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300 NVIDIA visual effects

. engineers

Libraries, algorithms, tools fo‘r
game developers

Featured in 12 blockbuster titles
in 2015




NETFLIX ORIGINAL

Most powerful smart TV device

Popular on Netflix
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A world of apps and content in 4K
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VR: #0508 i A B = TR 6

Transforming gaming, design,
film, news

Requires powerful GPUs:
Oculus min-spec = enthusiast GPU

VRWorks VR: Software for VR
headset and game developers

Multi-Res Shading | VR SLI | Context Priority
Direct Mode | Front Buffer Rendering
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Enables professional designers to
bring their visions to life

90% workstation market share
Since 2009, every film nominated

for “Best Visual Effects” made
with NVIDIA
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Simulating light and materials to
mirror real-world conditions

Potential to eliminate the need
for physical prototypes

NVIDIA Iray and DesignWorks
software bringing PBR to millions




GPUs are essential in medical
imaging

Power the GE Revolution CT
scanner

High-quality imagery while

reducing radiation by up to 82%
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National Laboratory

M Lawrence Livermore
National Laboratory
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TESLA MiEi+HES

Focused on Co-Design from Top to Bottom

Fast GPU Productive Expert
Engineered for High Throughput Programming Co-Design
Model & Tools
TFLOPS «m@=NVIDIA GPU =@=x86 CPU
3.0 K80
APPLICATION
2.5
20 NVIDIA. MIDDLEWARE
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CUDA

Fast GPU

+

Strong CPU LARGE SYSTEMS

PROCESSOR

2008 2009 2010 2011 2012 2013 2014

Accessibility
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www.nvidia.com/appscatalog

POPULAR

GPU-ACCELERATED
APPLICATIONS
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Bringing Al and machine learning to
a world of robots and drones

Jetson TX1 is the first embedded
computer designed to process deep
neural networks

1 TeraFLOPS in a credit-card sized
module




KEY SPECS

GPU 1 TFLOP/s 256-core Maxwell
CPU 64-bit ARM A57 CPUs
SO

J ET N TX 1 Memory 4 GB LPDDR4 | 25.6 GB/s
Storage | 16 GB eMMC
Wifi/BT | 802.11 2x2 ac / BT Ready
Networking | 1 Gigabit Ethernet
Size | 50mm x 87mm
Interface 400 pin board-to-board connector

Power Under 10W

Under 10 W for typical use cases



GoldenBox “Protol” (NVIDIA K1-based) Demo at SC14
Tokyo Tech. Booth #1857

* 36 Node Tegra K1,
~11TFlops SFP

* ~700GB/s BW
* 100-700Watts

* Integrated mSata
SSD, ~7GB/s 1/0

* Ultra dense, Qil
Immersive cooling
Qame SW stack as

q 7TSUBAME2
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A cUDNN
Libraries AmgX

Compiler
Directives

Programming c/c
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GPU STEME TR

GPU Compilers Auto-parallelizing

& Cluster Tools Libraries

Numerical Debuggers

Packages & Profilers

C

C++ B LAS

FFT
LAPACK

cuda-gdb
NV Visual Profiler
Parallel Nsight

MATLAB
Mathematica
NI LabView

Fortran
Java

Python MR

Video
Imaging
GPULIib

Visual Studio
Allinea
TotalView

pyCUDA

OEM Solution Providers

=Rasr I=LJ=  SUPERMICR®'

Consultants & Training

L 3cceleware GASS ZaSTONERIDGE

ANEO  GPU Tech
AArrayFire [ Hbg
OEmPhotonics C-ERAPRICS ngo
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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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http://www.nvidia.com/page/home.html
http://vimeo.com/6608257
http://vimeo.com/6608238
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http://www.digitalglobe.com/

MEIR

AMBER - GROMACS - NAMD

MR R
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RTM - FWI - Elastic Image & Voice Recognition Signal - Image - Video

Optimized Applications in the Data Center
Accelerated Data Center Accelerated Algorithms

Servers & Interconnects Developer Tools

GPU Accelerators CUDA

Tesla Accelerated Computing Platform
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m-. NOAA Chooses Tesla To
| Improve Weather Forecast

MeteoSwiss Deploys World’s
First Accelerated Weather

Supercomputer Research

2x higher resolution for daily forecasts Develop global model with 3km
resolution, five-fold increase from

14x more simulation with ensemble today’s resolution

approach for medium-range forecasts

Improved resolution requires 40x
computational complexity




GOOGLE DEEPMIND ALPHAGO CHALLENGE
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DEEP LEARNING IN GOOGLE 2%
Google Xi—EIEMEREILRITHEANRS, ERAESR g
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Android speech
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DEEP LEARNING IN 5 & E;§§3 i
Opportunities for Deep Learning ". SC-'ﬁRj“,U (OCR) %
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E . Y .\g;gfﬁ% (CTR) .
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£ Images Speech Behavior g I RATAE .

Baidu, Inc. (BIDU) # Fallow
216.10 +0.02(0.01%) 3:01Pm EDT - Nasdaq Real Time Price

: ! ||_--I,\_- narme(s] o sy g | GET CHART CoOMPARE EVENTS ~ TECHNICAL INDICATORS ~ CHART SETTINGS - RESET
il 3a, o04: wm BIDLU 30427
| | r ]
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L3 205
- 200
"We deepened our investment in advanced technologies like Deep Learning, which is
already yielding near term enhancements in user experience and customer ROlandis 90

expected to drive transformational change over the longer term.” ~
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DEEP LEARNING IN B&iH
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DEEP LEARNING IN SENSETIME &53335
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BIG DATA

“Google’s Al engine also reflects how the world of computer hardware is changing.
(It) depends on machines equipped with GPUs... And it depends on these chips more
than the larger tech universe realizes.”

M IRER



GOOGLE DATACENTER STANFORD Al LAB

Deep learning with COTS HPC
systems

A. Coates, B. Huval, T. Wang, D. Wu,
A. Ng, B. Catanzaro

ICML 2013

1,000 CPU Servers 600 kWatts 3 GPU-Accelerated Servers 4 kWatts
2,000 CPUs - 16,000 cores $5,000,000 12 GPUs - 18,432 cores $33,000




LERER

Image Classification
Speech Recognition
Language Translation
Language Processing
Sentiment Analysis
Recommendation

TAEAFERIIRE F

R AR

= 2549 AR SR G AR E B IRE, BANL, HlasA
Cancer Cell Detection Video Captioning 'Face Detection Pedestrian Detection
Diabetic Grading Video Search Video Surveillance Lane Tracking
Drug Discovery Real Time Translation Satellite Imagery Recognize Traffic Sign




EVERY INDUSTRY WANTS INTELLIGENCE

Organizations engaged with NVIDIA on deep learning

® Higher Ed ® Gaming
H |Internet m Oil & Gas
B Life Sciences m Other

® Development Tools

B Finance

B Media & Entertainment
® Government

® Manufacturing

B Defense >
B Automotive
o “au

'«

2013 2014 2015




CUDA FOR DEEP LEARNING

DEEP LEARNING SDK
\ *.,,f: ‘ i
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DIGITS

| CAuéPARSE NCCL
TESLA M40 DGX-1 GPU CLOUD
’ P — o =TT ,‘ 1
| ‘ o WEoite o ramazon

=75 mmg Microsoft Azure
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Process Data

voc_cropped@256x256 «

Image Classification Dataset

Job Information Parse Folder (train/val)

Job Directory Folder
/home/michaelo/.digits hitp://sqri/data/images/voc_cropped/
/jobs/20150311-171431-e0dg

Number of categories

Image Type

Color Training images
Image Dimensions 26759

256x256 Validation images
Resize Mode 8917 (25.0%)
half_crop

Create DB (train)

Input file
rain. b
DB Entries
26759

12,000
9,000
6,000

3,000

NVIDIA DIGITS

Interactive Deep Learning GPU Training System

Configure DNN

Select Dataset
PASCAL VOC

ILSVRC 2012
MNIST Dataset

Solver Options
Training epochs

30

Validation interval (in epochs)

1

(neat progress bar)
Batch size

100

Base Leamning Rate

0.01

) Show advanced learning rate options

Model Name

ImageNet

Standard Networks

Custom Network
}
layer {
name: "conv1”
type: "Convolution”
bottom: "data”
top: "convi”
param {
It mul: 1
decay_mult: 1

}

Pretrained model

Previous Netw:

Monitor Progress

Solver
solver.prototxt
Network (train/val)
train_val.prototxt
Network (deploy)

deploy.prototxt

M Loss (train) Loss (val)
4

Dataset
voc_cropped@256x256
Done Wed Mar 11, 05:16357 PM

Image Size
256x256

Image Type
COLOR

Create DB (train)
26759 images
Create DB (val)
8917 images

M Accuracy (val)

Accuracy (%)

Layer

convi

) E

Visualize Layers

Activations

developer.nvidia.com/digits

e Sessieston toce _

Predictions

49 <ANVIDIA.


http://developer.nvidia.com/digits

<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




ASSISTIVE MACHINES
ARE IMPROVING OUR LIVES

DELIVERY ASSISTANCE ELDER CARE PUBLIC SAFETY
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