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Overview

Machine learning is increasingly becoming a ubiquitous discipline, because
there are a lot of application domains which need machine learning techniques
nowadays: mathematical, physics and natural sciences as well as biological
and medical disciplines are increasingly adopting machine learning techniques
for data mining, patter recognition, forecasting, co-clustering etc. Business ap-
plications also needs machine learning instruments for various tasks, like mar-
ket segmentation, market basket analysis, etc. Other disciplines which involve
machine learning are image retrieval, computer vision, natural language pro-
cessing, machine earing, anomaly detection, web mining, human-computer in-
teraction, etc.

My research activity is just born by working on my master degree thesis
[Rus08], which is currently the only research document issued.

In my master degree thesis I mainly worked on clustering techniques, pro-
viding some contributions to the Support Vector Clustering (SVC) [BHHSV01].
Such a work feed my research interests which are now focused in the machine
learning world, with special attention on some application domains such as
information retrieval and knowledge management as well as to my older in-
terests in Human-Computer Interaction (HCI) and web.

I am currently looking for a position which allows me to combine some of
the above interests.

Background

My research activity started with the work for the master degree thesis and
was focused on clustering. I especially concentrated my own attention on SVC
(and other support vector methods for clustering [Rus08, ch. 7]) providing
some contributions. The SVC is a clustering technique which relies on Sup-
port Vector Machines (SVMs) and I also compared it with another cutting-edge
clustering technique, the Bregman Co-clustering [BDG+07].

The contributions were a better outliers handling, an enhanced kernel width
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selection which can now work with all normalized kernels1 and have a defi-
nitely lower computational complexity which makes it useful in practice. More-
over, an effective heuristics was added to the kernel selection, practically im-
proving the selection of the kernel width values. Another effective heuristics
was developed for the estimation of the second hyper-parameter of the SVC:
the soft-margin parameter. Finally we provided another contribution for def-
initely making the SVC usable in practice: a new stopping criterion based on
relative evaluation criteria (validity indices), which allows to exploit one of the
key features of the SVC, i.e. the ability of auto-discovering the latent cluster
structure.

The main application domains were astrophysics data mining (especially
for testing missing data values robustness) and text document clustering (es-
pecially for testing the applicability of the SVC to this domains as well as its
ability to handle sparse and very high-dimensional data). The SVC resulted
robust w.r.t. missing data values, sparse data, very high dimensional data,2

nonlinear separable problems, and arbitrary-shaped clusters. Moreover it has
outliers handling ability, is application domain independent and is able to dis-
cover the cluster structure.

Current research

VONeural project. I am part of the VONeural project3 team at the Department
of Physics of University of Naples “Federico II”. I have two roles: data mining
algorithm researcher and designer and software engineer.

The VONeural project aims at developing a comprehensive data mining
framework initially intended for astrophysics purposes, but including several
instruments of general purpose. The enhanced version of the SVC (which I de-
veloped in my master thesis) will be also included in such a framework as well
as the Bregman Co-clustering. The framework will be able to run on classical
computers as well as on regular grid platforms and AstroGrid4 platform.

Semi-supervised clustering. I am currently working on a semi-supervised
clustering solution which combines SVC and classical SVMs; the experiments
will run on text mining and astrophysics application domains. The idea follows
by the SVC features: a first step performs the clustering process identifying the
cluster structure of a subset including the most meaningful points.5 A second
step uses the identified cluster structure to train an SVM classifier.

1Originally the Secant-like kernel width generator was intended for Gaussian kernels only
[LD05].

2The robustness w.r.t. missing data values, sparse data, and very high dimensional data as well
as the applicability to the document clustering were shown for the first time in my master thesis
[Rus08].

3See http://people.na.infn.it/~astroneural/.
4See http://www2.astrogrid.org/.
5The stable equilibrium points and/or support vectors.
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Future research

Bregman Ball Vector Machines. I am preparing to develop an idea about fu-
ture works on both SVC and Support Vector Machines. The idea consists of
exploiting the Bregman divergences for developing a new model of vector
machines, which we could call Bregman Ball Vector Machines (BBVM). Breg-
man divergences [Bre67] form a large class of well-behaved loss functions which
includes a number of well-known distances, such as the Squared Euclidean Dis-
tance, the Mahalanobis distance, the KL-divergence, the I-divergence,6 etc. On the
top of the Bregman divergences it is also possible to formulate the Minimum
Bregman Information Principle, which generalizes famous principles such as the
Least Squares principle and the Maximum Entropy principle.

The idea of developing new vector machines with Bregman divergences
came out thanks to the Minimum Enclosing Bregman Ball (MEBB) problem [NN05,
NN06], which is a generalization of the Minimum Enclosing Ball (MEB) prob-
lem. The latter is the problem underlying the SVC. In [NN05] we also found
the generalization of the Bâdoiu-Clarkson (BC) algorithm, that is an approxi-
mation algorithm for efficiently solving the MEB problem. Such an extension
is called Bregman-Bâdoiu-Clarkson (BBC) algorithm and is able to solve the
MEBB problem in the same way the BC solves the MEB one.

BC algorithm is also used by Core Vector Machines (CVMs) [TKC05] and
Ball Vector Machines (BVMs) [TKK07], reformulations of the classical SVMs as
MEB problem. Since they rely on the BC algorithm and the latter was gen-
eralized to the BBC, it is likely to develop an extension of the CVMs/BVMs,
the Bregman Ball Vector Machines (BBVMs), which works with the BBC and
exploit the Bregman divergences.

Additionally, Bregman divergences could also be used for developing new
type of kernels for classical SVMs and, probably, for extending another refor-
mulation of the SVM, namely the Least Squares Support Vector Machines (LS-
SVMs) [SGBBDM02]. Anyway, this has to be verified.

To conclude, here we have hypothesized about creating a new kind of vec-
tor machine, code-named Bregman Ball Vector Machine (BBVM). Since the
MEB problem is the basic step of the Support Vector Clustering (and of other
support vector methods for clustering [Rus08, chap. 7]), BBVM could have
interesting implications for clustering applications too.

However, the feasibility and effectiveness of such an approach are far to be
verified, but the results of the BVMs and the applicability of the MEBB prob-
lem are a first good point; it may worth to investigate a way of how combining
them.

Information Retrieval, Knowledge Management, Web, HCI. Currently I have
no way to go into these research fields thoroughly, but I hope to find such an
opportunity someday. In the meantime I will study by myself.

6KL and I divergences promise good results handling text documents.
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