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1 Intr oduction

The growth of the Internetandthe Webis revolutionizingthe way companiesnteractwith their suppliers,
partnersandclients, by enablinga substantiahutomatiorof the full spectrumof their businessactities.
As we move into the 21stcenturyeconomythe primary form of automationwill be B2B e-commercein
which enterprisesnteractwith eachotherthroughentirely automatedneans.As an example,consideran
electronicmarlet placein a vertical industry segment,in which suppliersand buyerstie into a common
IT infrastructureto exchangegoodsandservices. This forms a supplychain in which buyersneed(a) to
investigatepossiblesuppliers,(b) to checkthe termsand conditionsunderwhich supplierscan do busi-
ness,(c) to interoperatevith the suppliersenterprisesupportsystemsij.e., workflows, and(d) to monitor
ordering/purchasmnfor possibledelays,unexpectedevents,reactto suchevents,etc. This paperpresents
an original framework for specifying,enactingandsupervisinge-serviceon the Weh This framework is
basedon XML andrules-basedupportfor products/serviceslescriptionand workflow mediationacross
organizations.

Traditionally WorkFlov ManagemengystemqWFMS) have focusedon homogeneouand centrally
controlledenvironmentsfor binding peopleand processesvithin the boundaryof a single organization.
In the context of B2B e-commerceWFMSsneedto supportcollabomation betweenvariousautonomous
parties,someof which may even have conflicting businessgoals. More precisely they must copewith
heterogeneousenterprisesupportenvironments(e.g., throughdifferent WF systems)to modelthe inter
actionof independenpartnersby abstractinghe internaldetailsof their actities (e.g.,throughdifferent
WF schemas)andfinally to facilitate flexible linking and monitoring of interenterpriseprocessege.g.,
throughdifferent WF enactments).To addresghesechallengesve are currently developing a workflow
mediationmiddlevare which relies on threebasictechnologies:(a) the XRL workflow specificationan-
guage[13, 18] for representingn XML heterogeneousorkflow schemasand enactments(b) an XML
guerylanguagg4, 5] for manipulatingboth complex productandservicedescriptionsand(c) the Vortex
rule-basedanguage{12, 6] that supportsheuristicreasoningn orderto take on-line businessdecisions
duringtheworkflow execution.

During recentyears,workflow interoperatiorhasreceved considerablattention. Numerousresearch
projectsand prototypeshave beenproposed16, 2] while basicinteroperabilitybetweenvariousvendor
WFMSs hasbeena subjectof standardizatiorefforts by the Object ManagementGroup (seeWorkflow
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Figurel: ExampleWorkflow Mediatorfor ManagingComplex Purchases

Managemenfacility [9]), andthe Workflow ManagemenCoalition(seetheXf-XML bindingof theWfMC
Interface4 [1]). Workflow integrationin ane-kusinessettinghasalsobeenaddresseih recentprojectssuch
asCrossFlav [7], WISE [14], FlowJet[17], InterWorkflow [10] andMOCASSIN|[8]. Comparedo these
projects,our work introducesthe notion of an explicit workflowmediatorfor enterprisgprocessesyhich
goesbeyond a simple mediationof the datathatis passedetweerworkflows. In particular our media-
tion middlewvare (a) enablesa uniform manipulationof workflow flow control (e.g.,enterprisgrocesses)
and businessdata(e.g., productcatalogs)as they are both representedn XML; (b) allows us to inspect
workflow enactmentsaswell asto constructdynamicallynev workflow schemadinking cross-enterprise
processesand(c) permitsdifferentkinds of reasoningand heuristicswhenconstructinghe nev schemas,
whendealingwith delays,etc. Finally, therehasbeensignificantindustrialinterestin the developmentof
infrastructurdo supporte-serviceanteroperabilitye.g.,theUniversalDescription Discovery andintegration
(UDDI) standardthe XML-basedWeb ServiceDescriptionLanguaggWSDL); e-speakandBizTalk! (re-
spectvely) framewvorks. Theseefforts arecomplimentaryto our approachthey aimto bealowestcommon
denominatoralongall classeof Internetapplications,whereasour work focusesmore on more specific
e-servicebasedn workflow technology

This paperpresentgesearchn progressMany of the conceptpresentedhave yetto be worked outin
detailandtestedn realisticcontexts. We expectour framework to evolve asmoredetailsarefilled in.

2 Workflow Mediation

The needto coordinatenterorganizationhworkflows ande-servicesarisesin a broadvariety of business
contts (e.g,B2B, B2C, etc.),which implies that differentarchitectureand modesof processingvill be
needed.Thefocusof the currentpaperis on presentinga novel family of key building blocksthatcanbe
usedin mostif notall of thesecontets. Extendingthe approactpresentedn [11], we describeheresome
specificways that thesebuilding blocks can be integrated. To provide groundingfor the discussiorwe
focuson arepresentate form of workflow coordination.Thisis calledworkflow mediation becausef its
analogywith databasenediation but in our context mediationconcerndothenterpriselataandprocesses.
A workflow mediatorcanbe usedto helpinsulateone organizationfrom the intricaciesof interacting
with multiple otherorganizationghattogetheprovide somecoherenfamily of e-servicesFigurel shavsa
representate Vorte XML WorkflowMediator (VWM) thatmight be usedby anorganizationsuchasLucent
to substantiallyautomatehe selectionrandpurchasef PCs(includingoutsourcedssemblyandshipping).
VWNMs provide theinfrastructurgo supportbasicformsof planning,schedulingandreactize execution
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[15]. As shawn in Figurel, a VWM hasthreemain modules for Planning,Execution,and Data Trans-
formation. The Planningmodulebuilds workflow schemadpasedon goalsto be achiered (e.g.,investigate
possiblePCsto be purchasedexecutethe purchaseandassemblyof selected?Cs).Currently the Planning
moduleusesa form of hierarchicalplanning[3], in which workflow schemaemplatesof differing granu-
larity areselectedrom a library andthenexpandedby filling in the slotsof thosetemplatesappropriately
(seeSubsectior?.2). This constructionof workflow schemagrom otherworkflow schemaganbe done
in a hierarchicaimannerandis alsooneform of schemasplicing (seeSubsectior?.3). The outputsof the
Planningprocessareworkflow schemasxpressedn a dialectof XML, following thespirit of XRL [13, 18]
andrecentcommerciale-servicesniddlevare (e.g.,Excelon,Microsoft, HP andBEA Systems)We usea
generalizatioh of XRL, thatis basedon an extendedPetri Net modelthatincludesexplicit flowchartand
parallelismconstructs.The Planningmoduleis specifiedusing Vorte XML, (seeSubsectior?.4 below), a
high-level, declaratie languagehatsimplifiesthe specificatiorandmaintenancef the mediator

TheData Transformatiormoduleis essentiallyan XML queryprocessqmwhichis usedby the othertwo
modules Currentlythismoduleuseghe XML Algebraof [4], aworking draftof theW3C. Thehigherlevel
XML query/intgrationlanguagewill be substitutedasit becomesvailable. Unlike previous XML query
languageshe XML Algebrapermitscomplex restructuringpf XML data,andassociatie acces@nalogous
to relationalalgebrajoins. The Executionmodule currentlyimplementedn Java, executesand monitors
theworkflow schemashatareproducedoy the Planningmodule. The Executionmodulealsomonitorsthe
progressof the workflow executions,andreportsbackto the Planningmoduleif delaysexceedspecified
thresholdsor if substantiabxceptionsarise.

A possibléeflow of actvity for the VWM of Figurel is givenbelow.

1. Createa workflow schemdor investigatingpossiblesuppliers,assemblersgtc.; this workflow will
incorporatdanformationaboutthe selectiorcriteriafor the PCsto be purchased.

2. Executethe previousworkflow to determinea“shortlist” of options.

. As afinal partof theexecutionin step(2), specificPCs,vendorsassemblerstc.,areselectedeither
automaticallyor by askinga humanat Lucent.

. Createa new workflow for orderingthe specificPCsselectedn step(3), for shipping,paymentgtc.

. Executethe generatedavorkflow.

. During executionmonitorfor delaysand/orexceptions.

7. If delays/gceptionsoccur thengo backto step(4) to modify the workflow.

w
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In this procesdglow, stepsl and4 areperformedby the Planningmodule. The Executionmoduleperforms
steps2, 3, and6, andinvolve executionof workflow schemas.The following subsectionshav how the
couplingbetweenthe key elementf the infrastructureare usedtogetherto supportadiancedmediation
betweere-servicesDueto spacdimitations,a completedescriptionis beyondthe scopeof this paper

2.1: Data Transformation. Datatransformationand integrationis usedat multiple stagesduring the
operationof workflow mediators.In this subsectionye briefly presenthe stronglytyped XML Algebra
usedfor this purposewith an exampleillustrating how heterogeneougroductdescriptionsrom different
providerscanbemappednto auniformformat. Examplesnvolving thecreationof XRL workflow schemas
aregivenlateron.

Figure2 shavsthreeXML algebraexpressionsWe usethesyntaxof thedocumen{5] presenting<ML
Algebra,which is moresuccinctthanthe syntaxusedby XML DTDs andSchemasThe upperleft shavs
the (hypothetical simplified) schemafor Micron PCs,the lower left shavs an XML Schemathat canbe
usedto hold relevantinformationabouttheseand other brandsof PCsin a uniform format, andthe right
sideshavs an XML AlgebrafunctionthatmapsdataaboutMicron andotherPCsinto the uniform format.
In XML Algebrathe schemaspecificationsrein facttype specifications.

2In [18] XRL is usedto specifyonly workflow enactmentsXRL is generalizedhereto representvorkflow schemas.
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type Mcron_PC = micron_PC | fun Transform PC_Format (p: M cron_PC |

@onputer_id [ Integer ], Cybermax_PC | ... ) : UniformPC =
nodel [ String ], match p
processor [ case g: M cron_PC do
nodel [ String ], Uni form PC [
speed [ String ] @cC.id [ o/ @onputer_id/data() ],
1, @r and [ "Mcron" ],
nmenory [ String ], @model [ g/ rmodel /data() ],
price [ I'nteger ], processor [ o/ processor/nodel /data() ],
menory [ cast (g/menory/data()) : Integer ],
] price [ g/pricel/data() ],
type Uniform PC = uniformP( ]
@c_id [ I'nteger ], c. (* simlar nmappings for Cybermax_PC and others *)
@r and [ String ],
@rodel [ String ],
processor [ String ],
nmenory [ I'nteger ],
price [ I'nteger ],

Figure2: lllustrationof typespecificatiorandqueriesn XML Algebra

| et PC purchasel : XRLTenplate = let buy fromMcronl : XRLTenplate =
Route [ Route [
Sequence [ in_parameters [ pc_nodel : string , ship_to : Address ],
Paral | el _sync [ out _paraneters [ invoice : Invoice ],
Slot [ param[ buy_pc_tenplate] ], Task [ @ane [ send_order_to_Mcron] ],
Slot [ param [buy_npdem tenpl ate] ] @ddress [ "buy_M cronl. exe" ],
1, (* end Parallel _sync *) @_read [ "pc_model ", "ship_to" ],
Slot [ param|[ assenbly tenplate ] ] @_update [ "invoice", "order_fornt ]
] (* end Sequence *) 1, (* end Task *)
] (* end Route *) (* nmore Tasks *)

] (* end Route *)

Figure 3: PC_pur chasel, a generictemplatefor purchasingPCs,andbuy fromM cronl, a base
templatethatcouldfill thebuy _pc_t enpl at e slot

IntheM cr on_PCelementthefirstentryis anattribute (indicatedby the @, andtheothersarechild ele-
ments.Thepr ocessor fieldis structuredhaving two child elementsThefunctionTr ansf or mPC_For nat
holdsa querythattakesasinputan XML documenp whichhastypeM cr on_PCor Cyber max _PC, etc.,
andtransformgt into an XML documenbf type Uni f or mPC. Thenat ch constructprovidesfor a dif-
ferenttreatmenfor differentinputtypes. Thekeyword dat a( ) is usedto accesscalardata(e.g.,strings,
integers,booleans).

Notethatthe VorteXML mediatorcantake adwantageof thedecisionengineto offer advancedtransfor
mationservicessuchasdatacleaning selectiorbetweerredudaninformationsourcesetc.

2.2: XRL workflow schemasand templates. Thisandthenext subsectioiogetheprovide anillustration
of how thePlanningnodulecreatesvorkflow schemascf. stepsl and4 in themediators processing)lsing
thetechniqueof schemasplicing. This subsectiorillustratesthe piecesof workflow schemahatareused,
andthenext oneillustrateshow they aresplicedtogether

As notedabove, the mediatoruses(a generalizatiorof) XRL to represenworkflow schemas.The
schemaganbe completelyspecified or might betemplatesvhich provide the high-level specificatiorof a
workflow butincludeS| ot elementsvhereselectedthertemplatecanbeinserted. Templatesvithout slot
elementsare calledbasetemplates Figure 3 shawvs on theleft PC_pur chasel, anextremelysimplified
templatethat might be usedfor purchasing®?Cs(cf. step4 of the mediators processing)andon the right



| et nymapping : Mapping =
map [ param [ "pc_nodel" ],
entry_nane [ "M Ilennia MAX XP" ] 1],
map [ param [ "buy_pc_tenplate" ],
entry_nane [ "buy_fromMcronl" ] 1],

Figure4: lllustrationof a mapping thatspecifieshow slotsof PC_pur chasel shouldbefilled

buy fromM cronl, asimplifiedbase¢emplatethatmightbeusedto fill thebuy pc_t enpl at e slotof

PC_pur chasel. In PC_pur chasel asequencef two actvitieswill occur Thefirst actiity involvesthe
parallelexecutionof two insertedtasks(which will involve orderingitemsfrom a PCvendoranda modem
vendor respectrely, andhaving themshippedto an appropriatdocation). The secondactvity consistsin

executingan insertedtask, which asksan assembleto assemblghe PC andmodem,andshipto another
location.

The basetemplatebuy f romM cr onl may be usedto purchasea PC from vendorMicron. The
schemdor thistemplateincludesataskwhichis to sendthepc_nmodel andshi p_t o addresgo Micron,
andreceve ani nvoi ce in return. Theaddr ess attribute of thetaskgivesthe executabldile containing
the programrequiredto perform this task. This programmight invoke a wrapperor other functionali-
ties that are residentin the VWM, or provided by external systems. The entriesi n_par anet er s and
out _par anet er s permitparametepassingn andout of the template;theseparametersire viewed as
typed XML data. Insidethe task,attributesd_r ead andd_updat e indicatewhat XML datacanberead
or updatedrespeciiely) by thetask. In additionto theinput andoutputparametersthe first taskusesan
initially emptyor der _f or mdocumento build up theactualorderform thatis sentto Micron. In practice,
this schemashouldincludeactionsto betakenif Micron doesnt respondn atimely fashion,or if the PC
modelis not available,and actionsto ensurethat the receving party eventuallyrecevesthe PCin good
condition. For moredetailson the schemaf XRL templatestiming requirementsandhandlingof simple
exceptionsyeadersarereferredto our forthcomingwork.

2.3: Schemasplicing. In general;'schemasplicing” refersto the creationof new workflow schemagrom
existing workflow schemasand templates. This subsectiorillustratesschemasplicing in the context of
hierarchicablanning,asit arisesn VWMs.

Figure 4 illustratesa mapping(with type Mappi ng) that provides the correspondencbetweenthe
parametersappearingin PC_pur chasel and either scalarvalues(suchas" M I | enni a MAX XP")
or selectedelements(suchas buy_f romM cronl) of a templatelibrary. We assumethat the Plan-
ning modulehasselected”C pur chasel andhasconstructedrymappi ng to fill in the parametersf
PC pur chasel. The policy guidingthe constructionof mymappi ng is expressedn VorteXML. It in-
cludesspecificationsof haw to choose(basedon high-level and/ordetailedinput from humans)the PC
and modemmodels,the vendors,the assembleretc., and also includescommandgor combiningthese
choicesto createthe list mynappi ng. An XML Algebraquerycannow be usedto combinethe tem-
platePC pur chasel, themappingmymappi ng, andelementof a templatdibrary, to form a workflow
schemahatwill obtainthedesiredPCs.

In theexamplejust presenteda singlelayerof hierarchicaplanningwasused,.e., slotsin thetop-level
templatg PC_pur chasel) weredirectlyfilled with baseemplatesin generalmultiplelayerscanbeused,
suchthatslotsof thetop-level templatearein turn filled with successie lower-level templatesandfinally
with basetemplatesatthe lowestlevel of the hierarchy

2.4: Heuristic reasoningwith VorteXML. As suggestecbove, a key actiity of the Planningmodule
is to decidebetweeralternatves, e.g.,choosinga top-level templatefrom the library andfurtherchoosing
templateghatareto plug into the slotsof thattemplate. Additional decisionsand prioritizationsmustbe
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madeduringworkflow execution,e.g.,to selecthe brandof PC,modem etc.,andto reactto exceptions.n
both of theseareaswve usethe Vorte XML languagechoserbecausét combinesstraightforvard flowchart
constructsalongwith the novel DecisionFlowconstruct. DecisionFlavs provide a high-level, declaratie
languagefor specifyingfamilies of rulesthat make intricate decisions. DecisionFlevs supporta limited
form of rule chaining,and canincorporateboth formal and heuristicforms of reasoning.VorteXML is a
generalizatiorof the Vortex languagg12] to work with XML dat&.

TheVortex DecisionFlav paradigmis “attribute-centrit, in thesensehateachdecision(or rule family)
is focusedon assigningvaluesto one or moretamet attributes(e.qg.,the selectionof a specificPC model,
workflow schemaemplategetc.) basedon a groupof inputattributesanda groupof intermediatettributes.
Thecomputatiorof intermediatendtamgetattributesmaybespecifiedn avarietyof ways,includingtheuse
of databasgueriesuserdefinedfunctions,or, mostimportantly attribute rulesand“combining policies”.
In the latter case,a setof rulesis specifiedhaving theform i f <conditi on> then contribute
<expr essi on>,where<expr essi on> providesavalue. Thecombiningpolicy canbe essentiallyary
aggregationfunctionwhich takesasinput the zeroor morevaluescontributed by ruleswith true condition
andproducesfinal valuefor theattribute. Simplecombiningpoliciesinclude“max of truerules”and“sum
of truerules”. More sophisticatedombiningpoliciescanperformgroupingandaggregationof XML data
from multiple sourcese.g.,into asortedlist, or to form agroundedwvorkflow schemdrom templates.

At a higherlevel, the useof attributesin DecisionFlevs permitsa simplified form of chainingbetween
groupsof non-recursie rules. The DecisionFlev paradigmalsousesrulesto controlwhich attributeswill
be computedduringa givenexecution.Theseenablingrules canhelpto avoid irrelevantcomputationsand
to supportatrade-of betweerhow refineda decisionis vs. how muchresourcés consumedn makingthat
decision.
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