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Preface

Everyday people need to make decisions, and the decision makers usually face mul-
tiple, conflicting objectives and uncertain environments. The research about uncer-
tain multi-objective decision making problems has been profolic. It mainly provides
decision makers with the help to find optimal solutions for many objectives under
uncertain environments, and has been a permanent focus for many years.

To trace the origins of the multi-objective decision making with certain parame-
ters, we have to go back over the eighteenth century. B. Franklin introduced how to
coordinate multiple objectives in 1772. A. A. Cournot proposed the multi-objective
decision making model from the standpoint of the economics in 1836. V. Pareto
firstly presented the optimal solution to the multi-objective decision making model
from the standpoint of the mathematics in 1896 and then K. J. Arrow et al. proposed
the concept of efficient points. Traditional multi-objective decision making is only
aimed at problems with certain parameters, but as we know, it is usual that many
decision making problems have uncertain factors. As people know more and more
about the uncertain event, the research about random multi-objective decision mak-
ing, fuzzy multi-objective decision making, rough multi-objective decision making
and two-fold uncertain multi-objective decision making problems were gradually
developed.

In the last 25 years, fuzzy set theory has been applied to many disciplines such as
operations research, management science, control theory, artificial intelligent/expert
systems, human behavior, etc. Growth of the applications of fuzzy set theory have
been accumulating. In 1978, H. Kwakernaak combined randomness with fuzziness
and initialized the concept of the fuzzy random variable, then introduced its basic
definition and properties. This viewpoint which combined two different uncertain
variables to describe complicated events received approval from many scholars and
move forward a further step to uncertain events. Then many papers and books about
the two-fold uncertain theory presented more and more, and therefore promoted
the development of two-fold uncertain theory. This monograph presents system-
atically state-of-art of fuzzy-like multiple objective mathematical programming in
both techniques and applications.
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In real life, input data is usually imprecise or uncertain because of incomplete
or non-obtainable information. So if we want to describe the uncertainty, especially
subjective uncertainty, fuzzy variables will be used. For instance, If we ask peo-
ple about the unit transport cost between two places, they say that the cost will be
around a value, and they cannot give an absolute certain value. Since the informa-
tion is described in linguistic terms, and not by the chance concept, conventional
probability may not be a correct way to model these imprecise nature, so it can be
derived that the unit transport cost could be a fuzzy variable rather than a constant.
It is appropriate for us to use a LR fuzzy variables (a,θ ,b)LR to describe, where
a,b are the left and right widths of the fuzzy variable, and θ is the middle value.
Further more, we consider about the middle value θ , due to the conditions of road,
traffic and weather, etc., this value may not be the constant either, but here may be a
random variable or fuzzy variable or rough variable, thus is regarded as a fuzzy-like
two-fold uncertain variable. This book mainly concentrates on one type of two-fold
uncertain theory, that is, the fuzzy-like two-fold uncertain variable including fuzzy
random variables, bifuzzy variables and fuzzy rough variables, and then deduces
their properties and the application to the real world.

In the classical multi-objective decision making model, all data and information
are assumed to be absolutely accurate, and the objectives and constraints are all
assumed to be well expressed by mathematical formations. However, it is difficult
to clearly describe the objective functions and constraints by mathematical equa-
tions for many realistic problems, thus, the multi-objective decision making model
with certain parameters cannot deal with all real-life problems. So uncertain multi-
objective decision making models are proposed. In 1965, after L.A. Zadeh proposed
the fuzzy set theory, it was rapidly and widely applied in the filed of operations, man-
agement science, control theory and so on. In 1970, R. E. Bellman and L. A. Zadeh
collaborated to propose the fuzzy decision making model based on multi-objective
programming. That’s the original work which is the basis of this monograph.

The multi-objective decision making model with fuzzy-like variables can be sum-
marized as follows:

where x is an n-dimensional decision variable, f is the objective function, ξ and η
are both fuzzy-like variables.

In this book, we take real-life problems as background and guidance, and present
the application of the fuzzy-like multi-objective decision making (FLMODM) model
to the real world, and finally construct a relative model. After that, basic the-
ories, models and algorithms are proposed and applied to solve realistic prob-
lems. This book consists of 6 chapters. Chapter 1 reviews some relative prelimi-
nary knowledge such as fuzzy set, fuzzy numbers, fuzzy arithmetic and member-
ship functions. Chapter 2 mainly introduces multi-objective decision making with
fuzzy parameters and its application to farm structure optimization problem. Three
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sections introduce the fuzzy expected value model (Fuzzy EVM), the fuzzy
chance-constrained model (Fuzzy CCM) and the fuzzy dependent-chance model
(Fuzzy DCM). In each section, the equivalent model of those problems which have
some special fuzzy variables are deduced and the traditional solution methods for
the crisp equivalent models are introduced the technique of fuzzy simulations-based
hybrid algorithms to deal with the general decision making problems under fuzzy
environments. Finally, in the next section, the proposed models and algorithms have
been applied to solve the realistic problems introduced in the first section. Chapters
3, 4 and 5 have the same structure as Chapter 2. Chapter 3 proposes a multi-objective
decision making model with fuzzy random parameters and introduces its applica-
tion to portfolio selection problems under a fuzzy random environment. The equiv-
alent models of the fuzzy random expected value model (Fu-Ra EVM), fuzzy ran-
dom chance-constrained model (Fu-Ra CCM) and fuzzy random dependent-chance
model (Fu-Ra DCM) are deduced. Chapter 4 proposes the multi-objective decision
making model with a bifuzzy parameters and introduces its application to mate-
rial purchasing problems under a bifuzzy environment. The equivalent models of
the bifuzzy expected value model (Fu-Fu EVM), bifuzzy chance-constrained model
(Fu-Fu CCM) and bifuzzy dependent-chance model (Fu-Fu DCM) are deduced.
Chapter 5 proposes a multi-objective decision making model with fuzzy rough pa-
rameters and introduces its application to logistics problems under a fuzzy rough
environment. The equivalence models of the fuzzy rough expected value model (Fu-
Ro EVM), fuzzy rough chance-constrained model (Fu-Ro CCM) and fuzzy rough
dependent-chance model (Fu-Ro DCM) are deduced. Finally in Chapter 6, the main
problems are concluded, models, methods and algorithms to obtain the organic sys-
tems are discussed, and a methodological system for the FLMODM is proposed.

The authors wish to thank the support from the National Science Foundation
for Distinguished Young Scholars, P. R. China (Grant No. 70425005) and the Na-
tional Natural Science Foundation of P. R. China (Grant No. 79760060, and No.
70171021). The authors also wish to acknowledge the assistance of Prof. Janusz
Kacprzyk for his helpful comments and recommendations to publish this book in
this series. This book benefited many literatures, and the authors also wish to take
this opportunity to thank these researchers here. For discussion and advice, the au-
thors are grateful to researchers from the Uncertainty Decision-Making Laboratory
of Sichuan University, J. Li, Y. Liu, Z. Tao, L. Yao and others, who have done a
lot of work in this field and have made a number of corrections. Finally the au-
thors express their deepest gratitude to the staff of Springer, especially, Dr. Thomas
Ditzinger and Renuka Devi for the wonderful cooperation.

Sichuan University, Jiuping Xu
June 2009 Xiaoyang Zhou
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