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ﬁ!!l llllllll
f

CPU + GPU
lubpuodHasi apxumexkmypa



O6G30p pasBUTUA apXUTEKTYpP
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3apaum Ans cynepKkoMnbOTepoB N>

NVIDIA

Paspa6oTka nekapcts MpoekTnpoBaHue PasBeaka HedpTH M rasa MeauuMHCKaa BM3yanusaumsa
il rasoguHaMmKa 06paboTKa CEMCMMYECKUX JaHHbIX KT 1 MPT

Actpodmsunka ®durHaHCbI Paspa6oTka P3A MporHo3upoBaHue norofpbl
MpoucxoxaeHne BCeNeHHOM bupxeBasa Toprosns [poeKTMpoBaHWE aHTEHH ®u3unka atmocdepsl



Hayke Hy>XHbl Ha NopsiAKKU 6onee MOLWHbIE CUCTEMBI
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CUDA

[MporpammHo-annapaTtHas apxuTekTypa ans
napannenbHbIX BblMUCIEHUN




CUDA ana napannenbHbIX BbIYNCEHUN rSTZD,A

Cpepa pa3paboTku

[oKkymeHTauus, COTHU NpMMepoB
KomnunaTtop C/C++, ®opTpaH (PGI)
NMoppepxka OpenCL un DirectCompute
BubnunoTteku

FFT

BLAS

LAPACK

MAGMA \ S A
B s Apxutektypa CUDA
Video processing
Signal processing
Computer Vision
Sparse Matrix
Random Generator

lNpunoxeHune




CUDA. MupoBoe npusHaHue. <3

NVIDIA.

® 2500+ HayuHbIX paboT

® 1500+ npunoxxeHnii s

o pO
350+ YHuBepcutetos npenogatowmnx CUDA

e 200+ maH. GPU c CUDA
* 100,000+ pa3paboTtumnkos




Programming Mas
Parallel Proces

The OpenCL
Programming Book

Paraie Prcravrmang Yo MaCore CAJ ara G

<3

nVvIDIA

CUDA

BY EXAMPLE

OpenClL

®HTOISZT




YHUBeEpCanbHOCTb apXUTEKTYpbI ﬁ%‘\
200+ mnH. GPU nododepxuesarowux CUDA no ecemy mupy

GeForce® Teslam Quadro®
PasBneyeHus BricokonponssoguTenbHble BblYUCIEHNS KoHcTpynpoBaHue n ansanH




Cuctembl Tesla HoBoro nokoneHus (Fermi)
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NVIDIA.
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Tesla Personal
Tesla S2050 / S2070 e s
1U Svst Tesla C2050 / C2070 Supercomputer
ystem (4 Tesla C20x0)
GPUs 4 Tesla GPUs 1 Tesla GPU 4 Tesla GPUs
Mponss. 4BONHOM TOYH. 2,06 Tdnonc 515 Mdnonc 2,06 ToOnonc
[MpounsB. 0 OVH. TOYH. 4,12 Tdnonc 1,03 Tdnonc 4,12 Tdnonc
MNamaTtb 3um6 I/ GPU 3nnmn 6B 3nmm 6B/ GPU
3awmTa gaHHbIX ECC ECC ECC




GPU cepBepbl cTanu MeHCTpUumMom <=2

nNnviDIA

Tesla S870 Tesla S1070 / M1060 Tesla M2050 / M2070
[ekabpb 2007 2008-2009 2010


http://en.wikipedia.org/wiki/File:Logo_groupe_bull.jpg
http://www.dell.com/us/en/gen/df.aspx?refid=df&s=gen&cs=555

B 8 pa3 nyuwe pe3ynbTaT no Linpack

MNMpouss., F'dnonc F'Pnonc / $K F'Pnonc / KBT
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450 N 40 | 00
4 .
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150 { go1 0 11 200 4 146
o | HE el B SE BN B
CPU GPU-CPU CPU GPU-CPU CPU GPU-CPU
Server Server Server Server Server Server

CPU 1U Server: 2x Intel Xeon X5550 (Nehalem) 2.66 GHz, 48 GB memory, $7K, 0.55 kw

GPU-CPU 1U Server: 2x Tesla C2050 + 2x Intel Xeon X5550, 48 GB memory, $11K, 1.0 kw
18



MowHeMnwme cynepkoMnbIoTepbl MMpa >

NVIDIA
Kutan AnoHua
Tianjin National Tokyo Institute of
Technology

Supercomputing Center
Tsubame 2.0

Tianhe-1A
Poccus CLUA
MockoBckuu Oak Ridge National Lab
FocypapcTBEeHHbIN
YHuBepcuTteTt

Jaguar

OdmumanbLHO 06BbABNEHO

."OMOHOCOB O HamepeHuu ucnonb3oBaTtb Tesla



AHeproathpeKTMBHOCTbL

M'mopmnaHaa CPU-GPU cuctema

7,168 Tesla + 14,336 CPU

4.04 MBT

CPU-cuctema

50,000 x86 CPUs

12.7 MBT

>

NVIDIA



Kutan: TexHonorn4eckmm npopbIiB N>

NVIDIA
Ne Bernoop ApxuTtekTypa [og Linpack T[luk
1 Edlly SN Intel X5670 + NVIDIA Tesla M2050 2010 2507 4701
2 BE Yt Intel X5650 + NVIDIA Tesla C2050 2010 1271 2984
3  mhfpETfEAT  Intel E5520 + NVIDIA Tesla C2050 2010 207 1138
4 BE 5t AMD Barcelona 2008 180 233
5 HEAE Intel E5450 2008 106 293
6 BE 5t Intel X5650 + NVIDIA Tesla C2050 2010 76 141
7 BE 5 Intel X5650 + NVIDIA Tesla C2050 2010 55 102

* [19Tb U3 ceMun cambiX MOLLHbLIX (BKITHOYast Tpy NepsbixX) — Ha Tesla
* Bce noctpoeHHble B 2010 n3 nepson cemepkn — Ha Tesla



oJkocuctema rmbpungHbix BC

©® [lpoekTpoBaHWe N NoCTaBKa BbICOKOMPOMN3BOAUTESbHbIX
BbIYUCIIUTESBbHbIX CUCTEM Ha 6a3e GPU (onTummsaumns
nponssogmTenbLHOCTH no Linpack)

® OB6y4yeHune cneunannmcToB 3akasvnka pacnapannenmBaHuio
BbluncneHnn Ha GPU

©® AyTcopcuHr paspaboTtkm Ha GPU — onTumMmsauus n nepeHoc
cywectsytowero N0 Ha rmbpuaHyto apxXnTekTypy

‘(3

OPEN

TECHNOLOGIES
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[MpekoHpUrypmposaHHble GPU-knactepsbl

Infiniband-xommyTaTtop
(onuwmonansHo)

Cucrema xpanenun (NAS)
(onumonansHo)

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

Infiniband-kosmmyTaTop
(onumoHansHo)

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

KVM-KoHoONB/KOMMY TRTOP

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

Ethemet-xommyTaTop

KVM-koHCcoNL/KOMMYTATOR

Ynpasnaouwmin yaen

BoMUCIMTENSHBIE Yani: BEICOKOR
nnoTHocTu (CPU-nodes)

UPS (UBN)

Ethernet-koMmmyTaTopb!

Cuctema xpanenns (NAS)
(onusmonansHo)

BbMUCIUTENLHBIE Yanb! BLICOKON
nnoTthocTy (4 CPU-nodes)

Ynpasnsowmna ysen

BerucnuTensHbIe yans! BeICOKoR
nnoTHocTu (4 CPU-nodes)

Boi4NCIMTENLHLIE Y3kl BHICOKOR
nnotHocTH (4 CPU-nodes)

UPS (UBIM)

Infiniband-kosmyTarop
(onumosansHo)

Cucresma xpanennsi (NAS)

(oNuMoHankHo)

NextlO VCore Express/

NVidia Tesla S (2x4 GPU)

Infiniband-kosmmyTaTop
(onumMoHansHo)

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

KVM-KOHCONL/KoMMy TAaTOP

NextlO VCore Express/
NVvidia Tesla S (2x4 GPU)

NextlO VCore Express/
NVidia Tesla S (2x4 GPU)

Ethernet-kommyTaTop

KVM-KoHCONL/KOMMYTATOD

Ynpasnaioumia ysen

BboMUCIUTEMEHEBE VANl BeICOKOR
nnotHocTu (CPU-nodes)

UPS (MBM}

Ethernet-komMmyTaTopb!

Cucrema xpadeHns (NAS)
(onumoHansHo)

BoI4UCINTENEHLIE Y3kl BEICOKOR
nnorHocTh (4 CPU-nodes)

BbrMuUcnuTenbHbie Y3nsi BbICOKON
nnorHocTr (4 CPU-nodes)

YNpasnaowmin yaen

BbMUCAMTeNbHBLIe Yarnb! BHICOKON
nnotHocTr (4 CPU-nodes)

BoMMciMTENbHbIE Y3rbi BbICOKOW
nnotHocTM (4 CPU-nodes)

UPS (UBMM)

‘(3

OPEN

TECHNOLOGIES
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[MpunoxeHus

24



MpunoxeHus ¢ noagaepxkon CUDA <A

nNnviDIA

Create stunning 3D in less time.

Autodesk
3ds Max-




Moldflow — yckopeHune Ha GPU

3 Autodesk Moldflow Insight 2010-R2 Not For Resale Edition - [wheel_study. (cpu).sdy (Auto-saved version)] E]
4 File Edit M

> % ¥ il
A ODA D@

ection, all effects: Defl
Scale Factor = 5.000

OW® INSIGHT

27



KomnbioTepHas Tomorpadus <3

NVIDIA

DigiCT on Dual Intel Deo Core 2.3 GHz *
DigiCT w2 *

Embedded softwars
with dedicated FPGA hardware (one board)

Embedded software
with dedicated FPGA hardware (two boards)

SnapCT * with a single board
SnapCT * with a twio-board sohution

5123 volume reconstruction speed

Projections per second
Faster is better

"
B/

iy
(=

et D sl ke e e 10243 volume reconstruction speed

FProjections per second
Faster is better

DigiCT w2 *

Embedded software
with dedicated FPGA hardware {one board)

Embedded softwars
with dedicated FPGA hardware (two boards)

SnapCT * with a single board
SnapCT * with a twio-board sohstion

T -
= =
b =

7.0

.'l%igisens @ﬂ/

4
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PacuyeT cToumMocT oNUMOHOB U CTpaTeruu TpenauHra E,%A

100x ObIcTpee reHepauma criydanHbIX

¢ PacuyeTthbl MCNnoJib3yroT CUMYyNALUN Yyucersl
MOHTe—Kapno MersenB(Ca:Twister
+ Box-Muller

(MKL)
* BasupyloTcs Ha reHepaTope

cnyvarHbIX Yucen |

* YckopeHune Ha CUDA — go 100
pa3 LRANDA48

(0] 1000 2000 3000 4000 5000 6 000

* OOwee yckopeHue anroputma 25-
60 pa3

Speed (Millions samples per second)

® Tesla C1060 Xeon Quad (3.0Ghz)

30



SIEMENS




SIEMENS

LUenb . MNMoBbicuTtb HarnaAgHoOCTb U y,EI,OGCTBO ANarHOCTUKHu
nnoaa

3apaya . Mony4yatb pe3ynbTaTbl B BbICOKOM pa3pelleHuU B
peXume peanbHOro BpeMeHMU

PeweHne. AMHMOCKOMNMUYECKUN PEHOEPUHTI C UCNONb30BaHUEM
GPU NVIDIA no3BondaeT nauMeHTamMm nNony4vuTb
TpexMepHoe usobpaxeHue mnageHua, sbisoasa Y3U Ha
Ka4eCTBEHHO HOBbIU YPOBEHb



Amnioscopic Rendering
3rd Trimester Fetal Face

SIEMENS
7CF2 /0B
2nd/3rd Trimeste

100%

THI / H5.50 MHz

0dB/DR 70
SCOff/{DTCEM

MaBB /8T5
LM

r

2.5 vps



MonekynsapHaa AMHaMuKa

® Ucnonbaywuwume GPU

NAMD / VMD
HOOMD
ACE-MD
MD-GPU
GROMACS
AMBER
LAMMPS

® B paspaboTtke

CHARMM

Time steps calculated /

Billion Evaluations / sec
'_\
a1
(@]
1

&
nviDlA
lon Placemen'[2i4n1 VMD

N W

g o

o O
1 ]

N

o

o
1

271X
Faste
0,89

=
g o
o O
1

o

Intel QX6700 4 GPUs
quad-core w/  (Tesla 10-

SSE serles?1
Source: Stone, Phillips, Hardy, Schulten

600 - Lennard-Jones Liquid Model
— on LAMMPs vs HOOMD

400 | 16GAMD Opteron...
m 1 GPU (Tesla 8-...
8300 | U (Tesla 8

“200
100

v.” b‘o'. (1,."
) o N
" Number of Pa¥icles

Source: Anderson, Lorenz, Travesset
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KAPZR{KY
Llenb . YMeHblueHMe BpeMeHU peaKkLmmn Ha eXXeCceKyHaHO

nosAndaroluinecs HoBble yrpo3bl

3agava . YHuKanbHbIA anropuTM A0MKeH ObICTPO CBEpPATb
nogo3puternbHbIn (haun ¢ 50 MnH. 3TaNnoHOB

Pewenune . [lepeHoc 3agaum Ha GPU pan 360-KpaTHbIN NPUPOCT
NpPon3BOANUTESNTIbLHOCTH



£ »>Cognitive

Technologies

Lenb .

3agava .

PeweHue .

CokpalieHue BpeMeHn o6paboTKn JOKYMEHTOB

YcKkopeHue Kaxaoro n3 atanoB oopadboTku
N300paxeHus

NpumeHeHune CUDA Ha ogHOM U3 3TanoB yBenu4uno
ero ckopoctb B 30 pa3, n yCKOpUNo BeCb npouecc
00paboTKMN CIOXHbIX AOKYMEHTOB B 2 pa3a



OuHamuka xupkocTen (CFD) <3

NVIDIA

Incompressible Navier-
Gflop P

* YpaBHeHus HaBbe-CToOKCa . lAMDOpterSOI1’:102k4eS " o4
O i .

* CeTouHbI¥ MeTOoa BonbumaHa a0 | CH? 38
¢ TpexmepHble ypaBHEHUSA dunepa 30 -
20 H~
10 A
. P

128x32 256x32 512x32 1024x32

x128 X256 x512 x1024
Source: Thibault, Senocak

24
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AreKTpoMarHeTusm / dneKkTrpoanHamMmumKa <

NVIDIA

N
UcnonbsyioT GPU Speed  Cell Phone Model Simulation

® Acceleware Mce"séé; _ Simulation size : 89 Mgells

® EM Photonics . Mcells/s
& CST Studio

400 A

300 H+

® B paspabotke 200 1

* Maxwell equation solver 0] 9’;"’/
_ _ cells/s
* Ring Oscillator (FDTD) 0 .
. . Intel Xeon (2.6 GHz) 4 GPUs
* Particle beam dynamics (Tesla 8-series)
simulator FDTD Acceleration using GPUs

Source: Acceleware

45



MoaenupoBaHMe NpUPOAHbLIX ABMEHUN <3

NVIDIA

Tokunuckum TexHonornyeckmm UHCTUTyT
NonHOCTbIO nepeHec moaenb WRF
(pacuyeta nporHosoB noroabl) Ha GPU.

Nony4yeHo 80-KpaTHOe yCKOpeHue.

MeTteoponornyeckoe AreHTCTBO AnNoHUM
paccMmaTpuBaeT BapuaHT nepexoAa Ha
GPU npwu rpsaywem o6HOBNeHMM moaenu
pacueTa.

46
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CATIA

Rendered with Photo Studio using mental ray



20+ HedhTerasoBbIX KOMNaHWii ucnonbaytoT CUDA &3

3adKa34YUKu

Qhevron
E @
: PETROBRAS

Schiumberger

BeHAaopbI 1O

SfA

wu“lwuuﬁmﬂl
g Grcara Siwere b Tehranpy Lod

Everything prestah

a STONE RIDGE

NVIDIA

CpaBHeHue @
GPU ¢ CPU

ROBRAS]

npon3BoANTEeNbHOCTb/ 18x - 27x
MOLLUHOCTb

npon3BoaUTENIbHOCTL/ 20x - 31X
nnowagb

NPOu3BOAUTENbHOCTb/ 15x - 20x

CTOMMOCTb

12x - 17x

15x - 20x

10x - 12x




CAE ISV Pipeline

Structural Mechanics

Fluid Dynamics

Electromagnetics

Available Now

ANSYS ANSYS Mechanical

IMPETUs AFEA
Abaqus/Standard (beta)

AcuSolve

Moldflow

Culises (OpenFOAM)
." ) prometech  Particleworks

Nexxim
i Agi EMPro
E CST MS
* XFdtd
s p e a g SEMCAD X

<3

nvIDIA
Expected Release in 2011

ge i M | S-DYNA implicit

Marc

CFD++

[ LS-DYNA CFD



http://www.simulia.com/index.html
http://www.remcom.com/
http://www.speag.com/
http://www.mscsoftware.com/
http://www.saic.com/
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CUDA 4.0

[TopmuposaHue rpurnoxeHul cmaHosumcs 0ocmyriHee

GPU Direct 2.0

Unified Virtual Addressing

Thrust

© NVIDIA Corporation 2011



NVIDIA GPUDirect™:Towards Eliminating the CPU Bottleneck

Version 1.0

for applications that communicate
over a network

v

Version 2.0

for applications that communicate
within a node

N

" +Direct access to GPU memory
for 3" party devices

Eliminates unnecessary sys

v’

mem copies & CPU overhead

* Peer-to-Peer memory access,
transfers & synchronization

Details @ http://www.nvidia.com/object/software-for-tesla-products.html

© NVIDIA Corporation 2011


http://www.nvidia.com/object/software-for-tesla-products.html
http://www.nvidia.com/object/software-for-tesla-products.html
http://www.nvidia.com/object/software-for-tesla-products.html
http://www.nvidia.com/object/software-for-tesla-products.html
http://www.nvidia.com/object/software-for-tesla-products.html
http://www.nvidia.com/object/software-for-tesla-products.html
http://www.nvidia.com/object/software-for-tesla-products.html

Before GPUDirect v2.0

Required Copy into Main Memory

GPU1 GPU2
Memory Memory

© NVIDIA Corporation 2011



GPUDirect v2.0: Peer-to-Peer Communication

Direct Transfers b/w GPUs

GPU1 GPU2
Memory Memory

© NVIDIA Corporation 2011



Unified Virtual Addressing

Easier to Program with Single Address Space

No UVA: Multiple Memory Spaces UVA : Single Address
Space
System GPUO GPU1 NALE) GPUO GPU1

Memory Memory Memory

1 1

ﬂ

1
k3

© NVIDIA Corporation 2011

PCl-e



C++ Templatized Algorithms & Data Structures (Thrust)

® powerful open source C++ parallel algorithms & data structures
® Similar to C++ Standard Template Library (STL)

® Automatically chooses the fastest code path at compile time

o Divides work between GPUs and multi-core CPUs

® parallel sorting @ 5x to 100x faster than STL and TBB

© NVIDIA Corporation 2011


http://code.google.com/p/thrust/downloads/list

CUDA 4.0: Highlights

Easier Parallel
Application Porting

Faster

Multi-GPU Programming

New & Improved
Developer Tools

v

v

v e

» Share GPUs across multiple
threads

* Single thread access to all GPUs
* No-copy pinning of system memory

* Unified Virtual Addressing
* NVIDIA GPUDirect™ v2.0

* Auto Performance
Analysis

«C++ Debugging

© NVIDIA Corporation 2011



New in
CUDA 4.0

NVIDIA CUDA Summary

Platform

Programming Model

GPUDirect 2.0
Fast Path to Data

Hardware Support
ECC Memory
Double Precision
Native 64-bit Architecture
Concurrent Kernel Execution
Dual Copy Engines
Multi-GPU support

6GB per GPU supported

Operating System Support
MS Windows 32/64
Linux 32/64 support
Mac OSX support

Cluster Management
GPUDirect

Tesla Compute Cluster (TCC)
Graphics Interoperability

Unified Virtual Addressing
C++ new/delete
C++ Virtual Functions

C support

* NVIDIA C Compiler

» CUDA C Parallel Extensions
* Function Pointers

* Recursion

* Atomics

» malloc/free

C++ support
* Classes/Objects
* Class Inheritance
* Polymorphism
* Operator Overloading
* Class Templates
* Function Templates
* Virtual Base Classes
* Namespaces

Fortran, OpenCL

Libraries

Thrust C++ Library
Templated Performance
Primitives

NVIDIA Library Support

Complete math.h

Complete BLAS Library (1, 2 and
3)

Sparse Matrix Math Library
RNG Library

FFT Library (1D, 2D and 3D)
Image Processing Library (nep)
Video Processing Library (Nep)

3rd Party Math Libraries
* CULA Tools

* MAGMA

* [MSL

* VSIPL

Parallel Nsight Pro

NVIDIA Tools Support

Parallel Nsight 1.0 IDE
cuda-gdb Debugger with multi-GPU
CUDA/OpenCL Visual Profiler
CUDA Memory Checker

CUDA C SDK

CUDA Disassembler

CUDA Partner Tools

Allinea DDT
RogueWave /Totalview
Vampir
Tau
CAPS HMPP

© NVIDIA Corporation 2011



