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Onsa yero Hy>xeH Intel® MIC?

CoyeTaHuve :

NpeumMyLyecTBa NporpaMmMHbIX MOAENEN,
TEXHUK U MHCTPYMEHTOB aA X86

+

Bbicokasi NNMOTHOCTb BbIYUCTIUTENbHbIX
3NeMeHTOB, XapakTepHas Ans
akcenepaTtopoB

Intel® Many Integrated Core !

wential, Char EEFHT&J' Sot ..q.ﬁg |
i 'Il'il

I
{1
24!

Resellers o Rock your sales.




NMpoaykTtbl Intel

Frequency

Core(s) 1 2 4
Thread(s) 2 2 8

SIMD 128 128 128
Width (2 clock) (1 clock) (1 clock)

Resellers

6
12

128
(1 clock)

Not
Announced

8 32
16 128

256 512
(1 clock) (1 clock)

Rock your sales.




Many Core u Multi-Core

Many Integrated Core Knights Ferry at 1-1.2 GHz Multi-core Intel® Xeon® processor at

Kaxpoe sapo Intel® MIC apXUTEKTYpPbl MEHbLLUE,
3KOHOMUYHEE, umeet 6osee HU3KYH NPON3BOAUTENBHOCTb

OaHako cyMMmapHasa npoussoauntenbHOCTb Intel® MIC Bbilwe

[TpUNOXeEHNA C BbICOKOW CTEMNEHbO-[1apannenmsma
BbIUIPLIBAIOT OT NPUMEHEHUs apxuTekTypbl Intel® Ml e Ehersw "

I
e

Resellers o Rock your sales.




CpaBHeHue Intel® Xeon® u Intel® MIC  intal
Aansa oMHaAaHCOBOMU MaTEMaTUKM L—/

1 noTokK

SIMD v napannenusm
Ha YPOBHE MNOTOKOB

m Xeon+MIC

1,0

Ontnmusauuma koga ana Intel® Xeon®
Aob6aeneHue Intel® MIC ysenmumeaet nponMsBoanUTEIbHOCTb

e quentialCharSetsCharge gy
gl

Resellers o Rock your sales.




MaccMBHO napannesibHbie
NnpuIo>KeHUs

.3932
1.09¢, 15_ il iy
g 3 ] 3{ a
Climate modeling & ‘762 R Ry = - .
weather prediction g 97F ’ L Medical imaging
i ¥ and biophysics
Digital content creation Financial analyses, trading Computer Aided Design
& Manufacturing

CNoXHble BblYUCUTENbHbIE I'IpO6J'I€MbI, KOTOpblE€E MOTYT ObITb p836VITbI Ha 4acTu,
BbIMOJIHAKOLWKNECA NMapaJlJiE€/IbHO

[MapannenbHble NPUNOXEHUSA OT/INYAIOTCA NO FPAHYNAPHOCTUA U MPOrPpaMMHbLIM
MOoAENAMS

MaccuBHO napannenbHblie NpUIoXeHnsa BcTpedatoTcs Besae! - workstation, HPC,
Data Centers

MpnMepbl MacCcMBHO NapannenbHbliX BbluncneHmnn: Vector Math, FFTs, Sparse and
Dense Matrix Multiplication, Convolution, LU Factorlzatlon Sort Monte Carlo,

Black-Scholes, nta. e
e L &z ! 'I':lll:llallrhﬂFEEf-J:h&rSE-rlqlﬁs -
I 'In'ljlﬁl.'.

Resellers bt Rock your sales.




Cemeuncrao "Knights”
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Software Development Platform

: :._ﬁuenﬁaﬁfh&ﬁetﬁargm )
Ulp

Resellers b Rock your sales.




VECTOR VECTOR
IA CORE IA CORE

INTERPROCESSOR NETWORK

COHERENT COHERENT COHERENT COHERENT
CACHE CACHE CACHE CACHE

COHERENT COHERENT COHERENT COHERENT
CACHE CACHE CACHE CACHE

INTERPROCESSOR NETWORK

—
O
o
-
2
Q
[
O
2
>
L
(]
w
X
(N5

MEMORY and 1/0 INTERFACES

VECTOR VECTOR VECTOR VECTOR
IA CORE IA CORE IA CORE IA CORE

32 appa x86 16 SP FP SIMD (512 6wur) Ko/sibLeBas WwuHa 1024 6ur

In-order MonHbIV HabOp MHCTPYKLMN Mamare GDDR5

Kopotkuit koHBeep KorepeHTHbIN KL “n.,  Moppepxka BMpTyaanOVI_I'F?BIIHTM
lid

i |"5Ef=ﬂ?:i'r55 thngi
i

MHOronoTouyHoCTb auential

CraHpgapTtHaa nporpamMmHas moaenb Intel X86

Resellers b Rock your s tel:




POCT Nnpon3BoaANTENIbHOCTMH
npoLueccoposB ('ntel')

-

Processor Core Performance ___ O6Lwan NPon3BOAUTENbHOCTb
NPUNOXeHNA

Bo3pociias
NPOnU3BOANTENBHOCTb OAHOIO
NOTOKa

YckopeHue Floating Point
onepauunn

MoK JOCTYN K JAHHbIM
CucTteMHbIn 6anaHc

uential rharﬁet=£har59,~_ gy
L II.'J'.'.

Fi

Resellers e Rock your sales.




Napannennam Ha BCeX YPOBHSAX (intel

Cluster/
Process

ﬁ‘rallelism

PacnpepneneHHas cuctemal/ Knacrep
Cluster Tools, Cluster OpenMP, MPI Checker

Byayuine npoueccopbl AOMKHbI I'IOFI.IJ.GP)KMBaTb CyLIECTBYIOUIQ Oa 5
NPUNOXEHUN 1 MUHUMU3UPOBATL 3aTpaThkl Ha ONTUMM3ALMIO Hﬂnsa,l |

Resellers Rock your sales.
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Multi/Many-Core -
MHAYCTPpUaAJIbHbIU TPEHA

JHepro3¢pPpeKTUBHbIE BbIUUC/IEHNA HA AT
Apxutektypax Multi/Many-Core ————r—— [Many-Core

Multi-Core
(4+)

Dual-Core

| : Hyper-Threading

e ——

Multi Processor -tk -'.--3-'F£'f3f'_.fu'?ﬂFEEFL'J'?&rSEI‘ﬂﬁg...
5

4

Resellers o Rock your sales.




2 | Compilers
s Libraries
o o utvns.aucy Parallel Models

Source

[ Multicore Many-core

Multicore S Multicore S
Intel" MIC
Architecture
CO-processor

-

b R
Komnunatopbl C/C++, Fortran
NHCTpymeHTbl n 61ubnnoteku
(MKL, IPP, TBB, ArBB, ...)

i MeToabl ONTUMM3ALIM C MOMOLLBIO
Resellers NHCTPYMEHTOB UHTen

Multlcnre

Cluster & Many-core

Cluster

quentialCharSetsCharge g
| 'I-'IJI,i'.

Rock your sales.




MHCTpYMEeHTbl pa3paboTku

Parallel “T Cluster
Studio J _ Studio

AC |

OnTumunsauyna NMapannenusm

Komnunatopbl C++ n Fortran, 6ménnortekn
MKL/IPP,MHCTpyMeHTbl aHasn3a
NPOW3BOANTENBHOCTU

Int;él"MI?l_Ill, Napannenusm g MKL, Knaﬁr?ﬁ?Htge )
VHCTPYMEHT B (juential,ullaf Ef'm&rﬂﬂ Ansi
'-'IJ;’;';

Resellers bt Rock your sales.




TexHonorma Intel® Cilk™ Plus

[MpocTas un achbdekTMBHaAA cucTemMa napansenbHbIX
OVNPEKTUB:
simple keywords » cilk_for — pacnapannenusaHue LMKIIOB
e cilk_spawn — cTtapT napannenbHOro NCNosHEHNS
e cilk_sync — koHeLU napannensHoOn cekuum

3awuTa shared nepemeHHbIX 6€3 6apbepoB K

hyper-objects (reducers) CMHXPOHM3ALMIA

I'Iapannean no AaHHbIM Ha YpPOBHE MaAaCCUBOB N UX

array notation y
cekumm

elemental functions [MoanemeHTaHs obpaboTka AaHHbIX B MaccmBax

quential Charset=Charsey gy
Wl 10

* Other brands and names are mt)kelywrlsrglwe:g:e

owners




lNMpnMmep koaa

float a[N][M], b[N][M], c[N][M], d[N][M];

void calc() {
for (int1=0;1<N; i++) {
for (intj=0;j < M; j++) {
c(ijil = afifp] + brp;
dli]b] = sin(cli]bl);

Resellers

uential rharﬁet=£har59,~_ gy
/)1




Intel® Cilk™ B nencrBum:
MHOronoTo4HOCTb
float a[N][M], b[N][M], c[N][M], d[N][M];
void calc() {
(inti=0;i<N;i++){
for (intj=0; < M; j++){
cli]iil = afilfi] + b]fl;
d[i][i] = sin(c[i](i]);

uential rharﬁet=£har59,~_ gy
/)1

Resellers




Intel® Cilk™ Plus B neﬁCTBu@
BekTOopusauusa
float a[N][M], b[N][M], c[N][M], d[N][M];
void calc() {
cilk_for (inti=0;i<N; i++) {
/[ array notation

cill. - 1=alll ]+ b[iff

/I elemental function

dijf - 1= sin(clil

}

uential rharﬁet=£har59,~_ gy
/)1

Resellers




MIC kakKk akcenepartop

cPU

C/C++, Fortran C/C++, Fortran
OpenMP Cilk Plus OpenMP Cilk Plus

Offloading Extensions 1=CharSet et
I"Jlill-i'

R ESE' |E rs i * Other brands and names are MYWEEIEEF

owners

i
it W



Offload Ha BUpTYyanbHOM @
Shared Memory

« OpnHakoBble BUpPTYasbHble agpeca ang IA
npoueccopa n MIC

« KoMbuHauusa runtime 6mnbnmnoTekun u
KOMMUASATOPA

« ABTOMaTnyeckasa nepeagada AaHHbIX Mexay
npoueccopoM n MIC

uential rharﬁet=£har59,~_ gy
=D

Resellers e Rock your sales.




Intel® Cilk™ Plus
B couyetaHum c Offload

float a[N][M], b[N][M], c[N][M], d[N][MI];
void calc() {
cilk_for (inti=0; i< N; i++){
/[ array notation
c[i[:1 = afi[:] + BOIL:T;
/I elemental function

d[i][:] = sin(c[i[:);

quential CharSet=Chay Ytdng

W

Resellers




Moapenum nporpaMMUpoBaHuUA C
ncnonbsosaHnem MPI

Offload

MIC-only

MIC-hosted

Symmetric

e VIP|
npoueccsol
TO/IbKO Ha
Xeon

e CoobuweHunsn
mexay Xeon

e MIC Kak
conpoueccop

Resellers

e MPI
npoueccbl Ha
oaHon MIC -
KapTte

e 3anycK Ha MIC

e MPI
NpoLuecchbl Ha
HECKONbKUX
KapTax MIC

e CoobueHuns
yepes Xeon

e MPI
npoueccobl Ha
MIC n Xeon

e CoobuweHunn
MeXay
Ntobbimun
A4pamum

o ,_-..,i,_un:r‘aifharSerﬂrarﬂemm.-hi
I

Rock your sales.




MPI npouecchl TOJIbKO Ha
Xeon

Bce coobLweHnsa TonbKo
MeXay npoLeccopamm

Offload ncnonb3syercs ans
yckopeHusa MPI npoueccos

PBB, OpenMP, pthreads
NCNOJIb3YKTCHA BHYTPU
npouecca (MIC)

Network

Havano ncnons3osanusa MIC B HPC
 [IpocTOoN nepexoa K reTeporeHHbIM
BbIYMCIIEHUAM
* YCKOpeHue BHYTPU O4HOrO npouecca

ential, fl'?ﬂl"SEtharSEr ! )
I

Resellers b Rock your sales.




// MPI process
// C/C+ + Offload Pragma
#pragma offload target (mic)
#pragma omp parallel for reduction(+:pi)
for (i=0; i<count; i++) {
float t = (float)((i+0.5)/count);
pi += 4.0/(1.0+t*t);
}

pi /= count

! MPI process
! Fortran Offload Directive

Idir$ omp offload target(mic)
I$omp parallel do
doi=1,10
A() = B(i) * C(i)
enddo
1$omp end parallel

// MPI process
// MKL Offload Example

in(transa, transb, N, alpha, beta) \
in(A:length(matrix_elements)) \
in(B:length(matrix_elements)) \
in(C:length(matrix_elements)) \
out(C:length(matrix_elements)alloc_if(0))

sgemm(&transa, &transb, &N, &N, &N, &alpha, A, &N,

B, &N, &beta, C, &N);

e
[/ C/C++ Offload Pragma ¢

#pragma offload target (migf
#pragma omp parall

for (i=0; i<:¢:un{é’iﬁq-) {

}

y .i..ﬁgr'.ffﬂﬁﬂmaﬁff"'fhmmw
{

Resellers : Rock your sales.




CummeTpuyHasa nporpammHas mogernb

MPI npoueccbl Ha MIC un
Xeon

CooblweHunsa mexay ntobbiMun
aapaMu

PBB, OpenMP, pthreads
MOryT 6bITb UCMNO/b30BaHbI

$ mpiicc —mic app.c -0 app

[MocTpoeHne ncnonHaemMblx Mogynen ¢ ucnonb3oBaHeMm Intel64 n
MIC koMAnnATopoB

$ mpiexec.hydra —mic -n 40 —f hostfile app

3anyck Ha 40 y3nax Ha pa3nunyHblx “Xeon+MIC” y3nax. 3arpyxaet
ncrnonHaemsle mogynu Ha MIC

niia ifhﬂfSEtharsEr _lq HE.'} :
jil

Resellers b Rock your sales.




3aKnumTesibHble =D
3aMevyaHus -

— TeHOeHUMsa pocTa yncna aaep Ha Kpucrtanne —
45 x 8, 85 x 8, 32 (KNF), >50 (KNC)...

— PacwunpeHnune perunctpos SIMD - 128, 256,
512...

— MHCTpyMeHTapun octaetcsa teM xe Intel
C/C++/Fortran koMmnunatTopbl, 6ubnunorteky,
Intel® MPI

— 3MeHeHMe noaxoada K NporpaMMmMpoBaHuUIO?
— byabTe rotoBbl K MIC!

uential rharﬁet=£har59,~_ gy
=D

Resellers e Rock your sales.
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Legal Disclaimer @

Notice: This document contains information on products in the design phase of development. The information here is subject to change

notice. Do not finalize a design with this information. Contact your local Intel sales office or your distributor to obtain the latest specification before
placing your product order.

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS
OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING
TO SALE AND/OR USE OF INTEL PRODUCTS, INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT, OR OTHER INTELLECTUAL PROPERTY RIGHT. Intel products are not intended for

use in medical, life saving, or life sustaining applications. Intel may make changes to specifications, product descriptions, and plans at any time,
without notice.

All products, dates, and figures are preliminary for planning purposes and are subject to change without notice.

Designers must not rely on the absence or characteristics of any features or instructions marked "reserved" or "undefined.” Intel reserves these for future
definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

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.

The Intel products discussed herein may contain design defects or errors known as errata which may cause the product to deviate from published
specifications. Current characterized errata are available on request.

Knights Corner, Knights Ferry, Aubrey Isle and other code names featured are used internally within Intel to identify products that are in development
and not yet publicly announced for release. Customers, licensees and other third parties are not authorized by Intel to use code names in advertising,
promotion or marketing of any product or services and any such use of Intel's internal code names is at the sole risk of the user.

Copies of documents which have an order number and are referenced in this document, or other Intel literature, may be obtained by calling 1-800-548-
4725, or by visiting Intel's website at !

Intel, Xeon, Xeon Inside, Pentium and the Intel logo are trademarks or registered trademarks of Intel Corporation or its subsidiaries in

Copyright © 2011, Intel Corporation. All rights reserved.
*Other names and brands may be claimed.as the'property of others.

uential rharﬁet=£har59,~_ gy
=D

Resellers b Rock your sales.




Optimization Notice — Please Re@TD

Intel® Compiler includes compiler 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® Compiler are reserved
for Intel microprocessors. For a detailed description of these compiler options, including the instruction sets they implicate, please refer to “Intel®
Compiler User and Reference Guides > Compiler Options." Many library routines that are part of Intel® Compiler are more highly optimized for Intel
microprocessors than for other microprocessors. While the compilers and libraries in Intel® Compiler 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.

While the paragraph above describes the basic optimization approach for Intel® Compiler, with respect to Intel's compilers and associated libraries as a
whole, Intel® Compiler 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.

Intel recommends that you evaluate other compilers to determine which best meet your requirements.

quential rharseFEharSem

Resellers i Rock your sales.
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