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Abstract. The Web ServiceModeling LanguaggWSML) is alanguagdor the
speci cation of differentaspectf SemanticWeb Services It provides a for-

mal languagefor the Web ServiceModeling Ontology WSMO which is based
onwell-known logical formalisms specifyingonecoherentanguagdramework

for the semanticdescriptionof Web Services startingfrom the intersectionof

DatalogandtheDescriptionLogic SH1 Q. Thiscorelanguages extendedn the
directionsof DescriptionLogicsandLogic Programmingn a principledmanner
with strict layering. WSML distinguishedetweenconceptuabndlogical mod-
elingin orderto supportuserswho arenot familiar with formal logic, while not
restrictingthe expressve power of the languagefor the expertuser IRIs play a
centralrolein WSML asidenti ers. FurthermoreYWSML de nesXML andRDF

serializationdor inter-operationover the SemantidNeh

1 Intr oduction

Web Services are piecesof functionality which are accessiblever the Weh Current
technologiesuchasWSDL allow to describethe functionality offeredby a Web Ser
vice onasyntacticalevel only. For automatiorof tasks suchasWebServicediscovery,
compositionandexecution,semantiadescriptionf Web Servicesarerequired.Since
SemanticWeb technologyenableghis formal descriptionof Web content,the combi-
nationof SemantidMebwith Web Serviceis the naturalnext stepto betaken.

Thiscombinationis oftenreferredto asSemantidVebServiced16]. In this context,
the Web ServiceModeling OntologyWSMO [17] providesa conceptuamodelfor the
descriptiorof variousaspect®f ServicesowardssuchSemantidVeb ServicefSWS).
In particular WSMO distinguishegour top-level elements:

Ontologies Ontologiesprovide formal and explicit speci cationsof the vocahularies
usedby the othermodelingelementsSuchformal speci cationsenableautomated
processingof WSMO descriptionsand provide backgroundcknowledgefor Goal
andWeb Servicedescriptions.

Goals Goalsdescribethe functionality and interactionstyle from the requestemper
spectve.

! Throughouthis paperwe usetheterms“Service” and“Web Service”interchangeably



Web Service descriptions Web Servicedescriptionsspecifythe functionality andthe
meanf interactionprovided by the Web Service.

Mediators MediatorsconnectifferentWSMO elementsaandresole heterogeneityn
datarepresentatiorinteractionstyle andbusinesgprocesses.

TheWeb ServiceModelingLanguageNSML takesinto accountall aspectof Web
Servicedescriptionidenti ed by WSMO. WSML compriseddifferent formalismsin
orderto investicate their applicability to the descriptionof SWS. Sinceour goalis to
investigatethe applicability of differentformalismsto thedescriptionof SWS, it would
betoorestrictiveto baseoureffort on existinglanguagegecommendationsuchasOWL
[6]. A concretegoalin ourdevelopmenbf WSML isto investigatetheusageof different
formalisms,mostnotably DescriptionLogics and Logic Programmingjn the context
of OntologiesandWebservices.

We seethreemainareaswvhich bene t from theuseof formal methodsn servicede-
scriptions:Ontolagy description Declarative functionaldescriptionof Goalsand Web
servicesand Descriptionof dynamics|n its currentversionWSML de nes a syntax
andsemanticdor ontologydescriptionsThe underlyingformalismswhich weremen-
tioned earlierare usedto give a formal meaningto ontology descriptiongn WSML.
For the functional descriptionof Goalsand Web services WSML offers a syntacti-
cal framework, with Hoare-stylesemanticsn mind. However, WSML doesnot yet
formally specifythe exactsemantic®f thefunctionaldescriptionof servicesThede-
scription of the dynamicbehaior of Web services(choreograpy and orchestration)
in the context of WSML is currently underinvestigation, but hasnot beenintegrated
in WSML at this point. Thus,in this paperwe primarily focus on ontology descrip-
tionin WSML, whereit turnsoutthatWSML alreadyincludesmary potentiallyuseful
featuredackingin previousapproaches.

We give an overvien of WSML andits languagdayeringin Section2l The nor
mative human-readableyntaxof WSML is describedn Section3, followed by key
featuresof WSML which are describedn Section4] Section5 describegelatedap-
proachedor the descriptionof SemantidWeb Servicesand Ontologies We draw con-
clusionsandoutline futurework in Sectioné.

2 WSML Layering

Figurg1(a) shavs thedifferentvariantsof WSML andtherelationshipbetweerthem.
Thesevariantdifferin logicalexpressienesa&ndin theunderlyinglanguaggaradigms
andallow usergo make thetrade-of betweerprovided expressienessandtheimplied
complity for ontologymodelingon a perapplicationbasis.

WSML-Cor e is basedon by the intersectionof the DescriptionLogic SHI Q and
Horn Logic, basedon DescriptionLogic Programg8]. It hasthe leastexpressie
power of all the WSML variants.The main featuresof the languageareconcepts,
attributes binaryrelationsandinstancesaswell asconceptndrelationhierarchies
andsupportfor datatypes.

WSML-DL captureghe DescriptionLogic SHI Q(D), which is a major part of the
(DL speciesf) OWL [6].
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Fig. 1. WSML VariantsandLayering

WSML-Flight is an extensionof WSML-Core which provides a powerful rule lan-
guagelt addsfeaturesuchasmeta-modelingconstraintandnonmonotoniciega-
tion. WSML-Flight is basedn alogic programmingvariantof F-Logic [12] andis
semanticallyequivalentto Datalogwith inequalityand(locally) strati ed negation.
WSML-Flight is a direct syntacticextensionof WSML-Coreandit is a semantic
extensionin the sensethat the WSML-Core subsetof WSML-Flight agreeswith
WSML-Coreon groundentailmentgcf. [11]).

WSML-Rule extendsWSML-Flight with further featuresfrom Logic Programming,
namelythe useof function symbols,unsaferulesandunstrati ed negation under
the Well-Foundedsemantics.

WSML-Full uni es WSML-DL andWSML-Rule undera First-Orderumbrellawith
extensiongto supportthe nonmonotonimegation of WSML-Rule. The semantics
of WSML-Full is currentlyanopenresearchssue.

As shawn in Figure/1(b), WSML hastwo alternatve layerings,namely WSML-
Core) WSML-DL ) WSML-Full andWSML-Core) WSML-Flight) WSML-
Rule) WSML-Full. For bothlayerings WSML-CoreandWSML-Full marktheleast
andmostexpressie layers.Thetwo layeringsareto acertainextentdisjointin thesense
thatinter-operationin WSML betweenthe DescriptionLogic variant(WSML-DL) on
the one handandthe Logic Programmingvariants(WSML-Flight and WSML-Rule)
ontheother is only possiblethrougha commoncore (WSML-Core)or throughavery
expressie supersef(WSML-Full).

3 General WSML Syntax

In this sectionwe introducethe generaWSML syntaxwhich encompassedll features
supportedoy the differentlanguagevariants.We describethe restrictionsimposedon
this generalkyntaxby the differentvariants.Theserestrictionsfollow from thelogical
languagaunderlyingthe speci ¢ languagerariant,asdescribedn the previoussection.



WSML makesa cleardistinctionbetweerthe modelingof the differentconceptual
elementson the one handand the speci cation of comple logical de nitions on the
other To this end,the WSML syntaxis split into two parts:the conceptuabyntaxand
logical expressiorsyntax.The conceptuasyntaxwasdevelopedfrom theuserperspec-
tive,andis independentrom theparticularunderlyinglogic; it shieldstheuserfrom the
peculiaritiesof the underlyinglogic. Having sucha conceptuakyntaxallows for easy
adoptionof thelanguagesinceit allows for anintuitive understandingf thelanguage
for peoplenot familiar with logical languagesin casethe full power of the underly-
ing logic is requiredthelogical expressiorsyntaxcanbe used.Thereareseveralentry
pointsfor logical expressionsn the conceptuakyntax,namely axiomsin ontologies
andcapabilitydescriptionsn GoalsandWeb Services.

We will rst describethe useof Webidenti ers and concretedatavaluesin Sec-
tion[3.1 The differentkinds of WSML de nitions and a generalexplanationof the
conceptuakyntaxaregivenin Section3.2. Thelogical expressionsyntaxis described
in Section3.3. Finally, we brie y outlinethe XML andRDF serializationsn Section
3.4

3.1 Identiers in WSML

WSML hasthreekinds of identi ers, namely IRIs, sQNameswhich are abbreviated
IRIs, anddatavalues.

An IRI (InternationalizedResourcddenti er)@ uniquelyidenti es a resourcen a
Web-compliantway. The IRl proposedstandards the successoof the popularURI
standarcandhasalreadybeenadoptedn variousW3C recommendationsRIs arede-
limited usinganunderscor@andadoublequote™ " andadoublequote™, for example:
_"http://www.wsmo.org/wsml/wsml-syntax#”.

In orderto enhancdegibility, an IRl canbe abbreiatedto an sQNamewhich is
shortfor “serializedQName',andis of thefollowing form: pre x #localname. The pre-
x andlocal partmay be omitted,in which casethe namefalls in the default names-
pace.Our concepibf an sQName'correspondsvith theuseof QNamesn RDF andis
slightly differentfrom QNamesn XML, whereaQNamess notmerelyanabbreiation
for anIRI, but atuple < namespaceURI, localname> .

Datavaluesin WSML areeitherstrings,integers,decimalsor structureddataval-
uesre ecting the XML SchemadatatypesWSML de nesconstructsvhichre ect the
structureof datavalues.For example,the date“March 15th, 2005” is representees:
_date(2005,3,15). In logicalexpressionsgonstructediatavaluescanbeusedn thesame
way asconstructederms,with the differencethatconstructedermsmay notbe nested
insideconstructediatavalues.

3.2 Conceptual Syntax

The WSML conceptuabkyntaxallows for the modelingof Ontologies Web Services,
Goalsand Mediators.It is sharedbetweenall variants,with the exceptionof some
restrictionswhich apply on the modelingof ontologiesin WSML-Core and WSML-
DL.

2 |ETF RFC 3987:http://www.ietf.org/rfc/rfc3987..txt
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Ontologies An ontologyin WSML consistsof the elementsconcept , relation , in-
stance , relationinstance andaxiom . Additionally, anontologymayhave non-functional
propertiesandmayimport otherontologies We startthe descriptionof WSML ontolo-
gieswith anexamplewhich demonstratethe elementof anontologyin Listing[1, and
detailtheelementselow.

wsmlV ariant _"http://www.wsmo.org/wsml/wsmlj syntax/wsml;j ight”
namespace f _http://example.org/bookOntology#”,
dc _"http :// purl.org/dc/elements/1.1/"g
ontology _"http :// example.org/bookOntology”
nonFunctionalPr oper ties
dc#title hasValue "Example Book ontology”
dc#description hasValue "Example ontology about books and shopping carts”
endNonFunctionalPr oper ties
concept book
title ofType _string
hasAuthor ofType author
concept author subConceptOf person
authorOf inverseOf (hasAuthor) ofType book
concept cart
nonFunctionalPr oper ties
dc#description hasValue "A shopping cart has exactly one id
and zero or more items, which are books.”
endNonFunctionalPr oper ties
id ofType (1) _string
items of Type book
instance crimeAndPunishment memberOf book
titte hasValue "Crime and Punishment”
hasAuthor hasValue dostoyevsky

relation authorship(impliesT ype author, impliesT ype document)
nonFunctionalPr oper ties
dc#relation hasValue authorshipFromAuthor
endNonFunctionalPr oper ties

axiom authorshipFromAuthor
de nedBy
authorship(?x,?y) :i ?x[authorOf hasValue ?y] memberOf author.

Listing 1. An ExampleWSML Ontology

ConceptsThenotionof conceptysometimeslsocalled classes'playsa centralrole
in ontologies. Conceptform the basicterminologyof the domainof discourseA con-
ceptmay have instancesand may have a numberof attributesassociatedvith it. The
non-functionalpropertiesaswell asthe attribute de nitions, are groupedtogetherin
oneframe,ascanbe seenfrom the exampleconceptoook in Listing/1.

Attribute de nitions cantake two forms, namelyconstaining (usingofType) and
inferring (usingimpliesT ype) attribute de nitions3. Constrainingattribute de nitions
de ne atyping constrainton the valuesfor this attribute, similar to integrity constraints
in Databasesinferring attribute de nitions imply that the type of the valuesfor the
attributeis inferredfrom theattribute de nition, similarto rangerestrictionson proper
tiesin RDFS[3] andOWL [6]. Eachattributede nition mayhave anumberof features
associateavith it, namely transitvity, symmetry re exivity, andthe inverseof an at-
tribute,aswell asminimal andmaximalcardinalityconstraints.

Constrainingattribute de nitions, aswell ascardinalityconstraintsrequireclosed-
world reasoningandarethusnot allowedin WSML-CoreandWSML-DL. As opposed

% The distinction betweeninferring and constrainingattribute de nitions is explainedin more
detailin [5, Section2]



to featuresof rolesin DescriptionLogics, attribute featuressuchas transitvity, sym-
metry, re exivity andinverseattributesarelocalto aconceptin WSML. Thus,noneof
thesefeaturesmay be usedin WSML-Coreand WSML-DL. For a motivation on the
useof constrainingattributes,see[5].

Relations Relationsin WSML canhave an arbitrary arity, may be organizedin a hi-
erarcly usingsubRelationOf andthe parametersnay be typed using parametetype
de nitions of theform (ofType ty pe) and(impliesT ype ty pe), wherety peis aconcept
identi er. Theusageof of Type andimpliesT ype correspondvith theusagen attribute
de nitions. Namely parametede nitions with the ofType keyword areusedto check
thetypeof parametewvalueswhereagparametede nitions with theimpliesT ype key-
word areusedto infer conceptmembershipf parametewalues.

The allowed arity of the relation may be constrainedoy the underlyinglogic of
the WSML languagevariant. WSML-CoreandWSML-DL allow only binaryrelations
and,similarto attributede nitions, they allow only parametetyping usingthekeyword
impliesT ype.

InstancesA conceptmay have a numberof instancesssociatedvith it. Instancesx-
plicitly speci ed in an ontology are thosewhich are sharedas part of the ontology
However, mostinstancedataexists outsidethe ontologyin private databasesSNVSML
doesnot prescribehow to connectsucha databaséo an ontology sincedifferentor-
ganizationswill usethe sameontologyto querydifferentdatabaseandsuchcorporate
databasearetypically notshared.

An instancemay be memberof zeroor more conceptsandmay have a numberof
attribute valuesassociatedvith it, seefor examplethe instancecrimeAndPunishment
in Listing |1, Note that the speci cation of conceptmemberships optional and the
attributesusedin theinstancespeci cationdo not necessariljhave to occurin the as-
sociatedconceptde nition. Consequenth/WWSML instancesanbe usedto represent
semi-structurediata,sincewithout conceptmembershi@nd constrainton the useof
attributes,instancegorm a directedlabelledgraph.Becauseof this possibility to cap-
turesemi-structuredata,mostRDF graphscanberepresentedsWSML instancalata,
andvice versa.

Axioms Axioms provide a meansto add arbitrary logical expressionsto an ontol-
ogy. Suchlogical expressionanbe usedto re ne conceptor relationde nitions in
the ontology but alsoto add arbitrary axiomaticdomainknowledge or expresscon-
straints.The axiom authorshipFromAuthor in Listing [1] statesthat the relation author-
ship exists betweenary authorandary book of which heis anauthor;consequently
hdostoyesksy; crimeAndPunishmenti is in the relationauthorship. Logical expressions
areexplainedin moredetailin Section3.3.

Web Services A Web Servicehasa capability and a numberof interfaces.The ca-
pability describegshe Web Servicefunctionality by expressingconditionsover its pre-
and post—staté‘%usinglogical expressionsinterfacesdescribehow to interactwith the

4 Pre-statdpost-staterespectiely) refersto the statebefore(after, respeciiely) the execution
of theWeb Service



service Additionally, WSML allows to specifynon-functionapropertieof aWeb Ser
vice. Listing[2 describes simpleWeb Servicefor addingitemsto a shoppingcart.

webService _"http://example.org/bookService”
nonFunctionalPr oper ties
dc#title hasValue "Example book buying service”
dc#description hasValue "A simple example web service for adding items to a shopping cart”
endNonFunctionalPr oper ties

impor tsOntology _"http://example.org/bookOntology”
capability
sharedV ariables f ?cartld, ?itemg
precondition
de nedBy
?cartld memberOf _string and ?item memberOf book.
postcondition
de nedBy
forall ?cart (?cart[id hasValue ?cartld] memberOf cart implies
?cart[items hasValue ?item]).

Listing 2. A WSML Web Servicedescription

Capabilities Preconditiongindassumptionglescribehe statebeforethe executionof a
Web Service While preconditionglescribeconditionsover theinformationspacej.e.,
conditionsover theinput; assumptionsglescribeconditionover the stateof world which
cannot necessarilybe directly checled. Postconditionslescribethe relationbetween
the input andthe output, e.g.,a credit cardlimit with respecto its valuesbeforethe
serviceexecution.In this sensethey describethe informationstateafter executionof
the service.Effectsdescribechangesn the realworld causedy the service,e.g.,the
physical shipmentof somegood. The sharedV ariables constructis usedto identify
variableswhich are sharedbetweenthe pre- and postconditionsand the assumptions
andeffects. Sharedvariablescanbe usedto referto the sameinput and outputvalues
in the conditionsof the capability Listing[2 describes simpleWeb Servicefor adding
itemsto a shoppingcart: given a shoppingcartidenti er anda numberof items, the
itemsareaddedo the shoppingcartwith thisidenti er.

Interfaces Interfacesdescribehow to interactwith a servicefrom the requestepoint-
of-view (choreograph y) andhow the serviceinteractswith otherservicesandgoalsit
needsto ful Il in orderto ful ll its capability (orchestration ), which is the provider
point of view. Choreograpy and orchestrationdescriptionsare externalto WSML;
WSML allows to referenceary choreograph or orchestrationdenti ed by anlRI.

Goals Goalsaresymmetricto Web Servicesn the sensehat Goalsdescribedesired
functionality and Web Servicesdescribeoffered functionality Therefore,a Goal de-
scriptionconsistof thesamemodelingelementasa Web Servicedescriptionnamely
non-functionalpropertiesa capabilityanda numberof interfaces.

Mediators MediatorsconnectdifferentGoals,Web ServicesandOntologies,anden-
ableinter-operatiorby reconcilingdifferencesn representatioformats,encodingstyles,
businesgprotocolsetc.ConnectionbetweerMediatorsandotherWSML elementsan
be establishedh two differentways:



1. EachWSML elementallows for the speci cation of a numberof usedmediators
throughthe usesMediator keyword.

2. Eachmediatotas(dependingnthetypeof mediatorjoneor moresourcesaandone
target. Both sourceandtargetareoptionalin orderto allow for genericmediators.

A mediatorachievesits mediationfunctionalityeitherthroughaWebService which
providesthe mediationservice,or a Goal, which canbe usedto dynamicallydiscover
theappropriat§mediation)Web Service.

3.3 Logical ExpressionSyntax

We will rst explain the generallogical expressionsyntax, which encompasseall
WSML variants,and thendescribethe restrictionson this generalsyntaxfor eachof
thevariants.The generalogical expressiorsyntaxfor WSML hasa First-OrderLogic
style,in the sensehatit hasconstantsfunction symbols,variables predicatesandthe
usuallogical connectves. Furthermore WSML hasF-Logic [12] basedextensionsin
orderto modelconceptsattributes,attribute de nitions, and subconceptaind concept
membershiprelationships Finally, WSML hasa numberof connectvesto facilitate
the Logic Programmingbasedvariants,namelydefault negation (negation-as-éilure),
LP-implication (which differs from classicalimplication) and database-stylantegrity
constraints.

Variablesin WSML startwith a questionmark, followed by an arbitrary number
of alphanumericharacterse.g.,?x, ?name, ?123. Freevariablesn WSML (i.e., vari-
ableswhich arenot explicitly quanti ed), areimplicitly universallyquanti ed outside
of theformula(i.e., thelogical expressionin which the variableoccursis the scopeof
quanti cation),unlessndicatedotherwisethroughthesharedV ariab les construcisee
theprevious Section).

Termsare eitheridenti ers, variables,or constructederms.An atomis, asusual,
a predicatesymbolwith a numberof termsas arguments.Besidesthe usualatoms,
WSML hasa specialkind of atoms,calledmoleculeswhich areusedto captureinfor-
mationaboutconceptsjnstancesattributesandattribute values.The aretwo typesof
moleculesanalogougo F-Logic:

— An isa moleculeis a conceptmembershipmoleculeof the form A memberOf B
or a subconcepimoleculeof the form A subConceptOf B with A andB arbitrary
terms

— An object moleculeis an attribute value expressionsof the form A[B hasValue
C], a constrainingattribute signatureexpressionof the form A[B ofType C], or
aninferring attribute signatureexpressionof the form A[B of Type C], with A,B,C
arbitraryterms

WSML hasthe usual rst-order connecties:the unarynegation operatomeg, and
thebinaryoperatordor conjunctionand, disjunctionor, right implicationimplies , left
implicationimpliedBy , anddualimplicationequiv alent. Variablesmay be universally
quanti ed usingforall or existentiallyquanti ed usingexists . First-orderformulaeare
obtainedby combiningatomsusingthe mentionedconnectesin the usualway. The
following areexamplesof First-Orderformulaein WSML:



I/l every person has a father

forall ?x (?x memberOf Person implies exists ?y (?x[father hasValue ?y])).
/ljohn is member of a class which has some attribute called 'name’

exists ?x,?y (john memberOf ?x and ?x[name ofType ?y]).

Apart from First-Orderformulae, WSML allows the useof the negation-as-&ilure
symbolnaf on atoms,the specialLogic Programmingmplication symbol:- andthe
integrity constraintsymbol!-. A logic programmingule consistf aheadandabody;
separatedby the:- symbol.An integrity constraintconsistsof the symbol!- followed
by arule body Negation-as-&ilure naf is only allowedto occurin the body of a Logic
Programmingule or anintegrity constraint.The further useof logical connectvesin
Logic Programmingulesis restricted Thefollowing logical connectvesareallowedin
theheadof arule:and, implies , impliedBy , andequiv alent. Thefollowing connectves
areallowed in the body of a rule (or constraint):and, or, andnaf. The following are

examplesof LP rulesanddatabaseonstraints:
I/l every person has a father
?x[father hasValue f(?y)] ;i ?x memberOf Person.
/I'Man and Woman are disjoint
i ?x memberOf Man and ?x memberOf Woman.
/l'in case a person is not involved in a marriage, the person is a bachelor
?x memberOf Bachelor :j ?x memberOf Person and naf Marriage(?x,?y,?z).

Particularities of the WSML Variants Eachof the WSML variantsde nesanumber
of restrictionson the logical expressionsyntax.For example,LP rulesandconstraints
arenotallowedin WSML-CoreandWSML-DL. Table1presentenumberof language
featuresandindicatesin which variantthe featurecanoccut

Feature Core DL [Flight|Rule|Full

ClassicaNegation(neg)| - | X

ExistentialQuanti cation| - | X | -
X

(Head)Disjunction -
n-ary relations -
MetaModeling - -
Default Negation (naf) -] -
LP implication - -
Integrity Constraints - -
FunctionSymbols -] -
UnsafeRules - - -

Table 1. WSML VariantsandFeatureMatrix

XX X X X
XX XX XXX XXX

XX XXX X X

— WSML-Coe allows only rst-order formulaewhich canbe translatedo the DLP
subsetof SHI Q(D) [8]. This subsetis very closeto the 2-variablefragmentof
First-Orden_ogic, restrictedo Hornlogic. AlthoughWSML-Coremightappeain
theTabl€1 featurelesst capturesnostof theconceptuamodelof WSML, but has
only limited expressienesswithin thelogical expressions.



— WSML-DLallows rst-order formulaewhich canbetranslatedo SHI1 Q(D). This
subseis very closeto the 2-variablefragmentof First-OrderLogic. Thus,WSML
DL allows classicalnegation, anddisjunctionand existentialquanti cationin the
head=f implications.

— WSML-Flightextendsthesetof formulaeallowedin WSML-Coreby allowing vari-
ablesin placeof instanceconceptndattributeidenti ers andby allowing relations
of arbitraryarity. In fact,ary suchformulais allowedin theheadof aWSML-Flight
rule. The body of a WSML-Flight rule allows conjunction disjunctionanddefault
negation. The headandbodyareseparatedthy the LP implicationsymbol.

WSML-Flight additionally allows meta-modelinge.g., classes-as-instanceshd
reasoningover the signature becausevariablesare allowed to occurin place of
conceptandattribute names.

— WSML-RulextendsWSML-Flight by allowing functionsymbolsandunsaferules,
i.e., variableswhich occurin the heador in a negative body literal do not needto
occurin a positive body literal.

— WSML-FullThe logical syntaxof WSML-Full is equivalentto the generallogical
expressiorsyntaxof WSML andallows thefull expressienesf all otherWSML
variants.

The separatiorbetweenconceptuabndlogical modelingallows for an easyadop-
tion by non-eperts,sincethe conceptuakyntaxdoesnot requireexpertknowledgein
logical modeling,whereascomplex logical expressionsequire more familiarity and
training with the languageThus, WSML allows the modelingof differentaspectge-
latedto Webservicenaconceptualevel, while still offeringthefull expressie power
of thelogic underlyingthe chosenWSML variant.Part of the conceptuasyntaxfor on-
tologieshasan equialentin thelogical syntax.This correspondencis usedto de ne
the semanticof the conceptuabyntax.Notice that, sinceonly partsof the conceptual
syntaxare mappedto the logical syntax,only a part of the conceptuakyntaxhasa
semanticsn the logical languagefor ontologies.For example,non-functionalproper
tiesarenot translatedhence the name non-functional’). The translationbetweernthe
conceptuahndlogical syntaxis sketchedn Table2.

Conceptual Logical
concept A subConcepOf B A subConceptOf B.
concept A A[B ofType C].

i ?x memberOf A and

BofType (01)C ?X[B hasValue ?y, B hasValue ?z] and ?y != ?z.
concept A B ofType C A[B ofType C].
relation A/n subRelationOf B|A(Xj ,..., Xn ) implies B(X1,...,Xn )
instance A memberOf B A memberOf B.

C hasValue D A[C hasValue D].

Table 2. Translatingconceptuato logical syntax



3.4 WSML Web Syntaxes

TheWSML XML syntaxis similarto thehuman-readablgyntax,bothin keywordsand
in structure We have de ned the XML syntaxthrougha translationfrom the human-
readablesyntax[4] andhave additionallyspeci edanXML Schem&or WSMLS. Note
thatall WSML elementdgall in theWSML namespachttp://www.wsmo.org/wsml/wsml-
syntax#.

WSML provides a serializationin RDF of all its conceptuaimodeling elements
which canbefoundin [4]. The WSML RDF syntaxreusegshe RDF andRDF Schema
vocalularyto allow existing RDF(S)-basedtbolsto achieve the highestpossibledegree
of inter-operation As aresult, WSML canbe seenasanextensionof RDF(S).

4 KeyFeaturesof WSML

Therearea numberof featureswhich make WSML uniquefrom otherlanguagepro-
posaldor the SemantidVebandSemantidVebServicesThesekey featurearemainly
dueto thetwo pillars of WSML, namely(1) alanguage independentonceptuamodel
for OntologiesWebServicesGoalsandMediators pasecbn WSMO[17] and(2) reuse
of severalwell-known logical languageparadigmsn onesyntacticaframewvork. More
speci cally, we seethefollowing asthekey featuresof WSML:

One syntactic framework for a setof layered languages We believe differentSeman-
tic WebandSemantioNebServiceapplicationseedanguagesf differentexpres-
sivenessandthat no singlelanguageparadigmwill be sufcient for all usecases.
With WSML we investigatetheuseof DescriptionLogicsandLogic Programming
for SemantioNMeb Services.

Normative, human readablesyntax It hasbeenamguedthattoolswill hide language
syntaxfrom the user;however, ashasbeenseenfor example,with the adoptionof
SQL, anexpressie but understandablsyntaxis crucialfor successfuadoptionof
alanguageDevelopersandearlyadoptersf thelanguagevill haveto dealwith the
concretesyntax.If it is easyto readandunderstandt will allow for easieradoption
of thelanguage.

Separationof conceptualand logical modeling Ontheonehand theconceptuasyn-
tax of WSML hasbeendesignedn suchaway thatit is independenof the under
lying logical languageand no or only limited knowledgeof logical languagess
requiredfor the basicmodelingof Ontologies,Web ServicesGoals,and Media-
tors.Onthe otherhand,the logical expressiorsyntaxallows expertusersto re ne
de nitions ontheconceptuasyntaxusingthefull expressve power of theunderly-
ing logic, which depend®n the particularlanguagevariantchoserby the user

Semanticshasedon well known formalisms WSML capturesvell known logicalfor-
malismssuchas Datalogand DescriptionLogicsin a unifying syntacticalframe-
work, while maintainingthe establisheccomputationapropertiesof the original
formalismsthroughpropersyntacticlayering.Thevariantsallow thereuseof tools
alreadydevelopedfor theseformalisms.Notably WSML allows to reuseef cient

5 http://www.wsmo.org/TR/d16/d16.1/v0.21/xml-syntax/wsml-xml-syntax.xsd



gueryingenginegevelopedfor Datalogandef cient subsumptiomeasonersdevel-
opedin the areaof DescriptionLogics. Inter-operationbetweerthe paradigmss
achieredthrougha commonsubsetWSML-Core,basecon DLP [8].

WWW Language WSML hasa numberof featureswhich integrateit seamlesslyn
the Weh WSML adoptsthe IRI standardthe successoof URI, for the identi -
cation of resourcesfollowing the Web architecture Furthermore WSML adopts
the namespacenechanisnof XML anddatatypesn WSML are compatiblewith
datatypesn XML Schemd2] anddatatypefunctionsandoperatorsare basedon
thefunctionsandoperatorof XQuery[15]. Finally, WSML de nesanXML syn-
tax andan RDF syntaxfor exchangeover the Weh Whenusingthe RDF syntax,
WSML canbeseenasanextensionof RDFS.

Frame-basedsyntax Framelogic[12] allowstheuseof framesn logicalexpressions.
This allows the userto work directly on the level of conceptsattributes,instances
andattributevaluesjnsteadof atthelevel of predicateskFurthermoreyariablesare
allowedin placeof conceptandattributeidenti ers, which enablesneta-modeling
andreasoningver the signaturdn therule-basedVSML languagevariants.

5 RelatedWork

In this sectiorwe review existingwork in theareaf SemantidMebandSemantidVeb
Servicedanguagesndcomparet to WSML.

RDFS RDFSJ3] is a simpleontology modelinglanguagedasedon triples. It allows

to expressclassespropertiesclasshierarchiespropertyhierarchiesanddomain-and

rangerestrictions.Several proposaldor moreexpressve Semanticeb and Semantic
Web Servicedescriptionsxtend RDF S, however therearedif culties in semantically
layeringanontologylanguageon top of RDFS:

1. RDFS allows the use of the languagevocahulary as subjectsand objectsin the
languagetself.

2. RDFSallows the useof the sameidenti er to occuratthe sametime in placeof a
class,ndividual, andpropertyidenti er.

We believe thatthe numberof usecasedor the rst feature namelythe useof lan-
guageconstructsn the languagetself, is limited. However, the useof the sameiden-
ti er asclass,individual andpropertyidenti er (alsocalledmeta-modeling)s deemed
usefulin mary casesWSML doesnot allow the useof the languageconstructsn ar-
bitrary placesin anontology but doesallow meta-modelingn its Flight, RuleandFull
variants.

WSML is an extensionof a signi cant partof RDFS;it doesnot allow the useof
languageconstructsn the languageitself and doesnot allow full treatmentof blank
nodespecausehis would requirereasoningwith existentialinformation,which is not
allowedin the rule-basedVSML variants.WSML providesa signi cant extensionof
RDFSthroughthe possibility of specifyinglocal attributes,rangeandcardinalitycon-
straintsfor attributesandattributefeaturessuchassymmetrytransitvity andre exivity.
FurthermoreWSML (in its rule-basedrariants)providesan expressve rule language
which canbeusedfor the manipulationof RDF data.



OWL The Web Ontology LanguageOWL [6] is a languagefor modelingontologies
basedntheDescriptionLogic paradigmOWL consistf threespeciespnamelyOWL
Lite, OWL DL andOWL Full, whichareintendedo belayeredaccordingo increasing
expressvenessOWL Lite is a notationalvariantof the DescriptionLogic SHI F (D);
OWL DL is a notationalvariantof the Descriptionlogic SHOI N (D). The mostex-
pressie speciesof OWL, OWL Full, layerson top of both RDFSand OWL DL. We
compareOWL with the ontologydescriptioncomponenof WSML, sinceOWL does
not offer meango describéVeb ServicesGoalsandMediators.

WSML-Coreis a semanticsubsebf OWL Lite. WSML-DL is semanticallyequiv-
alentto OWL DL. However, thereis a majordifferencebetweerontologymodelingin
WSML andontologymodelingin OWL. WSML usesanepistemologyvhich abstracts
from the underlyinglogical languagewhereasOWL directly usesDescriptionLogics
epistemologyWSML separatebetweerconceptuamodelingfor thenon-epertusers
andlogical modelingfor theexpertuser Arguably thesepropertiescouldmake WSML
easierto useasanontologylanguageThisis, however, merelya conjectureandwould
requiredextensve usertestingto verify its correctness.

WSML-Flight and WSML-Rule are basedon the Logic Programmingparadigm,
ratherthanthe DescriptionLogic paradigmThus,their expressienesss quitedifferent
from OWL. Onthe onehand,WSML-Flight/Ruleallow chainingover predicatesand
non-monotonimegation, but do not allow classicalnegation andfull disjunctionand
existential quanti cation. We conjecturethat both the DescriptionLogics and Logic
Programmingparadigmsare usefulon the SemanticWeb (cf. [11]). With WSML we
captureboth paradigmsn onecoherenframeawvork. Interactionbetweerthe paradigms
is achievedthrougha commonsubsetWSML-Core.

OWL-S OWL-S [1] is anOWL ontologyfor the modelingof Semantideb Services.
It hasbeenrecognizedthat the expressvenessof OWL aloneis not enoughfor the
speci cation of Web Services(e.g.[13]). To overcomethis limitation OWL-S allows
the useof moreexpressie languagesuchasSWRL [9], KIF andDRS. However, the
relationbetweertheinputsandoutputdescribedisingOWL andthe formulaein these
languages$s sometimesot entirelyclear

Comparinghelanguagesuggestionfor WSML andOWL-S it turnsout thatwhile
OWL-S aimsatcombiningdifferentnotationsandsemanticsvith OWL for thedescrip-
tion of serviceconditionsandeffects, WSML takesa morecautiousapproachWSML
doesnot distinguishbetweenlanguagesusedfor inputs/outputand other description
elementof theWeb Service but providesoneuniform languagédor capabilitydescrip-
tions.Additionally, thelanguagesuggestedor OWL-S areall basedn classicalogic,
whereadVSML alsooffersthe possibilityto use(nonmonotonic) ogic Programming.

Finally, WSML is basedon the conceptuamodelof WSMO, which differs signif-
icantly from the OWL-S conceptuamodelfor Web Servicemodeling.For a detailed
comparisonseeg[14].

6 Conclusionsand Futur e Work

In this paperwe have presentedhe Web ServiceModeling Languageé/VSML, a lan-
guagefor thespeci cationof differentaspectselatedto SemantidNeb Servicespased



onthe Web ServiceModeling OntologyWSMO [17]. WSML bringstogethemifferent
logical languageparadigmsand uni es themin one syntacticalframevork, enabling
thereuseof provenreasoningechniquesandtools. Unlike otherproposaldor Seman-
tic WebandSemantidNVeb Servicelanguages\WSML hasanormative humanreadable
syntaxthatmakesa separatioetweerconceptuahndlogical syntaxtherebyenabling
conceptuamodelingfrom the userpoint-of-view accordingo alanguage-independent
meta-mode(WSMO), while not restrictingthe expressienesof the languagédor the
expertuser With theuseof IRIs (the successoof URI) andthe useof XML andRDF
WSML is alanguagébasedn the principlesof the SemantidVebandallows seamless
integrationwith otherSemantioNVeblanguagesndapplications.

Thede nition of aninter-operabilitylayerbetweerthe DescriptionLogic andRules
paradigmsin theform of WSML-Core,enableghe useandextensionof thesamecore
ontologyfor a numberof differentreasoningaskssupportedy a numberof different
reasonergnostnotablysubsumptiomeasoningusingDescriptionLogic reasonerand
queryansweringusingLogic Programmingeasoners.

Futurework for WSML consistsof the applicationof the languageto varioususe
casesaandthe improvementof WSML tools, suchaseditorsandreasonef& Fromthe
languagedevelopmentpoint of view, the semanticoof WSML-Full hasnot yet been
de ned; we arecurrentlylooking into severalnonmonotonidogics, suchasAutoepis-
temicandDefault Logic. Thereareapproachewvhich combineexpressive Description
Logicswith nonmonotonidogic programmingwithout requiringthe expressienesof
WSML-Full (e.g.). Incorporatingsuchapproaches WSML is amatterof ongoingin-
vestication. We areworking on de ning the operationasemanticgor the Web Service
capability Suchoperationakemanticds necessaryor the automationof several Web
Servicerelatedtasks,suchasdiscovery [10]. It might turn out, however, that differ-
enttasksneeddifferentoperationakemanticsFinally, the Web Servicechoreograph
andorchestratiorare currently place-holdersn WSML; work is ongoingto Il these
place-holders.
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