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Abstract

This document defines WSML/XML - an XML syntax for WSML, based on the human-readable
syntax. Furthermore, it provides an extensive example of the use of the syntax for ontology
modeling.
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1. Introduction

This document provides an XML syntax for the Web Service Modeling Language WSML,
based on the WSMO conceptual model and the WSML BNF grammar provided by [Roman et
al., 2004]. This syntax, henceforth referred to as WSML/XML, can be used to encode arbitrary
WSML and can be used to encode anything, which can be encoded in the BNF syntax
provided by [Roman et al., 2004].

Currently, WSML/XML only covers the "umbrella” syntax presented in D2 and does not yet
support specific WSML variants, such as WSML-Flight, WSML-Core and WSML-Rule.

2. WSML/XML Syntax
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The XML Schema (see Appendix A) captures the syntax of WSML/XML, as described earlier.

3. Example

The XSLT stylesheet (see Appendix B) transforms WSML/XML syntax back to the original,
"human-readable"” WSML/BNF syntax.

4. Future Work

The example in Appendix B is to be expanded to include goal, web service and mediator
descriptions, as well as richer logical expressions.

Based on the XML syntax presented in this document, an XML syntax for WSML-Core is to be
defined. The hard deadline for the syntax to be (pre-)final is end of September 2004.

The use of built-in predicate and function symbols is to be evaluated. The current strategy is to
rely on identifiers for these built-ins, but it would be possible to include some of these built-ins
as XML elements.

The use of path expressions is to be evaluated. Currently, a path expression is seen as an ID.
We need to evaluate whether we need additional XML elements for path expressions.

After the XML Schema has been finalized, converters need to be built to convert from and to
the human-readable syntax of WSML. The latter can be done using an XSLT script, as was
done for previous versions (March 2004) of WSML/XML.

References

[Roman et al., 2004] D. Roman, H. Lausen, and U. Keller (eds.): Web Service Modeling
Ontology - Standard (WSMO - Standard), WSMO deliverable D2 version 1.0 Working Draft 27
August 2004. available from http://www.wsmo.org/2004/d2/v1.0/20040827/.

Appendix A. XML Schema for WSML/XML

<?xm version="1.0" encodi ng="UTF-8"?>
<!-- edited with XM.SPY v2004 rel. 3 U (http://ww. xm spy.com) by University
I nnsbruck / Departnent of Conputer Science (University Innsbruck / Departnent of Conputer Science) -->
<xs:schena target Nanespace="http://ww. wsno. or g/ 2004/ d16/ 16. 3/" xm ns="htt p: // www. wsno. or g/ 2004/ d16/ 16. 3/ "
xm ns: exp="http://ww. wsnp. or g/ 2004/ d16/ d16. 3" xml ns: xs="htt p:// ww. w3. or g/ 2001/ XM_Schenma"
el enent For nDef aul t ="qual i fi ed" attributeFornDefaul t="unqualified">
<!-- version: 2004-09-09 -->
<!-- author: Jos de Bruijn -->
<!-- this docunent provides an XM. Schema for the X
M. version of the WBML syntax. -->
<!-- this docunent is based on the BNF syntax for WM.
(WBMO D2, Appendi x B) v1.0 dated 2004-08-27 -->
<!-- there is currently elenmentary support for |ogical expressions; path expressions
are not supported and no built-ins are defined. It is assunmed that built-ins are specific
function or predicate synmbols with a certain identifier. Path expressions are treated currently
as a kind of ID -->
<xs: el enent name="wsm ">
<xs:annot ati on>
<xs:docunentation>the root el enent, containing the WBM. docunent </ xs: docunent ati on>
</ xs:annot ati on>
<xs: conpl exType>
<xs: choi ce m nCccurs="0" maxQccur s="unbounded" >
<xs: el ement nane="ontol ogy" type="ontol ogyType"/>
<xs: el ement nane="webService" type="webServiceType"/>
<xs: el ement nane="goal " type="goal Type"/>
<xs: el ement nane="nedi ator" type="nedi at or Type"/>
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el ement >
<xs: conpl exType nane="goal Type">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFunctional PropertiesType" m nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl | D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="ooMedi ator" type="wsnl | D' minCccurs="0" maxCccur s="unbounded"/ >
<xs: el enent name="ggMedi ator" type="wsm I D' m nCccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="post Condi tion" type="axionType" mi nCccurs="0" maxCccur s="unbounded"/ >
<xs: el ement nane="effect" type="axi onType" m nCccurs="0" nmaxCccurs="unbounded"/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
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</ xs: conpl exType>
<!-- start of the non-functional properties part -->
<xs: conpl exType nanme="nonFuncti onal PropertiesType">
<xs: choi ce m nCccurs="0" maxQccur s="unbounded" >
<xs: el enent nane="version"/>
<xs:any/>
</ xs: choi ce>
</ xs: conpl exType>
<xs: conpl exType nane="nonFuncti onal Properti esWsType" >
<xs: conpl exCont ent >
<xs: ext ensi on base="nonFuncti onal Properti esType">
<xs: choi ce m nCccurs="0" maxQccur s="unbounded" >
<xs: el ement nane="performance"/>
<xs: el ement nane="reliability"/>
<xs: el ement nane="security"/>
<xs: el ement nane="scal ability"/>
<xs: el enent name="robust ness"/>
<xs: el enent nane="accuracy"/>
<xs: el ement nane="transactional "/>
<xs: el enent name="trust"/>
<xs: el ement nane="financial"/>
<xs: el ement nane="net wor kRel at edQS"/ >
</ xs: choi ce>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nanme="i nport Ontol ogyType"/>
<!-- end of the non-functional properties part -->
<l-- start of the Web Services part -->
<xs: conpl exType nanme="webServi ceType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal Properti esWsType" mi nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl I D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="ooMedi ator" type="wsnl | D' minCccurs="0" maxCccur s="unbounded"/ >
<xs: el ement nane="capability" type="capabilityType"/>
<xs: el ement nane="interface" type="interfaceType" minCccurs="0" maxCQccurs="unbounded"/ >
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nane="capabilityType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFunctional PropertiesType" m nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl I D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="ooMedi ator" type="ooMedi at or Type" mi nCccurs="0" maxQccurs="unbounded"/>
<xs: el ement nane="wgMedi ator" type="wgMedi at or Type" mi nCccurs="0" maxQccurs="unbounded"/>
<xs: el ement nane="preCondition" type="axi onType" m nCccurs="0" nmaxCccurs="unbounded"/ >
<xs: el ement nane="assunption" type="axioniType" m nCOccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="post Condi tion" type="axionType" mi nCccurs="0" maxCccurs="unbounded"/ >
<xs: el ement nane="effect" type="axi onType" m nCccurs="0" nmaxCccurs="unbounded"/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nanme="interfaceType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFunctional PropertiesType" m nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl | D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="ooMedi ator" type="wsnl | D' nminCccurs="0" maxCccurs="unbounded"/ >
<xs: el ement nane="chor eography" type="wsni|D"'/>
<xs: el ement nane="orchestration" type="wsn ID'/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<!-- End of the Wb Services part -->
<l-- start of the nediator part -->
<xs: conpl exType nane="nedi at or Type" >
<xs: choi ce>
<xs: el ement nane="ooMedi ator" type="ooMedi at or Type"/>
<xs: el ement nane="ggMedi ator" type="ggMedi at or Type"/>
<xs: el ement nane="wgMedi ator" type="wgMedi at or Type"/>
<xs: el ement nane="wwedi ator" type="wwedi at or Type"/>
</ xs: choi ce>
</ xs: conpl exType>
<xs: conpl exType nane="ooMedi at or Type" >
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal Properti esWsType" mi nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsni I D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: choi ce m nCccurs="0" maxQccur s="unbounded" >
<xs: el ement nane="sourceOntol ogy" type="wsni|D'/>
<xs: el ement nane="sour ceooMedi ator" type="wsnl|D'/>
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="t ar get Ont ol ogy" type="wsni | D'/ >
<xs: el ement nane="target Goal " type="wsni|D'/>
<xs: el ement nane="t ar get WebServi ce" type="wsnl | D'/ >
<xs: el ement nane="t arget Medi ator" type="wsni | D'/ >
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="goal " type="wsni | D'/>
<xs: el ement nane="wwedi ator" type="wsnl|D'/>
<xs: el ement nane="webService" type="wsnl|D'/>
</ xs: choi ce>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nanme="ggMedi at or Type" >
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal Properti esWsType" mi nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl | D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="usedMedi ator" type="wsm | D' mi nCccurs="0" maxQccurs="unbounded"/>
<xs: choi ce m nCccurs="0" maxQccur s="unbounded" >
<xs: el ement nane="sourceGoal " type="wsnl | D'/ >
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<xs: el ement nane="sourcegghedi ator" type="wsnl|D'/>
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="target Goal " type="wsni|D'/>
<xs: el ement nane="t arget ggMedi ator" type="wsnl | D'/ >
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="goal " type="wsni | D'/>
<xs: el ement nane="wwedi ator" type="wsni|D'/>
<xs: el ement nane="webService" type="wsnl|D'/>
</ xs: choi ce>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nanme="wgMedi at or Type" >
<xs: sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal Properti esWsType" mi nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl | D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="usedMedi ator" type="wsm | D' mi nCccurs="0" maxQccurs="unbounded"/>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="sourceWebService" type="wsnl|D'/>
<xs: el ement nane="sourcewghedi ator" type="wsnl|D'/>
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="target Goal " type="wsni|D'/>
<xs: el ement nane="t arget ggMedi ator" type="wsnl | D'/ >
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="goal " type="wsni|D'/>
<xs: el ement nane="wwedi ator" type="wsnl|D'/>
<xs: el ement nane="webService" type="wsnl|D'/>
</ xs: choi ce>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nanme="wmMkdi at or Type" >
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal Properti esWsType" mi nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl | D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="usedMedi ator" type="wsm | D' mi nCccurs="0" maxQccurs="unbounded"/>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="sour ceWebServi ce" type="webServiceType"/>
<xs: el ement nane="sour cewwedi ator" type="wwedi at or Type"/ >
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="t ar get WebServi ce" type="webServiceType"/>
<xs: el ement nane="t ar get wikedi ator" type="wwedi at or Type"/ >
</ xs: choi ce>
<xs: choi ce m nQccurs="0">
<xs: el ement nane="goal " type="wsni | D'/>
<xs: el ement nane="wwedi ator" type="wsnl|D'/>
<xs: el ement nane="webService" type="wsnl|D'/>
</ xs: choi ce>
</ xs: sequence>
<xs:attribute name="id" type="wsnl | D' use="required"/>
</ xs: conpl exType>
<!-- end of the nediator part -->
<l-- start of the ontology part -->
<xs: conpl exType nane="ontol ogyType" >
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal PropertiesType" mi nCccurs="0"/>
<xs: el ement nane="inport Ontol ogy" type="wsnl | D' mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="ooMedi ator" type="wsnl | D' nminCccurs="0" maxCccur s="unbounded"/ >
<xs: el ement nane="concept" type="concept Type" mi nCccurs="0" maxQccurs="unbounded"/>
<xs: el ement nane="rel ation" type="rel ationType" m nQccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="instance" type="instanceType" mi nQccurs="0" maxCccurs="unbounded"/>
<xs: el enent name="function" type="functionType" ninCccurs="0" nmaxCccurs="unbounded"/>
<xs: el ement nane="axi ont type="axioniType" m nCccurs="0" maxCccurs="unbounded"/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|ID' use="required"/>
</ xs: conpl exType>
<!-- axionfType refers to flogicType defined in the F-Logic/XM. syntax; WSMO D16.2 -->
<!-- sone validators might break on this, because they do not have this schema available -->
<l-- axionfType is used as a basis for extension by many other types used in the ontol ogy part -->
<xs: conpl exType nane="axi oniType" >
<xs: sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal PropertiesType" m nCccurs="0"/>
<xs: el ement nane="defi nedBy" type="1|ogi cal Expressi onType"/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nane="concept Type">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFunctional PropertiesType" m nCccurs="0"/>
<xs: el ement nane="super Concept"” type="wsm | D' mi nCccurs="0" maxQccurs="unbounded"/>
<xs:el ement nane="attribute" type="attributeType" minCccurs="0" maxCQccurs="unbounded"/>
<xs: el enent nane="defi nedBy" type="1|ogical ExpressionType" m nQccurs="0"/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nane="rel ati onType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal PropertiesType" mi nCccurs="0"/>
<xs: el ement nane="superRel ation" type="wsm I D' m nOccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="paraneter" type="paraneterType" mi nCccurs="0" maxCQccur s="unbounded"/ >
<xs: el ement nane="defi nedBy" type="1|ogical ExpressionType" m nCccurs="0"/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl | D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nane="paranet er Type">
<xs:sequence>
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<xs: el ement nane="type" type="wsni|D'/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nane="instanceType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFunctional PropertiesType" m nCccurs="0"/>
<xs: el ement nane="nenber & " type="wsnl I D' m nCccurs="0" maxCccurs="unbounded"/>
<xs: el enent name="attributeVval ue" m nQccurs="0" maxCccur s="unbounded" >
<xs: conpl exType>
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal PropertiesType"
m nQccurs="0"/>
<xs: el ement nane="attributel D' type="wsn|D'/>
<xs: el ement nane="val ue" type="wsni | DorLiteral" maxQccurs="unbounded"/>
<l-- can be instance, IDor literal -->
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
<xs:attribute name="id" type="wsnl|D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nane="rel ati onl nstanceType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFunctional PropertiesType" m nCccurs="0"/>
<xs: el ement nane="nenber & " type="wsnl I D' m nCccurs="0" maxCccurs="unbounded"/>
<xs: el ement nane="paraneterVal ue" m nCccurs="0" maxQccur s="unbounded" >
<xs: conpl exType>
<xs:sequence>
<xs: el ement nane="paraneter" type="wsnl|ID'/>
<xs: el ement nane="val ue" type="wsni|D'/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
<xs:attribute name="id" type="wsnl | D' use="required"/>
</ xs: conpl exType>
<xs:conpl exType nanme="attributeType">
<xs:sequence>
<xs: el ement nane="nonFuncti onal Properties" type="nonFuncti onal PropertiesType" m nCccurs="0"/>
<xs: el ement nane="range" type="wsni|D'/>
</ xs: sequence>
<xs:attribute name="id" type="wsnl | D' use="required"/>
</ xs: conpl exType>
<xs: conpl exType nanme="functionType">
<xs: conpl exCont ent >
<xs: extension base="rel ati onType">
<xs: sequence>
<xs: el enent nane="range" type="wsni|D'/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<!-- End of the ontol ogy part -->
<l-- auxiliary type definitions -->
<xs: si npl eType name="wsmni | D'>
<xs:uni on nenber Types="xs:anyURl xs: QNane"/>
</ xs: si npl eType>
<xs:si npl eType name="wsni | Dor Li t er al - basi c">
<xs: uni on nenber Types="wsni | D xs:string"/>
</ xs: si npl eType>
<xs: conpl exType nanme="wsni Literal ">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="type" type="wsm|D'/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nanme="wsnl | Dor Literal ">
<xs: si npl eCont ent >
<xs: extension base="wsnl | DorLiteral -basic">
<xs:attribute name="type" type="wsm | D' use="optional"/>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nanme="wsni Anyl D' >
<xs: si npl eCont ent >
<xs: extension base="wsnl | DorLiteral -basic">
<xs:attribute name="type" type="wsm | D' use="optional"/>
<xs:attribute name="kind" use="required">
<xs: si npl eType>
<xs:restriction base="xs:string">
<xs:enuneration val ue="variabl e"/>
<xs:enuneration value="wsnl I D'/ >
<xs:enuneration value="literal"/>
<xs:enuneration val ue="anonynous| D'/ >
</ xs:restriction>
</ xs: si npl eType>
</xs:attribute>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<xs:si npl eType nanme="wsnl Vari abl e" >
<xs:restriction base="xs:string"/>
</ xs: si npl eType>
<l-- end of auxiliary type definitions -->
<l-- Start of |ogical expressions (unbrella syntax) -->
<xs: conpl exType nanme="| ogi cal Expressi onType" >
<xs: choi ce>
<xs: el ement nane="di sjunction" type="disjunctionType"/>
<xs: el ement nane="constrai nt" type="di sjunctionType"/>
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<xs: el ement nane="inplication" type="inplicationType"/>
</ xs: choi ce>
</ xs: conpl exType>
<xs: conpl exType nanme="di sj uncti onType">
<xs:sequence>
<xs: el ement nane="quantification" type="quantificationType" mi nCccurs="0" nmaxCccurs="unbounded"/>
<xs: choi ce maxQccur s="unbounded" >
<xs: el ement nane="conjunction" type="conjunctionType"/>
</ xs: choi ce>
</ xs: sequence>
<xs:attribute name="negated" type="xs:boolean" default="false"/>
</ xs: conpl exType>
<xs: conpl exType nane="conjuncti onType">
<xs: choi ce maxQccur s="unbounded" >
<xs: el ement nane="di sjunction" type="disjunctionType"/>
<xs: el ement nane="nol ecul e" type="nol ecul eType"/>
<xs: el ement nane="predi cate" type="predicateType"/>
</ xs: choi ce>
<xs:attribute name="negated" type="xs:boolean" default="false"/>
</ xs: conpl exType>
<xs: conpl exType nanme="i nplicationType">
<xs:sequence>
<xs: el ement nane="quantification" type="quantificationType" mi nCccurs="0" nmaxCccurs="unbounded"/>
<xs: el ement nane="|eft HandSi de" type="di sjuncti onType" m nCccurs="0"/>
<xs: el ement nane="ri ght HandSi de" type="di sjuncti onType" mi nCccurs="0"/>
</ xs: sequence>
<xs:attribute name="type" use="required">
<xs: si npl eType>
<xs:restriction base="xs:string">
<xs:enuneration value="left"/>
<xs:enuneration value="right"/>
<xs:enuneration val ue="dual "/ >
</xs:restriction>
</ xs: si npl eType>
</xs:attribute>
<xs:attribute name="negated" type="xs:boolean" default="false"/>
</ xs: conpl exType>
<xs: conpl exType nane="nol ecul eType" >
<xs:sequence>
<xs: el ement nane="id" type="terniType"/>
<xs: el enent name="attributeDefinition" mnCccurs="0" maxCccurs="unbounded" >
<xs: conpl exType>
<xs:sequence>
<xs: el ement nane="attributel D' type="ternilype"/>
<xs: el ement nane="type" type="ternilype"/>
</ xs: sequence>
<xs:attribute name="type">
<xs: si npl eType>
<xs:restriction base="xs:string">
<xs:enuneration val ue="singl eval ued"/ >
<xs:enuneration val ue="set Val ued"/ >
</ xs:restriction>
</ xs: si npl eType>
</xs:attribute>
</ xs: conpl exType>
</ xs: el enent >
<xs: el enent name="attributeVval ueDefinition" m nCccurs="0" maxQccurs="unbounded" >
<xs: conpl exType>
<xs:sequence>
<xs: el ement nane="attributel D' type="ternilype"/>
<xs: el ement nane="val ue" type="ternilype"/>
</ xs: sequence>
<xs:attribute name="type">
<xs: si npl eType>
<xs:restriction base="xs:string">
<xs:enuneration val ue="singl eVal ued"/ >
<xs:enuneration val ue="set Val ued"/ >
</ xs:restriction>
</ xs: si npl eType>
</xs:attribute>
</ xs: conpl exType>
</ xs: el enent >
<xs: el enent name="isa" m nCccurs="0">
<xs: conpl exType>
<xs: si npl eCont ent >
<xs: extension base="xs:string">
<xs:attribute name="type">
<xs: si npl eType>
<xs:restriction base="xs:string">
<xs:enuneration val ue="nmenber & "/ >
<xs:enuneration val ue="subConcept &f "/ >
</ xs:restriction>
</ xs: si npl eType>
</xs:attribute>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
</ xs: el enent >
</ xs: sequence>
<xs:attribute name="negated" type="xs:boolean" default="false"/>
</ xs: conpl exType>
<xs: conpl exType nane="predi cateType">
<xs:sequence>
<xs: el ement nane="id" type="terniType"/>
<xs: el ement nane="argunment" type="terniType" mi nCccurs="0" maxCQccurs="unbounded"/ >
</ xs: sequence>
<xs:attribute name="negated" type="xs:boolean" default="false"/>
</ xs: conpl exType>
<xs: conpl exType nane="t ernilype" m xed="true">
<xs: conpl exCont ent >
<xs: ext ensi on base="wsm Anyl D'>
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<xs: sequence>
<xs: el ement nane="argunent" type="wsnl Anyl D' mi nCccurs="0" nmaxQccurs="unbounded"/ >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="quantificati onType">
<xs: si npl eCont ent >
<xs:extension base="wsnl Vari abl e">
<xs:attribute name="type">
<xs: si npl eType>
<xs:restriction base="xs:string">
<xs:enuneration val ue="universal"/>
<xs:enuneration val ue="existential"/>
</xs:restriction>
</ xs: si npl eType>
</xs:attribute>
</ xs: ext ensi on>
</ xs: si npl eCont ent >
</ xs: conpl exType>
<!-- End of |ogical expressions (unbrella syntax) -->
</ xs: schema>

Appendix B. An example of a WSML/XML ontology

<?xm version="1.0" encodi ng="UTF-8"?>
<wsm :wsnl xm ns:wsm ="http://ww. wsno. or g/ 2004/ d16/ 16. 3/" xnl ns: exp="htt p: // waw. wsno. or g/ 2004/ d16/ d16. 3"
xm ns="http://ww. wsno. or g/ ont ol ogi es/ dat eTi me#" xm ns:dc="http://purl.org/dc/el enents/ 1. 1#"
xm ns: xsd="htt p: // ww. w3. or g/ 2001/ XM_Schena#" >
<wsni :ontol ogy id="http://ww.exanpl e. org/ exanpl e. wsm ">
<!-- this exanple WBM./ XML ontol ogy is based on the exanple given with the WBM. val idator -->

<!-- Notice that the ontology is rather conplex when it cones to |ogical expressions;
however, XML is just an exchange syntax -->
<wsnl : nonFuncti onal Properties>
<dc:title>WBM. exanpl e collection</dc:title>
<dc: subj ect >f anmi | y</ dc: subj ect >
<dc: description>fragnents of a famly ontology to provide WM. exanpl es</dc: descri pti on>
<dc: dat e>2004- 06- 28</ dc: dat e>
<dc:type>& t; http://ww. wsno. org/ 2004/ d2/ v0. 3/ 20040329/ #ont os&gt ; </ dc: t ype>
<dc: f or mat >t ext/ pl ai n</ dc: f or mat >
<dc: | anguage>en- US</ dc: | anguage>
<dc:rights>& t;http://wwderi.org/privacy. htm &gt; </dc:rights>
<wsnl : versi on>$Revi sion: 1.2 $</wsml : versi on>
</wsnl : nonFuncti onal Properties>
<wsni : concept id="Human">
<wsnl : nonFuncti onal Properties>
<dc: descri ption>concept of a human bei ng</dc: description>
</wsnl : nonFuncti onal Properties>
<wsml :attribute id="name">
<wsml : range>xsd: string</wsnl : range>
</wsni:attribute>
<wsnl:attribute id="age">
<wsml : range>xsd: string</wsmnl : range>
</wsni:attribute>
</wsni : concept >
<wsni : concept id="Man">
<wsnl : nonFuncti onal Properties>
<dc: descripti on>concept of a nman</dc: description>
</wsnl : nonFuncti onal Properties>
<wsml : super Concept >Hunan</ wsni : super Concept >
</wsni : concept >
<wsni : concept id="Wonan">
<wsnl : nonFuncti onal Properties>
<dc: descri pti on>concept of a wonan</dc: description>
</wsnl : nonFuncti onal Properties>
<wsml : super Concept >Hunan</ wsni : super Concept >
<wsml : def i nedBy>
<wsml :inplication type="right">
<wsml : quantification type="universal">?x</wsnl:quantification>
<wsm : | ef t HandSi de>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsn :id kind="variabl e">?x</wsni:id>
<wsnl :isa type="nmenber O " >Wnman</wsnl : i sa>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : | ef t HandSi de>
<wsni : ri ght HandSi de>
<wsml : conj uncti on negated="true">
<wsm : nol ecul e>
<wsnl :id kind="variabl e">?x</wsni:id>
<wsnl :isa type="menber O " >Man</ wsni : i sa>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : ri ght HandSi de>
</wsni :inplication>
</ wsni : def i nedBy>
</wsni : concept >
<wsnl : concept id="Boy">
<wsnl : nonFuncti onal Properties>
<dc: description>concept of a man not ol der than 14</dc: description>
</wsni : nonFuncti onal Properties>
<wsml : super Concept >Man</ wsnl : super Concept >
<wsml : def i nedBy>
<wsnl :inplication type="dual ">
<wsml : quantification type="universal">?x</wsnl:quantification>
<wsm : | ef t HandSi de>
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<wsni : conj uncti on>
<wsml : nol ecul e>
<wsnl :id kind="variabl e">?x</wsni :id>
<wsnl :isa type="nmenber O " >Boy</wsni :isa>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : | ef t HandSi de>
<wsml : ri ght HandSi de>
<wsni : conj uncti on>
<wsni : predi cat e>
<wsm :id kind="wsmi | D'>xquery: nunmeric-|ess-than</wsni:id>
<wsnl : argunment ki nd="vari abl e">?x. age</ wsnl : ar gunent >
<wsml :argunent kind="literal" type="xsd:integer">14</wsnl :argunent>
</wsni : predi cat e>
<wsml : nol ecul e>
<wsnl :id kind="variabl e">?x</wsni:id>
<wsnl :isa type="nmenber O " >Man</wsni : i sa>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : ri ght HandSi de>
</wsni :inplication>
</ wsni : def i nedBy>
</wsni : concept >
<wsnl : concept id="Parent">
<wsnl : nonFuncti onal Properties>
<dc: description>concept of a man not ol der than 14</dc: description>
</wsnl : nonFuncti onal Properties>
<wsm : super Concept >Hunan</ wsni : super Concept >
<wsnml:attribute id="children">
<wsnl : range>Human</ wsni : r ange>
</wsni:attribute>
<wsml : def i nedBy>
<wsml :inplication type="right">
<wsml : quantification type="universal">?x</wsnl:quantification>
<wsm : | ef t HandSi de>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsnl :id kind="variabl e">?x</wsni:id>
<wsnl :isa type="menber O " >Parent</wsnl:isa>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : | ef t HandSi de>
<wsni : ri ght HandSi de>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsn :id kind="variabl e">?x</wsni:id>
<wsnl :isa type="menber O " >Human</ wsnl : i sa>
</wsni : nol ecul e>
<wsni : di sj uncti on>
<wsnl : quantification type="existential">?y</wsn :quantification>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsml :id kind="variabl e">?y</wsni:id>
<wsml :attributeVal ueDefinition>
<wsni:attributel D ki nd="wsni | D'>parent</wsnl :attributel D>
<wsni : val ue ki nd="vari abl e">?x</wsmnl : val ue>
</wsni :attributeVal ueDefinition>
<wsml :attributeVal ueDefinition>
<wsn :attributel D ki nd="wsni | D'>chil d</wsm :attributel D>
<wsml : val ue ki nd="vari abl e">?y</wsnl : val ue>
</wsni : attributeVal ueDefinition>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : di sj unction>
<wsni : predi cat e>
<wsm :id kind="wsmi | D'>xquery: nuneric-|ess-than</wsni:id>
<wsnl : argunment ki nd="vari abl e">?x. age</ wsnl : ar gunent >
<wsml :argunent kind="literal" type="xsd:integer">14</wsnl:argunent>
</wsni : predi cat e>
</wsni : conj uncti on>
</wsni : ri ght HandSi de>
</wsni :inplication>
</ wsni : def i nedBy>
</wsni : concept >
<wsml :relation id="hasChild">
<wsni : paraneter id="parent">
<wsnl : type>Human</ wsni : t ype>
</wsni : par anet er >
<wsnl : paraneter id="child">
<wsnl : type>Hunman</ wsni : t ype>
</wsni : par anet er >
</wsni:rel ation>
<wsnml :relation id="childO">
<wsnl : paraneter id="child">
<wsnl : type>Hunman</ wsni : t ype>
</wsni : par anet er >
<wsni : paraneter id="parent">
<wsnl : type>Hunman</ wsni : t ype>
</wsni : par anet er >
<wsml : defi nedBy>
<wsnl :inplication type="dual ">
<wsml : quantification type="universal">?x</wsnl:quantification>
<wsnl : quantification type="universal">?y</wsnl :quantification>
<wsm : | ef t HandSi de>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsnml :id kind="wsm | D'>child</wsni:id>
<wsml :attributeVal ueDefinition>
<wsnml :attributel D ki nd="wsni | D'>chil d</wsmn :attributel D>
<wsni : val ue ki nd="vari abl e">?x</wsmnl : val ue>
</wsni :attributeVal ueDefinition>
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<wsml :attributeVal ueDefinition>
<wsni :attributel D ki nd="wsni | D'>parent</wsnl :attributel D>
<wsml : val ue ki nd="vari abl e">?y</wsnl : val ue>
</wsni :attributeVal ueDefinition>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : | ef t HandSi de>
<wsni : ri ght HandSi de>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsnm :id kind="wsm | D'>hasChil d</wsnl :id>
<wsml :attributeVal ueDefinition>
<wsnl :attributel D ki nd="wsni | D'>parent</wsnl :attributel D>
<wsml : val ue ki nd="vari abl e">?y</wsnl : val ue>
</wsni : attributeVal ueDefinition>
<wsml :attributeVal ueDefinition>
<wsnml :attributel D ki nd="wsni | D'>chil d</wsmnl :attributel D>
<wsnl : val ue ki nd="vari abl e">?x</wsmnl : val ue>
</wsni : attributeVal ueDefinition>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : ri ght HandSi de>
</wsni :inplication>
</ wsni : def i nedBy>
</wsni:rel ation>
<wsni :rel ation id="hasSon">
<wsml : super Rel ati on>hasChi | d</ wsm : super Rel ati on>
<wsni : paraneter id="parent">
<wsnl : type>Hunman</ wsni : t ype>
</wsni : par anet er >
<wsnl : paraneter id="child">
<wsni : type>Man</wsmnl : t ype>
</wsni : par anet er >
</wsni:rel ation>
<wsnl :instance id="Mary">
<wsml : menber Of >Par ent </ wsni : nenber Of >
<wsml :attributeVval ue>
<wsml :attributel D>name</wsn : attributel D>
<wsnl : val ue type="xsd:string">Maria Smth</wsni:val ue>
</wsni : attributeval ue>
<wsml :attributeVval ue>
<wsnl :attributel D>age</wsni:attributel D>
<wsnl : val ue type="xsd:integer">50</wsni: val ue>
</wsni : attributeval ue>
<wsml :attributeVval ue>
<wsml :attributel D>children</wsni:attributel D>
<wsm : val ue>M chael </ wsni : val ue>
<wsnl : val ue>Susan</wsni : val ue>
</wsni : attributeVval ue>
</wsni :instance>
<wsml :instance id="Paul ">
<wsm : menber Of >Man</ wsni : menber O >
<wsml :attributeVval ue>
<wsml :attributel D>name</wsn : attributel D>
<wsnl : val ue type="xsd: string">Paul Jones</wsni:val ue>
</wsni : attributeVval ue>
<wsml :attributeVval ue>
<wsnl :attributel D>age</wsni:attributel D>
<wsnl : val ue type="xsd:integer">25</wsni: val ue>
</wsni : attributeval ue>
</wsni :instance>
<wsni : function id="hasAge">
<wsni : paranet er id="person">
<wsnl : type>Hunman</ wsni : t ype>
</wsni : par anet er >
<wsml : def i nedBy>
<wsnl :inplication type="dual ">
<wsml : quantification type="universal">?x</wsnl:quantification>
<wsnl : quantification type="universal">?y</wsnl :quantification>
<wsm : | ef t HandSi de>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsml :id kind="wsnl | D'>hasAge</wsni :id>
<wsml :attributeVal ueDefinition>
<wsni:attributel D ki nd="wsni | D'>person</wsn :attributel D>
<wsnl : val ue ki nd="vari abl e">?x</wsmnl : val ue>
</wsni : attributeVal ueDefinition>
<wsml :attributeVal ueDefinition>
<wsni:attributel D ki nd="wsnl I D'>result</wsnl:attributel D>
<wsml : val ue ki nd="vari abl e">?y</wsnl : val ue>
</wsni :attributeVal ueDefinition>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : | ef t HandSi de>
<wsni : ri ght HandSi de>
<wsni : conj uncti on>
<wsni : predi cat e>
<wsm :id kind="wsmni | D'>xquery: nuneric-equal </wsn :id>
<wsni : argunment ki nd="vari abl e">?x. age</ wsnl : ar gunent >
<wsni : argunment ki nd="vari abl e">?y</wsni : ar gunent >
</wsni : predi cat e>
</wsni : conj uncti on>
</wsni : ri ght HandSi de>
</wsni :inplication>
</ wsni : def i nedBy>
<wsnl : range>xsd: i nt eger </ wsni : range>
</wsni: function>
<wsni : axi om i d="di sj oi nt ManVWoman" >
<wsnl : nonFuncti onal Properties>
<dc: descripti on>Man and Wonan are two disjoint concepts
wi thout constraint notation. Notice that this is nodeled here as an integrity constraint,
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rather than an inplication as was done in the exanpl e</dc: description>
</wsnl : nonFuncti onal Properties>
<wsml : def i nedBy>
<wsml : constraint>
<wsni : conj uncti on>
<wsml : nol ecul e>
<wsn :id kind="variabl e">?x</wsnl:id>
<wsnl :isa type="nmenber O " >Man</ wsni : i sa>
</wsni : nol ecul e>
<wsml : nol ecul e>
<wsnl :id kind="variabl e">?x</wsni:id>
<wsnl :isa type="nmenber O " >Wnman</wsnl : i sa>
</wsni : nol ecul e>
</wsni : conj uncti on>
</wsni : constraint>
</ wsni : def i nedBy>
</ wsni : axi on>
</wsni : ont ol ogy>
</wsni :wsm >
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