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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 continuouswaveforms. There are many waysto do this, each affording adifferent manner
of control. Direct synthesis generates waveforms by sampling astored function representing asingle cycle;
additive synthesis generates the many partials of a complex tone, each with its own loudness envelope;
subtractive synthesis begins with a complex tone and filters it. Non-linear synthesis uses frequency
modul ation and waveshaping to give simple signals complex characteristics, while sampling and storage
of anatural sound allowsit 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 instrumentsin an orchestra, and 2) from the eventswithin ascore. An orchestraisreally
acomputer program that can produce sound, while a score is abody of datawhich that program can react
to. Whether arise-time characteristic is afixed constant in an instrument, or avariable 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 Standard Numeric Score) passed to this
orchestra contains numerically coded pitch and control information, in standard numeric score format.
Although many users are content with this format, higher level score processing languages are often
convenient.

The programs making up the Csound system have along history of devel opment, beginning with theMusic
4 program written at Bell Telephone Laboratoriesin the early 1960's by Max Mathews. That initiated the
stored table concept and much of the terminology that has since enabled computer music researchers 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 adifferent tack: thetwo
distinct networks of control and audio signal processing stemmed from my intensive involvement in the
preceding yearsin hardware synthesizer concepts and design. This division has been retained in Csound.

Becauseit 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, SGl's under 5.0, on IBM PC's under
DOS 6.2 and Windows 3.1, and on the Apple Macintosh under ThinkC 5.0. With this single language 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 datatypes. 1992 saw MIDI converter and control
units, enabling Csound to be run from MIDI score-filesand external keyboards. In 1994 the sound analysis
programs (Ipc, pvoc) were integrated into the main load module, enabling all Csound processing to be run
from a single executable, and Cscore could pass scores directly to the orchestrafor iterative performance.
The 1995 release introduced an expanded MIDI set with MIDI-based linseg, butterworth filters, granular
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synthesis, and an improved spectral-based pitch tracker. Of special importance was the addition of run-
time event generating tools (Cscore and MIDI) alowing 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

Thisinitia version of thismanual for early versions of Csound was started at MIT by Barry L. Vercoeand
maintained there during the 1980's and start of the 1990's. Some of the manual comes from documentsfor
programs like Music11 from the 1970's. This origina manual was improved and worked on by Richard
Boulanger, John ffitch, Jean Piché and Rasmus Ekman.

This manua led to the Officid Csound Reference Manua, ill located at: http://
www.lakewoodsound.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/]. Thisversion later becamethe Canonical
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 Menno Knevel and Stefano Cucchi with continuous contributions
from the Csound Community.

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

Table 1. Other Contributors

Mike Berry

Ricard Boulanger
David M. Booth
Oeyvind Brandtsegg
Eli Breder
Andréas Cabrera
Michael Casey
Michael Clark
Kevin Conder
Perry Cook

Sean Costello
Stefano Cucchi
Richard Dobson
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Gareth Edwards

Rasmus Ekman

Dan Ellis

Tom Erbe

John ffitch

Bill Gardner
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Matt Ingalls

Richard Karpen
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Anthony Kozar
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Hans Mikelson
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Rob Shaw
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Greg Sullivan
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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 Institute of Technology. All rights reserved.

Developed by Barry L. Vercoe at the Experimental Music Studio, Media Laboratory, M.1.T., Cambridge,
Massachusetts, with partial support from the System Development Foundation and from National 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 thislicenseisavailable
in the examples sub-directory [examples/fdl.txt] or at: www.gnu.org/licenses/fdl.txt [http://www.gnu.org/
licenses/fdl.txt].

This Csound language documentation in this manual is derived from Kevin Conder's Alter native 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.

Thislegal noticeisfrom the Public Csound Reference Manual: “ The original Hypertext Edition of theMIT
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 del'Université de Montréal. A Print Edition,
in Adobe Acrobat format, was then maintained by David M. Boothe. The editors fully acknowledge 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 isheld.”

The Public Csound Reference Manua's last known network location was http://
www.|akewoodsound.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.
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Csound and CsoundAC 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 Software 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
WARRANTY ; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A
PARTICULAR PURPOSE. See the GNU Lesser Genera 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., 51 Franklin S, Fifth Floor, Boston, MA
02110-1301 USA.

Getting Started with Csound

Downloading

In caseyou don't already have Csound (or have an ol der version) download the appropriate Csound version
for your platform from the Github Csound Download Page [http://csound.github.io/download.html].
Installers for Windows have '.exe' extension and for Mac .dmg'. If the installer's filename ends in '-d' it
means theinstaller has been built with double precision (64-bit) which provides higher quality output than
the ordinary float precision (32-bit). The float versions provide quicker output, which may be important
if you're using Csound in areal-time setting. Y ou 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 aterminal, so you may want to try to use one of the
front ends, either QuteCsound, which isincluded with the latest distributions, or another front end. A front
end is awindow-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 afront end or being executed from the command line, Csound needs two things:
» A Csound file (".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
usefor real-time audio, the buffer size, the types of messages printed, etc. These options can beincluded
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 therelater...

See the section Configuring if Csound is giving you trouble.

This documentation includes many '.csd' fileswhich 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
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be found in the examples folder of this documentation. Y our front end should allow 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

Y ou might need to remove all the linesfrom the command options slot in order for the manual
examplesto work.

You can also try the manual examples from the command line. To do this, navigate to the examples
directory of the manual 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
atwo-second sine wave.

Writing your own .csd files

A .cd filelooks like this (thisfile is oscils.csd [examples/oscil s.csd]):

<CsoundSynt hesi zer >

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

- odac ;5. realtime audio out

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

</ CsOpti ons>
<Csl nstrunent s>

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

iflg = p4

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

endi n
</ Csl nstrunent s>
<CsScor e>

1020
i 1322

; doubl e precision

xli


examples/oscils.csd
examples/oscils.csd

Preface

e
</ CsScor e>
</ CsoundSynt hesi zer >

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

» CsOptions - Includes the Command Line flags specific to this particular file. These options can also be
set using the .csoundeérc file, which you can edit in atext 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 theinstr and endin opcodes. The Csl nstruments section also containsthe Or chestra 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
using the i statement, and f-tables are created using the f statement. Several other score statements are
available.

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

You can write .csd filesin any plain text editor, such as Notepad or Textedit. If you use aword processor
(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 [http://
michael -gogins.com/archivestutorial .pdf].

What's new in Csound 6.16.0
Release Notes for Csound 6.16 (2021 June)

This delayed release was mainly a bug fixing release but there are significant new opcodes, including
support for simpler use of MIDI controls and a new opcode to connect to an Arduino. Also there is an
optional limiter in the sound output chain.

Also there are anumber of new filtersincluding the final opcode written by the 'father of computer music'
Max Mathews (with Julius Smith)! ported by Joel Ross.

» New opcodes:

cntDelete del etes a counter object.
« Ifsr, alinear feedback shift register opcode for pseudo random number generation.
* ctrlsave stores the current values of MIDI controllersin an array.

« turnoff3 extends tuning off to remove instrument instances that are queued via scheduling but not
yet active.

« ctrlprint prints the result of actrisave call in aform that can be used in an orchestra.
* ctrlprintpresets printsthe MIDI controller preset.

* ctriselect selects a preset for MIDI controller values.

xlii
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ctrlpreset defines a preset for MIDI controllers.

outall writes asignal to all output channels.

scale2 issimilar to scale but has different argument order and has an optional port filter.
arduinoRead extends the arduino family to transfer floating point values.

triglinseg and trigexpseg are triggered versions of linseg and expseg.

vclpf is a4-pole resonant lowpass linear filter based on atypical analogue filter configuration.

spf is a second-order multimode filter based on the Steiner-Parker configuration with separate
lowpass, highpass, and bandpass inputs and a single output.

skf is a second-order lowpass or highpass filter based on a linear model of the Sallen-Key analogue
filter.

svn is a non-linear state variable filter with overdrive control and optional user-defined non-linear
map.

autocorr computes the autocorrelation of a sequence stored in an array.
turnoff2_i isinit-time version of turnoff2.

scanu2 isarevision of scanu to makeit closer to the original concept. Damping how a positive value
and plucking initialisation totally rewritten, plus various code improvements.

st2ms and ms2st are stereo to MS and vice-versa conversion opcodes with stereo width control.

mvimfilter is afilter with pronounced resonance and controllable decay time.

New gen:

gend4 alows the writing of stiffness matrices for scanu/scanu2 in atextual format.

Orchestra:

The operations += and -= now work for i and k arrays.

k-rate array operators are now only processed at k-rate.

Score:

An instance of a named instrument can have a decimal fraction added to the name to allow for tied
notes and other facilities that were only avaliable for numbered instruments.

Options:

New options --limiter and --limiter=num (where num isin range [0,1]) inserts atanh limiter (seeclip
version2) at the end of each k-cycle. Thiscan be used when experimenting or trying some aien inputs
to save your ears or speakers. The default value in the first form is 0.5.

A typing error meant that the tag <CsShortLicense> was not recognised, athough the English spelling
(CsSortLicence) was. Corrected.

New option --default-ksmps=num changes the default value from the internal fixed number.

xliii
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New environment variable "CS USER_PLUGINDIR’ has been added to indicate a user plugin dir
path (in addition to the system plugin directory). This added search path defaultsto standard locations
on different platforms (documented in the manual).

Modified Opcodes and Gens:

slicearray_i now works for string arrays.

OSCsend always runs on the first call regardless of the value of kwhen.
pvadd can access theinternal ftable -1.

pan?2 efficiency improved in many cases.

Add version of pow for the case kout[] = kx ” ivalued[]

expcurve and logcurve now incorporate range checks and corrects end values.

Streaming LPC opcodes have had a major improvement in performance (>10x speedup for some
cases), due to a new autocorrelation routine.

Restriction on size of directory name size in ftsamplebank removed.

If anon string is passed to sprintf to be formatted as a %s an error is signalled.
readk family of opcodes now support comments in the input which isignored.
Added iflag parameter to sflooper.

Opcodes beosc, beadsynt, tabrowl, and getrowlin removed.

General Usage:

Csound no longer supports Python2 opcodes following end of life for Python 2.

Bug fixed:

The wterrain2 opcode was not correctly compiled on some platforms.
fprintks opcode crashed when format contains one %os.

Bug in rtjack when number of outputs differed from the number in inputs.
FLsetVal now works properly with "inverted range" FLdiders.
Conditional expressions with a-rate output now work correctly.

Bug in --opcode-dir option fixed.

sfpassign failed to remember the number of presets causing confusion. This also affects sfplay ad
sfinstrplay.

midiarp opcode fixed (issue 1365).
A bug in moogladder where the value of Odbfs affected the output is now fixed.

Bugs in several filters where istor was defaulting to 1 instead of 0 as described in the manual have
been fixed.

xliv



Preface

Bug in assigning numbers to named instruments fixed. This particularly affected dynamic definitions
of instruments.

Use of %s format in sprintf crashed if the corresponding item was not a string. Thus now gives an
error.

Fix bug in ftprint where trigger was not working as advertised.
Asynchronous use of diskin2 fixed.
pvs2tab does not crash in the diding case but gives aerror.

In some circumstances turnoff2 could cause the silencing of another instrument for one k-cycle. This
is now fixed.

timeinstk behaved differently in aUDO to normal use. This has been corrected.
Fixed midiarp init method as it was causing an issue with one of the arp modes.
Fixed scaling of attack stage of xadsr.

Fix printarray behaviour for string arrays (default isto print at every cycle); added a variant without
trigger.

Bug with named instrument merging in new compilations fixed.

ATSA opcode atsinnoi could cause memory problems. The 6.16 releaseis better but not yet verified.

e System Changes:

New autocorrelation routine can compute in the frequency or in the time domain. Thanks to Patrick
Ropohl for the improvement suggestion.

Minimum cmake version bumped to 3.5.
Image opcodes removed, now in plugin repo.
faust opcodes removed, now in plugin repo.
Python opcodes are now in plugin repo.

Ableton Link opcodes moved to plugins repo.

 Platform Specific:

MacOS:

« Some opcode libs with dependencies have been removed from release. Image opcodes, Python
opcodes, Faust opcodes, and FLTK Widget opcodes have been moved to a separate repository and
are not included anymore.

Release Notes for Csound 6.15 (2020 August)

Quite afew new opcodes are in this release as well as extensions of existing opcodes. In particular there
istheintroduction of streamed L PC which has long been requested.
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Another feature in this release is a large number of internal fixes to incorrect data access, as well as the
usual tweaks and changes.

Starting from this release, no third-party graphic frontends are shipped with the installation packages on
MacOs and Windows. Users should install their choice of frontend separately.

» New opcodes:

ftset sets multiple elements of atable to a given value.

|ufs opcode calculates a momentary, integrated and short-term loudness meter.

bob filter isanumerical simulation of the Moog analog resonant filter.

sterrain is an enhanced version of wterrain with more possible orhits.

wterrain2 is a alternative enhancement of wterrain with less variation that sterrain.

count, count_i, cntCreate, cntRead, cntReset, cntCycles and cntState together implement a new
counter object that cycles through a constant range, similar to in PD.

new alias for sc_ opcodes. sc lag -> lag, sc_lagud -> lagud, sc_trig -> trigholf, sc_phasor ->
phasortrigo.

printlnis similar to printf but without the trigger.
rndseed provides a seed for rnd and birnd functions.

arduinoStart, arduinoRead and arduinoStop provide a protocol for transferring sensor data from an
Arduino to Csound.

Ipcfilter, Ipcanal, alpole, pvdlpc, pvscfs, apoleparams, resonbnk: new streaming linear prediction
opcodes.

gauss - new version accepting mean and standard deviation as parameters, implementing the Box-
Muller agorithm.

pvsbandwidth - returns spectral bandwidth.

vps - vector phase shaping.

* Orchestra:

#include of aurl now works again.

The end of file case is better handled in the pre-lexer.

Corrections to reported line number in afew error cases.

Conditional expressions yielding strings fixed, and other cases.

The sequence //* no longer is misinterpreted as starting a comment block.

When using sample-accurate mode a new score event that was aligned to the ksmps could stop one
cycle early. Now correct.

The maximum line length for various ingduis has been increased to 8192.
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» Now legal to set the number of input channelsto zero.
Score:

» New score opcode B islike b but is accumulative.

» Theend of file caseis better handled in the pre-lexer.
Options:

* keep-sorted-score and simple-sorted-score both can take a filename in which to write the score after
a=.

 print_version option prints the version of Csound used at the end of arendering.
« syntax-check-only return an error if syntax failed.

 opcode-dir: loads all plugin opcodes from a given directory (in addition to the plugins loaded from
the opcode plugin path).

Modified Opcodes and Gens:

 cent, semitone, dB accuracy improved.

* taninv2 now has an array version.

« ftdlice has more variations.

« ptable opcodes are now deprecated as they are identical to table opcodes.

* GEN20 case 9 (sinc function) now has an optional parameter to the x range.
« fprint(k)s now has a %s format specifier.

« lastcycle corrected and clarified.

» chn_k can now accept the mode as a string. r=1 (input), w=2 (output), rw=3 (input+output).
e trimimproved.

» The HDF5 opcodes upgraded to v1.12.0.

* GEN16 is more careful about lengths of data.

« scale has additional optional arguments to specify the input range.

« schedule/schedulek can take arguments from an array.

* GEN11 improved with respect to rounding errors.

* partials has an improved method of phase estimation.

« ctrlinit checks that the values are in the range [0,127].

« finasformat argument changed, and is now deprecated.

« fink hasthe same argument change.  xlvii
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* Utilities:

Ipanal now contains a new alternative algorithm based on the Durbin method, in addition to the
original Gauss method.

» Genera Usage:

if using FLTK the widgets are reset on ending a run, which was not aways the case earlier.

* Bugs Fixed:

setcols was very broken; fixed.
cps2pch and cpsxpce fixed in the case of atable of frequencies.

The 31 bit pseudo random number generator was seeded with zero then it stayed on zero. That is
now fixed.

GEN 20 was wrong in the case of 8 (triangle).
Turning off an instrument from inside a UDO now works.
Macro expansion in both orchestra and score had a bug related to uninitialised variable.

If a UDO set a different value for ksmps any output to a multichannel device was incorrectly
calculated.

reshape array had a number of problems, now all fixed.
ftprint had problems not following the manual regarding trig == -1 and could show the wrong index.

Part2txt/partials occasionally emitted the same track (including same track 1D) multiple times for a
given time point. Fixed.

expsegr was incorrectly dependent on ksmps when sample-accurate isin force.
table opcodes had an error when used with non power-of-two lengths.

A fencepost error in OSCraw fixed.

e System Changes:

A crash when csound.eval code was called without csound.start fixed.

Many fixes to memory problems, mainly invalid reads/writes.

* AP

New API to hard override default plugin dir.

New API function to load plugins.

 Platform Specific:

WebAudio:

 Built using Emscripten 1.39.13 (LL WMibackend).
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« New single-file release of CsoundObj.js with all classes and webassembly files combined using
npm and rollup.

« Breaking: CsoundObj.importScripts() was removed and replaced with CsoundObj.initialize().
» Pathsfor loading other files no longer relevant with single-file
* initialize takesin optional AudioContext, otherwise CsoundObj will create one for use.

» Breaking: CSOUND\_AUDIO\_CONTEXT moved from global namespace; instead reference
CsoundObj.CSOUND\_AUDIO\_CONTEXT.

» Compile flags changed to -O3 and without debug information, per recommendations for release
builds by Emscripten.

¢ Link-Time Optimization (LTO) enabled for reduced size.
* MacOS:

* coreaudio now checks the number of channels and failsif there are insufficient.
* Bea

» Updated digiBelaOut and digilOBela.

» Added trill opcode.

Release Notes for Csound 6.14 (2020 January)

A number of bug fixes and enhancements, but also potentially significant changes are included.

For live coders the orchestra macros are now remembered between calls to compilerstr. This should not
change the behaviour of current valid orchestras but could be useful in live coding.

MIDI devices now include mapping multiple devices to higher channels. The details are in the manual
MIDI section.

* New Opcodes:
 randcislikerandi but uses a cubic interpolation.

* mp3out is an experimental implementation of writing an mp3 file. It may be replaced by the current
work in libsndfile to deal with MPEG files.

Simple example:

<CsoundSynt hesi zer >
<Csl nstrunent s>
ksnmps = 1000
instr 1
aa diskin "fox.wav", 1
mp3out aa, aa, "test.nmp3"
endi n
</ Csl nstrunent s>
<CsScor e>
il103
e
</ CsScor e>

xlix
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</ CsoundSynt hesi zer >

The syntax is "mp3out aleft, aright, Sfilename" with three optional arguments "mode" (O=stereo,
1=Jointstereo (default), 3=Mono), "bitrate" defaultingto 256, and "quality” (inrange1to 7) defaulting
to 2 (high quality).

metro2 is like metro but with added controllable swing.

ftexists reports whether a numbered ftable exists.

schedulek is a k-time opcode just like schedule.

new array based channel opcodes: chngeti, chngetk, chngeta, chngets, chnseti, chnsetk, chnseta,
chnsets.

lastcycle identifies the last k-cycle of an instrument instance.

strstrip removes whitespace from both ends of a string.

Orchestra:

The conditional expression syntax a?b:c incorrectly always calculated b and ¢ before selecting which
to return. This could give incorrect division by zero errors or cause unexpected multiple evaluations
of opcodes. It now implements the common C-like semantics.

Orchestra macros are now persistent, so they apply in every compilation after they are defined until
they are undefined. It has been changed because of the need of live coding in particular. A correct
orchestra should not be affected.

Following asyntax error there were cases when Csound gave a segmentation error. Thisisnow fixed.

Options:

L]

New option simple-sorted-score creates file score.srt in amore user-friendly format.
Revise treatment of CsOptions wrt double quotes and spaces which need escaping.

Setting the 1024 bit in -m suppresses printing of messages about using deprecated opcodes. This
option isitself deprecated.

Modified Opcodes and Gens:

sguinewave now handles optional aor k rate argument.
pindex opcode handles string fields as well as numeric ones.
sflooper reworked to avoid a crash and provide warnings.
event_i and schedule can take fractional pl.

in soundfont opcodes better checking. Also no longer will load multiple copies of a soundfont, but
reuses existing load.

fluidControl has a new optiona argument to control printing messages.

bpf has an audio version now.

stsend/stecv camwork withrunmatched k-(dl(:‘b.
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pvstrace has new optional arguments.

Ipfreson checks number of poles.

syncloop had asmall typing error that caused crashes.

bpfcs has new array versions.

zacl can omit second argument, defaults to clearing only the given channel.

outvalue attempted to use a k-rate value which could be invalid at the time. Thisis mainly a small
performance problem, and it is now eliminated.

Channel names for chnget and chnset opcodes can now be updated at k-rate so they can be called
within aloop.

copya2ftab now has an optional additional argument which is an offset into the ftable for where to
copy the array.

Utilities:

Ipanal now checks that sufficient poles are requested.

Frontends:

CsoundQt: Released to coincide with Csound 6.14 there is CsoundQt 0.9.7. See Release notes https://
github.com/CsoundQt/CsoundQt/blob/master/release_notes/Rel ease%20notes%200.9.7.md [https./
github.com/CsoundQt/CsoundQt/blob/master/release_notes/Rel ease%20notes%6200.9.7.md].

General Usage:

/I comments at the start of aline now accepted in CsOptions section of acsd file.

Option --orc has been corrected so it runs without a score; that is for ever until an exit condition.

Bugs Fixed:

shiftin fixed.

exitnow delivers the return code as documented.

fixed bug in beosc, where gaussian noise generator was not being initialised.

OSCraw fixed.

ftkloadk could select incorrect internal code causing a crash.

GENO1 when used to read a single channel of a multi-channel file got the length incorrect.
ftgenonce had a fencepost problem so it could overwrite atable in use.

arace condition in Jacko opcodes improved (issue #1182).

syncloop had a small typing error that caused crashes.

lowresx was incomplete and did not work as intended; rewritten (issue #1199)
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« if outch was incorrectly given an odd number parameters it would give a segmentation error. This
NOwW gives an error message.

» System Changes:

« New plugin class for opcodes with no outputs written. perform time errors and init errors are also
reported in the return code of the command line system. The new API function GetErrorCnt is
available to do something similar in other variants.

* AP

e Function GetErrorCnt gives the number of perf-time errors, and adds in the init-time errors at the
end of arendering.

* Function FTnp2Find no longer prints messages if the table is not found, but just returns NULL.
Previous behaviour is available as FTnp2Finde.

* csoundGetlnstrument() added.
 Platform Specific:
¢ WebAudio:

» added csoundCompile to CsoundObj that adds commandline args so that one can override
CsOptions valuesin CSDs.

 added getPlayState(), addPlayStatel istener(), and other methods to CsoundObj for querying and
listening to changes of play state.

* Windows:

« stsend reworked for winsock library.

Release Notes for Csound 6.13 (2019 July)

Not many new opcodes but there are a significant number of opcodes being extended to use arraysin a
variety of ways, widening the options for users. There have been many fixes to the core code as well as
opcodes.

» New opcodes:
e dtring2array isavariant of fillarray with the data coming from a string of space separated values.

e nstrstr returns the name string of an instrument number or an empty string if the number does not
refer to anamed instrument.

« ntof converts notename to frequency at i- and k-time.

e ampmidicurve is a new opcode that maps an input MIDI velocity number to an output gain factor
with amaximum value of 1, modifying the output gain by a dynamic range and a shaping exponent.

* Orchestra:
* The consistency of kr, sr and ksmps reworked especially when there is overriding.

 Corrected default Obdfs usage.
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Resolving the path for #include files reworked to be more liberal.
Reading and writing to multidimensional arrays was very wrong. Thisis now correct.
Better checking for unknown array types (issue #1124)

In all array operations the size of an array is determined at init time and no alocation happens at
perf time.

Array arithmetic now respects --sample-accurate.

Score:

The characters n and m could erroneously get ignored in scores.
Resolving the path for #include files reworked to be more liberal.

After an error the backtrace of files and macros incorrectly read the information for orchestra rather
than scores; fixed.

The end of an r (repeated) section was not always correct.
Nested {} parts of a score could lead to errors.
After an s statement a newline was required; no longer needed.

The{} scoreloops have been reworked to allow macros and expressions in the loop count.

Options:

The new option --use-system-sr set the sampl e rate to the hardware/system value.

Modified Opcodes and Gens:

Sending failure in OSC is now awarning rather than an error.

passign can now have an array as the target.

Version of bpf/bpfcos added to allow points defined via arrays.

grain can now use tables of any size, which was only a power of 2.

Changing coloursin FL widgets now works (it previously did not redraw the colour).
fillarray can read from afile of values overcoming the argument limit.

sumarray now works for audio arrays as well asfor scalar values.

Assignment of an audio value to an audio array now works.

monitor was broken in the array form.

gendyc now respects sample-accurate mode.

mtof and ftom now have array versions.

sc_lag and sc_lagud now use the first k-lai a-rate input when no initial valueis given.
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 printarray now works for string arrays.

 changed2 now works for strings.

« diskgrain, syncgrain and syncloop now can do sample rate scaling.
e GENOL1 correctly reads raw audio files when requested.

« ftaudio can now take two additional optional arguments for the start and end of the table data being
written to file.

« sensekey recoded in the 'key down' mode.

* loscilx can return an audio array.

« schedule opcode reports undefined instrumentsin all cases.

* event_i now accepts tagged instrument numbers.

 printarray treats %d correctly.

 beadsynt now workswith i arrays as well ask arrays asin the manual.
* Utilities:

* hetro had a number of fixes and improvements.
» Genera Usage:

e There have been a number of improvements in the semantics for multicore; most of these are
corrections with afew efficiency gains.

e There is a maximum number of arguments for an opcode which was neither explicit nor policed.
Attempts to use too many arguments now gives a syntax error.

* Bugs Fixed:

* FLgetsnap fixed.

« directory fixed regarding file extensions.

* FLsetText reused a string incorrectly which led to incorrect values.

» fmb3 failed to initialise the Ifo rate in some cases.

« ftaudio at i-rate was totally broken.

» Following areinit printks could be skipped; fixed.

 printksfixed so it prints at correct times.

« tabrowlin and getrowlin would calculate wrong size under certain conditions.
e System Changes:

« Hash Table implementation modified to expand on load for better performance when map contains
large number of entries.

liv
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« Plugin GEN functions can have a zero length, but the code must check for this and act accordingly.
This alows for deferred alocations.

« schedule reports undefined instr numbers/names and continues, rather than causing an error.

* Allow multiple calls to midi out controls.
* API:

« find_opcode_new and find_opcode_exact now exposed in API.

» After areset a default message string callback handle is configured.

< New function csoundSystemSr added to the API to read hardware-imposed sample rate.
 Platform Specific:

* WebAudio: libsndfile now compiled with FLAC and OGG support.

« Inboth orchestra and score the path tracking of #include expects a\ separator.

» Haiku port now available.

« Allow analog in and out with different channel numbers.

Release Notes for Csound 6.12 (2018 November)

Many changes including the removal of vst2cs functionality due to a copyright issue.

The changes made in 6.11 to raw format reading have been modified so genl and diskin ignore positive
file formats and use the file header, unless the format is negative when it uses the absolute value in araw
audio file. This should preserve most compatibility issues.

There are anumber of new and improved opcodes, new facilitiesin scores and many bug fixes.
» New opcodes:

* fluidinfo
retrieves program information from a currently loaded soundfont.

« New opcode

ftaudio
writes a ftable to an audio file; irate and triggered k-rate version exist and k-rate version supports
sync or async writing.

e Version of

OClisten
that writes the data to ak-rate array now exists.

e OSCcount
returns the number of OSC incoming messages pending.

« faustplay
and
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faustdsp
are new opcodes splitting the faust DSP instantiation and performance.

e OChundle
sends a collection of similar OSC messages as a single packet for efficiency.

* beosc
and

beadsynt
are band enhanced oscillator and oscillator bank.

bpfcos
isfor breakpoint files with interpolation. Similarly

lincos
adds cosine interpolation to

linlin
e printarray
and

reshapearray
act on arrays.

e trim
and

trim_i
adjust the size of a1 dimensional array, either bigger or smaller, preserving data and/or padding with
ZEros.

Orchestra:

» New preprocessor option #includestr. Thisis like #include but has macro expansion in the double-
guote delimited string.

» Useof tied notesin subinstr fixed.
» Nesting macro calls more than about 10 caused a crash; now unlimited nesting works.
* Runtime error message now (usually) include aline number and a file/macro trace.

» Multiple assignments such as ka, kb = 1,2 are again supported by the parser; it had inadvertently
got lost.

» The problematic use of i() with an array element directy is now flagged as an error.
 If anincluded filenamehasa"/" init then any nested includeisrelativeto that directory. (Issue#973).
» Redefinition of UDOs with zero output arguments fixed.

« A very obscure bug in running sub-instruments, which has been in the code for nearly a year, was
fixed.

Ivi
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Score:

New preprocessor option #includestr. This is like #include but has macro expansion in the double-
guote delimited string.

'd' score opcode for real-time performance. This was issue #966.
Bug in np operation fixed.

Use of [] syntax in a score could lead to aloss of precision for numbers over about 1 million; older
version restored.

Nesting macro calls more than about 10 caused a crash; now unlimited nesting works.

The forms for delayed ending of sections (e 5 or s 5) now work with fractional delays; previously
only read the integer part.

If anincluded filenamehasa"/" init then any nested includeisrelativeto that directory. (Issue#973).

Modified Opcodes and Gens:

Add optional argument to ftom for rounding answer to integer.

flooper2 and syncgrain etc now allow resampling.

chnclear can now take alist of channelsto clear instead of just one.

printf and printf_i now are like the manual: all arguments beyond the format and trigger are optional.
prints and printks can take string arguments printed with %s.

GEN2 can now take a size of zero, which is interpreted as size sufficient for the number of values
provided.

faustcompile now includes anew optional parameter to allow it to be runin ablocking mode. Defaults
(as before) to non-blocking.

fillarray can berun at k-rate if any of the argument/values are k-rate.
slicearray for other than i-rate arrays runs at k-rate only.

pvstrace now has the option also to return an array containing the bin numbers.

Utilities:

A coding error in mixer was fixed. It was very broken.

Bugs Fixed:

A typo in p5glove meant that the command to read the button status as a bitmap only returned state
of button A.

diskin to array fixed and also use with small ksmps.

Inloscil it sometimesfailed to deal with the ibas argument; this has now been reworked to be correct.

madsr could overflow an internal countéwiivhen given a negative p3.
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 Fixed mapping from threads to lua_States (issue #959).

« Thetime calculation in flooper2, flooper, and syncgrain was corrected.

« Resampling and pitch fixed in pvstanal

» Rare buffer overflow case in faust opcodes fixed.

* pvsftw had an incorrect check for fft format which led to incorrect claim of bad format; fixed.
« If ksmpswas 1 the opcode linenr at arate failed to work; fixed.

» window opcode fixed.

« Thetest for compatible subtypes of f-valuesin anumber of pvs opcodes waswrong, causing spurious
€rror messages.

» cosseg was broken for more than one segment; now OK.
» monitor opcode did not work correctly when using multiple processes; fixed.

« inthelinenr opcodeif the release stage was entered before the end of the rise the output value jumped
to the end value and then decayed, causing a glitch. Thisisfixed. (#1048)

» System Changes:

e The various -zN options now reports the number of opcodes for the request, so differs with respect
to deprecated and polymorphic opcodes.

» Recompilation of named instruments totally reworked to avoid errors and memory leaks.

* Theallocation of instrument names to internal numbers has been rewritten and should now be usable
with replacementsin live coding.

« Printing the number alocated to a named instrument now behaves the manual, not just for debug.

« If libloversion 0.29 isavailable csound can be built to useit (with acompiler flag LIBLO29) and this
fixes some bugs related to heavy/complex use of OSClisten. Unfortunately the older 0.28 version is
being distributed by some Linux distros.

e The orchestra compiler has a number of new optimisations, avoiding unnecessary assignments and
doing some more expression optimisations.

* AP

 csound->ReadScore was changed so it behaves the same as a score in a csd or sco file. This could
incorrectly give an infinite score or not in unexpected cases.

 Platform Specific:

« Bela allow analog in and out with different channel numbers.

Release Notes for Csound 6.11 (2018 May)

There has been a great amount of internal reorganisation, which should not affect most users. Some
componentsare now independently managed and will eventually beinstallable viaanew package manager.
The realtime option is now considered stable and has the "experimental” tag removed. Special support

Iviii
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for the Bela platform has been introduced. There have been more steps towards completing the arithmetic
operations involving a-arrays.

Note

Note that changes to GENO1 and diskin2 may not be backward compatible if a non zero
valueisgiven for the format.

» New opcodes:

loscilphs, loscil3phs are like loscil but return the phase in addition to the audio.

More arithmetic between a-rate arrays and a-rate values; this compl etes the arithmetic where one or
more argument is an audio array.

balance? is like balance but scales the output at a-rate, rather than k-rate.

* Score:

Characters following a\ in a score string are treated as escaped, so \n is a newline rather than two
characters. It handlesescaped a, b, f, n, r, t and v. Other characters following a\ ignore the backslash.

» Modified Opcodes and Gens:

print, printk2 now take an additional optional argument which if non-zero causes the k-variable name
to be printed as well asthe value.

getrow, setrow, getcol, and setcol can now act on i-rate arrays.

diskin2 wasincorrectly described in the manual with respect to the iformat parameter. Now if iformat
is zero the file is expected to have an audio header; if in the range 1-10 (rather than 0-9 as before)
then it is opened as raw with the specified sample format. THIS MAY BE INCOMPATIBLE. For
most users the value of zero will be correct.

GENO1 now uses format 0 to get the file type from the header; any other value indicates araw file.
THISMAY BE INCOMPATIBLE. For most users the value of zero will be correct.

GENO1 was incorrectly documented with respect to the format argument. There are 9 raw formats
whereas the earlier manual stated 6.

Small changein dlicearray should allow it to be used in functional form in most cases.

Thefamily of opcodestb0 to th15 and their initialisation opcodestb0 init to tb15 init are deprecated
as multi-argument functions are allowed.

The mode filter now does not allow a frequency in the unstable region.

In scanu and xscanu the value of kpos is supposed to be in the range [0,1]. Thisis now enforced by
treating all negative values as 0 and all values bigger than 1 as 1.

o Utilities:

src_conv isnow available on Windows and MacOS.

* Frontends:

Belacsound: a new frontend specific for the Bela platform is introduced in this version.

* Bugs Fixed:
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« linen was reworked to allow for long durations and overlaps.
» Resetting csound caused a crash if Lua opcodes were used; fixed.

» Theposcil family of opcodescould giveincorrect resultsif used in multi-core orchestras AND another
instrument changed the f-table. Thisis now corrected.

« Useof out with an audio array did not check that the array dimension was not greater than the number
of channels, which caused a crash. It is now checked and truncated if too large with awarning.

« Bug in stereo versions of loscil introduced distortion; now fixed.
» Fencepost error in phsfixed.
» gend9 read deleted memory if the file was not found; fixed.

« Loading of LADSPA plugins when relying on search paths was wrong and mangled the name; now
fixed.

e System Changes:
* OPCODE6DIR{64} now can contain a colon-separated list of directories.

» The somewhat curious distinction between k-rate and a-rate perf-time has been removed throughput,
so only threads 1, 2 and 3 are used, the s-type output is not used, and some x-type inputs have been
changed for direct polymorphism. This only matters for opcode writers as the s, and x codes and
threads 4, 5, 6 and 7 will be removed in awhile.

» Trangdations:

¢ Asever the French trandations are complete.
* API:

* No changesto the API.
 Platform Specific:

« WebAudio: from this release onwards, the Csound port for the web platforms has been merged into
asingle package henceforth called 'WebAudio Csound'. There are many internal changesto this, the
AudioWorklet interface is employed wherever supported, with a fallback to ScriptProcessorNode
elsawhere. Csound is also available in the form of independent Nodes, in addition to the original
CsoundObj API. The csound.js frontend, originally designed for PNaCl Csound, is aso ported to
WebAudio Csound, following the deprecation of that port of Csound.

Release Notes for Csound 6.10 (2017 December)

This is mostly a bugdfix release, including a major bug introduced in loscil recently. New and improved
opcodes and a long orphaned GEN (53) are here, as well as many small internal improvements. Internal
changes have removed a number of memory leaks.

» New opcodes:
« midiout_i which islike midiout, but works at i-rate.

 chngetks and chnsetks -- versions of chnget and chnset for string channels that only run at perf-time.
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e sguinewave, a mostly bandlimited shape-shifting square-pulse-saw-sinewave oscillator with
hardsync.

* New Gen and Macros:

» GENS53 (which has been in the code but not documented for years) is now acknowledged. It creates
alinear-phase or minimum-phase impul se response table from a source table containing a frequency
response or an impul se response.

e Orchestra:
* Incorrect use of k-rateif..then.. in instrument O is now treated as i-rate.
* Incorrect use of k-rate operations in instrument O are no longer treated as an error but awarning.

 Inacsd filecommented-out tags were acted upon in some cases, |eading to truncated orchestras. This
is now fixed.

» Arrays can be assigned from i-rate and k-rate to krate and i-rate; previously rates had to match.

» Theuseof ! asaBoolean operation (meaning negation) is now supported, where previously the parser
accepted it but did not use it.

» Constant folding now implemented on awide range of arithmetic.

» Attempts to use an undefined macro produce a syntax error now.

« Missing " (or other terminator) in #include is noticed and the #include isignored.
» Score:

* In acsd file commented-out tags were acted upon in some cases, leading to truncated scores. This
is now fixed.

e Theevaluation form [..] can now be nested.
» The extract feature (-x from command line) now works.
» Use of the score opcode x could cause spurious error messages which are now suppressed.
« After caling aundefined macro the rest of the lineisignored.
» A couple of bugsin repeated sections (r opcode) have been removed.
« Missing " (or other terminator) in #include is noticed and the #include isignored.
e Options:
» The --tempo (and -t) option now can be fractional; was previously limited to an integer.
* new option: --udp-consol e=address.port redirects console to a remote address:port.
* new option: --udp-mirror-consol e=address.port mirrors the console to a remote address.port.
* new option: --udp-echo echoes messages sent to the UDP server.

» Modified Opcodes and Gens:
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loscil/loscil 3 accept floating point increment.

OSCraw closes socket after use.

fout can now generate ogg format, as well as accepting -1 to mean the same format as -0 uses.
bitwise and opcode (&) at a-rate corrected for sample-accurate mode.

slicearray has an optional additional argument to give a stride to the slice.

chnset now can have variable channel names.

arrate arrays may be added, subtracted, multiplied and scaled. Thisisastart on a-rate array arithmetic.
dssiinit improved removing some crashes.

partials improved to remove afencepost issue.

vcozift fixed when an existing table is used.

Frontends:

Emscripten: Now compiled as WebAssembly (runsin al major browsers). APl now somewhat more
conformed to other HTML5 APIs.

CsoundQT: Now built from master branch for improved stability.

Bug fixed:

The optionality of the last argument in sc_phasor now works.

Freezing in dconv fixed.

looptseg no longer crashes if presented with too few arguments.

schedule etc now work correctly with double-quoted strings within {{ }} strings.
problem with CLI frontend interrupt handler fixed.

outs2 was broken (always wrote to channel 1 like outsl).

Various errors in the DSSI/ladspa system fixed.

vbap was broken in all cases except 4-speakers, now corrected.

Live evalution of Csound Orchestra code code could result in hard to diagnose, odd errors (e.g.,
crashes, division by zeros, NaNs). This was due to a bug in merging of newly found constants into
the global constant pool.

System Changes:

UDP Server now accepts some new commands, which are prefixed by an opcode. These include
support for events (&) and scores ($); setting control channels (@ ); setting string channels (% );
getting control channel valuesvia UDP (:@ ) and string channel contents (:% ).

Trandations:

As ever the French trandations are compl ete.
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The Italian trandations of messages are greatly improved in scope; about a half of error and warning
messages are now done.

Some progress as been made in German translations.

* APl

CompileCsdText now always returns a value indicating success/failure.

Eight new asynchronous versions of APl functions now available: csoundCompileTreeAsync(),
csoundCompileOrcAsync(), csoundReadScoreAsync(), csoundl nputM essageAsync(),
csoundScoreEventAsync(), csoundScoreEventAbsoluteAsync(), csoundTableCopyOutAsync(), and
csoundTableCopylnAsync().

For server use, three new API functions: csoundUDPServerStart, csoundUDPServerStatus and
csoundUDPServerClose.

 Platform Specific:

Windows

» Now compiled with Microsoft Visual Studio 2017 or later.
 Continuous integration for Windows with AppVeyor.
GNU/Linux

e GNU/Linux ALSA MIDI backend now ignores some spurious ENOENT error codes.

Release Notes for Csound 6.09 (2017 May)

A mixed bag of new opcodes and many fixes and improvements.

Also asusual there are anumber of internal changes, including many memory leaks fixed and more robust
code.

» New opcodes:

select -- sample-by-sample comparison of audio selecting the output.

midiarp -- generates arpeggios based on currently held MIDI notes.

hilbert2 -- a DFT-based implementation of a Hilbert transformer.

Ableton Link opcodes -- for synchronizing tempo and beat across local area networks.
pvstrace -- retain only the N loudest bins.

several new unary functions/opcodes for k-rate and i-time numeric arrays: ceil, floor, round, int, frac,
powoftwo, abs, log2, 10g10, log, exp, sgrt, cos, sin, tan, acos, asin, atan, sinh, cosh, tanh, cbrt, limit1.

several new binary functions/opcodes for k-rate and i-time numeric arrays: atan2, pow, hypot, fmod,
fmax, fmin.

limit -- numeric limiting within a given range (for arrays).

tvconv -- atime-varying convolution (FIR filter) opcode.
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liveconv -- partitioned convolution with dynamically rel oadable impul se response.
bpf, xyscale, ntom, mton -- (from SuperCollider?).

OSCsend -- now implemented directly using system sockets. Old version using liblo has been kept
as OSCsend lo.

OSCraw -- to listen for all OSC messages at a given port.
sorta and sortd-- sort elements of an array.
dot -- calculates the dot product of two arrays.

zero delay filters -- zdf 1pole mode, zdf 2pole mode, zdf ladder, zdf 1pole and zdf 2pole,
diode ladder, K35 hpf and K35_|pf.

product -- takes anumeric array (k or i-rate) and calculates its product.

supercollider ugens -- sc_phasor, sc_lag, sc_lagud, sc_trig.

Orchestra:

Including a directory of UDO files no longer fails if more than about 20 entries.
It was possible for kr, sr, and ksmps to be inconsistent in one case, no more.
Macro names better policed and bracket matching.

Octal values as\000 can bein strings.

(from 6.09.1) In aUDO the out* opcodes now work, where before it was working only sometimes.

Score:

Improved line number reporting in r opcode and case with no macro implemented.
m and n opcodes fixed.

Expansion of [...] corrected and improved.

Strings in scores improved.

The) character can bein amacro argument if it is escaped with \.

Use of the characters e or s could lead to errors; now fixed.

Macro names better policed, and bracket matching.

p2 and p3 are now at higher precision, no longer truncated to 6 decimal places.
new opcode d to switch off infinite notes (denote); same asi with negative pl.
named instruments can be turned off with i if a- followsthe".

(from 6.09.1) if an r-opcode section ended in e-opcode it used to stop early.

Options: Ixiv
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* jack midi module now can report available devices under --midi-devices.

 (from 6.09.1) defining smacros and omacros on command line only happens once.

 (from 6.09.1) defining smacros from command line now works.

» Modified Opcodes and Gens.

« ftgentmp improved string arguments.

« hdf5read opcode now reads entire data sets when dataset name string is suffixed with an asterisk.

« use of non power-of-two lengths now acceptable where before it was inconsistent.

« ampmidid optionally can be aware of Odbfs.

¢ dust and dust? at k-rate now conform to the manua (NOTE: thisis an incompatible change).

 In printsthe format %% now prints one %.

» OSClisten can be used with no data outputs.

* GEN18 corrected to write to requested range.

 sockrev now can read strings.

« vhap system can in some cases allow arbitrary number of speakers viaarrays (work in progress).

« Websocket server can only accept one protocol output, so limiting intype to just a single argument.

¢ sum opcode will also sum elements of an array.

« Overloaded pvs2tab and tab2pvs now can create and use split magnitude and phase arrays.

 Utilities:

* dnoisefixed.

* Frontends:

¢ Removed HTML5 Csound editor which has quit working.

« Emscripten: Emscripten Csound (asm.js) now requires sourcing in CsoundObj.js and FileList.js
separately from libcsound.js. This is to accommodate using the same JS API with either asm.js or
wasm backends.

e CsoundQT: CsoundQt 0.9.4 is announced: https://github.con/CsoundQt/CsoundQt/blob/devel op/
release notes/Release notes 0.9.4.md [https://github.com/CsoundQt/CsoundQt/bl ob/devel op/
release_notes/Rel ease%20n0tes%200.9.4.md].

* Windows installer with CsoundQt includes PythonQt.

* Bugs Fixed:
e pwd works on OSX.

» Fencepost error in sensLine fixed.
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OSCsend corrected for caching of host name.

Bug in push/pop opcodes fixed (this opcode is now a plugin and deprecated).
Bug in sprintf removed.

Bug in soundin removed.

losci/losci3 fixed in case of long tables.

inrg was broke for awhile.

Partikkel channelmask panning laws had an indexing error, now fixed.

jack audio module now allows for independent numbers of in and out channels.
Bug in string copying fixed.

Bug in hdf5read where if two hdf5read opcodes were placed in seriesin an instrument, the argument
names of the second opcode instance would be incorrect due to directly changing the last string
character of the first when reading an entire dataset.

Memory leaks fixed in some plugin opcodes.

System Changes:

soundin now uses the diskin2 code.
out family of opcodes reworked to reduceinterleaving costs and to take proper regard if nchnlsvalue.

(from 6.09.1) a crash on Linux i386 removed relating to server mode.

API:

New csound_threaded.hpp header-only facility, obviating need for csPerf Thread.cpp object in some
projects.

Added GetA4 function.

New framework for plugin opcode development in C++ using Csound's allocator.
Added StrDup function.

Boost dependencies removed from Csound interfaces and CsoundAC.

(from 6.09.1) Two new API function, csoundSetSpinSample and csoundClearSpin.

Platform Specific:

i0S

« iPad portrait SplitView fix+animation, info popover resizing, stop button fix in Soundfile Pitch
Shifter.

* Csound-iOS APl updates, Examples cleaned up, enhanced/expanded, and reordered. Manual
revised, expanded, updated. Updates to APl and examples support iOS 10 and Xcode 8.

Android
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e Multichannel input and output allowed.
¢ Windows

 csound64.lib import library added to Windows installer.

Release Notes for Csound 6.08 (2016 November)

Asusual there are anumber of opcode fixes and improvements, but the major changes are in the language
structures. First the score language has all-new treatment of macros and preprocessing, bringing it in line
with those of the orchestra. The parsing of the orchestra has had a number of fixes as outlined below.
A major, and not totally compatible change as been made in reading and writing array elements. The rate
of the index now often determines the time of processing; check the entry below under Orchestra. This
simplifies much code and seems to capture expectations; the earlier ad hoc code had many anomalies.
Also asusual there are anumber of new opcodes and internal fixesto memory leaks and more robust code.
» New opcodes:

« dct: Discrete Cosine Transform of a sample array (type-1l DCT).

« getftargs: copy arguments of agen to an S-variable.

« mfb: implements a mel-frequency filterbank for an array of input magnitudes.
* New Gen and Macros:

» quadbezier: generating Bezier curvesin atable.
* Orchestra:

» The character -~ is now correctly treated as a variant of ~ for bitwise not.

» Lexing bug which could corrupt strings fixed.

» Ensure no newlinesin string-lexing.

e Small improvement in reported line numbers.

 Better checking of macro syntax.

* Improved parsing of setting of labels.

* Added error handling for unmatched brackets for UDO arg specification.

» Check that #included fileis not adirectory.

» Deeply nested macro calls better policed.

 For years Csound hasfixed the pitch of A4 at 440Hz. Now this can be set in the header using the new
r-variable A4, and also read with that variable.

» Foating point values can use e or E for exponent.

¢ Array access semantics have been clarified:

Ixvii



Preface

e i[i] => reading at i-time and perf-time, writing at i-time only.

* i[k] => reading at perf-time, writing yields a runtime error.

* K[i], k[K] => reading at perf-time, writing at perf-time.

 d[i], a k] => reading at perf-time, writing at perf-time.

« other (5], f[]) => reading and writing according to index type (i k).

In particular, i(k[i]) will continue not to work, as before, but the new operator i(k[],i) is provided to

cover this case.

xout validation no longer fails when constants are given.

e Score

New codeto handle macros and other preprocessor commands. Bringsit into line with orchestracode.

New score opcode C introduced as away of switching automatic carry off (C 0) or on (default) (C 1).

e Options:

The tempo setting can now be afloating point value (previously fixed to integer).

New option --version prints version information and exits.

» Modified Opcodes and Gens.

Problemsin centroid fixed.

Better treatment of rounding in printks.

OSC extended to include multicast.

Faust opcodes brought up to date with faust.
oscil1 and oscili can take a negative duration.
fout opcode documentation clarified.

Release time in mxadsr fixed.

centroid opcode extended to take array inputsin addition.
ptable opcodes are now identical to table family.
ftgen now as array input option.

subinstr can now have string arguments.

thei() format is extended to work on k-rate arrays with the first argument being an array, followed
by the indices.

o Utilities:

pvlook now always prints explicit analysis window name.

» Frontends:
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HTML5
« csound.node: Implemented for Linux, minor AP fix.

 pnacl: Added compileCsdText method to csound object.

» Genera Usage:

Checking of valid macro names improved.

#undef fixed.

* Bugs Fixed:

L]

Fixesto printsin format use.

jitter2 reworked to make it more like the manual .

oscbank has had multiple fixes and now works as advertised.

bformdecl with arrays and type 4 fixed.

Bug in pvsceps fixed.

In various formatted print opcodes extra trash characters might appear -- fixed.
Assigning variableswith --sample-accurate could give unexpected results; thisisbelieved fixed now.
padsynth square profile fix, and opcode prints less depending on warn level.
gen3L1 fixed.

gendl fixed.

Bug in sensekey fixed.

A number of issuesin centroid fixed.

» System changes.

New score lexing and preprocessor.

MAC line endings now work again.

System information messages (system sampling rate, etc) are now directed to stdout.
rtjack reworked to deal with names and numbers.

The version printing now includes the commit as so the developers know which patches have been
applied.

* API:

API version now 4.0.
Now supports named gens.

fterror now in API.
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API functions SetOutput and GetOutputFormat fixed.
Many API functions now use const where appropriate.
Messages can now be directed to stdout from the API by using CSOUNDMSG_STDOUT attribute.

New Lisp CFFI and FFI interfaces tested with Steel Bank Common Lisp (64 bit CPU architecture),
runs in separate thread.

ctcsound.py, a new FFl interface for Python was introduced in version 6.07. It is now the
recommanded interface for Python, csnd6.py being deprecated.

Platform Specific:

Android.
« Multichannel input and output allowed.
Windows.

 csound64.lib import library added to Windows installer.

Release Notes for Csound 6.07 (2016 March)

A large number of bug fixes, some quite major, someinternal are included, as well as some new facilities
and extensions. As ever there are coding improvements as well.

New opcodes:

compress2: like compress but using amore normal use of dB (0.0 for full scale).
(Experimental, source code-only) New cuda opcodes: cudasynth2 and cudanal 2.
directory opcode: reads a directory and outputsto a string array alist of file names.
ftsamplebank: to load a sample library from a directory.

mvclpfl, mvelpf2, mvelpf3, mvelpf4, mvchpf: Moog voltage-controlled filter emulations from Fons
Andriaensen.

) converter from k-rate and i-time number to a string.
cepsinv opcode to calculate the inverse cepstrum of an array.
moogladder?2, is afaster, less accurate implementation of moogladder.

paulstretch opcode is a lightweight implementation of the Paul Stretch time-stretching algorithm by
Nasca Octavian Paul. It isideal for timestretching asignal by very large amounts.

mp3scal implements phase-locked vocoder processing from mp3-format disk files, resampling if
necessary.

filescal implements phase-locked vocoder processing from disk files, resampling if necessary.

Orchestra:

Theboolean ?.. : .. construction can now have string results, while previously it only allowed numbers.
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« The line number reported when an error is detected at the end of aline is now correct. Also more
improvements in line numbers for complex syntax.

« whileloop improved/fixed.

 Better and consistent reading of comments.

 Continuation lines handled better, especially respecting line numbers.

» opcode: §.) syntax now allowed.

Score:

» Thelist of tempo pointsin score opcodet is now arbitrarily long.

» A stupidity in r and { opcodes fixed.

Options:

» The -z option now suppresses deprecated opcodes, unless given a2 or 3 argument.

« The new option --fftlib controls which real fft library to use internally (FFTLIB = 0, PFFFT = 1,
vDSP=2)

Modified Opcodes and Gens:

* In OSC opcodesit is now possible to send and receive arrays, tables and audio.
 Better diagnostic if diskin2 fails.

» rezzy now checks for unstable filter and modifies to close stable version.
» adsr rewritten so it gives an error if the segments are longer than p3.

» Useof diskinto an array now resizes the output array if necessary.
 chnget now checks for a change in channel name as well as data.

* interp can take an optional extraargument to give an initial value.

« oscilikts uses amore liberal table lookup.

 opcode in can read mono or stereo, obviating the in/ins distinction.
 sensekey rewritten to provide better diagnostics and fixes aminor bug.

» Fix to acase of defining a macro with arguments.

* sockrecv now works at aand k rate.

* GEN49 now works from ftgen calls.

* GEN34 liberalised in tables it accepts.

 chnget now allows channel names to be changed at perf time.

* iceps has been renamed cepsinv to avoitkmame clashes.
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« mp3 support improved in a number of minor ways.
* A minor fix to alow aladspa plugin to be re-loaded by the host.
Frontends:
 csdebugger:
* Some memory issues fixed.
e HTMLS:

e CsoundQT has its own notes a  https://github.com/CsoundQt/CsoundQt/blob/devel op/
release_notes/Release%20Notes%200.9.2.1.md  [https://github.com/CsoundQt/CsoundQt/blob/
develop/release notes/Rel ease%20N0tes%200.9.2.1.md].

General usage:

« The multicore options somewhat improved.

* When replacing instruments the new version inherits maxalloc and active flags.
* Multicore code now works with midi instruments.

« MIDI operations now available via a new rtmidi jack module (-+rtmidi=jack).
Bugs fixed:

* Fix totrigseq.

* Major error in rezzy fixed.

* p() fixed for high numbers of p-arguments.

« p() now works from MIDI events.

e The 31-bit random number generator could give avery short loop if seeded with zero; fixed.
» Macrosin .orc files now work.

¢ A long-standing bug in display of graphs fixed.

» Fixes to the envelope opcodes linen, expsegr, linsegr, cossegr, transegr, envipx, including new
warnings.

« Many fixesin string opcodes (strsub, strcpy and others).
* Fixed bugsin print formats (sprintf, printf, prints).

» pvsmooth had a missing initialisation.

 Array initialisation now robust.

« Bug in copya2ftab fixed.

« Fix in cudapvsanal (EXPERIMENTAL).

« partikkel fix to subsample grain placement.
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» Opcodes that require an odd number of arguments are now properly checked.
» pvswrite now takes proper notice of Odbfs.

* GEN34 now allowing non-power-of-two source tables.

* strcat mended.

* nstance mended.

* fixed small issuesin rtauhal module.

« Windows installer for 64 bit CPU architecture now sets environment variables on system level as
it should.

* transeg at k-rate with itype non-zero had an initial delay if one cycle.
* log function on arrays fixed.
» Rescaling of named GENSs fixed.

» A fencepost error in reading ATSfiles believed fixed; it generated spurious errors about file finishing
early.

« Initiaisation error in pvbandp fixed.
« readfi string allocation fixed.
 System changes:

» Extensiveusemade of in-memory files. Orc and sco arealwaysthus, asare.csoundére. Thissimplifies
much internally.

Nested longjmps fixed which affected some APl use.

 If anon-existent .csd fileis presented Csound no longer crashes.

The kcounter value is now consistently an unsigned 64bit value, allowing for long performances.
e API:
» csoundCompileCsdText: New function to compile a CSD from a string of text.

» Thefunction call csound->GetK counter(csound) now returns an unsigned 64 hit integer. Previously
it returned along which is unclear.

« ctcsound.py isanew wrapper file to the Csound API for the Python language. It is a pure Python file
using the FFI (Foreign Function Interface) module ctypes. It does not depend on Swig, and it works
with Python2 and Python3 aswell. It uses numpy for itsdata structures, numpy being the fundamental
package for scientific computing with Python.

 Platform Specific:

* Windows.

» The Windows installer for Csound now contains all executables built for 64 bit CPU architecture.
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e The Windows installer for 64 bit CPU architecture now provides NW.js "out of the box." It runs
all features of Csound, aswell asall features of HTMLS5, in abrowser-like runtime with JavaScript
scripting, and includes a Csound editor implemented in HTML. The editor will run pieces either
as .c«d files with embedded <html> or as .html files calling the csound object, and includes
JavaScript debugging.

* A new simplified build system has been implemented in the csound/mingw64 directory for building
Csound using the MSY S2/mingw64 toolchain.

« Linking to pthreads and other libraries now static.

» Some limited support for non-ASCII charactersin file names.
OSX.

 Ingaller fixed for link namesfor _csnd6 and _CsoundAC.
GNU/Linux.

« date opcode more accurate.

Release Notes for Csound 6.06 (2015 September)

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

» New opcodes:

L]

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 dimensional 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

» Orchestra:

Labels are alowed in instrument O.

* 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.
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GEN18 had fencepost problem; largely rewritten.
In poscil family of opcodesit is possible to skip initialisation of phase.
svfilter now can skip initialisation.

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.

o Utilities:

extract fixed.
src_conv improved and integrated with -U options.

fixesin atsa, and heti.

» Frontends:

L]

pnacl:
 Support for 48000 sample rate fixed.
csound-~:

» Changesto the threading system. String channel initialisation fixed. A number of other bugswere
fixed.

Emscripten:
» Csound Javascript object can now receive data from the outvalue opcode.
HTML5:

* Integrate HTML, JavaScript, and other features of HTML5 with Csound, either by embedding a
Web page as an <html> element in the CSD filefor 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).

» Genera usage:

I11-formatted macros in the orchestra now trapped.

» Bugsfixed:

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

Clicking in real-time sample accurate case fixed.
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» Copying of strings now correct; did confuse memory sometimes.
* Bug in pvstanal fixed.
« Rounding error in cpspch fixed.

« 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.
* APl
« Redefinition of opcodes and UDOs fixed.
* Platform Specific:
» OSX.
» csnd6.jar link installed in the correct location.
» JavaJNI 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 magjor 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 agorithm implemented as a gen.
» Score:

 Fixed string location cal cul ation bug when processing score lines [fixes #443]
* Options:

« A short-format copyright option is available, with a fixed number of well-known licences (CC, etc)

* New command-line option to report MIDI devicesin simple format

* New command-line option to set ksmps
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Modified Opcodes and Gens:

adsynt handles amplitude changes better

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; infact it failed silently previously for 3D and higher.
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.

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

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 (akalibsamplerate)
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.
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* bugsin the harmon. harmon2, harmon3 and harmon4 fixed.
» 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 defectsindicated 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