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The day job

AUTOMOTIVE

Auto sensors reporting
location, problems

HIGH TECHNOLOGY /

INDUSTRIAL MFG.
Mfg. quality
Warranty analysis

OIL & GAS

Drilling exploration sensor
analysis

COMMUNICATIONS

Location-based advertising

-9

LIFE SCIENCES
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RETAIL

Consumer sentiment

~

CONSUMER PACKAGED GOODSFINANCIAL SERVICES

Sentiment analysis of
whatds hot,

MEDIA/ENTERTAINMENT

Viewers / advertising
effectiveness

TRAVEL&
TRANSPORTATION

Sensor analysis for
optimal traffic flows

Risk & portfolio analysis Experiment sensor analysis
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HEALTH CARE

probl ems New products

ON-LINE SERVICES /

SOCIAL MEDIA

People & career matching

Patient sensors,
monitoring, EHRs

UTILITIES

Smart Meter analysis
for network capacity,

& DEFENSE

Threat analysis - social media
monitoring, photo analysis

LAW ENFORCEMENT

EDUCATION: RESEARCH
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GPU Computing



WEB SERVICES

THE ERA OF Al

The Defining Technology of Our Generation

INTELLIGENT MACHINES

SECURITY

FINANCE




NVIDIA Research

Al Autoencoder

NVIDIA RESEARCH

NVIDIA Research / Remedy
Audio-driven Facial Animation Semantic Manipulation with GANs

NVIDIA Research

NVIDIA Research
Progressive GAN

NVIDIA TITAN Xp
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NVIDIA Research / AIVA
RNNs for Music




1
N

(7))
(¢D)
=
. @©
O
O
or
L
&
()
<
QO
=
L
=
(b}
-
(e
o)







Definitions

ARTIFICIAL
N JOSNMEIE

MACHINE
LEARNING

DEEP

v S LEARNING

1950’s 1960's 1970’s 1980’'s 1990’s 2000's 2010’s



History of Artificial Intelligence Hype

Popularity

Inflated
Hype
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DL Big Bang

Big Data

GO0KS YI OKAYS Sljdz gl

2012

Feynman Diagram of DL, © NVIDIA 2016, author Branislav Kisacanin




THE EXPANDING UNIVERSE
. OF

Big Data
GPU

Algorithms

2012
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GPU Computing

A kernel runs on an SM > grid of blocks > WARP (32 threads)
The kernel is the unit of work {instruction stream with arguments}
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THE RISE OF GPU COMPUTING

Big Data Needs Algorithms and Compute That Scales

END OF MOOREOS LAW CPU vs. GPU

107 GPUComputing perf
1.5X per year

10 1.1X p_er-)-/_eelr' . .
108 P
e ® 1.5X per year
(X J
Single-threaded perf
1980 1990 2000 2010 2020

Original data up to the year 2010 collected and plotted by M. Horowitz,
F. Labonte, O. Shacham, K. Olukotun , L. Hammond, and C. Batten New plot and data collected for 2010 -2015by K. Rupp
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NVIDIA ACCELERATED COMPUTING Downloads Training

PARALLEL FORALL Features  ProTips  Spotlights = CUDACasts

[11]
—

CUDA 9 Features Revealed: Volta,

Cooperative Groups and More
share: B HERE

Posted on May 11, 2017 by Mark Harris | 46 Comments

Tagged Cooperative Groups, CUBLAS, CUDA, CUDA 9, Deep Learning,
Libraries, Tensor Cores

At the 2017 GPU Technology Conference NVIDIA announced
CUDA 9, the latest version of CUDA's powerful parallel "-
computing platform and programming model. CUDA 9 is now
available as a free download. In this post I'll provide an
overview of the awesome new features of CUDA 9.

= Support for the Volta GPU architecture, including
the new Tesla V100 accelerator:

= Cooperative Groups, a new programming model for
managing groups of communicating threads;

= A new APl (preview feature) for programming
Tensor Core matrix multiply and accumulate
operations on Tesla V100.

= Faster library routines for linear algebra, image

processing, FFTs, and more; Figure 1: CUDA 9 provides a preview

= Mew algorithms in cuSolver and nvGraph API for programming Tesla V100
. . . Tensor Cores, providing a huge
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DEEPLEARNING



SUPERVISE LEARNING

NEW PROGRAMMING MODEL
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\ 700
Source Dataset Curated Dataset DEVICE
IMPORT PREPROCESS DEPLOY
Format - clean, clip, - TRAIN - tune, ¢
label, compile -
Normalize, .. + runtime
EDGE
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SCORE +
VISUALIZATION OPTIMIZE,
VISUALIZATION ®

CLOUD




CONVOLUTION

Centre element of the kernel is placed over the source pixel.

The source pixel is then replaced with a weighted sum of
itself and nearby pixels.

Convolution

kernel °

New pixel value
(destination
pixel)

http://www.biomachina.org/



CONVOLUTIONAL NEURAL NETWORKS

|l mage source: oUnsupervised Learning of Hierarchical Repr es em AGM20ld.ns with Convolutional Deep Belief Ne
Honglak Lee, Roger Grosse, Rajesh Ranganath, and Andrew Ng. 20 <ANVIDIA.



TRAINING VS INFERENCE

forward “car”
?
backward error
forward
» “car”

/Smaller,
varied N

INFERENCE
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EXAMPLE-AUTOENCODERS

Feature Learning

Sparse
Representation

Training
Data
4
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Minimize Reconstruction Error

- Reconstruction
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Residual Networks

X |

v

weight layer

\

F(x) l relu

weight layer

F(x) ér(elu

X
|dentity

IIIIIIIII



RNN
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Long short-term memory (LSTM)

Hochreiter (1991) an allL$Bvidals outafithis alihastmajuraliyr @ di e n't

word prediction output
I gate

= 7777 VY

- e 000 ®-0-0-O

forget E
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Long time dependencies are preserved until
input gate is closed (-) and forget gate is open (O)

updating
term

input

G ates contro I | m p ortance Of Fig from Graves, Schmidhuber et al, Supervised
Fig from Vinyals et al, Google April 2015 NIC Generator the corres pon din 0 Sequence Labelling with RNNs

activations
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ARCHITECTURES

Neural Networks .........

©2076 Fjodor van Veen - asimovinstitute.org

Perceptron (P) Feed Forward (FF)  Radial Basis Network (REF)

=y T T

Recurrent Neural Network (RN Long / Shart Term Memary (LSTM)  Gated Recurrent Unit (GRL)
) - - - - -

NN TN
P N 0 A LA/
AT YAt At

Auto Encoder (AE) Variational AE (VAE) Denoising AE (DAE) Sparse AE (SAE)

Larger imagehttp://www.asimovinstitute.org/neurainetwork-zoo/



http://distill.pub/2017/momentum/
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Li et al, University of Maryland & US Naval Academy
https://arxiv.org/pdf/1712.09913.pdf

(a) without skip connections (b) with skip connections
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Capsules & routing with EM, Hinton et al

[NIPS2017]
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https://arxiv.org/pdf/1710.09829.pdf




kerne]

Brain Computer Interfaces
Focused on treatment for
disease and dysfunction
egepilepsy, depression,
Parkinson$ut ultimately
to advance human
Intelligence by restoring
and extending cognitive
vibrancy
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THE NEXT STAGE



DEEPMIND ALPHA* 1.0 => 2.0 =>0.0

ALPHAGO
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can beat a champion Go player pAsE 494 A | p h o G a
ALL SYSTEMS 9‘0 b

* ..a deeply structured hybrid (Gary Marcus, Jan 2018)

At last — a computer program that

34 NVIDIA.



SENSE /
PERCEIVE

THINK /
REASON
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IMMERSIVEI

* bl THE DESIGN LAB OF THE
Z L . FUTURE







LEARNINGROM SCRATCH
https://arxiv.org/pdf/1802.10567.pdf




OPENMINED

https://github.com/OpenMined







