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Abstract: The aim of this study is to develop a novel ontology ranking technique that ranks a given set of
ontologies in a certain domain area. We examine each ontology by considering the OWL language constructs
which are used to build that particular ontology. We define ontoweight measwe and develop a methodology
to compute the score and rank the ontologies. The main contributions of this study are adapting OWL
constructs to determine the expressiveness of a given ontology, introducing ranking metric and methodology

for ranking ontologies.
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INTRODUCTION

The semantic web is gaining importance due to its
ability to interpret and process data and develop
knowledge models which are useful for efficient search
and retrieval. The semantic web is an extension of the
current World Wide Web, in which information is given
a well defined meaning enabling the computers and
people to work with better cooperation. The semantic web
provides a framework for sharing, combining and reuse of
data across multiple applications with different
requirements. One of the goals of the semantic web is to
incorporate semantics so as to describe a concept such as
travel, health, tourism, entertainment. Ontologies provide
a flexible way of introducing semantics into the semantic
web. They allow users to define their own vocabulary
based on the existing ones. The major advantage of using
ontologies is that they have the potential for the reuse of
knowledge. An ontology developed by one person can be
modified, extended or pruned by others as required,
thereby avoiding the huge effort of starting from the
scratch. A number of ontology libraries currently exist.
Example libraries are Ontolingua (www ksl.stanford.edu/
software/ontolingua) and the OWTL library Chttp:/protégé.
stanford.edu/plugins/owl/owl-library). In order to get the
right information, the search engines must be capable of
finding the ontologies we are looking for. Some ontology
search engines have already been developed, for
instance, Swoogle developed by Ding et al. (2004) and
Ontosearch developed by Zhang et al. (2005).

Cwrrent trends in knowledge management require
working with multiple ontologies in order to support
complex applications in a domain area. Web ontology
language (OWL) is the approved standard which is used
for developing ontologies in the semantic web. Due to

increase in multi-disciplinary applications, we will see a
large growth of OWL ontologies. In this study, there
arises a need to use more than one ontology to get the
right kind of information the user is looking for. Finding a
suitable ontology that serves the user’s purpose becomes
a hard task. In this study, we present a novel ontology
ranking technique that ranks a given set of ontologies in
a certain domain area. We examine each ontology by
considering the OWL language constructs which are used
to build that particular ontology. The main contributions
of the study are adapting OWI., constructs to determine
the expressiveness of a given ontology, introducing
ranking metric, methodology for ranking ontologies.

BACKGROUND

An ontology defines a common vocabulary for
researchers who need to share information in a domain. It
includes machine-interpretable definitions of basic
concepts in the domain and relations among them.

The main reasons for developing an ontology are:

¢+  To share common understanding of the structure of
information among people or software agents

¢+  Toenable reuse of domain knowledge

¢+  Tomake domain assumptions explicit

¢  To separate domain knowledge from the operational
knowledge

+  Toanalyze domain knowledge

Web ontology language (OWL) is used for
expressing the ontologies on the semantic web. The OWT,
is developed with an intention of providing a language
that can be used to describe the classes and relations
between them that are inherent in web documents. The
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OWTL facilitates greater machine interpretability of web
content than that supported by XML, RDF and RDF
Schema (RDF-S) by providing additional vocabulary
along with a formal semantics. The OWL has three
increasingly-expressive sublanguages: OWL Lite, OWL
DL and OWL Full.

The list of OWL Lite language -constructs
(www.w3.0org/TR/2004/REC-owl-features/20040210)  is
given in Fig. 1. The OWL DL and OWI., Full language
constructs that are in addition to those of OWL Lite are
given in Fig. 2. An ontology that describes a certain
concept 18 developed based on these OWL language
constructs. Ontology developers adopting OWT, should
consider which sublanguage best suits their needs. The
choice between OWL Lite and OWT., DI depends on the
extent to which users require the more-expressive
constructs provided by OWL DL. The OWL provides the
following functionalities:

Definition of OWL classes, using the owl.class

Definition of OWL, properties, for the representation
of the features of the OWL class individuals. Two
kinds of properties are provided by OWL:

Object  Properties, defined using the
owl:objectProperty construct, which relates

individuals of one OWL class (the property
domain) with individuals of another OWL class
(the property range)

Datatype Properties, defined using the
owl:datatypeProperty construct, which relates
individuals belonging to one OWL class (the
property domain) with values of a given
datatype (the property range). Property
hierarchies may be defined using the
rdfs:subPropertyOf construct

Defimtion of restrictions, using the owl:Restriction
construct, which type restrictions,
cardinality restrictions and value restrictions

includes

construct, for the representation of sets of
individuals sharing some properties. Class OWL s wuwsed as a standard to express
hierarchies may be defined using the rdfs: subclass relationships between classes and properties in a given
of construct concept.
RDF Schema Features: (In)Equality: Property Characteristics:
Class(Thing, Nothing) equivalentClass ObjectProperty
rdfs:subClassOf equivalentProperty DatatypeProperty
rdf: Property sameAs inverseOf
rdfs:subProperty Of differentFrom TransitiveProperty
rdfs:domain AllDifferent Symmetri cProperty
rdfs:range distinctMembers Functional Property
Individual InverseFuncti onalProperty
Property Restrictions: Restricted Cardinality: Header Information:
Restriction minCardinality(only 0 or 1) Ontology
onProperty maxCardinality imports
allValuesFrom cardinality
Class Intersection: Versioning: Annotation Properties:
intersectionOf versionInfo rdfs:1abel
priorVersion rdfs comment
backwardCompatibleWith rdfs:seeAlso
incompatibl eWith rdfsiisDefinedBy
DeprecatedClass AnnotationProperty
DeprecatedProperty OntologyProperty

Fig. 1: OWT lite constructs

Class Axioms:

Boolean Combinations of Class Expressions:

oneQf unionOf
disjointWith complementOf
equivalentClass intersectionOf
rdfs:subClassOf

Arbitrary Cardinality: Filler Information:
minCardinality hasValue
maxCardinality

cardinality

Fig. 2: OWTL, DL and OWT, full constructs
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MOTIVATION

Here, we explain our approach by considering a
sample camera ontology. As shown m Fig. 3, we have
three sets of data. The first set is the keyword collection
set that contains the user input keywords plus the words
that are related to the concept camera, which are taken
from wordnet (www wordnet-online.com). The second set
shows all the available OWIL language constructs. The
third set shows a sample camera ontology. Arrows are
drawn to show how each OWL construct 1s used to
describe the concept, camera. If an ontology contains a
hundred percent match of class labels for all the keywords
that are present in the key word collection set, then that
ontology can be considered as closer to an 1deal
ontology. So, this way it 1s umportant to examine an
ontology and see how many relevant class labels are
matching with the keyword collection set. Tt is not
sufficient if the class label alone matches with the
keyword. We need to see how well the concept 1s
described in terms of OWL constructs in that particular
relevant class. Also, a concept can be described as a
whole or part of an ontology. We need to see how much
portion of the given ontology has the relevant OWL
classes that describe the concept we are looking for.

Present study concentrates on two aspects (1) How
well the concept 1s described in terms of OWL constructs

in a particular relevant class? (2) How much portion of the
given ontology has the relevant OWIL classes that
describe the concept we are looking for? By measuring
these two aspects we can arrive at a score using which
the ontologies can be ranked. We call that score as
ontoweight.

In this study, we considered OWL ontologies that
describe the concept drug and tried to rank them based on
the above mentioned OWL language constructs.

Several techniques to rank and choose the right
ontology have been proposed. Jones and Alani (2006)
proposed content based ontology ranking. The ranking 1s
done according to how many of the concept labels in the
set of ontologies match the set of keywords. An ontology
which has more class labels that match the key words 1s
deemed more suitable and 15 ranked higher than others.
Alani et al. (2006) proposed AKTiveRank technique for
ranking the ontologies. The AKTiveRank technique
applies a number of analytic methods to rate each
ontology based on an estimation of how well it represents
the given search terms.

Yu et al (2006) proposed ARRO (Approach for
Ranking and Retrieving Ontologies). In this approach, the
hierarchy of the ontology 1s regarded as one of the most
important measures for ranking ontologies. The semantic
relations among the classes of the ontologies will be
measired and the logic views of the query terms are

Source:

</owl:Class>

</owl:Class>

-<owl:Restriction>

—»-</owl:Restriction™
<fowl:intersectionQf>
<jowl:Class>

Keyword collection set OWL Language canstructs
{Consists of user input
key words + Ex: Class axiom constructs,
words from wordnet)
Boolean combination constructs,
Ex: Camera, digital,
Shutter, film, etc. Arbitrary cardinality constructs etc
Omntology

(Example: Camera Ontology
hitp://www.xfront.com/owl/oniologies/camera)

-<owl:Class idfID—"Camera">
-<rdfs:subClassOf rdfiresource="#Purchaseableltem"/>

-<owl:Cless rdf:ID="Digital">
<dfs:8ubClassOf rdf:resource="#Camera"/>

~<owl:Class rdf:ID—"Body WithNonAdjustableShutterSpeed">
-<owl:intersectionOf rdf*parse Type="Collection">
<owl:Class rdf:about="#Body"/>

<owl:onProperty rdf:resource="#shutter-speed"/>
<pwl:cardinality>0</owl:cardinality>

Fig. 3: The camera concept-described in terms of OWL constructs
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formed. The ARRO can combine the logic inference and
ranking together through the logic view.

Ding et al. (2004) proposed Swoogle, a search engine
that a user can query for ontologies that contain specified
key words which appear as class or property names.
Patel et al. (2003) proposed Ontokhoj, a semantic web
portal that can be used for ontology searching and
ranking. Both Swoogle and Ontokhoj rank ontologies by
using a PageRank like method developed by Page et al.
(1999) that analysis the links and referrals between
ontologies for identifying the most popular ontologies.
However, the majority of ontologies on the web are poorly
connected and more than half of them are not referred to
by any other ontologies at all.

Ontosearch 2 is a search engine developed at the
University of Aberdeen which can be used for querying
and ranking ontologies. The public beta wversion is
currently available at www.ontosearch.org. The current
version 1s under revision and the next release of
Ontosearch 2 will contain a keyword based search
mechanism to allow broad searches of the entire
repository of ontologies.

SemSearch 13 a search engine developed by
Lei et al (2006). Tt ranks ontologies according to their
closeness to the specified user key words. Tt considers
between
and the
other 1s the number of key words the search results
satisfy.

Samir and Arpinar (2007) developed OntoQA, a tool
evaluates and ranks the ontologies based on two metrics:
(1) Schema metrics which address the design of the
ontology schema. The two metrics are relationship

two factors-one 1s the matching distance
each key word and its semantic matches

diversity and schema deepness. (2) Instance metrics:
These are divided into three sub dimensions-Overall KB
(Knowledgebase) metrics that evaluate the overall
placement of instances with regard to the schema, class
specific metrics that evaluate the instances of a specific
class and compare it to the instances of other classes and
relationship specific metrics that evaluate the instances of
a specific relationship and compare it to the instances of
other relationships.

Buitelaar et al. (2004) developed OntoSelect which 1s
a dynamic web based ontology library. OntoSelect
allows searching as well as browsing of ontologies
according to size (number of classes, properties)
representation (DAML, RDFS, OWL),
connectedness (score over the number of included and
referring ontologies) and human languages used for class

format

and object property labels.
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Fernandez et al. (2006) proposed Collaborative
Ontology Reuse and Evaluation (CORE)-a tool that
receives description  of a semantic

an informal

domain and determines which ontologies are the
most appropriate to describe the given domain. The
ranking of ontologies 13 done by using the rank fusion
techniques.

Li et al. (2007) proposed Ontol.ook-a relation based
search engme. OntoLook records all of the relations
among keywords and concepts and sends these pairs to
the ontology database. It then searches the ontology
database and retrieves ontologies which satistfy most of
the keyword-concept pairs. However, it does not rank the
ontologies.

Based on the various evaluation and ranking
methods mentioned above, it 1s clear that there 1s a need
to assess all important features of an ontology and rank
the ontologies from a given set of ontologies. This study
concentrates on examimng the ontologies based on OWL

language constructs and ranks them.
PROPOSED WORK

The proposed ontology ranking architecture is given
in Fig. 4.

The mam component of our ranking architecture is
the ontology ranking engine. The keywords are sent to
the engine. These keywords are sent to the wordnet
database and all the concept related words are collected
from the wordnet. Then the ranking engine calculates
ontoweight by considering all the OWL constructs that
are present in the ontology.

The algorithm for the ranking technique is given in
Fig. 5.

The explanation of the ranking technique 1s given in
Fig. 6.

Ontologies
Lbrary

A
Ontology

=

OWL
constructs

Query
(keyword Listy—

engine

A

results

Fig. 4: Proposed ontology ranking architecture
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Algorithm: Ontol ogy Ranking

Ontput: Ranking List

done

8. Order ontologies based on Ontoweight
9. Return the list of ordered ontol ogies

Input: ontology, user’s keywords, concept related key words from wordnet, OWL consfructs

1.  for each ontology do
2. Oconstruct — OWL constructs
Oclass « the relevant OWL classes
3. for each O € Oclass do
4. for each Oconstruct ¢ OWL constructs do
5. Compute Relevance Factor
done
done
6. Compute Normalisation Factor
7. Compute Ontoweight

Fig. 5: Algorithm for the proposed ranking technique

Examine each ontology

called a relevant class.

5) Calculate the Normalisation Factor.

1) Start matching the class label with the words in the keyword set. A class - whose label matches with any of the
words present in the collection of keyword set (the class label match can be an exact match or a partial match)-is

2) Examine that parficular relevant class in terms of OWL language constructs.
For example Class Axiom constructs (Ex: oneOf, digjointWith etc) , Arbitrary Cardinality constructs (Ex: minCardinality,
maxCardinality etc.), Boolean Combination constructs (Ex: unionOf, complementOf etc.)
3) For each OWL construct that is present in that particular relevant class - Calculate Relevance Factor.

4} Calculate Relevance Factors for all the OWL language constructs that are present in all the relevant classes.

6) Finally, calculate the Ontoweight by multiplying the Relevance Factor with Normalisation Factor.
7) We will arrive at the Ontoweight score for a particular ontology.

8) The ontology that has the highest Ontoweight score will rank first.

Fig. 6: Explanation of the proposed ranking techmque
THE RANKING PROCEDURE

An ontology can be treated as a collection of
owlClasses.

Let O denote an ontology,
individual owlClass in that ontology.
The ontology can be represented as follows:

C denote an

O0=(CL,CLCLC hH ... C)

In the above set of classes, we consider only the
classes whose labels match with the key words in the
keyword collection set. These classes are the relevant
OWL classes and we will consider each of these classes
and examine them for OWIL, constructs.
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All the constructs that are available in the web
ontology Language can be represented as a collection.
Let OC denote an individual OWL Construct.
OWL construets = (OC, OC,, OC,, OC,, ..........., OC))
We look for the occurrences of each of the above
constructs in all of the relevant OWL Classes.
Salton and Buckley (1988) presented several
term-weighting approaches n automatic text analysis. The
main function of a term-weighting approach is the
enhancement of retrieval effectiveness. Our work 1s based
on their study. For each OWL construct-we look for its
occurrence in a relevant OWL class and calculate its
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weightage. While calculating the weightage, we also
consider the number of times the same OWL construct
occurs 1n all of the relevant OWL classes throughout the
ontology document. The final weightage that we get for
an OWL construct is called as relevance factor for that
particular OWL construct.

The Relevance Factor (RF) for each OWL construct
in each individual relevant OWT, class is calculated as
follows:

Let RF,, denote Relevance Factor for an OWL construct.

RFOC =X fuc, [} X (l/log( N/(foc, N)) (1)
Where:
f,.c = The number of times the OWL construct oceurs in

that particular class

N = The total number of relevant OWL classes in the
entire ontology and
f,. v = The number of relevant classes in which the OWL

construct (OC) appears

o takes the value of either 1 or 0.4. If the class label
exactly matches with the key word then the value is taken
as 1. If the class label matches partially with the keyword
then the value is taken as 0.4.

The Eq. 1 gives the relevance factor for only one
OWTL construct in only one relevant class.

Let us say there are N number of relevant OWL
classes in the given ontology.

The Eq. 1 can be written as follows:

N
RE, = Y (axf,, cjx (1/log (NF,, N)) (2)
i=1

where, f_ ; is the number of times the OWL construct
occurs in the class j.

The Eq. 2 gives the Relevance Factor of only one
construct 1n all the relevant OWL classes. Since, an
ontology can be expressed in any of the OWL constructs,
we need to calculate the Relevance Factor for all the
constructs that are available in the OWL.

Therefore, the Eq. 2 is modified as follows:

Assume that the total number of constructs available
in OWL is k.

RF= 3 (3)

i=1 j

{axf, o x (log (N . N
-1

Where:
foi s = The number of times the OWL construct, 1 oceurs
n the class j
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f,4 v = The number of relevant classes in which the OWL
construct, 1 appears

Using the Eq. 3, we can examine each relevant class
and come up with relevance factor for all the constructs in
a given ontology.

Calculation of Normalisation Factor (NF): The NF takes
care of the length of the ontology. For example, if we are
looking for the concept brake we may find an ontology
exclusively describing the brake. We may also find the
same concept described in an automobile ontology.
However, in the automobile ontology, the concept brake
forms just a part of it.

So, a concept can be described as a whole or part of
an ontology. The NF gives us an indication of how much
portion of the given ontology has the relevant OWL
classes that describe the concept we are looking for.

No. of relevant OWL classes in the ontology
Total No. of OWL classes present in the ontology

The ontoweight is calculated by multiplying the
Relevance Factor (RF) with the Normalisation Factor (NF).

Ontoweight=R FxN F

The ontology with the
ranked first.

highest ontoweight 1s

EXPERIMENT

We considered the drug as a sample concept and
downloaded a set of 10 ontologies on this concept by
using the semantic web search engine, Swoogle. We
conducted the experiment and calculated the ontoweight
for each ontology. The list of ontologies that are
considered are shown in Table 1. The results are

presented i Table 2.

Adding concept related terms to the key word set: The
terms that are related to the concept drug are taken from
the wordnet. These terms are added to the terms in our
keyword set. Now, ow keyword set consists of the
concept word drug plus some more terms that are related
to the concept. The addition of the terms that are related
to the concept will give us a better keyword set and by
using all the terms in the thus formed keyword set, we can
examine each ontology in a more meaningful manner.
The list of the terms for the concept drug that are
obtained from the wordnet are included m Table 2.



Table 1: Test set of ontologies (Concept: drug)
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Ontology Ontology URL

Drugonts http://www.phinformatics. org/Assets/Ontology umls. owl

Drugont8 http://www.bio.cs titech.ac jp/~dio/dio_event.owl

Drugontl 0 http://spire.umbc.edw/ontologies/EthanK ey words. owl

Drugont20 http:/www.mindswap. org/2004/multipleCnt/FactoredOntologies™NCT/Ontol ogy 13.0wl
Drugont23 http://www.mindswap. org/2004/multipleOnt/FactoredOntologies/NCI/Ontology 17.owl
Drugont24 http:/fwww.mindswap. org/2004/multip leOnt/FactoredOntologies/NCIL/Ontology1.owl
Drugont27 http://spire.umbc.edu/ontologies/taxa_2008 (4_08/old_sty le/EthanConcepts.owl
Drugont3 5 http://ontology. dumontierlab.com/phammacogenomics-complex-2.1. owl

Drugontd0 http:/www. w3, org/2005/04/swls/1s-ont-1.0

Drugont55 http://proton.semanticweb. org/2006/05/protonu

Table 2: List of terms for the concept drug

Medicine Anesthetic Diuretic Levallorphan
Narcotic Anaesthetic Water pill Lorfan
Agent. Antagonist Abuse Medication
Phammacopoeia Antisy philitic Street drug Medicament
Abortifacient Anti-mf cormp ound Feosol Medicinal
Aborticide Brand name Fergon Mydriatic
Abortion inducing Proprietary Fertility drug Pentoxitylline
Agonist Conlrolled substance Generic drug Trental
Anesthetic Dilator Intoxicant Psychoactive
Mind altering Consciousness altering Psychotropic agent Relaxant
Soporific Hypnotic Stimulant Suppressant
Appetite Synergist Virility drug Anti-impotence
Medicate
Table 3: Ontologies ranked as per ontoweight emerges, a large number of ontologies will be developed.
g:;zfg 1D i)gt(:)o;e;gh L R;mk Finding the relevant ontology that satisfies all the
Drgont35 145.727 5 user’s requirements becomes a challenging task. In
Drgent20 59.653 3 this study, we proposed a new ranking technique
g;ﬁgﬁ:? 8' f‘;‘é ;1 that ranks ontologies based on OWL language
Drgont40 0,088 s constructs. Combining this techmque with other ranking
Drgont24 0.074 7 techniques would be beneficial in the ontology ranking
Drgont55 0.011 8
Drgont27 0.003 9 Process.
Drgont10 0.002 10
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