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Abstract

The rapid development in the semantic search technology gives motivation to build an
efficient and scalable document annotation and retrieval techniques. Most existing
methods and techniques in the field of document annotation and retrieval depend on
English documents. Although the growing amount of Arabic content is being spread over
the internet and other resources, there is little work carried out on Arabic semantic search

and Arabic document annotation and retrieval.

In this research we propose an approach for enhancing the process of information
retrieval for Arabic language that depends on the ontology in the process of document
annotation. The results of the approach show significant improvement in the process of
documents retrieval depending on the two common evaluation criteria precision and

recall.

Keywords: Ontology, Information Retrieval, Document Annotation, Arabic Language.
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Chapter 1: Introduction

Semantic web techniques have recently emerged as a new and highly promising context for
knowledge and data engineering [1]. The semantic web is defined as "a group of technologies
and approaches that allow machines to read, understand and retrieve the meaning of a specific
"semantic" or information on the internet" [2]. The need for semantically enriched
Information Retrieval (IR) and searching are among the most important issues of the semantic
web. They try to overcome the limitations of the traditional IR model which suffers from
misunderstanding the query and its context and on the keyword which cannot represent the

semantic information of resources therefore obtaining a lower recall and precision.

Semantic search considers the meaning of words and phrases. Meaning is represented in
machine readable format through an ontology which is formalized using Semantic Web
languages such as Resource Description Framework (RDF) [3] and Web Ontology Language
(OWL) [4]. By understanding the meaning of a query the results returned to the user will be
more relevant. The IR and searching process can depend on document annotation, where
semantic annotation involves tagging documents with concepts (e.g., ontology classes) so that
content becomes meaningful [5]. Annotations can help users to easily organize their
documents. Also, they can help in providing better search facilities, users can search for
information not only using keyword-based search, but also using well-defined general

concepts that describe the domain of their information need [6].

Most of the proposed methods or approaches in IR depend on English documents. Little
work has been carried out on Arabic documents annotation and retrieval. Challenges in this
regard include the lack of technology support and the lack of adequate support for semantic
web tools [7].

Using ontology in the field of IR improves the retrieval accuracy and reduces irrelevant
results. An Ontology is a formal explicit description of concepts in a domain of discourse
classes (concepts). Properties of each concept to describe various features and
attributes of the concept (slots), and restrictions on slots (facets) ontology together with a set
of individual instances of classes constitutes a knowledge base [8].

In this research we develop an automatic ontology-based document annotation and retrieval
method to support the process of IR for Arabic documents. We design a model that depends

on ontology components which include classes, sub-classes, instances and relations to make
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annotations. Also we enrich the ontology with a lot of synonyms and stemming word for
ontology components to increase the process of documents annotation.

The current ontology-based document annotation systems is studied, ontology for a specific
domain is designed and created, and the proposed ontology-based document annotation

model and system is developed and evaluated.

1.1 Statement of the Problem

Although there is a large content of Arabic information found on the Web and other
resources, little efforts have been exerted in the semantic-based Arabic document annotation
and retrieval. The problem of this research is how to build an Arabic ontology-based

document annotation and retrieval system that achieves the acceptable accuracy.

1.2 Objectives

= Main objective

The main objective of this research is to build an Automatic Arabic ontology-based

document annotation and retrieval system which achieves the acceptable accuracy.

= Specific objectives

The specific objectives of this research are:

e To study the current ontology-based document annotation for information retrieval
approaches to determine the requirements of an approach for Arabic.

e To build a domain-specific Arabic ontology to be used in the document annotation and
retrieval process.

e To design the information annotation and retrieval system model.

e To implement the system prototype that uses the ontology for the process of document
annotation.

e To conduct appropriate experiments with the annotated documents for document retrieval
and searching.

e To evaluate the system for accuracy based on appropriate evaluation strategy.

www.manaraa.com



1.3 Importance of the Research

e This research stems from the rapid increase of Arabic content on the Web and other
resources and the need to extract important information from this content.

e The need for appropriate tools, techniques for Arabic documents.

e Information retrieval is very important to save time and effort when we search in a large
repository or database that contain Arabic documents.

e Researchers in the field of semantic web can use the system as a basis for designing more
specialized and more advanced systems for information retrieval in Arabic.

e The developed ontology can also be used as a basis for other applications and systems.

e The system can be used as a resource to depend on for inter organizational data integration

between systems of different organizations.
1.4 Scope and limitations of the research

e The research will focus on file formats such as: doc and txt and will convert them into
Extensible Markup Language (XML) type during the annotation and retrieval process.

e The annotation and retrieval process will depend on documents that exist in a corpus and
not on the web.

e Only a prototype will be implemented to provide a proof of concept for the proposed
approach. The prototype is tools specific and is not a standalone.

e Domain specific ontology is used for the process of annotation corpus of documents
related to the issue of "3>uall 488" (Prayer jurisprudence).

e The used ontology does not cover the entire domain of "s3uall 43" (Prayer jurisprudence).

e The search process depends on the annotation types (ontology classes).

1.5 Methodology

Many researches and models have been proposed for developing ontology-based
documents annotation and retrieval for the English language. In our work we address this
problem by building ontology-based document annotation and retrieval model for Arabic
language, through achieving the objectives stated in section 1.2 to achieve the objectives of
the research the following methodology is followed:

e Studying and analyzing systems and applications that are related to document annotation
and retrieval in different languages (Arabic and English).

3
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e Preparing a corpus that contains the documents which will use, in the process of
annotation and retrieval.

e Building Arabic domain ontology: we use a candidate tool (i.e. Protégé* [9]) to build the
ontology. The development of ontology includes the following tasks:

|

Define concepts, i.e., classes based on studying and analyzing the domain.

Define instances, i.e., real elements in our domain.

|

Define relations among classes as a requirement to come up with the ontology.

Enrich ontology with Synonyms and Stemming for its components.

|

Ontology Evaluation

e Document annotation: we do this for a corpus using the designed ontology. This tests how
well and appropriate the ontology is.
e Processing annotated documents is done using Jape rules? [42].

e Indexing and search process is done with the aid of Lucene® [10] within Gate*[11].

Implementing a prototype of the proposed method by:

- Specifying the requirements of the system.

- Specifying the interaction between prototype components within Gate.
o Evaluate the approach and verify that it achieves the required accuracy. The method of
verification is performed according to the two relevancy criteria namely precision and
recall:

— Precision is defined as the number of relevant documents retrieved by a search

divided by the total number of documents retrieved by that search.

- Recall is defined as the number of relevant documents retrieved by a search divided by

the total number of existing relevant documents (which should have been retrieved).

1Protégé; is a free, open source ontology editor and knowledge-base framework.

ZJape rules: is a java annotation patterns engine provide finite state transduction over annotations based on
regular expressions.

3Lucene; is a high-performance, full-featured text search engine library written entirely in Java.

*Gate: is open source software capable of solving almost any text processing problem.
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1.6 Thesis Structure

The thesis consists of six chapters organized around the objectives of the research.

Chapter 1 introduces the research, problem, objectives, importance, scope and limitations,
and methodology followed in the work.

Chapter 2 focuses on the background and theoretical concepts related to the domain of
semantic web includes its technologies and techniques, semantic annotation tools, and
semantic search engines.

Chapter 3 is devoted to related works and efforts in ontology building, information retrieval
systems.

Chapter 4 presents the steps to execute the methodology and the architecture of the proposed
model.

Chapter 5 is devoted to the evaluation of the proposed model and discussing the experiments
and the findings.

Chapter 6 concludes the thesis and states future work.

1.7 Summary

In this chapter, we have introduced the thesis by giving an introduction about semantic web
techniques and the terminologies related to it. We stated the research problem and
questioning the possibility of using ontology in the process of Arabic documents annotation
and retrieval by achieving the required accuracy. We stated the main objective of this
research which is to automatic ontology based document annotation for Arabic information
retrieval. Additionally we explained the importance of this research, which consider the
system as a basis for designing more specialized and more advanced systems for information
retrieval in Arabic. We also stated the scope and limitation of this research, the limitation is
that the system model depends on documents that exist in a corpus and not in the web, and
we build a system prototype not a complete system. We presented the methodology that will
be followed in this research including preparing documents, building ontology, annotation
documents, processing annotated documents, indexing and searching process and the
evaluation of the model, implementing a prototype of the proposed method and evaluating
the method. In the sixth section, we explained the thesis structure. Next chapter presents a
background on semantic web, ontology building, semantic annotation tools, and semantic

search engines.
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Chapter 2: Background

This chapter presents the background and theoretical concepts of the Semantic Web and its
technologies including ontology, RDF, RDFS, OWL, Semantic Annotation and it is tools,

Information Retrieval, Semantic Search engines needed in this research.

2.1 Semantic Web

The semantic web is defined as "a group of technologies and approaches that allow machines to
read, understand and retrieve the meaning of a specific (semantic) or information on the internet
[2]. The technological idea behind semantic web was derived from the ability to enable software
and automated agents to access the Web effectively and intelligently [2]. Figure 2.1 depicts Tim
Berners Lee’s vision to the semantic web. It presented the basic framework of semantic web as a
hierarchical structure whose function is improved layer by layer, at the bottom we find XML, a
language that used to write structured web documents with a user-defined vocabulary. In the top
of XML layer we find RDF layer which is a basic data model for writing simple statements about
web objects. RDF Schema layer provides modeling primitives for organizing web objects into
hierarchies and can be used as a primitive language for writing ontologies. The ontology layer is
used to clearly represent objects and also relationships among them. A relationship may be direct
or inverse. Additionally using ontologies helps machines to process the meaning and facilitate
sharing of information. The logic layer is used to enhance the ontology language further and to
allow the writing of application-specific declarative knowledge. The Proof layer involves the
actual deductive process as well as the representation of proofs in Web languages and proof
validation. The Trust layer will emerge through the use of digital signatures and other kinds of
knowledge [47].

Trust
Rules
Proof

[«b]

Data 5

©

S

Data 175}

Self- Ontology Vocabulary I
desc. k=
Doc. RDF + rdfschema al

XML + NS + xmlschema

Unicode URI
Figure 2.1: A Layered Model of the Semantic Web Vision [26].

In fact the Semantic Web does not differ from the World Wide Web but it is an extension of

it. It is referred to as Web 3.0, the semantic web is a web of data, the semantic web is about

6
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two things: it is about integration and combination of data from diverse sources and about how

the relation of ontology to the semantic web [34].

2.1.1 Ontology

One of the best known definitions of ontology used in research on Artificial Intelligence and
Knowledge Representation is "An ontology is an explicit specification of a conceptualization
"[33]. Ontology is often represented as a set of concepts, relations, functions, and instances.
Figure 2.2 is an example of a small ontology about animals. In the figure there is a class
animal which have multiple object properties include eating, epidemic, habitation and
protection. From the figure the object property eating make a triple between class animal and
class food and the object property epidemic make triple between class animal and class
disease. This can also be noticed for the two other object properties habitation and protection.
Also the class animal have sub-class panda based on the relation is-a and the sub-class panda
have multiple object properties include eating, epidemic, protection and habitation all of these
object properties make triples between panda class and other classes for example object
property eating make triple between panda and bamboo and object property protection make

triple between panda and punishment.

) Animal —— /
wabatot T “ing—food
Zone S N 630/&;;5,
e’g’ix AN ‘7}/
< N Disease
Punishment S
# \ \\
B \\
& \
& 2 \
/
DamageDegree PunishmentMethod Panda__ L.
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Figure 2.2: A Small Ontology about Animal [35]

Ontologies play an increasingly important role in knowledge management and is used as a
standard knowledge representation for the Semantic Web. By ontology the users can connect
with each other using a common understanding of a domain. Although ontology has been
emerged as an important and natural means of representing real-world knowledge for the
development of information systems, most ontology buildings are performed manually. This

means ontology construction is a difficult and time-consuming task [36].
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= Ontology Building Methodologies

Ontology building is not a simple task; it needs time, effort and expertise in the domain in
which we want to build the ontology. There are a lot of methodologies for building an
ontology; for example: SENSUS, KACTUS, OTK, CommonKADS, Tove, Methontology,
Mikrokosomos, ONIONS and HYSSYS. All of these methodologies have their shortages:
Some of these methodologies designed for integration of terms and ontology related to
specified area cannot be used in other areas.. There are also some methods of the construction
of ontologies using basic methods of ontology composition based on cases of experience.
These cannot be regarded as structural construction methods. There are many methodologies
that remain in a pre-development stage and do not include feasibility study. They are not
helpful in solving problems occurring in real construction [48]. For manual construction of

ontology we follow mainly Noy and McGuinnes methodology [8]. It includes the following:

Determine the domain and scope of the ontology
Consider reusing existing ontologies

Enumerate important terms in the ontology
Define the classes and the class hierarchy
Define the properties of classes-slots

Define the facets of the slots

N o g s~ w D Pe

Create instances

Like any development process, above steps are not linear and will have to be iterated and

backtracked to earlier steps at any point in the process [47].

Step 1. Determine the domain and scope of the ontology

This step defines the domain and the purpose of the ontology. Developing an ontology is not
an aim or a goal in itself but we build the ontology for a particular purpose. This stage
includes multiple and basic questions to be answered: what is the domain that the ontology
will cover? For what we are going to use the ontology? For what types of questions should
the ontology provide answers? Who will use and maintain the ontology? [47].
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Step 2. Consider reusing existing ontologies

Find ontologies in the domain or the subject we work, so in most cases we don’t need to begin
from scratch in building our domain ontology. We can obtain our ontology from third-party

that provide us this ontology [47], this will save a lot of time for us.

Step 3. Enumerate important terms in the ontology

This is step is consider as the first step or the actual definition of the ontology where we
make a list of an expected terms that will be used on the ontology building. It is important to
get a comprehensive list of these terms without fear of overlap between concepts they

represent or relations among the terms.

Step 4. Define the classes and the class hierarchy

After the identification of the relevant terms, these terms have to be organized in a
hierarchical way, There are several possible approaches in developing a class hierarchy: A
top-down development process starts with the definition of the most general concepts in the
domain and subsequent specialization of the concepts. For example, we can start with creating
classes for the general concepts. Then we specialize the class by creating some of its
subclasses and so on. A bottom-up development process starts with the definition of the most
specific classes then leaves of the hierarchy with subsequent grouping of these classes into
more general concepts. For example, we start by defining classes then we create a common
superclass for these classes. A combination development process of the top-down and bottom-

up approaches [47] is also possible.

Step 5. Define the properties of class-slots

In this step, the classes that are created in the previous step does not provide enough
information alone. So once we have selected the defined classes in the list of terms we created
in Step 3, most of the remaining terms consider properties (slots) of these classes [8]. Where

for each property in the list, we have to show which class it describes.

www.manaraa.com



Step 6. Define the facets of the slots

In this step we add facets to the properties these facets include value type, allowed values,

the number of the values (cardinality), and other features of the values the slot can take.

Step 7. Create instances

The last step is creating individuals (instances) of classes in the hierarchy, defining an
instance of a class requires: (1) choosing a class, (2) creating an instance of that class, and (3)

filling in the slot values.
=  Ontology Evaluation

The built ontology should be evaluated using some evaluation criteria. These criteria can be
divided into two types namely generic criteria and specific criteria. The generic criteria deals
with factors like clarity, consistency and reusability. The specific criteria checks the generated
ontology against the purpose and user requirements [49]. Most evaluation approaches fall into
one of the following broad categories [45].

1. Comparing the ontology to a golden standard, may be the ontology itself.

2. Using the ontology in an application and evaluating the results

3. Comparing with a source of data (e.g. a collection of documents) about the domain to be
covered by the ontology.

4. Evaluation is done by humans who try to assess how well the ontology meets a set of

predefined criteria, standards and requirements.

Table 2.1: An Overview of Approaches to Ontology Evaluation [45].

Level Golden Application- Data-driven Assessment

standard based by humans
Lexical, vocabulary, concept, data X « « X
Hierarchy, taxonomy X « « X
Other semantic relations X « « X
Context, application « X
Syntactic X X
Structure, architecture, design X

10
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The Golden standard evaluation: the Golden standard could be another ontology, based on
a document-corpus or provided by domain experts. In Table 2.1 The lexical content of an
ontology can also be evaluated using the concepts of precision and recall, in this case, the
precision would be the percentage of the ontology lexical entries that also appear in the golden
standard, relative to the total number of ontology words. Recall is the percentage of the golden
standard lexical entries that also appear as concept identifiers in the ontology, relative to the
total number of golden standard lexical entries. The same approach used to evaluate the
lexical content of an ontology on other levels, e.g. instances, relations [45].

Application based evaluation: where the ontology will be used in some kind of application
or task. The outputs of the application, or its performance on the given task, might be better or
worse depending on the ontology used in it. So one might say that a good ontology is one
which helps the application in question produce good results on the given task. Ontologies
may therefore be evaluated simply by plugging them into an application and evaluating the
results of the application [45].

Data-driven evaluation: An ontology may also be evaluated by comparing it to existing data
(usually a collection of textual documents) about the problem domain to which the ontology
refers [45].

Assessment by humans evaluation: this evaluation is done by humans who try to assess how

well the ontology meets a set of predefined criteria, standards, requirements [45].

2.1.2 RDF and RDFS

Resource Description Framework (RDF) statement (or RDF triple) is of the form [subject
property object.]. RDF-annotated resources (i.e., Subjects) are usually named by Uniform
Resource ldentifier references (URIrefs). RDF annotates Web resources in terms of names
properties. The values of named properties (i.e., Objects) can be URIrefs of Web resources or
literals, namely, representations of data values (such as integers and strings). A set of RDF
statements is called an RDF graph. RDF Schema (RDFS) can be shown as a first try to
support expressing simple ontologies with RDF syntax. In RDFS, predefined Web resources
rdfs: Class, rdfs: Resource, and rdf: Property can be used to declare classes, resources, and
properties respectively. From the first view, RDFS is a simple ontology language that supports
only class and property hierarchies, as well as domain and range Restrictions for properties
[31]. Basically, RDFS is built on top of RDF, and OWL is built on top of RDFS, any OWL
ontology can be serialized using one of RDF formats also RDFS allows you to express the

11
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relationships between things by standardizing on a flexible, triple-based format and then
providing a vocabulary which can be used to say things. OWL is similar, but bigger, better.
OWL lets you say much more about your data model, it shows you how to work efficiently
with database queries and automatic reasoners, and it provides useful annotations for bringing
your data models into the real world.

2.1.3 OWL

The Web Ontology Language (OWL) is as a standard (W3C recommendation) for
expressing ontologies in the Semantic Web. The OWL language facilitates greater machine
understandability of Web resources than that supported by RDFS by adding additional
constructors for building class and property descriptions (vocabulary) and new axioms
(constraints), along with a formal semantics [31]. Figure 2.3 shows a snippet of corresponding

OWL code for ontology in Figure 2.2.

<owl:Class rdf:about="#Plant">
<owl:disjointWith rdf:resource="#Animal"/>

</owl:Class>

<owl:Class rdf:|D="Animal">
<owl:disjointWiths

<owl:Class rdf;|D="Plant"/>

</owl:disjointWiths

<lowl:Class>

<owl:Class rdf1D="Panda"=
<rdfs:subClassOf rdf:resource="#Animal'/=

<'owl:Class>

<owl-Class rdf1D="Food"/>

Figure 2.3: Part of the OWL Code for Animal Ontology in Figure 2 [35].

OWL ontologies are categorized into three species or sub-languages, namely OWL-LITE,
OWL-DL, and OWL-FULL [31]. OWL Lite supports those needing a classification hierarchy
and simple restrictions. OWL DL supports those who want the maximum expressiveness of
the reasoning system. It includes all OWL language elements, but there are certain
restrictions, such as the type of separation. It describes the logic of the existing technology is
compatible with good reasoning computability. OWL Full supports maximum expressiveness,
supports for the free use of RDF syntax, but does not have the computability of reasoning.
There are a lot of differences between these three languages at the following. Capacity and

reasoning ability in the expression, each sublanguage is the language of the previous

12
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extension. Every legal OWL Lite ontology is a legal OWL DL ontology. Every legal OWL
DL ontology is a legal OWL Full ontology. Every valid OWL Lite conclusion is a valid OWL
DL. Every valid OWL DL conclusion is a valid OWL Full.

The developers can use the OWL ontology language that is suitable for their needs. Selecting
OWL Lite or OWL DL depends on the extent to which users need to OWL DL provides most

expressive elements [32].

2.2 Semantic Annotation

Semantic annotation refers to the process of tagging or annotating documents using
ontology, so data becomes meaningful. An annotation can be carried out manually, but since
this is very expensive in terms of user time annotating data can help in providing better search
facilities, since it helps users to search for information not only based on the traditional
keyword-based search, but also using well-defined general concepts that describe the domain
of their information need [6]. Figure 2.4 depicts part of Kim ontology which shows the
process of mapping between ontology classes with words in the text that achieve mapping for

example, the classes Bulgaria, XYZ mapped with words Bulgaria, XYZ in the text.

,lXYZ announced profits in 03, planning to
" build a $120M plant in Bulgaria,--.. and
more and more and more and more texf*y

KIM Ontology & KB

Location
Company

type City Country

N type
i @BEYIZ HO
London Eype SyEe
establOn partof

“03/11/1978"” UK Bulgaria <«

Figure 2.4: Semantic Annotation [20]
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2.3 Semantic Annotation Tools

There are many tools available for semantic annotation of textual document like GATE [21],
KIM [22], MnM [23], Magpie [24] etc. In sequence, we present a brief overview of all of

these tools.
e GATE

GATE [21] is an architecture, a framework for Language Engineering (LE). Gate
components of the three types: (1) Language Resources (LRS): represent entities such as
lexicons, corpora or ontologies (2) Processing Resources (PRS): represent entities that are
primarily algorithmic such as parsers (3) Visual Resources (VRs): represent visualization and
editing components that participate in GUIs. GATE architecture is useful to develop a
number of successful applications for various language processing tasks (such as Information
Extraction Gate). Gate provided with a set of reusable processing resources for common NLP
tasks these packaged together to form A Nearly-New Information Extraction system
(ANNIE). ANNIE consists of the following main processing resources: tokenizer, sentence
splitter, POS tagger, gazetteer, finite state transducer and orthomatcher these resources
communicate via Gate annotation APl. ANNIE relies on finite state algorithms and the JAPE
language.

Also the GATE system provides many functionalities it provides the functionality to annotate
textual documents both manually and automatically by running some processing resources
over the corpus. Since manual annotation is a difficult and may cause error Gate tries to make
it simple. To add a new annotation, select the text with a mouse (e.g., "Mr. Clever") and then
click on the desired annotation type (e.g., Person), which is shown in the list of types on the
right-hand-side of the document viewer. Gate can be used to develop applications and

resources in multiple languages, based on its Unicode support.

e KIM

Knowledge and Information Management Platform (KIM) [22] is another ontology base
semantic annotation system that uses KIM Ontology (KIMO). KIM also uses GATE, and
Lucene information retrieval engine for many information extraction tasks. KIM has a feature
by automatically adding new instances found in the text to Ontology. It also performs
disambiguation step because many instances can be added to different places in ontology.

14
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e MnM

MnM [23] an ontology annotation tool which provides both automated and semi-automated
support for annotating web pages with semantic contents. MnM integrates a web browser with
an ontology editor and provides open APIs to connect to ontology servers and for integrating
information extraction tools. MnM can be seen as an new example of the next generation of

ontology editors.

e Magpie

Magpie [24] is extended to the internet explorer enable ontology based semantic markup
system that annotates the web pages. It uses ontology to annotate the web page either using a
predefined lexicon in the ontology or using a Named Entity recognition technique. Some other
system that is also used for semantic annotation are Onto-Mat [25] (work like MnM.).

2.4 Information Retrieval

Information retrieval (IR) is finding documents of an unstructured nature (usually text) that
achieves an information need from within large collections (usually stored on computers)
[28]. The traditional keyword-based IR technique performs keyword searching documents by
matching the keywords that users determined in their queries. The systems maintain a word
index to accomplish searching, a well-known example of such systems is Google. The main
problem with these systems is that they do not have the ability to understand the meanings of
the keywords (i.e. semantics). Furthermore, different documents containing same information
may be represented differently that makes it more difficult to understand the semantics of the
keywords. For example synonyms one of these issues. A synonym is a word that means the
same as another word, for example, the company is a synonym of a firm [27].

There are three basic processes an information retrieval system must support: the
representation of the content of the documents, the representation of the user’s information
need, and the comparison of the two representations. Figure 2.5 represents these three

processes. Where squared boxes represent data and rounded boxes represent processes [52].
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Figure 2.5: Information Retrieval Processes [52]

From Figure 2.5 representation of the documents is usually called indexing process. The
process of representing the information problem is usually referred to as the query process.
The comparison of the query with the document representations or indexed documents is
called the matching process. The matching process results in a ranked list of relevant
documents. Over these documents the user can search this documents list about the
information he needs. Ranked retrieval will put the relevant documents at the top of the

ranked list this will minimize the time the user has to invest in reading the documents.

2.5 Semantic Search Engines

Semantic Search Engines differ from traditional search engines, a semantic search engine
stores semantic information about Web resources and is able to solve difficult queries.
Semantic search integrates the technologies of the Semantic Web and search engine to
enhance the search results obtained from current search engines and evolves to the next
generation of search engines built on the Semantic Web. In general, processes of semantic
search engine are: The user question is interpreted, extracting the relevant concepts from the

sentence, and the results are presented to the user.

Figure 2.6 and Figure 2.7 show the difference between the semantic search engine Hakia

(www.hakia.com) vs. traditional search engine Dogpile (www.dogpile.com) based on their

expected search results. The phrase that is used to make the comparsion is "what is the

weather in Kuala Lumpur".
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Figures below displayed that Hakia knows what the user want. It is clear from the result
displayed by Hakia the information of Kuala Lumpur weather not the website that contain the
keyword of Kuala Lumpur weather like Dogpile [28].
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From the comparison, a semantic search engine is an answer to overcome the lack of traditional
search engine. It is not like a traditional search engine which searches based on keyword,
semantic search engine try to analyze and understand the user needs by doing logical reasoning.
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2.5.1 Semantic Search Engines Examples

e Hakia

Hakia is a Web search engine that is concentrated on bringing quality results in all aspects
including Web, News, Blogs, Hakia Galleries, Credible Sources, Video, and Images. Some
aspects are processed by Hakia's proprietary core semantic technology called QDEXing (Deep
Semantics) while others are processed by Hakia's Semantic Rank technology using third party
API feeds (Surface Semantics) [50].

e GoWeb

Internet semantic search engines depends on ontological background knowledge. They use
combination of text mining and ontologies to facilitate and enhance question answering
biomedical domain. It offers an efficient search and result set filtering mechanism,

highlighting and semi-automatic [29].

e Swoogle

Is a crawler-based indexing and retrieval system for Semantic Web documents (i.e, RDF or
OWL). It analyzes discovered document, and computes relations between documents.
Discovered documents are also indexed by an information retrieval system which can use
either character N-Gram or URI as keywords to find relevant documents and to compute the
similarity among a set of documents. One of the interesting properties computed for each
Semantic Web document is its rank - a measure of the document's importance of the Semantic
Web [30].

2.6 Summary

In this chapter, we have presented a background for this research. We discussed the concept
of Semantic Web and its technologies including ontology, RDF, OWL and the importance of
it in the field of information retrieval and search. We presented the semantic annotation and
how we can use ontology in the process of annotation. We explained the semantic annotation
tools and the difference between them. Additionally we identified the terminology of
information retrieval. We also explained the semantic search engines and the difference
between a traditional search engine and a semantic search engine by giving an example. The

next chapter will present the proposed model used in our work.
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Chapter 3: Related Work

In this chapter, different related works are studied and investigated. The related works are
introduced and analyzed for using ontology in the process of document annotation, using
ontology in the process of information retrieval. Most of presented related works in English
language because for Arabic language there is still no published work in this field. Next we
present a number of works that are related to ontology-based annotations and retrieval , and

ontology-based search and retrieval.

3.1 Ontology-Based Annotations and Retrieval

GoNTogle [6] is a tool that supports manual as well as automatic annotation of different
types of documents such as (doc, pdf, rtf, txt). It depends on ontology to achieve this aim. The
tool supports different kinds of searching for example Keyword-based search, Semantic-based
search. The GoNTogle architecture conation four components: a) Semantic Annotation
component which provides some facilities include 3 modules for document viewer, and
ontology viewer and an annotation editor, b) ontology server component used for storing
semantic annotation of document in the form of owl ontology instances, c) Indexing
component Used for indexing documents using an inverted index d) search component that
allow users to search for document using both textual (keyword search) and semantic
(ontology search) information, The work suffer from limitations the authors depends only the
classes and sub-classes of the ontology without depends on properties in the Process of

documents annotation.

In [12] they proposed Knowledge and Information Management Platform (KIM), how used
KIM in the process of semantic Information retrieval. Also the paper explains using KIM in
physical search, pre-defined pattern search and key word search, in the end the paper took
about shortcoming in using KIM and future direction to overcome this shortcoming, The work
suffers from limitations the authors depends on a specified domain of ontology and we can’t

make change for this ontology.

In [16] they propose an ontology-based approach to knowledge and document annotation
and management (ODCA). The method used to make necessary decisions when specific

situations are found and suitable solutions can be searched. The method depends on
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structural health monitoring (SHM) ontology which includes nearly 100 classes, 60 object
properties and 180 instances; also it can support different search options such as search by
queries and full text search. The limitations of the method that it is not showing the tools used,

also the architecture not clear.

In [54] they propose Apolda (Automated Processing of Ontologies with Lexical Denotations
for Annotation) which consider a freely available plugin for GATE. The Apolda processing
resource (PR) annotates a document like a gazetteer, but takes the terms from an (OWL)
ontology rather than from a list. Apolda searches the document for OWL annotation
properties of the classes and instances of the ontology. The matches are annotated with the
name of the class of the ontology. Apolda can be specified by the initialization parameters that
used for annotation the documents these parameters include ontology, prefRepresentation,

altRepresentation and language where only the ontology parameter consider obligatory.

The limitations of the Apolda annotator it doesn’t contain morphological analyzer parameter

and Postagger parameter.

3.2 Ontology-based Search and Retrieval

In [17] a method is proposed for Extensible Business Reporting Language (XBRL) database
Information retrieval in the field of business, and financial data, the method contains two parts
the first part: include XBRL conversation Framework this part concentrate on converting
taxonomy which contains all the structural information and definition of metadata into OWL,
and XBRL instance documents convert to RDF as the instance of the OWL class. OWL and
RDF combine the XBRL database ontology. The second part includes semantic retrieval
model this model depends on the XBRL ontology database to retrieve documents. There are a
lot of limitations for this work the ontology database doesn’t cover the entire contents of

economics business and the other limitation that The tools used in the method not clear.
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In [18] an Ontology-based Enterprise IR Model proposed for retrieving documents depends
on the electric products ontology. The Model contains five components: user interface module
where the user can input query in the form of natural language, query processing module
which responsible for processing the query by removing as example stop words, the Jena
inference engine which will load OWL ontology to deal with the query and is in response to
the user query request , query module which responsible about the results that will presented
to the user and ontology resource module. To apply the five modules the authors design an
algorithm depends on the electric products ontology. The limitations of this work the authors

don’t show the performance of this method.

In [19] an online Semantic Information Retrieval using Ontologies (SIRO) proposed for
retrieve documents, the architecture of the system include three main modules: query
processing and enrichment, search and document processing and a module for service
classification, the system used for retrieving documents in the web depends on specified query
from the user. The main advantages of the system are the use of two ontologies; domain
ontology and service ontology improve the relevance of the returned results. Additionally is

online system.

In [13] they develop a semantic retrieval system for corn plant ontology, the system contain
four modules : ontology building module where they depends on clear strategy to building the
ontology which include Document preprocessing, Extraction of feature words, Extraction of
semantic triples, user question processing module, document information preprocessing
module and query semantic expansion module, the authors in their experiments depends on
100 documents(68 documents is relevant to corn domain knowledge and 32 documents is
irrelevant) as experimental dataset the experiments shows that the result comparison with
keyword-based retrieval method is better than in precision ratio and recall ratio. This work has
some limitations that they build their ontology depends on RDF triple not OWL comparison

between RDF and OWL the second consider more expression than the first.

In [14] ontology enabled Web-based multilingual tool for information retrieval in the legal
domain is presented, the authors aim of this approach to improve the precision and recall of
the search. To build ontology, and to retrieve documents they used Protégé and its query
engine, they used the approach to retrieve documents written in Arabic, the retrieval process
is also enriched by enabling the user to retrieve English or French documents, in order to do

that the original query is translated using machine translation to the target language French or
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English, they use wordnet to extend the translated query, the limitations of the method it not

clear how the process of search execute.

In [15] they present ontology based information retrieval system which depends on sport
ontology and SPARQL query language to retrieve documents, the system searches sports
information by the semantic relationships between concepts defined in the ontology according
to relations of “Synonym of”, “kind of” and “part of”” between sports concepts.

The process of ontology-based information retrieval includes multiple steps begin by
creating a domain ontology, collect a dataset from the sources to annotate dataset using an
ontology, the search engine used to complete semantic matching of retrieval conditions over
ontology reasoning to find out the correct dataset, the last step includes the results which back
to the user. The limitations of the system that it is difficult for normal user to make query

depends on SPARQL query this mean we need professional users.

3.3 Summary

In this chapter we presented an overview about some of researches conducted in documents
annotation and retrieval, were presented the documents annotation and retrieval methods
based on an ontology as an play vital role in the process of document annotation. Most of the
work presented in the English language this mean there is no work until now for Arabic
language. We preferred to work at the documents annotation and retrieval in Arabic, because

it is a new and try to solve the problem in this field.

22

www.manaraa.com



Chapter 4: The Proposed Model

In this chapter, we develop an automatic ontology-based document annotation and retrieval
model for Arabic documents. Our model will be used to improve the accuracy of Arabic
retrieved documents depending on Arabic Ontology Domain "s3uall 43" (Prayer
jurisprudence). All Documents in this domain are written in Arabic language and stored in a

corpus.

To build the model various steps have to be performed based on our methodology (see

Section 1.5). The main required steps are shown in Figure 4.1 and stated below:

e Preparing the corpus

e Building Arabic Ontology Domain "33uall 48" (Prayer jurisprudence)
e Documents annotation

e Processing annotated documents

¢ Indexing and searching

Preparing Building Arabic Documents
A corpus Domain Annotation
Ontoloay

Processing

Indexi d
[ naexing an ‘]b Annotated

Search Process Documents

Figure 4.1: Execution Steps

4.1 Preparing the Corpus
Preparing the corpus is one of the most important stages in the research project. The corpus
is a collection of documents in one domain. We use these documents in the process of

annotation and retrieval. In our work we collect nearly 100 documents related to our Arabic

Ontology Domain "s2ball 43" (Prayer Jurisprudence). We collect these documents from Islam
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Web [37] website related to Fatwa questions in the field of Islam issues. The website contains
a comprehensive opinions of Islamic scholars related to daily issues of Islam. We concentrate
in the part of "s5uall 43" (Prayer Jurisprudence) and build our ontology depending on it. All
documents that are gathered from the website have direct relation with ontology components.
All the documents collected is converted to xml type when we load it into Gate in order to

facilities the processing of documents annotation and retrieval.

4.2 Ontology Building

Building ontology is an important task in our work, we used a top-down approach [38] in
building the ontology. Most abstract concepts are identified first, then specialized into more
specific concepts to build our Arabic Ontology Domain "s3Lall 4" (Prayer Jurisprudence)
which represents the basic knowledge in our work. We construct the ontology manually by
helping experts in the field of "s5uall 43 " (Prayer Jurisprudence) which is the source for the
main components of the ontology.

The development of ontology consists of the following stages:

Define concepts, i.e., classes based on studying and analyzing the domain.

— Define instances, i.e., real elements in our domain.

Define relations among classes as a requirement to come up with the ontology.

Enrich ontology with Synonyms and Stemming words.

Ontology Evaluation

Stage 1: Define concepts, i.e., classes and sub-classes

The concepts include classes, sub-classes as an example used in our ontology domain.
These concepts are not selected randomly but are selected depending on our corpus. This
means we concentrate on all issues that interest users related to our domain"s>uzall 438"

(Prayer Jurisprudence).

The selected concepts depend on some questions related to the ontology including what is

the expected concepts used from users when they search over corpus?

How is the relations between these concepts represented?
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Our ontology contain 23

selected ontology concepts.

concepts including classes, sub-classes. Table 4.1 Depicts the

Table 4.1: Ontology Classes

No. | Classes-Subclasses /Arabic | Classes-Subclasses /English Description
1 ) i g Prayer Time The time of FardhuAin prayer
5 SN Aladan Aladan is the call to prayer itself, and the
person who calls it is called the muadhan.
3 sl Omission Forget one of the prayer steps
4 3L sgo Increase Omission Either increase in acts or statements when
the person does the prayer
5 ERRw Omission Doubt Doubt between the two things, whichever is
signed throughout the prayer
skl s Decrease Omission Either increase in acts or statements when
6 the person does the prayer
7 $5ual) Jag i Prayer Conditions Matters that are not part of the prayer, but
must be satisfied before starting the prayer
daua b i Validity Conditions Conditions of prayer being valid refer to
that on which the validity of prayer
8 depends, such that if one of these conditions
is broken, then prayer is not valid as a
result.
g bag Obligation Conditions Conditions of prayer must be available in
9 the person who want to pray to be his
prayer right.
10 g skl 53a Voluntary Prayer It is the optional prayer can do beside the
obligatory prayer
11 g e AlRoateb Sunan Beyond the five daily required prayers,
Muslims often engage in optional prayers
before or after the regular prayers
(FardhAin). These are known as ""AlRoateb
Sunan".
12 Lany g, Post-Roateb It is done after the FardhuAin prayer
13 48 ol g Pre-Roateb It is done before the FardhuAin prayer
14 1) 53a Eid Prayer Eid prayer is performed on the morning
of Eid ul-Fitr and Eid ul-Adha.
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15 Y Jal da Prayer of Exempted People Persons who have a problem which can’t
do the prayer in suitable way.

16 oA $a Obligatory Prayer The prayer must done by every person

17 o FardhuAin It is the main five prayers that done by
person who want to pray.

18 TS FardhuKifayah Prayer that carried out by one fall for
others

19 $3al) @il sSa Prayer Components The main components for prayer and must
be found in it include ( Staff, Disliked,
things which invalidate and Musthbat).

20 s Staff It is one of the important components of
prayer related with the practical side.

21 cila g S Disliked Things that are unlike in prayer

22 c™ase Things which Invalidate Things make prayer wrong

23 et Musthbat Things that are preferred in the prayer

In Table 4.1 contains the 23 ontology concept mentioned in our domain "s3uall 4" (Prayer

Jurisprudence). Choosing these concepts has direct relation with user requirements used in the

process of search. We mention every ontology concept in Arabic and its synonym in English

including the description of the concept. Some of these concepts have relations with other

concepts and this helps in the search process to retrieve more results. Also, most of these

concepts have synonym words and they contain instances to help in the process of documents

annotation.
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Figure 4.2 depicts part of ontology concepts used, in the figure, for example, class "s2uall 4&"

(Prayer Jurisprudence) considers the root class and other classes branches from it. Also we can

find the class "4~ 1 5 13" (Validity-Conditions) consider sub-class from the class "suall L i

(Prayer-Conditions).

Obligatory Prayer

@ e e

Prepé Components

2@ ol ol ke

P?é Conditions

Omission

lﬂ‘ chaal

Prayer jurisp

. 5“'."5 Voluntary Prayer

@ s

Aladan

@ o

l
Praw}%\Exempted People

@ ey ol ol
=X

Validity Conditions

e o ne |

e iy by

|
P
Pra rlTlmes

® sy

Figure 4.2: Part of the Ontology Concepts
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Figure 4.3 depicts part of the concepts and instances used in the ontology domain "s3uall 4"
(Prayer Jurisprudence). In the figure, for example, the class "cee o= 8" (FardhuAin) have several
instances include ("_=al" (Asr), "w_xll" (Maghrib), " <Ll (Isha), "_&&I" (Duhr), "_adl
(Fajr)). Also the class ",lx=Y Jal 3L (Prayer of Exempted People) have several instances
include ("< (Afraid), "<SILU" (Passenger), "= <" (Patient), " sl (Traveller)).

Afraid

Omission _~Passenger
+
_.-"'" " l-.}ﬁ—:“

- Patient
Prayer of Exempted People=" ¢

o ]

—
i

[

Traveller

R
Prayer jurisprudence - Asr
[0~}

Obligatory Prayer

% Prayer Times - s

245 . - :
FardhuAin.~ —
Praye

onditions . o -
Ll
oleall oy 5

T Fajr

.,

Figure 4.3: Part of Ontology Concepts and Instances
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Stage 2: Define instances, i.e., real elements in the chosen domain.

Creating instances (individuals) is a very important step to enrich the ontology with direct
relation with classes and sub-classes.

In our ontology we defined around 58 instances representing all ontology concepts. Figure
4.4 depicts some of these instances.
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Figure 4.4: Ontology Instances

Stage 3: Define object properties (relations) among classes as a requirement to come up with

the ontology. Create object properties play a vital role in connecting concepts of the ontology

in our Arabic Ontology Domain "33uall 43" (Prayer jurisprudence).

We used 4 object properties that connect the important concepts which have relations with

each other. The main cause for using only 4 object properties is due to the nature of the

ontology where there is no suitable relations between ontology components.

Table 4.2 depicts these 4 object properties in our Arabic ontology.

Table 4.2: Ontology Object Properties

No. | Object property/ AR Object property /EN
1 PR Alleviate
2 83ay iy Linked to Prayer
3 big Y Not Linked
4 O Inform
29
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Stage 4: Enrich ontology with synonyms and stemming

In our work we don’t need any stemmer for stemming documents or Gazetteer list for
synonyms words. We solve these two issues by enriching our ontology with a lot of synonym
words and stemming words, where synonym is a word that means the same meaning or similar
meanings for another word [51], and stemming is the process for reducing or sometimes derived
words to their stem, base or root form [39]. For example the synonyms for instance "s jtall"
(Funeral) is "<uwall" (Dead) and " 45" (Dead) and the stemming words for instance "_dluall"
(Traveler) is "_&adl " Traveling, "_dwa" (Travel), "t " (Traveler ), and "_&" (Travel).

Figure 4.5 depicts an example of the synonyms words for instance "3 LalI" (Funeral) which is

"cuadl" (Dead) and "4sidl" (Dead) in our Arabic ontology domain. We express synonyms and
stemming by using the annotation property: Label when we build the ontology using protége tool
which is represented as rdfs:Label in the ontology. Figure 4.5 depicts the synonyms words for

Instance "s ball" (Funeral).

| mnmuEuLE | usEge

Annotations: 25
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& i
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T

label [type: string]
hsid

label [type: string]
aad

-

| £| Change entity URI

=
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P

O Change all entitiez with this URI

0K

|| Cancel |

] Show full IRI
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i

Figure 4.5: The Synonyms Words for Instance "4\ ( Funeral )
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Stage 5: Ontology evaluation

The important thing after building the ontology is the process of evaluating it. We depend
on the Golden standard and the help of domain experts. We use precision and recall [45] to
evaluate the ontology.

Correct concepts are decided based on the Golden standard which could be another ontology,
or it could be taken statistically from a corpus of documents or prepared by domain experts.
Precision is number of correct concepts in the ontology relative to the total number of
concepts in the ontology as shown in equation 4.1 and Recall is number of correct concepts in

the ontology relative to total number of possible concepts as shown in equation 4.2.

o Number of correct concepts in the ontology eq (4.1)
Precision = - --- € (4.
Total number of concepts in the ontology
Number of correct concepts in the ontolo
Recall = P &Y ... eq (4.2)

Total number of possible concepts

In general precision is a metric that is used to indicate how accurately the concepts
identified in the ontology represent the domain. Recall is used to measure the coverage of the
ontology.

In our case we relied on the domain expert to evaluate the ontology by asking him about the
shortage in the ontology concepts/classes. He identified 23 correct classes and the total
number of classes is 23 then the Precision would be:

Precision = 23/23=100%
Also in our case the domain expert said there is still missing 1 concept/class that the ontology
does not cover. Then the total number of possible concepts equal 24 and the Recall would be:
Recall = 23/24= 95.83%

The same way we can calculate the instances or individuals of the ontology by asking the
domain expert about the shortage in ontology instances the domain expert identified 58
correct instances, therefore the Precision would be:

Precision=58/58=100%
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Also in our case the domain expert said there is still missing 12 instances or individuals that
the ontology does not cover. Then the total number of possible instances equal 70 and the
Recall is:

Recall=58/70=82.85%

Table 4.3:Ontology Evaluation

Metric Classes Instances
(Individuals)
Precision 100% 100%
Recall 95.83% 82.85%

4.3 Documents Annotation

Semantic annotation is performed on the xml documents using the Onto Root Gazetteer
Annotator which is in combination with few other generic Gate resources capable of
producing ontology-based annotations over the given content with regards to the given
ontology. This gazetteer is a part of Gazetteer_Ontology Based plugin [40]. The parameters
for Onto Root Gazetteer include:

- Morpher: is the identification, analysis and description of the structure of a given language.
- PosTagger: produces a part-of-speech tag as an annotation on each word or symbol.
- Ontology

- Tokenizer

In our work we only are interested in the last two parameters; ontology and tokenizer because
at this stage of our work we don’t need Morpher and PosTagger. They are needed as
parameters in order for Onto Root Gazetteer to work properly.

As we said the ontology is considered the main important phase which we use in the process
of documents annotation. In this phase all the documents that are saved in the corpus and
contain words and have relation with the ontology components will annotate with these
ontology components and the result will be annotation types (ontology classes). Figure 4.6
depicts using Onto Root Gazetteer annotator. It includes two parts in the right side we can
watch Onto Root Gazetteer annotator loaded and on the left side the parameters used for Onto
Root Gazetteer also loaded in the bottom side of the figure we can select the corpus for our

work.
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- Loaded Processing resources - Selected Processing resources
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Figure 4.6: Using Onto Root Gazetteer

Figure 4.7 depicts a sample of the result using Onto Root Gazetteer annotator, the example

shows the annotation types "_lx=¥) Jal s3.a" (Prayer of Exempted Pe

ople) and "<ily)"

(Roateb) in the figure when we select the two annotation types the ontology components that

have related with words in the text will annotate.
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Figure 4.7: The Annotation Process Result
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e Tokenizer

Tokenization is the process of breaking a stream of text up into words, phrases, symbols, or
other meaningful elements called tokens. The list of tokens becomes input for further
processing such as parsing or text mining. Tokenization is useful both in linguistics (where it
is a form of text segmentation), and in computer science, where it forms part of lexical
analysis [41]. Gate have a lot of tokenizers for different languages including Arabic toknizer.
We tokenize the documents into tokens this facilitate the process of documents annotations.
The Arabic tokenizer will be the important parameter for Onto Root Gazetteer beside the
ontology. The Arabic tokenizer will splits every document stored in the corpus into very
simple tokens such as numbers, words of different types this help in the process of annotations
then these tokens will annotate with ontology components such as classes, sub-classes,

relations where the ontology consider the other parameter for Onto Root Gazetteer annotator.

4.4 Processing Annotated Documents

In this step after annotating documents using Onto Root Gazetteer annotator, we pass
annotated documents to Jape Transducer plugin [53] which has init-time parameter Grammar
URL, that appears as an optional parameter to the grammar URL. The User can use this
parameter (i.e. Grammar URL) to specify the Jape rules [42] that consider files written with
the extension ".jape", the Jape Transducer parse and compile the Jape rules at run-time to
execute them over the GATE document(s). The output of processing these documents will be
the annotation types (ontology classes) for example "_lac¥) Jal s3ua" (Prayer of Exempted
People), "<l s," (Roateb) and "o o= 8" (FardhuAin). All Jape rules used in our work rely
on the "annotation type lookup" which is the default annotation type that we use as input for
all Jape rules used in our work. Figure 4.8 depicts some of Jape rules used in processing

annotating documents.
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1label

—E

Qate.AnnotationSet label = (gate AnnotationSetibindings.get"label™);
gate Annotation personAnn = (gate Annotation)label.iterator().next(;
gate.FeatureMap features = Factory. newFeatureMap();

features.put{“rule”, "salataheladr17);
outputAS add(label firstNode), label lastNaode), "5 lazY hLﬁ:i aila”,
features);

Rule: salataheladr
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_=

Qate.AnnotationSet label = (gate AnnotationSet)bindings.get("label™);
gate_Annotation personAnn = (gate Annotation)label.iterator]).next);
gate FeatureMap features = Factory newFeatureMap();

features. put“rule”, "salataheladr1™;
cutputAS add(label firstNodel, label lastNode), “;lisYl 2] a4s”,
features);

Figure 4.8: Jape Rules Example

for example the instances "—wl" (afraid) and "SIV (Passenger) will be under the
annotation type "l Jal s3ua" (Prayer of Exempted People), so we need only the annotation
type ")l Jal s3ua" (Prayer of Exempted People) to use it in the process of search that will
return all documents contain the ontology instances "<l (afraid) and "SI\ (Passenger)
that will be under it.

4.5 Indexing and the Search Process

The purpose of indexing is to optimize speed and performance in finding relevant
documents for a search query. Without an index, the search engine would scan every
document in the corpus, which would require considerable time and computing power. For
example, while an index of 10,000 documents can be queried within milliseconds, a
sequential scan of every word in 10,000 large documents could take hours [43]. The corpus
of all annotated documents will be stored in Datastore of Gate to begin the process of
indexing and searching. We depend on Lucene Datastore search engine in this process which

is part of Gate environment.
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4.6 The Model Structure

Figure 4.9 provides a general view of the architecture of our model.

Synonyms and Stemming
for ontology elements

|

Input
> 7| Query
i,.-’- - Ontology
SEr
\.L_\_vl'l_,-_. Le Information ] Annotator

= P Retrieval
R By
= E
List of Annotated Indexed
Documents

Jape rules

Figure 4.9: The Proposed Model

The proposed model contains the following components:

User Interface: is used by the user to input the query as annotation type (ontology class)

and view the results of the retrieved documents. It uses the following components:

— Input Query: The user inputs the query as annotation type (ontology class) in Arabic
and the Lucene search engine make the search process.

— Results: The system shows the relevant documents that have a relation with the query
input.

Document annotation and retrieval process: Is performed in order to retrieve the

relevant documents by entering the query over the user. It consists of the following

components:

— Annotator: Used to make the annotations for annotated documents in the corpus.

— Jape rules: then Jape rules apply in the annotated documents.
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— Information retrieval process: Used to find the relevant document to appear as a

result of the user request.

— Ontology: Domain specific classes, sub-classes, and properties the ontology contain

synonyms and stemming words.

— Corpus: this is a repository for documents that will be annotated and used in the

process of information retrieval.

From the above (specifically, document annotation and retrieval), after all components
interact and execute together the result will be annotated documents. The user can begin
writing his query in Gate interface which will be the annotation type (ontology class) that
come from the process of documents annotation and then send the query. The search process
starts over the annotated documents and the results will be presented in the Gate interface in

the form of documents that match the query.

47 Summary

In this chapter, we have discussed the steps to execute our methodology. In the first section,
we talked about preparing our corpus of documents the number of documents and how we
obtain it. In the second section, ontology building stages explained. In the third section
documents annotation steps explained depending on Onto Root Gazetteer Plugin. In the fourth
section we explain how we processing annotated documents using Jape Rules. In the fifth
section the indexing and search process explained which execute depending on the Lucene
search engine. The next chapter will present the implementation, experimental results and

evaluation.
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Chapter 5: System Realization, Experimental Results and Evaluation

This chapter presents the implementation and the evaluation of our work. Firstly we state
the tools and programs used to develop the proposed model, the system interface, test the
system and evaluate its performance is explained next. At the end of the chapter we shall

discuss our results.

5.1 System Realization

We base our realization on the model structure presented on Section 4.6 (The Model
Structure).

5.1.1 Tools and Programs

To compose our system, we utilize the following tools and programs.

e Forindexing and keyword searching we use Lucene Datastore search engine.
e Protégé for ontology building.

e Gate as environment to execute all our work.
5.2 System Interface
The main Gate interface is shown in Figure 5.1 and consists of the following parts:

1. Applications: in this part we execute our application which we name it "sJball (Gl
(Prayer Application), by adding the plugins and Jape rules in its pipeline.

2. Language Resources (LRs): represent entities such as lexicons, corpora or ontologies.

3. Processing Resources (PRs): represent entities that are primarily algorithmic such as
parsers.

4. Data stores: specialized folder on a hard drive used to store the annotated corpus and
improve processing times for large collections of documents.

5. Text area: view the document before and after the annotation.
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Figure 5.1: Gate Interface

To realize our prototype, we follow a number of steps after building the ontology and

preparing the corpus (see Section 5.2).

1. Language Resources (LRs)

e Loading a corpus which contains documents related to our Arabic Ontology Domain
"33Lall 48" (Prayer jurisprudence), then we will convert these documents to xml type to help
us in the process of documents annotation and retrieval. We load documents to Gate as
Unicode (UTF-8) to support Arabic language.

e Loading the Arabic Ontology Domain "s>u<ll 43" (Prayer jurisprudence) that build using
Protégé program and imported by Gate.

2. Processing Resources (PRs)

e Loading Arabic Tokenizer which is used to tokenize every document stored in the corpus
into very simple tokens as mention in Section 4.3, ANNIE POS Tagger and Gate
Morphological analyzer Plugins.
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e Loading Onto Root Gazetteer which is considered as the Annotator in our work. The Onto
Root Gazetteer has multiple parameters. It contains all Plugins mentioned in Section 4.3
including Arabic Tokenizer, ANNIE POS Tagger, Gate Morphological analyzer and the
ontology that play the main role in the process of document annotation.

e Loading Jape Transducer Plugin which depends on Jape rules as parameters. These Jape
rules are used in processing annotated documents, taking into account the Unicode windows-

1256 for Arabic language.

3. Applications

In this part we connect and realize the parts as one running system. As soon as we run the
application which we name "s3uall 3uki" (Prayer Application), all parts (Plugins) mentioned
in (Section 4.3) are loaded automatically. Then we choose Onto Root Gazetteer and Jape
Transducer and apply these two parts (Plugins) on the selected corpus. After that we can see
the annotated documents.

4, Data stores

In this part we create the Datastore to perform two steps:
— Storing the corpus of annotated documents.

- Do indexing for annotated documents using the Lucene Datastore search engine.

5.3 Experiments

We performed a series of experiments to demonstrate the ability of our system to retrieve the
related documents. All our experiments depend on the annotation types (ontology classes) that
created from the processing of annotated documents using Jape rules.

We give some examples to demonstrate and test the prototype and search using the annotation
types that come up with the process of documents annotation. Figures 5.2 , 5.3 and 5.4 are
three examples showing the results of a search using three annotation types "l ¥ Jaf s3a"
(Prayer of Exempted People), "<l 5" (Roateb) and "o\3¥\" (Aladan). Figure 5.5 is one example

for using the word "¢I3¥1" (Aladan) as keyword (traditional way) in the search.
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Example 1. Searching using annotation type "_la= ¥ Jal s3.a" (Prayer of Exempted People).
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Figure 5.2: Search Using Annotation Type "3 Jai 83ua"( Prayer of Exempted People)

In Figure 5.2, when we search using the annotation type " lx¥! Jal s3la" (Prayer of
Exempted People) the search process returns different matching’s of the words. For example
the search process returns "<ssall" (Fear), "= <" (Disease) and "_ial\" (Traveler). When we

look to the word "2\ (Fear), we find that it is a from of the stemming words for the word

"Cwlali"(Afraid) and the word "u=<l" (Disease) is a from of the stemming words for the
word" o= ell" (Patient).
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Example 2. Searching using annotation type "<l s," (Roateb).
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Figure 5.3 : Search Using Annotation Type " <l g," (Roatb)

In Figure 5.3, when we search using the annotation type "<l5," (Roateb) the search engine
returns many results that have direct relation to returned words or indirect relation with
returned words. Also the search process returns different matching of words for example when we
search using"<ls," (Roateb) it will return "—_xlI" (Maghrib), "4 4" (Obligatory), and
oadl" (Subh). When we look to the word"4.s 5_4all" (Obligatory) it is the synonym word for the
word "u=_8 33" (Obligatory Prayer).
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Example 3. Searching using annotation type " o)3¥1" (Aladan).
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Figure 5.4: Search Using Annotation Type " o)3¥1"(Aladan)

In Figure 5.4 when we search using annotation type "o3¥" (Aladan), the search engine returns a
mix of many results. The retrieved documents have relations with both annotation types: "I3¥)"
(Aladan) and "s>u=ll < 51" (Prayer Times). That is because there is direct relation between the two
annotation types. This relation is created when we build the ontology where "¢)3¥1" (Aladan)

inform "s3all ld 5" (Prayer Times).
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Example 4. Searching using the word " )3¥)" (Aladan) as keyword.

(s( IRUULA AT _Uuuiu
@ ol Corpus: lso\at-corpus v | Annotafion set:| All sels
-~/ 12 docxxml_0001C
- Resuts: - Cotetsize
-7 1 documnl 00018 _
U\ Searth 9 Clear @ Nextpage of50 results
- 7 100docm Q001
7 10.docum 00019
- 7 1 docxxm 00018
l‘I salakartology 0w 00017 Selecta rowin the results table below.
a' Processing Rasources
-t APE Transducer 00178
---éf‘omoﬂootsazeneer_ouosv Page | 4resuty) ¥ ot Gltal | One fem
Annotation Type  Count
\‘ GATE Morpfologicalanaiyser_00SD Left context Match Right context Fealures Quew‘Document L
4 ; i . . \ Token 42342
\ Arabic Tokeniser_00015 il i gl il oY1 | o alall ol jae, Jig 100 dooom 0001A_t874easT | -
-‘--‘ANNIEPOSTagger_DDMS 8l b agual il GV | o ol ol jas Jig 1 [100 oo 0001A_t374g44287) | = ‘_L ™
3 a5 ol gl o 8] ooVl [V pdo dlhal aold] o3V (24 docm| 00026 :
Dafaslorss £ paalln ylall oo [ oVl do alall aali] B9 (21d | 00026__ 13748442874 U:Jg -
oyl gill i Ja| V1 |3V i el ] o 21 docum 00025_ 137442874 7| [ — -
M Ml pobe e sl k] oV i) o sl o] o SS90 |69 docxm]_D00SA_ 13748442880 ““Q_“l"_’;a "
- B iy o i 1oL Y ] 9 g o o 1|60 docum 0006A_ 13743442689 | ?:J-v: -
ol o Jal] b ¥ S ossiai il il SS9 (70 dockonm]_DO0SC_ 12748440801 MT "
ol o Jal] b ¥ S ossiai il il SS9 (70 docom]_DODSC_ 1274840801 || ‘” =
cu il lle 43200 VI Lol el o sl S5V 195 docxaml 00077 13748442900 e ;

Figure 5.5: Search Using the Word "3 (Aladan) as Traditional Way

In Figure 5.5, when we search using the word "¢)3¥)" (Aladan) as keyword (traditional way)
the search process returns little documents comparison with using "o\3¥1" (Aladan) as annotation
type (ontology class) in the process of search. Also the search using the word "I3¥1" (Aladan)
returns the documents that contain the word it self "¢)3¥" (Aladan) but search using annotation
type "oI3¥I" (Aladan) returns the documents contain "¢)3¥)" (Aladan) and the synonyms and
stemming words for it. Additionally the search process returns the ontology components that have

relation with the ontology class "oI3¥)" (Aladan).
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5.4 System Evaluation

System evaluation depends on finding all related documents to the ontology components.
We use 100 documents in our related Arabic Ontology Domain "s3uall 43" (Prayer
jurisprudence) then we used the Gate tool to automatically annotate these documents, based
on the Onto Root Gazetteer annotator.

We depend on two important measures which are commonly used to evaluate such a system:
precision and recall [44].
Recall: is defined as the number of relevant documents retrieved by a search divided by the

total number of existing relevant documents (which should have been retrieved .

Precision: is defined as the number of relevant documents retrieved by a search divided by

the total number of documents retrieved by that search .

Number of retrieved relevant documents 5.1
Recall = ...eq(5.1)
Number of relevant documents
Number of retrieved relevant documents
Precision = ...eq(5.2)

Number of retrieved documents

Table 5.1 shows the calculated values of Precision and Recall for the ontology
concepts ("<l5," (Roateb) , "g skill 23La" (Voluntary Prayer), "cxe =" (FardAin),
"l s3La"(Eid Prayer),"lae¥) Jai s3ua" (Prayer of Exempted People), "sdball < Sa"
(Prayer Components), "¢l3¥I" (Aladan), "sed" ( Omission), "u=_4 33ua" (Obligatory
Prayer),"sSuall <& 5" (Prayer Times), "s3uall L5 3" (Prayer Conditions)). The results are

calculated based on equations 5.1 and 5.2.
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Table 5.1: Precision and Recall Results

Annotation Types Recall Precision

g, 97.72 100

g skl 53a 93.75 95.74
e s 97.82 100

2l 33ua 85 94.44
ey Jaf $3a 93.75 100

B3al) i gSa 95.23 71.42

o 95 82.60
sl 95 95

53l Ja g 84.61 73.33
oa_h 3%a 98.07 100

33all s 84.61 73.33

Figure 5.6 depicts the recall and precision for every annotation type in Table 5.1.
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Figure 5.6: Recall and Precision for Every Annotation Type
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For comparisons with other methods, since no previous work in Arabic domain using Gate
in the process of documents annotation and retrieval and other methods found. So we cannot

compare our methodology with other researches.

5.5 Discussion

The results shown in Table 5.1, show high values and low values for different annotation
types. This is due to the following reasons:

e For all experiments when we select the corpus of 100 documents we classify these
documents where every group of documents related with annotation type (ontology class) to
help us in our work for example 1-8 documents contain ontology components that come under
annotation type "u=_ 8 33ua" (Obligatory Prayer). We now know when we search using
annotation type "u=_8 s3La" (Obligatory Prayer) the specified documents will be retrieved
because it is known previously and the other documents related with annotation type "ua s3a"
(Obligatory Prayer ) will be retrieved also. This gives some high values and also others low

values at the same time.

Another example is that 94-100 documents contain ontology components that come under
annotation type "o13¥\" (Aladan). So when we search using annotation type "o\3¥1" (Aladan) the
specified documents will be retrieved. Also the documents under annotation type "s>uall < 5"
(Prayer Times) will retrieved because there is a relation between the two annotation types
"OIYI" (Aladan) and "slall < 5" (Prayer Times) and this gives high values and low values in

our results at the same time.
Also the following can be noted:

e The experiments on a corpus of 100 documents achieved the highest accuracy for every
annotation type in our model.
e Precision and Recall may be give different values depending on the size of a corpus of
documents.
e Extending and enriching the ontology with more components which are used in the
process of document annotation give more comprehensive retrieved documents and accurate
results.

e From all our experiments, we can say our system model achieved the best results for all
annotation types as we indicated and shown in Table 5.1 and Figure 5.4.

¢ We can confirm that our system model is better than the traditional ways in the process of

documents search and retrieved by giving the best results.
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5.6 Summary

In this chapter we have talked about realization, experimental results and evaluation of the
proposed system. In the first section we presented the tools and programs used in our work.
In the second section we explained the system interface. In the third section we presented
the experimental examples performed for some annotation types. The fourth section

presented the evaluation measurements for our model. In the fifth section we discussed the

results.
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Chapter 6: Conclusion and Future Work

We have developed a model for Automatic ontology based document annotation for Arabic
information retrieval that facilitates information retrieval with high precision and high recall.
This ontology-based model uses ontology components for matching user requests and

documents rather than keyword to keyword matching.

Our model consists of several stages: preparing a corpus, building Arabic ontology domain
"33Lall 4sd" (Prayer jurisprudence), documents annotation, processing annotated documents,

indexing and search process.

Experiments were performed depending on the annotation types presented in Table 5.1
which considers the output of our system automatic ontology-based document annotation for

Arabic information retrieval.

For evaluation purposes, the two common effective measures were used Recall and
Precision. The Results of annotation types give high Precision and high Recall for all the

annotation types as we said in Table 5.1.

Using our system model we overcome the problem of the traditional way used in the process

of documents search and retrieval. This means saving time and returns better results.

Our contribution in this work includes the following:

Adaptation of GATE to work with Arabic documents specially when we use lucene
Datastore search engine.

Building and evaluating a domain specific ontology "s>u<ll 4&" (Prayer jurisprudence)

Building automatic ontology-based document annotation for Arabic information retrieval

model used in the process of documents annotation and retrieval.

A model that covers an important issue in the field of "s3Lall 43" (Prayer jurisprudence) for

users who are interested in the part of Islamic issues.
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This work can be improved in multiple directions:
- Extending the ontology by adding the other parts that have relation with the domain "s>uall 4"

(Prayer jurisprudence) to include other issues related with Islam.

- Increasing our corpus of documents to retrieve more documents in the domain and obtain

more accurate results.

- Extending our system model to be online, have direct relation with the internet this will help
to retrieve more and new documents in the field we work in it. This requests building in

independent system out of the Gate environment.
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Appendix A: Part of OWL Source Code

<?xml version="1.0"?>
<IDOCTYPE rdf:RDF [
<IENTITY owl "http://www.w3.0rg/2002/07/owl#" >
<IENTITY xsd "http://www.w3.0rg/2001/XMLSchema#" >
<IENTITY rdfs "http://www.w3.0rg/2000/01/rdf-schema#" >
<IENTITY rdf "http://www.w3.0rg/1999/02/22-rdf-syntax-ns#" >
1>
<rdf:RDF xmlns="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#"
xml:base="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlins:owl="http://www.w3.0rg/2002/07/owl#"
xmins:xsd="http://www.w3.0rg/2001/ X MLSchema#"
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<owl:Ontology rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2"/>
<I--
I T T ]
1
/] Object Properties
1
o,
>
<!-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#led adss -->
<owl:ObjectProperty rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#lgd asai">
<rdfs:label rdf:datatype="&xsd;string">le Je~i</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">\ Jisi</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string" >4 ,ui</rdfs:label>
<rdfs:range rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#isa 1 i"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# ,lx=¥) Jal s3a"/>
</owl:ObjectProperty>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#ks 5 ¥ -->
<owl:ObjectProperty rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#ks 5 ¥'>
<rdfs:label rdf:datatype="&xsd;string">u«x% Y</rdfs:label>

<rdfs:label rdf:datatype="&xsd;string">dJ«w5 Y</rdfs:label>
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<rdfs:range rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#c)3¥1"/>
<rdfs:domain rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#x=ll s3L.<"/>
</owl:ObjectProperty>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#sSa: ias y -->
<owl:ObjectProperty rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#3ua; ik ">
<rdfs:label rdf:datatype="&xsd;string" > s 3</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">Js ¢, s<i</rdfs:label>
<rdfs:domain rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<l 5_,"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#cse o= &"/>
</owl:ObjectProperty>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#:3 5 -->
<owl:ObjectProperty rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#:3 ">
<rdfs:label rdf.datatype="&xsd;string">_»3:
</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">clx
</rdfs:label>
<rdfs:domain rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#:)3¥1"/>
<rdfs:range rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>tall < 5"/>
</owl:ObjectProperty>
<I--
I T T ]
I
/I Classes
1
I T T ]
>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#,S i -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#:S _ji">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>tall il Sa'/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#c)2¥! -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#,3¥1">
<rdfs:label rdf:datatype="&xsd;string">c23l</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">c33</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">3n</rdfs:label>

<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>all_4a"/>
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</owl:Class>
<!-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# se-d) -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# se~d\"">
<rdfs:label rdf:datatype="&xsd;string" >l
</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string"> se~</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>all_4as"/>
</owl:Class>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<il 5 -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<l s )">
<rdfs:label rdf:datatype="&xsd;string">s )l (s
</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string" >l sl ¢y
</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#¢ saill s3a"/>
<rdfs:subClassOf>
<owl:Restriction>

<owl:onProperty rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-
243y ddaii ">

<owl:allVValuesFrom rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-
20 La >

</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#assy <l -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#a.es ) 5,">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<xl 5_"/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#4.lé il 5, -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#3d8 5 ,">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<xl 5_"/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#334 ) ses -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#5L ) s>
<rdfs:label rdf:datatype="&xsd;string">s3b }ll sen</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# sei\"/>

</owl:Class>
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<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#elé  seas -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<li  seu'">
<rdfs:label rdf.datatype="&xsd;string"><lll seu</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# se-d1"/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# e sgws -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# lais s>
<rdfs:label rdf:datatype="&xsd;string">laiill seu
</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# se-d1"/>
</owl:Class>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s3all ks i -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s3uall 1 i">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>Lall 4&"/>
</owl:Class>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#issa 1 g,k -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#4sa s i">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#:>tall L 5 ,5"/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#—s 5 oy -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#— s> 5 L5 ">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s3uall L 5 yi"/>
</owl:Class>
<!-- http://Awww.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# =¥} Jal 33z -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# ))3=¥)_Jal s>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>all_4a"/>
</owl:Class>
<!I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#¢ skill s3a -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#g skill s3a">
<rdfs:label rdf:datatype="&xsd;string">¢ ski</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">g ski s3ua</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>all 4as"/>
</owl:Class>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#x=ll s3a -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#=ll 33>

<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#g skill s3a"/>
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</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# = 4 83ba -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# = 4 33La">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#sJtall 4i"/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#e (a5 -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#cse o= 4>
<rdfs:label rdf:datatype="&xsd;string">%=5_2li</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">% si<li</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# = 4 s3ua"/>
</owl:Class>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#4US (s 5 -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#4uS (= ">
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#=_8 s2ka"/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#sStall 4 -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>tall 4i"/>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<>ass -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#< s>
<rdfs:label rdf:datatype="&xsd;string">c=</rdfs:label>
<rdfs:label rdf:datatype="&Xxsd;string">J=u</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>all <l sSa''/>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<biatiue -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<laiue">
<rdfs:label rdf:datatype="&xsd;string">waiwe</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">waiuw
</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>tall il Sa'/>
</owl:Class>
<!-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<ia 5 S -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<ia 5 <>
<rdfs:label rdf:datatype="&xsd;string">4!_sli</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">s>uall a1 S</rdfs:label>

<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s3all i Sa"/>

</owl:Class>
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<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s3uall i sSa -->

<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s3all il Ka*>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#sJall i[>
</owl:Class>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#stall =d, -->
<owl:Class rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#stall é 4>
<rdfs:label rdf:datatype="&xsd;string"><3 si</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">sall 1 i
</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">s>tall <18l sa</rdfs:label>
<rdfs:subClassOf rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s>all_4as'/>
</owl:Class>
<l--
i
I
/I Individuals
1
T

>

<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#alall Juain) -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#ilall Jlaiu">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#isa 1, i"/>
</owl:NamedIndividual>
<!-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# jlaisy -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#5 jlaiuyl">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#¢ saill s3a"/>
</owl:NamedIndividual>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s&uiuy) -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s&uiuy|">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#g shill s3La"/>
<rdfs:label rdf:datatype="&xsd;string">+kuiul</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string"> aiul</rdfs:label>
<rdfs:label rdf:datatype="&xsd;string">la.li</rdfs:label>

<rdfs:label rdf:datatype="&xsd;string">aiwu</rdfs:label>
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</owl:NamedIndividual>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#3tY! -->
<owl:Namedindividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#:uY1">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#— s b s,a"/>
</owl:NamedIndividual>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#—asall eyl -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#—sasll clatyl”>
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#-ita 5 Sa"/>
</owl:NamedIndividual>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# =¥l -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#~=Y">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#x=ll 33a"/>
<rdfs:label rdf:datatype="&xsd;string">~=Y</rdfs:label>
</owl:NamedIndividual>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#ae=ll JSYI -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#aeall JSYI">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#= kw"/>
</owl:NamedIndividual>
<l-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#¢ s -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#¢ s>
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#— s> 5 L s,a"/>
</owl:NamedIndividual>
<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# j=a3ill -->
<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# »=sill">
<rdf:type rdf:resource="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#<ia 5_S<"/>

</owl:NamedIndividual>

<I-- http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#z 5 s -->
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Appendix C: Example of Jape Rules

Phase: salataheladr

Input: Token Lookup

Options: control = appelt

Rule: salataheladrl

(
{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# )= ¥! Jal 532"}
):label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put("'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), ")\ daf s,
features);

}

Rule: salataheladrl

(
{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#sli"}
):label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("'label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put(“'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), " )= Jal s3La",
features);

}

Rule: salataheladrl

(

{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#—<| _ii"}

):label

ol Lalu Zyl_ﬂbl )
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-->

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put("rule”, "salataheladrl");

outputAS.add(label.firstNode(), label.lastNode(), " ) ¥ Jal s3ua",
features);

}

Rule: salataheladrl

(
{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#_=: »I"}
):label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("'label");
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put("'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), ")\ ¥! Jal s3La",
features);

}

Rule: salataheladrl

(
{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# il.l"}
):label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("label");
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put(“'rule”, "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), " =¥ Jai s3la",
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features);

}

Rule: salataheladrl

(
{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#esé i}
):label

-->

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("'label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put("rule”, "salataheladr1™);

outputAS.add(label.firstNode(), label.lastNode(), "))y Jal s3la”,
features);

}

Rule: salataheladrl

(

{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#isa 15"}
)

:label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("'label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put("'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), ")\ ¥! Jal s3La",
features);

}

Rule: salataheladrl

(

{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#all Jlai.l"}

)
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>
{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("label");
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put(“'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), ")l ¥1 Jal s3la”,
features);

}

Rule: salataheladrl

(

{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#aall e 5 lehll"}
)

:label

-->

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("'label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put("rule”, "salataheladr1™);

outputAS.add(label.firstNode(), label.lastNode(), "))y Jal s,
features);

}

Rule: salataheladrl

(
{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2# il J 22"}
)

:label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("label");

gate.Annotation personAnn = (gate.Annotation)label.iterator().next();

gate.FeatureMap features = Factory.newFeatureMap();
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outputAS.add(label firstNode(), label.lastNode(), " =¥ Jaf s3ua",
features);
}

Rule: salataheladrl

(

{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#s_ sl i."}
)

:label

>

{

gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("'label™);
gate.Annotation personAnn = (gate.Annotation)label.iterator().next();
gate.FeatureMap features = Factory.newFeatureMap();
features.put(“'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), ")\ daf s3a”,
features);}

Rule: salataheladrl

(

{Lookup.URI=="http://www.semanticweb.org/ashraf/ontologies/2012/8/untitled-ontology-2#\Sall 5 ol y il 5 )leha"}
)

:label

>

{ gate.AnnotationSet label = (gate.AnnotationSet)bindings.get("label);

gate.Annotation personAnn = (gate.Annotation)label.iterator().next();

gate.FeatureMap features = Factory.newFeatureMap();

features.put("'rule", "salataheladr1");

outputAS.add(label.firstNode(), label.lastNode(), ")\ ¥! Jal s3La",

features);}
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