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Abstract: In the religion of Islam, the Quran and Hadith are considered the principal sources of legislation, and they comprise
a large amount of knowledge in an unstructured textual form. Islamic texts are organized in such a way that automatic
exploitation is both challenging and difficult to achieve. Lately, researchers have been interested in developing a formal
description of Qur’an and Hadith semantics based on ontologies to allow computer systems to leverage their knowledge. The
main problem in this field is the lack of a complete ontology that allows for a thorough understanding of Islamic texts. In this
article, we attempted to solve this problem by developing an ontology covering the maximum amount of data possible. For the
Hadith ontology, we opted for a method using only protégé plugins, where we based our work on Comma-Separated Values
(CSV) files containing Hadith texts in Arabic and English with all the related data. This method allowed us to ensure the
correctness of the results. The final result of this research is a complete Hadith ontology containing a total of 6 classes and 58
487 individuals, of which 34 373 are Hadiths in Arabic and English, with all the related data such as the list of narrators, the
book, the chapter mentioned, and the topic it discusses. To further extend the ontology, we merged the Hadith ontology with full
pre-existing Qur’an ontologies to build the OntoDin ontology, representing the Islamic texts with 51 classes and 168 122
individuals in Arabic and English.
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1. Introduction considerable collection of analysis and text

Nowadays, the number of religions spread around the
world has increased to thousands. Some are well-known
and spread, like Islam, Christianity, and Buddhism, and
others are not.

Islam is considered one of the most followed
religions, born in the early 7" century in Mecca.
Muslims believe in the origin of most faiths and
scriptures, and Islam is Allah’s last word to humanity,
transmitted by the last prophet Mohammed (peace be
upon him). Muslims have extensive books and
theological sources that help them learn and practice
their faith. The first source of Islamic knowledge is the
Qur’an, considered the holy book of Muslims, as
Allah’s words revealed to his prophet Mohammed
(peace be upon him). The second source is Hadith,
which is the prophet Mohamed’s actions and sayings
(peace be upon him). We can also find sources formed
through means other than revelation, such as the
companion’s consensus (ljama) and the analogical
deduction (Quias).

Millions of Muslims worldwide applaud initiatives
enhancing people’s ability to learn, recite, memorize,
comprehend, and grasp the beautiful teachings of
Islamic legislative sources.

Aldhlan et al. [2] state that the Qur’an can be
considered a gold standard for being the source of a

experimentation. Hence, several works were built on the
Qur’an and Hadith texts.

In the literature, the methodologies employed to
define and manipulate Islamic knowledge may be
broadly divided into two main categories: semantic and
keyword-based.

Semantically-based works are constructed as
ontologies that formalize concepts, terminology, or
relationships within a specific field. They provide us
with information that is both human-readable and
computer-readable.

The first definition of ontology was “an explicit
specification of a conceptualization” [12]. According to
Kazil et al. [17], the main purpose of an ontology is to
capture and enable sharing knowledge about a domain
of interest.

Dealing with the Arabic language automatically is
considered difficult because of its morphological and
structural characteristics, such as the multiple meanings
and irregular forms of certain words.

These problems and limitations are more prominent
when we talk about Islamic sources, especially the holy
book, which is considered the most accurate text that
presents the superiority and perfection of the Arabic
language [5].

The fundamental issue with previous works is that
they are limited in application because most of them
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focus on a single domain and only provide a sample
ontology. On the other hand, some books use a
translated version of the Hadith rather than the original
Arabic text. The main issue was the difficulty in
handling the classical Arabic used in religious texts.

These limitations may have a direct effect on the
outcomes and influence the meaning of the Islamic
texts. The Qur’an and Hadith have a higher correlation
because Hadiths complete and expand the knowledge
encompassed within the Qur’an, which helps the reader
fully understand it and avoid any misunderstanding,
confusion, or misquotation. Moreover, sample domain
ontologies provide difficulties in acquiring and
representing knowledge, leading to erroneous and
unintelligible search results and resources [20].

Additionally, in certain circumstances, employing a
translated version might lose weight or change the
meaning that the original text was attempting to
transmit. In this study, we investigated whether a
comprehensive Islamic ontology could yield better
results to satisfy these constraints and whether doing so
could enhance understanding of Islamic texts while
maintaining their precise meaning.

To start, we provide a new ontology that
encompasses the vast majority of Hadith knowledge
from the most trustworthy Sunna books, including the
entire Qur’an.

The Hadiths are included in the final ontology in their
original Arabic form, as well as an English translation.
We then merged it with a Qur’an ontology to have a
complete coverage of Islamic knowledge spread over
Hadith, Qur’an, and Tafsir, as this is one of our primary
objectives for this project.

The final ontology is a global representation,
gathering the main Islamic sources to provide the final
user with a full grasp of any concept. This is primordial
for understanding the Islamic texts, as a given concept
can be discussed in different sources. For this reason,
the outcome of this research can be used not only by
simple users to answer their questions but also by
domain experts to help them retrieve Islamic judgments
to understand complex situations.

The rest of this article is organized as follows: The
second section compiles a list of similar works that have
been applied to Qur’anic and Hadith texts. The
methodology of our ontology is described in the third
section. We describe our ontology’s methodology. The
tests and results of our final application are given in the
fourth section, and the study is wrapped up with a
summary of the findings and suggestions for further
research.

2. Islamic Ontologies

The following are ontological models based on Hadiths
and Qur’an texts:

Al-Masri and AlAgha [3] present a method to support
semantic search with complex queries by proposing a

new ontology to model concepts from the Al-Shamela
Digital Library (ADL). They build a Hadith ontology
modeling the different entities in the Prophetic
Medicine domain. For the evaluation process, they
compared the results obtained from their system to the
ADL results.

Basharat et al. [8] proposed the first linked data
model to link Hadith with the Qur’an and other Islamic
sources. They used their own Hadith ontology and based
their work on 25,934 Hadith written in Arabic and
18,040 Hadith in English.

Azmi and Bin Badia [6] proposed an e-narrator
system that parses the Hadith text and generates
narrators’ chains. The authors selected 90 different
Hadiths from Sahih EI-Bukhari and Sahih Muslim for
the testing process. This system was able to achieve a
success rate of 86.7%.

Baraka and Delloul [7] proposed a decision support
system to judge Hadith Isnad using ontologies. They re-
used the HadithRDF ontology presented in Rusli et al.
[20] and expanded it by defining new concepts,
properties, and instances to achieve their research goal
based on the methodology used by Hadith scholars.
They evaluated their system using El-Albani scholars
and Hadith experts. The first approach achieved 75%
accuracy, while the second achieved 81%.

Harrag [14] proposed a Hadith ontology based on
Sahih Al-Boukhari. He used association rules to extract
the relations between the concepts in Sahih Al-
Boukhari.

Al-Rumkhania et al. [4] proposed a Hadith ontology
for prophetic medicine ‘sl k. They used authentic
Hadiths as a corpus and proposed future work to extend
the ontology further to generate treatments for some
diseases based on Prophetic medicine automatically.

Saad et al. [21] proposed a new methodology based
on a combination of Natural Language Generation
(NLP) techniques, information extraction, and text-
mining technologies to generate ontologies representing
Islamic knowledge. This work was applied to sources
related to the obligatory prayers in Qur’an and Hadith.

Khan et al. [18] developed an ontology sample to
represent knowledge related to creatures like animals
and birds mentioned in the Qur’an. They used protégé
and SPARQL Protocol and RDF query language to
interrogate the ontology. They also made several
suggestions for broadening this work to include all
Qur’anic texts, such as dynamic contextual ontology
and Islamic and Qur’anic WordNet development. They
claimed that their study could be expanded to include
other Islamic sources such as Hadith and Figh in the
future

Hakkoum and Raghay [13] proposed an ontology
covering the following subjects: Qur’anic chapters and
verses, each word of the Qur’an and its root, and lemma
to facilitate the keyword search. It is also updated with
the related of Qur’an VOCabulary (QVOC) which
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consists of a multilingual RDF representation of
ontology links available and other knowledge related to
the Qur’an, like people, events, and places.

Ta’a et al. [24] proposed a knowledge retrieval
system based on a Qur’anic ontology developed in Java.
They built a Qur’anic ontology and proposed a system
to facilitate knowledge retrieval with accuracy. Their
ontology used a translated version of the Qur’an
implemented on Protégé-OWL and validated by Islamic
experts.

Bendjamaa et al. [10] proposed a sample Hadith
ontology representing volume 1 of “Sahih El-
Boukhari”. They used the Methontology methodology
and a manual process on Protégé where they defined the
list of concepts using the list of the most relevant words
extracted on RapidMiner. The final ontology was
evaluated using SPARQL queries and the authors state
that the ontology can be combined with other ontologies
in the future for a full Islamic ontology.

Junaidi et al. [16] proposed an ontology to expand the
Hadith understanding. Differently than other works
applied to Hadith texts, concentrated more on the
comprehension of Hadiths and directed their efforts on
Hadiths that used the word Sami'a, which refers to
hearing in the literature. The work contains the
concepts: of Allah, belief, and Shariah.

Sultana et al. [23] proposed a semantic search
approach to retrieve food-related concepts from an
English version of the Qur’an. They used 105
experimental queries for the evaluation, and the results
showed 97.02% precision and 93.33% recall. The
authors aim to expand their ontology to represent Food-
related Hadiths too.

Abdelkader et al. [1] introduced and built an
ontology for the main concepts and knowledge of
Hadith Science in Arabic. They used Protégé, Java, and
Semantic Query-Enhanced Web Rule Language of an
Application Programming Interface (SqwrlAPI) for
ontology implementation and querying, respectively.

Beirade et al. [9] proposed an ontology based on the
semantic representation of Qur’anic terms classified
into levels. The proposed ontology models 28 terms
from the time names present in the Qur’an. They used
Java to build a search engine to query the ontology.
They used relevant Wikipedia pages to enhance their
results. To obtain precise responses, they employed two
distinct query expansion techniques.

Sadi et al. [22] proposed a new ontology covering all
the Qur’anic verses related to the Nature domain. They
used SPARQL Protocol and RDF query language
Protocol and RDF query language to retrieve the
concepts, the full text of the verse, and the verse number
related to the user’s query. This work uses an English
translation of the holy Qur’an proposed by Sahih
International.

Ghanem et al. [11] proposed a methodology for
Islamic law concept extraction from Hadith text. They
used the extraction pattern from bootstrapping, where
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they manually annotated the Hadiths from Sahih
Muslim and Sahih Al-Bukhari.

In this little study, we noticed a lack of work focused
on Arabic in general, and this deficiency becomes
apparent when dealing with religious texts, as the need
to computationally represent this information remains
critical for all Muslims. This limitation is due to the
richness of the Arabic language and its complex syntax,
as automatically processing Arabic presents several
obstacles and conflicts.

Recently, many scholars have been engaged in using
Islamic legislative sources as a corpus with various
techniques such as natural language processing, data
mining, and machine learning.

The techniques used to represent and treat Islamic
knowledge are divided into two categories: semantic-
based and keyword-based. The first category searches
the query words’ contextual meaning, whereas the
second retrieves the information by keyword matching
or morphology search.

Some of these works, such as the works of
Abdelkader et al. [1] and Basharat et al. [8], represent a
large amount of knowledge, while others, such as those
presented in Al-Masri and AlAgha [3] and Khan et al.
[18], appear to focus on one particular domain and
provide only a sample ontology.

We can also categorize these works based on the
language of the Islamic scriptures, with some works
using Islamic sources in their original standard Arabic,
such as Harrag [14], which uses Hadith in Arabic, and
Bendjamaa et al. [10], which uses the Qur’an in Arabic.
Others, like Ta’a et al. [24], employed a Malay
translation of Hadith.

Table 1 below summarizes the similar works from
the corpus used, the coverage of the final ontology, and
outlines the main advantages and disadvantages of the
ontology. After analyzing it, we can conclude that the
most frequent weakness faced is the limitation in the
coverage of Islamic knowledge and the lack of
evaluation of the obtained ontologies. Starting from this
point, we knew that this domain needed a full Islamic
ontology rather than focusing our efforts on sample
ontologies that could not give a complete and precise
answer. Thus, we decided in this paper to present a full
Islamic ontology covering the main two sources of
Islamic Jurisprudence: the Qur’an and Hadith. It is
critical to consider reusing existing ontologies to take
advantage of them and give them more importance.
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Table 1. Summary of similar works.

Language of

Paper| Corpus the corpus Coverage Strength Weakness
[3] Hadith-EI Boukhari Arabic Partlal_: t_he proph_etlc Uses the original Arabic text-enhanced the ADL search A sample ontology-u'ses
Medicine domain only keyword searching
8] Hadith Arablc_ and 25.934 Hadith Covers an important numb_er of Hadiths-uses the original No validation
English Arabic corpus
[6] Had;;hasse;f;:n]i;i?iur:\(harl Arabic Partial: 90 Hadiths | Study the narrator chain-uses the original Arabic corpus A sample ontology
[7] Hadith Arabic Partial Reuse of the ontology in [20]: concept extension A samg)\/lzlggttgggy-no
[14] | Hadith: Sahih El Boukhari Arabic Partial Automatic concepts and relations extraction A samg)vlglﬁgttﬁjlggy-no
[4] | Hadith: Sahih EI Boukhari Arabic Partlal_: t_he proph_etlc Reuse of the ontology in [20, 3], concept extension A sample ont_ology-no
Medicine domain evaluation
[21] Qur’an and Hadith Malay  [the obligatory prayers Uses the Qur'an Ind(e))r(]$2|25g§,he upper layer of the A sample ontology
[18] Qur’an Malay Partial Expert validation A sample ontology
[13] Qur’an Arabic Qur’an A full Qur’an ontology-uses the original corpus No evaluation
[10] | Hadith: Sahih EI-Boukhari Arabic Partial: volume 1 Semi-manual building: high Precision A sample ontology
[16] Hadith Arabic Hadiths containing | Novel work to enhance the understanding of Hadith A sample ontology-no
the word Sami’a using Isnad and based on the word Sami’a uses evaluation
s . Partial: food-related | Good evaluation results, aiming to expand using related
[23] Qur’an English verses Hadiths A sample ontology
[1] Hadith Arabic Major Hadith books A full Hadith ontology No evaluative or validation
, . . - Using non-reliable sources
[9] Qur’an 28 time-names Best evaluation results compared to similar works such as Wikipedia pages
R . Partial: nature A sample ontology-no
[22] Qurran English domain evaluation
[11] Hadith: Sahih Muslim and Arabic / Extracting concepts using pattern bootstrapping No evaluation or details on

Sahih Al-Bukhari

the developed ontology

3. The OntoDin Ontology

For our OntoDin ontology implementation, we chose to
work on Islamic texts and Hadith specifically as we saw
a huge lack in the ontology building side. After we
studied similar works, we found an available full Qur’an
ontology that can be reused, this led us to the idea of
using it in our Islamic ontology and hence focusing our
efforts on developing a full Hadith ontology and finally
merging it into Qur’anic ontology for a complete
representation of Islamic knowledge where Qur’an and
Hadith are considered as the main sources of Islam
legislation.

We named the obtained ontology “OntoDin;” an
acronym for Ontology and the Arabic word of religion
“Din”.

3.1. Hadithonto

Numerous approaches to ontological engineering
outline the steps involved in building an ontology.

For our case, we opted for a semi-automatic process
using Protégé plugins mainly. This will help us be more
productive by reusing pre-existing data and also testing
the accuracy of Protégé in handling Arabic texts.

According to Hakkoum and Raghay [13], there is no
one ideal approach to building an ontology; rather, the
optimal approach is determined by the intended use of
it and your future perspectives.

Since this ontology will eventually be combined with
the Qur’an ontology in Hakkoum and Raghay [13] we
decided to be inspired by the same process to make the
final merging of both ontologies straightforward and
prevent any heterogeneous or compatibility issues.

In light of this, we opted for the ontology
development 101 guidance proposed by Standford
University presented in Noy and McGuinness [19].

In our work, we chose to adhere to the phases in
Figure 1 that were most suitable for our needs, taking
into consideration the sources we are starting with and
the results we are aiming to get at the end of this process:

‘ Hadith CSV file

Define the reusable
> ontologies

Specification

Qur’an ontology

Define the classes

Define the hierarchy |

Conceptualization

Define the object and
data properties

Create instances

Writing DSL codes on Cellefie plugin

+{ Graph visualization |
Using OntoGraph
—>| Verifying the consistency |
| Using the Ontop and Pellet reasoners |

Evaluation
Calculating Precision, Recall and F—measu.re|

Implementation

Figure 1. The ontology-building process for the HadithOnto.
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3.1.1. Domain and Scope

e Domain: hadith knowledge which is the set of words
and acts derived from the prophet of Islam Mohamed.

¢ Objective: the semantic representation of the Hadith
to be used for understanding Islam and the automatic
extraction of Islamic laws.

e End-users: anyone who plans to build a system
based on the automatic extraction of Hadith text.

o Source of Knowledge (Corpus): 6 major collections
of Sunna: Sahih Bukhari, Sahih Muslim, Sunan
Nasa’l, Sunan Abi Da’ud, Sunan Ibn Majah, Jami’
al-Tirmidhi.

3.1.2. Define the Reusable Ontologies

The purpose of this search is to build an ontology by
combining various ontologies that cover the same or
related topics into a single, comprehensive ontology.
We aim to use the HadithOnto to build a full Islamic
Ontology where we chose to reuse the Qur’an ontology
presented in Hakkoum and Raghay [13].

We chose this particular ontology for several
reasons; we mention:

e The ontology models all the Qur’an in Arabic and
English with related Tafsir which is beneficial for our
objective to build a large Islamic ontology with all
the main knowledge of the domain.

e The ontology is simple and easy to work with.

e The structure of the ontology is similar to our
Comma-Separated Values (CSV) files and will
facilitate the merging, considering the structure of the
Hadith books divided into Chapters with themes.

¢ The availability of the ontology in its complete and
correct owl file.

3.1.3. Define the Classes and the Hierarchy

According to Al-Yahya et al. [4], we can extract the
important terms in two ways, either by going through
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the Hadiths one by one or based on the topics the
Hadiths treat. Similarly, we chose to follow the second
method as the Hadith books are already divided into
chapters and each chapter treats a given topic. For an
all-coherent ontology, we will build it using the
following classes: hadith, collections, topic, historic
person, and grade.

For the implementation, we chose Protégé 5.5.0 for
the following reasons:

A free and open-source platform.

Among the most used tools in the literature.
Regularly updated with new versions.

A large user community with responsive assistance.
Featuring many useful plug-ins, we aim to employ
them in the next steps to facilitate and fasten our
ontology-building process.

In Figure 2 we can find the class hierarchy of our
ontology on Protégé.

Asserted

v owl:Thing
Grade
Hadith
HadithBook
v Person
HistoricPerson
topic

Figure 2. The class hierarchy of HadithOnto.

3.1.4. Define the Object Properties and the Data
Properties

As already elaborated in the previous step. We kept the
list of the classes simple and clear where the relations
are easy to draw. In Figure 3 we have a list of all the
object properties and in Figure 4 the list of the data
properties.

ject property hierarchy: discussTopic ZIMEE X @ Annotations: discussTopic

e

= owitopObjectProperty
== discussedin
Ll D

== hasAreaOfinterest
== HasChild
== hasGrade
== hasParent
== hasPart

== has Sibling
== hasSpouse
== has Student
== hasTeacher
- isPartOf

== narrated
. narratedBy

Asserted v

discussTopic

Ereazs pBln

Functional
Inverse functional
Transitive
Symmetnc
Asymmetnc
Reflexive

Irreflexive

Figure 3. We defined the object properties of OntoHadith.
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Data property hierarchy: TopiK Annotations: Topicindex

T | S | | 3§
- m owltopDataProperty rdfs label
‘- = birthYearGregotian Topicind
= birthYearHijri o
. Bookindex

Annotations §

[fanguage: en]

. bornin rdfs:label [language: ar)

L. mm childCount £aasdis,
- deathin
;- == deathReason
= deathYearGregorian
i W deathYearHijri
£ W gradelindex
- @ HadithCountPerBook
i == HadithCountPerTopic
- == hadithindex
B hasGradess

i mm inChapter Characteristics: Topicindex (= W] %) § Description: Topicindex

- mm IndexHistoricPerson
- = interestCount Functional
i m livedin
i W narratorCount
i~ W personindex
‘- mm siblingCount
- = spouseCount
:-mm studentCount
== teacherCount
|~ W= TopicCountPerBook
I Topicindex

Equivalent To §d

SubProperty Of &,

. owl:topDataProperty

Domains (inersection) S

@ topic

Figure 4. The data properties of HadithOnto.

3.1.5. Create Instances

To create the instances of each class, we used a CSV file
containing the hadiths in lines where the data is
separated by commas. To do so, we used the Cellefie
plugin rules where we wrote our import script using
Domain Specific Language (DSL) code to define the

links between the spreadsheet content and the Web
Ontology Language (OWL) ontology. This plugin
helped us define all the mapping and import the data
fromthe CSV file to our ontology and create the axioms.
In Figure 5 we can see an example of DSL code used to
import data to the Historic person class.

2| Transformation Rule Editor

Sheet name:

Stat colum:

End columm:

St o

Endrow.

Comment:

R

Indiduat

@C" Types: HisloricPerson

Fad: personider @4 i asCrade Q" hasParet ' hasPaen F spouseCoun " fitiriegerhasSpouse @ RasSpouse B, asSpouse @ hasSpouse K, basSpouse L asSpouse U hasSpouse Y, asSpouse 0" hasSpose P,
PasSpouse @0 hasSpouse R hsSpuse @5 singCout T fiiveger s Sbing U hes g @Y hsSbing " hasSbing 1 asSbing 1 s Shing 7 hsSbing 4 asSbing B4E" hasSbing BAC"hsSbing 40" hesSing "
chidCoun G4 (idirioger sl GAG* hasChild @4 asChi @4 asChid A s 4 Rl AL Nt AU R AN asChid 40 has hil 4P hsChild @A asChid B4R hsChild 4 asChild AT s QA
RasChid 41" hasChi A" has hil A hasChid @AY asChild @47 hasChid @54 eacherCunt B (e ge hTeaher GBC RasTeater @BD" s Techer BBE'hsTeater B hsTeaher B asTeadr GBH sTeacher BB,
RasTeadhr GBI hasTeacher @ RasTeater @BL asTeacer BN hsTeacher GBIV hasTeacer B0, hasTeachr 8P hasTeacher B9 asTeacer AR hasTeache 98" hsTeacher BB hsTeacher BB asTeater @BV hasTeacer AW,
RasTeadhr GBY asTeadier GBY RasTeather QAP asTeacer GO asTeadher OB hsTeacher @UC"hesTeacher U asTeacher BOE"hsTecher P hsTeacher @O asTeadhe GO asTeathr GO asTeadher GCF RasTeathr GOK

N E

hasTeather @CL" hasTeacher @CU" hasTeacher GCN' hasTeacher G00° hasTeacher GCP* hasTeacher @00 hasTeacher GCR" hasTeacher BCS: hasTeacher @CT hasTeacher @CU" hasTeacher @CV" hasTeacher GCH" hasTeacher GCK hasTeacher GCY",
hasTeather @CZ" hasTeacher @DA" hasTeacher @G0B hasTeacher GOC" hasTeacher @D0° hasTeacher GDE" hasTeacher @OF* hasTeacher @DG" hasTeacher @DH" hasTeacher @D hasTeacher @0 hasTeacher @K hasTeacher @DL hasTeaher GONF,
hasTeather @ON', hasTeadher @00 hasTeacher GOP* hasTeacher @DC" hasTeacher @DR" hasTeacher @DS* hasTeacher @OT" hasTeacher @DU" hasTeacher @DV hasTeacher @DW" hasTeacher @DIC hasTeacher @DV hasTeacher @DZ" hasTeacher GEX',
hasTeather @B hasTeacher GEC* hasTeacher GED" hasTeacher GEE", hasTeacher @EF" hasTeacher GEG* shideniCount GEH' (tsdinteger) hasShudent GET hasStudent GE hasStudent GEK hasSiudent GFL* hasStudent GEM" hasStudent GEN" hasSuudent GEC",
hasSiudent GEP" hasStudent GEQ" hasShudent GER" hasStudent GES” hasStudent GET* hasShudent @EU" hasStudent GEV" hasSiudent GEW" hasSiudent GEX" hasShudent GEY" hasStudent BEZ" hasSiudent @FA* hasStudent GFB* hasSiudent @FC* hasStudent GFD",
hasSiudent GFE* hasStudent @FF hasStudent GFC: hasStudent GFH' hasStudent GFY" hasStudent @F.J" hasStudent @FK hasStudent @FL hasStudent @GP hasStudent @FN', hasStudent @F0" hasStudent @FP* hasSuudent @FQ" hasStudent @FR" hasStudent @FS",
hasStudent @FT" hasStudent @FU* hasStudest @FV" hasShudent GFY" hasStudent @FX" hasStudent @FY* hasStudent BFZ" hasStudent @GA" hasSdent @B hasStudent GGC* hasSdent BG0° hasStudent @GE* hasShdent GG hasSudent §G6* hasSudent GGH,
hasShudent GG hasShudent GG hasStudent @GK" hasShudent GOL* has Shudent GOU* hasStudent @GN hasStudent @G0 hasShudent BGP* hasStudent @G0 hasStudent GOR" hasStdent G5 hasStudent @CT hasStudent GO hasShdent GOV hasShdent GO,
hasStudent GG, hasStudent @ GY* hasStudent @GZ" bomin GHG (ststing). birhYearki @HH" (tstnkeger), birhYearGregorian GH" (tsindeger), vednGHL" (tsd sking). dealYearii GHK" (rsdinieger) deatiYearCregoian BHL (sdinteger)

Iom@aw (tsdsking) deaiReason GHV"

Aanotalions: s abel @C" (miang="en') rdfslabel @6 miiang="ar)

K Cancel

Figure 5. Importing the historic person CSV files to protégé using the Cellephie plugin.
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Table 2. Ontology metrics.

Category Count
Classes 6
Object property 15
Data property 27

Individual count 58 487

In Table 2, the final ontology build using protégé
5.5.0 was successfully completed with a total of 6
classes and 58487 individuals.

v = discussedin (Domain>Range)

| owi:Thing - v — discussTopic (Domain>Range)
p—— - ) /N ' v = has individual
/ . \ - ¥ = has subclass
" v == HasChild (Domain>Range)

2

A,

v/

\ —— v == hasGrade (Domain>Range)
N
HistoricPerson [ A A
NIV

v == hasSibling (Domain>Range)

hasParent (Domain>Range)

v hasSpouse (Domain>Range)
¥ == hasStudent (Domain>Range)
¥ = hasTeacher (Domain>Range)
v narrated (Domain>Range)

v naratedBy (Domain>Range)

Figure 6. The HadithOnto graph using OntoGraph.

To visualize the ontology, we created the ontology
graph in Figure 6 using the OntoGraph plugin.

3.2. The OntoDin

Ontology Merging is building an ontology by
combining knowledge from two ontologies into an
existing or new ontology. In this step, we opted to merge
our Hadith ontology with a pre-existing Qur’an
ontology into a full Islamic ontology using the “merge
ontologies” plugin of protégé.

From the literature study, we chose the ontology
presented by Hakkoum and Raghay [13] as it was a full
Qur’an ontology up to date and always available on the
web. The chosen ontology perfectly responded to our
needs and was our inspiration in building our Hadith
ontology to facilitate the merging step.

As known in the literature, the merging process is
hard and both effort and time-consuming so from the
beginning, we studied the Qur’an ontology and we tried
to find similar knowledge between the ontology and the
CSV files we started with to determine common
concepts and draw our ontology building process based
on it. This method helped us to easily merge the two
ontologies and avoid any conflicts.

To accomplish this step, we chose another Protégé
plugin for merging two ontologies using the following
steps:

e Step 1. On protégé, we opened the Hadith ontology
and added the Qur’an ontology in the direct imports
in the same window, then from the “refactor”” menu,
choose the “merge ontologies” feature.

o Step 2. Select the first choice to import an ontology
contained in a local file from the import ontology
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wizard and press continue. At the end of this step, we
got the classes of both ontologies merged into one
ontology. However, we noticed that the import
wizard did not merge similar classes like “topic”
from Qur’an ontology and “topic” from the Hadith
ontology.

e Step 3. To eliminate the different duplicates
presented in the ontology, we had to rename one of
the classes to match the second one. For example, we
changed the name of the class HistoricPerson to
Historic Person by changing its Uniform Resource
Identifiers (URI) class by selecting “rename entity”
in the Refactor menu.

Annotations: Abu Bakr AsSiddique

rdfs:label  [language: er

Abu Bakr AsSiddique

rdfs:label  [langua

Abu Bakr

rdfs:label [language: a
ase dil a5 ) panall S o)

rdfs:label  [language: ar

E)

owl:SameAs

Description: Abu Bakr AsSiddigue Property assertions: Abu Bakr AsSiddique

ject property assertion:
== has Student AbualTufaylAmirBinWathia
== hasTeacher ‘Prophet Muhammad (saw)'
ame Individual As == has Student ibnUmar

HistoricPerson

== has Student AwsatalBaijli
tererkindividuste = hasChild MuhammadibnAbiBakr

mm hasChild AsmaBintAbiBakr

== ‘Lived In* Medinah

== hasChild "Abdullah bin Abi Bakr"

= has Student AbdurRahmanBinAbiBakr

- ijahlbnZayd

== has Student AbuHurairah

== has Student Jabir
= has Student UmaribnalKhattab

== has Student AnasBinMalik

mm hasTeacher 'Abu Bakr AsSiddique’

== hasChild UmmKhultumBintAbiBakr

== ‘Has Child’ Aicha

== ‘Mentioned In* quran9-40

== ‘Friend Of' "Muhammad (peace be upon him)"

Figure 7. A merged individual.

o Step 4. We repeat the third step with the duplicate
classes and individuals. As an example, in Figure 7,
we got a complete individual, “Abu Bakr as
Seddique,” with all the data and object properties of
both Hadith and Qur’an ontologies.

Table 3. Ontology metrics of OntoDint.

Category Count
Classes 51
Object property 54
Data property 50
Individual count 168 122
Triples 822 526

In Table 3, the final Islamic ontology built using
protégé 5.5.0 was successfully completed with a total of
6 classes and 58487 individuals.

To visualize the ontology, we created the ontology
graph in Figure 8 using the OntoGraph plugin.
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Figure 8. The OntoDin graph using OntoGraph.

The search engine of our web application is divided

3.3. Results and Evaluation i !
into two subcategories:

First, we started by validating our ontology by checking o )
its logical consistency using Protégé reasoners like ~ ® Search by: topic, keyword, or Tafsir.
Ontop and Pellet, and the result was that the Ontology ¢ Search in Qur’an, Hadith, or both.

was consistent. Figure 10 presents a detailed diagram of the search

@ engine.

[ s oo

Maodule Spring Search
QuranOntologyépplication [~~~ i Application nans ——) _ _
PP Hearch in Quran or all ) earch in Hadith or all /]
by >
| ) e
Module

e e Start Fuseld [iflang == en/ [flang ==en/
InitializerService Server get all verses with the keyword, zet all hadith with the keyword,
oot of synonyms in the labs]_en root or synonyms in the labsl_en

” fleng==ar / iflang==ar /
Start "Ds2" zet all verses with the keyword, get all hadith with the keyword,
[SPARQL endpoint koot or synonyms in the label_ar 100t or synonyms in the label ar

Search by
Tafsic

i lamg == ar
Module Load Quean et afl verses with the keyword,
L e 7 T RS . the tafsi 1
SearchQuranService resources 00t o Synonyms i the TR
“ Search by topic — Search by topic ]
Modul i H 4)5 F
odule | - . s e Sy Load Hadith i —— H g —— H
SearchHadithService resources |8 || £
get all topics with the keyword, il zet all topics with the keyword, &
” root or synonyms in the label_en z root of synonyms in the label_sn z
= e
Module ArabicUtils H 3
ishltls 0 [ memeee- Use Load libs fil H
& EnglishUtils oad libs files [ § Flamg==ar/ §
s -]
gt all topics with the keyword, g get all topics with the keyword, || £
to0t or synonyms in the label ar H o0t of synonyms i the label_ar ]
® =
LE L2

Figure 9. Life cycle of the Asklslam. | | 2icleratisa N

1k T i LS
7 1 1 T

Verses || mesoces | [ Hee || Resoutces ‘

Then, for the evaluation part, we had to build our
search engine that would facilitate questioning the
ontology. The search engine named “Asklslam” was
built using JAVA and the Jena Fuseki server. Figure 9 Figure 11 presents the full architecture of the search
presents the life cycle of Asklslam. engine.

Figure 10. A diagram of the search model.
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Figure 11. Logical architecture of Asklslam.

Figure 12 presents the search engine page of our a term appears or where it was discussed as in Figure
Asklislam web application. The engine accepts direct 13.
questions and answers by displaying the sources where

dana Ul gh e

Slalslgaall pasie! Slaalyall p i

Figure 12. Answering a question directly from the ontology.
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Figure 13. Citing all the sources discussing the topic searched.

For the evaluation process, we chose to calculate the
recall, precision, and F1-measure metrics according to
Harrag et al. [15], we calculated the results based on a
total of 80 queries.

The questions used to evaluate our system were
chosen based on the topics the most searched in Islam
like Murder, Testament, marriage, and Ramadan.

Equation (1) calculates the precision metric is the
total of the relevant answers divided by the total of all
the retrieved answers,

Relevent N Retrieved (1)

Precision = -
Retrieved

Equation (2) calculates the recall metric is the total of
the relevant answers divided by the total of the relevant

ansSwers,
Relevent N Retrieved (2)
Relevant

Equation (3) calculates the F-measure metric is
calculated based on the recall and precision,

Recall =

2 (Precision X Recall) (3)

F1 — Measure = —
Precision+Recall

We manually generated the metrics for each question by
querying our ontology, going through all the retrieved
responses (retrieved), and comparing them to the correct
list of answers from Hadith and Qur’anic (relevant).
From there, we were able to get the metric value for each
question. Table 4 presents a sample of the queries and
answers retrieved from our search engine Asklislam.

Table 4. Sample queries to evaluate the Asklslam.

Query Answer Precision | Recall |[F-measure
&\ | 24 verses and 7 hadiths 0,88 1 0,93
ol 9 verses 1 0,81 0,9
A 20 verses and 19 hadiths 1 0,58 0,74

Table 5 presents the results of the metrics used to
evaluate the effectiveness of our search engine

Asklislam using 80 different queries. As shown, our
system achieved 89% precision, 82% recall, and 82% F-
measure.

Table 5. The metric results of evaluating the Asklslam.

Number of queries |Average precision| Average recall [F1-measure
80 89% 82% 82%

4. Discussion and Future Works

Our first Hadith ontology OntoHadith includes 34373
hadiths in Arabic and English, as well as all related data
such as the list of narrators, the book and chapter
mentioned in, and the topics it discusses, as shown in
Figure 5 above.

Compared to the existing works, we attempted to
eliminate the limitation of using a single topic of
Hadiths by developing a complete ontology with over
34500 Hadiths in Arabic and English for a complete
grasp and understanding of Hadith knowledge.

To further extend the ontology, we added the
majority of Hadith’s narrators as a separate concept,
which will help in searching for information about the
narrators but, more importantly, in studying the
narration chain (Isnad) of a given Hadith.

Then, the second ontology, OntoDin, which we
obtained by merging the OntoHadith and a Qur’an
ontology, gave us a full Islamic ontology with the
majority of data needed to fully grasp the meaning of
each topic and allow for a high level of knowledge
extraction when used in domains like Fatwa or Islamic
research. Reusing pre-existing ontologies saved us a lot
of time and effort, as well as allowing the Qur’an
ontology to improve its capabilities when merged with
Hadith.

As seen in the previous section, we did the majority
of data collection and verification work manually,
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because we believe that such critical texts must preserve
their correctness to 100% and not even 99%. For this
reason, we opted to create the OntoDin ontology. As a
result, we chose to build an ontology using protégé
plugins based on our collected and verified data.

It is noteworthy that applications based on Islamic
texts have numerous flaws and challenges, with the
main problem being that they use limited Islamic
resources, resulting in incomplete or incorrect
information retrieval.

Our mission was to build a domain ontology with the
maximum of Islamic knowledge possible, and
obviously, the only way to do it was to build an ontology
covering the main sources of Islam the holy book with
Tafsir and the major Hadith books. To facilitate this
process and give the project the best conditions to obtain
good results we decided to go with known and tested
techniques and tools. As the final ontology was a result
of merging our HadithOnto with a pre-existing Qur’an
ontology, we found no better solution than using a close
methodology to avoid any inconsistency in the final
OntoDin ontology.

To evaluate our final ontology, we calculated
precision, recall, and F-measure metrics on 80 queries,
and the results were 89%, 82%, and 82%, respectively.
Even though this is a good result for a start, it is not
enough when considering the critical texts, we are
dealing with.

Because of its simple structure, the OntoDin
ontology is very comprehensive and easy to manipulate,
with verses and hadith texts as the main concepts. This
advantage can be seen as a disadvantage if you want
specific concepts to be explicitly clear in the ontology.

As previously stated, we chose this path because of
its feasibility, considering the size of the data we were
dealing with and how time- and effort-consuming the
second method may be. If necessary, this expansion can
be added later for greater flexibility, which will improve
accuracy and efficiency.

This drawback is evident when searching for one
particular concept or term from the Qur’an or Hadith, as
the texts of the sources are put together as instances of
the verse or hadith concepts. However, introducing the
class “topic” with the relationship “discussed in”
allowed us to enrich the ontology and were capable of
defining the main concepts discussed in the Qur’an and
Hadith like “prayers,” “medicine,” “financial
transactions” and more.

Ultimately, the methodology used was easy to work
with, considering we had to perform the preprocessing
work manually. This method allowed us to achieve a
high precision percentage by checking and verifying the
files and the important data in use.

The conceptualization was simple, given the
inspiration we had from the chosen Qur’an ontology to
be merged with.

Our expectations about time gain were not met by the
decision to use exclusively Protégé plugins.
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The creation of the instances using the Cellefie
plugin was a straightforward and uncomplicated
process; however, writing the DSL code for each
concept, taking into consideration the significant
number of columns we had, was a little bit time-
consuming. However, the drawback of this method is
the time we had to allow this step to fully upload all the
instances. This step took more than three months to
complete the importation of the 34373 hadiths and all
their related concepts.

One of the major problems we faced and we were not
expecting, was the ambiguity of the results as the final
ontology was obtained through merging two ontologies,
we found a lot of duplicates in concepts and instances.
We eliminated all the duplicated topics and instances by
changing their Internationalized Resource Identifiers
(IRIs) to match and be merged as one concept or
instance.

To further enhance the results obtained by our search
engine, we aim to develop a more effective search tool
and write more elaborate queries using the SPARQL
Protocol and RDF query language; to fully utilize the
ontology. The accuracy and completeness of the results
will aid in understanding Islamic knowledge.

In the future, we aim to use Artificial Intelligent (Al)
and deep learning techniques to help decision-makers in
the field of Islamic studies and assist them in decision-
making. This step will assist the Muftis in reading,
understanding, and interpreting a text, as well as
deciding whether an act is Halal or Haram.

Also, the OntoDin ontology can be used in a variety
of other applications, such as chatbots to answer Islamic
questions in Arabic and English, manual or automatic
Hadith validation by studying its Isnad based on the
HistoricPerson concept and the full relationships
between them, or even to be used in the domain of
comparative religions.

5. Conclusions

In this paper, we presented the entire process of building
the OntoDin ontology. The final ontology models the
knowledge presented in the Qur’an and Hadith in both
Arabic and English. We built the Hadith ontology from
scratch, and then we merged it with a pre-existed
Qur’anic ontology.

For the Hadith ontology creation, we were inspired
by the structure of the Qur’an ontology and we aimed to
achieve a similar result for the Hadith ontology hence
eliminating one of the merging difficulties when using
ontologies of different structures.

Our Hadith Ontology was based primarily on the
knowledge presented in a CSV file combining data from
six major books of Sunnah. The whole process was
semi-automatic, where we did the significant data
preparation and verification manually, created the
ontology manually, and then used the Cellefie plugin
integrated into protégé to map the data to the concepts.
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Finally, the merging process was also done semi-
automatically, where at first, we used the merge
ontologies feature from the refactoring tools in protégé.
Then, we did the reasoning manually to eliminate any
inconsistencies and redundant classes and individuals.

The OntoDin ontology covers all Qur’an and Hadith
texts with related data like the prominent scholars and
historic people in Islam and detailed biographies of each
one.

In this study, we found a literature rich with
methodologies, languages, and tools dedicated to
ontology building which are developed, used, validated,
and considered as a reference. Instead of taking
challenges and presenting new techniques or
approaches, we chose the safe path to put all our focus
on the sources we are dealing with. For our case, the best
process was to use a tested methodology and tool in the
related works.

To summarize, there is a considerable need to create
domain ontologies for Islamic legislative sources rather
than focusing our efforts and time on sample ontologies.

For this reason, we presented in this paper an
ontology covering all six major Hadith books with over
34 thousand Hadiths in Arabic and English, 24 thousand
narrators and scholars, and all Qur’an texts with their
114 chapters, 6236 verses, and the related Tafsir in
Arabic and English.

The next step in our research project would be the
implementation of a decision-support system based on
the created ontology using deep learning techniques to
help the deciders of the Islamic law to ask complex
questions and facilitate the process of knowing if an act
is Halal or Haram by retrieving all the related resources
with a predicted classification and precision percentage.
The main purpose of building such a large ontology is
to give a full representation of all Islamic texts related
to a given concept.
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