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the rings it should read or write. Thus, in a very prim- itive fashion, a
simple type of flow control between Background of the Invention
devices has been established. The above patent does not address the problem
The invention relates to control of work flow be-   5   of resource
allocation for multiple processes commu- tween processes on a bus, and in
particular to the  nicating with each other. It does not guarantee a mini-
management of logical connections between proc-    mum level of service by
multiple processes running in esses for the sharing of processor resources.
either processor. Communications in a multiprocess In prior process to
process communications,    environment are much more complicated given
differ- where the methods of communication are transparent  10  ent
queueing delays and the independence of the to the communicating processes,
one unit containing  processes. processes requests work to be performed by
another unit on the bus. The data to be operated on is in the  Summary of
the Invention requestor's storage, and the server unit, that is the unit
that is executing the request, has access to the   15  The principal object
of the invention is to provide data. Prior systems lacked a means for
fairly manag-  a communication management system according to ing the
logical connection between processes so that  claim 1. a minimum level of
service would be available. The    A communication management mechanism for
a level of service is dependent on the system resources  bus unit In a
distributed processor network manages allocated.
20  logical connections between communicating proc- From the point of view
of programming process-  esses to ensure a minimum level of service is
avail- es, the resource that is shared is the work provided  able by each
process. A bus unit is a processing unit by the server process. The units
of this resource are  attached to the bus in a distributed processor
network work requests. All users of any server must be guar-  and might
include one or more host processors or in- anteed a minimum level of access
to that resource,  25  put/output processors for example. Logical connec-
that is, must be allowed to have some number of out-  tions between
processes are grouped together in standing work requests and be assured
that these re-  connection groups at each of the processors by a bus quests
will be eventually presented to the server for  manager. Each connection
group is given enough of processing.
the processor resources to perform at least one work Most bus
implementations use individual signal  30  request. When a connection group
already has its lim- lines to confirm the acceptance or rejection of mes-
it of work requests pending, the bus manager informs sages indicating work
requests. For telecommunica-  bus units, which contain processes that
requested tions applications a pacing mechanism has been im-  work after
the group was full, that their specific re- plemented for flow control. SNA
uses a counting    quest cannot be performed at this time. mechanism. The
initiator of messages is allowed a   35  Because of hardware queueing
delays, a re- maximum number of messages to be outstanding un-   questing
process may send a further work request in- til a confirmation  received.
The number of messag-  tended for a process connected to the connection es
that could be outstanding have to be established  group which was full. The
bus manager will again re- by the receiver of the messages, and the pacing
con-  ject the request and inform the originator's bus unit. trol of
messages outstanding would have to be the re-  40  When work is finished by
a process In the connection sponsibility of the sender of messages. Thus
each in-  group, the bus manager will inform the bus unit that dividual
sender and receiver is directly involved In  itcan now acceptfurtherwork
requests. Since it is de- flow control.
sirable to process work requests in the order that they In U.S. Patent No.
4,449,182, a command ring   were sent, the requesting bus unit will restart
its work and a response ring are stored in the host processor  45  requests
in the correct order, and then inform the bus main storage. They contain
space for commands to   unit of the server process that it should start
accept- an I/O controller processor and space for responses  ing work
requests again. The requesting bus unit will to the commands from the
controller. There is one re-  then send the requests which will be accepted
by the sponse ring and one command ring for each I/O con-  server's bus
unit only after receipt of the restart mes- troller. An ownership bit is
used to prevent one of the  so  sage from the requestor. processors from
writing over a command not yet proc-  The use of connection groups provides
signifi- essed by the I/O controller or a response not yet read  cant
advantages. It is a single flow control mecha- by the host processor. If
the command ring Is full, or  nism at the lowest programming level, and is
used for the response ring is empty, the host is told not to keep  all bus
units. Independent of bus unit role, a Host checking the rings until it
receives an Interrupt indicat-  55  processor, or I/O controller supporting
different types Ing that the com    nd ring has become notfull, or the  of
devices such as communications, secondary stor- response ring has become
not empty. Both proces-   age, work stations ... all use the flow control
mecha- sors contain pointers indicating the next location in  nism. It
supports a peer to peer environment on the 2    
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same for all bus units.      cess system having an interprocess
communication The connection groups prevent any bus unit from  facility for
communication between processes taken being cutoff from the services of
anotherbus unitdue  from U.S. Patent No. 4,649,473. to heavy activity by
other bus units. This is done by  Fig. 2 Is a block diagram overview of the
multipro- requiring at least one connection group for each proc-   5   cess
system of Fig. 1 showing logical connection essor attached to the bus and
having that connection  groups having logical connections between process-
group be only for connections between processes on  es. two unique
processors. Thus, a processor coupled to   Fig. 3 shows a table and control
block used in two other processors must have at least two connec-  managing
logical connections groups of Fig. 2. tion groups, one for each processor.
10      Fig. 4 Is a block flow diagram showing a request- In one preferred
embodiment, there are three   ing bus unit responding to a Queue Full
status for types of connection groups for communications to   work requests
destined for a connection group which each of the other rocessors with
which communica-  does not have sufficient resource to accept more tion is
desired. Low activity processes belong to a  work requests. connection
group which can acceptjust a few work re-  15  Fig. 5 is a further flow
diagram of the requesting quests at any one time. Medium activity processes
bus unit of Fig. 4 for responding to a Queue Full sta- belong to a
connection group which can accept more  tus. work requests, and high
activity processes belong to  Fig. 6 is a block diagram of queues used by
the a connection group which has many system resourc-  requesting bus unit
of Fig. 4 for responding to a esto accepta high volume of work requests.
The level  20   Queue Full status. of services is thus guaranteed to
different processes  Fig. 7 is a block flow diagram of a server bus unit
based on the expected level of work.               showing the flow
involved in determining if there are The use of the above messages to
indicate when  sufficient resources available in a connection group, a
connection group is full and coordinate the resend-  and sending a Queue
Full message if there are not. ing of rejected messages in that connection
group   25  Fig. 8 is a further flow diagram of the server bus provides
further benefits. It guarantees that work is  unit of Fig. 7 for
determining when resources for a performed in the order that it was
intended.       connection group have become available, and send-
Connection groups allow the assigning of a con-  ing a Queue Space
Available message. nection group to processes whose role is to free up
Fig. 9 is a block diagram showing the fields of a resources in critical
situations. Thus, If at least one   30   Bus Error Condition message for
reporting errors, work request can be received by this group, resourc-  and
indicating a Queue Full status. es can be freed. One means of freeing
resources is    Fig. 10 is a block diagram showing the fields of a to shut
down work totally and reset the system.    Queue Space Available message
for indicating that Afurther benefit of grouping resources isthe abil-
resources are free for a connection group. ity to support more devices.
Each device has a mini-  35  Fig. 11 is a block diagram showing the fields
of a mum amount of resources that are required for it to  Restart Queue
message for informing a connection operate. By providing fewer resources in
a connection  group to start accepting work requests. group than (the
minimum required per device times   Fig. 12 is a diagram of the message
flow involved the number of devices in the group) more devices   in a queue
full condition for a connection group. may be attached to a system. One
example is a tape   40  Fig. 13 is a block diagram showing the fields of
drive device. If it is desired to attach multiple, tape  an Opstart message
for indicating that there is a work drives, and each drive requires large
amounts of stor-  request for an identified process. age to buffer data,
the assignment of sufficient re-  Fig. 14 is a block diagram showing the
fields of a sources to each tape drive would leave little resource
Request/Response Control Block used to identify the available to direct
access storage devices. By com-  45  location of requests and data. bining
the tape drives into one connection group, and  Fig. 15 is a block diagram
showing the fields of allocating resources sufficient for only one or two
to  an addition to the Request/Response Control Block. operate
simultaneously, sufficient resources are      Fig. 16 is a block diagram
showing the fields of available for direct access storage devices. Aguaran-
an Opend message for indicating that there is a re- teed level of support
is provided for tape drive devic-  50  sponse to a work request. es, and
also for direct access storage devices. Since It is unlikely that five tape
devices will be operating at  Detailed Description the same time, there is
no reduction in overall ser- vice.
Fig. 1 is taken from US Patent No. 4,649,473. It is used to provide the
reader with a foundation for Brief Description of the Drawings
more clearly understanding the invention herein. The immediately following
text describes Fig. 1, and con- Fig. 1 Is a block  diagram overview of a
multipro-  centrates on process to process communication 3    



5                   EP 0 317 468 B1                 6 wherein the processes
are unaware of the underlying  datafrom one place to anotherand do not
understand communication management. The underlying bus       the meaning
of the information being moved. Thus, transport mechanism, and a bus
manager which is    storage 20 in processor A is coupled to the transport
the subject of this invention will be described in a later  mechanism 38 as
represented by a line 46 and stor- section.
5   age 25 in processor B is coupled to transport mech- In Fig. 1 a high
level view of a distributed process  anism 40 as represented by a line 48
to permit infor- environment is indicated generally at 10. A processor
mation transfers directly by the transport mecha- A indicated at 12 is
coupled by a physical path indi-  nisms 38,40. cated by a line 14 to a
processor B indicated at 16.   The IPCF to the process attempting to
communi- Processor A is indicated as having a process A indi-  10  cate
chooses the transport mechanism for the com- cated at 18 and a Process B
indicated at 19 residing  munication. The communicating processes need not
therein. A storage area 20 is associated with process  be aware of the
mechanism used. The process at- A and process B a represented by lines 21
and 22 re-  tempting to communicate supplies the name of the spectively to
proe the process control of and ac-  target process, as it is known to the
process attempt- cess to data storage.                         15  Ing to
communicate, to the IPCF which uses an appro- Processor B is indicated as
having a process C in-  priate directory service to locate it. The IPCF
then se- dicated at 23 and a process D indicated at 24 residing  lects the
appropriate transport mechanism and uses therein. A storage: area 25is
associated with process  system-supplied services to set up the connection
C and process D as represented by lines 26 and 28  between the processes In
a standard manner. IPCF respectively to provide the process control of and
ac-  20  can be used by all levels of processes, from applica- cess to data
storage.                              tions to basic system services such
as a paging man- Processes, or executing programs within the      ager.
processors need to communicate with each other. In     To permit the use of
many different transport processors of differing configurations, or in
thesame  mechanisms, each with different capabilities and processoras it
changes overtime, two processes that  25  characteristics, the IPCF
includes a generic transport communicate may be In different relative
locations  mechanism interface to each process. The interface and may have
different physical paths between them.  defines a set of functions for the
establishment of An inter process communication facility (IPCF) is
connections and for the passing of information be- provided within
processor A and processor B at 30  tween processes. The functions defined
are mapped and 32 respectively to accommodate inter process  30  onto the
transport mechanisms used by IPCF. Pro- communication which is location
transparent to the  grams written to the interface are independent of the
communicating processes. IPCF 30 is coupled to     transport mechanism and
therefore are independent process A in processor A as represented by a line
34  of their relative locations when communicating. and to process B as
represented by a line 36. Lines    Communication between processes is in
terms of 34 and 36 represent interfaces between process A   35  sending and
receiving messages over a connection and process B to the IPCF 30. These
interfaces per-  between them as established by IPCF. The messages mit
communication between process Aand process B   contain work requests and/or
data. Relative to a par- provided approprate data paths are established.
ticular work request, a process assumes the role of a IPCF 30 is also
coupled through a transport mecha-  requestor or a server. The requestor
initiates a work nism 40 in processor B to IPCF 32. IPCF 32 is in turn  40
request by sending a request to a server that carries coupled as
represented by interface lines 42 and 44  it out. Requests contain a work
request (a command to process C and process D. These interfaces with the
and its parameters) and optionally some data, Both IPCFs and the transport
mechanisms permit estab-   the request and the data are of variable length.
lishment of communication between all the processes    If the reader
desires further information on IPCF, indicated, without process knowledge
of the location   45  and the manner in which connections are established,
of the process it iscommunicating with. The transport  the above mentioned
patent provides further detail. A mechanisms 38 and 40 preferably comprise
a plural-  bus manager, which is part of transport mechanism ity of
transport mechanisms such as local transport  38 and 40 is now described.
mechanisms for use when process A and process B or process C and process D
communicate within a   50   BUS MANAGER single processor. If processor A
and processor B re- side in the same machine, a bus transport mecha-
In Fig. 2, two bus units, 50 and 52 are coupled by nism Is used to
facilitate communication between   a physical path such as an I/O (input
and output) bus processes on processor A and processor B. For inter-  54.
In one preferred embodiment bus unit 50 com- machine communication, a
communication protocol  55   prises a host processing system with a
processor 56 such as SNA is suitable for use.                  having a
main storage 58 coupled thereto by a line 60. The transpo t mechanisms
38,40 are data         Host processor 56 executes a plurality of programs,
movers.They are responsible for transferring bytes of    from accounting
programs to operating system pro- 4    
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instance of a program is referred  The bus managers 86 and 88 manage the
con- to as a process. Several processes PA1-PAn, PB1-   nections, and issue
messages to control the flow of PBn and PC1-PCn are shown in host processor
56.    work requests on the bus 54. Hardware supporting Bus unit 52, in one
preferred embodiment com-  the bus indicated at 90 and 92 provide
arbitration to prises an I/O processor 66 having a main storage 68   5
the bus for each of the bus units, DMA capability to coupled by a line
70.I/O processor 66 also has a num-  another bus unit's main storage, and a
queueing of ber of processes PD1-PDn, PE1-PEn and PF1-PFn      messages
from the respective bus managers until which may be executing. While a
large number of    control of the bus has been obtained to permit trans-
processes are shown in each of the processors 56   mission of messages and
data. The bus hardware and 66, there may be situations where a processor
10  also controls queueing of messages from the bus will have only one
process. In further embodiments,  units in main storage queues. processor
66 is a peer processor in a network of proc-  The bus manager 86 receives a
communication essors. Processes communicate with each other, re-  caused by
an open verb being issued In bus unit 52. gardless of the locations of two
communicating proc-  It then establishes a connection to the indicated
proc- esses through IPCF 72 in bus unit 50 and IPCF 74 in  15  ess. Using
information such as the identity of the tar- bus unit 52. Each pair of
communicating processes is  get process (le: the server process), the
requesting logically connected through IPCF by logical connec-  process
identity, the type of work a particular device tions indicated bylines 80
in bus unit 50 and 82 in bus  performs, or other factors, the connection id
for that unit 52.                                           connection is
assigned to one of a plurality of connec- The establishment of connections
is described in  20  tion groups labeled CG1, CG2.... CGn. Some of the
further detail in the above incorporated patent. In es-  information is
contained in the communication with sence, an IPCF Open verb establishes an
IPCF con-  bus unit 52. Other information is contained in main nection
between two processes. The connection is   storage 58 and is accessed based
on the information unique for each pair of processes communicating.
supplied by bus unit 52. The assignment is then based Thus, each of lines
80 match to one of lines 82. Since   25  on that information, and
preconfigured by developers there may be more I/O processors or host
processors  in one preferred embodiment. than shown in Fig. 2, more lines
80 than lines 82 sig-  Connection groups are used to control the flow of
nify connections to processes in processors not    work requests. Each work
request requires system shown. The Open verb, when issued by a process de-
resources to process. If all work requests were siring to start a
communication causes IPCF to create  30  served on a first come first serve
basis, a number of a logical connection between the process that issued
high resource requiring devices would keep other de- the Open verb and the
target process identified by the  vices from being able to be served. Open
verb. The target of the Open verb is identified  One example of a device
which requires a large through an entity name. The Open verb establishes
amount of main storage resource is a tape drive de- the connection tonew or
already executing instance   35  vice. In order to keep a tape device
operating in of a program based on the entity name supplied on  streaming
mode, its most efficient mode of operation, the Open verb.
a large main storage buffer is required. If it is desired The Open verb
comprises an entity name used by  to attach multiple tape drives, and each
requires large IPCF and the associated operating systems to Oeter-  amounts
of storage to buffer data when it is operating mine the program In the
server and executing in-  40  in a streaming mode, the assignment of
sufficient re- stance of that program (i.e. process) to which the con-
sources to each tape drive would leave few resources nection is to be made.
A connection id identifies the  available to be allocated to direct access
storage de- connection that is returned by IPCF. It is used to refer
vices. By combining the tape drives into one connec- to this connection on
subsequent operations. A par-  tion group, and allocating resources
sufficient for only ticular connection id is only known within a single  45
one or two to operate simultaneously, many more re- processor. Two
connected processes will in general  sources are available for direct
access storage devic- have different connection ids for the same connec-
es. A guaranteed level of support is provided for tape tion. Connection ids
are assigned by the local IPCF  drive devices, and also for direct access
storage de- and are unique within a processor. A return code is  vices.
Since it is unlikely that five tape devices will be used by IPCF to
indicate to the process completion of  50  operating at the same time,
there is no reduction in the Open verb.
overall service. A bus manager 86 is shown coupled to the host
Connection groups can also be used to ensure process 56 by a number of
logical connections 80 al-  that resources will always be available for
serving ready established. A similar bus manager 88 is shown  certain host
processes. One example might be the in bus unit 52, also with multiple
connections at 82.  55   placing of the server side connection between a
host The bus manager 86 provides the same functions     save/restore
process and a corresponding I/O proc- performed by the bus transport
mechanisms (BTMs),  ess into a connection group where that is the sole
indicated at 38 and 40 in the bus units of Fig. 1.  connection in that
group. Thus, while the server proc- 5    
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connections to other groups, resources  of work requests to point to queue
work requests that will always be available for serving the host      are
ready to be sent to server processors. When an save/restore work request.
OP START message is sent for a request In the ready- One basis for
assigning groups are the operating  to-send-queue, the pointer Is removed
and placed on characteristic of devices. Heavy data movers,such as   5   a
waiting-for-response-queue. When an OP END tape drives, which also are only
occasionally used,  message is received, the entry for the work request are
put into one group. Devices such as direct access  is removed from all
queues. This normal flow is indi- storage devices, which are heavily used
in paging  cated by blocks 150, 152 and 154 in Fig. 4. data into and out of
main storage are put into another  When a QUEUE FULL indication is returned
in re- group, and a large amount of resources are allocated   10  sponse to
a work request, the pointer is moved from to the group to assure a high
level of service. Other  the waiting to complete queue to a reject queue at
devices, such as work stations are put into yet an-  156, and an indication
that a QUEUE FULL message other group. If there are sufficient resources
avail-  was received is associated with the connection group able, each
device has its own group.               for which it was received. A Q
SPACE FLAG for indi- When discussing devices being put into groups,  15
cating that the connection group now has space avail- it is a shorthand
notation for stating that the connec-  able is then checked at 158. This
flag is normally off, tions to processes associated with the device are put
so the bus manager continues to send and receive into one group. Further
assignment of connections  communications. Each work request on the waiting
to into groups are made on the basis of the types of work  complete queue
for which a QUEUE FULL indication requests that are being served.
Connections relating   20  is returned is placed on the reject queue in
this man- to error condition handling and other maintenance re-  ner. lated
work requests may be put into yet anothergroup  In Fig. 5, when a bus
manager is ready to send by Itself to guarantee a minimum level of service
to  another OP START corresponding to the next entry such requests. It is
seen that great flexibility is pro-  in the ready to send Q, it checks for
a connection vided by the use of connection groups to allocate re-  25
group full indication for the connection group in the sources, and thus
control the flow of work.        server bus unit at 160. If it indicates
that the connec- In bus unit 50, when acting as a server, each con-  tion
group queue is full, the entry for the request is nection group is listed
in a control block 120 in Fig. 3  placed on an Intermediate-queue at 162.
If It is notfull, (the numbering is consistent with Fig. 2) in main stor-
an OPSTART message is sent at 164, and the request age 58. Control block
120 contains an entry for each   30  entry is placed on the waiting for
completion queue connection group CG1-n labeled GP10 for Group 10.  at 166.
A count indicated In column 122 is associated with    Back in the flow of
Fig. 4, when a Queue Space GPID entry which is used to keep track of the
number  Available message is received by the requestor proc- of work
requests received via a connection in the  essor at 168, the Q SPACE FLAG
is set on at 170, and group, but which have not yet been served by a proc-
35  the waiting to complete queue is checked for any en- ess in the bus
unit 50. A table of active connection ids  tries after the one that QUEUE
FULL was. received for (CIO) 125 have pointers to connection group entries
in the Identified connection group. If queue full has at 120, and identity
the group that a connection is a  not been returned for all requests
waiting to com- part of. Bus unit 52 has a similar mechanism for keep-
plete, the bus unit continues to wait for the next com- ing track of the
number of outstanding unserved work  40   munication at 174. requests.
If all are acknowledged at 172, the entries are One of the benefits of the
above flow of work re-  moved from the reject-queue to the beginning of the
quests is that work (for a single connection with the  ready to send queue
at 176. Then, request entries are same priority) In a connection group is
ultimately  moved from the intermediate queue to the ready-to- served in
the order that it was requested by the re-  45  send-queue behind
elementsfrom the rejectqueue at questing bus unit. Thus if multiple, some
priority re-  178, and the Q SPACE FLAG is reset at 180. ARestart quests to
a process were generated to write data, it  Queue message is sent at 182,
and the bus manager will be written in the order requested even if there
was  begins sending from the ready to send queue at 184. a time when
resources were not available. All of this  In Fig. 6, the queues used by
the above flow are occurs transparent to the requesting process.  50
shown, with the flow of queue entries corresponding A flow diagram in a
requestor bus unit is now de-  to work requests shown by arrows. The ready
to send scribed with reference to Fig. 4 and Fig. 5. Four  queue 200
normally transfers entries by line 202 to queues are used to keep track of
work requests which  the wait for response queue 210. If a QUEUE FULL
originated in the requestor bus unit. Each queue con-  status is received,
entries are transferred from queue tains a pointer to the work request, a
request id, and  55   210 to the rejectqueue 220 via a line 222. Meanwhile,
the corresponding connection group In the server bus  as new work in queue
200 is being initiated, if a work unit which is commnunicated during the
OPEN proc-  request to a connection group already full is detected, ess.
Aready-to-send-queue is used in the normal flow  it is transferred to the
Intermediate queue 230 via line 6    
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from the wait for response   message is sent at 288, and processing
continues at queue 210 which are intended for the full connection  290.
group have been transferred to the reject queue 220,  In one preferred
embodiment, separate connec- and the Restart Queue message has been sent in
re-  tion groups are defined In bus unit 50 for each com- sponse to a Queue
Space Available message, the re-   5   munication protocol including
connections to proc- jected requests are sent back to the top of the ready
esses performing X.25, LAN, SDLC and other com- to send queue 200 via a
line 234. Then, on line 236,  munication protocols. other requests intended
for the group which now has   Another group includes error handling process
resources available for further work are transferred to  connections. Yet
another group is for general mainte- the ready to send queue 200 behind the
previously re-  10  nance process related connections. jected requests.
A further group includes normal functions such Corresponding  flow in the
server bus unit is  as connections to processes Involved in transferring
shown In Fig. 7 and 8. On receipt of an OPSTART     data between a disk
drive device controlled by bus message at 250   a server bus unit, the
connection  unit 52. group is determined at 252, and its counter is incre-
15  Several variations In the number of connection mented at 254. A counter
limit is used to define the  groups is within the scope of the invention.
Some number of work requests which a connection group   processes may
require a large volume of resource, so may have outstanding at any one
time. The value of  it may be desirable to have a single connection group
the counter is compared to the counter limit at 256,  for connections to
each such process. The particular and if the value is greater than the
limit, a Q FULL   20  grouping of connections desired is dependent on the
FLAG is set at 258 and QUEUE FULL status is sent   actual Implementation,
and the characteristics of the in a Bus Error Condition Message to the
originating  processes which are to communicate with each other. bus unit
at 260, and processing continues at 261. In  The establishment of a
connection between a a further embodiment, actual resources available are
process in host processor 56 and a process in I/O monitored and compared to
the resources required for  25  processor also 66 results in bus manager 88
complet- a work request indicated by the OPSTART. If the   ing the
connection and assigning its processes con- counter is not greater than the
limit, but the Q FULL  nection to one of multiple connection groups CG1,
FLAG is detected as on at 262, the flow returns to 260  CG2 .... CGn. Thus,
for each process in the system and the QUEUE FULL status is sent in
response to   comprising the bus units, that has a connection to an- the
OPSTART, otherwise, processing of the request  30  other process, the bus
manager of the processor continues at 264,. and flow continues at 266. If
the  where the target process is located assigns it connec- message
received at 250 is not an OPSTART mes-     tion to a group, and allocates
resources to the con- sage, it is checked to see if it is a Restart Queue
mes-  nection group to be used to serve work requests on sage at 268. If
not, processing continues at 270. If it  the connection assigned to that
group. is a Restart Queue message, the Q FULL FLAG is re-  35 set to off at
272, and processing continues at 274.  FLOW CONTROL BUS MESSAGES To clear
up  queue full condition, the server processor must either allocate more
resources, and    Messages are transferred between bus man- increase the
limit of outstanding requests, or corn-  agers to control and
re-synchronize messages when plete work on at least one of the requests on
a full  40   a connection group does not have sufficient resourc-
connection. This flow is indicated In Fig. 8. When a  es to service a
request Intended for a process con- work request is completed, the relevant
connection  nected to that group. When a target bus unit cannot group
counter is decremented at 280. Either an     accept additional work for a
particular connection OPEND, or a Bus Error Condition message is sent at
group, it returns a message with QUEUE FULL status 282. The Q FULL FLAG is
then checked at 284, and   45  specified. This status is contained within a
Bus Error if it is off, processing continues at 285. If the Q FULL
Condition message, whose format is shown in Fig. 9. FLAG was set on, the
connection group counter is   The Bus Error Condition message is returned
in place checked to see if it is below the limit at 286. This limit,  of a
normal response to a request to report failures referred to as a "low
value" in block 286 need not be  that prevent the successful completion or
continua- the same as the previously discussed limit. It may be   50  tion
of operations. Some other conditions for which desirable to establish an
even lower limit to ensure  the Bus Error Condition message is sent
include, ad- that sufficient resources will be available for a num-
dressing errors on memory access requests, format ber of requests. This may
help to eliminate a constant  errors, and receipt of undefined or
unsupported mes- sequence of QUEUE FULL flows where multiple re-    sages.
Several other conditions may call for the send- quests may be sent quickly
following restart of the re-  55  ing of this message dependent on the
physical imple- questors queue. If the counter is not below the low val-
mentation of the bus transport mechanism. ue, processing continues at 287.
If the counters be-  A field labeled RESERVED in the Bus Error Con- low the
low value at 286, a Queue Space Available  dition message is reserved for
future use. A BUS 7    
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identify the source of the mes-  messages to initiate work. sage. It is
ignored for purposes of this invention. A  When the communications which
should be sent third field, MESSAGE ID (82), is used to identify the  again
are identified, ie: those that occurred later in message as a Bus Error
Condition message. A CON-  time than the message which caused the QUEUE
TROL FIELD contains information to identify the   5   FULL status to be
returned, and were destined for the unique request or connection
experiencing a failure.  connection group that was full, the bus manager of
The contents of this field depend on the failure and  the source bus unit
issues a Restart Queue message. the particular transport message/DMA and
flow     This message is used to ensure that no messages are method
experiencing the failure. A CFID field identi-  taken out of order by the
connection group in the tar- fies the content of the CONTROL FIELD.
Different  10  get processor. If the connection group were to start values
indicate that the information in the control field  taking messages
immediately after issuance of a is a requestor ID, a server connection ID,
or the ad-  Queue Space Available message, it is likely that dress of a
control block, etc. It is dependent on the  some work would be processed
out of order. This reason the message was sent, and who sent it. An  would
be work initiated by messages Issued by the ACTN field identities a
recovery action to be taken.  15  source bus unit prior to the source bus
unit receiving One value indicates that no action is to be taken, an-  the
QUEUE FULL status, and which was received by other requires initiation of
closing a connection, an-  the target bus unit manager after issuance of
the other causes a reset to re-synchronize communica-  Queue Space
Available message. tions.
The format of the Restart Queue message is in- The QUEUE FULL condition is
indicated in the   20  dicated In Fig. 11. It is similar to the Queue Space
ERROR STATUS field, which is followed by a CONN   Available message in that
it identifies what type of GROUP ID which identifies the connection group
message it Is in the MESSAGE (O/D)ID field, and which was full. It
indicates that the message was not  Identifies the connection group to
restart its queue in executed by the addressed bus unit. The CONTROL   a
GROUP field. Until the Restart Queue message Is FIELD will contain
different values when the QUEUE   25  received by the bus manager of the
target bus unit, FULL status is indicated. It may contain a control  the
bus manager returns the QUEUE FULL status for block address, or a requestor
s ID dependent on the  each message to start work. manner in which data was
to be transferred. Different manners of transferring data will be described
further  MESSAGE FLOW EXAMPLES in a flow control section of the present
application.  30 The ERROR STATUS field Is also used to identify the  In
Fig. 12 an Interchange of messages in re- status of other error conditions,
such as those descri-  sponse to a full queue for a connection group in a
tar- bed above.                                        get bus unit is
shown. After sending a QUEUE FULL status to a source     The target bus
unit is labeled as the server, and bus unit, the bus manager of the target
bus unit which  35  the source bus unit is labeled as the requestor. Mes-
sent it monitors the appropriate connection group to  sages sent and
received by the server are shown on determine when sufficient resources are
available to  the server side of the Figure because that is where serve the
connection group.                       the flow is controlled. Arrows
between the requestor When the target bus unit has space available in  and
server point to the bus unit which received each that particular co nection
group, It sends a Queue   40  message. The sequence of messages is
indicated in Space Available message to the source bus unit. The  numerical
order. The events are now listed, in the or- Queue Space Available bus unit
message Is used to  der they appear In Fig. 12: indicate to the source bus
manager that queue space   1. The requestor processorsends a message that
is available. It is sent by a bus unit only after the bus  initiates work,
which is called an OPSTART(1) unit has sent a QUEUE FULL status to the
source bus  45  message, (defined later in this description) to the unit.
It indicates what connection group has queue   server processor. space
available. The format of the Queue Space       2. The server processor has
recognized a Available message is shown in Fig. 10. There are four  QUEUE
FULL condition for the connection group RESERVED fields, a MESSAGE ID
field, and a           that the OPSTART message was intended for, GROUP
field which uniquely defines the connection   50  and returns an error
message with QUEUE FULL group for which there is queue space available.
status. The source bus unit will receive the Queue Space  3. Because of the
asynchronous nature of the bus Available message and will determine the
number of    units, the requestor is not yet aware of the work requests
which were sent to that particular con-  QUEUE FULL status, and It sends a
second mes- nection group on the target bus unit. Since communi-  55  sage,
OPSTART(2) to the server. cation occur asynchronously, and there may be
nter-  4. The server will have completed some previous nal queue delays in
the hardware of the source bus   work request, and will signal that to the
requestor unit the source bus unit may have already sent more  by sending
an OPEND message. 8    



15                EP 0 317 468 B1                 16 5. Since the server
has completed some previous  ing to directly access its main store. work
reques, the server will have resources       If a process in bus unit 52
sends a work request available or queue space available, and will send  to
a process in bus unit 50, the actual data transfers a Queue Space Available
message to the reques-  must be made transparent to the processes. IPCF 72
tor.                                      5   and 74 is the verb interface
used by the processes to 6. The requestor has not recognized the Queue
handle work. A server process will access data iden- Full condition because
of hardware queueing de-  tified by the requester at its own pace. Since
the ser- lays in the requestor, and will send an OP-    ver bus unit In
this case only has slave DMA capabil- START(3) message.
ity, a meansforobtaining the data transparentto both 7. The server must
continue to return QUEUE   10  IPCF and the processes is provided. FULL
status to the requestor until the server re-  In normal flow, where it is
assured that each bus ceives a Restart Queue message. It therefore re-
unit has full DMA capability, bus manager 88 would turns a QUE JE FULL(2)
status in response to  receive information from IPCF verbs from IPCF 74,
recognizing the OPSTART(2) message.          which indicates that a process
desires to send a work 8. The server now recognizes the OPSTART(3)  15
request. Bus manager 88 would then alert bus man- message and returns a
QUEUE FULL(3) mes-       ager 86 that it has work to do by sending an
OPSTART sage.                                          message. The OPSTART
bus message format Is 9. The requestor now recognizes the QUEUE   shown in
Fig. 13, and has sufficient information for FULL status for OPSTART (1),
(2) and (3), and  bus manager 86 in server bus unit 50 to move a Re- Queue
Space Available message and sends a   20  quest/Response Control Block
(RRCB) that specifies Restart Queue message after determining which
control information and data addresses from bus unit messages it must
resend, and the order in which  52 main storage 68 into main storage 58 in
bus unit to send them.                                  50, if it could.
Further detail of the RRCB is shown in 10, 11, and 12. The requestor
processor resends  Fig. 14 and 15. Bus manager 86, could then alert the the
OPSTART messages in the correct order.    25  intended process in host
processor 56 through IPCF When work is completed by a server, an OPEND   72
that there is a pending work request, which would message is sent to the
requesting bus unit to indicate  be queued by the process. The process
would then that work has completed. its format is described later.  execute
the request, which would require data move- ment between the bus units. The
copy of the RRCB, DATA FLOW                                    30  that
would now be in main storage 58 would be used by the bus manager 86 to
control the transfer of data In the preferred embodiment of Fig. 2, the bus
between the bus units. The requested operation hardware 90 and 92 of bus
units 50 and 52 are labeled  would be signalled complete by an OPEND (see
Fig. as having direct memory access (DMA) capability.  16) message being
sent to bus manager 88, which This capability is standard hardware
capability that  35  would alert the requesting process through IPCF 74.
exists on most ha dware today. Master DMA capabil-   The problem with the
above scenario is that as ity allows the bus unit which has it to directly
access  implemented in Fig. 2, bus hardware 90 cannot direct- the main
storage of a bus unit with slave DMA capa-  ly access main store 68. Even
if bus hardware 90 had bility without interrupting the processor in the
slave  master DMA capability, bus hardware 92 would have DMA bus unit.
40  to have slave DMA capability as well. The problem is Hence, the details
of its operation will not be de-  solved by using a storage list control
block and sev- scribed, as they are not necessary for a full under-  eral
new bus messages to give management of buf- standing of the invention.
fers in main store 58 of host bus unit 50 to the bus Bus unit 50 has a
slave DMA capability 90. In the  manager 88 of bus unit 52. This permits
the bus man- preferred embodiment, bus unit 50 is a host proces-  45  ager
88 in the requestor to transfer data related to the sor. Slave DMA
capability permits a bus unit to let  request to the buffers in main store
58 of the server, other bus units acbess its main store 58 without inter-
and then the server to transfer the data from the buf- rupting the host
processor 56. Thus, line 60, which  fers into storage usable by the server
process, in ac- gives host processor 56 access to main store 58 is
cordance with the normal flow of work. Thus, data also connected to bus
manager 86, and to slave DMA   50  flow appears normal to IPCF 72. The RRCB
is used hardware to permit 90 access directly to main store  to indicate,
as usual, where the data is that the server 58. This in turn permits
another bus unit, such as bus  must access. The requestor bus manager 88
simply unit 52 which has master DMA hardware 92 capability  ensures that
the data is located in buffers in main to access main store 58 of bus unit
50 without inter-  store 58. Amore detailed description of the RRCB and
rupting host processor 56. A bus unit with only slave  55   messages will
now be given. DMAcapability cannot directly access the main store  A RRCB
is shown in Figs. 14 and 15. It is used to of any other bus nit, while a
unit with only master  identify a work request, and the data associated
with DMA capability cannot enable any other bus unit try-  it. The RRCB is
a control block that is used by the bus 9    
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requestor bus unit and the bus man-  unit, by bus unit number, that the
address in the next ager in the server bus unit to control the movement
field refers to. of data between the bus units. Information in the     A
DATA LENGTH field specifies the length of the RRCB is used forthe physical
DMA process. The con-  data, in bytes, of the field specified by the
following tents of the RRCB are preferably read only. The con-   5
address field. It is an unsigned integer value which tents are not altered
or modified by the bus manager  specifies contiguous real storage. The data
is padded in the server bus unit.                            with zeros to
a multiple of 8 bytes. The RRCB can be any length up to 4088 bytes in     A
DATA ADDRESS/DATA field is used either as the preferred embodiment, as
specified by the re-  an address or Immediate data. This field is immediate
questor's bus manager. In order to facilitate fixed   10  data if immediate
data is specified in the DATA block buffer management by the requestor,
RRCB's   FLAGS descriptor format of the previous word of the can be
segmented and chained together. If a fixed  RRCB segment; otherwise it is
an address. The ad- block is for example, 512 bytes long, and a RRCB Is
dress could be in the server's storage, the requestor's longer, an RRCB is
segmented into a first type, which  storage, or a third bus unit's storage
which Is not contains some header information, and a plurality of  15
shown. The address is used by the server bus man- second type segments
shown in Fig. 15, none of the  ager for DMA operations to or from the
storage in the segments being longer than the fixed block. The first  other
processor, or in a requester controlled buffer in field of the first type
of RRCB is a length of the total  the server storage. RRCB in bytes. The
length is the sum of the lengths of all of the segments RRCB. ARRCB TYPE
field spe-  20 cifies that It is a first type RRCB segment. A SERVER
Claims CONNECTION ID specifies the identification of the target process for
this request. A REQUEST PRIOR-  1. A communication management system for a
bus ITYfield specifies the priorityto be used by the server  unit (50,52)
in a loosely coupled distributed proc- processor when inserting a request
note onto the ser-  25  essor network, wherein the bus units (50,52) are
ver process's input queue. A FLAGS field defines       coupled together by
a bus (54) and each bus unit whether a definite response is required by the
server,  comprises one or more processors (56,66), and or only an exception
response. A REQUESTOR RID         wherein the communication management
system field specifies the identification of the request. It is
facilitates process to process communication be- known only to the
requestor.                  30      tween processes residing on target and
originat- An EXTENDED STATUS POINTER specifies an            ing bus units,
the system at a bus unit comprising: address of an area into which extended
status (status  receiving means for receiving messages to ini- data
exceeding the architected size permitted for sta-  tiate work, said
messages originating from an tus) may be placed. This area must preferably
be       originating bus unit; available and set to zero by the requestor
bus man-  35  the system being characterized by ager prior to usage. The
address is for the same stor-  a resource manager (86,88) coupled to the
re- age as the RRCB n the requestor managed storage.       calving means,
said resource manager compris- The remainder of the first type segment is
iden-   ing: tical to type two segments. It consists of a plurality of
management means for allocating bus unit re- descriptor element words which
specify the type of  40  sources to predetermined connection groups data
described by the descriptor element in the DATA   (CG1-CGn) on the bus unit
whereby each con- FLAGS field. A d scriptor type in the DATA FLAGS
nection group includes connections between field identifies the descriptor
type, such as Request,  processes on two unique processors and each Data In
from server storage to requestor storage,      connection group is given
enough of the proces- Data Out to server storage from requestor storage, or
45  sor resources to provide at least a predetermined a segment link to the
next RRCB segment when a fur-   minimum functionality; ther segment is
required. The RRCB segment link de-   full means for returning a queue full
message to scriptor element must appear at the end of the RRCB    the
originating bus unit in response to a message segment if there is another
RRCB segment. A de-       to initiate work in a predetermined one of the
scriptor format field within the DATA FLAGS field is  50  groups If there
are not adequate resources avail- used for specifying that immediate data
is left justi-  able for the group to perform the work; fled starting in
the data word and continuing for a    resource available means for sending
a resource maximum of 44 bytes. A request or Data Out descrip-    available
message to the originating bus unit tor may be Immediate data or a
reference including     when resources become available for the group; the
bus unit number and data address to identify  55   and where to DMAdata to
orfrom. Abus unit number must      work accepting means for accepting a
message always appear when the reference descriptor format   to initiate
work from the originating bus unit pro- is specified. The DATA FLAGS field
identifies the bus      vided thatthe originating bus unit has first
provid- 10    



17                 EP 0 317 468 B1                 18 manager in the
requestor bus unit and the bus man-  unit, by bus unit number, that the
address in the next ager in the server bus unit to control the movement
field refers to. of data between the bus units. Information in the     A
DATA LENGTH field specifies the length of the RRCB is used for the physical
DMA process. The con-  data, in bytes, of the field specified by the
following tents of the RRCB are preferably read only. The con-   5
address field. It is an unsigned integer value which tents are not altered
or modified by the bus manager  specifies contiguous real storage. The data
is padded in the server bus unit.                            with zeros to
a multiple of 8 bytes. The RRCB can be any length up to 4088 bytes in     A
DATA ADDRESS/DATA field is used either as the preferred embodiment, as
specified by the re-  an address or immediate data. This field is Immediate
questor's bus manager. In order to facilitate fixed   10  data if immediate
data is specified in the DATA block buffer management by the requestor,
RRCB's   FLAGS descriptor format of the previous word of the can be
segmented and chained together. If a fixed  RRCB segment otherwise it is an
address. The ad- block is for example, 512 bytes long, and a RRCB is  dress
could be in the server's storage, the requestor's longer, an RRCB Is
segmented into a first type, which  storage, or a third bus units storage
which is not contains some header information, and a plurality of  15
shown. The address is used by the server bus man- second type segments
shown in Fig. 15, none of the  ager for DMA operations to or from the
storage in the segments being longer than the fixed block. The first  other
processor, or in a requestor controlled buffer in field of the first type
of RRCB Is a length of the total  the server storage. RRCB in bytes. The
length is the sum of the lengths of all of the segments RRCB. A RRCB TYPE
field spe-  20 cifies that it is a first type RRCB segment. A SERVER
Claims CONNECTION ID specifies the identification of the target process for
this request. A REQUEST PRIOR-  1. A communication management system for a
bus ITY field specifies the priority to be used by the server  unit (50,52)
in a loosely coupled distributed proc- processor when inserting a request
note onto the ser-  25  essor network, wherein the bus units (50,52) are
ver process's input queue. A FLAGS field defines      coupled together by a
bus (54) and each bus unit whether a definite response Is required by the
server,  comprises one or more processors (56,66), and or only an exception
response. A REQUESTOR RID        wherein the communication managementsystem
field specifies the identification of the request. It is  facilitates
process to process communication be- known only to the requestor.
30      tween processes residing on target and originat- An EXTENDED STATUS
POINTER specifies an            ing bus units, the system at a bus unit
comprising: address of an area into which extended status (status
receiving means for receiving messages to ini- data exceeding the
architected size permitted for sta-  tiate work, said messages originating
from an tus) may be placed. This area must preferably be      originating
bus unit;' available and set to zero by the requestor bus man-  35  the.
system being characterized by ager prior to usage. The address Is for the
same stor-  a resource manager (86,88) coupled to the re- age as the RRCB
in the requestor managed storage.     ceiving means, said resource manager
compris- The remainder of the first type segment is iden-  ing: tical to
type two segments. It consists of a plurality of  management means for
allocating bus unit re- descriptor element words which specify the type of
40  sources to predetermined connection groups data described by the
descriptor element in the DATA  (CG1-CGn) on the bus unit, whereby each
con- FLAGS field. A descriptor type in the DATA FLAGS      nection group
includes connections between field identifies the descriptor type, such as
Request,   processes on two unique processors and each Data In from server
storage to requestor storage,     connection group is given enough of the
proces- Data Out to server storage from requestor storage, or  45  sor
resources to provide at least a predetermined a segment link to the next
RRCB segment when a fur-   minimum functionality; ther segment is required.
The RRCB segment link de-   full means for returning a queue full message
to scriptor element must appear at the end of the RRCB   the originating
bus unit in response to a message segment if there is another RRCB segment.
A de-       to initiate work in a predetermined one of the scriptor format
field within the DATA FLAGS field is  50  groups if there are not adequate
resources avail- used for specifying that immediate data is left justi-
able for the group to perform the work; fled starting in the data word and
continuing for a   resource available means for sending a resource maximum
of 44 bytes. A request or Data Out descrip-   available message to the
originating bus unit tor may be immediate data or a reference including
when resources become available for the group; the bus unit number and data
address to identify  55  and where to DMA data to orfrom. Abus unit number
must    work accepting means for accepting a message always appear when the
reference descriptor format    to initiate work from the originating bus
unit pro- is specified. The DATA FLAGS field identifies the bus  vided that
the originating bus unit has first provid- 10    
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and the group has adequate  the counter an amount dependent on that indica-
resources available, whereby said restart mes-   tion. sage is sent  by the
originating bus unit upon re- ceipt of a resource available message.
9. The communication management system  of 5      claim 3 characterized in
that the resource man- 2. The communication management system  of
ager further comprises: claim 1 characterized in that the resource man-  a
sending queue for holding work requests to be ager further comprises:
sent by the bus unit; means for sending a message to initiate work to  an
intermediate queue for holding work requests a second bus unit in response
to a process within  10  to be sent, in the same order that they were to be
the bus unit initiating a work request.           sent, but for which a
queue full message has been received for the group they were intended 3.
The commuication management system of           for; claim 2 characterized
in that the resource man-   means for transferring work requests from the
ager further comprises:                   15     sending queue to the
intermediate queue if a holding means for storing previously sent mes-
queue full message has been received for the sages to initiate work in a
second bus unit, said  group they were intended for; and stored messages
indicating the second bus unit    means for checking the holding means to
deter- and group to which they were sent;               mine if all work
requests for groups for which a restart means for sending a restart message
to  20  queue full message has been received, have re- the second bus unit
which responded with a        suited in queue full messages being received.
queue full message to an initiate work message. from the present bus unit,
said restart message  10. The communication management system  of being
sent following receipt of a queue space     claim 9 characterized in that
the resending available message from the second bus unit; and   25  means
resends the work requests which re- resending means coupled to the restart
means     ceived queue full messages once the means for and the holding
means for resending messages     checking indicates that all of them have
received to initiate work which caused a queue full mes-   queue full
message, said resending means send- sage to be sent by the second bus unit.
ing them in the same order that they were origi- 30      nally sent, and
said resending means then send- 4. The communication management system of
any       Ing the work requests on the intermediate queue one of claims 1
to 3 characterized in that the full  in the same order that they were
originally means further comprises means for monitoring      queued in the
sending queue. the resources still available to each group. 35 5. The
communication management system of        Patentansprilche claim 4
characterized in that the monitoring means comprises a counterfor each
group which  1. Kommunikatlonsverwaltungssysterr  fOr eine is decremented
or incremented depending on        Buseinheit (50, 52) in elnem lose
verbundenen, whether a work request Is completed by the group   40
verteilten Prozessornetz, wobei die Buseinhei- or is received by the group.
ten (50, 52) durch ainen Bus (54) miteinanderver- bunden sind und jede
Buseinheit elnen oder mehr 6. The communication management system  of
Prozessoren (56, 66) aufwelst und wobei das claim 5 characterized in that
the full means re-  Kommunikationsverwaltungssystem die Prozel- turns the
queue full message based on a compar-  45  zu-ProzelI-Kommunikation
zwischen Prozes- ison of the value of the counter with a maximum  son, die
sich auf Ziel- und Ursprungsbuseinhei- value for the group.
ten befinden, erleichtert, wobel das System bei einer Buseinheit folgendes
aufweist 7. The communication management system of            ein
Empfangsmittel zum Empfangen von Nach- claim 6 characterized in that each
work request  5o  richten, urn Verarbeitungsvorginge einzuleiten, causes
the monitoring means to increment or      wobei die Nachrichten von einer
Ursprungsbus- decrement the counter by one.                    einhelt
stammen; wobei das System gekennzeichnet Ist durch: 8. The communication
management system of            elnen Ressourcenverwalter (86,88), dermit
dem claim 6 characterized in that each work request  55  Empfangsmittel
verbunden let, wobel der Res- contains an indication of the amount of
resources  sourcenverwalter folgendes auftweist: the request requires to be
served, and wherein   ein Verwaltungsmittel zum  Zuordnen  von the
monitoring means increments or decrements    Buseinheitenressourcen zu
vorbestimmten Ver- 11    
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! bindungsgruppen (CG1 bis CGn) auf der Busein-      und dem
Zwlschenspeichermittel verbunden ist, heit, wodurchi jede Verbindungsgruppe
Verbin-      um Nachrichten zum  Einleiten von Verarbel- dungen zwisdhen
Prozessen auf zwei eindeuti-       tungsvorgangen zurOckzusenden, die
bewirktbn, gen Prozessoren umfait und jede Verbindungs-       daG sine
Nachricht 'Warteschlange voil" von der gruppe ausreichend
Prozessorressourcen er-   5     zweiten Buseinheit gesendet werden muB.
halt, um mindestens sine vorbestimmte Minimal- funktionalitit zu
gewihrieisten;                4. Kommunikationsverwaltungssystem nach
einern sin Vollmittel zum Zurucksenden einer Nachricht    derAnspriche I
bis 3, dadurch gekennzeichnet, "Warteschiange voll" zur Ursprungsbuseinheit
daS das Vollmittel des weiteren sin Mittel zum als Antwort auf sine
Nachricht zum Einieiten von   10  Oberwachen derfurjede Gruppe noch
verfugba- Verarbeitungsvorgfingen in einer vorbestimmten     ran Ressourcen
aufweist. der Gruppen, falls fur die Gruppe keine ausrei- chenden
Resiourcen zum DurchfUhren deI Ver-     5. Kommunikationsverwaltungssystem
nach An- arbeitungsvoikginge verfugbar sind;                spruch 4,
dadurch gekennzeichnet, daB das sin "Ressour~en verffigbar"-Mittel zum
Senden   15  Oberwachungemittel einen Zahler fur jede Grup- elner Nachricht
"Ressourcen verfOgbar" zur Ur-     pe aufweist, der vermindert oder erhoht
wird, je sprungsbuseiflheit, wenn Ressourcen fOr die        nachdem, ob
sine Verarbeltungsanforderung von Gruppe verfuigbar werden; und
der Gruppe beendet oder von der Gruppe emp- sin
VerarbeiNungsvorgangannahme-Mittels zum        fangen wird. Annehmen einer
Nachricht, um Verarbeitungs-  20 vorgange von der Ursprungsbuseinheit
einzulei-  6. Kommunikationsverwaltungssystem  nach An- ten, vorausgesetzt
dan die Ursprungsbuseinheit     spruch 5, dadurch gekennzeichnst, dan das
Voll- zuerst sine Nachricht "Neustart7 gesendet hat      mittel die
Nachricht "Warteschlange voll" In Ab- und der Gruppe ausrelchend Ressourcen
zur          hangigkeit von einem Vergleich des Zahlerwer- Verfigung
stehen, wodurch die Nachricht "Neu-  25  tes mit einem Maximalwert fur die
Gruppe sen- start" von der Ursprungsbuseinheit beim Emp-       det. fang
einer Nachricht "Ressourcen verfugbar" ge- sendet wird.
7. Kommunikationsverwaltungssystem  nach An- spruch B, dadurch
gekennzeichnet, daBjeade Ver- 2. Kommunikationsverwaltungssystsem  nach An-
3o      arbeitungsanforderung bewirkt, daB das Ober- spruch 1, dadurch
gekennzeichnet, daB der Res-     wachungsmittel den Zihier um Emns erhoht
oder sourcenverwalter des weiteren folgendes auf-       vermindert. weist:
sin Mittel zurn Senden einer Nachricht zum Eln-  8.
Kommunikationsverwaltungssystem  nach An- lelten von
Ve~rarbeitungsvorggngen zu leiner  35   spruch 6, dadurch gekennzeichnet,
daljoede Ver- zweiten Buselnheit als Antwort auf einen PtozeB
arbeitungsanforderung sins Meldung Ober die innerhalb dertuseinhelt, der
eine Verarbeltungs-   Menge an Ressourcen, die eine Anforderung be-
anforderung qinleitet.                             notigt, um ausgeflOhrt
zu werden, beinhaltet und Y>..
wobel das Oberwachungemittel den Zahier in Ab- 3.
Kommunikatignsverwaltungssystem  nac; An-  40       hingigkeit von dieser
Meldung um einen Betrag spruch 2, dadurch gskennzsichnet, daS der Res-
erhoht oder vernindert. sourcenverwaiter des weiteren folgendes auf- weist:
9. Kommunikationsverwaltungssystem  nach An- sin Zwischenspeichermittbl zum
Speichern von       spruch 3, dadurch gekennzeichnet, dalB der Res- vorher
gesendeten Nachfichten zum Elnlelten   45   sourcenverwalter des weiteren
folgendes auf- von Verarbeifungsvorgingen in einer zweiten        weist:
Buseinheit, wbei die gespeicherten Nachrichten     sine Sendewarteschlange
zum Zwischenspei- die zwelte Buseinheit und die Gruppe, zu der sie   chern
von Verarbeitungsanforderungen, die von gesendet wurden, anzeigen;
der Buseinheit gesendet werden missen; ein Neustartmittel zum Senden einer
Nachricht  50  sine Zwischenwarteschlange zum Zwischenspei- "Neustart" zu
der zwelten Buseinhelt, die mit el-  chern von zu sendenden
Verarbeitungsanforde- ner Nachricht "Warteschlange voll" auf sine
rungen In derselben Reihenfolge, in der sie ge- Nachricht
"Verarbeitungsvorgang einielten" von     sendetwerden mu~ten, fir die
jedoch eine Nach- der aktuellen Buseinheit antwortete, wobei die     richt
"Warteschiange voll" fir die Gruppe, ffir die Nachricht "Neustart nach dam
Empfang einer  55     sle bestimrnmt waren, empfangen wurde; Nachricht
"Warteschlangenspeicher verfigbar!       sin Mittel zum Obertragen von
Verarbeitungsan- von der zwelten Buseinheit gesendet wird; und
forderungen von der Sendewarteschlange zu der sin R(cksendglmittel, des
mitdem Neustart nittel   Zwischenwarteschlange, falls eine Nachricht 12    
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fOr die Gruppe, fOr die sie  d'amorce de traval Idans un groups
pr6determin6 bestimmt waren, empfangen wurde; und              des groupes
s'il n'y a pas de ressources ad6qua- ein Mittel zuOn 1berprofen des
Zwlschenspei-      tea disponibles pour que le groups accomplisse
chermittels, urm zu bestimmen, ob alle Verarbei-  le travail;
tungsanforderungen fOr Gruppen, fOr die sine   5       des moysns de
ressources disponibles Nachricht "Warteschlange voll" empfangen wur-
pour envoyer un message de ressources dispo- de, zu Nachrichten
"Warteschiange voll" gefrlhrt  nibles a l'unitb de bus bmetteur lorsque des
res- haben, die empfangen werden.                      sources deviennent
disponibles pour le groups; et 10. Kommunikationsverwaltungssystem  nach
An-  10          des moyens d'acceptation de travail pour spruch 9, dadurch
gekennzeichnet, daB das         accepter un message d'amorce de travail
prove- Rfcksendemittel die Verarbeitungsanforderun-      nant de l'unitb de
bus emetteur pourvu que l'unitN gen, die Nacltrichten "Wartesehlange
voll"'emp-   de bus emetteur alt tout d'abord fourni un messa- fangen
habed, zurOcksendet, sobald das Wlittl     go de reprise et quo le groups
alt des ressources zum OberprGfpn anzeigt, daB alle von Ihnsro sine   15
adequates disponibles, ce qui fait quo ledit mes- Nachricht "Wrteschlange
voll" empfangen ha-       sage de reprise eat envoye par l'unite de bus
ben, wobei das ROcksendemittel diese in dersel-   emetteur A la reception
d'un message de res- ben Reihenfoigo sendet, in der sle ursprlOnglich
sources disponibles. gesendet   wurden,   und   wobel   das
Rulcksendemittel anschilellend die Verarbel-  20  2. Systeme de gestion de
communications selon la tungsanforderungen in derselben Relhenfolge,
revendication 1, caractrise en ce quo le gestlon- wie sie uraprunglich in
die Sendewarteachlange    naire de ressources comprend en outre: gestellt
wurden, in die Zwischenwarteschlange           des moyens pour envoyer un
message sendet.                                           d'amorce de
travail A une deuxieme uniti de bus 25      en reponse A un processus dans
l'unIt6 de bus amorcant une requete de travail. Revendications 3. Systeme
de gestion de communications selon la 1. Systeme de gestion de
communications pour uni-    revendication 2, caractrise en ce quo le
gestion- tb de bus dans un reseau de processeurs distri-  30  naire de
ressources comprend en outre: bue A couplage lache, dans lequel les unitis
de         des moyens de stockage pour emmagasi- bus (50, 52) sont couplees
ensemble par un bus    ner des messages d'amorce de travail envoyes (54) et
chaque unit6 de bus comprend un ou plu-   prbalablement dans une deuxieme
unit6 de bus, sleurs processeurs (56,66), etdans lequel le sys-  lesdits
messages emmagasines indiquant la teme de gestion de communications
faclljte la  35  deuxieme unite de bus et le groups sur lesquels
communicatidn de processus A processus ntre       ils ont ete envoybs; des
processup residant sur des unit6s de bus ci-        des moyens de reprise
pour envoyer un ble et bmetteur, Is systeme A l'unit6 de bus      message
de reprise A la deuxieme unite de bus Y/    compronant:
qul a repondu par un message de file d'attente des moyens de r6ception pour
recevoir  4o    pleine A un message d'amorce de travail prove- des messages
d'amorce de travail, lesdits mes-    nant de la presente unite de bus,
ledit message sages provenant d'une unite de bus emetteur;      de reprise
etant envoye apres la reception d'un le systeme etant caracterise par
message d'espace de file d'attente disponible un gestionnaire de ressources
(86, 88)       provenant de la deuxieme unite de bus; et couple aux moyens
de rbception, ledit gestion-  45     des moyens de renvoi couples aux naire
de ressources comprenant:                   moyens de reprise et aux moyens
de stockage des mdyens de gestion pour attribuer des     pour renvoyer des
messages d'amorce de travail ressources d~unit6 de bus A des groupes de
qui ont permis A un message de file d'attente plei- connexibns
predetermines (CG1-CGn) sur l'unite    no d'etre envoye par la deuxieme
unite de bus. de bus, ce qui falt quo chaque groups de   50 connexions
comport. des connexions entre pro-  4. Systeme de gestion de communications
selon cessus sur deux processeurs uniques et chaque     l'une quelconque
des revendicatlons I A 3, carac- group. de connexions recoit suffisamment
de       tWrMse en ce quo les moyens de file d'attente plel- ressources de
processeur pour assurer au mons     no comprennent en outre des moyens pour
une fonctionnalit minimale prbdbterminbe;  55     superviser les ressources
encore disponibles des moyens de fIle d'attbnte pleine pour     pour chaque
groups. retourner un Message de fIle d'attentb pleine A l'unite de bus
etteur en rbponse A un message  5. Systeme de gestion de communications
selon la 13    



25                 EP 0 317 468B1 B1 26 revendlcation 4, caracterisb en ce
que les       voyant dans le meme ordre que celul dans lequel moyens de,
supervision  comprennent un            elles ont ete envoyees A l'origine,
et lesdits compteur paij groupe qui esat decremente ou In-   moyens de
renvol envoyant alors les requites de crbmente sulvant qu'une requete de
travail eat    travail sur la file d'attente intermedialre dens le
accomplie par le groupe ou qu'elle est regue par   5  mime ordre qus celui
dans lequel elles ont ete Is groups.
mises en file d'attente A l'origine dans la file d'en- voi. 6. Systeme de
gestion de communications selon la revendication 5, caractdris en ce que
les moyens de file d'attente pleine retournent le  10 message de file
d'attente pleine base sur une comparaison de la valeur du compteur et d'une
valeur maximale pour le groupe. 7. Systeme de 4estlon de communications
sejon la  i5 revendiceation6, caracterise en ce quo chaque re- quite de
travail permet aux moyens de supervi- sion d'incrn  nter ou de dicrimenter
le compteur de "un". 20 8. Systeme de gestion de communications selon la
revendication 6, caracterise en ce quo chaque re- quite de travail contient
une indication sur la quantiti de ressources A servir suivant la requite
faite, et dansalequel lea moyens de supervision   25 Incrementent ou
decrimentent le compteur d'une quantitb qui depend de cette indication. 9.
Systeme de gestion de communications selon la revendication 3, caracterise
en ce quo le gestion-  30 naire de ressources comprend en outre: une file
d'attentb d'envoi pour stocker des requites de travail A envoyer par
I'unitb de bus; une file dattbnte intormbdlalre pour stocker des requites
de travail a envoyerdans le  35 mime ordre duo celul dens lequel elles
dejaient itre envoybe mals pourlesquelles un melsage de file d'atbte pleine
a eti regu pour le groupe V>*    auquel slles 6talent destinees; des mqyens
pour transferer des requites  40 de travail depuls la file d'attente
d'envoi jusqu'a la file d'attenle intermidlaire si un message de file
d'attbnte pleine a ete regu pour le groupe au- quel elles etalent
destinbes; et des moyens de vbrification pour vbrifler  45 lea moyens de
stockage af in de dbtbrminer si tou- tea lea requbtos de travail pour des
groupes pour lesquels a et4 regu un message de file d'attbntb plelne, ont
eu comme risultat la reception de messages de file d'attente plelne.
50 10. Systeme de gestlon de communications selon la revendlcation 9,
caractersi en ce que les moyens de renvol renvoient les requites de tra-
vail qui ont regu des messages de file d'attbntb    8 pleine lorsque lea
moyens de virification indi- quent qu'elles ont toutos regu un message de
flle d'attentb plel e lesdIts moyens de renvoi I a en- 14    


