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Preface to the Csound Manual

Barry Vercoe, MIT MediaLab

Realizing music by digital computer involves synthesizing audio signals with discrete points or samples
representative of continuous waveforms. There are many ways to do this, each affording a different
manner of control. Direct synthesis generates waveforms by sampling a stored function representing a
single cycle; additive synthesis generates the many partials of a complex tone, each with its own loud-
ness envelope; subtractive synthesis begins with a complex tone and filters it. Non-linear synthesis uses
frequency modulation and waveshaping to give simple signals complex characteristics, while sampling
and storage of anatural sound alowsit to be used at will.

Since comprehensive moment-by-moment specification of sound can be tedious, control is gained in two
ways: 1) from the instruments in an orchestra, and 2) from the events within a score. An orchestra is
really a computer program that can produce sound, while a score is a body of data which that program
can react to. Whether arise-time characteristic is afixed constant in an instrument, or a variable of each
note in the score, depends on how the user wants to control it.

The instruments in a Csound orchestra (see Syntax of the Orchestra) are defined in a simple syntax that
invokes complex audio processing routines. A score (see The Sandard Numeric Score) passed to this or-
chestra contains numerically coded pitch and control information, in standard numeric score format. Al-
though many users are content with this format, higher level score processing languages are often con-
venient.

The programs making up the Csound system have a long history of development, beginning with the
Music 4 program written at Bell Telephone Laboratories in the early 1960's by Max Mathews. That initi-
ated the stored table concept and much of the terminology that has since enabled computer music re-
searchers to communicate. Valuable additions were made at Princeton by the late Godfrey Winham in
Music 4B; my own Music 360 (1968) was very indebted to hiswork. With Music 11 (1973) | took a dif-
ferent tack: the two distinct networks of control and audio signal processing stemmed from my intensive
involvement in the preceding years in hardware synthesizer concepts and design. This division has been
retained in Csound.

Because it iswritten entirely in C, Csound is easily installed on any machine running Unix or C. At MIT
it runs on VAX/DECstations under Ultrix 4.2, on SUNs under OS 4.1, SGI's under 5.0, on IBM PC's un-
der DOS 6.2 and Windows 3.1, and on the Apple Macintosh under ThinkC 5.0. With this single lan-
guage for defining the audio signal processing, and portable audio formats like AIFF and WAV, users
can move easily from machine to machine.

The 1991 version added phase vocoder, FOF, and spectral data types. 1992 saw MIDI converter and
control units, enabling Csound to be run from MIDI score-files and externa keyboards. In 1994 the
sound analysis programs (Ipc, pvoc) were integrated into the main load module, enabling al Csound
processing to be run from a single executable, and Cscore could pass scores directly to the orchestra for
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iterative performance. The 1995 release introduced an expanded MIDI set with MIDI-based linseg, but-
terworth filters, granular synthesis, and an improved spectral-based pitch tracker. Of special importance
was the addition of run-time event generating tools (Cscore and MIDI) allowing run-time sensing and
response setups that enable interactive composition and experiment. It appeared that real-time software
synthesis was now showing some real promise.

History of the Canonical Csound Reference
Manual

Thisinitial version of this manual for early versions of Csound was started at MIT by Barry L. Vercoe
and maintained there during the 1980's and start of the 1990's. Some of the manual comes from docu-
ments for programs like Music11 from the 1970's. This original manual was improved and worked on by
Richard Boulanger, John ffitch, Jean Piché and Rasmus Ekman.

This manual led to the Officid Csound Reference Manual, dill located at:  ht-
tp:/imww.l akewoodsound.com/csound  [http://www.lakewoodsound.com/csound/hypertext/manual .htm],
for Csound version 4.16, November, 1999, which was maintained by David M. Boothe.

A pardlel version of the manual called the Alternative Csound Reference Manual, was developed by
Kevin Conder using DocBook/SGML [http://www.docbook.org/]. This version later became the Canon-
ical version.

When Csound was licenced as LGPL by MIT in 2003, the manua was licenced GFDL and placed on
Sourceforge along with the sources of Csound.

In the winter of 2004, the Canonical Manual was converted to DocBook/XML by Steven Yi to alow for
more people to be able to compile and maintain the manual.

The manual is currently maintained by Andrés Cabrera with continuous contributions from the Csound
Community.

The manua continues to be a community run project that depends on the contributions of developers
and usersto help refine the coverage and accuracy of its contents. All contributions are welcome and ap-
preciated.

Table 1. Other Contributors

Mike Berry

Eli Breder
Michael Casey
Michael Clark
Perry Cook
Sean Costello
Richard Dobson
Mark Dolson
Dan Ellis

Tom Erbe

Bill Gardner
Michael Gogins
Matt Ingalls
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Richard Karpen
Anthony Kozar
Victor Lazzarini

Allan Lee

David Macintyre
Gabriel Maldonado
Max Mathews
Hans Mikelson
Peter Neubacker
Peter Nix

Ville Pulkki
Maurizio Umberto Puxeddu
John Ramsdell
Marc Resibois

Rob Shaw

Paris Smaragdis
Greg Sullivan
Istvan Varga

Bill Verplank
Robin Whittle
Steven Yi

Francois Pinot
Andrés Cabrera
Gareth Edwards
Joachim Heintz
John ffitch

Oeyvind Brandtsegg
Menno Knevel
Felipe Sateler

And many others.

This list is by no means complete. More information can be gathered from the Changelog file in the
manual's sources repository.

Copyright Notice

This version of the Csound Manual ("The Canonical Csound Manual") is released under the GNU Free
Documentation Licence [http://www.gnu.org/licenses/fdl.txt]. Below are listed, for historical purposes,
previous copyrights and requests for credit from previous authors.

Previous copyright notices

Copyright (c) 1986, 1992 by the Massachusetts I nstitute of Technology. All rights reserved.
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Developed by Barry L. Vercoe at the Experimental Music Studio, Media Laboratory, M.I.T., Cam-
bridge, Massachusetts, with partial support from the System Development Foundation and from Nation-
al Science Foundation Grant # |RI-8704665.

Manual

Copyright (c) 2003 by Kevin Conder for modifications made to the Public Csound Reference Manual.

Permission is granted to copy, distribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.2 or any later version published by the Free Software Foundation;
with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of this license is
available in the examples sub-directory [examples/fdl.ixt] or at: www.gnu.org/licenses/fdl.txt [ht-
tp://www.gnu.org/licenses/fdl.txt].

This Csound language documentation in this manual is derived from Kevin Conder's Alternative Csound
Reference Manual, which in turn is derived from the Public Csound Reference Manual.

Copyright 2004-2005 by Michael Gogins for modifications made to the Alternative Csound Reference
Manual.

This legal notice is from the Public Csound Reference Manual: “The original Hypertext Edition of the
MIT Csound Manual was prepared for the World Wide Web by Peter J. Nix of the Department of Music
at the University of Leeds and Jean Piché of the Faculté de musique de I'Université de Montréal. A Print
Edition, in Adobe Acrobat format, was then maintained by David M. Boothe. The editors fully acknow-
ledge the rights of the authors of the original documentation and programs, as set out above, and further
request that this notice appear wherever this material is held.”

The Public Csound Reference Manud's last known network location was ht-
tp://www.lakewoodsound.com/csound/hypertext/manual .htm.

The Alternative Csound Reference Manual's network location, for both the Transparent and Opaque
copies, is http://kevindumpscore.com/downl oad.html#csound-manual .

The Csound and CsoundAC Manual's network location is http://sourceforge.net/projects/csound.

Csound and CsoundAC

Csound is copyright 1991-2008 by Barry Vercoe, John ffitch and others.
CsoundAC is copyright 2001-2008 by Michael Gogins.

Csound and CsoundAC (formerly CsoundVST) are free software; you can redistribute them and/or
modify them under the terms of the GNU Lesser General Public License as published by the Free Soft-
ware Foundation; either version 2.1 of the License, or (at your option) any later version.

Csound and CsoundAC are distributed in the hope that they will be useful, but WITHOUT ANY WAR-
RANTY: ; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICU-
LAR PURPOSE. See the GNU Lesser General Public License for more details.

You should have received a copy of the GNU Lesser Genera Public License along with Csound and

CsoundAC; if not, write to the Free Software Foundation, Inc., 59 Temple Place, Suite 330, Boston, MA
02111-1307 USA.

Virtual Synthesis Technology

Virtual Synthesis Technology (VST) Plugin interface technology by Steinberg Soft- und Hardware
GmbH.
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Getting Started with Csound

Downloading

In case you don't already have Csound (or have an older version) download the appropriate Csound ver-
son for your plaform from the Sourceforge Csound Download Page [ht-
tp://sourceforge.net/projects/csound/files/]. Installers for Windows have '.exe' extension and for Mac
".dmg'. If the installer's filename ends in '-d' it means the installer has been built with double precision
(64-bit) which provides higher quality output than the ordinary float precision (32-bit). The float ver-
sions provide quicker output, which may be important if you're using Csound in a real-time setting. You
can also download the sources and build them, but this requires more expertise (See the section Building
Csound).

It may also be useful to download the most recent version of this manual, which you will also find there.

Running

Csound can be run in different ways. Since Csound is a command line program (DOS in Windows
terms), just clicking on the csound executable will have no effect. Csound must be called either from the
computer's command line or from a front end. To use Csound from the command line, you must open a
Terminal (Command Prompt or DOS Prompt on Windows, or Terminal on MacOS). Using Csound from
the command line can be difficult if you've never used a terminal, so you may want to try to use one of
the front ends, either QuteCsound, which is included with the latest distributions, or another front end. A
front end is a window-based (not necessarily Windows-based) program that assists running Csound.
Most front ends include text editors with which you can edit csound files, and many include other useful
features.

Whether being run from a front end or being executed from the command line, Csound needs two
things:

» A Csoundfile (".csd' or possibly an.orc' and a'.sco' file)

» A list of command line flags (or configuration options) that configure execution. They determine
things like output filename and format, whether real-time audio and MIDI are enabled, which audio
output to use for real-time audio, the buffer size, the types of messages printed, etc. These options can
be included in the ".csd' file itself, so for the examples included in this manual you shouldn't need to
worry about them. Front end programs often have dialog boxes in which the command line flags can
be set. The complete and very long list of available command flags can be found here, but you might
want to have alook there later...

See the section Configuring if Csound is giving you trouble.

This documentation includes many '.csd' files which you can try out, and which should work directly
from the command line or from any front end. A simple example is oscil.csd [examples/oscil.csd],
which can be found in the examples folder of this documentation. Y our front end should alow you to
load the file, and the front end should have a 'play’ or ‘render’ button that will allow you to hear the file.
If you want to experiment with the file, you're well advised to use the front end's 'Save As..." command
to copy it to some other directory on your hard drive, such as a'csound scores' directory that you create.

Note for MacCsound users

You might need to remove al the lines from the command options slot in order for the
manual examplesto work.

You can aso try the manual examples from the command line. To do this, navigate to the examples dir-
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ectory of the manua using something like this on Windows (assuming the manual is located at
c:\Program Files\Csound\manual\):

cd "c:\Program Fil es\ Csound\ doc\ manual \ exanpl es"

or something like:

cd /manual di rect ory/ manual / exanpl es

for the Mac or linux Terminal. Then type:

csound oscil.csd

The example files are configured to run in real time by default, so with this command you should hear a
two-second sine wave.

Writing your own .csd files

A .csd file looks like this (thisfile is oscils.csd [examples/oscils.csd]):

<CsoundSynt hesi zer >

<CsOpti ons>
Sel ect audio/m di flags here according to platform

- odac ;s realtine audi o out

;-1 adc ;;,unconment -iadc if realtime audio input is needed too
For Non-realtine ouput |eave only the line bel ow
-0 oscils.wav -W;;; for file output any platform

Q/Cscptions>
<Csl nstrunent s>

sr = 44100
ksmps = 32
nchnls = 2
Odbfs =1
instr 1

iflg = p4

asig oscils .7, 220, 0, iflg
outs asig, asig

endin
</ Csl nstrunent s>
<CsScor e>

i 1020

i 132 2 ;double precision
e

</ CsScor e>

</ CsoundSynt hesi zer >

Csound's .csd files have three main sections between the <CsSynthesizer> and </CsSynthesizer> tags:

e CsOptions - Includes the Command Line flags specific to this particular file. These options can also
be set using the .csoundrc file, which you can edit in a text editor, or directly in the command line.
Some front ends also provide ways to specify global or local options.

» Cslnstruments - Contains the instruments or processes available in the file. Instruments are defined
using the instr and endin opcodes. The Cslnstruments section also contains the Orchestra Header,
which defines things like sample rate, the number of samples in a control period, and the number of
output channels.

» CsScore - Contains the 'notes' to be played, and optionally the definition of f-tables. Notes are created
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using the i statement, and f-tables are created using the f statement. Several other score statements are
available.

Anything after asemicolon (;) until the end of the line is acomment, and isignored by Csound.

You can write .csd files in any plain text editor, such as Notepad or Textedit. If you use a word pro-
cessor (not recommended), be sure to save the file as plain text (not rich text). Many front ends include
advanced editing capabilities, such as syntax highlighting and auto-completion of code.

You can find an in-depth tutorial on getting started with Csound written by Michael Gogins here [ht-
tp://michael-gogins.com/archives/tutorial .pdf].

What's new in Csound 6.06
Release Notes for Csound 6.06 (2015 September)

A number of bug fixes, some quite major, are included, as well as some new facilities and extensions.

» New opcodes:

getseed reads the state of the PRN generator; opposite of seed opcode.
tabifd — Instantaneous Frequency Distribution, magnitude and phase analysis.
websocket — Read and write signals and arrays using a websocket connection.

framebuffer — Read audio signalsinto 1 dimensiona k-rate arrays and vice-versa with a specified
buffer size.

olabuffer — Sum overlapping frames of audio as k-rate arrays and read as an audio signal

e Orchestra:

Labels are allowed in instrument 0.

* Score:

Maximum string length in scores increased to 1024.

* Modified Opcodes and Gens:

L]

diskin2 array version uses array size to give number of channelsin raw file form.
diskin2 now has the kpitch parameter defaulting to 1 for simple use.

Vibrato f-table in wgflute and wgcar optional, defaulting to sine wave.

schedule now accept string arguments.

urandom now available on OSX platforms.

GEN18 had fencepost problem; largely rewritten.

In poscil family of opcodesit is possible to skip initialisation of phase.

svfilter now can skip initialisation.
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« When opening an input file nchncls i is used rather than nchnls. This is a change that should have
followed the existence of nchnls i

* rtjack module now reports the sampling rate.
» The opcodes rfft, rifft, fft, fftinv, r2c and c2r now havei-rate array versions.
* New optional threshhold parameter in opcodes tradsyn, sinsyn and resyn.
» New thresholding option for partials.
Utilities:
* extract fixed.
 src_conv improved and integrated with -U options.
* fixesin atsa, and heti.
Frontends:
e pnacl:
 Support for 48000 sample rate fixed.
» csound~:

» Changes to the threading system. String channel initiaisation fixed. A number of other bugs
were fixed.

« Emscripten:
» Csound Javascript object can now receive data from the outvalue opcode.
e HTMLS:

* Integrate HTML, JavaScript, and other features of HTML5 with Csound, either by embedding a
Web page as an <html> element in the CSD file for CsoundQt or Csound for Android, or by
hosting Csound in the JavaScript context of a standalone Web browser (Emscripten, PNaCl) or
embedded Web browser (csound.node).

General usage:

« |llI-formatted macros in the orchestra now trapped.

Bugs fixed:

* Use of Windows-style environments for INCDIR etc now works with device numbers.
* vibrato opcode fixed.

« Clicking in real-time sample accurate case fixed.

e Copying of strings now correct; did confuse memory sometimes.

e Bug in pvstanal fixed.

* Rounding error in cpspch fixed.
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* Removed crash on recompiling a named instrument.
« Fix interpolation bug in tablexkt.
 Fix to plltrack when ksmpsis 1.
» System changes.
e The"error" message from STK plugin is now awarning.
* API:
» Redefinition of opcodes and UDOs fixed.
 Platform Specific:
* OSX.
» csnd6.jar link installed in the correct location.
» Java NI linking issues solved.

« fixed link name for libpng in libfltk_image.

Release Notes for Csound 6.05 (2015 April)

As ever there are new facilities and numerous bug-fixes. A major part of this release is the removal of a
number of memory leaks and over use of memory. Naturally these changes are all but invisible, just a
smaller memory foot-print. Note that we track bugs and requests for enhancements via the github issues
system, and these had a significant affect on this release.

» Opcodes:
» The opcode sndload is how deprecated.
* New Gen and Macros:
 Paul Octavian Nasca's padsynth algorithm implemented as a gen.
» Score:
* Fixed string location cal culation bug when processing score lines [fixes #443]
e Options:
* A short-format copyright option is available, with afixed number of well-known licences (CC, etc)
« New command-line option to report MIDI devicesin simple format

* New command-line option to set ksmps

Modified Opcodes and Gens:

 adsynt handles amplitude changes better
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sfont has better checking for corruptions

better checking in physical models for out-of-range frequencies
ftgenonce and others allows string parameters

gausstrig reworked and extended with new features

use of p() function no longer complains overrides the pcnt warning
fix to midirecv

OSCsend cleans up after use improved

fillarray islimited to 1 or 2 dimensional arrays; in fact it failed silently previously for 3D and high-
er.

oscbnk now works when the equaliser is used.

mp3in now works with both mono and stereo input files

flooper & flooper2 now allow stereo tables

Release phase of expsegr fixed

f-tables created by alarge number of arguments could overwrite memory, now fixed
performance of plltrack improved

init of arrays clarified and checked

gen23 corrected to stop an infinite loop

alwayson now starts from score offset; this is part of a fix to the long-standing problem with al-
wayson in CsoundV ST

invalue now checks for output string size and reallocates memory if smaller than default string size
(set at 256 bytes for backwards compatihbility)

Utilities:

The srconv utility has been improved but it does not work well, with groups of noise in otherwise
good output. We recommend the use of Erik de Castro Lopo's Secret Rabbit Code (aka libsampler-
ate) as providing sample rate conversion at high quality. srconv will be removed shortly possibly to
be replaced by an SRC-based utility.

Frontends:

pnacl
» Added interface to alow the use of Csound's MIDI input system.

« Fixed audio input to conform to the latest Pepper API spec.

Bugs fixed:

bugs in fastabi,oscktp, phasorbnk, adsr, xadsr, hrtfer fixed.

bugs in the harmon. harmon2, harmon3 and harmon4 fixed.
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» Csound could crash after aparsing error, a case now removed.

» System changes.
» There are now checks that xin/xout types match those defined as part of UDO definition.
 jack now has atimeout.

* Internal Changes:

« Many defects indicated by coverity fixed or code changed. Should make csound more robust in
edge cases.

» Parser-related changes simplifies allocation of temporary variables, with some new optimisations.
« code for multi-thread rendering improved and stablised vis-a-vis redefinition of instruments.
 Platform Specific:
« i0S.
* Fixed audio callback to work correctly with lightning output and Apple TV.
¢ Android.

* New experimental audio 10 mode: csoundPerformKsmps() is called from the OpenSL ES output
callback. This mode can be optionally enabled by passing a value of "false" to a new second
parameter to the CsoundObj constructor (bool isAsync). The default constructor and the one-
parameter setsthisto "true" (keeping backwards compatibility with existing code).

» The OSC opcodes are included in distribution.

* Android app

» There are new file open and save dialogs that permit the user to access the SD card on the
device, if thereisone, in addition to internal storage.

* Thereisanew "Saveas..." button that permits the user to save the csd as a new file with a new
name.

» Many of the examples in the archive of Android examples are now built into the app and can
be run from the app's menu.

* Includes now the exciter opcode.
* OSX.
* Installation now places csladspa.so rather than csladspa.dylib on disk.
e Linux.

e Linux is now build without FLTK threads. This removes system hangs and is in line with other
builds.

Release Notes for Csound 6.04 (2014 November)

This new version has many extensions and fixes; many new opcodes and significant numbers of internal
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reworking. Thereis anew frontend and iOS and Android version have seen many improvements.

As ever we track bugs and requests for enhancements via the github issues system. Already proposals
for the next release are being made but the volume of changes require arelease now.

» New opcodes:
» pinker generates high quality pink noise.
< power opcode  now works with array arguments.
 exciter opcode, modelled on the calf plugin.
« vactrol opcode simulates an analog envelope follower.
« family of hdf5 opcodes to handle hdf5 format files.
 (experimental undocumented) buchla opcode models the lowgate filter of Buchla.
* New k-rate opcodes acting on arrays:
* transforms: rfft, rifft, fft, fftinv
« complex product: complxprod
 polar - rectangular conversion: rect2pol, pol 2rect, mags, phs
* real - complex: r2c, c2r
 windowing: window
* cepstrum: pvscpes, iceps, ceps
 column/ row access: getrow, getcol, setrow, setcol
» aratedata- k-array copy: shiftin, shiftout
* phase unwraping: unwrap
* New Gen and Macros:
¢ Line numbers corrected in instr statements.
« New control operation, while, for looping.
< A long-standing bug with macros which use the same name for an argument has been corrected.
» Redefinition of an instrument in asingle call to compileisflagged as an error.
e I1D3 header skip for mp3 files now properly implemented.
» Errorsinduced by not defining the location of STK's raw wave files has been removed.
* bug fixed where UDO's could not read strings from pfields.
» Modified Opcodes and Gens:

« stackops opcodes deprecated.
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lenarray extended to handle multi-dimensional arrays.

ftgenonce accepts string arguments correctly and multiple string arguments.

max and min now have initialisation-time versions.

gen23 improved regarding comments and reporting problems.

in OSCsend the port is now ak-rate value.

socksend now works at k-rate.

anumber of envelope-generating opcodes are now correct in sample-accurate mode.
faust compilation is now lock-protected.

mp3 fixed to allow reinit to be used with it.

In remote opcode the name of the network can be set via the environment variable
CS_NETWORK. Defaults to en0 (OSX) or ethO.

Frontends:

icsound: New frontend icsound is now ready for general use. icsound is a python interface for inter-
active work in the ipython notebook.

csdebugger: A number of changes and improvements have been made, like stepping through active
instruments, better line number use.

General usage:

Jack module now does not stop Csound if autoconnect fails.

Bugs fixed:

atsinnoi fixed.
ftsavek fixed.
sprintf fixed.

gen27 fixed, especialy with extended arguments, as well as fixed a number of errors in extended
score arguments.

Physem opcodes (guiro cabasa, sekere) fixed so second call works.
flooper fixed in mode 2.

OSCsend multiple fixes.

UDO fix for case of local ksmps of 1.

More changes/fixes to dssi code.

xscanu and scanu fixed.

temposcal and mincer fixed.

crash in ftload fixed.
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» System changes:

In server mode exit is now clean.

Fixes to rtalsamodule.

Pulseaudio rt module fixes.

Fix to remove fluidEngine entries for csound instance (prevents crash on moduleDestroy).

Opcodes called through function calls that returned arrays did not correctly synthesize args as array
types due to not converting the arg specifier to the internal format.

fixed crashing issue during note initialization for tied notes due to goto skipping over code.

fixed incorrect initialization of pfields when note's pfields length were less than instrument expec-
ted (off-by-one).

* Internal Changes:

Added Runtime Type Identification for instrument variables, removed use of XINCODE/
XOUTCO.

fix malloc length in negative number parsing, and improved handling of negative numbers.
writing to circularBuffer is now atomic.
anumber of memory leaks and potential dangerous code have been fixed.

type-inference has been extensively reworked, as have afew parsing areas.

* APl

Added API function for retrieving GEN parameters used for creating atable.

 Platform Specific:

L]

iOS.

» API Refactored for clearer method names and abstraction names (i.e. CsoundBinding instead of
CsoundV aueCacheable).

» Updated to remove deprecated code.
* A significant amount of reworking has been done on the code.
Android.

» API Refactored for clearer method names and abstraction names (i.e. CsoundBinding instead of
CsoundV a ueCacheable).

« Changes to enable HTML 5 with JavaScript and it is to be hoped WebGL in the Csound6 An-
droid app.

» Enabled change of screen orientation in the Csound6 app without forcing a restart of the app.
» Enabled local storage (useful for saving and restoring widget values, etc.).

Windows.
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« fixed pointer arithmetic that caused crashing on Windows.

» pyexec changed to use python's file opening functions to prevent crash on Windows.
» OSX.

* CsoundAC now compiles.
 Linux.

* threadlocks bug fix on linux.

Release Notes for Csound 6.03 (2014 May)

This new version has a large number of bug fixes (including clearing many tickets on SourceForge and
GitHub) aswell internal changes to improve performance.
» New opcodes:

e prinks2
: prints a new value every time a control variable changes using a printf() style syntax

* mp3sr, mp3bitrate, and mp3nchnls to get information on mp3 files

« EXPERIMENTAL: CUDA opcodes for partitioned convolution direct convolution and diding
phase vocoding; OpenCL opcode for additive synthesis

e compilecd
to compile instruments from a standard CSD file

e Orchestra:

e The argument for i() is supposed to be a variable not an expression. This is now enforced. (bug
#90)

» Score:
« New score opcode y sets the random seed (for ~) at read time
e Options:
e Therewas abug in CsOptions; the last argument was missed being read(issue #296)

« As command-line options expression-opt and no-expression-opt do nothing in Csound6 a warning
is printed

Modified Opcodes and Gens:

« For ogg output it is possible to specify a VBR (variable block rate) quality.

* dssi4cs code has been extensively reworked to avoid potential memory faults.
« Many array operations now available for i-arrays as well as k-arrays.

« fillarray will work for string arrays
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» Displaysof FFT (viadispfft) improved with scaling/zooming options

Signal flow graph opcodes are now working with a-rate array signals.

In alsaRT code the samplerate is taken from the device

 Faust opcode system updated to latest faust API

Utilities:

« fixed bug in Ipanal

csound-~:

e OSX - fix for running with 32-bit cpu architecture

* Windows - csound~ now available for Windows

Emscripten:

¢ Thisisnow generally merged into the code-base

General usage:

» --displays now switches graphs on, as expected

« New commandline option --get-system-sr added to obtain the machine's sample rate
* New command-line option --deviceg[=in|out] gives alist of available audio devices and then exit
Bug fixes:

« fixed the bug when tables were replaced but the size did not change

< A number of bugs in --sample-accurate have been detected and fixed. This includes opcodes out,
outn, and line

¢ A number of bugsin grain3 were fixed

e Bugin str_chanel could cause a crash; fixed

e Small bug in rtjack fixed

« Error in resize opcode corrected

¢ Fixed an unlikely bug in atsa

 Fixed rtauha pause issue

¢ A number of bugs/untidiness fixed in GEN23

* Array bound checks fixed

« strings channels were not correctly set for dynamic-size strings, now fixed

» memory allocation for string formatting in printfsk was fixed, stopping string truncation

 dtrcat safe against overflow
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« error in compilation of arrays fixed (issue #293)
¢ GetPvsChannel fixed against a crash
» System Changes:
« turnoff opcode now checks that the instrument being affected is active
* lenarray can accept any array type
« theway of rounding atable number to an integer was changed and is now more as expected

« thereisanew possible section in a csd file called <CsFile...> which is like csFileB but with unen-
coded text.

« UDO compilation now uses the type system. This means that UDOs now alow any array type to be
used

« Improved orchestra parsing speeds with better algorithms
* Internal Changes:

« The whole system has been checked by the Coverity static checker which identified a number of
(mainly minor) problems. These have been reviewed and checked. In particular better use of print-
ing and string copying should prevent overflows

* Thetype and variable system has been extensively rewritten; this allows better array and UDO sup-
port

» Alignment of variables got right in all cases

« Array copying is now using the type system to copy values; fixes issues with copying string arrays,
f-sigs, etc

» Always reset Csound when stopping to ensure state is clean; was not being reset when there was a
compile error, so that next successful run would start with an invalid Csound engine (issue #305)

* API:

« All opcodes etc now use the APl memory allocation operations, so it is possible to replace the
whole memory allocator

» Added csoundCompileCsd to API and associated new compilecsd opcode
 Protected csoundGetSringChannel against null and short strings and added a check for string size

« A number of API functions have had char