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Foreword

Our group at BBN Technologies has been working at the forefront of the
Semantic Web since 2000, first as part of the DARPA Agent Markup Language
(DAML) program and then in developing a variety of tools, data sets, and
applications for other government and commercial customers. The authors
and technical editor of this book are current or former members of this group,
which has grown to about 30 employees. Semantic Web Programming reflects
our backgrounds as software developers, the experience we’ve gained over
the past eight years, and a number of hard-won insights.

The Semantic Web is an international effort to represent data (includ-
ing World Wide Web data currently designed for human users) in formats
amenable to automated processing, integration, and reasoning. Data is king,
and it provides even greater value when it’s connected with other data sources
to create a linked data web. Current applications include data integration from
mash-ups to the enterprise, improved search, service composition, intelligent
agents, desktop and mobile applications, and collaboration.

Catalyzed by U.S. and EU research programs, the growing community
includes the W3C Semantic Web Activity, a host of large and small vendors,
several Semantic Web and Semantic Technology conference series, and a large
number of open-source developers and projects.

While Web 3.0 is in many ways an appropriate moniker for the Semantic
Web, the Semantic Web has always emphasized Web 2.0 social networking and
collaboration aspects through FOAF, RSS 1.0, various semantic wiki projects,
and participatory collections such as MusicBrainz. Semantic Web ontologies
provide more structure than Web 2.0 tags, microformats, and folksonomies,
while retaining much of their flexibility.

Semantic Web standards including RDF, OWL, and SPARQL continue to
evolve based on usage. A wide range of high-quality tools, many of them

xxiii



xxiv Foreword

open source, have been developed for different programming environments.
The Linking Open Data initiative has addressed a critical need by providing
foundational data for many applications and continues to grow. Many tools
and applications are now highly scalable.

Developers often benefit from seeing other people’s code. Throughout
this book, we’ve taken a pragmatic approach, with lots of examples and an
application that spans multiple chapters.

We hope that you'll also find that Semantic Web technologies provide an
effective means of addressing current and upcoming computing challenges
and that you’'ll enjoy working with them as much as we have.

Mike Dean

Ann Arbor, Michigan

November 2008



Introduction

Semantic Web Programming takes the Semantic Web directly and boldly into
solving practical, real-world problems that flexibly deliver real value from
our growing ability to access information and services from our laptop to the
enterprise to the World Wide Web. The chapters form a solid, code-based
path addressing information and service challenges. As the code examples
build, we pragmatically explore the many technologies that form the Semantic
Web, including the knowledge representations such as microformats, Resource
Description Framework (RDF), RDF Schema (RDFS), the Web Ontology Lan-
guage (OWL) including its latest release OWL 2 and Semantic Web Rule
Language (SWRL), Semantic Web programming frameworks such as Jena,
and useful Semantic Web tools. We explore these technologies, not as ends in
themselves but rather for their role and merits in solving real problems. Thus,
your learning is based on results—the results that each technology brings to
address your application challenges.

Semantic Web Programming benefits from our many years of experience
in developing large-scale Semantic Web solutions, building Semantic Web
tools, and contributing to the Semantic Web standards. We know this stuff!
This background provides you with not only an understanding of this new
powerful technology but the ability to apply it directly to your real-world
application and information challenges.

Overview of the Book and Technology

The Semantic Web offers a powerful, practical approach to gain mastery over
the multitude of information and information services. Semantics offer the
leverage to make more information better and not overwhelmingly worse. This
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Introduction

requires new data representations that improve our ability to capture and
share knowledge and new programming constructs and tools to make this
information work for your application.

This book explores it all through actual data formats, working code, and
tools. We take a developer perspective aimed at application results. We focus
the explanations and justifications on what you need to build and manage
your Semantic Web applications. The multitude of working code examples
throughout the book provides the credibility and insights that truly augment
the background and explanatory text. In many cases, the code does the talking.
We strongly recommend that you get hands on and adjust the examples to your
needs. This will help you gain the understanding and perspective necessary
to put the Semantic Web to work for you immediately.

How This Book Is Organized

The book has 15 chapters organized in four parts. Also included is an extensive
set of references in the appendices for the key technologies.

Part 1: “Introducing Semantic Web Programming,”” covers Chapters 1 and 2.
This section quickly introduces you to Semantic Web programming. Chapter 1,
“Preparing to Program a Semantic Web of Data,” covers the main Semantic
Web concepts and their relationship with one another. This establishes your
Semantic Web developer vocabulary. Chapter 1 also points out the advantages
and programming impacts; it ends with some compelling examples of the
Semantic Web in use today. Chapter 2, “Hello Semantic Web World,” dives
right into working code with an exhaustive Hello Semantic World Web pro-
gram. The example takes you from setting up your development environment
to using reasoners. The explanations are brief because this chapter is merely
an introduction to the rest of the book. This section is critical if you are new to
the Semantic Web. Seasoned readers may choose to skim these two chapters.

Part 2, “Foundations of Semantic Web Programming,” covers Chapters 3
through 7. Two main areas drive a Semantic Web application: knowl-
edge representation and application integration. This section focuses on the
former—representing and manipulating knowledge. Chapter 3, “Modeling
Information,” establishes the data model through RDF. Chapter 4, “Incorpo-
rating Semantics,”” adds an ontology to create a knowledge model using RDFS
and OWL 2. Chapter 5, “Modeling Knowledge in the Real World,” exercises
the working ontology via application frameworks and reasoners. Chapter 6,
“Discovering Information,” dives into the knowledge model to extract use-
ful information through search, navigation, and formal queries via SPARQL.
Chapter 7, “Adding Rules,” rounds out the knowledge representation through
an exploration of the semantic rule languages, including the W3C standard
SWRL.
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Part 3, “Building Semantic Web Applications,”” covers Chapters 8 through
11. This section deals with the second main area—integrating the knowl-
edgebase with an application that acts upon it. This part provides a solid
programming base for the Semantic Web. Chapter 8, “Applying a Program-
ming Framework,” fully explores Semantic Web frameworks with extensive
examples from the Jena Semantic Web Framework. The chapter ends with an
outline of our FriendTracker Semantic Web application. This example spans
the next three chapters as we explore methods to integrate, align, and output
data and information in many formats and locations. Chapter 9, “Combin-
ing Information,” focuses on integrating the information into a knowledge
model from sources such as relational databases, web services, and other
formats. Chapter 10, ““Aligning Information,” focuses on aligning the data
along ontological concepts to unify the disparate information. Chapter 11,
“Sharing Information,” outputs the information into many formats, including
RDFa, microformats, SPARQL endpoints, and more. All along we add to the
FriendTracker application to directly demonstrate the programming concepts.

Part 4, “Expanding Semantic Web Programming,” covers chapters 12
through 15. Here we build on your solid base of knowledge representa-
tion and Semantic Web application development to expand into powerful,
useful areas, including semantic services, time and space, Semantic Web archi-
tectures and best practices, and unfolding Semantic Web tools that are almost
here. Chapter 12, “Developing and Using Semantic Services,”” adds semantics
to services to allow them to participate in the Semantic Web. Chapter 13,
“Managing Space and Time,” adds space and time considerations to your
knowledge representations. Chapter 14, “Applying Patterns and Best Prac-
tices,”” is a retrospective of sorts. It builds on everything we covered so far in
the book by presenting a series of architecture patterns for constructing var-
ious Semantic Web applications. Chapter 15, “Moving Forward,” concludes
the book by peering into the future. It focuses on four critical, evolving areas
for the Semantic Web: ontology management, advanced integration and dis-
tribution, advanced reasoning, and visualization. This provides a solid view
into what is on its way in the actively evolving Semantic Web.

Who Should Read This Book

The book provides a comprehensive, practical view for developing applica-
tions that use the Semantic Web. The Semantic Web takes advantage of the
multitude of distributed information and services that exist in the World Wide
Web, the business enterprise, and your personal resources. Therefore, many
technical readers would benefit from this book whether you focus on the entire
application or only the information.
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Developers gain first-hand experience with the many code examples
throughout the book. These include both applications developers and informa-
tion developers who focus on data in its many forms, from database schemas to
XML formats. This book provides all the tools, background, and rich examples
to jump-start your applications.

Architects gain insights into the role of the Semantic Web within a larger
application. The Semantic Web offers many benefits to any system that uses
information—which is just about any system—and can quickly extend your
system’s capabilities to better leverage available information and services. The
overall applications serve the system architect, whereas the detailed informa-
tion and data management areas benefit information architects responsible for
data formats and data processing.

Technical management gains insight into the power, risks, and benefits of
the Semantic Web. The Semantic Web is a strategic technology—one that truly
provides a solution with a significant advantage. It offers a new approach
to extremely tough but lucrative challenges that employ vast amounts of
information and services. Awareness of the Semantic Web is required for any
solution that depends on dynamic information and service resources. The
code examples provide credibility to the technology and insights into its own
challenges for better planning.

Tools You Will Need

We highly recommend that you reinforce your learning by downloading
and customizing the numerous coding examples throughout the book. All
the software tools are open source and readily available from the World
Wide Web. We include all necessary links and instructions. Your computer
is compatible with all of these tools as long your operating system supports
a Java 1.5 virtual machine. That’s it! As we cover each tool in the book, we
provide download, installation, and configuration instructions. In addition,
we summarize all the tools with instructions in Appendix F.

What's on the Website

The book comes with an extensive website companion at http: //semwebpro-
gramming . org. Here you can access all related articles, complete code examples,
and ontologies, as well as have an opportunity to get involved in the ongoing
discussions and activities. The site also contains any book and code updates
to reflect the continual expansion and evolution of the Semantic Web. We
welcome comments on the book and examples.



