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Sonik Cube (Trafik/Orlarey 2006)

Installation visuelle et sonore mettant en oeuvre un cube lumineux
réagissant aux sons, placé dans un espace sonore basé sur la
résonance et le recyclage des sons produits par les spectateurs.

Conception et dispositif visuel : Trafik
conception musicale : Yann Orlarey;
réalisation : Trafik et Grame;
coproduction :

! CAC La Ferme du Buisson,
! GRAME, Centre National de création musicale de Lyon,
! Ecole Nationale des Beaux-Arts de Lyon,
! Scène Nationale de Marne-La-Vallée,
! l’asbl Gang des Lunettes
! le Pass (Belgique
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Sonik Cube (Trafik/Orlarey 2006)

Dispositif sonore :

8 enceintes formant un cube
6 micros
logiciel, écrit en Faust, contrôlant la réinjection et la spatialisation
des sons
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Brief introduction to FAUST

Main caracteristics
Faust Stands for Functional AUdio STream
A Faust program describes a signal processor
It’s a compiled language
It works at sample level
Constant memory footprint
Constant CPU footprint
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Brief introduction to FAUST

Faust can be used to write :
standalone audio applications (Jack, Alsa, CoreAudio)
VST pluging
Max/MSP externals
PD externals
CSound opcodes
Supercollider UGens
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Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Brief introduction to FAUST

Design Principles
Specification Language : The user gives the DSP specification,
the compiler generate the most appropriate implementation
Block-Diagram syntax : A textual block-diagram language based
on function composition
Strong formal basis : A language with a simple and well defined
formal semantic
Functional approach : A purely functional programming language
for real-time signal processing
Efficient compiled code : It should be an alternative to C. The
generated C++ code should compete with hand-written code
Easy deployment : Multiple native implementations from a single
Faust program

Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 13 / 58



Specification Language

Clear separation between Specification and Implementation
The DSP specification (the math) is provided by the user.
The choice of the best implementation (the C++ code) is the
responsibility of the compiler.
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Specification Language

@(3):*(2):@(7)

Signal Equations
 in Normal Form
 Y(t)=2*X(t-10)

C++ code A C++ code B (best one)

code generation

C++ code C

*(2):@(10)

eval:symb.prop.:norm.
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FAUST Workflow
The example of PD externals

fx.dsp

faust

fx.cpp

g++

fx.pd

fx.xml

faust2pd

fx~.pd_linux

puredata.cpp -a

fx.dsp-svg/

process.svg

-o -xml -svg
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Block-Diagram Concept

The concept of block-diagram, where you connect functions, is familiar
to musicians :

Figure: the Moog modular synthesizer
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Block-Diagram Concept

Block-diagrams were also used to program the first electronic
computers :

Figure: the ENIAC computer
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Block-Diagram Concept

Block-diagrams are widely used in Visual Programming Languages
like Max/MSP:

Figure: Block-diagrams can be a mess
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Block-Diagram Algebra

Faust allows structured block-diagrams






 



 



 



 



 



 










Figure: A complex but structured block-diagram
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Block-Diagram Algebra
Faust syntax is based on a block diagram algebra

5 Composition Operators
(A,B) parallel composition
(A:B) sequential composition
(A<:B) split composition
(A:>B) merge composition
(A~B) recursive composition

2 Constants
! cut
_ wire
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Block-Diagram Algebra
Parallel Composition

The parallel composition (A, B) is probably the simplest one. It places
the two block-diagrams one on top of the other, without connections.

Figure: Example of parallel composition (10,*)
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Block-Diagram Algebra
Sequential Composition

The sequential composition (A : B) connects the outputs of A to the
inputs of B. A[0] is connected to [0]B, A[1] is connected to [1]B, and so
on.

Figure: Example of sequential composition ((*,/):+)
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Block-Diagram Algebra
Split Composition

The split composition (A <: B) operator is used to distribute the
outputs of A to the inputs of B

Figure: example of split composition ((10,20) <: (+,*,/))
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Block-Diagram Algebra
Merge Composition

The merge composition (A :> B) is used to connect several outputs of
A to the same inputs of B.

Figure: example of merge composition ((10,20,30,40) :> *)
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Block-Diagram Algebra
Recursive Composition

The recursive composition (A~B) is used to create cycles in the
block-diagram in order to express recursive computations.

Figure: example of recursive composition +(12345) ~ *(1103515245)
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Block-Diagram Algebra
Example 1

Stereo Pan

p = hslider("pan", 0.5, 0, 1, 0.01);\\
process = _ <: *(sqrt(1 - p)), *(sqrt(p));
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Block-Diagram Algebra
Example 2

Noise Generator

random = +(12345)~*(1103515245);
noise = random/2147483647.0;
process = noise * vslider("vol", 0, 0, 1, 0.1);
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Block-Diagram Algebra
Example 3

Stereo Noise

process=component("noise.dsp"):component("pan.dsp");

12345 +

1103515245*

random

2.14748e+09

/

noise

vslider(vol, 0, 0, 1, 0.1)

*

noise.dsp

1

hslider(pan, 0.5, 0, 1, 0.01)

p
 sqrt *

hslider(pan, 0.5, 0, 1, 0.01)

p

sqrt *

pan.dsp

process
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Availability
Softwares allowing to write Faust programs

Figure: FAUST programming with SND-RT
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Availability
Softwares allowing to write Faust programs

Figure: FAUST components inside CLAM, a software framework for research
and application development in the Audio and Music Domain (MTG, U. of
Barcelona)
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Availability
Softwares allowing to write Faust programs

Figure: FaustWorks is an IDE to develop audio applications and plugins
based on FAUST (GRAME)
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Availability
Softwares based on Faust

Figure: Guitarix
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Availability
Softwares accepting Faust components

MaxMSP
PureData
CSOUND
SuperCollider
Chuck
Adobe Flash
Pure
any VST Host
any LADSPA Host
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Availability
Books with a FAUST related content

Figure: «Introduction To Digital Filters with Audio Applications», prof. Julius
O. Smith III, W3K publishing
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Availability
Availability

Availability
online compiler (http://faust.grame.fr)
sourceforge (http://sourceforge.net/projects/faudiostream)
Linux distributions : Debian, Ubuntu, Fedora, OpenSuse, Planet
CCRMA, . . .
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ASTREE
Introduction
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ASTREE
Introduction

ASTREE :
ASTREE = Analyse/Synthèse de processus Temps-Réel
ANR-08-CORD-003

Partenaires :
IRCAM
GRAME
CRI (Ecole des Mines de Paris)
CIEREC (U. Jean-Monnet)
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ASTREE
Introduction

Motivation :
Préservation à long terme des processus numériques temps réel
utilisés dans la création artistique contemporaine

Constat :
La préservation des programmes n’est pas suffisante:

obsolescence rapide des languages
des systèmes
des matériels

Principe :
Il faut donc conserver la signification mathématique de ces
programmes, indépendamment de tout langage de programmation
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ASTREE
Organisation du projet

Etudier les usages dans le domaine des outils de traitement audio
temps réel
Développer les outils permettant de traduire les traitements
existants (principalement en Max/MSP et PD) en FAUST
Développer des méthodes d’analyse et de classification de ces
traitements
Etudier et formaliser les propriétés du langage Faust
Etendre FAUST aux signaux non-scalaires et multirate, générer du
code vectoriel et parallèle
Générer automatique d’une documentation suffisamment précise
pour pouvoir servir de support à la réimplémentation
Valider la documentation produite, les connaissances générées,
et les programmes réimplémentés.
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ASTREE
Schema de principe
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Préservation
Motivations et Principes

Préserver l’information n’est pas suffisant, il faut également
préserver sa signification!

La préservation des programmes utilisés dans les pièces est
insuffisante à cause de l’obsolescence rapide des langages, des
systèmes et des matériels.
Il faut donc conserver également la signification de ces
programmes, et ce indépendamment de tout langage de
programmation.
Le langage mathématique a la puissance expressive et la stabilité
pour exprimer cette signification de manière précise et pérenne.
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Préservation
Motivations et Principes

Le système de documentation automatique que nous avons
développé permet :

de générer une documentation de manière purement
automatique, à partir d’un code Faust standard;
de contrôler la génération de la documentation à partir d’un code
Faust commenté avec des balises spéciales;
de choisir la langue à utiliser (français, anglais, allemand et
italien);
il peut être invoqué soit par l’option -mdoc du compilateur Faust;
le script faust2mathdoc créé une documentation complète qui
peut être directement archivée.
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Préservation
Motivations et Principes

Le dossier d’archivage créé avec faust2mathdoc comprend :
le dossier src/ qui contient tous les fichiers sources Faust
utilisés, y compris les librairies;
le dossier svg/ qui contient tous les bloc-diagrammes graphiques
au format SVG;
le dossier tex/ qui contient la version LATEX de la documentation;
le dossier pdf/ qui contient la version PDF de la documentation;
le dossier cpp/ qui contient la version en C++ du programme
Faust.
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Préservation
Organisation des traitements









 
























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Organisation des traitements
Parser

Le parser est étendu pour lire
un nouveau type d’information
de documentation. Il s’agit d’un
texte délimité par des balises :

<mdoc>
...documentation...
</mdoc>











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Organisation des traitements
Commentaires de documentation

Les commentaires de documentation doivent pouvoir faire référence à
des expressions Faust que le système de documentation va convertir :

en tant qu’équations sur les signaux
<equation> expression-faust </equation>

en tant que diagramme
<diagram> expression-faust </diagram>
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Organisation des traitements
Commentaires de documentation

Les commentaires de documentation doivent pouvoir également faire
référence aux métadonnées déclarées dans le programme, par
exemple :

nom du programme : <metadata> name </metadata>

nom de l’auteur : <metadata> author </metadata>

copyright : <metadata> copyright </metadata>
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Organisation des traitements
Commentaires de documentation

Enfin des balises permettent de contrôler :
l’ajout d’une notice d’explication : <notice/>;
l’ajout du listing du programme : <listing [attr]/>;
le contenu du listing est contrôlé par trois attributs :

! inclure ou non les dépendances
dependencies = "true"| "false"

! laisser les tags de documentation dans le listing
mdoctags = "true"| "false"

! répartir ou grouper le listing distributed = "true"| "false"
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Organisation des traitements
Analyse Sémantique

L’analyse sémantique a pour but de découvrir
la signification d’un programme Faust.
Elle procède en deux étapes :

1 la propagation symbolique des signaux;
2 la normalisation des équations.















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Organisation des traitements
Mise en équations

Le but de la Mise en Équations est de
découper les formules issues de
l’Analyse Sémantique, pour les rendre
lisibles.
Sont candidates au découpage:

! les expressions récursives;
! les expressions communes à plusieurs

autres;
! les expressions retardées.










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Organisation des traitements
Génération de la documentation

Le générateur de documentation est la dernière phase du processus:
il se charge de construire un document à partir des commentaires
de documentation;
il prend en compte la langue;
il remplace les balises <equation> et <diagram> par les
équations et les diagrammes appropriés;
il remplace la balise <notice/> par la notice explicative adaptée;
il remplace la balise <listing/> par le listing, en fonction des
attributs.












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Exemple de Documentation Automatique
Source Faust

Pour illustrer le principe, voici un exemple de source Faust standard:

 

 

 

 





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Exemple de Documentation Automatique
Documentation résultante (pages 1-2)

Noise

Grame

March 5, 2010

name Noise
version 1.2
author Grame
license BSD
copyright (c)GRAME 2009

This document provides a mathematical description of the Faust program text
stored in the noisenodoc.dsp file. See the notice in Section 3 (page 2) for
details.

1 Mathematical definition of process

The noisenodoc program evaluates the signal transformer denoted by process,
which is mathematically defined as follows:

1. Output signal y such that

y(t) = p1(t) · r1(t)

2. Input signal (none)

3. User-interface input signal us1 such that

”Volume” us1(t) ∈ [ 0, 1 ] (default value = 0)

4. Intermediate signals p1 and r1 such that

p1(t) = 4.6566128752458 · 10−10 · us1(t)

r1(t) = 12345⊕ 1103515245# r1(t−1)

2 Block diagram of process

The block diagram of process is shown on Figure 1 (page 2).

1

 

















Figure 1: Block diagram of process

3 Notice

• This document was generated using Faust version 0.9.13 on March 05,
2010.

• The value of a Faust program is the result of applying the signal trans-
former denoted by the expression to which the process identifier is bound
to input signals, running at the fS sampling frequency.

• Faust (Functional Audio Stream) is a functional programming language
designed for synchronous real-time signal processing and synthesis appli-
cations. A Faust program is a set of bindings of identifiers to expressions
that denote signal transformers. A signal s in S is a function mapping1

times t ∈ Z to values s(t) ∈ R, while a signal transformer is a function
from Sn to Sm, where n, m ∈ N. See the Faust manual for additional
information (http://faust.grame.fr).

• Every mathematical formula derived from a Faust expression is assumed,
1Faust assumes that ∀ s ∈ S,∀ t ∈ Z, s(t) = 0 when t < 0.

2
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Exemple de Documentation Automatique
Documentation résultante (pages 3-4)

in this document, to having been normalized (in an implementation-depen-
dent manner) by the Faust compiler.

• A block diagram is a graphical representation of the Faust binding of an
identifier I to an expression E; each graph is put in a box labeled by I.
Subexpressions of E are recursively displayed as long as the whole picture
fits in one page.

• This document uses the following integer operations:

operation name semantics
⊕ circled plus integer addition
" circled dot integer multiplication

Integer operations in Faust are inspired by the semantics of operations
on the n-bit two’s complement representation of integer numbers; they
are internal composition laws on the subset [−2n−1, 2n−1−1 ] of Z, with
n = 32. For any integer binary operation × on Z, the ⊗ operation is
defined as: i⊗ j = normalize(i× j), with

normalize(i) = i−N · sign(i) ·
⌊
|i| + N/2 + (sign(i)−1)/2

N

⌋
,

where N = 2n and sign(i) = 0 if i = 0 and i/|i| otherwise. Unary integer
operations are defined likewise.

• The noisenodoc-mdoc/ directory may also include the following subdi-
rectories:

– cpp/ for Faust compiled code;
– pdf/ which contains this document;
– src/ for all Faust sources used (even libraries);
– svg/ for block diagrams, encoded using the Scalable Vector Graphics

format (http://www.w3.org/Graphics/SVG/);
– tex/ for the LATEX source of this document.

4 Faust code listing

This section provides the listing of the Faust code used to generate this docu-
ment.

Listing 1: noisenodoc.dsp! "
1 declare name "Noise";
2 declare version "1.2";
3 declare author "Grame";

3

4 declare license "BSD";
5 declare copyright "(c)GRAME 2009";
6

7

8 random = +(12345)~*(1103515245);
9 noise = random/2147483647.0;

10 process = noise * vslider("Volume[style:knob]", 0, 0, 1, 0.1);! "

4
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Exemple de Documentation Dirigée
Source Faust commenté avec balises de contrôle

Pour illustrer le principe, voici un exemple de source Faust avec des
balises de contrôle :

 










 
 

 
 









 

 
 

 













Yann Orlarey Grame, Centre National de Creation Musicale, France ()L’utilisation de Faust dans Sonik Cube Mars 2010 56 / 58



Exemple de Documentation Dirigée
Documentation résultante (pages 1-2)

Noise

Grame, Yghe

March 5, 2010

name Noise
version 1.1
author Grame, Yghe
license BSD
copyright (c)GRAME 2009

1 Presentation of the ”noise.dsp” Faust program

This program describes a white noise generator with an interactive volume,
using a random function.

1.1 The random function

The random function describes a generator of random numbers, which equation
follows. You should notice hereby the use of an integer arithmetic on 32 bits,
relying on integer wrapping for big numbers.

1. Output signal y such that

y(t) = r1(t)

2. Input signal (none)

3. Intermediate signal r1 such that

r1(t) = 12345⊕ 1103515245" r1(t−1)

1.2 The noise function

The white noise then corresponds to:

1. Output signal y such that

y(t) = 4.6566128752458 · 10−10 · r1(t)

2. Input signal (none)

1

1.3 Just add a user interface element to play volume!

Endly, the sound level of this program is controlled by a user slider, which gives
the following equation:

1. Output signal y such that

y(t) = p1(t) · r1(t)

2. Input signal (none)

3. User-interface input signal us1 such that

”Volume” us1(t) ∈ [ 0, 1 ] (default value = 0)

4. Intermediate signal p1 such that

p1(t) = 4.6566128752458 · 10−10 · us1(t)

2 Block-diagram schema of process

This process is illustrated on figure 1.

3 Notice of this documentation

You might be careful of certain information and naming conventions used in
this documentation:

• This document was generated using Faust version 0.9.13 on March 05,
2010.

• The value of a Faust program is the result of applying the signal trans-
former denoted by the expression to which the process identifier is bound
to input signals, running at the fS sampling frequency.

• Faust (Functional Audio Stream) is a functional programming language
designed for synchronous real-time signal processing and synthesis appli-
cations. A Faust program is a set of bindings of identifiers to expressions
that denote signal transformers. A signal s in S is a function mapping1

times t ∈ Z to values s(t) ∈ R, while a signal transformer is a function
from Sn to Sm, where n, m ∈ N. See the Faust manual for additional
information (http://faust.grame.fr).

• Every mathematical formula derived from a Faust expression is assumed,
in this document, to having been normalized (in an implementation-depen-
dent manner) by the Faust compiler.

1Faust assumes that ∀ s ∈ S,∀ t ∈ Z, s(t) = 0 when t < 0.

2
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Exemple de Documentation Dirigée
Documentation résultante (pages 3-4)

 

















Figure 1: Block diagram of process

• A block diagram is a graphical representation of the Faust binding of an
identifier I to an expression E; each graph is put in a box labeled by I.
Subexpressions of E are recursively displayed as long as the whole picture
fits in one page.

• This document uses the following integer operations:

operation name semantics
⊕ circled plus integer addition
" circled dot integer multiplication

Integer operations in Faust are inspired by the semantics of operations
on the n-bit two’s complement representation of integer numbers; they
are internal composition laws on the subset [−2n−1, 2n−1−1 ] of Z, with
n = 32. For any integer binary operation × on Z, the ⊗ operation is
defined as: i⊗ j = normalize(i× j), with

normalize(i) = i−N · sign(i) ·
⌊
|i| + N/2 + (sign(i)−1)/2

N

⌋
,

where N = 2n and sign(i) = 0 if i = 0 and i/|i| otherwise. Unary integer
operations are defined likewise.

3

• The noisemetadata-mdoc/ directory may also include the following sub-
directories:

– cpp/ for Faust compiled code;
– pdf/ which contains this document;
– src/ for all Faust sources used (even libraries);
– svg/ for block diagrams, encoded using the Scalable Vector Graphics

format (http://www.w3.org/Graphics/SVG/);
– tex/ for the LATEX source of this document.

4 Listing of the input code

The following listing shows the input Faust code, parsed to compile this math-
ematical documentation.

Listing 1: noisemetadata.dsp! "
1 //-----------------------------------------------------------------
2 // Noise generator and demo file for the Faust math documentation
3 //-----------------------------------------------------------------
4

5 declare name "Noise";
6 declare version "1.1";
7 declare author "Grame";
8 declare author "Yghe";
9 declare license "BSD";

10 declare copyright "(c)GRAME 2009";
11

12

13 random = +(12345)~*(1103515245);
14

15

16 noise = random/2147483647.0;
17

18

19 process = noise * vslider("Volume[style:knob]", 0, 0, 1, 0.1);# $

4
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