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At Web Services invocation, Web Services may fail and cannot provide the service to
consumers. Therefaore, it'is necessary that other Web Services are discovered and invoked
instead. Web Services are generally published with UDDI registry under particular service
categories via the atlribute “category”. However, there is no guarantee that services
published under the same service category will have the same capability. Finding
compatible Web Services then requires a thorough examination on published service
descriptions to assure sewvice compatibility and substitutability.

One approach that facilitates finding compatible Web Services is by applying the
concept of service type model. Service ’type model consists of service types and service
offers. A service type defines capabililies of a service of a particular type. A service offer
refers to a published description of a service instance under a particular service type. The
concept is the basis of service models in other standards such as RM-ODP and CORBA.

This thesis applies to Web Services the concept of service type model that can be
used in describing capabilities of Web Services of the same service category in terms of
their signature, behaviour, and semantic attributes, Finding compatible substitute services
will be more convenient by determining relationships between Web Services through their
service types. Senvice type compatibility rules and a framework far automatic Web Services
substitution are proposed so that service consumers can continue using the services from
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dsznaudion 7 8w (Element) utivaaniilu 2 ngu fagii 2.1

<?xml version="1.0"?>
<definitions name="StockQuote™

targetNamespace=""http://example.com/stockquote.wsdl"
xmIns:tns="http://example.com/stockquote.wsdl"
xmIns:xsd1l="http://example.com/stockquote .xsd"
xmIns:soap="http://schemas.xmlsoap.org/wsdl/soap/""
xmIns="http://schemas.xmlsoap.org/wsdl/">

<types>
<schema targetNamespace=""http://example.com/stockquote.xsd"
xmins="http://www.w3.0rg/2000/10/XMLSchema’">
<element name="TradePriceRequest'>
<complexType>
<all>
<element name="tickerSymbol" type="string"/>
</all>
</complexType>
</element>
<element name="TradePrice">
<complexType>
<all>
<element name="price" type="float'/>
</all>
</complexType>
</element>
</schema>
</types>

7171 2.1 Feeivienanssuidagieanuen [3]



xxx
Line


<message name="‘GetLastTradePricelnput'>
<part name="body" element=""xsdl:TradePriceRequest'/>
</message>

<message name="‘GetLastTradePriceOutput'>
<part name="body" element="xsdl:TradePrice"/>
</message>

<portType name="StockQuotePortType'>
<operation name="GetlLastTradePrice'>
<input message="'tns:GetlLastTradePricelnput'/>
<output message="tns:GetlLastTradePriceOutput"'/>
</operation>
</portType>

<binding name="StockQuoteSoapBinding" type=""tns:StockQuotePortType'>
<soap:binding style="document"
transport="http://schemas.xmlsoap.org/soap/http"/>
<operation name="GetLastTradePrice'>
<soap:operation soapAction="http://examplie.com/GetLastTradePrice'/>
<input>
<soap:body use="literal'/>
</input>
<output>
<soap:body use="literal"/>
</output>
</operation>
</binding>

<service name='StockQuoteService'>
<documentation>My first service</documentation>
<port name="StockQuotePort"” binding="tns:StockQuoteBinding">
<soap:address location="http://example.com/stockquote'/>
</port>
</service>

</definitions>

o 1

717 2.1 etalanaisduiliagiaanuna [3] (sa)

1. A183UNELTIUINGITN (Abstract Description). Usznaudasdinsiasfaiune i
ANNNAINNTDRIIULTRFAE ATl

- <wsdiitypes> Aa danuuntiindaya (Data Type) vianun ldasune
v dl dl o 1 v oa Y a d’ ¥ a %
danaunuanilasuiusgndnedliuinisuazg1dusnng Seas ldatindaya

71§14 (Primitive Data Type) minderinunressndiduwaaanni (XML

Schema) [10] {uAnlaaif5ene (Default)
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- <wsdl:message> Aa nsnwuateyanasldlunisdeanssendnegdlvivinig
¥ a =< o a o vl ¥ Y
wazldusnnsdanielu 1 nrsantunisiuayyalidlfines 3 dapanu
o X
et
. Input Message A damauidn wanstnudlutaada <wsdlinput>
. Output Message A8 damaNaan waneNudIutasTa <wsdloutput>
. Fault Message A8 18ANNTALAAIANNAANTDY LAASENUAIUE BT
<wsdl:fault>
- <wsdl:operation> A8 NM3ANLHENIINIL RS AATIUAYY
- <wsdl:portType> Af NgNIBINIIANELNIYRMNATNIAI LT S aa T
2. ANBBUNELTIgUe93N (Concrete Description) 1sznavusaadiusias Naiunana
naynsimg TN asuLEN1g Al
- <wsdlbinding> A8 @2 EANARIZUINAIBTLNETIWNNEIINALANBT LY
degilassn Ingszydeyalnslnaes uavdrsdedeiuungtluuudeyadiniy
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- <wsdl:port> A ganfuea (URL) ldawmduienldiiumesia T 1 wain
(port) un1eina 1 desn19lunisinse i tasia
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=
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2.1.2 aaunlnlaa (Ontology)
luanaiingnnisnesiiatnadiu @@u‘imiaaﬁ@Lmuﬁm@ﬁ@g@ﬁ@%mﬂLLmﬁmm
ImLuulugﬂmmd"mqmﬂﬁluimLuuﬁu uazpaNdTusIsdAunaniu (1] Tnevnleey
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wnuingnelulauniieanla wu au dad Raes
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- wanyisad (Attributes)  Pe AANEEN MaFUNeTRg lueauinlaa meating
tatazilsznaumadauazan Nazynldiudngasawtu 4gTa Harry Potter ay
= o o df
NAANE LA
« Name: Harry Potter
« Author: J. K. Rowling
o AMNANAUS (Relations) A9 N1795UN8AMNANNUTIZMI19AANE e

niaa Aeg1? 2.2 ARIET8 Romance azifluiunana (Subclass) 193AANE

?jl'ﬂ Novel
Book
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2.1.3 811a-194 (OWL-Based Web Service Ontology)
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AUV ABRNANNAN 8" (OWL: the Ontology Web Language) [13] a4
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(Service Grounding) A3 2.3
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41U (Workflow)
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2.2.2 An Approach to Web Service Compatibility in Cooperative Processes
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2.2.3 The Capability Matching of Web Services

INUASE [15] tARaNI®ITe LO4TALeSA (SCDL) ARNIDTUIEANNAINITDURLSL
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- Input A nstlazniAsiautlsresdeyaudn
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- Pre-Condition and Pre-Constraints Aa Rawlansaaiiuaseanaunisniey

- Post-Condition and Post-Constraints A2 Haulaniiluasandanisnians
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1. OntoDescription Matching N1saugiazyinfudunaunsn lnalqnilszasine

a

WU U AN NANAUT NS T LA AAI N LAY IR LB A LTI AN AN EIUD
ADIILLTRTIE
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2.2.4 Matchmaking and Ranking of Semantic Web Services Using Integrated
Service Profile

NUIAE [16] WUABBLLLANABIAIBTLIALEL ST NN FENIN masia
Tnalnldsan (Integrated Service Profile) @vesungasmardnsnlunisliBsnsteasefia
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- medugReuleaaiiznig (Matching Service Constraints)
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efAataz 13N 18un Tailaisdu (Operation) A11UN13HLAAS (Number
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FnatinadanimueTiinisnisuanesiagii 3.1
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Service Type: BookSeller
Operation Specification:

int bookPurchase(int bisbn, String creditcardDetail);

fault ExpCreditCard;
Behaviour Specification of bookPurchase:

Input: ISBN, CreditcardDetail;

Output: PurchasedBook;

Precondition: VisaCardHolder;
Effect: ProductDelivered;
Fault: ExpiredCreditCard;

Semantic Attribute Specification: BookCategory;
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1. Service Type: BookAndMovieSeller ExtensionOf BookSeller
2. Operation Specification:

3. int bookPurchase(int bisbn, String creditcardDetail);
4. fault ExpCreditCard;

5. int moviePurchase(String mName, String creditcardDetail);
6. fault ExpCreditCard, MovieNotFound;

7. boolean moviePreview(String mName);

8. fault FileNotFound;

9. Behaviour Specification of bookPurchase:

10. Input: ISBN, CreditcardDetail;

11. Output: PurchasedBook;

12. Precondition: CreditCardHolder;

13. Effect: ProductDeliveredByAir;

14. Fault: ExpiredCreditCard;

15. Behaviour Specification of moviePurchase:

16. Input: MovieName, CreditcardDetail;

17. Output: PurchasedMovie;

18. Precondition: CreditCardHolder;

19. Effect: ProductDeliveredByAir;

20. Fault: ExpiredCreditCard, MovieNotFound;

21. Behaviour Specification of moviePreview:

22. Input: MovieName;

23. Output: MovieClip;

24. Precondition: MPEG-4Player;

25. Effect: HandBilllmages;

26. Fault: FileNotFound;

27. Semantic Attribute Specification: BookCategory, MovieCategory;
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bookPurchase
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BookSeller VisaCardHolder ProductDelivered
BookAndMovieSeller CreditCardHolder ProductDeliveredByAir
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<?xml version="1.0"?>
<rdf:RDF
xmlns="http://localhost:8080/ontology/servicetype/BookSel ler/bookPurchase.owl#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:xsd=""http://www.w3.0rg/2001/XMLSchema#""
xmIns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:owl=""http://www.w3.0rg/2002/07/owl#"
xmIns:daml="http://www.daml .org/2001/03/daml+oi I#"
xmlIns:dc="http://purl_org/dc/elements/1.1/"
xmIns:upper="http://localhost:8080/ontology/upperontology/upperonto.owl#"
xml :base="http://1ocalhost:8080/ontology/servicetype/BookSel ler/bookPurchase.owl">
<owl:Ontology rdf:about=""">
<owl:imports rdf:resource="http://localhost:8080/ontology/upperontology/upperonto.owl*/>
</owl:Ontology>
<owl:Class rdf:I1D="BookNumber">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Input’/>
</owl:Class>
<owl:Class rdf:ID="ISBN">
<rdfs:subClassOf rdf:resource="#BookNumber"/>
</owl :Class>
<owl:Class rdf:ID="CreditcardDetail">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Input'/>
</owl:Class>
<owl:Class rdf:ID="PurchasedBook">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#0utput'/>
</owl:Class>
<owl:Class rdf:I1D="Payment'>
<rdfs:subClassOf
rdf:resource="http://www.daml.org/services/owl-s/1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="CreditCardHolder' >
<rdfs:subClassOf rdf:resource="#Payment'/>
</owl :Class>
<owl:Class rdf:ID="VisaCardHolder'>
<rdfs:subClassOf rdf:resource="#CreditCardHolder />
</owl :Class>
<owl:Class rdf:ID="ProductDelivered'>
<rdfs:subClassOf
rdf:resource="http://www._.daml.org/services/owl-s/1._.1/generic/Expression.owl#Expression"/>
</owl :Class>
<owl:Class rdf:ID="ProductDeliveredByAir">
<rdfs:subClassOf rdf:resource="#ProductDelivered" />
</owl:Class>
<owl:Class rdf:ID="ExpiredCreditCard">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/1.1/Process.owl#Fault"/>
</owl:Class>
<owl:Class rdf:I1D="BookCategory'>
<rdfs:subClassOf
rdf:resource="http://www.daml .org/services/owl-s/1._.1/Profile._owl#SemanticAttribute"/>
</owl:Class>
<owl:Class rdf:ID="Novel'>
<rdfs:subClassOf rdf:resource="#BookCategory'/>
</owl :Class>
<owl:Class rdf:ID="Poetry'>
<rdfs:subClassOf rdf:resource="#BookCategory"/>
</owl :Class>
</rdf:RDF>
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<?xml version="1.0" encoding="UTF-8" ?>

<wsdl:definitions targetNamespace="http://localhost:8080/axis/services/Pacific"
xmlns:apachesoap=""http://xml .apache.org/xml-soap"
xmIns:impl="http://localhost:8080/axis/services/Pacific"
xmIns:intf="http://localhost:8080/axis/services/Pacific"
xmlns:soapenc="http://schemas.xmlsoap.org/soap/encoding/" xmlns:tnsl="http://fault.com"”
xmIns:wsdl=""http://schemas.xmlsoap.org/wsdl1/"
xmIns:wsdlsoap="http://schemas.xmlsoap.org/wsdl/soap/*
xmIns:xsd="http://www.w3.0rg/2001/XMLSchema’">

<wsdl : types>
<schema targetNamespace=""http://fault_com” xmIns="http://www.w3.0rg/2001/XMLSchema">
<import namespace="http://schemas.xmlsoap.org/soap/encoding/" />
<complexType name="ExpCreditCard">
<sequence />
</complexType>
</schema>
</wsdl :types>
<wsdl:message name="ExpCreditCard">
<wsdl:part name="fault" type="tnsl:ExpCreditCard" />
</wsdl :message>
<wsdl :message name='"‘bookPurchaseRequest''>
<wsdl:part name="in0" type="'xsd:int" />
<wsdl:part name="inl" type="soapenc:string" />
</wsdl :message>
<wsdl :message name='"bookPurchaseResponse’>
<wsdl :part name="bookPurchaseReturn™ type=''xsd:int" />
</wsdl :message>
<wsdl :portType name="BookSeller'>
<wsdl :operation name="bookPurchase" parameterOrder="in0 inl'>
<wsdl : input message="impl:bookPurchaseRequest"” name='bookPurchaseRequest" />
<wsdl :output message="Impl:bookPurchaseResponse™ name="bookPurchaseResponse" />
<wsdl:fault message="impl:ExpCreditCard"” name="ExpCreditCard" />
</wsdl :operation>
</wsdl:portType>
<wsdl:binding name="PacificSoapBinding' type="impl:BookSeller">
<wsdlsoap:binding style="rpc" transport="http://schemas.xmlsoap.org/soap/http"” />
<wsdl :operation name="bookPurchase’>
<wsdlsoap:operation soapAction=""" />
<wsdl : input name="bookPurchaseRequest'>
<wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"
namespace=""http://Defaul tNamespace' use="encoded" />
</wsdl : input>
<wsdl :output name="bookPurchaseResponse">
<wsdlsoap:body encodingStyle="http://schemas.xmlsoap.org/soap/encoding/""
namespace=""http://localhost:8080/axis/services/Pacific" use="encoded" />
</wsdl :output>
<wsdl :fault name="ExpCreditCard">
<wsdlsoap:fault encodingStyle="http://schemas.xmlsoap.org/soap/encoding/""
name="ExpCreditCard" namespace="http://localhost:8080/axis/services/Pacific"
use="‘encoded" />
</wsdl : fault>
</wsdl :operation>
</wsdl:binding>
<wsdl:service name='BookSellerService">
<wsdl:port binding="impl:PacificSoapBinding" name="Pacific">
<wsdlsoap:address location="http://localhost:80807/axis/services/Pacific' />
</wsdl:port>
</wsdl:service>
</wsdl:definitions>
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<?xml version="1.0"?>
<rdf:RDF
xmlns="http://localhost:8080/ontology/serviceoffer/Pacific.owl#"
xmIns:process="http://www.daml .org/services/owl-s/1_.1/Process.owl#"
xmlns: list="http://www.daml .org/services/owl-s/1.1/generic/ObjectList.owl#"
xmIns:swri="http://www.w3.0rg/2003/11/swr I#"
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:bsbp="http://localhost:8080/ontology/servicetype/BookSeller/bookPurchase.owl#"
xmlns:service="http://www.daml .org/services/owl-s/1_.1/Service.owl#"
xmiIns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmIns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmIns:upper="http://localhost:8080/ontology/upperontology/upperonto.owl#"
xmIns:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xml :base="http://1ocalhost:8080/ontology/serviceoffer/Pacific.owl">
<owl:Ontology rdf:about=""">
<owl : imports
rdf:resource="http://localhost:8080/ontology/servicetype/BookSeller/bookPurchase.owl* />
</owl :Ontology>
<bsbp:ISBN rdf:ID="PacificlSBN"/>
<bsbp:CreditcardDetail rdf:IiD="PacificCreditcardDetail’/>
<bsbp:PurchasedBook rdf:ID="PacificPurchasedBook"/>
<bsbp:VisaCardHolder rdf:ID="PacificVisaCardHolder"/>
<bsbp:ExpiredCreditCard rdf:ID="PacificExpiredCreditCard"/>
<process:ResultVar rdf:1D="Days"/>
<profile:Profile rdf:I1D="bookPurchase'>
<profile:haslnput rdf:resource="#PacificlSBN"/>
<profile:haslnput rdf:resource="#PacificCreditcardDetail'/>
<profile:hasOutput rdf:resource="#PacificPurchasedBook"/>
<profile:hasPrecondition rdf:resource="#PacificVisaCardHolder"/>
<profile:hasResult>
<process:Result rdf:ID="PacificPurchasedBookResult'>
<process:hasEffect>
<bsbp:ProductDelivered rdf:ID="PacificProductDelivered'>
<expr:expressionBody
rdf:datatype="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#XMLLiteral'">
<swrl:AtomList>
<rdf:first>
<swrl:BuiltinAtom>
<swrl:arguments>
<rdf:List>
<rdf:first rdf:resource="#Days"/>
<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#int">7</rdf:first>
</rdf:List>
</rdf:rest>
</rdf:List>
</swrl:arguments>
<swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/swrlb#lessThanOrEqual"/>
</swrl:BuiltinAtom>
</rdf:first>
<rdf:rest rdf:resource="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#nil"/>
</swrl:AtomList>
</expr:expressionBody>
</bsbp:ProductDelivered>
</process:hasEffect>
</process:Result>
</profile:hasResult>
<profile:hasFault rdf:resource="#PacificExpiredCreditCard"/>
</profile:Profile>
<bsbp:Novel rdf:ID="PacificNovel'>
<upper:hasSemanticAttribute rdf:resource="#PacificNovel"/>
</bsbp:Novel>
</rdf:RDF>
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Service Type
BookSeller BookAndMovieSeller BookStore
SN
ExtensionOf
4 ) Behaviour Behaviour Behaviour

int bookPurchase(int bisbn, String CreditCardDetail); | SemanticAttribute SemanticAttribute SemanticAttribute

fault ExpCreditCard; H \
Service Offer / \ / \
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v
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=

’ /Y
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Detail VisaCard
BookCategory
@a&;edBook Product
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Service Type Ontology

Expired
CreditCard
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3.2.1 nsdgadniuaes
¥ o o a = ?;/ ¥ o o dj
pandennunressuidageanuaaly [3] Wu ldninusgduuvasslelasduis
annsnldanuldazeeg 2 uuy” Ae
= =

o e =2 v v Y 1 1 1= o
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Tnseainasiagii 3.8

<wsdl:definitions .... > <wsdl:portType .... > *
<wsdl :operation name='‘nmtoken"'>
<wsdl: input name="nmtoken'? message='‘gname'/>
</wsdl :operation>
</wsdl:portType >
</wsdl :definitions>

711788 Tassa¥wansdu-nelaiatedu [3]

= g 4 =2 v o Y v =
. FAnavi-lsateaud (Request-response) Munand laidasduiudanudniasy

n1smeLnAy fsillnseairensgilil 3.9

<wsdl :definitions .... >
<wsdl:portType .... > *
<wsdl :operation name='‘nmtoken" parameterOrder="nmtokens">
<wsdl : input name="nmtoken"? message="'qname' />
<wsdl :output name="'nmtoken"? message="‘gname"/>
<wsdl :fault name="nmtoken" message='‘gname'/>*
</wsdl :operation>
</wsdl:portType >
</wsdl :definitions>
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Service Type: BookSeller
Operation Specification:
int bookPurchase(int bisbn, String creditcardDetail);
fault ExpCreditCard;
Behaviour Specification of bookPurchase:
Input: ISBN, CreditcardDetail;
OQutput: PurchasedBook;
Precondition: VisaCardHolder;
Effect: ProductDelivered;
Fault: ExpiredCreditCard;
Semantic Attribute Specification: BookCategory;
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Service Type: BookStore
Operation Specification:
int bookPurchase(long bnumber, String creditcardDetail);
fault ExpCreditCard;
Behaviour Specification of bookPurchase:
Input: BookNumber, CreditcardDetail;
Output: PurchasedBook;
Precondition: CreditCardHolder;
Effect: ProductDeliveredByAir;
Fault: ExpiredCreditCard;
Semantic Attribute Specification: BookCategory;
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Mediator
Operation / B
Specification Service Type |
L — —
Behaviour N “
Specification - 3
Semantic Q 3
Attribute o 3
Domain Specification T I
Expert N g 5 UDDI
(1) Define §- @) Extension
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Service Type Model Information
Service Type IBDDkSeIIer |

Operation Specification:

Operation |int bookPurchase(int bishn,String creditcardDetail) |

Fault ExpCreditCard |

Behaviour Specification:

Input 15BN, CreditcardDetail |
Output |Purchased500k |
Precondition |\/isaCardHDIder |
Effect |Pr0dudDeIivered |
Fault [Expired CreditCard |

|

Semantic Attribute Specification: | |BookCategory

91I7 4.8 FatinannsaFedionuuntHnLiEnIg BookSeller

Service Type Model information

Service Type Bool_g?éﬂeu

Operation Specification:
Operation .'ui prwhaseﬁ hﬁﬂ{éﬁmq cr-Bdﬂca.rdDe!mlJ
Fault FExplraditCad

s ¢ Lot BT

Behaviour Specification;

Input LISBN CradacardDatal \,-}_?‘3 Wauld you like to add mare operation?
3 s —

Output PurchasedBook =
Precondition | VisaCardHolder i
Effoct ProductDelnered J

Fault ExpiredCredtCard

Semanpeitribute Specfitations) BookCalegory)

3 ]

317 4.4 wihsngauaunsialanlaidi

o a

NINASNTANNUATLALIFNNTAQEAANITUENEIANNT DA NUATRALTNNT LA

1 AzFe9IN199:yTaTRALEN19NFBIN1IUINNENBINaUAILIN 4.5 Tesrydnay
genedannuuaaINTiALENg BookSeller antiuiilanatlu Perform L3LINAazLAA

1AN1IUUATRITRALITNNT BookSeller WazariA1i1 Extension of BookSeller iaving
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iz ludauaesenlaneunianinan Nanseny waz N AANHILITIAINUNY
wintiu widnseanisiialelasdudnldndifiarunsonalélaanafidn Add more

operations uafiazilasuhinndidlaudayamidaussgii 4.3

Enter a service type name to get information

|bDDkseIIer _H Ferfarrm. . ]

dl dll a a Azll % o v o
71N 4.5 NI97EUTRTUALINITNABINTITUINITLEABNTINLA

4

Service Type Model Information

Service Type ‘!—BDDkAndMDvieSeller I Extension of BookSeller

Operation Specification:

Operation !'i'-'v aeokiUrchaseinthisbnSiing craditicardDetall) |

Fault I_L reditC o |

Behaviour Specification:

Semantic Attribute Specification: !ElookCategDry, bMiorieCatenand

Input {*_‘_ Crediteardl stail |
Output EL_' Aé6dBgok |
Precondition [CredifCardHulder |
Effect irP_Ar@JdDeliveredByAir |
Fault i-:'_a_,c-_u:fjﬂr'ed'ﬁ[}fard |

|

[1][ Finish || Add mare operatians |

tzll o 1 b4 ¥ o a a 1% ¥ o dld a
gﬂ‘V] 4.6 AIBLWNITATNADNTNVATUAUTNITATENTULNEINNLBNINUANN DL AN

4.1.2 TupeunisdszniAdelaueliznig
Tudumenui § 11IN199gAaNNNAaNTRALIN NNz AN LN IEN1 9199
i waziinsaieivme s Wi adulunadefivunatinuEnistiue g 4.7 81984
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Mediator

4

' Service Offer |

T  mmm @ S
S _ 3
i Web Service Name g §
| Provider Name ()
— Referenced Service Type (4) 8 Web Service X
uDDI WSDL File = (3?
Extension OWL-S Endpoint $ w| Publish ‘
- owLs
L
o
2 S
Q
N/ <

Web Service Y

i v
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Y a o v (=3 Ly 1 < o= a
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& %’/ 26 Y Aa £ o a '8 a o o a
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a A o 2 v v S =2 o ~ Y
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a o
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- Web Service Name Aa TaaatauLma5347 13113013

Provider Name A8 T9199E 1111313
- Referenced Service Type A TRALTATN 81989 N85 95 Lmefia

WSDL File A8 uflsiananssiniagteanuns

£~ OWL-S Endpoint Af- LOUFNRE UTINENE19D1IA-10%
Tnesnadanisszniadaiauatisnng PacificBook  dsagnielfniintsnig
BookSeller wanisiagiln 4.8
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Service Offer Information

web Service Mame [PacificBook |

Provider Name [Pacific Publishing |

Referenced Service Type | |[BookSeller |

Select a file to upload
WSDL Endpoint

DPacificwsdl [ Browsa. . |

OWL-S Endpoint I%WL:S{PECWDDW| |

717 4.8 FetennsdszniAdeianaiisnig

4.1.3 dumneunissesaalaiiznisiumefdpuAaNan
Tudupau (5) 289317 4.1 fliusnaiinastenldusnisresivmeiia Inoasdas
o % o v Y a :l/ v v i’/
n1n1saseAnFesre liusn1auu lugtliesdeadinlan (SOAP Message) WiaNYiauLL
uANaguiIeLsLEe AN N3 191315 luda1aes AttachmentPart  LaaR9d9611
o o -dl a ¥ =3 = -dl Y o 2 . . . | o
NEIFINAY TearidquA U A LR AN wWle (Compatible Services Finder) ST
vt lunsiu-dedanulansgmaeldusnisiudliusnng uazAunduriefRanidi

Auld Inesetisesdonanulan uandsgti 4.9

1. —-———--=_Part_0_5488661.1172163470074

2. Content-Type: text/xml; charset=utf-8

3.

4. <SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/*>
5. <SOAP-ENV:Header/>

6. <SOAP-ENV:Body>

7. <bookPurchase>

8. <isbn>4870442021</isbn>

9. <creditcardDetai 1>49927358726</creditcardDetail>
10. </bookPurchase>

11. </SOAP-ENV:Body>

12. </SOAP-ENV:Envelope>

13, —————- = Part_0_5488661.1172163470074

14. Content-Type: text/plain
15. ‘Content-1D: WS_EndPoint

16.
17. http://localhost:8080/axis/services/Pacific
I P — = Part_0 5488661.1172163470074—-

7171 4.9 Fratinediaaanulan

a7n317 4.9 bookPurchase Aalatlatsduisaansldisnig (ussvini 7) taedl isbn

6 o/

Wuwaslmassion 1 medlAnli 4870442021 (U33%A9 8) creditcardDetail lunIsAmnas




40

o

Fiad 2 @aillAnulu 49927358726 (UTIVIAT 9) WAT  http://localhost:8080/axis/services/

Pacific AaLauANasuiraaiUmasiada PacificBook Nfadnis413nAg (Ussin® 17)

4.1.4 TURaUN1989AaN1950928 ITLTN A LITasId At FaNans
Tudupauil fanasazinnisizanlduinisaniiumasiany ldseenis visalunsiin
Bugasidnuliainnsaliuinigle danareiazninisaundumesiandnnulaldiae
anTuil® gUn 4.10 19891170317 4.1 lennzdiuduneunisassanis¥esae Tnad
a o dal
sEIAZIBLARIT)
6) Fiananaazninisizanldiinnsinadadananlanlddueusnesuriaaaiy
\iaSIany ey LazsasuNaANSIAINALNNAIN LR a1
(7) FHAINANRINITIAIRAALNIDALNWI <soapenv:iFault> TILAAIDNAINAANTD
Tudapaulanilasu natiinliny danasiavdeanaunaulidagldiuinig us
v dd‘ aa rda,ca‘ a = 1 [~ a 1
dansminudaturiiiaziansaandnuaanidansasuuule Tnaay
AIARDLUAINBIDALNUN <faultcode>  Imaidni ATl ns1:Server.NoService
wapadAULaf an lesesae ldianislunauunsniultanunsa ldusnnsle fasiu

Fonangazrinnigluandeiaaindouns189e9gnn L Las NI N1 EL3 L

¥ 1 1
wasaaladndulating InsRaniseaniuaziiulmuilsuniaualuindan 3.3

I
di/e/‘/L?/S/\v @

(8) Weanuiumafiandinuliuae Arnatsnazdendaeraldusnislunduiesia
TN LAZ2RTUNAANENAINAUNIAINAUEATIALY AantTuAaznaulln191u

v 1
ANNIURALN (7)

' Service Type | _
" Service Offer |
T T

UDDI '
Extension
Compatible
Web Service

@ Target
(8) If Target Service fails

Mediator

Web Service

Compatible Services
Finder

(6) Invoke Service

A

Signature Matching

A

Semantic Matching

k Instance Detail Matching | /

717 4.10 doureasndsaluiuneunisdesianisfesre ldisniaivmesia
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4.1.5 Tunaunisdsnadansnas i 1dg l4snng

Tudunau (9) 19317 4.1 Fianansaziinsdenadnsyn nauldIFgl4usns Inaay
Hnnsuuudeyaneiunisununliludouaes AtachmentPart ansdanaulaniiiunadans

= Y < LN o/ 2 é/ Y a Yo o b‘d’j = 173
annsEanldiume Masunmulnedayatiazuangldusnislddinadnsiinniainnisizan’ld

1inseiume fadaunule Asuanslugli 4.11

1. - = Part_1_21845470.1172163470895

2. Content-Type: text/xml; charset=utf-8

3.

4. <soapenv:Envelope xmlIns:soapenv="http://schemas.xmlsoap.org/soap/envelope/"
5. xmIns:xsd="http://www.w3.0rg/2001/XMLSchema"*

6. xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance’>

7. <soapenv:Body>

8. <bookPurchaseResponse

9. soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/'>
10. <bookPurchaseReturn xsi:type="xsd: int">3146</bookPurchaseReturn>
11. </bookPurchaseResponse>

12. </soapenv:Body></soapenv:Envelope>

13. ------= Part_1_21845470.1172163470895

14. Content-Type: text/plain
15. Content-1D: Substitute Web Service

16.
17. http://localhost:8080/axis/services/CU
18. ------=_Part_1_21845470.1172163470895--

51171 4.11 faveinINaaNS

a1ngUn 4.11 Faiaa 3146 Aeuaansnlnainnissanldlawlesdu bookPurchase
(L3397 10)  WAY hitp:/localhost:8080/axis/services/CU ABLAUANDE UTURNIULTASIR

FaunuTe CUBook @4finnandlliFenldiiznisunuiiuimasiane PacificBook (L99%a% 17)
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doyaddnuigefrasrtintinisnesluglaesasdnaszaindausensvesynnte (ludau
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bookPurchase R@nuuimafidl int bookPurchase(int bisbn, String creditcardDetail); e

nn1sueneaniduiniAuazliiiu 6 miAuAs int, bookPurchase, int, bisbn, String waz




42

creditcardDetail udastindayasinatalifiarsunmuniadngiidniuaeinlainaualy

! v
died 3.2.1 duiunisfiansannisdusievesaiadeyatiuazdnedsainlassainanisdusie

tndayasaudndiduuaaaann  [10] wsluidesdiuazainnsnsasdunisdusesiindaya

=2
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iAa byte, short, int, long, float, double, boolean Wag string IAEANFLNTALARIRITHA

R

=2e

ayaazilufagi 4.12

a

| anySi‘mﬁIp’l'}pe |
|
| | | |

| boolean | | string | |f|oat| | long | |double|

—— derived by restriction

31l7 4.12 a9sun1sausesesTiindeya [10]

Qi a 2 N A J Y o Y o a ¥ dl a 1
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(3) FaNaNazNIINITAdaA1IIN wAY THLATEIEENIUTANIINI A HANTUE NI
aaunlaamanmuaauinlaaguiuaiianiisnig
(4) Fananaziinadansilalidszunananiunisdngidsansmaneinlfinauelu

o

Pndai 3.2.2

) (1)
Load Data Load Service Type
R Ontology
UDDI
IR
Service Type‘

Query Process

G v

Inference
Engine

Result @)
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Miadlugh 3.1 1w wansiesnisAunign aauinlaamenlafudunaaiasasaauiniaa

= 3| 3 3 a Y o n;l/
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query q 1is
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AMNNAANEN LA vmgAN9n eaulnladamen  Fantasy wazeauinlaames
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Binding Expression
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4.3 LASAINAN T LUN1TWRIUN

Tunr iR saRsassUN I UUATUlpad R T RIa9 T ULEa F &9 N A

1% 3 a a ?/ 9 o ¥ dl A % o dy
1mmmLLummmmummmmu ngiﬁ?ﬂmmmmiumiwmmmu

1.
2.

A10BAALA (Java SDK) §14 1.5.0 el usaulalilsunsy

Bmrandioania (Eclipse SDK) §143.1.1 dvsuifueieseuszan nundanly
NNIWRUNLN TN TA

BINWTLANTA (Apache Axis) 314 1.3 et lunsaaiume g

UaaT1N (Bossam) §1 0.9b15 LﬂuLﬂ%ammuﬁlﬁuﬂwﬁmmmemmfa@u
nlasq

Wneeafuea (MySQL) 31 5.0 dausulilunisdaiugudeya

BN INANLAY (Apache Tomcat) §1 5.0 WaldiTuiunawnuLes

TWsinia (Protége) "L%Lﬂum?"mﬁ@zﬁma‘?mwﬁwmﬂﬂu‘iwi@%LL@zﬁmmmi

(Knowledge-based)
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A [ o dl Y o Z// ada o v dl
WANLILLERTIENLINNLNG 3 WWANNUILEN 3.3

5.1 NISNAFALNITNIUADUNTNISARQENSIAN BN 1

2 @

NIANEIN 1 azmadauNIsARMILLIasIas ununlsznAdeaue TNty

'
a a 23

meldafiatEnamea UL e andeades Taan 1ua N aN NI ARENTBINIIN AZAL
[ dgld Y [~3 = dl o [~1 ' A:ll v % 1

dudeiine deyaveiuiiafaniiunnaaauiduiingsem 5.1 dayaanizinvesusas

BuafRalufimsen 5.2 - 5.4 uazdennuunaeeaiiniisnig BookSeller Lilusiagila 5.1

ai ¥ (<3 &= Al o KR dl
199N 5.1 ‘ﬂ'ﬂNﬂZ\]"]J@\?L']ULGI]@‘J"JZWIH’]N’]‘V]ﬁZQ@UIuﬂ?ﬂAﬁﬂHﬁV] 1

VLLEasaa FUALITNNG ANUY
PacificBook BookSeller STRIRN
CUBook BookSeller Unm
SUTBook BookSeller 1@

;13197 5.2 dayaanizinaediuasia PacificBook lunstlAnmsii 1

A71193703A WLmesa4 PacificBook

ISINER style="rpc"; transport="http"

InasiaaaanlunaunisaiunIg -

UWalTaINanIENL ProductDelivered.Days < 10

ANATUANHEULLITAINNTNE PacificNovel
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FN3197 5.3 dayaannzinaeaiutesia CUBook TunstlAnmsii 1

douresdaya

BLEmasd CUBooK

IIDER

style="rpc"; transport="http"

Inasiaadanlunaun12a RN w

ANAUIRINANTZNU

CUDelivered.Days < 5

ANATUANHEULLITAINNTNE

CUNovel

FN397 5.4 Tayalanziaresiueesid SUTBook Tunstldnmi 1

G TaRE Tt

WBUEiasia SUTBook

IDER

style="rpc"; transport="http"

InatirasRanlananunisantieenn

ANAUIRINANTZNU

SUTDelivered.Days < 7

[ %

ANATUANHTULLITAINNTNNE

SUTNovel

Service Type: BookSeller
Operation Specification:

fault ExpCreditCard;

Output: PurchasedBook;

Effect: ProductDelivered;
Fault: ExpiredCreditCard;

RPPRPOO~NOUORMWNE

RO

Precondition: VisaCardHolder;

int bookPurchase(int bisbn, String creditcardDetail);

Behaviour Specification of bookPurchase:
Input: ISBN, CreditcardDetail;

Semantic Attribute Specification: BookCategory;

v

921/9 5.1 dan

a

i
o Aa

ANNYALATNNNA HIRETHNARDL

MUATUALITNIT BookSeller

TAeN195a9a8 lMUTN171aLlaL9h1 bookPurchase

1091iULgasia PacificBook Teianiuzdndetat] Tenadnsaainimaseunieredsionany

wazfldisnisazilufegii 5.2 uas 5.3 muanau




[The Mediator for service suhstitution]
— —» Receive message from a service consumer
— —» Send message to the target Web Service

— —» Receive meszage from the target Wehbh Service

The target Web Service status : Failed*?

— — — — — Finding a Compatible Ueb Service
Using criterdia 1
Determining —> GU
Instance Detail Matching
Bindind details : passed
Expression : passed
Semantic Attribute value : passed

The new service endpoint = http:/slocalhost:83@8B axis/services Cl

— —» Send service result to the service consumep

o/ 6

7117 5.2 naansaasnamnaauilssianaislunstidnei 1
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REQUEST:

Content-Type: text/xml; charset=utf-8

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/">
<SOAP-ENV:Header/><SOAP-ENV:Body>
<bookPurchase>
<isbn>2147483646</isbn><creditcardDetai 1>04870442021</creditcardDetai I>
10. </bookPurchase>
11. </SOAP-ENV:Body></SOAP-ENV:Envelope>

©CoOoO~NOOUAWNE

13. Content-Type: text/plain
14. Content-1D: WS_EndPoint

16. http://localhost:8080/axis/services/Pacific

22. Content-Type: text/xml; charset=utf-8

24. <soapenv:Envelope xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/"
25. xmlns:xsd="http://www.w3.0rg/2001/XMLSchema"

26. xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">

27. _<soapenv:Body>

28. <bookPurchaseResponse

29. soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/'*>
30. <bookPurchaseReturn xsi:type="'xsd: int">3146</bookPurchaseReturn>
31. </bookPurchaseResponse>

32. </soapenv:Body></soapenv:Envelope>

33 ————-—-=_Part_1_21845470.1172163470895

34. Content-Type: text/plain
35. Content-ID: Substitute Web Service

36.
37. http://localhost:8080/axis/services/CU
38 -—————= Part_1 21845470.1172163470895--
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;13197 5.8 dayalanizinaeaiuasia IndianBook lunstlAny 2

AIRTLRUREY ULEas34 IndianBook

INEN: style="rpc"; transport="http"
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a Ly
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ANATUANBTUSLTIAINHUNNE IndianRomance (BookCategory)
IndianFantasy (BookCategory)
IndianAction (MovieCategory)

1. Service Type: BookAndMovieSeller ExtensionOf BookSeller

2. Operation Specification:

3. int bookPurchase(int bisbn, String creditcardDetail);

4. fault ExpCreditCard;

5. int moviePurchase(String mName, String creditcardDetail);

6. fault ExpCreditCard, MovieNotFound;

7. boolean moviePreview(String mName);

8. fault FileNotFound;

9. Behaviour Specification of bookPurchase:

10. Input: ISBN, CreditcardDetail;

11. Output: PurchasedBook;

12. Precondition: CreditCardHolder;

13. Effect: ProductDeliveredByAir;

14. Fault: ExpiredCreditCard;

15. Behaviour Specification of moviePurchase:

16. Input: MovieName, CreditcardDetail;

17. Output: PurchasedMovie;

18. Precondition: CreditCardHolder;

19. Effect: ProductDeliveredByAir;

20. Fault: ExpiredCreditCard, MovieNotFound;

21. Behaviour Specification of moviePreview:

22. Input: MovieName;

23. Output: MovieClip;

24. Precondition: MPEG-4Player;

25. Effect: HandBilllmages;

26. Fault: FileNotFound;

27. Semantic Attribute Specification: BookCategory, MovieCategory;
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[The Mediator for service substitutionl
— —» Receive message from a service consumep
— —» Send message to the target Web Service
— —» Receive message from the target Web Bervice
The target Weh Service status : Failed??
— — — — — Finding a Compatible UWeh Service
Using criteria 1
Determining —> CU
Instance Detail Matching

Bindind details : passed

Expression : passed

Semantic Attribute value : passed

The new service endpoint = http: - localhost:388B- axis services Cl

The target YWeh Service status : Failed?!?
— — — — — Finding a Compatible lleh Setuvice
Using criteria 2

Determining —> Indian
Instance Detail Matching
Bindind details :/passed
Expression : passed
Semantic Attribate value & passed

The new service endpoint /= http:s7localhost:8080-axis/servicessIndian

— —» Send service result to the service consumep

o &

717 5.5 uadnsLeN1IMAAaUANAINA TuNIAANENT 2

REQUEST:

Content-Type: text/xml; charset=utf-8

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/*>
<SOAP-ENV:Header/><SOAP-ENV:Body>
<bookPurchase>
<isbn>2147483646</i1sbn><creditcardDetai1>04870442021</creditcardDetai I>
10. </bookPurchase>
11. </SOAP-ENV:Body></SOAP-ENV:Envelope>

©Co~NOUAWNE

13. Content-Type: text/plain
14. Content-I1D: WS_EndPoint

16. http://localhost:8080/axis/services/Pacific
17. -————- = Part_0_5488661.1172164966946--

19. RESPONSE:

22. Content-Type: text/xml; charset=utf-8

24. <soapenv:Envelope xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/"
25. xmIns:xsd=""http://www.w3.0rg/2001/XMLSchema"*
26. xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">

[ 6
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27. <soapenv:Body>

28. <bookPurchaseResponse

29. soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/'>
30. <bookPurchaseReturn xsi:type="'xsd:int">3146</bookPurchaseReturn>
31. </bookPurchaseResponse>

32. </soapenv:Body></soapenv:Envelope>

33, —————- = Part_0_21388450.1172164971382

34. Content-Type: text/plain
35. Content-1D: Substitute Web Service

36.
37. http://localhost:8080/axis/services/Indian
38. -—-—-———- = Part_0_21388450.1172164971382--
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Service Type: BookShop
Operation Specification:

int bookPurchase(long booknumber, String creditcardInfo);
fault ExpCreditCard;
Behaviour Specification of bookPurchase:
Input: BookNumber, CreditcardDetail;
Output: PurchasedBook;
Precondition: DebitCardHolder;
Effect: ProductDelivered;
Fault: ExpiredCreditCard;
Semantic Attribute Specification: BookCategory;
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Service Type: BookStore
Operation Specification:
int bookPurchase(long bnumber, String creditcardDetail);
fault ExpCreditCard;
Behaviour Specification of bookPurchase:
Input: BookNumber, CreditcardDetail;
Output: PurchasedBook;
Precondition: CreditCardHolder;
Effect: ProductDeliveredByAir;
Fault: ExpiredCreditCard;
Semantic Attribute Specification: BookCategory;

51l7 5.8 danmuATiiaLETN1g BookStore
ndayarieunn gaasBunaganinenisiesaeliusnislailasdu bookPurchase
19913UL19534 PacificBook avHaniuzdndesat) Gnadnsaain1amaaauidaaadsionans

wazgldiTnsaniduieglin 5.9 uaz 5.10 pNaIAL

[The Mediator for service substitutionl
— —» Receive message/from a service consumer
— —» %end message to the target YWebh Service

— —» Receive message from the target Weh Service

The target Webh Service status. = Failed??

Finding a Compatible Weh Seruvice
Using criteria 1

Determining —»> ClU
Instance Detail Matching
Bindind details : passed
Expression : failed?

Finding a Compatible Weh Service
Uzing criteria 2
Determining —> Indian
Instance Detail Matching
Bindind details : passed
Exprezszion : passed
Semantic Attribute value : failed?
Finding a Compatible Weh Service
Uzing criteria 3
Determining —» BookShop

Signature Matching : passed
Behaviour Matching

7117 5.9 nadnsaRIN1IARaudeFana N uNIANEY 3




57

Determining —* BookStore
Signature Matching
Behaviour Matching
Determining —> Alazka
Instance Detail Matching
Bindind details : passed
Expression : passed

Semantic At bute value

The new service endpoint = http:~sslocalhost 8880 axis services-Alaska

— —» Send service result to the service consumer

51l7 5.9 nadWsIBINIINAARLRAINAN TUNITANET 3 (sia)

REQUEST:

Content-Type: text/xml; charset=utf-8

<SOAP-ENV:Envelope xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/">
<SOAP-ENV:Header/><SOAP-ENV:Body>

<bookPurchase>

<isbn>2147483646</isbn><creditcardDetai 1>048704420210</creditcardDetail>

10. </bookPurchase>
11. </SOAP-ENV:Body></SOAP-ENV:Envelope>
12, —————- = Part_0_5488661.1172175608778
13. Content-Type: text/plain
14. Content-I1D: WS_EndPoint

OCoOoO~NOUDMWNE

16. http://localhost:8080/axis/services/Pacific
17, —-————- = Part_0_5488661.1172175608778-~

19. RESPONSE:

21. -—————- = Part_0_12028181.1172175612864
22. Content-Type: text/xml; charset=utf-8

24. <soapenv:Envelope xmlns:soapenv="http://schemas.xmlsoap.org/soap/envelope/"
25. xmIns:xsd=""http://www.w3.0rg/2001/XMLSchema**

26. xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance">

27. <soapenv:Body>

28. <bookPurchaseResponse

29. soapenv:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/'>
30. <bookPurchaseReturn xsi:type=""xsd: int">3146</bookPurchaseReturn>
31. </bookPurchaseResponse>

32. </soapenv:Body></soapenv:Envelope>

33. ------= Part_0_12028181.1172175612864

34. Content-Type: text/plain
35. Content-I1D: Substitute Web Service

36.
37. http://localhost:8080/axis/services/Alaska
38. -—-—-—-—- = Part_0_12028181.1172175612864--
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Abstract— Determining compatibility between Web Services is
necessary for several purposes including finding a substitute for
a failed service. This paper presents a service type model for
describing capabilities of Web Services in terms of their
signature, behaviour, and semantic attributes, and rules for
service type compatibility are defined. This model will facilitate
the substitute selection process. The paper also proposes a
framework for invoking a substitute Web Service automatically
in the case of invocation failure.

Keywords — Compatibility, service type model, signature,
semantics, substitution, Web Services.

1. Introduction

Web Services technology realises the Service-Oriented
Avrchitecture (SOA) concept by which service providers can
publish their Web Services on the Web, and service consumers
can discover and invoke them [1]. However, service
invocation may fail and it is necessary that another Web
Service can be discovered and invoked instead. For this
purpose, we need criteria for determining service
compatibility as well as a mechanism to automatically
substitute for the failed service.

An intuitive substitution criterion is that Web Services
published with a UDDI registry under the same “category”
attribute should be able to substitute for each other. However,
there is no guarantee that such services will have the same
capability; they can have different WSDL signatures and
behavioural semantics even though they are published under
the same service category. In other words, Web Services can
be published without any constraint on the common model of
the service categories to which they belong. Without such a
common model, finding a compatible substitute is difficult as
it requires thorough consideration on the description of each
Web Service.

This paper applies to Web Services the concept of service
type model, which is_the basis for service models in other
standards such as RM-ODP [2] and CORBA [3]. Service type
model consists of service types and service offers. A service
type defines an operational signature and attributes that are
common to service instances under the same type (c.f. the
same category). A service offer refers to a published

description of a service instance under a particular service type.

A service type can be inherited or derived into another service
type; this establishes a substitution relation among service
types and service offers of the same or related types. In

RM-ODP and CORBA terms, descriptions about Web
Services (i.e. WSDLs and information entries in UDDI) are
defined only at the service offer level. In other words, Web
Services instances are disparate and no formal relation can be
drawn between any two Web Services descriptions. Recently,
WSDL 2.0 [4] adds the concept of interface inheritance to
WSDL. specification. This can help define relations between
two Web Services that relate by interface extension, but it still
cannot draw relations between two Web Services with
identical or similar interfaces that are not related by interface
inheritance. With the service type model, an abstract layer of
service types is introduced. This service type layer effectively
signifies the relations between different Web Service offers of
the same type and of the related types. In our approach, we
additionally enhance the service type model by incorporating
behaviour specification and semantic attributes into the model
so that a service type will reflect both invocation signature and
behavioural semantics that are common among a number of
Web Services under the same category.

Section 2 of this paper gives more detail about the service
type model. Section 3 describes compatibility rules for Web
Services which are based on matching of signatures and
semantics of the service types. Section 4 gives an example of
compatible Web Services. Compatibility rules are used in the
service substitution framework in Section 5. Section 6
discusses our approach and Section 7 presents related work.
The paper concludes in Section 8 with future research
directions.

2. Service Type Model

The service type model consists of service types and service
offers.” Service types ‘are metadata that describe common
characteristics of a number of service instances; each service
instance has specific details described by a service offer.

2.1. Service Type

A service type is metadata that describes an abstract
capability of Web Services of a particular category. It
comprises the following information:

e Operation Specification describes operational
signatures for service invocation. This corresponds to
the abstract interface part of WSDL.



e Behaviour Specification augments an operational
signature with its semantics, i.e. input, output,
precondition, effect, and fault semantics. It is
described by two levels of ontology specifications,
namely the upper ontology (Section 2.2) and the
service type ontology (Section 2.3). These ontology
specifications are based on OWL language [5].

e Semantic  Attribute  Specification  describes
non-computational attributes for the service type.
These attributes will be associated with semantic
values which are based on OWL language.

An example of a book seller service type is shown in Figure
1. A book seller provides an operation for book purchase. The
customer specifies the ISBN of the book on purchase and the
credit card detail. The operation can give a fault or an
exception if the customer’s credit card is expired. The
operation has associated semantics, e.g. the service can accept
only a visa credit card and the book will be delivered to the
customer after purchase. A book category attribute is defined
to characterise the category of books for sale.

Service Type: BookSeller
Operation Specification:
int bookPurchase(int bishn, String creditcardDetail);
fault ExpCreditCard,;
Behaviour Specification of bookPurchase:
Input: ISBN, CreditcardDetail;
Output: PurchasedBook;
Precondition: VisaCardHolder;
Effect: ProductDelivered;
Fault: ExpiredCreditCard;
Semantic Attribute Specification: BookCategory;,

Figure 1. BookSeller service type

A service type can be an extension of another service type if
the former has the capability and semantics similar to the latter
but with some differences. The rules for service type extension
as follows:

1. The inherited Operation Specification cannot be
changed but more operations can be added. Behaviour
Specifications associated with those newly added
operations will be added too. This signature extension
corresponds to the concept of interface inheritance in
WSDL 2.0 [4].

2. For the inherited Behaviour Specification, only ‘the
precondition and effect can be changed, but the change
must preserve the original semantics according to
semantic matching - (Section 3.2). Moreover new
Behaviour Specifications can be added only when new
operations are added to the Operation Specification.

3. For the inherited Semantic Attribute Specification,
semantic attributes can be changed, but the change
must preserve the original semantics according to
semantic matching (Section 3.2). Also, more semantic
attributes can be added.

A service type can extend from one or more service types. If
there is a clash between the operation signatures of the
inherited service types, they are collapsed into a single

68

operation to resolve name ambiguity. This corresponds to
WSDL 2.0 also.

In Figure 2, a service type called BookAndMovieSeller
extends from the BookSeller service type in Figure 1 by using
the keyword ExtensionOf. A new operation moviePurchase is
added (line 5-6) with the associated Behaviour Specification
(line 13-18). For the inherited Behaviour Specification of the
operation bookPurchase (line 7-12), the precondition and the
effect have been changed in this extension. These changes
preserve the original semantics of the precondition
VisaCardHolder and the effect ProductDelivered of the
BookSeller (see Section 3.2 for details). A new semantic
attribute MovieCategory is added also.

1. Service Type: BookAndMovieSeller ExtensionOf BookSeller
2. Operation Specification:

3 int bookPurchase(int bisbn, String creditcardDetail);

4 fault ExpCreditCard,;

5. int moviePurchase(String mName, String creditcardDetail);
6 fault ExpCreditCard, MovieNotFound;

7. Behaviour Specification of bookPurchase:

8 Input: ISBN, CreditcardDetail;

9. Output: PurchasedBook;

10. Precondition: CreditCardHolder;

11. Effect: ProductDeliveredByAir;

12. Fault: ExpiredCreditCard;

13. Behaviour Specification of moviePurchase:

14. Input: MovieName, CreditcardDetail;

15. Output: PurchasedMovie;

16. Precondition: CreditCardHolder;

17. Effect: ProductDeliveredByAir;

18. Fault: ExpiredCreditCard, MovieNotFound;

19. Semantic Attribute Specification: BookCategory, MovieCategory;

Figure 2. BookAndMovieSeller service type
2.2. Upper Ontology

The upper ontology in Figure 3 is the metamodel for
describing behaviour and semantic attributes of service types.
The service profile and process model of OWL-S [6] which
are the OWL-based specifications for describing behaviour of
Web Services are adopted here. A service type is described by
the operations of which it is capable. The operation behaviour
is represented by the inputs, outputs, preconditions, and effects
of the operation. We extend OWL-S with fault and semantic
attribute classes to accommaodate our service type model.

hasOutput

hasPrecondition

hasSemanticAttribute

Service Type
hasEffect

hasFault

Semantic
Attribute

Figure 3. Upper ontology




2.3. Service Type Ontology

A service type ontology is derived from the upper ontology
and defines the behaviour and semantics of a particular service
type according to the Behaviour Specification and Semantic
Attribute Specification. The BookSeller service type ontology
is in Figure 4.

<rdf:RDF ...
xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#"
xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"
xmins:exprofile="http://localhost:8080/onto/upperontology/
upperonto.owl#"
xmins="http://localhost:8080/onto/servicetype/BookSeller/
bookPurchase.owl#"

<owl:Class rdf:ID="BookNumber">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/
1.1/Process.owl#Input"/>
</owl:Class>
<owl:Class rdf:ID="ISBN">
<rdfs:subClassOf rdf:resource="#BookNumber"/>
</owl:Class>
<owl:Class rdf:ID="CreditcardDetail ">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/
1.1/Process.owl#Input"/>
</owl:Class>
<owl:Class rdf:ID="PurchasedBook">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/
1.1/Process.owl#Output"/>
</owl:Class>
<owl:Class rdf:ID="Payment">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/
1.1/generic/Expression.owl#Condition"/>
</owl:Class>
<owl:Class rdf:ID="CreditCardHolder">
<rdfs:subClassOf rdf:resource="#Payment"/>
</owl:Class>
<owl:Class rdf:ID="VisaCardHolder">
<rdfs:subClassOf rdf:resource="#CreditCardHolder"/>
</owl:Class>
<owl:Class rdf:ID="ProductDelivered">
<rdfs:subClassOf rdf:resource="http://www.daml.org/services/owl-s/
1.1/generic/Expression.owl#Expression"/>
</owl:Class>
<owl:Class rdf:ID="ExpiredCreditCard">
<rdfs:subClassOf
rdf:resource="http://localhost:8080/ontology/upperontology/
upperonto.owl#Fault"/>
</owl:Class>
<owl:Class rdf:ID="BookCategory">
<rdfs:subClassOf rdf:resource="http://localhost:8080/ontology/
upperontology/upperonto.owl#SemanticAttribute'/>
</owl:Class>
<owl:Class rdf:ID="Novel">
<rdfs:subClassOf rdf:resource="#BookCategory"/>
</owl:Class>

Figure 4. Part of service type ontology for BookSeller

2.4. Service Offer

A service offer refers to the published descriptions of a Web
Service instance under a particular service type. The
descriptions comprise a WSDL and an OWL-S specification
which conform to the service type of the Web Service. A
WSDL such as the one of the Web Service named Pacific
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(Figure 5) will be published with its interface part (i.e.
portType tag for WSDL 1.1 or interface tag for WSDL 2.0)
corresponding to the Operation Specification of the
BookSeller service type.

<wsdl:portType name="BookSeller">
<wsdl:operation name="bookPurchase"
parameterOrder="in0 in1">
<wsdl:input message="impl:bookPurchaseRequest"
name="bookPurchaseRequest" />
<wsdl:output message="impl:bookPurchaseResponse"
name="bookPurchaseResponse" />
<wsdl:fault message="impl:ExpCreditCard"
name="ExpCreditCard" />
</wsdl:operation>
</wsdl:portType>
<wsdl:binding name="PacificSoapBinding" type="impl:BookSeller">
<wsdlsoap:binding style="rpc"
transport="http://schemas.xmlsoap.org/soap/http" />
<wsdl:operation name="bookPurchase">

</wsdl:binding>

Figure 5. Part of WSDL of Pacific under BookSeller service type

The Web Service provider also publishes an OWL-S
specification which corresponds to the Behaviour and
Semantic Attribute Specifications. It refers to the service type
ontology of the service category. Figure 6 shows part of the
OWL-S specification of the Web Service named Pacific. The
behaviour of its operation bookPurchase (line 16-46) refers to
the ontological concepts in the BookSeller service type
ontology (line 9-14, 44). Note that the OWL-S specification
can specify details that are specific to a particular Web Service
instance. In this example, the effect ProductDelivered of
Pacific is further constrained such that the delivery will be
within 7 days (line 23-39). The constraint is defined using
SWRL language [7]. For the semantic attribute BookCategory,
Pacific declares that it sells novels (line 15, 45).

. <rdf:RDF ...

xmins:process="http://www.daml.org/services/owl-s/1.1/Process.owl#”

xmins:profile="http://www.daml.org/services/owl-s/1.1/Profile.owl#"

xmlins:exprofile="http://localhost:8080/onto/upperontology/
upperonto.owl#”

xmins:bsbp="http://localhost:8080/onto/servicetype/BookSeller/
bookPurchase.owl#"

© O NOGEWN =

<bsbp:ISBN rdf:ID="PacificlSBN"/>

10. <bsbp:CreditcardDetail rdf:1D="PacificCreditcardDetail"/>

11. <bsbp:PurchasedBook rdf:ID="PacificPurchasedBook"/>

12. <bsbp:VisaCardHolder rdf:ID="PacificVisaCardHolder"/>

13. <bsbp:ProductDelivered rdf:ID="PacificProductDelivered"/>
14. <bsbp:ExpiredCreditCard rdf:ID="PacificExpiredCreditCard"/>
15. <bsbp:Novel rdf:1D="PacificNovel"/>

16. <profile:Profile rdf:ID="bookPurchase">

17. <profile:hasInput rdf:resource="#PacificlSBN"/>

18. <profile:hasinput rdf:resource="#PacificCreditcardDetail"/>
19. <profile:hasOutput rdf:resource="#PacificPurchasedBook"/>
20. <profile:hasPrecondition rdf:resource="#PacificVisaCardHolder"/>
21. <profile:hasResult>

22. <process:Result rdf:ID="PacificPurchasedBookResult">

23. <process:hasEffect rdf:resource="#PacificProductDelivered"/>
24, <expr:expressionLanguage rdf:resource="http://www.daml.org/
25. services/owl-s/1.1/generic/Expression.owl#SWRL"/>

Figure 6. Part of OWL-S specification of Pacific under BookSeller
service type




26. <expr:expressionBody rdf:datatype="http://www.w3.0rg/1999/
217. 02/22-rdf-syntax-ns#XMLLiteral">

28. <swrl:AtomList>

29. <rdf:first>

30. <swrl:BuiltinAtom>

3L <swrl:builtin rdf:resource="http://www.w3.0rg/2003/11/
32. swrlb#lessThanOrEqual*/>

33. <swrl:arguments>

34. <rdf:List>

35. <rdf:first rdf:resource="#Days"/>

36. <rdf:rest>

37. <rdf:List>

38. <rdf:first rdf:datatype="http://www.w3.0rg/2001/
39. XMLSchema#int'">7</rdf:first>

40. <rdf:rest rdf:resource="http://www.w3.0rg/1999/02/
41. 22-rdf-syntax-ns#nil"/>

42. </rdf:List>
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44. <exprofile:hasFault rdf:resource="#PacificExpiredCreditCard"/>
45. <exprofile:hasSemanticAttribute rdf:resource="#PacificNovel"/>
46. </profile:Profile>

47.

Figure 6. Part of OWL-S specification of Pacific under BookSeller
service type (continued)

3. Compatibility Rules for Web Services

For a Web Service to be compatible and can substitute for
another Web Service, we have to consider their signature
matching and semantic matching. With the service type model,
a particular service offer will be compatible with other offers
of the same service type and other offers of the supertype
because the Operation Specifications and Behaviour
Specifications are compatible. However, we still have to
determine particular details of the instances, i.e. the semantic
values in the Semantic Attribute Specification, binding details,
and constraints on service behaviour. For Web Service offers
that are not related by their service types, full consideration on
signature and semantics is needed.

3.1. Signature Matching

Signature matching is adopted from signature subtyping
rules for operation interfaces in[2]. An Operation
Specification X is a signature subtyping and compatible with
an Operation Specification Y if the conditions below are
satisfied:

1. Foreach operation in Y, there is an operation in X with
the same name;

2. For each operation in" Y, the number ‘of “input
parameters is the same as that of the corresponding
operation in X; parameter names can be different;

3. For each input parameter of the operation in Y, the
type is the same or is derived from the type of the
corresponding input parameter in X;

4. For each operation in Y, the number of output
parameters is the same as that of the corresponding
operation in X; parameter names can be different;

5. For each output parameter of the operation in X, the
type is the same or is derived from the type of the
corresponding output parameter in Y;;

6. For each fault in an operation in X, there is a fault with
the same name in the corresponding operation in Y;
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7. For each fault in an operation in X, the number of
fault parameters is the same as that of the
corresponding fault in Y; parameter names can be
different;

8. For each fault parameter in an operation in X, the type
is the same or is derived from the type of the
corresponding fault parameter in Y.

Derivation of parameter types is according to XML schema
data type specification [8].

3.2. Semantic Matching

Since the Behaviour Specification and Semantic Attribute
Specification are based on the service type ontology,
compatibility of the behaviour and semantic attributes of Web
Services relies on matching of ontological concepts specified
in_their OWL-S specifications [9]. Matching is determined
from the concept hierarchy within the service type ontology.

Let Cx and Cy be the ontological concepts in the Behaviour
Specification or Semantic Attribute Specification of the
service types X and Y respectively. Cy is an ontological match
to Cy if either of the following is satisfied:

1. IfCx = C, then Cy is an exact match for Cy, where =
means is equivalent to.
2. If Cx C Cy then Cy is a specialised match for Cy,

where C means is subsumed by. For example the

concept ISBN is a specialised match to the concept
BookNumber in the BookSeller service type ontology.

Semantic matching follows the behavioural subtyping
rules in [10]. The Behaviour Specification and Semantic
Attribute Specification of a service type X is a semantic
subtyping and compatible with the Behaviour Specification
and Semantic Attribute Specification of a service type Y if the
conditions below are satisfied:
1. For every pair of corresponding inputs in X and Y, the
input in Y is an ontological match to an input in X;

2. For every pair of corresponding outputs in X and Y,
the output in X is an ontological match to the output in
Y;

3. For every precondition in X, there is a precondition in
Y-that is an ontological match to that precondition in
X;

4. _For every effectiin Y, there is an effect in X that is an
ontological match to that effect in Y;;

5. For every fault in X, there is a fault in Y such that the
fault in X is an ontological match to the fault in Y;

6. For every semantic attribute in Y, there is a semantic
attribute in X that is an ontological match to that
semantic attribute in Y.

3.3. Instance Detail Matching

Signature matching and semantic matching mentioned
above consider the abstract capability and behaviour at the
service type level. To select a Web Service X that is
compatible enough to substitute for another Web Service Y,



we have to also determine their specific instance details as
follows.

1. Their binding details are the same, i.e the style and
transport attributes of the soap:binding element in their
WSDLs have the same value.

2. Their behaviour constraints are compatible, i.e. the
constraints associated with the preconditions or the
effects in their OWL-S specifications must match. In
this paper, we only focus on numerical range
constraints [9] as follows:

Let Nx be a nonempty set of values within the
numerical range that constrains the precondition or
effect of a Web Service X (W) and Ny be a nonempty
set of values within the numerical range that constrains
the corresponding precondition or effect of a Web
Service Y (Wy). If Nx € Ny then W is a match for
Wy,

3. For every pair of corresponding semantic attributes in
X and Y, the value of the semantic attribute in X is an
ontological match to the value of the semantic attribute
iny.

4. Example of Compatible Web Services

Suppose a Web Service Y (e.g. Pacific Web Service under
the BookSeller service type) fails. A substitute \Web Service
instance is determined by the following criteria.

1. Select one of the Web Service instances under the
same service type, where this service instance matches
to Y by instance detail matching. Signature matching
and semantic matching are not necessary - because
service instances under the same service type will have
the same signature and behaviour.

2. Select one of the Web Service instances under the
service types that extend from the service type of Y,
where this service instance matches to Y by instance
detail matching. Instances of the subtype have the
signature and behaviour that are compatible with those
of Y. This criterion is chosen when a substitute is not
found by the criterion 1.

3. Find any service type that matches to the service type
of Y by signature matching and semantic matching.
Then select one of its instances which matches to Y by
instance detail matching. This criterion is chosen.when
a substitute is not found by the criterion 2.

Figure 7 shows another ‘service type BookStore. By
signature matching and semantic ‘matching, BookStore  is
compatible with BookSeller. Details of matching result are in
Table 1.

Assume a Web Service X (e.g. Alaska Web Service) under
the BookStore service type has the instance details as in Table
2. By instance detail matching, their binding details and
semantic attribute values match exactly. The constraint on the
effect ProductDeliveredByAir of X is a subset and therefore a
match to the constraint on the effect ProductDelivered of Y.
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Thus Web Service X is a compatible and a substitute service
for Y.

Service Type: BookStore
Operation Specification:
int bookPurchase(int bisbn, String creditcardDetail);
fault ExpCreditCard,;
Behaviour Specification of bookPurchase:
Input: BookNumber, CreditcardDetail;
Output: PurchasedBook;
Precondition: CreditCardHolder;
Effect: ProductDeliveredByAir;
Fault: ExpiredCreditCard;
Semantic Attribute Specification: BookCategory;

Figure 7. BookStore service type

Table 1. Matching result between BookSeller and BookStore
service types

Part of BookSeller BookStore Match type
description service type service type
Input ISBN BookNumber Specialised
CreditcardDetail CreditcardDetail Exact
Output PurchasedBook PurchasedBook Exact
Precondition ~ VisaCardHolder CreditCardHolder Specialised
Effect ProductDelivered ProductDeliveredByAir Specialised
Fault ExpiredCreditCard  ExpiredCredit Exact
Card
Semantic BookCategory BookCategory Exact
Attribute

Table 2. Instance details of Web Services Y and X

Part of description Web Service Y (failed) Web Service X

Binding style="rpc” style="rpc”
transport="http” transport="http”

Precondition - -

expression

Effect expression ProductDelivered.Days < ProductDeliveredByAir.

7 Days <4

PacificNovel AlaskaNovel

(Instance of Novel Class) (Instance of Novel Class)

Semantic attribute
values

5. Framework for Web Services Substitution

Figure 9 shows a mediator for service substitution. A domain
expert or a service provider will first define a service type (1)
which is stored in the service type repository within an
extended UDDI. Service providers can create and publish Web
Services (such.as Web-Services X and Y) which comply with
the registered service type (3). The mediator will store Web
Service name, service provider’s name, the referenced service
type, and.the endpoints of WSDL and OWL-S specification in
the service offer repository of the extended UDDI (4). With
service type and service offer information, a list of compatible
service types and offers is generated based on the relations
between service types and compatibility rules. When a service
consumer invokes Web Service Y through the mediator (5),
the call will be passed to Y and the result will be returned to
the consumer (6). But if Y fails, the mediator will intercept the
call and select a compatible service, say X, from the
compatibility list (7). The mediator will pass the call to X
automatically and return the result to the consumer (9).
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Figure 9. Substitution framework

6. Discussion

Our approach aims for dynamic selection of substitute Web
Services and considers service compatibility when the need
arises. The abstract layer of service types facilitates the
selection because it helps reduce the number of Web Service
instances to be considered. As opposed to the dynamic
selection approach, a Web Service provider may define in
advance a group of Web Service instances that can substitute
for a particular Web Service. This static approach is
convenient to a certain extent but the service provider may
have to determine compatible service instances by himself and
there is no guarantee that the predefined substitutes will
always work properly.

For automatic service substitution to be effective, service
descriptions must be rich and truly reflect the capability and
semantics of Web Services. Our service type model
accommodates both signature and semantic aspects of Web
Services, therefore the compatibility rules based on this model
should be able to determine good substitutes. Nevertheless,
our service type model is by no means a complete service
description model. The Behaviour Specification and
associated constraints are still considered simple, and there are
also other aspects that are not touched in this paper, €.g.
quality of services and trust between service consumers and
substitute services. A trade-off between richness of the service
description model and its maintenance overheads is an
important issue.

7. Related Work

Other research works have also addressed the service
compatibility issue. In [11], compatibility is determined
between an abstract service within a business process ‘and
target Web Service. instances, but only the semantics of
operations, inputs, and outputs are analysed. The work in[12]
proposes a service capability description language (SCDL) to
describe a Web Service in terms of service name, ontological
description, data types, inputs, outputs, preconditions, and
postconditions. This work is close to our approach in that both
signature and semantics aspects of Web Services are
considered. Unlike our appraoch, the work does not consider
semantic attributes and the proposed description language
does not comply with the standard or de-facto standard
descriptions for Web Services. In [13], WSDL-S defines a
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lightweight approach to describing semantics for a Web
Service by annotating its WSDL with ontological concepts
that represent semantics for the operation, input, output,
precondition, effect, and service category. In our approach,
such semantics are in a separate OWL-S specification because
we believe that a semantic description should be rich in order
for the automatic substitution to be effective, and it may not be
appropriate for rich semantics to get cluttered in the WSDL.
Service consumers may unnecessarily be exposed to semantic
concepts that may not be relevant to them when studying how
to invoke the Web Services.

8. Conclusion

We present a service type model with compatibility rules for
determining compatible Web Services. The service type
model considers both signature and semantics as well as Web
Service instance details. The model facilitates the substitution
framework in finding a substitute for a failed service. In the
future work, the selection of a substitute service can be refined
by ranking compatible services or considering other aspects
such as QoS and trust in order to identify an optimal substitute.
The performance of the framework will also be evaluated.
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