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Preface

Theories and methods of optimization is one of the main subjects for
engineering graduate students. The purpose of this subject is to teach graduate
students some common and useful theories and methods of optimization so that they
can use the knowledge in design, manufacturing and material selection to obtain the

optimal solution of a structure, a circuit or a process.

Most of the traditional text books on optimization are discipline oriented,
usually dividing into different courses of operation research, optimal machine
design, intelligent optimization and optimal control. Along with the development of
science and technology, interdisciplinary merging and fusion become closer and
tighter. Nowadays it is quite often to apply theories and methods in different fields
to solve problems in scientific researches. To meet the demands of scientific
development, the education of theories and methods of optimization for graduate
students should be improved. Based on the teaching practice in the past several
years, the authors have compiled this new text book, which mainly covers the well-
developed theories and methods of optimization, adding a few topics of advances in
optimization theory. The book provides the knowledge of basic theories and
practical methods of optimization for graduate students to carry out their research

work.

The subject matters of this book are grouped into 4 parts in total 15 chapters,
linear programming and integer linear programming, nonlinear programming,
intelligent optimization methods, calculus of variations and dynamic programming,
collecting most of the theories and methods of optimization commonly used in
engineering. In the first part of linear programming, 3 chapters of basic elements of
optimization, linear programming and integer linear programming are included.
Linear programming is of wide applications in industry, agriculture, business,
transportation, military operations and scientific researches. For an example, under
the condition of finite resources, linear programming can be used to make a plan of
the distribution of human, material and financial resources for getting the maximum
gain, Meanwhile, consumption of resources can be reduced to minimum by
production planning, process rationalization and/or ingredient modification with the

optimization method. At first fundamentals of optimization theories are introduced.
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Then the principles of linear programming and the simplex method are discussed.
In addition, the scheme of integer linear programming is described in this part. The
second part is on the nonlinear programming which is a branch formed in the middle
of the 20th century. Accompanying with the development of digital computers,
nonlinear programming has been growing rapidly, and many effective algorithms
has appeared. Nowadays, nonlinear programming has been widely used in machine
design, project management, production, scientific research activities and military
affairs. In this part there are 5 chapters, including basic mathematics of nonlinear
optimization, optimization methods for single argument problems, unconstrained
multivariate problems and constrained nonlinear programming, which are the most
fundamental and important contents of nonlinear programming, and powerful tools
for optimal design. The third part is on intelligent optimization methods, which
provide new interpretation of computing, differing from the precise calculation
programs of Turing machines. Intelligent optimization methods are inspired from
nature, and mimic of natural evolution and biological thinking processes to find
optimal solutions. Simulated annealing method, for instance, mimics the annealing
process of substances, while genetic algorithm refers to the evolution of organisms,
and neural network is a model of human brain. Some of the intelligent optimization
methods can effectively solve the problem of “local maxima” or “whole maxima”.
Among many intelligent optimization methods, the heuristic search method,
Hopfield neural network optimization method, the simulated annealing method and
mean field annealing method, and the genetic algorithm are selected and included in
the book. The last part of the book consists of 3 chapters of calculus of variations
and its applications in optimal control, maximum principle and dynamic
programming, which are the major methods for solving optimal control problems.
Optimal control is widely applied in the fields of system control, fuel consumption

control, energy consumption control and linear adjustors.

The major feature of this book is the broadness of its contents, covering most
of the common optimization methods used in different engineering disciplines,
which are necessary knowledge for engineering graduate students to be mastered.
Considering the different requirements for the students in different fields, the book
puts emphasis on the fundamentals of theories and methods of optimization
although a part of them more theoretical are also included. Because of the limited
course time in one semester, practical engineering problems are not discussed much

in the book, leaving them for students to study in the future, while giving some
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relative simple examples. In the end of each chapter, exercises are prepared for
students to do. This book can be used as a textbook for post-graduates majoring in
mechanical engineering. It can also serve as a reference book for university teachers
and students in their teaching and research work as well as for the researchers and

engineers who work on operation research, optimal design or optimal control.

The author in chief of this book is Huang Ping, and the associate author is
Meng Yonggang. The following authors took part in the following compilations of
the book, Li Min (Chapter 1-5) , Meng Yonggang (Chapter 6 and 7), Huang Ping
(Chapter 8, 9 and 13), Hu Guanghua (Chapter 10 and 11), Qiu Zhicheng (Chapter
12), Liu Wangyu (Chapter 14), and Sun Jianfang (Chapter 15). During the
compilation of the book, we have referred and cited many publications which are
listed in the references. To all of the authors of the references, we extend our most
sincere thanks. The authors welcome hearing from readers about any errors of fact

or omission that may undoubtedly existed in the book.

Authors
October 30, 2008
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