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Examining the  Application of Modular and
Contextualised Ontology in Query Expansions for

Information Retrieval

Abstract

The purpose of this PhD is to use ontoldiased query expansio®@QE) to improve search
effectiveness by increasing search precision, i.e. retrieving relevant documents in the topmost
ranked positions in a returned dogent list. Query experiments have required a novel search

tool that can combine Semantic Web technologies in an otherwise traditional IR process using a
Web document collection. The role of Ontology in the Semantic Web is to formally describe
domains ofi nt er est and serve as contextual inanch
information resources across the World Wide Web. However, an ontology can be monolithic or
small and designed for shared or local use, so ontology reuse can be prolbberetice of

design heterogeneity or partial overlap.

This research considers the ongoing challenge of semdnatéesi search from the perspective

of how to exploit Semantic Web languages for search in the current Web environment. The
research addresses twontributions to knowledge. The first concerns how modular; self
standing OWL ontologies (referred to later as contexts) could be employed in the prototype
search tool. The second examines how the search tool could exploit Semanbad&dbQE

to improve information retrieval (IR) search effectiveness; this would be compared to traditional
keywordonly search, on ordinary HTML documents. The primary objective has been to try to
improve relevant document rankings (to increase precision). The retaddibbnal relevant

Web documents to improve recall, e.g. those contaimimgeof the base query terms, would be

a secondary benefit. Therefore, this research distinction is that Semantic Web technology
would be applied to the traditional (unstructuredisstructured) Web, as opposed to the
Semantic (linked data) Web. An ancillary consideration will be how to facilitate reuse with
minimal concept duplication (redundancy) and processing overhead, when ontology contexts
are combined. Related to theseues will be how user interaction can be most effectively
supported in the query process, to simplify selection of ontology contexts and their candidate

OQEconcepts.

A Java Jendased semantic search tool, callBeinSeT has been developed to interrogate a
large, independent TREC WT2g % million Web document coifpusnatching OWL file

concepts with document text. Experiments have been conducted to identify keyword query



expansion issues, through ontology traversal; in an attempt to demonstrate thatyontolog
contextdrivenquery expansionan improve IRprecision,compared to traditional nesemantic

search. This involved developi@QE algorithms and embedding a modified classic document
relevance algorithm in the retrieval process, e.g. using a vectoe spadel to increase the
relevance weighting of relevant Web documents. A further task has been to examine the issue
of semantic distance betwe&QE concepts and to identify appropriate concept relevance
weightings to be applied the document ranking r@atdeval algorithms. An approach has been
developed to allow modular, sedfanding OWL ontologies to be combined so that concept
duplication (redundancy) and, therefore, processing overhead are minimised. Ontology contexts
will themselves be used inveay that can help to guide a user in both selecting a query related

ontology context and in identifyinQQEterms when formulating queries.

The experiments will measure the succe®QE by comparing precision outcomes in the 10%
to 30% recall range. Hermance evaluation will be primarily based on an average of the
precision percentage values for the 10%, 20% and 30% recall points (the APKg.
experiments will show that process combining next generation Semantic Web lang@Qés,
and ordinary Webdocument information retrieval, can exploit the benefits of ontology
semantics in an otherwise traditional search environmétiitout resorting to indexing dRDF

triple repositories and semantic reasoriaged RDF query languages.

Initial OQE experimens havehad the effect of more than doubling APV performances and have
maintained the differential up to 50% recall; further, extend@E beyond a subsumption
relationship, by exploiting the wider semantic relationships between ontology classes, has been
fully justified, when using topic specific contexts. Some quiesylts suggested th@QE may

not be a solution to replace keywendly search butould offer incremental search benefits in a
bi-modal search procestowever, subsequent modifications doncept relevance weights,
involving higher weightings and even removal of weight differentials, have demonstrated that
OQE can improve search precision by a further 10+% and that initial results could have been

even more favourable.
Keywords:
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Expansion; Precision and Recall; Semantic Search.
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INTRODUCTION

The purpose of this PhD is to use ontoldiased query expansio®@QE) to improve search
effectiveness by increasing search precision, i.e. retrievingarglelocuments in the topmost
ranked positions in a returned document list. Research experiments have required a novel
search tool that can combine Semantic Web technologies in an otherwise traditional IR process
using a Web document collection.

Growth in global interconnectivity has provided access to billions of information resources;
often relying on simple keyword searches via search engines. However, keyword searches
deliver only limited precision in identifying relevant documents and also mayofédentify

relevant pages that contain related terms but none of the keywords. The retrieval challenge
must inevitably progress to a semantic level, with users now requiring machine support to
understand the contextual meaning of such diverse resourcdwough ontological
underpinning, i.e. the true representation of a dorf@irarino, 1998, Wache et al., 2001h a

computing environment, ontologies are a formalised vocabulary of concepts, their relationships
and explicit assumptions of a subject domai

that can serve as a reference point for related informationesour

Information search and retrieval is relatively straightforwvard on homogeneous sources but is
more problematic when faced with semantic heterogeneity and information integration issues.
These issues are potentially compromising when extracting méalniagd relevant

information from autonomous and globally disparate but interconnected sources.

The Web has pr ovi diefamatioh space of mterfelatedmesdurod®V3@ n i
2004a)and the Semantic WefBernersLee et al., 2001, Hendler et al., 200&presents the

next gener attowaeate aunivetsdl mediwe for thé exchange ofcdata A  n u mb e
of issues have increased the profile of semantic interoperability, e.g. businesses have progressed
from simply storing data to managing informatiorddacilitating information retrieval (IR) and
knowledge acquisition. Further, the need for improved retrieval of relevant data, by considering
the semantics of the subject domain, is becoming increasingly important given the seemingly

infinite volume ofinformation on the Web.
Ontologies have featured in various academic search initiatives:

I.  crawlerbased locators of RDF and ontology resoureas Swoogle(Ding et al., 200%
and Sindice(Oren et al., 2008)search support in specialist knowledge domains, e.g.
bioinformatics and the Gene Ontolotevens et al., 2000, Ashburner et al., 2p00)

ii.  international organisation support, é/gorld Bank and Organisation for Economic-Co

operation and Development (OECDHIKim, 2005) and in legal document search



(Berrueta et al., 2006)where ontology query uses technical terms to find related

information, terms and documsn

iii. other research involving word synsets, sense defiAiamed expansions and ontolegy
based query expansio®@QE): e.g. a review oOQE success factoréBhogal et al.,
2007) exploitation of ontological relationd.ei et al., 2006 Fang et al., 2005)word
sense disambiguation in semantic netwoaked sense definitiofavigli and Velardi,
2003) Ahybridodo search combining @mygdeMebgy a
al., 2008)and earlier work on lexicademantic query expansiavork (Voorhees, 1994)
Reasoningbased semantic query languages have featured in query expansions.

Commercial semantic search has included natural language processing search companies Hakia
(Hakia, 2008and PowersdfPowerset, 2008)

This research considers the ongoing challenge of semdnatsesl search arfths similarities

with research in (iii) above arabldresseswo contributions to knowledge. The first concerns
how modular, sefstanding OWL(W3C, 2004b)ontologies (to be termed contexts) could be
used inOQE in a bespoke semantic search tool teri@ethSeT The second examines how the
search tool could manipulate such Setic Webbased OQE to improve IR search
effectiveness, compared to traditional keywordy search, on unstructured HTML documents;
i.e. as opposed to much of the above current research focus, okesiagtic reasoninigased

RDF query languages, on Semtia Web triple repositories, to refine the query process
automatically. THe primary objective is to try to improve relevant document rankings, to
improve retrieval precision. The return of additional relevant Web documents to improve recall,
e.g. thosecontainingnoneof the base query terms, would be a secondary benefit. Therefore,
the distinction is that Semantic Web technology would be applied to the traditional
(unstructured/senstructured) Web, as opposed to the Semantic (linked data) Web.

An ancllary consideration will be how to facilitate reuse with minimal concept duplication
(redundancy) and processing overhead, when ontology contexts are combined. Related to these
issues will be how the user can be assisted in the query process, i.e. lity siehgction of

ontology contexts and their candidQ&®E concepts.

A series of query experiments witlentify the issues of keyword query expansion by ontology
traversal; they willshow thata process combining next generation Semantic Web languages,
OQE and unstructured/serstructured Web document information retrieval can exploit the
benefits of ontology semantics in an otherwise traditional search environment. The experiments
will assess the success@E against keyworanly search, by comparinggxision outcomes,
primarily in the 10% to 30% recall range. To provide a consistent approach, performance
evaluation will be primarily based on an average of the precision percentage values for the 10%,
20% and 30% recall points (the APV).



The research Widemonstrate that ontology contektiven query expansion can improve search
effectiveness, compared to traditional fe@mantic search, and the results will show @QE

can havedhe effect of more than doubling APV performances (in the 10% to 30% racge)

and can maintain the differential up to 50% recall. Later experiments with modified concept
relevance weights, involving higher weightings and even removal of weight differentials, will
demonstrate thaDQE can improve search precision by a fertii0+%, and that initiaDQE

results could have been even more favourable.

The remainder of this thesis is organised as follows. Chapter 1 will examine current
developments, in both data and information integration and search activities, and present the
research challenge and hypotheses. Chapter rellide ahighlevel view ofthe research
contribution tasks i.e. proposed experimentation approachChapter 3 will discuss the
experimentation search process, methods to be adopted, design work amehentation.
Chapter 4 will present and analyse the experiment results and chapter 5 will summarise and
evaluate the outcomes. Finally, chapter 6 will present an appraisal of the research method and

its degree of success, together with an assessmeneoé fhiure work should be directed.



1 LITERATURE REVIEW

This chapter will examine the issues that characterise the problem of integrating disparate,
heterogeneous data and information systems, and documents, so that user search, by whatever
mechanism, woul be likely to return relevant information to a user. Related work will be

considered, in terms of the significance and relevance of the work, and will include:
a perspective on data, information ataictural and semantic heterogeneity;

data and informton integration, interoperability and Web service;

1
1
1 ontology principles, types and modelling, including Semantic Web languages and tools;
1 information retrieval by search engine;

1

modular ontology development;
9 overall review and research challenge.

Whilst same of the areas may not appear to be directly related, they provide an evolutionary
understanding of how a corporate and consumer society has contended with information
integration and search issues. All the areage relevance to the overall task ofragting
meaningful and relevant information, from globally disparate but interconnected data sources,
and they will provide the basis for guiding the discussion and justifying the selected research
problem: i.e. how a semantibased search tool might ingue retrieval precision and recall

using ontologybased query expansion.

1.1 A DATA AND INFORMATION PERSPECTIVE

Industry, commerce and society thirst on the need for information and this section considers the

dynamics affecting communication and IR betweerpoigations and individuals.

1.1.1 Dynamic Information Society

Organisations develop as a result of the complex demands of society and they survive by
satisfying the needs of other organisations and customers; they have to handle technological
development, aggreive market competition and expanding markgshnson McManus and
Snyder, 2003) Such issues, compounded by business reorganisation and mergers driven by
evolving coporate strategies, all stimulate organisational charigethe battle to stay ahead.

The 2f' Century workplace is a therefore a dynamic environment and many organisations
demonstrate an insatiable need to reorganise and develop their information sistems
understand markets, identify profitable customer segments, monitor performance, communicate
and comply with government legislatiofRob and Coronel, 2002) Equally, financial

constraints and profit maximisation, service or efficiency requirements, or the desire for



strategic marketplace differentiation, all drive systems developmegtgms and the challenge

of integrating legacy and new information systems.

The success of effective organisation structures is determined by how well they meet the
challenge of harmonising three key components of task, individuals and groups. Also, they
achieve operational effectiveness by merged information extraction that supports

communication and understanding by the information consumer.

1.1.2 Global Information Environment i Internet and Intranet

Many companies have gradually evolved as global orgamisathaving data distributed in

many parts of the world. Organisations have also attempted to achievedalgervertical
integration with suppliers and customers, by transactirapnemerce through the Web.
However, despite new database application agveént, organisations are often burdened by
legacy database systems and consequently the need to retain and support associated applications

(Stonebraker et al., 88), and these can create fragmented information systems.

The Internet and, more specifically, the World Wide Web (Web) has provided the platform for a
digital Ai nformati on s\W3c2004a) fThe vitalityamdresséngat e d 1
feature of the Web is its universality through its exploitation of the hypertext link; which makes
it possible toihk any document or data source to any other, in various environments: from the

public or fAopend I nternet to corporate intra

Whilst public Internet sites tend to be open and not explicitly restricted to a particular class of
users, intraets and extranets are more exclugivewell, 2002) e.g. an intranet is a shared
information resource for employees, within a closed arrdie private network. Nevertheless,

they employ standard Internet protocols (TCP/IP and HTTP) and Internet techn@Ragisker

et al., 2000, Karlsbjerg and Damsgaard, 20849, whereas traditional client/server systems
manage multiple applications and often have interface issues, intranet protocols use a common
language and communicate via waiowsers that can access data held on different systems and
stored in varied formats, s providing a single, common graphical interface. Therefore, an
organisation has the capability to instantly link geographically isolated operations with
common, integrated, and 4p-date information. It is for such reasons that Videbed

platforms hae represented the platform f@mergingdata and communication technologies.

Recent Intranet/Extranet development, using Webbs ed i nf or mati on fAport
emerging technologies have been vital in supporting management philosophies thainfocus
changing organisation culture, e.g. promoting operational -grastise and employee
empower ment to provide faster deci sions anc
sharing of information(Wagner et al., 2002, Bansler et al., 2000, Bar et al., 260d)
collaborative effort to harvest improved workforce productivity, eansaer the empirical

study of US West(Bhattacherjee, 1998) The most productive intranets focus on news



provision, enterprisavide directory search facilities, and customised portal function@léaynb
and Davidson, 2000}they generate widesgeid usage because amkrs treat them as virtual

libraries. However, their success depends on the integration of data sources.

| BM6s ADynami c W¢HIok and Barlend 2002n $nmeatam,e20083s been
attributed with revolutionising the way in which employees can communicate and access

i nformati on. To reduce complexity, | BM6s c
intranets and link more than hdillion Web pages to support 300,000 employeést her e wer
far too many sources of information to search througkey.to our success ... was the goal of
rendering the complexity of the organization

1.1.3 Caughtin a Web - the Price of Success

The seemingly inexorable penetration of the Internet and Web into daily life has unearthed
retrieval problems because Web content is often stored in unstructured, natural language format.
As a result, the current Web works well for creatamgl presenting different types of Web
content but affords very limited support for meaningfully processing the data. This is because it

is very much dependent on the human users for search, extraction, and interpretation activities.

The task of accessingformation sources, ranging from unstructured and -stmctured text

and data through to autonomous, federated and clustered database systems, can present users
with potential information overload and the resultant problem of how to identify meaningful a
relevant data. As a simple example, consider where different organisations post related
information on the Web in different Web sites, in document form and dynamically via database
access. However, whilst the information resources may be semantalatigd contextually,

they are inevitably likely to be in varied formats; employing different terminology or data
schema and therefore creating potential integration issues. Equally, consider a potential
homebuyer seeking a certain range and type of projre an area with good employment
prospects, low crime and highly rated schools and hospitals? In this case, to provide a
comprehensive and meaningful answer, the data integration problem assumes different
dimensions because a search could require sctesautonomous databases holding say

property, demographics, crime, health services and education data.

Such issues demonstrate the real world complexity that information systems must address and
are consistent with the ~fAcAgBerlnstematral., ®88wicht o n
highlighted the need fahe database community to radically address the way that technology
captured, stored, analysed and presented the vast and increasing amount of online data. It was
considered that the database community needed to widen its research to encompass all Web

content and online databases, with ayeear fil nf or mat to make iUgady for t y O

everyone to manage most human information on



Clearly, the dramatic growth in the Internet and Web has brought with it the need for effective
and flexible mehanisms to retrieve integrated and contextually related views from multiple
i nformation sources and data types; taking
of complex, multiple, real worlds that will support information and knowledge atqnijs
which is increasingly and inevitably involving Wislased activities.

1.2 STRUCTURAL AND SEMANTIC HETEROGENEITY

Two issues play a significant role in creating disparities between information systems and
repositories, namely organisational islands of tgmaent and differing designer influences in

the developer process.

1.2.1 Development Autonomy

Devel opment autonomy, or fiislands of devel op
as collections of distinct, autonomous departments with disconnected systiitsg from

each pursuing their own IT infrastructuyteamb and Davidson, 2000)An example of this was
personally experienced during a career in financial services and banking, where mortgage,
savings, unsecured lending, and insurance departments were historically allowed to develop
autonomously and specialised, heterogeneous systems were bfteghtin to support new
fasttrack business strategies. Alternatively, development autonomy could occur simply because

a database (DB) structure may be too complex to be modelled by ogeaiesi

1.2.2 Design Autonomy

Design autonomy can be reflected in differing designer influence and choices in various areas:
e.g. perception of the application/domain (universe of discourse), data model representation
(model and query language), naming conventiogsmantic interpretation of data, and
constraints applie@Batini et al., 1986, Sheth and Larson, 1990, Bukhres et al., 19B@)s,

design autonomy produces differing perspectives, equivalence (but not identical) and

incompatible design specifications.

Different perspectives can reflect different modelling and schema design, e.g. one sthema
may show a relationshig1(Employee:Dept) compared to another scheng&® showing
S2(Employee:Project:Dept), or a name inconsistency between related entities or attributes.
Equivalence among model constructs exists when different constructs are used to model the
concept equivalently e.g. where entities in one schema are modelled as attributes in another or
where there are generalisation or specialisation differences e ljeirt olass hierarchigsas

will be seen later in subsection 1.2.4.

Finally, incompatible design specifications result in conflict, e.g. by specification of different

data types, cardinality or referential integrity.



1.2.3 Modelling the Real World

Semantic het®geneities represent differences in the real world interpretation of subject context

and meaning of

dat a,

e. g. whi

ch often occur

conceptualisations of the real world into the representational world of B&sFig. 1.

Conceptualization by

>0

Representation by

Real
World

Conceptual
World

Database
World

(representation)

Y A N 4

Denotation of

Interpretation of

Fig. 1. Relationship between real, conceptual and representational (DB) worlds.

They reflect data model, schema construct, and data inconsistencies in the conceptual and DB
worlds(Kim et al., 1993, Hammer and McLeod, 1993, Kashyap and Sheth, 1996,-Galaxia

et al, 1996) Where two objects represent the sanoecept(of the entity or object) there may

be a semantic relationship, or equivalence, but ifcthr@exts(i.e. the universes of discourse)

differ, e.g. when analysing employee data across two differenpamies, then different

extensions will result, e.g. different instances of employee. Conversely, where extensions are

the same in two entities they may be semantically unrelated e.g. two identical groups of people

but one group happens to represent amatjpmal department and one a project team. Semantic

understanding is based on the relationship between concept and context, and the identification

of semantic heterogeneity requires consideration of both such issues. As will be seen later,

semantic het®geneity is both prevalent and a cause of semantic conflict in all technologies

applied to data, information and knowledge representation linking autonomous operations.

1.2.4 Heterogeneity Resulting from Autonomy

In an analysis of schema integration method@s(Batini et al., 1986)structural and semantic

heterogeneity categories were specified as those invahdngngconflicts and those involving

structural conflicts.

Naming conflicts occur when different terminology is used across organisations. Differences in

entity or attribute naming are classified as eitimmnonymgdiffering concepts but having same

name) orsynonymgsame concepts but havingffdrent names).

Structural conflicts occur

when a different choice of modelling construct is employed, e.g. Fig. 2 shows how equivalent

person constructs can be represented: either in a generalib&ranchy, e.g. where one

schema contains a generality or class lfypernym Person with differentiating specialisation

entity (hyponyn typesFemale andMale, or where another schema may collectively represent

all persons within the generalisation entitgrson, with any person classification represented



via an attribute likeGender. Thus we can see that the concegtale would be explicitly
represented askRemale entity in one schema but only implicitly represented, i.e. as an entity by
t he val ue nAGendematiibet®in therother.h e

Person

Perzon — Gender &

Female Iale

Fig. 2. Structural conflict in representation of Person entity.

Such issues were also recognised by a study of heterogeneity in federated DB (@yatemer

and McLeod, 1993)which referred to differences imetadata specificationf the conceptual
schema (conflicts in structure of relationships) abpgbctcomparability(e.g. in naming through
synonyms and homonyms). Similarly, a widanging classification of heterogeneit{&m et

al., 1993)examined structural conflicts based on integrations of erglgtionship (ER) and
objectoriented (GO) schemas and identified two key causes of semantic conflict: where
component schemas use differettucturesto represent the same information, eemtity
structureconflicts, through missing attributes (differences in number of attributes), and where
different specificationsare used for related or similar structures, @igtity nameconflicts
evidenced by differet names for equivalent entities (synonym) or same name for different
entities (homonym). Also considered were entity attribute conflicts caused when one schema
uses an entity and another uses an attribute to represent the same information. A coafparison

the taxonomy with that dKashyap and Sheth, 199)ows similar conflict classifications.

The above studies appear to have been effectively subsumed in a comprehensive taxonomy of
isaues relating to multidatabas@SarciaSolaco et al., 1996which sought to provide @ncise
explanation of conflicts based on@components of object classes, class structures, and object
instances; from the -BR perspective, a class can be compared to a table and an object to a

record. The study focused on two particular distinctions:

1 semantic heterogeneities between object classes: including (i) differemzeaéssuch
as involving class and attribusgnonymyf names (e.g. where one schema may refer to
customer whereas another may referdi@nt) and homonymy, opolysemy(e.g. wlere
an attributemarket might relate toproduct or customer in different schemas); or (ii)
differences between attributes, e.g. temporal conflicts (such as employee role: past vs.

present); or (iii) attribute domain differences (e.g. unit of measure afelmnflicts).

I semantic heterogeneities between class structures: includinger{gralisationand
specialisation inconsistencies, reflecting heterogeneities between classification of

superclass and sublasses: e.gemployees specialised amale andfemale groups vs.



occupation groups), or (iJaggregationandcompositiorconflicts: e.g. where seemingly
similar object classes might actually be represented by differing collections of object
classes- such asPerson(address, tel.) in one database versuPerson(street, city,

county, tel.) in another

Whilst these classifications represent just a small part of the semantic conflict taxonomy they
serve to underline the difficulties that information query and retrieval systems can encounter

when processing andterrogating data and information.

1.3 DATA AND INFORMATION INTEGRATION

The last 30 plus years have witnessed two paradigms in the data integration chatlenge
development of the R and GO models(Chen, 1976, Kim, 1991)In the lasquarter century,

data integration has been a key issue in achieving systems interoperability between
heterogeneous data storage and management systems because of the existence of system,

schema, and semantic heterogeneity.

Whilst DB technology has in theapt had a significant impact on this problem, the exponential
growth in diverse information accessible via the Web has made IR increasingly complex, with
billions of documents being accessed by over 300 million saetSchneider and Fensel,
2002) The combination of structured DB resources, and-sennétured and unstructured Web
data, has resulted in systems interoperability and odie integration representing some of

the most significant challenges facing the information technologyc@mmunity in the last 25
years; with the cost of data integration and improving data quality estimated at $1bn a year
(Brodie, 2003)

Integration an be achieved by addressing the interoperability dimensions of distribution,
autonomy and heterogeneif$heth, 1998) This problemhas received considerable interest
from researchers in the DB and artificial intelligence figldsvy, 1999) and has resulted in
three generations of information systems interoperability evolution: the period to the mid

eighties, the periodtthe midnineties, and the midineties onwards.

1.3.1 Evolution of Interoperability Initiatives

The objective of data and information integration is to provide a uniform interface to a variety

of disparate and distributed data source types that demonstratedeeieity. Firstly, source
heterogeneity is evidenced in structured data: relational, exteat#idnal, and objeatriented

DBs where schema and data are separated and structural consistency of records in schema
objects is implicit in the design. Swmally, it is evidenced in serstructured data: as in HTML

and XML documents, where there is no guarantee of consistency of data structure or
requirement for a prdefined schema to which data objects must conform. XML is sometimes

called selfdescribing data stored within its own structurg&lmasri and Navathe, 2004)
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Thirdly, it is found in unstructured data: represented by text files, images including MRI scans

and X-Rays, audio, and videall of which have no schemaait.

The three evolutionary periods of development are portrayed in Fig. 3. In the first generation,
organisations were characterised by having large volumes of departmental data, yet needing to
share data between departments. The DB integration proianifested itself with the
development of multidatabase systeBatini et al., 1986)where the emphasis was on system

and data management as oppbseinformation or knowledge management. However, changes

in approaches were driven not only by the need to integrate heterogeneous DB EyB&tms

and Larson, 1990, Drew et al., 1993, Bright, 1994here the solution involved the
development of federated database systems (FDBS), but also by the need to integrate

heterogeneous data stored in a variety of fofWiigederhold, 1999)

Second generation interoperability became more focused towards structure (data schema) and
syntax (data types) than systems, and on wsdate network distributions that showed
increasing evidence of objegtientation. With the expaimn of the Web, secongeneration
integration initiatives witnessed the development of federatddrmation systemshat
addressed both structured DBs and the wider range ofstmmotured and unstructured data
sources. These systems included mediatagper architectures that generate a mediated
schema as @omogeneousand virtual information source, without integrating the data
resources, and other online information systems making more extensive use of metadata
(Wiederhold, 1992, Levy et al., 1996, Garblalina et al., 1997, Bertino et al., 2001)
Metadata (data about data) encompassed a variety of forms beyond simply schema, including
DB descriptions, content descriptions of images and audio, and HTML/SGML document type

definitions.

In the third generation, the phanenal expansion of the Internet antusiness has resulted in
growth in the volume and types of information, with increasing exploitation of XkHed
languages. It has also created the need to effectively integrate information repositories, such as
in content management of digital libraries, application integration via workflow systems and
messaging, and data mining andliore analytical processing for business intellige(iReth et

al., 2002) Global interconnectivity resulted in the emerggigbal information infrastructure

(Gll) (Kashyap and Sheth, 2000However, whilst providing access to billions of information
resoures, access to meaningful and relevant data often relied (and in many ways still does) on
simple keyword searches via search engit@@asdivadaet al., 1997) However, as keyword
searches deliver only limited precision in identifying relevant information, the main challenge
has progressed to a semantic level, i.e. requiring machine support that functions in a cooperative

and collaborative waytunderstand the contexts of such diverse resources through metadata.
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Evolution in Interoperability

Knowledge A Global Domain
Agreements

Cigital media
Visual/Spatial /Ternporal Data
[Kiosk fzeographic/Flights/Forecas ting]

Focus: Semantics
Dormair-specific

Information __|

Structured,
Semi-structured
Text repositories

Focus: Syntax of
Data Type & Format

Data_ |

Structured DBs & Files /

Systermn__ | Focus: Systems &
Communications
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Schema Integration Yirtual Integration Multiple ontologies,
Local Task Common Cata Models Simgle Ontologies [nter-ontological
Schemas >
Federated DB System | Fed. Inf.Systems (Inc Mediators) Information Brokering
Mid 80s Mid 90s Present
Architectures

Fig. 3. Evolution in integration and interoperability.

Cooperative informatiosystems focused on interactivity between autonomous components and
such systems gained prominence duthng)90s(De Michelis et al., 1997, Klusch, 2001They
provided methods and tools to access large amounts of information, computing services, and
support individual or collaborative human work. Mtent systems, using intelligent
information agentgKnoblock et al., 1994)provided a solution for supporting information
brokering systems that were supported by vocabularigse shiftfrom managing data and
information, to knowledge acquisition, resulted in the need for greater semantic interoperability.
Enterprise and global information systems (GIS) domains required content and representation of
information to be more closely relatéal domain specific concepts, enabled through metadata
and shared ontologie&ruber, 1993, Guarino, 1998)The predominant architectures were
multi-modal information bro&ring systemg§Ouksel and Sheth, 1999, Bergamaschi et al., 1999)
using semantics described by potentially multiple ontolofesBruijn, 2003)and the support

of artificial intelligence (Al) for information queries.

Clearly, the scale ohe integration challenge is changing, requiring the database community to
widen its research to encompass all Web content and online databases; thus interoperation is
key to making it easier for everyone to manage most human information (Beimestein et al.,

1998, Gray et al., 2000)The paradigm of collaborative intelligent agefksoblock et al.,

1994) searching for metadata qualified information in Information Brokering areb W
Services, inevitably invites consideration of how ontologies could be exploited in semantics
based search particularly in view of the emerging Semantic Web. This will be considered in

more detail later.
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1.3.2 Integration and Interoperation

At this stage, itis appropriate to make a distinction between integration and interoperation
(Wiederhold, 1999)

FDBSs enable scalable integration, and provide a balance between shaiattgetionand

federated user autonomy. Component DB autonomy is secure as schema and data management
remains under local controdnd data sharing relies on each local database administrator to
define the data schema subset elements to be made available to the federated system users
(Parent and Spaccapietra, 2000, FDBS users share a commstafic schema that provides

search functionality across the distributed federation component systems; any search results in
effect mirror thepre-definedschema view accessed via the user application, and would depend

on the complexity of query developed by the user. This can be viewed as representing a basic
data and information integration approach, where DB source views are in effect combined (or

fused) As a genrralisation, it is little different to queries of any DB system.

In comparison, mediator based information integration thrantgroperationacross diverse

data sources is a different and maimamicway of increasing the value of information by
abstradhg information from disparate data sources on a selective basis, e.g. a travel system
might combine airline flight, hotel chain, insurance, and airport car park and tourist excursions,
stored in related but essentially domain specific and autonomoussysta these mediator
wrapper and information brokering systems, user applications deal with tegkerquery

aspects while quesglanning, selection and summarisation are separate, i.e. they are left to
intelligent mediators, wrappers and agents, whaegliators integrate data from multiple
sources provided by other mediators, agents and source translators. Therefore, in this sense,

integration by interoperation represents a more dynamiélexitle or cooperativeapproach.

1.3.3 Schema versus Ontology

During the literature review it became evident that the testhemaintegration andontology
have been regularly used in the same data and information context, even though there is a

difference between schema and ontology; a broad perspective is offdtasl isaue.

In the simplest case, DB schema modelling usually defines the structure and integrity of data
el ement s i n a singl ealthdbugm noe mepessardyeima singlgo DB. c at
Therefore, the development of data models invariably stgppost the specific needs and
activities of the particular organisation. Any semantics described in data models are therefore
local, i.e. they can be considered to represerinformal agreement between a developer and
department users in that uniquesimgular environment. However, ontology structures differ
because the fundamental principle of a computing ontology idotimeal representation of

generic knowledge through agreedlogical view of the domain of interest, i.e. an ontology

describes thdomain with aglobal view; because it has more relevance as domain classification
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and tends not to be task specific. These characteristics can be represented at various levels in
how a hi erarchy of dat a, i nf or mat icomld bea n d

perceived as depicted in Fig. 4.

Global Ontology

Domain

Local Database

Data Information Knowledge
Fig. 4. Hierarchy of data, information and knowledge integration.

Equally, it can be said that traditional data integration, by global schema, represents a
retroactive and maintenance approach, e.g. to mevgeot more existing schema and to
remove semantic heterogeneity; whereas an ontological integration approach is driven from the
perspective of knowledge sharing, through formalised semantics, and can act as the precursor
and foundation for semantic intefim. For example, generalontology can operate as a
standard on which future specialised dorrepecific ontologies can be aligned. Hence
ontology offers a tojglown, proactive approach and schema integration a batfgmetroactive

solution.

An Ontology may appear to have a similar function to a DB schema, but the key differences

have been succinctly describ@dbrrocks et al., 2000)

1 the definition (specification) of ontologies requires a language syntactically and

semantically more expressive than languages used in DBs;

71 as ontology provides a domain theory used for information sharing and exchange, it

must therefore it must equally use a shared and consensual terminology;
1 unlike a DB, an ontology is a structure to represent knowledgeto contain data.

The ontology sugr and sub class (subsumption) hierarchy represents a generalisation and

specialisation of concepts; providing parallels with hypernym and hyponym in DBs.

14

k



1.3.4 Web-based Information and Service Integration

Regardless of the issues of local and global, aratrirdl and formal integration mechanisms,
the key issue has become the need to provide global access to DBs and knowledge bases (KBs)

for information search, using Web search tools.

Data and information search is no longer restricted to organisationabuemsdrequired by the
global community that is the Internet. Therefore, a sophisticated Web search facility that can
interpret data and information sources is becoming increasingly relevant, regardless of the
structural and semantic heterogeneity charastics of data storage and information/knowledge
representation approaches. However, the current approaches of commercial search engines
offers a less formalised and semantically weak method of dynamically extracting, integrating
and presenting lists diieterogeneous data and information sources that may or may not be
potentially relevant. As will be discussed later, there is little commercial evidence that formal
knowledge structures are being used in their processes to achieve semantic precisatinimteg

in retrieved document hit lists. This could be improved if greater weighting could be applied to
documents that contain contextually related terms matching some ontological description of the

query domain, i.e. using the vocabulary of an ontologyxpand a search query.

The task of accessing billions of information sources ranging from unstructured and semi
structured, and structured data presents users with the problem of how to identify relevant data.
Most knowledge on the Web is in naturahdaage, unstructured text, often supported by
graphics, which may be convenient for human understanding but is difficult for machine
interpretation. This is because natural text restricts the indexing capabilities of search engines,
as they cannot infer eaning(Ding et al., 2005) Nextgeneration technologies are now being
developed to address these challenges, such as Web SémMatkeaith et al., 2001, Brodie,

2002, Sycara et al., 200dhd Semantic WefBernersLee et al., 2001, Hendler et al., 2002)

In Web Serices, the traditional concept of the Web, being designed for human interpretation

and solely a repository for text and i mages,
serviceso; where a typical s e r vtibaokingspwoeld at i o
use tools to build Avirtual 6 advanced systenm

different organisations.

The Semantic Web is said to represent the next generation of the Web, with the objective of
creating a universal madn for the exchange of data, information and knowledge by
representing it in a standardised data description language and linking it to formalised
vocabularies defined in ontologies. Focus has therefore logically moved towards understanding
how Ontologybased structures can link disparate data sources and provide intelligent search
functionality. However, the Semantic Web is not currently particularly high profile in Web

search activities.

15



Standardisation at different layers of information systemstanthres is important and, as will

be discussed later, several key enabling technologies have been adopted as World Wide Web
Consortium (W3C) recommendations: the Resource Description Framework (RDF) core
language(W3C, 2004c) and the RDF Schema and OWL Web Ontology langu@g¢iC,

2004b) all constructed using the universal XML syntax.

1.4 LINKING AND SHARING INFORMATION BY ONTOLOGY

Ontologies are used to capture knowledgeualdodomain of interest by describing concepts
(classes), relationships (properties) between those concepts, and constraints (restrictions) that
may be specified on relationships. As previously mentioned, ontology structures differ from
database schemadaeise the fundamental principle of a computing ontology is the formalised
representation of knowledge agreed for sharing, in a language that provides a logical view of a
subject area or domain. This is achieved through an accepted vocabulary and mefirtfimo
member concepts and their relationships; that can-hee@ by different applicatior{Spyns et

al., 2002, Noy and Klein, 2002).g. operating in the context of open environments such as the

Semantic Web.

Therefore, compared to database schema there is a gfeatadity in the way in which
ontologies represent kwledge for a community of users, because ontologies are always
intended to be a true representation of a dorf@urarino, 1998) As already shown in Fig. 4,
ontologies and data models are appropriate at different levels efgasKicity, with ontologies
being more generic and tasidependen{Kalinichenko et al., 2003)

1.4.1 Ontology Theory

In the context of knowledge sharing in computing, ontology is a formal vocabulary representing

concepts and relationships in an applicati ol
dsour seo to which Web contents can refer. @]
attributes, the relationships between concepts, and any constraints on those relationships. The
term AOntologyo is derived fnomoG(eeknghibl o:

and Al ogiaodo (written or spoken discourse).

A widely cited definition of an ontology has been provided by Gruber and subsequently
modified by Bors{Gruber, 1993, Gruber, 1995, Borst, 1997)

fan Ontology is a formal, explicit specifi

In this statement, the type of conceptsuaedd t he constraints on th
defined and Aformal 6 i mplies t hatreatdable Tlent ol c
term Asharedo reflects that ontology should

the communities. letrestingly, Gruber also says that:

ffa commitment to a common ontology is a gua

16



This was further refinefiGuarino, 198) by defining an ontology as containing:

fa set of | ogical axioms designed to accol

The fact that humans are able to readily abstract information from, e.g. sounds, images and
video, illustrates that represatibn at a higher semantic level reinforces the correlation between
data and information. Therefore, it can be argued that effectively answering user queries of
heterogeneous digital data types demands information, or sedsuaticcorrelation to impray

query response precision. This can be achieved by describing information at three levels
(Kashyap et al., 1995, Kashyap and Sheth, 1996,-ftciind Sophatsathit, 2003). as shown

in the ontology, metadata and data levels depicted in Fig. 5.

Yocabulary Ontology

specified by

u
7

described by

Fig. 5. The relationship between data, metadata and ontology.

MMetadata

:

Metadata provides information about data and information resources, i.e. it summarises
information content to prodie a metadata context. However, if a semantic correlation is to be
achieved, metadata must also convey the meaning of data. Data and infosoaties will

often contain a set of meta terms, in the form of keywords to represent the abstracted wocabular
of the content. SimilarlySemantic Web resources are described using metadata annotations
and these can be determined, or specified, by a contextually relevant ontology formalised in an
ontology language; this ontology wibecify concepts (classes)datheir roles (relations), and
provide semantic anchors to gimeeaning to data on the Web. In addition, because ontologies
represensharedspecifications, they can be used for the annotation and linking of multiple data

and information resources.

1.4.2 Types of Ontology

The main types of ontologies can be represented at the three levels of granularity depicted in
Fig. 6, i.e.top-level ontologies,domainand task ontologies, andapplicatiortlevel ontologies
(Guarino, 1998) In effect, these represent the degree of accuracy that can be achieved in
characterising theconceptualisation(Gruber, 1993, Gruber, 1995, Borst, 199hnt they
formalise A coursegrained or togevel ontology represents a generalised, imprecise, more

abstract structure thaherefore becomes momhareableto a wider range of domains and
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applications; but equally becomes less supportive at the domain and application levels because
of limited expressivity. On the other hand, a farained ontology represents a more precise
specialised, and real specification; one that may be more domain and application supportive but,
at the same time, less shareable.

‘ Imprecise — Abstract - Generalised |
+ Upper-level: domain
1
1
1
1

independent, general concept

lovel terms and relationships like

Upper-leve space, time, matter, objects

Ortalogy

Dormain-evel Task-level
Ontology Ontology
Applicatior-level
Caleleny] a specific travel organisation,
v

and events.
Precise — Real - Specialised |

Gereric domain concepts, e.g.
medical, pharmaceutical, travel,
Gereric tasks ke buyving or
selling.

specialisations of both domain
and task, e..q. flight travel by

1
1
1
1
1
1
1
h J

Fig. 6. Ontology type classificatioffGuarino, 1998)

Top-level ontologies tend to describe abstract general concept terms and relationships like
space, time, matter, objects and events, and are dénd@pendent.Examples are WordNet
(Fellbaum, 1998) a lexical databaseresource for natural language processing systems
(language, speech and communicatio8)JMO (Niles and Pease, 200befining general

purpose terms to act as a foundation for specific doratologies, and the knowledge or
commonsensbased Cyc ontologflenat, 1995}hat is reflected in OpenCy€ycorp, 2005)

A useful early survey ofStoantteol cofgitetse wharst pirres
(Noy and Hafner, 1997)

Domain and task ontologiegspectively, provide vocabularies about concepts in their generic
domains (e.g. medical, pharmaceutical, computing or travel), or generic tasks (e.g. buying or
selling). Application ontologies define concepts that are application dependent, i.e. are
specalisations of both domain and task, e.g. related to flight travel by a specific airline

partnership, or purchasing in steclarket activities as opposed to shopping.

1.4.3 Ontology Expressiveness

The constructors, or resources, to formally specify ontology lmeafpunded on either existing
ontologies or formal classification systems. Examinations of the different types of ontology
have revealedh 1 s p e c ontology @xpressivenegde Bruijn, 2003)and a comparison
based on caporisations of ontologies can be determined by the information an ontology needs
to convey(Lassila and McGuinness, 2001,dbsld and Gruninger, 2004)
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Based on the above, a modified comparison is presented in Fig. 7 to show the spectrum
differentiated in two dimensions: by distinguishing formalism by the degrespetgification

along the yaxis and by separating the type,purpose, of the ontology along theaxis, i.e.
recognising the degree of generalisation or specialisation as discussed in subsection 1.4.2. The
comparison charts the level of formalism (ranging from a simple term list to complex and highly
descriptive ad constrained ontology) against the granularity/type of the ontology (i.e. by either
application specific, or generic domain and task ontology, or abstract specifications).

Formal Onts.: L ;C
Constraints 1
OWL Ortologies
Formal Onts.; ROF Schema Cntologies
Class/Property : :
Range/\alues : Frame Ontologies
Gerne Ontolog
— - Sowa
Formal Int. Classification of Disease (ICD)
Taxoncmies United Mations Standard Products and Services Code
Dewey Decimal Classification
CMOE
Informal
Hierarchies Yahoo
Thesauri WordNet
Dictionaries or Oxford English Dictionary
Glossaries Application Glossaries
1SEM
Term Lists Cublin Core
Catalogues
Application Specific DomaingTask Genaric Abstract/Genaral /Independeant

Fig. 7. Analysis of expressiveness by ontology type.

Considering the Jaxis, theleast formalised levels are represented by controlled vocabularies
such as a list of terms or catalogues; more detailed examples would be technical glossaries,

providing explanation for terms, and dictionaries.

i The Dublin Core representa standard for cssdomain information resource
description. It containd5-element metadata set, used in digital libraries, with the

objective of facilitating discovery of electronic resources

1 Thelnternational Standard Book Numb@BBN) is a unique numeric commerciabok

identifier and is based upon a-18 digit code.

1 The Oxford English Dictionarycontains Englistspoken words from across the world

and is recognised as the authority on the evolution of the English language.

The next logical group includethesauri, vaere additional semantics between terms are
specified (e.g. synonym and hypernym relationships), and informal hierarchies/taxonomies,

where an explicit hierarchy of generalisation and specialisation is supported but without strict
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inheritance being impliede.g. where a the terms Internet and Software might be considered

relevant to the concept of Computers but could not be logically defined -atassbs.

T

WordNet® is a large lexical databapeoviding a thesaurus of all English language
words Nouns, vdrs, adjectives and adverbs are grouped into sets of cognitive
synonyms (synsets). Synsets are organised by lexical semantic relations, eagn$or n
and verbs, they include hypernyie-a relation), hyponyms, synonyms, meronyms and
antonyms, together witsense definitions. WordN@tis connected to various Semantic

Web databases and is commonhueed via mappings to concepts in other ontologies.

Informal is-a hierarchies can be found in the directolgssifications of Web sites, e.g.
the DMOZ Open Diectory Projec{DMOZ, 2008)is the largest, most comprehensive
humanedted directory of the Web and is used in many search engine processes. The

Yahoo Directoryu, managed by staffias asimilar role

The next level, formal taxonomiigrarchical classificatigndisplay strict inheritance

1
1

TheDewey DecimalClassificaton (DDC) is a library classificatiosystem

The United Nations Standard Products and Services COd8PSC, 1998provides an
open, global multsector standard for classification of products and ser@ndshas a
hierarchical classification with fivievels.

The International Classification of Diseases (ICD)published by théVorld Health
Organisation, is the international standard used for health management and clinical use;
it analyses and classifies diseases and health problems, including the general state of

health of population groups.

The Gene Ontology (GO) proje@Ashburner et al., 20005 a collaborative effort to
unify the representation of gene and gene product attributes and is part of a larger
classification, the Open Bigedical Ontologies (OBO).

S OWA 6 s-level ¢apice structure ontology has 27 concepts derived from logic,

linguistics, philosophy and artificial intelligence.

In varying degrees, all of the above levels can be viewed as lightweight ontologies.

Lastly, thehigher levels contain the more expressive, heavyweight ontologies, of which the first

group are characterised by the use of ontology languages that are able to express any specified

range and valueestrictions i.e. where values of properties are restdcte.g. by data type, or

where general logic constraints are applied to values by logical or mathematical formulas using

values from other properties.

11 Yahoo: http://dir.yahoo.com/.

[21 ICD: http://lwww3.who.int/icd/vol1htm2003/fr - icd.htm.
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The first graup includes.

1 The Ontolingua ontologhuilding language is based on KIF and Frame Ontology
defined terms to represent objects; a frame, or class, contains a number of properties
that are inherited by subclasses and instances.

1 The Semantic WeRDF Schema ia W3C recommendatiomntology language, i.ét is
a vocabulary for describing classes and properties of -Bi3Ed resources, with
semantics for generalised hierarchi®DF is based on the extensible markup language
(XML) and is in effect a subset of OWLe. all RDF Schema is OWL.

The second group contains ontologies described ugdng expressive ontology languages
including using FirstOrder Logic constraints, where there are not only constraints between
terms but more detailed relationships, e.gjdilt classes, inverse relationships, jenble
relationships.

1 The W3C recommendation Web Ontology Language (OWL) is a vocabulary extension
of RDF Schema and provides greater machine interpretability of Web content than RDF

Schema; particularly the moexpressive OWL DL and Full species.

I The Suggested Upper Merged Ontology (SUMO) is a -Erder Logic upper and
foundation ontology for information processing systems that has been expanded to
include a midevel ontology and various domain ontologies.

1 The Cyc Knowledge Server is a very large, formalised highly expressivemulti-
contextual knowledge base and inference engine developed by Cycorp. Cyc describes
fundamental human knowledge: facts, rules of thumb, and heuristics for reasoning

about the olgjcts and events of everyday life.

1.4.4 Ontology Modelling Approaches

Whilst the function of an ontology is to represent knowledge through the use of formal
semantics, different types of ontology can be modelled with different types of modelling
techniques andahguages. Early knowledge representation (KR) was based on structured

inheritance network@\ardi and Brachman, 2008)at displayed networked semantics.

I n the earl y 9 foénslised using Hraongsi aads FitderrLegic, e.g. Cyc

(Lenat, 1995) Ontolingua (Gruber, 1992) More recently, Description Logics (DL) have
prevailed(Baader et al., 2003yesulting in DL languages, e.g. O[Horrocks et al., 2000,

Fensel et al., 2001lDAML+OIL (Horrocks, 2002)and OWL(W3C, 2004b)

It is clear is that a variety of approaches involving: modellarghinologies (e.g. concepts and
roles, classes and relations), KR paradigms (e.g. Frames, DL) and implementation languages,
have been developed. As will be seen later, OWL and ontology development tools like Protégé

(Noy et al., 2001emonstrate fundamental relationships with Frames and Description Logic.
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Semantic Networks

One of the oldest knowledge representation formalisms is semantic (or inheritance) networks.
Semantic networks represent a generic network, in that they avoid references to any particular
system(Nardi and Brachman, 2002)n this formalism, a node in a graph characterises either a
concept or concephemberand arcs connect concepts/members that are semantically related.
Meaning is conveyed by the way a concept is condeotether concepts. This is demonstrated

in Fig. 8, which contains some nodes representing atomiestselfling) concepts, e Building,

and arcs (links), characterising relationships between concepts. Two main types of arc are
shown, i.e. ams-a arcand aninstanceof arc. Anis-a arc indicates that one class (eCgy) is a
subclass of another (i.ePop_Centre) and this represents a basis for inheritance, i.e. either
denoted as a Cifys Bop SemtteOr r @b a p e 0 Bop Cedtre kK @ity. dAAb i o n
instanceofd ef i nes t hat a concept me mber , e Citg, . iLe

i.e. it displays an felement ofod relation.

Geo_Feature

Is-a

instance-of

Cathedral

hasBuilding
Fig. 8. Example of éSemantic Network.

Concepts denote hat are termed unary descriptions, €@y r Pop_Centre, whereas links
denote binary relationships, e.gasBuilding(X, Y). The set ofis-a arcs thus specifies a
subsumption order, or hierarchy, on classes (i.e. one is subsumed by the other); this is of
termed a taxonomy or classification hierarchy. Therefore, a semantic network structure can be
used to either generalise a concept, by employing a more abstract definition, or increasingly
specialise a concept to a more specific class level. Thellosteugture can be referred to as a

terminology.

This approach was considered to have a key issue in that it demonstrated a need for more
precise characterisation of the meaning of the structures, as the semantics of arcs were not
readily apparentBrachman1983) particularly when considered with complex representations.
Even in this simple example, it is fairly evident that semantic nets are unlikely to scale well.

Finally, a language is required to formally define the elements of the structure.
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Frame-based Ontology

Framebased ontologies provide structured representations of objects or sets of objects (classes).
In the system terminology, a frame is a hamed data object having a set of slots, where each slot
represents a property or attribute of the objeSlots can have one or more values (called
fillers); some may be pointers to other frames. They allow classes to be described as
specialisations of more generic clasgékes and Kehler, 1985)

Gruber(Gruber, 1993onsidered that five types of components: classes, relations, functions,
formal axioms, and instances were required to formally specify an ontoldgyo of these,
classes and relations (defined in a frame by its membership and slot/attribute descriptions), will
be briefly considered as an insight into the language syntax to define conceptualisations.

Frames can be organised into taxonomiesupygrclass-of or subclass-of properties.
ClassCity example:

(define-class City (?city)
"A city is a centre of population having a Cathedral”
:axiom-def
(and (subclass-of city pop_collection)
(slot-value-cardinality city city.hasCathedral 1))
:def
(and (slot-value-type city city.hasCathedral String)
(slot-value-cardinality city city.hasName 1)
(slot-value-type city city.hasName String)))
RelationConnects example:

(define-relation Connects (?cityl ?city2 ?motorway)
"A motorway connects two centres of popida"
:def
(and (component ?cityl) (component ?city2) (Motorway-section ?motorway)
(not (part-of ?cityl ?city2))
(not (part-of ?city2 ?cityl)))

By specifying class membership and condiib@sed rules, frarAeased representation can
support a r€aRonisgycapabdityn 6 According to Gruber, formal axioms specify
statements that are always true, e. g. the f
Il rel and cannot be made by railo. Therefore
with this, e.g. rail travel between Belfast and Glasgow, could be tested using a reasoning tool,

for verification of ontology consistency.

Framebased and objedriented approaches differ from DL in that their central modelling
primitive of classes (frags), have certain attributes that apply only to the frame for which they

are defined, i.e. a frame models one aspect of a domain and does not have a global scope.
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Description Logics

Description Logics (DLYNardi and Brachman, 2002Je a family of knowledge representation
languages that provide the capability to formally represent the terminological knowledge of a
subject domain by expressing knowledge through a set of constructors thét qguenplex
descriptions of concepts and roles. DL can be consideredlarsyunage of predicate logic.

Predicate logic (or FirdDrder Predicate Logic) is a KR language that, through assertions,
permits both representations of complex facts about thedvaod, through rules of inference,
derivation of new facts, i.e. on the basis that if the initial facts were true then so are the
conclusions;te basic modelling primitives of predicate logic are predicates.

For example, take the geographical associatipnse pr esent #rapfiesaent al a,

andzr epresents a fAcountryo,; based on the stat

have capital s éOrderdPledidate lgpgid canbe ysedFoirapregent the statements,

i . e. | fc apiétQac. iatpide ficc ount r i es zmy ¥ Propositioral logi@a pi t a
can then be used to pr o\wapitats bhre citipandcpuatses musto n ( F
have capitalghen (the conclusion i€ountries must have citiesz [{ ) by using the following

propositional statement:

(. Py . (2 F Q) F (Z [ P)

In effect, the propositional statement (embodying a premise, implication and conclusion) is
saying thatif( (Q . P) thenimplicatonis that( z [ Aptyuth able can then be used

to prove the original proposition, based on the standfidition of implicatiori see Table 1.

Table 1.Truthtabletoprové (Q ., P) . (Z [ Q)) [ (zZ [ P)

Z | Q| Py Q. (Z T | (Q . P) . r z T

The truth table provides a complete piwgof a
that when( Q ., P) . is(tme,Zr Bijs true. Incidentally, it may also be noted that the

implication will still be true ifz is false.
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This logic can then be extended in Fi@tder Logic assertions formed by using the

propositionsQy, Py, andzZy, in a universe of discourse whereepresentste t r ut h t ha

capitals must be <citi esounversahgiusandarfilte@atconst
using operatog :

€Qo ([ @&
If all capitals were not cities, thexistentialguant i fi cati on, using the

operatomn], could be made:

N Ey T &

Reasoning of Dibased concept and role restrictions can automatically derive inferred
classifications and this highlightskey difference between Frarbased and DL approaches.
Framebased relies on explicit statements of clsissumption, whereas DL is able to
efficiently compute subsumption relationships between classeghe basi®f the intensional
definition of these classd€Blorrocks et al., 2000, Fensel et al., 2004ing asserted conditions

(constructors).

DL O s

consistency. The subsumption relationship can be used to express other relations between

use offaciitates the critical tissue of decidability in reasoning, to ensure

classes, e.g. transitivity, disjointness and equivalence. The ability to infer such selation
important for ontology verification and classification, particularly when the exchange, reuse and
merger of ontologies constructed by different ontologists are considered. In these cases,
reasoning support is vital. Examples of the range of DL oactsirs, syntax, and semantics are

illustrated in Fig. 9, and were taken from the Prot®y¥L ontology tool.

OWL Constructor Protége-OWL Example Meaning
intersection Of cnp Person M Employee AND
unionof cuD Male U Female OR
complementOf -C —Male NOT
oneOf {xyz} {Fiat BMW Ford} the set of
someV alussFrom I RC 3 hasVehicle Car SOME (from)
allvaluesFrom ¥ RC % hasVehicle Car OMLY (fram)
minCardinality Rz N hasVehicle = 3 MAIN
maxCardinality R=N hasVehicle = 3 M4
cardinality R=N hasVehicle = 3 EXACTLY
hasValue R=1 has\ehicle = Ford HAS {specific indiv.)

Fig. 9. Description Logics constructors.
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An equally important aspect of DLs is the distinction between TBexn{nologicalbox) and
ABox (asserional box). Concepts and roles are both described with terminological descriptions

defined by constructors.

The TBoxcontains what is termedtensionalknowledge and is constructed using declarations
defined bya terminology(a controlled vocabulary);e. the TBoxrepresents and facilitates the
specification of subsumption axioms to describe concept hierarchies, eggntral properties

of classes (concepts) and awlations (roles) between classes. axipm isa proposition that is

not proven butis regarded as se#fvident and serves as a starting point for deducing and
inferring other truths, e.g. a travel ontol o
utilitiesO usi negamidyvepidea fCarp Utiity), Ceothe dpgedialisationSar

andUtility are subsumed by the generalisatiamilyVehicle. Similarly, a class can be described

by a constraint placed on a role, aJglity € hasPoweredWheels AllWheels.

More formally, a TBox declaration of the above propositi  ( fi al | family vehioc
or utilitiesd) coul d be -Odderdagic,ibéseddn thesfollavimg r e s |
st at e xrepnesents the domain state tlais either a car or a utility, and is a family

vehicle.

(Cr D) = )CED)

An ABox contains what is termedxtensionalknowledge (or asserted knowledge) that is
specific to class individuals of the ontology domain or subject conteat.equally, an ABox
provides the definitions of instances (the concept and role mehibeassertions for instance
data), including assertions or facts about the attributes of those instances; using the same

controlled vocabulary used by the TBox. The ABox specifies where class instances belong, i.e.

relations between classes and individua.g. clas®river* hasvaluefi Bo b 0 .

Classes in DL are termgutimitive classes, if they are specified withcessargonditions, i.e. if
something is a member of a class then it must satisfy those conditions. However, there is no
guarantee that a class will be a membearaither class, e.Gar andRailLocomotive should not
be considered equivalent forms of transport just because each is described by the condition

hasTraction Wheel.

Classes are termedefinedclasses, if they are specified with batbcessary and sufficien
conditions, i.e. if some other class is specified as fulfilling that condition (by a necessary
condition) then it must be a member of the class having the necessary and sufficient condition.
This will be seen in the next subsidiary heading, where da@3gmss and DualCarriageway,

each having the conditiohasFeature CentralReservation, have a subsumption relationship

whereBypass is subsumed bpualCarriageway.
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FirstOrder Logic is not concerned with such a distinction, but DL reasoners, e.g. FaCT++
(Bechhofer and Horrocks, 20Q0ay be required to analyse TBox and ABox statements, when

validating and classifying an ontology classification by inferencing.

Description Logics in Ontology Specification and Develapent

Universal and existential quantifiers are some of the constructors used in Description Logics
(DL) to describe domains and constrain classes and relations. Concrete representations of
concepts, i.e. classes, can be specified by using logical exmesand restrictions, that use DL
constructors to define class membership. For example, the caneegyort could be specified

in specialisation classe®RoadTransport, RailTransport, and AirTransport, where, e.g.
RoadTransport might be defined using logical expressionnionOf (Car p Coach p Truck). A

different classCommercial could be defined by specifying the membership restriction of having

allValuesFrom ((Coach p Truck) n- Car).

Class descriptions are important because they provide the basis for knowledge sharing with
machinesj.e. they represent explicit statements, or modelling decisions, to ensure that class
individuals/instances fulfil conditions, e.g. thdes for membership of a particular class can be
formally described to specify the basis on which a class can edgidrticular domain context.
Further, given a skeleton class hierarchy and a set of class membership rules (asserted
conditions defining possible classeembershi] it is possible to use a DL reasoner to classify an
ontology, e.g. to (i) simply determin®r each individual class, its super class or domain
membership or (ii) generatelarger inferred hierarchy.An example of ontology classification

for (i) is demonstrated in Fig. ) and g, based on the following modelling statements

Bypass r (Multi-laneHighway p TrunkRoute) (N)
Bypassr HhsFeature.CentralReservation (N)
Multi-laneHighway r Hi-speedRoad (N)

TrunkRoute r VehicleRoute (N)

DualCarriageway r (Hi-speedRoad p VehicleRoute) (N)

DualCarriageway 1 JlhasFeature.CentralReservation (N&S)

The satements specify tha&ypass is a subclass of bothMulti-laneHighway and TrunkRoute,
which are in turn sullasses ofHi-speedRoad and VehicleRoute respectively. Class
DualCarriageway is also a sufglass of the two classés-speedRoad andVehicleRoute but is a
defined class, having a necessapd sufficient N&S) asserted conditiorhasFeature
CentralReservation, whilst Bypass is a primitive class, i.e. having only a necessalyasserted

conditionhasFeature CentralReservation. The class hierarchy ispresented ifig. 10a;.

An N&S condition means not only is the condition necessary for any class to be eligible for

membership of the class but also that it is sufficient to determine that any individual member of
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a class that satisfies the condition ghipgically be a member of the class. A class that

defined by arN&S condition is known as definedclass.

'Z_ Hi-speedRoad J 'Z_ ‘“WehicleRoute ) 'Z_ Hi-speedRoad J 'Z_ ‘WehicleRoute )

s ol I e By v T

SN YA T\
Sisa ‘15—1 Sisa 'I'e\.—a Jis-a “ie<:1 Is—a \is‘—\a
4 / h / ™~ | ~,

o e e et m— I
-\:.Multi-laneHighway ':_ DualCarriageway : I, TrunkRoute | Multi-laneHighway ':_ DualCarriageway : I, TrunkRoute |
E— B v —— e
. e S
e /is—a g3

m (
=]
o
A

( VehicleRoute )

o[\

'Z\ Hi-speedRoad ) [ WehicleRoute ) f
o ._.--"" e . |
/-;.J' A <7 'I‘_;: Hi-speedRoad is-a

TN s \ . |
/ |lJ \"-. 'I
i i

A isa "i‘s-a\\bs-a _,/i’s-a 1:5-1

e _\_\_\_»_{l— s A [ Nis-a \js-a | [ TrunkRoute
(. Multi-laneHighway (. DualCariageway . TrunkRoute | [ N | A
- E 1| o
— — v [N ,
\ _,_.--"'/ lig-3 DualCarriageway |I
\\i's-a =" iza |
™ - Y £ |
\ — N, 45 |
[ Bypass | \\\ a IIS a
S ., |
|
U Multi-laneHighway ||
|
= |
% |
“eea |
Y Iul
b1 bz [ .Bypass ) 1

Fig. 10.Subsumption relassification using Description Logics reasoning.

is

Similarly, anN condition means that, for any class individuabta possible member of this
class then it must fulfil the condition but the necessary condition is insufficient itself to

determine that it must be a member of this class.

conditions is known as@imitive class.

Any class specified with only necessary

Based on the above asserted condition principles, and after classification using a FaCT++ DL

reasoner, it was determined that BsalCarriageway is a defined class (having aw&s
conditionhasFeature CentralReservation), any class that satisfies the coraitmust be a sub

class of DualCarriageway. Given that Bypass has

the N condition hasFeature

CentralReservation then it must be a sulass ofDualCarriageway; therefore the ontology will

showBypass r DualCarriageway; this is demonstrated in the revid@drarchy in Fig. 10a
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Fig. 10 h and b demonstrate (ii)¢lassifyinga largerinferred hierarchy, andre based on the

following five statements

Bypass r (Multi-laneHighway P TrunkRoute) (N)
Multi-laneHighway r Hi-speedRoad (N)
TrunkRoute r VehicleRoute (N)

Hi-speedRoad 1 DualCarriageway (N&S)

DualCarriageway r VehicleRoute (N)

The statements arfelg. 10b, hierarchy appear similar to Fig. 18, i.e. havingBypass as sub
class of bothMulti-laneHighway and TrunkRoute, being sukclasses ofHi-speedRoad and
VehicleRoute respectively. However, the conditidmsFeature CentralReservation is not
applied to any classes and, whilstalCarriageway is a subclass ofvehicleRoute, it instead has
an equivalence relationship witi-speedRoad, making bothdeined classes, as equivalence is
defined as an&S condition.

Based on the above specification, the reasoner wilassify the ontology by inferring that,
Bypass must be a sub class OlualCarriageway because it is a sub class l¢fspeedRoad;
which hasan equivalence relationship withualCarriageway. ThereforeMulti-laneHighway r
DualCarriageway applies. Finally, based on the equivalence relationship between

DualCarriageway andHi-speedRoad, and thatDualCarriageway is a subclass ofvehicleRoute,

the reasoner will logically infer thati-speedRoad r VehicleRoute applies.

Inferring Ontology Relationships between Instances and Classes

An ontology can assert relationships between instances and their class types, e.g. it may specify
that class is a subclass of clasg, (Br A), and it may also assert that instantea resource

only of B, e.g. as typically formalised in the Ontolingua Fraonélogy (Gruber, 1992)when
specifying definitions of ontology components. However, a dlassubsumption) hierarchy

can make transitive assumptions, i.e. that in the algave if, and only if, every instanceof B

is also an instance af further, i nst anc esf 0c a no-inbtaficda firbelcd r
a class, depending on ciimstances. However, if there were a need to identify all relevant class
types for the instance without a reasoning tool and given the above assertions, any ontology
traversal would simply determireeas the class type; further, certain applicationsy mequire

class identification somewhere between the complete list of types and the asserted base class.

The above issues can be demonstrated, on the basis that a DL reasoner has been used to
determine class types basedioferred anddirect inferredrelationships. Fig. 11 shows three
varied asserted relations for a simple ontology class hierarchy: in Fig. 11 (a), the individual city

ALeedso has been specified (asserted) to be
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Regional_Centre and Government_Centre. In Ontolingua Frame nt ol ogy, fLeedso

defined as sionmpo yt haens efiicnlsatsasnecse.

In Fig. 11 (b), ALeedso has been asserted as
Reg_Centre andCity. Each r el iettinstanceosf hbo wse laatfidonshi p, a
also asserted to be an instance of both a sub class and its super cl&sg, Centre and
Govt_Centre as in Fig. 11 (a); this is also referred to as maxirmsigcific and demonstrates

unigueness.
(a) I M)
(_Geo_Community ) T
/* - \ ':.GED_CDI'I'II'I'ILII'lit‘y'
'J:.Population_Cenll'E.::' ':-Government_Centre. ) e / \ —
—— — b (_ Gowernment_Centre ™

LR

= ES .Ea;; ‘\

B

| City | -Z::.NationaI_Capital.:.“.- Y, -i:.RegionaI_Centre : e
—- —— ), Tree— (_Matiorial_Capital 1 ( Regional_Centra )
\ <o A

W ° "'\-\._\ - . -.. N

b

Leeds o

Leeds

© P

: Geo_Communib,f-

"::.Population_Centre.:} ¢ .Gmrernment_Cenh'e. ]
?f ‘cﬂ_ “:\‘n
| City | -Z::.Nalional_Capital.:_‘.- -::.Regional_Centl'e :
«
s
Leeds

Fig. 11. Asserted, inferred and direct ontology relationships.

However, reasoning on (b)) wil!l al so show all
has inferred instaneef relationships with class typ&overnment_Centre, Population_Centre,
andGeo_Community, and secondly, the inferred subclaggelationships that class typ€ty,
National_Capital and Regional_Centre have with Geo_Community. Finally, Fig. 11 (a) is
repeated in Fig. 11 (c) but this time is baseddaect inferred relationshipreasoning on
ALeedso; t he e fdireetcgtaphreassningt omlp shows the malatidnship with
Reg_Centre a n d has Ahi ddeno i nf Gavearnmaht Centre laad | on s
Geo_Community. By using inferencing techniques, a full set of relatijps can be

determined.

Semantic Web markp provides a natural application for DLs, because it will rely on

ontologies to provide common terms with formalised semantics.
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1.4.5 Development of Modular Ontology Concepts

A Semanti cofWeb wihllil f tdtieap masgd of RDF/OWL resources being
developed coupled with wider ontology acceptance and reirsgeed, reusability is a key
benefit of ontology developme(iioy and Hafner, 1997)However, as ontologies can be small

or monolithic, and may be designed for shared or local use, their reuse by ontology mapping
could be problematic given the potential for design heterogeneity or partial overlap
(redundancyi as alluded to previously in section 1.2, regarding semantic heterogeneity.

The specification of ontology domains in this reseandh attempt to address issues of reuse

and redundancy at the conceptualisation and modelling stage; by embracamgptdseh of

Rector (Rector, 2003) where modularisation of ontologgonceptsrepresents a best practice
approach motivated from the origins of database normalisation, e.g. classes are initially
specified at an atoic level (ie.selst andi ng) . Rector advocates
so that primitive c¢cl asses, roles and rel atic
of selfstanding, disjoint trees and then subsequently combined by usingprretdps,

definitions and restrictions to explicitly define more complex concepts.

The creation of disjoint trees helps to avoid the problems of specifying multiple inheritances.
By ensuring all primitive classes exist in only aneduleor tree of concdp, such disjoint trees

help to remove inconsistency and lack of clarity, e.g. when the hidden or inexplicit meaning can
be so often hidden within complex/compound/verbose concept names of classes that really
represent derivations of primitive classes, defineablegdependent classes). In a transport
ontology, an example could be a class nameti-levelMotorwayJunction but whilst the name

would convey reasonable understanding to a human, by itself, it provides no clue to a reasoner
as to what compomgs are really described by such a concept. By creatimitipes, roles and
relations these can be combined to form suchfeed class. By constructing complex classes

in this way, adisjoint hierarchy allows a reasoner to check consistency andaselguinfer
subsumption (which might include multiple inheritance). Ontology development can then be
considered more explicit and sounain the basis that sound conclusions will follow from sound
premises. In effect, primitives, roles and relationsusedl as building blocks and the following

examples show how they can be used to create defined ontology concepts:

1 primitives: selfstanding entities, objects or forms, eSyucture, Process, System,
Organisation;

9 roles: functions e.gCarriesRailTraffic, RailTransportRole;

9 relations: conceginking properties or binary relationships likeasRole(X,Y) e.g.
TrainOperator hasRole W RailTransportRole.

The above are then combined to form definable (dependent) conceptailegyBridge can

be defined by combining primitives, relations, and roles:
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RailwayBridge 1 Bridge n (hasForm J] Structure n hasRole J] CarriesRailTraffic)

From theabove, it should be clear that Rector offers a structured, incremental approach to
meaningfully describe concepts; by modularising the semantic constructs of concepts within an
ontology. This approach facilitates reusability both within and between gigsland, indeed,

the modularisation of ontologglementsprovided a lead for the method by which later
examples of ontologymodules(i.e. small ontologies defined as reusable and contextual
components in effect plugins to form domain and applicationtofogies) were developed for

this research. It will also be seen later that modularity also supports the basis on which
subsequent ontologyased query expansio®QE) techniques have been executed because,
given the use of search keyworgsimitive (stand-alone/atomic) classes would seem consistent

with the notion of such query terms and subsequently @@ and document text matching.

Whilst a key requirement for both modularised ontology concepts andosuain plugns is

that they should be seibrtained and able to support reasoning in their own right
(Stuckenschmidt and Klein, 2004he modularisation of ontology elements and the capability

of an ontology to serve as a component module to build a larger structure are both interlinked
but different. The former represents an appro@&cimodularise the semantic constructs of
concepts within an ontology, whereas the latter represents a reusaldensaib plugin.

Where there must be consistency is that, for module ontologies to be combined and used in
conjunction with a reasoner to dra classification, they should be specified using the same

semantic constructs described above.

1.5 SEMANTIC WEB ONTOLOGY LANGUAGES AND TOOLS

Based on ontology theory discussedibsectiori.4.1, formal ontology is a key component in
delivering the SemartiWeb; particularly given the similarity in which both have been defined,

wi t h r ef dormalrrafeessto the dact fihat the ontology should be maetdéadable®

(Studer et al., 1998ndAidef i ned amdd ma e frfesaé a KBeinersLee @t al.,

2001) Onthis basis, the following languages and tools are relevant, i.e. those components that
would either be usable in a Web environment and/or be capable of directly generating Semantic

Web linked data (via RDF) and knowledge representation (via OWL).

1.5.1 Semantic Web and Ontology Languages

Human users and Web agents can view the traditional WWW as a web of document resources
that are navigated by traversing hyperlinks. The effect of linking these resources is that they
become fAintegr at ed odiontspacef Further, tlee Wel isobbsad primmarilyfooa r ma
HTML documents that are designed to control the visual presentation of a body of organised
text and related components, e.g. describing objects such as images and interactive forms to the

human interpreter However, HTML itself has no capability to determine the semantics of what
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a set of characters presented could actually convey to a machine. For example, a Web page
displaying the wordelevision might also present other text, sagduct id: DTV-34FS, but there

is no way of establishing with certainty what the fewtuct id actually describes: it could refer

to either a television, or a 34 inch screen, or asitaéen, or it could relate to something that is

not even a consumer product. HTML simpbys that the span of tedTV-34FS is something

that should be positioned near charadigesision andproduct id.

In response to this problem, new research initiatives were undertaken by the W3C and Tim
BernersLee i ntroduced A Th einvatimes been termeWa deminal article2 0 0
in Scientific American(BernersLee et al.,, 2001) He referredtoitaan ext ensi on
current Web in which information is given wd#éfined meaning, bettenabling computers and

peopletoworkinco per at i ono.

Whereas the WWW represents a web of documents based mainly on HTML syntax, the
Semantic Web should be viewed aswab of datasupported bya common description
framework technology that allows datalie shared and reused between organisations and by
consumers.Some parts of the Semantic Web technologies have foundations based on Artificial

Intelligence research, e.g. knowledge representation.

More recently, Bernerkee launched another semantisedinitiative by outlining best
practice design issues for linking diverse data sources, i.e. effectively creating a \ivi&bdf
data(BernersLee, 2006) Linked data on the Web is based on standards for representation (e.qg.
the Friend of a Friend (FOAF) projeet, identification, retrieval and merger, and has been
adopted by aropen datamovementt h a t is based on the W3C SWE
Linking Open DatgdSWEO, 2009)it has the goal of extending the Web by making data freely
available to anyone. By publishing varioogendata sets on the Web as RDF and by setting
RDF links between data items from different data soyndésb crawlers can traverse the data

links and, at any time, discover new linked data published on the Web. It has been referred to as
the emerging Web of Linked DatBizer, 2009) Therefore, whereas the Web, syntactic

Web, is simply about presentation to humans, the challenge of the Semantic Web is to realise
the potential of the \&b, by extending the capability of the Web through the use of standards,
markup languages and related processing tools (software agents). As a result, it should be
possible to execute sophisticated interpretation tasks using an extended web of -machine
readable data; expressed more meaningfully by having knowledge representation coded in the
page. However, Bernetsee said the realisation of this vision would require a number of
enabling stages, because Semantic Web agents and tools would require kRicgpatde of
providing far greater expressiveness than that offered in the base XML ¢@tmezPérez

and Corcho, 2002, Pat8chneider and Fensel, 2002, Decker et al., 2000a)

11 FOAF: http://lwww.foaf - project.orgl/.
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The Semant i (Bewsrdshee R000jNustratés a number of intermediate and related
layers, comprising standards and toblsee Fig. 12. XML represents the universal syntax
carrier and XML Schema the mechanism to control the structure of XML documents. A URI
(Uniform Resource Identifier) provides a mechanism to define unique location references to
entities and relations, whilst NS (Namespaces) enable differentiation between combinations of
document s, i . e. t o avoid semanti c imiac ol | i s

terms/metadata/vocabularies they may refer to semantically conflicting data or domain contexts.

Ontology support

Namespaces XML-Schema

XML - Structured documents

Universal Resource Identifiers {Unicode)

Fig. 12.The Semantic Web TowéBernersLee, 2000)

The tower incorporates several key Semantic Web technologies that have bped b

World Wide Web Consortium (W3C) recommendations, the Resource Description Framework
(RDF) core languagN3C, 2004c) and the RDF Schema and OWL Web @ogy languages
(W3C, 2004b) These will serve as a platform to support a standardised query language for
RDF that will permit widely distributed RDF/XML data collections to support integration and
function as a universal data exchange mechanism. The role of gnitolibgeg Semantic Web is

to formally describe and specify a domain context by addressing structural and semantic
heterogeneities to provideshared vocabularthat can be referenced by different applications

in the subject domain. Thus, the ontolagnserve as an anchor point by semantically linking
information across the Web permit heterogeneous data sountegration andnteroperability

between contextually related domains.

New Web ontology | anguages have tostandandsdafd t h
DARPA Agent Markup Language and Ontology Interchange Language (DAML+@kndler

and McGuinness, 2000, Bechhofer et al., 2001, Fensel et al.,, 2001, Bechhofer et al., 2000,
Connolly et al., 2001, Decker et al., 2000&hich was subsequently subsumed by W3Cs 2004
OWL recommendatioW3C, 2004b) a revision of DAML+OIL,incorporating lessons learned

during its design and application. OWL will provide the enabling technology for formalised

knowledge representation in ontologies.

However, in recent articl es (WcCbol, 2005 McRa@ok hi n k
2006) it was expressed that current appiws wi | Hever fachieve widespread public

adoptiodbecause of t 6 s compl ex f or mat tagadifice exgrassivitye me n {
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and pay enormous costs in translation and mainternance The evidence giyv
somewhat paradoxically, thestinct lack of Semantic Web content currently available and the

| ack of a nAkil |l er Taandgyetithe draditianad Webtsarely hadosimibat e |
issues in its infancy? McCool also suggested that simple structures would be more practical, i.e
removing the convention of classes, relations and triples from Semantic Web formats and
adding simple parameters to existing tags; with additional metadata in HTML pages to facilitate
entity information exchange. However, this argument would simplyrégrbe fact that
semantic consistency and removal of ambiguity requires ontology or vocabulary driven
metadata that is both shared and agreed. Just as database interoperability suffers from structural
and semantic discrepancies, without a backbone déeariframework, the Semantic Web

would similarly suffer without order.

RDF

RDF (W3C, 2004c)s the enabling language for the Semantic Web and is a W3C recontmende
standard framework for describing Aresources
and provides the resource description framework for the SemantiqDéeker et al., 2000b)

Whilst RDF is based on XML type syntax (RDF/XML), it differs from XML, as RDF has the
characteristic of being able to provide meaning through the common structures available in its

data model, i.e. it provides metadata for\t¥ieb.

The underlying structure of any resource description in RDF format is a set of triples; each
triple (or statement) consisting of a subject (resource objecta predicate (subject
property/attributep), and an object (resource object or vallie The three elements,(p ando)

form a binary relationship (s, o) or objectattributevalue: A (O,v). Alternatively, the

relationship can be depicted as a labelled edgetween two node§ andV: [O]8 AY [V].

RDF uses URI references likettp://someurl, which may include dragment identifierlike
http://someurl#people to identify Web resources and properties. A set of such triples is called
an RDF graph and the node and direaeddiagram in Fig. 13rpvides an example; the triple
forms a nodarcnode link, or directed graph. The syntax for the graph is shown in Fig. 14.

httpzffwww mckaywinsagaincony
httpz/jwwwdgeo comjelements/HomePage

John
https/fwwwdgeo compelements/FustName

p:/jwwwdgea comjelements/LastName

http:wwwdgeo comfeleme ntsName
McKay

http:wwwdgeo comfpublications JAuthorID_10112 hitp: v dgeo comye lems nts Bl |

jmckay @mckaywinsagaincom

httpzffwww dgeo comjeleme nts/Publcation

htp:/purlorg/deelements/1.1/title How to Win the Lottery

http//purlorg/de elements/L.L joreator .
Pl el o http: /v dgeo comielements/PublicationType

p:/jrvww dgea compublications htrl #Fape rback

David George

Fig. 13.RDF graph showing linked triples.
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The graph example in Fig. 13 illustrates the conventions of the RDF data model:

I asubgct 6) can be either an RDF URI reference, e.g.
http://www.dgeo.com/publications/AuthorID_10112 or a blank node @node), e.g.
genid:A1468341,

1 a predicateq) must also be an RDF URI reference, e.g.

http://www.dgeo.com/elements/Name;

1 an object ¢) can bean RDF URI reference, e.bttp://www.mckaywinsagain.com/; a

literal value, e.g.nodeDavi d Georgeo or agsé

A b-node contains no data as such and simply serves as a parent node for a grouping of data,
e.g. the mode genid:A1468341 is the parent nad for two predicates
http://www.dgeo.com/elements/FirstName  and  http://www.dgeo.com/elements/LastName,

together with their |literal. values fAJohno an

It can be seen in the RDF example that subjects and objects are the graph nodhs, avith
direction always pointing towards the object; thus RDF/XML takes the form of a directed
labelled graph, as opposed to XML that has exactly one tree representation. Further, each triple
represents atatemenbdf a relationship between the nodenedmts where, in this example, the
ellipse nodes represent subject/object resources, the directed edge the predicate (property), and
the rectangle nodes represent literal values. RDF triplgs, @ndo) can be chained, i.e. a
triplebds o0 bsepreeas thecsabjectiipde in the mext triple. RDF triple chaining is
particularly relevant when considering the emerging Welnkéd datadiscussed earlier. An
example of chained triples, in this cage p, o/b-node), (s/b-node, p, 0)) is shown inFig. 13,

e.g. with nodegwuthorID, Name, b-node, FirstName, fiJohno.

The graph also shows that subjects and predicates are identified by a URI, e.g. the subject
(AuthorID) URL http://www.dgeo.com/publications/AuthorID together with the predicat®ldme)

URI http://www.dgeo.com/elements/Name. Alternatively, as shown in the RDF/XML syntax in

Fig. 14, to minimise code reuseshort form of predicate URI has been used by binding the
prefix dg: with the supporting metadata vocabulary namespace in the root RDE|d.e.
xmlns:dg=Adahttp:// www. g e @refixignis eusedae ifiorns / the tag
<dg:LastName>McKay</dg:LastName>. As mentioned previously, namespace URIs and
prefixes provide a means to uniquely identify a resource and thus help to diffeereitnilar

terms that might mean different things in other resource location contexts. This can prevent

ambiguity through what has been termed a fta
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<?xml version="1.0" encoding="ISO-8859-1" 7>

<rdf:BDF xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:de="http://purl.org/de/elements/1.1/"
xmlns:dg="http://www.dgeo.com/elements /">

<rdf:Description rdf:about="http://www.dgeo.com/publications/AuthorID 10112">
<dg: HomePage rdf:resource="http://www.mckaywinsagain.com/" />

<dg:Name rdf:parseType="Resource'>
<dg:FirstName>JTohn</dg: FirstName>
<dg:LastName>McKay</dg: LastName:>

</dg:Name>

<dg:Email>jmckayimckaywinsagain. com</dg:Email>

<dg: Publication rdf:parseType="Resource">
<de: title>How teo Win the Lottery</de:title>

<dg:PublicationType rdf:rescurce="http://www.dgeo.com/publications. html#Paperback" />
</dg:Publication>

<dec: creator>David George</dc:creator>

</rdf:Description>
</rdf :EDF>

Fig. 14.RDF/XML serialisation of RDF graph.

RDF can be stored by different serialisattechniques, e.g. in the official RDF/XML syntax or

by dismantling the graph into its separate triples, i.e. in N3-@riple serialisation, with the

latter options being better for large file storage. Fig. 14 above shows the graph in RDF/XML
syntax and-ig. 15 below shows the graph separated into triples usihgN pl es f or mat
RDF validation toolu was used to parse the RDF/XML file and generate the RDF graph-and N
Triples.

1 <http:/fwww.dgeo.com/publications/AuthorlD_10112> <http:/www.dgeo.com/elements/HomePage>
<http:/iwww.mckaywinsagain.com/> .

2 <http:/iwww. dgeo.com/publications/AuthorlD_10112> <http:/’'www.dgeo.com/elements/Name=
genid:A1468341 .

3 genid:A1468341 <http:/hwww.dgeo.com/elements/FirstName=> "John" .
4 genid:A1468341 <http://www.dgeo.com/elements/LastName= "McKay" .

5 =<http:/fwww.dgeo.com/publications/AuthorlD_10112> <http:/www.dgeo.com/elements/Email=
"imckay@mckaywinsagain.com” .

6 <http:/fww.dgeo.com/publications/AuthorlD_10112> <http:/fwww.dgeo.com/elements/FPublication=
genid: A1468342 .

7 genid A1468342 <hitp:fpurl.org/dc/elements/1.1/title> "How to Win the Lottery”™ .

8 genid:A1468342 <http://www.dgeo.com/elements/PublicationType>
<http:/iwww.dgeo.com/publications. htmi#Paperback> .

9 <http:/fvww.dgeo.com/publications/AuthorlD_10112> <http:/fpurl.org/dc/elements/1. 1/creator=
"David George"” .

Fig. 15.N-Triple serialisation of RDF graph.

The NTriples format,a subset of N3, clearly demonstrates $he, o structure, where the
elements are separated by spaces, the triple is terminated by agariddJRIs are enclosed

by angle brackets.

11 RDF validation tool: http//www.w3.org/RDF/Validator/.
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RDF Schema

Whereas the role of RDF is to provide a basic okjéicibutevalue data model for metadata,

RDF SchemdW3C, 2004d)s a vocabulary, or ontology modelling language, based on RDF; in
effect, it comprises a set of rules to define the key components of a domain and how they relate
to each other. This vocabulary enables an ontologist to define glaseperties and class
hierarchies, and specify property domain and range restrictions; this provides semantics for
subsumption hierarchies.

Incrementally, an Ontology layer adds more vocabulary for describing properties and classes,
e.g. disjoints (reléns between classes), cardinality, and equivalence. Using RDF Schema, it
would be known which classes existed and what their properties were, whereas with an
ontology layer it would also be possible to say when two classes are the same or whether
propertes have multiple values. Semantic Tower layering is shown in the following examples:

1 RDF enables assertion of facts €@grson 453420 i s named AJohno.

1 RDF Schema facilitates vocabulary description to describe things,Pergon

f453420  isuhClagsOf LivingPerson.

1 Ont ol ogy describes relationships betwee:]

Person in ontologyo! are the same as the setuskr in ontologyo20 .

A further distinction between RDF and RDF Schema can be demonstrated in the graph in F
16, available from an early W3C RDF Schema Working Oi&BC, 2002)

rdis:Resource

F
rdfs:subClassOf rdfs:subClassOf

& 4
rdf:type rdfs:subClassOf

) eg.authar
rdfs.domain rdfs:range

A
rdf:type

rdfs:subClassOf
eq:Agent

I
rdfs subClassOf

eq:Person

Tim Berners-Lee

Information Management: A Proposal |

httpy/.../Proposall de:title

Fig. 16.Relation between RDF Schema and RDF @ataC, 2002)

The W3C graph in effect represents two layers: the first illustrates how the RDF vocabulary
rules can be used to describe real world objects, in terms of dlass membership and
properties that are used to relate class members, and interfaces with the second layer (shaded

area) to demonstrate the link to RDF applicatmrel data.
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RDF Schema comprises a set of classes, e.g. Resource, Class, and Propertglas§h
rdfs:Resource represents everything described in RDF and all real world things are either
members (individual sub classes) wffs:Resource (e.g. rdfs:Class and rdfs:Property) or
instances of class members. The conceéfstClass represents a gene type or category of
Resource, whereagdf:Property represents those resources that are RDF properties, i.e. RDF
properties are sub classesdffProperty, e.g.rdf:Type andrdfs:subClassOf denote membership

of a classrdfs:Domain represents a domairiass of a property andifs:Range represents a
range class of a property.

The Fig. 16 example demonstrates some identifiable triples:

eg:Document rdfs:subClassOf eg:Work (a document is a work)
eg:author rdf:type rdf:Property (author is a type of property)
eg:Person rdfs:subClassOf eg:Agent (@ person is an agent)

Further, theeg:author property relates ang:Document to aneg:Person, i.e. in the domain of
documenthe propertyauthor has a value rangeerson Finally, it can be interpreted that the
proposl istitted il nf or mat i on Manage mauthtris agersofmamgro s al 0
ATim Berners Leeo. C I cenabindtigns of &tabdes, [Bapdrtiesreand e n &
values to be used together in a meaningful way.

OwL

An OWL ontology is basically an RDgraph. There have previously been various ontology
representation languages for the Semantic \(@mezPérez and Corcho, 2002e latest is

the OWL Web language, which is built upon RDF Schema and derived from the DAML+OIL
logic-based ontology languag@iorrocks, 2002) OWL is the W3C recommendation for
Ontology representation in the semantic W&¥3C, 2004b) It has three ®mTies or sub
languages that demonstrate increasing expressiveness beyond the basic provisions of RDF
Schema, i.e. OWL Lite, OWL DL and OWL Full.

1 OWL Lite is syntactically the simplest sldnguage and is suitable for basic class
hierarchy and constraintg.g. it is useful for translation from thesauri and simple

taxonomical classifications.

T OWL DL is more expressive and is based on the Description Logic paradigm (a
decidable fragment of Fir€rder Logic, i.e. decidable in finite time) and supports
automaed DL reasoning, e.g. subsumption reasoning to compute classification

hierarchies.

1 OWL Full provides the highest level of expression and is suitable where expression is
more important than decidability. With OWL Full it is not possible to compute with

aubmated reasoning tools.
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The three OWL variants contain sequencedadsesproperties relationshipsand facts. OWL
DL and Full allow explication of formal axioms, i.e. the specification of constraintelbr s
evident truths that are accepted as thasbak reasoning; axiomare used to constrain the
meaning of concepts, verify ontology consistency and infer classification hierarchies.

Like RDF classes, OWL classes are the concrete representation of concepts and are associated
with a set ofindividuals(the class extension). The individuals in the class extension are termed

the instancesof the class. Whereas instances represent objects in the domain of discourse,
propertiesare binaryrelationshipson classes and their instances, i.e. the relationdset two

classes or individuals. There are some important considerations to remember in OWL. OWL
does not use a unique name assumption (UNA), in that two different names can refer to the
same instance, e. g. iBar do an do theWanlelpérsoom_ S h a
Equally, the designer miisameAsC2dy exaebse,t kbay
the same or might be different. Fig. 17 shows a subsumption hierarchy fragment of a simple

geographical concept defined using OWL syntax.

<owl:Class rdf ID="PopulationGroup"/= ‘

Popul ationGroup

| gidref | Any*
; A
/isa \isa
<owl:Class rdf-about="#Town"> / \ <owl:Class rdfID="City">
<rdfs:subClassOf rdf-resource="#PopulationGroup"/> <rdfs:subClassOf rdfresource="#Popul ationGroup"/>
=fowl:Class> Town Gity =fowl:Class>
5 I
fio o
Nelson . Liverpool
aricRef 2ESIN | gridRef JESIN
<Town rdfID="Nelson"= <City rdfID="Liverpool">
<gridRef rdf:datatype="#string">2E52N</gridR ef> <gridRef rdf:datatype="#string">3E52N</gridR ef>
<Town= </City>

<owl:DatatypeProperty rdfID="gridRef">
<rdfs:domain rdf:-resource="#PopulationGroup"/>
</owl:DatatypeProperty=

Fig. 17.0WL representation of subsumption hierarchy.

In the context of Fig. 176s domai n, i City mi ght
is constrained such that all individuals @ty must have a cathedral. In OWL, classes are
defined bydescriptions (asserted conditions) that specify the conditions for class membership,
i.e. City € hasFeature Cathedral. Subclasses specialise (i.e. are subsumed by) their slgees

and are daesfad nredal dtyi ams Wi p; t hgsgntaxow:SubOmrssa@fi f i e d
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(in DAML+OIL it is rdfs:SubClassOf).
rdf

In this example, instances are identified in red, e.g.

I D=filLiverpool 0o

Fig. 16 demonstrated the relationship between RDF and RDF Schema layers; Fig. 18 extends
this by showing the relationghbetween the RDF Schema and OWL layers.

Whilst OWL builds on RDF and RDF Schema, in terms of expressiveness, OWL components
have a sub class relationship with RDF Schema, e.g. the OWL layer in Fig. 18 shows that
owl:Class and owl:ObjectProperty are sub kasses ofrdfs:Class and rdf:Property, so that the
t he of t
owl:City and owl:Motorway respectively, and their respective super classé®opGroup and

instance | ayer shows assertions he

owl:Highway are classypesrdfs:Class.

ROF Schema laver

rdfs: Resource

rdfs:subClassOf rdfs:subClassof

rdfs:subClass Of

rdfs: Class rdf:Property rdfs: Class

OWL Ontology laver

rdfiftype

rdf fype

@@“ rdfs: Domain

rdfitype

owl:ObjectProperty

owl: Highwa
rdfs:Range__.--7" J Y

rdfs: sub|ClassOf

(City )

Instance laver

ester |

Marnchester

rdfs:subClassOf

ol owli Motorway

owl accessedBy

62

Fig. 18.Graph of relations between RDF Schema and OWL Layers.

The object property owl:accessedBy is a property type owl:ObjectProperty, with the property
relating to the domain owl:PopGroup and having range values of class type ¢wastighis

i s refl

accessedByt h

ected

e NAM620.

n

t he
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1.5.2 Semantic Web Tools

There are a multiplicity of toojldhoth commercial and opesource that have been the subject
of various surveygOntoWeb, 2002, Gilbert and Butler, 2003jlany Ontology and Knowledge
Basetools are Javabased, given the development of platform peledent applications and
applets for deployment over the Web, and this was a deciding factor in tool selection.

The Java language will have an influential role in the future Semantic Web, given that JADE
(Java Agent DEvelopment Framework) is a softwareéaork to facilitate the development of
Multi-Agent Systems (MAS)in compliance with the FIPAI specifications for interoperable
intelligent multragent systemgBellifemine et al., 1999) FIPA compliant commercial and
opensource software agent tools are written in Java.

Several prominent tools have been identified because of their interrelationships between each
other andheir ability to programmatically generate or store Semantic Web content. Ontologies
are invariably authored using an ontology editor and the widely used Protégé was selected for
the ontologies developed for this research; these ontologies were comporthetsemantic
search query expansion experiments, using a prototype search tool termed SemSeT (Semantic
Search Tool), which was developed using the Jena API toolkit. Both Protégé and Jena are

summarised next.

Protégé

Protégés an ontology editoevolved out of various artificial intelligence (Al) and knowledge
modelling projects conducted at the Medical Informatics group at Stanford Univ@tsigyet
al.,, 2001) Protégé is a Jadzased, free opesource knowledge modelling application to
construct conceptual models and knowledge bases, in an applicatgatform independent
way, as models can be developed using Prefégdes or Protég®WL editors and be saved
in various formats, e.g. XML, UML and RDF/XML, using storage filug

The tool (see Fig. 19) supports numerous phsy(Knublauch, 2003)for knowledge model
visualisation tools and reasoners, including OntoViz, OWLViz, Algernon, RACER, FaCT++
(Bechhofer and Horrocks, 2000Y he gradual development of Protégé and its component plug
ins represents the collective effort of a number of research groups including Manchester
University/COODE group. In particular, Protégé uses DIG compliant reasoners (Description
Logic Implementers Group) to compute subsumption relationships between cladsistert
inconsistent classes, i.eévgn an initial hierarchy plus a set of membership rules, the reasoner's

job is to generate angrger inferred hierarchy.

11 FIPA: IEEE Foundation for Intelligent Physical Agents - http://www.fipa.org/.
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hydro-electric Protégé 3.4.1  (file:\F:\Jena\datab\geo-layers\Hydro-Electric\hydro-electric.pprj, OWL / RDF Files)
File Edit Project OWL Reasoning Code Tools Window Collaboration Help
ODeH + EE tud | € @ =@ ae C@protégé
{53 Metadata(hydro-electric.owl) @ OWLClasses |E[[| Properties \i>> Individuals | = Forms | Ontoviz | % OWLViz
Iy =
’ CELSNERTE
For Project: @ hydro-electric For Class: |http: /jwww.ivewiredg. myby. co.uk/rdfjgec-ayers/hydro-electric. owl=HighDam [] inferred view
o T A~
v Ll 2l =
Asserted Hierarchy Q@f tS x L g \ii- x 2 [J Annotations
@ awl: Thing -~ Property Value Lang
@ Capacity (D) rdfs:comment -
f—j@ constr:Skructure IE‘ rdfs:label Hich Dam
[=1 @ constr:Barrier =
Q@ Dam s
@ constr:Building iy (gr \Q- % Asserted Conditions
j--@ DamDesign p—
= @ DarmFunction o
@ ElectricityGeneration @ Dam
- C) FloodCanitrol {3 hasForm some ButtressDam
@ Trtigation @) hasForm some ArchDam
@ RiverMavigation )
@ WaterStorags @ hasFunct!on some WaterStorage
@ Generator @ hasFunction some FloodContral
i @ hasPart some Spillway
'\@ Hyer-Electrcham ) \ED isMade0f some indust:Steel [From Dam]
3"\@ Hydro-ElectrichamBenefit @ isMade0f some indust:Concrete [From Dam]
@ indust: Concrete
@ indust: Steel e
{5 Intake (y \Q. ‘52 o3 % (=}l Disjoints
@ Lack
{1 NavigableDam b v
< ¥ < »
v & %R R by & | © (%) Logic View () Properties View

Fig. 19.Class specification using the Protégé Ontology editor.

OWLViz allows asserted and inferred classification hierarchies to be visualised. The OWL
plugin allows model processing using the OWL ontology languatperidge et al., 2004)
Other features, amongst many, include UML, XMI, and Prolog -plagand support for

Import/export of Protégé ortmgies from/toJenabasedersistent storage.

Jena Semantic Web Framework for Java

The Jena APl FramewoKMcBride, 2002)is an open source Semantic Web Java programmi
toolkit that implements RDF and OWL Semantic Web language recommendaticadfowo
RDFbased files to be parsed and components to be abstra€tesl.toolkit has been used
extensively during this research, initially to develop a number of Semantic Métaces for
RDF and Ontology file interrogation/manipulation trials and then, more importantly, to develop
the research search tool for the proposed experimentation. Currently in \&6®Ryrthe Jena
Semantic Web Framework was initially developedhia HP Labs Semantic Web Programme
(HP-Labs, 2005)and supportontology concept description, ontology management, concept
manipulation, data integration and queryenauses packages that provide Java libraries for a
developer use ina programmatic environmeninteracting with RDF, RDF Schema,
DAML+OIL, and OWL techmwlogies

The RDF API provides methods for manipulating and querying an RDF model as a set of RDF
triples; together with writers and parsers for RDF/XML andyples. Jena also provides for

persistent storage of RDF and OWL models, provides persister@gst@of RDF data in
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relational databases engines and includes support for JDBC drivers for MySQL, Oracle,
PostgreSQL databases. The Jena2 Ontology API is language neutral, supports OWL,
DAML+OIL and RDF Schema ontologies, and provides various iteratidhads for traversing

and extracting classes and instances; it also includes a document manager process for managing

an imported ontology.

Jena has a reasoner subsystem with configured OntModel rule sets for RDF Schema and OWL.
These ontology reasoning eusets can be used to constinéerence mode)swhich show the

RDF statements entailed by the data being reasoned over, i.e. by deriving additional truth
statements from one statement. Jena also provides support for a number of reasoners via its
inferene@ API. In addition, RDased query engine support is based on SPARGEC,

2005) a W3C recommean ckattieadd fgdietra | anguage,

information held in database models because the language has no inference capability.

1.6 INFORMATION RETRIEVAL BY SEARCH ENGINE

The World Wide Web is an inexorably expanding global information space. The growth in data
resources, data form, contextual mix and rdirtjual content means that Web search engines
can only provide the most loose formariswer set integration, in the form of a ranked list of
potentially relevant documents to the user. The three main Web search engines, Google, Yahoo
and MSN Search, account for about 85% of searches and employ what might be termed
traditional search metlig; the question is, can the Semantic Web be usedhbedsemantics

based search in traditional IR, to exploit the mass ofRIDR based data, or will the solution lie

in Semantic Web search being applied to RDF data sources?

1.6.1 Traditional Search

Early seath was based on Boolean search, whepeds and phrases can be combined using
Boolean operators, e.gND (+), OR, NOT (-), to restrict, expand, or define a search; document
ranking was not critical in a Boolean systéginghal, 2001) However, traditional IRSIGIR,

2008, TREC, 2008)ypredominantly focuses dreywordbased methods, enhanced by statistical
query expansion, t@enerate a ranked (vghited) list of potentially relevant documents
optimised in terms of search effectivenesgypically precision and recall (P&R)van
Rijsbergen, 1979) Similarly, commercial Websearch enginerely on matching query terms

with indexed documents and use query expansion to improve the effectiveness of search results,
e.g. adding synonyms to increase recall and also precifiey;also analyse link relations in
hypetext documents, e.d?ageRank link analysi€Google, 2008) Research has also been
conducted on deducinghé context of a document collection, e.g. by using stemming,
clustering/term capccurrence techniques. Stemming involves linguistic analysis to identify the
root element of a word and then returning all documents containing the root; a similar approach

is to generate a set of variations of the term, by appending and removing prefixes and suffixes to
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a query term as appropriate, and then also using those terms in an expanded query. Google
makes use of synonyms and stemming in search. However, expandiegyamih stem sets

and synonyms may increase recall but it can adversely affect precision.

IR uses various algorithms to determine document content relevance. Two prominent models
are the vector space model (VSi®alton et al., 1975nd probabilistic moddiSparck Jones et

al., 2000) In the VSM a document is represented as a vector space (a variable quantity that is
an aggregate of components) by recognising the existence argkistence of query terms in

the text in vectors that return valuesgher greater than zero or at zero so that a collection of
vectors can be added together and the values modified by relevance weightings to determine the
relevance score of a document. The probabilistic model is based on ranking documents by
estimating he probability of relevance, where relatedness or similarity are calculated by
probabilistic inference that ewmccurrences of terms (term clustering) will be distributed
differently in query relevant and namalevant documents. Term clustering is foundadthe
Association Hypothesigvan Rijsbergen, 1979).e. that a set of related terms (e.g. lexical
semantic relations) in a document collection woulebcour wihin documents in the collection.

By exploiting this hypothesis, emccurring terms can be clustered and expansion terms then
selected from those clusters containing the query terms; thus, the probabilistic model has been

important in query expansion apgiches.

However, the above search approaches are unlikely to return acpaigening none of the
original query terms, even if it had semantically related ones. Therefore, rather than relying
solely on IR data synthesis approaches, could Semantic Walbgyntepresentation languages

help Web users retrieve relevant information sources more effectively, by enabling search tools
to increase the weighting of documents that have other terms that are query related? If those
other terms match query relevamtalogy concepts semantically related to the original query
terms, they could then be used in query expandian.this initial research in comparing the use

of keywords again€DQE, the VSM relevance measure was selected.

1.6.2 Query Term Weighting

The VSM hadeen extended by a classic measure for-igeighting using thef-idf algorithm

(Sparck Jones, 2@) i.e. for term frequencytff against inverse document frequen@f)( to

give a weighted statistical measure of how important a term is to a document in a document
corpus ff-idf) . By using this approach, aentyénrthend s i 1

documen(tf) but is reduced by the frequency of the term incibrpus(idf).

To achieve document relevance ranking,tthidfmeasur e cal cul ates t he
term weights: wher# represents the frequenEyof any termt in documentd (i.e. Fy) andidf is

the inverse document frequency calculated byldgeof the total number of documerisin a
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corpus divided by the number of documemtontaining ternt. A termweight vectot, €.9.

for termt; is then expressed:as
. ap o
We= a Fq*1n 6998
tiddiD :

To minimise the generation of exaggerated weightings, i.e. when documents contain excessively
repeated terms, the frequerfey for each term can be normalised by dividing it by the highest
term frequency makxg found in the document:

4 F, 0, &p
a | *In 9
& =

tid,diD

In turn, term weights determine the weight vector for a docuchéi), i.e. a document weight

vector representing multiple matched terms is the sum of all matched term weights:

W,= @ [W g, W 4]

t,,, 4,0 d

The resulting combinedf-idf value can be used in P&R measures to determine search
effectiveness.

1.6.3 Search Effectiveness: Precision and Recall

The IR community has traditionally evaluated search effectiveness by measuring the P&R
achieved in a search procdsan Rijsbergen, 1979Where P&R are defined in the following

setbased measures:

_ | relevantdocumentsl documentsetrieved|
| documentsetrieved|

_ | relevantdocumentsl documentsetrieved|
| relevantdocument$

However, P&R do not generate ranked order and d&ea @bntradictory in that improvement in
one can adversely affect the other. Given, that search engines often return thousands of hits and

users are unlikely to view more than the first few result pages, precision is most important.

A determination of seah effectiveness in identifying relevant documents can be achieved by
applying thetf-idf algorithm results in a graph of precision against recall, by plotting the
cumulative returned document precision values say for every 10% interval ofi rasabill be

seen later. However, traditional search methods tend not to return potentially relevant
documents that contamoneo f t he terms entered in a useros

has to be considered with existing search engine P&R results.
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1.6.4 Semantic Web and Search

Based on a review of neterm prospects for the Semantic WBenjamins et al., 2008and an
examination of commercial search engines, there appears to be little evidence that the search
engines are providing ontologpased search methods\n examination of use cas€¥/3C,

2008) also fails to show that this challenge is befally exploited, either by Semantic Web
communities or commercial search engines. And yet, exploitation of the expressivity of the
ontological specification of concepts and relations may offer a valuable benefit in improving
recall of relevant documentby query expansion techniques that give added weight to those
documents containing wider, contextually relevant text, i.e. terms that can be validated or found
in a query contextelevant ontology. The question might be, however, would the size of an
ontdogy, e.g. in terms of generalisation, specialisation, and application/domain coverage,
adversely affect search processing overhead and ontology context management?

Ontologies have featured in various academic search initiatives:

i.  crawlerbased locators ®RDF and ontology resourges.g.Swoogle(Ding et al., 2004)
and Sindice(Oren et al., 208); search support in specialist knowledge domains, e.g.
bioinformatics and the Gene Ontologtevens et al., 2000, Ashburret al., 2000)

ii.  international organisation support, é/gorld Bank and Organisation for Economic-Co
operation and Development (OECDHKim, 2005) and in legal docuent search
(Berrueta et al., 2006)where ontology query uses technical terms to find related

information, terms and documents;

iii. other researchnvolving word synsets, sense definitibased expansions, ai@QE,
include: a review ofOQE sucess factors(Bhogal et al., 2007)exploitation of
ontological relationglLei et al., 2006, Fang et al., 200%)ord sense disambiguation in
semantic networbased sense definitiofSlavigli and Velardi, 2003) A hybr i do s
combining ontology anddyword based IR resuli@hagdev et al., 200&nd earlier
work on lexicalsemantic gary expansiorwork (Voorhees, 1994) OQE often uses

reasoningbased semantic query languages to extract query expansion concepts.

Commercial semantic search has included natural language processing search companies Hakia
(Hakia, 2008)and PowersefPowerset, 2008)whereboth use ontologies to support general

document/text search.

As mentioned insubsectionl.5.1, a further development has gained increasing prominence
during the last 2/3 years, i.e. RIbased browsing research has been focused on the emerging
Web of LinkedData; an additional layer interfacing with the traditional document Web, where

links connect selflescribing RDF files (i.e. an application can resolve unfamiliar vocabulary by

identifying definitions of vocabulary terms). As anyone can publish andlatikto the Linked

Data Web, and the data is published on the basis that it is open data, new data sources can
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therefore be identified at application runtime; indeed, more and more data providers are
adopting the Linked Data principles. This is resultinga rapidly expanding data space,
referred to as a fidata cloudo, embracing t
sciences, publications and social/ugenerated content. The current extent of this can be
appreciated in the data clo@WEO, 2009shown in Fig. 20.
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Fig. 20.The current gtent of Data Cloud of Linked Data.

A number of application initiatives are in progress to navigate the Web of Linked Data, e.g. data
browsers are being developed like TabulatpDisco2 and Marbles:l. Alternatively, the data

can be crawled and &acted using existing semantiocased search engines, e.g. Swodbiag

et al., 2004) Sindice (Oren et al., 2008) Some search engines are supporting open Web
standards for describing connections between people, i.e. the social infrastructure of the Web,

and offer methods to retrieve 4indexes tepblia , e.

Web for XHTML Friends Network (XFN¥ and FOAF.

11 Tabulator: http://www.w3.0rg/2005/ajar/tab.

[21 Disco: http://lwww4.wiwiss.fu - berlin.de/bizer/ng4j/disco/.

B Marbles: http://marbles.sourceforge.net/.

MGooglebs Soci al Gr @&.gdogleAdhi/apis/sbdialgrpph/l / ¢ o d

[51 XFN: http://gmpg.org/xfn/.
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Regardless of the initiatives underway above, how might a semantic search tool be more
effective than traditional search methods and what impact might such a tool have in improving
precision ad recall? Assuming that search will likely involve interaction with a contextually
relevant vocabulary, some important considerations emerge.

1 How would the search process relate search terms to a vocabulary/ontology and how

would an ontology hierarchy lieaversed?

T Would the richness of axioms describing a domain have an impact, e.gasserted
conditions to defining classiembershipand relation classes? Ssgbsectiond.4.4,

ADescription Logics in Ontology Specifica

A semantic search tool might enhance P&R performance measures,@QBabuld improve

recall by returning relevant Web pages contaimogeof t he user 6s original
search query terms fAEuropeo, f(E€makiediaagquenit r an
relevant ontology context, SemSeT could search for semantically related concepts by traversing
the ontology class hierarchy, i.e. frofmansportCompany to find North_West_Trainsfrom

CEO to find Managing Director, and fromEuropevia classes and relations to fifdanchester
andEngland- and then search for those terms within documents as depicted in Fig. 21.
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Morth West Trains, after four-and-a-half years as Ssleg Rifector, Midland Counties Trains

-
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~
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He will be succeeded in his former role by .=
T e E =

-
)

Fig. 21.A nonkeyword matching document hit using Semantic Search.

However, as a user is unlikely to examine more thafirdtdfew pages of a search engine list of
potentially relevant documents, a key question (beyond improving recall) mugh&ieimpact
would OQE have on search precision? Finally, the semantic correlation between ontology

concepts during the ontologyatrersal process will have a bearing on the degree of relevance
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that applies to any such concept relative to a base (original) query term@nyThis issue

is considered later isubsectior8.2.5.

1.6.5 Ontology-based Query Expansion

As mentioned insubsedbn 16.1, the major IR conferences tend fteus on traditional
keywordbased search, supported by statistical query expansion, as opposed to formal
semanticsbased query expansion, despite the existence of research orbasedequery
expansion an@®QE over the past 2Q5 years. Query expansion seeks to overcome potential
ambiguities in natural language and the challenge of using single terms to represent and locate
relevant information sourcéBhogal et al., 2007)

Early query expansion workvolved exploited lexical semantic relations, or synsets, using
WordNet. In 1994, experiments were conducted usimgnually expanded and disambiguated
queries over a TREC document collection, using synonyms and other semantic relations from
WordNet(Voorhees, 1994) Voorheedound that query expansion driven from full TREC query
topic statements produced minimal effect on P&R, whereas expansion was beneficial on
smaller, summary TREC query statements. Voorheed@lsal that assigning lower weights to
added concepts eahces retrieval accuracy; this outcome was of particular interest because it
will be seen later that some SemSeT experiments, using higher weights, produced improved
results. Related workGonzalo et al., 1998jdentified marked improvements in relevant
document retrieval, by expanding a query using indexed WordMetets, however, this
required the test collection (both queries and documents) to be disambiguated to make it work
effectively; without (manual) disambiguation, the synset indexing approach was only as good as

standard word indexingat best.

In an examination 0OQE using semantic network®Navigli and Velardi, 2003)queries on a
TREC document collection were expanded with terms doim WordNet synset sense
definitions @lossesbased on the semantic domain) and the results were compared to using
taxonomic (hierarchical) relations in a sefissed query expansion. The conclusions were,
firstly, that other ontology derived semantidate®ns (expansions based on the words in
glossey were more search effective than sebased query expansion (e.g. synonyms,
hypernyms and hyponyms) and, secondly, thgtasding a query with terms that on a
probabilistic basis frequently emccur with aquery terms, because they belong or relate to the
same semantic domain (e.g. aircraft and pilot/airport), is betterSisrantic Web sendmsed

query expansion work, which it was felt had not produced strong evidence for its effectiveness.
Word sense dambiguation was cited as a key problem with sense based query expansion and
that high precision was more important in query expansion than recall. Interestingly, query
expansions conducted using expanded glosses, i.e. including the synsets of glosweaverds,

less favourable than gloss words alone. The success achieved by using glosses for query
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expansion is consistent with the approach that will be shown in SemSeT experiments, where

norrinheritance based expansions (referred to as relation classaesgguochproved results.

A recent survey, BhoggBhogal et al., 2007%aid that using ontology is problematic because
the success @QEhas some key dependencies:

1 the quality of an ontology, knowledge model or thesaurus is paramount;
1 asuccessfudearch process is more likely if the user is familiar with the ontology;

T the ease of t he us er gearchegftedivepesspergowheresusersc a n
are able to navigate an ontology more easily because the search process automatically

suggestexpansion termsso that the user can choose relevant terms.

The issue of managing interface complexity was also considered in Sem@&eaetal., 2006)

and is consistent with the approach that has been adopted in the SemSeT procetis wbere

is required to manage context selection and related concepts are then preseriedtion s

Bhogal et al. discuss the issue of word ambiguity and refer to the problemcalbulary
mismatches between the query terms and the concepts in the ontology, although make the point
that ontology offers a solution for word sense disambiguatiéndifferentiation was made
between domaindependent and domasgpecific Aint ol ogi es o, with Wor
independent broad coverage considered likely to present problems of ambiguity; not
surprisingly, it was suggested that domsjrecific ontologiesre preferable for narrower search
tasks, given that terms and concepts are more likely to be accepted in a given domain.
However, the possible absence of any required domain ontology was highlighted as a problem,
on the basis of ontology developmentoeffrequired, i.e. knowledge extraction from domain
experts and achieving a consensus view. This point is interesting because two of the SemSeT
experiments were based on rapidly developed, small ontology modules that did not involve
considerable developmetime or domain expertise. Further, the issue of having gaps in the
menu of ontology contexts available for selection is inevitable when developing a new search

strategy and simply a matter of scaling up resources over time.

1.7 ONTOLOGIES FOR SEARCH CONTEXTS AND REUSE

It should be noted that this section, in the main, forms part of the research and not part of the
literature review as such. It was considered appropriate to address some ontology development
issues at this point because it amplifies someseaaasues discussed in the literature review
conclusions in section 1.8. As the research examines query expansion using corpus independent
knowledge models this section provides part of the contribution referred to in section 1.9, i.e.
related e¢pt adupilciocnaati on (redundancy) 0. - It
standing OWL ontologies (to be termed contexts) could be deaetlimp integration and reuse

purposes; and used fOQE in a prototype semanti@nabled search taol
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1.7.1 Ontology for Purpose

This research proposes that sstinding ontology contexts can be developed to support the
principle of ontology reuseeduce processing overhead (e.g. caused by any concept redundancy
resulting from clustering ontology modules), and to suppoeryexpansion. The focus will be

on refining modular ontologies, in that modules containing duplicate conceptsaaitsie@vill

be rationalised to make them contextually disjoint, i.e. more specialigéee discussion
involves examples dfansportations-domains related tmad and rail transportation.

The owl:imports construct allows reuse of existing concept definitions, to give an importing
ontology O, a contextual relationship with the impo@,. Imports areuseful because
owl:imports statements artransitive, i.e. if0, imports O, and O, imports O,, thenO, imports

O,. However, what happens if we want to say tharail ontology conceptRailOperator
(shaded vyellow in Fig. 22) is a kind of Cyg¢lLenat, 1995, Cycorp, 2005)

TransportationCompany?
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Fig. 22.Immigration classes mapped to SUMO classes. (For schematic representation only)

By importing say OpenCyc intRail, the construct copies not only tmeansportationCompany
super classes but also the full hierarchy and axioms of OpenCyc, even though we may have no
use for them. Therefore OWL has a weakness in that it either permits access to all foreign

axioms or nonebecause all axioms in the joined ontology must be satisfrederred to as

Agl obal @Beauquetrttali, 2083)
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However, using a seemingly refavt and smaller ontology can also create reuse issues, e.g. if
we were to import the Ontology of Transportation Networks (Ofidyenz et al., 2005)nto

our transport/tourism theme, we would find multiple-sigmains. Fig. 23M®ws an abstraction

of the ontology with a range of potential sddmain redundancytand_Cover_and_Use;
Road_and_Ferry; Meteorology; Railways; Service; Education; Entertainment; Public_Buildings;

Tourism; Emergency; Food_and_Housing; Shopping.

Land_Cover_And_Use Road_and_Ferry_Feature ( Meteorology | | Railways ) | Service ) Public_Transport

Y B Sy v h 4 . v

T s is-3 isa fisa is-a Nga s

(. Education ) Entertainment _ Public_Buildings [ Tourism ) Emergency | Food_And_Housing Shopping )
v v . < - =5, 4 v v

Fig. 23.An abstraction of sulomains contained in OTN.

A contextually relevant import, but demonstrating design and development autonomy, would
result in inherited complexity and processing overhead because using the OTN in a query
expansion based on tidoleontology, would require a full traversal of the ontology to identify
potential concept matches against query terms. This processing overhead would be better
controlled, by having a user facility to selectively include relevant ontology contexts and their

concepts prior to query execution.

The issue of selective concept reuse has been examined uSimignEctiongGrau et al., 2006)

and could be a solution as it allows specific concept linking to foreign ontologies via OWL
language extensions; but could it be managed to generate dcsfigdifirgeted module from
within an existing ontology? Neverthel ess,
provide flexibility and usability. However, would it be better to design modularity at the

conceptualisation and design stage?

1.7.2 Designed Modularity for Reuse and Minimal Redundancy

Ontology modularisation initiated at the conceptualisation stage can be considered a design
choice i.e. it provides inherent characteristics for reusing modules as library/menu items, e.g. in
this research as @eh ontology contexts. Conversely, formalisms created agGariaections

and GOWL (Bouquet et al., 2003yeally represent postesign,module extrection remedies

that are independent of original ontology design and development decisions; however, their
approaches could provide a solution for selective reuse of ontology concepts, for incorporation
within a query topic relevant ontology module/contéConnections requires participating
ontologies to be disjoint and provides no facility to create subsumption classes between the

ontologies but this would not preclude semantically related foreign concepts from being
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incorporated into query ontology cemnt, e.g. when constructing the TREC topic ontologies

discussed later.

Ontology contexts are proposed as one solution for flexible reuse, processing and minimising
redundancyléw cos}, and are considered suitable for a search tool like SemSeT. A dksigne
modularity approach should be viewed as in effdeintegrating a domain module at the
conceptual stage, so that independent&aliding) and almost disjoint contexts can be created
andre-integratedto satisfy contextual search; this will be exandiferther by:

9 considering visualisation and scoping of domains of intesestsgectiorl.7.3) and how
ontology subdomain modules might typically be designedlsectiorl.7.4);

1 understanding the issues resulting from module grouping/clusteribgédctiorl.7.5);

1 re-conceptualising and developing modules as disjoint contexts for queries to minimise
redundancyqubsectiond.7.6 and 1.7.7).

A mix of concepts from theoad and rail transportation sudomains will be used to
demonstrate redundancy and examhwmv modules can be specified more efficiently and

effectively, to provide query flexibility in ontology context selection by:

1 minimising future rework: i.e. avoidinbaving to revise a specification, as ontology
stability contributes to reusability; dewping a durable ontology by focusing on
primary concepts, i.e. concepts that are contextually restricted to an ontology;

T minimising potential redundancy: avoidingdundant terms across ontology modules

to reduce potential mappings and minimise querymerity and processing overhead;

1 using a consistent, best practice approachrfeaningfully describing concepttheir
relationships and constraints basedRactor, 2003) to facilitate search processes by

providing primitive, stanehlone/atomic classes for use as query expansion candidates.

The aim would ultimately be to have a menu of ontology contexts to support a serhastids
search tool, where any clustering would deliveroav-cost group of otherwse disjoint
(semantically unrelated) stdomain modules (contexts for queries). This approach clearly
differs from semantic similarity (semantically related) clustering to overcome heterogeneity
(Ding and Foo, 2002)
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1.7.3 Scoping Ontology Modules by Visualisation

A single general transportation ontology could support various search applications, e.g.
passenger travel, freight services, tourism, transport communication systemswWhilst all
relevant concepts can be described in a single ontology, would selecting such an ontology offer
effective reuse? For example, a tourism application would have little use for freight services
and what if tourism only required ontologypgort for raitair systems? Clearly, reusing the
ontology for tourism could mean concept redundancies; so, is modularity more appropriate?

For this discussion, the ontology transport domain will comprise road, rail passenger and freight
transportation, sging population centres; but how can a model of this mix be effectively and
efficiently described? In terms of visualisatiomnsider the road/rail/population centre sub
domains repr esent e tnditransportsgstert ¢olBnecting mwitEdi sdea s t

the schematics in Fig. 24
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Fig. 24.South East transport and CTRL Termina® OS Geta-Map*

These schematics depict roads, motorways and railways plus the Channel Tunnel Rail Link
(CTRL) - essentially a single mode of transport interfaciity road transport. Other roadil
interfaces might be level crossings and multimodal transport interchanges, e.g. thendrive
drive-off service at Cheriton CTRL roawhil terminal. These schematics serve as visualisations

for conceptualising and degbing a cluster of ontology modules.

For the purpose of clarity, a transport sidmain will now be referred to as a module.

1.7.4 Module Conceptualisation and Design

A road and rail transportation ontology model can be viewed as a multimodal system
encapswudted by logical modulesRfpad, Rail, PopGroup), €.g. theRail module could be
described using some simple Protéig&eloped object property statements, which are reflected

in theRail model in Fig. 25 (a).
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RailRoute startsFrom (RailwayStation p City)

RailwayStation locatedIn City

RailRoute hasRailComponent RailwayLine

RailwayLine meetsObstacle LevelCrossing

LevelCrossing intersectionBetween (RailwayLine n Highway)
RailwayStation accessedVia Highway

Highway startsFrom (RailwayStation p City)

Similarly, as fown in Fig. 25 (b), thRcadmodul e mi ght say, Ahi ghwa

city and a CTRL t er mi noa/driveoff facilitg andthis macedssedobly f er s

rail o; Ahighways encounter rail way gthéRnad s
module, it is evident that certain concep@ty, Highway, LevelCrossing, RailwayLine) are
duplicated acrosRail andRoad.

(a) RailRoute ), . (b)
~ "‘\ startsFrom™*

// ~
/ hasR ail Component* N
4

RailwayLine

( intersecu'onBelween>neetsObstacIe"
N

encountersHazard

encountersHazard"
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providesAccessTo" providesAccessTo! LevelCrossing

providesAccessTo'\providesAccessTo!

'3
LevelCrossing l ChannelTunnelR allLinkTermunal

startsFrom* itersectionBetween* hasRoadRole!
A

I City

Highway

@d\/ia‘ \huwFrom‘k //
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2 ﬂ)catedln*

l DnveOn-DriveOffFacility ]

DomuitoryTownR ole

MotorwaySystem

providesAccessTo"

Town

hasTransportFacility*

providesAccessTo!

dormutoryTownOf*

RailwayStation

Fig. 25.Models of (a)Rail, (b) Road and (c)PopGroup ontology modules.

Finally, Fig. 25 (c) shows BopGroup fragment describing possible classes and relationships
between City, Town and a DormitoryTownRole fi e n a b | e dMotdwaySystem and

RailwayStation. Again, we find concepts likeity andRailwayStation have been duplicated.

1.7.5 Clustering Modules for a Multi-context Ontology

The three modules can be clustered by importing them intand Transport application

and

generalontology. Let us assume the general ontology, shown in Fig. 26, has its own concepts,

i.e. it contains general and multimodal transport concepiy, FEransportinterchange,
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TravelCentre, TransportOperator, and some transport relations. These could serve as semantic
anchors for imported module concepts, e.g. we might say tietvalCentre is located in a

RailwayStation or that aTransportOperator operates from &hannelTunnelRailLinkTerminal.

TransportOperator
ﬁeratesFrmn"‘
TravelCentre eratesFrom*
hagTravelServiceRol eN)‘catedln"‘
TravelReservationRole TransportInterchange
@ sPassengerRol e"\ﬁs’n‘ansp ortContext*
ChangeModeOfTransportRole Multimodal

Fig. 26.Model ofLand Transport concepts and relations.

But, what are the implications of importifpad, Rail, andPopGroup modules into the general
Land Transport ontology and specifying new relationshipsithe result of this mulkitontext
clustering is shown in Fig. 27, withand Transport general and multimodal concepts

differentiated by shading (in yellow) and now with the following object properties applied:

TransportOperator operatesFrom (ChannelTunnelRailLinkTerminal p RailwayStation)

TravelCentre locatedin (ChannelTunnelRailLinkTerminal p RailwayStation p City P Town)

However, to achieve this, imported class namespaces are required in statements, e.g.

rail:RailwayStation, road:City, and this highlights various issueshe general ontology.

— TrareportDper ator —

) ‘___.—-"' loperatesFrom® —_— R
/_.r-"" . y e .,
operatesFrom® ,_/""J. operatesFrom® e TavelCentre o . operatesFrom®* \\.__npcratcalen‘
/ A= locatedint—" locatedin? hagTravelServiceRole* / located din* MJocatedin® “locatedin® . Jocatedin® ™ located
b o _a s ' r y 1 .| = £ 1
roadt Cliamel Tunnel RailLink Terminal Trarsporinterchange | | TravelR eservationRale ‘ road City ‘ pop:City ‘ rail:City ‘ ‘ pop Town ril: RailwayStation pop RailwayStation
V N y Ny -
\hasTransperiContext® . hasPassengerRole® " hasTranspordContext® lasPassengerRole® *1:1 m
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- ‘-"‘“-.
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/ mtersectionBetween® \road IntersectionBetween® ntersechonBetween®

b, V
roactHighway

Fig. 27.Redundancy resulting from duplicated classesaird Transport.

rail RailwayLine

For ease of presentation, not all relationships specified earlier in Fig. 25 are shown in Fig. 27

but this simplified model demonstrates concept dupboatind redundancy (duplications are
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denoted by™) betweenail:RailwayStation andpop:RailwayStation, and withrail:City, road:City
andpop:City. If all concepts and relations had been shown there would have been duplications
in classedighway, LevelCrossing and RailwayLine and relationprovidesAccessTo. Any new
relations betweenLand Transport classes and imported classes must be specifieichrid
Transport, as imported ontologies retain autonomy, i.e. impoiezhl object properties,
domains and rages will endure and create potential redundancy, e.g. consider an object
property linking Road and Rail classes: road:LevelCrossing intersectionBetween
(rail:RailwayLine n road:Highway); whilst an axiom can be creatadLand Transport, anylocal
specification of domain and range requires a nbjact property intersectionBetween, thereby
duplicating theroad:intersectionBetween relation in Fig. 27.Clearly, integrating mdules that

are not wholly disjoint creates an overhead and, with multiple semantically related classes,
requires mappings, e.g. equivaler@alding further complexity. Therefore, a more streamlined

or partitioned design is suggested, to progress framtstal modularity to semantic modularity

(ontology contexts), i.e. reflecting semantic modality.

1.7.6 Re-Conceptualisation and Specification of Disjoint Contexts

How might the earlier transpentlated modules be 4@nceptualised and designed as contexts?
The earlier Fig. 24 schematic of the multimodal Channel Tunnel Terminal hides the physical
and semantic modality betweBnad, Rail andPopGroup, which is revealed when-gsualised

as separate geographical layesee Fig. 28; a metaphor for this wollld map layers that are
subsequently combined to represent topographic features. Fig. 28 serves as a vehicle to

conceptualise and specify disjoint modules and minimise redundancy.

/___,-f""x Road { \ =
" ) ——

PopGroup

Fig. 28.Separation of combined context schematiRaif, Road andPopGroup.

This can be applied in other domains, e.g. in utilities where semantic layers can differentiate
gas, water and electricity systems for say planning applications. In effect, semantic layering

suggests a conceptual process of modulimtdgration to miae several context distinctions.

In an approach to minimise reuse redundarmyad world and PopGroup world concepts
should not be described Ruil world, and viceversa, e.g. we should sayRailRoute can only

start from aRailwayStation and not eCity; similarly, aRailwayStation can not be accessed by a
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Highway, which may start from RoadJunction but not aCity. By using onlyprimary concepts
when specifying relationships in a context, we say thaRaily a stardpoint City (a primary
concept inPopGroup) is secondary t®RailwayStation. To explain this further, assume tRail
module is symbolised by the model in Fig. 29.

As a preliminary explanation of the model, primary context relations are shown as solid edges,
e.g. Re1, Which links primary comtxt (Rail) CTr domain classCe; and primary context range
classCp2. A secondary context relation (serving to link betwesy secondary context
concepts) are depicted with dotted edges Rsg.which links secondary contexRdad) CTs:
domain clas€s; and secondary conteX@dpGroup) CTs; range clas€s,.

Relations servingonly to link between primary and secondary context concepts are also
depicted with dotted edges but are distinguished wjith.g.Re-1 andRs-;. However, relation

Re1 linking Rail conceptCpe: and PopGroup conceptCs; is different, as it already exists as the

relation linkingRail concept<p: andCp,.

Rail Module Road

concept

Rail
concepts

-

_——— -

PopGroup
concept

Fig. 29.A model of multicontext relationships containedmail module

Using the Fig. 29 model, the general approach can bemisgsmore formally.

Let ontology modul® that containglasse<C, relationsR and has @ontext
CT be a setO = <<Cqu, n> <Ru,n> CT> Further, let any concepts
represented in that ontology be shown as eifinienary classesCep(,, 0 OF
seconday classesCsu, n, their primary and secondarglations as Re1,, n)

and Rsa,.n respectively, and the primary context @8 and the secondary
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contextsCTsu,n. A multi module represented ontology set can then be

shown as:

O = << Cp1,,Cpn),(Cst,, Csn) >,<(Rer1,,Ren),(Rs1,,Rsn) >,<CTp,(CTs1,,CTsn) >>
Using this approach, the following-@i@tegration rules should be appliedRail:

i. if arelation has only primary classes in its (object property) doaraimange then the
relation is termed a prinmarelation, €.gRe1(Cp1, Cpz) andRez(Cpaz, Cp1);
ii. if a primary relationalso specifies a secondary class as range, the relation remains
primary, e.g. as iRe1(Cpy, Cs2);
iii. if a relation will only have secondary classes as donaaid range then the relatios

termed secondary, € Bss;

iv. i f a relation is not pri mary or secondar
relation context (if retained), e.g. primary class as domRai) Re-> and secondary class
as domairRs-1, Rs-2;

v. for each secondary contex modul e remove their figecond

they will be primary in their own contexts.

These rules address most situations, except that Fig. 25 (a) and (b) shoevdl@bssing is
relevant in bothRoad (as rail crossing) an®ail (as roadcrossing). So how could this be
addressed, givensingle contexaind unimodality is sought for each module | agelCrossing

is clearly multitransport contextual, i.e. multimodal? Therefore, moduléti-contextconcepts
areelevatedo the generaligemultimodalapplication level, i.eLevelCrossing is removed from
Rail and Road, as a secondary class and specified as primaband Transport; the same
applies toChannelTunnelRailTerminal. Equally, inLand Transport, unimodal concepts would

be specibised to relevant contexts. Rules for classifying linking relations similarly apply.

The above can be viewed as a qualitatime-specification partitioning approach requiring
intuitive understanding, as opposed tpastspecification structure partitiing approach, as in

(Stuckenschmidt ahKlein, 2004) that is quantitative and relies on measurement.

Interestingly, the Ordnance Survey defineare and secondary concepts in their ontology
development methodologiHart et al., 2007)where a topographic domain includes concepts
Road, River, Hill andBuilding as core (i.e. within the scope of the domain) but treater (e.g.
River transports Water) as seondary,as it is not essential for topographyhis is very similar
to the deintegration approach presented here, except that here any tiResdpRiver, Hill and
Building would be identified as secondary concepts and placed in separate contepsord su

potential reuse.
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1.7.7 Results of Designed Modularity

The effect of designed modularity on the earliend Transport model, in Fig. 27, is shown in
the revised model Fig. 30, i.e. each class is now specified in its primary context only, with

secondary dplicated concepts removed.

TransportOperator

operatesFrom™

operatesFrom™ TravelCentre operatesFrom™* \operatesFrom®"

locatedTn?f hasTravelServiceR ole'flocatedn® locatecTn®

pop:Town

locateclTn}

TravelReservationRole ChannelTunnelRailLink Terminal

TransportInterchange pop:City |

railR.ailwayStation

hasPassengerRole’ ™ _hasTransportContext” hasPassengerRole!,” hasTransportContext®

ChangeModeOf TransportRole Multimodal LevelCrossing

mtersectionBetween' \tersectionBetween™

road:Highway rail RailwayLine

Fig. 30.A revisedLand Transport ontology model with duplication removed.

A comparison with Fig. 27 shows class duplication has reduced markedly. When duplications
not shown in Fig. 27 (foHighway, LevelCrossing and RailwayLine) are included, classes are

reduced by a third and the number of rel ati
characterised the s&b:= << Cep1,,Cpn),(Cst,, Csn) >,<(Re1,,Ren),( Rs1,,Rsn) >,<CTp,(CTs1,, CTsn) >>

but each module has now beenumgied toO = <<Cgq, n)><Ru,n>CT>, ready for importing.
However, an accepted i ssue i S that any mo
relationships, e.g. axioms or domain/range, would likely have to {ceeated between the
imported primanto-primaries withinLand Transport, although only as required by the general
application ontology.

How can this approach be used in semantic search? A number of contexts were created for the
TREC OQE experimentsand were usebdoth asindividual contexts ad integrated contexts,

e.g. one experiment used a widesurism ontology embracing over 650 concepts through
various imports, andtwo experiments used smaller bespoke contextse Immigration and

Hydro-electric ontologies; these are discussed in chapieand 4.

1.8 LITERATURE REVIEW CONCLUSIONS

The literature review sections, together with section 1.7, have provigeda understanding of
how a corporate and consumer society has to contend with information integration and search
issues over a period diree decades. In the last1D yearghere has been a semantitsren

progression towards information integration
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information brokering systemssing ontology; therefore, it seems logical that extendungry
semantics, by using ontology, will be predominant in sedrchi v e n Aintegr a:
information sources. And yet, the Semantic Web community only recently appears to have
become really focused on Semantic search and there are no significantesxamtpe public
domain. Further, search engines provide little evidence of exploiting developments in the
Semantic Web, i.e. exploiting the increasing availability of machine readable documents
provided with contextual relevance through ontology deéinitiprobably because of the size of
task in creating sufficient RDF resources (linked data Web) to mirror tradifionstructured)

Web documents and, in any event, why would they not wish to continue searching the

traditional HTML document Web? Goodhave recently begun to use synonymbut there is

no evidence of ontology usage

A semantic search tool should not necessarily restrict a user to making queries on RbF/triple
based data repositories; the tool should be able to exploit the masistifgefunstructured)

Web documents that will inevitably have no metadata annotations or semanticElifddive

IR depends on the capability to return contextually relevant documents and ontologies are
designed to formally specify the shared contdigation of domains; these two capabilities
provide the basis for a mutually beneficial approach. Therefore, can Semantic Web technology

be applied to the traditiondbcumentWeb, as opposed to the Semantic (Linked Data) Web?

1.8.1 Ontology-based Query Expansion

How would ontology be used to enhance Web document search and what impact could it have
on the accepted measures of P&R? What tool would be available to do this? It is unlikely that
any experimentation would be able to exploit existing search engjpabitity as uncontrollable
variables might apply, i . e. speci fi (@oogleear ch
2008) it would not be possible to integrate an ontology into tB€)E process; search engines

are selective as to which pages they return. Further, it would be logistically impossible to verify
the true relevance of returned documentd amuld require independent verification. The
challenge would be to use a Semantic search tool to conduct comparison query experiments,
although, how might it work? Some query expansion approaches have required term

disambiguation before selecting querpansion set®/oorhees, 1994)

One issue must be the degree of concept propagation in query expansion, e.g. how far up and
down an ontology class hierarchy should traversal progress? During the search process, how
could the hierarchical levels of classenednce (to a query topic) be determined for any given

ontology having greater or lesser generalisation, specialisation or complexity?

11 http://www.mattcutts.com/blog/google - synonyms/.

[21 http://googleblog.blogspot.com/2010/01/helping - computers - understa nd- language.html.
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One simple and practical solution could be to limit the hierarchy context by creating multiple
ontology contexts. Parallels exist, as probabilistic models and search engines make use of term
clustering, e.g. t haity. Gloeeiprk,d shiduBlbeg fgasisld taideftityn c t i
the most popular search topics and build a menu of query topic relevant ontology contexts. The
challenge then becomes one of scaling up the menu of context choices and finding a mechanism

to manage themia a combination of user interaction and process automation.

How would a user condu@QE and how would an appropriate ontology context be identified?
How might it be led, e.g. should the user be expected to construct complex structured queries or
should the system functionality support the user with application algorithms? User query
formulation often requires understanding of structured query languages, however, for majority
of users a public semantic search tool will need to offer the simplest andinaesstandable
process to assist the user with semantic tool functionality. From a practical user perspective it is
considered that small ontology contexts could be more navigable during the query input and
could therefore ease ti@QE search process.ei. user handling of small ontology contexts, for
both context and query term selection, could be assisted by incorporating assistive algorithms in
the tool to demonstrate how query relevant contexts might be identified to guide users in
selecting query tevant ontology context termssee subsections 3.1.3 to 3.1.5, regarding query

input interface and state transition network (STN) diagram.

1.8.2 Ontology Modularity and Contexts

How should ontology be usedyeneralised and large versus discrete and contextyadicific?

How best might they be constructedless emphasis on hierarchy and more on asserted
conditions or axioms? Section 1.7 argued the case for developing modulastasding
ontology contexts foOQE IR can only be successful when the subjentext is reflected in

the query term context; equally f@QE to be search effective the query context should be
supported by a matching ontology context. Therefore, based on section 1.7, many ontology
contexts would be required to support differgmiets of search topic, which will raise an issue

of how the user would be able to manage the ontology context selection process.

1.8.3 Algorithms for Determining Document Relevance and P&R

The vector space model (VSM) and the probabilistic models (PM) were eaitor this
research. VSM is designed to deliver either retrieval orratiieval based on known terms,
whereas PM is based on ranking documents by estimating the probability of relevance. It is
generally acceptefCleverdon, 1991)hat effective IR systems should optimise the number of

all relevant documents in a retrieved set (recall) and minimise the number -oélecsnt
documents (precision). Therefore it is appropriate to base search tmtivetiess on precision

and recall.

63



1.8.4 Impact of Semantic Search

In terms of outcomes, woul@QE result in lower precision and greater recall, or weesa?

Would semantic search inevitably make traditional keyword search moribund? Should the user
have thechoice of either or both, e.g. queries might start with keyword method and ontology
based search might be used as an option if keyword fdleference has been made about
improving recall, e.g. by returning documents containing-keyword terms, whichmay be
nonetheless query relevant? How are these to be identified and also would they materially add
value to any returned ranked hit list, bearing in mind ¥iab search users are unlikely to make

use of more than the first few pages of potentiallguvant hits returned by search engihes

1.8.5 Semantic Correlation between Ontology Concepts

The semantic correlation between ontology concepts will have a bearing on the degree of
relevance that should be attributed to any such concept relative to a basaljoggery term.

The traversal of a subsumption hierarchy, including semantic relations specified to describe and
constrain classes, will clearly determine how and to what extent an expanded query term set will
be developed in an ontologpased query expaion. An equally important consideration is the
process by which different relationships would be taken in account in any document relevance
measures (algorithms), when relevant, or semantically related, expansion terms are generated
from matched queryetms. This can be achieved by reflecting the semantic distance from a
base query term by weightings and this has been considered and demonstrated in various ways
(Fang et al., 2005, Gligorov et al., 200/un et al., 2001, Rocha et al., 2004, Bhogal et al.,

2007) where different weightings are used to differentiate the type of semantic relationships.

The size and domain coverage of an ontology will also have a bearing on relevance; a more
coursegrained (toplevel or domain) ontology tends toward generality, imprecision and
abstraction; which, although moshareableto wider domains and applications, may be less
useful because of lower expressiv{ghogal et al., 2007) However, as wasliscussed in

section 1.7, concept duplication can easily occur when reusing ontolog@®@Emwhich could

present problems in terms of processing overhead and risk of duplication, e.g. with reuse of
overlapping ontologiess(@bsectionl1.7.1) or with extesive use of class asserted condition
relations (subsections 3.2.3 (Pseudo Code for Relation Class Algorithm) and 3.2.5). For this
reason, the degree of relevance and size of an ontology needs to be considered when conducting

OQE How this will be addressl is demonstrated in chapter 3, Experimentation.

1.9 PROBLEM STATEMENT

The purpose of this PhD is to uS®E to improve search effectiveness by increasing search
precision, i.e. retrieving relevant documents in the topmost ranked positions in a returned
docunent list. Query experiments have required a novel search tool that can combine Semantic

Web technologies in an otherwise traditional IR process using a Web document collection.
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The research will address two contributions to knowledge, the first conaesnsmddular, self
standing OWL ontologies (called contexts) could be useshinlogybased query expansion
(OQB), in a prototypesemanticdased searctool developed for the experiment¥he second
examines how the search tool could manipulate such Siem&iebbasedOQE to improve
information retrieval (IR) search effectiveness, compared to traditional keyambydsearch, on
ordinary HTML documents; i.e. as opposed to the predominant current research of using
semantic reasonidgased RDF query languages Semantic Web triple repositories, to refine

the query process automaticallyrherefore, the distinction is that Semantic Web technology
would be applied to the traditional (unstructured/semictured) Web, as opposed to the
Semantic (linked data) Ve Integral to the use of ontology will be how to facilitate reuse with
minimal concept duplication (redundancy) and processing overhead, when ontology contexts
are combined; section 1.7 addressed this element of the problem statement. Impacting on these
issues will be the practical problem of how to simplify selection of ontology contexts and their

candidateDQE concepts.

1.9.1 Research Challenge

The primary objective will be to improve relevant document rankings, i.e. increase IR precision
and improve searabffectivenessThe return of additional relevant Web documents (for recall),

e.g. those containingoneof the base query terms, would be a secondary benefit.

To support Semantic Wdliased OQE and improve search effectiveness, the research
experimentatiomequires a large document corpus, query relevant ontologies, a query interface,
a keyword and ontology traversal text matching mechanism in a prototype search tool,
supported by document ranking algorithm to facilitate keyword veDspE search relevance

comparisons.

1.9.2 Hypotheses for Issues Identified

The query experiments will be used to test the following research hypotheses:

i.  hierarchicalOQE can have a positive impact on precision and recall, although class
hierarchy expansions alone may not produce optim@sults. Query terrmatched
classes may have more beneficial wider semastationswith other classes, beyond
simply super and sub class hierarchies, and exploiting the expressivity of the OWL
ontology language, by using asserted conditions, wiligeousefulOQE options and
improve document relevance scoring and ranking. This will be tested by comparing
search effectiveness of keywendly query against variolBQE modes- see T401 and

T416 experiments in chapters 3 and 4;

il. higher and more accurattocument relevance scores (to improve precision) can be

achieved by applying a simple relevance weighting system to queryntatamed
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classes identified in th©QE process; this would preserve the importance of the
original (base) keyword input by thearsand reflect the semantic distance between the
base keyword terms and their expanded terms. This will be tested by comparing queries
using weighted and nemeightedOQEsi seesubsection8.2.5 and 4.4.1 to 4.4.3;

topic specific or seltontained smallmology contexts can be highly effective fOQE
expansion despite their potentially restrictive coverage, i.e. they can still capture the
essence of a (TREC) query topic and improve precision and recall, as opposed to
contextually wider or more compreheéres ontologies; i.e. the emphasis should be on
restricting ontology size, to avoid superfluous query expansion. This proposition will
be tested by controlling the extent@QE by creating small, selfontained (restricted

and flatter hierarchies) quetgpic relevant ontology contexts and comparing the P&R
results, of variou®©OQE modes, against contextually wider or more hierarchical, larger
ontologies- see T401 and T416 experiments versus T438 experiment (chapters 3 and 4)
and T401 versuextended 401 (subsection 4.4.4).

The ability to evaluate the hypotheses will be dependent upon the following questions.

Has an impartial and unbiased search comparison process been employed?

Does the search tool support ontology traversal and relevance ranking ragchani

effectively and reliably?
How useful were ontology query contexts, e.g. concept usage?

Did the results show meaningful improvements in either precision or recall?
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2 RESEARCH EXPERIMENTATION APPROACH

This chapter provides background to the researchriexgetation approach in establishing how

a search tool could exploit Semantic WedsedOQE to improve IR search effectiveness;
compared to traditional keywoihly search on ordinary HTML document$he experiments

will not employ semantic reasonifasel RDF query languages on Semantic Web triple
repositories, to refine the query process automaticélgretore, the distinction is that Semantic
Web technology would be applied to the traditional (unstructured) Web, as opposed to the
Semantic (linked dajaveb.

Envisaged benefits could be in improving relevant document rankings (for precision) and in
returning additional relevant Web documents (for recall). However, as only a few pages of
search engine results tend to be useful to Web users, query geeisults are likely to be
most indicative of meaningful search effectiveness in the early, low recall intervals. Therefore,
the research experiments will measure the succeS¥Qis against keyworabnly search by
comparing precision outcomes, primarily the 10% to 30% recall range, i.e. by comparing

OQEP&R curve outcomes against the fAbased keyy

2.1 METHOD FOR SEARCH EFFECTIVENESS MEASURE

To test the hypotheses proposedsirbsectionl.9.2, a scientific approach will be used to
evaluae IR, by comparison 0©QE query outcomes against a control set of keyword query
results. The experiments will be conducted using query subject relevant ontologies, ontology
traversal, term matching and relevance scoring mechanisms, and evaluated Wiy a
analysis, based on identifying the position of relevant ranked documents returned, to compare
and determine their relative search effectiveness in document retrieval (subsections 1.6.2 and
1.6.3). The project will require a semamn@sabled searclool to conduct queries, in both
keyword andOQE (semantic) search modes, and generate the relevance scores for subsequent

P&R analysis.

To provide independence and experiment control, traditional search engines will not be used
and a novel prototype semantsearch tool (SemSeT) will be developed to facilitate the
experiments. The tool will use Jena Ontology APl methods, to traverse OWL ontologies and
extract classes and instances, @®E but the tool will not use the Ontology API inferencing

capability b distinguish between asserted and inferred types.

As discussed earlier (subsection 1.6.1), ranked retrieval is generally accepted as a preferred
method as it attempts to calculate the merit of a document in satisfying a query and this will be
adopted. Té tool will need to incorporate a means of quantifying and storing document and
term relevance, using established retrieval measures and the vector space model (VSM) and the

probabilistic models (PM) were considered for this research; Ontology is badednaily
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specifying the vocabulary of a domain and therefore, given that query term expansion could
justifiably involve the user in selecting a contextually relevant ontology, higher numbers of
correlations between the ushenarohy shoulrindicata a d t |
strengthening relationship between the document text and the ontology context. Therefore, as
the experiment seeks to compare the use of keywords a@édiStand not to justify VSM over

PM, the choice between VSM and PM is natical; therefore VSMf-idf was selected for this
particular research.

The experiment will require an independently verified document set, e.g. a document corpus
that, for certain queries, has identified (known) relevance outcomes. In 2000 theST\REIC

Track (Hawking et al., 2000jeatured, in itsSmallWeb retrieval task, a ¥ million document
subset distributed on DVD as the WT2g collection. WT2g comprised of a set oftEBD-§Rd

Hoc query topics that were each supported by a query requirement, in the form of a topic
statement, and a set of query relevance judgements, listing a topic pool of documents distributed
randomly across the full document collection. The densitselelvant documents in the pool

was approximately 0.92%. This collection will be used in the experiment. As indicated in
sectionl.9, the research project will involve conceptualisation of ontology models, for selected

TREC query topics, and formal spication for variousODQE mode experiments.

2.2 ENABLERS FOR EXPERIMENTATION

The methodology for delivering the SemSeT results involved a number of activities, including
devising a search process and developing a search interface; identifying programming
techriques for ontology traversal to extract ontology concepts and individuals; incorporating

term relevance scoring and calculatifrgdf values for document ranking.

2.2.1 High Level Search Comparison Process

The flowchart in Fig. 31 essentially provides a higvel view of the key steps considered
necessary t o s up ponlyandOREseesch, Tacwnerk relgvanoer sdoring and

ranking process.
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As the objective is to compare the search effectiveness of @@igagairst keywordonly

Query Input

'

Ontology
Initialisation

Keywoaord
Initialisation

'

CQuery Term
Set

l

Document
Corpus Reader

l

Term:Text
Matching

Document
Weighting
and
Ranking Qutput

Fig. 31.High-level search process.

search, a set of query terms will be used for both keywordO#pi searches, i.e. each query

comparison will be executed first in keyword mode, and then the same query term set will be

reused for expansions in the varidd@E modes.

2.2.2 Design and Development of Search Tool SemSeT

The primary purpose of SemSeT is to provide a prototype search toolQa3Eangine to:

i.  support various query expansion options, e.g. all ontology classes for a -auidExt
general expansionA{l OQE), sub classesnly (S OQB, sub and super classes+S

OQEB), or sub and super classes plus relation classeS+R OQE;

ii. generate statistics for comparing search effectiveness outcomes when using simple
keyword search versB3QE

The tool will also need to provide fldoility in setting the query term weighting conditions

during the experimentation.

Finally, SemSeT should demonstrate a practical way to assist a

user in handling the semantic choices dul@@E setup, e.g. an adaptive text algorithm will

providel duseeart r ¥ ifos eopigxtoand t@rm identification and selection, by

exploiting
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the outset that document indexing would not be addressed, if there were insuiffiugemfiven

that search effectiveness was more important than search efficiency at this stage.

2.2.3 SemSeT Development Testing and Validation

To ensure reliability and validation of the tool and outputs, external -blaxkand internal
white-box testing was cwlucted at each stage of development to verify the integrity of
algorithms developed for: identifying relevant terms, documents, frequetiagfsscores, and

P&R statistics for search effectiveness analysis. The tool was first tested using a $mall tes
document corpus of some 100+ limited content online Web documents, which were created to
provide a control set having pdetermined outcomes. When initial tests were satisfactorily
validated, a sample of stored TREC data was used as a trial for tpesgdoformal
experiments. As the TREC Web documents were concatenated in large text files, the tool was
subsequently modified to handle the way TREC data was stored in folders; there were 28
folders, WTOXWT28, with most containing 40 stiblders numbere&01-B40.

2.2.4 Procedures to Extract Ontology Concepts and Individuals

Based on potential user selections outlined in subsection 2.2.1, and the way OWL permits
ontology class hierarchy specification, tB€E process needed to handle a range of ontology
traversdissues: i.e. sub classes, sub and super classes, whole ontology, equivalent, intersection
and union classes. A further requirement is to support relation class expansion where asserted

conditions might exist. Algorithms are provided in subsection8 arad 3.2.4.

2.2.5 OWL Context Specification to Support OQE

The acquisition of TREC data provides known relevance outcomes across a range of query
topics. After making searches for suitable ontologies on the Web (including using Swoogle), it
became evident thdtespoke ontologies would have to be conceptualised and developed for
certain query experiments (i.e. T4Bdmigration and T416Hydro-electric) - consistent with the
selected TREC query topics; the topics were used as the basis for the query ontolody. conte
To ensure relevancy of ontology to query, it was decided to develop ontology modules as self
standing contexts to permit flexible clustering for contextual search, and reduce concept
redundancy. Prior to the experimentation stage, some trial oi@®l@g, Sea and Tourism)

were developed for testing the search tool during the development stage, in addRéaal,to

Rail and PopGroup ontologies developed for section 1.Protégé was selected to develop all

ontologies in OWL DL format.

2.2.6 Term Relevance Weighting and Query Term Matching

As indicated insubsection 2.2,40th theontologyclass hierarchy and the axioms specified to

describe classes will determine how an ontolbgged query will gather related terms. Given
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the mix of relationshipsto reflect both the semantic relations between the inheritance class
hierarchy and other specified class relationships, different relevance weightings should be

considered to reflect relevance against to any base query term.

2.2.7 Calculation of tf-idf Value for Ranked Document List
The handling of thé-idf algorithm needed to be considered from two perspectives:

i.  how the initial allocation oftf-idf component values would be stored during the
document text and query term matching process, i.e. frequencies (fordievant
terms and relevant documents) and relevant term weightings, i.e. to produce key global

tf-idf parameters.

ii.  the subsequent manipulation of #ldf values to generate weighted document values
once key globatf-idf parameters had been ideradi

The matching of each of the base query terms required a mechanism to stiidf tdgorithm
components, e.g. term frequency, document frequency for each relevant term in each relevant
document until the complete document corpus has been intedogdtenvas decided that
manipulation could best be handled by storing the frequencies in separate arrays, created for the
OQEterms list and the document list, so that the data could then be usedfiidfredgorithm

to derive ranked weighted documetatisticsi see example data in Appendix H.
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3 EXPERIMENTATION

This chapter will examine three stages of the experimentation:
1 the outline steps considered for the proposed experiments;
1 how the experiments were designed;

1 how the experiments were implemented.

3.1 SEARCH EFFECTIVENESS EXPERIMENT STEPS

This section sets the scene for the research approach by outlining the assumptions and steps
considered essential to deliver the proposed experiments. It was decided that tiEain
experiments would be based on BRHT query topics, involving either 10 or 20 query term
combinations (sets) per topic. Each query term set would be used to compare kayword

mode to variou®QE modes.

As the objective was to examine the impacO&E compared to keyword search, onqsen

and recall (see hypotheses, section 1.9), it was decided to create a matrix of (TREC) meaningful
queries by variously combining topic relevant query terms. This would result in a range of
queries being executed over the document corpus, basedaralsguery comparison options.

The selection of query topics and creation of query matrices would be based on TREC query

topic statements. The base query term combinations are set out in query masectisns.3.

A comparison oftf-idf results, basd onprecisionandrecall (P&R) (van Rijsbergen, 1979)
measures would then be made between the chosen query modes and plotted in a P&R graph (see
subsection 3.%Z, Fig. 42 example). As mentioned in sectioith2, assessment of query results

will be focused primarily on precision outcomes in the 10% to 30% recall range.

311 Assumed Userod6s Query Approach

It was decided that the approach for controlled query compansmuis be to start with a set of
4 base keywords or short phrases. This approach is simple and effective in basic Web search
and keywords/short phrases can be more easily matched to ontology concepts and individuals.

3.1.2 Semantic Search Process

SemSeT querieshould be executed by firstly entering up to 4 keywords/phrases in order to
return pages containing either the keywords alormootextdriven keyword expansions. Web
page contents would be pattenatched against the search terms and a VSM algoritlboh tos

calculate page relevance rankings for comparison w&igygraphs.

For this semantic search comparison experiment, it would be assumed that a number of search

cont ext ont ol ogi es woul d be availabl e t o
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(keywordgphrases). Provision should also be made for input of terms that may not feature in a
specific ontology context but which may be required in the context of the query objective, e.g.
the query narrative in the T41E6e sib3ehtiore32.6,Gor g
Fig. 62) targets documents containing Adtotal
generic terms were not considered solely relevant tdydro-electric ontology, the input
provision was considered an objective approachea@ally as users would likely vary their

query term selection during a search process.

Keyword Handling for Ontology-based Query Expansion

Following some preliminary search tool prototyping, inclusife and must haveoperators
were provided to improveugry flexibility.

Search Execution

The basic process for keyweodly search should be straightforward, i.e. the terms would need

to be stored and the document corpus systematically scanned for-patehes within the text
repository. It was envisagetthat the process for semantltased search would require an
intermediary stage where, once search context and keyword/query terms had been input, the
appropriate ontology context would be loaded and expansion terms identified. The process
would then corihue as for keyworanly search, but this time pattemmatching the ontology

expanded query terms against the text repository.

Query Expansion Control

The search process should focuspooviding the user with choices between the different query
modes, e.git was considered that, f@QE, SemSeT would require a user to first select a
context and then select thequired class from a generated class hierarchiyachieve this, it

was decided that SemSeT <could expludieturn 6 ad a
possible contexts as the user typed in the query subject. Similarly, when a user started to enter a
base query term, the context could be interrogated to return concepts matching the leading
characters of chosen term. Finally, it was decidhed & user should be able to further control
ontology queryexpansion by selecting options to determine the nature of an expansion, i.e. to
return a combination ofub and super classes of the query term, or simply use Wi®le

ontology- see Figs. 35 angb (subsection 3.1.4) and Fig. 41 (subsection 3.1.5).

Search Term Pattern Matching and Validation

Search trials were initially conducted using a small document set so that text pattern matches
could be manually validated. Any matching issues were rasdbyerefining theregular
expressiorsyntaxuntil accurate and correct hits were returned from documents. For example,

the regular expression can be used to match either whole words, or words embedded in others,
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and can handle word variations (e.g. skif) i p s, $dhip) po&rsyre tlrantem counts are

not overstated in the relevance algorithms by treating them incorrectly as different words.
When the expression had been refined to generate reliable results the process was tested using a
larger cantrolled document corptissee TREC irsections3.3 and 4.1.

Developing a Test Search Corpus

As it was not possi ble to have access to a
search and page ranking tests were conducted by querying a bespoleeWeiicorpus (100+
documents). The documents were created with predetermined combinations of relevant and
nonrelevant terms and were then queried for relevancy against some smahBaesir and

Tourism ontologies. A code was embedded in each docyntentonfirm the number of
relevantand non el evant terms based on each of ont ol
AiS3.10 denoted -BlevardSkad veamis , a mMdA 01 2o m-elevarg | e v a |
Air terms, etc. For test purposes, skasrm hits were returned in document order in the main

panel and a VSM ranked document relevance list was output in a separate panel, as in Fig. 32.

WEM table [Page:tf-idf]

Results URL A7 -S8.0A01T0.0 AT SR DAL A TO 0 5 51 66
pilot ; port ; harbour ; ship ; vessel's; ferry ; passenger ship ; Queen Mary Il ; [£]; E11--50 248 072 0--14 @100
D450 450700128149
Results URL ASS6E.0AD.2T0.0 21026080171 00125095
passenger terminal ; terminal ; engineer; ship ;vessel's; Gueen Mary Il ; [E]; B0 S0.243 0T1 00012 3258

AG0SE.040 2700011 8115

Fig. 32.An extract of typical SemSeT outputs.

Results were validated by manually comparing actual deatirhits and terms against the
predeter mi ned relevance data to confirm th
controlled corpus also allowed the page relevance calculation and ranking algorithm to be

validated.

Schematic of the SemSeT Process

The $£mSeT query expansion, search and relevance measurement process is reflected in five
key stages shown in Fig. 33, which extends the tiglel process shown in Fig. 31;iitvolves

search mode selection (A), base keyword entry (B), ontology traverdalJBrcandidates and

later term weighting, and query term set generation (C), document text analysis using pattern
matching and a regular expression (D), term weight allocation fo/8# tf-idf document
relevance algorithrfor P&R (E).

It will be seen thathe process only differs in the query term set generation stage, i@Qtbe
mode process diverges: to either ontology traversal, to generate the ontology query expansion
set, or keyword mode, where the base query terms are forwarded as the query t&tageeC

is therefore determined by the userds search
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Fig. 33.Key SemSeT search, measurement and comparison process stages.
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3.1.3 SemSeT Interface

It was decided that a search taa@s requiredecause it was not considered practical orilféas

to use commercial search engine platforms, for several reasons: page hits would be dependent
on the extent of their own indexingntology structures angklevance algorithmesould not be
incorporated within or at the end of their processes; therefoeaningful keyword versus

ontology comparisons of page relevance would not be possible. The interface is shown in Fig.

34 and has three main components:

1 query setup: this involves search context, keyword and query mode selection and is

conducted in thpanel bounded by the dashed line [i];

1 query mode, query term selection and V®Mdf scoring feedback, based on query
setup: this is located in panel [ii], where information is returned to the user relating to

search context choices, context class lisj@QE term sets for each query term, and

resulting document relevance rankings generated by the query;

1 query response: output of query term matching results in a ranked document list, shown

in panel marked [iii].
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2009 06,06 17-06:43 FeRrChETEA TGEE 718 G714
200008 06 17-06:44 [1714] fax documert class total § [WT01.B05.63]
: 2009.06 06 17:10:37 [1753] thoc search comgleted v+

2000 06 06 17-10:37 [280]

Pr _ 20090506 17-10:37
e - 200906 08 17:10:37 (290]

OB URL Redirec: 1
[Heratt  [12]

. [4] spacecraft T T

h- mord or OQE search: (5] vessel  [|54]

e 1 Rrosuts R wror.an.se
i R ?‘elicle-: 113]; Aircraft [12]; [2];

[1] trameport [53] [”]

1
Match Query Term [ e

m | [E] boat 114]
[9] srcratt  [51]

|

Sea Trawel

Results URL WIT01-B04-50

1] metorvebicle ‘Yehicle [10]; craft [1]; spacecraft [2]; [3];

[12] bicycle (8]

[< [ < [ <

Results URL WTD1-B04-51
transport [4]; wehicle |5); spacecraft 1], vessels [1]; [4];

<]

'
Results URLWT01-B04-57
vehicles [1] spacecraft [5]; (2]
suBl el . !

Show HITS ac M

Ory Terms  TREC Fldrs

1

Results URL WT01-B04-94
{ransport [1]; vessels [4], boat [1], [3];
1

1

Resulls URLWTO1-BO4-114
ATON-B04-515 5743 it [1]: vessels [4]; boat [1]. [3];
ansa iy Trmu [1], wessels [4], boat [1], [3],
: Results URL WTD1-B04-140
locomotive [1]; [1];

Results URL WT01-R05-59
ilrmspnrt |2]; wehicle |35]. craft [14], Spacecraft |2), Vessels 60), [7],

Results URL WT01-B05-63
fransport [16]; wehicle [33]; Spacecraft [7], Vessel [131]; ship [176]; bicycle,
121, 81,

IResulls URLWTO1-B0G-2032
yehicles [1]; ships [1]; aircraft [1]; [3];

Results URL WTD1-B06-205
vehicles {1 Bieyclo-[2f £

Pre-File tot ME MB °: Post File tol MEM

Fig. 34.The SemSeT interface components

The objective is to guide the user to intuitively populate the search context and query term
inputs: panel [i] input boxes use an adaptive text process, i.e. entering or removing input
characters in the search mode and query term input boxes geneliates gpanel [ii] and

populates the input box with a list item, based on the leading characters in the box.

Based on the above, the next subsection discusses in more detail, the key ontology and term
selection steps required when inputting and outpu#i®@mSeT query. A separate analysis, of

the SemSeT search process, is presented in the state transition network diagram in Fig. 41,
subsection 3.1.5. The query process demonstrated seeks to address some of the user interaction
support issues highlightguteviously in subsection 1.6(Bhogal et al., 2007)

3.1.4 Making a SemSeT Query

Fig. 35 shows a typical representation of tjuery setupuser interaction between elements [i]

and [ii] above. Fir st OQEsfe a rhce {ij thbemlaptiveltexta r st
processwill reveal all search mode options in [ii] and entering an initial character reduces the
search mode options.
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1SeT rev. 2009.5.18 air

air-zsa
Slyai il Sem Search - hydro-electric
immigration
industry
port: [T road

Proxy: jEels®

URL Redirect [l

Locr: Ll

Key Il Keywaord or OQE search:

Fig. 35.Displaying all available search modes.

The semantic search mode ontology context choices accessiblet he system and

are shown in Fig. 36, i.e. context modes relatedudsm, travel, etc. Further text input further
narrows choice until the required context is identified.

(53

Function:
F

URL Redirect 1l

earch:

Match Query Term -2 m

| <

)

Fig. 36.Targeting a search mode fOQE

Assuming the user inpus fAtr o the system, SemSeT
display alltravel classes in [iij as shown in Fig. 37.

wi I i
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: Buget Travel
Business Travel

Port: Rl w
CableCat

W

Craft

Locn: HaorseDrawnivehicle
Hovercratft
Internstional Travel
Leisure Travel

2 S
i
URL Redirect I Conveyance
i

Matar/ehicle
PublicTransport
PurpozsefTravel
Rail Travel
Responsible Travel
Road Travel

Sea Trawvel

sub
Show HITS

Load Query Terms

. ms  TREC Fldrs

TrarvelfwayFromHome
TravellutsideCfCountry Ot rigin
TravehithinCountry OfCrigin
Wehicle

“Yessel

Wheeledy'ehicle

Yacht

Fig. 37.Candidate query term classes tiawel context.

[%

After selecting the search context, the adaptive text input processeqaires up to four base

querytermsto drive OQE Fig. 38 shows the

termthat matches these characters, i.e. corngeydrcraft.

~
T r 18 HaorgeDrawn'/ehicle —
Hiowercraft

Ty Sem Search W
Gl 1080 e

URL Redirect 1l

Fig. 38.ClassHovercraft selected as first quetgrmfor OQE

| eadi

ng

char

Ontology concept selection is repeated for all required query terms, to create a base query term

set for theOQE

f a matching ontol ogy

term

S

not

is accepted as mentioned in subsection 3.1.2. Vari@E options can then be chosen, e.g.

subandsuperclass orsubandsuperandrelation classOQE, which are discussed latefFig. 39
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shows the four terms in thease query term set f@QE, i.e. Hovercraft, Sea Travel, Ship and
Transport. The base querytermssti | oaded by selecting fALoad
OQE set is listed in feedback panel [ii], i.e. each term with related sub, super and equivalent

classes, and any individual terms.

5eT re 9.5.18 [1] TgtC: Tranzport &
[2] EgwC: Conveyance
ction: [3] =subC: Wehicle
[4] 2ubC: Locomotive
Proxy: [5] subC: Mator Vehicle
Port: [8] =ubC: Craft
[7] 2ubC: Veszel
URL Redirect Il [8] =ubC: Yacht
[8] =ubC: Ship
Locn: [10] subC: Boat
[11] 2ubC: Hovercraft
[12] subC: Spacecraft
Key Keyword or OQE search: [12] 2ubC: Aircraft
[14] 2ubC: Bicycle
151 7ot e il
Match Query Term e m [16] 2upC: Veszel
[17]1 2upC: Craft
[18] supC: Vehicle
[19] =upC: Conveyance
[20] 2upEgquivC: Transport
[21] TgtC: Sea Travel
[22] 2upC: Mode of Travel
[23] TgtC: Hovercraft
Ontology Query Expansion (OQE) [24] supC: Craﬂ
[25] =upC: Vehicle
suB suP rel M [28] =upC: Conveyance
Show HITS AC [27] supEquivC: Transpart a

Fig. 39. OQEset generated from the base quemnns

Depending onhe query terms input, the query expansion can generate duplicate expansion
terms, e.gCraft, Vehicle andVessel; these are automatically filtered prior to document search.
Retrieved document and terms, together with relevance scores are then outpkedrorader in

[ii] and [iii], as shown in Fig. 40. In addition to the document retrieval and relevance
information, SemSeT also generates P&R statistics. An example of the P&R data is shown in

subsection 3.1.7 (search effectiveness outputs) and Appdndix

The user interface has been tested during development and in all the experiments and the
adaptive text selection, of ontology contexts and terms, functioned reliably and proved effective
in helping to guide the M uwsestricedmenuoftcbnextssteear c h
assistive algorithms supporting the adaptive text selection process have provided a platform for

further research.
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. 2009.05.06 17:06:44 [1714] Max document class total: & WAT01-B0S5-63]
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Classes Found [Mo. docs

nsl

|>

Results URLWTO1-B04-46

] rche
) Vehicles [13]; Aircraft [12]; [7];

[Mal Term ‘
eroraft

' - Results URL AT01-B04-50
[11] motorvehicle 2 wehicle [10]; craft [1]; spacecraft [2]; [3],
.
[12] bicycle [3]
Results URLYWTO1-B04-51
WM table [Page tf-idf] [travel] transport [4]; vehicle [5]; spacecraft [1]; vessels [1]; [4];

Results URLWTO1-BO4-57
vehicles [1]; spacecraft [5]; [2];

Results URL WT01-B04-94
transport [1]; vessels [4]; boat [1]; [3];

-BOB-203::6 Results URL WT01-B04-114
Qry

ns TREC Fldrs - - transport [1], vessels [4]; boat [1]; [3]

TS
“ b Results URLYWWTO1-B04-140

locomotive [1]; [1];

-B- 1 Results URLWTO1-BO5-59

transport [2]; wehicle [35]; craft [14], Spacecraft [3], Vessels [41]; ships [7]; Aircraft [50]; [7];

Results URLYWWTO1-B0S-63

transport [16]; vehicle [33]; Spacecraft [7]; Vessel [131]; ship [30]; boats [10]; Aircraft [176); bicycle, —
W01 -B01-234::4.4440 [21; [9];

VT -B01-240::4.3435
W01 -B08-65::4 3311 Results URLYWTO01-BOE-203

o wehicles [1]; ships [1]; aircraft [1]; [3];

Results URLWT01-BOE-205
vehicles [Z]; Bicycle [2]; [2];

Fig.40.SemSeTé6s document and relevance ran

3.1.5 User and Search Tool Interaction - State Transitions

SemSeTds wuser interaction and system functi o
STN diagram shown overleaf in Fig. 41. The diagram displays directed lines that depict a
user/system action between connected process states: theéveaai@ove each action line
denotes the wusero6s activity and the narrat.i
achieve the resultant process state. So, both user and system activity will describe the impact of
each action. An STN diagram woulee particularly relevant for a system developer but is
presented here to reflect what could typically be required to make it easier for a user to complete

a semantichased query expansion and search.

The STN has been designed to be-sgfflanatory but its perhaps worth clarifying the initial
step after starting the process: thamondrepresents a choice for the user, i.e. the stage when
the user has the option of selecting keyword or semantic search by entering characters in the

context box as showrpreviously in Fig. 36.
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Fig. 41.State Transition Network of imagined query process.
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3.1.6 Additional OQE Mode Search Options

The keyword tadOQE comparisons involve between 10 and 20 queries being executed over the

document corpus for each TREC query toplte base keyword query can be manipulated by

choosingOQE options to extend each keyword/query term basedlloantology classesA(l

OQB), sub and supeclasses $+S OQE, or sub, super and relationlasses $+S+R OQF;

theseOQE options can further beased on variousptionalandmusthavequery term searches

i.  anoptionalquery term search: i.e. based on foptionalkeywords (Ko); compared to
the keywordbaseds+S OQEBEoptionalterm sets (Oo0).

ii.  a musthave query term search: i.e. thremptional keywords plus onemusthave

keyword (Km); compared to three keywerdsedS+S OQEoptionalterm sets plus one

musthavekeywordmatching ontology term with relateéshS OQEoptional ontology

term set (Om).

The two above query term search options petwitway comparisons, i.e. Ko vs. Oo and Km

vs. Om; the next two query term search options permit, incrementatgway comparisons:

iii. a relation optional comparison optionS+S+R OQE: i.e. four keyworebasedS+S

optionaland relation R) optional OQEterm ses (Oro); compared to Ko and Oo in (i),

i.e. allowing a thresvay optionalcomparison of Ko vs. Oo vs. Oro.

iv.  arelationmusthavecomparison option§+S+R OQE: i.e. three keywordhasedS+S

optional and relation R) optional OQE term se$, plus onemusthave keyword-

matching ontology term witloptional keywordbasedS+S OQEand relation R)

optional OQE term set (Orm); compared to Km and Om in (ii), i.e. allowing a three

way musthavecomparison of Km vs. Om vs. Orm.

The combinations obptionalandmusthavequey term search options, fél, S+Sor S+S+R

OQEsare summarised I@QE query mode matrix in Table 2.

Table 2. A matrix of OQEoptions for T401, T416 and T438 queries.

Ko vs. Oo Km vs. Om

Ko vs. Oo vs. Oro Km vs. Om vs. Orm

T401 Immigration

All OQE, S+S OQE

n/a

T416 Three Gorges Project

S+S OQE

S+S+R OQE

T438 Tourism

S+S OQE

n/a

The query comparison combinations Adl, S+S S+S+ROQEsapplied to the Ko, Oo, Oro and

Km, Om, Orm query term search options are considered further in section 3.3.

3.1.7 Search Effectiveness Outputs

The TREC corpus included a set of query relevance judgements for each query topic, i.e. listing

a pool of relevant and nerelevant documents distributed randomly across the full document
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collection. The judgement sets allow topitex@nt documents to be flagged when calculating
P&R search effectiveness measures. The keyword ve@®&squery outcomes will be based

on rankedf-idf document scores, which will allow P&R comparisons to be calculated. Search
effectiveness success whle evaluated using P&R graphs containing precisgaall curves for

each keyword o©OQE query executed. Graphs will be presented in the format shown in Fig.
42, i.e. showing scalesID0% for both precision and recall (unless otherwise stated). For the
query mode comparisons outlinedsubsectior8.1.6, P&R curve success will be determined by
measuring the cumulative number of documents retrieved and the number that are deemed
guery context relevant; to calculate a cumulative percentage precisiorhahe@enental 10%

interval of recall.

Consider the purely hypothetical data shown in Table 3, which assumes there are 50 relevant
documents in a document query pecblumn (a). In column (c), the first line GQE2 (10%

recall) has resulted in the fird relevant documents being retrieved in the top 5 ranked
documents returned; therefore, the precision at 10% recall is 100%. At 20% recall (cumulative
10 relevant documents found), the cumulative ranked documents returned were also 10, i.e.
100% precigin was achieved at 20% recall. However, 30% recall (cumulative 15 relevant
documents), required a total of 16 documents to be returned, resulting in 94% precision at 30%
recall. Hypothetically, the most successful query outcome would present a preetsitn

curve displaying 100% precision at each recall point; however, search engines can present
thousands opotentially relevant hits, where relevant documents are often listed over many
result pages, such a precision curve would be extremely unlikedplity.

Table 3.Example of SemSeT P&R data.

(@ (b) (©)
% R | Cumulative Cum. docs. Keyword | Cum. docs. OQE 1 Cum. docs. OQE 2
points relevant docs. returned %P |retuned OQE1 %P returned OQE 2 % P

returned Keywords only (a/b)

10% 5 6 83% 8 63% 5 100%
20% 10 15 67% 19 53% 10 100%
30% 15 26 58% 32 47% 16 94%
40% 20 39 51% 46 43% 22 91%
50% 25 62 40% 62 40% 31 81%
60% 30 84 36% 79 38% 49 61%
70% 35 112 31% 98 36% 72 49%
80% 40 157 25% 147 27% 111 36%
90% 45 241 19% 214 21% 151 30%
100% 50 356 14% 302 17% 192 26%

As previously highlighted, only a few pages of search engine results are useful, as a typical Web

user might only be interested in examining the first page or two of ranked document hits. To
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recognise this, the TREC quyeprecision results should be considered most indicative in the
early, low recall intervals. Therefore, the research experimentsnailprimarily consider

precision outcomebeyond30% recall of primary importance. The success of the TREE
experimems will be determined by compari@@QEP &R cur ve outcomes agsé
keyword P&R curve profile. Fig. 42 is based on the data in Table 3 and demonstrates both
successful and unsuccessRDE mode outcomes compared to a keyword query.

Precision & Recall Measure

100%

90% A

80% A

0% A

B0%

50% A

40% A

- % relevant docs of total docs returned

30% A

20% A

Precision

10% A

0% T T T T T T T T T ]
0% 10% 20% 30% 40% 0% B0% 70% B0% 90% 100%

Recall - % relevant docs returned of total relevant docs

Fig. 42.Graph format for P&R measures.

The keyword P&R curve shows that precision was 83% falling to 58% between 10% and 30%
recall respectively. In comparisoQQE 1 is considered unsuccessful as it only achieved
between 63% and 47% precision (up to 30% recdklgpite having higher precision than
keyword beyond 50% recall. Howev€@QE 2 has been wholly successful, achieving between

100% and 94% in the same recall range.

Query experiment outcomes, in chapter 4, will show that precision values can fluctugte alon
the recall axis. To provide a consistent approach in comparing the praesadincurves, an
average of the precision percentage values for the 10%, 20% and 30% recall points (the APV)
will be used in performance evaluations. The TREC query expdripneqgision comparisons

wi || be based primarily on this approach.

APV examples.
1 Keyword = (83% + 67% + 58%) / 3 = 69% APV.
1 OQE1 = (63% + 53% + 47%) / 3 = 54% APV.
1 OQE2=(100% + 100% + 94%) / 3 = 98% APV

84



3.2 HOW THE EXPERIMENT WAS DESIGNED

Software programs developed in this research will be described, showing how they facilitated
the development of a semantic search tool@QE ontology contexts and concept weights,
search and scoring algorithms, and eahbntology design.

3.2.1 Design of SemSeT Interface

Whil st SemSeT provides a prototype search to
essentially configured for query experimentation aggresents a controlled environment for
development andesting of OWL ontology traversal algorithm&) identify query term
matching/relatedOQE terms and calculate P&R measures from document relevance scores
generated by a modifigdtidf algorithm. Therefore, SemSeT is not presented as a fully usable
public search tool. Indeed, the tool has no indexing functionality and, as queries are made
directly on the TREC document collection, the retrieval experiments are based on a

representative document collection-ofit - see comments at the beginning of chapter 4

3.2.2 Ontology Contexts and OQE

The OQE process required a set of ontology contexts, i.e. ontologies based on the context of
each selected TREC query topic (Foreign Minorities, Three Gorges Project and Tourism). The
query topic statement narratives were usedhitially conceptualise each ontology context; no

prior reference was made to the TREC corpus, e.qg. to identify useful concepts. Google was then

used to find potentially relevant Web sites to further develop the ontology contexts.

To support keywordbased queries and facilitate document text matching with an ontology class
during search, it was decided that wherever possible, classes should be specified at an atomic
level (i.e. primitive or seilstanding classes) to permit more complex (defined/dep&ndan
classes to be formed by modular construction, e.g. using the best practice concept

modularisation approach outlined Bgctor(Rector, 2003)

Ontology Specification

Context ontologies were developed firstlsing the Protégé ontology editor and then validated
with the FaCT++ DL reasoner. Prot ®g®6s <cl a
with FaCT++ and can use it to analyse an ontology hierarchy by identifying any OWL syntax
inconsistencies andhen correcting and verifying changes to the ontology specification.
Ontological consistency is key to ensuring meaningful ontology traversal durin®@@te

process.

Fig. 43 was produced by combining outputs generated by the Protégé graphical teal plug
(OWLViz) and depicts, in four development stageso d, concept specification in a test

ontology using Protégé and the use of a classifier to check consistency of the class hierarchy.
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As will be seen below, Fig. 43 can illustrate issues that coulaiiaitg compromise ontology
traversal durin@®QE

Stagea depicts the simple subsumption hierarchy comprising claB$es5, each having a
clearly defined super class; stadgehows how class relationships change wRestégés used

to create two equivate class relationships, i.B5[ D4 andD2 [ D3. The @rresponding OWL
syntax fora andb are provided in Fig. 44 and show the effect of creating those equivalent class
relationships. However, at this stage it can be seen that only equivalemzlzss an explicit
subClassOf relationship, i.e. t®.

( owl:Thing -"

{ owl:Thing ." ({ owl:Thing ." { owl:Thing ."

— R
et

° (mp ' = ' o>
=
[ o1 bz (o2 | [ D1 (o)
[l [\
ivd | A I
LY ot j - |
| b3 o2 ) (b1 )/
|7..-' ~
s d
f S
| B3 )
a b c d

Fig. 43.Stages of test ontology concept specification and classification.

<rdf:RDF xmIns="http://www.owl.com/example.owl#">
<owl:Class rdf:ID="D">
<rdfs:subClassOf rdf:resource="#D4"/>

<rdf:RDF xmIns=http://www.owl.com/example.owl#>
<owl:Class rdf:ID="D">
<rdfs:subClassOf rdf:resource="#D4"/>

</owl:Class>

<owl:Class rdf:ID="D1">
<rdfs:subClassOf rdf:resource="#D"/>

</owl:Class>

<owl:Class rdf:ID="D2">
<rdfs:subClassOf rdf:resource="#D"/>

</owl:Class>

<owl:Class rdf:ID="D3">
<rdfs:subClassOf rdf:resource="#D"/>

</owl:Class>

<owl:Class rdf:ID="D4"/>

<owl:Class rdf:ID="D5"/>

</rdf:RDF>

</owl:Class>
<owl:Class rdf:ID="D1">
<rdfs:subClassOf rdf:resource="#D"/>
</owl:Class>
<owl:Class rdf:ID="D2">
<owl:equivalentClass rdf:resource="#D3"/>
<rdfs:subClassOf rdf:resource="#D"/>
</owl:Class>
<owl:Class rdf:ID="D3">
<owl:equivalentClass rdf:resource="#D2"/>
</owl:Class>
<owl:Class rdf:ID="D4">
<owl:equivalentClass rdf:resource="#D5"/>
</owl:Class>
<owl:Class rdf:ID="D5">
<owl:equivalentClass rdf:resource="#D4"/>
</owl:Class>

</rdf:RDF>
a b

Fig. 44.0WL syntax at specification stagaandb.

However, when the OWL file was saved and then subsequertlyersed, stage c, it was found
that any classot explicitly having a super class specified (see Fig. 44, syntax b) was classified

as a sulzlass of thaoot node even though the class may be described as an equivalent class,
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e.g. as shown in stage c, the Protégé OWLViz-ptygresented botb3 andD5 assubClassOf

the root node. Whilst this stage is logically acceptable the hierarchyedtum stage c is
incomplete and can be more accurately classified and rationalised, b&sawase D are
implicitly subClassOf D and D5 respectively through both an equivalence and transitive
relationship, i.e. equivalence between two classes descrileds rdtursive subClassOf
relationship and further, B2 [ D3, andD2 subClassOf D, thenD3 subClassOf D; similarly, if

D subClassOf D4, andD5 [ D4, thenD subClassOf D5.

Following some SemSeT search experiments, it was established that, given Protégé and
SemSeT both use Jena toolkit libraries, the SemSeT ontology traversal process also interpreted
the hierarchy in the same way as Protégé OWLViz, i.e. at stage ¢ a SemSeT seanth for
classeson D did not identifyD3; as it was described in the file syxtsolely as an equivalent

class. This search ontology traversal problem was resolved by classifying the ontology using
the Protégé/FaCT++ tool. The result is shown in stage d, where inferencing has classified the
full relationships betweeh3 andD, andD with D5, then modified the OWL file.

It should be pointed out that the process discussed above was carried out while using Protégé
version 3.3.1. Subsequent improvements to Protégé, in version 3.4.1, automatically update the
file to reflect stages b and, whilst the file is being developed in the editor; however, a

reasoning tool is still required to complete the classification stage d.

Ontology Traversal Example

The above issues are considered in the more detailed example ontology in Fig. 45. The
ontdogy contains various concepts arranged in trees Ae &1-A4, T, Q etc.i the letters have

no particular meaning themselves), with four concept®8, C and D, each representing a
keywordmatching clasgKMC) with potential sub, super or equivalent sles. Certain classes

also have asserted conditions, in this case where an object prapémrygFriend has been used

to specify defined relationships; these are represented by dotted lin&g, a&.hasFriend Q

andN, D1 ac_hasFriend C , A4 ac_hasFriend C6 , andB3 ac_hasFriend D2.

As in the previous subsection, the ontology has been classified to ensure full subsumption
consistency regarding transitive and equivalent class relationships. The ontology will be used to

demonstrate the ontology traversalph s e x e c ut ©QEpiocessSe mSe T 6 s

The SemSeTOQE process creates a query term (QT) set for each KMC, i.e. it expands the
keyword (or phrase, e.g. hydetectric dam) by traversing the ontology class hierarchy and
adding sub, super and relation clagsethe QT set, based on the ontology search mode option

required.
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Fig. 45.0ntology relationships for conceptsB, C andD.

The QT set options referred to in the experimentation chapter are (i) the QT and related sub
classes$ OQBH, (ii) the QT pls sub and super class&s+E OQB, or (iii) QT plusS+Swith
relation classeR (S+S+R OQB. These options can be summarised as:

(H. S OQEmMplies classes explicitly specified as sub classes of each KMC.

(i). S+SOQE mplies (i) pl us adadhK¥Q ieritercludes s up e
any direct super class sub tree, e.g. in Fig. 45, direct super classes @ class
would beB3, B4 andB5 only; B6, N andC5 plus its sub classes are ignored.

(iii). S+S+R OQEimplies (ii) plus any relation classes (i.e. defined dnseted
conditiong for everyclass identified byS+S OQE Only classes identified by
S+S OQEare traversed to identif classes.

A further option can be to simply select all ontology clasad8<QQE) for the query expansion.

The abovesearch modentology traversal options will now be used to demonstrate the different
OQE outcomes using the four KMG&, B, C andD, in Fig. 45. Firstly, Table 4 shows the
expansion outcomes for query term matches andC, using ontology travers& OQEmode.

The OQE has created a set of 12 classes: with cladsarvesting equivalent clagsand sub

classe\1-A4; and target class generating sub classes-3, C4, andCé.

88



Table 4.S OQEtraversal outcomes.

A plus (S) Cplus (S)

TgtC: A TgtC: C
EqvC: T subC: C6
subC: Al subC: C4
subC: A2 subC: C1
subC: A4 subC: C2

subC: A3 subC: C3

Next, usingS+S OQEmode, query term matches widh C andD reveal the ontology traversal
outcomes shown in Table 5, where target diasgpands to include super classass then sub
classe®1-2; similarly, classC expands to super classes plusB4, B5 (again) then sub classes
C1-3, C4, C6. ClassD expands to include super claspass then sub classdsl-2.

Table 5.S+S OQHBraversal outcomes.

B plus (S+S) C plus (S+S) D plus (S+S)
TotC: B TgtC: C TotC: D
superC: B3 superC: C5 superC: D3
superC: B4 superC: B4 superC: D4
superC: B5 superC: B5 superC: D5
subC: B2 subC: C6 subC: D1
subC: B1 subC: C4 subC: D2

subC: C1

subC: C2

subC: C3

The traversal genates an initialOQE set of 21 classesB4 and B5 are then removed in a

duplicated class filtering stage, resulting in 19 classes iQQIeset.

Finally, usingS+S+R OQEmode, query term matches anB andD will result in the traversal
outcomes shown iables 6 and 7. Th8+S+R OQFEesult is generated in two stages. In the
first stage, clasa expands th& OQEmode result, shown in Table 4, to also include super class
Q, whereasB and D return the same results shown in Table 5; consequently, thesttipe

results in the query expansion having 19 classes in total and no duplicates.

Table 6.S+S OQHBraversal outcomes.

A plus (S+S) B plus (S+S) D plus (S+S)
TotC: A TotC: B TgtC: D
EqvC: T superC: B3 superC: D3
superC: Q superC: B4 superC: D4
subC: A1 superC: B5 superC: D5
subC: A2 subC: B2 subC: D1
subC: A3 subC: B1 subC: D2
subC: A4
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In the second stage, the algorithm take® andD6s compl et e 19 cl ass s
asserted condition (relation) classes that were specified usihgdhéend relation; this results

in 5 classe®2, C, Q, N andCé6 being identified (of whiclC6, C andN are new), withD2, Q

andN found several times through inheritance, 813.B2 andB3 inherit the asserted condition

fromB 1 see Table 7. The 3 additiorralation classes increase theB andD OQEset to 22.

Table 7.S+S+R OQHBraversal outcomes.

Additional asserted condition (relation) classes: D2, C, Q, N, C6 via:

A plus (S+S+R) B plus (S+S+R) D plus (S+S+R)
A4 hasFriend C6 (direct) B3 hasFriend D2 (direct) D4 hasFriend Q, N (direct)
B hasFriend D2 (inherited) D1 hasFriend C (direct), Q, N (inherited)

B1 hasFriend D2 (inherited) D hasFriend Q, N (inherited)
B2 hasFriend D2 (inherited) D3 hasFriend Q, N (inherited)
D2 hasFriend Q, N (inherited)

NB: classes in italics are identified through inheritance.

It can be seen from the above that, for any query matched $sf8nOQEandS OQEmodes
would be subsumed by a choice#S+R OQE

The full extent of traversals, assumiAagB andD S+S+RandC S+ is shown inFig. 46. It

should be noted that those classes denoted with dual colours represent classes identified by
more than one query term traversal, whilst clag$e<7, D6 andD7 were not identified at all

as they did not represeMC direct super classedA duplicate class filter would result in the
combined traversals generating @QE set of 22 classes. The inclusion of filters after $he

S+S and S+S+R OQE stages are useful for limiting document search iterations and, more

i mportantly ensure that SemSeTbés subsequent

and inflate document relevance scores.

The above traversal e ©Q@Emalgdritenss weull bawe idetified i, mS e T
super, equivalent and relation das. However, even though ontology classification has
resulted in a consistent ontology specification for@@E process to correctly identifg, S+S

andS+S+ROQEs, the results conceal several situations that are not immediately obvious.
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Fig. 46.Extent of ontology traversal for conceptsB, C andD.

An initial test query orA, based or5+S OQEmode, did not in fact returfi as the ontology
does not explicitly describeas a sub class &f- see OWL syntax in Fig. 47
é
<owl:Class rdf:ID="T">
<owl:equivalentClass rdf:resource="#A"/>

<rdfs:subClassOf rdf:resource="#Q"/>
</owl:Class>

Fig. 47. OWL syntax for clasg.

Had the query term been based®@ihenT would have been found, as a sub clas®.ofThe
resultantOQE s& was in fact only possible because the inheritance hierarchy class algorithm
(see subsection 3.2.4, Fig. 58) was later modified to additionally search for specific equivalent
classes. Similarly, a query on either 4, D5, C4 or C6 would have relied orthe same
capability to find their respective equivalent class. This situation only odmefseen

equivalent classes.

During testing it was also found th&+S+R OQEmode involvingA4 would determine the
hasFriend relation withCé but would not identiffC66 s equi val ent cQG4a@nss r el
fact this was not achieved by running the classifier after the asserted condition relation class had
been created. A search for equivalent class has subsequently been included in the relation class

algorithm §ee subsection 3.2.4, Fig. 59) to ensure inclusion iIQQIE set.
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On reflection, the requirement to run a classifier during ontology development might have been
unnecessary if it had been decided to use the Jena Ontology API inferencing capability in

Sem&T, i.e. to find inferred relationships.

Super Class Propagation

The semantic search objective is to identify contextually rele®§tE-based terms to increase
document weighting and recognise the degree of relevance of returned doctlihesomtology
traversal of super classshown in the previous subsectjore. a generalisation traversaguld
have been executed in two ways:
I.  include only KMCsuperclasses irOQE i.e. all direct generalisation classes hot
their sub c| as secbtrda ncclhaesss g ss eien (piriev ifiodui sr t
ii. include all direct KMCsuperclasses irOQE and their associated sub class branches;
note, including root nodéhing here would have resulted in all ontology concepts being
added to th®©QE, in effect anAll OQE.

Both traversals assume that the-topst super class is a named class, i.e. notdbenode
Thing, and for this subsection it is assumed all KMC sub classes (specialisation traversal) would
be retrieved, by default, in both traversals.

The goal of cokcting a KMC sub class (specialised) set is to improve precision and/or recall
without introducing heterogeneity. Incrementally, by having concept propagation that includes
only identified KMC direct super classes, the risk of heterogeneity may be rednded
precision and/or recall increased although KMC super class (generalised) propagations could
affect precision. Similarly, wider concept propagation, involving all sub class branches of
identified KMC super classes, may mean that concept heterogeseiigcreased and

precision/recall decreased.

Fig. 46 shows that a super class traversal from the KMC only extend3QEeby adding

classes found in the direct super class line (i.e. traversal (i) aboveg, kegword match with

target clas€ expands te OQE set by including only super classes, B5 andB4 i see Table

5; in other words, sub classes of any super classes are ignored in the generalisation traversal.
Given that a useroés query term is assetamed t C
contextual search control (return concepts homogeneous to the query context) when using
traversal (i); whereas traversal (ii) could compromise contextual control by returning potentially
heterogeneous concepts, as will be demonstrated next, usirantblogy structure shown in

Fig. 48 . Finally, sibling classes of any
immediate super class) cannot be assumed to be necessarily homogeneous to the context of the
KMC.
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A short query experiment was conductedcompare traversal (i) and (ii) outcomes, using a
small testLand-Sea-Air ontology containing a fragment of imported SUMO concéptas
shown in Fig. 48.
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Fig. 48.Land-Sea-Air ontology used to compare traversal (i) and (ii) propagations.

If traversal {i) above were adopted ithe Land-Sea-Air ontology, how search effective would
OQE propagation be if, e.g. a query @argoShip returnedShip, then PassengerShip and
Warship, together with their respective sub classes? Similarly, returdiig and Vessel,
would also returrBoat and RowingBoat and, taking (i) a stage further, a propagat&ip,
Vessel, Craft andVehicle returns completely heterogeneous concepts Argaft, Rocket, Car,

Bicycle etc.

For the test, two query term sets were used: teedontainedCargoShip, CargoTerminal, Port

and Captain; the second comprise@lassengerAircraft, PassengerTerminal, Pier and Captain.
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Three gueries were made for each, comparing keywolyg to S+S OQE using traversal (i)
(direct super class line) andeth using traversal (ii) (all super class tree). It is clear from the
P&R outcomes showim Fig. 49 andFig. 50 that traversal (i) produced the best results in both
query sets, with traversal (ii) being outperformed by keywory up to the 50% recall pa.

SuperC Query Expansion Comparsion of PR Measure: Cargo Ship, Cargo Terminal, Port, Captain

100%

—— Direct SuperC Line
90% —a— All SuperC Tree

— - — Keywords

80%

0%

60%

50%

40%

30%

Precision - % relevant docs of total docs returned

20%

10%

0%

0% 10% 20% 30% 40% a0% 60% 70% an% 0% 100%
Recall - % relevant docs returned of total relevant docs

Fig. 49.P&R results usingea concepts.

SuperC Query Expansion Comparsion of P8R Measure: Passenger Aircraft, Passenger Terminal,
Pier, Captain

7, |
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a0% —a— All SuperC Tree
5
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Fig. 50.P&R results usingir concepts.

On the basis of these results, it would appear that any query put in context, e.g. by specifying
the termCargoShip, should provide a contextualis@f)E by ascenthg direct super classes and
harvesting the full sub class tree; not surprisingly, SUMO adopts a similar convention to
traversal (i), as can be found in the SUMO Sigma portahd as shown in the SUMO response

for the termcargo_ship in Fig. 51. The cbice of traversal (i) was ultimately considered
justified because P&R measures could be compromised; based on the outcome of difcument

idf relevance scores resulting from a wi@pE algorithm.

[11 Sigma: http://sigma.ontologyportal.org:4010/sigma/WordN et.jsp?synset=102965300.
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English Word: [[Moun '~ [ Submit ]
Noun Synset: 102965300

* SUMO Mappings: TransportationDevice (subsuming mapping)
‘Words: cargo_ship. cargo_vessel
Gloss: a ship designed to carry cargo

hypernym 104194289 - ship

hyponym 102784124 - banana_boat

hyponym 102878222 - bottom, freighter, merchant_ship, merchantman
hyponym 102986348 - cattle boat, cattleship

hyponym 103095699 - container_ship. container_vessel. containership
part meronym 103392008 - freeboard_deck

hyponym 103660562 - Liberty_ship

hyponym 103845190 - oil_tanker. oiler, tank_ship. tanker

Sigmswebhome  SUMO web home
Sigma version 2.1 (2007/11/20) is open source software produced by Articulate Software andits partners

Done: € Internet iy v| ®wow -

Fig. 51.SUMO query response format.

Complex Class Specification

During devel op@@Emlgorithnfs, th® eapebiktyt wias provided to identify and

extract component ddfimedclasees. wi t hin Acompl exo

OWL classes i@ described on the basis of their super classes, i.e. either named classes or
restrictions referred to as anonymous classes. Super classes can also be created using what are

BN

ter med Acompl ex descriptions?o; i n cgicest r uct

operators, e.g. an intersection class of named classes usiaigiih@ ) operator. An example
of an intersection class is illustrated in Fig. 52, where an anonymous class is used to specify

another class description, e.g. we might need to describe classtipeas being equivalent to

the intersection oflale andParent or, more formallyFather 1 (Male n Parent).

'Z:. owl: Thing '

e

<
7
—_ Jlr l\\\"_ _

':J‘ Parent .:' ':: Male '
— oy
L <«

N\ /

':: Father .:'

Fig. 52.Visualisation of an intersection class.

However, as the graph does not fully reveal the relationship, Fig. 53 shows the syntax of the

anonymouswl:class containing the individual classes.
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é
<owl:Class rdf:ID="Male"/>
<owl:Class rdf:ID="Father">
<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="#Male"/>
<owl:Class rdf:about="#Parent"/>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>
<owl:Class rdf:ID="Parent"/>
é

Fig. 53.The syntax of an anonymous class containing individual classes.
The synax describes the relationships in a chained triple Father equivalent_toowl:Class,
owl:Class intersection_of Nlale and Parent). The construct is represented in the Protégé class
editor, as shown in Fig. 54.

@ Father (instance of owl:Class, internal name g
g7 = R
For Class: |http:/fwww.ldg. co.uk/complex.owl #Father [ Inferred View
v s = .
|_J ﬂ?j \ii. x H I_] Annotations
Property Value Lang
@j rdfsicomment -
ar (gr @ ;}{ Asserted Conditions
MECESSARY & SUFFICIENT
@ Male
@ Parent
@ owl: Thing
-
&y =3 (=] (® Logic View (O Properties View

Fig. 54.An anonymous class describing equivalent class in Protégé.

Whenever theOQE algorithm encounters a complex class, Jena Ontology APl methods are
required to break out the complex class members, i.e. by listing the operands. The Java code in
Appendix B illustrates the methods appliedd;summarisedDQE procedure follows and an
extended algorithm is shown in subsection 3.2.4, Fig. 58.

3.2.3 Design of Ontology Traversal and Scoring Algorithms

To provide a preliminary highevel understanding of key algorithms, pseudo code of the Java
program ierations are shown for thaheritance class hierarchy OQEelation classOQE
More expanded Jena OntolegyP! oriented code versions are provided in subsection 3.2.4.
The document text pattern matchimggular expression algorithnis also shown and ¢h

modifiedtf-idf document relevanegcoring algorithm will be briefly referenced.

The objective of the query expansion algorithms is to identify only classes and individuals that
have either an inheritance relationship with a query term, or have a wlddonship to the

query term matching concept. To rec&%S+R OQEimplies S+S OQEplus any relation
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classes (i.e. defined bgsserted conditionsfor every class identified byS+S OQE Only
classes identified b$+S OQEare traversed to identify R clses.

Pseudo Code for Inheritance Class Hierarchy Algorithm

The inheritance class hierarchy algorithm generates query expansion terms depending on the
selected class hierarchy expansion mode, S.€@QE S+S OQEor All OQE A super class
OQEadds direct gper class line classes, i.e. it excludab class branched.he algorithm will

also identify equivalent classes andividualsi see Fig. 55

for each ontology class c {
if ¢ subclass csyp Or ¢ superclass ¢®” OQE required {
for each keyword {
if c equals keyword {
if ¢** required {do c**"Proc. }
if csup required {do csy,Proc and do cgpindividualProc. }
do cProc. }
if cProc {
add c to OQE array.
for ¢ list equivalent classes c® {
add c**to OQE array. } }
if do c®”Proc AND ¢ has ¢®*{
for ¢ list ¢*** {
set Top class equal to next ¢
do c**individualProc.
add c** to OQE array.
for ¢®® list equivalent classes eq™ {
add eq™” to OQE array. } }
if do ¢***individualProc {
for Top class list individuals {
add individuals to OQE array. } }

sup

}

if do csuwProc AND ¢ has Csyp {
for c list csup { @dd csyp to OQE array. } }

if do csypindividualProc AND (c**individualProc NOT executed) {
for c list individuals { add individual to OQE array. } }

1}
else if (Csup AND ¢®P OQE) NOT required {
add c to OQE array. } // Get All classes
}

if (Csub AND ¢**® OQE) NOT required {

for each ontology class list individuals {
add individual to OQE array. } } // Get All individuals

Fig. 55.High-level inheritance class hierarc@®QE algorithm.

The algorithm can bexplained briefly: first, the algorithm checks to see if sub class and super
class query expansion is required and then checks each base query term against the ontology
classes; adding each direct match to @@E array, together with equivalent classes anb

and super classes of the direct match concept. If the whole ontology is required, all classes are

added to th®©QEarray. Both options add respective class individuals tOEarray.

Expanded Jena ARased pseudo code is provided in subsectipd 3Fig. 58.
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Pseudo Code for Relation Class Algorithm

To recap,S+S+R OQErelation classes form the objectomponent in the binary relationship
p(s, o) that isformedin an asserted conditione. whenan OWL object propertp is specified

to descrile a class. The relation class algorithmpn Fig. 56, generates additional query
expansion terms whe8+S+R OQEis used. The algorithm only adds those relation classes
belonging to any subjestclass found by th8+SOQE inheritance class hierarchgigoithm.

for each ontology class c {
for each OQE array term where ¢ equals OQE array term {
for each ¢ anonymous c**" list object property values py{
if p, NOT (null OR Resource OR Restriction OR Class) {
add p, to PV array. } } } } // relation class?

for each PV array p, {
for every ¢ where p, equals ¢ {

if vector does not contain c { // relation class
add c to vector and add ¢ and weight to OQE array. } } }

Fig. 56.High-levelrelation clas©©QEalgorithm.

The dgorithm works in two stages. The first stage matches €4gE array term with the full
ontology class hierarchy and then uses the Ontology APl methods to extract the property values
of each anonymous class, for each of @@E array terms; the propertyalues represent the
property and object class values of the asserted conditions specified. The second stage then
compares the property values with the ontology class hierarchy, to identify incremental object
(relation) classes and add them to @@E array.

Expanded Jena ARlased pseudo code is provided in subsection 3.2.4, Fig. 59.

Pattern Matching Regular Expression Algorithm

The pattern matching regular expression algorithm, for comparing an ontology query expansion

term to document text, is shown hetJava code extract in Fig. 57.

PatternMatcherRregEx java

Created with JBuilder

// Pattern Matcher and Regular Expresion
String regEx = "\\b" + ontologyClassName + "“4\W2=2%\\b";

Pattern regExPattern = Pattern.compile|regEx, Pattern.CASE INSENSITIVE):
Matcher matcherl = regExPattern.matcher (docContents):;

while (matcherd.find()) {
if ('gueryWordFound) {
ontClassMatchirray[classCount] [term] = matcherf.group().toString()

queryWordFound = truoe;
H
freqOfClassInDocCount4++;

Fig. 57. Extract of Java pattern match and regular expression code.

The regul ar expression can handl éshipymemsdurev ar i a

that term counts are not overstated in the relevagoeitams.
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The SemSeT search algorithm achieved accurate keyword/concept matching usagyldre

expression;His provides a basis for further tool functionality development.

Vector Space Modelf-idf Document Relevance Algorithm

Thetf-idf document redvance algorithm was discussed in subsection 1.6.2; however, it requires
modification to incorporate ontology concept relevance weightings, which will be discussed in
subsection 3.2.5. As a preliminary explanation, the algorithm will simply multiply the

frequencyF of a termi in a documend, i.e. F, ;, by the concept weigld,, i.e. F, ;*O, as

shown next.

The algorithm Java code, based on Jena Ontology APl methods, will be briefly explained in

Appendix D, by on matching key Java code variables witkf-lié elements.

3.2.4 Extended Pseudo Code for Key OQE Algorithms

Expanded Jena Ontology ARdlated algorithms, for the ke@QE pseudo code algorithms
shown in subsection 3.2.3, are provided belowpeéklix B shows Java syntax versions using
the Jena API.

Extended Inheritance Class Hierarchy Algorithm Pseudo Code

The code shown below, in Fig. 58, represents the inheritance class hiebgpéhglgorithm
oriented towards the Jena OntolegR| library; it extends the higlevel pseudo code algorithm

shown in subsection 3.2.3, Fig. 55.

Jena methods are used to break out operands for intersection and union classes. Also, it was
necessary for the algorithm to be able to identify label names of classesdrishhame for

ontology class name where class hames contained multiple joined words), to match real world
query terms, e.g. to mat c lPowarStajon waulg betspecified i P o w

with a | abel name APower Stationo.
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for ontology iterator list named_classes C {
if C sub_C OR C super_C required {//SUB/SUPER CLASS
for each keyword {
if C Label OR LocalName equals keyword {
if super_C is required {
do_super_C_proc; }
if sub_C is required {
do_sub_C_proc;
do_sub_C_individuals_proc; }
do_C_proc; }
if do_C_proc {
do_OQE_prac; // Do Named Class Proc
for C equivalent_C iterator list equivalent_classes EQ{
if EQ is NOT intersection_C {
do_OQE_proc; }
else if EQ is intersection_C {
for equivalent_C intersection_C iterator list intersection_C members {
do_OQE_proc; }}
1}
if do_super_C_proc AND named_C has super_class {//Get Super Cs
for C super_C iterator list super_classes SC {
if SC is not anonymous_C {
if SC is not a Restriction_C AND
not a Thing_C AND not a Resource_C {
set Top_Class equal to next super_class;
do_super_C_individuals_proc;
do_OQE_proc;
for super_C equivalent_C iterator list equivalent_classes EQ{
if EQ is NOT intersection_C {
do_OQE_proc; }
else if EQ is intersection_C {
for equivalent_C intersection_C iterator list intersection_C members {
do_OQE_proc; } }}
1}
else if SC is anonymous_C {
if SCis union_C {
for super_C union_C iterator list union_C members {
do_OQE_proc; } }
else if SC is intersection_C {
for super_C intersection_C iterator list intersection_C members {
do_OQE_proc; }}
1}
if do_super_C_individuals_proc {
for ontology iterator list named_classes CI {
if Cl Label or LocalName equals Top_Class {
for Cl individuals iterator list individuals {
do_OQE_proc; }}}}
}
if do_sub_C_proc AND C has a sub_C {
for C sub_C iterator list sub_classes {
do_OQE_proc; } } // Get SUB CLASSES
if do_sub_C_individuals_proc AND
(do_super_C_individuals_proc NOT executed) {
for C individuals iterator list individuals {
do_OQE_prac; } } // Get INDIVIDUALS
I8
else if sub_C NOT required AND super_C NOT required {
do_OQE_proc; } // Get ALL Ontology CLASSES
}
if sub_C NOT required AND super_C NOT required {
for ontology iterator list individuals {
do_OQE_proc; } } // Get ALL Ontology INDIVIDUALS

do_OQE_proc { // Populate OQE array
add class/individual Label to OQE array;
add class/individual LocalName to OQE array; }

Fig. 58.0ntology class hierarchy and individuals indexing algorithm.
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Extended Relation Class Algorithm Pseudo Code

The code shown below, in Fig. 59, identifies asserted condition relation classes and is based on
the Jena API library; it extends the hilgtvel pseudo code algorithm shown in subsection 3.2.3,
Fig. 56. Also, theprocedure has been improved to identify further relevant classes; during
blackbox testing it was established that the program failed to identify situations where a
relation class also had an equivalent class. The algorithm therefore contains a sestom ite

of ontology class comparison to property value array class/terms, to then permit the ontology
class iterator to list previously unidentied equivalent classes.

/I add Relation classes belonging to the inheritance class hierarchy OQE classes

for ontology iterator list named_classes C { //Get ont classes
add C LocalName and Label to ONT array;
for each existing OQE array term {
if C equals OQE array term { //matched term
for C super_C iterator list super_classes {
if super_C is anonymous {
/IGet asserted condition
for super_C_property_value iterator list property_values p, {
if p, LocalName does NOT equal null OR "Resource" OR "Restriction" OR "Class" {
Il these are possible relation classes?
add p, LocalName to property_value array;

1333889

for each property_value array item value iy, {
for each existing ONT array class/term ct {
if iy equals ct {
do_OQE_proc;
11}

/I Add any Relation class Equivalent classes
for ontology iterator list named_classes ct { //Get ont classes
for each property_value array item value i, {
if iv equals ct {
for ct equivalent_C iterator list equivalent_classes EQ{
if EQ is NOT intersection_C {
do_OQE_prac; }
else if EQ is intersection_C {
for equivalent_C intersection_C iterator list intersection_C members {
do_OQE_proc; }}
111}
do_OQE_proc { // Populate OQE array
/I add only new class/terms
if vector does not contain ct {
add ct to vector;

/l add new relation class to OQE term set
add ct LocalName and Label to OQE array;

1}

Fig. 59.ldentification of relation classes created by asserted conditions.

It should be oted that some problems were experienced when attempting to develop the
algorithm to read unicbased asserted conditions, i.e. using relatiohasRelation (X P Y); it

became necessary to modify the OWL syntax, to keapdY assertions separate, asvis not

possible to list union operands using Jena Ontology API methods.
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3.2.5 Formulation of Concept (Term) Relevance Weights

It has been highlighted that the semantic correlation between ontology concepts can be reflected
as a degree of relevance tkhah be pplied to a query expansion concept based on its semantic

distance from a query ter(Rang et al., 2005, Gligorov et al., 2007, Tiun et al., 2001, Rocha et

al., 2004, Bhogal et al., 20Q7)To recognisesemantic distance and relationship between

O,wer e

ontology concepts, the ranking algorithm was refined to incorporate query expansion relevant
class weighting$ similar to(Fang et al., 2005).e. keywordrelatedontology class weightings
applied

tOQErad 4 wiwt sSetmS erTédfsl ect a concey
hierarchy. Fig. 60 illustrates how this relative giging system was applied, based on any class
matching a keyword being first awarded a weighting of 1.0, e.g. as clasSHigpis a super

class of the keyword matching claSargoShip, Ship was ranked lower (0.7) thaBargoShip
(1.0). In turn, sub clasBanker (0.3) was weighted loweCargoShip.

The initial rationale for
such weights was that @argoShip is always aShip but not necessarily @anker, therefore a
super class could be weighted above a sub class.

Parent. parentOf(class, keyword)

-

- Ship |
\ ™
/ Direct: isa isa \QasForm’“ \iallsAt*
4 directMatch(class, keyword) X X
szyrwgc(')ngh ip - CargoShip PassengerShip Vessel Port
‘“u\ s ~ T
! T isa AN mloadsAt* —~providesFacility*
\ Child: Tl \ /
L childOf(class, keyword) —= &
115 Tanker CargoTerminal
'.\ -‘\
L Individual: o ‘l
4 instanceOf(idividual, class) !
L i
4
K Tanker TorreyCanyon !
/
\\ I,Ir
N . s
. Relation: e
. relatedTofclass, keyword) | -~ Relevance Weights:
_________ Direct = 1.0 {CargoShip — Cargo Ship)
Parent = 0.7 (Ship — Cargo Ship
Relation = 0.5
Child =03
|

(Cargo Ship unloadsAt CargoTerminal)
(Tanker — Cargo Ship)

Individual = 0.1 (Tanker_TorreyCanyon — Tanker)

Fig. 60.Semantic distance relevance weg

Other weightings can be applied, e.g. individdanker_TorreyCanyon) of class typeranker
might be given a nominal weight (0.1).

However, research has also identified that improved
retrieval results can be achieved by recognising the contextaaanele of class types having a

wider semantic domairelationship, as opposed to having a direct inheritance line with the
keyword matching class, e.g. quergpanded with WordNet® synset teigiosses(Navigli

and Velardi, 2003) Gloss terms wereonsidered more usefthan relying on hypernyms and

hyponyms, similar to the term clustering andoozurrence characteristics of probabilistic
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theory. Suchrelation classesdescribed and identified in OWL by asserted conditions, e.g.

CargoShip unloadsAt CargoTerminal, couldbe weighted 0.5. InterestinglpL union structured

asserted conditions, i.2.hasRelation (X p Y), were problematic in th8+S+ROQE algorithm

and had to be defined individuallys e e s ubsecti on 3 Hydro-&l e(clomicéxt

Using the suggested weighting approach, an enhatmaementveight vectoW' 4 can now be
created by modifyinghe term weight vector presented earlier in subsection 1.6.2, i.e. by
multiplying the frequencyF of any matched termy in documentd, with the term

concept weighting, i.eF, ;*O, . The resultis:

W= 4 ?ﬁ?d*ows* n 8990
4 d di D axk, = 2
The obgctive of this algorithm modification is therefore to recognise the degree of relevance of
classes that either relate 8+S OQEmode orS+S+R OQEmode classes. However, as the
weight allocations were accepted as bdimigy subjective,further examinatin was required
and the term weightings were subsequently modified on some later experinsgdurther
experimentation resultssubsections 4.4.1 to 4.4.3.

3.2.6 Design of Ontology Search Contexts

The TREC WT2g corpus contains 50 topics, from which, toeget cs (401 AForeig
Ger manyo, 416 AThree Gorges Projecto and 43
query experiments, with each providing the basis for query matrix and ontology context
formulation. For convenience, they will be reéat to as T401, T416 and T438.

A number of contexts were created for BQE experiments some were used as individual
contexts angome as imports for a wider, muttbntext subject domainT438 used darourism
ontology context, widened by importing vau® ontology contexts, and embracing over 650
concepts. T401 usedan Immigration ontology context, covering 41 concepts amnil6 the
Hydro-electric context, covering 58 concepts; these are discussed in the following subsections
and form the basis for tHeQE experimentation results comparisons in chaptefie different
ontology designs will vary between shallow hierarchies and a deeper hierarchy. Complete

examples of the various ontology class hierarchies are provided in Appendix C.

Ontology ContextforT4 01 OForeign minorities, Ge

Fig. 61 shows the T401 topic statement query guidelines used to createigration context
ontology. The query description is HAWhat l anguac
integration of foreign minorities in&r many ? 0 A relevant documen

related to Germany and focusing on the causes of the lack of integration; not just immigration
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problems.

primary sources we The Home Office Border Agency siteand glossary of terma.

<num> Number: 401
<title> foreign minorities, Germany
<desc> Description:

What language and cultural differences impede the integration of foreign minorities in

Germany?
<narr> Narrative:

A relevant document will focus on the causes of the lack of integration in a significant way; that
is, the mere mention of immigration difficulties is not relevant. Documents that discuss

immigration problems unrelated to Germany are also not relevant.

Fig. 61.Topic statement for T401 query experiment

Google and Swoogle were used to identifgigration ontology sources and the

The Immigration context has a shallow hierarchy, which limits hierarchical query expansion

usingS+S OQE An extract of the dology, created with the Protégé OWLViz graphic tool, is

shown in subsection 3.3.1, Fig. 64.

Ont ol ogy Context for T416 O0Three

Gor g

The Three Gorges Project is a major hydlectric scheme in China; consequently, Fig. 62

shows the T416 topicatement query guidelines used fa#yalro-electric context ontology.

The

<num> Number: 416

<title> Three Gorges Project

<desc> Description:

What is the status of The Three Gorges Project?
<narr> Narrative:

A relevant document will provide the projected date of completion of the project, its estimated
total cost, or the estimated electrical output of the finished project. Discussions of the social,

political, or ecological impact of the project are not relevant.

Fig. 62.Topic statement for T416 query experiment.

description of the T416 query i

S

i What

guideline is that a relevant docunbemill show the date of project completion, estimated total

cost, or the estimated electrical output. Social, political, or ecological issues are not relevant. A

Hydro-electric ontology was developed for query expansion.

[11 Border Agency: http://www.bia  .homeoffice.gov.uk/.

[21 Border Agency Glossary: http://www.ukba.homeoffice.gov.uk/glossary.
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Google was used to identify contextually related primary reference points for condbpts

British Dam Societysitetand Wi ki pedi ads Thmee Gorges Dam

An extract of the class hierarchy is shown in subsection 3.3.2, Fig. 65. The ontology is similar
to thelmmigration ontology, i.e. it demonstrates a shallow hierarchy with a limited potential for
S+SOQE; therefore more detailed class descriptioq@essivity was embedded in the context,

to exploitS+S+R OQE

As mentioned i n subReelcatiioonn 3CI|2aPsdgé MhEpsedeintdhendo
initially create OWL syntax union structured asserted conditionsz itasRelation (X P ),
unfortunately, attempts to extract union operands in the relation ©@&salgorithm, using

Jena Ontology APl methods, were found to be problematic and were therefore avoided;

consequentlyX andY assertions had to be separated.

Ontology Contextfaa T438 O6Tourism, increaseo

Fig. 63 shows the T438 topic statement used for queries made via an ebistism context

ontology, which also contained a number of imported tourism linked contexts.

<num> Number: 438

<title> tourism, increase

<desc> Description:

What countries are experiencing an increase in tourism?
<narr> Narrative:

A relevant document will name a country that has experienced an increase in tourism. The
increase must represent the nation as a whole and tourism in general, not be restricted to only
certain regions of the country or to some specific type of tourism (e.g., adventure travel).

Documents discussing only projected increases are not relevant.

Fig. 63.Topic statement for T438 query experiment

T4386s query description is HAWhat countries
somewhatgeneral query guideline indicates that relevant documents will name a country
having experienced increased tourism as a whole, i.e. nationwide and inoaliggbased on

tourism in general as opposed to a specific type of tourism, with documents discussing only
increase projections being not relevant. Given the statement, it was considered that this topic

might offer less opportunity for constructing pise queries.

[11 British Dam Society: http://www.britishdams.org/.

[21 Wikipedia: http://en.wikipedia.org/wiki/Three_Gorges_Dam.
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This ontology is markedly larger (653 concepts, of which 81 are dir@otlyism) than the
T401 (41) and T416 (58) ontologieg438 is larger because it contains a number of ontology
imports that were considered context relatedTtwrism (including Commerce, Culture,
Entertainment, Food, Road, Rail, Air, Sea, PopGroup, Retail, Sport) and was created during
earlier research duity, i.e. before the TREC corpus had been identified; thus it presented an
opportunity toreusean existing ontology even though it had not been developed in the context
of the T438 topic. Some of the primary sources for the spebificism classes wre the

International Ecotourism Society (IES¥, the Tourism Networka and its associated

introductory guide (TN Guidey. An extract of the main class hierarchy of dirediyrism-

related concepts is shown in subsection 3.3.3, Fig. 67.

Given themulti-contextual nature of thEourism ontology and number of classes, a comparison
with the Immigration and Hydro-electric ontology contexts suggested that the slightly deeper
class hierarchy might provide an opportunity to conduct more meaniggf®IlOQE although

the lessspecific nature of the topic statement might compro@&@& search effectiveness.

3.3 HOW THE EXPERIMENT WAS IMPLEMENTED

This section discusses the query approach,
OQE-enabling ontologies. Theetrieval experiments make use of TREC WT2g independent
data, i.e. supported by a set of query relevance judgements for each query topic. The query
topic statements, and the ontology contexts, provide the basis for query matrix formulation.

A review of he corpus document list revealed that the document search pools for the three
selected topics, T401 (Foreign Minorities, Germany), T416 (Three Gorges Project) and T438
(Tourism, increase), were spread unevenly throughout the corpus. Further, as Sem%®eT did
support document indexing and the documents had to be read at each query, it was decided to
truncate searches, at opti mal points, to avc
approachto obtain an optimal representative search poolowittexcessive document search.

This allowed for 37 of the 45 relevant documents to be covered in a pool of 13,065 documents
for T401,; for T416, the statistics were 10 out of 14 relevant documents in a pool of 160,838

documents and, for T438, 36 out of dievant documents in a pool of 96,885.

The decision to search a representative number of document folders was validated by
conducting comparison searches for 3 selected queries for each of the 3 TREC topics, using all

247,491 documents in the corpus.

11 |ES: http://www.ecotourism.org/.
[21 Tourism Network: http://www.tourismnetwork.co.uk/.

Bl TN Guide: http://www.tourismnetwork.org/Tourism_Network_Intro_Guide_to_Tourism.pdf.
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The resulting 9 queries were each executed on the basis of comparing kégv&8 and

S+S+R OQE, usingoptional query terms (Ko, Oo and Oro options). The purpose of the
comparison was to see if thelative performance of the Ko, Oo and Oro P&R profiles changed
markedly, when the truncated document sets were searched, cortgpaesdches on the full
document collection. The results based on an average of the P&R profile percentages, across
the three topics, are shown in Fig. 68 dfid. 69 at the beginning of chapter 4; they show
similar P&R profiles between the full and taated document sets.

For the three main TREC topic experiments, it is perhaps worth restatingu$d@&iourism
ontology context, expanded with varioisurism-linked contexts, and embracing over 650
concepts &1 directlyTourism). T401 useda smalleimmigration ontology context, covering 41
concepts, and’416 employed thedydro-electric context of 58 concepts.The variation in
ontology components will range between shallow hiera@&¥, using a mix olS+SOQE, All
OQE and S+S+R OQE, compared to deep hierarchyOQE, using solelyS+S OQE The

ontology class hierarchies are provided in full in Appendix C.

Each query, in the 3 main experiments, involves a query set of query term search options (i.e.
Ko, Oo, Km and Om in T401 and T438, with Ko, Oo, OKm, Om and Orm in T416).

As mentioned previously and demonstrated in subsection 3.1.4, each query is derived from the
four base query terms used in keyword search mode (Ko or Km options). The matrix query
term selection approach was to emulate how kegig/query terms might possibly be applied
when using anonOQE search interface. The following query matrices were not devised to
favour OQE by ensuring aonvenientspread of ontology context terms that would secure the
greatest or optimal query expansiosome query term combinations result in some of the

individual terms generating duplicate expansions, e.g. T416 Q5, T438 Q12 and Q13.

331 T401 O6Foreign minorities, Germanyo

T401 OQE experiments were completed using the followimgnigration ontology contexand

query matrix.

T401 Immigration Ontology Context

An extract of thammigraionc ont ext 6 s c¢cl ass hierarchy i s shi
has a fairly shallow class hierarchy, i.e. viewed left to right; the ontology has 41 concepts in

total ard therefore only limited traversal usifgSOQEwas found to be achievable.
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Fig. 64.Extract of thedmmigration context.

T401 Query Matrix

A query matrix was created based on the T401 topic statement in subsection 3.2.6 and the
The matrix embraced 24 terms across 10 query

T401,
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available Immigration corntext concepts.
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searches and as timeusthaveterm in the Km and Om searches. Table 8 shows thaxmatr
qguery term combinations, which were an attempt to reflect the TREC query guidelines, i.e. by
focusing on the causes of the lack of integration. O/M denotes the term has been used as both
anoptionalandmusthaveterm; O denotes aoptionalquery term.

Table 8. TREC 401 Foreign Minorities query matrix.

Term [frequency] o a2 a3 ad a5 Q6 ar Qb ag o0
Germany [533] Ol Ol Ol Ol Ol il il il O O
asylum [120] 0
asyium zeeker [50] 0 0
cultural difference [27] o} 0
cultural integration [5] O
cuture [713] o) 0
economic migrant [9] 0
employmert [731] 0
ethnic minority [18] o}
foreign minarity [0] o} O
fareign national [29] 0
illegal immigrant [75] 0
immigrart [213] 0
immigration [242] 0
immigration control [33] o)

immigration issue [29] o} 0
integration [471] o) 0
migrant [125] O 0
migration [330] 0
protection [1275] 0
guality of life [147] 0
refugee [108] 0
zecurity [1401] 0
sheler [108] 0

OGE mode All All All All All Al S+S | 545 | S+5 | 5+5

Given the limited opportunity to conduct extens®&E based orS+S manipulation, it was
decided that the query group Q1 to Q6 would be based on comparisons of keyword queries
againstOQE using all clases in the ontology hierarchy, i&ll OQE mode; this also provided a
generalised query expansion approach as opposed to@@ttmodes. To provide a result
comparison mix, queries Q7 to Q10 would compare keywords aga@istimited to sub and

super tass hierarchy, i.e5+S OQE Table 9 shows examples OfQE terms for base keyword

terms used in queries Q4, Q8 and Q10.

The resulting keyword t®@QE term ratio is also shown for each query, e.g. Q4 resulted in a
ratio of 4:41, i.e. the 4 base query tegeserated 41 terms &l OQE mode.
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Table 9.Expansions for queries Q4, Q8 and Q10.

Query 4
Term All OQE
Foreign minority Asylum Integration
Immigration Asylum Seeker Language Difference
Refugee Cultural Difference Migrant
Cultural Integration Migration
Culture Nationality
Economic Migrant Passport
Employment Protection
Escape Natural Disaster Quality of Life
Escape Persecution Racial Integration
Ethnic Minority Refuge
Foreign Minority Refugee
Foreign National Rejoin Family Member
lllegal Immigrant Right of Abode
Immigrant Sanctuary
Immigration Security
Immigration Control Settler
Immigration Destination Shelter
Immigration Issue Social Integration
Immigration Problem Stateless
Immigration Quota Visa
Germany Germany
Keyword to OQE ratio 4:41
Query 8 Query 10
Term S+S OQE Term S+S OQE
Asylum seeker | Asylum Seeker Cultural Cultural Difference
Refugee difference
Migrant
Security Security Integration | Integration
Social Integration
Racial Integration
Cultural Integration
Shelter Shelter Migrant Migrant
Protection Asylum Seeker
Refuge Refugee
Sanctuary Immigrant
lllegal Immigrant
Settler
Economic Migrant
Germany Germany Germany Germany
Keyword to OQE ratio 4:9 Keyword to OQE ratio 4:13

332T416 O60Three Gorges Projectd

T416 OQE experiments werexecuted using the followinglydro-electric ontology context,

specified to provide relation class expansions for additisr&+R OQEand the query matrix.

T416 Hydro-electric Ontology Context

An extract ofHydro-electric6 s c | as s hi e Fig 65c Tihg ontolegy & &irilar to thie n
Immigration ontology, i.e. it demonstrates a shallow hierarchy with only a lin@&dE by S+S
manipulation being possible, althouslydro-electric is around 45% larger, with 58 classes in

total.
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Fig. 65.Extract d the Hydro-electric context

Fig. 66 shows the asserted conditions specified for use in additional query expansions made in
S+S+ROQEmode.

For presentation purposes, asserted condition classes, i.e. those related to an object property to
describe and catrain a class, are shown grouped together in the ellipses
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Flood Cartral
‘Water Storage
Electricity Generation
Water Storage hasFunction w
hasFunction hasPart
Reszervoir « ishtacdeOf Concrete
Energy Steel
Electrical Cutput

Power hasCutput
Arch Dam
hasForm
Powe_r I—!ousg haszPart -
Transmiszion Line High Dram " .
Paowver Line hazFunction Flood Cartral
Wister Storage
hazPart

isMaeOt
Building hasPart
Generatar Concrete
Hydra-Electric Dam Steel

Turhine
Clean Energy
hasForm Porwver Distribution

I

|

hazBenefit

Mavigahle Dam

Hydro-Electric Project

hasForm

hasFunction

s
River Mavigstion hasPart
/ hasOutput

hazFunction

hasOutput m

Electricity Generation

Erergy
Electrical Output
Povaver

hazBenafit

hasPart
hasFunction

Clean Energy
Paowver Distribution
Hydro Powver

Electricity Generation

Erergy
Electrical Cutput
Poewver

Dram
Intake
Powver House
Powver Station
Tranzmizsion Line
Poewver Line
Penstock

Fig. 66.Relations specified in thaydro-electric context.

T416 Query Matrix

The T416 topic statement (subsection 3.2.6) and the developed ontology context, form the basis
for the T416 query mieix in Table 10. The matrix used 18 base query terms over the 10 query
sets. O/M denotes the query term used as dyotiional andmusthave O denotes aoptional

term.

As the term AThree Gorges Projectod sphsmset he
and derivatives | ike fAthree gorges damodo wer
comparison groups, and for theusthaveterm. The matrix query term combinations sought to
reflect the TREC query guidelines, i.e. to focus on the piejedate of completion of the

project, the estimated total cost or the estimated electrical output.

Again, given the hierarchical limitations of conducting extensive sub and supelO€dsst

was decided adopt a thremy query comparison approach, iased on comparisons of
keywords agains$+S OQEand then by comparing the two agaifstS+R OQHsub and super

class expansion plus their specified relation classes). T416 therefore provides an alternative

comparison approach to T401, in a sense beisgipoed betwee®+S OQEandAll OQE
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Table 10.TREC 416 Three Gorges Project query matrix.

Term [frequencyl]

a1 Q2 a3

Q4 Qs Q6

ar Qs Q3 10

dam [1083]

hydro-electric project [3]

o

o

o

yangtze river [27]

three gorges dam [17]

o o]

o

o

completion date [54]

total cost [1061]

electrical output [23]

completed [7967]

Qi

three gorges project [10]

Qi

powver station [425]

Qi

high dam [E]

rezeryair [1167]

three gorges [30]

o

o

o o

hydro poveer [G4]

flood contral [161]

o

electricity generation [24.3]

=]

weater storage [73]

0

clean energy [100]

=]

QLF mode

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

545
S+5+R

Table 11.Expansions for queries Q1 and Q5.

Table 11 shows examp@QEs for Q1, Q5, Q7 and Q10. The keyworddQEis also shown,
e.g. Q1OQEratio was 4:9:28 (4 keywords, 9 terms &aS OQEand 28 vieS+S+R OQE

* Relation classes, i.e. related by asserted condition restriction

Query 1

Query 5

Term

S+S, S+S+R* OQE

Term

S+S, S+S+R* OQE

Dam

Dam

Barrier
Structure
Three Gorges Dam
High Dam
Spillway*
Steel*
Concrete*
Water Storage*
Flood Control*
Buttress Dam*
Arch Dam*

Three Gorges Dam

three gorges dam

Hydro-electric Project

Hydro-Electric Project
Power Station

Three Gorges Project
Power Line*

Power*

Transmission line*
Power House*
Electrical Output*
Energy*

Power Distribution*
Hydro Power*
Electricity Generation*

Power Station

Power Station
Hydro-Electric Project
Three Gorges Project
Power Line*

Power*

Transmission line*
Power House*
Electrical Output*
Energy*

Power Distribution*
Hydro Power*
Electricity Generation*

Dam* Dam*
Intake* Intake*
Clean Energy* Clean Energy*
Penstock* Penstock*
Yangtze River Yangtze river Electrical Output Output
Electrical Output
Three Gorges Dam three gorges dam Total Cost total cost

Keyword to OQE ratio 4:9:28

Keyword to OQE ratio 4:7:19
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Table 11(continued). Expansions for queries Q7 and Q10.

* Relation classes, i.e. related by asserted condition restriction

Water Storage*
Flood Control*

Buttress Dam*

Arch Dam*

Query 7 Query 10 (MORE GENERIC)
Term S+S, S+S+R* OQE Term S+S, S+S+R* OQE
Dam Dam Reservoir Reservoir
Barrier Three Gorges Reservoir
Structure Electricity Generation*
Three Gorges Dam
High Dam
Spillway*
Steel*
Concrete*

Power Station

Power Station
Hydro-Electric Project
Three Gorges Project
Power Line*

Power*

Transmission line*
Power House*
Electrical Output*
Energy*

Power Distribution*
Hydro Power*
Electricity Generation*
Dam*

Intake*

Clean Energy*
Penstock*

Three Gorges

three gorges

Three Gorges

three gorges

Flood Control

Flood Control
Dam function

Completion Date

completion date

Water Storage

Water Storage
Dam function

Keyword to OQE ratio 4:10:29

Keyword to OQE ratio 4:6:7

333 T438

T 4 3 §dursm ontology context contains imports of variolsurism-linked ontologies. The

OTour i

sm,

i ncreasebo

mainTourism classes and query matrix are shown below.

T438 Tourism Multi -Context Ontology

Examples of the directlyfourism-related classes, extracted from the mattitext Tourism

ontology, are shown in the class hierarchy in Fig. 67.
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— '_.Sighlseeing :Z' T F\bl'oad )

L ?IﬂiResort”__'

a’\

T '_ BeachResart

II'IlEI nahonalToul |st-: )

In comparison to thémmigration and Hydro-electric contexts, thefourism ontology presents a

relatively deeper class hierarchy, although the-smercific query topic statement presented

possible query limitations; nevertheless, it pdaa the potential for more extend&dS OQE

T438 Query Matrix

The query matrix was developed using the T438 topic statement (subsection 3.2.6) query

description fAWhat <countries

ar e

eexsedEourisme N ¢ i n ¢

ontology. Tl matrix query term combinations were an attempt to reflect the query objective of

finding documents naming a country that has experienced a countrywide increase in tourism in

general. However, it became evident that precise T438 queries could be mimdt dif

achieve

than in the more spe

ci f

the encapsulation of WAincreaseo

c

t o

T401 and

Afcountry

challenge. It was also anticipated that IR results nbghtore problematic, given the reuse of

an existing multicontext ontology. Consequently, a wider mix of query term combinations was

applied, across 20 query comparison groups; this was particularly evident withughleave
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anchor terms. The query matis shown in Table 12. O/M denotes bothagmionalandmust

havequery term; O denotes aptionalterm.

Table 12. TREC 438 Tourism query matrix.

Term [frequency]

o1 |92 | 93 | a4

Q5

Q6 | OF | 98

Q9 o010 | 911 (912 | 013 | 014 | 015 | 16 [ 917 | 016 | 219

Q20

abroad [2101]

Qi Qumd

beach resart [53]

courtry [11537]

ecataurizm [124]

foreign courtry [140]

foreign tourizt [50]

holiday [1875]

Qi

Ol

2umd

holiday destination [11]

increaze [12754]

om

Qi Qi

package holiday [1]

resart [137E]

2 Ol

sightseeing [77]

zki resort [56]

tour operstar [92]

Qm

tourizm [1393]

Qi

2umd

tourizm industry [133]

2uma

taurist [1034]

o

Qi

O Qi Qi

tourizt activity [3]

tourist destinstion [39]

tourizm organization [11]

o]

trawvel agert [177]

o]

=]

om

wacation [1083]

M| 0

Q o]

OQF mode

SHE | 545 [ 545 [ 545

S+5

SHS | 545 [ 545

SHE [ 545 [ 545 | 545 | S+5 | S+5 | S45 | SH5 | 545 [ 545 [ 545

S+5

Tourism is a deeper and wider ontology, with the opportunity for the group of 20 query sets to

be basedn keywords versuS+S OQE therefore only thi©QE mode was used. Thb13

shows expansions for queries Q1, Q4, Q8 and Q12.

Table 13.Expansions for queries Q1 and Q4.

Query 1 Query 4
Term S+S OQE Term S+S OQE
Foreign tourist Foreign Tourist Holiday Holiday Vacation
Overseas Tourist Activity Holiday Short Break
International Tourist Package Holiday Fly-Cruise Holiday
Tourist Sun Sea and Sand Holiday City Break
Cruise Holiday
Package holiday Package holiday Tourism Tourism Industry Domestic Tourism
Holiday industry Cultural Tourism Sports Tourism
Ecotourism Business Tourism
Tourism industry Tourism Industry Tourist Tourist Back Packer
Cultural Tourism Budget Traveller International Tourist
Ecotourism Day Tripper Domestic Tourist

Business Tourism
Domestic Tourism
Sports Tourism

Business Tourist
Overseas Tourist

Day Visitor
Leisure Tourist
Foreign Tourist

Tourist destination

Tourist destination
Holiday destination

Tourist activity

Tourist Activity

Exploring Locations

Booking Accommodation
Environment Conservation
Health Spa and Relaxation
Visiting Friends and Relatives

Sightseeing
Extreme Sports

Keyword to OQE ratio 4:14

Keyword to OQE ratio 4:34

116




Table 13(continued). Expansions for queries Q8 and Q12.

Query 8 Query 12
Term S+S OQE Term S+S OQE
Ecotourism Ecotourism Holiday destination Holiday Destination
Tourism Industry Tourist Destination
Natural Area
Resort
Foreign Country
Abroad
Gateway City
Beach Resort
Ski Resort
Foreign tourist Foreign Tourist Abroad Abroad
Overseas Tourist Holiday Destination
International Tourist Tourist Destination
Tourist
Holiday Holiday Tourism organisation Tourism Organisation
Activity Holiday Destination Management Company
Package Holiday National Tourist Board
Sun Sea and Sand Holiday Regional Development Agency
Cruise Holiday Tourism Skills Organisation
Vacation Training and Development Organisation
Short Break Destination Marketing Organisation
Fly-Cruise Holiday Regional Tourist Board
City Break
Sightseeing Sightseeing Ski resort Ski Resort
Tourist Activity Resort
Holiday Destination
Tourist Destination
Keyword to OQE ratio 4:17 Keyword to OQE ratio 4:17

3.3.4 Summary of OQE Query Search Options

For convenience, theummary ofT401, T416 and T43®ptional and musthave query term

sedch options, based on keyweotly andAll, S+Sand S+S+ROQEs (subsectior8.1.6),are

shown again in Table 14. Note, in T401, Ko vs. Oo and Km vs. Om were based on 6 queries
usingAll OQE mode and 4 queries based®hS OQEmMode.

Table 14.0QEquery modematrix used with the TREC topics.

Ko vs. Oo ‘ Km vs. Om Ko vs. Oo vs. Oro Km vs. Om vs. Orm
T401 Immigration All OQE, S+S OQE n/a
T416 Three Gorges Project S+S OQE S+S+R OQE
T438 Tourism S+S OQE n/a

The traversal choices for the three experiments ywarde for several reasons.

i.  T4017 the Immigration ontology context was specifically developed as a contextually
relevant ontology for the query topic. However, as it is a relatively flat hierarchy, it was
decided to compensate for potent@DE limitations by conducting some queries using
All OQE, i.e. the whole ontology hierarchy, and some basesH@OQE

ii. T4167 theHydro-electric ontology context was a similarly bespoke and flat hierarchy.
The decision to conduct boB+S OQEandS+S+R OQEcomparisormodes provided

and alternative way of maximisit@QE opportunities, compared to the T401 approach.
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iii. T4381 as the largefourism ontology was constructed before the TREC query topics
were selected, and had a relatively deeper class hierarchy, it offere@ppartunity to
rely solely onS+S OQE
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4 RESULTS

This chapter firstly provides a factual presentation of the key statistics for each of the three
TREC retrieval experiments, together with selected query search effectiveness P&R graphs, and
summary radarrgphs, showing query mode success comparisons at 10%, 20% and 30% recall
points. Each experiment also includes an interpretation of the overall P&R results, in terms of
search and the

effectiveness, assessmaynts w

relevance judgements for each query topic document pool.

Summary statistics are shown in Table 15. The query matrices resulted in approximately 18
million document interrogations, based on 180 queries to achieve query mode comparisons.
Total queriesare the product of the number of queries and the (comparison) query term search
options, e.g. the T401 query group -Q10 comprises a query set of 4 query term search

options (Ko, 0o, Km and Om) for each query, resulting in 40 queries in total.

Table 15.Summary statistics of TREC folder and document queries executed.

TREC topic TREC folders Number of Total queries Total number of Total document
queried relevant (query x search documents in reads (queries x
(folder group) documents options) TREC folders documents)
T401 80 37 40 13,065 522,600
Immigration (WT01-WTO02) (10 x 4) (40 x 13,065)
T416 760 10 60 160,838 9,650,280
Three Gorges (WTO01-WT19) (10 x 6) (60 x 160,838)
Project
T438 480 36 80 96,885 7,750,800
Tourism (WT01-WT12) (20 x 4) (80 x 96,885)
Totals 1320 83 180 17,923,680

As discussed in section 3.3, the document search was truncated at optimal points to minimise
the processing time; this resulted in 83 relevant documents being targeted across the three query
topics. The density of the 88levant documents in the overall, truncated document set (WT01
WT19 contained 160,838 documents) was approximately 0.05% (83/160,838), compared to
0.92% density for the complete, ntmncated WT2g test collection of 50 query topics, i.e. a

pool of 2,27%elevant documents in the 247,491 document collection (folders WAMTZS8).

The graphs in the three main experiments present the results for both single and grouped query
set P&R measures. Where grouped queries are presented, precision scores areréasedton
documents counted at each 10% recall point (i.e. a precision percentage is calculated based on
the averag@mumberof relevant documents returned). Where separately stated, group precision
scores are also presented using a meth@dafingthe RR curves(van Rijsbergen, 197 a
macraeevaluation averaging (MEA) technique; this gives a precision percentage based on the
average of precisiopercentages The two group P&R comparison measures were used to

provide an alternative view between measures, e.g. where document volumes in one query may
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distort number averaging resliltsee later T416 comparison between Fig. 93 and Fig. 94.

To validate the use o& truncated document set, a test set of comparison queries were
conducted, using all 247,491 documents in the TREC corpus; the P&R measures of queries on
the full corpus were then compared to the same queries on the truncated set. The results of an
avera@ of the P&R profile percentages (i.e. MEA measure) are shown in Fig. 68 (full corpus)
andFig. 69 (truncated); they are based on a sample of 9 queries executed in Ko, Oo and Oro
query modes across the T401, T416 and T438 topics. The comparison goegsh fgr the
validation test are based a 0% to 50% precision scale, for better visual understanding.

TREC 401-416-438 All Folders Optional Query Terms {(Average Percentages - 247 491 docs)
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Fig. 68.Validation Test MEAbased P&R results using full TREC corpus.
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Fig. 69.Validation Test MEAbased P&R results using truncated TREC document sets.
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The purpose of the comparison was to see ifréhative performances of the Ko, Oo and Oro

P&R profiles changed markedly when truncated document sets were searched compared to the
complete document collection. The results suggest that the two quenjiexegans produced

fairly similar relative Ko, Oo and Oro P&R profiles; after taking account that querying a much
larger corpus would inevitably produce lower precision percentages. Both runs demonstrated
that, between the 10 to 50% recall points, thet Ipeecision results were in Oro query term
search mode, followed by Oo mode; with the least favourable in Ko mode. This was considered
important given that search engine results are ranked by degree of relevance. The P&R profile
comparisons, based oniumverage percentages, are not shown as the full corpus failed to
exceed 4% and the truncated set failed to exceed 8%; the precision curves were much flatter
than the MEAbased graphs, with generally minimal difference between Ko, Oo and Oro P&R
profilesin both graphs, given the low percentages. On the basis of the validation test results, it
was considered justifiable to conduct the T401, T416 and T438 experiments using the

representative search pool.

In this results discussion, reference is made tweetypical or atypical P&R profiles; atypical

profile is one that isepresentative of a grougnd anatypical profile means notepresentative

of a group. Atypical P&R profile does not reflect thaveragefor the group but is dependent on

its frequenyg in the group (representing thmodg, e.g. if say 6 of 10 graphs have similar
profiles they would be consideregpical, this distinction will be addressed slightly differently

in T438 because of the mix of results generated. It should also be nadtddi@iaand T416

P&R graph yaxis (precision) scales range from 0% to 100%, whereas T438 graph precision
scales range from 0% to either 10% or 30%. The T438 grapiisyranges have been reduced

for presentation purposes, as many of the maximum precialaas/returned were below 10%.

The success of each of the TRBQE experiments will be determined by compar@QE

P&R curve outcomes against the fAbaseod keywor
3.1. 7. The key det er nthefieciteness fwill be thg preaisipn mo d
outcomes in the early, low recall intervals, i.e. it will be based primarily on the average

precision value of the 10%, 20% and 30% recall intervals (APV).

The experimental data for all P&R graphs is presented peAgix F. Graphs not shown in the

results section are provided in Appendix G. APV calculations are shown in Appendix .

41 T401 OFOREI GN EMIONERIPERIWENT RES

The T401 document set eaff, at WT02, provided for 37 of 45 pool relevant documentiseto
targeted across 13,065 documents. Each of the 10 T401 query sets was conducted in 4 query
modes to provide two-®ay comparisons, i.e. Ko vs. Oo and Km vs. Om. As shown in the
query matrix in Table 8, subsection 3.3.1, query set6 @dmpare keywordueries againsll

OQE i.e. OQE traversal of every class in the ontology, whereas query setl0@obmpare

121



keywords agains$+S OQE.i.e. OQEtraversal for the base keyword plus sub and super classes.
The following P&R graphs demonstrate search effecess in T401 based aptional and

musthavequery mode comparisons.

4.1.1 Comparing Optional Search Mode P&Rs (Ko vs. Oo0)

The following two graphs show P&R outcomes for query grougsQdr the optional query
modes: merged P&R results of query group-@areshown in the graph in Fig. 70, i.e. Ko
versus OoAll OQE), and comparison MEAased P&Rs are shown in Fig. 71.

TREC 401 Optional Queries1-6: P&R Averages
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Fig. 70.T401 P&R foroptionalqueries Q16.
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Fig. 71.T401 P&R foroptionalqueries Q16 - MEA measure.
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Primary observations are that the QAll OQE) curve shows a strong precision performance
over Ko in both graphs: Fig. 70 shows that the APV for Ko was 14% and Oo was 67%. Fig. 71
shows that the ME#ased APVs were 30% for Ko and 67% for Oo. Therefore, both graphs
show thatOQE search e#ctiveness was very good compared to keyword only. The secondary
outcomes are that Oo mode achieved a strong precision performance over Ko acro@9%e 10
recall points and recall was 100% for both Ko and Oo query modes. There were no marked

differencedn returned document numbers across the queries in the group.

The next two graphs show individual P&Rs for query sets Q4 and Q6. The Ko curve for the
individual query sets Q1, 2, 3, and 5 demonstratpital results, i.e. they were consistent with
thegoup Fig. 706s Ko cur ve an dtypiaatresults vweeefoantd o r e
in query sets Q4 (the keywofdQE for Q4 is shown in Table 9, subsection 3.3.1) and Q6, as
represented by Fig. 72 aRdy. 73 respectively.
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Fig. 72.T401 P&R foroptional query Q4.
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Whilst variable precision results can be seen in both Q4 and Q6, the primary considerations are

t hat in Fig. 72, Q46s APV for Ko was 44% anc
(AlOQE)pr eci si on performance over Ko. I n cont
and 67% for Oo; showing that negligible improvement was achieved @pty Therefore,

mixed results were evident using the primary APV measure. However, a secondary olpservatio

is that, whilst Ko mode was competitive with Oo in Q4 and slightly better than Oo in Q6 (at
10% recall), up to 70% recall, Oo mode still produced better overall precision overall in both

Q4 and Q6.

The next six graphs show results for query setd @Q#4ased on Ko versus O84S OQE. The
merged result of query group €D is shown in Fig. 74. In this query group, there is little
difference between the Oo and Ko P&R profiles, with Ko precision marginally better than Oo at
10% and 20% recall but lower 20% to 80% recall.
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Fig. 74.T401 P&R foroptionalqueries Q710.

Fig. 7406s primary APV measures ar ©QBs@a¥wh f or
effectiveness was poor, with negligible difference between modes. However, the group results
are somewwat distorted, given that three of the four query sets Q7, 8 and 9 all showed better Oo
mode precision results than Ko; the group results were affected solely by markedly higher than
normal document numbers returned in query set Q10. The MEA comparissurmehown

later in Fig. 79 minimises the effect of Q10. However, given the mix of results, the individual
P&R curves for Q7, 8, 9 and 10 are shown in Fig.Fi§, 76, Fig. 77 andFig. 78, respectively.

The query expansion terms for Q8 and Q10 were shinwable 9, subsection 3.3.1.

Fig. 7506s primary APV measures for Q7 are 53
the difference between Ko and Oo was negligible between 10% and 20%0@€akchieved

a 15% APV improvement over keyword, with O@pision some 8 percentage points higher.
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Fig. 75.T401 P&R foroptionalquery Q7.
Fig. 766s Q8 pri

search effectiveness was very good compared to keyword only.

mary measur es

TREC 401 Query 8 Optional terms: "asylum seeker”, security, shelter, Germany
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Fig. 76.T401 P&R fa optionalquery Q8.

ar e -BAEQE or

A similarly goodOQEimprovement in search effectiveness was evident in Q9, Fig. 77, with

34 % 59 %
show weaker search effectiveness for both modes,8#h for Ko and 33% for O®)QE

APV measures of for Ko and for

resulted in a good Oo performance compared to keyword only.

The MEA-based Q710 group comparison is shown in Fig. 79; it has produced a more

representative P&R curve than the earlier Fig. 74, with the impact of the marigiudy h

Oo.

number of Q10 documents minimised. The primary APV measures are 35% for Ko and 49%

for Oo; showing thaDQE search effectiveness was very good compared to keyword only.
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Fig. 77.T401 P&R foroptionalquery Q9.
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4.1.2 Comparing Must-have Search Mode P&Rs (Km vs. Om)

The next two graphs show timeusthaveresults of the merged queries, @ Km versus Om

(Al OQBE); Fig. 80 provides a comparison wittetMEA-based P&R shown in Fig. 81. In both
measures the Om shows a better precision result over Km at all recall points; they are similar to
the optional mode profiles in Fig. 70 and Fig. 71. Individual query profiles (not shown) were
similar to theiroptonal mode counterparts, with Q4 and Q6 profiles alypical
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Fig. 80.T401 P&R formusthavequeries Q16.

Fig. 806s APV measures are 21% f o©®QEkKearchand
effectiveness performance compared to keyword. The Fig. BA-based APVs, 37% for Km

and 86% for Om, also confirm the very gdd@E search effectiveness result over keyword.

TREC 401 Must Queries 1-6: P&R MEA-based Averages
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Fig. 81.T401 P&R formusthavequeries Q16 - MEA measure.
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The merged results ofiusthavequery group Q710, Km versus Om3+S OQBE, areshown in
Fig. 82, with the MEAbased version in Fig. 83. As both P&R profiles were consistent with
their optionalmode counterparts (Fig. 74 and Fig. 79), individuall@fraphs are not shown.
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Fig. 82.T401 P&R formusthavequeries Q710.

Fig. 8/2niteasurel Bre 39% for Km and 40% for Om; this shows GQE search
improvement was poor, with negligible difference between modes. The Fig. 83hisigad
APVs, 42% for Km and 55% for Om, demonstrated a g@@E search effectiveness

performance, given thig5% improvement in APV level.
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Fig. 83.T401 P&R formusthavequeries Q710 - MEA measure.
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4.1.3 Overall Group Query Term Search Mode P&Rs

This final results subsection shows the combined T401 P&R results for all 10 queries, first in
optional query term searcmode (Ko vs. Oo) and then musthavemodes (Km vs. Om); in
effect these summarise the T401 experiment. dpteonal mode graph is shown in Fig. 84,
with the comparison ME/Aased graph shown in Fig. 85.
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Fig. 85.T401 overall P&R fooptionalqueriess MEA measure.

Primary observations are that the Oo curve shows a strong precision performance over Ko in
both graphs: Fig. 84 shows that the APV for Ko was 18% and, for Oo, was 46%. Fig. 85 shows
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that theMEA-based APVs were 32% for Ko and 60% for Oo. Therefore, both graphs show that
OQE achieved a very good improvement in search effectiveness compared to keyword only. A
secondary outcome is that both Fig. 84 and Fig. 85 9DQk resulted in much improved
precision between the 18D% recall points, with the MEhased graph showing raised

precision levels overall.

The groupmusthaveresults are shown below in Fig. 86 (Km vs. Om), with the comparison
shown MEA graph in Fig. 87; they demonstrate similar tesarhparisons.
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Fig. 86.T401 overall P&R fomusthavequeries.
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Primary outcomes are that the Om curve shows a strong precision performance over Km in both
graphs: Fig. 86 shows that the YARor Km was 25% and, for Om, was 59%. Fig. 87 shows that
the MEA-based APVs were 39% for Km and 74% for Om. Again, both graphs demonstrate
good OQE search effectiveness compared to keyword. The secondary outcome is that, again,
both graphs show markgdbetter OQE precision over keyword, this time extended to 90%
recall ; al t h o ubgded graphgshowetl higher piéston (between +15% and
+20%) across 2J0% recall points for both keyword a@)E

General Observations:

The density of the 37 ralant documents in the T401 document set (WWII02) was
approximately 0.28% (37/13065) compared to an average 0.05% for the overall document set
for the 3 experiments (WTOAT19).

In the Q16 query groupAll OQE traversal generated an average 41 quemdgeof which 37
(90%) were matched in documents; this resulted in a keywdbferatio of 4:41. In the Q7

10 query group, th8+S OQHraversal generated on average only 8 query terms, all (100%) of
which were matched in the document search, giving3e&kdyword toOQE ratio. For the full
group of 10 query sets, the avera@®E ratio was 4:28, with 25 classes (89%) matched in
documents. An analysis GIQEterm matches is shown in Appendix E.

The inconclusive P&R results of group Q@ query sets (Fig74 and Fig. 82) may be a
consequence of QQEmtiogrg.ovhgn 6ompated tarthedmatkedly higher Q1
6 groupOQE ratio of 4:41. The Q&5 optional and musthave P&Rs (Fig. 70 and Fig. 80
respectively) conclusively favo@QE

It is clear thathe merged P&R results for queries-QAIl OQE produced a markedly better

OQE precision result than the keyword only result, in boptional and musthavequery term
searches. The avera@®QE result of 89% of terms matched in documents, suggestshthat
ontology context, developed independently from the documents, was very relevant for the query
experiment. All 37 relevant documents were found using both keywor@@icbptional and

musthavequery term search options, resulting in 100% recall.

4.1.4 Comparison of Precision Results Across All Query Modes

To provide a different way of demonstrating IR search effectiveness, a league table of precision
scores was developed, for each query set, comparing all query modes at recall p8@¥s 10
Scoring was basl on 14 points, e.g. if Q1 resulted in Ko 30%, Oo 50%, Km 60% and Om
40% precisions at 10% recall, the modes would be awarded 1, 3, 4 and 2 points respectively.
This was repeated for all query sets in the query group and the average score for eaghsmode

calculated as a percentage of maximum available 4 points.
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T401 Average Query % Effectiveness {10% Recall) T401 Average Query % Effectiveness (20% Recall) T401 Average Query % Effectiveness (30% Recall)
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Fig. 88.T401 average query percentage effectiveness.

Fig. 88 shows the search effectiveness comparisons plotted in radar graph for 10%, 20% and
30% recall points. The performance profileskid and Km modes show reducing search
precision effectiveness moving from 10% to 30% recall points, with slightly improved Oo and
stable Om. At 20% and 30% recall points it is clear that Om an@@®Bproduce consistently

higher precisions than Km and Ko.

4.1.5 APV Measures

The key determinant of a query modebds searc
individual query set outcomes have been presented in subsections 4.1.1 and 4.1.2. The APVs
for all 20 individual query sets, i.e. 10 query sets irhbmtional (Ko/Oo) andmusthave
(Km/Om) modes, are shown in Appendix |. Table 16 provides a summary of the times a query

mode APV was either most successful (Top) or performed the same (Tied).

Table 16.Comparisons of T401 query mode APV successes.

Optional Mode
% Ko Top| % Oo Top % Tied
10% 90% 0%

Must-have Mode

% Km Top| % Om Top % Tied

10% 90% 0%

The results show that, in both mod€&E proved the most search effective in 90% of queries,
with keyword 10% and no results tied. This was a gaydOQE outcome.

4.1.6 Comparing Optional and Must-have Query Mode Successes

In comparison to Table 16 above, Table 17 shows the number of timespmctal and must
havesearch mode produced the highest precision at 10, 20 and 30% recall points inubey/10 g

sets. Tied precision outcomes are shown separately.
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On averageoptional Oo query term search was the most effective 77% of the time, with
optional Ko better only 13% of the time. The two search options tied 10% of the tirmausin
havemode, Om wa the best 83% of the time versus Km 13%, with tied at 3%. At the specific
30% recall point, i.e. equivalent to returning the highest scoring 11 of 37 relevant documents,
Oo and Om achieved the most effective result 90% of the time.

Overall, the resultsupport the stron@QE APV outcomes shown in subsection 4.1.5.

Table 17.Comparisons of T401 query mode successes.

0, 0, 0,
Optional Mode 10% 20% 30% Average Query group average
Recall Recall Recall success rate
Ko 2 1 1 1.3 13%
Oo 6 8 9 7.7 77%
Tied Results ‘ 2 ‘ 1 ‘ 0 ‘ 1.0 10%
Must-have 10% 20% 30% A Query group average
Mode Recall | Recall | Recall verage success rate
Km 1 2 1 1.3 13%
Oom 8 8 9 8.3 83%
Tied Results: ‘ 1 ‘ 0 ‘ 0 ‘ 0.3 3%

The above results are illustrated in Fig. 89, with tied results shswto~0o0 or Km~Om.
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Fig. 89.T401 query mode successes.

4.1.7 Critical Review of Experiment

The Immigration context has a fairly shallow class hierarchy supporting 41 query terms, which
limits S+S OQEpotential; this was the justification for usiddl OQE mocdk in query sets Qf.
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The experiments were successful and demonstrated sDQigbased search effectiveness
improvement: the APV summary (subsection 4.1.5) shows that, in both n@@&groved the

most search effective in 90% of queries; Appendix | slilbw the split was 60%ll OQE and

30% S+S OQE despite keyword mode achieving some competitive results. This was a very
goodOQE outcome, with the most successful APVs obtained uAIh@QE, the learning from

this must be that the greater the ontolggery expansion (i.e. beyois#S OQBE, the better the

APV precision measure is likely to be. Wide@QE will be assessed further in T416, where a
similarly flat ontology hierarchy (hence limited S€XE potential) will be interrogated by
additionally usingan S+S+R OQEapproach, as opposedAd OQE.

On reflection, the decision to apply A dAadir
OQE, could be criticised; the values would have had an impact dfritifealgorithm generated
rankings, althoulg All OQE was not used in 40% of query sets {QD ) . However, t
weighting effect would be difficult to quantify, as the spread and frequency of terms found in

documents would have to be manually checked.

The choice of A Ge roffesed ayfacusadsandadnflugntiad usg ahaisthaven

query constraint. As will be seen later, in the T416 and T438 experiments, unless an accurate
musthave mode query term is used (i.e. thmusthaveterm is dependent on a precise query
objective, i.e. m the TREC statement), the constraint can exclude potentially relevant
documents. However, in this experiment the recall was unaffected, as 100% of the 37 relevant
documents were found in both tbptionalandmusthavequery term search mode comparisons

(Ko vs. Oo and Km vs. Om modes); this demonstrated no increased recall benefit was derived
from OQEmodes.

On reflection, if more time had been available to give a wider base for comparison, it would
have been worthwhile conducting all 10 query sets i Bdt OQE and S+S OQEversus
keywordonly, or using or6+S+R OQE Nevertheless, the use Al OQE, to achieve a greater
OQEratio, has demonstrated sufficiently clear precision improvement. Finall@@&eesults

may have been improved if different igistings had been applied, as indicated by the later T401

S+SOQEweight reversal experiments, in subsection 4.4.3.

4.1.8 Reflections on Hypotheses
Comments are now provided for the hypotheses proposed in subsection 1.9.2.
Hypothesis ()7 i1 hi e r a $+§IO0can have a positive impact on precision and recall,

although class hierarchy expansions alone may not produce optimal results. Query term

matched classes may have more beneficial wider semmalgionswi t h ot h &+S+tR | a s s «
0oQB.
The T401 resultshowed thaDQE achieved betteAPYV results in 90% of queries; further, the

average precision level for botiptional and musthave OQE groups was approximately 30
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percentage points higher than keywordy modes (e.g. 45% vs. 15% in Fig. 84), between the
10% and 60% recall pointsRecall performance was not dependent on any particular query

mode, agach query mode achieved 100% recall.

The experiment results havprovided a strong and positive indication of the search
effectiveness benefits @QE and,as All OQE accounted for the main impache benefits of
extending query expansion beyoBdS OQE Whilst S+S+R OQEwas not employedh this
experiment, theAPV out comes support the firstOQgRart o
can have a positivenpact on preci siono.

Hypothesis (i)-Aihi gher and more accurate document r
can be achieved by applying a simple relevance weighting system to quernasched

cl asseso.

The initial T401 weightings and APV outcomeglwwe compared with revised T401 weighting
experiment outcomes in subsections 4.4.1 to 4.4.3; to provide learning on how term relevance

weightings can influenc®QEprecision results.

Hypothesis (ii) T At opi ¢ s p eaontaihdd smalb ontolege ttdxts can be highly
effective forOQEe x pansi on, despite their potential |l
contextually wi der , or mor e comprehensi ve,

expansi ono.

TheImmigration ontology context was developegecifically for the T401 topic and the average
OQEterm class matching of 89% was the second highest of the three query experiments. The
context APV outcomes clearly support the hypothesis, given the positive search e@&E of

and good precision impvement over keyword modes.

The benefit of aopic specific, or sel€ontainedontology context, in maximising contextual

rel evance and mi n OQE (avoidirg poferttiallyp gendralisedo and dess
relevant terms)will be further evaluated: byoop ar i ng T4016s APV and cl
against T416 and T438, and T401 againstd@ended 401 (see subsection 4.4.4).

42 T416 OTHREE RKRORBEBO PEXPEERESUUESNT R

The T416 document set eoff at WT19 provided for 10 of 14 pool relevant docunsetat be

targeted across 160,838 documents. Each of the 10 queries was conducted using a set of 6
query term search options to provide t®way comparisons, i.e. Ko vs. Oo vs. Oro and Km vs.

Om vs. Orm; therefore the query matrix (Table 10, subsectioB)3a&s based on each of the

10 query sets comparingptional and musthave keyword query mode againsptional and
musthaveS+S OQEandS+S+R OQEjuery modes.
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The following provides an assessment of search effectiveness, based on the three query modes,
firstly by measuring P&R for the whole query group and then by considering typical and
atypical P&R results in individual query sets.

4.2.1 Overall Group Query Term Search Mode P&Rs

This first subsection reviews the search effectiveness results of the corgbergdyroup Q1
10 foroptionalthenmusthavequery term search options.

Comparing Optional Query Modes

The P&R graph comparing the combined results foogte@nal Ko, Oo and Oro modes across
the query group Q10 is shown in Fig. 90, based on the averagmberof relevant documents
returned. The comparison MEA measure, based on the averpgeentagesis in Fig. 91.

In Fig. 90, the primary outcome is that the APV for Ko was 14%, with 21% for Oo and 27% for
Oro; this again demonstrated the benefitO®QE and, in particularS+S+R OQE Therefore,
OQE provided a good APV improvement in search effectiveness over Ko. A secondary

outcome was that bothQE modes improved precision to as far as 50% recall.
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Fig. 90.T416 overall P&R foloptionalqueries.

In Fig. 91, the MEAbased primary APV measures were clearer: Ko was 27%, Oo was 35% and
Oro was 54%; this particularly confirmed the benefisafS+R OQE Therefore OQE provided
a very good APV improvement in search effectiveness over Ko. As in Fig.08000QE

modes improved precision up to 50% recall.

The MEA-based APV measure was much improved for all modes, compared to Fig. 90.
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TREC416 ALL Optional Queries: P&R MEA-based Averages
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Fig. 91.T416 overall P&R fooptionalqueriess MEA measure.

Comparing Must-haveQuery Modes

The combined results for tmusthaveKm, Om and Orm modes across the whole query group
are shown in Fig. 92.
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Fig. 92.T416 overall P&R fomusthavequeries.

The primary APV measures are 32% for Km, 15% for Om, and 20% for Orm, giving the
impression thaOQE was poor. However, ghgraph displays a marked precision aberration in

the Orm and Om curves at 30% and 40% recall points; this was caused by a similar situation to
the one that affected the T401 group aver age

the precision erformance was affected by abnormal document numbers returned in one query
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(Q2) in Om and Orm modes, i.e. 308 (Om) and 6848 (Orm), compared to an average 6 (Om)
and 4 (0Or m) documents in Qs 1, 3 to 9; as a
This was validated in the varianeed j ust ed result shown in Fig.
40% recall figures with the respective average volumes characterised in the other 9 query sets.

Fig. 936s revised group P&RsKmy22% forlOmeadd 34% APV
for Orm; whilst these showed bett&QE search effectiveness, Om performance was poor,
compared to Km, and Orm provided only negligible improvement over Km.
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Fig. 93.T416 overall P&R fomusthavequeries’ with Q2 revised.

Fig. 93 can now be compared to the (unadjusted) group {d&s%®d measures in Fig. 94.
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Fig. 94.T416 overall P&R fomusthavequeriess MEA measure.

The MEA measures show better results for all modes, with Orm performance highest but with
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the Km and Om posins reversed. APV was 49% for Km, 52% for Om, and 71% for Orm.
The results demonstrate th&+S+R OQE achieved very good search effectiveness. Om

performance was poor compared to Km; providing only marginal improvement.

The inconclusive nature of Fig3% s pr of il e may be acco@QEted f
ratio resulting from Om mode, or the Q2 query set figures affecting the query group as a whole;
again justifying the use of the MEA comparison measure to provide an alternative comparison
perspedte. A further issue may have been that T416 was only able to target for 10 of the 14
relevant documents; which could have affected precision, e.g. by large variances in document
numbers being returned at different recall points which, based on low nwhlrelevant
documents, could have exaggerated precisions. Nevertheless, both Fig. 93 and Fig. 94 P&R
measures show that the higher Orm m@dgE ratio of 4:21 produced the best precision results

up to 50% recall level, in comparison to the Om (4:8) andnkodes.

4.2.2 Individual Query Set P&R Results

For the second part of the T416 review, the following P&R graphs demonstrate search
effectiveness of individual queries, based on Ko vs. Oo vs. Oro and Km vs. Om vs. Orm query
term search comparisons. The actO&E terms for queries Q1, Q5 and Q10 are shown in
Table 11, subsection 3.3.2. Bothptional and musthave results typical of the group

performances are shown next, followedabypicalresults.

Typical Query Term Search Mode P&Rs

Fig. 95 and Fig. 96, basexh query set Q1, and Fig. 97 and Fig. 98 based on Q8, demonstrate
typical P&R profiles for each of the query search options, with higher Oro/Oo and Orm/Om

precisions over Ko/Km found in 7 of Optionalquery sets and 5 of Iusthavequery sets.

TREC 416 Query 1 Optional terms: Dam, "Hydro-electric Project”, "Yangtze River”, "Three
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Fig. 95.T416 P&R foroptionalquery Q1.
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Fig. 96.T416 P&R formusthavequery Q1.
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Fig. 9 6 éngsthavemode APV measures are 24% for Km, 48% for Om and 100% for Orm;

again showing tha6+S OQE search effectiveness was good &w5+R OQE outcome was

excellent, compared to keyword.
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64% for Orm. Both graphs showed the continued benef®@E, showing thatS+S OQE
search effectiveness was good and ##5+R OQE outcome wasvery good, compared to

keyword.
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TREC 416 Query 8 Must terms: "Yangtze River”, "electrical output”, “"power station”, M =
“three gorges”
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Fig. 98.T416 P&R formusthavequery Q8.

Atypical Query Term Search Mode P&Rs

This subsection considestypical query sets Q4, 5 and 10. First, virtually simisypical
profl es were evident in query sets Q4 (not sho
99 and Fig. 100; they show that Oro and Orm failed to produce higher precision than Oo/Om

and Ko/Km respectively; in fact they badly underperformed.

Fig.99andFigl006s search effectiveness outcomes a
are 64% for Ko, 64% for Oo0 raustbdavethddeoAPMV® are Or o ;
100% for Km, 100% for Om and 48% for Orm. Both graphs show @@E search

effectiveness waat best no betteS{t+9, or poorer $+S+R compared to keyword.
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Fig. 99.T416 P&R foroptionalquery Q5.
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Fig. 100.T416 P&R formusthavequery Q5.

A completely different result was found in the Q10 set, where the Ko, Oo and Oro P&R

measures were ttea me  ( Fi g. 101); this was

Ql106s

mode APVs are 48% each for Km, Om and Orm; th&$gE outcomes were therefore

F

i g. 101 primary APVs are

unsuccessful compad to keyword only.
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7 % mesthave
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TREC 416 Query 10 Must terms: “flood control”, “water storage”, reservoir, M="three
gorges”
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Fig. 102.T416 P&R formusthavequery Q10.

A very low OQE ratio probably accounted for the Q10 result (4:6 $s1S OQEand 4:7 for
S+S+R OQ4B, i.e. by minimising the impact of theidf and concept weighting algorithms.

General Observations:

Individual query set APVs suggested a weakS OQEprecision outcome; however, the
grouped query results sho®+S+R OQEconvincingly outperformed botls+S OQEand
keyword modes and bothQE modes prodced the highest precision results up to 50% recall.
Overall Ko and Oo recall was 95%, with Oro 100% (10 relevant documents in the query pool).

The Q110 query groupS+S OQEgenerated on average 8 query terms, 7 of which were
matched in documents, givingn ®QE ratio of 4:8 and 88% class match. TReS+R OQE
generated on average 21 query terms, 20 of which were matched in documentsQE an
ratio of 4:21 and 95% class match. As in T401, KOQE ratios are high and suggest that the
ontology context, gain developed independently from the documents, proved very relevant for

the query experiment. An analysis@QEterm matches is shown in Appendix E.

A further observation was the documdfidf processing cost dDQE, where the extension of
S+S OQBo S+S+R OQE based omptionalquery terms (i.e. Oo and Oro), resulted in average

returned documents per query increasing by 400% at each stagelable 18.

Table 18.T416 returned documents based on query mode.

Mode Returned Docs.
Ko 2100
Oo 8500
Oro 33900

However, as the results have shown, P&R search effectiveness was not compromised.
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4.2.3 Comparison of Precision Results Across All Query Modes

Fig. 103 shows the search effectiveness comparisons plotted in radar graph for 10%, 20% and
30% recall pointsthis time comparing the six query modes. The scoring was thus basel on 1
points, e.g. if Q1 resulted in the following precisions at 10% recall: Ko 30%, Oo 50%, Oro 70%,
Km 60%, Om 40% and Orm 50%; the query term search modes would be awarded 1,24, 6, 5
and 4 points respectively.

T416 Average Query % Effectiveness (10% Recall) T416 Average Query % Effectiveness (20% Recall) T416 Average Query % Effectiveness (30% Recall)
Ko

g oater w0 e o Kmo Om . 8333 L

A ) Cirm « 8278 T
oL oe833 ) L

Fig. 103.T416 average query percentage effectiveness.

The performance of all modes show no real change in search precision between the 10% to 30%
recall points; however, the weakest performance was keyword Ko mode asibtigest were

Om, Oro and OrnDQE modes.Musthavemodes (Km, Om and Orm) performed better than
their optional mode counterparts probably reflecting the distinct query topic focus on the
Three Gorges theme. Highest precisions tended to be Om, Oforanchodes; indicating that

S+S+ROQE with relation classes specified in asserted conditions, can optimise results.

4.2.4 APV Measures

The APV measures for specific individual query set outcomes have been presented in
subsection 4.2.2. The APVs for the 20 indual queries, i.e. 10 query sets in botbtional
(Ko/Oo/Oro) andmusthave (Km/Om/Orm) modes, are shown in Appendix |. Table 19

summari ses the times a modedés APV was most S

Table 19.Comparisons of T416 quemgode APV successes.

Optional Mode

% Ko Top | % Oo Top | % Oro Top % Tied

0% 10% 60% 30%

Must-have Mode

% Km Top |% Om Top | % Orm Top % Tied

10% 0% 50% 40%
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The results show th&@QE was most search effective in 70% ayftional queries and 50% of
musthavequeries; with Oro and Orm predominant. Whilst 30%mtional queries and 40% of
musthave queries showed tied outcome®QE performance was good overall and
demonstrated the benefit 8#S+R OQE

4.2.5 Comparing Optional and Must-have Query Mode Successes

In comparison to Table 19 above, Table 20 shows the number of timespmctal and must
havesearch mode produced the highest precision at 10, 20 and 30% recall points in the 10 query
sets. Tied precision outcomes are shown separately.

In T416 therevas a high incidence of tied query mode results, i.e. 238ptionaland 40% in
musthave The tied outcomes do not necessarily mean that all three modes were equal. In
optional mode the 2 tied results were between Ko and Oapusthavemode, 3 tied raults

were between Km and Om, and the other was tied by all three modes.

Table 20.Comparisons of T416 query mode successes.

Optional 10% 20% 30% Query group
Mode Recall Recall Recall Average average success
rate
Ko 0 0 0 0.0 0%
Oo 1 1 1 1.0 10%
Oro 7 7 6 6.7 67%
Tied Results ‘ 2 ‘ 2 ‘ 3 ‘ 2.3 ‘ 23%
Musthave | 10% | 20% 30% Query group
Average average success
Mode Recall Recall Recall
rate
Km 1 1 1 1.0 10%
Oom 0 0 0 0.0 0%
Orm 5 5 5 5.0 50%
Tied Results ‘ 4 ‘ 4 ‘ 4 ‘ 4.0 ‘ 40%

Whilst the OQE-based pecision performance was less dominant than in the T401 results, Oro
and Orm produced the best average results over their Ko/Oo and Km/Om comparators (67%
and 50% respectively). The 30% recall point was equivalent to measuring performance in
returning thehighest scoring 3 of 10 relevant documents and Oro mode performed best of all.
In terms of overall resultsmusthave mode was relatively less favourable f@QE than
optionalmode, i.e. Om with Orm at 50% (vs. Km 10%), compared to Oo with Oro at 77% (vs
Ko 0%).

Overall, the results agree with the APV outcomes in subsection 4.2.4, witls¢83dROQE

These results are illustrated in Fig. 104 (tied are Ko~Oo0~0ro or Km~Om~QOrm).
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Fig. 104.T416 query mode successes.

4.2.6 Critical Review of Experiment

As the T4.6 ontology supported 58 query terms, with a similarly shallow hierarchy to T401, the
incrementalrelation class expansion provided a useful comparator for evalu@iQf, see
subsections 3.2.3 (algorithm), 3.2.5 (relation weights) and 3.3.2 (Fig. 66).

Theexperiment was successful in demonstra@i@E-based search effectiveness improvement:
the APV summary (subsection 4.2.4) shows improved APVs in 70&ptadnal mode OQEs

and in 50% ofmusthavemodeOQEs primarily with Oro and Orm. Whilst 30% afptioral
queries and 40% ofusthavequeries had tied outcome3QE performance was good overall.
The S+S+R OQEoutcomes provided some further learning: that a wider, relation class

expansion can provide strong precision improvement $¥& OQE

As highlightel, the greatest incidence of joint query successes was evidenced by keyword and
S+S OQEmodes (i.e. Ko with Oo and Km with Om); this would initially suggest that,
whichever of the modes are selected, the other might need to be considered as a secondary
sedach option. Further learning was tha+S+R OQEcould have a considerable processing
overhead for a search tool, given the incremental 400% increases in document hits highlighted
in Table 18.

Optional mode OQE generated consistently high recall outconms:average 95 % of the 10
relevant documents were found using Ko and Oo modes, whilst Oro mode achieved 100%
recall; this suggested that an Oro mode appr
Oo. As highlighted in T401lmusthave terms can be rpblematic as potentially relevant
documents could be excluded by, in effect, using an explicit restriction; this was demonstrated

in T416, where the thremusthave modes (Km, Om and Orm) only achieved 81% recall.
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Therefore, unless austhave term corréates precisely with the query objective, it would
appear thabptionalmode queries are more likely to provide better APV outcomes; by allowing
the tf-idf and OQE weighting algorithms to have an unrestricted effect, i.e. fully harvest all
potential documats.

The density of the 10 relevant documents in the document set-WTQ® was approximately
0.006% (10/160838), compared to an average 0.05% for the overall document set for the 3
experiments (WTOWWT19); this represented a very small target set, altmoogly 14
documents in total were relevant for the T416 query topic. Whether or not the small number of
relevant documents could have had an effect on the overall precision scores is not clear, as
precision would also be dependent on the frequency aeddpf the much larger noslevant
document set. However, as mentioned earlier, the low number of relevant documents in the
query pool can have an exaggerated effect on average precision based on returned document
numbers, e.g. Fig. 92, where a queryume¢d disproportionately higher numbers at certain

recall points.

The low average keyword ®+SOQEratio of 4:8 provided less opportunity for ttfeédf and
weighting algorithm to have an effect on relevance scores; the use of flat ontology hierarchy
mack this more likely. Whers+S+R OQE(Oro and Orm) was used, the asserted condition

relation classes produced markedly better APV outcomes, to counteract the flat hierarchy.

Finally, as mentioned in the T401 review, D®E results may have been improvediifferent
weightings had been applied; as indicated by the later $4&lwveight reversal experiments in
subsection 4.4.3.

4.2.7 Reflections on Hypotheses

Comments are now provided for the hypotheses proposed in subsection 1.9.2.

Hypothesis ()i A hi e r a($+8§ IDOEcan have a positive impact on precision and recall,
although class hierarchy expansions alone may not produce optimal results. Query term

matched classes may have more beneficial wider senmalgionswi t h ot h &+S+tR | as s ¢
0oQB.

The T416 experiment is interestin@®QE has achieved the highest APVs in 60% of all query
comparisons, predominantly in Oro and Orm query modes; also Oo was higher than Ko but Km
was better than Om. Nevertheless, the key issue ighibaAPV outcomes have sucstsly
demonstrated the benefits@QEand the improved search effectiveness achieved &siSg-R

OQE A secondary benefit is that, in th@% to 50% recall rang&ro and Ormprecisions

were approximately 10 percentage points above Oo and 20 points @bgwespectively; these
outcomes have clearlggemonstrated the benefits of extending the query expansion beyond

simply sub and super classes.
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Overall recall was slightly better ptionalmode, wheré&s+S+R OQEhad a good impact, with
Oro achievinglO0%recall compared to Ko and Oo (95%). niusthavemode, recall was 81%
for all modes, probably reflecting that poorly chosemsthave terms can be counter
productive.

The OQEAPV results have been goggarticularlyS+S+R OQE andprovide clearevidencea
support the hypothesis, in terms of both precision and recall.

Hypothesis (i)-Aihi gher and more accurate document r
can be achieved by applying a simple relevance weighting system to quernaéched
cl asseso.

As mentioned in T401, this will be evaluated by comparing the initial T401 weightings and

APV outcomes with revised T401 weighting experiment outcomes in subsections 4.4.1 to 4.4.3.

Hypothesis (ii) T At opi ¢ s p eantaihad smaldb ontolayye toftextan be highly
effective forOQEe x pansi on, despite their potential |l
contextually wi der , or mor e comprehensi ve,

expansi ono.

The Hydro-electric ontology context was developedesifically for the T416 topic and the
averageOQE term class matching was 88% for Oo and 95% for Oro (the highest of the three
query experiments). The context provided a good platform for eff€OtMe given the overall
positive effect of improving APV wtcomes; these results, combined with improved precision
up to 50% recall, provide good evidence to support the hypothesis.

The merit of using dopic specificontology context, to maximise contextual relevance and
mi ni mi se i 6QEpwalrbé further evaluated in subsection 4.4.4: by comparing the
T416 APV and class matching results against T401 and T438.

43 T438 OTOURI 8BEOI EGERERI METST RESU

The following T438 P&R graph reviews were based on 4 query modes to protidevay
comparisons ina&h of 20 queries, i.e. Ko vs. @ptionaland Km vs. Onmmusthavesearch
options, as in T401. The document setaffitat WT12 provided for 36 of 46 pool relevant

documents to be targeted across 96,885 documents.

The query matrix shown in Table 12, sutigen 3.3.3, was based on all of the 20 query sets
comparing keyword again8+S OQE The results are considered, firstly by examining the
overall group of query sets and then by consideritygpical and atypical P&R results of
individual query sets. Itlsould be noted that, unlike in T401 and T438, because of the mix of
results,typical will be used to describe where any distinct groups of individual graphs show

commonalities, as opposed to representing the mode of the group of queries.
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As previously highighted, the T438 graph-gxis (precision) scales have been reduced for
presentation purposes, i.e. a maximum 10% scalgig/is used for grouped P&R results in
subsection 4.3.1 and a maximum 30% scale is used for individual query set P&Rs in subsection
4.3.2. The scales are dependent on the maximum precision values returned, e.g. many are
below 10%.

4.3.1 Overall Group Query Term Search Mode P&Rs

This subsection reviews search effectiveness based on the combined results of the2@vo Q1
query groups obptiond andmusthavequeries. Given the very low precision levels, thexgs
display a 0% to 10% precision scale, for better visual understanding.

Optional Query Modes

The P&R graph for query group €D optional Ko and Oo modes are shown in Fig. 105; the
MEA-based comparison measure is provided in Fig. 106.
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Fig. 105.T438 overall P&R foloptionalqueries.
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TREC 438 All Optional Queries: P8R MEA-hased Averages
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Fig. 106.7T438 overall P&R fooptionalqueriess MEA measure.

The precision results in Fig. 105 show Oo search option produced a slightly betteeaverag
performance up to 30% recall, although the APV was only 2.1% for Ko and 2.6% for Oo. In
contrast, Fig. 106 shows that the MBAsed APVs were 5.6% for Ko and 4.7% for Oo.

The two graphs present conflicting Oo APV results over Ko; they were either ibkegliy

adverse.OQEsearch effectiveness should be seen as inconclusive.

Must-haveQuery Modes

The combined Q20 results for thenusthave Km and Om search options are shown in Fig.
107 and the MEA measure appears in Fig. 108. The P&R profiles shguititerdifference

overall between Km and Om and low performance in both P&R comparison measures.

Primary outcomes ar e: Fig. 1076s APVs show
and Om; MEAbased Fig. 108 provides a similar outcome, but wil¥s4for Km and 4.3% for

Om. Results are inconclusive, although Om was higher (6%) at 10% recall.
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TREC 438 All Must Queries: P&R Averages
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Fig. 108.T438 overall P&R fomusthavequeriess MEA measure.

4.3.2 Individual Query Set P&Rs

The following P&R graphs demonstrate individual query set search effectiveness based on Ko

vs. Oo and Km vs. Om comparisons. The graphs use a 0% to 30% preesisn fpr better

visual understanding. The graphs convey an inconsistent melssaguse one mode may be

less effective at say 10% recall than at 30% recall. APV measures helped to address this issue.
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Typical Query Mode P&Rs

For optional queriestypical results were somewhat polarised between keyworddpibased
modes. Query setQ5, 6, 10 and 12 were generally characterised by higher Oo precision and

much greater recall over Ko, as demonstrated in the Q5 Fig. 109 and Q12 Fig. 110 graphs.
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Fig. 109.T438 P&R foroptionalquery Q5.

Fig. 109 primary APV measures are 0.7% for Kad ah8% for Oo. Despite the low
performance OQE search effectiveness provided a modest improvement. Similar results were
achieved for Fig. 110 APVs: 0.5% for Ko and 2.7% for Oo. Ed@Es extended recall.

TREC 438 Query 12 Optional terms: "tourism organisation”, "holiday destination”, "ski
resort”, ahroad
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Fig. 110.T438 P&R foroptionalquery Q12.

Convesely, theoptional query sets for Qs 15, 17, 19 and 20 were generally characterised by
higher Ko precision and recall over Oo; as shown by Q15 (Fig. 111) and Q19 (Fig. 112).
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TREC 438 Query 15 Optional terms: “foreign tourist”, increase, resort, tourist
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Fig. 111.T438 P&R foroptionalquery Q15.
Fig. 111 APVs are 9.5% for Ko and38% f or Oo, whi |l st Fi

g.

1120s

Oo. Both graphs exhibit po@QE search effectiveness and bad Oo performance versus Ko.

TREC 438 Query 19 Optional terms: "foreign tourist”, "holiday destination”, tourism, tourist
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Fig. 112.7T438 P&R foroptionalquery Q19.

The optional graphs, for Qs 3, 7, 14, and 16, each produced vemasiKo and Oo precision
and recall outcomes, as shown below in Q3, Fig. 113; whilst queries Q2, Q4, Q11, Q13 and Q18

demonstrated variable precision performance but similar recall, as in Q4, Fig. 114.
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TREC 438 Query 3 Optional terms: tourist, "tourist activity, country, increase
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Fig. 113.T438 P&R foroptionalquery Q3.

Fig. 113APVs are 4.4% for Ko and 4.1% for Oo; this shov@QE was ineffective. Fig. 114

outcomes were 7.6% for Ko and 9.2% for Oo, providing only mad€df improvement.

TREC 438 Query 4 Optional terms: tourist, "tourist activity”, "tourism industry”, holiday
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Fig. 114.7T438 P&R foroptionalquery Q4.

For musthave queries, the majority (Qs 3, 7, 114-16, 18, 20) produced similar patterns of
varying precisions but with similar high levels of recall, as in Q11, Fig. 115. The remainder, Qs

1, 45, 89, and 1213 gave very low recall levels of generally less than 30%, as in Q5, Fig. 116.
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TREC 438 Query 11 Must terms: abroad, sigh ing, "tourist destination”, M=tourist
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Fig. 115.T438 P&R formusthavequery Q11.

Fig. 115 shows 4.3% for Km and 4.8% for Om. Fig. 116 shows 0.6% for Km and 1.1% for Om.
The APVs indicate thaDQE search effectiveness improvement was negligible.

TREC 438 Query 5 Must terms: "travel agent”, "tourist activity”, ecotourism, M=holiday
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Fig. 116.7T438 P&R formusthavequery Q5.

Atypical Query Mode P&Rs

For optional queries,atypical results were found in Q1, 8 and 9, where higher precision was

noted in the Ko option whilst higher recall was noted in Oo, see Q1, Fig. 117 and Q8, Fig. 118.
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TREC 438 Query 1 Optional terms: “tourist destination”, "package holiday”, "foreign tourist”,
"tourism industry”
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Fig. 117.7T438 P&R foroptionalquery Q1.

Fig. 117pr mary APVs are 21% for Ko and 12% for
and 6.2% for Oo. BothOQE queries show a bad APV outcome and adverse search

effectiveness.
TREC 438 Query 8 Optional terms: ecotourism, "foreign tourist”, sightseeing, holiday
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Fig. 118.T438 P&R foroptionalquery Q8.

For musthave queries, Q2, Q6 and Q10 retath no documents, clearly reflecting an

inappropriatenusthaveterm, but Q17 and Q19 had a better Km precision, as in Q17, Fig. 119.

O

Ql76s APVs are 6.7% for Km and 4. 2% OQEr Om.

guery shows a poor APV outcome aadlerse search effectiveness.
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TREC 438 Query 17 Must terms: holiday, tourism, "tourist destination”, M=resort
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Fig. 119.T438 P&R formusthavequery Q17.

General Observations:

The S+S OQHor the query group Q20 generated on average 16 query terms per query, i.e. an
OQEratio of 4:16, of which 13 (81%) were matched in the documeWhilst the T438 muki
context ontology had classes with dirgoturism relevance, the actudiburism context element

was not developed specifically for the T438 topic experiment; this may have been a reason why
the OQEterm matching ratio was notidelgt lower than T401 (89% for Oo/Om) and T416 (88%

for Oo/Om and 95% for Oro/Orm)see analysis dDQEterm matches in Appendix E.

It was initially thought that the | ower rate
wider (multicontext) onttogy but an examination of unmatched terms found that only a small
number were related to the other contexts imported into the ontology. Further, there was only a
small number of subclass to super class mappings beteegiam classes and other context

classes; consequently, the mudtintext characteristic was not considered relevant.

T4386s precision rates were consistently | ow
the highest was approximately 6%, whereas T401 and T416 were between 5808@n0n

average, 74% recall (of the 36 relevant documents) was achisiregilKo mode but Oo mode

was 90%, whereas only 53% recall was achieved in Km and Om modes; whilst a much higher
Oo recall over Ko was demonstrated, the experiment produced the tea@i rate of the three

query topics. The results serve to demonstrate both the exclusion effect (using an imprecise
musthaveterm) and thabptionalmode queries can produce better P&R outcomes (by allowing

thetf-idf andOQEweighting algorithms thiave an unrestricted effect).

The density of the 36 relevant documents in the document set (WTQR) was
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approximately 0.037% (36/96885) compared to 0.05% for the overall document set-(WTO01
WT19); this was the highest of the three experiments.

4.3.3 Comparison of Precision Results Across All Query Modes

Search effectiveness comparison results are shown in the radar graphs in Fig. 120 and are based
on the four query modes being awardedl goints for recall points 180%. This was repeated

for all query sets ahthe average score for each mode calculated as a percentage of maximum
available 4 points.

T438 Average Query % Effectiveness (10% Recally T438 Average Query % Effectiveness (20% Recall) T438 Average Query % Effectiveness (30% Recall)
Ko Ko Ko
100, 100, 100,
L ool I A
S 8583 e BT
T L B ‘IBU N

80422 L

B35 Km  Om <54

© p2ar—> Km Om <—— 55

S eson Soaesay

e e

Oo Oo

Fig. 120.T438 average query percentage effectiveness.

Again, the performance profiles show a gradually reducing search precision performance that is
consistent eross all modes between the 10% to 30% recall points. In this experiment, the three
graphs show marginally better results were achievaspiional query term searches (Ko and

0o0), followed by musthave (Km), with Om performing least effectively. Howeydhe
experiment results fail to markedly differentiate between the query term search options and have
therefore been inconclusive; this may be a reflection on the generic nature of the query topic
relevance guidelines, thereby making it more difficultctintextually apply constraints to

specific query terms, e.g. when using thagsthavesearches.

4.3.4 APV Measures

Specific individual query set APV outcomes have been presented in subsection 4.3.2. Appendix
| provides APVs for all 40 queries, i.e. 20 querysset bothoptional (Ko/Oo) andmusthave
(Km/ Om) modes. Table 21 summari ses when a m

or performed the same (Tied).

The results show th&@®QE was most search effective in only 30%ogptional queries and 35%
of musthavequeries; keyword mode was predominant in 65% and 55% of queries respectively

and tied outcomes were evident in 5%/10% of queries.
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Table 21.Comparisons of T438 query mode APV successes.

Optional Mode

% Ko Top | % Oo Top % Tied

65% 30% 5%

Must-have Mode

% Km Top | % Om Top % Tied

55% 35% 10%

Overall, theOQE results were disappointing, with some adverse precision outcomes and poor
search effectiveness demonstrated; althdd@Ewas a better solution in a third of queries.

4.3.5 Comparing Optional and Must-have Query Mode Successes

In comparison to Table 21 above, Table 22 shows the number of timespmctal and must
havesearch mode produced the highest precision at 10, 20 and 30% recall points in the 20 query

sets. Tied precision outcomes ah®mwn separately.

The results show th&@QE precision performance was generally weaker than the keyordyd

at the 30% recall point, i.e. equivalent to returning the highest scoring 10 of 36 relevant
documents, the Ko and Km results were each 50%, @adhat 40% and Om at 30%. On
average the Ko and Km modes produced the best overall results (53% and 50% respectively)
over 0o (43%) and Om (32%). The average incidence of modes achieving joint highest (tied)

scores was highest musthavemode, with Km/@n at 18% compared to Ko/Oo at 4%.

Table 22.Comparisons of T438 query mode successes.

Optional 10% 20% 30% Query group
Average | average success
Mode Recall Recall Recall
rate
Ko 10 12 10 10.6 53%
Oo 10 8 8 8.6 43%
Tied Results ‘ 0 ‘ 0 ‘ 2 ‘ 0.7 ‘ 4%
Must-have 10% 20% 30% | . Query group
Mode Recall Recall Recall verage averag;tse uccess
Km 11 9 10 10.0 50%
Om 8 5 6 6.3 32%
Tied Results ‘ 1 ‘ 6 ‘ 4 ‘ 3.7 ‘ 18%

The results show th&@QE was the least effective of the 3 query experiments; they suibgort
poor OQE APV outcomes shown in subsection 4.3.4. However, whilst Table 21 and Table 22
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show keyword search as more effective, the number of Oo and Om successes cannot be ignored.
Based on the initial relevance weightings applied, T438 outcomesstufygeneed for both
keyword andOQE search processes in a search engine interface, i.e-&idg® search process

could provide incrementally beneficial results.

These results are illustrated in Fig. 121 (tied are shown as Ko~Oo or Km~Om).

TREC 438 - Tourism

3%

a0%

43%

2%

18%

Guery Group Mode Success

4%,

—

Ko Co Ko~ Km om Km~Om

Query Mode

Fig. 121.T438 query mode successes.

4.3.6 Critical Review of Experiment

Overall, the experiment failed to demonstrate a consistent and satisfaa@iEysearch
effectiveness improvement: the APV summary (subsection 4.3.4) shows that, on average, only a
third of all queriesvere improved bYDQE, with keyword mode predominant in approximately

60% of queries. Th®QE APV results demonstrated poor search effectiveness on balance;
failing to achieve the APV levels and successes identified in T401 & T416.

The exper i misiontard secall autwompsr(@mpared T401 and T416) might possibly
suggest poor query term selection but this should have applied across all modes; and yet, Oo

mode achieved a satisfactory 90% recall.

Some critical success factors have been identifieddosideration and relate to three issues:
that the ontology was not designed for purpose; the experiment used only t+Ba®QE

and the topic statement had a vague query objective.

The multicontext ontology was not developed specifically for the Tégc and some of the
class names could be considered poorly formed, i.e. using complex names, e.g. holiday classes:
ASun Sea and Sand Holidayo, {fHealsteth H®pa dagad

activities: AEXpl ori ngccloommatdiadm®d o,and o wimBio®f
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ifRegi onal Touri st Boardo and ATourism Skill
valid criticism would be that they should have been constructed, using mogritaitiye)
concepts to describe complede{ined classes, i.e. for the ontology traversal algorithm to
identify atomic terms consistent with query terms. The choice of a-omrtext, large
ontology might have appeared unsuitable, although an examination of the unn&t&hefE

terms revealed that fewere related to the other contexts; therefore, the fooittext argument

was not considered a critical factor on the basis o6tf& OQEresults.

The decision to use a larger ontology context set provided for a comparison with T401 and
T416. As indicatd, the extent of T438 query expansion was confined to sSkef OQE

unlike T401 All OQE) and T416 $+S+R OQE Whilst the S+S OQElimitation may have
affected possible P&R improvements, it did provide a means to compare the results between the
different expansion approachesTourism contains a number of asserted conditions defining
relationships betweeispecific tourism concepts; however, relationships are also specified
between tourism concepts and imported context conceptsA@ityHoliday involvesActivity
sport:Mountaineering). If S+S+R OQEhad been used, the APV results might have been
improved but, conversely, precision could have been adversely affected by greater numbers of
nontourism specific terms, which might have been irrelevant toeayg In hindsight, the use

of S+S+R OQEnN T438 would have been an important factor in both determining the benefit of

using a multicontext ontology and further validating tBe S+R OQEapproach.

T4386s topic statement pcoviveed idomoir emgand
compared to the more specific T401 and T416
to Acountry as a wholed presented a greater
key reason for the lower P&Results. Clearly, the nature of a query, allied with the suitability

of anOQE context, must represent critical success factors.

From a recall perspective, the difference betwemgiigna) Oo mode (90%) and Ko (74%)
provides a justification foOQE In contrast, fnusthave Km and Om modes achieved only

53% recall, suggesting no benefit nmusthave OQE, although, the low recall was possibly
because thenusthavet er ms may have been Ainappropriat
relevance guidelines cqrared to T401 and T438). Again, the choicemafsthaveterm could

have excluded relevant documents, as opposed to simply relying afidhend weighting

algorithm inoptionalmode.

Finally, as mentioned in the T401 and T416 reviews G results nay have been improved
if different weightings had been applied, as indicated by the subsequenS¥80QQEweight

reversal experiments in subsection 4.4.3.
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4.3.7 Reflections on Hypotheses

Comments are now provided for the hypotheses proposed in subseci@on 1.9.

Hypothesis ()T A hi e r a $+§ IODDEcar havé a positive impact on precision and recall,
although class hierarchy expansions alone may not produce optimal results. Query term
matched classes may have more beneficial wider semafgionswithoth e r ¢ ISaBtR e s 0  (

0QB).

The experiment primarily shows that inconclusive results were achieved from the perspective
that OQE failed to outperform keywordnly search.T 4 3 ®QEAPV results demonstrated

poor search effectiveness and failed to achiegeARV levels and successes identified in T401

& T416; given that, on average, only a third of all queries were imprové&aJiyand keyword

mode was predominant in approximately 60% of querdsvertheless, the fe@QE successes
should not be ignored, #disey could produce tangible search improvement inraddal search
engine process. On a secondary note, whilst the precision results were incondlasiveup

optionalmode recall outcomes (Oo mode 90% versus Ko 74%) do f&Q&

TheT40land T4lGrs ul t s h av ee s tu®mp o ederadpEtde bypdihesis. The
failure to conductS+S+R OQEin T438 has highlighted a missed opportunity in this
experiment; therefore, the effect 8+S+R OQEN T438 will be examined in subsection 4.4.4.
However overall, theOQE APV results have been poand inconclusivesufficient b refute

the hypothesis, in terms of precision improvement.

Hypothesis (i)-Ahi gher and more accurate document r
can be achieved by applyirg simple relevance weighting system to query teratched

cl asseso.

As mentioned in T401, this will be evaluated by comparing the initial T401 weightings and
APV outcomes with revised T401 weighting experiment outcomes in subsections 4.4.1 to 4.4.3.

Hypothesis (ii) T At opi ¢ s p eontaihed smaldb ontolayye tohtexts can be highly
effective forOQEe x pansi on, despite their potentiall)
contextually wider, or mor e compr esh@uensi ve,

expansi ono.

The T438experiment used a wider, muttontext ontology (not designed for purpose but
associated with tourism); compared to the T401 and T416 contexts, developed specifically for
their query topics. T438 has produced inconclusive A&3ults, compared to T401 and T416,

and the averag®QE ratio of 4:16, with an 81% class matching, represented the |&@Et

ratio of the three experiments and suggested a less effigiht

As mentioned in the critical review, the choice of a raudinext ontology might have appeared

unsuitable but few unmatch&#S OQHEerms were related to the other contexts; therefore, the
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multi-context characteristic was not considered relevant on the basis of Se®IQQEesults.

In hindsight, the use 08+S+ROQE in T438 would have provided additional data to more
effectively evaluate the use of small topic specific/selitained ontology contexts against a
multi-context ontology; this represented a missed opportunity to fully test the hypothesis.
Thereforeth e mer i t o fwidan st ohogtologylc8re&tswill be further evaluated: by
comparing T4386s APV and cl ass naabtRMOQE Qg r e ¢
against T401 and T416, in subsection 4.4.4.

4.4 FURTHER EXPERIMENTATION WITH T401 AND T438

After completion of the 3 mai®QE experiments, additional data was generated for further
evaluation of hypothesis (ii). A limited set &+S and S+S+R OQEexperiments were
conducted using the T4Qinmigration context (see subsections 4.4.1 to 4.4.§),applying
different combinations of concept relevance weightings compared to the weighting approach
presented in subsection 3.2.5. Further data was also generated for evaluation of hypothesis (iii),
including a comparison of small cont®QE against adrger, more generalised ontoloQQE,
simulated by comparing some T4Mhmigration results against results from an extended

Immigration context, incorporating concepts from the SUMO ontology (see subsection 4.4.4).

Subsection 4.4.5 provides comments relatehypotheses (i) and (iii).

4.4.1 Comparing Higher and Lower Term Relevance Weight APVs

The original relevance weighting approach (s
from a query term matching class, was based on weights for the diretiingattass, parent,

relation and child classes, and individuals, being set at 1.0, 0.7, 0.5, 0.3 and 0.1 respectively.
The main (T401, T416 and T438) experiments all used these query term relevance weightings.

As a preliminary experiment, the worst merhing T401 query (Q10) was repeated using
optional S+S+R OQEmode (Oro), to understand the effect of adopting varying combinations of
weightings. Q10 was #ein using the weight sets (A, B and D) shown in Table 23. The class
type headings, e.g. Pareig][and Relation [R] are shown simply to reflect likely positions in
the S+S+R OQE

Table 23.Matrix of comparison class relevance weights.

Weight Set Direct Parent [S] Relation [R] Child [S] Individual [S/R]
A 1.0 1.0 1.0 1.0 0.1
B 1.0 0.9 0.7 0.5 0.1
c 1.0 0.7 0.5 0.3 0.1
D 1.0 0.5 0.3 0.2 0.1

Weight set C represents the original weightings used for T401 Q10. Sets A, B and D retain the

same direct class weight (1.0); set D uses lower weights for Parent, Child and Relation (i.e.
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S+S+R), whilst sets Aand B apply progressively highBrS+Rweights. Weight set A in effect
removes weights in th®QE, as it treats all classes the same; this has the effect of making
S+S+tROQE o nsi st e n tAll @QEtwhereTall dladséssvere weighted 1.0.

The Fig.122 Oro P&R results compare the original Q10 set C weights to the results for the
variant weight sets A, B and D; the P&R curve éptional keywordonly (Ko) is also shown
for comparison purposes.

TREC 401 Query 10 Optional terms: "cultural difference”, integration, migrant, Germany

0% -

O (10104010,01)
- Oro(1009070501)
0% 1 % Ora(1007050201)
e Cro(10050302.01)

B0% ot Ko
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40% 1

30%

- % relevant docs of total docs returned

20% A

Precision

10%

0% T T T T T T T T T 1
0% 10% 20% 0% 40% a0% B0% 0% B0% 0% 100%
Recall - % relevant docs returned of total relevant docs

Fig. 122.P&R results based on matrix of relevance wtskgh

Using the Ko result as a base, the APV measures show that lower Oro weights result in a
weaker precision curve and higher Oro weights improve precision. The APVs for the low
weight set D and original weight set C are 16% and 30% respectively, whezaasdsures for
higher weight sets B and A are both 47%; therefore, lower weighted D and C performed badly,
whilst A and B search effectiveness outcomes were very good compared tbhikaesult is
interesting because Voorhe@goorhees, 1994jound that assigning lower eights to query

expansion concepts enhanced retrieval performance.

The APVs for setweAghitrdedf fapptr oachhonand B (
that even bette®DQEresults could have been generated had they been applied in the three main
experiments; this view is supported by the original T401 @srésults, where a uniform 1.0

weighting inAll OQE mode produced very good APVs over keyword.

4.4.2 APVs for Reversed Relevance Weights in S+S+R OQE

Based on the T401 Q10 results in the prevewssetion, further modifiedS+S+R OQEweight

experiments were conducted to measure the effect across the T4A@Lgup. The Oro mode
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was used again, this time to compare
Wtd Oro), the original set C wghts (Stdwtd Oro), and a modified set C wigarent (0.7) and
child (0.3) weights beingeversedto 0.3 and 0.7 respectively (R&td Oro); relation class

weights were unchange@ihe comparison P&Rs, including Ko, are showikiig. 123.

set
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Fig. 123.P&R comparisons for QZ0 NonWtd, RevWtd and SteWtd S+S+ROQE.

The primary APV measures for the Q@ group were: Ko 32%; original (SWftd Oro) set

53%; reversed parentand childset C(évd Or o) 56&%i gmd e iNandMsde t
Oro) 59%. Whilst Stdvtd Oro was the least favourab@QE, all demonstrated good search

effectiveness improvement over Ko, with Réitd and NoAwtd achieving very good results

against Ko. A secondary outcome was that higher precision was acbietvesen 10% and

70% recall with all Oro modes.

AO

This result suggested two issues: firstly, that higher weightings for specialisation (sub class)

concepts are potentially more

appr emeriigahtt ee dadn

performance, th application of relevance weightings, in any form, could be a less optimal and

counterproductive strategy for identifying relevant terms and documents, i.e. query expansions

should fully recognise the value of a wideQErelated set of terms in the dovant by not

differentiating between semantic relations.

4.4.3 APVs for Reversed and Exaggerated Weights in S+S OQE

Given that relation class weights were not modifiedubsectiort.4.2, further query tests were

made to examine the P&R impact when reversedeaaggeratedveights are applied, this time

in optional S+S OQEmMode (Oo) Three sets of comparisons were made:\V8td andRewvWtd

(as in previousubsectiopand an exaggeration of the sub class weight, i.e. from 0.3 to 1.7 and
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retention of the super da 0.7 weight (ExtdVtd). The results fothe combined QL0 group

are shown in Fig. 124.

T401 Weighting Test Optional Queries 1-10 P&R Unit Averages

0% 1

45% —x— Extd-id Oo
- =& - Rey-wid Oo
40% A
---m- - Sta-Witd o

---4e-- Ko

35%

30%
25%
20%

15% A A

Precision - % relevant docs oftotal docs returned

3%

0%

0% 10% 20% 30% 40% a0% B0% 0% 0% 0% 100%

Recall - % relevant docs returned of total relevant docs

Fig. 124.P&R comparisons db+S OQEusing reversed and exaggerated weights.

The primary Q110 group APV measures were: Ko 18%;-8fthl Oo set 15%; ReWtd Oo set
18% and exaggerated set (Extttld Oo0) 20%. The StilVtd and RewVtd OroOQEsproduced
poor search effectiveness, with Std falling below Ko and ReWtd failing to better Ko.
Extd-Wtd Oo was the most favourab@QE but achieved only a small/negligibleprovement
in search effectivenes€One reason for the results could have been that 5 of the 10 queries had
very low query term expansions, which may have minimised the effect of weight changes across

the whole query group

4.4.4 Comparisons of Context OQE against Larger Ontology OQE

The following two experiments provide further data and observations for testing the validity of
hypothesis (iii). The first experiment compares the P&R results of the flat [fBigration
context against an expanded and more hiareal T401; achieved by simpigcluding SUMO

class names intnmigration (e.g.sumo:EthnicGroup) to give ahybrid Immigration and SUMO
ontology (T401+SUMO). More generalised terms (super classem)idration classes, were
identified in the SUMO awlogy and then mapped to T4Qhmigration classes. The second
experiment provides an evaluation of P&R results using a more cred(@E comparison
between the topic specific T401 and T416 contexts and the less topic specifiecanidit

T438 ontology this required new T438 P&R data, based on a s&#8fR OQE.
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Creating a Larger T401 by Including SUMO with T401 Concepts

An extract of the contrivedmmigration and SUMO ontology is shown, for schematic
representation only, in Fig. 12%mmigration classes have been highlighted in blue to provide a
demonstration of the effect of the mapping to just a small number of SUMO concepts. A
clearer representation of the ontology is provided in Appendix C.

The ontology shows a numberdfild Y parent mapping, where atmmigration class has been
identified as the sub class of a SUMO clas/( sumo:Y). As a consequence, the number of
classes has been increased from 41 to 124 (300%); examples of such mappings to their next
generalisation levels can be seenrendearly in the Appendix C version, e.g. withelter Y
sumo:Structure and sumo:Construction, Migrant Y sumo:Traveller and sumo:Traveler,
Integration Y sumo:GroupAction, Security Y sumo:Fearlessness and EthnicMinority Y

sumo:EthnicGroup.

The T401 query matrix (Table 8, subsection 3.3.1) wasused, this time with queries €D all
based ormoptional S+S OQEjueries (00). The T401 to T401+SUMO comparisons of generated

OQEterms for the two ontologies are shown in Table 24.

Table 24.Comparison of T401 veus T401+SUMGDQEterms returned.

Query Set T401 Oo OQE T401+SUMO Oo OQE
Q1 7 20
Q2 7 18
Q3 12 34
Q4 7 23
Q5 6 28
Q6 6 15
Q7 8 33
Q8 10 31
Q9 5 16
Q10 13 31

Ave Q1-10 8 25

The T401+SUMO query expansion generated an average 25 query ternssaficquery sets
compared to an average 8 terms for T401; the increase in term expansion (310%) was very
similar to the difference between the two ontology class sizes. The resulting P&R profile

comparisons for the merged query group-I@lare shown belown Fig. 126 and Fig. 127.

167



@_mn:?hysini\Emw
—

sumo:State

@u Pelmln® @mn Legall}u

/

:um

Gﬂm Fm@ sumo;Status

@m Emotion uma Feanm@
sumu Emntmni\StiB

Qu‘mu llIlriﬂEnMi(En:D

@mu Whiting

sumo:Position
—

e,

~ -
Gt Movement

@n-sram:a@

@ mo:Satisfacti uD

Fig. 125.Immigration classes mapped to SUMO. (for schematic representation only).

168

TR

@n Culture

@m cmnsm;b



Comparison of T401 APVs against T401+SUMO APVs

A comparison of the average P&R profiles is shown in Fig. 126, based on average unit
percentagesand Fig. 127, using the MEBased approach. In Fig. 126, the T40biy
expansion has produced better precision result over T401+SUMO, although the precision
performance is weak overall. The primary APV measures show 14% for T401 Oo and 12% for
T401+SUMOOo. The Fig. 126 result is also reflected in Fig. 127, although MEA gave a much
stronger precision curve for both.

T401 Optional Queries: T401 v T401+SUMO - P&R Unit Averages

B0% 4

—&— 00 T401+5UMD
a0% ---a0-- 00 T401 only

40% 4

30% 4

20% +

- % relevant docs of total docs returned

10% A

Precision

0%

0% 10% 20% 30% 40% 0% B0% 0% 80% 90% 100%

Recall - % relevant docs returned of total relevant docs

Fig. 126.Comparison of T401 with T401+SUMO.

T401 Optional Queries: T401 v T401+SUMO P&R MEA-based Averages

B0% q

—=— 00 T401+5UMO
0% | ---se-- 00 T401 only

40%

30%

20%

Precision - % relevant docs of total docs returned

10%
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0% 10% 20% 30% 40% 0% B0% 0% 80% 0% 100%

Recall - % relevant docs returned of total relevant docs

Fig. 127.MEA-based comparison of T401 to T401+SUMO.
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Fig. 1 2-Faéed oudddints wer®¥% for T401 Oo and 38% for T401+SUMO Oo. The
APVs confirm a slight improvement i®@QE search effectiveness when using T401 only.
However, a secondary outcome is that T401 has performed better than T401+SUMO along the
whole recall range in both graphs;ggesting bette©QE results may be achieved with more
specialised ontology contexts, i.e. avoiding generalisation levels of a class hierarchy.

Comparing T401 and T416 with T438

The benefit of using smaller topic speci@QE, as opposed to wider muttonext OQE, can
perhaps be further considered by examining the trends shown between the group P&Rs, of the
main T401, T416 and T438 experiments in Fig. 128, Fig. 129 and Fig. 130 respectively. It
should be recalled that the T401 Fig. 128 Oo P&R curve ramreaecombination oAll OQE
andS+S OQE It should be further noted that, for ease of graph interpretation (given the low
T438 precision levels), Fig. 130 is presented with a precision scale-t0986

TREC 401 ALL Optional Queries: PAR Averages

100% 4
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0% A

60% A

50% A

- % relevant docs of total docs returned

30% A

Precision

20% AT et m
P BT PO T R A

10% A

0%

0% 10% 20% 30% 40% 20% B0% 0% 0% 90% 100%

Recall - % relevant docs returned of total relevant docs

Fig. 128.7T401 Overall P&R fooptional queries.

In Fig. 128, the primary APV outcome for T401 was that Ko was 18% and Oo was 46%; this
demonstrated a stron@QE precision performance and a good Oo search effectiveness
improvement over Ko. A secondary outcome was@@E delivered much improved preqisi

between the 80% recall points.
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Fig. 129.T416 Overall P&R fooptionalqueries.

In Fig. 129, the key APV outcomes for T416 were Ko at 14%, Oo 21% and Oro 27%; this again
demonstrated the benefit OQE, with S+S+R OQEpredominant. OQE provided a god APV
improvement in search effectiveness over Ko. A secon@&f outcome was the improved

precision between 180% recall.

I n contrast, T4386s query outcomes provided
T416. Fig. 130 shows APV of only 26 for Ko and 2.6% for Oo. Given that Fig. 130
conflicted with the earlier MEAased Fig. 106 OQE search effectiveness impact was

considered both negligible and inconclusive compared to Ko.

TREC 438 All Optional Queries: P&R Averages
10% -
g% 4 c-emee- On
=
i}
g 8% 1 ---oe-- Ko
o
£ 7%+
i
k5]
2 6% 4
=1
g w4
=
2
Do4% 4
[
=
L 3%+ . e
o .. - -
o aee.. - e B Aol
3 2% R e e
o ’ T ST &
oM. Teel
1% A Mgl
ey
0% T T T T T T T T T ]
0% 10% 20% 30% 40% a0% G0% 0% a0% 80% 100%
Recall - % relevant docs returned of total relevant docs

Fig. 130.T438 Overall P&R fooptionalqueries.
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The T438 expément used a much larger ontology, not designed for purpose, with the highest
precision rates (circa 6%) markedly lower than T401 and T416 (between 50% and 80%). In
addition, the T438 averadg@QE of 13 of 16 terms being matched in document set (81% class
matching), indicates a less efficiec@QE and contribution towards P&R; these figures result
from the lowest averag@QE ratio of the three experiments, i.e. 4:16 vs. 4:28 for T401 (89%
matching) and 4:21 for T416 (95% matching). Whilst the T@WIE ratio should be put in
perspective (it involvedll OQE and was therefore less query term specific), the results appear
to suggest that a smaller topic specific ontology context can produce better results than a wider
multi-context ontology and that high@&QEratios could result in improved class matching.

The inference in hypothesis (iii) is that the wider semantic links across acoiéxt ontology

could generate more nayuery relevant terms in the query expansion, which could adversely
affect precisionHowever, T4386s subsection 4.3.7 hypo
data was required to fully test the hypothesis; because, an important factor in justifying the use

of small topic specific/sel€ontained ontology contexts, against a ractiniext ontology, was a

credible comparison with the extende@Eresults of T401 and T416. Therefore, as T83%

OQEhad generated few expansion terms from the other contexts contaifmdism, a set of

13 optional mode queries were conducted usBgS+ROQE Queries Q4Q5, Q7, Q8, Q11,
Q12,Q151 7 and Q19 were selected from T4386s qgue

As mentioned previously, th@urism ontology contained a number of asserted conditions
defining relationships betweeapecifictourism concpts and also between tourism concepts and
imported context concepts, with the potential consequence that P&R could be either favourably
or adversely affected, depending on the number ofquamy relevant terms added to the
expansion;S+S+R OQEallowed theeffect of these relationships to be tested. The resulting
P&Rs are shown in Fig. 131 and compare the combined query group results for Ko, Oo and Oro
search options; the MEBased comparison measure is shown in Fig. 132.

In Fig. 131, the APVs are: Ko at1®6, Oo at 3.5% and Oro 2.8%. Despite the low valO&&
has produced a modest search effectiveness improvement over Ko, with Oo unusually

outperforming Oro.

In the MEAbased Fig. 132, APV levels are improved: Ko 6.4%, Oo 5.4% and Oro 4.6%. The
MEA values show that bot@QE modes performed badhparticularly Oro.
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TREC 438 -13 Optional Queties - Unit Percentages
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Fig. 131.Overall P&Rs for T438 Ko, Oo and Oro queries.
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Fig. 132.0verall P&Rs for T438 Ko, Oo and Oro queries (MBAsed).

The results are inconclusive as the graphs present conflictlg APVs, showing either
negligible or adverse search precision benefits. Clearly, there has been an adverse effect when
usingS+S+R OQEN a multicontext ontology. Secondary outcomes are that Oro has failed to
enhance precision over Oo mode in both grapttsbothOQE modes have been inferior to Ko,
between 40% and 100%.

General Observations:

The expande®QE results show that, unlike the improved precision results achieved with T401
(All OQE) and T416 $+S+R OQHE, T438S+S+R OQEhas produced poor preima outcomes.
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To further emphasise the adverse effect of using a +cwttiext ontology for relation class
expansion, the comparisonclas®at c hi ng st at iISsSand§+5+R OQEshown T 4 3 8
separately, are shown in Table 25.

Table 25.Class matchingomparison incorporating T438+S+R OQE

Topic (OQE Mode) Average OQE | Average OQE Average Class
Ratio Terms Matched Terms Matching %

T401 (All OQE) 4:28 28 25 89%

T416 (S+S+R OQE) 4:21 21 20 95%

T438 (S+S OQE) 4:16 16 13 81%

T438 (S+S+R OQE) 4:37 37 28 76%

T 4 3 §653R OQFEatio was the highest of the experiments but the number of classes matched
was below itsS+S OQEesult (81%) and markedly lower than T401 (89%) and T416 (95%).

The APV and class matching results suggest ttmahparedo wider muti-context ontologies,
topic specific/small ontology conteftQEscan be highly search effective and caimimise the
risk of potentially generalised and less relevant terms affecting precision, wherSuSm&R
OQE

4.4.5 Reflections on Hypotheses

Comments araow provided for the relevant hypotheses proposed in subsection 1.9.2.

Hypothesis (i)-Ahi gher and more accurate document r
can be achieved by applying a simple relevance weighting system to quernasched

classs 0 .

The section 4.4 experiments demonstrated both the effect of different term relevance weightings

on APV outcomes and the precision weakness o

Fig. 122 (subsection 4.4.1) indicated that impro@#gE results could Ave been generated in

the three main TRECwekpbhtehent(setifA)tlhaadnimo
B) had been applied; given that APVs for sets A and B were 47% compared to 30% for the
original set C. The A/B weights gave very good improgata inOQE search effectiveness.

The Fig. 123 (subsection 4.4 QQEsalso highlighted positive findings: firstly, that higher sub
class weightings may be potentially more ap
wei ght edo per f oversuabsi and 56% DPYs fArRat C and reversed S+S set C
respectively). Finally, in subsection 4.4.3, the Fig. 24 e weea isgeh 188 dABV) gnd
Afeexyger ated weightedo (20% APV) approaches b

weightofaquery er m mat ched c¢cl assds sub classes over
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However, whilst the APV outcomes confirmed good and further imprd@&E search
effectiveness, the subsection 4.4.1 and 4.4.2 outcomes suggest relevance weightings, in any
form, could be a subptimd strategy for identifying relevant terms and ranking documents.
The Hwvpoghtedo appr oac hOQEsnshoseld rioedfferentiate pdtweens t h

hierarchical and semantic relation terms.

In conclusion, the good APV results at first indicatet ttaésed weightings and/or higher sub

class weights can deliver improved APVs (10+%) &QE search effectiveness over the
original wei ghtings; these out comewe isquhptpeod &
APV performance (i.e. af-idf algorithm free of term relevance weightings), as also
characterised by the results of T48lL OQE mode, in effect, refutes the hypothesis. Given the

observations, more experimentation should be conducted, to further validate hypothesis (ii).

Hypothesis (iii) - fi t o gpecdic or selcontained small ontology contexts can be highly
effective forOQEe x pansi on, despite their potential |l
contextually wi der , or mor e comprehensi ve,

expansi ono.

It should be clarified that the hypothesis does not mean to specifically suggest theAllse of
OQE it assumes any method of ontology traversal, ®tgor S+S+R OQE The experiments
demonstrate that superfluous query expansion (attractingjueny réevant classes/terms), by
S+S OQHKadding more generalised classes) 8n&+R OQHadding relation classes from the
wider multi-contexts in T438) can adversely affect P&R and, more importantly, APVs. The
T401 versus T401+SUMO experiment addressed the hierarchicalS+S OQEaspect and the
additional T438 experiment addressed the nrudtitext characteristic enabled throughS+R

OQE (subsection 4.4.4).

The T401 versus T401+SUMO graphs showed a small APV improvement when using T401
only, compared to T40BUMO; this was reinforced by T401 performing better than
T401+SUMO, along the whole recall range. The outcomes provide evidence to support the
hypothesis that, by avoiding the generalisation levels of a class hierarchy, @@&iesearch
effectiveness aa be achieved by using a specialised ontology context. The additional T438
experiment graphs showed that, in a wider, radtitext ontologyS+S+R OQEcan adversely

affect APV outcomes; unlike the improved APV results achieved with TAQ1IOQE) and
T416(S+S+R OQE The relationship class expansion was inferiogs+® OQEN both T438

graphs and an increas@fEratio was the least effective in class matching.

In conclusion, the results of both experiments provide evidence to support hypothesis (iii).
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5 EVALUATION OF T401, T416 & T438 EXPERIMENTS

As a preliminary and evaluation of precision performance, comparisons of query modes used in

the three main query topic experiments are shown in the Fig. 133 line graph and Fig. 134 bar

chart; they are deriveddrm a @ | e a g u-aay resulisbconparisofs, i.e.fooeach of the

Ko vs. Oo and Km vs. Om query sets. For each query set, the modes were awarded either 1 or
2 points, with 2 awarded for the highest precision at a specific recall point (i.eefdOth,

20% and 30% recall). The Oro and Orm search options were excluded for this comparison as

they only applied to T438.

Precision "scores” against Recall % - All Queries
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Fig. 133.Line graph comparison of Ko, Oo, Km and Om queries.
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Fig. 134.Bar chart comparison of Ko, Oo, Km and Om queries.

The measures show that, across the experiments, Oo performed better than Ko and, Om
performed better than Km; the greatest improvement was between Oo and Ko. It is emphasised
that, even though Oappearsbetter than Om, the outputs do not imply thati®beter than

Om; the measures provide only a pairwise comparison, e.g. Ko vs. Oo.
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5.1 SUMMARY OF EXPERIMENT RESULTS

Subsections 5.1.1 and 5.1.2 provide summary results for the main T401, T416 and T438
experiments. Subsection 5.1.3 provides comments regardindditie@al experiments.

5.1.1 Performance Outcomes using APV Measures

As mentioned in subsection 3.1.7, to ensure a consistent performance evaluation of the 3 main
experiments, query mode search effectiveness was primarily based on an average of the 10%,
20% and30% recall point precision percentage values (the APV).

Specific individual query set APV outcomes have been presented in subsections 4.1.1, 4.1.2,
4.2.2 and 4.3.2. APVs for all 80 main experiment queries, i.e. 40 query sets iophotial
andmusthavemodes, can be found in Appendix |. Table 26 provides a summary of the query
mode successes, based on primary APV outcomes for the T401, T416 and T438 experiments.

Table 26.Comparisons of T401, T416 and T438 by query mode APV successes.

Optional Mode

TREC No. of .
% Ko Top| % Oo Top | % Oro Top | % Tied

Topic queries

T401 10 10% 90% - 0%
T416 10 0% 10% 60% 30%
T438 20 65% 30% - 5%

Must-have Mode

TREC No. of .
% Km Top| % Om Top |% Orm Top| % Tied

Topic queries

T401 10 10% 90% - 0%
T416 10 10% 0% 50% 40%
T438 20 55% 35% - 10%

The results summary shows that the two topic specific ontology contexts provide the most

successful APV outcomes.

1 T401All/S+S OQE APVs were clearly the most search effective: in 90%ptfonal

andmusthavequeries.

1 T416S+S/S+S+ROQEAPVs were highly search effective compared to keyword only:
in 70% of optional and 50% ofmusthave queries, with Oro and Orm predominant.
Whilst 30%/40% of T416 queries showed tied outcor¥3E performance was good
overall and demonstrated the benef S+S+R OQE

I T438 S+SOQEs presented a much weaker APV outcomes (30%/35%) compared to

keyword (65%/55%); therefore, search effectiveness was poor. Table 26 does not
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include the additional T438+S+R OQEexperiments (subsection 4.4.4), where Oro
performed badly; producing an adverse APV outcome when used in theconiéxt

ontology and failing to enhance precision over Oo mode.

5.1.2 Precision Successes and Recall Outcomes

In comparison to Table 26 above, Table 27 summarises the percentage of times each que
mode produced the highest precision successes at 10, 20 and 30% recall points and the recall

performances overall.

The results reflect similar outcomes to the APV performance in subsection 5.1.1 and confirm
the benefit of extended®\(/S+S+R OQE theno st successful were T401
All OQE, and T43806s Oro. With the exd®BRtdanm on o0
produce improved recall, with Oro achieving 100% in T416 and Oo showing a marked increase

to 90% over Ko in T438. Agairhis is clear evidence th@QE can produce improved search

effectiveness, in both precision and recall.

Table 27.Comparisons of T401, T416 and T438 query mode successes.

Optional Mode
TREC Precision Successes % Recall Achieved
Topic Ko 0o Oro Ko 0o Oro
T401 13% | 77% - 100% | 100%
T416 0% 10% 67% 95% 95% 100%
T438 53% 43% - 74% 90%

Must-have Mode

TREC Precision Successes % Recall Achieved
Topic Km Om | Orm Km Oom orm
T401 13% 83% - 100% 100%

T416 10% 0% 50% 81% 81% 81%
T438 50% 32% - 53% 53%

The results are also dependent on query modes opdnal mode OQEs have been more
search effective thamusthavemode OQE, when compared to their respective keywordly
modes; musthave modes have resulted in overall weaker recall performaforeall query
modes. However, a straight comparison betwegtional and musthave modes is not
particularly important.Optional mode places full reliance on th&idf and term relevance
weighting algorithms.Musthavecan conflict with algorithm by sdricting return of potentially

relevant documents; this has been reflected in the poorer recall performances, wheste a
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haveterm may have been a questionable choice. Therefor@ptimnal query mode results

(Ko, Oo and Oro) are considered more vald.

The form of ontology context was important; better results were achieved using ontology
contexts that were specifically developed for the query topic, i.e. T401 and T416 versus T438,
with multiple contexts interfacing witfTourism. There were cleaissues with the T438
ontology: the ontology was not designed for purpose, multiple contexts were imported, and
query term selection proved difficult as the precise nature of the query parameters were less
specific in the T438 topic narrative. Flat ontgldgerarchies can restri&+S OQEresults; the
options are to consider using whole ontology@®E (as in T401) oi5+S+R OQHas applied

in T416).

5.1.3 Additional Experiments

As discussed in the additional experiments in section 4.4, the results of thenthiee
experiments did not in fact fully demonstrate the potentiaDQE because the initial term
relevance weights tended to pres®@®Ei n an al moasste 0 wsocresntar i 0.
experiments were based on the original (standard) relevance weightingsitke lower weights

for sub classes, whereas the furt€pE experiments used different weight combinations, e.g.

by increasing al/l weights by 0.2 or by Arem
concepts. It was also found thatreversinggt super c¢cl ass and sub cl ac
had a positive precision effect. The raised weight changes resulted in im@e8aetR OQE

APV outcomes and good search effectiveness, as shown in subsections 4.4.1 and 4.4.2.
Therefore, the performaacmeasures could have demonstrated further improvements, with

either a higher weighted omanweightedvalue in thef-idf calculation.

5.2 CRITICAL REVIEW

The following points represent a critical review of the work undertaken.

i.  The outcomes from the APV ®1) and P&R (5.1.2) subsections, generatedif-igf
relevance scoring, have clearly demonstrated the succ&®Bin improving search
effectiveness using small ontology contexts. APVs have been used to provide a
consistent and primary measure of perfance and the focus on early recall points has
also served to recognise that a typical Web user might only be interested in examining
the first few pages of search engine results. The P&R outcomes helped to verify the
APVs and identify a secondary bengifie. Al OQE andS+S+R OQEmodes markedly

improving precision in the £80% recall range.

The T416 results sho8+S+R OQEcan achieve a higher recall than béttand S+S
OQE also that extendin@QE beyond the subsumption relationship, by exploitimg t

wider semantic relationships between ontology classes, has been justified. The T401
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results also demonstrated more favourable results when ABIGQE; however, whilst

the T401 and T416 results tended to favextiended OQHEt was acknowledged in ¢h

T401 and T438 critical review comments (subsections 4.1.7 and 4.3.6 respectively) that
S+S+R OQEshould have been used in all experiments; this highlights a missed
opportunity to further validate the benefit®fS+R OQEo test hypothesis (i).

i.  The highOQEratios and levels of term matching (8&%%), highlighted in subsection
4.4.4), demonstrate that the small T401 and T416 ontology contexts were very relevant
to the experiments; however, whilst small modules can produce good results, flat
hierarchies an adversely affect bas&+S OQE e.g. T401S+S OQEaveraged 8 terms
versusAl OQES s 41 t er ms . S+SDQEwad &termsyversud 21 Lising
S+S+R In retrospect, the use of small contexts, in T401 and T416, should have flagged
the need fo6+S+ROQE earlier.

iii. In the T401 and T416 experiments, keywordy mode produced better precision
results in the 1830% recall range, in approximately 8% (3/40) of queries; in T438 the
precision success was much greatbB% (21/40) of queries and the averagacross
all three experiments was 30% (24/80). Therefore, wQ@E alone be a justified
approach? Based on the original relevance weightings used in the main experiments,
the results would appear to suggest that, wRIBE can make a positive impadt,is
not a solution to replace keywoeothly query, i.e. one or the other is probably an
important supplemental solution in the search engine process. However, this view may
be premature, given the precision outcomes demonstrated in the term relevance

weighting experiments in subsections 4.4.1 to 4.4.3.

iv.  The ontology modules proved useful with adaptive text input of query contexts and
query term selection. Further, their small apecialised contexts may help to limit
superfluousDQE, given their tighterelevance

v.  The process does not require creation of triple stores and there is no reason why, with
procedural changes to data access, the process of using Semantic Web languages to
interrogate traditional (unstructured) Web documents, could not be testedwidely

on existing indexed databases, i.e. used in a more formal search engine environment.

vi.  The process provided a contrived set of ontology contexts for use in predetermined
query topics. A fully operational search engine would clearly require aneasase in
ontology contexts for many query topics; however, this represents challenge of scaling,

as opposed to the merit OQE as a principle.

vi.  The tool did not use the Ontology API inferencing capability (see section 2.1) to
distinguish between assed and inferred types; this would provide additioG€DE

capability. The requirement to run a classifier during ontology development might have
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been unnecessary if it had been decided to use the Jena Ontology API inferencing
capability in SemSeT, i.e. tbnd inferred relationship§ see AOntol ogy T

Exampled in subsection 3.2. 2.

viii. The subsequent experiments using modified term relevance weights (higher weightings
and removal of weight differenOQExdsidty sug
wer e understated aocdsedeseehnhedi a; Atwoersdaf o
would be that term relevance weight testing should have been carried out beforehand,
for the changes to substantively reinforce the research findings.

iXx.  The following commentsefer to the research hypotheses proposed in subsection 1.9.2.

Hypothesis ()T i hi e r a$+§ WQEcanl havé a positive impact on precision and
recall, although class hierarchy expansions alone may not produce optimal results.
Query termmatched clases may have more beneficial and wider semastations
with ot h&tS+tROQEESsses o (

Subsection 5.1.16s APV ODQH per@amance hyitgplel i g h
specific contexts: T40Immigration All/'S+S OQE APVs produced the most search
effective oticomes in 90% obptional and musthavequeries; similarly, T4161ydro-

electric S+S/S+S+R OQEAPVs provided good search effectiveness improvement in

70% of optional and 50% ofmusthave queries, with Oro and Orm predominant.
Overall, T401 and T410QEs hal the effect of more than doubling APV performances

and, as a secondary benefit, have maintained the precision improvement differential up

to the 50% recall range.

In contrast, the wider/mulgontext T438Tourism ontologyS+S OQEAPVs presented
weaker outomes: (30%/35%) compared to keyword (65%/55%). Overall, T438 search
effectiveness was poor; further, the additional T438 queries, in subsection 4.4.4, also
produced some adverse outconidsverthelessDQE successes in a third of queries not

be ignoredthey could offer incremental search benefits in-enbdal search.

Clearly, applyingAll/S+S+R OQEon topic specific contexts as opposed to wider,
multi-context ontologies differentiaté3QE search effectiveness. Whilst, it might have
been beneficial toanduct more extensive+S+R OQEthe T401 and T410QEAPV
outcomes demonstrated the benefits of extending query expansion &y8n0QE
on topic specific context©n a secondary note, T416 and T4§8ional mode recall

outcomes were improved usi@f)E
The above outcomes have provided strong evidence to support the hypothesis.

Hypothesis (i)-ihi gher and more accurate documer
precision) can be achieved by applying a simple relevance weighting system to query

termmatchecc | asses 0.
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The subsection 4.4.1 to 4.4. 3rexmpedi megh
relevance weights and higher sub class weights have markedly improved (10+%) APV
results, compared to the original weightings; these outcomes provide evidence to
support the hypothesis. The revised weighting outcomes also suggest that improved
OQE-results could have been generated in the original main TREC experiments. At the

s ame ti me, we have al-wewi gh¢ adwedapphat@act
characterisedy the original T401All OQE APVs, provides evidence to, in effect,

refute the hypothesis.

Additional experimentation would be beneficial, to further test the hypothesis; however,

the weighting experiments have provided good solutions for impr&g precision.

Hypothesis (ii) T it opi ¢ s p eantaihed esmalb ontolagye doMtexts can be
highly effective forOQEe x pansi on, despite their poten
opposed t o contextually wider, oroid mor e

superfluous gquery expansiono.

The OQE experiments have clearly shown that the topic specific Td@iigration and
T416 Hydro-electric contexts provided the most successful APV outcomes. In contrast,
the multicontext T438Tourism ontology presented nah weaker APVs and search

effectiveness.

The additional subsection 4.4.4 T401+SUMO and T438 experiments were based on
maximising the extent of ontology traversal &DQE the APV results indicated that
more hierarchical and/or wider ontologies have theemwl to adversely affect

precision, by adding less relevant terms to the query expansion.

Given the above outcomes, the experiments have provided good evidence to support the

hypothesis.

Evaluation of the hypotheses was considered dependent upon atwsierdollowing

questions; these are provided below.
a) Has an impartial and unbiased search comparison process been employed?

This has been satisfied by using independent TREC data and query topics that were
each supported by a query requirement, in the faf a topic statement, and a set of

query relevance judgements (see sections 2.1 and 3.3).

b) Does the search tool support ontology traversal and relevance ranking mechanisms

effectively and reliably?

The OQE tool was extensively tested to validate theegmnity of: the ontology
traversal (sub, super, equivalent and intersection classes)-itife algorithm

(matched term and document statistics stored for retrieval by the relevance ranking
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Xi.

d)

algorithm) and P&R data outputs. Both wHitex testing (i.e. usig test inputs
during developmentp verify paths through the codand blackbox testing (firstly,
involving a small document control set with predetermined outcomes and secondly,

using sample TREC data) were conducted (see subsections 2.2.3 and 3.1.2).
How useful were ontology query contexts, e.g. concept usage?

The high levels of extende@QE term matching (89995%) and corresponding
P&R results show the smaller T401 and T416 ontology contexts were very relevant
to the experiments, whereas the matintext T438 extende®QE term matching

was much lower (76%) and was reflected in the resulting P&R performance.

Did the results show meaningful improvements in either precision or recall?

Good precision improvement was evident in the T401 and T416 expesiment

Understanding the issues of structural and semantic heterogeneity provided a helpful

perspective upon which to understand the issues of semantics in IR.
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6 CONCLUSIONS

The purpose of this PhD was to UB®Eto improve search effectiveness by increasiegych
precision, i.e. retrieving relevant documents in the topmost ranked positions in a returned
document list. The research experiments required a novel search tool to combine Semantic Web
technologies in an otherwise traditional IR process using addelment collection.

The above objectives have been successfully combined and the following conclusions provide
an overview of results achieved, with hopefully an open, objective assessment of solutions
presented; including identified success areas, tbblgms encountered and further solutions

proposed.

6.1 HOW SUCCESSFUL i IN WHAT WAY

The experiments have successfully demonstrated ahattocess combining next generation
Semantic Web language®QE and ordinary Web document information retrieval, can exploit
the benefits of ontology semantics in a traditional search environmentjtheut resorting to

indexingRDF triple repositories and semantic reasoriaged RDF query languages

The OQE experiment outcomes have justified the approaches adopted. Téectiom 5.1.1
results summary has shown that the T401 and T416 contexts provided very successful APV
outcomes: T40DQEs were the most search effective in 90% of all queries; TIQEs were

the most search effective in 70%agtional and 50% ofmnusthavequeries, with Oro and Orm
predominant. The results also highlighted that the wider/ooittext T438Tourism ontology

OQEs were problematic: with weaker APV outcomes, resulting in succe®§¥ts in only a

third of queries, and adverse T438S+R OQEoutcomes shown in subsection 4.4.4.

The hypotheses have been fully considered, in relation to the experiment outcomes, in critical
review section 5.2. The additional section 4.4 experiments provided a larger results base for
validating the hypotheses further.g. the different weighting experiments provided beneficial
solutions for improvingDQE APVs (by 10+%) and indicated that the original T401, T416 and
T438OQEresults might have been understated. The experiments have provided good evidence
to largely spport the hypotheses; the only exception was where APV performance was

i mproved dweighéedooapproach, i.e. this parti
hypothesis (ii). Nevertheless, the weighting experiments provided useful solutions for

improving OQEprecision.

The SemSeTOQE engine has successfully achieved the primary objective of raising APV
outcomes and improving search effectiveness: overall, T401 andQ@Es had the effect of
more than doubling APV performances. In terms of sdaoy benefits, T401 and T41BQEs
maintained the (APV) precision improvement differential up to the 50% recall point and the

T416 and T43®ptionalmodeOQEs increased recall, by between 5 and 15 percentage points.
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We have learned that topic specific @mrttbasedOQE is worthwhile: overall, the best APV
results can be achieved by using ontology contexts (specifically relevant to the query topic) and
extendedOQE as shown by the contewtde (All OQE) T401 Immigration approach and the
hierarchical plus dation class expansion approa@i+&+R OQE used in T416Hydro-electric.

Given that the experiments also revealed ®a6+R OQEused on a wider, muitontext
ontology could produce less favourable results, the applicatioll/&+S+R OQEon topic
specfic contexts differentiate©QE search effectiveness. Finally, given the high percentage
(89%-95%) of OQEterms matched in documents, the contexts proved to be very topic relevant.

6.2 PROBLEMS IDENTIFIED

i.  As highlighted in subsection 3.2.4 (Extended Relati@lass Algorithm), ontology
traversal did not cater for all situations, e.g. when attempting to read-haseol
asserted conditions; any assertion had to be specified separately, as a solution was not

found to list union operands using Jena Ontology ARhous.

i.  Small ontology contexts with flat hierarchies may only provide limited potential for
basic S+S OQE to deliver query term expansion; therefore, these ontology contexts
require greater expressivity (via asserted conditions) to support wider or ekeQée

e.g. using relation class expansions.

iii. The section 4.4 experiments highlighted several options for improvingtf-idé
relevance algorithm and presented seemingly conflicting choices: concept relevance
weights need to be either generally higher,esuand sub class weights should be

reversed or relevance weight differentials should be removed.

6.3 SOLUTIONS PROPOSED
There is scope for further work, which could be directed in the following areas.

i.  Further data fron5+S+R OQEexperimentation would be beiwal, to more fully
consider hypothesis (). Similarly, more extensive term relevance weighting

experiments should be conducted, to further validate hypothesis (iii).

i.  FurtherOQEalgorithm refinement, including traversal approach (ewgrseOf, partOf)
and @litting any compound ontology terms identified duri@QE e.g. Cultural
Integration or Tour Operator. However, this has the potential to generate more general
terms. SimilarlySemSeT requires specific query terms to be entered in separate input
boxes; the query functionality could be improved by allowing more complex queries
be input and using text analysis to reduce a natural language sentence (long tail) query

into query term (short tail) sets f@QE, i.e.matching long tail elements wittoncepts.

iii. Precision and recall could be improved by identifying document annotations/metadata

to recognise only contextually relevant documents, évijka, 2008) and/or the
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Vi,

development of Web document context metadata for ontology context matching; this
could be related to a method/implementation for semantic indexing of documents, e.g.

to speed u®QE processing in SemSeT.

A means whereby the selection of a query togio be used to facilitate automated
integration of ontology contexts; wh&QE needs to be applied on a wider application
ontol ogy, e. g. a query about AUK Travel
air and population group contexts to be combiwefdcilitate ontology traversal.

The experiments have focused on tegpecific contexts, involving shallow structures;

the design has provided an artificial ontology traversal control, which would not be
available in a larger ontology. Therefore, expemtation to control the ontology
traversal algorithm should be considered, to determine the optimum number of concept
levels that would be included, e.g. in a sub and super €1ed5 both from a query

term relevance perspective and relative to the depthierarchy, when using a more

extensive (wider ranging or more hierarchical) ontology.

A methodology for developing a library of lightweight ontology contexts, based on
modularised concepts best practise and the modular context approach demonstrated in
section 1.7. The first step could be to prioritise contexts, by determining the most
common query topics, and an analysis of

could provide an indicator.
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APPENDIX A: GLOSSARY

ABox. The Description Logics ABox constr
assertions on individuals, i.e. ABox statements are assdardth instances of TBox define
classes, e.g. classity hasCity = fi L o n d dABoX constructs are thus TBaompliant

statements about a vocabulagee also TBox.
Antonym. A word opposite in meaning to another, e.g. large and small, wide and narro

Axiom. A statement or truth, i.e. an axiom in an OWL ontology is a sentence irCFadst
Logic that is assumed to be true without proof.

Black-box testing.Unlike white-box testing(see glossary item), bladlox testing requires n
knowledge ofangpl i cati ondés i nternal program s
test case data inputs, based on the function of the program, to validate outputs aga

determined outcomes.

Context (Ontology) For the purposes of this research, a conied modular, selftanding,

topic specific oquery contextelevant small ontology.

Cyc. Developed by Cycorpthe Cyc Knowledge Server isonsideredhe largest and mos
complete, multicontextual knowledge base and inference engi://www.cyc.com/cyc.

DAML. A U.S. governmensponsored project (DARPA Agent Markup Language), cre
as an extension to XML and RDF and an early de facto standard ontology langua

provided greater description expressiveness than basic RDF Schema.

DAML+OIL. An acronym for DAML plus Ontology Inference Layer: a development of
DAML ontology language incorporating the OIL layer.

DARPA. The U.S. governmergponsoreddefence Advanced Research Programs Age
responsible for the development of new technology fise by the military -

http://lwww.darpa.mil/.

DC. An acronym for The Dublin Core Metadata Initiative: related to bibliographic and d
information and provides a set of basic metadata properties (e.g. title, creator, righ

demonstrates a vocalary for classifying Web resourcesttp:/purl.org/DC/.

DB. An abbreviation for database and can refer to any form of data record keeping e.

and spreadsheet. Often used to refer to database management system (DBMS).



DBMS. Software(databas management system) teanage and retrieve data in a datab
Provides transparency between physical data and application programs, i.e. DB us
other programs are not required to understand where the data is physically located &

multi-usersystem, which other users may be accessing the data.

Design Autonomy. Where a designer creates a database model from a conceptual mot
real world situation. Different designers will influence designs, which inevitably resu
systems heterogeity.

DL. An acronym for Description Logic, a sldénguage of predicate logic. A knowled
representation language for formally representing domain terminology by construct
complex concept and role descriptions. DL permits both representatidanadin facts,
throughassertionsand the derivation of new facts through rulegnéérence

DMOZ. An acronym for Directory Mozilla, alsknown as The Open Directory Project:
comprehensive humamviewed classificationdirectory of the weh’ see http://dmoz.org/.

DMOZ drives directory services for many key information portals and search engines.

Domain. Used in the context of an Ontology domain, e.g. medicine, geography
engineering. Also used to specify tth@mainof a property, e.chasRole Transportation.

DQL. The DAML Query Language pr ovi detd-agent
queryansweringbo, i . e. guery agent (clien
represented in DAML+OIL ontologies. With the development of OWKQLDhas beer
superseded by OWQL.

E-R. The EntityRelationship database model is a conceptual data model that views t|
world as entities having attributes and relationships. A basic component of the model-is
R diagram, employed to visually pesent data objects. -BE model constructs are

subsequently transformed into relational tables that are normalised to minimise redund:

FaCT. A Description Logic ontologyeasoning and classification tool (Fast Classificatiol
Terminologies), relesed under GNU public license. It can be used in conjunction

Protégé OWL- http://www.cs.man.ac.uk/~horrocks/FaCT/.

Federated DB. A multidatabase system, i.e. a collection or federation of heterogeneot
geographically disparate database systttat operate autonomously locally, but which n
export various elements of data schemas for sharing and use by members of the fe:
Primarily focused on systems, structure and semantic interoperability and providing a |

between shared dataégration and federated user autonomy.



Foundation (Ontology). A foundation (upper) ontology, serving as a starting poin
Afanchor 0, for developing and mapping c

ontologies. Various examples includgcCSUMO, DOLCE.

Frame. A frame (e.g. Frambased Ontology) is a structured, named data object (class),
of objects used to represent some concept in a domain; having a set of slots (object ¢
or properties), some of which may be pointersther frames.

GIS. A term used for Geographic Information Systems {ggatial), although often used

separately mean a Global Information System (wuaiilde or universal).

Heterogeneity. In information systems, heterogeneity refers to data frespadlate source
that represent a similar real world context, whilst demonstrating syntactic, structu

semantic conflicts in systems, language, conceptual modelling and schema design appi

Homonym. This term describes where the same nameasd @ unrelated or semantical
different entities- as opposed to a different name for an equivalent entity (synonym).
example, dableof data andablefurniture. See also hypernym, and hyponym.

Hypernym. A word or term that defines super orthate or super class, e.g. animal i
hypernym (broader term or generalisation) of tiger. Hypernym is the opposite of hypc

see also homonym and synonym.

Hyponym. The opposite of hypernym. #£erm defining a sub class (narrower term

specialisathn), e.g. geographic is a narrower term for spaae homonym and synonym.
Information space. An abstract concept representing everything accessible via the Wetk

Internet. A global network of networks through which computers communicate, by aab

wireless links, by sending information in packets.

io. Represents fAinstance of o, i . e. an in
instance or member of the cla@spital. Instances are individual objects of classes that d«

types ofobjects.

is-a or isa. Used to describe a domain and denote relationships in class hierarchie
implicit inheritance). The term has origins in early Semantic Networks research. Ar

Schema triple example would be (clag®torway (is a)subClassOf Highway.

JADE. The Java Agent DEvelopment Framework is an egmirce software framework 1

facilitate the development dulti-Agent Systems (MAS) http://jade.tilab.com/.



JDBC. Java Database Connectivity is the industry standard for datadokegendent
connectivity between the Java language and a range of databases. JDBC is siabtisio @

connection, send SQL statements, and process results with a database.

Jena. An opensource Java applicatiqggrogramming interface (API) for Semantic W
applications, developed by HP Labs. The Jena toolkit uses packages that provic
libraries for developer use ia programmatic environmeintased on RDF, RDF Schem
DAML+OIL, and OWL technologies Jena2 facilitates persistence (storage) of RDF
OWL models (through the use of baekd database engines) and a reasoningstem.

KIF. The Knowledge Interchange Format is a compat@nted language for the interchan
of knowledge among disparate programs. It Heslarativesemantics (i.e. the meimg of
expressions in the representation can be understood without requiring interpre

http://lwww .ksl.stanford.edu/knowledge-sharing/kif/.

KR Ontology. The Knowledge Representation Ontolo@ypper ontology)demonstrates
basic categories that haumeen derived from a variety of sources in logic, linguist

philosophy, and artificial intelligenceseehttp://www.jfsowa.com/ontology/toplevel.htm.

MDA. This refers tothe language and platform independent Model Driven Architec
(MDA), a core apfcation-modelling standard from the OMG (Object Management Gro
This softwareengineering tool features the Unified Modelling Language (UML) and he

origins in objectoriented (O0) modelling.

MDBS. Multi-database systems, being eittemmogeneaa systems: containing a sing
logical database that is physically distributed and managed by a single distributed d
management system, dreterogeneousystems: containing diverse systems, models

languages, including legacy systems.

Meronym. A meronym denotes a semantic relation that describes a part of a whole

member of something, e.g. Awingo is a r

Metadata. A pivotal component in the Semantic Web, whar®rmation is described b
metadata annotations; using aliogy vocabularies thatpecify concepts (classes) and tr
roles (relations), to ige meaning to data Metadatasummarises information content
provide a metadata contexiMetadata makes use of ontologies and represents the absti
of data conten See also Metadata and Resource Descriptioat W3C -

http://www.w3.org/Metadata/.



Modularity. A characteristic demonstrated in ontology design, where large ontologie:
be subdivided into specific domains. This may then result in the need todesrtbie task of
integration of component ontologies for specific purposes. Therefore, modularity is img

in potentially large ontologies, to facilitateuse, interchange, evolution and maintenance.

MySQL. An opensource database management systerhalso includes the facility to sto
RDF as Ntriples.

Namespace.An XML namespacés created to provide a unique identifier (namespaces
to avoid tag #dAcollisionsod), by a URI
namespacds declard using r eser vexmnnsat toxmindidi) t Sees alsg
fiNamespaces -ihtp/mWM3.org/TRBREC-xml-names/.

Namespace Prefix. Every resource nhamespace (URI) can be conveniently represen
short form by declaring a prefix that bound to a full URI path, e.g. a prefix is created by
the declarationx ml ns: dg=fdht t p:Thisueducesa dodle ardsntakes names|

changes more manageable.

OIL. The Ontology Inference Layer: offered greater expressivity by including er
semantics for describing term meanings and thus also for describing implied infor
through inference. OIL was later combined with DAML to produce the richer DAML+OI

0O-0O. In this report, objeebriented relates to @ databases, where informatids
represented by classes and class objects, their properties, and inheritance (of suj
attributes and methods) and encapsulatilba ébility of an object to hide its data and meth
from the rest of the wor)d

Ontology. In computing, ontologs represent a formal vocabulary for capturing don
knowledge (i.e. the universe of discourse at whatever level) by specifying concept:
attributes, relationships between concepts, and constraints on relationships. As C
represents a domaitheory for information sharing, it must therefore be a shared

consensual vocabulary.

OntoViz. An ontology visualisation tool that can be included in Protég

http://protege.cim3.net/cgi-bin/wiki.pl?OntoViz.

OpenCyc. The open source version dfet Cycgeneral knowledge base (KB) and reasor
engine The KB browser URL ishttp://opencycl.cyc.com:3602/cgi-bin/cyccgi/cg?cb-start.

Interestingly, an OWL version of OpenCyc takes about 9 hours to load into Protégé.



OQE. A method of (ontologybased)query expansion, or query augmentation, to
additional query relevant terms to the initial query, using a query context relevant taxon
ontology. Query expansion can improve retrieval results by addressing the problems @
ambiguity in naturblanguage and the use of single terms to convey the context

information source required.

0OS. Ordnance Survey: the national mapping agency of Great Britain. A key activ
ASemantic Reference Systemso, ey.ca.beexphoitel

in new ways http://www.ordnancesurvey.co.uk/oswebsite/partnerships/research/.

OWA. An Ontology functions on the principle of Open World Assumptions (i.e. some
cannot be assumed to be false unless proved to be so). Wheratabaase operates on clos
world assumptions (e.g. assuntbat everything not known ifalse, or anything not foun

does not exigt

OWL. The W3Cs 2004 Web Ontology Language recommendation for the Semantic
whereinformation is given explicit meang) making it easier for machines to automatice
process and integrate Web information, instead of simply presenting information to hi
OWL offers three incrementally expressive species: OWL Lite, OWL DL (Description L
and OWL FULL.

OWL-QL. Is a W3C candidate standard formal language for deductive query answel
OWL-based ontologies on the Semantic Web. OLL precisely specifies the seman
relationships between a query, a query answer, and the ontology. Unlike standard st
querylanguages, OWIQL supports queranswering dialogues in which an answering a¢
may use automated reasoning for answers, i.e. it facilitates inferencing capability to

new data from data already known. OMJL is an updated version of DQL.

OWLViz. The COODE group designed the OWLViz OWL visualisation tool to be used
Protégé OWL plugn; it produces a graphical representation of class hierarchi

http://www.co-ode.org/downloads/owlviz/.

Prolog. A programming language centred on patterricimag, treebased structures, ar
reasoning; well suited to problems that involve objects and relatianailable in various

implementations, e.g. SVWArolog- http://www.swi-prolog.org/.

PrologTab. An integration of GNU Prolog for Java with Proté2f#0, where Protég

relations are represented as facts within Prelatp://prologtab.sourceforge.net/.

Protégé. A Javabased, opesource knowledge base and ontology development tool/e
that has evolved from projects conducted at the Medical m#ocs group at Stanfor

University. Available afree software under the opsource Mozilla Public License.
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RACER. A Description Logicontology reasoningc(assification and inference) system f

use withOWL. Unlike FaCT, RACER is essentially a coemcial product.

RDF. A generalpurpose,declarative languagéResource Description Frameworkdr

representing information in the Web. pitovides a standard approach for using the unive
XML syntax to represent metadata in the form of statement# @ooperties and relationshij
of items on the Web. RDEHefines the meaning of data, rather than simply providing

containers, and provides a framework specification for constructing logical languages t
work together in the Semantic Web, eRPF Schemag simple RDF ontology vocabulal
modelling languageand OWL.

RDQL. A query |l anguage for RDF and RDF S
recommendation SPARQL.

Reasoner. See FaCT and RACER reasoner/classifiers.

Resource. Anything towhich an identity can be attached via a URI, e.g. a Web page or
element, an image, an RDF file and component objects and properties.

RuleML. The Rule Markup Language is part of the Rule Markup Initiative to define sl
rules in XML for deductionyrewriting, and further inferentidgtansformational tasks. Rule
are used for various purposes, including: engineering diagnosis, commercial busines

and legal reasoningSee- http://www.ruleml.org/.

Schema. A structural description of the tgpof facts held in a database. The sche

describes the entities represented in a database, their attributes, constraints and relatio

SDLC. An acronym for System Development Lifgcle, andhe development of informatio
systems through a recdgad process of feasibility and requirements investigation, ane

and design, testing, implementation and maintenance.

Semantic conflict. Semantic conflicts occur whenever two information or data reposit
do not use the same interpretation of cannnformation; possibly as @sult of differing
structural representations of concepts, iffedng solutions resulting in naming conflicts, e.

synonyms, homonyms, hypernyms, and hyponyms.

Semantic Web. Referred to athe next generation of the Wetb: create a universal mediur
a Web of sharedlata and information thas underpinned with descriptions, or meaning,
that data can be shared and processed by intelligent machines or Web agents, as w
humans; to ultimatelyprovide an automatekhowledge resource that accurately reflects

world meaning or semantics.
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SPARQL. A recursiveacronym for theSPARQL Protocol And RDF Query Language
W3C recommendation query language that supersedes RDQL. SPARQL is @aten
based RDF queryanguage that functions by matching RDF graph patterns and pe
disjunction in the query; allowing more complex query processing than RDQL. It provic

inference capability, i.e. to derive new data from data already known.

Spatial. Relates to thgeneral concept afpace: in terms of distribution, distance, directi
areas and other aspects of space on the Earth's surface. \Wéiistised in the context ¢
geospatial and associated with geographic information systepatias has broadel
encanpassing meaning than geography (the study of the surface of the earth).

SQL. A formal, structured language to retrieve data from a relational datébtmeetured
Query Language). Similaripbject relational databasé®-R) databases can be interragh
usingObject Query Language (OQL).

SUMO. A foundation ontology{Suggested Upper Merged Ontologigveloped by the IEEI
Standard Upper Ontology Working Grougsed for research and applications in sea
linguistics and reasoning. Whilst SUMO anddtsmain ontologies represensmaller, more

abstract theory of all things than Cyc, SUM&s been mapped to the entire WordNet lexic

SWRL. An acronym for the&semantic Web Rule Language: that combines OWL and Rul
- http://www.w3.org/Submission/SWRL/. SWRL is useful because it adds rules to OWL

that provide more expressive power over Description Logic.

Synonym. A term to describe the use of a different name for an equivalent entity; as of
to the same name for different entities (homonyrapr example, amirline and acarrier.

See also homonym, hypernym, and hyponym.

Tag. Aref erence to an XML tag, where the

<customer fname=ifi Si/d 0

TBox. The Description Logics TBox (terminological) construdefines a domain in terms «

a controlled vocabulary, describing assertions on concepts and class hierarchit

LargeSettlement = € (City P Town). TBox constructs see also ABox.

Triple. An RDF triple is astatement consisting of a subject (raseuobjectO), a predicate
(t he subj ey and an olgectt(ar valody, £.@ Child hasParent Mother. It is also
termed as a binary relatioA(O,v). RDF triples form a nodarcnode structure. Ar
alternative form of representation is possihising Ntriples (ine-based, plain text format

these are suitable for storage in databases, e.g. MySQL, Oracle.
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UML. Is an acronym for Unified Modelling Language: a platfandependenapplication

modellingstandard that can also be used to modtllogies.

UNSPSC. An acronym for he United Nations Standard Products and Services Go
formal taxonomy of products and service

URI. A Uniform Resource Identifiea short string also referred to as IURlocator) to
identify, or name, resources like documents, images, files, or services. As tbédrRdtarts
with http:/, it can provide a unique identifying reference that also serves as a URL; as:
the resource is physically present at the addrgssre s ent ed by t Namind
and Addr es s i ngttp://iwRn3.erg/Addebssihgs O

W3C. An acronym for the World Wide Web Consortiuam international consortium whe
member organisations collaborate lead the World Wide Web to itfull potential, by

developingWeb protocolstandardsand guidelines

Web Services. Defined by the W3C as a standard means of interoperating between di

software applications, running on a variety of platforms and/or frameworks, over a netw

White-box testing. Known also as gladsox testing,white-box testing refers to softwai

program development tesing, using the internal programming structures and algorithms

WordNet. A structured collection of English language terms, developed by theittVeg
Science Laboratory at Princeton University, and forming an online lexical reference s

where nouns, verbs, adjectives and adverbs are organised into synonym sets.

WWW. Known also as "Web" or "W3", the World Wide Web started as an informi
project at CERN and has gradually developed into a global resource of netvoadsible
information relating to human knowledge. The Web is traversed by using hyperte

communication protocols.

XML. Extensible Markup Language W3C's generic languagfor creating new marku
languages: to represent data in a nested, treelike structure. XML tags are not predefi
therefore rely on usedefining their own tags. XML iaccepted as the de facto standard
data exchange on the Web; particularybiuisinesgo-business data transfers (b2b), and fol

the universal syntax upon which RDF is constructed. - §gg://www.w3.0org/XML/.



APPENDIX B: ONTOLOGY QUERY EXPANSION ALGORITHMS

This section contains the following Jalvased ontology query expsian algorithms developed

using the Jena Ontology API.

1. Inheritance Class Hierarchy Algorithinpages Xl to XVII.
Fig. Al. S+S OQEPart 1.
Fig. A2. S+S OQEPart 2.
Fig. A3. S+S OQErart 3.
Fig. A4. S+S OQRFPart 4.
Fig. A5. S+S OQRFPart 5.
Fig. A6. S+S OQFErart 6.
Fig. A7.S+S OQBPart 7.

2. Relation Class Algorithm stage 1 and Bages XVIII and XIX.
Fig. A8. S+S+R OQEstage 1.

Fig. A9. S+S+R OQEstage 2.



Inheritance Class Hierarchy Algorithi8{S OQEncluding Equivalent classes).

FILIETETELLSIIETEEEELITEETEE LIS AT IAI IR AT iiS !

i KEYWORD ONLY SEARCH i
FESELLEAAELEELS SIS
if { (z == 0) && chkKey.isSelected(}) { // (helloURL.compareTo("keyword") == 0}} {
for (int t = 0; t < keywd; t++) { // FOR ELCH
if (semSeeKeyWord[t][0].length() > 0 && =semSeeKeyWord[t][0].compareTo("\u22Da"} '= 0} {

semSeeArrayABC[z] [t] [0] = semSeeFeyWord[t][0]:; // i.e. sams as CNT label

semSeeArrayABC[z] [t] [1] = semSeeFeyWord[t][0]: // i.e. =same a= ONT class name

semSeeArrayABC[z] [t] [4] = dirWt; // Direct/Target keyword match

// FOR INCL/EXCL/MUST HAVES

semSeecArrayABC[z] [t] [5] = semSeeReyWord[t][1l]:; // value 1, 2 or 0O

semAnswerTxt3.append ("[" + (t + 1) + "] keyword " + semSeeArrayABC[z][t][0] + " wt " +
semSesArrayABC[z] [t] [4] + " +-[" + semSeeArrayABC[z] [t][5] + "I\n"):

classInstArrayTot[z][1] = t + 1; // for array loop

ATotTxt.setText (Integer. toString(classInstArrayTot[z] [1])});

H

else {
FHEEFLTEETETELEEEEREEE AT EAFEE RIS ET LI AT i il Y
I CHTOLOGY BASED SEARCH I

FEESEITEETETET IS i i i ididriddiddididdiridsdiriifiiy

OntModel semSeelntologyClasses = ModelFactory.createOntologyMedel()
// OWL parse error com.hp.hpl.jena.shared.WrappedIOException:
f# ... rethrew: java.net.ConnectException: Connection timed out: connect

try {
if (=zourceURL.startsWith("http://")) {
semSeeOntologyClasses. read (sourceURL) ;
H
else if (sourceURL.startsWith("Jena/datab™)) {
semSeeOntologyClasses.read("file:///" + drive + sourceURL):

}

catch (Exception ev) {
System.ont.println ("OWL parse error " + ev):
semAnswerTxt2.setText ("OWL parse error " + ev);

int x = 0;
//boolean proceedillClasses = false; // CONIROL FOR MULTI-CNICLOGIES //REMOVED 10.3.2009%%*
boolean getRelationClasses = false; // FCR SUB/SUPER CNLY

fA4F04F/F START ONTOLOGY CLASS/INSTANCE IDENTIFICATION PROCESS ////////7
FAAT

// START POINT FCR CLARSSES

for (Iterator i = semSeeCntologyClasses.listNamedClasses(); i.hasNext(); ) {

CntClass semc = (OntClass) i.next(); // GET THE NEXT CLASS
String labelName = "";
if (semc.getlLabel (null) !'= nunll) { // GET POSSIBLE CLASS LABEL

labelName = semc.getLabel (nmll);

/# For SUBCLASS/SUPERCLASSES ONLY
if (sobCChkBox.isSelected() || supCChkBox.isSelected()) {

int propagatelevel = Integer.parseInt(propagateText.getText()):; // LIMIT superclass propagations

boolean baseClassFound = false;

boolean doSubProc = false; // S5UB

boolean doSubCInstanceProc = false; // SUB

boolean doSuperCInstanceProc = false:; // SUPER

boolean doSuperProc = false; // SUFER

boolean superClassSeekingSubCInstances = false; // when SUB+SUPER REQD - BUT NO SUPER C FOUND //NEW 11.3.2009
//boolean permitSubCInstanceWrapUP = true; // If HO relevant superC // removed 11.3.20089

for (imt t = 0; t < keywd: t++4) { // FOR EARCH ### Rev 15-18 Aug ###

if (semSeeFRKeyWord[t][0].length(}) > 0 && semSeeReyWord[t][0].compareTo("\u22D9")} '= 0) { // SEARCH EEYWORD
// LOCK FOR A USEABLE CLASS OR LRBEL MATCH to IDENT INCL/EXCL/MUST HALVES
if ({ (=zemc.getLocallName () .toLowerCase () .conpareTo(semSeeReyWord[t] [0] .toLowerCase()) == 0} ||
({labelName . toLowerCase () .compareTo (semSeeReyWord[t] [0] . toLowerCase () ) == 0)) {

semSeeReyWord[t] [2] = "¥"; // REVISICN 13.12.2008
// CONTROLS ELSE REPEATED class/instance processing
if (supCChkBox.isSelected()) {
doSuperProc = trme; // DO CNLY WHILE TRUE
//doSuperCInstanceProc = true; // DO IT ONLY in !Anon superC (lst Group) - THUS NOT HERE #$#####333##
H
if (sobCChkBox.isSelected()) {
doSubProc = true; // DO CNLY WHILE TRUE
doSubCInstanceProc = true; // DO ONLY WHILE TRUE
H
baseClassFound = true; // WE HAVE KEYWORD/LABEL MATCH

Fig. Al. S+S OQRFPart 1.

XI



Inheritance Class Hierarchy Algorithi8€S OQEincluding Equivalent classeg)contd.

fI070F8FF77777 7/ BASECLASS SUB-PROC //// /17177771770 1747
if (baseClassFound) {
baseClassFound = false; // RESETS FOR NEXT CLASS/ONTOLOGY MATCH

// Take the baseClazs LLBEL name or the baseClagz CLASS name
// and ALSC SAVE THE FORMAL CLASS OR LABEL TERM in [z][x][1
if (semc.getLabel (nmll) != nmll) {

semSeceArrayABC[z] [x] [0] = =emc.getlLabel (null);

H
else {
semSecArrayABC[z] [x] [0] = =emc.getLocallame ()
H
semSeeArrayABC[z] [x] [1] = semc.getLocalName();
semSeeArrayABC[z] [x] [4] = dirWt: // Direct/Target keyword match
// FOR IDENT INCL/EXCL/MUST HAVES
semSeeArrayABC[z] [x] [5] = semSeeReyWord[t][1]:; // wvalue 1, 2 or O
semAnswerTxt3.append ("\n[" + (x + 1) + "] TgtC: " + semSeeArrayABC[z][x][0] + " wt " +
semSeeArrayABC[z] [x]1[4] + " +-[" + semSeeArravABC[z][x][S5] + "]\n");: // #%% Rev 15
E++;

FAAAFFfFF/ ) Base Class Equivalent Class //////f// REV 18 Dec 08 /////I0FFTHFFFTETATEEEETY
fE=f
for (ExtendedIterator eq = semc.listEgquivalentClasses|(); eg.hasMext():; ) {

OntClass egve = (OntClass) eg.next()}: // GET THE NEXT CLASS

labelNHame = "";
if (legvc.isIntersectionClass()) { // OR isUnionClass() 277
if (egvc.getlabel (nmll) != null) { // GET POSSIBELE CLASS LABEL
semSeeArrayABC[z] [x] [0] = egvc.getLabel (null);
H
else {
semSeeArrayABC[z] [x] [0] = egvc.getLocallame () ;
H

semSecArrayABC[z] [®] [1] = egvc.getLocalName ()
semSeeArrayABC[z] [®] [4] = dirWc; // Egquivalent to Direct/Target keyword match
// FOR IDENT INCL/EXCL/MUST HAVES

semSeeArrayABC[z] [®] [5] = semSeeReyWord[t][1l]: // walue 1, 2 or O /f// ##3#44444 SHOULD
semAnswerTxt3.append("[™ + (X + 1) + "] EgQvC: " + semSeeArrayABC[z] [X][0] + " wt " +
semSeeArrayABC[z] [x] [4] + " +-[" + semSeeArrayABC[z][x][5] + "1\n"):
X++;
H
else if (egvc.isIntersectionClass()) {
IntersectionClass intClass = (IntersectionClass) egve.aslntersectionClass():
Iterator members = incClass.listCperands();
while (members.hasNext(})) {
OntClass member = (OntClass) members.next():; // GET THE NEXT CLLSS
if (member.getLabel (null) !'= null) { // GET POSSISLE CLASS LABEL
semSecArrayABC[z] [2] [0] = menmber.getlLabel (null);
H
else {
semSecArrayABC[z] [2] [0] = menber.getLocallName () ;
H
semSeeArrayABC[z] [x] [1] = member.getLocalName () ;
semSeeArrayABC[z] [x] [4] = dirWt; // Equivalent to Direct/Target keyword match
semSeeArrayABC[z] [x] [5] = semSeeReyWord[t][1]: // walus 1, 2 oxr 0 /// #3 3
semAnswerTxt3.append ("[" + (x + 1) + "] IntnEgvC: " + semSecArrayABC[z][x][0] + " wt +
semSeeArrayABC[z] [x] [4] + " +-[" + semSeeArrayABC[z][x][5] + "]%n");
H++:
H
H
H
VA

fAAFAAFf7 /777 Base Class Equivalent Class ///////// REV 18 Dec 08 //// /1177107700000 7807F 7
fAAEFFPEFFIF7ff7ff STRRT SUPER CLRSS PROCS ////////ififififiiiis
if (doSuperProc && semc,hasSuperClass()) {

doSuperProc = false; // RESETS FOR NEXT CLASS/CNTOLOGY MATCH

String topClass = null; // Declare for subseguent listInstances ()

CntClass semc2 = (OntClass) semc:

int levelCount = 1;

for (Iterator supc = semc.listSuperClasses(); supc.hasNext(): ) {

COntClass superC = (CntClass) supc.next():

f/ IF NOT anonymous class and NOT Thing superClass
if (!'superC.isAnon(}) {

//if ('superC.isHierarchyRoot () && 'superC.isRestriction()) { // same as ELSE IF // ERROR -
/Fif ('superC.isURIResource()) { // ERRCR -
//if (superC.isURIRescurce()} || superC.isClass()) { // TRIED SEPARATELY // ERROR —

if (!superC.isRestriction() && 'superC.toString().endsWith ("Thing") &&
!superC.toString () .endsWith ("Resource™)) { // #######% WORKS OK including Eguivalent Classes 1.
//if (levelCount < propagatelevel) { //BABBE NB: No use as iterator returns random order superCs -
topClass = superC.getLocalName (): // GETS TOF CLASS

Fig. A2. S+S OQRFPart 2.
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Inheritance Class Hierarchy Algorithi8€S OQEincluding Equivalent classeg)contd.

// PERMIT TCF CLASS INSTANCE ITERATICH

doSuperCInstanceProc = true;

J/permitSubCInstanceWraplUP = false; // removed 11.3.2009
superClassSeekingSubCInstances = trme; // I.E. SUPER gets Instances //NEW 11.3.2009

// Take the superClass LABEL name or superClass CLASS name
if (superC.getLabel (nmll) != nmll) {
semSecArrayABC[z] [X] [0] = superC.getlabel (null);
H
else {
semSeeArrayABC[z] [x] [0] = superC.getLocalWName () :
H
semSecArrayABC[z] [x] [1] = superC.getLocalNane();
semSeeArrayABC[z] [x] [4] = supWt; // Strong/Superclass of keyword match
// FOR IDENT INCL/EXCL/MUST HAVES
//if (boolean exclSUPERClass)

[/ semSeehrravABC[z][ = zemSeeKeyWord[t] [ ff walue 1, 2 or O

£

semAnswerTxt3.append ("[" + (2 + 1) + "] =upC: " + semSecArrayABC[z][x][0] + " wt " +
semSeeArrayABC[z] [%] [4] + " +-[" + semSeeArrayABC[z] [x][5] + "]4n"):

HH+;

ffY /BB

Jf/7f GET EQUIV CLASSES (i.e. ONT not classified: EQ not alsoc shown as SupC) ////

fE=f

// Look for Equivalent Classes of new testSuperC — NB: 2 TYPES

for (ExtendedIterator supeq = superC.listEquivalentClasses|(); supeq.hasNext(); } { //BEE

OntClas=s supEgve = (OntClass) supeq.next(): // GET THE NEXT CLASS
labelName = "";
if (!supEgvc.isIntersectionClass()) { // OR isUnionClass|
//semBnswerTxt3.append ("[" + levelCount + "] supEquivC: " + supEgvc.getLocalMame() + " ... rg
if (szupEgvc.getlabel (nmll) != noll) {
semSecArrayABC[z] [x] [0] = supEgvc.getlabel (nmll):;
H
else {
semSeeArrayABC[z] [x] [0] = supEgvc.getLocalName () ;
H

semSecArrayABC([z] [X] [1] = supEgvc.getLocalName () ;
semSeeArrayABC[z] [x] [4] = supWt: // Strong/Superclass of keyword match

// if (boolean exclSUPERClass) { // FOR IDENT INCL/EXCL/MUST HAVES

i semnSeeArrayABC[z] [X] [5] = semSeeKeyWord[t][1]:; // wvalue 1, 2 or O

iy

semAnswerTxt3.append ("[" + (x + 1) + "] supEguivC: " + semSecArrayABC[z][x][0] + " wt " +
semSeeArrayABC[z] [2] [4] + " +-[" + semSeeArrayABC[z][x][5] + "] RQ\n"):

X++:

H

if (supEgvc.isIntersectionClass()) {
IntersectionClass intClass = (IntersectionClass) supEgve.asIntersectionClass();
Iterator members = intClass.listCperands():
while [members.hasNext()) {

OntClass member = (OntClass) members.next(); // GET THE MEXT CLASS
//=enmknswerTxt3.append (" [" + levelCount + "] supEquivCUnionC: " + member.getlLocalName() + "
if (member.getlabel (noll) !'= noll) {

semSeeArrayABC[z] [x] [0] = member.getlabel (null);
}
else {
semSeeArrayABC[z] [x] [0] = member.getLocallame () :
}
semSeeArrayABC[z] [x] [1] = menber.getLocalName();
semSeeArrayABC[z] [x] [4] = supWt; // Strong/Superclass of keyword match

// if (boolean exclSUPERClass) { // FOR IDENT INCL/EXCL/MUST HAVES
'y zemSechrravABC[z] [X] [5] = semSeeKeyWord([t][1l]:; // walue 1, 2 or O
iy
semAnswerTxt3.append ("[" + (x + 1) + "] supEgquivCUnionC: " + semSeeArrayABC[=z] [x][0] +
" wt " + semSeeArrayABC[z][x][4] + " +-[" + semSeeArrayABC[z][x][5] + "] RQ\n"):
XH+;
H
}

} //BEB

fr#f

FOLEEATAALETAATiffriidf EQ CLASSES [/ 1/ 1AM iiilidiiiiidriiiiris

Fig. A3. S+S OQRFPart 3.

XIll



Inheritance Class HierargtAlgorithm (S+S OQEincluding Equivalent classeg)contd.

else if (superC.isAnon(}) {
if (superC.isUnionClass({)) { // IF isUnionClass|()
UnionClass unnClass = (UnionClass) superC.asUnionClass():
Iterator members = unnClass.listCperands();

while (members.hasWNext()) {

OntClass member = (OntClass) members.next(); // GET THE NEXT CLASS

if (member.getLabel (nmll) '= null) { // GET POSSISLE CLASS LASEL
semSeeArrayABC[z] [x] [0] = member.getLabel (null);

H

else {
semSeeArrayABC[z] [x] [0] = member.getLocallamne () ;

H

semSecArrayABC[z] [x] [1] = member.getLocalName () ;

semSeeArrayABC[z] [x] [4] = supWt; // Strong/Superclass of keyword match

//semSeelhrrayvABC[z] [xX] [5] = semSeeKevyWord([t][1]: // value 1, 2 oxr O /// FEEFEREEE
semAnswerTxt3 . append ("[" + (x + 1) + "] UnnSup " + semSecArrayABC[z] [x][0] + " wt " +
semSeeArrayABC[z] [2] [4] + " +-[" + semSeeArrayABC[=z][x][5] + "1.\n"):
R++;
¥
H
else if (superC.isIntersectionClass()) { // IF isIntersectionClass()
IntersectionClass intClass = (IntersectionClass) superC.asIntersectionClass():
Iterator members = intClass.li=tOperands():

while (members.hasNext()) {
OntClass member = (OntClass) members.next(): // GET THE WEXT CLLSS
if (member.getlabel (null) null} { // GET POSSIBLE CLASS LAEEL
semSecsArrayABC[z] [®] [0] = member.getLabel (null);

}
else {
semSecsArrayABC[z] [®] [0] = member.getLocallane () ;
}
semSecArrayABC[z] [X] [1] = menber.getLocallName () ;
semSecArrayABC[z] [x] [4] = supWt; // Strong/Superclass of keyword match

//=emSeelrrayABC[z] [x] [5] = semSeeHeyWord[t]([1]: // walue 1, 2 or 0 /// FEEFEEEEE
semAnswerTxt3.append ("[" + (X + 1) + "] IntnSupC: " + semSeeArrayABC[z][x][0] + "™ wrC " +
semSecArrayABC[z] [x] [4] + " +-[" + semSeeArrayABC[z] [x][5] + "1\n"):
H++:
H
¥
H
H
I

Sy J/REMOVED 10.3.2009%%%

if (doSuperCInstanceProc) {
doSuperCInstanceProc = false; // RESETS FOR NEXT CLASS/ONTOLOGY MATCH
for (Iterator semlter = semSeeCntologyClasses.listNamedClasses(); semlter.hasNext():; )} {
OntClass semSeeSuper = (OntClass) semIter.next(): // GET THE NWEXT CLASS

if (semSeeSuper.getLocallame () .compareTo (topClass) == 0) |
// GET the TOF superClass INSTRMCES [includes all subClasses]
for (Iterator supl = semSeeSuper.listInstances(); supl.hasMNext(): ) {
OntResource suplnst = (OntResource) supl.next():

if (supInst.getlLabel (null) '= nmll) {
semSecsArrayABC[z] [®] [0] = suplnst.getLabel (null);
}
else {
semSecsArrayABC[z] [®] [0] = suplnst.getLocalName():
}
semSecArrayABC[z] [X] [1] = supInst.getLocalName () ;
semSecArrayABC[z] [®] [4] = insWt; // INSTANCE/Example of keyword match
J/ LOOE FOR A USEARBLE INSTANCE OR LABEL MATCH to IDENT INCL/EXCL/MUST HAVES

if (semSeeFKeyWord[t][0].length() > 0 && semSeeKeyWord[t][0].compareTo("\u22D9")} != Q) {
if { (supInst.getLocalMame () .toLowerCase () .compareTo (semSeeFeyWord[t] [0] .toLowerCase()) ==
a) 11
[semSeeArrayABC[z] [X] [0] . toLowerCase () .compareTo (semSeeRKeyWord[t] [0] .toLowerCase ()) ==
ay) f
semSeeReyWord[t] [2] = "Y"; // REVISICN 13.12.2008
semSeeArrayABC[z] [x] [5] = semSeeKeyWord[c][1l]; // value 1, 2 or O
¥
}
semAnswerTxt3.append ("[" + (X + 1) + "] supCInst: " + semSeeArrayABC[z][x][0] + " wrC " +
semSecArrayABC[z] [x] [4] + " +-[" + semSeeArrayABC[z] [x][5] + "1\n"):
X++2

Fig. A4. S+S OQEPart 4.
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FAAAFLFAfETETF7//f START SUBCLASS PROCS ////// 771717078 LF074T
if (doSubProc && semc.hasSubClass()) {
doSubProc = false; // RESETS FOR NEXT CLASS/ONTOLOGY MATCH
for (Iterator sc = semc.listSubClasses(); sc.hasNext(): )} {
OntClass subc = (OntClass) sc.next():

if (subc.isDefinedBy (semc)) {
I = =
/I
}

// Take the subClass LABEL name or subClass CLASS name
if (subc.getlLabel (nmll) != nuoll) {
semSeeArrayABC[z] [x] [0] = subc.getLabel (nmll);
}
else {
semSecArrayABC([z] [®] [0] = subc.getLocalName () :
}
semSecArrayABC[z] [®] [1] = subc.getLocalName () ;
semSeeArrayABC[z] [x] [¢4] = subWc; // Weak/subclass of keyword match
// FOR IDENT INCL/EXCL/MUST HAVES

I/ if (boolean excl3UBClass)
I semSeelrravABC[z] [x] [5] = semSeeKevWord[t][1l]:; // wvalue 1,2 or O
I ¥
semAnswerTxt3.append ("[™ + (x + 1) + "] =subC: " + semSeeArrayABC[z] [x][0] + " wt " +
semSesArrayABC[z] [x] [2] + " +-[" + semSeeArrayABC[z] [x][5] + "]\n");
Ht+:
H
H
if (doSubCInstanceProc && !superClassSeekingSubCInstances) { //permit3ubCInstanceWrapUP) { // removed 11.3.2(

doSubCInstanceProc = false; // RESETS FCR NEXT CLASS/CNTOLOGY MATCH
/{ HCW get baseClass INSTENCES [includes all subClasses]
for (Iterator d = semc.listInstances(); d.hasNext(); ) {
OntResource semlnst = (OntRescource) d.next():
if (semInst.getlabel (nmll)} '= nmll) {
semSeeArrayABC[z] [x] [0] = semInst.getLabel (null):
}
else {
semSecArrayABC[z] [®] [0] = semInst.getLocallame ()
}
semSecArrayABC[z] [x] [1] = semlInst.getLocalName ()
semSeeArrayABC[z] [x] [4] = insWc; // INSTANCE/Example of keyword match
// LOOK FOR A USERBLE INSTANCE OR LABEL MATCH to IDENT INCL/EXCL/MUST HAVES
for (int ti = 0; ti < keywd; ti++) { // FOR ERCH ##% Rev 7 November O0B###

if (semSeeFReyWord[ti] [0].length()} > 0 && semSeeReyWord[ti] [0].compareTo("Ya22D9") != 0) {
if [ (semInst.getLocallame ().toLowerCase () .compareTo (semSecKeyWord[ti] [0] .toLlowexrCase()) == 0) ||
(semSeeArrayABC[z] [®] [0] . toLowerCase () .compareTo (semSeeKeyWord[ti] [0] . tolowerCase()) == 0)) {
semSeeKeyWord[ti] [2] = "Y"; // REVISION 13.12.2008

semSeeArrayABC[z] [x] [5] = semSeeKeyWord[ti] [1]:; // walue 1, 2 or O
}
H
}
semAnswerTxt3.append ("[" + (x + 1) + "] =subCInst: " 4+ semSecArrayABC[z][x][0] + " wt " +
semSecArrayABC[z] [x] [4] + " +-[" + semSecArrayABC[z] [x][5] + "]\n");
X++7
H
H
} // END OF "if (semSeeKeyWord[t].length({) > 0)"
} // END OF KEYWORD ITERATICNH

// WNOW FLAG FOR RELATICH CLASSES SEARCH
getRelationClasses = true;

}

FELEEEETEETEEELL LT ELT I LI TE LT E I A AT EA LI AL T AT TEEEETiiriiey
Hrrlr FOR Ontology BASE CLASS and ALL Ontology CLASSES process ONLY ///
FELLLTETLLLLLELLLILLEL I LS LTI LTI LIS ELLLI AL LTI AT ISP EET

// For EACH CLASS take the LABEL name or the CLASS name /////////////F¢17
else if (!sobCChkBox.isSelected() &£& !supCChkBox.isSelected()) {

Fig. A5. S+S OQBPart 5.
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Fig. A6. S+S OQHEPart 6.
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