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Web services composition has been a key research issue in service-oriented computing due to
the increasing demand for composite services that can serve service consumers’ purposes, together
with the complexity of the compaosition process. This thesis proposes an approach to automatic
composition of Web services by using OWL-S Process Model with Constraints on Functional
Behaviour. Given a compesition geal by a Web service designer, the approach examines process
specifications of the Web services which are represented by OWL-S process model and determines
compatibility between functional behaviour of those Web services, i.e. their inputs, outputs,
preconditions, and effects as well as their associated constraints. An optimal composition is identified

by using Dijkstra's shortest path algorithm and a composite service can be generated as a BPEL script.
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<?

xml version="1.0"?>

<rdf:RDF

X

xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damitime/time-entry.owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:swrlb="http://www.w3.0rg/2003/11/swrlb#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins="http://www.owl-ontologies.com/WorkFlow.owl#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
ml:base="http://www.owl-ontologies.com/WorkFlow.owl">

<owl:Ontology rdf:about="">

©ONOOUTDWNE

41]
42
43|
44
45]

<owl:imports rdf:resource="http://www.daml.org/services/owl-s/1.1/Profile.owl"/>
<owl:imports rdf:resource="http://www.daml.org/rules/proposal/swrl.owl"/>
<owl:imports rdf:resource="http://www.daml.org/rules/proposal/swrib.owl"/>
<owl:imports rdf:resource="http://www.daml.org/services/owl-s/1.1/Grounding.owl"/>
</owl:Ontology>

4 gy
ﬂi%!!ﬁﬂu“ﬁﬂ‘lﬁﬂ’lﬂ]ﬂﬂﬂ

HULMNEIAY (Sequence)

ﬂi$U’JUﬂ1ifg]}u1’i']5]5ﬁﬂ‘llﬂ\1‘l’Jﬁ’

Kprocess:Sequence rdf:ID="Sequence_2">
kprocess:components>

<process:ControlConstructList rdf:ID="ControlConstructList_4">
<list:first>
<process:Perform rdf:ID="FindWineState">
<process:process>
<process:AtomicProcess rdf:ID="FindWine"/>
</process:process>
</process:Perform>

' 3
nszIuMIdade 1nd uaz nszuIums
v = o Yo
Auriseazidoaves Ini laslddniugy

WYY LU9-59 (Split-Join)

</list:first>
<list:rest>
<process:ControlConstructList rdf:ID="ControlConstructList_7">

<list:first>

<list:rest rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#nil"/>

<process:Split-Join rdf:ID="Split-Join_6">
<process:components>
<process:ControlConstructBag rdf:ID="ControlConstructBag_9">

<list:first>

<process:Perform rdf:ID="OrderWineState">
<process:process>

<process:AtomicProcess rdf:ID="OrderWine"/>

</process:process>

</process:Perform>

</list:first>

<list:rest>
<process:ControlConstructBag rdf:ID="ControlConstructBag_11">

<list:first>
<process:Perform rdf:ID=" FindWineDescriptionState">
<process:process>
<process:AtomicProcess rdf:ID="FindWineDescription "/>
</process:process>
</process:Perform>
</list:first>
</process:ControlConstructBag>
</list:rest>
</process:ControlConstructBag>
</process:components>
</process:Split-Join>

<list:rest rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#nil"/>

<TSTAIrST>
</process:ControlConstructList>
</list:rest>
</process:ControlConstructList>
</process:components>
</process:Sequence>

46 <rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">
47 <expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>

48
49
50
51
52

</rdf:Description>
<process:CompositeProcess rdf:ID="CompositeProcess">
<process:composedOf rdf:resource="#Sequence_2"/>
</process:CompositeProcess>
</rdf:RDF>

~ 4 Aq Y A
517 3.2 ea-ed Insisa luean lsesunenssuaau
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<?xml version="1.0"?>
<rdf:RDF
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damitime/time-entry.owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins="http://www.owl-ontologies.com/WineShopDomain.owl#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:swrlb="http://www.w3.0rg/2003/11/swrlb#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:daml="http://www.daml.org/2001/03/daml+oil#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xml:base="http://www.owl-ontologies.com/WineShopDomain.ow!">
<owl:Ontology rdf:about="">
<owl:imports rdf:resource="http://www.daml.org/rules/proposal/swrib.owl"/>
<owl:imports rdf:resource="http://www.daml.org/services/owl-s/1.1/Grounding.owl"/>
<owl:imports rdf:resource="http://www.daml.org/rules/proposal/swrl.owl"/>
<owl:imports rdf:resource="http://www.daml.org/services/owl-s/1.1/Profile.owl"/>
</owl:Ontology>
<owl:Class rdf:ID="DeliveryDayCondition">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="OrderConfirmed">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Result"/>
</owl:Class>
<owl:Class rdf:ID="CustomerlLocation">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#ResultVar"/>
</owl:Class>
<owl:Class rdf:ID="LocationCondition">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="AcceptedCreditCard">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="CustomerCreditcardType">
<rdfs:subClassOf rdf:resource="http://mww.daml.org/services/owl-s/1.1/Process.owl#Local"/>
</owl:Class>
<owl:Class rdf:ID="WineName">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Input"/>
</owl:Class>
<owl:Class rdf:ID="Customerinfo">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Input’/>
</owl:Class>
<owl:Class rdf:ID="DeliveryDay">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#ResultVar"/>
</owl:Class>
<owl:Class rdf:ID="OrderedWine">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Qutput"/>
</owl:Class>
<owl:Class rdf:ID="SellWineProcess">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#AtomicProcess"/>
</owl:Class>
<rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">
<expr:expressionBody rdf:parseType="Literal"><swrl:AtomList xmIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#" rdf:about="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"></swrl:AtomList>
</expr:expressionBody>
<expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>
</rdf:Description>
</rdf:RDF>

517 3.4 edruveeou Inlavnszurumsnles msunelu Tawud e 1l
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<?xml version="1.0"?>
<rdf:RDF
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damltime/time-entry.owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:swrib="http://www.w3.0rg/2003/11/swrlb#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns="http://www.owl-ontologies.com/WineAgentDomain.owl#"
xmins:daml="http://www.daml.org/2001/03/daml+oil#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xml:base="http://www.owl-ontologies.com/WineAgentDomain.ow|">
<owl:Ontology rdf:about="">
<owl:imports rdf:resource="http://www.daml.org/rules/proposal/swrl.owl"/>
<owl:imports rdf:resource="http://www.daml.org/services/owl-s/1.1/Profile.ow!"/>
<owl:imports rdf:resource="http://www.daml.org/services/owl-s/1.1/Grounding.ow!"/>
<owl:imports rdf:resource="http://www.daml.org/rules/proposal/swrib.owl"/>
</owl:Ontology>
<owl:Class rdf:ID="FoodName">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Input"’/>
</owl:Class>
<owl:Class rdf:ID="WineName">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="WinePrice">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="WineDescription">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="WineAgentProcess">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#AtomicProcess"/>
</owl:Class>
<rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">
<expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>
</rdf:Description>
</rdf:RDF>
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<?xml version="1.0"?>

<rdf:RDF
xmins:rss="http://purl.org/rss/1.0/"
xmins:cus="http://www.owl-ontologies.com/Customerinfo.owl#"
xmins:fd="http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/food#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:bsd="http://www.owl-ontologies.com/WineShopDomain.owl.owl#"
xmins:swrlb="http://www.w3.0rg/2003/11/swrlb#"
xmins:p1="http://www.w3.0rg/TR/2003/CR-owl-guide-20030818/wine#"
xmins:vin="http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/wine#"
xmins:jms="http://jena.hpl.hp.com/2003/08/jms#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xmlins="http://www.owl-ontologies.com/WineShop1.owl#"
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damltime/time-entry.owl#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:pi="http://a.com/ontology#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:protege="http://protege.stanford.edu/plugins/owl/protege#"
xmins:vcard="http://www.w3.0rg/2001/vcard-rdf/3.0#"
xmins:daml=http://www.daml.org/2001/03/daml+oil#
xmins:to=http://www.owl-ontologies.com/Town.owl#
xmins:cd=http://www.owl-ontologies.com/CreditCard.owl#
xml:base="http://www.owl-ontologies.com/WineShop1.owl">

<owl:Ontology rdf:about="">

<owl:imports rdf:resource="http://localhost:8080/ontology/customerinfo.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/Food.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/pip.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/WineShopDomain.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/CreditCard.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/Town.owl"/>

</owl:Ontology> wililne

1<bsd:OrderConfirmed rdf:ID="OrderConfirmed_1">
2 <process:hasResultVar>

3 <bsd:DeliveryDay rdf:ID="DeliveryDay_1"/>

4 </process:hasResultVar> v
5 |<process:hasEffect>

6 | <bsd:DeliveryDayCondition rdf:ID="DeliveryDayCondition_1">
7

8

9

<expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral"
><swrl:AtomList>

<rdf:first>
10 <swrl:BuiltinAtom>
11 <swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrlb#lessThanOrEqual/>
12 <swrl:arguments>
13 <rdf:List>
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<rdf:first rdf:resource="#DeliveryDay_1"/>
<rdf:rest>
<rdf:List>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>3</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</rdf:List>
</rdf:rest>
</rdf:List>
</swrl:arguments>
</swrl:BuiltinAtom>
</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</swrl:AtomList></expr:expressionBody>
</bsd:DeliveryDayCondition>
</process:hasEffect>
<process:inCondition>
<bsd:LocationCondition rdf:ID="LocationCondition_1">
<expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral"
><swrl:AtomList>
<rdf:first>
<swrl:BuiltinAtom>
<swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrlb#equal’/>
<swrl:arguments>
<rdf:List>
<rdf:first rdf:resource="#CustomerLocation_1">
<rdf:rest>
<rdf:List>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
> http://www.owl-ontologies.com/Town.owl#Bangkok</rdf:first>
</rdf:List>
</rdf:rest>
</rdf:List>
</swrl:arguments>
</swrl:BuiltinAtom>
</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</swrl:AtomList></expr:expressionBody>
</bsd:LocationCondition>

|</process:inCondition>

oifng

A

(70)

<process:hasResultVar>
<bsd:CustomerLocation rdf:ID="CustomerLocation_1"/>

</process:hasResultVar> /

</bsd:OrderConfirmed>

<bsd:AcceptedCreditCard rdf:ID="AcceptedCreditCard_1">
<expr:expressionBody rdf:datatype="http://mww.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral"
><swrl:AtomList>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
<rdf:first>
<swrl:BuiltinAtom>
<swrl:arguments>
<rdf:List>
<rdf:rest>
<rdf:List>
<rdf:rest>
<rdf:List>
<rdfifirst rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
>http://www.owl-ontologies.com/CreditCard.owl#Amex</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</rdf:List>
</rdf:rest>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
>http://www.owl-ontologies.com/CreditCard.owl#Visa</rdf:first>
</rdf:List>
</rdf:rest>
<rdf:first rdf:resource="#CustomerCreditcardType_1"/>
</rdf:List>
</swrl:arguments>
<swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrlb#equal"/>
</swrl:BuiltinAtom>
</rdf:first></expr:expressionBody>

</bsd:AcceptedCreditCard>
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87<bsd:CustomerCreditcardType rdf:ID="CustomerCreditcardType_1"/>

88 <rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">

89 <expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>
90 </rdf:Description>

91 <bsd:OrderedWine rdf:ID="OrderedWine_1">

92 <process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
93 >http://a.com/ontology#PurchaseOrderConfirmation</process:parameterType>

94 </bsd:OrderedWine>

95 <bsd:Customerinfo rdf:ID="Customerinfo_1">

96 <process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"

97 > http://localhost/ontology/domain/Customerinfo.owl#Customerinfo</process:parameterType>
98 </bsd:Customerinfo>

99 <bsd:WineName rdf:ID="WineName_1">

100 <process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
101 >http://localhost/ontology/domain/food.owl#Wine</process:parameterType>
102</bsd:WineName>

103 <to:Town rdf:ID = “Town">

104 <cd:CreditCard rdf:ID="CreditCard”> -
105 <bsd:SellWineProcess rdf:ID="AlcoholShopAtomicProcess"> o —| UM
106 <process:haslnput rdf:resource="#Customerinfo_1"/>

107 <process:haslnput rdf:resource="#WineName_1"/>

108 <process:hasPrecondition rar.resource=#AcceptedCrediiCard_17>
109 <process:hasLocal rdf:resource="#CustomerCreditcardType_1"/>
110 < : : =" i ">

111 <process:hasOutput rdf:resource="#OrderedWine_1"/>

112 </bsd:SellWineProcess >

</rdf:RDF>

o
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<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmlns="http://www.owl-ontologies.com/CreditCard.owl#"

xml:base="http://www.owl-ontologies.com/CreditCard.owl">

<owl:Ontology rdf:about=""/>
<owl:Class rdf:ID="Visa">
<rdfs:subClassOf>
<owl:Class rdf:ID="CreditCard"/>
</rdfs:subClassOf>
</owl:Class>
<owl:Class rdf:ID="Amex">
<rdfs:subClassOf rdf:resource="#CreditCard"/>
</owl:Class>
<owl:Class rdf:ID="Master">
<rdfs:subClassOf rdf:resource="#CreditCard"/>
</owl:Class>

</rdf:RDF>

<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmlns="http://www.owl-ontologies.com/Town.owl#"

xml:base="http://www.owl-ontologies.com/Town.owl">

<owl:Ontology rdf:about=""/>

<owl:Class rdf:ID="Chantaburi">
<rdfs:subClassOf>

<owl:Class rdf:ID="Town"/>

</rdfs:subClassOf>

</owl:Class>

<owl:Class rdf:ID="Bangkok">
<rdfs:subClassOf rdf:resource="#Town"/>

</owl:Class>

<owl:Class rdf:ID="Chiangmai">
<rdfs:subClassOf rdf:resource="#Town"/>

</owl:Class>

<owl:Class rdf:ID="Chonburi">
<rdfs:subClassOf rdf:resource="#Town"/>

</owl:Class>

</rdf:RDF>
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1linput: http://localhost/ontology/domain/food.owl#MealCourse

2 http://localhost/ontology/domain/customerinfo.owl#Customerinfo
3 #FindWine{

4Q={

5 Haslnput(Process,FoodName)I

6 HasOutput(Process,WineName)O

7

8 }

9 #OrderWine{

10Q={

11 Haslnput(Process,WineName)'

12 Haslnput(Process,Customerinfo)'

13 HasOutput(Process,OrderedWine)®

14 HasCustomerCreditcardType(CreditCardType,Amex)"”
15 HasCustomerLocation(CustomerLocation,Bangkok)®
16 HasDeliveryDay(DeliveryDay,LessThanOrEqual,3)
17 }

18

19 }

20

21 #FindWineDescription{

22Q={

Haslnput(Process,WineName)'
23 HasOutput(Process,WineDescription)°
24 }
25 }
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seliimini 2
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Faansoagy Taesauldaiansied 3.2
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W E, e hingvesmdeyananiv i vestinoulumsdur uag E, 1Whiaaly
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9 dy J 3 = A g =
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F
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Taiiding 00
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AvoyauaniviluseuInladmey |  Whgedgndes 1
WRe819112 99 2
ISl 9
hgedndn 3
eI 4
Taitdng 00
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MmimnmcﬁﬂiUﬁmwmz‘mﬁau%mimgfmmamﬁfaﬁ 3.2.1 = 3.2.3 UU ¥

Ja A o a = 9
IFDIITNUIVINIITUINNITLUN
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seneunuesIa
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33 mmhamsﬁmsmn151]53neunwmﬁuwaﬁaﬂmnizumm

A oy I o = Ia as/' a
ﬂ‘l/mmmwumﬂu o0 ﬂg‘INH'IL'J‘UL“D'@TJﬁu‘L!‘JJ"IW(ﬂ'lﬁﬂﬂaluﬂﬁli

an 1 o 9 <3 A < A A a a ¥ A
AUUANTIUNNITAUN WIVNEDITITANUADIIVLEDTITNUNGANT TULIBINUINAT

A o 1 v dy J v I A A
munsiualudivvesnszurunisdede Il lunszuaau TasginuvededonoTuie

a a A < Ia ;’ { o w
'Wi]ﬁﬂﬁ3lJL“]N1’?fhWﬂl@ﬂlﬂﬂlcﬁﬂiﬁlﬁ‘ﬂ\?ﬁﬂ\ulﬁﬂ\ﬂuzﬂﬁ 3.9 4@ 3.10 aruany
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N

1 Service = WineShop1

2 prefix

3 cus =http://www.owl-ontologies.com/Customerinfo.owl#

4 fd = http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/Food#
5 pi = http://a.com/ontology#

6 bsd=http://www.owl-ontologies.com/WineShopDomain.owl#

7 Input {

8 <bsd:WineName>WineName_1.ParameterType =<fd:Wine>

9 <bsd:CustomerInfo>Customerinfo_1.ParameterType = <cus:Customerinfo>
10}

11 Precondition{

12 <bsd:AcceptedCreditCard>
13 CreditCardType = Amex
14}

15 Effect{

16 Constraint : if <bsd:CustomerLocation>CustomerLocation = Bangkok
17 Then <bsd:DeliveryDay>DeliveryDay<=3

18}

19 Output{
20 <bsd:OrderedWine>OrderedBeverage_1.ParameterType =
21 <pi:PurchaseOrderConfirmation>

22}

= 1 1 <3 Ja A A o ] dy 4
3.9 ﬁ?ﬂ'ﬁ%l@Elﬂf]ﬁﬂ\‘]ilf]"ll@\'il')‘l]L%ﬂi?ﬁlliﬂﬂlﬂﬂﬂﬂﬂﬂ15ﬁ\1“lf’f)ll')u
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1 Service = WineShop2

2 prefix

3 cus =http://www.owl-ontologies.com/Customerinfo.owl#

4 fd = http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/Food#
5 pi = http://a.com/ontology#

6 bsd=http://www.owl-ontologies.com/WineShopDomain.owl#

7 Input {

8 <bsd:WineName>WineName_2.ParameterType = <fd:Bordeaux>

9 <bsd:Customerinfo>Customerinfo_2.ParameterType = <cus:Customerinfo>
10}

11 Precondition{

12 <bsd:AcceptedCreditCard>
13 CreditCardType = Amex,Visa
14}

15 Effect{

16 Constraint : if <bsd:CustomerLocation>CustomerLocation = Bangkok
17 Then <bsd:DeliveryDay>DeliveryDay<=5

18}

19 Output{
20 <bsd:OrderedWine>OrderedBeverage_2.ParameterType =
21 <pi:PurchaseOrderConfirmation>

22}

A = 1 1 <] da A A a @ o dy 4
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3 = 9 =K o A 1A Aa ] 1 [
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wneonInladla o1iey vs59iail 7-10 ¥89317 3.9 ludrudeyadunnisureveslni
v A 1 a o’dyo 9 = A FJA [
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4 ¢ @ a a s o
Tawudve 1] Auniilddaualsunune <bsd:WineName>) uaziiyiiawisiimes niiuin
[ 4 L ¢ o I o
sy InTadems ludiuaealnd  Auniilddunude <fd:wine>) Wudu lukiiues
= o a 1 " A A a a Y < Ja A
AEIN WS IENII085 U183V VENEeNOTUIGNYANT THIFINUINVOITDUIVIDS AN
A o Y SR Aa Ay < Ja o A
Meanumsaun Inigaiounnassnungilsznouuwesdadviua Tasgii 3.1 uedag
= 1 1 < Ja ~ = (] (] 3 Ja A
3982108008198V IIVLEBIIALTA LA JUN 3.12 uaAIII8aDeARE1NEVOIN LD IaN

GRN

1 Service = WineAgentl

2 prefix

3 fd = http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/Food#
4 wad=http://www.owl-ontologies.com/WineAgentDomain.owl#

5 Input {
6 <wad:FoodName>FoodName_1.ParameterType =<fd:MealCourse>

7}

8 Output{
9 <wad:WineName>WineName_1.ParameterType =<fd:DryWine>

10}

= = [ (] I I A A o FY o
E‘]J“VI 3.11 ﬁ']flaglﬂﬂﬂ@‘EJNfJ'E)"’U’ENL’J‘UL“]J’@i'JﬁLLifWILﬂfJ'Jﬂ‘]Jﬂ"liﬂucﬁ'lll?u
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1 Service = WineAgent2

2 prefix

3 fd = http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/Food#
4 wad=http://www.owl-ontologies.com/WineAgentDomain.owl#

5 Input {
6 <wad:FoodName>FoodName_2.ParameterType = <fd:Meal>

7}

8 Output{
9 <wad:WineName>WineName_2.ParameterType = <fd:Wine>

10}
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Exact Malch pi : Purchase Order
cus:Custamerinfo evs Custameriho Confrmation
WineShop2 (Orderyine)
HaginputiFrocass Winshama) <> Evact
Hasinput{Procass Customerinfa ) <> Exact
WineAgent2 [FindWine) HasOutput({Procass, OrdaradiVing) 4. Evact
HaslnputiProcess Foodtame) <> Exact HasCustomerCredicandType(CreditCandType Amex) <> Exact
Hastutput{Procass WWinahlama) <> Evact Generalised HastCusgtomerLacation|CustemerLocation Bangkok) <> Exact
Match HasDeliveryDay{DelivaryDay LessThanOrEqual 5)  =-* Plug-In
fdMeal | | Ve o i Bordeaux
Partial IMateh Exact Mateh
fdMealCourse
Exact Match Partial Ivalch pi - PurchaseQrder
L -
i MealCourse | | HDr\Wine »  TWine ! Ceonfimation
WineAgent! (FindWine) PpAid
N 1 eShop1 (Orderine)
::E“ﬁﬁﬁgzﬁﬂ ;:lr;f;;r ?: ;:EE Mateh Hasinpus(Frocassiiinatiamea] > Evact
Pl g » 4 HasinputiProcess. Customerinfa ) <> Exact
HasOutput(Procass, Orderadiving) <> Evact

HasCustarnarCraditzand Type (CraditCard Type. Amax] <> Exact
HastCustemerLocation(CustomerLocation Bangkok) <> Exact
HazDe bveryDay|DeliveryDay, LassThanCrEqual 3) <> Evact

cus Customerinfo

Exact Match cus:Customerinfo

A Y 1o 1 a9 4 g M dy 4
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Y l 9 A = [ a A I M Ay L4
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Qutput-Input Constraint
Match Match
[cus :CustomerlnfoJ ‘\ /’ » cus :Customerinfo
Input Wine \ (B+1) + 7 Wine
Match

i : PurchaseOrder
fd:Meal | Agent2 | fd:Wine — fd:Bordeaux Shop2 B

\ dhodd (OrderWine) | Confirmation
n me/
et (1+1)+ 6

Constraint [ fd:MealCourse ]

Match

@4 +1)+ 7
1+2 .
Wine Wine
fd:MealCourse Agentl fd:DryWine —* fd:Wine Shopl pi : PurchaseOrder
(FindWine) (OrderWine)| confirmation
(2+1)+ 6 \

cus :Customerinfo

[ cus :Customerinfo }

<:> Web Service

I:I Input/Output of Web Service
[: Input from Web Service Designer
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<?xml version="1.0" encoding="UTF-8"?>

pracess

name="WineShopOnline"

targetNamespace="http://enterprise.netbeans.org/bpel/WineShopOnline"

xmins="http://schemas.xmlsoap.org/ws/2004/03/business-process/"

xmins:xsd="http://www.w3.0rg/2001/XMLSchema"

xmins:bpws="http://schemas.xmlsoap.org/ws/2004/03/business-process/"

xmins:wsdINS="http://enterprise.netbeans.org/bpel/WineShopOnline" xmins:ns1="http://enterprise.netbeans.org/bpel/Client"
xmins:ns2="http://localhost:8080/axis/FindWine2.jws" xmins:ns3="http://localhost:8080/axis/OrderWinel.jws"
xmins:ns4="http://localhost:8080/axis/FindWineDescription1.jws">

<import namespace="http://enterprise.netbeans.org/bpel/Client" location="Client.wsdl"
importType="http://schemas.xmlsoap.org/wsdl/"/>

<import namespace="http://localhost:8080/axis/FindWine2.jws" location="FindWine2.wsdl"
importType="http://schemas.xmlsoap.org/wsdl/"/>

<import namespace="http://localhost:8080/axis/OrderWinel.jws" location="OrderWinel.wsdl"
importType="http://schemas.xmlsoap.org/wsdl/"/>

<import namespace="http://localhost:8080/axis/FindWineDescription1.jws" location="FindWineDescription1.wsdl"
importType="http://schemas.xmlsoap.org/wsdl/"/>

<partnerLinks>
<partnerLink name="FindWineDescription" partnerLinkType="ns4:FindWineDescription1LinkType"
partnerRole="FindWineDescription1Role"/>
<partnerLink name="OrderWine" partnerLinkType="ns3:0rderWinelLinkType" partnerRole="OrderWinelRole"/>
<partnerLink name="FindWine" partnerLinkType="ns2:FindWine2LinkType" partnerRole="FindWine2Role"/>
<partnerLink name="Client" partnerLinkType="ns1:ClientPartner" myRole="ClientPortTypeRole"/>
</partnerLinks>

<variables>
<variable name="Output" messageType="ns1:ClientOperationReply"/> alsemeuyely
<variable name="FindWineDescriptionOutput" messageType="ns4:WineDetailProcess_1Response"/>
<variable name="FindWineDescriptionInput’ messageType="ns4:WineDetailProcess_1Request"/> memiﬁmﬁ'ﬂﬂﬁ
<variable name="OrderWineOutput" messageType="ns3:SellWineProcess_1Response"/>
<variable name="OrderWineinput" messageType="ns3:SellWineProcess_1Request"/>

<variable name="FindWineOutput" messageType="ns2:WineAgentProcess_1Response"/>
<variable name="FindWinelnput" messageType="ns2:WineAgentProcess_1Request"/>
<variable name="Input" messageType="ns1:ClientOperationRequest"/>
</variables>
<sequence>
<receive name="Receivel" createlnstance="yes" partnerLink="Client" operation="ClientOperation" portType="ns1:ClientPortType"
variable="Input"/>
<assign name="Assign1">
<copy>
<from variable="Input" part="in0"/>
<to variable="FindWinelnput" part="in0"/>
</copy>
</assign>
<invoke name="FindWineinvork" partnerLink="FindWine" operation="WineAgentProcess_1" portType="ns2:FindWine2"
inputVariable="FindWinelnput" outputVariable="FindWineOutput"/>
<flow name="Flow1">
<sequence name="Sequencel1">
<assign name="Assign3">
<copy>
<from variable="FindWineOutput" part="WineAgentProcess_1Return"/>
<to variable="OrderWineinput" part="in0"/>
</copy>
</assign>
<invoke name="OrderWineinvork" partnerLink="OrderWine" operation="SellWineProcess_1" portType="ns3:0rderWinel"
inputVariable="OrderWineinput" outputVariable="OrderWineOutput"/>
</sequence>
<sequence name="Sequence2">
<assign name="Assign4">
<copy>
<from variable="FindWineOutput" part="WineAgentProcess_1Return"/>
<to variable="FindWineDescriptionInput" part="in0"/>
</copy>
</assign>
<invoke name="FindWineDescriptioninvork" partnerLink="FindWineDescription" operation="WineDetailProcess_1"
portType="ns4:FindWineDescription1" inputVariable="FindWineDescriptionInput" outputVariable="FindWineDescriptionOutput"/>
</sequence>
</flow>
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<assign name="Assign2">
<copy>
<from variable="OrderWineOutput" part="SellWineProcess_1Return"/>
<to variable="Output" part="SellWineProcess_1Return"/>
</copy>
<copy>
<from variable="FindWineDescriptionOutput" part="WineDetailProcess_1Return"/>
<to variable="Output" part="WineDetailProcess_1Return"/>
</copy>
</assign>
<reply name="Reply" partnerLink="Client" operation="ClientOperation" portType="ns1:ClientPortType" variable="Output"/>
</sequence>
</process>
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<process xmlns="http://schemas.xmlsoap.org/ws/2003/03/business-process/"
name="BpelProcess"
targetNamespace="http://xmins.oracle.com/Bpel"
xmins:tns="http://xmins.oracle.com/Bpel">
<partnerLinks>
<partnerLink name="Client" xmIns:ns1="http://enterprise.netbeans.org/bpel/Client" partnerLinkType="ns1:ClientPartner"
myRole="ClientPortTypeRole"/>
<partnerLink name="FindWine" xmins:ns2="http://localhost:8080/axis/FindWine2.jws" partnerLinkType="ns2:FindWineLinkType"
partnerRole="FindWineRole"/>
<partnerLink name="FindWineDescription" xmIns:ns3="http://localhost:8080/axis/FindWineDescription1.jws"
partnerLinkType="ns3:FindWineDescriptionLink Type" partnerRole="FindWineDescriptionRole"/>
<partnerLink name="OrderWine" xmins:ns4="http://localhost:8080/axis/OrderWinel.jws" partnerLinkType="ns4:OrderWineLinkType"
partnerRole="OrderWineRole"/>
</partnerLinks>
<variables>
<variable name="Input" xmIns:ns5="http://enterprise.netbeans.org/bpel/Client" messageType="ns5:ClientOperationRequest"/>
<variable name="Output" xmins:ns6="http://enterprise.netbeans.org/bpel/Client" messageType="ns6:ClientOperationReply"/>
<variable name="FindWineinput" xmIns:ns7="http://localhost:8080/axis/FindWine2.jws"
messageType="ns7:WineAgentProcess_1Request"/>
<variable name="FindWineoutput" xmins:ns8="http://localhost:8080/axis/FindWine2 jws"
messageType="ns8:WineAgentProcess_1Response"/>
<variable name="FindWineDescriptioninput" xmIns:ns9="http://localhost:8080/axis/FindWineDescription1.jws"
messageType="ns9:WineDetailProcess_1Request"/>
<variable name="FindWineDescriptionoutput" xmIns:ns10="http://localhost:8080/axis/FindWineDescriptionl.jws"
messageType="ns10:WineDetailProcess_1Response"/>
<variable name="OrderWineinput" xmins:ns11="http://localhost:8080/axis/OrderWinel.jws"
messageType="ns11:SellWineProcess_1Request"/>
<variable name="0rderWineoutput" xmins:ns12="http://localhost:8080/axis/OrderWinel.jws"
messageType="ns12:SellWineProcess_1Response"/>
</variables>
<sequence>
<receive name="Receive"
partnerLink="Client" xmiIns:ns13="http://enterprise.netbeans.org/bpel/Client" portType="ns13:ClientPortType"
operation="ClientOperation"
variable="Input" createlnstance="yes">
</receive>
<assign >
<copy>
<from variable="Input" part="in0"/>
<to variable="FindWineinput" part="in0"/>
</copy>
</assign>
<invoke name="FindWineinvork"
partnerLink="FindWine" xmins:ns14="http://localhost:8080/axis/FindWine2.jws" portType="ns14:FindWine2"
operation="WineAgentProcess_1"
inputVariable="FindWineinput" outputVariable="FindWineoutput">
</invoke>
<flow>
<sequence>
<assign >
<copy>
<from variable="FindWineoutput" part="WineAgentProcess_1Return"/>
<to variable="FindWineDescriptioninput" part="in0"/>
</copy>
</assign>
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<invoke name="FindWineDescriptioninvork"
partnerLink="FindWineDescription" xmins:ns15="http://localhost:8080/axis/FindWineDescription1.jws"
portType="ns15:FindWineDescription1" operation="WineDetailProcess_1"
inputVariable="FindWineDescriptioninput" outputVariable="FindWineDescriptionoutput">
</invoke>
</sequence>
<sequence>
<assign >
<copy>
<from variable="FindWineoutput" part="WineAgentProcess_1Return"/>
<to variable="OrderWineinput" part="in0"/>
</copy>
</assign>
<invoke name="OrderWineinvork"
partnerLink="OrderWine" xmins:ns16="http://localhost:8080/axis/OrderWinel.jws" portType="ns16:OrderWinel"
operation="SellWineProcess_1"
inputVariable="OrderWineinput" outputVariable="OrderWineoutput">
</invoke>
</sequence>
</flow>
<assign >
<copy>
<from variable="OrderWineoutput" part="SellWineProcess_1Return"/>
<to variable="Output" part="SellWineProcess_1Return"/>
</copy>
</assign>
<assign >
<copy>
<from variable="FindWineDescriptionoutput" part="WineDetailProcess_1Return"/>
<to variable="Output" part="WineDetailProcess_1Return"/>
</copy>
</assign>
<reply name="Reply"
partnerLink="Client" xmIns:ns17="http://enterprise.netbeans.org/bpel/Client" portType="ns17:ClientPortType"
operation="ClientOperation"
variable="Output">
<[reply>
</sequence>
</process>
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<invoke name="FindWineinvoke" partnerLink="Fi i
operation="WineAgentProcess_1" portType=|'ns2:FindWine2"
inputVariable="FindWinelnput" outputVariabIe:"FindWineOutput"/:\
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<invoke name="FindWineinvoke"
partnerl ink="FindWine"
xmlIns:ns14="http://localhost:8080/axis/FindWine2.jws"
portType="ns14:FindWine2" operation="WineAgentProcess 1"
inputVariable="FindWineinput" outputVariable="FindWineoutput">

</invoke>
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<?xml version="1.0"?>
<rdf:RDF

xmins:rss="http://purl.org/rss/1.0/"
xmins:cus="http://www.owl-ontologies.com/Customerinfo.owl#"
xmins:fd="http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/food#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:bsd="http://www.owl-ontologies.com/WineShopDomain.owl.owl#"
xmins:swrlb="http://www.w3.0rg/2003/11/swrlb#"
xmins:pl="http://www.w3.0rg/TR/2003/CR-owl-guide-20030818/wine#"
xmins:vin="http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/wine#"
xmins:jms="http://jena.hpl.hp.com/2003/08/jms#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xmins="http://www.owl-ontologies.com/AlcoholShop.owl#"
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damltime/time-entry.owl#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:pi="http://a.com/ontology#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:protege="http://protege.stanford.edu/plugins/owl/protege#"
xmins:vcard="http://www.w3.0rg/2001/vcard-rdf/3.0#"
xmins:damli=http://www.daml.org/2001/03/daml+oil#
xmins:to=http://www.owl-ontologies.com/Town.owl#
xmins:cd=http://www.owl-ontologies.com/CreditCard.owl#
xml:base="http://www.owl-ontologies.com/AlcoholShop.owl">

<owl:Ontology rdf:about="">

<owl:imports rdf:resource="http://localhost:8080/ontology/customerinfo.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/Food.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/pip.owl"/>

<owl:imports rdf:resource="http://localhost:8080/ontology/WineShopDomain.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/CreditCard.owl"/>
<owl:imports rdf:resource="http://localhost:8080/ontology/Town.owl"/>

</owl:Ontology>

1<bsd:OrderConfirmed rdf:ID="OrderConfirmed_1">
2 <process:hasResultVar>

<bsd:DeliveryDay rdf:ID="DeliveryDay_1"/>
</process:hasResultVar>
<process:hasEffect>

<bsd:DeliveryDayCondition rdf:ID="DeliveryDayCondition_1">

<expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral"

><swrl:AtomList>
<rdf:first>
<swrl:BuiltinAtom>
<swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrib#lessThanOrEqual/>
<swrl:arguments>
<rdf:List>
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<rdf:first rdf:resource="#DeliveryDay_1"/>
<rdf:rest>
<rdf:List>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int"
>3</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</rdf:List>
</rdf:rest>
</rdf:List>
</swrl:arguments>
</swrl:BuiltinAtom>
</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</swrl:AtomList></expr:expressionBody>
</bsd:DeliveryDayCondition>
</process:hasEffect>
<process:inCondition>
<bsd:LocationCondition rdf:ID="LocationCondition_1">
<expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral"
><swrl:AtomList>
<rdf:first>
<swrl:BuiltinAtom>
<swrl:builtin rdf:resource="http://mww.w3.0rg/2003/11/swrib#equal’/>
<swrl:arguments>
<rdf:List>
<rdf:first rdf:resource="#CustomerLocation_1">
<rdf:rest>
<rdf:List>
<rdf:rest rdf:resource="http:/ww.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
> http://www.owl-ontologies.com/Town.owl#Bangkok</rdf:first>
</rdf:List>
</rdf:rest>
</rdf:List>
</swrl:arguments>
</swrl:BuiltinAtom>
</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</swrl:AtomList></expr:expressionBody>
</bsd:LocationCondition>
</process:inCondition>
<process:hasResultVar>
<bsd:CustomerLocation rdf:ID="CustomerLocation_1"/>
</process:hasResultVar>
</bsd:OrderConfirmed>
<bsd:AcceptedCreditCard rdf:ID="AcceptedCreditCard_1">
<expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral"
><swrl:AtomList>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
<rdf:first>
<swrl:BuiltinAtom>
<swrl:arguments>
<rdf:List>
<rdf:rest>
<rdf:List>
<rdf:rest>
<rdf:List>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
>http://www.owl-ontologies.com/CreditCard.owl#Amex</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</rdf:List>
</rdf:rest>
<rdf:first rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
>http://www.owl-ontologies.com/CreditCard.owl#Visa</rdf:first>
</rdf:List>
</rdf:rest>
<rdf:first rdf:resource="#CustomerCreditcardType_1"/>
</rdf:List>
</swrl:arguments>
<swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrlb#equal"/>
</swrl:BuiltinAtom>
</rdf:first></expr:expressionBody>
</bsd:AcceptedCreditCard>
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87<bsd:CustomerCreditcardType rdf:ID="CustomerCreditcardType_1"/>

88 <rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">

89 <expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>
90 </rdf:Description>

91 <bsd:OrderedWine rdf:ID="OrderedWine_1">

92 <process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
93 >http://a.com/ontology#PurchaseOrderConfirmation</process:parameterType>

94 </bsd:OrderedWine>

95 <bsd:Customerlinfo rdf:ID="Customerinfo_1">

96 <process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"

97 > http://localhost/ontology/domain/Customerinfo.owl#Customerinfo</process:parameterType>
98 </bsd:Customerinfo>

99 <bsd:WineName rdf:ID="WineName_1">

100 <process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
101 >http://localhost/ontology/domain/food.owl#Wine</process:parameterType>
102</bsd:WineName>

103 <to:Town rdf:ID = “Town">

104 <cd:CreditCard rdf:ID="CreditCard">

105 <bsd:SellWineProcess rdf:ID="AlcoholShopAtomicProcess">

106 <process:haslInput rdf:resource="#Customerinfo_1"/>

107 <process:haslnput rdf:resource="#WineName_1"/>

108 <process:hasPrecondition rdf:resource="#AcceptedCreditCard_1"/>

109 <process:hasLocal rdf:resource="#CustomerCreditcardType_1"/>

110 <process:hasResult rdf:resource="#OrderConfirmed_1"/>

111 <process:hasOutput rdf:resource="#OrderedWine_1"/>

112 </bsd:SellWineProcess >

</rdf:RDF>
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<?xml version="1.0"?>
<rdf:RDF
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damltime/time-entry.owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:fo="http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/food#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:swrib="http://www.w3.0rg/2003/11/swrlb#"
xmins="http://www.owl-ontologies.com/FindWinel.owl#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:fwd="http://www.owl-ontologies.com/FindWineDomain.owl#"
xmins:xsd="http://www.w3.0rg/2001/ XML Schema#"
xmins:damI="http://www.daml.org/2001/03/daml+oil#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xml:base="http://www.owl-ontologies.com/FindWinel.owl">
<owl:Ontology rdf:about="">
<owl:imports rdf:resource="http://127.0.0.1:8080/ontology/Food.owl"/>
<owl:imports rdf:resource="http://127.0.0.1:8080/ontology/FindWineDomain.owl"/>
</owl:Ontology>
<fwd:FoodName rdf:iD="FoodName_1">
<process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
>http://localhost/ontology/domain/food.owl#MealCourse</process:parameterType>
</fwd:FoodName>
<fwd:WineAgentProcess rdf:ID="WineAgentProcess_1">
<process:hasOutput>
<fwd:WineName rdf:ID="WineName_1">
<process:parameterType rdf:datatype="http://www.w3.0rg/l2001/XMLSchema#anyURI"
>http://localhost/ontology/domain/food.owl#RedWine</process:parameterType>
</fwd:WineName>
</process:hasOutput>
<process:haslnput rdf:resource="#FoodName_1"/>
</fwd:WineAgentProcess>
<rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">
<expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>
<expr:expressionBody rdf:parseType="Literal"><swrl:AtomList xmIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#" rdf:about="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"></swrl:AtomList>
</expr:expressionBody>
</rdf:Description>
</rdf:RDF>
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<?xml version="1.0"?>
<rdf:RDF
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:list="http://www.daml.org/services/owl-s/1.1/generic/ObjectList.owl#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#"
xmins:time="http://www.isi.edu/~pan/damltime/time-entry.owl#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:fo="http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/food#"
xmins:expr="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#"
xmins:swrlb="http://www.w3.0rg/2003/11/swrlb#"
xmins="http://www.owl-ontologies.com/FindWineDescription1.owl#"
xmins:service="http://www.daml.org/services/owl-s/1.1/Service.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:grounding="http://www.daml.org/services/owl-s/1.1/Grounding.owl#"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmins:fdd="http://www.owl-ontologies.com/FindWineDescriptionDomain.owl#"
xmins:daml="http://www.daml.org/2001/03/daml+oil#"
xmins:dc="http://purl.org/dc/elements/1.1/"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xml:base="http://www.owl-ontologies.com/FindWineDescription1.owl">
<owl:Ontology rdf:about="">
<owl:imports rdf:resource="http://127.0.0.1:8080/ontology/Food.ow!"/>
<owl:imports rdf:resource="http://127.0.0.1:8080/ontology/FindWineDescriptionDomain.owl"/>
</owl:Ontology>
<fdd:WineDescription rdf:ID="WineDescription_1">
<process:parameterType rdf:datatype="http://mwww.w3.0rg/2001/XMLSchema#anyURI"
>http://www.w3.0rg/2001/XMLSchema#string</process:parameterType>
</fdd:WineDescription>
<rdf:Description rdf:about="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#AlwaysTrue">
<expr:expressionLanguage rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#SWRL"/>
<expr:expressionBody rdf:parseType="Literal"><swrl:AtomList xmIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:swrl="http://www.w3.0rg/2003/11/swrl#" rdf:about="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"></swrl:AtomList>
</expr:expressionBody>
</rdf:Description>
<fdd:WineDetailProcess rdf:ID="WineDetailProcess_1">
<process:hasOutput rdf:resource="#WineDescription_1"/>
<process:haslnput>
<fdd:WineName rdf:ID="WineName_2">
<process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI"
>http://localhost/ontology/domain/food.owl#RedWine</process:parameterType>
</fdd:WineName>
</process:haslnput>
</fdd:WineDetailProcess>
</rdf:RDF>
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<process xmlns="http://schemas.xmlsoap.org/ws/2003/03/business-process/"
name="BpelProcess"
targetNamespace="http://xmins.oracle.com/Bpel"
xmins:tns="http://xmins.oracle.com/Bpel">
<partnerLinks>
<partnerLink name="Client" xmiIns:ns1="http://enterprise.netbeans.org/bpel/Client" partnerLinkType="ns1:ClientPartner"
myRole="ClientPortTypeRole"/>
<partnerLink name="FindWine" xmins:ns2="http://localhost:8080/axis/FindWine2.jws"
partnerLinkType="ns2:FindWineLinkType" partnerRole="FindWineRole"/>
<partnerLink name="FindWineDescription" xmIns:ns3="http://localhost:8080/axis/FindWineDescription1.jws"
partnerLinkType="ns3:FindWineDescriptionLinkType" partnerRole="FindWineDescriptionRole"/>
<partnerLink name="OrderWine" xmIns:ns4="http://localhost:8080/axis/OrderWinel.jws"
partnerLinkType="ns4:0rderWineLinkType" partnerRole="OrderWineRole"/>
</partnerLinks>
<variables>
<variable name="Input" xmIns:ns5="http://enterprise.netbeans.org/bpel/Client" messageType="ns5:ClientOperationRequest"/>
<variable name="Output" xmIns:ns6="http://enterprise.netbeans.org/bpel/Client" messageType="ns6:ClientOperationReply"/>
<variable name="FindWineinput" xmins:ns7="http://localhost:8080/axis/FindWine2.jws"
messageType="ns7:WineAgentProcess_1Request'/>
<variable name="FindWineoutput" xmins:ns8="http://localhost:8080/axis/FindWine2.jws"
messageType="ns8:WineAgentProcess_1Response"/>
<variable name="FindWineDescriptioninput" xmIns:ns9="http://localhost:8080/axis/FindWineDescription1.jws"
messageType="ns9:WineDetailProcess_1Request"/>
<variable name="FindWineDescriptionoutput" xmIns:ns10="http://localhost:8080/axis/FindWineDescription1.jws"
messageType="ns10:WineDetailProcess_1Response"/>
<variable name="OrderWineinput" xmins:ns11="http://localhost:8080/axis/OrderWinel.jws"
messageType="ns11:SellWineProcess_1Request"/>
<variable name="OrderWineoutput" xmlns:ns12="http://localhost:8080/axis/OrderWinel.jws"
messageType="ns12:SellWineProcess_1Response'/>
</variables>
<sequence>
<receive name="Receive"
partnerLink="Client" xmlns:ns13="http://enterprise.netbeans.org/bpel/Client" portType="ns13:ClientPortType"
operation="ClientOperation"
variable="Input" createlnstance="yes">
<[receive>
<assign >
<copy>
<from variable="Input" part="inQ"/>
<to variable="FindWineinput" part="in0"/>
</copy>
</assign>
<invoke name="FindWineinvork"
partnerLink="FindWine" xmIns:ns14="http://localhost:8080/axis/FindWine2.jws" portType="ns14:FindWine2"
operation="WineAgentProcess_1"
inputVariable="FindWineinput" outputVariable="FindWineoutput">
</invoke>
<flow>
<sequence>
<assign >
<copy>
<from variable="FindWineoutput" part="WineAgentProcess_1Return"/>
<to variable="FindWineDescriptioninput" part="in0"/>
</copy>
</assign>
<invoke name="FindWineDescriptioninvork"
partnerLink="FindWineDescription" xmlns:ns15="http://localhost:8080/axis/FindWineDescription1.jws"
portType="ns15:FindWineDescription1" operation="WineDetailProcess_1"
inputVariable="FindWineDescriptioninput" outputVariable="FindWineDescriptionoutput">
</invoke>
</sequence>
<sequence>
<assign >
<copy>
<from variable="FindWineoutput' part="WineAgentProcess_1Return"/>
<to variable="OrderWineinput" part="in0"/>
</copy>
</assign>
<invoke name="OrderWineinvork"
partnerLink="OrderWine" xmIns:ns16="http://localhost:8080/axis/OrderWinel.jws" portType="ns16:OrderWinel"
operation="SellWineProcess_1"
inputVariable="OrderWineinput" outputVariable="OrderWineoutput">
</invoke>
</sequence>
</flow>
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<assign >
<copy>
<from variable="OrderWineoutput" part="SellWineProcess_1Return"/>
<to variable="Output" part="SellWineProcess_1Return"/>
</copy>
</assign>
<assign >
<copy>
<from variable="FindWineDescriptionoutput" part="WineDetailProcess_1Return"/>
<to variable="Output" part="WineDetailProcess_1Return"/>
</copy>
</assign>
<reply name="Reply"
partnerLink="Client" xmIns:ns17="http://enterprise.netbeans.org/bpel/Client" portType="ns17:ClientPortType"
operation="ClientOperation"
variable="Output">
<[reply>
</sequence>
</process>
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<?xml version="1.0" encoding="UTF-8"?>
<definitions name="WineService" targetNamespace="http://enterprise.netbeans.org/bpel/Client"
xmins="http://schemas.xmlsoap.org/wsdl/"
xmins:wsdl="http://schemas.xmlsoap.org/wsdI/"
xmins:soap="http://schemas.xmlsoap.org/wsdl/soap/"
xmlins:xsd="http://www.w3.0rg/2001/XMLSchema" xmins:tns="http://enterprise.netbeans.org/bpel/Client"
xmins:plink="http://schemas.xmlsoap.org/ws/2004/03/partner-link/">
<types/>

<message name="ClientOperationRequest">
<part name="in0" type="xsd:string"/>
</message>
<message name="ClientOperationReply">
<part name="SellWineProcess_1Return" type="xsd:string"/>
<part name="WineDetailProcess_1Return" type="xsd:string"/>
</message>
<portType name="ClientPortType">
<operation name="ClientOperation">
<input name="input1" message="tns:ClientOperationRequest"/>
<output name="output1l" message="tns:ClientOperationReply"/>
</operation>
</portType>
<binding name="ClientBinding" type="tns:ClientPortType">
<soap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"/>
<operation name="ClientOperation">
<soap:operation/>
<input name="input1">
<soap:body use="literal" namespace="http://enterprise.netbeans.org/bpel/Client"/>
</input>
<output name="output1">
<soap:body use="literal" namespace="http://enterprise.netbeans.org/bpel/Client"/>
</output>
</operation>
</binding>
<service name="ClientService">
<port name="ClientPort" binding="tns:ClientBinding">
<soap:address location="http://localhost:18181/ClientService/ClientPort"/>
</port>
</service>
<plink:partnerLinkType name="ClientPartner">
<l-- partnerLinkType are automatically generated when a new portType is added. partnerLinkType are used by BPEL
processes.
In a BPEL process, a partner link represents the interaction between the BPEL process and a partner service. Each partner link
is associated with a partner link type.
A partner link type characterizes the conversational relationship between two services. The partner link type can have one or two
roles.-->
<plink:role name="ClientPortTypeRole" portType="tns:ClientPortType"/>
</plink:partnerLinkType>
</definitions>
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Abstract-Automatic Web services composition has been a
key research issue in service-oriented computing due to the
increasing demand for composite services that can serve service
consumers’ purposes, together with the complexity of the
composition process. This paper proposes an approach to
automatic composition of Web services by considering
functional compatibility of the composed services. Given a
composition goal, the approach examines process specifications
of the Web services which are represented by OWL-S process
model and determines similarity between functional behaviour
of those Web services, i.e. their inputs, outputs, preconditions,
and effects as well as their associated constraints. An optimal
composition is identified by using Dijkstra’s shortest path
algorithm and a composite service can be generated as a BPEL
script. A service composition framework for service designers
is also presented.

I.  INTRODUCTION

Web services technology has been widely accepted as a
technology for  building  loosely-coupled  software
components as services which can be composed into larger
services with aggregated functionalities. This is due to the
fact that service consumers’ requirements cannot be fulfilled
by a single Web service and hence several Web services are
aggregated into a certain composition in order to answer the
requirements. Web services technology supports a Business
Process Execution Language (BPEL) as a de-facto standard
for describing a workflow of collaborating Web services [1].
With BPEL, the workflow can be seen as an internal process
of a composite Web service which executes by the
orchestration of an execution engine. A service designer
designs a composite Web service by defining Web service
instances that will participate in particular tasks within the
workflow. This manual composition is not an easy task as
the service designer. will need prior knowledge about each
Web service to be composed and will need to ensure that

those Web services are compatible and can really collaborate.

Automatic Web services composition hence comes into
the picture to aid service designers. The composition
comprises 1) automated discovery of candidate services to be
composed 2) automated composition of candidate services
that altogether can fulfill the composition goal and 3)
automated execution of the resulting composite service [2].
In many cases, automatic Web services composition makes
use of semantic technology, i.e. ontology, as it enables the
composition process to also consider semantic compatibility
of the candidate services.

Research in automatic Web services composition can be
viewed in two approaches: composition with a conceptual
process flow and composition without a conceptual process
flow. The former requires a service designer’s knowledge
about what tasks to be composed and how they are composed,
and the designer defines a conceptual plan that specifies the
collaboration of the tasks as a workflow.  Therefore
composition becomes the process that assigns a suitable Web
service for each particular task. For the latter, a service
designer does not have prior knowledge about the conceptual
process flow. All that is known is the input and the expected
goal or output; the designer does not know what tasks are to
be in the workflow to produce the expected output, given the
input. Therefore composition becomes the process that finds
a chain of Web services that can consume the given input
and produces the specified output from its flow. Although
this second approach is convenient, the given input and
output are considered very loose requirements and the chains
of composed services may vary considerably.

This . paper proposes a technique for automatic Web
services composition that belongs to the first approach. The
technique aims at helping service designers to select an
optimal set of composed services that fit together into a
conceptual process flow according to their functional
behaviour, i.e. inputs, outputs, preconditions, and effects.
The functional behaviour of a Web service is defined in an
ontology-based OWL-S process specification [3]. The
contribution. of this paper is that the functional behaviour
may have associated- constraints. Automated composition
will also evaluate these constraints to determine the degree
of composability between any pair of candidate services to
be composed. The result of composition will be a number of
concrete flows " that represent. composite services. We
identify an optimal composite service by using Dijkstra’s
shortest path algorithm [4] and have a corresponding BPEL
script generated for the service.

The rest of the paper is organised as follows. Section Il
discusses related work. A case study of the conceptual
process flow to compose a Wine composite service is
introduced in Section I1l. Section IV presents shared process
ontologies and external ontologies that are the basis for the
composition, and Section V gives OWL-S process
specifications of Web services for the case study. Section VI
lists matching criteria that are used to determine composable
candidate services. Section VII shows how to determine
concrete process flow and how an optimal composition is



identified. Section VIII presents a composition framework,
and finally a discussion and conclusion with future research
directions will be in Section IX.

Il. RELATED WORK

As mentioned earlier, automatic Web services composition
can be viewed in two approaches: composition with a
conceptual process flow [5], [6], [7] and composition without
a conceptual process flow [2], [8], [9] Also, most research
considers either quality of service (QoS) attributes or
behavioural semantics of the Web services as the criteria to
determine the quality of the composition. Ref. [5] assigns
Web services to the conceptual process flow by considering
their quality (i.e. execution duration, reliability, availability,
price, reputation) so that the resulting process flow will give
the best quality all round. Ref. [6] considers QoS attributes
but applies a genetic algorithm to find a composite service
with an optimal quality. Ref. [7] considers behavioural
semantics together with QoS attributes, and BPEL is
generated for the resulting process flow. Refs. [2], [8] use
OWL-S process model to define the input and output of the
required composite service and have an Al planner generate
possible plans, i.e. possible process flows. Ref. [9] uses
DAML-S (the predecessor of OWL-S) to define the input
and expected output, and uses a shortest path algorithm to
find the best process flow according to semantic
compatibility and execution time between pairs of services
within the flow.

This paper takes the approach of composition with a
predefined process flow. It is close to [7] and [9] in that
behavioural semantics of the Web services are considered
and a shortest path algorithm is used to find an optimal
composition. However, QoS attributes are not taken into
account here as it is difficult in practice to obtain such
attributes whose values are always changing, and none of the
research above considers functional behaviour of the services
with associated constraints.

I11. CONCEPTUAL PROCESS FLOW AND CONSTRAINTS

This section introduces a case study, adapted from [9], that
will be used throughout the paper. A service designer would
like *a Wine composite service that can find a'matching-wine
for a particular meal and also order-the wine. The payment
can be made by a certain credit card (e.g. Amex)-and- the
wine must be delivered to the customer’s address (e.g.
Bangkok) within a specified period (e.g. 3 days). The service
should also give the details of the ordered wine.” Knowing
about these required tasks, the service designer ‘defines a
conceptual process flow as in Fig. 1. The flow involves 1)
the FindWine task which gives a matching wine name for a
given food name 2) the OrderWine task which takes an order
for a wine from a customer and 3) the FindWineDescription
which gives a description of a particular wine. The service
designer may use an ontology editor tool such as Protégé [10]
to design the graphical flow and have the tool generate a
corresponding ontology-based OWL-S process specification
(Fig. 2). The specification shows a flow of tasks (i.e.
AtomicProcess) that are chained by control constructs (e.g.
Sequence, Split-Join).
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Figure 1. Conceptual process flow of wine composite service.

<process:Sequence rdf:ID="Sequence_2">
<process:components>
<process:ControlConstructList rdf:ID="ControlConstructList_4">
<list:first>
<process:Perform rdf:1D="FindWineState">
<process:process>
<process:AtomicProcess rdf:ID="FindWine"/>
</process:process>
</process:Perform>
</list:first>
<list:rest>
<process:ControlConstructL.ist
rdf:1D="ControlConstructList_7">
<list:rest rdf:resource="http://www.daml.org/services/
owl-s/1.1/generic/ObjectList.owl#nil"/>
<list:first>
<process:Split-Join rdf:ID="Split-Join_6">
<process:components>
<process:ControlConstructBag
rdf:ID="ControlConstructBag_9">
<list:first>
<process:Perform rdf:1D="OrderWineState">
<process:process>
<process:AtomicProcess rdf:ID="OrderWine"/>
</process:process>
</process:Perform>
</ist:first>
<list:rest>
<process:ControlConstructBag
rdf:1D="ControlConstructBag_11">
<list:rest
rdf:resource="http://www.daml.org/services/
owl-s/1.1/generic/ObjectList.owl#nil"/>
<list:first>
<process:Perform
rdf:ID=" FindWineDescriptionState">
<process:process>
<process:AtomicProcess
rdf:1D="FindWineDescription "/>
</process:process>
<[process:Perform>
</list:first>
</process:ControlConstructBag>
</list:rest>
</process:ControlConstructBag>
</process:components>
</process:Split-Join>
</list:first>
</process:ControlConstructList>
</list:rest>
</process:ControlConstructList>
</process:components>
</process:Sequence>

Figure 2. OWL-S process specification for conceptual process flow.




Additionally, the service designer defines necessary
information as well as the constraints related to the
functional behaviour of each task within the conceptual
process flow (Fig. 3). Regarding the functional behaviour of
the tasks, outputs from a task should essentially supply
appropriate inputs to subsequent tasks in the flow. In the
example, given the food name, the FindWine task should
give a matching wine name which is then passed on as an
input for the subsequent OrderWine and
FindWineDescription tasks. However, some tasks may have
additional behavioural constraints. In the example, the
OrderWine task requires that any Web services that can
perform this task must be able to accept Amex credit card
and deliver the ordered wine within 3 days to the customer’s
address in Bangkok. These requirements can be present in
the OWL-S conceptual process flow, but for simplicity, we
represent them here as in Fig. 3 as a set of relation
expressions of the requirements Q. Each expression is in the
form of property(subject, object) which corresponds to an
ontology-based RDF statement <subject, property, object>.
For an expression that relates to a numerical range (e.g. the
expression on the number of days for delivery), the
expression is represented as property(argument, relational
operator, literal value 1 [, literal value 2]). Each relation
expression is superscripted by any of the symbols I, O, P or
R. The symbol respectively refers to the functional
behaviour on which the relation expression applies, i.e. input,
output, precondition, and result. (Note that result is OWL-S
collective construct for output and effect.)

The service designer will define necessary information (i.e.

food name, address, credit card) and constraints on
functional behaviour of each task by using ontological terms
defined in the shared ontologies of the relevant application
domains (see Section 1V). These shared domain ontologies
help to bridge the semantics of the service designer’s
requirements to the semantics of the Web services to be
composed.

input :

http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/Food#
MealCourse

http://www.owl-ontologies.com/CustomerInfo.owl#Customerinfo

#FindWine{
Q = { HaslInput(Process,FoodName)'
HasOutput(Process, WineName)®

}

}
#OrderWine{

Q = { Haslnput(Process,WineName)'
Haslnput(Process,Customerlinfo)'
HasOutput(Process,OrderedWine)®
HasCustomerCreditcard Type(CreditCard Type,Amex)”
HasCustomerLocation(CustomerLocation,Bangkok)®
HasDeliveryDay(DeliveryDay,LessThanOrEqual,3)%

}

}
#FindWineDescription{
Q = { Haslnput(Process,WineName)'
HasOutput(Process,WineDescription)®

}
}

Figure 3. Necessary information and constraints on functional behaviour.
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IV. SHARED ONTOLOGIES

The composition algorithm assumes the shared ontologies
of the application domain are adopted by service providers
who offer Web services and by service designers.

A.  Process Ontology

Process ontology refers to an ontology that describes
common process of Web services within a particular domain.
The ontology is defined by domain experts and adopted by
service providers within the domain. We represent a process
ontology with an OWL-S process model; it defines common
vocabularies (i.e. ontological classes) for the process, inputs,
output, conditions, and related information. Fig. 4 shows
part of the process ontology for FindWine; it defines a
FindWineProcess as a subclass of OWL-S atomic process
with FoodName as an input, and WineName, WinePrice, and
WineDescription as outputs. Fig. 5 shows part of the process
ontology for OrderWine; it defines an OrderWineProcess as
a subclass of OWL-S atomic process with WineName and
Customerinfo as inputs, and OrderedWine as an output.
AcceptedCreditCard is the condition for the process; it will
depend on the CustomerCreditcardType local variable (i.e.
the process will accept an order only from the customer who
holds an accepted credit card). OrderConfirmed is the result
of the process and it will be associated with a
DeliveryDayCondition constraint. This constraint is related
to the LocationCondition which depends on the
CustomerLocation result variable (i.e. the process will
confirm the order and make a delivery within a specified
period if the customer is located in a certain area).

B. External Ontology

External ontology refers to auxiliary ontologies, the
vocabularies of which are used by service designers to
specify necessary information for the composition, and by
service providers in defining constraints in the process
specifications of Web services. Fig. 6 shows part of the food
ontology (presented by the Protégeé tool). In our example, we
also use the external ontology for customer information
which relates to customer’s credit card and location.

<owl:Class rdf:ID="FoodName">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Input"/>
</owl:Class>
<owl:Class rdf:ID="WineName">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="WinePrice'">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="WineDescription">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="FindWineProcess">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#AtomicProcess"/>
</owl:Class>

Figure 4. Part of shared process ontology for FindWine.



<owl:Class rdf:ID="DeliveryDayCondition">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="OrderConfirmed">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Result"/>
</owl:Class>
<owl:Class rdf:ID="CustomerLocation">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#ResultVar"/>
</owl:Class>
<owl:Class rdf:ID="LocationCondition">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="AcceptedCreditCard">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="CustomerCreditcardType">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Local"/>
</owl:Class>
<owl:Class rdf:ID="WineName">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Input"/>
</owl:Class>
<owl:Class rdf:ID="CustomerInfo">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Input"/>
</owl:Class>
<owl:Class rdf:ID="DeliveryDay">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#ResultVar"/>
</owl:Class>
<owl:Class rdf:ID="OrderedWine">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:1D="OrderWineProcess">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/
owl-s/1.1/Process.owl#AtomicProcess"/>
</owl:Class>
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V. PROCESS SPECIFICATIONS OF WEB SERVICES

Service providers will publish process specifications of
their Web services by using OWL-S process model. Fig. 7
shows part of the process specification of a wine shop that
sells wine (i.e. a Web service for OrderWine). The process
specification is based on the process ontology in Fig. 5 and
the external ontologies for city and credit card. This wine
shop receives wine name (line 99-102, 107) and customer
info (line 95-98, 106) as inputs, and gives an ordered wine as
an output (line 91-94, 111). The precondition of the process
is that the accepted credit card must be evaluated to true (line
108) and this depends on the credit card type that the
customer holds (line 87, 109). The accepted cards are Amex
and Visa cards (line 59-86). The result of the process is that
the order is confirmed (line 110) with a constrained effect on
wine delivery within 3 days (line 5-18). But this guarantee is
only when the customer is located in Bangkok (line 30-44).
All the constraints about credit card types, customer’s
location, and the number of days for delivery are described
by the Semantic Web Rule Language (SWRL) [11].

Figure 5. Part of shared process ontology for OrderWine.

LAT ==
Project: 4 Food
erted Hierarch % 3 34 -1
v ConsumableThing
| 2 EdlibleThing
Meal
> MealCourse
v PatakleLiguid
v MiniWine & Wine
vin: AlsatianiVine
vin: Americanyvine
vin:Beaujolais
> vin:Bordeaunx
vin:Burgundy
vin:CabernetFranc
vin: CabernetSauvignon
vin: Californiaévine
vin: Chardonnay
vin: CheninBlanc
> vin:DessertWine
-3 win:DryWine

Figure 6. Part of external ontology for Food.

1<bsd:OrderConfirmed rdf:ID="OrderConfirmed_1">

2 <process:hasResultVar>

3 <bsd:DeliveryDay rdf:1D="DeliveryDay 1"/>

4 </process:hasResultVar>

5 <process:hasEffect>

<bsd:DeliveryDayCondition rdf:ID="DeliveryDayCondition_1">

<expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/
02/22-rdf-syntax-ns#XMLLiteral"

8 ><swrl:AtomList>

9  <rdffirst>

~N o

10 <swrl:BuiltinAtom>

11 <swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/
swrlb#lessThanOrEqual/>

12 <swrl:arguments>

13 <rdf:List>

14 <rdf:first rdf:resource="#DeliveryDay_1"/>

ills <rdf:rest>

16 <rdf:List>

17 <rdf:first rdf:datatype="http://www.w3.0rg/2001/

XMLSchema#int"
18 >3</rdf:first>

30 <process:inCondition>

31  <bsd:LocationCondition rdf:ID="LocationCondition_1">

32 <expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/
02/22-rdf-syntax-ns#XMLLiteral"

33 ><swrl:AtomList>

34 <rdf:first>

35 <swrl:BuiltinAtom>
36 <swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/
swrlb#equal"/>

37 <swrl:arguments>

38 <rdf:List>

39 <rdf:first rdf:resource="#CustomerLocation_1">

40 <rdf:rest>

41 <rdf:List>

42 <rdf:rest rdf:resource="http://www.w3.0rg/1999/
02/22-rdf-syntax-ns#nil"/>

43 <rdf:first rdf:datatype="http://www.w3.0rg/2001/
XMLSchema#anyURI"

44 > http://www.owl-ontologies.com/

City.owl#Bangkok</rdf:first>

Figure 7. Part of process specification of an OrderWine Web service.




55 <process:hasResultVar>
56  <bsd:CustomerLocation rdf:ID="CustomerLocation_1"/>
57 </process:hasResultVar>

59 <bsd:AcceptedCreditCard rdf:ID="AcceptedCreditCard_1">

60 <expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/
02/22-rdf-syntax-ns#XMLLiteral">

61 <swrl:AtomList>

62 <rdf:rest rdf:resource="http://www.w3.0rg/1999/
02/22-rdf-syntax-ns#nil"/>

71 <rdf:first rdf:datatype="http://www.w3.0rg/2001/
XMLSchema#anyURI"
72 >http://www.owl-ontologies.com/
CreditCard.owl#Amex</rdf:first>
73 <rdf:rest rdf:resource="http://www.w3.0rg/1999/
02/22-rdf-syntax-ns#nil"/>
74 </rdf:List>
75 </rdf:rest>
76 <rdf:first rdf:datatype="http://www.w3.0rg/2001/
XMLSchema#anyURI"
77 >http://www.owl-ontologies.com/
CreditCard.owl#Visa</rdf:first>
78 </rdf:List>
79 </rdf:rest>
80 <rdf:first rdf:resource=
"#CustomerCreditcardType_1"/>
81 </rdf:List>
82 </swrl:arguments>
83 <swrl:builtin rdf:resource="http://www.w3.0rg/2003/
11/swrlb#equal"/>
84 </swrl:BuiltinAtom>
85 </rdf:first></expr:expressionBody>

86 </bsd:AcceptedCreditCard>
87<bsd:CustomerCreditcardType rdf:ID=
"CustomerCreditcardType_1"/>
88 <rdf:Description rdf:about="http://www.daml.org/services/
owl-s/1.1/generic/Expression.owl#AlwaysTrue">
89 <expr:expressionLanguage rdf:resource=
"http://www.daml.org/services/owl-s/1.1/generic/
Expression.owl#SWRL"/>
90 </rdf:Description>
91 <bsd:OrderedWine rdf:ID="OrderedWine_1">
92 <process:parameter Type rdf:datatype="http://www.w3.org/
2001/XMLSchema#anyURI"
93 >http://a.com/ontology
#PurchaseOrderConfirmation</process:parameterType>
94 </bsd:OrderedWine>
95 <bsd:Customerinfo rdf:ID="Customerinfo_1">
96 <process:parameter Type rdf:datatype=
"http://www.w3.0rg/2001/XMLSchema#anyURI"
97 >http://www.owl-ontologies.com/Customerinfo.owl
#Customerinfo</process:parameterType>
98 </bsd:Customerinfo>
99 <bsd:WineName rdf:ID="WineName_1">
100 <process:parameterType rdf:datatype="http://www.w3.org/
2001/XMLSchema#anyURI"
101 >http://www.w3.0rg/TR/2003/PR-owl-guide-20031209/
Food#Wine</process:parameter Type>
102</bsd:WineName>
103<ci:City rdf:1D = “City”/>
104<cd:CreditCard rdf:ID="CreditCard”/>
105 <bsd:OrderWineProcess rdf:ID="WineShopAtomicProcess">
106 <process:hasinput rdf:resource="#Customerinfo_1"/>
107 <process:hasinput rdf:resource="#WineName_1"/>
108 <process:hasPrecondition rdf:resource=
"#AcceptedCreditCard_1"/>
109 <process:hasLocal rdf:resource=
"#CustomerCreditcardType_1"/>
110 <process:hasResult rdf:resource="#OrderConfirmed_1"/>
111 <process:hasOutput rdf:resource="#OrderedWine_1"/>
112 </bsd:OrderWineProcess >

Figure 7. Part of process specification of an OrderWine Web service
(continued).
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V1. MATCHING CRITERIA

Matching the process specifications of Web services to the
conceptual process flow of the service designer is based on
matching of ontological terms that describe the functional
behaviour of the Web services and on the evaluation of the
constraints associated to such functional behaviour. We
adopt the criteria from [12] on matching of ontological
concepts, matching of numerical range (e.g. time duration of
wine delivery), and matching of enumeration values (e.g.
accepted credit card types). We also define a match score for
each kind of match for later use in Section VII.

A. Matching of Ontological Concepts

Let Co be the ontological concept specified in the
conceptual process flow and Cp be the ontological concept in
the process specification:

(i) If Cq = Cy, then Cp is an exact match for Cq where =
means is equivalent to. The match score for this case is 1.

(i) If Cp C Co, then Cp is a specialised match for Cq
where = means is subsumed by (i.e. Cp is more specific
than Cy). The match score for this case is 2.

(iii) If Co C Cp, then Cp is a generalised match for Co,.
This means the concept in the conceptual process flow is
more specific than, and is subsumed by, the one in the
process specification. The match score for this case is 3.

(iv) If (Co & Cp) A (Co Co) A (Cq T Co) A (Co
L Cc), then Cy is a partial match for Cqo, where L means is
not subsumed by and C¢ is a node in the same IS-A
taxonomy. This means it is acceptable for the concept in the
process specification to be a match for the concept in the
conceptual process flow provided that the two concepts have
common characteristics through a common parent concept.
The match score for this case is 4.

(v) If none of the above relationships exist, then Cp is a
failed match for Co. No match score is defined for this case.

B. Matching of Numerical Ranges

Let Ng be a nonempty set of numerical range values of the
expression in the conceptual process flow (Sg), and Np be a
nonempty set of numerical range values of the expression in
the process specification (Sp):

(i) If No'C Ng, “then-Sp is an exact match for Sq. The
match score for this case is 1.

(i) If Ng € Np, then Sp is a plug-in match for Sq. The
match score for this case is 2.

(lll) If (Npm NQI d) ) A (Npg NQ)/\ (NQS; Np), then Sp
is a weak match for Sq.- The match score for this case is 3.

(iv) If NpYNg =¢, then Sp is a failed match for So. No
match score is defined for this case.

C. Matching of Enumeration Values

Let Eq be a nonempty set of enumeration values i of the
expression in the conceptual process flow and Ep be a
nonempty set of enumeration values j in the process
specification. The enumeration values may be either XML
schema data type values or ontological values.

If enumeration values are XML schema data type values:



(i) Vi, j: (i € EQ)A( € Ep) A(i =]), then Ep is an
exact match for Eq. The match score for this case is the
summation of the scores of all i and j pairs that are matched,
where each match pair has a score of 1.

(i) If none of the above relationship exists, then Ep is a
failed match for Eq. No match score is defined for this case.

If enumeration values are ontological values:

() IfVi, 3j: (i € EQ)A( € Ep) A(i @ j), then Ep is an
exact match for Eq where @ means ontological matching as
in Subsection A above. The match score for this case is the
summation of the scores of all i and j pairs that are matched,
where each match pair has a score of 1-4 depending on the
kind of ontological match.

(i) If none of the above relationship exists, then Ep is a
failed match for Eq. No match score is defined for this case.

VII. FINDING AN OPTIMAL COMPOSITE SERVICE

To find an optimal composite service that can best answer
the conceptual process flow, we will first identify possible
concrete compositions and then apply the shortest path
algorithm of Dijkstra to determine the optimal composition.

To identify possible concrete compositions, process
specifications of the Web services are compared against the
conceptual process flow and its associated constraints. The
process specification of a Web service will be a match to a
particular task in the conceptual process flow if, based on the
matching criteria, its functional behaviour and constraints
match to all the relation expressions that the service designer
requires for that task. For example, with the service
designer’s requirement as in Fig. 1-3, the outputs of the Web
services of a particular task must match to the inputs of a
subsequent task in the conceptual process flow. That is, the
outputs of FindWine Web services must match to the inputs
of the OrderWine and FindWineDescription Web services.
(Note that, matching of outputs and inputs should consider
both signature and semantics of the Web services, but this
paper will demonstrate semantic matching only.) Also, each
Web service must match according to the behavioural
constraints, e.g. the OrderWine Web services must accept
Amex credit card.

Assume that there are two wine agents (i.e.-WineAgentl
and WineAgent2 Web services) that support the FindWine
task, and two wine shops (i.e. WineShopl and WineShop2
Web services) that support the OrderWine task. Fig. 8 shows
the functional behaviour and-associated constraints of these
Web services as well as the kinds of matching the relation
expressions of each Web service -have with the service
designer’s requirement of Fig. 1-3. (Note that the functional
behaviour and constraints of WineShopl are the same as
what have been shown in Fig. 7.) By matching of
ontological concepts, most relation expressions of these Web
services are an exact match to the corresponding expressions
from the service designer. By matching of enumeration
values, the expressions about the credit card type of
WineShopl and WineShop2 are an exact match. By
matching of numerical ranges, the expression about delivery
day of WineShopl is an exact match while that of
WineShop? is a plug-in match.
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Figure 8. Matching between FindWine and OrderWine Web services.

Moreover, Fig. 8 also shows that the FoodName input of
WineAgentl is of class MealCourse and the WineName
output is of class DryWine, whereas the FoodName input of
WineAgent2 is of class Meal and the WineName output is of
class Wine. For WineShopl, the WineName and
CustomerInfo inputs are of classes Wine and Customerinfo
respectively, and the OrderedWine output is of class
PurchaseOrderConfirmation. For  WineShop2, the
WineName and CustomerInfo inputs are of classes Bordeaux
and Customerlinfo respectively, and the OrderedWine output
is of class PurchaseOrderConfirmation. Thus, provided that
the service designer specifies an input of class MealCourse,
the FoodName input of WineAgentl is an exact match while
the FoodName input of WineAgent2 is a partial match
according to ontological matching.  Consequently, the
WineName output -of WineAgentl can match to the
WineName input of WineShopl as a specialised match,
whereas it is a partial match to the WineName input of
WineShop2. But for WineAgent2, its WineName output is
an exact match to the WineName input of WineShopl and a
generalised match to the WineName input of WineShop2.
Also, the service designer’s input of class Customerinfo is an
exact match to the Customerinfo input of both WineShopl
and WineShop2.

We can transform Fig. 8 into a graph that, starting with the
service designer’s inputs, represents possible paths of
composition-as in Fig: 9: -Each edge of the graph is labelled
with the match score that represents the degree of similarity
between the two connecting nodes. Each match score is the
summation of the score for input/output matching and the
score for constraint matching. For example, the match score
between the service designer’s input of class MealCourse
and WineAgent2 is equal to 4+2 because of the partial match
(score 4) of their input classes, and the exact match (score 1)
of the two input and output constraints that WineAgent2
exhibits (hence, score 2 in total). For the edge between
WineAgent2 and WineShop2, the match score is (3+1)+7.
The output-input match is determined by a generalised match
of WineName (score 3) and an exact match of Customerinfo
(score 1). The constraint match is determined by the



constraints that WineShop2 exhibits; all are exact matches
(score 1 each) except for the plug-in match (score 2) of the
constraint on delivery day (hence, score 7 in total).

However, our approach also allows the service designer to
specify a preference on either input/output matching or
constraint matching. In other words, the service designer
may give a priority to similarity of input/output semantics
over similarity of constraints, and vice versa. Equation (1) is
used to calculate a weighted match score for each edge
where A € [0,1].

Weighted match score =
A * match score for input/output matching +
(1-)) * match score for constraint matching.

For example, if the service designer gives equal weight for
input/output matching and constraint matching (i.e. A = 0.5),
the match score on the edge between WineAgent2 and
WineShop2 will be 0.5*(3+1) + 0.5*7 = 5.5. Fig. 10 shows

the graph of Fig. 9 with weighted match scores where A = 0.5,

With match scores, Dijkstra’s shortest path algorithm can be
applied to find an optimal path that represents the optimal
composition. From Fig. 10, the optimal composition of
FindWine and OrderWine tasks is one that composes
WineAgent1 to WineShop1l with the path score equal to 6.

It is possible that there may be more than one path that
gives the shortest path score. If that is the case, our approach
will randomly pick one to generate a corresponding BPEL.
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Apart from the OrderWine task, the FindWine task in the
example is also followed by a parallel FindWineDescription
task. Therefore, after an optimal composition of FindWine
and OrderWine Web services is found, the composition
process repeats to find a FindWineDescription Web service
that can be best composed to the FindWine Web service that
is part of the optimal FindWine-OrderWine composition.

VIII. SERVICE COMPOSITION FRAMEWORK

A Web services composition framework provides a
mediator to support Web services composition (Fig. 11).
Service providers will create process specifications for their

(1) web services by using an ontology editor such as Protégé (1).

Process specifications will be based on shared process
ontologies and external ontologies that are defined by
domain experts. Any service provider will publish a Web
service with a UDDI directory [13] as usual and additionally
register through the publishing proxy the URL of the process
specification and the business service key of the
corresponding service entry in the UDDI; the process
specification and the business service key will be stored in a
process link repository (2). An OWL-S parser API is then
used to extract process terms, external ontology terms, and
SWRL constraints from the process specification stored in
the process link repository (3). The process terms and
external ontology terms are inferred by a reasoning engine
and the obtained facts are stored in a knowledge base (4).
SWRL constraints are parsed by a SWRL parser APl and
relevant terms are also inferred and stored in the knowledge
base (5).
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Figure 11. Service composition framework.

To compose a composite Web service, a service designer
will, based on the shared process ontologies and external
ontologies, design an OWL-S based conceptual process flow
with associated behaviour constraints by using Protégé (6)
and submits to the mediator through the composition proxy



(7). The conceptual process flow and constraints will be
parsed to determine relevant service categories that will
implement the required tasks, and process specifications of
Web services under such categories will be discovered from
the process link repository (8). Those candidate process
specifications will be compared, by the service composer,
with the service designer’s requirement (9). The service
composer will query the reasoning/rule engine which will
then consult facts from the knowledge base and evaluate
behaviour constraints with the rule engine component (10).
Once an optimal composition is identified, the BPEL
generator will create a corresponding BPEL (11) and return
it back to the service designer (12). The service designer can
retrieve WSDLs of the constituent Web services in the
composition from the UDDI and has the BPEL script run by
a BPEL execution engine.

In the current implementation, OWL-S API [14] is used to
extract ontological terms and SWRL constraints from the
process specifications. We develop our own SWRL parser to
extract details contained in the SWRL constraints. Bossam
[15] is used as the reasoning/rule engine; it incorporates both
a reasoning engine and a rule engine which can make
inference on ontological terms as well as evaluate logical
rules. The library of BPWS4J [16] is used in constructing
BPEL scripts. In the implementation, UDDI is not a
mandatory component of the framework since no
information from UDDI is needed for the composition;
nevertheless, the framework provides a process link
repository as a means to associate process specifications of
the Web services to other of their information in the UDDI
(if available).

IX. DiscussiON AND CONCLUSION

The contribution of this paper is a Web services
composition approach that is based on semantic analysis of
Web service processes which characterise both functional
behaviour and relevant constraints of the Web services. The

approach is suitable for service designers who have
knowledge about the constituent tasks within the
composition. A framework is provided to support the

composition by using Dijkstra’s shortest path algorithm to
identify the best composition and can generate-a BPEL for
such composition.

Similarly to other research work in semantic Web services,
this work incurs overheads in publishing extra semantics-
based process specifications-and in_learning about shared
process ontologies and external ontologies. However, these
overheads come with the power- to automatically and
semantically analyse and compose Web services. We
believe that it is worth, considering standard processes and
standard ontologies for vertical service domains are
emerging in the near future.

The approach mainly supports service composition at
design time. This is because the behaviour and process
constraints of the Web services are published prior to the
composition.  The approach hence focuses on static
behaviour of the Web services. Nevertheless, it is possible to
use the proposed technique at run time. We can, for example,
analyse service behaviour to find a replacement Web
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services when part of a business process or a composite
service fails.

Our approach does not yet consider other important issues
in the composition such as QoS attributes and trust between
composed services. QoS attributes of Web services are static
and dynamic information that represents the quality of
service provision. Dynamic information is mostly related to
service performance, and hence contributes to run-time
composition.  However, such quality attributes are still
difficult to monitor, measure, and apply to service
composition in practice. Trust for the composed services is
also important. Two Web services with compatible
behaviour may not be able to work together because they do
not have mutual trust or the service designer does not trust
them.

For future research, we plan to evaluate the performance
of the composition framework and explore the QoS and trust
issues. The approach will be applied to a fault tolerant
composition framework that supports substitution and
recovery of business processes of Web services.
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