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1. Introduction

In the words of its author, Barry Vercoe, Csound [1] is a “sound processing language.”
Technically speaking, Csound is a general-purpose, user-programmable software syn-
thesis system (SWSS). Like most SWSS, Csound uses Max Mathews’ original 1957
unit generator design [2]. However, Csound was the first SWSS to be written in the
C programming language [3]. Being written in C, which is the most efficient and
most portable high-level language, and also very widely used, has ensured Csound’s
survival and growth.

Vercoe wrote Csound at the Massachusetts Institute of Technology in 1984. Ever
since then, Csound has received contributions from researchers, programmers, and
musicians all over the world. Csound runs on Unix, Linux, Windows, the Macin-
tosh, and other operating systems. Csound can be extended by writing plugin unit
generators, and Csound itself runs as a VST plugin. Csound can be programmed
in C, C++, Java, Lisp, Lua, and Python. Csound is taught in a number of leading
universities and conservatories. Books have been written on how to use it [4, 5, 6].
Csound can be compiled to use double-precision floating point audio samples for the
highest sound quality.

In short, Csound must be considered one of the most powerful musical instruments
ever created.

Csound is, perhaps, harder to use than such competing programmable synthe-
sizers as SuperCollider [7], Max [8], or Reaktor [9]. One difficulty is that Csound
was written a generation ago as a Unix application, and is controlled by dozens of
arcane command-line options (although, precisely because it is older, Csound runs
faster and has more unit generators). Another difficulty is that Csound lacks some
convenient features of other high-level programming languages.

Still, once you learn a few things, Csound is not really so hard to use. The sound
processing language turns out to be simple, the documentation is not so bad, Csound
always tries to tell you what it is doing (or why it is not doing what you told it)...
and the power begins to unfold.

The purpose of this tutorial is to teach you those often neglected first few things.
There are three introductory sections, one each for Windows (Section 2.1), Linux
(Section 2.2), and Apple computers (Section 2.3), that lead you, step by step,
through obtaining, installing, configuring, and running Csound (also see the Csound
Reference Manual [10]). Then follow chapters on writing your own orchestras and
scores (Chapter 3), using CsoundVST as a VST plugin in a studio sequencer (Chap-
ter 4), and writing Python scripts to do algorithmic composition using the Csound
application programming interface (API) (Chapter 5). Finally, there is a list of
software required to use the extra features of Csound (Appendix A), a list of other
helper applications and languages for Csound (Appendix B), and some advice on
how to achieve good sound quality with Csound (Appendix C).
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2. Getting Started

This chapter contains the same information — how to obtain, install, configure, and
run Csound — repeated for each of the main personal computer operating systems
in use today: Windows, Linux, and Macintosh OS X.

2.1. On Windows

2.1.1. Obtaining Csound

Go to http://csound.sourceforge.net/ using your Web browser. Click on the
Main Download page link on that page. On the download page, click on the
link to the csound5 package. You will see a list of releases. At the time this
was written, the most recent downloadable version of Csound for Windows is 5.03.
You will see a csound5.03 link on the page. Click on that, and it will expand
to show two programs: Csound5.03-win32-d.exe and Csound5.03-win32-f.exe.
Both of these programs are Windows installers for Csound 5.03 (Figure 2.1). For
later versions and releases, substitute the actual version number for 5.03 in the links
and filenames.

¥)SourceForge.net: Files - Mozilla Firefox =l

Fie Edt Vew Go Bookmarks Took Help

@E-op- =l @ [@ httpusourceforae.netior . php?groUp | kage_id=120482 8- 0 [Cl

SOURCER. RGE
shet ) Logn - Greate Acsount | O, [Saftvare Search | Advanced

SEnet Projects My Page

Hew Projects &

SF net > Projects » Csound » Files: 609

Csound & ponate 1o project [ stats - Activin: 90.26% [T

Summary | Admin | Home Page | Forums | Tracker | Manual | Bugs | Support Requests | Patches | Feature Requests | Mail | Tasks | Doss | Screenshots | News | CVS | Files Q [Fies Searsh | Advanced
sourctR RGE”
You have selected to download csounds AMDZ1 e

Below is a list of releases and fles vontained in this package. Before downloading, you may want to read the Release Notes.

Release (ste) Filename Size (bytes) Downloads Architecture

Latezt Elesound5.03 piotes] ooe-onizz 00,
Csound5.03-win32-d. exe 11877267 558 386 exe (32-bit Windows) _
Csound5.03-win32-f exe 10088676 256 i385 exe (32-bit Vindows)

=) e50und5.02 (otes) 2005-05:07 1407

csoundd. 01 [notes] (2005-0225 13:09)
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Totals: 4 62 438161608 14864

[ Find a Tech Job B seorsortinks B Fricosrabber Products |
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[ Done
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4PEOEF AL e m =) 3] V@E2@MeLll 1 satu

Figure 2.1.: Download Page
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Csound5.03-win32-f.exe installs a version of Csound that has been compiled to
use 32-bit floating point numbers internally to represent audio samples. As a result,
it runs about 15% faster than Csound5.03-win32-d.exe.

Csound5.03-win32-d.exe installs a more complete version of Csound, which has
been compiled to use 64-bit floating point numbers for audio samples, and which
includes opcodes for making instruments based on Perry Cook’s Synthesis Toolkit in
C+-+ [11], and for using Kelly Fitz and Lippold Haken’s Loris system for doing sound
modeling, morphing, and manipulation using the Reassigned Bandwidth-Enhanced
Additive Sound Model [12]|. Also, Csound5.03-win32-d.exe is a slightly more ac-
curate synthesizer than Csound5.03-win32-f.exe [13].

If you are putting on live shows using Csound with complex instruments, and
need extra efficiency, download Csound56.03-win32-f.exe. Otherwise, you will be
better off with Csound5.03-win32-d.exe. The rest of this tutorial assumes you
have chosen Csound5.03-win32-d.exe.

Click on the link to Csound5.03-win32-d.exe. Your Web browser should now
take you to a Web page listing mirrors from which you may download the installer.
Click on the link to a mirror, and your browser should automatically begin to down-
load the file to your computer’s hard disk. Make a note of where the download has
been saved on your hard disk.

2.1.2. Installing Csound

Csound5.03-win32-d.exe comes with a number of extra features that require other
software to work. These extras and their requirements are listed in Appendix A.
Please note: if you do not install any of this other software, the standard features
of Csound will still work!

To install Csound, simply run the installer program. It will display a dialog box
(Figure 2.2).

Click on the Next > button to proceed. You should now see the Csound license
agreement (Figure 2.3). You must click on the I Agree button to indicate your
acceptance of the Csound license before you can install Csound.

Tell the installer where to put Csound. Although the default location is the
standard Windows Program Files directory, Csound may actually work better if
you install it in a directory without any spaces in the pathname, such as C:/Csound
(Figure 2.4).

Tell Csound where to put the Windows Start Menu folder for Csound. You can
skip this step if you want, but I recommend that you accept the default location
(Figure 2.5).

Click on the Install button. The installer will now unpack and install Csound in
your selected location (Figure 2.6). When the installer has finished, you should see
the message shown in Figure 2.7.

Once Csound has been installed, open the Windows Start Menu, where you
should find a Csound submenu containing various Csound programs and documen-
tation (Figure 2.8).

Try running csoundbgui, which is a relatively user-friendly front end for Csound
with a basic graphical user interface (Figure 2.9).
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2.1.3. Configuring Csound

This section assumes that you have installed Csound in the C:/Csound directory. In
the following, replace this with your actual installation directory.

Configuring .csoundrc

Using a text editor (not a word processor!)!, take a look at the C: /Csound/ . csoundrc
file. This file provides default command-line options that take effect each time you
run Csound, unless you provide another value for the option. As installed, it reads:

-d -m135 -HO -s -W -o dac -+rtaudio=pa -b 128 -B 2048 --expression-opt
The meaning of these options is as follows:
-d Do not show graphs of function tables.

-m135 Print informational messages about audio amplitude, audio samples out of
range, warnings, and errors, using color codes.

-HO Do not print a heartbeat at each kperiod.?
-s Use 16-bit short integers for audio samples.
-W Use the standard Microsoft WAV format for soundfiles.

-0 dac Send real-time audio output to your computer’s default audio interface (i.e.,
digital-to-audio converter).

-+rtaudio=pa Use the PortAudio driver for real-time audio (works on Windows,
Linux and Apple).

-b 128 The number of audio sample frames® in Csound’s software buffer.

-B 2048 The number of audio sample frames in the audio interface’s hardware
buffer. This should be a small (e.g. 2 to 10) integral multiple of -b.

Do not use the default text editor on Windows, which is Notepad! Csound files typically
have Unix line endings (linefeed only), whereas Notepad only works properly with Windows
line endings (linefeed plus carriage return). I recommend that you install and use SciTE
[14], a general-purpose text editor for which you can get Csound orchestra language syn-
tax coloring. You can obtain Csound API and orchestra language syntax coloring prop-
erties from http://solipse.free.fr/Api_&_csound.properties/csound.api and http://
solipse.free.fr/Api_&_csound.properties/csound.properties, respectively. Then in
your global options file, around line 539 add a new line Csound|orc| |\ and around line 611
add a new line import csound. Line numbers are very approximate, but you should see similar
statements for other languages in the correct locations. You can even run Csound from SciTE.
If you must use an existing Windows program, use WordPad, not Notepad, and be sure to save
your work as a plain text file with the proper filename extension.

2A kperiod is one Csound control sample, during which Csound computes 1 or more audio sample
frames. By computing anywhere from 10 to a hundred or so sample frames per kperiod, Csound
can run much more efficiently.

3 An audio sample is one number. An audio sample frame consists one number for each channel
of an audio signal. When people say “sample rate,” they usually mean “sample frame rate.”


C:/Csound
C:/Csound/.csoundrc
http://solipse.free.fr/Api_&_csound.properties/csound.api
http://solipse.free.fr/Api_&_csound.properties/csound.properties
http://solipse.free.fr/Api_&_csound.properties/csound.properties

2. Getting Started

-expression-opt Tell the Csound orchestra language compiler to optimize arith-
metic and logic expressions.

For the complete meaning of all Csound options, see the reference manual [10]. The
above options should work for real-time audio output on all operating systems and
computers. For now, there is no need to change these options, but later you may
wish to modify them according to what you learn about your computer and audio
interface.

Csound configuration is affected by a number of environment variables,?, which
are all documented in the Csound manual [10].

Configuring csoundbgui

Run csound5gui. Click on the Options menu button, and select the General item,
which will display a dialog box for configuring csound5gui (Figure 2.9).

I suggest that you change the default values for Text editor and Sound editor
to helper applications I think you will find much more useful. I recommend SciTE
[11] as the text editor,” and Audacity [15] as the sound editor, but there are other
options (see Appendix B).

2.1.4. Off-Line Rendering

Off-line rendering is rendering music as a soundfile, before you hear it. For complex
pieces, this can take much longer than listening to the finished piece. This concept
may be unfamiliar to you, but it does give you the power to make music that would
otherwise be completely impossible.

Some other music software can do off-line rendering under one name or another.
Cubase, for example, calls it “Export Audio Mixdown.” Csound was originally de-
signed only for off-line rendering. We will use off-line rendering to create your first
Csound piece, because it does not require any configuration for your audio interface
— it is guaranteed to work!

Csound is capable of state-of-the-art audio quality, equal to or better than the best
recording gear. For more discussion of how to achieve this quality, see Appendix
C. The short piece you are about to render has been modified to render at high

resolution, so it should serve as something of a demonstration of what Csound can
do.

4 An environment variable is a string in the form NAME=value that the user sets, and the operating
system remembers and passes along to programs when they start. The program can look up the
value that has been assigned to the variable in order to locate directories and files, set numbers,
and so on. The proper way to set environment variables depends on your version of Windows.
On Windows XP, go to the Start Menu, Settings item, Control Panel item, System icon,
Advanced tab, Environment Variables button to bring up a dialog box where you can
create, edit, or delete persistent environment variables.

5If you use SciTE, be sure to configure it to use linefeeds only for line endings, by using the
Options menu, Open Global Options File command to put the line eol.mode=LF into
SciTE’s global options file.

10
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Figure 2.10.: Configuring csound5gui

11
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As you may have gathered, there many ways of running Csound. The two ways
we are concerned with here are the original way, as a command-line program,® and
as a GUI program. We will run the piece both ways.

Using the Command Line

Open a console window (Windows Start menu, Run item, type cmd into the Open:

field, press the ENTER key). Type C: [ENTER] ([ENTER] means press the ENTER

key) or whatever the drive is where you installed Csound). Type cd \Csound [ENTER]
to navigate to the Csound directory. Type csound [ENTER] to run Csound (Figure

2.11).

d, using default Tanguage.

is nok and plugin Tibrary

n Varga

e sound I

fnam

dnam
dnam

ther output
1t ound

Figure 2.11.: Windows Console

5What is the command line? Every operating system has one. It is a “console window” that has a
prompt where the user can type in text commands. On Windows, you can open the console by
going to the Start menu, selecting the Run item, typing cmd in the Open: field, and clicking
the OK button. When you see the prompt, type dir and press the ENTER key as an example
of executing a command.

12
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The text that you see consists of messages that Csound has printed out. You did
not supply the required command-line options to Csound, so it has printed out a sum-
mary of the options to help you. To see even more options, type csound --help [ENTER].
Now, type csound examples\xanadu-high-resolution.csd [ENTER]. The .csd
file contains in plain text, like all .csd files, a Csound score, a Csound orchestra for
rendering the score, and command-line options in the <CsOptions> tag to control
the rendering. The meanings of the options for this piece are as follows:

-R Rewrite the header of the output soundfile periodically, so that if you stop
Csound in mid-performance, or it crashes, you should still be able to hear
as much of the soundfile as was written before Csound stopped.

-W Use the standard Microsoft WAV soundfile format.

-Z Dither the signal just before writing to the output. Dither is noise that is applied
to the signal in order to mask and hide other noise.

-f Use floating-point numbers to represent audio samples. Float samples have the
greatest dynamic range and precision.

-0 xanadu.wav Output to a soundfile named xanadu.wav.

The messages (Figure 2.12) list the instruments that Csound has compiled, e.g.
instr 1, instr 2, and so on (more on this later), then some other information
about how Csound has compiled the orchestra and score in the .csd file, then the
name of the output soundfile. Then come messages indicating the progress and
status of rendering, e.g. new alloc for instr 1: indicates that a new instance of
instrument 1 has been created to satisfy the demands of the score. Messages starting

with B, e.g.

B 15.500 .. 22.500 T 22.500 TT 22.500 M:  9286.3  9200.8
B 22.500 .. 22.600 T 22.600 TT 22.600 M: 5744.3  6443.3
B 22.600 .. 22.700 T 22.700 TT 22.700 M:  7632.9  7294.0
B 22.700 .. 22.800 T 22.800 TT 22.800 M: 8855.0  7862.5
B 22.800 .. 22.900 T 22.900 TT 22.900 M: 8845.9  7613.5
B 22.900 .. 23.000 T 23.000 TT 23.000 M: 8541.2  7858.1

indicate blocks of synthesis, including the time within a marked section of the score
T, the total time for the whole score TT, and the mean amplitude M of the signal in
each channel of the audio output during that time. These amplitudes are critical, for
Csound can easily produce a signal that is so loud it clips. Every time this happens,
Csound prints a warning message. A new block begins for each new score event.

There are various ways to now actually hear the piece. All installations of Win-
dows feature the Windows media player, which can play high-resolution soundfiles,
and which is usually accessible on the Windows task bar. Open the media player,
and use the File menu, Open command to navigate to the Csound directory and
open the xanadu.wav file. You can now play the piece, although of course it will
sound much better if you have an audio interface running into monitor speakers or
good home stereo speakers. The piece may also sound good through headphones
plugged directly into your computer, though that will depend on the quality of
your computer’s audio systems — newer computers have much better sound. Media
Center PCs may even have high-resolution audio built in.
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Figure 2.12.: Command-Line Rendering
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2.1. On Windows

Using csoundbgui

Now render the same piece using a GUI front-end to Csound. Run csoundb5gui.
Click on the square button with three dots next to the Orchestra/CSD text field.
This will open a file dialog. Navigate to the C:/Csound/examples directory and
load the xanadu-high-resolution.csd file. Click on the Edit button next to the
Orchestra/CSD field. You can arrange or tile the control window, the messages
window, and the editor so that you can move back and forth for more efficient
working.

csoundbgui will, by default, use the Csound options set in the <CsOptions> tag of
the .csd file. However, you can override these options manually. Use the Options
pop-up menu, Csound... item, to bring up the Csound performance settings
dialog (Figure 2.13).
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Figure 2.13.: General Options

1. Select the General tab, and type 88200 into both the Sample rate and the
Control rate fields (corresponds to the -r and -k options),

2. Select the Sound I/0 tab, and type xanadu.wav into the Output file field
(corresponds to the -o option).

3. Use the File type combo box, and select the wav item to produce a Windows
WAV format soundfile (corresponds to the -W option).

4. Use the Sample format combo box and select the float item, to write
floating-point samples (the highest resolution commonly used) in the output
soundfile (corresponds to the -f option).
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2. Getting Started

5. Enable the Rewrite header checkbox, to ensure that after every kperiod,
Csound will rewrite the output soundfile header, so that the soundfile can be
played even if Csound stops in mid-rendering (corresponds to the -R option).

6. Enable the Dither checkbox, to cause the final audio output to be dithered just
before it is written to the output, which masks noise introduced by arithmetic

errors and other processing artifacts (corresponds to the -Z option).

7. Tf you want ID3 tags encoded into the soundfile header for copyright or master-
ing purposes, enter your data in the Soundfile tags section (the fields corre-
spond to the -+id_artist, -+id_comment, -+id_comment, -+id_copyright,

-+id_date, -+id_software, and -+id_title options).

Now close the Csound performance settings dialog, and click on the Play /-
Pause button (Figure 2.14).
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As the piece renders, the Current score time field in csound5gui displays the
elapsed score time — not the elapsed real time. For real-time performance, score
time is the same as real time; for off-line rendering, score time can run either faster
or slower than real time. At the same time, Csound prints messages to the Csound
console messages window.

You can stop rendering at any time by click on the Stop button. After stopping,
you can restart. You can even restart part-way into the score, by entering a value

A mcwszsgdju... | | DAutahihomet... | & wincys - [rct...| [T] TexnicCenter -

)2 csoundsgi | @ mozila Firefox [ wanadu.csd - ..

Figure 2.14.: GUI Rendering

in seconds into the Goto field and clicking on the Goto button.

When the piece has finished rendering, you can hear it by clicking on the Edit
button for the Qutput file field, which, if you have configured an audio editor for
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2.1. On Windows

csoundbgui, will open the editor with the output soundfile already loaded and ready
to play or edit (Figure 2.15).
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