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3a4yeM MHe BCe 3TO 3HaTb?

> XOpOLWO MMETb NpeacTaBieHre O TOM Kak paboTaeT Ball
NHCTPYMEHT

> BblnommMeTe roe MOXXHO ONTUMIKM3MPOBATL BaLUM MPUIOXKEHWS
> He bygeTe coBepluaTb OLLUNOKN

> [lepecTaHeTe oenatb «onNTUMmM3aumm»



BCe HETPWBWAbHbIE
aDCTPaKLMK ObIPABbI

[15x03n CnonbCKU
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window.Foo = class Foo {
constructor() A
this.x = { y: 'y" };
I3
work(name) A
let z = '2';
return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
I3
s



window.Foo = class Foo {

}s

constructor() {
this.x = { y: 'y' };
+
work(name) A
let z = '2';
return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
s
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constructor() {
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+
work(name) A
let z = '2';
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this.x = null;
}.bind(this);
s
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window.Foo = class Foo {

}s

constructor() {
this.x = { y: 'y' };
I3
work(name) {
let z = '2';
return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
s
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window.Foo = class Foo {

}s

constructor() {
this.x = { y: 'y' };
+
work(name) A
let z = '2';
return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
s
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window.Foo = class Foo {

}s

constructor() {
this.x = { y: 'y' };
+
work(name) A
let z = '2';
return function () {
console. log(name, this.x.y, Z);
this.x = null;
}.bind(this);
s
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window.Foo = class Foo {
constructor() A
this.x = { y: 'y" };
I3
work(name) A
let z = '2';
return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
I3
s

var foo = new Foo();

window.worker = foo.work( 'Brendan Eich');
window.foo = null;

window.Foo = null;

window.worker( );

window.worker = null;
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window.Foo = class Foo {
constructor() {

this.x = { y: 'y’ };
+
work(name) {

let z = '2';

return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
}
}s

var foo = new Foo();

window.worker = foo.work( 'Brendan Eich');
window.foo = null;

window.Foo = null;

window.worker( );

window.worker = null;
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window.Foo = class Foo {
constructor() {

this.x = { y: 'y’ };
+
work(name) {

let z = '2';

return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
}
}s
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window.foo = null;

window.Foo = null;
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window.Foo = class Foo {
constructor() {

this.x = { y: 'y’ };
+
work(name) {

let z = '2';

return function () {
console. log(name, this.x.y, z);
this.x = null;
}.bind(this);
}
}s

var foo = new Foo();

window.worker = foo.work( 'Brendan Eich');
window.foo = null;

window.Foo = null;

window.worker( );

window.worker = null;
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class Foo

Foo

prototype
[[Prototype]]



class Foo

Foo

prototype
[[Prototype]]

Function.prototype
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class Foo {
constructor()

}

Foo

prototype
[[Prototype]]

Function.prototype

Foo.prototype
constructor

work

[ [Prototype]]
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class Foo {
constructor()

}

Foo

prototype
[[Prototype]]

Function.prototype

Foo.prototype
constructor

work

[ [Prototype]]

Object.prototype
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class Foo {
constructor()
work( )

}

Foo

prototype
[[Prototype]]

Function.prototype

Foo.prototype
constructor

work

[ [Prototype]]

Object.prototype

work( )
prototype
[[Prototype]]
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class Foo {
constructor()

k() Foo Foo.prototype work( )
wor

prototype constructor prototype
}

[[Prototype]] work [[Prototype]]

[ [Prototype]]

Function.prototype

Object.prototype
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Foo

prototype

Foo.prototype
constructor

work

work( )

prototype
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window. Foo

window
Foo
foo

worker

FoOO

Foo

prototype

Foo.prototype
constructor

work

work( )

prototype

3



foo = new

window
Foo
foo

worker

Foo( )

s

Foo

prototype

[object Foo]
[[Prototype]]

X

Foo.prototype
constructor

work

work( )

prototype
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foo = new

window
Foo
foo

worker

Foo( )

s

Foo

prototype

[object Foo]
[[Prototype]]

X

Foo.prototype
constructor

work

[object Object] _f—)

y

work( )

prototype

string
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worker = foo.work( )

Foo Foo.prototype work( )
prototype constructor prototype
work

ind
WLnaow [object Fool [object Object] _f—) string
Foo
l [[Prototype]] y Yy
foo
X
worker

(bound function)

[ [BoundThis]]

[ [BoundTargetFunction]]
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fn(){}.bind()

Foo Foo.prototype work( )
prototype constructor prototype
work

ind
WLnaow [object Fool [object Object] _f—) string
Foo
l [[Prototype]] y Yy
foo
X
worker

(bound function)

[ [BoundThis] ]
[ [BoundTargetFunction]]
C) (anonymous)

[[Environment]]
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3dMblKAHNE

window
Foo
foo

worker

Il

Foo

prototype

[object Foo]
[[Prototype]]

X

(bound function)

Foo.prototype work( )
constructor prototype
work
[object Object] J—) string
y 'y

[ [BoundThis]]

[BoundTargetFunction]]

[[LexicalEnvironment]]

G

(anonymous)

[[Environment]]

window
FooO

name

Vi
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3dMblKAHNE

Foo Foo.prototype work( )
prototype constructor prototype
work

ind
W LNEoW [object Foo] [object Object] J—) string
Foo
| [[Prototype]] y 'y
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[[BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
( name J-) string
(anonymous)
Z IZI

[[Environment]]
3/






window.foo = null

Foo

prototype

window
[object Foo]
Foo I [[Prototype]]
foo
X
worker

(bound function)

Foo.prototype
constructor

work

[object Object] _I—)
Yy

work( )

prototype

string

[ [BoundThis]]

[[LexicalEnvironment]]

[ [BoundTargetFunction]]
C) (anonymous )

[[Environment]]

window
FooO

name

Vi

string

'Brendan Eich'

string

S

IZI
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null

window. foo

Foo

prototype

ind
W LNEoW [object Foo]
F
00 [[Prototype]]
foo
X
worker

(bound function)

Foo.prototype
constructor

work

y

work( )

prototype

string

[object Object] J—)

[ [BoundThis]]

[[LexicalEnvironment]]

[ [BoundTargetFunction]]
; (anonymous )

[[Environment]]

window
FooO

name

Vi

string

'Brendan Eich'

string

Hr

IZI
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Foo Foo.prototype work( )
prototype constructor prototype
work
Lnd
W LNEoW [object Foo] [object Object] J—) string
Foo
[[Prototype]] y 'y
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z IZI

[[Environment]]
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TunnyHaga owmbka: 3abbiTag noanncka

externalElement.addEventListener('click', () => {
if (this.shouldDoSomethingOnClick) {
this.doSomething();

}
1)

> OTnncbIBamTeCh
> [lpoayManTte BpemMs XXM3HW NOANUCKUM U KTO e BnageeT
> 3aHynamTe ccbiikn (whatever = null)

> Vlcnonb3lynte WeakMap
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Foo Foo.prototype work( )
prototype constructor prototype
work
Lnd
W LNEoW [object Foo] [object Object] J—) string
Foo
[[Prototype]] y 'y
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z IZI

[[Environment]]
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null

window. Foo

Foo

prototype

window
[object Foo]
F
00 [[Prototype]]
foo
X
worker

(bound function)

Foo.prototype
constructor

work

[object Object] _I—)
Yy

work( )

prototype

string

[ [BoundThis]]

[[LexicalEnvironment]]

[ [BoundTargetFunction]]
C) (anonymous )

[[Environment]]

window
FooO

name

Vi

string

'Brendan Eich'

string

S

IZI
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null

window. Foo

Foo

prototype

ind
W LNEoW [object Foo]
F
00 [[Prototype]]
foo
X
worker

(bound function)

Foo.prototype
constructor

work

y

work( )

prototype

string

[object Object] _f—>

[ [BoundThis]]

[[LexicalEnvironment]]

[ [BoundTargetFunction]]
; (anonymous )

[[Environment]]

window
FooO

name

Vi

string

'Brendan Eich'

string

Hr

IZI

45




window
Foo
foo

worker

Foo

prototype

[object Foo]
[[Prototype]]

X

(bound function)

Foo.prototype
constructor

work

y

work( )

prototype

string

[object Object] _f—)

[ [BoundThis] ]

[BoundTargetFunction] ]

[[LexicalEnvironment]]

G

(anonymous)

[[Environment] ]

window
FOO
name

Vi

string

'Brendan Eich'

string

H'

IZI
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TunnyHag ownodbka

destroy()
this. X
this. vy

> Ecnum obbek

{

= nhull;
= nhull;
// euwe 10

COC

OWU

this. foobar = null

13 CCbINTOK Ha gpyrve obbek

destroy() BaM, CKOpee BCEro, He HyXeH

bl,

O HNKaKOW

> 3aHynamTe Korga Hago, a Korga He Hago — He 3aHYNAnTe



TunnyHag ouHabka becnonesHasa paboTa

destroy() {
this. x = null;
this. y = null;
// ewe 10 this. foobar = null

> Ecnm obbekT COCTOUT M3 CCbINOK Ha ApYyrne oObeKTbI, TO HUKAKOW
destroy() BaM, CKOpee BCEro, He HyXeH

> 3aHynamTe Korga Hago, a Korga He Hago — He 3aHYNAnTe
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Foo Foo.prototype work( )
prototype constructor prototype
work
Lnd
W LNEoW [object Foo] [object Object] J—) string
Foo
[[Prototype]] y 'y
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z IZI

[[Environment]]
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window.worker( )
// this.x = null

Foo Foo.prototype work( )
prototype constructor prototype
work
window . . . .
[object Foo] [object Object] _I—) string
Foo
[[Prototype]] y 'y
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'

[ [BoundTargetFunction]] Foo
l name string
(anonymous )

Z IZI

[[Environment]]
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window.worker( )
// this.x = null

Foo Foo.prototype work( )
prototype constructor prototype
work
Lnd
W LNEoW [object Foo] [object Object] J—) string
Foo
[[Prototype]] y 'y
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z IZI
[[Environment]]

o)



window
Foo
foo

worker

Foo

prototype

[object Foo]
[[Prototype]]

X

Foo.prototype

work( )

(bound function)

[ [BoundThis] ]

[BoundTargetFunction] ]

G

(anonymous)

[[Environment] ]

constructor prototype

work

[object Object] _j—) string

y 'y
[[LexicalEnvironment] ] string
window 'Brendan Eich'
Foo
name J-) string
Z IZI
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Mycop, KOTOpbIN He cobunpaeTcs

OO61beKTbl C NApHbIMU YHKUMNAMU Create/delete:

> createObjectURL(), revokeObjectURL()

)

)

)

WebGL: create/delete
ImageBitmap.close()

indexDb.close()

Program/Shader/Buffer/Texture/etc

53



window
Foo
foo

worker

Foo

prototype

[object Foo]
[[Prototype]]

X

Foo.prototype

work( )

(bound function)

[ [BoundThis] ]

[BoundTargetFunction] ]

G

(anonymous)

[[Environment] ]

constructor prototype

work

[object Object] _j—) string

y 'y
[[LexicalEnvironment] ] string
window 'Brendan Eich'
Foo
name J-) string
Z IZI
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window
Foo
foo

worker

Foo

prototype

[object Foo]
[[Prototype]]

X

(bound function)

[ [BoundThis]]

[BoundTargetFunction]]

G

(anonymous)

[[Environment]]

Foo.prototype
constructor

work

work( )

prototype

[[LexicalEnvironment]]

window
FooO

name

Vi

string

'Brendan Eich'

string

va

IZI
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Foo Foo.prototype work( )
prototype constructor prototype
work

ind
W LNEoW [object Foo]
Foo [[Prototype]]
foo y

name string
(anonymous)

worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
C [BoundTargetFunction]] Foo

Vi

IZI

[[Environment]]
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Foo Foo.prototype work( )
prototype constructor prototype
work
window _
[object Foo]
F
00 [[Prototype]]
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z i Z |
[[Environment]]
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window.worker = null

Foo Foo.prototype work( )
prototype constructor prototype
work
window _
[object Foo]
F
00 [[Prototype]]
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'

[ [BoundTargetFunction]] Foo
l name string
(anonymous )

Z IZI

[[Environment]]
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window.worker = null

Foo Foo.prototype work( )
prototype constructor prototype
work
window _
[object Foo]
F
00 [[Prototype]]
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z i Z |
[[Environment]]
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Foo Foo.prototype work( )
prototype constructor prototype
work
window _
[object Foo]
F
00 [[Prototype]]
foo
X
worker
(bound function) [[LexicalEnvironment]] string
[ [BoundThis]] window 'Brendan Eich'
[ [BoundTargetFunction]] Foo
l name string
(anonymous)
Z i Z |
[[Environment]]
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Foo
foo

worker

prototype

[object Foo]

[[Prototype]]

[ [BoundThis]]

[ [BoundTargetFunction]]

(anonymous)

[[Environment] ]

Foo.prototype

constructor

work

window
Foo

name

Z

work( )

prototype

string

'Brendan Eich'

string







window

prototype

[object Foo]
[[Prototype]]

[ [BoundThis]]

[ [BoundTargetFunction]]

(anonymous)

[[Environment] ]

Foo.prototype

constructor
work

window
Foo
name

zZ

work( )

prototype

string

'Brendan Eich'

string
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YTO 3HAUUT Mycop?

> MyCcop — BCE, UTO He 9BNAETCS XMBbIM OOBEKTOM
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YTO 3HAUYUT XKUBOUN OOBEKT?

> KMBOW OOBEKT — TaKOWM OOBEKT, 4O KOTOPOIrO MOXXHO OOWTW MO
CCbIJIKaM OT KOPHEBOIO OOBEKTA

&’“\
&
«
O <
0O 2
(\E



YTO 3HAUYNT OOUTU NO CCbINIKaM?

6/



YTO 3HAUUT OONTU

root

Mo CCbINIKam?

|
_

|
_
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YTO 3HAUUT OONTU

root

Mo CCbINIKam?

|
_

|
_
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YTO 3HAUYNT OOUTU NO CCbINIKaM?

|
_
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YTO 3HAUYNT OOUTU NO CCbINIKaM?

|
_
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YTO 3HAUYNT OOUTU NO CCbINIKaM?

|

|



YTO 3HAUYNT OOUTU NO CCbINIKaM?

|
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YTO 3HAUYNT OOUTU NO CCbINIKaM?

|

/74



YTO 3HAUYNT OOUTU NO CCbINIKaM?

|
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YTO 3HAUYNT OOUTU NO CCbINIKaM?

|
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YTO 3HAUYNT OOUTU NO CCbINIKaM?
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YTO 3HAUYNT OOUTU NO CCbINIKaM?

-
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YTO 3HAUUT KOpHEBOU OOBEKT?

wihdow

Foo
foo

worker

/9



YTO 3HAUUT KOpHEBOU OOBEKT?

wihdow

Foo
foo

worker

DOM
Microtask
Macrotask
RAF

|dle
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YTO 3HAUUT KOpHEBOU OOBEKT?

window function foo (a, b, c) {

Foo function bar (x, y, z) {
foo const x = {}; // nomem, run gc D:
worker // ...

DOM }

Microtack while (whatever()) bar();

Macrotask }

RAF

|dle

31



YTO 3HAUUT KOPpHEBOU OOBEKT?

window function foo (a, b, c) {

Foo function bar (x, y, z) {
foo const x = {}; // nomem, run gc D:
worker // ...

DOM }

Microtack while (whatever()) bar();

Macrotask }

RAF

|dle

82



CypoBas peasibHOCTb









new Uint32Array(16 * 2 **x 30);
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220727







Aw, Snap!

Something went wrong while displaying this webpage.

Learn more




No-op collector

[Tntochbl
> OuyeHb NpoCTon

> Y BaCc NpoOCTO HET COOPKUM MYyCOP3

MWHyChbI

> Balwe npunnoxeHue nagaet

97
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Mark and Sweep

[1nt0Chl

> [lpocTon

> PaboTaeT nponopumoHanbHO KOMMYECTBY MYyCOP3

> Xopowlo paboTaeT, Koraay Bac Masio MyCcopa

MWMHyCb
> TpebyeT CNoXHOW NOrnKy nomcka cBOOOgHOro MecTa

> OparMeHTUpyeT NaMsaTb

101



102
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Mark and Compact

[1nt0Chl

> JledpparMeHTUpyeT NaM4aTh

MWHyChbI
> CNOXXHbIW

> [lepemellaeT oObeKThI

> PaboTaeT nponopumoHanbHO KOMMYECTBY YXMBbIX OObEKTOB
> TpebyeT 2-3 npoxoaa rno BCem naMsaT

> MepneHHbIN 105



Cbopka Mycopa He becnnaTHa

WebGL / WebAudio / WebGPU
> VMHnumanmsaumsa oObekToB

> pull() BMmecTto Promise
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newspace

oldspace 107



e [ HEEEN HEEEN

newspace

oldspace
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| _hn HEEEN HEEEN

newspace

oldspace 109



newspace

oldspace 110



.. [ | [ [ HEEEN

newspace

oldspace 111



HEWS pace

oldspace
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.. [ | [ [ HEEEN

newspace

oldspace 113



Semispace aka Lisp 2

[1110Chl

> JledpparMeHTUpyeT NaMsaTh

> [lpocToun

> MOXXHO COBMeCTUTb C da3om obxona

> PaboTaeT nponopLUmoHanbHO KONMMYECTBY XUMBbIX ODBbEKTOB

> XopoLlo paboTaeT, kKoraay sBac MHOIro Mycopa

MWHyCbI
> J1BOMHOW pacxod naM4aT

> [lepemellaeT 0ObeKThl 114



Ha 3aMeTKy

> COOpLWMKM MYyCOpPa MOTYT NepemMeLlaTtb OObEKTH

> PacwmpeHmsa ncnonb3yoT ABOWHbIE CCbINKW aka «XeHabi»

> Hanpwumep, v8::Local<v8::5tring>

115



Pa3Hble airfOpPUTMb

Mark anad Mark and .
Semispace Eden
Compact Sweep
CNOXHOCTb ~ BCE ~ MYCOP ~ XUBblE ~ XXUBblE
Cbopka MeeenneHHo | MeoneHHoO bbICTPO bbICTPO
Co3gaHme ObICTPO | MeoneHHOo bbICTPO bbICTPO
PparmeHTaum HEeT eCTb HEeT HEeT
CnoXkHas CnoXkHas
MUnHyC [TamaTb X2 | CbHpacbiBaeTcs
oeann3aung | annokaums

116



Pa3Hble airfOpPUTMb

Mark anad Mark and .
Semispace Eden
Compact Sweep
CNOXHOCTb ~ BCE ~ MYCOP ~ XUBblE ~ XXUBblE
Cbopka MeeenneHHo bbICTPO bbICTPO bbICTPO
Co3gaHume bbICTPO | MegneHHO bbICTPO bbICTPO
PparmeHTaum HEeT eCTb HEeT HEeT
CnoXkHas CnoXkHas
MUnHyC [TamaTb X2 | CbHpacbiBaeTcs
oeann3aung | annokaums

117



JlyJyllee n3 Bcex MUPOB

> MOXXHO MCMNOb30BaTb HECKOBbKO aITOPUTMOB

> Ho Kak?

118



BONbLWMHCTBO OOBEKTOB
VYMWPAT MONOObIMU

Cnabasg rmnoresa O NOKONeHMAaxX



CHopKa NOKONEHNAMY



Eden Mark and Sweep

121



Eden Mark and Sweep

o] o]
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Eden Mark and Sweep

123



Eden Mark and Sweep

124



Eden Mark and Sweep

125



Eden Mark and Sweep

o] o]

o] L]
o |
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Eden Mark and Sweep

o] [o]

o [
k3
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Eden Mark and Sweep

128



Eden Mark and Sweep

129



Eden Mark and Sweep

130



Ownbka: obmaH cobopLmKa Mycopa

> He co3gaBanTe JONrOXMBYLLMN MYyCOP

> COOPLMK HAYHET CYMTATb, YTO €ro He Hago cobmpaTh

> TununyHbi Nnpumep obmaHa: LRU-cache

131



Koroa cobmpatb?



Stop the World cbopLumk

JS GC[:::::>> JS

133



Parallel cbopLmk

JS GC JS

GC

GC

VNV

134



Concurrent cOopLimK

JS GC ) JS

GC

GC

A4

135



YTOo noumnTaTtb

HANDBO @K&#

The Art of Automatic A&moryﬂanag entas
“.

wikipedia.org/Garbage collection

memorymanagement.org

shipilev.net

136


https://en.wikipedia.org/wiki/Garbage_collection_(computer_science)
http://www.memorymanagement.org/
https://shipilev.net/

(HY, 1 HEe TONbKO bpay3epHad)

bpay3epHad PeasbHOCTb



0T -O0BUNXXKW

JerryScript

A JavaScript engine for Internet of Things

> Mark'n’sweep

> Stop the world

> Ha MUKPOKOHTPONEpaX

138



0T -O0BUNXXKW

JerryScript

A JavaScript engine for Internet of Things

> MeoneHHbIN 93blK

> CekyHAaHble Gpu3bl

> PparmMeHTaums

> Tenepb i BBaLLEM YaHUKE

139



BoT 3Tn peb4arta

140



B OCHOBHOM, KOHEYHO, BOT 3TOT

> [louTn BeCb CepBepPHbIN
JavaScript

> ~80% knneHTckoro JavaScript'a

> bonblle BCero nHpopmMaummn

> [lpoLle BCero ymtaTh
MCXOOHUKU

141



CbHopKa NOKONeHnsIMIn

young old
generation generation

nuUrsery intermediate

N comod,
“;m:_;se;-h_

Eden Semispace Mark and sweep

142



@ Js Heap[23.6 MB — 57.2 MB] Documents[19 — 35] Nodes[698 — 12 531] Listeners[208 — 476] GPU Memory

f , r
/ L

A

143

Summary  Bottom-Up  Call Tree  Event Log




@ Js Heap[23.6 MB — 57.2 MB] Documents[19 — 35] Nodes[698 — 12 531] Listeners[208 — 476] GPU Memory

f , r
/ L

r — 4

A

Major GC Major GC

144

Summary  Bottom-Up  Call Tree  Event Log




Owunbka: 6boA3Hb cO3aaHNa Mycopa

> Mycop MOXHO co3aBaTb, eCM 3TO AeVCTBUTENTbHO MYCOP

> [lepencnonb3oBaHMe OOBEKTOB XYXXE, YEM MYCOP

145



[TapannenbHblt Mmark

Start Marking Finish
marking JS step JS marking
main thread - —p Pm— R
-+ Parallel
.~ Concurrent marking .~ marking
worker thread ] R
-_ ¢ Parallel
:Concurrent marking © marking
Worker thread ........................... Y—> ....... _> ......... >
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CKOJIbKO CTOUT BCE 3TO YAOBOJIbCTBUE?

1-3%



CKOJIbKO CTOUT BCE 3TO YAOBOJIbCTBUE?

1/100 - 1/33



9TO MHOTIO

149



OTO MHOro (ana remmaoesa)

150



OTO MHOro (ana remmaoesa)

const pool = [new Bullet(), new Bullet(), /* ... */];

function getFromPool() {
const bullet = pool.find(x => !Xx.inUse);
bullet.i1sUse = true;
return bullet;

}
function returnToPool(bullet) { bullet.inUse = false; }

// Frame
const bullet = getFromPool();

// ...
returnToPool(bullet);

157



OTO MHOro (ana remmaoesa)

const pool = [new Bullet(), new Bullet(), /* ... */];

function getFromPool() {
const bullet = pool.find(x => !x.inUse);
bullet.isUse = true;
return bullet;

}
function returnToPool(bullet) { bullet.inUse = false; }

// Frame
const bullet = getFromPool();

// ...
returnToPool(bullet);
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CtatTnuctuka cbopmka mycopa: Chromium

> performance.memory

MemoryInfo {
totalJSHeapSize: 10000000,
usedJSHeapSize: 10000000,

jsHeapSizeLimit: 2330000000

153



CtatTnuctuka cbopmka mycopa: Node

> process.memoryUsage( )

{ rss: 22839296,
heapTotal: 10207232,
heapUsed: 5967968,

external: 12829 }

154



byayulee: WeakRef

let cached = new WeakRef(myJson);

CCbIIKN, KOTOPbIE MOTYT ObITb // 2 4Yaca cnycTH
cOBpPaHbl B C/y4ae HEXBATKM MaMATU

let json = cached.deref();
if (!json) {

npmis.com/package/weak json = await fetchAgain();

github.com/tc39/proposal-weakrefs

155


https://github.com/tc39/proposal-weakrefs
https://www.npmjs.com/package/weak

bvayulee: GC B WebAssembly

https://github.com/WebAssembly/gc



https://github.com/WebAssembly/gc

YTOo noumnTaTtb

> v3.dev

IcXxooHNKW

> qgithub.com/v8/v8/tree//.0.237//src/heap

> github.com/servo/mozjs/blob/master/mozjs/js/src/gc/

> github.com/WebKit/webkit/.../JavaScriptCore/heap/MarkedSpace.cpp

> github.com/Microsoft/ChakraCore/.../HeapAllocator.cpp

> qgithub.com/svaarala/duktape/.../duk heap markandsweep.c

> qgithub.com/jerryscript-project/jerryscript/.../ecma-gc.c

157


https://v8.dev/
https://github.com/v8/v8/tree/7.0.237/src/heap
https://github.com/servo/mozjs/blob/master/mozjs/js/src/gc/
https://github.com/WebKit/webkit/blob/master/Source/JavaScriptCore/heap/MarkedSpace.cpp
https://github.com/Microsoft/ChakraCore/blob/master/lib/Common/Memory/HeapAllocator.cpp
https://github.com/svaarala/duktape/blob/master/src-input/duk_heap_markandsweep.c
https://github.com/jerryscript-project/jerryscript/blob/v1.0/jerry-core/ecma/base/ecma-gc.c

| loBCeOHEBHOCTb



[x ﬂ Elements Console Sources Network Performance Memory  Security Audits  Application Redux

®@ C O | 2 ¥ |(norecordings) v @ Screenshots [J Memory W

Click the record button = @  or hit Ctrl + E to start a new recording.
Click the reload button | & | or hit Ctrl + Shift + E to record the page load.

After recording, select an area of interest in the overview by dragging.
Then, zoom and pan the timeline with the mousewheel or WASD keys.

Learn more

159
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[x ﬂ Elements Console Sources Network MEH"IDW Security Audits Application Redux
®@ C O 2 ¥ | (norecordings) v | ¥ Screenshots LJ Memory ¥

Click the record button = @  or hit Ctrl + E to start a new recording.
Click the reload button | & | or hit Ctrl + Shift + E to record the page load.

After recording, select an area of interest in the overview by dragging.
Then, zoom and pan the timeline with the mousewheel or WASD keys.

Learn more

160



[w ﬂ Elements Console Sources Network Performance Memory Security Audits Application Redux React 09 : X
®@ C ©® 2 ¥ yandexru#2 v Screenshots Memory W o ¢
| 500 ms 1000 ms 1500 ms 2000 ms 2500 ms 3000 ms 3500 ms 4000 ms 4500 ms 5000 ms 5500 ms 6000 msl 65
1 1 | 1 ([} W 1 m 1 inl
CPU
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. T B /;jy
-~ .

Summary Bottom-Up Call Tree  Event Log

gc No Grouping v N <
Self Time Total Time Activity
182 ms 528 % 18.2ms 52.8 % Major GC )
134 ms 388 % 13.4ms 388 % Minor GC
1.8ms 51% 1.8ms 51% Gc react-with-dom.min.js:NaN
1.1ms 33% 1.Tms 33 % getBoundingClientRect 101
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Elements

Console Sources Network Performance Memory Security Audits Application Redux React © 18

Select profiling type

@ Heap snapshot

Heap snapshot profiles show memory distribution among your page's JavaScript objects and related DOM nodes.

O Allocation instrumentation on timeline

Allocation timelines show instrumented JavaScript memory allocations over time. Once profile is recorded you can select a time interval to see objects that
were allocated within it and still alive by the end of recording. Use this profile type to isolate memory leaks.

[J Record allocation stacks (extra performance overhead)

O Allocation sampling

Record memory allocations using sampling method. This profile type has minimal performance overhead and can be used for long running operations. It
provides good approximation of allocations broken down by JavaScript execution stack.

Select JavaScript VM instance

40.0 MB / 47.8 MB yandex.ru

Take snapshot Load

164



™ ﬂ Elements

® © ¥
Profiles

HEAP SNAPSHOTS
1t | Snapshot 15

+
u
—

e 40.1 MB

Console Sources Network Performance Memory Security Audits Application Redux React Q18 : X
Summary ¥  Class filter All objects v
Constructor Distance Shallow Size v | Retained Size
> (system) x187722 2| 12268880 29% 15580664 37 %
» (array) x78290 2| 10269440 24 % | 12192976 29 %
» Object x97724 2 5458248 12% | 15041616 36%
» (string) x60739 2| 4396024 10%| 4396024 10%
» (compiled code) x18856 3 2535680 6% 9852224 23 %
» (closure) x35141 2 2161520 5% 9818400 23 %
»Q x7487 6 1377608 2% 1792144 4%
» Array x40129 2 1284176 2% 9429864 22 %
» (concatenated string) =13523 4 540920 1% 659408 2%
» system / Context =6578 3 494552 1% 7369656 18 %
Pr x2015 6 221144 1% 1677032 4%
s x2657 5 193216 0% 1790960 4%
PN x2427 4 157904 0% 927736 2%
» t.setParent =868 5 97216 0% 792648 2%
>t x954 4 82240 0% 2122904 5%
» HTMLDivElement <1638 4 65328 0% 559512 1%
Pe x372 7 35888 0% 136488 0%
i x416 5 30944 0% 658 040 2%
>p  x505 4 28640 0% 370072 1%
Retainers =
Object Distance Shallow Size Retained Size




[ ﬂ Elements Console S

® © | ¥

Profiles

HEAP SNAPSHOTS | » (array) x78290

eyl 401 MB

Snapshot 15 » Object x97724

ources Network Performance Memory Security Audits Application Redux React Q18 : X
Summary ¥  Class filter All objects
Constructor Distance Shallow Size v | Retained Size
> (system) x187722 2| 12268880 29% 15580664 37 %
2| 10269440 24 % | 12192976 29 %
2 5458248 12% | 15041616 36%
B Ina)  x60739 4 Y6 ()2 () 94 A4 SYUhH ()2 () 9%
» (compiled code) x18856 3 2535680 6% 9852224 23 %
» (closure) x35141 2 2161520 5% 9818400 23 %
»Q x7487 6 1377608 2% 1792144 4%
» Array x40129 2 1284176 2% 9429864 22 %
» (concatenated string) =13523 4 540920 1% 659408 2%
» system / Context =6578 3 494552 1% 7369656 18 %
Pr x2015 6 221144 1% 1677032 4%
s x2657 5 193216 0% 1790960 4%
PN x2427 4 157904 0% 927736 2%
» t.setParent =868 5 97216 0% 792648 2%
>t x954 4 82240 0% 2122904 5%
» HTMLDivElement <1638 4 65328 0% 559512 1%
Pe x372 7 35888 0% 136488 0%
i x416 5 30944 0% 658 040 2%
>p  x505 4 28640 0% 370072 1%
Retainers =
Object Distance Shallow Size Retained Size
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Profiles

Elements

HEAP SNAPSHOTS | » (array) x78290

Hag

Snapshot 15 » Object x97724
40.1 MB

Console Sources Network Performance Memory Security Audits Application Redux React Q18 : X

Summary ¥ Class filter All objects v

Constructor Distance Shallow Size v | Retained Size

> (system) x187722 2| 12268880 29% 15580664 37 %
21 10269440 24 % | 12192976 29 %
2 5458248 13 % | 15041616 36 %

» (string) =60739 21 4396024 10%| 4396024 10%

» (compiled code) x=18856 3 2535680 6% 9852224 23 %

» (closure) =35141 2 2161520 5% 9818400 23 %

Array x40

(o)

»Q x7487 1377608 3% 1792144 4%

afl . 70

._‘ .='j I:I

» (concatenated string) =13523 4 540920 1% 659408 2%
» system / Context =6578 3 494552 1% 7369656 18 %
»r %2015 6 221144 1% 1677032 4%
s x2657 5 193216 0% 1790960 4%
PN x2427 4 157904 0% 927736 2%
» t.setParent x868 5 97216 0% 792648 2%
>t x954 4 82240 0% | 2122904 5%
» HTMLDivElement x1638 4 65328 0% 559512 1%
Pe x372 7 35888 0% 136488 0%
> x416 5 30944 0% 658040 2%
»p  x505 4 28640 0% 370072 1%
Retainers =
Object Distance Shallow Size Retained Size




[ ﬂ Elements Console Sources Network

® © ¥

Profiles

HEAP SNAPSHOTS | » (array) x78290

eyl 401 MB

Snapshot 15 » Object x97724

Performance Memory Security Audits Application Redux React Q18 : X

Summary ¥ Class filter All objects

Constructor Distance Shallow Size v | Retained Size

> (system) x187722 2| 12268880 29% 15580664 37 %
21 10269440 24 % | 12192976 29 %
2 5458248 13 % | 15041616 36 %

» (string) =60739 21 4396024 10%| 4396024 10%

» (compiled code) x=18856 3 2535680 6% 9852224 23 %

» (closure) =35141 ReaCt 2 2161520 5% 9818400 23 %

»Q x7487 1377608 3% 1792144 4%

Array x40

(o)

afl . 70

._‘ .='j |:|

» (concatenated string) =13523 4 540920 1% 659408 2%
» system / Context =6578 3 494552 1% 7369656 18 %
»r %2015 6 221144 1% 1677032 4%
s x2657 5 193216 0% 1790960 4%
PN x2427 4 157904 0% 927736 2%
» t.setParent x868 5 97216 0% 792648 2%
>t x954 4 82240 0% | 2122904 5%
» HTMLDivElement x1638 4 65328 0% 559512 1%
Pe x372 7 35888 0% 136488 0%
> x416 5 30944 0% 658040 2%
»p  x505 4 28640 0% 370072 1%
Retainers =
Object Distance Shallow Size Retained Size




™ ﬂ Elements
® © ¥
Profiles

HEAP SNAPSHOTS

11| Snapshot 1
%/ 40.1 MB

Console Sources Network Performance Memory Security Audits Application Redux React © 18

Select profiling type

O Heap snapshot

Heap snapshot profiles show memory distribution among your page's JavaScript objects and related DOM nodes.

@ Allocation instrdsmentation on timeline

Allocation timelines show instrumented JavaScript memory allocations over time. Once profile is recorded you can select a time interval to see objects that
were allocated within it and still alive by the end of recording. Use this profile type to isolate memory leaks.

[J Record allocation stacks (extra performance overhead)

O Allocation sampling

Record memory allocations using sampling method. This profile type has minimal performance overhead and can be used for long running operations. It
provides good approximation of allocations broken down by JavaScript execution stack.

Select JavaScript VM instance

40.2 MB / 47.3 MB yandex.ru

Load
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[ ﬂ Elements Console Sources Network

® © ¥
Profiles

HEAP SNAPSHOTS

—H;i 40.1 MB

ALLOCATION TIMEL

———

11| Snapshot 1
%] 422 MB

Snapshot 1

Performance Memory Security Audits Application Redux React © 31 : X
Summary ¥ Class filter Selected size: 42.2 MB
5.00s 10.00 s 15.00s 20.00 s 25.00 s 30.00 s
1.0 MB
L I
Constructor Distance Shallow Size v | Retained Size
> (system) x193499 2| 12561696 28% 15933400 36%
» (array) x83034 2| 10873960 25% | 12854664 29 %
» Object =104680 2 5846856 12% | 15626512 35%
» (string) x57607 2| 4199560 9% 4199560 9%
» (compiled code) x18963 3 2656032 6% 10231168 22 %
» (closure) x37332 2 2301632 5% 10281224 23 %
»Q x7824 6 1439616 2% 2963672 7%
» Array x44848 2 1435184 2% 9925784 22 %
» (concatenated string) =18055 4 722200 2% 1014104 2%
» system / Context =7398 3 543 344 1% 6707480 15%
»s x3606 5 263112 1% 2308000 5%
»r x2133 6 226248 1% 1992464 5%
>N x3321 4 223264 1% 1013600 2%
»t x1596 4 138328 0% 2395552 5%
» t.setParent x1060 5 118720 0% 920312 2%
Retainers  Allocation stack
Object Distance Shallow Size Retained Size




[ ﬂ Elements Console Sources Network

® © ¥

Profiles

HEAP SNAPSHOTS

+++| Snapshot 1
‘1% 40.1 MB

ALLOCATION TIMEL
+++| Snapshot 1
Hee| 42.2 MB

Summa ¥  (Class filter

Performance Memory Security Audits Application

Selected size: 42.2 MB

Redux

React

Q 31

X

Constructor Distance Shallow Size v | Retained Size

> (system) x193499 2| 12561696 28% 15933400 36%
» (array) x83034 2| 10873960 25% | 12854664 29 %
» Object =104680 2 5846856 12% | 15626512 35%
» (string) x57607 2| 4199560 9% 4199560 9%
» (compiled code) x18963 3 2656032 6% 10231168 22 %
» (closure) x37332 2 2301632 5% 10281224 23 %
»Q x7824 6 1439616 2% 2963672 7%
» Array x44848 2 1435184 2% 9925784 22 %
» (concatenated string) =18055 4 722200 2% 1014104 2%
» system / Context =7398 3 543 344 1% 6707480 15%
»s x3606 5 263112 1% 2308000 5%
»r x2133 6 226248 1% 1992464 5%
>N x3321 4 223264 1% 1013600 2%
»t x1596 4 138328 0% 2395552 5%
» t.setParent x1060 5 118720 0% 920312 2%

Retainers  Allocation stack
Object Distance Shallow Size Retained Size




[ ﬂ Elements Console Sources

® © ¥

Profiles

HEAP SNAPSHOTS

+++| Snapshot 1
‘1% 40.1 MB

ALLOCATION TIMEL
+++| Snapshot 1
Hee| 42.2 MB

Summa ¥  (Class filter

Network Performance Memory Security Audits Application

Selected size: 6.9 MB

Redux

React

© 45

L N ]

Constructor Distance Shallow Size v | Retained Size

» Object x34107 2 1964520 4% 7293760 16 %
»Q x6389 7 1175576 2% 2533152 6%
» (array) x10269 2 1019720 2% 1227112 3%
» (system) x16805 2 877872 2% 1001000 2%
» (closure) x6608 2 407 824 1% 621960 1%
» (string) x5165 4 352640 1% 352640 1%
» Array = 10771 3 344672 1% 1841856 4%
» (concatenated string) =3487 10 139480 0% 311736 1%
>»n x1877 11 134280 0% 184432 0%
Ps x1622 12 118048 0% 961696 2%
» system / Context =1812 3 111400 0% 155592 0%
» HTMLDivElement =2605 6 104200 0% 164000 0%
Pt x1114 6 102400 0% 439840 1%
» (compiled code) =132 3 60768 0% 141632 0%
» HTMLSpanElement x1357 9 54280 0% 84920 0%

Retainers  Allocation stack
Object Distance Shallow Size Retained Size




[ ﬂ Elements Console

® © ¥

Profiles

HEAP SNAPSHOTS

+++| Snapshot 1
;H’n| 40.1 MB

ALLOCATION TIME

++| Snapshot 1
%l 422 MB

Sources

Summary ¥ Class filter

1.0 MB

Constructor
» Object x34107
»Q x6389

array) x10269
» (system) x16805
» (closure) =6608
» (string) x5165
» Array x10771

» (concatenated string) =3487

PN x1877
PS x1622
» system / Context
» HTMLDivElement
Pt x1114

» (compiled code)

5.00 s

x1812
x 2605

x132

» HTMLSpanElement x1357

[ p—

Retainers  Allocation stack

Object

Network Performance

Memory

Security Audits Application

10.00 s

Selected size: 6.9 MB

I 15.00 s 20.00 s

Redux

Distance

Distance

-~

W B~ oMo

11
12

o W Oy O

React

25.00 s

Shallow Size

v

1964520 4%

1175576
J 15 U
877872
407 824
352 640
344 672
139 480
134 280
118 048
111 400
104 200
102 400

60 768
54 280

I T e

Shallow Size

3 %

f0
2 %
1%
1%
1%
0 %
0 %
0 %
0 %
0 %
0 %
0 %

0 %

© 45

Retalned Size

7293760 16% g

2533 152

1 001 000
621 960
352 640

1841 856
311 736
184 432
961 696
155 592
164 000
439 840
141 632

84 920

Retained Size

L N ]

30.00s

6 %




(x Al
® O ¥

Profiles

HEAP SNAPSHOTS

+++| Snapshot 1
;H’n| 40.1 MB

ALLOCATION TIME

++| Snapshot 1
%l 422 MB

Elements

Summary

1.0 MB

Constructor

Console

Sources Network Performance

Memory Security

¥ (Class filter Selected size: 6.9 MB

5.00 s 10.00 s I

» Object x34107

»Q x6389
array) x
» (system)

» (closure)

J26Y
x 16805
x 6608

» (string) x5165
» Array x10771

» (concatenated string) =3487

PN x1877
PS x1622

» system / Context =1812
» HTMLDivElement x2605

Pt x1114

» (compliled

code) x132

» HTMLSpanElement x1357

[ p—

Retainers

Object

Allocation stack

I 15.00 s

React

Audits Application

20.00 s

Redux

Distance

Distance

-~

W B~ oMo

11
12

o W Oy O

React

25.00 s

Shallow Size

v

1964520 4%

1175576
J 15 U
877872
407 824
352 640
344 672
139 480
134 280
118 048
111 400
104 200
102 400

60 768
54 280

I T e

Shallow Size

3 %

f0
2 %
1%
1%
1%
0 %
0 %
0 %
0 %
0 %
0 %
0 %

0 %

© 45

Retalned Size

7293760 16% g

2533 152

1 001 000
621 960
352 640

1841 856
311 736
184 432
961 696
155 592
164 000
439 840
141 632

84 920

Retained Size

L N ]

30.00s

6 %




ECnn a3TOro BAPYr He XBaTuno

> Chromium: about:tracing
> Firefox: about:memory, about:performance

> Node:--trace-gc, --expose-gc, require('trace_events')
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VITOro



VIToro

> COOpPLUMK MyCOpPa YMHbIN

> HwWKTO BaM HE MeLLaeT BbICTPEeNUTb cebe B HOry

> He bonTecb co30aBaTb MyCOP

> Cnepgunte 3a NnepdopPMaHCOM

> EcnmyBac He SPA, TO Bbl MOXeTe 3aDUTb M HNYEro He OenaTb

> bonbwagd 4acTb OWMOOK Y COMHUTENbHbIX MECT PACTET 13
HEe3HaHWMA TOro, Kak paboTaeT Ball MHCTPYMEHT

> Bbl Tenepb 3HaeTe
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KomaHpaa JavaScript APl AHpekc.KapT nwet
Pa3paboTUYMNKOB

> BO3MOXHOCTb MoOy4acTBOBATb B paboTe Had OAHUM U3
KpyrnHenwmx APl pyHeTa

> HecTaHOapTHble 3a4a4n ANngd QPOHTEeHOa

> OTCYyTCTBUME BEPCTKU

> yandex.ru/jobs/vacancies/dev/intdev_api maps

> yandex.ru/jobs/vacancies/dev/dev graphics api maps
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https://yandex.ru/jobs/vacancies/dev/intdev_api_maps/
https://yandex.ru/jobs/vacancies/dev/dev_graphics_api_maps

Cnangbl: flapenguin.me/talks/gc

BOMPOCHI?

PoeHko AHOpeN

@ flapenguin(@yandex.ru flapenguin

¢/ @flapenguin
27| (@fla_penguin

1) %

flapenguin.me
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https://flapenguin.me/talks/gc

