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Preface

In 2003, when the World Wide Web Consortium was working toward the ratifi-
cation of the Recommendations for the Semantic Web languages RDF, RDFS, and
OWL, we realized that there was a need for an industrial-level introductory
course in these technologies. The standards were technically sound, but, as is
typically the case with standards documents, they were written with technical
completeness in mind rather than education. We realized that for this technol-
ogy to take off, people other than mathematicians and logicians would have
to learn the basics of semantic modeling.

Toward that end, we started a collaboration to create a series of trainings
aimed not at university students or technologists but at Web developers who
were practitioners in some other field. In short, we needed to get the Semantic
Web out of the hands of the logicians and Web technologists, whose job had
been to build a consistent and robust infrastructure, and into the hands of the
practitioners who were to build the Semantic Web. The Web didn’t grow to
the size it is today through the efforts of only HTML designers, nor would the
Semantic Web grow as a result of only logicians’ efforts. ,

After a year or so of offering training to a variety of audiences, we delivered a
training course at the National Agriculture Library of the U.S. Department of
Agriculture. Present for this training were a wide variety of practitioners in
many fields, including health care, finance, engineering, national intelligence,
and enterprise architecture. The unique synergy of these varied practitioners
resulted in a dynamic four days of investigation into the power and subtlety of
semantic modeling. Although the practitioners in the room were innovative
and intelligent, we found that even for these early adopters, some of the new
ways of thinking required for modeling in a World Wide Web context were
too subtle to master after just a one-week course. One participant had registered
for the course multiple times, insisting that something else “clicked” each time
she went through the exercises.

This is when we realized that although the course was doing a good job of
disseminating the information and skills for the Semantic Web, another, more
archival resource was needed. We had to create something that students could
work with on their own and could consult when they had questions. This
was the point at which the idea of a book on modeling in the Semantic Web
was conceived. We realized that the readership needed to include a wide variety
of people from a number of fields, not just programmers or Web application
developers but all the people from different fields who were struggling to
understand how to use the new Web languages.

It was tempting at first to design this book to be the definitive statement on
the Semantic Web vision, or “everything you ever wanted to know about OWL,
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including comparisons to program modeling languages such as UML, knowledge
modeling languages, theories of inferencing and logic, details of the Web infra-
structure (URIs and URLs), and the exact current status of all the developing
standards (including SPARQL, GRDDL, RDFa, and the new OWL 1.1 effort).
We realized, however, that not only would such a book be a superhuman under-
taking, but it would also fail to serve our primary purpose of putting the tools of
the Semantic Web into the hands of a generation of intelligent practitioners who
could build real applications. For this reison, we concentrated on a particular
essential skill for constructing the Semantic Web: building useful and reusable
models in the World Wide Web setting.

Even within the realm of modeling, our early hope was to have something
like a cookbook that would provide examples of just about any modeling situa-
tion one might encounter when getting started in the Semantic Web. Although
we think we have, to some extent, achieved this goal, it became clear from the
outset that in many cases the best modeling solution can be the topic of consid-
erable detailed debate. As a case in point, the W3C Best Practices and Dissemi-
nation Working Group has developed a small number of advanced “design
patterns” for Semantic Web modeling.

Many of these patterns entail several variants, each embodying a different phi-
losophy or approach to modeling. For advanced cases such as these, we realized
that we couldn’t hope to provide a single, definitive answer to how these things
should be modeled. So instead, our goal is to educate domain practitioners so that
they can read and understand design patterns of this sort and have the intellectual
tools to make considered decisions about which ones to use and how to adapt
them. We wanted to focus on those trying to use RDE, RDFS, and OWL to accom-
plish specific tasks and model their own data and domains, rather than write a
generic book on ontology development. Thus, we have focused on the “working
ontologist” who was trying to create a domain model on the Semantic Web.

The design patterns we use in this book tend to be much simpler. Often a
pattern consists of only a single statement but one that is especially helpful
when used in a particular context. The value of the pattern isn’t so much in
the complexity of its realization but in the awareness of the sort of situation
in which it can be used.

This “make it useful” philosophy also motivated the choice of the examples
we use to illustrate these patterns in this book. There are a number of competing
criteria for good example domains in a book of this sort. The examples must be
understandable to a wide variety of audiences, fairly compelling, yet complex
enough to reflect real modeling situations. The actual examples we have encoun-
tered in our customer modeling situations satisfy the last condition but either are
too specialized—for example, modeling complex molecular biological data; or, in
some cases, they are too business-sensitive—for example, modeling particular
investment policies—to publish for a general audience.

We also had to struggle with a tension between the coherence of the exam-
ples. We had to decide between using the same example throughout the book
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versus having stylistic variation and different examples, both so the prose didn’t
get too heavy with one topic, but also so the book didn’t become one about
how to model—for example, the life and works of William Shakespeare for
the Semantic Web.

We addressed these competing constraints by introducing a fairly small num-
ber of example domains: William Shakespeare is used to illustrate some of the
most basic capabilities of the Semantic Web. The tabular information about pro-
ducts and the manufacturing locations was inspired by the sample data provided
with a popular database management package. Other examples come from
domains we’ve worked with in the past or where there had been particular
interest among our students. We hope the examples based on the roles of peo-
ple in a workplace will be familiar to just about anyone who has worked in an
office with more than one person, and that they highlight the capabilities of
Semantic Web modeling when it comes to the different ways entities can be
related to one another.

Some of the more involved examples are based on actual modeling challenges
from fairly involved customer applications. For example, the ice cream example in
Chapter 7 is based, believe it or not, on a workflow analysis example from a NASA
application. The questionnaire is based on a number of customer examples for
controlled data gathering, including sensitive intelligence gathering for a military
application. In these cases, the domain has been changed to make the examples
more entertaining and accessible to a general audience.

Finally, we have included a number of extended examples of Semantic Web
modeling “in the wild, where we have found publicly available and accessible
modeling projects for which there is no need to sanitize the models. These
examples can include any number of anomalies or idiosyncrasies, which would
be confusing as an introduction to modeling but as illustrations give a better pic-
ture about how these systems are being used on the World Wide Web. In accor-
dance with the tenet that this book does not include everything we know about
the Semantic Web, these examples are limited to the modeling issues that arise
around the problem of distributing structured knowledge over the Web. Thus,
the treatment focuses on how information is modeled for reuse and robustness
in a distributed environment.

By combining these different example sources, we hope we have struck
a happy balance among all the competing constraints and managed to include a
fairly entertaining but comprehensive set of examples that can guide the reader
through the various capabilities of the Semantic Web modeling languages.

This book provides many technical terms that we introduce in a somewhat
informal way. Although there have been many volumes written that debate
the formal meaning of words like inference, representation, and even meaning,
we have chosen to stick to a relatively informal and operational use of the terms.
We feel this is more appropriate to the needs of the ontology designer or

3
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application developer for whom this book was written. We apologize to those
philosophers and formalists who may be offended by our casual use of such
important concepts. ‘

We often find that when people hear we are writing a new Semantic Web
modeling book, their first question is, “Will it have examples?” For this book,
the answer is an emphatic “Yes!” Even with a wide variety of examples,
however, it is easy to keep thinking “inside the box” and to focus too heavily
on the details of the examples themselves. We hope you will use the examples
as they were intended: for illustration and education. But you should also con-
sider how the examples could be changed, adapted, or retargeted to model
something in your personal domain. In the Semantic Web, Anyone can say
Anything about Any topic. Explore the freedom.
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CHAPTER

What Is the Semantic
Web?

This book is about something we call the Semantic Web. From the name, you
can probably guess that it is related somehow to the famous World Wide Web
(WWW) and that it has something to do with semantics. Semantics, in turn,
has to do with understanding the nature of meaning, but even the word seman-
tics has a number of meanings. In what sense are we using the word semantics?
And how can it be applied to the Web?
This book is also about a working ontologist. That is, the aim of this book is
not to motivate or pitch the Semantic Web but to provide the tools necessary for
- working with it. Or, perhaps more accurately, the World Wide Web Consortium
(W3C) has provided these tools in the forms of standard Semantic Web lan-
guages, complete with abstract syntax, model-based semantics, reference imple-
mentations, test cases, and so forth. But these are like a craftsman’s tools: In the
hands of a novice, they can produce clumsy, ugly, barely functional output, but .
in the hands of a skilled craftsman, they can produce works of utility, beauty,
and durability. It is our aim in this book to describe the craft of building Seman-
tic Web systems. We go beyond coverage of the fundamental tools to show
how they can be used together to create semantic models, sometimes called
ontologies, that are understandable, useful, durable, and perhaps even beautiful.

WHAT IS A WEB?

The idea of a web of information was once a technical idea accessible only to
highly trained, elite information professionals: IT administrators, librarians, infor-
mation architects, and the like. Since the widespread adoption of the WWW, it is
now common to expect just about anyone to be familiar with the idea of a web
of information that is shared around the world. Contributions to this web come
from every source, and every topic you can think of is covered.

Essential to the notion of the Web is the idea of an open community: Anyone
can contribute their ideas to the whole, for anyone to see. It is this openness
that has resulted in the astonishing comprehensiveness of topics covered by
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the Web. An information “web” is an organic entity that grows from the inter-
ests and energy of the community that supports it. As such, it is a hodgepodge
of different analyses, presentations, and summaries of any topic that suits the
fancy of anyone with the energy to publish a webpage. Even as a hodgepodge,
the Web is pretty useful. Anyone with the patience and savvy to dig through
it can find support for just about any inquiry that interests them. But the Web
often feels like it is “a mile wide but an inch deep” How can we build a more
integrated, consistent, deep Web experience?

SMART WEB, DUMB WEB

Suppose you consult a Webpage, looking for a major national park, and you find
a list of hotels that have branches in the vicinity of the park. In that list you see
that Mongotel, one of the wellknown hotel chains, has a branch there. Since
you have a Mongotel rewards card, you decide to book your room there. So
you click on the Mongotel website and search for the hotel’s location. To your
surprise, you can’t find a Mongotel branch at the national park. What is going
on here? “That’s so dumb,” you tell your browsing friends. “If they list Mongotel
on the national park website, shouldn’t they list the national park on Mongotel’s
website?”

Suppose you are planning to attend a conference in a far-off city. The confer-
ence website lists the venue where the sessions will take place. You go to the

‘website of your preferred hotel chain and find a few hotels in the same vicinity.

“Which hotel in my chain is nearest to the conference?” you wonder. “And just
how far off is it?” There is no shortage of websites that can compute these dis-
tances once you give them the addresses of the venue and your own hotel.
So you spend some time copying and pasting the addresses from one page
to the next and noting the distances. You think to yourself, “Why should I be
the one to copy this information from one page to another? Why do I have to
be the one to copy and paste all this information into a single map?

Suppose you are investigating our solar system, and you find a comprehen-
sive website about objects in the solar system: Stars (well, there’s just one of
those), planets, moons, asteroids, and comets are all described there. Each
object has its own webpage, with photos and essential information (mass,
albedo, distance from the sun, shape, size, what object it revolves around,
period of rotation, period of revolution, etc.). At the head of the page is the
object category: planet, moon, asteroid, comet. Another page includes interest-
ing lists of objects: the moons of Jupiter, the named objects in the asteroid belt,
the planets that revolve around the sun. This last page has the nine familiar
planets, each linked to its own data page.

One day, you read in the newspaper that the International Astronomical
Union (AU) has decided that Pluto, which up until 2006 was considered a-

' planét, should be considered a member of a new category called a “dwarf
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planet”! You rush to the Pluto page, and see that indeed, the update has been
made: Pluto is listed as a dwarf planet! But when you go back to the “Solar Pla-
nets” page, you still see nine planets listed under the heading “Planet” Pluto is
still there! “That’s dumb.” Then you say to yourself, “Why didn’t they update the
webpages consistently?”

What do these examples have in common? Each of them has an apparent
representation of data, whose presentation to the end user (the person
operating the Web browser) seems “dumb.” What do we mean by “dumb”?

In this case, “dumb” means inconsistent, out of synch, and disconnected. What ‘

would it take to make the Web experience seem smarter? Do we need smarter
applications or a smarter Web infrastructure?

Smart Web Applications

The Web is full of intelligent applications, with new innovations coming every
day. Ideas that once seemed futuristic are now commonplace; search engines
make matches that seem deep and intuitive; commerce sites make smart recom-
mendations personalized in uncanny ways to your own purchasing patterns;
mapping sites include detailed information about world geography, and they
can plan routes and measure distances. The sky is the limit for the technologies
a website can draw on. Every information technology under the sun can be used
in a website, and many of them are. New sites with new capabilities come on
the scene on a regular basis.

But what is the role of the Web infrastructure in making these applications
“smart”? It is tempting to make the infrastructure of the Web smart enough to
encompass all of these technologies and more. The smarter the infrastructure,
the smarter the Web’s performance, right? But it isn’t practical, or even possible,
for the Web infrastructure to provide specific support for all, or even any, of the
technologies that we might want to use on the Web. Smart behavior in the Web
comes from smart applications on the Web, not from the infrastructure.

So what role does the infrastructure play in making the Web smart? Is there a
role at all? We have smart applications on the Web, so why are we even talking
about enhancing the Web infrastructure to make a smarter Web if the smarts
aren’t in the infrastructure?

The reason we are improving the Web infrastructure is to allow smart appli-
cations to perform to their potential. Even the most insightful and intelligent
application is only as smart as the data that is available to it. Inconsistent or con-
tradictory input will still result in confusing, disconnected, “dumb” results, even
from very smart applications. The challenge for the design of the Semantic Web
is not to make a web infrastructure that is as smart as possible; it is to make an
infrastructure that is most appropriate to the job of integrating information on
the Web.

The Semantic Web doesn’t make data smart because smart data isn’t what
the Semantic Web needs. The Semantic Web just needs to get the right data
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