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With massive
amounts of
computational power,
machines can now
recognize objects and
translate speech in
real time. Artificial
intelligence is finally
getting smart.

Messages that quickly
self-destruct could
enhance the privacy
of online
communications and
make people freer to
be spontaneous.

Reading the DNA of
fetuses will be the
next frontier of the
genomic revolution.
But do you really want
to know about the
genetic problems or
musical aptitude of
your unborn child?

Skeptical about 3-D
printing? GE, the
world’s largest
manufacturer, is on
the verge of using the
technology to make
jet parts.

Rodney Brooks's
newest creation is
easy to interact with,
but the complex
innovations behind
the robot show just
how hard it is to get

along with people. Ly

Memory Implants

A maverick
neuroscientist
believes he has
deciphered the code
by which the brain
forms long-term
memories. Next:
testing a prosthetic
implant for people
suffering from long-
term memory loss.

—>

Smart Watches

The designers of the
Pebble watch realized
that a mobile phone is
maore useful if you
don’t have to take it
out of your pocket.
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Ultra-Efficient Solar
Power

Doubling the
efficiency of a solar
cell would completely
change the
economics of
renewable energy.
Nanotechnology just
might make it
possible.

Big Data from Cheap
Phones

Collecting and
analyzing information
from simple cell
phones can provide
surprising insights
into how people move
about and behave —
and even help us
understand the
spread of diseases.

o

Supergrids

A new high-power
circuit breaker could
finally make highly
efficient DC power
grids practical.
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Scientists See Promise in Deep-Learning Programs
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German Traffic Sign Recognition benchmark
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CCR (%) Team Method
99.46 IDSIA Committee of CNNs
99.22 INI-RTCV  Human (best individual)
98.84 INI-RTCV Human (average)
98.31 Sermanet Multi-Scale CNN
96.14 CAOR Random Forests
95.68 INI-RTCV LDA (HOG 2)
93.18 INI-RTCV LDA (HOG 1)
92.34 INI-RTCV LDA (HOG 3)

CiresAn, Dan, et al. "Multi-column deep neural network for traffic sign classification.” Neural Networks 32 (2012): 333-338.



Al's
Evolution

1948 1950

The Manchester Small-
Scale Experimental
Machine is the first

computer to execute
a program stored in
electronic memory.,

Alan Turing's paper
“Computing Machinery and
Intelligence” introduces the
concept of the Turing test.

PRINCIPIA
MATHEMATICA

YO o

Work begins on the

“Logic Theorist,” which
many consider the first Al
program. It proves 38 of the
first 52 theorems in Principia
Mathematica, an early-
20th-century attempt to
davise a set of rules for all
mathematical truths.

John McCarthy organizes
a conference at Dartmouth
College with prominent
minds in the field and
coins the term "artificial
inteligence.”

The movie 2001: A Space
Odyssey introduces a
popular notion of Al through
the computer HAL.

-

Sir James Lighthill reports
to British officials on a
“pronounced feeling of
disappointment” in Al's
accomplishments. The
report supports declines in
government funding during
the “Al winter” of the 1970s
and '80s.

MIT
Technology
Review

2 B
=X
1BM's Deep Blue 1BM's Watson wins
supercomputer defeat Jeopardy!, defeating two
world chess champion of the game show's most
Garry Kasparov in a six- successful contestants

game match, Kasparov had of all time.
beaten IBM computers in
two previous matches.
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An epicdrama of
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- KATHLEEN KENYON’S
EXCAVATION OF THIS CITY
MENTIONED IN JOSHUA
SHOWED THE WALL HAD
BEEN REPAIRED 17 TIMES

- WHAT is “Jericho”

-« THIS CHILD STAR GOT HIS
FIRST ON-SCREEN KISS IN |
“MY GIRL” , ) "

« WHO is““Macaulay Culkin”
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FIGURE 1.4. The two features of lightness and width for sea bass and salmon. The dark
line could serve as a decision boundary of our classifier. Overall classification error on
the data shown is lower than if we use only one feature as in Fig. 1.3, but there will
still be some errors. From: Richard O. Duda, Peter E. Hart, and David C. Stork, Pattern
Classification. Copyright © 2001 by John Wiley & Sons, Inc.
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Fully connected neural network

- Example
- 1000x1000 image
- 1M hidden units

=> 1012(= 10° x 10°) parameters!
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- D. E. Rumlhart, G. E. Hinton, and R. J. Williams, Learning representation
by back-propagation errors, Nature, 1986
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Neural network
Back propagation,
Nature
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1986
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Neural network

Back propagation,

Nature Non-linear SVM
1986 1992

‘ qoo]:?ﬂ‘ /\]E'ta;
- Flat structure
* SVM, Boosting, ...
- Biological A] Z~¥13} A 2] 7}
2K

Flat Processing Scheme

Task 1

Task 2
Task 3
Task 4
Task 5
Task 6
Task 7
Task 8
Task n

Some kind of Features




Neural network

Back propagation, Deep belief network,
Nature Science
1986 1992 2006
L2 O = = -
- B 2| &= 8F55 o] 8-Sk pre-training

Tralnlng o“jé Blsel;
- Dropout, RectLinear, Normalization, ...
. 74ﬁ_]:,1 ;LzA Sl
- GPU
- Multi-core computer A| 2~ &l
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Neural network

Back propagation, Deep belief network, Speech
Nature Science
| YT
l l m= Microsoft
1986 1992 2006 2011
task hours of DNN-HMM | GMM-HMM GMM-HMM
training data with same data | with more data
Switchboard (test set 1) | 309 18.5 274 18.6 (2000 hrs)
Switchboard (test set 2) | 309 16.1 236 17.1 (2000 hrs)
English Broadcast News | 50 17.5 188
Bing Voice Search 24 304 36.2
(Sentence error rates)
Google Voice Input 5.870 123 16.0 (>>5.870hrs)
Youtube 1,400 476 523




Neural network
Back propagation, Deep belief network, Speech  Object recognition
Nature Science

l 1 l lIM.r‘.GENET

1986 1992 2006 2011 2012

Supervision Deep CNN 0.16422
ISI FV: SIFT, LBP, GIST, 0.26172
CSIFT
XRCE/INRIA FV: SIFT and color 0.27058
1M-dim features
OXFORD_VGG FV: SIFT and color 0.27302

270K-dim features



ImageNet Large Scale Visual Recognition Competition (ILSVRC)

Steel drum

Output: Output:
Scale Scale
T-shirt V T-shirt
Steel drum Giant panda
Drumstick Drumstick aimatia
Mud turtle Mud turtle - Ty Pt et By
fire engine a-d-m.n‘s-ﬂngml currant | howler monkey

http://Amww.image-net.org/challenges/LSVRC/



Neural network
Back propagation, Deep belief network, Speech  Object recognition
Nature Science

| 1 1 llIMAGENET

1986 1992 2006 2011 2012 2013

- IMAGENET 2013: %37 214

0.11197 Deep Learning
2 NUS 0.12535 Deep Learning
3 OXFORD 0.13555 Deep Learning



Neural network
Back propagation, Deep belief network, Speech  Object recognition
Nature Science

l 1 | llllMAGENET

1986 1992 2006 2011 2012 2013 2014

- IMAGENET 2013: %37 214

Google 0.06656 Deep Learning
2 Oxford 0.07325 Deep Learning
3 MSRA 0.08062 Deep Learning



Neural network
Back propagation, Deep belief network, Speech  Object recognition
Nature Science

| 1 | lllIMAGENET

1986 1992 2006 2011 2012 2013 2014

- Google ¥} Baidut— 20137 ¢l Deep Learning”| "+ F 4 A
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Neural network
Back propagation, Deep belief network, Speech ~ Object recognition  The game of GO
Nature Science

| 1 111l

1986 1992 2006 2011 2012 2013 2014 2016
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The Al race is on

IMAGENET
Accuracy Rate
100%

#Traditional CV @ Deep Learning

90%

80%

70% IBM Watson X(;hieves Breakthrough Facebook Baidu Deep Speech 2

In Natural Language Processing Launches Big Sur Beats Humans

60%

50%
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40%

30%
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10% TenSOrFlOW RESJ\?CYH?II#FUTE M l C rOSOft

0% Google Toyota Invests $1B Microsoft & U.Science & Tech, Ching
2010 2011 2012 2013 2014 2015 Launches TensorFlow In Al Labs Beat Humans on 1Q




