Fuzzy Graphs and
Fuzzy Hypergraphs



Studies in Fuzziness and Soft Computing

Editor-in-chief

Prof. Janusz Kacprzyk

Systems Research Institute
Polish Academy of Sciences

ul. Newelska 6

01-447 Warsaw, Poland

E-mail: kacprzyk @ibspan.waw.pl

http://www.springer.de/cgi-bin/search_book.pl?series =2941

Vol. 3. A. Geyer-Schulz

Fuzzy Rule-Based Expert Systems and Genetic
Machine Learning, 2nd ed. 1996

ISBN 3-7908-0964-0

Vol. 4. T. Onisawa and J. Kacprzyk (Eds.)
Reliability and Safety Analyses under
Fuzziness, 1995

ISBN 3-7908-0837-7

Vol. 5. P. Bosc and J. Kacprzyk (Eds.)
Fuzziness in Database Management
Systems, 1995

ISBN 3-7908-0858-X

Vol. 6. E.S. Lee and Q. Zhu
Fuzzy and Evidence Reasoning, 1995
ISBN 3-7908-0880-6

Vol. 7. B. A. Juliano and W. Bandler
Tracing Chains-of-Thought, 1996
ISBN 3-7908-0922-5

Vol. 8. F. Herrera and J.L. Verdegay (Eds.)
Genetic Algorithms and Soft Computing, 1996
ISBN 3-7908-0956-X

Vol. 9. M. Sato et al.
Fuzzy Clustering Models and Applications,
1997, ISBN 3-7908-1026-6

Vol. 10. L.C. Jain (Ed.)

Soft Computing Techniques in Knowledge-
based Intelligent Engineering Systems, 1997
ISBN 3-7908-1035-5

Vol. 11. W. Mielczarski (Ed.)
Fuzzy Logic Techniques in Power Systems,
1998, ISBN 3-7908-1044-4

Vol. 12. B. Bouchon-Meunier (Ed.)
Aggregation and Fusion of Imperfect
Information, 1998

ISBN 3-7908-1048-7

Vol. 13. E. Orfowska (Ed.)
Incomplete Information:
Rough Set Analysis, 1998
ISBN 3-7908-1049-5

Vol. 14. E. Hisdal

Logical Structures for Representation
of Knowledge and Uncertainty, 1998
ISBN 3-7908-1056-8

Vol. 15. G.J. Klir and M.J. Wierman
Uncertainty-Based Information, 2nd ed., 1999
ISBN 3-7908-1242-0

Vol. 16. D. Driankov and R. Palm (Eds.)
Advances in Fuzzy Control, 1998
ISBN 3-7908-1090-8

Vol. 17. L. Reznik, V. Dimitrov and
J. Kacprzyk (Eds.)

Fuzzy Systems Design, 1998

ISBN 3-7908-1118-1

Vol. 18. L. Polkowski and A. Skowron (Eds.)
Rough Sets in Knowledge Discovery 1, 1998
ISBN 3-7908-1119-X

Vol. 19. L. Polkowski and A. Skowron (Eds.)
Rough Sets in Knowledge Discovery 2, 1998
ISBN 3-7908-1120-3

Vol. 20. J.N. Mordeson and P.S. Nair
Fuzzy Mathematics, 1998
ISBN 3-7908-1121-1

Vol. 21. L.C. Jain and T. Fukuda (Eds.)

Soft Computing for Intelligent Robotic Systems,
1998

ISBN 3-7908-1147-5

Vol. 22. J. Cardoso and H. Camargo (Eds.)
Fuzziness in Petri Nets, 1999
ISBN 3-7908-1158-0

Vol. 23. P.S. Szczepaniak (Ed.)
Computational Intelligence and Applications,
1999

ISBN 3-7908-1161-0

Vol. 24. E. Orlowska (Ed.)
Logic at Work, 1999
ISBN 3-7908-1164-5

continued on page 249



John N. Mordeson
Premchand S. Nair

Fuzzy Graphs and
Fuzzy Hypergraphs

With 29 Figures
and 10 Tables

Springer-Verlag Berlin Heidelberg GmbH



John N. Mordeson

Director

Center for Research in Fuzzy Mathematics

and Computer Science

Premchand S. Nair

Associate Professor

Department of Mathematics

and Computer Science

Creighton University

Omaha, Nebraska 68178

USA

E-mail: mordes@creighton.edu
psnair@creighton.edu

ISSN 1434-9922
ISBN 978-3-7908-2471-1 ISBN 978-3-7908-1854-3 (eBook)
DOI 10.1007/978-3-7908-1854-3

Cataloging-in-Publication Data applied for
Die Deutsche Bibliothek — CIP-Einheitsaufnahme
Mordeson, John N.: Fuzzy graphs and fuzzy hypergraphs: with 10 tables / John N. Mordeson;
Premchand S. Nair. — Springer-Verlag Berlin Heidelberg, 2000
(Studies in fuzziness and soft computing; Vol. 46)
ISBN 978-3-7908-2471-1

This work is subject to copyright. All rights are reserved, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilm or in any other way, and storage in data banks. Duplica-
tion of this publication or parts thereof is permitted only under the provisions of the German Copy-
right Law of September 9, 1965, in its current version, and permission for use must always be
obtained from Springer-Verlag Berlin Heidelberg. Violations are liable for prosecution under the
German Copyright Law.

© Springer-Verlag Berlin Heidelberg 2000

Originally published by Physica-Verlag Heidelberg New York in 2000

Softcover reprint of the hardcover 1st edition 2000

The use of general descriptive names, registered names, trademarks, etc. in this publication does
not imply, even in the absence of a specific statement, that such names are exempt from the rele-
vant protective laws and regulations and therefore free for general use.

Hardcover Design: Erich Kirchner, Heidelberg
SPIN 10761577 88/2202-5 4 3 2 1 0 - Printed on acid-free paper



FOREWORD

In the course of fuzzy technological development, fuzzy graph theory was
identified quite early on for its importance in making things work. Two very
important and useful concepts are those of granularity and of nonlinear ap-
proximations. The concept of granularity has evolved as a cornerstone of
Lotfi A.Zadeh’s theory of perception, while the concept of nonlinear approx-
imation is the driving force behind the success of the consumer electronics
products manufacturing.

It is fair to say fuzzy graph theory paved the way for engineers to build
many rule-based expert systems. In the open literature, there are many
papers written on the subject of fuzzy graph theory. However, there are
relatively books available on the very same topic. Professors’ Mordeson
and Nair have made a real contribution in putting together a very com-
prehensive book on fuzzy graphs and fuzzy hypergraphs. In particular, the
discussion on hypergraphs certainly is an innovative idea.

For an experienced engineer who has spent a great deal of time in the lab-
oratory, it is usually a good idea to revisit the theory. Professors Mordeson
and Nair have created such a volume which enables engineers and design-
ers to benefit from referencing in one place. In addition, this volume is a
testament to the numerous contributions Professor John N. Mordeson and
his associates have made to the mathematical studies in so many different
topics of fuzzy mathematics.

The Center for Research in Fuzzy Mathematics and Computer Science,
under the direction of Dr. John N. Mordeson, is one of the earliest of these
establishments in the world. The scholarly and academic products that
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have grown out from the center certainly are very impressive indeed, both
in terms of quality as well as quantity.

In a sense, fuzzy mathematics is a generalization of traditional mathe-
matics. In this regard, I have no doubt that Professor John N. Mordeson
and his associates will be recognized as important leading researchers and
the Center for Research in Fuzzy Mathematics and Computer Science will
have its place in the annals of fuzzy theory as an important innovation and
institution.

Paul P. Wang
Duke University



PREFACE

In 1965, L. A. Zadeh introduced the concept of a fuzzy subset of a set
as a way for representing uncertainty. Zadeh’s ideas stirred the interest of
researchers worldwide. His ideas have been applied to a wide range of sci-
entific areas. Theoretical mathematics has also been touched by the notion
of a fuzzy subset. We consider two areas of mathematics here.

The book deals with fuzzy graph theory and fuzzy hypergraph theory.
The book is based on papers that have appeared in journals and conference
proceedings. The purpose of this book is to present an up to date account
of results from these two areas and to give applications of the results. The
book should be of interest to research mathematicians and to engineers and
computer scientists interested in applications. For the purpose of a com-
prehensive presentation of fuzzy graph theory, we include not only much
of what appears in volume 20 of this series, but also a greatly expanded
version.

In Chapter 1, basic concepts of fuzzy subset theory are given. The notion
of a fuzzy relation and its basic properties are presented. The concept of
a fuzzy relation is fundamental to many applications given, e. g., cluster
analysis and pattern classification. Chapter 1 is based primarily on the
work of Rosenfeld and Yeh and Bang.

Chapter 2 presents many concepts and theoretical results of fuzzy graphs.
The material from this chapter is the result of the work of many authors
including that of the authors of this book. However much of the work is
an outgrowth of the ideas of Rosenfeld. We acknowledge the authors at
the beginning of each section. This chapter deals with the fuzzification of
such concepts as paths, connectedness, bridges, cut vertices, trees, forests,
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cut sets, chords, cotrees, twigs, 1-chains, cocycles, line graphs, intersection
graphs, and interval graphs.

In Chapter 3, applications of fuzzy graph theory are presented. Here
again many of the results of this chapter are based on the work of Rosenfeld
and Yeh and Bang. Applications of fuzzy graphs to cluster analysis and
database theory are presented. Applications of fuzzy graphs to the problem
concerning group structure are also given.

In Chapter 4, we present theoretical aspects of fuzzy hypergraph theory
with applications to portfolio management, managerial decision making
with an example to waste management, and to neural cell-assemblies. The
results of this chapter are taken mainly from the work of Goetschel and
his coauthors. We have reorganized Goetschel’s work and added some ex-
amples. This chapter deals with the concepts of fuzzy transversals of fuzzy
hypergraphs, colorings of fuzzy hypergraphs, and intersecting fuzzy hyper-
graphs. In 1982, Z. Pawlak introduced the idea of a rough set in order to
provide a systematic approach for the study of indiscernibility of objects.
We show how (fuzzy) hypergraphs and rough sets are related in such a way
that ideas may be carried back and forth between the two areas.

John N. Mordeson
Premchand S. Nair
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