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Safe Harbor / Tuxas lNasanb

Everything on this and any subsequent slides may be a lie. Do not
base your decisions on this talk. If you do, ask for professional help.

Bcé uto yrogHo Ha 3ToM cralifie, Kak 1 Ha BCEX CAEAYIOLLNX, MOXET
ObITh BpaHbEM. He nmpuHumaiiTe pelueHnii Ha OCHOBaHWMW 3TOTO
noknaga. Ecnu Bcé-takn pewmTe NpuHATL, TO HalimuUTe
npodeccrnoHanos.
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Ovcknelimepbl (kak 0ObIYHO)

JTOT JOKNaA;:
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HakoHew-To pacckasbiBaeT npo cbopky mycopal

2. PacckasbiBaet npo cbopky mycopa BoobLLe (HaCKOLKO 3TO
nossosisieT Bpemsi), u npo Shenandoah B WacTHocTM

3. PacckasbiBaeT bbicTpo, boapo, becnotasHo

4. Paccka3sbiBaeT Npo NAKOChI 1 MUHYCbI airopuTMoB cbopku
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KpynHo



KpynHo: nangwad

Young GC Old GC

Serial, Parallel:
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KpynHo: nangwad

Young GC Old GC

Serial, Parallel:

Concurrent Mark Conc. Swee
Still a pause ( _ . Does not solve

--------- Init Mark Finish Mark T fragmentatlon i
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KpynHo: nangwad

Young GC Old GC

Serial, Parallel:

Concurrent Mark Conc. Swee
Still a pause ( _ . Does not solve

-------- Init Mark Finish Mark T fragmentatlon (
Smaller, adjustable, _ Concurrent Mark
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-------- Init Mark Finish Mark Ts=-------"put still a pause :(
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KpynHo: nangwad

Young GC Old GC

Serial, Parallel:

urrent Mark c. Swee
Still a pause ( _ . Does not solve

-------- Init Mark Finish Mark T fragmentatlon (
Smaller, adjustable, _ Concurrent Mark
but still a pause :( . — Smaller, adjustable,
-------- Init Mark Finish Mark Ts=-------"put still a pause :(

Shenandoah (in development):

\_(Y)_/” Concurrent Mark Conc. Compact

Init Mark Finish Mark
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KpynHo: ky4a

Shenandoah — pernoHannsoBaHHbI KonnekTop

Moxox Ha G1:

m PasbueHunem Ha peruoHsi

m [Toka 4TO NOAUTNKONA COOPKU: B MepByIO
o4yepesib cobupaeTt pernoHbl ¢ bonbLWNM
KOJINYeCTBOM MyCOpa

He noxox Ha G1:

m OtcytcrBuem genenns Ha young/old cbopkn

® Y4YETOM CCbIJIOK MeXAy pervoHamm
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KpynHo: uukn

Application active
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KpynHo: uukn

Concurrent mark

Application active

Init Mark

Application active

Pause Init Mark 0.419ms
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KpynHo: uukn

Concurrent mark

Application active

Init Mark

Application active .
Final Mark

Pause Init Mark 0.419ms
Concurrent marking 13664M->13808M(16384M) 458.434ms
Pause Final Mark 13808M->8408M(16384M) 0.986ms
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KpynHo: uukn

i

Concurrent mark I Concurrent evacuation

Application active Application active Application active

Init Mark Final Mark

Pause Init Mark 0.419ms

Concurrent marking 13664M->13808M(16384M) 458.434ms
Pause Final Mark 13808M->8408M(16384M) 0.986ms
Concurrent evacuation 8408M->9704M(16384M) 229.654ms
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KpynHo: uukn

i

Concurrent mark I Concurrent evacuation

Application active Application active Application active

Init Mark Final Mark

Pause Init Mark 0.419ms

Concurrent marking 13664M->13808M(16384M) 458.434ms
Pause Final Mark 13808M->8408M(16384M) 0.986ms
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Concurrent Mark



Concurrent Mark: gocTtu>xnmocTb

H700bl HaliT MyCOp, HY>XXHO AyMaTb—Kak-Mycop
y3HaTb, €CTb JI CCbIIKN Ha ODBEKT

Tpw nogxopa:
1. No-op: 3abuTb 1 cynTaTh BCE AOCTVKUMbIM

2. Mark-*: pobexaTbcs no rpady 06beKTOB, HaliTK
AOCTVXKNMOE 1 NOCYNTATb BCE OCTA/IbHOE MYCOPOM

3. Reference counting: Ha ka>xgom 4TeHnn/3anucu cHnTaTh
KOJIMYECTBO CCbIOK Ha 0bbekT, npu refcount=0 cuntaTsb
0bBEKT MYCOPOM
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Concurrent Mark: TpéxyBeTHas abcTpakuus

[pach 0bbeKTOB MOXKHO €ro 0boliTn, Ha3Ha4ast obbekTaM LBeTa:

1. benbiii: ewé He noceLueH
2. Cepblii: NOCELLEH, HO CCbINIKN HE NMPOCKAHUPOBAHbI

3. YEépHbIii: NOCEWEH U CChINKM MPOCKaHVPOBaHbI

Slide 11/71. «Shenandoah GC», Aleksey Shipilév, 2017, D:201704080949194-02’00" “- rednat



Concurrent Mark: TpéxyBeTHas abcTpakuus

[pach 0bbeKTOB MOXKHO €ro 0boliTn, Ha3Ha4ast obbekTaM LBeTa:

1. benbiii: ewé He noceLueH
2. Cepblii: NOCELLEH, HO CCbINIKN HE NMPOCKAHUPOBAHbI

3. YEépHbIii: NOCEWEH U CChINKM MPOCKaHVPOBaHbI

MuHyTKa YHbIHUS: BCSI XKW3Hb aJAropyTMa MapKupoBKM — 3TO
nokpacka benoro B cepoe, a CEpOro B HEPHOE.

GC», Aleksey Shipilév, 2017, D:20170408094919+02'00° ‘ redhat



Concurrent Mark: stop-the-world mark

B0

Korga npuio)eHne oCTaHOBIEHO, BCE TpUBUAIbHO!
HukTo He mellaeTcs nog Horamu.
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Concurrent Mark: stop-the-world mark

O

Hawnwn Bce KopHU, nokpacunym ux B YEPHbI,
T.K. OHW MO ONPEefEeNeHNt0 LOCTVKUMBI
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Concurrent Mark: stop-the-world mark

O

CCbINKN U3 YE€PHBIX Tenepb Cepble, CKaHUPYEM CCbIIKW U3 CEPbIX;
cepble — 370 wavefront obxoga
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Concurrent Mark: stop-the-world mark

e

CkaHnpoBaHMe N3 cepbiX 3aBEpPLUEHO, KPaCUM UX B YEpHbIE,
HOBbIE CCbINKW — Cepble
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Concurrent Mark: stop-the-world mark

e

Cepble — 4YépHbile;
OOCTUXKUMbBIE U3 CEPbIX — CEpble
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Concurrent Mark: stop-the-world mark

e

Cepble — 4YépHbile;
OOCTUXKUMbBIE U3 CEPbIX — CEpble
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Concurrent Mark: stop-the-world mark

e
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Concurrent Mark: stop-the-world mark

e

Cepble — 4YépHbile;
OOCTUXKUMbBIE U3 CEPbIX — CEpble
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Concurrent Mark: stop-the-world mark

e

KoHeL: BCE JOCTUXKINMOE — YEPHOE;
BeCb Mycop — benbiii
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Concurrent Mark: npobnembl c myTaTopom

B concurrent mark Bcé
C/IOXKHEE: TaM eCTb MPUSIOKEHNE,
KOTOpPOE MeHSeT rpad 0OBbEKTOB.

3a 3TO ero npe3puTenstHO
Ha3bIBAtOT MYyTaTOPOM.
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Concurrent Mark: npobnembl c myTaTopom

e

[obpancsa wavefront croga,
W TONIBKO OH Ha4an CKaHMPOBaTb CChIKMN. ..
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Concurrent Mark: npobnembl c myTaTopom

MyTaTop CHEC CCbINKY W3 CEeporo ...
N BCTaBWA €€ B YEpHbIi!
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Concurrent Mark: npobnembl c myTaTopom

Nnu parke korpa-Hmbyab noTOM BCTaBWA CChINKY Ha
TPAH3UTUBHO JOCTUNUMBbINA Denblii 0bbeKT
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Concurrent Mark: npobnembl c myTaTopom

Nnu parke korpa-Hmbyab noTOM BCTaBWA CChINKY Ha
TPAH3UTUBHO JOCTUNUMBbINA Denblii 0bbeKT
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Concurrent Mark: npobnembl c myTaTopom

Mapk 3aBepLUMACS, U ONaHbKK: eCTb AOCTUXKNMBbIE benble
00BEKTbI, KOTOPbIE Mbl Celivac CHecém!
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Concurrent Mark: npobnembl c myTaTopom

Ewié xyxe: nosiBuACs HOBbI ODBEKT 1
CCbIJIKY HA HEro 3anuncanu noj KOHeL, Mapka
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Concurrent Mark: cnocobbi pelueHuns

OkasblBaeTcsl, ecTb fBa cnocoba pelmnTb 3Ty npobaemy:

1. Incremental Update: nepexsatuth 3anucu n obpabotath
BCTaBKu, ODOMAA HOBbIE CChUIKA — MPUHUMAs HOBOE Ha JIETY

2. Snapshot-at-the-Beginning: nepexsatuts 3anucu
0bpaboTaThb ygaseHuns, 3aNOMHUB CTapble CCbIKN —
YyBOPaAUNBasiCb OT AECTPYKTUBHbLIX U3MEHEHWNA

Q redhat
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Concurrent Mark: Incremental Update

O—0—0
o000

Kpacvu\/l BCE HOBbIE CCbINIKWN B cepb||7|
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Concurrent Mark: Incremental Update

O—0—0
@

®—O

Koneu!
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Concurrent Mark: Incremental Update

O—0—0
o000
® O

®—O

BOHyCZ ecnm obbekT co3fann, HO He 3anncanun, ero He Mapkaem

Slide 16/71. «Shenandoah GC», Aleksey Shipilév, 2017, D:201704080949194-02'00" “- redhat



Concurrent Mark: Incremental Update

O—0O—0O
H-o—0—@
O @O

BOHyCZ €C/IN CCbINIKa Ha ObbekT nponana, Hy u na,qu!
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Concurrent Mark: SATB

Kpacum Bce cTapble CCbIIKM B Cepbli

017, D:20170408094919+02'00° ‘ rednat
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Concurrent Mark: SATB

.o st

Kpacnm HOBble 0OBbeKTbI B CEPbIi

D:20170408094919+02'00° ‘ rednat
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Concurrent Mark: SATB

HonenbiBaem...
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Concurrent Mark: SATB

Konew!
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Concurrent Mark: SATB

* l
*
*
*
*
*
*
*
*
new

«Snapshot At The Beginning»:
NOMEeTUNN BCe AOCTUXKIMbIE Ha Havano cbopku
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Concurrent Mark: SATB 6apbep — BepLuku

# npowumaau u3 TLS daaxok

movsbl 0x378(%r15),%r10 # flag = *(TLS + 0z378)

# ecau oH 636edEH, mo npelizaeMm & bapsep

test  %r10,%r10 # if (flag) ...

jne OMG-SATB-ENABLED

# Ky u nuwem e obsekm /12 no opcemy 0r42
mov %hr11,0x42(%r12) # *(obj + 0x42)
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Concurrent Mark: SATB 6apbep — kopeLiku

OMG-SATB-ENABLED:
# npowumasu cmapoe SHAYEHUE
mov 0x2c (%rbp) ,%riod # oldval = *(obj + Oz2c)

# ezasu 2o0sa08Yy mpedaokansrHol ovwepedu. . .
mov 0x388(%r15),%ril # ghead = *(TLS + 0z388)

# Odasnbwe decamok uHcmMpykyul C eakTaKAAUEU

# no O0obasneruw 8 ouepeds, NPo8ePKU NepPenoaHerHus
# yroda e nacmoayul VM slowpath u m.n.
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Concurrent Mark: otcioga aBe nay3sbl

Init Mark:
1. OcTtaHOBWTbL MyTaTOp, Y4TODbI N30eXKaTb rOHOK
2. [lokpacuTb Becb rootset B HEpPHBIi

3. Bseectu SATB/IU-b6apbepbl B roTOBHOCTb

Final Mark:
1. OcTtaHOBWTbL MyTaTOp, Y4TODbI N30eXKaTb rOHOK
2. Cantb octatku n3 SATB/IU-o4epepgeit

3. [openaTb U3 OCTAaTKOB U N3MEHEHUIA B rootset
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Concurrent Mark: otcioga aBe nay3sbl

Init Mark:
1. OcTaHOBNTbL MyTaTOp, 4TODbI N3beXXaTb rOHOK
2. lNokpacnTb Becb rootset B YEPHbIA <— camMoe »KXUpHoe
3. Bseectu SATB/IU-b6apbepbl B roTOBHOCTb

Final Mark:
1. OcTtaHoBWTbL MyTaTOp, 4TODbI N3beXXaTb rOHOK
2. Cantb octatku n3 SATB/IU-o4epepneit

3. [openaTb 13 oCcTaTKOB U U3MeHeHNNi B rootset <— camoe »KnpHoe

Q redhat
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Concurrent Mark: ctonmocTb bapbepoB

Overhead, Y%
SATB
CMP || -2.8
CPS
CRY
DER
MPG
SMK
SER
SFL
XML || -1.4
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Concurrent Mark: nHabntopgerHuns

1. Xopowo caenanHbiit STW GC nobbéT xopolwlo caenaHHblii
concurrent GC no 4ncToit nponyckHow cnocobHocTy

MepeBoa: Ecnu Bam nneBaTb Ha may3bl, HE BblAYMbIBaliTE U
noneayiitece STW GC

2. PazHble GC no-pasHomMy DyayT BAMSATH Ha NPUIOXKEHNE, faXKe
ecnm caMmx CbopoK He MPOUCXOANT.

Mepesopa: Ecnu gc log monunTt o cbopkax, Bbl BCE paBHO
naatuTte 3a bapbepbl
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Concurrent Copy



Concurrent Copy: stop-the-world

3apava:
ecTb ODBEKT, Ha Hero ecTb
CCbIIKM, HAaZ0 ODBEKT
NepemMecTuThb

"Erom" z=3 ! "Tor
space ' space
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Concurrent Copy: stop-the-world

Stop The World, 4Tobsi
HUKTO HE BUAEN, YTO Mbl
noj, KOBPOM Jenaem

"Erom" z=3 ! "Tor
space ' space
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Concurrent Copy: stop-the-world

Paza 1:
Konupyem obbekT BmecTe
C COAEPKNMbIM

:
"From" z=3 REEEEEFEEELE P z=3 Tor
space ' space
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Concurrent Copy: stop-the-world

da3a 2:

[lepenucbiBaem Bce

Forwarding ----...? ..... - CCBINKN® COXpaHﬂeM

Xx=1 = |esssnunununusn » x=1 'Fdetr Ha KOMWUIO
y=2 = |feesssssnaaas > y=2

"From" 7= 3 -------? ----- ’ z=3 Tor

Space : space
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Concurrent Copy: stop-the-world

da3a 2:

[lepenucbiBaem Bce

Formaraing | |eveeienens CCBIIKN: €CIN BUANM
pwra N p— fwdptr, nepenucbiBaem Ha
y=2  feeeessieenn > y=2 HOBbIA agpec

. ST N s
pace | oo
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Concurrent Copy: stop-the-world

Forwarding

"From"

space

“Ton
space
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®aza 2:
[lepenucbiBaem Bce
CCbIIKW: eCIN BUANM
fwdptr, nepenuceiBaem Ha
HOBbIV afpec

Q redhat



Concurrent Copy: stop-the-world

Ha rpaHunue Bcé
CMOKOWHO, OTNYyCKaeMm
MYTaTOpbl Ha BOJIHO.

[oToBO!

"From" o
space ' space
.
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Concurrent Copy: npobsiembl C MyTaToOpoMm

B concurrent
nepemeLleHnmn BCE
CNOXKHee:
eCTb NMPUIOXKEHNE,

&

» AT KOTOPOE YUTAET U NULIET
ol g 0l N B Ky4y KakK He B cebs.

Hem cubicna onucbisame npoucxodalyjee,
noamomy Hanuwy: “Y Hac 8cé xopowo”.. o oo T e

http://vernova-dasha.livejournal.com/77066 .html
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http://vernova-dasha.livejournal.com/77066.html

Concurrent Copy: npobsiembl C MyTaToOpoMm

[Mpn nepemelyeHnn
obbekTa bygyT
CYLLECTBOBATb 4BE
Konum obbekTa, 1

X=1 =  |jessssssununus [ 2 x=1 O6e 3TU KOMWU
y=2 = [fressssssanans » y=2 6yﬂ|y-|— 'DIOCTMN(VIMbll
"From" z=3 = |asssssssmasss ’ z=3 o
space E space
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Concurrent Copy: npobsiembl C MyTaToOpoMm

OpuH noTok
3anucan y =4 B
OAHY KOMuto, a
apyroii x =5 B
apyryto. Kakas
KOMmus BepHa?’

space H space
.
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Concurrent Copy: Brooks pointers

Npes:
aTOMapHOCTb
NepenmncbiBaHns CCbINOK
NOCTUraeTcs yepes

. JOMONHUTENbHOE
V72 nepeHanpasfieHue
"From" z=3 E "To"
space E space
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Concurrent Copy: Brooks pointers

Lilar 1:
CnokoiiHo Konmupyem
ODBEKT, UHWULMANU3NPYEM

1

x=1 -""..E ..... > x=1 ero .[.'detr
y=2 I > y=2

“From” z=3 .......? ..... > z=3 o

space : space
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Concurrent Copy: Brooks pointers

. Tenepb y Hac ecTb KOMUS

0bbekTa, HO MPo Heé

x=1 x=1 HUKTO HE 3HAET
y=2 y=2

"From" z=3 i z=3 "To"

space : space

Q redhat
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Concurrent Copy: Brooks pointers

LLlar 2:
CAS! AtomapHo meHsiem
fwdptr Ha HOBYtO KOMUIO

x=1 x=1

y=2 y=2
"Erom" z=3 z=3 "Tor
space ' space
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Concurrent Copy: Brooks pointers

"From"
space
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“Ton
space

Lllar 3:

CnokoiiHo (He aTomapHo)

NepenmncbIBAaeM CCbINIKA B
B OCTaJIbHOW Ky4e

Q redhat



Concurrent Copy: Brooks pointers

Haxxke ecam KTo-To NpuaéeT
Yepe3 CTapyto CCbIJIKY, OH
BbIHY>XAEeH NpoYnTaTh
fwdptr n y3sHaTb, rge
NEXXAT HOBasi KOMUSI

"Erom" z=3 ! z=3 "Tor

space ' space
H
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Concurrent Copy: Brooks pointers

Lar 4:

Bce ccbinkn nepenucatsi,

=1 x=5 CTapasa KonnAa HeE HY>XHa
y=2 y=4

"From" Z=3 z=3 "To"

space space

Q redhat
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Concurrent Copy: Brooks pointers

"From"
space

Xx=5
y=4
z=3

“Ton
space
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Koneu!
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Write Barriers: motuBauus

"From" z=3 ! z=3 "Ton

space ' space
H

Slide 28/71. «Shenandoah GCx», Aleksey Shipilév, 2017, D:20170408094919+02'00"

To-space invariant:
3anncK JOKHbI
C/ly4aTbCs TOJILKO B
to-space, nHa4de oHKn
NOTEHLMNANBHO TEPSHOTCS

Q redhat



Write Barriers: peanusaumnsa — BepLukun

# npovwumanau u3 mpediokana Paaxokr
movzbl 0x3d8(%r15),%r1ild # flag = *(TLS + 0xz3d8)

# ecau oH 636e€0EH, MO npel2aeM 8 568aKYayul
test  riid,’%riid # 1f (flag) ...
jne OMG-EVAC-ENABLED

# e3anu to-copy
mov -0x8(%rbp) ,%r10 # obg = *(obj - 8)

# Ky u nuwem e to-copy-obsekm }r10 no ogcemy 0xz30
mov %r10,0x30(%r10) # *(obj + 0z30) = r10

Slide 29/71. «Shenandoah GC», Aleksey Shipilév, 2017, D:20170408094919+02°00" ‘ redhat



Write Barriers: peanusaumnsa — KopeLiku

stub Write(val, obj, offset) {
if (evac-in-progress &&
in-collection-set(obj) &&
fwd-ptrs-to-self(obj)) {
// in to-space, nmo copy yet, can’t write
copy = copy(obj);
obj = CAS(fwd-ptr-addr(obj), obj, copy);
} else {
obj = fwd-ptr(obj);
}
*(obj + offset) = val;
}
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Write Barriers: cam GC

stub evacuate(obj) {
if (in-collection-set(obj) &&
fwd-ptrs-to-self(obj)) {
// in to-space, nmo copy yet, can’t write
copy = copy(obj);
CAS(fwd-ptr-addr(obj), obj, copy);
}
}
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Write Barriers: ctonmocTtb bapbepoB

Overhead, Y%

SATB WB
CMP | -2.8 | -0.6
CPS -1.5
CRY
DER -0.9
MPG -6.9
SMK
SER -0.9
SFL
XML || -1.4
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Write Barriers: nHabnogenuns

1. Shenandoah Tpebyer WB Ha Bcex 3anucsx

MepeBop: Teopetnyecku, 310 bonbliaa npobnemal

2. Ha npakTuke, WB cpabaTbiBatoT pefko: TONbKO BO BpeMs
3BaKyalun, Ha PeaKUX 3BaKYyNpyeMbIX ODbeKTax, B MOMEHT
KOTAa OHW ellg He ObiNn nepemMelleHbl

NMepeBopa: Ha npakTuke, BANAIOT Mano Ha BOALLINHCTBO
MPUNOXKEH WA
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Read Barriers: moTtuBauusa

Kaxkgoe 4TeHne ns Kyqu
0bsizaHo (7) npoiitn
yepes yTeHue forwarding
pointer'a, 4TobbI
0bHapYXUTb HOBYHO
KOMWo 0bbekTa.

"From" z=3 ! z=3 "Ton

space ' space
.
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Read Barriers: peannsaumsa n ctommocTtb

# read barrier
mov -0x8(%r10),%r10 # obyg

*(obj - 8)

# a eom u uwmeHue
mov 0x30(%r10),%r10d  # wal = *(obj + 0z30)

Q redhat
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Read Barriers: peannsaumsa n ctommocTtb

# read barrier

mov -0x8(%r10) ,%r10

# a eom u uwmeHue

mov 0x30(%r10),%r10d

# obj = *(obj - 8)

# val = *(obj + 0z30)

Benchmark Score Units
base +3 RBs
time | 4.6 +o.1| 5.3 +o.1|ns/op
Ll-dcache-loads | 12.3 +o02|15.1 +os | #/0p
cycles | 18.7 +o03[21.6 <+os|#/0p
instructions | 26.6 +o.2|30.3 +os | #/0p

Slide 35/71. «Shenandoah GCx», Aleksey Shipilév, 2017, D:20170408094919+02°00"
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Read Barriers: ctoumoctb bapbepoB

Overhead, Y%

SATB| WB| RB
CMP || -2.8|-0.6] -10.5
CPS -1.5|-15.0
CRY
DER -0.9| -8.6
MPG -6.9 | -13.6
SMK
SER -0.9] -8.9
SFL -13.2
XML || -1.4 -16.6
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Read Barriers: Habnogenuns

1. RB B npuHumne gewépble, HO X O4E€Hb MHOIO

MNepeBopg: ytsxenate RB ganblie Henbss

2. HaknagHble pacxoabl CUABHO 3aBUCAT OT BO3MOXKHOCTEN
ONTMMM3aTOpa MO yAANEHWNIO 1 Noknelike bapbepos

MepeBopa: pabora Hag GC nogpasymesaeT paboty Hapg
ONTUMUSUPYIOLLM KOMMUASTOPOM

Q redhat
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Read Barriers: JMM cnewnT Ha nomolub

MoxxHo 4nTaTh U3 from-copy, To ecTb He aenaTb RB, noka:
1. He sctpetum lock, volatile read/write, memory barrier
2. He BCcTpeTuM Henpo3payHblii BbI3OB
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Read Barriers: JMM cnewnT Ha nomolub

MoxxHo 4nTaTh U3 from-copy, To ecTb He aenaTb RB, noka:
1. He sctpetum lock, volatile read/write, memory barrier
2. He BCcTpeTuM Henpo3payHblii BbI3OB

Mo ymon4aHnto MOXHO:
1. He nepegenbieate RB nocne safepoint-a
2. Ctupatb RB npun yteHun final-os

Slide 38/71. «Shenandoah GCx», Aleksey Shipilév, 2017, D:20170408094919+02'00"
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Read Barriers: npumep c final

Ha nonHom cepbése: final HakoHeU-TO yly4llaeT
NPON3BOANTENBHOCTb!

Benchmark Score Units
plain final

time | 2.7 +o.1| 2.6 <+o.1 |ns/op
Li-dcache-loads | 13.2 +o0.1|11.2 +o0. | #/0p
instructions | 29.6 +o6|28.5 +os|#/0p

Slide 30/71. «Shenandoah GC», Aleksey Shipilév, 2017, D:201704080949194-02’00" “- rednat



ACMP: He3apaua

"From"
space

Fwd Ptr

al

Fwd Ptr

x=1
y=2
z=3

a2

“Ton
space

Slide 40/71. «Shenandoah GCx», Aleksey Shipilév, 2017, D:20170408094919+02'00"

JMM Ham paspewsaer
4ynTaTh U3 from-copy!
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ACMP: He3apaua

Ho 4To ecnn mbl

| cpasinsacy cau

al | a2 from-copy u to-copy?
x=1 : x=1
(al == a2) — 777
y=2 y=2
"From" z=3 E z=3 "To"
space E space
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ACMP: He3apaua

Ho 4To ecnmn mbl
CpaBHWBaeM camu

? from-copy u to-copy?

al | a2 (al == a2) — 777
x=1 i x=1
y-2 : y-2 Ho matuvHHbIe YyKa3aTeNn
From® 2=3 § 23 e He paBHbl!l Vnc...
Space E space
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ACMP: b6apbep

Haxxe ecnn y Hac ABe uamyeckme KONunm OAHOTO JIOrM4YECKOro
obbekTa, TO «==» [OJKHO CPaBHUBATb JIOrUYECKMU

# cpasHuM ykasameau; e€cCalu Yrke DasHbl, 00 C8UOAHUA
cmp hrex, hrdx # if (al == a2)
je EQUALS

# mowem boime false megative; cpasHhuM to-copy
mov -0x8(Y%rex) ,hrcx # al = *(al - 8)
mov -0x8 (%rdx) ,%rdx # a2 = *(a2 - 8)

# cpaeHusaeM OnAms:
cmp hrex, hrdx # if (al == a2)
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ACMP: ctonmocTtb bapbepoB

Overhead, Y%

SATB| WB| RB|ACMP
CMP || -2.8|-0.6]-10.5 | -5.0
CPS -1.5|-15.0
CRY -1.7
DER -0.9| -8.6
MPG -6.9 | -13.6
SMK
SER -0.9] -8.9
SFL -13.2
XML || -1.4 -16.6 | -1.0
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ACMP: nabntogeHus

1. lMonHble cpaBHEHMSA «==» [OCTATOYHO pPeaKu

MNepeBop: acmp-bapbepbl 0CODEHHO HE TOPMO3SAT LWTATHbLIE
NCMONb30BaAHMS

2. Cneu,maanble B Abl Cpé]BHGHI/IVI Xopowo onTuMN3npyroTCcA

MepeBoa: a == null He Tpebyet bapbepos;
npeailecTsytoline read-barriers knesitca ¢ acmp, v T.A4.
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ACMP: ectb noxoxxmne npobiembl?

Ectb v ewé kakue-Hnbyas onepauuu,
KOTOPbIE HACTyNatoT Ha Te e rpabau:
JIOMAtOTCS, KOTa eCTh fBe pn3smyeckne konuu obbekTa?
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CAS: T1a e npobsnema

boolean compareAndSet(Object expected, Object value) ;

Ewg xy>ke, 4emM acmp: cpaBHWBaeT CO 3HayYeHVeM B namsiTu!

Ha failure-nyTu:

1.
2.
3.
4

Slide 45/71.

MoxxeT Mbl cpaBHuBaeM to-ptr B mamsitu ¢ from-ptr
MoxeT B namsitn from-ptr, a Mbl 1IoMuUMCs € to-ptr
MoxeT B namsitu from-ptr, a notom Tyaa nér to-ptr

MoxeT B namsitu to-ptr, a notom Tyga nér from-ptr

«Shenandoah GC», Aleksey Shipilév, 2017, D:20170408094919+-02'00"
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CAS: ctonmocTb bapbepoB

Overhead, Y%

SATB| WB| RB|ACMP| CAS
CMP || -2.8|-0.6]-10.5 | -5.0
CPS -1.5|-15.0
CRY -1.7
DER -0.9| -8.6
MPG -6.9 | -13.6
SMK -0.2
SER -0.9] -8.9
SFL -13.2
XML || -1.4 -16.6 | -1.0| -0.5
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CAS: HabnogeHuns

1. B bonbimnHcTee anropntmos oTka3 B CAS gocTaTouyHO pefok

MepeBop: ecnn y Bac otkazan CAS, To ckopee Bcero y Bac
kKyga 60nbliune npobneMbl C NPOU3BOAUTENBHOCTBIO, YeM bapbep

2. bonbwas yactb CAS-bapbepa — MHOrOKpaTHast nepecTpaxoBka
OT YNbTPa-pesKux cobbITunii

ﬂepeBo,q: OHa BblHeceHa U3 KPUTWUYHECKOIro nyTn n B HOpMeE HeE
BJINAET
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B uenom



B uesnom: HabnopgeHunsa

1. Bapbepbl CTOAT, 1 CTOAT MHOrO.

Mepesopa: Concurrent GC bygeT ctonth garke bes cbopok

2. Yem bonbuie GC genaet 6e3 nays, Tem bosblie oBepxes

MepeBopa: [Maysbl vs nponyckHast cnocobHOCTb, NpuBeT

3. PasmbiwneHns ob oBepxefax B OTPbIBE OT BbINIPLILLEHA, KOTOPbIE
OHW AAOT, TEXHUYECKN UHTEPECHbI, HO YMYCKatOT rNaBHOe

lNepeBopn: Bapbepbl XXpyT LUKl He NPOCTO Tak
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Partial



Partial: cpasHuBas c ParallelOld

G1 Shenandoah

default ‘max—mark ‘max—copy
CMP | -15%, -20% -73% -76%
CPS 0% -18Y% -66% -80%
CRY | 0% 0% -57% -64%
DER | -7% -18% -66% -76%
MPG | -1% -19% -64% ~74%
SMK | -2% -4%, -55% -67%
SER | -5% -20% -68% -72%
SFL | -6% -17% -64Y -647
XML | -12% -27% -75% -75%

Slide 51/71. «Shenandoah GCx», Aleksey Shipilé
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Partial: cpasHuBas c ParallelOld

G1 Shenandoah

default ‘max—mark ‘max—copy
CMP | -15%, -20% -73% -76%
CPS 0% -18Y% -66% -80%
CRY | 0% 0% -57% -64%
DER | -7% -18% -66% -76%
MPG | -1% -19% -64% ~74%
SMK | -2% -4%, -55% -67%
SER | -5% -20% -68% -72%
SFL | -6% -17% -64Y -647
XML | -12% -27% -75% -75%
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Partial: cpasHuBas c ParallelOld

G1 Shenandoah

default ‘max—mark ‘max—copy
CMP | -15%, -20% -73% -76%
CPS 0% -18Y% -66% -80%
CRY | 0% 0% -57% -64%
DER | -7% -18% -66% -76%
MPG | -1% -19% -64% ~74%
SMK | -2% -4%, -55% -67%
SER | -5% -20% -68% -72%
SFL | -6% -17% -64Y -647
XML | -12% -27% -75% -75%
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Partial: cpasHuBas c ParallelOld

G1 Shenandoah

default ‘max—mark ‘max—copy
CMP | -15%, -20% -73% -76%
CPS 0% -18Y% -66% -80%
CRY | 0% 0% -57% -64%
DER | -7% -18% -66% -76%
MPG | -1% -19% -64% ~74%
SMK | -2% -4%, -55% -67%
SER | -5% -20% -68% -72%
SFL | -6% -17% -64Y% -647
XML | -12% -27% -75% -75%
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Partial: cpasHuBas c ParallelOld

G1 Shenandoah

default ‘max—mark ‘max—copy
CMP | -15%, -20% -73% -76%
CPS 0% -18Y% -66% -80%
CRY | 0% 0% -57% -649%
DER | -7% -18% -66% -76%
MPG | -1% -19% -64% -74%
SMK | -2% -4%, -55% -67%
SER | -5% -20% -68% -72%
SFL | -6% -17% -64Y -647
XML | -12% -27% -75% -75%

Slide 51/71. «Shenandoah GCx», Aleksey Shipilé

v, 2017, D:20170408094919+4-02°00"
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Partial: gpeneHune kyuwn

[Tpobaema: cobmpaTb BCHO Kydy 4OPOro.
Hna STW GC «poporoy» = «bonblumne nayssi»

N pes:
1. Pasgenum Ky4y no KakoMy-Hubyab Npu3HaKy:
BO3pacCT, pa3mep, KNACC, KOHTEKCT, NMOTOK

2. bynem cobnpaTb noaky4n oTaesbHO
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Partial: runoTtesbl o nokoneHnsax

Occupancy
N

Cnabas runoresa:
BONBLWNHCTBO 0O BHEKTOB
YMUPatOT MOJIOALIMY

Weak

» Age
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Partial: Serial/Parallel/CMS

CardTable [ [ [ [ [ [P T T T T TP PT]1]]
old
Serial /Parallel ato
SKCMNYaTUPYIOT AeNeHNeEM
voung KY4U Ha MOKOJIEHUS]
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Partial: Serial/Parallel/CMS

CardTable (T T T T T T T TTTTTT ]
old ] Young MOXXHO cobpaTb
OTAENIbHO, €C/IN Mbl 3HaeM
BCE BXOLALLMNE CCbIIKN U3
Young < Old — pns 3Toro ectb
Card Table
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Partial: Serial/Parallel/CMS

CardTable [T T T T TTTTTT T 11 ]

old .
1 Bo Bpems Young
cobupaem ero UeanKoMm u
Young < «rpsizHbley vactu Old
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Partial;: G1

CardTable | [ [ [ [ [T TP TTPTT0T]

G1 penaet 3To CnoXKHee: y
Hero ectb kak Card Table,
Regions Tak 1 Remembered Sets

RSets | [ | [ 1 [ 1 [ 1
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Partial;: G1

CardTable (T T T T T T T T T T T T Il

[Mpun 3anucu nomevaem
Card Table, Ho aToro He
Regions XBaTaeT, 4Tobbl cobpaTb
TOJIbKO OAWH PeruoH

RSets | | | [ 1 [ 1 [ 1

*

.
.
. .
. .
. o

.".. st
"Sapapuuns®
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Partial;: G1

CardTable (T T T T T TTTTTTITTI]
R Mo Card Table G1
RSets . n n n ACUHXPOHHO CTPOUT
Remembered Sets: cnncok
FPSA3HBIX KYCKOB 415
. KaXk[oro peruoHa

Regions

*

.
.
- .
g .
. .*

"... .s®
"Tsapuunust®
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Partial;: G1

CardTable (T T T T T T T T T T T T Il

RSets

Regions

Slide 55/71. «Shenandoah GCx», Aleksey Shipilév, 2017, D:20170408094919+02'00"

smsmsmssEEEEEEREsEEEESE
.
we®

---II“'

s

g

.

]
Caa, as®
" "smammnnst

.
o
.

Tenepb MoXXHO cobpaTb
oanH pernox: RSet Ham
MOKAa3bIBAET, 4YTO €LlE
CKaHUPOBaTb

Q redhat



Partial;: G1

Card Table D:.:l

—— 4

smsmsmssEEEEEEREsEEEESE
.
we®

RSets _| —I

Regions

' ’

.

* .
‘ .
. o

~
.... -“
"Tsapuunust®
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lNpakTnka nokasana,
4yto RSet-bI orpomHsbie, 1
noatomy G1 ctan
generational: 4acTb
PErMOHOB CHUTAETCH
MOOLbIMU
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Partial;: G1

Card Table D:'.j NHTepecHble BUNbI:
“‘..---l----------------.----II‘ Tenepb young_perMOHb|
RSets u H MOXHO CObpaThb TONBLKO
LIeJINKOM, HeNb3s cobpaTh
Regions |
OAUH young-perunoH!
v Ccbiku-To Mexkay young
He 3amnmuncaHbl...
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Partial: Shenandoah

Matrixl | | |

Regions
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Naes: nodyemy 6bi He
caenatb bosee rpybbisi
card table, HO ons
KaXK[oro permoHa’?
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Partial: Shenandoah

Matrix
I [ 1

Regions
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Torpa Mbl MOXeMm
noaaep»XKaTb MaTpuLy
CBSI3HOCTU PETVOHOB, 1

TOYHO 3HaTb KaKue
rpynmnbl permoHoOB Mbl

MOXKEM CobupaThb
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Partial: Shenandoah

Matrix
I [ 1

[ 11 Cobupaem nepsbiii
PErvoH, n maTpuua
FOBOPWUT, YTO HAZo eLe
MPOCMOTPETb YETBEPTHINA.

KoHeL.

Regions

ay .
Ll -
RRLLTT T L e
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Partial: nabnrogeHuns

1. STW GC o4yeHb BaxxKHO He cobupaTb BCLO Ky4y

MNepeBop: bynyt nokonexusa, LOH, n T.1.

2. lNaysam B concurrent GC BCé paBHO, cobupaem BCO Ky4y Uy
TOAbKO 4YacTb. [IponyckHasi cnocobrocTs concurrent GC
CTAHOBUTCS NlyyLle C 4aCTUYHbIMU cbopKamu.

MepeBopa: HactuyHbie cbopkn B NpuHLMNE HE HYXKHbI, HO
yAy4lLatoT He3aMeTHOCTb KOJIIEKTOPa.
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XXX



XXX: rmnore3bl O NOKOJIEHNAX

Occupancy
N

Weak

» Age
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XXX: rmnore3bl O NOKOJIEHNAX

Occupancy
N

CunbHasa runortesa:
YyeM cTaplle 0DbekT, Tem
AONblLLUE OH MPOXXMNBET.

» Age
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XXX: rmnore3bl O NOKOJIEHNAX

Occupancy
N

CunbHasa runortesa:
YyeM cTaplle 0DbekT, Tem
AONblLLUE OH MPOXXMNBET.

Weak

» Age
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XXX: rmnore3bl O NOKOJIEHNAX

Occupancy
N

Weak

CunbHasa runortesa:
YyeM cTaplle 0DbekT, Tem
AONblLLUE OH MPOXXMNBET.

Vnc, nosefeHmne Kelei ¢
nonuTtukoin Least Recently
Used eit npsimo
NPOTUBOPEYHUT.

» Age
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LRU



LRU: ragknin Bopknoag

YynosuuiHo HeynobHas Harpyska ans npoctsix generational GC
(ecnn cnepytot cnaboii runoTese o NMOKONEHUSIX, N BEPSIT B CUJILHYIO)

A

Slide 61/71.

[pukunabiBaeTcs young-gc Harpy3skoi, 0CObeHHO Ha YTEHUAX
Mo mepe 3anonHeHus kewa pactér Live Data Set (LDS)
LDS obbiyHo n3mepsieTcs gecsitkamiy rurabaiit — 370 »K K3LWw
Kak Kaw HabyxHeT, Ha4MHAEeT OTMNYCKaTh CTapble OOBEKTHI

Kak npaBuno, yganeHne ctapbix 0ObekTOB pparMeHTUpyeT Kydy

«Shenandoah GC», Aleksey Shipilév, 2017, D:201704080949194-02’00" “- rednat



LRU: cambin npoctoin LRU

Camas npocrtast peanmsauusa LRU 8 JDK?
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LRU: cambin npoctoin LRU

Camas npocrtast peanmsauusa LRU 8 JDK?

cache = new LinkedHashMap<>(size*4/3, 0.75f, true) {
@0verride
protected boolean removeEldestEntry(Map.Entry<> eldest) {
return size() > size;

}
};
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LRU: TecT

Cky4Has KoHUrypauus:

1. Shenandoah JDK 9 (latest)
8 notokos Ha 17-4790K
CpesHeHbkas kyya: -Xmx8g -Xms8g
90% hit rate, 90% utenuii, 10% 3anuceii
Size (LDS) = 0..100% o1 -Xmx

A

Metss pasmep kewa, mersiem LDS =
ctaBuM GC B HeynobHble NONOXKEHUS]
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LRU: Pauses vs. LDS

G1 ParallelOld CMS Shenandoah
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LRU: Pauses vs. LDS

10"
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LRU: Pauses vs. LDS

ParallelOld CMS Shenandoah
10'- ‘i.l.l
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LRU: Pauses vs. LDS

ParallelOld CMS Shenandoah
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LRU: Pauses vs. LDS

ParallelOld Shenandoah
10| o4
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LRU: Perf vs. LDS

GC Pause Time, % Operation Time, ns/op

10 10
80
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10°

2 /
0
0 20 40 60 80 100 0 20 40 60 80 100
LDS, % LDS, %
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BbiBoabl



BbiBoabl: oaqHO KapTUHKOW

VHusepcanbHoro GC He cyulecTyerT:
nMbo HM3KMe nay3bl, MO0 HN3KME HaKIAZHblE Pacxogbl
(, nbo fukme pacxogbl MO NamsTn)

| Shenandoah | | Parallel, Serial |
| G1, CMS |
Pause times
>
1 ms 10 ms 100 ms 1ls 10s
< Runtime overheads
30% 20% 10% 5% 0%

Bblbupaiite nog Harpysky!
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BbiBoabl: ogHOI CcTpoOKoOii

1. 3HaHme TOro, Kak paboTaloT KOIEKTOPbI, MO3BOJISIET BLIOPATH
HY>XHbIA KONIIEKTOP MOA Harpysky

2. Concurrent Mark — B uenom pewérHast npobnema, n n3basaser
OT cyuiecTBeHHol YacTu nays. G1 n CMS yxxe roToBbl B 3TOM
NOMOYb.

3. Concurrent Copy/Compact — npobaema, koTopasi fomxHa bbITb
pelieHa ans ewé bonee HU3KUX nays. B sTom MecTe nosiBnsieTcs

Shenandoah.
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BbiBoabl: roe B3sTb

https://wiki.openjdk. java.net/display/shenandoah/

Heckonbko cnocobos:

1. Honrunii: poxgaTtbest Bkatoderus B upstream OpenJDK:
roe-Tto B paiioHe Java 10

2. CpegHuii: poxpaTecst BKNtoHeHns /obHosnenuii B Iced Tea:
T.e. RHEL, Fedora, Debian, Gentoo; 8 Tom uncne 8u, 9

3. KopoTkuii: B3saTb buHapHble Bragbl AN NOCTPOUTL CaMUM:
cTponTcs n 3anyckaeTcs kak obbiurbii OpenJDK
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LLinza: >xnpnaa JVM

-Xmx4T -Xms4T, 1T »uBbIx AaHHbIX

Shenandoah:

Pause Init Mark 28.901ms

Concurrent marking 1942G->2069120M(4194G) 3844.822ms
Pause Final Mark 2069G->1639G(4194G) 136.814ms
Concurrent evacuation 1639G->1837G(4194G) 6961.820ms
Concurrent reset bitmaps 973.670ms
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LLinza: >xnpnaa JVM

-Xmx4T -Xms4T, 1T »uBbIx AaHHbIX

Shenandoah:

Pause Init Mark 28.901ms

Concurrent marking 1942G->2069120M(4194G) 3844.822ms
Pause Final Mark 2069G->1639G(4194G) 136.814ms
Concurrent evacuation 1639G->1837G(4194G) 6961.820ms
Concurrent reset bitmaps 973.670ms

G1:
Pause Young (Gl Evac Pause) 2813G->2790G(4194G) 26890.949ms
Pause Mixed (G1 Evac Pause) 2974G->2697G(4194G) 31789.592ms
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