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Abstract

The Internetand the proliferation of inexpensivecom-
putingpowerin theform of clustersof workstationsor PCs
provide the basic hardware infrastructue for businessto
businesselectonic commete in smalland mediumenter
prises. Unfortunately the correspondingsoftwake infras-
tructure is still missing In this paperwe showa way to
develop appropriate tools for electonic commece by de-
scribing the appradc we havetakenin the WISE project
(WorkflowbasednternedSErvices) Thegoalsof WISEare
to developanddeploythe softwae infrastructue necessary
to supportbusinesdo businesslectonic commece in the
form of virtual enterprisesTheideais to combinethetools
and servicef differentcompaniesas building blocks of a
higherlevel systenin which a processactsastheblueprint
for control anddataflowwithin thevirtual enterprise From
thisidea, thefinal goalis to build the basicsupportfor an
Internettradingcommunitywhele enterprisesanjoin their
servicego provideaddedvalueprocesses.

1 Intr oduction

Historically, companieave found mary waysto work
togetheiin regardto supplierspartnershipssustomersetc.
Typically, theseventureshave takenplacewithoutcomputer
support:memberf eachcompary gottogetheiin ashared
spaceo work onaparticularproject.Only afew largecom-
paniescould afford the investmentrequiredto map these
commerciatiesto anelectronicinfrastructurewhich, until
recentlywasusuallybasednexpensvie leasedines,main-
framesandadhocdevelopment Evenfor thesecompanies,
the expensecould only be justified above certainlevels of
trading,with partnerswvho could alsoafford theinfrastruc-
ture,andwith whom cooperatiorwould continueon along
termbasig[1].

Mary of thebarrierso accessuchtechnologyhave been
effectively eliminatedby the Internet[2, 3], which offersa

relatively inexpensve communicatiormediumand allows
toinitiate business-to-bsineswventuresn amuchmoredy-
namic manner Nowadays,the remainingobstacleis the
lack of appropriatesoftwareinfrastructure.

To addresghis limitation, the WISE projectaimsat de-
signing, building, andtestingbasicinfrastructurefor busi-
nesgo busines®lectroniccommercen theform of awork-
ing systemcapableof defining, enacting,and monitoring
virtual enterprisebusinessprocessesas well as support-
ing relatedcoordinationactivities. Suchinfrastructurein-
cludesan Internetworkflow engineacting asthe underly-
ing distributed operatingsystemcontrolling the execution
of businesgprocessesa procesanodelingtool for defining
and monitoring the processesa cataloguetool for virtual
enterpriseservicesn which to find the building blocksfor
the processesanda collaboratve multimediacommunica-
tion ervironment.Theprojectalsoincorporatedn its design
considerationgboutsecurity quality of service,execution
guaranteesxceptionhandling,high availability, andscal-
ability, aswell asdiverseotheraspectselatedto WWW
basedinteraction, cataloguebasedinformation, catalogue
search,and communicatiorframevorks. In this extended
abstract,we briefly describethe goalsand most relevant
characteristicef the project. Dueto the lack of spacewe
limit oursehesto provide an overviev of whatwe believe
to bethe mostinnovative ideasin the project. We seethese
ideasascrucialstepsn ary attempto provide softwaresup-
portfor e-commercand,thus,thepapers contributionis to
spelloutall thekey issueghatneedto beaddressedh order
to provide a completesolution.

The paperis structuredas follows. Section2 presents
anexampleof thetype of virtual enterpriseo be supported
by WISE andthetechnicalchallengego befacedwhenim-
plementingsuchfunctionality. Sections3 to 6 describethe
main component®f the WISE system.Section7 presents
the currentstatusof the developmentefforts andsection8
concludeghe paper
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Figure 1. Example of a virtual enterprise process

2 Motivation

In this sectionwe first presenia typical exampleof vir-
tualenterpris@rocesgo motivatethefunctionalitywe have
implementedaindthendiscusghetechnicalchallenges.

2.1 Virtual Enterprises

The WISE approachs basedon the notionsof trading
community virtual enterpriseandvirtual businesgprocess.
A virtual businessprocessusesinformation and commu-
nicationtechnologyto allow a businesgprocesq18] to go
beyond the corporationboundaries.A virtual enterprisds
thusdefinedasan enterprisevhosebusinesgprocessesare
virtual businesprocessesThesevirtual businesgprocesses
areconstructedy combiningthe servicegrovidedby dif-
ferentcompanies.The setof companiesvorking together
aspartof avirtual enterpriseés whatwe referto asatrading
community

As an exampleconsiderthe scenariocshowvn in Figurel
(which hasbeenimplementedaspartof the WISE project).
In this scenariothe trading communityis formed by two
differentdepartment®f aninsurancecompan anda loss
adjustercompan. The insurancecompany definesa vir-
tualbusinesprocesdo handleinsurancelaims. In thefirst
stepof the processa clerk in the “claims department'te-
ceivesthe claim andcollectsall the necessarynformation
aboutthe claim itself, the customer the involved parties,

etc. This informationis processedh the “policies depart-
ment”, which usesSAP asthe supportingtool. In this de-
partmentthe dataprovidedis correlatedwith theinforma-
tion availablein the databasei,e., whetherthe customeiis
up to datein paymentswhetherit is a casecoveredby the
existing policies,andsoforth. Oncethis stepis completed,
theinformationis forwardedbackto the claimsdepartment
wherethe claimis classified].e., the specifictype of claim
(burglary, flood, fire, caraccidentdamage®y third parties,
etc.)is determined.

For the purposef this example,we will consideronly
two typesof claims: burglary and fire. In caseof bur-
glary, theclaimis returnedo thepoliciesdepartmenivhere,
basedon the police report, the total value of the objectsis
calculatedthe paymentimit establishe@ndanestimatds
madeof how muchthe insuranceshouldpay In caseof
fire damagethe procesdss morecomplicated.To dealwith
suchcasestheinsurancecompany resortso alossadjuster
company which will be the oneresponsibldor makingan
estimateof what needsto be paid. After the estimationis
completedthe paymenis made the correspondingecords
updatedsothata customeiis not paid severaltimesfor the
sameclaim),andtheclaim settled.

Theinterestingpartof this exampleis theintroductionof
thelossadjusteprocessasonemoreelemenbof the overall
claim processingroceduresgvenif thelossadjusteris an
entirelydifferentcompan. Thekey to the WISE approach
to virtual enterprisess to treatsuchinteroperabilityprob-



lemsasprocessencapsulatioproblemswhere,aslong as
therearewell definedinputandoutputparametergherest
canbetreatedasablackbox.

In the example,the loss adjuster who usesa workflow
engineto drive its businessprocessesprovides an entry
point similar to an API which the insurancecompary can
invoke. Throughthisinterfacethelossadjusterecevesthe
necessarylataandtriggersits own businesgprocess.This
processconsistsof checkingthe property i.e., who is the
legal ownerof abuilding, arrangea meetingwith the client,
visit the damagedbroperty comparewith similar casesor,
in caseof majordisasterdike floodsor earthquakegjeter
minewhatothersource®f paymenimayneedto beconsid-
ered,anda costestimatds made.The costestimates then
forwardedto theinsurancecompan, which usinga similar
mechanisntanincorporatethis stepinto its own business
process.

2.2 Thetechnicalchallenge

The example above senes to illustrate the difficulties
that needto be solved in orderto implementour notion of
virtual enterprise.

Firstof all, it mustbe pointedout hatthis is not justan
interoperabilityproblem.In fact, our experienceshows that
interoperabilityis easierto addressncethe notion of vir-
tual processs in place,sinceit providesa muchnarraver
andwell definedframevork in which to developa solution.
This is proven by the fact thatwe have hadno problemin
linking differentapplicationsresidingon differentoperat-
ing systemsoncethe virtual businesgproceshadbeende-
fined. We believe therealchallengen electroniccommerce
is how to provide a completesolution. In our case,this
meango develop a softwaretool capableof supportinghe
entirelife cycle of avirtual businesprocessWe seethese
businesgprocesseasvaluableassetshich needto be not
only definedandenactedut alsomaintainedupdatedand
monitored. Otherwise the solution provided suffers from
the samedravbacksas currentpractices: developmentis
ad-hocandcostly almostimpossibleto maintain,andlim-
its the applicability of electroniccommerceto a very few
specialcases.Moreover, we believe thatwhatis neededs
a genericframevork which canbe usedto develop virtual
businesprocessewithoutasignificantamountof expertise
or developmentcost. This framevork shouldprovide solu-
tionsto non-trivial problemssuchashow acompaly incor-
poratesthe servicesof anotheraspart of its own business
processeshow a compawy canad\ertiseits own services
andmakethemavailableto othercompaniespr how a vir-
tual businesprocescanbeenactedndits executionmon-
itored, just to mentiona few. Without thesesolutions,the
notionsof virtual enterprise tfradingcommunity and vir-
tual businesgprocesdescribechbore may be conceptually

appealindout becomerrelevantfor practicalpurposes.
2.3 CompleteSolution

The WISE projectis anintegrationeffort with the final
goal of providing a completesolution. In orderto do this,
therearefour issueghatneedto be addressed:

e How to provide a mechanisnwherebycompaniesan
adwertisetheir services,other companieanlook at
themand,finally, incorporatetheseservicesnto their
own businesgprocesswithout requiringad-hocdevel-
opment.

e How to executeprocessespavning severalcompanies
andwhich, ultimately, may be entirely virtual in the
senseéhatno physicalcompay is responsibldor driv-
ing themainprocess.

e How to keeptrack of suchprocessesand provide the
samemonitoringandanalysistools that exist for nor-
mal businesprocesses.

¢ How to establishaframevork for context specificcol-
laboration,i.e., one in which communicationis not
basedon point-to-pont routing but basedon the dy-
namicsof the processexecution.

The WISE architecturgFigure2) is organizednto four
componentgdefinition, enactmentmonitoring, and coor
dination), eachone of themwith the role of addressing
particularissueof the four listed above. Thus,the process
definition componentallows virtual businessprocesseso
be definedusing as building blocks the entriesof a cat-
aloguewherecompanieswithin a tradingcommunitycan
posttheir services.Similarly, the processenactmentom-
ponentcompilesthedescriptiorof thevirtual businesgro-
cessinto a representatiosuitablefor enactmentnd con-
trols the execution of the processby invoking the corre-
spondingservicesof the tradingcommunity The process
monitoringand analysiscomponents a tool keepingtrack
of the progressmadein the executionof the virtual busi-
nessprocessand of the statusof all actve componentsn
thesystem.Theinformationproduceddy thesetool is used
to createan awarenessnodel[10] usedfor load balancing,
routing,andquality of servicepurposesaswell as,lateron,
for analysisof the behaior of the process Finally, the co-
ordination and communicatiorcomponensupportsmulti-
mediaconferencingand cooperatie browsing of relevant
informationbetweerall participantsn thetradingcommu-
nity usingtheinformationproducedy thebusinesgrocess
asthe main sourcefor routing. It is in this sensethat the
communicatiorin the tradingcommunityis contet based
sinceit is establishedn semantignformationderivedfrom
the executionof thevirtual businesgrocess.
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Figure 2. The different components of the WISE project

In WISE, thesefour componentsare tightly integrated
reflecting an approachto electroniccommercebasedon
transparencandeaseof use:thefunctionalityof eachcom-
ponentmustalwaysbe consideredn relationto that of all
othercomponents While thereis innovationin eachindi-
vidual componentpur measureof successs the degreeof
integrationof the systemasawhole.

3 Procesdefinition

In WISE, virtual businesgprocessesire constructecy
usingthe servicesfferedby differentcompaniesasbuild-
ing blocks. Eachoneof theseservicescanbe a processn
itself althoughbeyond providing the necessarynterfaces,
the natureof theseserviceds orthogonato WISE. Thevir-
tual businessprocessintegratesthe servicesof the differ-
entcompaniegstablishinghe orderof invocationthecon-
trol logic andthe dataflow betweerthe participantsin the
sameway a workflow processorchestrateusinessmod-
elswithin a singlecorporation.To makethis ideaa reality,
therearetwo elementshat WISE mustprovide. Thefirstis
a mechanisnfor the participantsto publishtheir services.
The seconds away to definea procesdasedon suchser
vices. For thesepurposesWISE usesa WWW catalogue
anda businesgrocessnodelingtool (Figure3).

The WWW catalogueusesJava applet/servietechnol-
ogy to allow companiesn the trading communityto ad-
vertisetheir servicesandto “see” the semanticof the ser
vices provided by other companieq19]. While a list of
mere“read-only”pointerswouldseento suffice,in practice
companiesieedto understandhe behaior of a servicebe-
forethey canincorporatet into their businesprocessThe
catalogueinsteadof just URL's, containsobjectsencapsu-
lating the behaior of a eachservice. A Java versionof a
businesamodelingtool supportingsimulationandanalysis
(seebelow) is thenusedto allow a compaly to seethe ex-
actcharacteristicef eachentryin thecataloguenotonly in
termsof the stepsit takesbut alsoin termsof its functional
specification: cost, averageduration, guaranteestequire-
ments,side effects, etc. Whena company wantsto make
anentryin the catalogueijt specifieshe serviceusingthe
modelingtool. This generatesodethatis insertedin the
catalogueandexecutedin the simulationandanalysistool
every time anothercompam is interestedn usingthe ser
vice asa stepwithin a virtual businesgprocess.Note that
thespecificatiorof theservicedoesnotrepresenadditional
overhead.Suchspecificationsare necessarindependently
of theway thevirtual enterprisés implemented.

From the cataloguea dragand drop type of interface
is usedto build the virtual businesgrocess.The tool we
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usefor procesdefinitionis Structwae [15], a productof

IvyTeam, one of the partnersin the project. Structware,
whichisinternallybasedn Petri-netssupportsiotonly the

modelingof businesgprocessebut alsosophisticateénal-
ysis of its behaior (bottlenecksaverageexecutiontimes,
costs,delays,whatif analysisetc.). This analysiscapabil-
ity is the oneusedin the catalogueput it canalsobe used
to analyzethebehaior of thevirtual businesgprocesnce
it is constructed.

In termsof processdefinition, Structwaresupportsthe
standardflow control primitivesof a workflow tool. It is
possibleto defineconditionalbranchingnestedprocesses,
and assignadditionalinformationto eachtask within the
processThis lastpointis importantfrom the point of view
of WISE sinceit allows to usethis additionalinformation
asthe configuratiorinformationnecessaryo enacthepro-
cess.In thisway, noadditionalinterfacesarenecessarylhe
designercandefineeverythingthatis neededor the execu-
tion of the procesausinga singletool. Moreover, sincethe
tool is only a simulationtool andnotanenactmentool, we
canincorporateaswell theservicegpostedto thecatalogue
withouthaving to worry atthis stageabouthow they will be
invokedwhenthe processeedsto be executed. The nec-
essaryinvocationparametersre provided by the comparny
postingthe service. This separatiorof servicedefinition
andserviceenactmengivesusthe sameadwantagesasthe
separatiomf interfacesandcodein modularandobjectori-
entedprogramming. In fact, we seethis entire procedure

asa form of high level, coarsegrainedprogramming.We
have successfullyappliedthis ideaof “workflow program-
ming” within WISE andotherprojectsin orderto provide
sophisticatedanguageprimitivesnot availablein commer
cial workflow tools. For instancewe canprovide a com-
plete exception handling capability [14] with characteris-
tics similarto thatof conventionalprogrammindanguages.
Similarly, we have alsodevelopedan eventhandlingmech-
anismthatallows theintroductionof asynchronoutasksin
thecontrolflow aswell asenablinginter-procesommuni-
cation[13]. Thisfunctionalityis missingin currentsystems
andwe consideiit to be crucialin realisticernvironments.

4 Processnactment

The enactmentf the virtual businesgrocessess per
formed by the WISE engine, which is basedon work
donewithin the OPERA project[12, 5]. The WISE en-
gine extendsideasfrom workflow managemen, 6], and
usesknown techniquesfor distributing this functionality
[23,16, 7]. In addition,aconsiderablamounif extensions
have beenintroducedto makeworkflow a suitablefoun-
dationfor electroniccommerce(for a differentapproach
to electroniccommercebasedon workflow technologysee
[20]). Amongthem,therearethreethatdesere specialat-
tention: security quality of service,andexecutionguaran-
tees.

Giventhenatureof the dataexchangeddetweerthedif-



ferentparticipantsin the tradingcommunity WISE incor-

poratesthe necessargecuritymechanismsn the form of

encryptionof datafor transmissioroverthe networkaswell

asa completesetof authenticatiormeasuregor both exe-

cution, accessand monitoring of the processesAlso, to

makethe notionof tradingcommunityviablegiventhecur

rent limitations of bandwidth,the WISE engineincorpo-
ratesquality of serviceguaranteebasedn executionstatis-
tics and network characteristics.Our currentapproachs

basedon distinguishirg differentproces<atejories. Each
oneof thesecatgoriesprovidesa differentquality of ser

vice. At thetop, critical processesausethe systemto use
aRSVPprotocol(resourceaeseration protocol)to guaran-
tee the bandwidthnecessaryo maintaina given through-
put and responsdime. Importantprocesseson the other
hand,causethe engineto usedifferenttechniquedo guar

anteecertainmaximumdelaysn theexecution.While these
guaranteesre not asstrongasfor critical processeshey

still allow to boundthetime a processwill be delayed.Fi-

nally, normalprocesseareexecutedin a besteffort mode,
thatis, without guaranteesegardingpossibledelays. The
necessarynformationfor reservingservicesandproviding

guaranteess derivedfrom the avarenessnodelcreatedby

themonitoringandanalysiscomponent.

Finally, the WISE engine also incorporatesexecution
guaranteeswherebya procesds alwaysguaranteedo fin-
ish in a consistentstateeither by remwing all changest
hasintroducedor by forcing it to terminatefollowing a se-
guenceof actionswith apre-determinedutcome21]. The
executionguaranteesre basedn the notion of spheresf
atomicity and isolation, which allow us to specify which
partsof the businessprocessneedto be madeatomic for
recovery purposesand which partsof the processneedto
be isolatedfrom interference®f otherprocessesThe no-
tion of sphereshasproven to be very useful to formally
formulatethe propertiesa processneedsto meetin order
to guaranteeorrectnes§rom a transactionapoint of view
[11, 8,4, 17).

5 ProcessMonitoring

It is notreasonabléo expectavirtual enterprisgprocess
to executeblindly. Accordingly, WISE providestools to
find out the statusof ary processn the systemin orderto
allow usersto keeptrack andtroubleshoothemwhennec-
essary In addition, procesdesignis a difficult task. It is
alsonotreasonabl¢o expectthe designerto reachthe best
possiblesolutionat thefirst attempt.In particular in virtual
enterpriseervironmentsit is difficult to foreseeall possible
eventualitiesuntil someexampleruns are available. Pro-
cessdesignis an iterative procedurewhere WISE canbe
of greathelpby providing accurateneasurementsf all the
characteristicaffecting the executionof a process:over

all duration,bottlenecksrelative durationof eachtaskwith
respecto the durationof the entire processjoadsat each
participantsite,deadlinesnissed andsoforth.

In orderto provide this functionality, WISE incorporates
the necessarynoduleswithin the executionengineto keep
track of executingprocessesin addition,it usesa history
spacewhere information aboutall alreadyexecutedpro-
cessess storedand organizedin a way that facilitatesits
analysis. For displayingthis information,we planto take
adwantageof the capabilitiesof Structware which already
providesgraphicaluserinterfacedo displayprocessxecu-
tion information.In the samewaythata Structwargyrocess
is compiledandtranslatednto notationunderstandablby
the WISE engine,the informationproducedby the WISE
enginewill be translatednto the appropriateformatto be
displayedusingStuctwaresinterface.

Finally, WISEwill alsoincludeanawarenessnodel[10]
that will allow the engineto makedecisionsbasedon its
own statusand that of the participants. This awareness
modelis necessaryor load balancing,ncreasedwvailabil-
ity, conflict resolution, notification mechanismsand the
handlingof exceptions. It will alsobe usedas the basis
for context basedcommunicationsn which a participant
canrequesto exchangeanformationwith otherparticipants
basedntherolesthey have playedduringthe executionof
agivenprocess.

6 Coordination

Unlike in conventionalworkflow enginesWISEwill op-
eratein anervironmentwherethedifferentparticipantsand
thedifferentelementof the processarenot necessarilyn a
positionto easilyexchangeinformationamongthem. Note
that,astheconcepbf tradingcommunityimplies,eachpar
ticipantcould be not only on a differentlocationbut in an
entirely differentcompan. It is neverthelessmportantfor
the participantsto be ableto communicatdn orderto re-
solwve the unavoidableinconsistenciesnd minor problems
associatedavith ary procesgFigure4). An essentiahspect
of this communicatiorand collaborationis that it will be
contet based. Thatis, a userwill not necessarilyaskto
communicatawith a concretepersonbut, rather with the
personwho playeda givenrole in the executionof the pro-
cess.If, for instancethereis a problemwith someof the
procesdata(wronginsurancenumbey wrongaddressin-
valid code,etc.),a participantmay requesto senda mes-
sageor to contactthe persorwho introducedthe data. It is
in this sensehatthe communicatiorandcoordinationwill
becontet based.

To achieve this goal, WISE usesthe resultsof the Co-
Brow (Collaboratie Browsing in Information Resources)
project[24] to avoid having to develop the communication
infrastructureaspartof WISE.
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7 The WISE system

The first prototype of WISE includesthe enactment
functionalityandaprimitiveform of monitoring,alongwith
interfacesto a variety of key applicationssuch as other
workflow enginesSAP/R3,andcommerciadatabasefOr-
acle, ObjectStore).The prototypeshaws the feasibility of
the ideasand provides an innovative solutionto common
workflow problems.Thefirst prototypeis basedon several
ongoingresearchefforts. In particular the prototypecom-
binesthe OPERA processsupportengine[5] with Struct-
Ware,the commerciallyavailable processnodelingtool of
IvyTeam.In addition,the prototypealsoincorporatesapa-
bilities to inter-operatewith sezeral commerciatools such
asI|BM’ sFlowMark, SAP-R/3,andOracles databasenan-
agemensystem,which hasbeendonein partby incorpo-
ratingresultsof pastprojectsin the areaof coordinationof
CIM systemg22].

The currentversion of the prototypeusesa simplified
version of the OPERA engineto drive the execution of
meta-processan which individualtasksareprocessese-
finedin commercialsystemgesidingin differentsystems
(FlowMark andSAP-R/3)connectedsia Internet. The pro-
cesdlefinitionis donethroughStruct\Ware,whoseoutputis
processe@ndcorvertedinto OPERAs internalrepresenta-
tion for execution. Executionof the processesanbe mon-
itored and controlledvia a graphicalinterfaceshaving the
progres®f the executionandallowing to stop,resumeand

abortit atary time. The prototypecanalsocopewith plat-
form heterogeneityit transparentlycombinescomponents
residingin UNIX, OS/2,andWindows-95computersboth
its own componentgStructwareruns underWindows-95,
OPERAunderUNIX, andtheapplicationagentdn UNIX,
0S/2, and Windows-95) and invoked applications(which
canrun underary operatingsystemfor which an applica-
tion agentexists). Thisis a crucial pointasthis is likely to
bethetypical heterogeneousnvironmentof avirtual enter
prise.

In thefuture,we will alsoincorporateresultsfrom other
researclprojectssuchasCoBrow [24] (for thecoordination
aspectsandlvyBeang[19] (for thecatalogue).

8 Conclusions

In this paperwe have presentea basicinfrastructurdor
businesgo businesslectroniccommerce.In this form of
e-commerceglifferentcompaniegoin their servicego form
avirtual enterprisewhich providesa businessprocesghat
canbe executedover the Internet. WISE includesdifferent
componentdo define,enactand monitor visual enterprise
processessupportingalsothe communicatiorand coordi-
nationbetweertheparticipants.

WISE shouldbe seenasanintegrationeffort whereser-
eral known technologiesas well as newv ideasare being
broughttogetherin orderto provide a coherentechnologi-
calsolution.Webelievethat,within WISE, notonly thesys-



temandoverall approachs novel but alsothatmary of the
technologybeingdevelopedto implementimportantfunc-
tionality of WISE is alsoquite innovative. We expectthat
theresultsof the projectwill bothenhanceonsiderablyhe
scopeof applicationandexpressie power of currentwork-
flow systemsand openup significantopportunitiesin the
areaof electroniccommerce The WISE platformwill also
constitutea goodtestbedn whichto developnew ideasand
systemdor electroniccommercewithout having to devote
aconsiderableffort to sideissuessuchasexecution,distri-
bution, or definitionof processes.
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