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Introduction

MATLAB is an interactive software package which was developed to perform numerical calculations
on vectors and matrices. Initially, it was simply a MATrix LABoratory. However, today it is much more
powerful:

e It can do quite sophisticated graphics in two and three dimensions.

e It contains a high-level programming language (a “baby C”) which makes it quite easy to code com-

plicated algorithms involving vectors and matrices.

e [t can numerically solve nonlinear initial-value ordinary differential equations.

e [t can numerically solve nonlinear boundary-value ordinary differential equations.

e It contains a wide variety of toolboxes which allow it to perform a wide range of applications from sci-
ence and engineering. Since users can write their own toolboxes, the breadth of applications is quite
amazing.

Mathematics is the basic building block of science and engineering, and MATLAB makes it easy to handle
many of the computations involved. You should not think of MATLAB as another complication program-
ming language, but as a powerful calculator that gives you fingertip access to exploring interesting prob-
lems in science, engineering, and mathematics. And this access is available by using only a small number
of commands and functions’ because MATLAB’s basic data element is a matrix (or an array).

This is a crucial feature of MATLAB — it was designed to group large amounts of data in arrays and
to perform mathematical operations on this data as individual arrays rather than as groups of data. This
makes it very easy to apply complicated operations to the data, and it make it very difficult to do it
wrong. In high-level computer languages you would usually have to work on each piece of data separately
and use loops to cycle over all the pieces. In MATLAB this can frequently do complicated “things” in
one, or a few, statements (and no loops). In addition, in a high-level language many mathematical op-
erations require the use of sophisticated software packages, which you have to find and, much worse, to
understand since the interfaces to these packages are frequently quite complicated and the documentation
must be read and mastered. In MATLAB, on the other hand, these operations have simple and consistent
interfaces which are quite easy to master. For an overview of the capabilities of MATLAB, type

> demo
in the Help Navigator and click on MATLAB.

This tutorial is designed to be a concise introduction to many of the capabilities of MATLAB. It makes
no attempt to cover either the range of topics or the depth of detail that you can find in a reference man-
ual, such as Mastering MATLAB 7 by Duane Hanselman and Bruce Littlefield (which is over 850 pages
long) or MATLAB Guide, 2nd edition by Desmond and Nicholas Higham (which is almost 400 pages long).
This tutorial was initially written to provide students with a free “basic” overview of functions which are
useful in an undergraduate course on linear algebra. Over the years it has grown to include courses in
ordinary differential equations, mathematical modelling, and numerical analysis. It also includes an intro-
duction to two- and three-dimensional graphics because graphics is often the preferred way to present the
results of calculations.

In this tutorial MATLARB is first introduced as a calculator and then as a plotting package. Only after-
wards are more technical topics discussed. We take this approach because most people are quite familiar
with calculators, and it is only a small step to understand how to apply these same techniques to matrices
rather than individual numbers or varibles. In addition, by viewing MATLAB as a simple but powerful
calculater, rather than as a complicated software package or computer language, you will be in the correct
frame of mind to use MATLAB.

You should view MATLAB as a tool that you are “playing with” — trying ideas out and seeing how
they work. If an idea works, fine; if it doesn’t, investigate further and figure out why. Maybe you misun-
derstood some MATLAB command/function, or maybe your idea needs some refinement. “Play around”

TThere is a technical distinction between a command and a function in MATLAB: input arguments to com-
mands are not enclosed in parentheses (they are separated by spaces) and there are no output arguments (i.e., a
command cannot be on the right-hand side of an equal sign). In reality, this is a very fine distinction since many
commands can be written as functions by putting the arguments between parentheses and separating them with
commas. We will generally use the terms interchangably.



interactively and figure it out. There are no hard and fast rules for figuring it out — try things and see
what happens. Don’t be afraid to make mistakes; MATLAB won’t call you an idiot for making a mistake.
When you first learned to ride a bicycle, you fell down a lot — and you looked pretty silly. But you kept
at it until you didn’t fall down. You didn’t study Newton’s laws of motion and try to analyze the motion
of a bicycle; you didn’t take classes in how to ride a bicycle; you didn’t get videos from the library on how
to ride a bicycle. You just kept at it, possibly with the assistance of someone who steadied the bicycle and
gave you a little push to get you started. This is how you should learn MATLAB.

However, this tutorial is not designed for “playing around”. It is very ordered, because it has been de-
signed as a brief introduction to all the basic topics that I consider important and then as a reference
manual. It would be very useful for students to have a document which uses this “play around” approach
so you would learn topics by using them in exploring some exercise. This is how workbooks should be
written: present some exercise for students to investigate, and let them investigate it themselves. And
these exercises should be interesting, having some connection to physical or mathematical models that
the students — or at least a reasonable fraction thereof — have some knowledge of and some interest in.
This tutorial is designed to be a reference manual that could be used alongside such a workbook — if only
someone would write it.

Summary of Contents

We have tried to make this tutorial as linear as possible so that the building blocks necessary for a sec-
tion are contained in preceding sections. This is not the best way to learn MATLAB, but it is a good way
to document it. In addition, we try to separate these building blocks and put them in short subsections so
that they are are easy to find and to understand. Next, we collect all the commands/functions discussed
in a subsection and put them in a box at the end along with a very brief discussion to make it easy to re-
member these commands. Finally, we collect them all and put them in the appendix, again boxed up by
topic. MATLAB has a HUGE number of commands/functions and this is one way to collect them for
easy reference.

Warning: Usually we do not discuss the complete behavior of these commands/functions, but only their
most “useful” behavior. Typing
> help <command/function>
or
» doc <command/function>
gives you complete information about the command/function.
Notation: help <command/function> means to enter whatever command/function you desire (without
the braces).
help command/function means to type these two words as written.

Section 1 of this tutorial discusses how to use MATLAB as a “scalar” calculator, and Section 2 how to
use it as a “matrix” calculator. Following this, you will be able to set up and solve the matrix equation
Ax = b where A is a square nonsingular matrix.

Section 4 discusses how to plot curves in two and three dimensions and how to plot surfaces in three di-
mensions. These three sections provide a “basic” introduction to MATLAB. At the end of each of these
three sections there is a subsection entitled “Be Able To Do” which contains sample exercises to make sure
you understand the basic commands/functions discussed. (Solutions are included.)

You have hopefully noticed that we skipped section 3. It discusses a number of minor topics. Since they
are useful in generating two- and three-dimensional plots, we have included it here.

The following sections delve more deeply into particular topics. Section 5 discusses how to find any and
all solutions of Ax =b where A € C™*" need not be a square matrix; there might be no solutions, one
solution, or an infinite number to this linear system. When no solution exists, it discusses how to calcu-
late a least-squares solution (i.e., the “best” approximation to a solution). In addition, it discusses how
round-off errors can corrupt the solution, and how to determine if this is likely to occur.

Section 6 is quite brief and discusses advanced functions to input data into MATLAB and output it to
a file. (The basic functions are discussed in Section 4.1.) This is useful if the data is being shared between
various computer programs and/or software packages.

Section 7 discusses a number of functions which are useful in linear algebra and numerical linear alge-
bra. Probably the most useful of these is calculating some or all of the eigenvalues of a square matrix.
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Section 8 discusses MATLAB as a programming language — a very “baby C”. Since the basic data ele-
ment of MATLAB is a matrix, this programming language is very simple to learn and to use. Most of this
discussion focuses on writing your own MATLAB functions, called function m-files (which are similar to
functions in C and to functions, more generally subprograms, in Fortran). Using these functions, you can
code a complicated sequence of statements such that all these statements as well as all the the variables
used by these functions are hidden and will not affect the remainder of your MATLAB session. The only
way to pass data into and out of these functions is through the argument list.

Section 9 discusses how to generate sparse matrices (i.e., matrices where most of the elements are zero).
These matrices could have been discussed in Section 2, but we felt that it added too much complexity at
too early a point in this tutorial. Unless the matrix is very large it is usually not worthwhile to gener-
ate sparse matrices — however, when it is worthwhile the time and storage saved can be boundless.

Section 10 discusses how to use MATLAB to numerically solve initial-value ordinary differential equa-
tions. This section is divided up into a “basic” part and an “advanced” part. It often requires very little
effort to solve even complicated odes; when it does we discuss in detail what to do and provide a num-
ber of examples. Section 11 discusses how to use MATLAB to numerically solve boundary-value ordinary
differential equations.

Section 12 discusses how to numerically handle standard polynomial calculations such as evaluating
polynomials, differentiating polynomials, and finding their zeroes. Polynomials and piecewise polynomials
can also be used to interpolate data.

Section 13 discusses how to numerically calculate zeroes, extrema, and integrals of functions.

Section 14 discusses the discrete Fourier transform and shows how it arises from the continuous Fourier
transform. We also provide an example which shows how to recover a simple signal which has been
severely corrupted by noise.

Finally, Section 15 discusses how to apply mathematical functions to matrices.

There is one appendix which collects all the commands/functions discussed in this tutorial and boxes
them up by topic. If a command/function has more than one use, it might appear in two or more boxes.

This tutorial closes with an index. It is designed to help in finding things that are “just on the tip of
your tongue”. All the MATLAB commands/functions discussed here are listed at the beginning of the in-
dex, followed by all the symbols, then followed by a list of all the script and function m-files which are in
the companion zip file. Only then does the alphabetical index begin (which contains all of them again).
Notation: A variable, such as x, can represent any number of types of data, but usually it represents a

scalar, a vector, or a matrix. We distinguish them by using the lowercase x when it is a scalar
or a vector, and the uppercase X when it is a matrix. Also, in MATLAB vectors can be either
row vectors, e.g., (1,2,3) or column vectors (1,2,3)T (where “T” is the transpose of a vector
or matrix). In a linear algebra setting we always define x to be a column vector. Thus, for ex-
ample, matrix-vector multiplication is always written as A xx and the inner product of the two
vectors x and y is x’*y, il.e., z1y1 + Toyz + -+ + py, (where 7 is the MATLAB symbol
to take the transpose of a real vector or matrix).
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