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[TapannenbHaa STL: YckopeHHble anropntmbl C++ STL
Intel® Threading Building Blocks Bepcumn 2018

MapannenbHana bubanorteKa

CTaHAAPTHDbIX WabnoHos

* [logpep*KKa YyepHOBMKaA cTaHaapTa C++ 2017

. MeToabl ona pacnapannennBaHUAa U
BEKTOPU3aLUNUU C NTOMOLW b KOMIMUNATOPA U
MWUHWUMAIbHbIMU N3MEHEHUAMMU KOAA

=  Bbibop cnocoba ncnonHeHua paboThbl

=  Cnocobbl MOryT Bbl6VIpaTbCﬂ oTAeNbHO ANA
Ka*X4o0ro 3agaHunA

=  [T0/IHOCTbIO UCNONb3YET MHOTONOTOYHOCTb
n3 bubnmnotekun Intel® TBB

= PabotaeT c Komnunatopom Intel® C/C++ ans
BEKTOpM3aLummn

Optimization Notice

Mpumep
for_each( , begin, end, function)
W seq NMocnepoBaTeNbHbIN
[oX
% par MapannenbHbin
©
~
Ml par_vec BekTOpM30BaHHbIN
N fpga_policy_PSG Ona PSG FPGA
i (NNC)
<
=1 my_policy_target Opyroe
a obopyaoBaHue




MopaepKKa HoBenwero obopyaoBaHmUA, yayylleHHas

AOKYMEHTALUKUA M rnpoyee
Intel® Data Analytics Acceleration Library Bepcuun 2018

YnyylweHa cTpaHuua ¢ A0KYMeHTaLUMeEN Ana ObICTPOro NomMcKa Hy»KHOM
nHdopmaLmnmn

JlobaBneHbl HEKOTOPble MoaAUPUKALMKN MHTEPdECca ANA yNpOoLeHns
MCNONb30BaHMA BUBAMOTEKU N NpUAaHNA eMy BonbLIEN NOTUYHOCTU

[lo6aBneHa nogaep»KKa aaropuTma «Ccayy4yamHoOro eca» ¢ BblYUC/IEHNEM
MHAeKca JXUHN.

[obaBneH nepemeHHbIM NapaMeTp CKOPOCTM OBy4YeHUA B anroputme
CTOXaCTUYECKOro rpagMeHTHOro CnycKa

YnyyweHa Nnpon3BoAMTENbHOCTb OTAE/IbHbIX YacTen bMbanoTekn
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https://software.intel.com/en-us/articles/intel-data-analytics-acceleration-library-documentation

MNopaepKa HoBenwero obopyaoBaHUA, YCKOPEHHOoEe

CXKaTme n npoyee
Intel® Integrated Performance Primitives sepcumn 2018

ObopyaoBaHue
* [loaaeprKka cneayrowero * JlukBMAMPOBaHa = OnTMMKM3auUMA anropmuTMa
NOKONEHMA NPOoLEeCccopoB 3aBUCUMOCTb OT OCHOBHOIO LZO (crkaTme 6e3 notepsb) C
cepuu Intel® Xeon Phi™ naketa Intel® IPP u ero MCMNONIb30BaHMEM
BEpCcUmn NMHCTPYKUM SSE4.2 n AVX2

= YiydweHHaA
NPOM3BOANTE/IbHOCTb




Intel® Math Kernel Library T

Energy Science & Engineering Financial Signal Digital
Research Design Analytics Processing Content
Creation

* YcKOpAeT maTeMaTUYECKME BblYMCNEHNA B
3a4a4ax MalWMHHOro obyyeHusa, Hay4YHbIX,
OUHAHCOBBIX N UHXEHEPHbIX
NPUNOXKEHUN

Linear Algebra

e Copeprut GyHKUMM AN TNHENHOM
anrebpeol (BLAS, LAPACK, PARDISO), bMN®,
BEKTOPHOM MAaTEMATUKM, CTaTUCTUKN U A4p.

Fast Fourier
Transforms

A
< >

v~

*  WUcnonb3yeT umerowmecs Ha pbiHKe
CTaHAapPTHbIE MHTEPdENChI ANA IETKOM
CMeHbl bubnmoTek

Fast Poisson
Solver

L Y Q
° OI'ITMMM3MpOBaHHbIe,

napannenn3oBaHHbIe U And Morel
BEKTOPU30BaHHblE NPOrpaMmbl AN
MaKCMMa/IbHOM NPOM3BOAUTENBHOCTU
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KomnoHeHTbl Intel® MKL

BbicTpble
NuHeinHan anrebpa npeo6pasoBaHuA BeKTopHble pyHKUMMU CraTucTuKa A TaKkxe
dypbe
* BLAS « MHOromepHble * TpUroHOoMeTpUuyecKmne * JKcuecc * CnnaliHbl
* LAPACK « FFTW uHTepdeiics! * Tunepbonnyeckme * KoapduumeHtsl * NHTepnonauusa
* ScalAPACK e Cluster FFT * DKCMNOHEHTHI Bapuauunm * Trust Region
* Sparse BLAS * Jlorapuombl * CTaTUCTMKA * Fast Poisson
* Sparse Solvers * CTeneHHble paHros Solver
* |terative * KopHu * Min/max * CBEPTKM
* PARDISO* * [eHepaTopbl Cy4aNHbIX * Nucnepcus, * Hopmanusaumm
* Cluster Sparse yucen KoBapuaumsa * Upp.©
Solver
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Kak Intel® Math Kernel Library (Intel® MKL) paboTaet?

OI'ITMMI/BMpOBaHHbIe MmaTemaTndyeckmne NnpnMmmnTmUB.l

* [lpousBoamTeNnbHOCTb — Hale Bcé©)! EDC North America
Development Survey 2016,
Camas nonynapHaa 6ubanoteka matemMaTUYECKUX NPUMUTUBOB B MUpPE Volume |

* Wcnonb3yetca se3ge © (Hanpumep, B Matlab, CADax)

BonbWKWHCTBO Nonb3oBaTenemn
3aToyeHa nog, cywecTeytowme u byaylme npoueccopbl KomnaHun UHTen, martematuyeckmnx 6ubanorex ncnonbaytot

HO paboTtaeT Ha Bcex x86 COBMeCTMMbIX NpoLeccopax

UHKeHepbl KOMNaHUN dKcnepTbl
UHTen

MKL

y 3HaeT BCEé 0 MHOroAAepHbIX
ABTOMATUYECKMUW gncnetyep

npoueccopax U cuctemax

* MopAaepskmBaeT Bce NAatGopmbl

* BeKTopu30BaHa, NapanjenbHa u pa6OTBET
C Knacrepamu
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Intel® MKL: oueHunTe nponssoanTeNbHOCTb Ha 3eoHax!

DGEMM Performance
On Intel® Xeon® Processor E5-2699 v4
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Matrix size (M = N)

Intel MKL - 1 thread  ®Intel MKL - 22 threads  ®Intel MKL - 44 threads

ginfégsurggonlnfo—Versions:IntelsMathKernelLibrary(IntelSMKLJZO”I?;Hardware:Imels,‘-(eonsProcessorE5—2699v4,2Twenty—two—coreCF‘U[SSMBsmancache,Z.ZGHzJ,64GEIotRAM;OperatingSystem:RHEL?.Z
Xob_b4,

Software andworkloads usedin performance tests may have beenoptimized for performance only on Intel microprocessors, Performance tests, suchas SYSmarkand MobileMark, are measured usingsFeciﬂccom juter

systems, components, software,o&:eraﬂonsandfuncﬂons. Any changetoany ofthose factors max cause the results to vary. Youshould consult otherinformationand performance tests to assistyouin fullyevaluating

Eourcom_emplated purchases, including the performance of that product whien combined with other products. * Other brands andnames are the property of their respective owners. Benchmark Source:intel
orporation

Optimization Notice: Intel's comgilers may or may not optimize 1o the same degree for non-Intel microprocessors for optimizations that are not uniqueto Intel microprocessors. These
optimizations include S5E2, S5E3, and 555E3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimizationon
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 arereserved 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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Intel® MKL: oueHunTe nponssoanTeNbHOCTb Ha 3eoHax!

Faster 1,000 Small Matrix Multiplications using Intel®* MKL DGEMM_BATCH
DGEMM_BATCH vs DGEMM, Intel® Xeon® Processor E5-2699 v4 (44 threads)
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m DGEMM m DGEMM_BATCH
Eanns%-?gt-mﬂ!a-ﬂrmns Irinel® st e el Libr by {1l MEIL) 201 7, b [ntel? Xeon® Prodedsor E5-2688v4, 2 Twenty-twi-tome CPUS5MB £mbrt cache, 2. 3EHE), G4GE of RAM, Opersting Syiterm RHELT.2
Ax :

Software andworidosds usedin performance LEses ma h.'.mrbrrenapuml.l:rdrn-rgrrrnrrmmnntym:nmmsfﬁrncumn P‘fll'l:'rl'l'ur\rr.flE!-'b-,:.u{ha.!.EFS-FII-IHII:al'\rﬂf-lﬂbllth'lil'-t,ﬂrlﬂﬂlwrﬂuaﬂ%&%ﬂﬂ-‘tmm?ﬂﬂ
Sy STRITS, COMPNENTS, SoMware, Operatons and funct ANy Change teany of INCse L300 0rs My’ CAUSEe The Mesui s [o vary, Yiou Should ConsuIT other iInformationand performanoe TESTS 0 A555Tyou in fully svalating
Il}ufil}ﬂﬂrﬂlaﬁﬂﬂunihaﬂi.ﬂi ding the periormanos OF TRAT PEOdUCT wWhemn (o MDined with orher produdis. * DUner brands andnames ane The property oF their respect ive pwners. Benchmank Sourceinne

Gl

Optimization Notice: Intel’s comgilers may or may nol optimize 1o the same degree for non-Intel microprocessors for oprimizations that are not unique 1o Intel rmicroprocessors. These
optimizations include S5E2, S5E3, and 555E3 Instruction sets and other optimzations. Intel does not guarantee the a\-alatnlgrﬁ.fu nctionality, or effectiveness of any optimizatlonon
microprocessors not manufactuned by intel, Microprocessor-d ent optimizations in this product are intended for use with intel microprocessors, Certain optimizations not specific 1o
Intel microarchitectung are resenied for Intel microprotessors, Pleate refer 1o the applicable product User and Reference Guides for mane information regarding the spedilic insiruclion $e1s
cowered by this notlce. Notice revislon ¥201103804.
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Intel® MKL: oueHnTe npon3BoanTeNbHOCTb Ha 3e0H P!

DGEMM Performance

On Intel® Xeon Phi™ Processor 7250
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Matrix size (M = N)

Intel MKL - 16 threads ®Intel MKL - 34 threads B Intel MKL - 68 threads

Eﬂ?l_l uga&fnérgos Versions: Intel® Math Kernel Library (Intel® MKL) 201 7;Hardware: Intel® XeonPhi™Processor 7250, 68 cores (34MB L2 cache, 1.4GHz), 96 GB of DDR4 RAM and 16 GB MCDRAM; Operating System:
X

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. For more complete information visit http://www.intel.com/performance.

Optimization Notice lMocnedHssa sepcus Intel® MKL 0aém sbicoyaliwyto
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Intel® MKL: oueHnTe npon3BoanTeNbHOCTb Ha 3e0H P!

Faster 1,000 Small Matrix Multiplications using Intel®* MKL DGEMM_BATCH
DGEMM_BATCH vs DGEMM, Intel® Xeon Phi™ Processor 7250 (68 threads)
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Optimization Notice: Intels compilers may or maynol optimize 1o the same degree for non-Intel microprocessors for oplimizations that are not uniquets Intel microprotessors These
optimizations include S5E2, S5E3, and SS5E3 Instruction sets and other optimizatlons. Intel does not guarantee the avalatulg?.fu nctionality, or effectiveness of any optimizationon
microprocessors not manufactuned by intel, Microprocessor-d ent optimizations in this product are intended for use with intel microprocessors. Certain optimizations not specific 1o
Intel microarchiteciure are resenced 1or Inlel microgracessons. Please refer 1o the applicable product User and Referende Guides 1or mode information regarding the specific instruction $615
covered by this notice. Motice revislon ¥207110804.
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HoBble u AOMNOJIHEHHbIE MaTeEMaTUHECKUE (I)yHKLI,I/II/I
Intel® Math Kernel Library Bepcun 2018

LAPACK

BLAS

HoBble BeKTOpHbIe
dYyHKUUM

BLAS

Mpynnosou nHtepodeiic

Hosble dyHKuUuK 3bPEeKTUBHOCTb U1 Anroputi NGA
[ ][ l LEeno4ncaeHHoro NPOU3BOAUTENLHOCTb | AL E dakTopusaumm
YMHOMeHUA N pelleHus
cuctem
arfy HoBbIM rpynnosom
YnyuweHHas / !‘ MHTEpdEIC AR pelleHns
NPOM3BOANTENHOCTD [ r TPeYroNbHbIX MaTpul,
SGEMM
,‘IP‘ YCKOpPEHHbI

ONTMMMU3MPOBaHHbIe | Y| GEMM_BATCH YAyuweHHas

CBEPTKN NPOU3BOAUTENBHOCTb

BHYTPEHHME MNoaxoant ans

npousseaeHus m MaJIEHbKUX U

cpeaHux

MmaTpuL,

24 HOBbIX

anroputma

BoraTbili BbIGOP
ONTUMU3UPOBAHHbIX

OYHKUUM

right © 2016, Intel Corporation. All rights reserved.

d brands may be c s the property of others.



Bubanortekn komnaHmm UHTen goctynHbl BECMNJTATHO ans ntobbix
uenen n ntobbix opraHU3aLnn

NPOBYUTE N HACNAXOANTECH NPOU3BOANTE/NIbHOCTbLIO!

https://software.intel.com/en-us/performance-libraries
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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.

OpenCL and the OpenCL logo are trademarks of Apple Inc. used by permission by Khronos.

Copyright © 2016, 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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