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Preface

Computational science is an emerging area (or discipline) that includes con-
cepts, principles, and methods from applied mathematics and algorithmic de-
sign and computer programming; these are applied in various areas of sci-
ence and engineering to solve large-scale scientific problems. A computational
model is a computer implementation of the solution to a (scientific) problem for
which a mathematical representation has been formulated. Developing a com-
putational model includes formulating the mathematical representation and im-
plementing it by applying computer science concepts, principles and methods.
Computational modeling is the foundational component of computational sci-
ence and focuses on reasoning about problems using computational thinking
and developing models for problem solving.

The primary goal of this book is to introduce readers to the basic principles
of computational modeling at the level of fundamental concepts. Emphasis is
on reasoning about problems, conceptualizing the problem, elementary math-
ematical modeling, and their computational solution that involves computing
results and visualization.

The book emphasizes analytical skill development and problem solving
rather than programming language syntax and explains simple pseudo-code,
simple algorithm design, and MATLAB® , Octave, and FreeMat programming.
MATLAB is a widely used scientific software tool; Octave and FreeMat are
freely available software tools compatible with MATLAB.

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

Although computational models require high-performance computing to
solve large and complex scientific problems, this book presents only the ele-
mentary notions of computational models. For beginning undergraduate stu-
dents (of science and engineering), the goal is to provide relevant material for
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easy understanding of computational models and their development, as early
as possible in their studies. Therefore, the book takes an “early introduction”
approach to computational models by providing the readers with a strong foun-
dation in computational modeling by applying elementary mathematical con-
cepts and basic principles, methods, and techniques of computer science.

The book consists of two parts. Part I presents the basic concepts and prin-
ciples of computational models. In this part, the book discusses basic model-
ing and techniques for designing and implementing problem solutions, inde-
pendent of software and hardware tools. Standard pseudo-code constructs and
flowcharts are explained and applied in designing models for various case stud-
ies. These are implemented using only the minimum necessary knowledge of
MATLAB, a widely used scientific software tool, and Octave, a freely available
tool that is compatible with MATLAB. Part II of the book presents the elemen-
tary mathematical modeling principles and more detailed computer implemen-
tation of models with programming constructs using MATLAB and Octave.
Examples and case studies demonstrate the computation and visualization of
computational models.

The basic syntax constructs of MATLAB and Octave are presented grad-
ually and the various programming principles are explained in an incremen-
tal manner for the actual implementation of computational models. This book
avoids presenting too much syntax of the programming language at the begin-
ning, which usually results in unnecessary difficulty for the student in under-
standing the underlying concepts in problem solution and programming.

There are very few books on the basic treatment of computational models;
this book and its associated models were designed as teaching materials. The
book is aimed at beginning college students in computer science, mathemat-
ics, statistics, science, and engineering. The main features of the book are the
following:

¢ Explanation of the basic concepts and principles of computational mod-
els are explained.

e Discussion of the models is based on elementary mathematical models,
at the level of pre-calculus.

e Emphasis on modularity and abstraction that help in dealing with large
and complex models. These concepts are introduced early in Chapters 1
and 2.

e Discussion of the design of algorithmic solutions to problems using stan-
dard flowcharts and pseudo-code.

e Implementation of the problem solutions and the corresponding models
in MATLAB and Octave.
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The material in this book is adequate at the beginning undergraduate level,
a CS0 course or a CS1 course. As mentioned previously, the material can also
be used in other undergraduate curricula, e.g., mathematics, engineering, and
the other sciences. Because of the level of mathematics used, the book can also
be utilized for a course in college preparation at the high school level.

This book will be extremely helpful to readers who have never programmed
before and the book can help improve the overall approach in teaching/learning
programming principles by emphasizing more problem solving, abstraction,
algorithm design with pseudo-code, and basic programming before teach-
ing/learning more advanced programming principles with standard program-
ming languages such as Java, C++, Ada, and others.

I acknowledge the help provided through discussions with some of my col-
leagues, namely Dr. Ben Setzer and Dr. Dick Gayler. I also acknowledge and
give special thanks to Professor Rich Schlesinger for writing Chapter 1.

José M. Garrido
Kennesaw, Georgia
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