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Preface 1

Preface

Octave was originally intended to be companion software for an undergraduate-level text-
book on chemical reactor design being written by James B. Rawlings of the University of
Wisconsin-Madison and John G. Ekerdt of the University of Texas.

Clearly, Octave is now much more than just another ‘courseware’ package with limited
utility beyond the classroom. Although our initial goals were somewhat vague, we knew
that we wanted to create something that would enable students to solve realistic problems,
and that they could use for many things other than chemical reactor design problems.

There are those who would say that we should be teaching the students Fortran instead,
because that is the computer language of engineering, but every time we have tried that, the
students have spent far too much time trying to figure out why their Fortran code crashes
and not enough time learning about chemical engineering. With Octave, most students pick
up the basics quickly, and are using it confidently in just a few hours.

Although it was originally intended to be used to teach reactor design, it has been used in
several other undergraduate and graduate courses in the Chemical Engineering Department
at the University of Texas, and the math department at the University of Texas has been
using it for teaching differential equations and linear algebra as well. If you find it useful,
please let us know. We are always interested to find out how Octave is being used in other
places.

Virtually everyone thinks that the name Octave has something to do with music, but it
is actually the name of a former professor of mine who wrote a famous textbook on chemical
reaction engineering, and who was also well known for his ability to do quick ‘back of the
envelope’ calculations. We hope that this software will make it possible for many people to
do more ambitious computations just as easily.

Everyone is encouraged to share this software with others under the terms of the GNU
General Public License (see Appendix H [Copying], page 641). You are also encouraged to
help make Octave more useful by writing and contributing additional functions for it, and
by reporting any problems you may have.
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How You Can Contribute to Octave

There are a number of ways that you can contribute to help make Octave a better system.
Perhaps the most important way to contribute is to write high-quality code for solving
new problems, and to make your code freely available for others to use. See Appendix D
[Contributing Guidelines|, page 615, for detailed information on contributing new code.

If you find Octave useful, consider providing additional funding to continue its develop-
ment. Even a modest amount of additional funding could make a significant difference in
the amount of time that is available for development and support.

If you cannot provide funding or contribute code, you can still help make Octave better
and more reliable by reporting any bugs you find and by offering suggestions for ways to
improve Octave. See Appendix E [Trouble|, page 621, for tips on how to write useful bug
reports.

Distribution

Octave is free software. This means that everyone is free to use it and free to redistribute
it on certain conditions. Octave is not, however, in the public domain. It is copyrighted
and there are restrictions on its distribution, but the restrictions are designed to ensure
that others will have the same freedom to use and redistribute Octave that you have. The
precise conditions can be found in the GNU General Public License that comes with Octave
and that also appears in Appendix H [Copying|, page 641.

Octave is available on CD-ROM, with various collections of other free software, from the
Free Software Foundation. Ordering a copy of Octave from the Free Software Foundation
helps to fund the development of more free software. For more information, write to

Free Software Foundation

51 Franklin Street, Fifth Floor
Boston, MA 02110-1301-1307
USA

Octave can also be downloaded from http://www.octave.org, where additional infor-
mation is available.
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1 A Brief Introduction to Octave

GNU Octave is a high-level language, primarily intended for numerical computations. It
provides a convenient interactive command line interface for solving linear and nonlinear
problems numerically, and for performing other numerical experiments. It may also be used
as a batch-oriented language for data processing.

GNU Octave is freely redistributable software. You may redistribute it and/or modify
it under the terms of the GNU General Public License as published by the Free Software
Foundation. The GPL is included in this manual in Appendix H [Copying], page 641.

This manual provides comprehensive documentation on how to install, run, use, and
extend GNU Octave. Additional chapters describe how to report bugs and help contribute
code.

This document corresponds to Octave version 3.2.0.

1.1 Running Octave

On most systems, Octave is started with the shell command ‘octave’. Octave displays an
initial message and then a prompt indicating it is ready to accept input. You can begin
typing Octave commands immediately afterward.

If you get into trouble, you can usually interrupt Octave by typing Control-C (written
C-c for short). C-c gets its name from the fact that you type it by holding down CTRL
and then pressing C. Doing this will normally return you to Octave’s prompt.

To exit Octave, type quit, or exit at the Octave prompt.

On systems that support job control, you can suspend Octave by sending it a SIGTSTP
signal, usually by typing C-z.

1.2 Simple Examples
The following chapters describe all of Octave’s features in detail, but before doing that, it
might be helpful to give a sampling of some of its capabilities.

If you are new to Octave, I recommend that you try these examples to begin learning
Octave by using it. Lines marked with ‘octave:13>’ are lines you type, ending each with
a carriage return. Octave will respond with an answer, or by displaying a graph.

1.2.1 Elementary Calculations

Octave can easily be used for basic numerical calculations. Octave knows about arithmetic
operations (+,-,%,/), exponentiation (~), natural logarithms/exponents (log, exp), and the
trigonometric functions (sin, cos, ...). Moreover, Octave calculations work on real or
imaginary numbers (i,j). In addition, some mathematical constants such as the base of
the natural logarithm (e) and the ratio of a circle’s circumference to its diameter (pi) are
pre-defined.

For example, to verify Euler’s Identity,

eZ7T — _1

type the following which will evaluate to -1 within the tolerance of the calculation.

octave:1> exp(i*pi)
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1.2.2 Creating a Matrix

Vectors and matrices are the basic building blocks for numerical analysis. To create a new
matrix and store it in a variable so that you can refer to it later, type the command

octave:1> A = [ 1, 1, 2; 3, 5, 8; 13, 21, 34 ]

Octave will respond by printing the matrix in neatly aligned columns. Octave uses a comma
or space to separate entries in a row, and a semicolon or carriage return to separate one row
from the next. Ending a command with a semicolon tells Octave not to print the result of
the command. For example,

octave:2> B = rand (3, 2);

will create a 3 row, 2 column matrix with each element set to a random value between zero
and one.

To display the value of a variable, simply type the name of the variable at the prompt.
For example, to display the value stored in the matrix B, type the command

octave:3> B

1.2.3 Matrix Arithmetic

Octave has a convenient operator notation for performing matrix arithmetic. For example,
to multiply the matrix A by a scalar value, type the command

octave:4> 2 x A

To multiply the two matrices A and B, type the command
octave:5> A * B

and to form the matrix product ATA, type the command

octave:6> A’ * A

1.2.4 Solving Systems of Linear Equations

Systems of linear equations are ubiquitous in numerical analysis. To solve the set of linear
equations Ax = b, use the left division operator, ‘\’:

x=A\Db
This is conceptually equivalent to A~'b, but avoids computing the inverse of a matrix
directly.

If the coefficient matrix is singular, Octave will print a warning message and compute a
minimum norm solution.

A simple example comes from chemistry and the need to obtain balanced chemical
equations. Consider the burning of hydrogen and oxygen to produce water.

H2+02 HI'IQO

The equation above is not accurate. The Law of Conservation of Mass requires that the
number of molecules of each type balance on the left- and right-hand sides of the equation.
Writing the variable overall reaction with individual equations for hydrogen and oxygen one
finds:
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l‘lHQ + 33202 — HQO
H: 22,402, — 2
O: 0x1+2x,—1

The solution in Octave is found in just three steps.

octave:1> A = [ 2, 0; 0, 2 1;
octave:2> b = [ 2; 1 1;
octave:3> x = A\ Db

1.2.5 Integrating Differential Equations

Octave has built-in functions for solving nonlinear differential equations of the form

B fwn,  alt=t) =

For Octave to integrate equations of this form, you must first provide a definition of the
function f(x,t). This is straightforward, and may be accomplished by entering the function
body directly on the command line. For example, the following commands define the right-
hand side function for an interesting pair of nonlinear differential equations. Note that
while you are entering a function, Octave responds with a different prompt, to indicate that
it is waiting for you to complete your input.

octave:1> function xdot = f (x, t)

>

> r = 0.25;

> k = 1.4;

> a 1.5;

> b 0.16;

> ¢ =20.9;

> d = 0.8;

>

> xdot(1l) = rkx(1)*(1 - x(1)/k) - a*xx(1)*x(2)/(1 + b*x(1));
> xdot(2) = cxa*x(1)*x(2)/(1 + b*x(1)) - d*x(2);
>

> endfunction
Given the initial condition
octave:2> x0 = [1; 2];

and the set of output times as a column vector (note that the first output time corresponds
to the initial condition given above)

octave:3> t = linspace (0, 50, 200)’;
it is easy to integrate the set of differential equations:
octave:4> x = lsode ("f", x0, t);

The function 1sode uses the Livermore Solver for Ordinary Differential Equations, described
in A. C. Hindmarsh, ODEPACK, a Systematized Collection of ODE Solvers, in: Scientific
Computing, R. S. Stepleman et al. (Eds.), North-Holland, Amsterdam, 1983, pages 55—64.
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1.2.6 Producing Graphical Output

To display the solution of the previous example graphically, use the command
octave:1> plot (t, x)

If you are using a graphical user interface, Octave will automatically create a separate
window to display the plot.

To save a plot once it has been displayed on the screen, use the print command. For
example,

print -deps foo.eps
will create a file called ‘foo.eps’ that contains a rendering of the current plot in Encapsu-
lated PostScript format. The command

help print

explains more options for the print command and provides a list of additional output file
formats.

1.2.7 Editing What You Have Typed

At the Octave prompt, you can recall, edit, and reissue previous commands using Emacs-
or vi-style editing commands. The default keybindings use Emacs-style commands. For
example, to recall the previous command, press Control-p (written C-p for short). Doing
this will normally bring back the previous line of input. C-n will bring up the next line of
input, C-b will move the cursor backward on the line, C-f will move the cursor forward on
the line, etc.

A complete description of the command line editing capability is given in this manual
in Section 2.4 [Command Line Editing], page 19.

1.2.8 Help and Documentation

Octave has an extensive help facility. The same documentation that is available in printed
form is also available from the Octave prompt, because both forms of the documentation
are created from the same input file.

In order to get good help you first need to know the name of the command that you
want to use. This name of the function may not always be obvious, but a good place to
start is to just type help. This will show you all the operators, reserved words, functions,
built-in variables, and function files. An alternative is to search the documentation using
the lookfor function. This function is described in Section 2.3 [G