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KTO-TO 13 mygpbix

"EcTb nereHga, 4To B TOT MOMEHT, KOraa Mbl MOCTPOUM
NOSTHYIO KAPTUHY NMPOUCXoasLLEro, MUP TYT XXe UCYE3HET U
Ha ero MecTe NosIBUTCHA YTO-TO abCOMOTHO HEMO3HABAEMOE.

Koe-KTO CYMTAaET, YTO 3TO YyXKe NPon3oLuno.”
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. BBeaoeHue B BBegeHue

* Computer Science — Software Engineering
— CTpoum npunoxeHuns no dyHKUMOHaNbHbIM TpeboBaHNAM
— B b6onbwon ctenenn abcTpakTHoO, B “naearnbHOM MUpe”
* TeopeTnyeckn HeorpaHn4eHHasi ceoboaa — NCKyccTBo!
— PaccyxgeHuna npy nomoLm doopmMarnbHbIX METOO0B

* Software Performance Engineering
— "Real world strikes back!”
— Vlccnegyem B3anmogencTeme codTa C XKefe3oM Ha TUMUYHBLIX OaHHbIX
* [1lpon3BoAUTENBLHOCTL YXXe HeNb3s npeackasaTh
* [Mpon3BoaNTENBHOCTb MOXHO TOJSIbKO N3MEPUTDL
— EcTecTBeHHO-Hay4HbIe MeToabl

ORACLE



. [1po Hay4YHbIN MeTOA

* [1Ba Oa30BbIX TEYEHUS
— TeopeTnyecknmn
* [locTpoeHune cnuctembl 3HaHUN, NPOBEPKA NnpeackasaTeribHOW CUnbil
* "HacKkonbKko BbIBOAbl N3 TEOPUN COOTHOCATCA C 9KCNEPUMEHTOM?”
— OMMUPUYECKNI
* VlccnegoBaHue cBA3en mexgy peHoMeHaMu
* "Kak TeopeTnyeckn o0 bSACHUTb NMPaKkTUYECKU npouncxoasiiee?”

* OCHOBHOM YPOK: UCTUHA VS. npeayoexaeHmne
— Hay4HbI MeToq Kak crnocob npubnmanTbCa K UCTUHE
— WNcTnHa MoXeT ObITb yCTaHOBMEHA TOMNbLKO HAbNoAeHMEM U OMNbITOM
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. beHUYMapku

* Yt0 3TO Takoe?

— Def.: “Iporpamma, ncnonb3ayemas ans nsamepeHma npon3BognTernbHOCTU”

* JKnno-6bI1rno npunoxeHune, nodaBunn N3MepeHne BpeMeHmn — datl — yxe
beH4YMapK

— Kaxgbin 3anyck 6eHYMapKka — BblMUCIIUTENBbHLIN 3KCMEPUMEHT
* Yucrtaga amnupuka
* PBeT Mo3r matemaTtukam, dOU3NKU XUXUKAIOT

* TunnyHble TpeboBaHUA K DeHYMapKam

— PesynbTart 3anycka: 3Ha4eHne HEKOTOPOU METPUKNA
— JlormkeH ObITb 00beKTUBHBLIM (“test the right thing™)
— JlomkeH ObITb HaAeXHbIM (BOCNPOU3BOAUMbIM)
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. Knaccudukauma 6eHYmapok

* PeanbHble NpunoXxeHua

— 3anyckaem pykamu, COBEpPLUAEM OENCTBUSA pyKaMU
— Mepum cekyHOOMepOM, BONbTMETPOM, ocuuninorpagpom

* ABTOMAaTU4eCcKue cueHapum npunoxeHun

— 3adumkcmpoBanu Kakon-HmMbyab cueHapumn
— ABTOMAaTUYECKN N3MEPUNN BPEMS, MOLLHOCTb, TpaduK

* CuHTETUYECKME (MAKPO) DEHUMAPKN

— Hanucanu npunoXeHume, noxoxee Ha TUNMYHOE, 3TalNIOHHOE
— ABTOMAaTUYECKN N3MEPUNU

* MukpobeH4YMapKu

— Hanucanu otaenbHylo, ManeHbKYy 4YacTb
— Bbibpocunu Bce ocTtarnbHoe

ORACLE



. OTKyaa npobrnembl

* OKCNepUMEHT TpebyeT NOHUMMaHMS 0bbeKTa UccrneaoBaHnm
— YeMm yxe obnacTtb nccnegoBaHus, Tem 00nbLUe HY)KHO 3HaTb
— HanuncaHHbIn Kak nonarno “ankun’ beHymapk becnoneseH
* HukTOo He rapaHTupyeTt, 4to “tests the right thing”
— HaunBHble beHYMapKepbl 0OBEKT NccregoBaHUmM HE NOHUMAIOT
* Na-pna, 970 MoXelWb ObITb U Thl, %susername%!

* BbIBOAbI:
— bonbWwMHCTBO “ANKMX” BEHYMAapPOK n3HavyanbHO becnonesHsbl
* PaHO KMNATUTBLCSA, NMPUMEPBI YyTb NO3XKE
— XOTuUTe nmucaTb peneBaHTHble beHYMapKnU? 3TO CroXHOo, HO He “rocket science’
* [lobnBamtecb NOHUMMAHUSA TOro, YTO Bbl AenaeTe
* [1pobynTe, npobynTte, n ewe pas npodbyute

ORACLE



You're Not Alone

* Transaction Processing Performance Council (tpc.org)
— [n3anH-0oOKyMEHTbI Ha cTaHOdapTHble DeHYMapKu
— [lokpbITO MHOro yrnoBbix criyvyaes ans OLTP-6eH4Ymapok

* Standard Performance Evaluation Corporation

— WNHaycTpuanbHble cTaHOaapTbl OeHYMapokK

* SPECcpu, SPECVvirt_sc, SPECjbb, SPECjvm, SPECjEnterprise

* [lonHble peann3auynn. ckavann — pasBepHynun — 3anyctmnm — ?7?? — profit
— YacTo obHoBRAKOTCA ANS NyLWeEWn perneBaHTHOCTU

* Performance teams

* Peer reviews
— Kak 006bl4HO B VIHTEepHETaX, NpoBEPANUTE MCTOYHUKA

ORACLE
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. MeTpukn

° |_|pOI/I3BO,EI,I/ITeJ'IbHOCTb — KOMIMNO3NTHAA METPUKaA
— KoJin4yecTBO onepauunn 3a spema (A, throughput, bandwidth)
— BpeMs Ha ogHy onepauuto (t, response time, latency)
— “"Bandwidth only tells parts of the story” © pingtest.net

* YHalle ynydwarT A:
— DDR2 PC2-3200: 3200 Mb/sec, CL 4ns
— DDR2 PC2-6400: 6400 Mb/sec, CL 5ns
— DDR3 PC3-6400: 6400 Mb/sec, CL 5ns
— DDR3 PC3-17000: 17000 Mb/sec, CL 15ns

* [1pn npoymnx paBHbIX: T~ exp (1)

VY

-
. - s e P
e ) e A W Aem ¥ | ¥ W e B ®
. y AWaAEmY A )
& - pu :'l:}\ Fyo~11 § N o
i | Y &8 B " ol |
@ | ] ' A B2 B v W
- - = VW A W S
- ¥
fll'r



. MeTpukn

* [1lpn npo4nx paBHbIX: T ~ exp (1)

100 -

10 -

Response time, msec

0 1,000 2. 000 3,000 4,000 5. 000 6,000 7.000 8 000 9,000
IR, ops/sec
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. Composability

* [1peanonoXum, ectb PyHKUMOHaNbHbIE 6riokn A n B
— Eyﬂ,eM NCMOJIHATb X B ABYX CLEHAPUAX:. nocrieaoBaresibHO " napasjiiesibHO

* Obwasa PyHKUMOHANbHOCTb!:
— F(A) LF(B) =F(A) || F(B)
— "Black Box": F(A) He 3aBucut ot F(B)

* ObLwas Nnpon3BoaANUTENBbHOCTD:
— P(A) L P(B) ? P(A) || P(B)
— [1po 3TO cKka3aTb TONMKOM HUYEro HENMb34
* A n B copeBHyOTCA 3a annapaTHbIe pecypcChl
* BO3MOXHO, > (3P EKTUBHBLIN pa3Mep Kella MeHbLLUE)
* Bo3amoXxHO, < (gBa notoka Ha HT maluunHe)
* BO3MOXXHO, = (HET KOHQJIUKTOB)

ORACLE



. Composability

* BaXHbIN YPOK: "YEPHBLIN AWKMK  He paboTaeT
— B peanbHOM Mupe npoLecchl 1 NOTOKM OOPHOTCA 3a pecypchil
— JlaBanTe paccymnTbiBaTb Ha Xy4LInUn crnyvamn?

* OcobeHHO BaXXHO B “"manycore’-Mupe
— [NopaBnsawwasa YacTb Koga UCMONMHAETCH HE3KCKITH3UBHO

— OpgHOMOTO4YHbIE bDeHYMapPKKN becnonesHbl And npeackasaHnsa peanbHOW
NPON3BOANUTENBHOCTU

* [NpoBepsTb KOMOMHALMN CO BCEMU BO3MOXXHBLIMW Nporpammamm?

— OKCNOHeHUMarnbHbIN B3PbIB NPOCTPAHCTBA KOHUIypauumn

— Xopoluee npubnmKeHmne: HECKOSIbKO IK3eMMNsApoB DEHYMaPKN B HECKOSTbKUX
NOTOKaX

ORACLE



npuckaska Puslexa

"OU3NKN NMEoT AEeNO HE C ANCKPETHLIMU BENMUYUHAMM,

~ 3

a Cc pacnpeneneHnaMm BeposaTHOCTEN

/
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. C HamMu bor urpaeT B KOCTH

° 3MI‘II/IpI/NeCKI/Ie pe3yrbTaTbl MNoaBep>XeHbl CﬂyHaIZHOCTHM
— bopemcsa pennukaunen onbITOB
* MHoro 3anyckoB, cTaTUCTUYECKNE OLEHKN
* 3anycku B pasHbIX yCNoBUAX

* KoHTponb!
— [lonoxunTtenbHbIN
* [1lpoBepaem BnnMaHMe CcyLLeCTBEHHbLIX PAaKTOpPOB
* 3aBUCUT N pe3ynbTaT OT NPOBEPSAEMbIX NapamMmeTpoB?
— OTpuruaTenbHbIN
* [lpoBepgaem BnnMaHMe HecyLleCTBEHHbIX dPaKTOPOB
* 3aBUCUT NN pe3ynbTaT OT HECYLLECTBEHHbLIX NapamMeTpoB?
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David Brent, “The Office”

“Those of you who think you know everything are
annoying to those of us who do.”

/
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“KaHanpgaTCkKum MUHUMYM”

HW specifics

— cpu/memory layout, cache sizes and associativity, power states, etc.

OS specifics

— threading model, thread scheduling and affinity, system calls performance, etc.

Libraries specifics
— algorithms, tips and tricks for better performance, etc.

Compilers specifics

— high-level and low-level optimizations, tips and tricks, efc.
Algos specifics

— algorithmic complexity, data access patterns, efc.

Data specifics
— representative sizes and values, operation mix, etc.

ORACLE



. A z3auem?

* ['maBHbIN Bonpoc:

Kak ObicTpOo paboTaeT Mon 6eHYMapK?
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. A z3auem?

* ['maBHbIN Bonpoc:

I’AII ‘I IAMaEEES s A fAisa A T E N S E I A S A

H A%l BN vu.v.lvv Ivuvv.uv. EWE W W i - %W E N II'I“FI‘I

[Touemy Mo GeHYMapK He MOoXeT paboTaTb ObicTpee?
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. A z3auem?

* ['maBHbIN Bonpoc:

I’ﬂl' ‘I IAMaEEES s A fAisa A T E N S E I A S A

H A%l BN vu.v.lvv Ivuvv.uv. EWE W W i - W B N II'I“FI‘I

[Touemy mMou 6eHYMapK He MOoXeT paboTaTb ObicTpee?

* OTBET onpeaenseT Ka4yecTBO 3KCNepuMeHTa
— B kakne orpaHnyeHus Mmbl yneépnmco
— HencrtButenbHO N paboTaeT Nn Ta YacTb Koda, KOTOPYI Mbl “Harpyxaem’
— Y10 caenaTtb, YTOObI UCMPaBUTb DEHUYMAPK

=’ JavaOne ORACLE



Cam beHuMapk

Throughput-based vs. time-based
— YT0 1 KaK namepserte?

MHMpacTpyKTypa

— HaknagHble pacxogbl Ha NogaepPXKy
— (NOroBopuM Ha npumepax)

JKN3HEHHbIN LUK/
— Initialization, warmup, measurement
— (TOXe noroBopum)

OXuogaemble pe3ynbTaThl
— B T.4. o)kKmgaemasa peakuus Ha U3aMeHeHna napameTpoB

ORACLE
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. HnHamuyeckue cpegbl noaQaroT Xapy

* [loMmmMmMO BCcero npo4ero, Hy>XHO elle 3HaTb Npo:
— BupTtyanbHyo mMallinHy
* 3arpyska Knaccos, Bepudunkaumna bantkoaa
— JIT
* [Npodounuposka, nnaHsl komnunaumm, OSR
* ArpeccuBHble ONTUMKU3ALIUN
* lLTaTHble 1 HelwTaTHbIE PEXUMbI PabOoThI
— GC
* Anroputmbl, throughput vs. response time
* LLTaTHble 1 HEWITaTHbIE PEXUMbI PabOoThI
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Dr. Cliff Click

“Microbenchmarks are like a microscope.
Magnification is high, but what the heck are you looking at”?”

/
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. Pitfall #0. O0beKkT uccnenosaHuun

* Java-beHumapk PiDigits ns pebtic void 0
Computer Language Benchmarks Game

— c4yuTaeT nepsble N UMPpP OeCATUYHOIO sema[opl] . release () ;
PA3JTIOXKEHUA T acquire (semalop2], 1);

acquire(semalopl], 1);

sema [op2] .release () ;

* TpebyeTcs arbitrary precision gns BblYUCEHUS

YJ1eHOB pAdaa if (instr == MUL) {

_ Java'6quMapK? GmpUtil.mpz mul si(...);

} else 1f (instr == ADD) {

* NcnonbayeTt HaTuBHbin GNU MP ana onepauyun GmpUtil.mpz add(...);
Ha.El. Yycl1iaMn } else 1f (instr == DIV Q R) {
GmpUtil.mpz tdiv gr(...);

— o 90% BpemeHun npoBoANTCSA B HATUBHbIX sema[op3] . release () ;
Bpannepax n GMP }

sema [dest] .release () ;

* Java vcnonb3yeTcsi, YTObbl OpraHn3oBaTh
BbIYNCIEHNS U BbIBECTU pe3yrnbTaT

< A, = a. T —_ - | B B g T
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http://shootout.alioth.debian.org/u32/program.php?test=pidigits&lang=java&id=4
http://shootout.alioth.debian.org/

. Pitfall #1. C mMecTa B Kapbep, HeT warmup

* CLBG genaert ctaBky Ha ABe METPUKA
— execution time, Bpems BbINOSIHEHUS NPOrpaMmbl
° HaTypanbHo, “time java $...”
— memory footprint

* Jltobon auHamMmun4ecknmn paHTamm cpal3y B NpourpblLLe

— B obLiee Bpemsa kpome camou ripoepaMmbl BXOOUT BPEMSA HA NHULIMANMU3aLuto,
KOMNUNALUUI0, aganTUBHbIE HACTPOWUKU paHTanma

* Yem Kopoye TecT, TeM OonblLle OTHOCUTENbHbIE HAaKNagHble pacxoabl

— CLBG noowpsieT HanncaHmne 6eH4YMapKoB ¢ MUHUMAarbHbIMU pacxogamMun Ha
MHULMAaNn3auuto

* Hanpumep, npumotaTtb HaTUBHLIN GMP!
* 3acTtaBnsgeTt dpokycupoBaTbcs Ha I/O ncxoaHbIX AaHHbLIX U pe3ynbTaToB
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. Pitfall #1. C mMecTa B Kapbep, HeT warmup

* B CVS-uctopun CLBG B1AHBLI NONbLITKK 3Ty Npobnemy peLlunTb

pidigits.javasteady:
public static void main (String[] args) {
pidigits m = new pidigits(Integer.parselnt(args([0]));
for (int i=0; i<65; ++i) m.pidigits(false);
m.pi1digits (true);
}

* “[porpenock”. Ho pabotaeT MMHUMYM B 65X MeaneHHee
— [loaTomy cynep-onTummsayms:

ORACLE




. Pitfall #1. C mMecTa B Kapbep, HeT warmup

* B CVS-uctopun CLBG B1AHBLI NONbLITKK 3Ty Npobnemy peLlunTb

pidigits.javasteady:
public static void main (String[] args) {
pidigits m = new pidigits(Integer.parselnt(args([0]));
for (int i=0; i<65; ++i) m.pidigits(false);
m.pi1digits (true);
}

* “[porpenock”. Ho pabotaeT MMHUMYM B 65X MeaneHHee
— [loaTomy cynep-onTummsayms:

pldigits.java:
public static void main(String[] args) {
pldigits m = new plidiglts (Integer.parselnt (args[0]))
// for (int i=0; i<19; ++i) m.pidigits(false);
m.pi1digits (true);
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. Pitfall #1. C mMecTa B Kapbep, HeT warmup

* B CVS-uctopun CLBG B1AHBLI NONbLITKK 3Ty Npobnemy peLlunTb

pidigits.javasteady:

public static void main (String[] args) {

pidigits m = new pidigilts (Integer.parselnt (args([0]));
for (int i=0; i<65; ++i) m.pidigits(false);
m.pidigits (true) ;

J

* “[porpenock”. Ho pabotaeT MMHUMYM B 65X MeaneHHee
— [loaTomy cynep-onTummsayms:

pidigits.java:

public static void main(String[] args) {

pidigits m = new pidigits(Integer.parselnt (args[0]));
// for (int i=0; i<19; ++i) m.pidigits(false);
m.pi1digits (true);
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. Pitfall #1. C mMecTa B Kapbep, HeT warmup

* OTeyecTBEHHbIN NMPON3BOAUTESD:

— [NnweTt onTMMn3npoBaHHYO OUONMOTEKY Ana nNMHenHoun anreopsol

* Hanuncan mmkpobeH4YMapK ansa yMHOXEHUs MmaTtpul

* Imxo, noToponurica, Hago ObINIO UHTErPUPOBaTLCH B CYLLLECTBYIOLLMNE TECTHI
— Java: HotSpot(TM) Client VM (build 17.0-b17, mixed mode, sharing)

* [loTepan Ky4yy arpeccuBHbIX ONTUMU3aALWN, cOeNaHHbIX B -Server

* 3aTo Hanucarsn ux B CBOEM KoJe, U reponyeckun “pasorHan’ onbrnnoTeky
— [lomepun Bpemsa Ha UCMONHEHME MO NATU 3anyckam, B34n fydllee BpeMs

tl = System.currentTimeMillis();
routine () ;

t2 System.currentTimeMillis () ;
t3 t2 — tl;
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http://habrahabr.ru/blogs/java/114797/

. Pitfall #2. U3Mmepunun nocTtopoHHUN 3pdeKT

/ : : blic cl Synch
* HanpeHo B TecTtax Eclipselink pubiic class Synchlest |

— OpAuH N3 TeCcToB U3MEPSIET CKOPOCTb int i;
Bbl30Ba "CUMHXPOHWU30BAaHHbLIX METOO0B

o Ol'ly6J'II/II<OBaHHbIe naHHble @GénerateMicroBenchmark
vold testSynchInner () {

— OTpuuaTenbHbI KOHTPOSb NPOBASTIUNCA: synchronized (this) {
* block: 8244087 usec i4+;
* method: 13383707 usec /
— BbIBOA: }
¢ “MCI'IOJ'Ib3yI7ITe synchronized(this)” @GenerateMicroBenchmark
— JVM-I/IH)KeHeprZ synchronized void testSynchOuter () {
i++;

* “WTF, oaTn oBa meToga 3KkBMBaANEHTHbI’
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http://java-persistence-performance.blogspot.com/2010/12/what-is-faster-jvm-performance.html

. Pitfall #2. U3Mmepunun nocTtopoHHUN 3pdeKT

° BOCHpOM3BO,ﬂ,|/|M pyKaMI/I public class SynchTest {

— CpenaemM MHOro BbI3OBOB KaXXoro tecra int i;

* CHavana 10 cekyHpg synchlnner

@GenerateMicroBenchmark
* [Motom 10 cekyHa synchOuter

vold testSynchInner () {
* 1 NoToK, MOHUTOpP Bceraa cBoboaeH synchronized (this) ({
— Pes3ynbTaTthbl (Ops/sec): i++;
* synchlnner: }
}
409838.04 + 218.95
o synChOuter: dGenerateMicroBenchmark
synchronized void testSynchOuter () {
261602.51 + 11511.81 o
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. Pitfall #2. U3Mmepunun nocTtopoHHUN 3pdeKT

ublic class SynchTest {
* PelueHune ° !

— BiasedLocking Bknto4yaeTtcs He cpasy int 1;
* -XX:BiasedLockingStartupDelay=0
@GenerateMicroBenchmark

— PeaynbTtaTthbl (Ops/sec):
y ( P ) vold testSynchInner () {

: SynChInner: synchronized (this) {

287905.52 + 1220857 {4

* synchOuter:

2806962.10 + 10114.94

’ CTapT JVM _ I'IepeXO,EI,HbII/I npOU'eCC synchronized void testSynchOuter () {
— W3amepeHuna cpasy nocrne crapTta i++;

@GenerateMicroBenchmark

* [ToMeHANM NopsaaoK TECTOB — }
NPOTUBOMNOJIOXHLIN pe3ynbTaT
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Pitfall #3. CTpaHHble peXumbl

* He Tak 0aBHO B KakOM-TO bnore:

1

Today | want to show how you could compare e.g. different algorithms.
You could simply do:

int COUNT = 1000000;

long firstMillis = System.currentTimeMillis() ;

for(int 1 = 0, 1 < COUNT,; 1i++) {
runAlgorithm() ;

}
System.out.println (System.currentTimeMillis ()-firstMillis) / 1000.0 / COUNT) ;

There are several problems with this approach, which results in very unpredictable
results: [...]

You should turn off the JIT-compiler with specifying -Xint as a JVM option,
otherwise your outcome could depend on the (unpredictable) JIT and not on
your algorithm. You should start with enough memory, so specify e.g.-Xms64m
-Xmx64m, because JVM memory allocation could get time consuming. Avoid that
the garbage collector runs while your measurement: -Xnoclassgc

)
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. Pitfall #3. CTpaHHble peXumbl

* He Tak 1aBHO B KAKOM-TO Orore:
14

Today | want to show how you could compare e.g. different algorithms.
You could simply do:

int COUNT = 1000000;

long firstMillis = System.currentTimeMillis();

for(int 1 = 0; 1 < COUNT,; 1++) {
runAlgorithm() ;

}
System.out.println(System.currentTimeMillis ()-firstMillis) / 1000.0 / COUNT) ;

There are several problems with this approach, which results in very unpredictable
results: [...]

You should turn off the JIT-compiler with specifying -Xint as a JVM option,
otherwise your outcome could depend on the (unpredictable) JIT and not on
your algorithm. You should start with enough memory, so specify e.g.-Xms64m
-Xmx64m, because JVM memory allocation could get time consuming. Avoid that
the garbage collector runs while your measurement: -Xnoclassgc

) 7
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. Pitfall #3. CTpaHHble peXumbl

* C kaxxgou utepaumen bitset Bce poc public class Test {

.. private static BitSet bitset;
— CKOPOCTb BC€E lNagalia 1 nagalia

— cnucanu Bce Ha "HenpepackasdyemocTb” JIT'a orivate void doWork() {
* Bbiknoynnum JIT // do work

bitset.set(n, r);

— CKOPOCTb OCTAaJIbHOIo KoAda pe3KO yrialia // do more work

— OTHOCUTENbHOE 3aMearieHne n3-3a pacTyLLero }
bitset Ha dooHe obuiero 3ameanneHnsa ctano
MeHbLUUM public void dolteration () {
— “Ypa, uHTepnpeTaTop 6onee npeackasyem!” } doWork ()7
* Hanucanu B 6nor npo “oTkpbITHE’ }

— B KOHUe KOHL0B, 3arngaHynu B Npomunb U
yBuaenu tam pacrtywmm BitSet
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. Pitfall #4. Dead-code elimination

* YMHble coBpeMeHHble JIT-KoMnnunaTopsl...

— HenatoT constant propagation and dead-code elimination aBTomaTn4yecku

— A coBceM yMHble komnunaTopsl (Bpoae C2 B HotSpot) MmoryT HanTn “HEHYXKHble” DI1I0KK
* PesynbTaT BblYMUCIEHNS HE NCMNOSb3YETCA — BblYUCIIEHME HE AenaTb
* YTO ecnu aTOT "HEHYXHbIN™ ONOK KaK pa3 n namepsaeTcsa?

* J1oBONbHO NMPOCTO DOPOTLCS

— ObecneunTsb side-effect
* PeaynbTaT BbiBECTU Yepes |/O
* CoxpaHuTb pe3ynbTaT B public-none
* bpocaTb exception no KakoMy-HNOyab HETPUBUANBbHOMY HEBEPOATHOMY pe3ynbTaTy

* OOblYHbIE CUMNTOMBI
— YnbTpa-obICTpoOE “BblYMCIIEHNE”

ORACLE



. Pitfall #4. Dead-code elimination

* TUNUYHLIN NPUMeEP
— OCHOBaH Ha TecTtax n3 Apache Commons Math

* PesynbTat

— StrictMath: 71 msecs

— FastMath: 39 msecs
— Math: O msecs

* Yt0 cny4ymnocb?

1=}

— “X" He Ucnonb3yeTcH
— KOMMUNATop 3akntouun, 4to y Math.log(...) HeT

cang-adodeKkToB, 1 yaanun BeCb LUK

— [lpocTagqa neyatb

{I=L

X

* Math: 21 msecs

CHAMNa 3TOoT 3P dEKT:

@Test
public void testLog()

double x = 0O;
long time = System.nanoTime () ;
for (int 1 = 0; 1 < RUNS; 1++)
x += StrictMath.log(Math.PI + 1);

long strictMath = System.nanoTime () - time;

= 0;
time = System.nanoTime () ;
for (int 1 = 0; 1 < RUNS; i++)
+= FastMath.log (Math.PI + 1);

long fastTime = System.nanoTime () - time;
x = 0;
time = System.nanoTime () ;

for (int 1 = 0; 1 < RUNS; 1i++)
x += Math.log(Math.PI + 1);

long mathTime = System.nanoTime () - time;

report ("log",strictMath, fastTime,mathTime) ;
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http://blog.juma.me.uk/2011/02/23/performance-of-fastmath-from-commons-math/
http://svn.apache.org/viewvc/commons/proper/math/branches/MATH_2_X/src/test/java/org/apache/commons/math/util/FastMathTestPerformance.java?revision=1066391&view=markup

. Pitfall #5. (He)cpaBHMMbIe 3KCNepPUMEHTbI

* [MpencrtaBum, YTO HAQO NMPOTECTUPOBATHL KOJNEKLUMIO
— CKaxeM, 3TO BHYTPEHHE-CUMHXPOHM30BaHHbIN Map

— npOTeCTI/IpOBaTb A0CTYNn U3 04AHOIo0 N HECKOJIbKUX NMOTOKOB

* JlBa TecTa

— OpgHa konnekuna Ha Bce notokun, #CPU =;

Threads

* [NpoBepsieMm ckannpyemocTb Ha 0QHOBPEMEHHOM A0CTyne

— [1o ogHOWM KONNeKkunn Ha KaXkabln NOTOK,

1

HCPU = #Threads

* lNpoBepsieM ckanMpyeMocCTb B 3KCKMO3MBHOM JOCTYyNe

* MoXHO 6b1510 Obl 3aNyCTUTb TOSTIBKO OAWH MOTOK?

* TecTbl JOMKHbI ObITb CPaBHUMbI

— OaunHakoBoOe KONM4YecTBO NOTOKOB OTINYHO Harpy>xaet CUCtemy
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. Pitfall #5. (He)cpaBHMMbIe 3KCNepPUMEHTbI

public class TreeMapTest {

[lepBoe namepeHue:

List keys = new ArrayList<String>();

—_ 4 NMOTOKAa SortedMap map = new STreeMap<String, String>();
— OKCKJTHO3UBHbLIWU OOCTYN: esetun
61 5 + 12 ops/sec public void setup() {
// populate keys and map
— Obwwnn goctyn: }
828 1 21 OpS/SeC dGenerateMicroBenchmark

public void test () {
for (String key : keys) {

— String value = map.get (key);
* Obwwnn goctyn bbiCcTpee? Lt Glvmine. caunle (ro)) |
— KOHTPUHTYUTUBHbLIN pe3ynbTaT // make side effect

throw new ISE ("Violated");

=’ ]avaOne ORACLE"
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. Pitfall #5. (He)cpaBHMMbIe 3KCNepPUMEHTbI

* [lpuBeT, namaTb

— CpegHum pasmep konnekumm ~250 Kb m

— L2 cache = 256 Kb

— L3 cache = 3072 Kb 1 noTokK 314 ;14 290 - 11
* Ha camom aerie, TeCibl HE 2 MOTOKa 561 : 21 554 . 1
CpadBHMDbI.
p 4 NoTokKa 6151 828 - 21
— OKCKIH3UBHbIN:
* 4 threads x 250 Kb = 1000 Kb 8 noToka 59815 819515
— Obwnn 16 noToka 595. 1, 829. 1
* 1 thread x 250 Kb = 250 Kb
* PasHble ycrnoBus 3anycka! 32 notoka 644 : 4 915 2
=’ JavaOne ORACLE'




. Pitfall #6. CoBcem He cpaBHUMbI€ 3KCNEPUMEHTbI

* Yem Oonblue 0ObekTbl UccriegoBaHn, TEM DOMbLUE TOHKUX OTIINYUN

— Pas3nunyuna B anropntmax, ombnnortekax, HacTpomkax n nogaepxke obopynoBaHus
— BbiBOA: cpaBHMBaTh 6onbLuve nnatdopmMbl — MPaK M yxKac

* TunnyHbin npumep: cpaBHeHne .Net vs. Java Ha caMonMUCHbIX OepeBbAX

— Habop gaHHbIX onupaeTcs Ha [T1ICYH, cneundomnyHblie ans nnatgopm
— VIamepsaem CTpyKTYypHO pal3Hbie AepeBbS

* Ocobble ancumnnunHbl CneunanbHOM onumMmnuagbl
— “Mowu C++ bbicTpee Java”
— "Mos Java b6bicTpee C++”
— "Mon Haskell Bac Bcex ... nyyile”
— "Ay Erlang cuHxpoHunsauuna gewiesne’
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http://habrahabr.ru/blogs/net/95919/

. Pitfall #7. HaknagHble pacxoabl Ha UH(PPACTPYKTYPY

* ObcnyxunBaloLmMn N3MEPEHNE KO TOXE UCMONHSETCS

— [na mmkpobeH4YmMapok pasmep MHPPACTPYKTYpPbl CPaBHUM C pa3MepPOM CaMOro TecTa
— OuyeHb, o4eHb, OYMEHDb npocTo BbICTpENUTL cebe B HOTry

* Kakme HaknagHble pacxodbl OKa3blBaeT MHPPACTPYKTypa?
— CyuTaet onepauun
* MHMMbIe BIIOKMPOBKK, pacxodbl Ha CYHETUMKN, U T.N.
— VamepgaeT Bpems
* B xopowiem cnydae trap, B nrnoxom cny4vae syscall
— HenaeT I/O
* Henpeackasyemo ragut B Kell, U T.0.

ORACLE



. Pitfall #7. HaknagHble pacxoabl Ha UH(PPACTPYKTYPY

public class SinTest {

* [lpeactaByM NPOCTON TECT

— BbI3blBaeM CNOXHYK PYHKLMIO private AtomicInteger atomicCounter;

— MeTpuka: KonnyecTBO BbI3OBOB test() 3a
eaNHULY BPEMEHMU

private int counter;

private ThreadLocal<Integer> tlCounter =

* Hy)XHO nogcynTaTb KONMMYECTBO new ThreadLocal<Integer>() {
BblI30OBOB @Override
N public Integer initialValue() {
— npOCTOVI CyHeTHUNK return O;

— ATOMapHbIN CHETYUK

— Tpepn-nokanbHbIN CHETUYUK
public double test (double a) {

// { increment counter here }

return Math.sin (a) ;

ORACLE




. Pitfall #7. HaknagHble pacxoabl HA UH(PPACTPYKTYPY
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. Pitfall #8. LleaynuHur

* [loTOKM HE JeTepMUHUPOBAHLI

— Bpems ctapta/octaHoBa NMOTOKOB “APOXUT
— Jlake napkoBKW Ha bapbepax HE rapaHTUPYIOT MESKMX
OTIINYUN
* [lpeactaBum, 4TO N MOTOKOB AenaroT
OMHAKOBOE KONMM4YeCcTBO PaboThI

— [1oTOKM 3aBepLuaTcs B OOHO M TO e BpemMaA? Her. Measure 1
* [lpyrmm noTokam npeaoctaBUTCA BO3MOXXHOCTb
paboTaTb B NPUBUNENMPOBAHHBLIX YCIMOBUSX Measure 2
— "Pa3masbiBaeT” pesynbTarhl
start! stop!

— JlaéT HeoOOCHOBAHHO 3aBblLLEHHbIE NOKa3aTenu
* OOMH N3 OCHOBHbIX NCTOYHUKOB “ApOXXaHUa"
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. Pitfall #8. LleaynuHur

* Bo3bMeéM OObIYHbIN TECT

— 2X6X2 = 24 xapgBapHbIX NOTOKAa
— 24 Java-nortoka

* OueHUM 3P EKT

— be3 cMHXpoHM3aL M NoTOKOB

057 +32 ops/min
— C CMHXpOHM3aLMEN NOTOKOB

821 +5 ops/min

* BbiBOAbI

— Kypna bonee ctabunbHbIN pe3-T

Measure 1
Measure 2
start! stop!
Bogus Measure 1 Bogus|Hogus
Bogus |Bogus Measure 2 Bogus
start! stop!

ORACLE



. Pitfall #9. NnaHbI KOMINAUUN

public class CompilePlanTest {

* AJanTMBHOCTb paHTanma
— WrpaeT Ha pyKy peanbHbIM NMPUNOXEHUAM

Counter counterl = new CounterImpll ()
Counter counter2 = new CounterImpl2();

— WrpaeTt npotnB 6eHYMapKUHra

@GenerateMicroBenchmark

o 3aﬂep>|<|<a pe-agantaunn public void testMl () f{
— OnNTMM3nMpoBaTbCA ANt OAHOro Cry4vas rest(countert)
}
— 3anycTuTb Creaytowmn TecT
— PaboTaTtb B HeonTMarnbHbIX YCIOBUAX ¢GenerateMicroBenchmark
public void testM2Z ()
* VIHorga KoHcepBaTUBHOCTb test (counter2);
paHTanma 3allukanuBaeT }
— BCH MCTOpMﬂ 06 “OLU|/|6KaX MOJ'IO,EI,OCTM” public void test (Counter counter) {

COXPaHAETCH for(int ¢ = 0; ¢ < LIMIT; c++) {

counter.inc () ;

-
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. Pitfall #9. NnaHbI KOMINAUUN

public class CompilePlanTest {

* PeasynbTaTbl CNONHEHUA NoapAAa.

Counter counterl = new CounterImpll ()
— testM1; 394 + / OpS/mSGC Counter counter2 = new CounterImpl2();
— testM2: 1 1 + 1 OPS/mseC @GenerateMicroBenchmark

public void testMl1 ()

° Pe3yanaTb| NCTOJTHEHUA OTAEJIbHO.

test (counterl) ;

— testM1: 390 + 3 ops/msec

@GenerateMicroBenchmark

public void testM2 ()

— testM2: 381 + 16 ops/msec

* CMewmnBaeTe TecCTbl? test (counter2);
}
— byabTe rotoBbl, YTO NpOodOUNK ToXeE
CMeLlaklTCH public void test (Counter counter) {

for(int ¢ = 0; ¢ < LIMIT; c++) {

counter.inc () ;
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. MCTPYMEHTDI

* Moar
— [1narnH “aaHyHeMOXeTObITh” AN NPOBEPOK N NEPENPOBEPOK DAKTOB
— [narvH “wanpugymaem” ana NoCTPOEHUA M’MNOTE3 U CrOCODOB NX NPOBEPKM
— [lnarnH “yeTosaHenoHAN" Anga NPoBePKN KOHCUCTEHTHOCTU TMNOTE3
— [narvH “agypak” ans Nerkoro oTBeEPXXeHUS NOXHbIX r’MrnoTe3

* Pykn
— [lpamoro npodouna, And NOCTaHOBKM aKKypaTHbIX 3KCMEepPUMEHTOB
— CunbHoro npodouns, ang oopaboTkm TOHH dKCNepUMeEHTarbHbIX JaHHbIX

* A3bIK, ywn, rnasa u npoyee /O

— [na obmeHa pesynbTataMu U peer review
— [na goctyna K npeablaywmnm SKCrnepuMeHTam
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. [lpoYne MHCTPYMEHTDI

* [Mpodonnu npmnnoxxeHmn
— VisualVM, JRockit Mission Control, Sun Studio Performance Analyzer

* [Mpodonnum cuctemoil
— top, vmstat, mpstat, iostat, dtrace, strace

* [Mpodounun JRE

— -XX:+PrintCompilation, -verbose:gc, -verbose:class,

* Ilnzaccembonepsobl
— http://wikis.sun.com/display/HotSpotinternals/PrintAssembly

* CUCTEMHbIE CHETUUKNA
— Sun Studio Performance Analyzer, oprofile
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The preceding is intended to outline our general product
direction. It is intended for information purposes only,
and may not be incorporated into any contract. It is

not a commitment to deliver any material, code, or
functionality, and should not be relied upon in making
purchasing decisions.

The development, release, and timing of any features
or functionality described for Oracle’s products remains
at the sole discretion of Oracle.
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