
Studies in Systems, Decision and Control

Volume 254

Series Editor

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



The series “Studies in Systems, Decision and Control” (SSDC) covers both new
developments and advances, as well as the state of the art, in the various areas of
broadly perceived systems, decision making and control–quickly, up to date and
with a high quality. The intent is to cover the theory, applications, and perspectives
on the state of the art and future developments relevant to systems, decision
making, control, complex processes and related areas, as embedded in the fields of
engineering, computer science, physics, economics, social and life sciences, as well
as the paradigms and methodologies behind them. The series contains monographs,
textbooks, lecture notes and edited volumes in systems, decision making and
control spanning the areas of Cyber-Physical Systems, Autonomous Systems,
Sensor Networks, Control Systems, Energy Systems, Automotive Systems,
Biological Systems, Vehicular Networking and Connected Vehicles, Aerospace
Systems, Automation, Manufacturing, Smart Grids, Nonlinear Systems, Power
Systems, Robotics, Social Systems, Economic Systems and other. Of particular
value to both the contributors and the readership are the short publication timeframe
and the world-wide distribution and exposure which enable both a wide and rapid
dissemination of research output.

** Indexing: The books of this series are submitted to ISI, SCOPUS, DBLP,
Ulrichs, MathSciNet, Current Mathematical Publications, Mathematical Reviews,
Zentralblatt Math: MetaPress and Springerlink.

More information about this series at http://www.springer.com/series/13304

http://www.springer.com/series/13304


Tofigh Allahviranloo

Uncertain Information
and Linear Systems

123



Tofigh Allahviranloo
Faculty of Engineering and Natural Sciences
Bahçeşehir University
Istanbul, Turkey

ISSN 2198-4182 ISSN 2198-4190 (electronic)
Studies in Systems, Decision and Control
ISBN 978-3-030-31323-4 ISBN 978-3-030-31324-1 (eBook)
https://doi.org/10.1007/978-3-030-31324-1

© 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/10.1007/978-3-030-31324-1


To My Father

And

My Late Teacher, Prof. G. R. Jahanshahloo



Preface

In this book, I tried to introduce and apply the uncertain information or data in
several types to analyze the linear systems. These versions of information are very
applicable in our applied science. The initial subjects of this book point out the
important uncertainties to use in real-life problem modeling.

Having information about several types of ambiguities, vagueness, and uncer-
tainties is important in modeling the problems that involve linguistic variables,
parameters, and word computing. Nowadays, most of our real-life problems are
related to decision making at the right time, and therefore, we should use intelligent
decision science. Clearly, every intelligent system needs real data in our environ-
ment to have an appropriate and flexible mathematical model. Most of the men-
tioned problems can be modeled by mathematical models, and a system of linear
equations is their final status that must be solved. The newest versions of uncertain
information have been discussed in this book.

This book has been prepared for all undergraduate students in mathematics,
computer science, and engineering involved with fuzzy and uncertainty. Especially
in industrial engineering and applied mathematics in the field of optimization, one
of the most important subjects is the linear systems with uncertainty.

Istanbul, Turkey Tofigh Allahviranloo
September, 2019
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