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Abstract

In large workflow managemensystemgWfMS), it is particularlyimportantto control workflows
(WF) in anefficientmannerA very critical factorwithin this contet is theresultingcommunication
overhead For this reasonwe have developedan approachor distributedWF control, which triesto
keepthe communicationoverheadlow. In this paper this approachis describedand examinedby
meansof a simulation.

1 Intr oduction

Enterprise-wideandcross-enterpris&/F scenariosirecharacterizedby a large numberof usersand

mary concurrentlyactve WF instancesThereforethe WF seners have to copewith a high load

in total. Furthermorejn suchan ervironment,the differentorganizationalunits (OU) are often far

away from eachotherandconnectedy slow wide areanetworks(WAN). For this reasonthe load

of thecommunicatiorsystems anextremelycritical aspectBecausef theresultingcommunication
overheada centralizedWF controlis often not applicable(at leastnot at reasonableosts).Another
reasoris thatthe WF systemausedareoftenvery heterogeneoushich makesa centralizedVF con-

trol rathercomplicatedf not evenimpossibleln the ADEPT project we, therefore have developed
anapproachor distributedWF controlwhich addressethesessues.

In the next section,someapproachefor distributedWF managemendre presentedndthe distribu-
tion modelof ADEPT is describedIn Section3 the differentdistribution modelsare comparedoy
meanof asimulation.Section4 discusseselatedwork andSections concludesvith asummaryand
anoutlookon futurework.

2 Distribution Models

In this section differentapproachefor distributedWF managemerdrepresenteéndanappropriate
modelfor enterprise-wid@ndcross-enterprisesagds developed.

! ADEPT standgfor ApplicationDevelopmenBasedon Encapsulated®re-ModeledProcesg emplates.



2.1 Distrib ution of Entir e Workflows

Thesimplestapproactior distributedWF managemeris to controla WF instancealwayscompletely
by oneWF sener. This canbedone,e.g.,by distributing the WF controlto WF senersby WF type.
Thatis, whenerera WF instanceof typez is startedjt will becompletelycontrolledby theWF sener
responsibldor workflows of thistype.By doingso,thetotalloadis dividedupamongthe WF seners.
This approactworkswell if almostall actorsperformingthe actiities of oneWF belongto thesame
Oou.

2.2 Partitioning of Workflows

If the actorsof the differentactivities of a WF aregeographicalljocatedfar awvay from eachothet
the distribution model describedabore generatehigh communicationcosts.The reasonis that all
actiities of a WF instanceare controlledby the samesener and, therefore have to communicate
with this sener (even if this sener is far away). In suchcasesit would be favorable,if for each
activity a WF sener which is closelylocated(at bestin the samesubnet)}o the actorof the actiity
couldbeused.

To achieve this goal,the WF is partitionedandeachpartition is assignedo that WF sener whichis
locatednext to the potentialactorsof the actiities belongingto it (c.f. Fig. 1). At run-time,whenthe
controlmavesfrom onepartitionto the next, a migration becomesecessaryThe currentstateof the
WF instanceg(WF control dataandthe valuesof the dataelement$) is transferredo the WF sener
of the subsequenpartition. Subsequentlythis WF sener takesover the control of the WF instance.
Migrationsarenotfor free,however. They alsocausecommunicatiorcostsandcontributeto thetotal
load of the WF seners.In ADEPT, therefore migrationsareusedonly if they are profitablein the
sensethat they improve the total communicatiorbehaior. For example,in mostcasest doesnot
makemuchsenseo migratea WF instanceto anothersener and backagainjust for the execution
a singleactiity which is performedby an actorof anotherOU. Thesetwo migrationscausehigher
coststhanto controlthe activity by anunfavorablesener. For a WF designerit is difficult to decide
which arethemostappropriatesener assignmentfor theactuities. For thisreasonADEPT supports
the WF designemy sophisticateduild-time componentswhich calculatethosesener assignments
whichwill leadto aminimizationof thetotal communicatiorcostsat run-time(see[BD97)).
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Figure 1 Partitioningof a WF schemaanddistributedWF execution.

2The WF schemanformationitself is completelyreplicatedat all WF seners.Therefore pnly the relevantinstancein-
formationhasto betransferredo thetamgetsener. Opposedo the WF schemaWF instancenformationis notreplicatedor
storedcentrallyin orderto avoid synchronizatiomverheadr (long distancefommunicatiorduringthe“normal” execution
of WF actwities (i.e., executionwithout migration).



2.3 Variable Server Assignments

Theapproacldescribedn Section2.2is reachingts limiting factorsif aWF containgdependenactor

assignmentgc.f. activities 2, 3, and4 in Fig. 2). Considetthe casewherea hospitalhasseveralwards
of thesametypeandwhereapatientis (moreor lessarbitrarily) transferredo oneof thesewardsafter
his admissiorin theemegengy room.Thesubsequerdctiities 2, 3, and4 (c.f. Fig. 2) will thenonly

be performedby the medicalstaf of this ward. At build-time, however, it is not known which actor
andthuswhich ward will be selectedn actiity 1 (at best,probability considerationsre possible).
This meansijn turn, thatno suitable(static)sener assignmentsor this WF canbedetermined.

role = same OU as act. 1 same actor same OU as act. 1
nurse Orole = physician as act. 2 Uxble = nurse
tragsfer il examine 2 write medi- 3 prepare 4
patient to . patient for —»
patient cal report .
ward x operation
emergency room ward x ward x ward x

Figure 2 Exampleof a WF with dependenactorassignments.

In principle, problemsof this kind could be solved by determiningthe sener assignmentsully dy-
namicallyatrun-time.l.e., afterthe completionof eachactiity a computatiorto determinethe most
appropriateVF sener for the subsequenactivity or activities takesplace.In doing so, onewould
(basically)achieve the optimal distribution, sinceat this point in time mostinformationis available
for thisdecision.Unfortunatelythis approachs notfeasiblebecaus®f performanceeasonsin gen-
eral. At run-timethe WF senershave alreadyto managea high workloadand shouldthereforenot
be burdenedwith additional(and partially rathercomplex) computationgo determinethe optimal
distribution.

Variable serverassignment$BD98b, BD99a] are a compromisebetweenstatic sener assignment
at build-time and dynamicsener selectionat run-time: At build-time, a logical sener assignment
expressions determinedvhich only hasto be evaluatedat run-time.In the exampleshowvn in Fig. 2,
the sener assignmentgor the activities 2, 3, and4 resultas:" sener in the domair? of the actor
performingactiity 1" . After the completionof actiity 1, its actorandbecausef thatalsothe OU
(i.e.ward)for theactorswho shallperformtheactiities 2, 3, and4 areknown. Thereforeatthis point
in time, the WF sener of the right OU canalwaysbe chosernto control theseactvities. This means
thatinformationis usedwhich wasnotexisting at build-time andalsonotat the pointin time this WF
instancewasstarted.Thereforethis approaclis morepowerful thanmerestaticsener assignments.

In ADEPT thefollowing sener assignmengxpressiongareusedat present:
1. ServAss, =" S5;"
Sener S; is staticallyassignedo actiity & (c.f. Section2.2).
2. ServAssy =" Server(z)"
Theactiity k shallbecontrolledby the samesener asactvity z.
3. ServAssy =" Domain(Actor(z))"
Activity & is assignedo the sener which is locatedin the domainof the userwho hasexecuted
actvity z.

3 A domainis a subnetogethemwith the correspondingVF senerandclients.



4. ServAssy =" f(Server(z))" or ServAssy =" f(Domain(Actor(z)))"
A function f canbeappliedto senerassignmentsf type2 and3.

5. ServAssy = ary givenexpressionwhich doesnot correspondo type 1-4
The WF designemayspecifyown sener assignmenéxpressions.

The ADEPT WfMS is supportingthe WF designerin determiningthe mostappropriatesener as-
signmentexpressionAt build-time, on requestthe optimal (variable)sener expressionf type 1 -
4 for this type of WF arecomputed At run-timeof a WF instanceonly theseexpressionsave to be
evaluatedwhich canbe donevery efficiently. Thereforetheload of the WF senersis only negligible
higheraswith staticsener assignmentdyut the communicatiorcostsaresignificantlyreducedBe-
causeof lack of spaceijt is not possibleto describehe computatiorof theoptimal senerassignment
expressiongn this paper Theinterestedeadelis referredto [BD98b, BD99a].

3 Evaluation

Dependentctorassignmentsccurin mary applicationdomains.Takethe processingf aloanre-
guestat a bank,for example.Mary stepsof the examinationof this requestakeplaceat the branch
office of the customerTo comparethe distribution modelsdescribedn Section2, we usea (sim-
plified) clinical WF. The comparisoris basedon a simulation(for detailsandothersimulationssee
[BD99b]). The actorsbelongto 7 OU. To eachOU belongsone subnet(and one WF sener in the
distributedcases)The WF consistof a sequencef thefollowing actiities:

3 actvitiesin theemegengy room

1 actwity to beperformedby award physician(hetransferghe patientto his ward 1-5)

5 actwitiesto be performedby a physicianof thiswardz

1 actwvity to beperformedn thelaboratory

5 actiitiesto beperformedby a physicianof wardx

The simulation presentedsubsequentlys only usedto comparethe different distribution models.
It wasnot the intentionto detectoverloadsituations.For this reason,even for the centralcase,it

is assumedhatthe WF sener is not overloaded The dataproducedby the simulationare usedto

calculatethetotal load of the WF seners,theload per WF sener, the load per subnetandthe load
of the gateavays.Fig. 3 showvs a graphicalrepresentatioof theresult. Thevaluesarenormalizedn a
way thattheloadof the centralcaseresultsas100.

3.1 Central WF Server

Theload of the singleWF seneris definedas100. The sameappliesto the averageload per subnet
andto theload of the gatevays.The centralWF sener is locatedin exactly onesubnet.This means
that this subnetis burdenedwith the whole communicatiorof this centralWF sener. Therefore,it
representa potentialbottleneckThisirregulardistribution of theloadleadsto the highload 387.1of
this subnetwhereaghe othersubnetsareonly burdenedwith 52.1 on the average (Thatis, we have
(asdefined)an averageload of 100 over all subnetsput have a peakof 387.1in the subnetof the
sener.)



M total load of all WF servers
M average load per WF server
O average load per subnet

U total load of the gateways

(387.1)

100.0 100.0 100.0 100.0  100.0 100.0 100.0  101.9 99.6 980 1019
100 T -

central WF server distribution of whole WF  static server assignments  variable server assignments

Figure 3 Resultof the simulationof a clinical WF for differentdistributionmodels.

3.2 Distrib ution of Entir e Workflows

If alwaysentireWF areassignedo the WF seners,thetotalload of the WF senersis the sameasin

the centralcasebecausehereareno migrationsaswell. By doing so, this loadis divided up among
the 7 WF senersof the WfMS, in principle!. Therefore theload perWF seneris 14.3,whichis the

bestvalueof all distributionmodels.Theloadof thesubnetandtheloadof thegatevaysareidentical
to the centralcasebecausen both caseshe sener of ward 1 is used.The bottleneckin the subnet
of the WF sener, however, doesnot exist ary more,sincedifferentWF typesmay be controlledby

differentWF seners.

3.3 Static Server Assignments

If the WF is partitioned migrationsbecomenecessarye.g.,thereis a migrationfrom the WF sener
of theemegeng roomto the WF sener of theselectedvard). Thisresultsin ahighertotalload of the
WEF seners.Thisload, however, is sharecamongsereral WF seners.Theload of thesubnetsandthe
load of the gatavaysarereducedbecausappropriataVVF senersarechoserfor the partitions.Since
staticsenerassignmentarehardlysuitablefor the WF consideredtheimprovementsarevery small.

3.4 Variable Server Assignments

Variablesener assignmentallow to controlactities performedoy a physicianof wardz by the WF
senerof thisward.Becausef this, theloadof thesubnetandtheloadof thegatevayscanbereduced
significantly Theload of the subnetdgs almosthalved (57.8).Nearlyall the communicatiorbetween
WEF sener andclientcannow be handledwithin onesubneinsteadof two subnetgthe subnetof the

41n this simulation however, oneWF senerwasburdenedvith thewholeload,becauseve have simulatedheexecution
of instance®f only oneWF type.




WEF sener andthe client). Gatevay communication®ccurvery seldom(4.4) becauseariablesener
assignmentalwaysallow to selectthe WF senerin theappropriatevard.

A goal of ADEPT is to reducethe communicatiorioad. The simulationhasshown thatthis canbe
achieved by the useof variablesener assignmentsA disadwantages that the total load of the WF
senersincreaseslueto the migrations.The useof additionalWF seners,however, cancompensate
this effect.

4 RelatedWork

This sectiongivesan overview of differentapproachesor distributedWF managemenDueto lack
of spacethe conceptdeyondtheseapproacheareonly briefly mentioned A moredetaileddiscus-
sion canbefoundin [BD98a,BD98h BD99b]. Someresearctprototypede.g.,PantaRhei [EG96],
WASA [WHKS98]), which do not primarily considerscalabilityissuesandmostof the commercial
WIMS usea centralWF sener. Anotherextremeis acompletelydistributedsystem(Exotica/FMQM
[AMG *95], INCAS [BMR96]). The machineof the usercurrentlyperformingan actiity alsocon-
trols the WF instance Thereforethereis no needfor any WF sener.

Thereare several multi-sener approachedn METUFlow [Dog97 the WF instancesare controlled
in a distributedmanner It is not discussedhowever, how the locationfor a WF sener is chosen.
The Exotica/ClusterapproachAKA ¥94] and MOBILE [HS96] assignWF senersto whole WF

instancesln addition,MOBILE enablesemoteWF senersto controlsubprocessgSNS99].MEN-

TOR [MWW *98], WIDE [CGS97],CodAlf, BPAFrame(both [SM96]) andMETEOR, [DKM *97]

useWF partitioning. The partitionsare statically assignedo WF seners.In addition, CodAlf and
BPAFrameusea traderto selectone of the assignedNVF seners at run-time. The TEAM Model

[Pic98] discussethe treatmenbf cooperationdetweerautonomougnterprisesActivities are(stat-
ically) assignedo the WF sener of the correspondingenterpriseTo our bestknowledge ADEPT is

theonly approactihatusesvariablesener assignmengxpressions.

5 Summary and Outlook

In orderto avoid overloadingof the WF senersandof the communicatiometwork, distributedWF
controlin enterprise-wideapplicationscenarioss indispensableThis requirespartitioning of WF
schemasndmigrations.The communicatiorbehaior canbe furtherimprovedif variablesener as-
signmenexpressionareused Theseexpressionganbe determinedat build-time, allow theselection
of asuitableWF sener to keepmostof the communicatioriocal within the samesubnetandrequire
almostno additionaleffort atrun-time.

In cross-enterpris®VF applications/Pic98, the actuities shall be controlledby the WF sener of
the enterprisethe actwities “belong” to, in mostcasesFor this reasonjf differentactuities of the
sameWF are performedby actorsof differententerprisesthen partitioningof WF and migrations
arerequired.If anactvity maybe performedby actorsof morethanoneenterprisethenstaticsener
assignmentarenotadequatéVith variablesenerassignmentst is possibleo assigrsuchanactiity
to aWF senerdepending@nWF instancedata;i.e.,the WF senermaybelongto differententerprises.
The decision— which enterpriseperformsandcontrolsa specificactivity — may dependon previous
actiities (e.g.,the actor of the actiity “selectjob”) or it may dependon WF data(e.g.,the data
element‘contractor”).



In additionto scalability and performanceaspectsthe treatmentof heterogeneitys importantfor
the supportof enterprise-widendcross-enterpris&/fMS. This problemmustbe solvedby defining
appropriatestandardgor the interoperabilityof (heterogeneoud)fMS. Whatkind of functionality
shouldbeofferedin orderto adequatelpupporsuchscenariosindercommunicatioraspecthiasbeen
discussedn this paper Certainly alot of otheraspectslike transactiorsupporlLey97] to guarantee
therobustnes®f the WfMS or the possibility to adaptrunningWF instance$RD98, RBD99] to deal
with exceptionalcasesarealsovery important.
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