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ABSTRACT

The ability to search for content on the Internet has proven to be
essential for many. However, available search engines supporting
Avrabic language are typically limited to keyword searches and do
not take in consideration the underlying semantics of the content.
Semantic search engines provide searching and retrieving
resources conceptually related to the user informational need.
However, the presented technologies support mostly languages
using Latin scripts. Arabic is still not well supported. The few
works on Arabic Semantic Web applications are derived from the
rule governing the traditional Arabic language and not the
content available on the Web. In this research, we propose a
model for representing Arabic knowledge in the Computer
Technology domain using Ontologies. The model starts by
elicitation users’ informational needs. Ontologies will play a
major role in supporting information search and retrieval
processes of Arabic blogs on the Web.
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1. INTRODUCTION

The development of the Semantic Web initiative is rapidly
increasing the number of publicly available Ontologies.
Ontology is the backbone of the Semantic Web; therefore, the
success of any Semantic Web application depends on the design
and development of Ontology. In terms of computer and
information science, Ontology is a formal representation of the
knowledge by a set of concepts within a domain and the
relationships between those concepts (Wikipedia.org). The use of
Ontologies is necessary for sharing common understanding of
the structure of information among people or software agents
[17, 20, 21]. Contemporary Ontologies share many structural
similarities, regardless of the language in which they separate
domain knowledge from operational knowledge [18]. Yet, each
language has its own unshared features that need to be taken into
consideration while Ontology modeling.

One of the main application areas of Ontology technology are
semantic search engines and information retrieval (IR). In search
engines, software agents are used to extract information to
identify target Websites. Semantic search engines provide
searching and retrieving resources conceptually related to the
user informational needs. It performs content-based search of
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documents on the Web focusing on the semantic structure of the
content rather than the syntactic. Swoogle (swoogle.umbc.edu),
Hakia (www.hakia.com), SenseBot (www.SenseBot.com) and
DeepDyve (www.deepdyve) are among the top semantic search
engines which provide access to the “Deep Web” in which the
digital content are not directly accessible by generic search
engines. These semantic search engines have weak to no support
of Arabic language. Different languages have contained the
specific linguistic environment and the cultural context, which
has caused the need to develop different Ontology for different
information language [15]. Since most of the Ontologies publicly
available are in English language, there is a strong need for
Avrabic language Ontologies used as the basis of Arabic Semantic
app lications.

Ontologies capture a domain knowledge in a formal way. The
semantic field theory is based on an analytical approach, which
considers the meaning of a word within a given view of the
world [2]. Therefore, the process of knowledge retrieval is
mainly domain dependent. Computer subjects are becoming a
major concern to companies, organizations, communities, and
even people in different countries. In 2010, Computer subject
related blogs have top rank exceeded 35% of the total number of
Arabic blogs on the Internet (www.openarab.net). Three tools
were used to search for Ontologies available on the Internet,
these are Swoogle (swoogle.umbc.edu), Twiki (www.twiki.org),
and DAML (www.DAM L.org). Our findings were that there are
more than a thousand available Ontologies in the computer
domain. Yet, the existing computer Ontologies proved to be
unsatisfactory for the Computer Technology specific domain
since they are mainly concerned with research area and academic
programs. In the Computer Technology domain, there are over
hundred of English Ontologies exist on the Internet, and no
Arabic Ontology.

In this paper we introduce a domain-dependent Ontology for
searching Arabic blogs in the Computer Technology domain. We
propose a model for designing the Ontology which is based on
structuring the Arabic language into a set of equivalent classes,
properties and relationships. We address one of the main
challenges of Ontology design which is the representation of
classes. The developed Ontology can also be used as a basis for
other applications such as content aggregators of Computer
Technology Websites or news. Our study shows that designing
and developing Arabic Ontologies need more than what is
provided by keyword-based search engines and more than
analyzing the morphology and grammar of the traditional Arabic
language which support our hypothesis that searching Arabic
blogs on the Web do need extra support.
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The paper is organized as follows; section 2 discusses works in
Arabic Semantic Web. Section 3 analyzes the Arabic language
used on the Web and the content need to be presented in the
Arabic Ontology. The method for designing the Ontology is
illustrated in section 4. The Ontology implementation is
described in section 5. Section 6 presents experiment and test
results of the proposed Ontology. Section 7 discusses those
results. Finally, Section 8 concludes our paper.

2. WORKS IN ARABIC SEMANTIC WEB

Due to the increasing number of Arabic content on the Web, an
application is needed to exploit the large amount of information.
Certain considerations need to be taken when designing Arabic-
based applications. Most of the works in Arabic Semantic Web
are driven by the traditional Arabic Language structure and rules
governing the formation of its vocabulary [3, 8, 9, 10, 11, 14].
Although these works are promising, no experiments were
provided on real data over the Web to decide if these designs
cater to the thousands of the blogs users on the Web.

Arabic Ontology is the foundation of the creation of semantic-
based applications that supports content in Arabic language.
Belkredim [8, 9] focuses on developing Ontology using verbs
and roots. Verbs are classified according to derivation rules of
the Arabic language. The root is a set of three or four letters J=8
and d=2. 85% of Arabic words are derived from triliteral roots
[19]. Belkredim works describe a theoretical model but no
implementation is provided to support this hypothesis.

Basing an Ontology on roots is imprecise because some
terminologies with different meaning have the same root. For
instance, words like {pls .pdad .Axa} (what is written, Science,
Education and Teacher) are three totally different concepts in a
knowledge domain with different relations, all share the same
root and derived from gl (to know). Another example in the
Computer Technology domain is illustrated in the below figure.
It shows that the root pa=  (to serve) is shared by a number of
different concepts {pisiua .pils .Aaxx} (what is written, User,
Server, and Service). In addition, some words have no roots for
instance w491 (what is written, wheel or trundle).

Thing

HI

Fig 1: Classification of concepts which share the same root

3. UNDERSTANDING THE NEEDS OF
ARABIC BLOG USERS

Often, knowledge is elicited from the subject matter experts in a
particular domain. One of the most important things to remember
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is that it is not enough to check the domain knowledge, but also
what the Ontology are going to be used for, the types of
questions the information in the Ontology should provide
answers, and the users of the Ontology [12]. We focus on a user-
centric approach where we emphasize on eliciting the need of the
user before an expert is consulted in order to know what kind of
knowledge is required to satisfy the user’s needs.

We have conducted experiments on a number of randomly
selected real-world Arabic blogs in the Computer Technology
domain. A sample of the set of Arabic blogs is listed in table 1
below.

Table 1. Sample of analyzed Arabic blogs in the Computer
Technology Domain

Blog name URL
9% G http://iam.cisco.com.sa
Gy oA http :/iwww.gaswlasg.com

P http://itkallem.com
ol b 935 http://tech-arabic.blogspot.com
Web2.0 http://khaledalhourani.com/blog

We preprocessed the collected data set by removing stop words,
and numbers and focusing on terminologies that appear more
than three times in the corpus. We found that 34.38% of data set
are English words, 10.63% of data set are words expressed by
users (modern slang made from an English word) such as { <y
<ula}, which has equivalence in tradition Arabic language to
{832 and <29 2854}, 30.62% of data set are expressed in tradition
Arabic language such as {&=: dly=a and lk=}, which is
equivalent to search engine and hardware, and 24.37% are slang
words with no equivalence in Arabic language such as { s and
d2$£}, which is equivalent to Google. The tables below show a
sample of our collected data set.

Table 2. Sample data set — Words and Arabic root

Word Arabic Root
Gl sacl RV
d91a 0393
R E (PR ) Gl [ ok
Sl Al s
sama cauls S [
i gl )
Rr] R

Table 3. Sample data set — Modern Arabic words with
equivalence in Traditional Arabic language

Modern Arabic
words

Gom

Ot 5

Tl el

¥l

Ta X

e

BEERANES

Y]

o8

RIS
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Table 4. Sample data set — Modern Arabic words with no
equivalence in Traditional Arabic language
Modern Arabic
words
o= 10339
gl
0‘"“‘5'.‘:“

&3
o lls
T 5% s
Jag
REY

The high percentage of slang words in our resulted data set is an
impact of the Internet and social networking on the Arabic
language. Our experiment conform that users need additional
information while searching Arabic blogs. The identification of
users’ needs will make a future built system to be more
acceptable and more likely to be used [16]. Existing works
Arabic Ontologies proved to be unsatisfactory for the specific
purpose that centers on Computer Technology. They were
deemed inadequate because they focus on traditional Arabic
language other than been developed for their own specific
purpose.

Since the Ontology is a core element for Semantic Web
applications, this paper was dedicated to discuss the modeling
approach that was adopted to cover all possible aspects needed in
creating the Arabic Ontology that is based on this model. The
Ontology contains all needed concepts and logical rules and
requirements that form the basis of the application. Based in the
results of the conducted experiments, the approach used in this
paper is developing Ontology using nouns in singular form, and
combining slang words as classes in the Ontology with
equivalent type of association.

4. ONTOLOGY ENGINEERING

Ontological engineering approach was followed in developing
the proposed Arabic Ontology [7]. The ontology was designed
based on WSMO [5] framework for modeling semantic web
services. A model driven architecture is used [4] and forward
engineering approach was adopted where we started by modeling
the Ontology first and then using this ontology as a domain
model to form the basis of the generation of the Semantic search
engine. The process of Ontology engineering encompasses many
phases. It starts with eliciting the domain knowledge to be
represented by the Ontology .

A domain knowledge is represented by basic categorization of
terminologies in the domain. The interrelationship between one
terminology and another that relates to its meaning can also
result to the presentation of knowledge. Usually Ontology can be
built using domain experts or learned from information available
in a corpus of the domain. The goal of Ontology learning is to
automatically extract relevant concepts and relations from the
given corpus or other kinds of data sets to form Ontology
(Wikipedia, 2011). A user-centric approach was used in
developing our proposed Arabic Ontology, which takes into
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consideration the user’s of the Ontology and the questions the
Ontology is expected to answer.

The life cycle of Ontology development can also be subdivided
into the following stages: extracting terms, discovering
synonyms, obtaining concepts, extracting concept hierarchies,
defining relations among concepts, deducing rules or axioms
[15]. The result is a formal explicit description of concepts in a
domain of discourse, properties of each concept describing
various features and attributes of the concept, and relationships
between classes. Ontology together with a set of individuals of
classes constitutes a knowledge base.

4.1 Classes

The developed Ontology consists of 110 classes, 80.9% are
specific to the Computer Technology domain. It is impossible to
cover all the terminologies of Computer Technology domain in
one Ontology. Instead, we try to provide an initial Ontology
specialized in Arabic Computer Technology domain. Enabling
reuse of domain knowledge was one of the driving forces behind
recent surge in Ontology research [14]. Others can simply reuse
the developed Ontology and extend it to describe their domain or
serve their application of interest.

Figure 2 shows a sub graph of the developed Ontology with
classes and their relationship. Rectangles represent classes, while
lines ending with an arrow indicate an association between the
two classes. Class names are in Arabic. Some represents objects
in traditional Arabic language and others in modern Arabic
language associated with equivalent relationship.

(oms |
R skriv | e [ ETION
/ e e el o T e
L : B — =

Fig 2: Sub-graph of the proposed Arabic Ontology in the
Computer Technology Domain

The Ontology relevant terms were gathered from domain users.
The terminologies were expanded using sources like Computer
Terms Dictionary [1], Computer Technology Ontologies such as
ittags.owl' and 07Jun10.owP, and Google sets utility
(labs.google.com/sets). Google English-Arabic translation tool
(translate.google.com) was used for automatic translation of the
content of the English Ontology, which translated the English
classes into 15 Arabic classes. The rest of translations were made
manually.

We also looked at domain specific articles on the Web like
wikipedia.org, buzzle.com, webopedia.com and articlesbase.com.
As an example, the word <53l (Internet) was expanded to %

! www.ittags.com/ontology/ittags.owl
2 what.csc.villanova.edu/twikifpub/Main/OW LFileInformation/07Jun10.om
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i gic (Web) in the domain specific articles from the Web, and
Jdlal s (Network) was expanded to 4xdle i< (Global
Network) in the computer terms dictionary, and 43914 (Blog) was
expanded to <l (Internet) using Google sets utility. These
tools proved quite useful because they not only sorted most of
the words already found under specific categories, but they
provided even more concepts for the Arabic Computer
Technology Ontology. Nevertheless, the terms and definitions in
the initial terminology did not represent the final state of the
terms and definitions that were included in the domain Ontology.
They were rather a first-draft or gloss for the sake of getting the
relevant information organized and assembled in a single place.

The next two steps are developing the class hierarchy and
defining properties of concepts.

4.2 Individuals and Properties

Individuals in the Ontology are instances of predefined classes.
For instance ¢l swsd (Facebook) is an individual of e lasl <
(Social Network). The developed Ontology consists of 78
individuals. Individuals must have features or describes the
object itself. For instance, 4<% pwl (Company name) is an object
property of object 4,4 (Company).

W8 gl
Company Name

g —

1

Data Property : JS"“"“ |
il cisco I

1

Individual

Fig 3: The representation of class 4£ & (Company), individual
98w (CISCO), and property 4 pi eul (Company Name)

4.3 Relationships

Ontology combines the “things” (classes and instance) that might

appear together under a certain category. In our case, the

category is the Computer Technology field. After analyzing the
classes that determine the semantic dimensions, we organized the
terminologies into a hierarchy associated with components via

Ontological relations. Sample of the relationships which exist

between instances in the Ontology are & L, 4,54 453 and

Jdandeg (What is written, has logo, produced by, and use). 48 object

relations were defined in the proposed Ontology of different

types;

e The simplest relation which appears in any Ontology is
inheritance. It relates concepts in generalization and
specialization relation. The inheritance relation usually
organizes concepts in a tree form where child nodes are
connected to parent nodes by means of unidirectional “is-a”
relationships (inheritance). For instance, 5= (Device) is a sub
class of gl 1554 (Hardware).

e Equivalent classes, the relationship between these nodes is a
bidirectional “is-a” object property. This relationship is used in
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our proposed Ontology to associate concept representation in
Modern Arabic and their equivalence in Traditional Arabic.
For instance, xsi,t is an equivalent class of @gila (s<a
(Hardware).

e Others, the relationship between these nodes is different
between each pairs according to their features.

* Hypernym, the relationship between nodes is a
unidirectional ~ “type-of”.  For instance,  _ismas<
(Computer) is kind-of 5= (Device).

* Hyponymy shares a “type-of” relationship with its
hypernym. For instance, =4 (Computer Tablet) is type-
of JisuasS (Computer) and dsa=a jiguas< (Laptop) is type-
of yamas (Computer).

» Coordinate terms, the relationship between nodes is a
bidirectional “X & Y shares a hypernym”. For instance,
s~3 e (Computer Tablet) and dsasa isuas<
(Laptap).

* Holonym, the relationship between nodes is “part-of”.
For instance, <3l (Internet) is part-of s (Web).

Characteristics: o« =)= IHEE

Functional Demai

Inverse functional e

s

[l

Transitive

Domains and ranges: o+_ = MEEE Symmetric

Asymmetric
Reflexive Equivalent abject pioperties

Ireflexive
Super properties

Fig 4: The representation of the triple =29 (Web), s ¢
(part-of), < sl (Internet) in protégé 4.1

5. ONTOLOGY IMPLEMENTATION

To enable interoperability, sharing and reuse of this valuable
resource, the developed Ontology is implemented using Web
Ontology Language (OWL) [6]. OWL is the most recent
development in standard Ontology languages, endorsed by the
World Wide Web Consortium (W3C) to promote the Semantic
Web vision. We build the Ontology using Protégé-4.1 as
Ontology -editing environments. Protégé-4.1
(protege.stanford.edu) is a free open-source platform used to
describe Ontologies declaratively, stating explicitly what the
class hierarchy is and to which classes individuals belong.
Protégé-4.1 was capable of displaying Arabic script, yet it does
not include a SPARQL Query Panel. We had to use protégé 3.4.4
to test our sample queries using SPARQL query.

One of the main challenges faced us in using Semantic Web tools
was there support of Arabic script. Jena is not compatible with
Arabic language. In NetBeans the Arabic text does not gppeared
in the proper Arabic text as shown in figure 5.
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ResultSetFormatter Jena’s method was used to solve part of the
support as well as setting the system locale, see figure 6.

e

| =
%g

| <http://www.semanticweb.org/ontologies/2010/11/%D3%59. owl#3D34934D34584D3%859D3%A51DI45ADIYEEDALARID =
| <http://www.semanticweb.org/ontologies/2010/11/¥D8%85. owl#3D34ADYDEEATEDOYBI1DE1A5_tDI+359D ARIDAEEY
| <http://www.semanticweb.org/ontologies/2010/11/¥D8%85. owl#3DE4ACYDI%574D0YATIDEEE_+DI4359D3¥B19DIRE3Y

BUILD SUCCESSFUL (total time: & seconds)

Fig 5: The representation of Arabic script in Netbeans.

I = |

%é

<http://www.semanticweb.org/ontologies/2010/11/p owlgsi<ss jlea> |
<http://www.semanticweb.org/ontologies/2010/11/f owlfjeaia cgwla> |

<http://www.semanticweb.crg/ontologies/2010/11/; .owlf =id 3 Spssapt> |

BUILD SUCCESSFUL (total time: 3 seconds)

Fig 6: The representation of Arabic script after using Jena’s
method

6. EXPERIMENT RESULTS

A number of experiments were carried out to validate in practice
the Ontology’s ability to bridge the semantic gap. Below we
describe an Arabic query imposed on our proposed Ontology .

The first experiment show the results of an Arabic query using a
property description “Aagud L (what is written Bitten Apple),
which is the description of the logo of Apple Company. The
query structured as follows

SELECT ?products
WHERE
{ Pproducts i yu_4x3a:g 2
{ X rdfs:label "aguida dska",
252WX. }}

This Query structure was tested in Protégé 3.4.4 SPARQL Query
Panel. The average precision rate of experiment results is 50%.

. 4 —
Query == Results
SELECT ?products
iR e
{ E b
?products 35 43mf s + ""L'_—'il"“-’é'-a
{ & 0fste
P rdfs:label " pds dals b sty
e Tw TR ‘ d sty
H
3

Fig 7: The query result in protégé 3.4.4

Follows is the conversion of the above query into Jena API
format built as a pilot program to test the support for the Arabic
query in Jena.

String Cquery String ="PREFIX dc:<http:/fpurl.org/dc/elements/1.1/>"+
"PREFIX
g: <http://mmwv.semanticweb.org/ontologies/2010/11/.owl#>"+
"PREH X rdfs: <http:/Amww. w3.0rg/2000/01/rdf-schema#>"+
"SELECT ?products WHERE { ?2products < yu_4x33:¢ 25
{ X rdfs:label \""+inword+"\"." + "?s 2w ?x. }}
OFFSET 0 LIMIT 1000";
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7. DISCUSSION

In the Arabic Semantic Web world, morphological analysis
based on traditional Arabic would not return the appropriate
result. User requirement is an essential step and need to be
integrated in. A combination of traditional and modern analysis
of Arabic content can enhance the accuracy of our results. In this
research, we attempt to build Arabic Ontology where we
integrate both traditional Arabic with modern Arabic words
widely used in the domain knowled ge.

Our focus in this paper is to implement the Arabic Ontology . We
do recognize the importance of combining the vocabulary and
the morphology of a language with its semantics. Our future
prototype will focus on presenting a complete framework and
that would combine the develop Arabic Ontology with NLP, and
investigate how this would affect the precision and recall of
Avrabic search engines.

8. CONCLUSION

In this paper, we have described the development of an Arabic
Ontology in a Computer Technology domain to serve semantic-
based search and retrieval of Arabic blogs on the Web. We
analyzed the Arabic language on the Web and investigated the
existing Arabic support offered by Semantic Web applications
and research. The analysis showed weak support for traditional
Arabic language and almost no support for modern Arabic
language, which is becoming today’s blogs language. Thus, the
need for developing domain-based Ontologies for combining
traditional Arabic and modern Arabic is crucial. We listed the
steps in the Ontology-development. One of the most important
things to remember is that it is not enough to check the domain
knowledge, but also to analyze the content in which the Ontology
are going to use be used for, and the users of the Ontology.
Building semantic based search engine for blogs using traditional
Arabic language undoubtedly insufficient. An application is as
good as the Ontology built for.
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