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Preface

We assume just about everyone has watched animated movies, such
as Toy Story or Shrek, or is familiar with the latest three-dimensional
computer games. Enjoying 3D entertainment sounds like more fun
than studying a Linear Algebra book, right? But it is because of
Linear Algebra that those movies and games can be brought to a TV
or computer screen. When you see a character move on the screen,
it’s animated using some equation straight out of this book. In this
sense, Linear Algebra is a driving force of our new digital world: it
is powering the software behind modern visual entertainment and
communication.

But this is not a book on entertainment. We start with the funda-
mentals of Linear Algebra and proceed to various applications. So it
doesn’t become too dry, we replaced mathematical proofs with mo-
tivations, examples, or graphics. For a beginning student, this will
result in a deeper level of understanding than standard theorem-proof
approaches. The book covers all of undergraduate-level linear alge-
bra in the classical sense—except it is not delivered in a classical way.
Since it relies heavily on examples and pointers to applications, we
chose the title Practical Linear Algebra, or PLA for short.

The subtitle of this book is A Geometry Toolboz; this is meant
to emphasize that we approach linear algebra in a geometric and
algorithmic way. This book grew out of a previous one, namely The
Geometry Toolbozx for Graphics and Modeling. Our goal was to bring
the material of that book to a broader audience, motivated in a large
part by our observations of how little engineers and scientists (non-
math majors) retain from classical linear algebra classes. Thus, we
set out to fill a void in the linear algebra textbook market. We feel
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that we have achieved this, as well as maintaining the spirit of our
first effort: present the material in an intuitive, geometric manner
that will lend itself to retention of the ideas and methods.

Review of Contents

As stated previously, one clear motivation we had for writing PLA
was to present the material so that the reader would retain the infor-
mation. In our experience, approaching the material first in two and
then in three dimensions lends itself to visualizing and then to under-
standing. Incorporating many illustrations, Chapters 1-7 introduce
the fundamentals of linear algebra in a 2D setting. These same con-
cepts are revisited in Chapters 10-13 in a 3D setting. The 3D world
lends itself to concepts that do not exist in 2D, and these are explored
there too.

Higher dimensions, necessary for many real-life applications and the
development of abstract thought, are visited in Chapters 14-16. The
focus of these three chapters includes linear system solvers (Gauss
elimination, LU decomposition, Householder’s method, and iterative
methods), determinants, inverse matrices, revisiting “eigen things,”
linear spaces, inner products, and the Gram-Schmidt process.

Conics, discussed in Chapter 9, are such a fundamental geometric
entity, and since their development provides a wonderful application
for affine maps, “eigen things,” and symmetric matrices, they really
shouldn’t be missed. Triangles in Chapter 8 and polygons in Chapter
17 are discussed because they are fundamental geometric entities and
are important in generating computer images. The basics of generat-
ing curves are presented in Chapter 18; this, too, is a nice example of
how linear algebra may be applied.

The illustrations in the book come in two forms: figures and
sketches. The figures are computer generated and tend to be complex.
The sketches are hand-drawn and illustrate the core of a concept.
Both are great teaching and learning tools! We made all of them avail-
able on the book’s website (http://vidya.prism.asu.edu/ farin/pla).
Many of the figures were generated using PostScript, an easy-to-use
geometric language. We have provided a tutorial to this language
in Appendix A. This brief tutorial gives enough information for the
reader to modify the figures in this book, as well as create their own.
However, this book can certainly be used without getting involved
with PostScript.

At the end of each chapter, we have included a list of topics, What
You Should Know (WYSK), marked by the icon on the left. This list
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is intended to encapsulate the main points of each chapter. It is not
uncommon for a topic to appear in more than one chapter. We have
made an effort to revisit some key ideas more than once. Repetition
is useful for retention!

Exercises are listed at the end of each chapter. Solutions to selected
exercises are given in Appendix B. More solutions may be found on
the book’s website. PostScript figures are also used as a basis for some
exercises—PostScript offers an easy way to get hands-on experience
with many geometry concepts. Often these exercises are labeled PS
to indicate that they involve PostScript.

Classroom Use

PLA is meant to be used at the freshman/sophomore undergraduate
level. It serves as an introduction to Linear Algebra for engineers or
computer scientists, as well as a general introduction to geometry. It
is also an ideal preparation for Computer Graphics and Geometric
Modeling.

As a one-semester course, we recommend choosing a subset of the
material that meets the needs of the students. In the table below,
LA refers to an introductory Linear Algebra course and CG refers to
a course tailored to those planning to work in Computer Graphics
or Geometric Modeling. We have created shortened chapter titles to
make the table more readable.

Chapter LA CG

1 2D Coordinate Systems e o
2 2D Points & Vectors ° °
3 2D Lines °
4 2D Linear Maps ) °
5  2x2 Linear Systems ° °
6 2D Affine Maps ° °
7 2D Eigen Things ®

8  Triangles °
9  Conics °

10 3D Geometry ° °
11 3D Interactions °
12 3D Linear Maps ® ®




Chapter LA CG
13 3D Affine Maps ° °
14 Linear Systems ° °
15 Linear Spaces °
16 Numerical Methods e
17 Polygons °
18 Curves °

Website

Practical Linear Algebra, A Geometry Toolboz has a website:
http://vidya.prism.asu.edu/ farin/pla.

This website provides:

teaching materials,

additional solutions to exercises,

the PostScript files illustrated in the book,

data files referred to in the text,
e errata,

e and more!

A K Peters, Ltd. also maintains a website:
http://www.akpeters.com.
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