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Foreword

The World Wide Web demands our attention, not only in terms of its role as a major
contributor to the increasing centrality of technology in society, but also in purely
scientific terms.

To say that the Web is ubiquitous, at least in the so-called developed world, is
commonplace to the point of vacuity. But ubiquity alone doesn’t require scientific
exploration. After all, paved roads are ubiquitous (and socially important) too, but
they don’t engender a lot of scientific interest. What makes the scientific study of
the Web attractive is the unique nature of the thing that binds the Web together, that
actually makes it a Web: the Uniform Resource Identifier, or URI. What makes
this study urgently necessary is the huge economic and social pressure behind
innovation on the Web, and the resulting stresses on its foundational technologies.

If we don’t have clear and explanatory theories of these technologies, we are
at real risk of breaking the Web by accident. Different sectors of Web usage
are pushing the technology in different directions, and without care there is no
guarantee that the result will remain coherent, not only intellectually, but literally.
Interoperability is the sine qua non for a distributed architecture – if we lose that,
we lose everything.

All of this makes the work reported here, and the unique combination of
philosophical and experimental perspectives that it adopts, of very special value. As
things stand today, theory and practice differ about the nature of URIs. By bringing
multiple novel sources of insight to bear on the problem, this work offers real hope
of progress towards bridging that gap, and giving us a sound basis for the future
growth of the Web.

Edinburgh, UK Henry S. Thompson
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Preface

There may seem to be no more abstract and theoretical pursuit that the study of
meaning itself. There’s even no a priori reason why individual ‘minds’ should be
capable of understanding how meaning somehow exists in a world that is - at least
according to the more mature science of physics – ultimately atomic in nature. Yet
far from feeling alone in a world devoid of meaning, I take it for granted that we
strive in a rich social world that is overflowing with undiscovered facets. The Web
is the universal method of intertwingling and sharing these facets with each other.
Representations are the texture of our life on the Web. Even if the task is impossible,
the calling is worthwhile. Across the Mediterranean, I find the courage of Egypt
contagious as I follow their digital photos and text in my Web browser.

A friend once said that the world is not composed of atoms, it is composed of
stories. So this book can be considered the trace of my particular story. The story
I am telling in this book is not exactly the story I had hoped to tell as a graduate
student. This book is to a large extent a reworked and highly edited version of
my thesis, and as such suffers from the problems that any thesis has, namely that
the studies it comprises were done as small shots in the dark in order to reveal
some aspect of a much more sophisticated question. There is much to be done, like
formalizing a computational theory of sense and evaluating such a theory. At the
time of writing these studies I did not have access to the Web-scale data-sets or
processing power needed to formulate a testable theory of social semantics, and
as I sit here in Yahoo! Research, I cannot but be amazed by the fact that I have
an entire copy of the Web accessible from my desktop. Looking back, the idea
of social semantics came upon me in a visit to Amsterdam when I first arrived
in Europe: meaning is not something we possess alone, but something we create
together. To this day, I still cannot think of a better way to phrase the hypothesis of
social semantics.

Barcelona, Spain Harry Halpin
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Chapter 1
Introduction

You have abandoned the old domain, the old concepts. Here you
are in a new domain, for which new concepts will give you the
knowledge. The sign that a real change in locus and problematic
has occurred, and that a new adventure is beginning, the
adventure of science in development.

Louis Althusser (1963)

This book is an inquiry into representation. Given the almost impossibly wide
scope of possible kinds of questions pertaining to representations, we will deploy
an analysis that is simultaneously both historical and scientific by restricting our
inquiry to an investigation of representations on the World Wide Web. Yet regardless
of our careful scoping, we will nonetheless be blindly driven into the realm of
semantics, the hard question of how meaning is assigned to representation – a
question that is as hard, it seems, as that of the more popular hard problem
of consciousness (Chalmers 1995). The nature of representation is no longer
fashionable to even pursue in philosophy or even in artificial intelligence; it is
a problem whose immensity overwhelms us. As a subject matter the apparent
phenomenon of reference, the suspiciously mysterious – and so perhaps even non-
existent! – connection between a representation and that which it represents, verges
upon the totality of our social relationship with the world. From Plato’s Theory of
Forms to the evolution of representation in artificial life (Halpin 2006), science is
littered with theories of the semantics, all of which equally purport to solve this
thorny matter in one way or another. One would be forgiven in thinking, given the
lack of clear success of any theory so far, that perhaps the question is unscientific
or simply intractable in nature, yet that compels us with only a more irresistible
attraction.

At first glance, representation and semantics seem strangely old-fashioned,
particularly given the current enthusiasm for embodiment in cognitive science,
which in its more extreme versions leads to claims of “intelligence without represen-
tation” (Brooks 1991). Yet this fetish for embodiment may be strangely disciplinary
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2 1 Introduction

and – although radical on the surface – actually ends up being a reactionary fad
when viewed within the context of a larger landscape outside academic philosophy
and cognitive science. In particular, computer science – with the exception of the
peculiarly anthropomorphic line of research of artificial intelligence (AI) – does
not seem to care about embodiment. In his One Hundred Billion Lines of C++,
computer scientist-turned-philosopher Brian Cantwell Smith notes that in artificial
intelligence, debates over representation tend to frame the debate as if it were
between “classical” logic-based symbolic reasoners and some “connectionist” and
“embodied” alternative ranging from neural networks to epigenetic robotics (1997).
Smith then goes on to aptly state that the kinds of computational systems discussed
in artificial intelligence and philosophy tend to ignore the vast majority of existing
systems, for “it is impossible to make an exact estimate, but there are probably
something on the order of 1011 – one hundred billion lines of C++, in the world.
And we are barely started. In sum: symbolic AI systems constitute approximately
0.01% of written software” (1997). What Smith fails to mention is that the same
small fraction likely holds true of “non-symbolic AI” computational systems such
as robots, artificial life, and old-fashioned connectionist networks (an exception may
soon be made for the machine-learning that runs phenomena such as advertising and
search on the Web). As raw statistics of deployed systems by themselves hold little
intellectual weight, no doubt a philosopher could argue that the vast majority of
computational systems may have no impact on our understanding of representation
and intelligence. In other words, what the vast majority of the planet is doing with
computation and representation – which is increasingly focused on the World Wide
Web – is simply intellectually uninteresting. In this book we argue otherwise.

Although one can easily deny that anything resembling digital representations
exists ‘inside the brain,’ it is much harder to argue that there are no digital
representations on the Web. As one clicks from web-page to web-page, it seems that
the Web is nothing but a vast network of digital representations. The thesis of this
book is that the wide class of computational systems outside of those traditionally
considered by artificial intelligence or philosophy presents what Cantwell Smith
calls a “middle distance” where questions of representation (and perhaps even
intelligence) come to the forefront in a peculiarly obvious manner and are likely
more tractable than they are for humans, given the relative complexity of computers
and humans (Smith 1996). At the present moment, with all the totalizing attraction
of a black hole, computational systems the world over are becoming part and
parcel of the World Wide Web, described by Tim Berners-Lee – the person
widely acclaimed to be the ‘inventor’ of the Web – as “a universal information
space” (1992). We further argue that not only may the Web reveal general insights
about the nature of representation, but its unique historical status as the first actual
universal information space may prompt an entire re-thinking of semantics. When
asked to consider this hypothesis, Michael Wheeler – a philosopher who is well-
known for his Heideggerian defense of embodiment – surmises that “the power
of the Web as a technological innovation is now beyond doubt” but “what is less
well appreciated is the potential power of the Web to have a conceptual impact on
cognitive science” and so the Web may provide a new “fourth way” in addition to the
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“three kinds of cognitive science or artificial intelligence: classical, connectionist,
and (something like) embodied-embedded” (2008). While countless papers have
been produced on the technical aspects of the Web, very little has been done
explicitly on the Web qua Web as a subject matter of interest to philosophy.
This does not mean there has not been interest, although the interest has come
in particular more from the side of those engineers working on developing the
Web rather than those already entrenched in philosophy, linguistics, and artificial
intelligence (Halpin et al. 2006; Bouquet et al. 2007 2008). In this spirit, what we
will undertake in this thesis as a whole is to apply many well-known philosophical
theories of reference and representation to the phenomenon of the Web, and see
which theory survives – and finally, if the Web points a way to a new theory of
semantics, which we surmise may be a social semantics.

1.1 Scope

The World Wide Web is without a doubt one of the most significant computational
phenomena to date. Yet there are some questions that cannot be answered without a
theoretical understanding of the Web. Although the Web is impressive as a practical
success story, there has been little in the way of developing a theoretical framework
to understand what – if anything – is different about the Web from the standpoint of
long-standing questions of representation and semantics in philosophy. While this
situation may have been tolerable so far, serving as no real barrier to the further
growth of the Web, with the development of the Semantic Web, a next generation
of the Web “in which information is given well-defined meaning, better enabling
computers and people to work in cooperation,” these philosophical questions come
to the forefront, and only a practical solution to them can help the Semantic Web
repeat the success of the hypertext Web (Berners-Lee et al. 2001). At this moment,
there is little doubt that the Semantic Web faces gloomy prospects – and perhaps
for good reason. On first inspection, the Semantic Web appears to be a close cousin
to another intellectual project, known politely as ‘classical artificial intelligence’
(also known as ‘Good-Old Fashioned AI’) an ambitious project whose progress has
been relatively glacial and whose assumptions have been found to be cognitively
questionable (Clark 1997). The initial bet of the Semantic Web was that somehow
the Web part of the Semantic Web would somehow overcome whatever problems
the Semantic Web inherited from classical artificial intelligence, in particular, its
reliance on logic and inference as the basis of meaning (Halpin 2004).

This thesis is explicitly limited in scope, concentrating only on the terminology
necessary to phrase a single, if broad, question: How can we determine the meaning
of a Uniform Resource Identifier (a URI, such as http://www.example.org) on the
Web? Although the thesis is interdisciplinary, as it involves elements as diverse
as the philosophy of language and machine-learning, these elements are only
harnessed insofar as they are necessary to phrase our central thesis and present
a possible solution. Due to constraining ourselves to the scope of the Web and

http://www.example.org
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the topic of representation, this thesis is not an attempt to develop a philosophy
of computation (Smith 2002), or a philosophy of information (Floridi 2004), or
even a comprehensive “philosophy of the Web” (Halpin 2008b). These are much
larger projects than can fit within the scope of a single book or even a single
individual’s life-long calling. However, in combination with more fully-formed
work in philosophy, we hope that at least this book provides a starting point for
future work in these areas. So we use notions from philosophy selectively, and then
define the terms in lieu of our goal of articulating the principles of Web architecture
and the Semantic Web, rather than attempting to articulate or define the terms of a
systematic philosophy or with reference to the many arguments over these terms in
analytic philosophy. Many of the terms in this thesis could be explored much further,
but by virtue of our scoping are not explored, as to constrain the book to a reasonable
size. Unlike a philosophical work, in this book counter-arguments and arguments are
generally not given for terminological definitions, but instead references are given
to the key works that explicate these terms further.

This thesis does not inspect every single possible answer to the question of What
is the meaning of a URI?, but only three distinct positions. An inspection of every
possible theory of meaning and reference is beyond the scope of the thesis, as
is an inspection of the tremendous secondary literature that has accrued over the
years. Instead, we will focus only on theories of meaning and representation that
have been brought up explicitly in the various arguments over this question by the
primary architects of the Web and the Semantic Web. Our proposed solution of
social semantics rests on a theory of meaning, a neo-Wittgensteinian theory, that is
one of the most infamously dense and infuriatingly obscure theories of meaning.

Finally, while the experimental component of this book has done its best to be
realistic, it is in no way complete. Pains have been taken to ensure that experiments,
unlike much work in the Semantic Web, at least uses real data and users, and
are properly evaluated over a range of algorithms and parameters. Our work on
tagging systems takes its data from a real system, del.icio.us, as well. While various
parts of the experiments could no doubt be optimized and scaled up still further,
these experiments should be sufficient to motivate our movement towards social
semantics, although a full formalization of such a theory and testing of it would
require access to the data of a large-scale search engine such as Google, which for
the time being is outside of scope. For future work, we would like to pursue the
formalization and large-scale testing of social semantics.

1.2 Summary

The thesis of this book must be stated in a twofold fashion: first to analyze the
problem, and then to propose a solution. To analyze the problem of representation
on the Web, one must ask the question: What is the meaning of a URI? First,
we will clarify the problem that the Web is a kind of new language that can be
defined by its engineering conformance to the principles of Web architecture, but
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nonetheless inherits problems regarding sense and reference from the philosophy of
natural language. So there is no easy way out of the hard question of representation.
Our proposed answer is then that only a theory of representation and semantics
that takes into account the socially grounded use of a multiplicity of representations
is sufficient to provide the meaning of a representation on the Web, from which
the meaning of a peculiar URI can be derived. In essence, we turn the question
on its head; instead of saying that a URI can have its meaning only by virtue of
what representations can be accessed from it, we instead say that the network of
representations and their use provides the meaning of a URI. Thanks must be given
to co-authors for letting me expand upon our earlier findings and re-use our earlier
words. The term ‘we’ is deployed in order to acknowledge their contributions.
Note that all previously published versions of work in this book have been edited,
amended, and otherwise expanded.

In order to orient the reader to the Web, we give an extended introduction
to its history and its architecture in Chap. 2, while introducing the philosophical
terminology in concert with examples from the Web. In Chap. 3 we propose that
the Semantic Web, as embodied by the Resource Description Framework (RDF), is
a kind of URI-based knowledge representation language for data integration and
illustrate it by providing the elements of Web architecture in terms of a formal
Semantic Web ontology. The ontology in particular is joint work with Valentina
Presutti, whose latest version is published as The identity of resources on the
Web: An ontology for Web architecture in the journal Applied Ontology Halpin and
Presutti (2011). These works have in earlier forms been published as An Ontology
of Resources: Solving the Identity Crisis (Halpin and Presutti 2009) with Valentina
Presutti and my early essay The Semantic Web: The Origins of Artificial Intelligence
Redux (Halpin 2004).

In Chap. 4 we illustrate the crisis of the Semantic Web: There is no answer to
the aforementioned question of how to assign meaning to a URI. There are at least
two distinct positions to this question on the Semantic Web, each corresponding
to a distinct philosophical theory of semantics. The first response is the logicist
position, which states that the meaning of a URI is determined by whatever model(s)
satisfy the formal semantics of the Semantic Web (Hayes 2004). This answer is
identified with both the formal semantics of the Semantic Web itself and the
traditional Russellian theory of names and its descriptivist descendants (Russell
1905). While this answer may be sufficient for automated inference engines, this
answer is insufficient for humans, as it often crucially under-determines what kind of
things the URI identifies. As the prevailing position in early Semantic Web research,
this position has borne little fruit. Another response is the direct reference position
for the Web, which states that the meaning of a URI is whatever was intended by
the owner. This answer is identified with the intuitive understanding of many of the
original Web architects like Berners-Lee and a special case of Putnam’s ‘natural
kind’ theory of meaning. This position is also a near relative to Kripke’s famous
response to Russell (Kripke 1972; Putnam 1975). Further positions that have been
marginal to the debate on the Web, such as that of semiotics, are not explored.
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A much shorter version of this work has been previously published as Sense and
Reference on the Web in the journal Minds and Machines (Halpin 2011).

Then we dive from the heights of theory to the depths of experimental work. In
Chap. 5 we begin the exploration of an alternative form of discovering the meaning
of a representation, namely that of ‘bottom-up’ collaborative tagging systems, where
users simply ‘tag’ a resource with a term they find useful or descriptive and so
define the ‘sense’ of a URI as a set of terms. We commit a number of experiments
to determine if these tags converge over time and over a diversity of resources.
Then in Chap. 6 we extend this exploration to search engines, considering the ‘bag-
of-words’ produced by a document to be equivalent to a set of tags, and therefore
the sense of the URI. In particular, we explore this using documents from both
the Semantic Web and the hypertext Web, and use relevance models to combine
them. The study of tagging was previously published as The Complex Dynamics of
Collaborative Tagging in ACM Transactions on the Web co-authored with Valentin
Robu and Hana Shepard (Halpin et al. 2007; Robu et al. 2009), while the user study
was co-authored with Dirk Bollen as An Experimental Analysis of Suggestions in
Collaborative Tagging (Bollen and Halpin 2009). A few elements of the study
of search engines and relevance feedback was previously published as Relevance
Feedback between Web Search and the Semantic Web with Victor Lavrenko, who
co-wrote some of the text and the equations (Halpin and Lavrenko 2011b) with a
longer version published as a journal article entitled Relevance feedback between
hypertext and Semantic Web search: Frameworks and Evaluation in the Journal of
Web Semantics (Halpin and Lavrenko 2011a).

We finally turn to formulate a third position in Chap. 7, social semantics, which
states that since the Web is a form of language, and as language exists as a public
mechanism among multiple agents, then the meaning of a URI is determined by the
socially-grounded use of networks of representations on the Web by ordinary users.
As vague as this position seems at first glance, we argue this analysis of meaning
and representation is the best fit to how natural language works, and it supersedes
and even subsumes the two other positions. Furthermore, it goes beyond a certain
quietism about natural language attributed to Wittgenstein as well as a certain belief
in the occult powers of some ‘mental’ lexicon. Ideas in this version were previously
published with Andy Clark and Michael Wheeler as Towards a Philosophy of
the Web: Representation, Enaction, Collective Intelligence (Halpin et al. 2010).
The entire Ph.D. thesis was submitted and approved to University of Edinburgh,
with Yorick Wilks being the external examiner, as Sense and Reference on the
Web (Halpin 2009b), with the precis being published with Henry S. Thompson
as Social Meaning on the Web: From Wittgenstein to Search Engines in IEEE
Intelligent Systems (Halpin and Thompson 2009).

As Wittgenstein would say, one must remember that every “language game”
comes with a “form of life” (Wittgenstein 1953), and the Web is a new form of
life that goes beyond the philosophy of natural language, and leads us straight into
a new philosophy of dynamic machinic and human assemblages, a philosophy-to-
come of collective intelligence.
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1.3 Notational Conventions

In order to aid the reader, this book employs a number of notational conventions.
In particular, we only use “double” quotes to quote a particular author or other
work. When a new word is introduced and used in an unusual manner to be clarified
later, we use ‘single’ quotes. The use of ‘single’ quotes is also used when a word is
supposed to be understood as the word qua word, a mention of the word, rather than
a use of the word. When a term is defined, the word is first labeled using bold and
italic fonts, and either immediately followed or preceded by the definition given in
italics. Mathematical or formal terms are italicized, as is the use of emphasis in
any sentence. Finally, the names of books and other works are often italicized.
In general, technical terms like HyperText Transport Protocol (HTTP) are often
abbreviated by their capitalized initials. The World Wide Web is usually referred to
as the Web. One of the largest problems is that this whole area historically has had
a rather ad-hoc use of terms, so we hope this fairly rigorous notational convention
helps separate the use, mention, definition, and direct quotations of terms.


