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Foreword

The decision to write a textbook is always a difficult and demanding choice
for scientists engaged full-time in research activities. It is a very time
consuming task, and it requires to have a clear idea about the direction to
take in order to produce an innovative book.
Fortunately, some years ago, we started teaching, together with some
other colleagues, a course about scientific computing to physics students of
the Mathematical, Physical and Natural Science Faculty of the Sapienza
University in Rome. These courses were a novelty. They were introduced
in the context of the recent Italian and European reform, the so-called three
plus two, aiming to provide students with skills which allow them to operate
professionally in a scientific and technological environment.
The subject of these courses is based on our computer programming
experience in various fields of scientific research. Throughout our teaching
we realized that many fundamental notions about computing for scientific
applications are never discussed in the standard manuals and textbooks.
We were not able to find an adequate textbook for these kind of courses.
Indeed, commonly used textbooks belong to one of the two following categories:
(1) programming language manuals;
(2) numerical analysis textbooks.
The former often contain examples on how to use a programming language
without considering the application context. They contain plenty of examples and exercises, which are more game-like or have a managerial form;
the few examples with a more mathematical form are too simple for a university student and therefore not appropriate for a scientific (engineering,
mathematics, physics, chemistry, biology) faculty. On the other hand, numerical analysis tests are appropriate for advanced students and usually
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require a good knowledge of programming and of mathematical and physical notions. Using two textbooks, one of each category, does not solve the
problem either, because the important topics are not correlated as they do
not follow the same track.
Finally, we became convinced of the fact that the current survey of textbooks does not include an introductory programming manual for scientific
university courses.
Forgetting all about the existing textbooks, we started working on an
innovative scheme which we considered adequate for the new university
courses. Moreover, the possibility to write a new textbook seemed interesting. We also felt that the project we were working on had an international
feel and this stimulated us.
We conceived and built a scheme not just to teach students a programming language, but rather to give them the ability to build models to solve
scientific problems by programming. The teaching method we chose takes
into account the student skill’s evolution in time. The examples given are
always accessible to the student. The first examples simply refer to mathematical problems in infinitesimal calculus. In the second part fundamental
problems of both physics and mathematics are tackled, such as the study
of differential equations and their application to problems in dynamics. Finally, in the third part, we discuss rather complex optimization problems.
The textbook is structured in three parts, reflecting the three teaching
phases and corresponding more or less to three university courses. The
complete journey goes hand in hand with a complete engineering or scientific graduate course. The three courses we propose are strongly linked,
and guide the student from the condition of illiterate in computer science
to an advanced and competent level. At the same time, the three parts
are rather independent and allow a teacher to select only certain parts for
particular courses.
The title of this textbook is short, but expresses various strong ideas.
The Programming expresses the fact that we teach techniques on how to
build models and generic algorithms to solve a problem, while creating a
good executable code. The Scientific has a double meaning: it partly refers
to the fact that we treat scientific problems, and partly refers to our way
of introducing programming methods. Methods, statements and models
are not given as recipes, but for each one of these we carefully examine
their "raison d’etre", the mechanisms which make them useful, the possible
alternatives and their pro and cons.
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What this book is not
As we already mentioned, this book is not a C manual: there are already
many manuals available in print and on the Internet. In Scientific Programming we introduce the C language as a tool to learn how to program:
a process which is fully analogue to the one in which you learn how to talk.
Just like you need a language when you learn how to talk, you need one to
learn how to program. However, it is beyond the scope of this textbook to
analyze the C language in-depth in all its aspects. For this kind of analysis,
we refer the reader to the bibliography. Still, this textbook contains enough
information to introduce the reader to the language without having to refer
to a manual.
This textbook is not a generic programming manual either: no managerial, graphics or multimedia applications are discussed in detail. The
scientific applications mainly consist in calculating and organizing data.
The results are often represented in a graphic way, but these were mostly
obtained with specialized programs. These programs are easily available
on the Internet, and we do not discuss their setup.
Nor is this book a numerical analysis manual. It includes many, sometimes advanced, computation algorithms, but they are always presented in
a simple and intuitive way. We do not want to discuss all aspects of numerical analysis from a mathematical point of view. We refer the reader to
the bibliography for the proof of theorems, the detailed discussion of what
certain choices imply and the theoretical aspects. Nevertheless, a diligent
student will acquire all the tools needed to write complete, accurate and
efficient programs.

How to use this textbook
This textbook consists of three parts. Each part reflects the contents of the
courses we teach in the corresponding year of an undergraduate program.
Therefore, each part contains the material of a first level, 6 credits university
course.
The first part does not require any specific prior knowledge about programming. The student is guided along a track including the knowledge
of the basic tools (the computer and the programming language), which is
essential to understand the techniques to design the solutions. In the first
part we aim to familiarize the student with the techniques by learning how
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to use them in simple and interesting examples. The student learns the
elementary and fundamental C constructs and how to apply these in the
basic numerical techniques (derivatives, integrals, sorting).
In the second part, we focus on the design aspect. In each chapter we
consider the solution to a different problem. This is the right time to show,
with examples, the general techniques to solve problems, to thoroughly
analyze the advanced aspects of the language and to consider elements often
neglected, such as the program’s robustness and efficiency. The examined
problems are original and stimulating.
In the third part we assume the student fully masters the tools (in
particular the programming language). We discuss complex computation
problems, which are common in engineering or science, along with code
optimization techniques. Also in this part the topics we treat offer a generic
overview of the techniques in use, but we frequently examine new and lesser
known ones. In our opinion, the third part is more dense of what can be
reasonably treated in a standard course and the teacher is free to choose
which topics to discuss.
We hope that the student using this textbook becomes at least half as
enthusiastic as we were while writing it. In which case our book will turn
out to be, beyond any doubt, very useful.
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