
Bi-level Decision Making with Fuzzy
Sets and Particle Swarm Optimisation

A thesis submitted for the degree of
Doctor of Philosophy

By

Ya Gao

June 2010



PHD Thesis, UTS i

CERTIFICATE OF AUTHORSHIP/ORIGINALITY

I certify that the work in this thesis has not previously been submitted for a degree

nor has it been submitted as part of requirements for a degree except as fully acknowl-

edged within the text.

I also certify that the thesis has been written by me. Any help that I have received

in my research work and the preparation of the thesis itself has been acknowledged. In

addition, I certify that all information sources and literature used are indicated in the

thesis.

Signature of Candidate



PHD Thesis, UTS ii

Acknowledgement

I wish to express my earnest and deepest gratitude and admiration to my principal

supervisor A/Professor Guangquan Zhang. He has given me his precious guidance and

wholehearted help during the whole of my PhD period. His profound knowledge and

sincere attitude has guided me through my PhD, and these things will benefit me in my

future research career. I also wish to express my earnest and deepest gratitude and ad-

miration to my co-supervisor Professor Jie Lu. She has given me wholehearted advice

and tremendous help, without which my PhD research could not even have begun. She

has given me precious guidance in the academic area through her profound knowledge,

and has also provided sincere solicitude and advice for my life. The dedicated help and

love from these two people have not only encouraged me to finish my PhD research

and this thesis, but are also things I will treasure all my life. This thesis would never

have been written without their invaluable advice and suggestion, enormously dedi-

cated assistance, careful reading and troubleshooting many, many times. I would also

like to express my appreciation to my external supervisor, Professor Tharam Dillon,

from the Digital Ecosystems and Business Intelligence Institute, Curtin University of

Technology, for his generous comments and suggestions on my PhD research.

I would thank Professor Guoli Zhang, from the Department of Mathematics and

Physics, North China Electric Power University, China and Professor Hui-Ming Wee,

from the Department of Industrial and Systems Engineering, Chung Yuan Christian

University, Taiwan for their precious help and comments during our joint research on

the applications of bi-level decision making.

Thanks to the Australian Research Council (ARC) for supporting the work pre-

sented in this thesis under discovery grant DP0557154. The work presented in this

thesis was undertaken while I was the recipient of a research scholarship award from

the Faculty of Engineering and Information Technology, UTS and an Australian Post-

graduate Award. The support was most welcome.

My gratitude to all members from the Decision Systems and e-Service Intelligence

Laboratory. They have given me many precious suggestions and comments which have

been tremendously helpful to my PhD research.

I want to express my heartfelt appreciation to my family. It is the love and support



PHD Thesis, UTS iii

from my husband, Jun Ma, my parents Siwei Gao and Jinzhi Wang, my parents-in-law

Zuhua Ma and Fengqin Wu, that have helped me to make it through so many hard

times in accomplishing this thesis.

I cannot forget all my friends in both China and Australia whose love and concern

have made me strong and brave, and will always continue to do so.

Finally, I would like to express my gratitude to the Faculty of Engineering and

Information Technology, UTS for providing me with the necessary facilities and finan-

cial support, and to all staff of the faculty for their help and encouragement during my

study at UTS.



PHD Thesis, UTS iv

Abstract

Bi-level programming techniques are developed for decentralized decision prob-

lems with decision makers located in a two-level decision making system; the upper

decision maker is termed the leader while the lower is the follower. Both the leader

and the follower try to optimise their own objective functions and the corresponding

decisions do not control but do affect those of the other level.

This research aims at solving bi-level decision problems with five extensions, i.e.

multiple leaders/followers/objectives, fuzzy coefficients and goals. By using particle

swarm optimisation and/or cut set and/or goal programming and/or Nash equilibrium

concept, related mathematical models and corresponding algorithms are developed to

solve fuzzy linear bi-level decision problems, fuzzy linear multi-objective bi-level de-

cision problems, fuzzy linear multi-follower multi-objective bi-level decision prob-

lems, fuzzy linear goal bi-level decision problems, multi-leader one-follower bi-level

decision problems, one-leader multi-follower bi-level decision problems, and multi-

leader multi-follower bi-level decision problems. A fuzzy bi-level decision support

system is then developed which implements all the algorithms to support bi-level de-

cision making with different features. Finally, by using these bi-level models and

algorithms, we explore possible applications in the fields of railway train set organisa-

tion, railway wagon flow management, strategic bidding in the electricity market, and

supply chains to solve real world bi-level decision problems. The results of experi-

ments show that the models and algorithms are effective for solving real world bi-level

decision problems.
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