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Preface

EsTAL - Espafia for Natural Language Processing — continued on from the
three previous conferences: FracTAL, held at the Université de Franch-Comté,
Besangon (France) in December 1997, VexTAL, held at Venice International
University, C4 Foscari (Italy), in November 1999, and PorTAL, held at the Uni-
versidade do Algarve, Faro (Portugal), in June 2002. The main goals of these
conferences have been: (i) to bring together the international NLP community;
(ii) to strengthen the position of local NLP research in the international NLP
community; and (iii) to provide a forum for discussion of new research and ap-
plications.

EsTAL contributed to achieving these goals and increasing the already high
international standing of these conferences, largely due to its Program Commit-
tee, composed of renowned researchers in the field of natural language processing
and its applications. This clearly contributed to the significant number of papers
submitted (72) by researchers from (18) different countries.

The scope of the conference was structured around the following main topics:
(i) computational linguistics research (spoken and written language analysis and
generation; pragmatics, discourse, semantics, syntax and morphology; lexical re-
sources; word sense disambiguation; linguistic, mathematical, and psychological
models of language; knowledge acquisition and representation; corpus-based and
statistical language modelling; machine translation and translation aids; compu-
tational lexicography), and (ii) monolingual and multilingual intelligent language
processing and applications (information retrieval, extraction and question an-
swering; automatic summarization; document categorization; natural language
interfaces; dialogue systems and evaluation of systems).

Each paper was revised by three reviewers from the Program Committee or
by external referees designed by them. All those who contributed are mentioned
on the following pages. The review process led to the selection of 42 papers for
presentation. They have been published in this volume.

We would like to express here our thanks to all the reviewers for their quick
and excellent work. We extend these thanks to our invited speakers, Walter
Daelemans and Rada Mihalcea for their valuable contribution, which undoubt-
edly increased the interest in the conference. We are also indebted to a number
of individuals for taking care of specific parts of the conference program. Spe-
cially, to Miguel Angel Varé who built and maintained all Web services for the
conference.

Finally, we want to thank the University of Alicante, and, specially, the Office
of the Vice-President for Extracurricular Activities ( Vicerrectorado de Extension
Universitaria) and the Department of Software and Computing Systems (De-
partamento de Lenguajes y Sistemas Informdticos) because of their support of
this conference.

October 2004 José L. Vicedo and Patricio Martinez-Barco
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Adaptive Selection of Base Classifiers in
One-Against-All Learning for Large
Multi-labeled Collections

Arturo Montejo Réez!, Luis Alfonso Urefia Lépez2, and Ralf Steinberger®

! European Laboratory for Nuclear Research, Geneva, Switzerland
2 Department of Computer Science, University of Jaén, Spain
3 European Commission, Joint Research Centre, Ispra, Italy

Abstract. In this paper we present the problem found when studying
an automated text categorization system for a collection of High En-
ergy Physics (HEP) papers, which shows a very large number of possible
classes (over 1,000) with highly imbalanced distribution. The collection
is introduced to the scientific community and its imbalance is studied
applying a new indicator: the inner imbalance degree. The one-against-
all approach is used to perform multi-label assignment using Support
Vector Machines. Over-weighting of positive samples and S-Cut thresh-
olding is compared to an approach to automatically select a classifier for
each class from a set of candidates. We also found that it is possible to
reduce computational cost of the classification task by discarding classes
for which classifiers cannot be trained successfully.

1 Introduction

The automatic assignment of keywords to documents using full-text data is a
subtask of Text Categorization, a growing area where Information Retrieval tech-
niques and Machine Learning algorithms meet offering solutions to problems
with real world collections.

We can distinguish three paradigms in text categorization: the binary case,
the multi-class case and the multi-label case. In the binary case a sample either
belongs or does not belong to one of two given classes. In the multi-class case a
sample belongs to just one of a set of m classes. Finally, in the multi-label case,
a sample may belong to several classes at the same time, that is, classes are
overlapped. In binary classification a classifier is trained, by means of supervised
algorithms, to assign a sample document to one of two possible sets. These sets
are usually referred to as belonging (positive) or not belonging (negative) samples
respectively (the one-against-all approach), or to two disjoint classes (the one-
against-one approach). For these two binary classification tasks we can select
among a wide range of algorithms, including Naive Bayes, Linear Regression,
Support Vector Machines (SVM) [8] and LVQ [11]. SVM has been reported to
outperform the other algorithms. The binary case has been set as a base case from
which the two other cases are derived. In multi-class and multi-label assignment,
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the traditional approach consists of training a binary classifier for each class,
and then, whenever the binary base case returns a measure of confidence on
the classification, assigning either the top ranked one (multi-class assignment)
or a given number of the top ranked ones (multi-label assignment). More details
about these three paradigms can be found in [1]). We will refer to the ranking
approach as the battery strategy because inter-dependency is not taken into
consideration.

Another approach for multi-labeling consists of returning all those classes
whose binary classifiers provide a positive answer for the sample. It has the
advantage of allowing different binary classifiers for each class, since inter-class
scores do not need to be coherent (since there is no ranking afterwards). Better
results have been reported when applying one-against-one in multi-class classi-
fication [1], but in our multi-label case this is not an option because any class
could theoretically appear together with any other class, making it difficult to
establish disjoint assignments. This is the reason why one-against-all deserves
our attention in the present work.

Although classification is subject to intense research (see [18]), some issues
demand more attention than they have been given so far. In particular, problems
relating to multi-label classification would require more attention. However, due
to the lack of available resources (mainly multi-labeled document collections),
this area advances more slowly than others. Furthermore, multi-label assignment
should not simply be studied as a general multi-class problem (which itself is
rather different from the binary case), but it needs to be considered as a special
case with additional requirements. For instance, in multi-label cases, some classes
are inter-related, the degree of imbalance is usually radically different from one
class to the next and, from a performance point of view, the need of comparing
a sample to every single classifier is a waste of resources.

2 The Class Imbalance Problem

Usually, multi-labeled collections make use of a wide variety of classes, resulting
in an unequal distribution of classes throughout the collection and a high number
of rare classes. This means not only that there is a strong imbalance between
positive and negative samples, but also that some classes are used much more
frequently than other classes. This phenomenon, known as the class imbalance
problem, is especially relevant for algorithms like the C4.5 classification tree [4,
3] and margin-based classifiers like SVM (16,20, 7).

Extensive studies have been carried out on this subject as reported by Jap-
kowicz [7], identifying three major issues in the class imbalance problem: concept
complezity, training set size and degree of imbalance. Concept complexity refers
to the degree of “sparsity” of a certain class in the feature space (the space
where document vectors are represented). This means that a hypothetical clus-
tering algorithm acting on a class with high concept complexity would establish
many small clusters for the same class. Regarding the second issue, i.e. the lack
of a significantly large training sets, the only possible remedy is the usage of
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over-sampling when the amount of available samples is insufficient, and under-
sampling techniques for classes with too many samples, e.g. just using a limited
number of samples for training a SVM, by selecting those positive and negative
samples that are close to each other in the feature space. The validity of these
techniques is also subject to debate [4]. Finally, Japkowicz defines the degree of
imbalance as an index to indicate how much a class is more represented over
another, including both the degree of imbalance between classes (what we call
inter-class imbalance) and between its positive and negative samples (what we
call the inner imbalance degree). Unfortunately, Japkowicz defined these values
for her work towards the generation of an artificial collection and rewrote them
later to fit specific problems regarding fixed parameters and the C5.0 algorithm,
which make them difficult to manipulate. For these reasons, we cannot reuse her
equations and propose here a variant focusing on the multi-label case.

We define the inner imbalance degree of a certain class ¢ as a measure of the
positive samples over the total of samples:

i; = |1 —2n;/n| (1)
where

n is the total number of samples and
n; is the total number of samples having the class 7 in their labels.

Japkowicz’ definition of imbalance degree

helps in the generation of artificial distribu-

1 Imbajance dearee function tions of documents to classes. Its value does
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linear behavior is shown in figure 1 and, as
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Fig.1. The linear ’'imbalance de-
gree’ function

3 The HEP Collection

A very suitable document set for multi-label categorization research is the HEP
collection of preprints, available from the European Laboratory for Nuclear Re-
search. Some experiments have been carried out using this collection ([13,12]),
and its interesting distribution of classes allows us to carry out a number of ex-
periments and to design a new approach. An analysis of the collection has shown
that there is the typical high level of imbalance among classes. If a given class
is rarely represented in a collection, we can intuitively foresee a biased training
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that will yield classifiers with a low performance. It is clear that, if the collection
were perfectly balanced, we could expect better categorization results, due to
better learning.

The hep-ex partition of the HEP collection is composed of 2802 abstracts
related to experimental high-energy physics that are indexed with 1093 main
keywords (the categories).! Figure 2 shows the distribution of keywords across
the collection.
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Fig. 2. Distribution of classes across documents in the hep-ex partition

As we can see, this parti- Table 1. The ten most frequent main keywords
tion is very imbalanced: only 84 in the hep-ex partition

classes are represented by more

than 100 samples and only five No. docs.|Keyword

classes by more than 1000. The 1898 (67%)|electron positron
uneven use is particularly no- 1739 (62%)|experimental results
ticeable for the ten most fre- 1478 (52%)|magnetic detector
quent keywords: In table 1 the 1190 (42%)|quark

1113 (39%) [talk
715 (25%)|Z0

left column shows the number
of positive samples of a keyword )
and the right column shows 257,613 8;1:;(3 i:ilt_fin%
the percentage over the total of 463 (16%)|W
samples in the collection. 458 (16%)
We can now study this col-
lection applying the inner im-
balance degree measure defined
in equation 1. The two graphs in figures 3a and 3b show the inner imbalance
degree for the main keywords in the hep-ex partition. We can notice how fast
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! We did not consider the keywords related to reaction and energy because they are
based on formulae and other specific data that is not easily identifiable in the plain-
text version of a paper.



