQFULL  are  both  asserted 
(i.e.,  there  is  a  packet  from  the  cluster  module 
which  the  local  processor  can  receive),  transition 
T-10  to  OQRCVRSEL  state  is  triggered.  A  transfer 
from  the  cluster  module  is  initiated.  If  either 
RCVACK  or  OUTQFULL  is  negated  (i.e.,  there  is  no 
packet  or  the  local  processor  cannot  receive  it), 
the  IPB  controller  tests  for  signal  SNDACK. 

If  SNDACK  is  asserted  (i.e.,  the  local  processor 
has  a  packet  to  send),  the  local  processor  will 
assert  the  packet  destination  address  onto  the 
IPB.  The  IPB  controller  receives  this  address  and 
triggers  T—  6  to  the  RCVRSEL  state.  A  transfer 
from  the  local  processor  is  initiated.  Otherwise, 
transition  T—  14  is  triggered  and  the  IPB  controller 
continues  on  to  poll  the  next  local  processor. 

In  the  OQRCVRSEL  state,  a  transfer  from  the 
cluster  module  is  about  to  occur.  The  IPB  con- 
troller  selects  the  polled  local  processor  and 
asserts  RCVCMD.  If  the  local  processor  responds 
with  RCVACK,  transition  T—  1  1  to  the  OQSEND 
state  is  triggered.  Otherwise,  transition  T  —  9  to 
the  POLL  state  is  triggered. 

In  the  OQSEND  state,  a  cluster  module  to  local 
processor  transfer  is  in  progress.  Sixteen  words 
of  data  from  the  OUTQ  buffer  are  asserted  onto 
the  bus  and  received  by  the  local  processor.  The 
IPB  clock  88,  located  in  the  IPB  controller  30, 
generates  a  clock  signal  which  repeatedly  triggers 
transition  T  —  4  to  perform  this  function.  When  the 
transfer  is  complete,  transition  T-3  to  the  POLL 
state  is  triggered. 

In  the  RCVRSEL  state,  a  transfer  from  the  local 
processor  is  about  to  occur.  The  IPB  controller 
examines  the  cluster  number  in  the  previously 
asserted  destination  address. 

If  it  is  zero,  indicating  a  local  transfer,  the  IPB 
controller  will  select  the  destination  local  pro- 
cessor  and  assert  RCVCMD.  On  a  RCVACK 
response,  transition  T—  5  to  STDSEND  is  trig- 
gered;  otherwise  transition  T—7  to  the  POLL  state 
is  triggered. 

If  the  cluster  number  is  non  zero,  indicating  a 
network  transfer,  the  IPB  controller  will  check  its 
ability  to  receive  the  packet  for  the  cluster  module 
(signal  INQFULL)  and  the  flow  control  status  for 
the  destination  processor  (signal  1NQSTAT,  the 
associated  flag  in  the  INQ  STAT  table).  If  both 
INQFULL  and  INQSTATare  negated  (i.e.,  the  input 
buffer  is  not  full  and  no  stop  message  has  been 
sent),  transition  T—  12  to  the  SEND2INQ  state  is 
triggered.  If  either  INQFULL  or  INQSTAT  is 
asserted  transition  to  the  POLL  state  T—  7  is 
triggered. 

In  the  STDSEND  state,  a  local  processor  to  local 
processor  transfer  is  in  progress.  Sixteen  words 
of  data  from  the  sender  local  processor  are 
asserted  onto  the  bus  and  received  by  the  desti- 
nation  local  processor.  The  IPB  clock  88,  located 
in  the  IPB  controller  30,  generates  a  clock  signal 
which  repeatedly  triggers  transition  T  —  1  to  per- 

form  this  function.  When  the  transfer  is  complete, 
transition  T—  2  to  the  POLL  state  is  triggered. 

In  the  SEND2INQ  state,  a  local  processor  to 
cluster  module  transfer  is  in  progress.  Sixteen 

5  words  of  data  from  the  sender  local  processor  are 
asserted  onto  the  bus  and  received  by  the  INQ 
buffer.  The  IPB  clock  88,  located  in  the  IPB 
controller  30,  repeatedly  triggers  transition  T—  13 
to  perform  this  function.  When  the  transfer  is 

10  complete,  transition  T—  8  to  the  poll  state  is 
triggered. 

Figure  11b  is  a  table  showing  the  conditions 
which  trigger  each  of  the  state  transitions  T—  1 
through  T—  14.  In  each  case,  the  first  term  in  the 

15  logic  equation  is  the  present  state.  The  term 
CNT15  refers  to  the  number  of  words  in  a  packet 
(see  Figure  5)  which  are  kept  track  of  during 
transmission  and  receipt  of  packets  in  order  to 
keep  the  system  in  synchronization. 

20  Although  the  invention  has  been  disclosed  with 
respect  to  a  preferred  embodiment,  those  skilled 
in  the  art  will  recognize  from  the  present  descrip- 
tion  that  other  embodiments  of  the  present  inven- 
tion  may  be  configured  without  departing  from 

25  the  scope  of  the  invention  as  defined  by  the 
appended  claims. 

Claims 

30  1.  A  network  for  interconnecting  a  plurality  of 
multiprocessor  systems  (a,  b,  ...,  n),  each  of  the 
multiprocessor  systems  containing  at  least  one 
processor  (10)  connected  to  an  interprocessor  bus 
(12,  14),  the  network  being  characterized  by: 

35  a  plurality  of  node  interfaces  (18,  20),  each 
connected  to  a  respective  one  of  the  inter- 
processor  buses  (12,  14),  and  connected  to  each 
other  in  the  form  of  a  ring  by  a  data  link  (22,  24, 
26,  28); 

40  a  buffer  memory  (34)  in  each  of  the  node 
interfaces  (18,  20),  having  a  plurality  of  storage 
locations  for  temporarily  storing  message  packets 
to  be  transferred  to  any  one  of  said  processors  in 
said  network,  said  storage  locations  being  par- 

45  titioned  into  groups  of  storage  locations,  each 
one  of  said  groups  corresponding  to  a  particular 
one  of  said  processors  in  the  network  which  is  the 
destination  processor  for  all  of  said  message 
packets  placed  at  locations  therein; 

so  control  means  (32)  in  each  of  said  node  inter- 
faces  for  controlling  the  transfer  of  said  message 
packets  into  the  buffer  memory  (34)  in  its 
respective  node  interface  (18,  20)  from  the  data 
link  (22,  24,  26,  28)  connecting  the  respective 

55  interface  node  to  its  adjacent  neighbour  interface 
node  and  from  the  interprocessor  bus  connected 
to  the  respective  interface  node,  and  for  control- 
ling  the  transfer  of  said  message  packets  out  of 
the  buffer  memory  (34)  in  the  respective  node 

60  interface  (18,  20)  to  the  data  link  (22,  24,  26,  28) 
connecting  the  respective  interface  node  to  its 
adjacent  neighbour  interface  node  and  to  the 
interprocessor  bus  connected  to  the  respective 
interface  node;  and 

65  means,  in  each  of  said  control  means  (32),  for 
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jtermining  when  a  group  ot  storage  locations  — 
the  buffer  memory  in  its  node  interface  — 

>rresponding  to  a  particular  destination  pro- 
jssor,  is  full,  and  for  halting  the  transfer  of  said 
lessage  packets  for  that  destination  processor 
hile  said  group  of  storage  locations  is  full. 
2.  A  network  of  multiprocessor  systems  (a, 

,  n),  each  of  the  multiprocessor  systems 
icluding  a  plurality  of  processors  (10)  sharing  an 
iterprocessor  bus  (12,  14),  there  being  a  plurality 
f  nodes  (18,  20)  connected  to  one  another  by 
ata  links  (22,  24,  26,  28),  each  of  said  multip- 
jcessor  systems  directly  communicating  with  at 
last  one  of  said  nodes,  the  network  being  charac- 
srized  by: 
buffer  memory  means  (34)  in  each  of  said 

odes  (18,  20)  for  storing  information  to  be 
ansferred  to  individual  ones  of  said  processors 
10)  in  all  multiprocessor  systems  (a,  b,  ...,  n)  in 
aid  network,  said  buffer  memory  means  (34) 
aving  a  plurality  of  storage  locations  and  being 
onfigured  such  that  certain  ones  of  said  storage 
jcations  are  associated  with  each  individual  pro- 
essor  (10)  in  said  network; 
first  interface  means  (30)  in  each  of  said  nodes 

18,  20)  connected  to  the  interprocessor  bus  (12, 
4)  of  one  of  said  multiprocessor  systems  and 
ommunicating  with  said  buffer  memory  means 
34)  therein  for  transferring  information  between 
idividual  processors  in  that  one  of  said  multi- 
irocessor  systems  and  one  of  said  storage  loca- 
ions  in  said  buffer  memory  means  associated 
vith  said  individual  processor  (10); 

at  least  one  second  interface  means  (36)  in  each 
)f  said  nodes  (18,  20)  communicating  with  said 
>uffer  memory  means  (34)  therein  and  connected 
o  one  of  said  data  links  (22,  24,  26,  28)  for 
ransferring  information  into  and  out  of  said 
storage  locations  in  said  buffer  memory  means 
34)  associated  with  the  same  one  of  said  indivi- 
dual  processors  (10)  in  adjacent  ones  of  said 
lodes  (18,  20); 

control  means  (32,  38)  in  each  of  said  nodes  for 
accomplishing  the  transfer  of  information 
Detween  one  of  said  storage  locations  in  buffer 
Tiemory  means  in  that  node  and  one  of  said  data 
inks  connecting  that  node  to  adjacent  ones  of 
said  nodes  via  one  of  said  second  interface  means 
[36);  and 

control  means  (32,  72)  in  each  of  said  nodes  (18, 
20)  for  accomplishing  the  transfer  of  information 
between  ones  of  said  storage  locations  in  buffer 
memory  means  (34)  in  that  node  and  individual 
ones  of  said  processors  associated  therewith  via 
said  first  interface  means  (30). 

Patentanspruche 

1.  Netzwerk  zur  Verbindung  einer  Vielzahl  von 
Multiprozessor  Systemen  (a,  b,  ...,  n),  von  den 
jedes  der  Multiprozessorsysteme  mindestens 
einen  mit  einem  Interprozessorbus  (12,  14)  ver- 
bundenen  Prozessor  (10)  aufweist,  gekennzeich- 
net  durch: 

eine  Vielzahl  von  Knotenschnittstellen  (18,  20), 

VUll  UCI  ICI  I  JCUC  II  III  JGVVCfMw  Sill  IWl  I  I  WW.  mw.r.  —  ' 
sorbusse  (12,  14)  verbunden  ist,  und  die  miteinan- 
der  in  der  Form  eines  Rings  durch  eine  Datenver- 
bindung  (22,  24,  26,  28)  verbunden  sind; 

einen  Pufferspeicher  (34)  in  jeder  der  Knoten- 
schnittstelle  (18,  20),  mit  einer  Vielzahl  von  Spei- 
cherstellen  zum  zeitweiligen  Abspeichern  von 
Meldungspaketen,  die  zu  einem  der  Prozessoren 
in  dem  Netzwerk  ubertragen  werden  sollen, 

i  wobei  die  Speicherstellen  in  Gruppen  von  Spei- 
cherstellen  aufgeteilt  sind  und  jede  der  Gruppen 
einem  bestimmten  der  Prozessoren  in  dem  Net- 
zwerk  entspricht,  der  der  Bestimmungsprozessor 
fur  alle  an  Stellen  darin  abgelegte  Meldungs- 

>  pakete  ist; 
Steuereinrichtungen  (32)  in  jeder  der  Knoten- 

schnittstellen  zum  Steuern  der  Obertragung  der 
Meldungspakete  in  den  Pufferspeicher  (34)  in 
seiner  jeweiligen  Knotenschnittstelle  (18,  20)  von 

j  der  Datenverbindung  (22,  24,  26,  28),  die  den 
jeweiligen  Schnittstellenknoten  mit  seinem 
benachbarten  Schnittstellenknoten  verbindet, 
und  von  dem  mit  dem  jeweiligen  Schnittstellen- 
knoten  verbundenen  Interprozessorbus,  und  zum 

5  Steuern  der  Obertragung  der  Meldungspakete 
aus  dem  Pufferspeicher  (34)  in  der  jeweiligen 
Knotenschnittstelle  (18,  20)  zu  der  Datenverbin- 
dung  (22,  24,  26,  28),  die  den  jeweiligen  Schnitt- 
stellenknoten  mit  seinem  benachbarten  Schnitt- 

o  stellenknoten  verbindet,  und  zu  dem  Interprozes- 
sorbus,  der  mit  dem  jeweiligen  Schnittstellenkno- 
ten  verbunden  ist;  und 

Einrichtungen  in  jeder  der  Steuereinrichtungen 
(32)  zur  Feststellung,  wann  eine  Gruppe  yon 

•s  Speicherstellen  in  dem  Pufferspeicher  in  seiner 
Knotenschnittstelle,  die  einem  bestimmten 
Bestimmungsprozessor  entspricht,  voll  ist,  und 
zum  Anhalten  der  Obertragung  der  Meldungs- 
pakete  fur  diesen  Bestimmungsprozessor,  wah- 

ro  rend  diese  Gruppe  von  Speicherstellen  voll  ist. 
2.  Netzwerk  von  Multiprozessorsystemen  (a, 

b,  ...,  n),  von  denen  jedes  der  Multiprozessor- 
systeme  eine  Vielzahl  von  einen  Interprozessor- 
bus  (12,  14)  teilenden  Prozessoren  (10)  enthalt, 

ts  wobei  es  eine  Vielzahl  von  mit  Hilfe  von  Datenver- 
bindungen  (22,  24,  26,  28)  miteinander  verbunde- 
nen  Knoten  (18,  20)  gibt,  wobei  jedes  der  Multi- 
prozessorsysteme  direkt  mit  mindestens  einem 
der  Knoten  kommuniziert,  gekennzeichnet  durch: 

so  Pufferspeichereinrichtungen  (34)  in  jedem  der 
Knoten  (18,  20)  zum  Speichern  von  Informatio- 
nen,  die  zu  einzelnen  der  Prozessoren  (10)  in  alien 
Multiprozessorsystemen  (a,  b,  ...,  n)  in  dem  Netz- 
werk  ubertragen  werden  sollen,  wobei  die  Puffer- 

55  speichereinrichtungen  (34)  eine  Vielzahl  von  Spei- 
cherstellen  aufweisen  und  derart  ausgebildet 
sind,  dalS  bestimmte  der  Speicherstellen  jedem 
einzelnen  Prozessor  (10)  in  dem  Netzwerk  zuge- 
ordnet  sind; 

60  erste  Schnittstellenrichtungen  (30)  in  jedem  der 
mit  dem  Interprozessorbus  (12,  14)  eines  der 
Multiprozessorsysteme  verbunden  Knoten  (18, 
20),  die  mit  der  Pufferspeichereinrichtung  darin 
zur  Obertragung  von  lnformationen  zwischen  ein- 

65  zelnen  prozessoren  in  diesem  der  Multiprozessor- 
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systeme  und  einer  der  Speicherstellen  in  der  dem 
einzelnen  Prozessor  (10)  zugeordneten  Puffer- 
speichereinrichtung  in  Kommunikation  stehen; 

mindestens  einer  zweiten  Schnittstelleneinrich- 
tung  (36)  in  jedem  der  Knoten  (18,  20),  die  mit  der 
Pufferspeichereinrichtung  (34)  darin  in  Verbin- 
dung  steht  und  mit  einer  der  Datenverbindungen 
(22,  24,  26,  28)  verbunden  ist,  urn  Informationen 
in  die  Speicherstellen  und  aus  den  Speicherstel- 
len  in  der  Pufferspeichereinrichtung  (34)  zu  uber- 
tragen,  die  dem  gleichen  der  einzelnen  Prozesso- 
ren  (10)  in  benachbarten  der  Knoten  (18,  22) 
zugeordnet  sind; 

Steuereinrichtungen  (32,  38)  in  jedem  der 
Knoten  zur  Durchfuhrung  der  Obertragung  von 
Informationen  zwischen  einer  der  Speicherstellen 
in  pufferspeichereinrichtungen  in  diesem  Knoten 
und  einer  der  Datenverbindungen,  die  diesen 
Knoten  mit  benachbarten  der  Knoten  mit  Hilfe 
einer  der  zweiten  Schnittstelleneinrichtungen  (36) 
verbindet;  und 

Steuereinrichtungen  (32,  72)  in  jedem  der 
Knoten  (18,  20)  zur  Durchfuhrung  der  Informa- 
tionsubertragung  zwischen  Speicherstellen  in  der 
pufferspeichereinrichtung  (34)  in  diesem  Knoten 
und  einzelnen  der  diesen  zugeordneten  prozesso- 
ren  mit  Hilfe  der  ersten  Schnittstelleneinrichtung 
(30). 

Revendications 

1.  Un  reseau  pour  interconnecter  une  pluralite 
de  systemes  multiprocesseurs  (a,  b,  ...,  n),  cha- 
cun  des  systemes  multiprocesseurs  comportant 
au  moins  un  processeur  (10)  connecte  a  un  bus 
interprocesseurs  (12,  14),  le  reseau  etant 
caracterise  par: 

une  pluralite  de  noeuds  (18,  20)  chacun  con- 
necte  a  un  bus  respectif  des  bus  interprocesseurs 
(12,  14),  et  connectes  I'un  a  I'autre  sous  la  forme 
d'un  anneau  par  une  liaison  de  donnees  (22,  24, 
26,  28); 

une  memoire  tampon  (34)  placee  dans  chacun 
des  noeuds  (18,  20),  ayant  une  pluralite  de  zones 
memoires  pour  memoriser  temporairement  des 
paquets  de  messages  a  transferer  vers  chacun 
desdits  processeurs  dans  ledit  reseau,  lesdites 
zones  memoires  etant  partitionnees  en  groupes 
de  zones  memoires,  chacun  desdits  groupes  cor- 
respondent  a  un  processeur  particulier  desdits 
processeurs  dans  le  reseau  qui  est  le  processeur 
destinataire  pour  tous  lesdits  paquets  de  mes- 
sages  places  dans  les  zones  memoires  de  celui-ci; 

un  moyen  de  commande  (32)  place  dans 
chacun  desdits  noeuds  pour  commander  le  trans- 
fert  desdits  paquets  de  messages  dans  la 
memoire  tampon  (34)  placee  dans  son  noeud 
respectif  (18,  20)  depuis  la  liaison  de  donnees  (22, 
24,  26,  28)  connectant  le  noeud  respectif  a  son 
noeud  voisin  adjacent  et  depuis  le  bus  interpro- 
cesseurs  connecte  au  noeud  respectif,  et  pour 
commander  le  transfert  desdits  paquets  de  mes- 
sages  depuis  la  memoire  tampon  (34)  placee  dans 
son  noeud  respectif  (18,  20)  vers  la  liaison  de 
donnees  (22,  24,  26,  28)  connectant  le  noeud 

respectif  a  son  noeud  voisin  adjacent  et  vers  le 
bus  interprocesseurs  connecte  au  noeud  respec- 
tif;  et  des  moyens  places  dans  chacun  desdits 
moyens  de  commande  (32)  pour  determiner 

5  quand  un  groupe  de  zones  memoires  dans  la 
memoire  tampon  placee  dans  son  noeud,  corres- 
pondant  a  un  processeur  destinataire  particulier, 
est  sature,  et  pour  arreter  le  transfert  desdits 
paquets  de  messages  pour  ce  processeur  destina- 

10  taire  pendant  que  ledit  groupe  de  zones 
memoires  est  sature. 

2.  Reseau  de  systemes  multiprocesseurs  (a, 
b,  ...,  n),  chacun  des  systemes  multiprocesseurs 
incluant  une  pluralite  de  processeurs  (10)  parta- 

w  geant  un  bus  interprocesseurs  (12,  14),  ayant  une 
pluralite  de  noeuds  (18,  20)  connectes  I'un  a 
I'autre  par  des  liaisons  de  donnees  (22,  24,  26,  28) 
chacun  desdits  systemes  multiprocesseurs  com- 
muniquant  directement  avec  au  moins  un  desdits 

20  noeuds,  le  reseau  etant  caracterise  par: 
une  memoire  tampon  (34)  placee  dans  chacun 

desdits  noeuds  (18,  20)  pour  memoriser  une 
information  a  transferer  vers  certains  processeurs 
individuels  desdits  processeurs  (10)  dans  tous  les 

25  systemes  multiprocesseurs  (a,  b,...,  n)  dans  ledit 
reseau,  ladite  memoire  tampon  (34)  possedant 
une  pluralite  de  zones  memoires  et  etant  configu- 
ree  de  sorte  que  certaines  desdites  zones 
memoires  sont  associees  avec  chaque  processeur 

30  individuel  (10)  dans  ledit  reseau; 
des  premiers  moyens  d'interface  (30)  dans  cha- 

cun  desdits  noeuds  (18,  20)  connectes  aux  bus 
interprocesseurs  (12,  14)  d'un  desdits  systemes 
multiprocesseurs  et  communiquant  avec  ladite 

35  memoire  tampon  (34)  placee  dans  celui-ci  pour 
transferer  de  ['information  entre  des  processeurs 
individuels  places  dans  un  desdits  systemes  mul- 
tiprocesseurs  et  une  desdites  zones  memoires 
placee  dans  ladite  memoire  tampon  associee 

40  avec  ledit  processeur  individuel  (10); 
au  moins  un  second  moyen  d'interface  (36) 

dans  chacun  desdits  noeuds  (18,  20)  communi- 
quant  avec  ladite  memoire  tampon  (34)  placee 
dans  celui-ci  et  connecte  a  un  desdits  liens  de 

45  donnees  (22,  24,  26,  28)  pour  transferer  de  refor- 
mation  vers  et  a  partir  desdites  zones  memoires 
placees  dans  ladite  memoire  tampon  (34)  asso- 
ciees  avec  un  meme  processeur  desdits  proces- 
seurs  individuels  (10)  dans  certains  noeuds 

so  adjacents  desdits  noeuds  (18,  20); 
des  moyens  de  commande  (32,  38)  dans  chacun 

desdits  noeuds  pour  accomplir  le  transfert  d'in- 
formation  entre  une  zone  desdites  zones 
memoires  de  la  memoire  tampon  de  ce  noeud  et 

55  un  desdits  liens  de  donnees  connectant  ce  noeud 
a  certains  noeuds  adjacents  desdits  noeuds  par 
un  desdits  moyens  d'interface  (36); 

des  moyens  de  commande  (32,  72)  dans  chacun 
desdits  noeuds  (1  8,  20)  pour  accomplir  le  transfert 

60  d'information  entre  une  certaines  desdites  zones 
memoires  de  la  memoire  tampon  de  ce  noeud  et 
certains  processeurs  individuels  desdits  proces- 
seurs  associes  avec  celle-ci  par  lesdits  premiers 
moyens  d'interfaces  (30). 

65 
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