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Preface

In the last years, research on Web mining has reached maturity and has broadened in
scope. Two different but interrelated research threads have emerged, based on the dual
nature of the Web:

— The Web is a practically infinite collection of documents: The acquisition and ex-
ploitation of information from these documents asks for intelligent techniques for
information categorization, extraction and search, as well as for adaptivity to the
interests and background of the organization or person that looks for information.

— The Web is a venue for doing business electronically: It is a venue for interaction,
information acquisition and service exploitation used by public authorities, non-
governmental organizations, communities of interest and private persons. When
observed as a venue for the achievement of business goals, a Web presence should
be aligned to the objectives of its owner and the requirements of its users. This
raises the demand for understanding Web usage, combining it with other sources of
knowledge inside an organization, and deriving lines of action.

The birth of the Semantic Web at the beginning of the decade led to a coercion of the two
threads in two aspects: (i) the extraction of semantics from the Web to build the Semantic
Web; and (ii) the exploitation of these semantics to better support information acquisition
and to enhance the interaction for business and non-business purposes. Semantic Web
mining encompasses both aspects from the viewpoint of knowledge discovery.

The Web Mining Forum initiative is motivated by the insight that knowledge discovery
on the Web from the viewpoint of hyperarchive analysis and from the viewpoint of
interaction among persons and institutions are complementary, both for the familiar,
conventional Web and for the Semantic Web. The Web Mining Forum was launched in
September 2002 as an initiative of the KDNet Network of Excellence !. It encompasses
an information portal and discussion forum for researchers who specialize in data mining
on data from and on data about the Web/Semantic Web and its usage. In its function
as an information portal, it focusses on the announcement of events associated with
knowledge discovery and the Web, on the collection of datasets for the evaluation of Web
mining algorithms and on the specification of a common terminology. In its function as
a discussion forum, it initiated the “European Web Mining Forum” Workshop (EWMF
2003) during the ECML/PKDD conference in Cavtat, Croatia.

EWMEF 2003 was the follow-up workshop of the Semantic Web Mining workshop
that took place during ECML/PKDD 2002, and also built upon the tradition of the
WEBKDD workshop series that has taken place during the ACM SIGKDD conference
since 1999.

The EWMF 2003 workshop hosted eight regular papers and two invited talks, by
Sarabjot Sing Anand (University of Ulster) and by Rayid Ghani (Accenture). The pre-
sentations were organized into four sessions followed by a plenary discussion. Following
the well-accepted tradition of the WEBKDD series, a postworkshop proceedings volume
was prepared. It consists of extended versions of six of the papers and is further extended

! Funded by the EU 5th Framework Programme under grant IST-2001-33086
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by four invited papers and a roadmap describing our vision of the future of Semantic
Web mining.

The role of semantic information in improving personalized recommendations is
discussed by Mobasher et al. in [7]: They elaborate on collaborative filtering and stress
the importance of item-based recommendations in dealing with scalability and sparsity
problems. Semantic information on the items, extracted with the help of domain-specific
ontologies, is combined with user-item mappings and serves as basis for the formulation
of recommendations, thus increasing prediction accuracy and demonstrating robustness
over sparse data. Approaches for the extraction of semantic information appear in [4,
6,9]. Rayiv Ghani elaborates on the extraction of semantics features from product de-
scriptions with text mining techniques, with the goal of enriching the (Web) transaction
data [4]. The method has been implemented in a system for personalized product rec-
ommendations but is also appropriate for further applications like store profiling and
demand forecasting. Mladenic and Grobelnik discuss the automated mapping of Web
pages onto an ontology with the help of document classification techniques [6]. They
focus on skewed distributions and propose a solution on the basis of multiple inde-
pendent classifiers that predict the probability with which a document belongs to each
class. Sigletos et al. study the extraction of information from multiple Web sites and the
disambiguation of extracted facts [9] by combining the induction of wrappers and the
discovery of named entities.

Personalization through recommendation mechanisms is the subject of several con-
tributions. While the emphasis of [7] is on individual users, [8] elaborates on user com-
munities. In the paper of Pierrakos et al., community models are built on the basis of
usage data and of a concept hierarchy derived through content-based clustering of the
documents in the collection [8]. The induction of user models is also studied by Esposito
et al. in [3]: The emphasis of their work is on the evaluation of two user profiling meth-
ods in terms of classification accuracy and performance. Evaluation is also addressed by
van Someren et al., who concentrate on recommendation strategies [10]: They observe
that current systems optimize the quality of single recommendations and argue that this
strategy is suboptimal with respect to the ultimate goal of finding the desired information
in a minimal number of steps.

Evaluation from the viewpoint of deploying Web mining results is studied by Anand
et al. in [1]. They elaborate on modelling and measuring the effectiveness of the in-
teraction between business venues and the visitors of their Web sites and propose the
development of scenaria, on the basis of which effectiveness should be evaluated. Ar-
chitectures for the knowledge discovery, evaluation and deployment are described in
[1] and [S]. While Anand et al. focus on scenario-based deployment [1], Menasalvas et
al. stress the existence of multiple viewpoints and goals of deployment and propose a
method for assessing the value of a session for each viewpoint [5]. Finally, the paper
of Baron and Spiliopoulou elaborates on one of the effects of deployment, the change
in the patterns derived during knowledge discovery [2]: The authors model patterns as
temporal objects and propose a method for the detection of changes in the statistics of
association rules over a Web-server log.
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1 Introduction

The purpose of Web mining is to develop methods and systems for discovering models
of objects and processes on the World Wide Web and for web-based systems that show
adaptive performance. Web Mining integrates three parent areas: Data Mining (we use
this term here also for the closely related areas of Machine Learning and Knowledge
Discovery), Internet technology and World Wide Web, and for the more recent Semantic
Web. The World Wide Web has made an enormous amount of information electronically
accessible. The use of email, news and markup languages like HTML allow users to pub-
lish and read documents at a world-wide scale and to communicate via chat connections,
including information in the form of images and voice records. The HTTP protocol that
enables access to documents over the network via Web browsers created an immense
improvement in communication and access to information. For some years these possi-
bilities were used mostly in the scientific world but recent years have seen an immense
growth in popularity, supported by the wide availability of computers and broadband
communication. The use of the internet for other tasks than finding information and
direct communication is increasing, as can be seen from the interest in “e-activities”
such as e-commerce, e-learning, e-government, e-science.

Independently of the development of the Internet, Data Mining expanded out of the
academic world into industry. Methods and their potential became known outside the
academic world and commercial toolkits became available that allowed applications at
an industrial scale. Numerous industrial applications have shown that models can be
constructed from data for a wide variety of industrial problems (e.g. [1,2]).

The World-Wide Web is an interesting area for Data Mining because huge amounts of
information are available. Data Mining methods can be used to analyse the behaviour of
individual users, access patterns of pages or sites, properties of collections of documents.
Almost all standard data mining methods are designed for data that are organised as
multiple “cases" that are comparable and can be viewed as instances of a single pattern,
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for example patients described by a fixed set of symptoms and diseases, applicants for
loans, customers of a shop. A “case” is typically described by a fixed set of features (or
variables). Data on the Web have a different nature. They are not so easily comparable
and have the form of free text, semi-structured text (lists, tables) often with images and
hyperlinks, or server logs. The aim to learn models of documents has given rise to the
interest in Text Mining [3]: methods for modelling documents in terms of properties of
documents. Learning from the hyperlink structure has given rise to graph-based methods,
and server logs are used to learn about user behavior.

The Semantic Web is a recent initiative, inspired by Tim Berners-Lee [4], to take the
World-Wide Web much further and develop in into a distributed system for knowledge
representation and computing. The aim of the Semantic Web is to not only support access
to information “on the Web” by direct links or by search engines but also to support its
use. Instead of searching for a document that matches keywords, it should be possible to
combine information to answer questions. Instead of retrieving a plan for a trip to Hawaii,
itshould be possible to automatically construct a travel plan that satisfies certain goals and
uses opportunities that arise dynamically. This gives rise to a wide range of challenges.
Some of them concern the infrastructure, including the interoperability of systems and
the languages for the exchange of information rather than data. Many challenges are
in the are of knowledge representation, discovery and engineering. They include the
extraction of knowledge from data and its representation in a form understandable by
arbitrary parties, the intelligent questioning and the delivery of answers to problems as
opposed to conventional queries and the exploitation of formerly extracted knowledge
in this process. The ambition of representing content in a way that can be understood and
consumed by an arbitrary reader leads to issues in which cognitive sciences and even
philosophy are involved, such as the understanding of an asset’s intended meaning.

The Semantic Web proposes several additional innovative ideas to achieve this:

Standardised format. The Semantic Web proposes standards for uniform metalevel
description language for representation formats. Besides acting as a basis for exchange,
this language supports representation of knowledge at multiple levels. For example, text
can be annotated with a formal representation of it. The natural language sentence “Am-
sterdam is the capital of the Netherlands”, for instance, can be annotated such that the
annotation formalises knowledge that is implicit in the sentence, e.g. Amsterdam can
be annotated as “city”, Netherlands as “country” and the sentence with the structured
“capital-of(Amsterdam, Netherlands)”. Annotating textual documents (and also images
and possibly audio and video) thus enables a combination of textual and formal repre-
sentations of knowledge. A small step further is to store the annotated text items in a
structured database or knowledge base.

Standardised vocabulary and knowledge. The Semantic Web encourages and fa-
cilitates the formulation of shared vocabularies and shared knowledge in the form of
ontologies: if knowledge about university courses is to be represented and shared, it
is useful to define and use a common vocabulary and common basic knowledge. The
Semantic Web aims to collect this in the form of ontologies and make them available
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for modelling new domains and activities. This means that a large amount of knowledge
will be structured, formalised and represented to enable automated access and use.

Shared services. To realise the full Semantic Web, beside static structures also “Web
services” are foreseen. Services mediate between requests and applications and make it
possible to automatically invoke applications that run on different systems.

In this chapter, we concentrate on one thread of challenges associated with the
Semantic Web, those that can be addressed with knowledge discovery techniques, putting
the emphasis on the transition from Web Mining to mining the Semantic Web and on the
role of ontologies and information extraction for this transition. Section 2 summarises
the more technical aspects of the Semantic Web, in particular the main representation
languages, section 3 summarises basic concepts from Data Mining, section 4 reviews the
main developments in the application of Data Mining to the World Wide Web, section
5 extends this to the combination of Data Mining and the Semantic Web and section 6
reviews developments that are expected in the near future and issues for research and
development. Each section has the character of a summary and includes references to
more detailed discussions and explanations. This chapter summarises and extends [5],
[6] and [7].

2 Languages for the Semantic Web

The Semantic Web requires a language in which information can be represented. This
language should support (a) knowledge representation and reasoning (including infor-
mation retrieval but ultimately a wide variety of tasks), (b) the description of document
content, (c) the exchange of the documents and the incorporated knowledge and (d) stan-
dardisation. The first two aspects demand adequate expressiveness. The last two aspects
emphasise that the Semantic Web, like the Web, should be a medium for the exchange
of a wide variety of objects and thus allow for ease-of-use and for agreed-upon pro-
tocols. Naturally enough, the starting point for describing the Semantic Web has been
XML. However, XML has not been designed with the intention to express or exchange
knowledge. In this section, we review three W3C initiatives, XML, RDF(S) and OWL
and their potential for the Semantic Web.

2.1 XML

XML (Extensible mark-up language) was designed as a language for mark-up or annota-
tion of documents. An XML object is a labeled tree and consists of objects with attributes
and values that can themselves be XML objects. Beside annotation for formatting, XML
allows the definition of any kind of annotation, thus opening the way to annotation with
ontologies and to use as data model for arbitrary information. This makes it extensible,
unlike its ancestors like HTML.

XML Schema allows the definition of grammars for valid XML documents, and the
reference to “name spaces”, sets of labels that can be accessed via the internet. XML
can also be used as a scheme for structured databases. The value of an attribute can be
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text but it can also be an element of a limited set or a number. XML is only an abstract
data format.

Furthermore, XML does not include any procedural component. Tools have been
developed for search and retrieval in XML trees. Tools can create formatted output from
formatting annotations but in general any type of operation is possible. When tools are
integrated in the Web and can be called from outside they are called “services”. This
creates a very flexible representation format that can be used to represent information
that is partially structured.

Details about XML can be found in many books, reports and Web pages. In the
context of the Semantic Web, the most important role for XML is that it provides a simple
standard abstract data model that can be used to access both (annotated) documents and
structured data (for example tables) and that it can be used as a representation for
ontologies. However, XML and XML schema were designed to describe the structure
of text documents, like HTML, Word, StarOffice, or IsTEXdocuments. It is possible
to define tags in XML to carry meta data but these tags may not have a well-defined
meaning. XML helps organizing documents by providing a formal syntax for annotation.
Erdmann [8] provides a detailed analysis of the capabilities of XML, the shortcomings of
XML concerning semantics and possible solutions. For Web Mining the standardisation
created by XML simplifies the development of generic systems that learn from data on
the web.

2.2 RDF(S)

The Resource Description Framework (RDF) is, according to the W3C recommenda-
tion [9], “a foundation for processing metadata; it provides interoperability between
applications that exchange machine-understandable information on the Web.”

RDF documents consist of three types of entities: resources, properties, and state-
ments. Resources may be Web pages, parts or collections of Web pages, or any (real-
world) objects which are not directly part of the World-Wide Web. In RDF, resources are
always addressed by URIs, Universal Resource Identifiers, a generalisation of URLS that
includes services besides locations. Properties are specific attributes, characteristics, or
relations describing resources. A resource together with a property having a value for
that resource form an RDF statement. A value is either a literal, a resource, or another
statement. Statements can thus be considered as object—attribute—value triples.

The data model underlying RDF is basically a directed labeled graph. RDF Schema
defines a simple modeling language on top of RDF which includes classes, is-a rela-
tionships between classes and between properties, and domain/range restrictions for
properties. XML provides the standard syntax for RDF and RDF Schema.

Summarising, RDF and RDF Schema provide base support for the specification of
semantics and use the widespread XML as syntax. However, the expressiveness is lim-
ited, disallowing the specification of facts that one is bound to expect, given the long
tradition of database schema theory. They include the notion of key, as in relational
databases, as well as factual assertions, e.g. stating that each print of this book can be
either hardcover or softcover but not both. The demand for supporting more expressive
semantics and reasoning is addressed in languages like DAML, OIL and the W3C rec-
ommendation OWL described below. More information on RDF(S) can be found on
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the W3C website (www.w3.org) and many books. As with XML, the standardisation
provided by RDF(S) simplifies development and application of Web Mining.

2.3 OWL

Like RDF and RDF Schema, OWL is a W3C recommendation, intended to support more
elaborate semantics. OWL includes elements from description logics and provides many
constructs for the specification of semantics, including conjunction and disjunction,
existentially and universally quantified variables and property inversion. Using these
constructs, a reasoning module can make logical inferences and derive knowledge that
was previously only implicit in the data. Using OWL for the Semantic Web implies that
an application could invoke such a reasoning module and acquire inferred knowledge
rather than simply retrieve data.

However, the expressiveness of OWL comes at a high cost. First, OWL contains
constructs that make it undecidable. Second, reasoning is not efficient. Third, the ex-
pressiveness is achieved by increased complexity, so that ease-of-use and intuitiveness
are no more given. These observations lead to two variations of OWL, OWL DL (stands
for OWL Description Logic) and OWL Lite, which disallow the constructs that make the
original OWL Full undecidable and at the same time aim for more efficient reasoning
and for higher ease-of-use. To this end, OWL DL is more expressive than OWL Lite,
while OWL Lite is even more restricted but easier to understand and to implement.

In terms of standardisation, it should be recalled that RDF and RDF Schema use
XML as their syntax. OWL Full is upward compatible with RDF. This desirable aspect
does not hold for OWL DL and OWL Lite. A legal OWL DL document is also a legal
RDF document but not vice versa. This implies that reasoning and the targeted knowl-
edge extraction are limited to the set of documents supporting OWL DL (resp. OWL
Lite), while other documents, even if RDF Schema, cannot be taken into account in the
reasoning process. For the transition of the Web to the Semantic Web, this is a more
serious caveat than for other environments (e.g. institutional information sources) which
need ontological support. More information on OWL can be found on the W3C website
and many books.

The development of OWL and its application is still in an early stage. If it leads to
the availability of large knowledge bases via the internet, this will increase the relevance
of knowledge-intensive Data Mining methods, that combine data with prior (OWL)
knowledge.

2.4 Ontologies

Beside the formal languages to be used for the Semantic Web there is the ambition to
develop ontologies for general use. There are in practice two types of ontologies. The
first type uses a small number of relations between concepts, usually the subclass relation
and sometimes the part-of relation. Popular and commonly used are ontologies of Web
documents, such as DMoz or Yahoo!, where the documents are hierarchically organized
based on the content. For each content topic, there is an ontology node, with more general
topics placed higher in the hierarchy. For instance, one of the top level topics in DMoz is
“Computers” that has as one of the subtopics “Data Formats. Under it, there is a subtopic
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“Markup Languages” that has “XML” as one of its subtopics. There are several hundred
documents assigned to the node on “XML” or some of its subnodes.! Each Web document
is very briefly described and this description together with the hyperlink to the document
is placed into one or more ontology nodes. For instance, one item in the “XML” node is
a hyperlink to W3C page on XML, http://www.w3.org/XML/, with the associated brief
description: “Extensible Markup Language (XML) - Main page for World Wide Web
Consortium (W3C) XML activity and information”. We can say that here each concept
(topic in this case) in the ontology is described by a set of Web documents and their
corresponding short descriptions with hyperlinks. The only kind of relations that appear
in such ontologies are implicit relations between more specific topic, that is a “subtopic
of”” a more general topic while the more general topic is a “supertopic of” a more specific
topic.

The other kind of ontologies are rich with relations but have a rather limited descrip-
tion of concepts consisting usually of a few words. A well known example of a general,
manually constructed ontology is the semantic network WordNet [10] with 26 different
relations (e.g., hypernym, synonym). For instance, concepts such as “bird” and “animal”
are connected with the relation “is a kind of”’, concepts “bird” and “wing” are connected
with the relation “has part”.

3 Data Mining

Before considering what the Semantic Web means with respect to Data Mining, we
briefly review the main tasks that are studied in Data Mining. Data Mining methods
construct models of data. These models can be used for prediction or explanation of
observations or for adaptive behaviour. Reviews of the main methods can be found in
textbooks such as [11,12,13]. The main tasks are classification, rule discovery, event
prediction and clustering.

3.1 Classification

Classification methods construct models that assign a class to a new object on the basis of
its description. A wide range of models can be constructed. In this context an important
property of classification methods is the form in which objects are given to the data miner
and the form of the models. Most learning methods take as input object descriptions
in the form of attribute-value pairs where the scales of the variables are nominal or
numerical. One class of methods, relational learning or Inductive Logic Programming,
see for example [14], takes input in the form of relational structures that describe multiple
objects with relations between them creating general models over structures.
Classification methods vary in the type of model that they construct. Decision tree
learners construct models basically in the form of rules. A condition in a rule is a
constraint on the value of a variable. Usually constraints have the form of identity (e.g.
colour = red) or an interval on a scale (age > 50). The consequent of a rule is a class.
Decision trees have a variable at each node and a partitioning of the values of this

! See http://dmoz.org/Computers/Data_Formats/Markup_Languages/XML/



