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Abstract

TheSemantidNMebshouldenablegreateraccessiotonly to contentout alsoto servicesontheWeh
Usersand software agentsshouldbe ableto discover, invoke, compose and monitor Web resources
offering particularservicesand having particularproperties. As part of the DARPA Agent Markup
Languageprogram,we have begun to develop an ontology of services,called DAML-S, that will
male thesefunctionalitiespossible. In this paperwe describethe overall structureof the ontology,
the serviceprofile for adwertisingservicesandthe processnodelfor the detaileddescriptionof the
operationof services.We alsocompareDAML-S with severalindustryefforts to definestandardgor
characterizingervicesonthe Weh

1 Intr oduction: Sewiceson the SemanticWeb

Efforts toward the creationof the SemanticWeb are gainingmomentum2]. Soonit will be possibleto
accessveb resourcesy contentratherthanjust by keywords. A significantforce in this movementis
the developmentof DAML—the DARPA AgentMarkup Languagg10]. DAML enableghe creationof
ontologiedor any domainandtheinstantiationof theseontologiesn thedescriptionof specificwebsites.

Amongthemostimportantwebresourcesrethosethatprovide services By “service” we meanWeb
sitesthatdo not merely provide staticinformationbut allow oneto effect someactionor changen the
world, suchasthe saleof a productor the controlof a physicaldevice. The SemantidMeb shouldenable
userdsto locate,selectemplo/, composeandmonitor Web-basedervicesautomatically

To make useof a Web service,a software agentneedsa computetinterpretale descriptionof the
service,and the meansby which it is accessed.An importantgoal for DAML, then,is to establisha
framavork within which thesedescriptionsare madeand shared. Web sitesshouldbe able to employ
a setof basicclassesand propertiesfor declaringand describingservices andthe ontology structuring
mechanismef DAML provide the appropriatdramenork within whichto dothis.

This paperdescribes collaboratve effort by BBN TechnologiesCarngie Mellon University Nokia,
StanfordUniversity andSRIInternationato definejustsuchanontology We call thislanguageDAML-S.
We first motivateour effort with somesampletasks.In thecentralpartof the papermwe describeheupper
ontologyfor serviceghatwe have developed,including the ontologiesfor profiles, processesandtime,
andthoughtstoward a future ontology of processontrol. We thencompareDAML-S with a numberof
recenteffortsin industryto standardize markuplanguagedor services.
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2 SomeMotivating Tasks

Servicescanbe primitive in the sensehatthey invoke only a single Web-accessibleomputermprogram,
sensaror device thatdoesnot rely uponanotheM/ebservice andthereis no ongoinginteractionbetween
theuserandtheservice beyondasimpleresponseFor example,a servicethatreturnsa postalcodeor the
longitudeandlatitudewhengivenanaddressvould bein this category. Or servicesanbe comple, com-
posedof multiple primitive servicespftenrequiringan interactionor corversationbetweerthe userand
the servicessothatthe usercanmale choicesandprovide informationconditionally Ones interaction
with www.amazon.conto buy abookis like this; the usersearche$or booksby variouscriteria, perhaps
readsreviews, may or may not decideto buy, andgivescreditcardandmailing information. DAML-S is
meantto supportboth cateyoriesof servicesput of course comple serviceshave provided the primary
motivationsfor thefeaturesof thelanguagd13, 14]. Thefollowing four sampletaskswill givethereader
anideaof thekinds of taskswe expectDAML-S to enable.

1. Automatic Web sewice discovery. AutomaticWeb servicediscorery involvesthe automatidoca-
tion of Web serviceghat provide a particularserviceandthatadhereto requestedonstraints.For
example,the usermaywantto find a servicethat sellsairline ticketsbetweerntwo given citiesand
acceptsa particularcreditcard. Currently this taskmustbe performedby a humanwho might use
asearctengineto find aservice readthe Webpage andexecutethe servicemanually to determine
if it satisfieghe constraintsWith DAML-S markupof servicestheinformationnecessaryor Web
servicediscovery couldbe specifiedascomputetinterpretdle semantianarkupat the serviceWeb
sites,anda serviceregistry or ontology-enhanaksearchenginecouldbe usedto locatethe services
automatically Alternatively, a sener could proactiely adwertiseitself in DAML-S with a service
registry, alsocalledmiddleagent4, 23, 12], sothatrequestersanfind it whenthey querythereg-
istry. Thus,DAML-S mustprovide declaratie adwertisement®f servicepropertiesandcapabilities
thatcanbe usedfor automaticservicediscovery.

2. Automatic Web sewice invocation. Automatic Web serviceinvocationinvolves the automatic
executionof anidentifiedWebserviceby acomputemprogramor agent.For example theusercould
requesthepurchasef anairline ticket from a particularsiteon aparticularflight. Currently auser
mustgo to the Web site offering that service,fill outaform, andclick on a buttonto executethe
service.AlternatelytheusemightsendanHTTP requestirectly to theservicewith theappropriate
parametersn HTML. In eithercaseahumanin theloop is necessaryExecutionof a Web service
canbe thoughtof asa collectionof function calls. DAML-S markupof Web servicespravidesa
declaratve, computefinterpretald API for executingthesefunctioncalls. A softwareagentshould
be able to interpretthe markupto understandvhat input is necessaryo the servicecall, what
informationwill bereturnedandhow to executethe serviceautomatically Thus,DAML-S should
provide declaratie APIs for Web serviceghatarenecessaryor automated\Veb serviceexecution.

3. Automatic Web service composition and interoperation. This taskinvolves the automaticse-
lection, compositionandinteroperatiorof appropriatéNVeb servicego performsometask,givena
high-level descriptionof the objective of the task. For example,the usermaywantto male all the
necessaryravel arrangementfor atrip to a conference.Currently the usermustselectthe Web
services specifythe compositionmanually and malke surethatary software neededor the inter
operationis custom-created/ith DAML-S markupof Web servicestheinformationnecessaryo
selectandcomposeserviceswill beencodedttheserviceWebsites.Softwarecanbewrittento ma-
nipulatetheserepresentationgpgethemwith a specificatiorof the objectives of thetask,to achiere
thetaskautomatically Thus,DAML-S mustprovide declaratve specification®f the prerequisites



andconsequenced individual serviceusethatarenecessarfor automaticservicecompositiorand
interoperation.

4. Automatic Web service executionmonitoring. Individual servicesand,even more,compositions
of serviceswill oftenrequiresometime to executecompletely Usersmaywantto know duringthis
periodwhatthe statusof theirrequests, or their plansmayhave changedequiringalterationsn the
actionsthe softwareagenttakes. For example,usersmaywantto make suretheir hotelreseration
hasalreadybeenmade. For thesepurposesit would be goodto have the ability to find out where
in the procesgherequesis andwhetherary unanticipatedjlitcheshave appearedThus,DAML-S
shouldprovide descriptorgor the executionof services This partof DAML-S is agoalof ours,but
it hasnotyetbeendefined.

Any Web-accessiblprogram/sensor/die thatis declaed asa servicewill beregardedasa service.
DAML-S doesnotprecludedeclaringsimple,staticwebpagedo beservices But our primary motivation
in definingDAML-S hasbeento supportmorecomple taskslik e thosedescribedabove.

3 An Upper Ontology for Serices

TheclassServicestandsatthetop of ataxonomyof servicesandits propertiesarethepropertieshormally
associatedvith all kinds of services.The upperontologyfor servicess silentasto whatthe particular
subclassesf Serviceshouldbe, or even the conceptualbasisfor structuringthis taxonomy but it is
expectedthatthetaxonomywill be structuredaccordingto functionalanddomaindifferencesandmarket
needs. For example, one might imagine a broad subclassB2C-transactionwhich would encompass
servicedor purchasingtemsfrom retail web sites trackingpurchasestatus gstablishingandmaintaining
accountswith the sites,andsoon.

Our structuringof the ontologyof serviceds motivatedby the needto provide threeessentiatypesof
knowledgeabouta service(shavn in figure 1), eachcharacterizethy the questionit answers:

e Whatdoesthe servicerequire of the user(s),or otheragents,and provide for them?The answetrto
this questionis givenin the“profile”’. Thus,the classServicepresents ServiceProfile

e How doesit work? The answerto this questionis givenin the “model”. Thus,the classServiceis
describedBya ServiceModel

e Howi s it used? The answerto this questionis givenin the “grounding”. Thus,the classService
supportsa ServiceGrounding

ThepropertiesoresentsdescribedByand supportarepropertieof Service The classesServicePro-
file, ServiceModeland ServiceGroundingrethe respectie rangesof thoseproperties.We expectthat
eachdescendantlassof Service suchas B2C-transactionwill presenta descendantlassof Service-
Profile be describedBya descendantlassof ServiceModeland supporta descendantlassof Service-
Grounding Thedetailsof profiles,models,andgroundingsnay vary widely from onetype of serviceto
another—thatis, from onedescendantlassof Serviceto another But eachof thesehreeclasseprovides
anessentiatype of informationaboutthe service ascharacterizeth therestof the paper

The serviceprofile tells “what the servicedoes”; thatis, it givesthetype of informationneedediy a
service-seekinggentto determinewvhetherthe servicemeetsts needgtypically suchthingsasinputand
outputtypes,preconditionsandpostconditionsandbinding patterns) Ultimately, we will wantto beable

A serviceprofile hasalsobeencalledservicecapabilityadwertisemen{19]
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Figurel: Toplevel of the serviceontology

to uselogical rulesin sucha specificatiorfor expressingnteractionsamongparametersFor instancea

rule might saythatif a particularinputargumentis boundin a certainway, certainotherinput alguments
may not be neededor may be provided by the serviceitself. Indeed,asDAML andDAML-S evolve,

logical rules,andinferentialapproacheenabledy them,arelikely to play anincreasinglyimportantrole

in modelsandgroundingsaswell asin profiles. Seg[5] for additionalexamples.

Theservicemodeltells “how theserviceworks”; thatis, it describesvhathappensvhentheserviceis
carriedout. For non-trivial servicegthosecomposef several stepsover time), this descriptionmay be
usedby a service-seekinggentin atleastfour differentways: (1) to performa morein-depthanalysisof
whetherthe servicemeetdts needs|2) to composeservicedescriptiongrom multiple servicedo perform
a specifictask; (3) duringthe courseof the serviceenactment{o coordinatethe actiities of the different
participants{4) to monitorthe executionof the service.For non-trivial servicesthefirst two tasksrequire
amodelof actionandprocessthelasttwo involve, in addition,anexecutionmodel.

A servicegrounding(“grounding”for short)specifieghedetailsof how anagentcanaccessservice.
Typically a groundingwill specifya communicationgrotocol(e.g.,RPC,HTTP-FORM,CORRBA IDL,
SQAP, Java RMI, OAA ACL [12]), andservice-specifidetailssuchasport numbersusedin contacting
the service.In addition,the groundingmustspecify for eachabstractype specifiedn the ServiceModel
an unambiguousvay of exchangingdataelementsof that type with the service(thatis, the marshal-
ing/serializationtechniqguesemplo/ed). The likelihoodis that a relatvely small setof groundingswill
cometo be widely usedin conjunctionwith DAML services. Groundingswill be specifiedat various
well-knowvn URIs.

Generallyspeaking the ServiceProfileprovides the information neededfor an agentto discover a
service.Takentogetherthe ServiceModeand ServiceGroundingbjectsassociatewvith aserviceprovide
enoughinformationfor anagentto make useof aservice.

The upperontology for servicesdeliberatelydoesnot specify any cardinalitiesfor the properties
presentsdescribedByand supports Although, in principle, a serviceneedsall three propertiesto be
fully characterizedit is possibleto imaginesituationsin which a partial characterizatiortould be use-
ful. Hence,thereis no specificationof a minimum cardinality Further it shouldcertainly be possible
for a serviceto offer multiple profiles, multiple models,and/ormultiple groundings.Hence thereis no



specificatiorof amaximumcardinality

In generalthereneednot exist aone-to-oneorrespondendeetweerprofiles,models,and/orground-
ings. Theonly constrainamongthesethreecharacterizationthatmight appropriatelybe expressedtthe
upperlevel ontologyis thatfor eachmodel,theremustbeat leastonesupportinggrounding.

In the following two sectionswe discussthe serviceprofile andthe servicemodelin greaterdetail
(Servicegroundingsarenot discussedurther, but will be coveredin greaterdepthin a subsequenpubli-
cation.)

4 Sewice Profiles

A serviceprofile provides a high-level descriptionof a serviceandits provider [20, 19]; it is usedto
requestbor adwertiseserviceswith discovery/locationregistries. Serviceprofilesconsistof threetypesof
information: a humanreadabledescriptionof the service;a specificationof the functionalitiesthat are
provided by the service;and a host of functional attributeswhich provide additionalinformation and
requirementgboutthe servicethatassiswwhenreasoningaboutseveral serviceswith similar capabilities.
Servicefunctionalitiesarerepresente@dsa transformatiorfrom the inputsrequiredby the serviceto the
outputsproduced.For example,a news reportingservicewould adwertiseitself asa servicethat, givena
date,will returnthenews reportedon thatdate.Functionalattributesspecifyadditionalinformationabout
theservice suchaswhatguaranteesf responsegime or accurag it provides,or the costof theservice.

While serviceprovidersusethe serviceprofile to adwertisetheir services servicerequestersisethe
profile to specify what servicesthey needand what they expectfrom sucha service. For instance,a
requestemay look for a news servicethatreportsstockquoteswith no delaywith respecto the market.
The role of the registriesis to matchthe requestagainstthe profiles advertisedby other servicesand
identify which servicesprovide thebestmatch.

Implicitly, the serviceprofilesspecifythe intendedpurposeof the service becausehey specifyonly
thosefunctionalitiesthat are publicly provided. A book-sellingservicemay involve two differentfunc-
tionalities: it allows otherservicesto browseits siteto find booksof interest,andit allows themto buy
the booksthey found. The book-sellethasthe choiceof adwertisingjust the book-tuying serviceor both
the browsing functionality andthe buying functionality In the latter casethe servicemakespublic thatit
canprovide browsing servicesandit allows everybodyto browseits registry without buying a book. In
contrast,by adwertisingonly the book-sellingfunctionality but not the browsing, the agentdiscourages
browsing by requestershat do not intendto buy. The decisionasto which functionalitiesto adwertise
determinediow the servicewill be used:arequestethatintendsto brovsebut notto buy would selecta
servicethatadwertisesboth buying andbrowsing capabilities put not onethatadwertisesbuying only.

Theserviceprofile containsonly theinformationthatallows registriesto decidewhich advertisements
arematchedoy arequest.To this extent,theinformationin the profile is a summaryof theinformationin
the procesanodelandservicegrounding.Where,asin the abore example,the servicedoesnot adwertise
someof its functionalities,they will not be part of the serviceprofile. But they are part of the service
modelto the extentthatthey areneededor adchieving the adwertisedservices.For example,looking for
a book is an essentiabrerequisitefor buying it, soit would be specifiedin the processmodel, but not
necessarilyn the profile. Similarly, informationaboutshippingmay appeamvithin the processmodelbut
notthe profile.

4.1 Description

Informationaboutthe service,suchasits provenanceatext summaryetcis provided within the profile.
Thisis primarily for useby humanusersalthoughthesepropertiesareconsidereavhenlocatingrequested
services.



4.2 Functionality Description

An essentiatomponenbf the profile is the specificatiorof whatthe serviceprovidesandthe specification
of the conditionsthat have to be satisfiedfor a successfuresult. In addition, the profile specifieswhat
conditionsresultfrom the serviceincludingthe expectedandunexpectedresultsof the serviceactity.

Theserviceis representetly i nput andout put propertiesof theprofile. Theinputpropertyspeci-
fiestheinformationthatthe servicerequireso proceedwvith the computationFor example,abook-selling
servicecouldrequirethe credit-cardhumberandbibliographicalinformationof the bookto sell. The out-
putsspecifywhatis the resultof the operationof the service.For the book-sellingagentthe outputcould
beareceiptthatacknavledgesthesale.

<rdf:Property rdf:ID="input">
<rdf s: conment >
Property describing the inputs of a service in the Service Profile
</ rdf s: coment >
<rdfs:domain rdf:resource="#ServiceProfile"/>
<rdfs:subPropertyX rdf:resource="#paraneter"/>
</rdf:Property>

While inputsandoutputsrepresenthe service they arenotthe only thingsaffectedby the operations
of the service. For example,to completethe salethe book-sellingservicerequiresthat the credit card
is valid andnot overdravn or expired. In addition,the resultof the saleis not only thatthe buyer owns
the book (asspecifiedby the outputs),but thatthe bookis physicallytransferredrom the the warehouse
of the sellerto the houseof the buyer Theseconditionsarespecifiedby pr econdi t i on andef f ect
propertiesof theprofile. Preconditionpresenbneor morelogical conditionsthatshouldbesatisfiedorior
to the servicebeingrequestedTheseconditionsshouldhave associate@xplicit effectsthatmayoccuras
aresultof theservicebeingperformed.Effectsareeventsthatarecausedy the successfuéxecutionof a
service.

<rdf:Property rdf: I D="preconditions">
<rdfs: domai n rdf:resource="#ServiceProfile"/>
<rdfs:range rdf:resource="#Thi ng"/ >
</rdf:Property>

The serviceprofile also providesa specifictype of preconditionscalledaccessCondi t i ons that
areexpectedto betruefor the serviceto succeedbut they arenot modifiedby the actvity of theservice.
Accessconditionsareusedwhentheaccesso theserviceis restrictedo only someusers:as,for example,
servicesthat are restrictedto usersaffiliated to someorganization. For instance,to accessa classified
news servicea userneedsto have somelevel of clearancedetailsaboutit would be specifiedas an
accessCondi tion.

Finally, the Profile allows the specificationof whatdonmai nResour ces areaffectedby the useof
the service. Thesedomainresourcesnay include computationakresourcesuchas bandwidthor disk
spaceaswell asmorematerialresourcesonsumedvhenthe servicecontrolssomemachinery This type
of resourcemayincludefuel, or materialsmodifiedby themachine.

4.3 Functional Attrib utes

In the previous sectionwe introducedthe functionaldescriptionof servicesyet thereare otheraspects
of servicesthatthe usersshouldbe aware of. Whilst a servicemay be accessedrom anywhereon the
Internet,it may only be applicableto a specificaudience.For instance althoughit is possibleto order
food for delivery from a Pittshurgh-basedestaurantvebsitein general,one cannotreasonablyexpectto
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do this from California. Functionalattributesaddresshe problemthatthereareotherpropertieshatcan
be usedto describea serviceotherthana functionalprocessThesepropertiesaredescribedelow.

geographicRadius The geographiaadiusrefersto the geographicscopeof the service. This may be at
theglobalor nationalscale(e.g.for e-commercedr atalocal scale(eg pizzadelivery).

degreeOfQuality This property provide qualificationsaboutthe service. For example, the following
two sub-propertiesreexamplesof differentdegreesof quality, andcould be definedwithin some
additionalontology

sewiceParameter An expandabldist of propertiegshatmayaccompan a profile description.

communicationThru This propertyprovidesa high-level summaryof how a servicemay communicate,
suchaswhatagenttommunicationanguagdACL) is used(eg FIPA, KQML, SQAP etc). Thissum-
marizesthe descriptiongprovided by the servicegroundingandare usedwhenmatchingservices;
but is notintendedo replacethe detail provided by the servicegrounding.

sewiceType The servicetype refersto a high level classificationof the service,for exampleB2B, B2C
etc.

sewiceCategory Theservicecatayory refersto anontologyof serviceghatmay be on offer. High level
servicescould include Productsas well as ProblemSolving Capabilities,CommercialServices,
Informationandsoon.

qualityGuar entees Theseare guaranteeshat the servicepromisesto deliver, suchas guaranteeindo
provide the lowestpossibleinterestrate,or aresponsavithin 3 minutes,etc.

qualityRating The quality rating property representsan expandabldist of rating propertiesthat may
accompan a serviceprofile. Theseratingsreferto industryacceptedatings,suchasthe Dun and
BradstreeRatingfor businessesr the Starratingfor Hotels. For example:

<l-- Dun and Bradstreet Rating -->

<rdf:Property rdf:|D="dAndBRati ng" >
<rdfs:subPropertydf rdf:resource="#qualityRating" />

</rdf:Property>

As aresultof theserviceprofile, the user beit ahuman,a programor anotherservice would beable
to identify whatthe serviceprovides, what conditionsresultfrom the serviceandwhetherthe serviceis
available,accessiblendhow it comparesvith otherfunctionally equivalentservices.

5 Modeling ServicesasProcesses

A moredetailedperspectie on servicess thata servicecanbe viewed asa process We have defineda
particularsubclasof ServiceModelthe ProcessModefas shavn in figure 2), which dravs uponwell-
establishedvork in a variety of fields, suchas Al planningand workflow automation,and which we
believe will supporttherepresentationaleedsf avery broadarrayof servicesontheWeh

Thetwo chiefcomponent®f aprocessnodelaretheprocesswhich describes servicein termsof its
componengctionsor processesandenablegplanning,compositionandagent/servicenteroperationand
the proces<ontiol mode] which allows agentdo monitortheexecutionof aservicerequestWe will refer
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Figure2: Top level of procesanodelingontology

to thefirst partasthe Proces®©ntologyandthe secondasthe ProcessControl Ontology Only theformer
hasbeendefinedin the currentversionof DAML-S, but belov we briefly describeour intentionswith

regardto thelatter We have defineda simpleontologyof time, describedelow; in subsequentersions
thiswill be elaboratedWe alsoexpectin afutureversionto provide anontologyof resources.

5.1 The ProcesOntology

We expectour procesontologyto sene asthebasisfor specifyingawide arrayof servicesln developing
the ontology we drew from a variety of sourcesjncludingwork in Al on standardizationsf planning
languageg$8], work in programminganguagesnddistributed systemg16, 15], emeging standardsn
businesgprocessandworkflow technology(http://www.aiim.omg/wfmc/mainframe.htm)ywork on model-
ing verb semanticandevent structure[17], work in Al on modelingcomplec actions[11], andwork in
agentcommunicatiorlanguage$12, 9.

The primary kind of entity in the ProcesOntologyis, unsurprisingly a “process® A processcan
have ary numberof inputs,representinghe informationthatis, undersomeconditions,requiredfor the
executionof the process.It canhave ary numberof outputs,the informationthat the procesprovides,
conditionally afterits execution. Participantsand other parametersnay be specified;for example,the
participantamayincludetherolesin the eventframe,suchasthe agentspatient,andinstrumentwhereas
other parametersespeciallyfor physicaldevices, might be rates,forces,andknob-settings.Therecan
be ary numberof preconditionswhich mustall hold in orderfor the procesgo be invoked. Finally, the
procescanhave ary numberof effects.

A processanoftenbe viewed eitherasa primitive, undecomposablprocessor asa compositepro-

8This term was choserover the terms“event” and“action”, in partbecausét is more suggestie of internalstructurethan
“event” and becauseat doesnot necessarilypresumean agentexecutingthe processandthusis more generalthan “action”.
Ultimately, however, the choiceis arbitrary It is modeledaftercomputationaprocedure®r planningoperators.



cess,decomposablito a complex of otherprimitive or compositeprocesses Either perspectie may
be the more usefulin somegiven context. Thus, a top-level PROCESS classhas, asits sole subclass,
ComPOSITEPROCESS, whichin turnis subclassedy a variety of controlstructures.

More preciselyin DAML-S:

e Process

<rdfs:d ass rdf: 1 D="Process">
<rdf s: comrent > Top-|evel class for describing how a service works
</ rdf s: conment >

</rdfs: d ass>

ClassPRrocEss hasrelatedpropertiesparameterinput, output participant preconditionand(con-
ditional) effect Eachof thesepropertiesangesover a DAML object,which, atthe upperontology
level, is notrestrictedatall. Thepropertiesnput output andparticipaniarecatayorizedassubprop-
ertiesof parameterSubclassesf Procesdor specificdomainscanuseDAML languageslements
to indicatemorespecificrangerestrictions aswell ascardinalityrestrictionsfor eachof theseprop-
erties.

Thefollowing is anexampleof a propertydefinition:

<rdf:Property rdf:|D="paranmeter">

<rdfs:domai n rdf:resource="#Process"/>

<rdfs:range rdf:resource=""http://ww.danl .org/2001/03/dan +oi | #Thi ng"/ >
</rdf: Property>

In additionto its action-relategropertiesa Proces$iasa numberof bookkeepingpropertiessuch
asname(rdf.literal) addresgURI), documentsreaflJRI), documentsupdatgd/RI), andsoon.

e CompositePiocess

<rdfs: d ass rdf: | D="ConpositeProcess">
<rdfs:subC assOf rdf:resource="#Process"/>
</rdfs:d ass>

<rdf:Property rdf:1D="conponents">
<rdf s: coment >
Hol ds the specific arrangenent of subprocesses.
</ rdf s: conment >
<rdf s: domai n rdf:resource="#ConpositeProcess"/>
</rdf: Property>

Compositeprocesseareprocessethathave additionalpropertiexalledcomponentso indicatethe
orderingandconditionalexecutionof thesubprocessdsom whichthey arecomposedForinstance,
the compositeprocess SEQUENCE, hasa componentgropertythatrangesover a PROCESSLIST (a

list whosetemsarerestrictedo besimpleor compositgrocesses)n theprocessupperontology”,

we have attemptedto comeup with a minimal set of processclasseghat can be specializedto

describea variety of Web services. This minimal set consistsof SequenceSplit, Split + Join,

Choice,UnorderedCondition,If-Then-Else lterate,Repeat-WhileandRepeat-Until.
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Note thatwhile a compositeprocesss a processandthushasslotsfor preconditionsandeffects,
theremay be no easyway to computethesevaluesfor an arbitrary compositeprocessgiven its
componensub-processes.

Thereare two fundamentakelationsbetweenprocessesand compositeprocesses.The EXPAND
relation associates Processwith the CompositeProcesdescribingits componentsubprocesses,
while its inverse,the COLLAPSE relationrepresentshe associatiorof the CompositeProcess
its atomicProces$orm. Expandings intendedo provide a“glassbox”andcollapsinga“blackbox”
view of the processTheexpandedrersionis likely to beusedfor servicecompositionbothoff-line
andruntime)andthe collapsedversionfor serviceexecution.

Theminimal setof compositiontemplategsubclassesf CompositeRyces} is asfollows:

Sequence: A list of Processe$o be donein order We usea DAML restrictionto restrictthe
component®f a Sequenc@rocesdo beaList of subprocessegsimpleand/orcomposite).

<rdfs: d ass rdf:|D="Sequence">
<rdf s: subCl assOf rdf:resource="#ConpositeProcess"/>
<rdf s: subd assOf >
<dani : Restriction>
<dam : onProperty rdf:resource="#conponents"/>
<dani :toC ass rdf:resource="#ProcessList"/>
</ dam : Restriction>
</rdfs:subd assO >
</rdfs:d ass>

Split : Thecomponent®f a Split processarea bagof sub-processe® be executedconcurrently
No furtherspecificatioraboutwaiting or synchronizationis madeat this level.

<rdfs:C ass rdf: I D="Split">
<rdf s: subCl assOf rdf:resource="#ConpositeProcess"/>
<rdf s: subd assOf >
<dam : Restriction>
<dami : onProperty rdf:resource="#conponents"/>
<dani :toC ass rdf:resource="#ProcessBag"/>
</dam : Restriction>
</rdf s: subd assO >
</rdfs: d ass>

Splitis similar to otherontologies’useof Fork, Concurrentor Parallel. We usethe DAML
sameClassAfeatureto accommodatéhe differentstandard$or specifyingthis.

Unordered : Here a bag of processeganbe executedin ary order No further constraintsare
specified All processemustbe executed.

Split+Join : Herethe processonsistsof concurreniexecutionof a bunchof sub-processeswith
barriersynchronizationWith SplitandSplitandJoin,we candefineprocessethathave partial
synchronizatior{e.g.,split all andjoin somesub-bag).

Choice : Choiceis a compositeprocesswith additionalproperties‘chosen”and “chooseFrom”.
Thesepropertiecanbeusedbothfor procesandexecutioncontrol(e.g.,choosdrom “choose-
From” anddo “chosen”in sequencepr chooserom “chooseFrom’anddo “chosen”in paral-
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5.2

" w

lel) aswell for constructingnew subclassebk e “chooseatleastn from m”, “chooseexactly n

from m”, “chooseat mostn from m”?, andsoon.

Condition : Conditionsare compositeprocessesvith an outputproperty(condition\alue) whose
rangeis a binaryvalue. Conditionsusuallycorrespondo testactions,but they maybe world
statesresourcdevels,timeoutsor otherthingsaffecting the evolution of processes.

If-Then-Else : Thelf-Then-ElseClassis a compositeprocesshat haspropertiescondition, then
and else holding different aspectsof the If-Then-Elsecompositeprocess. Its semanticds
intendedas“Testlf-condition; if Truedo Then if Falsedo Else’

<rdf:Property rdf:1D="ifCondition">

<rdfs:comment> The if condition of an if-then-el se</rdfs: coment >

<rdf s: domai n rdf:resource="#If-Then-El se"/>
<rdfs:range> rdf:resource ="#Condition" </rdfs:range>
</rdf: Property>

<rdf:Property rdf:1D="then">
<rdfs:domain rdf:resource="#lf-Then-El se"/>
<rdf s: range rdf:resource="#ConpositeProcess"/>
</rdf:Property>

<rdf:Property rdf:1D="el se">
<rdfs:domai n rdf:resource="#lf-Then-El se"/>
<rdf s: range rdf:resource="#ConpositeProcess"/>
</rdf: Property>

Iterate : Iterateis a compositeprocesswhosenext processproperty hasthe samevalue asthe
currentprocess.Repeats definedasa synorym of the iterateclass. The repeat/iteratgro-
cessmalkesno assumptiorabouthow mary iterationsaremadeor whento initiate, terminate
or resume. The initiation, terminationor maintainancecondition could be specifiedwith a
whileConditionor anuntilConditionasbelaw.'®

Repeat-Until : The Repeat-Untilclassis similar to the Repeat-Whileclassin that specializeshe
I-Then-Elseclasswherethe “ifCondition” is the sameas the untilCondition and different
from the Repeat-Whileclassin thatthe “else” (comparedo “then”) propertyis the repeated
processThusthe procesgepeatdill theuntilConditionbecomedrue.

ProcessControl Ontology

A processinstantiationrepresentsa complex processthat is executingin the world. To monitor and
control the executionof a processan agentneedsa modelto interpretprocessnstantiationswith three
characteristics:

1. It shouldprovide the mappingrulesfor the variousinput statepropertieqinputs, preconditions}o

the correspondingutputstateproperties.

9This can be obtained by restricting the size of the ProcessBag that correspondsto the “components”of the cho-
sen and chooseFromsubprocessesising cardinality min-cardinality max-cardinalityto get choose(n,m)(0 < n <
|components(chooseFrom)|,0 < m < |components(chosen)|).

10Anotherpossibleextensionis to ability to definecountersandusetheir valuesasterminationconditions. This could be part
of anextendedprocessontrolandexecutionmonitoringontology
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2. It shouldprovide a model of the temporalor statedependenciedescribecby the sequencesplit,
split+join, etcconstructs.

3. It shouldprovide representationfor messageaboutthe executionstateof atomicand composite
processesuficient to do executionmonitoring. This allows anagentto keeptrack of the statusof
executionsjncluding successfulfailed andinterruptedprocessesandto respondo eachappropri-
ately

We have not defineda processontrolontologyin the currentversionof DAML-S, butwe plantoin a
futureversion.

5.3 Time

For theinitial versionof DAML-S we have defineda very simpleupperontologyfor time. Therearetwo
classe®f entities—instantsandintenvals Eachis a subclas®f temporal-entity

Thereare threerelationsthat may obtain betweenan instantand an interval, definedas DAML-S
properties:

1. The Start-ofpropertywhosedomainis the Intenal classandwhoserangeis aninstant.
2. The End-ofpropertywhosedomainis the Intenal classandwhoserangeis anInstant.
3. Thelnsidepropertywhosedomainis the Intenal classandwhoserangeis anInstant.

No assumptionis madethatintenals consistof instants.

Therearetwo possiblerelationsthat may obtain betweena processandone of the temporalobjects.
A processmay be in an at-timerelationto an instantor in a during relationto an interval. Whether
a particularprocesss viewed asinstantaneousr asoccuringover an intenal is a granularitydecision
that may vary accordingto the contet of use. Theserelationsare definedin DAML-S aspropertiesof
processes.

1. The At-time property:its domainis the Proceslassandits rangeis anInstant.
2. The During property:its domainis the Procesxlassandits rangeis aninterval.

Viewed asintenals, processesould have propertiessuchasstartTime andendTime which aresyn-
onymous(daml:samePropertyAsjith the Start-OfandEnd-Ofrelationthatobtainsbetweerintenalsand
instants.

Onefurther relation canhold betweentwo temporalentities—thebefole relation. The intendedse-
manticsis thatfor aninstantor interval to be beforeanothernstantor interval, therecanbe no overlap
or alutmentbetweenthe former andthe latter In DAML-S the Before propertywhosedomainis the
Temporal-entityclassandwhoserangeis a Temporal-entity

Differentcommunitieshave differentwaysof representinghetimesanddurationsof statesandevents
(processes) For example, statesand eventscan both have durations,and at leasteventscan be instan-
taneousor eventscanonly be instantaneouandonly statescan have durations. Eventsthat one might
considerashaving duration(e.g.,heatingwater)are modeledasa stateof the systemthatis initiatedand
terminatedby instantaneousvents. Thatis, thereis the instantaneousvent of the startof the heating
atthe startof anintenal, thattransitionsthe systeminto a statein which the wateris heating. The state
continuesuntil anotherinstantaneousvent occurs—thestoppingof the event at the endof the interval.
Thesetwo perspecties on eventsare straightforvardly interdefinablen termsof the ontologywe have
provided. Thus,DAML-S supportsoth.
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Thevariousrelationsbetweerintenalsdefinedin Allen’stemporalintenal calculug 1] canbedefined
in a straightforvard fashionin termsof befoe andidentity Thus,in the nearfuture,whenDAML is aug-
mentedwith the capabilityof defininglogical rules,it will be easyto incorporateheintenal calculusinto
DAML-S. In addition,in future versionsof DAML-S we will defineprimitivesfor measuringdurations
andfor specifyingclock andcalendatime.

6 Example Walk-Thr ough

To illustrate the conceptsdescribedn this paper we have developedan exampleof a fictitious book-
buying serviceoffered by the Web serviceprovider, Congolnc. Congohasa suite of programsthat
they aremakingaccessiblen the Weh Congowishesto composetheseindividual programsinto Web
serviceghatit offersto its users.We focushereon the Web serviceof buying a book, CongoBuy In the
DAML-S releasewe present walk-throughthat stepsthroughthe processof creatingDAML-S markup
for Congd™.

We take the perspectie of thetypical Web serviceprovider andconsiderthreeautomatiorntasksthat
a Web serviceprovider might wish to enablewith DAML-S: 1) automaticWeb servicediscorery, 2)
automaticWeb serviceinvocation,and3) automaticWeb servicecompositionandinteroperation For the
purpose®f this paperwe limit our discussiorto the seconcandthird tasks.

6.1 Web Sewvice Invocation

ToautomataVebServicelnvocation, DAML-S markupmusttell aprogramhow to automaticallyconstruct
an (http) call to executeor invoke a Webservice andwhatoutput(s)may bereturnedfrom the service.To

enablesuchfunctionality the processontologyin DAML-S provides markupto describeindividual and
compositéVeb-accessiblprogramsaseithersimpleor compositeprocesses.

6.1.1 Definethe Serwice asa Process

Congolnc. providesthe CongoBuyWebserviceto its customersWe view the CongoBuyWeb serviceas
aProcessi.e., it is asubclas®f the classProcessn the procesontology

<rdfs: d ass rdf: | D="CongoBuy" >
<rdfs: subd assOf rdf:resource=
"https://ww. ww. dam . or g/ servi ces/ dam -s/ 2001/ 05/ Pr ocess#Process"/ >
</rdfs: d ass>

Althoughthe CongoBuyserviceis actuallya predetermined@dompositionof several of Congos Web-
accessiblgorogramsit is usefulto initially view it asa black-boxprocess.The black-boxprocessCon-
goBuyhasavarietyof invocation-relgart propertiesjncludinginput, (conditional)outputandparameter
For example,inputto the CongoBuybook-hiying serviceincludesthe nameof thebook (bookName)the
customers creditcardnumbey andtheir accountnumberandpasswerd. If the servicebeingdescribeds
simplein thatit is notthecompositiorof otherserviceor programsthenthe serviceinputsaresimply the
setof inputsthatmustbeprovidedin theserviceinvocation. The outputsarethe outputsreturnedrom the
serviceinvocation. Note thattheseoutputsmay be conditional. For examplethe outputof a book-huying
servicewill vary dependinguponwhetherthebookis in or out of stock.

In contrast,if the serviceis composedof other services,as is the casewith CongoBuy thenthe
rationalefor specificationof the inputs, outputsand parameterss moredifficult, andthe utility of these
propertieds limited. In the simplestcase theinputsandoutputsof the black-boxprocesscanbe defined

1The Congoexamplecanbe foundat https://iwww.www.daml.org/services/daml- s/2001/05/Congo.daml.
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to be the compositionof all the possibleinputsandall the possible(conditional) outputsof the simple
servicesthat the black-boxprocesamay invoke, taking every possiblepath throughthe compositionof
simpleservicesNote however thatthis is notavery exactingspecificationln particular the collectionof
outputsmay be contradictory(e.g.,onepathof CongoBuymayleadto confirmationof a purchasewhile
anothemayleadto confirmationof no purchase)Theconditionsunderwhichinputsandoutputsariseare
encodedxactly in the expandof this black-boxprocessandcanberetrieved from the expandedorocess.
Theinputs,outputsandparameterfor the black-boxprocessaredesignedo beausefulshorthandThus,
it could be aguedthatthe inputsandoutputsshoulddescribethe mostlikely inputsandoutputsthrough
thesystem.However, in somecaseseventhisis difficult to define.For now, DAML-S leavesthisdecision
up to theWebserviceprovider.

Thefollowing is an exampleof oneinputto CongoBuy Notethatit is a subpropertyof the property
input of Processfrom the processnodel.

<rdf: Property rdf:|D="bookNanme" >
<rdfs:subPropertyXd rdf:resource=
"https://www. ww. dam . or g/ servi ces/ dam - s/ 2001/ 05/ Pr ocess#i nput "/ >
<rdf s: domai n rdf:resource="#CongoBuy"/>
<rdfs:range rdf:resource="#rdfs: Literal"/>
</rdf:Property>

An outputcansimilarly be definedasa subpropertyof the propertyoutputof Processin arealbook-
buying service,this outputwould likely be conditionedon the book beingin stock, or the customers
creditcardbeingvalid, but to simplify our example,we assumeaCongohasan infinite supply of books,
andinfinite generosity

<rdf: Property rdf:|D="eRecei pt Qut put">
<rdfs:subPropertyXd rdf:resource=
"https://ww.danm . org/ servi ces/dan - s/ 2001/ 05/ Pr ocess#out put"/ >
<rdfs:range rdf:resource="#EReceipt"/>
</rdf: Property>

In additionto input and output properties,eachservicehas parametemproperties. A parametelis
somethingthat affectsthe outcomeof the processput which is not an input provided by the invoker of
the processlt maybeknown by theservice or retrieved by the servicefrom elsavhere.For example the
factthatthe customers creditcardis valid, is a parametein our CongoBuyprocessandis relevantwhen
consideringheuseof the CongoBuybut it is notaninput or outputof CongoBuy

<rdf:Property rdf:ID="creditCardValidity">
<rdfs:subPropertyXd rdf:resource=
"https://ww. danm . or g/ servi ces/ dam - s/ 2001/ 05/ Process. daml #par aneter"/ >
<rdfs:range rdf:resource="#ValidityType"/>
</rdf: Property>

6.1.2 Definethe Processasa Composition of Processes

Giventhe variability in the specificationof inputs, outputsand parametersit is generallyinsuficient to
simply specifya serviceasa black-boxprocessjf the objective is to automateserviceinvocation. We
mustexpandthe black-boxserviceto describats compositeprocessesThis is achieved by first defining
theindividual processeandthendefiningtheir compositionasa compositeprocess.

Definethe Individual Processes
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Wefirst defineeachof thesimpleservicesn CongoBuyi.e.,LocateBookPutinCartetc. asasubclass
of theblack-boxprocessCongoBuy

<rdfs:d ass rdf:|D="Locat eBook" >
<rdfs:subd assO rdf:resource="#CongoBuy"/ >
</rdfs: d ass>

We mustalsoidentify the relevantinput, outputandparameterso thatindividual process.Thereare
mary waysto dothis. E.g.,

<rdf: Property rdf:I|D="I ocat eBookl nput ">
<dam : sanePropertyAs rdf:resource="#bookNane"/ >
</rdf: Property>

ThePutInCartprocesalternatelyillustratesthe useof anorymoussubclassvith restrictionto specify
bookNameasinput.

<rdfs:C ass rdf: I D="PutlnCart">
<rdfs:subd assO rdf:resource="#CongoBuy"/ >
<rdf s: subd assOf >
<dam : Restriction>
<daml : onProperty rdf:resource=
"https://ww.dam . or g/ servi ces/dam - s/ 2001/ 05/ Pr ocess#i nput "/ >
<daml : sanmePr opertyAs rdf:resource="#bookNanme"/ >
</ dam : Restriction>
</rdfs:subd assOf >
</rdfs:C ass>

Furtherexamplesof simpleprocessesanbefoundin the Congolnc. processpecificatioh?.

Definethe Composition of the Individual Processes

The compositionof eachof our simple servicescan be definedby usingthe compositionconstructs
createdin the processontology i.e., SequenceSplit, Split + Join, Unordered,Condition, If-Then-Else,
Repeat-WhileRepeat-Until. We first createan expandclassandthenconstructthe overall expandclass
recursvely in atop- down manner

<expand>
<rdfs: d ass> rdfs: about
<rdfs: C ass> rdfs: about
</ expand>

"#CongoBuy" </ rdfs: C ass>
"#ExpandedCongoBuy" </ rdf s: d ass>

Eachprocesdhasa propertycalledcomponentgitself a bagof processes)The processes the bag
may be othersimpleor compositeprocessesAs such,they recursiely definethe compositionof simple
processethatdefinesthe black-boxprocesCongoBuy

TheexpandedCongoBuyprocesgExpandedCongoBuy3 comprisedf asequencef two processes,
asimpleprocesghatlocatesa book (LocateBook),anda comple« procesghatbuys the book (CongoB-
uyBook). We definethemasfollows:

2https:/ivwwdaml.og/services/daml-s/2001/05/Congo.daml.
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<rdfs: d ass rdf:|D="ExpandedCongoBuy" >
<dam : subd assOF rdf:resource=
"https://ww. dam . or g/ servi ces/ dam -s/ 2001/ 05/ Process. dani #Sequence"/ >
<dam : subd assOf >
<damni : Restricti on>
<daml : onProperty rdf:resource=
"https://ww.dam . or g/ servi ces/ dam -s/ 2001/ 05/ Process. dan #conponent s"/ >
<daml : t oCl ass>
<damn : subC assCOf >
<damn : uni onOX rdf: parseType="dani : col | ection">
<rdfs: d ass rdfs: about ="#Locat eBook"/ >
<rdfs: d ass rdfs: about ="#CongoBuyBook" />
</ dam : uni onCf >
</ dam : subC assCOf >
</ dam : t oCl ass>
</dam : Restriction>
</ dam : subd assCOf >
</rdfs: d ass>

In thefull Congo.damkxample,CongoBuyBookis a compositeprocesghatis furtherdecomposed,
eventuallyterminatingin a compositionof simple processesWith this markupwe completeour markup
to enableautomatedserviceinvocation.

6.1.3 Automated Service Compositionand Inter operation

TheDAML-S markuprequiredto automateservicecompositionandinteroperatiorbuilds directly on the
markupfor serviceinvocation.In orderto automateservicecompositionandinteroperationywe mustalso
encodethe effectsa servicehasuponthe world, andthe preconditiondor performingthat service. For
example,whena humanbeinggoesto www.congo.conandsuccessfullyexecutegshe CongoBuyservice,
thehumanknows thatthey have purchase@ book,thattheir creditcardwill bedebited,andthatthey will
receve abookatthe addresshey provided. Suchconsequencesf Web serviceexecutionarenot partof
theinput/outputmarkupwe createdor automatingserviceinvocation.

The processontology provides preconditionand effect propertiesof a processo encodethis infor-
mation. As with our markupfor automatedserviceinvocation,we definepreconditionsand effectsboth
for the black-boxprocessCongoBuyandfor eachof the simple processeshat defineits compaosition,
andaswith defininginputsandoutputs,it is easiesto definethe preconditionsand effectsfor eachof
the simple processefirst, andthento aggrejatetheminto preconditionsandeffectsfor CongoBuy The
markupis analogougo the markupfor input and(conditional)output,but is with respecto the properties
preconditiorand(conditional)effect, instead.

7 RelatedEfforts

Industryeffortsto developstandard$or electroniccommerceandin particularfor thedescriptiorof Web-
basedservicesurrentlyrevolve aroundUDDI, WSDL, andebXML [22]. Therehave alsobeencompary-
specificinitiativesto definearchitecturegor e-commercenotably E-speakirom Hewlett-Packard.
Neverthelesswe believe that DAML-S providesfunctionality that the otherefforts do not. In com-
parisonto the DAML-S characterizatiof servicesthe industrystandardsnostly focuson presentinga
ServiceProfilanda ServiceGroundingf serviceqto useDAML-S terminology).ServiceGroundingare
supportedoy all the standardsHowever, they arelimited with respecto DAML-S profilesin thatthey
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cannotexpresdogical statementse.g. preconditionsndpostconditionsor rulesto describedependencies
betweerthe profile elementsinput andoutputtypesaresupportedo varying extents.

With respectto the four sampletasksof automaticWeb servicediscovery, automaticWeb service
invocation,automaticWeb servicecompositionandinteroperatiorand automaticWeb serviceexecution
monitoringthat DAML-S is meantto support,the standard€nablethe first threeto certainextents,but
sincethey do not consideryet the ServiceModebf a service,it’ s unclearat presento what extent auto-
matic compositionwill be addressedin thefollowing sectionswe look in greaterdetail at eachof these
technologiesn turn andcompareghemto DAML-S.

7.1 UDDI

UDDI(UniversalDescription,Discovery and Integration) is an initiative begun by Microsoft, IBM and
Aribato developastandardor anonlinebusinessegistry, to enablehepublishinganddynamicdiscorery
of Webservice421]. UDDI allows programmersandotherrepresentatesof abusinesgo locatepotential
partnersandform businesgelationshipson the basisof the serviceshey provide.

Theprimarytargetof UDDI seemdo beintegrationandat leastsemi-automatiomf businesdransac-
tionsin B2B e-commerceapplications.It will provide a businesgegistry for registeringbusinessesind
the servicesthey offer. Thesearedescribedaccordingto an XML schemadefinedby the UDDI speci-
fication. A Web serviceprovider registersits adwertisementalongwith keywordsfor catayorization. A
Webserviceauserretrievesadwertisementsut of theregistry basedon keyword search.TheUDDI search
mechanisnrelieson the pre-defineccatayorizationthroughkeywordsand doesnot refer to the semantic
contentof the adwertisementsTheregistry is supposedo functionin afashionsimilar to white pagesor
yellow pageswherebusinessesanbelooked up by nameor by astandardservicetaxonomyasis already
usedwithin theindustry UDDI attemptsto cover all kinds of servicesoffered by businessesncluding
thosethat are offeredby phoneor e-mail andsimilar means;in principle, DAML-S coulddo this, but it
hasnotbeenour focus.

UDDI aimsto facilitate the discovery of servicesand their groundingoffered by known business
partnersandthe discovery of potentialbusinesspartners. This may or may not be doneautomatically
Whenthis discovery occurs programmersffiliated with the businespartnergrogramtheir own systems
to interactwith the servicesdiscorered. This is alsothe modelfollowed by ebXML. DAML-S enables
thediscovery of serviceson the basisof elementsn the ServiceProfilethe functionalitiesandfunctional
attributes. Whetherthe businessoffering the serviceis known or not to the requesteiis immaterialto
DAML-S, sincethetwo partnerscanautomaticallyinteracton the basef theinformationin the Process
Model andthe Grounding.

Technicallyspeaking.eachbusinessdescriptionin UDDI consistsof a businessEntityelement,akin
to a White Pageselementdescribingthe contactinformationfor a business.A businessEntitydescribes
abusinesshy name,a key value,catgorization,servicesoffered (businessServicelementsiandcontact
informationfor the businessA businessServicelementdescribes serviceusinga name key value,cat-
egorizationandmultiple bindingTemplateelements.This canbe consideredo be analogougo a Yellow
Pageselement,which cateyorizesthe business. A bindingTemplateelementin turn describeghe kind
of accesghe servicerequires(phone,mailto, http, ftp, fax etc.), key values,TModelinstances.TMod-
elinstancesre usedto describethe protocols,interchangdormatsthatthe servicecomprehendshatis
the technicalinformationrequiredto accesghe service.lt is alsousedto describethe “namespacesfor
the classificationsusedin categyorization. Eachof the elementsare describedhroughnaturallanguage
text. Many of the elementsare optional,including mostof the onesrequiredfor matchmakingor service
compositionpurposes.

UDDI doesnot provide or specify contentlanguagedor adwertisementso far. Although WSDL is
mostcloselyassociateavith UDDI asa contentlanguagethe specificatiorrefersto ebXML, XML/edi or
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WSDL aspotentialcandidatesContentlanguagesouldbe a possiblebridgebetweenJDDI andDAML-
S.DAML-S is alsoa suitablecandidatdor a contenlanguageandin this senseDAML-S andUDDI are
complementaryA higherlevel serviceor standardiefinedon top of UDDI couldthentake adwvantageof
the additionalrichnessof contentDAML-S hasto offer within the UDDI registries.

Unlike DAML-S, UDDI doesnot supportsemanticdescriptionsof servicesin ary form. Thus, al-
thoughagentscansearchthe UDDI registry andretrieve servicedescriptionsa humanhasto beinvolved
in theloop to make senseof the descriptionsandto programthe accessnterface.

7.2 WSDL

WSDL (Web ServicesDescriptionLanguage)s an XML format, closely associatedvith UDDI asthe
languagédor describinginterfacesto businessservicesegisteredwith a UDDI databaselt is thuscloser
to DAML-S in termsof functionality thanUDDI. Similarto DAML-S, it attemptsto separateservices,
definedin abstractterms, from the concretedataformatsand protocolsusedfor implementation,and
definesbindingsbetweerthe abstracdescriptiorandits specificrealization[3]. However, the abstraction
of serviceds atalower level thanin DAML-S.

Servicesaredefinedassetsof ports,thatis network addresseassociatedvith certainprotocolsand
dataformatspecificationsTheabstrachatureof a servicearisesfrom the abstrachatureof themessages
and operationsmappedto a port and defineits port type. Port typesare reusableand can be bound
to multiple ports[18]. Operationsare of four basickindsin WSDL: a one-way, a (two-way) request-
responsea (two-way) solicit-respons@nda (one-vay) notificationmessageA messagéself is defined
abstractlyasarequestaresponser evena parametepf arequesbor responsandits type,asdefinedin
atypesystenilike XSD. They canbebrokeninto partsto definethelogical break-devn of amessage.

Messagesindoperationsare definedabstractlyandare thusreusableand extensibleand correspond
roughlyto the DAML-S ServiceProfile The serviceelementtself incorporatedoth a ServiceProfileand
ServiceGroundingnformation. WSDL servicedescriptionsare not as expressie as DAML-S profiles.
Preconditionspostconditionandeffectsof serviceaccestannotbe expressedvithin WSDL.

Like UDDI, WSDL doesnot supportsemantiaescriptionof servicesWSDL focuseson the ground-
ing of servicesand althoughit hasa conceptof input and outputtypesasdefinedby XSD, it doesnot
supportthe definition of logical constraintdbetweerits input andoutputparametersThus,its supportfor
discovery andinvocationis lessversatilethanthatof DAML-S.

7.3 E-speak

Hewlett-Packardis collaboratingwith the UDDI consortiumto bring E-speaktechnologyto the UDDI
standardlt is thusfairly likely that E-speakwill be subsumedby UDDI. E-speakandUDDI have similar
goalsin thatthey bothfacilitatethe adwertisementinddiscovery of services.E-speaklis alsocomparable
to WSDL in thatit supportsthe descriptionof serviceand datatypes[6]. It hasa matchingserviceto
compareservicerequestndservicedescriptionswhichit doesprimarily onthebasisof input-outputand
servicetypesmatching.

E-spealdescribeservicefResources thee-speakvorld) asasetof attributeswithin severalVocab-
ularies.Vocalulariesaresetsof attributescommonto alogical groupof services E-speaknatchedookup
requestsagainstservicedescriptionsvith respecto theseattributes. Attributestake commonvaluetypes
suchassString, Int, BooleanandDouble. Thereis a basevocalulary which definesbasicattributessuchas
Name, Type (of valueStringonly), Description KeywordsandVersion.No semantianeaningattachedo
ary of theattributes. Eventhe Type attribute is a simple String andwithin the systemno typing hasbeen
specified.Any matchingwhich takesplaceis doneover the servicedescriptionattributeswhich doesnot
distinguishbetweenrary furthersubtypesDAML-S hadamuchrichersetof attributes,in DAML-S termi-
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nology theinput/outputparametersffectsandadditionalfunctionalattributes.In addition,dependencies
betweerattributesandlogical constrainton themarenot expressiblewithin E-speak.

Unlike UDDI, whichwasintendedo beanopenstandardrom thebeginning,e-spealscoregelatively
low on interoperability It requiresthat an e-speakenginebe run on all client machines.Furthermore,
althoughe-speakis designedo bea’full’ platformfor Web servicesandcould potentiallyexposea exe-
cutionmonitoringinterface, it doesnot supportthe conceptof a serviceprocessnodelandconsequently
no executionmonitoringis possible.Serviceprocessesemaina black-boxfor the e-spealplatform.

7.4 ebXML and other technologies

ebXML, beingdevelopedprimarily by OASIS andthe UN, is slowvly beingspecified7]. The currentex-
pectationn theindustryhoweveris thatit will eventuallysubsumaJDDI andWSDL. ebXML approaches
the problemfrom a workflow perspectie andinformationanddocumentdlow betweenbusinessesAt
this stagejt seemsomevhatclunky andcomple.

It hasthe conceptof a CollaborationProtocolProfile (CPP)“which allows a Trading Partnerto ex-
presstheir supportedBusinesrocesseandBusinessServicelnterfacerequirementgsuchthatthey are
understoodbpy otherebXML compliantTradingPartners”,in effect a specificatiorof the servicesoffered
by the TradingPartner A BusinessProcesss a setof businesslocumenexchangesdetweerthe Trading
Partners.CPPscontainindustry classification contactinformation, supportedBusinessProcessesnter
facerequirement®tc. They areregisteredwithin anebXML registry, in which thereis discovery of other
Trading Partnersand the BusinessProcessethey support. In this respectUDDI hassomesimilarities
with ebXML. However, ebXML leavesto the TradingPartnersthe taskto agreeon the mannerin which
the businesslocumentarespecifiedthroughthe creationof a CollaborationProtocolAgreemen{CPA).

In conclusionthe kind of functionality interoperabilityanddynamicmatchmakingcapabilitiespro-
vided by DAML-S is only partially supportedasthe standardsre currently positioned,by WSDL and
UDDI. UDDI may becomemoresophisticated@sit incorporates-speak-lik functionalities,but it wont
allow automaticserviceinteroperabilityuntil it will incorporatetheinformationprovidedby DAML-S.

8 Summary and Curr ent Status

DAML-S is anattemptto provide anontology within the framewvork of the DARPA AgentMarkup Lan-
guage,for describingWeb services. It will enableusersand software agentsto automaticallydiscover,
invoke, compose,and monitor Web resourcesffering services,under specifiedconstraints. We have
releasedninitial versionof DAML-S. It canbefoundatthe URL: http://wwwdaml.og/serviceslamls

We expectto enhancat in the futurein waysthatwe have indicatedin the papey andin responsedo
users’experiencewith it. We believe it will help malke the SemanticWeb a placewherepeoplecannot
only find outinformationbut alsogetthingsdone.
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