Journal of Southeast University ( English Edition)

Vol. 22, No. 3, pp. 365 - 369

Sept. 2006 ISSN 1003—7985

Semantic analysis approach for construction of OWL ontology

Liu Hongxing

Yang Qing

(School of Computer Science and Technology, Wuhan University of Technology, Wuhan 430063, China)

Abstract: A semantic analysis approach is proposed, by which semantic relationships between concepts are

identified and defined, and then mapped or transformed to OWL (web ontology language) ontology. The most

common abstractions ( namely, inclusion, aggregation and association) and their implication in ontology are

discussed; then the OWL implementation for three abstractions are analyzed and illustrated. Taxonomies,

constraints on properties for each class, and the relations between taxonomies in OWL ontology are established

after all the semantic relationships are identified and described. This research is the basis for the development of

the ontology conceptual model (OCM) and the mapping from OCM to OWL ontology.

Key words: ontology; semantic web; OWL

The purpose of ontology is to establish the shared
and common understanding of some domain that can
be communicated across people and computers'''. Be-
cause of its potential for supporting the interoperability
and integration among heterogeneous resources on se-
mantic layer, ontology is now being widely thought
valuable for many areas.

Semantic web is a vision for the future of the
web, on which the information is given explicit mean-
ing. Such a commitment makes it easier for machines
to automatically manipulate and integrate information
on the web. In order to achieve this mission, it is neces-
sary to establish an additional layer which captures and
represents the semantics of information on the web.
OWL (web ontology language) was thus promoted as
a standard for web ontology language by W3C. It is
foreseeable that, in the future, a considerable number of
ontologies will be created in OWL and available on the
web. Many reasoning tools or software agents based
on OWL ontology will be put into use.

Although some development tools have provided
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support for OWL ontology
OWL ontology is still time-consuming and easy to be
out of control. The reason is that the methodologies for
building ontologies are relatively immature. There is
not a widely accepted methodology so far. Ontology
development still largely depends on the experience of
developers.

Ontology is a formal, explicit specification of a
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shared conceptualization'"’, and it may take a variety of
forms. Generally, ontologies explicitly represent the
concepts of some domain, relationships between these
concepts, and relevant constraints on concepts. The
analysis and identification of basic semantic relation-
ships between concepts should be central activities in
the process of ontology development. In this paper, we
propose a semantic analysis approach, by which seman-
tic relationships between concepts are identified and
expressed. The skeletal OWL ontology is established
after the semantic relationships are mapped or trans-
formed to OWL descriptions.

1 Architecture for Construction of OWL
Ontology

Ontology is a kind of software or a part of soft-
ware for knowledge representation. The knowledge is
captured and represented in specific ways and finally
transformed to computable expression in the process of
ontology development. The same as with the develop-
ment of other kinds of software, the development of
ontology should also be a modeling driven process.
The most important activities involved are construction
and transformation of models. Fig. 1 describes the ar-
chitecture for ontology representation and transforma-
tion, in which knowledge in the real world is identified
and expressed in three layers.

The real world is composed of things having
properties that are inherent and exist objectively
whether or not they are observed or recorded. A prop-
erty can be characterized as descriptive or associative
according to its semantic role: a descriptive property
expresses some characteristic of a thing; an associative

[4]

property relates two or more things'™. What we are
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Fig.1 Architecture for ontology representation and transformation

Formalization

concerned with are those highly relevant things and
properties in a domain. This is called domain knowl-
edge in this paper.

The ontology conceptual model (OCM) is the
abstraction of domain knowledge in the real world; the
things and properties of the real world are represented
by concepts, attributes, semantic relationships, and
constraints in abstract and visual ways. The OCM is
independent of any specific knowledge language, and
is the common understanding or agreement shared by
domain experts and ontology developers. So the con-
ceptual layer is the bridge for the transformation from
domain knowledge to computable expression.

In the representation layer, ontology is the model
which expresses domain knowledge in computable or
semi-computable knowledge language. The knowledge
language can be roughly classified as description-logic
based, and frame and first-order-logic based”'. OWL
is description-logic based ontology language; the on-
tology described in OWL is called OWL ontology.
Knowledge base (KB) is the instantiation of OWL
ontology, and is composed of substantial and meaning-
ful individuals of some domain.

Development-oriented activities include specifica-
tion, conceptualization, formalization and implementa-
tion'™ . In the context of this research, conceptualiza-
tion refers to the activity which analyzes and abstracts
the domain knowledge, and models the domain knowl-
edge in OCM; the domain knowledge expressed in
OCM is transformed to OWL ontology in the process
of formalization; implementation is the activity of
building related KB. In this paper, the focus is on the
formalization, and the construction of OWL ontology
is discussed in detail.

2 Semantic Relationships in Ontology Con-
ceptual Model

In OCM, concept and attribute are respectively

the abstract representation of “thing” and “property”
in the real world; the abstract representation of de-
scriptive property and associative property are respec-
tively called simple-attribute and associative-attribute.

Semantic relationships are the abstraction of the
inherent relations among things and properties. The
database community has made much effort to identify
and represent semantic relationships. Storey!”! summa-
rized and presented a taxonomy of semantic relation-
ships. Goldstein et al.'" further analyzed the three
most common abstractions ( namely, inclusion, aggre-
gation and association). The semantic relationships
existing in the real world are universal. Ontology
should be able to reveal the most common abstrac-
tions. Three abstractions and their implication in ontol-
ogy are defined and discussed as follows.
2.1 Inclusion

The inclusion relationship represents the subtype/
supertype relationship. Two kinds of inclusion should
be distinguished in ontology.

1) Is-a

Ca and Cb are concepts. Ca is-a Cb means that
Ca is a specialization of Cb and Cb is a generalization
of Ca; Ca is relatively a generic concept and Cb is a
specific concept. For example, “ Graduate” is a
“ Student 7,
“Student”, and “Student” is a generalization of “Grad-

“ Graduate ” is a specialization of
uate”.

The most important feature of “is-a” is inherit-
ance: Ca is-a Cb, Ca thus inherits all the attributes of
Cb. Multiple inheritances are permitted in OCM: Ca
is-a Cb, Ca is-a Cc, Ca thus inherits the attributes
from both Cb and Cc. Another important feature of
“is-a” is transitivity: Ca is-a Cb, Cb is-a Cc, then, Ca
is-a Cc.

2) Subset hierarchy

When a generic concept is defined as the union
of non-overlapping specific concepts, the specific con-
cepts form a partition of the generic concept. For ex-
ample, “Student” is a union of “Graduate” and “Un-
dergraduate”, so ‘““Graduate” and “ Undergraduate”
comprise a partition of “Student”.

All the partitions relating to a generic concept
form a subset hierarchy. For example, “Student” is the
generalization of “Undergraduate”, “Graduate”, “Part-
time”, “Full-time”, “Overseas” and “Home”. Three
groups, “Undergraduate” and “Graduate”, “Part-time”
and “Full-time”, “Overseas” and “Home”, form three
partitions of “Student”. Clearly, overlapping exists
among three partitions.



Semantic analysis approach for construction of OWL ontology 367

The taxonomy among a group of concepts is es-
tablished after all the inclusion relationships are identi-
fied and expressed.

2.2 Aggregation

Aggregation is an abstraction so that the relation-
ship among concepts is considered as a higher level
concept. For example, the aggregation of (‘“name”,
“affiliatedSubject”, “degree”, ‘““duration”, *descrip-
tion” and “steeringCommittee”) represents a concept
“Program”; conversely, “name”, “affiliatedSubject”,
“degree”, “duration”, *“description”, “steering-Com-
mittee” are respectively the component-of concept
“Program”. In some literature, component-of is called
part-of.

If Ca is component-of Cb, Ca will be regarded as
an attribute of Cb. A concept could be an aggregation
of both single-attributes and associative-attributes. A
concept and its attributes are thus grouped together by
aggregation.

2.3 Association

Association is a triple relationship which repre-
sents the link of two concepts by an associative-attrib-
ute. There are two kinds of association existing in on-
tology.

1) Instance-of

Cb is a concept, and Ax is an associative-attrib-
ute of some concept. Ax is instance-of Cb means that
the type of Ax is Cb and the occurrence of Ax should
be an instance of Cb.

For example, the concept “Program” has attrib-
utes (“name”, “degree”, “duration”, “affiliatedSub-
ject”, “steeringCommit-tee”) . “affiliatedSubject” is an
associative-attribute. Its type is concept “Subject”,
and each occurrence of “affiliated-Subject” is an in-
stance of the concept “Subject”. So “affiliatedSubject”
establishes a link between “Program” and “Subject”.

2) Member-of

Cb is a concept, and Ax is an associative-attrib-
ute of some concept. Ax is member-of Cb means that
the type of Ax is Cb and the occurrence of Ax should
be a set of instances of Cb. In other words, where the
occurrence of Ax is an aggregation of instances of
Cb, Ax could be considered as another ( higher) con-
cept.

For example, the concept “Program” has attrib-
utes (“name”, “degree”, “duration”, “affiliatedSub-
ject”, “steeringCommit-tee”) . “steeringCommittee” is
also an associative-attribute. Each occurrence of
“steeringCommittee” is a set of instance of concept
“Academic”. So “steeringCommittee” establishes an-

other kind of link between “Subject” and “Academ-
ic”, and can be considered as a concept because it is
the aggregation of instances of concept “Academic”.

The cardinality of Ax is equal to the cardinality
of the set attached to the occurrences of Ax. Obvious-
ly, the cardinality of Ax with relationship member-of
is not less than one (that is, the set which is attached
to Ax should not be empty). For example, the cardi-
nality of “steeringCommittee” is five, which means
that each occurrence of “steeringCommittee” should
consist of five instances of “Academic”.

The cardinality of Ax with relationship instance-
of can be regarded as exactly one, for the occurrence
of Ax can be regarded as a set which consists of ex-
actly one instance of Cb. To some extent, the rela-
tionship instance-of is the specialization of relationship
member-of; but the difference is that an associative-at-
tribute with a relationship instance-of cannot be con-
sidered as a higher concept.

3 Semantic Analysis Based Construction of
OWL Ontology

Generally, ontology includes taxonomies, rela-
tionships between taxonomies, and constraints on at-
tributes for each concept. As discussed above, the con-
cepts with attributes are grouped into taxonomy after
inclusion (i. e., is-a, and subset hierarchies) and ag-
gregation ( conversely, component-of or part-of) are
identified and expressed. The relationships between
taxonomies are established after association (i. e., in-
stance-of, and member-of ) is identified and ex-
pressed.

We analyze and illustrate the OWL implementa-
tion for three abstractions. Concept, simple-attribute
and associative-attribute, and instance are respectively
mapped to class, datatype property and object proper-
ty, and individual in OWL"™™ .

3.1 Implementation of inclusion

Class axiom defines necessary and sufficient
characteristics of class by class descriptions. The basic
class descriptions are listed below in the left column,
and the right column lists more advanced descriptions
based on description logic.

e owl: Class e owl: unionOf
o rdfs: subClassOf
e owl: equivalentClass ¢ owl: complementOf

e owl: intersectionOf

o owl: disjointWith
The class definition blocks below give the defini-
tions for class “ Student”, “ Undergraduate” and
“Graduate”; (“Under-graduate”, “Graduate™) forms a
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partition of “Student”. The definition for the partition
is incorporated into the class definition blocks. Other
partitions of “Student”, (“Part-time”, “Full-time”)
and (“Oversea”, “Home”), can be defined in the
same way. The taxonomy “Student” is established af-
ter all the “Inclusion” relations among “Student” and

its subclasses are well defined.
{owl: Class rdf: about = “#Student”)
( owl: equivalentClass )
(owl: Class)
(owl: unionOf rdf: parseType = “Collection” )
(owl: Class rdf: about = “#Undergraduate™/ )
(owl: Class rdf: about = “#Graduate”/ )
(/owl: unionOf )
(/owl: Class)
(/owl: equivalentClass )
{/owl: Class)
(owl: Class rdf: about = “#Undergraduate”)
(rdfs: subClassOf rdf: resource = “#Student”/ )
{/owl: Class)
{owl: Class rdf: about = “#Graduate” )
(rdfs: subClassOf rdf: resource = “#Student”/ )
( owl: disjointWith rdf: resource = “#Undergraduate”/ )
{/owl: Class)
3.2 Implementation of aggregation and associa-
tion
1) Property axiom
The property in OWL is the independent exist-
ence (1. e., the resource in the term of RDF). A prop-
erty axiom defines characteristics of a property; the
basic descriptions for property definitions are listed as
follows:

e owl: ObjectProperty o rdfs: domain
e owl: DatatypeProperty o rdfs: range

The property definition blocks below give a defi-
nition for the properties “registeredTime” and “regis-
teredProgram”. The first definition block clearly indi-
cates that class “Student” has an object property “reg-
isteredTime”, and the type of “registeredTime” is
class “Program”. The second definition block indicates
that class “Student” has a datatype property “regis-

teredTime” with data type xsd: dateTime.
( owl: ObjectProperty rdf: ID = “registeredProgram” )
{rdfs: domain rdf: resource = “#Student”/ )
(rdfs: range rdf: resource = “#Program”/ )
(/owl: ObjectProperty )
( owl: DatatypeProperty rdf: ID = “registeredTime™ )
{rdfs: domain rdf: resource = “#Student”/ )
(rdfs: range rdf: resource = “&xsd; dateTime”/ )
(/owl: DatatypeProperty )
2) Property restriction
Based on the property axiom, a property with
constraints can be incorporated into a class axiom by a

property restriction. A property restriction is a special

kind of class description and should be the most im-
portant part in a class axiom.

OWL provides two kinds of property restriction:
value constraint and cardinality constraint. A value
constraint puts constraints on the range of the property
when this property is incorporated into a class axiom
(domain of the property). A cardinality constraint
puts constraints on the number of values that a proper-
ty can take in the context of the particular class de-
scription. The descriptions for property restrictions are
as follows: the left column is for value constraints and
the right column is for cardinality constraints.

e owl: allValueFrom e owl: maxCardinality
e owl: someValueFrom o owl: minCardinality
e owl: hasValue e owl: cardinality

The “aggregation” relationships among a class
and its properties are well defined after all the proper-
ty restrictions are incorporated into the class axiom.
The “association” relation can be implemented by the
cardinality constraints as illustrated below.

As discussed in section 2, the class “Program”
has properties (“name”, “degree”, “duration”, “affili-
atedSubject”, “ steeringCommittee ). * affiliatedSub-
ject” is instance-of “Subject”. This relation can be in-
terpreted so that the occurrence of “affiliatedSubject”
for each individual of “Program” is a set which con-
sists of exactly one instance of “Subject”. “steering-
Committee” is member-of “Staff” and the cardinality
of “steeringCommittee” is not less than five. This re-
lation can be interpreted so that the occurrence of
“steeringCommittee ” for each individual of * Pro-
gram” is a set that consists of at least five instances of
“Staff”. The implementation of properties ‘“affiliated-
Subject” and “steeringCommittee”, and part of imple-
mentation of class “Program” are as follows.

Obviously, “instance-of” can be defined by de-
scription owl: cardinality; “member-of” can be defined
by descriptions owl: maxCardinality and owl: minCar-
dinality.

(owl: Class rdf: about = “#Program”)

{ owl: Restriction )

( owl: onProperty rdf: resource = “#affiliatedSubject ”/)
(owl: cardinality rdf: datatype =

“&xsd; nonNegativelnteger” ) 1 (/owl: minCardinality )
{/owl: Restriction )

{ owl: Restriction )

( owl: onProperty rdf: resource = “#steeringCommittee”/ )
{ owl: minCardinality rdf: datatype =

“&xsd; nonNegativelnteger” )5 (/owl: minCardinality )
{/owl: Restriction )

{/owl: Class)
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( owl: ObjectProperty rdf: ID =« affiliatedSubject )
(rdfs: domain rdf: resource = “#Program”/ )

(rdfs: range rdf: resource = “#Subject”/ )

(/owl: ObjectProperty )

( owl: ObjectProperty rdf: ID = * steeringCommittee )
(rdfs: domain rdf: resource = “#Program”/ )

(rdfs: range rdf: resource = “#Staff”/)

(/owl: ObjectProperty )

The skeletal OWL ontology (i. e., taxonomies,
the relationships between taxonomies, some constraints
on property) has been well established. Further work
remains to thoroughly complete the constrain defini-
tions in terms of both property axioms and property
restrictions.

4 Conclusion

The construction of OWL ontology is the process
driven by analysis and transformation of semantic re-
lationships. The taxonomy for a class is established af-
ter all the “inclusion” relationships among this class
and its subclasses are defined; the relationship between
taxonomies is established after the “association” rela-
tionship between two classes is described; some con-
straints on property for a class are defined when the
property restrictions are aggregated into a class axi-
om. The skeletal OWL ontology is thus well estab-
lished.

Based on the research in this paper, we first de-
velop OCM, which is the extension of UML and pro-
vides support for the expression of the most common
semantic relationships. OCM facilitates developers to
model the domain knowledge in visual and natural
ways. Secondly, we further define the mapping rules

from OCM to OWL descriptions, so as to support the
automatically or semi-automatically transformation
from OCM to OWL ontology.
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