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Preface

Systems engineering has great potential for solving problems related to physical, concep-
tual, and esoteric systems. The power of systems engineering lies in the three R'’s of science,
namely, reductionism, repeatability, and refutation. Reductionism recognizes the fact that
any system can be decomposed into a set of components that follow the fundamental laws of
physics. The diversity of the real world can be reduced into laboratory experiments, which
can be validated by their repeatability, and one can make intellectual progress by the refu-
tation of hypotheses. Due to advancements in systems engineering for handling complex
systems, modeling and simulation have, of late, become popular.

Modeling and simulation are very important tools of systems engineering that have
now become a central activity in all disciplines of engineering and science. Not only do
they help us gain a better understanding of the functioning of the real world, they are also
important for the design of new systems as they enable us to predict the system behavior
before the system is actually built. Modeling and simulation also allow us to analyze sys-
tems accurately under varying operating conditions.

This book aims to provide a comprehensive, state-of-the-art coverage of all important
aspects of modeling and simulation of physical as well as conceptual systems. It strives to
motivate beginners in this area through the modeling of real-life examples and their simu-
lation to gain better insights into real-world systems. The extensive references and related
literature at the end of every chapter can also be referred to for further studies in the area
of modeling and simulation.

This book aims to

* Provide a basic understanding of systems and their modeling and simulation

* Explain the step-by-step procedure for modeling using top-down, bottom-up, and
middle-out approaches

* Develop models for complex systems and reduce their order so as to use them
effectively for online applications

* Present the simulation code in MATLAB®/Simulink® for gaining quick and useful
insights into real-world systems

e Apply soft computing techniques for modeling nonlinear, ill-defined, and com-
plex systems

The book will serve as a primary text for a variety of courses. It can be used as a first course
in modeling and simulation at the junior, the senior, or the graduate levels in engineering,
manufacturing, business, or computer science (Chapters 1 through 3, 5, and 8), providing a
broad idea about modeling and simulation. At the end of such a course, the student would
be prepared to carry out complete and effective simulation studies, and to take advanced
modeling and simulation courses.

This book will also serve as a second course for more advanced studies in modeling and
simulation for graduate students (Chapters 6 through 11) in any of the above disciplines.
After completing this course, the student should be able to comprehend and conduct simu-
lation research.

xvii



xviii Preface

Finally, this book will serve as an introduction to simulation as part of a general course
in operations research or management science (Chapters 1 through 3 and 6 through 8,
Chapter 12).

Organization of the Book

Early chapters deal with the introduction of systems and includes concepts and their
underlying philosophy; step-by-step procedures for the modeling of different types of
systems using appropriate modeling techniques such as the graph-theoretic approach,
interpretive structural modeling, and system dynamics modeling, are also discussed.

Focus then moves to the state of the art of simulation and how simulation evolved from
the pre-computer days into the modern science of today. In this part, MATLAB/Simulink
programs are developed for system simulation.

System
Chapters 1 and 5
I
| ]
v v
Nonlinear and chaotic Interpretive structural
systems modeling (Chapter 6)
(Chapter 9)
v v
Discrete event systems Modeling
(Chapter 12) concepts
(Chapter 2)
State space model System dynamics :
using graph theoretic technique Soft computing

technique
(Chapters 10 and 11)

approach (Chapter 7)
(Chapter 3)

Model order
reduction
(Chapter 4)

A 4
Simulation using
MATLAB/Simulink
(Chapter 8)

A 4

FIGURE P1
Schematic outline of the book.



Preface Xix

We then take a fresh look at modern soft computing techniques (such as artificial neural
networks [ANN], fuzzy systems, and genetic algorithms, or their combinations) for the
modeling and simulation of complex and nonlinear systems.

Finally, chapters address the discrete systems modeling. The schematic outline of this
book is shown in Figure P1.

Software Background

The key to the successful application of modeling and simulation techniques depends on
the effective use of their software. For this, it is necessary that the student be familiar
with their fundamentals. In this book, MATLAB/Simulink programming software are
used. Appendix B provides some background information on MATLAB/Simulink. The
MATLAB programs included in this book are easier to understand than the programs
written in other programming languages such as C/C++.

MATLAB® is a registered trademark of The MathWorks, Inc. For product information,
please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508 647 7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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