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Opportunities for Deep Learning
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Computer vision:
Find coffee mug
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Computer vision:
Find coffee mug
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Neurons in the brain Deep Learning: Neural network
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Computer vision
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What is a neural network?

Data (image)

Yes/No
(Mug or not?)

Andrew Ng




Supervised learning (learning from tagged data)

X Y

Yes/No
(Is it a coffee mug?)
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Why is Deep Learning taking off?

Large neural networks
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Why is Deep Learning taking off?
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Rocket engines: Deep Learning driven by scale

Cloud

CPU GPU (many CPUs)
1 million 10 million 1 billion

connections connections connections
(2007) (2008) (2011)

HPC
(many GPUs)

100 billion

connections
(2015)
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The importance of strong scaling

1 GPU (212 hours)
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[Ren Wu, 5.30pm today]




The importance of strong scaling

1 GPU (212 hours)

16 GPUs (20 hours)
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The importance of strong scaling
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Basic recipe for machine learning

Does itdo well | ¢ Does itdo well | ves

on the training | s | onthetest | =)  Done!
data? data?

lNO lNo

Bigger network More data

‘ (Rocket cngine) (Rogket tual)
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Basic recipe for machine learning

Does itdo well | ¢ Does itdo well | ves

on the training | s | onthetest | =) Done!
data? data?

lNO lNo

Bigger network More data

‘ (Rocket engine) (Rocket fuel)
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Learning to recognize faces

Are these the same person?

Different
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Learning to recognize faces

X Y

Pair of images Same/Different

Different
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Face recognition errors (smaller is better)

Does itdowell | v Does itdowell | v

on the tralnlng ) on the test mmm) Done!
D data'7 data?
4 l No
% error 5 (agglt(artnetwork) FI;/Iorke S?tal
: ocket engine
on 6000 pairs | ’ ( ocket fuel)
(smaller is better)
5 - 0.37

Microsoft Facebook CUHK Google
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Out of 6000 test examples, 9 mistakes

et L )
Same person < # é ‘ 3 %

Different persons { '
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Can a computer understand these pictures?

£
A yellow bus driving down a road Living room with white couch and
with green trees and green grass blue carpeting. The room in the

in the background. apartment gets some afternoon sun.
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The limitations of supervised learning

A yellow bus
driving down....

Caption

Data (image)
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Learning to caption (Multi-task learning)

What object is this?

A yellow bus driving down....

Learned
representation
of images
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Learning to caption (Multi-task learning)

What object is this?

Data (image)

A vyellow bus driving ....
Learned

representation
of images
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Chinese captions

—mHAEE LTI EREL —MEIKERIR — TN ANEBFERHER,
HEH TR,
(A double-decker bus driving on a street.) (A person surfing on the ocean.)
(A baseball player
getting ready to bat.)
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Image similarity search

—HREELTHEEEL.

(A double-decker bus driving on a street.)
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Promising computer vision applications

et

Self-driving cars

Elder care Wearables: Baidu Eye
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Baidu Eye
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Opportunities for Deep Learning
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Li Chongyang
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Li Chongyang
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Speech recognition

b -+ o 00
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Speech recognition

da kwik brawn
foks djemps over
da lezi dawg.

“The quick
brown fox jumps
over the lazy
dog”
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Speech recognition

da kwik brawn
foks djemps over
da lezi dawg.

“The quick
brown fox jumps
over the lazy
dog”
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Baidu Deep Speech: The rocket engine
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Most speech systems today

Whatpheneme isthis?
‘ _2-a=T 1, K, b, Z, i
o i :

Which letter would a transcriptionist type?
a,b,cdefghi...
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Baidu Deep Speech

Bi-directional Recurrent
Neural Network (BDRNN)
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Baidu Deep Speech: The rocket fuel (data)

Hours of data

300

Switchboard Fisher

Dataset
Andrew Ng




Baidu Deep Speech: The rocket fuel (data)

120000 -
100000 -

80000 -

Hours of data 50000 -

40000 -

20000 -

80 300 2000
——’

WSJ Switchboard Fisher

0

Dataset
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Speech recognition errors

B Apple Dictation ®Bing Speech ™ wit.ai (Facebook) ® Google APl ®Deep Speech

Error
(smaller is better)
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Live Demo
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The Deep Speech team
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Most people don’t understand the difference
between 95% accuracy and 99% accuracy.

99% is game changing.

With 99% accuracy, we could
redesign your cellphone using a
speech interface.
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Speech will transform the Internet of Things

Car interfaces Home appliances Wearables

(e.g., TV, microwave,
music player, ....)
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Opportunities for Deep Learning

Behavior

Andrew Ng




Deep Learning and big data
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Web search/Advertising Datacenter management Computer security
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Opportunities for Deep Learning

Images Behavior
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Developing new applications

Does itdo well | ¢ Does itdo well | ves

on the training | s | on the test
data? data?

l No l No
. Modify network
Bigger network More data architecture
(Rocket cngine) (Rocket 1u2l)
F Black magic
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Network architectures

Data (image)

A yellow bus driving ....

Captioning Network

Basic neural network
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The process of
machine learning
research

|dea (architecture)

Experiment v Code
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The future of Deep Learning

Images Speech Behavior
The Al rocket
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What about the hype?

The Al rocket ,
“The Transformers” movie
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We have superpowers
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Thank you.
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