ApXUTEKTypa
NVIDIA Kepler
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NpousBoaguTeNbHOCTb. dDDEKTMBHOCTb. JOCTYNHOCTD.
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Kepler

CAMbIU BbICTPAA U SOOEKTMBHAA HPC APXUTEKTYPA

SMX

Hyper-Q

Dynamic Parallelism




Kepler: CkopocTb U 9PPEKTUBHOCTL

SM

M2090
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1 NMeTtdaon

Bcero B 10 cToMKax
400 kBT




Hyper-Q
CPU adpa oOHospeMeHHOo 3anyckarom 3adadu Ha Kepler

FERMI KEPLER

1 MPI 3agaya ogHOBpEMEHHO 32 MPI 3aga4n ogHOBpEMEHHO




Hyper-Q

MakcumanbHaa ymunuzayua GPU, cokpaweHue spemeHu npocmosa CPU
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GPU adanmupyemcsa K 0aHHbIM, OUHaAMU4YeCcKU NopoxKadasa HoB8ble NOMOKU

CPU
[

Dynamic Parallelism

Fermi GPU CPU

Kepler GPU



Dynamic Parallelism
lMpoepammuposaHue Ha GPU npouwje u docmynHee

CAuvLWwKoOM rpy6o CAMWKOM MeniKo Kak Hapgo
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Tesla K10

3X ogMHapHaa TOYHOCTb
1.8X nponycHaa CnocoBHOCTb NaMATH
O6paboTKa M306parKEHUMU, CUFHAIOB,

cemMcMopasBe/Ka

YKe ooCTynHo

Tesla K20

.»?

3X ABOMHAs TOYHOCTb
Hyper-Q, Dynamic Parallelism

CFD, FEA, d1HaHCbI, DU3MKa

JoctynHo B Q4 2012
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Tesla K10
Toxe noTpebneHune, 2x npom3Bo,q|4TeanOCTb F rml

Product Name M2090 K10

GPU Architecture Fermi Kepler GK104
# of GPUs 1 2

Board Per GPU
Single Precision Flops 1.3 TF 458 TF 2.29TF
Double Precision Flops 0.66 TF 0.190 TF 0.095 TF
# CUDA Cores 512 3072 1536
Memory size 6 GB 8 GB 4GB
Memory BW (ECC off) 177.6 GB/s 320 GB/s 160GB/s
PCI-Express Gen 2 Gen 3 (Gen 2 compatible)
Board Power 225 watts 225 watts
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K10 pna 6MOMH(OpPMaTHUKM

e 2.2X cumynaumn gnsa npunoxeHun M
« bonblmne akcnepuMeHTbl HA MEHbLUKUX KracTepax

« 2X GPU B TOM e popmarte

Gromacs 4.6 pre-beta version
* 2 instances of AMBER 12 (with beta ppgch)



Tesla K10 vs M2090: 2x npomn3BogmuTenbHOCTb / BaTT

2.50 -
2.00 -
1.50 -
1.00 -
0.50 A
0.00 . . . :
Seismic LAMMPS NAMD AMBER* Radio Nbody Defense
Processing Astronomy (Integer Ops)

Cross-Correlator

* 2 instances of AMBER running JAC 14



[MporpammupoBaHme GPU



GPU-Accelerated Libraries
Drop in a GPU-accelerated library to replace MKL, IPP, FFTW and other widely-used libraries

GPU Directives

Automatically parallelize loops in your Fortran or C code using GPU Directives

OpenACC

DIRECTIVES FOR ACCELERATORS

Programming Languages

Develop your own parallel applications and libraries using a programming language you a




NVIDIA cuBLAS

GPU USIPL |EE: JieeNE

Vector Signal GPU Accelerated
Image Processing Linear Algebra

ROGUE WAVE

SOFTWARE Sparse Linear
IMSL Library Algebra

Matrix Algebra on
GPU and Multicore

libjacket

Building-block
Algorithms for CUDA
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NVIDIA cuFFT

C++ STL Features

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

CPU

AvpeKkTmnebl OpenACC

Program myscience
... serial code ...
I$acc kernels
dok=1,n1
doi=1,n2

enddo
I$acc end kernels
End Program myscience

UcxoaHbIU KoA,
Ha C/Fortran

[lpocTble yKa3aTenn anAa
KOMMUAATOPpa

KoMnmnnatop napannenusyer

OpenACC MeTkH KoA
AN1A KOMNMAATOPA

PaboTaeT Ha MHOros4epHbIX
CPU 1 maccuBHO
napannenbHbix GPU
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MUHUMYM ycunamu. OLLYTMMbIM pe3ybTaT

Moaenb XM3HEHHOoro
LIMK/JIa MOPCKOMU (payHblI

YHusepcumem MeibbypHa

65x 3a 2 ans

3B€3/bl 1 FraNakTUKH
12.5 MnpAa neT Hazaj

YHusepcumem ['poHUH2eHa

5.6x3a 5 gHen

- ™

HenpoceTtn ans
caMooby4aeMblx pob0oToB

YHusepcumem [l1a1umyma

A

4.7x 3a 4 yaca
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Bopkwon no OpenACC
B CyNnepKoMnblOTEepPHOM UeHTpe nTcoypra

K KOHLY BTOpPOro AHA
nonyyeHo 10-KpaTHOEe YCKOPEHWUE oaHOro M3 atTMmochepHbIxX saep

6 ANPEKTUB

Technology Director
National Center for Atmospheric
Research (NCAR)
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MNoppeprkKa a3bikoB C, C++, Fortran mogennio
napannaenbHoro nporpammuposaHma CUDA

Java
Fortran Python
Wrappers

Direct
Compute

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



C ana CUDA : C + «CMHTaKCMYeCKMU caxap>

(

N\ [

void saxpy_serial(int n, float a, float *x, float *y) A‘\
{

for (int i = 0; i < n; ++i)

1] = a*x[1i 1]; o

; 7 b kol CmaHdapmHbIii K00 C
// Invoke serial SAXPY kernel
saxpy_serial(n, 2.0, x, y); <4/
__global__ void saxpy_parallel(int n, float a, float *x, float *y) “\
{

int i = blockIdx.x*blockDim.x + threadIdx.x;

if (A < n) y[i] = a*x[i] + y[i]; n - k)
} apannesibHbIU K00 C

// Invoke parallel SAXPY kernel with 256 threads/block
int nblocks = (n + 255) / 256;
saxpy_parallel<<<nblocks, 256>>>(n, 2.0, X, Y);

J
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[TpunoxkeHna

HasBaHue GPU cdyHKUMOHanN
AMBER 11 Simulation of mechanics force fields
NAMD High-performance simulation of large molecular systems
GROMACS Proteins and lipids with bonded interactions
Schrodinger Core Hopping, PRIME (2011)
OpenEye fastROCS

CUDA-BLASTP

CUDASW++
HMMER
VMD
CHARMM
GAMESS

Scanning Protein Sequence Database
Smith-Waterman Protein Sequence Database
HMMER Protein Sequence Analysis
Molecular Visualization in 3D
Molecular Modeling (2011)

Quantum Chemistry (2011)
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