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Abstract.

TheSemantidVebshouldenablegreateraccessotonly to contentout also
to serviceson the Weh Usersandsoftwareagentsshouldbe ableto discover,
invoke, composeandmonitor Web resource®ffering particularservicesand
having particularproperties.As partof the DARPA AgentMarkup Language
program,we have begunto develop an ontology of services,called DAML-
S, thatwill make thesefunctionalitiespossible.In this paperwe describethe
overall structureof the ontology the serviceprofile for adwertising services,
andthe processnodelfor thedetaileddescriptionof the operationof services.
We alsocompareDAML-S with severalindustryeffortsto definestandard$or
characterizingervicesonthe Weh

1 Intr oduction; Sewiceson the SemanticWeb

Efforts toward the creationof the SemanticWeb aregainingmomentum2]. Soonit will be possibleto
accessveb resourcesy contentratherthanjust by keywords. A significantforce in this movementis
the developmentof DAML—the DARPA AgentMarkup Languagg10]. DAML enableghe creationof
ontologiedfor ary domainandtheinstantiationof theseontologiesin the descriptionof specificwebsites.

Amongthemostimportantwebresourcesrethosethatprovide services By “service” we meanWeb
sitesthat do not merely provide staticinformationbut allow oneto effect someactionor changein the
world, suchasthe saleof a productor the controlof a physicaldevice. The SemantidMebshouldenable
usersto locate,select,employ, composeandmonitor Web-basedervicesautomatically

To make useof a Web service,a software agentneedsa computesinterpretake 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 theappropriatdramenvork within whichto do this.

This paperdescribes collaboratve effort by BBN TechnologiesCarngie Mellon University Nokia,
StanfordUniversity andSRIInternationato definejust suchanontology We call thislanguageDAML-S.
We first motivateour effort with somesampletasks.In the centralpartof the paperwe describehe upper
ontologyfor serviceshatwe have developed,including the ontologiesfor profiles,processesandtime,
andthoughtstoward a future ontology of processontrol. We thencompareDAML-S with a numberof
recentefforts in industryto standardizea markuplanguageor services.
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2 SomeMotivating Tasks

Servicescanbe primitive in the sensehatthey invoke only a single Web-accessibleomputermprogram,
sensaror device thatdoesnot rely uponanotheMebservice 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 choicesand provide 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 the featuresof thelanguagd13, 14]. Thefollowing four sampletaskswill give thereader
anideaof thekinds of taskswe expectDAML-S to enable.

1. Automatic Web sewice discovery. AutomaticWeb servicediscovery involvesthe automatidoca-
tion of Web serviceghat provide a particularserviceandthatadhereto requestedonstraints.For
example,the usermay wantto find a servicethat sellsairline tickets betweenwo 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
servicediscorery could be specifiedascomputetinterpretabd semantianarkupat the serviceWeb
sites,anda serviceregistry or ontology-enhanceslearctenginecouldbeusedto 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
requesthe purchasef anairline ticket from a particularsite on a particularflight. Currently auser
mustgo to the Web site offering that servicefill outa form, 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
declaratie, computefinterpretake 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 Webserviceghatarenecessaryor automatedVeb serviceexecution.

3. Automatic Web service composition and interoperation. This taskinvolves the automaticse-
lection, compositionandinteroperatiorof Web servicesto performsometask, given a high-level
descriptionof an objective. For example,the usermay wantto male all the travel arrangements
for atrip to aconferenceCurrently theusermustselectthe Web servicesspecifythe composition
manually and make surethat ary software neededor the interoperations custom-createdWith
DAML-S markupof Web servicesthe informationnecessaryo selectandcomposeserviceswill
be encodedat the serviceWeb sites. Software canbe written to manipulatetheserepresentations,
togethemwith a specificationof the objectves of the task,to achieve the taskautomatically Thus,
DAML-S mustprovide declaratie specification®f the prerequisitesandconsequencesf individ-
ual serviceusethatarenecessarjor automaticservicecompositionandinteroperation.



4. Automatic Web sevice executionmonitoring. Individual servicesand,even more,compositions
of serviceswill oftenrequiresometime to executecompletely Usersmaywantto know duringthis
periodwhatthestatusof 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 theprocesgherequesis andwhetherary unanticipatedlitcheshave appearedThus,DAML-S
shouldprovide descriptordor the executionof services This partof DAML-S is agoalof ours,but
it hasnotyetbeendefined.

Any Web-accessiblprogram/sensor/gee thatis declaed asa servicewill beregardedasaservice.
DAML-S doesnotprecludedeclaringsimple,staticweb pagedo be services But our primary motivation
in definingDAML-S hasbeento supportmorecomple taskslik e thosedescribedabove.

3 An Upper Ontology for Serwices

TheclassServicestandsatthetop of ataxonomyof servicesandits propertiesarethepropertiesnormally
associatedvith all kinds of services.The upperontologyfor servicess silentasto whatthe particular
subclasse®f 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 websites,trackingpurchasestatus gstablishingandmaintaining
accountswith thesites,andsoon.

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

¢ Whatdoesthe servicerequire of the user(s),or otheragents,and provide for them?Theanswerto
this questioris givenin the“profile”’. Thus,the classServicepresents ServiceProfile

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

e How is it used? The answerto this questionis givenin the “grounding”. Thus,the classService
supportsaa ServiceGrounding

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

The serviceprofile tells “what the servicedoes”; thatis, it givesthe type of information neededby
a service-seekinggentto determinewhetherthe servicemeetsits needs(typically suchthingsasinput
and outputtypes, preconditionsand postconditionsand binding patterns). In future versions,we will
uselogical rulesor their equivalentin sucha specificatiorfor expressingnteractionsamongparameters.
For instancea rule might saythatif a particularinput amgumentis boundin a certainway, certainother
input agumentsmay not be neededpr may be provided by the serviceitself. As DAML andDAML-S

A serviceprofile hasalsobeencalledservicecapabilityadvertisemenf19]



Figurel: Toplevel of theserviceontology

andtheir applicationsevolve, logical rulesandinferentialapproachegnabledby themarelikely to play
an increasinglyimportantrole in modelsand groundings,aswell asin profiles. See[5] for additional
examples.

Theservicemodeltells“how the serviceworks”; 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 servicego perform
a specifictask; (3) duringthe courseof the serviceenactment{o coordinatethe actvities of the different
participants{4) to monitorthe executionof the service.For non-trivial servicesthefirst two tasksrequire
amodelof actionandprocessthe lasttwo involve, in addition,anexecutionmodel.

A servicegrounding(“grounding” for short)specifieghe detailsof how anagentcanaccess service.
Typically a groundingwill specifya communicationgrotocol(e.g.,RPC,HTTP-FORM,CORBA IDL,
SQAP, Java RMI, OAA ACL [12]), andservice-specifidetailssuchasport numbersusedin contacting
the service.ln addition,the groundingmustspecify for eachabstractype specifiedn the ServiceModel
an unambiguousvay of exchangingdataelementsof that type with the service(that is, the marshal-
ing/serializationtechniqueseemplo/ed). The likelihoodis that a relatively 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 ary 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 a one-to-oneorrespondencleetweerprofiles,models,and/orground-
ings. Theonly constrainemongthesethreecharacterizationghatmightappropriatelybe expressedtthe
upperlevel ontologyis thatfor eachmodel,theremustbe at 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
requesbr adwertiseserviceswith discosery/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
requirementsboutthe servicethatassistwhenreasoningaboutseveral serviceswith similar capabilities.
Servicefunctionalitiesarerepresentedsa transformatiorfrom the inputsrequiredby the serviceto the
outputsproduced.For example,a news reportingservicewould adwertiseitself asa servicethat, givena
date,will returnthe nawsreportedon thatdate.Functionalattributesspecifyadditionalinformationabout
the service suchaswhatguaranteesf responsdime 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 marlet.
The role of the registriesis to matchthe requestagainstthe profiles adwertisedby other servicesand
identify which servicesprovide the bestmatch.

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-sellerthasthe choiceof adwertisingjust the book-tuying serviceor both
the browsing functionality andthe buying functionality In the latter casethe servicemakespublic thatit
canprovide browsing servicesandit allows everybodyto browvseits registry without buying a book. In
contrast,by adwertising only the book-sellingfunctionality but not the browsing, the agentdiscourages
browsing by requestershat do not intendto buy. The decisionasto which functionalitiesto adwertise
determinedow the servicewill be used:arequestethatintendsto bronvsebut not to buy would selecta
servicethatadwertisesboth buying andbrowsing capabilities put not onethatadwertisesbuying only.

Theserviceprofile containsonly theinformationthatallows registriesto decidewhich adwertisements
arematchedoy arequest.To this extent,theinformationin the profile is a summaryof theinformationin
the processnodelandservicegrounding.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 achieving the advertisedservices.For example,looking for
a book is an essentiabrerequisitefor buying it, so it would be specifiedin the processmodel, but not
necessarilyn the profile. Similarly, informationaboutshippingmay appeamithin the processmodelbut
notthe profile.

4.1 Description

Informationaboutthe service,suchasits provenanceor a text summaryis provided within the profile.
Thisis primarily for useby humanusersalthoughthesepropertiesareconsidereavhenlocatingrequested
services.

4.2 FunctionalityDescription

An essentiacomponenof theprofile is the specificatiorof whatthe serviceprovidesandthe specification
of the conditionsthat have to be satisfiedfor a successfutesult. In addition, the profile specifieswhat
conditionsresultfrom the serviceincludingthe expectedandunexpectedresultsof the serviceactvity.
Theserviceis representetdy i nput andout put propertiesof theprofile. Theinput propertyspeci-
fiestheinformationthatthe servicerequireso proceedwvith thecomputation For example,abook-selling



servicecouldrequirethe credit-cardnumberandbibliographicalinformationof the bookto sell. The out-
puts specifythe resultof the operationof the service. For the book-sellingagentthe outputcould be a
receiptthatacknavledgesthe sale.

<rdf:Property rdf:1D="input">
<rdf s: coment >
Property describing the inputs of a service in the Service Profile
</ rdf s: conment >
<rdfs:domai n rdf:resource="#ServiceProfile"/>
<rdf s: subPropert yOf 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 ti on andef f ect
propertiesof the profile. Preconditionpresenbneor morelogical conditionsthatshouldbe satisfiedorior
to the servicebeingrequestedTheseconditionsshouldhave associate@xplicit effectsthatmayoccuras
aresultof the servicebeingperformed Effectsareeventsthatarecausedy the successfuéxecutionof a
service.

<rdf:Property rdf:1D="preconditions">
<rdfs:domai n rdf:resource="#ServiceProfile"/>
<rdfs:range rdf:resource="#Thi ng"/>

</rdf: Property>

The serviceprofile alsoprovidesa specifictype of preconditionscalledaccessCondi ti ons that
areexpectedto betruefor the serviceto succeedbut they arenot modifiedby the actiity of the service.
Accessconditionsareusedwhentheaccesso theserviceis restrictedo only someusers:as,for example,
servicesthat arerestrictedto usersaffiliated to someorganization. For instance,to accessa classified
news servicea userneedsto have somelevel of clearancedetailsaboutit would be specifiedas an
accessCondi tion.

Finally, the Profileallows thespecificatiorof whatdomai nResour ces areaffectedby theuseof the
service. Thesedomainresourcesnay include computationatesourcesuchasbandwidthor disk space
aswell as more materialresourcesonsumedvhenthe servicecontrolssomemachinery This type of
resourcemayincludefuel, or materialsmodifiedby the machine.

4.3 FunctionalAttributes

In the previous sectionwe introducedthe functional descriptionof services.Yet thereare otheraspects
of servicesthat the usersshouldbe aware of. While a servicemay be accessedrom arywhereon the
Internet,it may only be applicableto a specificaudience.For instance althoughit is possibleto order
food for delivery from a Pittshurgh-basedestaurantvebsitein general,onecannotreasonablyexpectto
dothisfrom California. Functionalattributesaddressheproblemthattherearepropertieshatcanbeused
to describea serviceotherthanasa functionalprocessThesepropertiesaredescribedelow.

geographicRadius The geographiaadiusrefersto the geographiccopeof 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-propertiesireexamplesof differentdegreesof quality, and could be definedwithin some
additionalontology

sewiceParameter An expandabldist of propertiegshatmayaccompan a profile description.

communicationThru This propertyprovidesa high-level summaryof how a servicemay communicate,
suchaswhatagentcommunicationanguagdACL) is used(e.g.,FIPA, KQML, SOAP). This sum-
marizesthe descriptiongprovided by the servicegroundingandare usedwhenmatchingservices;
but is notintendedo replacethe detail provided by the servicegrounding.

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

sewviceCategory The servicecatgory refersto anontologyof serviceshatmay be on offer. High level
servicescould include Productsas well as ProblemSolving Capabilities,CommercialServices,
Informationandsoon.

qualityGuarantees Theseare guaranteeshat the servicepromisesto deliver, suchas guaranteeindo
provide thelowestpossibleinterestrate,or aresponseavithin 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" >

<rdf s: subPropertyOd rdf:resource="#qualityRating" />
</rdf:Property>

As aresultof the serviceprofile, the user beit a human,a programor anotherservice would be able
to identify whatthe serviceprovides, what conditionsresultfrom the serviceandwhetherthe serviceis
available,accessibleandhow it comparesvith otherfunctionallyequivalentservices.

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 chiefcomponentsf aprocessnodelarethe processwhich describes servicein termsof its
componengctionsor processesandenableplanning,compositionandagent/servicénteroperationand
the procescontiol mode] which allows agentdo monitortheexecutionof aservicerequestWewill refer
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, describedbelon; in subsequentersions
thiswill beelaboratedWe alsoexpectin afutureversionto provide anontologyof resources.
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Figure2: Top level of processnmodelingontology

5.1 TheProcesOntolayy

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

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

A processanoften be viewed eitherasa primitive, undecomposablprocesor asa compositepro-
cess,decomposablinto a complex of other primitive 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:

This term was chosenover the terms“event” and “action”, in partbecauset is more suggestre of internal
structurethan“event” andbecausét doesnot necessarilypresumeanagentexecutingthe processandthusis more
generathan“action”. Ultimately, however, thechoiceis arbitrary It is modeledaftercomputationaproceduresr
planningoperators.



e Process

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

</rdfs:C ass>

ClassPRrocEss hasrelatedpropertiesparameterinput, output participant preconditionand(con-

ditional) effect Eachof thesepropertiesangesover aDAML object,which, atthe upperontology

level, is notrestrictedatall. Thepropertiesnput output andparticipaniarecatayorizedassubprop-
ertiesof parameterSubclassesf Procesdor specificdomainscanuseDAML languageslements
to indicatemorespecificrangerestrictionsaswell ascardinalityrestrictionsfor eachof theseprop-

erties.

Thefollowing is anexampleof a propertydefinition:

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

<rdfs:domain rdf:resource="#Process"/>

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

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

e CompositePiocess

<danm : d ass rdf: |1 D="Conposi t eProcess" >
<dan :intersectionO rdf: parseType="dam :coll ection">
<dam : C ass rdf:about="#Process"/>
<dam : Restriction dam :nmnCardinality="1">
<dam : onProperty rdf:resource="#conponents"/>
</dam : Restriction>
</dam :intersectionC>
</dam : O ass>

<rdf:Property rdf:|D="conponents">
<r df s: conment >
Hol ds the specific arrangenent of subprocesses.
</rdfs: conment >
<rdfs: 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 compositgprocesses)n theprocessupperontology”,
we have attemptedto comeup with a minimal set of processclasseshat can be specializedto



describea variety of Web services. This minimal set consistsof SequenceSplit, Split + Join,
Choice,UnorderedCondition,If-Then-Else |terate,Repeat-WhileandRepeat-Until.

Note thatwhile a compositeprocesss a processandthushasslotsfor preconditionsandeffects,
theremay be no easyway to computethesevaluesfor an arbitrary compositeprocessgiven its
componensub-processes.

Thereare two fundamentakelationsbetweenprocessesnd compositeprocesses.The EXPAND
relation associates Processwith the CompositeProcesdescribingits componentsubprocesses,
while its inverse,the COLLAPSE relationrepresentshe associatiorof the CompositeProceds its
atomicProcesdgorm. Expandingis intendedto provide a “glassbox”andcollapsinga “blackbox”
view of theprocessTheexpandedrersionis 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 subprocessesimpleand/orcomposite).

<rdfs: d ass rdf:|D="Sequence">
<daml :intersectionO rdf:parseType="dam :coll ection">
<rdfs: d ass> rdf: about ="#Process" </rdfs:C ass>
<dam : Restricti on>
<daml : onProperty rdf:resource="#conponents"/>
<dam :t oCl ass rdf:resource="#ProcessList"/>
</dam : Restriction>
<dam : i ntersectionC >
</rdfs: C ass>

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

<rdfs:Class rdf: ID="Split">
<daml :intersectionO rdf:parseType="dam :coll ection">
<rdfs: d ass> rdf:about ="#Process" </rdfs:C ass>
<dam : Restricti on>
<dam : onProperty rdf:resource="#conponents"/>
<daml : toC ass rdf:resource="#ProcessBag"/>
</dam : Restriction>
<daml : i ntersectionO >
</rdfs:C ass>

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

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

Split+Join : Herethe processconsistsof concurrentexecutionof 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”.
Thesepropertiesanbeusedoothfor procesandexecutioncontrol(e.g.,choosdrom “choose-
From” anddo “chosen”in sequencegr chooserom “chooseFrom’anddo “chosen”in paral-
lel) aswell for constructingnew subclassebke “chooseatleastn from m”, “chooseexactly n
from m”, “chooseat mostn from m”9, andsoon.

Condition : Conditionsare compositeprocessesvith an outputproperty(condition\alue) whose
rangeis a binary value. Conditionsusuallycorrespondo testactions,but they may be 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:coment> The if condition of an if-then-el se</rdfs: coment >

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

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

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

Iterate : Iterateis a compositeprocesswhosenext processpropertyhasthe 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 anuntilConditionasbelav.'?

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

5.2 Proces<Lontwol Ontolagy

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

This canbe obtainedby restrictingthe size of the ProcesBag that correspondgo the “components”of the
chosenand chooseFronsubprocesseassing cardinality min-cardinality max-cardinalityto get choose(nm)(

L Anotherpossibleextensionis to ability to definecountersandusetheir valuesasterminationconditions. This
couldbe partof anextendedprocessontrolandexecutionmonitoringontology



characteristics:

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

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, but we plantoin a
futureversion.

5.3 Time

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

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

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

No assumptions madethatintenals consistof instants.

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

1. TheAt-time property:its domainis the Processlassandits rangeis anInstant.
2. The Duringproperty:its domainis the Procesglassandits rangeis anInterval.

Viewed asintervals, processesould have propertiessuchasstartime and endTime which aresyn-
onymous(daml:samePropertyAgjith the Start-OfandEnd-Ofrelationthatobtainsbetweerintenalsand
instants.

Onefurther relation canhold betweentwo temporalentities—thebefoe relation. The intendedse-
manticsis thatfor aninstantor interval to be beforeanotherinstantor 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-
taneouspr eventscanonly beinstantaneouandonly statescanhave durations. Eventsthat one might
considerashaving duration(e.g.,heatingwater)aremodeledasa 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 eventat the endof the intenal.
Thesetwo perspecties on eventsare straightforvardly interdefinablen termsof the ontology we have
provided. Thus,DAML-S supportshoth.

Thevariousrelationsbetweerintenalsdefinedn Allen’stemporalintenal calculug1] canbedefined
in a straightforvard fashionin termsof before andidentity on the startandendpoints. For example,two
intervals meetwhenthe endof oneis identicalto the startof the other Thus,in the nearfuture, when
DAML is augmentedvith the capabilityof defininglogicalrules,it will beeasyto incorporataheintenal
calculusinto DAML-S. In addition,in futureversionsof DAML-S we will defineprimitivesfor measuring
durationsandfor 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, Congolinc. Congohasa suite of programsthat
they aremakingaccessibleon the Weh Congowishesto composetheseindividual programsinto Web
serviceghatit offersto its users.We focushereon the Web serviceof buying a book, CongoBuy In the
DAML-S releasewe presenta walk-throughthat stepsthroughthe processof creatingDAML-S markup
for Congd?.

We take the perspectie of the typical Web serviceprovider and considerthreeautomatiortasksthat
a Web serviceprovider might wish to enablewith DAML-S: 1) automaticWeb servicediscorery, 2)
automaticWeb serviceinvocation,and3) automaticWeb servicecompositionandinteroperationFor the
purpose®f this paperwe limit our discussiorto the secondandthird tasks.

6.1 WebServicenvocation

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
compositeVeb-accessiblprogramsaseithersimpleor compositeprocesses.

6.1.1 Definethe Serviceasa Process

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

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

Althoughthe CongoBuyserviceis actuallya predeterminedompositionof several of Congos Web-
accessiblgrogramsit is usefulto initially view it asa black-boxprocess.The black-boxprocessCon-
goBuyhasavarietyof invocation-relgant 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 otherservicer programsthenthe serviceinputsaresimply the

11The Congoexamplecanbe foundat https://www.www.daml.org/services/daml- s/2001/05/Congo.daml.



setof inputsthatmustbeprovidedin theserviceinvocation. The outputsarethe outputsreturnedrom the
serviceinvocation. Note thattheseoutputsmay be conditional. For examplethe outputof a book-huying
servicewill vary dependingiponwhetherthebookis in or out of stock.

In contrastjf theservicels composeaf otherservicesasis thecasewith CongoBuythentherationale
for specificatiorof theinputs,outputsandparameterss moredifficult, andthe utility of theseproperties
is limited. In the simplestcase the inputsandoutputsof the black-boxprocesscanbe definedto be the
compositionof all the possibleinputsandall the possible(conditional)outputsof the simpleserviceghat
theblack-boxprocessnayinvoke, taking every possiblepaththroughthe compositionof simpleservices.
Note however that this is not a very exacting specification.In particular the collection of outputsmay
be contradictory(e.g.,onepathof CongoBuymayleadto confirmationof a purchasewhile anothemay
leadto confirmationof no purchase).The conditionsunderwhich inputsand outputsariseare encoded
exactly in the expandof this black-boxprocessand canbe retrieved from the expandedprocess.The
inputs, outputsand parametergor the black-boxprocessaredesignedo be a usefulshorthand.Thus, it
couldbeamuedthattheinputsandoutputsshoulddescribeéhe mostlik ely inputsandoutputsthroughthe
system.However, in somecasesgventhisis difficult to define.For now, DAML-S leavesthis decisionup
to the Webserviceprovider.

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

<rdf: Property rdf:|D="bookNane">
<rdf s: subPropertyO rdf:resource=
"https://ww. wwv. 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 assumeCongohasan infinite supply of books,
andinfinite generosity

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

In additionto input and output properties,eachservicehas parametemproperties. A parameteiis
somethingthat affects the outcomeof the processhut which is not aninput provided by the invoker of
the processit maybeknown by theservice or retrieved by the servicefrom elsavhere.For example,the
factthatthe customess creditcardis valid, is aparametem our CongoBuyprocessandis relevantwhen
consideringheuseof the CongoBuy but it is notaninput or outputof CongoBuy

<rdf:Property rdf:ID="credit CardValidity">
<rdf s: subPropertyO rdf:resource=
"https://ww. dam . org/ servi ces/ dam -s/ 2001/ 05/ Process. dam #paraneter”/ >
<rdfs:range rdf:resource="#ValidityType"/>
</rdf:Property>



6.1.2 Definethe Processasa Compositiornf Processes

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

Definethe Individual Processes
Wefirst defineeachof thesimpleservicesn CongoBuyi.e., LocateBook PutinCart.etc.

<rdfs:C ass rdf: | D="Locat eBook" >
<rdfs:subd assO rdf:resource="#Process"/>
</rdfs:Cl ass>

<rdfs:d ass rdf: I D="PutlnCart">
<rdfs:subd assOf rdf:resource="#Process"/>
</rdfs:Cl ass>

<rdf:Property rdf:1D="bookSel ected">

<rdf s: subPropertyO rdf:resource="&process; #i nput"/>

<rdfs:domain rdf:resource="#PutlnCart"/>

<rdfs:range rdf:resource="rdfs: Literal"/>
</rdf:Property>\footnote{https://ww.dam . org/services/danl -s/ 2001/ 05/ Congo. dami .
Addi tional DAM. code is needed here to specify the relationship
bet ween t he bookName property of CongoBuy and the bookSel ect ed
property of PutlnCart. As of this witing, discussions are underway
to deternmine the best way to indicate this relationship in DAML+O L. }.

Definethe Composition of the Individual Processes

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

<expand>

<rdfs: d ass> rdfs: about ="#CongoBuy"</rdfs:d ass>

<rdfs: d ass> rdfs: about ="#ExpandedCongoBuy"</rdfs: C ass>
</ expand>

Eachprocesshasa propertycalledcomponentgitself a bagof processes)The processei the bag
may be othersimpleor compositeprocessesAs such,they recursvely definethe compositionof simple
processethatdefinesheblack-boxprocesCongoBuy

TheexpandedCongoBuyprocessExpandedCongoBuy3 comprisedf asequencef two processes,
asimpleprocesghatlocatesa book (LocateBook),anda comple« procesghatbuysthe book (CongoB-
uyBook). We definethemasfollows:

<rdfs: d ass rdf: | D="ExpandedCongoBuy" >
<dam : subC assOF rdf:resource=
"https://ww. dam . org/ servi ces/ dam - s/ 2001/ 05/ Pr ocess. danl #Sequence"/ >
<dam : subC assOf >
<danml : Restriction>
<daml : onProperty rdf:resource=



"https://ww. dam . org/ servi ces/ dam - s/ 2001/ 05/ Process. damnl #conponent s"/ >
<dam :toCl ass>
<dani : subCl assOf >
<dani : uni onOf rdf: parseType="dam : col |l ecti on">
<rdfs: d ass rdfs: about ="#Locat eBook"/ >
<rdf s: d ass rdfs: about ="#CongoBuyBook" />
</ dam : uni onCf >
</ dam : subdl assOf >
</ dam :toCl ass>
</dam : Restricti on>
</ dam : subd assOf >
</rdfs:Cl ass>

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

6.1.3 AutomatedServiceCompositiorand Interopemtion

The DAML-S markuprequiredto automateservicecompaositionandinteroperatiorbuilds directly on the
markupfor serviceinvocation.In orderto automateservicecompositiorandinteroperationywe mustalso
encodethe effectsa servicehasuponthe world, andthe preconditiongor performingthat service. For
example,whena humanbeinggoesto www.congo.conandsuccessfullyexecuteghe CongoBuyservice,
thehumanknows thatthey have purchased book,thattheir creditcardwill bedebited,andthatthey will
receve a bookatthe addresghey provided. Suchconsequencesf Web serviceexecutionarenot part of
theinput/outputmarkupwe createdor automatingserviceinvocation.

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

7 RelatedEfforts

Industry efforts to develop standardgor electroniccommerceand in particularfor the descriptionof
Web-basedservicescurrently revolve aroundUDDI, WSDL, and ebXML [22]. Therehave also been
compary-specificinitiativesto definearchitecturegor e-commercemostnotably E-speakirom Hewlett-
Packard.

Neverthelesswe believe that DAML-S providesfunctionality that the otherefforts do not. In com-
parisonto the DAML-S characterizatiomwf servicesthe industrystandardsnostly focuson presentinca
ServiceProfilanda ServiceGroundingf serviceqto useDAML-S terminology).ServiceGroundingare
supportedoy all the standardsHowever, they arelimited with respectto DAML-S profilesin thatthey
cannotexpresslogical statementse.g. preconditionsand postconditionspr rulesto describedependen-
ciesbetweerthe profile elementsInput andoutputtypesare supportedo varying extents. Furthermore,
DAML-S supportghedescriptionof certainfunctionalattributesof serviceswhich arenot coveredin the
otherstandardssuchasqualityGuaranteeandserviceVpe.

With respecto thefour tasksof automaticWeb servicediscovery, automaticWeb serviceinvocation,
automaticWeb serviceinteroperatiorandcompositionandautomaticWeb serviceexecutionmonitoring



thatDAML-S is meantto supportthe standardgrimarily enablethefirst andthe secondasksto a certain
extent. Thesestandardsrestill evolving andit is unclearat presento what extent compositionwill be
addressedAt themomentthestandardslo not considetthe ServiceModebf a serviceandthus,they also
do not supportexecutionmonitoring,asdefinedin this paper

In the following sectionswe look in greaterdetail at eachof thesetechnologiesn turn andcompare
themto DAML-S.

7.1 UDDI

UDDI(UniversalDescription Discovery andIntegration)is aninitiative proposedy Microsoft, IBM and
Ariba to developastandardor anonlineregistry, to enablethe publishinganddynamicdiscorery of Web
servicefferedby businessef21]. UDDI allows programmersndotherrepresentatesof a businesdo
locatepotentialbusinesgpartnersaandform businesselationshipsnthebasisof theserviceghey provide.
It thusfacilitatesthe creationof new businesselationships.

Theprimarytargetof UDDI seemgo beintegrationandat leastsemi-automatiof businesgransac-
tionsin B2B e-commerceapplications.It providesa registry for registeringbusinessesandthe services
they offer. Thesearedescribedaccordingto an XML schemadefinedby the UDDI specification. A Web
serviceprovider registersits adwertisementalongwith keywordsfor categorisation.A Webservicesuser
retrievesadwertisement®ut of theregistry basedon keyword search.The UDDI searchmechanismelies
on pre-defineccatgyorisationthroughkeywords anddoesnot refer to the semanticcontentof the adwer-
tisementsTheregistry is supposedo functionin afashionsimilar to white pagesor yellow pageswhere
businessesanbelooked up by nameor by a standardservicetaxonomyasis alreadyusedwithin thein-
dustry UDDI attemptdo cover all kindsof servicesfferedby businessesncludingthosethatareoffered
by phoneor e-mailandsimilar meansin principle, DAML-S coulddothis, but it hasnot beenour focus.

Technicallyspeaking.eachbusinessdescriptionin UDDI consistsof a businessEntityelement,akin
to a White Pageselementdescribingthe contactinformationfor a business.A businessEntitydescribes
a businessby name,a key value,cateyorisation,servicesoffered (businessServicelementsindcontact
informationfor thebusiness A businessServicelementdescribes serviceusinga name key value,cat-
egorisationandmultiple bindingTemplateelements.This canbe consideredo be analogougo a Yellow
Pageselementhatcateyorisesa businessA bindingTemplateslementn turn describeshekind of access
the servicerequires(phone mailto, http, ftp, fax etc.),key valuesandtModellnstancestModellnstances
areusedto describeheprotocols,nterchangdormatsthatthe servicecomprehendshatis, thetechnical
informationrequiredto accesshe service.lt is alsousedto describethe “namespacesfor the classifica-
tionsusedin cateyorisation.Many of the elementsareoptional,including mostof the onesthatwould be
requiredfor matchmakingpr servicecompositionpurposes.

UDDI aimsto facilitatethe discovery of potentialbusinesgpartnersandthe discovery of servicesand
their groundingghatareofferedby known businesgartners.This mayor maynotbedoneautomatically
Whenthis discovery occurs programmersiffiliated with the businespartnergrogramtheir own systems
to interactwith the servicesdiscovered. This is alsothe modelgenerallyfollowed by ebXML. DAML-S
enablesnoreflexible discorery by allowing searcheto take placeon almostary attribute of the Service-
Profile. UDDI, in contrastallows technicalsearchesnly ontModelKeys, references$o tModellnstances,
whichrepresentull specification®f akind of service.

UDDI, of itself, doesnot supportsemantiadescriptionof services.Thus,dependingn thefunction-
ality offeredby the contentlanguagealthoughagentscansearchthe UDDI registry andretrieve service
descriptionsa humanneedgo beinvolved in theloop to make senseof the descriptionsandto program
theaccessnterface.

UDDI doesnotprovide or specifycontenianguage$or adwertisemensofar. AlthoughWSDL is most
closelyassociateavith UDDI asacontentianguagethe specificatiorrefersto ebXML andXML/edi also



as potential candidates. Contentlanguagesould be a possiblebridge betweenUDDI and DAML-S.
DAML-S is alsoa suitablecandidatefor a contentlanguageandin this sense DAML-S andUDDI are
complementaryA higherlevel serviceor standarddefinedon top of UDDI could take advantageof the
additionalrichnessof contentDAML-S hasto offer within the UDDI registries.

7.2 WSDL

WSDL (Web ServicesDescriptionLanguage)s an XML format, closely associatedvith UDDI asthe
languagdor describinginterfacesto businessservicesegisteredwith a UDDI databaselt is thuscloser
to DAML-S in termsof functionalitythanUDDI. Like DAML-S, it attemptgo separatservicesdefinedn
abstracterms,from theconcretedataformatsandprotocolsusedor implementationanddefinesbindings
betweerthe abstracdescriptionandits specificrealization[3]. However, the abstractiorof servicess at
alower level thanin DAML-S.

Servicesaredefinedas setsof 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-vay, a (two-way) request-
responsea (two-way) solicit-responsanda (one-way) notificationmessageA messagéself is defined
abstractlyasarequestaresponser evena parametepf arequesbr responsandits type, asdefinedin
atypesystenlike XSD. They canbebrokeninto partsto definethelogical break-devn of amessage.

Messagesind operationsare definedabstractlyand are thusreusableand extensibleand correspond
roughlyto the DAML-S ServiceProfile The serviceelemenitself incorporatedotha ServiceProfileand
ServiceGroundingnformation. WSDL servicedescriptionsare not as expressie as DAML-S profiles.
Preconditionspostconditionsandeffectsof serviceaccestannotbe expressedvithin WSDL.

Like UDDI, WSDL doesnot supportsemantialescriptionof servicesWSDL focuseson theground-
ing of servicesandalthoughit hasa conceptof input and outputtypesasdefinedby XSD, it doesnot
supportthe definition of logical constraintdetweerits input andoutputparametersThusits supportfor
discorery andinvocationof servicess 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
compareservicerequestndservicedescriptionsyhich it doesprimarily onthebasisof input-outputand
servicetypesmatching.

E-spealkdescribesservicegResourcesn the e-speakworld) asa setof attributeswithin several Vo-
cahularies. Vocahlulariesare setsof attributescommonto a logical group of services.E-speakmatches
lookuprequestsgainsservicedescriptionsvith respecto theseattributes. Attributestake commonvalue
typessuchas String, Int, BooleanandDouble. Thereis a basevocalulary which definesbhasicattributes
suchas Name, Type (of value String only), Description,Keywordsand Version. Currently thereis no
semanticmeaningattachedo ary of the attributes. Any matchingwhich takes placeis doneover the
servicedescriptionattributeswhich doesnot distinguishbetweenary further subtypes.DAML-S hada
muchrichersetof attributes,in DAML-S terminology the input/outputparametersgffectsandadditional
functionalattributes.In addition,dependencieletweerattributesandlogical constrainton themarenot
expressiblewithin E-speak.



Unlike UDDI, whichwasintendedo beanopenstandardrom thebeginning,e-spealscoregelatively
low on interoperability It requiresthat an e-speakenginebe run on all participatingclient machines.
Furthermore althoughe-speakis designedo be a full platformfor Web servicesand could potentially
exposea executionmonitoringinterface, serviceprocessesemaina black-boxfor the e-speakplatform
andconsequentiyio executionmonitoringcanbe done.

7.4 ebXML

ebXML, beingdevelopedprimarily by OASIS andthe United Nations,approacheshe problemfrom a
workflow perspectie. ebXML usestwo views to describebusinessnteractionsa BusinesOperational
View (BOV) andaFunctionalServiceView (FSV)[7] [22]. TheBOV dealswith thesemantic®f business
datatransactionsywhich includeoperationakorventions,agreementsnutualobligationsandthelik e be-
tweenbusinessesThe FSV dealswith the supportingservicestheir capabilitiesjnterfacesandprotocols.
AlthoughebXML doesnotconcentraten only Webservicesthefocusof this view is essentiallthesame
asthatof thecurrentDAML-S effort.

It hasthe conceptof a CollaborationProtocol Profile (CPP)“which allows a Trading Partnerto ex-
presstheir supportedusinessProcesseandBusinessServicelnterfacerequirementgsuchthatthey are
understoodpy otherebXML compliantTradingPartners”,in effect a specificatiorof the servicesffered
by the TradingPartner A BusinessProcesss a setof businessdocumenexchangedetweerthe Trading
Partners.CPPscontainindustry classification contactinformation, supportedusinessProcessesnter
facerequirement®tc. They areregisteredwithin anebXML registry, in which thereis discorery of other
Trading Partnersandthe BusinessProcessethey support. In this respectUDDI hassomesimilarities
with ebXML. However, ebXML's scopedoesnot extendto the mannerin which the businessdocuments
arespecified.This is left to the TradingPartnersto agreeupona priori by the creationof a Collaboration
ProtocolAgreement.

In conclusionthe kind of functionality interoperabilityand dynamicmatchmakingcapabilitiespro-
vided by DAML-S is only partially supportedasthe standardsre currently positioned,by WSDL and
UDDI. UDDI may becomemore sophisticatedsit incorporatese-speak-lik functionalities,but it will
not allow automaticserviceinteroperabilityuntil it incorporateshe informationprovided by 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, composeand monitor Web resourcesffering services,under specifiedconstraints. We have
releasedninitial versionof DAML-S. It canbefoundatthe URL: http://wwwdaml.og/service&laml-s

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