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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 man-
ner of control. Direct synthesis generates waveforms by sampling a stored function representing asingle
cycle; additive synthesis generates the many partials of a complex tone, each with its own loudness enve-
lope; subtractive synthesis begins with a complex tone and filtersit. 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 instrumentsin an orchestra, and 2) from the events within ascore. An orchestraisreally
acomputer program that can produce sound, while ascoreis abody of data which that program can react
to. Whether arise-time characteristic isafixed constant in an instrument, or avariable of each notein 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 con-
venient.

The programs making up the Csound system have along history of development, beginning withthe Music
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
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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
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 documents for
programs like Music11 from the 1970's. This original manua was improved and worked on by Richard
Boulanger, John ffitch, Jean Piché and Rasmus Ekman.

This manual led to the Official Csound Reference Manual, still located at:  http://www.lakewood-
sound.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 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 users to help refine the coverage and accuracy of its contents. All contributions are welcome and
appreciated.

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
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Michael Gogins
Matt Ingalls
Richard Karpen

Anthony Kozar

Victor Lazzarini

Allan Lee

David Macintyre
Gabriel Maldonado
Max Mathews
Hans Mikelson
Peter Neubécker
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.
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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 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.

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 Leedsand 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.lakewood-
sound.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 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 WAR-
RANTY ; without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICU-
LAR PURPOSE. Seethe 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., 51 Franklin S, Fifth Floor, Boston, MA
02110-1301 USA.
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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-
sion 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 aso find there.

Running

Csound can berun in different ways. Since Csound is acommand line program (DOS in Windows terms),
just clicking on the csound executable will have no effect. Csound must be called either from the comput-
er's command line or from a front end. To use Csound from the command line, you must open a Termi-
nal (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:
e A Csound file (".csd' or possibly an'.orc' and a'.sco' file)

» A list of command lineflags (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
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 cregate.

Note for MacCsound users

Y ou might need to removeall the linesfrom the command optionsslot in order for the manual
examplesto work.

Y ou can a so try the manual examples from the command line. To do this, navigate to the examples direc-
tory of the manual using something like this on Windows (assuming the manual is located at c:\Program
Files\Csound\manual\):
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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 .csd filelookslike this (thisfile is oscils.csd [examples/oscils.csd]):

<CsoundSynt hesi zer >

<CsOpti ons>

; Sel ect audio/mdi flags here according to platform

- odac ;s realtine audi o out

;-1 adc ;;,uncomment -iadc if realtinme audio input is needed too
; For Non-realtime 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, 0O, iflg
outs asig, asig

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

i
i
e
</ CsScor e>

</ CsoundSynt hesi zer >

1020
1322

; doubl e precision

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 .csoundérc 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.

e Cslnstruments - Contains the instruments or processes available in the file. Instruments are defined
using theinstr and endin opcodes. The Csl nstruments section also containsthe Orchestra Header, which
defines things like sample rate, the number of samples in a control period, and the number of output
channels.
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e 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 asemicolon (;) 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 thefile 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 6.15.0
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
isthe introduction of streamed LPC which has long been requested.

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 agiven value.
« |ufs opcode calculates a momentary, integrated and short-term loudness meter.
* bob filter isanumerical simulation of the Moog analog resonant filter.
« sterrainisan enhanced version of wterrain with more possible orbits.
* wterrain2 is a alternative enhancement of wterrain with less variation that sterrain.

e 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 aliasfor sc_opcodes. sc_lag -> lag, sc_lagud -> lagud, sc_trig -> trigholf, sc_phasor -> phasor-
trigo.

 printnissimilar 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, pvdpc, pvscfs, apoleparams, resonbnk: new streaming linear prediction
opcodes.

e gauss - new version accepting mean and standard deviation as parameters, implementing the Box-
Muller agorithm.
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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 inputs has been increased to 8192.

Now legal to set the number of input channelsto zero.

Score:

New score opcode B islike b but is accumulative.

The end of file case is 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 al 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.

ftdice has more variations.

ptable opcodes are now deprecated as they are identical to table opcodes.
GENZ20 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).
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trim improved.

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].

fin as format argument changed, and is now deprecated.

fink has the same argument change.

Utilities:

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

General 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 aUDO set adifferent value for ksmps any output to a multichannel device was incorrectly calcu-
lated.

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.
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» A fencepost error in OSCraw fixed.
e System Changes:
* A crash when csound.eval code was called without csound.start fixed.
« Many fixesto memory problems, mainly invalid reads/writes.
* API:
« New API to hard override default plugin dir.
* New API function to load plugins.
 Platform Specific:
* WebAudio:
 Built using Emscripten 1.39.13 (LLVM backend).

« 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 CsoundObyj.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 fails if 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:
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 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 nstrument s>

ksnps = 1000

instr 1
aa diskin "fox.wav", 1
nmp3out aa, aa, "test.nmp3"

endi n

</ Csl nstrunent s>

<CsScor e>

il103

e

</ CsScor e>

</ CsoundSynt hesi zer >

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

metro2 is like metro but with added controllable swing.
« ftexists reports whether a numbered ftable exists.
» schedulek is ak-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:

» Theconditional 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.

e Options:
» 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.
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» Modified Opcodes and Gens.
 squinewave 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 p1.

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

« fluidControl has a new optional argument to control printing messages.

* bpf has an audio version now.

* stsend/stecv can work with unmatched k-rates.

* pvstrace has new optional arguments.

« Ipfreson checks number of poles.

« syncloop had a small 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:
* |panal now checks that sufficient poles are requested.
» Frontends:

« CsoundQt: Released to coincide with Csound 6.14 thereis 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%200.9.7.md].

e Genera Usage:

* /[ 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 deliversthe return code as documented.
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« 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 amulti-channel file got the length incorrect.
« ftgenonce had afencepost problem so it could overwrite atablein use.

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

« syncloop had a small typing error that caused crashes.

 lowresx wasincomplete and did not work as intended; rewritten (issue #1199)

« if outch was incorrectly given an odd number parameters it would give a segmentation error. This
now 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 avail-
able to do something similar in other variants.

* AP

» 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:
e WebAudio:

« added csoundCompile to CsoundObj that adds commandline args so that one can override CsOp-
tionsvauesin 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:

xIviii



Preface

 string2array 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 a named instrument.

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

< ampmidicurve is a new opcode that maps an input MIDI velocity number to an output gain factor
with a maximum 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.

* 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 al array operations the size of an array is determined at init time and no allocation happens at
perf time.

* Array arithmetic now respects --sample-accurate.

Score:

e 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.

e Theend of anr (repeated) section was not always correct.

« Nested {} parts of ascore could lead to errors.

« After an s statement a newline was required; no longer needed.

e The{} score loops have been reworked to allow macros and expressions in the loop count.
Options:

» The new option --use-system-sr set the sample rate to the hardware/system value.
Modified Opcodes and Gens:

¢ Sending failurein OSC is how 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.
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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- or a-rate input when no initial valueis given.
printarray now works for string arrays.

changed2 now works for strings.

diskgrain, syncgrain and syncloop now can do sample rate scaling.

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 tofile.

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 aswell ask arrays as in the manual.

Utilities:

hetro had a number of fixes and improvements.

General Usage:

There have been anumber of improvementsin the semantics for multicore; most of these are correc-
tions with afew efficiency gains.

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 efror.

Bugs Fixed:

FL getsnap fixed.
directory fixed regarding file extensions.

FLsetText reused a string incorrectly which led to incorrect values.
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fmb3 failed to initialise the [fo rate in some cases.

ftaudio at i-rate was totally broken.

« Following areinit printks could be skipped; fixed.

printks fixed so it prints at correct times.
« tabrowlin and getrowlin would cal culate wrong size under certain conditions.
» System Changes:

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

» Plugin GEN functions can have a zero length, but the code must check for this and act accordingly.
This allows for deferred allocations.

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

e Allow multiple calls to midi out controls.
o 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.

* In both orchestra and score the path tracking of #include expects a\ separator.

e 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 a number of new and improved opcodes, new facilities in scores and many bug fixes.

» New opcodes:

¢ fluidinfo
retrieves program information from a currently loaded soundfont.

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

» Version of

OClisten
that writes the datato ak-rate array now exists.

* OSCcount
returns the number of OSC incoming messages pending.

« faustplay
and

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. This is like #include but has macro expansion in the dou-
ble-quote delimited string.

* Use of tied notes in subinstr fixed.
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Nesting macro calls more than about 10 caused a crash; now unlimited nesting works.
Runtime error message now (usually) include aline number and afile/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.

Score:

New preprocessor option #includestr. This is like #include but has macro expansion in the dou-
ble-quote 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