beHUMapKku u perf-tTecTbl
ona JavaScript n TypeScript

Buktop XoMsKOB, NporpaMMunUcT



e BukTtop XoMsaKOB
e 5 net B [loncke AHpekca
e 5 JIeT B KOMaHOe CKOPOCTHU



Bing observed that an engineer that
Improves server performance by
10ms (that’s 1/30 of the speed that
our eyes blink) more than pays for
his fully-loaded annual costs.
Every millisecond counts.

wpostats.com/tags/server/


https://wpostats.com/tags/server/

O yem HE 6ypeTt poknapn

e KaK yCKOPUTb CTPaHuULLY B X pa3
o Kakon bpaysep bbicTpee
e B YEM CMbIC/ XXU3HU



O yem bypet poknan?

Kak nncaTtb beHYMapKm
KakK He genaTb OLnboK
KpaTko: performance-TecTbl, NpodUINpoBaHue




3ayeM OHO BaM?



CyliecTBYIOLLMU NMPOEKT
XoyeTcq:

e YBennuntb RPS
e COKOHOMMUTDb XXeneso
e YCKOPUTb MECTA, rae KJINEeHTbI XXasytoTcs



[Tpumep U3 nnyHoro onbiTa: AHAeKc Nouck

e Murpauud c jQuery Ha React

e ONTUMM3ALUSA KITMEHTCKOIo Koaa

e [py3uM jQuery+React 6e3 noTepb
B CKOPOCTU N OeHbrax



Mpumep 2: AHaekc Nounck

e ONTMMM3aung cepBepHOro Koga
e +10% nonb3oBaTeneun
0e3 0oNOTHUTESNIbHOIO Xere3a



bonblue npnMepoB

o PerfPerfPerf 3perf.com/#clients
e WPO Stats wpostats.com
o web.dev web.dev/tags/case-study/
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https://3perf.com/#clients
https://wpostats.com/
https://web.dev/tags/case-study/

HoBbin NpoeKT
XoyeTcs:

e BbibpaTb noaxogdaLlyo onbnnorteky
(Moment, Dayjs etc.)

e BbibpaTb NyyLlyo peannsauuto
PYHKLUMNOHabHOCTU

e /Inn nokasaTb, YTO B JAHHOM MECTEe 3TO HEBAXHO

11



e YT0ObI YCKOPUTDb, HAO,0 N3MEPUTD

e YTOObI BbIBPATh BNOBMNOTEKY, HAO0 NU3MEPUTD

e YT0ObI NOKAa3aTb, YTO CKOPOCTb HE Ba)XXHa —
Hag0 U3MEPUTD

12



Kakux pe3ynbtaToB O)XXUaaTb
B BalleM NpoekKkTe



Performance

KpuBas nmenun Lnnnnéesa

(E)nigma

{

(D)ebting on Performance

I|
A

(C)arefully Optimized

N
'Y

.

:ZI-IE}eauty Peak

(A)mazingly Stupid

Code complexity

youtu.be/p2b4JHESEOC?t=331
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https://youtu.be/p2b4JHESEOc?t=331

[Tpumep n3 Toukn “A” — yckopeHue B cekyHaax

Anexcen fikoBnes
flupnexe MNMNpakTnkym

FC Frontend 2u3okTa6pa 2023, Mockea
Conf Crapt Xab Ha KpacHom OkTaspe




Ewe npumep n3 toukn “A" — yckopeHue B cekyHaax

-

b -
e

Kak Mbl B 4 pa3a
YCKOpUNY MOOGUJIBHYIO
Bepcuio BKoHTakTe

youtu.be/O09Scq9DFss

Tapac
UBaHOB

BKoHTakTe
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https://youtu.be/O09Scq9DFss

[TpumMep n3 Toukn “C" — pecatkm MunnncekyHn,

A.CyeeTuCcMoO?

No pa3paboTKe MHTECXIKKTMI<
- Ajay;nyBen Y<

- Anb>kHbiam Hnzpw

QYD */

youtu.be/MLTH_MHChHIQ



https://youtu.be/ML1H_MHChlQ

[TpumMep n3 Toukn “C" — pecatkm MunnncekyHn,

A.Cy6O00THUK;
Nno pa3paboTke NHTepPenCcos:;
. Ajax:oT Apo X;

- AnekcaHpap Cynuma;

youtu.be/MLTH_MHChHIQ



https://youtu.be/ML1H_MHChlQ

beHUYMapK: YTO UsMepsemM?



[MTponyckHasa cnocobHocTb, RPS

CTabunnbHbIN MOTOK 3anpocoB
[ IpMepHO oamMHakoBas OJINTENIbHOCTb
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[ nuntenbHOCTb OAHOU onepaLuu, sfop

= [panynspHocTb/latency Talimepa
S JIT-koMnunaums
= llym OC/GC

21



OnutenbHocTb N onepauumn, s

= lllym OC/GC
v [1pOCTO M AOCTAaTOYHO TOYHO
v CtaHpapT ge-¢$aKkTo
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Tuku npoueccopa (TIC)

V. He 3aBUCKUT OT OC/GC/TakTOBOWM YacTOTbI/etc.
= Mnoxas noppep>xka: Chrome/Linux
™ github.com/stoyan/ticr

23


https://github.com/stoyan/ticr

CpaBHeHue CKOpoCTu peanusaLuin

¥ PasHoe BpeMs ornepaLmmn
v Peanusauuu BoinoniHAOT N onepaummn
v CtaHpapT ge-¢$aKkTo

24



Ocob6eHHOCTU ABUMXXKOB JS,
BNAUSOLLME HA pe3ysibTaTbl
6eH4YMapKa



N3mMepeHue BpeMeHun

26



B Touke “A" He 3aMopayYnBaemMcs

Performance

(E)nigma

!

(D)ebting on Performance

I|
5

(C)arefully Optimized

*,
kY

-

:ZI-IE}eauty Peak

(A)mazingly Stupid

Code complexity
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[ paHyNApPHOCTb TanMepa:
KakK 4acTo 0bHOBNAETCS 3Ha4YeHne
var tl1, t2;
tl = performance.now();
do { t2 = performance.now() } while (t1l === t2);
console. log(t2 - t1);
t1l = Date.now();

do { t2 = Date.now() } while (t1 === t2);
console.log(t2 - t1);
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[ paHyIAPHOCTb, MS

bpay3ep

performance.now() Date.now()

Chrome 116 Android,

MacOS, Windows 2l 1
Firefox 116 MacOS, 1 1
Windows

Safari 16 MacOS 1 1

jsfiddle.net/f7n6¢c500/
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https://jsfiddle.net/f7n6c50o/

[paHyndgapHocTb B Node.js v16, ms

MeToa, 3HaueHue
process.hrtime.bigint() = 0.002 - 0.03
performance.now() ~ 0.004 - 0.02

Date.now() 1
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Latency Tanmepa:
CKOJIbKO BPEMEHU 3aHMMAaET caM TauMep

const start = Date.now();
// VMntauma 3aMepdaeMoro kopa
const time = Date.now() - start;
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Latency, us

bpay3ep performance.now() Date.now()
Chrome 116 Android 0.4 0.07
Chrome 116 MacOS, 0.2 0.05
Windows

Firefox 116 MacOS,

Windows Jige &

Safari 16 MacOS 0.05 0.005

jsbench.me/7mljeki2e3/1
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https://jsbench.me/7mljeki2e3/1

Kak 6opoTbcH

e OauH BbI30B TarMepa Ha N onepauum
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Cb6opka mycopa
(Garbage Collection, GC)

e Major GC — "stop the world"
e Minor GC — Bcé paBHo rpy3ut CPU

o | += TGC

benchmark
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Kak 6bopoTtbcs

nhode ——trace—gc

node ——expose—QgcC

Pa3mep xuna

MoxkeT yacTbint GC n ectb npobnema?
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JIT



V8 (Chrome, Node.js):

e |gnition
e Sparkplug
e TurboFan

v8.dev/blog/sparkplug
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https://v8.dev/blog/sparkplug

SpiderMonkey (Firefox):

e |nterpreter

e Base
e Base
e lOoNn J

Ine Interpreter
ine JIT

T
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JavaScriptCore (Safari, Bun):

e | ow-Level Interpreter (LLInt)
e Baseline JIT

e Data Flow Graph (DFG) JIT
e Faster than Light (FTL) JIT

39



TL;DR:

e [lepBoe (xonogHoE) BbINOIHEHNE KOOA —
MHTEpPNpeTaTop
e 3aTeM Kog onTuMmnanpyetcs "Ha nety” — JIT

40



BeHuMapK oTKpbITUSA CTPaHUL,bI:

® HY>XHO NepBOE BbIMNOSIHEHNE
e JIT MewaeT
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beHuMapK BCcero octasibHoro:

* NHTEPNpPETATOpP MeLlaeT
® HY>KHO BKAOYUTDb JIT

e HO He nocpean beHumapka!
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Kak 6opoTbcH

e Mporpes koga (warm-up)
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const start =
for (let i = 0

// Baw kop
}

const duration

performance.now();
; 1< 100_000; i++) {

= performance.now() - start;
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// Tlporpes
for (let i

0; i < 10 _000; i++) {

// Baw kKop

}

// W3MepeHu
const start
for (let i

e

performance.now();
0; i < 100_000; i++) {

// Baw kKop

}

const duration = performance.now() - start;
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YananeHue MepTBOro Koaa
(Dead Code Elimination, DCE)



// TMopcyét uucna b6yke "e'" B cTpoke
str.split("e").length - 1;

youtu.be/HPFARiIVHJRY?t=409

900 MmunnnoHos op/s B Firefox

47


https://youtu.be/HPFARivHJRY?t=409

const start =

performance.now();

for (let 1 = 0; i < 10_000; i++) {

str.split(
I3

const duration

"e").length - 1;

= performance.now() - start;
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const start = performance.now();
for (let 1 = 0; i < 10_000; i++) {

// str.split("e").length - 1; // Hurge He ucnonb3yeTcH
s

const duration = performance.now() - start;
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const start = performance.now();

for (let 1 = 0; i < 10_000; i++) {
// Tlycton uunkn

Iy

const duration = performance.now() - start;
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const start = performance.now();
const duration = performance.now() - start;



Kak 6bopoTtbcs

e HakannuBaTtb pe3ynbrar
e [/lcnonb3oBaTtb B cana-sdpdekTax
e Black hole B Java JMH

github/openjdk/ijmh/Blackhole.java

52


https://github.com/openjdk/jmh/blob/master/jmh-core/src/main/java/org/openjdk/jmh/infra/Blackhole.java

const start =

pe

for (let i = 0;
str.split("e").length - 1;

}

const duration

rformance.now():
i < 10 _000; i++) {

performance.now() - start;
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let bh = @; // black hole
const start = performance.now();
for (let 1 = 0; i < 10 _000; i++) {
bh += str.split("e").length - 1; // Hakannueaem
I3

const duration = performance.now() - start;

54



let bh = 0; // black hole
const start = performance.now();
for (let 1 = 0; i < 10 _000; i++) {

bh += str.split("e").length - 1; // Hakannueaem
I3
const duration = performance.now() - start;
console. log(bh); // Canp-sddext
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let bh = 0; // black hole
const start = performance.now();
for (let 1 = 0; i < 10 _000; i++) {
bh += str.split("e").length - 1; // Hakannueaem
I3
const duration = performance.now() - start;
if (Math.random() >= 1)
console. log(bh); // Canp-3dpekr
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BapunaHTbl cang-adppeKToB

if (Math.random() >= 1) {
// BbiBOO B KOHCOJIb
console. log(bh);

}

if (Math.random() >= 1) {
// WCKnw4yeHune
throw new Error(bh);

57



Inline Cache (IC)



Ecnun paHHble gng 6eHYMapka
npuaoymMmbiBaem “Ha xony"

e OOHOTUMHbIE OOBEKTDI
e OaunHakoBbiK hidden class
e |C paboTaeTt nyuvwe
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Kak 60poTbcS

e Tuvn, mnopsaaoK 1 pasmMep nosen Kak B npopge
e [lamMn gaHHbIX N3 NPOaa
e N 3anncen — paHOOMU3NPOBATb NOPAO0K

60



[lamn gaHHbiX B Node.js
const fs = require('fs');
let uid = 1;

function myFunc(data) {
const name = ‘data-${Date.now()}-${uid++}.json";
fs.writeFile(name, JSON.stringify(data));
// OCTaJibHOU KOO ...

61



Peanusauua maccmsoB B V8

e FixedArray + Packed elements
e FixedArray + Holey elements
e NumberDictionary + Dictionary elements

v8.dev/blog/elements-kinds
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https://v8.dev/blog/elements-kinds

Jlnmut FixedArray
kMaxFastArrayLength = 32 x 1024 x 1024,

github.com/v8/src/objects/js-array.h
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https://github.com/v8/v8/blob/949da3123f81cbb48950ba5980834d3df4d9e151/src/objects/js-array.h#L134

$ node ——allow—natives-syntax
Welcome to Node.js v16.14.2.

>
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$ node ——allow—natives-syntax
Welcome to Node.js v16.14.2.

> %DebugPrint([])
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$ node ——allow—natives-syntax
Welcome to Node.js v16.14.2.

> %DebugPrint([])
DebugPrint: [JSArrayl

— elements: <FixedArray[0]> [PACKED_SMI_ ELEMENTS]
— length: 0
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> %DebugPrint([1,,3])

DebugPrint: [JSArray]
— elements: <FixedArray[3]> [HOLEY_SMI_ELEMENTS (COW) ]
— length: 3

68



> %DebugPrint(new Array(32 *x 1024 *x 1024 + 1))
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> %DebugPrint(new Array(32 x 1024 x 1024 + 1))
DebugPrint: [JSArray]
— elements: <NumberDictionary[16]> [DICTIONARY_ELEMENTS]
— length: 33554433

70



Kak 6bopoTtbcs

e [ToHATb, KakMe MaccuBbl B Npoae
e /Icnonb3oBaTb B beHYMapKe Takue Xxe
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Peannsauusg ctpok B V8, SM, JSC

e ConsString
o SlicedString
e "0OblYHbIE" CTPOKM
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Ckonbko namMatmn B Chrome 3anmMyT CTPOKn?

const s1 = new Array(1000000).join("x");
const s2 = "x".repeat(1000000);
const s3 = "x".repeat(1000000).toLowerCase();
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Ckonbko namMatmn B Chrome 3anmMyT CTPOKn?

const s1 = new Array(1000000).join("x"); // ~500 b
const s2 = "x".repeat(1000000);
const s3 = "x".repeat(1000000).toLowerCase();
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Ckonbko namMatmn B Chrome 3anmMyT CTPOKn?

const s1 = new Array(1000000).join("x"); // ~500 b
const s2 = "x".repeat(1000000); // =500 b
const s3 = "x".repeat(1000000).tolLowerCase();

4]



Ckonbko namMatmn B Chrome 3anmMyT CTPOKn?

const s1 = new Array(1000000).join("x"); // ~500 b
const s2 = "x".repeat(1000000); // =500 b
const s3 = "x".repeat(1000000).toLowerCase(); // 1000012 b
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const s1 = new Array(1000000).join("x"); // =500 b
const s2 = "x".repeat(1000000); // =500 b
const s3 = "x".repeat(1000000).toLowerCase(); // 1000012 b

> %DebugPrint(s1)
. type: CONS_ONE_BYTE_STRING_TYPE
> %DebugPrint(s2)
. type: CONS_ONE_BYTE_STRING_TYPE
> %DebugPrint(s3)

— type: ONE_BYTE_STRING_TYPE
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const s1 = new Array(1000000).join("x"); // =500 b

> %DebugPrint(s1)

— type: CONS_ONE_BYTE_STRING_TYPE
sl.index0f("a"); // Tenepb sl 3aHuMaeT 1000012 b

> %DebugPrint(s1)

— type: ONE_BYTE_STRING_TYPE
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index0f ("something")
slice(1)

substring(1)
toLowerCase() / toUpperCase()



Kak 6bopoTtbcs

e [lOHATb, KaKNE CTPOKU B NpoAE
e //lcnonb3oBaTb B 6eHYMapKe Takue xe
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OcobeHHOCTU OBUXXKOB: recap

e [ PaHYNIAPHOCTb U3BMEPEHNA BPEMEHM
e CObopka Mycopa

e JIT nnporpes Koaa

e Black Hole n yganeHne MépTtBoro koga
o ®opma obbekToB U1 Inline Cache

e Peannsaumm MaccmBoB U CTPOK

81



beHUMapKu



beHumMapk 6pay3epHOro Kkoaa

Kop paboTaeT TonbkKo B bpay3epe

83



e jsperf.app
e jsbench.me
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https://jsperf.app/
https://jsbench.me/

« > C & jsbench.me

X JSBench.Me

I Setup HTML - click to add setup HTML

Setup JavaScript
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enter test case name

ready

enter test case name

ready
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victor-homyakov-1

ready

victor-homyakov-2

ready

N

2(N

length

length

87



Test Case - click to add another test case

teardown JavaScript if (Math.random
console. log(bh

QOutput (DOM) - click to monitor output (DOM) while test is running
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victor-homyakov-2

finished

13 ops/s £ 5.06%
57.35 % slower

victor-homyakov-3

finished

30 opsfs + 2.77%
Fastest

bh += fizzbuzz2(N

bh += fizzbuzz3(N

length

length
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beHUMapK nsomopdpHoOro Kkoga

Kop paboTtaet B bpay3epe n Node.js

90



Ecnu

e He BaXXHbl Safarif/Firefox
e He paboTtaemMm c DOM/Canvas/Fetch/etc.
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import * as React from 'react';
import {renderToString} from 'react-dom/server';
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// 3anyckatb ¢ NODE_ENV=production
import * as React from 'react';
import {renderToString} from 'react-dom/server';

// 3anyckaTb KaK YrofgHo

const React = require('react/cjs/react.production.min.js');
const {renderToString} = require(

‘react—dom/cjs/react—-dom-server.node.production.min.js"
);
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const data = require('./data—-dump.json');

const SAMPLE_COUNT = 100;

const SAMPLES = [];

for (let 1 = @; i < SAMPLE_COUNT; i++)
SAMPLES.push(datalrandomInt(@, data.length - 1)1);
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for (let i = 0; i < data.length; i++) {
if (i < SAMPLE_COUNT) {
SAMPLES. push(datalil);

} else {
// Random integer between @ and i (inclusive)

const r = randomInt(@, i);
if (r < SAMPLE_COUNT) SAMPLES[r] = datalil;

ru.wikipedia.org/wiki/Reservoir_sampling
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https://ru.wikipedia.org/wiki/Reservoir_sampling

import {Buttonl, Button2} from './buttons';
let bh = 0;

function buttonl() {
for (const props of SAMPLES) {
bh += renderToString(<Buttonl ...props />).length;
s
s

// function button2 - aHanoruuyHo
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import *x as Benchmark from 'benchmark';

npmjs.com/package/benchmark
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https://www.npmjs.com/package/benchmark

new Benchmark.Suite()
.add('Buttonl', buttonl)
.add('Button2', button2)
.on('cycle', e => {
// BbiBOOUM pe3ynbTaTt
console. log(String(e.target));
// Cang-3¢deKTbl
if (Math.random()
console. log(bh

’

> 1)
)
})

.run({ async: true });
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describe( 'BeHumMapk peHgepa', () => {
it('Buttonl vs Button2', done => {
new Benchmark.Suite()
/] ...
.on('complete', () => done()) // 3aBepwaeM TecCT
.run({ async: true });
}, 120000); // Bpems pns BbinoNHeHUs 6eH4YMapka

});
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describe('Performance-tect', () => {
it ('OonxeH npoxogutb', () => {
bh = 0;
// ... 30€eCb OONXeH ObITb Nporpes

const start = performance.now();

for (let 1 = 0; i < N; i++) {
buttonl();

I3

const time = performance.now() - start;

// ... 30€Cb MPOBEPKMU

});
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describe('Performance-tect', () => {
it ('fJonxeH npoxogutb', () => {

[/ oas

// BpeMa peHOoepa oQHOro KOMMOHEeHTa <1ms
expect(time / N).toBelLessThan(1);

// Sanity check: paboTanM MUHUMYM CeKyHOy
expect(time).toBeGreaterThan(1000);

// OTpeHoepeHHbin HTML 3aHuMaeT 100-200 6aut
expect(bh / N).toBeGreaterThan(100);

expect(bh / N).toBelLessThan(200);
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const times = []:
do {
const start = performance.now();
for (let 1 = 0; i <1 000; i++) {
buttonl():
}

times.push(performance.now() - start);
} while (marginOfError(times) > MAX_ERROR);
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After the initial 50 samples,
tachometer will continue taking
samples until there is a clear
statistically significant difference
between all benchmarks, for up to 3
minutes.

github.com/google/tachometer
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https://github.com/google/tachometer#auto-sample

beHUYMapK cepBepHOro Kkoaa

104



// my-func.benchmark.js

const myFunc = require('./my—-func');

const data = require('./data-123456789.json');
console. log(myFunc(datal[0]));
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// my-func.benchmark.js

const Benchmark = require('benchmark');

const myFunc = require('./my-func');

const data = require('./data-123456789.json');

const SAMPLES = makeSample(data); // Reservoir sampling
let bh = @0; // Black hole

console. log('Warm up...");
for (let i = 0; i < 10; i++) {
for (const sample of SAMPLES) {
bh += myFunc(sample);
}
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[lanbHenwmne Nyt

beHuMapK, namepeHne anNTeNbHOCTU
N onepauunu

beHuMapkK, cpaBHEHME CKOPOCTU
OBYX peannsauunm

HanuncaHue performance-TtecTa
[lpopunmpoBaHme
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beHuUMapK:

nsmMmepeHue gnmtenobHoct N onepauui
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console. log('Measure..."');
const repeats = 1_000_000,
const start = process.hrtime().bigint();
for (let i = 0; i < repeats; i++) {
for (const sample of SAMPLES) {
bh += myFunc(sample);
}

}

const timeNs process.hrtime().bigint() - start;

timeNs / 1e6;
timeNs / 1e3;

const timeMs
const timeUs
console. log(
'Time:', timeMs.toFixed(2), 'ms',
'Speed: ', (timeUs / repeats).toFixed(2), 'us/operation'

);
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beHuUMapK:

CpaBHEHUe CKOPOCTU ABYX peannsauum

110



CpaBHEHME CKOPOCTU ABYX peasinsauun:

e OomnHakoBad CNOXXHOCTb
e Pa3Had CIoXXHOCTb + PUKC. pa3mMep

111
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const myFunc = require('./myFunc');

const myFuncOptimized = function(data) {
// KonunacTtuMm peanu3sauuio myFunc
i
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const myFunc = require('./myFunc');

const myFuncOptimized = function(data) {
// KonunacTtuMm peanu3sauuio myFunc
i

// Sanity check
for (const d of data) {

assert.deepStrictEqual(myFunc(d), myFuncOptimized(d));
I3
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const Benchmark = require('benchmark');
const suite = new Benchmark.Suite();
suite
.add('myFunc', function() {
for (const sample of SAMPLES)
bh += myFunc(sample);
1)
.add('myFuncOptimized', function() {
for (const sample of SAMPLES)

bh += myFuncOptimized(sample);

})
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for (let i = 1; i <= 2; i++) {
suite
.add("myFunc ${i}", function() {
[/ s
})

.add( "myFuncOptimized ${i} ", function() {
/] v
1)
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suite

.on('cycle', function(event) {
console. log(String(event.target));
)

.on('complete', function() {
console. log(
'Fastest is ' +
this.filter('fastest').map('name"')
7
})
.on('error', function(e) {
console.log(e);
})

.run({ 'async': true });
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1. BHocnM namenHenmna B myFuncOptimized

2. 3anyckaemMm beH4YMapK
3. CpaBHMBAEM CKOPOCTMU
4. OctaBngemM/oTKkaTbiBaEM NU3MEHEHMNE

5.GOTO 1
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beHUYMapKu: recap

Bpay3epHbin kog, — jsperf.app, jsbench.me
13o0MOpdHbIN/CepPBEPHbLIN KOO, — node.|s
beHumapk = perf-TecT

BbeHumMapK = npodpunmnpoBaHme
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https://jsperf.app/
https://jsbench.me/

Pe3iome

Kak nncaTb xopolume 6eHYMapKu

IMeloT N1 CMbICN 3TN Yncna?

"loyemMy 3TOT Kop, paboTaeT TaK bbICTPO?
‘loyeMy 3TOT Kofa, HE MOXET paboTtaTtb bbicTpee?
e B MOEéM beHYMapkKe oLnoka?
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Bonpochbl?

https://tinyurl.com/5tjsj3c6


https://tinyurl.com/5tjsj3c6

