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YcKopeHune oTaernbHblX onepaunm — 3X

YckopeHue Bcen pabotbl — 20-25%



MuHycCbI

» [lapannenbHas kogoBas 6a3a Ha C++

* [lapannenbHbiK pa3paboTynk Ha C++

* [lapannenbHblie barn Ha C++

* CunbHO yBeNnMYMBaeTCcH pa3mep dbaHana

e He nogxoauTt AN BCEro NpunoXXeHus: MHOro JOMONMHUTENbHOIo Koaa w
HaKnagHbIX pacxonoB

[Toka Mbl TaKk U HE peLuMnnCb NMONHOCTbLIO NEPEBECTU YacCTb Koda Ha
WebAssembly

18



[loapoOHee

» CKopo byaet ctatbsa B briore AHgekca Ha xabpe
« Moscow JS Geo Meetup. Kak Mbl peHaOepuM BEKTOPHbIe AHOekc.KapTbl Ha

Bebe



https://habr.com/ru/company/yandex/
https://www.youtube.com/watch?v=ymKJn-XBvtw

Mbl ckadyanun emscripten.

Hanncanu kog Ha C++.

4TO-TO TaM CKOMNUINMNPOBANOCh.

Ha BbIxoae nony4vunncs Kakou-to OMHapHUK.
OH Kak-TO 3anyckaeTtcsa B bpay3epe.
[Touemy-TO paboTaeT ObICTPO.

20
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WebAssembly



UTO 3TO TakKoe

* Portable, size- and load-time-efficient binary format

« Compilation target

» Can be executed at native speed by taking advantage of common hardware
capabillities

* Roughly the same functionality as asm.|s

* Primarily aimed at C/C++

* Design to execute within and integrate well with the existing Web platform

* Maintain the versionless, feature-tested and backwards-compatible
evolution story of the Web

https://webassembly.org/docs/high-level-goals/ 23



https://webassembly.org/docs/high-level-goals/
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Asm.js
W Silverlight




3auem?

.net jvm flash |s

x86/arm/... nacl

AbcTparmpoBaH OT na na HeT

KOHKpPEeTHOoro xenesa?

YpoBeHb abcTpakuun BbICOKUW cpegHun HyneBoW

CkopocCTb HU3Kas cpegHsas BbICOKas

Cuctema TMNoB CI10XXHas MUHUMarNMCTN4Has

CTPYKTYPMPOBAaHHOCTb  [a na kaiua n3 banTos

Ong KoMmaHa U JaHHbIX

CnoXxHocCTb CJTOXKHO HE O4YEeHb CNOXHO y

CE be3 obsa3aTenbLHON
opkKa Mmycopa na HEeT CTPYKTYPb!

JononHuTtenbHbIU coddT Oa HET

26



Kak ycTpoeH WebAssembly?



Moaynb

module

code
code
code
code
code
code

28



Tvnbl AaHHbLIX

e 132, f64 — 4ynucna c nnaBakwLWwen 3anaTou

« |[EEE754
* [lo-cyTu, TO XKe, YTO U number B JavaScript

e 132, 164 — uenble Yyncna
o OTpuuaTtenbHble YnUcna NpeacTaBnAaAlTCs Yepes AONONMHUTENbHbIU KOA

« BbonblUue HN4Yero HeT
e BmecTo boolean—0un 1

29



Tvnbl AaHHbLIX

module

132 164 132 164

30



MHCTPYKUUN

module

code
code
code
code
code
code

132 164 132 164
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MHCTPYKUUN

type.operation

ObblyHaa matemartuka: add, sub, mul, div
buTtoBble onepauun: and (&), or (|), xor (®), shl/shr (>>/<<), ...
Onepauunn cpaBHeHUa: eq (==), ne (1=), eqz (==0), gt/lt (>/<), gelle (>=/<=), ...

32



CTtekoBasa mallmHa

132.const 100
100

N

whatever

100
whatever

33



CTtekoBasa mallmHa

drop
100

100 /

whatever

whatever

34



CTtekoBasa mallmHa

132.add
42 + 100 = 142

14020 & \- 142

whatever whatever



UHTerpauusa

module

code
code
code
code
code
code

132 164 132 164
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[lamAaTb m
/ Hatield JS

module

code
code
code
code
code
code

132 164 132 164
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IlamMaTtb

const memory = new ArrayBuffer(n * 65536);

 MOXHO YnTaTth
 iXX.load - dataView.getIntXX()
 fXX.load - dataView.getFloatXX()
 MOXHO nucaTtb
e iXX.store - dataView.setIntXX()
o fXX.store - dataView.setFloatXX()

e [lamaTtsb - little endian
e Oxaabbccdd => dd cc bb aa

38




Control flow m
/ Hatield JS

module

code

If (X) {} else {}
while (y) { break }
code

132 164 132 164
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PYHKLUNU

module

fn foo(a: 132): 132 {
If (X) { code }
while (y) { code }

}

132 164 132 164

40



bar + locals

«— foo + locals

cool caller + locals

PYHKLUNU

module

fn foo(a: 132): 132 {
If (x) { code }
while (y) { code }
bar()

}
fn bar(b: £32): f64 {}

132 164 132 164

41



MMMopTbI 1 3KCMOPThI m JS

/ TR

bar + locals

«— foo + locals

cool caller + locals

| e

foo(a: 132): 132

module

fn foo(a: 132): 132 {
If (x) { code }
while (y) { code }
bar()

]
fn bar(b: f32): 164 {}

132 164 132 164

log(a: 132)

42



A

Taonuubl m memory  JQ

A

/ apie
bar + locals

module
fn foo(a: 132): 132 {

If (X) { code } «———">  foo+locals
while (y) { code } cool_caller + locals
bar()

]
fn bar(b: £32): f64 {}

132 164 132 164

RS cxports

foo(a: 132): 132

log(a: 132)

43
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JavaScript moaynwn

export function fancyButton({text, onClick}) {
const handler = () => {
console.log('clicked', Date.now());
onClick();

}s

return <button onClick={handler}>{text}</button>;

46



JavaScript moaynwn

export function fancyButton({text, onClick}) {
const handler = () => {
console.log('clicked', Date.now());
onClick();

}s

return <button onClick={handler}>{text}</button>;
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JavaScript moaynwn

export function fancyButton({text, onClick}) {
const handler = () => {
console.log('clicked', Date.now());
onClick();

}s

return <button onClick={handler}>{text}</button>;
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JavaScript moaynwn

export function fancyButton({text, onClick}) {
const handler = () => {
console.log('clicked', Date.now());
onClick();

}s

return <button onClick={handler}>{text}</button>;

49



JavaScript moaynwn

import * as React from ‘react’;

export function fancyButton({text, onClick}) {
const handler = () => {

console.log('clicked', Date.now());
onClick();

}s

return React.createElement( 'button’, {onClick: handler}, text);

50



JavaScript moaynwn

import * as React from 'react’;

export function fancyButton({text, onClick}) {
const handler = () => {

console.log('clicked', Date.now());
onClick();

}s

return React.createElement( 'button’', {onClick: handler}, text);

51



JavaScript moaynwn

import * as React from 'react’;
import * as Date from 'javascript-standard-library’;

export function fancyButton({text, onClick}) {
const handler = () => {

console.log('clicked', Date.now());
onClick();

}s

return React.createElement( 'button’', {onClick: handler}, text);

52



JavaScript moaynwn

import * as React from 'react’;
import * as Date from 'javascript-standard-library’;

export function fancyButton({text, onClick}) {
const handler = () => {

console.log('clicked', Date.now());
onClick();

}s

return React.createElement( 'button’', {onClick: handler}, text);

53



JavaScript moaynwn

import * as React from 'react’;
import * as Date from 'javascript-standard-library’;

export function fancyButton({text, onClick}) {
const handler = () => {

console.log('clicked', Date.now());
onClick();

}s

return React.createElement( 'button’', {onClick: handler}, text);

54
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[lporpammupyem Ha
WebAssembly



Bbl ckopee Bcero He byaete
nucatb WebAssembly pykamiu



“CnoXxHble” TMnbl

JS

offset: O
length: 6

module

code
code
code
code
code
code

offset: 9
length: 6

JS

59



buHapHbIu chopmaT

if (result 1i32)
Ox04 Ox/F

132.const 42
Ox41 OXx2A

132.const 255
Ox41 Ox01 Oxtf

132.add
OX6A

end
OxXOB

https://webassembly.qgithub.io/spec/core/binary/instructions.html

60


https://webassembly.github.io/spec/core/binary/instructions.html

buHapHbIu chopmaT

(module ;; "\@asm" version
OX00 O0x61 Ox/73 OXx6D OX01 OXx00 0OxX00 OXx00

;5 type section length = 5 bytes
Ox01 OxO5

(type $typed (func (param i32) )
OX02 OXx60 0Ox01 Ox/F 0x00

;5 1lmport section length = 13 bytes
0x02 0x0D

)

https://webassembly.qgithub.io/spec/core/binary/modules.html

61


https://webassembly.github.io/spec/core/binary/modules.html




BepcnoHnpoBaHue

 WebAssembly 1.0

» Pacwunpenus un feature-detection
 try { compile(); supports = run() === expected; }
catch { supports = false; }
* Bo3MOXHO OyaeT B camMoM wasm dpanne WebAssembly/design#1173

63


https://github.com/WebAssembly/design/issues/1173

Reference types (anyref)

JS

module

STR

OBJ

DOM

whatever

https://hacks.mozilla.org/2019/08/webassembly-interface-types/

https://github.com/\WebAssembly/reference-types

64


https://hacks.mozilla.org/2019/08/webassembly-interface-types/
https://github.com/WebAssembly/reference-types

SIMD
Scalar Operation

-
[

X

B

SIMD Operation

https://medium.com/wasmer/webassembly-and-simd-13badb9bfla8

https://github.com/WebAssembly/simd/blob/master/proposals/simd/SIMD.md



https://medium.com/wasmer/webassembly-and-simd-13badb9bf1a8
https://github.com/WebAssembly/simd/blob/master/proposals/simd/SIMD.md

A 31O eLle He Bce

» EXxceptions WebAssembly/exception-nandling

» Bulk operations (memset, memcpy) WebAssembly/bulk-memory-operations
* Threads (shared memory, atomics) WebAssembly/threads

» Garbage Collection WebAssembly/gc

* W ewe ky4ya Bcero WebAssembly/proposals

66


https://github.com/WebAssembly/exception-handling/blob/master/proposals/Exceptions.md
https://github.com/webassembly/bulk-memory-operations
https://github.com/webassembly/threads/blob/master/proposals/threads/Overview.md
https://github.com/webassembly/gc/blob/master/proposals/gc/Overview.md
https://github.com/WebAssembly/proposals

FAQ



[lpo BCcAKoe

* Y MeHda IE11, ecTb nonndpun?

* MoxHO ckoMmnunmpoBaTtb JavaScript B wasm un caenartb cauTt bbicTpee?
 MOXXHO BHYTPU wasm ckoMmnunumpoBaTb wasm u caenatb JIT?

» EcTb nun string pool, ke moagyneun u ewle 4To-HMbyab 13 jvm/.net?

638



MS_WebcheckMonitor: explorer.exe - Application Error =

[lpo Oe3onacHOCTbL

The instruction at 0x59a783ff referenced memory at (00000000, The
memory could not be read.

Click on OK to terminate the program

« MoxHo nu caenatb SEGFAULT?
* MOXXHO Nn nepesanucartb agpec Bo3Bpara”?

OK

* MOXXHO Nn nepes3anucaTtb Koa~?
 MOXHO N1 Nony4YnTb AOCTYN K dpannoBon CUCTEME UM CETU?
* Aaaaa, blazor rpy3ut dll — 310 HOBBLIN activex!

69



[lpo 6e30nacHOCTL

Xyallee 3o, KOTopoe Bbl
MOXETE NMPUYNHUTDL, — HArPeTb
KOMHAaTy CBOUM HE3M@PEKTUKBbLIM
KOOOM.

70



[1pO A3LIKU

« C/C++: emscripten, LLVM

» Rust: rustc + bindgen, LLVM
» C#: Mono, Blazor

GO

* AssemblyScript

HauynHaa ¢ LLVM 8.0 wasm nepecTtan obiTb experimental target.

https://github.com/appcypher/awesome-wasm-langs 71



https://github.com/appcypher/awesome-wasm-langs

He Tonbko web



TeKkywme peanusauyuu

bpay3epHble ABUXKU:
* V8

» SpiderMonkey
 ChakraCore

» JavaScriptCore

CamMocTosATeNbHbIE OBUXKW:
* Dbinaryen (Interpreter + |s polyfill + tools)
e wasmer (+wasi)

» wasmtime (wasm meetup #2)

73


https://youtu.be/EaJHp-c_HVk?t=4175
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fs nhet,events
Iiilll

syscall

X
A

75



3aKkn4yeHue



[Ae Bbl MOXeTe NPUMEeHUTb 3TO Yy cebA

» [lopTnpoBaTb OMONMNOTEKY N COMPT

* Ynmcnogpobunkun: doto/Buaeo penakTopbl, Urpbl

* lcnonb3oBaTtb OANH KOO Ha B3Kke N PPOoHTE

» [lepeHoc akcnepTusbl Ballnx Konner na cocegHen oobnactu (blazor)

 Jlerkasa supTtyanbHas MaluMHa AnNs pasnuyHbiX Lenen, Hanpumep, Ans

b6nok4yenHoB (wasm meetup #1)
* Figma genana |s nnarnHbl cobupas Duktape n QuickJS B wasm

https://www.figma.com/blog/how-we-bullt-the-figma-plugin-system/

» https://webassembly.org/docs/use-cases/

7


https://www.youtube.com/watch?v=4DWQ_JNJUMc&list=PLkeWIIPeZ876Wa6R9-5XApRLUWhj9jGG0&index=2
https://www.figma.com/blog/how-we-built-the-figma-plugin-system/
https://webassembly.org/docs/use-cases/

[lone3Hble UHCTPYMEHTDI

» WasmEXxplorer
« WasmFiddle

 WasmCodeEXxplorer
 WebAssembly Studio

/8


https://mbebenita.github.io/WasmExplorer/
https://wasdk.github.io/WasmFiddle/
https://wasdk.github.io/wasmcodeexplorer/
https://webassembly.studio/

UTO noumTtaTthb

 ttps://webassembly.qgithub.io/spec/core/index.nhtml
» https://hacks.mozilla.org/category/webassembly/

* WebAssembly — pycckoroBopsiLiee coobOLEeCTBO
https:/[t. me/WebAssembly ru

79


https://webassembly.github.io/spec/core/index.html
https://hacks.mozilla.org/category/webassembly/
https://t.me/WebAssembly_ru

flapenguin.me/talks/wasm-uncut
github. Com/flapengum/holyjs wasm-uncut-examples

o

#r.,
e o

fiHQeKC KapThl



https://flapenguin.me/talks/wasm-uncut
https://github.com/flapenguin/holyjs-wasm-uncut-examples

flapenguin.me/talks/wasm-uncut
github.com/flapenguin/holyjs-wasm-uncut-examples

fiHQeKC KapThl

Cnacumbo

PoeHko AHAapeun

PykoBoguTenb rpynnbl pa3paboTkn JavaScript API
AHpekc.KapTt

@ flapenguin@yandex.ru
@flapenguin

%5 flapenguin

=0| flapenguin.me



https://flapenguin.me/talks/wasm-uncut
https://github.com/flapenguin/holyjs-wasm-uncut-examples

