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10:"M8"
11:"M1,M5"
12:"M2,M3,M4, M6"
13:"M2,M3, M4, M9"

110



Cxnumaem

=

M1
M5
M2
M3
M4
M6
M2
M3
M4
M9

N1

N8

N3

AO

M9

CnoBapb
0: 11
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
Q: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3,M4, M6"
13:"M2,M3, M4, M9"

m



Cxnumaem

N1

N8

N8

’ HITML
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[OTOBUM OAHHbIE

Koanpyem ymncna




Koaunpyem uyucna

N102
M504

N89S
M662 |—| l M'
N835

M991

14



AO

Koaunpyem ymucna

<pre>

N102 102\n
| 584 | 504\,
898\n

602\n
83b\n

Q91\n

</pre>
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AO

Koaunpyem ymucna

<pre>
N102 60[02\ 4 banTa
| M504 | 504
N89S \n
898\n
602\n
835H\n
991 \n

</pre>
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AO

KoaupyeM vymncna: HEX

<pre>
N102 66\n 3 banTa
| M504 | i
N8OS 1F8\n |4 6anTa
382\n | 46ainTa
-N835 23 6au
- 25A\n |_4 6anTa TS
348\n |4 6anta
SDF\n 4 6anTa

</pre>
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Koaupyem vymncna: varint

0000 0001

—)

1000 0001

0000 0001

1 = 128 + 1 =
129
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Koaupyem vymncna: varint

0000 0001 | M) 1

1000 0001 || 0000 0061 ‘ L 1?59* 1

(1 % 128 + 1) * 128 + 1 =
129 % 128 + 1 = 16H13

1000 0001 || 1000 0001 || 0000 0001
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Koaupyem vymncna: varint

0000 0001 | M) 1

1 % 128 + 1 =
1000 0001 || 0600 0001 | M) o0
1000 0001 || 1600 0001 || 600 601 | NEEE)

Q: rpe Xadopmau?

(1 % 128 + 1) * 128 + 1 =
129 % 128 + 1 = 16H13

120



Koaupyem vymncna: varint

0000 0001 | M) 1

1 % 128 + 1 =
1000 0001 || 0600 0001 | M) o0
1000 0001 || 1600 0001 || 600 601 | NEEE)

Q: N'pe XaddPmMar?
Q: A apudMeTuyeckoe KkoanposaHue?

(1 % 128 + 1) * 128 + 1 =
129 % 128 + 1 = 16H13
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Koaupyem vymncna: varint

0000 0001 | M) 1

1 % 128 + 1 =
1000 0001 || 0600 0001 | M) o0
1000 0001 || 1600 0001 || 600 601 | NEEE)

Q: N'pe XaddPmMar?
Q: A apudMeTuyeckoe KkoanposaHue?
Q: AcuMmmMeTpunyeckme CUCTeMbl CYMCNEeHna?

(1 % 128 + 1) * 128 + 1 =
129 % 128 + 1 = 16H13
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Varint B ankoun npupoae

public void writeVar(int v) A
while (v = 128) {
int b = 128 + v % 128;
nextByte(b);
v £ 128;
}
nextByte(v);
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Varint B ankoun npupoae

public void writeVar(int v) A
while (v = 128) {
int b = 128 + v % 128;
nextByte(b);
v £ 128;
}
nextByte(v);

Varint 8 HTML

<pre>0-127</pre>

1) \O
2) \r
3) &
4) <
5) >

NToro: 123 3HaueHuna
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Varint B ankoun npupoae

public void writeVar(int v) A
while (v = 128) {
int b = 128 + v % 128;
nextByte(b);
v £ 128;
}
nextByte(v);

Varint 8 HTML

public void writeVar(int v) {
while (v >= 61) {
int b =61 + v % 61;
nextByte(b);
v /= 61;
h
nextByte(v);
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Varint B ankoun npupoae

public void writeVar(int v) A
while (v = 128) {
int b = 128 + v % 128;
nextByte(b);
v £ 128;
}
nextByte(v);

Varint 8 HTML

public void writeVar(int v) {
while (v >= 61) {
int b =61 +v % 61;
nextByte(b);
v /= 61;
h
nextByte(v);
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varint

e MoaxoQuT, KOraa MANo 3HAYALWUX BUT

127



varint

e MoaxoQuT, KOraa MANo 3HAYALWUX BUT

e PAHYNAPHOCTb - 1 6aUT

128



AO

varint

e [loaxoguT, KOraa MAnNo 3HAYALWUX GUT
e PAHYNAPHOCTb - 1 6aUT

e TepsemM 16UT KAXAONro 6anTa

129



varint

e [loaoxoauT, KOrga Mano 3HAYALWUX GUT
e PAHYNAPHOCTb - 1 6aUT

e TepsieM 16UT KaXporo 6anTa

O
X




CnoBapb CUHOHMMOB

VarInt 0

VarInt 1

VarInt 2

VarInt K
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CnoBapb CUHOHMMOB

VarInt 0 —> 7 pa3

VarInt 1 —> 1pas

VarInt 2 — 321 pas3

VarInt K — N pas3

132



CnoBapb CUHOHMMOB

61 * 61 nyJywnx

VarInt 0 —> 7 pa3

VarInt 1 — 1pas /

VarInt 2 — 321 pas3

VarInt K — N pas3
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CnoBapb CUHOHMMOB

VarInt 0

VarInt 1

VarInt 2

— 7 pas3
— 1pas

— 321 pas3

VarInt K

— N pas3

e

61 * 61 nyJywnx

N

Varint 32567

Varint 82457

Varint 6742

Varint 98634

Varint 10990
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[MPOMEXYTOUHbIA UTOT

= w
O =

|

- .

N8
M9

AO
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- .

N8
M9

= wn
O =

[MPOMEXYTOUHbIA UTOT

9p
=

|| N1

- .

N8

AO
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|

- .

N8
M9

= wn
O =

9p
=

|| N1

- .

N8

[MPOMEXYTOUHbIA UTOT

I} Node

AO
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|

- .

N8
M9

= wn
O =

9p
=

|| N1

- .

N8

[MPOMEXYTOUHbIA UTOT

I} Node

} Method

AO
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|

- .

N8
M9

= wn
O =

9p
=

|| N1

- .

N8

[MPOMEXYTOUHbIA UTOT

I} Node

} Method

! } Tail

AO
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[MPOMEXYTOUHbIA UTOT

9
=

|| N1

N8

} Node —
} Method—
! }Tail —

AO

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT
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[MPOMEXYTOUHbIA UTOT

9
=

|| N1

N8

} Node —
} Method—
! }Tail —

AO

Varint 1 6anT

- k pas

Varint 1 6anT

Varint 1 6anT
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[MPOMEXYTOUHbIA UTOT

9
=

|| N1

N8

} Node —

} Method—

! } Tail —

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

- k pas

AO

Varint 1 6anT
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[MPOMEXYTOUHbIN UTOT

ML
5
M2
i
M4
M2
w3 p NS
M4

} Node —
} Method—
! }Tail —

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT

AO
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[MPOMEeXYTOUHbIN

k*(1+1)+1+1

NTOrI

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEeXYTOUHbIN

2k + 2

NTOrI

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEeXYTOUHbIN

Alloc: 78 MmnH caMnnos

Llenb: 170 Mb

NTOrI

Varint 1 6anT

2k + 2

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEXYTOUHbIN UTOT

Alloc: 78 MnH caMnnos
Lle”b: 170 Mb i Varint 1 6anT

- k pas

2k + 2 varint 1 60T

Varint 1 6anT

B 90% cnyyaeB k =0
B 10% cnyuaeB k >=1 16uT _

Varint 1 6anT
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[MPOMEXYTOUHbIA UTOT

Alloc: 78 MnH caMnnos
Lle”b: 170 Mb i Varint 1 6anT

- k pas

2kt 2 varint 1 60T

Varint 1 6anT

B 90% cnyuaeB k=0
B 10% cnyuaes k ~ 1.5 16ut .

Varint 1 6anT
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[MPOMEeXYTOUHbIN

Alloc: 78 MnH caMnnos
Llenb: 170 Mb

2k + 2

k ~1.5*10% ~ 0.15

NTOrI

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEeXYTOUHbIN

Alloc: 78 MnH caMnnos
Llenb: 170 Mb

2k + 2

(2*015 + 2) * 78 MNH

NTOrI

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEeXYTOUHbIN

Alloc: 78 MnH caMnnos
Llenb: 170 Mb

2k + 2

2.3*78 MNH = 186 Mb

NTOrI

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEeXYTOUHbIN

Alloc: 78 MnH caMnnos
Llenb: 170 Mb

2k + 2

2.3*78 MNH = 186 MbB

NTOrI

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint 1 6anT
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[MPOMEXYTOUHbIA UTOT

Alloc: 78 MnH caMnnos
Uenb: 170 MB [ varint 1 6aiit

- k pas

Varint 1 6anT

Varint 1 6anT

2.3 *78 MnH = 186 MB 16ut _

Varint 1 6anT
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CxmnmMaem
Co Bceu cunbl




CxnmMmaem co Bceu cunbol

ML
5
M2
i
M4
M2
w3 p NS
M4

} Node —
} Method—
: }Tail —

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint = 6aunT

AO
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CxnmMmaem co Bceu cunbol

w
=

.

N8

} Node —

} Method—

: } Tail —

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint = 6aunT

AO
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CxmnMmaem Cco Bceu cunbobl

/ java.lang.Thread.run
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AO

CxmnMmaem Cco Bceu cunbobl

/ java.lang.Thread.run

—— onhe.nlo.server.PayloadThread.run
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AO

CxmnMmaem Cco Bceu cunbobl

/ java.lang.Thread.run

—— onhe.nlo.server.PayloadThread.run

N

start_thread
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CxnmMmaem co Bceu cunbol

ML
5
M2
i
M4
M2
w3 p NS
M4

} Node —
} Method—
: }Tail —

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

16UT

- k pas

Varint = 6aunT

AO
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CxnmMmaem co Bceu cunbol

ML
5
M2
i
M4
M2
w3 p NS
M4

} Node —
} Method—
: }Tail —

Varint 1 6anT

Varint 1 6anT

Varint 1 6anT

- k pas

Varint = 6aunT

AO
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CxnmMmaem co Bceu cunbol

! ]’ NOde — Varlnt 1 6anT

- k pas

| N8
.} Method——| varinti6air

w
=

s } Tail —— |  Varint16anT

- - VGIMXJVIT

Q: No4yemMy He B OUTOBYIO KapTy?
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CxnmMmaem co Bceu cunbol

M2
M3
M4

M2

M3
M4
M9

N1

N8

N8

M9

LZ78

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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CxnmMmaem co Bceu cunbol

M2
M3
M4

M2

M3
M4
M9

N8

N8

N1 ||

- 2k pas

M9 |

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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CxmnMmaem Cco Bceu cunbobl

=
O

N1

N8

N3

M9 |

- 2k pas

0:
1
2
3
4
5
6
7
38
9

;"ML
: "M2"
: "M3"
: "M4"
: "M5"
: "M2,M3"

: "M4, M6"

: "M2,M3,M4"
: "M7"
:"M8"
:"M1,M5"
:"M2, M3, M4, M6"
:"M2, M3, M4, M9"

AO

CnoBapb
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CxnmMmaem co Bceu cunbol

IIM:LII

PR

N1

N8

N8

M9

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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CxnmMmaem co Bceu cunbol

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N1

N8

N8

M9

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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CxnmMmaem co Bceu cunbol

M1 ﬁ} "M1,M5"
CnoBapb
"M2,M3,M4" «—— N8 g nv
M6 1: "M1"
"M2,M3,M4" —— N8 9. upon
M9 3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2, M3, M4, M6"
13:"M2,M3, M4, M9"
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CxnmMmaem co Bceu cunbol

N1 ]
M5 ]

- M2, M3, M4, M6"

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N8

N8

M9

"M1, M5II

CnoBapb

NV OO JO O DNWKWDNDEO

lIMlll

|IM2I|

lIM3I|

"M4 1]

|IM5I|

"M2, M3"
"M4, M6"
"M2, M3, M4"
lIM7I|

: lIM8I|
:"M1, M5"
:"M2,M3, M4, M6"

:"M2,M3,M4,M9"P7

170



CxnmMmaem co Bceu cunbol

N1 ]
M5 ]

- M2, M3, M4, M6"

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N8

N8

M9 |.

"M1, M5II

- M2, M3, M4, M9

CnoBapb

NV OO JO O DNWKWDNDEO

lIMlll

|IM2I|

lIM3I|

"M4 1]

|IM5I|

"M2, M3"
"M4, M6"
"M2, M3, M4"
lIM7I|

: lIM8I|
:"M1, M5"
:"M2,M3, M4, M6"

:"M2,M3,M4,M9"P7
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CxnmMmaem co Bceu cunbol

N1 ]
M5 ]

- M2, M3, M4, M6"

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N8

N8

M9 |.

"M1, M5II

- M2, M3, M4, M9

CnoBapb

NV OO JO O DNWKWDNDEO

;"ML
: "M2"

: "M3"

: "M4"

: "M5"

: "M2,M3"

: "M4, M6"

: "M2,M3,M4"

: "M7"

- MO

:"M1,M5"
TMZ, T3, M4, M6"
:"M2,M3,M4,M9"
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CxnmMmaem co Bceu cunbol

N1 ]
M5 ]

- CiM2, M3, M4, M6

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N8

N8

N11

M9 |.

- M2, M3, M4, M9

CnoBapb

NV OO JO O DNWKWDNDEO

lIMlll

|IM2I|

lIM3I|

"M4 1]

|IM5I|

"M2, M3"
"M4, M6"
"M2, M3, M4"
lIM7I|

: lIM8I|

sV _MC 1
7

AIII

t M2, M3, M4, M6

M2, M5, M4, M9
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CxnmMmaem co Bceu cunbol

N1 ]
M5 ]

- N12

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N8

N8

N11

M9 |.

- M2, M3, M4, M9

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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CxnmMmaem co Bceu cunbol

N1 ]
M5 ]

- N12

IIM:LII

"M2,M3,M4"

"M2,M3,M4"

N8

N8

N11

- N13

M9 |.

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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CxmnMmaem Cco Bceu cunbobl

w
=

|| N1

N8

} Node —
} Method—
: }Tail —

AO

Varint 1 6anT

- k pas

VaiE"%EﬁT

Varint 1 6anT
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CxmnMmaem Cco Bceu cunbobl

N11

N12

N8

w
=

Node

Tail

—-

AO

Varint 1 6anT

Varint 1 6anT
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CxmnMmaem Cco Bceu cunbobl

N11

N12

N8

w
=

Node

Tail

—-

Varint 1 6anT

Varint 1 6anT

k pas

AO
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CxmnMmaem Cco Bceu cunbobl

N11

N12

N8

w
=

Node

Tail

—_— Varint 1 6aunT

k pas

CnoBapb — 2kpas

—_— Varint 1 6anT

1 pa3

AO
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CxmnMmaem Cco Bceu cunbobl

p)
=

N11

N12

N8

L J L J \ ]
L L |

Node

Tail

—-

Varint 1 6anT

k pas |

CnoBapb — 2kpas

Varint 1 6anT

1pa3

3k + 1

AO
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CxmnMmaem Cco Bceu cunbobl

--_ N11| Node —|__VarlInt 1 6anTt k pas -
[H5].
M2 |
mz I N12 CnoBapb — 2kpas | _ ..
M6
M2 NS .
M3 T Tail — | Varint 1 6ainT 1pa3

M4

N BCe paaun ogHoOro ouTa!l
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CxmnMmaem Cco Bceu cunbobl

3k+1~1.45
k ~0.15

w
=
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CxmnMmaem Cco Bceu cunbobl

1.45 *78 MnH = 107 MbB
Llenb: 170 Mb

3k+1~1.45
k ~0.15

w
=
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CxmnMmaem Cco Bceu cunbobl

w
=

m
-]
®
O
5
S
S
-—
O
~
<
v

Lenb: 170 MBE (Alloc)
PeanbHbin pesynbraT: 120 ME (Alloc)
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CxmnMmaem Cco Bceu cunbobl

Lenb: 170 MBE (Alloc)
PeanbHbin pesynbraT: 120 ME (Alloc)

Llenb: 30 MB (CPU)
PeanbHbii pe3ynbTaT: 20 ME (CPV)

9
=
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CxmnMmaem Cco Bceu cunbobl

Lenb: 170 MBE (Alloc)
PeanbHbin pesynbraT: 120 ME (Alloc)

Llenb: 30 MB (CPU)
PeanbHbit pe3ynbTaT: 20 ME (CPV)

p)
=

NcxoaHble aoaHHble: 4 [ b
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Pacnakoskao

* JFR:4 1B
* CPU: 6 MNH caMNNOB
* Alloc: 78 mnH caMnnos
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Pacnakoskao
* JFR:4 1B

You can wait for it to become responsive or exit the page.

* CPU:6 MnH coMnnos
* Alloc: 78 MnH caMNnNos
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Pacnakoskao
* JFR:4 1B

You can wait for it to become responsive or exit the page.

* CPU:6 MnH coMnnos
* Alloc: 78 MnH caMNnNos

CPU | =) | 10 cek
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Pacnakoskao
* JFR:4 1B

You can wait for it to become responsive or exit the page.

* CPU:6 MnH coMnnos
* Alloc: 78 MnH caMNnNos

CPU | =) | 10 cek
Alloc ‘ 20 cek
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Pacnakoskao

JFR: 4 B
CPU: 6 MNH cOMNNOB
Alloc: 78 MmnH caMnnosB

CPU | =) | 10 cek

Alloc ‘ 20 cek

Page Unresponsive
You

can wait for it to become responsive or exit the page.

& main.html

AO
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PacnakoBKa CNnoBApA
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PacnakoBKa CNnoBApA

NO
CnoBapb
N1 BHEN g: "
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FE.«—E- 2: e
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PacnakoBKa CNnoBApA
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OnacHoO Ans
NMCUXNYECKOro
300poBbA!

203



OnacHoO Ans
NMCUXNUYECKOro
300poBbA!

204



PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);

1z78Nodes[0] = null; O(N)?

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);

*
1z78Nodes[0] = null; O(N N)!

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId
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PacnakoBKka cnoBapn

const 1z78Nodes = new Array(lz78RecordsCount);

*
1z78Nodes[0] = null; O(N N)!

for (let i = 1; i < 1z78RecordsCount; i+) { * npun 4OCTATOYHOM HATAXEeHUN COBbI

data.nextVarInt();
data.nextVarInt();

const parentld
const methodId

1z78Nodes[i] = {
parent: 1z78Nodes[parentId],
method: methodId




PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let 1 = 1; i < 1z78RecordsCount; i+) { N1
const parentId = data.nextVarInt(); N2
const methodId = data.nextVarInt(); N3
. N4

1z78Nodes[i] = {
parent: 1z78Nodes[parentId], NS
method: methodId el
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
“% Parent
NG Method
N _——§\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
“% Parent
NG Method
N _——§\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
“% Parent
NG Method
N _——§\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
“% Parent
NG Method
N _——§\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
“% Parent
NG Method
e _——Q\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
“% Parent
NG Method
e _——Q\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
O Method
N1
“% Parent
NG Method
e _——Q\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
O Method
N1
m% Parent
NG Method
e _——Q\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
mg Parent
N Method
NS _——ﬁ\\\\\\\\\_ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {

parent: 1z78Nodes[parentId],
method: methodId

* https://deepu.tech/memory-management-in-v8/

Parent
Method
Parent
IO Method
N1
mg Parent
N Method
NS _——ﬁ\\\\\\\\\‘ Parent
: Method
Parent
Method
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PacnakoBKka cnoBapA

Parent
const 1z78Nodes = new Array(lz78RecordsCount); Method
1z78Nodes[0] = null; Parent
| | . ---_—_—////////”’_ Method
for (let i = 1; i < 1z78RecordsCount; i+) { N1
const parentId = data.nextVarInt(); N2
const methodId = data.nextVarInt(); N3 Parent
Method
, N4
1z78Nodes[i] = {
parent: 1z78Nodes[parentId], NS 4\ Parent
method: methodId * e Method
¥ Parent
; Method

CPU | ) | 10 cek

* https://deepu.tech/memory-management-in-v8/ 220
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PacnakoBKka cnoBapA

Parent
const 1z78Nodes = new Array(lz78RecordsCount); Method
1z78Nodes[0] = null; Parent
| | . ---_—_—’///////”’_ Method
for (let i = 1; i < 1z78RecordsCount; i+) { N1
const parentId = data.nextVarInt(); N2
const methodId = data.nextVarInt(); N3 Parent
Method
_ N4
1z78Nodes[i] = {
parent: 1z78Nodes[parentId], NS 4\ Parent
method: methodId * e Method
¥ Parent
; Method

CPU | mm) | 15 cek

* https://deepu.tech/memory-management-in-v8/ 221
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AO

GC cTpapaer

const 1z78Nodes = new Array(lz78RecordsCount);
1z78Nodes[0] = null;

for (let 1 = 1; 1 < 1z78RecordsCount; i+) A{
const parentId = data.nextVarInt();
const methodId = data.nextVarInt();

1z78Nodes[i] = {
parent: 1z78Nodes[parentId],
method: methodId
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AO

GC cTpapaert GC poBoneH

const 1z78Nodes = new Array(lz78RecordsCount); const 1z780wnMethods = new Uint32Array(...);
1z78Nodes[0] = null; const 1z78Parents = new Uint32Array(...);
for (let 1 = 1; 1 < 1z78RecordsCount; i+) A{ for (let i = 1; i < 1z78RecordsCount; i+) A
const parentId = data.nextVarInt(); const parentId = data.nextVarInt();
const methodId = data.nextVarInt(); const methodId = data.nextVarInt();

1z78Nodes[i] = {
parent: 1z78Nodes[parentId], 1z78Parents[i] = parentld;
method: methodId 1z780wnMethods[i] = methodId;
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GC cTpapaert GC poBoneH

const 1z78Nodes = new Array(lz?SRecordsCount);_.> const 1z780wnMethods = new Uint32Array(...);
1z78Nodes[0] = null; const 1z78Parents = new Uint32Array(...);

for (let i = 1; i < 1z78RecordsCount; i+) { for (let i = 1; i < 1z78RecordsCount; i+) {
const parentId = data.nextVarInt(); const parentId = data.nextVarInt();
const methodId = data.nextVarInt(); const methodId = data.nextVarInt();

1z78Nodes[i] = {
parent: 1278Nodes[par‘entId],} >‘|:1278Par‘en‘c5[i] = parentId;
method: methodId 1z780wnMethods[i] = methodId;
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PacnakoBKa CNnoBApA

CnoBapb
N1 BHE FERET:
1: "M1"
N2 [M2 |<— N6 [ M3 2: "M2"
3: "M3"
NG ~— N3 [MB ol e
6: "M2,M3"
N4 [M4 |<— N7 BM&N<— NS [M7 N9 [M8]| 7: "M4,M6"
8: "M4,M6,M7"
N5 - 9. "M4,M6,M7,M8"
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PacnakoBKa CNnoBApA
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PacnakoBKa CNnoBApA
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PacnakoBKa CNnoBApA
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PacnakoBKa CNnoBApA
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M4
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PacnakoBKa CNnoBApA

M‘z.\ M4 [ M6 M:.\M?
N4 [M4 N7 BM8Y N8

M7

CnoBapb

M8

M‘z.\- M7
N9 | M8

NV OO ~JO O DNAWDNEO

1 Mlll
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1 M4 1
1] M5 n
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PacnakoBKa CNnoBApA

TAK 3T0O e noutn JFR!

CnoBapb

Mfu\ M4 [ M6 M:.\M?
N4 [M4 N7 BM8Y N8

M7

M8

M‘z.\- M7
N9 | M8

NV OO ~JO O DNAWDNEO

1 Mlll
n M2 1"
1 M3 1
1 M4 1
1] M5 n
"M2
"M4
"M4
"M4

M3

, M6

, M6, M7"
,M6,M7,M8"
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PacnakoBKa CNnoBApA

Tak 37O e nouTtun JFR!
...4 GB...

M4

M4 | M6

‘\

M4 | M6 | M7

CnoBapb

N4

M4

‘\

N7 BM&Y NS

M7

M8

M‘z.\- M7
N9 | M8

NV OO ~JO O DNAWDNEO

1 Mlll
n M2 1"
1 M3 1
1 M4 1
1] M5 n
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PacnakoBKa CNnoBApA

N4

M4

MA; M8\
N8 | M7 N9

CnoBapb

M8

NV Oo0O0O~JO O DNWDNDEFEO

n Mlll
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n M4 n
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PacnakoBKa CNnoBApA

CnoBapb

;"ML

: IIM2II

: IIM3II

: "M4"

: "M5"

: "M2,M3"

: "M4, M6"

: "M4, M6, M7"

"M4, M6, M7, M8"

14

offsets I
storage |[...|lM4

/‘

N4 [ M4 N7 BH&Y N8 [M7 N9 [ M8

o
NV Oo0O0O~JO O DNWDNDEFEO
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PacnakoBKa CNnoBApA

f(i,p) = storage[p - offsets[p] + 1i]

offsets I

storage [...|M4

/‘

N4 [ M4 N7 FHé&Y

CnoBapb

N9

M8

M4
M6
M7
M8

NV Oo0O0O~JO O DNWDNDEFEO

IlMlll

IIM2II

IIM3II

IIM4II

IIM5||

"M2,M3"
"M4,M6"

"M4, M6, M7"
"M4,M6,M7,M8"

14

236



PacnakoBKa CNnoBApA

f(i,p) = storage[p -Coffsets[pl+ 1i]

offsets I

storage [...|M4

/‘

N4 [ M4 N7 FHé&Y

CnoBapb

N9

M8

M4
M6
M7
M8

NV Oo0O0O~JO O DNWDNDEFEO

IlMlll

IIM2II

IIM3II

IIM4II

IIM5||

"M2,M3"
"M4,M6"

"M4, M6, M7"
"M4,M6,M7,M8"

14

237



PacnakoBKa CNnoBApA

f(i,p) = storagelp - 3 + 1i]

offsets 0
N4 [ M4 N7 FHé&Y
f(0,p) = storagel
f(1,p) = storagel
f(2,p) = storagel
f(3,p) = storagel

N8 | M7
p - 3+
p - 3+
p - 3+
p - 3+

CnoBapb

N9

M8

M4
M6
M7
M8

NV Oo0O0O~JO O DNWDNDEFEO

;"ML
: IIM2II

: IIM3II

: "M4"

: "M5"

: "M2,M3"

: "M4, M6"

: "M4, M6, M7"

: "M4,M6,M7,M8"

14
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PacnakoBKa CNnoBApA

30 Mb CPU
24 Mb Alloc
offsets 0 2 3
storoge/bjlu MA; M8
N4 [M4 N7 B8] N8 [M7
f(0,p) = storagel[p - 3 + 0.
f(1,p) = storage[p - 3 + 1.
f(2,p) = storage[p - 3 + 2.
f(3,p) = storage[p - 3 + 3.

CnoBapb

N9

M8

M4
M6
M7
M8

NV OO ~JO O DNAWDNEO

: IIMlII

: IIM2|I

: IIM3II

: IIM4II

: "M5"

: "M2,M3"

: "M4,M6"

: "M4, M6, MT7"

: "M4,M6,M7,M8"

i
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AO

Pacnakoska caMnnos

CnoBapb
] Q: "n
=-- Nll 1: IIMlII
-_ 2: IIM2II
5: "M3"
M3 | N12 4: "M4"
M4 5: "M5"
M6 - 6: "M2,M3"
M2 7: "M4,M6"
8: "M2,M3,M4"
M3 N8 9: "M7"
M4 10:"M8"
11:"M1,M5"
offsets 12:"M2,M3, M4, M6"
storoge 13:"M2,M3,M4,M9"7
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Pacnakoska caMnnos

CnoBapb
0: 1nn
Nll 1: IIM:LII
2: IIM2II
3: IIM3II
N12 4: IIM4II
5: IIM5II
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
N8 9: IIM7II
10:"M8"
11:"M1,M5"
offsets 3 ... 12:"M2,M3, M4, M6"
storage Mg [ ... 13:"M2,M3, M4, M9"
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Pacnakoska caMnnos

N11

N12

N8

offsets

storage

CnoBapb
: ""
1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
12:"M2,M3, M4, M6"
13:"M2,M3, M4, M9"
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Pacnakoska caMnnos

CamMnnbl Cnoeapb

N11 N12 N8 N1 N6 N11N13 ... 0: o: "

1: "M1"

2: "M2"

3: "M3"

4: "M4"

5: "M5"

6: "M2,M3"

7: "M4,M6"

8: "M2,M3,M4"

9: "M7"

10:"M8"

11:"M1,M5"
offsets 3 ... 12:"M2,M3, M4, M6"
storage M8 |... 7 |13:"M2, M3, M4, M9"
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Pacnakoska caMnnos

CamMnnbl Cnoeapb

N11 N12 N8 N1 N6 N11N13 ... 0: "N11" o: ""
T 1: "M1"

2: "M2"

3: "M3"

4: "M4"

5: "M5"

6: "M2,M3"

7: "M4,M6"

8: "M2,M3,M4"

9: "M7"

10:"M8"

11:"M1,M5"
offsets 3 ... 12:"M2,M3, M4, M6"
storage M8 |... 7 | 13:"M2,M3, M4, M9"
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Pacnakoska caMnnos

Camnnobl CnoBapb
N11 N12 N8 N1 N6 N11N13 ... 0: "N11,N12" 0: "
S 1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
offsets 3 ... 12:"M2,M3, M4, M6"
storage Ms [ ... | 13:"M2, M3, M4, M9"

246



Pacnakoska caMnnos

Camnnobl CnoBapb
N11 N12 N8 N1 Né N11N13 ... @: "N11,N12,N8" | |@: ""
= 1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
9: "M7"
10:"M8"
11:"M1,M5"
offsets 3 ... 12:"M2,M3, M4, M6"
storage M8 | ... | 13:"M2, M3, M4, M9"
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Pacnakoska caMnnos

N11 N12 N8 N1 N6 NI11 N13 ...
S

offsets 3

storage M8

Camnnobl CnoBapb
@: "N11,N12,N8" o: ""
1: "N1" 1: "M1"
2: "M2"
3: "M3"
4: "M4"
5: "M5H"
6: "M2,M3"
7: "M4,M6"
8: "M2,M3,M4"
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8: "M2,M3,M4"
9: "M7"
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level = 1
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level = 2
g(.) = M2 = N12[0]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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level = 3
g(.) = M3 = N12[1]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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N11

S1 -

N12 -

N8

N
=

ONOOT A WN-O

eve

eve
eve

eve
eve

eve
eve

eve
eve

AO

348



Pncyem
g(state,level, sample) =
sample = S1
level = 4
g(.) = M4 = N12[2]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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level = 5
g(.) = M6 = N12[3]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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sample = S1
level = 6
g(..) = M2 = N8[0]
samples S1 S2 S3 S4 ...
nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3

storage [T M4 RGN M7 M8 ]
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N11

S1 -

N12 -

N8

N
=

ONOOT A WN-O

eve

eve
eve

eve
eve

eve
eve

eve
eve

AO

351



Pncyem
g(state,level, sample) =
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level = 7
g(..) = M3 = N8[1]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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level = 8
g(.) = M4 = N8[2]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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N11

S1 -

N12 -

N8

N
=

ONOOT A WN-O

eve

eve
eve

eve
eve

eve
eve

eve
eve

AO

353



Pncyem
g(state,level, sample) =
sample = S1
level = 8
g(.) = M4 = N8[2]
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nodes N1 N6 [N11 N13 ...
offsets ©o 1 2 3
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level = 8
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offsets ©o 1 2 3
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samples S1 S2 S3 S4 ...
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g(.) = M

samples
nodes

offsets

storage  [Lai|MA NG M7 M8 ]

S1

5
6 = S1[1][level - 2]

f(1(.),n(.))

N11

S1 -

N12 -

S1

S2

S3

S4

N1

N6

N11

N13 ...

0

1

2

3

IE

AO

362



Pucyem

g(state,level, sample) =

sample = S1
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g(.) = M2 = S1[2][level - 6]
samples S1 S2 S3 S4 ...
nodes N1 N6 [N11 N13 ...
offsets O 1 2 3
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sample = S1

Llevel = 7
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samples S1 S2 S3 S4 ...
nodes N1 N6 [N11 N13 ...
offsets O 1 2 3

storage  [Lai|MA NG M7 M8 ]

f(1(.),n(.))

N11

S1 -

N12 -

IE

eve

eve
eve

eve
eve
eve

OpMNWON-=O

(o))

®
<

O
00

AO

364



Pucyem

g(state,level, sample) =

sample = S1

Llevel = 8

g(.) = M4 = S1[2][level - 6]
samples S1 S2 S3 S4 ...
nodes N1 N6 [N11 N13 ...
offsets O 1 2 3

storage  [Lai|MA NG M7 M8 ]

f(1(.),n(.))
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g(state,level, sample)
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level =
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samples
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g(.) = M4 = S1[2][level - 6]
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state.diff
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offsets O 1 2 3

storage  [Lai|MA NG M7 M8 ]

IE

N
=

ONOOT A WN-O

eve

eve
eve

eve
eve

eve
eve

eve
eve

AO

367



Pucyem

g(state,level, sample)
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node =
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g(state,level, sample)

node = sample[state.nodeIndex]
method = node[level - state.diff]
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Frame: Map<Method, List<Sample>>
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Map<Method, List<Sample>>

int
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typeof(Method)
typeof(Sample)
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Map<Method, List<Sample>>

RN
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Map<Method, List<Sample>>

RN

start length

... S1 S2 S3 S4 ...
Buffer
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Map<Method, List<Sample>>
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start length
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Buffer
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Map<Method, List<Sample>>
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Buffer

start[0] =
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Map<Method, List<Sample>>

RN

start length

N
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Buffer

start[0] O

start[k] = start[k-1] +
length[k-1] + 1
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+
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Map<Method, Length> - ?22?

typeof(Method)
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Map<Method, Length> - ?22?

typeof(Method)
typeof(Length)

int 0..100_000
int
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Map<Method, Length> - int[100_001]

typeof(Method) = int 0..100_000
typeof(Size) = int
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Map<Method, Length> - int[100_001]
get - 0(1)
put - 0(1)
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Map<Method, Length> - int[100_001]
get - 0(1)

put - 0(1)

inc - put(x, get(x) + 1)
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Map<Method, Length> - int[100_001]
get - 0(1)
put - 0(1)
inc - 0(1)
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Map<Method, Length> - int[100_001]

get - 0(1)
put - 0(1)
inc - 0(1)

iterate - 0(sizeOf(Method))
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Map<Method, Length> - int[100_001]

get - 0(1)
put - 0(1)
inc - 0(1)

iterate - 0(sizeOf(Method))

JooasuM 6ydep knouen!
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Map<Method, Length> - int[100_001]

get - 0(1)
put - 0(1)
inc - 0(1)

iterate - 0(entriesCount)

if (inc(x) = 1) keysl[entriesCount+] = X
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Frame: Map<Method, List<Sample>>
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Frame: {x, width, text, color}
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Frame: {x, width, text, color}

x[i] = x[i-1] + width[i-1]

M3 M14
| x=0 | x=3 | x=4
|w=3 lw=1 |w=1

398



AO

Pucyem

Frame: {x, width, text, color}

x[1-1] + width[i-1]
parent.X

x[1i]
x[0]
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Frame: {x, width, text, color}

x[1-1] + width[i-1]
parent.X

x[1i]
x[0]

width[i] = width[i+1]
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Frame: {x, width, text, color}
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Frame: {x, width, text, color}
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Frame: {x, width, text, color}
Level: Framel[]

SizeOf(Buffer) - ?
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Frame: {x, width, text, color}
Level: Framel[]

SizeOf(Buffer) - 100 MB
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Frame: {x, width, text, color}
Level: Framel[]

SizeOf(Buffer) - 1GB
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Frame: {x, width, text, color}
Level: Framel[]

SizeOf(Buffer) - 10 GB
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Frame: {x, width, text, color}
Level: Framel[]
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Frame: {x, width, text, color}
Level: Framel[]

SizeOf(Buffer) - 10 GB

Lazy
Allocation!
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<1 cekyHAbl HO NepBbiN YPOBEHb
3 ceKyHAabl
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< 5 cekyHA Ha nepBble 20 ypoBHEN
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CPU (6 MmnH caMnnoB.):
<1 cekyHAbl HO NepBbiN YPOBEHb
3 cCekyHpabl

< 5 cekyHA Ha nepBble 20 ypoBHEN
15 cekyHA
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[MOTOMY UTO CaMnNbl YACTO
nosTopaAtoTcA!

N MMeHHO Te, Y KOoTopbIX N = 1!
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CPU (6 MnH caMnnos.):
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CPU (6 MnH caMnnos.):
e <1cekyHAbl HO NepBbIKN YPOBEHb
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CPU (6 MnH caMnnos.):
e <1cekyHAbl HO NepBbIKN YPOBEHb
° 0.5 cekyHAabl
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CPU (6 MnH caMnnos.):
e <1cekyHAbl HO NepBbIKN YPOBEHb
° 0.5 cekyHAabl

* <5 cekyHO Ha nepsble 20 ypoBHEN
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Pe3ynbtaT

CPU (6 MnH caMnnos.):
e <1cekyHAbl HO NepBbIKN YPOBEHb
° 0.5 cekyHAabl

* <5 cekyHO Ha nepsble 20 ypoBHEN
° 3 CekyHpabl
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Alloc (78 MnH caMnnoB):
* <5 CcekyHO HQ nepBbln YPOBEHD
° 3 CekyHpabl

* <10 cekyHpA HA nepBble 20 ypoBHEN
° 2 CeKyHpAbl
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Pe3ynbtaT

Alloc (78 MnH caMnnoB):
* <5 CcekyHO HQ nepBbln YPOBEHD
° 3 CekyHpabl

* <10 cekyHpA HA nepBble 20 ypoBHEN
° 2 CeKyHObl HQ BCe YPOBHMU

https://qithub.com/Artyomcool/async-profiler/tree/heatmap
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* Mbl XOTenu...
* Mbl pobuUunuceo...
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* Mbl XoTenu...
* Mbl pobuUunuceo...
* Bna-6na-6naq...

434



BbiBOAObI

* ANropmTMbl NpABOA NOMOraioT, eCnu
OCAHHbIX MHOIMO
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* ANropmTMbl NpABOA NOMOraioT, eCnu
OAHHbIX MHOIO

* BbiICOKOU NPOnN3BOAUTENBHOCTU HENbL3A
0OCTUYb, HE OTKPbIB “YepHble aunkmn”

* YacTHblIe peweHna 3a4acTyio
adpdPekTuBHee obLWUX
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