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Abstract

In this paper we describe an hypotetical journey from outer space to the notion of a
semantic web, describing the intents, the problems, the possible outcomes and the impact
on web users.

1. Introduction

The term semantic web was coined by W3C Director Tim Berners-Lee to indicate a
possible evolution of the current world wide web. It's a possibility, a goal; something that
cannot be achieved by currently available technologies.

2. The definition of semantic web

In the English dictionary, the adjective semantic is defined as:

semantic adj.: of or relating to the study of meaning and changes of meani ng

A semantic web is a web where the focus is placed on the meaning of words, rather then
on the words themselves: information becomes knowledge after semantic analysis is
performed. For this reason, a semantic web is a network of knowledge compared with
what we have today that can be defined as a network of information.

3. Information Networks

Information networks are created when a number of information sources are seamlessly
interconnected. This network is distributed when the information is stored in different
geographical locations and is decentralized when there is no control of one node to
another.

The original idea of the web was to increase scalability of information networks by allowing
information owners (the authors or maintainer of the information) to serve it directly and
become a network node with very little effort.

The lack of scalability of centralized information systems is due to the fact that
management costs grow more than linearly with the amount of information stored and with
the amount of people involved. This creates a saturation point where adding more
resources to the system (time, people, money) increases costs rather than decreasing
them.

The revolutionary yet extremely simple idea of what became known as the world wide web
was placing management costs directly on information owners on local and very small
scale.

This was based on the evidence that the management costs of single individuals (in the
early days, CERN scientists) over their information grows linearly with it as long as they
remain the only one to manage that information.
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The idea is equivalent of the good old tune pick up your own mess: the incredible growth
the WWW had clearly indicates it doesn't only work at home :)

4. When information becomes knowledge

Suppose you give me your favorite book: how much information have you passed me?
Pretty easy: it's just a matter of counting the characters (to be honest, it's a hell of a lot
more complex than this, but we'll ignore this issue here)

How much knowledge did you pass me? There is no answer.

It depends mostly on the context, which is defined as the amount of knowledge that |
already have.

For example, if it's an German book, the amount of knowledge it bring me is very little
since | don't know German. Or might be written in a language that | know very well, but
being very badly written | don't get much out of it, or talking about situations that don't look
familiar to me, etc.

Information must be semantically analyzed before it gets translated into knowledge and
semantic analysis is impossible if you don't have the instruments to perform it, or simply
because your context, your previous knowledge is not able to create connections to the
new information. If it cannot digest it, it remains unconnected and doesn't add to your
overall knowledge. It's useless information (sometimes referred to as data pollution)

For example, you might be totally lost from the above sentences and you might not
understand my point: this implies that the information this paper conveys is not enough for
you to understand the point.

But the example right above might have triggered your understanding.

Anyway, it's hard stuff because it's the deepest possible recursion of thinking: try to
understand how we understand.

Don't worry if you feel lost, just keep going.

5. The web is already semantic (sort of)

When you browse a page, your browser receives a number of bits from the network and
interprets them into web pages.

And what do you do with it? you read it, you try to understand it and act in consequence
(insert information, click, close the browser, go back to sleep, cry, laugh, etc...).

The web is already semantic when your context is close enough for you to be able to
perform a semantic analysis on it, but, if not, the information the browser gives you doesn't
mean anything to you and doesn't trigger any action. It's therefore completely useless.

For example, browsing English pages if you don't understand English or browsing Chinese
pages if you don't know ideograms are both examples of different degrees of knowledge
conveyed by web information depending on the user semantic context.

For English, you might be able to get more out of it because at least the alphabet is part of
your knowledge (if you live in a western country), while for Chinese this is much harder
(and you probably base your assumptions on pictures and totally ignore text).

But semantic analysis on web content is not only performed by humans: computer
programs crawl the web retrieving information for other programs that perform semantic
analysis to index it. This processed information is then queried directly by humans or by
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other computer programs at need.

It must be noted that for small amount of information, the process of semantic analysis can
be performed by humans but on very large scale, the task must be performed by computer
programs to keep costs reasonable and match the network rate of growth or frequency of
update.

Search engines perform semantic analysis on web pages, and the algorithms that perform
this semantic analysis are very complex and their heuristic is based on HTML
interpretation, metainformation, link topology and natural language analysis.

Part of the problem is that no Al program is able to match the intrinsic ability of humans to
perform semantic analysis, extracting meaning from information and abstracting concepts
from examples. But the real problem is that most of the content found on the web is made
of HTML pages and HTML was designed to contain instructions for browsers on how to
display the pages to users. It contains very little information about the real semantics of the
page, which where either never there (if pages were written in HTML directly), or lost when
transposing from other formats.

6. The intrinsically poor semantic capabilities of HTML

Let's make an example to show how poor HTML is for expressing non-visual semantics.
Let us consider the tag <b>. It stands for bold, which is a specific font style which is fatter
and darker than the normal font style. This font style is normally used to make words stand
up in the visual context of a particular sentence. So, when HTML writers want part of the
sentence so stand up, they use the tag <b> because they know how this will be rendered
by browsers.

Now, suppose you want to read this page for users with non-visual capabilities (either
visual impaired or requesting from audio-only devices), what does <b> means for voice?

The mistake is subtle but evident: the most used aspect of an abstract concept was used
to indicate the abstract concept itself. The tag <strong> should have been used since it
represents a concept that is totally independent from the usage context and will be
interpreted as bold for text, as higher volume for voice, etc.

HTML contains a number of tags that can be used to represent a visually-abstract content,
but these where designed to markup pages, so they contain semantics about paragraphs,
tables, images, but they cannot markup things like invoices, mathematics formulas, car
spare parts, etc.

Don't get me wrong: HTML is great for describing web pages and a wise use of its markup,
coupled with the use of cascading style sheets to separate the style attributes from the
page structure, does a perfect job.

The problem is that HTML treats every information as pages.

Pages are great for browsing but not good for data mining; when you query a page you
don't care about it's style or page structure, but only about the information it contains.

7. The XML model

Adding semantics to HTML would have fragmented its use and increased incompatibilities
between client implementations, thus causing harm rather than good to the web.

So the W3C started in 1997 the creation of new technological infrastructure for web
content that would have been extensible enough to convey more specific semantic
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information, match HTML functionality for today's web needs as well as improve on them,
yet remaining as simple as possible.

After three years and tens of specifications worth thousands of pages, the XML model is
not yet finished, but close enough to the point where attention can be brought to the
technological problems that this model poses on the web as a whole.

8. Anatomy of the XML model

The XML model can be decomposed in separate areas of concern (in parenthesis the
specifications that define them)

- syntax (XML)

- validity constrains (XML, XMLSchema)

- modularity (Namespaces)

- hyperlink capabilities (XLink, XPointer, XInclude, XBase)
- metadata (RDF, RDFSchema)

plus a number of lateral specifications that we won't cover here.

8.1 Syntax

The XML syntax defines how information must be encoded to be considered well-formed
by parsers. The XML syntax is text based and it's based on the same syntax used by
HTML, but it improves it by specifically indicating empty elements to simplify parsing
complexity and allowing incremental operation.

8.2 Validity constraints

XML documents are said well-formed if they follow the XML syntax, but they can be
further "validated" on some validity constraints that can indicate element structure, value
types, default content, allowed namespaces, etc. XML documents are said valid if they are
well-formed and followed their schemas without errors.

This is the first improvement on HTML since validation allows both page writers and tool
implementers to rely on a strong contract defined by the document schema. This allows
errors in implementation or schema usage to be detected before they enter the system,
thus limiting the damage they can do and improving overall security of the system.

8.3 Modularity

Modularity in the XML context is the ability to merge content belonging to different
semantic contexts into the same document. For example, mixing page layout with
mathematics formulae and vector graphics for scientific papers.

This capacity is achieved by mapping each schema to a specific and unique URI,thus
avoiding name collisions and preserving semantic independence.

This is another innovation from the HTML model which didn't have such capabilities.

8.4 Hyperlink capabilities

While HTML defined hyperlink semantics using a particular tag, the XML model uses the
notion of namespaced attributes to add particular semantics to existing elements.
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This is a big improvement since it allows to add hyperlink capabilities to any document
schema without requiring the creation of specific linking elements.

This is a much cleaner and powerful approach than HTML.

8.5 Metadata

Metadata is data about data.

HTML introduced the meta tag to allow page authors to help indexing of the page by
placing keywords that specified the page content. The best search engine make extensive
use of these tags, when available, to categorize the information

The XML model extends this ability by defining a framework for resource definition (RDF)
which can be considered the syntax for metadata, along with the metadata schemas
(RDFSchema) that define the metadata structure and its relation with other schemas.

We'll discuss metadata in greater detail in following sections of this paper.

9. A machine-friendly architecture

The ultimate goal of a semantic web is to allow computer programs to help humans by
doing semantic analysis for them on very large information sets and improve the user
experience on data mining.

This is the single most important difference between the HTML model where the user
experience was greatly improved on browsing, but totally ignored on searching (in fact, the
first search engines were hacks rather than engineered methodologies in the original web
design).

The goal is not to substitute humans with computer programs that automatically search the
web for you, simulating your semantic analysis capabilities very poorly, but to create a
technology infrastructure that allows web content owners to semantically markup their
information and create algorithmically certain ways for computer programs to perform
specific semantic queries on very large datasets.

Let's have an example. Take a look at this HTML page:

<htm >
<body>
<hl>My trip to the Java I|sland</hl>
<h3>by Stefano Mazzocchi (stefano@pache. org)</h3>
<p>The trip on the island was great:
<ul >
<li>we tasted great Java coffee</I|i>
<li>we finished ny |latest programwitten in Java</li>
<li>we did a great trip on the islands around Java</li>
</ ul >
</ p>
<p>The trip was arranged by Travel s@ava.comlInc. (info@avatravels.con).</p>
<p>Sal uto tutti gli amci italiani che erano con ne.</p>
</ body>
</htm >

The semantic analysis of this page is very hard for humans and close to impossible for
computer programs (at least nowadays). For example, the second sentence could mean
that I finished my latest program that | wrote when visiting the island of Java, or, more
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reasonably, that | finished my latest programming written using the Java programming
language.

But the page in general requires your knowledge to contain notions about Java as an
island, as a programming language and as a coffee brand.

We could continue our semantic analysis by saying that the page is written using the
English language, written by Stefano Mazzocchi who can be reached at the email address
stefano@apache.org and the page is mainly about a trip to the island of Java.

But computer programs that perform on syntax analysis rather than semantic analysis
might not be able to understand that Travels@Java is not the author of the page, nor it's a
valid email address.

But I'm the author of the page and | know the meaning of what | write and | would like to
transmit it as such to humans as well as computer programs and not letting them guess
about what it contains. (of course, literature and art in general do not have such
mechanical vision of semantic interpretation, but we ignore this for now)

So | write:

<?xm version="1.0"?>
<page xm ns="http://nysite.org/page"
xm ns: geo="http://geography. gov/terns"
xm ns: f ood="http://fao.org/ netadatal/food/ en"
xm ns: man="htt p: // onu. gov/ met adat a/ mandki nd/ en"
xm ns: man="htt p: // acm gov/ met adat a/ conput i ng"
xm ns:email:http://ietf.org/schemas/email"
xm ns: com http://nafta. org/term nol ogy/ en"
xm ;1 ang="en" >
<title>WMy trip on the <geo:island>Java |sl and</geo:island></title>
<aut hor >
<man: man man: age="25" enmi |l : addr ess="st ef ano@pache. org" >
St ef ano Mazzocchi
</ man: man>
</ aut hor >
<cont ent >
<p>My trip on the island was great:
<ul >
<li>we tasted great <food:coffee>Java</food: coffee> coffee</li>
<li>we finished ny |latest programwitten in <conp:lang>Java</conp:|lang></1li>
<li>we did a great trip on the islands around <geo:i sl and>Java</geo:island></1i>
</ul >
</ p>
<p>The trip was arranged by
<com conpany comtype="incorporated" email:address"info@ avatravel s. coni' >
Travel s@ava. com | nc.
</ com conpany>
</ p>
<p xm :lang="it">Saluto tutti gli amci italiani che erano con ne.</p>
</ content >
</ page>

This page uses XML and Namespaces to add specific semantic information about the
included content while removing all style information. While it's harder for humans to
understand this page as it is, it's much easier for computer programs since all the
necessary semantic information is placed by the page author and namespaces identify the

Page 6



