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1 Intr oduction

Thegrowth of theInternetandtheWebis revolutionizingtheway companiesinteractwith their suppliers,
partners,andclients,by enablinga substantialautomationof the full spectrumof their businessactivities.
As we move into the21stcenturyeconomy, theprimary form of automationwill beB2B e-commerce,in
which enterprisesinteractwith eachotherthroughentirelyautomatedmeans.As anexample,consideran
electronicmarket placein a vertical industrysegment,in which suppliersandbuyerstie into a common
IT infrastructureto exchangegoodsandservices.This forms a supplychain in which buyersneed(a) to
investigatepossiblesuppliers,(b) to checkthe termsandconditionsunderwhich supplierscando busi-
ness,(c) to interoperatewith the suppliersenterprisesupportsystems,i.e., workflows, and(d) to monitor
ordering/purchasing for possibledelays,unexpectedevents,reactto suchevents,etc. This paperpresents
anoriginal framework for specifying,enactingandsupervisinge-serviceson theWeb. This framework is
basedon XML andrules-basedsupportfor products/servicesdescriptionandworkflowmediationacross
organizations.

Traditionally, WorkFlow ManagementSystems(WFMS) have focusedon homogeneousandcentrally
controlledenvironmentsfor binding peopleand processeswithin the boundaryof a singleorganization.
In the context of B2B e-commerce,WFMSsneedto supportcollaboration betweenvariousautonomous
parties,someof which may even have conflicting businessgoals. More precisely, they mustcopewith
heterogeneousenterprisesupportenvironments(e.g., throughdifferentWF systems),to model the inter-
actionof independentpartnersby abstractingthe internaldetailsof their activities (e.g.,throughdifferent
WF schemas),andfinally to facilitateflexible linking andmonitoringof inter-enterpriseprocesses(e.g.,
throughdifferentWF enactments).To addressthesechallengeswe arecurrentlydevelopinga workflow
mediationmiddlewarewhich relieson threebasictechnologies:(a) the XRL workflow specificationlan-
guage[13, 18] for representingin XML heterogeneousworkflow schemasandenactments,(b) an XML
querylanguage[4, 5] for manipulatingbothcomplex productandservicedescriptions,and(c) theVortex
rule-basedlanguage[12, 6] that supportsheuristicreasoningin order to take on-line businessdecisions
duringtheworkflow execution.

During recentyears,workflow interoperationhasreceived considerableattention.Numerousresearch
projectsand prototypeshave beenproposed[16, 2] while basicinteroperabilitybetweenvariousvendor
WFMSs hasbeena subjectof standardizationefforts by the Object ManagementGroup (seeWorkflow
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Figure1: ExampleWorkflow Mediatorfor ManagingComplex Purchases

ManagementFacility [9]), andtheWorkflow ManagementCoalition(seetheXf-XML bindingof theWfMC
Interface4 [1]). Workflow integrationin ane-businesssettinghasalsobeenaddressedin recentprojectssuch
asCrossFlow [7], WISE [14], FlowJet[17], InterWorkflow [10] andMOCASSIN[8]. Comparedto these
projects,our work introducesthe notionof anexplicit workflowmediatorfor enterpriseprocesses,which
goesbeyond a simplemediationof the datathat is passedbetweenworkflows. In particular, our media-
tion middleware(a) enablesa uniform manipulationof workflow flow control (e.g.,enterpriseprocesses)
andbusinessdata(e.g.,productcatalogs)as they areboth representedin XML; (b) allows us to inspect
workflow enactments,aswell asto constructdynamicallynew workflow schemaslinking cross-enterprise
processes;and(c) permitsdifferentkindsof reasoningandheuristicswhenconstructingthenew schemas,
whendealingwith delays,etc. Finally, therehasbeensignificantindustrialinterestin thedevelopmentof
infrastructureto supporte-serviceinteroperabilitye.g.,theUniversalDescription,DiscoveryandIntegration
(UDDI) standard;theXML-basedWebServiceDescriptionLanguage(WSDL); e-speak;andBizTalk� (re-
spectively) frameworks.Theseeffortsarecomplimentaryto ourapproach:they aimto bea lowestcommon
denominatoralongall classesof Internetapplications,whereasour work focusesmoreon morespecific
e-servicesbasedonworkflow technology.

This paperpresentsresearchin progress.Many of theconceptspresentedhave yet to beworkedout in
detailandtestedin realisticcontexts. Weexpectour framework to evolve asmoredetailsarefilled in.

2 Workflow Mediation

Theneedto coordinateinter-organizational workflows ande-servicesarisesin a broadvarietyof business
contexts (e.g,B2B, B2C, etc.),which implies thatdifferentarchitecturesandmodesof processingwill be
needed.The focusof thecurrentpaperis on presentinga novel family of key building blocksthatcanbe
usedin mostif not all of thesecontexts. Extendingtheapproachpresentedin [11], we describeheresome
specificways that thesebuilding blockscan be integrated. To provide groundingfor the discussionwe
focusona representative form of workflow coordination.This is calledworkflow mediation, becauseof its
analogywith databasemediation,but in ourcontext mediationconcernsbothenterprisedataandprocesses.

A workflow mediatorcanbeusedto help insulateoneorganizationfrom the intricaciesof interacting
with multipleotherorganizationsthattogetherprovidesomecoherentfamily of e-services.Figure1 showsa
representative VorteXMLWorkflowMediator(VWM) thatmight beusedby anorganizationsuchasLucent
to substantiallyautomatetheselectionandpurchaseof PCs(includingoutsourcedassemblyandshipping).

VWMs provide theinfrastructureto supportbasicformsof planning,schedulingandreactive execution
�
www.uddi.org; msdn.microsoft.com/xml/general/wsdl.asp;www.espeak.net;andwww.biztalk.org
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[15]. As shown in Figure1, a VWM hasthreemain modules,for Planning,Execution,andDataTrans-
formation.ThePlanningmodulebuilds workflow schemasbasedon goalsto beachieved(e.g.,investigate
possiblePCsto bepurchased;executethepurchaseandassemblyof selectedPCs).Currently, thePlanning
moduleusesa form of hierarchicalplanning[3], in which workflow schematemplatesof differing granu-
larity areselectedfrom a library andthenexpandedby filling in theslotsof thosetemplatesappropriately
(seeSubsection2.2). This constructionof workflow schemasfrom otherworkflow schemascanbe done
in a hierarchicalmannerandis alsooneform of schemasplicing (seeSubsection2.3). Theoutputsof the
Planningprocessareworkflow schemasexpressedin adialectof XML, following thespirit of XRL [13, 18]
andrecentcommerciale-servicesmiddleware(e.g.,Excelon,Microsoft,HP andBEA Systems).We usea
generalization� of XRL, that is basedon anextendedPetriNet modelthat includesexplicit flowchartand
parallelismconstructs.The Planningmoduleis specifiedusingVorteXML, (seeSubsection2.4 below), a
high-level, declarative languagethatsimplifiesthespecificationandmaintenanceof themediator.

TheDataTransformationmoduleis essentiallyanXML queryprocessor, whichis usedby theothertwo
modules.CurrentlythismoduleusestheXML Algebraof [4], aworkingdraftof theW3C.Thehigher-level
XML query/integrationlanguagewill besubstitutedasit becomesavailable. Unlike previousXML query
languages,theXML Algebrapermitscomplex restructuringof XML data,andassociative accessanalogous
to relationalalgebrajoins. The Executionmodule, currentlyimplementedin Java, executesandmonitors
theworkflow schemasthatareproducedby thePlanningmodule.TheExecutionmodulealsomonitorsthe
progressof the workflow executions,andreportsbackto the Planningmoduleif delaysexceedspecified
thresholdsor if substantialexceptionsarise.

A possibleflow of activity for theVWM of Figure1 is givenbelow.

1. Createa workflow schemafor investigatingpossiblesuppliers,assemblers,etc.; this workflow will
incorporateinformationabouttheselectioncriteriafor thePCsto bepurchased.

2. Executethepreviousworkflow to determinea “short list” of options.
3. As afinal partof theexecutionin step(2), specificPCs,vendors,assemblers,etc.,areselected,either

automaticallyor by askingahumanat Lucent.
4. Createanew workflow for orderingthespecificPCsselectedin step(3), for shipping,payment,etc.
5. Executethegeneratedworkflow.
6. Duringexecutionmonitorfor delaysand/orexceptions.
7. If delays/exceptionsoccur, thengobackto step(4) to modify theworkflow.

In this processflow, steps1 and4 areperformedby thePlanningmodule.TheExecutionmoduleperforms
steps2, 3, and6, andinvolve executionof workflow schemas.The following subsectionsshow how the
couplingbetweenthe key elementsof the infrastructureareusedtogetherto supportadvancedmediation
betweene-services.Dueto spacelimitations,acompletedescriptionis beyondthescopeof thispaper.

2.1: Data Transformation. Data transformationand integration is usedat multiple stagesduring the
operationof workflow mediators.In this subsection,we briefly presentthe stronglytypedXML Algebra
usedfor this purpose,with anexampleillustratinghow heterogeneousproductdescriptionsfrom different
providerscanbemappedinto auniformformat.Examplesinvolving thecreationof XRL workflow schemas
aregivenlateron.

Figure2 showsthreeXML algebraexpressions.Weusethesyntaxof thedocument[5] presentingXML
Algebra,which is moresuccinctthanthesyntaxusedby XML DTDs andSchemas.Theupperleft shows
the (hypothetical,simplified) schemafor Micron PCs,the lower left shows an XML Schemathat canbe
usedto hold relevant informationabouttheseandotherbrandsof PCsin a uniform format,andthe right
sideshows anXML AlgebrafunctionthatmapsdataaboutMicron andotherPCsinto theuniform format.
In XML Algebratheschemaspecificationsarein facttypespecifications.

�
In [18] XRL is usedto specifyonly workflow enactments;XRL is generalizedhereto representworkflow schemas.
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type Micron_PC = micron_PC [ fun Transform_PC_Format(p:Micron_PC |
@computer_id [ Integer ], Cybermax_PC | ... ) : Uniform_PC =
model [ String ], match p
processor [ case q:Micron_PC do

model [ String ], Uniform_PC [
speed [ String ] @PC_id [ q/@computer_id/data() ],

], @brand [ "Micron" ],
memory [ String ], @model [ q/model/data() ],
price [ Integer ], processor [ q/processor/model/data() ],
... memory [ cast (q/memory/data()) : Integer ],

] price [ q/price/data() ],
...

type Uniform_PC = uniform_PC[ ]
@pc_id [ Integer ], ... (* similar mappings for Cybermax_PC and others *)
@brand [ String ],
@model [ String ],
processor [ String ],
memory [ Integer ],
price [ Integer ],
...

]

Figure2: Illustrationof typespecificationandqueriesin XML Algebra

let PC_purchase1 : XRLTemplate = let buy_from_Micron1 : XRLTemplate =
Route [ Route [
Sequence [ in_parameters [ pc_model : string , ship_to : Address ],

Parallel_sync [ out_parameters [ invoice : Invoice ],
Slot [ param [ buy_pc_template] ], Task [ @name [ send_order_to_Micron ] ],
Slot [ param [buy_modem_template] ] @address [ "buy_Micron1.exe" ],

], (* end Parallel_sync *) @d_read [ "pc_model", "ship_to" ],
Slot [ param [ assembly_template ] ] @d_update [ "invoice", "order_form" ]

] (* end Sequence *) ], (* end Task *)
] (* end Route *) ... (* more Tasks *)

] (* end Route *)

Figure 3: PC purchase1, a generictemplatefor purchasingPCs,andbuy from Micron1, a base
templatethatcouldfill thebuy pc template slot

In theMicron PC element,thefirstentryisanattribute(indicatedby the@), andtheothersarechildele-
ments.Theprocessor field isstructured,having twochildelements.ThefunctionTransform PC Format
holdsaquerythattakesasinputanXML documentp whichhastypeMicron PC or Cybermax PC, etc.,
andtransformsit into anXML documentof typeUniform PC. Thematch constructprovidesfor a dif-
ferenttreatmentfor differentinput types.Thekeyworddata() is usedto accessscalardata(e.g.,strings,
integers,booleans).

NotethattheVorteXML mediatorcantake advantageof thedecisionengineto offer advancedtransfor-
mationservices,suchasdatacleaning,selectionbetweenredudantinformationsources,etc.

2.2: XRL workflow schemasand templates. Thisandthenext subsectiontogetherprovideanillustration
of how thePlanningmodulecreatesworkflow schemas(cf. steps1 and4 in themediator’sprocessing),using
thetechniqueof schemasplicing. This subsectionillustratesthepiecesof workflow schemathatareused,
andthenext oneillustrateshow they aresplicedtogether.

As notedabove, the mediatoruses(a generalizationof) XRL to representworkflow schemas.The
schemascanbecompletelyspecified,or might be templateswhich provide thehigh-level specificationof a
workflow but includeSlot elementswhereselectedothertemplatecanbeinserted.Templateswithoutslot
elementsarecalledbasetemplates. Figure3 shows on the left PC purchase1, anextremelysimplified
templatethatmight beusedfor purchasingPCs(cf. step4 of themediator’s processing),andon theright
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let mymapping : Mapping =
map [ param [ "pc_model" ],

entry_name [ "Millennia MAX XP" ] ],
map [ param [ "buy_pc_template" ],

entry_name [ "buy_from_Micron1" ] ],
...

Figure4: Illustrationof amapping,thatspecifieshow slotsof PC purchase1 shouldbefilled

buy from Micron1, asimplifiedbasetemplatethatmightbeusedto fill thebuy pc template slotof
PC purchase1. In PC purchase1 asequenceof two activitieswill occur. Thefirst activity involvesthe
parallelexecutionof two insertedtasks(whichwill involve orderingitemsfrom a PCvendoranda modem
vendor, respectively, andhaving themshippedto anappropriatelocation). Thesecondactivity consistsin
executingan insertedtask,which asksan assemblerto assemblethe PC andmodem,andship to another
location.

The basetemplatebuy from Micron1 may be usedto purchasea PC from vendorMicron. The
schemafor this templateincludesa taskwhich is to sendthepc model andship to addressto Micron,
andreceive aninvoice in return.Theaddress attributeof thetaskgivestheexecutablefile containing
the programrequiredto perform this task. This programmight invoke a wrapperor other functionali-
ties that are residentin the VWM, or provided by externalsystems.The entriesin parameters and
out parameters permit parameterpassingin andout of the template;theseparametersareviewed as
typedXML data. Insidethe task,attributesd read andd update indicatewhatXML datacanberead
or updated(respectively) by the task. In additionto the input andoutputparameters,thefirst taskusesan
initially emptyorder form documentto build uptheactualorderform thatis sentto Micron. In practice,
this schemashouldincludeactionsto be taken if Micron doesn’t respondin a timely fashion,or if thePC
model is not available,andactionsto ensurethat the receiving party eventually receives the PC in good
condition.For moredetailson theschemaof XRL templates,timing requirements,andhandlingof simple
exceptions,readersarereferredto our forthcomingwork.

2.3: Schemasplicing. In general,“schemasplicing” refersto thecreationof new workflow schemasfrom
existing workflow schemasand templates. This subsectionillustratesschemasplicing in the context of
hierarchicalplanning,asit arisesin VWMs.

Figure 4 illustratesa mapping(with type Mapping) that provides the correspondencebetweenthe
parametersappearingin PC purchase1 and either scalarvalues(suchas "Millennia MAX XP")
or selectedelements(suchas buy from Micron1) of a templatelibrary. We assumethat the Plan-
ning modulehasselectedPC purchase1 andhasconstructedmymapping to fill in the parametersof
PC purchase1. The policy guiding the constructionof mymapping is expressedin VorteXML. It in-
cludesspecificationsof how to choose(basedon high-level and/ordetailedinput from humans)the PC
and modemmodels,the vendors,the assembler, etc., and also includescommandsfor combiningthese
choicesto createthe list mymapping. An XML Algebraquerycan now be usedto combinethe tem-
platePC purchase1, themappingmymapping, andelementsof a templatelibrary, to form a workflow
schemathatwill obtainthedesiredPCs.

In theexamplejustpresented,asinglelayerof hierarchicalplanningwasused,i.e.,slotsin thetop-level
template(PC purchase1) weredirectlyfilled with basetemplates.In general,multiplelayerscanbeused,
suchthatslotsof thetop-level templatearein turn filled with successive lower-level templates,andfinally
with basetemplatesat thelowestlevel of thehierarchy.

2.4: Heuristic reasoningwith VorteXML. As suggestedabove, a key activity of the Planningmodule
is to decidebetweenalternatives,e.g.,choosinga top-level templatefrom the library andfurtherchoosing
templatesthat areto plug into theslotsof that template.Additional decisionsandprioritizationsmustbe
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madeduringworkflow execution,e.g.,to selectthebrandof PC,modem,etc.,andto reactto exceptions.In
bothof theseareaswe usetheVorteXML language,chosenbecauseit combinesstraightforward flowchart
constructsalongwith the novel DecisionFlowconstruct.DecisionFlows provide a high-level, declarative
languagefor specifyingfamiliesof rulesthat make intricatedecisions.DecisionFlows supporta limited
form of rule chaining,andcanincorporateboth formal andheuristicforms of reasoning.VorteXML is a
generalizationof theVortex language[12] to work with XML data� .

TheVortex DecisionFlow paradigmis “attribute-centric”, in thesensethateachdecision(or rulefamily)
is focusedon assigningvaluesto oneor moretarget attributes(e.g.,the selectionof a specificPC model,
workflow schematemplate,etc.)basedonagroupof inputattributesandagroupof intermediateattributes.
Thecomputationof intermediateandtargetattributesmaybespecifiedin avarietyof ways,includingtheuse
of databasequeries,user-definedfunctions,or, mostimportantly, attribute rulesand“combiningpolicies”.
In the latter case,a setof rulesis specifiedhaving the form if <condition> then contribute
<expression>, where<expression> providesa value.Thecombiningpolicy canbeessentiallyany
aggregationfunctionwhich takesasinput thezeroor morevaluescontributedby ruleswith truecondition
andproducesafinal valuefor theattribute.Simplecombiningpoliciesinclude“max of truerules”and“sum
of truerules”. More sophisticatedcombiningpoliciescanperformgroupingandaggregationof XML data
from multiplesources,e.g.,into asortedlist, or to form agroundedworkflow schemafrom templates.

At a higherlevel, theuseof attributesin DecisionFlows permitsa simplifiedform of chainingbetween
groupsof non-recursive rules. TheDecisionFlow paradigmalsousesrulesto controlwhich attributeswill
becomputedduringa givenexecution.Theseenablingrulescanhelpto avoid irrelevantcomputations,and
to supporta trade-off betweenhow refinedadecisionis vs.how muchresourceis consumedin makingthat
decision.
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