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Preface

_—

This volume contains the papers presented at the 13th International Symposium
on String Processing and Information Retrieval (SPIRE), held October 11-13,
2006, in Glasgow, Scotland.

The SPIRE annual symposium provides an opportunity for both new and
established researchers to present original contributions to areas such as string
processing (dictionary algorithms, text searching, pattern matching, text com-
pression, text mining, natural language processing, and automata-based string
processing); information retrieval languages, applications, and evaluation (IR
modelling, indexing, ranking and filtering, interface design, visualization, cross-
lingual IR systems, multimedia IR, digital libraries, collaborative retrieval, Web-
related applications, XML, information retrieval from semi-structured data, text
mining, and generation of structured data from text); and interaction of biology
and computation (sequencing and applications in molecular biology, evolution
and phylogenetics, recognition of genes and regulatory elements, and sequence-
driven protein structure prediction).

The papers in this volume were selected from 102 papers submitted from over
20 different countries in response to the Call for Papers. A total of 26 submissions
were accepted as full papers, yielding an acceptance rate of about 25%. In view of
the large number of good-quality submissions the Program Committee decided
to accept 5 short papers, that have also been included in the proceedings. SPIRE
2006 also featured two talks by invited speakers: Jamie Callan (Carnegie Mellon
University, USA) and Martin Farach-Colton (Rutgers University, USA).

The Organizing Committee would like to thank all the authors who submitted
their work for consideration and the participants of SPIRE 2006 for making the
event a great success.

Special thanks are due to the members of the Program Committee who worked
very hard to ensure the timely review of all the submitted manuscripts, and to the
invited speakers, Jamie Callan and Martin Farach-Colton, for their inspiring pre-
sentations. We also would like to thank the sponsoring institutions, EPSRC (En-
gineering and Physical Sciences Research Council) , Yahoo! Research, the Kelvin
Institute, the BCS-IRSG (British Computer Society - Information Retrieval Spe-
cialist Group), and the University of Strathclyde, for their generous financial and
institutional support, and Glasgow City Council for civic hospitality.

Thanks are due to the editorial staff at Springer for their agreement to publish
the colloquium proceedings as part of the Lecture Notes in Computer Science
series.

Thanks are also due to the local team of student volunteers (in particular Mark
Baillie, Murat Yakici and Emma Nicol), the secretaries (Carol-Ann Seath and
Linda Hunter), and the information officer (Paul Smith), whose efforts ensured
the smooth organization and running of the event.



VI Preface

Finally, we would like to thank Ricardo Baeza-Yates, who, on behalf of the
Steering Committee, invited us to organize SPIRE 2006 and supported us at
every step of the way.

October 2006 Fabio Crestani
Paolo Ferragina
Mark Sanderson
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Abstract. ApDABo0OsT.MH is a popular supervised learning algorithm
for building multi-label (aka n-of-m) text classifiers. AbABoOsT.MH be-
longs to the family of “boosting” algorithms, and works by iteratively
building a committee of “decision stump” classifiers, where each such
classifier is trained to especially concentrate on the document-class pairs
that previously generated classifiers have found harder to correctly clas-
sify. Each decision stump hinges on a specific “pivot term”, checking its
presence or absence in the test document in order to take its classifi-
cation decision. In this paper we propose an improved version of AD-
ABoosT.MH, called MP-BooSsT, obtained by selecting, at each iteration
of the boosting process, not one but several pivot terms, one for each
category. The rationale behind this choice is that this provides highly
individualized treatment for each category, since each iteration thus gen-
erates, for each category, the best possible decision stump. We present the
results of experiments showing that MP-BOOST is much more effective
than AbABoosT.MH. In particular, the improvement in effectiveness is
spectacular when few boosting iterations are performed, and (only) high
for many such iterations. The improvement is especially significant in
the case of macroaveraged effectiveness, which shows that MP-B0OOST is
especially good at working with hard, infrequent categories.

1 Introduction

Given a set of textual documents D and a predefined set of categories (aka
labels) C' = {ci. ..., cm}, multi-label (aka n-of-m) text classification is the task
of approximating, or estimating, an unknown target function ® : D x ' —
{—1,+1}, that describes how documents ought to be classified, by means of a
function @ : Dx C — {—1,+1}, called the classifier, such that @ and é “coincide
as much as possible”. Here, “multi-label” indicates that the same document can
belong to zero, one, or several categories at the same time.

ADABOOST.MH [1] is a popular supervised learning algorithm for building
multi-label text classifiers. ADABOOST.MH belongs to the family of “boost-
ing” algorithms (see [2] for a review), which have enjoyed a wide popularity in
the text categorization and filtering community because of their state-of-the-art
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effectiveness and of the strong justifications they have received from compu-
tational learning theory. AbDABOOsST.MH works by iteratively building a com-
mittee of “decision stump” classifiers', where each such classifier is trained to
especially concentrate on the document-category pairs that previously generated
classifiers have found harder to correctly classify. Each decision stump hinges on
a specific “pivot term”, and takes its classification decision based on the presence
or absence of the pivot term in the test document.

We here propose an improved version of ADABOOST.MH, called MP-BoOOST.,
obtained by selecting, at each iteration of the boosting process, not one but
several pivot terms, one for each category. The rationale behind this choice is
that this provides highly individualized treatment for each category, since each
iteration generates, for each category, the best possible decision stump. The
result of the learning process is thus not a single classifier committee, but a set
of such committees, one for each category.

The paper is structured as follows. In Section 2 we concisely describe boosting
and the ADAB0OOsST.MH algorithm. Section 3 describes in detail our MP-BoosT
algorithm and the rationale behind it. In Section 4 we present experimental
results comparing AbDABOOST.MH and MP-B0oo0sT. Section 5 concludes.

2 An Introduction to Boosting and AdaBoost.MH

ADABOOST.MH [1] (see Figure 1) is a boosting algorithm, i.e. an algorithm that
generates a highly accurate classifier (also called final hypothesis) by combining
a set of moderately accurate classifiers (also called weak hypotheses). The input
to the algorithm is a training set Tr = {(dy,C1), ..., (d4.Cy)}, where C; C C
is the set of categories to each of which d; belongs.

ADABOOST.MH works by iteratively calling a weak learner to generate a
sequence @y, ... Pg of weak hypotheses; at the end of the iteration the final
hypothesis @ is obtained as a sum @ = Zle @, of these weak hypotheses. A
weak hypothesis is a function @, : D x C' — R. We interpret the sign of 435((1, .Cj)
as the prediction of (135 on whether d; belongs to ¢;, i.e. és(di.(:_,-) > () means
that d; is believed to belong to ¢; while @S(d,-,cj) < 0 means it is believed not
to belong to ¢;. We instead interpret the absolute value of @hs(d,-.('.,) (indicated
by ]@s(df. ¢;)|) as the strength of this belief.

At each iteration s ADABOOST.MH tests the effectiveness of the newly gen-
erated weak hypothesis @, on the training set and uses the results to update a
distribution Dy of weights on the training pairs (d;, ¢;). The weight Dy (d;, ¢;)
is meant to capture how effective @y, ...,P, have been in correctly predicting
whether the training document d; belongs to category ¢; or not. By passing
(together with the training set T'r) this distribution to the weak learner, Ap-
ABoosT.MH forces this latter to generate a new weak hypothesis 45,,.+ 1 that
concentrates on the pairs with the highest weight, i.e. those that had proven
harder to classify for the previous weak hypothesés.

"' A decision stump is a decision tree of depth one, i.e. consisting of a root node and
two or more leaf nodes.
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Input: A training set Tr = {(d1,C1), ..., {dg,C3)}
where C; CC ={c1,...,em} foralli=1,....¢g
1% . ;
Body: Let Dy(di,c;) = — foralli=1,...,gand forall j =1,..., m
gm
For s =1,...,5 do:
e pass distribution D,(d;, ¢;) to the weak learner;
e get the weak hypothesis @, from the weak learner;
Ds(div C‘j) exp(_é(di’ Cj) - D (d'l' (‘J))
Zs

where Zg —ZZD (di, ;) exp(—P(di,c;) - P (d ¢i))

=1 j=1

o set Doyi(di,cj) =

g m
is a normalization factor chosen so that Z Z Dgii(di,ej) =1
i=1 j=1

Output: A final hypothesis &(d, ¢) = Z@s (d,c)

Fig. 1. The ApABoosT.MH algorithm

The initial distribution D; is uniform. At each iteration s all the weights
Dg(d;, c;) are updated to Dsy1(d;, ¢j) according to the rule

Dg(d;, ¢j) exp(—P(d;, ¢;) - @,(d;, cj))

D,-,-+1(d1:-,Cj) == 7 (1)
where
g m X
=N Du(diyc;) exp(—@(di, ¢;) - Ds(di, ¢5)) (2)
¢=1 F7=1

is a normalization factor chosen so that Dy q is in fact a distribution, i.e. so
that 7 | Z'I'Ll Dgy1(d;, c;) = 1. Equation 1 is such that the weight assigned
to a pair (d;, ¢;) misclassified by @, is increased, as for such a pair @(d;, c¢j) and
@, (d;, ¢;) have different signs and the factor &(d;, ¢;) - ®5(d;. ¢;) is thus negative;

llkewme. the weight assigned to a pair correctly classified by @, is decreased.

2.1 Choosing the Weak Hypotheses

In AbABo0ST.MH each document d; is represented as a vector (wy;, ..., w,;)
of r binary weights, where wy; = 1 (resp. wg; = 0) means that term ¢, occurs
(resp. does not occur) in d;; T = {t1,...,t.} is the set of terms that occur in at
least one document in 7T'r.

In AbABoOsT.MH the weak hypotheses generated by the weak learner at
iteration s are decision stumps of the form



