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1 Introduction

TheInternetandtheproliferationof inexpensive computingpower in the form of clustersof workstations

or PCsprovidethebasichardwareinfrastructurefor businessto businesselectroniccommercein smalland

mediumenterprises.Unfortunately, thecorrespondingsoftwareinfrastructureis still missing.As partof the

WISE project(Workflow basedInternedSErvices),we have takenconcretestepsto addressthis limitation:

within WISE we have developedanddeployedthesoftwareinfrastructurenecessaryto supportbusinessto

businesselectroniccommercein theform of virtual enterprises.Thestartingpointwastheideato combine

thetoolsandservicesof differentcompaniesasbuilding blocksof ahigherlevel systemin which a process

actsastheblueprintfor controlanddataflow within thevirtual enterprise.Fromhere,thegoalhasbeento

build thebasicsupportfor anInternettradingcommunitywhereenterprisescanjoin theirservicesto provide

addedvalueprocesses.

Following theseideas,WISE providesa working systemcapableof defining,enacting,andmonitoring

virtual enterprisebusinessprocesses,aswell assupportingrelatedcoordinationactivities. Suchinfrastruc-

tureincludesanInternetworkflow engineactingastheunderlyingdistributedoperatingsystemcontrolling

the executionof businessprocesses,a processmodelingtool for definingandmonitoringthe processes,a

cataloguetool for virtual enterpriseservicesin which to find the building blocksfor the processes,anda

collaborative multimediacommunicationenvironment. Theprojectalsoincorporatesin its designconsid-

erationsaboutsecurity, quality of service,executionguarantees,exceptionhandling,high availability, and

scalability, aswell asdiverseotheraspectsrelatedto WWW basedinteraction,cataloguebasedinformation,

cataloguesearch,andcommunicationframeworks.In thisregard,wehavemadeasubstantialeffort to make

WISEa completesolution,thatis, asystemincorporatingall thenecessaryfunctionalityto beusedin prac-

tice. We firmly believe the real challengein electroniccommerceis how to provide a completesolution.

In our case,this meantto develop a softwaretool capableof supportingthe entire life cycle of a virtual

businessprocess.We seethesebusinessprocessesasvaluableassetswhich needto benot only definedand

enactedbut alsomaintained,updated,andmonitored.WISE supportsall thesechores,therebyavoidingthe

drawbacksof many existing products:ad-hocandcostlydevelopment,expensivemaintenance,andlimited

applicability.
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Figure1: A company incorporatinga virtual processaspartof its own businessprocesses

2 Motivation

2.1 Virtual Enterprises

Themostrelevantactivitieswithin acorporationareoftendescribedin theform of businessprocesses.This

is notsurprisingsincebusinessprocessesmodeltheproceduresandrulesfollowedin orderto accomplisha

concretegoal(opena new bankaccount,obtaina credit,purchasea computer, find out thecurrentlocation

of a parcel,resupplyshops,etc.). Following this idea,we seeelectroniccommerceas the incorporation

of informationandcommunicationsystemstechnologyinto the businessprocessto expandit beyond the

corporationboundaries.In this context, we definea virtual businessprocessasa businessprocesswhose

definition andenactmentcannotbe directly tied to a singleorganizationalentity (be it a departmentor a

company). Fromhere,wedefine virtual enterprisesasthosewhosebusinessprocessesarevirtual business

processes.Giventhetrendtowardsdecentralization,wealsoconsiderthatvirtual businessprocesseslinking

togetherseveraldepartmentsof a singleorganizationdefineaswell a virtual enterprise.Finally, we referto

thesetof companiesparticipatingin avirtual enterpriseasatradingcommunity. Eachmemberof thetrading

communityprovidesa numberof servicesto beusedasbuilding blocksfor the virtual process.Basedon

theseservices,the virtual enterprisecanbecreatedby defininga virtual processin which eachindividual

activity correspondsto oneof theservicesprovidedby theparticipants(Figure1).

We believe tradingcommunities,virtual enterprisesandvirtual processesarea very powerful approach

to interpretandidentify the needsof a wide rangeof electroniccommercepractices.For instance,in the

caseof retailing, a company can provide a much more sophisticatedproductby outsourcingaspectsof

theoperationwhich arenot centralto its activities. A commonexamplearecompaniesoffering a product

(books,CD, flowers)without actuallyhandling(producing,storingor delivering) theproductthemselves.

Mostof thehandlingis left tocompaniesprovidingspecializedservices,whichallowsto significantlyreduce

theoperationalcosts.Thevirtual enterprisemodelnaturallycapturessuchscenariosby simply having the

distribution anddelivery servicesincorporatedasactivities within the businessprocessesof the company
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sellingtheproductasshown in Figure1.

2.2 E-Comm Processes

In theexampleof Figure1, independentlyof whetherit involvesmainframesandleasedlinesor a few PCs

linked via Internetproviders,anE-Commapplicationhasmany of thecharacteristicsof a distributedcom-

putingenvironment.While thenotionsof tradingcommunityandvirtual enterpriseareconceptuallyuseful,

the real challengeis to usethemin a softwaresolution. Hereis wherethe ideaof processbecomesrele-

vant: thevirtual businessprocesscanbeseenasadistributedprogramrunningonsomeform of middleware

linking togethertheresourcesof the tradingcommunity. Theseresourcesaretheconcreteapplicationsor

servicesofferedto thevirtual enterpriseby thetradingcommunityandareusedasthebasicbuilding blocks

for the distributedprogram(the virtual businessprocess).From here,the type of softwareto develop is

thetypeof softwarethatwould beneededto supportthedefinitionandexecutionof sucha coarsegrained

distributedprogram.

TheanalogybetweenanE-Commprocessanda distributedprogramcanbetakena stepfurther. Any

realisticsolutionto electroniccommercemusttakeinto accountthe true complexity of the problem. We

seeE-Commprocessesas valuableassetsneedingto be properlyspecified,designed,developed,tested,

debugged,andmaintainedin aneffort notunlikesoftwarelife-cycles.In orderto do this, thelanguageused

to describethe processesmustprovide the necessaryprimitives,otherwisethesetasksbecomeextremely

difficult andlargelyad-hocendeavors(asit is today).

2.3 Complete Solution

The WISE projectis an integrationeffort with the final goal of providing a completesolution. Its archi-

tecture(Figure2) is organizedinto four components(definition,enactment,monitoring,andcoordination),

eachoneof themwith the role of addressinga particularissue. Thus, the processdefinitioncomponent

allows virtual businessprocessesto be definedusingasbuilding blocksthe entriesof a cataloguewhere

companieswithin a tradingcommunitycanposttheirservices.Similarly, theprocessenactmentcomponent

compilesthe descriptionof the virtual businessprocessinto a representationsuitablefor enactmentand

controlstheexecutionof theprocessby invokingthecorrespondingservicesof thetradingcommunity. The

processmonitoringandanalysiscomponentis a tool keepingtrackof theprogressmadein the execution

of the virtual businessprocessandof the statusof all active componentsin the system.The information

producedby this tool is usedto createanawarenessmodel[7] usedfor loadbalancing,routing,andquality

of servicepurposesaswell as,lateron,for analysisof thebehavior of theprocess.Finally, thecoordination

andcommunicationcomponentsupportsmultimediaconferencingandcooperativebrowsingof relevantin-

formationbetweenall participantsin thetradingcommunityusingtheinformationproducedby thebusiness

processasthemainsourcefor routing.

In WISE, thesefour componentsaretightly integratedreflectingan approachto electroniccommerce

basedontransparency andeaseof use.While thereis innovationin eachindividualcomponent,ourmeasure

of successis thedegreeof integrationof thesystemasa whole.
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Figure2: Thedifferentcomponentsof theWISE project

3 Architecture and Components

3.1 Modeling

In WISE,virtual businessprocessesareconstructedby usingtheservicesofferedby differentcompaniesas

building blocks.Thevirtual businessprocessintegratestheservicesof thedifferentcompaniesestablishing

the order of invocation,the control logic and the dataflow betweenthe participantsin the sameway a

workflow processorchestratesbusinessmodelswithin a singlecorporation. To makethis ideaa reality,

therearetwoelementsthatWISEmustprovide. Thefirst is amechanismfor theparticipantsto publishtheir

services.Thesecondis a way to definea processbasedon suchservices.For thesepurposes,WISE usesa

WWW catalogueandabusinessprocessmodelingtool (Figure2).

TheWWW catalogueusesJavaapplet/servlettechnologyto allow companiesin thetradingcommunity

to advertisetheir servicesandto “see” thesemanticsof theservicesprovidedby othercompanies[15]. The

cataloguecontainsobjectsencapsulatingthebehavior of eachservice.A Java versionof a businessmod-

eling tool supportingsimulationandanalysis(seebelow) is thenusedto allow a company to seetheexact

characteristicsof eachentry in thecatalogue.Whena company wantsto makeanentry in thecatalogue,it

specifiestheserviceusingthemodelingtool.

Fromthecatalogue,a draganddroptypeof interfaceis usedto build thevirtual businessprocess.The

tool weusefor processdefinitionis Structware[12], aproductof IvyTeam,oneof thepartnersin theproject.

Structware,which is internally basedon Petri-nets,supportsnot only the modelingof businessprocesses

but alsosophisticatedanalysisof its behavior (bottlenecks,averageexecutiontimes,costs,delays,what

if analysis,etc.). In termsof processdefinition,Structwaresupportsthe standardflow controlprimitives
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of a workflow tool. It is possibleto defineconditionalbranching,nestedprocesses,andassignadditional

informationto eachtaskwithin the process.This lastpoint is importantfrom the point of view of WISE

sinceit allows to usethis additionalinformationas the configurationinformationnecessaryto enactthe

process

We seethis entireprocedureasa form of high level, coarsegrainedprogramming.We have success-

fully appliedthis idea of “workflow programming”within WISE and otherprojectsin order to provide

sophisticatedlanguageprimitivesnotavailablein commercialworkflow tools.For instance,wecanprovide

a completeexceptionhandlingcapability[10], anevent handlingmechanismandinter-processcommuni-

cation[11]. This functionality is missingin currentsystemsandwe considerit to be crucial in realistic

environments.

3.2 Enactment

Theenactmentof thevirtual businessprocessesis performedby theWISE engine,which is basedonwork

donewithin theOPERAproject[9, 2]. TheWISE engineextendsideasfrom workflow management[6, 3],

andusesknown techniquesfor distributingthis functionality[18, 13, 4]. In addition,aconsiderableamount

of extensionshave beenintroducedto makeworkflow a suitablefoundationfor electroniccommerce(for a

differentapproachto electroniccommercebasedonworkflow technologysee[16]). Amongthem,thereare

threethatdeservespecialattention:security, qualityof service,andexecutionguarantees.

Given the natureof the dataexchangedbetweenthe differentparticipantsin the trading community,

WISE incorporatesthe necessarysecuritymechanismsin the form of encryptionof datafor transmission

over thenetworkaswell asacompletesetof authenticationmeasuresfor bothexecution,access,andmoni-

toring of theprocesses.Also, to makethenotionof tradingcommunityviablegiventhecurrentlimitations

of bandwidth,theWISEengineincorporatesqualityof serviceguaranteesbasedonexecutionstatisticsand

networkcharacteristics.Our currentapproachis basedon distinguishing differentprocesscategories(crit-

ical, important,normal)andproviding for eachof thema differentquality of service. Finally, the WISE

enginealsoincorporatesexecutionguarantees,wherebyaprocessis alwaysguaranteedto finish in aconsis-

tentstateeitherby removing all changesit hasintroducedor by forcing it to terminatefollowingasequence

of actionswith apre-determinedoutcome[17]. Theexecutionguaranteesarebasedonthenotionof spheres

of atomicityandisolation[8, 5,1, 14], whichallow usto specifywhichpartsof thebusinessprocessneedto

bemadeatomicfor recoverypurposesandwhichpartsof theprocessneedto beisolatedfrom interferences

of otherprocesses.

3.3 Audit and Monitoring

WISE provides tools to find out the statusof any runningprocessin the systemin order to allow users

to keeptrack and troubleshootthem whennecessary. In addition, processdesignis a difficult task. In

virtual enterpriseenvironmentsit is difficult to foreseeall possibleeventualitiesuntil someexamplerunsare

available. Processdesignis aniterative procedurewhereWISE canbeof greathelpby providing accurate

measurementsof all the characteristicsaffecting theexecutionof a process:overall duration,bottlenecks,

relativedurationof eachtaskwith respectto thedurationof theentireprocess,loadsateachparticipantsite,

deadlinesmissed,andsoforth.

In orderto provide this functionality, WISE incorporatesthe necessarymoduleswithin the execution
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engineto keeptrackof executingprocesses.In addition,it usesa historyspacewhereinformationaboutall

alreadyexecutedprocessesis storedandorganizedin a way that facilitatesits analysis.For displayingthis

information,we planto takeadvantageof thecapabilitiesof Structware.In thesameway thata Structware

processis compiledandtranslatedinto notationunderstandableby theWISE engine,theinformationpro-

ducedby theWISE enginewill betranslatedinto theappropriateformatto bedisplayedusingStructware’s

interface.

Finally, WISE will also includean awarenessmodel[7] that will allow the engineto makedecisions

basedon its own statusandthatof theparticipants.This awarenessmodelis necessaryfor loadbalancing,

increasedavailability, conflict resolution,notificationmechanisms,andthehandlingof exceptions.

3.4 Coordination

Unlike in conventionalworkflow engines,WISE will operatein anenvironmentwherethedifferentpartici-

pantsandthedifferentelementsof theprocessarenotnecessarilyin a positionto easilyexchangeinforma-

tion amongthem.Notethat,astheconceptof tradingcommunityimplies,eachparticipantcouldbenotonly

onadifferentlocationbut in anentirelydifferentcompany. It is neverthelessimportantfor theparticipantsto

beableto communicatein orderto resolve theunavoidableinconsistenciesandminor problemsassociated

with any process(Figure2). An essentialaspectof this communicationandcollaborationis that it will be

context based.That is, a userwill not necessarilyaskto communicatewith a concretepersonbut, rather,

with thepersonwhoplayedagivenrole in theexecutionof theprocess.To achievethisgoal,WISEusesthe

resultsof theCoBrow (CollaborativeBrowsingin InformationResources)project[19].

4 The WISE system

Thecurrentversionof WISE usesIvyFrame(a commercialproductof IvyTeam)asfront end,both for the

definitionandthemonitoringof processes.WISEis platformindependent(Server runsonUNIX, Clientson

UNIX, OS/2,andWindows)andcaninteractwith avarietyof applications(existing interfacesincludeSAP

R/3 andIBM FlowMark). Froma practicalpoint of view, WISE canbeusedasa genericworkflow engine

but its realpotentialliesasanenginefor electroniccommerce.Onepossiblescenariofor thedeploymentof

WISEis asthecentraltool for acompany providing supportfor othercompanieswantingto engagein elec-

troniccommercebut notwilling or ableto dothenecessaryinvestmentsin resourcesandexpertise.Another

possibility is to useWISE asa tool for implementingvalueaddedbusinessprocessesso that a company

canoffer new servicesby combiningservicesprovidedby othercompanies.In particular, the application

to virtual storefrontsfor genericcustomerservices,computerequipment,bookstores,andappliancesis im-

mediate.Wearecurrentlyworkingonsupportingotherpossiblescenariosrelatedto paymentprotocolsand

electronicdocumentexchanges.

5 Conclusions

In this extendedabstract,we have presenteda basicinfrastructurefor businessto businesselectroniccom-

merce. In this form of e-commerce,differentcompaniesjoin their servicesto form a virtual enterprise,

which providesa businessprocessthat canbe executedover the Internet. WISE includesdifferentcom-
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ponentsto define,enactandmonitor visual enterpriseprocesses,supportingalsothe communicationand

coordinationbetweentheparticipants.

WISEshouldbeseenasanintegrationeffort whereseveralknown technologiesaswell asnew ideasare

beingbroughttogetherin ordertoprovideacoherenttechnologicalsolution.Weexpectthattheresultsof the

projectwill bothenhanceconsiderablythescopeof applicationandexpressive power of currentworkflow

systemsandopenupsignificantopportunitiesin theareaof electroniccommerce.

Project Data

TheWISE projectis fundedby theSwissNationalScienceFoundation.It startedin Decemberof 1997andwill have a duration

of 29 months.Therearethreeacademicandtwo industrialpartnersin theproject. On theacademicside,theparticipantsarethe

DatabaseResearchGroup,theComputerEngineeringandNetworksLaboratory, andtheInformationandCommunicationsSystems

ResearchGroupof ETH Zürich. TheindustrialpartnersareIvyTeam,andonlineSOLUTIONS.
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