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JVM: xonopHsblii ctapT

@ YXoauT MHOro BpeMeHU Ha cTapT

» 3arpyska CUCTEMHbIX KJ1aCCOB
> 3arpyska KN1aCcCoB NpUIOXKEHUs
» CesizbiBaHue

» MHnumanusauns knaccos

> JIT-komnunauus

@ OcobeHHO noaBepkeHbl BCTPOEHHbIe cucTembl n loT
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C/RaM

Checkpoint/Restore at Main — npoaykTt komnatuu Azul.
@ YckopsieT unuumnanmsauuo JVM

o Coszpaetcsa kaw knaccos n JIT-komnunaunii JVM, akTyanbHbIli Ha
MOMEHT CTapTa NPUIOKEHUS

o ﬂ'ﬂﬂ 3TOro Npon3BoaATCA TPEHNPOBOYHbIE 3aNYCKUN NPUIOXKEHNA
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C/RaM

Training Class loading
Init :
loadClass(name) VM
main()
Loader
Startup LY Stash
defineClass(bytecode)
doCheckpoint() No ‘
Class
Bytecode with compiled
Deinit parser bytecode
¢ C\a‘ss
Final init
Optimized Deinit
Init Colleclt
i classes cc
Startup stashClass "l am
¢ disposed!"
App code Add entry to Stash
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C/RaM

B C/RaM JVM pgns poctyna k 3anucu Kawa HeobXOANMO Nosy4mnTh
MeTanHdopmauuto ansi baiitkoga (3navenne CRC32, pasmep).

Mpobnema — Hy>XHO MOIHOCTLIO 3arpy3uTs KAACcC NS NOMYHEHUSI MOJHOM
MeTanHdOpMauMm, a 3TO JMLWHAS Harpyska Ha daiinosyto cuctemy.
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[NlocTaHoBKa 3aa4dn

Lenbio gaHHoii paboTbl SBASIETCA YBENUYEHNE NPON3BOAUTENBHOCTU
KaWMpytoweli Java-MalmHbl 33 CHET YMEHbLIEHUSI 0ObEMA CHUTLIBAEMBIX C
OVUCKA AaHHbIX BO BPeMsi 3arpy3ku Java-kiaccos.
3agauu
@ Cpenatb 0b30p npegmeTHoli obnacTu:
@ [lpouecc 3arpysku knaccos B Java
® Peannsaums kswa 8 C/RaM
(3] BO3MO)KHbIe CﬂOCO6bI nony4deHuns MeTaI/IHCbOpMaLI.VIVI Ansa noctyna K
3anncm B Kawle
@ OnTtumusmposaTh MexaHusm 3arpysku knaccoe JVM, peanusosas
cnocob obpatyeHmnst K Kawy 6e3 HeobxogMMOCTY MOJSTHON 3arpy3Ku
baliTkoga knacca

© TlpoBecTn TecTnpoBaHne NPOM3BOAUTENLHOCTM HOBOI CXEMbI 3arpy3Kiu
Java-knaccos
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OI'ITI/IMI/I3aLI|I/IFI CUNCTEMHbBIX 3arpy34nKoB K1aCCOB

@ Bootstrap — He HyxaaeTcst

@ Extension, App —

ncnonb3ytot URLClassloader

URLClassLoad
assLoader Y URLCIassloadeF -

— __ =~ ONTUMU3N
poBaH

‘ ‘ ExtClassLoader

AppClassLoader
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ﬂonyqul/le MeTaI/IHCbOpMaLIlI/II/I 4NA OOCTYMa K 3annucu B
KaLeE

@ Beoluncnenune no baiitkogy Hanpsimyto
o [Monyyenue us Jar-dpaiina
» XpaHuTcs B 3anucu Zip
o CoxpaHeHue BO Bpemsl TPEHMPOBOYHOrO 3anycka

» MoxeT 6bITb HE€aKTyaJibHa
> Hy)KeH MEXaHWU3M Bananaaunmn
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Ontumuzaumsa URLClassloader

MonyyeHne metanHdopmauun ana daiinos ¢ bakTkogom:

Optimized loading from file: automatic

IoadCIas's(name)

A 2
Classloader i defineClass(name, folder_info) > AL
getFolderlnfo v
N
If not found
LSRR EEEEEEEE ClassNotFoundException- - - - ~===9====~
findClass
defineClass(name, folder_info + bytecode) » Stash
€----- e Class<?>============-1-----
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Ontumuzaumsa URLClassloader

Optimized loading from file: user-controlled

Deinit Init

(name, folder_info)
Stash l
I (meta)
. I
dump to disk load from disk
(name, folder_info) VM | .
! modify entries
(meta)

validation utility Stash
call time
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Ontumuzaumsa URLClassloader

Hononnen nntepdeiic java.lang.Classloader:
Class<?> defineClass(String name, java.nio.ByteBuffer b, CodeSource cs)

b = xheader* + *CRC32* + *verification_metadatax

@ ObHoeneHHbIN nHTepdelic onucaH B javadoc Ans MCNonb30BaHMs
NOJIb30BaTENbLCKUMUN 3arpy34nKamMm
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Anpobauus

O6opynosanue: Ubuntu 20.04, Intel core i7-6700 CPU, 3.4GHz, DDR4
16Gb RAM, SSD WDC PC SN730 SDBQNTY-512G-1001
DaCapo benumapk

DaCapo avrora

Em Fatched
1 mmm Clean

100 50
Throttle, mbys

3 anpann 2022, 12/18



Anpobauus

DaCapo benumapk

DaCapo h2

Patched
Clean

Time, s

50
Throttle, mb/s
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Anpobauus

DaCapo beHumapk

DaCapo pmd

B Patched
mm Clean

Throttle, mb/s
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Anpobauus

DaCapo beHumapk

DaCapo xalan

B Patched
mm Clean

Time, s

Throttle, mb/s
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Anpobauus

DaCapo beHumapk

DaCapo sunflow

B Patched
mm Clean

Time, s

Throttle, mb/s
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Anpobauus

CuHTeTnyecknin beHumapk: Google Guava, 2060 knaccos, 2.9mb6

Synthetic benchmark

14 { mmm Patched
. Clean

Time, s

Throttle, mb/s
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PesynbTathl

@ O630p npegmeTHOl obnactn

» [Mpouecc 3arpyskn knaccos B Java

» Peanuzaums kawa 8 C/RaM

» Cnocobbl nonydyeHns metanHdopMaLun gAs 4OCTYNa K 3anucy B KLle
© OnTumusmpoBaH mMexaHu3m 3arpysku knaccos JVM:

» URLClassloader

* [Nony4yeHue meTapaHHbIx U3 Jar-cpaiinos
* CoxpaHeHune MeTafjaHHbIX Ha 3Tane TpeHuposku Ans .class daiinos

» OnuncaH nHtepdeiic 4N NOAbL30BaATENLCKUX 3arpy34nKOB

> llccnepoBaHbl gpyrue CUCTEMHbIE 3arpy34nKu: BbISIBAIEHO, HTO
onTUMU3aLMN He TPebytoT

© [lpoBefeHo TeCTUpPOBaHNE KOPPEKTHOCTU 1 MPOU3BOAUTENBHOCTY

» CunTteTuueckuli benumapk: yckopeH Ha 20% npu orpaHuyeHun
goctyna Ha auck B 10mb/s

» DaCapo 6enumapk: yckoper B cpegtem Ha 2.5%(ot 1.5% go 5%) npu
orpaHuyeHnmn goctyna Ha anck 8 10mb/s
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