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The following is intended to outline our general product direction. It
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incorporated into any contract. It is not a commitment to deliver any
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making purchasing decisions. The development, release, and timing
of any features or functionality described for Oracle’s products
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Beepernune
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BeepneHne: B kauvecTBe pa3orpeBa

« CKOIbKO CTOUT Co3faHue ogHoro String?»

long startTime = System.nanoTime ();
for (int i = 0; i < 1000; i++) A
String s = new String("");

}
long stopTime = System.nanoTime ();
System.out.println("Time:" + (stopTime - startTime));
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Teopus
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Teopusa: 3auem nroan genatotT beHUMapku?

1. Pagu xonusopa: Node.js — Ho Java... — Node js!
2. Pagn mapkeTunHra: npoBepuTb, YTO Mbl BKNa[blBaEMCS B
KOHKPETHbIE KPUTEPUY

3. Pagn nH>XUHNPUHra: nsonnpoeaTs 1 3adpKCMpoBaThb
nepopMaHCcHbIn dbeHoMeH, 4Tobbl bbia pedepeHcHast TOYKa
IS yNydLeHns

4. Papgwn HayKu: NoHATb, KaKO MOAENbIO OMUCLIBAETCS CUCTEMA,
M Ha OCHOBaHWW 3TO MOAENN NpefcKasaTh byayllee noBeseHNe
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Teopusa: Pagn xonunsopa

MpekpacHbiii npumep — Computer Language Benchmarks Game:?

= MHorue peannsaummn Boobuie He cpasHumbl: e.g. AOT vs. JIT

= |I3mMepsitoT HeNoHSATHO 4TO: e.g. pidigits 3mepsieT CKOpPOCTb
nHtepdeiica go GMP

= Kyya aucknelimepoB npo TO, YTO B peasibHO »XU3HWN BCE MOXKET
ObITb NO-APYrOMY: U TOrfa 3TOT MPOEKT HYXKEH TOJIbKO PaAy
JyN308B

= JlobaT ero notomy, 4to CLBG gaét umncna, kotopbiMun MOXKHO
pa3MaxnBaTb B XOJIMBOPAXx

http://benchmarksgame.alioth.debian.org/ =’Java  oracLe
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Teopusa: Pagn mapkeTtuHra

[MpekpacHbiit npumep — SPEC benchmarks:

= PedepeHcHble Habopbl HeHUMapOK, OAMHAKOBO XOPOLUNX /MAOXUX
0151 DONbLIVHCTBA BEHAOPOB

= [To3BonsAtoT NMeTb pedbepeHCHbIE TOUYKMW, MPOTUB KOTOPbIX
MOXXHO BbICTaB/SATb KPUTEPWUMN YCMELHOCTU NPOAYKTa, NUCaTh B
pekaame u T.n.

* Hy 1 47O, 4TO OHW He BCErAa penpe3eHTaTUBHbI — M1aBHOE, YTO
OHU «30/10Tble»
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Teopusa: Pagn nH>xnHupudra

«If you can't measure it, you can't optimize it»

* Hy>kHbl nabopaTopHble YCI0BUS, B KOTOPbIX 3adUKCMPOBAHO
KOHKPETHOE COCTOSIHWE CUCTEMbI, YTODbI MOXHO DbINO
NPOBEPSATb BHECEHHbBIE U3MEHEHUS

* OObIYHO POKYCUPYIOTCS Ha KOHKPETHbBIX MECTax MpoAyKTa,
nmetoT 6O bLIYIO pa3peLlatoLyro CnocobHOCTb, YeMm
MapKETVHIOBblE DeHYN

= Pasmepbl 11 0XBaT 3TUX ODEHYMAPKOB 3aBUCUT OT YKYPEHHOCTW
NHXXEHEPOB
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Teopusa: Pagn Haykwu

«Science Town PD: To Explain and Predict»

= |13Bne4b U3 pe3ynbTaTOB TECTOB NPaBAONoA00HYIO MOAEb
NPOU3BOANTENBHOCTH

= I3 Mmogenn noay4nTb npeackasaHust o byayuiem noeeneHnu,
NPOBEPUTb 3TN NPEACKA3AHNSA, CMOKOMHO B34O0XHYTh U
LennoliHyTb B NPOf

= Camasi TpyaoémKkasi, n camas HaféxHasi Lesb DeHYMapKuHra
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Teopus: H1o nHtepecHo Ham?

1. Pagn xonnBopa: mMoii si3blK Jyylle TBOEro si3blka
Paan mapketunHra: nposepuTb, 4TO Mbl BKIaAbIBAaeMCs B
KOHKPETHble KpUTepuu

3. Pagn nH>XUHNPUHra: usonnpoeaTs 1 3adpnKCMpoBaThb
nepopMaHCHbIi dbeHoMeH, 4Tobbl bbia pedepeHcHast ToYKa
I8 yAyYLeHUs

4. Pagn HaykKun: NoHsTb, Kakoli MOAENbIO OMMCbIBAETCS CUCTEMA,
M Ha OCHOBaHWW 3TO MOAENN NpeacKasaTh byayllee NoBeseHNe
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Teopusa: beHuMapkn — 31O akCcnepMeHTbI
XopoLlne 3KCNeprMeHTbl OTBEHAKOT Ha HECKOJIBKO Fpynmn BOMPOCOB!

1. YTo namepsieM: kakne MeTpuku ncnonbsyem? Hto stu
METPUKN HaM roBopsAT !

2. Kak namepsieM: kakumm cnocobamu Mbl n3mepsieM MeTPUKn?
Kakast TOYHOCTb Y 3TuX CnocoboB? Kakme noaBoAHble KaMHN?

3. Kak npoBepsieM: Kak MoBepsieM Halin WHCTPYMEHTbI? Kak
y3HaéM, 4TO pe3ysibTaTaM MOXHO [JOBEpATh?
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Y10 namepsaem: Metpuku

[lBe rnaBHble rpynmnbl METPUK:

Bandwidth ()\)
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CpaBHUTENBHO NETKO
N3MEpPUTH

Jlerko BBOAMTCS B Steady
state

CkpbiBaeT bonblive
3a/EPXKKN

Vnyckaet active-idle

Latency (7)

TpyaHoO M3MepuTb KOPPEKTHO

CpeaHsis latency kak
npaBnao beccMmbicaeHa

Hy)KHO CHNTATb KBAHTUIN

Cemnnbl MeHblUe 1MKC
NOJIY4UTh HE MPAKTUYHO

=’Java ORACLE



Y10 namepsiem: nyraem bandwidth n latency

= OT/nyust B Harpyske:

— )\ 0BbIYHO U3MEPSIIOT NOA MUKOBON Harpy3KOii
— T KakK NpaBuo U3MEPSIOT MOJ PeryampyemMoii Harpy3Koni
— Harpyska — 310 HoBasi cTeneHb cBoboabl!

= OTnn4ms B Noaxofax K N3MEPEHUIO:

— CpeaHsis 3asepxka — beccMbIC/ieHHast MeTpuka, nbo
1

Tavg = 3
— Hy>xxHO MepnTb Kaxpaoe cobbiTue, N cHnTaTh KBaHTUAN!
— CobbiTus kopoye 1 mMkc? Myxaxa.
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Y10 namepsiem: A u 7 — OpaTbs HaBek
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Kak n3amepsiem: Tunbl beH4YMapok

I1Ba rnaBHbIX noaxoAa:

Time-based Fixed work
= |lcnonHsieM nNocTosiHHOE = |lcnonHsieM nNocTostHHOE
BpEMS] KOJIMYECTBO onepaLnii
= [lenaem onepayumn oaHy 3a = Yaule Bcero ofHy onepauuto
ofHol = 30pOBO 3KOHOMUT BpeMs!

= B n3mepeHue ymelaem
NOpPsI0HHOE KOJIMYECTBO
onepaumii
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Kak namepsiem: Transients

3anomMmHuTe

Mbl MeeM feno C ANHAMUYECKUMU CUCTEMaMMN.
«[1porpeB» — 3TO BbIKMAAHUE XapPaKTEPHOIO BPEMEHM
NepexoaHoro npouecca.

= V Hac NOJIHO MepPEXOAHbIX MPOLECCOB.

&
=Java
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Kak namepsiem: Transients

3anomMmHuTe

Mbl MeeM feno C ANHAMUYECKUMU CUCTEMaMMN.
«[1porpeBy — 370 Bb>XUAAHVE XapaKTEPHOrO BPEMEHU
NepexoaHoro npouecca.

= V Hac NOJIHO MepPEXOAHbIX MPOLECCOB.

= KoMnunauust koja — He eWHCTBEHHbIN nepexofHblid npouecc!
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Kak namepsiem: Transients

3anomMmHuTe

Mbl MeeM feno C ANHAMUYECKUMU CUCTEMaMMN.
«[1porpeBy — 370 Bb>XUAAHVE XapaKTEPHOrO BPEMEHU
NepexoaHoro npouecca.

= V Hac NoJfIHO NepexofHbIX NPOLECCOB.
= KoMmnunsiuus kofa — He efUHCTBEHHbIA NepexofHblii npouecc!
= «MygpocTtby: «Cnegute 3a PrintCompilationy. WTF?
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Kak n3amepsiem: Steady state

JDK8b83 + nashorn 2013-04-08, Octane:DeltaBlueBench performance over iterations
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= Cncrema npuwna B ycToliumsoe coctosiHue (steady state), korga
BCe eé nepexofAHble NPOLECChl YCTKAHUANCh

= Jltoboe namereHve BoibuBaeT eé us steady state
=’Java’  oracLe
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Kak namepsiem: Muorpa steady state Het!

public class FibonacciGen {
BigInteger nl = ONE; BiglInteger n2 = ZERO;
public BigInteger next () {
BigInteger cur = nl.add(n2);
n2 = nl; nl = cur;
return cur;

= Kaxablii BbI30B next () BCE MedsieHHENR N MeaeHHEl
= VImeeT cmbicn nsmepsaTs nepebie N onepauuii — a Tam transients!
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Kak npoBepsiem: NH>xeHepHbI nogxon

[NaBHbI UHXXEHepPHbIVE BOMPOC

Moyemy Moii BeHYMapK He MoxeT paboTaTk beicTpee?

OTBeT onpeaensieT Ka4ecTBO SKCNEPUMEHTA:
1. B kakne orpaHunyerus ynépancs’
2. PaboTaer Ta 4acTb KoAa, KOTOPYHO Mbl «Uccieayem» ?

3. Yto coenatb, 4TODOLI UCNpaBUTL BeHYMapk?

¢
=’Java’  oracLe
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Kak npoBepsiem: Hay4Hbiin nogxopn

[ naBHbIVi Hay4HbI BOMpOC

Kak beHumapk pearmpyer Ha W3MEHEHWNE BHELLHUX YCAOBWIA !

OTBedaeM, HACKONIbKO aKTyaslbHasi MOAENb PAa3HUTCS C MEHTAJIbHONA:
1. lMpoBepka Ha Aypaka: UMEIOT AN CMbICA 3TU pPe3ynbTaTbl?
2. HeraTnBHbIl KOHTPObL: MEHSIETCA NN pe3yibTaT OT
BapupoBaHus nepemeHHol X;, XoTst He [OSIXKeH?

3. [103NTWBHbLI KOHTPO/Ib: HE MEHSIETCS NN Pe3ynbTaT OT
BapMpOBaHNs NEPEMEHHON Y;, XOTS AOMKEH?
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NMpakTuka
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NpakTuka: JMH

V Hac TOXe eCTb OYeHb XOpOoLNii XapHecc:
http://openjdk.java.net/projects/code-tools/jmh/

= JMH is Serious Business:

— OH yunTbiBaeT ToHHy VM-HbIX 3bpekTOB

— Mol ero neprogundeckn gonunaneaem, korga mensetcas VM

— Mel ero nepuognyeckn KM, Kak pacTéT Halla SKCNepTusa
Besikuii BHewHNiA beHy Banugmpyetcst nepenucoisainem nog JMH
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NpakTuka: JMH

V Hac TOXe eCTb OYeHb XOpOoLNii XapHecc:
http://openjdk.java.net/projects/code-tools/jmh/

= JMH is Serious Business:

— OH yunTbiBaeT ToHHy VM-HbIX 3bpekTOB
— Mol ero neprogundeckn gonunaneaem, korga mensetcas VM

— Mbl ero nepuogunyeckn puKCUM, Kak pacTeT Hala dKCnepTmsa
— Bcsakuii BHewHmii beny Bannaupyetcs nepenuceiBaHuem nog JMH

* Mbl BbIHYNN CTONBKO HEOYEBUAHBIX rpabneii n3 JMH,

4TO HE BEPUM HUN OAHOMY N3BECTHOMY XapHECCY.
=’Java ORACLE
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NMpakTuka: Uenb

Llenb Bcero aToro meponpuaTusa B Tom,

4TODbI BaC Kak ciefyeT HamyraThb
N 3aCTaBUTb ODPOCUTH!

= (Tyno) nucaTb 0b&pTKM Anst beHYMapok
= (Tyno) moBepsTb 0b&pTKam Ans GeHYMapKok
= (Tyno) moBepsTb beHuMapkam
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System: 3apauka (A)

[aBaiiTe 3anycTUmM NpPoOCTEHLKUIA DeHYMaPpK.

Cuctema rosopuT, 4To y Heé 4 CPU.

Threads | Ops/nsec |  Scale
1 3.06 = 0.10
2 572 +0.10 | 1.87 £ 0.03
4 5.87 = 0.02 | 1.91 £+ 0.03

Slide 25/68. Copyright © 2013, Oracle and/or its affiliates

. Al rights reserved.

=’Java

ORACLE



System: 3agauka (A)

[aBaiiTe 3anycTUmM NpPoOCTEHLKUIA DeHYMaPpK.
Cuctema rosopuT, 4To y Heé 4 CPU.

Threads | Ops/nsec |  Scale

1 3.06 £ 0.10
2 572 £0.10 | 1.87 £ 0.03
4 587 £0.02 | 1.91 + 0.03

= Bonpoc 1: [Moyemy nepexog 2 — 4 notoka Tako Xunblii?
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System: 3agauka (A)

[aBaiiTe 3anycTUmM NpPoOCTEHLKUIA DeHYMaPpK.
Cuctema rosopuT, 4To y Heé 4 CPU.

Threads | Ops/nsec |  Scale

1 3.06 £ 0.10
2 572 £0.10 | 1.87 £ 0.03
4 587 £0.02 | 1.91 + 0.03

= Bonpoc 1: [Moyemy nepexog 2 — 4 notoka Tako Xunblii?
= Bonpoc 2: lMoyemy nepexon 1 — 2 notoka scero 1.87x?
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System: Power management

3anyckaem npocToin beHumapk,
+ u 3axumaem vactoty CPU 8 2 GHz:

Threads | Ops/nsec |  Scale
1 1.97 + 0.02
2 3.94 £ 0.05 | 2.00 + 0.02
4 4.03 £0.04 | 2.04 + 0.02

Slide 26/68. Copyright © 2013, Oracle and/or its affiliates
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System: Power management

MHorue nogcucrembl banaHcmpytoT power-vs-performance

(Ex.: cpufreq, SpeedStep, Cool&Quiet, TurboBoost)

= 3acapa: /IOMaeT rOMOreHHOCTb BPEMEHU
= KocTtbinb: Boikatounts PM, 3axaTtb yactoty CPU

= JMH: pabotaem gosblie, He napKyem MOTOKM

=’Java
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System: OS Schedulers

LLlenynepsr OS banancupytoT affinity-vs-power

(Ex.: Solaris schedulers, Linux power-efficient taskqueues)

= 3acapga: nomaet nantosnto cummetpuytoct CPU
= KocTblnib: 32)KaTb NOAUTUKYN LUEAYANHTA

= JMH: pabotaem gosiblie, He napKyem MOTOKM

=’Java ORACLE
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System: Time Sharing

Cnctembl pa3gensiemoro BpemeHu banaHcmpytot
YyTUAN3aLULO.

(Ex.: Tbica4m nx)

= 3acapa: ctapT/oCTaHOB MOTOKOB He MIHOBEHHbIA, BpeMs
paboTbl MOTOKOB HE AETEPMUHNPOBAHO, 3arpy3ka BO BPEMEHN
Heo4HOPOAHA

* KOCTbI/Ib: yI0CTOBEPUTLCS, HTO BCE MOTOKM Havam
NCNONHATL paboTy

= JMH: «synchronize iterations»

=’Java ORACLE
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System: Time Sharing, #2

JMH — synchronize iterations:

thread 1

thread 2

thread 3

| start!

« .
=’Java’  oracLe
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VM: 3apayka (C)

@GenerateMicroBenchmark
public void baseline () { 0.5 + 0.1 ns
}

@GenerateMicroBenchmark

public void measureWrong() { 0.5 £ 0.1 ns
Math.log(x);

}

@GenerateMicroBenchmark

public double measureRight() { 34.0 £+ 1.0 ns
return Math.log(x);

}

=’Java’  oracLe
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VM: Dead-code elimination

OnNTMN3aTopPbl OYeHb XOPOLLIO YAANSAOT Kof be3
HabnrogaemMbIx 3 eKToB.

= 3acafga: MOXET CHeCTM 4acTb beHymapka BapabagaH

= KocTbIsib: HaBOAMM 3(peKkTbl Ha pe3yabTaThl (CymMmupyem,
CKJaAblBaeM, nedataem, u T.n.)

= JMH: nognepxka 8 API

=’Java ORACLE
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VM: 3apauka (D)

@GenerateMicroBenchmark
public void baseline () { 0.5 £ 0.1 ns
}

@GenerateMicroBenchmark

public double measureWrong() { 1.0 &+ 0.1 ns
return Math.log(42);

}

private double x = 42;

OGenerateMicroBenchmark

public double measureRight () { 34.0 + 1.0 ns
return Math.log(x);

+

=’Java
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VM: Constant folding, etc.

OI'ITVIMVI3aTOpI:>I AOBOJIbHO XOpowwn B NPEABBIHYNCITEHNAX.

= 3acaga: MOXeT NpeaonTUMN3NpPoBaTh YacTb DeHYMapka
= KocTblNb: cienaTbh BXOAHbIE JaHHble HENPEeACKAa3yeEMbIMU
= JMH: nognepxka 8 API

=’Java ORACLE
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VM: CSE

JMH nomaet cnekynsaunto o 4TeHusix B pasHbix BbizoBax OGMB
MeToZa

double x;

Q@GenerateMicroBenchmark

double doWork () {
doStuff (x);

}

volatile boolean done;
void doMeasure () {
while ('done) A
doWork () ;
}
}

(MepeBog: 4nTaem BCE M3 Ky4n => Mbl cnaceHsi!)

Slide 35/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.
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VM: DCE, CSE... ogHO 1 TO *e!

\

sources sinks

[NoTeps HenpeackasyemMoCTy H4TO UCTOYHMKA, YTO pe3ynbTaTa TepsieT

N YacTb beHuMapka. Tnxo U He3aMeTHO.

$ .
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VM: DCE, CSE... ogHo n 1o »e!

sources sinks

[loTeps HenpeackasyeMoCTW YTO WCTOYHUKA, YTO pe3yabTaTa TepsieT

N YacTb beHuMapka. Tnxo U He3aMeTHO.
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VM: DCE, CSE... ogHO 1 TO *e!

\
O

sources sinks

[NoTeps HenpeackasyemMoCTy H4TO UCTOYHMKA, YTO pe3ynbTaTa TepsieT

N YacTb beHuMapka. Tnxo U He3aMeTHO.
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VM: 3apayka (E)

// changing N, will performance differ?
static int N = 100;

Q@QGenerateMicroBenchmark
public int test() { return doWork(N); }

int x =1, y = 2;

private int doWork(int reps) {
int s = 0;
for (int 1 = 0; i < reps; i++)
s += (x + y);
return s;

¥

Slide 37/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.
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VM: 3apauka (E), #2

N ns/call ns/add
1 1.5 £0.1 15 £0.1
10 20 £0.1 0.1 £0.01
100 27 £02 005 £0.02
1000 68.8 £09 |0.07 £0.01
10000 | 4103 £21 |0.04 £0.01
100000 | 3836.1 +40.6 |0.04 £ 0.01

=’Java ORACLE
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VM: 3apauka (E), #2

N ns/call ns/add
1 1.5 £0.1 15 £0.1
10 20 £0.1 0.1 £0.01
100 27 £02 005 £0.02
1000 68.86 £09 |0.07 £0.01
10000 | 4103 £21 |0.04 £0.01
100000 | 3836.1 +40.6 | 0.04 £ 0.01

Hy n kakoii cTpoyke BepuTh?

0.04 ns/add = 25 adds/ns = GTFO!

Slide 38/68. Copyright © 2013, Oracle and/or its affiliates
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VM: Loop unrolling

PackpyTka LMKIOB CUJIBHO pacLUNpSET Anana3oH
ONTUMUN3ALNNA.

= 3acapa: nosoXkum, ofHa ntepaumns uukaa 3aHumaet M Hc.
Torga nocne packpyTku Uukia oHa 3pdekTneHO 3aHumaeT aM
ns, rae a € [0;+00)

* KocCTbinib: n3beraeM packpy4nBaeMbIxX LIMKIIOB,
MUHUMUN3UPYEM 3PMEKTLI OT PaCKpyTKM

= JMH: oka3sbiBaetcsi, yto koctbian anst CSE/DCE Tak »e

NoMatoT 3pdpeKTbl OT PaCKPYTKY

=’Java ORACLE
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VM: 3apauka (F)

interface M {
void inc () ;

}
abstract class AM implements M {
int c;
void inc() {
ct++;
}

3

class M1 extends AM {}
class M2 extends AM {}

=’Java’  oracLe
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VM: 3apauka (F), #2

=

=]

'_\
I

new M1();
new M2();

=

=]

N
I

@GenerateMicroBenchmark
public void testM1() { test(ml); }

Q@QGenerateMicroBenchmark
public void testM2() { test(m2); }

void test(M m) {
for (int i = 0; i < 100; i++)
m.inc () ;

¥

=’Java’  oracLe
Slide 41/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



VM: 3apauka (F), #3

test | ns/op
testM1l | 46 £ 0.1
testM2 | 36.0 £ 04

=’Java’  oracLe
Slide 42/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



VM: 3apauka (F), #3

test | ns/op
testM1 | 46 £ 0.1
testM2 | 36.0 + 0.4
repeat testM1 | 356.8 = 0.4

=’Java
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VM: 3apauka (F), #3

test | ns/op
testM1 | 46 £ 0.1
testM2 | 36.0 + 0.4
repeat testM1 | 356.8 = 0.4
forked testM1 | 45 £ 0.1
forked testM2 | 45 £+ 0.1

Slide 42/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.
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VM: Profile feedback

[nHamuydeckmne onTMmUsaLmm
MOTYT MUCMOb30BaTb NHAPOPMALMIO BPEMEHUN WUCMOAHEHUS]

(Ex.: call profile, type profile, CHA info)

= 3acapa: Cepbé3sHasi pasHMLA MEXAY PeXXVMaMn «BCE B O4HONA
VM>» n «Bcé B oTaenbHbix VM »

» Koctbinb: lNporpeeaem Bce beHumapku smecte, JTN
3anyckaem Kaxkablii beHuymapk B otaensHoin JVM

= JMH: nogaepxka bulk warmup; forking

=’Java ORACLE
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VM: 3apauka (G)

JDKBbB3 + nashorn-tiered 2013-04-08, Octane:RegexpBench performance aver iterations

1000 T T T T T T T T T
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VM: 3apauka (G), #2

JDK8bB3 + nashorn-tiered 2013-04-08, Octane:MandreelBench performance over iterations
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VM: Run-to-run variance

Mtuorue maclitabupyemble anropuTmsl He
AETEPMUHNPOBaHbI!

(Ex.: memory allocators, profiler counters, non-fair locks, concurrent
data structures, ...)

= 3acapa: (noteHuyunanbHo) (OrpomMHas) pasHuua Mexay
3anyckamu B OAHON KoHdUrypaumn

= KOCTbl/Ib: NPOTOKONMPOBAHNE PELLEHUN HA KAaXKAOM YPOBHE
(e.g. 3anuch pewweHunii kKOMNUAATOPA), Heckobko 3anyckos JVM

= JMH: Heckonbko 3anyckos JVM

=’Java ORACLE
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CPU: 3apauka (H)

@State
public class TreeMapBench {
Map<String, String> map = new TreeMap<>();

@Setup
public void setup() { populate(map); 1}

@GenerateMicroBenchmark
public void test(BlackHole bh) {
for(String key : map.keySet()) {
String value = map.get (key);
bh.consume (value) ;
}
}

=’Java’  oracLe
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CPU:

3apauka (H), #2

@GenerateMicroBenchmark
public void test(BlackHole bh) {
for(String key : map.keySet()) A
String value = map.get (key);
bh.consume (value) ;
}
}

| Exclusive | Shared
Throughput, op/sec || 615 & 12 | 828 + 21

=’Java
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CPU:

3apavka (H), #2

@GenerateMicroBenchmark
public void test(BlackHole bh) {
for(String key : map.keySet()) A
String value = map.get (key);
bh.consume (value) ;
}
}

H Exclusive \ Shared
615 + 12 | 828 + 21
4 4

Throughput, op/sec
Threads
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CPU:

3apauka (H), #2

@GenerateMicroBenchmark
public void test(BlackHole bh) {
for(String key : map.keySet()) A
String value = map.get (key);
bh.consume (value) ;
}
}

| Exclusive | Shared

Throughput, op/sec | 615 + 12 | 828 + 21
Threads 4 4
Maps 4 1
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CPU:

3apauka (H), #2

@GenerateMicroBenchmark
public void test(BlackHole bh) {
for(String key : map.keySet()) A
String value = map.get (key);
bh.consume (value) ;
}
}

Exclusive | Shared
Throughput, op/sec | 615 + 12 | 828 + 21

Threads 4 4
Maps 4 1
Footprint, Kb 1024 256

=’Java
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CPU: Cache capacity

OcHoBHasi NaMsATb CAULLKOM Aaseka.
[laBaiiTe kewmpoBaTb BCE NpsiMO B npoLie!

* 3acapa: [1ponsBoanTeNbHOCTL 3aMETHO OT/IMYAETCS B
3aBUCUMOCTM OT dpyTnpuHTa, NyTeli obxosa NamsTn, 4a u
baHanbHOW yaaun

* KocTtbinb: Cnegum 3a dpyTnpuHTOoM; NpobyemM pasHbie
pasmepbl AaHHbIX; npobyem pasHble shared /unshared ciyvan

= JMH: @State sharing

=’Java ORACLE
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CPU: 3agauka (J)?

Exhibit B. Exhibit P.
int sum = 0;
for (int x : a) {
if (x < 0) { int sum = O0;
sum -= X; for (int x : a) {
} else { sum += Math.abs(x);
sum += x; }
} return sum;
+
return sum;

KoTtopas Bepcusi beicTpee?

2Credits: Sergey Kuksenko (@kuksenkO0) =Java
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CPU: 3apauka (J)

E. Branched

E. Predicated

LO: mov
test
jl
add
jmp

Li: sub

L2: inc
cmp

Slide 51/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.

Oxc (%ecx ,%ebp,4) ,%ebx
%ebx , hebx

L1

%ebx ,%eax

L2

%ebx ,%eax

%ebp

%edx ,%ebp

LO

LO:

mov
mov
neg
test
cmovl
add
inc
cmp

Oxc (%ecx ,lebp,4) ,%ebx
%hebx ,l%esi

hesi

%ebx ,%ebx

Yhesi, hebx

%ebx ,%eax

%ebp

%edx ,%ebp

Loop

KoTopast Bepcust beictpee?
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CPU: 3apauka (J)

Regular Pattern = (+, -)*

NHM | Bldzr | C-A9 | SNB
branch _regular 09 | 08 | 50 | 05
branch _shuffled 62 | 28 | 94 | 1.0
branch _sorted 0.9 1.0 | 50 | 06
predicated regular | 2.0 1.0 | 53 | 0.8
predicated shuffled | 2.0 1.0 | 93 | 038
predicated sorted 2.0 1.0 | 57 | 0.8

time, nsec/op

Slide 52/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserve
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CPU: Branch Prediction

Out-of-Order npoueccopbl 04eHb MHOTO CNEKYAUPYHOT.
Bonblyto yacte Bpemenn (99%-+) genatot 310
KOppeKTHO!

= 3aca,u,a: I_IpOBan B MPOU3BOAUNTENILHOCTIN, KOr4a CNeEKynsALnNsA
NPOBaJINBAETCA

» KocTbinb: Peannctnynbie ganHsie! MHoro, MHOro pastbix
HabopoB JaHHbIX

=’Java ORACLE
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BbiBoabl

=’Java’  oracLe
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BbiBoabl: Benchmarking is Serious Business

OrpomHoe noae ana owmnbok.

= Hanucanue Tectos TpebyeT sKcnepTUssbl
* Hanwncanue dppeiimBopkoB TpebyeT eLlé bosbLueid sKcnepTussbi

= He BepbTe KpacMBbIM penopTam, BEPbTE JIOTNYHLIM pe3ybTaTaM

=’Java ORACLE
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Bbl BO/Abl: MHCTPYMEHTDbI

1. Mosr

I'InarMH <<,JJ,aHyHeMO)KeT6bITb>> OnAa nepenpoBepoOK (baKTOB

- |_|J'IaI'I/IH Lwanpugymaem>» OonA noCTpoeHUsA rmnoTe3s M SKCNEPUMEHTOB
- rlJ'IaI'VIH ((‘-léTOFIHGI'IOHFIJ'I)) Ona NpoBEPKN KOHCUCTEHTHOCTW TMNOTE3
- rlJ'IaFVIH <<;1p,ypaK>> ansA J'IéFKOFO OTBep)KeHVIﬂ JIOXKHbIX TNMNOTE3

2. Pykn

— [lpsAmMble, AN NOCTAHOBKN aKKypPaTHbLIX SKCMEPUMEHTOB
— CunbHble, ansi 0bpaboTKM TOHH KCMEPUMEHTAIbHBLIX AaHHbIX
3. Asbik, ywu, rnasa v npoyee /0

— [na obmeHa pesynbTaTaMu u peer review
— [ns pocTyna Kk npeablayLinmM sKCneprMeHTam

=’Java ORACLE
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BbIBO,D,bI: npo4mne MHCTpyMeHTDbl

1. ®peiimBopkn
— JMH: http://openjdk. java.net/projects/code-tools/jmh/
2. [Mpodunuposnkn
— VisualVM, JRockit Mission Control, Oracle Studio Performance
Analyzer
— top, vmstat, mpstat, jostat, dtrace, strace
3. [un3accembnepsl
— -XX:+PrintAssembly
— https:
//wikis.sun.com/display/HotSpotInternals/PrintAssembly

=’Java ORACLE
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Backup
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Backup: Time Sharing, 3apgauka (B)

public void measure() {

long startTime = System.nanoTime ();
while (!isDone) {
work () ;
}
println(System.nanoTime () - startTime);

=’Java’  oracLe
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Backup: Time Sharing, 3apgauka (B)

«ls there a problem, officer?»
public void measure () {
long realTime = 0;
while (!isDone) {
setup(); // skip this

long time = System.nanoTime ();
work () ;

realTime += (System.nanoTime() - time);

b

println(realTime) ;

=’Java’  oracLe
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Backup: Time Sharing, 3apgauka (B)

13mepsiem KoIM4eCcTBO BLISOBOB B CEKyHAY, Aa’

throughput, ops/us

0 10 20 30
# Threads

== Timing the entire loop == Timing the sum[iterations]

...a OHO pacTéT 3a konuyecteo CPU — WTF?!

=’Java’  oracLe
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Backup: Time Sharing, 3apgauka (B)

public void measure () {
long startTime = System.nanoTime ();
long realTime = O0;
while (!isDone) {
setup(); // skip this

long time = System.nanoTime ();
work () ;
realTime += (System.nanoTime() - time);
.. .WHOOPS, WE DE-SCHEDULE HERE. ..
+
println(realTime);
println(System.nanoTime () - startTime);

3
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Backup: Time Sharing

PazgeneHune BpeMeHun AT UAIIO3UIO MapanesbHol
PaboTbl HECKOJIBKIX MOTOKOB

= 3acapa: 3ta UANO3US He BCEr[a BbIMOJHAETCS A4S
NPOV3BOANTENBbHOCTH!

* KocTbInib: HUKOrga He neperpy»atb cucremy!
= JMH: bonblwoii kpacHbli dnar Ha BbE3Ae B CTpaHy

=’Java ORACLE
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Backup: Inlining budgets

MoacTanoska (inlining) — 310 ybep-onTumnsayus

= 3acapa: Bcé 3anHnaiinuTe Henb3st = NpuUxXoAnTCS AymMaTb O
TOM, YTO UHNAWHUTCS, @ YTO HeT

= KocTtbinb: MeTogbl Menbye, LnKbl Mesbye, NOArNSAbIBAaEM B
-XX:4PrintInlining, ncnonbayem KOMNUASTOPHBIE XUHTbI

= JMH: reHepupyem ropsiyve unksbl B MeKMe METOAbI, AAEM
yfobHbit @CompileControl

=’Java ORACLE
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Backup: creHepupoBaHHbiii JMH kopg

JIT-koMnuAsiuMs 1 NOACTAHOBKMN HAYMHAIOTCS C 3TOr0 METOoAA:

public void testLong_loop
(Loop loop, Result r, MyBenchmark bench) {
long ops = 0;

r.start = System.nanoTime ();

do {
bench.testLong(); // @GenerateMicroBenchmark
ops++;

} while(!loop.isDone);

r.end = System.nanoTime ();

r.ops = ops;

3

=’Java’  oracLe
Slide 65/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



Backup: 3apauka (1)

Hackonbko xopolo ckanmpyetcst 3TOT Kog !

@State (Scope.Benchmark) class Shared {
final int[] ¢ = new int [64];
}

@State(Scope.Thread) class Local {
static final AtomicInteger COUNTER = ...;
final int index = COUNTER.incrementAndGet ();

QGenerateMicroBenchmark
void work(Shared s, Local 1) {

s.c[l.index]++;
b =’Java’  oracLe
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Backup: 3apauka (1), #2

Threads

Average ns/call

Hit

1
2
4
8
16
32

20 £0.1
185 +24
329 £62
854 £ 134

208.9 £52.1
464.2 £ 46.1

Moyemy?
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Ox
16x
42x
104x
232x
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Backup: Bulk method transfers

Cnctema cnefnT 3a KOrepeHTHOCTLIO NaMsTK Mo
KycodkaM. XapaKTepHblii pa3mep Kycouka: 32, 64, 128
baiiTa.

= 3acapa: moandrKaums psaaoM NeXalyx AaHHbIX Pa3HbIMY
notokammn gaércs ¢ Tpysom (false sharing)

= KocTbinb: nagautr, subclass juggling, @Contended

= JMH: Bce BHYTpeHHNE CTPYKTYpPbl OTNaX>KEHbI,
@State-0bbekTbl NaAfATC aBTOMaTUYECKU

=’Java ORACLE
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