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Abstract

The web service standard has become widely accepted, as dnabés and suppos
interoperability betweemeterogenous systenasid facilitatesghe building of web applications
and the exposure of functionality through the Interfibe goalof thepresenBSc Thesis is the
design andcreation of a welservice specific search engine, whialll accommodateveb

service discovery and usabilitthus ontributing tothe further estabhment of the standard.

Thereview of available web serviceearch and discovenyethods revealethat current efforts

are not effective enouglin particular, regular search engines were insufficient for web service
search, returning results with low precision and recall, whereas, most efforts for a web service
speific search engine were inadequate due to the lack afioeking implementation
Furthermore, current web service specific search engines do notefylgit the semantic

informationavailable in web service descriptions

Additionally, the web service deription standards WSDL and O\W8 were examined, in order
to determineand locate thoselementghat are significant for search and produce better search

results

The conclusion of the theoretical part wésllowed by the search engindesign and
implementation. The web servicgpecific search engine consistisa web crawler, an indexing

mechanism and a web interface.

The development ahe web crawlemcluded a number of optimizations such as modifications
to support multiple threads, use of the haisk dirive toextend the search frontier, and the
exclusion of certain content type during seavehich enablat to be executedn a conventional
computer Moreover, the web crawler incorporates heuristic ridash as the local change of the
search algoethm from breadtkirst to depthfirst and the heuristic creation of the exclusion list,
which improve the process of locating web service dgsttns. The web crawler has $ar
discoveredabout1500 web service descriptions.

Regarding the indexing meashism, the structure used to index the located web service
descriptions is an inverted index. The method used to retrieve these web service descriptions is a
combination of the tfdf method and the vector space model. Moreover, tdf thethod was
exterded using weights to optinezts efficiency and support for web service descriptions.
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The web interfacepermits the interaction between the system and its usand,has been
designed to offer two search methods. The default search method correspotius to
conventional keyword sear@tcustomed to typical search engiriBise advanced search offers
extended capabilities such as enabling the user to search for a keyword on a specific part of the
web service description. The connection between the welfaicéeand the indexing mechanism

is accomplished using a web service.

The systemimplementation was followed by a number of experiments and use cases to establish

its functionality and performance.
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Abstract Type A Abstract Interface A
Concrete Binding with SOAP A Concrete Service A
<?xml version="1.0" encoding="utf -8" 7>

<description
xmins="http://www.w3.org/ns/wsdl"
targetNamesp ace="http://greath.example.com/2004/services/reservationList"
xmins:tns="http://greath.example.com/2004/services/reservationList"
xmins:details="http://greath.example.com/2004/schemas/reservationDetails"
xmins:list="http://greath.ex ample.com/2004/schemas/reservationList"
xmlns:wsoap="http://www.w3.org/ns/wsdl/soap"
xmins:xs="http://www.w3.0rg/2001/XMLSchema">

<documentation>
This document describes the GreatH Reservation List Web
services. Use this service to retrieve lists of reservations
based on a variety of search criteria.

</documentation>

<! -- Abstract Type - >
<types>
<xs:import
namespace="http://greath.example.com/2004/ schemas/reservationDetails"
schemal.ocation="reservationDetails.xsd" />
<xs:import
namespace="http://greath.example.com/2004/schemas/reservationList"
schemalocation="reservationList.xsd" />
</types>

<!l --  Abstract Interface - >
<interface name="reservationListinterface">

<operation name="retrieve"
pattern="http://www.w3.org/ns/wsdl/in - out">
<input messageLabel=" In" element="#none" />
<output messagelLabel="Out" element="list:reservationList" />
</operation>
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<operation name="retrieveByConfirmationNumber"
pattern="http://www.w3.org/ns/w sdl/in - out">
<input messagelLabel="In"
element="details:confirmationNumber" />
<output messagelLabel="Out" element="list:reservationList" />
</operation>

<operation name="retrieveByCheckinDate"

pattern="http://www.w3.org/ns/wsdl/in - out">

<input messagelLabel="In" element="details:checkinDate" />

<output messagelLabel="Out" elemen t="list:reservationList" />
</operation>

<operation name="retrieveByCheckOutDate"

pattern="http://www.w3.org/ns/wsdl/in - out™>
<input messagelLabel="In" element="details:checkOu tDate" />
<output messagelLabel="Out" element="list:reservationList" />
</operation>
<linterface>
<! -- Concrete Binding with SOAP - >

<binding name="reservationListSOAPBinding"
interf  ace="tns:reservationListInterface"
type="http://www.w3.org/ns/wsdl/soap"
wsoap:protocol="http://www.w3.0rg/2003/05/soap/bindings/HTTP/">

<operation ref="tns:retrieve"
wsoap:mep="http:  //www.w3.0rg/2003/05/soap/mep/request -
response" />

<operation ref="tns:retrieveByConfirmationNumber"
wsoap:mep="http://www.w3.0rg/2003/05/soap/mep/request -
response" />

<operation ref="tns: retrieveByCheckInDate"
wsoap:mep="http://www.w3.0rg/2003/05/soap/mep/request -
response" />

<operation ref="tns:retrieveByCheckOutDate"
wsoap:mep="http://www.w3.0rg/2003/05/soap/mep/reques t-
response" />
</binding>

<! -- Concrete Service - >
<service name="reservationListService"
interface="tns:reservationListInterface">

<endpoint name="reservationListEndpoint"
bind ing="tns:reservationListSOAPBInding"
address="http://greath.example.com/2004/reservationList" />
</service>

</description>

3.1.2.2. GreatH.wsd|

g8 "~ Uy UsavyUr yopoelyicld WSkl 20 riidiB-ddg Wby ds g

20, " Uy 9093 ¥iGUs e5U wusUusalUgUse g dj UGaU a3 00
¢

638 YsUUUs Hotel GreatH. GgooalUejseysd uUsl
(operation dq 6 6alU aUeby¥sUs GU3s UalGeine dhdse) d¢
de®gd3alU Usfplieg dac¢edclUs Ue Uaued Usg uxveUU
ZUds Gg3syeUsU UeayoecUs Us g ¥YjyeUs UsUdylsca
O s Uy yiUs y3Us Uy sadeh g U3 UsGUssmdud ywidlxesa

42



C«

Co

vreYUse U saUpyaiUs o0, Us

GiyYeeBad |

Foe hd Ueg UGgooaUsa}scecysag
WSDL 2.0 " UysoyUlied “@6g

U Usoafhastid yecUs o2a3Us €U

Documentationinterface Binding, Service

<?xml version="1.0" encoding="utf -8" 7>
<description

xmlns="http://www.w3.org/ns/wsdl"

target Namespace= "http://greath.example.com/2004/wsdl/resSvc"
xmins:tns= "http://greath.example.com/2004/wsdl/resSvc"
xmins:ghns = "http://greath.example.com/2004/schemas/resSvc"
xmins:wsoap= "http://www.w3.org/ns/wsdl/soap"
xmins:soap="http://ww w.w3.0rg/2003/05/soap - envelope"
xmins:wsdIx= "http://www.w3.org/ns/wsdl - extensions">

<! -- Documentation - >

<documentation>
This document describes the GreatH Web service. Additional
application - level requirements for use of this service --
beyond what WSDL 2.0 is able to describe -- are available

at http://greath.example.com/2004/reservation - documentation.html

</documentation>

<types>
<xs:schema
xmins:xs="http://www.w3.0rg/2001/XMLSchema"

targetNamespace="ht  tp://greath.example.com/2004/schemas/resSvc"

xmins="http://greath.example.com/2004/schemas/resSvc">

<xs:element name="checkAvailability" type="tCheckAvailability"/>
<xs:complexType name="tCheckAvailability">
<xs:sequen ce>
<xs:element name="checkIinDate" type="xs:date"/>
<xs:element name="checkOutDate" type="xs:date"/>
<xs:element name="roomType" type="xs:string"/>
</xs:sequence>
</xs:complexType>

<xs:element name="checkAvailabilityResponse" type="xs:double"/>
<xs:element name="invalidDataError" type="xs:string"/>

</xs:schema>

</types>
<! -- Interface - >
<interface name = "reservationinterfa ce" >

<fault name = "invalidDataFault"
element = "ghns:invalidDataError"/>

<operation name="opCheckAvailability"
pattern="http://www.w3.org/ns/wsdl/in - out"
style="http://www.w3.org/ns/wsdl/style/iri"
wsdlx:safe = "true">
<input messagelLabel="In"
element="ghns:checkAvailability" />
<output messagelLabel="Out"
element="ghns:checkAvailabilityResponse" />

<outfault ref="tns:invalidDataFault" messageLa bel="Out"/>

</operation>
</interface>

<!-- Binding - >
<binding name="reservationSOAPBInding"
interface="tns:reservationlnterface"
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type="http://www.w3.org/ns/wsdl/soap"
wsoap:protocol="http://www.w3.0rg/2003/05/soap/b indings/HTTP/">

<fault ref="tns:invalidDataFault"
wsoap:code="soap:Sender"/>

<operation ref="tns:opCheckAvailability"
wsoap:mep="http://www.w3.0rg/2003/05/soap/mep/soap - response"/>
</binding>
<l -- Service - >
<service name="rese rvationService"
interface="tns:reservationinterface">
<endpoint name="reservationEndpoint"
binding="tns:reservationSOAPBInding"
address ="http://greath.example.com/2004/reservation”/>
</service>

</desc ription>
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<wsd| : description
targetNamespace ="http :// wwww3. org /2002/ ws/ sawsdl / spec/ wsdl / order #"
xmlns =" http :/ / www w3. org /2002/ ws/ sawsdl / spec / wsdl / order #"
xmins : wsdl ="http :// wwww3. org / ns/ wsdl "
xmins : xs="http :// wwww3. org /2001/ XMLSchemd
xmins : sawsdl ="http :// wwww3. org / ns/ sawsdl ">

<wsdl:types>
<xs:schema targetNamespace="http://www.w3.0rg/2002/ws/saws dl/spec/wsdl/order#"
elementFormDefault="qualified">
<xs:element name="OrderRequest"

sawsdl:modelReference="http://www.w3.0rg/2002/ws/sawsdl/spec/ontology/purchaseorder#OrderRequest"”

sawsdl:loweringSchemaMapping="http://www. w3.0rg/2002/ws/sawsdl/spec/mapping/RDFOnt2Request.xml" >

<xs:complexType>
<xs:sequence>
<xs:element name="customerNo" type="xs:integer" />
<xs:element name="orderltem" type="item" minOccurs="1" maxOccurs="unbounded ">
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:complexType name="item">
<xs:all>
<xs:element name="UPC" type="xs:string" />
</xs:all>
<xs:attribute name="quantity" type="xs:integer" / >
</xs:complexType>
<xs:element name="OrderResponse" type="confirmation" />
<xs:simpleType name="confirmation"
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sawsdl:modelReference="http://www.w3.0rg/2002/ws/sawsdl/spec/ontology/purchaseorder#OrderConfirma
tion" >

<xs: restriction base="xs:string">
<xs:enumeration value="Confirmed" />
<xs:enumeration value="Pending" />
<xs:enumeration value="Rejected" />

</xs:restriction>

</xs:simpleType>
</xs:schema>
</wsdl:types>

<wsdl:interface name="Order"
sawsdl:modelReference="http://example.org/categorization/products/electronics">

<wsdl:operation name="order" pattern="http://www.w3.org/ns/wsdl/in - out"
sawsdl:modelReference="http://www.w3.0rg/2002/ws/sawsdl/spec /ontology/purchaseorder#RequestPurcha
seOrder" >

<wsdl:input element="OrderRequest" />
<wsdl:output element="OrderResponse" />
</wsdl:operation>
</wsdl:interface>
</wsdl:description>
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3.3.2.1. ISBNtoBookAuthor.owls

<?xml version="1.0" encoding="WINDOWS - 1252"?>

<rdf:RDF xmins:owl = "http://www.w3.0rg/2002/07/owl#"

xmlns:rdfs = "http://www.w3.0rg/2000/01/rdf - schema#"

xmins:rdf = "http://www.w3.0rg/1999/02/22 - rdf - syntax - ns#"
xmins:service = "http://www.daml.org/services/owl - s/1.1/Service.owl#"
xmins:process = "http://www.daml.org/services/owl -s/l.1/Process  .owl#"
xmins:profile = "http://www.daml.org/services/owl - s/1.1/Profile.owl#"
xmlins:grounding = "http://www.daml.org/services/owl - s/1.1/Grounding.owl#"
xml:base = "http://127.0.0.1/services/1.1/isbn_bookauthor_service.owls">

<owl:Ontology rdf:abou t="">

<owl:imports rdf:resource="http://127.0.0.1/ontology/Service.owl" />

<owl:imports rdf:resource="http://127.0.0.1/ontology/Process.owl" />

<owl:imports rdf:resource="http://127.0.0.1/ontology/Profile.owl" />

<owl:imports rdf:resource="http://127.0.0.1 /ontology/Grounding.owl!" />
<owl:imports rdf:resource="http://127.0.0.1/ontology/books.owl" />

<owl:imports rdf:resource="http://127.0.0.1/ontology/portal.owl" />

</owl:Ontology>

<service:Service rdf:ID="ISBN_BOOKAUTHOR_SERVICE">

<service:presents rdf:reso urce="#ISBN_BOOKAUTHOR_PROFILE"/>
<service:describedBy rdf:resource="#ISBN_BOOKAUTHOR_PROCESS_MODEL"/>
<service:supports rdf:resource="#ISBN_BOOKAUTHOR_GROUNDING"/>
</service:Service>

<profile:Profile rdf:ID="ISBN_BOOKAUTHOR_PROFILE">

<service:isPresentedB y rdf:resource="#ISBN_BOOKAUTHOR_SERVICE"/>

<profile:serviceName xml:lang="en"> BookProviderService </profile:serviceName>
<profile:textDescription xml:lang="en">

This service provides a book and its author, on the given ISBN.
</profile:textDescription >

<profile:hasInput rdf:resource="#_ISBN"/>

<profile:hasOutput rdf:resource="#_BOOK"/>

<profile:hasOutput rdf:resource="#_AUTHOR"/>

<profile:has_process rdf:resource="ISBN_BOOKAUTHOR_PROCESS" /></profile:Profile>

<process:ProcessModel rdf:ID="ISBN_BOOKAUT HOR_PROCESS_MODEL">

<service:describes rdf:resource="#ISBN_BOOKAUTHOR_SERVICE"/>

<process:hasProcess rdf:resource="#ISBN_BOOKAUTHOR_PROCESS"/>

</process:ProcessModel>

<process:AtomicProcess rdf:ID="ISBN_BOOKAUTHOR_PROCESS">

<process:hasinput rdf:resource= "#_ISBN"/>

<process:hasOutput rdf:resource="#_BOOK"/>

<process:hasOutput rdf:resource="# AUTHOR"/>

</process:AtomicProcess>

<process:Input rdf:ID="_ISBN">

<process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI">
http://127.0.0 .1/ontology/portal.owl#ISBN</process:parameterType>

<rdfs:label></rdfs:label>

</process:Input>

<process:Output rdf:ID="_BOOK">

<process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI">
http://127.0.0.1/ontology/portal.owl#Book </process:parameterType>

<rdfs:label></rdfs:label>

</process:Output>

<process:Output rdf:ID="_AUTHOR">

<process:parameterType rdf:datatype="http://www.w3.0rg/2001/XMLSchema#anyURI">
http://127.0.0.1/ontology/books.owl#Author</process:parameterType

<rdfs:label></rdfs:label>

</process:Output>

<grounding:WsdIGrounding rdf:ID="ISBN_BOOKAUTHOR_GROUNDING">

<service:supportedBy rdf:resource="#ISBN_BOOKAUTHOR_SERVICE"/>

</grounding:WsdIGrounding>

</rdf:RDF>

3.3.2.2. books.owl

<?xml version="1.0" encoding="UTF -8"? >
<IDOCTYPE rdf:RDF [

<IENTITY books.owl "http://127.0.0.1/ontology/books.owl">
<IENTITY owl "http://lwww.w3.0rg/2002/07/owl#">



<IENTITY rdf "http://www.w3.0rg/1999/02/22 - rdf - syntax - ns#'>
<IENTITY rdfs "http://www.w3.0rg/2000/01/rdf - schema#">
<IENTITY simpl ified_sumo.owl "http://127.0.0.1/ontology/simplified_sumo.owl">
<IENTITY xsd "http://www.w3.0rg/2001/XMLSchema#">

1>

<rdf:RDF xml:base="&books.owl;"

xmins:owl="&owl;"

xmins:rdf="&rdf;"

xmins:rdfs="&rdfs;">

<! -- Ontology Information - >

<owl:Ontology rdf:a bout=""

rdfs:label="Book Ontology"

owl:versioninfo="1.0">

<rdfs:comment>An ontology containing information about books</rdfs:comment>
<owl:imports>

<owl:Ontology rdf:about="&simplified_sumo.owl;"/>

</owl:imports>

</owl:Ontology>

<l-- Classes -- >

.<ova:CIass rdf:about="#Author">
<rdfs:subClassOf rdf:resource="#Person"/>
</owl:Class>

<owl:Class rdf:about="#Book">
<rdfs:subClassOf rdf:resource="#Monograph"/>
<rdfs:subClassOf>

<owl:Restriction rdf:nodelD="b10">
<owl:allValuesFrom rdf:resource="#Author"/ >
<owl:onProperty rdf:resource="#writtenBy"/>
</owl:Restriction>

</rdfs:subClassOf>

<rdfs:subClassOf>

<owl:Restriction>

<owl:allValuesFrom rdf:resource="#Book - Type"/>
<owl:onProperty rdf:resource="#hasType"/>
</owl:Restriction>

</rdfs:subClassOf>

<rdfs:sub  ClassOf>

<owl:Restriction>

<owl:allValuesFrom rdf:resource="#Title"/>
<owl:onProperty rdf:resource="#isTitled"/>
</owl:Restriction>

</rdfs:subClassOf>

</owl:Class>

<owl:Class rdf:about="&simplified_sumo.owl;#CorpuscularObject"/>
<owl:Class rdf:about= "&simplified_sumo.owl;#Object"/>

<! --  Object Properties - >
<owl:ObjectProperty rdf:about="#contains"/>
<owl:ObjectProperty rdf:about="#datePublished"/>
<owl:ObjectProperty rdf:about="#hasGenre"/>
<owl:ObjectProperty rdf:about="#hasGrade"/>
<owl:ObjectPro  perty rdf:about="#hasName"/>
<owl:ObjectProperty rdf:about="#hasSize"/>
<owl:ObjectProperty rdf:about="#hasType"/>
<owl:ObjectProperty rdf:about="#isTitled"/>
<owl:ObjectProperty rdf:about="#publishedBy"/>
<owl:ObjectProperty rdf:about="#timePublished"/>
<owl:ObjectProperty rdf:about="#writtenBy"/>
</rdf:RDF>

3.3.2.3. portal.owl

<?xml version="1.0" encoding="UTF -8"7>
<IDOCTYPE rdf:RDF [
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<IENTITY owl "http://www.w3.0rg/2002/07/owl#">
<IENTITY portal "http://127.0.0.1/ontology/portal.owl#">
<IENTITY portal.owl "http://127.0.0.1/ontology/portal.owl">
<IENTITY rdf "http://www.w3.0rg/1999/02/22 -rdf - syntax - ns#">
<IENTITY rdfs "http://www.w3.0rg/2000/01/rdf - schema#'">
<IENTITY support.owl "http://127.0.0.1/ontology/support.owl">
<IENTITY xsd "http://www.w3.or g/2001/XMLSchema#">
1>
<rdf:RDF xml:base="&portal.owl;"
xmins:owl="&owl;"
xmins:portal="&portal;"
xmins:rdf="&rdf;"
xmins:rdfs="&rdfs;">

<! --  Ontology Information - >
<owl:Ontology rdf:about=""
owl:ver sioninfo="2.0">
<rdfs:label>AKT Reference Ontology (Portal Ontology)</rdfs:label>
<rdfs:seeAlso rdf:resource="http://d3e.open.ac.uk/akt/2002/ref - onto.html"/>
<owl:imports>
<owl:Ontology rdf:about="&support.owl;"/>
</owl:imports>
</o wl:Ontology>

<l-- Classes - >

<owl:Class rdf:about="#ISBN">
<rdfs:subClassOf rdf:resource="#Publication - Number"/>
</ owl : Class >

</ rdf : RDF>
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The following fields enable the user to configure the crawler in
order to meet his/her demands.

Select seeds source ( 0 for seeds.conf, 1 for search list and
closed set backup=s — SLT files )
source: [0]

If the search list backups have been selected, it is obligatory
that yvou mast £ill the following two fields. The "SLT to read"™
field corresponds to the backup file from which the seed URLs
will be selected, while the "S5SLT to write™ field corresponds to
the name of the next backup file that will be written.

SLT to read: [1223]
S5LT to write:[1224]

Similarly, vou can specify the Closed Set backup files. The "CS
to read™ field enables the user to select the starting backup
file, while the "C5 to write" specifies the name of the next
closed set backup file to be written.

C5 to read:[292]
CS5 to write: [30]

Select the number of unigue URLs checked between closed setc
backups. { ap to 5 digits )
unigue URLs: [20000]

You can specifyv the size of the search tail and the closed set
backup by filling the fields below. The actual size of the
closed set backup in memory will be double the amount you
select.

=1t size: [200000]
csb size: [500000]

The number of threads running can be specified below.
{ Restricted by the system's hardware )
number of threads:[5]

-
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