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Preface

In recent years considerable progress has been made in the understanding of problems
of learning and generalization. Intelligence in this context basically means the ability
to perform well on new data after learning a model on the basis of given data. Such
problems arise in many different areas and are becoming increasingly important and
crucial towards many applications such as in bioinformatics, multimedia, computer vi-
sion and signal processing, internet search and information retrieval, datamining and
textmining, finance, fraud detection, measurement systems and process control, and
several others. Currently, the development of new technologies enables to generate
massive amounts of data containing a wealth of information that remains to become
explored. Often the dimensionality of the input spaces in these novel applications is
huge such as in the analysis of microarray data where expression levels of thousands of
genes need to be analysed given only a limited number of experiments. Without per-
forming dimensionality reduction, the classical statistical paradigms show fundamental
shortcomings at this point. Facing these new challenges, there is a need for new math-
ematical foundations and models such that the data can become processed in a reliable
way. These subjects are very interdisciplinary and relate to problems studied in neural
networks, machine learning, mathematics and statistics.

New methods, models and applications in Learning Theory were the central themes
for a NATO Advanced Study Institute on Learning Theory and Practice which was
taking place in Leuven Belgium July 8-19, 2002. This NATO Advanced Study Institute
aims at creating a fascinating interplay between advanced theoretical results in learning
theory and recent progress in several application areas. Lectures by 20 invited speakers
were given who are leading authorities in the communities of neural networks, machine
learning, mathematics, statistics, signal processing, and systems and control.

We highlight here a number of aspects from the invited speakers’ lectures presented
in the two-week period July 8-19, 2002. Tomaso Poggio explains the role of regular-
ization in relation to statistical learning theory and illustrates the methods by several
real-life applications including bioinformatics and vision. Vliadimir Vapnik discusses
the foundations of statistical learning theory and methods of support vector machines.
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Especially the new elements of statistical learning theory versus classical statistics are
emphasized. Benefits of these methods towards new applications in microarray data
analysis and textmining are explained. Fields medal winner Steve Smale discusses
the problem of learning and generalization and its mathematical foundations. The
bias-variance problem is analysed and the difference between approximation and gen-
eralization theory is clarified. An application of the theory to modelling the evolution
of language is presented. Chris Bishop presents probabilistic graphical models and
their role in machine learning, including graphs, Markov Chain Monte Carlo methods,
variational methods, the expectation-maximization algorithm and the relevance vector
machine. Bernhard Schélkopf further discusses learning with kernels and shows the
wide applicability of the so-called kernel trick in relation to positive definite kernels,
including a kernel version of principal component analysis. An additional presentation
in relation the Bernhard Scholkopt’s talk is given by Stéphane Canu who shows how to
avoid the requirement of positive definiteness for kernels in the context of kernel based
learning. Nello Cristianini presents kernels which are tailored towards textmining
applications and a kernel version of canonical correlation analysis. He further dis-
cusses methods of semidefinite programming for learning the kernel matrix and its use
for transductive inference. Massimiliano Pontil presents ensembles of kernel machines
with leave-one-out and stability analysis of the algorithms. Ldszlé Gyorfi discusses non-
parametric prediction of stationary time series for various loss functions. Mathukumalli
Vidyasagar focuses on statistical learning theory with applications to bioinformatics
such as fitting of hidden Markov models to data. Yoram Singer explains methods in
machine learning for information retrieval and collaborative filtering, with emphasis on
methods for multi-class categorization, boosting and ranking. Rudolf Kulhavy presents
methods of Bayesian smoothing and information geometry with applications to local
modelling in system identification. Charles Micchelli discusses properties of kernels and
their use in approximation theory. Director Johan Suykens presents an overview of least
squares support vector machines for classification, function estimation, unsupervised
learning and recurrent networks including algorithms for large scale applications and
links with several other kernel based methods. Joerg Lemm discusses Bayesian field
theories with applications to density estimation, classification, regression and inverse
quantum theory. Vera Kurkova gives an overview on approximation theoretical re-
sults for feedforward neural networks with new results towards large dimensional input
spaces. Luc Devroye discusses methods of nonparametric learning from the viewpoint
of statistics in relation to statistical learning theory. Kristin Bennett presents applica-
tions of support vector machines and kernel partial least squares to the virtual design of
pharmaceuticals. Peter Bartlett gives an overview of policy gradient methods for rein-
forcement learning. Finally, co-director Gabor Horvath presents applications of neural
networks and kernel based methods to instrumentation and measurement systems.

The total number of participants for this NATO-ASI was limited to 100 according
to the NATO-ASI rules (a list of participants of this NATO-ASI can be found at the
end of this book). Less than 50% of the submitted applications could be accepted
taking into account the NATO restrictions. The following criteria were taken in the
selection procedure as reflected by the NATO guidelines: good balancing between
countries, balancing between topics, high quality of the work, selection of promising
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post-docs and young researchers and good faculty people. The selected participants
presented their work during one of the four poster sessions within the two-week period.
More information about the final program, additional material of the invited speakers’
lectures and a series of pictures showing the wonderful atmosphere during the meeting
are available at

http://www.esat.kuleuven.ac.be/sista/natoasi/Itp2002.html

As outcome of the NATO Advanced Study Institute, the present book entitled
Advances in Learning Theory; Methods, Models and Applications has been prepared.
In Chapter 1 Viadimir Vapnik presents an overview of statistical learning theory and
its application to neural networks and support vector machines. In Chapter 2 Felipe
Cucker and Steve Smale discuss the choice for regularization parameters in learning
theory. This is done in view of the bias-variance trade-oft in relation to analysis of
the generalization error. In Chapter 3 Charles Micchelli, Yuesheng Xu and Peizin Ye
present Cucker Smale Learning Theory in Besov Spaces. In Chapter 4 Vera Kurkova
focuses on the analysis of the approximation error for neural networks and shows how
to avoid the curse of dimensionality in high dimensional input spaces. In Chapter
5 Stéphane Canu, Xavier Mary and Alain Rakotomamonjy present functional learn-
ing through kernels and how to avoid the requirement that chosen kernels should be
positive definite. In Chapter 6 André Flisseeff and Massimiliano Pontil present leave-
one-out error and stability of learning algorithms with applications to kernel-based
learning. In Chapter 7 Ryan Rifkin, Gene Yeo, and Tomaso Poggio discuss regularized
least-squares Classification and comparisons with support vector machine classifiers
and application to image classification. In Chapter 8 Johan Suykens, Tony Van Ges-
tel, Jos De Brabanter, Bart De Moor and Joos Vandewalle give an overview on least
squares support vector machine approaches to classification, regression, kernel PCA
and kernel CCA with methods for imposing sparseness, robustness and handling large
data sets. In Chapter 9 Fernando Pérez-Cruz, Jason Weston, Daniel Herrmann and
Bernhard Schélkopf present an extension of the v-SVM range for classification. In
Chapter 10 Nello Cristianini, Jaz Kandola, Alexei Vinokourov and John Shawe-Taylor
give an overview on kernels methods for text processing, including kernels which can be
designed especially for textmining. In Chapter 11 Kristin Bennett and Mark Embrechts
present kernel partial least squares methods and their application to pharmaceutical
data. In Chapter 12 Yoram Singer discusses multiclass categorization in the context
of information retrieval using support vector machines, boosting and decision trees. In
Chapter 13 Chris Bishop and Mike Tipping study classification and regression from a
Bayesian learning perspective and discuss Bayesian inference of parameterized kernel
models using the relevance vector machine as an alternative to support vector ma-
chines. In Chapter 14 Joerg Lemm presents a framework of Bayesian field theory with
application to density estimation, regression, and inverse quantum theory. In Chapter
15 Rudolf Kulhavy studies Bayesian smoothing and information geometry with empha-
sis on local, cased-based modeling. In Chapter 17 Ldszlo Gyorfi and Dominik Schéfer
consider non-parametric prediction of stationary time series for various loss functions.
In Chapter 17 Mathukumalli Vidyasagar presents recent advances in the area of sta-
tistical learning theory including learning with inputs generated by a Markov chain
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and prior information. In Chapter 18 Gabor Horvath confronts theoretical results from
neural networks and learning theory with a practitioners point of view for applications
in measurements systems.

Finally, we acknowledge support from NATO grant PST.ASI.978547, the IEEE
Neural Networks Society, the fund for scientific research FWO Flanders (WOG-SRN
Advanced Numerical Methods for Mathematical Modelling, FWO G.0407.02, JS post-
doc), K.U. Leuven Research council GOA-Mefisto 666 and the Belgian interuniversity
attraction poles JTUAP IV-02, TUAP V-22. For help with local arrangements during
the NATO-ASI we want to thank Lieveke Ameye, Peter Antal, Steven Bex, Tijl De
Bie, Bart Hamers, Luc Hoegaerts, Chuan Lu, Lukas, Kristiaan Pelckmans, Qizheng
Sheng Cynthia, Tony Van Gestel and Rita Vandewalle, and secretaries Ida Tassens,
Ilse Pardon and Veerle Duchateau.

We are very grateful to all people who helped making this NATO Advanced Study
Institute on Learning Theory and Practice a great success. We hope that this event
may further lead to setting new milestones in this fascinating area!

Johan Suykens
Gabor Horvath
Sankar Basu

Charles Micchelli
Joos Vandewalle
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Welcome reception in the Arenberg castle at the NATO Advanced Study
Institute on Learning Theory and Practice taking place in Leuven July 2002
(picture: Lukas)
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