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About me

e Using Rust for about 8-9 months

e Mostly a backend dev
o Have done full stack dev prior to 2014

e No experience with audio programming
e Hobbyist guitar player



Outline

e \What is Webassembly?

e Rust + Webassemby

o Crates and tools for compiling rust to wasm

o How to get rust code working inside the browser?
e What is a Metronome?

o Demo

e Brief intro to WebAudio API

e Code examples
o Debugging rust code at runtime
o  Error handling
o  Function callbacks and closures



Webassembly



What is Webassembly?

Source code (Rust, C, Compiler tool chain

e Compact binary instruction
format C++) T eguwM
e Not to be written by hand
o Compilation target for Rust, C, C++

e Runs in modern web browsers
o Designed to interop with Javascript
both ways Webassembly Virtual Machine
o But doesn’t make any web specific
assumptions

e Abbrev: Wasm in short S

—_— .wasm




Advantages

e Near-native performance
o Intermediate representation that’s closer to machine code than JS source code
o No garbage collection
e Compact binary format that’s faster to transmit over network
o Faster than even compressed JS
o Tools available to further shrink the wasm binaries
e Can be used with existing JS code bases
o No need to choose between Wasm and JS



Rust — Wasm — Browser



Two strategies

1. Build entire app in Rust

a. Yew framework

2. Wasm + JS
a. Build part of the app in Rust and integrate it into existing JS frontend



Tools

wasm-pack wasm-bindgen
e Tool to compile Rust — Wasm e A crate that wasm-pack depends on
e Meant for interop with Javascript e To provide a bridge between JS types and
o  Either browser (web) or nodejs Rust types

e Comprises of multiple crates:
o js_sys
m bindings for std js objects only
o web_sys
m  bindings for all the Web APIs that
the browsers provide.
m It's optional — all APls are gated by
cargo features

$ cargo install wasm-pack



How it works?

lib.rs

HTML Cargo. lock
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@ Cargo.toml

[package]
name = "hello-wasm"
version = "0.1.0"

edition = "2021"

[lib]
crate-type = ["cdylib"]

[dependencies]
wasm-bindgen = "0.2"

@ lib.rs

use wasm_bindgen::prelude: :*;

#[wasm_bindgen]
extern {
pub fn alert(s:

#[wasm_bindgen]

pub fn greet(name: &str) {

$ wasm-pack build --target web

@ index.html

<!doctype html>
1tml lang="en-US">

1 charset="utf-8"

hello-wasm example

type="module"

Cargo. lock
Cargo.toml

pkg
— hello_wasm.d.ts

FEE hello_wasm_bg.wasm.d.ts
package. json
src

target

CACHEDIR.TAG
debug
release

wasm32-unknown—-unknown

import init, { greet } from "./pkg/hello_wasm.js";

init().then(() => {

greet("WebAssembly");

Y):

alert(&format!("Hello, {}!", name));



Building a browser based metronome



Metronome

10:57 PM

e Device that gives an audible click
or beep at a set rate

e Used by musicians during practice

e Speed is measured in Beats Per
Minute or BPM (also known as

II| |II Soundbrenner

tempo)
o 60 bpm =1 beat per sec
o 240 bpm =4 beats per sec KORG

o 150 bpm = 2.5 beats per sec
MA:2
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Demo

https://naiquevin.github.io/rustick/



https://naiquevin.github.io/rustick/

WebAudio API

e Browser API for controlling audio

e AudioContext

o currentTime
AudioContext

e AudioNode
o Source nodes Source Effect - Effect Output
AudioNode AudioNode AudioNode AudioNode
o Effect nodes
o Destination nodes
e AudioParam AudioBufferSourceNode GainNode AudioDestinationNode
OscillatorNode DelayNode

h < Whir



® lib.rs

COde StrUCtu re use wasm_bindgen: :prelude::*;

#[wasm_bindgen]
pub struct Metronome {

@ main.js }

const m = new Metronome( ) #[wasm_bindgen]
.set_tempo(120) impl Metronome {
.set_time_signature(4, 4) #[wasm_bindgen(constructor)]
.set_on_ended(() => { pub fn new() -> Self {

console.log('A sound was played')

};

}

ub fn set_tempo(mut self, bpm: ul6) -> Self
const timer = setInterval( P I - Po P i {

() => m.schedule(),
m.beat_interval

)3

I

pub fn schedule(&mut self) -> {

}




WebAudio code in Rust o i e

let envelope = self.ctx.create_gain().unwrap();
envelope.gain().set_value(1.0);

let play_time = self.scheduled_upto + self.beat_interval;

@ Cargo.toml

envelope
2 .gain()
[dependenCLeS .web—sys] .exponential_ramp_to_value_at_time(1.0, play_time + 0.001)

version = "0.3.69" .unwrap();
features = | e

"AudioContext", .gain()

- . y i T .exponential_ramp_to_value_at_time(0.001, play_time + 0.02)
AudioDestinationNode i

"AudioParam",

"GainNode",
"OscillatorNode"

osc.connect_with_audio_node(&envelope).unwrap();

envelope
.connect_with_audio_node(&self.ctx.destination())
.unwrap();

osc.start_with_when(play_time + 0.0).unwrap();

osc.stop_with_when(play_time + 0.03).unwrap();

self.scheduled_upto = play_time;




Uncaught RuntimeError: unreachable executed
schedule
timer

What if rust code panics? Fiktacinals

runWasm
async*

<anonymous>
<anonymous>

e Panic converted to <anonysois>

<anonymous>

RuntimeError exception oywis>

timer

start

e The stacktrace does point to text runWasn

runWasm

representation Of Wasm AsyncFunctionNext

<anonymous>

e But symbols such as $func86

end $labell
i32.const 1
are hardly of any help 32.coct 2
call $func95
F unreachable
end $label3
i32.const 1048652
call $func86
unreachable
end $labeld

H . ' H H i32.const 1
Aside: Wasm text representation is a Lisp! 1321 conet 13
E call $func95
unreachable
)
(func $funcl8 (param $var@® i32) (param $varl i32) (param $var2 i32) (result i32)
(local $var3 i32) (local $var4 i32) (local $var5 i32) (local $var6 i32) (local $
block $label5
local.get $var®@




hd496964d114e98b9
h@d4686a7fe3981a4
rust_begin_unwind
hc74271902a13f1a9
hb157b525de3fe68d
hbSbacfb@dd2920885
h43df5183222a4385
metronome_schedule
schedule

S wasm-pack build --debug --target web

local.get $var4d
local.get $varl2
i32.add
local.set $varl3
local.get $varil3
local.get $varll
call Srustick::Metronome::schedule::h43df5183222a4385
i32.const 36
local.set $varl4d
local.get $var4d
local.get $varld




External crate: console error _panic_hook

panicked at src/lib.rs:144:28:
called 'Option::unwrap()' on a "None' value

e Include the crate as a dependency
e Add following line in some code path that’s
guaranteed to execute e.qg. Stack:

Metronome: :new function __wbg_get_imports/imports.wbg.__wbg_new_abda76e88
logError@http: //localhost:8000/pkg/rustick.js:88:
__wbg_get_imports/imports.wbg.__wbg_new_abda76eB8
rustick.wasm.console error panic hook::Error::new

console error panic hook::set once ()

.
’

https://github.com/rustwasm/console error panic hook



https://github.com/rustwasm/console_error_panic_hook

Using console.log during development

4 #[wasm_bindgen]

5 extern "C" {

6 // Use "js_namespace’ here to bind ‘console.log(..)' instead of just
7 /7 “log(..)’

8 #[wasm_bindgen(js_namespace = console)]

9 fn log(s: &str);

10

11 // // Multiple arguments too!

12 // #[wasm_bindgen(js_namespace = console, js_name = log)]
13 // fn log_specific(a: u8, b: f32);

14 }

Or using helpers provided by the web-sys crate

¢ Web sys::console::log /I array of values
® Web sys::console::log 1 [/ single value
® Web sys::console::log 2 //two values



16 #[derive(Debug)]

17 pub enum MetronomeError {

. 18 Uninitialized(String),

Error handlmg 19 WebAudio(JsValue),

20 }
21
22 v impl for MetronomeError {
23 v fn into(self) -> JsValue {
24 match self {
25 Self::Uninitialized(s) => JsValue::from_str(&format!("Param '{s}' uninitialized")),
26 Self::WebAudio(jv) => jv,
27 }
28 }
29 }

#[wasm_bindgen]
pub fn schedule(&mut self) -> Result<(), MetronomeError> {
let schedule_ahead_interval =

self.schedule_ahead_interval let osc = self

.0k_or(MetronomeError::Uninitialized( . Ctx
“schedule_ahead_interval”.to_string(), .create_oscillator()

))7; .map_err(MetronomeError: :WebAudio)?;

" let envelope = self.ctx.create_gain().map_err(MetronomeError::WebAudio)?;

JsValue: Rust representation of an object owned by Javascript



Callback functions / Closures

o lib.rs
use web_sys::js_sys::Function;

#[wasm_bindgen]
pub struct Metronome {

on_ended: Option<Function>,

osc.set_onended(self.on_ended.as_ref());

let f = self.on_ended.unwrap();
let context = JsValue::null();
f.call@(context).unwrap();

f.calll(context, JsValue::from_bool(true));

f.call2(context, _, _
f.call3(context, _

@ example.rs

let closure: Closure<dyn Fn()> = Closure::new(move || {
)8

let window = web_sys::window( ).expect('window is expected');

window.set_interval_with_callback_and_timeout_and_arguments_0(

closure.as_ref().unchecked_ref(),
1000,
).unwrap();

closure.forget();
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Thank you!



