2013 —
@ CEE-SECR (intel
Paspaborkall0

CynepkoMnbloTepHOE
NporpamMMmpoBaHme —
TPeTbA rPaMOTHOCTb

Nropb OanHLIOB
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B «BbluncnuTtenbHasa MalvHa ... NpUBEAET K (hOPMUPOBAHNIO
| HOBOIO MHTENNEKTYyasNbHOro ooHa, HOBOW OMepaunoHHOM
\ J o 06CTaHOBKW, OpraHMYyeckn U ecTeCTBEHHO UCMNOJIb3yeMOWU
s = Tl @#. pebeHKOM B ero pasBmTum B LLIKONEe U AOoMa. BO3MOXHOCTH,
;- : -*...I-r ; npeaocTaBNgeMble MAalMHOW, N HOBble 3a4a4n o6pa3oBaHUS
A e Hen3bexHo OKaXKyT 3aMeTHOe BIMAHNE Ha OCHOBHbIE MOJIOXEHUS
" NCUXOSTIOMNN Pa3BUTUS, CIOXMBLLUMECS ANAAKTUYECKUE MPUHLMUMI
y “ N HOPMbl 06yUEHUS»

R

..I ‘




CynepkoMnbtloTepbl: 5 net Ao ak3agaonca.
YTO penaTtb?

Buue-npe3naeHT Kopnopauum
Intel Knpk CkayreH:
«llpepnonaraercs, 4To

MOLLHOCTb CynepKoMMnbloTepa
npeonosieeT OTMETKY
B 1 ak3adnonc B 2018 r.»
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[MpobnemMbl 1 3aaa4mn

1 ZFlops NMpobnema MacwTaba ExaScale

100 EFlops
10 EFlops

100 PFlops

10 PFlops
1 PFlops
100 TFlops
10 TFlops
1 TFlops
100 GFlops
10 GFlops
1 GFlops
100 MFlops

Y10 MOXHO MmoaenupoBaThb
cerogHa ~100TF

Mpumepbl 3a8ay:
* [lonHoe MopenupoBaHWe NoBeAeHUd caMoneTa
* Ncnonb3oBaHWe 3HAaHUN O reHoMe B MeAuLUHE
* WNccnepoBaHme bonblioro BapbiBa BceneHHOM
* CuHTEeTU4Yyeckue Tonamea

* ToyHOe MoAenMpoBaHWE U MPOrHO3 MoroAbl

1993 1999
SOFTWARE AND SERVICES
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(intel'

BbicOKONMPOU3BOANTENbHbIE BbIYNCIIEHUSA B
npuMepax

B naHHOM pa3aene ucnosb3oBaHbl cnamabl
npod. C.A.HeMHtornHa (Criery) &
.'.:-_'.:".“1I /o 7
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KoMMNblOTEPHOE NPOEKTUPOBAHNE NEKAPCTBEHHbIX
cpencts (drug design)

OTHpBIT W JANATEXTOBAH HOBLIA KNACC NPAMLIX MHrwbuTOpOB
Bnokuposanne paborel 6enxka OCYLWECTRNAETCA MONEKYNaMH = Tp’ﬂ‘“ﬁ""l-ﬂ = HOBOE NEXAPCTRO OT Tpnuﬁnmn M BANHGIA KOMAOOHEHT

ANAIMOIAMOWAIOWMX pacTaopOR

MIY = an3aiH WHrMGMTOPOB C HCNONLIOBAHHEM
CYNEPKOMNbIOTEPOB

Ha paspaborky
nosapobunoce
3JaTpavuMBaeTch okono 1,5 ney -
d Ha paspaborky obwivno: 8 ner
HHPAGHTOPOB: Wurnbupyowan
MBTOAOM NP6 i S ocT.
HOBbIX
HHrHGHTOpOB
Wurnburop B 50 pasz smwe,
HEM
Benok y 3apyGemHbIx
aHanoron

CyneproMnbioTephl yCKopaioT paspaborry uirnburopon

SOFTWARE AND SERVICES




MoaenunpoBaHue B ra3ognHamMuke

Unigraphics B apopymman s MipowecTs
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[1onaémM mnn He JONAEM?
«TaHUyWMn MmocT» B Bonrorpaae

CpbiBHOU ¢priatTep - aBToKosiebaHus
CUCTEMbI, COCTOSLLEN U3 NOTOKA
CNJIOWHON Ccpeabl N TBEpAOro Tena,
BbI3bIBAEMbl€ CXOASALLMMU C TeNa
BUXpamm KapmaHa.

SOFTWARE AND SERVICES



Bonrorpaa (P®)

SOFTWARE AND SERVICES



Takoma (CLUA)

SOFTWARE AND SERVICES




CpbiBHOU ¢pr1atrep - aBToKoNebaHUA CUCTEMbI, COCTOSILLLEN U3 NOTOKA
CNJIOWHOW cpeabl N TBEPAOro Tena, Bbi3blBaeMble CXOAALWMMHN C Tena
Buxpamu KapmaHa.

SOFTWARE AND SERVICES




MoaenunpoBaHue B rmapoanHaMmnKe

Crensa ¢
HPOCKIIBIBIBIHIIEM

B ———————

Jlannenne

/

v

Yporens
caoboHoil
TODEPXIOCTI

NPCCEATBILBAHIIEM

TpexmepHan Mofiens HatonopTa

SOFTWARE AND SERVICES




Kak noMmaTb MalUUHBbI? (intel)

[INSURANCE INSTITUTE

FOR HIGHWAY SAFETY

SOFTWARE AND SERVICES




Volkswagen
Entwicklung

Crash-Test
Simulation

SOFTWARE AND SERVICES




MoaenmpoBaHue KJimMaTUu4ecKknx npoLeccoB

(e HOBHME BHMIACNWTENLHEE X3 PAKTELMCTHIM MOOENEN

Xapaxtepuctikamogend | Konmatwueckan mogens | Pernonanchan mogens Eziepizammm
Paspewenne no npoctpas- | 100 — 200 km, 1= 10km, 1—10m,

CTEy W Bpemend, konHue- | 300 — 400 cex, 10— 6 cex, 1—5 cex,

CTBO Y3N0B CETHH - 10— 1(F - {F- 10 -1 -1E
Texmnoru pacpepene- |y 00D MPI MPI

HHA BEMHCIEHHHA

llexoMno sHUMA pacueTHOH

T [BYMEPHER [EYMEpHaR IBYMEDHER, TREXMEpHaR
Wecnoneayemeie B pacuetax | Knactep HEM PAK, CEHd MY “Yebenuee”, | CKHd MY “Uebuiwea™,
CYNEPROMMNBIITEDE! CKHd MIY “Yebenuea® |IBM Blue Gene P MVE- 50K

Cymmaphoe npousccoproe | 105 — 10y, 10— 1Fy, 1FE— 10y,

apemd, Mogenskoe gpema | 10— 100 ner 1= 10gm 10 -1gm.

SOFTWARE AND SERVICES




MeXaHn3M «oaeBaHnga» BUPTYAJIbHOIO rnjiatbsd Ha MaHEKEH

3.202e+04
2.882e+04
2.562e+04
2.242e+04 i

1.921e+04 _ T

1.601e+04

1.281e+04
9.607e+03
6.404e+03
3.202e+03
6.923e-02




[lpouecc AMHaMn4yeckoro B3anMoaencTBus

7

N TKaHW C nyne

bannncrtnyecko
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ALPOHHasa Tepanus

B NTEYEHUMN OHKONOTMYECKIX 3ab60NeBaHMM

SOFTWARE AND SERVICES
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1. ViccnegosaHue nikoe bparra B reTeporeHHbIX
Oronormyecknx Moaensx

1. 1. MogenuposaHne B1onorn4ecknx TKaHem

Ui Bporra aume nporonos, 30:10:1 30 Mali

- MsArkas TKaHb
| Tars wemes

Cl KWPOBaA TKaHb

D TKaHb NErkux i |
I ooTHas THaHe g oo w1 1. 2. MogenupoBaHme HeoHOPOAHOCTH

p! “
- T2y PO, s
Boﬂ'a Thwen Bpacra wm riperoon, 30;10:130 Mol

1. ViccnegosaHue nukos bparra B reTeporeHHbIxX
Buonornyeckux moaensx

I
o g & 1 e ™
. M bporra o ppomonen, 30000 10MSB - =¥ ; wpowd
[leocn Bpparra s npomonos, 30:10:130 Mali | / e ém | e
o | R B
sl : . oo : 1 PR
* ; — OCTHIE TRARR, |49 oM éw— . . J e LT
g R i ] 3 1 T~ d & ~ b / - e L
Ell f I b i | i - ¥y . o s E
| “ e s “ oy i s |
E I | il ‘ 0 % Bl LU B s H | ‘ 1|
e e I e R 21 [P | f = Soal S| S
: LUV e AT i - q . -l
E sl L [ | .‘| - ot B | # o e e ;
| | | . : X . % z
g I I | | R i 3 b ' o wod
2 it | | 1 M E ¥ g |
2 N Il | { | ;,.3 B R L
| E | Q0PN WALl BN WAL g ==t
| § i i
| == M " ) ul W
—1=1 ] W i Ty it 53 IOHHEHDSEHIH, Mse
o 100 1
' : Mkt Fiparra ana oporome, 30:10: 120 MaB
[ Bporra e mparano, 80-100 MaB 4 =
| ! ncTnar iz L I R Rt 77 [
| e gy rmmeaw ) e 3 o
A
" .
XLy : 50 ®
4 :
i || | 100 F L
i ]
Jos H 120
- i
i T
L] E
0k Vo mamsem ) & | e
F ] s
§ g
B 02
EL bt . b e oo e S B
2 iy -] i LTI BRI 4 ':‘"‘"-'"-'i“ & 1 |
E — EPOUEE UNAL 0 I
£ | ] n a ] H 1
i B ] t itz posoncia o
a 50 L) T L) an 1w

[y DpOHMEHOB2HIS, S0

SOFTWARE AND SERVICES




4000

>

000

o

o

000

Deposited energy, MeV

1000

SOFTWARE AND SERVICES

Bragg peak for protons, energies 40:10:140 MeV

01 5 soft tissue,
B 60 "‘ ‘ density 0.99 g/em’
40 Mev | |
- [ H skeleton,
' density 1.49 3
i \| 1o, density g/em
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0 20 40 60 80 100
Depth, mm




3. Mopenuposaxue nukos bparra
ONst peanbHbix 06pasLos

DICOM:

Digital Imaging

and Communications
in Medicine

| —— Quadiilaterals

h

SOFTWARE AND SERVICES

deposit, Mev

215

Bragy peak for protons, 80 MY

2




Konnanaep NICA (Ay6Ha)
(Nuclotron-based Ion Collider facility)

Haner Km
Bldag #2104 CToKHoBeHVE
S8 g A re
/e 80 s i lae
o 9%% 4
< il () |
Collider rings X ERRLTTINE bo) s
MPOTQHBI, HElfTPOHS! Sl 4o LA \Cl) e el
. N 8
*e, * =
Co . o e/ s
L " (I ] .
ME30HS! (110Hb, Ka0HEI] HBa‘pi{Trim’nHHan

GLEEEY 2POHHbIA Ta3

Ha konnangepe NICA, koTopbli nnaHupyeTtcsa co3aaTtb B 2015 rogy B [1ybHe,
OyaeT usyyatbCs nepexon sA€pPHON MaTepUN NPU SKCTPEMAsbHbIX YCIIOBUSX B

COCTOAHMUE KBapK-Fﬂ}OOHHOVI MN1a3Mbl
SOFTWARE AND SERVICES




(intel'

BbicoKkonmn pon3BoAnNTEJIbHblE BbIHNCITEHWUSA .

BUEPA, CerogHs4d, 3aBTpa
(KpaTKas MHCTPYKUMSA MO BeAEHMUIO napasiesibHON XNU3HW)

B naHHOM pa3aene ncnosb3oBaHbl cllanabl
npod. C.A.HeMHIOrMHa (CI'I6;.¢¢ g

e

SOFTWARE AND SERVICES
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(intel)’
TexHonornn HPC (High-Performance
Computing) no3BoONAOT:

* pelwaTb HOBble, 60/1ee C/TIoXHble 3a4a4u;
* pelwaTb CTapble 3aaa4un, HO bbiCcTpee;

* pewlaTb CTapble 3aaa4un, Ho c 6onee
BbICOKOW TOYHOCTbIO.

SOFTWARE AND SERVICES
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0 1970-1985 rr. — poCcT Npon3BOANTENBHOCTH
npoueccopa rnaBsHbIM 06pa3om 3a cyeT
COBEpLUEHCTBOBAHUSA 31eMeHTHON 6a3bl N yBenn4deHus
TaKTOBOW 4YaCTOThbl;

0 1985-2000 rr. — apxuUTeKkTypHble MOoANPUKaLMn
(KOHBeunepbl, cynepckansapHble npoLeccopsbl,
KoWMpoBaHMe, yeenmyeHne paspsagHoCcTM U T. 4.);

0 2001 r. — pecypc noBbllWEHUS TAKTOBOW 4acCTOThl
ncuyepnaH;

0 2005 r. — ncyepnaHbl pecypcCbl apXUTEKTYpPHOIro
yCOBepLUIeHCTBOBAHUA OTAENIbHO B3STOro0 KOMNbOTEpPaA.
[TosBneHne MHOrosAepHbIX NMPoOLIeCCOpPOB;

0 C 2008 r. — multicore -> manycore.

SOFTWARE AND SERVICES




Hanbonee addpekTnBHbLIN COCO6
yBennyeHuns npomn3BoanTesibHOCTH
BbIYMCIIUTENbHbIX CUCTEM —

napanfenn3m Ha pa3HbliX YPOBHAX

SOFTWARE AND SERVICES
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10000 Processor Transistor Counts 10 Processor ock Rates
1000
1 GHz

100

10 o 0.1

1 million transistors m-a

0.01
(1T
0.1 & o
(<]
- 0.001 o
' ga a
]

0.001 0.0001

1970 1975 1980 1985 1990 1995 2000 2005 2010 1970 1975 1980 1985 1990 1995 2000 2005 2010

KonnyecTtBo TpaH3UCTOPOB TakToBasa yactoTa
gé Processor Core and Thread Counts .
9
18 — ®Threads
7
16 7~ Mcores
5
14
13
7
11
10
9
8
7
6
5
4
3
2
1

1970 1975 1980 1985 1990 1995 2000 2005 2010
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OT apxutekTypbl multicore (c HebonbwON MHOrosaep &)
K apxutektype manycore (¢ 601blL0ON MHOroS4epPHOCT

ApxutekTtypa Intel Many Integrated Core (MIC) - war kK cuctemam c 60/bLLIOW
MHOrosi1€pHOCTbIO, OT 32-94€PHOro NpoTOTUNA K CUCTEMAM C AeCATKaMu, COTHAMU U T.4.
anep. NMocne npoeenéHHoro Intel pebpeHanHra, nonyymna HaseaHue Intel Xeon Phi.

-

MNofcHcTeMa MaknpoLEcCopHOR KOMMYHUKALMK

KarepeHTHE A KnrepeHTHE H . KarepeHTHE W KnrepeHTHE H
K2l k2w k3w k2w
KarepeHTHE A KarepeHTHE H _ KarepeHTHE W KarepeHTHE H
kall k3w K3l k3w

[oacvcTeMa MEKNPOLECCOPHOR KOMMYHUKALMK

-

B Intel Xeon Phi nHterpupoBaHo
60 agep x86 c 6onbwnmmy 512-
pa3psaaHbIMN BEKTOPHbIMU
MoaynsaMun, pabotaroWMMmM Ha
yacTtoTe 6onee 1 My un
obecneumBarOWmMX CKOPOCTb
BbIYMCNIEHNIN ABONHOWN TOYHOCTMU
bonee 1 Tepadnonc. OHHU
pacnosioXeHbl Ha ABYXC/IOTOBOM
kapTe PCI Express co
crieymasibHOM NpoWMBKOM Ha
6a3e Linux. Intel Xeon Phi 5110P
BKNtoyaeT 8 6banTt namsaTu

MCckl BEOOS-BLIBEDOS

-
¥

PYHKLIY KGR o BaHHDEA NoriaKi

[NamMATE 1 MHTER



Top 500 supercomputers
(http://www.top500.0rg)

Rank Site

Rmax
System Cores  (TFlopls)

o National University of Defense Technology  Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster, Intel 3120000 33862.7

China

o DOE/SC/Oak Ridge National Laboratory
United States

€ DOENNSALINL
United States

@  RIKEN Advanced Insitute for
Computational Science (AICS)
Japan

o DOE/SC/Argonne National Laboratory
United States

Xeon £5-2692 12C 2. 200GHz, TH Express-2, Intel
Xeon Phi 3151P
NUDT

Titan - Cray XK7 , Opteron 6274 16C 2.200GHz, 560640 175900
Cray Gemini interconnect, NVIDIA K20x
Cray Inc.

Sequoia - BlueGene/Q, Power BQC 16C 1.60 GHz, 1572864 17173.2
Custom
IBM

K computer, SPARC64 VIIIfx 2.0GHz, Tofu 705024 105100
Interconnect

Fujitsu

Mira - BlueGene/Q, Power BQC 16C 1.60GHz, 786432 85866

Custom
IBM

Rpeak
(TFlopls)

94902 4

2M125

201327

112804

100663

intel)

Power
(kW)

17808

8209
7890
12660

3945




Tianhe-2 (MilkyWay-2) - TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C

2.200GHz, TH Express-2, Intel Xeon Phi 31S1P

Site:

Manufacturer:

Cores:

Linpack Performance (Rmax)
Theoretical Peak (Rpeak)
Power:

Memory:

Interconnect:

Operating System:
Compiler:

Math Library:

MPI:

SOFTWARE AND SERVICES

National University of Defense Technology
NUDT
3,120,000
33,862.7 TFlop/s
54,902 4 TFlop/s
17.808.00 kW
1,024,000 GB
TH Express-2
Kylin Linux

icc

Intel MKL-11.0.0

MPICH2 with a customized GLEX channel




axaFLOP/s intel
e
-::ﬂ*“"Iii
o

100
E Tianhe-2 {China)
& Sequoia (Us) 7
=l K computer (Japan)
ﬂ_ Jun 2071-Nav 2011
- : i Titan (US)
o Tianha-1A (China)
nd 10 Nav 2010 Haw 2012
n Jaguar (US)
% Now 2009-Jun 2010
= Roadrunner (US)
"!!? Jung 2008-Jun 2004 petaFLOP/s
a BlueGenalL {US)

Jun 2008-Nav 2007
0.1
sg‘b P ﬁﬁj 3 {'F?
¢
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Poccunckasa d®epgepaumnsa — 2012 [in/t;D

@ Mational Institute for Kraken XT3 - Cray XT5-HE 112800 9191 1730 3090
Computational Opteron Six Core 2.6 GHz
Sciences/University of  Cray Inc.

Tennessee
United States

Moscow State University  Lomonosov - T-Platforms 78660  901.9 17002 2800
- Research Computing ~ T-Blade2/1.1, Xeon

Center X5570/X5670/E5630 2.93/2 53
Russia GHz, Nwdia 2070 GPU,
PowerXCell 8i Infiniband QOR
T-Platforms
@ HWW/Universitaet HERMIT - Cray XE6, Opteron 113472 8314 10439
Stuttgart 6276 16C 2.30 GHz, Cray
Germany Gemini interconnect
Cray Inc.

SOFTWARE AND SERVICES




Poccunnckasa ®epepaumnd — 2013

Moscow State University - Research Lomonosov - T-Platforms T-Blade2/1.1, Xeon 78660 9019 17002 2600
Computing Center X5570/X5670/E5630 2.93/2.53 GHz, Nvidia 2070
Russia GPU, PowerXCell 8i Infiniband QDR
T-Platforms
m Joint Supercomputer Center MVS-10P - RSC Tornado, Xeon E5-2690 8C 28704 3157 5236 223
Russia 2 900GHz, Infiniband FDR, Intel Xeon Phi SE10X
RSC Group
IT Services Provider Cluster Platform 3000 BL460c Gen8, Xeon E5-2660 8C 18032 1609 74
Russia 2.200GHz, Gigabit Ethemet
Hewlett-Packard
€ oint Supercomputer Center MVS-100K - Cluster Platform 3000 BL460c/BL 13004 1199 2279
Russia 2x220/51.390, Xeon E5450/5365/X5675 4C 3.000GHz,
Infiniband DDR, NVIDIA 2090
Hewleit-Packard
IMM UrOAN Uran - ClusterPlatform SL390s/SL270s, Xeon X56756C 5900 1054 2280
Russia 3.060GHz, Infiniband QDR, NVIDIA 2090
Hewlett-Packard
Kurchatov Institute Moscow Cluster Platform 3000 BL 2x220, Xeon E5450 4C 10304 1012 1236
Russia 3.000GHz, Infiniband QDR
Hewleti-Packard
South Ural State University SKIF Aurora - SKIF Aurora Platform - Intel Xeon X5680, 8832 1004 17.0

Russia

Infiniband QDR
RSC Group

ntel)‘




PentnHr Top 50 cynepkomnbtoTepoB CHI
top50.supercomputers.ru

TeKyLLnA peUTUHr
18-aa pepakuma ot 02.04.2013

Kon-Bo
CPU/anep

1

Mackea
MocKoBCHKMit
[OCYNapCTEEHHBII
YHUBEPCHTET MMEHH
M.B.NMoMoHocoBa
2012r.

Mockea
®rEYH
MexBenoMCTBEHHbIA

CYNEPROMNBHTEDPHBIM

ueHTp Poccuiickas
AKANEMIA HAYK

2012 .

He yKazaH
IT Services Provider
2012r.

YenabuHck
HOx%HO-Y panbCkuii

roCynapCTEBEHHbIM

YHUBEDCHTET
2012 .

Mockea
®rEYH
MexBeq0MCTBEHHBII

CyNeproMNbHITERHBIH

EHTp PoccHidckan
AKAIEMUA HAYK

2009 1.

ExaTepunbypr
B bYW CIHT e bHbI

uexTp UMM ¥pO PAH
2012,

12422/82468

416/28704

2254/18032

384/14016

2370/13004

440/1192

ApxuTexkTypa
(Twn npoueccopa [ ek )

y2nos: 4160 (2xXeon 5570 2.93 GHz 12 GB RAM)

yanos: 777 (2X{eon E5630 [Acc: 2xTesla X2070] 2.53 GHz 12 GB RAM)
yznoe: 640 (2:X{eon 5670 2.93 GHz 24 GB RAM)

y2noB: 288 (2xXXeon ES630 [Acc: 2xTesla X2070] 2.53 GHz 24 GB RAM)
yznos: 260 (2:&{eon 5570 2.93 GHz 24 GB RAM)

yanos: 40 (DXXeon 5670 2.93 GHz 48 GB RAM)

yznos: 30 (2xPowerXCell 8i 3.2 GHz 16 GB RAM)

y2nos: 4 ($X{eon E7650 2.26 GHz 512 GB RAM)

cetk: Infiniband QDR/Gigabit Ethernet/Gigabit Ethernet

y2noe: 208 (2xIntel Xeon E5-2690 [Acc: 2x Xeon Phi 7110X] 2.9 GHz 80 GB RAM)
ceTb: FDR Infiniband/Gigabit Ethernet/Fast Ethernet

yanel: (Xeon ES-2660 2.2 GHz)
ceTk: Gigabit Ethernet

yanos: 192 (2:¢{eon %5680 [Acc: Xeon Phi SE10X] 3.33 GHz 32 GB RAM)
ceTb: QDR Infiniband/Gigabit Ethernet

yznos: 990 (2:¢{eon E5450 3 GHz 8.192 GB RAM)

yznoe: 192 (2:¢{eon 5365 3 GHz 8.192 GB RAM)

y2nos: 74 (2XXeon X5670 2.93 GHz 12.288 GB RAM)

yznos: 19 (2xXeon X5675 [Acc: BxTesla M2090] 3 GHz 196.608 GB RAM)
cete: Infiniband 4x DDR/2xGigabit Ethernet/Gigabit Ethernet

yanos: 20 (2X{eon X5675 [Acc: BxTesla M2050] 3.06 GHz 49.152 GB RAM)
y2noB: 14 (2xXeon E5-2660 [Acc: 8xTesla M2090] 2.2 GHz 98.304 GB RAM)
yznos: 10 (2xXeon X5675 [Acc: BxTesla M2090] 3.06 GHz 196.608 GB RAM)
cetk: Infiniband 4x DDR/Gigabit Ethernet/Gigabit Ethernet

MNpoH3BOONTENBHOCTD

(Tflop/s)

Linpack

901.90

375.70

160.90

146.80

119.93

105.36

MuKosan

1,700.21

523.83

317.40

236.82

227.84

216.56

PazpaboTunk

T-NnardopMmel

Ipynna
KoMNaHuiA PCK

Hewlett-
Packard

Ipynna
KoMnaHuid PCK

Hewlett-
Packard

Hewlett
Packard /
OTKphITHIE
TEXHONOTHI

intel.




Intel” Xeon Phi

s (inte!

Intel" Xeon"  Intel” Xeon"  Intel’ Xeon” Intel’Xeon” Intel’ Xeon® Intel Xeon®
DrOCESSOr  processor  processor  Processor  processor  processor

64-bit 5100 5500 5600  ceromed  coderamed

Sandy lvy

Series series series Brldge Brldge Corner

Core(s) 1 2 4 6 8

Threads 2 2 8 12 16 240
SMDWidth 128 128 128 128 256 256 256 512

SSE2 SSSE3 SSE4.2 SSE4.2 AVX AVX ng IntrOdUCing IntEI Xeon PhiTM coprocessors
15X Highly-parallel Processing for Unparalleled Discovery
Groundbreaking: differences
PCI Core| Core| Core Core|

l L2 “ L2 1 l L2 “ L2 1 Up to 61 IA cores/1.1 GHz/ 244 Threads
‘ I l l Up to 8GB memory with up to 352 GB/s bandwidth

512-bit SIMD instructions

Linux operating system, IP addressable

Standard programming languages and tools

| | |
lL_ZJ “‘—2] LL—ZJ M Leading to Groundbreaking results

Core| Core ‘Core  Core|
Over 1 TeraFlop/s double precision peak performance’
CLEAN, CHERP
*+ 60(61) cores Enjoy up to 2.2x higher memory bandwidth than on an Intel’ Xeon’ i
+ 8GB GDDR5 Memory processor €5 family-based server.2
+ 8 memory controllers, 16 GDDR5 channels, up to 5.5GT/s o4 f it el Yoot
« PCle Gen2 (Client) x16 per direction b to 4x more performance per watt than with an Intel’ Xeon

processor E5 family-based server. ?

+ ECC, CRC
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KTo nony4yaet NpenMyLlecTBO OT
CynepKoMnbTEPOB?

3D Modeling & Broadcast  Search & Bus Digital Peiensey
odeling e : roadcast earc usiness efense
Visualization Bioinformatics & Film Intelligence E?gatteigfw & Security

= ' - | GIS & ; :
: : Financial Game : Medical Imaging
EnnggggtI:]lng Energy Analytics Development Isn?\geg:;”elf‘?/ & AnaIyS|gs

_\-\-‘\ N
Science & Signal Telecommunications
Research Processing
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BblCOKONMPOM3BOANTENbHbIE BbIYNCIIEHUNA U
KOMMbIOTEPHbIA KOHTUHYYM
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06AayHbIe
CREAL

LEeHTPE!
06pPabaTK/ ﬁaﬂnens
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LEeCKTOMNbI HETEY KM CMapTPOHbl«ymHple» BCTPOEHHbI¢
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YTo Intel npeanaraeT ans
CYNepKOMMbOTEPHbIX BblYNCIEHNIN?

el inside"

Xeon'
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[10 Intel anga pa3zpaboTunkos

Intel Intel

Parallel Cluster
Studio Studio
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OOHWN N TE€ XEe NHCTPYMEHTHI
AN Pa3/INYHbIX apXUTEKTYP

Intel Intel

Cluster
Studio

XE

Parallel Cluster
Studio Studio

XE XE

( intelinsice:
Xeon'

i@inside"

P ——— intelinside"

[roa— I’-
Xeon'

(intelinsiae

_Xeon Phi

" Multicore N
CPU

Multicore N
CPU

Intel® MIC N Multicore and
‘ Architecture Cluster Many-core Cl
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[[MnoTe3a «nonypacnanaa 3HaHUMN>»

* [IpMepHO NOJSIOBMUHA 3HAHUW
B 06/1aCTU BbICOKUX
TeXHONOrMn yctapeBaeT B
TeyeHnn nepuoaa, He
npesBbiwatowero 10 ner.

* B obnactu
CYyNepKOMMbOTEPHbIX
TEXHOMOMNMM C HaALLen TOUKU
3peHnss TakKuM nepmnoaom
apndercda 1.5-2 roaa
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Tpu nokoneHusa nporpamm Intel
B obnactmn obpa3oBaHus

O6pa3oBaTenbHble NHTEeHCHBHan
KoMnaekchbl no IT- npodeccruoHanbHas
AUCUMMIMHAM MOArOTOBKa CTYAEHTOB
M npenogasaTenen

HaBblkn obLieHuns,
npeseHTauun, HaBblkn ynpaBneHus

Ny6AnYHbIX NpoeKkTaMu
BbICTYNJIEHNN W T.1.

OcHoBbI
TEXHOJIOMMYECKOI0
npeanpuHU-MaTenbCTBa
ANs npenoaasaTtenen

1.0

YU | VWAL MINLJ DU IR VILL 3

YyebHble cneunanm3un-
pOBaHHbIE KYpPChbl B
paMKax nporpamMmmsl

cepTudukaunm

NMcuxonorna paboTobl B
KOMaHzAe,
a/IrOPUTMbl MOHUMAHUSA

TexHonornyeckoe
npeanpuHU-MaTenbCTBO
ONA CTYAEHTOB,
TBOpYECKOE MbILUSIEHUE,
TPU3

2002 - ...



Intel Summer School 2013

H>|<HV|1‘/’| HOBro,u,




Intel Summer School 2013

LLIkonia npoxoaunna c 3 nonga no 23

DUCE

aBrycta 2013 r. B HUXXeropoackoMm od

Intel.
*KoninyectBo y4yacTHUKOB 24.

[Ilporpamma:
‘PaboTa B npoekTax HaA 3aaavamMu
Ob6pa3oBaTesibHad nporpaMmma
‘CepTudmMKaLUMOHHas nporpamMmma
*CTyaeH4YeCcKun ceMmHap
‘CoumanbHaa nporpamMmma
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[TlporpaMMa cepTudmnkaumum B 0b61actu
CYNnepKOMMbOTEPHOIro NporpaMMmUpoBaHnS

CepTudukauyns
1.0 (2011-...)
pa3paboTka
COBOKYMHOCTH
Kypcos Intel

SOFTWARE AND SERVICES

CepTndumnkauymns

3.0 (2014-...)

CoobLecTBo
CepTudmnkaums CYNepKOMIMbio-
2.0 (2013-...) TEPHbIX ]
COOTBETCTBME nosib30BaTenen

N BUKN3aLUNA

y4ebHbIX KypcoB kypcos Intel

CBOAY 3HAHUN B
obnactu
CynepKOMMbHo-
TEpPHOro
nporpaMmm-
pOBaHNA U
Kypcam Intel



YyebHbie Kypchl Intel
M NporpaMMma ceptuduKaumnm

Llenb - aatb HeobxoanMbIM Habop
.~ MpaKTU4YeCKMX 3HAHUW U HaBbIKOB NO
ji:".. g COBPEMEHHbIM NMOAX0AaM U

s MTHCTPYMEHTaM KaK MOXHO 60siblueMy
i 4nucny npodeccrnoHasibHbIX

hvo® .\ PA3pPabOTUMKOB NMPOrpaMMHOro
= obecneyeHuns

YcnewHoe npoxoXaeHne KypcoB y4ebHoOM nporpaMmbl AaeT
BO3MOX>HOCTb MOyYUTb CEPTUDUKATHI

* Intel Parallel Programming Professional
- Intel Mobile Programming Professional
No KypCaM B paMKax 3TUX HanpaBneHnin s

no 32 HM TeXHOoAOrvK

T

1500000000m
| ACKOAbKO =38
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YTO BK/IlOYAET B CebA 7RG

CERTIFICATE

I_I po rpa M M a : . OFELLEI\'CE

3 level:
Expert

This is to certify that

Ekaterina Aleksandrovna
Melnikova

has successfully completed short-term course
“Applications development for Intel Atom-based
platforms” and is qualified for

“Intel Mobile Programming
Professional”

MaccoBble
. KypCbl
3. 2kcnepT (YrnybneHHbIn Kypc) T B
4 ) M a CTe p_ I_I pe I_I Oﬂla BaTe_ﬂ b ( M ETOAM L-I ECKM ﬁ Kpr) Professor G.A. Leonov  ProfessorV.P. Gergel  K.S. Isaev

Saint-Petersburg 2011-03-30 # IMPP-2-0001

* Tun oby4yeHus:

— KpaTkocpouHbIii Kypc

— MaTepuan B paMkax y4ebHOro Kypca By3a

— OHnanH-nopTan

— OHnanH-061ako (2zomosumcsl)

— ViHamMBmAayanbHble KOHCYAbTAUUK 1 NpakTUKa

— VIHanBuayanbHblii METOANYECKUIA KYPC O/151 NpenoaasaTenemn
« CepTtudomkayms.

— MpoxoxaeHne cepTunKaLMOHHbIX TECTOB A1S
noATBePXAEHUS KBanudmkaumm




Pa3paboTka Kypcos B 06,1acTy napannenbHoro
nporpamMMmMpoBaHUS

[lapTHEpPCTBO:

Intel - HHT'Y, Criery, Hry, Crierry

‘f MporpaMmMupoBaHie } OGaop

| Ha Intel Parallel Studio | OCHOBHBIX f 5

" MporpammupoeaHie P‘. MHCTDYMEHTOR Egi;”ﬂi’l”;””p“a”"'e | Mporpaumnposarne ‘

| na Intel Cluster Studio | . pa3paboTynka ~ f,,----—---ﬂ HHCTDYMEHTax ;.' | Ha Intel Cilk Plus
ST AL MporpamMmupoBanue ((goo o= oo
CMCMONL30BAHMEM 1 { Kypoeimo oo e Fl* Nt

| Intel Compilers -,I l'. Hanpl-lzztlin;wm L S J _ AnA Intel Xeon Phi
CNTUMW3aUMA i "
CHCI‘IDJ‘II:.E-;LEHHHEM -xlu 'Tpnen| \ / Matematuueckos s
GuBnuoTekw Intel MKL | 2T MA3SLIN / N\ MOOEnupoBaHNE - CYNEPKOMMBIOTEPHBIX

! ) . /| TexHonomwi
OnTMHaaLA |  WHKEHEDHBIX 33034 | | g yovane iy
CMCMONb30BaHMeM [

 Intel Fortran Compiler |




PacnpocTtpaHeHune KypcoB: Akaaemusa Intel

‘*I:E' Favorites | ”“-"-:J Information | HauwonaneHeld OTKpBITEIA YHUEED. . | | & 2 = @ v Page~ Safety~ Tools~ @"'
C’(‘ H H T"- 7 H T Velcome, Hropb Oneroswy! (Exit) TBO YT K IHIHE -
/ Bag report >> Switch off banners >> Seek
HALIMOHAMBHBIA OTKEBITbIA SHHBEPCHTET 0ld site version >> =e
I'm | Education JAcademv L Teachers | Rating  Q&A | Community Shop = - @ Mobile B MNews I3 Helb ) About |
nies
- PAGe Swern. =
- COBbITHE 3AHETKA
Intel: Information [-] Questions tot
[ ] [ -
Created: 11.04.2013 | Courses: 30 Ask question
l n Theme: MporpaMMUpoEaHHE
Discussions tot

Intel Academy - project for the publication of materials on the Intel software tools and technologies in the Internet as free online courses, to
study which any interested person can.

! Administrator o i ) ) o ) o _ ) Start discussion

Hrops OMMHUOE The specilists of Intel, in colaboration with the universities of Russia have developed a certification program of preparation of professional

pe LA programmers, experts in the field of parallel programming and programming for mobile devices with the use of the Intel software tools. Courses Comments ot

[ Study include the lecture notes, slides for the lectures, descriptions of the Rboratory works and certification tests. The successful completion of

Intel Parallsl Programming certification program courses gives the possibility to obtain certificates of Intel Parallel Programming Professional and Intel Mobile Programming Share thoughts

Professional Professional. Each course has the level of complexity: i is either an introductory course (certificate level Introduction), or the main course

Intel Mobile Programming (certificate level Basic). The website of the Academy Intel provides access to a collection of 14 courses, and 12 courses are in the process of

Professional development.
[#@ Classroom Like (1 1students like this) | Share

All | Courses | Video courses | Certifications | Search
by title | by date | by rating

Introduction to performance optimization using Intel SW tools I I a p I I I e p C I B O

Level: spedalist | Access: free | Duration: 72 vaca (14 anei)

The course concentrates mostly on application performance improvements with Int
Theme: MporpaMMUpoBaHide I I e S—

Aunpeii Specialities: MporpaMMUcT
AHydDMEHKD,... 180s: basic, basic black, call graph, linux, loop optimization ...ewe =>
# Enroll | Like | Opinions | Share

e Internet | Protected Mode: Off 3 - HI105% -




PacnpocTpaHeHne KypCcoB: MOJIoOAEXHble
LLIKOJbI

[TapTHEpPCTBO:
Intel — HI'Y, CA®Y, Cliery, mry, HHry
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PacnpoCcTpaHeHne KypCcoB: UHTerpauund HoBoro
MaTepuana B CylecTByloLwme yyebHble KypcChbil

| ‘& HPC Consortium of Russian Universities - Windows |

’ 3 7 g, http://hpc-russia.ru/certification.html

RN £

7 Favorites | €& HPC Consortium of Russian Universities

F=rey
EOE

& - > 3 Lé; * Page~w GSafety~ Tools~= @lv ”

MM

CYNEPKOMNbLITEPHDIH

KOHCOPLHYM

COrMAWEHHE

norogop

AEATENL HOCTh

(OCTAR

KOHTAKTH

CEFT W& M AILHA YHEBHLBIX K¥PCOB

CyneproMNEHTEPHER KOHCOPLMYM YHMEEPCHTETOE PoccHM NpW Nogfepske Kopnopaudk Intel
Ha'“MH&EET nporpammy cepTMdmMkaguy yeebuelx kpcos B obnacth  «CyneprOMNBIOTERE W
napannensHee Bel'#CneHWA». OCHOBHEA UENk NPOMPaMMEl = NOBLILEHWE KAYECTBA MOAOTOBKM
CNEYH anMcToOE B obnacmm napannen BH X BEIYACT EHA | W CYMNED KOMME KOTE PH BIX TEXHOA oM.

Cuctema ceptadukaumy ydefHelx kypcoe Deina yonewwo anpofMpoBaHa Ha  wWartepwanax,
NONYMEHHBIX BTPEX PO CCHACKKX YHW BB P CHT BTAX

yaebHell Kypo «CynepKOMNEKTE PR W NapannensHaA ol paboTka JaHHe  aKETeTa
BbluMcnUTENEHOA MATEMATHEA W KnBEpHETHKKM MO CKOBCKOTD M CyapcTBEHHOM YHHBEPCHTET
wmeHn MB. Nomonocoga;

yaebHei ke cllapannentHoe NpopamMMUpoBaHKe » Kaheap sl MHHOPMaUMOHHOR BeaonacHocTi
CeeepHom (ApxTuyeckom) degepancHom yHHeepcuTeTa uMmeny MB. Nomonocoes;

yaefiHele Kyl «H3EKY NapanneNsHOM NPOMpaMMUPOBAHKA (CoBpeMEHHER DopTpaH)s
«llapannensHoe U pacnpeaeneHHo e NPorpamMnpoBanKes , «BeeeHUe B napannens Hele
ANMOPUTMED> , cMaTEMaTHYECKAE OCHOBEI NEPANNENEHOM NPOPaMMHPDBARKAS |
allapannensHele anropUTME MATPMYHEN BEIMHCAEH WA, «CymepromMnkOTEPHEIE TXHON0 MK
peLLeHNA 3adad MaTes aTnyeckod duankne, cllapannenshioe nporpamMMUpoBanie Ha Ctts
hakynNeTaTa NPUKNEAH0A METEMATHEL, MHDOPMATHEKM M ME xaHWKM Boporexcrorn

MCYAARCTEEHHO M YHUBEPCUTETA,

HopmaTiEHEE O0KYMEHTE N0 NPOPAMME CERTHHMKALMK B CKOPOM BPEMEHW BY0yT Npe ACT 38MEHH
Ha BaHHOM caiTe. [AnA fononHWTenbHOR HHHOPMAaUMK No BONPOCam cepTUdMKaUuml ob pawaiTeck
K BEOyULEMY HaywHOMY coTpyasuky HMBL WY wmenn MB TlNomoHocoea AHTOHOBY AnekcaHgpy
Cepreeenyy no agpecyasag@paralle L.

-

€ Internet | Protected Mode: Off 4 -

#,95%

[lapTHEepCTBO:
Intel -
CynepKoMMnbHo-
TepHbIN
KOHCOpLNYM



Balwy BO3MOXHble 6 auxanwme warwm:

Teopus

* Becb MaTtepuan pa3MeweH Ha Akagemun Intel Ha UHTYUT

* MeToAMKa U3YyUYEeHUS: CaMOCTOSATENIbHO, HA MOJTIOAEXKHbIX
LLIKONaX, KpaTKOCPOYHbIX Kypcax u T.M.

[TpaKTUKa

* Co BCeMU NpoOrpaMMHbIMU UHCTpyMeHTaMu Intel MoXHO
O3HaKoMuTbCA B 6ecnniatHoM aoctyne — 30-AHEBHbIE
O3HaKoMuTenbHble nnueH3nn: http://software.intel.com/ru-
ru/intel-software-evaluation-center

CepTudpunkauuns




KOHTMHYYM 06pa3oBaTesibHbIX NPOrpaMm u
pecypcoB

OI1K, KypcChbl
OHNawn

bl€ LWKOJbl

tel ISEF
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[IfporpamMma An1a AeTcagoBLEB:
[[OpbIHbIY OH/1AUNH
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Hawum TexHnyeckKkue pecypchl

Software

Intel Developer Zone www.intel.ru/software

Bnor Intel Ha Xabpaxabp www.habrahabr.ru/company/intel/

WP OHNnaunH Kypcbl Ha Intuit v www.intuit.ru/catalog/se/intel
nporpamMmma ceptudomkaumnm

ApyXunte ¢ Hamu!

O ik ' "9 Follow us on
f [ [ Fwitter

www.facebook.com/intelrussia www.twitter.com/IntelRussia
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«He nanTte Ha nosoAay Yy
nctopun. lpoasure
MHULUMATUBY U caenanTte
YyTO-HMNO6Y b
yOANBUTENIbHOE»

Robert Noyce,
Intel Founder
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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 without
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 WHATS OEVER, AND INTEL DIS CLAIMS 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 forrelease. 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 http:/www.intel.com.

Intel, Xeon, Xeon Inside, Pentium and the Intel logo are trademarks orregistered trademarks of Intel Corporation or its subsidiaries in the United
States and other countries.

Copyright © 2011, Intel Corporation. All rights reserved.
*Other names and brands may be claimed as the property of others.
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http://www.intel.com/

Optimization Notice — Please Read

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 S IMD Extensions 2 (Intel® SSE2), Intel® Streaming S IMD
Extensions 3 (Intel® SSE3), and Supplemental Streaming S IMD 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.
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