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Preface

Motivation and Scope

Text classification is becoming a crucial task to analysts in different areas. In
the last few decades the production of textual documents in digital form has
increased exponentially. Their applications range from web pages to scientific
documents, including emails, news and books. Searching for a digital text in
Google is now more than a reality, it is a commonplace. In the near future,
with the advent of intelligent text classification methods, people will have
even more access to a large variety of enhanced digital text services, viz.
filtering, searching and filing.

Despite the widespread use of digital texts, handling them is inherently dif-
ficult - the large amount of data necessary to represent them and the subjec-
tivity of classification complicate matters. Earlier research has addressed the
extraction of information from relatively small collections of well-structured
documents such as news wires and scientific publications.

Intelligent text classification methods, which rely heavily on machine learn-
ing algorithms, have the potential to supersede existing information retrieval
techniques and provide superior facilities that will save time and money for
users and companies, while providing a vital tool for dealing with the prolif-
eration of digital texts they are faced with.

The book is based on the PhD thesis of the first author and gives a concise
view on how to use kernel approaches for inductive inference in large scale
text classification; it presents a series of new techniques to enhance, scale and
distribute text classification tasks. The approaches combine high performance
and robustness with an extensive assessment of the suggested techniques.

The book is not intended to be a comprehensive survey of the state-of-
the-art of the whole field of text classification. Its purpose is less ambitious
and more practical: to explain and illustrate some of the important methods
used in this field, in particular kernel approaches and techniques.



VIII Preface

Challenges and Contributions

The relevant kernel approaches and techniques used to respond to some of
the most prominent challenges are unfolded in this book, covering several
facets of the whole problem.

Automatic text classification is an effervescent field of research. Many sci-
entific and industrial fields generate enormous amounts of text data, such
as news wires, microarray gene data and web pages. This trend seems to
be spreading and there is no end in sight. Users are overwhelmed with the
amount of information and thus need efficient, reliable and mostly intelligible
text classification methods that they can relate to and understand. Another
great challenge is the available knowledge that can be integrated by users
and engineers in processing, learning and evaluation procedures.

From an academic point of view, putting together a probabilistic formula-
tion which integrates the underlying knowledge of the problem at hand can
also present an immense challenge. Acknowledging there is no free lunch i.e.
that any two algorithms are equivalent when their performance is averaged
across all possible problems, research can instead be focused on methods to
tackle their inherent high dimensionality.

From an engineering perspective, dealing with the curse of dimensionality
of text representations and learning is an interesting problem.

The content of this book sets out the importance of the challenges men-
tioned above and explains and illustrates the main approaches and techniques
for dealing with them. The most relevant original contributions of this book
are related to the challenges described above:

• Empirical Evaluation of Text Pre-processing Methods. We have
undertaken an empirical study to compare the influence and relative im-
portance of standard pre-processing dimensionality reduction methods in
text classification performance. Low frequency word removal, stopword
removal and stemming were tested and stopword removal was found to
be the most useful technique to apply since it yields the best performing
classifiers in all tested conditions. Stemming also plays an important role,
especially in the precision of the classifiers. While stopword removal signif-
icantly alters the content of input data, stemming only alters its shape, i.e.
the reduction of information is not significant. We can therefore say that
stemming is more relevant in terms of efficiency of the learning machine
(there is less redundancy in data). Low frequency word removal has little
influence on classification performance, but it can decrease training com-
plexity by reducing the number of features. A general conclusion is that
the evaluated dimensionality reduction techniques can strengthen classifier
performance.

• Knowledge Integration in SVMs. We have investigated the intro-
duction of unlabeled data in the support vector machine (SVM) learning
stage and the potential of using several learning machines organized in a
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committee. We have presented two margin-based approaches to introduce
unlabeled document information into the learning stage: background knowl-
edge and active learning. We have also proposed an SVM ensemble with a
two-step learning strategy using the separating margin as a differentiating
factor in positive classifications.

Both the proposed enhancements to SVMs in text classification inte-
grate new knowledge in the learning procedures and show improvements
over the baseline SVMs. The separating margin plays a crucial role in both
techniques and can be used in further enhancements.

• Reducing the Dimensionality of RVMs. Due to the poor scaling ca-
pabilities of the relevance vector machine (RVM) algorithm when faced
with high-dimensional data sets, like text classification training sets, it is
crucial to limit the training set dimension to a minimum. We have exam-
ined ways to reduce the dimensionality, viz. active learning and similitude
measure between terms. We introduced an active learning RVM method
based on the kernel trick. Using a kernel distance metric we have defined
a higher-dimensional space where active examples are selected. Complex-
ity escalation was controlled since the number of added documents was
fixed and the kernel trick provides a simple strategy to determine those
active documents. To reduce the number documents in the training set,
we presented a two-step RVM : the first stage selects which training docu-
ments go to the next level, using a similitude measure between documents,
based on the co-occurrence of words; the second step gathers all remain-
ing documents and infers an RVM classifier. While maintaining the RVMs’
sparseness, we still show competitive accuracy, as long as training exam-
ples are carefully established.

• Divide-and-Conquer RVM Approaches. To keep pursuing the scala-
bility of RVMs, we have focused on three divide-and-conquer RVM meth-
ods: incremental, boosting and ensemble strategies. These methods rely on
a selection of small working chunks from the training set and then explore
different combining strategies that permit the use of all training examples
in RVM expansion to large datasets. We demonstrated that it is possible
to make use of an RVM’s advantages, such as predictive distributions for
testing instances and sparse solutions, while maintaining and even improv-
ing the classification performance. The proposed methods adapt RVMs to
large scale text sets, maintaining their probabilistic Bayesian nature and
providing sparse solutions.

• Hybrid SVM-RVM. SVMs and RVMs constitute two state-of-the-art
learning machines that are currently the focus of cutting-edge research.
SVMs present accuracy and complexity preponderance, but are surpassed
by RVMs when probabilistic outputs or kernel selection come into the
discussion. We have proposed a two-level hierarchical hybrid SVM-RVM
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model to combine the best of both learning machines. The first level of
the proposed model uses an RVM to determine the less confident classi-
fied examples and the second level uses an SVM to learn and classify the
tougher examples. The hierarchical approach outperforms both baseline
learning machines.

• Deployment in Distributed Environments. In cooperation with re-
searchers from the Laboratory of Adaptive Systems and Parallel Process-
ing of the University of Ljubljana, Slovenia, we have deployed text clas-
sification in distributed environments. This work was carried out both in
a cluster in the University of Ljubljana, Slovenia, and in the Center for
Informatics and Systems of the University of Coimbra, Portugal. The pro-
posed deployment employs a combination of the text classification task
(and data) decomposition, configuration evaluation through the model-
ing of the design phases, and a high performance distributed computing
model. We have shown that it is not only possible, but also advantageous
to deploy text classification in a cluster environment, while using available
middleware distributed platforms and existing sequential code.

• Text Classification Framework. In the last chapter of the book, we
propose and discuss a framework for inductive inference-based text classi-
fication using kernels methods. The main components of this development,
beyond the generally good performances of kernel methods on real-world
problems and ease of use provided by current implementations, involve
active learning, ensembles, incremental learning, boosting and knowledge
integration. Finally, some especially promising lines of work will open win-
dows to further research in the field.

Plan and Organization

This book has six chapters and two appendices. The chapters are organized
into two parts: the first part relating to fundamental topics encloses the
first two chapters and the second part concerning approaches and techniques
includes the other four chapters.

Chapter 1 contains background material on text classification. In particular
we review document corpora, representations, reduction methods, classifiers,
and evaluation techniques.

Chapter 2 introduces the concept of kernel methods, and summarizes into
a single framework the foundations of two paradigmatic techniques: support
vector machines and relevance vector machines. Both approaches are intro-
duced in a text classification perspective, along with results and comparisons
of their application to benchmark corpora.

Chapter 3 discusses the learning techniques developed to integrate knowl-
edge in the classification task in order to improve the performance of support
vector machines (SVMs) in text classification applications.
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Chapter 4 explores relevance vector machines (RVMs) and their applica-
tion to text classification. We propose new approaches to tackle RVMs’ scaling
problems. In particular we examine techniques that reduce the dimensional-
ity of the problem and we introduce incremental, boosting and ensemble
divide-and-conquer strategies. Finally, a hybrid RVM-SVM combination is
presented that substantially improves baseline results.

Chapter 5 describes the deployment of text classification in cluster envi-
ronments, using a distributed system to optimize the procedures involved.
In this Chapter we look at various ways to deploy complete text classifica-
tion systems in distributed environments, employing a combination of the
text classification task (and data) decomposition, configuration evaluation
through the modeling and the design phases, and a high performance dis-
tributed computing model.

In the final Chapter (6) we propose a framework for inductive inference
text classification and present a unified view of the field across four stages
of design: sources, preprocessing, learning and evaluation. We outline each of
the framework phases in a coherent result which can be a guide to real-world
applications. In addition we present research trends for future work with
special focus in the area of web applications and information technology.

Audience

The book is designed for practitioners and researchers and is suitable for
postgraduate students in computer science, engineering, information tech-
nology and other related disciplines. Some knowledge in the area of machine
learning and computational intelligence will be beneficial.
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ARD Automatic Relevance Determination
AUC Area Under the Curve
BEP Break-Even Point
BOW Bag-Of-Words
DAG Direct Acyclic Graph
DF Document Frequency
DNF Disjunctive Normal Form
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ERM Empirical Risk Minimization
FN, c False Negative
FNR False Negative Rate
FP, b False Positive
FPR False Positive Rate
FTP File Transfer Protocol
HTC High Throughput Computing
HTTP Hypertext Transfer Protocol
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K-NN K-Nearest Neighbour
KDA Kernel Discriminant Analysis
KPCA Kernel - PCA
LDA Linear Discriminant Analysis
LR Logistic Regression
LSI Latent Semantic Indexing
MeSH Medical Subject Headings
NASA National Aeronautics and Space Administration
NB Näıve Bayes
NE Named-entities
NLP Natural Language Processing
NN Neural Network
OSH Optimal Separating Hyperplane
P Precision
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PC Personal Computer
PCA Principal Components Analysis
POS Part-of-speech
QBC Query-By-Committee
R Recall
RBF Radial Basis Function
RCV1 Reuters Corpus Volume 1
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RVM Relevance Vector Machine
SETI Search for ExtraTerrestrial Intelligence
SGML Standard Generalized Markup Language
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SV Support Vector
SVM Support Vector Machine
TF Term Frequency
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TN, d True Negative
TP, a True Positive
TSVM Transductive SVM
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Notation

|.| Number of elements in a set
||.|| L2 − norm
[.] Integer part of .
.T Transpose
α Lagrange multipler in SVMs optimization
α Precision hyperparameter in RVMs optimization
ααα Set (vector) of α
c j Category
C Set of categories
C Regularization parameter in SVMs
b bias
d,di Document
D Set of documents
F() Distribution function
Fβ ,F1 van Rijsbergen’s measure
h Hypothesis
H Hypothesis space
i.i.d. Independent and identically distributed
k(.),φ(.),Φ(.) Kernel functions
λ ,β ,γ Parameters for Rocchio’s method
Neg Negative examples, not belonging to a category
O(.) Order of
p Number of computing nodes
P(.) Probability
p(.) Probability function
p(.|.) Conditional probability
Ψ Design matrix
Pos Positive examples, belonging to a category
ϕϕϕ Set of RVs
ϕϕϕ i RV
q Query



XX Notation

Q Hessian matrix
ρ Separating margin of SVMs
si Complexity parameters for phases in distributed

environment
Si j Similitude measure between documents di and d j

σ(.) Sigmoid function
t Target
τtask Time to complete a task
u j Unlabeled document
U Set of unlabeled documents
W Set of features (words or terms), dictionary
wk Word or term
wik Value representing word wk in a document di

ωk Weight of term wk for a given model
ωik Weight of term wk in document di for a given model
ωqk Weight of term wk in query q
ωωω Set of weights that define a model
y Output of a model
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