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ABSTRACT

The amount of data contained in a textual format has increased rapidly in the recent
past. Such data includes web sites, documents of business organizations, etc., and
contain lots of information. Information Retrieval (IR) is a field that allows
identifying relevant document for a given query out of all these available documents.
Information Extraction is taking another step in this direction. Instead of returning the
set of documents that contains the relevant information, IE recognizes and returns the

information among the natural text in these documents.

Ontology is defined as the “formal, explicit specification of a shared conceptualization”. It
contains classes, properties, individuals and values to represent data in a certain domain. Most
of the time in Ontology-Based Information Extraction, an IE technique is used to
discover individuals for classes and values for properties to build ontology for a given
domain. However, sometimes these classes and properties also identified as part of the
IE technique rather than using a template with the pre-identified classes and properties
in the Ontol

A tradit dé«@ gy Based.Infarmation  Extraction sys tains two main
operatiol ofio!-" construction and, Qnto omponent-based
approack jtion Extraction

(OBCIE)”, the operation of constructing ontology is not changed. However, the
operation to populate the ontology is refined in to a pipeline of three separate

components: pre-processors, information extractors and aggregators.

By developing these components as web services, we have provided the ability for
other applications to use them to extract the information out of any text based
document. To demonstrate this concept, we have developed an application that
accepts a set of text documents, and extracts useful information. It uses “metadata
files”, which are dependent of the domain in which the ontology is created and

populate the given ontology.

-V -



ACKNOWLEDGMENTS

I would like to express profound gratitude to my advisor, Dr. Daya Chinthana
Wimalasuriya, for his invaluable support, encouragement, supervision and useful

suggestions throughout this research work. His continuous guidance enabled me to

complete my work successfully.



TABLE OF CONTENTS

DECLARATION ...ttt sttt te st te st e e s e e saabeeseabestesteseeeneenenneas iii
AB ST RACT -ttt b bbbt bR b e bR R Rt bR R b bttt nre s iv
ACKNOWLEDGMENTS ..ottt sttt bbbttt e %
TABLE OF CONTENTS ...ooiiiieiet sttt sttt te e bessestensenteaenseneanensens Vi
LIST OF FIGURES .......ooiiiiieieieest ettt seetesneste st st e e e enaenanneas viii
LIST OF ABBREVIATIONS .......ooiiiiieieint ettt st nne s iX
Chapter 1 INTrOQUCTION .....oviieieiciece sttt n e 1
Chapter 2 LItEratlre REVIEW ........cuiiiiiiiieiieieieees ettt 4
78 @ L0170 [0 | SO SSOS 5

b N @ 31 (o] (o0 Vol (T [0 o S SSUPRPRRIN 6

2.1.2 0Nt0l0gY POPUIALION.......iiiiiiiiiieiecee e 6

2.2 INfOrmMation EXIFACTION......ccviiiiiieieiee st 7
2.2.1 Ontology Based Information EXTraCtion............ccccvvvieiieiieiese e e 9

2.3 Ontology Based Components for Information EXtraction ............cccccoevevevicie e, 11
2.3.1 Weh Serviges for Ontelogy. Basgd. InformationdEXRACIION v -.ovevevvviviiiiiisisisisenen, 12

2.4 Web Sg’?(@cas ...................................................................................................................... 12
24.1 Se;;/lce O QAR ATCRITEEHANE . Jdire- v veeveseeeteeeeseeeeeeeesee e eseetes s ssssse et sssessssssessssntens 14

2.4.2 SO?AP .......................................................................................................................... 15

24,3 REST ittt ettt b ettt n e n e R te s r et e e 16

2.5 REIAIEA WOTK ...ttt sttt b et st nneneneas 18
2.5.1 The OWIEXPOITEN ...ttt 18

2.5.2 SOBA ...ttt r e re sttt e 19

(@8 T=T o) T @I\ (=11 T T (o] (oo YU TR 21
3.1 High Level ArCNITECIUIE ......ocviiiieiceeee e 22
3.2 EXEraction MELNOMS. ......cc.oiiiieie sttt sttt a e e 22
3.2 L EXIraCtioN RUIES .....covieiiiiiiieie ettt 22

3.2.2 TWO Phase ClassifiCatioN............cooeeiiieiiieeie et 23

KT B o To] SN 7T USSR 24

3.3 Framework for Building RESTTul WEeD SErviCes..........ccoooiiieiiiiie e 26
3.3.1 APACNE WINK ...ttt sttt r et nee e 26

3.3.2 PrOJECT JBISBY ...ttt bbbttt bbbttt b et 27
3.3.3JB0SS RESTEASY ....coviiiieiiitiiiie ettt s 27

3.3.4 RESHEE FIramMEWOIK.......c.eeiiiieiie ettt sttt see e 28

3.3.5 COMIPAIISON. ...ttt etttk e bbbt b bbbt s bttt et b bt 28

-Vi -



KR [ 4]0 1=T 1= 01 7= [ o SR 29

I 0] 1 B = o O U TS PSP PR PRI 30

KB e (=T 0] (010013 o ] OSSPSR 31

S 3 EXETACTON ..ttt ettt e bbb nh e an e ae e 32
Chapter 4 Results and CONCIUSION .........cviiiiiiiiiice e s 37
o 00T o] (=Y 4 T ] Lo o S PRT RS 38
4.2 Conclusion and FULUIE WOTK..........coviiiie it 40
REFERENCES ..ottt sttt sttt e enaesaeseetentestenee e e e e 41
APPENDIX A: Sample Metadata Files — Information EXtractor..........c.cccoeevivvvivciesiiesennns 44
APPENDIX B: Sample Metadata File — Two-Phase CIassifier..........ccccccovvveiviviiciecieieens 46

-Vii -



LIST OF FIGURES

Figure 1 - Relationship between tWo CIASSES ..........ccoiieieieiiiiesee e 5
Figure 2 - Part of generalization/specialization hierarchy ...........c.cccoovviiiiiiei i, 5
Figure 3 - General Architecture of an OBIE System [3] .....cocvovviieiiiieie e 10
Figure 4 — Pipeline for Ontology Population in OBCIE .............ccoceiiiiiiicineeeeeee 12
Figure 5 — General Process of Engaging Web Services [13] ....cccccovvvveveiieiiie v 14
Figure 6 — Obtaining REST architectural style from WWW ... 17
Figure 7 - General workflow of the OWIEXPOrter [23] ........cocooviirineriieese e 19
Figure 8 — Pipeline used iN SOBA ... 20
Figure 9 — High-level architeCtUIe .........ccocveii i 22
Figure 10 — Performance Metrics for different JAX-RS implementation [32] ...........cccceevenee. 29
Figure 11 — Message passing Detween Web SEIVICES .........cccovviirirerenieieee e 31
Figure 12 — A sample request json object sent t0 PreproCeSSOr ........ccvevveveeieiesieereeseeieesrenns 32

Figure 13 — Information Extractor method: a sample response json object from preprocessor32
Figure 14 — Two-phase classifier method: a sample response json object from preprocessor. 33

Figure 15 — Information Extractor method: request json object for processing the metadata file
................................................................................................................................................. 34

Figure 16 — TW@-phase_classifier: mathod: vdquest json-object forrpndcassing the metadata file
..................... ém% 34

¥

Figure 17 — Ih:ﬁfp"rmation Extractor method~response json object for processing the metadata

file oo e 35
Figure 18 - Two-phase classifier method: response json object for processing the metadata file
................................................................................................................................................. 35
Figure 19 — Information Extractor Method: A sample request json object to extractor .......... 35
Figure 20 — Two-phase classifier Method: A sample request json object to extractor ............ 36
Figure 21 - Information Extractor Method: a sample response json object to extractor.......... 36
Figure 22 — Ul developed to populate ontology using information extractor method............. 38
Figure 23 — Ul developed to populate ontology using two-phase classifier method ............... 39
Figure 24 - Ul developed to view a given ontology..........cccoviiiinenenenciese e 39

- viii -


file:///D:/Msc/Msc%20Research/Documents/Thesis/Thesis_138234L_modified_after_review.DOCX%23_Toc414398562
file:///D:/Msc/Msc%20Research/Documents/Thesis/Thesis_138234L_modified_after_review.DOCX%23_Toc414398563
file:///D:/Msc/Msc%20Research/Documents/Thesis/Thesis_138234L_modified_after_review.DOCX%23_Toc414398564
file:///D:/Msc/Msc%20Research/Documents/Thesis/Thesis_138234L_modified_after_review.DOCX%23_Toc414398565
file:///D:/Msc/Msc%20Research/Documents/Thesis/Thesis_138234L_modified_after_review.DOCX%23_Toc414398567

LIST OF ABBREVIATIONS

IR Information Retrieval

IE Information Extraction

OBIE Ontology Based Information Extraction

SOA Service Oriented Architecture

NLP Natural Language Processing

HTML Hype-Text Markup Language

XML Extensible Markup Language

OBCIE Ontology Based Components for Information Extraction
www World Wide Web

WSDL Web Service Definition Language

uDDI Universal Description Discovery and Integration
SOAP e _

REST m epresentational State Transfer

RPC w emote, Prosedie Gal

HTTP Hyper Text Transfer Protocol

EAI Enterprise Application Integration

URI Uniform Resource ldentification

SOBA SmartWeb Ontology Based Annotation

GATE General Architecture for Text Engineering
JAX-RS Java API for RESTFul Web Services

JAPE Java Annotation Pattern Engine

GDM GATE Document Manager

CREOLE Collection of Re-usable Objects for Language Engineering
GGl GATE Graphical Interface

WEKA Waikato Environment for Knowledge Analysis
MALLET Machine Learning for Language Toolkit

-iX -



JSON Java Script Object Notation

MIME Multi-purpose Internet Mail Extension
CDDL Common Development and Distribution License
API Application Program Interface

3



