
Studies in Fuzziness and Soft Computing

Volume 389

Series Editor

Janusz Kacprzyk, Systems Research Institute, Polish Academy of Sciences,
Warsaw, Poland



The series “Studies in Fuzziness and Soft Computing” contains publications on
various topics in the area of soft computing, which include fuzzy sets, rough sets,
neural networks, evolutionary computation, probabilistic and evidential reasoning,
multi-valued logic, and related fields. The publications within “Studies in Fuzziness
and Soft Computing” are primarily monographs and edited volumes. They cover
significant recent developments in the field, both of a foundational and applicable
character. An important feature of the series is its short publication time and
world-wide distribution. This permits a rapid and broad dissemination of research
results.

Indexed by ISI, DBLP and Ulrichs, SCOPUS, Zentralblatt Math, GeoRef, Current
Mathematical Publications, IngentaConnect, MetaPress and Springerlink. The
books of the series are submitted for indexing to Web of Science.

More information about this series at http://www.springer.com/series/2941

http://www.springer.com/series/2941


Bing-Yuan Cao • Ji-Hui Yang •

Xue-Gang Zhou • Zeinab Kheiri •

Faezeh Zahmatkesh • Xiao-Peng Yang

Fuzzy Relational
Mathematical Programming
Linear, Nonlinear and Geometric
Programming Models

123



Bing-Yuan Cao
University of Foshan
Foshan, China

Ji-Hui Yang
College of Science
Shenyang Agricultural University
Shenyang, Liaoning, China

University of Guangzhou
Guangzhou, China Zeinab Kheiri

Higher Education Mega Center
Guangzhou University
Guangzhou, Guangdong, China

Guangzhou Vocational and Technical
University of Science and Technology
Guangzhou, Guangdong, China

Xiao-Peng Yang
Department of Mathematics and Statistics
Hanshan Normal University
Chaozhou, Guangdong, China

Xue-Gang Zhou
School of Financial Mathematics and
Statistics
Guangdong University of Finance
Guangzhou, China

Faezeh Zahmatkesh
Higher Education Mega Center
Guangzhou University
Guangzhou, Guangdong, China

ISSN 1434-9922 ISSN 1860-0808 (electronic)
Studies in Fuzziness and Soft Computing
ISBN 978-3-030-33784-1 ISBN 978-3-030-33786-5 (eBook)
https://doi.org/10.1007/978-3-030-33786-5

© Springer Nature Switzerland AG 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication 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.
The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, expressed or implied, with respect to the material contained
herein or for any errors or omissions that may have been made. The publisher remains neutral with regard
to jurisdictional claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-030-33786-5


Preface

In 1987, I began to pay attention to the study of fuzzy relational equations, then, in
1998, I tried to introduce fuzzy relation to fuzzy geometric programming, and in
2004, while working in Shantou University, I enrolled my first Ph.D. (Ji-Hui Yang),
who was the first student of mine researching for fuzzy geometric Programming. He
began to study the programming, and in particular, the relationship between fuzzy
relational inequalities and geometric programming, and put it as topic of his doc-
toral work. In 2005, we proposed for the first time fuzzy relational geometric
programming at the Fuzzy Systems, IEEE International Conference held in the
United States. Since then, my Ph.D. and postdoctoral students have been studying
fuzzy relational geometric programming as their major topics. We have combined
our research on fuzzy geometric programming with researches on fuzzy relational
linear programming, achieving interesting results. In this book, we describe our
own research work, and refer to papers by other scholars such as S. C. Fang,
Y. K. Wu, etc.

The writing tasks have been distributed as follows:

1. Basic Theory of Fuzzy Set;
2. Fuzzy Relation;
3. Fuzzy Relational Equations/Inequalities;
4. Fuzzy Relational Linear Programming;
5. Fuzzy Relational Geometric Programming;
6. Relational Geometric Programming with Fuzzy Coefficient;
7. Fuzzy Relational Non-linear Programming;
8. (+, ^) Fuzzy Relational Inequality and Its Network Optimization;
9. Research Progress of Fuzzy Relational Geometric Programming.

Professor Bing-Yuan Cao from Foshan University, Guangzhou University and
Guangzhou Vocational and Technical University of Science and Technology wrote
Sects. 1.1–1.5, 3.2, 3.3, 4.3, 8.1, 8.2, Chap. 9 and was also responsible for compiling
the book; Dr. Ji-Hui Yang, associate professor of Shenyang Agricultural University,
took care of Chap. 2, and Sects. 5.3, 5.4, 6.1, 6.2.; Dr. Xue-Guang Zhou, associate
professor of Guangdong University of Finance, wrote Sects. 3.1, 5.1, 5.2 and

v



Chap. 7. F. Zahmatkesh, China Ph.D. candidates, at Guangzhou University wrote
Sects. 4.1, 4.2; Z. Kheiri, China Ph.D. Candidates at Guangzhou University took care
of Sects. 1.6, 4.4, 6.3 and Dr. Xiao-Peng Yang, associate prof. of Hanshan Teachers
College, completed Sects. 4.5, 8.1, 8.3.

We thank the Springer Publishing House for distributing this book worldwide.
We also thank for is support by National Natural Science Foundation of China
(No. 70771030, No. 61877014), the Ph.D. Start-up Fund of Natural Science
Foundation of Guangdong Province, China (No. S2013040012506), China
Postdoctoral Science Foundation Funded Project (2014M562152), the Innovation
Capability of Independent Innovation to Enhance the Class of Building Strong
School Projects of Colleges of Guangdong Province (2015KQNCX094,
2015KTSCX095), the General Fund Project of the Ministry of Education and
Social Science Research (16YJAZH081) and the Natural Science Foundation of
Guangdong Province (2016A030313552, 2016A030307037).

At present, research on fuzzy relational programming, especially the theory and
applications of fuzzy relational geometric programming, is rising worldwide,
achieving gratifying results. However three issues of fuzzy geometric programming,
remains to be resolved. I hope that its publication enables researchers in fuzzy
relational programming to move on in the conjecture of solutions to the three
guesses.

Guangzhou, China
2018 Chinese New Year

Bing-Yuan Cao

Acknowledgements Heartfelt thanks to Mrs. Pei-Hua Wang, from Guangzhou University and
Guangzhou Vocational and Technical University of Science and Technology, China, for the whole
English proofreading.
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