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Publisher’s Preface

This manual documents the use of GNU Octave, an interactive envi-
ronment for numerical computation.

GNU Octave is free software. The term "free software" is sometimes
misunderstood—it has nothing to do with price. It is about freedom. It
refers to your freedom to run, copy, distribute, study, change and improve
the software. With GNU Octave you have all these freedoms.

GNU Octave is part of the GNU Project. The GNU Project was
launched in 1984 to develop a complete Unix-like operating system which
is free software: the GNU system. It was conceived as a way of bringing
back the cooperative spirit that prevailed in the computing community
in earlier days—to make cooperation possible once again by removing the
obstacles to cooperation imposed by the owners of proprietary software.
Variants of the GNU operating system, which use the kernel Linux, are
now widely used; though these systems are often referred to as “Linux”,
they are more accurately called GNU/Linux systems.

The Free Software Foundation is a tax-exempt charity that raises funds
for work on the GNU Project. It is dedicated to promoting computer
users’ right to use, study, copy, modify, and redistribute computer pro-
grams. You can support the Free Software Foundation by making a do-
nation or ordering manuals, t-shirts and especially CD-ROMs. For more
information visit the website www.gnu.org.

Brian Gough
Publisher
January 2002
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Author’s Preface

Octave was originally intended to be companion software for an
undergraduate-level textbook 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’ pack-
age 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 E [Copying],
page 281) as described at the beginning of this manual. 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.

Acknowledgements
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values in MATLAB’s ‘.mat’-file format, and has provided many useful
bug reports and suggestions.
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Brian Fox bfox@gnu.org wrote the readline library used for com-
mand history editing, and the portion of this manual that documents
it.
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the Emacs mode for editing Octave code and provided its
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their External Research Program.

Sun Microsystems, Inc., for an Academic Equipment grant.
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part of a grant to the University of Texas College of Engineering.
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The State of Texas, for providing funding through the Texas Ad-
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partment of Chemical Engineering.
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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.

If you find Octave useful, consider providing additional funding to

continue its development. Even a modest amount of additional funding
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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 B
[Trouble], page 251, 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 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 con-
ditions can be found in the GNU General Public License that comes with
Octave and that also appears in Appendix E [Copying], page 281.

Octave is available on CD-ROM with various collections of other free
software, and 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
59 Temple Place—Suite 330
Boston, MA 02111-1307
USA
Octave is also available on the Internet from ftp://ftp.che.wisc.
edu/pub/octave, and additional information is available from http://
www.che.wisc.edu/octave.
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1 A Brief Introduction to Octave

This manual documents how to run, install and port GNU Octave,
and how to report bugs.

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

GNU Octave is also freely redistributable software. You may redis-
tribute it and/or modify it under the terms of the GNU General Public
License as published by the Free Software Foundation. The GPL is in-
cluded in this manual in Appendix E [Copying], page 281.

This document corresponds to Octave version 2.0.13.

1.1 Running Octave

On most systems, the way to invoke Octave is 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 (usually written C-c for short). C-c gets its name from the
fact that you type it by holding down 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 send-
ing 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.

Creating a Matrix

To create a new matrix and store it in a variable so that it you can
refer to it later, type the command
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octave:1> a = [ 1, 1, 2; 3, 5, 8; 13, 21, 34 ]
Octave will respond by printing the matrix in neatly aligned columns.
Ending a command with a semicolon tells Octave to not print the result
of a 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 any variable, simply type the name of the
variable. For example, to display the value stored in the matrix b, type
the command

octave:3> b

Matrix Arithmetic

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

octave:4> 2 * a

To multiply the two matrices a and b, type the command
octave:5> a * b

To form the matrix product a’a, type the command

octave:6> a’ x a

Solving Linear Equations

To solve the set of linear equations ax = b, use the left division oper-
ator, ‘\’:
octave:7> a \ b
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 mes-
sage and compute a minimum norm solution.

Integrating Differential Equations

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

d

d_f:f(xvt)a Z‘(t:to):J?o
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
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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:8> function xdot = f (x, t)

.25;

a0 o & H
1

O O O » » O

SO
N

>
>
>
>
>
>
>
>
> xdot(1) = r*x(1)*(1 - x(1)/k) - a*x(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

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)

t = linspace (0, 50, 200)’;
it is easy to integrate the set of differential equations:

x = 1lsode ("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.

Producing Graphical Output

To display the solution of the previous example graphically, use the
command
plot (t, %)

If you are using the X Window System, Octave will automatically
create a separate window to display the plot. If you are using a terminal
that supports some other graphics commands, you will need to tell Octave
what kind of terminal you have. Type the command

gset term
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to see a list of the supported terminal types. Octave uses gnuplot to dis-
play graphics, and can display graphics on any terminal that is supported
by gnuplot.

25 T T

15 *"\‘ u

To capture the output of the plot command in a file rather than sending
the output directly to your terminal, you can use a set of commands like
this

gset term postscript

gset output "foo.ps"

replot
This will work for other types of output devices as well. Octave’s gset
command is really just piped to the gnuplot subprocess, so that once you
have a plot on the screen that you like, you should be able to do something
like this to create an output file suitable for your graphics printer.

Or, you can eliminate the intermediate file by using commands like
this

gset term postscript
gset output "|lpr -Pname_of_your_graphics_printer"
replot

Editing What You Have Typed

At the Octave prompt, you can recall, edit, and reissue previous com-
mands using Emacs- or vi-style editing commands. The default keybind-
ings use Emacs-style commands. For example, to recall the previous com-
mand, type Control-p (usually written C-p for short). C-p gets its name
from the fact that you type it by holding down and then pressing
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(@. 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 23.

Getting Help

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. You can then get more help on anything that is listed by
simply including the name as an argument to help. For example,

help plot
will display the help text for the plot function.

Octave sends output that is too long to fit on one screen through a
pager like less or more. Type a to advance one line, a to
advance one page, and (g) to exit the pager.

The part of Octave’s help facility that allows you to read the complete
text of the printed manual from within Octave normally uses a separate
program called Info. When you invoke Info you will be put into a menu
driven program that contains the entire Octave manual. Help for using
Info is provided in this manual in Section 2.3 [Getting Help], page 22.

1.3 Conventions

This section explains the notational conventions that are used in this
manual. You may want to skip this section and refer back to it later.

1.3.1 Fonts

Examples of Octave code appear in this font or form: svd (a). Names
that represent arguments or metasyntactic variables appear in this font or
form: first-number. Commands that you type at the shell prompt some-
times appear in this font or form: ‘octave —-—no-init-file’. Commands
that you type at the Octave prompt sometimes appear in this font or
form: foo --bar --baz. Specific keys on your keyboard appear in this

font or form: (ANY).
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1.3.2 Evaluation Notation

In the examples in this manual, results from expressions that you
evaluate are indicated with ‘=’. For example,
sqrt (2)
= 1.4142
You can read this as “sqrt (2) evaluates to 1.4142”.
In some cases, matrix values that are returned by expressions are dis-
played like this
[1, 2; 3, 4] == [1, 3; 2, 4]
= [1, 0; 0, 11
and in other cases, they are displayed like this
eye (3)

in order to clearly show the structure of the result.

Sometimes to help describe one expression, another expression is
shown that produces identical results. The exact equivalence of expres-
sions is indicated with ‘=’. For example,

rot90 ([1, 2; 3, 4], -1)

rot90 ([1, 2; 3: 4]’ 3)

rot90 ([1, 2; 3’ 4]: 7)

1.3.3 Printing Notation

Many of the examples in this manual print text when they are evalu-
ated. Examples in this manual indicate printed text with ¢ -’. The value
that is returned by evaluating the expression (here 1) is displayed with
‘=" and follows on a separate line.

printf ("foo %s\n", "bar")
- foo bar
=1

1.3.4 Error Messages

Some examples signal errors. This normally displays an error mes-
sage on your terminal. Error messages are shown on a line starting with
error:.
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struct_elements ([1, 2; 3, 4])
error: struct_elements: wrong type argument ‘matrix’

1.3.5 Format of Descriptions

Functions, commands, and variables are described in this manual in a
uniform format. The first line of a description contains the name of the
item followed by its arguments, if any. The category—function, variable,
or whatever—is printed next to the right margin. The description follows
on succeeding lines, sometimes with examples.

1.3.5.1 A Sample Function Description

In a function description, the name of the function being described
appears first. It is followed on the same line by a list of parameters. The
names used for the parameters are also used in the body of the description.

Here is a description of an imaginary function foo:

foo (x, y, ...) Function
The function foo subtracts x from y, then adds the remaining argu-
ments to the result. If y is not supplied, then the number 19 is used
by default.
foo (1, [3, 5], 3, 9
= [ 14, 16 ]
foo (5)
= 14
More generally,

foo (w, x, ¥y, ...)

X - wW+y+ ...

Any parameter whose name contains the name of a type (e.g., integer,
integerl or matrix) is expected to be of that type. Parameters named
object may be of any type. Parameters with other sorts of names (e.g.,
new_file) are discussed specifically in the description of the function. In
some sections, features common to parameters of several functions are
described at the beginning.

Functions in Octave may be defined in several different ways. The
catagory name for functions may include another name that indicates the
way that the function is defined. These additional tags include

Built-in Function
The function described is written in a language like C++, C,
or Fortran, and is part of the compiled Octave binary.
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Loadable Function
The function described is written in a language like C++,
C, or Fortran. On systems that support dynamic linking of
user-supplied functions, it may be automatically linked while
Octave is running, but only if it is needed. See Section 11.8
[Dynamically Linked Functions], page 113.

Function File
The function described is defined using Octave commands
stored in a text file. See Section 11.6 [Function Files],
page 109.

Mapping Function
The function described works element-by-element for matrix
and vector arguments.

1.3.5.2 A Sample Command Description

Command descriptions have a format similar to function descriptions,
except that the word ‘Function’ is replaced by ‘Command. Commands are
functions that may called without surrounding their arguments in paren-
theses. For example, here is the description for Octave’s cd command:

cd dir Command

chdir dir Command
Change the current working directory to dir. For example, cd
~/octave changes the current working directory to ‘“/octave’. If the
directory does not exist, an error message is printed and the working
directory is not changed.

1.3.5.3 A Sample Variable Description

A variable is a name that can hold a value. Although any variable can
be set by the user, built-in variables typically exist specifically so that
users can change them to alter the way Octave behaves (built-in variables
are also sometimes called user options). Ordinary variables and built-in
variables are described using a format like that for functions except that
there are no arguments.

Here is a description of the imaginary variable do_what_i_mean_not_
what_i_say.

do_what_i_mean_not_what_i_say Built-in Variable
If the value of this variable is nonzero, Octave will do what you actually
wanted, even if you have typed a completely different and meaningless
list of commands.
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Other variable descriptions have the same format, but ‘Built-in Vari-
able’ is replaced by ‘Variable’, for ordinary variables, or ‘Constant’ for
symbolic constants whose values cannot be changed.
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2 Getting Started

This chapter explains some of Octave’s basic features, including how
to start an Octave session, get help at the command prompt, edit the com-
mand line, and write Octave programs that can be executed as commands
from your shell.

2.1 Invoking Octave

Normally, Octave is used interactively by running the program
‘octave’ without any arguments. Once started, Octave reads commands
from the terminal until you tell it to exit.

You can also specify the name of a file on the command line, and
Octave will read and execute the commands from the named file and then
exit when it is finished.

You can further control how Octave starts by using the command-
line options described in the next section, and Octave itself can remind
you of the options available. Type ‘octave —--help’ to display all available
options and briefly describe their use (‘octave -h’is a shorter equivalent).

2.1.1 Command Line Options

Here is a complete list of all the command line options that Octave
accepts.

--debug

-d Enter parser debugging mode. Using this option will cause
Octave’s parser to print a lot of information about the com-
mands it reads, and is probably only useful if you are actually
trying to debug the parser.

—-—echo-commands
-X Echo commands as they are executed.

--exec-path path
Specify the path to search for programs to run. The value of
path specified on the command line will override any value of
OCTAVE_EXEC_PATH found in the environment, but not any
commands in the system or user startup files that set the
built-in variable EXEC_PATH.

-7 Print short help message and exit.
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--info-file filename
Specify the name of the info file to use. The value of file-
name specified on the command line will override any value
of OCTAVE_INFO_FILE found in the environment, but not any
commands in the system or user startup files that set the
built-in variable INFO_FILE.

--info-program program
Specify the name of the info program to use. The value
of program specified on the command line will override any
value of OCTAVE_INFO_PROGRAM found in the environment,
but not any commands in the system or user startup files
that set the built-in variable INFO_PROGRAM.

-—interactive

-i Force interactive behavior. This can be useful for running
Octave via a remote shell command or inside an Emacs shell
buffer. For another way to run Octave within Emacs, see
Appendix D [Emacs], page 269.

--no-init-file
Don’t read the ‘~/.octaverc’ or ‘.octaverc’ files.

--no-line-editing
Disable command-line editing.

—--no-site-file
Don’t read the site-wide ‘octaverc’ file.

--norc

-f Don’t read any of the system or user initialization files at
startup. This is equivalent to using both of the options -~
no-init-file and --no-site-file.

--path path

-p path Specify the path to search for function files. The value of
path specified on the command line will override any value
of OCTAVE_PATH found in the environment, but not any com-
mands in the system or user startup files that set the built-in
variable LOADPATH.

--silent

--quiet

-q Don’t print the usual greeting and version message at
startup.
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-—traditional

--braindead
Set initial values for user-preference variables to the follow-
ing values for compatibility with MATLAB.

PS1 = ">> "

PS2 = "
beep_on_error =1
default_save_format = "mat-binary"
define_all_return_values =
do_fortran_indexing =
crash_dumps_octave_core =
empty_list_elements_ok =
implicit_str_to_num_ok =
ok_to_lose_imaginary_part =
page_screen_output =
prefer_column_vectors =
print_empty_dimensions =
treat_neg_dim_as_zero =
warn_function_name_clash =
whitespace_in_literal_matrix = "traditional"

Or OO0 O Fr P, P, OFL B~

--verbose
-V Turn on verbose output.

--version
-V Print the program version number and exit.

file Execute commands from file.

Octave also includes several built-in variables that contain information
about the command line, including the number of arguments and all of
the options.

argv Built-in Variable
The command line arguments passed to Octave are available in this
variable. For example, if you invoked Octave using the command

octave --no-line-editing --silent

argv would be a string vector with the elements --no-line-editing
and --silent.

If you write an executable Octave script, argv will contain the list of
arguments passed to the 