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Foreword

The problem of service composition is viewed by many as the “holy grail”
in Services Computing. There have been many attempts by researchers from
various domains to perform research on this highly relevant and timely sub-
ject. One of the goals in Semantic Web research has been to provide con-
cepts, methods, and tools to cater for automatic composition of services on
the Web. This poses a hard problem since composition of services is natu-
rally connected to issues of semantics and context (including functional as
well as non-functional service properties) on the one side and technology on
the other side. So far, there is no standard and agreed-upon way to perform
service composition of the Semantic Web.

In this book the authors achieve a substantial step forward in the area
of automatic service composition on the Semantic Web. Clearly, the goal
of automation is engrained in computer science research, and is, as such, a
worthwhile endeavor.

This excellent book aims at establishing the required foundations to ad-
dress this problem. In particular, Medjahed and Bouguettaya present con-
cepts and techniques that can be applied to a wide range of applications.
In this book the contributions are presented in the context of e-government
and bioinformatics cases but can easily be transported to other areas as well.
The contributions include specification, understanding the semantics, match-
ing, and generating composite service descriptions. These aspects all denote
a rigorous and holistic approach the authors present in this book.

Medjahed and Bouguettaya succeed in guiding the reader through all rele-
vant research issues in the field of service composition for the Semantic Web
by basing the presented concepts, techniques and tools on case studies and,
furthermore, by weaving conceptual considerations with implementation is-
sues and algorithms. This style makes this book a worthwhile read and I hope
that you enjoy reading this book as much as I had.

Schahram Dustdar
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Preface

The world of computing has witnessed the emergence of a new paradigm
called services. This phenomenon is part of an evolution journey that has
taken us from data (bits and bytes) to information (wrapping meaning around
data) to knowledge (reasoning about information) to the current era, i.e.,
services (the result of acting on knowledge). Services aim at taking comput-
ing to a new level of abstraction that is closer to the way humans naturally
think and interact with their surrounding. The advent of this new paradigm
has incidently happened concurrently with the rising need to support the
new service-driven economies. The emerging interdisciplinary service science
aims at using the latest research in service-related areas to inject efficiencies
in dealing with the complex problems of service creation and provisioning.
Service computing can be, in many ways, thought of as the engineering of
solutions for the service economy.

A key plank of the service computing agenda is service composition: it aims
at providing techniques, models, and architectures for the automation of mul-
tiple, autonomous, and dissimilar services to produce new and novel services.
Service composition benefits include better techniques for service outsourc-
ing and innovative and serendipitous services. Applications abound and span
almost numerous areas, including e-government, life sciences, hospitality, dis-
aster management, education, health, I'T outsourcing, cloud computing, and
many more. A key technology enabler for services is Web services which is
tightly congruent with the service paradigm. There have been tremendous ac-
tivities around Web service standardization which must be said, has probably
gone beyond what was needed. Without any doubt, this over-standardization
is now having a stifling effect on research.

This book is to the best of our knowledge, the first of its kind to address
service composition, especially using the latest research in semantics to lay a
much needed rigorous foundation which future research can build upon. We
use scenarios from e-government (social services) and life sciences (analysis
of protein sequence information) to illustrate the concepts and techniques
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X Preface

discussed in this book. We analyze the main issues, solutions, and technologies
for enabling interactions on the Web and Semantic Web periods.

Brahim Medjahed
Athman Bouguettaya
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Chapter 1
Introduction

Service-oriented computing is slated to shape modern societies in vital areas
such as health, government, science, and business [199, 233, 140, 122, 30, 43,
150]. Tt utilizes services as the building blocks for developing and integrating
applications distributed within and across organizations [102, 6]. The most
common realization of service-oriented architectures is based on Web services.
A Web service is a Web-accessible entity that provide pre-defined capabili-
ties via message exchange [7, 196, 52]. It may wrap a wide range of resources
such as programs, sensors, databases, storage devices, and visualization facil-
ities [94, 55, 201]. Two factors are promoting Web services as the technology
of choice inter-enterprise integration: the use of standard technologies and
support of loose coupling [233, 53, 207].

Service computing has so far largely been driven by often competing stan-
dards evolving in silo-like ethos. While initial standards have been benefi-
cial in the early adoption and deployment of Web services, innovations and
wider acceptance of Web services need a rigorous foundation upon which
systems can be build. There is a strong impetus for defining a solid and in-
tegrated foundation that would stimulate the kind of innovations witnessed
in other fields, such as databases. Materializing this vision requires solutions
to the different fundamental research problems to deploying Web services
that would be managed by an integrated Web Service Management System
(WSMS) [233]. Web services would be treated as first-class objects that can
be manipulated as if they were pieces of data. A WSMS includes the archi-
tectural components necessary to tackle various service management issues
such as service query processing and optimization, service composition, trust
management, privacy/security, and change management.

One key challenge for Web services is interoperability. Interoperability
refers to the extent to which Web services would cooperate to accomplish
a common objective. It moves Web services beyond the elementary frame-
work built on basic standards such as SOAP, REST, and WSDL. We identify
two levels of interoperation: syntactic and semantic. Syntactic interopera-
tion is currently achieved in Web services through the use of XML [233].

B. Medjahed and A. Bouguettaya, Service Composition for the Semantic Web, 1
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2 1 Introduction

XML provides the platform and language independence, vendor neutrality,
and extensibility, which are all crucial to interoperability. However, seman-
tic interoperation is still an open research challenge. The main impediment
has been the lack of semantics to enable Web service to “understand” and
automatically interact with each other. The Semantic Web is an emerging
paradigm shift to fulfill this goal. It is defined as an extension of the existing
Web, in which information is given a well-defined meaning [19]. The ultimate
goal of the envisioned Semantic Web is to transform the Web into a medium
through which data and applications can be automatically understood and
processed.

1.1 Semantic Web Services

The development of concepts and technologies for supporting the envisioned
Semantic Web has been the priority of various research communities (e.g.,
database, artificial intelligence). A major player in enabling the Semantic
Web is ontology [71, 134, 19]. An ontology is defined as a formal and explicit
specification of a shared conceptualization [19, 221]. Ontologies were first de-
veloped in the artificial intelligence community to facilitate knowledge sharing
and reuse [71]. They aim to construct a shared and common understanding
of relevant domains across people, organizations, and application systems.
Nowadays, they are increasingly seen as key to enabling semantics-driven
data access and processing.

Ontologies are expected to play a central role to empower Web services
with expressive and computer interpretable semantics. The combination of
these powerful concepts (i.e., Web service and ontology) has resulted in the
emergence of a new generation of Web services called Semantic Web ser-
vices [134, 147, 30, 136, 4]. Integrating ontology into Web services could not
only enhance the quality and robustness of Web service management, but
also pave the way for semantic interoperation. Applications “exposed” as
Web services would be understood, shared, and invoked by automated tools.

Semantic Web services have spurred an intense activity in industry and
academia to address challenging research issues such as the automatic selec-
tion, monitoring, and composition of Web services. In this book, we describe
an end-to-end framework for semantic Web service composition.

1.2 Web Service Composition

Web service composition refers to the process of combining several Web
services to provide a walue-added service [35, 208]. It is emerging as the
technology of choice for building cross-organizational applications on the
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Web [67, 7, 140]. This is mainly motivated by three factors. First, the adoption
of XML-based messaging over well-established and ubiquitous protocols (e.g.,
HTTP) enables communication among disparate systems. Indeed, major ex-
isting environments are able to communicate via HT' TP and parse XML docu-
ments. Second, the use of a document-based messaging model in Web services
caters for loosely coupled relationships among organizations’ applications.
This is in contrast with other technologies (e.g., software components [203])
which generally use object-based communication, thereby yielding systems
where the coupling between applications is tight. Third, tomorrow’s Web is
expected to be highly populated by Web services [40]. Almost every “asset”
would be turned into a Web service to drive new revenue streams and create
new efficiencies.

We identify two types of Web services: simple and composite. Simple ser-
vices are Internet-based applications that do not rely on other Web services to
fulfill consumers’ requests. A composite service is defined as a conglomeration
of outsourced Web services (called participant services) working in tandem to
offer a value-added service. Tax Preparator is an example of composite ser-
vice used by citizens to file their taxes. It combines simple Web services such
as financial services at citizens’ companies to get W2 form (commonly used
in the United States to list an employee’s wages and tax withheld), banks’
and investment companies’ services to retrieve investment information, and
electronic tax filing services provided by state and federal revenue agencies.

From a business perspective, Web service composition offers several ad-
vantages [177, 205]. First, composite services allow organizations to minimize
the amount of work required to develop applications, ensuring a rapid time-
to-market. Second, application development based on Web services reduces
business risks since reusing existing services avoids the introduction of new
errors. Third, composing Web services enables the reduction of skills and ef-
fort requirements for developing applications. Finally, the possibility of out-
sourcing the “best-in-their-class” services allows companies to increase their
revenue.

1.3 Semantic Web Support for Automatic Service
Composition

Web service composition has recently taken a central stage as an emerging
research area. Several techniques have been proposed [16, 36, 118, 160, 191].
Standardization efforts are under way for supporting Web service composition
(e.g., BPEL/WS [15], ebXML’s business process specification [167]). However,
these techniques and standards provide little or no support for the semantics
of participant services, their messages, and interactions. Additionally, they
generally require dealing with low level programming details which may lead
to unexpected failures at run-time. A promising approach to dealing with the
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aforementioned issues is the automation of the composition process [134]. This
tedious process would then be conducted with minimum human intervention.
The less efforts are required from users, the easier and faster Web services are
composed. In this book, we propose semantic Web approach for supporting
the automatic composition of Web services. Composers would specify the
what part of the desired composition (i.e., the tasks to be performed), but
will not concern themselves with the how part (e.g., which services will be
outsourced). They would provide “abstract” definitions of the actions they
would like to perform. The process of composing Web services (selecting
Web services, plugging their operations, and so forth) would be transparent
to users. Detailed descriptions of composite services would be automatically
generated from composers’ specifications.

Several characteristics of Web service environments entangle the automatic
composition process. First, the number of services available on the Web is
growing at a very fast pace [40]. Service composers must delve into the po-
tentially vast amount of available services, find services of interest, check
whether they can interact with each other, and then compose them. Second,
the Web service space is highly dynamic. New services are expected to avail
themselves on the Web. This requires the ability to select the “best” and
“relevant” available participants in a composite service at any given time
[36]. Third, participant services are generally deployed in heterogeneous en-
vironments. Heterogeneity occurs at different levels including syntactic (e.g.,
communication) and semantic (e.g., content, business logic) levels. Compos-
ite services need to “understand” and deal with the peculiarities of each par-
ticipant service. Finally, the execution of a composite service typically spans
organizational boundaries and requires the capability of interacting with Web
services that are autonomous. Participant services cannot be considered to
be “subservient” to other services [195]. They should instead be perceived as
interacting independently with each other.

1.4 Case Studies

While the concepts and techniques presented in this book are generic enough
to be applicable to a wide range of applications, we use the areas of e-
government and bioinformatics as case studies throughout this book. We
give below a description of both case studies.

1.4.1 Case Study 1: E-Government

One of the major concerns of e-government is to improve government-citizen
interactions using information and communication technologies [152, 25, 27,



