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ABSTRACT

Al-Quran is one of the primary knowledge resources in Islam, containing a vast
amount of knowledge in various domains. Most of the current knowledge
representation models for Al-Quran are based on the ontological approach, which
focuses on extracting concepts in Al-Quran rather than meanings of the Quranic
verses. There is a lack of research that focuses on utilizing word dependencies for
capturing the meanings of Quranic verses. This research proposes a semantic graph
knowledge representation for Al-Quran using word dependencies. The proposed
model obtains dependencies between the words in Quranic text through dependency
parsing. Based on syntactic and semantic analyses, a set of rules is developed for
generating semantic triples representing the meanings of the Quranic verses based on
their word dependencies. The semantic triples are mapped into a graph database as
semantic dependency graph. The knowledge representation model has been tested in a
question answering experiment. The results are evaluated for retrieval accuracy using
Precision, Recall and F-score metrics. The proposed model has achieved 62.7%,
53.3%% and 57.7% for the respective metrics. Therefore, the rule-based semantic
graph representation model for Al-Quran is a viable approach to represent semantic

knowledge of Quranic verses.
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ABSTRAK

Al-Quran merupakan salah satu sumber ilmu yang utama dalam Islam, yang
mengandungi sejumlah besar ilmu pengetahuan dalam pelbagai bidang. Kebanyakan
model perwakilan pengetahuan semasa bagi Al-Quran adalah berasaskan pendekatan
ontologi, yang menumpu kepada mengestrak konsep-konsep dalam Al-Quran
berbanding makna setiap ayat. Terdapat kekurangan penyelidikan yang memberi fokus
kepada kebersandaran perkataan bagi memetik makna setiap ayat Al-Quran.
Kebanyakan sistem capaian pengetahuan Al-Quran sedia ada adalah berasaskan carian
kata kunci, yang mungkin memberikan jawapan yang tidak relevan kepada pertanyaan.
Penyelidikan ini mencadangkan sebuah perwakilan pengetahuan graf semantik bagi
Al-Quran menggunakan kebersandaran perkataan. Model yang dicadangkan
memperoleh kebersandaran antara perkataan-perkataan di dalam teks Al-Quran
melalui penghurai kebersandaran. Berdasarkan analisis sintaks dan semantik, satu set
petua dibangunkan bagi menghasilkan rangkap tiga semantik yang mewakili makna
kepada ayat Al-Quran berasaskan kebersandaran perkataannya. Rangkap tiga semantik
tersebut dipetakan ke dalam sebuah pangkalan data graf sebagai graf kebersandaran
semantik. Model perwakilan pengetahuan tersebut telah diuji melalui eksperimen soal
jawab. Hasil keputusan dinilai dengan ketepatan capaian menggunakan metrik
Kejituan, Dapatan Semula dan Skor-F. Model yang dicadangkan telah mencapai skor
masing-masing 62.7%, 53.3%% dan 57.5% bagi metrik tersebut. Dengan itu, model
perwakilan graf semantik berasaskan peraturan bagi Al-Quran merupakan satu
pendekatan yang berupaya untuk mewakilkan pengetahuan semantik bagi ayat-ayat

Al-Quran.

il
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CHAPTER 1

INTRODUCTION

1.1  Research background

This study concerns with semantic representation of knowledge in Al-Quran.
The ultimate goal of knowledge representation studies is to enable computer to attain
the basic “common senses” of the world and subsequently generate new information
by applying and adapting to new circumstances. Therefore, studies have focused on
solving how to impart this common sense to computer. Levesque (1986) states that
despite the apparent simplicity of the said goal, there are various ideas regarding the
fundamental issues in knowledge representation. A representation and classification
approach which can be understood by machines and humans is necessary to help users

recognize the precise semantics of knowledge in complex text (Ta’a et al., 2017).

A large volume of documents has been produced in the natural language form.
Various knowledge representation languages such as logic, semantic networks, frame
language and production rules have been used to extract knowledge contained in the
text documents. Syntax-based approaches for knowledge representation were able to

extract a sufficient amount of information from the text. Additionally, semantic-based



techniques could enrich the knowledge representation and improve retrieval
performance of the knowledge base. A set of criteria was proposed by Katalnikova &
Novickis (2018) for knowledge representation models. The set of criteria defines a
number of requirement clusters that should be fulfilled by a good knowledge
representation model such as knowledge meaning representation, knowledge
representation in natural language notions, knowledge hierarchical structure
representation etc. These criteria were collected through analyzing various
requirements that have been submitted to a knowledge representation model. The
semantic network model was regarded as the closest representation of knowledge in

natural language texts because its properties align with the proposed criteria.

Hierarchical rules were applied by Sakharov (2019) in his predicate
representations learning framework. The validity probability of First Order Logic
formulas were computed using the predicate representations learned through Neural
Network (NN) training. These probabilities are useful for building knowledge bases
and making goal-directed decisions. The hierarchical rules applied in this study are an
extension of Horn clauses. The hierarchical rules provide positive and negative facts
which indicate the polarity of a literal (an atomic formula). A positive fact is basically
a literal, while negative fact is the negation of a literal. This is necessary for the NN
learning in their research. The set of facts and rules define three kinds of predicates in
the knowedge base which are extensional, decidable and hierarchically definable.
Hierarchical rules allow for one-by-one learning of the predicates, resulting in a shorter

learning time and higher accuracy of learned predicate representations.



A framework for knowledge extraction using frames was proposed by
Corcoglioniti et al. (2016). It identified semantic frames in a text and extract entities
and relationships between them. The proposed framwork was designed with two
phases for the knowledge extraction. The linguistic feature extraction phase involved
natural language processing tasks to build an Resource Description Framework (RDF)
graph of mentions. Whilst the knowledge distillation phase applied an extended RDF
Processor tool and Simple Protocol and RDF Query Language (SPARQL)-like
mapping tools to manipulate the graph of mentions and represent knowledge imparted

in a text as a knowledge graph.

A hybrid approach combining frames language and production rules was
presented by Nguyen et al. (2017) to extract knowledge from legal documents. The
frames language was applied in the definition of entities, categories, and relationships
of the documents. The production rules were used in their reasoning algorithm for
knowledge structure manipulation. The proposed approach is capable of automatically
locating authentic legal documents with respect to the timeline. Frame-based
knowledge representations can be applied in various fields including health care,
forecasting as well as natural language processing (Nazaruks & Osis, 2017). Existing

frame-based knowledge systems are often integrated with ontology nets.

A new Knowledge Representation Model with Entities, Attributes and
Relations (KR-EAR) was presented by Lin et al. (2016), improving on the previous
Translation in Embedding Space (TransE), Translation on Hyperplanes (TransH) and
Translation in Relation Space (TransR) knowledge representation models. Relations

in a knowledge graph were divided into attributes and relations using Relational Triple



Encoder (RTE) and Attributional Triple Encoder (ATE), so that the knowledge

representation model can learn more reasonable embeddings for entities and relations.

A multidimensional structure of the knowledge base was also introduced to
help resolve one of the main challenges of knowledge discovery which is the extraction
of meaningful information from data in context (Zenkert & Fathi, 2016). They have
used text mining, analytics and multidimensional knowledge base construction to

achieve better performance in knowledge extraction.

Wani et al. (2016) presented a hybrid approach for knowledge extraction and
representation that combines logic and linguistics. It helps computer to perform data
analysis efficiently and produce accurate retrievals. The logico-linguistic strategy

considerably improved the precision of natural language knowledge translation.

Different knowledge representation languages have been used for various
strategies which ultimately share the same goal to produce a comprehensive
represention of meaningful knowledge. Through these knowledge representation
methods, researchers were able to extract meaningful knowledge from textual
documents and utilize them in a variety of applications such as information retrieval

and question answering.



1.1.1 Al-Quran knowledge representation

The Holy Al-Quran is one of the most influential text documents in the world.
It is regarded as one of the primary resources for the Islamic knowledge as well as the
Arabic language (Saad et al., 2010). Al-Quran is a unique and complex corpus which
contains vast knowledge to be explored. Thus, knowledge that resides within the Holy
Quran should be represented in the most appropriate manner and efficient mechanism
for further knowledge processing and inferencing. Most of the knowledge
representation models for Al-Quran are based on ontology. Ontology is a formal,
explicit specification of a shared conceptualization (Gruber, 1995). It represents a
collection of facts and concepts of a particular domain and its relation. Additionally, it
can be seen that most of the existing knowledge representation models focused on

Arabic Al-Quran and English translations.

In a Quran ontology by Harrag et al. (2020), concepts and semantic relations
from Al-Quran were extracted using linguistic pattern-based schemes and associations
rules. They have applied the Apriori algorithm to generate a set of rules for concept
extraction. The ontology is said to be able to provide a more expressive representation

of Quran relations in terms of rules.

An application of logic and linguistic approach in the design and development
of a comprehensive knowledge base for Al-Quran was proposed by Wani et al.
(2018b). Noun-verb structures linked to the event description, events and role analysis
become the primary focus of syntactic analysis of the text and are translated to

predicate-subject forms. On top of that, semantic relatedness and association between



concepts are preserved using semantic graph. Graphical approaches are generally
popular for knowledge representation and natural language semantics (Fernandes &
Bernardino, 2018). Therefore, this approach can be used to represent semantics of

Quranic text.

1.1.2 Al-Quran knowledge retrieval

The goal of knowledge retrieval from a large volume of information is to
provide user support for interpreting and obtaining adequate information (Ta’a et al.,
2017). In the initial stage of the knowledge representation research, much research was
carried out using keyword-based matching (Yauri et al., 2013). This method basically
starts by finding possible combinations of keywords that are relevant to the desired
words. Currently, researchers use semantic-based method which helps to retrieve the
information through similarity techniques to match the contextual meaning of
keyword. Most of the knowledge retrieval systems are used in information retrieval
systems using keyword matching techniques. Query expansion techniques are also

commonly used to improve accuracy rate.

A Quran application known as QARAB was developed by Hammo & Lytinen
(2002), which was the result of combining traditional information retrieval techniques
with a sophisticated Natural Language Processing (NLP) approach. The application
was to identify text passages that answer a natural language question. Abdelnasser et
al. (2014), on the other hand, developed Al-Bayan with aims of understanding the

semantics of Al-Quran and answering users’ questions using reliable Quranic



resources. They applied Support Vector Machine (SVM) to classify questions with

ranked answers for high accuracy.

Utomo et al. (2020) have mentioned in their review that common question
answering systems have used many techniques for answer retrievals such as keyword
matching, keyword expansion, SPARQL query, SVM Question classification, cosine
similarity, Artificial Neural Network (ANN) Verb classification and N-gram
techniques in order to achieve better retrieval results. However, research on question
answering systems for Al-Quran seems to be scarce and most of them are in Arabic.
Most of the systems also focus on a restricted domain, and they are able to answer

factoid or simple statement queries.

1.2 Problem statement

The problem of computer understanding natural language is a constant
challenge in the artificial intelligence research area. Researchers have been taking
various approaches to solve this complex problem, and it has always been the
longstanding goal. (Stanojevi¢ & Vranes, 2005) suggest that the natural language
understanding problem can be deconstructed into three components: natural language

grammar definition, meaning representation, and natural language input parse.

The traditional keyword-based approach to knowledge representation of Al-
Quran does not preserve semantic relatedness between words in Quranic verses
(Suganya et al., 2013). Keyword-based information retrieval systems also depend on

exact keyword matching, which might cause irrelevant retrievals (Gusmita et al., 2014;



Hamed & Aziz, 2016; Shmeisani et al., 2014). Semantic approach has been used to
improve knowledge representation as well as retrieval of Al-Quran, as it takes into

account the meanings of words in a sentence.

Most of the existing knowledge representation models for Al-Quran are using
ontological representation (Abbas, 2009; Moogab et al., 2021; Sadi et al., 2016; Safee
et al., 2018; Sherif & Ngonga Ngomo, 2015; Ullah Khan et al., 2013). Ontology
provides certain advantages for knowledge base application, such as knowledge
sharing and reusability. However, ontology construction is time-consuming and
requires a lot of work. There needs to be effortless and efficient knowledge

representation model for Al-Quran.

Current Quran ontologies represent semantics of Al-Quran as hierarchical
concepts (Beirade et al., 2021; M. Yunus et al., 2017; Sherif & Ngonga Ngomo, 2015;
Ta’a et al., 2014). Concepts or entities in Al-Quran are extracted whilst semantic
relations between these Quranic concepts are defined based on hierarchy or taxonomy.
However, this does not include semantics which are non-hierarchical such as meanings
in events or stories that are told in a sentence. The semantics of events and stories can
be represented through semantic relations such as predicate-argument or subject-verb-
object relations (Jurczyk & Choi, 2015). Al-Quran contains a lot of stories with various
didactic lessons (Salehi, 2016). Therefore, semantic relations between words in the

Quranic verses should be represented as well.

Semantic graph representation has been shown to be a viable approach for

representing knowledge of Al-Quran (Jurczyk & Choi, 2015; Noordin et al., 2016;
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