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Intelligence machines, espemally

Intelligentcomputer npmep kg, 3 Hm

MaCarthy, 1956, Father of Al

AComputational intelligence, synthetic
Intelligence

ADeep Learning/Machine Learning
the biggest area in Al

Artificial Intelligence

* “The science and engineering of making
intelligent machines.”

- John McCarthy, 1956.
* Weak Al

* intelligent system but designed and trained
for a particular task.

* Strong Al
* intelligent system designed with generalized
human like cognitive abilities.

cl eglccp

John MaCarthy

'WHAT g 9'¢©

source: morioh.com

. MACHINE
LEARNING

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

source: medium.com
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7|HF 7| Ak S Deep neural net
Reinforcement Learning What's next?
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2000-2010
Statistical Learning

1930-2000 Graphical model

Neural Net
Fuzzy System

1970-1980
Expert System ‘ .
Symbolic Al e 1 \" YT AlphaGo beats
= : " human champion ('16)
: AlexNet
1956 s won ILSVRC (12)
J. Mcarthy AN\

Dartmouth Conference

TIENT Breakthrough,
18M Watson Revolution has started!

Won on Jeopardy ('11)

1BM Deep Blue beats
human champion ('97)

1956 1960 1970 1980 1990 2000 2010 2019
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From left to right: Yann LeCun | Photo: Facebook; Geoffrey Hinton | Photo: Google; Yoshua Bengio | Photo: Botler Al

= Google Scholar

Geoffrey Hinton
Emeritus Prof. Comp Sci, U.Toronto & Engineering Fellow, Google
Verified email at ¢s.toronto.edu - Homepage

machine learning psychology artificial intelligence  cognitive science
computer science

Google Scholar

Yoshua Bengio

Professor, University of Montreal (Computer Sc. & Op. Res.), Mila, CIFAR,
CRM, IVADO, REPARTI, GRSNC
Verified email at mila.quebec - Homepage

Machine learning deep learning  artificial intelligence

Google Scholar

Yann LeCun

Chief Al Scientist at Facebook & Silver Professor at the Courant Institute,
New York University
Verified email at cs.nyu.edu - Homepage

Al machine learning computer vision robotics image compression
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P A (Artificial Narrow Intelligence)

sI>Ad " es, w® Luq A 6d)

(Artificial General Intelligence)
> AL €6 WL q 0g)

4 na
= (Strong Al)

P I (Artificial Super Intelligence)
0 ndg> AL éff—” AL 7 6)

Artificial General Intelligence (AGI), Consciousness and the Future of Al

Movie rTerminatoa

Movie rExMachinar
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“Al is one of the most important
things humanity is working on.
It's more profound than, | don't
know, electricity or fire”

jar Piohal / CE0 Google

Source: Daniel Skantze
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ID ‘ﬁﬁ: Events ContactUs mylDC IDCBlog

Home AboutIDC Analysts Products & Services

@ Press FAQ E Contact Press Relations O\n Shar

DC * About IDC IDC Media Center * Worldwide Spending on Artificial Intelligence <

_ﬁ‘ ‘ 7 7 04 Sep 2019
-~ Worldwide Spending on Artificial Intelligence Systems Will
‘ Be Nearly $98 Billion in 2023, According to New IDC
Spending Guide

—  McKinsey O @
= & Company ndustries  Functions  Featured ts Locaions  Careers  AboutUs L Q)
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Notes from the Al frontier:

Modeling the impact of Al on
the world economy

pwe | Global

Responding to the business impacts of COVID-19 — read more >

Artificial Intelligence everywhere

Al isn’t just a new set of tools. It’s the new world. From automation to

augmentation and beyond, Al is already starting to change everything.

)‘ K. M. Lee @KISTEP, 2020. 04. 29



A™ A A
A2035z . Al'E

~
€

A 2 b v38%4 0 uWwN'E

p—

84% 74% 7% 59% 55% | 53% 46% 44%

Education Accommodation & Construction Wholesale Healthcare Agriculture, Forestry Social Transportation
Food Services & Retail & Fishing Services & Storage

39%)  36%)  31%) 27%' 26%'  24% 17% 9%

Manufacturing Other Financial Public Arts, Entertainment Professional Information & Utilities
Services Services Services & Recreation Services Communication
source: Forbes <Impact of Al on profits by industry>
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About TensorfFlow

TensorFlow™ is an open source software library for high performance
numerical computation. Its flexible architecture allows easy deployment ( \ TensorFlow: Machine Learning .
of computation across 3 variety of platforms (CPUs, GPUs, TPUs), and
from desklops to clusters of servers to mobile and edge devices

Originally developed by researchers and engineers from the Google
Brain team with s
for machine leg Ln Hndl:
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Why the Machine Learning
industry can’t grow without
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AHyper Cycle of Emerging Technologies, 2018

- Deep Neural Nets (Deep Learning)

‘ Digital Twin

Biochips

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots

Smart Robots
Deep Neural Network ASICs
Al Paa$

loT Platform
Virtual Assistants

Silicon Anode Batteries
Blockchain

Quantum Computing

Volumetric Displays
Self-Healing System Technology
Conversational Al Platform
Autonomous Driving Level 5

Connected Home
Autonomous Driving Level 4

Mixed Reality

Edge Al

Blockchain for Data Security
Neuromorphic Hardware

Human Augmentation

Knowledge Graphs

4D Printing

Expectations

Artificial General Intelligence

4

Augmented Reality

Plateau will be reached in:
less than 2 years
‘ 2to 5 years

@ 5to10years

/\ more than 10 years

Smart Dust
Flying Autonomous Vehicles
Biotech — Cultured or
Artificial Tissue
As of July 2018
Innovation Trough of - R Plateau of
5 : E Slope of Enlightenment o
Trigger Disillusionment SHof hEnightanment Productivity

Time

source: Gartner(August 2018)
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AFriend or Foe?

MARGARET A. BODEN

[ts nature and future

»ah Harari
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Americans Fear the Al Apocalypse

Attitudes towards the elopment of high-level mach

Not sure
12%

Neutral /
/ No
29% 27%

What impact will high-level Robots and artifical intelligence Should high-level machine

machine intelligence have require careful management. intelligence be developed?
on humanity?

Confidence in various actors to develop Al (in %)
B Great or fair amount Not too much confidence
(] No confidence [l Don't know

University researchers 50 “
Microsoft 44 T 11
Intergovernmental research
26 14

3

statista %

Source: Statista
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’
Tomorrow’s World
What's going o happen in 20137 In ten year's time? 50 years? 1007
We look ahead to see what the future holds according to predictions from
thinkers, scientists and pundits — and the odds on them happening

MOST LIKELY LEAST LIKELY

BBC (2013)

R 3. o N bvusingularity ©  :2045 -20905 | U A «

(2017):20603 A «(h v -20473,0 d» -20903 )

n B ?029, Al will have human-leveli nt el | | g ¢ When Will AT Exceed Human Performance?
Evidence from Al Experts

Katja Grace?, John Salvatier?, Allan Dafoe!?, Baobao Zhang®, and Owain Evans’

! Future of Humanity Institute, Ozford University
2 Al Impacts
3 Department of Political Science, Yale University

arXiv:1705.08807v3

Future Society

Kurzweil Claims That the
Singularity Will Happen by 2045

by Dom Galeon and Christianna Reedy

MADRHE

i 2 0i8 the consistent date | have predicted
for when an Al will pass a valid Turing test
and therefore achieve human levels of
intelligence. | have set the date 2045 for the

0 Si n g uwhiahr is Wwhe® we will multiply

our effective intelligence a billion fold by

merging with the intelligence we have i
created.o T €n A 2015
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Years from 2016

Full Automation of Labor |
(All Human Jobs)

Al Researcher A

High Level Machine Intelligence
(All Human Tasks)

Math Research -

Milestones

Putnam Math Competition -

Write New York Times Best-Seller o

Retail Salesperson -

Go (Same Training as Human) -

Retail Salesperson

Go (Same Training as Human) 4

5km Race in City |
(Bipedal Robot vs. Human)

Truck Driver A
Generate Top 40 Pop Song 4
Explain Own Actions in Games -

Write High School Essay A

Read Text Aloud |
(Text-to-Speech)

All Atari Games -

Assemble Any LEGO
Telephone Banking Operator 4
Translate (vs. Amateur Human) 4
Transcribe Speech -

Starcraft -

Fold Laundry

World Series of Poker -

Angry Birds A

Source: K. Grace et al.,When Will Al Exceed Human Performance? Evidence from Al Experts, arXiv:1705.08807

9 453
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https://arxiv.org/abs/1705.08807

FUTURE OF ARTIFICIAL INTELLIGENCE

A A J " ﬁ
AAI hON A O O A8 o
QN o "ED Wb 04 a (Gartner) -

The Impact of Al Automation on Jobs 0, Healthcare

Net

m— | 0SS === Gain

@ Chatbots

5,000,000 Source: Data-flair

Science

No. of Jobs

4,000,000
3,000,000
2,000,000

1,000,000

-1,000,000
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Source: Gartner K. M. Lee @KISTEP, 2020. 04. 29






A 3 AN20123 A ¢
300 b)

A ImageNet

Al and Compute (log scale)

1.00E+04

1.00E+00

1.00E-04

1.00E-08

Compute used (Petaflop/s-days)

1.00E-12

1/1/1960

1/1/1970

p: 10

ePverall PetaFlop Days
R?=-0.038
Overall PetaFlop Days
Rz=0.103

2 year doubling time Moore's
law, starting from Perceptron

RE=1

1/1/1980  1/1/1990

Publication date

1/1/2000 1/1/2010

Source: Al Index 2019 Annual Report

4 p (20173 10s )A 2, 43

W& N U 20128 U 3.4B Qa 2

b (20123

(20193 5 ),23 Q4 5300 b

OCTOBER 2017
10 DAYS, 3:59:59

A.L. IS LEARNING
(WAY, WAY) FASTER

New algorithms and computing
hardware have led to dramatic gains in
the speed of A.|. systems in the past
two years. The bubbles below
represent the amount of time it took to
train an A.l. model to be as accurate as
a person in identifying images of
1,000 different kinds of objects. But
whether advances in such narrow
systems will equate to progress
toward AGI remains to be seen.

COMPUTATION TIME REQUIRED TO
ACHIEVE A STATE-OF-THE-ART
ACCURACY LEVEL* ON A BENCHMARK
COMPUTER VISION TEST

DECEMBER 2017
1 DAY, 20:28:27

JANUARY 2018
14:37:59

APRIL 2018
20.42

MARCH 2018
12:26:39

SEPTEMBER 2018
18:06

. 30:43
DECEMBER
2018
09:22

MAY 2019
02:43

Source: Stanford University
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AlphaZero .

A2Alphazerov  A£b b | bV O b boa avwuw, 7 Jd a.
p, 3b v Y ol xaOAl 4] JT 62 asGarry Kasparov
e gy (HEE 5000 + Chess ~ Shogi B Go
1 Cutel o 0007 —— AlphaZero
o™ | Jit’ JSegsen d ) 20001 —— AlphaZero i —— AlphaZero T —— AlphaGo Zero
Alén?.GQ T : ‘ o ‘- - ¢ 100((; + —— Stockfish 4 —— Elmo 4 —— AlphaGo Lee

0 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700 O 100 200 300 400 500 600 700
Thousands of Steps Thousands of Steps Thousands of Steps

AlphaGo Lee, Jan. 27, 2016
AlphaGo Zero, Oct. 19, 2017 Figure 1: Training AlphaZero for 700,000 steps. Elo ratings were computed from evaluation

AlphaZero, Dec. 5, 2017 games between different players when given one second per move. a Performance of AlphaZero
in chess, compared to 2016 TCEC world-champion program Stockfish. b Performance of Al-
phaZero in shogi, compared to 2017 CSA world-champion program Elmo. ¢ Performance of
AlphaZero in Go, compared to AlphaGo Lee and AlphaGo Zero (20 block / 3 day) (29).

AlphaZzero: One program to rule them alhbmanifhpater oS means it | earns with
K. M. Lee @KISTEP, 2020. 04. 29



Image Classification: ImageNet

90
* No extra training data « Extra training data

80

70

Top-1 accuracy

60

50
1/112013 11112014 11/2015 1/1/2016 111/2017 1/1/2018

17172019

GLUE Performance Benchmarking

» state of the art = human performance

Visual Question Answering (VQA) Challenge

90 * accuracy - Human Baseline

80

70

Accuracy

60

50
2016-01-01 2017-01-01 2018-01-01

2019-01-01

90
88.4 88.5
872"
86.3
85
8 82.83.)
Q 82
B
c 80.9,
2
o 80
<] 783
5]
” 76.9
S
g 75
(e}
70
4/1/2018 7/1/2018 10/1/2018 1/1/2019 4/1/2019 7/1/2019
SQuAD 1.1 and SQUAD 2.0 - F1 score
100 ® SQuAD 1.1
= Human 1.1
SQuAD 2.0
= Human 2.0
90 at .
80
]
el
o
o
@»
L 70
60
50
01/01/2017 01/07/2017 01/01/2018 01/07/2018 01/01/2019 01/07/2019

Source: Al Index 2019 Annual Report
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A (2019. 4) OpenAlfive, Dota2 | 4 &

A (2018.12) AlphaStar,

l_l Artificial Intelligence Index Report 2019
RI

Chapter 3 Technical Performance

:@) 1980
j@ 1995
:@ 1997

5) 2011

:@ 2015

:@ 2016

) 016

Human-Level Performance Milestones

Othello

©

U “El

©

E

The inaugural 2017 Al Index report included a timeline of circumstances
where Al reached or beat human-level performance. The list outlined
game playing achievements, accurate medical diagnoses, and other
general, but sophisticated, human tasks that Al performed at a human
or superhuman level. This year, two new achievements are added to that
list. It is important not to over-interpret these results. The tasks below
are highly specific, and the achisvements, while impressive, say nothing
about the ability of the systems to generalize to other tasks.

In the 1980s Kai-Fu Lee and Sanjoy Mahajan developed BILL, a Bayesian learning-
based system for playing the board game Othello. In 1989, the program won the
US national tournament of computer players, and beat the highest ranked US
player, Brian Rose, 56—8. In 1997, a program named Logistello won every game in
a six game match against the reigning Othello world champion.

Checkers

In 1952, Arthur Samuels built a series of programs that played the game of
checkers and improved via self-play. Howaver, it was not until 1995 that a
checkers-playing program, Chinook, beat the world champion.

Chess

Some computer scientists in the 1950s predicted that a computer would defeat

the human chess champion by 1967, but it was not until 1997 that 1BM's DeepBlue

system beat chess champion Gary Kasparov. Today, chess programs running on
smartphones can play at the grandmaster level

Jeopardy!

In 2071, the IBM Watson computer system competed on the popular quiz show
Jeopardy! against former winners Brad Rutter and Ken Jennings. Watson won the

first place prize of $1 million

Atari Games

In 2015, a team at Google DeepMind used a reinforcement learning system to
learn how to play 49 Atari games. The system was able to achieve human-level
performance in a majority of the games (e.g,, Breakout), though some are still
significantly out of reach (e.g., Montezuma's Revenge)

Object Classification in ImageNet

In 2016, the error rate of automatic labeling of ImageNet declined from 28% in
2010 to less than 3%. Human performance is about 5%

Go

In March of 2016, the AlphaGo system developed by the Google DeepMind

team beat
then released aG

edol, one of the world's greatest Go players, 4—1. DeepMind
ster, which defeated the top ranked player, Ke Jie, in

March of 2017, In Octeber 2017, a Nature paper detailed yet another new version,
AlphaGo Zero, which beat the original AlphaGo system 100—0

;x@

:@)

——0)

——0©)

——0©)

A

2017

2017

2017

2017

2018

2018

2018

2018

«d 20 -GAM d b3t

'ATLO Mana «d 10/

Skin Cancer Classification

In a 2017 Nature article, Esteva et al. describe an Al system trained on a data set
of 129450 clinical images of 2,032 different diseases and compare its diagnostic
performance against 21 board-certified dermatologists. They find the Al system
capable of classifying skin cancer at a level of competence comparable to the
dermatologists.

Speech Recognition on Switchboard
In 2017, Microsoft and |BM bath achieved performance within close range of
"human—parlty speech recognition in the limited Switchboard domain

In January 2017, a program from CMU called Libratus defeated four to human

players in a tournament of 120,000 games of two-player, heads up, no-limit

Texas Hold'em. In February 2017, a program from the University of Alberta called

DeepStack played a group of 11 professional players more than 3,000 games each
o ck won enough poker games to prove the statistical swgmﬂcance of its skill

over the professionals

Ms. Pac-Man
a, a deep learning team acquired by Microsoft, created an Al system that
learned how to reach the game's maximum point value of 999,900 on Atari 2600

Chinese - English Translation

A Micro machine translation system achieved human-level quality and accuracy
when translating news stories from Chinese to English. The test was performed on
newstest2017, a data set commonly used in machine translation competitions

Capture the Flag 2018
A DeepMind agent reached human-level performance in a modified version of
Quake Il Arena Capture the Flag (a popular 3D multiplayer first-person video
game). The agents showed human-like behaviours such as navigating, following,
and defending. The trained agents exceeded the win-rate of strong human players
both as teammates and opponents, beating several existing state-of-the art
systems

DOTA 2

OpenAl| Five, OpenAl's team of five neural networks, defeats amateur human
teams at Dota 2 (with restrictions). OpenAl Five was trained by playing 180 years
worth of games against itself every day, learning via self-play. (OpenAl Five is not
yet superhuman, as it failed to beat a professional human team)

—
—©

:@ 2019

o) 2019

Prostate Cancer Grading

Google developed a deep learning system that can achieve an overall accuracy

of 70% when grading prostate cancer in prostatectomy specimens. The average
accuracy of achieved by US board-certified general pathologists in study was 61%.
Additionally, of 10 high-performing individual general pathologists who graded
avery sample in the validation set, the deep learning system was more accurate
than 8.

Source: Al Index 2019 Annual Report

AlphaStar

https://deepmind.com/blog/alphastar-masteri

ng-real-time-strategy-game-starcraft-ii/

Alphafold

DeepMind developed Alphafold that uses vast amount of geometric sequence
data to predict the 3D structure of protein at an unparalleled level of accuracy
than before

Alphastar
DeepMind developed Alphastar to beat a top professional player in Starcraft Il

Detect diabetic retinopathy (DR) with specialist-level accuracy
Recent = shows one of the largest clinical validation of a deep learning
algorithm with significantly higher accuracy than specialists. The tradeoff for
reduced false negative rate is slightly higher false positive rates with the deep
learning approach
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Why hasn’t Al changed the world yet?
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Number of paper titles at Al conferences mentioning Ethics keywords, 1969-2018

60

a0 Source: Al Index 2019 Annual Report

Number of conference papers mentioning Ethics

= nature

Thebattle for ethical Al at the world’s
biggest machine-learning conference

Bias and the prospect of societal harm increasingly plague artificial-intelligen
research — butit's not clear who should be on the lookout for these problems.

Gizabeth Gibney

L. POF version

RELATED ARTICLES

How one conferer
embraced diversi

0

1970 1980 1990 2000 2010
BEARE o son News Sport Reel Workiife Travel = Future Mg
Technology

Al ethics backed by Pope and tech giants

n Leadership Money Business Small Business Life

Ethical Concerns of AI
= Kathleen Walch Contribu

e o
\“"@ COGNITIVE WORLD Contr tor Group @
Al

Artificial Intelligence is seen by many as a

great transformative tech. Will AT systems

one day drive us around? Do our laundry?

Google boss Sundar Pichai calls for Al
regulation
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in new plan

By Jen Copestake
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The Battle For Top Al Talent Only
Gets Tougher From Here ~—_

- y

/

e Ford Goes Big On Al With $1B Investment /
el

Microsoft Bets On General Artificial /
Intelligence With Maluuba Acquisition ‘:/

#

Samsung To Acquire Artificial lntelligence//' /
Firm Viv, Created By Siri Makers

Google’s Alphago Al Beats Human In First F 4
Game Of Go Contest e S /
/

Y y y 1
2012 2013 2014 2015 2016 2017

Source: CBINSIGHTS

K. M. Lee @KISTEP, 2020. 04. 29



Kaiming He

Research Scientist, Facebook Al Research (FAIR)
Verified email at fb.com - Homepage

Computer Vision Machine Learning

TITLE

Deep Residual Learning for Image Recognition
K He, X Zhang, S Ren, J Sun
Computer Vision and Pattern Recognition

/PR, 2016

Faster R-CNN: Towards Real-Time Object Detection with Region Proposal Networks
S Ren, K He, R Girshick, J Sun
Neural Information Processing Systems (NIPS), 2015

Facebook, ResNetk Q

Demis Hassabis

DeepMind

No verified email - Homepage
neurcscience  artificial intelligence

TITLE

Human-level control thraugh deep reinfarcement learning
V Mnih, K Kavukcuoglu, D Si AA Rusu, J Veness, MG Bellemare, ..

V

Nature 518 (7540), 529-5633

Mastering the game of Go with deep neural networks and tree search
D Silver, A Huang, CJ Maddison, A Guez, L Sifre, G Van Den Driessche,
Nature 529 (7587), 484-489

DeepMind CEOAlphaGok Q

Cited by

Citations
h-index
i10-index

Cited by

Citations
h-index
i10-index

2013 2014

All Since 2015
117049 114877
51
58 58
51000
38250
25500
12750
— — - 0
2013 2014 2015 2016 2017 2016 2019 2020
VIEW ALL
All Since 2
34732 31591
54
74 T4
12000
9000
6000
3000
u 0
2015 2016 2017 2018 2019 2020

Alex Krizhevsky

Dessa
Verified email at dessa.com

IMachine Learning

TITLE

Imagenet classification with deep convolutional neural networks
AKrizhevsky, | Sutskever. GE Hinton
Advances in neural information processing systems, 1097-1105

Dropout: a simple way to prevent neural networks fram overfitting
N Srivastava, G Hinton, A Krizhevsky, | Sutskever, R Salakhutdinov
The journal of machine leaming research 15 (1), 1929-1958

|Laarnina multinla lavars of faaturac fram ting imanac

Dessa, AlexNet k Q

lan Goodfellow

Unknown affiliation

Deep Learning

TITLE

Generative adversarial nets
| Goodfellow, J Pouget-Abadie, M Mirza, B Xu, D W
Advances in neural information processing systems, 2672-2|

Deep learning
| Goodfellow, ¥ Bengio, A Courville
MIT press

Apple, GANK
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Wanted: Artificial intelligence experts

In artificial intelligence, job openings are rising faster than job seekers.

1,200
1,000
800
600
400

200

2015 2016 2017 2018

source: Indeed.com

N di(2018))
AUC Berkeley, EECS Ph. D program 341y (2008)A 2,700 (2017)

= postings
per
million
(4-week
moving
average)

searches
per
million
(4-week
moving
average)

K. M. Lee @KISTEP, 2020. 04. 29




Al4 d n

VoS

A" "E' Al 2010 3 L t ~ ,20193 7807 USD

A o WNH

Global Al Investment, Merger/Acquisition, Minority Stake, Private Investment and Public Offering
Source: CAPIQ, Crunchbase, Quid, 2019.

= Public Offering = Private Investment « Minority Stake = Merger/Acquisition

$80

$12
$60
$40

$20

$0

2010 2011 2012 2013 2014 2015 2016 2017 2018

2019*

Note:y-_ vgq gl gjjgmlg md SQ",( O0./77 "b_r gq slragj

Source: Al Index 2019 Annual Report

China dominates global funding of Al startups

Share of global artificial-intelligence startup funding in 2017 (leading countries)”

us
38%

ortion of global Al startup funding as a percentage of dollar value.
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Artificial Intelligence Strategies
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