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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
YCTaHOBJIEHHbIE 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

" OTu beHYMapKy 0bbIYHO DOKYCMPYIOTCS Ha KOHKPETHBIX MECcTax
npoaykTa, nmetoT 60ONbLWYIO pa3peLlaroLLyto CNOCODHOCTL, YeM
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

=’Java ORACLE
Slide 11/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. o



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?

=’Java ORACLE
Slide 12/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. N



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
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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 OTAeNbHbIE CODLITUS U CHMTATL KBaHTUAM!
— 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.

&«
= Java
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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 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

YV Hac TOXe eCTb O4€Hb XOPOLUWA XapHecC:
http://openjdk.java.net/projects/code-tools/jmh/

= JMH is Serious Business:

— OH yunTbiBaeT ToHHy VM-HbIX 3bpekTOB

— Mol ero neprogundeckn gonunaneaem, korga mensetca VM

— Mel ero nepuognyeckn ukcum, Korga pacTér Halla 3KCnepTusa
Besikuii BHewHniA beny Banugmpyetcst nepenucobisainem nog JMH

=’Java ORACLE
Slide 22/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved. -


http://openjdk.java.net/projects/code-tools/jmh/

[MpakTuka: Ctapasi necHs

Becb 3TOT »up B npeablaywieM LOKNAJeE:

= System: Power
management

VM: Profiles and forking
VM: Run-to-run variance
VM: Inlining

CPU: Caches

CPU: Branches

= System: Time Sharing

= VM: Dead code
elimination

= VM: Constant folding
= VM: Loop unrolling
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MpakTnka: JMH Samples

JMHSample_01_HelloWorld
JMHSample_02_BenchmarkModes
JMHSample_03_States
JMHSample_04_DefaultState
JMHSample_05_StateFixtures
JMHSample_06_FixtureLevel
JMHSample_07_FixtureLevelInvocation
JMHSample_08_DeadCode
JMHSample_09_Blackholes
JMHSample_10_ConstantFold
JMHSample_11_Loops
JMHSample_12_Forking
JMHSample_13_RunToRun

JMHSample_15_Asymmetric
JMHSample_16_CompilerControl
JMHSample_17_SyncIterations
JMHSample_18_Control
JMHSample_20_Annotations
JMHSample_21_ConsumeCPU
JMHSample_22_FalseSharing
JMHSample_23_AuxCounters
JMHSample_24_Inheritance
JMHSample_25_API_GA
JMHSample_26_BatchSize
JMHSample_27_Params

=’Java
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Flpo ooTTnHekn: BHeknaccHoe 4yTeHue

B kadecTBe npumepa npo aHann3 OOTTIHEKOB,
TYT LOJIKEH Dbln ObITh 3abaBHbIA NprMep Npo To,
Kak onTuMunsaumns Q@tailrec B scalac c nocnenytroLlei
onTummusauueii B8 HotSpot npuBoanT K neccummsauun kogaa,
HO MOJIst 3TOro cnalia CANLLIKOM Y3KU...

http://stackoverflow.com/questions/22581163/
hidden-performance-cost-in-scala/22604185
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[Mpo Mmopgenu: mogenbHasi 3aaa4dka

«Ckonbko ctouT volatile write?y

= Kaszasiock Obl, NPOCTOI BOMPOC: B HEM BCEro YeTbIPEe C/OBA, W
TONbKO ABa U3 HUX aHTINACKKE. ..

= Xo4yeTcsa B3ATb U I'IOMepI/ITb!
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[Mpo mogenu: MNMuwem...

public class VolatileWrite {
int v; volatile int vv;

Q@GenerateMicroBenchmark
int baselinel () { return 42; }

Q@GenerateMicroBenchmark
int incrPlain () { return v++; 7}

Q@GenerateMicroBenchmark

int incrVolatile() { return vv++; }

=’Java’  oracLe
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[Mpo mogenun: Mepum...

public class VolatileWrite {
int v; volatile int vv;

@GenerateMicroBenchmark
int baselinel () { return 42; } // 2.0 +- 0.1 ns

Q@GenerateMicroBenchmark
int incrPlain () { return v++; } // 3.5 +- 0.1 ns

QGenerateMicroBenchmark
int incrVolatile() { return vv++; } // 15.1 +- 0.1 ns
}
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[Mpo mopgenu: PaTanbHbIM HEAOCTATOK

volatile int vv;

Q@GenerateMicroBenchmark
int incrVolatile() { return vv++; 7}

= |I3amepsieM B ycnoBusix, Korga beH4Ymapk 3aHAT TOJIbKO
volatile-amum

= Ecnun a71a onepauns Tshkénasi, To Mbl 3arOHsieM CUCTEMY B eé
«MNOFPAaHNYHOE» COCTOSAHUE, N OHO MOYTU HABEPHHAKA HE
BOCMPON3BOANTCA B MPOAE

= Ham Hy>XHO 3HaTb «Kak cToMmocTb volatile 3aBucut oT

BHELIHWX YCIOBUIA» |
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Mpo mopenun: Backoffs

QParam int tokens;
volatile int vv;

@GenerateMicroBenchmark
int incrVolatile () {

BlackHole.consumeCPU(tokens); // burn time
return vv++;

}

= «Coxoxem» napy UMK/IOB Nepeq onepauueii

= Bapbupyem tokens — BapbupyeM MUKC onepauuii

=’Java’  oracLe
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Mpo mopenun: Backoffs

QGenerateMicroBenchmark
void baseline0() { BH.consumeCPU(tokens); 1}

QGenerateMicroBenchmark
int Dbaselinel () { BH.consumeCPU(tokens); return 42; }

@GenerateMicroBenchmark
int Dbaseline2() { BH.consumeCPU(tokens); return v; }

= Y700 aBa pasa He BCTaBaTb, 3a04HO MPOBEPUM Pa3Hble
baseline-bI: Hanepépn He sICHO, KaKOl N3 HUX HaZO WCMOJb30BaTh,
4TODbI KOHTPACTUPOBATL CaM UHKPEMEHT
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NMpo mopgenu: Mepum...

Ecnu Bbl pucyeTe Takue rpacprki, To BaM YroTOBaHO MECTO B ajy:

100+

75+

501

nsec/op

251

O- T T T
10 20 30

backoff

label — baseline0 — baseline1 — baseline2 — incrPlain — incrVolatile
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[Mpo moaenu: BbiunTaem baseline0

= AbcontoTHast CToumocTb volatile cunbHo amopTu3upyercs!
» MoxxHo nmn BoobLe Tak BbluMTaTh baseline us tecta?

154
10+ e

g‘ I T

O 5- = = I

g i T T T i T =
——_— __———a. Tt
_5- 1 1 1 1

0 10 20 30
backoff

label == baseline0 == incrPlain == incrVolatile

¢
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Mpo moaenun: BbiunTaem baselinel

= VTC! [Jobasunu koga B TecT, a o ctan wyctpee?!
= Huyero yauentensHoro: performance is not composable

_5 L 1 1
0 10 20 30
backoff

label == baseline1 == incrPlain == incrVolatile

¢
= Javar
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Mpo mogenu: WTF is different?

backoff

label == baseline0 == incrPlain = incrVolatile

@GenerateMicroBenchmark
void baselineO () {

BH.consumeCPU(tokens) ;
+

Slide 35/68. Copyright © 2013, Oracle and/or its affiliates. All rights reserved.

backoff

label == baseline1 == incrPlain = incrVolatile

@GenerateMicroBenchmark
int baselinel () {
BH. consumeCPU (tokens) ;
return 42;

by
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Mpo mogenu: WTF is different?

backoff

label == baseline0 == incrPlain = incrVolatile

@GenerateMicroBenchmark
void baselineO () {

BH.consumeCPU(tokens) ;
+
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backoff

label == baseline1 == incrPlain = incrVolatile

@GenerateMicroBenchmark
int baselinel () {
BH. consumeCPU (tokens) ;
return 42;

by
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Mpo mogenu: WTF is different?

@GenerateMicroBenchmark
int baseline2 () {
BH. consumeCPU(tokens) ;
return v;

by
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backoff

label == baseline1 == incrPlain = incrVolatile

@GenerateMicroBenchmark

int baselinel () {
BH.consumeCPU(tokens) ;
return 42;

by
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Mpo mogenu: WTF is different?

15
.10 G -
g T =
§ 5 T=
£l —— e———
- : =
-5 i U U U
0 1 20 30

backoff

label == baseline2 == incrPlain == incrVolatile

@GenerateMicroBenchmark

int baseline2 () {
BH.consumeCPU(tokens) ;
return v;

}
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backoff

label == baseline1 == incrPlain = incrVolatile

@GenerateMicroBenchmark
int baselinel () {
BH. consumeCPU (tokens) ;
return 42;

by
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Mpo mopgenu: cyxoil ocTaTok

= Pasnble baseline gatoT pasHbie pe3ynbTaThl...
= Hy n nagHo, byaem npocto cpasHusaTh plain n volatile:

backoff

label == incrPlain == incrVolatile

= Javar
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Flpo Mozdesin: noabliTOXnMMm

Bot 3a4em Ham Hy>xxHbl Mogenn!

= OTKpbIBatOT NOBEfEHVE CUCTEMBI 33 NpPeAenaMu Cay4vaiiHo
BbIDpaHHbIX «yAaYHbIX» TOYeK

= [lo3BonsAloT NpefckasaTbh NOBEAEHNE B Pa3HbIX YCIOBUSAX
= [TomoratoT nolimaTb npobnembl B akcneprmeHTe (KOHTPOL)

» KoMbuHaTopHbIe 3KCMEPVMEHTbI MOMOratOT MO Pa3HOMY
CMeLLaTb OMnepaLun U NOCTPOUTL U3 HUX MPEAMNONIOKEHNS 0O nx
CaMOCTOATENIbHON NPOU3BOAUNTENBHOCTHU

=’Java ORACLE
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ﬂpo Mogeszin: 4HTo-TO Tbl, 6paT, 3aJinBaellb...

«KoMbuHaTopHble 3KCNeprMeHTbI MOMOTratoT Mo Pa3HOMY CMELIaTh
onepauumn 1 NOCTPOUTL U3 HUX NPEANONOKEHUS 00 nx
CaMOCTOATENbHOM NPOU3BOAUTENBHOCTUY

91 ceiivac Bo3bMy B pyku cekyHgomep/nanoTime

n BCE nomepto no vacram!
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[Npo Talimepsbl: wWa namepum

A nouemy Obl 1 HeT?

// call continuously
public long measure () {

long startTime = System.nanoTime ();
work () ;
return System.nanoTime() - startTime;

He kpoetcs nu B aTom kakas-Hubyab rpabns?
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[Mpo Tailimepsbl: nomepum latency

Latency = Bpemsi Ha BbI30B

@GenerateMicroBenchmark
public long latency_nanotime () {
return System.nanoTime ();

3
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[Mpo Taiimepsbl: nomepum granularity

Granularity = pa3spewatoias cnocobHocTb

private long lastValue;

@GenerateMicroBenchmark
public long granularity_nanotime () {
long cur;

do {

cur = System.nanoTime ();
} while (cur == lastValue);
lastValue = cur;

return cur;
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Mpo Taiimepbl: TUNMYHaA KapTuHka [Linux]

Java(TM) SE Runtime Environment, 1.7.0_45-b18
Java HotSpot (TM) 64-Bit Server VM, 24.45-b08

Linux, 3.13.8-1-ARCH, amd64

Running with 1 threads and [-client]:

granularity_nanotime: 26.300
latency_nanotime: 25.542

Running with 1 threads and [-server]:

granularity_nanotime: 26.432
latency_nanotime: 26.276
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Mpo Taiimepbl: TUNMYHaa kapTuHka [Solaris]

Java(TM) SE Runtime Environment, 1.8.0-b132
Java HotSpot (TM) 64-Bit Server VM, 25.0-Db70
Sun0S, 5.11, amd64

Running with 1 threads and [-client]:
granularity_nanotime: 29.322 +- 1.293 ns
latency_nanotime: 29.910 +- 1.626 ns

Running with 1 threads and [-server]:
granularity_nanotime: 28.990 +- 0.019 ns
latency_nanotime: 30.862 +- 6.622 ns
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Mpo Taiimepbl: TunuyHasa kapTuHka [Windows]

Java(TM) SE Runtime Environment, 1.7.0_51-b13

Java HotSpot (TM) 64-Bit Server VM, 24.51-b03

Windows 7, 6.1, amd64

Running with 1 threads and [-client]:

granularity_nanotime: 371,419
latency_nanotime: 14,415

Running with 1 threads and [-server]:

granularity_nanotime: 371,237
latency_nanotime: 14,326
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Mpo Taiimepsbl: annyHasa kapTuHka [Windows]

Java(TM) SE Runtime Environment, 1.8.0-b132
Java HotSpot (TM) 64-Bit Server VM, 25.0-b70
Windows Server 2008, 6.0, amd64

Running with 32 threads and [-client]:
granularity_nanotime: 15137.504 +- 97.132 ns
latency_nanotime: 15190.080 +- 1760.500 ns

Running with 32 threads and [-server]:
granularity_nanotime: 15118.159 +- 121.671 ns
latency_nanotime: 15176.690 +- 1504.406 ns
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[Mpo Talimepbl: MOAENbHbIA 3KCNEepPUMeHT

* Ecnn System.nanoTime () goporoii n noTeHuManbHO He
CKaNNPYOLWMIACS, 3HAYUT, OH DyAeT BANATb Ha N3MepeHne

= [laBaiiTe Hali€M, HACKONIBLKO OH BAMUSIET:

QParam
int backoff;

@GenerateMicroBenchmark

public long nanotime () {
BlackHole.consumeCPU(backoff);
return System.nanoTime ();
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[Mpo Tavimepbl: TYT NOKa BCE B nopsigke

System.nanoTime() latency vs. backoff [Linux]

System.nanoTime + backoff, nsec
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[Mpo Tailimepsbl: BOTKHY/IMCb B caM nanoTime!

System.nanoTime() latency vs. backoff [Windows]
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[Mpo Taiimepbl: N1aTUM 32 MOHOTOHHOCTb

System.nanoTime() latency vs. backoff [Solaris]

System.nanoTime + backoff, nsec
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Mpo Taiimepbl: TUNMyHasa kapTuHka [Mac OS X]

Java(TM) SE Runtime Environment, 1.8.0-b132
Java HotSpot (TM) 64-Bit Server VM, 25.0-Db70
Mac 0S X, 10.9.2, x86_64

Running with 1 threads and [-server]:
granularity_nanotime: 1009.623 +- 2.140 ns
latency_nanotime: 44.145 +- 1.449 ns

Running with 4 threads and [-server]:
granularity_nanotime: 1044.703 +- 32.103 ns
latency_nanotime: 56.111 +- 3.397 ns
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[Mpo Tanmepsbl: NogbiTOXXNM

System.nanoTime — 370 HoBbIl String.intern!

= KO3ep c nanoTime = obe3sbsiHa C rpaHaToOl

* nanoTime MOXHO U HY>XHO MOJIb30BaTb B OTAENbHbIX Cy4asix,
HO DyfbTe roTOBbI KO BCEM MUHYCaM 3TOrO MPEeAnpusaTys

= Yalle Bcero npsiMoe N3MepeHne HaM He JOCTYMHO, W
NPUXOANTCSA CTPOUTH MOAENN MO KOCBEHHBIM YANKaM

=’Java ORACLE
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[Mpo Tailimepsbl: Nnpoao>kaewb 3aAnBaTh?

Mowu Kycku foCTaTO4HO bosbLIME, YTODLI HE HAaCTYNUTL Ha
rPaHyAsipHOCTb U CTOMMOCTb nanoTime () !
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[Mpo omission: >XUpHbIA Takon BeHYMapkK

public long measure () {
long ops = 0;
long startTime = System.nanoTime ();
while (!isDone) {
setup(); // want to skip this

work () ;
ops++;
}
return ops/(System.nanoTime() - startTime);
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[Mpo omission: wa namepum oTAENIbHbIN KYCOK

public long measure() {

long ops = 0;

long realTime = O;

while (!isDone) {
setup(); // skip this
long time =

work () ;

realTime +=
ops++;

System.nanoTime () ;

(System.nanoTime ()

}

return ops/realTime;
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Mpo omission: npoBepsiem c nycTbiMm setup()...

6004

N
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o
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throughput, ops/us

n
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o
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0= T T T T T T T T
0 4 8 12 16 20 24 28 32
# Threads

| External loop timestamps | == Sum over per-iteration timestamps

13mepsiem KoIM4eCTBO BbISOBOB B CEKyHAy, Aa’
...a OHO pacTér 3a kosmyecteo CPU?!
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[Mpo omission: noacka3ka

public long measure() {
long ops = 0;
long realTime = O;
while (!isDone) {
setup(); // skip this

long time = System.nanoTime ();

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

...WHOOPS, WE DE-SCHEDULE HERE. ..
+

return (ops/realTime);

3
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[Mpo omission: 6a30BbIi NpuMep

time

= KaAblli NOTOK N3MEPSIET TONILKO BPeMs OAHOI onepauunu,
oHo B cpegHem 10 mMc/on = KaXKAbIll NOTOK CHUTAET, YTO €ro
nuamengyansHas A; = 100 on/cek

N
= [lga notoka, u nostomy »  A\; = 200 on/cek
i=1

¢
=’Java’  oracLe
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[1po omission: HakugbiBaeM eLle NOTOKOB
thread 3

thread 4

time

= Kaxgplii NoToK no-npexxHemy cuntaet, 4to A; = 100 on/cex!

N
= Yerbipe notoka, n noatomy »  A; = 400 on/cek
i=1

4
=’Java’  oracLe
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[1po omission: HakugbiBaeM eLle NOTOKOB
thread 3

thread 4

time

= Kaxgplii NoToK no-npexxHemy cuntaet, 4to A; = 100 on/cex!

N
= Yerbipe notoka, n noatomy »  A; = 400 on/cek
i=1

4
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[Mpo omission: noabITOXUM

CekyHOaoOMepbI MOTYT MEPUTL COBCEM HE TO,
4YTO Bbl AyMaeTe UAn XOTUTE AyMaTb

" ...0CODEHHO, eC/n Bbl N3MepsieTe OTAe/IbHbIe YacTu
" ...0CODEHHO, €C/IN Bbl N3MEpSIETE MepPErpy KeHHbIE CUCTEMDbI

" ...0CODEHHO, C/IVI XOHTANpYeTe A n T

=’Java ORACLE
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[Mpo steady state: Haw nobumsbiii fibonacci

Kak Bam Takoii beHuymapk?

public class FibonacciGen {
Biginteger nl = ONE; Biglnteger n2 = ZERO;

@GenerateMicroBenchmark

public BigInteger next() {
BigInteger cur = nl.add(n2);
n2 = nl; nl = cur;
return cur;

3
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[Mpo steady state: nomepum Ka>kabiii BbI3OB

Vnc, y aToro beH4ymapka feiicTeutensHo HeT steady state...
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NMpo steady state: 3acapa

Het steady state — Henb3sa ncnoab3oBaTh time-based benumapku!

Hem AO0JIbLUIE MEPUM, TEM KMEAJIEHHEE» PE3Y/IbTaT.

nTepauus, c

throughput, us/op

1

2
4
8
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[Mpo steady state: pick your poison

I\/Iep|/||v| BblI30OBbl B €ANHNLY BPEMEHN!
" MEPUM HEMOHATHO B KAKOM COCTOAHUU

" KaK CpaBHMBATb ABE PasHble peann3auumn’
(1 ewé noBesét, ecan Mogenb NnHeRHas )

Mepum Bpemsi Ha BbI3OB:
= cobepém rpabnu c latency/granularity Taiimepos
= cobepém rpabsv c omission
= cobepém transient-bi (npOLu,a|7|Te, MHOIOMOTOKOBbIE 6eH‘-II/I)
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[Mpo steady state: npomMme)XyToO4HbIi BapuaHT

N3mepsiem bonbwmmn kyckamu (batching)!

@Setup(Level.Iteration)
public void setup () {

nl = BigInteger.ZERO; n2 = BigInteger.ONE;
+

@GenerateMicroBenchmark
@Measurement (batchSize = 5000)
public BigInteger next () {
BigInteger cur = nl.add(n2);
n2 = nl; nl = cur;
return cur;

}
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NMpo steady state: 3acapa

Batching xopow, nbo amopTusupyer CToMMOCTb TaiiMepoB, HO:
= BCE paBHO cobupaeT transient bl
= BCE paBHO MMeeT NpobfeMbl C omission

" CKPbIBAET 3a CODOI SIOKaNbHbIE HENUHERHOCTN

=’Java’  oracLe
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NMpo steady state: 3acapa

Batching xopow, nbo amopTusupyer CToMMOCTb TaiiMepoB, HO:
= BCE paBHO cobupaeT transient bl
= BCE paBHO MMeeT NpobfeMbl C omission

" CKPbIBAET 3a CODOI SIOKaNbHbIE HENUHERHOCTN

Benumapku bes steady state — cTpaluHbIi remoppoiil
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BbiBoabl
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BbiBoabl: Benchmarking is Serious Business

OrpomHoe noae ana owmnbok.

= ,DIEDKG CaMbl€ O4eEBUAHBbIE BELWLN MOTYT ObITb JIOXKHbBIMU
= ,£|,a>Ke J'Iy‘-ILLII/II7I BapPUAHT MOXET ObIT HEQOCTATOYHO XOpPOWUNM

= Jla>ke camble TOYHbIE NHCTPYMEHTBI MOTYT ObITh C/IVLLIKOM
rpybsl

=’Java ORACLE
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