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Preface

Support vector machines (SVMs), which were introduced by Vapnik in the
early 1990s, have proven effective and promising techniques for data mining.
SVMs have recently made breakthroughs and advances in their theoretical
studies and implementations of algorithms. They have been successfully ap-
plied in many fields such as text categorization, speech recognition, remote
sensing image analysis, time series forecasting, information security, and so
forth.

SVMs, having their roots in Statistical Learning Theory (SLT) and opti-
mization methods, have become powerful tools to solve the problems of ma-
chine learning with finite training points and to overcome some traditional
difficulties such as the “curse of dimensionality”, “over-fitting”, and so forth.
Their theoretical foundation and implementation techniques have been estab-
lished and SVMs are gaining quick popularity due to their many attractive fea-
tures: nice mathematical representations, geometrical explanations, good gen-
eralization abilities, and promising empirical performance. Some SVM mono-
graphs, including more sophisticated ones such as Cristianini & Shawe-Taylor
[39] and Scholkopf & Smola [124], have been published.

We have published two books in Chinese about SVMs in Science Press of
China since 2004 [42, 43|, which attracted widespread interest and received
favorable comments in China. After several years of research and teaching,
we decided to rewrite the books and add new research achievements. The
starting point and focus of the book is optimization theory, which is different
from other books on SVMs in this respect. Optimization is one of the pillars
on which SVMs are built, so it makes a lot of sense to consider them from this
point of view.

This book introduces SVMs systematically and comprehensively. We place
emphasis on the readability and the importance of perception on a sound un-
derstanding of SVMs. Prior to systematical and rigorous discourses, concepts
are introduced graphically, and the methods and conclusions are proposed by
direct inspection or with visual explanation. Particularly, for some important
concepts and algorithms we try our best to give clearly geometric interpreta-
tions that are not depicted in the literature, such as Crammer-Singer SVM
for multiclass classification problems.

We give details on classification problems and regression problems that
are the two main components of SVMs. We formated this book uniformly
by using the classification problem as the principal axis and converting the
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XXiv Preface

regression problem to the classification problem. The book is organized as fol-
lows. In Chapter 1 the optimization fundamentals are introduced. The convex
programming encompassing traditional convex optimization (Sections 1.1-1.3)
and conic programming (Sections 1.4-1.5). Sections 1.1-1.3 are necessary back-
ground for the later chapters. For beginners, Sections 1.4 and 1.5 (marked with
an asterisk *) can be skipped since they are used only in Subsections 8.4.3 and
8.8.3 of Chapter 8, and are mainly served for further research. Support vector
machines begin from Chapter 2 starting from linear classification problems.
Based on the maximal margin principal, the basic linear support vector clas-
sification is derived visually in Chapter 2. Linear support vector regression is
established in Chapter 3. The kernel theory, which is the key of extension of
basic SVMs and the foundation for solving nonlinear problems, together with
the general classification and regression problems, are discussed in Chapter 4.
Starting with statistical interpretation of the maximal margin method, statis-
tical learning theory, which is the groundwork of SVMs, is studied in Chapter
5. The model construction problems, which are very useful in practical appli-
cations, are discussed in Chapter 6. The implementations of several prevailing
SVM’s algorithms are introduced in Chapter 7. Finally, the variations and ex-
tensions of SVMs including multiclass classification, semisupervised classifica-
tion, knowledge-based classification, Universum classification, privileged clas-
sification, robust classification, multi-instance classification, and multi-label
classification are covered in Chapter 8.

The contents of this book comprise our research achievements. A precise
and concise interpretation of statistical leaning theory for C-support vector
classification (C-SVC) is given in Chapter 5 which imbues the parameter C
with a new meaning. From our achievements the following results of SVMs are
also given: the regularized twin SVMs for binary classification problems, the
SVMs for solving multi-classification problems based on the idea of ordinal
regression, the SVMs for semisupervised problems by means of constructing
second order cone programming or semidefinite programming models, and the
SVMs for problems with perturbations.

Potential readers include those who are beginners in the SVM and those
who are interested in solving real-world problems by employing SVMs, and
those who will conduct more comprehensive study of SVMs.

We are indebted to all the people who have helped in various ways. We
would like to say special thanks to Dr. Hang Li, Chief Scientist of Noah’s Ark
Lab of Huawei Technologies, academicians Zhiming Ma and Yaxiang Yuan
of Chinese Academy of Sciences, Dr. Mingren Shi of University of Western
Australia, Prof. Changyu Wang and Prof. Yiju Wang of Qufu Normal Univer-
sity, Prof. Zunquan Xia and Liwei Zhang of Dalian University of Technology,
Prof. Naihua Xiu of Beijing Jiaotong University, Prof. Yanqgin Bai of Shang-
hai University, and Prof. Ling Jing of China Agricultural University for their
valuable suggestions. Our gratitude goes also to Prof. Xiangsun Zhang and
Prof. Yong Shi of Chinese Academy of Sciences, and Prof. Shuzhong Zhang of
The Chinese University of Hong Kong for their great help and support. We
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appreciate assistance from the members of our workshop — Dr. Zhixia Yang,
Dr. Kun Zhao, Dr. Yongcui Wang, Dr. Xiaojian Shao, Dr. Ruxin Qin, Dr.
Yuanhai Shao, Dr. Junyan Tan, Ms. Yanmei Zhao, Ms. Tingting Gao, and
Ms. Yuxin Li.

Finally, we would like acknowledge a number of funding agencies that pro-
vided their generous support to our research activities on this book. They
are the Publishing Foundation of The Ministry of Science and Technology
of China, and the National Natural Science Foundation of China, including
the innovative group grant “Data Mining and Intelligent Knowledge Man-
agement” (£70621001, §70921061); the general project “ Knowledge Driven
Support Vector Machines Theory, Algorithms and Applications” (£ 11271361);
the general project “Models and Algorithms for Support Vector Machines with
Adaptive Norms™ (g 11201480): the general project “The Optimization Meth-
ods in Multi-label Multi-instance Learning and its Applications™ (£10971223);
the general project “The Optimization Methods of Kernel Matrix Learning
and its Applications in Bioinformatics” (111071252); the CAS/SAFEA Interna-
tional Partnership Program for Creative Research Teams; the President Fund
of GUCAS:; and the National Technology Support Program 2009BAH42B02.
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