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SERVER I N A COMMON WORK QUEUE ENVI RONMENT BACKGROUND OF THE | NVENTI ON 1.
TECHNI CALWBIBoB368he present invention relates generally tecparab/bml4
processing environments, and nore specifically to parallel processing
systens enpl oyi ng a shared queue. 2. BACKGROUND ART It is conmonplace in
contenporary data processing environidents to provide a plurality of
systens to handl e the processing needs of one or nore clients. For
exanple, two or nore systens, such as transaction processing systens, nmay

be interfaced to one or My g @ icemt § W @ & @oguni cations network. In
this environnment, when a client has a task to be perforned by one of the

systens, that client sends an input nessage to the desired systemto
request processi ng bymesT BPPEIBEE SERVERNIMOA icoMMar system The subj ect

system queues the nessagewaﬁg @@ﬁ%#q€§vi age to the application for
ete, €

processi ng. When processing IS application places an

out goi ng nmessage in the queue for transm ssion over the network to the
client. To take advantage of the multi-processing aspect of this
environnment, the systemoriginally tasked by the client, systemA, my
extrad%AQ$ﬁR¢WHRn0%%%&5&%NY¢¥WE?Ws queue and forward the input nessage to

a secand sysdfcsysEemm, for processing. Wien processing is conpl eted by
system B, the response (out g nmessage)_ i s forwar to system A and
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environments, and more specifically to parallel processing

systems employing a shared gqueue.

2. BACKGROUND ART

It is commonplace in contemporary data processing environments
to provide a plurality of systems to handle the processing
needs of one or more clients. For example, two or more
systems, such as transaction processing systems, may be
interfaced to one or more clients via a communications
network. In this environment, when a client has a task to be
performed by one of the systems, that client sends an input
message to the desired system to request processing by an
application running in that system. The subject system queues
the message and provides the message to the application for
processing. When processing is complete, the application
places an outgoing message in the queue for transmission over

the network to the client.

To take advantage of the multi-processing aspect of this
environment, the system originally tasked by the client,
system A, may extract the input message from its queue and
forward the input message to a second system, system B, for
processing. When processing is completed by system B, the
response (outgoing message) is forwarded to system A and
placed on system A’'s queue for transmission to the client.
Thus, in this manner, multiple systems can be utilized to

handle processing requests from numerous clients.



Thus, in this manner, nultiple systens can be utilized to handle

processi ng requests from nunerous clients. WO 03/083683 PCT/ EP03/ 02674 2
There arewolomesses, a few di sadvantages with this arrangem®emtEPO3/FBr4
exanple, if systemA fails, none of the work on the queue of system A can
be accessed. Therefore, the client is forced to wait until systemA is
brought back online to have its trangacti on processed. In order to address
t hese di sadvant ages, a shared, or commobn, queue nmay be provided to store
i ncom ng nessages for processing by any of a plurality of data processing
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and pl S b shar | queue.

Thus, tr,J&n Shar ergﬁque eéglﬁrégﬁe%;:o}ggé%zaﬁﬁﬂ%&grﬁ ég]eh Y%c T7°0n bet ween
cli ent@ammqm@rm%%%dng and the data processing systens that perform
t he processing. Because the nessages are enqueued onto the shared queue,

the messages can be_processed an_application running in any of a
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having available capacity to process the messages. In

operation, a system having available capacity retrieves a
queued message, performs the necessary processing, and places
an appropriate response message back on the shared queue.
Thus, the shared gueue stores messages sent in either
direction between clients requesting processing and the data

processing systems that perform the processing.

Because the messages are enqueued onto the shared queue, the
messages can be processed by an application running in any of
a plurality of systems having access to the shared queue.
Thus, automatic workload management among the plurality of
systems is provided. Also, because any of the systems
connected to the shared queue can process messages, an
advantage of processing redundancy is provided. If a
particular application that is processing a message fails,
another application can retrieve that message from the shared
queue and perform the processing without the client having to
wait for the original application to be brought back on-line.
This provides processing redundancy to clients of the data

processing environment.

When utilizing a common work queue, all clients that submit
requests onto the common gueue have an expectation that their
work request will be completed within a reasonable amount of

time. In an environment where not all servers are eligible to



wait for the original application to be brought back on-line. This

provi des processi ng redundancy to clients of the data processing

envi ronmewD.o3wke®3 util i zing a conmon wor k queue, all cliemcI/RA0&D2678UDM t
requests onto the common queue have an expectation that their work request
will be conpleted wthin a reasonable anmount of tinme. In an environnent
where not all servers are eligibletd WD 03/083683 PCT/ EP03/ 02674 - 3
process all requests, it is possible at any given tinme that there are no
servers eligible to process sone or all of the work requests on the queue.
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process each request on the common work queue. This may be

the result of (a) a server has been configured to only process

certain types of requests or (b) a server does not have access

to the resources required to process certain types of

requests. As an example for case (a), some servers may be

configured to only process requests from certain clients,

while other servers may be configured to process all requests.

As an example for case (b), some requests may require access

to certain storage pools that not all servers have

connectivity to. Only servers that have connectivity to the

required storage pool can process those requests.

SUMMARY OF THE INVENTION
An object of this invention is to improve data processing

systems that use a common queue to process work requests.

Another object of the invention is to notify a client, who has
submitted a synchronous request, whether there is a server

eligible to process that request.

A further object of the invention is to prevent a synchronous
request from being submitted for which there is no server

eligible to process.



An object of this invention is to inprove data processing systens that use
a common queue to process work requests. Another object of the invention
is to notwioysasss ent, who has submitted a synchronous requarn3/omwiet her
there is a server eligible to process that request. A further object of
the invention is to prevent a synchronous request from being submtted for
which there is no server eligibletd process. WO 03/083683 PCT/ EP03/ 02674
4 These and other objectives are attained with a systemand nethod for
managi ng servers. The system conprises a plurality of servers for
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Also, in the preferred embodiment, each of the clients
includes means to read the list, before the client transmits a
message of a given type to one of the servers, to determine
whether at least one of the servers is eligible to process
messages of the given type. In addition, the processor means
may notify the clients when changes are made to the list, and
each of the clients may include means for removing messages
from the common queue in case there is no longer any server
eligible to process the messages. A queue server provides the
necessary interface for the common gueue. Any suitable queue
server may be used, however, preferably the common gqueue
server is the Coupling Facility available in the zSeries
processing environment available from International Business

Machines, Corp.

Further benefits and advantages of the invention will become
apparent from a consideration of the following detailed
description, given with reference to the accompanying drawings

which specify and show preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram showing a shared queue in a

client/server environment.



necessary interface for the common queue. Any suitable queue server may be
used, however, preferably the common queue server is the Coupling Facility
avai | abl eworo3toBsssz Seri es processi ng envi ronment avai |l abl @CTrEPB/02674

I nternati onal Business Machines, Corp. Further benefits and advant ages of
the invention will become apparent froma consideration of the follow ng
detailed description, given with reberence to the acconpanyi ng draw ngs
whi ch specify and show preferred enbodi nents of the invention. BRIEF
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a bl ock diagram show ng a shared

queue pitndre O | SEWS & {208l | GO Y ro MR O3 PEIRBZ-Ffeld BP0 Qb - S
Figure 2 shows a shared queue processing environnent in which a nost

el i gi 5t & FLEIRIS SIBRT Pt U R FYure $9Y1 ustrates a procedure for
updating a nost eligible server status record. DETAILED DESCRI PTI ON OF THE

PREFERRED EMBODIMENTS The present jnvention erally relates. tqQ systens
2 mOCHBHE. 1 AL ATV TP AR Sl A P b b e R e ¢ o
pr ocesemess agest dorramerdr nore clients. In the preferred enbodinent, a
structured external storage device, such as a shared queue, is provided

for queuing client nessages for the plurality of systenms. Wen incom ng
mes s adRETAIEDR QESCRIFPTEQN AR (FHE |ARERERRE) EMBEQIEIMENRSd on t he queue. Wen

one ofrnd e ddalidveri &Y Y8 Nas, aaidah] & PreassiNhkeRaciHEs it
retrieves a nessage, processes the nessage and places a response on the

queue.tBGHAY PIOW A & /AT TUSE REFFINES FIEERudR® in a
cli entgrerresy nedddgayTEidr he Hie niddeerdl/iseiner anwidienprdferred

embodiment, a structured external storage device, such as a
shared queue, is provided for queuing client messages for the
plurality of systems. When incoming messages are received
from the clients, they are placed on the queue. When one of
the plurality of systems has available processing capacity, it
retrieves a message, processes the message and places a

response on the queue.

Figure 1 is a block diagram illustrating the shared queue in a
client/server environment 10. The client/server environment
includes one or more clients 12 interfaced to a plurality of
processing systems 14 via one or more networks 16. When a
client 12 has a transaction to be processed, the client
enqueues the message onto shared queue 20. As additional
messages are received from clients, they too are enqueued onto
the shared queue. Each message remains on shared queue 20

until it is retrieved by one of the systems 14 for processing.

When a system 14 determines that it has the capacity to
process another transaction, that system 14 dequeues a message
from shared queue 20. That system 14 then processes the
message and places on shared queue 20 the appropriate response
to the client that generated the incoming message. A common
queue server 22 provides the necessary interface between
shared queue 20 and systems 14. When an input message is
received by the common queue server for enqueueing onto shared

queue 20, the queue server 22 buffers the message in one or



i ncludes one or nore clients 12 interfaced to a plurality of processing
systens 14 via one or nore networks 16. Wien a client 12 has a transaction
to be prowess®sicss he client enqueues the nessage onto shacadkrgsierses 20. As
addi tional nessages are received fromclients, they too are enqueued onto
t he shared queue. Each nmessage remains on shared queue 20 wuntil it is
retrieved by one of the systens 14-f@r-processing. Wen a system 14
determnes that it has the capacity to process another transaction, that
system 14 dequeues a nessage from shared queue 20. That system 14 then
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response tot I'tent that generate ncom ng nessage. A conmnon
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and sysi efe Kradien: HF idHW iMRSSAGSH .S HRGRINGA Y dHhifoMmme queue
server for enqueuei ng onto shared ueue 20, the gqueue server, 22 buffers

t he mESEHRE i HDife GRS 05 %%@‘&%‘H’@@Wﬂﬁﬁ’ aya HdfF &1 and t hen
t r anst@ex ildd pradasding havihangednueailailye Sudmliing emddrgleue and
comon queue server may be used in the practice of this invention.
Preferably, though, the comon queue server is the Coupling Facility
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various features used in the preferred 1 nplenmentation of the invention. As
ment i dHYEHIGe, one difficulty that can occur when a conmon work queue is
used is that it is possible that at any given tine, there are no servers

eligible to process sonme or l.I_ of the rk requests on_.the queue. To
addr e$§ TS H8&SE aﬁﬂ%ﬁ;i°ﬁ$e%ﬁﬁ5ﬁcﬁﬁi igg?ta CGFET #&Y &d to as the
"Most common work queue is used is that it is possible that at any

given time, there are no servers eligible to process some or

all of the work requests on the queue. To address this need,

this invention utilizes a feature referred to as the “Most

Eligible Server.” The most eligible server is that server

that has the greatest ability to process requests. By knowing

the status of the most eligible server, clients may submit

requests to the common work queue based on whether or not

there is a server that is eligible to process that request.

In order to prevent a synchronous request from being submitted
for which there is no server eligible to process, a “Most
Eligible Server Status” (MESS) record is maintained. The MESS
record indicates whether or not there is a server eligible to
process requests, and if so, which types of requests are
eligible to be processed. The number of servers eligible does
not need to, but can, be maintained. The MESS record
indicates that there is at least one server eligible to
process requests, so that requests do not remain on the queue
for an indefinite amount of time. Before submitting a
request, a client quickly reads the MESS record to determine
if there is a server eligible to process its request. If so,

the client then places its request onto the queue.



Eligible Server." The nost eligible server is that server that has the
greatest ability to process requests. By knowing the status of the nost

el i gi bl e werosm@s3essl i ents nay submit requests to the comeeTyRROKOZFALUE
based on whether or not there is a server that is eligible to process that
request. In order to prevent a synchronous request from being submtted

for which there is no server eligibl® to0 process, a "Mdst Eligible Server
Status" (MESS) record is maintained. The MESS record indicates whether or
not there is a server eligible to process requests, and if so, which types

of re%e%feea@m alf ¢ 1@ ke pLeeessed th@%ﬂymgcoefd sehyers eligible

does not need to, but can, be nmainftai ned. The record I ndi cat es t hat
t her e Cild eRES) @&&t n@rréfeed/@r éhegicbpedto arfoc,té@s Mﬁ&?uéﬁ owex ttiw@n

requests g@eeRQbusemiatu@n -t htaguewe nbokecawdrmdef idliiaraewit of time.
Before subnitting a fregyest a client urckl¥ reads the MESS record to
e Ots

det er MERE2T SR WASSFEr CBN GO EREG P P6c BEOSESS Fequedti®n  so,
t he cltihentltlean mbacema1qpumeque§trembolhbe1¢meu@quWQt@3EQ%86&&e

PCT/ EPO3/ 0267 I re is han in,the NESS record,

t hen g%r%nggéawélﬁgt%%% ﬂgﬁge r%'% %Eé P%elomer than its
previ pyocssst-us - that is, no server i's eI|g|bIe or certain types of
requests can no |onger be processed - then the client has the option of
removing its requests fromthe queue for which there is no |aonger a server
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Both Servers are connected to a Disk Pool 40, but only one of
the servers can be connected to the Tape Pool 42. Server 34
is the only server that can process requests that require a
Tape Resource. As long as Server 34 is available, the MESS
record indicates that there is a server available to process
requests requiring tape. When Server 34 is not available,
then the MESS record 44 is updated to indicate that there are
no servers available to process tape requests, and Clients 46
and 50 can fail existing outstanding tape requests and submit

new requests accordingly.

Figure 3 shows a procedure for updating a most eligible server
status record. As represented at steps 60 and 62, when a
server connects to the common work queue, it determines if its
eligibility to process requests is greater than is currently
reflected in the MESS record. If so, then at step 64 the MESS
record is updated; and if not, then, as represented by step
66, no change is made in the MESS record. The record may also
be updated when there is a change in eligibility of the
connected servers. A record of the eligibility status of each
server may be maintained in order to make this determination.
When a server disconnects from the common work queue, then the
MESS record may be updated if the status of the MESS has
changed.



t he servers can be connected to the Tape Pool 42. Server 34 is the only
server that can process requests that require a Tape Resource. As |ong as
Server 34wio3msmss abl e, the MESS record indicates that tPeT&EPISIETISEr Ver
avai l abl e to process requests requiring tape. Wien Server 34 is not

avai lable, then the MESS record 44 is updated to indicate that there are
no servers avail able to process tapesrequests, and Clients 46 and 50 can
fail existing outstanding tape requests and submt new requests
accordingly. Figure 3 shows a procedure for updating a nost eligible server
statu SELY vsé']e% onnects
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done b any SU|ta e_processor neans. For 1 nstance, queue server 22
may bé Usdd R ntdgReHO U dattdrq Hrec fig Sktﬁfee%rlf?m‘ffel@? the
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procegg@rcessing unit, or by any other suitable type of computer,
including, for instance, computers having plural or multiple
processor units. Further, it may be noted, the needed
processing may be done principally by software, if desired,
principally by hardware, or by a combination of software and

hardware.



means may include a single processor or plural processors. For instance,
dependi ng on the specific systemin which the invention is used, the MESS
record nmawyol/osmBhnt ai ned and updated by a standard per somalT/Erosrmster
having a single processing unit, or by any other suitable type of

conmputer, including, for instance, conputers having plural or multiple
processor units. Further, it may be foted, the needed processing nmay be
done principally by software, if desired, principally by hardware, or by a
conbi nati on of software and hardware. WO 03/083683 PCT/ EP03/ 02674 9
CLAIM5S 1. A server nmanagenent sysgesigonprising: a plurality of servers
for processing nessages; at |least one client for transmtting nessages to
and receiving nessages fromthe servers; and processor neans for

mai nt ai Ni NA &séiddr inshapénag: Whedthen @dmpiteaisigone of the servers is
eligible to process nessages. 2. A server nmanagenent system according to
Claiml, wherein: the servers are adapted to process nessages of different
t ypes;a anidirsal ik yprot essorene aisr ipwdakesimeansssagesdi cate on said |i st

whet her, for each of the different types of nessages, at |east one of the
servers is eligible to process said each of the different types of
messadds . 1ensta ang ekl evh afeirdrta st Wi e A e cc T andn 1eceHerRgn  each

of theHddLUS #40Hh udes s@ansrd 0 £168d said |ist, before the client
transmts a nessage of a given type to one of the servers, to determ ne

whet her at | east one of the servers is eligible to process nessages of the
gi ven gnaessor means for maintaining a list indicating whether at

least one of the servers is eligible to process messages.
2. A server management system according to Claim 1, wherein:

the servers are adapted to process messages of different

types; and

gsaid processor means includes means to indicate on said list
whether, for each of the different types of messages, at least
one of the servers is eligible to process said each of the

different types of messages.

3. A server management system according to Claim 1, wherein
each of the clients includes means to read said list, before
the client transmits a message of a given type to one of the
servers, to determine whether at least one of the servers is

eligible to process messages of the given type.

4. A server management system according to Claim 1, wherein
the processor means notifies the clients when changes are made

to said list.

5. A server management system according to Claim 1, wherein
each of the clients includes means for removing messages from
the servers in case there is no longer a server eligible to

process the messages.



4. A server managenent system according to Claim1, wherein the processor
means notifies the clients when changes are nade to said list. 5. A server
managenemvoIp®smes according to Claim 1, wherein each of tPaa/EPo3/ersts

i ncl udes neans for renoving nessages from the servers in case there is no
| onger a server eligible to process the nmessages. WO 03/ 083683

PCT/ EPO3/ 02674 - 10 6. A nethod of1omnagi ng servers conprising: providing
a plurality of servers for processing nessages; using at |east one client
to transmt nmessages to and to receive nessages fromthe servers; and
provi d4 ng OGESS f ' L 0] ' jodi cating whether at | east
one 0196 t he%sg{rivers iocgf eﬁ%ﬁ@%%‘?%%%s@ﬁn%%%%é. 7. A nmethod according
to daim6, wherein: the servers are adapted to process nessages of

di ffergvid¥iess pncksRi €y | d Stsd el cat s wheddheds i dprmeaedyof ; t he
different types of nessages, at |east one of the servers is eligible to
process said each of the different types of nessages. 8. A nethod according
to O aignrfy dturidwst canprdSid tthe trxdmemid neaatyaf ddhersd ient s readi ng f
said |jst,. before the | i ent. transmts a nessage of a given type to one o
t he :ﬁﬁ%ﬁﬁ%ﬁ ?%?%ﬁﬂ%ﬁrﬁ%%@c§§arﬁﬁr%ﬁrﬁbé§¥¥one of the servers is eligible
to process nessages of the given type. 9. A nethod according to C aim6,

AT 5 0SS o e, oo Ry (1 1 et

when changes "are nade to said |ist. \ 0d _accor o Caimb6
furt hat iqﬁrquqﬁione of the servers is eligible to process
messages.
7. A method according to Claim 6, wherein:

the servers are adapted to process messages of different

types; and

said list indicates whether, for each of the different types
of messages, at least one of the servers is eligible to

process said each of the different types of messages.

8. A method according to Claim 6, further comprising the
step of, each of the clients reading said list, before the
client transmits a message of a given type to one of the
servers, to determine whether at least one of the servers is

eligible to process messages of the given type.

9. A method according to Claim 6, further comprising the
step of using the processor to notify the clients when changes

are made to said list.

10. A method according to Claim 6, further comprising the
step of, each of the clients removing messages from the
servers in case there is no longer a server eligible to

process the messages.

11. A program storage device readable by machine, tangibly

embodying a program of instructions executable by the machine



step of, each of the clients renoving nessages fromthe servers in case
there is no longer a server eligible to process the nessages. 11. A

pr ogr am sworisgessdevi ce readabl e by machine, tangi bly enbedyirrg3/eceps ogram
of instructions executable by the nmachi ne WO 03/ 083683 PCT/ EP03/ 02674 to
perform nethod steps for nmanaging a plurality of servers according to the
preceding clains. 12. A data processing-systemconprising: a plurality of
servers for processing nessages of different types; at |east one client
for transmtting nessages to and receiving nessages fromthe servers; and

Processor é’@?é‘zsmfxﬁét}?@a g al ol ”@o;la &é&égiﬁ@'ofaéw&gafs‘gﬁh&f’séﬂ rgach of the

dlfferent t nessages, east one ers iIs |g|ble to
pr oces&C &R r%ctho othe Herefedinenzlaimes of nessages. 13. A data
processi ng system according to Caim12, wherein each of the clients

includes means to read sajd |ist, before the client transmts a nessage of
a givelf tyge BHRF FFETFET SBFVHR , CUP et B ne whet her at | east one of

the servers is eligible to process messages of the g| ven type. 14. A data
processi sysi.em cor d| n t wherein each e clients
ol udbd TS 015 SRt iee e i Y T e (i et here i s no

| ongertypeser ver eligi bI e to process the nessages.

at least one client for transmitting messages to and receiving

messages from the servers; and

processor means for maintaining a list indicating whether, for
each of the different types of messages, at least one of the
servers is eligible to process said each of the different

types of messages.

13. A data processing system according to Claim 12, wherein
each of the clients includes means to read said list, before
the client transmits a message of a given type to one of the
servers, to determine whether at least one of the servers is

eligible to process messages of the given type.

14. A data processing system according to Claim 12, wherein
each of the clients includes means for removing messages from
the servers in case there is no longer a server eligible to

process the messages.



