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Foreword

Graph theory is one of the branches of mathematics that has experienced an
impressive development in recent years. The origin of graph theory started with the
Königsberg bridge problem. This problem led to the concept of the Eulerian graph.
Euler studied the Königsberg bridge problem and constructed a structure that solves
the problem that is referred to as Eulerian graph. The first book on graph theory was
by König in 1935 followed by a book by Frank Harary in 1969.

Encouraged by Lotfi A. Zadeh, C.-L. Chang wrote a paper on fuzzy topological
spaces. Upon seeing this paper, Azriel Rosenfeld wrote a paper on fuzzy group
theory and then followed this paper with a paper on fuzzy graphs. Both of
Rosenfeld’s papers opened the door for the development of the entire field of fuzzy
abstract algebra and fuzzy graph theory, respectively.

Fuzzy graph theory has also experienced an impressive growth in recent years.
Fuzzy graph theory has been important in technological development. Fuzzy graph
theory has paved the way for engineers to build many rule-based expert systems.
Applications can also be found in computer science, artificial intelligence, decision
analysis, information science, systems science, control engineering, expert systems,
pattern recognition, management science, operations research, robotics, and social
situations. The theory and application of fuzzy graphs is currently a hot topic. One
can thank the seminal work by Rosenfeld and Yeh and Bang for this important
development.

Recently, Enric Trillas and Itziar Garcia-Honrado have analyzed dialectic syn-
thesis using the methodology of fuzzy logic and limiting the antithesis to either
negation or opposite. Dialectic synthesis is concerned with a method of reasoning
by means of the triplet Thesis–Antithesis–Synthesis triad. Their analysis uses very
general operations. For example, for conjunction and disjunction, it is not assumed
that the commutative laws, associative laws, distributive laws, idempotent laws nor
those of duality hold. This generality agrees with a recent new approach in fuzzy
graph theory to relax the basic definitions in fuzzy graph theory by replacing the
operations minimum and maximum with t-norms and t-conorms and even aggre-
gation operators. It has recently been shown that the dialectic synthesis method can
be used to construct certain types of fuzzy graphs. The journal New Mathematics
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and Natural Computation and the publisher Springer International Publishing are
currently supporting this effort.

In many real-world problems, data sometimes comes from two or more agents
and so multi-polar information exists. This information cannot be well represented
by means of fuzzy graphs or bipolar fuzzy graphs. In these situations, m–polar fuzzy
set theory is applied to graphs to describe the relationships among several agents.

This book introduces readers to fundamental theories such as m–polar sets and
graphs, metrics in m–polar graphs, labeling in m–polar graphs, and m–polar fuzzy
matroids. The interesting concept of domination in m–polar fuzzy graphs is also
presented. It also discusses in detail the important applications in decision-making
problems and imaging processing. One of the objectives of the book is to present
the development of a mathematical approach to multi-index, multi-polar, and
multi-attribute data. The author is a well-known researcher in fuzzy graphs. He has
made another important contribution to fuzzy graph theory with the publication of
this book.

Omaha, Nebraska, USA John N. Mordeson
Creighton University
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Preface

Fuzzy set theory owes its origin to the work of Zadeh. After the significant intro-
duction of fuzzy set theory, this remarkable approach has been applied to various
domains. In 1975, Rosenfeld first discussed the concept of fuzzy graphs whose
basic idea was introduced by Kauffmann in 1973. The invaluable contribution of
Profs. Mordeson and Nair on “Fuzzy Graphs and Fuzzy Hypergraphs” inspired me
to work in this domain.

In most of the real problems, information consistently comes from more than one
agents or sources. We must acknowledge that multi-agent, multi-attribute,
multi-object, multi-index, and multipolar information exist, and these inputs cannot
be correctly expressed by the fuzzy modeling. These concerns motivated the birth of
many wider or alternative models. Particularly, Chen et al. introduced the notion of
m–polar fuzzy sets that inspire the concept to which this monograph is devoted,
namely, m–polar fuzzy graphs. The work presented here intends to overcome the
lack of a mathematical approach toward multi-index, multi-polar, and multi-attribute
data. This monograph deals with certainm–polar fuzzy graphs and their applications.
It is based on a number of papers by the author, which have been published in
various scientific journals. The book may be useful for researchers in mathematics,
computer scientists, and social scientists alike. I believe that this book will be helpful
to students and researchers wishing to learn and apply m–polar fuzzy graph theory.

In Chap. 1, I present a concise review of m–polar fuzzy sets. Then I consider m–
polar fuzzy graphs, and define isomorphism of m–polar fuzzy graphs. I present a
characterization of m-polar fuzzy graphs in terms of their level graphs. I also
consider energy of m-polar fuzzy graphs.

In Chap. 2, I introduce some relevant types of m–polar fuzzy graphs, including
regular m–polar fuzzy graphs, irregular m–polar fuzzy graphs, k-neighborly irreg-
ular m–polar fuzzy graphs, edge m–polar fuzzy graphs, edge irregular m–polar
fuzzy graphs. I also explore their applications. In Chap. 3, I present certain metrics
in m–polar fuzzy graphs. I also describe applications of m–polar fuzzy graphs in
decision-making problems.
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In Chap. 4, I present m–polar fuzzy labeling graphs, distances in m–polar fuzzy
labeling graphs, labeling tree based on m–polar fuzzy sets, and bipartite m–polar
fuzzy labeling graphs. I also describe an application of m–polar fuzzy labeling
graphs in image processing.

In Chap. 5, I present domination in m–polar fuzzy graphs. I consider the con-
cepts of strong domination, weak domination, edge domination, equitable domi-
nation, k-domination, and restrained domination in m–polar fuzzy graphs. I also
present their applications in Chap. 5.

In Chap. 6, I present m–polar fuzzy concept lattice and its applications.
Chapter 7 is devoted to m–polar fuzzy graph structures.

Chapter 8 deals with various concepts in m–polar fuzzy hypergraphs. Certain
algorithms are developed in order to construct dual m–polar fuzzy hypergraphs and
m–polar fuzzy line graphs. In addition, m–polar fuzzy transversals and locally
minimal m–polar fuzzy transversals of m–polar fuzzy hypergraphs with their
applications are studied. Chapter 9 deals with m–polar fuzzy matroids and their
applications.

Lahore, Pakistan Muhammad Akram
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