The Semantic Web Services Tetrahedron:
Achieving Integration with Semantic Web Services™

Juan Miguel Gémez!, Mariano Rico?,
Francisco Garcia-Sdnchez3, and César J. Acufia*

! DERI Ireland, National University of Ireland, Galway, Ireland
juan.gomez@deri.org
2 Universidad Auténoma de Madrid
Mariano.rico@uam.es
3 Universidad de Murcia
frgarcia@um.es
4 Kybele Research Group, Universidad Rey Juan Carlos
cesar.acuna@urjc.es

Abstract. Web Engineering is going through several major changes. New
promising application fields related to the Web such as the Semantic Web and
Web Services, and its combination, Semantic Web Services, are transforming
the Web from a mere repository of information into a new vehicle for business
transactions and information exchange. However, the lack of integration among
different Web Applications such as Web Portals and web services is hindering
the potential leverage of the Web. In this paper, we present a novel approach
for integration in Web engineering based on Semantic Web Services. Our ap-
proach enables the combination in a Tetrahedron of a fully-fledged architecture
consisting of three layers. An application integration layer, a second layer based
on goal-oriented and intelligent user-interaction and finally, a common mid-
dleware platform for Semantic Web Services. We describe the implementation
of our architecture and its benefits by achieving full integration all over Web
applications.

1 Introduction

The Web is changing from a mere repository of information to a new vehicle for
business transactions and information exchange. Large organizations are increasingly
relying on Web Services technologies for large-scale software development and shar-
ing or exposing of services within an organization. Web Services are loosely coupled
software components published, located and invoked across the web. The growing
number of Web Services available on the Web raises a new and challenging problem,
the integration among heterogeneous applications.
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The Semantic Web is about adding machine-understandable and machine-
processable metadata to Web resources through its key-enabling technology: ontolo-
gies. Ontologies are a formal, explicit and shared specification of a conceptualization.
The breakthrough of adding semantics to Web Services leads to the Semantic Web
Services paradigm. Several Semantic Web Services initiatives such as OWL-S [7],
which offers semantic markup based on OWL [2] or the newly established WSMO
[9] have recently gained momentum.

However, the problem of integration remains since, to our knowledge, nobody has
attempted to define architecture and implementation to integrate several Semantic
Web Services from a rich user-interaction perspective i.e. by enabling specifying user
request with natural language and presenting the results properly. In this paper, we
present a novel approach to address those challenges and solve the integration prob-
lem regarding to searching, finding, interacting and integrating Semantic Web Ser-
vices. Our contribution is an overall solution based on a Tetrahedron composing a
fully-fledged architecture consisting of three layers. The presentation layer deals with
intelligent user human-interaction through the Jacinta [8] and GODO [3] applications.
The intermediate layer is based on WSMX [6] a common middleware platform for
Semantic Web Services and finally, an integration layer composed of Web Services
and Web Portal wrapper applications.

The remainder of the paper is organized as follows. Section 2 describes the com-
mon middleware platform for Semantic Web services. In Section 3 and Section 4,
Jacinta and GODO, the components of the presentation layer are introduced. Section
5 presents the integration layer regarding Web Portals and finally, the whole architec-
ture is depicted in Section 6. Conclusions and Related Work are discussed in Sec-
tion 7.

2 WSMX: Middleware for Semantic Web Services

WSMX is the reference implementation for WSMO, aiming to provide both a test bed
for WSMO and to demonstrate the viability of using Semantic Web Services as a
means to achieve dynamic inter-operation of Semantic Web Services.

The current architecture of WSMX provides dynamic discovery, mediation, selec-
tion and invocation and a simple but complete implementation of these components.
In short, its functionality could be summarized as performing discovery, mediation
selection and invocation of several Web Services on receiving a user goal specified in
WSML [1], the underlying formal language of WSMO. The user goal is matched
with the description of a Web Service, then the Web Service is invoked and the result
is returned. Presently the WSMX architecture relies on a set of loosely-coupled main
components. The core component is the WSMX manager, an event-based driven
coordinator managing the other components. The Matchmaker component attempts to
match the user goal to a Capability of a Web Service and the Mediator component
bridges the gap between different ontologies in the matchmaking process. The Mes-
sage Parser and Compiler components deal with the understanding and interpretation
of WSML messages. Various repositories store descriptions and ontologies of Web
Services. Transforming message formats is a task for the Message Adapters and fi-
nally, the Invoker component performs the required SOAP request (invocation) to the
chosen Web Service.
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3 Jacinta: User-Interaction for Semantic Web Services

In principle, the Semantic Web could be viewed as a “web for agents, not for hu-
mans”, but this is only the case of the B2B aspect. The B2C aspect has to deal with a
human user. As a first step in this direction, we proposed the creation of a simple,
specialized type of agent, to which we will refer as Jacinta, who mediates between
traditional Web Services and end users. This mediator agent is invoked by human
users who interact with it using a traditional web browser, so that the mediator (Ja-
cinta) invokes traditional Web Services on behalf of the user and show the results in
the most appropriated way. Jacinta can be seen as a Semantic Agent (SA) specialized
in interaction with human users. The main objective of Jacinta is not the creation of
Semantic Web Services (SWS) or SA but the development of techniques for interact-
ing with the end user. Once SA-SWS will become a reality, as it is case of WSMX
(see section 2), Jacinta can be used as a module for Human-Agent interaction. Firstly,
dealing with the physical features of the interaction user device such as PDA, mobile
phones or other small devices. Secondly, delegating a more sophisticated aesthetic to
specialized enterprises so that human user can choose the most appropriated or fash-
ionable.

4 GODO: Goal-Oriented Discovery for Semantic Web Services

As mentioned in Section 2, WSMX [6] enables automatic discovery, selection, me-
diation, invocation and interoperation of the Semantic Web Services. It accepts goals
in a specified format as input and returns the Web Services invocation results. GODO
[3] can be seen as a software agent that aims at helping users to send their goals to
WSMX. It can either accept a text in natural language or define a set of rules to de-
termine the user wishes. Once GODO has inferred what the user wants, it creates the
goals WSMX have to execute in order to achieve it.

GODO is composed of six main components. The most important is the Control
Manager. 1t supervises the whole process and acts as an intermediary among the
other components. The Language Analyzer is in charge of understanding the text in
natural language with the users’ whishes. Another important component is the Rules
Loader, which loads the rules generated by the rules-based system. It helps users to
express exactly what they want. The Goal Loader looks for goals either in the
WSMO goal repository or in an internal repository with goals templates. These goals
will be compared with the users’ whishes by the Goal Matcher. The goals accepted
are then composed by the Control Manager. Finally, the Goal Sender sends individu-
ally the goals to WSMX.

5 WP2WS: Using Web Portals as Web Services

There is still, a huge amount of information and functionality available in the Web in
the form of traditional Web Portals. Nowadays lot of research and industrial efforts
are focused in web services integration, but they mostly ignore the information and
services offered by those traditional Web Portals. That is, only a few Web Portals
offer their information and functionality in the form of Web Services (i.e. ama-
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zon.com). Achieving full web integration requires taking into account those Web
Portals.

WP2WS (Web Portals to Web Services) is a tool which allows the semi-automatic
generation of web extraction modules or wrappers. On the one hand, WP2WS gener-
ates the modules to automatically extract the Web Portals information and the mod-
ules to access the Web Portal services. On the other hand, it generates the WSDL
Web Services description to allow the web wrapper to be invoked as a Web Service.

WP2WS follows an ontology-based approach. It uses domain-specific ontologies
in conjunction with some heuristics to locate constants present in the Web Portal and
constructs objects with them. WP2WS is a semi-automatic tool because while the tool
is running, it requests the user for feedback to accurately construct the proper object
to data extraction or to functionality access. The user also decides which of the de-
tected data and functionality is going to be available as Web Services. Depending on
the selected data and functionalities, WP2WS generates the modules in charge to
process the Web Portal in order to use the offered functionality or data.

6 The Tetrahedron Approach:
Achieving Integration with Semantic Web Services

The main objective of this work is to integrate and articulate in a fully-fledged archi-
tecture the described applications in order to solve the problem of integration of Web
Services over the Internet. Our architecture uses WSMX as its middleware technol-
ogy. It partitions into three well defined layers: presentation, intermediate and inte-
gration layer. In Figure 1 the layer model of the integrated architecture is shown.

The first layer in the figure is the presentation layer constituted by GODO and Ja-
cinta. As middleware and facilitator for the integration we find WSMX in the second
layer. Finally, WP2WS is sited in the bottom layer, as it has to provide access to the
data and functionality provided by the portals and a number of Web Services distrib-
uted over the Internet.

For the sake of clarity, we will detail how the user interacts with the architecture
and how it solves the user problems regarding integration. The process takes place as
follows:

1. Users access GODO. Their have two possibilities for the input. They can either
write a sentence in natural language or indicate what they exactly want through a
set of rules.

2. Tt is the GODO task to analyze that input and to determine the goals it has to send
to WSMX in order to achieve the user wishes.

3. WSMX receives the goals, process it, and infers the Web Services it has to in-
voke.

4. Some of the Web Services invoked will be the ones proportioned by WP2WS.
They enable us to access to the information contained in several portals distrib-
uted on the Internet and also to their functionality.

5. WSMX receives the responses from the Web Services and send them directly to
Jacinta.

6. Finally, Jacinta determines the better way this information can be shown to the
users, formats it and presents it to the user.
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Fig. 1. Our fully-fledged layered architecture

The use of the Tetrahedron metaphor is justified by the interdependence of those
applications in terms of the common middleware platform (the common vortex) on
top of the three other applications.

7 Conclusions and Related Work

As the use of Web Services grows, the problem for searching, interacting and inte-
grating relevant services will get more acute. In this paper, we proposed a layered
architecture based on a Tetrahedron and an effective implementation to integrate
Semantic Web Services. While this paper focuses mainly on Semantic Web Services
concerns about integration, there is a whole plethora of integration problems in many
other domains. The forthcomings of our approach are mainly two: namely the ease of
user interaction and application integration. Ease of user interaction, since he can
specify in natural language what he is expected to achieve and without worrying
about heterogeneity problems and the input and results for interaction are handled in
an intelligent and user-friendly manner. Application integration is achieved by means
of mediation and interaction with loosely-coupled distributed software components.

There are several other approaches to the ones presented in this paper. In [5], the
author points out how the ontology languages of the Semantic Web can lead to more
powerful agent-based approaches for using services offered on the Web. The impor-
tance of the use of ontologies in agent-to-agent communication has also been high-
lighted. In [4], the authors outline their experiences of building semantically rich Web
Services based on the integration of OWL-S [7] based Web Services and an agent
communication language (it is done to separate the domain-specific and the domain-
independent aspect of communication).
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