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BBepenue
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BBepgeHmne: ctaHpapTHbIi gncknenmep

1. Computer Science — Software Engineering
— CTponM npunoxeHusi no yHKLMOHAIbHBIM TPeboBaHUSM
— B bonbuwoii creneHn abcTpakTHO, B ‘nfeansHoM Mupe’
— PaccyxpeHunsi npu nomoLum popmManbHBIX METOLOB

2. Performance Engineering
— “Real world strikes back!”
— Wccnegyem B3anmopneiicTens coTa C XKene3oM Ha TUMUYHBIX SaHHbIX
— DPEKTUBHO NPeCKA3LIBAETCS YXKE MAJIO HTO
— PaccyxaeHns npu nomowm dopMasibHbIX METOLOB
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MeTopnonorunsa
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[ ne-To B ngeanbHom mupe

Customer customer;

Developer developer;

Product product = developer.implement ();
customer.set (product);

Money bucks = customer.getMoney();
developer.set (bucks);

developer.drink ();

$, Javar
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Ha camom pene

Customer customer;

Developer developer;

Product product = developer.implement ();

customer.set (product);

while( !'customer.isHappy () ) {
product = developer.fix(product);
customer.set (product);

}

Money bucks = customer.getMoney();

developer.set (bucks);

developer.drink ();

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.
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OnTumMmnsnpyem

Customer customer;
Developer developer;
Product product = developer.implement ();
customer.set (product);
while( !customer.isHappy () ) {
while ( !product.isGoodEnough() ) {
product = developer.fix(product);

}
customer.set (product);
}
Money bucks = customer.getMoney();

developer.set (bucks);
developer.drink ();

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.
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MeTtoponorus: Performance Loop

while (true) {

Score score = measure (product);
if ( score.isGoodEnough() ) {

break;
}
PerfData data = developer.gatherPerfData (product);
Bottleneck issue = developer.analyse(data);
Solution solution = developer.think(issue);
product = developer.fix(product, solution);

$ Javar
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MeTtoponorus: YI'K noaxon (WWH approach)

What?

$ Javar
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MeTtoponorus: YI'K noaxon (WWH approach)

What? = Where?

$ Javar
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MeTtoponorus: YI'K noaxon (WWH approach)

What? = Where? = How?

$ Javar
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MeTtoponorus: YI'K noaxon (WWH approach)

What? = Where? = How?

o Y710 Mewaet pabotaTb boicTpee? (monitoring)
o [ne ato Haxogutcsa? (profiling)
o Kak 370 ncnpasnts? (fixing)

$ Javar
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MeTtoponorus: Top-Down

CncTeMHbIli ypoBeHb
— OS, cetb, anck, npoueccop/namsaTb
VpoeeHb JVM
— GC/Heap, JIT, classloading
VpoBeHb MPUIOXeEHNS
— aJropuTM, MHOIFOMOTOYHOCTb, CHXpoHM3aums, APl
MukpoapXxmuTekTypHbIli YpOBeHb
— caches, code/data alignment, pipeline stalls

$ Javar
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MeTtoponorusa: Mindmap
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MeTtoponorusa: Mindmap

http://shipilev.net/talks/
devoxx-Nov2012-perfMethodology-mindmap. pdf

$ Javar
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http://shipilev.net/talks/devoxx-Nov2012-perfMethodology-mindmap.pdf

MeTtoponorus: Top-Down

Monutopum (e.g. mpstat)

$, Javar
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MeTtoponorus: Top-Down

Monutopum (e.g. mpstat)

e Muoro %sys = ...

4

$, Javar
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MeTtoponorus: Top-Down

Monutopum (e.g. mpstat)

e Muoro %sys = ...

4

o Muoro %irq, %soft = ...

4

$ Javar
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MeTtoponorus: Top-Down

Monutopum (e.g. mpstat)

e Muoro %sys = ...

4

o Muoro %irq, %soft = ...

4

o Muoro %iowait = ...

4

$ Javar
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MeTtoponorus: Top-Down

Monutopum (e.g. mpstat)

e Muoro %sys = ...

4

o Muoro %irq, %soft = ...

4

o Muoro %iowait = ...

4

o Muoro %idle = ...

4

$ Javar
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MeTtoponorus: Top-Down

Monutopum (e.g. mpstat)

e Muoro %sys = ...

4

o Muoro %irq, %soft = ...

4

o Muoro %iowait = ...

4

o Muoro %idle = ...

4

e Muoro %user

$ Javar
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CPU Utilization

o O yém rosoput ~100% CPU Utilization?

S Java . R .
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CPU Utilization

o O yém rosoput ~100% CPU Utilization?
— Kak yacto OS CTaBUT NpouecCbl Ha UCMOJIHEHNE.

$ Javar
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CPU Utilization

o O yém rosoput ~100% CPU Utilization?
— Kak yacto OS CTaBUT NpouecCbl Ha UCMOJIHEHNE.

[MpocunuposaHue nokaxet «[JE» nporpamma npoBoguT Bpems,
be3 otBeta Ha Bonpoc «[TOYEMVY ».

< Javar ) - .
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KTo BunHoBaTt?
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http://www.slideshare.net/SergeyKuksenko/quantum-performance-effects
http://www.slideshare.net/SergeyKuksenko/quantum-performance-effects
http://www.slideshare.net/SergeyKuksenko/quantum-performance-effects
https://www.youtube.com/watch?v=RGFJjQKChNQ
https://www.youtube.com/watch?v=RGFJjQKChNQ

KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:

e http://www.slideshare.net/
SergeyKuksenko/
quantum-performance-effects

e https://www.youtube.com/watch?
v=RGFJjQKChNQ
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http://www.slideshare.net/SergeyKuksenko/quantum-performance-effects
http://www.slideshare.net/SergeyKuksenko/quantum-performance-effects
http://www.slideshare.net/SergeyKuksenko/quantum-performance-effects
https://www.youtube.com/watch?v=RGFJjQKChNQ
https://www.youtube.com/watch?v=RGFJjQKChNQ

KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:

e [lnoxoii anroputm = 100% CPU

S, Javar
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KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:

e [lnoxoii anroputm = 100% CPU
o XKgem pannble n3 namsatn = 100% CPU

$ Javar
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KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:
e [lnoxoii anroputm = 100% CPU

o XKgem pannble n3 namsatn = 100% CPU
o OTkaT n3-3a HenpeackasaHHoro nepexoga = 100% CPU

$ Javar
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KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:

Mnoxoii anroputm = 100% CPU
MKgem ganHble n3 namatn = 100% CPU
OTkaT u3-3a HenpepfckasaHnHoro nepexoga = 100% CPU

CnoxHble n goporue onepaumn = 100% CPU

<, lavar
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KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:

Mnoxoii anroputm = 100% CPU
MKgem ganHble n3 namatn = 100% CPU
OTkaT u3-3a HenpepfckasaHnHoro nepexoga = 100% CPU

CnoxHble n goporue onepaumn = 100% CPU
He xgataet ILP = 100% CPU

<, lavar
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KTo BunHoBaTt?

CnoxHasi MukpoapxutekTypa cospemMerHbix CPU:

Mnoxoii anroputm = 100% CPU
MKgem ganHble n3 namatn = 100% CPU
OTkaT u3-3a HenpepfckasaHnHoro nepexoga = 100% CPU

CnoxHble n goporue onepaumn = 100% CPU
He xgataet ILP = 100% CPU
n 1.0. = 100% CPU

< lavar
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PMU
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PMU: Performance Monitoring Unit

Performance Monitoring Unit - 3To BCTpoeHHbIi XapABepHblii
npodpaiisep BHyTPM MpoLeccopa.

o Performance monitoring events
» Hardware counters (HWC)

$ Javar
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PMU: Cobbitus

Yutaem fokymeHTaumto ot npounssoantens! (e.g. 2 ctpaHuubl n3 32

Table 15:14. NowArchitctural Petormance Events n the Precessor Core or

Processors Base

Event [ Umask
Num. |Value | Event Mask Mnemonic | Description Comment
O3 |02 | [0AD_BLOCKOVERLAP STOR S,
€
04 |07 | SBORANANY
OH (02 | MSALIGN MEMORYSTORE
OGH |04H | STORE_BLOCKS AT_RET
bock code. The followingloadsneed tobe executed
ment and wait for alsenicr stores on the
same thvead 1o be dained: load piting across 4K
boundary (page spity bad accessing uncacheable:
(UCor USWE) memory, oad lock, 3nd load with page:
table i UC or USWC memry
O6H |0BH | STORE_BLOCKSLTD_BLOCK | Cacheable loads delayed:
o7 [OTH | PARTIAL ADDRESS ALIAS | Counts
atasing.
0B [01H |DTLB.LOAD_MISSESANY | Counts al load msses thal cause a page wak.
0B |02 | DTLB_LOAD_MISSESWALK_C | Counts number o completed page waks due toioad
oMPLETED missinthe STIS.
GBH |04 | DTLB_L0AD_MSSESWALK.C
ass missntheSTLB.
0BH |10 | DTLB.LOAD MISSESSTLB.HI | Number of cache load STLB s
T
OBH |20 | DTLB_LOAD_MISSESPDE IS | Number of DTLB cache 163d mises where the o
s partof the inear 10 physical address yansiation
OB |01 |HEM_NST RETREDLOADS | Counts the
ciecuay-ii d et onthe
OB |02 [WELNST
aldv\lemrauy visibe store etied on the
achitecte
OBH |10 | MEM_NST RETIREDLATENCY et
_ABOVE_THRESHOLD rency S it 1o ey fadity
0G1[OTH | MEM_STORE RETREDOTLE
s missed the DTLE. The DTLB miss is ot counted f
thestore operation causes a ault. Does not counter
prefetches. Counts both primary and secondary
misses to the TLB.

Table 19-14. NonArchitctural Performance Events I the Pocessor Core for

et [Umaek
Mo |Voue | cvent sk Mnemanic | Descpton comment
e (o [V SSUEDANY [Coms e
[Mocston Toie o e Resenvaton St 6 e
00Ps e rom e ot end o e bk end
G o[ V0P SSUDSTAUED T e sk
e [Regser locaton T tohe sesvaion
Son e sned o e ket
e (o2 V0P SUBAED [Count the s o i U Bt e s
o theRegister Alocsn Tk e
[evrvaon sston
GO [FERL DR RETREOT
ow SoURCE (PreciseEver) o saders
oo (WD
R_coRe (2 HiT sbing e precise s o sadets
G (oM e [opleabe wim
e catetsony
Coamin CORE FETREDTOCH
; numtwb)\zmvf 0 cacheHIT ot e ProcseEvent. o sadets
G [10 | HERLUNCORE RETIREDREHO s nvuctions et e ORAH ad ot | pleabe
e bR e oot cacte WIT Frecse Esen)
O [20% | FEFLUNCORE RETREDDTHE [Fopeabe s
i s vty socer
OGO WERLUNCORE
cHesaLe o sasers
R[0T | FPCOMP-0% EXENAT | Counts e b of 2 Competationl Uops
cutad The nunber o D, FSUB, F,
[FMULS e PULsand MLLS, s FrRes.
FSORTS, e D, nd DS Tis event s
[ttt o FADD sedi i e o 3
O [02H | PP EXENX | Counts mbarf X Ui st
TR [0 PP 07% EXESS
v s
TR TOR PP XSS
TR [20F PP O 0% EXESS
o (i [ e o s st
e prec jreaned.
e Fv(mpuvstxzssgnw
Biz freason rcaned
T[0TSO 128PAE T
Jpertons”

Copyright © 2014, Oracle and/or its affiliates. All

ights reserved.

20/59



PMU: Cobbitus

[Mpobnembi:

e Tbicaya umx!

o TpebyloT 3HAHUS MUKPOAPXUTEKTYPbI
o [Mnatdopmosasucumele

— CUJIbHO Pa3nnMyaloTcst y pasHbix npoussogutenein CPU

— MOTYT CWJIbHO MEHATbLCS Y OQHOrO NPOU3BOANTENS NMPU CMeHe
MUKPOAPXNTEKTYPbI

e Kak ¢ Humu Boobuie pabotats?

S Javar
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PMU: HWC

HWC nwmetoT aBa pexxuma paboThbi:
o Counting mode

— if (cnyummocws cobmTme) ++counter;
— obuwasi guarHocTtnka (oTeet Ha Bonpoc «4TO»)

e Sampling mode

— if (cnyuunocws cobbTue)
if (++counter < threshold ) INTERRUPT;
— nosgosisieT npodunnposaTb (oTeeT Ha Bonpoc «[[JE>»)

$ Javar
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HWC: lNpobnembl

CO6b|TV||7| MHOTO, CHETHMKOB Mano
(e.g. Nehalem: 3 fixed HWC, 4 programmable)

o «multiple-running» (c pasHbimn cobbiTusimn)
— NOBTOPAEMOCTb NPUJIOXKEHUA

o multiplexing (ecan Tynbl nossonsitoT)
— cTabunbHOCTb npunoxerus (steady state)

$ Javar
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HWC: lNpobnembl

Sampling mode:

e «instruction skid»
(HEBO3MOXKHOCTb TOYHOTO CBSA3bIBAHNS CODLITUS 1 MHCTPYKLMN)

e Uncore events
(e.g. y Hac obwwmii L3 cache Ha Heckonbko sigep)

$ Javar
Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 24/59



HWC: ncnonb3oBaHune

e Ba/NMAaumsa >enesa

e aHaJIN3 NMPON3BOANTENIBHOCTN

S, Javar
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HWC: ncnonb3oBaHune

e Ba/NAALMS >Kee3a

e aHa/AN3 MPOWN3BOANTENLHOCTH

o run-time tuning (e.g. JRockit, etc.)
e security attacks n 3awmTa oT HuX
e test code coverage

e etc.

$ Javar
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HWC: tools

o Oracle Solaris Studio Performance Analyzer

o perf (perf _events) (http://perf.wiki.kernel.org)
o JMH

— perf mode
— perfasm mode (perf + -XX:+PrintAssembly)

$ Javar
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http://perf.wiki.kernel.org

HWC: tools(cont.)

o AMD CodeXL
o Intel Vtune Amplifier XE
e etc...

$, Javar
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HWC: Cobbitnsa perf events (e.g.)

cycles
instructions
cache-references
cache-misses
branches
branch-misses
bus-cycles
ref-cycles

e dTLB-loads

e dTLB-load-misses

e L1-dcache-loads

e L1-dcache-load-misses
e L1-dcache-stores

o L1-dcache-store-misses
o LLC-loads

o LLC-load-misses

e etc...

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.
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HWC: CobbiTusi Oracle Studio (e.g.)

S Javar

cycles

insts
branch-instruction-retired
branch-misses-retired
dtlbm

I1h

[1m

e |2h
e I2m
e |3h
e I3m

e etc...

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.
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pArch Performance Analysis (tAPA)

$, Javar
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LAPA: TYM

cycles
frequency

OnTnmmnsayms sto

yMeHblUeHre Konndectsa TakTos (cycles)!!

time =

—— YBce ocTankHoe - overclocking
2= Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 31/59



LAPA: TYM

[ naBHoe YpaBHeHne MuKpoapxuTekTypbl:

cycles = PathLength « CPI = PathLength * 155

o Pathlength - konnuecTBO MHCTPYKLMIA
o CPI - cycles per instruction
o |IPC - instructions per cycle

$ Javar
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uwAPA: PathLength x CPI

o PathLength - mepa acpdpekTnerocTr anroputma
(4em MeHbLLe, Tem nydlLue)

o CPI - mepa adppekTueHocTu pabotel CPU
(4em MeHbLue, Tem ny4Lue)

CPI = 4 — nnoxo!

CPI = 0.4 — xopowwo!

CPI = 0.2 — npgeansHo!

CPI=1
« Nehalem - coiiger!
« SandyBridge 1 nosxe — nnoxosaTteHbko!

S Javar
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tAPA: Hto penatb?

o Huskunii CPI

— ymenbliaem PathLength — «ynydwaem adpdpekTneHOCT anroputmay
e bonbuwoii CPl = stalls

— memory stalls — «ynyywaem 3ppekTUBHOCTL CTPYKTYp AaHHBIX»
branch stalls — «yny4iwaem noruky nepegaqn ynpasnexus»
instruction dependency — «pa3pbiBaem 3aBUCUMOCTMN MO AAHHBIM>
long latency ops — «3ameHsiem Ha noserye»
- nTa

$ Javar
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1APA: Tpobnembi?

Ham Hy>kHa knaccudpmkaums npobnem!

< Javar ) - .
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[Mpobnembi: Memory bound

o dTLB misses

e L1,L2,L3,...,LN misses

o NUMA (4yxxasi namsts)

e memory bandwidth

o sharing (false/true)

o cache line split (He bbiBaeT B Java, noytn)

o store forwarding
(ManoBeposiTHO, fia 1 BCE PaBHO HE UCMPaBUTbL Ha Java yposHe)

o 4k aliasing (nonpobyii noimaTb)

$ Javar
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[Mpobnemsbl: Core bound

long latency operations (DIV, SQRT)
FP assist (floating points denormal, NaN, inf)

bad speculation (Bbi3biBaeTCs HenmpeackasaHHLIM NEPEXOLOM )

port saturation (Ham He HY>HO)

S Javar
Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 37/59



[Mpobnembi: Front-End bound

i TLB miss
iCache miss

branch mispredict

LSD (loop stream decoder)

Mo>XHO pelmnTb, TONbKO ecnn 3ane3Tb B ucxoaHnkn HotSpot

$ Javar
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[NMpnmepsbi
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Mpumep 1
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NMpumep 1: perf stat -d

718977.872294
35,609

338

5,956
1,857,021,243,903
916,928,198,201
168,191 ,439,904
2,297,813,287
252,425 ,639,125
27,250,789 ,142
19,555,293 ,888
5,959,388,213
252,370,072,667
4,724,764,893
9,903,086 ,687
355,234,855

task-clock (msec)
context -switches
cpu-migrations
page-faults

cycles

instructions

branches
branch-misses
Ll-dcache-1loads
Li-dcache-load-misses
LLC-1loads
Li-icache-load-misses:HG
dTLB-1loads : HG
dTLB-load-misses:HG
iTLB-1loads : HG
iTLB-load-misses:HG

HH HEHHEHHEHHERH

10
27

351.
.87
13.
.59

.49
233.
.37%
351.

931

090

.80%
.199

012

774

insns per cycle

M/sec

of all branches

M/sec

of all Li-dcache hits
M/sec

M/sec
of all dTLB cache hits
M/sec
of all iTLB cache hits
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NMpumep 1: perf stat -d

718977.872294 task-clock (msec)
35,609 context-switches
338 cpu-migrations
5,956 page-faults
1,857,021,243,903 cycles
916,928,198,201 instructions
168, 191 439,904 branches
287 branch-misses
252,425 ,639,125 hl-dcache -1loads
27 ,250,789,14 1-dcache-load-misses
19,555,293,888 LLC-1loads
213 Ll-icache-load-misses:HG
252,370,072 ,667 dTLB-1loads:HG
4,724,764 ,893 AdTLB-load-misses:HG
9, ,086 ,687 iTLB-loads:HG
355,234,855 iTLB-load-misses:HG

@ insns per cycle

2337931 M/sec
1.37% of all branches
351.090 M/sec

10.80% of all Li-dcache hits
.199 M/sec

351.012 M/sec
1.87% of all dTLB cache hits
13.774 M/sec
3.59% of all iTLB cache hits

R LR R
N
~
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Mpumep 1: dTLB misses

TLB = Translation Lookaside Buffer
o Ksw TpaHcnaTopa BUpTyanbHbIX aapecoB B dhuUsnyeckme

o Kaxkgoe obpallerne K namatu — obpatuieHune Kk TLB

e LB miss cTonT coTHM TakToB

42/59
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Mpumep 1: dTLB misses

TLB = Translation Lookaside Buffer
o Ksw TpaHcnaTopa BUpTyanbHbIX aapecoB B dhuUsnyeckme

o Kaxkgoe obpallerne K namatu — obpatuieHune Kk TLB

e LB miss cTonT coTHM TakToB

Y1o penateb:
o LargePages (Huge pages)
e nonbiTaTbcs yMeHbwnTs «Working Set»

42/59
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2l Copyright © 2014, Oracle and/or its affiliates. All rights reserved.



Mpumep 1:

|
(0N

perf stat

-XX:-UselargePages

0.49

1,857,021,243,903

916,928,198,201
168,191,439,904
2,297,813,287
252,425,639,125
27,250,789 ,142
19,555,293,888
5,959,388,213
252,370,072,667
4,724,764,893
9,903,086,687
355,234,855

insns per cycle
cycles

instructions

branches
branch-misses
Ll-dcache-1loads
Lli-dcache-load-misses
LLC-1loads
Lli-icache-load-misses
dTLB-1loads: HG
dTLB-load -misses:HG
iTLB-1loads :HG
iTLB-load-misses:HG

-XX:+UselargePages

0.63

1,858,183,899,070
1,162,494,638,281

211,381,201,267
2,733,847 ,675
319,502,351 ,264
29,480,701,672
20,080,211 ,489
7,323,312,881
319,165,268 ,237
186,034,647
1,063,297 ,490
21,423,723

Yckopenune — 28%
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insns per cycle
cycles

instructions

branches
branch-misses
Li-dcache-1loads
Ll-dcache-load-misses
LLC-1loads
Ll-icache-load-misses
dTLB-1loads: HG
dTLB-1load-misses:HG
iTLB-1loads:HG
iTLB-load-misses:HG
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[NMpumep 1: perf stat
-XX:-UselargePages

0.49 insns per cycle

1,857,021,243,903 cycles

916,928,198,201 instructions

168, 191 439,904 branches
287 branch-misses
252 ,425,639,125 Rl -dcache-1loads
27 ,250,789,14 1-dcache-load-misses
,888 LLC-1loads
13 Ll-icache-load-misses
252,370,072,667 WTLB-loads:HG
4,724 ,764,89 dTLB-1load -misses: HG
6,687 iTLB-loads:HG
355,234,855 iTLB-load-misses:HG

-XX:+UselargePages

0.63 insns per cycle
1,858,183,899,070 cycles
1,162,494,638,281 instructions

211,381, 201 267 branches
branch-misses
-dcache -1loads
l1-dcache-load-misses
,489 LLC-1loads

7 881 Ll-icache-load-misses
319, 165 268 237 dTLB-loads:HG
186,034,647 dTLB-load-misses:HG
97 ,490 iTLB-loads:HG
21,423,723 iTLB-load-misses:HG

Yckopenune — 28%

Copyright © 2014, Oracle and/or its affiliates. All rights reserved.
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Mpumep 2
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[Mpumep 2: peweTto

@Benchmark
public boolean[] directWrite() {
boolean[] s = new boolean[SIZE];
for (int i = 2; i <= SQRT_SIZE; i++) {
if (!s[il) {
for (int j =i * i; j < SIZE; j += i) {
s[j] = true;

}
}

return s;

Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 45/59



Npumep 2: perf stat (SIZE=16777216)

Lhava

throuhput (ops/sec)
CPI

cycles

instructions
L1-dcache-loads
L1-dcache-load-misses
L1-dcache-stores

directWrite
5.4

1.2
78,943, 190, 741
65, 360, 777, 246
6,590,053,617
2,529,995, 709
13,186, 522,910

L1-dcache-store-misses | 4,701, 044, 439

branches
branch-misses

13,139, 649, 942
2,705,112

Copyright © 2014, Oracle and/or its affiliates. All rights reserve

d.
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[Mpumep 2: onsaTb peweTto

@Benchmark

public boolean[] testAndWrite() {
boolean[] s = new boolean[SIZE];
for (int i = 2; i <= SQRT_SIZE; i++) {

if (ts[il) {
for (int j =1 * i; j < SIZE; j += i) {
if (rs[iD) {

s[j]l = true;

}

}

return s;
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NMpumep 2: CpaBHuBaem (SIZE=16777216)

throuhput (ops/sec)
CPI

cycles

instructions
L1-dcache-loads
L1-dcache-load-misses
L1-dcache-stores
L1-dcache-store-misses
branches
branch-misses

directWrite
54

1.2
78,943,190, 741
65, 360, 777, 246
6,590,053,617

2,529.995_709
13, 139,649, 942

2,705,112

Copyright © 2014, Oracle and/or its affiliates. All rights reserve

testAndWrite
6.8

0.87

79,987, 335,051
91,441,204, 021
16,418,119, 354
3,237,485, 830
7,560,513, 159
1,700,509, 942
29,660, 113, 381
506, 189, 014

d.
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Mpumep 2: A ecnn (SIZE=65536) ?

£, Javar ) . .
2laas Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 49/59



Mpumep 2: A ecnun (SIZE=65536) 7

throuhput (ops/sec)
CPI

cycles

Instructions
LL1-dcache-loads

L1-dcache-load-misses

L1-dcache-stores

L1-dcache-store-misses

branches
branch-misses

directWrite
6762

0.3

78,570, 302,779
258,297, 155,155
25,569, 610, 439
5,557,518, 092
54,520, 084, 320
11,408, 146, 649
51,623, 896, 048
17, 645, 765

testAndWrite
4769

0.4

78,450, 742,371
199, 283, 466, 155
35, 826, 879, 999
3,950, 327, 363
20,132,957, 601
3,891,330, 319
63,167,232,412
914, 376, 450

Copyright © 2014, Oracle and/or its affiliates. All rights reserve

d.
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Mpumep 3
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Mpumep 3: There is no spoon

public int SIZE=2048;
int[1[] A,B;

@Benchmark
public int [1[] multIJK() {
int[1[] C = new int[SIZE][SIZE];
for (int i = 0; i < SIZE; i++) {
for (int j = 0; j < SIZE; j++) {
int sum = O0;
for (int k = 0; k < SIZE; k++) {
sum += A[il[k] * B[k]1[jl;
}
C[il[j] = sum;

return C;

Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 51/59



Mpumep 3: There is no fork

public int SIZE=2048;
int [J[] A,B;

@Benchmark
public int[1[] multIKJ(O) {
int[J[] C = new int[SIZE][SIZE];
for (int i = 0; i < SIZE; i++) {
for (int k = 0; k < SIZE; k++) {
int aik = A[il[k];
for (int j = 0; j < SIZE; j++) {
CL[il[j]l += aik * B[k1[jl;
¥
}
}

return C;
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[NMpnmep 3: Pe3ynbraThl

o multlJK = 32 seconds/op
o multlKJ = 3.4 seconds/op

Kak n oxunpganocs!

$ Javar
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[NMpnmep 3: Pe3ynbraThl

o multlJK = 32 seconds/op
o multlKJ = 3.4 seconds/op

A nposepnTh?

$ Javar
Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 53/59



Mpumep 3: CpaBHuBaem

Lhava

time (secs/op)

IPC

cycles

instructions
L1-dcache-loads
L1-dcache-load-misses

multIJK

32

0.8

859, 506, 439, 753
690, 598, 102, 605
342,142, 677, 561
189, 212,903, 367

Copyright © 2014, Oracle and/or its affiliates. All rights reserve

multIKJ

3.4

0.84

96, 363, 199, 858
80, 686, 481, 893
22,914,025, 095
5,507,038, 542

d.
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Mpumep 3: down the rabbit hole (multIKJ)

cycles insts

6.42% 5.54% 0x00007f£f6591d20c5: vmovdqu %ymml,0x10(%r14,%rbx,4) ;xiastore

9.49% 11.91% 0x00007£f£6591d20cc: add $0x8 ,%ebx ;kiinc
0.15% 0.05% 0x00007£f£6591d20cf: cmp %riid,%ebx
0x00007££6591d20d2: jl 0x00007££6591d20b2 ;xif _icmpge
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Mpumep 3: down the rabbit hole (multIKJ)

cycles insts

6.42% 5.54% 0x00007£f£6591d20c5:Cvmovdqu %ymml ,0x10(%r14,%rbx,4) X *xiastore

9.49% 11.91% 0x00007£f£6591d20cc: add $0x8 ,%ebx ;kiinc
0.15% 0.05% 0x00007£f£6591d20cf: cmp %riid,%ebx
0x00007££6591d20d2: jl 0x00007££6591d20b2 ;xif _icmpge

BekTopnsaumsi (SSE/AVX)!

S Javar
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Mpnmep 3: -XX:UseSSE=0 -XX:UseAVX=0

multIKJ(with SSE) | multIKJ(no SSE)
time (secs/op) 3.4 6.3
IPC 0.84 1.66
cycles 96, 363,199,858 | 191,825,787, 188
instructions 80, 686,481,893 | 318, 140,467,924
|L1-dcache-loads 22,914,025,095 | 179,849,909, 115
L 1-dcache-load-misses 5,507,038, 542 5,811,906, 774

Lhava
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3akn4eHume:
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3aksitoueHmne: YUuTbCs, y4UTbCsa N y4nTbcs!

VI3ydaeM MUKpoapxUTeKTYpy:

o "Computer Architecture: A Quantitative Approach”
John L. Hennessy, David A. Patterson

o http://www.agner.org/optimize/

e http://www.google.com/search?q=Hardware+
performance+counter

S Javar ) R )
Elaas Copyright © 2014, Oracle and/or its affiliates. All rights reserved. 58/59


http://www.agner.org/optimize/
http://www.google.com/search?q=Hardware+performance+counter
http://www.google.com/search?q=Hardware+performance+counter

Q& A?
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