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Abstract

In the domain of semantic web, ontologies play an important role for extracting the information
and knowledge about the specific domain and present the problem in more understandable form.
There many ontological web portals and thousands of ontologies was made on different domains.
So to find out which ontology is better and which ontology can solve the required problems. For
this purpose, ontology evaluation is very important. The main focus of ontology evaluation is to
estimating the quality of ontology. There many frameworks for evaluation but there is still
problem to evaluate the ontologies. And evaluation method also used to estimate the quality of
existing ontologies and finding the gaps in the ontology to improve the existing ontology. In this
paper we proposed an evaluation technique that use the structure characteristics to examine the
quality of ontologies. For this we select different domains ontology and apply the proposed
evaluation criteria. In our evaluation criteria, we check the quality of ontology on the basis of
structured characteristics. Also our proposed framework can compare the same domain
ontologies and tells which is best in terms of quality. The proposed framework can also evaluate
all different formats of ontologies but the queries are different for different format. In this
research we only apply owl format queries. But for the different formats of ontology the

evaluation criteria are same only he queries are different according to the format.

Key Words: Ontology, Structural characteristics, Quality, SPARQL , Ontology evaluation,

Semantic web
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CHAPTER 1: INTRODUCTION

In this research work we have evaluated the ontologies by defining a quality framework
and discuss the results of the evaluation. The proposed criteria also used to compare the different

ontologies of the same domain and describe which ontology is best according to the quality.

1.1 Background

For the transformation of data into the meaningful or understandable format the
significant evaluation on web is semantic web [1]. After the better understanding of data, this
transformation helps to link and processed the data through multiple sources. Ontologies can
provide information as semantically because of this ontology are used as the representation of
knowledge. In the last decades, ontology is significantly used and called “The Backbone
technology in the most knowledge based Applications” [2]. A detailed definition of ontology is
following [1].

An ontology is a formal, explicit specification of a shared conceptualization.

Is Means . Expressed in
Implies
terms of
; ™ ] ™ Sy VN
Abstract model Machine Based an a | Concepts '
r
of portion of readable and consensus relations
r
world understandable individuals
LY ! LY / !
.l N A \ / N
—_— —_ triples,

\_Ppro perties

Figure 1.1-1 Definition of Ontology

Ontologies now used in many fields but it is the core of semantic web. Reasons to make ontology
[3,4].
e To share basic comprehension of the structure of data among individuals or programming
operators

e To empower reuse of area learning



e To make area suppositions unequivocal

e Toisolate domain information from the operational learning

e Todissect area learning
Sharing regular comprehension of the structure of data among individuals or programming
specialists is one of the more shared objectives in creating ontologies. For instance, [1] assume a
few distinctive Websites contain restorative data or give ecommerce service for medical. On the
off chance that these Websites share and distribute the equivalent basic cosmology of the terms
they all utilization, at that point PC operators can concentrate and total data from these various
sites [5]. The operators can utilize this collected data to answer client questions or as input

information to different applications.

1.1.1 Structure of ontology:

The functions of ontology can be rationalized by its structure. Basically ontologies are
used for the communication of machine to human or intermachine communication [6].
Ontologies are the hierarchal relationship for the illustration of class/concept in the specific
domain. Ontology can represent the data into different parts; concept/class, individual, triples
(subject, object, predicate), Relations, properties [1,2,7].

Class/

concept

Individual

Ontology

Properties Relations

Figure 1.1-2 Structure of ontology



These five are the structural components of a simple ontology. These components are very
important, because everyone has its different meaning and use in the formation of ontology [8].
These are explained in methodology in detail.

1.1.2 Applications and Bio-medical Ontologies

Ontologies are very first utlized in the field of healthcare and life science(HCLS). A few
projects in social insurance have been started at government level to give better human services
benefits by empowering data interoperability crosswise over geological limits [9].

A portion of the real attributes of ontologies are that they guarantee a typical comprehension of
data and that they make unequivocal domain presumptions. Subsequently, the interrelation and
interoperability of the model make it significant for tending to the difficulties of getting to and
questioning information in organization [10]. Additionally, by improving metadata and
provenance, and consequently enabling organization to understand their information, ontologies
upgrade information quality.

In a semantic and syntactic level ontologies are the fundamental component of EHealth activities
[1] to deliver information. The traditional systems of terminology are esteemed to be deficient as
for the necessities of social insurance data frameworks that rely upon clear correspondence of
complex medical and biological data in a structure that is usable by PCs [11]. The selection of an
ontological methodology for overseeing biomedical terminology encourages a portion of the
undertakings related with these exercises [12], as laborers in both clinical and biological areas
have found.

Ontologies are used for sharing data into different decision support systems for example mostly
in clinical decision support systems (CDSS) [13].

1.1.3 Evaluation of ontology and its importance:

Ontology evaluation plays a very significant part. The main focus of ontology evaluation
is to estimating the quality of ontology [14].
Evaluation of ontology can be done mostly for two main reasons. First to measuring the
correctness or quality of ontology (after the ontology is developed) and second for the

comparison with the other ontologies (this is done before and after the development of ontology



[15]. Before development of ontology, the evaluation is done to estimate the quality of existing
ontologies and finding the gaps in the ontology to improve the existing ontology. After

development of ontology, evaluation is done for the examine the quality of the ontology) [1].

PR

Ontology Selected Evaluation Ontology
portal ontologies framework

Figure 1.1-3 Formation of ontologies

There are many ways to evaluate the ontologies for example some evaluation frameworks can
examine the completeness and consistency (formal properties), some examine the quality and
coverage of the ontologies and some check the issues relates to the usability and coverage [3].
Some examine the accuracy, clarity and computational efficiency. And for the evaluation

purpose there are many frameworks are introduced.

1.2 Problem Statement

There are many ontology web portals and thousands of ontologies was made on different
domains. So to find out which ontology is better and which ontology can solve the required
problems. For this purpose, ontology evaluation is very important. The main focus of ontology
evaluation is to estimating the quality of ontology [14]. There many frameworks for evaluation
but there is still problem to evaluate the ontologies. And evaluation method also used to estimate
the quality of existing ontologies and finding the gaps in the ontology to improve the existing
ontology.

1.3 Scope and Objective

Ontologies are used in many different fields for example information extraction, bio
medical, Clinical Decision support systems, data integration and semantic web. This study

evaluates the existing ontologies to check their quality and check that they are fit to use. The
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objective of this study is to develop a framework that evaluate different domains ontologies
according to their structural characteristics and examine the quality of ontologies. And compare

the same domain ontologies to examine which is the best in terms of quality and structure.

1.4 Motivation

Due to various work is done on the formation of ontologies and their usage in different
fields and domains [5]. There is a need for the evaluation of the ontologies to examine the quality
of ontology. There are many frameworks or methodologies proposed for the evaluation of
ontology but they can’t fully examine the quality matrices or cover all the structural
characteristics and evaluate different formats of ontologies [7]. Many ontologies are made on
different domains and there are many portals where the ontologies are available the users can’t
decide which can fulfill the required need for this purpose the evaluation is used to compare the
same domain ontologies and find the best one according to the quality and fitness for use [1].

In the 2" chapter the existing frameworks are explained in details with their drawbacks and
coverage. In the 3 chapter the proposed methodology in explained and also the structural
characteristics are explained which are used for the evaluation. In the 4™ chapter the results and

explained in details along with the graphs.
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CHAPTER 2: LITERATURE REVIEW

Ontology evaluation is the most important and complex part of ontology engineering [5]
process because it involves in the different levels of ontology formation that are evaluation and
the reuse. There are a rich number of techniques and metrics for the evaluation of ontologies. In
this chapter we defined and explain the methods, framework and approaches of ontology
evaluation and their quality coverage.

Gomez Perez proposed in 1945 the idea for the evaluation of ontologies and define a set of
properties for evaluation purpose. Structure of ontology, its context and syntax was examining.

These properties can solve the problems related to consistency, conciseness and completeness.

2.1 Gold Standard

In golden standard the consistency and coverage of domain is validate the efficiency of
ontology. In this technique we compare the ideal ontology and resultant/ learning ontology [16].
In the ideal ontology the standard and benchmark is predefined. Domain experts manually make
the ideal ontology that is used for comparison [17]. This technique works really well for the large
scale and for the frequent evaluation. It involves multilevel evaluation that is semantic level,
lexical and taxonomic level. The shortcomings of this techniques are its generally depends on the

relative measures and hard to compare the ontologies for quality measure [17,18].

2.2 Application based Evaluation

Application based approach is also known as task based evaluation or task oriented. It
evaluates the ontology by performing some task on the application. In this approach [19],
numerous task has been performed on the ontology which is evaluated to examine its
performance and it also enables to detect the inconsistency of concepts. Application-based
evaluation [20] examines the accuracy, coverage and ontology in context to other applications.
The shortcomings of this approach is that [21] (1) ontologies can’t be compared if they have not
the same embedded application and the same type and number of tasks performed [21]. (2) It’s
really hard to evaluate the ontology, if ontology was the small module of application so it has the
less effect on the evaluation results [22]. (3) When used the ontology in a specific way to

examine the task it’s hard to simplify the observation either it’s good or bad [19].



2.3 Data Driven Approach

Also known as “Corpus-based Evaluation”, in this technique we use the existing source
information to assess the coverage degree of the specific domain ontology [23]. The key
advantage is that this approach facilitates the evaluation of one or more targeted ontologies with
a particular domain. The challenge of this approach is to find the domain specific corpus [24].
This type of approach is used for the domain specific ontologies. Similar to the gold standard this
approach also evaluates the completeness, consistency and validate the efficiency of ontology
[21].

2.4 User-based Evaluation

User-based evaluation also known as “Human Evaluation”. In this technique user select
the best ontology from the several number of selected ontologies by performing some selected
tasks [25]. According to the tasks ontologies get a numerical number and highest number
ontology called the best one [21]. The tasks are based on the decision criteria of formulation. The
shortcomings of this technique is that it is very costly in terms of effort and time and that’s why
this technique is not used now-a-days.

The above mentioned evaluation techniques are the traditional techniques for the evaluation of
the quality of the ontologies.

2.5 Lexical Based Approaches

Luo [26] introduced an automatic computational approach that can compute the linguistic
structure and bi-similarity of the ontologies in the concept names. This approach used two
modifiers which are “left” and “right” According to the hierarchy the symmetric pairs are
computed by the all possible structure pairs. This approach was then modified by Agrawal [27],
he introduced the utilization of lexical method to find the inconsistency in the formal definition
of SNOMED CT. in his approach he explains the five hypothesis which he used in the algorithm.
These hypothesis was based on the lexical similarity sets i.e. “Similarity sets whose concepts
exhibit different number of parents are more likely to harbor inconsistences than randomly
selected similarity sets.” [28,29] introduced the methods that identify the missing relations in
lexical feature. [28] find the relations in successive tokens in a labels of ontologies. Identify the

missing hierarchical relations in OWL concept name of lexical feature [29].



2.6  Popularity Based Approaches

Ontokhoj[30] used the algorithm which can firstly search the ontologies than aggregate
them thirdly rank the ontologies and at the end classify them. Also Ontokhoj web portal can
accelerate the procedure of ontology evaluation through wide reuse of ontologies. Swoogle [31]
is the semantic web search engine for searching ontologies. This approach uses the “OntoRank”
algorithm for evaluation of ontologies [30].

OntoSelect compare the results of evaluation with “Swoogle”. This evaluation technique use
Wikipedia pages that has the similar topic with the linked ontologies by introducing the
benchmarks. As the comparison of both techniques the author [32] conclude that on average
results swoogle is better approach than Ontoselect. These approaches were not precisely

introduced for biomedical ontologies [33].

2.7 Matric based and other multi Criteria Evaluation

Matric based evaluation is based on the correctness and prioritizing the characters of the
ontologies [48]. Matric assess the quality of ontology and to identify the attributes of ontology
without any consistency. [47]

According to the system needs, OntoMetric [34] can allow the users to examine the correctness
of the ontologies. This method’s targeted audience was the users which are either project
manager [36] or engineers who can search the ontologies on the web for their systems or
applications. In 2019 Jean [35] use this approach for evaluation of E-government ontologies to
find the gaps on the existing ones. And examine the accuracy cohesion and understandability
purpose.

Vadiam [37] introduced the OntoElect approach for the evaluation and refinement of the fitness
of ontologies. For evaluation this approach uses three phases. Onto Elect extracts the terms from
the gathered documents than assign the numerical figure according to the information gained
from the documents.

Xiaogang (2018) proposed a usability [38] scale for ontology evaluation. According to the
framework, he uses the prepared statements that was derived from Likert scale. He also provides
the online poll for ontology evaluation purpose. This approach is mostly based on the Brooke

(1996) [39]. This approach also used for different types of domain ontologies for evaluation.

10



AKTiveRank [40] rank the ontology on the bases of “Class Match Measure (CMM)”. In this
approach the author uses a structural metrics for ranking ontologies in a prototype system. This
approach uses the analytic methods for rating purpose. Rate is assign to the ontology according
to the performance estimation of the given search item and make a classification matric. Using
this approach, it is difficult to find out the best method for the selection of structural properties or
parameters when we rank the ontologies. Select of method for ranking is highly dependent to the
user requirements.

ODEval [41] is used to find out the redundancy and inconsistency in the ontologies. The
ontologies that are implemented in the formats of web semantics languages RDF, OWL and
DAML+OIL this approach can evaluate them. This approach is mostly used by project designers
for reuse the ontologies and for knowledge representation. This framework also helps to
determine the identification of deficiency in ontologies. And also for this approach user
requirement is very important for the evaluation of ontologies.

The Ontoclean [44] approach for ontology evaluation used to verify the ontology capability,
effectiveness and the taxonomic relationships consistency. This approach permits the structure of
clean ontologies. The work done on this methodology was highly dependent on the unity,
dependency, essence, identity and rigidity notions [42]. This methodology has four layers [43]
and the below layer is dependent on the higher layer. The nature of the properties that has been
entangled in the relationships, this methodology helps the users to analyze them. This
methodology does not focus on the structural resemblance between the properties.

OntoQA [45] methodology is used for the description of metrics of the ontologies that has been
defined or implemented in RDF format. The metrics explain the classes and its instances and
how the classes has been arranged in the schema. This model is mostly used for the definition of
metrics. The metrics explain the class and sub class relationships and also the other kind of
relations if found. The metrics is used to discover the important characteristics in the schema of
ontology and also allow the users to make a very quick decision about the ontology. Tri [46]
used OntoQA model to evaluate its framework and obtained the value of relations richness.
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2.8 Evolution Based Evaluation

Ontology evolution is the variation of ontology in a constant way. [49,51] The ontology
can evolve from one state to the other. The evaluation process is needed when the ontology can
change the domain specification and the evolution process can also effect the dependent
application. Some inconsistency problems may occur. The process of evolution has six phases
[49] (1) Changes are captured. (2) Represent the changes. (3) Change semantics. (4) Propagation
changes. (5) Implementation changes. (6) validation changes.

For this purpose, Rim [50] proposed a framework ONTO-EVOL for the evaluation of ontologies.
In his framework a pattern oriented process (POP) is used. The purpose of the POP is to control
the changes in the dependent application during the process of maintenance. The main activity of
his framework is to reserve the quality of ontology. This process is also used for the change
management and quality evaluation.

Renata [49] evaluate the evolve ontologies using S-ONTOEVOL tool to examine the quality of
ontologies. Author evaluate the ontology on the bases of its structure, usability and fundamental

evaluation.

2.9  Logical or Rule Based Evaluation

These methodologies are based on the rules that was defined by the users of the
ontologies to identify the conflicts and inconsistences to improve the quality. [51] For example,
the two classes are said to be different or two classes are said to be same or there is a constant
number of instances. Some rules may be conflicts with each other that was describe by the users
[52].

Serval frameworks adopted this type of methodology to evaluate the ontologies for example
OntoLoki [52]. In this approach, rules are used for the instance properties to determine the
relations. And they gave a quantitative score according to the fulfillment of the rule.

Another methodology which is using the rule based approach in Swoop [54]. In Swoop model a
logical method is used to identify the inconsistency, redundant and fault concepts in OWL
ontologies. This methodology is mostly used by the application designers to test or verify the
quality of their work and to find out if there are other problems left which can affect the

application later or the quality of the ontology is achieved.
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2.10 Structure Based Evaluation

Many structure-based approaches are automated. This technique evaluates the ontologies
by the different type of structural properties for example the classes and their relation density,
depth and breadth the nodes and the graphical representation.

Gangemi [56] proposed a model in which he evaluate or validate the meta-theoretical foundation
using the O? and oQual models. oQual helps to gathered the elements of ontology by the means
of O% oQual based on the three types measurements [38], first is the structural measure than
functional and usability measure. But while doing the structural measure the functions are very
poorly defined and also the usability measure is less defined. oQual provides a way to context
and ontology engineering. oQual includes the evaluation of ontology on the bases of the concepts
(class), parameters and the value space of the elements of the ontologies [55].

Ning [58] proposed the methodology for the structural based evaluation of ontologies using the
graph theory and explain the structure of ontology with six different type of properties. Ning
methodology use the six properties to describe the structure of ontologies and evaluate the
quality.

OntoQA [45] methodology is used for the description of metrics of the ontologies that has been
defined or implemented in RDF format. The metrics explain the classes and its instances and
how the classes has been arranged in the schema. This model is mostly used for the definition of
metrics. The metrics explain the class and sub class relationships and also the other kind of
relations if found. The metrics is used to discover the important characteristics in the schema of
ontology and also allow the users to make a very quick decision about the ontology. Tri [46]
used OntoQA model to evaluate its framework and obtained the value of relations richness. The
OntoQA methodology evaluate the ontologies on the bases on the class (concept), the relations
between the classes or concepts and the instances (individuals).

Khan proposed a framework [60] for the evaluation of ontologies using the SPARQL queries on
ontologies. His framework evaluates the ontology on the bases of structural characteristics. The
characteristics that includes in the framework was: classes, individuals, triples (Subject, Object,
Predicates), and the properties. The drawback of the framework was that its only evaluates the
.owl formats ontologies. And the framework can only evaluate the bio-medical ontologies and in

the framework the important structural character of ontology is missing that is relations. The
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framework cannot evaluate the relations of the class and the relations between the class and
individuals.

OntoBee [59] is linked with obo foundry. Obo foundry is a bio medical ontology portal. This bio
portal support RDF/HTML formats of ontology. OntoBee proposed an evaluation criterion for
ontologies. The statistics that are used for evaluation was the classes, instances, datatype

property, object property and annotation property. OntoBee has an online web portal for evaluate

the ontologies.

_Ohntobee

Ontobeest: Extraction and Display of Ontology Statistics

Ontobeest is an Ontobee-based statistics extraction and display tool. Ontobeest extracts statistical information from one or more ontologies from Ontobee and displays the
results using a simple but comprehensive table format in the web site. The Ontobesst cover page provides the statistics of all the ontologies listed in Ontobee. Once you click
on any specific ontelogy, you can obtain detailed information about the statistics on the specific ontology. In addition, you can access the same statistics page for an ontology
by clicking "Detailed Statistics” from the cover page of the specific ontology in Ontobee. See the tutorial of Ontobeest in HERE.

Click Ontology Prefix to see detail statistics.

Index Ontology Prefix Class  ObjectProperty DatatypeProperty AnnotationProperty Instance Total
1 AEOQ 250 11 0 15 0 276
2 AGRO 1,685 598 9 102 284 2678
3 APO 619 0 0 28 0 647
4 APOLLO_SV 1,655 121 5 13 30 1,924
5 ARQ 4,351 11 0 12 0 4,374
6 BCGO 2,270 100 6 65 46 2,487
7 BCO 157 45 159 71 28 464
8 BEQ 35 0 0 22 0 57
9 BFO11 39 0 0 9 0 48
10 BSPO 146 62 0 24 0 232
1 BTO 5,809 4 0 20 0 5,833
12 CARO 158 36 0 61 0 255

Figure 2.10-1 OntoBee Statistics

Ming toa [57] create a relation database model for the evaluation of ontologies. He evaluates
three different type of test files to examine the results of its model. He briefly explains the
database model and the generated results to explain the evaluation of ontology on the bases of
the structural characteristics. Author evaluate the ontologies on the bases of the following
characteristics, class, instances and their relations and some instances properties. Ming’s
relation-database model only evaluates the RDF format ontologies [57]. Other formats like .owl

and .obo are not evaluated using this model.
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The following table describe the various levels of ontology learning in the ontology evaluation

frameworks. And show which framework evaluate which level. Different frameworks cover

different levels there is no such framework which can cover all the levels of ontology learning.

For full evaluation one can use two or three evaluation frameworks or can evaluate the ontology

according to their requirements.

Table 2.10-1 levels of ontology and the frameworks

Framework

Lexical,
vocabulary,
Concept

Semantic
relation

Application

Syntax

Structure

Domain
cohesion

Properties
of classes

Usage
statistic

Hierarchy

Application-
based
evaluation

Yes

Yes

Yes

Yes

Gold
Standard

Yes

Yes

Yes

Yes

Data driven

Yes

Yes

Yes

Yes

AKTive
Rank

Yes

Yes

Ontoclean

Yes

Yes

Yes

Ontokhoj

Yes

Onto-
Metrics

Yes

ODEval

Swoop

Yes

Yes

OntoQA

Yes

Yes

Onto-Select

Yes

ONTO-
EVOL

Yes

Yes

Yes

Yes

Semiotic
Metrics

Yes

Yes

Yes

Swoogle

Yes
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2.11 Analysis

The following table explain the frameworks of ontology evaluation’s objectives, coverage and
how they can relate to the relate to this research.

Table 2.11-1 Existing Frameworks and their description

Frameworks  Ref.  Year Type of Drawbacks Related to this

approach research

1 Gold Standard  [16,17 2016  Traditional e Basedonthe e Evaluate the
,18] relevant ontology
comparison e Examine the
e Hardto quality
compare e Compare the
quality ontology
measure with the
e C(Can’t evaluate standard
the structure of ontology.
ontologies.

2 Application [19,20, 2018  Traditional Can’t evaluate e Evaluate the

Based 21,22] if the ontology ontologies

is not using an
embedded application
with any e Examine the
system consistency

e Only evaluate and quality
the specific
tasks

e Can’t evaluate
the small
ontologies

e Can’t evaluate
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Data driven [21,23 2011  Traditional

Approach ,24]

OntoKhoj [30,31] 2004  Popularity
Based

OntoSelect [32] 2018  Popularity
Based

17

all the
structural
characteristics
of ontologies
Domain
specific

Only evaluate
or compare the
same domain
ontologies
Can’t evaluate
all the
structural
characteristics
of ontologies
Can’t evaluate
the structure,
semantic
relation of the
ontologies

It’s only give
information
about the
domain
cohesion  of
the ontologies.
Can’t compare
the ontologies
Evaluate only

the structure

Similar to the
gold standard
Evaluate the
ontology
Validation
and quality

comparison

Use for the
evaluation of
ontologies
Evaluate the
existing
ontology
Evaluate the

quality

Evaluate
ontology
according to
their



Onto-Matric

OntoElect

[34,35, 2018
36]
[37] 2005

Matrices
based

approach

Matric based

approach

18

Results of
evaluation are
not so good as
compare to the
other

techniques

Does not give
information
about the
semantic
relation of the
ontologies.
Can’t evaluate
all the
structural
characteristics

of ontologies.

Does not tell
much
information
about the
structure  of
ontologies
Also

give any

don’t

information
about the
semantic

relation and

structure and
examine the

quality

Evaluate the
ontologies by
create a
matric

Find the gaps
in the
existing

ontologies

Evaluate the
existing
ontologies.
Give a
quantitative
number  for
the quality of
ontologies



6

7

AKTiveRank

ODEval

[40]

[41]

2018

Matric based

approach

Matric based

approach

19

domain
knowledge
Can’t evaluate
all the
structural
characteristics
of ontologies.
Can’t give
much
information
about the
ontologies
Can’t evaluate
all the
structural
characteristics
of ontologies.
Don’t give the
information
about the
hierarchy  of
semantic terms
Can’t
evaluate  all
the structural
characteristics

of ontologies.

Evaluate the

quality  of
ontologies
Rank the
otology

according to

the quality

Evaluate the
quality and
reuse of the
ontologies
Create a
matric  for
evaluation
Evaluate the
.owl format
ontologies.
Evaluate
according to

the user



10

11

OntoClean

OntoQA

[42,43, 2015
44]

[45,46] 2006

ONTO-EVOL | [50,51] 2015

[49] 2008

Matric based

approach

Matric based

approach

Evolution
based
Approach

Evolution

20

Does
focus on the
structural
resemblance
between the
properties.
Can’t evaluate
all the
structural
characteristics
Can’t evaluate
all the
structural

characteristics

And
evaluate the

only

bio  medical
ontologies
with .owl
formats

Can’t examine
the classes
and the
properties and
the semantic

relations

Only evaluate

not | e

requirements
Evaluate the
ontologies
Evaluate the
existing
ontologies

Evaluate the
structure  of
ontology to
examine the
quality
Examine the
semantic
relation and
the concepts
and related
properties
Evaluate the
ontology
quality after
the
evolution.
Compare the
ontology

Evaluate the



12

13

ONTOEVOL

OntoLoki

Swoop

based

Approach

[52] 2015 | Logical/ Rule e
base

approach

[54] 2009  Logical/ Rule

base

approach

21

the
fundamental
aspects of
ontology.
Can’t evaluate
all the
structural
characteristics
of ontologies
Only evaluate
the instances
and their
relations
according to
the rules

Only evaluate
the rules that
are described
by the user
Not all aspects
are evaluated
Can’t evaluate
all the
structural
characteristics
of ontologies
Can’t evaluate
all the
structural

characteristics

structure
according to
the quality of

ontologies.

Evaluate the
ontology
quality
according to
the users.

Evaluate the
quality  of
ontology

according to



14

15

oQual

[38,55, 2016
56]

[38,39] 2018

Structural
based

approach

Matric based

approach

22

of ontologies.
Only evaluate
the bio-
medical

ontology with
the .owl
formats.

Only evaluate
according to
the rules that
are pre

described.

Only evaluate
the bio-
medical
ontology with
the obo
formats.
Can’t evaluate
all the
structural
characteristics
of ontologies.
Only evaluate
the bio
medical
domain
ontologies.

Can’t describe

the structural
characteristic
S.

Evaluate the
ontology
according to
the concepts,
value space
and

parameters.

Evaluate the



16

17

[58] 2006  Structure
based

approach

[60] 2015  Structural
based

approach

23

the  domain
knowledge.
Can’t evaluate
the structure
or semantics
of ontology.
Can’t evaluate
all the
structural
characteristics
of ontologies.
Only evaluate
the properties.
Don’t  give
any  domain
knowledge
and the
semantic
relations.
Can’t evaluate
all the
structural
characteristics
of ontologies.
Relations
between the
concepts and
instances are
missing.

Only evaluate

ontology.

Evaluate the
ontology
according to
the
properties
and examine

the quality.

Evaluate the
quality  of
ontologies

according to
the structural
characteristic

S.



18

19

OntoBee

[59]

[57]

2011

2017

Structural
based

approach

Structural
based

approach

24

the bio
medical
ontologies
with the owl
formats.
Can’t explain
the
comparison of
ontologies.
Can’t evaluate
all the
structural
characteristics
of ontologies
only evaluate
the relations
of  concepts
and the
properties are
evaluated.
Only evaluate
the RDF
formats
ontologies.
Can’t evaluate
all the
structural
characteristics
of ontologies
the triples
(subject,

Evaluate the
quality  of
ontologies
according to
the structural
characteristic
S.

Explain the
comparison
of
ontologies.

Evaluate the
quality  of
ontologies

according to
the structural
characteristic

s and explain



20

[26,27, 2014
28]

Lexical
Based
Approaches

25

object and
predicates) are

missing.

Can’t compare
the similar
ontologies.
Can’t evaluate
all the
structural
characteristics

of ontologies

the relation
of concepts
and
instances.
Explain the
comparison
of ontologies
Evaluate the
ontologies
according to
the relations
between the

concepts
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CHAPTER 3: PROPOSED METHODLOGY

As discussed in the literature the previous ontology evaluation frameworks and their
approaches for the evaluation purpose. And the objectives and the drawbacks of the existing
frameworks are also discussed. To resolve the drawbacks of the existing frameworks, we
proposed a methodology which can help to solve the existing methods drawbacks and evaluate
the quality of ontologies. For this purpose, the proposed evaluation framework can evaluate the
ontologies on the bases of all structural characteristics and evaluate all domains related
ontologies using the SPARQL queries. The proposed framework also compares the ontologies
which has the same domain and give information about which ontology has more characteristics
and has the better quality. The structural characteristics that covered in the proposed framework
are concepts, instances, relations between the classes and instances, triples (Subject, Object and

Predicates), and almost all kind of properties ae covered.

3.1 Workflow

The proposed methodology framework has the following steps for the evaluation of
ontologies. The steps are (1) Select the ontology form the portal or select your ontology (2)
import the ontology into the protégé (3) apply the SPARQL queries one by one on each ontology

(4) Gathered the results (5) compare the results for comparison of same domain ontologies. The

flow graph of the framework is following:

Select the ontology for the evaluation
Import ontology successfully

Apply the SPARQL quires one by one
Gathered the evaluated results
Compare the reults

Figure 3.1-1 Workflow
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The first step is to gathered the ontology from the portal in this framework ontology data is
gathered from the NCBO or OBO foundry. About the data gathering we already discussed in the
chapter 3 in detail about the portals and the selected ontologies. The domains of the evaluation
which are selected for the framework are human anatomy (Bio-medical related domain),
Animals ontologies (Animal related domain), Chemical ontologies (Chemical and physics
related domains), Neurological disease ontologies (Medical related domain) and Plant ontology
(Biological domain).

The second step is to import the ontologies into the protégé. Protégé is the software mostly used
for the formation of ontologies in different formats like OWL, OBO and XML/RDF. Protégé
support all formats of ontologies so for the evaluation this is the best tool. For the evaluation, this
framework use owl and obo formats of ontologies. We select the owl and obo formats ontologies
for the evaluation purpose.

The third step is to apply the SPARQL queries on the imported ontologies. SPARQL queries are
applied on each ontology one by one to calculate the results against the queries. These queries
are also used in the SQL database but in this framework we used these queries in the protégé.
Because protégé is used for the making of ontologies so we used this for the evaluation purpose.
SPARQL queries are easy to understand and easy to use.

The forth step is to gathered the results after applying the SPARQL queries. All the results of the
queries are representing in the form of tables in the next chapter of the experimentation. The
results also explain in the form of graph for the better understanding of the results. The results of
the queries show the quality of the ontologies.

The fifth and the last step is used when we have to compare the two different ontologies of the
same domain or same name to find out which can perform best in terms of quality and give the
better results. For this purpose, the whole process is performed for both of the ontologies and

then the computed results are representing in the form of tables or in the form of graph.

3.2 Evaluation Criteria:

The selected criteria for the evaluation of ontology is based on the structural
characteristics. For the literature review, the following structural characteristics are selected of
the proposed methodology. The characteristics are concepts which are the major block of the

ontologies, instances or individuals, the relations between the concepts and the relations between
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the concepts and the instances, triples (Subject, Object, Predicates) and all the possible

properties.

Classes

Instances/individual

Class Relations
- Relations -I:
Equilance class relations

- Subject

- Predicate

T |

Evaluation Criteria

— Annotation property

— Object property

y o B

— Data property

— Other properties

Figure 3.2-1 Proposed Evaluation Criteria
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3.3 Structural characteristics:

The proposed criteria for evaluation is based on the structural characteristics and the
characteristic are class/concept, individuals, triples, relations between classes and individuals and
the properties. The characteristics that are used for this framework are explained in details

following.

3.3.1 Concept:

Concept is also called as classes, which are the abstract set or the abstract collection of
the things or object in the ontology. Every ontology hierarchy start with the class named
“Things” in Protégé. “Things” is the major super class of every ontology in the Protégé. Classes
contain other classes and instances in the ontology hierarchy. Classes are also sub divided into
the supper class and sub class [65]. Super class is the main class of ontology in which every class
is linked in hierarchy. In “chemical information ontology” the classes are atom counting, role,
material entity, processual-entity, processual-context, length unit, three dimensional regions and
etc.

3.3.2 Individuals:

Individuals (also known as instances) are the objects of the domains. In Protégé
individuals can have two different name which refer the same instance [66]. In OWL the
individuals/ instance are also known as the original objects in the domain. For example, in
“chemical information ontology” the instances are label, string, plainLiteral, two-dimensional-

region, temporal-region, creator etc.

3.3.3 Relations:

Relations are the different type of ways an objects can interact or relate to the other
objects. For example, an object can use another object they have a is_a relation. [67] In
ontologies there are two different types of relations, first is the relation between the classes (how
each class interact with the other class.) second is the relation between the class and its instances.
The relations in the “Chemical information ontology” are has-part-of, is_a, is_smaller_than,

part_of etc.
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3.3.4 Triples:

Triples contains the subject, object and the predicate. Triples is like a sentence or the
event which can give some kind of information about a resource. [68]

PREDICATE
SUBJECT - OBJECT

Figure 3.3-1 Triples Structure

In the above figure the relations between the subject, object and predicate is shown. In OWL
ontologies subjects are the URI’s (Uniform Resource Identifier) resource first part which have

some information that can link to the other resource through the predicates. [69]

3.3.5 Properties

Properties define the attributes and features of the concepts in the ontologies. Ontologies
properties are the connection between the two or more instances. [70] Properties are the relation
between the instances or the objects. They tell us about how the instances can communicate the
data and how they link with each other. [69]

The properties that are used in the proposed criteria are Annotation properties, object properties,
data properties, reflexive properties, function properties, inverse properties, asymmetric
properties and symmetric properties. These are the properties that are used in the proposed

evaluation criteria. These are explained in detail below.

3.3.5.1 Annotation Property:

Annotation property gives the information about the concept (class), individuals,
ontology itself and the other kind of properties. The information is about the meta data for
example, the author (who create the ontology), version of the ontology, the comments and labels
etc. the  annotation  property in owl are  “owl:lable, owl:versioninfo,
owl:backwardCompatibleWith, owl:incompatibleWith, OWL:isDefinedBy and so on.” [61] In
Protége while making the ontology one can also defined the annotation properties of ontology.
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3.3.5.2 Data Property:

These properties can link the objects with literals. Data property of ontology describe the
data related information and describe the relation between two individuals in the ontology and
the datatypes. [70] These are the properties that associated with the owl, XML/RDF, HTML
schemas. Protégé can support these types of properties and users can easily have defined these
properties while establishing the ontology. Data property can give the information about the data
and the relationships between the individuals. Some of the data properties are
“owl:topDataProperty, :hasName, :hasDataType, :hasFeatureValue, :hasCorrdinates,

:hasUncertainValue etc.”

3.3.5.3 Object Property:

The object property is used to pair or connect the individuals or objects with each other
in the ontology. Protégé can support these types of properties and users can easily have defined
these properties while establishing the ontology. Also Protégé can show the hierarchy of object
properties and show all the properties in the imported ontology. Some of the object properties are
“adjacentTo, conformsTo, hasAttributes, contains, hasPart, hasintegralPart, isattributeOf,

isVariantOf etc.”

3.3.5.4 Reflexive Property:

Reflexive property is the property which can relate the object with itself. Protégé can
support these types of properties and users can easily have defined these properties while
establishing the ontology. For example, an object A can relate to itself with the property P.
Some of the reflexive property of “Hymenoptera Anatomy Ontology” are “connected via

conjunctiva, integral part of”.

3.3.5.5 Function Property:

Using this property, at most one object or instance can connect or relate to the other
object of instance. Protégé can support these types of properties and users can easily have
defined these properties while establishing the ontology. This property contains some
characteristics of objects. The function properties in the “General formation ontology” are

“objects to, exist at, framed by, has functional item, occupies” etc.
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3.3.5.6 Inverse Property:

It is like the reverse property. For example, if object A and object B are connected with
some property inverse property is the inverse of the connected property like the inverse property
of childHas is childOf. Protégé can support these types of properties and users can easily have
defined these properties while establishing the ontology. This property is not very important but
it has some instance/individuals characteristics and also Protégé supports this property in owl
ontologies.

3.3.5.7 Symmetric Property:

Symmetric property says that if an object A is connected with the property P to the other
object B than object B is also connected with the object A with the same property P. Protégé can
support these types of properties and users can easily have defined these properties while
establishing the ontology. Like other properties symmetric property is also link with the object
property characteristics. For example, the symmetric properties in the “chemical information

ontology” are “is_variant of, is_stereoisomer of etc.”

3.3.5.8 Transitive Property:

Transitive property says that If an object A connected with a property P to an object B,
and object B is connected with an object C than object A and C are also connected with each
other with the same property P. Protégé can support these types of properties and users can easily
have defined these properties while establishing the ontology. Like other properties symmetric

property is also link with the object property characteristics.

3.3.5.9 Asymmetric Property:

Asymmetric property relates the objects in an opposite to the symmetric property. In
asymmetric property if an object A is connected with the property P to the other object B than
object B is not connected with the object A with the same property P. Protégé can support these
types of properties and users can easily have defined these properties while establishing the
ontology. Like other properties symmetric property is also link with the object property
characteristics.

The following table shows the short definition of terms for understanding.
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Terms

Class

Instances/
individual
Class
relations

Triples

Properties

Table 3.3-1 Structural Characteristics and their definitions
Definition

In Protégé class/concept is the main node of the ontology. The first main node
is called super class. In Protégé super class is “things”. For example atom
counting, role, material entity, processual-entity, processual-context, length
unit, three dimensional regions etc.

Instances are the individuals or objects.

It is the relationship between the classes and objects.

Subject Describe the resource in the form of URI.
Object It is the property that is attached to the subject.
Predicate Type of relationship between triples.

Annotation  Annotation property gives the information about the concept
(class), individuals, ontology itself and the other kind of

properties.

Object The object property is used to pair or connect the individuals or
objects with each other in the ontology.

Data These properties can link the objects with literals.

Function One object or instance can connect or relate to the other object

or instance through this property.
Reflexive The property which can relate the object with itself.

Symmetric | If an object A is connected with the property P to the other
object B than object B is also connected with the object A with
the same property P.

Transitive If an object A connected with a property P to an object B, and
object B is connected with an object C than object A and C are
also connected with each other with the same property P.

Asymmetric If an object A is connected with the property P to the other
object B than object B is not connected with the object A with
the same property P

Inverse If object A and object B are connected with some property
inverse property is the inverse of the connected property like
the inverse property of childHas is childOf.
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CHAPTER 4: IMPLEMENTATION AND RESULTS

4.1  Implementation:

In this section we have execute the queries on the selected ontologies on Protégé and
discuss the results. For the sake of understanding, we show the results of one ontology and
explain the results of other ontologies in the later. The results of SPARQL queries are shown

below

4.1.1 Importing ontologies:

Ontologies can be importing into the Protégé by different ways. For example, import the
ontologies using a URI, importing an ontology from PC, loading from workspace or from the
already provided library.

Below shows the figure of the software which we can load the desired ontology to perform the

evaluation criteria.

Import type

Please choose an option:

- Import an ontolegy contained in a specific file.

O Import an ontology contained in a document located on the web.
o Import an ontology that is already loaded in the workspace.

o Import an ontology that is contained in ene of the ontology libraries.

Continue Cancel

Figure 4.1-1 Importing ontology interface
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4.1.2 Queries interface for classes and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT ( count(DISTINCT ?class) as ?count )

{ ?class a owl:Class }

File Edit View Reascner Toocle Refactor Window Help

Se=N{ =2 | @ cheminf (hitp:/isemanticchemistry.github.io/semanticchemistry/ontology/cheminf.owl) V| |

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARGL Query | Ontology Differences |
SPARGL query:

PREFLX rdf: <http:iiweww . w3.orgM 888102022 -rdf-syntax-ns#=
PREFIX owl: <httpiiww e w3.org/2002/07/ow B

PREFIX x=d: <http:/fwww . wi.org/2001/XMLSchema#=

PREFLX rdfs: <http:/www w3 org/2000/01/rdf-schemas#=

SELECT ( count{DISTINCT 7class) as ?count ) { 7class a owlClass }

count
"736" " <http:/fwww.w3.0rg/2001/XMLSchema#integer>

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-2 Interface of counting number of Concepts
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4.1.3 Queries interface for instances and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?instance) as ?count_instance)

{?instance a ?class }

Fie Edit ‘View Reasoner Tools Refactor Window  Help

<q| o> |® cheminf (hitp:/fsemanticchemistry. github.is/semanticchemistry/ontology/chemin f.ow () V| | |

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARGL Query | Ontology Differences |

SPARQL guery:

PREFLX rdf: <httpaliwww w3 orgM 999/02/22-rdf-syntax-ns#=

PREFLX owl: <http:iferweewe w3 org/2002/07 0w b=

PREF[X x=d:; <http:/fwrwrw. w3 org/2001/XMLS chema#=

PREFLX rdfs: <http:/fwww w3.orgi2000/01/rdf-schema##=

SELECT (count(DISTINCT Zinstance) as 7count_instance) { Zinstance a ?class }

count_instance
"1486" ™~ <http://www.w3.0rg/2001/¥MLSchema#integer>

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-3 Interface of counting number of Individuals
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4.1.4 Queries interface for Subject and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count (DISTINCT ?s) as

?count_subject) { ?s?p?0 }

File Edit V\iew Reasoner Tools Refacter Window  Help

<A => |@ cheminf (hitp:/fsemanticchemistry . github.io/semanticchemistryfontology/cheminf.owl) v| |

Annotation Properies | Individuals | OWLViz | DL Query | OnioGraf | SPARQL Query | Ontology Differences |

SPARCL query:

PREFLX rdf. <http./fweww . w3.orgh 99902/22-rdf-syntax-na#=
PREFIX owl: <httpciie ww w3 orgi2002/07 0w k=

PREF[X x=d: <http:ifw ww w3 orgi2001/XMLSchema#:

PREFLX rdfs: <httpoiiwww. w3 orgf2000/01/rdf-schema#=
SELECT {count (DISTINCT ?= ) as Fcount_subject) { 7= ?p 70 }

count_subject
"5480" ™ <http://www.w3.0rg/2001/XMLSchema#integers

No Reasoner set. Select a reazoner from the Reasoner menu Show Inferences

Figure 4.1-4 Interface of counting number of Subjects
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4.1.5 Queries interface for object and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count (DISTINCT ?0) as

?count_object) { ?s?p?0 }

File Edit View Reasoner Tools Refactor Window Help

L=l =2 |® cheminf (http://semanticchemistry. github.io/semanticchemistry/ontology/chemin f.owl) vl |

Annotation Properties | Individuale | OWLViz | DL Query | OntoGraf | SPARGL Query | Ontology Differences |

SPARCL guery:

PREFEK rdf: <http:iiwew w w3 org/1985/02/22-rdf-syntax-ns#=
PREFLX owl: <hitp:/iwww . w3.orgf2002/07 fow B

PREFIX xzd: <http/iwww w3 org2001/XMLS chemas#s

PREFL rdfs: <http:/'www . w3.0rg/2000001/rdf-schema##s=
SELECT {count (DISTINCT 7o ) as ?count_object){ 7z ?p 70 }

count_chbject
61307~ <http:/fwww.w3.0rg/2001/XMLSchema #integer>

No Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-5 Interface of counting number of objects
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4.1.6 Queries interface for predicate and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count (DISTINCT ?p ) as

?count_predicate) { ?s?p?0 }

File Edit View FReasoner Tools Refactor Window Help

Q| > |® cheminf (hitp://semanticchemistry. github.io/semanticchemistry/ontology/chemin f.owl) V| |

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARQL Query | Ontology Differences |

SPARCL guery:

PREFIX rdf. <http./lwww. w3, orgH1999/02/22-rdf-syntax-ns#-
PREFLX owl: <hitp:/iweww w3 orgl2002/07 0w k=

PREFLX x=d: <http:/fwww w3 orgi2001XMLSchema#=

PREFLX rdfs: <http:/f'www w3 org/2000/01/rdf-schema#=

SELECT {count (DISTINCT ?p ) as ?count_predicate) { = %p 70 }

count_predicate
"44" o zhtkp:/fwww.w3.0rg/2001/XMLSchemaZinteger>

No Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-6 Interface of counting number of predicates
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4.1.7 Queries interface for Triples and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count (DISTINCT *) as

?Triple_Count) { ?s ?p ?0 }

Reasoner Tools Refactor Window

Fie Edit View Help

< 2> |® cheminf v| | |A

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARQL Query | Oniology Differences |

SPARQL guery:

PREFIX rdf: <http:iiweww w3 orgM 858/02/22-rd f-syntax-ns#=
PREFIX owl: <http:ifeww w3 org/2002/07 /ow b=

PREFIX x=d: <http:/fvww . wi.org2001/XMLSchema#=
PREFIX rdfs: <http:ihwoww . w3.orgfi2000/01/rdf-schema#-
SELECT (count (DISTINCT *) as ?Triple_Count){ ?= ?p 70}

Triple_Count
"19579" "~ <http://www.w3.0rg/2001/XMLSchema#integer:

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-7 Interface of counting number of triples
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4.1.8 Queries interface for Annotation property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?x) as ?count)

{?x a owl:AnnotationProperty}

File Edit V\iew Reasoner Toole Refactor Window  Help

== |@ cheminf '||

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARGL Query | Ontology Differences |
SPARCL guery:

PREFLX rdf: <http:iww w . w3.org/1985/02/22-rdf-syntax-ns#=

PREFLX owl: <hitp:/fwww w3 orgl2002/07 /0w k=

PREF[X x=d: <http:/fwww w3 orgl2001XMLSchema#=

PREFLX rdfs: <http./fwww . w3.org/2000001/rdf-schemai#>

SELECT (count(DISTINCT 7x) as #count) {?x a owl.AnnotatienProperty}

"40" -~ <htep:/fwww.w3.0rg/2001/XMLSchema#integers

No Reasaner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-8 Interface of counting number of annotation property
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4.1.9 Queries interface for object property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?x) as ?count)

{?x a owl:ObjectProperty}

File Edit “iew Reascner Toole Refactor Window Help

<[> |® cheminf "l | |A

Annotation Properties | Individuals | OWLViz | DLQuery | OntoGraf | SPARQL Query | Ontology Differences |

SPARCL query:

PREFLX rdf: <http/ivevewe. w3 orgl199902/22-rdf-syntax-ns#=
PREFIX owl: <hitp:ifwr e w3 orgi2002/07 /ow ke~

PREFIX x=d: <http:ifwerweiwe . w3 orgl2001/XMLSchema#=

PREF[ rdfs: <http:iivwww . w3.orgf2000/01/rdf-schemass=

SELECT {count(DISTINCT ?x) as ?count) {?x a owl.ObjectProperty}

count

"69" "~ <http/fwww.w3.0rg/200 1/ ¥MLSchema#integer=

No Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-9 Interface of counting number of object property
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4.1.10 Queries interface for data property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?x) as ?count)

{?x a owl:DataProperty}

File Edit “iew Reasoner Toolz Refacter Window Help

Q5> |® cheminf v| |

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARGL Query | Ontology Differences |
SPARCL query:

PREFLX rdf: <http:/fwoww w3 org/ S58/02/22-rdf-syntax-ns#>
PREFLX owl: <httpciiwww w3 orgd2002/07 ow b=

PREF[X x=d: <http:ifwww w3 orgf2001/XMLS chema#=

PREFLX rdfs: <http:diwrwew. w3 orgf2000/01/rdf-schema#=
SELECT {count(DISTINCT 7x) as 7count) {7x a owlDataProperty}

0" chttpffwww.w 3.0rg/200 1/XMLSchema#integer>

No Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-10 Interface of counting number of data property
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4.1.11 Queries interface for inverse property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?Inverse_property) as

?count_Inverse_property) {?Inverse_property a owl:InverseProperty}

File Edit V\iew Reasoner Tools Refacter Window  Help

<8 e |® cheminf v| |

Annotation Properies | Individuals | OWLViz | DL Query | OnioGraf | SPARQL Query | Ontology Differences |

SPARCL query:

PREFLX rdf. <http./fweww . w3.orgh 99902/22-rdf-syntax-na#=

PREFIX owl: <httpciie ww w3 orgi2002/07 0w k=

PREF[X x=d: <http:ifw ww w3 orgi2001/XMLSchema#:

PREFLX rdfs: <httpoiiwww. w3 orgf2000/01/rdf-schema#=

SELECT {count(DISTINCT Finverse_property) as Zcount_Inverse_property) {?Inverse_property a owlInverseProperty}

count_Inverse_property
0" chttpf/www.w 3.0rg/200 1/ XMLSchema#integers

No Reasoner set. Select a reazoner from the Reasoner menu Show Inferences

Figure 4.1-11 Interface of counting number of inverse property
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4.1.12 Queries interface for functional property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?functional_property) as

?count_functional_property) {?functional_property a owl:FunctionalProperty}

File Edit View Reasoner Tools Refactor Window Help

2| o> |® cheminf v||

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARQL Query | Ontology Differences |

SPARCL guery:

PREFLX rdf: =hitp:Awww w3 orgd1998/02/22-rdf-syntax-ne#=

PREFIX owl: <http:iivewewe w3 org/2002/07 0w =

PREFIX x&d; <http:ifwww . w3.org/2001XMLS chema=

PREFIX rdfs: <http:dfwww w3org/2000/01/rd f-schema#=

SELECT (count{DISTINCT Zfunctional_property) as Fcount_functional_property) {?functional_property a owl FunctionalProperty}

count_functional_property
"1 chttpffwww.w3.0rg/2001/¥MLSchema#integers>

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-12 Interface of counting number of functional property
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4.1.13 Queries interface for symmetric property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ?Symme

tic) as ?count._Symmetic_property)

{?Symmetic a owl:SymmetricProperty}

Refactor  Window

File Edit View Reazoner Tools Help

< & [© cheminf -| | |A

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARQL Query | Ontology Differences |

SPARGL guery:

PREFIX rdf: <httpifww w w3 org/1988/02/22-rdf-syntax-ns#=

PREFIX owl <hitp:ifwrerw w3 org/2002/07 0w B>

PREFIX x=d: <hitp:ifererw w3 org/2001XMLS chemaw#>

PREFIX rdfs: <http:/fwowiw . w3.0rg/2000/01/rdf-schema#=

SELECT (count(DISTINCT ?Symmetic) as ?count_Symmetic_property) {?Symmetic a owlSymmetricProperty}

count_Symmetic_property
U5t ehttp s fwww.w 3.0rg/200 1/ XMLSchema#integers

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-13 Interface of counting number of symmetric property
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4.1.14 Queries interface for asymmetric property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT (count(DISTINCT ?asymetric) as ?count_asymetric_property)

{?asymetric a owl:AsymmetricProperty}

File Edit Wiew Reasoner Tools Refactor Window  Help

<Al 5> |@ cheminf V||

Annotation Properties | Individuals | OWLViz | DL Query | OmtoGraf | SPARGL Query | Ontology Differences |

SPARCL guery:

PREFIX rdf. <httpaiiwwew wd.org/ 199900 2/22-rdf-syntax-na#>

PREFLX owl: <http:/www w3 orgi2002/07 /0w =

PREF[X xed: <http./woww w3 orgi2001XMLS chema#=

PREFLX rdfs: <http:/fwww. w3.org/2000/01/rdf-schema#-

SELECT (count(DISTINCT ?asymetric) as ?count_asymetric_property) {?asymetric a owlLAsymmetricProperty}

count_asymetric_property
"0 chttp:fwww.w3.0rg/2001/XMLSchema#integer:

Mo Reasaner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-14 Interface of counting number of asymmetric property
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4.1.15 Queries interface for Transitive property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT (count(DISTINCT ? Transitive) as ?no)

{? Transitive a owl: TransitiveProperty}

File Edit Wiew Reasoner Tools Refactor Window  Help

<A => |@ cheminf (hitp://semanticchemistry. github.io/semanticchemistry'ontology/cheminf.owl) v| | |

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | Ontology Differences | SPARGL Query |

SPARCL guery:

PREFLX rdf: <httpifwrww w3.org/1999/02/22-rdf-syntax-ns#=
PREFLX owl: <http:/www w3 orgi2002/07 /0w =

PREF[X xed: <http./www w3 orgi2001XMLS chema#=
PREFLX rdfs: <httpa/iw e w. w3.org/2000/01/rdf-schema#-

SELECT (count(DISTIMCT 7x} as ?no) {?x a owl TransitiveProperty}

no

17" <htkpfwww.w 3.0rg/2001/XMLSchema#integers

No Reasaner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-15 Interface of counting number of transitive property
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4.1.16 Queries interface for reflexive property and their results:

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

SELECT (count(DISTINCT ?reflexive) as ?count_reflexive_property)

{?reflexive a owl:ReflexiveProperty}

File Edit Wiew Reazoner Tools Refactor Window  Help

L= =2 |® hao (hitp:/fpurl obolibrary org/obo/haci2018-04-25/hao.owl) vl |

Annotation Properties | Individuals | OWLViz | DL Query | OntoGraf | SPARQL Query | Ontology Differences |

SPARCL guery:

PREFLX rdf. <http:/ifwewew w3, orgi1999/02/22-rdf-syntax-ns#=

PREFLX owl: <httpoiiwww . w3.org/2002/07 /o whke=

PREFIX ==d: <http:ifwww. w3 org/2001/XMLSchemas>

PREF[X rdfs: <http:/'www w3 org/2000/01/rdf-schema#=

SELECT {count{DISTINCT 7reflexive) as 7count_reflexive_property) {?reflexive a owl ReflexiveProperty}

count_reflexive_property
g chttpffwww.w3.0rg/2001/¥MLSchema #integer>

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-16 Interface of counting number of reflexive property
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Ontology Metric

File Edt View Reasoner Tools Refactor Window Help

| o> |®haﬂ(http:.fa'purl.ubuIibrary.urg.fubu.fhau.fzmB—D4—2&r‘hau.uwl} vH |

Annotation Froperties | Individuals | OWLViz | DLQuery | OntoGraf ~SPARQL Query | Ontology Differences |

Gless hiesarchy (inferred) | Ontology metrics:
Class hierarchy | Metrice |~
Class hierarchy: MBEEE :
Axiom 25069
L ]
M- Logical axiom count 10358
v-- @ Thing Fy Class count 2533
- (0 "anatomical entity’ Object property count 6
p-- @ "anatomical region Data property count 0
- Gangle ||| individual count 2764
- (1 "anterior angle of the {: nélvidual coun
- "anterior pronotal slop DL expressivity SR
- (1 "apical glossal hairs’
b~ & "arithmetic mean’ ] . ,
- "hind wing tegula’ 355 anms
- Image SubClassOf axioms count 4520 =
~® Imala_r strlaF: EquivalentClasses axioms count 1
- "'maximum diameter of
b ® 'median anatomical lin DizjointClasses axioms count 1
- "'median conjunctiva o GCl count 0
- "'mesoscutellar comb’ Hidden GCI Count 0
- microtrichia
- "minimum spine distan
B © notch Object property axioms
: ,2:;1;?:}“:?"055'_“ SubObjectProperty0f axioms count 1]
" L ' EquivalentObjectProperties axioms count 0
¥ 'setal angle
- "sixth maxillary palpal InverseObjgctProperties axioms count ]
- 'venom gland reservo DisjointObjectProperties axioms count 0
::mdth FunctienalObjectProperty axioms count 0
0 aculas | InverseFunctionalObjectProperty axioms count 1]
| I il TransitiveObjectProperty axioms count 4 =
L

Mo Reasoner set. Select a reasoner from the Reasoner menu Show Inferences

Figure 4.1-17 Ontology matric
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4.2 Data Gathering

For the experimental purpose the ontologies data gathered from different online available
portals for example NCBO, OBO foundry. NCBO [62] is the open source library for the
ontologies. It has 992 ontologies on different domains and different types. NCBO has categorize
the ontologies on different formats and different domains so the searching is very easy. NCBO
[63] can also be used for mapping, annotate your bio data into ontology, as a recommender and
to browse the ontology. NCBO portal also used in the US. National library of medicine, National
institute of health (NIH), Applied physics library (API) and LIRMM. NCBO portal is also linked
with other ontology portals.

Obo foundry [64] is the open bio-medical and biological web portal for ontologies. Obo foundry
is linked with OntoBee website. OntoBee has a separate ontology evaluation criterion. In OBO
Foundry ontologies are represent in the form of tables and each ontology has different formats so
can user easily found what they need. Each ontology that is available in the OBO foundry is
documented and also linked with GitHub. The table of ontologies in the obo foundry is

following.

For our experimentation we select 14 different domains related ontologies. The following table
can show the name of the ontology, their formats their version (try to evaluate the latest version
of the ontologies), the categories of the ontologies and the link of the ontology. The domains of
the evaluation which are selected for the framework are human anatomy (Bio-medical related
domain), Animals ontologies (Animal related domain), Chemical ontologies (Chemical and
physics related domains), Neurological disease ontologies (Medical related domain) and Plant

ontology (Biological domain).
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Table 4.2-1 Selected ontologies for evaluation

Sr. | Ontology Title Category File name Version/modified date

#

1 | Collembola Cao.owl Version 1.2/
Anatomy 29-03-2019
Ontology

2 | Subcellular SAO.owl Version 1.2/
Anatomy Human 13-03-2018
Ontology Anatomy

3 | Anatomic human_ Version 1/
Ontology bioportal.owl 24-03-2018
for Human Lung
Maturation

4 | Anatomic Entity Aeo.owl Version 1/
Ontology 22-11-2017

5 | General formal Gfo_bio.owl 1.1
ontology of 3-2-2010
biology

6 | Planarian Animal Plana.owl 25-05-2019
Anatomy and
developmental
Stage Ontology

7 | Hymenoptera Hao.owl 26-4-2018
Anatomy
Ontology

8 | Chemical Cheminf.owl Version 1.9.3
Information 21-8-2019
Ontology

9 | NanoParticale Chemical npo-2011-12- Version
Ontology 08 _inferred.owl 17-8-2012

10 | Alzheimer's Alzheimer Ontology v15R- | Version 1.1.1
Disease Ontology xml_merged.owl 23-7-2013

11 | Epilepsy and EpSO_v1.1.owl Version 1.0
Seizure Neurological 1-9-2017
Ontology disease

12 | Neurodegenerative NDDO.owl Version 0.2
Disease Data 03-06-2019
Ontology

13 | Flora Phenotype Flopo.owl Version 0.9
Ontology Plant 6-3-2016

14 | Plant Diversity PlantDiversityOntology.owl | 30-4-2015
Ontology
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4.3 Results
The results of the queries applied to all the selected ontology are following:
4.3.1 Classes and individuals
Table 4.3-1 Results of classes and individuals

Sr. | Ontology title Category Classes | Distinct | Individual | Distinct Total

# Classes Individual

1 Collembola Anatomy 4157 998 9876 1606 16637
Ontology

2 Sub-cellular Human 5917 790 15490 1352 23549
Anatomy Ontology | Anatomy

3 Anatomic Ontology 1389 295 2901 316 4901
for Human Lung
Maturation

4 Anatomic Entity 982 250 4256 624 6112
Ontology

5 General formal 970 199 1701 412 3282
ontology of biology | Animal’s

Ontology

6 Planarian Anatomy 2376 545 13619 1810 18350
and developmental
Stage Ontology

7 Hymenoptera 17708 2534 72438 15467 108147
Anatomy Ontology

8 Chemical Chemical’s | 2821 736 7610 1486 12653
Information Ontology
Ontology

9 NanoParticale 35649 2462 59676 5633 103420
Ontology

10 | Alzheimer's Disease 6440 1608 16726 2465 27239
Ontology Neurological

disease

11 | Epilepsy and Seizure 5092 1455 9783 2149 18479
Ontology

12 | Neurodegenerative 7960 1755 18398 4444 32557
Disease Data
Ontology

13 | Flora Phenotype Plant’s 196354 | 50755 452232 147591 846932
Ontology Ontology

14 | Plant Diversity 14167 380 112110 13068 139725
Ontology
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4.3.1.1 Graphical representation of the above class table:

Below graph 4.3-1 can represent he concepts and individuals of the anatomy related
domain. The number of classes of SAO is higher than other ontologies and the number of

individuals of CAO ontology is higher than others.

Anatomy Ontology
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M Classes M Distinct Classes M Distinct Individuals

Figure 4.3-1 Graph of class and individuals of anatomy ontology
The following graph 4.3-2 can represent the animal related ontologies class and individuals
count. According to the results the HAO ontology has more number of classes and individuals.

Animal Ontology
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Figure 4.3-2 Graph of class and individuals of animal ontology

56



The following graph 4.3-3 can represent the results of chemical ontology classes and individuals.

The NPO ontology has more number of classes and individuals as compared to CIO ontology.

Chemical Ontology
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Figure 4.3-3 Graph of class and individuals of chemical ontology

The following graph 4.3-4 shows the class and individuals of the neurological domain related
ontologies. The results show that the NDD ontology has more number of classes and individuals
as compare to the other ontologies.

Neurological Disease ontology

Alzheimer's Disease Ontology Epilepsy and Seizure Neurodegenerative Disease Data
Ontology Ontology
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4000
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2000
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Hclasses M Distnict classes M Distnict individuals

Figure 4.3-4 Graph of class and individuals of neurological disease ontology
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The following graph 4.3-5 show the results of the plant’s related domain ontologies. The results
show that the flora phenotype ontology has more number of classes/concepts and

individuals/instances.

Plant Ontology

250000
200000
150000
100000
50000
0 - [
Flora Phenotype Ontology Plant Diversity Ontology
H Classes M Distnict Classes Distnict Individuals

Figure 4.3-5 Graph of class and individuals of plan’s ontologies

In the above graphs, the results of queries that applied on the selected ontology has been
explained and show how many classes/concepts and individuals/instances each ontology has.

4.3.2 Triples (Subject, Object and Predicates)

Triples contains the subject, object and the predicate. Triples is like a sentence or the
event which can give some kind of information about a resource. The following table 4.3-2 show
the results of triples queries that are applied on all the selected ontologies. The total number of
subject, object and predicates. And then explain the results using graphs and show which
ontology has more number of triples (subject, object and predicates) in the ontologies.
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Table 4.3-2 Results of triples (Subject, Object And Predicate)

Ontology title

Total
Subject

Distinct
Subject

Total
Object

Distinct
Object

Total
Predicates

Distinct
predicate

Total
Triples

Collembola
Anatomy
Ontology

24619

6484

24619

7322

24619

23

24619

Sub-cellular
Anatomy
Ontology

38823

9120

38823

11549

38823

51

38823

Anatomic
Ontology for
Human Lung
Maturation

7851

2070

7851

2467

7851

20

7851

Anatomic Entity
Ontology

10992

2545

10992

3362

10992

20

10992

General formal
ontology of
biology

4322

1323

4322

1162

4322

24

4322

Planarian
Anatomy and
developmental
Stage Ontology

35139

8223

35139

11212

35139

98

35139

Hymenoptera
Anatomy
Ontology

170500

41437

170500

43902

170500

24

170500

Chemical
Information
Ontology

19579

5480

19579

6130

19579

44

19579

NanoParticale
Ontology

147697

33398

147697

32047

147697

30

147697

10

Alzheimer’s
Disease
Ontology

41830

10800

41830

13472

41830

24

41830

11

Epilepsy and
Seizure
Ontology

24626

7085

24626

7078

24626

26

24626

12

Neurodegenerat
ive Disease
Data Ontology

45539

12548

45539

14108

45539

52

45539

13

Flora Phenotype
Ontology

1076452

293712

1076452

320415

1076452

41

1076452

14

Plant Diversity
Ontology

227672

59564

227672

57266

227672

42

227672
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4.3.2.1 Graphical representation of the above triples table:

The following graph 4.3-6 show he results of the triples on anatomy ontology. The
results show that the SAO ontology has more number of subjects, object and predicates.

Anatomy Ontology
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Figure 4.3-6 Graph of triples (Subject, object, predicates) of anatomy ontologies

The following graph 4.3-7 show he results of the triples on animal ontology. The results show

that the HAO ontology has more number of subjects, object and predicates.

Animal Ontology
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Figure 4.3-7 Graph of triples (Subject, object, predicates) of animal ontologies
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The following graph 4.3-8 show he results of the triples on chemical ontology. The results show

that the NPO ontology has more number of subjects, object and predicates.

Chemical Ontology

NPO

B Subject M Object M Predicate

40000
35000
30000
25000
20000
15000

10000

0

Cclo

Figure 4.3-8 Graph of triples (Subject, object, predicates) of chemical ontologies

The following graph 4.3-9 show he results of the triples on neurological disease ontology. The
results show that the NDDO ontology has more number of subjects, object and predicates.

Neurological Disease ontology

16000
14000
12000
10000
8000
6000
4000
2000
0
Alzheimer's Disease Ontology Epilepsy and Seizure Neurodegenerative Disease Data
Ontology Ontology

B Subject MW Object ™ Predicate
Figure 4.3-9 Graph of triples of neurological disease ontologies
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The following graph 4.3-10 show he results of the triples on plant ontology. The results show

that the FPO ontology has more number of subjects, object and predicates.

Plant Ontology
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Figure 4.3-10 Graph of triples (Subject, object, predicates) of plants ontologies

In the above graphs, the results of queries that applied on the selected ontology has been

explained and show how many triples (subjects, objects and predicates) each ontology has.

4.3.3 Relations

In ontologies there are two different types of relations, first is the relation between the
classes (how each class interact with the other class.) second is the relation between the class and
its instances. The following table 4.3-3 show the results of the relation queries that are applied on
all the selected ontologies. The total number of relations between classes and equivalent classes
are shown. And then explain the results using graphs and show which ontology has more number

of relations in the ontologies.
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Table 4.3-3 Relation in ontologies

Sr. Ontology title Categories No. of relations Equivalent Total
# between classes classes Relations
relations
1 | Collembola Anatomy 1579 1 1580
Ontology
2 | Subcellular Anatomy 915 4 919
Ontology Human
_ Anatomy
3 Anatomic Ontology 547 0 547
for Human Lung
Maturation
4 Anatomic Entity 366 0 366
Ontology
5 General formal 232 31 263
ontology of biology
6 Planarian Anatomy Animal 789 51 840
and developmental Ontology
Stage Ontology
7 Hymenoptera 4820 1 4821
Anatomy Ontology
8 | Chemical Information 871 28 899
Ontology Chemical
9 NanoParticale Ontology 3557 398 3955
Ontology
10 | Alzheimer's Disease 2266 72 2338
Ontology Neurological
11 | Epilepsy and Seizure disease 1718 0 1718
Ontology
12 Neurodegenerative 493 2 495
Disease Data
Ontology
13 Flora Phenotype 36886 23872 60785
Ontology Plant Ontology
14 Plant Diversity 816 0 816

Ontology
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4.3.3.1 Graphical representation of the above relations table

The following graph 4.3-11 show he results of the relations on anatomy ontology. The
results show that the CAO ontology has more number of relations as compared to the other

ontologies.
Anatomy Ontology
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Figure 4.3-11 Graph of relations of anatomy ontologies
The following graph 4.3-12 show he results of the relations on animal ontology. The results

show that the HAO ontology has more number of relations as compared to the other ontologies.
Animal Ontology
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Figure 4.3-12 Graph of relations of animal ontologies
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The following graph 4.3-13 show he results of the relations on chemical ontology. The results

show that the NPO ontology has more number of relations as compared to the other ontologies.
Chemical Ontology
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Figure 4.3-13 Graph of relations of chemical ontologies

The following graph 4.3-14 show he results of the relations on neurological disease ontology.
The results show that the ADO ontology has more number of relations as compared to the other
ontologies.

Neurological Disease ontology
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Figure 4.3-14 Graph of relation of neurological disease ontology
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The following graph 4.3-15 show he results of the relations on plant ontology. The results show

that the FPO ontology has more number of relations as compared to the other ontologies.

Plant Ontology
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Figure 4.3-15 Graph of relation of plant ontologies

In the above graphs, the results of queries that applied on the selected ontology has been

explained and show how many relations of classes each ontology has.

4.3.4 Properties:

Properties define the attributes and features of the concepts in the ontologies. Ontologies
properties are the connection between the two or more instances. Properties are the relation
between the instances or the objects. The properties that are used in the proposed criteria are
Annotation properties, object properties, data properties, reflexive properties, function properties,
inverse properties, asymmetric properties and symmetric properties. The following table 4.3-4
and 4.3-5 show the results of the properties queries that are applied on all the selected ontologies.
The total number of properties are shown. And then explain the results using graphs and show

which ontology has more number of properties in the ontologies.
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Table 4.3-4 Properties of selected ontologies-1

Sr. # Ontology Title Annotation Object Data Transitive
Property Property Property Property
1 Collembola Anatomy 13 13 0 13
Ontology
2 Subcellular Anatomy 34 36 0 2
Ontology
3 Anatomic Ontology 19 0 0 0
for Human
Lung
Maturation
4 Anatomic 15 11 0 0
Entity
Ontology
5 General formal 2 73 0 7
ontology of biology
6 Planarian Anatomy 81 131 0 19
and
developmental Stage
Ontology
7 Hymenoptera 15 6 0 4
Anatomy Ontology
8 Chemical Information 40 69 0 17
Ontology
9 NanoParticale 12 65 0 4
Ontology
10 Alzheimer's Disease 17 12 0 1
Ontology
11 Epilepsy and Seizure 7 28 0 0
Ontology
12 Neurodegenerative 35 64 0 2
Disease Data
Ontology
13 Flora Phenotype 19 26 0 6
Ontology
14 Plant Diversity 8 58 0 0

Ontology
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Table 4.3-5 Properties of selected ontologies-2
Sr. Ontology title Inverse Functional | Asymmetric | Symmetric | Reflexive
# Properties | Properties Properties | Properties | Properties
1 Collembola 1 0 11 2 0
Anatomy Ontology
2 Subcellular 1 3 0 0 0
Anatomy Ontology
3 | Anatomic Ontology 0 0 0 0 0
for Human Lung
Maturation
4 Anatomic 0 0 0 0 0
Entity Ontology
5 General formal 0 7 0 0 0
ontology of biology
6 | Planarian Anatomy 0 1 0 4 0
and
developmental
Stage Ontology
7 Hymenoptera 0 0 0 0 4
Anatomy Ontology
8 Chemical 0 1 0 5 0
Information
Ontology
9 NanoParticale 0 1 0 0 0
Ontology
10 Alzheimer's 0 0 0 0 0
Disease
Ontology
11 Epilepsy and 0 0 0 0 0
Seizure Ontology
12 | Neurodegenerative 0 6 0 0 0
Disease Data
Ontology
13 Flora Phenotype 0 0 0 0 2
Ontology
14 Plant Diversity 0 0 0 0 0
Ontology

68



https://bioportal.bioontology.org/ontologies/COLL
https://bioportal.bioontology.org/ontologies/COLL

4.3.4.1 Graphical representation of the above properties table:

The following graph 4.3-16 show he results of the properties of anatomy ontology. The
results show that the SAO ontology has more number of properties as compared to the other

ontologies.
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Figure 4.3-16 Graph of properties of anatomy ontologies
The following graph 4.3-17 show he results of the properties of animal ontology. The results

show that the PA&DS ontology has more number of properties as compared to the other

ontologies.
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Figure 4.3-17 Graph of properties of animal ontologies
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The following graph 4.3-18 show he results of the properties of chemical ontology. The results

show that the NPO ontology has more number of properties as compared to the other ontologies.
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Figure 4.3-18 Graph of properties of chemical ontologies

The following graph 4.3-19 show he results of the properties of neurological ontology. The

results show that the NDDO ontology has more number of properties as compared to the other

ontologies.
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Figure 4.3-19 Graph of properties of neurological ontologies
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The following graph 4.3-20 show he results of the properties of plant ontology. The results show

that the PDO ontology has more number of properties as compared to the other ontologies.
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Figure 4.3-20 Graph of properties of plant ontologies

In the above graphs, the results of queries that applied on the selected ontology has been
explained and show how many properties of classes each ontology has. These graph represents
the quality of each ontology. All the selected ontologies are evaluated and their graph are shown

above.

4.4  Comparison of same type of ontologies using proposed framework:

Another use of the proposed framework is that we can compare the ontologies to check
which ontology is best in terms of quality. Comparison of ontology is necessary when we have to
make a new ontology so we compare the new ontology with the existing ontology and evaluate
that the new ontology is best as compared to the existing one. For this purpose, we import two
ontologies from different portals. These ontologies belong to the same domain and both
ontologies are make for the cell line descriptions. So we compare both ontologies according to

our framework and compare the results of evaluation.
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Cell line ontology CLO and MCCL are for the same domain ontology. We compare both
ontology quality using the proposed framework. According to results the CLO is better in quality
than MCCL because CLO has more classes, triples and properties but MCCL has more relation.
The values of the class, triples, relations and properties and their graphical representation are

following:
Table 4.4-1 Comparison of cell line ontologies
Sr# Ontology Total Total Total Total
Classes/Individuals Triples Relations Properties
1 Cell Line 44874 140999 125545 117
Ontology (CLO)
2 Cell Line 5475 138088 135916 17
Ontology (MCCL)

Following graph represent the class, individuals, triples, relation and properties of both
ontologies and show the Cell line ontology (CLO) has more number of characteristics as
compared to the MCCL ontology.
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Figure 4.4-1 Graph of comparison of cell line ontologies
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4.5 Comparison of Proposed framework with existing frameworks:

According to the literature, the frameworks that evaluate the ontology according to the
structural characteristics are OntoQA, OntoBee, [57] and [60]. We have compare our proposed
framework with these frameworks.

OntoQA evaluate the ontologies on the bases of the class, instances and the relations of the
ontology. OntoQA cannot cover all the characteristics of ontology for quality evaluation of
ontology. Also the OntoQA’s framework only evaluate the ontology which have the owl format
and evaluate only medical related ontologies. And the proposed framework can evaluate all the
structural characteristics of ontologies and evaluate all domains related ontologies.

OntoBee evaluate the ontologies on the basis of the concept/class and the properties between the
classes. Like OntoQA, this framework also cannot evaluate all the characteristics triples (subject,
object, predicates) instances, relation and the other properties are missing. This framework only
evaluates the medical related ontologies.

Khan’s [60] framework for ontology evaluation can evaluate the classes, instances, triples
(subject, object, predicate) and some properties. But some characteristics are missing for
examples the relations between the classes and some properties like transitive property. This
framework is only for the owl format related ontology and can evaluate only medical related
ontology. As the proposed framework can evaluate almost all domain related ontologies and
covered all the structural characteristics for the quality evaluation of the ontologies.

Tao’s framework [57] can evaluate the RDF/ XML formats ontology and evaluate the ontology
on the bases of the class, instances, relation and some object related properties. But the triples
(subject, object, predicates) and other properties are missing. As compared to the proposed
framework, the proposed framework can evaluate the ontologies using all the structural
characteristics and evaluate all the formats of the ontologies but the queries are different for all
every format but the framework is same (Queries can very as the format is changed). Proposed
framework can evaluate almost all the domains of the ontologies and they are explained in the
result chapter.
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Table 4.5-1 Comparison with related work

Ontologies | OntoQA | oQual Ning’s Khan’s | OntoBee | Proposed Reason
framework | Framework framework
Dublin Core - Good - - Good Good All
Quality Quality Quality | Characteristics
are present
PROV-O - Bad - - Good Good All
_ Quality ' Characteristics
Quality Quality are present
SKOS - Good - - Good Bad Properties are
Quality Quality missing
Quality
GlycO Bad - - - - Good All
Quality _ Characteristics
Quality are present
SWETO Good Good - - - Good All
Quality | Quality Quality | Characteristics
are present
Ontology - - Good - - Good All
_ _ Quality Quality | Characteristics
Biophysics are present
Hymenoptera - - - Good Good Good All
Anatomy Quality Quality Quality | Characteristics
Ontology are present
Ontology for - - - Good Good Bad Properties are
General Quality _ _ missing
Medical Quality | Quality
Science
Porifera - - - Good Bad Bad Properties and
Ontology Quality Quality _ relationships
Quality between
classes are
missing
Uber - - - Good Good Good All
Anatomy Quiality Quiality Quality | Characteristics
Ontology are present
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Following table can show the comparison of the frameworks.

Table 4.5-2 Comparison with existing frameworks

Structural OntoQA OntoBee [60] [57] Proposed
Characteristics Criteria
Subject Y Y
Object Y Y
Predicate Y Y
Concepts Y Y Y Y Y
Instances Y Y Y Y
Relations Y Y Y
Object Y Y Y
property
Annotation Y Y Y
property
Transitive Y
Property
Other Y Y
Properties

The above graph 4.5-1 represent the comparison of the proposed methodology with the existing
frameworks and shows that the proposed framework can evaluate all the structural
characteristics.
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Chapter 5
Conclusion and Future work
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CHAPTER 5: CONCLUSION AND FUTURE WORK

5.1 Conclusion:

There are many ontology web portals and thousands of ontologies was made on different
domains. So to find out which ontology is better and which ontology can solve the required
problems ontology evaluation is very important. The main focus of ontology evaluation is to
estimating the quality of ontology. Ontology evaluation is the most important and complex part
of ontology engineering process because it involves in the different levels of ontology formation
that are evaluation and the reuse. Our proposed framework can evaluate the quality of ontology
using the structural characteristic that are concept/class, individuals/instances, relations between
classes, triples (subject, predicate, object), properties.

Our proposed framework used to evaluate the ontologies and also used for the comparison of
ontologies and tell which ontology is best in terms of quality and structure. We applied the
SPARQL queries on the selected different domains related ontologies and explain the results in
the tables and also the form of graphs. Our proposed framework can evaluate all the formats of
ontologies but in this research we only use owl format because owl is the most used format of
ontology. For other formats the proposed framework is same but the queries that are used is
different according to the format. For evaluation we use protégé and SPARQL queries.

The proposed framework is used for all domains related ontologies. For our proposed framework
we select four human anatomy ontologies, three animal ontologies, two chemicals ontologies,
three neurological ontologies and two plant ontologies. We applied all the queries on every
selected ontology and explain the results. we also compare the quality or two same type of
ontology and explain which ontology is best in terms of quality. In this framework we try to
evaluate all the possible different domains related ontologies not just medical ontologies.

The limitation of the proposed framework is that it can only evaluate the structural characteristics
and evaluate the ontology on the basis of the quality and ignore the quantitative aspects.

The advantage of the framework is that it can evaluate all the domains ontologies not just
medical ontologies and this framework can also use for the comparison of ontologies. This

framework can use for the evaluation of all different type of formats of ontology but the queries
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are different for each format. This framework covers all the structural characteristics. And helps

the researcher to find the best quality ontology.

5.2 Future work

As the proposed framework’s evaluation results are very precise and the comparison of
ontologies give information about the improvement and quality of the ontologies. The proposed
framework can only evaluate the quality of ontology. In future quantitative evaluation criteria
should be proposed for evaluation of ontologies. And also make a web portal for the evaluation
of the ontologies. In the proposed framework, when we compare two ontologies it can only give
a numerical number of characteristics difference in further the comparison can also tell the same

and different characteristics of each ontology.
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