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Web Browsers




HPC in Web Browsers
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JavaScript in HTML DOM
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JavaScript Type System

. varcar prototype = { '
Dynamically typed T
"Max.km h": 250,

o
e Object-oriented owneri L
®
®

"Malk": true,

CIaSSIESS Readng"], "Hobbies":  [Driving",

"Age": 42,

Prototypes )

varcar copy = Object.create(car prototype);
car copy["Price"] = 10000;
car copy["Owner"]["Hobbis"]push ("Sport");

JavaScript Object
Notation (JSON)



Garbage Collection

Provided by Browsers Mark and Sweep
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Performance Example

varprim es = []; Runtimes Finding Frst 10,000,000 Prime Numbers

16000
for(varp= 2;p<=max;p++){
varis prin e = true; 14000

12000
for (vari= 2;i<= Math.sqrt(m ax); #+)

if(p%s i== 0 && p = 1) {
is prin e = false;

Runtime [ms]
=
-

break;
}
prin es[p]= is prin e; e
} 2000
0

Cc JavaScript
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asm.js
“optimizable, low-level subset of JS” - Mozilla

varprim es = []; varprin es= new Int32Array(m ax);
for(varp= 2;p<=max;p++){ for(varp= (210);p <= max;p++){
varis prin e = true; varis prine= (110);

for (vari= (210);i<= (M ath.sqrt(m ax)|0); & +)

for (vari= 2;i<= Math.sqrt(m ax); # +)

if(p%s i== 0&& p = 1) { if(p%s i== (010) && p = 1) {
s prin e = false; is prine= (00);
break; break;

} }

prin es[p]= is prin e; prin es[p]= is prin e;
}

}



asm.js

Runtimes Finding Hrst 10,000,000 Prime Numbers

Runtime [mg]
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JavaScript

asm.js

varprines= new Int32Array(m ax);

for(varp= (2[0);p <= max;p++){
varis prine= (110);

for (vari= (210);i<= (M ath.sqrt(m ax)|[0); & +)
ifp%s i== (0[0)&& p = 1) {

is prine= (0]0);

break;

}

prin es[p]= is prin e;

}



LLVM

COMPILER INFRASTRUCTURE

ISA of a virtual machine + compilation passes

C, C++, Java, Python, ... - LLVM IR - Binary



Emscripten

. emscripten

C/C++ - LLVMIR - asm.s
clang Emscripten



asm.js Support

Benchmarks Showing asm.js Performance in Firefox vs Other Browsers (Windows)

Execution time (ms). smaller numbers are better . Firefox 29
40,000 Windows 8.1
. Chrome 34.0.1847.131
Windows 8.1
. Internet Explorer 71.0.960
30,000 Windows 8.1
Box2D hep:/fbox2d.org
A popular 2D physics engine used in marny
games, induding the extremely popular
20,000 Angry Birds.
Bullet heps://code.google.com/p/buliet
A popular 3D physics engine used in marny
popular commerasl games.
https://hacks.mozilla. 014/05/as - rmance-impro nts-in-the rsion-of-firefox-make-games-fly/
10,000 Lua http:ffwsw. luo.org
A popular programming language used in
& variety of places from games to Wildpedia.
The benchmark runs the compiled Lua virtua
machine (ViV}, which executes a Lua program.

zlib higp/fwww.zlib.net

Box2D Bullet Lua_binarytrees zlib Apopular compression library, used
practically everywhere to compress anything.

Eopular Macrobenchmarks



asm.js Summary

JavaScript subset

Annotation-based optimization detection
Aims at near-native performance
Compilable from C/C++

Growing browser support



HTML5 Web Workers

JavaScript, asm.js
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HTML5 Web Workers

Threads communicating via Message Passing

<script worker script.js:
varworker= new Worker(“worker script.js”);
workeraddEventiistener(“m essage”, function(e) { selfaddEventListener(“m essage”, function(e) {
console.lbg (e .data); //Async com putations go here
}, false); selfpostM essage (e data);
}, false);

workerpostM essage (“Helo!”);
< /script>



postMessage: Structured Cloning

postMessage Bandwidth
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" l . I
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Avg. Bandwidth [MS/s)

Message Size [ME]

Garbage collection!



postMessage: Transferable Objects

varamay = new AmmayBufé&r(1024); //1kB
workerpostM essage(@mmaybufér, [armaybufé&r]);

Transferred data switch contexts!




WebRTC DataChannel

Data-

WebRTC
Channel
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HTTP HTML5 WebSocket

e Stateless e Client server arch.
e GET, POST, ... e TCP only
e Cookies

eeeeeeeeeeeeeeeeeeeee




WebRTC

Signaling Signaling

App

WebRTC

BrOWSer R Browser

Caller Callee

html5rocks.org



WebRTC DataChannel

Reliability
Delivery
Transmission
Flow control

Congestion control

TCP

reliable
ordered
byte-oriented
yes

yes

UDP

unreliable
unordered
message-oriented
no

no

SCTP
configurable
configurable
message-oriented
yes

yes

e ceo

Chrome Firefox IE Safari

PeerConnection API _—_—
getUserMedia _— _
WebAudio Integration _— _ _
datachannels |ENERE I I I

Turn support | I I

Echo cancellation _ _—
mediastream ar [ NGB B i
Multiple strears - [N N I IR

Simulcast

Solid interoperability
Screen Sharing
mediaConstraints
Stream re-broadcasting

ortc ari NN I i

webrtc.org




WebCL, WebGL

JavaScript, asm.js
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GPU Computing

arstechnica.net
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256

> “ kemelvod vectorAdd
__glbalconst faat* x,
__glbalconstfoatty,
__glbalfbat* restrict z)

@ebcL

_Ike OpenCL

Hardware exposure
EEE 754 float = B
-Heterogeneous

ntindex = get globalid(0);
z[index] = x[index] + y[index];

e Drivers
e Adaption

128

Address
Thread ID o



penGL Compute Shaders

e Since 4.3 (ES 3.1)
e GLSL, adaption

e Graphics abstraction
e No |IEEE 754 float

e \WebGL 1.0/2.0

layout (bcalsize x= 16, ocalsize y= 16) 1n;
uniform readonly in age2D from Tex;
uniform writeonly in age2D toTex;

vold main() {
vec2 texelCoords = wec2 (gl GlobalhvocationD xy);
vec4 pixel= in ageload (from Tex, texelCoords);
pixelrmg = pixelgr;
m ageStore(toTex, texelCoords, pixel);
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Summary
asm.Js

Web Workers

-------------------------------------

DataChannel

WebCL/GL CS
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