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Abstract

In large workflow managementsystems(WfMS), it is particularly importantto control workflows
(WF) in anefficient manner. A very critical factorwithin this context is theresultingcommunication
overhead.For this reasonwe have developedanapproachfor distributedWF control,which tries to
keepthe communicationoverheadlow. In this paper, this approachis describedand examinedby
meansof a simulation.

1 Intr oduction

Enterprise-wideandcross-enterpriseWF scenariosarecharacterizedby a largenumberof usersand
many concurrentlyactive WF instances.Therefore,the WF servers have to copewith a high load
in total. Furthermore,in suchan environment,the differentorganizationalunits (OU) areoften far
away from eachotherandconnectedby slow wide areanetworks(WAN). For this reason,the load
of thecommunicationsystemis anextremelycritical aspect.Becauseof theresultingcommunication
overheada centralizedWF control is oftennot applicable(at leastnot at reasonablecosts).Another
reasonis thattheWF systemsusedareoftenvery heterogeneouswhichmakesa centralizedWF con-
trol rathercomplicatedif not evenimpossible.In theADEPT project� we, therefore,have developed
anapproachfor distributedWF controlwhichaddressestheseissues.

In thenext section,someapproachesfor distributedWF managementarepresentedandthedistribu-
tion modelof ADEPT is described.In Section3 the differentdistribution modelsarecomparedby
meansof asimulation.Section4 discussesrelatedwork andSection5 concludeswith asummaryand
anoutlookon futurework.

2 Distrib ution Models

In thissection,differentapproachesfor distributedWF managementarepresentedandanappropriate
modelfor enterprise-wideandcross-enterpriseusageis developed.
�
ADEPTstandsfor ApplicationDevelopmentBasedonEncapsulatedPre-ModeledProcessTemplates.



2.1 Distrib ution of Entir eWorkflows

Thesimplestapproachfor distributedWF managementis to controlaWF instancealwayscompletely
by oneWF server. This canbedone,e.g.,by distributingtheWF control to WF serversby WF type.
Thatis, wheneveraWF instanceof type � is started,it will becompletelycontrolledby theWF server
responsiblefor workflowsof thistype.By doingso,thetotal loadis dividedupamongtheWF servers.
This approachworkswell if almostall actorsperformingtheactivitiesof oneWF belongto thesame
OU.

2.2 Partitioning of Workflows

If theactorsof thedifferentactivities of a WF aregeographicallylocatedfar away from eachother,
the distribution modeldescribedabove generateshigh communicationcosts.The reasonis that all
activities of a WF instancearecontrolledby the sameserver and,therefore,have to communicate
with this server (even if this server is far away). In suchcasesit would be favorable,if for each
activity a WF server which is closelylocated(at bestin thesamesubnet)to theactorof theactivity
couldbeused.

To achieve this goal,theWF is partitionedandeachpartition is assignedto thatWF server which is
locatednext to thepotentialactorsof theactivitiesbelongingto it (c.f. Fig. 1). At run-time,whenthe
controlmovesfrom onepartitionto thenext, amigrationbecomesnecessary:Thecurrentstateof the
WF instance(WF controldataandthevaluesof the dataelements� ) is transferredto the WF server
of thesubsequentpartition.Subsequently, this WF server takesover thecontrolof theWF instance.
Migrationsarenot for free,however. They alsocausecommunicationcostsandcontributeto thetotal
load of the WF servers.In ADEPT, therefore,migrationsareusedonly if they areprofitablein the
sensethat they improve the total communicationbehavior. For example,in mostcasesit doesnot
makemuchsenseto migratea WF instanceto anotherserver andbackagainjust for the execution
a singleactivity which is performedby anactorof anotherOU. Thesetwo migrationscausehigher
coststhanto control theactivity by anunfavorableserver. For a WF designer, it is difficult to decide
whicharethemostappropriateserverassignmentsfor theactivities.For thisreason,ADEPTsupports
the WF designerby sophisticatedbuild-time components,which calculatethoseserver assignments
which will leadto aminimizationof thetotal communicationcostsat run-time(see[BD97]).
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Figure 1 Partitioningof a WF schemaanddistributedWF execution.

M
TheWF schemainformationitself is completelyreplicatedat all WF servers.Therefore,only therelevantinstancein-

formationhasto betransferredto thetargetserver. Opposedto theWF schema,WF instanceinformationis notreplicatedor
storedcentrallyin orderto avoid synchronizationoverheador (longdistance)communicationduringthe“normal” execution
of WF activities (i.e.,executionwithoutmigration).
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2.3 Variable ServerAssignments

Theapproachdescribedin Section2.2is reachingits limiting factorsif aWF containsdependentactor
assignments(c.f. activities2, 3, and4 in Fig. 2). Considerthecasewherea hospitalhasseveralwards
of thesametypeandwhereapatientis (moreor lessarbitrarily)transferredto oneof thesewardsafter
his admissionin theemergency room.Thesubsequentactivities2, 3, and4 (c.f. Fig. 2) will thenonly
beperformedby themedicalstaff of this ward.At build-time,however, it is not known which actor
andthuswhich wardwill beselectedin activity 1 (at best,probabilityconsiderationsarepossible).
This means,in turn, thatnosuitable(static)server assignmentsfor thisWF canbedetermined.
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Figure 2 Exampleof a WF with dependentactorassignments.

In principle,problemsof this kind could besolvedby determiningthe server assignmentsfully dy-
namicallyat run-time.I.e.,afterthecompletionof eachactivity a computationto determinethemost
appropriateWF server for the subsequentactivity or activities takesplace.In doing so, onewould
(basically)achieve theoptimaldistribution,sinceat this point in time mostinformationis available
for thisdecision.Unfortunately, thisapproachis not feasiblebecauseof performancereasons,in gen-
eral.At run-timethe WF servershave alreadyto managea high workloadandshouldthereforenot
be burdenedwith additional(and partially rathercomplex) computationsto determinethe optimal
distribution.

Variable serverassignments[BD98b, BD99a] are a compromisebetweenstaticserver assignment
at build-time anddynamicserver selectionat run-time:At build-time, a logical server assignment
expressionis determinedwhich only hasto beevaluatedat run-time.In theexampleshown in Fig. 2,
the server assignmentsfor the activities 2, 3, and4 result as:"server in the domain» of the actor
performingactivity 1". After the completionof activity 1, its actorandbecauseof thatalsotheOU
(i.e.ward)for theactorswhoshallperformtheactivities2,3,and4 areknown.Therefore,at thispoint
in time, theWF server of theright OU canalwaysbechosento control theseactivities.This means
thatinformationis usedwhichwasnotexistingatbuild-timeandalsonotat thepoint in time thisWF
instancewasstarted.Therefore,thisapproachis morepowerful thanmerestaticserver assignments.

In ADEPTthefollowing server assignmentexpressionsareusedat present:
1. ¼¾½@¿oÀÂÁmÃ#Ã�ÄmÅ " ¼ÇÆ "

Server ¼ÈÆ is staticallyassignedto activity É (c.f. Section2.2).
2. ¼¾½@¿oÀÂÁmÃ#Ã�ÄmÅ " ¼¾½@¿<ÀA½@¿ËÊ��=Ì "

Theactivity É shallbecontrolledby thesameserver asactivity � .
3. ¼¾½@¿oÀÂÁmÃ#Ã�ÄmÅ " Í6ÎoÏÑÐÂÒ7ÓJÊ
ÁmÔtÕWÎ<¿FÊ
�{Ì/Ì "

Activity É is assignedto theserver which is locatedin thedomainof the userwho hasexecuted
activity � .Ö
A domainis asubnettogetherwith thecorrespondingWF serverandclients.

3



4. ¼¾½@¿oÀÂÁmÃ#Ã Ä Å " ×JÊ
¼¾½@¿<ÀA½@¿ËÊ��=Ì/Ì " or ¼¾½@¿oÀÂÁmÃ#Ã Ä Å " ×JÊ
Í6ÎoÏÑÐÂÒ7ÓJÊ
ÁmÔtÕWÎ<¿FÊ
�{Ì/Ì/Ì "
A function × canbeappliedto serverassignmentsof type2 and3.

5. ¼¾½@¿oÀÂÁmÃ#Ã Ä Å any givenexpression,which doesnot correspondto type1-4
TheWF designermayspecifyown server assignmentexpressions.

The ADEPT WfMS is supportingthe WF designerin determiningthe mostappropriateserver as-
signmentexpression.At build-time,on request,theoptimal (variable)server expressionsof type1 -
4 for this typeof WF arecomputed.At run-timeof a WF instanceonly theseexpressionshave to be
evaluatedwhich canbedonevery efficiently. Thereforetheloadof theWF serversis only negligible
higheraswith staticserver assignments,but thecommunicationcostsaresignificantlyreduced.Be-
causeof lackof space,it is not possibleto describethecomputationof theoptimalserverassignment
expressionsin thispaper. Theinterestedreaderis referredto [BD98b, BD99a].

3 Evaluation

Dependentactorassignmentsoccurin many applicationdomains.Takethe processingof a loan re-
questat a bank,for example.Many stepsof theexaminationof this requesttakeplaceat thebranch
office of the customer. To comparethe distribution modelsdescribedin Section2, we usea (sim-
plified) clinical WF. The comparisonis basedon a simulation(for detailsandothersimulationssee
[BD99b]). The actorsbelongto 7 OU. To eachOU belongsonesubnet(andoneWF server in the
distributedcases).TheWF consistsof a sequenceof thefollowing activities:
3 activities in theemergency room
1 activity to beperformedby awardphysician(hetransfersthepatientto his ward1-5)
5 activities to beperformedby a physicianof thisward �
1 activity to beperformedin thelaboratory
5 activities to beperformedby a physicianof ward �
The simulationpresentedsubsequentlyis only usedto comparethe different distribution models.
It wasnot the intention to detectoverloadsituations.For this reason,even for the centralcase,it
is assumedthat the WF server is not overloaded.The dataproducedby the simulationareusedto
calculatethe total loadof theWF servers,the loadperWF server, the loadpersubnet,andthe load
of thegateways.Fig. 3 showsa graphicalrepresentationof theresult.Thevaluesarenormalizedin a
way thattheloadof thecentralcaseresultsas100.

3.1 Central WF Server

Theloadof thesingleWF server is definedas100.Thesameappliesto theaverageloadpersubnet
andto the loadof thegateways.ThecentralWF server is locatedin exactly onesubnet.This means
that this subnetis burdenedwith the whole communicationof this centralWF server. Therefore,it
representsapotentialbottleneck.This irregulardistributionof theloadleadsto thehigh load387.1of
this subnet,whereastheothersubnetsareonly burdenedwith 52.1on theaverage.(That is, we have
(asdefined)an averageload of 100 over all subnets,but have a peakof 387.1in the subnetof the
server.)
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Figure 3 Resultsof thesimulationof a clinical WF for differentdistributionmodels.

3.2 Distrib ution of Entir eWorkflows

If alwaysentireWF areassignedto theWF servers,thetotal loadof theWF serversis thesameasin
thecentralcasebecausethereareno migrationsaswell. By doingso,this loadis dividedup among
the7 WF serversof theWfMS, in principle� . Therefore,theloadperWF server is 14.3,which is the
bestvalueof all distributionmodels.Theloadof thesubnetsandtheloadof thegatewaysareidentical
to the centralcasebecausein bothcasesthe server of ward1 is used.The bottleneckin the subnet
of theWF server, however, doesnot exist any more,sincedifferentWF typesmaybecontrolledby
differentWF servers.

3.3 Static ServerAssignments

If theWF is partitioned,migrationsbecomenecessary(e.g.,thereis a migrationfrom theWF server
of theemergency roomto theWF serverof theselectedward).Thisresultsin ahighertotal loadof the
WF servers.This load,however, is sharedamongseveralWF servers.Theloadof thesubnetsandthe
loadof thegatewaysarereducedbecauseappropriateWF serversarechosenfor thepartitions.Since
staticserverassignmentsarehardlysuitablefor theWF considered,theimprovementsareverysmall.

3.4 Variable ServerAssignments

Variableserverassignmentsallow to controlactivitiesperformedby aphysicianof ward � by theWF
serverof thisward.Becauseof this,theloadof thesubnetsandtheloadof thegatewayscanbereduced
significantly. Theloadof thesubnetsis almosthalved(57.8).Nearlyall thecommunicationbetween
WF server andclientcannow behandledwithin onesubnetinsteadof two subnets(thesubnetsof the

�
In thissimulation,however, oneWF serverwasburdenedwith thewholeload,becausewehavesimulatedtheexecution

of instancesof only oneWF type.
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WF server andtheclient).Gatewaycommunicationsoccurvery seldom(4.4)becausevariableserver
assignmentsalwaysallow to selecttheWF server in theappropriateward.

A goal of ADEPT is to reducethe communicationload.The simulationhasshown that this canbe
achieved by the useof variableserver assignments.A disadvantageis that the total load of the WF
serversincreasesdueto themigrations.Theuseof additionalWF servers,however, cancompensate
this effect.

4 RelatedWork

This sectiongivesanoverview of differentapproachesfor distributedWF management.Dueto lack
of space,theconceptsbeyondtheseapproachesareonly briefly mentioned.A moredetaileddiscus-
sioncanbefoundin [BD98a,BD98b, BD99b]. Someresearchprototypes(e.g.,PantaRhei [EG96],
WASA [WHKS98]), which do not primarily considerscalabilityissues,andmostof thecommercial
WfMS useacentralWF server. Anotherextremeis acompletelydistributedsystem(Exotica/FMQM
[AMG

�
95], INCAS [BMR96]). The machineof theusercurrentlyperforminganactivity alsocon-

trols theWF instance.Therefore,thereis noneedfor any WF server.

Thereareseveralmulti-server approaches:In METUFlow [Dog97] the WF instancesarecontrolled
in a distributedmanner. It is not discussed,however, how the location for a WF server is chosen.
The Exotica/Clusterapproach[AKA

�
94] and MOBILE [HS96] assignWF servers to whole WF

instances.In addition,MOBILE enablesremoteWF serversto controlsubprocesses[SNS99].MEN-
TOR [MWW

�
98], WIDE [CGS97],CodAlf, BPAFrame(both[SM96]) andMETEOR� [DKM

�
97]

useWF partitioning.The partitionsarestaticallyassignedto WF servers.In addition,CodAlf and
BPAFrameusea traderto selectone of the assignedWF servers at run-time.The TEAM Model
[Pic98] discussesthetreatmentof cooperationsbetweenautonomousenterprises.Activitiesare(stat-
ically) assignedto theWF server of thecorrespondingenterprise.To ourbestknowledge,ADEPT is
theonly approachthatusesvariableserver assignmentexpressions.

5 Summary and Outlook

In orderto avoid overloadingof theWF serversandof thecommunicationnetwork,distributedWF
control in enterprise-wideapplicationscenariosis indispensable.This requirespartitioningof WF
schemasandmigrations.Thecommunicationbehavior canbefurtherimprovedif variableserver as-
signmentexpressionsareused.Theseexpressionscanbedeterminedatbuild-time,allow theselection
of a suitableWF server to keepmostof thecommunicationlocalwithin thesamesubnet,andrequire
almostnoadditionaleffort at run-time.

In cross-enterpriseWF applications[Pic98], the activities shall be controlledby the WF server of
the enterprisethe activities “belong” to, in mostcases.For this reason,if differentactivities of the
sameWF areperformedby actorsof differententerprises,thenpartitioningof WF andmigrations
arerequired.If anactivity maybeperformedby actorsof morethanoneenterprise,thenstaticserver
assignmentsarenotadequate.With variableserverassignments,it ispossibleto assignsuchanactivity
to aWF serverdependingonWF instancedata;i.e.,theWFservermaybelongto differententerprises.
Thedecision– which enterpriseperformsandcontrolsa specificactivity – maydependon previous
activities (e.g., the actor of the activity “select job”) or it may dependon WF data(e.g., the data
element“contractor”).
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In addition to scalabilityandperformanceaspects,the treatmentof heterogeneityis importantfor
thesupportof enterprise-wideandcross-enterpriseWfMS. This problemmustbesolvedby defining
appropriatestandardsfor the interoperabilityof (heterogeneous)WfMS. What kind of functionality
shouldbeofferedin orderto adequatelysupportsuchscenariosundercommunicationaspectshasbeen
discussedin thispaper. Certainly, a lot of otheraspects,like transactionsupport[Ley97] to guarantee
therobustnessof theWfMS or thepossibility to adaptrunningWF instances[RD98,RBD99] to deal
with exceptionalcasesarealsovery important.

Acknowledgements:Wewouldlike to thankourcolleaguesManfredReichertandClemensHensingerfor their
valuablesuggestions.
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J.Becker, G. Vossen,editor, GeschäftsprozeßmodellierungundWorkflow-Management. Interna-
tionalThomsonPublishing,1996.

[HS96] P. Heinl andH. Schuster. Towardsa Highly ScaleableArchitecturefor Workflow Management
Systems.In Proc.of the7th Int. WorkshoponDatabaseandExpertSystemsApplications, pages
439–444,Zurich,1996.
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