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Abstract

With the huge number of Islamic references that emerged over hundreds of years, several
difficulties were introduced when searching this huge Heritage. This has challenged researchers to
develop computer systems to facilitate information retrieval and extraction from the Islamic
heritage. One of these systems is Al-Shamelah Digital Library (ADL), Al-maktabah Al-Shamelah,
which is a huge database containing thousands of books in different Islamic disciplines.
Information retrieval from ADL is mainly based on keyword matching, and does not provide
semantic interpretations of Islamic texts. Current information retrieval capabilities in ADL do not
provide the possibility to handle complex queries, provide intelligent results based on the semantic
processing of content, or extract implicit relations and meanings from text. Islamic texts, such as
the Quran and Sunna, are rich sources of knowledge with many underlying thoughts, meanings
and laws. They often include many metaphors and figurative speech which cannot be directly
interpreted. In addition, the Islamic Knowledge is known to be very diverse and interrelated.
Traditional search services provided by ADL only allows access to information without revealing
the relationships or dependencies between various information resources.

Driven by the above challenges, this thesis proposes a system which called OntoADL that
supports semantic search and recommendation over a subset of ADL. At the core of OntoADL is
our ontology-based approach that leverages ontology-based annotations to produce highly relevant
search results and to offer recommendations of related topics of interest. It is based on the Hadith
ontology that we built, in cooperation with domain experts, to model the different entities included
in the Prophetic Medicine, the domain we selected to assess our approach. This thesis explains the
design and architecture of OntoADL, focusing on how ontology-based reasoning can result in
intelligent results that meets the user’s interests. The search service in OntoADL was evaluated
by being compared with the search service in the conventional ADL. The OntoADL achieved
(90%) recall and (83%) precision while the ADL system achieved 69% recall and 30% precision.
These results indicate that our approach surpasses the ADL search facility. To assess the rankings
of retrieved results, the Mean Average Precision (MAP) was calculated for both OntoADL and
ADL. OntoADL achieved 86% MAP while the ADL system achieved 36%. This result also
indicates that OntoADL outperforms the conventional ADL in terms of the ranked retrieval results.

Keywords: Al-Shamelah Digital Library (ADL), Semantic web, Ontology, OWL
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Chapter 1 : Introduction

Digital libraries are the primary tools used for serving researchers in their specialization
fields. These various specialized libraries depend on providing the required information using
searching by keywords. The results do not meet the ambitions and needs of researchers to obtain
quick and accurate information in the search.

ADL is considered one of the largest libraries used by researchers, professionals,
intellectuals and other strata of society to take advantage of the offered services. It is regarded as
a fundamental tool to retrieve the necessary information due to its comprehensiveness and
diversity. Here lies the importance of enhancing information retrieval in the ADL under the
considerable increase in the volume of information in internet or digital libraries.

ADL is a huge database of thousands of books in different disciplines like doctrine «alial),
hadith interpretation«Zuaall s prophet biography« sl 3 sl jurisprudence (Figh) 4, history
&4 genealogy, literature and rhetoric 43 e s 2¥)  The ADL aims to be inclusive of all
scholarly requirements of books and researches. The ADL software works on Windows OS
platform and supports different text formats. It is categorized in a single easy to use framework.
It also presents many rich features like the ability to add or delete books and the ability to link
book scripts with OCR copies which enables the user to find the original source directly [1].

ADL has become popular and disseminated quickly among students and others due to three
reasons:
a. It contains a huge number of E-books in its database reaching in some versions up to 11000
books.
b. It contains the most important books under every discipline of the different disciplines of
Islamic religion sciences.
c. It’s a totally free application which can be downloaded and used by any computer user.

These reasons have made ADL one of the most important tools for students and researchers. it is
essential first to explore its components, possibilities and limitations of its searching capabilities
which is our basic starting point in this research.

ADL offers different searching capabilities which include:

- Searching for book titles

- Searching inside books and in the comments section of books.

- Searching for authors.

- Using logical operators, e.g. “AND” and “OR” for searching for multiple words.

However, all the above searching criteria are merely based on syntactic search whereas the search
keywords are matched with the content of ADL. If the search keywords are not literally present in
the content of ADL, no results will be retrieved. In addition, the Islamic texts, e.g. Quran and
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Sunna, have their own characteristics that demand custom solutions. These characteristics can be
summarized as the following:

1- Islamic texts comprise meanings, intents and metaphors that cannot be easily understood.
These characteristics make exact keyword matching not suitable for searching in the
Islamic resources. It is necessary to support information search and retrieval from ADL at
the semantic level so that ordinary users can reveal the underlying meanings and thoughts.

2- Islamic Knowledge is known to be very diverse and interrelated: Information from one
discipline, such as the Hadith of Prophet Mohammed, cannot be fully understood without
relating it to other disciplines such as Aqgidah”sx8211” and Feqh"43l\" . The traditional search
provided by ADL only allows access to information without revealing the relationships or
dependencies between various information resources.

3- The Islamic terminology often includes legacy terms that are difficult to memorize or not
in common everyday usage. However, users may know familiar synonyms of the target
term but without memorizing the exact term. Using these synonyms to search for the
original term may not return the desired results as the current search engine of Al-Shamelah
lacks the ability to recognize synonyms or semantically-related terms.

Despite its great benefits, the search functionality offered by the ADL presents several limitations.
In this work, our intention is to improve information retrieval from ADL by exploiting Semantic
Web technologies. Therefore, In order to fully explore the limitations of the current search in ADL,
and the requirements of the intended semantic search, we interviewed two experts who have
intensively used ADL for research. The intention was to identify the existing problems by asking
them to answer a questionnaire to determine the problems and system requirements.

The first interviewee was a Lecturer of Islamic studies in Daawa College of the ministry of Waqgf
(<3 5Y1) and one of the users who is experienced in using ADL. We asked him about the limitations
he encountered while using the ADL throughout his long career. He clarified that although the
library offers a lot of distinctive advantages and possibilities there are some deficiencies in the
required information retrieval process in terms of accuracy and relativeness. He identified the
following problems:

1. Restricted searching capability: The expert indicated that the search service offered by
ADL often gives restricted, narrow results that exactly matches the keywords inputted by
the user. If the user forgets or miswrites the keywords, the search service is likely to give
zero or incorrect results. In addition, the search service may return a large number of
irrelevant results that do not meet the user’s exact needs.

2. Lack of subjective search: the current search facility in ADL does not support subjective
search, which means the ability to search for content related to particular subjects. It is
worth noting that some existing Islamic programs such as Gwami Alkalem "alSl) xsl s2"[2]
offered support for subjective search. However, the experts reports that the programs often
rely on a predefined classification of topics, and lacks the ability to infer topical relations
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that may be useful for the user. While searching for a particular topic, the user may often
be interested in exploring related, broader or narrow topics. This will help him gain a
broader view of the topic of interest.

Regarding the second expert who is an expert in the field of Hadith and who has used ADL
intensively for his research he confirms that it has a huge resources and wealthy of information as
it holds thousands of books and references.When asked about the limitations of the ADL search
facility, he identified the following problems:

1. Inaccuracy of the retrieved results: the expert indicated that the search service offered
by ADL often presented information that is not within the interest of the user or did not
give the required results, when the user entered words that have the same meaning.

2. Lack of an objective classification: The expert also pointed out that the search service
gives loss of information because of the lack of an objective classification for topics. This
problem is compatible with the first problem mentioned and clarified by the first expert

3. Lack of multiple conditions: Not dealing with a complete sentence when you perform a
search Due to the mismatch of the words, consequently the results are incorrect or
irrelevant.

According to the previous, we can summarize the limitations as the following:

- Most of these limitations emerge from the lack of semantic inferring ability and the lack
of semantic guidance for end users. Without semantic inferring, information retrieval
systems may miss some information that users really want and return information that is
out of the user’s interests. The need for semantic search in ADL also stems from the unique
characteristics of Islamic Resources which encompasses many underlying thoughts and
meanings. These thoughts and meanings cannot be directly captured by using syntactic
search techniques.

To illustrate how the lack of semantics may be problematic in the case of Al-Shamelah,
let’s assume that a user is looking for all the Hadiths whose topic is backbiting "4ul". By
inputting the keyword “4x1”, results retrieved are unlikely to include many hadith that do
not include the exact word “4x1”” even though these Hadiths are classified under the topic
“backbiting”. For example, the core subject of the following hadith is backing 4wl
although this subject is never mentioned in the Hadith.
“ Ol V5 10 8 e G eV Ge o 2h g Mag sk A O siedy lad B il 2l a3 & a
sl 581 b ks el a0 G

The Messenger of Allah (%) said, "During the Mi'raj (the Night of Ascension), |
saw a group of people who were scratching their chests and faces with their copper nails. |
asked, 'Who are these people, O Jibril?' Jibril replied: "These are the people who ate flesh
of others (by backbiting) and trampled people's honour.™ [3].
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- Another limitation of the search functionality offered by ADL is the inability to recognize
synonyms or semantically-related terms. For example, searching for the words “prophet”
and “messenger” will give different results although the two words are semantically
related.

- Besides the above limitations, ADL currently lacks any support for complex queries that
involve multiple conditions or objectives. For example, ADL does support querying for all
the Hadith that Talk about colic disease and Methods of treatment.

The Semantic Web provides technologies that help meet these problems [4]. Using
ontologies for digital libraries enable the machine to understand and process information
automatically, and then helps the digital library to provide better knowledge service for users[5].

Since the emergence of the Semantic Web, research in digital libraries has widely
considered the use of ontologies to empower information retrieval with semantics. This work
builds on previous efforts of semantically-enhanced digital libraries, and aims to particularly
empower information retrieval from ADL.

The market of Islamic software provided a variety of applications providing services such
as Hadith classification [[1, 2, 6]], judgment of Hadith Isnad [[7-9]], and search services [[5, 10-
13]]. However, none of these efforts, to our knowledge, support semantic search or complex
queries (Refer to the related work section for a review of these applications).

This work will focus on a specific part of ADL. However, we propose an ontology based-
approach to enhance information retrieval in hadith domain from ADL. We plan to construct an
Ontology to model the fundamental concepts included in a subset of ADL as well as the
relationships between these concepts. Afterwards, semantic annotation will be performed by
linking entities in the Hadith of Prophet Mohammed, such as the names of historic people, places
and animals to the ontology concepts. These semantic annotations can then be used by search
agents to retrieve intelligence results or process complex queries. In the methodology section, we
discuss this approach in detail.

We will use an Ontology-based approach to make our proposed system compatible with
Semantic Web technologies. An increasing amount of data is currently available on the Web in
RDF and OWL standard formats. Adhering to Semantic Web standards will make the system easy
to interface to different ontology servers and knowledge representation platforms.

The approach will be evaluated by comparing results obtained from keyword-based search
in the conventional ADL with results obtained from ontology based search in our system. We will
ask the two experts to input keywords to the system. , Then we will evaluate the system by using
Techniques Such as Precision, recall and Map for each case.
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1.1 Statement of the Problem
The main problem addressed in this research is how to support semantic search and complex
queries in ADL by using semantic web technologies. This problem can be divided into the
following categories:
1. How to properly model the various entities, concepts and relationships mentioned in a
particular domain of ADL. This is essential for ontology construction.
2. How semantic annotations and reasoning can be used to provide intelligent results and
recommendations for users.
3. Howto capture complex queries from end users and translate them to a machine processable
format.

1.2 Objectives
In this section, we will present both the main and specific objectives of the research work.

1.2.1 Main Objectives
Building an ontology-based approach that allows more intelligence searching and
querying in ADL.

1.2.2 Specific objectives

1. Building an ontology to define the fundamental concepts contained in selected
sections of ADL including hadith terms, relations, and properties.

2. Building the annotation mechanism which will enable linking Hadith terms with the
ontology concepts.

3. Exploring how the reasoning system reasons about the semantic markup and draw
inferences from axioms in the ontology.

4. ldentifying how to translate user queries to SPARQL queries.

5. ldentifying how to evaluate the system by using Evaluation Metrics
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1.3 Scope and Limitation:

1- Due to the massive size of the ADL content, our ontology-based approach has been
implemented and tested using a specific part of ADL content. However, we see that the
potential benefits can be generalized if applied on the whole library.

2- For simplicity, question answering is out of scope of this research. Users are expected to
use the system by inputting keywords rather than complete questions. Our intention is to
improve the search service by retrieving results that best match the user interests.

3- The annotation of the selected data, i.e. sayings of Prophet Mohammed, will be done
manually; therefore automatic annotation is out of the scope of this research.

4- The evaluation of the system by means of precision and recall was limited to 20 queries.
This is due to the difficulty of calculating the recall.

1.4 Importance of Thesis:

1. Providing facilities for the scholars and researchers in order to obtain satisfactory and
intelligence results with minimal efforts.

2. Proposing an approach to make ADL compatible with semantic web technologies and
easy to interface with web agents and ontology based servers.

3. To our knowledge, this is the first work that addresses the integration of semantic search
in Arabic digital libraries especially into ADL.

4. The system can be easily configured with any Arabic digital library to improve the
retrieval information.
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1.5 Research Methodology

We use the following approach to enhance information retrieval from ADL. Due to the
limited time, the proposed approach will be applied only on specific sections of ADL. For example,
we will consider some of the objective classifications of the Hadith (e.g. the Chapter of Ethics and
Morality) (see Figure 1.1). Our prospective approach can be summarized as the following:
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Figure 1-1: Shows the part of hadith classification

Construction of Domain Ontology:

We have chosen only a subset of the Hadith domain covering the domain of the Prophetic
Medicine in ADL. We built a prototype ontology to model the concepts and relationships
within the chosen domain, and used it to annotate the Hadith text. The Sayings of Prophet
Mohammed related to the Prophetic Medicine will be annotated against the instances and
classes of the ontology. The annotations should be exploited by the information retrieval
system and the ontology reasoned.

Based on an ontology, we made a system that allows the user to enter queries and retrieve
the results and recommendations

To give an overview of the structure of our ontology, and how it will be used to enhance
information retrieval and intelligent, we give the following examples:
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Example 1:
Consider the following Hadith of our Prophet Mohamed:
Aol aasall W) o) sus Lo 330a Call (e Jucal 138 (2 4 33"

“Prayer in my Masjid is better than a thousand prayers anywhere else except Masjid al-

Haram”
Pillars of
Islam

e ———

Figure 1-2: an excerpt of proposed ontology and how it is used to annotate

Figure 1.2 shows an excerpt of our proposed ontology (tentative structure) and how it is
used to annotate the above Hadith. The concepts of this Hadith can be linked to the concepts
of the ontology as the following:

e Annotation 1: The word “®>u=” is linked to the ontology concept “Salat” which is a
subclass of the concept “Pillars of Islam”.

e Annotation 2: The word “s23s” is linked to the concept “Al-Nabawi mosque” which
is a subclass of the concept “Sacred Mosques”.

e Annotation 3: The word "al_all axuall"is linked to the concept “Kaaba” which is a
subclass of the class “Sacred Mosques”.

Given these ontology-based annotations, assume that a user is looking for the value of the
prayer at al Al-Nabawi-Mosque by entering the following query ¢ 2wl & 33all Juzad L
¢l Using the above annotations, the system will be able to recognize that the word
“sanae” refers to “e sl 2xual although the word “cs sl 3xwuall” is not literally mentioned
in the Hadith. Therefore, the system may suggest the above Hadith as a result that satisfies
that user’s interest.

Similarity, assume that a user is looking for the value of worshipment at al Al-
Nabawi-Mosque by entering the following query “fcs sl asusall & 2il) Jiad L, Tt is
obvious that the word “x=3 is not mentioned literally in hadith. However, a reasoning

8
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system can infer that the word “s>Lall” is a sub-concept of the word “x=3” according to the
relationships defined in Figure 2. Thus, the system will determine that the above Hadith
may answer the user’s query.

Assume also that another user is looking for the value of prayers in all sacred mosques.
The search agent infer from the ontological relationships that the “Al-Nabawi Mosque” is
of type “sacred mosques. Therefore, the above Hadith will be retrieved among other Hadith
about the value of the prayers in all sacred mosques.

Example 2:
Given the following Hadith:

ALl V) o IS ) 2 L (b 613 guall Rally oSle”

“There is healing in black cumin for all diseases except death”

Figure 1-3: an excerpt of proposed ontology and how it is used to annotate

The annotations of this Hadith using the ontology concepts is shown in Figure 1.3. The
Term “slasull 411 i linked to the term “Black cumin” which is a subclass of “cure”. Note
that the synonyms of the term “Black cumin” are also defined within the ontology and
include the term “4S ) 4.7,

Assume that a user is searching for the benefits of “4S_ul 427, With the help of the given
ontology and semantic annotations, the search agent will be able to recognize that « 4
A<, and “ela sl 2a1” refer to the same concept, and will retrieve this Hadith to answer
the user’s query.
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Now, if the user is generally interested in all cures from the medicine of the Holy Prophet
“Tibb an Nabawi”, the search agent can retrieve all the sayings of our Prophet Mohammed
which are annotated with any subclass of the class ”cures” from the domain ontology,
including this Hadith.

1.6 Thesis Structure
This thesis consists of seven chapters. It has been organized in general as follows.

Chapter 1: an introduction: This chapter provides a simple introduction to the ADL and
its problems, and how to solve these problems through construction ontology-based system
that support semantic search in ADL. We explained the importance of this research for the
scholars and the scope and limitation of this research that will focus on a specific part of
ADL. Finally, we presented the methodology that will follow to build an ontology and the
overall architecture of our proposed system.

Chapter 2: Literature Survey: this chapter focuses on the background that are related the
theoretical and technical foundations needed for thesis work, the concepts of digital library
and semantic web technologies. In addition to the related work that used semantic web
technologies to develop search Semantic in Digital libraries.

Chapter 3: System Requirements: this chapter aims to identify the limitations of the
current search service of ADL. Two domain experts were interviewed and asked to report
on the practical challenges and limitations they encountered while searching in ADL.
Based on these limitation, we derived the requirements of the proposed system.

Chapter 4: Hadith ontology: This chapter describes the steps of developing hadith
ontology that used a bottom-up approach to construct our Hadith Ontology, the ontology
was designed through a cooperative effort which included domain and ontology experts.
The Hadith ontology domain was constructed using Protégé and OWL.

Chapter 5: The OntoADL System: This chapter presents the architecture of our proposed
system that involved hadith ontology to provide semantic search over ADL. It describes
the system modules to be implemented and how they relate to each other and show what is
currently implemented. The system can allow to the end-user to enter the keywords, and
the system will retrieve specific sayings of Prophet Mohammed.

Chapter 6: System Evaluation: This chapter is dedicated to evaluation of the proposed
system and discussing the results.

Chapter 7: The conclusions and future works: Discusses the conclusions and presents
possible future works.

10
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1.7 Summary

In this chapter we presented an introduction about the features of digital libraries and the
limitations faced. The ADL is considered one of these libraries that depends on keyword
matching and does not provide semantic directions for users. We addressed the problem about
how to support semantic search and complex queries in ADL by build Hadith ontology. Also,
we explained the importance of this research that Provide facilities for the scholars and
researchers in order to obtain satisfactory and intelligent results and make ADL compatible
with semantic web technologies. We stated the scope and limitation of this research that will
focus on a specific part of ADL Because of their large size and Natural language processing
of user queries will not be considered. We presented the methodology that will follow to build
an ontology and the overall architecture of our proposed system that will enhance information
retrieval and intelligent. In addition to Evaluation of an ontology and the system. Finally, the
thesis structure has been explained.

11
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Chapter 2 : Literature Survey

2.1Introduction
In this chapter we reviewed and investigated the concepts of digital library and semantic web
technologies that can be used to semantically enable technology to the users of digital libraries
such as ontology, RDF, and SPARQL. The chapter presents many applications based on the
classification of hadith as well as the related work that used semantic web technologies to
develop search Semantic in Digital libraries.

2.2Background

2.2.1 Digital library:
Digital library is the national knowledge infrastructure which provides various kinds of
knowledge Services for promoting knowledge innovation. In order to effectively organize
the complex information resources in the digital library and make them understood and
processed by machine automatically, more semantic descriptions are needed [5]. The core
task of digital library is that provides good information retrieval system for the users,
moreover it must be provided by scientific reasonable organization and storage information
technology and retrieval software.[14]. digital library presented useful information
retrieval system to the users .this information retrieval technology depend on keywords
matching and has little semantic inferring ability .besides, it doesn't present semantic
guidance for users as some information may miss some information that users want [14].

2.2.2 Semantic Digital libraries

Semantically enabled technology is expected to bring a number of benefits to the users of
corporate digital libraries. In particular, the technology will help people find relevant
information more efficiently and more effectively, give better access to that information,
and aid the sharing of knowledge within the user community of a digital library [15]. High
quality information is often stored in dedicated databases of digital libraries. Managing this
information still poses challenges. The Semantic Web provides technologies that are about
help to meet these challenges [4]. Information access in digital libraries is one of the key
functions. Semantic technologies can offer more efficient solutions for accessing content
and metadata. Semantic annotations deliver powerful information to build personalized
query-answering, similarity-based search, and collaborative filtering systems [16].

Semantic technology is used to identify the exact meaning of the word or item requested.
Semantic search is a process used to improve searching by using data from semantic
networks to disambiguate queries and web text in order to generate more relevant results
[5]. Semantic search targets on answering user queries, by exploiting both explicit and
implicit related knowledge. Reasoning on available knowledge bases, based on appropriate

12
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Representations and languages, such as description logics, RDF, OWL can be the means
to move ahead in this direction. [10].

2.2.3 Semantic Web

The Semantic Web is the extension of the World Wide Web that enables people to
share content beyond the boundaries of applications and websites[17]. It has inspired and
engaged many people to create innovative semantic technologies and applications that play
a major role to retrieve meaningful information intelligently from digital library. Semantic
Search attempts to augment and improve traditional search results. Ontologies play a key
role in this kind of search. An ontology, by definition, represents a formal model of the
common interpretation of the entities and relationships in a domain of interest[18].
Semantic Web uses documents called Semantic Web Documents (SWD’s) that are written
in SW languages like OWL, DAML+OIL. SW is an XML application.[19]

Semantic web layers

Berners-Lee proposed the systematic structure of semantic web, which include of seven
layers: UNICODE and URI, XML, RDF, ONTOLOGY, LOGIC, PROOF, TRUST as
shown as in figure 2.1

User Interface & applications

Trust
Proof
Unifying Logic
ontology: Rules:
Query: OWL RIF
SPARQL Crypto
| RDF-S |
Data interchange: RDF
XML
URI Unicode

Figure 2-1: Berners-Lee Semantic Web Layers [4]

2.2.4 Ontology
An ontology is a formal representation of a set of concepts within a domain and the
relationship between those concepts. The common components of ontologies include:
individuals, classes, Attributes, relations, function terms, restrictions, rules, axioms, and
events. Those components describe our world together and play important roles of
intelligent information processing.[20]. It is used to capture the knowledge of any

13
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particular domain to avoid Ambiguity of terms. The major advantage of use of ontology is
that it will provide a globally unique identifier for all concepts. It is used to capture
knowledge in any given domain. It helps to share common understanding of the structure
of information among the users, to enable reuse, analyze the domain knowledge. It enables
to merge already existing knowledge there by expanding it further [21]. Applying ontology
in the digital library would facilitate machine to understand and process information
automatically, and then help the digital library to provide better knowledge service for
users [5].

2.2.5 Ontology Development
The ontology was developed from information gathered by domain experts and assigned
to the ontology expert in the form of a set of concepts, relationships and definitions. There
are several well established and defined methodologies to develop an ontology [22]. This
methodology is done by using steps defined in [23]. The steps are:

1) Determine the domain and the scope or purpose of the ontology:

The first step in ontology development is by defining ontology domain and scope

in which the ontology will be developed in order try to find an answer to questions

such as:

e What is the domain that the ontology will cover?

e [or what we are going to use the ontology?

e For what types of questions the information in the ontology should provide
answers?
Who will use and maintain the ontology?
The answers to these questions may change during the ontology-design
process, but at any

e Given time they help limit the scope of the model.

2) Consider reusing existing ontologies
It is almost always worth considering what someone else has done and checking
if we can refine and extend existing sources for our particular domain and task. Reusing
existing ontologies may be a requirement if our system needs to interact with other
applications that have already committed to particular ontologies or controlled
vocabularies [22].

3) Enumerate important terms in the ontology
It is useful to write down a list of all terms we would like either to make

statements about or to explain to a user. What are the terms we would like to talk about?
What properties do those terms have? What would we like to say about those terms?

14
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4) Define the classes and the class hierarchy

This step defines classes used in an ontology domain. There are several possible
approaches in developing a class hierarchy [22]: a top down development process,
which starts with the most general concepts and subsequent specialization of the
concepts. Bottom-up starts with the most specific concepts or classes, the leaves of the
hierarchy with subsequent grouping of these classes into more general concepts. Middle-
out is a combination of the top-down and bottom-up approaches starts with the salient
concepts first and then generalize and specialize them appropriately [23].

5) Define the properties of classes—slots
This step used to describe the attributes or properties of the classes. These
properties Defined as the “slots™ of the models. Once the classes have defined, the next
step is to describe the internal structures (properties) of the concepts. Again, these
should be readily available from the list produced because of Step 3.

6) Step 6. Define the facets of the slots
Slots can have different facets describing the value type, allowed values, the
number of the values (cardinality), and other features of the values the slot can take.

7) Step 7. Create instances
The last step is creating individual instances of classes in the hierarchy. Defining
an individual instance of a class requires (1) choosing a class, (2) creating an individual
instance of that class, and (3) filling in the slot values

2.2.6  Web Ontology Language (OWL)

The Web Ontology Language (OWL) is a Semantic Web language designed to represent
rich and complex knowledge about things, groups of things, and relations between things.
OWL is a computational logic-based language such that knowledge expressed in OWL can
be exploited by computer programs. OWL is part of the W3C’s Semantic Web technology
stack, which includes RDF,RDFS, SPARQL, etc. [24]. It stands for Web Ontology
Language. It is used to represent relations between entities by using formal semantics and
vocabulary [25]. Web Ontology Language (OWL) is widely used to develop ontologies
[26].

2.2.7 RDF (Resource Description Framework)
RDF is the W3C standard for encoding knowledge on the semantic web. RDF is a formal
data model for machine understandable metadata used to provide standard description of
web resources [27]. RDF identifies things using Web identifiers (URIs), and describes
resources with properties and property values. Information is represented as statements in
RDF. The combination of a Resource, a Property, and a Property value forms a Statement.
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http://www.w3.org/2001/sw/wiki/RDF
http://www.w3.org/2001/sw/wiki/RDFS
http://www.w3.org/2001/sw/wiki/SPARQL

RDF can be represented as a triple of subject, predicate and object as shown in figure 2.2

[27].
@ Predicate @
Cupping Instance of Preventive
Medicine
Cupping Has Time Cupping
Time

Figure 2-2: RDF Triples

2.2.8 SPARQL
Semantic searching is done with the help of SPARQL. SPARQL is an RDF query language
which is Able to retrieve and manipulate data stored in Resource Description Framework
format. SPARQL Allows users to write unambiguous queries. SPARQL is just like the
SQL only. SPARQL contains capabilities for querying required and optional graph patterns
along with their conjunctions and Disjunctions.

The results of SPARQL queries can be results sets or RDF graphs. Query is specified in
the triple pattern which is subject, object and predicate [28]. The core of SPARQL queries
are triple patterns, with the capabilities of filtering RDF triples and binding variables to
values. When two triple patterns contain common variables, the results of two triple
patterns need to be joined. Join computation is a bottleneck of query evaluation [29].

SPARQL can be used to express queries across diverse data sources, whether the data is
stored natively as RDF or viewed as RDF via middleware. SPARQL contains capabilities
for querying required and optional graph patterns along with their conjunctions and
disjunctions. SPARQL also supports extensible value testing and constraining queries by
source RDF graph. The results of SPARQL queries can be results sets or RDF graphs [24].

2.3Related Work

2.3.1 Search Apps based on Hadith classification
Many applications based on the classification of hadith. This classification include
subcategory such as Food, faith, Quran, sedition and epics, Biography of the Prophet, the
virtues, the community and the family...etc. The following Online applications provide
search service and classification of hadith.
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http://www.w3.org/2001/sw/wiki/RDF
http://www.w3.org/2001/sw/wiki/RDF
http://www.w3.org/2001/sw/wiki/RDF
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1. Al-Dorrar Al-Suniya

[6] Al-Dorrar Al-Suniya is considered as a very large and comprehensive database for the
prophet heritage pbuh, that allow access using a modern tech tools and which contain a
group of encyclopedias in different subjects. Recently “Al-Dorrar Al-Suniya”
establishment released on its website a beta version of subject classification service for
hadith as shown in Figure 2.3, which considered as the largest electronic work in the field
of prophet hadith classifications on the internet which lead to the classifications of all
hadith encyclopedias on the website which almost reaches hundreds of thousands of
classifications based on the category headlines, where the required topic is selected for
search. This service includes a group of search criteria but it lacks the links between the
hadith and the narrator, also it depends on the exact phrase search.
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Figure 2-3: Online Al-Dorrar Al-Suniya Website

2. Jawame El-Kalem
[2] Jawame EI-Kalem is considered as a Hadith encyclopedia, it provides a rich and
comprehensive source for experts, scholars and students, it includes thousands of
sources and it adopts the classification for hadith in the form of a tree which has many
categories. A subject is selected and the sub-topics can be explored under this subject as
shown in figure 2.4. The search service presented group of search criteria, also it
depends on the exact phrase search.
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Figure 2-4: Search Service in Jawame El-Kalem application

3. AL-Shamelah library application:
[1] Search service in AL-Shamelah library relies on the usage of keywords in the search
process. Whether in the text, phrases or comments with use of multi-search at the same
time using the Boolean operators AND, OR, to match what was entered as shown in
figure 2.5. In addition, it’s used the index style to indexing all the books that are not
indexed to speed up the search process.
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Figure 2-5: The Search service in the ADL application
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As a result, we believe they do not provide service for complex queries over hadith

classification.

2.3.2 Search Apps for Judging Hadith Isnad

There exist various researches was used semantic Web that are helpful in Hadith

judgment.

[7] Presented a prototype of a semantic web-based system for supporting judgment hadith
Isnad. It build an ontology-based system that automatically generates suggested judging of
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hadith Isnad. It based on the rules that hadith scholars follow to produce a suggest
judgment.

[8] automatically generates and graphical visualization of the narration chain of the Hadith.
This process involved creating natural language lexer, performing shallow parsing, and
building syntactic analyzer and finally graph presenter that displays the narrators’ chain
graphically.

[9] Proposed a complete-text-mining system called (AuthenTique) that used for knowledge
extraction from a database of prophetic traditions “Hadith”. It provides a list of Hadith
classified according to their degrees of similarity based on a given query. The implemented
methods of text mining in Authentique are classical methods such as vector space model,
TFIDF, and cosine measure.

In edition there exist various electronic encyclopedias in Hadith judgment like ADL,
encyclopedia of the narrators of hadith (Noor Islam), encyclopedia of harf the nine books,
Al-Dorrar Al-Suniya site [7].

All research and electronic encyclopedias that have been mentioned in this section focused
on Hadith judgment but we will focus in this research on hadith classification

2.3.3 SW + Digital libraries
Semantic Web is widely used in various services of digital library. So it is very necessary
for the digital library to apply technologies effectively in the knowledge services. Many
researchers have done a lot of work in this area.

[10] presented a new semantic search methodology in Digital Libraries Using Multimedia
Analysis, including a query answering mechanism which meets the semantics of users’
queries and enriches the answers by exploiting appropriate visual features, both local and
MPEG-7, through an interweaved knowledge and machine learning based approach.
Improving Semantic Search in Digital Libraries Using Multimedia Analysis.

Constantinescu and Vladoiu [12] Was presented socio-semantic contextual model on
bilingual subject-based information retrieval in digital library. This model allows rich
bibliographic description of the content, along with semantic annotations, reviewing,
rating, knowledge sharing. It is multi-layered and allows both integration of local and
distributed information via web services and construction of rich hypermedia
documents. NECLIB’s model can express the complex relationships that exists between
various objects.
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[30] They present a prototype that allows users to annotate content within digital libraries;
the annotation schema is built upon the Annotation Ontology. Data is available as RDF
making it possible to publish it as linked data and use SPARQL and SWRL for querying,
reasoning, and processing.

[13] presented a prototype system that include an ontology schema to provide subject-
based information retrieval within Library of Congress Subject Headings (LCSHSs) through
modeling the semantics into adequate ontologies and exploitation the explicit and implicit
relations that contained within the Library in order to provide more effective subject-based,
information retrieval within digital libraries. The prototype describes a system capable of
making the expressiveness of the underlying ontology readily available to end users while
at the same time retaining simplicity and ease-of-use.

[5] Providing ontology technology to knowledge service in digital library would prove
useful to support knowledge automatic processing and integration. In order to make the
knowledge service system understand users’ demands more comprehensive and provide
more effective services to them. The paper proposed some reasonable methods and ways
to construct a framework for knowledge service based on the two ontologies.

All research that have been mentioned in this section focused on search services in digital
libraries but most of these researches does not support more intelligent results.

2.4Summary
This chapter presents the required background and related work in order to provide an overview
of the Semantic Web and its associated technologies and functionalities that underpin the
research on developing digital libraries.
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Chapter 3 : Hadith Ontology

3.1 Ontology Overview

Ontologies play the key role in the semantic digital libraries. It supporting the main aspects
of contemporary knowledge. it widely used in knowledge engineering, artificial intelligence;
as well as applications related to knowledge management, information retrieval and the
semantic web[31]. Ontology has become a kind of important means in computer science,
especially it used in semantic Web and information retrieval in Digital library[14] . Ontology
contains a set of specific and clearly described classes or concepts, properties of the
concepts, slots, restrictions, facets and a series of instances related to classes, which combine
to form the knowledge. A Class is the core of ontology, which describes the concepts in
some domain. Slot describes the property of the class and the instance[7].

As we mentioned previously, ADL is a huge database that includes different scientific fields,
Such as Agidah (3x8~), Fegh (4al) and Hadith (<wsl), biography and history (3 sl
&odls)... etc. And every field covers abundant of topics that perhaps contain a variety of
subtopics. Hadith science is one of the sources of Islamic legislation that contains the sayings
of the Prophet Mohammed and his actions, the conditions and Attributes. It comprises some
of the subjective classifications (e.g. the Chapter of Ethics and Morality (<Y1 5 33a31), faith
(oY) Prophetic Medicine (sl <kl | ete.).

Due to the large number of domains contained in the ADL, we have chosen only a subset of
the Hadith domain covering the domain of the Prophetic Medicine. We built a prototype
ontology to model the concepts and relationships within the chosen domain, and used it to
annotate the Hadith text. Our intention was to provide a proof of concept of how information
retrieval can be enhanced by integrating ontology based semantics and reasoning.

3.2 The Prophetic Medicine

The Prophetic Medicine or (Tibb an Nabawi) refers to words and actions of the Prophet with
a bearing on disease, treatment of disease, and care of patients. It covers preventive
medicine, curative medicine, mental well-being, spiritual cures or rugyah, medical and
surgical treatments[32].

We used a bottom-up approach to construct our Hadith Ontology: We first extracted the 60
sayings of the Prophet Mouhammad (hadith) from the book of “Ibn Qay'em El-Jozeyah”
which covers different aspects of the Prophetic Medicine. From these sayings, we identified,
with the help from experts, all concepts to be included in the domain ontology. We then
classified these concepts and linked them with appropriate relations and hierarchies to end
up with our Hadith ontology.
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3.3 Classification of Prophetic Medicine:
This classification depends on the experts and the same book (Ibn Qay'em) as well as some
specialized sites that the experts based upon it.

We have used the following procedure to construct the ontology of Prophetic Medicine:
Extracting and Classifying the main topics (concepts) and subtopics in a Prophetic
Medicine domain.

Extracting hadiths related to each topic.

Defining relevant terms, as well as their synonyms, that relate to the topic determined
from 1.

Building of the hierarchy of concepts identified from 1,

Identifying the relations between concepts and properties.

1.

Each step of the above procedure is explained in the following subsections:

1- Extraction and Classification of The Prophetic Medicine: We have classified the
content of the Prophetic Medicine into these 6 main categories:

1.

SR

Preventive medicine diseases (4 sl axsl dails (il )
Preventive medicine remedies (2 s) cakll 4, 51)
Spiritual medicine diseases (s 5l cakll (il )
Spiritual medicine remedies (s 50 kll 4, 50)
Curative medicine diseases (>3l calall () i)
Curative medicine remedies (a3l ahall 4 51)

Each of these categories are explained in what follows:
Preventive medicine: We have listed preventive medical measures taught in hadith
such as:

1.

Food and exercise. (bl 5 sladall)

quarantine for epidemics, (35> sl jaall)

forbidding urination in stagnant water, (/1) el 8 Jsill (e i)

use of tooth stick, siwaak, (<) sl ¢! lac alasiul)

precautions in the house at night regarding fire and pests, (sl Lad Sl J jall 34408 1))
() 5 Ul

Leaving a country because of its water and climate, (FLiall s slaall cany 2011 & 53)
marriage and mental health, (Aliall da.all 5 =1 5311

Marriage and sexual health, (Aeal) daall 5 1 5 3)

dietary control ("dseali"dsiaall 3 yal))

Cleanliness and avoiding filth. (6 _)3l) cuias 5 2aUsal))

Spiritual medicine: Study of Prophetic Medicine reveals that there are spiritual aspects
of healing and recovery such as:

Prayer, dua (sleall 5 3Lall),
Recitation of the Qur’an, (1A 5 53)
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- Remembrance of Allah.(& _S3)
- Psychosomatic diseases(izawall dudill Ll 1Y) such as (scrupulosityos s s,
fear"—asall", mania"esel)", insomnia"é_¥") could respond to spiritual approaches.

- The use of Ruqgyat(«2_1) (Surat al fatiha"4=3ll 5, 5", al mu’awadhatain" Qb s2li"),
3. Curative medicine: We have listed many diseases with their recommended treatments

from Prophetic Medicine.

- Fever (humma) (3)uall s s gliif i (eall),

- Bowel movements (¢l 33inl),

- Dropsy (sluiu¥) £13),

- Wounds (zs.2).

- Epilepsy (g »=).

- Sciatica (Ll G3_e).

- Skin itch (auall 48s),

- Pleurisy, («uall @ld),

- Headache and hemicranias (el 5 ¢ laall),

- Inflammation of the throat (3_3=1).

- Enlargement of the heart (2s3ial).

- Ophthalmic ().

- Pimples (<)),

- Skin eruptions (s l).

- Food poisoning (~).

- Witchcraft (Uss).

- Head lice (J«a),

- And other diseases.

3.1 Forms of treatment:

In the sayings of Prophet Mohammad mentioned many of the recommendations
that are a guidance’s and instructions of the Prophet Muhammad Which give
information about how to deal with the disease and the possibility of treatment.
These recommendations were extracted from the sayings of Prophet Mohammed as
follows:

» The use of honey (J~l'), cupping (“s=ll), cauterization (<) for healing.

= The use of cold water (=W <L) for fever.

» The use of dates (i) for enlargement of the heart.

= The use of cauterization for causing "pain and menace to a patient".

* The use of traditional medicine, include olive oil (s <u3); dates (L<i);

siwaak () as a necessity for oral health and black cumin and its oils.
= And Other.

2- Extracting the sayings related to each topic.

In this step we have listed the sayings of Prophet Mohammed according to every topic (see
Appendix H).
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3- Defining relevant terms, as well as their synonyms, that relate to the topic determined
from 1.
We have identified keywords and their synonyms according to each hadith (See Appendix
H). Table shows two sample sayings of the Prophet along with the terms that we linked
with the ontology content during the annotation process. Synonyms of these terms are also
added to the ontology to broaden the scope of search. (See Table 3.1)

Synonyms Terms Preventive medicine - (A@s!) k)
9l g 3 glaall) e )
U2 g
5139 Paa | J9:dE Ban il e sl g i((Ornenall))
) 13 Ga A g3 L)) calug Adde & ) g
(>4 A g5

$13318 | 0 ABe (n ah) Cuda (e p((2aa) plaY) diwa)) A
glgd | slga: elid Ale 4»“‘ rha () aie ‘1‘45)) 1B ey y ) Aabuad
U sl | e e Jpm o) oIEE (Gl oY) Ciplag calug
s ol da 3B A OB ) 5315 Al de |y and)) ;i
JB S g8 La sl gl (((2a)g £1d b plid A g3 Y) £l
((A4)

) S — i gall 2o

Table 3-1: Sample sayings of the Prophet Mohammed

4- Building of the hierarchy of concepts identified from 1

Figure 3-1: The hierarchy of concepts of Prophetic Medicine
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5- Identifying the relations between concepts and properties.
The hierarchy in previous step explains the relations between the various concepts of
Prophetic Medicine where each concept can have a set of sub concepts that can be contain
more properties, in table 3.2 explained some of these properties:

Honey cure alsttlag

o) ez t\.q el

Cupping cures headache

&u@h tw Gl

Cupping cures migraine

Mv iu@h tw Galoed |

Cupping has time of treatment

Cupping has method of treatment

Cupping has fees of treatment

e i g wlnd

Cupping cures wound

) S A S

Humma cured by cold water

U UL & oA

Siwaak has benefit “tatheer alfam”

PR XTSI

Siwaak has benefit “mardat alrab”

ufU ol e XYL 4\._[.\.‘ ﬂ\jmjl

Headache cured by costus

S udll &y gl

costus cures Pleurisy

() SeVl) ol i &y Lol

Black cumin cures colic oail E s s ad
Black cumin cures headache ghiall s eslsd) 3
Pimple cured by Darirrah Bl ¢l s
Magic cured by Ruqyat L Ew )
Humma has prevent revilement o o £
Humma has method of treatment e dyb gl o

Table 3-2: Shows the concepts and properties

3.4 Ontology development

As mentioned the hadith ontology aims to represent the Hadiths of Prophetic Medicine
with their different categorizations. The ontology was designed through a cooperative
effort that included domain experts and ontology experts. The Hadith domain ontology is
constructed using Protégé and OWL. The hadith ontology was developed according to the
following steps listed in [23] :

Step 1: Determine the Domain and Scope of the Ontology

The ontology development started by defining its domain and scope that can be
defined by answering the following questions.

— What is the domain that the ontology will cover?

The domain of the ontology will cover the existing hadiths of Prophetic
Medicine as subset of hadith domain
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— For what we are going to use the ontology?

The Sayings of Prophet Mohammed related to the Prophetic Medicine will
be annotated against the instances and classes of the ontology. The
annotations should be exploited by the information retrieval system and the
ontology reasoner to provide the following features:

= Link the hadith text and terms in a way that helps the user to perceive the
relationships and dependencies between different topics so that he gains a
broader knowledge of overall domain.

= Provide recommendations related to the topic being searched.

= Provide an ontology-based search service that rely on semantic rather than
syntactic matching.

— Who will use and maintain the ontology?

The ontology will be used through the experts in hadith and users of library
to access the required information.

Step 2: Reuse Existing Ontologies

We can reuse ontology in the same domain knowledge if it exist, but no ontology
exist, so, we have created a new one for our system.

Step 3: Defining Classes and Class Hierarchy of Ontology

This step starts by defining classes. All the main terms that we have selected in the
earlier stages that mentioned in above procedure will be classes in the ontology.
Classes are also organized into a hierarchical taxonomy. Some possible approaches
of developing a class hierarchy are: Top-down approach, which starts with
creating definition of the most general concepts and then their specialization
(creating subclasses); the process is recursive for every class until we reach the
most specific Definitions. Bottom-up approach, which goes the other way first we
define the most specific concepts ant then group them into more general concepts
by creating common superclass for them. Combination of both when we start with
few general (or “top-level’) concepts and few specific (or “bottom-level’) concepts
and fill the middle levels consequently .[23]

We used a bottom-up approach to build the ontology. Through represented the core
concepts (main classes) and subclasses as classes in an ontology.

We defined six main classes: the Preventive medicine class, Spiritual disease
class, Curative medicine class, Bodies diseases class, Spiritual remedies class,
Preventive diseases class. Table 3.3 shows descriptions of these classes. Each of
these classes is used as a top concept that subsumes many subclasses such as
"prayer- sley ¢ - “Roqya — 48, Figure 3.2 represent an example of this relation:
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Prayer is a sub class of spiritual medicine

Figure 3-2: Example of relation from the metadata ontology

No. Class

Description

1. Preventive medicine

Represents a set of preventive and therapeutic
prescriptions

2. | Spiritual disease

Presented a List of diseases such as eye, magic
that could respond to Spiritual remedies.

3. | Curative medicine

Presented a List of natural remedies

4. | Curative diseases

Presented a List of the diseases treatable by
natural remedies

5. | Spiritual Cures

Focus on aspects of healing and recovery

Prayer, dua, recitation of the Qur’an.

Presented a List of the Psychosomatic diseases
that could respond to spiritual approaches.

6. | Preventive diseases

Table 3-3: Hadith Ontology Classes

Here's a graphical illustration a portion of the taxonomy hierarchy for the Prophetic
Medicine we've defined as following (see figures 3.3):

——
(_ Al-nabawi_medicine )
Vo

=
N/ A
is-a &a
[ Diseases | | Cures )
&‘.Y.\ Y[\ A
‘!S-J I5-a IS-a 1s-a IS-a G-d
Bodies Spiritual (_psychalogic ) ( Natural_Medicines ) PreventiveMedicine ) ( Spiritual_Cure )
T, e = —_——e i - v — -
N / N WA P
<l 1{. - 124
1s-a 1S-a \ JS-a I5-a 15-a 1S-a
| Poisonous ) ( Curable ) [ Incurable ) ( Cancerous ) | plants ) ( Composite_med )
3 e \ A — g .

Figure 3-3: An example of a taxonomy hierarchy

Step 4: Defining the Properties of Classes (Slots)

In this step, the classes that are created in the previous step does not provide enough
information alone. So once we have selected the defined classes in the list of terms
we created in Step 3, most of the remaining terms consider properties (slots) of
these classes [23] . Object properties can have other object properties as
subproperties. The object properties we defined are illustrated in Table 3.4. For
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Example: plants have three types of plants which are herbs, seeds and trees and
each type of plants has an instances such as siwaak. Every instance of trees has
properties such as cures, hasBenefit and others. Object properties are binary
relations on individuals. Properties link two individuals together. For example, the
property cures might link the individual cupping to the individual headache.
Similarly, the property IsCuredby might link the individual diarrhea to the
individual honey. Properties can have inverses. For example, the inverse of Cures
is IsCuredBy. Inverses of all object properties were also defined in the ontology

see Figure 3.4.

@ Oliver_oil a

@ Pimple
# Rukia

@ Senna

@ Sennot
# Siwaak
@ Tdawoo
@ Tdawool
@ Tdawoo2
@ Tdawoo3
& Tdawoo4d Data property assertion
@ Tdawoo5

m hasBeanfit
Matharaalfam

= hasBeanfit
Mrdattalrab

@ Tdawoo7 =
@ Tdawoos
@ Tdawoo9
@ Ulcer

® Wesswass
Ki 1Dl

#® Tdawoo6 Negative object property assertions

[DEEE Wl Description: Costus

Type
| Trees

@ Cauterization
@ Chemical_Poisons
@ Cold_water

: Costus

Property assertions:

@ ConguestofMecca
@ Constipation

# Coryza

@ Costus

@ Cupping

@ Dates

# Dhirarh

# Dhirarh_Cane

@ Diarrhea

@ Diet

& Ear

@ Envy

@ Epilepsy =

W&mﬂ:ﬂ’.

Figure 3-4: Some properties linking some individuals together

@ Colic | biect property assertions

®mcures Alozra
®mcures Headache

Table 3.4 illustrates the object properties structure of hadith ontology

Object Properties Domain Range Description
Cures Cures diseases Y
IsCuredby diseases Cures e
(inverse of “Cures”)
hasCureMethod Cures TreatmentMethods | zall 43, )k
hasTime Cures TreatmentTimes kall i
ArticleOf category | category SR PSNY N
IsbracnchOf category category (e g B
hasType category | category g 5t gl
IsTypeof category | category G g
IsOneOf category | category @l el
IsPartOf category category Oe e
IsReasonOf category category R
hasPrevent category prohibition e 4
hasPlace category | TreatmentPlace S 43
hasFees category | TreatmentFees NP
HasBenefit category Benefits 318 40

Table 3-4: Hadith Ontology Object Properties
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The Object property have been determined based on the context of the Hadith. For
example, Figure 3.5 Show a sample Hadith and a sample object property that we
defined based on the meaning and context of the hadith text.

Text of hadith:
J6 e of 4 A9 A SR 06 - o 23 59 — g 38 (B e 25 L83 e 2y A G
" Bl gkl Bpgas 15t " 108 g e B ot D1 2 e Eap (6 of s

Siwaak hasbenefit MrdatAlrab-
) gl S

Figure 3-5: The hasbenefit Property/Relationship

Data properties describe the relationships between instances (individuals) and data
values. Table 3.5 illustrates the data properties structure of hadith ontology.

A set of ontology classes can be specified as a property’s domain; in that case the
property can be associated with the instance belonging to all of the classes specified
in that domain only.

Datatype Domain | Range Description
Properties
hasCategory | Annotation | String | URI for any category whether
classes or individuals

hasSource Annotation | String | URI address for the hadith that
contained specific text
hasText Hadith String | a word or text we want to annotate

with some details
hasStartindex | Annotation | Integer | Reflects the beginning of text in

hadith
hasendIindex | Annotation | Integer | Reflects the end of text in hadith
hasAnnotation | Hadith String | URI for an annotation

Table 3-5: Hadith Ontology Data Properties

Hadith domain: represents a group of different Individuals (sayings of Prophet
Mohammed, that share common characteristics, which may be more or less specific

Annotation domain represents a set of different annotations that share common
characteristics such as hasCategory, hasSource, hasText, hasStartindex,
hasAnnotation. The ontology enables the text of hadith to be linked to Individuals
or classes in an ontology by means of annotations.
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http://ontogenesis.knowledgeblog.org/514#_individual
http://ontogenesis.knowledgeblog.org/514#_individual
http://ontogenesis.knowledgeblog.org/514#_individual

HasStartindex Datatype Property reflects the beginning of text in hadith and
hasEndIndex Datatype Property Reflects the end of text in hadith that they will
be used to highlight the annotated segment when results are presented to the used

Step 5: Defining the Facets of the Slots

One way to specify constraints on allowed slot values is through facets. The
constraints specified using facets include cardinality of a slot restrictions on the
value type of the slot such as integer, string, instance of a class. In our ontology
most of the slot values are string and integer. For example, the value type of data
property hasText (u=3) for domain Hadith Class (<x2al) is string and the number of
the values (cardinality) has a minimum cardinality of 1: which means that each
Hadith at least has one text. And value type of hasStartindex is integer. The figure
3.6 illustrates the data restriction for has text Property.

Data property hierarchy: hasText DEEE

Description: hasText

¥--mowl:topDataProperty
- mhashArabicName SubProperty Of
mhasCategory
mhasEndIndex

Domains (intersection)

- mhasName dith
- mhasSource Hadit
-~ mhasStartIndex
- mhasText Ranges
© xsd:string
Disjoirt With

Figure 3-6: illustrates the data restriction
Step 6: Creating Instances

OWL classes are interpreted as sets that contain individuals. Individuals are also
known as instances. Individuals can be referred to as being ‘instances of classes’.
[9] Individuals, represent objects in the domain in which we are interested.

Thus, the final step in the development of an ontology is to create actual instances
from the abstract representation created. This involves choosing a class, creating an
individual instance of that class and filling in the property values. In our ontology,
we defined about 90 instances representing all ontology concepts. (For example,
“costus, (L-dll)” is an instance of the class “tree, (Ja31)” and “Alozra, (5,3)” is an
instance of the class “ThroatDiseases, (Gl Lzl i),

Every subclass doesn’t have branches will deem as individuals such as “fever— <)
“-"plack cumin-sla sl sl The Information of individuals taken from the text of
hadiths that were previously selected such as the following hadith:

Yy o135 S e 3AS £135edt BB (35 sk ooy ale 1 o ) Jgoy po 0w ) ) 08 ol o0
».allJ)
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We can create an individual instance Black Cumin to represent a specific type of
Seeds. This instance has the following slot values defined (Figure 3.7):

File Edit ‘“iew Reasoner Tools Refactor Window Help

Indlividuals

Class hierarchy

Class hierarch

[t %] [m(

owl:Thing
- @ Annotation
- @ category
Al-nabawi_medicine
@ Cures
@ Natural_Medicine|
-@C ite_me

#® BattleofOheed

@ BeliefInAlQadar

#® BeliefInAngels

@ BeliefInLastday

# BeliefInMessengers
# Black_Cumin

#® Botanical_Poisons
# Cauterization

b @ Trees
@ Operations
@ PreventiveMedici
@ Spiritual_Cure
@ Diseases
@ Faith
@ HumanBody
@ Beanfits
b @ Gin
»-- @ ProphetBiography
»-- @ ScienceChapter
- @ IslamicWeapons

ack_Cumin

[
Types &

@ Seeds

0000

A

Property assertions: Black_Cumi DBEE l

— ' || Data property assertions &

Description: Seeds

@ plants

General ciass axioms @)

SubClass Of (Ananymous Ancestor)

Members @

#®Black_Cumin
#Senna
#® Sennot

000
000
000

£

| || Negative object property assertions @
|

| Negative data propery assertions -

-|

Object property assertions @

m cures Colic @@0 |

No Reasoner set. Select a reasoner from the Reasoner menu @ Show Inferences

Figure 3-7: The definition of an instance of the Seeds
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Figure 3.8 represents the main structure of the competence ontology with all the classes,
subclasses, instances and object properties.

Figure 3-8: Graphical representation of the ontology Concepts and Instances

Step 7: Hadith annotation:

Semantic annotation module is responsible for annotating Hadith text with classes
and/or instances from the ontology. An annotation should be well defined,
unambiguous and easy to understand by domain specialists, in a way that it could
be useful for the information retrieval process[28].

To facilitate the manual annotation of Hadith text, we provided an easy-to-use
interface that enables the user, i.e. domain expert, to easily link segments of the
Hadith text to the ontology content. The main window of the annotation interface
is shown in Figure 3.9: The whole ontology content is visually represented as a tree
(see Fig 3.9.A) where inner nodes denote ontology classes while leaf nodes denotes
instances/child classes. The annotation process is done as the following: 1) the user
highlights the text segment to be annotated. 2) The user selects relevant ontology
terms, 1.e. classes and/or instances, from the ontology tree. 3) On clicking “Add
annotation” button, the appropriate annotation is created and stored in the RDF
store. The annotation tool also enables the user to view all stored annotations and
delete them.
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JiE:'(Universit\,f coursesi Thesis\ Thesis|abu HamzanewiHadith. owl []l Annotations

Hadith O 54 : Keywords Text
[l
|dally) |
©daub gl el o)) 1B pluwg aule all slo il O o ‘zﬂ 0 ﬁ; ;.; :‘(}(M-u,,,.z,;,“. 2 m e T
. W
| Hadith tex W
- 1 Add Annotations

i EYisS H View Annotations

4 - Al-nabawi_medicine
. 4-Cures
1> - Natural_Medicines

1> - Spiritual_Cure

. Diseases
> -Resources
Ontology terms
> -People

URL ;http:h‘www.semanticweh.orgfiyad32fontologies;‘20l4!6,funtitled-ontology-13#Water J

Figure 3-9: Hadiths annotation tool

For testing purposes, We selected 60 sayings of prophet Mohammed from the book titled
“ATTeb Al-Nabawi”, authored by “Ibn Qay'em El-Jozeyah” (refer to Appendix H for the
full list of the selected Sayings of Prophet Muhammad) and annotated them against the
domain ontology. An RDF store was used to maintain the annotations in the format of RDF
triples. To illustrate how annotations are created and stored, consider the saying of Prophet
Mohamed shown in Figure 3.10:

Py

by " Qb W 1eiksd i ol sy ik g dass gy ade ) o 1 Jsly o
-v.<..l.cj G e Rl e 1 Y T 0By : 35.83\:6ufi°?

Figure 3-10: Sayings of our Prophet Mohamed

The highlighted phrases of this saying can be linked to concepts of the ontology as the
following:
e Annotation 1: through annotation tool, the word “sasll i was linked to the
ontology concept “CuppingFees” (add the Arabic name) which is an instance of the
class (concept) “TreatmentFees” (Arabic name). The following attributes were
assigned to the annotation created for the word “alaall 2" as the following table 3.6:
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Property Name

Annotation Uri:

Category Uri:

Value

"http://www.semanticweb.org/iyad3
2/ontologies/2014/6/untitled-
ontology-13.owl#Hhojama5Ann1"

"http://www.semanticweb.org/iyad32/o
ntologies/2014/6/untitled-ontology-

explanation

a URI is expressed at the current
annotation
Hhojama5Ann1
created by the user

this name is

a URI is expressed at the Category
in the ontology that linked with the

13.owl#CuppingFees " current annotation
SourceHadith "http://www.semanticweb.org/iyad32/o =~ URI of the saying containing the
Uri ntologies/2014/6/untitled-ontology- annotated word, i.e. “Aaall jal”.
13.owl#Hhojama5" Hhojamab5: This name is created by
the user
Text “alaall jal” Annotated text within the saying.
StartIndex 93 Character index denoting the start of
text in the saying
Endindex 103 Character index denoting the end of

text in the saying
Table 3-6: attributes were assigned to the annotation

Figure 3.11 shows the generated RDF code for the annotation attributes given in Table 3.6.

<owl:NanedIndividual rdf:about="suntitled-ontology-132;HhojanasSinnl™>
<rdf e rdf:resource="suntitled-ontology-132;Annotation” />
<rdfs:label rdf:datatype=" ring">HhojamaSinnl</rdfs: label>
<untitled-ontology-13 artIndex rdf:datatype="srdfs;Literal">147</mtitled-ontology-13
<untitled-ontology-13 dIndex rdf:datatype="srdfs;Literal”>165</ intitled-ontology-1
<untitled-ontology-13 tegory rdf:datatype="srdfs;Literal”>CuppingFees</untitled-ontol asCategory>
<untitled-ontology-13 urce rdf:datatype=": sLiteral">HhojamaS</untitled-ontology-1 OULCce>
<untitled-ontology-132:hasText rdf:datatype="srdfs;Literal">pleall HT(/Lmt1t‘l&d—ontx:rlc:g"f“l_x_:h:asTr':z-:r}

</fowl: NanedIndividualy

¥-1

Figure 3-11: RDF triples of the annotation 1

Similarly, the following annotations were created and linked for the saying given in
Figure 3.10 as follows (Figure 3.12 depicts the annotation process):

e Annotation 2: The word “aak (e (ielia” is linked to the concept “CuppingFees
4ulaal which is an instance of the class (concept) “TreatmentFees™"z =l ,sal" .

e Annotation 3; The word "4zaali"is linked to the concept “Cupping” “4alaall” which is
an instance of the class “PreventiveMedicine”" A& Il i |

e Annotation 4: The word "(s Al Lfi«is linked to the concept “Costus” "Ludl" which
is an instance of the class “Tree”" Jlaii" |

99 ¢

A

34

www.manaraa.com



e Annotation 5: The word "s3%I"is linked to the concept “Alozra” "s,3I" which is an
instance of the class “ThroatDis”"Glall (al "

SevenHealing | <i
/ L] dns

InstanceOf
Ing
28
)”CPO
F

. Pleurisy i St % '

Q 4 wiall Gl P e 7 \ OQ\: i
S\ - - % —i
Qi BaT i T B of &/ & i3
am e § oS — £
g; S L v g S, 8¢ _ o | CuppingTime | i 5
= e ’ ; Nt “aaal cly 1 Q
Fees : Mo - |

Alozra Cupping Fees | 1as¢°2 Cupping - :

2l Sy i ~ .

= /Ya\\ &t

50,
%o 8| cuppingPla
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Figure 3-12: Hadith concepts linked to concepts of the ontology with relationships

The Terms in sayings of Prophet Mohammed are linked to the term in ontology which is a
class or individual. We link the hadiths terms to ontology classes because we need to
classify some sayings that do not contain keywords denote to particular topic. To illustrate
this case, assume that a user is looking for all the hadith whose topic is "4, 452", By
inputting the keywords “4s s 4353, results retrieved are unlikely to include many hadith
that do not include the keywords or synonym that related with terms in ontology. For
example, the core subject of the following hadith is Preventive remedies "4 45"
although this subject is never mentioned in the Hadith.

MOhﬁﬂe:T&\Mcﬁy‘,&;\ﬁj@:T%h» J@birbj&,b&\w‘;ﬂf
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3.5 Summary

This chapter presented the steps of developing hadith ontology in order to model the
concepts and relationships within the chosen area, and used it to annotate the Hadith text.
The procedure used to construct the hadith ontology included extracting and Classifying the
main topics and subtopics in a Prophetic Medicine domain, extracting hadiths related to each
topic, defining relevant terms and their synonyms that relate to the specific topic, and
identifying the relationships between concepts and properties. Finally, the ontology was
designed through a cooperative effort which included domain and ontology experts. The
Hadith ontology domain was constructed using Protégé and OWL.
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Chapter 4 : The OntoADL System

4.1 Overview:
This chapter presents OntoADL, our Prototype System to achieve and support the following
requirements over ADL.:

1- Semantic inferring ability and provide semantic guidance for end users. Information
retrieval system should not lose some of the information that the users want and be
within the user's interests

2- The ability to recognize synonyms or semantically-related terms.

3- Support complex queries that involve multiple conditions or objectives.

The core of OntoADL is the Hadith ontology that we built to model the different entities
included in a specific domain of ADL, i.e. Prophetic Medicine. This chapter reports on the
design and architecture of OntoADL, and discusses how the semantic markup and reasoning
has the potential to improve information retrieval for end users.

For convenient understanding of the OntoADL system, the system can be used by two type
of users, the annotator that is responsible for annotating the hadith text with content of the
ontology and prepare rdfstore. End users are people who work with system by enter
keywords and then data retrieve. Therefore, we divided the system’s functionality into two
tasks as follows:

1- Creating RDF store and building Ontological Dictionary: through the use of
annotation, reasoning and Linguistics modules.

2- Information retrieval (Retrieving specific sayings of Prophet Mohammed): when the
user inputs keywords, the natural language query is handled by the Linguistics
Module to make the query words comparable with the content of the ontology and
rdfstore. The matcher is used to match these words with the content of the ontology
and rdfstore. Terms that match with the query words will be used later to build the
RDF triple patterns of the SPARQL query. Then it executes the SPARQL query to
retrieve results from the RDF store. In the following sections, the components of the
system are explained in detail. The overall architecture of OntoADL system is
depicted in Figure 4.1.
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Figure 4-1: The Architecture of OntoADL system

End User

Results

The Components of the systems are explained as follows:

4.2 Annotation Module:
Annotation module is responsible for annotating Hadith text with terms in ontology by the
annotator. We have provided an easy-to-use annotation interface (see figure 4.2) to annotate

the sayings of our prophet against our domain ontology. We clarified its work in the part of
the hadith ontology chapter.
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Figure 4-2: Hadiths annotation tool
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4.3 Reasoning Module:

This module includes an OWL inference engine (i.e. Jena Reasoner). After annotating all
the sayings, we run the inference engine over the annotations in the RDF store in order to
infer new RDF triples. All inferred information is stored as new triples in dictionary thus
exposing them to the queries. This enables the declaration of derived classes or the
declaration of further property characteristics (e.g. transitivity and symmetry of properties).
The Reasoning Module was implemented in Java by using the Jena API. It utilizes the rules
to get best answers for user queries

The inference engine can also extend the RDF knowledge with additional axioms involving
inverse properties. A good example of that is the property cures. Clearly, if the cupping cures
Headache, then we can define the inverse property “IsCuredBy” to indicate that the headache
is cured by the cupping. Having the inverse property “IsCuredBy” defined in our ontology,
the reasoner will gather the following statements which found in ontology:

<http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#cupping
Hadith: Cures
<http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Headache>

And will use the inverse property to derive and then add the following statement without us doing
anything:

<http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Headache>
Hadith: IsCuredBy
<http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#cupping>

In another example: when the end user is looking for the value of the treatment of diarrhea
entering the following query “Scbdll Jel z3\e”, Using the annotations, the inference engine
will be able to recognize that the word “shdl Je) refers to “@ain¥” although the word
“shall Jewl” is not literally mentioned in the Hadith. It will be able to recognize the synonyms
or the semantically related terms which can be described as both symmetrical and transitive.
That can be represented graphically as is done in Figure 4.3
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Figure 4-3: synonymous or the semantically related terms
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4.4

4.5

Given the statement “:Honey :cures :Diarrhea”, the reasoner will use the inverse property to
add the following new fact: “:Diarrhea :iscuredby : Honey”. Therefore, the system may
suggest the following Hadith in (figure 4.4) as a result which satisfies the user query.

J1 385 81 06 s gl 12 S o e B3 2 dah Wl ke 1) AR W0 U 1 AR W0s
Yy 635 ob in, gy Juib s ais " Jad 81 Qb g ke & o 1
R e e AB L S ey D38 B0 Bas " Jub |
Figure 4-4: synonyms or the semantically related terms

Ontological Dictionary:

When the system is first started, an ontological dictionary is automatically constructed by
extracting all ontology entities including classes, properties and instances, preprocessing and
storing them in a special data structure. Ontological dictionary enables for rapid access and
retrieval from the ontology especially when matching the user query with the ontology terms.

Linguistics modules:

In this module, all search terms (keywords) which entered by the user are subject to major
preprocessing operations such as (Tokenization, Removing stop words, Stemming, N-
grams). The aim of preprocessing the keywords is to prepare it for mapping with terms in
Ontological Dictionary. Figure 4-5 shows Example of

preprocessing operations on keywords Keywords
Kl da g

|

,
\.

The user natural language inquiry is entered to the system which
represents his question by using a tokenization process without
changing its meaning whole text, it is segmented into sequential g, A, A
manner of words and sentences which represent a token. A token S o
is an instance of a sequence of characters in some text that are g%, e, K0
grouped together as a useful semantic unit for processing [33]. In
Stop word removal method whole sentence in the form of
questions will be filtered out. So that only useful and meaningful & s dn
words will be sorted out from a process of stop word processing.
Stop word removal method sorted those words and removed that

]

,
\

]

,
\

J

,
\

E.b
from original question given from a user. Stemming is a process =
of removing prefixes and suffixes from words. By using & s
stemming process we can combine word forms to avoid 9 c-l:j::):u
mismatches that may be occurs during a searching time. Which /

. . . Figure 4-5: Example of

make a system more understandable according to user’s point preprocessing operations on
of view and the system performance will be increased[33]. keywords

Accurately, the system does not solve the questions or question marks but removes
unimportant words and keep the keywords.
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4.6

4.7

End user Ul:

We built OntoADL system in such a way that the user can easily interact with the system
and get the appropriate results according to the search terms. The user is provided with a
graphical user interface (see Figure 4-6) to prompt search terms which will then be processed
and converted to SPARQL queries.
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Figure 4-6: shows a snapshot of the end user interface

User interface provides search service through the text filed as place to inter the keywords
(see figure 4.6.A). As well as, we divided the search results into two panes: on the right show
the retrieved sayings of Prophet Mohammed (see figure 4.6.B). And On the left is the
Recommendations list represented as a tree that related with search term entered by the user
(see figure 4.6.C)

The Matcher:

The Matcher handles the process of matching the search terms to the ontology: When
keywords are entered by the user, they are first processed by applying words segmentation,
stop word removal and stemming. Afterwards, we generate all possible N-grams from the
query words where N ranges between 1 and 3 (length of noun phrases is limited to 3 words
in our system). Each N-gram is then matched with the content of the ontological dictionary
starting with the N-gram of highest length. Using N-grams rather than single words for
ontology matching ensures the best matching results and the extraction of ontology phrases.
Note that keywords can match with classes, properties, instances and literals of the ontology.
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Figure 4.7. Shows an example processing and matching a user query with the ontology
content.

The search terms
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Figure 4-7: Matching the search terms to terms in Ontological Dictionary

As depicted in Figure 4.7, N-grams are linked to ontology terms as the following:

1) The query word (zle) matches with object property (cures) (z=) in Ontological
Dictionary.

2) The query word (zle) matches with class (category) (Remedies) ("z3ke"<"453") in
Ontological Dictionary.

3) The query word (o k) matches with individual (Diarrhea) ("o @OUaiul"e"Jleu¥I™),

4) The query word (o k) matches with annotation (HalsttlaakAnn1) (“addas Gslkainl),

5) These keywords («"Ga"¢" oyl mle " has 31l =le ™) do not match with any ontology
content.

After the process of matching, we notice there are keywords matches with multiple
ontology terms such as the word (zl=) matches with object property and category, also the

42

www.manharaa.com




word (ok: (k) matches with individual and annotation, thus, We will consider all the
matching results and used then to search in OntoADL system in order to retrieve all the
results related with keywords.

4.8 SPARQL query engine:

This module is responsible for handling user queries and transforming them to SPARQL
which is done by linking the ontology entities recognized by the matcher. After capturing
the ontology entities from the matching process, they are linked to create RDF triples. These
triples are then used to formulate a complete SPARQL query (as shown in table 4.1), which
can retrieve the anticipated answers from the knowledge base. Note that this module does
not extensively use natural language processing to translate the user’s query to SPARQL
(This is out of scope of our research).

Search terms Terms in Ontological

soad) i) zie” Dictionary
o 3k ==> Diarrhea Diarrhea
(Individual)

e ==> |sCuredBy IsCuredBy
(property)

e ==>Remedies Remedies
(category)

ohbs b ==>Diarrhea HalsttlaakAnn1
(Annotation)

Table 4-1: Terms in Ontological Dictionary for each word in n-grams

the system will be able to recover the terms in Ontological Dictionary for each word in n-
grams whether if it is a class, property, instance, annotation (see table 4.1). Then, the
relations will be implemented through Spargl query (as shown in Pseudo 1.1) that will be
able to determine that “Honey" is the cure and give all sayings of Prophet Mohammed that
contains the words of Honey and the el (33Uaiul”, Tn addition to related recommendations
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http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Diarrhea
http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Diarrhea
http://www.semanticweb.org/iyad32/ontologies/2014/6/untit3.owl#IsCuredBy
http://www.semanticweb.org/iyad32/ontologies/2014/6/untit3.owl#IsCuredBy
http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Remedies
http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Remedies
http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#Diarrhea

The mapping of the user keywords to query sparql is done as the following which is
explained in pseducode 1: A user keyword can match with one or more of the following:

- Match with annotation: it means that a keyword matches with a part of text in hadith,
so we will retrieve all sayings that are annotated with this annotation through executing
the following query:

PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX hadith= < http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#>

SELECT ?hadithtext ?hasText

WHERE {
?x hadith:hasSourceHadith ?hadithuri . FILTER(str(?x)=""+termuri+"').
?X hadith:hasText ?hasText . FILTER (STR (? x) =""+termuri+"').
?y hadith:hasText ?Hadithtext. FILTER (STR (? y) =? hadithuri)

Query #1: Get all sayings that are annotated with annotation

The query can be stated “find triples of hadithtext where annotationURI has Source
Hadith mapped hadithURI in the dictionary

- Match with individual: An individual is an ontology instance that relates to a topic
of Prophetic Medicine in the ontology. So if the query keyword matches any of ontology
individuals, then each property linked with the matched individual is retrieved (see
query #1), and combine them with the original keyword as a set of new query word. And
extract all annotations referring to an individual (see query #2), after that, find the
concept (class) which the individual belongs to it by using the Jena API.

PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX hadith= < http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#>

SELECT Distinct ?PropertyName

WHERE {{
?subject ?PropertyName ?object .FILTER(str(?subject)= hadith:Cupping)
}

UNION {
?subject ?PropertyName?object. FILTER (str (?object) = hadith:Cupping)

1}

Query #2: Get each property of the matched individual
The query can be stated “find triples of Property Name where the individual Cupping

both subject and object”
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PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX hadith= < http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-13.owl#>

SELECT ?annotation

WHERE {
?annotation hadith: hasCategory ?x . FILTER (str(?x)= hadith:Cupping)
}

Query #3: Get all annotations referring to Cupping

The query can be stated “find triples of annotation where the annotation has Category
Cupping”

- Match with category: A category represented a class inside the Hadith ontology. So
if the query keyword matches with any one of ontology category, then we extract all sub
class and all individuals of the matched category using the Jena API. It appear as a part
in the list of recommendations (see figure 4.8.c) Where inner nodes denote ontology
subclass while leaf nodes denotes instances (individuals).

There are various possibilities to extend formulation of SPARQL, the keywords
can be associated with each other as the following:

- Individual and annotation: It means there are sayings of Prophet Mohammed are
annotated against specific individual in ontology. So if the query keyword matches any
one of ontology individual and another keyword matches annotation that was linked to
the same individual. we will retrieve all sayings that are annotated and linked this
individual (see figure 4.8.B)through executing the following query:

PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX hadith= < http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-
13.owl#>

SELECT *
WHERE {

?x a hadith:Cupping. //Individual URI
?annotation hadith:hasCategory ?x.

Query #4: Get all hadith that are annotated with annotation “HSh2Ann3” and “Cupping"
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- Individual and object property: it means that we need to make the type of properties
explicit in our query. Every Individual in ontology has specific properties. If the query
keyword matches any one of ontology individual and another keyword matches object
property. Then firstly we obtain the property of the matched individual, and combine
them with the original keyword as a set of new query word. After that, we will retrieve
all sayings that contained the keyword (individual) which has the object property. (see
figure 4.8.c)

PREFIX rdf: < http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX hadith= < http://www.semanticweb.org/iyad32/ontologies/2014/6/untitled-ontology-

13.owl#>

SELECT ?diseases
WHERE {
?diseases hadith:isCuredBy ?y . FILTER(str(?y)= hadith:Cupping)

Query 5: get all diseases that are cured cupping

The query can be stated “find triples of diseases where diseases isCuredBy by Cupping”
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Figure 4-8: Example shows the results of matching cases in Ul

46

www.manharaa.com




The following Pseudo 1.1 Code Example explains how the system deal with the
search terms entered by the user until get the results.

1- Enter keywords such as "4s i s g3le"
2- Apply text preprocessing (Words segmentation «Stop word removal «Stemming )
3- Generate N-grams (Splitting Keywords 1Gram, 2Gram, 3Gram)
4- starting from the highest n-grams
5- For each n-gram

If (n-gram matches with ontology term(s)) then

Input URIs [termURI]
End if
Next word

6- For each termURI of URIs
If (termURI instance of Annotation) then
- Get all sayings that are annotated with termURI by executing the query
#1
Else if (termURI instance of Individual) then
- Get all sayings of Prophet Mohammed that are annotated with Individual
by Executing the following query #2
- get object properties which linked to current individual by executing the
query #3
- find the category (class) which the individual belongs to it by using the
Jena API
- Get Individuals Of class
Else If (termURI instance of Object Property) then
- Get subclasses and Individuals Of Category
- Get individuals(subject and object) of which linked with every Object
Property
- Execute the following query

Else if (termURI instance of Category) then
- Get subclasses and Individuals of category using the Jena API

Else if ((termURI instance of Individual) and (termURI instance of
annotation)) then
- Getall sayings that are annotated and linked this individual.
Else if ((termURI instance of Individual) and (termURI instance of
object property)) then
- Get all sayings that contained the keyword (individual) which has the
object property.
End if
Next termURI
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4.9 Case study:
In the following, we illustrate a full usage scenario of the system, showing how the user

query is internally processed until results are retrieved and presented to the user.
Suppose that the user entered the following example query “&) sl ) 5 In the search field
as shown in figure 4.9. We mentioned clearly that processing questions is out of scope of
this work, and we only consider simple user keywords and we do not consider the
transformation of natural questions to the corresponding SPARQL queries.

[g1sudt 16

[ dste o 8t

Figure 4-9: Graphical user interface to prompt query terms before the results

- Preprocessing:

The search terms

In this step, words segmentation, stop word removal and ’ -
. - . 5! 4

stemming are applied and the following N-grams are generated il peall 258

as shown in figure 4.10: (limited to 3-N grams): v
The Keywords after
preprocessing by applying
- Words segmentation
- Stop word removal
- Stemming

Word Search
terms

lgram 43
I gm

2gram & g 3 g8

Figure 4-10: Splitting Keywords in
the n-grams
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Ontology Matching:

Then, the ontology dictionary is searched for terms that match with the n-grams, starting
from the highest n-grams. N-grams can be linked to terms in Ontological Dictionary as the
following:

1) The query word (2s%) matches with object property (hasBenefit) (324 4.) in
Ontological Dictionary.
2) The query word (2s%) matches with class (Benefits) (“xI s“).
3) The query word (<! s) matches with individual (Siwaak) (<! sdI").
4) The query word (< s+) matches with annotation (HSewak2Ann2) (“ll s.di<),
5) The query word (<ls~) matches with annotation (HSewak2Ann3) (““<ll sall),
6) These keywords (" s 258") are not matching to the terms in Ontological
Dictionary.
According to matching process, there are keywords matches with multiple ontology terms
such as the word (28) matches with object property and category and the word (<l s~) matches
with individual and annotation. Thus, we will consider all the matching results and used then
to search in OntoADL system in order retrieve all the results related with keywords.

In example "< sud) 21 84" the system will be able to recover URIs for each word in n-grams
(as shown in following table 4.2).

Search terms

Terms in Ontological

ol gaud) ) g% Dictionary
g => : Siwaak Siwaak
(Individual)
164 => :hasBenefit hasBenefit
(Object Property)
264 =>: Benefits Benefits
(category)
dsw=>: Siwaak HSewak2Ann2

(Annotation)

dgw => : Siwaak

HSewak2Ann3
(Annotation)

Table 4-2: shows URIs for each word in n-grams

Generate Sparql query:

The results of SPARQL queries can be a set of RDF triple patterns. To construct SPARQL
the matcher identifies the ontology entities that match best with the n-grams in the above
example. These n-grams matched with the following ontology entities: “:Siwaak”,
“:has_benefit” which combining to formulate RDF triples.
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The mapping of the user keywords to query sparql is done as the following which is
explained in pseducode 1:

Matches with individual (Siwaak).

Matches with category(Benefits)

Matches with individual and object property(Siwaak , hasBenefit)

Matches with Individual and annotation(Siwaak, HSewak2Ann2)(Siwaak,
HSewak2Ann3)

O O O O

Output window:

After combined the spargl query which is explained in pseducode 1, the System
accomplished the following:

o Returns all sayings that are annotated with individual "Siwaak™ and Siwaak benefits
through executing the query #4 (as shown in figure 4.11.B).

o Returns all benefits of Siwaak that appear as a part in the list of recommendations
(see figure 4.11.C) through executing the query #5.

o It extract the category “)s” in list recommendation as related topic in Prophetic
Medicine thought match the category “benefits” in ontology using the Jena API(see
figure 4.11.C).

o Likewise, extract the category “_J\=<i” that individual siwaak belong to it as related
topic, and then extract all sub class and all individuals of the matched category using
the Jena API (see figure 4.11.C).

Sagho Slawdl old lgSeus) 1JU & Jewy of ae @l Loy Lolel of oe

Blgd s peipad ool e @il of Yool taesys e @ by aupe ol o

. Sayings of Prophet Mohammed
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4.10 Summary

This chapter presents the architecture of the OntoADL system embodied in Hadith ontology
that we built to model the different entities in Prophetic Medicine domain to support
semantic search over ADL and improve information retrieval. The System contains modules
that are interact with other through the use of two type of users where each user has specific
function to deal with these modules. The functions of the system centered in two tasks; the
annotating the hadith text with content of the ontology and prepare rdfstore through the use
of annotation, reasoning and Linguistics modules by the annotator.

The system also will be used to allow end users to enter the keywords, and the system will
retrieve specific sayings of Prophet Mohammed. These keywords are subject to major
preprocessing operations to prepare it for mapping with terms in Ontological Dictionary.
Terms that match with the query words will be used later to build the RDF triple patterns of
the SPARQL query. Then it executes the SPARQL query to retrieve results from the RDF
store.
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Chapter 5 : System Evaluation

5.1 Introduction
This chapter presents the study we conducted to assess our system with the following
objective in mind:

Assess the effectiveness of the search facility offered by our system, and compare it
with the traditional search offered by ADL.

The experiment were conducted to evaluate the system’s service: the system was
tested using a set of search queries formulated by a domain expert. Search results were
assessed in terms of precision and recall and MAP, and then are compared with the results
obtained by the traditional search in ADL. The aim of this part was to explore the potential
of our ontology-based approach to improve information search as compared to the
conventional approach.

In the following section, we present details about the experimental settings including
knowledge base, annotations and query set used. Subsequently, the experimental procedures
and results are discussed.

5.2 Experimental Settings:
The dataset we used for evaluation was restricted to 60 Sayings of Prophetic
Mohammed (Hadith) from the domain of Prophetic Medicine. These Sayings were extracted
from the book titled “ATTeb Al-Nabawi”, authored by “Ibn Qay'em El-Jozeyah”. Since the
same dataset is also included in the traditional ADL, our intention was to execute search
queries over the same dataset and compare results generated by the two systems.

All sayings of Prophetic Mohammed were extracted and stored in the local database
of our system. Then, words and phrases of these sayings were manually linked to instances
and classes from our ontology. Overall, these resulted in 165 annotations at a rate of 2.75
annotations per Hadith. All annotations were then stored as RDF triples in a local database.
Table 5.1 shows details about the size of our ontology and annotations.

Finally, we run an inference engine, i.e. reasoner, on the RDF store in an attempt to
infer additional facts and expressive features. This can potentially improve the search
capability by enabling the declaration of derived classes and/or further property
characteristics (e.g. transitivity and symmetry of properties). Operating the reasoner on the
RDF store generated a total number of 1875 triples. All Hadiths were annotated using
instances and classes from our ontology.
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Ontology Components Number
Classes( main & sub) 108
Object Properties 15
Data Properties 7
Instances 110
Annotations 165

Table 5-1: illustrates the size of the ontology
To make our system comparable with ADL, we configured the ADL search facility
to search only in the same reference book, i.e. “Atteb Al-Nabawi” (look Figure 5.1). We also
excluded all results that were not contained in the 60 Sayings of Prophetic Mohammed
(Hadith) used in our study.

—— -
[e][o]lafa]] == st 0 ie [ o]
5 (vel) adll o1 i1 [ . : N
(V1) s o5 0 el 36 ] Jhasipsif] K Z :
(V01) il oo o oligll ke ) ] Wi e apieiss Al Dol
(W‘;) aLlezJHngbazLﬁc-umeJD I = Pl o ‘ okl 838 g 81 08 Sl
(V1) dnedusill b guall gLl ] sl Al At d) Nl
vo1) ol b il s P
(ven) ST il o oLl ] UT o2 = sladlly Ao 2l et Rl

(vo1) slysly lsll = 3Ll sl 3ol oo Jlw o £3LSN ol 2l ]
(Vo1) ws ) algall ol = 8 gl il I
(ve1) LSl L8y d3all[]

(V1) el buoged i

Sghdl

T 430 = sptadll

=l

|
|
@y ‘
|
|

- N [v
(¥01) g ]
(vor) pill o Sl ] <4 TR
N o el ol Jill 65 = el gl 53 il L] 3y S8 —1 =
(V1) el S8 S0 el 11T T ST -I:I % x|
o aplis|[ W' ehA T S GuA pd
(¥e1) slsall (8oL, 55950l ko] fitatdly 3 wedl et o
(Vo) (Lgb¥l eda [ i S es bl Bl s e 350 s []
(ve1) Zl% L ol 218 o[ Wi ads = Lladdiy 5l 5 g il S
(V01) wlga) 52T o) aadl ol s [] ) i
(V01 odliall it i fnell s gy ot
(V1) sl i son (o sleall ol 3] et
- (V1) bl el sl sl Bl o3 el sLid ] ol @2 = Tt
< x| Olddlla it
SN e £l ‘ ‘ 2ol S e ‘ s pomnall 2L ‘ i WIS e sanoll

e I Lole sana cJodiy i gonall Sl ]

Figure 5-1: ADL search engine

The dataset 60 sayings of Prophetic Mohammed (hadith) and the domain of Al-Tib
Al-Nabawi as modeled in our ontology were all introduced to a human expert. We then asked
him to formulate 20 queries (See Appendix Q for the full list of queries.) to search in the
domain in hand.

Based on these sayings of Prophetic Mohammed we asked two human experts to input
queries to the system to validate the ontology data and relationships. Based on their
experiences in ADL they formulated 20 queries that included various topics and different
patterns.

Note that only the keywords were used as search input. However, the statements of queries
were necessary to assess the relevance of the obtained results and whether they actually met
the expert’s queries.
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The measurement of recall, precision and mean average precision requires evaluation experts
counseling of the relevance of a case to a query. Due to the effort involved in such an
analysis, In addition to the longtime to obtain results from the ADL (as shown figure 5.2),
the number of queries that can be evaluated is limited. In addition, the calculation of recall
requires identifying all relevant elements (true negative + true negative) for each query. This
process can be difficult and time consuming due to the large number of relevant results.
Therefore, the experiment was limited to 20 queries which we carefully selected from a
larger set of 70 queries set the domain expert (See Appendix Q1 for the full list of queries).
The selection of the query set ensured the variety and coverage of different search scenarios
and patterns.
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Figure 5-2: Query results in ADL (Cupping)

The samples queries that have been tested are found in Appendix Q. And the source code,
the whole dataset along with queries, and Results of the experiment are available online at
this link:

(""http://www.mediafire.com/download/3rtj4dvkgoubnm?2/SourceCode%26 DataSet%26Q
ueries%26Resluts.rar )" to allow anyone to utilize and modify our work.
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http://www.mediafire.com/download/3rtj4dvkgou6nm2/SourceCode%26DataSet%26Queries%26Resluts.rar
http://www.mediafire.com/download/3rtj4dvkgou6nm2/SourceCode%26DataSet%26Queries%26Resluts.rar
http://www.mediafire.com/download/3rtj4dvkgou6nm2/SourceCode%26DataSet%26Queries%26Resluts.rar

5.3 Evaluation of search result

e Evaluation Metrics

1- precision and recall
The system was evaluated based on the measures of Mean average precision which are
defined as follows:
Precision measures the number of correctly identified items as a percentage of the number
of items identified. Recall measures the number of correctly identified items as a
percentage of the total number of correct items[34].

. . _ Number of relevant items retieved
Precision =

Number of retrieved items

Number of relievant items retrieved
Number of relevant items

Recall =

Results and Discussion

Table 5.2 illustrates the precision and recall evaluation results obtained over keyword-
based search in ADL and results obtained from ontology based search in our system. (Refer
to Appendix E: explains how we compute recall, precision and mean average precision for

any query).

| deloed
3| e 0.14
e g 1.00
6| foaht Wi gd 0.67
" | e e 3 1.00
81 gl g3 0.50
9. :

o) o B 1.00
1 g ol e 0.00
B et o 15 1.00
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14

A9y Bglube 0.29 0.29 0.89 0.80
Bl el o 28 1.00 0.14 1.00 1.00
161 41 2959 0.50 0.45 0.88 0.78
) et o1 0.87 0.68 0.75 0.69
181 sy 3w 1.00 0.50 0.83 1.00
19 dpmdalt 29391 g1 0.83 0.56 0.83 0.83
200 w1 oo 100 | 014 100 | 050
average precision and recall N - Do 0.83

Table 5-2: depicts the number of queries and their results

Discussion

Higher average precision and recall values in our proposed system compared to ADL: our
proposed system achieved (90%) average recall and (83%) average precision while the
ADL system achieved 69% average recall and 30% average precision. This result indicated
that our system outperformed the ADL search facility. The enhanced performance can be
attributed to two aspects:

Information retrieval process was improved by introducing semantic inferring and
providing semantic guidance for end user. The following example illustrated how the
ontology-based approach resulted in better results as compared to the results: Given the
query “4sl 5l 4, 5091 <. The results obtained from the system included all the hadiths that are
semantically related to the core topic “4x sl 44 53¥1”, even if the phrase “4d )l 4 53Y1” didn’t
literally exist. For instance, the following result didn’t contain the phrase “4:4 sll 43 5341 but
it was retrieved our system as it denoted a natural protective remedy from the Prophetic
Medicine (see figure 5.3). This result was not retrieved when the traditional search of ADL
was used.

‘ﬂb\f&\}cWMQL«,ﬁJeATa\MngA\J&;L@@:T%h Zpk“j‘\:-l"‘&\&’d\s
"4l C:,.U) 44-3‘]3&1 w3 cdalale) b S Wy
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Figure 5-3: The results obtained from the system

The system was able to recognize the synonyms or the semantically related terms. For
example searching for the words (“ciall <13 and “cs 5,0 Q1) or (“aSilaa” and “aY Y1)
gave the same results since the two words are semantically related.

Assume that a user was looking for the value of Treatment of pneumonia (<) z3\e
¢l by entering the following query “fesill <l =3e” Using ontology-based
annotations, the system could recognize that the word “<iall I3 referred to “cs 55 1 Sledl¥ P
although the word “ 1 <i¥1”was not literally mentioned in the Hadith. Therefore, the
system suggested the following sayings as a result that satisfied that user’s interest.

W*@C’?ém”}*‘”i‘iv&‘b" ;Jﬂij&\w‘ﬁd\w:dﬁwwﬂ(’ff
Gl 13 o g wlyg Byl e 4y Jamt Aol

ol e oy B ol OF ) s o Al e (35T B (P 8 (i Uyl Oled! gl W

Bl wpsl L 2aSe col pg oty ade ) o (1 b 31 JoY1 Szl 0 ClS) g ol
" ey ke ) o ) U Byl ol el B (b o oy aeke ) o ) gy il
(oS3l g " i 3 e Bl s 43 OB (il 3gall 18 (WSl BO1 1S (S35 OB e

s A e ddly oy Blowuly g JBy slidl 2941 925

Conversely, the search functionality offered by ADL was unable to recognize synonyms
or semantically-related terms. For example, searching for the words (“s.s ) <&i¥P” and
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“cuiall @Ia™) or (“a¥ Y and “Uleall”) gave different results although the two words were
semantically Related (see figure 5.4). Mostly, the results will not be retrieved because of
the lack of these words synonyms originally in the domain of ADL.
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Figure 5-4: The results obtained from the system

Besides that, the ADL traditional search relied on logical operators, e.g. “AND” and “OR”
when searching for multiple words. If the search keywords were not literally present in
ADL, no results will be retrieved.

Based on the above, our previous knowledge for the expected results of these queries Such
as “Aalaall e 3 a¥ "duall 3@ 75l el #3e” and with the help of the given
ontology and semantic annotations. That explained why our approach achieved 100%
precision and recall for some queries.

In addition, the ADL lacked any support for complex queries that involved multiple
conditions or objectives. For example, ADL did not support querying for all the Hadith that
were given all diseases that were cured henna.

This explained why the results of recall and precision in some queries was very low such
as “aall Z3e” “dila g ) 35l” or achieved 0 precision and recall in ADL such as “ z3e
& 550 AN oY N1 et g7,
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2- Mean Average Precision (MAP): it is the standard single-number measure for comparing

search algorithms. Average precision (AP) is the average of precision values at all ranks
where relevant documents are found. AP values are then averaged over a large set of
queries.[35]

Z AveP(q)

MAP =
Q

For a single information need, Average Precision is the average of the precision value
obtained for the set of top Q queries existing after each relevant query is retrieved, and this
value is then averaged over information needs. Then when a relevant query is not retrieved
at all the precision value in the above equation is taken to be 0. After that, take the mean
of ave.P values across queries. The motivation behind using MAP was to consider the order
in which the results are presented.

Retrieval performance is evaluated with the mean-average precision (MAP), which is the
average precision, over all queries, at the ranks where recall changes.

Table 5.3 illustrated the evaluation results obtained over keyword-based search in ADL
and results obtained from ontology based search in our system by using Mean Average
Precision for all queries. (Refer to Appendix E: explains how we compute recall, precision
and mean average precision for any query).

Keywords OntoADL ADL
# System
Precision precision
L. Aol 0.69 0.33
2. Byl e e 1.0 0.0
3. oH e 1.0 0.96
4. sl £ ol ol 1.0 0.31
3. A el ot 0.50 0.02
6. St it g2 1.00 0.83
! Bl Js 5,241 1.00 0.20
8. gl 3 0.92 0.20
% PR 0.50 0.17
10. S5 P 3k 0.83 0.0
o] gt e 1.00 0.58
12. Y5 s S 1.00 0.00
13. e oo b 1.00 0.75
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1 ] gty 39l 0.97 0.27
15 el o BN 1.00 0.14
16. | aswg ayesY) 0.84 0.82
L] et ol 0.76 0.33
18] ey 2o 0.72 0.62
19 1 daddall dygs¥ g1 0.88 0.46
200 ol 0.5 0.14
Mean Average Precision 0.86 0.36

Table 5-3: Mean Average Precision for all queries in two system

From this table we can infer the following:
Higher Mean Average Precision in our proposed system compared to ADL: Our
proposed system achieved 86% while the ADL system achieved 36%. See
Appendix E. (Example 1) explains how we can computed recall, precision and
Mean Average Precision. Therefore, Ontology-based search had a better
performance and accuracy in retrieving the Results than the ADL search engine.

After evaluating the system by experts, they commented as follows:

o There is a satisfaction in the retrieved results.

o The system generally provided solutions to some problems of ADL users to be able
to search for any word and derivatives without being bound by a specific word.

o Could display the sayings of Prophet Mohammed based on a particular topic.

o Also he commented that a list of recommendations that appeared in the system
facilitate and help to narrow the searching scope.

o He suggested to display a number of hadiths that are obtained in related topics by
category.

5.4 Summary
In This chapter, we have evaluated our system and discussed the results on the basis of search
service. It was assessed using the relevant measure(s) of information retrieval.

Search service offered by our system was compare to the traditional search offered by ADL.
In this service the system was evaluated based on the Evaluation Metrics precision, recall,
and MAP. Average precision and recall values in our proposed system were higher compared
to ADL. Our proposed system achieved (90%) average recall and (83%) average precision
while the ADL system achieved 69% average recall and 30% average precision. This result
indicated that our system outperformed the ADL search facility. Also retrieval performance
was evaluated with the mean-average precision where our proposed system achieved 86%
while the ADL system achieved 36%. Thus, ontology-based search had better performance
and accuracy in retrieving the results than did the ADL search engine.
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Chapter 6 : Conclusion and Future Work

Digital libraries represent a strategic information resource for specialists and
experts. ADL is considered one of the large libraries that is used by researchers,
professionals, intellectuals and other spectra of society to take advantage of the offered
services. There are many limitations faced the digital library which are considered as
barriers for maturity of digital libraries features. These limitations have been identified by
the interviews we conducted with two experts who have intensively used ADL for research.
Most of these limitations emerge from the lack of semantic inferring ability and the lack of
semantic guidance for end users. Another limitation is the inability to recognize synonyms
or semantically-related terms. In addition, the search service in ADL do not Support
complex queries that involve multiple conditions or objectives. Based on the previous
limitations, the requirements that are necessary to integrate the semantic search into ADL
appeared to enhance the digital libraries performance and gives a good results fulfils user’s

needs.

In this thesis, we have developed the architecture of the OntoADL system embodied in
Hadith ontology that we built to model the different entities in Prophetic Medicine domain
to support semantic search over ADL and improve information retrieval. The System
contains interacted modules through the use of two types of users where each user has a
specific function to deal with these modules. The functions of the system centered in two
tasks; the annotating the hadith text with content of the ontology and prepare rdfstore
through the use of annotation, reasoning and Linguistics modules by the annotator. The
system also allows the end users to enter the keywords, these keywords are subject to major
preprocessing operations to prepare it for mapping with terms in Ontological Dictionary.
Terms that match with the query words will be used later to build the RDF triple patterns
of the SPARQL query. Then it executes the SPARQL query to retrieve results from the
RDF store.

We have evaluated our system and discussed the results on the basis of search service.
Search service offered by our system was compare to the traditional search offered by

ADL. In this service the system was evaluated based on the Evaluation Metrics precision,
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recall, and MAP. Average precision and recall values in our proposed system were higher
compared to ADL. This result indicated that our system outperformed the ADL search
facility. Also retrieval performance was evaluated with the mean-average precision where
ontology-based search had better performance and accuracy in retrieving the results than
did the ADL search engine.

Since this is the first work that addresses the integration of semantic search into ADL.
There are still many limitations that need to be addressed and directions open for future
research:

- We look to extend the system to cover multiple domains In ADL and Extend the
ontology by adding more relationships and more data to give more Intelligent
Results.

- Instead of using keywords we are looking to give support for Arabic question
answering through entering nature language and covert it to spargl query.

- Also, we look forward to extend the evaluation to cover the largest number of users

to gain access to an effective and successful evaluation.
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Appendix H: Sayings of Prophet Mohammed
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Appendix Q: The samples queries that have been tested
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Appendix Q1: the full list of queries

No. | The Keywords
1| slgsdels S o
2. | g dl o 5 e
3. CM\;/@\.\A\, P
4, e A
5. | ghed pud st 2 0
B. | sl93 & pwd sl ol
7. | & ks o slollg sl
8. | Al e dd
9. | 4 b syluds
10. | o+
11, | slb o
12. | &+
13. | o e LisS
14. | o3 oo Jt¥)
15. | i) de ol o
16. | ¥ o
17. | o s o )
18. | sl 4SS o
19. | Jeddt wigd
20. | Ju¥igde
21, | okt ol
22. | A Je S
23. | olelazd
24, | Josdt W15
25. | ol dy W
26. | A1 G g ae &) o dll Jguy 212
27. | Stz
28. | oS [ iggs¥i gl
29. | Sos
30. | el Wiigd
31| debmdy oY1/ ad [
32. | iy el ade I et fa
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33. | pdldly Bdlall ards o1 dslon
34. | bt o3V

35. | dslxdl o / J.A:ﬁ\ [ e/ Jaaﬁ
36. Wﬁwmé"’agd‘ﬁ"&‘
37. | Chaled) AW &S5 o

38. | debwdt Byl / af

39. | dslnd) 055 [ it (30

40. | bt wigd

41, | gl 23

42. | sk Wigh

43, | elnd) Wigd

44, | ih sl a/ gladll z3e
45. | ceudl | plr )V g [ fT e
46. | st:b O/ Wi

47. | A e

48. | W ObE [ Ol [ i al

49.

LU goldl [ Wilgd

50.

Joloed .\:\jﬁ/f‘ﬁ\/c.xa/M

BL. | bl sat [ (g oud) Lol
52. | @ jolpl ks

53. | gl @ 9 oo @
54, | (shdl dpalt Lilgd

55. | i)t i o3

56. | 34 ol e

57. | &l o

58. | ¥ cbigdl [ ¥ ze
59. | bl s4alt Wilgd

60. | o & Olmdll [ YY) s o g
B1. | sy A ol el 250
62. | ol Wilgd

63. | b ol S

64. | at o0 B4

B5. | prdl oo LBl

66. | ) wiigh
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67.

Al

68.
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69.

70.
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Appendix Q2: Include a set of Keywords that have been implemented with the
recommendations
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Appendix E: Compute recall, precision and Mean Average Precision

To explain how we compute recall, precision and mean average precision for any query, we give
the following examples: Assume that a user is looking for the diseases treated with henna by
entering the following keywords “SsUall gllai Gl jal” in Search User Interface as shown in figure
1
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Fique 1: Snapshot from search interface to implement the query

Table 1 gives a list of expected relevant hadiths (expected Answer) for query in the case of query
execution

Relevant hadiths for query:  "st-t &l ol sl"

T {2 0 Y1 aly G oy o ) 5 o g e ) o ) gy OF () o 3913 s c((4855)) & syl 5 S8
(b mia)) 14 JB Y ke & g ) (S Yy (o))

2 O3l @36 &) 1 gty slbb auly Lk g 13] O phusg aike A o () 0T : i dres G il (i) & arle ool 9
(gt o 40

3 229 V) S5 Vg BB g ke ) o (o) oy Y O IB Ghg e i Lo (1 Besls @)y al ok 8 sl
sl gle

Table 1: Relevant hadiths for query

Based on relevant hadiths and returned Hadiths we have calculated average recall for each query

as following:
- number of correctly retrieved questions
Precision = - ! 4 a - =3/3+1)=075
orrectly retrieved results + non—correctly retrieved results
number of correctly retrieved results
Recall = f Y =3/3+0) =1

correctly retrieved results + correctly non—retrieved results

As we can see in table 2 the evaluation shows the ranked list obtained by keyword-based retrieval,
and the ranked-list obtained by ontology-based retrieval. In the same row we have rank position
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information. We have Calculated average precision (AP) for each query where precision at each
seen sign" v'“means relevant hadith and Calculate the mean of the APs for all the hadiths.

Hadiths returned by two system for query: " st-b ¢ s ol ai"
Our System Precision ADL Precision
ontology-based retrieval keyword-based retrieval
3 3913 sily ((4%,)6)) & syl 59y B 1B &l hug ke di o wie topdy ity & 0
b sy e il o ) Jgmy OF () 1n s | £ e o b ke 5T Sl o
A JB Y auly & by o 4 S b el Wy Y O OB ke oy Sl
JB Y adry & e ad) S Y5 (o)) (o Sy el 2 g castalal
(st ) 14
G B Basls @By ol ok 8 isdail G % 0
8 o 1 s ¥ OB s s 22 ae il o &) Jgusy OIS a8 J15 ) gy o
sl Lgs ag V) (S5 Wy BB gy e Sty sl G st ooy
o wo & L ((a) & axle ol ) % @3 B o I e o8 carle ) en B
e g 13] O (hosg ke A o (31 O 3/3 oS3y e Y1 sl olg ke ) o 0
oo 03l @36 ) sl sl auly
(gt
Wgs 2 & JB &l ¢ ol Gy OF 1 5 a3 ko iy § 42l ol (S
S b 3 dsly many Oy ollylgn 4/4 sy il (o 13] O g ke il Lo 31 1/4
A gl o g s BRAIN azg G i W V| il e O3 L wily sy sl
e ) Joo ) Jgy Las 1 JB ol oo 0
X | Bban ) caas Wy (elug 1/5
«laligy wige o0 & JB & ¢ oty &9
x| Sk ol sy e ) im0 1/6
ol gt o gy B8R g
Qeedly 2913 il «ayby & gyl gy By
ol ) (S b g auls ) o ) gy 0 2/7
VK Y5 ¢ty 14 JB ) aly & g
b Cuasly d JB Y1 adry 8 larg
V| o s gy o el o8 el
e &) o ) oy ¥ O 1B s ke 3/8
R e TR LTS PRI )
5 A o A e el
o ST g sl & o Sy iy 28 3/9
claaly
Average precision query = Average precision query =
(1.04+1.0+1.0)/3=1.0 (1/4+2/7+3/8)/3 = 0.31

Table 2: Result evaluation for query in two system
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