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Abstract

Businesgprocessewithin companiesrein generalwell establishecndsupportecoy commer
cially availableworkflow managemergystemsHowever, whenprocessespanmultiple compa-
nies(suchas,for instancejn the caseof virtual enterprise®r in businesgo businesslectronic
commerce)softwaresupportjuiteis limited. In suchcasesprocesseneedto beimplementedn
top of alreadyexisting systemsThe WISk projectaddressethis problemandprovidesadequate
infrastructureto supportthewholelife-cycle of virtual enterprisgrocessesncludingtheintegra-
tion of legag/ systemsgspeciallyof workflow managemengystems.In this paper we describe
our experiencewith theintegrationof SAP R/3 BusinesdNorkflows into WisE. In addition,and
sinceanimportantcharacteristicef the WisSe systemis the enactmenbf processewvith execu-
tion guaranteesye alsodiscusgheprovisionof executionguarantees/henexternalsystemsik e
SAPR/3BusinesdNorkflows areinvolved.

1 Intr oduction

In avirtual enterprise differentcompaniesemporarilywork togetheiin commonprojectsto achieve
commongoals. In orderto supportthis collaborationthe necessarynfrastructurehasto be avail-
able.In generalpusinesgprocessewithin eachcompalyy canbesupportedy workflow management
systems.In virtual enterpriseervironments,however, processego beyond corporationboundaries
andencompasservicegrovided by thedifferentparticipants A workflow managemergystenmsup-
portingvirtual businesgprocessem avirtual enterprisenustnow facethe challengeof incorporating
existing processesunningwith a variety of workflow managemergystems.

TheWIsE project[AFH 99 addressethis problemandprovidesaninfrastructureto supportthe
executionof virtual businesgprocessn virtual enterprisesAs partof the WISE project,we have been
working ontheintegrationof workflow processesinningin differentworkflow managemergystems
suchas,for instance SAP R/3 BusinessNorkflow andIBM FlowMark, into the WiISE system.This

*Part of this work hasbeenfundedby the SwissNationalSciencd~oundationunderthe projectWise (Workflow based
Internet Services,ht t p: / / ww. i nf . et hz. ch/ department/ 1S/ i ks/research/ wi se. htm ) of the Swiss
Priority Programmeélnformation andCommunicatiorSystems”.



extendedabstracfocuseson theintegrationof SAP R/3 BusinessNorkflows, discussesheapproach
taken,andpresentpracticalexperiencesnadeduringthis endesor.

The paperis structuredasfollows: In Section2, we presenthe WISsE system,a workflow man-
agementystemdevelopedto supportviable businesso businessElectronicCommerce. Then,in
Section3, we provide a brief overvien of the interoperabilityproblemsthat have to be addressed
whenembeddindegag applicationsn workflow processewvhile atthe sametime providing execu-
tion guaranteetr theseprocessesNVe thenfocusin Sectiond onthepracticalexperiencegainedby
integratingSAP R/3 BusinesdNorkflow processesito Wise. Sections finally concludeshe paper

2 Wise: Workflow basedinter net SErvices

TheWiIsE project[AFH1T99] aimsto provide aviableinfrastructurdor businesso businesglectronic
commerceén virtual enterprisesTo this end,existing serviceof companiesemporarilyparticipating
in a virtual enterpriseare linked togetherand embeddedvithin a virtual businessprocess. To do
this, Wise implementsfour different components:definition enactmentmonitoring and ad-hoc
coomdination

The definitioncomponenprovidesthe possibility to createvirtual businesgprocessesupported
by an appropriategraphicalinterface (lvyFrame,a commercialbusinesamodelingtool by IvyTeam
[lvy]). The enactmentomponentompilestheseprocesamodelsin a formatsuitablefor execution
andcontrolsthe executionof virtual businesgrocessesln orderto keeptrackof the stateof virtual
businesgprocesseghe monitoringcomponengextractsandvisualizeshenecessarinformation. The
coorinationcomponenfinally offersthe participantsof a virtual businesgrocesghe possibility to
establishmultimediaconferencebasedn theinformationproducedduringexecution.

3 Integration of Applicationsinto WISE

Thetypical processesmplementedn WiISeE encompassactivities which areinvocationsof different
subsystemsge.g.processesunningin differentworkflow managemergystems).Onekey featureof
the WISE engineis to provide executionguaranteeor theseprocessesvenin caseof failuresand
of concurrenticcesdo sharedesourcesTo this end,theideasof transactionaprocessnanagement
[SAS99] are applied. Among others,theseexecutionguaranteeinclude guaranteedermination,a
moregeneralnotion of atomicitythanthe standardhll or nothingsemanticsGuaranteedermination
is realizedby partial compensatiorand alternatve executions. In addition, WISE also controlsthe
parallelizationof concurrenprocesseto guaranteeorrectinterleaings.

3.1 Transactional Coordination Agents(TCAS)

In orderto enforcesuchexecutionguaranteeby the Wi SE engine eachparticipatingsubsystenmust
meeta seriesof requirements.Theserequirementsncludethe following databasdunctionality for
singleactvities: All actiities haveto beatomicto avoid inconsistenciedueto theundefinedutcome
of non-atomicactiities within a subsystemin casethatactiities canbe semanticalljcompensated
oncethey have beenexecutedcorrectly the availability of this compensatiotasto be guaranteed.
When activities can not be compensatedtheir commit may have to be deferredin certaincases.
Finally, for someactiities arepeatednvocationwith “exactly-once-semanst is necessarn order
to guaranteeheir successfuexecution. Furthermorewhenparallelaccesdo sharedesourcesakes
placeordersestablishethetweeractiities by the WISe enginehave to berespectedh theunderlying
subsystems.



Sincethe goalis to integratearbitraryapplicationanto Wise (andespeciallyarbitraryworkflow
managementystems)theserequirementsrein generalnot met. Therefore gachparticipatingsub-
systenmis wrappedoy atransactionatoordinatioragent{TCA) [NSSW94,SST98. TheWISE system
thenactsasa processscheduleon top of several TCAs servingaslower level schedulersThe task
of the TCA thathasto be provided for eachapplicationis thereforenot only to exploit the subsystem
specificinterfacesto allow local serviceso be invoked from Wise but alsoto provide the required
databaséunctionalityontop of theapplication(adetaileddiscussiorcanbefoundin [SSA99]). Thus,
TCAs extendtheideaof the applicationagentdefinedwithin the workflow referencenodel[Hol93]
of the Workflov ManagemenCoalition (WfMC) by providing additionaldatabaséunctionality on
top of applicationsystems.

3.2 Structure of GenericTCA

With respectto the functionality to be provided by eachTCA, thereare four differentmodulesto
considefWun9q: communicationschedulingmonitoringandexecution(figure 1).

To supportexecution actiities mustbe mappedo local operationsFor this purposesubsystem-
specificinterfaceshave to be exploitedandthus,the executionmodulehasto betailoredto the appli-
cationto beintegrated.

Furthermore,schedulingof local operationswith respectto the actvities specifiedby the
Wise systemhasto be performedby
the schedulingmodule. This includes
the preseration of the givenordersas
well asthe provision of local atomic- “
ity, theguaranteedvailability of com- Transactional y

pensatingctiities, andeventuallythe Coordination Communication
defermenbf local commits.For these Agent !

purposesthe TCA hasto persistently Scheduling ~——®

log the actiities executedwithin the L ~_ .
subsystenandeventuallyalsothe ac- Monitoring Execution

tivities neededor compensatiompur I \
poses. | !

In order to supportthe interac- ‘ Subsystem ‘
tion betweenthe WIse systemand
TCAs,acommoncommunicatiorpro-
tocol hasto be provided by the com-
municationmodule.

Finally, themonitoringmodulecoverstheextractionof local stateinformationfrom theunderlying
application.For this purposeagainexisting interfaceshave to be exploited suchthatthe monitoring
modulealsohasto betailoredto thesubsystem.

Figure 1: Structureof agenericTCA

4 Integration of SAP BusinessWorkflows

SAP R/3 [SAP] is one of the mostcommonlyusedapplicationsystemsfor businessmanagement
purposeslt consistsof specializednodulesfor seseral applicationareade.g.,productionplanning,
logistics,humanresourcananagemengr controlling). Thesystemis built in a client/serer architec-
tureandis basedn arelationalDBMS [BEG96].



In orderto integratearbitrary SAP R/3 BusinessNorkflows [WFB195, SAP94 aspartof WISE
processesytransactionatoordinationagentfor SAP R/3 hasbeenimplementedSch9g. Thearchi-
tectureof this TCA is depictedn figure 2. Theagentspecificpartsarecoloredin light graywhereas
the standardSAP R/3 systemis depictedin white color. The agentis tightly integratedinto the core
systemas,for instanceR/3's underlyingdatabasés usedfor themanagementif the TCAs’ metadata
andis accessethroughthe standardBMS interfaceof SAP R/3. The kernelof the TCA is itself a
SAPworkflow procesgmetaprocess)n whichthefunctionor theworkflow to beexecuteds embed-
dedin a genericway by simply passingts nameasparameteto the metaprocess.In whatfollows,
we describen detailthearchitectureof this SAPR/3 agent.
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Figure2: Architectureof the SAP R/3 agent

For executionpurposesthe metaworkflow of the TCA is calledwith a specificatiorof thename
of thefunctionor procesgo beexecuted.

Communicatiowith the W1 se systentakesplaceby exploiting thetransactionatemotefunction
call (t-RFC) of SAP R/3 (t-RFCis thetransactionalariantof SAP’s implementatiorof the remote
procedurecall, RPC,which is available via a setof C library functions). It supportsboth multiple
parallelcallsof R/3functionsfrom externalapplicationsaswell ascall-backsof externalapplications
from within theR/3 systenvia the SAPgatevay. Thecommunicatiomodule(t-RFClibrary adapter)
is thusathin softwarelayertransformingrequest$rom Wisk into t-RFC callsandvice versa.



Themonitoringtaskis implementedy customizatiorof thenec-
essaryR/3 transactionsindprocessesThis is possiblesincecertain
hooks(custometexits) areforeseerin R/3 to adduserspecificcode
and sincethe ABAP/4 [KW97] sourcesof all R/3 transactionsare

o810

available (ABAP/4, AdvancedBusinessApplication Programming R
Languageis the 4* generatiorprogramminganguagen which the C%gj
greatespartof the R/3 system—asideof a small C kernel—is im- = ()
plementedn). =3

SAP R/3 supportsthe notion of transactionsnd guaranteeull

ACID propertiesfor them. When a single function hasto be exe-
cutedasan actiity in WiISE, atomicityis provided by the R/3 sys-
tem. Whenacompletevorkflow proces$asto beexecutedhowever,
appropriatefailure handling mechanismseedto be implemented
within this procesgo do a rollbackin the caseof failuresin order
to guarantegherequiredall-or-nothingsemantic®f actiities.

In general the metaworkflow encompassesnly two actvities:
the function or processto be executedand its associatedompen-
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sation. In this, we follow the ideaof an explicit registrationof the C?I}Cb
compensatiorwhich is adwantageousn that all instancesof SAP (C)
R/3 workflow processesogetherwith the associategharametersire PR ? oo
storedpersistentlyin the underlyingDBMS. Thus,no additionalef- & &

fort hasto betakento log the parametergissociatedvith anactiity e
executedby WISE. After anactvity of WISE (which correspond$o (d)

ecutedsuccessfullythe metaprocessperformsan idle wait (which
doesnot consumeary resources).If the nestedSAP procesaeeds
to becompensatedninternaleventin SAPR/3is generatedia at-
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RFClibrary call andthe next activity of themetaworkflow, thecom-

aworkflow processof SAP)within the metaworkflow hasbeenex-
pensationcanbeexecutedwithoutexplicitly specifyingtherequired

parametersOtherwise whencompensatiomo longerhasto becon- | §-----o- 1
sidered,the metaprocesss terminated. The structureof the meta | & T T
workflow, which formsthe body of the TCA, is depictedin figure 3 i -8 b
usingthe event-controlledorocesschain notationof SAP. Although ! b
this procesconceptuallyencompassesnly two activities, a couple @ E"_;;’ Lo
of internalchecksandeventsarerelevant. First, the metaworkflow L (e)=n
writes a log entry to prevent multiple startsof the sametask. After ! S !
this, the desiredworkflow is startedwhile in the meantimethe meta | @ ﬁﬁj b
workflow waits in parallelon its terminationsignal(a). If anerror
occurredandthe workflow is markedto berepeatablethe flow goes e !
backto starttheworkflow again(b). After successfuterminationor ! :
abortof the workflow, the resultis called backto thewIsg system C;D ------ L
(c). The parallelsection(d) communicatesvith the external Wise - |
system.At this pointthe metaworkflow waitsin anidle waituntila = s i
decisionis sentfrom the WISE systemin orderto compensatée) or

not. N

Theretriability of SAP processess achieved by exploiting SAP Figure 3: Structure of the agents
R/3'stransactionalemotefunctioncall mechanismsAfter thet-RFC metaworkflow in EPCnotation



library adapterof the TCA hasrequestedh t-RFC identifier from the R/3 system all invocationsof
aretriableactvity areperformedwith this ID andthe R/3 systemguaranteethatis is executedonly
onceevenwhenmultiple invocationsof this actiity occur

SAP R/3's t-RFCwasoriginally designedo starta function on anotherR/3 system.In orderto
invoke a workflow, a thin layer of SAP-R/3functionsis neededo propagateequestdrom outside
to the SAP workflow managemengystem. For this purpose we use ABAP/4 functionsin orderto
propagateallsfrom the outsideworld to theworkflow componenbf SAPR/3.

This function layer alsoimplementsthe mappingfrom the external ID usedin Wiste for each
actvity to SAP’sinternalworkflow identificationnumber Oncea metaworkflow hasbeenstartedit
handlesall the messagefrom the Wise system.For every type of commanda functionis provided
to sendthis commando themetaworkflow by aninternalevent.

The startcommandnvokesaninstanceof this metaworkflow, passinghe nameandcorrespond-
ing parameterso the workflow procesdo be invoked. The metaworkflow marshallghe parameters
andstartsthe desiredR/3workflow asif it wasstarteddirectly from within thesystem All parameters
of a SAP workflow processarestoredin a so-calledcontainerwhich is anarrayof parametename
andvaluepairs. Sincethe metaworkflow hasto storethecontainerof theworkflow, this containethas
to be pacledinto the containerof the metaworkflow. Thatway every built-in SAPworkflow canbe
invoked without change®n its definition. Furthermoresinceonly standarccomponent®f SAPR/3
areexploited, the TCA implementatiorwill not be affectedby changesntroducedby new releases
(it is, for instanceguaranteedhatall customeexits of R/3 arealsopresenin future versionsof the
system).

After the workflow terminatesthe metaworkflow sendsa notificationbackto the WiSE system
andstaysin idle wait until it canterminatetself or until it hasto startthe compensatiomvorkflow in
orderto undothefirst workflow. Thewholecontainerf theworkflow in theendstateof theworkflow
is passedhroughmetaworkflows containeiin orderto presere all informationsto undothechanges.
This way we canstoreall this informationpersistentlyin the metaworkflow’s container

Theworkflow modelof SAP R/3is designedo reacha consistenstateafterthe terminationof a
processAs in our casewe have have anadditionalworkflow manageabore SAP, we needa mech-
anismto propagatesomeresultstateback. To provide this feature,we introduceda specialvariable
WF_RESULT whichrepresenttheresultof theworkflow execution.

5 Conclusion

In this shortpaper we have discussedhe practicalexperienceggainedfrom the integrationof SAP
R/3 BusinessNorkflows into the WiISE system.This integrationnot only involvesthe invocationof
SAP processefrom WISE but alsothe provision of executionguaranteefor SAP processesvhich
canbeexploitedby WisE. To this end,a transactionatoordinationagent(TCA) is required,which
is in the caseof the SAP R/3implementationtightly integratedinto the system.Togethewith a TCA
thathasbeenimplementedor IBM’s FlowMark [IBM94], the SAPR/3 TCA complementshe effort
to allow the WisE systemto run processesn top of processes.

Basedon the TCAs alreadyimplementedpur futurework aimsin providing furthersupportwith
respecto the monitoringof nestedprocesseshatare,in generalnot knovn to Wise. To this end,
anabstractdescriptionof nestedorocessewvill be madeavailable. The TCA thenpublishesnternal
statesof nestedprocessewiith respecto this abstractescriptionsuchthatit canbedisplayedoy the
monitoringfacilities of WISE.
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