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Who Am |¢

« Background in software development
for process automation and robotics

« Worked on the .NET platform since its
release 2001-2002

e (Consultant since 2010

* 19 years’ experience of software development in various positions such as
developer, tester, architect, project manager, scrum master, practice manager and
team lead.

« MIT Artificial Intelligence: Implications for business strategy
« MIT Internet of Things: Business implications and opportunities



What is Web Assembly?




Web Assem bly m Overview Demo Getting Started Docs Spec Community Roadmap FAQ

WEBASSEMBLY

* G rou p fo rmed i n 20 1 5 (al I major WebAssembly 1.0 has shipped in 4 major browser engines. e’ e 6 e Learn more

browsers)
° 201 7, NOV, Web Assembly Released WebAssembly (abbreviated Wasm) is a binary instruction format for a stack-based

virtual machine. Wasm is designed as a portable target for compilation of high-level

° 201 8, Feb, WSC pu b“C d raft pu bl |Shed languages like C/C++/Rust, enabling deployment on the web for client and server

applications.

Developer reference documentation for Wasm can be found on MDN's WebAssembly pages. The
open standards for WebAssembly are developed in a W3C Community Group (that includes
representatives from all major browsers) as well as a W3C Working Group.

Source: https://webassembly.org/



Web platform as virtual machine

Virtual Machine

« JavaScript
« High level language
« Flexible and expressive
* Dynamically typed
* No compilation
* Huge ecosystem

« WebAssembly (WASM)
* Low level assembly like language
« Compact binary format

* Near native performance
« C, C++, Rust, Go...



Wasm

A new browser standard
Based on asm.js
Intermediate language

« Java (bytecode), C# (msil)
Strongly typed

¢ 32,164, f32, {64




Hello WASM




WASM example (1)

add.wat

(module

(func $addTwo (param i32 i32) (result i32)
get local ©

get local 1

i32.add)

(export "addTwo" (func $addTwo)))




WASM example (2)

wat2wasm add.wat -0 add.wasm
wat2wasm add.wat -v

0000000: 0061 736d
0000004: 0100 0000

; section "Type" (1)
0000008: 01
0000009: 00
000000a: 01

; type 0

000000b: 60
000000c: 02

000000d: 7f

000000e: 7f

000000f: 01

0000010: 7f

0000009: 07

; section "Function” (3)
0000011: 03
0000012: 00
0000013: 01
0000014: 00
0000012: 02

; section "Export" (7)
0000015: 07
0000016: 00
0000017: 01
0000018: 06
0000019: 6164 6454 776f
000001f: 00

0000020: 00
0000016: Oa

; section "Code" (10)
0000021: Oa
0000022: 00
0000023: 01

; function body 0
0000024: 00
0000025: 00
0000026: 20
0000027: 00
0000028: 20
0000029: 01
000002a: 6a

; WASM_BINARY_MAGIC
; WASM_BINARY_VERSION

; section code
; section size (guess)
; num types

; func

; num params
;i32
;i32
; num results
;132

; FIXUP section size
; section code

; section size (guess)
; num functions

; function 0 signature index

; FIXUP section size

; section code
; section size (guess)
; num exports
; string length

addTwo ; export name

; export kind
; export func index
; FIXUP section size

; section code
; section size (guess)
; num functions

; func body size (guess)
; local decl count

; get_local

; local index

; get_local

; local index

; i32.add




WASM example (3)

<IDOCTYPE html>
<html lang="en">
<head>
<meta charset="utf-8">
<title>My first web assembly</title>
<script>
fetch("add.wasm").then(response =>
response.arrayBuffer()
) .then(bytes =>
WebAssembly.instantiate(bytes, {})
).then(results => {
let addTwo = results.instance.exports.addTwo;
alert(addTwo(2,2));
})s
</script>
</head>
<body>
<hl>Web Assembly addition</hl>
</body>



WASM example (4)

' [ My first web assembly x

< C' | @ localhost:8000

TT Pluralsight Adm [

22 Apper W Bookmarks = ios - Cannotswitch fi [ Signin- Octopus De 1t . .
Pa localhost:8000 star det

4

Web Assembly addition




WASM example (5)

M WebAssembly Code Explorer Open File

@8 61 73 6D 01 60 00 00 [AMCYACE NN Ry S/ . ' (module

type Stype@ (func aram i32 i32 result i32
7F 83 02 @1 00 @7 BA B1 @6 61 64 64 54 77 6F @8 (Dpehone i (p ) )
(export "addTwo" (func $funce))

(func Sfunce (param Svar® i32) (param Svar1 i32) (result i32)
get_local Svar@

00 OA B89 61 B7 60 20 60 20 01 6A OB sss5es & ol

get_local Svari
132 .add

https://wasdk.github.io/wasmcodeexplorer/



An introduction to Rust




What is Ruste

Documentation Install Community Contribute

* From Mozilla
¢ System programmlng Ianguage Rust is a systems programming language

that runs blazingly fast, prevents segfaults,

Install Rust 1.28.0

i Syntax Si m i Iar to C/C++ and guarantees thread safety. Kugst3: 505

¢ Strong typed See who's using Rust, and read more about Rust in production.
« Compile to native code (no VM) o o

let greetings = ["Hello", "Hela

zero-cost abstractions

move semantics

 Memory safe guarantee (no GC)

= guaranteed memory safety
for (num, greeting) in greetings.iter().enumerate() {
= threads without data races print!("{} : ", greeting);
match num {
= trait-based generics @ => println!("This code is editable and runnable!"),

jEste cadigo es editable y ejecutable!
=> printlnl("Ce code est modifiable et exécutable !
= println!("Questo codice & modificabile ed eseguil
= printlnl("C @3 LTifhkE+1 ")

1 => println!(
2

3

4 )3 - if LT 5
5= princlnl (707000 RE# FHcia dEE + He
7

8

9

pattern matching

type inference

minimal runtime

=> println!("Ten kod moina edytowa¢ oraz uruchomic!
println! ("Este codigo é editdvel e executavel!")
3TOT KOA MOKHO OTPEAKTHPOBATE W 3anyc

efficient C bindings = printlni ("

> println!("Ban c6 thé edit va run code truc tiép!
18 => println!( LA AR ER O ¥y,
11 => println!("Dieser Code kann bearbeitet und ausgefi

12 => println!("Den hdr koden kan redigeras och koras!

13 => println!("Tento kod mizete upravit a spustit"),

14 => println!( 33 3 RS RS )

15 => println! ("Taafiausoudlule
{}




Rust toolchain rustup, cargo & rustc

rustup Is an installer for

the systems programming language Rust

Cargo is the Rust package manager. Cargo downloads your Rust project's dependencies, compiles
your project, makes packages, and upload them to crates.io, the Rust community’s package registry.

fn main() { println!("Hello, world!"); }

> rustc main.rs
> .\main.exe Hello, world!



Using cargo

main.rs
> cargo new hello_world

Created binary (application) “hello _world™ project

.gitignore

Cargo.toml

main.rs Cargo.tom|

fn main() { [package]
println!("Hello, world!"); name = "hello_world"
} version = "0.1.0"

authors = ["Hakan Silfvernagel <abbhakan@gmail.com>"]

[dependencies]
> cargo run

Compiling hello world v@.1.0 (file:///C:/source/webassembly/hello world)
Finished dev [unoptimized + debuginfo] target(s) in 1.93s

Running " target\debug\hello world.exe"
Hello, world!



Types in Rust

* Primitive Types * Primitive constructs
« Boolean bool (true/false) * Tuples
* Integer/float « Arrays
« Textual type char/str « Slices
* Never type ! * Function pointers
* References
* Pointers




Rust -> WASM and publish to NPM




How to compile rust programs to wasm

Install Rust toolchain (rustup, cargo & rustc)
2. Add the wasm32-unknown-unknown target to compile

to web assembly
3. Install wasm-bindgen for bindings to/from JS for Rust

and wasm

—

source: https://rustwasm.github.io/wasm-bindgen/



Rust example (1)

Cargo.tom|

[package]

name = "hello-wasm-silver"

version = "0.1.0"

authors = ["Hakan Silfvernagel <abbhakan@gmail.com>"]
description = "Code used to demonstrate how to use wasm-pack"
license = "MIT/Apache-2.0"

repository = "https://github.com/abbhakan/hello-wasm-silver"

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

[dependencies]
wasm-bindgen = "0.2.13"



Rust example (2)

src/lib.rs

#![feature(proc_macro)]

extern crate wasm_bindgen;
use wasm_bindgen::prelude::*;
#[wasm_bindgen]

extern {
fn alert(s: &str);
}

#[wasm_bindgen]

pub fn greet(name: &str) {
alert(&format!("Hello, {}!", name));

}



Rust example (3)
wasm-pack init 4 pkg
= hello_wasm_silver_bg.wasm

hello wasm_silver.d.ts

JS hello_wasm_silver.js

{} package.json

Cd pkg EEE Q. Search packages
npm publish package

hello-wasm-silver
0.1.0 « Public + Published 21 hours ago



Rust example (4)

package.json
hello-wasm-silver.d.ts {

/* tslint:disable */ "name": "hello-wasm-silver",

export function greet(argd: string): void; "collaborators™: [ _
"Hakan Silfvernagel <abbhakan@gmail.com>"

1,

"description": "Code used to demonstrate how to use wasm-pack",

hello-wasm-silver.js "version": "0.1.0",
/5 "license": "MIT/Apache-2.0",

* @param {string} arge@ repository”: {

* @returns {void} type": "git",

"url": "https://github.com/abbhakan/hello-wasm-silver"

*/

export function greet(argd) { z;‘iles"'[

const [ptro, len@] = passStringToWasm(argo); "heIIo'Wasm silver_bg.wasm"
try { ot T iluar ot ’
return wasm.greet(ptro, lend); ]hello_wasm_snver.d.ts

} flnally.{ " . "main": "hello_wasm_silver.js",
wasm.__wbindgen_free(ptro, leno * 1); "types": "hello_wasm_ silver.d ts"
) : B B d.

} }



Rust example (5): Use the package

webpack.config.js package.json

const path = require('path'); { . . .

module.exports = { scripts”: { ) )
entry: "./index.js", "serve": "webpack-dev-server
output: { z: -
path: path.resolve(__dirname, "dist"), dependencies™: { . o )
filename: "index.js", "hello-wasm-silver": ""0.1.0
}s }s .
mode: "development" "devDependencies”: {

}; "copy-webpack-plugin": "74.5.2",

"webpack": "*4.16.1",
"webpack-cli": "~3.1.0",
"webpack-dev-server": "~3,1.4"



Rust example (6)

index.html index.js

<html> const js = import("hello-wasm-silver");
<head> js.then(js => {

<meta content="text/html;charset=utf-8" http- js.greet("ReactJS Meetup");
equiv="Content-Type"/> DK

</head>

<body>

<script src='./index.js'></script>

</body>

</html>



Rust example (7)

¥

[ localhost:8080 ek
Y

6 C (@ localhost:8080

i5 Apper W Bookmarks = ios - Cannot switch fi [ Signin - Octopus De 1t Pluralsight Adm

et

Pa localhost:8080 star det

Hello, React)S Meetup!




Game of life




Game of life

1.Any live cell with fewer than two live neighbours dies, as if caused by underpopulation.

2.Any live cell with two or three live neighbours lives on to the next generation. e
3.Any live cell with more than three live neighbours dies, as if by overpopulation. T L
4.Any dead cell with exactly three live neighbours becomes a live cell, as if by reproduction. :I i i =':,, S
e 2L a e
fu” B,
" = =']' E
- i w 0 -;'E:L i u
4 ._.! -i].I
illl 0 = i

Source: https://rustwasm.github.io/book/game-of-life/introduction.html






Code overview: cargo.toml

[package]

name = "wasm_game_of_life"

version = "0.1.0"

authors = ["Hakan Silfvernagel <abbhakan@gmail.com>"]

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

[dependencies]
wasm-bindgen = "0.2.13"

[profile.release]

# Include function names in the “.wasm’ for better debugging and

# profiling. Comment this out if you're trying to create the smallest ".wasm’
# binaries you can.

debug = true



Code overview: lib.rs

pub fn new() -> Universe { pub fn width(&self) -> u32 {
let width = 64; self.width
let height = 64; }
let cells = (@..width * height) pub fn height(&self) -> u32 {
.map(|i]| { self.height
ifi%2==0||1%7==020{ }
Cell::Alive
} else { pub fn cells(&self) -> *const Cell {
Cell: :Dead self.cells.as_ptr()
} }
})
.collect(); pub fn toggle cell(&mut self, row: u32, column: u32)
{
Universe { let idx = self.get _index(row, column);
width, self.cells[idx].toggle();
height, }
cells,
}
}



Code overview: wasm_game_of_life.d.ts

/* tslint:disable */
export class Universe {
free(): void;

tick(): void;

static new(): Universe;
render(): string;
width(): number;
height(): number;
cells(): number;

toggle cell(arg@: number, argl: number): void;

}



Code overview: wasm_game_of_life.s

/**

* @returns {number}
*/

width() {

if (this.ptr === 0) {

throw new Error('Attempt to use a moved value');

}

return wasm.universe_width(this.ptr);

}

/**

* @returns {number}

*/

height() {

if (this.ptr === 0) {

throw new Error('Attempt to use a moved value');

}

return wasm.universe_height(this.ptr);

}

/**

* @param {number} arg®
* @param {number} argl
* @returns {void}

*/
toggle cell(argd, argl) {
if (this.ptr === 0) {

throw new Error('Attempt to use a moved value');

}

return wasm.universe toggle cell(this.ptr, argo,
argl);
}



Code overview: index.html

Index.html bootstrap.js

<style> . . .

body { const index = import("./index");
width: 100%; index.then(() => {

height: 100%; console.log("Loaded...");
display: flex; })s

align-items: center;

justify-content: center;

}

</style>

</head>

<body>

<body>

<button id="play-pause"></button>
<canvas id="game-of-1life-canvas"></canvas>
<script src="'./bootstrap.js'></script>
</body>



Code overview: index.js

import { Universe } from "./wasm_game of life";

canvas.addEventListener("click", event => {

const boundingRect = canvas.getBoundingClientRect();
const scaleX = canvas.width / boundingRect.width;
const scaleY = canvas.height / boundingRect.height;
const canvasLeft = (event.clientX -
boundingRect.left) * scaleX;

const canvasTop = (event.clientY - boundingRect.top)
* scaley;

const row = Math.min(Math.floor(canvasTop /
(CELL_SIZE + 1)), height - 1);

const col = Math.min(Math.floor(canvasLeft /
(CELL_SIZE + 1)), width - 1);

universe.toggle cell(row, col);

drawCells();

drawGrid();

})s






Example: DSP library




Examples: web-dsp

L shamadee / web-dsp ©Watch~ 57 Hstar 890 | YFork | 60

<> Code Issues 3 Pull requests 1 Projects 0 Wiki Insights

A client-side signal processing library utilizing the power of WebAssembly (.wasm) http://tiny.cc/webdsp

webassembly wasm dsp
D 64 commits ¥ 1branch © 0 releases 22 4 contributors g MIT

Branch: master v New pull request Create new file | Upload files = Find file
n matzewagner Merge pull request #21 from krzysztof-grzybek/basic-win-support ... Latest commit 59d6a72 on 5 Jun 2017
i bin added nade envirenment to npm executable a year ago
Bl cpp basic windows support a year ago
B8 images added logo to readme a year ago
i lib added createFILTER factory a year ago
Bl test fix untracked files a year ago
E .gitignore add test executable to gitignore a year ago
B travisyml add travis a year ago
[5) LICENSE Create LICENSE a year ago
El README.md fixed Readme typo, new npm version a year ago
E compilejs basic windows support a year ago
E packagejson basic windows support a year ago

Source: https://github.com/shamadee/web-dsp
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Example: AutoCAD




Examples: AutoCAD

2010

AutoCAD
WS (Flash app)

Source: https://youtu.be/BnYq7JapeDA




Examples: AutoCAD

A Al Drawings > A test with AutoCAD 360.dwyg | Design Blog  Send Feedback Help Kean Walmsiey ﬂ .

2014 Pow

HTML 5/ oln
Javascript

llllll

ANMOTATE

N LD -S|

Source: https://youtu.be/BnYq7JapeDA




Examples: AutoCAD

2016

First time ever:
AutoCAD C++

compiled with

Emscripten

Source: https://youtu.be/BnYq7JapeDA




Examples: AutoCAD

® ®® ) AutoCAD Web
< C & Autodesk, Inc. [US] https://client.autocad360.com/# tmi? ( r=truesname
/A AUTODESK AUTOCAD Home @

April 2017
New Product Preview

AutOCAD This is our first step toward creating

RealDWG a new AutoCAD in the browser. The
viewer on the right comes with

based VleWEf higher resolution, smoother panning
and zooming, and more universal
DWG support. It also gives us the
necessary groundwork to quickly
and reliably deliver new features to
you

This product preview does not
include annotation and markup
tools, but we'll continue to maintain
the previous viewer until it does.
Don't forget to t t

Source: https://youtu.be/BnYq7JapeDA




Examples: AutoCAD

March 22, 2018

AutoCAD web
app launched!

Source: https://youtu.be/BnYq7JapeDA




Examples: AutoCAD

React & SE :
Typescript Ul A

/

Machine-
Specific Binary

Ul Component - WebAssembly
Library Binary
JS < WA AutoCAD Core
C++ Code

Messaging AP g -
ging o
P
-//

Source: https://youtu.be/BnYq7JapeDA




Future plans for WASM




What's nexte
« Wasm call directly to DOM/Web Api

« Direct import of wasm in JavaScript
« Support more languages

Source: https://youtu.be/BnYq7JapeDA




Other frameworks using WASM




Blazor

Full-stack web development with C# and WebAssembly

A Get Started



Blazor Blazor

Full-stack web development with C# and WebAssembly

« Experimental .NET web framework

« C# and HTML running in the browser
* Runs on Web Assembly

* Native performance

« Trusted security sandbox

A Get Started

Source: https://blazor.net/




Origin

 Mono team: Mono as compile target

Steve Sanderson — NDC 2017

for WASM
ASP.NET Team: Blazor

NEW POSSIBILITIES fo@ WEB APPS

Service Workers Web Assembly

New low-level code format

Compact, verifiable, highly

NDC { OS'O :I' ' optimisable

« Bring your own language,

. -

P »l o 2013/5823

Web Apps can't really do *that*, can they? - Steve Sanderson

124,156 views

Source: https://www.youtube.com/watch?v=MiLAE6HMr10&t=1268s/




Overview

.cshtml

Compile to .NET
assemblies

Browser

App.dil

NET

(mscorlib.dll,
System.Core.dll)

WebAssembly

(mono.wasm)



BlazorApp1 @page "/counter"

<h1>Counter</hl>
2 Counter
=+ Counter Current count: 2 <p>Current count: @currentCount</p>
T Fotch data <button class="btn btn-primary" onclick="@IncrementCount">Click me</button>

@functions {
int currentCount = 9;

[Parameter]
protected int IncrementAmount { get; set; } = 1;

=l void IncrementCount()

{
}

currentCount += IncrementAmount;




BlazorApp1 @page "/

<h1>Hello, world!</h1l>

" Hello, world!

Welcome to your new app. Welcome to your new app.

+ Counter

5= Fetch data #' How is Blazor working for you? Please take <SurveyPrompt Title="How is Blazor working for you?" />

Counter

Current count: 20

<Counter IncrementAMount="10" />




[ BlazorAppl x 4+

I C @ localhost54790/counter a % 6

About

BlazorApp1

il Counter

Current count: 0

+ Counter

2= Fefch data

Name

__| counter

| blazor.webassembly.i
_mmotertrapﬁ':in.css
| blazor.bootjson

mono,j
meeen,
| favicon.ico

mono.wasm
B )

_ B ﬂzoraggtdll

Microsoft. AspNetCore.Blazor.Browser.dll

Microsoft.AspNetCore.Blazor.dll

| Microsoft.Extensions.Dependencylnjection.Abstractions.dl|
Microsoft.Extensions.Dependencylnjection.dl|
Microsoft.)SInterop.dll

Mono.WebAssembly.Interop.dl|

mscorlib.dll

netstandard.dll

Status

304
304
304
304
304
304
304
304
304
304
304
304
304
304
304
304

Type
document
script
stylesheet
fetch
script
text/html
fetch

xhr

xhr

xhr

xhr

xhr

xhr

xhr

xhr
xhr

Initiator
Other

counter
counter

blazor.webassembly.js:1

blazor.webassembly.js:1
Other

mono,js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1

blazor.webassembly.js:1




Newold?




Have we not seen this before?

& ) —
" . Silverlight




References




References

« Web Assembly
* http://webassembly.org/getting-started/developers-quide/
* https://developers.google.com/web/updates/2018/03/emscripting-a-c-

library
* https://github.com/shamadee/web-dsp

« Blazor
« https://qgithub.com/aspnet/Blazor
o https://github.com/lohithgn/blazor-tour-of-heroes
» https://codepen.io/ddprrt/pen/EqgyBAJ
* https://www.youtube.com/watch?v=5HSKDGHijd| &t




Thank you!

Twitter: @agrevlis
Email: hakan.silfvernagel@miles.no
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