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1 Introduction

With the advent of the Internet and World Wide Weleb),
Information Retrieval (IR) gained tremendous picalti
impact and theoretical importance. A number of iegal
methods have been elaborated since the inceptauit &alf

a century ago, which have been continuously evglvin
nowadays as well.

One of the classical methods is the Vector SpacdeWlo
(VSM). It has been known for two decades that ti&wW
does not follow logically from the mathematical cepts on
which it has been claimed to rest, but no propértem has
emerged so far. In this thesis, a general, diso®pfee
formal framework for IR is given and it is showrathusing
the concepts of this framework the Generalised &feSpace
retrieval Model (GVSM), the Latent Semantic Indexin
retrieval model (LSI) and the classical vector spestrieval
model gain a correct formal mathematical formulatend
background that is consistent with practice.

Based on this general framework the Entropy- and
Probability-based retrieval methods are formulated
consistently. Suited especially for the World WMkb, the
Combined Importance-based method is also derivad this



framework. A search engine called WebCIR is intiesil
which implements this method.

Experimental evaluation results of the given methace
also reported. In vitro measurement of the Entropgd
Probability-based methods showed that, using thesthods,
improvement levels between 5 and 19 percent cardmhed
in comparison with the VSM and LSI methods. In vivo
evaluation of the WebCIR search engine was alstechout.
The results, which were compared to commercial cbear
engines including Yahoo!, Altavista, and MSN, sugjgiat
WebCIR is a very competitive retrieval and ranking
technology.



2 Theses

The main contributions and the proposed theses bman

summarized as follows:

1. General formal framework for information retrieval

Taking the definitions given for Information Rewra (IR),

they do not give different interpretations for IRgther they

all define IR the same way. In my dissertation aegel

formal framework for IR has been given.

)

(b)

The concept of retrieval has been defined basdaten
mathematical measure theory. Then, documents (and
qgueries) were particularised using fuzzy set theory
[Chapter 3.2]. As a result, the retrieval functaas
conceived as the cardinality of the intersectiorival
fuzzy sets [Lemma 4.1].

It has been shown that using the concepts of this
general framework the generalised vector space
retrieval model, the latent semantic indexing estai
model and the classical vector space retrieval mode
gain a correct formal mathematical formulation and
background that is consistent with practice
[Chapter 4].



2. Entropy- and probability-based retrieval methods

The measure theoretic view (proposed in (1.a)) make

possible to consistently formulate new retrievakiméds. By

taking fuzzy entropy and fuzzy probability as measyunew

retrieval methods have been given, which are bottsistent

with their mathematical background.

(@)

(b)

()

Entropy-based retrieval method has been given by
taking fuzzy entropy as measure in the retrieval
function [Chapter 5.1].

Probability-based retrieval method has been givwen b
taking fuzzy probability as measure in the retrieva
function [Chapter 5.2].

Effectiveness of the methods has been measured,;
experimental results using standard test collestion
have been reported. The experiments showed that
enhancements from 5% to 19% can be obtained in
average (over VSM and LSI), which indicates that th
approach introduced in (1.a) offers a good basis fo
proposing new and better retrieval methods
[Chapter 5.3].



3. Combined importance-based method for the retrieval
ranking of Web pages

Owe to the special properties of the World Wide Web
modern Web search engines typically use a mixture o
retrieval methods partly based on classical methadd
partly on properties of the Web graph.

(a) Using the concepts introduced in (1.a) and (2.b@\wa
method has been proposed for the retrieval and
ranking of Web pages based on content importance,
link importance, and topical similarity. The methisd
implemented in a search engine called WebCIR
[Chapters 6.4 and 7].

(b) Four measurement methods have been used, involving
human assessors as well, to evaluate the effeetgen
of WebCIR, which was compared to the effectiveness
of Altavista, Yahoo!, and MSN. The results showttha
the Combined importance-based method is a very
competitive Web page retrieval and ranking method
[Chapter 7.7].
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