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[IpeanonoXxeHus
(peanun YKpauHbl)

Mbl HE CTPOUM CynepKOMMNbIOTEP B OOLLEMUPOBOM
NOHATUU - brogkeT MakcumarnbHO orpaHu4yeH

ECTb MHpaCTpyKTypa — MeCcTo AJ149 YCTaHOBKM,
aneKTponmTaHue, YernoBe4veckme pecypchl angd
o0CnyXnBaHuS

Llenb — nony4nte MakcumMmym Tepadnonc Ha rpuBHy
cenyac, npegycMoTpeTb BO3MOXHOCTU NPOCTON
ModepHU3aumm



Bbibop xenesa — 4To nyywe?

CPU nnn GPU?

[ThaTtdopma

[Tpoueccopbl — 1, 2, 4 unn 8 Ha HoAy?
NHTepkoHHeKT — Ethernet unu Infiniband?
MHoro cnabbix Ho4 UM Mano, HO MOLLHbIX?




CPU vnn GPU?

Xeon'€5-2600



CPU vnn GPU?

Kaxgast u3 aTux AByx apXuTekTyp UMEET CBOU
noctouHcTBa. CPU ny4Jwe paboTaet C
nocriegoBaTenbHbIMU 3aga4amMu.

[Tpn 6ornblomMm obbeme obpabaTbiBaeMomn
nHdopmauun oyesngHoe npemmyllectso nmeet GPU.

YcnoBue TONbKO OQHO — B 3aJade O0JKeH
HabngaTbCcA napannenmam.




CPU vnn GPU?

GPU yxe gocturnn Tom TOYKM pasBuUTUS, Korga
MHOIrvMe npurnoXeHma peanbHoro Mmmpa MoryT C
NErKOCTbIO BbIMONTHATLCA Ha HUX, Npu4vem B pasbl
bbicTpee, YeM Ha cambix TonoBbix CPU. byayuwine
BblYUCIUTESbHbIE apPXUTEKTYPbI CTaHYT

COCTOALLUMMM U3 napansienbHbiX aaep U
paboTarLlwmMmm B CBA3KE ¢ MHorosiaepHbiMu LT



CPU vnn GPU?

loaTBepXageHne Tomy — npoekTbl «<AMD Fusion» u
«VIA CoreFusion». CyTe — obbeanHeHne
LeHTpanbHOro MHOro3aga4Horo yHmBepcansHoro
npoueccopa ¢ rpadpudecknm napannenbHbIM
MHOrosiaepHbIM NPOLLECCOPOM B OQHOM KpUcTanne.




CPU vnn GPU?

HPC npoueccopbl byayuiero oyayt CTpOUTbLCA Ha
rMopPUOHON apXUTEKTYpPE

Bbiuncnenma Ha GPU yckoputensx:

CTtaHoBATCA yHMBepcanbHee 1 yoobHee angd
nporpaMMmMpOBaHUS;

Haxoasatca B TeXHONOrM4yeckomM aBaHrape ¢ noanepXkomn co
CTOPOHbI MacCOBOTIO PbIHKA;

rlpI/I3HaHbI BCEMU NTPOKaMIN PbIHKA KakK MpaBunJyibHOE
HarnpaBsJieHNe Pa3BUTUA.

BbiBOA: knactep cobupaem Tonbko ¢ GPU !!!



Kakoun GPU?

KntoyeBble ApxuTekTypa [MnkoBasi Npon3BoaANTENBHOCTb, Monoca Pasmep Apgpa, wr
BO3MOXXHOCTHU GPGPU [vracpnon nponyckaHna namsTn
ONS BblUMCHIEHUA | Ans BbluucneHmn | namatm (6e3 | (GDDRDS),
ABOWHOMN OONHAapPHOM ECC), I'b/c b
TOYHOCTU C TOYHOCTU C
nnasaroLLEeN nnasaroLLEeN
TOYKOMN TOYKOMN

Xeon Phi 1 Many Integrated 1010 H.4. 320 8 60/240

Coprocessor 5110P Core

TESLA M2075 1 Fermi GPU 515 1030 150 6 448

TESLA M2090 1 Fermi GPU 665 1331 177 6 512

TESLA K10 2 Kepler GK104s 190 (95Hal)| 4577 (2288Hal)| 320(160Hal)| 8((@4wHa1)| 3072 (1536 Ha
1)

TESLA K20 1 Kepler GK110 1170 3520 208 5 2496

TESLA K20X 1 Kepler GK110 1310 3950 250 6 2688

FireStream 9370 1 RV870 528 2640 153 4 1600

FirePro S9000 1 Tahiti LE 806 3230 264 6 1792

FirePro S10000 2 Tahiti LE 1480 (740 Ha 1) | 5910 (2955Ha 1)| 480 (240Ha1)| 6(3Ha1)| 3584 (1792 Ha
1)

FirePro W9000 1 Tahiti XT 998 3993 264 6 2048




Kakon GPU?

Rpeak
(GFlops)

Accelerator/Co- Rmax
Processor (GFlops)*

TESLA M2090 4399354
TESLA M2050 7204750
TESLA M2070 1529010
TESLA K20x 17863700
TESLA K20 H.A.
TESLA K10 H.O.
Xeon Phi 5110P 527756
Xeon Phi SE 3775008
AMD Radeon HD 7970

(FirePro W9000) 106800
AMD FirePro S10000 421200
ATI GPU (FireStream 299300

9370)

* [laHHble Rmax u Rpeak 83smbi ¢

10002202
14143446

2777116
27505427

H.A.
H.A.
786390
5522966

226464

1098000

508499

** DghghbekmusHocmb Rmax/Rpeak 05151 0aHHo20 mecma 83simebi ¢ calima NVIDIA

AdpekTnBHOCT
b, RMax/Rpeak

44,0
50,9
55,1
64,9
71,0
71,0

67,1
68,4

47,2
38,4

58,8

PeanbHas nponsBoanTeNbHOCTL 1
yckoputens, l'mradprion

Double prec. Single prec.
292,6 585,6
262,1 524,3
283,8 567,5
850,2 2563,6
830,7 2499,2
134,9 3249,7
677,7 H.AO.
733,7 H.AO.
471,1 1884,7
568,3 2269,44
310,5 1552,3


http://www.top500.org/statistics/list/

NVIDIA Kepler

dBostouma BblumcaeHun Ha GPU.




[[MObpmnaHoe HacToAwee u oyayuiee HPC

¢ bonblias YacTb BbIYUC/IEHUM
Ha fiJpax C 3KCTpeMaJ/ibHOM

Sandy Bridge | A HIEEEEE | Kepler 3Hepro3dheKTMBHOCTbIO
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GFLOPS per Watt
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JKCNoHeHLMaIbHbIU POCT BblyucaeHuu Ha GPU

150K

CkaumBaHum CUDA
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Bbiumcnenma Ha GPU B Poccuu
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bonee 200 npunoxxeHnuu c noaaep>kkom GPU

Description

r Dynamics
Models molecular dynamics of biopolf
simulations of proteins, DNA and liga

Simulation of mechanics force fields,
& explicit sovent on CUDA

ite of programs to simulate molac
namics on biomolecules

Simulate macromolecules, polymers,
systems, etc on a distributed memony
parallel computer

Simulation of biochemical molecules|
complicated bond interactions

Particle dynamics package written gy
up for GPUs

Classical molecular dynamics packag

Designed for high-performance simu|
of large molecular systems

Quantum Chemistry

Computational chemistry suite used
simulate atomic and melecular elect
Eigtailly-}

Computational chemistry package dej
for HPC clusters

mputational chemistry package de
for HPC clusters

Quantum chemistry software designe)
to run on NVIDIA GPU

Materials Science

Materials code for investigating the &
of temperature on magnetism

Sobves the many-body Schrodinger e
for electronic structures using a qua
Monte Carlo method

An integrated suite of computer coded
electronic structure calculations and
maodeling at the nanoscala

Espresso/PWsch

First principles materials code that ci
elactronic structures and quantum-
mechanical molecular dynamics

Visualization & Docking Software

A multifaceted software platform for
wvisualizing, manipulating, and unders|
life sciences and bio-medical data

Rapid screening of novel cores to imp|
drug properties

30 molecular shape comparison

Visualizing and analyzing large bio-m|
systems in 3-D graphics

£ g
]
e

Supported Features Expected

Description

Weather & Climate Forecasting

Weather forecasting model fully
optimized for GPUs.

Community Atmospheric Modal is a

Multi-GPU | Release Status

Supported Features

Expected

atmosphere model forweather and cf
research

Veather modeling and forecasting ap
used by NASA

Weather forecasting model fully opting
for GPUs

‘Weather modeling tool for atmosphad
scientists

Weather forecasting model using icod
horizontal grid

MNumerical model designed for study
atmosphere, ocean, and climate

‘Weather forecasting model using icod
horizontal grid

Weather and Ocean modeling applicy

=
v
m

Editing and Effects

(2 =0 -0 Video editing

d

Media Video editing

é‘i

Sapphire

Effects plug-in for video editing

§

LCUESL S G Vidzo editing

3D modeding, animation, and
rendcering

i

Maya

30 modeling, animation, and
rendering

Defense & Intelligence
Geospatial Visualization

enspatial Visualization

Geospatial Visualization

a0spatial Visualization

seospatial Visualization

ospatial Visualization

iden filters and mosaicing —
FMV analytics with intelligence data

Video Analytics

P

El. ic Design A ion and CEM

Simulation tool for design of RF, micry
QTN and high speed digital circuits

Agilent Modeling and simulation environmen|
Technologies analyzing 3D EM effects of high speeq

RF/Microwave components
Circuit simulation engine for RF/anal
mixed al IC design; IBIS-AM| anf
speedup GPU computing

B
|

High frequency electromagnetic
field simulation

Collection of several software tools f
computational lthography running or
Gauda hardware platform

30 EM modeling and simulation
ferilog simulation

pota =N = R Iel NS 4 30 EM modeling and simulation

Photorealistic rendering

Easy to use photorealistic rendering

Photorealistic rendering used for desil

£5
|1

3

DeltaPix Photorealistic rendering with integrat|

| TeamCenter and RTT formats |

Numerical Analysis
GPU acceleration for MATLAB

Symbolic math analysis

Technical computing language and
integrated development environment
[MATLAB PCT, MOCS)

'Eli

Multi-GPU | Release Status

Supported Features Expected

Description

Dil&Gas

LI Seismic Processing

Mult-GPU Release

Supported Features Expected Multi-GPU

ey =14 Ul Seismic Processing

SVl Pro Seismic Interpretation

Physics

aneral purpose LOCD application

Seismic Processing/ Interpretation

Release

Wilson-clover fermions, Krylov
sobvers, Domain-decomposition

Applicati Supported Featu Multi-GPU
pport

Available now

Reservoir Modeling

enerzl purpose LOCD application

Seismic Processing

Staggered fermions, Krylov
sobvers, Gauge-link fattening

Available now

Computational Fluid Dynamics

=" LU Reservoir Modeling

L= TS General purpose CFD flow solver

Linear equation solver

Yes

Available now

Paradigm Seismic Interpratation

Autodesk Optimize design of plastic parts and
Moldflow injection molds

Linear equation solver

Single Only

Available now

Navier-Stokes flow solver based on

Seismic Processing

unstructured grids for modeling both
compressible and incompressible flows

Explicit sobver

Yes

n
Development

[Z0GERE=T 0 Computing physical flows in and around

solid bodies

LEM, particle CFD

20

Yes

Available now

Computing physical flows with Culises — a

FluiDyna Culises-
OpenFOAM software library with specizl algorithms for

solving systems of equations

Linear equation solvers

Zx Solver

Single Only

Available now

Fluid simulation for free surface flow like
Tsunami, material processing and liquids

MPS, Particle CFD

-9

Available now

a sively parallel direct numerical solver

NS for the full compressible Navier-Stokes

Chemistry kernel

Bx 5P, 5x
DP kernel

In Development

m Ultra ast CFD solver for turbomachines

RTI Seismic Processing

Explicit sobver

1%

Available now

SpeedIT- Set of accelerated sobvers for sparse linear

Computational Finance

Real-time options analytical engine [y

ST systoms of equations

Linear equation solvers

Ix Solver

Available now

ational Structural Mechanics

MATLAB

Dtz parallel mathematics [MATLAB
Mathworks CT, MDCS|

Simulation and analysis tool for structural
mechanics

Linear equation salver

Single Only

Available now

m Risk analytics [MACS|

Simulation and analysis tool for structural
mechanics

Linear equation solver

x

Single Onby

Available now

Numerical Random Number Generators
Algorithms Group

Derivative pricing [SciFinance]

Afea Predicts large deformations of structures
and components exposed to extreme loading
conditions

Linear equation solver, SPH

10 SPH,
2 Total

Available now

_ Multiphysics simulation package used

Linear equation solver

3x

In Developmant

Simulation and analysis tool for
structural mechanics

Wolfram Mathematical Development Ervironmn)
Mathematica
U T i C

Linear equation solver

Available now

Simulation and analysis tool for
structural mechanics

Linear equation salver

In Developmant

j, NVH, crash,
safety, manufacturability and -structure

interaction performance

Linear equation solver

Single Only

In Development



http://www.nvidia.com/teslaapps/

[MpoaykKTbl Tesla Ha 6a3e apxuTeKTypbl Kepler

Tesla K10 Tesla K20

Asa GK104 GPU GK110 GPU
3X 0AMHapHas TOYHOCTb 3X ABOMHAs TOYHOCTb
O6paboTka BMAEO, CUrHA/I0B, CEMCMMUKA, MMapo-, raso- AMHaMMKa, MPOYHOCTHOM
MONIEKYNAPHaA AMHaMMKaA aHann3, UHaHCHI, M13nKa 1 np.

YKe B npojgarke



TFLOPS

Cemencrto Tesla K20 : B 3 pa3a 6bicTpee Fermi

Tesla K20X

Tesla K20X Tesla K20

Kon-so CUDA agep 2688 2496
ﬂ" Mukosaa nponss-Tb DP 1.32TF 1.17 TF
DGEMM 1.22 TF 1.10 TF
[lBoiiHas TouHoCTb (DGEMM) [MTMKkoBaA Nnpoun3Bs-Tb SP 3.95TF 3.52 TF
1,25 - |22 TFLOPS SGEMM 2.90 TF 2.61TF
1 -
ITponyckHas 250 GB/s 208 GB/s
0,75 - CNOcCoOBHOCTb NamMATH
0.5 1 A lADes O6bem NamaTu 6 GB 5GB
0,25 -
0 r— MoTpebnenune 235W 225W

Xeon E5-2690 Tesla M2090 Tesla K20X



Kepler

CAMAA BbICTPAA U SOOEKTUBHAA HPC APXUTEKTYPA

GK1 10 GPU
:j S M X (3Hep203¢hheKkmuBHOCMb)
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SM

M2090

YNPABNAOLWAA TOIr'MKA

32 agpa

3X

Perf / Watt

Kepler: npousBoanTenbHOCTb U 3PPEKTUBHOCTDL

SMX

YNPABAAOLWAA /TOr'MKA

192 appa
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Hyper-Q

[MpocToTa ncnonb3oBaHuA ¢ MPl npunoxkeHuamm
FERMI

1 oyepeab 3ajau4 CP2K- Quantum Chemistry

Strong Scaling: 864 water molecules

KEPLER

32 o4yepeam 3agad
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Fermi GPU
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Dynamic Parallelism
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Titan: caMbin GbICTPbIM CyNepKoOMIMblOTEP B MUpE
18,688 Tesla K20X GPU

27 Petaflops nuk: 90% nponssogntenoHoctn obecnevyeHo GPU
17.59 Petaflops B Linpack




Ha 60% 6oablie CUDA npunoxeHuu, BKAOYasa BCe KIo4YeBble

KO1-BO MPUAOKEHMS Tonosble npunoxeHna gna CK

200 - 61% npupoct AMBER LAMMPS
Bbl‘-lM)((Z:’l:AT::bHaﬂ CHARMM NAMD
GROMACS DL_POLY
150 A MaTepuanose QMCPACK Gaussian
40% npupocT eHme Quantum Espresso NWChem
A GAMESS VASP
100 - Kanmart COSMO CAI‘\IY“_ASE
noroaa GEOS-5 WRE
Chroma GTS
50 4 Pdusnka Denovo ENZO
GTC MILC
ANSYS Mechanical ANSYS Fluent
CAE MSC Nastran OpenFOAM
0 ' ' ' SIMULIA Abaqus LS-DYNA

2010 2011 2012
KaTtanor npunoxeHun: http://www.nvidia.com/teslaapps/ i RVE[IEEEIH, B L[ EORG



[lporpammupoBaHue Ha GPU

[ [IpHIoXKEeHUA
4 D N p
bubnunoteku || AnpekTusebl PCUEJDA
BLAS, FFT, MAGMA & CULA OpenACC C/C++/I?ortran
\_ LAPACK, ... VANS y \_ )
\ J |
| |
Ana 2 - 10 KpaTHoOro MakcMMyMm
YCKOp€EeHMUA NPOM3BOAUTE/IbHOCTHU



»
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BbiBOAbl

BbluncneHua Ha GPU ycKoputensx 3HayumesibHO 380/10UUOHUPOBASU 30 OYEHb
KopomkKoe 8pemMs

Ctanu yaobHee Ana nporpaMmMmUPOBaHMA U NOJIHOCTbIO YHUBEPCA/IbHbI

Bbiuncnenunsa Ha GPU 6a3mnpytotca Ha yCTOMYMBOM BU3HEC moaenu

HaxoaaTcs B TEXHO/IOrMYECKOM aBaHrape ¢ noaaepKKoM o CTOPOHbI MacCOBOMO PbIHKA

BbluncneHmna Ha ycKoputenax Tenepb NPmM3HaHbl BCEMU UTPOKAMU PbIHKA KaK
NpaBuW/IbHOE HanpaBAeHUe Pa3BUTUS
HPC npoueccopbl byayuiero 6yayt cTpouTbCA Ha rTMOpUAHOM apXUTEKTYpE

Kepler — camasn bbicTpas n agpdpektnusHaa HPC apxutekrtypa




Bbibop CPU

YunceTt — BaXHO nn?

banaHc CPU n GPU

CPU -1, 2,4 nnn 8 Ha Hoay?
AMD wunu Intel?



DDR3 1333/1600 MHz
Up to 4 Channels

PCle” 3.0
Up to 40 Ports

14 USB 2.0 Ports

2 Serial ATA Gen 3 Ports

4 Serial ATA Gen 2 Ports

Umnncet — Ba)XHO Nn~?

2 Intel”
Intel® Xeon® QP Links Intel® Xeon®

Processor Processor
E5-2400/2600 E5-2400/2600

Series Series
x4 DMI ;‘

Intel® C604 or
Intel® C602-)

Chipset

DDR3 1333/1600 MHz
Up to 4 Channels

PCle” 3.0
Up to 40 Ports

SAS Ports (3Gb/s)
Up to 4 Ports

8 PCle” 2.0 Ports

Intel® 82579LM GbE PHY



DDR3 1333/1600 MHz
Up to 4 Channels

PCle” 3.0
Up to 40 Ports

14 USB 2.0 Ports

2 Serial ATA Gen 3 Ports

4 Serial ATA Gen 2 Ports

Umnncet — Ba)XHO Nn~?

32 TB/c

2 Intel®
Intel® Xeon® QP Links Intel® Xeon®

Processor 8GT/s Processor
€5-2400/2600 €5-2400/2600

Series Series
x4 DMI ;‘

Intel® C604 or
Intel® C602-)
Chipset

4x1600 =51TB/c

DDR3 1333/1600 MHz
Up to 4 Channels

PCle” 3.0
Up to 40 Ports

16x =32TB/c

SAS Ports (3Gb/s)
Up to 4 Ports

8 PCle” 2.0 Ports

Intel® 82579LM GbE PHY



Umnncet — Ba)XHO Nn~?

BbiBOAbI:
CamMbIiM cnabblM MECTOM SABMSAETCS LWKMHa npoueccopa

MunHumMmanbsHbIM peKoMeHayeMbIM NMPOoLIeCCOPOM
asndetcs Intel Xeon Processor E5-2650 (20M Cache,
2.00 GHz, 8.00 GT/s QPI)

OnTuManbHbIM C Y4EeTOM LieHa/npon3BoANTENBHOCTb —
Intel Xeon Processor E5-2670 (20M Cache, GHz,
8.00 GT/s QPI)



CPU -1, 2, 4 unun 8 Ha HoAOY?
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Model

Intel Xeon™ processor
Model E5-2690
Intel Xeon™ processor
Model E5-2670
Intel Xeon™ processor
Model E5-2660
AMD Opteron™ processor
Model 6284 SE
AMD Opteron™ processor
Model 6282 SE
Intel Xeon™ processor
Model E5-2650

BasaTo ¢ canta: http://sites.amd.com/us/Documents/49747D_HPC_Processor_Comparison_v3_July2012.pdf

AMD wunu Intel?

SPECInt® _ SPECfp® _ SPECInt® _
rate20063 rate2006 rate_base2006
705 510 671
647 486 622
596 459 572
573 417 499
543 403 474
543 433 521

GFLOPs
(Theoretical)

371
333
282
346
333

256

Total Processor
1kU Price -
2P*
$4,114
$3,104
$2,658
$2,530
$2,038

$2,214

[TponsBoguTenbHOCTb K LeHa cepunt Intel E5-2600 n AMD Opteron 6200
cornoctaBunma, HO TonoBkle E5 bbicTpee Tonosbix Opteron



AMD wunu Intel?

[ oe moxeT ObITb nydwe AMD:

B 4-x npoueccopHbix Hogax — 4 QPI1 6,4 GT/s npotus 2
QPI 8 GT/sy Intel

B 1-npoueccopHbix bnengax, rae Hy>XHO MHOro
donsundeckmnx aoep

[Tpn BornbLom BtomxkeTe — TonoBble pelleHnss AMD Kak
npasuno gellesne TonosbiX peweHnn Intel (He HaLw
cny4yamn)



HeMHoro teopuu

CKopoCTb pacyeTa napannernbHOn 3agadn Ha Knactepe

onpegengaeTcd popmMynou:

T_TC+Ti
)

[Tpn KonnyecTBe HOA B KnacTtepe bonbule 8, Bpemsi Ha 0OMeH MHG OpMaUMen Mexay
Hodamu B pasbl bonblUe, YeM BpeMS pacyeTa ogHon utepaumm rnpoueccopom (CPU mnun
GPU)

BoiBo4: npu Beibope noboro komMrnoHeHTa B NEPBYIO
ovyepeab Bcerga CMOTPUM Ha CKOPOCTb €ro LUUHbI




MHTepKkoHHEKT — Ethernet unu InfiniBand?

1Gb 10 Gb
Ethernet Ethernet

npOHYCKHaFI CNOCOOGHOCTbL

nHTepdenca, raw / data, Nromr/c 1708 10/8
JlaTeHTHOCTbL, MKC 100 10
RDMA HeT HeT
LleHa aByxnoptoBoro agantepa, $ 300 600
O6s3ateneH KommyTaTop, $+ aa na

PacnpocTpaHeHHble 3abnyXXaeHus:

nfiniBand — goporo
nfiniBand He HamMHoOro obIcTpee
nfiniBand crnoxeH B HacTpouke

QDR FDR EDR

40/32 | 56,25/56 103,12/ 100

3 1,2 <1
na Aa Aa
1000 1300 H.4.
HeT HeT HeT



MHTepKkoHHEKT — Ethernet unu InfiniBand?

Ettigraet E;Li?e(rgnbet QDR FDR EDR
MH?::;Z;'::Taw‘/’33?;°r°g:ﬂc 1/0,8 10/8 40/32 56,25/56 103,12/100
JlaTeHTHOCTb, MKC 100 10 3 1,2 <1
RDMA HeT HeT aa aa aa
LleHa gByxnopTtoBoro aganrtepa, $ 300 600 1000 1300 H.A.
O6s3aTeneH kommyTtaTop, $+ aa aa HeT HeT HeT

PacrnpocTpaHeHHble 3abnyxaeHus:

nfiniBand — gepere
nfiniBand He-HamHoro-BbicTpee

A4

nfiniBand enoxxeH-B-HacTpoike




OTnnumntenbHble ocobeHHocT FDR

Ynyduwenusa FDR InfiniBand B cpaBHeHUn ¢ QDR:

lapameTpbl Link speed ysenuumnnuce o 14 'ont/c Ha
NIMHUIO UnNn 56 'dUT/C No YeTbIPEM NTUHUAM

[TokasaTenb Link kogupoBkn anga FDR InfiniBand 6bin
nameHeH ¢ 8 6ut/10 6T Ha 64 BUT/66 BUT

Yny4LeHbl MeXaHU3Mbl KOppeKLnM oLLIMBOK CeTH

PeanbHOe yaBOeHMEe Npon3BOANTENBLHOCTU — Ha
CerogHsa ato cambit MPOnN3BOAUTENBHbLIN MUHTEPKOHHEKT
1 B abCONOTHOM 3Ha4YeHUn, 1 B nepecyeTte Ha $




MHoro cnadbix HOQ UM Mano, HO MOLLHbIX?

YBneKkaTtbCcqa KONMM4eCcTBOM Y310B HE CTOUT

Camoe y3Koe MecTo B BallieM KracTtepe - 3To cpeaa

nepenayn gaHHbIX MeXxay y3namu, To eCTb MPOonycKHas
CNOCODHOCTb UCMNONb3YEMOW CETU



Torn

[axe B pamax CUNbHO orpaHN4YeHHOro broaKeTa MOXHO
cobpaTtb Knactep, obnagatoLnm XopoLLEN
NPOU3BOANTENIbHOCTbIO

Kaxkxgaa Hoga knactepa COCTOUT U3:

2 npoueccopos Intel Xeon Processor E5-2670 (20M
Cache, GHz, 8.00 GT/s QPI);

2 GPU-yckoputeneun Tesla Ha apxutektype Kepler.

Mexay cobon Hoabl 06beaunHeHsbl InfiniBand FDR ot
Mellanox



TECHNICAL

SUPERCOMPUTERS

LABORATORY

BbiBOA

[1ns noctpoeHusa cbanaHCMpoOBaHHOIO Knacrtepa HY»XHO
obpaTUTLCA K HaMm

OO0QO «TepmuHan-CepBucy,
Cepreu lyanHoB,

OupekTop



