Preface

The purpose of this book is to provide up-to-date progress both in Multiple Criteria
Programming (MCP) and Support Vector Machines (SVMs) that have become powerful tools in the field of data mining. Most of the content in this book are directly
from the research and application activities that our research group has conducted
over the last ten years.
Although the data mining community is familiar with Vapnik’s SVM [206] in
classification, using optimization techniques to deal with data separation and data
analysis goes back more than fifty years. In the 1960s, O.L. Mangasarian formulated
the principle of large margin classifiers and tackled it using linear programming.
He and his colleagues have reformed his approaches in SVMs [141]. In the 1970s,
A. Charnes and W.W. Cooper initiated Data Envelopment Analysis, where linear or
quadratic programming is used to evaluate the efficiency of decision-making units
in a given training dataset. Started from the 1980s, F. Glover proposed a number
of linear programming models to solve the discriminant problem with a small-size
of dataset [75]. Since 1998, the author and co-authors of this book have not only
proposed and extended such a series of optimization-based classification models
via Multiple Criteria Programming (MCP), but also improved a number of SVM
related classification methods. These methods are different from statistics, decision
tree induction, and neural networks in terms of the techniques of separating data.
When MCP is used for classification, there are two common criteria. The first
one is the overlapping degree (e.g., norms of all overlapping) with respect to the
separating hyperplane. The lower this degree, the better the classification. The second is the distance from a point to the separating hyperplane. The larger the sum of
these distances, the better the classification. Accordingly, in linear cases, the objective of classification is either minimizing the sum of all overlapping or maximizing
the sum of the distances. MCP can also be viewed as extensions of SVM. Under
the framework of mathematical programming, both MCP and SVM share the same
advantage of using a hyperplane for separating the data. With certain interpretation,
MCP measures all possible distances from the training samples to separating hyperplane, while SVM only considers a fixed distance from the support vectors. This
allows MCP approaches to become an alternative for data separation.
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As we all know, optimization lies at the heart of most data mining approaches.
Whenever data mining problems, such as classification and regression, are formulated by MCP or SVM, they can be reduced into different types of optimization
problems, including quadratic, linear, nonlinear, fuzzy, second-order cone, semidefinite, and semi-infinite programs.
This book mainly focuses on MCP and SVM, especially their recent theoretical
progress and real-life applications in various fields. Generally speaking, the book is
organized into three parts, and each part contains several related chapters. Part one
addresses some basic concepts and important theoretical topics on SVMs. It contains Chaps. 1, 2, 3, 4, 5, and 6. Chapter 1 reviews standard C-SVM for classification
problem and extends it to problems with nominal attributes. Chapter 2 introduces
LOO bounds for several algorithms of SVMs, which can speed up the process of
searching for appropriate parameters in SVMs. Chapters 3 and 4 consider SVMs for
multi-class, unsupervised, and semi-supervised problems by different mathematical programming models. Chapter 5 describes robust optimization models for several uncertain problems. Chapter 6 combines standard SVMs with feature selection
strategies at the same time via p-norm minimization where 0 < p < 1.
Part two mainly deals with MCP for data mining. Chapter 7 first introduces basic
concepts and models of MCP, and then constructs penalized Multiple Criteria Linear
Programming (MCLP) and regularized MCLP. Chapters 8, 9 and 11 describe several extensions of MCLP and Multiple Criteria Quadratic Programming (MCQP)
in order to build different models under various objectives and constraints. Chapter 10 provides non-additive measured MCLP when interactions among attributes
are allowed for classification.
Part three presents a variety of real-life applications of MCP and SVMs models.
Chapters 12, 13, and 14 are finance applications, including firm financial analysis, personal credit management and health insurance fraud detection. Chapters 15
and 16 are about web services, including network intrusion detection and the analysis for the pattern of lost VIP email customer accounts. Chapter 17 is related to
HIV-1 informatics for designing specific therapies, while Chap. 18 handles antigen and anti-body informatics. Chapter 19 concerns geochemical analyses. For the
convenience of the reader, each chapter of applications is self-contained and selfexplained.
Finally, Chap. 20 introduces the concept of intelligent knowledge management
first time and describes in detail the theoretical framework of intelligent knowledge.
The contents of this chapter go beyond the traditional domain of data mining and
look for how to produce knowledge support to the end users by combing hidden
patterns from data mining and human knowledge.
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