HYBRID PROTOTYPING
WITH WEB TECH AND JUCE/C++

ARTHUR CARABOTT
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How to use web technologies for
productive prototyping.

Uutput



1. Prototyping

2. Why Web Tech?
3. Case Stuay: Arpeggiator
4. C++ [/ WebViews
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Prototyping

1. Communication
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Prototyping

Feedback loop with yourself

Feedback loop with others

Uutput



Prototyping

2. Cost
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Prototyping

Time and money

Motivation and creativity
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Prototyping
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Prototyping

Decrease iteration time

Increase quality
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Prototyping

Look and feel prototypes



Prototyping

Utput

Role

How will it be useful?

Implementation

How will it work?
Look and feel

What will the experience be?

https://hci.stanford.edu/courses/cs247/2012/readings/WhatDoPrototypesPrototype.pdf
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Prototyping
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Prototyping
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Prototyping
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Prototyping
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@ Audio DSP Playground

Audio DSP Playground

White Noise | | Sine Wave | | Bitcrusher

[ Choose File | No file chosen

=
o

12 outL[1i] = getSine(freq

14

15 time += 1 / sampleRate;
16 }

17 }

18

1 let time = 0;

2

3 function getSine(freq, time) {

4  return Math.sin(2 * Math.PI * freq * time);
5}

6

7

8 const freq = 666;

9 const amp = 0.1;

11 for (let i = 0; 1 < numFrames; i++) {

, time) * amp;

13 outR[i] = getSine(freq * 1.5, time) * amp;

function loop(numFrames, outlL, outR, sampleRate) {

ald ea=f o

Right

Sum

Run: cmd enter | |Stop: cmd .

0db

-3db

-6db

-12db

240

2400t

24yoo0¢€

24000t

24y000¢€

2400001

24yo000¢

https://arthurcarabott.com/audio-dsp-playground
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Prototyping
‘f‘\‘\ \N ; & /a e
. ,

T Role

B Audio Developer Conference

Implementation

Look and feel

Marek Bereza Stephanie Houde Bret Victor
and Charles Hill

How to prototype Audio What do Prototypes Prototype? Inventing on Principle
Software
https://youtube.com/watch?v=A01V8er6ljM https://hci.stanford.edu/courses/cs247/2012/ https://youtube.com/watch?v=a-OyoVcbwWE

readings/WhatDoPrototypesPrototype.pdf

Uutput 24



1. Prototyping

2. Why Web Tech?

3. Case Stuay: Arpeggiator
4. C++ [/ WebViews



Why Web Tech?

1. You
2. Values of your tools
3. Things to leverage

Uutput



Why Web Tech?
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Why Web Tech?

1. You
2. Values of your tools
3. Things to leverage
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Why Web Tech?

“The limits of my language
mean the limits of my world.”

Ludwig Wittgenstein
Tractatus Logico-Philosophicus, 1922

Uutput



Why Web Tech?

5|
3,

C

JUCE

utput



Why Web Tech?

putput
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XX main.ts — speed-demo leeoe
TS maints 2, U X m m ---

src > TS maints > ...

1 import { start } from "@thi.ng/hdom"; - Hello AD(:
import { div, h2 } from "@thi.ng/hiccup-html";

2

3

4 interface Param {

5 name: string;

6 value: number;

7 min: number;

8 max: number;

9 step: number;

10 }

11

12 const app = () => {

13 const params: Param[] = [
14 { name: "Gain", step: 0.01, min: @, max: 1, value: 0.5 },
15 { name: "Freq", step: 1, min: 20, max: 20000, value: 666 },
16 l;

17

18 return () => div({},

19 h2({}, "Hello ADC"),

20 );

210}

22

23 start(app(), { root: document.body });
24




Why Web Tech?

Uutput
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Why Web Tech?

“If | send people an executable, they
never open it. If | send them a link, they
have no excuse.”

Alex Warth

Uutput



Why Web Tech?

1. You
2. Values of your tools
3. Things to leverage

Uutput



Why Web Tech?

Web Audio API
Web MIDI API
Canvas / WebGL

Uutput



Why Web Tech?

utput

@ Playground
lIlI= Learning Synths — Playground —
Square Oscillator Amplitude Envelope LFO
Amplitude 100.0% Attack 30.00 ms Frequency 3.00 kHz
[ ]
O —O M L
Width . 0-0% Decay 200.00 ms LFO Amount 0.0% Frequency 1.00 Hz
o Sustain 50.0% o
LFO Amount 0.0% O Envelope Amount 0.0% Envelope Amount 0.0%
Envelope Amount 0.0% Release 300.00 ms
O —() Resonance 20.0%
Envelope
Amplitude

Saw Oscillator

https://learningsynths.ableton.com

>
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Why Web Tech?

Your bag of tricks

putput

https://exploring-data.com/vis/npm-packages-dependencies
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http://worrydream.com

Why Web Tech?

Production
VS
Prototyping

putput



Why Web Tech?

Uutput

“Firstly, programs developed mainly to
demonstrate feasibility may turn out in the long
term to be difficult to maintain and develop; and
secondly, their temporary user interfaces may

never be properly redesigned before the final
system is released.”

Stephanie Houde and Charles Hill
What do Prototypes Prototype? 1997
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Why Web Tech?

“There's nothing more permanent than a
temporary solution.”

Amit Shoham

Uutput



1. Prototyping
2. Why Web Tech?

3. Case Study: Arpeggiator
4. C++ / WebViews
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Case Study: Arpeggiator
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Case Study: Arpeggiator

putput
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Case Study: Arpeggiator

analog 001. Destructive B 4 vl B
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Case Study: Arpeggiator
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Case Study: Arpeggiator

putput
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Case Study: Arpeggiator
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Case Study: Arpeggiator
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Case Study: Arpeggiator
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export interface IStep {
volume 01: number;
length_01: number;
octave: number;
chordProbability_@1: number;
panning_11: number;
chance 01: number;

export interface IChunk {
rate: number;
numActiveSteps: number;
steps: IStepl];

}

export interface ISequence {
chunks: IChunkl[];

}

52



Case Study: Arpeggiator

“This thing is amazing and not like
anything else out there. It has
everything | want in an arp mode.’

Nestor Estrada - Sound Designer, Output

Uutput
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Case Study: Arpeggiator
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1. Prototyping
2. Why Web Tech?
3. Case Stuay: Arpeggiator

4. C++ [ WebViews




C++ [/ WebViews

lam JUCE

ADC o o o Home ADC21 .+ Diversity Newsletter Sponsors

Audio Developer
Conference 2021 2]
We are delighted to invite you to attend

and contribute to the 7th Audio Developer
Conference (ADC)

November 15th & 16th - In-Person/Online Conference in London --- / November 19th - Online Workshops

ADC is an annual event
celebrating all audio

»
development technologies, 20 s
from music applications and @

game audio to audio AUDIO

processing and embedded DEVELOPER
systems. ADC’s mission is to CONFERENCE

help attendees acquire and

develop new skills, and build a PU RC HASE @ [

network that will support their Tl C KETS k
aimed at showcasing Sign Up for the ADC

career development. It is also
academicreceareny Purchase Tickets Watch ADC 2020 Talks Newsletter

facilitating collaborations
between research and

utput
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C++ [/ WebViews

Uutput

@ JUCE

WebBrowserComponent Class Reference

juce_gui_extra » misc

A component that displays an embedded web browser.

MouselListener

T

Component

T

WebBrowserComponent

T

WindowsWebView2WebBrowser
Component

hitps://docs.juce.com/master/classWebBrowserComponent.html

S7



C++ / WebViews

C++ o JavaScript Communication

ADC»

AUDIO
DEVELOPER
CONFERENCE

Reflections on building an

audio plugin with web technology

Spencer Salazar

https://youtube.com/watch?v=XvsCaQd2VFE

Uutput

= O

[ tomduncalf / tomduncalf_juce_web_ui  Public

WIP: a JUCE module providing helper classes to make it easy to
integrate a web-based Ul with a JUCE application.

:= README.md

¢tomduncalf_juce_web_ui

tomduncalf_juce_web_ui is a JUCE module providing helper
classes to make it easy to integrate a web-based Ul (running
in a JUCE WebBrowserComponent) with a JUCE application
(e.g. an audio engine).

Please see https://github.com/tomduncalf/WebUISynth for
an example integration with a simple synth engine.

https://github.com/tomduncalf/tomduncalf_juce_web_ui

o8



C++ [ WebViews

uicktype

{ struct Note { interface Note {
"Note": { double durationS; duration_s: number;
"type": "object", int64_t noteNumber; noteNumber: number;
"properties": { double startS; start_s: number;
"noteNumber": { "type": "integer" }, double velocity@1l; velocity _01: number;
"start_s": { "type": "number" }, }; }
"duration_s": { "type": "number" },
"velocity_01": { "type": "number" }

},

"required": [
"noteNumber",
"start_s",
"duration_s",
"velocity_01"

]
}

JSON Schema C++ TypeScript

putput https://quicktype.io



C++ [/ WebViews

putput

namespace nlohmann {
void from_json(const json & j, MyApp::Note& x) {
X.durationS = j.at("duration_s").get<double>();
X.noteNumber = j.at("noteNumber").get<int64_t>();
X.startS = j.at("start_s").get<double>();
X.velocity@l = j.at("velocity_01").get<double>();

void to_json(json & j, const MyApp::Note & x) {
j = json::object();
j["duration_s"] = x.durationS;
j["noteNumber"] = x.noteNumber;
j["start_s"] = x.startS;
j["velocity 01"] = x.velocity@1l;

60



C++ [/ WebViews

view

Uutput

()
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C++ [ WebViews

putput

export interface IState {
tempo: number;
activelayer: number;
inputNotes: { noteNumber: number; velocity_n: number };
arpType: "Up" | "Down";
layers: Array<{
id: string;
name: string;
isEnabled: boolean;
adders: {
volume_n: number;
length_n: number;
octave: number;
chordProbability_n: number;
panning: number;
chance_n: number;
};
sequence: Array<{
rate: number;
numActiveSteps: number;
steps: Array<{
volume_n: number;
length_n: number;
octave: number;
chordProbability_n: number;
panning: number;
chance_n: number;
}>;
}>;
activeStepProperty: "volume_n" | "length_n" | "octave" | "chordProbability_n" | "panning" | "chance_n";
speed: number;
reps: number;
timeSig: {
numerator: number;
denominator: number;

};
swing: number;
randomMode: "current" | "all";

r>;

62



C++ [/ WebViews

Unidirectional data flow (simpilified)

@ render (state) ;
—>

update (newsState) ; — sendMessage (type, data);

Utput https://sinusoid.es/lager/architecture.html
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C++ [/ WebViews

Save

localStorage.setItem(“viewState”,

localStorage

load

JSON.parse (localStorage.getItem(“viewState”)) ;

JSON.stringify (viewState)) ;

onViewStateChanged

putput

onPagel.oad

64



C++ / WebViews

I il

typescript datastructure 2d clojure 3d workshop array binary

geometry browser animation clojurescript codegen graph ¢ canvas  functional

processing.org visualization toxiclibs uir webgl export fileformat graphics math svg conversion

dsl hiccup Literate-programming tree audio interval typedarray uk acceleration async bezier color

generative hardware i1terator Java networkRed parser transducer cli clipping design image tandom bbox circle
fabrication 1interpolation mesh simulation baremetal component glsl nd particles query rstream architecture dsp

generator polygon shader stm32 stream analysis ast composition database qgul physics Teactive sample Sort vector

putput https://thi.ng/umbrella 65



In conclusion...
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Do prototyping

Value iteration time

Uutput



Slides and references
arthurcarabott.com/adc-2021

Contact (we are hiring)
arthur.carapbott@output.com

YW @acarabott
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