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1. BBeaeHune
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He aAyman 0 MUNNCEKYHAAX CBbICOKA

1 1,000 1,000,000 1,000,000,000
ceKyHAa MUNJIMCEKYHA = MUKpPOCEKYHA HaHOCeKYHA
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He aAyman 0 MUNNCEKYHAAX CBbICOKA

1 1,000 1,000,000 1,000,000,000
CeKyHAaa MUWIINCEKYHA  MUKPOCEKYH. HaHOCeKyH.
4,000,000,000 4,000,000 4,000 4

TAKTOB TAKTOB TAKTOB TAKTd
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[ToeameTHasa obnacTb

* Low-latency Toprosoe npunoxeHue

* Bce npunoxeHmne KpUTUYHO K BbiCTPOAENCTBUIO

Ho HeKkoTopble y4acTKM Koda “bonee KpUTnYHbl” K
bbicTpoaencrTamto!
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CaMbI KPUTUYHbBIN K CKOPOCTU KoL,

BbinonHAETCA COTHM MUKPOCEKYHA, N HANPSAMYIO BJIMAET Ha
dUHAHCOBbLIN pe3ynbTaT

100MKC MOTYT CTOUTb MUNANOH pybnen Ha Karkaoun caenke



CaMbI KPUTUYHbBIN K CKOPOCTU KoL,

Bcerna xouyetca 6bbicTpee!

PaiiddaitaeH
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[Tonmep: MocKoBCKaa bUpKa

OTnpaBKa HECKONbKUX opaepos yepes low-latency engine ans paboTbl ¢ ceTbio

Hy»KHO OoTNpPaBuTb ObICTPO M BCe opaepa 04HOBPEMEHHO

MOSCOW
EXCHANGE
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2. Bbibnpaem cpeactso aHaAM3a
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KaK e 3710 NpoduAnNpoBaTh?

* YYaCTOK KOAa CNOXKHO BblAEINTb B MUKPODEHUYMAPK
* KoA 3aTparnBaeT ceTb

« Xo4yeTca Nony4YnTb NPoPuab MaKCUMaNbHO MOXOXKMM HA peasbHbIN
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Kak byaem npoduanpoBaTh

* MHCTpyMmeHTUpyowme npodUamMpoBLLUKN?

* Comnaupytowme npoPUANPOBLLUNKN?
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NHCTPYMEHTHMPYIOLWME NPOPUINPOBLLNKM

* 3Ha4YUTE/IbHbIE HaK/la4Hbl€ PaCXopbl

* MoryT cylwecTBeHHO BAUATb HAa UCNOAHAEMbIN KOZ,

A BOOOLLE, Ha CKO/IbKO 3TO TO e camoe, 4To n Ha PRODe?

[MoTeHUMaNnbHO HEKOTOpPbIE ONTUMKU3ALUMM PabOTalOT He TakK, Kak be3
MHCTPYMEHTaLU MK
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NHCTPYMEHTMPYIOLWME NPOPUINPOBLLUUNKA

BbiBOA: cMOTPpUM YTO-TO Bonee nogxoasilee
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ComnaupytoLme npudUanNpPOBLLUNKA

* HaknaaHble pacxoabl OT YMEpPEHHbIX 40 MUHMMA/IbHbIX
* He BAMAIOT HaNpPAMYIO Ha UCNONHAEMbIN Kof,
* AHaNn3 pe3ynbTaToB TpebyeT HEKOTOPOI IKCNepPTU3bI
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C KaKoOW YaCTOTOM COMNANPYEM?

[Jonyctnm, mbl xoTum cobpatb 1000 camnaos 3a 100mKc

I1nAa aToro Hy»XHa yactoTta camnanposaHmna 10,000,000

caMnaoB/c



CamnamposaHue Ha YyactoTe 10,000,000

COMMI0B B CEKYHAY

1000 comnnos
\

L

BbinonHeHne npoduamnpyemoro Koga

100 mKc

L

Bpems
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A ecnam 4YactoTa COMMANPOBAHUA MEHbLLE?

10 comnnos
\

1 A D (R A Y S I 0 Y SO NN S N

BbinonHeHMe npoduanpyemoro Koaa

100 mKc

Bpema
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A ecnam 4YactoTa COMMANPOBAHUA MEHbLLE?

10+ 10 comnnos.
A

0 N A A AR R

BbinonHeHne npoduamnpyemoro Koga

100 mKc

Bpema
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A ecnam 4YactoTa COMMANPOBAHUA MEHbLLE?

Toraa Bpems NpoduanpoBaHMs NPONOPLMOHANBHO YBE/INYMBAETCH

=> Hy»kHo 1000 / 10 = 100 pas, yTobbl
cobpatb 1000 camnnos
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Async-profiler

Ucnonb3yetca AsyncGetCallTrace, T1.€e.
* MonHbiK Java stack
* MHCTpYKUUKM BanT-KoAaa
LLITaTHas yacTtota camnamposaHma 1000 camnnos/cek

mnn 0.1 caomnn 8 100mKc

=> Bpemsa npodpunmposaHua 1000 / 0.1 = 10,000 cek ~= 2.8 yaca
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Async-profiler — nonpobyem pa3orHaTtb

N3 README.md:

“-1 N - sets the profiling interval, in nanoseconds”

To, yTo Hapo - byaem npobosaTb!
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[Monyymnnm 1 comnn B 380MKC

T.e. adpdeKTuBHanA YacTtoTa ~2600 camnsos/ceK
Man 100 * 1 / 380 ~= 0.26 camnna 8 100 MKcC

Bpema npodunnpoBaHus
1000 / 0.26 ~= 3800 ceK naun 1 yac

3aecb u ganee 3amepbl npounssoanancek Ha Intel HSW i7-4790 32Gb RAM



YacTtoTbl (cywectseHHO) boabwe 10000 L

Use the ferece perf, Luke!

OTKa3biBaemca ot AsyncGetCallTrace

l <
7 & 1
, "_ :

‘..

X

PaiiddaitaeH
BAHK
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3. Yuum perf cobmpatb noapobHbIN java-
NPOPUNb




K| Earmeome" o8

3anycKkaem perf

perf record -F 1000 -p PID -g -- sleep 1
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3anycKkaem perf

$@—F 1000 -p PID -g -- sleep 1

HauyaTtb 3anucb npoduna perf'om
P
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3anycKkaem perf

perft r‘ecor‘d@-p PID -g -- sleep 1

CamnaunpoBaTb ¢ Yactoto 1000 camnnoB/cek
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3anycKkaem perf

pert record -F 1@@@@-{; -- sleep 1

ToNbKO KOHKpeTHbIN PID
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3anycKkaem perf

perf record -F 1000 -p PID(-g)-- sleep 1

3anucbiBaem call-stack
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3anycKkaem perf

$ perf record -F 1000 -p PID -g@

3anncb AnnTca 1 cekyHay
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CMOTpUM NPOPUIb
$ perf script

java 8079 2008793.746571: 3745505 cycles:uppp:
7fale88b53f8 [unknown] (/tmp/perf-11638.map)

java 8079 2008793.747565: 3728336 cycles:uppp:
7fale88b5372 [unknown] (/tmp/perf-11038.map)

java 8079 2008793.748613: 3731147 cycles:uppp:
7fale88b53ef [unknown] (/tmp/perf-11038.map)

N rne mon pyHKUUNN?

x PaiiddaitaeH

34
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KaK perf y3HaeT Ha3BaHMA QYHKLUMW 13 java’?

Perf yntaet dpann /tmp/perf-PID.map co cnMcCKom aapecoB U Ha3BaHUIN METOA0B

Afpec Ha4vana InnHa Koaa
Koaa GYHKLMM GYHKUUU

7992911d600 120 java

Nma pyHKL MK

.util.AbstractCollection.<init>
71t99a911d9cO 180 java.
7t99a911de80 5cO java.
7t99a911ed40 140 java.
719929111200 3e0 java.

util.AbstractlList.<init>
util.Arrays.copyOf
util.ArraylList$Itr.hasNext
util.ArraylList$Itr.next
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CKkpunT create-java-perf-map.sh 13 npoekTa
perf-map-agent

bin/create-java-perf-map.sh 8079

ls /tmp/pert-8079.map
/tmp/perf-8079.map

tail -n 2 /tmp/perf-8079.map
7tfale88ble20 380 Loop3.doRecursiveCall
7tale88b5360 180 Loop3.doRecursiveCall
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CmoTpum Npoduab. BTopaa nonbITKa

perf script
Loop3.doRecursiveCall
Loop3.doRecursiveCall

Loop3.doRecursiveCall
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CMoTpUM Npoduab. BTopas nonbiTKa

A rae mowu call-stack’n?



A KaKk MOXXHO noay4mTtb call-stack?

void f1() {
t2();

}

void f2() {
£3();

}
void f3() {

}

PaiiddaitaeH

39
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A KaK MOXHO noayumnTb call-stack?

} 3HayeHwue B peructpe %rbp
Aapec npeabiaylero CTeKoBoro Kaapa no3BoageT perf’y n OflyLl UTh

CTEK BbI3OBOB

CtekoBbin Kagp pyHKuum f1

void f1() A
Appec npeabiaywiero CTeKoOBoro Kagpa = 2 ( ) 5
Pernctp %rbp ) :
CTeKoBbIV Kagap dyHKLmu 2 / void f2() {
Pernctp %rsp } f30);
Appec npeabiayLero CTeKOBOro Kaapa void £3() {

CtekoBbin Kagp pyHKuum f3 }




X

PaiiddaitaeH
BAHK
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[TonpobHee, KaKk paboTaeT BbI30B GYHKLUMM B LinUX, MOXHO
npo4ymnTaTb B System V Application Binary Interface

System V Application Binary Interface
AMDG64 Architecture Processor Supplement
(With LP64 and ILP32 Programming Models)
Draft Version 0.3

Edited by
Jan Hubicka', Andreas Jaeger?,
Michael Matz*, Mark Mitchell*,

Edited for Intel®) AVX, Intel(®) AVX2,
Intel® AVX-512 and Intel®) MPX specific conventions by
Milind Girkar®, Hongjiu Lu®,
David Kreitzer’, Vyacheslav Zakharin®

https://software.intel.com/sites/default/files/article/402129/mpx-linux64-abi.pdf
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Bocnonb3lyemca pnarom -XX:+PreserveFramePointer

Brendan Gregg v
@brendangregg

JDK 8u60 (just released) has -
XX:+PreserveFramePointer, for mixed-mode

Java flame graphs

Java in Flames - Netflix TechBlog - Medium
medium.com

]
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-XX:+PreserveFramePointer
3acTtaBaaeTt JVM XpaHUTL B
pernctpe %rbp ykasaTtenb Ha
TEKYLLLMN CTEKOBbIN Kaap

=> MOXHO Nosy4YnTb agpec
npeablayulero CTeKoBoro

Kagpa
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3anyckaem pert ewle pa3

java -XX:+PreserveFramePointer -cp .
bin/create-java-perf-map.sh 18657
pert record ...

perf script ...
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CI\/\OTpI/II\/\ I‘lpOCIDI/Iﬂb. TpeTbFI [MOlNblTKA
$ perf script

java 18657 1901247 .601878: 979583 cycles:uppp:
7fbfdl110ledc Loop3.doRecursiveCall (...
7fbfdl10ledc Loop3.doRecursiveCall (...
7fbfdl110ledc Loop3.doRecursiveCall (...
7fbfdl10ledc Loop3.doRecursiveCall (...
7¥285d007b10 Interpreter (...)
7¥285d0004e7 call stub (...)
67dodb [unknown] (... libjvm.so)

S’ " N S

708c start thread (... libpthread-2.26.5s0)
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[TpoekT perf-map-agent

CkpunT perf-java-record-stack ns perf-map-agent:

* [eHepupyeT pann c HazBaHUAMM java-GyHKUMIM ana perf’a
- 3anyckaeTt perf n npopunmpyet java-npunorkeHue

YacToTa camnamnpoBaHua 3aaaetcsa nepemeHHomn okpyxeHns PERF_RECORD_FREQ

$ PERF_RECORD_FREQ=100000 ./bin/perf-java-record-stack PID
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3anycKkaem

PERF_RECORD_ FREQ=100000 perf-java-record-stack

Maximum frequency rate (30000) reached.
Please use -F freqg option with lower value or consider
tweaking /proc/sys/Rernel/perf _event _max_sample rate.
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BbIKpyumMBaem Hy»KHbI Sysctl

1000000
tee /proc/sys/Rernel/perf event max _sample rate

U1

sysctl kernel.perf event max_sample rate=1000000
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Hey»en noay4maocs?

$ PERF_RECORD_FREQ=200000 ./bin/perf-java-record-stack PID

Recording events for 15 seconds (adapt by setting
PERF_RECORD SECONDS)

[ perf record: Woken up 417 times to write data ]
| perf record: Captured ... (1.051.541 samples) |

1051541 / 15 ~= 70100 camnnoB/cek
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A Tem BpemeHem B dmesg...

184430.412898] perf: interrupt took too long (1783 > 200),
lowering kernel.perf_event_max_sample rate to 89700

184431.618452] perf: interrupt took too long (2225 > 2228),
lowering kernel.perf_event _max_sample rate to 71700
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A elle bbicTpee? Cnocob ecTb!

. $ sysctl kernel.perf _cpu_time_max_percent=70

. % sysctl kernel.perf_event _max_sample rate=200000
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Mbl y uenm!

$ PERF_RECORD FREQ=200000 ./bin/perf-java-record-stack PID
Recording events for 15 seconds ...

| perf record: Captured ... (2.961.252 samples) |

2,961,252 / 15 ~ 197416 camnnaoB/cek



HaknagHble pacxoabl...

$ perf script

O, W, W, e

vmlinux = agpo linux

ava ... native write msr (/.../vmlinux)
ava ... Loop2.main (/tmp/perf-29621.map)
ava ... native write msr (/.../vmlinux)

PaiiddaitaeH
BAHK

52
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Y10 }Ke genatb?
MoXeT, TOCMOTPMUM Ha annapaTtHble cobbITna?



4. Ncnonb3syem PMU/PEBS B perf

PaiiddaitaeH

54
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Performance Monitoring Unit (PMU)
Precise Event Based Sampling (PEBS)

Kaxkabie X cobbiTni (nepunoa) mbl 3anmncbiBaem, rae 3To npom3oLno

Mpumep: cUurHanmMsanpyem Kaxkayto 20 (nepuon) MHCTPYKLUIO NpoLeccopa



A ecnn ntepauma UMkna — 5 MHCTPYKUMIA?

A PMU curHanmsmpyet Kaxkayto 20 MHCTPYKUMIO

mov aaa, bbbb

xor %rdx, %rdx

L_START:

mov $0x0 (%rbx, %rdx),%rla
add %rld, %rl3

inc Zrdx

cmp %rdx, 100000000

jne L_START

PaiiddaitaeH

PMU
UHCTpYyKUMA: 18

56



A ecnn ntepauma UMkna — 5 MHCTPYKUMIA?

A PMU curHanmsmpyet Kaxkayto 20 MHCTPYKUUIO

mov aaa, bbbb

xXor %rdx, %rdx

L_START:

mov $0x0(%rbx, %rdx),%rl4
add %rld, %rl3

inc Zrdx

cmp %rdx, 100000000

jne L_START

PaiiddaitaeH

PMU
UHCcTpyKuma: 19

57



A ecnn ntepauma UMkna — 5 MHCTPYKUMIA?

x PaiiddaitaeH 58

A PMU curHanmsmpyet Kaxkayto 20 MHCTPYKUUIO

mov aaa, bbbb

xor

PMU
%rdx, %rdx UHcTpyKumna: 20

L START:

mov
add
inc
cmp
jne

$0x0 (%rbx, %rdx),%rla

%rld, %rl3

Y rdx Bang!
%rdx, 100000000

L_START



A ecnn ntepauma UMkna — 5 MHCTPYKUMIA?

A PMU curHanmsmpyet Kaxkayto 20 MHCTPYKUUIO

mov aaa, bbbb

xXor %rdx, %rdx

L_START:

mov $0x0 (%rbx, %rdx),%rla
add %rl4, %rl3

inc %rdx

cmp %rdx, 100000000

jne L_START

PaiiddaitaeH

PMU
UHCTPpYKumAa: 1

59



A ecnn ntepauma UMkna — 5 MHCTPYKUMIA?

A PMU curHanmsmpyet Kaxkayto 20 MHCTPYKUUIO

mov aaa, bbbb

xXor %rdx, %rdx

L_START:

mov $0x0(%rbx, %rdx),%rl4
add %rl4, %rl3

inc Zrdx

cmp %rdx, 100000000

jne L_START

PaiiddaitaeH

PMU
UHCcTpyKuma: 19

60



A ecnn ntepauma UMkna — 5 MHCTPYKUMIA?

x PaiiddaitaeH 61

A PMU curHanmsmpyet Kaxkayto 20 MHCTPYKUUIO

mov aaa, bbbb

xor

PMU
%rdx, %rdx UHcTpyKumna: 20

L START:

mov
add
inc
cmp
jne

$0x0 (%rbx, %rdx),%rla

%rld, %rl3

Y rdx Bang!
%rdx, 100000000

L_START
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A ecnu utepaumsa UmKkna — 5 MHCTPYKLUMI?

L START:

add

jne

%rld, %rl3

L START

PEBS byaeTt HOTUPULUMPOBATL
Kaxayto 20/ 5 = 4-10
utepaumio ob ogHOM U TON XKe
ropayen MHCTPYKLUUU

5 MHCTPYKUMM



O KaKOM KOJIM4YecTBE COObITUM HYKHO
CUTHAIN3NPOBATL?

Heobxoanmo MUMHUMM3NPOBATbL BEPOATHOCTb HAIMUYUSA
obllero agenntens mexay nepmogom 1 AJIMHOU LMKAA

=> Jlyqwnit Bbibop ANA neprnoaa — NPOCToe YNCno
Hanpumep 23

PaiiddaitaeH
BAHK

63
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[logaepKa Kenesa

TouHo noaaepxusaetca ¢ Nehalem (2009)




$ perf list

cache-misses
cache-references
cpu-cycles OR cycles
instructions
ref-cycles

[Hardware
[Hardware
[Hardware
[Hardware
[Hardware

x ;:i?(@ﬁaeu

event]
event]
event]
event ]
event ]

65
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Moandbnumpyem ckpunt perf-java-record-stack

sudo perf record(-F)$PERF_RECORD_FREQ ...

GijD --freg= -c, --count=

Profile at this frequency Event period
: to sample.
@ --event=
Select the PMU event



Moanounumpyem ckpunT perf-java-record-stack

sudo perf record -F $PERF_RECORD FREQ ...

X

sudo perf record -e cycles -c 100XX ...

PaiiddaitaeH
BAHK

67
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Quiz: Kakon nepuoa BbibpaTb?

1. 10,000
2. 10,003

3. 10,007/
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Quiz: Kakon nepuoa BbibpaTb?

<- 10,000 = 1000 x 10

<-10,003 =1429x 7/

3. 10,007 <- 1230-e npocToe Yncno
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[Tonyymnocs nyyue!

$ ./bin/perf-java-record-stack-2 PID
Recording events for 15 seconds ...

[ perf record: Captured ... (4,597,167 samples) ]

4,597,167 / 15 ~= 306500 comnnoB/cekK
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KaKyto 4aCToOTy Mbl MOAYYNAN?

300 000 camnnioB B ceKyHAY ~= 3MKc/camni
mnn 33 camnnaa 3a 100 mkc

CbopKa Bcero npodpumna 1000 / 33 ~= 30 ceKyHA — MOXKHO KUTb!
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A eCNn HYXKHbIM KO, BbIMOJHAETCA pexe?

Echn npodunampyemsin Koa BbINOAHAETCA pa3 B 5 cekyHA?

Toroa npodunnmposaHme 3ammet 30 * 5 =150 cek



R 73

A eCNu HYXKHbIM KO, BbIMOJHAETCA pexe?

Heobxognmbi 45,000,000 camnnos. U3 KoTopbix HyxcHa auwb 1000 camnnos
99.998% cobpaHHbIX AAHHbIX — MyCOp

A 310 3ameannaet paboTy Bcex nocneayrowmx TynoB n 4obasnaeT HakNagHble
pacxoAabl

g

\/
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Iﬂ,aHHbIX CTTMWKOM MHOTO...

N 4yTO XKe nenatb?
A MOMKET }Keneso ymeeT eLle 4YTo-TO Nose3Hoe?



YmeeT!

PaiiddaitaeH

75
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5. Intel Processor Trace — 4YTo 3TO TaKoe U
KaK NpoduanpoBaTh Java
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Intel Processor Trace

3anuncbiBaeT pe3yabTaT BbIMOJHEHUA KaXKA0M MHCTPYKLUUK
BETB/IEHUSA

Tenepb control-flow Bcen nporpammbl MOXKHO
PEKOHCTPYyMpoBaThb!
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OcobeHHoOCTU Intel Processor Trace

* [TONHOCTbIO peasiIn30BaHO B «Kees3ey
* HU3Kne HaknagHble pacxoabi (15%)

* [eHepauMA TpaccCbl BbINOJIEHUA

NcTtouHuK: Harnessing Intel Processor Trace On Windows For Vuln Discovery - Richard Johnson
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Intel Processor Trace — Kak 3To paboTtaeT

Kernel-mode

o Intel PT-enabled HW
Apansep

Tpacca

BblINMOJ/IHEHWUA
PT packet log

NcnonHAemMbIn [MporpammHbIN
Koa AeRoAep

79
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[lakeTbl Processor Trace

MakeT TNT (Taken/Not-Taken)

* [Mepewnn nam HeT No NHCTPYKLUMUMN YCAOBHOIO
BeTB/1IeHNA?

Maket TIP (Target Instruction Pointer) ntel’ 64 and 1A-32 Architectures
* KaKyto MHCTPYKLMIO ceMyac HayHeMm BbIMONHATbL? Software Developer’s Manual

MakeT TSC (Time Stamp Counter)
° Te Ky LLIlee B pEMH B Ta KTaX I-I po LIIeCCO pa NOTE: This document contains all four volumes of the Intel 64 and IA-32 Architectures Software

Developer's Manual: Basic Architecture, Order Number 253665; Instruction Set Reference A-Z, Order
N mHorune apyrue...

Combined Volumes:
1,2A, 2B, 2C, 2D, 3A,38B,3C,3Dand 4

Number 325383; System Programming Guide, Order Number 325384; Model-Specific Registers, Order
Number 335592, Refer to all four volumes when evaluating your design needs.

[eKopep ProcessorTrace yke ecTtb B perf
TakKe, ecTb pedepeHcHaa peannlaumna aekogepa ot Intel:
https://github.com/0lorg/processor-trace

https://software.intel.com/en-us/articles/intel-sdm



https://github.com/01org/processor-trace
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[loaaep*Ka Kenesa

Generation Status Release date
Broadwell
5th generation Core (i7-5XXX), More overhead. No fine grained timing 2014 - 2015
Xeon v4

Skylake or newer
6th generation Core (i7-6XXX),  Fine grained timing. Address filtering. 2015/2017
Xeon Scalable

Goldmont 2016

Fine grained timing. Address filtering.
(Apollo Lake, Denverton)
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A yto c nogaepkon OC (linux) ?

Bepcua agpa Craryc
4.1 Initial PT driver
4.2 Support for Skylake and Goldmont
4.3 Initial user tools support in Linux perf
4.5 Support for JIT decoding using agent
4.6 Bug fixes. Support address filtering
4.8 Bug fixes

4.10 Bug fixes. Support for PTWRITE and power tracing



[Tonpobyem 3anycTtuTb!

$ perf record -e intel pt/.../ java -cp . Test
| perf record: Captured ... 8.313 MB perf.data |

class Test {
public static void main(String[] args) {
System.out.println("Hello, world!");

x ;:i’;ﬁ(qmﬁaeu

83



[Tomep 3anycka Ha Skylake-X (Xeon or i9)

S perf script --ns

java
java
java
java
java

java
java

2926 ...
2926 ...
2926 ...
2926 ...
2926 ...

2926 ...
2926 ...

5658.
5658.
5658.
5658.
5658.

5658.
5658.

917868168 ...
917868190 ...
917868190 ...
917868395 ...
917868395 ...

917868395 ...
917868395 ...

7t505544c0f0 free@plt ...

7¥50562834Ff1 free ...
75056283504 free ...

7t505627f174 int free ...
7t505627f25e _int free ...

7t505627f3fc _int free ...
7t505627f40b int free ...

RS 54

=> 7f50562834c0 free ...

> 7t50562834ff free ...

> 71505627120 int free ...
=> 71505627250 _int free ...
=> 7f505627f3e0 _int free ...

=> 7505627408 _int free ...
=> 71505627264 _int free ...



Pazbepem nogpobHee

Mma npouecca (Hanpumep, java)

PaiiddaitaeH

85



epem nogpobHee

NpneHTndmnkatop npouecca (PID)

PaiiddaitaeH

86



R o7

Pazbepem nogpobHee

91781960
7868395

Bpemsa (c HaHOCeKyHaAamm)
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Pazbepem nogpobHee

83504 free ...
7f174 _int free

Aapec NHCTPYKLUUN — UICTOYHMKAE
M Ha3BaHME MeToaa
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Pazbepem nogpobHee

7f120 _int free
7250 _int free

Aapec MHCTPYKUMN HA3HAYEeHUA
M Ha3BaHMe meToaa



HoO eCcTb HKHOAHC...

$ perf script --ns > out.data
$ 1s -1lah out.data

(1.9G)... out.data

PaiiddaitaeH

90
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Perf.... KAk MHOTO B 3TOM 3BYKe

Perf oTAIMYHbIN TYN, HO B TAKOM PEXKMME AaHHbIX bygeT *canwkom™
MHOro

PeweHune: Hy»KHO 3anycKaTtb perf TONbKO B HY»KHbl€e
MOMEHTbI BpEMEHM



K| Earme™e" 92

Caoenaem libpertf.so n3 perf!

N 6ynem 3anyckaTb npodunnpoBaHmne yepes jnil
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[Ty6nmnyHbin JINI-API libpertf.so

package ru.raiffeisen;

PerfPtProf {
void init(int cntdwn);
void start();
void stop();



RS 04

NHTepdewnc libpert

« init() —cospaet NoToK P, B KOTOPOM *KUBET NPOPUANPOBLLUNK
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NHTepdewnc libpert

- start() — uHnuumpyet Hayano npodmanpoBaHmsa, NPobyKaas NOToK P



RS o6

NHTepdewnc libpert

- stop() — ocraHasnuBaeT npodpunnpoBaHue, yctaHaBaMBaA Gpaar OCTAaHOBKKU S



R o7

[Tony4eHmne peanncTuYHbIX AaHHbIX

profileIt() {
PerfPtProf.start();

Executor.doSomething();
PerfPtProf.stop();

¥
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[Tony4eHmne peanncTuYHbIX AaHHbIX

Executor {
doSomething() { ... }

static {
SomethingReallyHeavy();

}
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[Tony4eHmne peanncTuYHbIX AaHHbIX

Heob6xoammo ymetb nponycKkaTb HECKO/IbKO NMepBbIX
Bbi30BOB start()

=> Y4Y1cno NnponyckaemblX BbI3OBOB KOHPUTYpUPYeETCA
yepes aprymeHT metoda init
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A BbI30BbI jNi byaem BCTaBAATb C MOMOLLbIO java-
areHTa!

AreHT YnTaeT aprymeHThbl, nepeaaBaemble yepes -DXXX=YYYY, u
BCTaBAAET BbI30Bbl NPOPUAMNPOBLLMKA B HYXKHbIN MeCTa

$ java \
-javaagent:path_tp _agent.jar \
-DPROFILE_CLASS=ru.raiffeisen.OrderSender \

-DPROFILE_METHOD=sendFewOrders
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A Kak (lib)perf byaeT y3HaBaTb O java-
MeTo1ax?

Perf nwet painn /tmp/perf-PID.map, B KOTOpbI 3anncaHbl agpeca u
MmeHa pyHKUMNIn

PeweHue:

[Jobasnaem JVMTI-areHT, KOTOpPbIX 3anmcbiBaeT MHOOPMALUIO MO
aZipecax MeToa0B
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MToro, full-stack (6e3 JavaScript ©)

1. libperf.so — ype3aHHas Bepcusa perf, npodunmnpytouian
yepes intel processor trace
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MToro, full-stack (6e3 JavaScript ©)

1. CymmumpyeT BpeMA BbINOJHEHUSA KaXKAoU GYHKLUMU N neyaTaeT
TOP
2. 3anwucbiBaeT ¢pann perf.data.log c Tpaccom BbiInoAHEHUA

3. JVMTI-areHT ana 3annucum nHdopmaumm o umeHax GyHKLUNM
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MToro, full-stack (6e3 JavaScript ©)

2. Java-areHT An1A BCTaBKW KOAa Bbi30Ba NPOOUINPOBLLUKA
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TpeHnpyemca Ha KOLWKax

Mpodunmnpyem nekoanposaHue JSON’a bmbnmnotekom GSON ot
Google




PaiiddaitaeH

private static Gson gson = new Gson(); Klsaric" " 106
private static String generate json(int len) { ... }
private static Map decode(String json) {

Map result = gson.fromJson(json, Map.class);
return result;

/
public static void main(String[] args ) {

for (int 1 = 0; 1 < 20000; ++i) A
String json = generate_json(i);
Map res = decode(json);
if (res.size() != i) { System.out.println(“???"); }
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KaK 3anycTnTb npodpuanpoBaHmne?

$ java -agentlib:perf=
-javaagent:perf-instrumenter-....jar
-DTRIGGER_COUNTDOWN=10000
-DTRIGGER _METHOD=decode -DTRIGGER_CLASS=ru/raiffeisen/App

~ = = = =

-cp target/json-tester-....jar:.../gson-2.8.2.jar

ru.raiffeisen.App
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KaK 3anycTnTb npodpuanpoBaHmne?

$ java -agentli \
-javaag \
-DTRIGG \
-DTRIGG ‘u/raiffeisen/App \
-cp target/jso - \

ru.raiffei
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YTO 3a napameTpbl?

$ java -agentlib:perf=
-javaagent:perf-instrumenter-....jar
-DTRIGGER_COUNTDOWN=10000
-DTRIGGER _METHOD=decode -DTRIGGER CLASS=ru/raiffeisen/App

~ = = =

-cp target/json-tester-....jar:.../gson-2.8.2.jar

ru.raiffeisen.App

NogkntoueHme libperf/JIVMTI-areHTa
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YTO 3a napameTpbl?

$ java -agentlib:perf=
-javaagent:perf-instrumenter-....jar
-DTRIGGER_COUNTDOWN=10000
-DTRIGGER_METHOD=decode -DTRIGGER_CLASS=ru/raiffeisen/App

~ = = =

-cp target/json-tester-....jar:.../gson-2.8.2.jar

ru.raiffeisen.App

[MoaKnto4Yaem MHCTPYMEHTUPYIOLLLMIN areHT
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YTO 3a napameTpbl?

$ java -agentlib:perf=
-javaagent:perf-instrumenter-....jar
-DTRIGGER_COUNTDOWN=10000
-DTRIGGER_METHOD=decode -DTRIGGER_CLASS=ru/raiffeisen/App

~ = = =

-cp target/json-tester-....jar:.../gson-2.8.2.jar

ru.raiffeisen.App

YKa3blBaem Kakon meToa Kaacca npoPuanpoBaTb
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YTO 3a napameTpbl?

$ java -agentlib:perf=
-javaagent:perf-instrumenter-....jar
-DTRIGGER_COUNTDOWN=10000
-DTRIGGER_METHOD=decode -DTRIGGER_CLASS=ru/raiffeisen/App

~ = = =

-cp target/json-tester-....jar:.../gson-2.8.2.jar

ru.raiffeisen.App

Bce Kak 06bIYHO - HUYEero nHTepecHoro ©
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java

| perf record: Woken up 63 times to write data ]
[ perf record: Captured and wrote 3.986 MB perf.data ]
Record done

Dumping symbols 4 4A8MC
Processed: 423 symbols

Processing top

Total for all functions: 4,482,542ns



[1Ba cn1oBa NPO KOPPEKTHOCTb NPOPUNS

head -nl
451443257

tail -nl
455925799

aiiq;?aﬁaeu 114

455,925,799 - 451,443,257
= 4,482,542Hc




K Eame ™" 115

TOP B netanax

1 ... L.../MapTypeAdapterFactory$Adapter;::read@...->
2,456,964ns

2 ... L.../TypeAdapterRuntimeTypeWrapper;::read@...->
365, 848ns

3 ... L.../LinkedTreeMap;: :rebalance@...-> 324,172ns

4 ... unknown@unknown -> 296,655ns

5 ... L.../JsonReader;::doPeek@... -> 189, 315ns

6 ... L.../JsonReader;: :nextNonWhitespace@... -> 147,243ns

7 ... jshort_disjoint_arraycopy@... -> 141, 356ns
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TOP B netanax

1 ... L.../MapTypeAdapterFactory$Adapter;::read@...->

2,456,964ns
2 ... L.../TypeAdapterRuntimeTypeWrapper;::read@...->
865, 848ns
3 ... L.../LinkedTreeMap;::rebalance@...-> 324,172ns
4 ... unknown@unknown -> 296,655ns
5 ... L.../JsonReader;: :doPeek@... -> 189,315ns
6 ... L.../JsonReader;::nextNonWhitespace@... -> 147,243ns

7 ... jshort disjoint_arraycopy@... -> 141,356ns
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Tenepb MOXHO TOYHHO YBNAOETDb, UTO BbINO/IHANOCH !

... 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace (...)
... 280388542: ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek (...)
... 280388542: ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;: doPeek( )

... 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek {(...)

... 280388562: ... ...53f2b4 Lcom/...;::doPeek (...) => ... Lcom/...;::read (...)

... 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ ::read (...)

... 280388569: ... ...5a2aeb Lcom/...;::read (...) => ... Lcom/...;::nextString (...)

... 280388582: ... ...587b1b Lcom/...;::nextString (.. ) => ...Lcom/...;::nextString (...)
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Tenepb MOKHO TOYHO YBUAETb, YTO BbIMO/IHANOCH!

.. 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace |...)
.. 280388542: ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek(...)
.. 280388542: ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f2b4 Lcom/...;::doPeek (...) => ... Lcom/...;::read (...)

.. 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ ::read (...)

.. 280388569: ... ...5a2aeb Lcom/...;::read (...) => ... Lcom/...;::nextString (...)

.. 280388582: ... ...587b1b Lcom/...;::nextString (.. ) => ...Lcom/...;::nextString (...)
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Tenepb MOKHO TOYHO YBUAETb, YTO BbIMO/IHANOCH!

.. 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace (...)
.. 280388542 ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek (...)
.. 280388542: ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f2b4 Lcom/...;::doPeek (...) => ... Lcom/...;::read (...)

.. 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ ::read (...)

.. 280388569: ... ...5a2aeb Lcom/...;::read (...) => ... Lcom/...;::nextString (...)

.. 280388582: ... ...587b1b Lcom/...;::nextString (.. ) => ...Lcom/...;::nextString (...)
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Tenepb MOKHO TOYHO YBUAETb, YTO BbIMO/IHANOCH!

.. 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace (...)
.. 280388542: ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek(...)
.. 280388542 ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f2b4 Lcom/...;::doPeek (...) => Lcom/ ::read (...)

.. 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ ::read (...)

.. 280388569: ... ...5a2aeb Lcom/...;::read (...) => ... Lcom/...;::nextString (...)

.. 280388582: ... ...587b1b Lcom/...;::nextString (.. ) => ...Lcom/...;::nextString (...)
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Tenepb MOKHO TOYHO YBUAETb, YTO BbIMO/IHANOCH!

.. 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace (...)
.. 280388542: ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek(...)
.. 280388542: ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562 ... ...53f2b4 Lcom/...;::doPeek (...) => ... Lcom/...;::read (...)

.. 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ ::read (...)

.. 280388569: ... ...5a2aeb Lcom/...;::read (...) => ... Lcom/...;::nextString (...)

.. 280388582: ... ...587b1b Lcom/...;::nextString (.. ) => ...Lcom/...;::nextString (...)
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Tenepb MOKHO TOYHO YBUAETb, YTO BbIMO/IHANOCH!

.. 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace (...)
.. 280388542: ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek(...)
.. 280388542: ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f2b4 Lcom/...;::doPeek (...) => ... Lcom/...;::read (...)

.. 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ .;cread (...)

.. 280388569: ... ...5a2aeb Lcom/...;::read (...) => ... Lcom/...;::nextString (...)

.. 280388582: ... ...587b1b Lcom/...;::nextString (.. ) => ...Lcom/...;::nextString (...)
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Tenepb MOKHO TOYHO YBUAETb, YTO BbIMO/IHANOCH!

.. 280388529: ... ...53f2cf Lcom/...;::doPeek (...) => ... Lcom/...;::nextNonWhitespace (...)
.. 280388542: ... ...4e23fc Lcom/...;:: nextNonWhltespace (...)=> ...Lcom/...;::doPeek(...)
.. 280388542: ... ...53f2d7 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f749 Lcom/...;::doPeek (...) => ... Lcom/...;::doPeek (...)

.. 280388562: ... ...53f2b4 Lcom/...;::doPeek (...) => ... Lcom/...;::read (...)

.. 280388566: ... ...5a39f9 Lcom/...;::read (...) => Lcom/ ::read (...)

.. 280388569: ... ...5a2aeb Lcom/...;::;read (...) => ... Lcom/...;::nextString (...)

.. 280388582: ... ...587b1b Lcom/...;::nextString (...) => ... Lcom/...;::nextString (...)
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KaKyto *Ke 4aCcToTy Mbl MOAYYNAN?

To4yHOCTb COOPKN TAMMUHIOB NOPAAKA AECATKOB HAHOCEKYHA

T.e. MUINIMOHbBI CUHTETUYECKUX CIMIM/IOB B CEKYHAY !
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C TaKUM TY1IOM MOXXHO aHA/ZIM3UPOBATDb
NPOnN3BOANTENBbHOCTb KPaNHE TOYHO!

Tenepb MOXHO PEKOHCTPYUPOBATL
control-flow yyacTka Koga ¢ TOYHbIMM
TaUMUHIamm
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Pesrome

1. OueHwunm BaxXHocTb 100mKC

2. Bbibpanu npodnnmnpoBLmK

3. Hayuumau perf cobupatb noapobHbIM NpodUNb java-npUNoKeHUn
4. Bocnonb3oBanucb cobbituamu PMU/PEBS B perf

5. Mpumenunnu Intel Processor Trace ana npodunmnpoBaHusa Java
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A Be/lb 3TO MOXET DObITb MNONE3HO HE
TONIbKO Ham!
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Yye Bbl1OXKMA Ha githubl

http://github.com/RainM/rperf

[MoKa eule ckopee R&D, yem Production-ready

Ecan Hy»KHO NpodmnaInpoBaTb OTHOCUTE/IbHO HEDONbLLME YHACTKMN NMPUNOKEHUSA
(CKarkem, A0 AecATKOB MUAIUCEKYHA), ucnonb3oBaHue Intel Processor Trace
byneT KpanHe nosie3HbIM


http://github.com/XXXX/YYYYY

x ;:i’;ﬁ(qmﬁaeu

Q&A

Sergey Melnikov

Sergey.V.Melnikov@raiffeisen.ru

Mpocdnnmpyem ¢ TOYHOCTLIO 4O UHCTPYKLUA U MUKPOCEKYHA



