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Abstract

Workflows areubiquitousin businessomputing.They arisenot only within anenter
prise,but increasinglyacrossenterpriseaswell—in situationssuchasvirtual enter
prisesandapplicationssuchas supply-chairmanagementAlthough the importance
of workflows asa basisfor understandingndautomatingousinessctuvitiesis widely
recognizedcurrentworkflow practicdeavesmuchto bedesired.To alargeextent,this
problemarisesbecausef the rigidity of currenttechnology which doesnot accord
well with thecomple, heterogeneouslynamicervironmentsn which workflows are
applied. Agenttechnologypromisesto alleviate mary of theseproblemsandhence
enableadaptve workflows in realisticsettings.We considelinteraction-orientegro-
gramming(IOP), an approacho software engineeringoasedon multiagentsystems
thatwe have beendeveloping. We focuson oneaspecif IOP, which dealswith so-
cial commitmentsaandenablesagentgo flexibly enacta multienterprisenvorkflow by
enteringinto andbehaing accordingto their commitmentdo eachother Theagents
cancancelor modify their base-lgel commitmentonly if they satisfythe metacom-
mitmentsthatthengo into effect.



1 Intr oduction

Theexpansiorof thecomputingandcommunicationgfrastructurédnasbroughthometheproblem
of the “islandsof automation”that occurin traditionalinformationsystemsn large enterprises.
Suchproblemsoccurwith redoubledstrengthin moderninformationsystemswhich in effect—
if not by design—sparacrossenterpriseboundaries.Suchsystemsarisedirectly in the caseof
virtual enterprisesbut indirectly alsoin applicationssuchas electroniccommerceand supply-
chainmanagementSuchapplicationsaaregarneringncreasingattentionamongboth practitioners
andresearchersAs a consequencdgchnologiesuchasworkflow managementave garnered
muchinterest but alsohype.

To motivatethis paper we begin with aninformal definition of workflows. A workflow is a
distributedmultitaskactwvity, routinizedor systematizeth someway, thatinvolvesthecoordinated
executionof humanandsystemtasks,usuallyin heterogeneousrvironments. This definitionis
in agreementvith thefolklore, e.g.,seeGeogakopoulosetal.’s surwey [8], anda specialissueon
thesubjec11].

Workflows are commonlyunderstoodo have certainkey features,especiallyincluding the
following. One,in consistingof a numberof tasks they arecomposite Two, they arestructurally
andsemanticall}complein thatthey—andpossiblysomeof theircomponenactiities—ardong-
runningandfailure-pronethey frequentlyupdatemultiple dataitemsacrossanumberof resources;
and,their componentsctiities canhave subtleconsisteng requirementsThree,workflows are
often coopentive, meaningthatthey not only involve humaninteraction,but alsoinvolve back-
and-forthinteractionamongtheir constituentctvities. Four, workflows by theirvery naturearise
in heteogeneougrnvironmentswith unchangeabldegag/” componentsFive, the componentsf
workflows may be of autonomouswnershipandnotfully underthecontrolof theworkflow.

In light of this, it is helpfulto think of workflows asthe dynamiccomponentsf openinforma-
tion ervironmentsthe staticcomponentdeingtheinformationrepositorieandontologies.

1.1 Generationsof Workflow Technology

Workflows have beenwith us from the dawvn of time—aever sincetherehave been“business’or-
ganizationr governmentf someform or the otherthat have caredto systematizery of their
actiities. Thereforejn understandinghe expecteddevelopmentof workflows, it is importantto
considerthe majorgeneration®f workflow technology

e 1st: Manual Bureaucracietave long beenpart of humansociety andthey typically in-
volve the processingf information. Beforetherewerecomputationahidsfor information
processingit wascarriedout manually Althoughslow, this hadthe advantageof involving
humansn every stagetherebyfacilitatingthe handlingof exceptionconditionsandmaking
modificationgo theworkflow asthe needf the organizatiorevolved.



e 2nd: Closed The early daysof businesscomputinginvolved dataprocessingappliedin
information management Often this was basedon straightforvardly automatingexisting
manualprocessesTherewastight couplingbetweerbusinesbjectsandcontrolinforma-
tion, therebymakingsystemevolution laborintensve anddifficult.

e 3rd: Database-centric The developmentof databas@echnologyenabledopenspecifica-
tion of businesanformation. Therewasa certainamountof decouplingbetweendataand
processHowever, controlinformationremainechard-codedn procedures.

e 4th: Currenttools. Currentworkflow tools provide the separatiorof controlfrom applica-
tion. Processearethusviewed at two levels of granularity: (a) asunits of work thatare
composedogetherthrougha workflow tool, and (b) asimplementation®f thoseunits of
work via specificapplications.However, the workflows themselesstill prove complicated
for bothdesignandredesign Also, they provide little supportfor handlingexceptions.

e 5th: Agent-basedThisis thegeneratiorof workflow technologybeingpromotedhere.This
generations emeging throughthe useof agentsandmultiagentsystemsWe will describe
someof its componentdelow.

1.2 Themesin Workflow

The strongindustryinterestin workflow technologyhasled to a variety of descriptionsof what
workflows are. Oftentheseareimplicit in the definitionsor the technicalproblemsaddressetyy
anapproachWe identify thefollowing mostreasonablenes.

e Form mangementand flow This appliesto the mosttraditional organizationswhich are
essentiallydoingbusinessn a mannerclosesto thatof purely papefrbasedrganizations—
sometimedik e the sameorganizationusedto, if it is old enough. However, theseorgani-
zationsusenew technologyto put forms on-line (imagingapplications)yanddistribute and
disseminaté¢hemon-line (transmittalapplications) Much of the currentworkflow marketis
aboutform managementSometimesthe term“document’may be usedinsteadof “form,”
but moregeneradocumentsrerarelyintendedn this cateyory of approaches.

e Groupwake. Thisis mostappropriatdor addressinghehumancollaboratioraspecbf anor-
ganization.Groupwaretoolscanhandlesomecomponent®f organizationrmodeling.Some
of thesetoolsareaboutdocumentsandtake a broadewiew of documentshanin theabove.
They helpin the creation disseminationandmaintenancef (versionsof) documentsgven
asuserswvork onthemconcurrently

e Contmol logic specificationsThisview treatstheworkflow asprimarily consistingof orches-
tratingtheapplicationactvities thatunderlieit [4]. In thisview, theworkflow is specifiedby
shaving how thedifferentactiities areto bewiredtogether Frequentlythesespecifications
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aregivenin agraphicalactivity modelinglanguagesuchasflow chartsor actiity diagrams
[6]. Thedetailsof theindividual actiities arenot specified.In somevariants the dataflow
maybeexplicitly shavn aswell.

e Distributedprograms.Sometimesyirtually any distributedprogrammaybereferredto asa
workflow. Thisis notentirelyunreasonablé the programis modeledwith someworkflow
metamodelHowever, sometimeshetermis usedoosely in which casdt haslittle meaning;
if everydistributedprogramcanbe aworkflow, thentheterm*“workflow” is unnecessary

e Transactions.An interestingview of workflow treatsthemastransaction®f someform:
traditionalor extended.This view builds onthe databaséasisof mostinformationerviron-
ments.It is mostsuitablewhentheintegrity of the storeddatais givenprimagy [1, 3,5, 20].

e CoheentcomputationsTheview we promotein this paperis thatworkflows arecoheent
By coherentwe meanthatthe componentsasksof a workflow areselectecandorderedio
ensurethe coherencef the entireworkflow. In this view, the consisteng of dataitemsis
importantonly to the extentthatit helpsensurethatthe behaior is coherentthe behaior
mayoftenbecoherentvhendataconsisteng is lost, e.g.,by informing a useror sendingout
retractiondor previousresults.

Eachof thepreviousviews of workflow is suitablefor someclassof applicationsandenvironments
eitherbecausat is designedor specificapplicationsor becausehey supportcertainproperties
(suchasdataintegrity), which are of primary value only for someapplications. The groupware
view emphasizethehumanaspect®f ary organizatiorandis of specialvaluein modelingimpor-
tantaspect®f practicalworkflows, especiallyhow peoplemay participatein performinga shared
task. Although someavhatrestrictve in scope the transactionaView is supportedoy soundcom-
putationalabstractionsThe controllogic view is ableto accommodatéhe computationahspects
of ary otherview, especiallyof any extendedtransactiormodel. However, it takesa lower-level
stancehanis oftenappropriatdor modeling.

Thetechnicalchallengds to synthesizehe considerationbehindtheabove viewsinto amore
comprehensie and powerful view. This is the basisfor our ongoingresearctprogram,whose
resultswe describebelow.

1.3 Agents

Agentsare persistentactive entitiesthat canperceve, reasonandactin their erwvironment,and
communicatavith otheragents Often,theagentsaareautonomousntelligent,andsociable What
makes agentsinterestingfor our purposess that they canform multiagentsystems.Agentsare
autonomoushut in orderto form and participatein multiagentsystemsthey mustbe able to
compromiseon their autonomysomevhat—justsothey cancoordinatewith others.Theagentsn
amultiagentsystemwould oftenbe heterogeneous.



A variety of abstractiongor agentshave beenproposed.Theseincludethoseinspiredfrom
folk psychologysuchasbeliefs,knowledge andintentionsandthoseinspiredfrom organizations
andsocieties,suchascommitmentsandteams. Both kinds are appropriatan general. For our
purposesthelatteraremorerelevant. Of course gvenanentiremultiagentsystemor teammaybe
treatedasif it werea monolithicagent.Viewedin this light, agentsare structured—thisccords
well with hierarchicaldecompositionwhich is a commonthemein the analysisand designof
comple systems.

1.4 Cooperative Information Systems

Coopeative InformationSystem¢CISs)are multiagentsystemswith organizationahnddatabase
abstractiongearedo openenvironments.Typically, aCISincludesanenvironmentconsistingof a
varietyof relatednformationresourcesA ClSalsoincludessomemeansof attachingsemantic$o
its resourcesindwaysto view andupdatethoseresourcesn amanneithatrespectshe semantics.
BecauseCISsarebasedon multiagentsystemsthey areopenin admittingnew resourcesflexible
in allowing the resourcego evolve, intelligentin ensuringvalid statesand coherentbehaiors
despitecomplex constraintsandadaptivein adjustingtheir behaior to accommodatenexpected
changesn their ervironment.

We recastworkflowsin termsof CISssimply by definingworkflows asthe dynamicaspect®f
CISs.More preciselyaworkflow is awell-definedspecificatiorof somecoherentlassof beha-
iors of a CIS. The coherenceequirementsrecapturedduringmodeling,canevolve, andprovide
a basisfor the controllogic andexecution.Our claimis thatby introducingthe “right” high-level
abstractionsmultiagentsystemscan captureworkflows betterthan corventionalworkflow tech-
nology Therestof this paperis how we might achieve this with an appropriatecombinationof
rigor andflexibility .

Organization. Section2 reviews thetraditionalabstractiongor describingCISsandanalyzing,
specifying,andrealizingworkflows. Section3 shavs how we may apply agentand multiagent
techniguegdo addresghe above challenges.It alsodiscusses specificexamplein somedetail.
Sectiord concludeswith a discussiorof theimportantissues.

2 Abstractions

We considetthe modelingandcomputationaébstractionsisedto capturedifferentcomponentsr

aspectof aninformationsystem.The dynamiconessuchastransactiormodelshave immediate
relevancefor workflows, but even the staticonessuchas conceptuabnd organizationaimodels
relateto workflows, becausaultimately any effective workflow mustdealwith thoseaspectsas
well.
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For ClSsappliedto enterprise®r virtual enterprisesa variety of modelsaretypically built.
Figurel shovs someof the commonmodelingapproachesOf the mainones entity-relationship
(E-R) diagramdescribea conceptuamodelof theinformationstoredin (asubsebf thedatabases
in) the enterprise Activity decompositiordescribeshe relationshipof inclusionamongdifferent
actwities, whereaghe control, data,andmaterielflows give additionalinformationaboutit. E-R
diagramsorrespondo staticinformationasin ontologiestheactvity representationsorrespond
looselyto the workflows. It is importantto relatethe two cateyoriesof representationdecause
theactionsin theworkflows dependnthe conceptthey manipulateandtheconceptaredefined
basedntheir patternf usage.

2.1 Relating Models

In a numberof settings,including enterprisesthe organizationaktructureof a CIS is important.
By the organizationabktructure we meanthe setof rolesandresponsibilitieghatmake up afunc-
tioning system[7, 19]. Thereis an intimate relationshipbetweenthe workflows executingin a
CIS, andthe organizationakoles availablein it. Figure2 showvs on the left a simple workflow
correspondingo submittinga contractproposafrom acompaity. The write white papenaskitself
maybedecomposehto asubworkflow. Thebottomleft shonvs apossiblesubworkflow for travel.
Thetasksin the workflow impingeuponvariousdatabasesndotherongoingprocessessuchas
budgetforecast They alsorelateto the organizationabtructureof thecompaly, becauséey steps
in theworkflow mustbe performedoy peoplewith specificauthorities.

Traditionally, the rolesare mappedo tasksrigidly. However, in openanddynamicerviron-
ments,moreflexible role-bindingsare needed.For example,if the researchdirectoris on leave,
how maytheworkflow bererouted?f onepersonfills multiple roles,how maythe workflow be
scheduledo optimizetheir time? Another moreimportant,issueis how the obligationsof an
organizationbe mappedto the obligations—andenceactions—ofits members.And, how can
be decisionsof a memberbe over-ruled or undonewhennecessarygcorversely how may a par
ticipantobtainthe necessargxceptionsto somedefault policy in orderto respondoroperlyto an
unexpectedsituation.

2.2 Transactions

Computationsareof two mainkinds: (a) terminating theseincludetraditionalqueriesandtrans-
actionsaswell asapplicationprogramsand(b) nonterminatingor repeating:theseincludeinfor-

mationflows aswell asadministratve actwvities. Traditionaldatabas¢ransactiongreterminating
computationghatsatisfythe so-calledACID propertied10], which describenext.

e Atomicity: all or noneof atransactiorhappens

e Consistencyatransactiorpreseresthe consisteng of thedatabase
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e Isolation: intermediateesultsof atransactiorarenotvisible to any othertransaction

e Durability: whenatransactiorconcludesuccessfullyits effectsarepermanent.

If the individual transactionsare programmeccorrectly the systemguaranteegonsisteng for
ary arbitrary concurrentmix of transactions.Atomicity is essentiato ensurethat the integrity
of distributed datais presered. Consequentlythe actionsor subtransactionghat constitutea
transactiormusteither(a) all happentherebytransformingthe databasdérom a consistentstate
to a new consistenstate,or (b) eachfail to happentherebyleaving the databasen its original
(consistentptate.Ensuringthe ACID propertiegequiredocking all the dataitemsaccessetly a
transactioruntil it completeqor achiezing the sameeffect throughan another more optimistic,
approach)Practically this meanghat ACID transactionsrelimited to actvities thatarebrief (at
mostsecondspandsimple (few updates)andusuallyin homogeneousr centralizednformation
ernvironments.

The above difficulty hasled to a numberof extendedransactiormodels(ETMs), which relax
the ACID propertiesn variousways. ETMs embodysomevaluableintuitions aboutstructuring
actiities, but are themseles not practicaleither They usually assumethat (a) compensating
actionsare definedfor someof the subtransactionsgnd (b) it is acceptabldo allow temporary
inconsistenciesWithoutgoodconceptuamodelsto backtheserelaxationaup, they mayeasilybe
unrealisticor unsound.Further ETMs aredifficult to specifyandschedule.Further they retain
a focuson dataintegrity, whereaghe real challengeis to allow actwities that are coherentnot
necessarilgonsisteng-preserving.

2.3 SpeechActs

Anotherclassof abstractionss basedon speechacts. The bestknown of theseis formalizedin
the ActionWorkflow product[18], which builds on the theoryof speechactsdueto Winograd&
Flores[27]. Like othertheoriesof speechacts, Winograd& Flores’ theory treatslanguageas
action. However, their theoryfocuseson the rolesplayedby differentspeechactsin the progress
of a corversation.A completedcorversationwith all nestedsubconersationghus constitutesa
workflow. This hasinspiredthe“loops” metamodefor workflows usedin ActionWorkflow.

In this metamodeleachloop representsn exchangebetweentwo actors: a customeranda
performer Theloop consistsof four steps:(a) a requestrom the custometto the performery (b)
negotiationby the two to determinewhatthe performershoulddo, (c) actualperformanceof the
negotiatedtask by the performey and (d) evaluationof the performancedy the customer The
four stepsclosethe loop. A stepmay potentiallybe nestedwith otherloopsandinvolving other
custometperformerrelationships.

We find theideaof takingthe perspectiesof thecustomerndthe performerothinto account
attractve—traditionaworkflow specificationsisuallytake oneor theotherperspectie. However,
themetamodehassomelimitations. It only considergwo actorsatatime, anddoesnot explicitly



considerthe surroundingorganizationaktructure.Becauseat doesnot includeexplicit represen-
tation of andreasoningaboutcommitmentsjt doesnot easilyaccommodatenodificationsin the
commitmentse.q.,if anactorwishesto cancelacommitmentor modify it in someway. After an
interestingtop-level structure the approachrapidly reducedo atraditionalactiity network style
specification. Thereare someother critiquesof the speechactsapproachg.g.,by Ljungbeg &
Holm [17].

Still, it hassomeimportantinsights,which we incorporaten our approach.

3 TechnicalApproach

Throughthemary interestingeatureghatthey possessagentgrovide autonomyandheterogene-
ity, constrairacces$o resourcesndguarantespecializedntegrity requirementsnodelorganiza-
tionsandnonterminatingasksin them.Moreover, they cancreate'mini-societies”corresponding
to differentbusinessprocesseshut retain responsibilityfor resolvingconflicts amongdifferent
processes. Consequentlyagentsare bestappliedto achieving flexibility and agility, improving
efficiengy of processesndhelpingmanageompleity.

3.1 Interaction-Oriented Programming

Merely usingthe terms*“agent” or “multiagent” to describea systemwould not ameliorateour
problems.We alsoneedspecificsolutionsbasedn agentghroughwhich the challenge®f work-
flow might be addressedWe definelnteraction-OrientedProgramming(IOP) asa collectionof
techniquesenteredaroundthe notionof interaction.As indicatedin Sectionl.3,theability to in-
teractflexibly is the mostimportantfeaturethatagentscanhave. But this feature—whickhmapsto
asetof relatedabstractionsechniques—iglsokey in workflow managemerdservisionedhere.

Key issuesinclude the autonomyand heterogeneityof agentsthe flexibility androbustness
of the multiagentsystem andthe assurancef propertiesof the resultingCIS. Accordingly, IOP
involveshigh-level primitivesfor interactionswhich synthesizensightsfrom databaseanddis-
tributedAl.

Ourresearctprogramon|OPis developingprimitivesfor the specificatiorof system®f agents
andconstrainton their behaior. Distinct primitivesarebeingstudiedfor thethreelayersof I0P:
(a) coordination[22], (b) commitmeni24], and(c) collaboration23]. Herewe focusprimarily
onthecommitmentiayer Thisincludesprimitivessuchassocietiestherolesagentamay playin
them, what capabilitiesand commitmentghey require,andwhat authoritiesthey grant. Agents
canautonomouslynstantiateabstracsocietiedy adoptingrolesin them. Thecreationoperation,
anddissolutionof societiesareachieved by agentsactingautonomouslybut satisfyingtheir com-
mitments.A commitmentanbe canceledprovidedtheagenthensatisfiethemetacommitments
applyingto its cancelation.



The representationtr IOP mustsupportseveral functionalities,which typically exist infor-
mally, andareeithereffectedby humansn someunprincipledway, arehard-codedhn applications,
or areburiedin operatingproceduresandmanuals.Informationtypically existsin datastores,n
the ervironment, or with interactingentities. The IOP contrikution is that it (a) enhancesand
formalizesideasfrom differentdisciplines,(b) separatethemoutin anexplicit conceptuameta-
modelto useasabasisfor programmingandfor programmingnethodologiesand(c) makesthem
programmable.

Thenotionof commitmentsnay be familiar from databased-dowever, in databasesommit-
mentscorrespondo a valuebeingdeclaredandareidentifiedwith the successfuterminationof
a transaction. When a transactionterminatessuccessfullyit commits, but it is not aroundary
moreto modify its commitments. Thusthe commitmentsarerigid andirrevocable. If the data
valuecommittedby onetransactiormustbe modified,a separatelogically independentransac-
tion mustbe executedto committhe modified value. Traditionalcommitmentgpresupposehat
differentcomputationsrefully isolatedandthatlockscanbeheldlong enoughthatthe atomicity
of distributedcomputationsanbe assured Although suitablefor traditionaldataprocessingfor
the above reasonstraditionalcommitmentsare highly undesirabldor information-richerviron-
ments whereautonomougntitiesmustcarry out prolongednteractionsvith oneanothef21].

Commitmentgeflectan inherenttensionbetweenpredictability and flexibility. Agentswho
cancommitareeasierto dealwith. Also, thedesiredcommitmentsere asa sortof requirements
on the constructionof the agentswho meetthosecommitments.However, commitmentgeduce
the optionsavailableto anagent.

3.2 Commitments

We proposeanalternatve characterizationof commitmentghatis bettersuitedto agentsandmul-
tiagentsystems.In our formulationthe commitmentsaredirectedto specificpartiesin a specific
context. Thusanagentmay not offer the samecommitmentdo every otheragent.The contet is
the multiagentsystemwithin which the givenagentsnteract.An agentor multiagentsystemwith
jurisdictionover someresourcesndagentds calleda sphee of commitmen{SoCom)

A commitments afour-placerelation. The debtorrefersto the agentwho makesthe commit-
ment,andthe creditor to the agentwho recevesthe commitment.Commitmentsareformedin a
contet, whichis givenby the enclosingSoCom(or, ultimately, by societyatlarge). Basedon the
above intuitions,we motivatethefollowing logical form for commitments.

A commitmentC(z, y, p, G) relatesa debtorz, a creditory, a context G, anda dis-
chageconditionp.

We definesomeusefuloperationn commitmentsyhich capturehow they arecreatedsatisfied,
canceleddelagatedto or acquiredfrom anotherparty, or releasedWe canspecifyconstraintson
whenary of theseactionsmay or mustbe performed. This enablesus to capturepoliciessuch
aswhatanagentmustdo if he cancelsa commitmentto deliver somegoodsor if heretractshis
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claim aboutthe validity of somedataitem. Someof the theoreticalaspectof commitmentsare
elaboratecklsavhere[24].

3.3 Commitmentsfor Coherence

Commitmentsarecomputationallyappliedin thefollowing manner Initially, abstracSoComsare
definedin termsof theirroles Eachrole is associateavith thecapabilitiest requiresthecommit-
mentst engendersandtheauthoritiest createsThecapabilitiesarethetaskstheagentcando, the
commitmentarewhattheagentmustdo, andtheauthoritiesarewhattheagentmaydo. Thecom-
mitments,in particular may be metacommitmentsindeed,they usually are metacommitments,
e.g.,thattheagentwill adopta basecommitmentuponreceving arequest.

At somepoint, during configurationor execution,anagentmay decideto enterinto a SoCom
asa particularrole or roles. To do so, he would have to causethe SoComto be instantiatedrom
the abstractspecification. To adopta role, the agentmust have the necessargapabilities,and
acceptthe associatedommitments.In doing so, he alsoobtainsthe authoritiesto properlyplay
therole. The agentmustthenbehae accordingto the commitments.Agentscanjoin a SoCom
when configuredby humansor during execution: this requirespublishingthe definition of the
abstracSoCom.

We consideran examplein two parts. The first dealswith electroniccommercethe second
combinesn aspect®f virtual enterprise$13]. Thecommitmentsaredesignedasedon the cor
respondingolesin humansociety

3.3.1 Electronic Commerce

We first definean abstractSoComconsistingof two roles: buyer andseller, which requirecapa-
bilities andcommitmentsbout,e.g.,therequestshey will honor andthevalidity of price quotes.
To adopttheseroles,agentamusthave the capabilitiesandacquirethe commitments Examplel
involvestwo individual agentsvho adopttherolesof Buyerand Sellerto carryoutasimpledeal.

Example1l Considera situationinvolving two agents Customemand Vendor with authorityover
their respectre databasesThe SoCommanagethasan abstractSoComfor buy-sell dealswith
the rolesof Buyerand Seller Buyets capabilitiesinclude askingfor a price quoteand placing
anorder Sellets capabilitiesincluderespondingo price quotesandacceptingordersbasedon
checkingtheinventorylocally. Buyeiscommitmentsncludepayingthequotedpricefor anything
sheorders. Sellets commitmentsnclude (a) giving price quotesin responséo requestand (b)
fulfilling ordersthathe hasaccepted.

Customenmsksthe manageto instantiatea dealbetweerher (Customeyas Buyerand Vendor
as Seller The manageilasksVendorif hewould like to join as Seller When Vendoragreesand
sincebothagentdhave therequisitecapabilities capacitiesandresourcesthe dealis setup.

Customenow wishesto checkthe price of avalve with adiameterof 21mm.Uponthereceipt
of thequeryfrom CustomerVendor—basedn its role as Seller—offersanappropriateinswerl
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3.3.2 Virtual Enterprises

Example2 considersaa moregenerakituationwheretherole of Selleris adoptedoy anagentwho
happengo be a Valvano-cum-Hoosievirtual enterprise(VE)—i.e., a SoComconsistingof the
hoseandvalve vendors. Example3 considerghe situationwherethe Valvano-cum-HoosieVE
detectsa problemin thesupplyof valvesfor whichanorderhasbeernplaced.TheVE automatically
meetdgts commitmentdy revising the orderandnotifying the customer

Now we considerthe situationwhereone or moreagentsmay form a cooperatre SoComor
team.For simplicity, we assumehatteamshave a distinguishedagentwho handlegheir external
interactions We referto this agentasthe VE.

Example2 We now considertwo agentswith authorityover the ValvanoandHoosierdatabases,
respectrely. Theseagentshave similar capabilitiesto the Sellerof Examplel. They form a VE,
called Valvano-cum-HoosieWVE, which canadoptthe role of Seller Buyerbehaes as before
andexpectsSellerto behae accordingto the buy-selldeal. However, Selleris implementedif-
ferently with commitmentsamongits memberswhich we do not elaboratehere. The possible
commitmentf the Valvano-cum-HoosieYE includethefollowing.

e TheVE will give pricequotesto aryonewho requestshem.

e TheVE will refundthepurchasericeif anorderwith matchingvalvesandhosesannotbe
fulfilled. Therearestill norefundsif anorderfor matchingvalvesandhosesanbefulfilled.

e If the VE cannotfulfill anorder it will try to find analternatve orderthatwill satisfy Cus-
tometsrequirements.

Recallthat val or hoswould not take refundsindividually. Thusa customemight be saddled
with valvesfor which matchinghosescould not befound. However, whendealingwith the VE, a
customercangetarefundin thosesituationsl

In theabove examplestheactionsareperformedoy theconstituent®f theSoCom.Sometimes,
however, it is usefulto performactionsat a higherlevel SoCom.Suchactionsarenecessarywhen
the actionsof the memberagentamustbe atomicallyperformedor undone.Example3 is related
to this situation.

Example 3 Continuingwith Example2, supposen orderfor matchingvalvesandhosess suc-
cessfullyplaced. It turnsout later that the valve manufcturerdiscontinuedhe modelthat was
ordered but recommends substitute. The substitutevalve fits differentdiameterhoseshanthe
original choice. The VE knows thatthe original ordercould be satisfiedusingthe new valve and
a differentsetof hoses.The VE canhandlethis replacemenitself and, basedon its prior com-
mitment,not chage the customerary extra. The customerdoesnot needto know of the internal
exchangeamongthe memberof the VE SoCom.Figure3 illustratesthe execution.l
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In the above example,the discontinuatiorof a valve after an orderfor it wasaccepteds a kind
of failure that arisesafter the original interactionhad ended. Traditionalapproachesvould be
inapplicablen suchasituation.

4 Discussion

We startedwith aninformal characterizatiorof workflow. Althoughworkflows are desirablein
theopen,internetworkedinformationenvironmentsof today currentworkflow technologyleaves
muchto be desired. The problemswith currenttechnologyare not onesof meredetail, but are
fundamentato the abstractionsisedfor modelingand computation.We believe thatthe careful
applicationof agentsjn theform of multiagentsystemswill yield rich dividends.

There are vast bodiesof work on both multiagentsystemsand workflow specificationand
management.Even the specifictopic of applyingagentsin workflow hasbeenstudiedbefore.
Amongthe earlieroneswassomework in the Carnotprojectthatwe previously carriedout [25].
In this work, we useda distributedexpert systemshell to implementa multiagentsystem which
wasusedto enacta telecommunicationserviceorderprocessingvorkflow. This approactused
a combinationof rulesandnonmonotonigeasoningo handleexceptions.It gotits inspirationin
partfromanETM [2].

The advanceddecisionervironmentfor decisiontasks(ADEPT) projectwas alsoappliedto
a serviceorder processingvorkflow [14]. The ADEPT projectfocusedon negotiation among
differentagentgo carry out a workflow. The agentsusespeechactsto make variousnegotiation
moves. However, the underlyingnotionof commitmentsioesnt itself allow a contectual nesting,
asin ourapproach.
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The SMART projectof the National Industrial Information InfrastructuresProtocols(NIIIP)
consortiumdealswith intelligent manufcturing[26]. A major focusof this projectis on using
agentsfor the manugcturingexecution(or "make-side”)of supplychains. Therefore,it alsoin-
volvesworkflows over virtual enterprise$9]. SMART involvesanalternatve implementatiorfor
thecommitment-basedpproactdescribecdere.

Therearesomeinterestingconceptuateasonsvhy IOP is ideally suitedto workflows. Multia-
gentsystemsandworkflows have the someimportantunifying themes.Both requireanemphasis
on

e opennessharacterizedy environmentswhosemembershi@ndbehaior changedynami-
cally

e local control in orderto presere theinterestof workflow designerandowners

e coheentbehaior insteadexclusively of consistentiatastates)eadingto global coheence
in thefaceof local control.

This leadsto a naturalmatchbetweerthetwo scientificareasandmakesseveralsynepgiesavail-
able.Herewefocusednagentappliedin workflow managementiowever, workflow techniques
for coordination(i.e.,controllogic specificatiorandexecution)alsoapplynaturallyin coordinating
agents Someof theseconnectionareexploredelsavhere[22].

Traditionally, themainstagesn theworkflow lifecycle are(a) analysisof aCIS, (b) design(c)
validationby simulation,(d) experimentaldeployment,and(e) productionuse. To thesewe add
the stageqf) organizeandcoordinateand(g) refinein situ. Eachstagein the lifecycle requires
tools. However, successfutools mustbe basedon correctmodelsand accompaniedy sound
methodologiesindpatternsof usage.

The foregoing discussiorbringsforth a numberof importantshortcomingsf currentwork-
flow technologyaslightly different,but useful,list is presentedy Kamath& Ramamrithanjl5].
Besidesaccommodatindpeterogeneityandautonomythereis needfor improved methoddor ex-
ceptionhandling.Exceptionsaredifficult to predictduringdesign.However, asthey arise humans
or softwareagentqunderhumansupervisiondo handlethem. This suggestshatfrom theroutine
practiceof exceptionhandling,newv workflow pathwaysarebuilt, yielding a seriesof increasingly
morecompleteproductionworkflows. Indeed the differentbetweerexperimentalandproduction
useis primarily oneof completenesm handlingexceptions.Thus,designandenactmenof work-
flows mustbeinterleaved. Anotherresearclissueof greatimportances specifyingandcontrolling
interactionsamongworkflow instancesandmodels.
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