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Abstract.

TheSemanticWebshouldenablegreateraccessnotonly tocontentbut also
to serviceson theWeb. Usersandsoftwareagentsshouldbeableto discover,
invoke, compose,andmonitorWebresourcesoffering particularservicesand
having particularproperties.As partof theDARPA AgentMarkupLanguage
program,we have begun to develop an ontologyof services,calledDAML-
S, thatwill make thesefunctionalitiespossible.In this paperwe describethe
overall structureof the ontology, the serviceprofile for advertisingservices,
andtheprocessmodelfor thedetaileddescriptionof theoperationof services.
WealsocompareDAML-S with severalindustryefforts to definestandardsfor
characterizingserviceson theWeb.

1 Intr oduction: Serviceson the SemanticWeb

Efforts toward thecreationof theSemanticWebaregainingmomentum[2]. Soonit will bepossibleto
accessweb resourcesby contentratherthanjust by keywords. A significantforce in this movementis
thedevelopmentof DAML—the DARPA AgentMarkupLanguage[10]. DAML enablesthecreationof
ontologiesfor any domainandtheinstantiationof theseontologiesin thedescriptionof specificwebsites.

Amongthemostimportantwebresourcesarethosethatprovideservices.By “service”we meanWeb
sitesthat do not merelyprovide static informationbut allow oneto effect someactionor changein the
world, suchasthesaleof a productor thecontrolof a physicaldevice. TheSemanticWebshouldenable
usersto locate,select,employ, compose,andmonitorWeb-basedservicesautomatically.

To make useof a Web service,a software agentneedsa computer-interpretable descriptionof the
service,and the meansby which it is accessed.An importantgoal for DAML, then, is to establisha
framework within which thesedescriptionsaremadeandshared. Web sitesshouldbe able to employ
a setof basicclassesandpropertiesfor declaringanddescribingservices,andthe ontologystructuring
mechanismsof DAML provide theappropriateframework within which to do this.

Thispaperdescribesacollaborative effort by BBN Technologies,Carnegie Mellon University, Nokia,
StanfordUniversity, andSRIInternationalto definejustsuchanontology. Wecall thislanguageDAML-S.
Wefirst motivateoureffort with somesampletasks.In thecentralpartof thepaperwedescribetheupper
ontologyfor servicesthatwe have developed,including theontologiesfor profiles,processes,andtime,
andthoughtstowarda futureontologyof processcontrol. We thencompareDAML-S with a numberof
recentefforts in industryto standardizeamarkuplanguagefor services.�
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SomeMoti vating Tasks

Servicescanbeprimitive in thesensethat they invoke only a singleWeb-accessiblecomputerprogram,
sensor, or device thatdoesnot rely uponanotherWebservice,andthereis noongoinginteractionbetween
theuserandtheservice,beyondasimpleresponse.For example,aservicethatreturnsapostalcodeor the
longitudeandlatitudewhengivenanaddresswouldbein thiscategory. Or servicescanbecomplex, com-
posedof multiple primitive services,oftenrequiringan interactionor conversationbetweentheuserand
theservices,so that theusercanmake choicesandprovide informationconditionally. One’s interaction
with www.amazon.comto buy a bookis like this; theusersearchesfor booksby variouscriteria,perhaps
readsreviews, mayor maynot decideto buy, andgivescreditcardandmailing information.DAML-S is
meantto supportbothcategoriesof services,but of course,complex serviceshave provided theprimary
motivationsfor thefeaturesof thelanguage[13, 14]. Thefollowing four sampletaskswill give thereader
anideaof thekindsof taskswe expectDAML-S to enable.

1. Automatic Web service discovery. AutomaticWebservicediscovery involvestheautomaticloca-
tion of Webservicesthatprovide a particularserviceandthatadhereto requestedconstraints.For
example,theusermaywant to find a servicethatsellsairline ticketsbetweentwo givencitiesand
acceptsa particularcreditcard.Currently, this taskmustbeperformedby a humanwho might use
asearchengineto find aservice,readtheWebpage,andexecutetheservicemanually, to determine
if it satisfiestheconstraints.With DAML-S markupof services,theinformationnecessaryfor Web
servicediscovery couldbespecifiedascomputer-interpretable semanticmarkupat theserviceWeb
sites,andaserviceregistryor ontology-enhancedsearchenginecouldbeusedto locatetheservices
automatically. Alternatively, a server could proactively advertiseitself in DAML-S with a service
registry, alsocalledmiddleagent[4, 23, 12], sothatrequesterscanfind it whenthey querythereg-
istry. Thus,DAML-S mustprovidedeclarative advertisementsof servicepropertiesandcapabilities
thatcanbeusedfor automaticservicediscovery.

2. Automatic Web service invocation. Automatic Web serviceinvocation involves the automatic
executionof anidentifiedWebserviceby acomputerprogramor agent.For example,theusercould
requestthepurchaseof anairline ticket from aparticularsiteonaparticularflight. Currently, auser
mustgo to theWeb site offering that service,fill out a form, andclick on a button to executethe
service.AlternatelytheusermightsendanHTTPrequestdirectlyto theservicewith theappropriate
parametersin HTML. In eithercase,a humanin theloop is necessary. Executionof a Webservice
canbe thoughtof asa collectionof function calls. DAML-S markupof Web servicesprovidesa
declarative, computer-interpretable API for executingthesefunctioncalls.A softwareagentshould
be able to interpret the markupto understandwhat input is necessaryto the servicecall, what
informationwill bereturned,andhow to executetheserviceautomatically. Thus,DAML-S should
provide declarative APIs for Webservicesthatarenecessaryfor automatedWebserviceexecution.

3. Automatic Web service composition and interoperation. This task involves the automaticse-
lection,compositionandinteroperationof Web servicesto performsometask,given a high-level
descriptionof an objective. For example,the usermay want to make all the travel arrangements
for a trip to aconference.Currently, theusermustselecttheWebservices,specifythecomposition
manually, andmake surethat any softwareneededfor the interoperationis custom-created.With
DAML-S markupof Webservices,the informationnecessaryto selectandcomposeserviceswill
beencodedat theserviceWebsites. Softwarecanbewritten to manipulatetheserepresentations,
togetherwith a specificationof theobjectivesof the task,to achieve the taskautomatically. Thus,
DAML-S mustprovide declarative specificationsof theprerequisitesandconsequencesof individ-
ualserviceusethatarenecessaryfor automaticservicecompositionandinteroperation.



4. Automatic Web service executionmonitoring. Individual servicesand,evenmore,compositions
of services,will oftenrequiresometimeto executecompletely. Usersmaywantto know duringthis
periodwhatthestatusof theirrequestis, or theirplansmayhavechangedrequiringalterationsin the
actionsthesoftwareagenttakes.For example,usersmaywantto make suretheir hotelreservation
hasalreadybeenmade.For thesepurposes,it would begoodto have theability to find out where
in theprocesstherequestis andwhetherany unanticipatedglitcheshave appeared.Thus,DAML-S
shouldprovidedescriptorsfor theexecutionof services.Thispartof DAML-S is agoalof ours,but
it hasnot yetbeendefined.

Any Web-accessibleprogram/sensor/device thatis declaredasa servicewill beregardedasa service.
DAML-S doesnotprecludedeclaringsimple,staticwebpagesto beservices.But ourprimarymotivation
in definingDAML-S hasbeento supportmorecomplex taskslike thosedescribedabove.

3 An Upper Ontology for Services

TheclassServicestandsatthetopof ataxonomyof services,andits propertiesarethepropertiesnormally
associatedwith all kinds of services.The upperontologyfor servicesis silent asto what theparticular
subclassesof Serviceshouldbe, or even the conceptualbasisfor structuringthis taxonomy, but it is
expectedthatthetaxonomywill bestructuredaccordingto functionalanddomaindifferencesandmarket
needs. For example,one might imaginea broadsubclass,B2C-transaction, which would encompass
servicesfor purchasingitemsfrom retailwebsites,trackingpurchasestatus,establishingandmaintaining
accountswith thesites,andsoon.

Ourstructuringof theontologyof servicesis motivatedby theneedto provide threeessentialtypesof
knowledgeaboutaservice(shown in figure1), eachcharacterizedby thequestionit answers:

� Whatdoestheservicerequire of theuser(s),or otheragents,andprovidefor them?Theanswerto
this questionis givenin the“profile”7. Thus,theclassServicepresentsaServiceProfile

� How doesit work? Theanswerto this questionis given in the“model”. Thus,theclassServiceis
describedByaServiceModel

� How is it used?Theanswerto this questionis given in the “grounding”. Thus,theclassService
supportsaServiceGrounding

Thepropertiespresents, describedBy, andsupportsarepropertiesof Service. TheclassesServicePro-
file, ServiceModel, andServiceGroundingarethe respective rangesof thoseproperties.We expectthat
eachdescendantclassof Service, suchasB2C-transaction, will presenta descendantclassof Service-
Profile, be describedBya descendantclassof ServiceModel, andsupporta descendantclassof Service-
Grounding. Thedetailsof profiles,models,andgroundingsmayvary widely from onetypeof serviceto
another—thatis, from onedescendantclassof Serviceto another. But eachof thesethreeclassesprovides
anessentialtypeof informationabouttheservice,ascharacterizedin therestof thepaper.

The serviceprofile tells “what the servicedoes”; that is, it givesthe type of informationneededby
a service-seekingagentto determinewhetherthe servicemeetsits needs(typically suchthingsasinput
andoutput types,preconditionsandpostconditions,andbinding patterns). In future versions,we will
uselogical rulesor their equivalentin sucha specificationfor expressinginteractionsamongparameters.
For instance,a rule might saythat if a particularinput argumentis boundin a certainway, certainother
input argumentsmaynot beneeded,or maybe provided by theserviceitself. As DAML andDAML-S�

A serviceprofile hasalsobeencalledservicecapabilityadvertisement[19]
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Figure1: Top level of theserviceontology

andtheir applicationsevolve, logical rulesandinferentialapproachesenabledby themarelikely to play
an increasinglyimportantrole in modelsandgroundings,aswell as in profiles. See[5] for additional
examples.

Theservicemodeltells “how theserviceworks”; thatis, it describeswhathappenswhentheserviceis
carriedout. For non-trivial services(thosecomposedof severalstepsover time), this descriptionmaybe
usedby a service-seekingagentin at leastfour differentways:(1) to performa morein-depthanalysisof
whethertheservicemeetsits needs;(2) to composeservicedescriptionsfrom multipleservicesto perform
a specifictask;(3) duringthecourseof theserviceenactment,to coordinatetheactivities of thedifferent
participants;(4) to monitortheexecutionof theservice.For non-trivial services,thefirst two tasksrequire
amodelof actionandprocess,thelasttwo involve, in addition,anexecutionmodel.

A servicegrounding(“grounding” for short)specifiesthedetailsof how anagentcanaccessaservice.
Typically a groundingwill specifya communicationsprotocol(e.g.,RPC,HTTP-FORM,CORBA IDL,
SOAP, Java RMI, OAA ACL [12]), andservice-specificdetailssuchasport numbersusedin contacting
theservice.In addition,thegroundingmustspecify, for eachabstracttypespecifiedin theServiceModel,
an unambiguousway of exchangingdataelementsof that type with the service(that is, the marshal-
ing/serializationtechniquesemployed). The likelihood is that a relatively small setof groundingswill
cometo be widely usedin conjunctionwith DAML services. Groundingswill be specifiedat various
well-known URIs.

Generallyspeaking,the ServiceProfileprovides the information neededfor an agentto discover a
service.Takentogether, theServiceModelandServiceGroundingobjectsassociatedwith aserviceprovide
enoughinformationfor anagentto make useof aservice.

The upperontology for servicesdeliberatelydoesnot specify any cardinalitiesfor the properties
presents, describedBy, andsupports. Although, in principle, a serviceneedsall threepropertiesto be
fully characterized,it is possibleto imaginesituationsin which a partial characterizationcould be use-
ful. Hence,thereis no specificationof a minimum cardinality. Further, it shouldcertainlybe possible
for a serviceto offer multiple profiles,multiple models,and/ormultiple groundings.Hence,thereis no
specificationof amaximumcardinality.

In general,thereneednotexist aone-to-onecorrespondencebetweenprofiles,models,and/orground-
ings.Theonly constraintamongthesethreecharacterizationsthatmightappropriatelybeexpressedat the
upperlevel ontologyis thatfor eachmodel,theremustbeat leastonesupportinggrounding.

In the following two sectionswe discussthe serviceprofile and the servicemodel in greaterdetail
(Servicegroundingsarenot discussedfurther, but will becoveredin greaterdepthin a subsequentpubli-
cation.)



4 ServiceProfiles

A serviceprofile provides a high-level descriptionof a serviceand its provider [20, 19]; it is usedto
requestor advertiseserviceswith 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 additional information and
requirementsabouttheservicethatassistwhenreasoningaboutseveralserviceswith similar capabilities.
Servicefunctionalitiesarerepresentedasa transformationfrom the inputsrequiredby theserviceto the
outputsproduced.For example,a news reportingservicewould advertiseitself asa servicethat,givena
date,will returnthenewsreportedon thatdate.Functionalattributesspecifyadditionalinformationabout
theservice,suchaswhatguaranteesof responsetimeor accuracy it provides,or thecostof theservice.

While serviceprovidersusethe serviceprofile to advertisetheir services,servicerequestersusethe
profile to specify what servicesthey needand what they expect from sucha service. For instance,a
requestermaylook for a news servicethatreportsstockquoteswith no delaywith respectto themarket.
The role of the registries is to matchthe requestagainstthe profiles advertisedby other servicesand
identify whichservicesprovide thebestmatch.

Implicitly, theserviceprofilesspecifythe intendedpurposeof theservice,becausethey specifyonly
thosefunctionalitiesthat arepublicly provided. A book-sellingservicemay involve two different func-
tionalities: it allows otherservicesto browseits site to find booksof interest,andit allows themto buy
thebooksthey found. Thebook-sellerhasthechoiceof advertisingjust thebook-buying serviceor both
thebrowsingfunctionalityandthebuying functionality. In thelattercasetheservicemakespublic that it
canprovide browsingservices,andit allows everybodyto browseits registry without buying a book. In
contrast,by advertisingonly the book-sellingfunctionality, but not the browsing, the agentdiscourages
browsing by requestersthat do not intendto buy. The decisionasto which functionalitiesto advertise
determineshow theservicewill beused:a requesterthat intendsto browsebut not to buy would selecta
servicethatadvertisesbothbuying andbrowsingcapabilities,but notonethatadvertisesbuying only.

Theserviceprofilecontainsonly theinformationthatallows registriesto decidewhichadvertisements
arematchedby a request.To thisextent,theinformationin theprofile is asummaryof theinformationin
theprocessmodelandservicegrounding.Where,asin theabove example,theservicedoesnot advertise
someof its functionalities,they will not be part of the serviceprofile. But they are part of the service
modelto theextent that they areneededfor achieving theadvertisedservices.For example,looking for
a book is an essentialprerequisitefor buying it, so it would be specifiedin the processmodel,but not
necessarilyin theprofile. Similarly, informationaboutshippingmayappearwithin theprocessmodelbut
not theprofile.

4.1 Description

Informationaboutthe service,suchasits provenanceor a text summary, is provided within the profile.
This is primarily for useby humanusers,althoughthesepropertiesareconsideredwhenlocatingrequested
services.

4.2 FunctionalityDescription

An essentialcomponentof theprofile is thespecificationof whattheserviceprovidesandthespecification
of the conditionsthat have to be satisfiedfor a successfulresult. In addition,the profile specifieswhat
conditionsresultfrom theserviceincludingtheexpectedandunexpectedresultsof theserviceactivity.

Theserviceis representedbyinput andoutput propertiesof theprofile. Theinputpropertyspeci-
fiestheinformationthattheservicerequiresto proceedwith thecomputation.For example,abook-selling



servicecouldrequirethecredit-cardnumberandbibliographicalinformationof thebookto sell. Theout-
putsspecifythe resultof the operationof the service. For the book-sellingagentthe outputcould be a
receiptthatacknowledgesthesale.

<rdf:Property rdf:ID="input">
<rdfs:comment>

Property describing the inputs of a service in the Service Profile
</rdfs:comment>
<rdfs:domain rdf:resource="#ServiceProfile"/>
<rdfs:subPropertyOf rdf:resource="#parameter"/>

</rdf:Property>

While inputsandoutputsrepresenttheservice,they arenot theonly thingsaffectedby theoperations
of the service. For example,to completethe salethe book-sellingservicerequiresthat the credit card
is valid andnot overdrawn or expired. In addition,the resultof thesaleis not only that thebuyer owns
thebook(asspecifiedby theoutputs),but that thebookis physicallytransferredfrom thethewarehouse
of thesellerto thehouseof thebuyer. Theseconditionsarespecifiedby precondition andeffect
propertiesof theprofile. Preconditionspresentoneor morelogicalconditionsthatshouldbesatisfiedprior
to theservicebeingrequested.Theseconditionsshouldhave associatedexplicit effectsthatmayoccuras
a resultof theservicebeingperformed.Effectsareeventsthatarecausedby thesuccessfulexecutionof a
service.

<rdf:Property rdf:ID="preconditions">
<rdfs:domain rdf:resource="#ServiceProfile"/>
<rdfs:range rdf:resource="#Thing"/>

</rdf:Property>

Theserviceprofile alsoprovidesa specifictypeof preconditionscalledaccessConditions that
areexpectedto betruefor theserviceto succeed,but they arenot modifiedby theactivity of theservice.
Accessconditionsareusedwhentheaccessto theserviceis restrictedto only someusers:as,for example,
servicesthat are restrictedto usersaffiliated to someorganization. For instance,to accessa classified
news servicea userneedsto have somelevel of clearance,detailsabout it would be specifiedas an
accessCondition.

Finally, theProfileallowsthespecificationof whatdomainResources areaffectedby theuseof the
service.Thesedomainresourcesmay includecomputationalresourcessuchasbandwidthor disk space
aswell asmorematerialresourcesconsumedwhenthe servicecontrolssomemachinery. This type of
resourcemayincludefuel, or materialsmodifiedby themachine.

4.3 FunctionalAttributes

In the previous sectionwe introducedthe functionaldescriptionof services.Yet thereareotheraspects
of servicesthat the usersshouldbe awareof. While a servicemay be accessedfrom anywhereon the
Internet,it may only be applicableto a specificaudience.For instance,althoughit is possibleto order
food for delivery from a Pittsburgh-basedrestaurantwebsitein general,onecannotreasonablyexpectto
dothisfrom California.Functionalattributesaddresstheproblemthattherearepropertiesthatcanbeused
to describeaserviceotherthanasa functionalprocess.Thesepropertiesaredescribedbelow.

geographicRadius Thegeographicradiusrefersto thegeographicscopeof theservice.This maybeat
theglobalor nationalscale(e.g.for e-commerce)or ata local scale(eg pizzadelivery).



degreeOfQuality This propertyprovide qualificationsabout the service. For example, the following
two sub-propertiesareexamplesof differentdegreesof quality, andcouldbedefinedwithin some
additionalontology.

serviceParameter An expandablelist of propertiesthatmayaccompany aprofiledescription.

communicationThru This propertyprovidesa high-level summaryof how a servicemaycommunicate,
suchaswhatagentcommunicationlanguage(ACL) is used(e.g.,FIPA, KQML, SOAP). Thissum-
marizesthedescriptionsprovided by theservicegroundingandareusedwhenmatchingservices;
but is not intendedto replacethedetailprovidedby theservicegrounding.

serviceType Theservicetype refersto a high level classificationof theservice,for exampleB2B, B2C
etc.

serviceCategory Theservicecategory refersto anontologyof servicesthatmaybeon offer. High level
servicescould include Productsas well as ProblemSolving Capabilities,CommercialServices,
Informationandsoon.

qualityGuarantees Theseareguaranteesthat the servicepromisesto deliver, suchasguaranteeingto
provide thelowestpossibleinterestrate,or a responsewithin 3 minutes,etc.

qualityRating The quality rating propertyrepresentsan expandablelist of rating propertiesthat may
accompany a serviceprofile. Theseratingsrefer to industryacceptedratings,suchastheDun and
BradstreetRatingfor businesses,or theStarratingfor Hotels.For example:

<!-- Dun and Bradstreet Rating -->
<rdf:Property rdf:ID="dAndBRating">
<rdfs:subPropertyOf rdf:resource="#qualityRating" />

</rdf:Property>

As a resultof theserviceprofile, theuser, beit a human,a programor anotherservice,would beable
to identify what theserviceprovides,whatconditionsresultfrom theserviceandwhethertheserviceis
available,accessibleandhow it compareswith otherfunctionallyequivalentservices.

5 Modeling ServicesasProcesses

A moredetailedperspective on servicesis thata servicecanbeviewedasa process. We have defineda
particularsubclassof ServiceModel, the ProcessModel(asshown in figure 2), which draws uponwell-
establishedwork in a variety of fields, suchas AI planningand workflow automation,and which we
believe will supporttherepresentationalneedsof avery broadarrayof serviceson theWeb.

Thetwo chiefcomponentsof aprocessmodelaretheprocess, whichdescribesaservicein termsof its
componentactionsor processes,andenablesplanning,compositionandagent/serviceinteroperation;and
theprocesscontrol model, whichallowsagentsto monitortheexecutionof aservicerequest.Wewill refer
to thefirst partastheProcessOntologyandthesecondastheProcessControlOntology. Only theformer
hasbeendefinedin the currentversionof DAML-S, but below we briefly describeour intentionswith
regardto thelatter. We have defineda simpleontologyof time, describedbelow; in subsequentversions
thiswill beelaborated.Wealsoexpectin a futureversionto provide anontologyof resources.
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Figure2: Top level of processmodelingontology

5.1 TheProcessOntology

Weexpectourprocessontologyto serveasthebasisfor specifyingawidearrayof services.In developing
the ontology, we drew from a variety of sources,including work in AI on standardizationsof planning
languages[9], work in programminglanguagesanddistributedsystems[16, 15], emerging standardsin
businessprocessandworkflow technology(http://www.aiim.org/wfmc/mainframe.htm),work on model-
ing verbsemanticsandevent structure[17], work in AI on modelingcomplex actions[11], andwork in
agentcommunicationlanguages[12, 8].

The primary kind of entity in the ProcessOntology is, unsurprisingly, a “process”.8 A processcan
have any numberof inputs,representingthe informationthat is, undersomeconditions,requiredfor the
executionof the process.It canhave any numberof outputs,the informationthat the processprovides,
conditionally, after its execution. Participantsandotherparametersmay be specified;for example,the
participantsmayincludetherolesin theeventframe,suchastheagents,patient,andinstrument,whereas
otherparameters,especiallyfor physicaldevices,might be rates,forces,andknob-settings.Therecan
beany numberof preconditions,which mustall hold in orderfor theprocessto be invoked. Finally, the
processcanhave any numberof effects.

A processcanoftenbeviewedeitherasa primitive, undecomposableprocessor asa compositepro-
cess,decomposableinto a complex of otherprimitive or compositeprocesses.Either perspective may
be the more useful in somegiven context. Thus, a top-level PROCESS classhas,as its sole subclass,
COMPOSITEPROCESS, which in turn is subclassedby avarietyof controlstructures.

Moreprecisely, in DAML-S:¤
This term waschosenover the terms“event” and“action”, in part becauseit is moresuggestive of internal

structurethan“event” andbecauseit doesnot necessarilypresumeanagentexecutingtheprocessandthusis more
generalthan“action”. Ultimately, however, thechoiceis arbitrary. It is modeledaftercomputationalproceduresor
planningoperators.



� Process

<rdfs:Class rdf:ID="Process">
<rdfs:comment> Top-level class for describing how a service works
</rdfs:comment>

</rdfs:Class>

ClassPROCESS hasrelatedpropertiesparameter, input, output, participant, precondition, and(con-
ditional) effect. Eachof thesepropertiesrangesover a DAML object,which,at theupperontology
level, is notrestrictedatall. Thepropertiesinput, output, andparticipantarecategorizedassubprop-
ertiesof parameter. Subclassesof Processfor specificdomainscanuseDAML languageelements
to indicatemorespecificrangerestrictions,aswell ascardinalityrestrictionsfor eachof theseprop-
erties.

Thefollowing is anexampleof apropertydefinition:

<rdf:Property rdf:ID="parameter">
<rdfs:domain rdf:resource="#Process"/>
<rdfs:range rdf:resource=""http://www.daml.org/2001/03/daml+oil#Thing"/>

</rdf:Property>

In additionto its action-relatedproperties,a Processhasa numberof bookkeepingpropertiessuch
asname(rdf:literal), address(URI), documentsread(URI), documentsupdated(URI), andsoon.

� CompositeProcess

<daml:Class rdf:ID="CompositeProcess">
<daml:intersectionOf rdf:parseType="daml:collection">

<daml:Class rdf:about="#Process"/>
<daml:Restriction daml:minCardinality="1">

<daml:onProperty rdf:resource="#components"/>
</daml:Restriction>

</daml:intersectionOf>
</daml:Class>

<rdf:Property rdf:ID="components">
<rdfs:comment>
Holds the specific arrangement of subprocesses.

</rdfs:comment>
<rdfs:domain rdf:resource="#CompositeProcess"/>

</rdf:Property>

Compositeprocessesareprocessesthathaveadditionalpropertiescalledcomponentsto indicatethe
orderingandconditionalexecutionof thesubprocessesfromwhichthey arecomposed.For instance,
thecompositeprocess,SEQUENCE, hasacomponentspropertythatrangesovera PROCESSL IST (a
list whoseitemsarerestrictedtobesimpleorcompositeprocesses).In theprocess“upperontology”,
we have attemptedto comeup with a minimal set of processclassesthat can be specializedto



describea variety of Web services. This minimal set consistsof Sequence,Split, Split + Join,
Choice,Unordered,Condition,If-Then-Else,Iterate,Repeat-While,andRepeat-Until.

Note thatwhile a compositeprocessis a process,andthushasslotsfor preconditionsandeffects,
theremay be no easyway to computethesevaluesfor an arbitrarycompositeprocess,given its
componentsub-processes.

Thereare two fundamentalrelationsbetweenprocessesandcompositeprocesses.The EXPAND

relation associatesa Processwith the CompositeProcessdescribingits componentsubprocesses,
while its inverse,the COLLAPSE relationrepresentstheassociationof theCompositeProcessto its
atomicProcessform. Expandingis intendedto provide a “glassbox”andcollapsinga “blackbox”
view of theprocess.Theexpandedversionis likely to beusedfor servicecomposition(bothoff-line
andruntime)andthecollapsedversionfor serviceexecution.

Theminimalsetof compositiontemplates(subclassesof CompositeProcess) is asfollows:

Sequence: A list of Processesto be donein order. We usea DAML restrictionto restrict the
componentsof aSequenceprocessto beaList of subprocesses(simpleand/orcomposite).

<rdfs:Class rdf:ID="Sequence">
<daml:intersectionOf rdf:parseType="daml:collection">
<rdfs:Class> rdf:about="#Process" </rdfs:Class>
<daml:Restriction>
<daml:onProperty rdf:resource="#components"/>
<daml:toClass rdf:resource="#ProcessList"/>

</daml:Restriction>
<daml:intersectionOf>
</rdfs:Class>

Split : Thecomponentsof a Split processarea bagof sub-processesto beexecutedconcurrently.
No furtherspecificationaboutwaiting or synchronizationis madeat this level.

<rdfs:Class rdf:ID="Split">
<daml:intersectionOf rdf:parseType="daml:collection">
<rdfs:Class> rdf:about ="#Process" </rdfs:Class>
<daml:Restriction>
<daml:onProperty rdf:resource="#components"/>
<daml:toClass rdf:resource="#ProcessBag"/>

</daml:Restriction>
<daml:intersectionOf>
</rdfs:Class>

Split is similar to otherontologies’useof Fork, Concurrent,or Parallel. We usetheDAML
sameClassAsfeatureto accommodatethedifferentstandardsfor specifyingthis.

Unordered : Herea bagof processescanbe executedin any order. No further constraintsare
specified.All processesmustbeexecuted.

Split+Join : Heretheprocessconsistsof concurrentexecutionof a bunchof sub-processes.with
barriersynchronization.With Split andSplit andJoin,wecandefineprocessesthathavepartial
synchronization(e.g.,split all andjoin somesub-bag).



Choice : Choiceis a compositeprocesswith additionalproperties“chosen”and“chooseFrom”.
Thesepropertiescanbeusedbothfor processandexecutioncontrol(e.g.,choosefrom“choose-
From” anddo“chosen”in sequence,or choosefrom “chooseFrom”anddo“chosen”in paral-
lel) aswell for constructingnew subclasseslike “chooseat leastn from m”, “chooseexactlyn
from m”, “chooseatmostn from m”9, andsoon.

Condition : Conditionsarecompositeprocesseswith anoutputproperty(conditionValue)whose
rangeis a binaryvalue.Conditionsusuallycorrespondto testactions,but they maybeworld
states,resourcelevels,timeoutsor otherthingsaffectingtheevolution of processes.

If-Then-Else : The If-Then-ElseClassis a compositeprocessthat haspropertiescondition,then
and elseholding different aspectsof the If-Then-Elsecompositeprocess. Its semanticsis
intendedas“TestIf-condition; if TruedoThen, if Falsedo Else.”

<rdf:Property rdf:ID="ifCondition">
<rdfs:comment> The if condition of an if-then-else</rdfs:comment>
<rdfs:domain rdf:resource="#If-Then-Else"/>
<rdfs:range> rdf:resource ="#Condition" </rdfs:range>

</rdf:Property>

<rdf:Property rdf:ID="then">
<rdfs:domain rdf:resource="#If-Then-Else"/>
<rdfs:range rdf:resource="#CompositeProcess"/>

</rdf:Property>

<rdf:Property rdf:ID="else">
<rdfs:domain rdf:resource="#If-Then-Else"/>
<rdfs:range rdf:resource="#CompositeProcess"/>

</rdf:Property>

Iterate : Iterateis a compositeprocesswhosenext processpropertyhasthe samevalue as the
currentprocess.Repeatis definedasa synonym of the iterateclass. The repeat/iteratepro-
cessmakesno assumptionabouthow many iterationsaremadeor whento initiate, terminate
or resume. The initiation, terminationor maintainanceconditioncould be specifiedwith a
whileConditionor anuntilConditionasbelow.10

Repeat-Until : TheRepeat-Untilclassis similar to theRepeat-Whileclassin thatspecializesthe
If-Then-Elseclasswherethe “ifCondition” is the sameas the untilCondition and different
from theRepeat-Whileclassin that the “else” (comparedto “then”) propertyis the repeated
process.Thustheprocessrepeatstill theuntilConditionbecomestrue.

5.2 ProcessControl Ontology

A processinstantiationrepresentsa complex processthat is executing in the world. To monitor and
control the executionof a process,an agentneedsa modelto interpretprocessinstantiationswith three¥

This canbe obtainedby restrictingthe sizeof the ProcessBag that correspondsto the “components”of the
chosenandchooseFromsubprocessesusingcardinality, min-cardinality, max-cardinalityto get choose(n,m)(¦¨§© §«ª ¬®­°¯²±³­ ©µ´�©·¶¹¸»º ¬½¼³­¾­ ¸�´°¿ÁÀ ­°¯ÃÂ½ªÅÄÆ¦ÈÇÉ¯Ê§Ëª ¬®­°¯²±³­ ©µ´�©·¶¹¸»º ¬Ì¼Í­ ¸�´�© Â½ª ).�ÏÎ

Anotherpossibleextensionis to ability to definecountersandusetheir valuesasterminationconditions.This
couldbepartof anextendedprocesscontrolandexecutionmonitoringontology.



characteristics:

1. It shouldprovide themappingrulesfor thevariousinput stateproperties(inputs,preconditions)to
thecorrespondingoutputstateproperties.

2. It shouldprovide a modelof the temporalor statedependenciesdescribedby the sequence,split,
split+join,etcconstructs.

3. It shouldprovide representationsfor messagesabouttheexecutionstateof atomicandcomposite
processessufficient to do executionmonitoring.This allows anagentto keeptrackof thestatusof
executions,includingsuccessful,failedandinterruptedprocesses,andto respondto eachappropri-
ately.

Wehavenotdefinedaprocesscontrolontologyin thecurrentversionof DAML-S, but we planto in a
futureversion.

5.3 Time

For theinitial versionof DAML-S we have defineda very simpleupperontologyfor time. Therearetwo
classesof entities—instantsandintervals. Eachis a subclassof temporal-entity.

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

1. TheStart-ofpropertywhosedomainis theInterval classandwhoserangeis anInstant.

2. TheEnd-ofpropertywhosedomainis theInterval classandwhoserangeis anInstant.

3. TheInsidepropertywhosedomainis theInterval classandwhoserangeis anInstant.

No assumptionis madethatintervalsconsistof instants.
Therearetwo possiblerelationsthatmayobtainbetweena processandoneof the temporalobjects.

A processmay be in an at-time relation to an instantor in a during relation to an interval. Whether
a particularprocessis viewed asinstantaneousor asoccuringover an interval is a granularitydecision
that may vary accordingto the context of use. Theserelationsaredefinedin DAML-S aspropertiesof
processes.

1. TheAt-time property:its domainis theProcessclassandits rangeis anInstant.

2. TheDuringproperty:its domainis theProcessclassandits rangeis anInterval.

Viewedasintervals, processescould have propertiessuchasstartTime andendTime which aresyn-
onymous(daml:samePropertyAs)with theStart-OfandEnd-Ofrelationthatobtainsbetweenintervalsand
instants.

Onefurther relationcanhold betweentwo temporalentities—thebefore relation. The intendedse-
manticsis that for an instantor interval to bebeforeanotherinstantor interval, therecanbe no overlap
or abutmentbetweenthe former and the latter. In DAML-S the Beforepropertywhosedomainis the
Temporal-entityclassandwhoserangeis aTemporal-entity.

Differentcommunitieshavedifferentwaysof representingthetimesanddurationsof statesandevents
(processes).For example,statesandeventscanboth have durations,andat leasteventscanbe instan-
taneous;or eventscanonly be instantaneousandonly statescanhave durations.Eventsthat onemight
considerashaving duration(e.g.,heatingwater)aremodeledasa stateof thesystemthat is initiatedand



terminatedby instantaneousevents. That is, thereis the instantaneousevent of the startof the heating
at thestartof an interval, that transitionsthesysteminto a statein which thewateris heating.Thestate
continuesuntil anotherinstantaneousevent occurs—thestoppingof theevent at theendof the interval.
Thesetwo perspectiveson eventsarestraightforwardly interdefinablein termsof the ontologywe have
provided.Thus,DAML-S supportsboth.

Thevariousrelationsbetweenintervalsdefinedin Allen’s temporalinterval calculus[1] canbedefined
in a straightforward fashionin termsof before andidentity on thestartandendpoints.For example,two
intervals meetwhenthe endof oneis identical to the startof the other. Thus, in the nearfuture, when
DAML is augmentedwith thecapabilityof defininglogical rules,it will beeasyto incorporatetheinterval
calculusinto DAML-S. In addition,in futureversionsof DAML-S wewill defineprimitivesfor measuring
durationsandfor specifyingclock andcalendartime.

6 ExampleWalk-Thr ough

To illustrate the conceptsdescribedin this paper, we have developedan exampleof a fictitious book-
buying serviceoffered by the Web serviceprovider, CongoInc. Congohasa suite of programsthat
they aremakingaccessibleon the Web. Congowishesto composetheseindividual programsinto Web
servicesthat it offersto its users.We focushereon theWebserviceof buying a book,CongoBuy. In the
DAML-S release,we presenta walk-throughthatstepsthroughtheprocessof creatingDAML-S markup
for Congo11.

We take theperspective of the typical Webserviceprovider andconsiderthreeautomationtasksthat
a Web serviceprovider might wish to enablewith DAML-S: 1) automaticWeb servicediscovery, 2)
automaticWebserviceinvocation,and3) automaticWebservicecompositionandinteroperation.For the
purposesof thispaper, we limit ourdiscussionto thesecondandthird tasks.

6.1 WebServiceInvocation

ToautomateWebServiceInvocation,DAML-S markupmusttell aprogramhow toautomaticallyconstruct
an(http)call to executeor invoke aWebservice,andwhatoutput(s)maybereturnedfrom theservice.To
enablesuchfunctionality, theprocessontologyin DAML-S providesmarkupto describeindividual and
compositeWeb-accessibleprogramsaseithersimpleor compositeprocesses.

6.1.1 DefinetheServiceasa Process

CongoInc. providestheCongoBuyWebserviceto its customers.Weview theCongoBuyWebserviceas
aProcess,i.e., it is asubclassof theclassProcessin theprocessontology.

<rdfs:Class rdf:ID="CongoBuy">
<rdfs:subClassOf rdf:resource=

"https://www.www.daml.org/services/daml-s/2001/05/Process#Process"/>
</rdfs:Class>

AlthoughtheCongoBuyserviceis actuallya predeterminedcompositionof severalof Congo’s Web-
accessibleprograms,it is usefulto initially view it asa black-boxprocess.Theblack-boxprocess,Con-
goBuyhasavarietyof invocation-relevant properties,includinginput,(conditional)outputandparameter.
For example,input to theCongoBuybook-buying serviceincludesthenameof thebook(bookName),the
customer’s creditcardnumber, andtheir accountnumberandpassword. If theservicebeingdescribedis
simplein thatit is not thecompositionof otherservicesor programs,thentheserviceinputsaresimply the�Ð�

TheCongoexamplecanbefoundat https://www.www.daml.org/services/daml- s/2001/05/Congo.daml.



setof inputsthatmustbeprovidedin theserviceinvocation.Theoutputsaretheoutputsreturnedfrom the
serviceinvocation.Notethattheseoutputsmaybeconditional.For exampletheoutputof a book-buying
servicewill vary dependinguponwhetherthebookis in or outof stock.

In contrast,if theserviceiscomposedof otherservices,asis thecasewith CongoBuy, thentherationale
for specificationof theinputs,outputsandparametersis moredifficult, andtheutility of theseproperties
is limited. In thesimplestcase,the inputsandoutputsof theblack-boxprocesscanbedefinedto be the
compositionof all thepossibleinputsandall thepossible(conditional)outputsof thesimpleservicesthat
theblack-boxprocessmayinvoke, takingeverypossiblepaththroughthecompositionof simpleservices.
Note however that this is not a very exactingspecification.In particular, the collectionof outputsmay
becontradictory(e.g.,onepathof CongoBuymayleadto confirmationof a purchase,while anothermay
leadto confirmationof no purchase).The conditionsunderwhich inputsandoutputsariseareencoded
exactly in the expandof this black-boxprocess,andcanbe retrieved from the expandedprocess.The
inputs,outputsandparametersfor theblack-boxprocessaredesignedto bea usefulshorthand.Thus,it
couldbearguedthattheinputsandoutputsshoulddescribethemostlikely inputsandoutputsthroughthe
system.However, in somecases,eventhis is difficult to define.For now, DAML-S leavesthisdecisionup
to theWebserviceprovider.

Thefollowing is anexampleof oneinput to CongoBuy. Note that it is a subpropertyof theproperty
input of Process,from theprocessmodel.

<rdf:Property rdf:ID="bookName">
<rdfs:subPropertyOf rdf:resource=
"https://www.www.daml.org/services/daml-s/2001/05/Process#input"/>
<rdfs:domain rdf:resource="#CongoBuy"/>
<rdfs:range rdf:resource="rdfs:Literal"/>

</rdf:Property>

An outputcansimilarly bedefinedasa subpropertyof thepropertyoutputof Process.In a realbook-
buying service,this output would likely be conditionedon the book being in stock,or the customer’s
credit cardbeingvalid, but to simplify our example,we assumeCongohasan infinite supplyof books,
andinfinite generosity.

<rdf:Property rdf:ID="eReceiptOutput">
<rdfs:subPropertyOf rdf:resource=
"https://www.daml.org/services/daml-s/2001/05/Process#output"/>

<rdfs:range rdf:resource="#EReceipt"/>
</rdf:Property>

In addition to input and output properties,eachservicehasparameterproperties. A parameteris
somethingthat affectstheoutcomeof theprocess,but which is not an input provided by the invoker of
theprocess.It maybeknown by theservice,or retrievedby theservicefrom elsewhere.For example,the
factthatthecustomer’s creditcardis valid, is aparameterin ourCongoBuyprocess,andis relevantwhen
consideringtheuseof theCongoBuy, but it is notaninputor outputof CongoBuy.

<rdf:Property rdf:ID="creditCardValidity">
<rdfs:subPropertyOf rdf:resource=
"https://www.daml.org/services/daml-s/2001/05/Process.daml#parameter"/>

<rdfs:range rdf:resource="#ValidityType"/>
</rdf:Property>



6.1.2 DefinetheProcessasa Compositionof Processes

Given thevariability in thespecificationof inputs,outputsandparameters,it is generallyinsufficient to
simply specifya serviceasa black-boxprocess,if the objective is to automateserviceinvocation. We
mustexpandtheblack-boxserviceto describeits compositeprocesses.This is achievedby first defining
theindividual processesandthendefiningtheir compositionasacompositeprocess.

Definethe Indi vidual Processes
Wefirst defineeachof thesimpleservicesin CongoBuy, i.e.,LocateBook,PutInCart,etc.

<rdfs:Class rdf:ID="LocateBook">
<rdfs:subClassOf rdf:resource="#Process"/>

</rdfs:Class>

<rdfs:Class rdf:ID="PutInCart">
<rdfs:subClassOf rdf:resource="#Process"/>

</rdfs:Class>

<rdf:Property rdf:ID="bookSelected">
<rdfs:subPropertyOf rdf:resource="&process;#input"/>
<rdfs:domain rdf:resource="#PutInCart"/>
<rdfs:range rdf:resource="rdfs:Literal"/>

</rdf:Property>\footnote{https://www.daml.org/services/daml-s/2001/05/Congo.daml.
Additional DAML code is needed here to specify the relationship
between the bookName property of CongoBuy and the bookSelected
property of PutInCart. As of this writing, discussions are underway
to determine the best way to indicate this relationship in DAML+OIL.}.

Definethe Composition of the Indi vidual Processes
The compositionof eachof our simpleservicescanbe definedby usingthe compositionconstructs

createdin the processontology, i.e., Sequence,Split, Split + Join, Unordered,Condition,If-Then-Else,
Repeat-While,Repeat-Until.We first createanexpandclassandthenconstructtheoverall expandclass
recursively in a top-down manner.

<expand>
<rdfs:Class> rdfs:about ="#CongoBuy"</rdfs:Class>
<rdfs:Class> rdfs:about ="#ExpandedCongoBuy"</rdfs:Class>

</expand>

Eachprocesshasa propertycalledcomponents(itself a bagof processes).Theprocessesin thebag
maybeothersimpleor compositeprocesses.As such,they recursively definethecompositionof simple
processesthatdefinestheblack-boxprocessCongoBuy.

TheexpandedCongoBuyprocess(ExpandedCongoBuy)is comprisedof asequenceof two processes,
a simpleprocessthat locatesa book(LocateBook),anda complex processthatbuys thebook(CongoB-
uyBook).Wedefinethemasfollows:

<rdfs:Class rdf:ID="ExpandedCongoBuy">
<daml:subClassOf rdf:resource=
"https://www.daml.org/services/daml-s/2001/05/Process.daml#Sequence"/>
<daml:subClassOf>
<daml:Restriction>
<daml:onProperty rdf:resource=



"https://www.daml.org/services/daml-s/2001/05/Process.daml#components"/>
<daml:toClass>
<daml:subClassOf>
<daml:unionOf rdf:parseType="daml:collection">
<rdfs:Class rdfs:about="#LocateBook"/>
<rdfs:Class rdfs:about="#CongoBuyBook"/>

</daml:unionOf>
</daml:subClassOf>
</daml:toClass>

</daml:Restriction>
</daml:subClassOf>

</rdfs:Class>

In thefull Congo.damlexample,CongoBuyBookis a compositeprocessthat is furtherdecomposed,
eventuallyterminatingin a compositionof simpleprocesses.With this markupwe completeour markup
to enableautomatedserviceinvocation.

6.1.3 AutomatedServiceCompositionandInteroperation

TheDAML-S markuprequiredto automateservicecompositionandinteroperationbuilds directly on the
markupfor serviceinvocation.In orderto automateservicecompositionandinteroperation,wemustalso
encodethe effectsa servicehasuponthe world, andthe preconditionsfor performingthat service. For
example,whenahumanbeinggoesto www.congo.comandsuccessfullyexecutestheCongoBuyservice,
thehumanknows thatthey havepurchasedabook,thattheircreditcardwill bedebited,andthatthey will
receive a bookat theaddressthey provided. Suchconsequencesof Webserviceexecutionarenot partof
theinput/outputmarkupwecreatedfor automatingserviceinvocation.

The processontologyprovidespreconditionandeffect propertiesof a processto encodethis infor-
mation. As with our markupfor automatedserviceinvocation,we definepreconditionsandeffectsboth
for the black-boxprocessCongoBuyandfor eachof the simpleprocessesthat defineits composition,
andaswith defininginputsandoutputs,it is easiestto definethe preconditionsandeffects for eachof
thesimpleprocessesfirst, andthento aggregatetheminto preconditionsandeffectsfor CongoBuy. The
markupis analogousto themarkupfor inputand(conditional)output,but is with respectto theproperties
preconditionand(conditional)effect, instead.

7 RelatedEfforts

Industry efforts to develop standardsfor electroniccommerce,and in particularfor the descriptionof
Web-basedservicescurrently revolve aroundUDDI, WSDL, and ebXML [22]. Therehave also been
company-specificinitiativesto definearchitecturesfor e-commerce,mostnotablyE-speakfrom Hewlett-
Packard.

Nevertheless,we believe that DAML-S providesfunctionality that the otherefforts do not. In com-
parisonto theDAML-S characterizationof services,the industrystandardsmostly focuson presentinga
ServiceProfileandaServiceGroundingof services(to useDAML-S terminology).ServiceGroundingsare
supportedby all the standards.However, they arelimited with respectto DAML-S profilesin that they
cannotexpresslogical statements,e.g. preconditionsandpostconditions,or rulesto describedependen-
ciesbetweentheprofile elements.Input andoutputtypesaresupportedto varyingextents.Furthermore,
DAML-S supportsthedescriptionof certainfunctionalattributesof services,whicharenotcoveredin the
otherstandards,suchasqualityGuaranteesandserviceType.

With respectto thefour tasksof automaticWebservicediscovery, automaticWebserviceinvocation,
automaticWebserviceinteroperationandcomposition,andautomaticWebserviceexecutionmonitoring



thatDAML-S is meantto support,thestandardsprimarily enablethefirst andthesecondtasksto acertain
extent. Thesestandardsarestill evolving andit is unclearat presentto what extentcompositionwill be
addressed.At themoment,thestandardsdonotconsidertheServiceModelof aserviceandthus,they also
do not supportexecutionmonitoring,asdefinedin this paper.

In thefollowing sections,we look in greaterdetailat eachof thesetechnologiesin turn andcompare
themto DAML-S.

7.1 UDDI

UDDI(UniversalDescription,Discovery andIntegration)is aninitiative proposedby Microsoft, IBM and
Ariba to developastandardfor anonlineregistry, to enablethepublishinganddynamicdiscovery of Web
servicesofferedby businesses[21]. UDDI allows programmersandotherrepresentativesof abusinessto
locatepotentialbusinesspartnersandform businessrelationshipsonthebasisof theservicesthey provide.
It thusfacilitatesthecreationof new businessrelationships.

Theprimarytargetof UDDI seemsto beintegrationandat leastsemi-automationof businesstransac-
tions in B2B e-commerceapplications.It providesa registry for registeringbusinessesandtheservices
they offer. Thesearedescribedaccordingto anXML schemadefinedby theUDDI specification.A Web
serviceprovider registersits advertisementsalongwith keywordsfor categorisation.A Webservicesuser
retrievesadvertisementsoutof theregistrybasedonkeywordsearch.TheUDDI searchmechanismrelies
on pre-definedcategorisationthroughkeywordsanddoesnot refer to thesemanticcontentof theadver-
tisements.Theregistry is supposedto functionin a fashionsimilar to white pagesor yellow pages,where
businessescanbelookedup by nameor by a standardservicetaxonomyasis alreadyusedwithin thein-
dustry. UDDI attemptsto coverall kindsof servicesofferedby businesses,includingthosethatareoffered
by phoneor e-mailandsimilarmeans;in principle,DAML-S coulddo this,but it hasnotbeenour focus.

Technicallyspeaking,eachbusinessdescriptionin UDDI consistsof a businessEntityelement,akin
to a White Pageselementdescribingthecontactinformationfor a business.A businessEntitydescribes
a businessby name,a key value,categorisation,servicesoffered(businessServiceelements)andcontact
informationfor thebusiness.A businessServiceelementdescribesa serviceusinganame,key value,cat-
egorisationandmultiple bindingTemplateelements.This canbeconsideredto beanalogousto a Yellow
Pageselementthatcategorisesabusiness.A bindingTemplateelementin turndescribesthekind of access
theservicerequires(phone,mailto, http, ftp, fax etc.),key valuesandtModelInstances.tModelInstances
areusedto describetheprotocols,interchangeformatsthattheservicecomprehends,thatis, thetechnical
informationrequiredto accesstheservice.It is alsousedto describethe“namespaces”for theclassifica-
tionsusedin categorisation.Many of theelementsareoptional,includingmostof theonesthatwould be
requiredfor matchmakingor servicecompositionpurposes.

UDDI aimsto facilitatethediscovery of potentialbusinesspartnersandthediscovery of servicesand
theirgroundingsthatareofferedby known businesspartners.Thismayor maynotbedoneautomatically.
Whenthisdiscovery occurs,programmersaffiliatedwith thebusinesspartnersprogramtheirown systems
to interactwith theservicesdiscovered.This is alsothemodelgenerallyfollowedby ebXML. DAML-S
enablesmoreflexible discovery by allowing searchesto take placeonalmostany attributeof theService-
Profile.UDDI, in contrast,allows technicalsearchesonly on tModelKeys, referencesto tModelInstances,
which representfull specificationsof akind of service.

UDDI, of itself, doesnot supportsemanticdescriptionsof services.Thus,dependingon thefunction-
ality offeredby thecontentlanguage,althoughagentscansearchtheUDDI registry andretrieve service
descriptions,a humanneedsto beinvolved in theloop to make senseof thedescriptions,andto program
theaccessinterface.

UDDI doesnotprovideor specifycontentlanguagesfor advertisementsofar. AlthoughWSDL is most
closelyassociatedwith UDDI asacontentlanguage,thespecificationrefersto ebXML andXML/edi also



as potentialcandidates.Contentlanguagescould be a possiblebridge betweenUDDI and DAML-S.
DAML-S is alsoa suitablecandidatefor a contentlanguageandin this sense,DAML-S andUDDI are
complementary. A higher-level serviceor standarddefinedon top of UDDI could take advantageof the
additionalrichnessof contentDAML-S hasto offer within theUDDI registries.

7.2 WSDL

WSDL (Web ServicesDescriptionLanguage)is an XML format, closelyassociatedwith UDDI as the
languagefor describinginterfacesto businessservicesregisteredwith a UDDI database.It is thuscloser
to DAML-S in termsof functionalitythanUDDI. LikeDAML-S, it attemptstoseparateservices,definedin
abstractterms,from theconcretedataformatsandprotocolsusedfor implementation,anddefinesbindings
betweentheabstractdescriptionandits specificrealization[3]. However, theabstractionof servicesis at
a lower level thanin DAML-S.

Servicesaredefinedassetsof ports,that is network addressesassociatedwith certainprotocolsand
dataformatspecifications.Theabstractnatureof aservicearisesfrom theabstractnatureof themessages
and operationsmappedto a port and defineits port type. Port typesare reusableand can be bound
to multiple ports [18]. Operationsareof four basickinds in WSDL: a one-way, a (two-way) request-
response,a (two-way) solicit-responseanda (one-way) notificationmessage.A messageitself is defined
abstractlyasa request,a responseor evena parameterof a requestor responseandits type,asdefinedin
a typesystemlike XSD. They canbebrokeninto partsto definethelogicalbreak-down of amessage.

Messagesandoperationsaredefinedabstractlyandarethusreusableandextensibleandcorrespond
roughlyto theDAML-S ServiceProfile.Theserviceelementitself incorporatesbotha ServiceProfileand
ServiceGroundinginformation. WSDL servicedescriptionsarenot asexpressive asDAML-S profiles.
Preconditions,postconditionsandeffectsof serviceaccesscannotbeexpressedwithin WSDL.

LikeUDDI, WSDL doesnot supportsemanticdescriptionof services.WSDL focuseson theground-
ing of servicesandalthoughit hasa conceptof input andoutput typesasdefinedby XSD, it doesnot
supportthedefinitionof logical constraintsbetweenits input andoutputparameters.Thusits supportfor
discovery andinvocationof servicesis lessversatilethanthatof DAML-S.

7.3 E-speak

Hewlett-Packardis collaboratingwith the UDDI consortiumto bring E-speaktechnologyto the UDDI
standard.It is thusfairly likely thatE-speakwill besubsumedby UDDI. E-speakandUDDI have similar
goalsin that they bothfacilitatetheadvertisementanddiscovery of services.E-speakis alsocomparable
to WSDL in that it supportsthe descriptionof serviceanddatatypes[6]. It hasa matchingserviceto
compareservicerequestandservicedescriptions,which it doesprimarily on thebasisof input-outputand
servicetypesmatching.

E-speakdescribesservices(Resourcesin thee-speakworld) asa setof attributeswithin several Vo-
cabularies. Vocabulariesaresetsof attributescommonto a logical groupof services.E-speakmatches
lookuprequestsagainstservicedescriptionswith respectto theseattributes.Attributestakecommonvalue
typessuchasString,Int, BooleanandDouble. Thereis a basevocabulary which definesbasicattributes
suchasName,Type (of valueString only), Description,KeywordsandVersion. Currently, thereis no
semanticmeaningattachedto any of the attributes. Any matchingwhich takes placeis doneover the
servicedescriptionattributeswhich doesnot distinguishbetweenany further subtypes.DAML-S hada
muchrichersetof attributes,in DAML-S terminology, theinput/outputparameters,effectsandadditional
functionalattributes.In addition,dependenciesbetweenattributesandlogical constraintson themarenot
expressiblewithin E-speak.



UnlikeUDDI, whichwasintendedto beanopenstandardfrom thebeginning,e-speakscoresrelatively
low on interoperability. It requiresthat an e-speakenginebe run on all participatingclient machines.
Furthermore,althoughe-speakis designedto be a full platform for Web servicesandcould potentially
exposea executionmonitoringinterface,serviceprocessesremaina black-boxfor the e-speakplatform
andconsequentlynoexecutionmonitoringcanbedone.

7.4 ebXML

ebXML, beingdevelopedprimarily by OASIS andthe United Nations,approachesthe problemfrom a
workflow perspective. ebXML usestwo views to describebusinessinteractions,a BusinessOperational
View (BOV) andaFunctionalServiceView (FSV)[7] [22]. TheBOV dealswith thesemanticsof business
datatransactions,which includeoperationalconventions,agreements,mutualobligationsandthelike be-
tweenbusinesses.TheFSVdealswith thesupportingservices:theircapabilities,interfacesandprotocols.
AlthoughebXML doesnotconcentrateononly Webservices,thefocusof thisview is essentiallythesame
asthatof thecurrentDAML-S effort.

It hasthe conceptof a CollaborationProtocolProfile (CPP)“which allows a TradingPartnerto ex-
presstheir supportedBusinessProcessesandBusinessServiceInterfacerequirements[suchthat they are
understood]by otherebXML compliantTradingPartners”,in effectaspecificationof theservicesoffered
by theTradingPartner. A BusinessProcessis a setof businessdocumentexchangesbetweentheTrading
Partners.CPPscontainindustryclassification,contactinformation,supportedBusinessProcesses,inter-
facerequirementsetc.They areregisteredwithin anebXML registry, in which thereis discovery of other
TradingPartnersandthe BusinessProcessesthey support. In this respect,UDDI hassomesimilarities
with ebXML. However, ebXML’s scopedoesnot extendto themannerin which thebusinessdocuments
arespecified.This is left to theTradingPartnersto agreeupona priori by thecreationof a Collaboration
ProtocolAgreement.

In conclusion,thekind of functionality, interoperabilityanddynamicmatchmakingcapabilitiespro-
vided by DAML-S is only partially supported,asthe standardsarecurrentlypositioned,by WSDL and
UDDI. UDDI may becomemoresophisticatedasit incorporatese-speak-like functionalities,but it will
notallow automaticserviceinteroperabilityuntil it incorporatestheinformationprovidedby DAML-S.

8 Summary and Curr ent Status

DAML-S is anattemptto provide anontology, within theframework of theDARPA AgentMarkupLan-
guage,for describingWeb services.It will enableusersandsoftwareagentsto automaticallydiscover,
invoke, compose,and monitor Web resourcesoffering services,underspecifiedconstraints. We have
releasedaninitial versionof DAML-S. It canbefoundat theURL: http://www.daml.org/services/daml-s

We expectto enhanceit in the future in waysthatwe have indicatedin thepaper, andin responseto
users’experiencewith it. We believe it will help make theSemanticWeba placewherepeoplecannot
only find out informationbut alsogetthingsdone.
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