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Synthesis Lectures on the Semantic Web: eory and Application is edited by Ying Ding of Indiana
University and Paul Groth of Elsevier Labs. Whether you call it the Semantic Web, Linked Data, or
Web 3.0, a new generation of Web technologies is offering major advances in the evolution of the
World Wide Web. As the first generation of this technology transitions out of the laboratory, new
research is exploring how the growing Web of Data will change our world. While topics such as
ontology-building and logics remain vital, new areas such as the use of semantics in Web search, the
linking and use of open data on the Web, and future applications that will be supported by these
technologies are becoming important research areas in their own right. Whether they be scientists,
engineers or practitioners, Web users increasingly need to understand not just the new technologies
of the Semantic Web, but to understand the principles by which those technologies work, and the
best practices for assembling systems that integrate the different languages, resources, and
functionalities that will be important in keeping the Web the rapidly expanding, and constantly
changing, information space that has changed our lives.
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• e economics of Semantic Web application adoption and use

• Publishing and Science on the Semantic Web

• Semantic Web in health care and life sciences
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ABSTRACT
e Semantic Web is a young discipline, even if only in comparison to other areas of computer
science. Nonetheless, it already exhibits an interesting history and evolution. is book is a re-
flection on this evolution, aiming to take a snapshot of where we are at this specific point in time,
and also showing what might be the focus of future research.

is book provides both a conceptual and practical view of this evolution, especially tar-
geted at readers who are starting research in this area and as support material for their supervisors.
From a conceptual point of view, it highlights and discusses key questions that have animated
the research community: what does it mean to be a Semantic Web system and how is it different
from other types of systems, such as knowledge systems or web-based information systems? From
a more practical point of view, the core of the book introduces a simple conceptual framework
which characterizes Intelligent Semantic Web Systems. We describe this framework, the com-
ponents it includes, and give pointers to some of the approaches and technologies that might be
used to implement them. We also look in detail at concrete systems falling under the category of
Intelligent Semantic Web Systems, according to the proposed framework, allowing us to compare
them, analyze their strengths and weaknesses, and identify the key fundamental challenges still
open for researchers to tackle.

KEYWORDS
semantic web, linked data, intelligent systems, knowledge engineering, knowledge-
based systems, ontologies
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Preface
In this book, we take both a conceptual and a practical view of the Semantic Web. e Semantic
Web is a young discipline, even if compared only to other areas of computer science. Nonethe-
less, it already exhibits an interesting history and evolution. From a very general vision which, as
presented in the foundational article by Berners Lee et al. (2001), integrated different techniques
and approaches (agents, databases, knowledge representation, web technologies, etc.), the focus
quickly moved to establishing and standardizing a core set of technologies for the representation,
distribution, and access to knowledge and data on the Web—e.g., RDF, OWL, SPARQL, etc.
Once these core technologies were established, the research community was then able to focus
on developing applications and building a large-scale web of data, in accordance with the Linked
Data principles.

Having gone in a rather accelerated manner through this cycle, from vision to impact,
this is the time to see where this is all going. is is the conceptual aspect of this book: e
Epistemology of Intelligent Semantic Web Systems. e debate that started as soon as the idea
of the Semantic Web was put forward by Tim Berners Lee and colleagues, mostly from the
Artificial Intelligence area, has indeed never stopped: What does it mean to be a Semantic Web
system? How is it different from other types of systems, such as knowledge systems or web-based
information systems? Our goal is not necessarily to provide definitive answers to these questions,
but to highlight and discuss in a concise manner the key elements that need to be considered and
understood when engaging with this new class of systems.

First, we look at the Semantic Web as part of the Web, and characterize it as a conceptual
construct, part of a stack of structures and networks, rather than a stack of technologies (Chap-
ter 1). e idea here is that, by understanding what makes the Semantic Web something of a
higher level of abstraction than the Web itself, we have a better view of the implications in terms
of the challenges to be addressed, and of the opportunities for new applications and systems to be
developed. is view of the Semantic Web naturally leads to thinking of it as a distributed, net-
worked system where knowledge is shared and managed globally. It also leads us to think of it as
a type of knowledge system with specific characteristics to do with being distributed, networked,
and thus open and without centralized control.

Second, we consider conceptual models established in the field of Knowledge-based Sys-
tems and explore how they can be adapted to the open, decentralized nature of the Semantic
Web (Chapter 2). In doing so, we establish a simple conceptual framework to characterize Intel-
ligent Semantic Web Systems in terms of the functions and components they include. e goal
here is not only to better understand what makes an Intelligent Semantic Web System, but also
to establish a reference model useful both to recognize and compare Intelligent Semantic Web
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Systems, and also to guide their design. is framework can be seen as defining the core of the
book, joining up the conceptual discussion on the nature of the Semantic Web with the more
practical view on what it means to develop an Intelligent Semantic Web System. In contrast with
other characterizations, here we do not focus on actual technologies but on the various conceptual
elements that need to be present when designing Intelligent Semantic Web Systems.

e practical aspect of this book is therefore in this focus on Intelligent Semantic Web
Systems, and in the deliberately rapid jump from debating the nature of the Semantic Web, to
looking at what it means concretely. Hence, once we have established the general, conceptual
framework, we look in detail at concrete systems that, according to this framework, fall into the
category of Intelligent Semantic Web Systems (Chapter 3). e goal here is that, by looking at
concrete examples, we can see how the general model captured by the Intelligent Semantic Web
System framework is instantiated in practice. In addition, the model also allows us to compare
different systems, thus analyzing their relative strengths and weaknesses and their conformance
to our framework.

Having clarified the nature of Intelligent Semantic Web Systems, we are then left with the
question: “What next?” Hence, in the final chapter, we look at the key open research challenges
that come out of our analysis. To some extent, here we come to two seemingly contradictory
conclusions: On the one hand, the area of Intelligent Semantic Web Systems has evolved into
a mature field with research directly leading to major opportunities and impacts already clearly
visible inmany academic and commercial systems. On the other hand, the area is still in its infancy
with many fundamental challenges still open for researchers to tackle.

is contradiction is one of the reasons why this book is especially suitable for those (e.g.,
students) who are starting research in this area and as support material for their supervisors. Much
of the material in this book comes from our own experience of more than a decade working as re-
searchers and application developers in the Semantic Web area and from the many discussions on
these issues we have had with other members of the research community (see for example d’Aquin
et al., 2008a). Much of the thinking here also comes from the experience of establishing in 2003
the first international summer school dedicated to Semantic Web Research (SSSW). SSSW is
still today the key educational event in the Semantic Web area and has evolved dramatically since
its first edition, reflecting the evolution of the area but also, to some extent, contributing to shap-
ing it. is book is a reflection on this evolution, with the aim to take a snapshot of where we are
at this specific point in time, and also to show what the future will be like, or at least should be
like!

Mathieu d’Aquin and Enrico Motta
April 2016
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