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* Using Phausto together with Cmajor can bridges this gap, combining
technical power with creative simplicity, and helping sound artists to bring

their audio ideas to life faster.
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audio signal by leveraging the power on an embedded FAUST compiler.

 Phausto has been developed with three main goals:

1. To allow sound artists and musician to program synthesisers and effects and compose
music with Pharo;

2. To teach DSP programming to beginners and offer a fast prototyping platform for
musician and audio developers, thanks to its Cmajor and C++ exporters
3. To enrich Pharo applications with sound;
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 Sponsored by the Pharo Association since April 2024.
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e The Smalltalk code is compiled on an external DSPs
called Capybara, Paca(rana), Pacamara (Ristretto)

e “The Holy Grail of sound design”
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revolutionary concepts:

* First practical graphical user interface (GUI)
®* Model-View-Controller (MVC) pattern

* Integrated development environment (IDE)
® Live programming environment
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https://en.wikipedia.org/wiki/Alan_Kay
https://en.wikipedia.org/wiki/Dan_Ingalls
https://en.wikipedia.org/wiki/Adele_Goldberg_(computer_scientist)
https://en.wikipedia.org/wiki/Ted_Kaehler
https://en.wikipedia.org/wiki/Diana_Merry
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fork of Squeak, the free and open-source implementation of Smalltalk.

 Pharo is developed by an international community of open-source developers,
coordinated and maintained by the Pharo consortium.

|t comes with a non-viral MIT license!

 Pharo comes with Integrated Git support and with with an integrated framework for
SUnit Tests

$
Z

( pharo.org

Domenico Cipriani - 2024




® Pharo 12.0 - 64bit (stable).image
£ Pharo Browse Debug Sources System Library Windows Help

-~

v | X =0 Playground

x = [ Commit on phausto branch main

) >» E I B -

Mit . - . -
Refrest Publish Bindings Versions  Pages

v [ Phausto Repository Working Copy
-+ Atanh2 N

+ Atanh2 cl Atanh2 class
instanceVariab

carrierFreq := #freq asPhHSlider .
modulator := (SineOsc new label: 'Modulator') * index.

modulator).

env := ARFExpEnv new trigger: #gate.

synth := carrier => env => DelayMonoFB new =>GreyHoleDW new.
dsp := synth stereo asDsp.

dsp init.

dsp start.

dsp stop.

dsp displayUul .

Tp33 new openInSpace

__| Push changes to origin/main

A comment for your commit

index := PhHSlider new label: 'ModIndex' values: #( 1 0.1 100 0.01).

carrier := SineOsc new label: 'Carrier'; ulLevel: #gain ; freq: ( carrierFreq *

|

x = O Method: DSP>>createCmajorMIDIPatchNamed:
[ BaselineOfPhausto » instanceside A,[]
v EJPhausto » (=) extensions
Basics API - accessing
BoxAPI API - changes
Boxes accessing
DSP converting
DSPCode & ffi calls
DynamicEngine ¢ initialize
Phaustom"h « Filter... initia.xlize-destroy
nlaving
@ All Packages O ScopedView O Projects | @ Flat O Hier. | @ Inst.side O Classside | @ Methods O Vars | Classrefs. @ Implementors © Senders
© DSP X ? Comment % ] createCmajorh x < Inst. side meth x

createCmajorMIDIPatchNamed: aName
"the .cmajorpatch file is always generated "

| cmajorPatchesDir patchDir stringToTrim streamToTrim newString trimIndex fileToWrite |
cmajorPatchesDir := (FileLocator documents / 'cmajorPatches')
ensureCreateDirectory.
patchDir := (cmajorPatchesDir / aName) ensureCreateDirectory.
L[E]Playground (=] Repositories  [5]Commit on phausto bran... ~ [Z:: DSP>>createCmajorMIDL... [ Inspector on an ARFEXpEnv
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allParameters
asCmajorPolyWrapperFor
buttonFor:
connectToOSCServerOnA
createBelaCppFileNamed
createCmajorFXPatchNar
createCmajorMIDIPatchN
createCmajorPatchName

destroy
disnlavlll

x = O Inspector on an ARFExpEnv

an ARFExpEnv

Raw  Breakpoints Meta

Y ¥ () s

: Variable
© self
1 importStatement
1 processExpression
© code
© uLevel
1 label
(© attachedDSP
(©) attack
©) release
© trigger
© sustain
© finalLevel

: Value
an ARFExpEnv
import("stdfaust.lib");
process = en.asr;
nil
nil
ARFEXpEnv
nil
hslider("ARFExpEnvAttack", (
hslider("ARFExpEnvRelease"
button("gate")
nil
hslider("ARFExpEnvFinalLeve

1 self

NHE «=»
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Phar:

exampleWithNumber: x

<syntaxOn: #postcard>
"A ""complete""”

| y |

Pharo syntax"”

true & false not & (nil isNil)
ifFalse: [ self perform: #add: with: x ].

y := thisContext stack size + super size.

byteArray := #[2 2r100 8r20 16rFF].

{ -42 . #(Sa #a #'1''m’
do: [ :each |

'a' 1.0 1.23e2 3.14s52 1) }

e

B ansanaesesssaissasReniaseseaesEanesatsaszatasansancen e,
| var | o

var := Transcript = _

show: each class name; g' Postcard by Paul Krivanek

Show: each printString ]. § .........................................................
=
A X < y 8
<

A VA M U T Y N NN N - MY N N

Domenico Cipriani - 2024

- N - e - U T U 4 U T 4 T W

[
r
|
|
|
|
|
|
|
|
|
|
|

Precedence rules: |
1. Unary message ( 3 factorial) |
2. Binary messages (3 + 5) :
3. Keyword messages (Transcript show: ‘Hello’) |
When multiple messages of the same precedence appear, |
I
I
I

Smalltalk evaluates them from left to right.
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waveguide physical models, and reverbs.

. FAUST standard libraries offer a ready-to-use, extensive collection of sound
generators, physical models, DSP helper functions, and effects, all resulting from
cutting-edge audio research supported by a large community.

. FAUST architecture and its C-box-APIl enable embedding its compiler inside
Pharo
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Envelopes

Effects

Physical Modeling

Analysis Tools

Dynamics processor

Domenico Ciprian

- 2024

A collection of linear and exponential envelope generators

Reverbs, delays,

String Instruments, Bowed String Instruments, Wind Instrument, Exciters, Modal Percussions, Vocal

Synthesis

Amplitude tracking, spectrum-analysers,

Compressors,

limiters, expanders

flangers, choruses, pitch shifters, mixers and saturators

Fast Fourier transform

( pharo.org




Cmajor allows simple procedual DSP code to be easily composed into graph
structures.

* |t makes impossible to write code that can crash or break real-time safety
rules.

* |t can be very easily learned by anyone who’s familiar with C/C++, javascript
or other C-style languages.
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https://github.com/cmajor-lang/cmajor/releases

https://advanced-design-mooc.pharo.org/ (10 modules)
* |ts powerful reflection and inspection capabillities, allowing

you to explore and understand the system interactively.".
* Free books! https://books.pharo.org/
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https://mooc.pharo.org/
https://advanced-design-mooc.pharo.org

* Download the packed librariesBundle for your platform from the
Phausto repo, https://github.com/lucretiomsp/phausto

 Open a Playground (CMD +0OW), then copy and evaluate (CMD+D) this script.

Metacello
baseline:
repository:
load 5
2
¥

Domenico Cipriani - 2024

( pharo.org



https://pharo.org/download
https://github.com/lucretiomsp/phausto

MasterLu go.

- 0O At the Controls (3/7)
> B H B =

Doit Publish  Bindings Versions  Pages

X

1| "We create a new Pulse Oscillator, a Square Oscillator with variable Duty Cycle"
2 "Execute the following lines one at the time"
3 pulse := PulseOsc new.
4 "We create a DSP from that Oscillator"
5 dsp := pulse asDsp.
6 "We initialize the DSP"
7 dsp init.
8 "We start the DSP, now we can hear the SineWave Oscillator"
a 9 dsp start.
C : :
10 "We modify its Duty Cycle"
. 11 dsp setValue: 0.2 parameter: 'PulseOscDuty'.
pOSSIble. 12 "We modify its frequency"
. 13 dsp setValue: 120 parameter: 'PulseOscFreq'.
® We Support para”el, Sequentlal, 14 "Finally we can turn off the sound"

15 dsp stop.

split and merge composition but @ | . |
17 "We can check the parameters of a UnitGenerator in its class comments, or with:"

. 18 dsp traceAllParams.

Wlt Pharo Syntax 19 MasterLu next.

20

Or visit: https://lucretiomsp.qgithub.io/musicwithpharo/ 3
7
¥
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https://lucretiomsp.github.io/musicwithpharo/

ChucK
=>

Unit Generators subclasses drawing deep inspiration from the programming language.

synth := PulseOsc new => ADSREnv new => ResonlLp new => SatRev new.
dsp :=synth new stereo asDsp.

dsp init.

dsp start.

’4' [ N

The concept of Unit Generator (UGens) as basic building i}
blocks for signal processing algorithms was first /

developed by Max Matthews and John E.Muller for the /

Domenico Cipriani - 2024 Music Il program n 1960.
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Publish
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Versions Pages

g

Bindings

Playground

oscillator := PulseOsc new freq: #freq; ulLevel
env := ADSREnv new trigger: #gate.

filter := ResonLp new.

reverb := SatRev new.

synth :=

dsp := synt
dsp init.
dsp start.

asDsp.

W 00 ~Nfo O & W N =

b
- O

dsp displayUI.
dsp createCmajorMIDIPatchNamed:

—
No

'BasicSynthl'.

: #gain.

oscillator => env => filter => reverb .

In Phausto, as in Faust, a MIDI synthesizer requires
three essential Ul labels:

Domenico Cipriani - 2024

e freq: Controls the oscillator's frequency, typically
linked to MIDI note-on messages.

e gate: Manages note-on and note-off events to
trigger sound.

e gain: Adjusts the output volume.
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F D Examples ~

| import(“stdfaust.lib");

Z

3 attack = hslider("Attack" , 0.001 , 0.001, 2, 0.001);

4 decay = hslider("Decay" , 0.12 , 0.001, 2, 0.001);

5 sustain = hslider("Sustain" , 8.5 , 0, 1, 0.001);

6 release = hslider("Release" , 0.2 , 0.001, 2, 0.001); Phausto code is much

7 trigger = button("gate"); :

8 env = en.adsr(attack, decay, sustain, release, trigger); ShOrter’ as a” Unlt

9 — Generators come with a user

e
S

frequency = hslider("freq", 20, 20, 4000, 0.01); Int I’f Wlth f |'t
dutyCycle = hslider("Duty" , 0.5 , 0.001, 1, 0.001); errace de au

uLevel = hslider(“gain”, 0.3..0. 1, 0.001); parameters

oscillator = os.pulsetrain(frequency, dutyCycle );

i
W N =

p—
—I;l

cutoff = hslider("Cutoff" , 5000 , 20, 5000, 1);
q = hslider("Resonance" , 1, 1, 12, 0.01);
filter = fi.resonlp(cutoff, q, 1);

e
00 ~J O N

p—
O

process = (oscillator *x env) : filter : re.satrev ;

.
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< BasicSynth1 : 200 ) v Q

BasicSynth1 : - -
. i tyM oy . The folder contains a .cmajor file,
a .cmajorpatch file and a

BasicSynth1l.cmajor Today at 14:21 15 KB Visual...ocument I W . fl _th k
BasicSynth1.cmajorpatch Today at 14:21 283 bytes Visual...ocument pO y rapper' Cmajor e ( dnKsS

BasicSynth1polyWrapper.cmajor Today at 14:21 2 KB Visual...ocument Cesare Ferrari for the help'), which
handles polyphony.

 dsp createCmajorFXPatchNamed: ‘BasicEffect’.
Creates a Cmajor patch to be used on an audio track; the folder does not contains the

polyWrapper. ,;
Vs
Vg
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= BasicSynthl.cmajor X

Users > domenicocipriani » Documents > cmajorPatches > BasicSynth1 > = BasicSynthl.cmajor

namespace faust

{

processor BasicSynthl

{

input
input
input
50 input
] input
input
input
input
input
input

event
event
event
event
event
event
event
event
event
event

float32
float32
float32
float32
float32
float32
float32
float32
float32
float32

event_ADSREnvAttack [[ name: "ADSREnvAttack", group: "/MyApp/ADSREnvAttack", min: 0.0f, max: 4.0f,
event_ADSREnvDecay [[ name: "ADSREnvDecay", group: "/MyApp/ADSREnvDecay"”, min: 0.001f, max: 2.0f,
event_ADSREnvRelease [[ name: "ADSREnvRelease", group: "/MyApp/ADSREnvRelease"”, min: 0.001f, max: :
event_ADSREnvSustain [[ name: "ADSREnvSustain", group: "/MyApp/ADSREnvSustain”, min: 0.0f, max: 1.¢
event_PulseOscDuty [[ name: "PulseOscDuty", group: "/MyApp/PulseOscDuty"”, min: 0.0f, max: 1.0f, 1in:
event_ResonLpFrequency [[ name: "ResonLpFrequency"”, group: "/MyApp/ResonLpFrequency”, min: 2e+01f,
event_ResonLpQ [[ name: "ResonLpQ", group: "/MyApp/ResonLpQ", min: @.1f, max: 24.0f, init: 1.0f, sf

event_freq
event_gain
event_gate

output stream float32 output®;

58 output stream float32 outputl;

59 float32 fHslider®;

60 float32 fSlowd;

6] int32 fSampleRate;
float32 fConst@;
float32 fConstl;
float32 fHsliderl;
float32 fSlowl;
float32 fSlowZ;
float32 fSlow3;
int32[2] iVecO;

69 float32 fConst2;

70 float32 fSlow4;

7] float32[2] fRec9;
float32[2] fVecl;

int32 I0TAQ;
float32[4096] fVec2;

float32 fHsliderZ2;
float32 fSlow5;
float32 fSlow6;
float32 fSlow7;
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int32 iSlow8;

[[ name: "freq", group: "/MyApp/freq”, min: 2e+01f, max: 4086.0f, init: 4.4e+02f, step:
[[ name: "gain", group: "/MyApp/gain”, min: 0.0f, max: 1.0f, init: 0.5f, step: 0.001f ]
[[ name: "gate", group: "/MyApp/gate”, text: "offlon", boolean ]];

m

il

“a

A short sample of the
~400 lines of
Cmajor code
generated by the
Faust compiler




[ BN CmajPlugin/1-MIDI

Cmajor BasicSynth1

o o CmajPlugin/1-MIDI

Drag-and-drop a .cmajorpatch file here to load it

< BasicSynth1 : 505 @) Q (

|1

<>
|
<

BasicSynth1
ADSREnvD... ResonlpFre... ADSREnvR... ADSRENvS...
Name ~  Date Modified Size Kind
BasicSynth1.cmajor Todav at 14:21 15 KR Vicual _oncument
BasicSynthl.cmajorpatch Today at 14:21 283 bytes Visual...ocument
\ .
BasicSynth1polyWrapper.cmajor Today at 14:21 2 KB Visual...ocument
PulseOscDuty  ResonLpQ  ADSREnvAt...

Loaded: BasicSynthl

}
Z

D . L
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NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN DECAY ACCENT
e A A A ) s
N
N\

1
IIIII ~, ; 3 - DCoV OUTPUT HEADPHONE GATE cv
ADSREnNvSustain 9 .
AN /- Bass Line
AY

\
'/

EEEEEEEEEEE
Y
RITE

Computer Controlled

o \ \ N\ '" ' A&/ Blocis alow level Ul
= infrastructure and

MMMMMMMM

4.0 0.001 0]
# D D# E F F# G G# A A# B C %
PATTERN CLEAR G - g ¢ e e BACK f k f P h
SSSSSSSSS Framework 10r aro
DDDDDDDDDDDDDDDDD
RUN @) BATTERY || FUNCTION
NNNNNN
MODE
RUN / STOP B = 2 3 6 8 S A B WRIT: A/PNEXT

SSSSSSS

2.

0.010 0.200

EEEEEEEE

Additional (video) tutorials and a comprehensive booklet on Phausto.

Encouraging sound artists and producers to use plug-ins from Cmajor patches by developing a series
of low cost synths and effects by them available to a ready-to-install Cmajor plug-in wrapper from the
SoftComputing Bandcamp ,;

V
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