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Abstract

Abstract

An abstract of a dissertation is a summary and extraction of research work and con-
tributions. Included in an abstract should be description of research topic and research
objective, brief introduction to methodology and research process, and summarization of
conclusion and contributions of the research. An abstract should be characterized by in-
dependence and clarity and carry identical information with the dissertation. It should be
such that the general idea and major contributions of the dissertation are conveyed without
reading the dissertation.

An abstract should be concise and to the point. It is a misunderstanding to make an
abstract an outline of the dissertation and words “the first chapter”, “the second chapter”
and the like should be avoided in the abstract.

Key words are terms used in a dissertation for indexing, reflecting core information
of the dissertation. An abstract may contain a maximum of 5 key words, with semi-colons

used in between to separate one another.

Key words: TgX; ISTEX; CJK; template; thesis
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\RequirePackage{hyperref}

AT
\PassOptionsToPackage{hyphens} {url}
\RequirePackage{hyperref}
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As one of the most widely used techniques in operations research, mathematical
programming is defined as a means of maximizing a quantity known as objective func-
tion, subject to a set of constraints represented by equations and inequalities. Some
known subtopics of mathematical programming are linear programming, nonlinear pro-
gramming, multiobjective programming, goal programming, dynamic programming, and
multilevel programming!!.

It is impossible to cover in a single chapter every concept of mathematical program-
ming. This chapter introduces only the basic concepts and techniques of mathematical

programming such that readers gain an understanding of them throughout the book!>-!.

A.1 Single-Objective Programming

The general form of single-objective programming (SOP) is written as follows,

max f(x)
subject to: (123)

g]('x)SO’ j:1,2,"',P

which maximizes a real-valued function f of x = (x1, x2,- - - , x,,) subject to a set of con-
straints.
Definition A.1: In SOP, we call x a decision vector, and x;, x», - - - , x,, decision vari-

ables. The function f is called the objective function. The set

S:{xE‘R”

(0 <0, j=12,p| (456)

is called the feasible set. An element x in S is called a feasible solution.
Definition A.2: A feasible solution x* is called the optimal solution of SOP if and only

if

J&x) = f(x) (A-1)
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for any feasible solution x.

One of the outstanding contributions to mathematical programming was known as
the Kuhn-Tucker conditionsA-2. In order to introduce them, let us give some definitions.
An inequality constraint g;(x) < 0 is said to be active at a point x* if g;(x*) = 0. A point
x* satisfying g;(x*) < O is said to be regular if the gradient vectors Vg;(x) of all active
constraints are linearly independent.

Let x* be a regular point of the constraints of SOP and assume that all the functions
f(x)and g;(x),j = 1,2,---, p are differentiable. If x" is a local optimal solution, then
there exist Lagrange multipliers 4, j = 1,2,---, p such that the following Kuhn-Tucker

conditions hold,

)4
Vfx) - '21 AiVgi(x) =0
J:
gi(x) =0, j=12,---,p (A-2)

4,20, j=1,2,---,p.

If all the functions f(x) and g;(x),j = 1,2,---, p are convex and differentiable, and the
point x* satisfies the Kuhn-Tucker conditions (A-2), then it has been proved that the point

x* is a global optimal solution of SOP.

A.1.1 Linear Programming

If the functions f(x), g;(x), j = 1,2,---, p are all linear, then SOP is called a linear
programming.

The feasible set of linear is always convex. A point x is called an extreme point of
convex set § if x € § and x cannot be expressed as a convex combination of two points
in §. It has been shown that the optimal solution to linear programming corresponds to
an extreme point of its feasible set provided that the feasible set S is bounded. This fact
is the basis of the simplex algorithm which was developed by Dantzig as a very efficient
method for solving linear programming.

Roughly speaking, the simplex algorithm examines only the extreme points of the
feasible set, rather than all feasible points. At first, the simplex algorithm selects an ex-
treme point as the initial point. The successive extreme point is selected so as to improve
the objective function value. The procedure is repeated until no improvement in objective

function value can be made. The last extreme point is the optimal solution.
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Table 1 This is an example for manually numbered table, which would not appear in the list of
tables

Network Topology # of nodes # of clients Server
GT-ITM | Waxman Transit-Stub 600 .
2% 10% | 50% | Max. Connectivity
Inet-2.1 6000
Rui Ni )
Xue ThuThesis
ABCDEF

A.1.2 Nonlinear Programming

If at least one of the functions f(x),g;(x),j = 1,2,---, p is nonlinear, then SOP is
called a nonlinear programming.

A large number of classical optimization methods have been developed to treat
special-structural nonlinear programming based on the mathematical theory concerned

with analyzing the structure of problems.

A%+% 8044

TSINGHUA UN|VERS|TY LIBRARY

Figure 1 This is an example for manually numbered figure, which would not appear in the list

of figures

Now we consider a nonlinear programming which is confronted solely with maxi-
mizing a real-valued function with domain R”. Whether derivatives are available or not,
the usual strategy is first to select a point in ‘R” which is thought to be the most likely
place where the maximum exists. If there is no information available on which to base
such a selection, a point is chosen at random. From this first point an attempt is made
to construct a sequence of points, each of which yields an improved objective function
value over its predecessor. The next point to be added to the sequence is chosen by an-
alyzing the behavior of the function at the previous points. This construction continues
until some termination criterion is met. Methods based upon this strategy are called as-
cent methods, which can be classified as direct methods, gradient methods, and Hessian
methods according to the information about the behavior of objective function f. Direct
methods require only that the function can be evaluated at each point. Gradient methods
require the evaluation of first derivatives of f. Hessian methods require the evaluation of

second derivatives. In fact, there is no superior method for all problems. The efficiency
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of'a method is very much dependent upon the objective function.

A.1.3 Integer Programming

Integer programming is a special mathematical programming in which all of the vari-
ables are assumed to be only integer values. When there are not only integer variables but
also conventional continuous variables, we call it mixed integer programming. 1If all the
variables are assumed either 0 or 1, then the problem is termed a zero-one programming.
Although integer programming can be solved by an exhaustive enumeration theoretically,
it is impractical to solve realistically sized integer programming problems. The most suc-
cessful algorithm so far found to solve integer programming is called the branch-and-
bound enumeration developed by Balas (1965) and Dakin (1965). The other technique to
integer programming is the cutting plane method developed by Gomory (1959).

Uncertain Programming (BaoDing Liu, 2006.2)
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