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ABSTRACT

Fuzzy ranking is a procedure used to compare and order a sequence of fuzzy sets (FSs).
It is an essential step in fuzzy decision making problems before a final decision can be drawn.
While many fuzzy ranking methods are available in the literature, a generic method that can
provide appropriate and satisfactory solutions across a variety of situations has yet to be
developed. Many existing methods are limited to rank either type-1 fuzzy sets (T1FSs) or
interval type-2 fuzzy sets (IT2FSs), and only few methods can flexibility handle both types of
FSs. In particular, fuzzy ranking becomes complicated when FSs are represented by
possibility distributions, which can overlap with one another. In this thesis, two new fuzzy
ranking methods with different purposes are proposed. The first method ranks both T1FSs
and IT2FSs by considering ranking and weighting issues, while the second ranks both T1FSs
and IT2FSs by integrating decision makers’ viewpoints. Besides that, it is important for a
fuzzy ranking method to satisfy a set of reasonable fuzzy ordering properties. As a result, the
capability of the proposed fuzzy ranking methods in fulfilling the relevant properties is
analyzed and discussed. The usefulness of both methods is demonstrated using real-world
applications. The results positively indicate efficacy of the proposed fuzzy ranking methods
in solving fuzzy ranking problem as well as complex decision making problems in practical

environments.

Keywords: Fuzzy ranking, decision viewpoint, peer assessment, failure mode and effect

analysis, ordering properties, real-world applications
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Kaedah Pengaturan Set Kabur dan Aplikasinya
ABSTRAK

Kedudukan kabur adalah prosedur yang digunakan untuk membandingkan dan
mengaturkan urutan set kabur. la adalah satu langkah penting dalam masalah membuat
keputusan dalam keadaan kabur sebelum keputusan muktamad yang boleh didapati.
Walaupun banyak kaedah kedudukan kabur boleh didapati dalam kesusasteraan, kaedah
generik yang boleh memberikan penyelesaian yang memuaskan dalam pelbagai situasi masih
belum dibangunkan . Banyak kaedah yang sedia ada adalah terhad untuk mengendalikan set
kabur jenis-1 atau set kabur jenis-2 , dan hanya beberapa kaedah yang boleh mengendalikan
kedua-dua jenis set kabur secara fleksibel. Khususnya kedudukan kabur menjadi rumit
apabila set kabur diwakili oleh pengagihan kemungkinan, yang boleh bertindih dengan satu
sama lain. Dalam tesis ini, dua kaedah kedudukan kabur baru dengan tujuan yang berbeza
dicadangkan. Kaedah pertama boleh mengendalikan kedua-dua jenis set kabur dengan
mempertimbangkan kedudukan dan isu pemberat, manakala alternatif kedua mengendalikan
kedua-dua jenis set kabur dengan mengintegrasikan pandangan pembuat keputusan. Selain
itu, ia adalah penting untuk kaedah kedudukan kabur untuk memenuhi ciri-ciri yang
munasabah. Oleh itu, keupayaan kedua-dua kaedah yang dicadangkan dalam memenuhi
ciri-ciri tersebut juga dianalisis dan d-ibincangkan. Kebergunaan kedua-dua kaedah ini juga
ditunjukkan menggunakan aplikasi dunia sebenar.  Keputusan positif menunjukkan
keberkesanan yang dicadangkan kaedah kedudukan kabur dalam menyelesaikan masalah

yang kompleks membuat keputusan dalam persekitaran yang praktikal.

Kata kunci: Kedudukan set kabur, keputusan pandangan, penilaian rakan sebaya, Analisis

kesan-kesan dan potensi kegagalan mod, aplikasi dunia sebenar
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CHAPTER 1

INTRODUCTION

making is an essential part of everyday life. In practice, many decision
g tasks take place in an environment in which the goals, constraints, and consequences
s (alternatives and actions) are not known precisely (Bellman & Zadeh,
an example, “investing in stock market is very high risk” and “student #B is
in collaborative work”, in which words such as “very high risk” and “excellent” are
ise and vague terms that describe the risk of investment and student’s contribution,
To cope with the challenges of decision making, fuzzy set theory was
“more than fifty years ago to model uncertain, imprecise, and vague information
5). Since then, the concepts of fuzzy set theory have received prominent
are well-studied across different disciplines, e.g., economy (Tiryaki &

1, 2005), engineering (Wang & Elhag, 2006), and education (Chang & Chen,

n fuzzy set theory is incorporated into decision models for solving decision making
the overall performance measures of decision alternatives often are represented

| fuzzy sets (Bellman & Zadeh, 1970). As an example, a set of decision alternatives with
type of fuzzy set, i.e., alpha-level set, is presented in (Wang, Chin, Poon & Yang,
g & Elhag, 2006) . In a fuzzy environment, ranking of fuzzy sets (hereafter named
llmhng) is an essential step for fuzzy decision making problem in order to reach a
ion (Chen and Klein, 1997, Chen & Tang, 2008). Specifically, fuzzy ranking is a

ocedure used to compare and order a sequence of fuzzy sets. It is a complex and

il




" fuzzy sets are represented by possibility distributions, which can
ne another (Chang & Lee, 1994, Lee-Kwang & Lee 1999).

1zzy ranking methods can be categorized into three classes (Wang & Kerre, 2001a,b).
t class transforms a number of fuzzy sets into crisp numbers, and ranks the resulting
mbers, e.g. (Abbasbandy & Asady, 2006, Chu & Tsao, 2002, Karnik & Mendel, 2001,
1, 2009). The respective methods are easy and straightforward. But, it was
1at “by reducing the whole of our analysis to a single number, we are losing much of
mation we have purposely been keeping throughout our calculations” (Freeling,
As such, the first class is suitable when only the sequence of fuzzy sets needs to be
] , The second class ranks fuzzy sets through pairwise comparisons, e.g. (Chen &
Yuan, 2001). The respective methods analyze the preference relation of two or
sets. As an example, fuzzy set A is larger than fuzzy set B by 60%. The
Is are useful when both preference relations between fuzzy sets and their ranking
ve to be determined. They are suitable for dealing with subjective judgements,
in areas such as social sciences (Yuan, 1991). However, it is challenging to obtain
stent fuzzy ranking results based on pairwise comparisons (Yuan, 1991). Furthermore,
ult to achieve certain reasonable ordering properties, as stated in (Wang and Kerre,
b). The third class maps a number of fuzzy sets to crisp numbers based on a pre-
e set(s) for comparison, e.g. (Chen & Lee, 2010b, Huynh, Nakamori &
, Lee-Kwang & Lee, 1999). The respective methods are beneficial because a
1 maker’s viewpoints can be reflected. However, it is challenging when multiple
ints do not lead to the same ranking outcome, while a final decision still needs to be
an, 1991).

ough many fuzzy ranking methods are available in the literature, a general solution

cross a variety of situations is yet to be known (Huynh, Nakamori & Lawry, 2008). Most of



ng methods emphasize on ranking type-1 fuzzy sets (T1FSs). However, recent
1 fuzzy decision making reveal that the use of higher dimensional fuzzy sets, such
pe-2 fuzzy sets (IT2FSs), provides better flexibility in preserving and processing
certainties. Unfortunately, a generic fuzzy ranking method that can handle both
and IT2FSs is still new. Therefore, research in fuzzy ranking should focus on
king both T1FSs and IT2FSs.
ides that, a given fuzzy decision making problem may require different fuzzy
sethods. As an example, consider a peer assessment problem related to cooperative
It is more meaningful to obtain performance indices that reflect a
bution in a group (i.e., weighting) and subsequently rank the student
ly, instead of sorting the students’ achievements (represented in fuzzy sets)
ally (Cheng & Chen, 2009). In such situation, ranking and weighting of fuzzy sets
ant criteria pertaining to a fuzzy ranking method. Another example is a two-
g . ne involving fuzzy profit and loss, in which the players’ viewpoints or attitudes
be analyzed (Lee-Kwang & Lee, 1999). In this case, a fuzzy ranking method that
s the decision maker’s viewpoints is an important criterion.
o fill the research gaps, fuzzy ranking methods that can flexibly rank both T1FSs and
are investigated in details in this thesis. Furthermore, important features, such as

 and weighting, and integrating decision makers’ viewpoints are examined. These are

es of this research, and the main contributions of this thesis.



