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A — Brnagumup ITnu3ra

[NPUBET!

[Tuiry Ha Java ¢ 2011 1.
o ®uHTex (MHTepHEeT-0aHK)
o IIpomsinuieHHbIN 0T

JIF06JIF0 ITIOMOTaTh JIFOISIM




KOHTEKCT

“A KOrfa ragaeT
[IPOM3BOIUTEIBHOCTD
— ux Het :(”

“Korma mpoucxoasT
OLIMOKM, Y HaC eCTh
CTEeKTPENChI”



KOHTEKCT

“XoTb Ha paboTy
ue xonu!”

“JIoru U METPURU
He rmomMorarot!”
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YTO Mbl MPOOUNTNPYEM?

[IpunagHou
KO}
JVM
0S



YTO Mbl MPOOUTNPYEM?

Haiu poKyc [IpunagHOU
KOJ
JVM
, 0S
Ilermouka !
C/Ie[ICTBUM



EC/TIN XOYETCH 3AHbIPHYTD

Joker<?>

2024

[TpodpunmpoBaHme

. Java B ctune Linux

Cepren
MenbHMKOB

Dijkstra Markets

¥y '-: - :
https://www.youtube.com/watch?v=EZA5zcfFA4w (_\
14



https://www.youtube.com/watch?v=EZA5zcfFA4w
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[ NMPOOUTNPYEM }

N

a.ka. threads -

Bpiunciedud

ITepeHOCHI JAHHbBIX D '

AJJIOKaIMU B Ky4e U BHe eé
VTeUKU HaTUBHOU [IaMATU

YTeHue U 3ali1ch
JIVICK U CeTh

CHUHXpPOHU3AIIUA IIOTOKOB
BIIOKMPOBKM/0CBOOOKIEH NS

17



[ CPU } BriuucieHus

[TepeHOChI TaHHBIX D '

[ NMPOOUTNPYEM }
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[ CPU } BriuucieHus

[TepeHOChI TaHHBIX D '

[ NMPOOUTNPYEM }
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<4

O

KAK NMPOOUNTNPOBATDb CPU
Moaxopa 1. Sampling

CHHMaeM JaMIIbl IOTOKOB C KaKOM-TO YaCTOTOU
CKJIeMBaeM Ux

Yem yallje BCTpeYaeTcsl MeToy, TeM 60sbIlle OH 3aHnMaeT CPU

20



SAMPLING

II;1r0ChI

JIerko peajin3oBaTh
IIpoCTO 1UCIIOJIB30BaTH

YrpaBinsgembin overhead
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SAMPLING

Ilnrochl Munycsl
JIerko peajin3oBaTh He Bcerga To4yeH
[IpOCTO UCII0IL30BATH [TogBep>keH safepoint bias™

YrpaBinsgembin overhead

23



* SAFEPOINT BIAS (HA MA/bLIAX)

e I[IoTOK JVM Helb3s OCTaHOBUTH B JIIOOOM MeCTe

e Ho MO>XKHO B T.H. safepoint’ax

© HAaIIpHUMeED, HAd BbIXO[i€ M3 ME€TO/Jd 1 IIOBTOPEHNH [TNUKJIOB

e OnTumusanuu B JVM MOTYT BIUATH Ha UCIIOJTHEHUE:
o0 MEeTOIbI CTAaHOBATCH inline

O IHUKIJIbI IIPEBPAIAIOTCA B I10CJIE0BATEJIbHOCTH

. WODVINVWSIAITS




I . WODVINVWSIAITS

3anpocunn
OCTaHOBKY

C NaMATbIO |
| | BblHUCAAEM

loop

~__return

OAHOKJTACCHUKM a| alm works 200 SEITIIUSH

Auppein ITanprua — VMICKyCCTBO Java nIpouinpoBaHus
https: //wwwyoutube.com/watch?v=QiGrTvsCZmA



https://www.youtube.com/watch?v=QiGrTvsCZmA

SAMPLING

Ilnrochl Munycsl
JIerko peajin3oBaTh He Bcerga To4yeH
[IpOCTO UCII0IL30BATH [TogBep>keH safepoint bias™

YrpaBinsgembin overhead

26



SAMPLING

Ilnrochl Munycsl
JIerko peajin3oBaTh He Bcerga To4yeH
[IpOCTO UCII0IL30BATH [TogBep>keH safepoint bias™

VrnpaBigembin overhead He yMmeeT cunTaTh BBI3OBBI**

27



** NOACYET YNCNA BbI30OBOB

[Iprmep TOpMO34Illen 1IeIIOYKU METO/IOB:

o findUsersByIds > fetchDataFromDB > executeSQL
B0O3MO>KHBIE IPUYUHBI:

o metopn executeSQL() monro pabotaet ¢ 6ombiyM IN

o MeToj findUsersByIds() AemaeT 3ampocCkl IO Kakaomy 1D
Sampling yKa>KkeT TOJIbKO Ha executeSQL()

Pa3nnuuTh MOKHO [0 YHC/IY BBISOBOB

28



<4

O

KAK NMPOOUNTNPOBATDb CPU
Moaxop 2. Tracing

BHenpsieM B 6alT-KOJ METKU BbI30Ba METO/IOB
CTpOMM CTEeKTPEeuChI 110 HUM

[Tony4yaeM TOYHbIE BpeMeHHbIE pAMKH Pab0ThI METOIOB

29



TRACING

II;1r0ChI

BbICOKas TOYHOCTDH
IlogcyeT 4riciia BEI3OBOB

[TyTh K high-level meTprkam



r
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TRACING

Ilnrochl Munycsl
BbICOKas TOYHOCTD JTIroThIN overhead
[TogcuyeT unciia BbI3OBOB CJI0’KHOCTb HAaCTPOUKU

[TyTs K high-level MmeTprkam MoskeT BIUATHb Ha MPOopuiip™*

32



* (AE)ONTUMMN3ALNA (HA NMAMDBLIAX)

e Hawubonee “ropsiurie” MeTO/Ibl OIITUMU3UPYIOTCSA camoi JVM
e VX UCIIOJIHSIEMBIN KO MOKET He COOTBETCTBOBATH NCXOIHOMY
e BKIIIOYeHMe TperCHUHIa MeHSIeT UCXOAHbBIN KJIacC
e JTO IIPUBOJUT K:
o (He)IIpHMEeHEHUIO NPYTUX ONITUMMN3aIUuM

o JIeONTUMMU3AIMU paHee CreHepUPOBAaHHOT0 KO/Ia

e Pe3yabTaT: IPOMUIHL MEHSIETCS, (yal=4(8%0:iRPiTey; (U iz U3

. WODVINVWSIAITS

'4
S

O




I . WODVINVWSIAITS

[AE Y3HATDb bOJIbLLUE

o
joreak:
&) Hosocubupck 2017

WBaH KpbirioB

Azul Systems



https://www.youtube.com/watch?v=9valLOxgDbI




[ NMPOOUTNPYEM }







. WODVINVWSIAITS

ANNTOKALNA NAMATU B KYYE (HA NANbLIAX

e HoBble 06 HEKTHI CO3[JAIOTCS B IIOTOYHO-JIOKAJIbHbBIX Oydepax
o TLAB - Thread-Local Allocation Buffer

e Ecinu 00beKT He Bi1a3uT B TeKyiuii TLAB, co3gacTcst HOBbIM

e Ecnu 00beKT OrpOMHBINM, OH MOKeT OBbITh Co3/laH BHe TLAB
o 9TO TpebyeT CMHXPOHU3AIIUHY, II09TOMY HasbiBaeTcs slow path

e Ha o6a sTux cnyyas B JVM ecTb COOBITHS, HA HUX MOKHO IO INCAaThCS

o Ilogpo6Hee: Kak [VM amnornupyeT 06heKThI? (Xabp)



https://habr.com/ru/articles/332708/

<4

O

KAK NPOOUNNPOBATb APVIUE PECYPChbI
Mopxopn 3. Event-based

I[Tonaraemcsi Ha cOOBITHS 0OpallleHUsI K pecypcam BHYTpHU JVM
CobupaeM CTEKTpPENChI C HUX

ITotygyaeM TOYHYIO KapTUHY 10 pecypcam

39



EVENTS D<

Ilnrochl Munycsl
BbICOKasi TOUHOCTD Cnabas cBsI3b C O13HeC-
YmepeHHbiu overhead JIOTUKOU IIPUJIOKEeHUA

HaTuBHa4a nnoggepskKKa OrpaHu4YeHHas IPUMEHUMOCTb

40



(2
<3

O

NOMYNAPHbIE NPEACTABUTENIA

Sampling
o Async-profiler asprof
Tracing

o YourKit Java Profiler YourKit

Events
o ]DK Flight Recorder JER

k4


https://github.com/async-profiler/async-profiler
https://www.yourkit.com/java/profiler/
https://docs.oracle.com/en/java/java-components/jdk-mission-control/

AECNIK
TOYHEE










BcTpoeHHbIn
npocunuposuk Intellid
IDEA

VisualVM

JProfiler

Java Flight Recorder / Java
Mission Control

NetBeans Profiler

async-profiler

YourKit

Eclipse MAT

CobCcTBEHHbIE UHCTPYMEHTDI

Hukakue

0%

JUG.RU
TECHRADAR
04.2025

20% 40% 60% 80% 45



A TAE XE
MPOMAUNEP
N3 IDEA?

IDEA
Profil



Joker<?>

2024

[TyTeBOOoUTEND
Mo aHanNM3y NamaTu

JVM-npunoxxeHmnm Bragymmp
[1nn3ra

Tibbo Systems

T ::.. .-. ': ‘
https://www.youtube.com/watch?v=fPns20-cnYQ (_\ i



https://www.youtube.com/watch?v=fPns2O-cnYQ

} Q A IAE YXE MPOMANEP <XXX>?

VisualVM
[Profiler

Digma.Al
Alibaba Arthas

NetBeans Profiler

O — Observability

O

BHe (poKyca foKaaga

48



https://visualvm.github.io/
https://www.ej-technologies.com/jprofiler
http://digma.ai
https://arthas.aliyun.com/en/
https://www.netbeans.info/profiler_subdomain/index.html
https://opentelemetry.io/docs/languages/java/instrumentation/#zero-code-java-agent
https://www.datadoghq.com/
https://github.com/newrelic/newrelic-java-agent
https://github.com/micrometer-metrics/tracing

} Q MOYEMY HET EANHOIO CYNEP NPOGANEPA

@Okerﬂ?) 2017 g o "

Nitsan Wakart

Profilers are lying
hobbitses



https://www.youtube.com/watch?v=7IkHIqPeFjY

[ NMPOOUTNPYEM }







SAMPLING } g CPU u locks

Ins CPU u locks
1 Apyrux pecypcoB

[ TRACING* }

[ NMPOOUTNPYEM }

EVENTS } 1 Ipyrux pecypcoB

* Moxcem 8HOCUMb
oonvwoli overhead!

52






3 ] OBLLI NOAXO/

O

[ToaKIIIOUNTE Ipodaniep K IPUI0KEHUTO
3anyCTUTb NPOMUINPOBaHME

BbIIIOJTHUTD IIPOOJIEMHOE JIEIICTBUE <

OCTaHOBUTH NPOPUINPOBAHUE

COXpaHUTD PE3yIbTaThl

ec/iu 3Haewb Kakoe

54



BAPWAHTbI PE3Y/IbTATOB NMPOOU/TNPOBAHNA

OOBIYHBIN TEKCT
3amnucu JFR

o bBuHapHBbIe “Torn” CoO BCTPOEHHBIM CKaTHEM

o TlompepsKUBalOT Pa3HOTUITHBIE COOBITHS B OffHOM (parijie

Flame Graphs ¢

o VHTepaKTHWBHAs BU3ya/IM3allis MHOKECTBA CTEKTPENCOB

o Kak npaBuio, B SVG

b5


https://github.com/brendangregg/FlameGraph

CPU profile

Produced by async-profiler

B


https://docs.google.com/file/d/1lC64aN6K8OgKM8VlWIp8QWT2nJIUnwrq/preview

Q KAK CTPONTCH FLAME GRAPH

1. BeimucaTh CTEKTPENCHI B aJIPAaBUTHOM IIOPSIIKe HUYKHEr0 dTa’Ka

O
>

fO || fO || fO || fO | fO || 90 || 90

e) | e) || e) | e) |e( | el || e)

Stack depth

Lhol[ho H ho}\do 40 | 40 || d0 | dO | dg a0 do]do}
{ao}[ao H ao}\bo\ bo//bo: bo:/bo\ b0 bo:\ bo}

Alphabetically sorted —_—

| . -

https://krzysztofslusarski.github.io/2022/12/12/async-manual.html#flames

b7



https://krzysztofslusarski.github.io/2022/12/12/async-manual.html#flames

O f0 | w0

—

h) d0 J

Stack depth

4[ a0 b0 | e }

Alphabetically sorted

https://krzysztofslusarski.github.io/2022/12/12/async-manual.html#flames

58



https://krzysztofslusarski.github.io/2022/12/12/async-manual.html#flames

Q KAK CTPONTCH FLAME GRAPH

3. 0603HAUYNTD BEPXHUM 3TAK I10 U3MEPSIEMOMY PECYPCY

I J
O 0 | w0 |

h) do j

Stack depth

I b() 0
n 0|

Alphabetically sorted

59



https://krzysztofslusarski.github.io/2022/12/12/async-manual.html#flames

(2
<3

O

NMPUMEPDBI U3SMEPAEMbIX PECYPCOB

PazMepbI/KOIUYECTBO a/UIOIPOBAHHBIX 00'HEKTOB B Kyue
06'peM nepefaHHbIX/3alIMCAHHbBIX JAHHBIX
Bpemsi, TpoBefleHHOE Ha MPOoIleccope

Ye? 0_0
Bpemsi, riporiie/iiiee 3a HabaroeHue

60



(2
<3

O

CPUTIME  WALL CLOCK TIME

CPU time — Bpem4, IpOBeJIeHHOEe [IOTOKOM Ha IIpoijeccope
Wall clock time — o6111ee BpeMsI IOTOKaA

o BKIIO4Yag o’KuagaHue

o BKiIOYast 6JIOKMPOBKU

o BKIIHOUYas COH

61



NMPO®W/b OAHOIO Bbi3OBA METOAA

CPU

RAM

I/0

Locks

[Tepronbl BllafieHUSI pecypcaMu 3a 1 BbI30B MeTO/Ia (_\ -




CPU TIME

CPU

I/0

RAM
Locks

63

:l..)

. CPU time (1+2+1



CPUTIME ~ WALL CLOCK TIME

CPU |

a

RAM

I/0

Locks

| | | | | | | |

| CPU time (1+2+1=4) Wall-clock time (7-1=6) (_\ ”
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(2
<3

O

ASYNC-PROFILER: OBLLEE

HOCTVYIIHOCTB: Open source

PaspaboTuuk: Auapei [IaHbI'MH ¥ KOHTPHObIOTODEI

Twun: sampling
NHTep(dencsr:
o CLI

o Java API

69


https://github.com/async-profiler/
https://github.com/apangin
https://github.com/async-profiler/async-profiler/graphs/contributors

o <

Q AsyncGetCallTrace (AGCT) is a
O of HotSpot JVM ...

async-profiler ...
after this function.



https://github.com/async-profiler/async-profiler/issues/795

(2
<3

O

ASYNC-PROFILER: MOAKMIOYEHNE (CLI)

ITpu crapTe JVM:

o java -agentpath:/path/to/asprof.so=start,event=cpu ..
Ha nety:

o asprof -d 30 -e cpu -f profile.html <pid>

I\ 114 aToro peskuma JVM nydiiie 3ar1ycKaTh C ONIUAMU:

-XX:+UnlockDiagnosticVMOptions -XX:+DebugNonSafepoints

n



. WODVINVWSIAITS

ASYNC-PROFILER: OCOBEHHOCTW PABOTDI

e Async-profiler cobupaer callstack’u BHe safepoint’oB
e EMYy HY’KHO COIOCTABJISITh MX C ICXOOHBIM KOZIOM

e OH 6epeT maHHbIe y JVM

e Ecnu oHa 3anyieHa 6e3 +DebugNonSafepoints, ux Mo>keT He OBIThH

LI kA 135 U TP O (balkiiep TepsAeT B TOYHOCTHU

o Harmpumep, He BUAUT NpocThlie inlined-meTobl

o Ilogpo6uee: Why [VM modern profilers are still safepoint biased?



https://github.com/async-profiler/async-profiler/blob/master/docs/Troubleshooting.md#known-limitations
https://jpbempel.github.io/2022/06/22/debug-non-safepoints.html

AOKNAL Performance JVM Tooling

ASPROF:
3AMNYCK

C JMH JMH: BBOOHbIU KypC Mo MUKpobeHYMapKaMm

04.04 /19:30 — 20:15 UTC+7 (Asia/Novosibirsk)  3AJ11

[loknag ans 1ex, KTo Xo4eT HavyaTb ucnonb3osartb JMH aAng HanucaHus MMKpo6eHYMapKoB
WK YIrNyoéuTb CBOW 3HAHUS 3TON0 MHCTPYMEHTA: Bbl NO3HAKOMUTECH C 6a30BbIMMU
NnpUHUMNamMun cosgaHnus MMKpo6eH4YMapKoB 1 OCHOBHbIMU BO3MOXHOCTAMU JMH.

RU

(w10

Cnukepbl

[puropun Kowwenes
KOHTYp

ipoint.ru

v buorpagpums CTpaHuua cnukepa -2


http://jpoint.ru

(2
<3

O

ASYNC-PROFILER: CPU TIME

BKJIro4aeTcs OIIiven -e cpu
[TouTu He noABep>KeH safepoint bias
YacToTa COMIUIMPOBaHUA: -1 10ms

BKJItouaeT HaTHUBHBIE PPEVMBI B CTEKTPENCHI

76



NMAJIUTPA FLAME GRAPH B ASPROF

SharedRuntlme handle ic_ mlss helper internal
C++ SharedRu
‘SharedRuntirr ndle. wrong_m

23
;&

;I I ,
I

I |

C1 compiled java/util/ComparableTimSort.countRunAndMakeAscending
java/util/ComparableTimSort.sort
java/util/Arrays.sort

Java inlined ]ava/utlllArrays sort

Interpreted

https://github.com/async-profiler/async-profiler/blob/master/docs/Flamegraphinterpretation.md

1


https://github.com/async-profiler/async-profiler/blob/master/docs/FlamegraphInterpretation.md

(2
<3

O

KOrAA HY)XHbl HATUBHbIE ®PEVNMDb

Korpga ecTh HaTUBHBIU KO

18



KOIZIA HY)XHbl HATUBHBIE ®PENMb

1. Korma eCcTh BbI30OBEI
HATUBHOI'O KOIa

[ limlin] 5=
n
:

.com/savarese/rocksaw/net/RawSocket.__pingHost
com/savarese/rocksaw/net/RawSocket.nativePingHost
com/tibba/linkserver/util/ping/Ping.nativePingHost
com/tibbo/linkserver/util/ping/Ping.doPing
comytibbo/linkserver/plugin/device/ip/ping/PingFunction.execute
com/tibbo/linkserver/plugin/device/ip/ping/PingFunction.execute
com/tibbo/linkserver/plugin/device/ip/ping/PingService.readVariableValue
com/tibbo/linkserver/plugin/device/ip/IpHostDeviceDriver.readVariableValueByService

com/savarese/rocksaw/net/RawSocket.__pingHost
(283 samples, 8.94%)




(2
<3

O

KOrAA HY)XHbl HATUBHbIE ®PEVNMDb

Korpga ecTh HaTUBHBIU KO
Korzma HeT HaTMBHOI'O KO/ja

© HO OKAd3bIBA€TCA, OH €CTb

80



KOIZIA HY)XHbl HATUBHBIE ®PENMb

2. Korma HeT BRI3OBOB T

HaTHUBHOI'O KOA4 G1CollectedHeap: :attempt_allocation_slow
‘G1CollectedHeap: :allocate_new_tlab

com/tibbo/aggregate/common/datatable/field/DateFieldFormat.dateFromString
com/tibbo/aggregate/common/datatable/field/DateFieldFormat.valueFromString
com/tibbo/aggregate/common/datatable/field/DateFieldFormat.valueFromString
com/tibbo/aggregate/common/datatable/FieldFormat.valueFromEncodedString

. com/tibbo/aggregate/common/datatable/DataRecord.setData

. com/tibbo/aggregate/common/datatable/DataRecord. <init>

81



(2
<3

O

ASYNC-PROFILER: ALLOCATION

BKirodaeTcd oniuen -e alloc

3axXBaTbIBaeT aJUIOKAL[UU [TAMATU B Ky4e

He Bce, a Boillie riopora: ——alloc 500k

MO>KHO 1CII0JIb30BaTh C h1arom --live

O COXPaHUT TOJIBKO Te€ 00 bEKThI, KOTOPhIE He ObLIN

yAaJieHbl K KOHIY CeaHca MPOMUINPOBaHUS

82



MPUMEP KPYITHOW ANTTOKALINIA

byte[]

byte[] i
(5,242,896,000 samples, 99.99%)

https://krzysztofslusarski.github.io/assets/async-demos/alloc.html



https://krzysztofslusarski.github.io/assets/async-demos/alloc.html

(2
<3

O

KOrAA HY)XHbl HATUBHbIE ®PEVNMDb

Korpga ecTh HaTUBHBIU KO
Korzma HeT HaTMBHOI'O KO/ja

© HO OKAd3bIBA€TCA, OH €CTb

84



(2
<3

O

KOrAA HY)XHbl HATUBHbIE ®PEVNMDb

Korpga ecTh HaTUBHBIU KO

Korzma HeT HaTMBHOI'O KO/ja

O HO OKa3bIBae€TCH, OH €CTh
Korga meToz >KaeT Ha ypoBHe OC

o Harpumep, java.net.PlainSocketImpl#acceptO

85



(2
<3

O

KOrAA HY)XHbl HATUBHbIE ®PEVNMDb

Korpga ecTh HaTUBHBIU KO

Korzma HeT HaTMBHOI'O KO/ja

O HO OKa3bIBaeTCs, OH €CTh

Korga meToz >KaeT Ha ypoBHe OC

o Harpumep, java.net.PlainSocketImpl#acceptO
Korpga Hy>KHO yBUETh aKTUBHOCTH GC

o HarpumMmep, GangWorkers

86



ASYNC-PROFILER: MOAKNIOYEHWE (IDEA)

Q- Build, Execution, Deployment > Java Profiler

Build, Execution, Deployment @ @ @ ¢ e
ame: ntelliJ Profiler

Coverage (2 IntelliJ Profiler
Debugger

Agent options: event=wall interval=10ms,jfrsync=profile
Deployment
Docker Agent: Bui
Java Profiler

Async profiler README.md ~

Filters
SR Collect native calls (GC threads, JNI calls, etc.)

Remote Jar Repositories

Required Plugins




KAKOW PEXXUM NYYLLE,
“  ECINHEMOHATHO, ©
KVAA CMOTPETb?

2




(2
<3

O

ASYNC-PROFILER: WALL-CLOCK

BKirodaeTcd onnjuen -e wall

3axBaThIBAET IMOTOKH B JII0OOM COCTOSTHUM
[TogxomuT AJisl BbIICHEHUS 001X 3aTpaT BpeMeH!U
YacToTa COMIUIMPOBaHUA: -1 10ms

JIydiiie MCIIOIb30BaTh C (pj1iarom -t (threads)

89



MPUMEP PA3AENEHWA HA NOTOKW

java/lang/Obje:
java/lang/Object.wait
(2,074 samples, 5.01%)

MiIMeHa
NOTOKOB

90



’ <] ASYNC-PROFILER: APYTUE PEXXIMbl

AJIJIOKaIIMU HaTUBHOM MaMAaTH (-e nativemem)
BriorupoBKu (-e lock)

O OTnesnbHble Java-meTonbl (-e ClassName.methodName)
A He Java ToKe:
o Java_java_lang_ClassLoader_defineClassl
o Java_java_lang_Throwable_fillInStackTrace
o JVM_StartThread
o G1lCollectedHeap :: humongous_obj_allocate

e [Ipouue
-

9



https://github.com/async-profiler/async-profiler/blob/master/docs/ProfilingModes.md

e e e e e e e \I \
OT/1I0B OrPOMHDbIX ATTOKALINK (G1 GC) N

<

G1CollectedHeap::humongous_obj_allocate
G1CollectedHeap::mem_allocate

MemAllocator::allocate

TypeArrayKlass::allocate_common

Runtimel::new_type_array

java.io/ByteArrayOutputStream. <init>
org.springframework.web.util/ContentCachingRequestWrapper. <init>
org.springframework.web.filter/AbstractRequestLoggingFilter.doFilterInternal
org.springframework.web.filter/OncePerRequestFilter.doFilter
org.apache.catalina.core/ApplicationFilterChain.internalDoFilter
org.apache.catalina.core/ApplicationFilterChain.doFilter
org.springframework.web.filter/RequestContextFilter.doFilterInternal
org.springframework.web.filter/OncePerRequestFilter.doFilter
org.apache.catalina.core/ApplicationFilterChain.internalDoFilter
org.apache.catalina.core/ApplicationFilterChain.doFilter
org.springframework.web.filter/FormContentFilter.doFilterInternal
org.springframework.web.filter/OncePerRequestFilter.doFilter
org.apache.catalina.core/ApplicationFilterChain.internalDoFilter
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ASYNC-PROFILER: IAE HOMEPA CTPOK?

= Stack Trace & Flame Graph © Progress View

93

dopmart 3Kcnopra Homepa cTpok
P[ain text x > Ljav Create Method Probe int):68
Group Stacktraces From >
Distinguish Frames By > ‘ Optimization Type
ﬂepeBbﬂ BbI3OBOB x Layout Options > Byte Code Index
Method Formatting Options >| * Line Number
iE Copy +C Method
Flame GraphS x Clipboard Settings > Class
Store Selection Package
Store and Set As Focused Selection I
JFR-3anucm _] Export stacktraces >
) DR




<
D




(2
<3

O

ASYNC-PROFILER: YEI'O HE XBATAET

Kak mojay4YuTh KOJIMYECTBA BbI30BOB METO/IOB!
Kak npoduanpoBaTh BBOJ-BbIBOJ,
KaK mo[IK/II0YaThCS YAAAEeHHO?

Kak MOHUTOPUTH “Ha IeTy”?
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YOURKIT: OBLLEE

HOCTYITHOCTD: [IJIaTHBIE JINIIEH3UU
Pa3paboTunk: YourKit GmbH

Twun: sampling & tracing
NHTep(dencsr:

o GUI

o CLI

o HTTP API

o Java API

98


https://www.yourkit.com/java/profiler/purchase/

The [open source] license is granted
to developers of
Open Source projects, with an
and community.



https://www.yourkit.com/java/profiler/purchase/#os_license

% YOURKIT: APXUTEKTYPA *

O i E /Java Virtual Machine \
1

Network

HTTP, SOCKS proxies
SSH tunnels

a e e e 100



https://www.yourkit.com/docs/java-profiler/latest/help/architecture.jsp

} Q YOURKIT: PEXXMMbI AN CPU

Start CPU profiling @

O ® Sampling
Asynchronous sampling < Pacnapaetcd elle Ha ABa

Tracing

Call counting

a EEEERE o




YOURKIT: CPU TRACING

:] 3axBaTbhIBaeT MOMEHTHI BXO/a 1 BbIX0O/a B/13 METOOB

COXpaHHQT TOYHbIE QJINTEJIbHOCTHU 1 KOJINYECTBad BbI3OBOB

O MoskeT nnpumeHAThCS ¢ CPU time 1 wall-clock time

[To ymMmOI4aHUIO — aAallITUBHBIN

_ ....... 102




YOURKIT: CPU ADAPTIVE TRACING

HcKiroyaeT KOPOTKHE, HO YaCTO BbI3bIBA€MbIE€ METO/]bI

OCHOBBIBAeTCS Ha CTaTUCTHUKE MO X0y TPOoMUINPOBaHNS

O OTpa’kaeTcd B pe3yjbTaTax:

{\, DemoApp.java:87 M DemoApp.drawDemo(Graphics2D) 30,041 6% 493

= § DemoAppjava:72 X sunjava2d.SunGraphics2D.clip(Shape) 28336 6% 493

E @ SunGraphics2D.java:2059 M sun.java2d.SunGraphics2D.intersectShapes(Shape, Shape, boolean, 28,221 6% 493

= @ SunGraphics2Djava:463 4 sunjava2d.SunGraphics2D.intersectRectShape(Rectangle2D, Sha 28,221 6 % 493

E @ SunGraphics2Djava:509 sun.java2d.SunGraphics2D.intersectByArea(Shape, Shape, bc 28218 6% 350

= 6 SunGraphics2D.java:542 M java.awt.geom.Area.<init>(Shape) 26,271 5% 350

= @ Areajava:126 N java.awt.geom.Area.pathToCurves(Pathiterator) 26,270 5%', 350

I& Areajava:195 M <..> sun.awt.c_;eom.AreaOp.caIcuIate(Vector, Vector) 26,209 5 94 350

Areajava:169 N <..> @ sun.awt.geom.Curve.insertQuad(Vector, double, double, ¢ 226 0% = 35272 I

~ Area.java:176 M<..> sun.awt.geom.Curve.insertCubic(Vector, double, double, do 7 0 % 5,600
_ https://www.yourkit.com/docs/java-profiler/latest/help/tracing settings.jsp 103



https://www.yourkit.com/docs/java-profiler/latest/help/tracing_settings.jsp

TAK TE XE
“ HAMAAHBIA MPOOUT o
TRACING'A? S
<




SAMPLING

o Q Call Tree

= <All threads>
¢s S com.tibbo.linkserver.Server.main(String[])
& W<...> java.lang.Thread.run()
¢y S com.tibbo.linkserver.Server.<clinit>()
Y <...> sun.launcher.LauncherHelper.checkAndLoadMain(boolean, int, String)
Y<...> com.intellij.rt.execution.application.AppMainV2$1.run()
“ com.tibbo.aggregate.common.context.EventDispatcher.run()

Y<...> com.sun.management.internal.GarbageCollectorExtimpl.createGCNotification(long, String, String, ¢
Y <...> com.sun.management.Gclinfo.<init>(GcinfoBuilder, long, long, long, MemoryUsage_l], MemoryUsage[

+ Time (ms)
40,643 EILED
30,979 [GEE

6745 179

2,752 779

69 0%
33 0%
22 0%
17 0%

9 0%

47,212
2,843
111,367
163

6

3,012
1,411

7

3

TRACING

s Q Call Tree + Time (ms)
= <All threads> 4,736,405 QiSRS
E & % java.lang.Thread.run() 4,146,780
$ Thread.java:840 Sy<...> java.util.concurrent.ThreadPoolExecutorSWorker.run() 3,078,869
=B @ Thread.java:840 %y org.apache.tomcat.util.threads.TaskThreadSWrappingRunna 775,699 16 ‘ﬂ
B @ TaskThread.java:63 %y org.apache.tomcat.util.threads.ThreadPoolExecutor$y 632,256 13 9§
= @ ThreadPoolExecutor.java:659 % org.apache.tomcat.util.threads.ThreadPc 632,256 13 %
& ThreadPoolExecutor.java: 1176 y<...> org.apache.tomcat.util.threads.T 623,010 13 CBﬁ
ThreadPoolExecutor.java: 1191 % org.apache.tomcat.util.net.SocketProce 9,238 0%
ThreadPoolExecutor.java: 1192 $y<...> org.apache.tomcat.util.threads.Thr 2: 0%

Avg.Time(ms]  Count

37,358
32,753
64,641
63,225
63,225
1,384
20
<0.1

111
94
12
10
10

450

450

450
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@CPU X ’ §Threads X | &) Memory X | & Exceptions X | 4 Performance Charts X | @ Events X Elnspections X

CPU profiling
Sampling

Performance charts

Call tree — All threads merged
Call tree — By thread

Flame graph

Hot spots

Method list

Java EE

Database

JSPs and servlets

JNDI

[ ] Hide nested calls Group queries by type [ | Include prepareStatement()/prepareCall() [ | Hide zero time calls @

o Q Call v Time (ms) Count
(JPA/EclipseLink) getResultList 25,881 4(E
(JPA/EclipseLink) getSingleResult 23,240 354
=] Select 11,216 17 ‘a

SELECT CUSTOMER_ID AS a1, ADDRESSLINE1 AS a2, ADDRESSLINE2 AS a3, CI 5700 9 0/«! 20,000
SELECT COUNT(CUSTOMER_ID) FROM CUSTOMER <Open> 5476 8 O/! 20,000
SELECT MANUFACTURER_ID, ADDRESSLINE1, ADDRESSLINE2, CITY, EMAIL, FA 9 0% 8
SELECT MANUFACTURERL_ID AS a1, ADDRESSLINE1 AS a2, ADDRESSLINE2 AS . 3 0% 6
SELECT DISCOUNT_CODE, RATE FROM DISCOUNT_CODE WHERE (DISCOUNT, 3 0% 4
SELECT COUNT(MANUFACTURER_ID) FROM MANUFACTURER <Open> 3 0% 6
SELECT PROD_CODE, DESCRIPTION, DISCOUNT_CODE FROM PRODUCT_COD 2 0% 3
SELECT ORDER_NUM, FREIGHT_COMPANY, QUANTITY, SALES_DATE, SHIPPIN( 2 0% 3

o Q Reverse Call Tree v Time (ms)

El i org.apache.derby.client.am.PreparedStatement.executeQuery() 11,216 QIS
)S org.eclipse.persistence.internal.jpa.Querylmpl.getResultList() Querylmpl.java:473 5722 S|BE

'S org.eclipse.persistence.internal.jpa.EJBQuerylmpl.getSingleResult() EJBQuerylmpl.java:400 5483 4Bg

)§ javalang.Thread.run() Thread.java:745 9 0%

https://www.yourkit.com/docs/java-profiler/latest/help/java-ee-profiling-results.jsp 107
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YOURKIT: APYTUE PEXXUMb

Events:

JSP/Servlet (2,303)
SQL (4

Socket (163

File (348

Process (12
Thread (1,804

VCKIIOUeHuda

vV v v v Y

BJIOKUPOBKU

CobObITUA Class Loading (16,22¢
Message (8

JNDI (Z

108
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’&</I JFR: OBLLEE

PacrpocTpanenue: B coctaBe HotSpot® JVM
PaspaboTuuk: Sun/Oracle
O Tun: events + sampling
NHTep(dencsr:
o CLI
o Java API

o GUI: Java Mission Control

a EEEERE 2



https://github.com/openjdk/jmc

The JDK Flight Recorder was designed
to minimize the Observer Effect
in the profiled system, and is meant

to be systems. D
<

Wikipedia: |DK Flight Recorder /w



https://en.wikipedia.org/wiki/JDK_Flight_Recorder

I . WODVINVWSIAITS

JFR: CPU SAMPLING PROFILING

e VJFR cBOM MeXaHUM3M [IOJIYYEeHUS CTEKTPENCOB
e OCO6eHHOCTU:

o He nognep>kuBaeT Wall-clock time

o BBIBOJUT TOIBKO Java-Ko[, He HATUBHBIU

o IIpomyckaeT HEKOTOpPbIe MeTO/Ibl, HAarIpuMep, System.arraycopy

o CHJIBbHO 3aBUCHUT OT -XX:+DebugNonSafepoints

e IlogpobHee: Alexey Ragozin - Lies, darn lies and sampling bias

-~

T4



https://stackoverflow.com/a/61548795/3507435
https://blog.ragozin.info/2019/03/lies-darn-lies-and-sampling-bias.html

S - JFR: EVENTS 7

Ha Bepcuro JDK 21 B HotSpot nopaepskuBaeTcs 500+ cOOBITHIM

BBIBAIOT C OJINTEIBHOCTHIO 1 6e3
O CoxpaHsII0TCcs B 6rHapHbIe anbl *. jfr
EcTb nIpegycTaHOBIEHHbIE HAOOPHI:
o default — nerkoBecHbIN, MAJIOMH(OPMATUBHBIN
o profile — yBecucTbIl, MOAPOOHBIM

IIo VMOJIYaHHWIO BCE OTK/IIOYEHBI

a EEEERE 5



https://sapmachine.io/jfrevents/21.html?version=21

} Q JFR: MOAKMIOYEHWE

ITpu cTrapre:

o java -XX:StartFlightRecording=filename=record.jfr ..
O Ha nerty:

o jemd <pid> JFR.start filename=record.jfr

o JInbo uepe3s GUI (Hampumep, Java Mission Control)

o JInbo yaganeHHo 1o JMX:

m com.sun.management.DiagnosticCommand.jfrStart

a e e e 16




} Q JFR: BbIBOP COBbITUI B JMC

Filter: File
O v [z Java Application Enabled
> Il File Force Stack Trace
> [HJFile Read Threshold | 10ms
> Il File Write

v [z Operating System
v [z File System
> [J Container 10 Usage

17



JFR COBbITUA AN PECYPCOB

YTto?

)
N

jdk .ExecutionSample
CPU } ] P

jdk.0bjectAllocationSample
RAM }

[ NMPOOUTNPYEM }

UEM? /0 jdk.SocketWrite
' jdk.FileWrite

jdk.JavaMonitorWait

LOCKS }

18



CEMb PASSOTMEP
’ A0
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KAK YBUAETb
“  CTEKTPENC OBPALLEHUA o©
K PECYPCY B JMC? S
<




B Filel/O @ =

Focus: | <No Se v | Aspect: | <No Selec! Show concurrent: Contained |v/Same threads Time Range: |Set || Clear

Path Total1/O Time Count Read Count Write Count Bytes Read ~ Bytes Written
logs/server.log 421.365ms
Timeli, Nurations| Size|Event Log|
1.75kiB T
15KBT
1.25KB T
File Write (1 path) 1KBT
768B T
512BT |
256 B | .—
4/11/2024 5:06:00 PM 5:06:30 PM 5:07:00 PM 5:07:30PM 5:08:00PM 5:08:30PM
(4] _—
= Stack Trace & Flame Graph € Progress View RAdAR E & @ Samples v § = B

Stack Trace

__1 java.io FileOutputstream.write(byte[], int, int):95 _ :
T org.apache.logging.logdj.core.appender.OutputStreamManager.writeToDestination(byte[], int, int):250




AEPEBO
PE3Y/IbTATOB

B JMC

Copfep>KUT 3alMCaHHbIe COOBITHS

Ecinu yero-to HeT, cM. Event Browser

[Toutu Be3ne wall-clock time

1] TTogpo6HOCTM:

Alexey Ragozin — Hunting down

code hotspots with

[DK Flight Recorder

8f JVM Browser Z= Outline

[l Automated Analysis Results

v & Java Application

> = Threads

> 9% Memory
€e Lock Instances
&iFilel/O
<@ Socket 1/O

I @ Method Profiling

J) Exceptions
& Thread Dumps

v Jl/M Internals Pe3ynbmamol
EI] Garbage Collections npogunuposaHus
[[5 GC Configuration sampling’om
I GC Ssummary (CPU time)

> & Compilations
® Class Loading
&e VM Operations
¥+TLAB Allocations
> @ Environment
3w Event Browser 122


https://bell-sw.com/announcements/2020/07/22/Hunting-down-code-hotspots-with-JDK-Flight-Recorder/
https://bell-sw.com/announcements/2020/07/22/Hunting-down-code-hotspots-with-JDK-Flight-Recorder/
https://bell-sw.com/announcements/2020/07/22/Hunting-down-code-hotspots-with-JDK-Flight-Recorder/

WALL-CLOCK: MPUMEP N3 XXN3HW -/

5 | Projects / §® / # Addparent / &

Eliminate excess load on Cassandra upon fetching events by ID

iterator.hasNext() ? iterator.next() : null

Excess querying of (unexistent) next event

Primary fetching by ID @

ModelBindingExecutor/OTHacuTe ..

2022-09-29 17:40:15 17:40:30 17:40:45 17:41:00 17:41:15 17:41:30 17:41:45 17:42:00

( 123




YourKit

Events:

JSP/Servlet (2,303)

SQL (4)

Socket (163)

File (348)

Process (12)

Thread (1,804)

Thread park (0)

Class Loading (16,228)

Message (8)

» Directory Stream (0)
JNDI (3)

¥ W WV

8f JVM Browser 2= Outline

[l Automated Analysis Results

v &1 Java Application
> £ Threads
> 9% Memory
€e Lock Instances
SFilel/o
<@ Socket I/O
@ Method Profiling
49 Exceptions
& Thread Dumps
v &2 JVM Internals
I Garbage Collections
[ GC Configuration
I Gc summary
> &, Compilations
® cClass Loading
&e VM Operations
¥+TLAB Allocations
> & Environment
3% Event Browser

Java
Mission
Control

124



YourKit

Events:

¥ W WV

8f JVM Browser 2= Outline

[l Automated Analysis Results

v & Java Application
S Threads

> 9% Memory

JSp /Servlet (2,303) €e Lock Instances
/ LFilel/o

SQL (4) — . Socket 1/O
Socket (163) = T .

Al @ Method Profiling
File (348) 39 Excepti

! Exceptions Java

Process (12) & Thread Dumps Mission
Thread (1,8 . v &2 JVM Internals Control
Thread park (0) I Garbage Collections
Class Loading (16,22 & G configuration
Message (8) I GC summary

Directory Stream (0)
JNDI (3)

> &, Compilations
® class Loading
&e VM Operations
¥+TLAB Allocations

&' Environment
3% Event Browser 125



D ] JFR: KAK IO6ABUTb CBOE COBbITHUE

OOBABUTH B KOJIE KaK Java KJ1acc

BbIMyCcKaTh B HY>KHBIX MeCTax
O Mckath B Event Browser’e B JMC

[IpriMepbI U 00BSICHEHNS B CTAaThe:
Monitoring REST APIs with Custom JDK Flight Recorder Events

a EEEERE 126



https://www.morling.dev/blog/rest-api-monitoring-with-custom-jdk-flight-recorder-events/




p-

V C et

O

CBOJKA

®uua \ NUHCTpYMEHT
Sampling/Tracing/Events
CobcTBeHHbIN GUI

Open source

YnaneHHoe npounmpoBaHue
CreKTpencol ¢ native-4acTbio

MNopnepxka high-level meTpuk

ASPROF

YOURKIT

S+T

JFR

E+S

X X
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[ NMPOOUITNPYEM

DEV }
TEST }

[ PROD }

IDEA Profiler
Wnwn apyron c uuterpaumen B IDE

YourKit
Wnu npyrom c tracing’'om

async-profiler
JER

130



D ] CONTINUOUS PROFILING @ PRODUCTION

async-profiler:
o asprof -—loop 1h -f profile-%t.jfr <pid>
O JEFR:
o jemd <pid> JFR.start filename=1long.jfr \
maxage=24h maxsize=2G settings=profile.jfc
VoaneHHO (B KjacTepe):
o YourKit Connection Broker / JProfiler Perfino
o OTEL-based tools

a EEEERE 1




’ Q MOMHWTD NP1 3ANYCKE HA PRODUCTION

async-profiler:
o [IIpu paboTe B KOHTeHepe MOKeT TpeboBaTh

O ITOIIOJTHUTEIbHBIX IPUCENAHNN

o Ecnu nmonb3oBaTesb He root, MOI'yT IOHAA00MUThCS

dnaykru i aapa Linux
JEFR:
o CKIafbIBaeT YaHKHU 3allrceu B peno3uTopuu (/tmp)

o CTeKTpEeMCHI 110 YMOJIYaHUI0 — 64 dTa)Ka (stackdepth)

132



https://github.com/async-profiler/async-profiler/blob/master/docs/ProfilingInContainer.md
https://github.com/async-profiler/async-profiler/blob/master/docs/GettingStarted.md#before-profiling
https://docs.oracle.com/en/java/javase/21/docs/specs/man/java.html#:~:text=of%20global%20buffers.-,maxchunksize,-%3Dsize
https://docs.oracle.com/en/java/javase/21/docs/specs/man/java.html#:~:text=parameter%20is%20enabled.-,stackdepth,-%3Ddepth
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Hosocubupck / 4 anpens 2017

3enéHas 30Ha: noauTor

[Tpodunuposarne —

HeobXxoanMas 4acTb exxeHeBHOl pa3paboTku

HabnopeHuns:

u|>95% npobnem HaxoAMTCs Ha NEPBLIX XKe 3axoaax

u|>90% npobnem TpuBManbHO paspelnmsi

m YéTkune nHCTpyKUMM NO 3anycky NpouanpoBKN CUIbLHO NOMOratoT:
OT/INYHO, €CNN €CTb OAHOCTPOYHUK, NN OAHOKHONOYHUK, unn APM

m BosbméTe pesenonepa 3a pyky, U C HUM OAUH pa3 nonpoduanpyere — 3To
yBepeHHO KynupyeT 6os3Hb 6a3osoii nepchopmancHoili paboTsi’

1 «HeT-HeT, He HAAO 3aKpPbLIBATbL 3TO OKHO, OHO BouTcs Tebs Bonblue, Yem Tl eroy @ rednat
C

Slide 20/66 Keynote: Performances», Aleksey Shipilév, 2017, D:20170404035127 40200

https://[wwwyoutube.com/watch?v=CgRIUgO-dMQ



https://www.youtube.com/watch?v=CgRJUqO-dMQ

% HA 3AMETKY

OcBolTEe KaKOM-HUOY/Ib Mpodalizep CerojHs

O o He 3HaeTe, Kakol BbIOpaTh — 6epuTe async-profiler

HauwnHariTe ¢ sampling’a u B pesxxume wall-clock time

o ComHeBaeTech?! IIOBbIIIANTE YaCTOTY/OIUTEIbHOCTD

[IpodunupynTe 3apaHee: dev, test, stage

o He Bcé To bottleneck, yTo TonbKO Ha production

137




} Q HE YITOMSAAHYTBIE CCbINKN

CTaTrpu

e Why (Most) Sampling Java Profilers Are F*king Terrible

O e I[Ipenpenn3Had OlleHKA IIPOU3BOAUTEIBHOCTY Ha YourKit
e Couldn’t We Just Use AsyncGetCallTrace In A Separate Thread?

HOKIaabI

e Safepoint — ¥ IYCTh BeCh MUP OOOOKIET
e IIpodaniep B KaKIBIN JJOM

a EEEERE 158



https://psy-lob-saw.blogspot.com/2016/02/why-most-sampling-java-profilers-are.html
https://toparvion.pro/post/2014/04/yourkit/
https://foojay.io/today/couldnt-we-just-use-asyncgetcalltrace-in-a-separate-thread/
https://www.youtube.com/watch?v=rthWVvU9gWo
https://www.youtube.com/watch?v=gHaz7IxVfPg&t=972s

Bonpocbi?

Braagumup ITnuara

Tibbo Systems

</] @stopshelf
# toparvion.pro



https://t.me/stopshelf
http://toparvion.pro
https://toparvion.pro/event/2025/jpoint/

