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ABSTRACT
The Holy Quran is the word of Allah Almighty revealed by His

Messenger Muhammad (peace be upon him). It has a set of rules
governing the way in which the words of the Quran should be
pronounced during its recitation (Tajweed).

The objective of this research is to design an ontology for Holy
Quran Tajweed (Articulations Points of the Letters, Un Vowel Noon and
Tanween) to support the learning of this part of Tajweed and to facilitate
the sharing of knowledge with the other Holy Quran applications. In
order to achieve this goal, the researcher adopted the applied approach
using protéegé framework with OWL to build the Ontology.

This research listed the steps of ontology development process.
Enumerated the terms that can possibly found in the domain, and then
addressed the complex issues of defining class hierarchies, organized
them in a hierarchy depending on which class subsumes another. And
then defined properties for each class and the relationships linked these
classes. Also restrictions were put on some properties according to what
the rules of Tajweed stipulate. Last step in designing the ontology was
added instances to each class to be able to make queries, and ensure that
all the classes are consistent with each other by using the Reasoner.
Finally, some Queries were applied to the ontology using both DL Query
and SPARQL Query.

The designed ontology can retrieves information about Articulation
Points of the Letters, Un Vowel Noon and Tanween. Furthermore, it can

be shared and reused in applications related to the Holy Quran.

Key words: Quran, Tajweed, Articulations Points of the Letters,

Ontology, Un Vowel Noon, Tanween.
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CHAPTER ONE

This chapter narrates the historical background of ontology and gives
brief introduction about Quran Tajweed, addition to the research

methodology.

1. 1 Introduction

1.1.1 Ontology

Historically, ontologies arise out of the branch of philosophy known as
metaphysics, which deals with the nature of reality — of what exists. This
fundamental branch is concerned with analyzing various types or modes of
existence, often with special attention to the relations between particulars and
universals, between intrinsic and extrinsic properties, and between essence
and existence. The traditional goal of ontological inquiry in particular is to
divide the world "at its joints" to discover those fundamental categories or

kinds into which the world’s objects naturally fall [1].

Since the mid-1970s, researchers in the field of artificial intelligence
(Al) have recognized that capturing knowledge is the key to building large and
powerful Al systems. Al researchers argued that they could create new
ontologies as computational models that enable certain kinds of automated
reasoning. In the 1980s, the Al community began to use the term ontology to
refer to both a theory of a modeled world and a component of knowledge

systems [1].


http://en.wikipedia.org/wiki/Philosophy
http://en.wikipedia.org/wiki/Metaphysics
http://en.wikipedia.org/wiki/Particular
http://en.wikipedia.org/wiki/Universal_(metaphysics)
http://en.wikipedia.org/wiki/Intrinsic_and_extrinsic_properties_(philosophy)
http://en.wikipedia.org/wiki/Essence
http://en.wikipedia.org/wiki/Existence
http://en.wikipedia.org/wiki/Artificial_intelligence
http://en.wikipedia.org/wiki/Computational_model
http://en.wikipedia.org/wiki/Automated_reasoning
http://en.wikipedia.org/wiki/Automated_reasoning

In the context of computer and information sciences, ontology defines a
set of representational primitives with which to model a domain of knowledge
or discourse. The representational primitives are typically classes (or sets),
attributes (or properties), and relationships (or relations among class
members). The definitions of the representational primitives include
information about their meaning and constraints on their logically consistent

application.

In the context of database systems, ontology can be viewed as a level of
abstraction of data models, analogous to hierarchical and relational models,
but intended for modeling knowledge about individuals, their attributes, and

their relationships to other individuals.

Ontologies are typically specified in languages that allow abstraction
away from data structures and implementation strategies; in practice, the
languages of ontologies are closer in expressive power to first-order logic. For
this reason, ontologies are said to be at the “semantic" level. Due to their
independence from lower level data models, ontologies are used for
integrating heterogeneous databases, enabling interoperability among
disparate systems, and specifying interfaces to independent, knowledge-based
services. In the technology stack of the Semantic Web standards, ontologies
are called out as an explicit layer. There are now standard languages and a
variety of commercial and open source tools for creating and working with

ontologies [1].

In recent years, there has been a global growing demand for Islamic

knowledge by both Muslims and non-Muslims, especially knowledge relating



to the Quran, as it is the main source of knowledge, law and wisdom in the

Islamic religion.

1.1.2 Holy Quran

The Holy Quran is the word of Allah Almighty revealed by His
Messenger Muhammad (peace be upon him). It is the primary source of
universal laws and regulations for all Muslims and non-Muslims. The Holy
Quran is a well-structured source of information. It consists of 30 divisions
(Juz), 114 chapters (Surah) and 6236 verses (Ayah) covering many themes
and concepts that make up divine knowledge and law. Muslims need to

understand it as well as Allah in order to properly worship him.

Quran Tajweed is the set of rules governing the way in which the words

of the Quran should be pronounced during its recitation.

1.2 Problem Statement:

The Holy Quran’s ontology uses knowledge representation to define the
key concepts in the Holy Quran in order to facilitate its understanding for
Muslims and Non-Muslims. Although several Quran search applications have
been built to facilitate the retrieval of knowledge from the Quran, such as
Qurany, Quran Explorer, Tanzil, and Quranic Arabic Corpus, there is still no
ontology for Quran Tajweed available to help the users in getting their desired

knowledge.



1.3 Problem Significance

Developing an integrated ontology model for the Holy Quran Tajweed
will facilitate understanding the Holy Quran Tajweed. Additionally, it will

enhance the ability to search for desired knowledge within the model.

1.4 Research Question/Hypothesis/Philosophy

1.4.1 Research Question

The main question that addressed in this research was how to construct
an integrated ontology model for the Holy Quran Tajweed. There are also
some additional sub-questions:

1. What are the suitable mechanisms to help build such a model?
2. What is the format of the existing ontologies?

3. What are the search techniques being used in the existing ontologies?
1.4.2 Research Hypothesis

The most important factor seen in all different types of searches is the
need to find exactly what you were looking for. This will be achievable if we

use an ontology-based approach.

1.4.3 Research Philosophy

The philosophy behind building an integrated model for the Holy Quran

Tajweed is based on the want to use appropriate methods to construct



ontologies whilst using techniques for the goal of achieving the optimal

semantic search.

1.5 Research Objective

The main objective of this research is to investigate techniques that will:

1. Design an integrated model for the Holy Quran Tajweed knowledge

using ontology.

2. Save the Designed Model in a format that allows combining it with other

ontologies.

3. Evaluate the models accuracy under several differing circumstances.

1.6 Open Issues:

From the literature review section, it is clear that Quran ontologies

remain an open problem, and there are some issues as follow:

e There are still some open research issues that need to be addressed like
Tajweed ontology development.

e How can building an integrated ontology model for Holy Quran related
knowledge?

e How can developing a complete application that allows searching and

learning with a semantic based method?



1.7 Research scope

® Investigating a mechanism for developing ontology for part of Quran

Tajweed.
e Achieving semantic searches in the Holy Quran Tajweed.

1.8 Proposed Solution

e Use one of Ontology building Tools to construct ontology for Holy

Quran Tajweed.
e Save the generated ontology in appropriate formats.

e Use ontology-based approaches for enhancing the search features to

become accurate and specific.

1.9 Research Methodology

To begin with, we investigated and assessed the more state of the art
models in this area by reviewing the ontologies and techniques related to the
Quran and Information Extraction. Also, different Quran ontologies were
reviewed to determine the discussion surrounding current ontologies. Based
on this research a new Integrated Model for Quran Tajweed was suggested,
because the researcher found no ontologies on this aspect. This new model
should take into consideration the different ontology formats, as they will be
combined to produce the most powerful model possible for semantic searches

in the Holy Quran Tajweed in the future.



CHAPTER TWO

LITERATURE REVIEW

This chapter discusses the issues of ontology and ontology engineering
in extra level of details. Also shows some ontology studies in Holy Quran

domain.

2.1 Ontology

2.1.1 Ontology Definition

There are many interpretations about what ontology is. In fact, hot
discussions are often done in many meetings on ontology. However, the
ontology community has come to an agreement on giving up its definition.

The following are some of the definitions of ontology.

e In philosophy, it means

Theory of existence, it tries to explain what is being and how the world
is configured by introducing a system of critical categories to account things

and their intrinsic relations.

e From Al point of view

Ontology is defined as “explicit specification of conceptualization™ [1]
which is widely accepted in Al community. “Conceptualization” here should

be interpreted as “intentional” rather than “extensional”.



e From knowledge-based systems point of view

“A theory (system) of concepts/vocabulary used as building blocks of
an information processing system”. In a context of problem solving,
ontologies are divided into two types: Task ontology for problem solving

process and domain ontology for the domain where the task is performed.

e Another definition given by Gruber

Ontologies are agreements about shared conceptualizations. Shared
conceptualizations include conceptual frameworks for modeling domain
knowledge; content-specific protocols for communication among inter-
operating agents; and agreements about the representation of particular
domain theories. In the knowledge sharing context, ontologies are specified in
the form of definitions of representational vocabulary. A very simple case
would be a type hierarchy, specifying classes and their subsumption
relationships. Relational database schemata also serve as ontologies by
specifying the relations that can exist in some shared database and the

integrity constraints that must hold for them.

e A compositional definition is given as follows

An ontology consists of concepts, hierarchical (is-a) organization of
them, relations among them (in addition to is-a and part-of), axioms to

formalize the definitions and relations [2] (Figure2.1).



2.2. Ontology of Ontologies

Depending on their intend use, ontologies come in variety of types,

varying in their formality and their specificity.

2.2.1 Informal Ontologies

e Controlled vocabulary perhaps the simplest kind of ontology is
controlled vocabulary. In a controlled vocabulary, we make use of a
few predefined keywords to classify entities: no perhaps, properties, or

axioms. In some domains, this is sufficient.

e Terms/glossary here, we have a list of terms, as with a controlled
vocabulary, but some attempt is made (typically with natural language,
e.g. an English explanation) to define the meaning of these terms.
However, the computational power of such ontology is roughly that of a
controlled vocabulary, since we cannot in general compute with the
natural language explanation. The value of the explanation is therefore

usually for the ontology designer.

e Thesaurus a thesaurus defines synonyms: terms that have the same
meaning. Thus, if you want to find a web service that provides weather
forecasts, it might be useful to know that ‘meteorological forecast’

means the same thing.

o Informal ‘is-a’ taxonomies here we think of controlled vocabularies
organized into an informal hierarchy. We find such hierarchies on web
sites such as Amazon.com, for example, where goods for sale are
organized into loose hierarchies.

9



is-a IS-a

work of
fiction

s-a sa

horror children's
novel comic
instance of

\  instance of \ instance of inslar.)ce of

Hitchhiket's
Guide (o the Prey Beanc
Galaxy

Figure 2.1: Example of Work of Art ontology [3].

Typically the hierarchies are not formal hierarchies, because related
goods (e.g. cameras and camera bag) are collected together in the same
place, without any formal definition of how or why the goods are

clustered in this way [3].

2.2.2 Formal Ontologies

Where some attempts is made to give the terms in the ontology some
formal semantics.

e Formal ‘is-a> taxonomies here, we explicitly define subsumption

relationships between classes as shown in (figure 2.2).

10



CONTROLLED

e Properties here, we now allow classes to have properties, and together
with the subsumption relation, this permits us to draw conclusions about

the properties of classes.

e Value restrictions value restrictions give additional information about
relationships; for example, a typical restriction might say that ‘every

person has exactly one birth mother’.

INFORMAL FORMAL
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Formality/expressiveness of ontology
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[«
2 £
Q o
E (8]
@

Figure 2.2: The ontology spectrum from informal up to formal expressive [3].

e Arbitrary logical constrains finally, we might have ontologies with
arbitrary logical constrains. Such constrains go beyond value restriction,
taxonomical hierarchies, etc. In general, such constrains allow us a great
degree of precision when defining an ontology. The drawback with

such constrains is that, in general allowing arbitrary logical expressions

11



leads to very high computational complexity (and even undecidability)

with respect to reasoning [3].

low

application
ontology

A
/ domain ontology \
upper ontalogy
high
LY

Figure 2.3: The ontology hierarchy: Degree of reusability [3].

degree of reusability

As well as distinguishing ontologies based on their formality and the
types of information (Figure 2.2), can also usefully distinguish ontologies
based on their role in an application (Figure 2.3). At the bottom, the most
general kind of ontology: the so-called ‘upper ontology ° ( even though it
appears at the bottom in (Figure 2.3) such an ontology might start out by

defining the most general class and then define classes that specialize this.

Domain ontology defines concepts appropriate for a specific
application domain, this research is domain ontology. For example, it might
define concepts relating to Learning terminology, and be used by a number of
applications in the area of Open Learning. Note that domain ontology will
typically build upon and make use of concepts from an upper ontology: this
idea of reuse of ontologies is very important, as the more applications use a

particular ontology, the more agreement there will be on terms.

12



Finally, application ontology defines concepts used by a specific
application. Again, it will typically build upon a domain ontology and it turn
upon some upper ontology. Concepts from application ontology will not
usually be reusable: they will typically be of relevance only within the

application for which they were defined [3].

2.3 Ontology languages

2.3.1 XML - ad hoc ontologies

Arguably the simplest ontologies to create and use are ad hoc
ontologies: create with little effort, for a specific purpose, usually with a short
expected period of use. Often such ontologies take the form of a controlled

vocabulary, and XML is usually the language of choice of such ontologies.

The extensible markup language (XML) is not an ontology language,
although it can be directly used to define simple ontology in an informal way.
It is best thought of as a kind of extension to HTML, which in a nutshell

allows us to define our own tags and document structures [3].

(@) plain HTML
<ul>

<li> <em> agent book</em>,
<b>micheal wooldridge</b>,
USD50<br> <p>

<li> <em> software engineering book</em>,
<b>ian summerville</b>,
USD40<br><p>

<ful>

13



(b) XML
<catalogue>
<product type="book”>
<title> agent</title>
<author> micheal wooldridge </author>
<price currencey="USD”> 50 </price>
</product>
<product type="book>
<title> software engineering </title>
<author ian summerville </author>
<price currencey="USD”> 40 </price>
</product>
</catalogue>
Figure 2.4: plain HTTL versus XML

It is clear that computer program would have a much easier time
understanding the meaning of (Figure 2.4,b) than it would with (Figure 2.4,a),
there is nothing to help a program understand which part of the document
refers to the price of the product, which refers to the author of the product, and
so on. We can think of the tags in (Figure 2.4, b) as being a controlled

vocabulary, providing a useful but relatively informal ontology.

2.3.2 Ontolingua

Ontolingua is originally an Interlingua for ontology representation and
sharing developed by KSL (Knowledge Systems Lab) at Stanford University
[9]. It is designed by adding frame-like representation and translation
functionalities to KIF (Knowledge Interchange Format) [KIF] which is a
logic-based interlingua for knowledge representation. It can translate from

14



and to some description logics languages such as Loom, Epikit, etc.
Ontolingua itself does not have inference functionality. It has currently
developed into a development environment which Provides a set of ontology
development functions (browse, create, edit, modify and use ontologies) and a
library of modular and reusable ontologies. Although it had been a key
language for ontology representation for years since its development, it is not

active recently because of the advent of XML family languages.

2.3.3 RDF(S)

Resource Description Framework (RDF) is a framework for metadata
description developed by W3C (WWW Consortium). It employs the triplet
model <object, attribute, value>, well-known in Al community, in which
object is called resource representing a web page. A triplet itself can be an
object and a value. Value can take a string or resource. Object and value are
considered as a node and attribute as a link between nodes. Thus, an RDF
model forms a semantic network. RDF has an XML-based syntax (called
serialization) which makes it resembles a common XML-based markup
language. But, RDF is different from such a language in that it is a data
representation model rather than a language and that the XML’s data model is

the nesting structure of information and the frame-like model with slots.
Although RDF has been designed for metadata representation model, it

can be used as a general-purpose knowledge representation, which might be

apparent from the fact that it is a kind of semantic network model.

15



2.3.4 Web Ontology Language (OWL)

Web Ontology Language (OWL) is also a language developed by W3C.
OWL is designed to make it a common language for ontology representation
and is based on DAML+OIL. OWL is an extension of RDF Schema and also
employs the triple model. Its design principle includes developing a standard
language for ontology representation to enable semantic web, and hence
extensibility, modifiability and interoperability are given the highest priority.
At the same time, it tries to achieve a good trade-off between scalability and

expressive power.

OWL is a collection of several XML-based ontology frameworks,
within which ontologies in these various frameworks can be expressed.

Specifically, there are three main level of OWL, as follows:

e OWL Lite. This is simplest (least expressive) variant of OWL, which
supports only basic ontology features. In particular, OWL Lite places a
number of restrictions on the type of axioms one can write. The point
about these restrictions is that they result in a language that is
computationally more tractable (and is also somewhat easier for human

to use and understand) than more expressive OWL variants.

e OWL DL. This language extends the properties of OWL Lite. The
features of OWL DL were carefully chosen so that the language

corresponds exactly to a particular formalism know as description logic.

e OWL Full. This is very expressive framework, providing many

features for defining ontologies; however, in its full glory, the
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framework is so rich that many reasoning problems with OWL full

(such as consistency checking) are understandable [3].

Because OWL is the most recent development in standard ontology
languages and providing many features for defining ontologies, it will be
adopted to be the language used to designing the ontology for Holy Quran

Tajweed.

2.4 Ontology components

Contemporary ontologies share many structural similarities, regardless
of the language in which they are expressed. As mentioned above, most
ontology describes individuals (instances), classes (concepts), attributes, and

relations. In this section each of these components is discussed in turn.
Common components of ontologies include:

e Individuals: instances or objects (the basic or "ground level"
objects).

e Classes: sets, collections, concepts, classes in programming, types
of objects, or kinds of things.

e Attributes: aspects, properties, features, characteristics, or
parameters that objects (and classes) can have.

e Relations: ways in which classes and individuals can be related to
one another.

e Function terms: complex structures formed from certain relations

that can be used in place of an individual term in a statement.

17


http://en.wikipedia.org/wiki/Class_(set_theory)
http://en.wikipedia.org/wiki/Class_(set_theory)
http://en.wikipedia.org/wiki/Class_(computer_science)
http://en.wikipedia.org/wiki/Class_(philosophy)
http://en.wikipedia.org/wiki/Class_(philosophy)
http://en.wikipedia.org/wiki/Attribute_(computing)
http://en.wikipedia.org/wiki/Relation_(mathematics)

e Restrictions: formally stated descriptions of what must be true in
order for some assertion to be accepted as input.

e Rules: statements in the form of an if-then (antecedent-consequent)
sentence that describe the logical inferences that can be drawn from
an assertion in a particular form.

e Axioms: assertions (including rules) in a logical form that together
comprise the overall theory that the ontology describes in its domain
of application. This definition differs from that of "axioms" in
generative grammar and formal logic. In those disciplines, axioms
include only statements asserted as a priori knowledge. As used
here, "axioms" also include the theory derived from axiomatic
statements.

e Events: the changing of attributes or relations [4].

2.5 Ontology Engineering

Ontology engineering (or ontology building) is a subfield of knowledge
engineering that studies the methods and methodologies for building
ontologies. It studies the ontology development process, the ontology life
cycle, the methods and methodologies for building ontologies, and the tool

suites and languages that support them.

Ontology engineering aims to make explicit the knowledge contained
within software applications, and within enterprises and business procedures
for a particular domain. Ontology engineering offers a direction towards

solving the interoperability problems brought about by semantic obstacles,
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such as the obstacles related to the definitions of business terms and software

classes.

There is no one correct methodology for developing ontologies. It is
usually an iterative process. We can start with a rough first pass at the
ontology and then revise and refine the evolving ontology. Ontology is a
model of a real domain in the world and the concepts in the ontology must
reflect this reality. After defining an initial version of the ontology, we can
evaluate and debug it by using it in applications or problem-solving methods
or by discussing it with experts in the field. As a result, we will almost
certainly need to revise the initial ontology. This process of iterative design

will likely continue through the entire lifecycle of the ontology.
Developing Ontology may include:

e Selection of Domain and Scope.

e Consider Reuse.

e Find out Important Terms.

e Defining Classes and Class Hierarchy.

e Defining Properties of Classes and Constraints.

e Create Instances of classes [5].

Figure 2.5 show the main steps in the methodology, which will be

illustrate as follow:

Step 1: Determine domain and scope

Development of an ontology starting by defining its domain and scope.

That is, answer several basic questions:
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e What is the domain that the ontology will cover?

e For what we are going to use the ontology?

e Who will use and maintain the ontology?

The answers of these questions may change during the ontology-design

process, but at any given time they help limit the scope of the model [3].
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Figure 2.5: Ontology Development [3].
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Step 2: Consider reuse

Reuse is extremely important in ontology development, for the simple
reason that ontology is most useful if everybody uses it: if we all define our
own ontology for every application, then we are defeating the object of

sharing meaning [3].

Step 3: Enumerate all the relevant terms

This step simply involves knowledge acquisitions about the terms
associated with our domain literally, list all the domain-specific words and
concepts that appear in the requirements [3].

This work was done by reference to authentic Tajweed books as well as
dialogue with experts in the Tajweed field.
Step 4: Define classes and class hierarchy

This step organize the understanding of the domain by identify classes
and organize them. Refining classes into hierarchies can be done either top
down (identifying the most general classes, then next most general, and so on),
or else bottom up (clustering similar terms into progressively more general

classes) [3].

Step 5: Define properties

This step involves identifying, for each class, the properties that are
associated with that class. These properties attached to the most general class
that has them. Properties come in several different types:

= Intrinsic properties are those that relate to the nature of an object.
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» Extrinsic properties are abstract properties such as ‘name’, which
are attached to an object.

= Component of an object if the object is structured in some way,
then it might be useful to identify its component parts.

» Relationship linking the objects with one another [3].

Step 6: Define properties of properties

This step is to identify the properties that each property has. Properties
might be:

e Cardinality constraints.

e Type constraints.

e Range constraints.

e Domain constraints [3].

Step 7: Create instances

At this stage the ontology populate with instances of classes [3].

2.6 Literature Review:

2.6.1 Quran Ontology

Ontologies can be seen as formal representations of knowledge. They
have been investigated in many artificial intelligence studies including
semantic web, software engineering, and information retrieval. The aim of
ontology is to develop knowledge representations that can be shared and
reused [6].
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Muslims believe that the Qur’an is God's word and the most widely
read book in the world since its revelation; every Muslim can memorize and
recite some parts of the Quran at least 17 times every day when praying. Its
recitation and reading have not stopped one day since its revelation. The
Qur’an includes a range of knowledge in different subjects such as science,
art, stories and history, agriculture and industry, human and social relations,
and organization of finance, education and health. For some Muslims who do
not speak Arabic, and for non-Muslims, the Qur’an is difficult to understand,

although it has been translated into over 100 different languages [7].

By reviewing subsequent and more recent literature it has been found
that most of the studies are still in infancy and much more work needs to be
done to complete the ontology of the Holy Quran. Moreover, most of the Holy
Quran’s ontology has been developed based on English and Arabic, and so
does not have a complete application that allows searching and learning with a

semantic based method.

2.6.2 Related Work:

Several initial studies have been undertaken on the topic of Qur’an
ontology. Most of these studies have been developed in order to improve the
efficiency of information retrieval for the Qur’an. These have facilitated the
process of accessing Qur’an knowledge. However, they vary from each other in
different aspects such as coverage of the Qur’an, discourse level, language of the
text used; original Arabic text or other translation, domain focused on, number of
concepts and types covered, concept extraction method, relation types they

provide, development process they followed during construction, technology
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used in ontology construction, availability, and verification method [7].

Work in [8] investigates the possibility of linking Holy Quran verses
with web multimedia resources (audio, video and written materials) related to
the Holy Quran, using ontology tagging. Also, it suggests a framework for
using Holy Quran ontology terms in annotating and linking related web
multimedia resources, and demonstrates a prototype of the proposed web
multimedia enabled Holy Quran browser.

Firstly it discusses the research efforts that have been conducted for
building Holy Quran ontology tagging generally. Then it specifies the details
of the proposed system and its components. Finally it discusses a sample run
of the web multimedia enabled Holy Quran browser. The main contribution of
this paper is linking Holy Quran verses with web multimedia resources.

The main limitations to this paper are the misleading descriptions of
multimedia resources and the replication of the same content with different

descriptions that occurs on the web.

Work in [9] proposes a model which would help Muslims and non-
Muslims to semantically retrieve verses in relation to their queries relating to
the Holy Quran. It proposed an ontology assisted semantic search system in
the Qur’ans domain. The system would be composed of a Quran concepts and
semantic search model. The ontology would be used to link the concepts
found in the Holy Quran with various relationships that existed between these
concepts. The system would use the existing ontology from the University of
Leeds, UK, which is graphically represented in a network of 300 linked
concepts with 350 relations. It would use protégée software to store this
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Quran ontology. The tool suggested here would provide a reasoning capability

to make inference over their linked data.

The main contribution of this paper is improving the search capability
of knowledge within the Holy Quran, where the system retrieves concepts and

their various linked relationships with a 95% level of accuracy.

Work in [10] talks about using an ontology approach to represent Al-
Quran concepts that can be classified and organized according to specific
themes. It proposed and developed an ontology model according to the themes
of Al-Quran knowledge as describe in Symmil Al-Quran Miracle the
Reference. The ontology approach here headed the use of conventional
methods such as taxonomy, hierarchy or tree structure. The main contribution
of this paper is to facilitate the understanding of Al-Quran knowledge by
presenting said Al-Quran knowledge in a way that is theme-based. However,
the main limitation in my point of view is that the paper does not mention how
to use the ontology to categorize Al-Quran knowledge (muhkamat _semantic
sentence is clear_ and mutashabihat _ semantic sentence is not clear) which

requires a high level of complex explanations.

Work in [11] is concerned with the use of association rules to extract
the Quran ontology where the manual acquisition of ontologies from Quran
verses could be very costly. For this an intelligent system designed for Quran
ontology construction using pattern based schemes is needed, and associations
rules to discover Quran concepts and semantics relations from Quran verses is
required. The proposed system is based on the use of a combination of

statistics and linguistics methods which would be used to extract concepts and
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conceptual relations from the Quran. In particular, a linguistic pattern-based
approach would be exploited to extract specific concepts from the Quran, with
the conceptual relations being found more via the association rules technique.
The main contribution of this paper is building ontologies for the Quran’s
corpus, providing a powerful representation of Quran knowledge and showing
the relations between all classes of connected concepts in the Quran ontology.

However the main limitation is that it’s more complicated than other methods.

Work in [12] proposed a simple methodology for automatic extraction
of a concept based on the Qur’an in order to build ontology. This paper used a
method based on extracting the verses which contain a word of prayer in it as
well as the previous and next verse. This method relies on a format of one
English translation of the Qur’an that included some aspects such as
Uppercase Letter. An uppercase letter is used to identify the concepts such as
the Book. Another feature called compound noun is used to identify the
relationship of hyponym or “Part-OF” between the concepts. A copula is used
to identify the syntactic relationship between subject and adjective or noun.

The ontology is based on the information obtained from domain experts.

The development process is adopted from [13]. However, the authors
have focused on the subject of Prayer or “Salat” particularly in daily prayer,
thus this ontology does not cover all subjects in the Qur’an. In addition, there

IS no mention about underlying format or ontology technologies used in this

paper.
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Saad et al, continued their work to develop a framework for automated
generation of Islamic knowledge concrete concepts that exist in the holy
Qur’an as presented in [14].

The framework takes into account some situations form the sciences of the
Qur’an, such as the cause of revelation (Asbab Al Nuzul), and verses

overridden by related verses that were revealed later (Nasikh Mansukh).

The methodology of ontology development was also adopted from [12],
and the method to obtain the concepts is applying a grammar and extraction
rules to the English translation of the Qur’an. The 374 extracted instances only
cover verses that have the keyword salah or pray and this does not cover the
entire Qur’an. These instances were mapped to six abstract concepts. This

paper differs from the previous in synonym relations.

Work in [15] proposed methods for designing an ontology based on
translated texts of the Qur’an. Information used in developing the ontology
was collected by the domain experts. Their ontology also only covers the
subject of “Salat” (pray). Another ongoing research project on a prototype of a

framework called SemQ is presented in [16].

SemQ identifies opposition relationships between Quranic concepts.
The idea is SemQ receives a verse as input and produces a list of words that
are opposed to each other with the degree of the opposition. The coverage is
in the domain of “Women” in the Qur’an. Ontology development makes use
of the Buckwalter morphology POS annotation and focuses on nouns and
verbs that are related to the semantic field of Time. This paper used OWL and

UPON technologies in order to represent the concepts and relations. The
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ontology consists of seven abstract concepts and eleven concrete concepts.
This ontology is sharable and can be downloaded. This study was limited to
word level which includes only nouns and verbs of the “Women” domain.
However, there are no evaluable results provided by the authors or any

validation attempts for their proposed framework.

In [17], a theme-based approach is proposed to represent and classify
the knowledge of the Qur’an using ontology. Their ontology was developed
according to themes described in Syammil Al-Quran Miracle the Reference,
and using protégé-OWL and Malay language as medium of concepts, and was
validated by the domain experts. It only covers two themes: “Iman” which

means faith and “Akhlaq” which means deed.

This was an Ontology-based approach to represent and classify Quranic
concepts according to specific semantic fields. The structure of the ontology
was verified by Qur’an domain experts. The ontology was developed using
Protége-OWL and using Malay Language as the medium language. The
authors proposed a representation approach which differs from traditional
representation which consists of Juz, Chapter and Verse. There is no
explanation of what language was used for this ontology and what source the
concepts were based on. They implemented the ontology using protégé. There
are no details of results or validation of the ontology, although the paper states
that the process of creating the ontology was reviewed by seven Qur’an

domain experts.

Work in [18] developed a simple ontology for the Qur’an that includes

the animals that are mentioned in the Qur’an in order to provide Qur’anic

28



semantic search. The ontology was built using protégé editor, and SPARQL
query language was used to retrieve the answers to a query. The English
translation of the Qur’an by Pickthall is used in this ontology. The ontology
provides 167 direct or indirect references to animals in the Qur’an obtained
based on information mentioned in a book entitled “Hewanat-E-Qurani”. The
relationship type is a taxonomy relation. The paper concludes that the existing
Arabic WordNet does not help for retrieving this type of document

information.

Work in [19] proposed a model for defining the important Quranic
concepts by knowledge representation and presented the relationships between
them using Description Logic (Predicate logic). They reused the Quranic
Arabic Corpus ontology by [20]. This ongoing research attempts to reuse and
improve an existing ontology developed in Leeds by adding more relations.
Protégé is used in ontology construction. A top-down ontology development

process was followed. It has 15 abstract concepts.

Work in [21] has proposed ontology-based semantic search for the
Qur’an using protégée editor and Manchester OWL query language. The
ontology was built by reusing the existing Quranic Arabic Corpus ontology
developed by (Dukes 2013), and adding more than 650 relationships
depending on the Qur’an, Hadith, and Islamic websites. This ontology was

constructed manually.

Work in [22] proposed a semantic search for the Qur’an based on Cross
Language Information Retrieval (CLIR). They created a bilingual ontology

for the Quran composed of concepts based on existing Quranic Arabic Corpus
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ontology by (Dukes 2013), and found 5695 documents belonging to a main
concept, where 541 documents are not assigned to any concepts in an English
translation. In Malay, there are 5999 documents assigned to main concepts,

where 237 documents do not belong to any concept.

In [23], the authors did experiments on retrieving verses of the Quran
using a semantic query approach exploiting Cross Language Information
Retrieval (CLIR).

Work in [24] developed a tool for searching for the Quranic concrete
and abstract concepts. She exploited an existing Qur’an topics index from a
scholarly source: Tafsir of Ibn Kathir. This ontology covered the whole

Qur’an.

In [20], in his PhD thesis defines 300 concepts in the Qur’an, and
extracts the interrelationships using Predicate logic. The number of relations is
350. The type of relation between concepts is Part-of or IS-A. The ontology is
also based on the Tafsir by Ibn Kathir.

In [25], developed an ontology covering the whole Qur’an in terms of

pronoun tagging. Each pronoun is linked to its antecedent or previous subject.

In [26], the authors have created a dataset called QurSim which consists

of 7600 pairs of related verses for evaluating the relatedness of short texts.

An automatic knowledge extraction method based on rules and natural

language patterns is described in [27]. Their methods rely on the English
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translation of the Qur’an and have identified a new pattern language named
Qpattern which is suitable for extraction of taxonomy part-of relations. This

research also identified that it is difficult to extract information from text that
includes co-reference like the Qur’an.
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CHAPTER THREE

ONTOLOGY BUILDING TOOLS

This chapter introduces some of ontology building tools, and Protége-
OWL in more details, Protégé components and its platforms that modeling the

ontologies.
3.1 ISAVIZ.

IsaViz is a visual environment for browsing and authoring RDF models
as graphs. This tool is offered by W3C Consortium. lIsaViz [28] was
developed by Emmanuel Pietriga. The first version was developed in
collaboration with Xerox Research Centre Europe which also contributed with
XVTM, the ancestor of ZVTM (Zoomable Visual Transformation Machine)
upon which lIsaViz is built. As of October 2004, further developments are
handled by INRIA Futurs project In Situ. IsaViz also includes software
developed by HP Labs (Jena 2 Semantic Web Toolkit), the Apache Software
Foundation (Xerces Java 2), and makes use of the GraphViz library developed
by AT&T Research. IsaViz does not follow or include any methodology for
building ontology. IsaViz imports RDF/ XML and N-Triples, and exports
RDF/XML [13], N-Triples, Portable Network Graphics (PNG) and Scalable
Vector Graphics (SVG). Therefore, it is possible to import ontologies to other
editors, for instance, Protégé or OIlEd. The IsaViz environment is composed
of four main windows: the IsaViz RDF Editor window, the Graph window, the

Definition window and the Attribute window [28].
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3.2 APOLLO

Is a user-friendly knowledge modeling application. The modeling is
based around the basic primitives, such as classes, instances, functions,
relations etc. Internal model is built as a frame system according to the

internal model of the OKBC protocol.

Apollo’s class system is modeled according to the OKBC. The
knowledge base consists of ontology’s that are hierarchically organized.
Ontology can inherit other ontology’s and then use classes of inherited
ontology’s as its own. Every ontology inherits at least one ontology — a default
ontology, which contains all primitive classes: Boolean, integer, float, string,

list etc. Class contains slots of two types: non template and template slots.

Apollo currently does not support non template class slots. For each
class is possible to create a number of instances. An instance inherits all slots

of the class. Each slot has a set of facets [29].

3.3 SWOOP

Is a Web-based OWL ontology editor and browser. SWOOP contains
OWL validation and offers various OWL presentation syntax views. It has
reasoning support and provides a multiple ontology environment. Ontologies
can be compared, edited and merged. Different ontologies can be compared
against their Description Logic-based definitions, associated properties and

instances.
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SWOOP’s interface has hyperlinked capabilities so that navigation can
be simple and easy. SWOOP does not follow a methodology for ontology
construction. Users can reuse external ontological data. This is possible either
by purely linking to the external entity, or importing the entire external
ontology. It is not possible to do partial imports of OWL. There are several
ways to achieve this, such as a brute-force syntactic scheme to copy/paste
relevant parts (axioms) of the external ontology, or a more elegant solution
that involves partitioning the external ontology while preserving its semantics

and then reusing (importing) only the specific partition as desired.

It is possible to search concepts across multiple ontologies. SWOOP
makes use of an ontology search algorithm, that combines keywords with DL-
based in order to find related concepts. This search is made along all the
ontologies stored in the SWOOP knowledge base [30].

3.4 Protége

Protégé is a free, open-source platform that provides a growing user
community with a suite of tools to construct domain models and knowledge-
based applications with ontologies. At its core, Protége implements a rich set
of knowledge-modeling structures and actions that support the creation,
visualization, and manipulation of ontologies in various representation formats
[31].

Protégé can be customized to provide domain-friendly support for
creating knowledge models and entering data. Further, Protége can be

extended by way of a plug-in architecture and a Java-based Application
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Programming Interface (API) for building knowledge-based tools and

applications [31].

Ontology describes the concepts and relationships that are important in
a particular domain _as mentioned in previous chapter, providing a vocabulary
for that domain as well as a computerized specification of the meaning of
terms used in the vocabulary. Ontologies range from taxonomies and

classifications, database schemas, to fully axiomatized theories.

The Protégé platform supports two main ways of modeling ontologies:

« The Protégé-Frames editor enables users to build and populate
ontologies that are frame-based, in accordance with the Open
Knowledge Base Connectivity protocol (OKBC). In this model,
ontology consists of a set of classes organized in a subsumption
hierarchy to represent a domain's salient concepts, a set of slots
associated to classes to describe their properties and relationships, and
a set of instances of those classes - individual exemplars of the
concepts that hold specific values for their properties.

« The Protégée-OWL editor enables users to build ontologies for the
Semantic Web, in particular in the W3C's Web Ontology Language
(OWL). "OWL ontology may include descriptions of classes,
properties and their instances. Given such ontology, the OWL formal
semantics specifies how to derive its logical consequences, i.e. facts

not literally present in the ontology, but entailed by the semantics. [31].
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3.5 Protéegé-OWL

The Protégé-OWL is an extension of Protégé that supports the Web
Ontology Language (OWL). OWL is the most recent development in standard
ontology languages, endorsed by the World Wide Web Consortium (W3C) to
promote the Semantic Web vision. "OWL ontology may include descriptions
of classes, properties and their instances. Given such ontology, the OWL
formal semantics specifies how to derive its logical consequences, i.e. facts
not literally present in the ontology, but entailed by the semantics. These
entailments may be based on a single document or multiple distributed

documents that have been combined using defined OWL mechanisms.

The Protégé-OWL Editor enables users to:

. Load and save OWL and RDF ontologies.

. Edit and visualize classes and properties.

« Define logical class characteristics as OWL expressions.

. Execute Reasoner such as description logic classifiers.

« Edit OWL individuals for  Semantic  Web  markup.
Protégé-OWL's flexible architecture makes it easy to configure and
extend the tool [31].

3.6 OWL Ontologies

Ontologies are used to capture knowledge about some domain of
interest.  Ontology describes the concepts in the domain and also the

relationships that hold between those concepts. Different ontology languages
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provide different facilities. The most recent development in standard ontology
languages is OWL from the World Wide Web Consortium (W3C). Like
Protégé, OWL makes it possible to describe concepts but it also provides new
facilities. It has a richer set of operators e.g. intersection, union and negation.
It is based on a different logical model which makes it possible for concepts to
be defined as well as described. Complex concepts can therefore be built up

in definitions out of simpler concepts [31].

Furthermore, the logical model allows the use of a Reasoner which can
check whether or not all of the statements and definitions in the ontology are
mutually consistent and can also recognize which concepts fit under which
definitions. The Reasoner can therefore help to maintain the hierarchy
correctly. This is particularly useful when dealing with cases where classes

can have more than one parent [32]

3.7 Components of OWL Ontologies

OWL ontologies have similar components to Protégé frame based
ontologies. However, the terminology used to describe these components is
slightly different from that used in Protégé. = OWL ontology consists of
Individuals, Properties, and Classes, which roughly correspond to Protégé

frames Instances, Slots and Classes [4].
Individuals: represent objects in the domain. Individuals are also

known as instances (Figure 3.1). Individuals can be referred to as being

‘instances of classes'.
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Figure 3.1: Representation of Individuals [4].

Properties: are binary relations on individuals that link two individuals
together (Figure 3.2). Properties are roughly equivalent to slots in Protegé.
They are also known as roles in description logics and relations in UML and
other object oriented notions. In GRAIL and some other formalism they are
called attributes [8].
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nhasSister

Matthew Gemma

An object property linking the individual
Matthew to the individual Gemma

Matthew "25"NAxsdiinteger

A datatype property linking the individual
Matthew to the data literal '25; which has a type
of an xml:integer.

dc.creator
0]

JetEngine “Matthew Horridge”

An annotation property, linking the class JetEngine’
to the data literal (string) “Matthew Horridge”

Figure3.2: Representation of Properties [8].

OWL classes: are interpreted as sets that contain individuals (Figure
3.3). They are described using formal (mathematical) descriptions that state
precisely the requirements for membership of the class. The word concept is
sometimes used in place of class. Classes are a concrete representation of
concepts [8].
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Figure 3.3: Representation Of Classes (Containing Individuals) [4].
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CHAPTER FOUR

ONTOLOGY BUILDING

4.1 Introduction

The Holy Quran has rules that the reader must learn so that he can read
the Qur'an correctly (Tajweed). In this chapter we design ontology for some of
the provisions of Tajweed UN Vowel Noon and Tanween ( &Slull o sill alSal

¢l ) and Articulations Points of the Letters.

Un Vowel Noon (Noon sakinah) is a noon free from any vowel (&S_~).
It remains unchanged in its written form and as well as in pronunciation when
continuing to read after it and when stopping on it. Noon sakinah occurs in
nouns and verbs in the middle of the word and at the end of the word, and
occurs in prepositions and particles (<ss.=) only at the end of the word. The
noon sakinah can have a (sukoon) on it, as ina< : or can be written with no
vowel on it, as inc~ [33].
Un Vowel Noon has four Rules:
The Clearness (UsbY)).
The Merge (sle2Y).
The Hiding (slaay)).
The Change (—2&Y)),

The Tanween is a term for an extra noon saakinah not used
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for emphasis, found at the end of nouns when continuing the reading, but
absent from the noun in the written form (the noon of the Tanween is
pronounced but not written),and abandoned in pronunciation when stopping.
The Tanween can be accompany adouble kasrah, or double dhammah, or
double fathah, as in ( ©:54) [33].

Avrticulation Point of the Letters is the place of emitting the letter when
pronouncing it, which differentiates that specific letter from other letters.
e The empty space in the mouth and throat: has one articulation point for
the three, lengthened letters: < ¢l «aly),
e The Throat: has two articulations points for six different letters which
are pronounced from:
o Deepest part of the Throat: el & e,
o Middle part of the Throat: slall ¢l
o Closest part of the Throat:elall ¢ pall,
e The Tongue: it has ten articulations points for eighteen letters:
el e JIall celdall eol ey sl (@31 cabicall cipaall yue ellle il caal) calSU) caldl)
Bl e JIall ceUall ¢l ¢ gl 31 calall
e The Two Lips: it has two articulations points for four letters:
bl capall cAaall e ) sl celdll,
e The Nose: from the hole of nose towards the inside of the mouth, here is

one articulation point is that for Ghunnah [33].

4.2 Ontology engineering

Ontology engineering (or ontology building) is a subfield of knowledge
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engineering that studies the methods and methodologies for constructing
ontologies. It studies the ontology development process, the ontology life
cycle, the methods and methodologies for building ontologies, and the tool
suites and languages that support them. Here we use Protégé which is a free,
open source ontology editor and OWL which is the most recent development

in standard ontology languages to build our ontology.

Ontology Engineering is a set of tasks related to the development of the
ontology of a specific domain [1]. As in (Figure4.2), the main steps in the

methodology are as follows:

4.2.1 Determine the domain and scope of the ontology

We start the development of ontology by defining its domain and scope.

That is, answer several basic questions:

e What is the domain that the ontology will cover?

e For what we are going to use the ontology?

e For what types of questions the information in the ontology should
provide answers?

e Who will use and maintain the ontology?

The answers to these questions may change during the ontology-design

process, but at any given time they help limit the scope of the model [6].

We did our ontology on part of Quran Tajweed, specifically the
provisions of the Un Vowel Noon and Tanween. One of the ways to

determine the scope of the ontology is to write down a competency questions,
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which are a list of questions that the designed ontology should be able to

answer them in the context of the ontology, such as:

e What is UN Vowel Noon?

e What is Tanween?

e What are the letters of Ghunnah?

e What are the UN Vowel Noon and Tanween provisions?
e What are the articulations of the letters?

e Give an example of throat’s Letters?

e Give an example of Clearness?

e What is the letters of Change?

e How many letters come out from tongue?

Judging from this list of questions, the ontology will include the
information that the user need to retrieve about UN VVowel Noon and Tanween

provisions, articulations of the letters.

4.2.2 Consider reusing existing ontologies

Reusing existing ontologies may be a requirement if a system needs to
interact with other applications that have already committed to particular

ontologies or controlled vocabularies [4].

This ontology was constructing from scratch.
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4.2.3 Enumerate important terms in the ontology

At this stage we write down all terms that can be in the domain. In our

ontology terms can be as follow:

The Articulation Point of the Letter, The Empty Space of the Mouth
and Throat, The Nose, The Two Lips, The Tongue, Deepest Part of the
Tongue, Edge of the Tongue, Middle of the Tongue, Tip of the Tongue, The
Throat, The Closest Part of the Throat, Deepest Part of the Throat, The
Closest Part of the Throat, The Un Vowel Noon and Tanween Rules, Un
Vowel Noon, The Change, The Clearness, The Hiding, The Merging, With
Ghunnah, Without Ghunnah, Tanween, get out from, is part of, subsumes,
has applied definition, has linguistic definition, has wards, has example, and
so on [33].

Initially, it is important to get a comprehensive list of terms without
worrying properties that the concepts may have, or whether the concepts are

classes or slots.

4.2.4 Define the Classes and the Class Hierarchy

At this stage the concepts of the domain will be arranged hierarchically
through the Class and subclass relationship as in (Figure4.3). Class hierarchy

can be developed throw several adopted approaches: Top-Down and Button-

up.

The ontology has been built using first approach with two main classes as

follow:

e The Articulation Point of the Letter with its sub classes:
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% The Empty Space of the Mouth and Throat.
% The Nose.
% The Two Lips.
% The Tongue, with its sub classes:
» Deepest Part of the Tongue.
> Edge of the Tongue.
» Middle of the Tongue.
> Tip of the Tongue.
% The Throat, with its sub classes:
» The Closest Part of the Throat.
» Deepest Part of the Throat.
» The Closest Part of the Throat.

The Un Vowel Noon and Tanween Rules, with its sub classes:
% Un Vowel Noon:
» The Change.
» The Clearness.
» The Hiding.
» The Merging, with its sub classes:
= With Ghunnah, with its sub classes:
e Complete.
e Incomplete.
=  Without Ghunnah.

+» Tanween.
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[ Class hierarchy ‘T'CIass hierarchy (inferred)

v Thing
V- © The_Articulation_Point_of_the_Letter
The_Empty__ Space_of_the_Mouth_and_Throat
The_Nose
V- © The_Throat
The_Closest_Part_of_the_Throat
The_Deepest__ Part_of_the_Throat
The_Middle__ Part_of_the_Throat
V- @ The_tongue
Deepest_Part_of_The_Tongue
Edge_of_The_Tongue
Middle_of_The_Tongue
» Tip_of_The_Tongue
The_Two_Lips
V- @ The_Un_Vowled_Noon_and_Tanween_Rules
Tanween
v UnVowled_Noon
The_Change
The_Clearness
The_Hiding
V- @ The_Merging
= AbsoluteClearness
v Ghunnah
Complete
Incomplete
without_Ghunnah

Figure4.1: The Main Classes of Tajweed ontology.

4.2.5 Define the properties of classes

We have already selected classes from the list of terms we created in

Step 3, but the classes alone will not provide enough information to answer

the competency questions from Step 1. Once we have defined some of the

classes, we must describe the internal structure of concepts [6].

OWL Properties represent relationships. There are two main types of

properties, Object properties and Datatype properties. Object properties are

relationships between two individuals, Datatype properties are between
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individuals and Data type. OWL also has a third type of property, Annotation
properties. Annotation properties can be used to add information (metadata —

data about data) to classes, individuals and object/Datatype properties [4].

According to provisions of UN Vowel Noon and Tajweed ontology, the

properties will be like:

e ODbject Properties:

¢ get out from:
% is part of

+* subsumes

++ has one word.
+* has two words.

¢ has type.
For example get out from: links an individual of class Clearness to an
individual of class Throat.

e Data Properties:

+¢ has applied definition.
% has linguistic definition.
% has wards.

¢ has example.

For example has linguistic definition, Links an individual of class

Clearness to String Data Type.
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Object property hierarchy:

V--mtopObjectProperty
- mm get_out_from

® has_one_word

® has_two_words

™ has_type

- mmis_part_of

‘. m subsumes

Figure4.2: Object Properties Hierarchy.

Data property hierarchy: has_example

=[e][x|

¥ mtopDataProperty
- mhas_example
- mhas_applied_definition
-~ mhas_Letters
- mm has_linguistic_definition
~ mhas_wards

Figure4.3: Data Properties Hierarchy.

4.2.6 Define properties of properties

Here we will define properties for each property. Properties might be:

= Cardinality constraints: are used to talk about the number of
relationships that an individual may participate in for a given property.
Cardinality restrictions come in three flavors: Minimum cardinality
restrictions, Maximum cardinality restrictions and exact cardinality
restrictions.
For example in our ontology Tanween should be in two words [33], as
in (Figure4.4). This constrain written use cardinality constrain as shown in
(Figure4.5).
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Also, when one of the letters of The Merge comes after the UN Vowel
Noon, and it was in one word there is no Ghunnah, but called Absolute as in

(Figure4.6), it comes only in four words in the Holy Quran

[3] {oksty cbiall (o)) 538 (o)) siaal

. Such class called Enumerated Class

Equivalent To

SubProperty Of

Daornains (ntersection)

has_word min 2 Tanween

Ranges

® string

Disjoirt With

Figure4.4: has_word Property Description.
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Restricted property Restriction filler
| = | %8| | E
¥ mtopObjectProperty ¥-- @ Thing
----- mhas word k- The_Articulation_ Point_of the |
----- mget _out_from
..... - i5_|li|l'l_0f
----- ® subsumes
v @ The_Merging
~ @ Ghunnah
- @ without_Ghunnah
1 A 4
Restriction type

ity ) cooty [ 7]

Figure4.5: Cardinality Constraint for has_word Property.

Equivalent To
O {0E, Dy, g, W}

SubClass Of

@ The_Merging
SubClass Of (Anonymous Ancestor)
hdernbers

o

&» =

L B

L

Figure4.6: Enumerate class Absolute with its members.
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Data Type constraints: Data type properties describe relationships

between individuals and data values.

Range constraints and Domain constraints: Properties may have a
domain and a range specified. Properties link individuals from the
domain to individuals from the range. For example, in this ontology, the
property get out from would probably link individuals belonging to
the class The_Clearness to individuals belonging to the class of
The_Throat. In this case the domain of the get_out from property is
The_Clearness and the range is The _Throat this is depicted in
(Figure4.7).

Description: get_out_from mH

Inverse Of

Domains (ntersection)
The_Merging
The_Clearness
The_Change
The_Hiding

Ranges (intersection)
The_Nose
The_Throat
The_Two_Lips

Figure4.7: Domain and Range of get_out_from Properties.
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4.2.7 Create instances

At this level the ontology populate with instances of all classes. For
example, class Ghunnah has instances such as 4l u& gl gl cslal) canall ¢yl
as shown in (Figure4.8). Also, it may have more details with verses from
Quran as in (Figure4.9). And such process of populating the instances did for

the rest of the ontology classes.

Individuals by type:
X

Ghunnah (4)
*wd

Figure4.8: Ghunnah Class Individuals.

Show: [v] this(v| different

Found & uses of s
..... ,‘, E:-“"]
----- # =4 example "(oh 25 o4 S0 )"~ ~string
----- # = Type Ghunnah
----- & = Type The_Two_Lips
----- @ =4 example "(idd e 8"~ string
i -l Tyne The Hiding
Property assertions: el
Types Object property assertions
Ghunnah
The_Two_Lips Data property assertions
mexample “(s5 g &l g
e )" string
Same Individual Az g -E_T _ zym
mexample "(35s s 2)
~rctring

Figure4.9: Instance with more Information. sl
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De=scription: The_Throat

Bquivalert To

SubClass Of

 The_Articulation_Point_of _the_Letter

SubClass Of (Anonymous Ancestor)

embers

L At
s
oo
oo
P
iy

Figure4.10: The_Throat Class Individuals

De=cription: The_Empty_ Space of_the Mouth_and_Throat

Bquivalent Ta

SubClass Of

@ The_Articulation_Point_of _the_Letter

SubClass Of (Anonymous Ancestor)

lembers
@E L opEid AmL GER)
@2 L ppend Amd 4
s L s ZEmLD e

Figure4.11: Class Instances.

Visual representation of the ontology after its construction appears in
(Fiure4.12). Now the ontology is ready and can make any query to retrieve
knowledge about Articulation points of letters, UN vowel noon and Tanween.

54



) Tha_Deepast_ Pa
rt_of_the_Throa... Par
3 l t_of_the_Throal

-

S*e without_Ghunnah I

@) The_Closast_Par
. t_of_the_Throat

> N\ /V/

\ 4/ ,f_l’ & i

1 @ Thing | @ The_Two_Lips

T ® 7an @ The_Un_Vowled N =t Sl
= oon_and_Tanween... Ni_,e i, ® Middie_of_The_ T
B 7 ongua
& Tha_Merging By I_. =3 Decpast Part_of

i @ Tip_of _The_Tong

*® Edgs_of The_Ton
gua

@ The_Empty__Spac
e_of_the_Mouth_...

Figure4.12: Visualization of UN Vowel Noon and Tanween Classes.

4.3 Invoke the Reasoner

The Reasoner has been invoked - via the ‘start Reasoner’ button in the
Reasoner drop down menu- to automatically compute the classification
hierarchy, and also to check the logical consistency of the ontology. The
inferred hierarchy has been computed, and an inferred hierarchy window
popped on top the existing asserted hierarchy window. (Figure 4:13) and

(Figure 4:14) display the difference before and after invoking the Reasoner.
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r Class hierarchy r Class hierarchy {infemed)

¥ Thing
e Nothing

Figure4.13: Inferred class Hierarchy before invoke the Reasoner

r Class hierarchy |/ Class hierarchy (infemred) |

¥ @ Thing
V.- The_Articulation_Point_of_the_Letter
----- The_Empty__ Space_of the_Mouth_and_Throat
----- The_Nose
¥ @ The_Throat
----- The_Closest_Part_of the Throat
----- The_Deepest_ Part_of the_ Throat
----- The_Middle__ Part_of the Throat
¥ @ The_tongue
----- Deepest_Part_of The_ Tongue
----- Edge_of The Tongue
----- Middle_of_The_Tongue
----- Tip_of _The_Tongue
----- The_Two_Lips
¥-- @ The_Un_Vowled_Noon_and_Tanween_Rules
- Tanween
V- " UnVowled_Noon
- The Change
- The_Clearness
- The_Hiding
B The_Merging

Figure4.14 Inferred class Hierarchy after invoke the Reasoner.

Protégé Owl allows storing data in variety of format, such as
OWL.RDF, XML, etc. as shown in (Figure4.15).
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P

¢ Select an ontology format @

Choose a format to use when saving the untitlied-ontology-13 ontology

RDFACML |

RDFXML

OWLIXML

OWL Functional Syntax
Manchester QWL Syntax
OBO Format

KRS52 Syntax

Latex

Turtle

Figure4.15: Protégé File Format.
As mentioned in chapter two (Figure 2.5), to develop an ontology there
are several steps to be follow. In this chapter these steps will be illustrated in
more details with respect to Tajweed Ontology (and Articulations Points of

the Letters, UN Vowel Noon and Tanween).
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CHAPTER FIVE

5.1 Examples of the Tajweed Ontology in Protéegé

Protege.exe = [=]
& Proteg

lesProtege_4.3-Protege.lax” "C:-Uszserssymona-Applata-Local-TempslaxAFBE_tmp'
Starting Protege 4 OWL Editor <Uersion 4.3.8, Build = 384>
FPlatform:

Java: JUM 1.6.8_26-bA3 Memory: SH86H

Language: en, Country: US

Framework: Apache Software Foundation <1.52

05: windows? <6.1>

Processor: xB6
Flugin: Cajun Wiszuwalization Plugin {1.8_.8.28013_04 15 @164>
Flugin: Dlguery ¢1.1.8.2013 84 15 0184>
Plugin: OWLUiz <4.1.2.20913_@4_15 #183>
Plugin: Protege OWL Code Generation ¢1.1.8.2013 @4_15 #164)>
FPlugin: QUL Diff Tool <1.8.08.2013 84 _15_61684>
Plugin: The Protege 4 OWL Editor {4.3.8.h384_2A13_84_15_8A183>
Flugin: Protege SPARQL Plugin <1_A.A.26813_A4_15_@A184>
Flugin: Explanation Workbhench ¢1_A.A.2813_8A4_15_@A184>
Flugin: OntoGraf Plug—in <1.8.1_2013_084_15_ 8184
Flugin: OWL Diff Library {1.8.8.2013_84_15_01084>
Plugin:= OWLAPI-RDF Library (1 E B.2813_94_15_8184)
Plugin: Hermil HReasoner ¢1.3.
FPlugin: The OWL API <3.4.2. 2312 _12_@5>
Plugin: Factplusplus Plug—in €1.6.2>

Cajun Uisuwalization Plugin Plugin has no plugin.xml resource
OULHPI —RDF Library Plugin has no plugin.xml resource

Figure5.1: Protégé Stat up Window

vt o by~ 11 g o e e sk wrgs e dod wbepe T A ot vy 3T [F ) Trmewdrdidiry Topmmsed o baginin pon

™ tR Ve Mascow  Toew  Fetacn - oL
cttme senyy -

i Themen | Ot Meewter A NEwiee  Aiiier Svoete  BAVASR DWW DL Oery DOl Oibtham D¥WMeeee | DPRARIL Gaery

gl e Cobagy Sebrm  Saeaetl e e

Figure5.2: Protégé main window.
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ommeant  [Iyp= &1 i

Has in fone anticulation point for the mree lengihened etiers which ars wow witn ne vowel with 2 dhammah betore & v’ wih no vowel with |

a kasrah before d, and an af weh a fath before 1

aClave

© The_Articulation_Point_of_the_Letter

Qe e o A
G i =D gp
G4 u b iz s

Figure5.3: The_Empty Space_of the_Mouth_and_Throat Class

ription: —4

Property assertions: —d

Types
@ Deepest_Part_of_The_Tongue
@ The_Hiding

Same Individual As

Different Individuals

Ohject property assertions

Data property assertions
mexample "(&2uis)"~"string

Megative object property assertions

Megative data property assertions

Figure5.4: Individual <&l

Types
© Edge_of_The_Tongue
© without_Ghunnah

Same Individual 4

Different Individuals

Object property assertions

Data property assertions

mexample "(3R R 3 %5)"~~string

Mepative object property assertions

Figure5.6: Individual »>4
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5.2 Results

After completing the design of the ontology, and ascertaining that all
the classes are consistent with its own definitions via using the Reasoner. As a
result, we have explicit representation and full definitions for the ontology
objects, properties and their relationships, also can make any query to retrieve
information. We used DL Query and SPARQL Query to inquire about

Articulation Points of Letters, Provisions of UN VVowel Noon and Tanween.

For Example

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT ?subject ?0bject

WHERE { ?subject rdfs:subClassOf ?object }

This SPQRQL Query will retains back all subjects and objects of the
Tajweed ontology as in (Figure5.7).

Also we can use DL Query to make Queries, (Figure5.8) show the
result of inquired about The Merging (s ¥), which is all information about

Merging.
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‘Acive Oulology | Eries  Clsses | Onjeci®yoperties | DataFroperties | Amotation Fropetties’ | hdwdsals | OWLVE | OLQuery | OetoGrat | Oetoiogy Diftersnces | SPARGL Query

PREFDX rdf. «altp Mwwrw wl org/1 39002022 ral-syrtax-nass
PREFI owl <1 Uwww w3 209200207 wis
PREFD xad. <hip Owww.w arp2001 004 Schemot>
PREFIX rdfs: <htto.0www w1l orp20000 1 rat-schemass
SELECT ?subject 7etject

WHERE [ 7sutippct ratfy sunClasa0f Tonest )

without_Ghwunnah The_Mergng &
Tanween The_Un_Vowled_Noon_and_Tanween_Rules

Deepest_Part_of_The_Tongue The_tongue

Uncomplete Ghunnah

Middie_of_The_Tongue The_tongue

The_tongue The_Artculation_Point_of_the _Letter

[The_Hiding Unvowled_Nooa

Tip_of_The_Tongue The_tongue 1
The_Two_Lips The_Articulation_Point_of_the_Letter
The_un_Vowlad_Noon_and_Tanwaen_Rulas Thing

[The_Deepest__Part_of_the_Throat The_Throat

Thoa Thes-s The Arbicidabine Paiet AF thos | cbeos

Figure5.7: Query of Whole ontology Elements.

More queries done over the ontology and the out puts as in (Figure5.9),
(Figure5.10) and (Figure5.11) which are retrieve information about

AbsoluteClearness class, The _Two_Lips class and Clearness class with their

individuals respectively.
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DL query: MBEmE

Query (class expression)

The_Merging

| Execute | | Add to ontology

Query results
Encestor classes (4) |~| [v| Super classes
© The_Hiding Ancestor classes
© The_Un_Vowled_Noon_and_Tanween_Rules I Equivalent classes
@ Thing Subclasses
@ UnVowled_MNoon Descendant clazses

Individuals
Super classes (1)

& The_Hiding

Sub classes (2}
© Ghunnah
© without_Ghunnah

Descendart classes (2)

@ Ghunnah
© without_Ghunnah

Figure5.8: The_Merging Query Result.

Query (class expression)

AbsoluteClearness

| Execute | | Add to ontology

Query results

Ancestor classes (4)
@ The_Merging
@ The_Un_Vowled_Noon_and_Tanween_Rules
@ Thing
@ UnVowled_Noon

Super classes (1)

@ The_Merging

Sub classes (0)

Instances (4)
L S
L e
L ==
&=

Figure5.9: Query about Absolute Class
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Query (class expression)

The_Two_Lips

| Execute | | Add to ontology

Query results

Ancestor classes (2)

© The_Articulation_Point_of_the_Letter
@ Thing

Super claszes (1)

© The_Articulation_Point_of_the_Letter

Sub classes (@)

Instances (4)
o
s g4
’ &1
&

Figure5.10: Query about Absolute Class

The_Clearness

| Execute | | Add to ontology

Query results

Ancestor classes (3)
@ The_Un_Vowled_Noon_and_Tanween_Rules

@ Thing
@ UnVowled_Noon

Super classes (1)

@ UnVowled_Noon
Sub classes (0)

Instances (&)
oo
g
*o
’ zladl
&g
’ =lad

Figure5.11: Query about Clearness Class
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5.3 Results Discussion

The user can specify what part of the query he wants to be appeared
through the selection buttons on the right of the DL Query window, such as
Super classes, Ancestor classes, Subclasses, Descendent classes, Individuals.
(Figure5.9)

Furthermore, user also can do so when using SPARQL Query by selects what
concept he wants to look for -Class, subclass or Object- through the below

Query statement.
SELECT ?subject ?object

WHERE { ?subject rdfs:subClassOf ?object }

Query (class expression)

The_Merging

| Execute | | Add to ontology

CQuery results

Super classes (13 Super classes

The_Hiding [] Ancestor clazses
| Equivalent claszes
Sub classes (2) Subclazses
Ghunnah [[] Descendant classes
without_Ghunnah Individuals

Instances (8)
*
&
L el
Wi g
$0
&=

Figure5.9: Selective Member.

64



5.3 Research Evaluation

The Holy Quran Tajweed ontology has been evaluated by scholarly
sources (Tajweed Books) and domain experts at Sudan University of Science
and Technology, Institute for Science & Islamic Research, Department of
Islamic Studies & Research.

The model tested 20 times and gets absolute correct answers.

Table 5.1: Result of Queries on Tajweed Ontology

No of Queries Result Response Time

Correct Fault Accuracy 0.49 sec
20 20 0 100%

This gives us information about quality of the work that has been

conducted.
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CHAPTER SIX

6.1 Conclusion

The Holy Quran is the main book of Islam, and Muslims believe that
the Holy Quran is word of God, as spoken to the Prophet Mohammed
(PBUOH), and it is thus his Miracle. The Holy Quran’s ontology uses
knowledge representation to define the key concepts in the Holy Quran in

order to facilitate its understanding for Muslims and Non-Muslims.

In this research Protégé Framework and OWL were used to design the
ontology for Provisions of Quran Tajweed, enumerated the terms that can
possibly found in the domain, then organized them in a hierarchy depending
on which class subsumes another, and defined properties for each class. After
that the steps went deeply to define constraints on the properties according to
what the rules of Tajweed stipulate, such as: cardinality constraints, domain
and range constraints. Final step in designing the ontology was defining some
instances to be able to make queries. After that, the Reasoner used to check
the consistency of the classes and to generate inferred class hierarchy. The
designed ontology makes any query to retrieve information about the
provisions of UN Vowel Noon and Tanween. Furthermore, it can be shared

and reused in applications related to Holy Quran Tajweed.

66



6.2 Research Contributions

The research highlighted a significant aspect of the Muslim's life, namely the

recitation of the Holy Quran, beside:

Enriching the library of Islamic Knowledge with a new ontology
(Tajweed ontology).

Building Ontology for Holy Quran Tajweed, thus, can be shared and
reused in different Islamic Applications.

Published Papers in Holy Quran Tajweed.

6.3 Published Papers

Bellow, the papers that researcher was published:
1. Design Ontology for Open Learning Domain:
Mohammed Awad Mohammed AtaElfadiel, Eiman Alsiddig Altayeb
Ibrahim, International Journal of Science and Research (IJSR), Volume
5 Issue 5, May 2016.

Available at: https://www.ijsr.net/archive/v5i5/NOV161981.pdf.

2.Provisions of Quran Tajweed Ontology (Articulations Points of

the Letters, UN Vowel Noon and Tanween),

Eiman Alsiddig Altayeb Ibrahim, Mohammed Awad Mohammed
Ataelfadiel and Eric Steven Atwell, International Journal of Science and
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Research (1JSR), Volume 6 Issue 8, August 2017.
Available at: https://www.ijsr.net/archive/v6i8/v6i8.php.

1. Ontology Life Cycle: A survey on the Ontology and its Development
Steps:
Eiman Alsiddig Altayeb Ibrahim, Mohammed Awad Mohammed
Ataelfadiel, International Journal of Emerging Technology and

Advanced Engineering, Volume 7, Issue 8, August 2017.

6.4 Recommendations and Future Works

After careful study of the ontological issues and to make

maximum use of this technology, the researcher recommends:

1. Publish the Articulation Points of letters, UN Vowel Noon and
Tanween ontology to be available online.

2. Do more ontology researches on Provisions of Quran Tajweed.

3. Merge All Tajweed Ontologies Together to build a great Holy Quran
Tajweed ontology.

4. Apply the Tajweed Ontology in other Artificial Intelligence research in
Quran recitation, such as [34], [35], [36].
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APPENDESS
APPENDEX A

Part of owl file:

<?xml version="1.0"?>

<!DOCTYPE rdf:RDF [
<!ENTITY owl "http://www.w3.0rg/2002/07/owl#" >
<!ENTITY xsd "http://www.w3.0org/2001/XMLSchema#" >
<!ENTITY rdfs "http://www.w3.0rg/2000/01/rdf-schema#" >
<!ENTITY rdf "http://www.w3.0rg/1999/02/22-rdf-syntax-

ns#" >

1>

<rdf :RDF
xmlns="http://www.semanticweb.org/ymona/ontologies/2017/6/unt
itled-ontology-13#"

xml :base="http://www.semanticweb.org/ymona/ontologies/2017/6/
untitled-ontology-13"
xmlns:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlns:owl="http://www.w3.0rg/2002/07/owl#"
xmlns:xsd="http://www.w3.0rg/2001/XMLSchema#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#">
<owl:0Ontology
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13"/>

<l--

L1117 70 777777777777 77 7777777777777 777777777777777777777777
L1177 7 0777777777 7777777777

//

// Object Properties

//

N N N NNV
NN,

-—>
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<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#get out from -->

<owl:0ObjectProperty

rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#get out from">

<rdf:type rdf:resource="&owl;FunctionalProperty"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Change"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Clearness"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Hiding"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Merging"/>

<rdfs:range
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Nose"/>

<rdfs:range
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Throat"/>

<rdfs:range
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Two Lips"/>

</owl:0ObjectProperty>

<t--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has one word -->

<owl:0ObjectProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has one word">
<rdfs:range
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#AbsoluteClearness" />
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<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#Ghunnah"/>
<rdfs:domain>
<owl:Restriction>
<owl:onProperty
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#has one word"/>
<owl:onClass
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#AbsoluteClearness"/>
<owl:qualifiedCardinality
rdf:datatype="&xsd; nonNegativelInteger">4</owl:qualifiedCardin
ality>
</owl:Restriction>
</rdfs:domain>
</owl:0ObjectProperty>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has two words -->

<owl:0ObjectProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has two words"/>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has type -->

<owl:0bjectProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has type"/>

<t--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#is part of -->

<owl:0ObjectProperty

rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#is part of">
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<rdf:type
rdf:resource="&owl; InverseFunctionalProperty"/>

<rdfs:range
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Empty Space of the Mouth and Throat"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Nose"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Throat"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Two Lips"/>

<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The tongue"/>

<owl:inverseOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#subsumes"/>

</owl:0ObjectProperty>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#subsumes -->

<owl:0ObjectProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#subsumes">
<rdf:type rdf:resource="&owl;FunctionalProperty"/>
</owl:0ObjectProperty>

<!--

LT1T17 7070777777777 0777777777777 7777770777777
L1177 77 77777777 77777777

//

// Data properties
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//

N N s
[ITTTTT0 007777777

-=>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#example -->

<owl:DatatypeProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#example">
<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Un Vowled Noon and Tanween Rules"/>
<rdfs:range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has Letters -->

<owl:DatatypeProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has Letters">
<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>
<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Un Vowled Noon and Tanween Rules"/>
<rdfs:range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>
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<t=-
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has applied definition -->

<owl:DatatypeProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has applied definition">
<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Un Vowled Noon and Tanween Rules"/>
<rdfs:range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has linguistic definition -->

<owl:DatatypeProperty
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has linguistic definition">
<rdfs:domain
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Un Vowled Noon and Tanween Rules"/>
<rdfs:range rdf:resource="&xsd;string"/>
</owl:DatatypeProperty>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#has wards -->

<owl:DatatypeProperty

rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#has wards">

<rdfs:range rdf:resource="&xsd;string"/>

<rdfs:domain>

<owl:Restriction>
<owl:onProperty

rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#has two words"/>
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<owl:onClass
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#Tanween"/>

<owl:minQualifiedCardinality
rdf:datatype="&xsd;nonNegativeInteger">2</owl:minQualifiedCar
dinality>

</owl:Restriction>
</rdfs:domain>
</owl:DatatypeProperty>

<l--

J1T7777 7777777777777 777777777777777777/777/777/777777/77777777777
[1/77777777777777/777/777777

//

// Classes

//

N N
L1077 7770077777777

-=>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#AbsoluteClearness -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#AbsoluteClearness">
<owl:equivalentClass>
<owl:Class>
<owl:oneOf rdf:parseType="Collection">

<rdf:Description
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#2uUtU"@sut"/>

<rdf:Description
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-134U,UtU"@SUt" />

<rdf:Description
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#3 UtUS@SUT"/>
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<rdf:Description
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#@SU,d UTUSTS" />
</owl:oneOf>
</owl:Class>
</owl:equivalentClass>
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Merging"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Complete —-->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Complete">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#Ghunnah"/>
</owl:Class>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Deepest Part of The Tongue -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Deepest Part of The Tongue">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The tongue"/>
</owl:Class>

<!--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Edge of The Tongue -->
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<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Edge of The Tongue">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The tongue"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Ghunnah -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Ghunnah">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Merging"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Incomplete —-->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Incomplete">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#Ghunnah"/>
</owl:Class>

<t--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Middle of The Tongue -->

<owl:Class

rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Middle of The Tongue">
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<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The tongue"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Tanween -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Tanween">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Un Vowled Noon and Tanween Rules"/>
<rdfs:comment rdf:datatype="&xsd;string">The Tanween
is a term for an extra noon saakinah not used
for emphasis, found at the end of nouns when continuing the
reading, but absent from
the noun in the written form (the noon of the tanween is
pronounced but not written),
and abandoned in pronunciation when stopping.
</rdfs:comment>
</owl:Class>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Articulation Point of the Letter -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Articulation Point of the Letter">
<rdfs:subClassOf rdf:resource="&owl;Thing"/>
<rdfs:comment>The Articulation point is the place of
emitting the letter when pronouncing it that differentiates
that specifc letter from other letter.</rdfs:comment>
</owl:Class>
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<t=-
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Change -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Change">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#UnVowled Noon"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Clearness -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Clearness">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#UnVowled Noon"/>
</owl:Class>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Closest Part of the Throat -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Closest Part of the Throat">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Throat"/>
</owl:Class>

<!--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Deepest Part of the Throat -->
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<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Deepest Part of the Throat">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Throat"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Empty Space of the Mouth and Throat -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-
13#The Empty Space of the Mouth and Throat">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>
<rdfs:comment rdf:datatype="&xsd;string"> Has in it
one articulation point for the three lengthened letters,
which are wow with no vowel with a dhammah before it, yade™
with no vowel with a kasrah before it, and an alif with a
fath before it. </rdfs:comment>
</owl:Class>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Hiding -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Hiding">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#UnVowled Noon"/>
</owl:Class>

84



<t=-
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Merging -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Merging">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#UnVowled Noon"/>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Middle Part of the Throat -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Middle Part of the Throat">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Throat"/>
</owl:Class>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Nose -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Nose">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>
<rdfs:comment rdf:datatype="&xsd;string">There is one
articulation point, that of the ghunnah</rdfs:comment>
</owl:Class>
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<t=-
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Throat -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Throat">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>
<rdfs:comment rdf:datatype="&xsd;string"> It has
three articulation points for six different letters which are
pronounced from the deepest, middle, and closest part of the
throat.</rdfs:comment>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Two Lips -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Two Lips">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>
<rdfs:comment rdf:datatype="&xsd;string">The lips
have two articulation points for four letters.
</rdfs:comment>
</owl:Class>

<t--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The Un Vowled Noon and Tanween Rules -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The Un Vowled Noon and Tanween Rules">
<rdfs:subClassOf rdf:resource="&owl; Thing"/>
</owl:Class>
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<t--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#The tongue -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#The tongue">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Articulation Point of the Letter"/>
<rdfs:comment rdf:datatype="&xsd;string">It has ten
articulation points for eighteen letters.</rdfs:comment>
</owl:Class>

<l--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#Tip of The Tongue -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#Tip of The Tongue">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The tongue"/>
</owl:Class>

S
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#UnVowled Noon -->

<owl:Class

rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#UnVowled Noon">

<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-
13#The Un Vowled Noon and Tanween Rules"/>

<rdfs:comment rdf:datatype="&xsd;string">Un Vowel
Noon (Noon sakinah) is a noon free from any vowel (Z@+Ufgo) .
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It remains unchanged in its written form and as well as in
pronunciation when continuing to read after it and when
stopping on it.
</rdfs:comment>

</owl:Class>

<t--
http://www.semanticweb.org/ymona/ontologies/2017/6/untitled-
ontology-13#without Ghunnah -->

<owl:Class
rdf:about="http://www.semanticweb.org/ymona/ontologies/2017/6
/untitled-ontology-13#without Ghunnah">
<rdfs:subClassOf
rdf:resource="http://www.semanticweb.org/ymona/ontologies/201
7/6/untitled-ontology-13#The Merging"/>
</owl:Class>
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