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Preface

With the evolution of the World Wide Web, more and more sophisticated web applications and services
appear, making it possible not only to publish and search for information but also to share photos and
videos, buy products online, chat with friends, book a hotel room, play games, and more. Many of these
applications rely on file characteristics, metadata, tracking cookies, and data from user registrations, which
makes it possible to provide customized services and to make offers of products or services the users might
be interested in. However, because there is a huge gap between what the human mind understands and
what computers can interpret, a large amount of data on the Internet cannot be processed efficiently with
computer software. For example, a scanned table in an image file is unstructured and cannot be interpreted
by computers. While optical character recognition programs can be used to convert images of printed text
into machine-encoded text, such conversions cannot be done in real time and with 100% accuracy, rely on
a relatively clear image in high resolution, and require different processing algorithms, depending on the
image file format. More important, table headings and table data cells will all become plain text, with no
correlation whatsoever. In other words, you lose the relationships between the data cells, including the table
columns and rows, making data reusability very limited.

Beyond the lack of structure, much data are locked down in proprietary file formats that can be opened
only in the commercial software they were created in. As well, related data are often stored in isolated data
silos, making it impossible to automatically find new relations between seemingly unrelated data or make
new discoveries based on the relation between data. Even if data is provided in a standardized, open-
access format, software agents often cannot interpret the meaning of the represented information. HTML
documents, which implement the core markup language of the Web, are semistructured but have limitations
when it comes to machine-processability, because they are written primarily for humans. While they can be
used to display data on a web site, software tools cannot “understand” the description of real-world persons
and objects described in HTML, nor the relationships between them. For instance, on conventional web
sites, a character sequence containing numbers can be a phone number, a date, an ISBN number of a book,
or the age of a person, and there is no way for a computer program to interpret the meaning of such data.
The situation can be improved by adding metadata annotations to the markup documents, but this won't
make the entire document machine-interpretable, only small portions of it. Moreover, HTML documents
use hyperlinks to link related web resources or parts of web documents to one another; however, there
is no information about the type of these links. As a result, machines cannot interpret the relationships
represented by hyperlinks, such as whether a link relates to additional information about a topic or the
friendship between two people. Another popular format, XML, is used in structured documents that are
both human- and machine-readable. XML is widely deployed from web site markup to configuration
settings to web news feeds to office software tools; however, XML files are not machine-interpretable either.

Owing to the fact that the content of conventional web resources is primarily human-readable only,
automatic processing is infeasible, and searching for related information is inefficient. This limitation can
be addressed by organizing and publishing data using powerful formats that add structure and meaning
to the content of web pages and link related data to one another. Computers can “understand” such data
more easily and better, which can be used for task automation. The web sites and structured datasets that
provide semantics (meaning) to software agents form the Semantic Web, the Artificial Intelligence extension
of the conventional Web. On the Semantic Web, knowledge is represented in formal languages based on
strict grammar, describing every resource and link in a machine-interpretable manner, most of the time with
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truly open access. This book is an example-driven tutorial for Semantic Web developers, Internet marketers,
and researchers who want to unleash the potential of the Semantic Web. By bridging the gap between
academia and the web design industry, this book will explain the core concepts as well as the mathematical
background of the Semantic Web, based on graph theory and knowledge representation. You will learn
how to annotate your web site markup with machine-readable metadata to boost your site’s performance
on next-generation Search Engine Result Pages. You will also understand how to reuse machine-readable
definitions and how to describe your own concepts. By implementing best practices, you will be able to
create typed links, so that computers can interpret a link, say, between two people who know each other,
or a link between your web site and the machine-readable definition of topics you are interested in.
Step-by-step guides will demonstrate the installation of integrated software development environments and
the development of Semantic Web applications in Java.

These interlinked, machine-interpretable data can be used in task automation for web services, as
well as for automatic knowledge discovery in research. The benefits of Semantic Web technologies have
already been recognized by industrial giants such as Amazon.com, the BBC, Facebook, Flickr, Google,
IBM, Thomson Reuters, New York Times, and Yahoo!, and the list is constantly growing. By implementing
Semantic Web technologies to represent and connect structured data, you will reach a wider audience,
encourage data reuse, and provide content that can be automatically processed with full certainty.
As a result, your web sites will be integral parts of the next revolution of the Web.
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CHAPTER 1

Introduction to the Semantic Web /

The content of conventional web sites is human-readable only, which is unsuitable for automatic processing
and inefficient when searching for related information. Web datasets can be considered as isolated data silos
that are not linked to each other. This limitation can be addressed by organizing and publishing data, using
powerful formats that add structure and meaning to the content of web pages and link related data to one
another. Computers can “understand” such data better, which can be useful for task automation.

The Semantic Web

While binary files often contain machine-readable metadata, such as the shutter speedin a
JPEG image' or the album title in an MP3 music file, the textual content of traditional web sites
cannot be interpreted (that is, not understood) by automated software agents. The web sites
that provide semantics (meaning) to software agents form the Semantic Web, an extension

of the conventional Web [1] introduced in the early 2000s [2]. The Semantic Web is a major
aspect of Web 2.0 [3] and Web 3.0 [4]. Web 2.0is an umbrella term used for a collection of
technologies behind instant messaging, Voice over IP, wikis, blogs, forums, social media
portals, and web syndication. The next generation of the Web is denoted as Web 3.0, which

is an umbrella term for customization, semantic contents, and more sophisticated web applications toward
artificial intelligence, including computer-generated contents (see Figure 1-1) .

Caution The word semantic is used on the Web in other contexts as well. For example, in HTMLS5 there
are semantic (in other words, meaningful) structuring elements, but this expression refers to the “meaning”
of elements. In this context, the word semantic contrasts the “meaning” of elements, such as that of
section (a thematic grouping), with the generic elements of older HTML versions, such as the “meaningless”
div. The semantics of markup elements should not be confused with the semantics (in other words,
machine-processability) of metadata annotations and web ontologies used on the Semantic Web. The latter
can provide far more sophisticated data than the meaning of a markup element.

'Exif or XMP. For more information, see Leslie Sikos: Web Standards: Mastering HTMLS5, CSS3, and XML (New York,
Apress, 2014).
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Figure 1-1. The evolution of the Web [5]

In contrast to the conventional Web (the “Web of documents”), the Semantic Web includes the “Web of
Data” 6], which connects “things”” (representing real-world humans and objects) rather than documents
meaningless to computers. The machine-readable datasets of the Semantic Web are used in a variety of
web services [7], such as search engines, data integration, resource discovery and classification, cataloging,
intelligent software agents, content rating, and intellectual property right descriptions [8], museum portals [9],
community sites [10], podcasting [11], Big Data processing [12], business process modeling [13], and medical
research. On the Semantic Web, data can be retrieved from seemingly unrelated fields automatically, in order
to combine them, find relations, and make discoveries [14].

Structured Data

Conventional web sites rely on markup languages for document structure, style sheets for appearance, and
scripts for behavior, but the content is human-readable only. When searching for “Jaguar” on the Web, for
example, traditional search engine algorithms cannot always tell the difference between the British luxury
car and the South American predator (Figure 1-2).

“The concept of “thing™ is used in other contexts as well, such as in the “Internet of Things™ (10T), which is the
network of physical objects embedded with electronics, software, and sensors, including smart objects such as wearable
computers, all of which are connected to the manufacturer and/or the operator, and/or other devices.
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