Alexander Gegov

Fuzzy Networks for Complex Systems



Studies in Fuzziness and Soft Computing, Volume 259

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

Further volumes of this series can be found on our homepage: springer.com

Vol. 243. Rudolf Seising (Ed.)

Views on Fuzzy Sets and Systems from
Different Perspectives, 2009

ISBN 978-3-540-93801-9

Vol. 244. Xiaodong Liu and Witold Pedrycz
Axiomatic Fuzzy Set Theory and Its
Applications, 2009

ISBN 978-3-642-00401-8

Vol. 245. Xuzhu Wang, Da Ruan,
Etienne E. Kerre

Mathematics of Fuzziness —
Basic Issues, 2009

ISBN 978-3-540-78310-7

Vol. 246. Piedad Brox, Iluminada Castillo,
Santiago Sanchez Solano

Fuzzy Logic-Based Algorithms for

Video De-Interlacing, 2010

ISBN 978-3-642-10694-1

Vol. 247. Michael Glykas
Fuzzy Cognitive Maps, 2010
ISBN 978-3-642-03219-6

Vol. 248. Bing-Yuan Cao
Optimal Models and Methods
with Fuzzy Quantities, 2010
ISBN 978-3-642-10710-8

Vol. 249. Bernadette Bouchon-Meunier,
Luis Magdalena, Manuel Ojeda-Aciego,
José-Luis Verdegay,

Ronald R. Yager (Eds.)

Foundations of Reasoning under
Uncertainty, 2010

ISBN 978-3-642-10726-9

Vol. 250. Xiaoxia Huang
Portfolio Analysis, 2010
ISBN 978-3-642-11213-3

Vol. 251. George A. Anastassiou
Fuzzy Mathematics:
Approximation Theory, 2010
ISBN 978-3-642-11219-5

Vol. 252. Cengiz Kahraman,

Mesut Yavuz (Eds.)

Production Engineering and Management
under Fuzziness, 2010

ISBN 978-3-642-12051-0

Vol. 253. Badredine Arfi

Linguistic Fuzzy Logic Methods in Social
Sciences, 2010

ISBN 978-3-642-13342-8

Vol. 254. Weldon A. Lodwick,
Janusz Kacprzyk (Eds.)

Fuzzy Optimization, 2010

ISBN 978-3-642-13934-5

Vol. 255. Zongmin Ma, Li Yan (Eds.)
Soft Computing in XML Data
Management, 2010

ISBN 978-3-642-14009-9

Vol. 256. Robert Jeansoulin, Odile Papini,

Henri Prade, and Steven Schockaert (Eds.)
Methods for Handling Imperfect

Spatial Information, 2010
ISBN 978-3-642-14754-8

Vol. 257. Salvatore Greco,

Ricardo Alberto Marques Pereira,
Massimo Squillante, Ronald R. Yager,
and Janusz Kacprzyk (Eds.)
Preferences and Decisions,2010
ISBN 978-3-642-15975-6

Vol. 258. Jorge Casillas and

Francisco José Martinez Lopez
Marketing Intelligent Systems

Using Soft Computing, 2010
ISBN 978-3-642-15605-2

Vol. 259. Alexander Gegov
Fuzzy Networks for Complex Systems, 2010

ISBN 978-3-642-15599-4



Alexander Gegov

Fuzzy Networks for
Complex Systems

A Modular Rule Base Approach

@ Springer



Author

Alexander Gegov

University of Portsmouth

School of Computing

Buckingham Building

Portsmouth PO1 3HE

United Kingdom

E-mail: alexander.gegov@port.ac.uk

Additional material to this book can be downloaded from http://extra.springer.com

ISBN 978-3-642-15599-4 e-ISBN 978-3-642-15600-7
DOI 10.1007/978-3-642-15600-7

Studies in Fuzziness and Soft Computing ~ ISSN 1434-9922
Library of Congress Control Number: 2010933870
(© 2010 Springer-Verlag Berlin Heidelberg

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. Duplication of this publication or parts thereof is
permitted only under the provisions of the German Copyright Law of September 9,
1965, in its current version, and permission for use must always be obtained from
Springer. Violations are liable to prosecution under the German Copyright Law.

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

Typeset & Cover Design: Scientific Publishing Services Pvt. Ltd., Chennai, India.
Printed on acid-free paper
987654321

springer.com



To the architects of United Europe



Preface

There is only one limit to fundamental research — the sky.

This book introduces the novel concept of a fuzzy network. In particular, it de-
scribes further developments of some results from its predecessor book on Com-
plexity Management in Fuzzy Systems, published in 2007 in the Springer Series in
Studies in Fuzziness and Soft Computing.

The book contents build on a number of special presentations made by the au-
thor at international scientific events in the recent years. These presentations in-
clude an invited lecture at the EPSRC International Summer School in Complexity
Science in 2007, tutorials at the IEEE International Conferences on Fuzzy Systems
in 2007 and 2010, tutorials at the IEEE International Conferences on Intelligent
Systems in 2008 and 2010, a tutorial at the IFSA World Congress in 2009 as well
as plenary lectures at the WSEAS International Conferences on Fuzzy Systems in
2008 and Artificial Intelligence in 2009.

The notion of complexity has recently become a serious challenge to scientific re-
search in a multi-disciplinary context. For example, it is quite common to find com-
plex systems in biology, cosmology, engineering, computing, finance and other ar-
eas. However, the understanding of complex systems is often a difficult task.

There are two main aspects of complexity — quantitative and qualitative. The
quantitative aspect is usually associated with a large scale of an entity or a large
number of elements within this entity. The qualitative aspect is often characterised
by uncertainty about data, information or knowledge that relates to an entity.

A natural way of coping with quantitative complexity is to use the concept of a
general network. The latter consists of nodes and connections whereby the nodes
represent the elements of an entity and the connections reflect the interactions
among these elements. In this case, the scale of the entity is reflected by the overall
size of the network whereas the number of elements is given by the number of
nodes.

An obvious way of dealing with qualitative complexity is to use the concept of
a fuzzy network. The latter consists of nodes and connections whereby the nodes
are fuzzy systems and the connections reflect the interactions among these fuzzy
systems. In this case, the uncertainty about data, information or knowledge related
to an entity are reflected by the rule bases of the corresponding fuzzy systems and
the underlying fuzzy logic.

In the context of the considerations made above, a fuzzy network represents a
natural counterpart of a neural network. Both neural networks and fuzzy networks
are computational intelligence based networks with nodes and connections.
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However, the nodes in a neural network are represented by neurons whereas the
nodes in a fuzzy network are represented by rule bases.

The author would like to thank Mathworks for including this book in their
Book Programme and for providing a free individual licence of Matlab and the
Fuzzy Logic Toolbox. These software products have been used for validating
some of the theoretical results on fuzzy networks.

The author would also like to thank the Springer Series Editor Prof Janusz
Kacprzyk for the useful comments on the draft contents of the book. His feedback
has been very helpful for the subsequent improvements made to the final version.

The author is very indebted to the Springer Editorial Assistant Heather King for
the cooperation on the editorial aspects of the book. Her kind help from the very
start of the writing process until the final submission is gratefully acknowledged.

The author is very thankful to Annette Wilson, Head of School of Computing at
the University of Portsmouth, for her managerial support with regard to the book.
Her cooperation in keeping the teaching and administration duties of the author
within reasonable bounds has helped for the timely publication of the book.

The author is also very thankful to the PhD students Nedyalko Petrov and Emil
Gegov from the University of Portsmouth and the University of Brunel for validat-
ing some of the theoretical results from this book in the Matlab software environ-
ment. Without their help the book would have only a theoretical focus.

The author would like to acknowledge the visiting research fellowships granted
to him in the past by the Alexander von Humboldt Foundation and the European
Commission. The associated research visits to the Universities of Duisburg and
Wuppertal in Germany as well as the Delft University of Technology in the Neth-
erlands have laid down the early foundations for some of the ideas presented in the
book.

The author would like to thank his wife, parents and sister for their spiritual
support during his work on this book. Without their support the writing process
would have been more difficult and more time consuming.

Finally, the author would like to thank his friend Diana Koleva for her help dur-
ing the proofreading process, his colleagues from the University of Portsmouth
rock band Discovery for the musical-turned-scientific inspiration over the years as
well as his favorite bands and music channels for the entertainment during the typ-
ing process.

June 2010, Portsmouth, UK Alexander Gegov
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Abbreviations

AGG - aggregation

Al — accuracy index

APP — application

CFS - chained fuzzy system
DEF — deffuzification

EI — efficiency index

FI — feasibility index

FID - fuzzification inference defuzzification
FN - fuzzy network

FNN - fuzzy neural network
FUZ - fuzzification

HFS - hierarchical fuzzy system
IMP — implication

NFS - networked fuzzy system
SFS — standard fuzzy system

TI — transparency index
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