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Abstract: This study aims at propesing transformation techmque to build OWL ontology from relational
database resources by following SQL-DDL (Structured Query Language-Data Defimition Language) written
version Though, the databases has proposed the best form of techniques in order to store in memory for the
purpose of managing data and retrieving data or for the purpose of recovering it for further functions. However,
databases has been observed semantically absence in achieving world-wide objectives based on both web and
data mtegration semantically. Semantic web 1s supported by ontology that has ability to represent data in
meaningful, rich and readable form for both human and machine. This issue can be overcome through ontology
would help in improving databases by semantic functions. This approach can capture meta-data from tuples
by analysis of database relations. The meta-data can assist to take out several features of semantic and would
not mfer from Structured Query Language (SQL). As conceptual model 1s richer in semantics, so this study gets
conceptual (EER) model by applying reverse engineering technique. Finally, the generated ontology is validated
and enhanced through comparison with that of database conceptual model which is also known as EER

diagram, for achieving the lnghest ontology.
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INTRODUCTION

Presently, the research in the world of semantic web
has drawn great focus for solving complex issues in the
integration of data. Semantic web is an extension in
current web providing a standard way for exchanging
information between machine to machine and people. The
ontology 1s known as the focal pomt of the semantic web.
Ontology 1s an unequivocal subtle element in a typical
conceptualized concept (Gruber, 1993). Moreover, this 1s
described as a strictly unequivocal course of actions
encircled in continuously sorted out course to depict
conceptions based on certain treatise basis intended for
learning (Swartout ef al., 1997). Ontology expect a basic
part m comprehension the considered database
interoperability because of gigantic qualities (Noy and
MecGuinness, 2001), for instance sharing information
structure, reusing and mcluding rich and machine
understandable semantic to data in it. Using ontology
means, it is not projected as the replacement for certain
developments of database. Truly, database is considered
as more risky when compared to ontology for securing
broad scale of these data sets. Hence, this study finds a
structure partner for both the database techniques as well

as ontology methods. Whereas, databases techniques are
broadly used and addressable. However, this separating
of rationality 1s non use-able for the most part of the
approaches. Additionally, adding to a ontology beginning
with no outside help is dismal, uninteresting, botch
slanted and work-expansive at the season of building one
by hand exhibits the same detriments (Li et al., 2005,
Stojanovic et al., 2002). This suggested course of action
used a couple of guidelines for changing an offered
database to a ontology which can be used either for
manual change or for an automated change of ntegrity
processes (Stojanovic et al., 2002). In this regard, the
terms  mapping and transformation should be
differentiated clearly. The change from database to the
ontology infers for making ontology by following the
perceptive model of databases by using a couple of
procedures either by hand or through a structure applied
by logical form databases and ontology which are
remained existed (Astrova et al., 2007a).

Liteture review: In the research of (Astrova et ol , 2007h),
Slight the levels of relational tenet or the break standard
at the time of mappmg of tables by focussing on
destinations diagraming. The fundamental approaches for
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change to OWTL are described well in (Xu et al., 2006;
Barrasa et al., 2003; Upadhyaya and Kumar, 2005; Li ef al.,
2005). Regardless, a couple of statutes in these technique
are not the world over as they discharge to cover certain
sorts of component or relationship, for occasion, unary or
twotold relationship with extra attributes or ternary and
higher associations.

Particular procedures can be depended upon a blend
of sources mcluding schematic relations, ER plots,
deferred ER, SQL-DDL, database tuples, examination of
HTML pages and enquiry of client request to add to the
tenet for the change of a relational database into
ontology. A gigantic piece of these frameworks utilize a
blend of sources. The considered change was at initially
connected with that from a relational model to an
object-oriented model, then from a social to (RDF) model
which is known as an ontological model. Stojanovic et al.
(2002) added to the models for changing databases to
edge methods of reasoning. Regardless, their standards
are manual and don’t make OWI, ontologies. In like way,
they don’t cover m therr measures the issues of
composite attribute regarded  attribute.
Buccella et al. (2004) showed general measures which
aren’t possible. Similarly, an unambiguous framework as
discussed in L1 ef al. (2005), Benslimane et al (2006),
Buccella et al. (2004), Barrasa et al (2003) and
Tirmizi et al. (2008) has misdirected the prerequisites if

or multi

there should be the occasions of discontinuities and
IS-A relation (class dynamic structures). There are
differing oversights m their gages, for instance, they can’t
be connected with all circumstances which might be
appeared in changed databases. The framework
(Sonia and Khan, 2008; Upadhyaya and Kumar, 2005)
removes a computed model (EER Model) from the source
and a while later structures the change rule. The downside
of such techniques is that they add to the theory without
focal metadata from relations. Benshmane et al. (2006), the
system depends on upon the likelihood that the semantics
cleared by inspecting HTML structures will be utilized to
conform and overhaul the social example. This research
merges an enormous measure of human encouraged
attempts. In like way, ontologies can confine after any
change to the structure of the HTMI. pages on which
they are based upon. This strategy by multifaceted nature
bargans satisfactorily with jumbled issues, for
occurrence, seeing discontinuity and TS-A relationships.
This can be coordinated unary and parallel relationship
with extra characteristics, termary associations, higher
i this

strategy, however most past techmique have neglect to do

associations and multi-regarded properties
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in that purpose of restriction. Tn this, three frameworks are
used mcluding ER model, relational model and the
databases tuples analysis.

Overview of database resources and owl ontology:
Resource models (conceptual model and logical models)
are playing important role for creation of databases. For
databases creation, the relational databases approach
widely accepted approach for storing, managing and
retrieving data than other approaches such as the network
and herarchical or object-oriented. Further, relational
databases are moreover by and large recognized by
databases models or programming architects, customers
and sellers. More than 70% data set is kept away in these
relational databases (Hu and Qu, 2007). However, the field
experts comprehensively can open relational databases to
include relational object databases or object directed
databases. Moreover, databases have various positive
benefits that mclude data need securing just one times,
data can be different ranges, data unfaltering and data
free. Database can easily back up applymng certain
security coatings which are flexible.

These reasons of databases are negated by some
broad prevention for event, not supportive to the extent
attribute names, table, weak semantics, disagreeable
layout and weak process. Incidentally, the most obstacles
lay in the framework of database in light of two stages:
Congstruction of the sensible model as entity relationship
(E/R) diagram and change it into relational model for the
most part work in SQL-DDL. The issue lies in the liberal
semantic challenges in the midst of the arrangement of
changing over the model ER to SQL as mentioned by
Benslimane ef al. (2006).

Consequently, the databases response in terms of
necessities and the relational model’s mnadequacy has
been relied on the ontology model to determine by having
one of the ontology’s languages. Similarly, the OWL
{(Web ontology languages) has alluded to as a modish
systematized as W3C alleviating world-class device
decipher limit within web substance that kept up by XMIL
and RDF arrangement giving included substance
vocabulary based on routine semantics.

Comparitive study of database models and ontology
capabalities: This part starts with the brief mtroduction of
different database source models characteristics in an
ontology context. As seen in Table 1, there are two
database sources which include the conceptual model of
EERD and the logical model of RM. The table shows the
limitations of each source. Since, the two database models
are considered as being the sources to this approach
which can capture any ontology context as long as it is
available in one of the sources.
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Table 1: S8hows the comparison between EER, RM (SQL) and OWL

models
Specification- Conceptual Logical model Ontology
context model (EERD) relational model model OWL
Concepts Possible Possible Possible
Relationship Possible Possible Possible
(has child) relationship relationship ohject
Cardinalities Possible Possible Possible
Value restriction Mot possible Possible Possible
Has value Not possible Possible Possible
Keys Possible Possible Not
Ternary and higher ~ Possible Not Not
relationship directly directly
Inheritance Possible Not possible Possible
Multiple valued Possible Not directly Possible
Equivalent Not possible Neot possible Possible
Transitive Not possible Not possible Possible
Syrmmetric Mot possible Mot possible Possible
Tnverse property Possible Possible Possible
Functional Possible Possible Possible
Tnverse functional Mot possible Mot possible Possible
Disjoint class Possible Not possible Possible
Sub property Possible Not possible Possible
Enumerated Not possible Possible Possible
Individual Not possible Possible Possible

The context available m the RM model will be
captured automatically whereas the context available in
the EER model can be obtained with the assistance of
database expert through mvers technique of engmeering.
Similarly, the use of the relational model (SQL) can make
transformation system automatically. Conversely, using
the conceptual database model (EER) with RM can add
more semantics to the ontology.

From Table 1, it can be observed that if any one of
the database sources (EERD or RM) is capable of
representing an ontological context; this approach can
acquire these semantics. Generally, this kind of approach
can extract the semantic from the RM source if it is
accessible, otherwise the semantic will be obtamed from
the EER source; this ensures that there is no conflict
between the results obtamned by the two sources.

Table 1 also shows some limitations. For example,
there are many different modelling contexts which can not
be obtained from both sources, e.g., transitive property,
symmetric property and equivalent (class/property). This
clearly shows that the automatic transformation from
database models to ontological models has some
limitations as there are many disparities between the two
models.

Finally, with all the advantages of a database, there
are still some general limitations which might affect the
extraction of semantics from database sources such as the
meaningless names of some tables or attributes, poor
semantics and bad design intended to improve the
performance. This approach tries to overcome these
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limitations by using both models including logical model
and conceptual model of databases. This study of the
study divided further A to E subsections.

Translating extended entity relationship to OWL
ontology: Both EER and ontological model are
considered as the conceptual modelling (Sugumaran and
Storey, 2002) but thus study focuses on EER as the ER
model 15 called as pure relational model. This means that
the ER does not mclude advanced topics such as
inheritance  (specialization/generalization). Database
design goes through two types of modelling. The first is
the conceptual model (EER) and the second the RM
model. Therefore, OWL ontology can be generated either
from an Extended Entity Relationship model or a
Relational model. This study has shown a way for
producing OWI, ontology from the conceptual model of
the database EER. In fact, it is suggested that using EER
as an ontology source immediately after finishing the
database conception stages, 1.e., the new-born EER model
15 the best source from which to obtain the semantic since
the actual database structure does not suffer from any
modification. Both database models are used to enhance
the target ontology. The general rule for translating an
EER model to an OWL model consisted of three steps:

Entities are represented by OWL classes
Relationships can be translated into a pair of object
properties. Tt also can be translated into two pairs of
inverse object properties with a class according to
the needs

Attributes can form data type properties or a class
with data-types properties as may apply

Indeed, these steps were also applicable to an ER
model since EER contained all the ER constructs. The
difference in defining names between the database and
the ontology 1s considered to be the mmportant pomt to be
addressed. In the database, any ER components are
identified by their umque names whereas for ontology,
OWL components are identified by TRIs.

MATERIALS AND METHODS

The conversion process: This study explains the
proposed procedure to generate ontology from a
relational database. This procedure consists of seven
steps:

Using reverse engineering methodologies on a
logical model written in SQL i order to capture
syntax and schema structure (relations, attributes,
mclusion dependencies, etc.) and the hidden
semantics
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¢+  Analyse the structures obtained and semantics in
order to infer the bhest comresponding match
comstructed from the ontology side

¢ Apply the transformation technique to generate a
complete ontology schema which includes classes,
sub-assumption relationships, object properties and
data-type properties

*  Checking the ontology’s consistency through an
ontology reason in order to detect the superfluous
relationships and to remove redundant data

¢ Validate and refine the produced ontology by the
information obtained from the conceptual database
model (EER)

+  Evaluate the ontology

*  Migrate data in order to produce a knowledge base

This approach co-exists in semantic annotation in
semantic web community and is known by the database
community as reverse engineering (Stojanovic et al,
2002).
consisted of

Creation of classes: The process

many steps:

¢ All entities (strong or weak) will be translated into an
OWL: class

*  All composite attributes will be transformed into an
OWL: class

*  All n-ray relationships where n>2 will be transformed
into an OWL: class

*  All (many-to-many) relationships with supplementary
attributes will form an OWTL.: class

Data-types creation: The process of producing data-types
obtained from entity attributes or relationship attributes
15 outlined below, All attributes of an entity will
be converted to data-type properties. Moreover, their
domain will be the class corresponding to their owner
entity. The range 15 their equivalent XML types. No
constraints for the attributes in EER seem presented
mcluding NOT NULL or UNIQUE, therefore we treat
attributes as outlined. The OWL.: cardinality, equal to one
for primary key, the alternative key and the discrimmator
attribute of a weak entity. In addition, this restriction 1s
applicable for all the attribute parts of a composite
attribute.

All other attributes will be assigned to the function or
owl: functional, except the multivalued attribute part of an
entity or a complex attribute. Complex attribute is an
arbitrary nested composite and multivalued attribute. This

would not represent each internal composite attribute of
the complex attribute here by a class; instead it represents
its leafl node with functional restriction and for the
multivalued attribute case, this approach can represent it
without restriction. For mstance; an individual has many
than one residency and each one residency has a single
address and multiple phones. The composite attributes
were shown between parentheses ( ); their components
separated by commas and the multivalued between braces
{}. The following example demonstrates a complex
ttribute:  {Address-phone ({Phone (Area-code, Phone-
number)}, Address (House-number, Street-name, City,
Postcode)}.

For relationship aftributes, if the relationship is
converted to a class, then each attribute belonging to this
relationship will be assigned to the class corresponding
to it as its domain and the equivalent XML types as its
range. However, there were two cases of a relationship
that did not form a class: for (1-M) relationship, the
attributes belonging to this type of relationship will be
allocated to the class corresponding to the entity of the
M-side as ther domam. For (1-1) relationship, the
attributes belonging to this type of relationship can be
allocated to either class mvolved n the relationship.

Object-properties creation: Fach relationship is signified
through a couple of objective properties. It implicitly
means they will be inverse properties of each other except
the special cases. There are three aspects of relationships.

Representing binary relationship: Each relationship will
have pair of object properties each the inverse of the
other; the domain and the range represented by the
classes corresponds to the entities participating i this
relationship. For (1-1) relationship both object properties
will be Functional. For (1-M) relationship the 1-side 1s
Functional.

Representing self-relationship: Self-relationship is a case
of a binary relationship in which both the domain and
range refer to the same entity. Object properties
representing this relationship could use the class
corresponding to the entity holding self-relationship as
doman and range.

Binary relationships between weak and strong entity: In
this case, the existence of an instance of a weak entity
was based on the existence of its instance record m the
strong entity. Therefore, this relationship can be created
by an object with cardinality of one. The domain was the
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class corresponding to the weak entity and the

range was the class corresponding to the strong entity.

Binary relationships (M-N) cardinality: Ths relationship
unplied two relationships. This approach constructs only
a single object property for each relationship without its
mverse and there would be only two object properties
instead of four object properties. The first one would be
assigned to the class corresponding to the M-side entity
as its domain and the range is the class of N-side. The
object property would have the
corresponding to the N-side entity as its domain and the
range as M-side class. Finally, the two objects would

second class

possess the nverse properties of each other.

General object properties characteristic algorithm: Both
the primary key and Foreign key represent the standard
way for relationship building by following relational data
model. Before applying any of attributes characteristic for
foreign keys needs to exclude all the foreign keys
belonging to the binary relation of (Many-To-many)
cardinality and a self- relation. The approach would then
create two inverse object properties (OP1 and 2)
representing each Foreign key:

If the attribute x is a FOREIGN KEY and NULL and
not UNIQUE then make the OP1 and OP2 correspond
to the attribute x with functional (OP1) and minimum
cardimnality OP2 =0

If the attribute x is a FOREIGN KEY and NOT NULL
but not UNIQUE then make it’s cardinality (OP1) =1
and minimum cardmnality QP2 =0.

If the attribute x 1s a FOREIGN KEY and NULL and
UNIQUE then make it functional (OP1) and functional
(OP2)

If the attribute x 15 a FOREIGN KEY and NOT NULL
and UNIQUE but not a primary key then apply
hierarchy technique (class-subclass relationship)

If the attribute x 13 a FOREIGN KEY and part of the
PRIMARY KEY for weak entity table or N-ray
relations or (Many-To-Many) relationship relation
with additional attribute, then assign, cardinality
(OP1) = 1 and cardmality (OP2) =1

Employing different SQL features to data type attribute
practice: Specifying the SQL constraints was possible
(like DEFAULT, NOT NULL, UNIQUE, etc.) to OWL
language. In fact, our approach attempted to map
database constraints into OWI, axioms while preserving
the semantics of the original database schema.
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General data type axiom algorithm: All attributes below,
firstly satisty the two conditions:

»  Not a Foreign key

Not a multivalued attribute

The SQL aspects could be applied as outlined:

If the attribute x 18 NOT NULL then gloss the
attribute x with Min C =1

If the attribute x 18 UNIQUE then make it Max C =1
If the attribute x is a primary key or (NOT NULLand
UNIQUE) then make it Crd = 1

If the attribute x 18 DEFAULT then make it
Functional and has Value

If the attribute x 15 CHECK IN then make it one of
Otherwise any attribute annotate with functional

Algorithm for translationg an EER to OWL ontology:
The algorithm of creating OWL ontology from an
Extended Entity Relationship model contained two steps.
Firstly, to deal with the entities and attributes (Fig. 1) and
secondly, to handle the relationships. Thus, EER Model
can be obtained from logical model of database by
applying reverse engineering. Before carrying out
these steps, there was one requirement mn order to
ensure successful implementation of fixing the model
representation; since EER was a graphical representation
and it was difficult to parse unless we reformatted it into
a formal definition. Therefore we chose to present the EER
diagram in terms of facts (schema way) which were easy
to parse (Xu et al., 2004).

|At|r||PAth‘%ﬂI|

—

a I

Entity

scheme type

Range

>

Domain[" Object

property

F 3

Class

Fig. 1: Translating entity, attributes and relationship of
the EER model to OWL ontology
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RESULTS AND DISCUSSION

it has been observed that both the entity
Relationship diagram and ontology seem smmilar in
structure but it is very difficult to start with ER diagram
due to different reasons that include firstly, the ER
diagram 1s unavailable and the attributes do not access
easily to the domain without mstances. Thus, OWL
ontology can be generated from relational database
schema which is written in SQL-Data definition language.
The OWL ontology based on classes, object properties
and data-types properties were generated using protege
editor for this approach.

The ontology model can be validated in order to
ensure the correctniess of the transformation method. This
means all the conceptual parts of the database should
correctly correspond in the ontology.

The validation contained two stages. The first stage
was positioned at the concerns leading to mcorrect
ontology representations that
attributes, fragmented entities,
relationship of (1-1).

These concerns can easily be obtained from an
EER model. All entities in the EER model were now
represented by tables in the RM model with the exception
of the vertical partitioning for tables. To verify the
correctness of mappmng n the model EER compared with
that of the model relational, the number of all entities
might be accumulated in a higher degree relationships;
(Many-To-Many) relationships and multivalued attributes
and this number should have matched the number
of tables. Otherwise, there were fragmentation tables
for some entities. The database designer had to
specify the superfluous tables and their cross-holdings
at this stage.

For validation process, it can be proposed to mvolve
the domain expert for validation of produced ontology.
That process can bring a comparability of EER model of
databases with that of the OWL ontology m terms of
these characteristics:

include  multivalued
class hierarchy and

¢ Clear hierarchical tree can disjoint entities and the
shared sub-class of multiple inheritances

* FEasy to identify the kind of attributes ncluding
composite or multivalued

+  Easy to generalize from the group of entity sets to
one super entity

* Naturally translating EER models to ontology can
preserve more information (Stojanovic et al., 2002)
through  comparison  between
relationships

»  Explicit participation and cardmality of relationships

entities  and

Due to these reasons translating from the EER
model to ontelogical model would preserve more
semantics:

¢ Additional attributes along with binary relationship
can be considered as an entity

»  Different entities can relate with the n-ray type
whereas (n>>2) in the ER diagram can be considered
as equivalent to class numbers in the ontology
model

*» The term IS-A can develop relationship in two
entities which can be used to compare the classes in
these entities through sub-class of ontology

»  Two reciprocal object properties are existed for each
one-to-many relation between two entities

» In every, from many to many relations, two radically
different objective properties are existed having no
classes

»  If there 18 any n-ray relation 1s existed; where n>2; it
can be two inverted objective properties for each and
every foreign key. The same can be applied to any
binary relation with an additive attribute

Table 2 below gives an example of counting the
entities in the ER model and in the ontological model as
equivalent. It 1s because the both models are drawn from
the conceptual model which is shown in Fig. 2
indicating no. of entities in EER model which are
equivalent to the no. of classes in ontology model.
Following are given some features of semantic which can
manually be shufted from ER diagram and can be placed to
the ontology. If one entity is based on composite
attributes (or complex attributes) then the user should
construct a class and should add an object property for
comnecting the sub-attribute with that of the main class
(Upadhyaya and Kumar, 2005).

Table 2: The EER and ontology elements

Models No.
EER model

Entity, temary relationship 6+l
Binary relationship (Foreign keys) 2
Ternary relationship(Foreign Keys) 3
(1-M) Strong and weak entity 1
(1-M) Foreign keys 4
IS-A relationship 2
Ontology model

Classes 7
Two inverse object properties 2
Two inverse object properties for each Foreign 3
key in the n-ary relationship

Two inverse object properties 1
Two inverse object properties

Sub-class 2
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[Dependent |

Fig. 2: The ER diagram for umversity database

The cardinality participation can be added for each
object property as the cardinality constraints cannot be
found from SQL (Buccella et al., 2004).

The related work for this approach is obtained
easily through semantic web commumty and can be
identified as a semantic annotation. Conversely, the
commumity of database 13 reflected as the mverse
engineering for such database (Stojanovic et al,

2002).
CONCLUSION

Different methodologies as of now are utilized
distinctive procedures to inspect the change n relational
model within ontological model and they utilize either a
schematic relation or an ER diagram. In this proposed
approach, the advantages of the relational model are
interconnected with that of conceptual model (EER
diagram) by applying some certain rules to the SQL
of metadata
commencing from the database tuples in this study. In
short, this study has engendered algorithms for object
properties, data type properties and algorithm for making

statements by extracting a number

a comprehension of EER parts to ontology classes. In
addition, produced subsequent ontology is validated in
line of conceptual ER model of the database in this study.
It also has secured circumstances, for occurrence, the
relationship with itself (self-relation), N-ray relationship
has disjointed entities and extra attributes of binary or
paralle] relationships which can be disregarded in different
other methodologies. As for as SQL and its different
aspects including prompts, approvals and model of
referential activities are concerned are recommended for
future research work.
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