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Abstract: Ontologies are used to formally describe the concepts,epties, and individuals within a domain to be automatically
processed by computers. There are large number of ontslogidifferent domains available on the web. The existenta@é number

of ontologies imposed the need of merging tools and teclesida construct ontologies by integrating other ontolagiéss paper
proposes an ontology merging approach based on OntoGrafliziation to integrate the parts of interest of individaatologies and
allows to build ontology incrementally and fixing possiblelplems and inconsistency of the resulting ontology. TheoGraf assists

in understanding the concepts, properties, and individicabe merged and assist in finding out possible conflictseef@rging. The
approach are applied to extend the development of Quranu€anptology by merging portion of Quran ontology that fosuse the
living creatures and Allah’s Names ontology. The major lfi¢ioéproposed approach is to strengthen the reuse of ontdogwledge
and encourages modularity in the design and developmemitofogies.

Keywords: OWL, Ontologies, Merging, Incremental design

1 Introduction small portion of individual ontologies to develop new
ontology or extend existing ontology incrementally. We
In recent years, research shows an increased interest idopt OntoGraf 0] to assist in the ontology design.
the need for the creation of ontologies to support theOntoGraf is a visualization tool in Protégé that become a
management of knowledge in different disciplines. standard part of Protégé-OWL editoB][ OntoGraf
Ontology design requires skills to organize the knowledgevisualize classes, individuals, and different types of
and categorize the information to be automatically property relations to understand the ontology. The
processed by computers. Ontologies formally meanproposed approach suggests to integrate portion of
modeling the structure of the system, e.g. creating thenterest of individual ontologies incrementally. To
related entities and the relations that emerge from theperform the integration, we break out the portion of
designers view about the system. Those relevant entitiefterest in several features (classes, individuals,
are going to be organized into concepts and relationshipproperties, axioms). Then we visualize a single feature in
by an ontology engineer. The essential part of ontologythe individual ontologies and compare them and select the
consists of identifying the hierarchy of the concepts e.g.features to be merged and perform merging. The
taxonomy, properties, and testing the whole system. visualization helps to understand the features to be
The increased number of existing knowledge sourcesnerged and also helps to understand the ontologies and
and ontologies imposed the need of developingresolve any possible conflicts. Figurelescribes the steps
approaches to build new ontologies from existing sourcesf the proposed approach.
and ontologies. Although there are many strategies to
develop ontologies, however, there are limitations to the  Finally we resolve any possible conflicts and evaluate
reuse of the ontologylP]. Thus, in this paper we propose the whole ontology. We apply the approach to extend the
an approach that aims to develop and extend OWLontology of Quran corpus by merging features from
ontology incrementally based on the integration existingQuran ontology that describe living creaturds][ and
ontologies. The incremental process of the developmenteatures from Allafs names. ontology. We build Allah
of ontologies reduces complexity and allows to fix nhames ontology and details are found in Sectiofo the
problems early. The proposed approach aims to integratbest of our knowledge there is no ontology for Allsh
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names. Due to the great importance of names of Allah tgorovide a common, comprehensible foundation for
Muslims, we build ontology based on Allahs names thatresources on the semantic wél. [

clarifies and explains the meaning of each name in

English and represents several properties related to it.

There are several works that adopt ontologies to retrieve

knowledge from religious texts such as Quran and Islamic2.2 Ontology definition

resources. However, most of these ontologies are

constructed from scratch and focus on particular topics
We aim to get benefit from merging techniques in
developing and enriching Quran ontology.

In Artificial Intelligence (Al), ontology is defined as
knowledge representation that captures the concepts and
the relationships relevant to a specific domélih [An
ontology necessarily embodies some sort of world view to
represent the given domain. The world view is often
conceived as a set of concepts (e.g. entities, attributes,
process), their definition and their inter-relationshifls [
A good ontology offers a huge number of benefits that are
not available in rational database schema or other
O - standard ways to structure information. One of the key
O O — advantages of ontology is that it can represent any form of

s Targgt gickifion information including unstrgctured inforr_nation s_uch as
O Visualization | Ontology text and documents, semi-structured information like
XML or web pages and structured one such as
Individual OWL  Integrate the Resolve conflicts and conventional databasesdata. Another benefit is that it
ontologles portion of inferest inconsistencies allows concept matching, which means that we can match
different concepts that have a semantic affinity with a
Fig. 1: The phases of the proposed approach target concept. For exampld&F — Ghafor and

“Al — Ghafaar are both referring to the concept of the
forgiveness. Ontologies also enable browsing and
The rest of the paper is structured as follows: S&ct searching for domain-specific terminology and enable
gives an overview about Semantic web, Ontology, OWL reuse of domain knowledge. Moreover, ontologies allow
and OntoGraf. SecB discusses some work of ontology interoperability among different systems. The quality of
design and integration and Quran ontology. Sefticuses  an ontology can be ensured using ontology reasoners. An
on building Allah’s names ontology in OWL. Se&  ontology reasoner is used to make the consequences of a
describes the methodology adopted in this paper. 6ect certain ontology design explicit, and it thus allows
describes the application of the proposed ontology toevaluation of the ontology correctness without depending
extend Quran corpus ontology. S&cbutlines discussion on concrete test casegd.[The worldwide web consortium
about the proposed approach. The conclusion is presentg#V3C) created (OWL) that became a W3C
in Sect8. recommendation in 2004. OWL is an important language
in semantic web, which facilitates creating, modifying,
linking and importing ontologies in different
2 Preliminaries environments. OWL is derived from description logics
that use formal semantics and vocabulary to allow

2 1 Semantic Web machines to perform automatic reasonigg).

With the information age we currently experience, users

can get information from different resources and often2 3 OntoGraf

become overwhelmed with the amount of resources they

went through everyday. Thus, many researchers and

scientists try to find a viable way to represent knowledgeOntoGraf is a visualization tool in Protégé framework.
and information and make them more accessible by user©OntoGraf enables quick visualization of the ontology or
Semantic web is one of the modern fields that emergepart of it [10]. OntoGraf uses nodes to visualize classes
recently and offers a great revolution in knowledge and individuals. The relationships between them are
representation. Semantic web aims to add semantics anegpresented as edges. OntoGraf provides several layout to
better structure to the information available on the Web.the user and allows the user to focus on particular classes,
In the semantic web, web resources are formulated in andividuals, or properties through filtering edges and
way that is understandable by humans and bynodes to see the desired one and hide otHdls Tooltips
machines 4]. Semantic web converts the current web on OntoGraf show extensive details about other classes
from being machine-readable to machine-understandableelated to a particular class or individual such as
Ontology is a fundamental technique that is used toequivalent classes, disjoint classes, etc.
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3 Related work The approach adopted in the paper focuses on
constructing/extending OWL ontologies based on the use
This section outlines some work regarding ontologyOf OntoGraf. The OntoGraf describes the features

design and integration and also describes works in th raphically and helps the designer to select the features to

development of ontologies in Quran and Islamic eaugmgnted int.hetargetontologyand guides to resolve
knoweledge. any possible conflicts.

3.1 Ontology Design and Integration 3.2 Quran Ontologies

This subsection describes some work for designingThere is a number of ontologies that have been developed
ontologies from existing sources. to represent the Holy Quran and the Islamic knowledge.

Authors in [L1] design an ontology using syntactic However, to the best of our knowledge, there is no work
matches among concepts in the individual ontolgies. Theyelated to Allah’'s names and his attributes. In this
adopt dictionaries to determine synonymous and evaluatgubsection we describe some work in the area of ontology
substring, prefix, and suffix. The limitation ofL]] is that  development of the Holy Quran and Islamic knoweledge.
it is based on syntactic matches (i.e. it relies onSaidah and Naomi illustrate an ontology extraction for
grammatical rules and not semantic and the structure ofslamic knowledge texts based on combining several
the ontology). algorithms togetherl4]. The authors proposed the design

Noy et al. [L2] implements a tool called PROMPT. of the ontology using Fuzzy Formal Concept Analysis
PROMPT uses an algorithm for semi-automatic to (FFCA). They firstly extracted the key phrases based on
perform merging and alignment. It guides the userlslamic knowledge to generate meaningful concepts. The
throughout the process of merging and alignment and ipproposed ontology is based on general subjects that are
performs some operations automatically. PROMPTfound in Quran and Hadith such as organizing financial
detects some errors and conflicts but it is not available irrelations, human and social relations, Al-Jihad, etc. Afte
latest versions Protégé. that, the authors have successfully applied ontological

There is number of work based on converting UML components using previous researches such as Natural
into OWL Ontology. Gasevic et al.1B] proposed an Language Ontology (NLO), Islamic Knowledge Gold
approach that converts UML to OWL. The authors Standard, Domain Ontology and Ontology Instances. The
implement eXtensible Stylesheet Languageauthors had found that the combination of
Transformation (XSLT) that transforms the XML lexico-syntactic and statistical learning methods would
Metadata Interchange (XMI) representation of a UML improve the accuracy and the computational efficiency of
Profile into Web Ontology Language (OWL). the ontology discovery process.

Another study by Tun et al.20] is based on Khan et al. studied sample domain ontology based on
developing MetaOntoModel as matching method thatthe living creatures in the Holy Quran has been developed
provides semantic matching method between two sorts byn Protégé editor tool 15. These creatures include
matching most closely corresponding properties insteacinimals and birds. An extensive work has been carried
of comparing all properties. As a limitation of this out to capture the knowledge, which involves survey of
approach, the classes must be sortal and can enrichatle Holy Quran to enumerate all the terms that cover
using the Meta-OntoModel. Another matching system isanimals and birds. The authors discussed some of the
proposed byZ21]. It aims to provide linked data instance main important concepts such as upper ontology,
matching on repositories with different schemata. Itontology merging, ontology integration and ontology
provides useful attributes pairs for comparing instancemapping. SPARQL queries of various types that have
without prior knowledge about schemata. The approacltsuccessfully been run. Saad et al. presented a simple
applied to dataset contains 246 subsets with differenimethodology has been proposed to extract concepts based
schemata amd resuls show high accuracy compared ton the Holy Quran16]. The terminologies or phrases are
other systems. extracted based on one of the general subjects such as

Another work in the area integration of geospatial faith, general and political relations, Jihad, etc. The
data is proposed by Zhang et aRZ]. The authors presented approach is stimulated based on the
proposed a prototype that allows user to retrievecombination of natural language processing techniques,
geospatial data. The algorithm adopted in the proposednformation Extraction (IE) and Text Mining. From the
approach uses translation function that saves theuthors’ perspective, the created ontology has a simple
translating cost of several geospatial sources fronformat and it can be upgraded using complex NLP
different languages and integrate data via combiningtechniques. The authors df{] proposed an ontology that
complementary properties from the linked records anddescribes named entities in the Holy Quran including
eliminate data redundancy2d]. The result of the concepts such as Person, Prophet, Animal, Angel, Place,
application of the linking method show high performance Plant,etc. It also used Hadith to populate the ontology and
in generating matched candidates’ record pairs. extract additional named entities. The work 7]
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applies learning techniques and statistical models toGroups are useful to find relationship between concepts
classify ontology instances. that are related together and share some properties. For
Although, we focus in this paper on developing Quraninstance AL — Khaliq and AL — Bari have different roots
ontology incrementally using merging approach to enablebut they have one specific meaning which is “The
ontologies to communicate and exchange information. Wecreator”. Finally, we capture the relationships between
integrate ontology for Allah names and a previous studyterms and concepts. In real word, every entity is related to
extended to extend Quran corpus ontolodjy]| other one. Thus the relationships between entities should
lead us to a comprehensive knowledge and enable deeper
understanding of entities. After gathering the necessary
4 Development of Names of Allah OWL infqrmation from autho_ritativg .l?ooks and defining the
ontology main concepts and their definitions, we suggest several
relationships between the concepts until'weereached
In this section, we explain in details of the necessaryour- appropriate view about the domgln. We have four
' main concepts, which are

phases to build Allah’s Names ontology. Starting with the amesOf AllatMeaning Source and Root Each name

data acquisition phase, followed by ontology capture, anc{:las its origin (i.e. the source of the nam@uran or

then ontology coding. Sunnal). The Meaning class provides all meanings
related to each name, they can be a general meaning that

L can refer to several names and also a particular meaning

4.1 Data Acquisition that are special to each name. TReotclass represents
the primary lexical unit of a word.

Data acquisition is defined as a process of gathering and

collecting information before processing it using a

dedicated computer and processing algorithm. Thi34_3 Coding

process can be done using several methods such as

surveys, interviews, focus groups and so on. In this phasec

W ther information about nam nd_ attribut { oding means representing the concepts and the
e gathe ormation about names and attributes Orelationships captured from the previous phase and
Allah using reliable resources. Those resources ar

essentially well-known books trusted by Muslims I:Or‘%:onvert them into a shape that computer can understand
y W . y : using a programming language. We use Protégé platform
exgmpl_e 18 is a book written by Robert Qharles _Stade, to create classes, sub-classes, olfeptoperties, data
VAVIrngalznaS:gdilsMZ g;lgi?-tfs?lacgoéie Amse}![oirs Fk)gg\',\?: tgf properties, and individuals related to the domain. The
. gsa : ... class hierarchy of the developed ontology is displayed in
Muslims, Al-Ghazali is one of the greatest scientists in .
. ; Figure2.
Islamic culture. In his books, he always attempts to
connect minds to logics which makes his books much
more understandable and intriguing to learners. Some of
the main information wee collected includes the f ]
meaning of each name, its origin and its root. Also, we \: I‘ rar
collect some properties related to each name such as the s
specific meaning of each name, the number of times it is 8
mentioned in the Quran, the other names related to it, the o
opposite names related to it and the names that are similar —

arbily; I

to it. T
V- % Thing

4.2 Ontology Capt i

. ntolo apture Ly

P =ap - NamesOfllah

After collecting data, we need to formalize them in an * Root
organized way. This means that we identify the key K
concepts and the relationships in the domain and generate - Source

accurate definitions for such concepts and relationships.
Therefore, in this phase, we firstly produce all potential

phrases and terms, which represent concepts and give Fig. 2: The class hierarchy of the proposed ontology

them clear and unambiguous definitions. For example,

AL — Rahmanand AL — Rhaim are both derived from

Al-Rahma (mercy) but each one of them has a distinct Classes describe the domain concepts. A class can
and precise definition. Thus, we look for the accuratehave subclasses that represent concepts that are more
definition for each of them. Secondly, we group similar specific than the super class. The names of Allah are

and synonyms terms together and form sub groupsindividuals belonging tdtNames Of Allaltlass.Meaning
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is a class that includes individuals that describe thesome concepts. Such problems may be avoided by
general meaning of Allahs names suchGaeator, King, = asymmetric merge approaché&l fhat preserve only the
etc Sourceis a class, which includes two individuals: concepts and relationships of one input and integrate only
Quran and Sunnah where each name oAllah is non-redundant concepts of the other ontology. In this
originated fromQuran or Sunnahor both. Finally the paper we propose an approach that focuses on
Root class describes the primary lexical unit of eachasymmetric merge to preserve only the concepts and
name; for instance the root &l-Bari name isBara. In relationships of one input and integrate only
Protégé, an ontology can be stored in various formats, e.ghon-redundant concepts of target ontology. The idea is to
in RDF(S), XML, OWL. Figure 3 describes some of use OntoGraf visualization to visualize the classes,
OWL code that describesAL-Rahman and some properties, individuals of the input ontologies so they can
properties related to it. It shows th&l — Rahmanis be merged incrementally in the resulting ontology.
individual, which has a root “Rahem and general meaningOntoGraf gives details about each class and other classes
“mercy and specific meaning“general mercy for all of related to it. These details help to draw the designer

creation. It also shows thail — Rahmanis mentioned
169 times in theQuran and also mentioned iSunnah
Furthermore Al — Rahmanhas synonym name which is
Al — Rahem

<ObjectPropertyAssertion>

<ObjectProperty IRI="#Synonyms"/>

<Namedindividual IRI="#A-Rahman"/>

<Namedindividual IRI="#AIRahim"/>
<[ObjectPropertyAssertion>

<ObjectPropertyAssertion>

<ObjectProperty IRI="#hasSource'/>

<Namedindividual IRI="#A-Rahman"/>

<Namedindividual IRI="#Quran"/></ObjectPropertyAssertion>
<ObjectPropertyAssertion>

<ObjectProperty IRI="#hasSource"/>

<Namedindividual IRI="#AI-Rahman’/>

<Namedindividual IRI="#Sunnah"/>
</ObjectPropertyAssertion>

<ObjectPropertyAssertion>

<ObjectProperty IRI="#isRootOf'/>

<Namedindividual IRI="éRahm">

<Namedindividual IRI="#AI-Rahman’/>
</ObjectPropertyAssertion>

<DataPropertyAssertion>

<DataProperty IRI="#SpecificMeaning'/>

<Namedindividual IRI="#A-Rahman"/><Literal datatypelRI="8xsd;string">General mercy for all
creation</Literal>

<[DataPropertyAssertion>

<DataPropertyAssertion>

<DataProperty IRI="#TimesMentionedinQuran'/><Namedindividual IRI="#A-Rahman'/><Literal
datatypelRI="8xsd;integer">169<Literal>
<[DataPropertyAssertion>

Fig. 3: Example of OWL code that describe Rlahman name

5 Methodology

attention to the desired classes, properties, and indisdu
that need to be merged to the target ontology and not get
bothered with unrelated other classes, properties or
individuals. This also helps to grasp possible conflicts and
inconsistencies and guides the designer to the changes
that needs to be done in the target ontology. The approach
is incremental and helps the designers to focus and
integrating small portion of ontology every time.

The steps needed to achieve consistent and coherent
merged ontology are as follows:

—Break out the features of the individual ontologies into
manageable features.

—Use OntoGraf to compare the parts of interest in the
individual ontologies and identify inconsistencies and
potential problems.

—Copy classes of interest that are different in the
individual ontologies to the merged in the target
ontology

—Merge classes that are semantically same and have
same name

—Rename classes that have different names and
semantically same in the merged ontology

—Copy the properties of interest that are different in the
individual ontologies to the merged ontology

—Merge properties that are similar semantically and
syntactically in individual ontologies in the merged
ontology

—Fix possible inconsistencies in the merged (target)
ontology

We've mentioned earlier that OntoGraf can help to
investigate possible conflicts and inconsistency. In this
section, we outline some examples that describe some
possible conflicts. One source of difficulty that often
occurs in the merged ontology is making an incorrect
class hierarchy by classifying a concept as a subclass of a
concept that is not really belong to. This can happen in
case of property subsumption violation or constraint
dissatisfaction J]. Investigating this type of semantic
inconsistencies during merging is often a difficult task.
We believe that the use of OntoGraf can better help to
identify this type of error visually before merging and

Merging creates single coherent ontology from differentidentify classes, properties, and individuals of inteiiast
resource (ontologies). One problem that often occurs irnthe individual ontologies. Thus, the designer can check
full merging of ontologies is representing the same only those axioms and suggest the correct hierarchy of the

information and introducing multiple inheritance for merged ontology. The major reasons the

lead to
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inconsistency exist in Refl], Firstly, the concept with If the designer wants to copy some properties from
‘weaker domain’ is placed under a concept with ‘strongerindividual ontology then OntoGraf can be used to guide
domain’ in the merged ontology. domain. Secondly, ain deciding which properties need to be copied. Figire
subclass in the merged ontology could have some featureshows five arrows between clasimiversity and Person

that violate features in the super class or partially meefThe designer can click on each arrow and check the
the properties of super class and violate the othersproperties that can be of interest.

Thirdly, merging ontology has placed a concept as a

subclass of a concept that occupies a disjoint domain.

1 . 9
-
LTI
7.7 Pl
V : / E g S ~ \\
‘ EHa
' Employee ~ Employee ~ person
‘ T N
‘ university - has s an alumnus' (Domain=Range) --» persan
 FacultyMember " AcademicStaff
9 Professor | © Professor Fig. 6: Object properties betwedsniversityandPerson

Ontology A Ontology B

Fig. 4: Concepts that have different names in individual

ontologies OntoGraf can also help to avoid redundancy in class

hierarchies after merging and allows the designer to
organize the hierarchy in the merged ontology and

suggests the possible solutions to avoid redundancy. For

_ Figure4 shows a case where there are two parents ong,siance, Figurd shows redundancy between concepts in
in ontology A which is AcademicStaffand the second 4 hierarchy of Autombile in ontologé andB.

Faculty Memberin ontology B. It is clear from the
diagrams that merging classes cause circle after merging
as shown in Figur® . Therefore, we need to remove one
of the parents because it makes circle.

This can be achieved by renaming the cl&asulty —_—
Memberto Academic Stafafter the merge. The effect of *0 omote |
this is that all properties and axioms that are related tc :

Faculty Memberare updated accordingly withcademic ;

Staff in the merged ontology. The properties and axioms
need to be checked for any possible inconsistency befor

& By 1 ‘
[“Itahan_car ‘ “‘?German_car ‘ i European car

merging.
e i " ‘ | g
|
Fig. 7: Two different hierarchy of automobile in ontology A and
7 B
[ © FacultyMember ‘ [ ~ AcademicStaff l
: , The visualization of OntoGraf helps the designer to
) Professor | suggest the desired hierarchy in the merged ontology as
' shown in Figure8. The designer selects to omit two
. ) o classedtalian_car andGermancar and make the several
Fig. 5: Result of merging concepts in Figude classes that represent cars as subclassesropeancar.
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"0 Automobie

A ‘ e B £ MeatTopping
‘ 0 Jaguar } [ £ BMW ] ‘ £ Mercedes ] - Renaul \ V

‘1‘
’ 0 MeatyegotapeT | Soeeasses

onolh MealyVegetable Tapping SubClassOf Vegelable Topping
ping Nea\egelabkToppng SubCsf MealTooing

Fig. 8: The hierarchy of automobile in the merged ontology

Fig. 10: MeatyVegetableToppirguperclasses

. If the designer wants to mergAaeatyVegetal_)IeTopping
Moreover, OntoGraf helps the designer to check if aln @ targetontology. TheMeatyVegetableToppinrgquires
subclass concept should not belong to disjoint domain of© P€ @ subclass deatToppingandVegetableToppinand

weaken or breach the properties and features of anf©th classes should be overlapped and not disjoint classes
superclass concepts. order to get successful merge as shown in Fidure

Figure 9 shows three concepts, a superclass
PizzaTopping and subclassesVegetableToppingand
MeatTopping MeatToppings disjoint with other classes

such as/egetableTopping, CheeseTopping, etc

[ Lo Vegetabrrop;ahg ] [ 0 MeatVegetable ]

@ MeatyVegetableT
opping

B
* PazeTogeg Fig. 11: The result of merging MeatyVegetableTopping

) iy = 6 The application of the proposed ontology to

" " extend Quran corpus ontology
v ege eoppln g M ﬂ' ’ DeoriCasss CheseTopping SeabodTogog FulToppy,
g £d Oppmg HrkSpceT o e, T S Topo, Vg Teing

In this section we extend Quran corpus ontology
presented in I7] by merging some classes, properties,
and individuals from the Name’s of Allah ontology in
section 4 and Quran ontology of living creatures 15[

Fig. 9: MeatToppingsuperclass and disjoint classes We consider Quran Corpus ontology as the target
ontology and we extend the classes, properties, and
individuals by classes, properties, and individuals exgst
in Quran ontology of living creatures and Name’s of
Allah ontology. We break out the individual ontologies
into Bird hierarchy,Peoplehierarchy,Prophethierarchy,

Figure 10 describes MeatyVegetableToppingin andNamesOfAllathierarchy.
another ontology and shows that it belongs to two  Figurel2 showsBird concepts and properties related
overlapped classes which aréMleatTopping and  to it on Quran ontology of living creatures wheregisd
VegetableTopping class in Quran corpus ontology is shown in Figlige
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mentioned in Quran ontology of living creatures as shown
in Figurel6.

‘i‘ @ Living_Creature ’
s

—

[ @ Bird ] @ Animal l

[ @ Crow ] : [ @ Quail ]

* & Quail_1 ) ::lildren_of_lsr * @ object WWWM‘
Fig. 12: Bird hierarchy in Quran ontology of living creature [ toehane | ]e Dt |f|00ma‘sh | {0 'y'mm; | | 08 |
Fig. 15: The hierarchy of people mentioned in Quran corpus
ontology
F® Animal | 2
P P T e
® Hoopoe ] { ® Kite ] [ ® Quai } [ ® Flock ] [ ® Crow
@ Man
No ALLAH ! P
% [  Peolple_Group l [" Quail l ["‘6 Moses-Brother ]
Fig. 13: Bird hierarchy in Quran corpus ontology e S e N
[’e Moses_Nation ] [ 6 Elephar.xl_mmor ] [ ® Non_Believers [ @ Kah_People ] T @ chidren_otisr
ael
In O(der Fo'mergtBird class we organize the hierarchy
by addingLiving_Creature concept as a super class of st

Animal and makeBird superclass oBird class and then

merge clas8ird, Quail, andCrow with Bird, Quail, Crow

in the Quran corpus ontology. The result is shown in

Figurel4. Fig. 16: The hierarchy of people mentioned in Quran ontology
of living creatures

CraTv——— The result of the merge is shown in Figut& We
removeTribal class and make all sub classesTabal as
/ subclasses d?eopleGroup.

[ © Hoopoe l [""‘Q Crow ] \‘}'. Quail [ @ Flock ] I O Kite l

¥ 4

N [ \‘0 Msshobe | xlonmmc |
Fig. 14: Merging concepts from Figur&2 and Figurel3 s AR

i

11 1

Another example of merging is to merge some
concepts about people mentioned in Quran. The hierarchy
of people mentioned in Quran corpus ontology as shown . . . .
in Figure 15 is different from the hierarchy of people  Fig- 17:Merging concepts from Figure5 and Figuré6
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In the context of people mentioned iQuran, we also
would like to focus onProphetclass that mentioned in

. ; . y [#en ]
Figure 18 and Figure 19 and perform merging of : [t ]
individuals. s L / ]
N / i § AGabar
,t afraphft * ] -QNMusawiy ) £ ! : ‘
g ) \"\\ e s / ’ \ \\ "
[ 4 Yunas J [ # Moses ‘ [ 4 Ibrahim R :

Fig. 21: Some individuals in NamesOfAllah concept.
Fig. 18: Prophet concept in Quran corpus ontology

The hierarchy of Allah’s Names are described in
The result of merging the individuals from Figut& Figure22.
and19is shown in Figure20.

ny
> [ﬁ@ Meaning ’ 0 Source [‘"@ NamesOfAlzh ‘1}‘:'[”@ Root
It 4/
§ Quan § Sumah

. ) . Fig. 22: The hierarchy oNamesOfAllah
Fig. 19: Prophet concept in Quran ontology of living creatures.

As can be seen in Figur22, Sourceclass has two
individuals Quran and Sunnah The object property
hasSourcdinks betweenSourceand NamesOfAllahOn
the other hand Quran corpus ontology describes

HadithBookandQuranBookas concepts.

0Pt |

o 0 e e o] T

£ HadithBook & QuranBook

Fig. 20: The result of merging individuals iRrophetconcepts

Allah’s names ontology describes several names of _ _
Allah. Figure 21 shows some names which are Fig. 23: QuranBookandHadithBookconcepts in Quran corpus
represented as individuals. ontology.
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We can merge Allah’s Names ontology to Quran
Corpus ontology by copying all concepts and make Table 1: Object properties merged in the resulting ontology

HadithBook and QuranBookconcepts as subclasses of Object property Domain Range
Sourceconcept as shown in Figure4. Sentdown.to Quiail Childrenof_Israel
Scratch Crow Object
Dealwith NamesOfAllah  Elephan®wner
Turn.into NamesOfAllah  Mosedlation
worship MosesNation  CaltMoses
Not forbadeto_eat NamesOfAllah  Swine
o P o forbadeto_eat NamesOfAllah  Swine
(e — } [ ——— ] l p— I hasOwner Animal Person
- —— = - Give_Example NamesOfAllah  Gnat
2 Swallow Fish Prophet
[ ® quangook | [ @ HadithBook | hasSource Thing Source
+ T hasOwner Thing Person
l@. Quran l F. Sunnah I

Fig. 24: Result of merging Allah’s names ontology and Quran Table 2: Data properties merged in the resulting ontology

Corpus ontology. Data property Domain Range
hasColor CalfMoses Yellow
hasSynonym Thing String
means Thing String

HadithBook class in Quran corpus ontology has IS-broughtto  Caltlbrahim  Angle
Hadith as individual which is semantically similar to
Sunnahin Quran Ontology. In the merged ontology we
merge the two individuals after renaming bothSasinah

Now we need to focus on the object properties of

’ AL Q Object property assertions:
Allah’s names such_ a§ynonymshasSourqe_ and da_\ta |0 L \ i Y
propertiesTimeMentionedInQurarand SpecificMeaning Data property asserons:
that are shown in Figur25. Qa1 SO sy el g

AL_Qaswa hasSource "Hadith"™stfing
AL_Qaswa means "A camel fatis kepl away from work because it is honored and
respaciad by ils owner*sting

Fig. 26: Representation of object properties and data properties

e § AlLRahman (| Object property assertions: of individual in animal class.
A-Rahman Synonyms Al-Rahim
A-Rahman hasSourca Sunnah
D:Ra"”“;y“*“:f“""“” The object properties and data properties that are
a property assertions: f .
D T mnedrgzed in the resulting ontology are shown on Table 1
A-Rahman SpecificMeaning *General mercy for all creationslring a i

We can merge Allah’s Names ontology to Quran
Corpus ontology by copying all concepts and

Fig. 25: Representation of object properties and data propertiedNakeHadithBookandQuranBookconcepts as subclasses
of Allah’s names. of Sourceconcept as shown in Figugzt.

7 Discussion
There are quite similar object properties in Quran

corpus ontology but syntactically different such as The approach adopted in this paper facilitates the
hasSynonym, hasSouyceand means as shown in development of ontologies through the reuse external
Figure26. In factmeands considered as object property sources. It allows the designer to use OntoGraf diagrams
in Allah’s names but is is considered as data property into understand different features of ontologies in stepwise
Quran corpus ontology. Therefore we decide to considemanner and focus on fixing errors and inconsistencies
it as object property in the merged ontology. We need alsaduring the development. The development of each
to fix the domain and range of the property. Sinceincrement is simpler than developing and integration of
Animals and NamesOfAllahare disjoint concepts. Then the whole ontology and would enable a continuous
we can select the domain @kingand the range ashing assessment of the ontology status.

Also for other object properties likdhasSourceand Each increment is evaluated first using OntoGraf
hasSynonymwe need to fix the domain and the range. visualization, and after that it can be integrated with the

(@© 2019 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.13, No. S1, 39-50 (2019)www.naturalspublishing.com/Journals.asp NS P 49

target ontology with the amendments required to resolvg4] Taye, M.M., “Understanding semantic web and ontologies
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