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Abstract. TheWebServiceModelingLanguage(WSML) is a languagefor the
speci�cation of different aspectsof SemanticWeb Services.It provides a for-
mal languagefor the Web ServiceModeling OntologyWSMO which is based
onwell-known logical formalisms,specifyingonecoherentlanguageframework
for the semanticdescriptionof Web Services,startingfrom the intersectionof
DatalogandtheDescriptionLogic SH I Q. Thiscorelanguageis extendedin the
directionsof DescriptionLogicsandLogic Programmingin a principledmanner
with strict layering.WSML distinguishesbetweenconceptualandlogical mod-
eling in orderto supportuserswho arenot familiar with formal logic, while not
restrictingthe expressive power of the languagefor the expert user. IRIs play a
centralrole in WSML asidenti�ers. Furthermore,WSML de�nesXML andRDF
serializationsfor inter-operationover theSemanticWeb.

1 Intr oduction

WebServices1 arepiecesof functionalitywhich areaccessibleover theWeb. Current
technologiessuchasWSDL allow to describethe functionalityofferedby a WebSer-
viceonasyntacticallevel only. For automationof tasks,suchasWebServicediscovery,
compositionandexecution,semanticdescriptionsof WebServicesarerequired.Since
SemanticWeb technologyenablesthis formal descriptionof Webcontent,thecombi-
nationof SemanticWebwith WebServiceis thenaturalnext stepto betaken.

Thiscombinationis oftenreferredto asSemanticWebServices[16]. In thiscontext,
theWebServiceModelingOntologyWSMO [17] providesa conceptualmodelfor the
descriptionof variousaspectsof ServicestowardssuchSemanticWebServices(SWS).
In particular, WSMOdistinguishesfour top-level elements:

Ontologies Ontologiesprovide formal andexplicit speci�cationsof the vocabularies
usedby theothermodelingelements.Suchformalspeci�cationsenableautomated
processingof WSMO descriptionsandprovide backgroundknowledgefor Goal
andWebServicedescriptions.

Goals Goalsdescribethe functionality and interactionstyle from the requesterper-
spective.

1 Throughoutthispaperweusetheterms“Service”and“WebService”interchangeably.



WebServicedescriptions WebServicedescriptionsspecifythefunctionalityandthe
meansof interactionprovidedby theWebService.

Mediators MediatorsconnectdifferentWSMO elementsandresolve heterogeneityin
datarepresentation,interactionstyleandbusinessprocesses.

TheWebServiceModelingLanguageWSML takesinto accountall aspectsof Web
Servicedescriptionidenti�ed by WSMO. WSML comprisesdifferent formalismsin
orderto investigatetheir applicability to the descriptionof SWS.Sinceour goal is to
investigatetheapplicabilityof differentformalismsto thedescriptionof SWS,it would
betoorestrictiveto baseoureffort onexistinglanguagerecommendationssuchasOWL
[6]. A concretegoalin ourdevelopmentof WSML is to investigatetheusageof different
formalisms,mostnotablyDescriptionLogics andLogic Programming,in the context
of OntologiesandWebservices.

Weseethreemainareaswhichbene�t from theuseof formalmethodsin servicede-
scriptions:Ontology description, Declarativefunctionaldescriptionof GoalsandWeb
services, andDescriptionof dynamics. In its currentversionWSML de�nes a syntax
andsemanticsfor ontologydescriptions.Theunderlyingformalismswhich weremen-
tionedearlierareusedto give a formal meaningto ontologydescriptionsin WSML.
For the functional descriptionof Goalsand Web services,WSML offers a syntacti-
cal framework, with Hoare-stylesemanticsin mind. However, WSML doesnot yet
formally specifytheexactsemanticsof thefunctionaldescriptionsof services.Thede-
scriptionof the dynamicbehavior of Web services(choreography andorchestration)
in the context of WSML is currentlyunderinvestigation,but hasnot beenintegrated
in WSML at this point. Thus, in this paperwe primarily focuson ontologydescrip-
tion in WSML, whereit turnsout thatWSML alreadyincludesmany potentiallyuseful
featureslackingin previousapproaches.

We give an overview of WSML andits languagelayering in Section2. The nor-
mative human-readablesyntaxof WSML is describedin Section3, followed by key
featuresof WSML which aredescribedin Section4. Section5 describesrelatedap-
proachesfor thedescriptionof SemanticWebServicesandOntologies.We draw con-
clusionsandoutlinefuturework in Section6.

2 WSML Layering

Figure1(a)shows thedifferentvariantsof WSML andtherelationshipsbetweenthem.
Thesevariantsdiffer in logicalexpressivenessandin theunderlyinglanguageparadigms
andallow usersto make thetrade-off betweenprovidedexpressivenessandtheimplied
complexity for ontologymodelingonaper-applicationbasis.

WSML-Cor e is basedon by the intersectionof the DescriptionLogic SHI Q and
Horn Logic, basedon DescriptionLogic Programs[8]. It hasthe leastexpressive
power of all theWSML variants.Themain featuresof the languageareconcepts,
attributes,binaryrelationsandinstances,aswell asconceptandrelationhierarchies
andsupportfor datatypes.

WSML-DL capturestheDescriptionLogic SHI Q(D ), which is a majorpart of the
(DL speciesof) OWL [6].
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Fig. 1. WSML VariantsandLayering

WSML-Flight is an extensionof WSML-Corewhich providesa powerful rule lan-
guage.It addsfeaturessuchasmeta-modeling,constraintsandnonmonotonicnega-
tion. WSML-Flight is basedona logic 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-Coresubsetof WSML-Flight agreeswith
WSML-Coreongroundentailments(cf. [11]).

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

WSML-Full uni�es WSML-DL andWSML-Ruleundera First-Orderumbrellawith
extensionsto supportthe nonmonotonicnegation of WSML-Rule.The semantics
of WSML-Full is currentlyanopenresearchissue.

As shown in Figure1(b), WSML hastwo alternative layerings,namely, WSML-
Core) WSML-DL ) WSML-Full andWSML-Core) WSML-Flight ) WSML-
Rule) WSML-Full. For bothlayerings,WSML-CoreandWSML-Full marktheleast
andmostexpressivelayers.Thetwo layeringsareto acertainextentdisjoint in thesense
that inter-operationin WSML betweentheDescriptionLogic variant(WSML-DL) on
the onehandandthe Logic Programmingvariants(WSML-Flight andWSML-Rule)
on theother, is only possiblethrougha commoncore(WSML-Core)or througha very
expressive superset(WSML-Full).

3 GeneralWSML Syntax

In this sectionwe introducethegeneralWSML syntaxwhich encompassesall features
supportedby the differentlanguagevariants.We describethe restrictionsimposedon
this generalsyntaxby thedifferentvariants.Theserestrictionsfollow from thelogical
languageunderlyingthespeci�c languagevariant,asdescribedin theprevioussection.



WSML makesa cleardistinctionbetweenthemodelingof thedifferentconceptual
elementson the onehandandthe speci�cationof complex logical de�nitions on the
other. To this end,theWSML syntaxis split into two parts:theconceptualsyntaxand
logicalexpressionsyntax.Theconceptualsyntaxwasdevelopedfrom theuserperspec-
tive,andis independentfrom theparticularunderlyinglogic; it shieldstheuserfrom the
peculiaritiesof theunderlyinglogic. Having sucha conceptualsyntaxallows for easy
adoptionof thelanguage,sinceit allows for anintuitive understandingof thelanguage
for peoplenot familiar with logical languages.In casethe full power of the underly-
ing logic is required,thelogical expressionsyntaxcanbeused.Thereareseveralentry
pointsfor logical expressionsin the conceptualsyntax,namely, axiomsin ontologies
andcapabilitydescriptionsin GoalsandWebServices.

We will �rst describethe useof Web identi�ers andconcretedatavaluesin Sec-
tion 3.1. The different kinds of WSML de�nitions and a generalexplanationof the
conceptualsyntaxaregiven in Section3.2. The logical expressionsyntaxis described
in Section3.3. Finally, we brie�y outline theXML andRDF serializationsin Section
3.4.

3.1 Identi�ers in WSML

WSML hasthreekinds of identi�ers, namely, IRIs, sQNames,which areabbreviated
IRIs, anddatavalues.

An IRI (InternationalizedResourceIdenti�er)2 uniquelyidenti�es a resourcein a
Web-compliantway. The IRI proposedstandardis the successorof the popularURI
standardandhasalreadybeenadoptedin variousW3C recommendations.IRIs arede-
limited usinganunderscoreandadoublequote` ”' andadoublequote`”', for example:
”http://www.wsmo.org/wsml/wsml-syntax#”.

In orderto enhancelegibility, an IRI canbe abbreviatedto an sQName,which is
shortfor `serializedQName',andis of thefollowing form: pre�x #localname. Thepre-
�x andlocal part may be omitted,in which casethe namefalls in the default names-
pace.Ourconceptof an`sQName'correspondswith theuseof QNamesin RDFandis
slightly differentfrom QNamesin XML, whereaQNamesis notmerelyanabbreviation
for anIRI, but a tuple< namespaceURI, localname> .

Datavaluesin WSML areeitherstrings,integers,decimalsor structureddataval-
ues,re�ecting theXML Schemadatatypes.WSML de�nesconstructswhich re�ect the
structureof datavalues.For example,the date“March 15th,2005” is representedas:
date(2005,3,15). In logicalexpressions,constructeddatavaluescanbeusedin thesame
wayasconstructedterms,with thedifferencethatconstructedtermsmaynotbenested
insideconstructeddatavalues.

3.2 ConceptualSyntax

The WSML conceptualsyntaxallows for the modelingof Ontologies,Web Services,
Goalsand Mediators.It is sharedbetweenall variants,with the exceptionof some
restrictionswhich apply on the modelingof ontologiesin WSML-CoreandWSML-
DL.
2 IETF RFC3987:http://www.ietf.org/rfc/rfc3987.txt

http://www.ietf.org/rfc/rfc3987.txt


Ontologies An ontology in WSML consistsof the elementsconcept , relation , in-
stance , relationInstance andaxiom . Additionally, anontologymayhavenon-functional
propertiesandmayimportotherontologies.Westartthedescriptionof WSML ontolo-
gieswith anexamplewhichdemonstratestheelementsof anontologyin Listing 1, and
detailtheelementsbelow.

wsmlV ariant ”http://www.wsmo.org/wsml/wsml¡ syntax/wsml¡ �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 ofType book

instance crimeAndPunishment memberOf book
title 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) :¡ ?x[authorOf hasValue ?y] memberOf author.

Listing 1. An ExampleWSML Ontology

ConceptsThenotionof concepts(sometimesalsocalled`classes')playsa centralrole
in ontologies.Conceptsform thebasicterminologyof thedomainof discourse.A con-
ceptmay have instancesandmay have a numberof attributesassociatedwith it. The
non-functionalproperties,aswell asthe attribute de�nitions, aregroupedtogetherin
oneframe,ascanbeseenfrom theexampleconceptbook in Listing 1.

Attribute de�nitions cantake two forms,namelyconstraining (usingofType) and
inferring (using impliesT ype) attribute de�nitions3. Constrainingattribute de�nitions
de�ne a typingconstrainton thevaluesfor thisattribute,similar to integrity constraints
in Databases;inferring attribute de�nitions imply that the type of the valuesfor the
attributeis inferredfrom theattributede�nition, similar to rangerestrictionsonproper-
tiesin RDFS[3] andOWL [6]. Eachattributede�nition mayhaveanumberof features
associatedwith it, namely, transitivity, symmetry, re�exivity, andthe inverseof anat-
tribute,aswell asminimalandmaximalcardinalityconstraints.

Constrainingattributede�nitions, aswell ascardinalityconstraints,requireclosed-
world reasoningandarethusnotallowedin WSML-CoreandWSML-DL. As opposed
3 The distinctionbetweeninferring andconstrainingattribute de�nitions is explainedin more

detail in [5, Section2]



to featuresof rolesin DescriptionLogics,attribute featuressuchastransitivity, sym-
metry, re�exivity andinverseattributesarelocal to a conceptin WSML. Thus,noneof
thesefeaturesmay be usedin WSML-CoreandWSML-DL. For a motivation on the
useof constrainingattributes,see[5].

Relations Relationsin WSML canhave an arbitraryarity, may be organizedin a hi-
erarchy usingsubRelationOf andthe parametersmay be typedusingparametertype
de�nitions of theform (ofType type ) and(impliesT ype type), wheretypeis aconcept
identi�er. Theusageof ofType andimpliesT ype correspondwith theusagein attribute
de�nitions. Namely, parameterde�nitions with theofType keyword areusedto check
thetypeof parametervalues,whereasparameterde�nitions with the impliesT ype key-
wordareusedto infer conceptmembershipof parametervalues.

The allowed arity of the relation may be constrainedby the underlyinglogic of
theWSML languagevariant.WSML-CoreandWSML-DL allow only binaryrelations
and,similar to attributede�nitions, they allow only parametertypingusingthekeyword
impliesT ype .

InstancesA conceptmayhave a numberof instancesassociatedwith it. Instancesex-
plicitly speci�ed in an ontology are thosewhich are sharedas part of the ontology.
However, mostinstancedataexists outsidethe ontologyin privatedatabases.WSML
doesnot prescribehow to connectsucha databaseto an ontology, sincedifferentor-
ganizationswill usethesameontologyto querydifferentdatabasesandsuchcorporate
databasesaretypically not shared.

An instancemaybememberof zeroor moreconceptsandmayhave a numberof
attribute valuesassociatedwith it, seefor examplethe instancecrimeAndPunishment
in Listing 1. Note that the speci�cation of conceptmembershipis optional and the
attributesusedin the instancespeci�cationdo not necessarilyhave to occurin theas-
sociatedconceptde�nition. Consequently, WSML instancescanbe usedto represent
semi-structureddata,sincewithout conceptmembershipandconstraintson theuseof
attributes,instancesform a directedlabelledgraph.Becauseof this possibility to cap-
turesemi-structureddata,mostRDFgraphscanberepresentedasWSML instancedata,
andviceversa.

Axioms Axioms provide a meansto add arbitrary logical expressionsto an ontol-
ogy. Suchlogical expressionscanbe usedto re�ne conceptor relationde�nitions in
the ontology, but also to addarbitraryaxiomaticdomainknowledgeor expresscon-
straints.The axiom authorshipFromAuthor in Listing 1 statesthat the relationauthor-
ship exists betweenany authorandany book of which he is an author;consequently,
hdostoyesksy; crimeAndPunishmenti is in the relationauthorship. Logical expressions
areexplainedin moredetail in Section3.3.

Web Services A Web Servicehasa capabilityanda numberof interfaces.The ca-
pability describestheWebServicefunctionalityby expressingconditionsover its pre-
andpost-states4 usinglogical expressions;interfacesdescribehow to interactwith the
4 Pre-state(post-state,respectively) refersto thestatebefore(after, respectively) theexecution

of theWebService



service.Additionally, WSML allowsto specifynon-functionalpropertiesof aWebSer-
vice.Listing 2 describesasimpleWebServicefor addingitemsto ashoppingcart.

webSer vice ”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 ariab les f ?cartId, ?itemg
precondition

de�nedBy
?cartId memberOf string and ?item memberOf book.

postcondition
de�nedBy

forall ?cart (?cart[ id hasValue ?cartId] memberOf cart implies
?cart[items hasValue ?item]).

Listing 2. A WSML WebServicedescription

Capabilities Preconditionsandassumptionsdescribethestatebeforetheexecutionof a
WebService.While preconditionsdescribeconditionsover theinformationspace,i.e.,
conditionsover theinput;assumptionsdescribeconditionover thestateof world which
cannot necessarilybe directly checked.Postconditionsdescribethe relationbetween
the input andthe output,e.g.,a credit cardlimit with respectto its valuesbeforethe
serviceexecution.In this sense,they describethe informationstateafter executionof
theservice.Effectsdescribechangesin the realworld causedby theservice,e.g.,the
physical shipmentof somegood.The sharedV ariab les constructis usedto identify
variableswhich aresharedbetweenthe pre- andpostconditionsandthe assumptions
andeffects.Sharedvariablescanbeusedto refer to thesameinput andoutputvalues
in theconditionsof thecapability. Listing 2 describesasimpleWebServicefor adding
itemsto a shoppingcart: given a shoppingcart identi�er anda numberof items,the
itemsareaddedto theshoppingcartwith this identi�er.

Interfaces Interfacesdescribehow to interactwith a servicefrom therequesterpoint-
of-view (choreograph y) andhow theserviceinteractswith otherservicesandgoalsit
needsto ful�ll in orderto ful�ll its capability(orchestration ), which is the provider
point of view. Choreography and orchestrationdescriptionsare external to WSML;
WSML allows to referenceany choreography or orchestrationidenti�ed by anIRI.

Goals Goalsaresymmetricto Web Servicesin the sensethat Goalsdescribedesired
functionality andWeb Servicesdescribeoffered functionality. Therefore,a Goal de-
scriptionconsistsof thesamemodelingelementsasaWebServicedescription,namely,
non-functionalproperties,acapabilityandanumberof interfaces.

Mediators MediatorsconnectdifferentGoals,WebServicesandOntologies,anden-
ableinter-operationby reconcilingdifferencesin representationformats,encodingstyles,
businessprotocols,etc.ConnectionsbetweenMediatorsandotherWSML elementscan
beestablishedin two differentways:



1. EachWSML elementallows for the speci�cationof a numberof usedmediators
throughtheusesMediator keyword.

2. Eachmediatorhas(dependingonthetypeof mediator)oneor moresourcesandone
target.Bothsourceandtargetareoptionalin orderto allow for genericmediators.

A mediatorachievesits mediationfunctionalityeitherthroughaWebService,which
providesthemediationservice,or a Goal,which canbeusedto dynamicallydiscover
theappropriate(mediation)WebService.

3.3 Logical ExpressionSyntax

We will �rst explain the generallogical expressionsyntax,which encompassesall
WSML variants,andthendescribethe restrictionson this generalsyntaxfor eachof
thevariants.Thegenerallogical expressionsyntaxfor WSML hasa First-OrderLogic
style,in thesensethat it hasconstants,functionsymbols,variables,predicatesandthe
usuallogical connectives.Furthermore,WSML hasF-Logic [12] basedextensionsin
order to modelconcepts,attributes,attribute de�nitions, andsubconceptandconcept
membershiprelationships.Finally, WSML hasa numberof connectives to facilitate
theLogic Programmingbasedvariants,namelydefault negation (negation-as-failure),
LP-implication(which differs from classicalimplication) anddatabase-styleintegrity
constraints.

Variablesin WSML startwith a questionmark, followed by an arbitrarynumber
of alphanumericcharacters,e.g.,?x, ?name, ?123. Freevariablesin WSML (i.e., vari-
ableswhich arenot explicitly quanti�ed), areimplicitly universallyquanti�ed outside
of theformula(i.e., the logical expressionin which thevariableoccursis thescopeof
quanti�cation),unlessindicatedotherwise,throughthesharedV ariab les construct(see
thepreviousSection).

Termsareeither identi�ers, variables,or constructedterms.An atomis, asusual,
a predicatesymbol with a numberof termsas arguments.Besidesthe usualatoms,
WSML hasa specialkind of atoms,calledmolecules, which areusedto captureinfor-
mationaboutconcepts,instances,attributesandattributevalues.Thearetwo typesof
molecules,analogousto F-Logic:

– An isa moleculeis a conceptmembershipmoleculeof the form A memberOf B
or a subconceptmoleculeof 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
an inferring attributesignatureexpressionof the form A[B ofType C], with A,B,C
arbitraryterms

WSML hastheusual�rst-order connectives:theunarynegationoperatorneg , and
thebinaryoperatorsfor conjunctionand , disjunctionor , right implication implies , left
implication impliedBy , anddual implicationequiv alent . Variablesmaybeuniversally
quanti�ed usingforall or existentiallyquanti�ed usingexists . First-orderformulaeare
obtainedby combiningatomsusingthe mentionedconnectivesin the usualway. The
following areexamplesof First-Orderformulaein WSML:



// every person has a father
forall ?x (?x memberOf Person implies exists ?y (?x[father hasValue ?y])).
// john 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 theuseof thenegation-as-failure
symbolnaf on atoms,the specialLogic Programmingimplication symbol :- andthe
integrity constraintsymbol!-. A logic programmingruleconsistsof aheadandabody,
separatedby the :- symbol.An integrity constraintconsistsof the symbol !- followed
by a rule body. Negation-as-failurenaf is only allowedto occurin thebodyof a Logic
Programmingrule or an integrity constraint.The furtheruseof logical connectivesin
Logic Programmingrulesis restricted.Thefollowing logicalconnectivesareallowedin
theheadof arule:and , implies , impliedBy , andequiv alent . Thefollowing connectives
areallowed in the body of a rule (or constraint):and , or , andnaf . The following are
examplesof LP rulesanddatabaseconstraints:

// every person has a father
?x[father hasValue f(?y)] :¡ ?x memberOf Person.
// Man and Woman are disjoint
!¡ ?x memberOf Man and ?x memberOf Woman.
// in case a person is not involved in a marriage, the person is a bachelor
?x memberOf Bachelor :¡ ?x memberOf Person and naf Marriage(?x,?y,?z).

Particularities of the WSML Variants Eachof theWSML variantsde�nesanumber
of restrictionson the logical expressionsyntax.For example,LP rulesandconstraints
arenotallowedin WSML-CoreandWSML-DL. Table1 presentsanumberof language
featuresandindicatesin whichvariantthefeaturecanoccur.

Feature CoreDL Flight Rule Full
ClassicalNegation(neg) - X - - X
ExistentialQuanti�cation - X - - X
(Head)Disjunction - X - - X
n-ary relations - - X X X
MetaModeling - - X X X
DefaultNegation(naf ) - - X X X
LP implication - - X X X
Integrity Constraints - - X X X
FunctionSymbols - - - X X
UnsafeRules - - - X X
Table1. WSML VariantsandFeatureMatrix

– WSML-Core allows only �rst-order formulaewhich canbe translatedto the DLP
subsetof SHI Q(D ) [8]. This subsetis very closeto the 2-variablefragmentof
First-OrderLogic, restrictedto Horn logic. AlthoughWSML-Coremightappearin
theTable1 featureless,it capturesmostof theconceptualmodelof WSML, but has
only limited expressivenesswithin thelogicalexpressions.



– WSML-DLallows �rst-order formulaewhichcanbetranslatedto SHI Q(D ). This
subsetis very closeto the2-variablefragmentof First-OrderLogic. Thus,WSML
DL allows classicalnegation,anddisjunctionandexistentialquanti�cation in the
headsof implications.

– WSML-Flightextendsthesetof formulaeallowedin WSML-Corebyallowingvari-
ablesin placeof instance,conceptandattributeidenti�ers andby allowing relations
of arbitraryarity. In fact,any suchformulais allowedin theheadof aWSML-Flight
rule.Thebodyof a WSML-Flight rule allows conjunction,disjunctionanddefault
negation.Theheadandbodyareseparatedby theLP implicationsymbol.
WSML-Flight additionallyallows meta-modeling(e.g.,classes-as-instances)and
reasoningover the signature,becausevariablesare allowed to occur in placeof
conceptandattributenames.

– WSML-RuleextendsWSML-Flight by allowing functionsymbolsandunsaferules,
i.e., variableswhich occurin theheador in a negative body literal do not needto
occurin apositivebodyliteral.

– WSML-FullThe logical syntaxof WSML-Full is equivalentto thegenerallogical
expressionsyntaxof WSML andallows thefull expressivenessof all otherWSML
variants.

Theseparationbetweenconceptualandlogical modelingallows for aneasyadop-
tion by non-experts,sincetheconceptualsyntaxdoesnot requireexpertknowledgein
logical modeling,whereascomplex logical expressionsrequiremore familiarity and
trainingwith the language.Thus,WSML allows themodelingof differentaspectsre-
latedto Webservicesonaconceptuallevel,while still offeringthefull expressivepower
of thelogic underlyingthechosenWSML variant.Partof theconceptualsyntaxfor on-
tologieshasanequivalentin the logical syntax.This correspondenceis usedto de�ne
thesemanticsof theconceptualsyntax.Notice that,sinceonly partsof theconceptual
syntaxare mappedto the logical syntax,only a part of the conceptualsyntaxhasa
semanticsin the logical languagefor ontologies.For example,non-functionalproper-
tiesarenot translated(hence,thename`non-functional').Thetranslationbetweenthe
conceptualandlogical syntaxis sketchedin Table2.

Conceptual Logical
concept A subConcepOf B A subConceptOf B.

concept A
B ofType (0 1) C

A[B ofType C].
!¡ ?x memberOf A and

?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(x1 ,...,xn ) implies B(x1 ,...,xn )

instance A memberOf B
C hasValue D

A memberOf B.
A[C hasValue D].

Table2. Translatingconceptualto logical syntax



3.4 WSML WebSyntaxes

TheWSML XML syntaxis similarto thehuman-readablesyntax,bothin keywordsand
in structure.We have de�ned the XML syntaxthrougha translationfrom the human-
readablesyntax[4] andhaveadditionallyspeci�edanXML Schemafor WSML5. Note
thatall WSML elementsfall in theWSML namespacehttp://www.wsmo.org/wsml/wsml-
syntax#.

WSML provides a serializationin RDF of all its conceptualmodelingelements
which canbefoundin [4]. TheWSML RDF syntaxreusestheRDF andRDF Schema
vocabulary to allow existingRDF(S)-basedtoolsto achieve thehighestpossibledegree
of inter-operation.As a result,WSML canbeseenasanextensionof RDF(S).

4 KeyFeaturesof WSML

Therearea numberof featureswhich make WSML uniquefrom otherlanguagepro-
posalsfor theSemanticWebandSemanticWebServices.Thesekey featuresaremainly
dueto thetwo pillarsof WSML, namely(1) a language independentconceptualmodel
for Ontologies,WebServices,GoalsandMediators,basedonWSMO[17] and(2) reuse
of severalwell-known logical languageparadigmsin onesyntacticalframework. More
speci�cally, weseethefollowing asthekey featuresof WSML:

Onesyntactic framework for a setof layered languagesWebelievedifferentSeman-
tic WebandSemanticWebServiceapplicationsneedlanguagesof differentexpres-
sivenessandthatno singlelanguageparadigmwill besuf�cient for all usecases.
With WSML weinvestigatetheuseof DescriptionLogicsandLogic Programming
for SemanticWebServices.

Normative,human readablesyntax It hasbeenarguedthat toolswill hide language
syntaxfrom theuser;however, ashasbeenseen,for example,with theadoptionof
SQL,anexpressive but understandablesyntaxis crucialfor successfuladoptionof
alanguage.Developersandearlyadoptersof thelanguagewill haveto dealwith the
concretesyntax.If it is easyto readandunderstandit will allow for easieradoption
of thelanguage.

Separationof conceptualand logical modeling Ontheonehand,theconceptualsyn-
tax of WSML hasbeendesignedin sucha way that it is independentof theunder-
lying logical languageandno or only limited knowledgeof logical languagesis
requiredfor the basicmodelingof Ontologies,Web Services,Goals,andMedia-
tors.On theotherhand,thelogical expressionsyntaxallows expertusersto re�ne
de�nitions ontheconceptualsyntaxusingthefull expressivepowerof theunderly-
ing logic, whichdependson theparticularlanguagevariantchosenby theuser.

Semanticsbasedon well known formalisms WSML captureswell known logicalfor-
malismssuchasDatalogandDescriptionLogics in a unifying syntacticalframe-
work, while maintainingthe establishedcomputationalpropertiesof 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



queryingenginesdevelopedfor Datalogandef�cient subsumptionreasonersdevel-
opedin the areaof DescriptionLogics. Inter-operationbetweenthe paradigmsis
achievedthroughacommonsubset,WSML-Core,basedonDLP [8].

WWW Language WSML hasa numberof featureswhich integrateit seamlesslyin
the Web. WSML adoptsthe IRI standard,the successorof URI, for the identi�-
cationof resources,following the Web architecture.Furthermore,WSML adopts
thenamespacemechanismof XML anddatatypesin WSML arecompatiblewith
datatypesin XML Schema[2] anddatatypefunctionsandoperatorsarebasedon
thefunctionsandoperatorsof XQuery[15]. Finally, WSML de�nesanXML syn-
tax andan RDF syntaxfor exchangeover the Web. Whenusingthe RDF syntax,
WSML canbeseenasanextensionof RDFS.

Frame-basedsyntax FrameLogic [12] allowstheuseof framesin logicalexpressions.
This allows theuserto work directly on thelevel of concepts,attributes,instances
andattributevalues,insteadof at thelevel of predicates.Furthermore,variablesare
allowedin placeof conceptandattributeidenti�ers, whichenablesmeta-modeling
andreasoningover thesignaturein therule-basedWSML languagevariants.

5 RelatedWork

In thissectionwereview existingwork in theareasof SemanticWebandSemanticWeb
Serviceslanguagesandcompareit to WSML.

RDFS RDFS[3] is a simpleontologymodelinglanguagesbasedon triples. It allows
to expressclasses,properties,classhierarchies,propertyhierarchies,anddomain-and
rangerestrictions.Severalproposalsfor moreexpressive SemanticWebandSemantic
WebServicedescriptionsextendRDFS,however therearedif�culties in semantically
layeringanontologylanguageon topof RDFS:

1. RDFS allows the useof the languagevocabulary as subjectsand objectsin the
languageitself.

2. RDFSallows theuseof thesameidenti�er to occurat thesametime in placeof a
class,individual,andpropertyidenti�er.

We believe thatthenumberof usecasesfor the�rst feature,namelytheuseof lan-
guageconstructsin the languageitself, is limited. However, theuseof thesameiden-
ti�er asclass,individual andpropertyidenti�er (alsocalledmeta-modeling)is deemed
usefulin many cases.WSML doesnot allow theuseof the languageconstructsin ar-
bitraryplacesin anontology, but doesallow meta-modelingin its Flight, RuleandFull
variants.

WSML is anextensionof a signi�cant part of RDFS;it doesnot allow theuseof
languageconstructsin the languageitself anddoesnot allow full treatmentof blank
nodes,becausethis would requirereasoningwith existentialinformation,which is not
allowed in the rule-basedWSML variants.WSML providesa signi�cant extensionof
RDFSthroughthepossibilityof specifyinglocal attributes,rangeandcardinalitycon-
straintsfor attributesandattributefeaturessuchassymmetry, transitivity andre�exivity.
Furthermore,WSML (in its rule-basedvariants)providesanexpressive rule language
whichcanbeusedfor themanipulationof RDFdata.



OWL The Web OntologyLanguageOWL [6] is a languagefor modelingontologies
basedontheDescriptionLogic paradigm.OWL consistsof threespecies,namelyOWL
Lite, OWL DL andOWL Full, whichareintendedto belayeredaccordingto increasing
expressiveness.OWL Lite is a notationalvariantof theDescriptionLogic SHI F (D );
OWL DL is a notationalvariantof theDescriptionlogic SHOI N (D ). Themostex-
pressive speciesof OWL, OWL Full, layerson top of both RDFSandOWL DL. We
compareOWL with theontologydescriptioncomponentof WSML, sinceOWL does
notoffer meansto describeWebServices,GoalsandMediators.

WSML-Coreis a semanticsubsetof OWL Lite. WSML-DL is semanticallyequiv-
alentto OWL DL. However, thereis a majordifferencebetweenontologymodelingin
WSML andontologymodelingin OWL. WSML usesanepistemologywhichabstracts
from theunderlyinglogical language,whereasOWL directly usesDescriptionLogics
epistemology;WSML separatesbetweenconceptualmodelingfor thenon-expertusers
andlogicalmodelingfor theexpertuser. Arguably, thesepropertiescouldmakeWSML
easierto useasanontologylanguage.This is, however, merelyaconjectureandwould
requiredextensive usertestingto verify its correctness.

WSML-Flight andWSML-Rule arebasedon the Logic Programmingparadigm,
ratherthantheDescriptionLogic paradigm.Thus,theirexpressivenessis quitedifferent
from OWL. On the onehand,WSML-Flight/Ruleallow chainingover predicatesand
non-monotonicnegation,but do not allow classicalnegation andfull disjunctionand
existential quanti�cation. We conjecturethat both the DescriptionLogics and Logic
Programmingparadigmsareusefulon the SemanticWeb (cf. [11]). With WSML we
capturebothparadigmsin onecoherentframework. Interactionbetweentheparadigms
is achievedthroughacommonsubset,WSML-Core.

OWL-S OWL-S [1] is anOWL ontologyfor themodelingof SemanticWebServices.
It hasbeenrecognizedthat the expressivenessof OWL aloneis not enoughfor the
speci�cationof Web Services(e.g. [13]). To overcomethis limitation OWL-S allows
theuseof moreexpressive languagessuchasSWRL [9], KIF andDRS.However, the
relationbetweentheinputsandoutputdescribedusingOWL andtheformulaein these
languagesis sometimesnotentirelyclear.

Comparingthelanguagesuggestionsfor WSML andOWL-S it turnsout thatwhile
OWL-S aimsatcombiningdifferentnotationsandsemanticswith OWL for thedescrip-
tion of serviceconditionsandeffects,WSML takesa morecautiousapproach:WSML
doesnot distinguishbetweenlanguagesusedfor inputs/outputand other description
elementsof theWebService,but providesoneuniformlanguagefor capabilitydescrip-
tions.Additionally, thelanguagessuggestedfor OWL-S areall basedonclassicallogic,
whereasWSML alsooffersthepossibilityto use(nonmonotonic)Logic Programming.

Finally, WSML is basedon theconceptualmodelof WSMO,which differssignif-
icantly from the OWL-S conceptualmodelfor Web Servicemodeling.For a detailed
comparison,see[14].

6 Conclusionsand Futur eWork

In this paperwe have presentedthe Web ServiceModeling LanguageWSML, a lan-
guagefor thespeci�cationof differentaspectsrelatedto SemanticWebServices,based



on theWebServiceModelingOntologyWSMO [17]. WSML bringstogetherdifferent
logical languageparadigmsanduni�es themin onesyntacticalframework, enabling
thereuseof provenreasoningtechniquesandtools.Unlike otherproposalsfor Seman-
tic WebandSemanticWebServicelanguages,WSML hasanormativehumanreadable
syntaxthatmakesaseparationbetweenconceptualandlogicalsyntax,therebyenabling
conceptualmodelingfrom theuserpoint-of-view accordingto a language-independent
meta-model(WSMO), while not restrictingtheexpressivenessof the languagefor the
expertuser. With theuseof IRIs (thesuccessorof URI) andtheuseof XML andRDF,
WSML is a languagebasedon theprinciplesof theSemanticWebandallowsseamless
integrationwith otherSemanticWeblanguagesandapplications.

Thede�nition of aninter-operabilitylayerbetweentheDescriptionLogic andRules
paradigms,in theform of WSML-Core,enablestheuseandextensionof thesamecore
ontologyfor a numberof differentreasoningtaskssupportedby a numberof different
reasoners,mostnotablysubsumptionreasoningusingDescriptionLogic reasonersand
queryansweringusingLogic Programmingreasoners.

Futurework for WSML consistsof the applicationof the languageto varioususe
casesandthe improvementof WSML tools,suchaseditorsandreasoners6. Fromthe
languagedevelopmentpoint of view, the semanticsof WSML-Full hasnot yet been
de�ned; we arecurrentlylooking into severalnonmonotoniclogics,suchasAutoepis-
temicandDefault Logic. Thereareapproacheswhich combineexpressive Description
Logicswith nonmonotoniclogic programmingwithout requiringtheexpressivenessof
WSML-Full (e.g.). Incorporatingsuchapproachesin WSML is amatterof ongoingin-
vestigation.We areworking on de�ning theoperationalsemanticsfor theWebService
capability. Suchoperationalsemanticsis necessaryfor theautomationof severalWeb
Servicerelatedtasks,suchasdiscovery [10]. It might turn out, however, that differ-
ent tasksneeddifferentoperationalsemantics.Finally, theWebServicechoreography
andorchestrationarecurrentlyplace-holdersin WSML; work is ongoingto �ll these
place-holders.
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