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Abstract

Businessprocesseswithin companiesarein generalwell establishedandsupportedby commer-
cially availableworkflow managementsystems.However, whenprocessesspanmultiple compa-
nies(suchas,for instance,in thecaseof virtual enterprisesor in businessto businesselectronic
commerce),softwaresupportquiteis limited. In suchcases,processesneedto beimplementedon
top of alreadyexistingsystems.TheWISE projectaddressesthis problemandprovidesadequate
infrastructureto supportthewholelife-cycleof virtual enterpriseprocesses,includingtheintegra-
tion of legacy systems,especiallyof workflow managementsystems.In this paper, we describe
our experiencewith theintegrationof SAPR/3 BusinessWorkflows into WISE. In addition,and
sinceanimportantcharacteristicsof theWISE systemis theenactmentof processeswith execu-
tion guarantees,wealsodiscusstheprovisionof executionguaranteeswhenexternalsystemslike
SAPR/3BusinessWorkflowsareinvolved.

1 Intr oduction

In avirtual enterprise, differentcompaniestemporarilywork togetherin commonprojectsto achieve
commongoals. In order to supportthis collaboration,the necessaryinfrastructurehasto be avail-
able.In general,businessprocesseswithin eachcompany canbesupportedby workflow management
systems.In virtual enterpriseenvironments,however, processesgo beyond corporationboundaries
andencompassservicesprovidedby thedifferentparticipants.A workflow managementsystemsup-
portingvirtual businessprocessesin avirtual enterprisemustnow facethechallengeof incorporating
existingprocessesrunningwith avarietyof workflow managementsystems.

TheWISE project[AFH � 99] addressesthisproblemandprovidesaninfrastructureto supportthe
executionof virtual businessprocessin virtual enterprises.As partof theWISE project,wehavebeen
workingontheintegrationof workflow processesrunningin differentworkflow managementsystems
suchas,for instance,SAPR/3 BusinessWorkflow andIBM FlowMark, into theWISE system.This
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extendedabstractfocuseson theintegrationof SAPR/3BusinessWorkflows,discussestheapproach
taken,andpresentspracticalexperiencesmadeduringthisendeavor.

Thepaperis structuredasfollows: In Section2, we presentthe WISE system,a workflow man-
agementsystemdevelopedto supportviable businessto businessElectronicCommerce.Then, in
Section3, we provide a brief overview of the interoperabilityproblemsthat have to be addressed
whenembeddinglegacy applicationsin workflow processeswhile at thesametime providing execu-
tion guaranteesfor theseprocesses.Wethenfocusin Section4 onthepracticalexperiencesgainedby
integratingSAPR/3BusinessWorkflow processesinto WISE. Section5 finally concludesthepaper.

2 WISE: Workflow basedInter net SErvices

TheWISE project[AFH � 99] aimsto provideaviableinfrastructurefor businessto businesselectronic
commercein virtual enterprises.To thisend,existingservicesof companiestemporarilyparticipating
in a virtual enterpriseare linked togetherandembeddedwithin a virtual businessprocess.To do
this, WISE implementsfour different components:definition, enactment, monitoring, and ad-hoc
coordination.

Thedefinitioncomponentprovidesthepossibility to createvirtual businessprocessessupported
by an appropriategraphicalinterface(IvyFrame,a commercialbusinessmodelingtool by IvyTeam
[Ivy]). The enactmentcomponentcompilestheseprocessmodelsin a formatsuitablefor execution
andcontrolstheexecutionof virtual businessprocesses.In orderto keeptrackof thestateof virtual
businessprocesses,themonitoringcomponentextractsandvisualizesthenecessaryinformation.The
coordinationcomponentfinally offers theparticipantsof a virtual businessprocessthepossibilityto
establishmultimediaconferencesbasedon theinformationproducedduringexecution.

3 Integration of Applications into WISE

Thetypical processesimplementedin WISE encompassactivities which areinvocationsof different
subsystems(e.g.processesrunningin differentworkflow managementsystems).Onekey featureof
the WISE engineis to provide executionguaranteesfor theseprocesseseven in caseof failuresand
of concurrentaccessto sharedresources.To this end,theideasof transactionalprocessmanagement
[SAS99] areapplied. Among others,theseexecutionguaranteesincludeguaranteedtermination,a
moregeneralnotionof atomicitythanthestandardall or nothingsemantics.Guaranteedtermination
is realizedby partial compensationandalternative executions. In addition,WISE alsocontrolsthe
parallelizationof concurrentprocessesto guaranteecorrectinterleavings.

3.1 TransactionalCoordination Agents(TCAs)

In orderto enforcesuchexecutionguaranteesby theWISE engine,eachparticipatingsubsystemmust
meeta seriesof requirements.Theserequirementsincludethe following databasefunctionality for
singleactivities: All activitieshaveto beatomicto avoid inconsistenciesdueto theundefinedoutcome
of non-atomicactivities within a subsystem.In casethatactivities canbesemanticallycompensated
oncethey have beenexecutedcorrectly, the availability of this compensationhasto be guaranteed.
When activities can not be compensated,their commit may have to be deferredin certaincases.
Finally, for someactivities a repeatedinvocationwith “exactly-once-semantics” is necessaryin order
to guaranteetheir successfulexecution.Furthermore,whenparallelaccessto sharedresourcestakes
place,ordersestablishedbetweenactivitiesby theWISE enginehaveto berespectedin theunderlying
subsystems.
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Sincethegoal is to integratearbitraryapplicationsinto WISE (andespeciallyarbitraryworkflow
managementsystems),theserequirementsarein generalnot met. Therefore,eachparticipatingsub-
systemis wrappedby atransactionalcoordinationagent(TCA) [NSSW94,SST98]. TheWISE system
thenactsasa processscheduleron top of severalTCAs servingaslower level schedulers.The task
of theTCA thathasto beprovidedfor eachapplicationis thereforenotonly to exploit thesubsystem
specificinterfacesto allow local servicesto be invoked from WISE but alsoto provide the required
databasefunctionalityontopof theapplication(adetaileddiscussioncanbefoundin [SSA99]).Thus,
TCAsextendtheideaof theapplicationagentsdefinedwithin theworkflow referencemodel[Hol93]
of the Workflow ManagementCoalition (WfMC) by providing additionaldatabasefunctionalityon
topof applicationsystems.

3.2 Structure of GenericTCA

With respectto the functionality to be provided by eachTCA, thereare four differentmodulesto
consider[Wun96]: communication,scheduling,monitoringandexecution(figure1).

To supportexecution, activitiesmustbemappedto localoperations.For thispurpose,subsystem-
specificinterfaceshave to beexploitedandthus,theexecutionmodulehasto betailoredto theappli-
cationto beintegrated.

Furthermore,schedulingof local operationswith respectto the activities specifiedby the
WISE systemhasto be performedby
theschedulingmodule. This includes
thepreservationof thegivenordersas
well asthe provision of local atomic-
ity, theguaranteedavailability of com-
pensatingactivities,andeventuallythe
defermentof localcommits.For these
purposes,theTCA hasto persistently
log the activities executedwithin the
subsystemandeventuallyalsotheac-
tivities neededfor compensationpur-
poses.

In order to support the interac-
tion betweenthe WISE systemand
TCAs,acommoncommunicationpro-
tocol hasto be provided by the com-

ExecutionMonitoring

Transactional

Scheduling

Agent

Communication

WISE

Subsystem

Coordination

Figure1: Structureof agenericTCA

municationmodule.
Finally, themonitoringmodulecoverstheextractionof localstateinformationfromtheunderlying

application.For this purpose,againexisting interfaceshave to beexploitedsuchthatthemonitoring
modulealsohasto betailoredto thesubsystem.

4 Integration of SAPBusinessWorkflows

SAP R/3 [SAP] is one of the mostcommonlyusedapplicationsystemsfor businessmanagement
purposes.It consistsof specializedmodulesfor severalapplicationareas(e.g.,productionplanning,
logistics,humanresourcemanagement,or controlling).Thesystemis built in aclient/server architec-
tureandis basedona relationalDBMS [BEG96].
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In orderto integratearbitrarySAPR/3 BusinessWorkflows [WFB � 95, SAP96] aspartof WISE

processes,a transactionalcoordinationagentfor SAPR/3 hasbeenimplemented[Sch98]. Thearchi-
tectureof this TCA is depictedin figure2. Theagentspecificpartsarecoloredin light graywhereas
thestandardSAPR/3 systemis depictedin white color. Theagentis tightly integratedinto thecore
systemas,for instance,R/3’sunderlyingdatabaseis usedfor themanagementof theTCAs’ metadata
andis accessedthroughthestandardDBMS interfaceof SAPR/3. Thekernelof theTCA is itself a
SAPworkflow process(metaprocess)in whichthefunctionor theworkflow to beexecutedis embed-
dedin a genericway by simply passingits nameasparameterto themetaprocess.In what follows,
wedescribein detailthearchitectureof thisSAPR/3agent.

Trans-
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SAP GUI
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RFC Library Adapter
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...
(Moni-
toring)

(S
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(Execution)

t-RFC

Figure2: Architectureof theSAPR/3agent

For executionpurposes,themetaworkflow of theTCA is calledwith a specificationof thename
of thefunctionor processto beexecuted.

Communicationwith theWISE systemtakesplaceby exploiting thetransactionalremotefunction
call (t-RFC)of SAPR/3 (t-RFC is the transactionalvariantof SAP’s implementationof the remote
procedurecall, RPC,which is availablevia a setof C library functions). It supportsboth multiple
parallelcallsof R/3 functionsfrom externalapplicationsaswell ascall-backsof externalapplications
from within theR/3systemvia theSAPgateway. Thecommunicationmodule(t-RFClibrary adapter)
is thusa thin softwarelayertransformingrequestsfrom WISE into t-RFCcallsandviceversa.
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Themonitoringtaskis implementedby customizationof thenec-
essaryR/3 transactionsandprocesses.This is possiblesincecertain
hooks(customerexits) areforeseenin R/3 to adduser-specificcode
and sincethe ABAP/4 [KW97] sourcesof all R/3 transactionsare
available (ABAP/4, AdvancedBusinessApplication Programming
Language,is the4��� generationprogramminglanguagein which the
greatestpartof theR/3 system—asideof a smallC kernel—is im-
plementedin).

SAPR/3 supportsthenotionof transactionsandguaranteesfull
ACID propertiesfor them. Whena single function hasto be exe-
cutedasan activity in WISE, atomicity is provided by the R/3 sys-
tem.Whenacompleteworkflow processhastobeexecuted,however,
appropriatefailure handling mechanismsneedto be implemented
within this processto do a rollback in the caseof failuresin order
to guaranteetherequiredall-or-nothingsemanticsof activities.

In general,the metaworkflow encompassesonly two activities:
the function or processto be executedand its associatedcompen-
sation. In this, we follow the ideaof an explicit registrationof the
compensationwhich is advantageousin that all instancesof SAP
R/3 workflow processestogetherwith theassociatedparametersare
storedpersistentlyin theunderlyingDBMS. Thus,no additionalef-
fort hasto betakento log theparametersassociatedwith anactivity
executedby WISE. After anactivity of WISE (which correspondsto
a workflow processof SAP)within themetaworkflow hasbeenex-
ecutedsuccessfully, the metaprocessperformsan idle wait (which
doesnot consumeany resources).If the nestedSAP processneeds
to becompensated,aninternaleventin SAPR/3 is generatedvia a t-
RFClibrary call andthenext activity of themetaworkflow, thecom-
pensation,canbeexecutedwithoutexplicitly specifyingtherequired
parameters.Otherwise,whencompensationno longerhasto becon-
sidered,the metaprocessis terminated. The structureof the meta
workflow, which formsthebodyof theTCA, is depictedin figure3
usingthe event-controlledprocesschainnotationof SAP. Although
this processconceptuallyencompassesonly two activities, a couple
of internalchecksandeventsarerelevant. First, themetaworkflow
writes a log entry to prevent multiple startsof the sametask. After
this, thedesiredworkflow is startedwhile in themeantime,themeta
workflow waits in parallelon its terminationsignal(a). If an error
occurredandtheworkflow is markedto berepeatable,theflow goes
backto starttheworkflow again(b). After successfulterminationor
abortof the workflow, the result is calledbackto theWISE system
(c). The parallelsection(d) communicateswith the externalWISE

system.At this point themetaworkflow waits in anidle wait until a
decisionis sentfrom theWISE systemin orderto compensate(e) or
not.

Theretriability of SAPprocessesis achievedby exploiting SAP
R/3’stransactionalremotefunctioncall mechanisms.After thet-RFC
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library adapterof theTCA hasrequesteda t-RFC identifier from the R/3 system,all invocationsof
a retriableactivity areperformedwith this ID andtheR/3 systemguaranteesthat is is executedonly
onceevenwhenmultiple invocationsof this activity occur.

SAPR/3’s t-RFCwasoriginally designedto starta functionon anotherR/3 system.In orderto
invoke a workflow, a thin layer of SAP-R/3functionsis neededto propagaterequestsfrom outside
to the SAP workflow managementsystem.For this purpose,we useABAP/4 functionsin orderto
propagatecallsfrom theoutsideworld to theworkflow componentof SAPR/3.

This function layer also implementsthe mappingfrom the external ID usedin WISE for each
activity to SAP’s internalworkflow identificationnumber. Oncea metaworkflow hasbeenstartedit
handlesall themessagesfrom theWISE system.For every typeof command,a functionis provided
to sendthiscommandto themetaworkflow by aninternalevent.

Thestartcommandinvokesaninstanceof this metaworkflow, passingthenameandcorrespond-
ing parametersto theworkflow processto be invoked. Themetaworkflow marshallstheparameters
andstartsthedesiredR/3workflow asif it wasstarteddirectlyfrom within thesystem.All parameters
of a SAPworkflow processarestoredin a so-calledcontainer, which is anarrayof parametername
andvaluepairs.Sincethemetaworkflow hasto storethecontainerof theworkflow, thiscontainerhas
to bepacked into thecontainerof themetaworkflow. Thatway every built-in SAPworkflow canbe
invokedwithout changeson its definition. Furthermore,sinceonly standardcomponentsof SAPR/3
areexploited, the TCA implementationwill not be affectedby changesintroducedby new releases
(it is, for instance,guaranteedthatall customerexits of R/3 arealsopresentin futureversionsof the
system).

After theworkflow terminates,themetaworkflow sendsa notificationbackto the WISE system
andstaysin idle wait until it canterminateitself or until it hasto startthecompensationworkflow in
orderto undothefirst workflow. Thewholecontainerof theworkflow in theendstateof theworkflow
is passedthroughmetaworkflowscontainerin orderto preserve all informationsto undothechanges.
Thiswaywecanstoreall this informationpersistentlyin themetaworkflow’s container.

Theworkflow modelof SAPR/3 is designedto reacha consistentstateaftertheterminationof a
process.As in our casewe have have anadditionalworkflow managerabove SAP, we needa mech-
anismto propagatesomeresultstateback. To provide this feature,we introduceda specialvariable
WF RESULT which representstheresultof theworkflow execution.

5 Conclusion

In this shortpaper, we have discussedthe practicalexperiencesgainedfrom the integrationof SAP
R/3 BusinessWorkflows into the WISE system.This integrationnot only involvesthe invocationof
SAPprocessesfrom WISE but alsothe provision of executionguaranteesfor SAPprocesseswhich
canbeexploitedby WISE. To this end,a transactionalcoordinationagent(TCA) is required,which
is in thecaseof theSAPR/3 implementationtightly integratedinto thesystem.Togetherwith aTCA
thathasbeenimplementedfor IBM’ sFlowMark [IBM94], theSAPR/3TCA complementstheeffort
to allow theWISE systemto runprocesseson topof processes.

Basedon theTCAs alreadyimplemented,our futurework aimsin providing furthersupportwith
respectto the monitoringof nestedprocessesthatare,in general,not known to WISE. To this end,
anabstractdescriptionof nestedprocesseswill bemadeavailable. TheTCA thenpublishesinternal
statesof nestedprocesseswith respectto thisabstractdescriptionsuchthatit canbedisplayedby the
monitoringfacilitiesof WISE.
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