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“MpueeT! Cnywam TyT YeTO Ball PeNn3
He B3neten, OutOfMemory kngaer.
[laBaw Bbl Wac 6bICTPO FNSHUTE,

a TO HaM OTKaTbIBaTb HAAO,

noka 6mM3Hec He npuwen..’
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NMnaH KOHCNeKTa

lorpyxeHue Heap Dump TepMuHonorus

Eclipse MAT AnbTepHaTUBbI 3akpyrneHue
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MMoaonbiTHLIN KPOAUK

Spring Pet Clinic REST

= [leMo-npunoxeHune Ha Spring Boot
- CRUD-onepaunn Ha WebMVC

> BcTtpoenHas B (hsgldb)

- OpenAPI (Swagger Ul)

€ BMecTOo dpoHTa Ha Angular




duua: pUAarHocTuka

-> HoBbit MeToa B REST API

-> petId n CTPOKY CMMNTOMOB
= C HenpoceTbto (9Ko6bI)
-> KPaTKYIO CBOOKY:

¢ Kop gmnarHosa
¢ PekoMeHayeMoe nekapcTBo

¢ [laTy cnepyouiero Bm3smTa

https://github.com/Toparvion/spring-petclinic-rest

O)
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https://github.com/Toparvion/spring-petclinic-rest

f'Mnotesbl o npuuunHax OOM
=>—KPHBORYHHAATHOOFPaMIMACT

> Paznyncsa Kaw summaries

> PacnyxJiv CTPOKM B Summaxry

> Bbipocsio uncio o6bekToB Summary

- [npoyee]
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Nouemy cTekTpenc OOM He BaxeH

[laMaTb
- xMx e
Cmekmpeuc
- 6ydem
omcrooda
0] Bpemg




YUto 6ypaem cmoTpeTb

Heap Space

Young Generation

Old Generation

From To Tenured

Survivor 0 Survivor 1

Virtual

//www.linkedin.com/pulse/java-virtual-machine-changes-78-9-kunal-saxena

https:

®

13


https://www.linkedin.com/pulse/java-virtual-machine-changes-78-9-kunal-saxena

Heap Space

From o Tenured

Survivor 0 Survivor 1

Eden
Virtual

Virtual




NON-HEAP

(off-heap, native)

Metaspace/ s
Natlye libs +)
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NON-HEAP

(off-heap, native) Metaspace + ﬁ

Natlve I|bs

Hoknag npo non-heap:
https://toparvion.pro/event/2023/jugnsk/ 16



https://toparvion.pro/event/2023/jugnsk/

Heap Dump

OCHOBHOWM UCTOYHUK l/IHq)OpMaLI,MM Angd aHa/lln3a



Yto ectb heap dump?

- CHUMOK rpada 06beKTOB B Ky4Ye B KAKON-TO MOMEHT

€ T.€. COOAEePXUT KJlaccChbl

= Jlenaetca cnnamMmm Java-mallnHbl

€ 3HA4YUT, OHA OOJIKHA 6bITb

-> CoxpaHsgeTcs B gBonyHoM popmate HPROF

& npu paboTe Ha ®

o
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Cnocobbl cHATMA paMna

Mo 3anpocy ABTOMATUYECKMU
Korga ecTtb npobnema Korpa cnyyaetcs
Unn e€ NpenyyBcTBme OutOfMemoryError

19




CHaTve pamMnosB

[TonyynTb gamn

NHCcTpyMeHTbl JDK
| | | |

IDEA VisualVM MAT Jattach

O\ ® [Cnncok He ncyepnbliBaloLWA] 20
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YAaanéHH Ectb JMX? >-HET Ectb JDK? ET

Mpobnema

(o] () (] [

NOPSAOK BbibOpa MHCTPYMEHTA
A 019 CHATUS gamna

MoxxHo
3anuTb
jattach?

CHaTb
aamn
namaTu

JlokanbHO?

OA

ns yero?

OTnagka
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CHaTve pamMnosB

= Yepes JVM-onuuio -XX:+HeapDumpOnOutOfMemoryError
-> [lo yMonuyaHuio coxpaHsaeT B . /java_pid<pid>.hprof

€ HO MOXHO noMeHaTb: -XX:HeapDumpPath=path

¢ %p B NyTK 3aMeHsaeTca Ha PID npouecca

=> CpabaTtbiBaeT npu no6omMm OOM (OHM 6bIBalOT pasHbIMK)

22



, @
lpepocTtepexeHue 1

CHATHE gamra MoOXeT
Ha[oJ/Iro 3aMOpPO3UTH
npunoxXeHune (0,0 MUHYT)

MOXHO yCKOpPUIMb 3a CYET:

= OtkaveHus FullGC

=> BkoyeHuna cxaTtmg

= CHatung core dump (cm. nanee)

®
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BmMecTe ¢ paMnom

MOI'YT COXPaHNTbCH

MOXXHO ero o6pycuUMpOoBaTh:

= LTtykon oT PayPal

=> JkcnopTtoMm 13 Eclipse MAT

. 24



https://github.com/paypal/heap-dump-tool
https://help.eclipse.org/latest/topic/org.eclipse.mat.ui.help/tasks/exportdump.html?cp=50_3_13

TepMunHonorus

Bokpyr kyun 1 e€ gamna

ooooo



GC Roots

2 ons céopmka mycopa (GC)
= He ypansotca c60pLLIMKOM

- He patoT ygansaTtb CBoum O6BbEKTDI

4 3aBUICMMOCTb onpepenseTcs:
e HNOCTUMXXUMOCTbIO

e [WMOM CCbIJIKW:

-«

......
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PasHOBUAHOCTMU

Ucnonb3yembie Knacchbl

N o6bsaBneHHbIe B HUX
CTaTUYECKME NepeMeHHble

AKTUBHbIE NMOTOKMU

He pocturiime coctoaHus
TERMINATED

IR

GC Roots

apyrue

JlIokanbHble nepeMeHHble

B ToM unchne
apryMeHTbl METOA0B

MOHMTOpr CUHXPOHUN3aLUU

[Toka oHU KeEM-TO
3axBayeHbl

28



Pasmepbl 06beKTOB B pamne

.......

29



&

"“Most of the HPROF-based tools
with deducing

the actual instance footprint ..

which can lead the analysis

in the "

®
— https://shipilev.net/blog/2014/heapdump-is-a-1lie/

@
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Pasmepbl 06beKTOB B pamne

— Size — COB6CTBEHHbIN pa3Mep o6beKkTa

€ 6e3 yyéTa pa3Mepa 3aBUCUMbIX O6bEKTOB

= Size — pa3Mep obbeKkTa U BCEX
NMOJIHOCTbIO 3aBUCUMbIX OOBEKTOB

€ T.. 06BEM NAMATU, KOTOPLIN OCBOOOAUTCS, ECIN
yOANINUTb 3TOT O6BEKT BMECTE C ero nogaepeBom

e \Q 31
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Pasnunuua mexpy shallow m retained

&

retained(A) = shallow(A)

®

O)
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Pasnunuua mexpy shallow m retained

O
©

retained(A) = shallow(A) + shallow(B)

(@)
&/
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Pasnunuua mexpy shallow m retained

retained(A) = shallow(A) + shallow(B) + shallow(C)

O)
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Pasnunuua mexpy shallow m retained

SO

retained(A) = shallow(A) + shallow(B) +—shaltewcr

O)
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Pasnunuua mexpy shallow m retained

SO

retained(A) = shallow(A) +—shatteowBr +—~shaltowcr

O)
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“SlouemyjB,KONOHKE)
- retainedcy

o

““Hebocbonais
AYMAcH

Bdicymmas
BooGLIe HelobeTcas

— - "4
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PasmbiwsieHna BCAyX

Bonpoc

Ecnv npocTon cyMmMe pa3MepoB NoJien Hefb3a BEPUTD,
TO KaK YBUAOETb "UNCTbIN" COCTaB 06beKTaA C T.3. retained size?

OTBeT

Hy>XHO BBeCTuK Takoe , B KOTOPOM

ONA paccMaTpmMBaEMOro o6bekTa 6yayT BUAHbI TOSIbKO TE a / !
€ero noJsis, KoTopble B retained size. 4




......

3HakoMTecb: Dominator Tree

-

>

-

PaszHOBMAOHOCTb rpada 06bEKTOB

: NOACBETUTb O6bEKTbI, OT KOTOPbIX 6O/IbLLE BCErO
3aBUCAT retained-pa3mMepbl gpyrmx

: OTPUNbTPOBAHHLIN rpad (AepeBo), B KOTOPOM
BUOHbI TOIbKO CCbIJIKU, BXoasawme B retained size

43
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Object Graph Dominator Tree

B epage o6vekmos eCTb Bce 1o/ BCeX KNaCCOoB.
B depese OOMUHAMOpPO8 HET Nonemn, Ha O6bEKTbI KOTOPbIX
\\ CCbI/TAETCH KTO-TO KPOMe TeKyLLero obbekTa.

n ® 44



......

......

U 3auemMm 3TO BCE?

GC Roots

YT1006DI , Ha
4YeM “OepXunTca” Kyya

Retained size

YTOobbI “‘BNnaHue”
O6BHEKTOB Ha pasMep Ky4u

......

Tunbl CCbINIOK

YTO0bbI “YKECTKOCTb"
CBSI3eN Mexy ob6bekTaMm

Dominator tree

YTObDI ‘yncrtyio”
CTPYKTYpPY 3aBUCUMOCTEN

45



WHCTpPYMEHTbl AN CHATUS [AAMMNOB

[TonyynTb gamn

NHCcTpyMeHTbl JDK
| | | |

IDEA VisualVM ( MAT ) Jattach

@

S ® Haw Bbi6op 46



Eclipse MAT

OcHoOBHOM UHCTPYMEHT O/14 aHa/In3a 0aMIMNOoB NaMATU

47



Eclipse MAT

=> llonHoe nms: Eclipse Memory Analyzing Tool
& nocTpoeH Ha Eclipse Equinox Platform

& https://eclipse.dev/mat/downloads.php

- lNogaep>xmMBaeT pa3Hble CNocoobbl 0amnoBs
- [nqa TpebyeT nNpeaBapuTEeNbHOro NapcuHra

4 B NMOMOLLb eCTb ckpunTt ParseHeapDump

48


https://eclipse.dev/mat/downloads.php

Acquire Heap Dump Dialog

Acquire a heap dump from a locally running Java process.

Choose a local process:
Description

sun socket : com.intellij.idea.Main

sun socket : /home/vladimir/work/tools/mat//plu
sun socket : org.jetbrains.jps.cndline.Launcher /s
sun socket : com.intellij.idea.Main

sun socket : /home/vladimir/work/tools/mat//plu
sun socket : org.jetbrains.jps.cndline.Launcher /s
com.intellij.idea.Main
/home/vladimir/work/tools/mat//plugins/org.ecl
org.jetbrains.jps.cmdline.Launcher /snap/intellij-i

PID

16117
46195
94849
16117
46195
94849
16117
46195
94849

Heap Dump Provider

Attach API
Attach API
Attach API

Attach APl using a helper JVM
Attach API using a helper JVM
Attach API using a helper JVM

HPROF jmap dump provider
HPROF jmap dump provider
HPROF jmap dump provider

7

HauyHu ¢ aToroia

Refresh /

Configure...

“MexaHn3mbl"
CHATUSA

CHaTre gamna nokansHo yepes Eclipse MAT

N \

49



HaBurauma no rpagy ob6beKTOB

Class Nare
= <Regex>
v |} java.util.concurrent. ThreadPoolExecutor @ 0x52ae5 ch10
v | | workQueue java.util.concurrent.LinkedBlockingQueue @ 0x52ae5 ch60

50



HaBurauma no rpagy ob6beKTOB

Class Narne
o5 <Regex>
v |} java.util.concurrent. ThreadPoolExecutor @ 0x52ae5 ch10
v | | workQueue java.util.concurrent.LinkedBlockingQueue @ 0x52ae5 ch60
v | L head java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af210
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 30

51



HaBurauma no rpagy ob6beKTOB

Class Narne

<Regex>
Lﬁ java.util.concurrent. ThreadPoolExecutor @ 0x52ae5¢cb10
v | | workQueue java.util.concurrent.LinkedBlockingQueue @ 0x52ae5 ch60

v | L head java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af210
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 30
v |} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af250
v | ) next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af270
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 90
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 b0




HaBurauma no rpagy ob6beKTOB

Class Narme
> <Regex>
v D java.util.concurrent. ThreadPoolExecutor @ 0x52ae5¢cb10
v | | workQueue java.util.concurrent.LinkedBlockingQueue @ 0x52ae5 ch60
v | L head java.util.concurrent.LinkedBlockingQueue$Node @& 0x9153af210
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 30
v |} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af250
v | ) next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af270
v | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3af2 90
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 b0
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 d0
v | ] next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3af2f0
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3afaal
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0180
v |} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3b01al

®
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I-Iﬂl!l‘l'ﬂlll‘d MmN I'I‘\ﬂfh\l nﬁknu-rnn
Class Name

-_:___‘,: <Regex>
v |} java.util.concurrent. ThreadPoolExecutor @ 0x52ae5ch10
v || workQueue java.util.concurrent.LinkedBlockingQueue @ 0x52ae5 ch60
v | L head java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af210
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 30
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af250
v || next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af270
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 90
v | ) next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 b0
v | ) next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3af2 d0
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3af2f0
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3afaal
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0180
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b01a0
v | | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b01c0
v | L next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b01eD
v | next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0200
v | | next java.util.concurrent.LinkedBlockingQueue$Node @0x9153b02¢54



Class Narne
:::‘V <Regex>
v [ java.util.concurrent. ThreadPoolExecutor @ 0x5 2ae5 cb10
v [} workQueue java.util.concurrent.LinkedBlockingQueue @ 0x52ae5 ch60
v [} head java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af210
v [ ) next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af230
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af250
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3af270
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af290
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2 b0
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af2d0
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153af20
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3afaal
v [ next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 360180
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b01a0
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b01¢0
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b01e0

v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0200

v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b022

v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0

v [ next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 3603
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b03 2N
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b03
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b03 &0
v [ next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915 360400
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0420
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0440
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b0460
v [ ) next java.util.concurrent.LinkedBlockingQueue$Node @ 0x915360480
v [} next java.util.concurrent LinkedBlockingQueue$Node @ 0x9153b04a0
v [} next java.util.concurrent.LinkedBlockingQueue$Node @ 0x9153b04¢0
o [l next iava 11t ranenirrent |inkedRlackinaOnetiet Nade & Ox915 2 h0d &0



OcHoBHble pa3penbl Eclipse MAT

Overview Dominator Tree
Cxoxe ¢ Top Consumers 3HaKOMbIN TEPMUH, Aa?
Histogram Threads
[MpocTo U ACHO He Tonbko cocTosiHUSA
iom R o

> XN .



Top Consumers

+ Biggest Objects (Overview)

(b) 26 MB

(c) 1017 9 KB

(d) 844 KB

(i) 357 KB

(k) 15,8 MB

(e) 7035 KB
(f) 62,1 KB
() 6198 KB
(h) 413.4 KB

() 3396 KB ~/\

it

Total: 30,7 MB

(a) 72 MB

(NSNS EEEEEN

{a) org.springframework.beans. factory.support.D...

{(b) jdk.internal.loader.ClassLoaders$AppClassL...
{c) org.hsgldb.Database @ 0xfd483730

(d) java.util.zip. ZipFile$Source @ Oxfc1b8c08

(e} org.springframewaork.aop.aspect]. AspectJEx. ..
{f) jdk.internal.loader.ClassLoaders$PlatformCla...

(g) org.hibernate.internal SessionFactorylmpl @...

{h) org.springframework.boot. autoconfigure.cond. ..

(i) java.util.zip.ZipFile$Source @ 0xfc5b9960
(i) class java.lang.invoke MethodType @ OxfcB5...
(k) Remainder

)

Top Consumers - pa36byBka O6bEKTOB B Ky4ye no retained size

{
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AN

%= dominator_tree X :

Class Name Shallow Heap Retai\r;ed Heap Percentage |
3 <Regex> <Numeric> <Numeric> <Numeric> |

> O org.springframework.beans.factory.support.DefaultListableBeanFactory @ Oxfcc001e0 224 7523176 2341 %

> & jdk.internal.loader.ClassLoaders$AppClassLoader @ Oxfc60046 96 2971528 9.24 %

> O org.hsgldb.Database @ 0xfd483730 160 1042 344 3,24 %

> 0O java.util.zip.ZipFile$Source @ Oxfc1b8c08 80 864 208 2,69 %

> O org.springframework.aop.aspectj.Aspect/ExpressionPointcut @ Oxfd03dab68 48 720 400 2,24 %

> & jdk.internal.loader.ClassLoaders$PlatformClassLoader @ Oxfc6004d 96 677 952 2,11 %

> O org.hibernate.internal.SessionFactorylmpl @ Oxfdaa2608 120 634 672 1,97 %

> O org.springframework.boot.autoconfigure.condition.ConditionEvaluationReport @ Oxfccb47a0 32 423 344 1,32 % -

y [ java.util.zip.ZipFile$Source @ 0xfc5b9960 80 396 336 1,23% [ (

> & class java.lang.invoke.MethodType @ 0xfc855aad System Class 48 347776 1,08 % |

> O java.util.zip.ZipFile$Source @ 0xfc2966b0 80 226 128 0,70 %

> &l class sun.util.locale.BaseLocale$Cache @ Oxfc559d6 System Class 8 209 864 0,65 %

-> Dominator Tree - 60nee obuee npeactaBsneHmne Top Consumers

€ MoxeT nMeTb rpynnMPOBKY NO KfiaccaM, NakeTam u classloader'am

.
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AN

Il Histogram X | :
Class Name Objects Shallow Heap Retained Heap :
Sl *petclinic.[\w.] + <Numeric> <Numeric> <Numeric> i
® org.springframework.samples.petclinic.repository.jdbc.JdbcPet 13 624 >=1288
@ org.springframework.samples.petclinic.model.Owner 10 400 >= 456
® org.springframework.samples.petclinic.model.PetType 6 144 >= 144
@ org.springframework.samples.petclinic.rest.controller.PetRestController 1 40 >= 88
@ org.springframework.samples.petclinic.service.ClinicServicelmpl 1 40 >= 40
® org.springframework.samples.petclinic.service.perf. memory.PortfolioService 1 32 >= 2 496
@ org.springframework.samples.petclinic.rest.controller.OwnerRestController 1 32 >= 88
® org.springframework.samples.petclinic.repository.jdbc.JdbcPetRepositorylmpl 1 32 >= 4088 ﬂ
® org.springframework.samples.petclinic.rest.controller.VetRestController 1 32 >= 88
@ org.springframework.samples.petclinic.rest.controller.VisitRestController 1 24 >= 56
@ org.springframework.samples.petclinic.rest.controller.UserRestController 1 24 >=24

- Histogram - o6wwas pasbmneka 06beKTOB MO Kaccam
€ YOo6HO anga 6bICTPOV NPOBEPKU HANMMYNA U YMCla O6bEKTOB
€ MoxeT NpUMeHaTbCS K pyrM npeacTtaBnienHmam (Show as histogram)

_—J 59
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F 14
° ° ° ° " °p °

% thread_overview X | :
Object / Stack Frame Name Shallow Heap Retained Heap Max. Locals’ Retained Heap :

3» <Regex> *logback-2.* <Numeric> <Numeric> <Numeric> |
v @ java.lang.Thread @ Oxfc8a59c8 logback-2 104 216

= at jdk.internal.misc.Unsafe.park(ZJ)V (Unsafe java(Native Method))
= at java.util.concurrent.locks.LockSupport.park()V (LockSupport.java:371)
> = at java.util.concurrent.locks.AbstractQueuedSynchronizer$ConditionNode 32
> = at java.util.concurrent.ForkJoinPool.unmanagedBlock(Ljava/util/concurrer 32
= at java.util.concurrent.ForkJoinPool.managedBlock(Ljava/util/concurrent/i

> = at java.util.concurrent.locks.AbstractQueuedSynchronizer$ConditionObjec Bu [IHO JTOKasIbHbIE M ep eMeHHble 32
v = at java.util.concurrent.ScheduledThreadPoolExecutor$DelayedWorkQueut 112

> L4 <Java Local> java.util.concurrent.ScheduledThreadPoolExecutor$Del: 32 112 r
> L4 <Java Local> java.util.concurrent.locks.ReentrantLock @ Oxfc8a5a78 16 16 (
2. Total: 2 entries
» = at java.util.concurrent.ScheduledThreadPoolExecutor$ DelayedWorkQueue 112
> = at java.util.concurrent.ThreadPoolExecutor.getTask()Ljava/lang/Runnable; 408

-=> Threads - cBogka NOTOKOB Kak O6bEeKTOB

€ [MpumepHo Kak thread dump, Tonbko ropasgo nogpobHee



KpyTOo, HoO..

= Kaxapiv pasgen yoobeH B cyyasax
=> Aecnny MeHs cnyyam?

=> Y10 ecnn 06 NCTOUYHMKE NPO6GIEMDI
, KpOMe daKTa CyLecTBOBaHUS?

Hy>eH crnocob genatb K gamny

61



KyuHo - pensunoHHbIN MannuHr

Hamn
Knacc
K3eMnap Knacca

[Mone knacca

CxeMma (6a3a)
Tabnuua
CTpoka Tabnuubl

Ctonbeu Tabnuubl

62



&

“Writing queries can be a bit of ,
with some required.”’

®
— https://wiki.eclipse.org/MemoryAnalyzer/0QL#Writing_Queries

@
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2 UHCTpyMeHTa 3anpocoB B MAT

[TponcxoxaeHune
[1BMXOK

Mopoepxka JOIN

OyHKUMM count/avg/sum/ ..

GROUP BY / ORDER BY

RN

BcTtpoeH B MAT

(n/a)

HeT

HeTt

HeT

MOXXHO coenatb KOCBEHHO

BHelwHWUM nnarvH

Apache Calcite (

)
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https://help.eclipse.org/latest/index.jsp?topic=%2Forg.eclipse.mat.ui.help%2Freference%2Foqlsyntax.html
https://github.com/vlsi/mat-calcite-plugin
https://calcite.apache.org/docs/reference.html

CTODOHHUH
nnaruuiSoL

. /] 8 |

thﬁ£HHblﬁ'

“ABUKOK 00L
4
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Eclipse MAT Calcite SQL Plugin

Hantu Bce aybnunpytowmeca URLbI B kyye:

SELECT |toString(u.file)| AS file_str,
count(*) AS cnt,
sum(retainedSize(u.this)) AS sum_retained
FROM java.net.URL u
GROUP BY toString(u.file)
HAVING count(*) > 1
ORDER BY sum(retainedSize|/(u.this)) DESC

https://github.com/vlsi/mat-calcite-plugin?tab=readme-ov-fileffsample
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https://github.com/vlsi/mat-calcite-plugin?tab=readme-ov-file#sample

OcobeHHocTn Calcite SQL

HanTu knaccbl BCeX NMTOMUEB Mlaglle” 2020-ro roga:

SELECT p.name AS "Name",
p.this['birthDate']['year'] AS "Year",
p.this['@className'] AS "Class"
FROM instanceof.org.springframework.samples.petclinic.model.Pet p
WHERE p.this['birthDate']['year'] > 2020

None birthDate nmeeT Tn LocalDate
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OcobeHHocTn Calcite SQL

HanTu knaccbl BCeX NMTOMUEB Mlaglle” 2020-ro roga:

SELECT p.name AS "Name",
p.this['birthDate']['year'] AS "Year",
p.this[|@className!] AS "Class"
FROM instanceof.lorg.springframework.samples.petclinic.model.Pet p
WHERE p.this['birthDate'|]l['year']| > 2020

None birthDate nmeeT Tn LocalDate
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PasmbiwsieHna BCAyX

Bonpoc

Ecnn MAT Calcite SQL HacToNbKO NOXOXX Ha ‘HacTodawmn” SQL,
TO HEMb3S NI QOBEPUTDb €0 reHepaunto HEMPOCETU?

OTBeT

MO>XHO, NpW YCNIOBUK, YTO B COCTAB NPOMMNTa BONAET
B (namna) B Buge Habopa DDL-BbipaxkeHun, . . /

a caMa Mopgenb byaet MAT Calcite SQL. ( i
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OparmeHT DDL pamna namatu

—- table with entities of type 'Pet'
CREATE TABLE "org.springframework.samples.petclinic.model.Pet" (

this INTEGER PRIMARY_KEY, -- unique ID for each entity

birthDate INTEGER, --|can be joined with |"...LocalDate" on 'this'
type INTEGER, --|lcan be joined with |"...model.PetType" on 'this'
owner INTEGER, --|lcan be joined with |"...model.Owner" on 'this'
visits INTEGER, \

name VARCHAR(1024), Oa, ChatGPT unTaeT KOMMEHTapum.

id INTEGER aTbli?0_0



Mpumep 3anpoca uepes ChatGPT (1)

SELECT o.firstName, o.lastName
FROM "org.springframework.samples.petclinic.model.Owner" o
JOIN "org.springframework.samples.petclinic.model.Pet" p
ON o.this = p.owner
JOIN "org.springframework.samples.petclinic.model.PetType" pt
ON p.type = pt.this
WHERE toString(p.name) = 'Max' AND toString(pt.name) = 'cat'
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Mpumep 3anpoca uepes ChatGPT (1)

firstName | LastName

OKCMOPTUPOBaAHHbLIN pe3ynbTaT 13 MAT
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Mpumep 3anpoca uepes ChatGPT (2)

SELECT p.name, toString(pt.name) AS type, MIN(bd."year") AS birthYear
FROM "org.springframework.samples.petclinic.model.Pet" p

JOIN "java.time.LocalDate" bd ON p.birthDate = bd.this

JOIN "org.springframework.samples.petclinic.model.PetType" pt

ON p.type = pt.this

GROUP BY p.name, toString(pt.name)
ORDER BY MIN(bd."year") ASC

FETCH FIRST 1 ROWS ONLY
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Mpumep 3anpoca uepes ChatGPT (2)

OKCMOPTUPOBAHHbLIN pe3ynbTaT 13 MAT
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Fne y3Hatb 6onbue

Bnagnmup

CuTHUKOB

AHanuns
[aMnoB NamMmaTn
Java-npunoxxeHunmn

D
@cCcoperFRreEZE
L 4

https://voutu.be/t -WyfS9a7k?si=gMganDpBRYHKZaE4

A .

)

https://github.com/toparvion/heap-talk
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https://youtu.be/t_-WyfS9a7k?si=gMganDpBRYHKZaE4
https://github.com/Toparvion/heap-talk

[lonyTHOe pe3iMe no pamnam

=> CHMMAaTh C OCTOPOXXHOCTbIO
4 MOMH4 NPO 3aMNPaHNE U CEKPETDI

=> OtkpbiBaTh B Eclipse MAT
€ 3akK/1aabiBad BpeMs Ha NapCUHr

=> CmoTpeTh Ha retained size
& copTupys Yepes dominator tree

=> [lenermporsath LLM reHepaumio 3anpocos
¢ NoTArMBas CMy3m TPYyHOUKOM

O)

79



AnbTepHaTUBDLI

CHATUIO gamna mn ero aHa/In3y

ooooo



YUTOo He TakKk ¢ pamMnom?

=> CHATUE aPPEKTUT NPUNOXKEHNE
=> Pa3mMep MOXeET 6bITb 60/1bLLUNM
= [lepepn aHanM3oM Hy>XeH NapCUHr

- HekoTopble 4ENCTBUSA HE aBTOMATU3UPYEMD

[laneko He Bcerga Hy>XeH CHUMOK
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AnbTepHaTtuBa 1:

rmcrtorpamMma

- [nMcTorpamMma K1iacCoB MOXET MHOIo€ NPOSACHUTD

- [119 e€ nonyyeHms He 0693aTeNbHO CHMMATb AaMn

$ jemd <PID>

##instances

class name (module)

10526160
2993824
2208360

[B
j.u.c.ConcurrentHashMap$Node
java.lang.String

icmd / jattach
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https://docs.oracle.com/en/java/javase/21/docs/specs/man/jcmd.html
https://github.com/jattach/jattach

AnbtepHaTuBa 2: annokauum (JFR)

=> bbIiBaeT HY>XHO MOHSATD, 6bI/1M CO3aHbl O6BHEKTDI
-=> [1n9 sToro pamMmn He obg3arteneH
= Hy>XHO 3axBaTblBaTb annokaumm

=> MoXkHO npuMeHunTb Java Flight Recorder
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https://en.wikipedia.org/wiki/JDK_Flight_Recorder

AnbtepHaTuBa 2: annokauum (JFR)

Event Details for Settings for "My Recording’

3anucb anioKaunm Hy>KHO BKIKOYNTb SBHO: Inspect and/or change the settings.
=> Yepes HacTpomnkm B Mission Control Filter:

v [z Java Application
[z Statistics
< . ~ [l Thread Allocation Statistics
-> Yepes dann koHourypauum . jfc @ Enabled=true
<> Period=everyChunk
~ [ Allocation in new TLAB
<&>Enabled=Ffalse
<> Stack Trace=true
~ [l Allocation outside TLAB
<2>Enabled=false
<C>Stack Trace=true
 [H Object Allocation Sample
<0>Enabled=true
<0>Event Emission Throttle=150/s
<0>Stack Trace=true

-> Yepes KoMaHOHYO CTPOKY
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https://github.com/openjdk/jmc
https://docs.oracle.com/en/java/javase/21/docs/specs/man/java.html#:~:text=%2DXX%3AStartFlightRecording
https://docs.oracle.com/en/java/javase/21/jfapi/flight-recorder-configurations.html

e o e

Class Alloc Total Total Allocation (%)
® char[] 147 MiB 38.3%
© java.util.HashSet 99.2 MiB 25.8%
© byte[] 69.2 MiB 18 %
© java.lang.Object[] 10.9 MiB 2.83%
© java.io.EOFException 7.22 MiB 1.88 %
© java.util.TreeMap$Keyiterator 3.38MiB 0.879 %

96 MiB
Allocation 64 MiB

32 MiB

48 MiB
Memory Usage 32 MiB
16 MiB

mee e

9/16/2024 6:20:15PM 6:20:30 PM 6:20:45PM 6:21:00 PM

PesynbTtat. pasgen Memory B Mission Control

N

N |
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i1

AnbTepHaTuBa 3: 3axBaT "Ha

=> Korga Hy>XHO yBUOETb 3HAYEHUSA NEPEMEHHDbIX *
=> OTO KakK HaBTbIKaTb

¢ TOJIbKO B Y)X€ 3anyLeHHOM MNMPUI0XEHUN
-> Takoe MOXXHO caenaTb C NoMOoLLbIo btrace

¢ a eule mint, Ho He Ha production

nerty”
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https://github.com/btraceio/btrace
https://github.com/Toparvion/jmint

OcHoBbl npumeHeHua BTrace

1. [Tywem T.H. — K/1lacC-NpPo6HUK

2. Nogknyaem ero k JVM

a. JInbo Ha neTy
b. JInéo npu ctapTe

3. JloBuM pe3ynbTathl (B KOHCONWM U danne)

4. [loBTOpPAEM, ecnm Hapo
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https://github.com/btraceio/btrace/wiki/Trace-Scripts

@BTrace
public class Tracer A
@0nMethod(clazz = "+org.rrd4j.core.RrdPrimitive",
method = "writeDouble", type = "void (int, double, int)")
public static void writeDouble(
@ProbeMethodName(fgn = true) String methodName,
@Self Object rrdDoubleArray,
int index, double value, int count) {
String pointer = str(Reflective.getLong("pointer",rrdDoubleArray));
println("Arguments: pointer=" + pointer +
" index=" + index + ", value=" + value + ", count=" + count);
jstack();



@BTrace

public class Tracer {



@nMethod(clazz = "+org.rrd4j.core.RrdPrimitive",
method = "writeDouble", type = "void (int, double, int)")

public static void writeDouble(



@ProbeMethodName(fgn = true) String methodName,
@Self Object rrdDoubleArray,

int index, double value, int count) {



String pointer = str(Reflective.getLong("pointer",rrdDoubleArray));
println("Arguments: pointer=" + pointer +

" index=" + index + ", value=" + value + ", count=" + count);



jstack();



AnbtepHaTtuBa 4: dump, HOo He heap

=> Heap dump MOXHO NosyunTb U3
4 ‘Cblpon’ cfienok agpecHoro NpocTpaHCcTBa npouecca
& penaetcsa cnnamm OC nnim BHEWHEro MHCTPYMeHTa (He JVM)

=> Core dump MOXeT CHMUMATbCH 7




lNonyueHue core dump no zanpocy

MoXKeT 6bITb 2amMeTHO bhicTpee, YeM heap dump. b

OpHako:

= TpebyeT oTaeNbHOro MHCTpyMeHTa (gdb)

-> MoXeT oTbecTb MHOIro mecTa Ha gucke (VIRT MEM)
=> HeTt rapadtuy ycnewHon koHBepTtaunm B HPROF

€ 3aT0 ecTb NpuMep ycnexa

NN 5 100



https://manpages.ubuntu.com/manpages/oracular/en/man5/core.5.html
https://serverfault.com/q/138427/1039142
https://medium.com/platform-engineer/speeding-up-java-heap-dumps-with-gnu-debugger-c01562e2b8f0

CBopka anbTepHaTuUB

=> jcmd <PID> GC.class_histogram
¢ Korga Hafio NPOBEPUTb COCTaB K/1aCCOB

=> JFR / AsyncProfiler
€ KOorga Hago BbIACHUTb TOYHbIN CTEKTPENUC anokaunm

-=» BTrace
€ KOorga Hy>HoO MU3B1IeYb TOYHbIE 3HAYEHMS Ha FOPSAYYIO

- Core dump
& KOrga Hago CHSITb 6bIcTpee unum nocre kpaxa JVM
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3aKpyriaeHue

Pe3oMe 1 BbiIBOObI

ooooo



UckaTb 6arm B pamMnax - 3TO..
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UckaTb 6arm B pamMnax - 3TO..
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........

Takeaways

=> [NpobneM ¢ NaMATbIO HE U36eXaTb, HO MOXHO MOArOTOBUTHLCS:

& nponuwmnte HeapDumpOnOutOfMemoryError y>xe cerogHs

=> AHanuamposaTtb gamnbl nyywe B Eclipse MAT

& cHa4vana Top Consumers & Dominator Tree, notoM OQL/SQL

- lpexae 4yeM CHMMATb/OTKPbIBATb AAMI, CM. a/IbTEPHATUEDI

& 4TOOGbLI HANTK CNOCO6 pasobpaTbcs bbicTpee

N\ 107
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https://eclipse.dev/mat/

[lone3Hble MaTepuabl

=> AHppewn NaHbrnH - [1laMaTb Java-npouecca no nosaovYkam

2 [na npenctaBneHms “obuen KapTUHbl®

= Bnagnmmnp CUTHMKOB — Pasbop crioXkHbix cnyyaes OOM

¢ [nsa 6onee rnyboKoro NorpyXXeHms B TemMy

=> Emily Chang - Monitor Java memory management

* [nga noHMMaHunsa MeTpuK 1 nosegeHmnsa GC

x\ 108
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https://www.youtube.com/watch?v=kKigibHrV5I
https://youtu.be/OE3wowy29mg?list=PLVe-2wcL84b8x3krxqsYHwlmfb4kb8A4n
https://www.datadoghq.com/blog/java-memory-management/

lloNle3Hble MHCTPYMEHTHI

> — ook SQL ong Eclipse MAT
¢ [lpoekT Ha GitHub

-> — reHepatop SQL ang onpoca heap-gamnos

& OnucaHme Ha pycckoM m OpoekT Ha GitHub

-> — Bepcusa Spring PetClinic ¢ onncaHHbIMM 6aramMu

¢ OnucaHue Ha pyccKkoM 1 OpPoekT Ha GitHub

E\ 109
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https://github.com/vlsi/mat-calcite-plugin
https://toparvion.pro/project/heap-talk/
https://github.com/Toparvion/heap-talk
https://toparvion.pro/project/bugclinic/
https://github.com/Toparvion/spring-petclinic-rest

f/ Cnacub6o! @

MoxHO 3apaBaTb BOMPOCH :)

Bnagumup Mnaunsra [©

CREDITS: This presentation template was created by Slidesgo, and
includes icons by Flaticon, and infographics & images by Freepik
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https://toparvion.pro/event/2024/joker/
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https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
https://toparvion.pro/event/2024/joker/

