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ALU ALU
1000's of ALUs
i
L2
Control
1000's of ALUs
CPU ~ GPU
Optimized for low-latency access to Optimized for data-parallel,
cached data sets throughput computation
Control logic for out-of-order and Architecture tolerant of memory
speculative execution latency
More transistors dedicated to
computation

SANVIDIA.



PROCESS

Delivery truck
delivers one pizza
and then moves to

next house
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NVIDIA GPU = HEAEBES RS

Debuggers GPU Compilers Parallelizing
& Profilers Compilers

GPGPU Consultants & Training

Numerical
Packages

Libraries

OEM Solution Providers

e
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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

CUDA RIJLPEF:

>487,000,000 (DA GPUs

>2,000,000 CUDA z fL4 T £,
140,000 S5 5 1 7T %
>700] Fff K ##% CUDA
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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.nvidia.com/page/home.html
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http://www.nvidia.com/page/home.html
RTT02_MOV-wmv1080p.wmv
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THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

oh = THE HIV-1

Atomic
structure
of the AIDS
pathogen’s
protein coal
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ASUCA TeraFlop Scaling (Weather Modeling)

3990 Tesla M2050s
145.0 Tflops SP
76.1 Tflops DP

107 p— -
r ® GPU (single precision)
N | * GPU (double precision)
10° ’ »  CPU (double precision)
§

1oi

‘i

g

10"&
|

Performance [TFlops]

10”? | PSP S RN SRRV I TR~

1 10 10° 10’

Number of GPUs / CPU Cores
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= 40x application performance increase
Ll ; 80% lower costs

WM.
4 ATV ELTE P

T — . . . .
A Calculation results in minutes vs. overnight

Understanding market risk is key to avoiding surprises that impact
profitability. J.P. Morgan depends on Tesla GPUs to analyze risk

faster than their competitors and to arrive at better decisions

through more frequent, more complex calculations. GPUs are .

enabling calculation of risk across various investment products in "

a matter of minutes instead of what was previously an overnight J P M O rg an

processing task.
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Typical scale of training data Baimm

Datasets Training time:
® Image recognition: 100 millions \Whsides to: i antlis

® OCR: 100 millions on GPU clusters

. é 11
SpUsCIX; 1 0. O sons Big data + Deep learning + HPC
® CTR: 100 billions = Success

£+ Projected training data t

PIOwW l (_, X £al P ",‘.A 1!

“ CUDA as a programming model has become very mature over the

years and is perfect for training deep neural networks, especially for
large models. ” Snvibia
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Tesla fIIREH

Development

Data Center Infrastructure

Languages
C/C
Fortran
OpenACC
@ python

“Accelerators Will Be Installed in More “In 2014, NVIDIA enjoyed a dominant market
than Half of New Systems ” share with 85% of the accelerator market.”

Source: Top 6 predictions for HPC in 2015 . interpect3Sh <SAnviDIA
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Tesla K40

Best Single GPU Performance

Server, Workstation, Liquid Cooled

Higher Ed, Data Analytics, HPC Labs, Defense

Double Precision Workloads

= Tesla GPU iR 28 /- a

Tesla K80

Maximize Throughput within a Server

Seismic, Data Analytics, HPC Labs, Defense
Multi-GPU Accelerated Apps

Single and Double Precision Workloads

SANVIDIA.
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Mixed Precision
3D Memory
NVLink
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PASCAL: T~—4X TESLA GPU

Peak Performance

>3 TeraFLOPS

NVLink High-Speed Interconnect

80 GB/sec
POWER CPU & GPU-to-GPU Interconnect

NVIDIA CONFIDENTIAL | Contents of this presentation under embargo until 9am EDT, August, 12 2014

Stacked Memory

4x Higher Bandwidth (-1 TB/s)
Larger Capacity (16 GB)

Unified Memory

] | |
|
ml |

T —

Single Memory Space
Lower Developer Effort



NVLINK Z#$z CPU F1GPU
G—"

NVLink
80 GB/s
(NVLINK enabled)

D ——

PCle

HBM
1 Terabyte/s

SRRRY!

NVLINK 1.0
4 data links with 20GB/s each

NVIDIA Confidential. For use under NDA




X863 &2 GPU NVLINK B4 &E

GPUs Interconnected with NVLink Over 2x Application Performance Speedup
When Next-Gen GPUs Connect via NVLink Versus PCle
Speedup vs
PCle based Server
2.25x
CPU
I 2.00x
> PCle Switch
| 1.75x
(Is10)'4
1.25x
5x Faster than
PCle Gen3 x16 1.00x

ANSYS Fluent  Multi-GPU Sort LQCD QUDA AMBER 3D FFT

To learn more: http://www.nvidia.com/object/nvlink.html  @nwss



US to Build Two Flagship Supercomputers
Powered by the Tesla Platform

100-300 PFLOPS Peak
10x in Scientific App Performance

IBM POWER9 CPU + NVIDIA Volta GPU

NVLink High Speed Interconnect

B Lawrence Livermore

RIDGE National Laboratory 40 TFLOPS per Node, >3,400 Nodes

T==: GANVIDIA. 2017
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CUDA for
Machine Learning

“Machine Learning” is in some sense a
rebranding of Al.

The focus is now on more specific, often
perceptual tasks, and there are many

successes.

facebook flickr
Today, some of the world’s largest internet i Esse NETFLIY
companies, as well as the foremost research
institutions, are using GPUs for machine S AN Yandex
learning.

- SANVIDIA.



GPU - ¥lzs=F3EE

Image Recognition Challenge . GPU Entries
1.2M training images « 1000 object categories 100
80
Hosted by b
40
‘ ‘{ 20
4
0 I
B 2010 2011 2012 2013 2014
’ - ! person
] Classification Error Rates
helmet 30%
motorcycle ' 25% = 26%
20%
person 15% 16%
10% 12%
| flower pot 5% 7%
,‘ power drill 0%
2010 2011 2012 2013 2014

SANVIDIA.
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Early Adopters Use Cases Talks @ GTC

NYU

"‘ -.. .. Image Detection facebook ?
Bal @ Face Recognition

Adobe
Image Analytics Speech/Image
forCClreadtive Recognition Gesture Recognition STANFORD
ou
UNIVERSITY
= === Video Search & Analytics
flickr :i==
Image Hadoop Speech Recognition & Translation Carnegie

Classification

Recommendation Engines
NETFLIN Yandex :

Recommendation  Search Rankings Indexing & Search III il Berkele

Technology UHIVERSITY OF r:.l.Ll'mNm

DENSO Mellon

Universily
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ConvNets + RNN/LSTM

> Multiple papers (Stanford, Google, UC Berkley, and others) in Nov 14

FFFEEE

two young girls are playing with lego toy <END>

rrtr1t1r 111

<START> two young girls are playing with lego toy

http://cs.stanford.edu/people/karpathy/deepimagesent/ http://googleresearch.blogspot.co.uk/2014/11/a-picture-is-worth-thousand-coherent.html

http://arxiv-web3.library.cornell.edu/pdf/1411.4389v1.pdf

SANVIDIA.


http://cs.stanford.edu/people/karpathy/deepimagesent/
http://googleresearch.blogspot.co.uk/2014/11/a-picture-is-worth-thousand-coherent.html
http://arxiv-web3.library.cornell.edu/pdf/1411.4389v1.pdf
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Car and Lane detection via CNN from Baidu, Stanford, Twitter, TI

Fig. |: Sample output from our neural network capable of lane
and vehicle detection.

http://arxiv.org/pdf/1504.01716v1.pdf



http://arxiv.org/pdf/1504.01716v1.pdf

A FUELING TH§
DEEP LEARNING REVOLUTION .

Developer Labs

Adobe Google
5 O+ Alibaba iFlytek, Ltd
Baidu NUANCE

Deep Learning Sessions

www.gputechconf.com

NVIDIA CONFIDENTIAL | Contents of this presentation under embar

Carnegie Mellon

Stanford Univ

Facebook

UC Berkeley

0 unt]lE;]%F Kugughs)gM

Univ of Toronto

Caffe
Torch
Theano


http://www.gputechconf.com/

DiGITS - GPU Y& ZEG:

USER
INTERFACE

Theano

Caffe

GPU HW

GPU

Multi-GPU

GPU Cluster

DEEP GPU TRAINING SYSTEM
FOR DATA SCIENTISTS

Design DNNs
Visualize activations

Manage multiple trainings

SANVIDIA.



DIGITS

Process Data Configure DNN Monitor Progress  Visualize Layers

SANVIDIA.
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