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Abstract

Over the last decade the World Wide Web (WWW) has virtually become the main
repository for data sharing and information gathering. Most of the data on the Web are
embedded within text documents which are either unstructured or semi-structured in nature.
Thus even though there is no scarcity of information on the Web. locating. extracting and
analyzing required information from this vast unstructured collection is a complex and
challenging task. Most of the problems are obviously due to the incapability of the computer

in comprehending natural language texts with all its nuances.

Word based searches for relevant information from texts retrieve a huge collection and
burden the user with information overload. Ontology based text information retrieval can
perform concept-based search and extract only relevant portions of text containing concepts
that are present in the query or those that are semantically linked to query concepts. While
these systems have better precision of retrieval than general-purpose search engines. there
arc some crucial problems which have to be tackled while designing such systems.
Considering that ontologies are created and maintained by domain experts, creation and
maintenance of ontologies are expensive tasks. Though ontology provides a structured
framework to store domain knowledge. all ontological concepts cannot be unambiguously
described using crisp property descriptors. Besides. the ontological descriptors may not
exactly match text descriptions or the user given descriptors in query. Appropriate reasoning
mechanisms have to be designed in order to apply ontologies for text information

processing.

In this thesis we have proposed the use of a text mining tramework which can integrate the

problems of ontology enhancement with text information retrieval. Thus the system provides



dual advantage of content-based retrieval and ontology learning from text documents. In
order to achieve flexibility in concept definition we propose to enhance the traditional
ontology structures into tuzzy ontology structures. These structures can accommodate
imprecise concept descriptors that are prevalent in text documents. The ontology-based text
mining framework mines precise and imprecise concept descriptions from text documents
and enhances the fuzzy ontology structure with them. The mined knowledge is stored in a
structured knowledge base which design is derived from the underlving fuzzy ontology
structure representing the domain. We have shown that the fuzzy ontology structure can
provide a viable solution to resolve inconsistencies over concept descriptions encountered in
multiple overlapping ontologies. The proposed framework is also enriched with a fuzzy

reasoning mechanism that is used to process user queries over a curated knowledge base.

The text-mining framework is enhanced to mine inter-concept relations besides structural
semantic relations from text. The query processing principle is then appropriately extended
to answer relation-based complex user queries over a curated database. This has been tested
over biomedical document repositories, in which relations play an important role in focused
information retrieval. Since mining can yield a wide array of relations. these relations are
subjected to a significance analysis to identity the key relations ot a domain. The significant

relations are used for enhancing the underlying concept ontology into a relational ontology.

- vi-



Table of Contents

CrtifICALE ..o.oiiiiiiiic e e s i
ACKNOWIEAGEMIENT ...t e et a e iii
ADSEIACE Lottt a et e e e e v
List 0f FIGUIeS ..o e xiii
List of Tables ... XVii
1 Introduction 1
1.1 Text Information Retrieval ... ... 1

1.2 Approaches to Overcome the Problem of Information Overload ............... 3
1.2.1 Ontology-based Text Processing ................oo 5]

1.3 Shortcoming of Existing Ontology Designs and Applications .................. 6

1.4 Scope of the Proposed Work ... 11

1.5 Overview of the Thesis ..o 13

2  From Search Engines to the Semantic Web: Review of Current Trends in 17

Text Information Processing

2.1 INrOdUCTION .\ttt et e 17
2.2 Core Concepts in Text information Processing ...............coooiiinn. 19
2.3 Evolution of Text Information Retrieval ................coociiiiiiiiiin. 22
2.3.1 Search Engines ...................... USSP 23
2.3.2 Improving Retrieval Performance ....................oo 25
2.4 Content-based Text Retrieval ..........coooiiiiiiiiiiiiiii . 26
2.4.1 Information Extraction (IE) ... .o, 27
242 CUTALION ..ttt ettt e e e e e 27
2.4.3 QuUEry ANSWETINE ..o.ouetiniit ittt e 28
2.4.4 QUESHION ANSWETIINZ . tui ettt ittt e aie et et e aeene 28

SemaAntic WeED oo e eenninae e 30

S
wh

-vii -



3

2.6.1 Ontology Representation ..........coveiiiniiiiiinn. U 33
2.6.1.1 eXtendable Markup Language (XML) .............on 33
2.6.1.2 Resource Description Framework (RDF) ................. 34
2.6.1.3 Resource Description Framework Schema (RDFS) .......... 35
2.6.1.4 DAML ONTology (DAML-ONT) Language .................. 36
2.6.1.5 Ontology Inference Language (OIL) ... 36
2.6.1.6  DAMLAOIL ..o 37
2.6.1.7 Web Ontology Language (OWL) ..............n 38
2.6.2 Ontology Engineering Tools ... 40
2.6.3 Ontology Reasoning ... 42
2.7 Popular Ontologies and their Applications ... 43
2.8  Ontology-based Text Information Processing ..., 47
2.9 Ontology Learning and Enhancement ... 49
2.9.1 Integrating Ontology Learning with Text Information Extraction ..... 50
2.9.2 Introducing New Relations into an Ontology ..................... 52
2.10 Text Mining for Ontology Enhancement ..., 54
2.11 Fuzzy Ontology SIFUCTUE ... .ivieii it e, 56
2.12 Integrating Multiple Domain Ontologies ..., 57
2.13 ConCIUSION ..ot 63
A Fuzzy Ontology Structure for Imprecise Concept Descriptions 65
3.1 INOAUCTION Lot 65
3.2 Ontology for Structured Representation of Domain Knowledge................. 68
3.3 The Problem of Handling Imprecise Concept Descriptions ..................... 72
3.4 Proposed Fuzzy Ontology Structure for Including Imprecise Concept
DIESCIIPIIONS -ttt ettt et e na e 77
3.4.1 Encoding Domain Knowledge using Fuzzy Ontology Structures ...... 84
3.4.2 Creation of Fuzzy Ontology Structure ..., 92
3.5 Handling Inconsistent Ontology Concept Descriptions ..............ccoeveeeeee. 98
3.6 Fuzzy Ontology Structures tor Representing Inconsistent Concept
DESCIIPLIONS .ttt ittt ettt 100

- viii -



3.7

-

CONC USTION e

Database Curation and Ontology Enhancement through Ontology-based

Text Mining

4.4
45
4.6

5.1

]
(g

N
(OS]

'(JI

Introduction ...,
The Text Mining Framework ..........o.. e,
Proposed Ontology-based Text Mining System ........................oo.L.
4.3.1 0Ontology Parser ... ..o
4.3.2 Document Processor ......ococoioiiiiiiiiiieiicceeeeeeee e
4.3.3 Knowledge DistiHer .......ooccoiiiiiiiiiii e
Experimental Results for Text Mining and Ontology Enhancement .........
Performance Analysis of Proposed Text Mining System ......................
ConclusSion ....o.vviii e
Imprecise Query Answering from Curated Databases
Introduction ............. O S
Imprecise Query Processing ........ooooviii i,
Imprecise Query Processing System ..o
5.3.1 Query Interface Design and Query Formulation ...
5.3.2 Query Parser and SQL Generator .........ccoovviiriiiniciiiciiiieeeeee,
5.3.3 Fuzzy QUEry ProCessOr. ... i it
Imprecise Query Processing Examples .......o.oiiiiiee

4
i

‘U|
(@)

Evaluation of the Query Answering Process ..........ccooooiiiiiiiiiiieneens

CONC USIOT « e e

Mining Relations from Ontologically Tagged Texts — Application to

Biomedical Domain

6.1
6.2
6.3
0.4
6.5

INTrOAUCTION Lot e
Ontology-based Text Processing tor Biomedical Domain ...........ccccceeee.
GENIA Ontology for Molecular Biology ...,
GENIA COrpuS ot

Generic Biological Relation and Related Concepts ...

-1X -

3.6.1 Computing Concept CONSISIENCY .. ooeoieiriiiiiiieccieeeecee e

. 104



6.6 Generic Biological Relation Mining System ..., 188

6.6.1 DocumENt ProCeSSOT .. i 191
6.6.2 Biological Relation EXTractor ..., 197
6.6.2.1 Extraction of Information Components ...........c.ccoeeviriiieennn 197
6.6.2.2 Identifying Feasible Generic Biological Relations ................ 200

6.6.3 Feasible Generic Biological Relations Identified from the GENIA

COTPUS -ttt ettt bbbt 203
6.6.4 Generating Feasible Fuzzy Biological Relations ... 205

6.7 System Performance Evaluation ................ 208

6.8 Uniqueness of the Proposed System over Earlier Systems ...................... 212
6.9 CONCIUSION L0ttt et e 214
Database Curation and Relation-based Query Answering for Biomedical 217
Domain
7.1 INrOdUCHION .o e e 217
7.2 Database CUTALION ..oc.oiioiiiiiie ettt 218
7.3 Maintaining Knowledge Base for Query Answering ............................ 223
7.3.1 Knowledge Base Indexing ..o 223

7.4 Relation-based Query Answering for Biomedical Domain ....................... 226

229

7.4.1 Example Queries and their Results ...
7.5 Performance Evaluation of the Relation-based Query Answering System ... 237

T CONCIUSION & e e e e e 239

Enhancing Biological Ontologies to Fuzzy Relational Ontology Structures 241

8.1 INrOAUCTION L.\ttt e e e 241
8.2 Characterizing Generic Biological Relations .........ccoccoviiiniiiiiiiiiinen. 243
8.3 Generating a Concept-pair Tree to Detine Biological relations .................... 246

8.4 Mapping the Relation Instances over a Concept-pair Tree ..............cceeee. 251

8.5 Computing Information Loss at Concept-pair Nodes ........ccccoviiiiiiiininnn 254
8.6 Relations Strength Calculation and their Fuzzification ..., 257
8.7 Fuzzy Relational Ontology Model ... 263
8.8 Enhancing GENIA to a Fuzzy Relational Ontology ..o, 264



B0 CONCIUSION ot

9 Conclusion

9.1
9.2
9.3

9.4

Contributions 0f the TheSiS ...t e v

Extensions to the Proposed System...... ...t

The Road Ahead - Future Directions in Ontology-based Text Information

REITIEV Al oot e e e e

Lessons Learnt and Pitfalls to be Avoided ...,

Bibliography

Appendices

Al
A2
A3

A4

OWL Codes for Fuzzy Wine Ontology Structure ...,
Stop Words used by PubMed Search Engine ..............o

List of Feasible Biological Relation and their Morphological Variants

Mined from GENIA COrpus .....ooviiiii e

Biological Relation Triplets and their Strengths ...

Brief Bio-data of the Author

- X1 -



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

