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YCKOPEHHbIE
BbIYNCJIEHMS -
NYTb B BYAYLLEE

[Topa Hayamb dymams o
KOHUYe 3akoHa Mypa. Bonpoc
y)Ke He 8 moM, Ko2da 3mo
npou3oudem, a 8 mom 4mo
desiamb hocJie.
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NVIDIA YCKOPAET BbIMUCJIEHUA

BbicTpble GPU 419 MakCMMasibHOM dpdekTrBHAA CoBMeCTHble /locTynHoCTb
NPOM3BOANTEIBHOCTU MoAenb pa3paboTKu
NporpamMMMpoBaHMA
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70% KJIOMEBbIX HPC MPUNOYXKEHUU YIKE
YCKOPAKTCA HA GPU

MCCNEAOBAHME K/IOYEBbIX .
MPUJIOXKEHUM OT INTERSECT360 TOP 25 MPU/IOKEHNN

GROMACS LAMMPS
SIMULIA Abaqus PY NWChem
NAMD LS-DYNA
@® AMBER Schrodinger
ANSYS Mechanical i
Exelis IDL P Gaussian
MSC NASTRAN GAMESS
* ANSYS Fluent ~ ANSYS CFX
WRF Star-CD
PY VASP P CCSM
9 u3 ton 10 35 u3 ton 50 gPZE:AOAM gOMSCCz:L
NPUNOXKEHMM NPUAOXKEHNM FARMM tar-CCM-
Quantum Espresso BLAST
YCKOPAKTCA YCKOPAKTCA o L
@ = All popular functions accelerated
@ = Some popular functions accelerated
Intersect360, Nov 2015 © = In development
“HPC Application Support for GPU Computing” @ =Not supported




400+ NPUNONKEHMU C
GPU yckopeHuem

POPULAR

GPU-ACCELERATED

APPLICATIONS

www.nvidia.com/appscatalog




CYNEPKOMIMbIOTEPDLI CZIEAYOLWEINO NMNOKOJIEHNA YCKOPAKOTCA GPU

OAK
“RIDGE

SUMMIT.

M Lawrence Livermore
—d National Laboratory

SIERRA
MuH3Hepro CLUA NOAA IBM Watson
[Mpe-Exascale cynepkomnboTepbI HoBbIM cynepkomnbloTep A/19 HOBOM [MpopbiB B 06paboTKe 3anpocoB Ha
ANA Hay4YHbIX MCCJ'Iep,OBaHMI‘;I I'IpOFHOCTMLIeCKOI‘;i Mojesim eCTeCTBEHHOM A3blKe

7 <ANVIDIA.




HPC & I1YBEOKOE OBYYEHME
B3AMMOZOMOJIHAIOT APYI APYIA

Why HPC is { - ;’

speeding up ) -
machine learning '\‘:'/
research V*}

Aund,

lterating quickly is important for research progress

\ Idea

A lot of Al progress
today is driven by

running experiments.

m&iﬁ* *Expenm@

Investments in computer systems — and | think the
bleeding-edge of Al, and deep learning specifically,
is shifting to HPC — can cut down the time to run an
experiment, and therefore go around the circle,
from a week to a day and sometimes even faster.

...deep learning and cognitively enabled applications
are driving large-scale high-performance computing
(HPC) projects that are heavier on GPUs. IDC expects
major advances and potential large build-outs...

8 NVIDIA.



THE LEARNING MACHINES

Using massive amounts of data to recognize photos and speech,
deep-kearming computers are taking a big step towards true artificial inselligence.
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NOJIHOE CEMEUCTBO NPOAYKTOB TESLA

HYPERSCALE HPC MIXED-APPS HPC | STRONG-SCALING Hpc || FULLY INTEGRATED DL

SUPERCOMPUTER
Tesla M4, M40 Tesla K80 Tesla P100 DGX-1
Hyperscale peweHna gna HPC paTta-ueHTpbl CO LUIMPOKMM Hyperscale & HPC pgaTta- MONHOCTbIO MHTErpUMpOBaHHOE
rly6oOKOro oby4eHus, Habopom 3aga4 ana CPU 1 GPU LEeHTPbI C 3aa4aMuM XOPOLLIO peleHue rno npUHUmMny
MHdepeHca, 06paboTKM mMacwTabmpyembiMu Ha GPU BKJIOYM-M-paboTaM
M306parKeHMIM 1 BUAEO




NIATOOPMA TESLA AN14
MACLUTABMPYEMbIX HPC NPU/IOXKEHUM



oA CEroAHsA

XOpoLlo noaxoamT AN
TPpaH3aKUMOHHbIX 3a4au,
MCNOJIb3YHOLWMX MHOXECTBO Y3/10B

Cetesas i«l - =:~‘| - %‘I - =:-‘|

abpuka_
- === e e I s e e e e = = e

L) == == = ==

CepBep
Hble
CTOMKM

Tpa,DMLIMOHHbIe BbIYNCJIUTEJIbHbIE Y3J1bl CO
3Ha4nTEJIbHbIMU HaK/1aAHbIMAN PpaCXO0daMHN Ha
ceTeBoe B3aMMOﬂ,eﬁCTBMe

MAEA

HeckonbKo cynep y310B C
NPOU3BOAMNTENIBHOCTbLIO ThICAY TPAAMLMOHHbIX
y3/10B



TESLA P100

HoBas apxmutektypa GPU ans cambix 6bICTPbIX BbIYUC/IUTE/IbHBIX Y3/10B

ApxutekTtypa Pascal

MakcumanbHas
NPOU3BOAUTE/IBHOCTb

NVLink

GPU UHTEpKOHHEKT ans
MaKCMMaIbHOM MacLUTabupyemMoCTH

CoWoS HBM2

0O6beanHEHUE BbIYUCAUTENSA U
NamATU Ha OAHOM MOAJIONKKE

Page Migration Engine

Tesla
P100
l Unified Memory j

YnpolieHre napannesbHoro
MporpaMMMpOBaHMA C
BUPTYasIbHO O6LLEN NAMATbIO




APXUTEKTYPA PASCAL NVLINK
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CEPbE3HbIE 3AA4AYN TPEBYKOT BbICTPbIX KOMIMbIOTEPOB
B 2.5 pa3a 6bicTpee, yem uenbint LOA ¢ CPU

AMBER Simulation of CRISPR, Nature’s Tool for Genome Editing

1ysenc4
45 GPU P100

0 48 CPU y3n08B
cynepKomnbiotepa Comet

° \ 4 \ 4

crsrRACTON R & o o

10 'S
4
4

PSR 3 4

o ) b 0 20 40 60 80 100
Biotech discovery of the century # of Processors (CPUs and GPUs)

-MIT Technology Review 12/2014

AMBER 16 Pre-release, CRSPR based on PDB ID 5f9r, 336,898 atoms 15 <4 NVIDIA.
CPU: Dual Socket Intel E5-2680v3 12 cores, 128 GB DDR4 per node, FDR IB



ABCOJIOTHAA NPOU3BOAUTE/IbHOCTD

NVLink ana MakcMmanbHOM MacluTabupyemMocTu, B 45 pa3 6bicTpee ¢ 8x P100

50x
m 2x K80 (M40 for Alexnet) = 2x P100 m4x P100 m8x P100

45x

Z 40x
>

T 35x
2

g 30x
w
©

a8 25x
g

g 20x
e,
[0}

L 15x
w

10x

5x

Ox = — - 2x Haswell CPU

Caffe/Alexnet VASP HOOMD-Blue COSMO MILC Amber HACC
16 <ANVIDIA.



ABCOJIOTHAA NPOU3BOAUTE/IbHOCTD

NVLink ana MakcMmanbHOM MacluTabupyemMocTu, B 45 pa3 6bicTpee ¢ 8x P100

50x
m 2x K80 (M40 for Alexnet) = 2x P100 m4x P100 m8x P100

45x

Z 40x
>

T 35x
2

g 30x
w
©

a8 25x
g

g 20x
S
[0}

L 15x
w

10x

5x

- — —  2x Broadwell CPU
Ox

Caffe/Alexnet VASP HOOMD-Blue COSMO MILC Amber HACC
17 <ANVIDIA.



LoA B OAHOU CTOUKE

1 ctomka ¢ Tesla P100 akBmBaneHTtHa LO/J c 6000 CPU

CToMKa: 12 y3/10B C

8 P100 B Kayk10M 96 P100s / 38 kW

638 CPUs / 186 kw  RBAHTOBAA O®U3MKA
MILC

rnoroZA
650 CPUs / 190 kW
CTokKa: 36 y3/108B C COSMO

napo# CPU B
KayXK1oM
MOJIEKYNIAPHAA AMHAMUKA

2,900 CPUs / 850 kW AMBER

TIYBOKOE ObYYEHME

6,000 CPUs / 1.8 MW CAFFE/ALEXNET

1 2 4 6 8 10 C. 40 C. 84 KonmnyecTBo cToeK

18 <ANVIDIA.



NMEPBbIE CYINNEPKOMITbKOTEPbBI C P100
AJ1A PELLEHUA TZTOBAJIbHbIX NMPOBJIEM

5 e
L S
gyt oF
—

CSCS NOAA

Beaywum eBponenckum CK ans Hosbit CK a8 HOBOM Moaesnn
nonb3oBatener CERN, Human Brain v ap NPOrHO3MpoBaHUA MOroAbl



YCKOPUTEJIb TESLA P100

MponsBOogUTENIBHOCTDb
MamaTb

UHTEPKOHHEKT

MporpaMMmnpyemMocTb

AOoCTynHOCTb

5.3TFDP-10.6 TFSP - 21.2 TF HP
HBM2: 720 GB/s - 16 GB
NVLink (up to 8 way) + PCle Gen3

Page Migration Engine
YHUMUMpOBaAHHaA NaMATb

DGX-1: gocTyneH AnAa 3akasa
Cray, Dell, HP, IBM: Q1 2017




NOJIHOCTbIO UHTErPUPOBAHHbIN
CYNEPKOMMNbIOTEP
ANA FNYBOKOro ObYYEHUA



) NVIDIA DGX-1
MEPBbIK B MUPE CYNEPKOMIBbIOTEP AN1A TTYBOKOI'O ObYYEHHUA

170 TFLOPS FP16

8x Tesla P100 16GB

NVLink Hybrid Cube Mesh

YcKopeHme ocHOBHbIX DL-bpeimMBOpKoB
Dual Xeon

7 TB SSD

Dual 10GbE, Quad IB 100Gb

3RU - 3200W




NVIDIA DGX-1 CO®TBEPHbIN CTEK

OnNTMMU3UPOBAH A8 obecnevyeHMa NpoU3BOAUTENIbBHOCTHM 3a4au4 r/lyooKoro ooy4yeHums

/,ycxopeHme
rnyoeokoro
oby4yeHHns

cuSPARSE cuBLAS CufFFT

o

\

C N

KoHTenHepu3aumsa
NPUIOXKEHUM

GPU
Apps

CNC MC I
<>
<>

Digits DL Frameworks

/

/ YnpaBsieHue \

yepes 06,1aKo

NVID|i

23 <ANVIDIA.



YCKOPEHME BCEX ®PEMMBOPKOB

ACADEMIA

Berkele NYU N
UNIVERSITY OF CALIFORNIA y . Google faCEbOOkn MicrOSOft
THEANO MATCONVNET
U . 't‘ % g"‘;é;% UNIVERSITY OF
e omtren ® OXFORD

MOCHA. JL START-UPS
rer— os 5

Technology gapor

A Rsleosd | oK MTN D SCHULTS

-
c
Z2
=z
m

MINERVA MXNET*

h I

w Carnegie VITRUVIAN
NYU i UNIVERSITY of Mellon LABORATORIES
Microsoft WASHINGTON  University

NVIDIA DGX-1

*U. Washington, CMU, Stanford, TuSimple, NYU, Microsoft, U. Alberta, MIT, NYU Shanghai NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 25 <ANVIDIA.



NMPEMMYLLECTBA A/19 UCCNEAOBATE/IEM

CamblM BbICTPbIM
CK ans rny6okoro obyyeHus

Co3aaHue 60abLUMX
ceten

CoKpalieHne BpeMeHun
06y4eHusA

SDK ana rny6okoro
0by4yeHus

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 26 NVIDIA.



NPEMMYLLEECTBA ANS UHAYCTPUA/BHbIX
NOJIb30OBATEJIEM

TORCH
-
EINYU facebook TENSORFLOW ':
CAFFE Google
Berkeley WATSON
THEANO i g E
”"éi“ﬁi,‘ﬁ.ig‘.} CNTK
||
MATCONVNET Microsoft
= OXFORD

NVIDIA GPU PLATFORM

CneymanmsmpoBaHHoe
pelieHne

YCKOpeHMe BCeX OCHOBHbIX
dbperMBOpPKOB

oTOBOE pelueHue,
0o6HOBIeHUA codpTa

Noaaep»KKa 3KcnepToB
NVIDIA

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE.

27 <ANVIDIA.



NAATOOPMA TESLA A1 PABHOPO/HbIX
HPC NPUI0XKEHUM



B 5 pa3 6bicTpee

MpoussoamnTenbHOCTb B AMBER

Dual CPU Server

TESLA K80

COKpaLLLeHMe BpEMEHU CUMYIALMN

c 1 Mecsaua ao 1 Hepgenu
Tesla K80 Server mialls &

-
«

0 5 10 15 20 25 30

KonnyecTtso gHen

CUDA agpa 4992

DP nuk 1.9 TFLOPS
DP nuk c Boost 2.9 TFLOPS
GDDR5 namaTb 24 GB
chocognocts 480 GB/s
MoTpe6bnenune 300 W

CPU: E5-2698v3 @ 2.3GHz. 64GB System Memory, CentOS 6.2

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 29 <NVIDIA.




TESLA K80: B 10 PA3 BbICTPEE B PEAJIbHbIX MPUNOXKEHUAX

15x
K80 e==CPU

10x

5x

beHuMapKku MoneKkynapHaa AMHaMMKa KBaHTOBaA XMMus dusmka

CPU: 12 cores, E5-2697v2 @ 2.70GHz. 64GB System Memory, CentOS 6.2
GPU: Single Tesla K80, Boost enabled



TESLA K80 MAEAJIbHO NOAXOAUT ANA HPC
LEHTPOB C PASHOPOZHbIMU NPUIOKEHUAMM

MPUNOKEHUE Y3E/1 C MAPOU CPU Y3EJ/1 C MAPOU K80 Y3E/1 C MAPOU P100
(0CHOBHas Hl!\\l:;)%xa Ha GPU) 6 yacos 1 wac (6x) 0.8 vaca (8x)
(OCHOBHaﬂﬁZ\r%ES{a Ha GPU) 6 yacos 0.6 vaca (10x) 0.4 vaca (14x)

(mcnonbsyETA QA CDPU 1 GPU) 6 4acos 1 vac(6x) 1 vac (6x)
(ncnoan:;Y\eITc I:c?nn:xo CPU) 6 vacos 6 yacos 6 Yacos
O6wee Bpema & nponyckHas 24 yaca 8.6 wacos (2.8x) 8.2 yaca (2.9%)

CNOCOBHOCTb

MponyckHaA cnocobHocTb / $ Hu3kas Bbicokas CpeaHss

31 <4NVIDIA.



3KOHOMMA HA LIOA A0 60%

HOA Tonbko ¢ CPU

1,000 CPU y3n0B

1,000 3aga4/aeHb

BrogxeTt: S10M

LOA, yckopaembin ¢ GPU

33% NpUNOKEHMN 100% NpUIOKEHWUN
B 5 pa3 6bicTpee Ha GPU B 5 pa3 GPU

200 GPU y3noB
1000 3apa4/aeHb
21%
667 CPU y3noB SKOHOMMA

667 3aa4/ aeHb

60%
3KOHOMMA

BrogxeTt: $7.9M BrogxkeT: $4.0M




TESLA ANA BUIYAZIUSALUNUA

IRAY OPTIX

UHCTPYMEHTbI BU3YAZIUSALUNUU ANA HPC

BbIMUCJSIUTE/IbHAA NJIATOOPMA TESLA




MIHOBEHHAA BU3YAZIU3ALUMUA AAHHDbIX
AN YCKOPEHUA UCCNEAOBAHNM

CPU cynepkommnbioTep Knactep Busyanusaumu

Mepenava gaHHbIX

AHv

TpaanoHHbLIN noaxon

Busyanusauyms —
MoaenmpoBsaHnue 1 Hegens y H — Bpema uccneaosanus
1 AeHb mecAupbl

Q )

Heckonbko ntepauun

Cynepkomnbiotep ¢ GPU

MHTEepaKTUBHOCTb

NMnatcdopma Tesla

T MacLtabrpyemocTb
OZIHOBPEMEHHO C e
cumynauuen/6es Heagenu

— _

BpeMFI nccihegoBaHmAa =

(MOKOCTb

HenpepbiBHbIE CUMYNSALMK
MHoxecTBO UTepaLum




CYNEPKOMIbKOTEPbLI C ®YHKUUOHAJZIOM A4

BU3YAJIN3ALUU

Cumynauma + Bu3yanamsaumA

CSCS Piz Daint

dopmupoBaHue
raslakTUK

http://blogs.nvidia.com/blog/2014/11/19/gpu-in-situ-milky-

way/

NCSA Blue Waters

MonekynapHas
AMHaMMKa

http://devblogs.nvidia.com/parallelforall/hpc-

visualization-nvidia-tesla-gpus/

ORNL Titan

Kocmonorusa

http://www.sdav-scidac.org/29-highlights/visualization/66-

accelerated-cosmology-data-anal.htmi 35 <ANVIDIA.
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POCT NONYNAAPHOCTU GPU ANA
MPOIrHO3NMPOBAHUA NOIo0Abl U KIMMATA

MeteoSwiss 3anyckaeT @ NOAA Bbi6upaet Tesla ansa
nepsbiv B MUpe CK ¢ GPU gna  yJly4lleHUA NporHo3os
NPOrHoO3MpoBaHMA Norobil -

B 2 pa3a BblWe pa3pelieHmne CeTkun A Pa3paboTKa rnobaibHoM MoAeNn
exXeJHEBHOIo nporHo3a pa3peleHnem 3 KM, Té B 5 pa3 60)1bLIJe,

YeM ceroaHs

B 14 pa3 60/bluee cUMyNALUMK ANS
aHcamb/,1eBOro MeToJa pacyeta MoBbllEHWE paspelleHMsa YBEIMYMBAET
CpeAHECPOYHbIX NPOrHO30B BbIYMC/IMTE/IbHYIO CI0XKHOCTLB B 40 pas




CLUA MOCTPOAT ABA ®JIATMAHCKUX CK

Ha 6a3e nnatgopMbl Tesla

100-300 PFLOPS nuK
10X YCKOPEHME Hay4HbIX NPUI0KEHMN
IBM POWER9 CPU + NVIDIA Volta GPU
||M Lawrence Livermore BbicokockopocTHoM MHTepdenc NVLink

National Laboratory

40 TFLOPS Ha y3en, >3400 y3nos

<ANVIDIA 2017

3Ha4YMMbIM LIAr Ha NYTH K 3K3adaoncy 7 v



CORAL: A4 PELUEHMA BAXKHEMLUMX HAYYHbIX MPOBJIEM

TepmosgepHbIid CUHTE3 U3meHeHUA Kammara

Ponb matepuranos c NccnepoBaHme U3MEHEHUI KnMmaTa u

Heynopag04YeHHOM CTPYKTYPOMH, MOAEeNNPOBaHNE NX NOCAEACTBUM

CTAaTUCTMKA U KonebaHuA B

HaHOCTPYKTypax.
Actpodusunka CropaHue TonamBea
PaAnaunoHHbIN NepeHoc — KPUTUYECKUI MogaennpoBaHue ropeHus ana
3N1EeMEHT ANA aCTPOPU3UKU, 1a3EPHOrO noBblWeHnA 3PGEKTUBHOCTU
TEPMOAAEPHOrO CUHTE3a, AMHAMUKM 6uotonnmea

aTmocdepbl U MeaANLMHCKON BU3yaaun3aumnm

buotonaueo

MoucK BO306HOBAAEMbIX U
b6onee apPeKTUBHbIX
MCTOYHMKOB TOM/INBA

ATOMHaA 3HepreTuka
BecnpeueaeHTHO TOYHbIE pacyeThbl
paAnaunMoHHOro nepeHoca ans
NPUAOXKEHUN aTOMHOM SHEPTETUKN




NMJIATOOPMA TESLA A1A HYPERSCALE



3K3ABAMTbl KOHTEHTA CO3JAKOTCSA EXXEAHEBHO

Nonb30BaTE/IbCKUM KOHTEHT JOMMHMPYET B BEG-CEPBUCAX

10M/IH NoJsib3oBaTeNnen 1.7 MNH. nepegaud 6 MnpA 3anpocos/aeHb
40 net BMaeo/ aeHb Monb3oBaTtenn cMoTpAT 1.5 Yaca/aeHb 10% ronocom

@ Periscope twitchjm Bai.é.fﬁE

270M/TH NnpeaMeTOoB NpogaHo/ AeHb 8 M/IpA, NPOCMOTPOB BMAEO/ I€HD 300 yacoB BUAEO/ MUHYTY

43% Ha MOBWJIbHbIX YCTPOMCTBaX PocT 400% 3a 6 Mec. 50% Ha MOBUbHBIX YCTPOMCTBAX

k] facebook You([T)

Taobao.com

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 40 <ANVIDIA.



Bbl3OB

O6y3aaTb LyHaMKM AaHHbIX
B pea/lbHOM BPEMEHM
MWUNIMOHBI NoNb3oBaTeNen AenaTca

ApYr C APYromM MMIZIMOHAMM
M306paXKeHMM 1 BUAEO

Pacno3sHaBaHMe M YyyULLIEHME KaXK0M
CEeKYHJbl BMJEO

MrHoOBEHHbIM NOKa3 peneBaHTHOM
peK1aMbl

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 41 <ANVIDIA.



MALLMHHOE OBYYEHUE - HOBAA BEXA B HPC

Microsoft

@, GOOGLE OPEN-
SOURCE
TENSORFLOW

b » Y -
TensorFlow FACEBOOK MESSENGER
FACIAL RECOGNITION

Automatically organized by what matters

MICROSOFT
OPEN-SOURCE
DMTK

YOUTUBE CLICK-TO-BUY ADS

GOOGLE PHOTO




TESLA AJ1A HYPERSCALE

HYPERSCALE SUITE

>

@ 75 FFMPEG | — i

GPU REST Engine GPU Accelerated Image Compute
FFmpeg Engine

TESLA M40 TESLA M4

MPOMN3BOANTE/IbHOCTb: MakcnmanbHas HU3KOE SHEPIOMNOTPEBJ/IEHUE: MakcnmanbHas
NPOM3BOAMTE/ILHOCTb ANA F/Ty6OKOro oby4yeHus NPpONyCKHaa cnocobHocTb Ana hyperscale 3agay




HYPERSCALE LLOZ C GPU-YCKOPUTE/IAMM

[Mnatdpopma Tesla

CEPBEPbI AN UHOEPEHCA, WEB CEPBAUCOB

MacluTabupoBaHMe C POCTOM YMC/Ia NoJib30BaTeNEN

— pOo 4

JK3a6aMTbl KOHTEHTA / AeHb  O6yyeHue Mogenm O6yyeHHas MoAesib Ha KaxaoMm cepsepe Munnuapabl yCTpoMCTB

44 < NVIDIA.



TESLA M40

B 17 pa3 6bicTpee oby4yeHue
Alexnet

Dual CPU Server

GPU Server with CoKpallyeHue BpeMeHu ¢ 6 gHen Ao 9 4acos
8x TESLA M40 )
0 1 2 3 4 5 6
Konnuectso aHen

GDDR5 namaTb 24 GB
CUDA aapa 3072
SP nponsBoanMTENbHOCTD 7 TFLOPS
MponycKkHaa cnoco6HOCTb 288 GB/s

MoTpe6bnenune 250W

Caffe benchmark with AlexNet
CPU server uses dual Xeon E5-2698v3, Ubuntu 14.04

45 <4 NVIDIA.



TESLA M4

Crabunuzaumsa u

O6pa6oTKa yayHliexne

BMJEO0

TpaHcKoaM-
poBaHue
BMAEO

2X

CUDA agpa

A * : ;,‘ ‘ »
4x =

Resize, dunbTp, NOUCK,

O6pa6oTKa yayHliexne

M306paKEHMM

5x

NHdepeHC

2X

SP npousBogMTE/IbHOCTb 2.2 TFLOPS

GDDR5 namaTb

4 GB

MponycKkHaAa cnoco6HOCTb 88 GB/s

®opm-daKkTop

MoTpe6bnenune

PCle Low Profile
50-75W

46 <4 NVIDIA.




NMIATOOPMA TESLA ANA TTYBOKOIoO ObYHEHUA



HOBAA NAPAAUIMA BbIYUCNEHUN

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

ImageNet

® Traditional CV
Deep Learning

2010 2011 2012 2013 2014 2015

TpaguuMOHHOE KOMMbIOTEPHOE 3peHME
JKcnepTbl + Bpemsa

Knaccudurkayma o6BbEKTOB C
MOMOLLbIO FNYGOKOro 06yyYeHus
DNN + gaHHble + HPC

['ny6okoe oby4yeHne
NMPEeB30LLJI0 pe3y/ibTaTbl
4yesioBeKa




MHAYCTPUA OBBEMOM B $500 MJIPA
B TEHEHUE 10 BJAAINKAULLUNX JTET

$120,000
uSoftware

$100,000 " Services
Hardware

$80,000

$60,000

$40,000
$20,000 I I
_ - = u A

$-
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

($ Millions)

A4

O6LWwmi1 060pOT MHAYCTPUM FNYyBOKOro
06yYeHUA NO CerMeHTam

O60poT No copTy A/1A rNy6oKOro
06y4YeHMA N0 MHAYCTPUAM

SOURCE: “Deep Learning for Enterprise Applications,” 4Q 2015, Tractica

Cognitive opens new opportunities on top of traditional IT

Opportunity for ~
decision-making $2T
support
2025 . Decision Support

Traditional global ~$1 2-|-

IT spend .
2016 Productivity

IBM: “PblHOK B YaCTM KOrHUTMBHbIX
TEXHONOrMIM pasmepom B S2TpaH”



EVERY INDUSTRY WANTS INTELLIGENCE

Organizations engaged with NVIDIA on deep learning

® Higher Ed B Gaming
M Internet W Oil & Gas
M Life Sciences ® Other

W Development Tools

M Finance

B Media & Entertainment
B Government

B Manufacturing

M Defense

B Automotive

100
o)

2013




YCKOPEHUE BCEX OCHOBHbIX ®PEMMBOPKOB

EDUCATION
ANYU facebook Berkele iz .
. UNIVERSITY OF CALFORRLA y facemuk Go gle === Microsoft
Uni it I'H'I F?%_?W UNIVERSITY OF
" de Montréal % OXFORD
START-UPS

CHAINER DL4J KERAS OPENDEEP

I mEm  Massachusetts
I I Institute of Retioral Urimmsty
Technolegy | 0 E e

MINERVA MXNET* R
& ArTeZne
NYU ?ﬁ%ﬁ o universiTyor  Mellon LABORATORIES VITRUVIAN
&/ Microsoft WASHINGTON  University

NVIDIA GPU PLATFORM

) Washingfon, CMU, Stanford, TuSimple, NYU, Microsoft, U. Alberta, MIT, NYU Shanghai




Caffe Performance

M40+cuDNN4

C U DA yC KO Pﬂ ET ’ M40+cuDNN3

r1YBOKOE .
OBYYEHME E
B 5 PA3 3A 2 FO/IA -

AlexNet training throughput based on 20 iterations,
CPU: 1x E5-2680v3 12 Core 2.5GHz. 128GB System Memory, Ubuntu 14.04




100%

95%

90%

85%

80%

75%

70%

65%

NOTPACAIOLWASA AMHAMUKA PA3BUTUA

Pacno3sHaBaHWe M306parkeHuM

IMAGENET

93%

NVIDIA GPU

4%

72%

2010 2011

88%

84%

2012 2013 2014

96%

2015

O6HapyXeHne newexonos

100%

95%

90%

85%

80%

75%

70%

65%
11.2013

CALTECH

® CV-based ® DNN-based

6.2014

[
[ [ ]
[
[
12.2014  7.2015

Pacno3HaBaHMe 0O6BbEKTOB
JIOPO*KHOM MHMDPACTPYKTYPbl

100% KITTI

90%

Top Score 87,5%
83% 86%
80% >
79%
75%
72%

66%
62%

70%
60%
55% | NVIDIA DRIVENet

50%

40% 39Y%

12016 b & & B o o



COBPEMEHHOE AI-PELLEHUE OT FACEBOOK

CneumanbHO co3AaHHbIM cepBep Ha 6a3e nnatdopmbl NVIDIA Tesla

PeweHue

6 Million+

predictions per second

more than 25%

of engineers using Al/ML

40+ PFLOP/s

available via GPU server cluster

“Most of the major advances in machine learning and Al in the
past few years have been contingent on tapping into powerful

GPUs and huge data sets to build and train advanced models’’

[punoxkeHuAa

t”_/
MNepcoHndunumpo NepcoHanbHbIN
P uLmp P . Pacno3HaBaHune
BaHHas neHTa UM poBon N
o doTorpadoum
HOBOCTEWN aCCUCTEHT

n Serkan Piantino
Engineering Director of Facebook Al Research




NMJIATOOPMA TESLA A/14 PASPABOTHYUKOB



10-KPATHbIA POCT YCKOPEHHbIX BbIMUCJIEHUUA

2015

2008

222222 222222222222

3 MMAIMOHA
CkaumBaHmi CUDA

150,000

CkaumsaHmi CUDA

CUDA npunoxeHun

410

L]
L

(B> <> B> B> <> (B> B> B> <@><®><®

@®

CUDA npunoeHmi

YHMBEpCUTETOB

800

60

YH1BEpCUTETOB

Hay4yHbIx pa6oT

EEEEEEEEEEEEEEE ),

4,000

HayuHbix pabot

450,000

Tesla GPU

6,000
Tesla GPU

54,000

77
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<A NVIDIA DEVELOPER

NVIDIA SDK

The Essential Resource for GPU Developers

NVIDIA SDK

DEEP LEARNING

Deep Learning SDK
High-performance tools and
libraries for deep learning

4 ..

‘L e

ACCELERATED
COMPUTING

NVIDIA ComputeWorks™
Everything scientists and engineers
need to build GPU-accelerated
applications

SELF-DRIVING CARS
NVIDIA DriveWorks™

Deep learning, HD mapping and
supercomputing solutions, from
ADAS to fully autonomous

) A’ @:

DESIGN &
VISUALIZATION

NVIDIA DesignWorks™

Tools and technologies to create
professional graphics and advanced
rendering applications

VIRTUAL REALITY
NVIDIA VRWorks™

A comprehensive SDK for VR
headsets, games and professional
applications

AUTONOMOUS
MACHINES

NVIDIA JetPack™

Powering breakthroughs in
autonomous machines, roboticS.al
embedded computing

GAME
DEVELOPMENT

NVIDIA GameWorks™
Advanced simulation and rendering
technology for game development

ADDITIONAL
RESOURCES

More resources for GPU Developers




NVIDIA COMPUTEWORKS

CUDA 8 — | cuDNN5 | nvGRAPH —
MnaruH IndeX gna ParaView —

COMPUTEWORKS

cuDNN nvGRAPH

a TaK e Apyrue TeXHONOrMU, TakMe Kak:
AMGX, cuSOLVER, cuSPARSE, OpenACC, NSIGHT, THRUST




KAK PABOTAET YCKOPEHUE HA GPU

Koa npunoxkeHua

e N
BbluMCIMTENBHO MHTEHCUBHbIE
dyHKUMH
— OcTa/sibHOM nocneaoBaTe/IbHbIN
5% Koaa CPU kog

GPU CPU

.

/

~ I




bUB/INOTEKHN C GPU YCKOPEHMEM

“copy-paste” yCHopeHme ANS BalMX NPUIOKEHMM

OpueHTUpOBaHHbIE
Ha npeaMeTHbIe
061aCcTH

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

O6paboTKa
M306parKEHUM

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

JIMHenHas
anreébpa

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

MaT. anropmMTtmbl

werbid | haph AMCUATTATO CAATARC A CATTATOCCACTTA
deaciel 3 haphid  AMCUATTATO ICAATUACT A LATIATCTCAC TTA
ra » 1A ICCERAT 1A
e ATCECA  TTA
R TATCCOARTTA
ndnackid 3 hapho? TATCTCA  TTA
a4 hagk MM AT TATCLCAATAAG A CATTATOCCAL TTA
Indnicud_3_hagol £ AT TATCCCAATCACAL CATTATCICAL TTA
/

&9

Geometry Performance Primitives

. Triton Ocean SDK |

Sundog

Software

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

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

= RogueWave

{A} ArRRAYFIRE

developer.nvidia.com/gpu-accelerated-libraries

CuBLAS,
cuSPARSE

CuSOLVER

60 <ANVIDIA.


https://developer.nvidia.com/gpu-accelerated-libraries
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OpenACC

[lpocToTa
[po3BOAMNTENBHOCTb

[MopTpyemocCTb

main()

{

<serial code>

#pragma acc kernels
//automatically runs on GPU

{

<parallel code>

}
}

YHuBepcuteT UnamHomca
PeKoHCTpyKuma no MPT CHMMKam

/0x ycKopeHue
7 AHA 3aTpart

NICAM- MogenvpoBaHue KimMmara

RIKEN AnoHus

/-8X ycKopeHue
5% Koaa MoaMdULMPOBAHO

8000+

pa3paboTymkoB

Ncnonb3ywT OpenAcCC

http://www.cray.com/sites/default/files/resources/OpenACC 213462.12 OpenACC Cosmo_CS FNL.pdf
http://www.hpcwire.com/off-the-wire/first-round-of-2015-hackathons-gets-underway
http://on-demand.gputechconf.com/gtc/2015/presentation/S5297-Hisashi-Yashiro.pdf
http://www.openacc.org/content/experiences-porting-molecular-dynamics-code-gpus-cray-xk7
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LS-DALTON

MacwTtabHoe npunoxeHme ans
BbICOKOTOYHOr0 pacyerta
MONIEKY/IAPHbIX JHEPreTUYECKMX

YPOBHEM

OpenACC denaem sbiqucaeHusa Ha GPU docmynHbiMu
019 cheyuasucmos 8 cBoUX npedmemHbix ob1acmsx.
lNepsoHa4asbHoe ucnosib3osaHue OpenACC
nompe608asio MUHUMYM ycusul u, 4Ymo 2/1a8Hoe,
6e3 Heobxodumocmu modugpuyuposams
cywecmsyrowyro CPU peanuszayuro. »

Janus Juul Eriksen, PhD Fellow
gLEAP Center for Theoretical Chemistry, Aarhus University

!

MUHUMYM yCUIMU

N
3HauyuTesibHOe yCKOpeHue
LS-DALTON CCSD(T) moaynb
U3mepeHo Ha CK Titan (AMD CPU vs Tesla K20X)
12,0x
z
(@)
v 8,0x
g
I
L 4,0x
g
=
0,0x

Alanine-1 Alanine-2
13 Atoms 23 Atoms

Alanine-3
33 Atoms

62 <ANVIDIA.



NVIDIA OPENACC TOOLKIT

becnnatHbiM Toolkit - npocTon 1 3ddpeKTUBHBIM NYTb A9 YCKOPEHMS NMPUNOKEHUM

Q* PGl kKomnuaAatop

becnnatHbiM OpenACC KoMnunaTop Ans
* aKkaJleMMYeCcKom cpeapl

NVProf npoduampoBLUMK
[MpocToTa NoMCKa y4aCTKOB Koaa 4219 406aBAEHMUS
ANPEKTUB

DIrectlves For Acoelerators

[lokyMeHTaumA
PyKOBO,D,CTBa no NCrnoJib3aoBaHM1MO, METOANKMU, d)OpyMbI

Q [p1Mepbl Koaa
[prMepbl peann3saumm pacrnpocTpaHeHHbIX aropuTMOB
OpenACC

docmynHo Ha hitp://www.nvidia.com/openacc 63 INVIDIA



http://www.nvidia.com/openacc
http://www.nvidia.com/openacc

OPENACC OBECIEYUBAET NMOPTUPYEMOCTD
NMPOU3IBOAMUTE/IbHOCTU

[fpoknaabiBad gopory B 6yayuiee: oamH Koa ana scex HPC npoueccopos

[pOM3BOAMTENBHOCTb MPUIOKEHUM

m CPU: MPI + OpenMP m CPU: MPI + OpenACC m CPU + GPU: MPI + OpenACC
35x

30x
25x
20x
15x
10x

5x

YcKopeHnue vs ogHo CPU agpo

Ox

359.MINIGHOST (MANTEVO) NEMO (CLIMATE & OCEAN) CLOVERLEAF (PHYSICS)

359.miniGhost: CPU: Intel Xeon E5-2698 v3, 2 sockets, 32-cores total, GPU: Tesla K80- single GPU
NEMO: Each socket CPU: Intel Xeon E5--2698 v3, 16 cores; GPU: NVIDIA K80 both GPUs
CLOVERLEAF: CPU: Dual socket Intel Xeon CPU E5-2690 v2, 20 cores total, GPU: Tesla K80 both GPUs



OBLLAA NMPOrPAMMHAA MOAE/Tb AJ1A PA3HbIX NM/IATOOPOM
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BUOGAIMOTEKM Amex

cuDNN wﬁj
L
%} CUBLAS

OpenCV

ANpeKTuBbI

A3bIKKn
nporpaMmmupoBaHus

OpenAGCC

=

C/C

Fortran .=~
& python Java




SKOCUCTEMA ANA PASPABOTHUKOB HA GPU

GPU KOMI‘IVInFITObI [IMPEKTUBbI U

KNnactepHble UHCTPEMEHTDI BUBANOTEKU

MpuknagHoble OTtnagymkn n
nakeTbl NPOGUANPOBLUMKA

C
C++
Fortran

BLAS
FFT
LAPACK
NPP

cuda-gdb
NV Visual Profiler
Parallel Nsight

MATLAB
Mathematica
NI LabView

Java

Visual Studio Python

Allinea
TotalView

Video
Imaging
GPULIib

pyCUDA

AnnapaTHble OEM peweHus

c=ay JISL)=  SUPERMICRe'

KoHcanTuHr n obyyeHume

% acceleware  GASS [aSTONE RIDGE

TECHNO LOGY

ANEO GPU Tech
AArrayFire | HEg
Sovponss LI

sgi  FUjiITsU  ‘Bulk

) NEC



http://www.supermicro.com/
http://en.wikipedia.org/wiki/File:Logo_groupe_bull.jpg
http://images.google.com/imgres?imgurl=http://fishtrain.com/wp-content/uploads/2007/09/cray_logo.gif&imgrefurl=http://fishtrain.com/2007/09/03/nvidias-playbook/&usg=__mBEPjqB6tUo0mps50ld866NdmmI=&h=70&w=160&sz=3&hl=en&start=8&sig2=erIWlru80_C67bxBapde6g&tbnid=ooG9_suq3ywK-M:&tbnh=43&tbnw=98&prev=/images?q=cray+logo&gbv=2&hl=en&ei=aHYpSvyWEo-ctgPd-dXxCg
http://www.google.com/imgres?imgurl=http://blog.taragana.com/wp-content/uploads/2009/05/nec-logo.jpg&imgrefurl=http://blog.taragana.com/index.php/t/east-asia/&h=354&w=354&sz=8&tbnid=YJa5kHMJJ5aMmM:&tbnh=121&tbnw=121&prev=/images?q=NEC+logo&hl=en&usg=__vqs8CIGTn2HFsKXlXcsnKjhGaww=&ei=Q98zSsTUG4vWsgPysrDODg&sa=X&oi=image_result&resnum=2&ct=image

PASPABOTKA HA GEFORCE, BHEAPEHUE HA
TESLA

Co3paHo ANA pa3paboTYMKOB M reMMepoB Co3zaHo ANA AaTa-LEeHTpPoB
ECC
JlocTynHo Ans Bcex Pa6oTa 24x7

MoHutopuHr GPU
YnpaBieHWe KlacTepom
GPUDirect-RDMA
Hyper-Q ana MPI
3 roga rapaHTum
NHTerpmpoBaHHble OEM cucTeMbl, npodeccroHaibHan nogaeprkka

https://developer.nvidia.com/cuda-gpus






