1918 AC 1337 Hijri

An-Najah National University
Faculty of Graduate Studies

A DYNAMIC ONTOLOGICAL FRAMEWORK
FOR BUKHARI AHADITH

By
Areej Sawwan

Supervisors
Dr. Amjad Hawash
Dr. Mohammad Jetan

This Thesis is Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Advanced Computing, Faculty of Graduate Studies, An-Najah National
University, Nablus, Palestine.

2023



A DYNAMIC ONTOLOGICAL FRAMEWORK
FOR BUKHARI AHADITH

By

Areej Sawwan

This Thesis was Defended Successfully on 23/02/2023 and approved by




Dedication

To my dear mother, from whom | learned steadfastness and love of life, no matter the
difficulties ...

To the soul of my dear father, may Allah bless his soul ...
To those who encouraged me to continue my scientific career, my dear brother Ali ...
To my dear sisters who supported and encouraged me ...

To my friends and ambitious partners who supported me in every sense of the word ...



Acknowledgment

Thanks and praise be to God Almighty for giving me the strength and ability to complete
this study ...

| also thank my family: my mother, my brother, my sisters for all that you do for me,
your invitation, your patience, your motivation, your continuous support and

encouragement to work on this thesis ...
| would like to thank my friends for their moral support during my study journey ...

Finally, I would like to express my everlasting gratitude to my supervisors, Dr. Amjad
Hawash and Dr. Mohamed Jetan, for their valuable time, patience and understanding. |
would also like to thank them for the advice during the study period and their support
for the general direction of this thesis, without the help, guidance and continuous follow-

up from them. this search will not be ...



Declaration
I, the undersigned, declare that | submitted the thesis entitled:

A DYNAMIC ONTOLOGICAL FRAMEWORK FOR
BUKHARI AHADITH

| declare that the work provided in this thesis, unless otherwise referenced, is the
researcher’s own work, and has not been submitted elsewhere for any other degree or

qualification.

Student's Name:  Arcej Sawwan —

Signature: e e :

Date: 23/02/2023




List of Contents

DT [ or: ([0 ST P USROS i
ACKNOWIBAGMENT ... et reeae e e nre s v
[ =Tod 2T = U1 o] o S PRSUURRPRPR \
LISE OF CONTENTS.....c.viiiieiie ettt ne e beebeeneenneas VI
LISt OF TADIES ... bbb VIl
LISt OF FIQUIES ...ttt sre et reesae e e nne s IX
LiSt OF APPENUICES ...ttt bbb nb e eneas Xl
LiSt OFf TErMINOIOQY .....oviiiiiiiieiieeie et X111
ADSTFACT ...ttt ene e XV
Chapter ONne: INtrOAUCTION ........ociiiicicceccece e 1
L1 OVBIVIBW ..ttt sttt s et e ste e st e e te e st e eneenbe et e eneesneenennennreas 1
1.1.1 Hadith definitioN ......ccvoiiiieiece e 1
I © 11 (] (o] | USSR 2
1.1.3 The importance of hadith ... 2
1.1.4 Ablution definition in the Arabic language...........cccoviiiiiiiiine 2
1.1.5 ABIUtION IN ISIAMIC SNAMIA ...cvveevieieeecieee e 3
1.1.6 The importance of ADIULION ...........coviiiiiecece e 3
1.2 Problem SEAtEMENT ........cciiieieece e e 3
1.3 Significance Of the STUY .........cceiiiiiiii e 3
1.3.1 MaIN IMPOITANCE ...ttt bbb bbbt 3
1.4 Aim and SPECITIC ODJECHIVES .......ccveiiiieiie e 4
1.5 SCOPE aNA RESIIICHIONS .....ocuvieieieciie ettt e e aree s 4
1.6 MENOTOIOQY ...ttt 5
1.7 TRESIS STIUCTUIE......eeivieie ettt esta e e e st e sreeteeneesneeaeenennneas 5
Chapter TWO: Related WOrKS.........c.oooiiiieie e 7
2.1 Hadith ENCYCIOPEAIA ........eeiiieiic ettt 7
2.2 Arabic and Islamic Ontology Development............cccooviiiininieienenc e, 7
2.3 Hadith ONLOIOQY .......ooviiiiiiiiiiiieie e 8
Chapter Three: Theoretical BaCkground............ccccoviiiriiiniiieiie s 9
3 L HAAITN SCIEBNCE ...ttt ee s 9
3.1.1 The importance of Matan ...........cccoieiiieiieie e e 11



3.1.2 The Iimportance 0f SANAU ..........cccoviiiiiie s 11

3.1.3 Hadith ISNA0 tr8......ccuiiiieieee et 12
3.2 Knowledge REPreSENTAtiON ........ccveiieiieiieiircieieese et 17
3.2 L DEFINITION Lttt ettt 17
3.2.2 IMPOITANCE ...ttt b et bbb b n e 17
3.2.3 Ways Of Knowledge Representation ............c.ccovierieieieneneneneseseseseeeeeeees 18
Chapter FOUI: ONtOIOQY .....cveiieireiecieie ettt ne e 21
A1 INEFOTUCTION ...ttt bbbttt bbbt 21
4.2 0Nt0l0gY ENGINEEIING ....vouviiiiiiiiitisiesiieeee ettt 21
4.3 0Ntology DeVEIOPMENT .......c.oiiiiiiiciiieee e 22
4.4 0Nt0l0gY EVAIUALION .....c.oeiviiiecie et 23
4.5 0NE010GY TOOI ...ceiiiiee e 24
4.6 ONLOIOGY LANGUAGE .....eeveereentiiesiesti sttt sttt 24
Chapter Five: Methodology ..........coouiiiiiiiiie s 26
5.1 Dynamic Ontology DeVelopmMEeNt .........cccvciieiiieiece e 26
5.2 Dynamic Ontology ProtOtYPE .......ccceiieiiciiecie ettt 31
5.2.1 SYSTEIM DBSIGN ...ttt bbb bbbt 31
5.2.2 System IMpPIEMENTALION ........cooiiiiiiiiee s 36
Chapter Six: Adding Hadith (Ontology EXpansion)...........ccccceeveiieieeiieiie e, 38
6.1 A HAGItN ... 38
6.2 Delete Hadith .......ooveeeee e 40
Chapter Seven: Experiments and RESUILS ... 41
7.1 EXPerimental SEtHING.........ooviiiieiie et 41
T 2 QUETIES ..ot eetee e ettt e et e et e et e e st e e st e e st e e e aabeeesabeeeaabeeeaabeeebbeesssteesaneeeeseeesnseeennns 41
7.3 SYSEIM TESHING ...veetieiii ettt et e e e sae e s be e reeeree e 43
A SV VT 11 o] o USSR 43
7.5 DISCUSSION ...ttt teete st e te et e te e et esteeseeste e teeseesseesseeseessaeseeseesneenseeneenneeneans 48
Chapter Eight: Conclusion and Future Work...........ccccooveiiiiiiiiiiccece e, 50
8.1 Recommendation and FUtUIre WOrK ..........cccooeiiiiiiiiiieee e 50
LiSt OF ADDIEVIALIONS ......oivveiecic e nneas 52
RETEIBNCES ...t bbbttt bbbt 53
AAPPENTICES ...ttt b et et b e b ne e he e be e be e b eneenre s 58
ORIl ettt ettt ettt -



Table 3.1:
Table 5.1:
Table 5.2:
Table 5.3:
Table 7.1:
Table 7.2:
Table 7.3:
Table 7.4:
Table 7.5:
Table 7.6:

Table 7.7:

List of Tables

Extract narrators (Rawi) name from the sanad ............ccccceevvvveveiicieecnee, 16
List Of ontology classes and their description.............cccoccveiirinieiiieiennenn 28
Ontology object property and their description ..........c.ccccvevevieevveieseennenn, 30
Ontology data properties and their desCription...........ccccoevverviieieeiieseennnn, 31
(O LT oo [T Y 2RO PP PR 42
ONtOIOGY QUETY TESUIL .....oviiiiieiieee e 43
Manual QUETY FESUIL ........c.eereiieieee e 44
Manual query result complEMENT .........ccooviiiiiiiec e, 45
Run time for adding hadith ............c..cccooveii i 46
Run time for search in ontology vs. database ............ccooereniiineninicieen, 47
Research papers for Ahadith representation ..............ccccceceviveiveii v e, 93

VIl



List of Figures

Figure 3.1: Al-Bukhari’s travels seeking and studying Ahadith..............c.cccocovrvennne. 10
Figure 3.2: Studying hadith flIOwChart ..., 15
Figure 3.3: Hadith No. 157 from ablution ketab............cccccooviiiiiiieie 16
Figure 3.4: Isnad tree VISUaliZation ............ccooeiiiiiieiiiiiieeeee e 17
Figure 5.1: Ontology classes in a hierarchical taxonomy ............ccccccevveviveieieieenene 29
Figure 5.2: SYStem ArChITECTUE ........ccviiiiiiiee e 32
Figure 5.3: User web interface ArabiC...........cccoiveiiiiiiicii e 33
Figure 5.4: User web interface ENglish..........cccooiiiiiiii e, 33
Figure 5.5: Narrator Database..........c.ccoueiieiiiieiie e 34
Figure 5.6: Searching Service iNterface..........coovvviiiiiiniiiieeee e, 35
Figure 7.4: Search time for the word ablution in matan .............cccccoceveveic e, 68
Figure 7.5: Search for the word ablution in bab ..., 68
Figure 7.6: Search time for the word ablution inbab ...........c.ccccooo i 69
Figure 7.8: Search time for the word “Almaghrib” in bab ........c..cccoeviviiiiiiiiie 69
Figure 7.9: Search for the word “Rasoul” in matan............ccocevereriereneninnsesneeneeeen, 70
Figure 7.10: Search time for the word “Rasoul” in matan............ccccocevvrinininincnnennnn, 70
Figure 7.11: Search time for the word “Man” in Matan ...........ccoocerererereneneeieereeenn, 71
Figure 7.12: Execution time for searching from DB ..........cccccoiiiiiiiiiiicee, 71
Figure 5.7: Delete hadith Interface...........ccoovviiiiiiie e 72
Figure 5.8: Deployment DIagram .........ccccceveieierieienie st 72
Figure 5.9: SEQUENCE DIAQIaM.......ccviiiiieiie et 73
Figure 5.10: Add hadith INTErface ..........ccooiviiieie e 74
Figure 5.11: Add hadith interface special-Case.............ccccevviiiiiiii i 74
Figure 5.12: Narrator input to narrator Web SErViCe .........cceveveerveriesieeneeneseeseeseeens 75
Figure 5.13: Narrator information search result ............ccocoiiiiniiien e 75

IX



Figure 5.14: Results for word search in Matan .............ccocevveieieieneneneeseseeeee e, 76

Figure 5.15: Results for word search in bab ..o 76
Figure 5.16: Search for Ahadith Al-moalaqg within the ontology ...........c.ccocvvviriiinennee. 77
Figure 5.17: Ruwah balad query for specific hadith.............ccccccoooviiiiiiici e 77
Figure 5.18: Dynamic ontology framework............ccceviiiiiiiciene e, 78
Figure 6.1: Information filled in user web interface..........cccocoveviviveiiccicie e 78
Figure 6.2: Submit adding hadith............ccoooiiiiiii e, 79
Figure 6.3: Enter hadith t0 database ..........ccccceveeiieii i 79
Figure 6.4: Neo4j platform ... 80
Figure 6.5: Create ketab, bab, matan NOGES ..........cccccvveiieeiieie i 80
Figure 6.6: Create SINK NOUE ..........oiiiiiiiiieee e 81
Figure 6.7: Create SOUICE NOUE .......cvveiiiieeie et e et e et e e sre e anes 81
Figure 6.8: Create Narrator NOUE ..........ccoveieieiieie e 82
Figure 6.9: Create narrator property NOAE...........c.coveieiieiieie e 83
Figure 6.10: Create relation with narrator property N0Ge ..........cccceeevererineniniecieen, 83
Figure 6.11: Create relation between NOUES..........cccvcveieeiieie i 84
Figure 6.12: Create relation with SINK NOGE.............cooi i, 84
Figure 6.13: Create relation with SOUrce NOE ..........cccccveiviieiicie e 85
Figure 6.14: Create relation between bab and ketab.............cccooeveiiiiiiiice, 85
Figure 6.15: Create relation between bab and matan.............ccccccov i, 86
Figure 6.16: Create relation DEtWEEN NOUES..........cccoiiiiriiiiieee e, 86
Figure 6.17: Hadith iSNA0 tre€........ccviiiiie e 87
Figure 6.18: ONntology framework ............coeiiiiiieieieeee e 87
Figure 6.19: Display the hadith in the ontology .........cccocvveviieiicii e, 88
Figure 6.20: Delete hadith web interface..........ccocovveiiiieii i 88
Figure 6.21: Delete process COMPIEted..........ccoveeiiiiiiiiniie s 89
Figure 6.22: Search for hadith in ONtOlOgY .......cccvevveiiiieiiee e 89



Figure 7.1: Query result for Abu Huraira Narrator...........cccceveveereeiesieseene e 90

Figure 7.2: System qQUErY FeSUIL ..........cvviiee e e s 90
Figure 7.3: System query results Complement...........ccocooviiiiiieienc e, 91
Figure 7.13: Run time for manual Searching ..........ccccceevevieieiiievie e 91
Figure 7.14: Run time for searching in Alshamela library ...........cccccooiiiiiiicnenn, 92

Xl



List of Appendices

Appendix A: Resource Description Framework (RDF) ........ccccooviveiveneiiieseese e 58
Appendix B: Execution time for searching in ontology and database...............c.......... 68
APPENTIX C: FIQUIBS ...ttt ettt ste e ba e ae s esreeteeneesnaenaeaneenres 72
APPENIX D: TaBIES ... 93

Xl



List of Terminology

Main Madar
Sub Madar
Sheikh
Student

Tabaqga

Itisal

Ingitaa

Musnad

Moalaq

Narrator Rank

He is the narrator from whom the chains of narrators are branched,
and he has a direct relationship with source node.

He is the narrator from whom the chains of narrators are branched
and not directly relationship with source node.

He is the narrator, and he carried the news about him in the chain of
narrators.

He is the narrator who took from that Sheikh in the chain of
narrators.

Contemporary folk if they are similar in age and in the chain of
narrator, “that is, taking from the sheikhs,” then it means the word
“generation,” noting the participation in the teachers.

By receiving each rawi to talk about those above it. Verifying the
itisal of the chain of narrators requires knowledge of the forms on
which the narration is carried by the student on the authority of the
sheikh, through the forms of Tools

(hear, narrate, told, Forebode, read on the sheikh) [1].

By receiving each rawi to talk about those above it. Verifying the
ingitaa of the chain of narrators requires knowledge of the forms on
which the narration is accepted by the student on the authority of
the Sheikh, through the forms of

Tools (say, rawa, Thakar Fulan).
It is what is related to its chain of narrators to the Prophet,
may God bless him and grant him peace [2].

It is what has deleted the beginning of its chain of narrators, whether
it is one or more that was deleted, as Al-Bukhari

said [3].

In terms of the two attributes of justice and restraint being
established in them (at-ta’deel), or in terms of their lack of them
(al-jarh).
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Abstract

The honorable Sunnah is the second source of Islamic legislation after the Holy Qur’an.
Muslim scholars have been interested in preserving and codifying the hadith because of
its role in the statement of the Holy Qur’an by allocating the general, restricting the
absolute, and clarifying the total. The Prophet’s Sunnah was transmitted orally with
isnad(Isnad, from Arabic “sanad” (support), in Islam, a list of authorities who have
transmitted a report(hadith) of Prophet Mohammad(PBUH) or his companions. Its
reliability determines the validity of a hadith), which are the most dominant, and in
writing for those who mastered writing in the time of the Prophet and the Companions,
then it was written down and the hadiths were compiled with their chains of narrators
until today they became Resources books of hadith(hadith, everything that was narrated
from the Prophet Muhammad (PBUH) in terms of saying, acting, or reporting),
Mustadrakat and other books that specialize in collecting and classifying hadiths.
Enriching Islamic electronic content is a great challenge for researchers. Although
Arabic is a global language and ranks as the sixth most used language around the world
and is spoken by more than 400 million people, it does not have a sufficient presence on

the internet, compared to other languages.

Ontology is defined as a knowledge representation way, and it is data model that reflects

a set of concepts inside a domain and the relationships between those concepts.

This study aimed to build a dynamic ontological framework through which specialists
in hadith science will be able to provide sufficient information about hadith, so that the
ontology is able to save hadith, taking into account linking it with the relevant hadiths
and narrators present in the framework, which makes the process of retrieval of
information easy and fruitful. The study was conducted on the “Ablution Book™ from

Sahih Al-Bukhari. The researcher evaluated the system by executing several queries

XV



about narrators, hadiths, and the chain of isnad, and when comparing the results of the
system with the traditional results and other ways of knowledge representation, the
outcome was much better in search, retrieval, or in drawing hadith isnad trees, or in

execution time in searching for information.

Keywords: Hadith, Hadith isnad tree, Knowledge representation, Ontology, Dynamic
Ontological Framework.
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Chapter One

Introduction

1.1 Overview

Extracting knowledge from unstructured historical data is considered a challenge and a
hot topic in the computer science field. Several NLP (Natural Language Processing)
techniques were invented to enhance knowledge extraction. Arabic, as a universal

language, is considered a rich source of historical documents. Holy Quran and Prophet
Mohammad (PBUH!) talks (Ahadith) are two major sources of Arabic historical data that

encourage NLP-related research to be conducted. Choosing the suitable structure of
Ahadith enhances their knowledge extraction. Extracting knowledge from unstructured
texts is an error-prone process due to the scattered information that exists. Ontologies, as
techniques of converting unstructured data to structured ones, are getting famous due to
their variety and wide usage in NLP-related works. This work is related to building an
ontological-based framework for Ahadith so that conducting NLP-related research to
extract knowledge from them becomes easier and more fruitful. The ontological
framework enhances the knowledge extraction that could be related to: historical events,
people, Islamic-related issues, and others. Moreover, different ontological centrality
measures can be executed such as closeness, betweenness, discovering colonies of related

data, eigenvalues, and others.

1.1.1 Hadith definition
Hadith (sl Cwaall): Everything that was narrated from the Prophet Muhammad (PBUH)
in terms of saying, acting, or reporting [4]. And it consists of two parts, the sanad (),

and the matan (cjal).

Sanad: It is the path of the Matan, which is the chain of narrators (s5,)1) who narrated the

matan from its first source [5]. Matan: It is the words of the hadith that carry their

meanings, which is what the sanad ends with [6].

' Peace Be Upon Him



1.1.2 Ontology

In computer science, we can define ontology as a data model representing knowledge as
a set of classes and relations between them within a particular domain [Y1]. The
representation of knowledge within a particular field is the primary goal of ontology, and
one of the benefits of using ontology is the possibility of representing any type of data,
whether it is structured, semi-structured, or unstructured, which allows data integration,
extracting concepts and texts easier, and data-based analytics. In addition, it is easy to
expand the ontology, whether by adding relationships or concepts. Another advantage is
the ability to share information between systems in the same field, by standardizing
terminology, which increases the system’s flexibility and allows for rapid application
development [27]. Applications of Ontologies: Natural Language Processing, Artificial
intelligence, Semantic web, Electronic health records, Biomedical Informatics, and

Library science.

1.1.3 The importance of hadith
We can summarize the importance of Ahadith? in [7]:

« An important source of legislation in Islam, which scholars and jurists rely heavily on
in order to devise provisions that are an essential reference for people in their behavior
and dealings.

* Interpretation and clarification of many of the provisions that were originally
unexplained in the Holy Quran.

* Introducing the characteristics of the Messenger, may God’s prayers and peace be upon
him, and an explanation of his life (PBUH) and how he dealt with his family and
neighbors.

+ One of the ways of telling the unseen, in which belief is part of the Islamic faith.

1.1.4 Ablution definition in the Arabic language

The word ablution (s »=l) in the Arabic language is a name for the verb, that is, the use

of water in specific parts, which is what is meant here, taken from ablution, goodness,

and cleanliness [8].

2 The arabic plural of Hadith



1.1.5 Ablution in Islamic sharia

It is defined in Sharia® as specific cleanliness, or it is specific actions that open with

intention. It is washing the face, hands, and feet, and wiping the head. The clearest
definition of it is: It is the use of purifying water in the four parts (i.e. the former)
according to a specific characteristic in the Sharia [9]. The reason why ablution is
obligatory: It is the event, the beginning of the time for prayer, standing up to it, and the

like. As for the conditions for ablution, they are two types:

« Conditions of obligation: They are if they meet the obligation of purification on a
person.
+ Conditions of validity: What is not valid purity without it.

1.1.6 The importance of Ablution

Ablution is considered one of the acts of worship in Islamic law, and this worship has the
importance of being a basic reason for the validity of prayer, as prayer is the second pillar
of Islam and the first thing that a person will be held accountable for on the Day of
Resurrection, and it is a spiritual link between a person and God Almighty [10].

1.2 Problem Statement

The problem of this research is to build a automated dynamic ontological framework for

input Ahadith and Ruwah (culaY) 3l5,)* and connected it with suitable links with other

links with other related Ahadith.

1.3 Significance of the study

In the following section, we are presenting the aim of the study as well as the importance

of creating a dynamic ontological framework for Ahadith related to Ablution.

1.3.1 Main importance

Ahadith study-related scholars (Euaall alxs ¢ saiaall) Will be able to support the framework

with Ahadith sufficient information in which the framework is able to save these Ahadith

3 Sharia acts as a code for living that all Muslims should adhere to, including prayers, fasting, and donations
to the poor
4 The Arabic plural of Rawi (narrator)



in the ontology taking into account connecting the inserted Ahadith with the related
Ahadith and Ruwah already exist in the ontology in a away making the information

retrieval from the ontology be easy and fruitful.

1.4 Aim and specific objectives

The aim of this study is to build an ontological-based framework for Ahadith (Sanad,
Matan). Since there are many difficulties related to coping with all Ahadith and their
relations, we are focusing on the ones related to the topic of ablution as a sample ontology
framework with the ability to tune the structure in order to add additional Ahadith related

to all Islamic topics appear in Al-Bukhari Ahadith book.

We can summarize the specific objectives as follows:

« Collecting all ablution-related hadiths, studying hadith science and identifying new
meanings through relationships between them. Clarification of some matters related to
the science of Isnad and Matan (How to split hadith to Isnad and Matan, mechanism to

create Isnad graph tree, extract relationship from matan topic).
 Implementing the prototype by using ontology.
« Evaluating the prototype according to chosen evaluation strategy.

1.5 Scope and Restrictions

¢ Ontology domain is the Al-Bukhari Ahadith.
e The research focuses on the Ahadith of ablution.

e The narrator’s information are been taken from The great history (Bukhari), aljarh w

alta’deel (Jn=ills ~5al) (Abdelrahman Ibn Abi Hatem), tahdhib altahdhib(<wieil) cuiey),

tahdhib al kamal (JLl cwigs).

e All the explanations and definitions related to ablution and Islamic law were

taken from Islamic jurisprudence and its evidence, the Kuwaiti Figh Encyclopedia

(4 4adl e 5 50), and the critical approach.



1.6 Methodology
The methodology used to achieve the objectives of this research is outlined in:

» Research and study: Study and analysis Ahadith in Ablution section, review of
previous studies and works related to the field of Islamic ontology.

 Data Processing: Studying Ahadith to extract the needed components for build the
ontology.

 Ontology Building: Use graph development process and tools like: Neo4j, python and
MySQL includes the following tasks:

Determine the domain of the ontology.
Pre-processing of the corpus.

Enumerate the important concepts in the ontology.
Define classes and class hierarchy of the ontology.
Define the properties of classes (slots).

Define the facets (role restrictions) of the slots.

N o a bk~ w NP

Create the instances.

« Developing a prototype of the proposed approach: Using Python, web Service and
Neo4j, the development steps as following:

1. Design.
2. Implementing.

3. Testing.

 Evaluating the prototype: Conducting a number of experiments to evaluate the
performance of the approach by applying several criteria by entering the Ahadith and

comparing the results with the results of experts in this field.

1.7 Thesis Structure

* Chapter 1 (Introduction): This section contains a foreword to the problem of
extracting useful information from the Ahadith and our proposed solution represented
in conducting a dynamic ontological framework related to Ablution Ahadith.

» Chapter 2 (Related Works): Present the related works on constructing on tologies as
well as the previous works of conducting Ahadith ontologies and the different

methodologies related to this topic.



Chapter 3 (Theoretical Background): Describe the theoretical foundations required
for thesis work, Hadith Science, Isand and Matan importance, Hadith Isnad tree,

Knowledge Representation definition, importance, and ways.

Chapter 4 (Ontology): Provides an explanation of the ontology, including its
definition, ontology engineering, ontology development, ontology evaluation, and
ontology tool.

Chapter 5 (Methodology): Display steps for building the prototype, system
architecture, implementation, and how they interact with each other to accomplish the

tasks.

Chapter 6 (Adding Hadith (Ontology Expansion)): Display the prototype working
mechanism, and it includes several steps, beginning with entering the narrators

information and ending with adding the hadith to the dynamic ontology framework.

Chapter 7 (Experiments and Results): Explain how the prototype was evaluated

using experiment and evaluative metrics then discuss the results.

Chapter 8 (Conclusion and Future Work): Talks about the conclusion and presents

planned future works.



Chapter Two
Related Works

This chapter includes the works related to the field of this thesis. Most of the literature
that was focused on in this chapter is related to ontology in the field of research related to
the sciences of the Prophetic hadith, the science of isnhad, the Arabic language,
information retrieval, and the basic concept of ontology. These works can be classified as

follows:

2.1 Hadith Encyclopedia

Many encyclopedias are available to help in researching and studying hadith, following

the conditions of narrators, and drawing the isnad tree. Such as:

+ Alshamela, Encyclopedia of narrators of hadith.
 Encyclopedia of Ahadith: Its goal is to provide simplified and clear explanations of the
correct Prophetic Ahadith and translate them accurately and with high quality into other

languages.

» ALdorar ALsaniyyah (4wl ,all): Website in the various alshareia sciences: (tafsir

(Letil)), hadith, agidah (sa2al), figh (4adll), and other sciences).

2.2 Arabic and Islamic Ontology Development

The work presented in [28] aims to develop ontology Hadith system, which is an ontology
based system that improves the zakat Ahadith retrieval process by using semantic tools
rather than keyword exact matching. In addition to the knowledge base that contained
the Ahadith associated with the zakat topics as instances of the ontology, the system

included all zakat topics and their relationships.

Another study the researchers proposed to create an ontology of hadith sciences in Arabic,
knowledge was collected from various sources such as hadith books and hadith experts,
as for the main goal is to improve the process of information retrieval and knowledge
extraction, the ontology can be used in various fields such as document indexing system,

hadith classification and hadith evaluation [29].



Another work was to develop a prototype application for utilization of the proposed
ontology, the ontology was developed using the Prote’ge” tool, and the ontology consists
of 113 concepts and 85 properties, the proposed tool can be helpful for interested people

to better understand the details about praying [30].

The research published in [31] implemented the ontology used to create an Islamic
ontology covering the Holy Qur’an and the Noble Hadith, it compares the keywords
extracted from the titles of Sahih Al-Bukhari and the concepts of the Qur’anic ontology,
this provides a visualization of the interactions between the words of the Ahadith of the

Prophet and the Qur’anic concepts.

2.3 Hadith Ontology

The work proposed put forth a brand-new Sanad Hadith representation approach that
makes use of the Graph model. First, Arabic Named Entity Recognition (A-NER) and
Arabic Part of Speech (A-POS) were used to automatically extract the candidate for a
graph node and a graph relation from the raw Arabic Hadith text. Then, using the SVM
and GBM algorithms, a novel machine learning model for the Hadith Sanad Graph

Construction was created [32].

The work published was related to building Hadith Isnad Ontology, a domain-specific
ontology, is used to support the process of authenticating and evaluating isnad through

hadith examples and DL-Queries (Description Logics) [33].

While the aim of the published study in [34] sought to create an ontology-based Arabic
text, and more especially, an ontology that embodies the original Hadith text's semantics,
a completely manual process was followed to ensure the correctness of the results. The
proposed ontology is implemented with the ontology diagram Editor “Prote’ge” version
4.3”.

In this research we developed automated build process for dynamic ontological
framework for Ahadith and Ruwah input, and the framework is able to save these Ahadith
and Ruwah in the ontology and connect it with suitable links with other related Ahadith

previously exist in ontology.



Chapter Three

Theoretical Background

We are delivering the fundamental concepts and technical knowledge that serve as the

foundation for comprehending the thesis in this chapter.

3.1 Hadith Science

The science of hadith in language means the awareness of speech; That is, an
understanding of hadith and familiarity with all its details [11]; and the science of hadith
idiomatically means: the knowledge by which the conditions of the narrator are
known in terms of acceptance or response [12]. The process of transcribing the hadith

of the Prophet passed through two main stages:

* Prohibition: for fear of mixing the process of transcribing the Qur’an with Ahadith.
« Real codification: which began for fear of losing knowledge by the disappearance of

Ahadith in which some of the existence of false Ahadith has been noticed by scholars.

Encyclopedias of Ahadith began to appear in the middle of the second century of the Hijri
timing® and were the fruit of the efforts of scholars who gave their lives for the sake of

knowledge and the journey of seeking knowledge where these encyclopedias differed in

their writing styles [13]. Among the most famous are Sahih Al-Muslim

(ales zan) and Sahih Al-Bukhari (sl zess) which will be our reference in this study).

Al-Bukhari® is one of the scientists who worked on collecting and organizing the prophet

Mohammad (PBUH) Ahadith. His book titled with “al-Jami’ al-Musnad al-Sahih al-
Mukhtasar min umur Rasul Allah wa sunnanihi wa ayyamihi” (The abridged collection
of sound reports with chains of narration going back all the way to the Prophet regarding
matters pertaining to the Prophet, his practices and his times.), also known as **Sahih al-
Bukhari™ is the most famous work related to prophet Mohammad (PBUH) Ahadith
collection. This book is considered the main source of Arabic historical data used in

several works related to knowledge extraction. In his book, Al-Bukhari collected around

5 This timing began when prophet Mohammad PBUH traveled from Makkah to
Madinah
¢ https://www.britannica.com/biography/al-Bukhari
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7,397 correct Ahadith and used to categorize them according to several subjects related
to almost all aspects of life in offering accurate direction for Islam such as the method of
performing prayers, fasting, pilgrimage, purity, and other actions of worship directly from
the Prophet Muhammad (PBUH). Al-Bukhari used to travel and visit several locations to
collect Ahadith from persons who have some links with others till the reach of the prophet
Mohammad (PBUH). Figure 3.1 shows the travels done by Al-Bukhari for Ahadith

studying and documenting.

Figure 3.1
Al-Bukhari’s travels seeking and studying Ahadith
e . - - r'*‘-‘“
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Note: Commons W. None, editor. Al-Bukhari’s travels seeking and studying Aha- dith. None; 2017. File:
/BukhariTripEnglish.jpg. Available from: https://2u.pw/nm2IYOA

According to Hasan and Yahya (2014), oral Ahadith were not dominant in the early years
of Islam, some concerned people used to write down the prophet Mohammad (PBUH)
Ahadith. But, over time circumstances have changed, and traditionalists feel that oral
Hadith began to lose its popularity for political, religious, and social reasons. The need to
protect Ahadith was raised as a priority and the demand to face false Ahadith. The
question is “Was Islamic methodology in general and Hadith in particular scientific

in the contemporary research measures?”. The work of Hasan and Yahya (2014) is
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related to answering this question. The authors of the work discuss the different ways of
scientific approaches and concluded that the early Islamic methodologies are scientific in
the sense of collecting data methods used by Al-Bukhari and others. However, they listed
the different stages of Ahadith narration that ended with Al-Bukhari work: (1) The
companions who got Ahadith directly from prophet Mohammad (PBUH); (2) Quran was
the method of decision and Ahadith got a wide reputation after the death of the prophet;
(3) Writing Ahadith became common in restored and public centers and writing Ahadith
became usual by some Ahadith collectors like Imam Malik and Hanbal; (4) This stage
had the emergence of classifications for Ahadith according to subjects; (5) Here comes
the work of Al-Bukhari in collecting Ahadith and classifying it according to their degree
of correctness. The reader can return to the work of Hasan and Yahya (2014) to have a

clear idea about the scientific approach of Al-Bukhari.

3.1.1 The importance of Matan

The matan text contains the core and the essence of hadith, it is what the prophet
Mohammad (PBUH) exactly talked about. However, the correctness of matan is much
related to the correctness agreed chain of narrators, that is the sanad since any matan

without a sanad is considered doubtful from the point view of Ahadith collectors [14].

3.1.2 The importance of Sanad

Studying the chain of narrators to know the conditions of the narrators who narrated a

given hadith through the science of jarh (- a!)) and ta’deel (J:»~3), and to judge whether
the hadith is continuous(Jwis), interrupted(akiis), or mursal (Jwx) and preserving the

Sunnah (4x.d)) of the Prophet from distortion, addition, and subtraction [15].

The term “Al-Jarh” can be defined as: “The perfect narrator refuting the narrator’s
narration for a defective reason in it or in his/her narration, such as immorality, fraud,
lying, perversion, or the like”. While the term “ta’deel”: “Describes the narrator with
something that requires the acceptance of his narration”. As for the science of jarh and
ta’deel: It is a science in which narrators are investigated and modified with specific
words and the ranks of those words, and this science is one of the branches of the science
of hadith men [16].
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It is worth mentioning the clarification of some of the terms of the hadith sciences, mursal
what the sahabe omitted from, and with a more accurate definition is what the tabee or
the sahabe who did not hear from the prophet, may God bless him and Peace be upon
him. Interrupted What deleted the first chain of narrators [17]. And continuous hadith: It
is the hadith whose chain of narrators is linked to taking each narrator from those above
him from its beginning to its end [18].

3.1.3 Hadith Isnad tree

Hadith Isnad tree (Cwasll aliul 32.5) it is one of the branches in hadith science, which is

concerned with the study of the hadith chain of narrators, and it is a graph that clarifies

the methods of the hadith and shows the narrators and their ranks (sls,) 43y). And it
plays a major role for researchers in studying hadith more clearly and accurate way to
judge the narrators and Ahadith [19]. Steps of Studying hadith and Draw Tree:

Step 1: Choose Ahadith.

In this step, the user will choose the Prophet’s Hadith from Sahih Al-Bukhari, specifically
from the Book of Ablution.

Hadith = Sanad + Matan.

Step 2 : Sanad — Matan Separation.
As we mentioned earlier, Sanad is the series of narrators who narrated the text and
transmitted it from the first source, Matan is the hadith text which comes after the Sanad.

Sanad = Format + Narrator Name + Format + Narrator Name + ... + Source.

At this step, we will determine the end of the prophet’s Sanad hadith and the beginning
of the Matan. By studying the mechanism of writing the Sanad in Sahih Bukhari, we
noticed that there are several rules to determine the end of the Sanad. And these rules are
[20]:

» Most Ahadith begin with say statement the Prophet peace be upon him, as the

Messenger of God said.

12



» The Sanad ends with one of the companions or followers, may God be pleased with
them.

 The wives of the Prophet (PBUH) also narrated the prophetic Ahadith about him, and
his wife Aisha is the only one of his wives who narrated the Ahadith. There are several

formulas indicating the end of the Sanad, including:

1. The mother of believers.
2.Wife of Prophet Mohammad (PBUH).

 There are Ahadith that do not refer to the saying statement of the Prophet, peace be
upon him, but about stories that happened with people or with narrators during the life
of the Prophet, and these Ahadith begin with a verb, like someone who asked, look, did.

Step 3: Narrators Separation.

At this step, we’re going to separate each narrator from the other. The Sanad often consists
of a phrase ( Format) (LY aus) such as (he said, tell, tell us) followed by the name of
the narrator followed by a phrase followed by a narrator, and so on until it ends with a

form of followed by the Messenger of God.

These phrases will be considered relationships between nodes, that describe the kind of

relation between Ruwah. The following list contains all of such phrases: [21].

« Heard From (I heard, he heard). ge e l e Cinans
+ Transfer To (he told us, she told him, he told me, he told him, he told both of them, he

told them, he told me). sl 5 anyal o Laayal S oyal f ps o 4l Gyl

Has Narrator (narrated us, he is narrating, she narrated me, he narrated him, he narrated

me, he narrated). s 5 s o afian o aa §f sy f U

Forebode (he foreboded us, he foreboded me). alsl i Ll

Ask (1 ask). JLud

Proposition (it’s a, that, from). ce s of o i
+ Say. Jué

o Write. <
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+ Read on Sheikh. #il e 50153
 Thakar Fulan.;Ms <3

* Rawa. )

Step 4: Extracts Narrators (Rawi) Name.

Here we’re going to extract the names of the Narrators who represent the nodes of the
Graph database, in addition, to identifying the Source node (Prophet Mohammad
“PBUH”) and the Sink node (Al-Bukhari).

Each narrators node has attributes (Tarjamet Alrawi )which includes a brief about the life
of the narrator, his name, place of birth, place of death, date of birth, date of death, qunia
and balad [22].

Step 5: Narrators chain processing.

In some Ahadith, the Arabic letter (~),( Y& marks the beginning of a new Isnad chain.

This is a very common Hadith notation and is widely used in the Sahih of Bukhari.

Step 6: Draw Isnad Tree.

Which consists of the nodes (narrators, matan, bab, ketab, source, and sink) and the
relationships between them, starting from the source node and then the chain of narrators

until to sink.
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Figure 3.2 shows the flowchart of studying hadith.

Figure 3.2
Studying hadith flowchart
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And as an illustrative example for studying hadith and Draw Tree:

Step 1: Choose Ahadith:

We choose Hadith No. 157, bab “sye 3y ¢ sall L. @s in Figure 3.3
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Figure 3.3
Hadith No. 157 from ablution ketab

http 4 A, shamela ws é R TR PNy, SENY

=
e e

LA T b2 = 2 bep bzoez Lfef s eroaz Al 5Bl R ous s oas S g
Leoai» Je cg«:\.& 9..31 y.s G;L.-l 9..3 5&5 N ‘PJ"'“\ 9..3 My o Wl Wus (8 LA gl dades Gids = 157
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Step 3: Narrators Separation:

The Ikhbar Format contained in this hadith is as follows:

[GERE
G -
O‘; -
O‘; -
OQ -
Step 4: Extracts Narrators (Rawi) Name:
Table 3.1 display the narrator’s name and first name according to Tarjamt Al-rawi.
Table 3.1
Extract narrators (Rawi) name from the sanad
Narrator First Name
s Ol
alald ) )
Sl o slae elac
welee ol &) ae




Step 5: Narrators chain processing:

The sanad of this hadith does not contain the special case of format like Y4, -, so there is

no need to process the chain of narrators.

Step 6: Draw Isnad Tree:

Figure 3.4 shows isnad tree for hadith no. 157.

Figure 3.4

Isnad tree visualization
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3.2 Knowledge Representation

Compared to machines, humans are the best at understanding, reasoning, and interpreting

knowledge, and accordingly they can perform various tasks in the world.

3.2.1 Definition

Since artificial intelligence strives to make the machine intelligent by performing tasks to
achieve the desired goal. Knowledge representation has become one of the areas of great
interest in artificial intelligence. And we can define it as the representation of information
from the real world in order for the computer to understand it and then use it to solve real-
life problems, and it does not depend onstoring data, but rather allows the machine to

learn from that knowledge and act intelligently like humans [36].

3.2.2 Importance

A machine is capable of understanding some concepts (such as people, language and
academic disciplines) at a high level, while there are strange concepts like intentions and
17



intuitions which could not understand them. And the knowledge representation makes the
machine capable of this and enables the intelligent system to make the appropriate

decision and action.

As well as providing factual information in a way that a computer can understand and use
to solve real-life problems. Briefly, it enables a machine to learn from knowledge in order
to operate with human intelligence.

3.2.3 Ways Of Knowledge Representation

We can represent knowledge in several ways, the most important can be mentioned as

follows:
1. Logic:

It is the basic form of representing knowledge, and by it, we mean drawing a conclusion
based on different conditions, and it consists of syntax and specific semantics that
supports inference. This type is characterized as the basis of programming languages, and
through which logical thinking can be done [37].

2. Object Oriented:

In the traditional models, programs consist of variables and functions that take those
variables as arguments and are considered new variables, but the new programs consist
of self contained objects that combine variables and functions that deal with them and the

behavior of the object is included without the need to pass it as a variable to the function.

The main idea of the object oriented approach is to represent knowledge about a domain

in terms of objects, classes, and the relationships between them.

In the knowledge representation using an object-oriented approach, a system is
considered as a set of related objects, each encapsulating with attributes and processing
associated with the attributes. Communication between objects is carried out only by

messages, and the object is called when a message is received [38].
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3. Ontological:

In this way of knowledge representation, ontology is considered a data model that depicts
a group of concepts from a particular domain together with the relationships between

those concepts.

It has a great role in knowledge representation as it is simple and easy to understand and
implement, in addition to being a method that organizes concepts systematically [39].

4, Taxonomy:

A taxonomy is a hierarchical framework, or schema, for the classification of different
types of living things as well as inanimate objects, occasions, and/or ideas. As humans,
we encounter taxonomies frequently but rarely give them much thought. The facets,
filters, and search suggestions you frequently encounter on contemporary websites are

called taxonomies [40].

5. Semantic Network:

A semantic network is a method of knowledge organization and storage used in artificial
intelligence. Semantic networks are a sort of graphic representation that makes it simple
for people to understand the connections between concepts, ideas, and things. A semantic
network’s nodes are concepts, and its edges show how those concepts are related to one
another. Semantic networks are simple to comprehend and may be expanded with ease.

The two basic types of relations in this representation are:

a. IS-A relation (Inheritance).

b. Kind-of-relation.

The use of a semantic network in Al has numerous advantages. It can be beneficial to:

a. To arrange and structure knowledge in a way that is simple for machine to comprehend.

b. It can offer a means of representing intricate connections between ideas in a way that
people can easily comprehend.

c. By offering a more effective way to describe knowledge, it can aid in enhancing the

performance of Al systems.
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The use of semantic networks in Al comes with a few difficulties. They can be
challenging to make, which is one difficulty. These can be challenging to interpret, which

is another difficulty. They might also be expensive computationally.

Ontologies and taxonomies are comparable in many ways since they both explain

different categories of items and are set up in a hierarchy.

A taxonomy is comparable to a tree, whereas an ontology is more like a forest,
metaphorically speaking, to put it another way, ontologies allow for far more
sophisticated linkages, such as “has-a”- and “use-a”-relations, whereas taxonomies

describe a collection of subjects with “is-a”-relationships.

Ontology is the more comprehensive, all-encompassing phrase, whereas a semantic
network is a more focused method of information representation. The links between the
items in a semantic network only represent binary relations, which is one of its limitations.
For example, the sentence: Run (RajdhaniExpress, Chandigarh, delhi, Tomorrow) cannot

be directly affirmed.

Semantic networks take more computation time during runtime since we have to go
through the complete network tree to locate some solutions. In the worst case, after

searching the entire tree, we can find that the solution does not exist in this network.
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Chapter Four
Ontology

During this chapter we will cover the definition of ontology, ontology engineering,

development steps, and tools we can use.

4.1 Introduction

An ontology in computer science is a data model that reflects a set of concepts inside a
domain and the relationships between those concepts, and it derives from philosophy. For
example, in artificial intelligence, software engineering, biomedical informatics, and
information architecture, ontology is referred to as a type of knowledge representation
about the outside world. In computer science, ontologies typically describe as Ontology
=(C, R, F, I, A), where [41]:

Classes: the basic elements of the domain.
Relationship: ways that objects can be related to one another.
Functions: the changing of attributes or relations.

Individuals: the basic or “ground level” objects.

o > L D

Axioms: attributes properties, features, characteristics, or parameters that objects can

have and share.

4.2 Ontology Engineering

It refers to a set of interrelated tasks concerned with the life cycle of the ontology and its
development in a specific field, in addition to the methodologies, tools, and languages
that will be used to build it.

There is no one correct methodology for ontology development and it is usually an
iterative process, starting from the initial ontology and then reviewing and improving it.
As we mentioned earlier that ontology is a model of a real field in the world, and the
concepts in it reflect reality. And we can evaluate the initial version of the ontology by

discussing it with experts in the specific field [42].
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4.3 Ontology Development
The basic principles of ontology development are: [43]
¢ No single ideal approach to modeling a domain.

e The process of developing an ontology is iterative.

e “Concepts should be close to objects and relationships in the domain”.

The general steps in the design and development of ontology:

Step 1: Determining the Domain and Scope of the Ontology.

This stage begins with defining the domain and scope of the ontology by answering
several questions called competency questions, which are: What is the domain that the

ontology will cover? For what (or how) are we going to use the ontology? Who else will

use the ontology? Source of knowledge, and Scope?
Step 2: Consider Reusing Existing Ontologies.

Here, we make sure that there is a previous ontology in the same field. If there is a
previous ontology, it is easy to import and modify it instead of creating it from scratch.

Step 3: Enumerating the Important Terms in the Ontology.

The goal of this step is to list all the terms that we want to use and explain them to the
users. What terms would you like to talk about? What are the characteristics (properties)
of these terms? What needs be said regarding these terms?

Step 4: Defining the Classes and the Class Hierarchy.

There are several possible approaches to developing a class hierarchy such as top-down,
bottom-up, and combination. In the top-down development process define general
concepts first, then define specializations. In the bottom-up define specific categories first
and then group them into more general concepts. In combination first, identify the most

obvious concepts, then generalize and specialize them.
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Step 5: Defining the Properties of Classes (Slots).

After defining the classes, we describe the internal structure (properties) for concepts, an

object property becomes a slot for this class.

Step 6: Defining the Facets of the Slots.

In this step, we set restrictions on the slot by defining the facets, including the data type,

acceptable values, the cardinality of the property, and another attribute.

Step 7: Creating Instances.

This step adds instances of classes into the ontology, for each instance, we define its

name, and description, to which any concept belongs and its value.

4.4 Ontology Evaluation

We can define ontology evaluation as the task of measuring the quality of the ontology,

and the process of evaluating it’s important part for ontology development. Ontology can

be evaluated from two key perspective, which are quality and correctness. These two

perspectives dealt with several criteria: [44]

Accuracy: A measure that checks how close the test results (query) are to the real
results.

Completeness: A criterion that checks whether the domain of ontology is completely
covered.

Conciseness: Measures whether the ontology includes irrelevant elements in relation
to the domain to be covered.

Adaptability: Measures how far the ontology anticipates its use.

Clarity: Measures the effectiveness of the ontology in communicating terms with their
intended meaning.

Computational efficiency: The ability of the tools used to work with the ontology, the
most important of which is the speed to complete the required tasks.

Consistency: Ensure that the ontology does not include or allow any inconsistencies.
Scalability: The ability to add new information sources without having to make

significant changes to the integrated system's ontological components.
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4.5 Ontology Tool

The graph database stores nodes and relationships instead of tables and documents, which
is a flexible method of use that allows storing data without having to limit it to a pre-
defined form. Graphs contain nodes (are the entities in the graph), Relationships (provide
directed, named, connections between two node entities), and properties, all of which are
used to represent and store data in a way that relational databases are not equipped to do.

Neo4j, As a tool that gives developers and data scientists reliable and advanced tools for
building smart applications, currently in version 4.4, is an open source, scalable graph
database implemented often in Scala. Cypher, an ASCII art, high abstraction, and
declarative sublanguage, is the primary method for querying graphs. Cypher APIs for
Python, Java, C#, C + +, and Scala exist [45].

Since Neo4j is a native graph database, it fully realizes a true graph model, even at the
storage level. The information is kept just as it appears on a whiteboard, not as a "graph
abstraction” over another platform. This is significant because it explains why Neo4j

performs better than other graphs and maintains its flexibility.

Cypher, is Neo4j’s graph query language, it enables you to retrieve data from the graph,
It is similar to SQL for graphs and was inspired by SQL, allowing you to concentrate on
the data you want from the graph rather than the steps necessary to obtain it. [46].

4.6 Ontology Language

OWL (Web Ontology Language): It is a knowledge representation language that
contributed to the building, dissemination, and development of the ontology, developed
by the W3C (World Wide Web Consortium) in 2004, it is designed to be read by computer
applications. XML is used to write OWL, it is simple to exchange OWL information
between various computer kinds utilizing various operating systems and application

languages [47].

OWL has three main levels, which are as follows: [48]

e OWL Lite: helps users that primarily require a categorization hierarchy and
straightforward constraint features. For instance, OWL Lite only allows cardinality

values of 0 or 1, even though it enables cardinality constraints. Thesauri and other
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taxonomies should be able to migrate to OWL Lite quickly, and providing tool
support for it should be easier than for its more expressive cousins.

OWL DL.: enables users who need the greatest degree of expressiveness without
sacrificing the computational completeness (all entailments are certain to be
computed) and decidability (all computations will complete in finite time) of
reasoning systems. With limitations like type separation, OWL DL provides all OWL
language constructs (a class cannot also be an individual or property, and a property
cannot also be an individual or class). The reason for OWL DL’s name is that it shares
a decidable fragment of first-order logic with the field of study known as description
logics [Description Logics]. OWL DL provides favorable computational
characteristics for reasoning systems and was created to serve the already-existing
Description Logic business area.

OWL Full: is designed for users who desire the highest level of expressiveness, the
syntactic flexibility of RDF, and no computational guarantees. For instance, a class in
OWL Full can be treated both as a group of individuals and as a standalone individual.
The fact that an owl: Data type Property can be designated as an owl: Inverse
Functional Property is another important distinction from OWL DL. An ontology can
extend the meaning of the pre-defined (RDF or OWL) vocabulary using OWL Full.
There is a slim chance that any reasoning program will be able to handle all of OWL

Full’s features.
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Chapter Five
Methodology

This chapter display the outline procedures for creating the ontology that we will employ

in our research.

We have developed a dynamic ontology framework with the help of an expert in the field
of Islamic sciences, from identifying concepts, relationships, and definitions.
Implemented according to the steps listed in section (4.3).

5.1 Dynamic Ontology Development

The ontology development process consists of the following steps:

Step 1: Determine domain of the ontology:

Answering a few questions will help us to determine the ontology domain:
1. What is the domain that the ontology will cover?

The domain is the Bukhari Ahadith specifically the Ahadith of ablution.

2. For what (or how) are we going to use the ontology?

Users include Ahadith experts and any developer who wants to build an extraction system
of Ahadith.

3. Who else will use the ontology?

Users who have a passion for research in Ahadith.

4. What questions does the information in the ontology answer?

An Ontology will offer answers to several questions in the field of hadith and narrators.

e What is the First Name and Last Name of the Narrator?
e Who are Narrator Sheikh and Student?

e What is the Tabaga of the Narrator?

e How many Ahadith narrated by Al-Rawi?

e |s the Narrator Madar?
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e The journey in seeking knowledge.

e Is the Hadith Musnad (xi.s) Or Moalaq ((3lx)?

e Relationship between Narrator Balad and his Sheikh and Students Balad.
e Itisal And Ingitaa.

5. Source of knowledge:

Sahih Al-Bukhari.

6. Scope:

Which includes the set of terms to be represented, their characteristics, and granularity.
Step 2: Reuse Existing ontologies.

We didn’t use any previous ontology, so we designed it to suit the required function and

built it from scratch.
Step 3: Enumerate the Important Terms in the Ontology.

The following questions help us to define terms:
1. What are the main terms we want to represent?

The main terms we discuss are Ketab, Bab, Hadith, Narrator, Sink, and Source.

2. What properties do these terms have?

o Ketab term has the following properties: KetablD, Ketab Name.

e Bab term has the following properties: BablD, Bab Name.

e Hadith term has the following properties: HadithID, Matan.

e Sink term has the following properties: SinklD, Name.

e Source term has the following properties: SourcelD, Name.

e Narrator term has the following properties: First Name, Father Name, Birth Place,
Death Place, Birth Date, Death Date, Qunia, Balad, Heard From, Transfer To,
Narrated Of, Forebode, Ask, Proposition.
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Step 4: Define the Classes and the Class Hierarchy.

And using the terms that we extracted from previous step, we create classes and classify

them in a hierarchical taxonomy.

Table 5.1 Describe the classes of ontology and their features.

Table 5.1
List Of ontology classes and their description
No. Class Label Description
1 Ketab e Represent Ketab of Hadith.
2 Bab oL Represent Bab in Hadith Ketab.
3 Hadith Euaal) Represent Hadith Sanad and Matan.
4 Sink Euaall e The sink node of all paths (Albukhari).
5 Source Euaall jiae The source node all paths (Prophet Mohammad (PBUH)).
6 Narrator s Represent a person who narrates Hadith.

The taxonomic hierarchy of the ontology is depicted in the figure 5.1. We categorize the
major terms into classes and their sections into subclasses. For example class bab is a

subclass of ketab class.
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Figure 5.1

Ontology classes in a hierarchical taxonomy
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Step 5: Define the Properties of Classes (Slots).
After defining the classes, we clarify the internal structure of the concepts, and there are
two types of Properties:

* Object Property: use to link objects to objects.

« Data Property: use to link object to data type.

Table 5.2
Ontology object property and their description
No. Object property Domain Range Description

1 Sinkof Sink Ketab  Ketab that the sink is an author.
2 hasSink Sink  Ketab  Person Who Author the Ketab.
3 BabOf Ketab Bab Bab that Ketab Contain.
4 hasBab Ketab Bab Bab that this Ketab include.
5  ContainOf Ketab Hadith Hadith that contained in Ketab.
6 hasContain Ketab Hadith Ketab which contain this Hadith.
7 Hadith-of Bab Hadith  Bab that includes this Hadith
8 has-Hadith Bab Hadith  Hadith that this Bab contain.
9 Narrator who hear hadith, whether from another

Heard-From Narrator Narrator
narrator or from the source.

10 Narrator who told hadith, whether from the source or
TransferTo Narrator Narrator .
a different narrator.
11 NarratedOf Narrator Narrator Narrator who narrated hadith either from another
narrator or the source.
12 Forebode Narrator Narrator Narrator who forebode the hadith through another
narrator or the source.
13 Narrator who ask the hadith, whether from another
Ask Narrator Narrator
narrator or from the source.
14 Proposition Narrator Narrator Narrator who say hadith.
15  NarratorOf Hadith  Narrator Hadith narrated by the narrator.
16  hasNarrator Hadith  Narrator Narrator whoever narrated hadith.
17 Say Hadith  Narrator Narrator who’s say hadith.
18  write Hadith Narrator Narrator who write hadith.

19 Read on Sheikh Hadith Narrator Narrator who Read on Sheikh Hadith.
20 Thakar Fulan  Hadith Narrator Hadith thaker by narrator.

21 Rawa Hadith  Narrator Hadith has rawa by narrator.

22 Father for Narrator Narrator The narrator is narrator’s father.
23 hasFather Narrator Narrator Narrator has Father Narrator.
24 Uncle-of Narrator Narrator Narrator is narrator’s uncle.

25 has-uncle Narrator Narrator Narrator has an uncle narrator.

30



Table 5.3

Ontology data properties and their description

No. Data Property Domain Range Description
1 Id Narrator,Hadith Integer The identifier for Narrator,Hadith and Bab.
2 First Name Narrator String The First name for the Narrator.
3 Father Name Narrator String The Father name for the Narrator.
4 Birth Date Narrator Date  The Narrator’s date of birth.
5 Death Date Narrator Date  The Narrator’s date of death.
6 Birth Place Narrator String The Narrator’s place of birth.
7 Death Place  Narrator String The Narrator’s place of death.
8 Qunia Narrator String The Narrator’s qunia.
9 Balad Narrator String The Narrator’s balad.
10 Hadith Text  Hadith String The Hadith text (Matan).
11 Bab Name Bab String The Name of the Bab.
12 Ikhbar Tool  Narrator String The connection tool between Narrator.
13 Ketab Name Ketab String The Name of the Ketab.
14 Source Name Source String The Name of the Source.
15 Sink Name Sink String The Name of the Sink.

Step 6: Define the Facets (role restrictions) of the slots.

Here, we set restrictions on the slot by defining the facets, including the data type,

acceptable values, the cardinality of the property, and another attribute.
Step 7: Create Instances.

We can summarize this step by add instances of classes to the ontology, defining each

instance’s name, description, any concept it belongs to, and value.
5.2 Dynamic Ontology Prototype

This part, we will provide a description of the system in details, including each
component’s design, implementation, and role it plays in achieving the goal of the system.
The core of Dynamic Ontology Prototype It is an ontology that is created dynamically in
the Ahadith of the Prophet and the sanad processing in the field of Islamic law,

specifically in the field of ablution.
5.2.1 System Design
5.2.1.1 System Architecture

In this section, we describe the system architecture of the dynamic ontology framework
for Bukhari Ahadith.
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The architecture of the Dynamic Ontology Framework is shown in Figure 5.2 presents
the components and the interactions between them.

Figure 5.2
System Architecture
MWarrator
> Database
. - » User Wab
- Interface ¢
Dynamic
—»  Ontology - E-Na;rratpr Web
Framewaork ETVICE

The system begins with the user entering the required data about the narrators and Ahadith
through the user web interface, then directly forwarded to the narrator database to store
data, and connecting with the ontology to create nodes and relationships.

5.2.1.2 Tools and Programs

The following programs and tools were used to construct the system:

» Neo4j to create the ontology.

« Python, Html, and Mysqgl for implementing the system.

5.2.1.3 Component of the Prototype

- User Web Interface.

The function of this interface is to allow the user to enter the following information into
the system: Narrators’ information (First Name, Last Name, Birth Place, Death Place,

Birth Date, Death Date, Qunia, Balad), hadith number, Bab name and number, and hadith
text (Matan).
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Figure 5.3

User web interface Arabic
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Figure 5.4
User web interface English
Marrator Data Hadith Data
First Name Father Name Hadith ID
Birth Place Death Place Bab Number
Matan
Birth Date Death Date Bab Name
Qunia Ikhbar Tool
ADD

- Narrator Database.

The database is used to store the narrators. The database contains three tables: Narrators,

Matan and. The relationships between the tables are shown by figure 5.5.
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Figure 5.5

Narrator Database
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- Narrator Web Service.

It answers several questions, including the number of Ahadith that he narrated, the
importance of the narrator, his journey in seeking knowledge, and is it a centerpiece
(Madar) of the isnad tree.

- Searching Service.

This service provides an ontology search for the narrator’s data or for words in the matan

of the hadith. Figure 5.6.
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Figure 5.6

Searching service interface
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- Dynamic Ontology Framework.

It contains all the hadith information (sanad and matan) and the relationships between

them.
- Dynamic Ontology monitoring and modification.

The ontology that is being built should be monitored by comparison with manual work in
building the isnad tree. Modifying the ontology includes adding a hadith, deleting a

hadith, and displaying ontology in whole or in parts.

The process of deleting a hadith includes selecting the hadith to be deleted, then deleting
the relationships between the narrators node and the other nodes (first name, father’s
name, Birth Place, Birth Date, Death Place, Death Date, Qunia, Balad) and deleting the
relationship between the Ketab, Bab, and Matan, then deleting Ketab node, Bab node and
Matan node. Figure 5.7 —See Appendix C— shows the process of deleting hadith number
167 from the ontology.
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5.2.1.4 System Diagrams

» Deployment Diagram

It gives a visualization of the system and includes the nodes (hardware and software) and
the relationships between them (middleware) and enables us to understand how the
system is deployed on the hardware. See Figure 5.8 —Appendix C—

Sequence Diagram

It describes how the objects and components interact with each other to complete the
required process and the order in which these reactions occur, and is represented by a
timeline that starts from the top and goes down gradually to distinguish the sequence of
reactions. See Figure 5.9 —Appendix C—

5.2.2 System Implementation

- User Web Interface

We have implemented this interface by using HTML, Python Flask, and Mysgl Database.
Python Flask connected to database which contain narrators and Ahadith data. It allows

users to add all hadith required data. Figures 5.10 —See Appendix C—.
5.11 —See Appendix C— shows an example of the add hadith interface.

The design of the user web interface demonstrates that it contains two parts: the first part
is narrator data, and the second part is hadith data.
- Narrator Database

The database was created by Mysqgl Tool and it was implemented using python language.
We insert data from the ablution ketab since we choose it as a sample from the Bukhari

book of our system. The data contain the narrator, matan, and.

- Narrator Web Service

This service has been implemented using python and neo4j environment via cypher query.
Figure 5.12 —See Appendix C— presents the narrator Aisha, may God be pleased with her
example as input in Narrator Web Service.
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- Searching Service

The task of this part is to search for the entered words according to the following steps:

« Enter the search words (whether words or dates).
+ Matching the words with the terms and returning the results, and there are two types of

search:

1. Search for the narrator’s information (qunia, date and place of birth, date and place of
death, balad) the result will be the narrator’s name and number. —See Figure 5.13

Appendix C—

2. Search for a word in the matan or the bab name, and the result as shown in figure 5.14
and figure 5.15 —See Appendix C—.

- Ahadith Al-Moalaq

To search for Ahadith Al-Moalag within the ontology, total number, hadith id and

execution time —See Figure 5.16 Appendix C—.

- Ruwah Balad

Bring the balad information for the narrators of the hadith that was entered, to be used in
judging the hearing of the narrators, their adherence, and for other matters related to the

sciences of hadith —See Figure 5.17 Appendix C—.

- Dynamic Ontology Framework

To build an ontological framework F = (N, E) where the set N is the set of all nodes in
the ontology and they represent all possible data related to Ahadith like Rawi, Hadith,
Place, Date, ...etc. and E is the set of relations possible relations between nodes like He

told us, we heard, from, | saw, etc —See Figure 5.18 Appendix C—.
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Chapter Six
Adding Hadith (Ontology Expansion)

In this chapter, we will explain how the dynamic ontology framework prototype work.

By present the mechanism of adding hadith as follow:

6.1 Add Hadith

1. Choose Hadith:

We choose hadith no. 159, bab (&3 B ¢ . ll), bab no. 24.

2. Enter Narrators and Hadith information through User Web Interface: Which
includes the information of narrators as previously identified, bab name, bab no and
matan as shown in figure 6.1 —See Appendix C—.

3. Submit Adding Hadith: —See Figure 6.2 Appendix C—
4. Enter hadith to database:

Connect to mysql database then insert all form element in tables —See Figure 6.3

Appendix C—.
5. Add Hadith to ontology: including this steps:

 Connect to Neo4j platform —See Figure 6.4 Appendix C—.

« Create Ketab, Bab, Matan Nodes if not existing.

Ketab: ¢ s sl

Bab: ) B ¢ ga gl

Matan: « Jug & Bifinly Gaead Uy A 4 Jaol & Leglurd lhe ¢ 4 e £l oL Lo
Jsmsy JB 08 5 GanSl) Y e EDB 4l Juse 5 Adys rase e SO (pall ) 4asy B 4gns
o p Lol it i lagsd Caamy ¥ () a1 gy s Liagi e talus ade ) s il
41” —See Figure 6.5 Appendix C—
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« Create Source, Sink Nodes (once when the system is executed in the first time) —See
Figure 6.6, 6.7 Appendix C—.

« Create Narrator node if not existing.

In this hadith we have six narrator, and figure 6.8 —See Appendix C— show the narrator

((«les o) alas (3 2ena) NOde.

+ Create Narrator property node (first name, father name, birth place, birth date, death
place, death date, qunia, balad) once when the system is executed in the first time —See

Figure 6.9 Appendix C—.

+ Create Relation between Narrator node and Narrator property node —See Figure 6.10
Appendix C—.

 Create Relation between entered Narrator and next and previous Narrator node as

entered in interface form —See Figure 6.11 Appendix C—.

+ Create Relation between first entered Narrator in form and Sink node —See Figure 6.12
Appendix C—.

« Create Relation between last entered Narrator in form and Source node —See Figure
6.13 Appendix C-.

+ Create Relation between Bab node And Ketab node —See Figure 6.14 Appendix C—.

+ Create Relation between Bab node And Matan node —See Figure 6.15 Appendix C—.

+ Create Relation between Matan node And Source node —See Figure 6.16 Appendix C—
* Visualize hadith isnad tree.

Figure 6.17 —See Appendix C—show all hadith nodes and relations between them.

* Visualize the ontology —See Figure 6.18 Appendix C—.

39



6.2 Delete Hadith

As for the mechanism for deleting hadith from the dynamic ontology framework, it is as

follow:

1.

Choose Hadith:

We choose hadith no. 167, bab (Jusll 5 csadll & (aill) |, bab no. 31 —See Figure 6.19

Appendix C—.

2.

3.

4.
S.
6.

Enter Hadith no. through Delete Web Interface —See Figure 6.20 Appendix C—:

Delete Relation between Narrators node which was connected in relations hadith ID
167, also include Sink and Source nodes.

Delete Relations between kitab, Bab and Matan nodes.

Delete Bab, Matan node.

Ensure that the hadith is deleted.

Figure 6.21 —See Figure 6.21, 6.22 Appendix C— show that hadith does not exist anymore.
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Chapter Seven

Experiments and Results

In this chapter, we will present the experimental design and results, through experiments
conducted on the system, which are used to evaluate the effectiveness of the system in

building a dynamic ontological framework for Bukhari Ahadith.

7.1 Experimental setting

The data set that was used in evaluating the system is the ablution book from Sahih Al-
Bukhari, and it contains (75) various chapters, containing (114) noble prophetic Ahadith.
Four Ahadith contained transformation (a special case in drawing the chain of isnad),
which are the Ahadith whose numbers are (137 - 214 - 230 - 240).

After we imagined and design the ontology framework, the initial step was drawing isnad
trees, which begin with assigning the names and information of the narrators to them.
Since that the main users of the project are specialists in Sharia sciences, we assumed that
they traced the methods of identifying the known narrators (from works, investigative
books, graduation books).

The user will enter all the required data (narrators and hadith data) through a user web
interface, and the system automatically will add the hadith to the existing framework and
link it with the correct place according to the sequence (book — bab - matan - chain of
narrators). By creating nodes (narrator, matan, bab, source, sink) that do not exist and
linking them through relationships that have several characteristics, including the hadith

number and the formula.

7.2 Queries

It is a set of questions created in collaboration with specialists in the field of Sharia
sciences and Prophetic Ahadith to examine the system and evaluate the mechanism of
drawing isnad trees. Queries were specifically about the narrators. Table 7.1 displays the

queries generated to check and evaluate the ontology.
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Table 7.1

User query

No. Query
1 Isthere a relationship between the sink and the narrator?
2 Is there a relationship between the source and the narrator?
3 Is there a relationship between the narrator and the other narrator?
3.1 Rawi Student.
3.2 Rawi Sheikh.
4 Is the narrator Madar?
4.1 Main Madar.
4.2 Sub Madar.
Itisal And Ingitaa.
The journey in seeking knowledge.
The Ahadith ID narrated by the narrator.
The total number of Ahadith narrated by the narrator according to the entry in the ontology.
Rawi Tabaga.
10 Is the hadith Musnad Or Moalag?
11 Relationship between Narrator Balad And his Sheikh and Students Balad.

©O© 00 N o Ol

And as a clarification of some questions, we can define the madar as the node from which
more than one relationship comes out, it is divided into two parts: the main madar and a
sub madar, and it is determined by its direct relationship with the source node [23]. While
the narrator tabaga is the time intervals of hadith narrators according to death date, and

the scholars of the Prophet’s hadith divided it into twelve layers as follows [24]:
« Sahabee s Tabaga (1).

+ Tabee i Tabaga (2-6.)

« Tabe Tabee Ul ¢ il :Tabaga (7-8).

+ Akhed An Tabe Tabee ¢ \¥! & o 33l ‘Tabaga (9-12).

And we have adopted the narrator tabaga according to the four previously mentioned

layers.

The journey in seeking knowledge can be described as travel, movement, and pursuit in

searching for knowledge [25]

In Figure 7.1 —See Appendix C—. we run a query for Abu Huraira Narrator, and the results
that appeared include the Ahadith entered into the ontology.

42



7.3 System Testing

Here, in this part we demonstrate a system test to evaluate its effectiveness in creating the
dynamic ontology framework and add Ahadith to it, and whether it behaves as expected
or not, as well as drawing isand tree, accuracy, completeness, conciseness, adaptability,
clarity, computational efficiency, consistency and compare searches in the ontology with
searches in Sahih Al-Bukhari, either manually or through available applications such as

the Alshamela library.
7.4 Evaluation

This section presents the ontology evaluation mechanism as explained in section 4.4
(Ontology Evaluation).

To achieve this, we have explained and clarified the following criteria:

« Accuracy: How close the test results (query) are to the real results [49]. To make sure
of this, we compared the results of the queries resulting from the ontology with manual
results conducted by a number of people, including the answers to the questions that
were mentioned in table 7.1. The narrator (Abu Huraira) was chosen and the query was
carried out through the ontology and compared with the results of 10 people, and the
results for the ontology query were as follows in table 7.2. And the results of the people
in the search were as shown in table 7.3, 7.4

Table 7.2
Ontology query result
Query No. Ontology Query Result
1 No
2 Yes

3 3.1 Rawi Student:csled 1S3 el ye il Ble ¢ oy Cenll ae

L) dena ) e amd ) ue ) ape ) (o dm

3.2 Rawi Sheikh: alus jle dil Lo Jsull

4 4.1 Main Madar: Yes.
4.2 Sub Madar: No.
5 Il
6 il s
7 135-136-155-161-162-165-172-173-176-220-237-238-239
8 13 Hadith
9 Sl
10 ..
11

ALl i — dame — A

A Gl Gud = Gaal) 2 — dene
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Table 7.3

Manual query result

w Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Query
Query 1 Y Y Y b b
Query 2 e , = g o e
Query 3.1 e cdiia (p aled cdll e Gl Nle | G dma ¢ panall aim cdnie (paled |0 A ganall aad e Galed | Gn e  enall ad cagia (pales | Gn b« panall aiml cddia 0 ales
il e o e <Ga Gr el | dese czoe ¥ o sl ssee | O dena eV G sl see | O dena g Guudl sl ssme | Gndena e W) G sl s see
elandl ()5S0 camadl ol Cpdm | el dm e () L) 0 | ane cgoall dm il )l | dne el dms e () L) | Al ane g el dmn e ol L)
A de (et Al (s A ne Al ane A ae A xe cp 4 4 xe op
Query 3.2 pluss ale A (L J s N pluss agle A L Jus plus e A Lo Jus N pluss agle ) L J s N pluss agle A (Lo Jgus )Ml
Query 4.1 ) Dl ) Dl ) Dl ) Dl ) Dl
Query 4.2 = A e sl S A e = A e = A e = A e
Query 5 Jlail Jlail Jlail Il Jlsl
Query 6 Jass Jass Jass Jas Jas
Query 7 161-239-238-237-220-176-173-| 135 -136-155-161-162-165- | 135 -136-155-161-162-165- | 135 -136-155-161-162-165- |135 -136-155-161-162-165-172-
162-155-172-165-135-136 172-173-176-220-237-238 |172-173-176-220-237-238-239| 172-173-176-220-237-238 173-176-220-237-238-239
Query 8 13 'Y 13 12 13
Query 9 [  — P — — —
Query 10 K K dia Alae Alae
Query 11 dmd pd | Al el d | A pd Al s | A ad | Al et Gl | dxd pal Al (s A ) Snpget
e A | Al s daas | Al | Al s das | Al Al s il e Al s e daxds Al s
ool ae aese [l Gadi e 350 08 s | dese [ Al i gl (e )l e | dese | Al G Gl (5008 5| dese | Al i Gl | 3008 gl | deae | Sl i Gl
Time/minute 50 40 33 €9 ¢o
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Table 7.4

Manual query

result complement

w Sample 6 Sample 7 Sample 8 Sample 9 Sample 10
Query
Query 1 Y Y Y b b
Query 2 g g g g2 px
Query 3.1 O s el aan i (nalad | O dims ¢ annall aand cdiie G pled | (g damas ¢ anall e e (aled | <5 a0 (g s ¢ el e (paled | G dem ¢ enall aed cddie (g oled
AmcGJQY\cmJ‘ﬁls})As L}A;Jl&,\sc&|dgs@4f\l\l\icc))& &G)::Y\cdjﬂ;mogﬂﬂlikgj)ac @lm\ajww{f‘z’\cwﬁ\ﬁi m‘&imwm\ﬁbuﬁ
el dm cmdlia ol @Al O | (0583 Al O deaa agd | s epdla (b)) e | Al de Gl e s il dmu il by ) (0 dana ¢ e p (g (pea )
A xe cp Al ane A e dl) ane gyl A e dl) ane gyl e o dl ane g ) a0 53
Y
Query 3.2 pluss gle A Lo J s N plus adle A Lo gl plus e A L Jpu N plus e Al Lo Ju pluss e A Lo J s
Query 4.1 ) Dl ) ) Dl ) Dl ) Dl
Query 4.2 = A e ol = A e ol = A e = A e = Al ol
Query 5 Jlail Sl Szl Jlail Jlail
Query 6 Jas o Jis Jas Jaiy o1 Jai
Query 7 161-239-238-237-220-176- | 135 -136-155-161-162-165- | 135 -136-155-161-162- | 135 -136-155-161-162-165-172- |135 —136-155-161-162-165-
173‘162'15?31672‘165'135‘ 172-173-176-220-237-238 | 165-172-173-176-220-237- | 173-176-220-237-238-239 | 172-173-176-220-237-238—
238-239
239
Query 8 13 e 13 13 13
Query 11 A ad ALl i el | AE [ | AL e L adl (AL s e | A o oal Al Ly | A ad | Al s
(L s 4 (Y s ax<))
el e | e Al s Gl 185008 sl | deae | Al Gl Gl | Gespll die | dese Al Gl el | B ) | desae | Al Gl el 50 5| deas [PRRGINN
Time/minute v T o) . oy

45



And the result from the system shows in figure 7.2, 7.3 —See Appendix C—

« Completeness: The domain has been completely covered and it is the ablution ketab.
« Conciseness: We determine the all (bab) that the ontology covered to ensure that they
do not contain irrelevant elements (bab not in the ablution ketab).

« Consistency: Describes that the ontology does not contain or allow any contradictions.

By creating nodes based on which to any class it belongs to, then link them together with

relations according to what was entered by the user.

As for the deletion process from the ontology, it was confirmed that the hadith is
completely deleted including the matan, links between the nodes, the bab and the narrators
are not deleted due to the existence of relationships with other Ahadith, and if they are

deleted, it causes a defect in the ontology.

« Adaptability: The extent to which the ontology response is expected by implementing
add, delete and search process, as it was shown previously.

« Clarity: By designing it in a way that facilitates the process of tracing the bab and what
they contain prophetic Ahadith, including matan and its chain of the narrator (isnad
tree).

« Scalability: Since the ontology in this research is not large and specialized in one book
of Sahih Al-Bukhari which is the book of ablution, it is easy to scalability the ontology
by adding nodes for other books and create relationships between them with the same
mechanism used in implementing the book of ablution, without producing significant
changes in the integrated system’s ontological constituents.

« Computational efficiency: By measuring the time for adding the hadith to ontology and

the execution time for the queries.

Table 7.5
Run time for adding hadith

Hadith No. Ahadith in Ontology Hadith Narrator Narrator in Ontology ~ Time

135 0 5 0 1.59
172 11 5 3 1.19
139 12 5 2 1.29
161 20 6 2 2.3

236 30 7 6 2.7

182 39 7 0 4.29
194 45 4 4 231
159 56 6 3 4.09
167 57 5 0 2.43
148 58 6 1 4.10
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Table 7.5 present Hadith Number, Total Ahadith in ontology, Total No. of Narrator in
hadith, The No. of narrator nodes already in the ontology, and Time complexity in

seconds.

Time complexity: “The amount of time taken by an algorithm to execute each statement
of code of an algorithm till its completion with respect to the function of the length of the

input”.

We can observe that the time changes depending on the total number of Ahadith in

ontology and number of previously created narrator nodes in the ontology.

« Compare searches in the ontology with searches in Sahih Al-Bukhari’s book and in
database:

By comparing time for searching process in the ontology with the manual search in the
ablution ketab, search in database, and search in Alshamela library, for words in bab

name, or hadith matan.

Table 7.6

Run time for search in ontology vs. database
Id Search Statement Ontology Database
1 Word: “s s s in Matan 0.00002 0.0011
2 Word: “c sasl” in Bab 0.0011 0.00079
3 Word: i in Bab 0.00076 0.0020
4 Word : “ Jsw;” in Matan 0.0020 0.0010
5 Word : “ Ja,” in Matan 0.00061 0.0011

Table 7.6 present the execution time in seconds for searches in ontology and databases to
specific words, It appears that the average time for searches in ontology equal to 0.000989

seconds, while average searching time in databases equal 0.001198 seconds.

More details about execution time for searching in ontology and in database, you can see
Appendix B.

Figure 7.13 —See Appendix C— shows the execution time for search manually in the
ablution book, while Figure 7.14 —See Appendix C— shows the execution time for search
in the Alshamela library.
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During my search for ways to represent the Ahadith of the Prophet, | found some research
papers related to this and master’s theses as mentioned in the second chapter, we can

summarized as follows:

Table 7.7 —see Appendix D- provide a comparison between the different ontologies

representing hadiths and the method using in this research.

7.5 Discussion

The system was evaluated to determine its effectiveness and suitability for the job for
which it was designed, through the results of inquiries and drawing isnad trees, the isnad

trees result were compared with the ones that were drawn manually.

To assess the accuracy of our system, we compared the results of manual queries with the

results of system queries, and they were as follows:

- In the manual queries, query No. 3 there was a difference in the names of the narrators,
such as (Al-Araj is the same as Abd al-Rahman ibn Hormuz, Abu Idris A’adhullah ibn
Abdullah), query No. 8: The number of hadiths was either 12 or 13, and in query No.
11 The difference in the narrators’ countries according to the reference on which the
person relied in searching for the narrator’s information led to different results.

- In the system queries, it depends on the number of Ahadith narrated by a particular
Rawi, whether they were fully entered into the framework or not. If they were all
entered, the results will be identical, but if not all of them are entered, the results will
depend on what is in the framework.

- The chosen narrator (Abu Huraira), and all his Ahadith were previously entered into the
framework, In query 3, the student names were according to the narrator’s first name
and his father’s name, according to what the framework was designed, and in query No.
11, we relied on obtaining the narrator’s information from the application of the Nine

Books Collector of the Arab House for Information Technology.

As for the time, it took the researcher to answer the queries and obtain the results
manually, an average of 43.8 minutes, while the time the system took not more than 10
seconds to draw the trees after entering all the required data (which was available to the
user) and 5 seconds to get results. Queries and 3 seconds to search within the ontology
for any word or data related to the narrators.
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Here we must mention some of the challenges we faced in the work:

* The lack of sufficient information about the narrator’s tarjamet (narrators information),
as some narrators do not have any data for the birth place or birth date, death place or
death date, and the balad. In order to avoid any problem due to its unavailability, we
have set “no” for the place of birth, death, or balad, and “zero” for the date of birth or
death.

« The Arabic language and the treatment of its letters, such as ) and |, as the programming

language considers them two different letters. For example, if the narrator’s nickname

3 o OF5pa o is entered, he will create two different nodes that are originally one
node and will lead to a malfunction. In order to avoid this, we adopted the alif without
a hamza “” in the entry, as well as the case with the letter t “z” and haa », we adopted
the haa “a”.

» Some Bab in the ablution ketab is without a name or number, such as the next bab to
bab 40, and the next to bab 56. In addition, bab has a name and no number, such as the
next to bab 58.
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Chapter Eight

Conclusion and Future Work

At a time when information has become closer to us than pressing a button on the
keyboard, and since there is an interest in representing knowledge of the books of Ahadith
that led to development several classifications and algorithms to extract knowledge, the

need to develop Islamic content still requires improvement and development better.

Due to interdependent relationship between Holy Qur’an and noble Prophetic Ahadith,
Ahadith came to explain some of the provisions contained in the Holy Qur’an or to inform

about legislation that was not mentioned in it.

Ontology facilitated the process of extracting knowledge from Arabic historical texts and

transforming them from unstructured texts into structured ones.

This research’s primary contribution is to automated build an ontology framework for the
prophetic Ahadith that makes information retrieval from the ontology easy and fruitful

with high accuracy and significantly more user satisfaction than traditional methods.

This research was distinguished from other researches the process of building ontology
was automated while others were manual, the execution time of the different ontology
operations (add, search, delete) was better than the traditional manual methods and
databases. Also, we were able to draw and visualize the narrators nodes and their
relationships, which makes it easier for specialists and those interested in the sciences of
hadith to identify new meanings through the connections between the narrators to open

new horizons for research and shorten time.

8.1 Recommendation and Future Work

Since just one book from Sahih Al-Bukhari was chosen, and the research was based on
it, there are numerous ways to make improvements and go forward. There are a few of

them:

» Expanding the ontology to include other nodes (Lagab, rank, reason for hadith,
Explanation of the hadith) to help judge narrators, and judge Ahadith more accurately.
« Classifying Ahadith according to topics and facilitate the process of extracting the

relationships between them.
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+ Expanding the work to serve the science of takhreej Ahadith by drawing the chain of
the narrator (isnad trees) and judging the narrators after collecting Ahadith from the

main books, not only Sahih Al-Bukhari.
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List of Abbreviations

Abbreviations Meaning
OWL Web Ontology Language
XML eXtensible Markup Language
DL Description Logic
RDF Resource Description Framework
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Appendices

Appendix A

Resource Description Framework (RDF)

In this chapter we will give a brief explanation of the Recourse description Framework

And show an illustrative example on sub graph.

A framework for describing resources on the Web, developed by the World Wide Web
Consortium (W3°C).

The need for it arose after the increase in data collected through various internet sites, as
it facilitates the process of data exchange and sharing in light of the use of different

models for storing information on the sites.

@ CD Source(1) [ Last(1) JE ) death_Place(1) First{1) <
Oraph

Figure shows ontology schema visualization (nodes and relationships).

RFD Structure:

The information is represented as triple: Subject, Predicate, Object.
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RDF Serialization:

We can define it as the process of writing RDF graphs in a machine-readable format. Like
RDF/XML, Turtle, N-Triples.

Represent data in RDF:
In our prototype we represent data in RDF/XML and Turtle format as follow:

e RDF/XML : Implement main node in ontology(Ketab, Sink, Source, Hadith, Bab,
Narrator).

<?xml version="1.0"?>

<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins: Dynamic-Ontology-Framework="http://localhost:5000/Dynamic-Ontology-

Framework#'>

<rdf:Description
rdf:about="http://localhost:5000/ Dynamic-Ontology-Framework/Ketab"
Dynamic-Ontology-Framework:ID=""

Dynamic-Ontology-Framework:Name = “Ablution” />

<rdf:Description
rdf:about="http://localhost:5000/ Dynamic-Ontology-Framework/Sink"
Dynamic-Ontology-Framework:ID=""

Dynamic-Ontology-Framework:Name = “AlBukhari” />

<rdf:Description
rdf:about="http://localhost:5000/ Dynamic-Ontology-Framework/Source"
Dynamic-Ontology-Framework:ID=""

Dynamic-Ontology-Framework:Name = “Prophet PBUH” />

<rdf:Description
rdf:about="http://localhost:5000/ Dynamic-Ontology-Framework/Hadith"
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Dynamic-Ontology-Framework:ID=""
Dynamic-Ontology-Framework:Text = “” />

<rdf:Description
rdf:about=http://localhost:5000/ Dynamic-Ontology-Framework/Bab>
<Dynamic-Ontology-Framework:ID> </Dynamic-Ontology-Framework:1D>
< Dynamic-Ontology-Framework:Name>
<rdf:Seq>
<rdf:li>Bab1</rdf:li>
<rdf:li>Bab2</rdf:li>
<rdf:li>Bab3</rdf:li>
<rdf:li>Bab4</rdf:li>
<rdf:li>Bab5</rdf:li>
</rdf:Seqg>
</ Dynamic-Ontology-Framework:Name>
</rdf:Description>
<rdf:Description
rdf:about=http://localhost:5000/ Dynamic-Ontology-Framework/Narrator
Dynamic-Ontology-Framework:ID ="’
Dynamic-Ontology-Framework:First-Name =« ”
Dynamic-Ontology-Framework:Father-Name = ”
Dynamic-Ontology-Framework:Birth-Place =« ”
Dynamic-Ontology-Framework:Birth-Date = ”
Dynamic-Ontology-Framework:Death-Place = *“
Dynamic-Ontology-Framework:Death-Date =
Dynamic-Ontology-Framework:Qunia = “

Dynamic-Ontology-Framework:Balad = “ " />

</rdf:RDF>
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e Turtle : Implement main node in ontology(Ketab, Sink, Source, Hadith, Bab,
Narrator).
@prefix neodvoc: <http://neodj.org/vocab/swi#> .
@prefix neodind: <http://neo4j.org/ind#> .
neodind:ketab neo4voc:name "Ablution” ;
a neodvoc:Ketab;
neodvoc:ID "' ;
neo4voc:Contain neo4ind:babl .
neodind:babl neo4voc:name "Bab" ;
a neo4voc:Bab;
neo4voc:ID " .
neodvoc:Has_Text neodind:matan
neo4ind:matan neo4voc:name "Matan" ;
a neo4dvoc:Matan;
neodvoc:ID " .
neodind:source neo4voc:name "Source" ;
a neodvoc:Source;
neodvoc:ID " .
neodvoc:Has_Text neodind:matan
neo4voc:Relation neodind:narrator
neodind:narrator neo4voc:name "Narrator" ;
a neodvoc:Narrator,;
neo4voc:ID " .
neo4voc:Relation neo4ind:sink
neo4ind:sink neo4voc:name "Sink™ ;
a neo4voc:Sink;
neo4voc:ID " .
neo4ind:first neo4voc:name "First" ;
a neo4dvoc:First;
neo4voc:ID " .
neodvoc:First_Name neo4ind:narrator
neodind:last neo4voc:name "Last" ;

a neodvoc:Last;
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neodvoc:ID " .

neo4voc:Last_Name neo4ind:narrator
neodind:balad neo4voc:name "Balad" ;

a neo4voc:Balad;

neodvoc:ID " .

neo4voc:Balad neo4ind:narrator
neo4ind: deathdate neo4voc:name "death_Date" ;

a neo4voc: death_Date;

neo4voc:ID " .

neodvoc: Death _Date neo4ind:narrator
neo4ind: deathplace neo4voc:name "death_Place" ;

a neo4voc: death_Place;

neo4voc:ID " .

neodvoc: Death_Place neo4ind:narrator
neo4ind: birthdate neo4voc:name "birth_date" ;

a neodvoc:birth_date;

neodvoc:ID " .

neodvoc: Birth_Date neo4ind:narrator
neo4ind: birthplace neo4voc:name "birth_place" ;

a neo4voc:birth_place;

neodvoc:ID " .

neodvoc: Birth_Palce neo4ind:narrator
neo4ind: qunia neo4voc:name "Qunia" ;

a neo4voc:Qunia;

neo4voc:ID " .

neo4voc: Qunia neodind:narrator
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Illustrative example: Hereafter is a RDF of the sub-graph of the narrator Asma, may
God be pleased with her, for Ahadith id 184 and 227 on bab No. 37, 63 respectively.

@prefix neodvoc: <http://neodj.org/vocab/sw#> .
@prefix neodind: <http://neodj.org/ind#> .
neo4ind:ketab neo4voc:name "Ablution" ;

a neodvoc:Ketab;

neodvoc:1D " ;

neo4voc:Contain neo4ind:bab63 .

neo4voc:Contain neo4ind:bab37 .
neodind:babl neo4voc:name "Bab" ;

a neo4voc:Bab;

neo4voc:1D "63" .

neodvoc:Has_Text neodind:matan227
neodind:babl neo4voc:name "Bab" ;

a neo4voc:Bab;

neo4voc:ID "37" .

neodvoc:Has_Text neodind:matan184
neodind:matan227 neo4voc:name "Matan" ;

a neo4voc:Matan;

neodvoc:ID "227" .
neodind:matan184 neo4voc:name "Matan" ;

a neo4voc:Matan;

neodvoc:ID "184" .
neo4ind:source neo4voc:name "Source" ;

a neodvoc:Source;

neo4voc:ID """ .

neodvoc:Has_Text neodind:matan227

neodvoc:Has_Text neodind:matan184

neodvoc:Relation neo4dind:Asma
neo4ind:Asma neo4voc:name "Asma" ;

a neodvoc:Narrator,;

neodvoc:ID " .

neo4voc:Relation neo4dind:Fatima
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neo4ind:Fatima neo4voc:name "Fatima" ;
a neodvoc:Narrator;
neodvoc:ID " .
neo4voc:Relation neo4ind:Hisham
neo4dind:Hisham neo4voc:name "Hisham" ;
a neodvoc:Narrator;
neo4voc:ID " .
neo4voc:Relation neo4ind:Yahya
neo4dvoc:Relation neo4ind:Ismail
neodind:Yahya neo4voc:name "Yahya" ;
a neodvoc:Narrator,;
neo4voc:ID " .
neo4voc:Relation neo4ind:Mohammad
neo4dind:Malik neo4voc:name "Malik" ;
a neodvoc:Narrator,;
neodvoc:ID " .
neo4dvoc:Relation neo4ind:Ismail
neo4ind:Mohammad neo4voc:name "Mohammad" ;
a neodvoc:Narrator,;
neodvoc:ID " .
neo4voc:Relation neo4ind:sink
neo4ind:Ismail neo4voc:name "Ismail" ;
a neodvoc:Narrator,;
neo4voc:ID " .
neo4voc:Relation neo4ind:sink
neo4ind:sink neo4voc:name "Sink" ;
a neo4voc:Sink;
neo4voc:ID " .
neo4ind:first neo4voc:name "First" ;
a neo4voc:First;
neodvoc:ID " .
neodvoc:First_Name{First_Name:Asma} neodind:Asma
neodvoc:First_Name{First_Name:Fatima} neo4ind:Fatima
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neo4ind:Mohammad

neodvoc:First_Name{First_Name:Hisham} neo4ind:Hisham
neodvoc:First_Name{First_Name:Yahya} neodind:Yahya

neodvoc:First_ Name{First_ Name:Mohammad}

neodvoc:First_ Name{First_Name:Ismail} neo4ind:Ismail
neodvoc:First_Name{First_Name:Ismail} neo4ind:Malik

neo4ind:last neodvoc:name "Last" ;

neo4ind:Fatima

neo4ind:Mohammad

a neo4voc:Last;
neodvoc:ID " .
neodvoc:Last Name{Last_Name:Abi Baker} neodind:Asma

neodvoc:Last Name{Last Name:Almunther }

neodvoc:Last Name{Last_Name:Orwa} neodind:Hisham
neodvoc:Last_ Name{Last_Name:Said } neo4ind:Yahya

neodvoc:Last Name{Last Name:Almuthana }

neodvoc:Last Name{Last_Name: Abdullah} neo4ind:Ismail
neodvoc:Last Name{Last_Name: Anas} neo4ind:Malik

neo4ind:balad neo4voc:name "Balad" ;

a neodvoc:Balad;

neodvoc:ID " .

neo4voc:Balad{Balad:Makka,Madina} neo4ind:Asma
neo4voc:Balad{Balad:Makka,Madina} neo4ind:Fatima
neodvoc:Balad{Balad: Madina, Baghdad} neo4ind:Hisham
neo4voc:Balad{Balad:Basra } neo4ind:Yahya
neo4voc:Balad{Balad:Basra } neo4ind:Mohammad
neo4voc:Balad{Balad:Madina } neo4ind:Ismail
neo4voc:Balad{Balad:Madina } neo4ind:Malik

neodind: deathdate neo4voc:name "death_Date" ;

a neodvoc: death_Date;

neodvoc:ID " .

neodvoc: Death_Date{ Death_Date:73} neodind:Asma
neodvoc: Death_Date{ Death_Date:101 } neo4ind:Fatima
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neodvoc: Death_Date{ Death_Date:144 } neodind:Hisham
neodvoc: Death_Date{ Death_Date: 198} neo4ind:Yahya
neodvoc: Death Date{ Death_Date:252 }
neodind:Mohammad
neodvoc: Death_Date{ Death_Date: 226} neo4ind:Ismail
neodvoc: Death_Date{ Death_Date:179 } neo4ind:Malik
neo4ind: deathplace neo4voc:name "death_Place™ ;
a neo4voc: death_Place;
neo4voc:ID " .
neodvoc: Death_Place{ Death_Place:Makka} neo4ind:Asma
neodvoc: Death Place{ Death_Place:Madina}
neodind:Fatima
neodvoc: Death_Place{ Death_Place:Baghdad }
neo4ind:Hisham
neodvoc: Death Place{ Death_Place:Basra} neo4ind:Yahya
neodvoc: Death _Place{ Death_Place:Basra}
neo4ind:Mohammad
neodvoc: Death_Place{ Death_Place:Madina} neo4ind:Ismail
neodvoc: Death _Place{ Death_Place:Madina} neo4ind:Malik
neo4ind: birthdate neo4voc:name "birth_date" ;
a neodvoc:birth_date;
neodvoc:ID " .
neodvoc: Birth_Date{ Birth_Date:1} neodind:Asma
neodvoc: Birth_Date{ Birth_Date:48} neodind:Fatima
neodvoc: Birth_Date{ Birth_Date: 61} neo4ind:Hisham
neodvoc: Birth_Date{ Birth_Date:120 } neodind:Yahya
neodvoc: Birth_Date{ Birth_Date:167 } neo4ind:Mohammad
neodvoc: Birth_Date{ Birth_Date:139 } neo4ind:Ismail
neodvoc: Birth_Date{ Birth_Date:93} neodind:Malik
neodind: birthplace neo4voc:name “birth_place" ;
a neo4voc:birth_place;
neodvoc:ID " .
neo4voc: Birth_Palce{ Birth_Palce:Madina} neo4ind:Asma
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neodvoc: Birth_Palce{ Birth_Palce:Null} neo4ind:Fatima
neodvoc: Birth_Palce{ Birth_Palce:Madina }
neodind:Hisham
neo4voc: Birth_Palce{ Birth_Palce: Null} neo4ind:Yahya
neodvoc: Birth_Palce{ Birth_Palce: Null}
neo4ind:Mohammad
neo4voc: Birth_Palce{ Birth_Palce:Null } neo4ind:Ismail
neo4voc: Birth_Palce{ Birth_Palce: Madina} neo4ind:Malik
neodind: qunia neo4voc:name "Qunia" ;
a neodvoc:Qunia;
neo4voc:ID " .
neodvoc: Qunia{Qunia: Um Abdullad} neo4ind:Asma
neo4voc: Qunia{Qunia: Null} neo4ind:Fatima
neodvoc: Qunia{Qunia:Abu Almunther } neo4ind:Hisham
neo4voc: Qunia{Qunia: Abu Said} neo4ind:Yahya
neo4voc: Qunia{Qunia: Abu Musa} neo4ind:Mohammad
neodvoc: Qunia{Qunia: Abu Abdullah } neo4ind:Ismail
neo4voc: Qunia{Qunia: Abu Abdullah} neodind:Malik
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Appendix B
Execution time for searching in ontology and database

Figure 7.4

Search time for the word ablution in matan
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0.000022649763014648438

Figure 7.4 display the result for word “ < s 51l  search in matan and appear the execution

time.

Figure 7.5

Search for the word ablution in bab

(%] O B 192.168.1.6:5000 7% vy ¥ Q0 O =

@ Getting Started G Google ® Neodj Browser @ Add Hadith () GitHub - graphaware/... ) neosj-php-ogmjtutori... N How to Build a JSON .. »

Search Service

Birth Place | (B Plsce Search

Birth date [ Birth Dte Saarch

Death date: | death Gate Search

D lace: | [ Dwath Place Sewrch

Qunia E Qunia Search.

Balad | Bakad Search

Bab That Contain Sepesific Word: .o | B3b That Contsin Sepesiic Ward Search
Matan That Contain Sepesific Ward [Matan Thit Contam Sepasiic Word Search
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Figure 7.6

Search time for the word ablution in bab

Activities ©) Firefox Web Browser v 22:07 yoyle 11 @

Search Service

C O 8 192.168.1.6:5000 67% ¢ L 0 f =
. @ Getting Started G Google ® NeodjBrowser @ Add Hadith € GitHub - graphaware/... €) neo4j-php-ogm/tutori... 1 How to Build a JSON ... »
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Figure 7.5, 7.6 displays the result for word “« s II”” search in bab and appear the execution
time.

Figure 7.8
Search time for the word “Almaghrib” in bab

Activities ©) Firefox Web Browser v 22:08 Luylo 11 @
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B coaa [ [esedsed)
o Bab That Contain Sepesific Word: [Caa | Bab That Contain Sepesific Word Search |
‘;ﬁ Matan That Contain Sepesific Word: | Matan sarch

Bab That Contain Sepesific Word As Entered:
) Bab ID:, Content:
.

Time :
0.00009799003601074219

Figure 7.8 show the result for word “ x4l search in bab and appear the execution time.
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Figure 7.9

Search for the word “Rasoul” in matan
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Figure 7.10

Search time for the word “Rasoul ” in matan
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Figure 7.9, 7.10 display the result for word “J sy search in matan and show the execution

time.
70



Figure 7.11

Search time for the word “Man” in matan
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Time :

0.0006124973297119141

Figure 7.11 display the result for word “Ja,’search in matan and the execution time.

Figure 7.12
Execution time for searching from DB

mysql> show profiles;
SRR,
|
+
.00111275 select H_id , Matan from Matan where Matan LIKE '%ggoa)
.00079275 select bab_number,bab_name from Matan where bab_name LIKE

.00103775 select H_1d , Matan from Matan where Matan LIKE

|

|

| .00076225 select

|

| .00113475 select H_id , Matan from Matan where Matan LIKE

5 rows in set, 1 warning (0.00 sec)

Figure 7.12 display the execution time for mysql query.
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Appendix C
Figures

Figure 5.7

Delete hadith interface
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Figure 5.8
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Figure 5.9

Sequence Diagram
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Figure 5.10
Add hadith interface
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Figure 5.11
Add hadith interface special-case
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Figure 5.12

Narrator input to narrator web service
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Figure 5.13

Narrator information search result
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Figure 5.14

Results for word search in matan
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Figure 5.15

Results for word search in bab
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Figure 5.16
Search for Ahadith Al-moalaqg within the ontology
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Figure 5.17
Ruwah balad query for specific hadith
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Figure 5.18

Dynamic ontology framework
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Figure 6.2
Submit adding hadith
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Figure 6.3
Enter hadith to database
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Figure 6.4
Neo4j platform
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Figure 6.6

Create sink node
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Figure 6.7
Create source node
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Figure 6.8

Create narrator node
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Figure 6.9

Create narrator property node
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Figure 6.10
Create relation with narrator property node
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Figure 6.11
Create relation between nodes
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Figure 6.13

Create relation with source node
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Figure 6.14

Create relation between bab and ketab
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Figure 6.15

Create relation between bab and matan
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Figure 6.17
Hadith isnad tree
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Ontology framework
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Figure 6.19
Display the hadith in the ontology
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Figure 6.20
Delete hadith web interface
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Figure 6.21

Delete process completed
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Delete Bab Completing -, Delete Matan C ing -, Delete C Runtime of the program in seconds is : ,11.680930614471436

Figure 6.22
Search for hadith in ontology
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Figure 7.1
Query result for Abu Huraira narrator

Activities © Firefox Web Browser ¥

4% localhost / localhost / Al X ESEIE SV

(¢} O & 192.168.1.3:5000 80% ¥ © 0 =

Narrator Query

Narrator First Name : [;eo)l s

Narrator Father Name : |50

Vi idar (Sub Madar eal&ingta3) R e

(The TOTAL Number of Ahadith [Tabaga (Musnad OR Mu3alaq

(Hadith ID that the Rawi Narrate

@ Relation Between Rawi And Sink (Relation Between Rawi And Source (Rawi Student (Rawi Sheikh
N
Lﬁ 1) Relation Between Narrator And Sink Result:

yil No RElation between Sink And Narrator Found

? 2 ) Relation Between Narrator And Source Result:

.

Relation Found between Source And Narrator

3.1) Rawi Student Result:

>

1 s iy 215 Saont, el 1Sy ssmk ) Sty ) i 1 i plad, 3038 e syl e ) Ble
3.2 ) Rawi Sheikh Result:

s e @l o Jousl

4.1) Main Madar Result:
MAIN-Madar

4.1) Sub Madar Result:
Not SUB-Madar

5) Itisal & Ingita3 Result:

Figure 7.2
System query result

10:43 y.009i30 ® ar v

rrator Web Servicex  E-Narrator Web Servicex  E-Narrator Web ServiceX  E-Narrator Web Servicex Narrator Web Servicex RN

6% Yy 9 0 =

Activities © Firefox Web Browser ¥

(¢] O 8 192.168.1.173:5000

Narrator Query

Narrator First Name : 5o

Narrator Father Name : [

Relation Between Rawi And Sink [Relation Between Rawi And Source | [Rawi Student |

The TOTAL Number of Ahadith | Tabaga| Musnad OR Mu3alag

[adith ID that the Raw Narrate |

[RunTime.
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Figure 7.3

System query results complement

Activities ©) Firefox Web Browser ¥ 10:42 ,:085i30 @
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‘ - \

1) Relation Between Narrator And Sink Result:
SR No RElation between Sink And Narrator Found
2 ) Relation Between Narrator And Source Result:
- Relation Found between Source And Narrator
3.1) Rawi Student Result:
3.2) Rawi Sheikh Result:
é oy 4 1 10 Jyast
= 4.1) Main Madar Result:
BV 1IN Madar
A‘J 4.1) Sub Madar Result:
B ~ot suB-Madar

= 5) Itisal & Ingita3 Result:

) -

- 6 ) The journey in seeking knowledge Result:

5= No Data About Travel
7 )Hadith ID that the Rawi Narrate Result:
136,135,165,172,155,162,173,176,220,237,238,239,161

8 )The TOTAL Number of Ahadith Result:
‘ 13
9 )Rawi Tabaga Result:
oy

10 )Musnad OR Mu3alaq Result:

Runtime of the program in seconds is :

29.178223600924316

Figure 7.13

Run time for manual searching
Run time for manual searching
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Figure 7.14

Run time for searching in Alshamela library
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Appendix D

Tables
Table 7.7
Research papers for Ahadith representation
Paper Main Objective Source of knowledge Developing Sanad/Matan
Name Ontology Represents
Creation of Build and implement an Famous books, The kernel of Sanad
Avrabic ontology for all concepts and  experts in the domain  the ontology is
Ontology for ~ main knowledge of Hadith created with the
Hadith Science. Protégé Editor.
Science.
Growing Build an ontology scheme Riyadh As-Saliheen Manually. Matan
Hadiths  (concepts, entities, and relations
Ontology. which was collected and
determined) for a whole hadith
or a part of hadith.
An Construction of an ontology that ~ Sahih EI-Bukhari Manual Matan
Ontological represents the semantics of the process.
Model of  Arabic Hadith text in its original
Hadith Texts. form, to be used for the
automatic extraction of Islamic
laws or laws.
An Ontology Develop ontology Hadith Sahih Bukhari and Created with Sanad
based system, which is an ontology Muslim the Protégé
approach to based system that improves the Editor.
support zakat Ahadith retrieval process
Semantic by using semantic tools rather
Searchin  than keyword exact matching.
Hadith (Zakat
Domain)
Towardsa Implemented the ontology used Holy Qur’an, Sahih Matan
Joint to create an Islamic ontology Al-Bukhari.
Ontology of  covering the Holy Qur’an and
Quranand  the Noble Hadith, it compares
Hadith the keywords extracted from
the titles of Sahih Al-Bukhari
and the concepts of the
Qur’anic ontology, this
provides a visualization of the
overlap between the words of
the Ahadith of the Prophet and
the Qur’anic concepts.
A Dynamic In this research we developed Sahih Bukhari Automated Represents
Ontological  automated build process for specifically the process. both Sanad
Framework dynamic ontological Ahadith of ablution. and Matan.
for Bukhari framework for Ahadith and
Ahadith. Ruwabh input, and the

framework is able to save these
Ahadith and Ruwah in the
ontology and connect it with
suitable links with other
related Ahadith previously exist
in ontology.

93



Akl ol Zeala
Lladl bl 2408

@Al Culal  Sualins Laglshad |

a\.\cg!

Olya Cigyna g

b LK (o cdasial) Kpgall i yivaldl dags o Jpeaal ciliial Y0Sinl Dbl 38 Cuasé

Y.vY



@A Sl Ssaliss Laglylaif L)

dac)
Olpa Cigyaa )]
<l )
OtsA sl

oo daas .
wasldll

slale 2ia) Sy cap U DA any LY apill jalas e (SEI jacadd) dagysl) 4y enll dand) aes
(Blhall 2y caganll anadi e aSl LA Gl (B 50 (e Al Ll gy Euaal) Jadny (palisdll
Cunall ady ¢ DY) & o(adiel) die e Aad colin) aluYL dyeal) Al calis 5 L Janal) iy
ssill ey b AU Gl pad LSy e as Rgilia (Cuaal) daia lgidliae aaiy LalE
3y Lo 08 caall) el palsn asll e s sl el ciiay g & dlaally
ot S S e gt g IS yie o ) o) Jab ol I e plass dile i) La deae il e

calall Gy peny

alle 43l aa3 Lppall A2l o (e a2l) e cdinlill TS Laat oY) g 5SN (ggimall 65 2y
Jsn padd Osale £00 e ST Ly Gaaayy allall U Lalasiiad colalll iSY daladl 435l b,

LAY Gl A lae cui) Gladia o S dsag gl Gl 41 Y) callall

L Cayiaaiy a3t addiadiy ¢ ane Jlae (ann malially 48 jaall Jiiai Ll e L glshall) Capas

Al s il o

o5 o paall aley o geaidd)l ADA e S (Sl asishail Ul ol ) Al céo

apalaY) o alayy Ble e o nall Jadn e 505 Lin syl ) 0055 sy il e A4S Ciloslaey

-



Cuppal 2y Ddia Mg ilastaal) g lasind Aylee Jang Laa «SUaY) 8 Cpasasall 3155 Alall <l

Lﬁ)\;.\j‘ T %) ";}Ca)l\ &._11:\5" ‘_A.c a.ub.ﬂ\
20 Ajlie ey Ay Syady Cuala¥ls Bl Jsn Ll 520 345 DA (e plaill a5
g oy Canll 8 g gas Juadl il e Uloas 48 peal) el (5 &Y 3l dpalil) aeslially ol

Aasheall e Cand) 3 Gyl Cigll )l Chad auy 8

csSialinn astohail ) ¢l glglail (A yeal) (i ccanl) sl 3yaid cCyaal) dalinall el



