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PC GAMING IS THRIVING

600M PC gamers worldwide

$26B PC gaming market in 2014

GeForce GPUs: Choice of gamers

Source: Newzoo, DFC Intelligence



ACCELERATED COMPUTING

10x Performance & 5x Energy Efficiency for HPC

GPU Accelerator

CPU Optimized for

Optimized for Parallel Tasks
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REVOLUTIONIZING SCIENTIFIC COMPUTING

AMBER Molecular Dynamics Simulation
DHFR NVE Benchmark
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1 Tesla K40 GPU
" ~ 102 ns/day

¥ 64 Sandy Bridge CPUs
b 58 ns/day
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Power for CPU-only
Exaflop Supercomputer

Power for the Bay Area, CA
(San Francisco + San Jose)

HPC’s Biggest Challenge: Power
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WORLD’S 15 GREENEST SUPERCOMPUTERS

TSUBAME-KFC - GSIC Center, Tokyo Institute of Technology
Cambridge University

Center for Computational Sciences, University of Tsukuba
SURFsara - Netherlands

Swiss National Supercomputing Centre (CSCS)

ROMEO HPC Center - Champagne-Ardenne

CSIRO

TSUBAME 2.5 - GSIC Center, Tokyo Institute of Technology
ENI S.p.A. - Italian Energy Corporation

Financial Institutions

Max-Planck-Gesellschaft MPI/IPP

SANVIDIA.




KEPLER GENERATION OF GPUS

Tesla K10 Tesla K20, K20X, K40

Dual GK104 GPUs

GK110 GPU

3x Single Precision 3x Double Precision
Video, Signal, Life Sciences, Seismic CFD, FEA, Finance, Physics, etc.

SANVIDIA.



Growth of GPU Computing

100M

CUDA -Capable GPUs

150K

CUDA Downloads

Supercomputer I

60

University Courses

4,000
Academic Papers

2008



Growth of GPU Computing
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CUDA-Capable GPUs

B o Il o 1o [0 (o (olololololol it

CUDA Downloads

| IIIIIIIIII!IIIIIIIIIIIIIIIIIII 50

University Cﬁuig ’ 'm"mﬂ l?:'gsity Courses

LLLLLLLLL
4,000 37,000
Academic Papers Academic Papers

1

Supercomputer

2008 2013



DIVERSE MARKETS

FY14 Segments
Finance
Media & 4%
edia
Entertainment CAE 7/9/MFG
9% b

Consumer Web
6%

NVIDIA estimates
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Oil & Gas

Schiumberger

PETROBRAS
Chevron
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MACHINE LEARNING & DATA ANALYTICS

Speech/Image Recognition

Al

Adobe

Auto Tagging in Creative Cloud

NETELIX

.||I

Hadoop-based Clustering

B

Database Queries

Recommendation Engine

Search Ranking
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MACHINE LEARNING

Artificial neural network at a fraction of the cost with GPUs

GOOGLE BRAIN & STANFORD Al LAB
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1,000 CPU Servers 600 kWatts 3 GPU-Accelerated S 4 kWatts
2.000 CPUs » 16,000 -Accelerated Servers
s cores $5’000’000 12 GPUs - 18,432 cores
$33,000

SANVIDIA.
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SOLID GROWTH OF GPU ACCELERATED APPS

Top HPC Applications

# of GPU-Accelerated Apps

300

250

200

150

AMBER
Molecular Dynamics CHARMM
DESMOND
: Abinit
Quantum Chemistry e
: : CP2K
Material Science QMCPACK
COSMO
Weather & Climate GEOS-5
HOMME
Lattice QCD Chroma
Plasma Physics GTC

ANSYS Mechanical

Structural Mechanics LS-DYNA Implicit
MSC Nastran

Fluid Dynamics ANSYS Fluent

Accelerated, In Development

GROMACS
LAMMPS
NAMD

GAMESS
NWChem

Quantum Espresso
VASP

CAM-SE
NEMO
NIM
WRF

MILC

GTS

OptiStruct
Abaqus/Standard

Culises
(OpenFOAM)

<ANVIDIA.
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Research: Higher Education and Supercomputing
COMPUTATIONAL CHEMISTRY AND BIOLOGY

Bicinformatics
Qoevcanen Jescawran et [ GOSGCTED S0 U | RGCOMMENOID 89 AT Sappot | RELEAS ST

BarraCuDA

CUDASW.+
CUSHAW

GPU-BLAST

OPU-HMMER

mCUDA-MEME

SeqNFind

UGENE

WideLM

Molecular Dynamics
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Hundreds of GPU-Accelerated Applications

www.nvidia.com/appscatalog
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GPU HARDWARE ROADMAP
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SGEMM / W Normalized
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FAST PACED CUDA GPU ROADMAP

l
FP64

Kepler

Dynamic Parallelism

Pascal
Unified Memory
3D Memory
NVLink

2010

2012

2014

2016

SANVIDIA.



Blaise Pascal
1623—1662

Mechanical Calculator
Probability Theory
Pascal’s Theorem
Pascal’s Law

27 <ANVIDIA.




PASCAL COMPUTING PLATFORM ...
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PASCAL

NVLink 5 to 12X PCle 3.0
3D Memory 2 to 4X memory BW & size
Module 1/3 size of PCle card

M Stack
Power Regulation emory >tacks

<SANVIDIA.



3D Chip-on-Wafer integration
Many X bandwidth

2.5X capacity

4X energy efficiency

3D MEMORY
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BANDWIDTH BOTTLENECKS

PCle

PCI Express 16GB/sec
CPU Memory 60GB/sec
GPU Memory  288GB/sec
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INTRODUCING NVLINK
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Differential with embedded clock
PCle programming model (w/ DMA+)
Unified Memory

Cache coherency in Gen 2.0

5 to 12X PCle

SANVIDIA.



5X MORE BANDWIDTH FOR SCALING
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GPU EMBEDDED SOLUTIONS
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JETSON TK1
THE WORLD’S 1st EMBEDDED SUPERCOMPUTER
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Development Platform for Embedded
Computer Vision, Robotics, Medical

Tegra K1 SoC
CUDA Enabled
$192

SANVIDIA.



JETSON TK1: UNLOCKING NEW
APPLICATIONS

Computer Vision
Robotics
Automotive
Medicine
Avionics

SANVIDIA.
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IMPOSSIBLY ADVANCED

NVIDIA Kepler Architecture

4-Plus-1 Quad-Core A15

192 NVIDIA CUDA Cores

Compute Capability 3.2

326 GFLOPS

5 Watts

SANVIDIA.



CUDA 6 FOR EMBEDDED APPLICATIONS

> Tegra K1 Supports Full CUDA Toolkit v6.0
> Unified Memory
> Memory physically unified, separate GPU and CPU caches

> Same programming model as desktop and server

> OpenGL 4.4, DirectX 11 and OpenGL ES 3.0
» Jetson TK1 runs 32-bit Ubuntu 13.04 Linux for Tegra (L4T)

SANVIDIA.



REMOTE DEVELOPMENT TOOLS

> Remotely develop, debug and
profile CUDA 6 applications with
NVIDIA Nsight Eclipse Edition for
Jetson TK1.

> Synchronise between x86 host
and Jetson TK1, or cross-
compile on x86 host.

File £t source

SANVIDIA.
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