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[eTeporeHHble BbIYMCEHUSA <3

NVIDIA

Bbluncnenuna CPU + GPU
FubpudHbie eblqyucIUMeEsIbHbIEe CUCMEeMBbI
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NVIDIA
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Korga npupocTt npousBoauTtenbHOCTU UMeeT 3HavyeHue?
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NVIDIA

Shader Model 4 + CUDA
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GPU : nepenoMHbIX MOMEHT B oTpacnu <
nNVIDIA
CYyNnepKOMNbIOTEPOB

Lleckmon agbgbekmueHee Kriacmepa

4 Tesla
C1060 GPUs

256 AMD dual-
core Opterons

55 60 65 70 Tesla Personal

KomnbloTepHas Tomorpacpus, Su percomputer
BpeMs 06paboTku $10.000

McTounuk: University of Antwerp, Belgium



PeHTreHofpaQ)uﬂ, MoneKynﬂpHaﬂ TpaHckoaupoBaHue MaTtemaTtnyeckue AcTtpodmsuka
Tomorpadus ANHaMUKa BMAaeo BblYUCIIEHUA RIKEN
U of Utah U of lllinois, Urbana Elemental Tech AccelerEyes

PuHaHCOBbIE JInHenHasn 3D ynbTpa3BykK KBaHTOBasi xumua FeHHas
3apgauu anrebpa Techniscan U of Illinois, Urbana MHXeHepus
Oxford Universidad Jaime U of Maryland
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PeweHuna ana HedpterazoBoro ceKkropa
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nvibDIA

GPU vs CPU
npenmMyLiecTsa

Hess
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Bloomberg: nporiosuposanue pbinka o6nuraumii <3

nviDIA
f | e e e B e I e e R, et ) _.__‘__4.:::
48 GPUs 42X 39KOHOMMUA MeCTa 2000 CPUs
$144K 28X MeHbllue CTOMMOCTb $4 M/H

11



PUHaAHCbI. OUueHKa KOTUPOBOK

2 Tesla S1070
$24 K

2.8 KBT

o il : S |SE=S ===
o J.l"mﬁ'\ .,‘“'“[ml“_.d' - - o -

BNP PARIBAS - — = i

<3

NVIDIA

OauHakoBasi NpPon3BOAUTENbLHOCTbL 1

16X aKoHOMUA MecTa 500 CPU cepBepoB

10X MeHblUe CTOMMOCTb $250 K

13X MeHblue noTpebneHne 37.5 kBT

12



CUDA

Compute Unified Device Architecture

[MporpaMmMHoO-annapaTHas apxuTekTypa Aans
napannesnbHbIX Bbl4YUCIEHWUN

13



MapannenbHaa apxutektypa CUDA <3

NVIDIA.

14

OpenCL is trademark of Apple Inc. used under license to the Khronos Group Inc.



CUDA - camasa maccoBO npenoaaBaemMmas moaesnb napannenbHOro nporpamMmmMmmpoBaHus
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Bonee 250 saka3unkoB / paspabotTuunkon 10
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MapannenbHble BbluncneHusa Ha GPU rSTleA
200+ mnH. GPU e mupe noddepxuearom CUDA

GeForce® Teslam Quadro®
PasBne4veHund BbicokonpounssoguTeribHble BblYUCIIEHUSA [un3anH, paspaboTka

17



Bbi6op CUDA nnaTdopMbl >

nvibDIA

Tesla Quadro éGeForce

.............................................................................................................................................................................................................................................................................................................................................................................................................................
.............................................................................................................................................................................................................................................................................................................................................................................................................................

NMoppaepxka ocyuiecTtBnsieTcs Yyepes naptHepoB NVIDIA X

RS
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NVIDIA

BbluncnurtenbHble peweHusda Tesla

Co30aHbI 0151 npogheccuoHasos.

19



[lepcoHanbHbIN cynepKkoMmnbiloTep Tesla A
NVIDIA

Tesla C1060

M pon3BoanTesIbHOCTb

Q4 ' Q1 Q2 ok} Q4
2009 2010

Disclaimer: performance specification may change 20



Tesla ana 1O

Tesla S1070-500

M pon3BoanTesIbHOCTb

<3

NVIDIA.

Q1

Q2

2010

Q3 Q4

Disclaimer: performance specification may change 21



- »
Tesla: co3aaHbl ANA BblMUCNeHUN ,f,%‘\

CucremHble pelieHus NpodeccnoHanbHbIN YPOBEHb

(‘ BbicOKOKayecTBeHHasa NnamMATb
¢ HapexHocTb BblUMCNEeHUM

¢ 24-yacoBoM cTpecc-TecT

BbluncnurtenbHble pecypchbl

NMopaepxka NVIDIA

Apxutektypa BbluncneHunn CUDA

[ ¢ 3-X NeTHAA rapaHTus
¢  INWHHBLIA XXN3HEHHbIN UUKN ¢ 4TB O3y

¢ KopnopaTuBHasa nogaepxka ¢ ABOMHasA TouvHocTb |IEEE-754

22



Tesla S1070: adpdpekTUBHOE peLueHUe ' <3

I\\
\ \

20

15

10

o 20 pa3 ny4lwle nokasaTtenb
npounsBoauTenbHOCTbL/BaTT

x86 Server

Tesla S1070

NVIDIA

SN |
i\ Y

Hess ® University of Heidelberg

Chevron ® University of lllinois

Petrobras ® University of North Carolina

NCSA ® Max Planck Institute

CEA ® Rice University

TiTech ® University of Maryland

JFCOM ® GusGus

SAIC ¢ Eotvas University

Federal ® University of Wuppertal

Motorola ® Chinese Academy of Sciences

Kodak ¢ National Taiwan University

23



Mpumep: LUOO ctoumocTbio $5 MIH.

>

NVIDIA

CPU 1U Server 2 Quad-core Xeon

CPUs: 8 cores

0.17 Teraflop (single)
0.08 Teraflop (double)

$ 3,000
700 W

8 CPU Cores +
960 GPU Cores

4.14 Teraflops (single)
0.346 Teraflop (double)

$ 11,000

1500 W

CPU 1U Server
Tesla 1U System

71819 CPU servers

310 Teraflops (single)

155 Teraflops (double)
Total area 16K sq feet

Total 1273 KW

455 CPU servers
455 Tesla systems

1961 Teraflops (single)

196 Teraflops (double)

Total area 9K sq feet

Total 682 KW

w==) 6Xx more perf

=) 60% smaller

=) ¥; the power

24



[MepcoHanbHbIl cynepkomMnbiomep Tesla <3

NVIDIA
lMponsBoaAUTENIbLHOCTb
® MaccusHo napannenbHaa CUDA apxutektypa

® 960 agep. 4 Tepadnon/c
* B 250 pa3 mouHee K

YaoobcTBO
* CynepkomnbloTep Ha pabo4vem cTone
* BkniovaeTtcsa B 0ObIYHY0 PO3ETKY

JOoCTynHOCTb
® T[lporpammupyetcsa Ha Cun nog Windows n Linux
® CrtoumocTb nopsaaka $10,000

25



250X

NMpounsBoanTenNnbLHOCTb

1x

Supercomputing
Cluster

$100K - $1M

B 100 pa3 pocTtynHee
B 20 pa3 aKOHOMUYHEe

B 250 pas3
ObIcTpee

<$10 K

JocTynHOCTb

Tesla
Personal
upercomputer

CoBpeMeHHbIN
NnK

<3

NVIDIA

26



NMpounsBoanTEenbLHOCTb

BbicokonpousBoauTtenbHblie BblYncrieHUsa Ha 6asze GPU

| i I |
o ‘ Illlis Tesla Cluster
| ﬂiii

: !5
]
. |
’ e 4 z‘

‘é Tesla Personal
Supér:computing
Cluster
Standard
Workstation
1x

$100K - $1M <$10K
JocTynHOCTb

<3

NVIDIA

27



X

NVIDIA.

HoBoe nokoneHue apxutektypbl GPU CUDA
“Fermi”

28



O630p Fermi

Cynepkomnsromep e popmame GPU

& npupocm DP npou3zeodumesnibHocmu
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“Oak Ridge National Lab (ORNL) has already announced it will be
using Fermi technology in an upcoming super that is “expected to
be 10-times more powerful than today's fastest supercomputer.”

Since ORNL's Jaguar supercomputer, for all intents and purposes,

holds that title, and is in the process of being upgraded to 2.3
PFlops....

...we can surmise that the upcoming Fermi-equipped super is goin
to be in the 20 Petaflops range.”

wire

September 30 2009

<3

nVIDIA

30



Tesla C — GPU ana pabounx cTaHLUIA <3

NVIDIA

C2050 | C2070

[Mpoueccopsbl 1 GPU 20-u cepuun Tesla 20
|_|p0VI3BO,EI,[I)/I;eﬂbHOCTb 520-630 bronc

Mamate GPU 316 ‘ 66
NHTepdenc namaTtu GDDR5

NHTepdec PCle x16 Gen2

OHepronoTpebneHne 1 >

P P 225 BT (MakcumanbHoe)

Disclaimer: specification subject to change
ECC 31



Tesla S — GPU ans 1U cuctem <X

NnVIDIA
S$2050 | $2070
[Mpoueccopbl 4 GPU 20-u cepum Tesla 20
[MponssognTenbHOCT
. DP 2.1 -2.5 Tdnonc
Mamats GPU 36/ GPU ‘ 66/ GPU

NHTepdenc namatum

NHTepdec

OHepronoTpebneHne

GDDR5

2x PCle x16 Gen2 (onuMoHanbHO X8)

900 BT (TNU4HOE)
1200 BT (MakcumanbHoe)

Disclaimer: specification subject to change 32




NVIDIA Nexus IDE <

1-n B uHAaycTpum IDE (Integrated Development Environment) AN8
MaCCUBHO-NMapanmeribHbIX anI.l'lO)KeHVIﬁ

YckopeHue pa3paboTku
reTeporeHHbIX (CPU + GPU) NPUNIOXeHUH

NonHasa nHTerpauma co cpeacTeBamm
pa3pabotku Visual Studio

PARTNER

33



5| Mexus CUDA Samples.20 (Debugging) - Microsoft Visual Studio (Administrator)

File Edit Wiew Project Build Debug MNexus Tools Test Window
RN - R EEN Y & - B |Debug A d_vbo_buffer - -jg P EE L Bl B - = B | UDA (0,0,0), (0,0,0)] _
| o 5= Hex % | @~ _ i & by as i & 3
Process: [4560] GPU - matrixMul.e = Thread: [2772376] <Mo Mame= - ¥ Stack Frame: Module: 60956632 - [0] _Z9n - =
Selution Explorer - matrixhul -1 x matrixMul_kernel.cu Nexus CUDA Device Summary
=202 E Ve 11 the sub-m i Name Details

__;I Solution 'MNexus CUDA Samples.90' (3 projects)

: . O Devices
= t‘E matrixMul

1 inc B Dewvice D
i - B Dewice 1
' rnatrixMul.cu S Context 2772376 Device 0

, -:' -:' =c ton ef the shared memory # Module 60956632 c:/ProgramData/NVIDIA Nexus 1.0/Samples/CUDA/Debug
o N ¢ Grid _Z9matrixMulPf3_S_ii<<<(2.5).(16.16,1). 0>>>
= @ Block0 Warp Mask: 0x000000FF
Warp 0 Active Mask: OxFFFFFFFF, PC: Ox000703EE, matrixMul_k
Warp 1 Active Mask: DxFFFFFFFF, PC: 0x000703ES.
Warp 2 Active Mask: DxFFFFFFFF, PC: 0x000703ES.
Warp 3 Active Mask: DxFFFFFFFF, PC: 0x000703ES.
Warp 4 Active Mask: DxFFFFFFFF, PC: 0x000703ES.
Warp 5 Active Mask: DxFFFFFFFF, PC: 0x000703ES.
Warp 6 Active Mask: DxFFFFFFFF, PC: 0x000703ES.
Warp 7 Active Mask: DxFFFFFFFF, PC: 0x000703ES.

Q; NVIDIA Mexus - CUDA Focus Picker

Dimensicns

Block:

Thread:

.i Examples es from device memory
#129 for block index 129 hared memory; each thread loads

10 for coordinates 10, 0 !
10, 5 for coordinates 10, 5

CK

N [ _ =ayncthreads () ;

_:jSqution Explorer _}"%Class View L

Locals X || Memory1

Name Value Type “ || Address: 000000024 {#} | Columns: Auto
¥ @ blockDim {x=16,yv=16,z=1} const dim3

Gc ed 4d = B2 7 7f  eéM>afior.t.>_ 1A>1gS5?.
7 @ gridDim k=8 y=5z=1 const dim3 €3 3£ 3£ 37 4d 4b 5 el £ c27-ME?YH? &> i %i.
5 @ As 0x00000024 {{0.20108546, 0.23432113, 0.2616657, 0. 18360439, ...}, {0.5812524; float[16][16] _ shared__ 24 1c 3= 27 7z - b=.5.72=—>2 ' r2daDsEcd
2 [0 0x00000024 {0.20108646, 0.23432112, 0.2616657, 0,18860439, ...} float[16] __ shared__ L £ oz 38 £ ez ze a 2ima%i 2>BE >CQlen. 2>
2 [1 0x00000064 {0.88125247, 0,21982482, 0.15710929, 0,15753655, ...} fioat[16] __shared__ 43 75 ed 54 2 5 5 BCu?Bike FU-T/+2#p>T
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Ccbinkm <3

NVIDIA

® Fermi
® http://www.nvidia.ru/fermi

® CUDA Zone
® http://Iwww.nvidia.ru/cuda

® anIﬂO)KEHMFl, AOKYMEeHTbl, BUAeo

® Tesla

® http://www.nvidia.ru/tesla
¢ Cneuundumkaummn, TexHU4YECKME U MapPKeTUHIroBble MaTepuansbl

® BepTI/IKaanble oTpacleBbieé pelleHuns
® http://www.nvidia.com/object/vertical solutions.html

® YouTube Videos
® http://www.youtube.com/nvidiatesla
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