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Abstract The goal of Semantic Web ensures that the computer is able to recognize
the Web data and thus can offer people with a variety of intelligence service. Linked
data is the data of today’s web. As time passes, the world is changing and the tech-
nologies are developing in the same way. The computers are developing, and from
the isolated version, they have been entered in the field of networks of information
exchange. As the data available on the Web is increasing, it is becoming difficult
to handle it and retrieve it relevantly, so Semantic Web helps to search semantically
as data on it is available in form of linked data (ontology).In this paper, we have
proposed an ontology on education domain with the help of Protégé tool.
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1 Introduction

In the present environment, we can transform a massive library of interlinked docu-
ments, via computers, and present to people. Basically it has grown from hypertext
system so everyone can contribute or share to it. The drawback is that liability and the
quality of information cannot be same or guaranteed [1]. So, there is a need to extent
the version of HTML. This was the main reason for defining another version called
XML (extensible markup language) which has the task-specific extension and arbi-
trary domains. SemanticWeb (SW) is an XML application, whose prime objective is
to develop and make the present Web more semantically richer [1]. From the time of
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the 1990s, AI researcher communities have investigated that ontology has become a
thrust area of Semantic Web research [1] that helps to provide shared and common
understanding of some specific domain andmake deliberate communication between
people and application system. This reason made ontology more popular [1].

Semantic Web consists of formal Resource Description Framework (RDF), and
it helps to overcome the limitation of understanding information that is faced by
the current web. It also consists of a set of languages known as OWL, and it is
based on RDF models. Vocabularies are used in Semantic Web which describes and
explains the concepts and relationship that are related to a specific area of concern. A
vocabulary can be considered as a special form of ontology, sometimes also merely
as a collection of URIs with a described meaning. Link data is current Web data. It
is publicly available in RDF data, identified by URI. In linked data, data is linked to
one another.

The entire idea of ontologymay sound alike to the concept ofRDF. Every ontology
is an RDF graph [2]. Ontology can be defined in several ways. There are several defi-
nitions of ontology. One of the most popular definition is ontology as “An explicit
specification of conceptualization” [2, 3]. The SW depends heavily on the formal
ontologies that structure underlined data for the purpose of comprehensive and trans-
portable machine understanding. Ontology is the branch of philosophy that studies
the nature of existence and the structure of reality [4]. The term ontology is the
backbone of Semantic Web. It gives a concise and systematic means for defining
the semantics of Web resources and describes the relevant domain concepts and
properties of those concepts [2]. The Semantic Web understands the content of Web
resources and combines and relates the content of other resources so we need a
system which should be able to interpret the semantics of each resource so that it can
represent the content of those resource [3, 4].

2 Designing Proposed Ontology

Education domain is one of the major areas of research today. It consists of a group
of institutions such as schools, colleges, universities, ministries of education and
teacher training institutions. Its prime objective is to provide right to education to
all children as well as young people. It covers a wide range of people, for example,
students, teachers of school and professors of university, colleges, etc. [4, 5].

The main objective to design this ontology is to integrate society which interacts
a large number of stakeholders like schools, colleges and universities. Moreover,
it can be extended to include parents, local communities like MCD schools, RWA
institutions and pre-nursery and primary schools [6].

Designing an ontology depends on various components such as class, sub-class,
individuals, attributes, relations, functions and restriction terms, rules, axioms and
events. The common ontology engineering methodology [7] containing several steps
is mentioned below which helps to design and share structural similarities of an
effective ontology of any domain.
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2.1 Ontology Engineering Process

Ontology engineering process basically contains the following five steps in ontology
development [7].

Step-1: Selection of domain.
Step-2: Define classes and sub-class related to the domain.
Step-3: Define properties (Object/Data) of each class and sub-class as much
possible.
Step-4: Define Individual or instance of each of the objects.
Step-5: Make relationship among classes and sub-classes.

2.2 Ontology for Education Domain

All the above steps are linked to each other. Protégé tool provides a flexibility to
design an ontology. Follow the above steps. We design an ontology for education
domain. The proposed ontology is mentioned in the following Fig. 1.

The designed ontology is saved in OWL extension file format. For this, it uses
twomain SemanticWeb standards RDF andOWL.ResourceDescription Framework
(RDF) specifies the metadata and describes Web resources which is processed by
machines. RDF has many applications in search engines, pattern recognition and
retrievals. There are three parameters in RDF, i.e., subject, predicate and object called
triplets. OWL is very rich with respect to properties. It is the extension of RDF and
has additional properties also to design ontologies in more effective manner [1, 2].

Fig. 1 Proposed ontology for education domain
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3 Ontology Analysis

The proposed ontology has number of objects as well as data properties used with its
domain and ranges. The following Table 1 represents the limited version of property,
domain and ranges which is mentioned below.

Object properties map instance to other instance. Data properties are related to
instance to literal data/constant value. In the case of the domain property, when we
map a subject to an object using a property with the associated attribute, then the
subject qualifies as a type of thing which specifies in the domain. The range works
exactly like the domain, but it is applied to the object of the statement and not the
subject [8, 9].

After designing the proposed ontology, there is an ontology matrices between
the % of count of each matrices components and matrices are mentioned in the
following Fig. 2. The figure shows that in our proposed ontology, class axiom
is used almost 50.17%, Logical Axioms—25.41%, Class Count—15.84%, Object
Property—1.82%, Data Property—1.82% and Individuals—4.95% in education
domain.

Table 1 Property-domain-range description

Object property Data property

Property Domain Range

admitted_in Student School, university, college

affiliated_to Student School, university, college

has Faculty Department

has_department Student, faculty Department

has_designation Faculty School, university, college

has_faculty Department School, university, college

opt Faculty Subject, course

regiters_in Student Course

studies Student Subjects

teaches Faculty Courses, subjects

Fig. 2 Ontology matrices
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4 Empirical Results

Query language used for making queries in search engine search index is used to
retrieve information. Formally Query language is defined in a context-free grammar
(CFG). Query language tools [10] are used by users in textual, visual/UI or speech
form. Query language mostly used forms to search are keyword and sentence based.
In this paper, we have used keyword search mechanism.

To find the relevancy of retrieved result in protégé, we have done the analysis
of three (03) Query languages which are OntoGraf Query, DL Query and SPARQL
Query. These languages are like in-built tool in protégé that empower protégé users
to Query the ontology data set and retrieve information. With the help of these Query
tools, precise queries can be constructed using different searching criteria (searching
keywords). In this paper, the table of all the three Query languages (QL) retrieved
result using the same five (05) search keywords that are Student, faculty, Course,
Subject, Department and Organization, in correspondence to the criteria used for
searching by each QL is explained.

4.1 OntoGraf Query Analysis

OntoGraf [11] supports OWL ontologies for interactively navigating relationships.
Table 2 describes the OntoGraf Query result description. Table 2 represents five
search term or keywords used for searching. OntoGraf Query search is done based
on the following five criteria mentioned below:

• Contains—In this, information containing the search terms are retrieved.
• Start With—In this, information starting with the search terms are retrieved.
• Ends With—In this, information ending with the search terms are retrieved.
• Exact Match—In this, information exactly matching with the search term are

retrieved.

Table 2 OntoGraf Query result description

Search term Criteria for OntoGraf Query search Result

Contains Start with Ends with Exact match Regular
expression

Student 8 4 5 1 8 26

Faculty 7 3 5 1 7 23

Course 7 3 4 0 7 21

Subject 4 1 0 0 4 09

Department 5 1 5 1 5 17

Organization 1 1 1 1 1 05
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Table 3 DL Query result description

Search term Criteria for DL Query search Result

Super
classes

Ancestor
classes

Equivalent
classes

Sub-classes Descendant
classes

Individuals

Student 1 4 1 4 4 2 16

Faculty 1 4 1 4 4 1 15

Course 1 2 1 4 4 1 13

Subject 1 2 1 3 10 5 22

Department 1 2 1 4 4 0 12

Organization 1 2 1 8 31 3 46

• Regular Expression—In this, information in the form of sequence of characters
matching with the search terms are retrieved.

Based on the above explained criteria, a number of result retrieved from the novel
designed ontology on education domain are mentioned in Table 2.

4.2 DL Query Analysis

DLQuery [12] in protégé is used for searching a classified ontology. Table 3 describes
the DL Query result description. Table 3 also represents the same five search terms
or keywords used for searching. DL Query search is done based on the following six
criteria explained and described below:

• Super classes—Retrieves the super class related to search term.
• Ancestor classes—Retrieves all the super classes related to search term.
• Equivalent classes—All the classes equivalent to search term are retrieved.
• Sub-classes—Sub-class that directly relates to the search term is retrieved.
• Descendant classes—All the sub-classes that relates to the search term are

retrieved.
• Individuals—Individuals related to class belonging to search term are retrieved.

Based on the above explained criteria, a number of result retrieved from the novel
designed ontology on education domain are mentioned in Table 3.

4.3 SPARQL Analysis

SPARQL [13, 14] is the Query language of the Semantic Web. It is an in-built tool
for querying from ontology. It retrieves the user Query result in triple—subject,
predicate and object. Based on the proposed education ontology, we apply command
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Fig. 3 Query result in response to the user Query

Table 4 SPARQL Query
result description

Search Term Subjects Objects Results

Student 4 1 5

Faculty 4 1 5

Course 4 1 5

Subject 3 1 4

Department 4 1 5

Organization 6 1 7

and generated the Query results. The sample of Query in SPARQL is mentioned in
the following Fig. 3 which represents the Query result output.

The following Table 3mentioned the result based on the search terms in SPARQL.
Here, based on the search terms, subjects’ frequencies are presented by individual
objects. The results are retrieved on the bases of one to one, one to many and many
to many relationships (Table 4).

4.4 Overall Analysis

Various users are biased to use SPARQL, DL Query, OntoGraf Query on the basis
of results extracted by these tools for knowing their education information. It was
observed from different empirical result tables that SPARQL has less retrieved
results in comparison to other Query tools like OntoGraf and DL Query. The fact
that SPARQL could be far appropriately suited in education-based ontology for
extracting imperative information rather than the other knowledge builder tools could
be concluded by analyzing the analogy in Fig. 4.



494 N. Chaudhary et al.

Fig. 4 Overall analysis of OntoGraf, DL and SPARQL Query result

5 Conclusion and Future Scope

In this paper,we have proposed an ontology on education domain.Wehave performed
six queries (keywords) [15] on this ontology using three tools. Then after, we
have compared the results of these three tools. In our empirical analysis, we have
concluded that the results obtained through SPARQL tool are better than DL Query
and OntoGraf Query tool. As the result retrieve through DL Query and OntoGraf
Query tool provides semantically rich response but these are not much expressive
whereas SPARQL tool provides semantically as well as more expressive power of
producing the result.

For future, we have planned to use results of all these tools as an application
for ranking. We are developing an effective mathematical method for ranking in
information retrieval, which will be published in near future.
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