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Abstract. This paper addresses the topic of defining a knowledge base system
for representing ontologies according to the WSMO conceptual model. We
propose a software engineering approach to this problem, by implementing: (i)
the relational model for ontologies that corresponds to the WSML representa-
tion of WSMO by means of a well known Web modeling language called
WebML, extended by a set of new components for exploiting ontological con-
tents in Web services and Web applications design; and (ii) a Web-based con-
tent management system for ontologies editing and reasoning, implemented us-
ing the abovementioned software engineering approach.

1 Introduction

As the Web gains acceptance in the enterprise systems area, it is being used more and
more as both the implementation platform for B2B applications and the connection
mechanism that supports the invocation and communication of independently devel-
oped software. An emerging trend focuses on exploiting the Web as the implementa-
tion framework of Service-Oriented Architectures (SOA).

SOA applications are composed of services that are described and discovered
through interfaces and are invoked over the network. The acceptance of SOA as the
architectural style for software implementation is based on its ability to allow com-
munication between loosely coupled interacting partners. A barrier for the efficient
use of SOA systems is a common format for the description of services interfaces, and
for the interchange of communication messages. There is not a shared understanding
of the aspects and the formats that should be used to describe the quality of a service
and its interaction mechanisms. As a consequence, the human intervention is neces-
sary for the discovery, invocation and control of services in B2B interactions. Having
a common format for the services description and for the interchange of messages
allows the automatic execution of such interactions. Semantic Web resolves such
interoperability problems through the use of ontologies as the common infrastructure
for data description. The enrichment of information and applications with semantic
metadata in order to explicitly define their meaning facilitates the machine-to-
machine interaction and the automatic elaboration of information. In a Semantic Web
scenario, applications are able to understand the requirements of other applications,
resolve ambiguities of exchanged data, and conduct the execution of interactions
among them in order to achieve the final goal.

The acceptance of ontologies as the formal and explicit specification of domain
models has fostered various proposals for ontologies definition and a wide range of



tools for ontologies development and exploitation. Resource Description Framework

(RDF) [9] is the W3C proposal for representing resources on the Web. It is consisting

of metadata added to resources in the form of 3-triples (subject, predicate, object) in

order to represent their attributes. RDF Schema (RDFS) [3] is an extension of RDF
for the description of such attributes and of the relationships between resources.

RDFS allows to classify resources and their properties. The Web Ontology Language

(OWL) [17], deriving from the DAML+OIL web ontology language, goes beyond the

hierarchy-based resources representation offered by RDFS and adds basic computa-

tional characteristics like cardinality of values, characteristics of properties, and rela-
tions between classes. Another initiative is WSMO [12, 17], which aims at providing

a comprehensive framework for handling Semantic Web Services. The WSMO pro-

posal includes the WSMO conceptual model, the WSML language, and the WSMX

execution environment.

In this paper, we propose a framework for specifying ontologies and applications
that make use of them, based on well known techniques of Software Engineering,
such as Model Driven Development, model transformations, and a well-defined de-
velopment process. The main contributions of our work can be summarized as fol-
lows:

* We propose a conceptual modeling approach to the specification of ontologies and
of applications that manipulate and use them. The approach is based on visual de-
sign primitives and comprises (i) an information meta-model of the WSMO [20,
14] specification of ontologies, equivalent to the WSML representation of
WSMO, and used as the common format for describing the application domain;
and (ii) some new primitives of conceptual design languages, for exploiting onto-
logical contents in Web services and Web applications design. The devised primi-
tives are studied as extensions to the WebML model [5, 16], a visual modeling
language for designing Web applications and Web services;

* By using the proposed approach, we describe a set of Web-based software tools
allowing the developer to define ontologies, and the final user to explore them.

The paper is structured as follows: in Section 2 we present related work; in Section 3
we present the background of our work, namely (i) WebML [5, 16], a high-level de-
sign notation for data intensive Web applications, heavily rooted in Software Engi-
neering and Web Engineering disciplines, and (ii) WSMO, the ontology-based con-
ceptual model upon which we built our architecture. Section 4 describes our approach
for a knowledge base framework, and in particular, we present the ontology-based
model of our architecture that is compliant with the WSMO conceptual model for
ontologies. Section 5 provides an overview of the end user tools implemented based
on the Web Modeling Language; in Section 6 we describe the advantages of having a
model-driven approach based on known Software Engineering techniques for the
implementation of ontologies management Web applications and, finally, in Section 7
we draw the conclusions.

2 Reated Work

We investigated two main categories of works related to this paper: the first one is
about Software Engineering methodologies applied to the context of Semantic Web;
the second one is about existing GUISs for the definition and editing of ontologies.



Since the Semantic Web is a quite new framework, very few proposals exist that
formalize the development and the high level models of Semantic Web applications
and services. At our current knowledge, the work of the W3C Software Engineering
Task Force for Semantic Web [15] is still under development. [13] presents an engi-
neered approach to extraction of semantic annotations from XML schemas and docu-
ments to be published in dynamic Web applications. In 2006, Acuna and Marcos
presented a first systematic approach to the design of Semantic Web applications,
based on the MDA/MDD methodologies [1], introducing MIDAS-S, an extension of
the existing MIDAS framework for designing Web applications. These proposals are
can be regarded as first contributions to the field, but they do not provide a clear over-
all view of the design of Semantic Web applications.

On the other hand, various desktop applications have been developed for building
OWL ontologies. We distinguish the SWOOP [7] and Protege [11] editors because of
the simple user interface and the rich set of functionalities they offer. SWOOP is a
Java-based editor for OWL ontologies. Its architecture is based on plug-in compo-
nents providing both basic features like browsing, editing, importing, and reasoning
ontologies, and more advanced functionalities like collaborative annotation and
versioning. SWOOP does not support concurrent editing of a shared ontology stored
in a centralized server. Instead, it allows for local copies of the ontology to be edited
by a single user on its machine, using its reasoning and editing components, keeping
trace of the changes and annotations he makes. Commit statements may be used to
reflect the status of the local copy to the centralized server resulting in various ver-
sions of the original ontology that may be inconsistent among them, and therefore,
may not share the same conceptualization.

Protége is another Java-based tool for ontologies editing. In the center of the
Protége architecture resides the knowledge base that drives the ontologies modeling.
Ontologies are modeled even in the Open Knowledge Base Connectivity protocol
(OKBC), or in OWL. The edited ontologies are stored by default in flat files accord-
ing to CLIPS format with additional Protege-specific contents, but other back-end
representations are supported as well like OWL/RDF files and relational database
format. The architecture is extensible and supports the integration of plug-ins into the
platform. Plug-ins development is not limited to provide new functionalities in the
interface for the end user, but it also supports the addition of new storage formats of
the knowledge base. The collaborative ontology building is allowed in the server
version of the Protége tool. It allows clients to interact with the Protége knowledge
Base and built in parallel different modules of a shared ontology.

The Web Service Modeling Ontology (WSMO) [14, 20] is a conceptual modeling
of an ontology that defines Semantic Web services, and therefore, it also models on-
tologies as the common terminology for Web services interactions, represented in the
WSML language [4, 14]. Some details of WSMO are presented in Section 3.2.
Among the Graphical User Interface tools for building and managing ontologies com-
pliant to WSMO, we distinguish the WSMO-Studio [6], and the Web Services Model-
ing Toolkit (WSMT) [8].

WSMO-Studio [5] is an editor compliant with WSMO for building the aspects of
Semantic Web services, available as Eclipse-based plug-ins. Its main functionalities
include definition of ontologies, Web services, Goals and Mediators, and services
composition through graphical user interfaces. We focus our analysis in the ontolo-
gies editor since our interest is on the ontologies building. WSMO-Studio stores on-
tologies in WSML [4, 14], the representation language of WSMO, but representations



in RDF and OWL-DL are supported as well. The tool supports interaction with re-
positories for import/export ontologies, but the editing is done on local copies on the
users machine. At the moment, no extensions are offered to allow concurrent access
and editing to a shared repository. WSMT is another framework used to build all the
WSMO descriptions (ontologies, goals, Web services, mediators). Two of the main
plug-ins in the framework are the WSML Editor for building the WSMO components
in WSML, and the WSMX Data Mediation Mapping Tool for mapping ontologies and
resolving heterogeneities among them. The tool architecture is mainly focused on the
development of ontologies according the WSML syntax, and on the invocation of
Semantic Web services compliant with the WSMO conceptual model.

3 Background

The service-oriented architecture we propose has been specified using the WebML
language [5], a high-level notation for data-, service- and process-centric Web appli-
cations, and it is built upon the Web Service Modeling Ontology (WSMO) [14].

3.1 WebML (Web Modeling Language)

WebML is a conceptual language for specifying dynamic large-scale Web applica-
tions developed on top of database content. The WebML specification of a Web ap-
plication consists of a data schema, describing application data, and of one or more
hypertexts, expressing the Web interface used to publish this data.

The WebML data model is the standard Entity-Relationship (E-R) model, widely
used in general-purpose design tools. Upon the same data model, it is possible to
define different hypertexts (e.g., for different types of users or for different publishing
devices), called site views. A site view is a graph of pages, allowing users from the
corresponding group to perform their specific activities. Pages consist of connected
units, representing at a conceptual level atomic pieces of homogeneous information to
be published: the content that a unit displays is extracted from an entity, and selected
by means of a selector, testing complex logical conditions over the unit’s entity. Units
within a Web site are often related to each other thru links carrying data from a unit to
another, to allow the computation of the hypertext.

WebML allows specifying also update operations on the data underlying the site
too (e.g., the creation/deletion of instances of an entity, or the creation and deletion of
instances of a relationship) or operations performing other actions (e.g. send an e-
mail, invoking Web service operations, and so on). In [5] the language has been ex-
tended with operations supporting process specifications, while in [10] also Web
service calls and specifications have been included.

In order to exemplify WebML, we describe the purchase process of goods per-
formed through the interaction of the buyer and the supplier on the Web. In the hyper-
text diagram of Fig. 1, the buyer selects a product from an index and looks at the
product details (Product page). Once the user navigates from the Product page, a
request is made (outgoing message) to the Web service in order to gather all the sup-
pliers of the selected product. After the response is constructed (incoming message),
the user visualizes all the sellers of the product (Resellers page). Finally, in the
seller’s site, the Creation page allows the seller to create a new product through a
form and visualize its attributes.
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Fig. 1. Hypertext Modeling in WebML

WebML is supported by a CASE tool called WebRatio [18]. The language is extensi-
ble, allowing for the definition of customized operations and units, implemented in
WebRatio as plug-in components. For a complete description of the language, of the
methodology, and of the architecture the reader may refer to [5, 16].

3.2 WSMO (Web Service Modeling Ontology)

WSMO is a conceptual model for describing Semantic Web services. It consists of
four components, describing semantic aspects of Web services: ontologies, Web serv-
ices, goals, and mediators.

Ontologies provide a formal and explicit specification of the application domain
and of all the data used by the other components. Optionally, they may be described
by non-functional properties and may import existing ontologies. An ontology is
composed of: (i) concepts, describing the ontology domain possibly organized in a
hierarchy, (ii) relations, representing further connections among concepts, (iii) in-
stances of concepts and relations, setting values to their attributes and parameters
respectively, and (iv) axioms for further definition of concepts and relations through
logical expressions.

Although in this work, we are only interested in ontologies specification, we briefly
describe all the WSMO elements. Web services element in WSMO describes semantic
aspects of already defined Web services. It is composed of the sub-elements: (i) capa-
bility, describing the functionality provided by the Web service, (ii) interface, defin-
ing how the service functionality can be consumed by the user and achieved by the
composition of other Web services. Goal element expresses the user requests. The
user describes the requested functionality in terms of capability sub-elements. The
separation of goals from Web services, that will actually provide the requested func-
tionality, enhances the principle of interacting components in SOA strongly de-
coupled. The correct invocation of the right Web service is done by means of ele-
ments called Mediators. These elements resolve heterogeneities between the interact-
ing parties both at data level by providing ontologies mapping, and at process level by
resolving communication mismatches. WSMO provides four kinds of mediators:
ooMediators for resolving terminologies mismatches, ggMediators for mapping goals,
wgMediator for stating the relation between goals and Web services, and wwMedia-
tors for resolving heterogeneities in Web services interactions.

4 Conceptual Modeling of Semantic Web ServicesInteractions

In order to handle the Semantic Web vision, we present the implementation of a
framework that covers the aspects related to ontology management. Our approach is
built upon the WSMO conceptual model, and therefore, the requirements of our



framework cover aspects like ontology modeling and reasoning. The ontology is the
main WSMO component that defines the terminology used by all other elements of
the framework. Ontologies are used to define the meaning of the content exchanged in
Web services interactions, as well as the semantics of components like goals, Web
services, and mediators in our architecture. Due to the central role of ontologies, it is
fundamental to provide a well structured approach to their design and implementa-
tion. Moreover, tools for distributed and multi-user editing, integration, and validation
of ontologies are needed for going towards T. Berners-Lee’s vision for Web applica-
tions connected by concepts annotations [2].

This paper discusses in detail the results achieved in ontology modeling, ontology
editor tools modeling, and ontology editing, integration, and validation. Our approach
is composed by two main aspects: the relational modeling of ontologies compliant to
WSMO conceptual model; and the definition of the primitives for editing and query-
ing such a model (implemented as units and operations in WebML). Finally, we have
implemented a set of end user tools based on web interfaces for (i) the insertion and
management of ontologies, and for (ii) the browsing of the ontological repository by
the final user.

4.1 Ontology M etadata M odeling

This section describes the conceptual meta-model (in terms of Entity-Relationship
model) representing the WSMO elements involved in the Ontology specification, plus
some other elements shared among all WSMO specifications (Ontology, Goal, Me-
diator, Web Service).

The Entity-Relationship model of Fig. 2 describes WSMO components involved in
the specification of Ontologies and common WSMO elements. Entity Project in the
upper-right part is the container of any WSMO specification. It is associated to entity
Namespace (denotes namespaces in the form of IRI) by the relations HasDefault-
Namespace, and HasNamespace to denote the identifier of the project instance, and
the corresponding namespace references within the project. A project is composed of
WSMO elements. Entity Element represents any WSMO element, including those
common among WSMO specifications and those defined within the Ontology specifi-
cation. Every element occurrence is defined univocally by the concatenation of an IRI
(HasIRI relation) and the local Name attribute, and it may be described by one or
more non-functional properties through the HasNFPValue connection. The Non
Functional Property entity is a specialization of the Element entity (established by the
ISA relation); it represents the available list of properties. The actual values of non-
functional properties are presented in the Non Functional Property Value entity
(HasValue connection).

The WSMO Ontology specification includes the following components (depicted in
Fig. 2). The Ontology entity is a subtype of the entity Element, and therefore it inher-
its its identifier mechanism, and may be described by one or more non-functional
properties. It appears within a project, as the ProjectHasOntology connection denotes,
and may import existing in the database ontologies (through the ImportsOntology
connection). An ontology is composed of the Ontology Top Element entity (through
the HasTopElement connection), and therefore is composed of the more specific enti-
ties (as established by the ISA relation: Concept, Relation, Function, Axiom, Instance,
and Relation Instance. Thanks to the ISA hierarchy, all these elements inherit the



properties of Element entity. Consequently, they are identified by IRI and Name at-
tributes and may be described by one or more non-functional properties.

The lower part of Fig. 2 contains the entities representing the components of an
ontology. Entity Concept contains the implicitly defined concepts, possibly organized
in a hierarchy as specified by the HasSuperConcept relation. It is the super-entity of
Basic Concept and Internal Concept entities (as specified by the ISA relations) to
represent the distinction of data-type (e.g. those conforming to XML Schema) and
non-data-type concepts respectively. Entity Attribute denotes binary relations of con-
cepts. The domain of an attribute is a concept (HasAttribute relation), and its range is
a set of concepts (HasRange relation). The actual instantiation of a concept and of its
attribute values are managed by entities Instance and Attribute Value respectively.
The Instance entity is the intersection of Basic Instance and Concept Internal Instance
entities (established by the ISA relations) depending on the instantiated concept entity
(identified by the MemberOf connection). Since an attribute may have a set of ranges,
the actual range of the attribute value is denoted from the HasValueRange relation.
Likewise entity Concept, entity Relation contains the implicit defined relations possi-
bly organized in a hierarchy (HasSuperRelation). Entity Function (as specified by the
ISA relation) represents a specific relation with an explicit return value. Entity Pa-
rameter denotes the relation parameters, and entity Parameter Value contains the
values for the parameters of the instantiated relation (Relation Instance entity).
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Fig. 2. Ontologies metadata schema

4.2 Ontology Components M odeling

The proposed design approach extends the WebML language by means of new primi-
tives that access the information described in the relational representation of the On-
tology (see Section 4.1). These primitives directly implement the basic information
extraction capabilities of ontological engines. In the following, we present the com-
ponents that exploit the semantics of the metadata schema and provide the user with a
simplified access to the ontological content. For some of the units, we exemplify their
use in WebML hypertexts for extracting the database objects relative to the “Lord of
the Rings” ontology, an ontology for describing the different beings existing in the
well known fantasy world:

1.

Subsume unit: given a concept/relation, it returns the list of its more generic con-
cepts/relations as inferred from the HasSuperConcept/HasSuperRelation connec-
tions in the relational data model. Given more than one concept/relation, it re-
turns the list of their common more generic concepts/relations. In case the input
objects are not related in a hierarchy, the return list is empty. Optionally, the re-
turn list may be represented as a tree to highlight the hierarchy levels. Fig. 3 de-
picts the WebML hypertext that at runtime will present the details of the Concept
database table for the entry Human, and its subsume concept objects (e.g. Hu-
manoid, Mortal, Living, Being).
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Fig. 3. Subsume Concept unit in the WebML hypertext for the concept Human

Plugin unit: given a concept/relation, it returns the corresponding sub-
concepts/sub-relations (i.e., more specific concept/relation) as described by the
inversed HasSuperConcept/HasSuperRelation connections in the relational data
model. Given more than one concept/relation, it returns the list of their common
more specific concepts/relations. In case the input objects are not related in a hi-
erarchy, the return list is empty. Optionally, the return list may be represented as
a tree to highlight the hierarchy levels.

Exact unit: given two or more concepts/relations, it returns the more specific
concept/relation among the two of them, as described by the HasSuperCon-
cept/HasSuperRelation connections in the relational data model. In case the input
objects are not related in a hierarchy, the return object is null.

Subsume attributes unit: given a concept, it returns the list of the attributes and
their corresponding ranges that (a) are inherited from its more generic concepts,
and (b) are not redefined in it. In case an inherited attribute is redefined along an
edge of the hierarchy tree, the attribute definition that belongs to the more spe-
cific concept according to the hierarchy is returned. In case an inherited attribute
is redefined along different edges of the hierarchy tree, the attribute is returned
with a range composed of the union of the defined ranges. Given more than one
concept, it returns the union list of their inherited attributes. Fig. 4 depicts the
WebML hypertext that presents the attributes for the concept Human inherited
from its subsume concepts (e.g. Mortal::died attribute, Being::hasName).
Subsume Attributes

{Bg |
;
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[Co‘\ccpl Details
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Fig. 4. Subsume Attributes unit in the WebML hypertext for the concept Human

Subsume parameters unit: given a relation, it returns the list of the parameters
and their corresponding ranges that (a) are inherited from its more generic rela-
tions, and (b) are not redefined in it. In case an inherited parameter is redefined
along an edge of the hierarchy tree, the parameter definition that belongs to the
more specific relation according to the hierarchy is returned. In case an inherited
parameter is redefined along different edges of the hierarchy tree, the parameter
is returned with a range composed of the union of the defined ranges. Given more
than one relation, it returns the union list of their inherited parameters.



6. Export Ontology unit: given an ontology, it exports the internal relational repre-
sentation, in the WSML format. Therefore, it generates a human-readable and
machine-readable WSML document that represents the ontology. The output may
be sent (through a Web service call) to an external reasoning tool for validating
the ontology consistency or for performing complex reasoning tasks.

7. Import Ontology unit: given an ontology representation in the WSML format, it
generates/updates its internal relational content. The input may be received as re-
sponse of a Web service call to an external reasoning tool, or by importing on-
tologies in WSML specification.

The visual representation of the described WebML primitives is presented in Fig. 5.
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Fig. 5. New primitives for ontologies management in WebML

Similar components are included in the proposed framework for supporting the man-
agement of goals, mediation and Web services according to the WSMO specification.
Notice that some aspects, such as dynamic discovery of services, can be natively
achieved by the WebML design framework though invocation of remote discovery
services, provided the ability of modeling ontologies, services and goals.

5 Web-based Distributed and Multi-user Tools for Ontology
Manipulation and Browsing

In this section we discuss the implemented end user tool called OntoWebML for
creating, deploying and browsing ontologies. OntoWebML Editor allows to create
and edit ontologies, while OntoWebML Explorer allows to browse existing ontolo-
gies. They have been both specified using the WebML language [5], enriched with the
Ontology metamodel and the editing primitives described so far. They have been
implemented in a prototype that extends the CASE tool WebRatio [18], a develop-
ment environment for the visual specification of WebML applications and the auto-
matic generation of code for the J2EE platform.



5.1 OntoWebML Ontology Editor

The purpose of the OntoWebML Editor is to allow users to specify WSMO ontologies
through a Web interface. The developer defines a specific vocabulary through hyper-
texts that rely on the structure of the underlying metadata. The tool populates entities
and attributes of the metadata schema for the syntactically correct insertion of values,
and optionally interacts with external reasoning tools through Web service calls for
the validation of the ontology consistency.

Fig. 6 is a snapshot of a hypertext page specified in WebML for the definition of a
concept. In particular, we discuss our tools on the “Lord Of The Rings” sample ontol-
ogy. Fig. 6 shows the editing of the Human concept. The interface presents the con-
cept Human, its attributes (Loves of type Humanoid), its relationship with other con-
cepts (it is a more specific concept of the concepts Humanoid and Mortal), and the
attributes inherited from its related concepts. The tool supports the definition of non-
functional properties that may be attached to ontology components as name-value
pairs (e.g. the Human concept has defined the description property of the Dublin Core
metadata). Namespaces are also used to identify the current and imported ontologies.
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Fig. 6. Concept Element Page interface automatically generated by WebRatio
from a WebML specification (Fig. 7)

The design of similar hypertext pages can be achieved by means of WebML visual
specifications, extended with the presented metadata schema and the plug-in compo-
nents for ontology management. Fig. 7 presents the WebML fragment that imple-
ments the hypertext relative to the interface shown in Fig. 6. In the Concept Element
Page, the user receives the concept identifier, and visualizes its attributes list and their
ranges (represented by an index unit), its super concepts (calculated by the Subsume
Concepts component), and its inherited attributes (through the Subsume Attributes
component). Basic functionalities are offered to the user, e.g. he may click on a link



of the attributes index and then the ranges for that attribute are shown (Ranges index
unit); he may select a range and then the more specific concepts for that range are
visualized (through the Plugin Concepts component) and the appropriate link exiting
the unit is followed; the user may redefine the current range for the attribute by select-
ing one of the visualized plugin concepts. Analogous fragments in WebML support
the definition of instances, relations, namespaces, data types, and non-functional
properties.
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Fig. 7. Concept Element Page WebML hypertext model

Fig. 8 presents the WebML hypertext model that validates the consistency of an on-
tology. In the Ontology Reasoning Page, the user receives the ontology details. By
navigating the link exiting the Ontology Details data unit, he requests the validation
of the ontology data from an external reasoning tool. In particular, the relational data
of the ontology is exported to WSML format through the Export Ontology compo-
nent, and passed as input to the Request Reasoning Web service unit. The latter in-
vokes an external Web service that provides reasoning facilities selected at design
time (and specified as parameters of the unit); the response of the Web service invo-
cation is used as input to the Import Ontology Component for inserting/updating the
validated ontology into the database.

Ontology Reasoning Page

Gntology Detalls [ Export Ontology Request Reasoning Tmport Ontology

[Ontology=7] [Ontology=?] [Ontology=7?]

Fig. 8. Ontology reasoning hypertext modeling in WebML

Similar design and implementation can be devised in the OntoWebML Editor for
supporting the creation of goals, mediators and Web services according to the corre-
sponding WSMO specifications.

It is important to highlight that the implementation of the OntoWebML Editor is
natively multi-user and distributed, thanks to the Web environment where it is de-
ployed and to the access control mechanisms provided by WebML. The designer can



decide to add at the modeling level the specification of logging and change tracking
with tiny effort. This is one of the main advantages provided by the conceptual mod-
eling of the application.

5.2 OntoWebML Ontology Explorer

The OntoWebML Explorer allows users to browse the ontology repository without
the overhead of understanding the representation details of the underlying metadata
schema and/or the syntactical sugar of the WSMO descriptions. Through Web inter-
faces the user may navigate from concepts and relations to their instances without
having any knowledge of the WSMO specification. Again, the implementation is
natively multi-user and distributed, thanks to the Web environment and to the
WebML access control.

Search Page Concept Element Page Instance Element Page
Attributes Instances Attribute Values
Input Form P
—/ 7
— 7 7 T
[Concept=?] [Concept=2?] @ [Instance=?]
. O o Concepts
[Concept=2] [Instance=7?] J—
O [Instance=?]

[Concept=2?]

Fig. 9. Ontologies exploitation hypertext modeling in WebML

In Fig. 9, we present an example of WebML hypertext relative to user navigation on
concepts and instances describing the search upon the ontological repository. In the
Search Page, the user submits his search criteria in a form. The results list is returned
(represented by an index unit) with the objects that match his request; such objects
may be concepts, relations or instances. Later, he may click on an object of the results
list and visualizes its details. In case the object is a concept, the Concept Details page
is presented to him. The page receives the concept identifier, and visualizes its attrib-
utes list, its instances (represented by an index unit), and its inherited attributes
(through the Subsume Attributes component). By selecting an instance, the user is
transferred to the Instance Details page. All the attributes values are presented
through an index unit, as well the concepts that the selected instance implements.
Analogous fragments in WebML support the navigation of relations, namespaces,
relation instances, data types, and non-functional properties.

6 Advantages of the OntoWwebML Framework

The presented approach consists in a model-driven development of Web applications
for building ontologies. It benefits from the model-driven implementation of applica-
tions, the back-end data storage in relational databases, and the use of the Web as the
distributed environment for contents management. On the other side, it looses the



advantages offered by desktop applications, and inherits the network dependencies of
Web applications.

In more details, our tools architecture is based on three models: the data model of
the ontological content, the hypertext model that describes the functionalities offered
from the application, and the presentation model of the final user interface objects.
This separation allows the independent evolution of the underline models. The data
model is the standard Entity-Relationship model, and its structure represents the se-
mantics of the WSMO conceptual model for ontologies. The schema of the database
in the current work is an explicit representation of ontologies metadata. It defines the
objects used to store ontologies, their relations and characteristics. Proteége allows as
well the storage of the ontological content in a relational database, but the structure of
the relational schema is based on an internal representation of the tool, and further
documentation becomes necessary for potential developers to be able to extend it. Our
data model may be easily extended for the implementation of the Semantic Web serv-
ices components (Web services, Goals, Mediators) described by the rest of the
WSMO conceptual model.

The hypertext model is based on a set of core units presented earlier for ontologies
management (subsume, plugin, exact, export, import units), but the modularity of the
architecture has the ability of easily adding new components for integrating new func-
tionalities into the system. The new components built their implementation upon the
data model and are integrated into the system as plug-ins. The advantage of modular
code is the contribution of various developers in the implementation of applications,
resulting to an efficient distribution of the development workload. We have tested the
model-driven approach in various industrial projects using the WebRatio tool. The
efficiency in terms of development time and effort becomes clear from the first im-
plementation of the final application and even more evident from the integration of
new components anytime new requirements appear.

The use of the Web as the delivery platform for applications of ontologies man-
agement respects the dynamic nature of ontologies in the Semantic Web vision. In
Semantic Web services interactions, ontologies become the language that interacting
parties must be able to understand and talk. The language may be enriched by one of
the parties for facing new requirements without loss of communication. In such con-
cept, an ontology is a shared piece of information that may be reused for describing
new domains, or for enriching the current domain knowledge. It may be used in dif-
ferent interactions and therefore, must be able to be edited, imported, and reused by
different parties easily. Central database repositories and Web applications offer the
distributed, multi user environment for ontologies collaborative management. The
advantage of this approach is the ability to use well established database features like
transactions for secure, distributed, and multi-user ontology editing on the Web. On
the other hand, interactions on the Web have some weak point with respect to analo-
gous desktop applications. Indeed, desktop tools like SWOOP, Protege, WSMO Stu-
dio, and WSMT have elegant graphical interfaces, a rich set of functionalities, and
achieve better performance than OntoWebML tools because the required interactions
are limited to the local machine. Better performance on the Web may be achieved by
modularizing ontologies, and therefore, minimizing the amount of content that have to
be transferred during network transactions.



7 Conclusions

In this paper we presented an implemented framework for building ontologies accord-
ing to the WSMO conceptual model for ontologies. We showed (i) a relational model
of the WSMO specification for ontologies (that can be easily generalized to the de-
scription of the whole WSMO specification), and (ii) a set of new primitives for
conceptual design of Web application exploiting ontological contents in Web services
and Web applications. Finally, by using the proposed approach, we described a set of
Web-based software tools allowing distributed and multi-user editing and exploration
of ontologies. Moreover, the tools and the generated ontologies have been integrated
seamlessly in SOA testbeds, revealing successful.

Future work will include the implementation of real industrial cases and realistic
running cases of ontology management. Feedback from the industry will be exploited
to refine and extend the approach.
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