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1 Introduction

The Internetandthe proliferationof inexpensve computingpower in the form of clustersof workstations
or PCsprovide the basichardwarédnfrastructurefor businesgo businesslectroniccommercén smalland
mediumenterprisesUnfortunatelythe correspondingoftwarenfrastructuras still missing.As partof the
WISE project(Workflow basednternedSErvices)we have takenconcretestepsto addresshis limitation:
within WISE we have developedanddeployedthe softwareinfrastructurenecessaryo supportbusinesso
businesslectroniccommercan theform of virtual enterprisesThe startingpointwastheideato combine
thetoolsandservicef differentcompaniesasbuilding blocksof ahigherlevel systemin which a process
actsastheblueprintfor controlanddataflow within the virtual enterprise Fromhere the goalhasbeento
build thebasicsupportor aninternettradingcommunitywhereenterpriseganjoin their servicedo provide
addedvalueprocesses.

Following theseideas WISE providesa working systemcapableof defining,enactingandmonitoring
virtual enterprisebusinesprocessesaswell assupportingrelatedcoordinationactiities. Suchinfrastruc-
tureincludesan Internetworkflow engineactingasthe underlyingdistributedoperatingsystemcontrolling
the executionof businesgprocessesa processnodelingtool for definingand monitoringthe processesa
cataloguegool for virtual enterpriseservicesin which to find the building blocksfor the processesanda
collaboratve multimediacommunicatiorervironment. The projectalsoincorporatesn its designconsid-
erationsaboutsecurity quality of service,executionguaranteesxceptionhandling,high availability, and
scalability aswell asdiverseotheraspectselatedto WWW basednteraction catalogudasednformation,
cataloguesearchandcommunicatiorframevorks. In thisregard,we have madea substantiaéffort to make
WISE a completesolution,thatis, asystemincorporatingall the necessarjunctionalityto beusedin prac-
tice. We firmly believe the real challengein electroniccommercds how to provide a completesolution.
In our case,this meantto develop a softwaretool capableof supportingthe entirelife cycle of a virtual
businesgprocessWe seethesebusinesgprocesseasvaluableassetsvhich needto be not only definedand
enactedut alsomaintainedupdatedandmonitored WISE supportsll thesechorestherebyavoiding the
drawvbacksof mary existing products:ad-hocandcostly developmentexpensyve maintenanceandlimited
applicability.
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Figurel: A compan incorporatinga virtual processaspartof its own businesgprocesses

2 Motivation

2.1 Virtual Enterprises

Themostrelevantactiities within a corporatiorareoftendescribedn theform of businesgprocessesrhis
is notsurprisingsincebusinesgprocessemodelthe proceduresindrulesfollowedin orderto accomplisha
concretegoal (opena new bankaccountobtaina credit, purchasea computeyfind out the currentlocation
of a parcel,resupplyshops,etc.). Following this idea, we seeelectroniccommerceasthe incorporation
of informationand communicatiorsystemgechnologyinto the businesgprocesgo expandit beyond the
corporationboundaries.In this contet, we definea virtual businesgprocessasa businesgprocessvhose
definition andenactmentannotbe directly tied to a single organizationakentity (beit a departmenbr a
compan). Fromhere,we define virtual enterprisesasthosewhosebusinesgprocessearevirtual business
processesGiventhetrendtowardsdecentralizationye alsoconsidetthatvirtual businesgprocesseblnking
togethersereraldepartmentsf a singleorganizationdefineaswell a virtual enterpriseFinally, we referto
thesetof companieparticipatingn avirtual enterprisesatradingcommunity Eachmembeiof thetrading
communityprovidesa numberof serviceso be usedasbuilding blocksfor the virtual process.Basedon
theseservicesthe virtual enterprisecanbe createdoy defininga virtual processn which eachindividual
actvity corresponds$o oneof theservicegprovidedby the participant{Figurel).

We believe tradingcommunitiesyirtual enterprisegndvirtual processearea very powerful approach
to interpretandidentify the needsof a wide rangeof electroniccommerceopractices.For instancejn the
caseof retailing, a compan can provide a much more sophisticatecproductby outsourcingaspectsof
the operationwhich arenot centralto its activities. A commonexampleare companie®ffering a product
(books,CD, flowers)without actuallyhandling(producing,storingor delivering) the productthemseles.
Mostof thehandlingis left to companiegroviding specializederviceswhichallowsto significantlyreduce
the operationakosts. The virtual enterprisemodelnaturally capturessuchscenariody simply having the
distribution anddelivery servicesncorporatedas actiities within the businesgrocessesf the compay
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sellingtheproductasshavnin Figurel.

2.2 E-Comm Processes

In theexampleof Figurel, independentlyf whetherit involvesmainframesindleasedinesor afew PCs
linked via Internetproviders,an E-Commapplicationhasmary of the characteristicef a distributedcom-
putingervironment.While thenotionsof tradingcommunityandvirtual enterpriseareconceptuallyuseful,
thereal challengeis to usethemin a softwaresolution. Hereis wherethe ideaof procesbecomegele-
vant: thevirtual businesprocessanbeseenasadistributedprogramrunningon someform of middlewvare
linking togetherthe resource®f the tradingcommunity Theseresourcesrethe concreteapplicationsor
servicefferedto thevirtual enterpriséoy thetradingcommunityandareusedasthe basicbuilding blocks
for the distributedprogram(the virtual businessprocess).From here, the type of softwareto develop is
thetype of softwarethatwould be heededo supportthe definition andexecutionof sucha coarsegrained
distributedprogram.

The analogybetweenan E-Commprocessanda distributedprogramcanbe takena stepfurther. Any
realisticsolutionto electroniccommercamusttake into accountthe true compleity of the problem. We
seeE-Commprocessess valuableassetmeedingto be properly specified,designeddeveloped,tested,
delugged,andmaintainedn aneffort not unlike softwaredlife-cycles.In orderto do this, thelanguageaused
to describethe processesnustprovide the necessaryprimitives, otherwisethesetasksbecomeextremely
difficult andlargely ad-hocende&ors (asit is today).

2.3 Complete Solution

The WISE projectis anintegrationeffort with the final goal of providing a completesolution. Its archi-
tecture(Figure?2) is organizednto four componentgdefinition,enactmentmonitoring,andcoordination),
eachone of themwith the role of addressing particularissue. Thus, the processdefinition component
allows virtual businessprocesseso be definedusing as building blocksthe entriesof a cataloguewhere
companiesvithin atradingcommunitycanposttheir services Similarly, the processenactmentomponent
compilesthe descriptionof the virtual businessprocessnto a representatiorsuitablefor enactmenand
controlsthe executionof the processy invoking the correspondingervicesof thetradingcommunity The
processmonitoringand analysiscomponents a tool keepingtrack of the progresamadein the execution
of the virtual businesgprocessandof the statusof all actve componentsn the system. The information
producedoy thistool is usedto createan awarenessnodel[7] usedfor loadbalancingrouting,andquality
of servicepurposesswell as,lateron, for analysisof the behaior of the processFinally, the coodination
and communicatioromponensupportanultimediaconferencingandcooperatre browsing of relevantin-
formationbetweenrall participantsn thetradingcommunityusingtheinformationproducedy thebusiness
processasthe mainsourcefor routing.

In WISE, thesefour componentsretightly integratedreflectingan approacho electroniccommerce
baseddntransparencandeasef use.While thereis innovationin eachindividualcomponentpur measure
of successs thedegreeof integrationof the systemasawhole.
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3 Architectureand Components

3.1 Modeing

In WISE, virtual businesgprocesseareconstructedy usingthe servicewfferedby differentcompaniegs
building blocks. Thevirtual businesgprocessntegrateshe servicef the differentcompaniegstablishing
the order of invocation, the control logic andthe dataflow betweenthe participantsin the sameway a
workflow processorchestratesusinessmodelswithin a single corporation. To makethis ideaa reality,
therearetwo elementshatWISE mustprovide. Thefirstis amechanisnior theparticipantgo publishtheir
services.Theseconds away to definea procesasedon suchservices.For thesepurposesWISE usesa
WWW catalogueanda businesgprocessnodelingtool (Figure2).

TheWWW cataloguauseslava applet/servietechnologyto allow companiesn the tradingcommunity
to ad\ertisetheir servicesandto “see” the semantic®f the servicegrovidedby othercompanie$15]. The
cataloguecontainsobjectsencapsulatinghe behaior of eachservice. A Java versionof a businessmod-
eling tool supportingsimulationandanalysis(seebelow) is thenusedto allow a compary to seethe exact
characteristicef eachentryin the catalogue Whena compary wantsto makeanentryin the catalogueijt
specifiegheserviceusingthe modelingtool.

Fromthe cataloguea draganddroptype of interfaceis usedto build thevirtual businesgprocess.The
tool we usefor processlefinitionis Structwae[12], aproductof IvyTeam oneof thepartnersn theproject.
Structwarewhich is internally basedon Petri-nets supportsnot only the modelingof businesgprocesses
but also sophisticatedanalysisof its behaior (bottlenecksaverageexecutiontimes, costs,delays,what
if analysis,etc.). In termsof processdefinition, Structwaresupportsthe standardlow control primitives
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of aworkflow tool. It is possibleto defineconditionalbranching nestedprocessesandassignadditional
informationto eachtaskwithin the process.This last point is importantfrom the point of view of WISE
sinceit allows to usethis additionalinformation as the configurationinformation necessaryo enactthe
process
We seethis entire procedureasa form of high level, coarsegrainedprogramming.We have success-

fully appliedthis ideaof “workflow programming”within WISE and other projectsin orderto provide
sophisticatedanguageprimitivesnot availablein commercialvorkflow tools. For instancewe canprovide
a completeexceptionhandlingcapability[10], an eventhandlingmechanisnandinter-processommuni-
cation[11]. This functionality is missingin currentsystemsandwe considerit to be crucial in realistic
ervironments.

3.2 Enactment

The enactmenbf thevirtual businesprocessess performedby the WISE engine which is basedon work
donewithin the OPERAproject[9, 2]. The WISE engineextendsideasfrom workflow managemer(6, 3],
andusesknown techniquedor distributingthis functionality[18, 13, 4]. In addition,a considerableamount
of extensionshave beenintroducedo makeworkflow a suitablefoundationfor electroniccommercgfor a
differentapproacho electroniccommercéasednworkflow technologysee[16]). Amongthem,thereare
threethatdesere specialattention:security quality of service, andexecutionguarantees.

Giventhe natureof the dataexchangedetweenthe differentparticipantsin the trading community
WISE incorporateghe necessargecuritymechanismsn the form of encryptionof datafor transmission
overthenetworkaswell asa completesetof authenticatiormeasure$or bothexecution,accessandmoni-
toring of the processesAlso, to makethe notionof tradingcommunityviable giventhe currentlimitations
of bandwidth the WISE engineincorporategjuality of serviceguaranteebasedn executionstatisticsand
networkcharacteristicsOur currentapproachis basedon distinguishirg differentprocesscateyories(crit-
ical, important,normal)and providing for eachof thema differentquality of service. Finally, the WISE
enginealsoincorporategxecutionguaranteesvherebya processs alwaysguaranteetb finishin aconsis-
tentstateeitherby removing all changest hasintroducedor by forcingit to terminatefollowing asequence
of actionswith apre-determinedutcomg17]. Theexecutionguaranteearebasednthenotionof spheres
of atomicityandisolation[8, 5, 1, 14], which allow usto specifywhich partsof thebusinesgprocesseedto
be madeatomicfor recarery purpose@ndwhich partsof theprocesseedto beisolatedfrom interferences
of otherprocesses.

3.3 Audit and Monitoring

WISE providestools to find out the statusof ary running processn the systemin orderto allow users
to keeptrack andtroubleshoothemwhen necessary In addition, processdesignis a difficult task. In
virtual enterpriseervironmentst is difficult to foreseeall possibleaventualitiesuntil someexamplerunsare
available. Procesglesignis aniterative procedurevhereWISE canbe of greathelp by providing accurate
measurementsf all the characteristicaffecting the executionof a process:overall duration,bottlenecks,
relative durationof eachtaskwith respecto thedurationof the entireprocessloadsat eachparticipantsite,
deadlinesnissedandsoforth.

In orderto provide this functionality, WISE incorporateshe necessarynoduleswithin the execution
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engineto keeptrackof executingprocessedn addition,it usesa historyspacewhereinformationaboutall
alreadyexecutedprocessess storedandorganizedn away thatfacilitatesits analysis.For displayingthis
information,we planto takeadwantageof the capabilitiesof Structware In the sameway thata Structware
processs compiledandtranslatednto notationunderstandablby the WISE engine the informationpro-
ducedby the WISE enginewill betranslatednto theappropriatdormatto be displayedusingStructwares
interface.

Finally, WISE will alsoincludean awarenessnodel[7] thatwill allow the engineto makedecisions
basedon its own statusandthatof the participants.This avarenessnodelis necessaryor load balancing,
increasedwailability, conflict resolution notificationmechanismsandthe handlingof exceptions.

3.4 Coordination

Unlike in corventionalworkflow enginesWISE will operaten anernvironmentwherethedifferentpartici-
pantsandthedifferentelementf the processarenot necessarilyn a positionto easilyexchangenforma-
tion amonghem.Notethat,astheconcepof tradingcommunityimplies,eachparticipantcouldbenotonly
onadifferentlocationbut in anentirelydifferentcompay. It is neverthelessmportantfor theparticipantgo
beableto communicatéen orderto resohe the unavoidableinconsistencieandminor problemsassociated
with ary procesqFigure2). An essentiabspecbf this communicatiorandcollaborationis thatit will be
contet based.Thatis, a userwill not necessarilyaskto communicatewith a concretepersonbut, rather
with thepersorwho playeda givenrole in theexecutionof theprocessTo achieve this goal, WISE useshe
resultsof the CoBrow (Collaboratve Browsingin InformationResourcesproject[19].

4 TheWISE system

The currentversionof WISE useslvyFrame(a commercialproductof lvyTeam)asfront end,bothfor the
definitionandthemonitoringof processesWISE s platformindependen{Sener runson UNIX, Clientson

UNIX, 0OS/2,andWindows) andcaninteractwith avariety of applicationgexistinginterfacesncludeSAP
R/3andIBM FlowMark). Froma practicalpoint of view, WISE canbe usedasa genericworkflow engine
but its real potentiallies asanenginefor electroniccommerceOnepossiblescenaridor thedeploymenbf

WISE is asthecentraltool for acompan providing supportfor othercompaniesvantingto engagen elec-
troniccommercéut notwilling or ableto dothenecessarjnvestmentsn resourcesindexpertise.Another
possibility is to use WISE asa tool for implementingvalue addedbusinessprocesseso that a compary

canoffer new servicesby combiningservicesprovided by othercompanies.In particular the application
to virtual storefrontsfor genericcustomerservicescomputerequipmentpookstoresandappliancess im-

mediate We arecurrentlyworking on supportingotherpossiblescenarioselatedto paymenifprotocolsand
electronicdocumenexchanges.

5 Conclusions

In this extendedabstractwe have presented basicinfrastructurdor businesgo businesslectroniccom-
merce. In this form of e-commercedifferentcompaniegoin their servicesto form a virtual enterprise,
which provides a businesgprocesshat canbe executedover the Internet. WISE includesdifferentcom-



ponentsto define,enactand monitor visual enterprisgprocessessupportingalsothe communicatiorand
coordinatiorbetweerthe participants.

WISE shouldbeseenasanintegrationeffort whereseveralknown technologiesiswell asnew ideasare

beingbroughttogetheiin orderto provide acoherentechnologicasolution.We expectthattheresultsof the
projectwill both enhanceconsiderablythe scopeof applicationandexpressve power of currentworkflow
systemsandopenup significantopportunitiesn the areaof electroniccommerce.

Project Data

The WISE projectis fundedby the SwissNationalScienceFoundation. It startedin Decemberiof 1997 andwill have aduration

of 29 months. Therearethreeacademiandtwo industrialpartnersin the project. On the academicside, the participantsarethe

Databas&esearci@roup,the ComputetEngineeringandNetworksLaboratoryandthelnformationandCommunicationSystems
ResearciGroupof ETH Zurich. TheindustrialpartnersaarelvyTeam,andonlineSSOLUTIONS.
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