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Welcome <3

NVIDIA

A Goal: an introduction to high performance computing with CUDA

A CUDA = NVI DI A6s architecture for GPU
A Outline:
A Motivation and introduction

CUDA C/C++

CUDA Fortran and CUDA libraries
Optimizations

Multi-GPU programming

Case studies
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GPUs are Fast!
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CPU Server GPU-CPU
Server
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CPU Server GPU-CPU
Server

800

600

400

200

Performance / watt
Gflops / kwatt

656

146

CPU Server GPU-CPU
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
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Worl dos Fastest MD Si muﬁ%t

Sustained Performance of 1.87 Petaflops/s

Institute of Process Engineering (IPE)
Chinese Academy of Sciences (CAS)

Used all 7168 Tesla GPUIs
TianhelA GPUSupercomputer

MD Simulation for Crystallin&ilicon
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Worl dos Greenest

Tsubame 2.0
Tokyo Institute of Technology

* 1.19 Petaflops
» 4,224 Tesla M2050 GPUs
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Increasing Number of Professional CUDA rf,%m
Applications

Avallable » EEEEEEN Future EEEEEEEEEN
Now

Tools &
Libraries

Oil & Gas

Numerical
Analytics

Finance

Ather ivioae

Other
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Increasing Number of Professional CUDA rf,fzm
Applications

Avallable >ll‘ Future EEEEEEEEER
Now
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CUDA by the Numbers
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CUDA CapableGPUs

CUDA Toolkit Downloads
Active CUDADevelopers
Universities Teaching CUDA

% OEMSs offer CUDA GPU PCs
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NPP &
CUBLAS CUFFT CULAPACK CUDPP

Direct

Opencl Compute

1

Yopamy« 11 o0’
: .'§
&5

IS0
"L!; e {

Fermi architecture
(compute capability 2.x)

Tesla architecture
(compute capability 1.x)
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Video
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Reality

PhysX OptiX Server

Physics | Ray tracing Rer:rdaeyring 3Dweb
services

mental ray

Java & Directives
(Accelerator,
Python HMP P

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




Tesla Data Center & Workstation GPU Solutions

Tesla M-series GPUs
M2090 | M2070 | M2050

Servers & Blades

< v

Tesla C-series GPUs
C2070 | C2050

Workstations

Precision
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Cores 512 448 448 448 448

Memory 6 GB 6 GB 3 GB 6 GB 3 GB

Memory bandwidth

(ECC o?‘/f) 177.6 GB/s 150 GB/s 148.8 GB/s 148.8 GB/s | 148.8 GB/s
Single

Peak S 1331 1030 1030 1030 1030

Perf ol

Gflops | Double 665 515 515 515 515
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NVIDIA Developer Ecosystem <X

NVIDIA.
Debuggers GPU Compilers Parallelizing
& Profilers Compilers

.r .

GPGPU Consultants & Training

Numerical

Packages Libraries

OEM Solution Providers

SUPERMICR®

STONE RIDGE

A

Y SCALABLE
< T GRAPHICS
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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
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Parallel Nsight Visual Profiler cuda-gdb

Visual Studio Windows/Linux/Mac Linux/Mac
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