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Abstract

Most HTML documents on the World Wide Web comprise far more than the article or
text which forms their main content. Navigation menus, functional and design elements or
commercial banners are typical examples of additional contents which can be found along
with the main text. In the context of web data mining applications or technical solutions
to improve accessibility via screen readers or small screen devices it is necessary to draw
the distinction between main and additional content automatically.

The solutions for determining the main content in a web document can be divided
into the two categories of content extraction and template detection. Content extraction
solutions are operating on single documents and are based on heuristics. Template detec-
tion algorithms instead analyse a collection of several training documents to determine a
common template structure and use this knowledge to find the main content.

This thesis gives an extensive overview of existing techniques and algorithms from both
areas. It contributes an objective way to measure and evaluate the performance of content
extraction algorithms under different aspects. These evaluation measures allow to draw
the first objective comparison of existing extraction solutions. The comparison also reveals
typical problems of these solutions. The newly introduced content code blurring extraction
filter overcomes at least some of the problems and proves to be the best content extraction
algorithm at the moment.

An analysis of methods to cluster web documents according to their underlying tem-
plates is the third major contribution of this thesis. In combination with a localised
crawling process this clustering analysis can be used to automatically create high quality
sets of training documents for template detection algorithms. As the whole process can be
automated it basically allows to perform template detection on a single document, thereby
combining the advantages of single and multi document algorithms: the independence of a
manually created training set of the former with the better theoretic underpinning of the
latter approaches.
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Zusammenfassung

Die meisten HTML Dokumente im World Wide Web bestehen aus deutlich mehr Inhalten
als dem Artikel oder dem Text der den eigentlichen Hauptinhalt darstellt. Das Navigations-
menii, funktionale oder gestalterische Elemente, sowie Werbung sind typische Beispiel fiir
zusitzliche Inhalte die neben dem Hauptinhalt eines Webdokuments auftauchen. Fiir Web
Data Mining Anwendungen oder technische Losung zur Verbesserung des Webzugriffs iiber
Screen Reader oder Gerédte mit sehr kleinem Bildschirm ist es notig die Unterscheidung
zwischen Haupt- und zusétzlichen Inhalten automatisch vorzunehmen.

Bei den Losungsansitzen zur Bestimmung des Hauptinhaltes eines Webdokuments ldsst
sich zwischen Algorithmen zur Inhaltsextraktion (Content Extraction) und Verfahren zur
Templateerkennung (Template Detection) unterscheiden. Methoden zur Inhaltsextraktion
operieren auf einzelnen Dokumenten und basieren auf Heuristiken. Algorithmen zu Tem-
plateerkennung hingegen analysieren eine Sammlung von Trainingsdokumenten, um eine
gemeinsame Templatestruktur zu erkennen und mit diesem Wissen dann den Hauptinhalt
zu bestimmen.

Diese Arbeit gibt einen sehr umfassenden Uberblick iiber die bestehenden Verfahren
und Algorithmen fiir beide Herangehensweisen. Sie liefert objektive Mafe zur Bewertung
der Leistung von Algorithmen zur Inhaltsextraktion unter verschiedenen Gesichtspunkten.
Die Bewertungsmafse erlauben einen ersten objektiven Vergleich bestehender Verfahren.
Dabei werden auch typische Problem der Ansétze zur Inhaltesextraktion deutlich. Der
neu eingefiihrte Content Code Blurring Filter iiberwindet zumindest einige dieser Probleme
und ist derzeit der leistungsfihigste Algorithmus zur Inhaltsextraktion.

Eine Analyse verschiedener Methoden zur Gruppierung von Webdokumenten beziiglich
der ihnen unterliegenden Templates stellt den dritten groferen Beitrag dieser Arbeit dar.
In Kombination mit einer lokalen Websuche kann dieses Templateclustering fiir die au-
tomatische Erstellung von Trainingsdatensitzen zur Templateerkennung eingesetzt wer-
den. Dadurch lassen sich die Vorteile beider Welten verkniipfen: die Unabhéngigkeit von
vorgegebenen Trainingsdaten der Inhaltsextraktion mit den besseren theoretischen Grund-
lagen der Templateerkennung.
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Chapter 1

Introduction

A modern HTML document on the World Wide Web (WWW) contains different kinds of
content. In particular it usually contains far more than its main content. A document on
a news web site, for instance, might contain an article reporting about a recent event but
it most likely consists also of some other contents, like navigation menus, commercials or
a copyright notice. The latter contents do not contribute to the information the document
wants to communicate, they serve other purposes. Hence, a human user who is primarily
interested in the news article usually ignores these additional contents and focuses on the
main content. Ignoring uninteresting contents is a very common behaviour and humans
can actually distinguish quite fast and quite well between the main content and other kinds
of content.

A computer program which accesses a web document in order to retrieve some infor-
mation from it should be able to make the same distinction. The task of automatically
identifying the main content in a web document is not easy, though. Where a human user
can use all his background knowledge, the semantic context or the visual arrangement and
design layout of the web document, a computer program lacks all this additional informa-
tion. Thus, algorithms which want to detect the main content in an HTML document use
different approaches to accomplish their task.

It is these algorithms, the techniques they use and the evaluation and comparison of
their performance which lie in the focus of this thesis. In other words: we are interested in
how a computer program can find the main content in an HTML web page automatically.

In this introductive chapter we will first take a look at how the presentation of infor-
mation has evolved in the environment of the WWW. Of particular interest is how web
documents have changed under the aspect of their contents, as these changes have had
a strong influence on how human users perceive web documents and how the search for
information on the web is organised. In this context we will also describe several situations
which motivate the need of finding the main content in a web document automatically and
we will come to a first general definition of content extraction as the task of finding the
main content.
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1.1 Contents on the World Wide Web

The WWW has become a huge resource for information. Nowadays the impression might
arise, that there actually is no information which cannot be found on the web. Several
publications which wrap the size of the web in dry numbers seem to confirm this impression.
Benoit, Slauenwhite and Trudel [BST07] have systematically analysed a representative part
of the Internet’s TP address space to look for publicly accessible web servers. Scaling their
result up to the entire address space led to an estimate of about 10.7 million public servers
on the WWW. Each of those web servers may host several web sites, and each web site in
turn contains several web pages. An article [KK07| on Pandia — a web site devoted to topics
related to search engines and searching information on the web in general — summarised
a few other estimates about the size of the web. Referring to different sources the article
comes up with numbers between 15 and 30 billion unique web pages provided by between
109 and 433 million web sites. All those estimates were independently published around
the end of the year 2006 and the beginning of 2007, so they were all formed roughly in
the same time period. The counterpart to this vast offer of information on the WWW is
a large group of consumers: the same article on Pandia mentions a number of above one
billion users. Independently of the quality of all those estimates they do give an idea of
the magnitude of the WWW — and its growth rate does not seem to decline. Quite the
opposite, the recent trends of user or community generated contents which are commonly
subsumed under the term “Web 2.0” might cause another leap in the growth of contents
on the web.

However, the constantly increasing size of the web gave raise to two problems already
much earlier: how to find information as a consumer and how to organise and manage
the information as a content provider. Web directories and search engines have become
the main solutions to the first problem, web content management systems (WCMS) in all
possible variations the solution to the second one. The functionality of the mentioned
systems has changed over the time and evolved with the web to adapt to shifts in the
presentation and style of web contents. At the same time the changes of the systems have
often affected the contents on the web and the style of documents themselves.

Web directories are probably the oldest way to organise the access to the information
of the web. Yahoo, for example, started in 1994 as a general web directory. While today
the directory service plays a minor role on the Yahoo web portal, lots of other web sites
are still organised as web directories. The Open Directory Project — also referred to as
DMOZ — certainly is one of the more renown representatives.

Any directory consists of a collection of addresses on the web, usually classified and
categorised according to a hierarchic scheme. It can be compared to a very big, well
organised and publicly available collection of link bookmarks. The link entries are usually
made manually, either by the editors of the web directory, by the authors of a web site
themselves or by independent third parties like normal web users who found and reported
an interesting page on the web. While typically also the classification into the topical
categories and the order in which the entries are listed are determined manually, these
processes might nowadays be computer aided.
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Managing manually all the information on the web soon started to become more and
more difficult — even for professional web directories like Yahoo with employed, full time
editors and open projects like DMOZ based on a huge workforce of volunteers. The contin-
uous and fast growth of the web was beyond the capabilities of the human editors of web
directories. Though web directories do still exist, their role as central source for finding
information has long since been taken over by search engines.

Search engines basically consist of two main components: crawlers, which are automatic
agents browsing and indexing the web along its hyperlink structure, and a retrieval engine,
which finds the relevant pages among those crawled and indexed when given a query for
some information [Gl603|. An important point in the development of search engines was
the capability not only to find web documents containing the significant keywords of a
query, but to rank the documents in a way that lists the more relevant and thereby best
results first. The advent of the Google search engine was a ground-breaking success in this
field, and its good performance at ranking the results has lead to its predominant position
among web search engines — a position which Google has managed to defend up till today.

Brin and Page’s PageRank [BP98| — the algorithm underlying Google — and Kleinberg’s
HITS [Kle99| allow to identify good sources of information in a hyperlinked structure like
the web. Both algorithms have been developed independently and more or less at the same
time and both use the web’s hyperlink structure to deduce the quality of a document. The
basic idea of PageRank and HITS is that if a web page is a good resource for information,
a lot of other pages will reference it via hyperlinks. And further, if a good source for
information is referring to another page, this referenced page very likely is a good source,
too. Though the algorithms have been adapted and refined since their first presentation,
their basic concept remains unchanged.

While web directories and search engines provide a practical solution to keep the prob-
lem of finding information on the web under control, the management of information from
a provider’s point of view has essentially been solved by WCMS. By now, these systems
have become a generally available mainstream technology and cover a wide range of ap-
plications for different scenarios. They appear in many different forms and with different
ranges of functionality: from complex enterprise content management systems (ECMS) to
relatively easy to use blogging systems, from high priced commercial products to free open
source software and from general purpose solutions for all kinds of content to specialised
programs designed for small market niches or even a single web site only. In any case, when
chosen appropriately to the field of application and the needs of a given environment, all
approaches improve the administration and handling of a web site. To distinguish this kind
of managed sites from manually maintained web sites, Kao, Lin, Ho and Chen introduced
the term systematic web sites [KLHCO4].

The basic features of all WCMS should be roughly the same, as the management of a
web site requires at least the separation of structure, content and layout [ABSO00|'. This

' Quite often, the functions for user and workflow management, content syndication options or a sophis-
ticated publishing concept are considered important, too. However, they do not affect the way contents
are presented on the web and, hence, are not of importance in our context.
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separation of the content of a web document from the presentational aspects is usually
achieved by a system of document templates and a presentation independent storage of the
contents. The final documents on the web are created dynamically by filling the contents
into the template framework. The possibility to further combine a content with different
templates allows to reuse it in different contexts. The most obvious and straight forward
example is to offer a printer friendly version of a document, which has a simplified layout
and e.g. omits the navigation menu.

The template concept also allows to separate the structure of a web site from its pre-
sentation and the contents. The structure of a web site mainly corresponds to the organi-
sational hierarchy of the documents and the hyperlinks connecting them. In a WCMS, this
hierarchy information of a document is modelled independently from the template and the
content data. Only when a document is compiled into its final form in an HTML format
by combining template and contents, the link structures and navigation menus are dy-
namically created and fitted into the template as well. This allows to easily add, relocate,
archive, delete or interlink single documents, as in a systematic web site all hyperlinks
affected by such actions are adapted automatically to the new situation.

This automatism tends to stimulate the creation of enriched web documents. As adapt-
ing the navigation structure, intra-site hyperlinks or presentation styles does not involve
changing manually every single page, a WCMS reduces a web site manager’s reservations
for doing so. The content providers actually seem to become much more willing to pro-
vide several interrelated navigation structures on their web site that improve handling and
usability of the site, but which would be impossible to manage without a dedicated infor-
mation system. Accordingly most systematic web sites nowadays come along with different
views on the navigation, several kinds of relations between the documents, references to
other articles or special functions like user added comments, the option to send articles
by e-mail or even the possibility to personalise the appearance of a web site to the user’s
needs. All the mentioned examples illustrate functions intended to aid a user when looking
for information on a web site. And all of them cause the web documents to become richer
in contents and the network of hyperlinks on the web to become much denser — mainly on
an intra-site level, but due to content syndication, the effects can be observed on inter-site
link structures as well.

It has to be said, that all these additional contents do not provide additional informa-
tion. They are solely intended to help the users to find what they are looking for. So,
where an additional content provides more data than, for instance, a simple link, it has to
import information from another document. This causes a lot of information to be kept in
a redundant way, when looking at the resulting documents on the web.

The fact that WCMS allow the creation of larger and more complex web sites is in-
creasing this problem additionally. While larger sites certainly contribute to the web’s
growth rate, they in turn also create most of the redundant contents. Gibson, Punera
and Tomkins [GPT05| estimated in 2005 that the redundant content generated by WCMS
makes up approximately 40 to 50% of the content on the web.

Redundancy can spread beyond a document or web site level as well. Kao, Lin, Ho and
Chen distinguish in [KLHCO04| between intra-site redundancy and inter-site redundancy.
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Yi, Liu and Li [YLLO3] described the same phenomenon a bit earlier but less specific
as local and global noise disturbing web mining applications. While the first kind of
redundancy is mainly a side effect of template usage in systematic web sites and it describes
contents occurring repeatedly in several documents, the inter-site redundancy is caused by
content syndication, several web sites being managed by the same WCMS software, mirror
pages, illegal copies or older versions appearing in web archives. Inter-site syndication and
exchange of contents or the multiple publication of the same content on several managed
web sites causes a redundancy even of the informative contents in documents at several
locations on the web.

Most, human users do not have problems to cope with the additional contents on a
systematic web site — they simply ignore them. Web designers are nowadays aware, that
a user does not really read a web document, but solely scans it [Kru06|. By “scanning”
the designers mean, that a user is taking a glimpse at a web page and tries to identify
the interesting parts of the document. To do so, he or she passes quickly with the eyes
over the screen, takes up the layout, the structure and merely reads a few words here and
there. This entire scanning process takes only a few seconds — even less time is needed
for the user to simply get a first subjective impression whether he likes or dislikes a web
page [LFDBO05]. If and only if this fast scanning reveals that the document might contain
interesting information, the user starts reading. And even in this case the user will usually
not read all of the web page but just those parts which promise to be interesting.

While making life easier for the content providers and most consumers looking for
information, the additional contents can cause problems at another point. The crawlers
of a search engine, for example, have several problems with the additional contents. They
cannot scan the documents in the same way a human user does. Hence, they have to handle
much more data and a richer hyperlink structure. The latter aspect further influences
the performance of PageRank and HITS. The idea underlying those algorithms is based
on assumptions which do not reflect any more the changed usage of hyperlinks. A web
page that is referenced by many other pages might not necessarily be a good source of
information, it might simply be part of the dense network of WCMS generated documents
with a high rate of intra-site links. Bar-Yossef and Rajagopalan [BYR02| described several
scenarios in which the results of modern ranking algorithms are severely influenced by
template generated documents.

But also human users might encounter problems: users which do not use the classical
way to access web pages via the visual user interface of a standard browser. A visually
impaired user, for instance, does not see the entire web document at once, but has to wait
for a screen reader program to read the contents in a more or less linear way. Recalling
the observations of Gibson et al. of a rate of 40 to 50% of additional contents, in the most
unlucky case the user might have to wait for about half of the page to be read before even
noticing, that it is not interesting. Obviously, reading half of the document will take far
longer than the few seconds most other users need to scan the page. There are several
other scenarios, where it is impossible to quickly flicker with the eyes over a web document
to find the possibly interesting parts, e.g. if the screen resolution or size does not permit
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to display the entire document, or where a low connection bandwidth limits the speed of
data transmission.

In all these situations the users — may they be human or the crawlers of a search engine
— cannot scan the documents as a human user normally would do. Hence, they have to
cope with more content and invest more time in finding the relevant information in a
document. Looking at the perception of web documents from this point of view leads to
the conclusion that what the web designers describe as “scanning” can be compared to a
filtering process. Experienced web users have learned how to distinguish the interesting
from the additional contents simply by looking at a document. Noteworthy about this
relatively intuitive description of how documents are perceived is also that it underlines
once more the existence of different kinds of content in web documents. We are now going
to take a closer look at these contents.

1.2 Contents of a Web Document

The different kinds of content appearing in a web document can be seen best when looking
at an example. Figure 1.1 shows a screenshot of a web document as it is rendered and
displayed by a modern web browser. It is an article taken from the Spiegel online web site
in late 2006, reporting about the failure of the German-French Quaero project, a project
intended to produce a European search engine to tackle the dominance of Google?.

As mentioned above a human user has no problem to get a rough idea of what the
article is about by taking a brief look at it. Given the necessary background knowledge,
a human probably knows quite well already by reading the headline and the teaser (the
introductory paragraph) what the main topic is. Having spotted those two fragments of
the document, it comes quite natural to continue reading below. The paragraphs to the
right and below the image complete the main content of the document as perceived by the
user.

For most users with a certain experience in browsing the WWW the just described
behaviour will be the typical way to approach a new document. This behaviour corresponds
perfectly to what was described above as scanning a document and then reading the relevant
parts. As now we want instead to take a look at all the contents in the documents we will
have to deliberately avoid the natural approach we humans take when reading a document
— or better: when perceiving it.

Overcoming the temptation to just focus on the main content and paying instead at-
tention to all the present contents, the vast amount of other contents becomes “visible”.
Looking more closely at the screenshot in figure 1.1, the first thing we notice when reading
a document entirely and top down will be the header of the document. The most prominent
part of this header is the large red horizontal bar bearing the logo of Spiegel online, de-
picting additionally that it is the international section which is currently visible. The grey

2The project actually has not been stopped, but the German-French cooperation broke up. The de-
velopment of Quaero is now driven mainly by the french partners, while on the German side the work is
continued in the Theseus project.
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Figure 1.1: An example of a WCMS generated web document as it is presented by a
standard browser.

bar positioned above the logo provides short links to pages offering services like an RSS
feed or a subscription to a newsletter. Another grey coloured bar below the logo is instead
the main navigation element, providing links to all major topic categories, highlighting the
currently selected category and showing its sub-categories.

Below the header the document splits into roughly three parts, which form a column
each: the article to the left, a collection of references in the middle and a commercial
banner to the right. It can be argued, whether the commercial banner is a column at
this level or if it lies parallel to the entire document. As it is aligned with the top of
the other two columns, the layout of the document suggests the three parallel columns
interpretation. Anyway, the description of the three columns is not very precise either, as
at least the first two of them can be further subdivided. The article itself is preceded by a
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Figure 1.2: The lower part of the WCMS generated web document.

link to a printer friendly layout of the document and by the options to send the article by
e-mail, to send a feedback message to the authors and to modify the font size of the text.
The article itself consists of the title, the teaser, the main text body and an image. Some
other indirectly related information like the date of publication is interspersed as well. The
first element in the second column is an advertisement, followed by a collection of articles
published recently on the same web site and some references to articles on other web sites.
The elements in this column are clearly separated from each other and, again, could be
still subdivided further.

The three parallel columns have different length. In particular the article is much longer
in terms of space. The lower end of the document is shown in figure 1.2. Only the left
column is reaching that far down; the other two columns are shorter and do not have
any contents in the lower section of the document. The column containing the article is
concluded by a reference to Technorati®, a list of related articles on Spiegel online and a
copyright note. The footer closing the document is ranging across the first two columns
and consists again of a collection of navigation links to provide quick access to central
pages of the web site.

So, the document shown here as an example of different contents contains the most
common kinds of content, which can be classified as follows:

3Technorati is a search engine specialised on blogs and news articles. It aims at keeping its index up
to date in real time by allowing web authors to notify the search engine of changes on their web site.
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Main content: The article of this document is certainly its primary content. It is the
payload of the document, the main information which is to be transmitted to the
user. Vice versa, it is also the main reason for a user to consider a document for
reading.

Navigation: The header and the footer are the main navigation elements in this page.
Navigation elements do not contribute to the content but they are necessary for the
usability of the document in the context of the hyperlink structure of its web site.
Navigation comprises both: elements which allow moving to other documents and
elements which allow to deduce the current location in the web site structure.

Link lists: Lists or collections of hyperlinks referring to other documents on the same
web site or external resources. Our example provides different kinds of link lists: the
most recent stories are documents from the same source grouped according to a time
property, i.e. the newest, most recent documents belong to this list. The related links
are formed by documents which have a topic similar to the one of the main article.
And the links to articles on third party blogs are also related to the main topic, but
refer to external documents outside the scope of Spiegel online.

Commercials:  Advertisements and commercials are widespread and can be found on
most web sites. They represent a common way of providing a source of income,
thus partially financing the web site. In this example two different approaches of
embedding commercials can be seen: the banner in the right column is a single
graphical entity, realised as an animation, using an appropriate technology such as
Flash or animated GIF images. The second type is represented by the advertisement
in the middle column, which consists of text extended by an image. In fact the layout
and the appearance of this second commercial are much closer and more similar to
the other parts of the document. As such, it is less prominent than the banner, but
vice versa the chance to ignore it altogether as an obvious commercial is reduced as
well.

Functional elements: The links which allow to send the article as an e-mail or to alter the
font size allow interaction with the document. As the name suggests these elements
provide functions related to the document, different from pure navigation.

Template elements: Some parts are common to most or even to all documents found on
a web site, such as the copyright notice or the header with the logo of the web site.
They provide information common to the entire web site or contribute to the look
and feel of a web site.

The above list of content types is not exhaustive and the identification of the kinds of
content cannot always be made as clear as in this case.

Staying again with the initial notion of what is interesting for the user and what is not,
a much rougher classification used already earlier is to simply subdivide the contents into
main content and additional contents. The main content carries the primary information,
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the additional contents are simply extensions to it. The names for these two different classes
of contents vary in literature. The main content is also labelled as primary, principal or core
content. The additional contents instead are sometimes referred to as template generated
contents or even as noise, when it comes to the topics of quality and purity of data in the
context of text or data mining.

Looking again at the entire document with this simpler subdivision of the contents into
two classes, the estimates of Gibson et al. [GPT05] seem quite realistic: nearly half of the

contents of the document are template generated, corresponding to the mentioned ratio of
about 40 to 50 %.

1.3 Content Extraction

As mentioned above, a human user tends to ignore the contents he or she is not interested
in and, thus, will usually focus on the main content. The “scanning” of the document prior
to reading it is the process of looking for prominent parts which suggest the location of
the main content. Scanning was already compared to a filtering process and — looking at a
human user’s performance in finding the interesting parts of a document — it is a fast and
usually quite reliable filter.

There are several scenarios, where a computer based detection of the main content could
be useful or necessary. Supporting web search engines to provide more reliable results or
to aid humans with visual disabilities were two of the examples mentioned earlier. When
performed by a computer, the filtering process of finding the primary content is called
content extraction (CE). It was Rahman, Alam and Hartono [RAHO1] who used the term
CE first in 2001. Since then, it is the expression found most often in publications dealing
with this topic, even though also the terms separation of primary content blocks, core
content detection or extraction of informative blocks are used to describe the same or very
similar concepts.

Obviously, a computer program does not have the ability to access a document in the
same way as humans do. First of all it lacks the understanding of the content. While a
human user can base the decision about the main content on the semantics of the infor-
mation in a web page, a computer has no access to the meaning of a document*. Further,
a program usually must base its operations on the source code of the document or on
some derived representation of it. Lacking the visual impression of the document, it has
difficulties to find elements with characteristic positions on the screen like the headline,
the teaser and the paragraphs which form the main content.

There are few approaches which use rendering information of web browsers to get an
idea of how the layout of a web document on a computer screen looks like. But even if a
rendered version of the document is available it remains difficult to provide general rules on
how to locate and recognise the main content. Looking again at the document of figure 1.1

4The Semantic Web initiative is working on techniques for describing semantics of contents in a machine
readable format. However, the semantic annotation of the a web document will very likely cover only the
main content anyway and further is not intended for human speech or writings [BLHLO1].
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there are some examples of those difficulties. A characteristic of the headline certainly is
that it is written by using a larger font size and weight. It is difficult to formalise, though,
why the header writings beside the Spiegel Online logo are not part of the headline.

Likewise, a paragraph of the main content can be stated to be a longer text with
a normal sized font. It remains the question what is a normal sized font and why the
advertisement to the top of the middle column still does not belong to the main content.
Even when adding other, additional conditions and restrictions which seem to describe the
main content, it soon becomes obvious that they will not fit all documents available on the
web. So, even rendering and visually analysing a web document does not provide all the
clues necessary to reliably detect the main content. It is likely due to this problem and the
computational overhead coming along with it, that rendering information is hardly ever
used for analysing web documents.

The search for related work revealed actually only one approach [ZL05] which really
incorporated visual rendering information during the phase of document analysis. It used
the Internet Explorer’s API to deduce the screen position of certain document elements.
However, the intention in this case was not to find the main content, but to discover layout
structures for wrapper induction — a task which has similarities to CE and which we will
look at closer in chapter 3 when dealing with related work.

So, as using rendering information does not seem to be the key to discover the main
content, most approaches are solely based on a source code analysis. The thought, that
the layout is anyway mainly captured in the HTML structure of a web document certainly
corresponds to reality in most cases. There are, however, cases when ignoring everything
except the pure HTML information can be misleading to deduce a visual representation.
A good example of how much the presentation of the same HTML source code can vary
due to the use of additional technologies such as cascading style sheets (CSS) or JavaScript
is the web site CSS Zen Garden [She07]|. This web site is devoted to the use of CSS as the
only technique to influence the layout of a web document. A large collection of examples
— some of which are shown in figure 1.3 — shows quite impressively how the same HTML
code can have a very different visual presentation simply due to an exchanged CSS style
specification.

Given that neither visual information nor the HT'ML source code can provide definitive
clues about the location of the main content in a document, roughly two different kinds of
approaches evolved to solve the CE task: heuristic approaches operating on single docu-
ments and solutions based on the analysis of template structures in document collections.
This division or classification of CE approaches has also been made by Gibson, Punera
and Tomkins in [GPT05]. They considered the single document CE approaches as local
techniques, while multi document solutions were referred to as global techniques.

The heuristics of the single document approaches are build on assumptions that do
usually hold for the main content. The most important and wide spread assumption is
that the main content is a continuous text, like in the articles of a news web site. On the
basis of this assumption, the idea often is to look for a long and rather uninterrupted text.
Obviously, on web sites which present main contents other than texts, e.g. collections
of photos or mainly tabular data for short product descriptions, these single document
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Figure 1.3: Four screenshots from CSS Zen Garden: the same HTML document has a
different appearance due to different CSS definitions.

methods will usually fail. Certainly, some of those methods could be adapted to look for
different kinds of main content, but then they would likely fail on extracting plain text
main contents.

The CE approaches based on multiple documents exploit the fact that, in a collec-
tion of documents which are all based on the same template, the template portions of the
documents occur more frequently or even in every document. By locating these common
fragments, the algorithms attempt to deduce the template structure in a reverse engineer-
ing approach and use the knowledge about this structure to locate and extract the main
content. Therefore, these approaches are often referred to as template detection (TD) al-
gorithms. Most TD algorithms are applicable also in other areas than CE, like web site
structure analysis or for detecting and differentiating in a more detailed way between the
kinds of additional content.

Even though the general problem of deducing a template structure from a set of docu-
ments is NP-complete, there are several practical approaches which simplify the task a bit
in order to find a solution efficiently. These approaches rely far less on assumptions about
the contents and have a much better theoretical underpinning than the single document
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approaches. Most important, they are usually independent of assumptions about how the
main content looks like, and thus can also operate on main contents consisting of images
or tabular data. Their drawback, instead, is that they can only be applied to template
based documents. If a document is simply not based on a template, there will be no set
of documents with common parts. Accordingly the algorithms cannot deduce a template
structure — or if they try to, they fail. Under this aspect, TD algorithms do not reflect a
human user’s approach to find the main content, as humans do not require to see several
documents, before they are able to spot the main content. They are able to locate the
main content even in documents with a unique layout and structure.

The need of a document collection can be a problem in general, namely as these col-
lections need to be created in the first place. Building clean and reliable document sets is
a task which so far has rarely been dealt with. Further, the few attempts to automate the
task have hardly brought the desired results.

1.4 Contributions

This thesis deals with several topics in the context of CE. In addition to giving a quite
complete overview of methods and techniques developed so far in the field of CE, it makes
three contributions which are new to the topic.

Before going into the details of these contributions, we will first provide some basic
background knowledge in chapter 2 which is needed to follow the approaches and solutions
presented in this thesis. Chapter 3 is dealing extensively with related work in the fields of
CE and TD. Some algorithms are described quite in detail, as they are either used later on
for comparison, incorporated as a basis to build other solutions on top of them or as they
provide an insight into how CE and TD algorithms work in general. This insight is needed
to motivate several decisions and developments during the discussions of the evaluation
methodology and for the general conversion of multi document TD into single document
CE algorithms. For the same purpose, we give a formal definition of CE in chapter 4 and
a summary of possibilities on how to realise the extraction process in practice.

The first major contribution is made in the context of evaluation of CE methods.
Though there is relatively little research work dealing with CE methods, there is even less
dealing with their evaluation. Most publications do contain a section about evaluation,
but hardly any develops an objective and application independent way to analyse the
performance of a CE algorithm. In the context of developing the evaluation measures,
several existing CE algorithms have been implemented, analysed and, for the first time,
compared directly with each other under performance aspects.

In a second step, several new single document based approaches have been developed.
Two approaches have been translated from closely related domains to CE by adopting
algorithms from applications for wrapper generation and for TD. Content code blurring, a
third algorithm, is a completely new approach to CE which is overcoming several drawbacks
of existing single document CE methods.
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The last contribution of the thesis is dealing with solutions to bridge the gap between
single document based CE algorithms and multi document TD solutions. As it was already
mentioned before, the first approach lacks the theoretic underpinning while the second has
the drawback of being in need of manually created training sets. In this context, we will
analyse several approaches to compare document structures and automatically build clean
training sets for TD.

Finally, we conclude with a summary of the results and will take an outlook at future
work in chapter 8. In particular we will look at the upcoming HTML 5.0 standard, the
technical challenges in the Web 2.0 environment and the recently increasing interest of
computer linguists to exploit the web as a source for building large scale text corpora.
These trends will very likely influence the importance and the role of CE in the near
future.

Some of the results presented in this thesis have been published in a condensed form
at different conferences. The evaluation framework and a comparison of some existing CE
algorithms were presented at the International Conference on Internet Technologies and
Applications ITA’07 in Wrexham [Got07]. The results about template clustering were pre-
sented at the European Conference on Information Retrieval ECIR’08 in Glasgow [Got08b]
and the process of automatic training set creation for TD at the European Conference on
Internet and Multimedia Systems and Applications EuroIMSA’08 in Innsbruck [Got08a].
A paper on the content code blurring algorithm has been accepted at the International
Workshop on Text Information Retrieval TIR’08 in Turin [Got08c| and will be published
in the proceedings in September 2008.



Chapter 2

Basic Terms and Concepts

CE is a concept which appears in different fields of application. Depending on the focus
and the purpose of those applications they involve a wide range of technologies, concepts
and methods from different areas of computing science.

This chapter provides a basic introduction to some of these fields and an explanation
of the terms, methods and techniques which are necessary to understand the concepts of
CE algorithms, motivate certain evaluation decisions or are used frequently throughout
this thesis. Three essential fields are addressed here: first, some common data models for
web documents and their representation, second, an overview of basic issues from the field
of information retrieval (IR) and finally methods and data structures used to represent
documents for data and text mining applications. All the topics are dealt with only briefly
and in the light of their relevance for CE. This introduction should provide the reader with
the knowledge required to follow the algorithms and methods presented in this thesis. At
the end of the chapter some further reading is suggested which may — in case of interest —
give a deeper insight into the discussed topics.

2.1 Web Documents

CE is operating on web documents, rendering them thereby into the central objects of
interest and analysis in this thesis. As mentioned already in the introduction, CE is
approaching the documents from a different perspective than a human user. It hardly ever
operates on the commonly known visual presentation of the documents in a web browser,
but rather accesses them via their source code or some derived structure. Therefore, the
technologies and formats behind the documents and in particular the ways to work with
them might need to be looked at briefly in the given context.

2.1.1 (X)HTML

The string representation of a web document corresponds to an HTML format. Nowadays
the most commonly used formats follow the recommendations of the World Wide Web

15
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Consortium (W3C) for HTML 4.01 [RHJ99] or its XML based successor XHTML 1.1
[W3C07]'. Both are markup languages which structure a plain text by outlining specific
structural elements of the document. The elements are marked by parenthesising the
according text fragments in tags — special character sequences that do not belong to the
text itself. The string representation of a web document is more commonly referred to as
its source code and it is the basis for all other higher and more elaborate representations,
both visual for presentation in a web browser or structural for computational purposes.
The technical information which text encoding is used for transforming the characters of
the source code into bytes and vice versa on how to decode the bytes again into characters
is contained in the document itself.

The major difference between HTML and XHTML is the stricter syntactic regulation
deriving from the underlying XML of the latter, compared to the less rigorous SGML basis
of the former. Element names, for example, are case sensitive in XHTML and all elements
need to be closed, i.e. they have to consist of an opening and a corresponding closing
tag or have to be explicitly marked as empty tag. The advantage of the reformulation of
HTML using XML as a basis is that it allows to operate on XHTML documents with all
applications supporting the XML standard as data format. This becomes especially handy
when parsing, analysing or modifying web documents.

Two technologies to be mentioned in this context are XSLT [W3C99b| and XPath
[W3C99a]. XSLT is the transformation component of the Fztensible Stylesheet Language
(XSL) for XML. It allows the transformation of documents from one XML format into
another one. XPath is a path language for XML and it finds its use also in XSLT. It
allows to address parts of an XML document in a standardised way. Both technologies are
frequently used when working with XML documents and they appear in the context of CE
as well. The elISA system [VACO04|, for example, which is described in 3.2.6, uses XSLT
transformations extensively.

Unfortunately, not all documents on the web are written in XHTML format, neither
do all of them comply with the HT'ML 4.01 recommendation or at least a prior version.
A large number of documents contain syntactic errors, and accordingly do not fulfil the
requirements of the specifications. There are, however, a number of tools and programs
available that allow to fix a syntactically broken document — a procedure performed by
most web browsers, too?. One of the more known and established programs for this purpose
is Tidy [Rag03]. The Tidy project was originally launched by Dave Raggett at the W3C
itself and is now actively developed by a group of volunteers. Tidy is able to turn the source
code of virtually any web document into valid HTML or even XHTML code. For easier
inclusion in Java based applications, as the ones developed in the course of this thesis, the

!The XHTML 2 specification [W3C06b] have so far reached only the working draft status at the W3C.
The works on the specifications are still ongoing and the format is not yet adopted in practice.

’Tt is a kind of vicious circle — the good will of browser programs to render even syntactically broken
documents causes the web document authors to be more lax about adhering to the standards, thus causing
the need of browsers to be error-tolerant when handling the documents.
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Java version JTidy® [GTG'08| represents a comfortable and suitable alternative to the
original Tidy.

2.1.2 SAX

Given the possibility to convert all web documents into XHTML code by applying JTidy,
it is always possible to assume XML syntax when working with a document, and thereby
providing the option to work with all XML aware tools. One commonly used method to
access XML documents is via SAX, the simple API for XML. Originally designed as a Java
programming interface to XML documents it spread to other programming languages and
is nowadays considered a de facto standard. SAX parses an XML document and notifies
a content handler about the encountered parts in the document, such as tags, parsing
instructions, comments or texts. Though a very common way to parse an XML document,
it also is a very simple and lightweight approach: it does not provide by itself a data model
for storing an entire document. Accordingly SAX does not directly permit to perform more
complex operations on a parsed document. For this purpose the DOM representation of
an XML document presented in 2.1.3 is a more suitable approach.

As the SAX implementations are meant to be generally applicable to all XML docu-
ments and as they require to pass a web document beforehand through JTidy, an additional
solution for working with raw HTML files was used for the major part of the applications
in this thesis. By implementing a SAX oriented parser, tailored in particular to handle
HTML documents, it was possible to be more error tolerant while parsing. This solution
allowed an easier, more specific and very robust access to HTML documents if needed.
Even though performance issues were not the primary interest, the specialised parser was
also faster than a full SAX implementation in combination with JTidy. For parsing 500
HTML documents of different origin and size, JTidy took about 22 seconds to check and
correct all documents. Feeding the result afterwards to Apache’s Xerces SAX parser re-
sulted in an overall parsing time of 698 seconds. The specialised SAX oriented HTML
parser performed the parsing in less than six seconds, therefore even faster than JTidy
on its own. Certainly, JTidy is fixing more mistakes in the code, asserts a well formed
and valid XHTML document as output and additionally constructs a DOM representation
during the process. Xerces, furthermore, comes with all the features of a full fledged XML
parser. However, most of those functionalities are not required for the CE algorithms which
can be implemented on top of a SAX parsing process.

2.1.3 DOM

The Document Object Model (DOM) is described and extended in the W3C specifications
[W3C98|, [W3C00] and [W3C04|. Tt is a standard interface to access and modify all
XML/SGML based documents, thus, in particular HTML and XHTML documents. The

3Unfortunately the JTidy project seems not be developed further, even though there is a list of open
problems with the program. However, it proved to be functional enough for its intended purpose in the
context of this thesis.
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specification does not provide an implementation itself, but actually is a programming
language independent model outlining objects and methods for a data structure to represent
a document as a tree. The strictly nested structure of the elements induces a natural
parent-child relation which is translated by the DOM directly into a tree structure. The
texts which appear between the tags of the elements form leaf nodes which are inserted
into the tree at the according positions. The DOM further specifies standardised methods
to access and even modify the information attached to each element.

Several applications make use of the DOM tree representation of HTML documents.
The most commonly known is probably the access via scripting languages like JavaScript in
web browsers. The script code is embedded in the web documents themselves and uses the
DOM to access and modify the client side copy of the document while it is being displayed
by the browser — usually to generate client side dynamic and interactive web pages. The
Mozilla Firefox browser provides a graphical user interface for viewing, analysing and
modifying the DOM model of a web document. Figure 2.1 shows a screenshot of this DOM
inspector. The application also gives a first idea of how the DOM tree looks like. Given
the purpose of the DOM inspector, the tree representation is very technical, though.

Figure 2.2 shows a much more vivid representation of the DOM tree of a web document.
It is a more artistic approach [Sal08] making use of DOM parsing, the Processing [FR0§|
visualisation framework and a physical library for simulating the attraction and repulsion
of atomic particles. The nodes are coloured according to their type and the overall image
gives a quite nice impression of the tree structure and the complexity of its branches.

The methods provided by the DOM cover counting and accessing the child nodes at-
tached to an element node and determining its parent. Combined with the possibility to
locate the root node, i.e. the root element of the document, the DOM allows all basic
operations necessary to work with trees. A few other methods allow simpler access to
commonly used operations, such as getting the siblings of a node, search operations and
the retrieval of lists of nodes. On a node level the DOM specifies access to the element
name, to XML namespace information, to the attributes of the element and to their values.
While it is not possible to change all of this data directly, it is possible to generate new
nodes and insert them at any point as new children or to replace existing nodes. The
replacement of a node can be realised either directly or — as some implementations do not
support this operation — indirectly via deleting the old and inserting the new node.

While the possibility to modify the structure of a document is coming handy when
removing or changing contents or other parts of the document, the tree structure represen-
tation is particularly interesting itself: it allows the application of tree based algorithms.
The possibility to handle elements as nodes in a tree, having at hand the information about
the number and the kind of the child elements, the parent element and the root of the tree
is interesting for a number of methods like tree alignment, search or tree cover algorithms.
Several applications which will be discussed in more detail in chapter 3 make extensive use
of the DOM model for documents because of its tree structure and the easy way to access
and modify the information inside a document.



2.1 Web Documents 19

E- Dokument - DOM Nodes v || EH- Objekt - DOM Node [
nodeName id class ‘E'3| Node-Name:
= #document
htmi Mamespace-URI: :]
EFHTML
E-BODY
=-DIV container Node-Wert: :]
NOSCRIPT
=DIV nodeName | nodeValue |E‘3‘
ErDIV header-naviga... overflow id header-logo
=-DIV page_header
=-DIV header-navhelp
EUL
LI
LI
=L
EA
#rext
LI
LI
LI
L
[ LI language_link
=
=HA
IMG
=-5PAN
#text
=DV header-search
FORM usearchform
=-5CRIPT
#text
DIV header-status
DIV navmain
=-DIV navsub
UL
E-SCRIPT
#text
DIv content
Div footer
o
#comment
DIV header-langua...

Figure 2.1: The DOM inspector of the Mozilla Firefox browser allows displaying the DOM
tree of an HTML document.

2.1.4 Templates

As already mentioned in the introduction, the increased use of WCMS is one of the main
reasons, why web documents nowadays contain more contents — in terms of both volume
and diversity — than a few years ago. WCMS increase the maintainability of a managed
web site by separating the content from format, layout and structure information. This
key functionality is realised via templates.

Templates can be seen as empty framework documents with slots which are filled with
different contents to compile the final documents. They allow to reuse contents for different
presentation styles or to include the contents only partially, e.g. for the inclusion of title and
teaser texts in link lists. Apart from the slots for classical text contents, like news articles
written by human authors, the templates commonly also provide slots for automatically
generated or derived information, such as a hierarchical structure for the navigation menu,
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Figure 2.2: A more vivid and artistic representation of the DOM tree of a web document.

the date of publication or the name of the author of an article. Another kind of slots are
those which are filled with external or syndicated contents. Typical external contents are
commercials or news feeds from other web sites.

An example of the slot structure of a template is included in figure 2.3, which shows
a manually annotated screenshot of a news website. Seven possible slots! have been high-
lighted and numbered to show different kinds of contents which have been fitted in.

1. The main navigation: An automatically generated navigation menu which represents
a hierarchical structure of the articles. In this case the hierarchical structure is
imposed by a pre-defined set of categories and sub-categories in which the articles
are classified. This menu is the main and most general mean of navigating between
the pages of the web site.

2. A location display: Provides the user with an orientation and a secondary mean of
navigation. It is dynamically generated from both the navigation structure and the
category of the currently displayed document.

4The true template and slot structure remains hidden, but looking at several documents from the same
origin suggested a configuration at least similar to the one outlined in the screenshot.
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Figure 2.3: Screenshot of a template based web document in which the content slots are
highlighted.

3. The date of publication: A visually represented meta data information of the docu-
ment. Though strictly related to the document it is automatically generated and not
part of the article itself. Some more meta data might be hidden in the source code
of the document and is not directly visible.

4. The news article: The “meat” of the page. The main content and the primary
information the document intends to transmit to the user. Though outlined as a
single content, the article is very likely not fitted into a single slot, but consists of a
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collection of slots itself. Title, teaser, author, news body text and images including
their captions are typically structured in a presentation independent way. The layout
and arrangement of this information within the main content slot is imposed by the
template as well and, thus, the final appearance of the article in the document is
created dynamically.

5. Commercials: This example of a commercial is perfectly blended into the template
structure. It fits both in style and presentation. Other, more frequent forms of
commercials are the classical banners which usually harmonise less with the rest of
the document.

6. A list of related links: In this case the related links comprehend the articles which
have been published recently. So, the relation connecting the documents is based on
a time criterion. Other criteria could be articles published in a series, written by the
same author or texts which deal with similar and related topics.

7. External links: While in the previous slot the content was composed of internal links
within the same web site, this element offers links to external resources from another
news web site. It is an example of content syndication.

This example shows once more how template based documents seem to foster the in-
clusion of additional contents in a web page: it is mainly the content in slot 4 which makes
the document interesting for a reader. While maybe the related and external links are
still interesting for further reading, they usually would not attract a user to browse this
document in the first place and can be — together with the contents of all other slots —
counted among the additional contents.

Apart from providing the managed web sites with an easy to handle uniform look
and feel, templates affect the structures of the eventually created web documents as well.
Since the framework code of the template is common to all documents, they have a source
code which is very similar from a structural point of view. This side effect is particularly
interesting for CE applications and underlies several TD algorithms. In a collection of
documents which are based on the same template the recurrent source code fragments
allow to infer the template structure and hence to deduce the location of the slots.

2.2 Information Retrieval

To a certain extent, CE can be seen as a special task of information retrieval (IR), as it
corresponds to finding the relevant information in a larger pool of data®. The main content
represents the relevant information, while the entire document, with all its contents, forms
the data pool. Hence, CE can be seen as a kind of IR on a document level.

>Quite often the term IR is bound to the domain of retrieving relevant documents from a larger collec-
tion. However, leaving the document requirement aside, the IR definition of Van Rijsbergen in [VR79] fits
the CE task very well.
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So, finding the main content can be interpreted as the task of locating the relevant
contents in a document. Therefore the process itself might involve technologies and meth-
ods taken from the IR domain and the closely related fields of data mining and machine
learning. Especially for the evaluation of CE it is necessary to give a short overview and
explanation of the terms and measures used in these fields.

2.2.1 Concepts, Instances and Attributes

In order to gain a deeper understanding of some data, i.e. to conduct data mining (DM)
or to apply machine learning, we have to provide three things: a concept — or better a
concept description — the instances or examples and the attributes of the data.

The concept can be described as the aim of the learning task, the kind of understanding
to be derived from the data. A concept can be the assignment of categories to web docu-
ments, e.g. the general topic they deal with, or it can be the grouping of documents which
belong together, e.g. because they are all based on the same template. As the concept
itself might not be obvious and not all concepts hidden in a data set might be known or of
interest, the input for the machine learning task is considered a concept description This
description outlines the intended concept which is to be learned: a classification scheme,
the cluster groups of the data, a decision tree, etc. The example of finding the topic cate-
gory for a web document would correspond to a classification scheme, the example of the
document groups based on the same template to a cluster analysis. Providing the concept
description for a machine learning task might be the most difficult parameter to set, as
it requires to have already a feeling or an idea about what might be hidden in the data.
Providing the wrong or an unsuitable concept description might cause the results to be
meaningless or wrong in the light of the intended purpose.

Once the concept description has been fixed, any algorithm needs data to learn from
in order to provide a result for the concept. This data comes in the form of a set of
instances or ezamples. To follow again our previous examples the instances would be the
web documents for which we want to find the topic category or the groups of common
underlying templates. An instance can be seen as a single realisation of the concept which
has to be learned and thus provides some experience from which to learn the concept.

The instances are inseparably tied to their attributes. Comparing the instances to
objects in an object-oriented programming language, the definition of the attributes corre-
sponds perfectly. So, if an instance is said to be the realisation of the underlying concept,
it is de facto realised by the values its attributes take. Following the above mentioned
examples, the attributes interesting for a topic classification might be the words in a web
document. For the template clustering instead the HTML structure might be more impor-
tant. The attributes in this case would more likely be the tags or the DOM nodes.

In general, the nature of the attributes can be very different. On the lowest level
attribute values are divided into numeric or nominal values. Numeric values are continuous
and have basically no limits, neither in bounds nor in precision, e.g. there is, at least
theoretically, an unlimited number of real values in a fixed interval. Nominal values on the
other hand do not have this continuous characteristic. They can be considered as items
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drawn from a finite set of alternatives. Some attributes are handled as nominal values,
even though they correspond to an apparently unlimited set of values. Texts or words
are examples for this. The problem with this kind of data is that it is hardly possible to
make assumptions on which realisations might occur for these attributes and how to handle
previously unseen occurrences. Under this aspect numerical values can usually be dealt
with in an easier way due to their continuous character. The range of temperature values,
for instance, can be predicted and instances with previously unseen attribute values can
be compared with instances with similar values.

Each single instance has at least one attribute but can have an arbitrary number of
them; and all instances in a data set have the same attributes. It is, however, possible that
some attribute values for some instances are missing. Missing data is — just like faulty or
biased data — an issue that has to be faced, but these topics are beyond the scope of this
short, introduction.

If all attributes of the instances have a numeric character, the instances can be rep-
resented as vectors. This translation of the instances into a vector space allows to apply
various mathematical functions for operating on the instances. Most important is a nearly
self evident concept of comparing two instances by computing the distances in the vector
space. However, distance and similarity measures can be defined more generally and valid
also for instances which do not map into a vector space.

2.2.2 Distance and Similarity Measures

To compare instances and their attributes it is necessary to provide some kind of function to
formalise the comparison. Typically these functions are formulated as distance or similarity
functions.

A distance function d : I x I — R for comparing instances from a set [ in a DM or IR
context should ideally be a metric, thus should satisfy several requirements:

Non-Negativity: the distance between two instances x,y € [ is at least zero:
d(xz,y) > 0.

Nonidentical instances have positive distance: the distance function for two instances
x,y € I has a value of zero, if and only if they are identical:
dz,y) =0z =1y.

Symmetry: the distance between two instances x,y € [ is the same, no matter from
which perspective:

d(z,y) = d(y, z)

Triangle inequality: given three instances z,y,z € I, the distance between x and vy is
less or equal to the sum of the distances between z and z and between z and y:

d(z,y) < d(z,z)+d(z,v9).
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Not in all cases all these requirements are needed and not always they are met. As
usually the instances are compared directly, the triangle inequality might not be necessary.
Likewise it might be possible, that two nonidentical objects have a distance of zero, or
that even the requirement of symmetry can be violated. Especially in cases where no
mathematical or algorithmic way exists to calculate a distance, but human experts are
asked to estimate distances between the instances, the properties of a metric distance
function are very likely not fulfilled. In these cases the distance function is sometimes
referred to as a dissimilarity function (e.g. in [Kru64|) to state explicitly that it is not
a metric. However, as the term distance function is commonly used throughout domain
specific literature for both metric and non-metric distances it is adopted in this thesis for
dissimilarity functions as well.

A similarity measure s : [ x I — R is less restricted. It has to satisfy:

Non-Negativity: similarity values are never below zero:

s(z,y) > 0.

Identical instances have a similarity of 1: the similarity of two instances z,y € [ is
1, if they are identical:

r=y=s(z,y)=1

Note that two instances may have a similarity of 1, even if they are not identical.

Symmetry: the similarity between two instances x,y € [ is always the same, no matter
from which perspective:

d(z,y) = d(y, x)
Maximality: a similarity measure has a maximum value of 1:

d(z,y) < 1.

Further, a similarity value of 0 states that two instances are entirely different. The
semantic meaning of the statement, that two instances are entirely different depends on
the scenario and might not always be easy to define. A similarity lying in the interval (0, 1)
states that two objects are similar to a certain degree. The higher the similarity value, the
more similar the objects are. As for the distance measures, in some cases the demand for
symmetry is omitted.

Any similarity measures can be converted into a (non-metric) distance measure d’ by
simply subtracting it from the maximum value 1:

d/<l’,y) =1- 8(1’,y)

It can easily be verified that d' satisfies the requirements of non-negativity and sym-
metry (if s is symmetric). Non-identical instances will have a positive distance if and only
if they have a similarity different from 1.
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Likewise a distance measure d can be used as a basis for a similarity measure. If a
maximum distance dp,., is known, the distance can be normalised and subtracted from 1
to obtain a similarity s

d(z,
$(z,y)=1— d(z,y)
dmax
If no such maximum is known, there are two other commonly adopted strategies to

construct a similarity measure, one based on a fraction and one based on the exponential
function (see e.g. [SGMO00]):

1

8”/(1‘, y) _ e—d(a:,y)

All three methods provide a possibility to construct similarity measures which satisfy
the requirements of non-negativity, maximality, symmetry (if d is symmetric) and that
identical objects have a similarity of 1. The last two approaches though will never result
in a similarity of zero. Accordingly they will never state, that two objects are entirely
different. This reflects the fact, that as no maximum distance is known, there might
always be another object with an even bigger distance, thus being even less similar.

2.2.3 Query, Result Set, Ground Truth and Gold Standard

The tasks of DM and in particular of IR can often be formulated as a query on a set of
data. A classification can be seen as a query to retrieve the correct class for an instance
or the instances for a given class, and a clustering task as a query for the instances that
belong to the same cluster. A decision can be interpreted as a query for the correct decision
within given options and a prediction task as a query for the predicted value. The answer
provided to a query is the result set, consisting of no, one or several items.

When it comes to evaluating the performance of a learned DM scheme, it is often
necessary to provide external knowledge about the data. In case of a classification task
this would mean to provide the correct classification, for a cluster analysis it would be
a desirable cluster configuration. This external knowledge of the correct clustering or
classification — usually provided by an expert — is referred to as ground truth or gold
standard. An evaluation of an IR method can then be evaluated by comparing the result
sets it provides with the result sets the gold standard suggests, and by how far they conform
to each other. Van Rijsbergen [VR79] uses the terms retrieved items (instances actually
retrieved by an IR method) and relevant items (instances which are interesting according
to some gold standard).

Providing a gold standard for an evaluation set is difficult and/or time consuming. A
typical approach is to subdivide the set of instances which are available for training a
machine learning algorithm, and to use only a part of the instances as training set while
employing the remaining ones as evaluation set. This is possible as the instances in the
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training set often provide a gold standard themselves, as they usually have to contain e.g.
the correct classification.

In IR, quite often the ranking of the results is very important. The ranking describes
the order in which, for example, relevant documents are presented to the user. For CE
ranking is a less relevant issue. The results, i.e. the words of the main content, are provided
in the same order as they appear in the analysed web document.

2.2.4 Evaluation and Visualisation

For the evaluation of a learned concept, there are various measures and approaches. Ac-
curacy, the confusion matriz, recall and precision as well as the deduced F1-measure are
common quality measures for DM tasks and are predominantly used throughout this the-
sis. We will now look at their definition and discuss the way they evaluate the quality of
a learned concept.

Most simple, the result of a classification task can be correct or incorrect. A correct
classification is the desirable result, any incorrect classification is an error to be avoided.
The accuracy of a learned classification scheme is the ratio of correctly classified instances
among all classified objects. Optimally the accuracy is 1. A problem of the accuracy
measure is that neither it goes into the details of the errors nor it specifies where the
correct classifications have been made.

In the simple case of a binary classification, i.e. a classification of objects into two
disjoint classes or simply deciding for a given object and a given class whether the object
belongs to this class, exists a better and more detailed approach to look at the performance.

For each binary classification task there are four possible outcomes when assigning an
instance to a class. The most obvious outcome: an instance belongs to a given class and
has also been assigned to it. In this case the result is considered a true positive (TP)
— a positive assignment to the class which corresponds to the truth. Accordingly a true
negative (TN) is an instance which has been classified correctly as not belonging to a given
class. The cases in which the classification is wrong, i.e. does not comply with the ground
truth, are called false positives (FP) (has been assigned to a class, but does not belong to
it) and false negatives (FN) (has been declared as not belonging to a class, but in reality
does lie in the class). While the first two are the desirable cases, the last two cover the
errors made by a classifier. Further, there is usually a trade-off between the FN and FP
classifications. Designing a system to be very strict in demanding the attributes of an item
to comply with the requirements might avoid FP assignments of instances but increases
the risk of FN. Vice versa setting up the system to be very lax it is very likely that FN
classifications are reduced at the risk of increasing FP errors. Depending on the scenario,
it might be possible to estimate which of the two errors is worse and accordingly should be
avoided. However, the consequences and accordingly the preference of FP and FN errors
cannot be estimated in general.

The confusion matriz is a common method used to visualise how TP, TN, FP and
FN classifications are distributed. Table 2.1 outlines the structure of a confusion matrix,
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Table 2.1: The confusion matrix assigns the result of a binary classification of a single item
into one of four categories.
item was assigned to a given class

(item has been retrieved)

yes | no

item actually belongs to the class | yes || true positive (TP) | false negative (FN)
(item is relevant) no | false positive (FP) | true negative (TN)

with the results of the classification in the columns versus the actual class according to the
ground truth in the rows.

Changing the point of view from classification to the query interpretation of an IR task,
the instances that appear in the first column (assigned to class = yes) correspond to the
instances in the result set, the instances in the first row (actually in class = yes) to those
in the expected result set conforming to a gold standard.

The recall and precision measures are following more the idea of the query interpre-
tation. The recall is the ratio of retrieved relevant instances to all relevant instances, so
the ratio of true positives to the sum of true positives and false negatives. Expressed in a
simple way: the recall tells which ratio of the items that would be interesting in the notion
of a given query was actually retrieved.

Definition 1 (Recall) An IR application returns for a given query a result set of retrieved
items R. According to a ground truth the set of relevant items is (). The recall v for this
query is calculated by:

IRNQ|/ TP
"T 0] (—TP+FN>

Note that for an empty set () this formula is ill defined as the denominator becomes
zero. The recall in this case can generally be set to a value of 1, with the explanation that
all the interesting instances (which were none) have been retrieved.

The precision measure is looking at the composition of the result set from a different
angle. It computes the ratio of relevant instances in the result set to the overall number
of retrieved instances, so it is the ratio of true positives to the sum of true positives and
false positives. Again expressed in simpler words: the precision shows which ratio of the
retrieved items was actually interesting under the given query.

Definition 2 (Precision) Given the sets of retrieved items R and of relevant items @Q for
a query as above, the precision p is calculated by:

RNQ|( TP
P=" R \"TPyFP




2.2 Information Retrieval 29

Here the formula becomes ill defined for an empty set R, i.e. if no instances were
retrieved. Also in this case the precision is often defined to have a value of 1, as the result
set, is very precise in the sense that no uninteresting items are contained.

Both, recall and precision, are bound to have values in the interval [0, 1], and for both
the performance of an IR application is better if the value is higher. For most IR methods
the size of the result set can be controlled more or less directly via parameters. In this
way the resulting recall and precision measures can be influenced as well. As explained in
the definition, empty result sets score a perfect precision. On the other hand, if the result
set contains all items from the data set, the recall is perfect, i.e. has a value of 1, since
in this case RN @ = Q. Obviously, increasing the recall is usually counterproductive to
the precision score and vice versa. Out of the two measures the recall value can usually
be more directly influenced by increasing the number of items to be included in the result
set. An ideal trade-off between recall and precision, though, cannot be decided generally.
As one involves the FP and the other the FN errors made, as above, it depends on the
scenario whether to prefer a high recall or a high precision.

However, there is a commonly used measure which combines the recall and precision
rating into a single score: the F1-measure, sometimes also simply referred to as F-measure.
This measure — like recall and precision — can have values in the interval [0, 1], where, again,
high values correspond to a good performance. To further reward good performance under
recall and precision and penalise a bad performance of either of those measures, the F1-
measure is designed to have a value of 0 if either recall or precision are zero, and a value
of 1 if both recall and precision have a value of 1.

Definition 3 (F1-measure) For a recall value of r and precision value of p, the F1-
measure is defined as:

F1_2-r~p B 2-TP
" r+p \ 2-TP+FP+FN

Also F1 may become ill defined: if both recall and precision are zero. It is obvious,
that the F1 value in this case is best defined to be zero itself.

The F1-measure was formally introduced by Lewis and Gale in [LG94] but is basically a
reformulation of the E-measure with parameter  presented by Van Rijsbergen in [VRT79]:

(B2+1)-r-p

Bp+r

Lewis and Gale defined F'1 = Fg—; = 1 — Es—; to get a measure which gives equal
importance to recall and precision, and for which higher values correspond to better effec-
tiveness.

Comparable to the confusion matrix for the different kinds of outcome of a binary
classification there are some diagrams that allow a quick overview of the recall and precision
performance of a method.

Most commonly used are the precision recall charts which plot the precision score of a
method for given recall values. This kind of chart allows to see quite easily how precision

Eg=1-—
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and recall are developing together. Further visualisation methods are ROC curves, which
plot true positives in the result set against the contained false positives, both as percentage
of the total numbers of positive and negative hits. This kind of diagram is originating from
the field of communications, when it comes to transmission of signals over noisy channels.
Hence the name, which stands for receiver operating characteristics. In the business world
—in particular for marketing analysis — lift charts are a widespread visualisation tool. They
plot the number of true positives against the result sets percental size relative to the entire
size of the data set.

2.3 Web Documents and Text Mining

Classification of web documents often comes down to or is based on classification of text
documents, web mining (WM) on a document level is closely related to text mining (TM)
and the clustering of web documents often relies on clustering texts.

As one large field of application for CE is to aid WM, it is interesting to see how
documents can be represented for WM purposes and how clustering and classification
methods operate on these representations. The influence of CE on the representations is
different and will be discussed in more detail in chapters 4 and 5.

2.3.1 Document Representations

The simplest representation of documents for mining tasks is to build an nverted index of
contained words. An inverted index lists the words found in all documents and contains for
each entry the references to the documents which the word appears in. A good comparison
for such an index is the index of a book, as for example it can be found at the end of this
thesis. Whether listing all appearances of all words or just the appearances of interesting
words at relevant positions is just a matter of the intended purpose. A book will very likely
list only interesting or relevant terms, a database with a full text search option will build
a complete index of all words. But even for a full text search usually stop word reduction
and stemming are performed in order to reduce the size of the index both in terms of words
and references. The concepts of stop words and stemming will be described in more detail
in 2.3.2.

An inverted index considers only the presence or absence of a word in a document,
thus a document is technically represented by a set of words. As it does not cover any
mean to deduce some notion of importance of the words in the document, it is used in
WM environments merely as a data structure to quickly retrieve single documents which
contain a particular word. A higher analysis of the documents is difficult to base on the
index alone. The bag of words model for a text is already a more suitable and also very
common representation. Opposite to the set approach of the index, the bag of words
stores how often each word appears in a document. A common way to implement bag of
words is through vectors. Enumerating the words of the document (e.g. in lexicographical
order) allows to assign each word to an entry in a vector. Hence, for n different words
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in the document, the document can be stored in an n-dimensional vector. As for the
index, a stop word reduction and an application of stemming algorithms prior to the bag
of words construction can reduce the dimension of the vector drastically. This step is
necessary especially when converting a whole set of documents into their bag of words
representations, as for an increasing number of documents, the dimension of the vector
space can become very high. The reason for this lies in the need to measure the similarity
or dissimilarity between documents: to be able to compare two documents, they usually
have to live in the same vector space, thus requiring the vectors