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CopeprxaHue

e BBegeHue

e HACKONBbKO MOXHO YJIYyYLUTL?

e OnpepneneHune “cnaboro 3seHa”
e [IpobnemMbl pacnapannennBaHus
e [Ipobn1eMbl BbIHNCNEHUN

Software & Services Group, Developer Products Division

Copyright © 2011, Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners.

Optimization
Notice

=




BBeaeHue :intel'

e PacnapannenMBaHue nporpaMmMmbl AesiaeTcd B
NnepBylo ouyepeab Angd ynydleHund
MPON3BOANTESIbLHOCTHU

e [loyemy BCe MoJsiyuynaocb "He Tak”
— MHoro cepunasibHOro Koagaa uUin Hec6anchmpOBaHHoe BbIMOJIHEHUNE
— Ll,onraﬂ CUNHXPOHU3aUUNA
- I,£|,OI'IOJ'IHl/ITeJ'IbeIe BblHNC/NTEHUA
— M3MeHunocb pacnpeneneHne AaHHbIX
- bonbwe AdaAaHHbIX HA NMOTOK
- I,£|,E:]HHbIe HEe BJ/1€3AOT B KoL
— YBenunymnacb JIAaTEHTHOCTb MNAaMATU

e lLlenb
— BbICTpO onpeaennTb noyemy “He Noay4nnocb”
— Y3HaTb, YTO HAAO UCNPaBUTb B N HE AONYCTUTb B NEPBYIO o4yepeb
— BO3MOXHble pelleHns yxe cyLlecTByrowmnx npobnem
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2 . ,
C yero HauvaTb* :lntel

eY BaC eCTb NpUIOXKEHNEe KOTOopoe:

— NMeeT cepunanbHyto Bepcuto (ST)
— [NapannensHyto (MT)

— Bpems BbINoSIHEHUS CTabuUbHO (NN MHaAs MeTpUKa
NpoOn3BOANTENIBHOCTN)

e[lpeaBapuUTENbHO CAENAHO:

- TecTupyeMas 3agada penpe3eHTaTtuBHa (Mbl ONTUMU3UPYEM
TO YTO aKTyasibHO)

— CkoMnununpoeanu c KJa4amMm onTuMmnsaumm

— Bepcusa ST yxe ontuMmmnanpoBaHa (BekTopunsauus)

— Pe3ynbTaT npoBepdem

— HeT aBHbIX npobnem ¢ MT Bepcuen — oeanokm u T.4. ...
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HacKoOJIbKO MO>XHO YNY4YLUUTb? :intel'

e ST =60-s
e 4-notoka = 20 s

e YCKOpeHue
— Speedup = 60/ 20 =
- Gain=1-20/60 =67%

e YTO ocTanoch?
- OT 20 cekyHA K 15=1-15/20 = 25%
— OT yckopeHusa 3 K Makcumymy 4 = (4 - 3) / 4 = 25%
— Ob6bIYHO 3TN ocTaBLlumnecs 25% camble CNOXHbIE ...
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OnpepensieMm “"cnaboe 3BeHO” -

Bce BpeMs BbINOSIHEHUS MOTOKOB NapafiesibHON
NporpaMMbl MOXXHO pa3buTb Ha 3 4acTu:

e BbiuncneHumd
e CUHXpOHM3aLNS
e [IpocTON

CobpaTtb npodwusb ¢ ncnonblosaHmeMm PTU (Vtune) u
Trace Collector Analyzer
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NMpo6seMbl pacnapannenmBaHuUNA: rel
MHOro CMHXpoHu3aumm m/van NpocTon L./

[TpUYUNHDBI:

e CepuanbHbIN KOA

e banaHC Harpyskwu

e MexaHnU3M pacnapanjenmBaHus
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CepuanbHbin KOA

e He BCe pacnapannennnocb
- MHnymanumnsaumnga
— 3aBepuweHune; ObbegnHeHne pe3ynbTaToB
- Yactn anroputMa
e Kak HanTu
— Thread Profiler
- PTU - #cycles B cepnanbHbIX PyHKLMAX
21. III?‘ 21 IIIE 21.04 21.1 21.11 2112 2113 21. 14
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Thread Profiler view

e Hanpumep: Ecnun ectb 10% cepunanbHOro koga, To Ha 4 NoTokax
MakKCMMYM 4YTO Mbl MOXeEM AoCTndb — 3; Ha 8 notokax — 4.7 (Amdahl’s
law)

e PeweHune: Haao pacnapanienutb © 4
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banaHC Harpyskm iTtel

(II'I e
e CUMNTOM

— Kakow To NMoTOK XAET oCTasibHbIX Ha bapbepe (Uu Apyrom
CUHXPOHU3NpYOLLEM 06beKkTe)
e O6LLME NMPUYNHDI
— HekoTopble NoTokn aenatoT 6onble paboTbl YEM OCTalibHblE
— OYHKUMOHANIbHAdA AeKOMMNOo3nLUma: GYHKLUUM pa3HOWU AJIUHbI
- [lekoMno3nuus no AaHHbIM: HecbanaHCMpoBaHO

e Kak HaANUTu
— Thread Profiler
- PTU™ - #cycles B @pyHKUMAX ONSA KaXXA0ro notoka

e PelueHuns

— [MonpoboBaTb OpenMP* nonuncun (pacnpenesneHns NoOTOKOB,
3a4au4, WenyanHr)

— Oyepeaun 3apau
— banaHcupoBaTb pyKamMu
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MexaHM3M pacnapanienmBaHus :intel'

YT0obbI onpeaennTb UTO NpobsieMa B CUHXPOHU3UPYOLLMX
obbeKkTax, Hy>XHO cobpaTb:

« MEM_UOP_RETIRED.LOCK_LOADS_NP
« BUS_LOCK_CLOCKS.CACHE_LOCK_DURATION

Nnn ncnonesyem Thread Profiler ana onpeneneHnsa npobnem
CUHXPOHM3aUNK
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NMpo6nema BbIUNCIIEHUUN

YBennyeHue BblUNCNnUTenbHbIX LUMKNOB B MT Bepcum
npoTtus ST.

e O6BbEM BblUUNCIEHUM

¢ /I3MeHeHHOe pa3aeneHne AaHHbIX
e bonbLle AaHHbIX HA MOTOK

e He XBaTaeT pa3aendeMoro Kawa

e YBe/NIM4ymaacb NaTeHTHOCTb MaMATU
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Kak onpegenntb npo6semMbl C BbIUUCIIEHUAMM _

(el

N3mepsaeM Konnyecteo COObITUN ANA cepuasibHOMU

Bepcun n anga sepcun Ha 1, 2, ... N-NoToKoB
— 06beM BbluncneHnm — INST_RETIRED.ANY

— WI3MeHEHHOe pa3aefsieHne AaHHbIX —
— OFFCORE_RESPONSE.DEMAND_RFO.LLC_HIT_MESF.HIT_NO_FWD/HITM
- MEM_LOAD_LLC_HIT_RETIRED.XSNP_HITM_PS
- MEM_LOAD_MISC_RETIRED.LLC_MISS_PS
- MEM_TRANS_RETIRED.LOAD_LATENCY_GT_32

— bonble AaHHbIX Ha NMOTOK
- MEM_LOAD_RETIRED.L2_HIT_PS
- MEM_LOAD_RETIRED.L3_HIT_PS
- MEM_LOAD_MISC_RETIRED.LLC_MISS_PS
- L1D.REPLACEMENT

— He xBaTaeT pa3gendemoro Kawa
- MEM_LOAD_MISC_RETIRED.LLC_MISS_PS

— JIaTEeHTHOCTb NaMAaATU
- MEM_TRANS_RETIRED.LOAD_LATENCY_GT_128
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O6BbeM BbIUUC/IEHUM el

e O6LLME NMPUYNHDI

— dobaeneH kop ans nogaepxkn MT (MHUUManusauyug,
obbeamHeHne pe3ynbTaTon)

— PacnpeneneHne aaHHbIX BHYTPU BblYUCIIEHUN
— Bce noToku CKaHUPYKOT BXOAHbIE AAHHbIE

e Kak HaAUTu

— CpaBHUTb KO/IMYECTBO BbIMNO/IHEHHbIX MHCTPYKUUN B ST U
MT Bepcuax

= Onpe,u,enMTb NUX MOJTIOXKEHNE B MOAYJIAX, XOTCMNOTAax,
MCXOOAHUNKAX
e BO3MOXHbIe pelleHuns

— MNbITaTbCa M3b6eraTtb 40NITMX UHULUMANIU3ALUN U
obbeanHEeHna AaHHbIX

— [lepepacnpenennTtb AaHHbIE
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N3MeHEeHHOe pa3aesieHne AaHHbIX - : :
npob6nembi intel

e O6LMeE NMPUYNHDI

— MNocTaBwmk =» notpebutennb
— Hanpumep, B cepmnanbHOM Bepcun gaHHble B L1D
— Ecnu npedeTy paboTtaeT — HMKakKmnx npobnem HeT

— JIOXXHOe pa3aeneHune faHHbIX
— O4AWH NOTOK MULIET — ApYyrue YnTarT B/U3 Ty Xe JIMHUIKO
— [1Ba NOTOKa NULWYT B TyXe NNHUIO (rpaHuubl CTPYKTYP)
— OaunH nuweT, B ApyroM npedetyep noarpyxaet 3Ty JIMHUKO
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Vl3me|-|€|-||-|oe pa3faeneHvie AaHHbIX — Ttal
KaK HAUTH L./

e 3aMNucb:

— OFFCORE_RESPONSE.DEMAND_RFO.LLC_HIT_MESF.HIT_NO_FWD/
HITM - 3anuncb He/MOAN(PUUMPOBAHHBIX AAHHbIX COCEAHUMU AApaMu

e 3arpy3Ku:

— MEM_LOAD_LLC_HIT_RETIRED.XSNP_HITM_PS - 3arpy3ka
MOANPULUNPOBAHHON JIMHUU COCEAHMMU S ApPaMM.

e /Inn: ncnono3losaTtb PTU Data Access view
— Cobpate MEM_TRANS_RETIRED.LOAD_LATENCY_GT_32
= V|CCﬂe,£l,OBaTb JIMHUN NCXOAQHOIro Koga noacBevyeHHbli€ po30BbIM
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N3MeHeHHoe pa3aenieHne AAaHHbIX — Ttal
KaK peliuTb L./

e BO3MOXHble pelleHns

— [locTaBwmK-noTpebuTens

- MoTpebutenb: nocnenoBaTeibHbIN AOCTYN U AOCTAaTOYHOE BpeMs Ans
npedeTymHra

- MoTpebutenb: nokannsoBaTb AaHHble B LLC
- Producer: Ucnonb3oBaTb unknndeckmn bycdep > L2

— JIOXXHO€e pa3peneHue gaHHbIX
- [nobanbHble N cTaTUYECKNE NEPEMEHHbIE
- Wcnonb3oBaTb BAOXEHUSA
- Ncnonb3oBaTb MAacCuBbl CTPYKTYP BMECTO CTPYKTYpP MacCUBOB
- OduHaMunyeckune obbeKThI
— 3aMeHuTb/neperpy3nTb QYHKLUMIO annokKaumm
— [Anga Kaxaoro notoka CBOM nyn
- Wcnonb3oBaTtb annokaTtopbl n3 TBB
— [Ansa Kaxkaoro NoToka CBOM AMana3oH BbIXOAHbIX aApecoB

— CMHXpOHU3aL U4
— YMEHbLNTb KOSIMYECTBO CUNHXPOHU3ALUMNOHHbLIX TOYEK
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BonbliMyn 06 beM AaHHbIX HAa NMOTOK :intel'

e O6LLME NMPUYNHDI
— MT anroput™ TpebyeTt 6onblle AaHHbIX
— B KaxgoM notoke cBon bydep + akkymynumpyrwmm bydep

e Kak Hantu

— CpaBHUTb cepunanbHbin 1 N-NOTOKOBbIN 3anyck. Ctano nu
6onblue 3arpy3oK u3 Kawen?

- MEM_LOAD_RETIRED.L2_HIT_PS
- MEM_LOAD_RETIRED.L3_HIT_PS
- MEM_LOAD_MISC_RETIRED.LLC_MISS_PS

e PelleHune
- [Nepenenatb anropnt™ Anga 6onbluern NOKaIbHOCTU AAHHbIX
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He xBaTaeT pa3genseMoro Kawa :intel'

e O6LME NMPUYNHDI

— Ha kaxabl NOTOK AaHHbIX 6oNnblle YeM:
(Pa3zMep Kawe — pa3mep aAaHHbIX)/N
Ana N NOTOKOB KOTOpble ncnonb3yT LLC

— [OTOKWM BbITECHAIOT APYr ApYyra M3 Kawa

e Kak HanTtu
— CpaBHUTb cepuanbHbll 1 N-NOTOKOBbLIN 3anyckK

MEM_LOAD_ MISC_RETIRED.LLC_MISS PS
/ INST_RETIRED.ANY >= 0.002
— Ctano nu oTHoWweHMe bonblue?
e PelleHnd
— CepuanbHbIi KoA: YNYULWUTb JIOKaSbHOCTb AAaHHbIX
— YAy4ylWwnTb pa3aeneHne AaHHbIX Mexay noTokamu
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YBennyeHume JIaTeHTHOCTU NaMATHU :lntel

e O6LME NMPUYNHDI

- Tpacdduk U3 namMaTn ctan 6osee NIOTHLIM, Tak Kak obllee KONMYECTBO
LIMKIOB YBENYNIIOCH

- Ha NUMA MoxeT 6bITb A0oCTyn K yaanéHHon DRAM

e Kak HanNT™
— Cobpatb MEM_TRANS_RETIRED.LOAD_LATENCY_GT_128 c PTU

- B “data access view” npoBepuTb, UTO CpeaHSAd JTAaTEHTHOCTb 3arpys3Ku
CYLLEeCTBEHHO yBenn4ynnach

e BO3MOXHbIe pelleHuns

— CepuanbHbIW KO4: YAYyUYLWNTb JTIOKASIbHOCTb AaHHbIX

- N36eraTtb yaanédHHon namatu Ha NUMA cuctemax

— “Performance Analysis Guide for Processors Based on Nehalem” by David
Levinthal;

http://software.intel.com/sites/products/collateral/hpc/vtune/performance_
analysis_qguide.pdf
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intel.

Optimization Notice

Intel® compilers, associated libraries and associated development tools may include or utilize options that
optimize for instruction sets that are available in both Intel® and non-Intel microprocessors (for example SIMD
instruction sets), but do not optimize equally for non-Intel microprocessors. In addition, certain compiler
options for Intel compilers, including some that are not specific to Intel micro-architecture, are reserved for
Intel microprocessors. For a detailed description of Intel compiler options, including the instruction sets and
specific microprocessors they implicate, please refer to the “Intel® Compiler User and Reference Guides” under
“Compiler Options." Many library routines that are part of Intel® compiler products are more highly optimized
for Intel microprocessors than for other microprocessors. While the compilers and libraries in Intel® compiler
products offer optimizations for both Intel and Intel-compatible microprocessors, depending on the options you
select, your code and other factors, you likely will get extra performance on Intel microprocessors.

Intel® compilers, associated libraries and associated development tools may or may not optimize to the same
degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These
optimizations include Intel® Streaming SIMD Extensions 2 (Intel® SSE2), Intel® Streaming SIMD Extensions 3
(Intel® SSE3), and Supplemental Streaming SIMD Extensions 3 (Intel® SSSE3) instruction sets and other
optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on
microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are
intended for use with Intel microprocessors.

While Intel believes our compilers and libraries are excellent choices to assist in obtaining the best
performance on Intel® and non-Intel microprocessors, Intel recommends that you evaluate other compilers
and libraries to determine which best meet your requirements. We hope to win your business by striving to
offer the best performance of any compiler or library; please let us know if you find we do not.

Notice revision #20101101
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Legal Disclaimer Ttal

QB

INFORMATION IN THIS DOCUMENT IS PROVIDED "“AS IS”. NO LICENSE, EXPRESS OR IMPLIED,
BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS
OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR
INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Performance tests and ratings are measured using specific computer systems and/or components
and reflect the approximate performance of Intel products as measured by those tests. Any
difference in system hardware or software design or configuration may affect actual performance.
Buyers should consult other sources of information to evaluate the performance of systems or
components they are considering purchasing. For more information on performance tests and on
the performance of Intel products, reference www.intel.com/software/products.

Intel and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.
*0Other names and brands may be claimed as the property of others.

Copyright © 2010. Intel Corporation.
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