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[MToOAb3a NPUKAAAHOMY Pa3paboOTUUKY?

s NMOHUMaHue NnpuHUuunoB pa6oTtbl GC
HE AEAQEM COOPLLUMKY Mycopa BOABHO

s Bbl6op aAroputma GC
AKTYaAnU3aund. MHOIrme orimCaHmd ycrtapeLume

s CpaBHUTb Java m Go
Pa3Hble MHXXEeHEePHbIE MOAXOADI
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B

dOyHAAMEeHTaAbHbIe AATOPUTMDI

M HeKOTopble NPUKAGAHbIe BbIBOABI V13 HUX

STW-KOAAEKTOPbDbI

Java: Serial & Parallel, apeBHu Go

KOHKYPEeHTHaa MapKUpoOBKa
Java Gl Go 1.5: Concurrent Mark Sweep

CoBpeMeHHble KOHKYpPeHTHble GC
Java: Shenandoah, Z/GC; Go.: Green Tea GC

Kakoun aAropuTMm caMbi AYYLLUN?

MUZ Plat.Form
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YacTtb 1
PdyHAAMEeHTaAbHbIEe
AQAFOPUTMDI



YeTbipe noaxoaa K GC
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MUZ Plat.Form

s Reference counting
» Mark-Sweep

» Mark-Compact

=« Mark-Evacuate

MoKa 4YTO:
OCTaHaBAUBaeM rpusoxxkeHune ripu GC
aka “stop-the-world”
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MapkupoBka (tri-color)

GC roots l




MapkupoBka (tri-color)

GC roots l

(2, - noKa He BCTpeUaAn
- O6bEKT >XXUBOWN, HO ero
MCXOASLLME YKa3aTeAUn He

obpaboTaHbl MOAHOCTbIO

\ T - 06BbEKT XXUBOM U obpaboTaH
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MapkupoBka (tri-color)

GC roots l

©) - oKa He BCTpeuaAY

- O6bEKT >XXUBOWN, HO ero
NCXOASALLIME YKA3aTeAUn He
obpaboTaHbl MOAHOCTbIO

\ T - 06BbEKT XXUBOM U obpaboTaH

@
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MapkupoBka (tri-color)

GC roots l

©) B >0 mycop
- 06DbEeKT XXNBOU

\ T MHBAPWAHT: 3anpeLwieHbl
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MapKupoBKa

e NMponopLuUuOHAaAbHA KOANYECTBY

XXUBbIX 06beKTOB HAa MOMEeHT GC
[IOTEHLMANBHASA CUTYaLUSA: spiral of death

¢ HY)XHO raoe-to XpaHMTb
nHdopMaLumio

06 AOCTUXXMMOCTU O6DBbEeKTa
mark word, bitmap, 64 bits pointer
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YeTbipe noaxoaa K GC
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GARBAGE COLLECTION 2 .
HANDBOQK® = Ref-ereneeeeunung

The Art of Automatic Mt ory Management |
W >,

s Mark-Sweep
s Mark-Compact

s S = Mark-Evacuate
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-
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Mark-Sweep

.
s

-

15

free blocks list:

[0_1]1 [8]1 [11]1 [14‘15]

MUZ Plat.Form
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Mark-Sweep

.
s

-

15

free blocks 1list: [0-1],

[8-11], [14-15]

Kyaa MOJIOKUTb HOBbIM 06BEKT?

MUZ Plat.Form
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Mark-Sweep

s Sweep: noMeyaeM NaMsaTb MepTBbIX O6DbEeKTOB

KaK BHOBb AOCTYNHYIO
BAUAET Ha NOIMKy ,08607'&)/ aNANOKaL{U

e HUKaKuUX nepeMeLleHUn o6 beKTOoB
VKA3aTeNn HE MHBANAUDYOTCS B ripoLjecce GC

e HY)XXHO KaK-TO HUBEAUPOBATb NPOBGAEMY
BHeLWWHen dparMeHTauum

=
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Mark-Compact

GC rpots

aEEy
“ ’0
ﬁ |

@ MapKupoBKa
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Mark-Compact

GC rpots

@ MapKupoBKa

2 PaccuuTbiBaeM HOBbIe apApeca 06DbeKTOB (MOKa He NepeHOCUM)
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Mark-Compact

GC rpots

a
suNy
. ** oS

@ MapKupoBKa
2 PaccuuTbiBaeM HOBbIe apApeca 06DbeKTOB (MOKa He NepeHOCUM)

@ B cyLlecTBYIOLUX O6beKTaxX nepenucbiBaeM appeca yKasaTeAen
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Mark-Compact

GC rpots

a
suNy
. ** oS

.
.
.
L

@ MapKupoBKa
2 PaccuuTbiBaeM HOBbIe apApeca 06DbeKTOB (MOKa He NepeHOCUM)
2 B cyLecTBYIOLWUX O6DbEeKTaxX nepenucbiBaeM aApeca YKasaTeAeu

2 [epeHOC 06DbeKTOoB
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Mark-Compact

= Compact: cobupaeM Bce XUBble
06 DbeKTbl pAAOM B Xune

« MHOro pa6oTtbl
MapPKUPOOBKA, ViaMeHeHe aAPLeCOB, NnepeHoC

e NepeHOCUM O06BEeKTbI

HeT rnpobAemM C OParMeHTalLneu
VAVYLLIQEM NOKANAbHOCTbL AGHHbLIX

s AAAOKALMUSA
yepes bumping pointer
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Mark-Evacuate

from
space

to
space
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Mark-Evacuate

from
space
GC roots
L 2
v“ to
A space
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Mark-Evacuate

to
space
GC roots
L 2
'.‘ from
A space
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Mark-Evacuate

= [ABe obAacTm xuna: from-space wm to-space
NHBAPOUWaHT: to-space rnycT B Hadare GC

s NepeHoOCUM O06DbeKTbl

HeT npobiremM C GparMeHTaL e
VAYYLLIGEM NOKAABHOCTb AQHHbLIX

e AAAOKALMUA
yepes bumping pointer
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YeTbipe noaxoaa K GC
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YeTbipe noaxoaa K GC
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MUZ Plat.Form

Bo3pacT o6beKTa

MoAoAble OOBEeKTbI MO
OOAbLUEN YAaCTU
ObICTPO YMUPAKOT

UeM cTapLe o6beKT, TeEM
MEHbLLUE BEPOATHOCTb
ero cMepTu

Cbopka Mycopa B Java 1 Go | 27



MUE Plat.Form Cbopka mycopa B Java n Go | 28



GC: xopoLuasi MHBECTULINS GC:
notTpatum CPU = MHoro RAM notpatum CPU = HeMHOro RAM

MOAOAbIE cTapble
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MOAOADbIE card table CTapblie
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[MTOKOAEHMUSA

» MAaALlada co6opkKa - AN 9P DEKTUBHOCTMH

« He 6ecnAaTHoO -
HY)XHa cneuuaAbHada AOruka: 6apbep Ha 3anuch

Aaxke B STW-kKoanekTopax

e [ UMNOTE3bl O NTOKOAEHUAX MOTYT HapyLluaTCH

Haripumep, LRU-K3LL
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MUZ Plat.Form

YacTtb 2
STW=-KOAAEKTODPDI



s OCHOBHbIE MOTOKM NPUAOIKEHUSA — MYyTaTOPbI

« OcTaHaBAMBaeM BcexX MyTaTopoB =
BbiNoAHAeM GC = BO30O6HOBASIeM paboTy BceX

MYTaTOpPOB
Java: Serial 11 Parallel

Go. Bepcusd 1.4

Cbopka Mycopa B Javan Go | 34



Serial u Parallel

M/\a,A,Lue/eQOKO/\ eHue CTB,OLU@H\OKO/\ eHue
Y N/ N
SO |S1 Tenured
Mark-Evacuate Mark-Compact

.
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Serial u Parallel

e Usecase: MakcuMmusauua throughput
AXKe LjeHOoU boAbLLeV latency

e TMOCTOSIHHO OGHOBASIIOTCH U YAYYUYLLAIOTCSH

A JDK /' JDK-8320165
Parallel: Full GC code is very slow due to quadratic calc_new_address

v Details

Type: Enhancement Resolution: Duplicate
4 2! ix Version/s: tbd
11,17, 21,22

hotspot
amazon-interest qc-parallel

Subcomponent: gc
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ApeBHun Go: STW Mark-Sweep

GC Pauses vs. Heap Size R KAa CCM quKM ﬁ
AATOPUTM
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BHewlHaq dparMeHTaLuUA

KYAQ NMOAOXUTb HOBbI 06DbEKT? _
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Source file src/internal/runtime/gc/sizeclasses.go

// Code generated by mksizeclasses.go; DO NOT EDIT.
//go:generate go -C ../../../runtime/ mkmalloc run mksizeclasses.go

package gc

//‘;lass bytes/obj | bytes/span objects tail waste |max waste |min align
!/ 8 8192 1024 (%) 87.50% 8
!/ 16 8192 512 %) 43.75% 16
!/ 24 8192 341 8 29.24% 8
!/ 32 8192 256 e 21.88% 32
// 48 8192 170 32 31.52% 16
!/ 64 8192 128 5] 23.44% 64
!/ 80 8192 102 32 19.07% 16
// 96 8192 85 32 15.95% 32
// 8192 73 16 13.56% 16
!/ 8192 64 %) 11.72%
!/ 8192 56 11.82% 16
!/ 8192 51 32 .73% 32
// 8192 46 96 .59% 16
// 8192 42 .25% 64
// 8192 39 80 .12% 16
!/ 8192 36 .15% 32
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____________ A
/ 8Kb _ 8Kb _  8Kb __ 8Kb . 8Kb .
8Kb  8Kb _  8Kb _  8Kb _  8Kb .
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o|
16Kb . 16Kb . 16Kb .
\ 32Kb . 32kb .
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type T structd
children *[4]*T
value int

span for class 2

*C

*C

MUZ Plat.Form

span for class 4
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®

Bopb6a ¢ BHeLwHen dparMeHTauen

Kaaccuduumpyem o6beKTbi

-

BbIOUPAIEM KAGCC B 3a@BUICUMOCTU OT PAa3Mepa 0ObexTa rfrégé_{i._o,s?‘

| Sy e

CBOM cnaHbl Y KQaXKAOIo KAacca

OCOGBIV CAYYarI AN OYEHB MAACHBKUX 1 OUEHB GOABLLINX .

LleHa - BHYTpeHHAa dparMmeHTaLUA

rorepuy ~10%

He nuwieM Ha GO, KakK Ha Java

1OAb3YEeMCs] BCTOAUBAHUEM CTPYKTYP, & HE YKa3aTeAsIMu

...
S TS
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YacTtb 3
KOHKYpPeHTHad MapKUpPoOBKa



KOHKYpPpeHTHas MapKMpoBKa

GC roots =>O >

-

- MOKa He BCTpeyaAm

\VIHBapVIaHTZ 3anpeLleHbl

- O6bEKT >XMBOWN, HO €ro
NCXOASALLIME YKA3aTEAU HE
obpaboTaHbl MOAHOCTbIO

- OOBEKT >XXMBom N obpaboTaH

N}

MUZ Plat.Form

e HYXXHO
MoOAAOBUTD
MyTaTopa BO
BpeMs
MapKUPOBKMU
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KOHKYpPpeHTHas MapKMpoBKa

s PelueHUue: nokKa paboTaeT MapKMpoOBKa -
HY)XHO BKAIOYATb 6apbep Ha 3arnunch

.field = <newRef>

MUZ Plat.Form Cbopka Mycopa B Java n Go | 49



IU / Dijkstra write barrier

new

write_barrier(
.field

if newRef != null and isNotMarked(newRef):
IEINMAGERESD.

.field, newRef):
newRef

MUZ Plat.Form
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SATB / Yuasa write barrier

new

o

write_barrier(
vanr
if
mark(

.field, newRef):

I= null:
)

.field

.field = newRef

MUZ Plat.Form
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Go 1.5: Concurrent Mark-Sweep

GC Pauses vs. Heap Size
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Go 1.5: Concurrent Mark-Sweep

+While other goals may intervene, 1.6 will most likely be
used to 1mprove throughput by adding bump pointer
allocation as well as a generational copy collector for
nursery (new) spaces..

~The work being pulled in includes logic for starting and
stopping Go routines individually and adding a write
barrier infrastructure suitable not only for concurrent GC

but also for the potential 1.6 generational copyilng

collector..
golang.orq/s/gol4gc

MUZ Plat.Form
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https://golang.org/s/go14gc

[ToueMy B GO HET NOKOAEHUUn?

« Dapbep Ha 3arnucb AOAXXEH 6biTb BKAIOUYEH
BCeraa, a He BO BpeMs MapKUPOBKMU

« CAabGas rmnoresa o NOKOAEHUSAX He
cobAl0paeTCHA: CMepPTHOCTb ~60%, a He 90+%

s NMouyeMy: compile-time escape analysis + structs

MUZ Plat.Form Cbopka Mycopa B Java n Go | 54


https://github.com/golang/go/discussions/70257#discussioncomment-11201305

G1

Eden

y MAALLIee

Survivors

J

KaK OTCAe)XMBATb

- CCbIAKU ME@XXAYV

permoHamm?
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Remembered Set

Remembered Set

Set

Remembered

L L]
' ..’
*
-
.
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.
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.
-
.

MUZ Plat.Form

Set

Remembered

2 XpaHuUM nHdopmauumo o6
BXOASILLMX YKa3aTeAsX U3
PEermoHOB CTAapOro NOKOAEHUS

e MexaHu3M HeTPUBUAAbHbLIN U
HeOAHOKpPATHO
nepeAeAbiBaACS

2 HY>XXHbI 6apbepbl HA 3anuUchb!
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Write Barrier: Parallel

shrq $0x9, %rio
movabsq $0x7f4975093000, %ril4
movb %ri2b, (%rl4,%rilo)
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G1
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@
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0
an
@
sjd

Fi

MUZ Plat.Form

NV OO JOUITDNWDN -

xorq %rll, %rl0
shrq $0x15, %rilo
testq %rl0, %rl0
je 0x22

testl %ebx, %ebx
je Oxle

shrq $0x9, %ril

movabsq $0x7f48d0cBOBOO, %rdi
addg %rll, %rdi

nopl (%rax)

cmpb $0x2, (%rdi)
jne 0x166 ; => slow-path

movqg O0x48(%rl5), %ril0
movqg 0x58(%ri15), %ril

lock
addl $0x0, -0x40(%rsp)
nop

cmpb $0x0, (%rdi)
je -0x180

movb %ri12b, (%rdi)

testq %rl0, %rl0
jne 0x21

movq %rl5, %rsi

nopl (%rax,%rax)

nop

movabsq $0x7f48f236F860, %rlo
callq *%rl0

jmp -0x1a9

movq %rdi, -0x8(%ril,%rlo)
addq $-0x8, %rioe

movqg %rl0, 0x48(%rils5)

nop

jmp -0x1bc
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G1

rite Barrier

MUZ Plat.Form

b4

Details

Type:

Priority:
Component/s:

Labels:

Author:

JEP Type:

M /DK / JDK-8340827

JEP Resolution:
£y P4 Fix Version/s:
hotspot
gc-g1  gc-gl-barrier gc-g1-refinement
jdk26-ptt-2025-09-15
lvan Walulya & Thomas Schatzl

Feature

JEP 522: G1 GC: Improve Throughput by Reducing
Synchronization

Delivered

26
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G1

s YXyAwaeM throughput paawv latency

HeneBas rnaysa ~ 200 ms

e MPaAKTUYECKUN NOAHOCTbIO NepenucaH

e ECAU HEe NMOAXOAUA PaHbLLe -
AAQUTe eMy BTOPOMU LLUAHC!
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HacTtb 4
CoBpeMeHHble
KOHKYPEeHTHbIe

KOAAGKTOPDI



Concurrent Mark-Evacuate

NENEEEEEERRRg, l'..
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| Header |
from | to

space ! space
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Mutator

Header
int x (42)
int y (13)

0“-
*
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L
L 4
L 2
[ ]
l |
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L ]
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L 4
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Shenandoah 2.0

Mutator:
reader

L4
.0
*

v

Forwarding]

S
| dnte )
BTN

int x (42)

int y (13)

from | to
space ! space
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Shenandoah 2.0

Mutator:
reader

‘e
.
‘e
.
Y
o
",
Sy
.....
Taa,
a,
L ]
........
l...
n

Forwarding

D e

int x (42)

int y (13)

from | to
space ! space
MUZ Plat.Form C60opka Mycopa B Java 1 Go | 65



Shenandoah 2.0

Mutator: Mutator:
reader writer

Header
int x (42)

i

int y (13)

from | to
space ! space
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Shenandoah 2.0

Mutator: Mutator:
reader writer int x (42)
int y (13)
vV

Header
int x (42)

| Forwarding }

b

BTN

int y (13)

from | to
space ! space
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Shenandoah 2.0

int x (42)

Mutator: Mutator:
reader writer

int y (13)

é y € 33

Header
int x (42)

Forwardin91

int y (33)

i

i

from | to
space ! space
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Shenandoah 2.0

PermoHaAuM3npoBaHHbIN, KOHKYPEHTHbDbIN,
Konupyrowuu GC

DOKYC Ha latency

OnuuoHaAbHas NoAAEpP)XKa MOKOAEHUU
-XX:ShenandoahGCMode=generational

MHdopMauunsa 06 aBaKyaLuum
yepes mark word

Hy>XHbl 6apbepbl
M Ha dreHne 1 Ha 3allilCb
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Non-Generational ZGC

Remapped Markedl
F1na112eb1e Mapked@
He ucnonb3yeTcq
(16 6uT) ‘I‘I‘ ‘I‘ Appec obbekTa (44 6uTa)
64 buTa

» B 64-X GUTHOM yKa3aTeAe XPaHUTCH «LiBeT»

HUKakKMX CompressedOops

= Dapbepbl TOAbKO HA UTeHue!
s TPIOK C TPOUHDIM virtual mapping
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REGION REGION
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FREE FREE
REGION REGION
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FREE FREE
REGION REGION
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FREE FREE
REGION REGION
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Relocation Set

MUZ Plat.Form

FREE
REGION

FREE
REGION
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MUZ Plat.Form

FREE
REGION

FREE
REGION

Forwarding table

Forwarding table
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MUZ Plat.Form

FREE
REGION

FREE
REGION

Forwarding table

Forwarding table
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MUZ Plat.Form

FREE
REGION

FREE
REGION

Forwarding table

Forwarding table
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MUZ Plat.Form

FREE
REGION

Forwarding table
4 > 4

Forwarding table
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MUZ Plat.Form

FREE
REGION

Forwarding table
4 > 4
55

Forwarding table
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MUZ Plat.Form

FREE
REGION

Forwarding table
4 > 4
55

Forwarding table
8 » 8
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—

FREE | FREE = FREE
REGION 4 ||  REGION REGION
> : 8
Forwarding table Forwarding table
4 » 4 8 » 8
55
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—

FREE | FREE = FREE
REGION 4 ||  REGION REGION
> : 8
Forwarding table Forwarding table
4 » 4 8 » 8
55
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.- mutator loads ref

FREE o FREE
REGION & | | REGION REGION
> : 8
Forwarding table Forwarding table
4 » 4 8 » 8
55
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----- mutator loads ref

FREE FREE FREE
REGION REGION REGION
>

MUZ Plat.Form

Forwarding table
4 > 4
55

Forwarding table
8 » 8
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—

FREE FREE FREE
REGION REGION REGION
» -8 06
Forwarding table Forwarding table
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®

®

Page Global Directory ~ Page Upper Directory  Page Middle Directory

o)

[55, 64)

[46, 55)

Generational ZGC

[37, 46)

Page Table

(28, 37)

MoaAAEepPIXKA MOKOAGHUN

Page Offset
[16, 28): 12 bits

eeeee tional ZGC € Unused
(4, 16): 12 bitS [0, 4)

bapbepbl U HA UTeHUe U Ha 3anucb

M3MeHeHMe cXeMbl packpacku: 12 uBeToB

Hukakmx MyAbTUManNMNUUHroB

«LIBET»

MUZ Plat.Form

OurpaeTca/AobaBAageTca bapbepar
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ZGC Load/Store Barriers

1
2 movqg 0x10(%rax), %rcx

3 testqg %rcx, 0x20(%ris)
4 jnz slow-path

MUZ Plat.Form

movq 0x10(%rax), %rcx
shrq %rcx, $good_remap_bit_index
ja slow-path

testl 0x10(%rax), $store_bad_mask
jnz slow_path

shlq %rcx, $good_remap_bit_index
orq %rcx, $store_good_color
movq %rcx, 0x10(%rax)
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Generational ZGC

MpakKTUYecKn NOAHOCTbIO KOHKYPEeHTHbIn GC
CYOMUAAUCEKYHAHDBIE May3bil

PermoHaAbHbIN, NTOKOA@HUYECKUH
12 UBETOB B 64-X ODUTHOM yKa3aTeAe

LleHa: cHu)xeHue throughput
Oapbepbl HA YTEeHME M Ha 3aMnncChb

HeT noaaAep>XkKu CompressedOops
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Go 1.25: Marking

type T struct{
children *[4]*T
value int

}.
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Go 1.25: Marking

type T structq
children *[4]*T
value int

}.
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Go 1.25: Marking

type T structq
children *[4]*T
value int

/ CKaQHUPOBAaHUU
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Go 1.26: The Green Tea GC

type T structq
children *[4]*T
value int

4 cKaHUPOBaHUS

MU= Plat.Form Cb6opka Mmycopa B Java 1 Go hOO



Go 1.26: The Green Tea GC

Concurrent Mark Sweep

XOAUM He Mo O6beKTaM,
a No CrNnaHy LeAUKOM
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LLIOK! Monyran Hayunncsa roBoputb
"3aBUCUT OT KOHTEKCTa" U ycTpouscs
ctadhdb-nH>XeHepom!

MUE Plat.Form Cbopka mycopa B Java n Go |WO2



Java

2 KonupoBaHue U nepeHocC
06DbeKTOB

2 AelweBad aAAoKauumd

2 Bce GC nopAep>XUBaKoT
NOKOAEHUs

@ BO3MOX>XHOCTb Bbl6Opa

AaAropuTMa
latency vs throughput

MUZ Plat.Form

Go

O6DbeKTbl He
nepemMmeLlaroTcs

XUTPOYMHbBIX aAAOKATOP

FMnoTte3bl O NOKOAEHUAX
He HAXOAAT CBOero MecCrTa

Bbi60p cAeAaH: latency
NMUuLINTE rOPU3SOHTAADBHO
MacluTabupyemblie
NMPUAOXKEHUSA
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Java KaK Bbl6bpaTb KOAAeKTop‘-’
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Cnacmb6o 3a BHUMaHue!
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