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Abstract. This paperdescribes flexible distributedtransactionalvorkflow en-
vironmentbasedon an extensibleobject-orientedramework built aroundclass
libraries,applicationprogrammingnterfaces,andsharedservicesThe purpose
of this ervironmentis to supporta rangeof EC-like businessctiities including
the supportof financialtransactionsand electroniccontracts This environment
hasasits aimto provide key infrastructureservicedor mediatingandmonitoring
electroniccommerce.

1 Intr oduction

Presenbusiness-to-bisines€C implementationgautomateonly a smallportionof the
electronidransactiomprocesskor example althoughorderinganddistribution of goods
canbe fast,the supportingaccountingandinventoryinformation,paymentandactual
funds transfer— which require communicatiorwith databaseseners— tendsto lag
by a substantiabmountof time. This time-lagandthe decouplingof accountingand
paymentinformationfrom the orderingand delivery of goodsand serviceprocesses,
increaseshetransactiongreditrisksandoftenleadsto discrepanciebetweervarious
informationsourcesequiringexpensye andtime-consumingeconciliations Current
applicationsdo not yet provide the robusttransactionmessaging@nd dataaccesser
vicestypical of contemporaryclient/serer applications While thereis considerable
interestin developingrobustinternetapplicationsprotectionof significantinvestments
in client/serer technologyandinteroperatiorwith mainframetransactiorsenersand
legagy systemss a seriousrequirement.

Suchissuesare betteraddressedby an integration of the organizations business
systemsand legag/ datawith the Web and workflow managemensystemsbasedon
distributed objecttechnologiesTo be successfulvith EC applicationsworkflow sys-
temsshouldbe able to supportan integratedview of all businesselementsthat cut
acrossdepartmentaboundarieandmanagethe entirebusinessoperationaflow. This

* Thisresearclis supportedn partby thetheEuropearunionunderthe ESPRITprojectMEMO
(MediatingandMonitoring ElectronicCommerce).



requiresintegrating businesdunctions,applicationprograminterfaces,and databases
acrossdepartmentsnd groups.This type of distributed workflowtechnology [10] al-
lowsbusinesprocesset besharecandpasse@crosghevaluechain.Thisencourages
networksof highly efficientvirtual organizationsvhichwill challengethecorventional
businesgparadigm.The mostfully evolvedandfully functionallnternet-basedrgani-
zationsintegratetheir databasewith the Webto offer whatis known astransactional
commece [7]. The generalideais to usecustomerspecificinformationto guidethe
transactionbetweeracompaly andacustomerwhile providing adequatsecurityand
performance.

The combinationof EC transactionsand distributed workflows, as advocatedin
this paper providesthe sequencef businessctvities, arrangemenfor thedelivery of
work to theappropriaténter-organizationatesourcegrackingof thestatusof business
actiities, coordinationof the flow of informationof (inter andintra-) organizational
activities andthe possibility to decideamongalternatve executionpaths.This results
in the streamliningof businesgprocedureandmoreefficient communicatiorbetween
businesgartnersThe seamless$usion of distributedworkflow andopennestedflexi-
ble) transactiortechnologie$3] enablegshe developmenbf applicationghatfacilitate
theeffectiveintegrationof routinesandbusinesgprocesseacrosorganizationanden-
abletheexploitationof distinctive competencieffrom collaboratingousinesgartners)
withoutleakageat organizationaboundaries.

In this paperwe briefly describean architecturaframework that permitsthe flexi-
bility, interoperabilityandopennesseededor EC applicationgatherthanacollection
of independensolutionsthat may not work in concert.Following this we concentrate
onthefusionof distributedworkflow managemerdandflexible transactiortechnology
to provide supportfor EC andwe describeEC componentsuchastransactionsywork-
flows andcontractsissuessuchas confidentiality securityand authenticatiorare out
of thescopeof this paper

2 Relatedwork

Thiswork is relatedto thefollowing researclactiities.

The CommerceNetonsortium,a leadingconsortiumfor Internetcommercehas
recently proposedthe EcoSysten(2] an object-orientedarchitecturaframework for
Internetcommercenvolving bothe-commerceendorsandendusersThe Ecosystem
comprisesapplicationsand services;a commonbusinesdanguagefor applicationsto
communicatean extensiblesetof interfacespecifications¢lasslibrariesand network
servicesandalayerof middlewarethatinsulatesapplicationdrom eachotherandfrom
platformdependencies.

NetBill is a setof protocolsfor commercein information goodsand other net-
workeddeliveredserviceq1]. Thisprotocolemphasizeatomicity, securityandprivacy
of transactiongndcertifieddelivery mechanismd-owever, it performsalot of central-
izedcomputation®ntheNetBill senerthatcheckdligital signaturesfundsavailability
andrequirescustomerso have anaccountwith this sever.

Lehmann8] proposesnontology-base&DI, whichusesaconcepdictionarythat
maintainsappropriateEDI labelsanddescriptionf products.The conceptdictionary



storesthe semanticdefinition of the meaningof eachEDI element.This approachs

donein two phasesin the first phase the trading partnersnegotiate by exchanging
producttype definitionsand synchronizetheir conceptdictionaries. The secondphase
is the interchangeof transactionsThis approachprescribegshe meansby which two

tradingpartners’systemsanreachan agreemenbn commontermsandconceptsand
the setof dataneededor sucha transactiorbut doesnot specify the form of actual
transactions.

3 Strawman ReferenceAr chitecture for EC Brokering

In this sectionwe describeanopenarchitecturaframework for Internet-base&C. Pur
poseof thisarchitectures to mediatebusiness-to-bsinescommunicationandactasa
centralmarket-placewhereenterpriseganfind authoritatve informationandusecon-
tractingsupportfacilitiesto effectively conducttheir businesgransactionsThis archi-
tectureis currentlybeingdevelopedaspartof the ESPRITprojectMEMO (MEdiating
andMOnitoring ElectronicCommercewhich aimsat designinganddevelopinga core
electronicintermediaryfor electroniccommerceln particular this projectaddresses
thefollowing issues:

1. Developmenif aflexible framework for navigating, searchingandretrieving per
tinentinformationfrom a large numberof interconnectedhformationrepositories
containingsemi-structuretbusinessiata.

2. Provision of a securestorageof metadatarelevantfor managingelectroniccom-
mercebetweerbusinespartnerswhile facilitatingadaptiorto specializednarkets.

3. Provision of notarial-like serviceswhich supportthe negotiationand contracting
phaseof electroniccommerceéoy meansof aformallanguagédor businessommu-
nications(FLBC). Thislanguagdetsapplicationpartiescommunicatéy meansof
meaningfulmessageandprotocolshatmodelbusinessermsandcommunications
basedn speechactsandillocutionarylogic [16].

4. The couplingof the FLBC with distributedworkflows in a way thatcanresultin
theexecutionof EC-like flexible transactions.

Weview theEC-BrokeringandNotarialServic ECBNS)asa systenthatperforms
mediatingtasksin the world of electroniccommerceand facilitatesthe evolution of
thelnternetinto ainterconnectednarketplace supportinghe exchangeof information
regardinga wide variety of customerssuppliers,productsandservicesThe ECBNS
containghefollowing moduleg(seeFigurel.):

1. A SearclEnginethatallows searchingandbrowsingelectroniadirectoriesandcat-
alogscontaininginformationaboutpotentialbusinesgpartnersThe SearchEngine
makesuseof a Meta-Datarepository(businesgrofiles,productdatabaseandex-
ternaldatabased.hesearchlengineusesastandarderminologyin orderto describe
productsin a particulardomainandmapsbetweera productanits functionalityin
orderto supportquerieshataskfor productsproviding a givenfunctionality.
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Fig. 1. TheEBCNSarchitecture.

2. A NegotiatingandContractingManagemhich supportsiggotiatingandspecifying
thetermsof atransaction-thatis, thetermsof exchangeandpaymentTheseerms
may coverdelivery, refundpolicies,arrangingor credit,installmentpaymentsdis-
tribution rights, etc. Thesetermsare standardize@ndthe negotiation protocol(s)
are describedby meansof FLBC. FLBC messagdypes,aswell as higherlevel
componentsarestoredin the FLBC componentibrary.

3. Thefinal resultof the Negotiatingand Contractingis a businesscontractthat is
storedin the ContractBase.This senesasinput to the EDIFACT workflow man-
agerthatsupportshe executionof the contractwith standard=DI software.

4. The Workflow Managemwhich automatesnd mapscross-oganizationabusiness
processeseglatingto billing andaccountingservicesdebit/creditjnvoicing,etc,to
flexible EC transactions.

Thelog of the ECBNSplaysa centralrole in termsof reliability, authenticatiorand
non-repudiatiorbetweerbusinespartnersThe ECBNSmustbe ableto recover from
softwareandhardwarefailures.Thusthelog hasto containall necessarinformationto
re-startit whena crashhasoccurred.Therearetwo kinds of applicationghat may be
affected:

1. Transactionsnthemeta-dataepository Thesecanberestarteafterrecoveryfrom
the crashusingcorventionaldatabaséechniques.



2. ContractenactmentandEC-liketransactionsThesearemoresubtlesincethey are
long-runningactivities andtheir failure would createimmenseproblemsfor busi-
nesgeals A businesglealis acollectionof interrelateccontractdetweeraknowvn
groupof businesgartnersHererecovery techniquedor flexible transactiongan
beused3].

Additionally, thelog recordsvital informationaboutthe partnersnvolvedin abusi-
nesgdeal.lt storesthe startandendtime endof a contractenactmentcommunications
inside a workflow togetherwith stateinformationof the workflow, and eventsinside
transactionsPartnersinvolvedin a contractnegotiationanda contractenactmenhave
readpermissioron thelog file, i.e. they canuseit to learnaboutthe stateof their busi-
nesgelation.Non-fullfillment of anobligation(encodedsastatemenin FLBC)is also
regardedasan eventandrecordedn thelog. Suchdatamay be usedaslegal evidence
providedthatthe partnershave agreedn thelegal relevanceof thelog file.

In MEMO it is anticipatedhattherewould be severalinstance®f the ECBNS(just
like ORBsfor CORBA-enabledapplications)andeachof themwill be managedand
monitoredby a TrustedThird Party (TTP), e.g.,a financialinstitution, a Chamberof
Commercegtc. TTPsact here perform mediatingtasksbetweencustomersand sup-
pliers. In this way this architecturehasthe potentialto evolve into a interconnected
marketplacefacilitatingthe exchangeof awide variety of productsandservices.

4 A Layeredapproachto Electronic Commerce

The architecturepresentedn section-2will consistof an extensibleobject-oriented
framawork (classlibraries, APIs, andsharedservices)rom which developerscanas-
sembleapplicationdrom existing componentsTheseapplicationsould subsequently
bereusedn otherapplicationsTheECapplicationframenorkis aframeawork for build-
ing InternetVertical-Marlet (IV-Market) applicationsbasedon modelingsupportfor
key businesprocesseandservicesFor this purposeve follow alayeredapproactand
view an EC applicationframework, basedon the architecturedepictedin Figurel, as
comprisingseverallayers(seeFigure2). Becauseheselayersarebuilt on eachother,
theresultingapplicationsaretightly linkedthroughaninfrastructureof sharedservices.
The EC applicationframenork layersareorganizedasfollows:

IV-Mark et Sewvices: this layer comprisesof servicesspecificto closelyalignedver-
tical markets,suchasreal estatesecuritiedrading,manufcturing,or ary vertical
supplychain.

Contract Layer: this layer comprisesservicesthat allow buyersandsellersto coor
dinatetheir businessactiities representeih termsof cross-oganizationakvork-
flow communicatioractvities thatdescribecontractuaklementsuchobligations,
violation-conditionsandsanctions.

Workflow Layer: this layer allows the representatiof businesgprocesseshat cut
acrosorganizationahndgeographidoundaries.

BusinessSewicesLayer: thislayerrepresentgeneridusinesprocesseandapplica-
tion component€ommonto multiple IV-Markets. Theseincluderetail (shopping
orderfullfilment and shipping)and business-to-bsinessunctions(procurement,
orderentry, inventory supplychainmanagemengtc).
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Transaction Sewices: the businessservicesandworkflow layersareimplementedas
value-addedusinessand workflow capabilitieslayeredon top of a flexible EC
transactiorservicelayer. This layer providesflexible transactiorsupportfor such
servicesasfundstransfer paymentpilling andaccountingservicesjnvoicing, re-
mittance debit/creditandmodelscontingeng, exceptionandremediaffacilities.

Enactment/Network Layer: thislayerprovidestherun-timeernvironmentandthere-
liability/security servicesto accommodatenission-criticalbusinesgequirements.
It caterdfor initiating, executing,sequencingndcontrollinginstance®f aprocess
definitionin conjunctionwith multi-castprotocols delivery receiptsauthenticated
packagesndsmartfirewalls [2].

Figure3 depictsameta-modethatspecifiegshe basicentitiesinvolvedin contracts,
workflows, transactionsnd businessactvities. Thesearethe principal parameterso
be specifiedn designingV-MarketapplicationsIn the following we will describethe
key entitiesinvolvedin this meta-modestartingfrom transactions.

4.1 Characteristicsof EC Transactions

EC transactionsregenerallygovernedby contractsandupdateaccountsnayinclude
the exchangeof bills andinvoices,andexchangeof financialinformationserviceseC
transactiongnustprovide modelingsupportand mediatecommunicationjnteraction,
and coordinationamongcollaboratingpeopleand businessactiities within and be-
tweenorganizationsTransactionsupportfor suchcooperatie applicationsdemands
non-traditionaland rathercomplex mechanismg$6] to supportthe sharingof uncom-
mitted databetweenconcurrentlyactive (and possiblynested)subtransactionghich
may have long duration.This concepis known asopennestingandhasbeenproposed
by the multi-databaseommunityto increaseransactiorconcurreng andthroughput.
However, it requiresrelaxationof standarcpropertiesof the traditionaldatabasérans-
actionmodelsuchasserializabilityandisolation[3]. Flexible transactiormodelsad-
dressonly partly therequirementsf workflow applicationsPart of the problemis that
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EC transactionsubstantiallydiffer from corventionalnesteddatabaséransactionss
they may include a variety of uncorventionalbehavioal feature$ which includethe
following:

1. Geneal purposenformation:
(a) whoisinvolvedin thetransaction.
(b) whatis beingtransacted.
(c) thedestinatiorof paymeni&anddelivery.
(d) thetransactiortime frame.
(e) permissibleoperations.
2. Specialpurposeinformation:
(a) links to othertransactions.
(b) receiptsandacknavledgments.
(c) identificationof money transferredutsidenationalboundaries.
3. Advancedunctionality:
(a) the ability to supportreversible (compensatiblepnd repaired(contingeng)
transactions.
(b) theability to reconcileandlink transactionsvith othertransactions.
(c) theability to specifycontractuabgreementdijabilities anddisputeresolution
policies.
(d) theability to supportsecureEDI transactionshatguaranteéntegrity of infor-
mation,confidentialityandnon-repudiation.
(e) theability for transactionso be monitoredloggedandrecovered.

! Someof the characteristicef EC transactionganalsobe foundin the Nationallnformation
Initiative’s (NII) white paperon ElectronicCommercq9].



In contrastto flexible transactionrmodels,EC transactionand workflow applica-
tions, dueto their very nature,are not data-centeredeC characteristicsire betterad-
dressedy a process-centerepproactio transactiormanagemerthatsupportdong-
lived concurrentnested multi-threadedactiities [10]. We arecurrentlydevelopinga
framework thataddressethis situationby providing unified programmingandflexible
transactiorsupportnecessaryo programnetwork-centricworkflow applicationg10] .
The propertiesf EC transactiongoccasionallyreferredto asactions)in this work are
summarizedn thefollowing:

Specificationof compensatingactions: theseareusedto undo,from asemantigoint
of view, the effectsof an actionat a particularsite. Rulesdefiningcompensating
transactionsare attachedo objectsandfacilities are provided for transactiongo
distinguishbetweersuchtasksandproceedaccordingly

Specificationof contingencyactions: to executein casethata giventransactiorfails.
Actionscanbe vital or non-vital If avital transactiorabortsthenits parentmust
abort.Non-vital actionscanbe simulatedby serial-alternatie andparallelalterna-
tive schedulerswhereasserialand parallel schedulergan simulatevital transac-
tions.

UnsafeCommitment: actionsnormallycommunicateia sharedbjectsanddatastruc-
tures.Oncean activity commits,its effectsbecomeautomaticallyvisible to other
actiities. To avoid corruptingshareddatastructuresand violate internal consis-
teng —in caseatuncommittedransactionsave “obsened” eachothersinterme-
diateresults—the notionof unsafecommitis introduced.

Primiti ve Transaction Class: this type provides low level transactionfunctionality
andsupportgrimitivessuchasunsaf e conmm t ,andcancel .

Atomic Transaction Class: thisclassusegrimitive classe$o materializeatomicunits
of work suchascontingeng andcompensatablactions.

SchedulingClasses:theseimplementthe schedulingand synchronizatiorprocesses
describedn theworkflow layer.

In summary our approachto EC transactionsallows transactiongo be nested,
shareddata, reversed,repaired,monitored,logged/recordedaudited,reconciledand
linkedwith othertransactions.

4.2 The BusinessSewicesLayer

Thebusinessservicelayerholdsa collectionof predefinedvorkflow componentsThe
componentareencodedknowledgeabouthow certainsequencesf workflow actions
canbe performedFor example,acomponenshi pBy Agency may specifythe stan-
dardway of sendinga productpr via atransportageng ag from a suppliersup to
acustomercust , irrespectvely of the companiedeinginvolved. The component®f
thebusinesservicedayerareparameterizedheadwantagef suchcomponentss that
certainpartsof aworkflow mustnot be definedfrom scratch.
Theapproachakenhereresembleshereferencanodelsfoundin the ARIS toolset
[13]. Referencanodelsin ARIS arediagramswhich represent prototypicalmodelof
anaspecbf anenterpriselnsteacbf modelingtheenterprisérom scratchpnecancopy
thesuitablereferencanodelandfit it to the specificrequirementsf theapplication.



4.3 The Workflow Layer

We basethe workflow layer on previouswork in progresseportedin [10] wherewe
provide transactionasemanticdor distributed workflow programson the basisof an
objectlibrary. This library supportsspecifyingthe interactionsbetweentransactions
and workflows which are long-lived actities characterizedy a well-definedset of
processactions.Theworkflow layermodelsprocesseascomplex andpossiblynested
transactiongvolving customersperformersandconditionsfor satisaction(including
schedulingconstraints¥or the processasawhole,aswell asfor eachmilestoneaction
within the processWork units that canbe found on the leaf-level of suchan actiity
treearemappedo corventionalACID databaséransactionsThe attributesthatapply
to eachworkflow actwvity (process)which may spavn transactiongactions),canbe
summarizedsfollows:

Pre-activity/post-activity conditions: Thesearethe conditionsunderwhich a partic-
ular actvity canbe enactedand can be terminated Actions may be specifiedto
startbeforeor afterthe actiity startsor terminatesSuchschedulingactionscan
be serial actions(executedsequentially) parallel, event-to-starfconditional),se-
rial alternatve,andparallelalternatve actions.Theseworkflow typesaredescribed
in whatfollows.

Serial scheduler: this allows actionsto be submittedandcommittedsequentiallyThe
actionswithin this schedulerestablisha begin-on-commitdependeng with each
other i.e.,anactioncannotbegin unlesshe previousonecommits.

Parallel scheduler: thisallowsall of its actionsto be submittedandexecutedn paral-
lel asindependendctions.Theseactionsalsocommitindependentlyit is expected
thatall actionsshouldcommitbeforetheir parentcommits.

Serial-alternative scheduler: thisattemptsactionssequentiallyuntil oneproduceghe
desiredoutcome.The parentonly abortsif all its descendenactionswere tried
unsuccessfullpr if thetransactions timedout.

Parallel-alter native scheduler: wherealternatve choicesarepursuedn paralleluntil
onesucceeds.

Downloadablescheduler: wherebyworkflows canbe downloadedemotelyandexe-
cutedlocally. Thisis possiblein casesvhereorganizationgartnervery closelyto
eachotherand may actually wish to implementhomogeneougrvironmentsand
downloadworkflow scriptsto eachotherfor just-in-timeexecution[12].

Schedulingconstraints and dependencies:actiity schedulingandtiming canbespec-
ified aspartof workflow actiities, therebyallowing moreflexibility for transaction
scheduling.

Exceptionhandling: pre-definechandlerscanbe executeddependingon the type of
exceptionraised.This allows to trap anddistinguishdifferentkinds of abortsand
specialmessages.

Specificationof commit dependencies:betweeractionssothatataskwaitsfor asig-
nalfrom anotheri.e.,blocks,beforeit is allowedto commit.Also automaticcancel
proceduresare provided to semanticallyundo the effects of unsafely-committed
actionsif theglobalactvity fails.

In thefollowing we give a high-level view of how aworkflow processanbecoded.
For this purposewve usenaturallanguage-lile description.
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classPROCESS-MME{parametefsis TYPE with
Localvariables

work is
scheduling& synchronizatiortonstraints
action-execution

end (status)—-work

——blocking& synchronizingstatements
——produceresults
end(status);

As shavn aworkflow proces$asatype,i.e.,schedulerthatcantake thevaluesde-
scribedpreviously. After instantiationa processbjectexecutests work routinewhich
describesheprocesscript, i.e.,thesequencef actionse.g.,otherworkflowsor trans-
actions,it executesover its lifespan.The work statemenmaterializeshe behaioral
part of a processobjectwhich providesthe meansto createother processesactions,
andobjectsatremotesites;andto requestisynchronousxecutionof their featuresand
to communicatevith them.A processcanspavn actions,eachwith its own indepen-
dentthreadof control,executedn thesequencspecifiedn thework statementThese
actionsmay have to be synchronized.

4.4 Contract Layer

Electroniccontractdink cashflows to the exchange®f productsgoods,andservices
rendered Contractsinclude instructionsregardingthe handling, routing, scheduling,
storingandworkflow of the contractitself and of the objectscontainedor referenced
by the contract.Contractinstructionscanaddresdiabilities, acceptancéorms of pay-
ment,termsof paymentpilling andpaymentinstructionsdelivery instructionsyeturn
policies,method<f disputeresolutionandsoon|[9].

In [15] we have extendedthe workflow constructslescribedabove to modelsitua-
tionsthatinvolve contractsandobligations A contractis modeledasa semanticagree-
mentbetweertwo or morecollaborating distributed)workflowsin termsof aprotocol-
orientedspecificationof obligations.Contractsspell out the conditionsunderwhich
transactionsepresentinggaymentsreto bemadeandincludepaymentandothercon-
tractrelatedinstructionsin the form of obligations.Contractsspecifyalsoconditions
underwhich a contractcan be reviewed, violated and sanctiongor potentialcontract
violations.In generalacontractrepresentareciprocakelationshietweeracustomer
anda supplier(s)andtypically consistf two or moreinterconnecteavorkflow loops.
Overallacontractspecifiegsheexchangeof aspeciaketof synchronizatiomessageat
predefinedhctiities or eventsmediatecbetweerntwo (or more)workflow enactments.
A specificatiorof a contractbasedon the workflows andtransactionsgescribedn the
previoussubsectiondpllows.

contractclassPROCESS-MME{ connected-arkflows, parametefsis SERIAL
with
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Localvariables
——blocking& synchronizingstatements

obligationis
obligation-eecution
changedby-part
violation-part
sanction-part

end ;, ——obligation
obligationis
end , ——obligation

end-contract;

Thefactthatacontracts aserialactionimpliesthatits obligationsmustbeexecuted
in sequence.

5 Implementation Strategy

MEMO is designedas a userdriven projectwheresmall and mediumenterprisese-
view the quality of the servicein threemilestonesThe usergroupsare organizedby
Chambersoof Commercein Germaly andthe Netherlandsaswell as by an Internet
serviceproviderin Spain.At thefirst milestone the metadatarepositorywill bemade
availableto the usergroups.The secondmilestoneaddsthe searchengineandthe ne-
gotiationsupport.Finally, the integratedEC broker will be constructedand evaluated
within a majortradebank (which alsosenesasthe coordinatingpartnerin MEMO).
TheintegratedeC broker will beimplementedn the basisof existing building blocks
suchasthe meta-dataepositoryandthe searchtengine.

Themetadatarepositoryis basednthe ConceptBassystenm5]. ConceptBasbas
a highly flexible datamodelfor metadataandanexpressie deductve querylanguage.
It cancaptureandlink informationfrom heterogeneoudatasourcesat differentab-
stractionlevels. For example,ConceptBaseanrecordthe variousproductdescription
schemataswell astheirinstancesthe productdata.

The searchengineis basedon an extensionof aninitial prototypesystem[11] de-
velopedaroundsubjectgatevayswhich provide subjectrelatedterminologyandsearch
facilities. It is anticipatedhata subjectgatevay will be developedfor eachlV-Market
to include productdenitionsand descriptionsas well as a standarderminologyfor
interaction.

6 Summary

In this paperwe have describedarchitecturalrequirementgor electroniccommerce
relying on core constructssuchas automatedwvorkflows, transactionsand electronic
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contractsrequiredfor transactingparties.In particularwe describeda process-centric
ernvironmentbasedn anextensibleobject-orientedramevork (clasdibraries,applica-
tion programmingnterfacesandsharedservicesnwhich EC applicationdevelopers
candevelop and assembleapplicationsfrom standardcomponent®r even specialize
existing applicationsThis EC developmentervironmentis realizedon a unificationof
conceptdrom object-orientegorogrammingwith distributedinterprocesg€ommunica-
tion, coreopen-nestettansactiorprimitivesandthe notion of workflows andcontracts
to provide modellingsolutionsfor advancedusinessapplications.
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