O630p HoBOro nokoneHna N0 2
Intel - Parallel Studio XE 2018 £
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PARALLEL
STUDIO XE

Intel® Parallel Studio XE

Co3pnaBaunTte bObICTPbie KOAbl... bbicTpee!

Bepcusa Cluster

Bepcua Composer BIEpEE:
Professional MacwrabuposaHue
MoctpoeHune KnactepHble MHCTPYMEHTb!
Komnunaatopbl n bubamoteku AHanus

MHCTpyMeHTbl aHann3a

Bubnanoteka bbIcTpbIX Bubnnoteka MPI

ONTUMU3UPYIOLLMIA KOMMUAATOP
MaTeMaTUYeCKNX NPUMUTUBOB

MpodnnnposLmK
AHanu3 M oNTMMM3aLUMA 41A Knactepa
ONTUMU3UPYIOLLMI KOMNUAATOP Bubsnorexa anA OGQaGOTK”
CUTHANOB, N306parKeHU U JAaHHBIX
OTnagumk
[uarHocTuKa Knactepa

MHoronoto4Has Bubnunoteka ana obpaboTkm

bubnunoreka C++ 60bLWMX AAHHbIX BekTopusauma u

MHOTOMOTOYHOCTb

BbICOKOMPOU3BOAMUTEIbHBIM
CKPMMTOBbLIN A3bIK

Nna ¢Opr| Intel
SILVER
nside”

OnepaumoHHble cuctembl: Windows*, Linux*, MacOSH*

bonblie BO3MOXKHOCTel ana Bawero Koga -

© 2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names _/_3
and brands may be claimed as the property of others. ( |nte| Software ‘ 2

For more complete information about compiler optimizations, see our Optimization Notice.


https://software.intel.com/en-us/articles/optimization-notice#opt-en
https://software.intel.com/intel-parallel-studio-xe
https://software.intel.com/en-us/intel-vtune-amplifier-xe
https://software.intel.com/en-us/intel-advisor-xe
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https://software.intel.com/en-us/intel-trace-analyzer
https://software.intel.com/en-us/intel-mpi-library
https://software.intel.com/en-us/c-compilers
https://software.intel.com/en-us/intel-distribution-for-python
https://software.intel.com/en-us/intel-mkl
https://software.intel.com/en-us/intel-ipp
https://software.intel.com/en-us/intel-tbb
https://software.intel.com/en-us/intel-daal
https://software.intel.com/en-us/fortran-compilers

YTO HOBOro B
KOMNUAATOPax?

KomnunsaTopsl Intel®: C/C++ & Fortran*

2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names
and brands may be claimed as the property of others.
For more complete information about compiler optimizations, see our Optimization Notice.
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OnTMMM3aLUMKM AN NnocnegHuUx moaeneim npoLeccopos U

CTaHAOapPTOB A3bIKOB NMporpaMmmmMpoBaHmMA
Komnunatopesl Intel® C,C++, n Fortran* sepcun 18.0

O6wue ynyuyweHumsn

OnTMMuM3auMmM ANa nocneaHuUxX NoKoseHunn npoueccopos cepun Intel® Xeon® u Intel® Xeon Phi™
HauyanbHaa noajepyka YepHoBMKa cTtaHaapTa OpenMP* 5.0
NHTerpaumua c obonoykon Microsoft* Visual Studio™ 2017

JlerkoBecHas I'IpO(I)VIﬂMpOBKa nontmmMmmsauma ¢ NCNoJsib3oBaHUeEM NPoLECCOPHbIX BO3MOKHOCTEMN

______ Fortran*

= [lonHaAa noagepKa ctaHaaptos Cl1 um = [lonHaa noaaep:kKa ctaHAapTa

C++14, HayanbHasA noaaepKKa C++17 Fortran* 2008, HayanbHaa noaAepsKKa

* [lapannenbHasa STL* ans Fortran 2015

napannenbHoro U BEKTOPHOrO = Ob6onouka Microsoft Visual Studio*
BbINOAHeHMA C++ STL 2015
/ ved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names
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otice.
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YTO HOBOro B
MHCTPYMEHTaX
aHan3a?

Intel® VTune™ Amplifier - npodunanposLmk
Application Performance Snapshot — BbICOKOypOBHEBbIE XapaKTEPUCTUKN NPUNOKEHUA
Intel® Advisor — BeKTopu3auma 1 pacnapanaienBaHue

Intel® Inspector - OTnagumK

2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names _/—)
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Ynyuywenuna: MPI, aHann3 npunoxeHunmn, obnavHole

TexHonormun, Python*, n npyrue
Intel® VTune™ Amplifier sBepcun 2018

Hosenwee YnyduweHHble NoppeprkKa ynydweHHan
obopyaoBaHue MeTPUKHN KOHTeMHepos npoduUANpoBKa
= [logaeprkka ana " YAyyweHHbIN aHanus = [Ipodunnmposka = AHanus
npoueccopos NPUNOXKEHUN: BHYTPM 610KMPOBOK U
cepuu Intel® Xeon obbegnHeHne AaHHbIX KOHTEMHEPOB OXXUAAHUW ANnA
Phi™ MPI n npunoxenuma Docker* n Mesos* CMeLLaHHOro Koga
Ha Python™ un
5 C/C++
n oNblue MeTpUK AnA *  BO3MOXXHOCTb
MPI npnnoxKeHui: noALEeNnnUTbCA K
KpuTuyeckuii npouecc 1 paboTatowmm =  AHanus
HecbanaHCMPOBAHHOCTb CEPBUCHbBIM U NCNoNb3yemol
$GOHOBbIM namaTtu Ha Python,
nporpammam Java* C/C++

© 2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names
and brands may be claimed as the property of others.
For more complete information about compiler optimizations, see our Optimization Notice.
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OnTmmnsauma 061a4HbIX NPUNOKEHNI

MpodnnmpoBKa NPUAOKEHUN (B TOM Ymcae u Java™) BHyTpPU KOHTEMHEPOB C
nomouwlbto Intel® VTune™ Amplifier sepcmun 2018

MpoduranpoBKa NPOMbILLNAEHHbIX NPUNOKEHUN foN0BHOI KOMNblOTEP KoHTeliHep

MNoppep:kKka C, C++, Fortran* UnTepdeiic AHanus MpunoxeHue
MNogkntouyeHne K paboTaloLmMM CEPBUCHBIM 'r;‘e' \ﬂfme (8 T.u. Java*)
nporpammam Java* (Hanpumep, noyta Mail) mpaner Pesynbtat

MpodunnmposKa ¢oHOBLIX Nporpamm Java* 6es j
= He TpebyeT KOHPUTYpaLMN KOHTENHEPA

npe3arpy3KM *  ABTOMaTUYeCcKoe onpejeseHne KoHTellHepa
MpoaBuHyTbie cobbITUA NpoLeccopa P e— —
AHanu3 UCNoNb3oBaHUA NAMATH - ‘—_ |
ToyHan MHdOpMaLma o cTeke ans Java* n HHVM* =

==u

Docker*

Mesos*

MporpammHble gaHHble (Hanpumep, BNOKMPOBKM U OXKUAaHWA) 1 npoduamposKa Python* noka HEBO3MOXKHbI B KOHTEHepaXx.

A © 2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names e 7
and brands may be claimed as the property of others. ‘ |nte| Software
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= Application Performance Snapshot [iFaw]

AHanums I'IpVIﬂO)KEHI/Iﬁ - IaHHble ANA 187s| B% 0 852 Lo

29

MHOTONOTOYHOIro nnm MPI npunoxeHuna

bbiCTpO U nerko

= Hy)XHO K eLé oNnTUMMU3MPOBATb NPUIOKEHNE?

MPI n mHOronoTo4Hble NPUNOXKEHUA

= KnactepHble NPUNOKEHUA C MHOFONOTOYHOCTbLIO U 6e3

= MHOronoTo4YHble NPNNOXKEHUA

NMopapeprkKka nonynapHbix MPI

= |ntel® MPI
= MPICH un Cray MPI

PaclumpeHHble MeTPUKH

= [poueccopbl (AOCTYN K NAMATU, PEXMUM OXUAAHUA)

8.82s

Elopsed Time

139.84 1.00

5P FLOPS Clockticks per Instruction
(MAX 1.02, MIN 0.98)

o
10 Bound 000%  <10%

MPI Time OpenMP Imbalance Memory Stalls
A1.69%N of Elapse 0.22%R of Hapsed Time 25.11%R of pipeline slots

(3.605) {0.885)

MPI Imbalance

= BbluMCAEHMA C NAaBatoLWEen TOYKON (BeKTopmn3aums)

{ Elopsed Time 1/0 Bound
{3.405) 0.00%
1%
{MEAN 0.00, PEAK 0.00
HUMA
Memory Footprint Read 4.04% of rem
MEAN 2045 MB, PEAK 2327 MB MEAN 0.0 KE. MAX 0.0 KB
Wiite

MNopaep»ka Tonbko B OC Linux .

MEAN 0.0 KB, MAX 0.0 KB

PeanbHbIN BN MOXET OTIN4aTbCA OT I'Ipl/IBep,éHHOI'O 34ecCb
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HoBWHKa! BbICTpbIM aHAIM3 BO3MOXKHOCTEN YCKOPEHMUA ...
Intel® Advisor — BekTopu3auus

ddPpeKkTUBHAA ONTUMMU3ALMA Ha OCHOBE AAHHbIX INTEL ADVISOR

Performance (GFLOPS) L] @\ -« X & | [ Use Single-Threaded Roofs © =

=  [loWCK He BNOJIHE ONTUMU3UPOBAHHbBIX LIUKNOB
=  OntTummsauma paboTbl C NAMATbIO UM BbIYUCIEHWNI
Bbi6Op anbTEPHATUBHOIO a/Ir0PUTMA
YCKOpEeHHbIN cbop AaHHbIX
"  ®OunbTpbl ANA cOOpPa TONbKO TOTO, YTO HYXKHO os
=  KOHTPO/b Haj yTOYHEHNEM AaHHbIX

y

Avithmetic Intensity (FLOP/Byte)

bonblwe AaHHbIX — nyylle pe3ynbrat
= [ogpepkKa Intel MKL (makcMmanbHO 3apdeKTUBHOE UCNOIb30BaHME BUBAMOTEKN)

=  [loacCy€T umcna Bbi30BOB PYHKLMIN B AOMNOJHEHME KO BPEMEHU UCMONHEHUA
= 5 pekomeHaaumin 4ob6aBneHO B UTOFOBOE pe3tome
="  TOYHOE YMCNO M HAa3BAHWUA BbIMOAHEHHbIX MHCTPYKLMWN A5 SKCNEPTOB

A TaKXe ...
YnpoweéHHbIN 3anyck MPI npunoxxeHnm
= [logaepxka MPIl B KOMaHAHOW CTPOKe

z © 2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names _/_3
(intel) software ‘
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MeHblue owmnbok, noaaepHka nocieaHNX Bepcui

onepaunmoHHbIX CUCTEM
Intel® Inspector Bepcua 2018 - otnagumnk

MeHbLLe NoXKHbIX cpabaTbiBaHUM lonck HeTprBMabHLIX NI0X0
BOCMNPOM3BOANUMbIX AUHAMUNYECKUX
=  Jlo6aBneHbl pexnmbl «CBOOOAEHY, OLWKMOOK B MHOTOMOTOYHOM Koze
«3axBa4yeH Ha YTEHUE» U «3aNnCb»

Mpumep:
Correct Answer Incorrect Answer

" HAobasnen Windows™ SRW l ESIEENE
ounter Counter

= Jlob6aBneH C++17 std::shared_mutex

[V [V Read count 0 Read count € 0
HOBeul'u”e BepcMM ((Ocem)) Increment 4] Read count < 4]
- Fedora* BepCVIVI 25 Write count 2> 1 Increment 0

Read count 1 Increment 4]
u Ubuntu* BepCMM 16.10 Increment 1 Write count > 1
Write count = 2 Write count = 1

—
—— © 2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names e 7
and brands may be claimed as the property of others. ‘ |nte| Software ‘ 10
/ For more complete information about compiler optimizations, see our Optimization Notice.



https://software.intel.com/en-us/articles/optimization-notice#opt-en

4YTO0 HOBOrO B
KNaCTEePHbIX
MHCTPYMEHTaXx?

Intel® MPI Library — 6ubnnoteka MPI
Intel® Trace Analyzer and Collector — aHann3 n onTumusaums

Intel® Cluster Checker — anarHocTuKa KnactepoB

2017 Intel Corporation. All rights reserved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names _/—)
and brands may be claimed as the property of others. ‘ |ntel Software ‘
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YnyylwieHHaa Nnpon3BoAUTENbHOCTb U NOAAEPHKKA
aPXUTEKTYP KOoMmnaHuu Intel®

Intel® MPI Library u Intel® Trace Analyzer and Collector Bepcnmn 2018

HoseMwee YcKOpeHHOoe nonyyeHue YnyJwieHHasa
obopyaoBaHue pe3ynbraTta nogaepiKKa

= [lpoueccopbl cepum Intel® Xeon®

= [logaepKa
= [poueccopbl cepun Intel® Xeon YckopeHHbiii 3anyck MPI OpenSHMEM* B

Phi™

= KommyTtaTtop Intel® Omni-Path

Intel® Trace Analyzer

and Collector
YcKopeHHoe 3aBeplLueHue

paboTbl AN nHTepdpencos
OpenFabrics n Tag Matching

ved. Intel and the Intel logo are trademarks of Intel Corporat the U.S. and/or oth
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ObneryéHHoe B3aMMOAENCTBME MEKOY

KA1aCTepPpHbIMA KOMIMNOHEHTAMMU
Intel® Cluster Checker Bepcun 2018

HoBsenwee YnyyweHus
UHTerpayus
obopyaoBaHue NpPou3BOAUTE/IbHOCTHU
* [Ipoueccopbl cepum Intel® Xeon® " YnpouleHa rpynnmMpoBKa = MposepKa Intel®
= [lpoueccopsbl cepun Intel® Xeon Phi™ NPOBEPOK Ha Scalable System
= KommytaTop Intel® Omni-Path MacwTabupyemocTb Framework

" Intel® Enterprise Edition for Lustre* = ypyyuweHo = MpoBepKa MHTErpaLMM C

npeacrasneHune Intel® HPC Orchestrator
pPe3ynbLTaToB

= [logaepXKa HECKONbKUX
6a3 gaHHbIX AnA
NpoBepOK

ved. Intel and the Intel logo are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other countries. *Other names
of others
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YTo HoBoro B8 Python™ n s
BbICOKOMPOU3BOANTENbHbIX
OnobnoTekax oT KOMNaHUM
Intel|®?

OTaenbHble AOKNAAb
nocsne obena!
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Co3aaBanTe oNTUMU3NPOBAHHOE BbICOKOMPOU3BOAUTE/IbHOE MPOrPaMMHOE
obecneyeHune

HoBoe B Intel® Parallel Studio XE 2018

Yayywaitte NpousBoanUTEeNbHOCTb, NEPEHOCUMOCTb U MacITabupyemocTb BallMX KOAOB Ha CaMbiX COBPeMeHHbIX naaTtdpopmax
KomnaHuwm Intel®

"  Mcnonb3ynte b6bicTpble MHCTPYKUUKM Intel® AVX-512 Ha npoueccopax cepuu Intel® Xeon® n Xeon Phi™.
= Intel® Advisor — nwuTe 1 aHanM3npyTe He BNOSIHE ONTUMMU3UPOBAHHbIE KPUTUYHbBIE LMK/bI
= Intel® Distribution for Python* - yckopsaiTe npunoxeHua c BbICOKONPOM3BOANUTENbHBIM A3bIKOM Python
* [logaeprKKa nocnegHUX CTaHAApPTOB M 060/104eK:
* C++2017 pacnapannenusaet n BektopusyeTt C++, ncnosnbsys Parallel STL*
* [lonHaA noaaep»Ka ctaHgapTa Fortran® 2008, noaaep:kka YepHOBMKa cTaHaapTa Fortran 2015
* [loaaeprKKa yepHoBMKa cTaHaapTa OpenMP* 5.0, noaaeprkka Microsoft Visual Studio* 2017
" YcKopAKTe KnacTepHble NPUAOKEHMA C MOMOLLbIO apxMTeKTypbl Intel® Omni-Path
Apantauua K Bawumm HyXaam
"  AHaNU3 NPUNOXKEHUA — ObICTPbIM OTBET Ha BOMPOC, HY)KHa 1M MoeMy rMBpUAHOMY KoAbl Aa/ibHeMWwaa onTMmm3auma?
= Intel® VTune™ Amplifier — npodunnposka o61auHbIx cepBUCOB C KoHTeHepammu Docker*/Mesos* u Java* npoueccamu
N mHoroe pgpyroe*...

— T~
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bbicTpbIn Koga...
eLLé bbicTpee

Ncnonb3ynTe Intel® Parallel Studio XE
Bepcumn 2018 Ana camblX COBPEMEHHbIX

npoueccopos!

PARALLEL

STUDIO XE

intel' Software ‘ 16
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Legal Disclaimer and Optimization Notice

= 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.

= Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software,
operations and functions. Any change to any of those factors may cause the results to vary. You should consult other
information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of
that product when combined with other products.

= Copyright © 2017, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are
trademarks of Intel Corporation in the U.S. and other countries.

Optimization Notice

Intel’s compilers 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 SSE2, SSE3, and 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. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the
applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice.

Notice revision #20110804
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