[MporpeBasa JVM

CRaC v Apyrue dookKychbl
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AaBauTe
3HAKOMUTCH

MeHda 30BYT
AANeKCcaHAP AaHLOB

= 3aHuMalocb pa3paboTkon B PUHTexe 60Aee BOCbMU AeT

= B Mup Plat.Form paspab6aTbiBalo pacyeTHble CUCTEMbI,
MCNOAb3YyeMble B MAATEeXXHON cucteme «Mup»
M MOBbILLAK UX MPOU3BOAUTEABHOCTb

= PaHee 3aHMMaAcCH pa3paboTKoOMN aAroTpemAUHIroBbIX
NMPUAOXEHUN AASl KPYMHbIX YYAaCTHUKOB PbIHKA

= WHTepecylocb paspaboTkon Ha JVM-nAaaTtdopme,
low-latency, MHOronoTOUYHOCTbIO
N SKOHOMUYECKMMU MOAECASMU
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Kputepumn ouneHMBaHUSA
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Kputepumn ouneHMBaHUSA

BpeMsa Ha 06paboTKy OAHOro 3anpoca (MeHbLlue - Ayylle)

BpeMs pa6oTbl NPUAOKEHUSA

Joker<?> | ™u=plat.Form | AXIOMJDK



Kputepumn ouneHMBaHUSA

BpeMsa Ha 06paboTKy OAHOro 3anpoca (MeHbLlue - Ayylle)

BpeMs pa6oTbl NPUAOKEHUSA

Joker<?> | ™u=plat.Form | AXIOMJDK



Kputepumn ouneHMBaHUSA

BpeMsa Ha 06paboTKy OAHOro 3anpoca (MeHbLlue - Ayylle)

BpeMs pa6oTbl NPUAOKEHUSA

Joker<?> | ™u=plat.Form | AXIOMJDK
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Kputepumn ouneHMBaHUSA
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Kputepumn ouneHMBaHUSA

time-to-performance [ms] ‘
= BpeMFI BbiXOAQ Ha MMKOBYIO MNPOU3BOAUTEADHOCTD

= XOTWM, YTOObI ObIAO MOMEHbLLEe

peak-throughput-performance [wiTyk/ms]

= CKOAbKO 3amnpocoOB B e AMHULYY BpeMeHU o6pabaTbiBaeM NOCAE NPOrpeBa

= XOTUM, YTOObI ObIAO NOBOAbDbLLE
complexity
" HacKOAbKO CAOXXHO MPUMEHUTD K CYLLIeCTBYIOLLLEMY KOAY
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Koraa nporpeB Ba)XeH?

function-as-service
= [IAQTUM AeHbru 3a BpemMs paboThbl

MaclLUTabUupoBaHME B 3aBUCUMOCTU OT Harpys3Ku

" HoBble 3K3eMNASPbl AOAXKHbI PA6OTaTb TaK XXe ObICTPO, KaK CTapble

CLI-MHCTpYMeHTDI

= CueHapMﬁ UCNMOAb30OBaHUA CKOpee BCero OoAMH U TOT-XKe
AATOTPEUANHT

= ToproBaTb HY)>XHO cpa3y Ha MAKCMMAAbHOW CKOPOCTH
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Koraa nporpeB Ba)XeH?
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[ToAXOADbI

- MepenucaTtb Ha C++/Rust/etc
- AOT-KoMnuAauus

- WNcnoab3oBaHue daaros JVM
- Py4yHOM nporpes

- 9k3oTuvyeckue JVM: Azul Prime Platform u
Alibaba Dragonwell

-  Coordinated Restore at Checkpoint (CRaC)
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[ToAXOADbI

NepenucaTtb Ha C++/Rust/etc
AOT-koMnuAauua
NcnoAb3oBaHue dAaaros JVM
PyuyHoM nporpes

dk3oTnuyeckue JVM: Azul Prime Platform u
Alibaba Dragonwell

Coordinated Restore at Checkpoint (CRaC)

He paccMaTpuBaemMm:
Class-Data-Sharing (CDS)

Shared-Class-Cache (Eclipse OpenJ9)
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[ToAXOADbI

= | MepenucaTb Ha C++/Rust/etc
= | AOT-KOMNUMAALUS

- WUcnoabsoBaHue daaros JVM
- Py4yHOM nporpes

- 9k3oTuvyeckue JVM: Azul Prime Platform u
Alibaba Dragonwell

-  Coordinated Restore at Checkpoint (CRaC)

He baccMaTbuuBaeM
= | Class-Data-Sharing (CDS)

= | Shared-Class-Cache (Eclipse OpenJ9)
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McnoAb3oBaHue daaros JVM

time-to-performance - ?
peak-throughput-performance - ?

complexity = KaXeTtcs, BCe NpocCcTo

%

? >
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MCHOAb3OBaHMe ¢AarOB WAVA

BbeHUYMapPK

«Renaissance is a modern, open, and dlversmed benchmark suite for the JVM, aimed
at testing JIT compilers, garbage collectors, profilers, analyzers and other tools.»
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o e ~. JavaKMeans - ‘
W

Mporpesas JVM | 16


https://renaissance.dev/

JavaKMeans,
CTaHAAQPTHbIE
HacTpouku JVM

BpeMsa peLwueHuUs, Uus

KoAnyecTBO UTEpaLum
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REVELGCER
CTaHAAQPTHbIE
HacTpouku JVM

BpeMsa peLwueHuUs, Uus

KoAnyecTBO UTEpaLum
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REVELGCER
CTaHAAQPTHbIE
HacTpouku JVM

BpeMsa peLwueHuUs, Uus

time-to-performance:

peak-performance:

KoAuyecTBO UTepauum
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A nouyemy 6bl
NMPOCTO He BbICTAaBUTD...

3aMbICEeA: KOMIMUAMPYEM CPa3y B MAaLLUMHHbIN KOA

He paboTaeT ewé co BpeMeH Java 8
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MHTepnpeTaTop

C 1 6e3 npodbuAnpoBaHus

C 1 c npoduAnpoBaHuem

C 1 ¢ noAHbIM NpodUuAupoBaHUEM

C2

? »
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A nouyemy 6bl
NMPOCTO He BbICTAaBUTD...

KOMMUANPYEM B C2 KaK TOAbKO MOXXEM
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C2
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JavaKMeans,
C2 asap

BpeMsa peLwueHuUs, Uus

time-to-performance:
~0 utepaumm

peak-performance:
125 us/uTepauusa

nepBasd nTepauus:
140 MUAAUCEKYHA

KoAuyecTBO UTepauum
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JavaKMeans,
C2 asap

time-to-performance:
~0 utepaumm

BpeMsa peLwueHuUs, Uus

peak-performance:
125 us/uTepauusa

nepBasd nTepauus:
140 MUAAUCEKYHA

KoAuyecTBO UTepauum
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A nouyemy 6bl
MPOCTO He BbICTABUTD...

-XX:+TieredCompilation
-XX:TieredStopAtLevel=1

" KoMnmAnpyem ToAnbko B C1

= Optimizing AWS Lambda function performance for Java
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https://aws.amazon.com/ru/blogs/compute/optimizing-aws-lambda-function-performance-for-java/

UHTepnpeTaTop

C 1 6e3 npodbuAnpoBaHus

Joker<?> | Mu=plat.Form | AXIOMJDK Mporpesasi JVM | 29



JavaKMeans,
C1only

BpeMsa peLwueHuUs, Uus

KoAnyecTBO UTEpaLum
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JavaKMeans,
C1only

BpeMsa peLwueHuUs, Uus

time-to-performance:
500 untepauuu

peak-performance:
80 us/uTepauusa

KoAuyecTBO UTepauum
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JavaKMeans,
C1only

BpeMsa peLwueHuUs, Uus

time-to-performance:
500 untepauuu

_ : v s, . . . peak-performance:
N T T T 80 us/uTepauus

KoAuyecTBO UTepauum
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JavaKMeans,
C1only

BpeMsa peLwueHuUs, Uus

time-to-performance:
500 untepauuu

peak-performance:
80 us/utepauusa

KoAuyecTBO UTepauum
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BpeMsa peLwueHuUs, Uus

KoAuyecTBO UTepauum
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JavaKMeans

time-to-performance

C2 asap: ~O utepauum

C1 only: 500 urtepauumn
Baseline: 2000 urepauun

peak-performance

C2 asap: 125 us/utepauus
C1 only: 80 us/utepauus
Baseline: 44 us/urepauuna
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BpeMsa peLwueHuUs, Uus

KoAuyecTBO UTepauum
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JavaKMeans

time-to-performance

C2 asap: ~O utepauum

C1 only: 500 urtepauumn
Baseline: 2000 urepauun

peak-performance

C2 asap: 125 us/utepauus
C1 only: 80 us/utepauus
Baseline: 44 us/urepauuna
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A noyemy 6bl
NPOCTO He BbICTaBUTD...

» XX:CompileThreshold=1
PaboTaAno BO BpeMeHa AMHO3aBpoB (A0 Java 8)

= XX:-TieredCompilation -Xbatch -Xcomp
KoMmnnagauuma B C2 ASAP

= XX:+TieredCompilation -XX:TieredStopAtLevel=1
OcTaHoBUTLCA Ha C1
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MpocCcTO BbICTAaBUTb dDAArMU
HE BAPMUAHT
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V/
Ny
Q%»

CUHT. Harpyska

i

260%° Algotrading Application

)
T

A
bupXxa
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[lporpes

JAVA

TradingEngine.java

void sendOrderToExchange(Order order) {
if (MySystem.isWarmUp()) {
ignore(order);
} else {

sendRealOrder(order);

}

}

? »
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[lporpes

JAVA

TradingEngine.java

if (MySystem.isWarmUp()) {
ignore(order); +—100%

CAyJYaeB BO
BpeMs nporpesa
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[MporpesB

JAVA

TradingEngine.java

sendRealOrder(order);
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[lporpes

JAVA

TradingEngine.java

uncommonTrap(); «—— OTKaT

B MUHTepnpeTaTop
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Alibaba
/Ay, Dragonwell

azul

ReadyNow

JWarmup
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Harpyska Class

0
X
m
>

Server —

Pre-prod

Cop

K/\ac

NMpoduab

MporpeBasa JVM | 45

Joker<?> | ™u=plat.Form | AXIOMJDK



Harpyska

3anpochl
NMoAb30OBaTeAEN

Harpyska Class

0
X
m
>

Server —

Pre-prod

Cop

=a Server

Production
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NMpoduUuAb g
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Checkpoint/Restore

NMpoeKT Linux:

3aMoOpoO3UTb 3anyLeHHOoe NPUAOXEeHne

Co3AaTb MOMEHTAAbHbIM CHUMOK COCTOSIHUA NPUAOXKEHUU (B BUAE Habopa danuaoB)

NMo3>Xe NcnoAb30oBaTb 3TU dalAbl AAS Nepesanycka NPUAOXKEHUSA C TOro XXe MecTa
[MOTEeHUMAABHO, Ha APYION/APYIMX dU3NYECKUX MaLLMHAX

CPU

P y
crie TP S — danA o6pas3a

NMNamMaTtb

? »
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CRaC

Co-ordinated Restore at Checkpoint

Y npuAoXeHUs AOAXKHA 6biTb BO3SMOXXHOCTb pearMpoBaTb
Ha NpoueAVpY coxpaHeHUusa obpasa v 3arpys3ky m3 obpasa

HoTtundukauma
06 Ha4dane
COXpaHeHunsa B obpas
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CRaC

Co-ordinated Restore at Checkpoint

Y npuAoXeHUs AOAXKHA 6biTb BO3SMOXXHOCTb pearMpoBaTb
Ha NpoueAVpY coxpaHeHUusa obpasa v 3arpys3ky m3 obpasa

HoTndmkaymsa HoTndmkaumnsa
06 Ha4dane 06 3aBepLUEeHUN
3arpyskm n3 obpasa

COXpaHeHunsa B obpas
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CRaC .

CHMMaeM CHanuwoT ¢ y)Xe nporpetou JVM

BoccTaHaBAMBaeMCS C NOAHDbIM
COCTOSAHUEM, MOAHOCTDbIO 3arpy>XeHHbIMM
KAaccaMy, JIT-CKOMNMUANPOBAHHbIM KOAOM

? »
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class MyServer implements Resource {
Server server;
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@Override
public void beforeCheckpoint(Context<? extends Resource> context) throws Exception {
server.stop();

}
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@Override
public void afterRestore(Context<? extends Resource> context) throws Exception {
server.start();

}

Joker<?> | ™u=plat.Form | AXIOMJDK
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public MyServer(int port, Handler handler) throws Exception {
Core.getGlobalContext().register(this);
}
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class MyServer implements Resource {
Server server;

@Override
public void beforeCheckpoint(Context<? extends Resource> context) throws Exception {
server.stop();

}

@Override

public void afterRestore(Context<? extends Resource> context) throws Exception {
server.start();

}

public MyServer(int port, Handler handler) throws Exception {

Core.getGlobalContext().register(this);
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Pe3yAbTaThbl

github.com/CRaC/docs

BpeMa nepBou onepauum I - OpenJDK' M - Open JDK on CRaC
xml-transform W 93 4355
quarkus 33 980
micropaut h 1001
spring-poot b 3 898
0 510]0) 1000 1500 2 000 2 500 3000 3500 4 000 4 500 5000
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Clojure Repl: 6bicTpbIN cTApT®

Clojure’s slow start — what’s inside?

~$ time java -cp "clj/*" clojure.main -e '(System/exit 0)'

real OmO, 236s
user OmO , 484s
SysS OmO, 024s

@Ok@Y(?) I MUZ Plat.Form I AXIOM JDK MporpeBasa JVM |58



Clojure Repl: 6bicTpbIN cTApT®

~$ java -cp "clj/*" -XX:CRaCCheckpointTo=repl-checkpoint

clojure.main -e '(jdk.crac.Core/checkpointRestore)’

? »
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Clojure Repl: 6bicTpbIN cTApT®

~$ java -cp "clj/*" -XX:CRaCCheckpointTo=repl-checkpoint
clojure.main -e '(jdk.crac.Core/checkpointRestore)’

~$ time java -cp "clj/*" —-XX:CRaCRestoreFrom=repl-checkpoint
clojure.main -e '(System/exit 0)'

real OmO,016s
user OmO,017s
SysS OmO, 009s

? »
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Clojure Repl: 6bicTpbIN cTapT®

~$ java -cp "clj/*" -XX:CRaCCheckpointTo=repl-checkpoint
clojure.main -e '(jdk.crac.Core/checkpointRestore)’

~$ time java -cp "clj/*" —-XX:CRaCRestoreFrom=repl-checkpoint
clojure.main -e '(System/exit 0)'
bbino:

real Omo, 016s real Omo, 236s
user OmoO,017s user OmO, 4384s

SyS OmO, 009s SysS Omo, 024s

? »
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CRaC:

BOCCTaHOBAEHME U3
obpasa

CoxpaHeHue ob6pasa

Cl1/Dl XpaHuAauwe PasBepTbiBaHUue
obpa3oB

? »
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NMTorm

=  @AAroB MHOro, Ho Hy>XHO YUTaTb KOA,
a He OTBeTbl 5+ AeTHEen AABHOCTH

= Py4yHOM nporpesB - AeAO XpynkKkoe
+ PUCK AeonTUMMU3aLum

= MepeucnoAb3oBaHue jit-npoPuaa
C MPOLLUAOIo pa3sa - 3Kk3oTuvyeckume JVM

- MHTepon ¢ C++ He TakKas yX NAoxasa uaes

= Crac: F5/F9 B Mmupe JVM,
HO 6e3 KOoOpAMHALUMN HEe O6OUTUCD

*  TMOAHOCTbBIO FOTOBbIX PeLUeHUN HeT

? »
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[lporpeem

BMecTe!
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