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Mopenun napannesibHOro NnporpaMMmMpoBaHuS

Intel® Cneuunanusu- NMoppepxka JKcnepruMeH-
Intel® Cilk™ Plus | | Threading pOBaHHbIE CTaHOapToB TanbHble
Building Blocks | | 6ubnuoTekm TEXHONormmn
PacwmnpeHue Bbubnunorteka Intel® Message Intel®
C/C++ wa6bnoHos C++ Integrated Passing Concurrent
Performance Interface (MPI) | | Collections
Primitives
n o o - Offload
pocTon TKPBITBIN KOA Intel® Math Extensions
napansienmsm OpenMP*

OTKpbITbIN KOA

MpoaykT UHTEN

MpoaykT UHTen

Kernel Library

Coarray Fortran

OpenCL*

Intel® Array
Building Blocks

Intel® SPMD
Parallel
Compiler
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e [lepeHocumbin API ans cucrtem c obuwien namMaTbio

—Fortran, C, n C++
-lMNoagpepxxnBaeTcss MHOrMMU NPOU3BOAUTENAMMU
e Linux, Windows, Mac OS

e CTaHOQpTU3NPYET pacnapasnjiesiMmBaHue LUUKI0B
M Mo 3aJadam

e O6begnHsaeT nocnenoBaTesibHbIN U NapaiyieNbHbIN
Ko B OAHOM UCXOAHWUKE

e CTanpaptunaunpyet ~ 20 neTHUN onbIT
MHOMOMOTOYHOCTM B KOMNUAATOpPaXx
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NMporpaMMHasa Mmoaenb

Fork-Join napannenusm.
* [MoTok-macTep 3anyckaeT rpynny NoTOKOB

°* Mapannenusm AoobaBnsieTcs nocnenoBaTesibHO!
nocrieaoBartesibHasA nporpamMmmva 3BOJIOLUNOHUPYET B

napannenbHyro
N 4 '\ N
/' ~ ,' ~ N\ ,4 ~
4: - H~ - :’._{: - :>_
/ \_,/ \\\_/l/, \_//
MoToK- N
MmacTtep

™~ ) e

MapannenbHble PerMoHbl
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Kak Bbirnaamt OpenMP

e Onuunsa komnunatopa /Qopenmp B Windows
nnn —openmp B Linux
o [lnpekTnBbl KOMNMNATOpPA, pragma
- Bua anpektus B C and C++:

#pragma omp construct [clause [clause]..]

— ®opMbl anpekTns B Fortran:

CSOMP construct [clause [clause]..]
1SOMP construct [clause [clause]..]
*SOMP construct [clause [clause]..]

e API pyHKUUM

omp get num threads()

¢ [lepeMeHHble OKpPYXEeHUS

omp get num threads()
OMP_NUM THREADS
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NapannenbHbI PErMoH U CTPYKTYPHbIEe 6710KkHn
(C/C++)

e BONbWWMHCTBO KOHCTPYKUMK OpenMP npuMeHaTCs K
CTPYKTYpHOMY 6/10KY

— CTpYyKTYpHbIN 6/10K: 6/10K C OAHOM TOYKOM BXO4a N OAHOM
TOYKOM BbIX0OAa

- EanHCcTBEHHOE pa3pelléHHoe «BeTBieHne» - onepatop STOP
B Fortran n exit() B C/C++

#pragma omp parallel if (go_now()) goto more;
{ #pragma omp parallel

int id = omp_get_thread_num(); ({
int id = omp_get_thread_num();
more: res[id] = do_big_job (id); |more: res[id] = do_big_job(id);
if (conv (res[id])) goto done;

if (conv (res[id])) goto more; goto more;
b by
printf (“All done\n"); done: if (Ireally_done()) goto more;
CTPYKTYpPHbIN OROK He cTpyKTypHbIN Grok

intel.
Ld Software & Services Group, Developer Products Division

Softwa re Copyright© 2010, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners. Optimization D
Notice




KoHCcTpykuuns omp for

// assume N=12
#pragma omp parallel for
for(i=0;i < N; i++)

c[i] = ali] + b[i];

e [lOoTOKaM Ha3zHa4yalTCA
He3aBUCUMble Habopobl
nTepaunu

e [TOTOKM AOMKHBbI XAaTb
B KOHLE napasijienibHOu
KOHCTPYKLMN

Software
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#pragma omp@
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#pragma omp for

Implicit barrier
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NMNapannenbHblie ceKUuunm

e HezaBucuMble cekunm Koaa MoryT
BbIMNOJIHATbLCA MapaJiJi€/ibHO —
YMEHbLLWAETCA BpeEMA UCTIOJTHEHUA

=
8 ‘ -
- | Q)
#pragma omp parallel sections :g I
{ o =
#pragma omp section Q g
funcl(); g E
#pragma omp section E o
func2(); o
#pragma omp section
func3();
b
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Y10 ewje ectb B OpenMP

e Bno)xeHHbIN napaniennsm

e OpraHmsaumsa aoctyna K obwmmM AaHHbIM
e 3aaa4m (tasks)

e CpeaCTBa CMHXPOHM3aUNN

— ATOMapHble onepaunu
— 3aMKu

- Kputnyeckmne cekumm

e Ynpasndawwme gupektmebl n API
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Intel® Threading Building Blocks

e bubnmuoreka C++ ana pacnapannenumBaHusa koaa N21
— bepéT Ha cebs ynpaBneHme MHOro3a4a4YHoCTbio

e Runtime 6ubnunorteka
— MacwTtabupyeMoCcTb Ha AOCTYMNHOE YMNCO0 NOTOKOB

o Kpocc-nnart(popMeHHOCTb

- Windows, Linux, Mac OS* u apyruve

Intel

Threading

e KoOMMepueckasa U OTKpbITaa JIMLLIEH3UU Building Blocks

http://threadingbuildingblocks.org
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Intel® Threading Building Blocks

4 N )

NMapannenbHbie NMapannenbHble
anropuTMbl KOHTEMHepbI
\ / ( )
C A JlIokanbHblIe AaHHbIE NOTOoKa
MnaHnvpoBLWMUK 3aaau S <
4 )
_ v
e N | MTpUMUTUBBI CUHXPOHU3aAUUM
Pa3Hoe NMoTokM
. ) \ )
( )
BbigeneHme namMatTum
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NUcnonHeHue 3aaaud

3aAayum No3BOoNAIOT 6aNaHCMpPOBaTb Harpysky

dBTOMAaTU4eCKum
MNoToK- MNoToK- MNoToK-
0bpaboTumk 0bpaboTumK 0bpaboTtumk | 3anyck 3agauu
=T

N N ’ JloKkanbHbIN NyN

SN ERe
T\ ask

L T[lepexBat | . L

| BbinonHeHue
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NMapannenbHbie aIrOPUTMbI

MapannenbHbleé UUKIbI AnNropmtMbl AN NOTOKOB AlAHHbIX

parallel_for

parallel_reduce parallel_do
parallel_for_each

pipeline / parallel_pipeline

MapannenbHaa COPTUPOBKA
parallel_sort

3anyck napasuienbHbiX PYHKLUN BbluncnurenbHbii rpad
parallel_invoke flow::graph
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NMpumep ucnonbsoBaHuna parallel_for

Class ChangeArr;&;'{“':_’.‘; .......................................................................................................................... Knacc ChangeArray onpeaenset
""" int* array: Teno umkna ana parallel_for
public: .
N
Ch.angeArray (int a'.)....“_.ga__t,r.a.y(.a.)....{.}...._4............,_._.. blocked_range - wa6bnoH TBB,
void operator()(-corst:blocked._ranges<int>8&r-).const{ . A
“for (int i=r.begin(); i'=rend(); i+¥){ NPEACTaBNAOLUNN OAHOMEPHOE
' Foo (array[i]); NTepaLMOHHOE NPOCTPaHCTBO
} .................................................................................................
_ ¥ OcHoBHaga paboTa HaxoauUTcsa
3 | B onepatope «operator()». 310
parallel cycle()4 TUNUYHO AN PYHKLUMOHANbHbIX
a:ﬁ'_ﬁgraIIeI_fo"i;::(jO.,.,,n._,. 1), ChangeArray(a)); obvekToB C++
o e
serial_loop(){ ...............................
for (int i=0; i<n; i++) e / Bbi30B Wa6A0HHOM d)yHKu,MM\
Foo arvaylii e parallel_for<Range, Body>:
y o T

2 ApryMeHTbI:
Range > blocked_range
\_Body > ChangeArray W
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NMoapnep>xka nambébpa-dpyHkumm C++ 11

Mpeabiaywimii npumep parallel_for Mo)xHO 3anucatb MHaue:

(- o
MeperpyxeHHbi parallel_for ncnonb3syer
1 aprymeHTbl start, stop un step n cam
#include "tbb/blocked_range.h" ’7 pry b|, ) F:j p
#include "tbb/parallel_for.n" \ KOHCTPpYUpYyeT DloCked_range
using namespace tbb; ’

: . _ [Nepepnaya napaMeTpoB MO 3HAYEHUIO
int main ()<
int a[n]; paboTaeT Tak Xe, Kak U Npn 06bIYHOM
// initialize array here... Bbl30Be (pyHKUMKN. Ecnn ncnonblosatb [&],
“oparallelfor O,n 1, | 13PaMETPbl nepegalote no cekinke
[ J(IRE iyt _
< Foo(ail)is .
reti?';'] o T C ucnonb3oBaHuem nambaa-gyHKLUN

MyBody::operator() peanusyeTtcs
NpsAMo BHYTpu Bbi3oBa parallel_for().
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parallel_for (Range(Data), Body(), Partitioner());

h [Data, Data+N)

)

[Data, Data+N
[Data+N/2, Data+N)

[Data, Data+N/

3a4ayn, [OCTYMHbIe

[Data, Data+GrainSiz ANda nepexsarta
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OCHOBHbIe napaJsuiefibHbleé KOHTeMHepbI

concurrent_hash_map <Key, T, Hasher, Allocator>
concurrent_unordered_map<Key, T, Hasher, Equality, Allocator>
concurrent_vector <T, Allocator>

concurrent_queue <T, Allocator>

concurrent_bounded_queue <T, Allocator>
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ATOMapHblie onepauumm

#include "tbb/blocked_range.h"
#include "tbb/parallel_for.h™
using namespace tbb;

atomic<int> sum;

int main (){
int a[n];
// initialize array here...

parallel_for (O, n, 1,
[=](int i) {
Foo.(alil);.... .~

"""" sum += a[i]; - 3Ta ONepauuns BbINONHAETCS aTOMapHO ]

1)

return O;

b
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Y10 Takoe Cilk?
Intel® Cilk™ Plus

e Pacwmnpenune C/C++ anga pacnapannenmBaHus
nporpamMm

e 3 K/1H0OYEBbLIX CJ/I0OBA
— cilk_for
— cilk_spawn
— cilk_sync

e YKasaHMe MecCcT AN pacnapannennBaHus, a He
ynpaB/leHne NoToKaMu
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lMocnepoBaTesibHOEe BbiINOJIHEHMue
Intel® Cilk™ Plus

void £Q @ \oid g0

{ {
gQ; work
work work

work work
work }

work
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AHaTOMUA BeTBJ/1IeHUusa
Intel® Cilk™ Plus

- void g(Q)

o void ) BETB/IEHME { OTBeTBNEHHAN

53 {: . l’,/"' ‘14C)"q7&r (1)\/P1|<:le151
o £| cilk_spawn gQ); work | (notomok)
s | work work
3= work npogo/mKeHne  }
2 s| work
QO I . o
o x| cilk_sync;

&l work I~

} CUHXPOHN3aALUNA
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3axBaT 3agaum
apyruve o6paboTumku HeaOCTYMNHbI

void f() void g()
{ @

cilk_spawn gQ; work
work work
work work
work }
cilk_sync;

work

To e noBeneHue,

4YTO M NpWU
Obpaborunk A nocnenoBaTelbHOM

NCrnoaHeHmun!
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3axBaT 3agaum
AOCTYNHbI Apyrue o6pabotTumnkmu

void fO @ \void gO

{ {
cilk_spawn g(Q); work
work ‘ work

work work
work }

cilk_sync; ‘

work
O6paboTumnk A O6paboTumnk B
O6paboTumnk
A/B -
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HaknagHble pacxoabl NpU 3axBaTe 3aaay
Intel® Cilk™ Plus

e BeTB/NeHMe He 3aTpaTHO

e 3axBaT ropa3ano 6onee 3atpateH (TpebytoTcs
6n10KMpOBKKN U Bapbepbl NaMATH)

e HO/IbLUMHCTBO BETBJ/IEHUN He NMPpUBOAUT K 3aXBAdTaM.

e C6banaHcmpoBaHHOe pacnpenesieHne Harpy3skm =»
MEeHbLUE 3aXBaTOB =»MeHbLUE HaKNaAHbIX pacxo4oB
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Unkn cilk_for

Intel® Cilk™ Plus

BO3MOXXHOCTM:
— BbirnagnT Kak obbl4yHbIA unkn for:
cilk_for (int x = 0; x < 1000000; ++x) { ... }
- Jlrobaga ntepayns MoXeT BbIMONIHATLCA NapaniesnbHo C

ApYrMMu

- Bce ntepauunmn 3akaH4YMBalOT BbIMO/IHEHME A0 BbiXOo4da U3
LKA

TpeboBaHus:
— ToNIbKO 04HA KOHTPOJIbHAA NnepeMeHHas
— BO3MOXHOCTb nepenTtn K Havyany nobon ntepauymnm
— NTepaunn aosiXxHbl 6bITb HE3AaBUCUMDI
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NMpumepsbl cilk_for
Intel® Cilk™ Plus

cilk for (int x; x < 1000000; x += 2) { ..} ‘urf/

cilk for (vector<int>::iterator x = y.begin();

x !=y.end(); ++x) { ..} ‘M///

cilk for (list<int>::iterator x = y.begin() ;
x !'= y.end(); ++x) { .. }
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Peanumsaumsa cilk_for
Intel® Cilk™ Plus

cilk_for (int i=0; i< 8; ++1)
f(i);

OTBeTBNEHNE NpogosxeHne

OTBeTBIEeHNE
[MpogomxkeHue

OTBeTBNEHMNE [MpoaosKeHne
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Ncnonb3oBaHue cilk _for

Intel® Cilk™ Plus
(5] build_with_cilk.exe == @ﬂ

inte
Ld Software & Services Group, Developer Products Division

SOftware Copyright© 2010, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners. Optimization D 1 1/ 1 7/20 11 3 4
Notice




cilk_for v nocnepoBaTrenbHbIN for
C BeTBJIeHueM

e CpaBHUTE UUKNbI:

for (int x = 0; X < n; ++x) { cilk_spawn f(x); }

cilk_for (int x =0; X < n; ++x) { fT(X); }

e [lBa UMKIA UMEIOT CXOXYI CEMAHTUKY, HO...
® UX MPON3BOANTENBHOCTb CUJIbHO OT/ZINYaETCH
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MocnepnoBaTtenbHbIN for c BerBN1IeHNEeM:
He c6banaHcupoBaH

O6paboTunk A
O6paboTunk B
oTBEeTBJIgHNE w ! !

3aXBaT

. =

OTBETBJIEHUE

Ecnn paboTta
3a OAHY UTepauuio Mana,
HaKNnagHble pacxoabl

MOryT 6bITb 3HAUYUTESNbHbI
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cilk_for: Divide and Conquer

Intel® Cilk™ Plus
O6paboTunk B

OTBETBJIEHUNE

O6paboTunk A

OTBETBJ/1IEHUNE

Divide and conquer results in few steals and less overhead.
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Reducers
be3 3axBaTa

cilk::reducer_opadd<int> sum(3); (3]

void (O void g() HauyanbHoe
{  _

3HaA4YEeHue

cilk_spawn gQ; work

work sum++; [Zl
sum += 2; @ work

work -

cilk_sync;

work

To e noBeneHwue,

4TO U Npu
SEISERIMEVIS S 1 - feoBaTENbHOM

NcrnoaHeHmun!
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Reducers
npoaoJjnNKeHne 3axpaydyeHo

cilk::reducer_opadd<int> sum(3); (3]

void ()
{

HavanbHoOe
3HauYeHue

cilk_sp
work
sum += 2

WO/'/( coBMeLlleHune
cilk_synGC; —
work

6
A B
A/B -
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SIMD: Single Instruction Multiple Data

« CkansipHas o6paboTtka « SIMD o6paboTtka

— TpaAUUMOHHbIN pPeXunMm — OpHa onepauums,

— OaHa onepauus, oavH MHO>XeCTBEHHbIW
pe3synbTaT pe3synbTaT

X -XZ rxl

+

x|

+

A v a2 [y
Xyl

X+Y -x2+y2 x1+yl
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C/C++ Extensions for Array Notation
(CEAN)

e O6b03HaueHNne MaccuBoOB
<array base> [<lower bound> : <length> : <stride>]*

- ‘:<stride>" onyMoHanbHO (No ymMon4yaHuio stride=1)

- oTcyTcTBuMe ‘i <length>:<stride>" o3HauvaeT length=1

— MpocTo *:’ BbIbMpaeT BCe 3/1IEMEHTbLI B J]AHHOM N3MEPEHUN

— O6paTnTte BHMMaHUe Ha oTandmne oT dopTpaHa, rae:
lower_bound : upper_bound : [stride]

e [IpnmMepbl:
Al:] // Bce anieMeHTbl BeKTOopa A
B[2:6] // 2nemeHTbl CO 2 No 7 BekTopa B
Cl[:1I5] // Ctonbeu 5 matpuubl C
D[0:3:2] // 9nemeHTbl 0,2,4 BekTOopa D

E[0:3][0:4] // 12 sanemenTOB Cc E[O][0] no E[2][3]

intel.

Ld Software & Services Group, Developer Products Division

Softwa re Copyright© 2010, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners. Optimization D 1 1/ 1 7/20 11 4 3
Notice




YCNnoBHbIe BbipaXXeHus

e BbipaxeHna CEAN MOryT ncnonb3oBaTbCs B
YCNOBHbIX Bblpa>eHUax.

— Bbnoku if/else non>XHblI UMeTb 0AMH BXOA4 U OOUH BbIXOA,.
Ncnonb3oBaHne onepatopoB goto, break un return He
nonyckaetcs. Nepexoabl B 650K if/else 3anpelieHsl.

1f (a[:] < bl[:]) {

mask[:] = -1;
}
else {

mask[:] = 1;
}

// mask[n] comepxutr -1 ecaum al[n] < b[n],
aln] >= b[n]
mask[:] = al:] < bl[:] ? -1 : 1;

1 ecnm
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SaKJ/IloueHume

e OpenMP - npu3HaHHbIN CTaHOapT
ANng pacnapanjienMBaHus Koga KOMNUASTOPOM

e Intel® TBB - mowHaa 6unbnmnoteka C++,
aBToMaTmyeckasa 6aslaHCUpPOBKaA Harpys3ku

e Intel® Cilk™ Plus - npocTtoe pacwunpeHne C/C++
ANns pacnapannennBaHunga nporpamMmm
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Optimization Notice

YsegomneHue 06 ontumusaumm

Komnunsatopsli Intel moryT He o6ecneunsatb A4nA NPOLLECCOPOB APYrUX NPOU3BOAUTENEN TAaKO Ke YPOBEHb
ONTUMMU3ALUM ANA ONTUMU3ALNIA, KOTOPbIe He ABAAIOTCA NPUCYLLMMM TONbKO npoueccopam Intel. B unucno atux
ONTUMMU3ALNIA BXOAAT Habopbl kKomaHa SSE2, SSE3 un SSSE3, a TakKe gpyrue ontumusaumnn. Kopnopauus Intel He
rapaHTMpyeT Hannuue, GyHKLMOHANbHOCTb AU 3P PEKTUBHOCTb ONTUMMU3ALUIA MUKPONPOLLECCOPOB APYrux
npoussoguteneil. CogepKalymecs B AaHHOW NPOAYKLMM ONTUMU3ALUM, 3aBUCALLIME OT MUKPONPOLLECCOpa,
npeAHa3sHavyeHbl 4NA UCNOb30BaHMUA C MUKponpoueccopamu Intel. HekoTopble onTumusaumm, He XxapaKkTepHbie Ana
MUKpOapxuTeKTypbl Intel, pesepeupytotca ToNbKo Ana mukponpoueccopos Intel. Bonee noapo6Hyto MHGOpMaLmio o
KOHKpPeTHbIX Habopax KOMaHZ, NOKPbIBaeMbIX HAaCTOALLMUM YBeAOMIEHUEM, MOXKHO NMOJIYYUTb B COOTBETCTBYHOLLIUX

PYKOBOACTBAX N0/ib30BaTeNA U CNPAaBOYHUKAX Ha NPOAYKT.

YBegomneHue, pepgakuma Ne 20110804
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Legal Disclaimer

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.

BunnyPeople, Celeron, Celeron Inside, Centrino, Centrino Atom, Centrino Atom Inside, Centrino
Inside, Centrino logo, Cilk, Core Inside, FlashFile, i960, InstantlP, Intel, the Intel logo, Intel386,
Intel486, IntelDX2, IntelDX4, IntelSX2, Intel Atom, Intel Atom Inside, Intel Core, Intel Inside,
Intel Inside logo, Intel. Leap ahead., Intel. Leap ahead. logo, Intel NetBurst, Intel NetMerge, Intel
NetStructure, Intel SingleDriver, Intel SpeedSteF, Intel StrataFlash, Intel Viiv, Intel vPro, Intel
XScale, Itanium, Itanium Inside, MCS, MMX, Oplus, OverDrive, PDCharm, Pentium, Pentium
Inside, skoool, Sound Mark, The Journey Inside, Viiv Inside, vPro Inside, VTune, Xeon, and Xeon
Inside 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 © 2011. Intel Corporation.
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