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Abstract

The emergence of semantic web on the one hand has created various exciting
opportunities to explore but on the other hand has left many questions unan-
swered or vague. Here we present a nature inspired solution to one such vague
question that deals with information retrieval on the semantic web. We take our
inspiration from the human immune system and develop an analogy between
antibodies and queries. Successful antibodies are those that are activated by an
infection. These antibodies are stimulated to clone, but imperfectly, giving rise
to a multitude of similar antibodies that are better suited to tackle the infec-
tion. Similarly, queries producing relevant results can be cloned to give rise to
various similar queries which will be ideal for producing more relevant results
and may even be an improvement on the original query.Also the semantic web,
being concept based, has a set of rules for creating expressive yet standardised
queries with clear semantics guiding their modification. The thesis discusses
the implementation and evaluation of such an immune based information re-
trieval technique for the semantic web. Two query mutation operators namely,
RandomMutationOperator and ConstrainedMutationOperator are proposed and
compared in terms of their precision, recall and convergence. We have found
the presented approach to be viable with potential for improvements.

Keywords: Semantic Web, Artificial Immune System, Query Ex-
pansion, Information Retrieval
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Chapter 1

Introduction

Semantic web is an extension to the current World Wide Web (WWW) in which
resources are connected semantically rather than through hyperlinks. This se-
mantic connectivity is achieved by meta-data about resources. The availability
of such meta-data has opened new areas for researchers to explore. Once such
area of research is information retrieval which also forms part of this thesis. The
meta-data on the semantic web is represented in Resource Description Format
(RDF) and is structured according to ontologies (discussed in Chapter 2) that
are accessible to all. The access to the meta-data and ontology make them
suitable for machine processing. Data in RDF can be queried using languages
such as Resource Description Query Language (RDQL) [24]. In this thesis we
present a nature inspired approach to query meta-data on the semantic web, our
inspiration being the Human Immune System (HIS). The HIS is a complex adap-
tive system which learns to protect the body again harmful infections caused
by germs. When the HIS encounters infections, it produces various antibodies,
some of which are more suitable to overcome the infection. The suitable anti-
bodies undergo mutation to produce various similar antibodies. Some of these
newly produced antibodies might be an improvement over the original antibody
and can better tackle the infection. We bring this idea in the realms of query
expansion by establishing an analogy between the antibodies and queries. Muta-
tion of a query may result in queries that are better suited to answer a particular
search criteria. Query expansion is quite an old area of research that deals with
modification of the original query for efficient information retrieval. We take
the idea first proposed by Lee et al [17] and extend it with a concrete imple-
mentation and evaluation of an Artificial Immune System (AIS) for information
retrieval on the semantic web. The presented approach is promising for two rea-
sons. Firstly, computational models of HIS often called AIS have been shown to
be useful for on line learning and document classification tasks. Secondly, query
languages designed specifically to fetch information from the semantic web exist
and are flexible enough to be modified using a set of rules. Two query expansion
operators namely, RandomMuationOperator and ConstrainedMutationOperator
have been proposed to work within the AIS and their performance is evaluated



in terms of their precision, recall and convergence.

1.1 Organisation of the report

The report is composed of eight chapters. Chapter 1 forms the introduction,
provides the reader with some basic ideas and organisation of the report. It
is followed by Chapter 2 which is a detailed discussion of the concepts that
form the basis of the presented work. Chapter 3 holds explanation of the AIS
based information retrieval technique and incorporates the description of the
two query expansion operators. Chapter 4 discuses is an illustrated guide to the
usage of the proposed immune based semantic search utility. In chapter 5 we
talk about the experimental setup and the results obtained while comparing the
two query mutation operators. Chapter 6 outlines the possible future directions
of the project and also performs a critical analysis. We conclude in chapter
7, followed by a chapter on the on line resource associated with the project.
Finally, there are four appendices, the first is the mini-project declaration, the
second is the statement of information search strategy, the third is chunk of
the sample data used and is meant give to the reader a feel of the data used in
this project and the fourth appendix contains selected source code. Since the
work is an extension of a mini-project some of the text from the mini-project
is also incorporated in this thesis. Bulk of chapter two is copied from the mini-
project since the background information is same for both the projects. All
other chapters, however are written from scratch



Chapter 2

Background Research

The inherent nature of the project required diverse literature search in the areas
of immunology and computing. Here we provide the details of research that
forms the basis of the presented work. The first section gives a brief overview
of the Human Immune System (HIS) followed by a survey of areas in which
Artificial Immune System have been applied. In section 2.3, we have presented
the notion of semantic web and its underlying technologies. Finally the area of
Query Expansion is explored and distinction is drawn between the traditional
approaches to Query Expansion and Query Expansion for the semantic web.
We have also tried to explain how the query expansion process would work on
the semantic web.

2.1 Human Immune System (HIS)

This section gives an overview of the HIS with the aim of providing the reader
with necessary foundation to understand the presented work. Emphasis has
been put on those aspects of HIS that we have tried to model in this work. The
text presented here is not for the immunologically savvy readers who can whet
their appetite with [28, 21]. For readers with no foundation of immunology, an
extremely good introduction to HIS by Hofmeyr [13], that covers the HIS in
sufficient depth as well as breadth, is recommended.

Immune system is the defence mechanism employed by the body against
harmful organisms called pathogens for example viruses,bacteria and fungi. A
similar term to pathogen is antigen which is any molecule that can stimulate the
immune system [8]. Its important at this stage to note that both these terms
have been used interchangeably in the literature related to AIS for example [6],
and should be considered the same in the context of this work.

HIS is truly distributed with organs called lymphoid organs [26], situated at
different parts in the body as shown in the Figure 2.1.0rgans of the HIS are
connected by lymphatic vessels, a transparent fluid called lymph flows in these
vessels and finally get mixed in the blood. There are various bean-shaped lym-



