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Preface

The purpose of the course is to expose students to computational concepts, tools, and skills useful for
research in computational science and engineering, beyond what is learned in a first programming
course (and basic mathematics courses).

Ideally computational science and engineering (CS&E) is practiced by using convenient input
devices to define (a model of) physical reality and the questions that are being asked. Results are
displayed in a way that most effectively conveys the information—usually graphically.

Even in the best cases, application-oriented software and environments require computational
skills from the user. The user will have to write scripts for the application and for job control.
He(/she) will have to choose algorithm parameters and make judgments about the accuracy of the
results.

In less than best cases, the computational scientist will have to do some software development,
even if “only” to modify the code. In the worst case, he(/she) may have to develop algorithms.

Prerequisites for this course are

e mathematical knowledge and maturity of an MS student in the physical sciences. (It is
not assumed that the student is in the physical sciences, only that he(/she) has this level of
mathematics.) In particular, some familiarity with matrix algebra and elementary probability
is expected.

e programming experience in C, C++4, Java, or Fortran or extensive scripting experience; also,
commensurate computer skills.

There is no suitably comprehensive textbook; hence these notes with their links to web resources.
A good reference is Software Carpentry. Some useful books:

e Python in a Nutshell, by Alex Martelli, O’Reilly, March 2003, ISBN: 0-596-00188-6,

e Learning Python, 2nd Edition, by Mark Lutz, and David Ascher, O’Reilly, December 2003,
ISBN: 0-596-00281-5,

e Python Scripting for Computational Science, 3rd Edition, 2nd Printing
by Hans Petter Langtangen, Springer, 2008,

e The C Programming Language, 2nd Edition, by Brian W. Kernighan and Dennis M. Ritchie,
Prentice-Hall, 1988, ISBN 0-13-110362-8,
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http://software-carpentry.org/

e An Introduction to Parallel Computing: Design and Analysis of Algorithms, 2nd Edition, by

Ananth Grama, George Karypis, Vipin Kumar, and Anshul Gupta, Addison-Wesley, 2003,
ISBN: 0-201-64865-2.

The course outline is

8.

9.

Theme I: scripting to get things done

. introduction to CS&E, Unix, software installation
. files and text processing in Python, including regular expressions

. mathematical computing in Python, including floating-point arithmetic, graphics, Numpy,

computer algebra

Theme II: programming for performance

. C programming, including data structures, interfacing to Python

. parallel programming, including computer organization, PBS, MPI, OpenMP

Theme III: developing software

. developing software: object-oriented programming, GUIs, version control, automated builds

Theme IV: numerical computing
error: data error, error propagation, computational error, algorithms, numerical stability
functions: polynomials, piecewise polynomials, trigonometric polynomials

matrices: operations, factorizations, parallelism

Theme IV is to be covered concurrently with Themes I-III as a source of applications.
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