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Deep Learning Categories

© supervised learning
® unsupervised learning
@ reinforcement learning
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Supervised Learning

* have x and y
+ goal is to approximate function that predicts y with x

* e.g.: classification (MNIST digits, IMDB sentiment),
regression (sales of a product, future value of an asset)
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Unsupervised Learning

* have x without y labels
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Unsupervised Learning

* have x without y labels
+ goal is to learn data’s underlying hidden structure
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Unsupervised Learning

* have x without y labels
+ goal is to learn data’s underlying hidden structure
* e.g.: word vectors, GANs
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Reinforcement Learning

state VNENE * action

* an agenttakes action in an environment
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Reinforcement Learning

state VNENE * action

* an agenttakes action in an environment
« environment returns state, i.e., reward at t, state at t + 1

0
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Reinforcement Learning

state VNENE * action

* an agenttakes action in an environment
« environment returns state, i.e., reward at t, state at t + 1
* repeat

0
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Deep Q-Learning

Mnih et al. (2013)

+ “Playing Atari with Deep RL’

NYCDATA SCIENCE
ACADEMY



Deep Q-Learning

Mnih et al. (2013)

+ “Playing Atari with Deep RL’
* NIPS and arXiv paper

NYCDATA SCIENCE
ACADEMY



Deep Q-Learning

Mnih et al. (2013)

* “Playing Atari with Deep RL”
* NIPS and arXiv paper
* played seven Atari 2600 games

NYCDATA SCIENCE
ACADEMY



Deep Q-Learning

Mnih et al. (2013)

* “Playing Atari with Deep RL”
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Deep Q-Learning

Mnih et al. (2013)

* “Playing Atari with Deep RL”

+ NIPS and arXiv paper

* played seven Atari 2600 games

* beat previous ML approaches on six
* beat human expert on three
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Deep Q-Learning

Mnih et al. (2015)
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https://www.youtube.com/watch?v=6kO4eZWeKOM

Deep Q-Learning

Mnih et al. (2015)
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https://www.youtube.com/watch?v=6kO4eZWeKOM

Deep Q-Learning

Mnih et al. (2015)
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https://www.youtube.com/watch?v=6kO4eZWeKOM

AlphaGo

Silver et al. (2016)
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AlphaGo Zero

Silver et al. (2017a)
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AlphaZero

Silver et al. (2017b)
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AlphaFold

Evans et al. (2018)

[ animation of protein-structure prediction ]
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https://deepmind.com/blog/article/alphafold

Real-World End-to-End

Levine et al. (2016)
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Environments

© OpenAl Gym

...or create your own with, e.g., the PyGame Learning
Environment
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Environments

© OpenAl Gym
® DeepMind Lab

...or create your own with, e.g., the PyGame Learning
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Environments

© OpenAl Gym
® DeepMind Lab
©® Unity

...or create your own with, e.g., the PyGame Learning
Environment
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Essential Deep Q-Learning
Theory

[ whiteboarding ]
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The Cartpole Game
OpenAl

DQN In
Practice
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The Cartpole Game
OpenAl

DQN In
Practice

© cart position
® cart velocity

® pole angle
@ pole angular velocity
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Installation

(outside my container)

DQN In
Practice

© https://github.com/openai/gym

NYCDATA SCIENCE
ACADEMY



Installation

(outside my container)

DQN In
Practice

© https://github.com/openai/gym
® anaconda

NYCDATA SCIENCE
ACADEMY



Installation

(outside my container)

DQN In
Practice

© https://github.com/openai/gym
® anaconda
® (pip install gym[atari])

NYCDATA SCIENCE
ACADEMY



DQN In
Practice

Installation

(outside my container)

© https://github.com/openai/gym
® anaconda

® (pip install gym[atari])
O pip uninstall pyglet

NYCDATA SCIENCE
ACADEMY



DQN In
Practice

Installation

(outside my container)

© https://github.com/openai/gym

® anaconda

® (pip install gym[atari])
O pip uninstall pyglet

® pip install pyglet==1.2.4
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Installation

(outside my container)

DQN In
Practice

© https://github.com/openai/gym

® anaconda

® (pip install gym[atari])

O pip uninstall pyglet

® pip install pyglet==1.2.4

® jupyter notebook in, e.g., notebook directory
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DQN In
Practice

[ cartpole notebook ]
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Beyond DQN

@ Beyond DQN
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Genetic Algorithms

Beyond DQN

[ Mar/l/O |
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https://www.youtube.com/watch?v=qv6UVOQ0F44

Ready-Made Agents

Beyond DQN Agent
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https://github.com/NervanaSystems/coach

Automated Experimentation

Beyond DQN

[ OpenAl Lab ]
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https://github.com/kengz/openai_lab

Human Imitation Learning
Warneken & Tomasello (2006)

Beyond DQN

[ videos ]
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https://www.youtube.com/watch?v=RK8rKKp-vP0

Machine Imitation Learning
Finn, Levine & Abbeel

Beyond DQN

[ videos ]
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https://www.youtube.com/watch?v=hXxaepw0zAw

Software 2.0 Pros
Karpathy (2017)

Beyond DQN

© Computational Homogeneity

[ Medium |

NYCDATA SCIENCE
ACADEMY


https://medium.com/@karpathy/software-2-0-a64152b37c35

Software 2.0 Pros
Karpathy (2017)

Beyond DQN

© Computational Homogeneity
® Constant Running Time

[ Medium ]
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https://medium.com/@karpathy/software-2-0-a64152b37c35

Software 2.0 Pros
Karpathy (2017)

Beyond DQN

© Computational Homogeneity
® Constant Running Time
® Constant Memory Use

[ Medium ]
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https://medium.com/@karpathy/software-2-0-a64152b37c35

Beyond DQN

Software 2.0 Pros
Karpathy (2017)

© Computational Homogeneity
® Constant Running Time

® Constant Memory Use

@ Portable Across Devices

[ Medium ]
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https://medium.com/@karpathy/software-2-0-a64152b37c35

Beyond DQN

Software 2.0 Pros
Karpathy (2017)

© Computational Homogeneity
® Constant Running Time

® Constant Memory Use

@ Portable Across Devices

® Easy

[ Medium ]
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https://medium.com/@karpathy/software-2-0-a64152b37c35

Beyond DQN

Software 2.0 Pros
Karpathy (2017)

© Computational Homogeneity
® Constant Running Time
® Constant Memory Use
@ Portable Across Devices
® Easy
® Superior
[ Medium ]
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https://medium.com/@karpathy/software-2-0-a64152b37c35
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Jeanne Calment
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Jeanne Calment
(1875-1997 — i.e., 122 years)

21 121
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Life in the Year 2140
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The Al Revolution

Hasn’t Even Begun
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Jeanne Calment
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Biodiversity during the Phanerozoic

All Genera v
Well-Resolved Genera-
Long-Term Trend —

The "Big 5" Mass Extinctions \/
Cther Extinction Events w

Jeanne Calment
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I Everybody’s choice

Mobile-phone penetration
Per 100 people, worldwide
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Jeanne Calment

[
More to come
Population using the internet, %

100
High-income
countries
China
World e
India
25
Least-
developed

countries
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Source: ITU
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Jeanne Calment

-—
Get connected

Consumer loT connections, by type, bn
FORECAST 12

Smart
vehicles

Consumer
electronics

Wearables

2016 17 18 19

Worldwide smart-speaker shipments, m
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2017
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Sources: GSMA Intelligence; Canalys
The Economist
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Worldwide digital data created and replicated
Zettabytes*

FORECAST

Jeanne Calment
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|
Decline and fall

The cost* and speed of computation
Log scale
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Jeanne Calment

0.1

Average
transistor
prices

1968=100

0.01
0.001
0.0001
0.00001

0.000001

T T T
1956 60 70 80 90 2000 10 19
Sources: John C. McCallum; Gordon Moore; The Linley Group; Nielsen Norman Group; The Economist *Nominal prices

The Economist

NYCDATA SCIENCE
ACADEMY




Jeanne Calment
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Factors Driving A.l.

© Data, incl. Sensors Everywhere

[ Wait But Why ]
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waitbutwhy.com/2015/01/artificial-intelligence-revolution-1.html

Factors Driving A.l.

© Data, incl. Sensors Everywhere
® Computing Power

[ Wait But Why ]
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Factors Driving A.l.

© Data, incl. Sensors Everywhere
® Computing Power
©® Algorithms

[ Wait But Why ]
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waitbutwhy.com/2015/01/artificial-intelligence-revolution-1.html

Factors Driving A.l.

© Data, incl. Sensors Everywhere
® Computing Power

©® Algorithms

O |Infrastructure

[ Wait But Why ]
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waitbutwhy.com/2015/01/artificial-intelligence-revolution-1.html

Categories of A.l.

O ANI: Narrow
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Categories of A.l.

O ANI: Narrow
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Categories of A.l.

O ANI: Narrow
® AGI: General
©® ASI: Super
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AGlI

Deep Learning Barriers

© Requires Many, Many Samples

Jeanne Calment
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AGlI

Deep Learning Barriers
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® Black Box
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AGlI

Deep Learning Barriers
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® Black Box
® Doesn’t Leverage Knowledge of the World
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Jeanne Calment

AGlI

Deep Learning Barriers

© Requires Many, Many Samples

® Black Box

® Doesn’t Leverage Knowledge of the World
@ Correlation = Causation
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AGlI

Deep Learning Barriers

© Requires Many, Many Samples
® Black Box
® Doesn’t Leverage Knowledge of the World

Jeanne Calment

@ Correlation = Causation
@ Unintuitive / Embarrassing / Adversarial Failures
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Outline

Culture Dish

@ The Al Revolution

Culture Dish
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Culture Dish
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Culture Dish

(@ Anomaly (°C) relative to 1901-2000

Jan-Dec Global Mean Temperature over Land & Ocean
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Culture Dish

I Still lots to go around
Nuclear-warhead stockpile, ‘000

RUSSIA'S FIRST  CUBAN MISSILE FALL OF NEW
ATOMIC TEST CRISIS SALT*I  SALT*I  BERLINWALL START!I SORT? START!
i i i i P i i 50
i | | | Russia . \ |
1 i | i | i i 40
i | United States | i i i i
! | | ) ! ! | 30
i i i | ! i i
i i i i i i 20
1 1 1 1 1 1 1
1 1 1 1 I 1 ]
| | | | P ' iy 10
1 1 1 1 1 1 1
1 1 1 1 1 1 | e

f I I i I I 0

TTTT T T T T rrrT T LI I L L L L

1949 60 70 80 90 2000 12

Source: Bulletin of the Atomic Scientists

*Strategic Arms Limitation Treaty Strategic Arms Reduction Treaty
iStrategic Offensive Reductions Treaty SIncludes 5,500 retired warheads awaiting dismantling
**Excludes retired warheads
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Thiel & Masters (2014)

RECURRENT COLLAPSE EXTINCTION
PLATEAU TAKEOFF

1

0
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RECURRENT COLLAPSE EXTINCTION
PLATEAU TAKEOFF
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Thiel & Masters (2014)

RECURRENT COLLAPSE EXTINCTION
PLATEAU TAKEOFF
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Outline

@ The Al Revolution

Enlightenment
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Pinker & Mack (2014
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Pinker & Mack (2014
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Pinker & Mack (2014

SRR DR Biliics HOMICIDE RATES IN THE US AND ENGLAND.
1967-2013, AND THE WORLD, 20032012

= e
2
i
51 i,
i H =
5 i ~
* 10 3.
s
° s e s ™ £ ™ £ = s o
s 1950 1953 B0 1965 B70 175 1980 198 1990 1995 2000 2005 2010
Enlightenment a ” ol
RATE OF BATILE DEATHS IN ARMED CONFLICTS VICTIMIZATION OF CHILDREN IN THE Us.
19462013
H
i
H
H \

NYCDATA SCIENCE
ACADEMY




Unit 8 —
Deep RL

World population living in extreme poverty, 1820 to 2015 R

in Data
Share of people living in extreme poverty | Share of people not in extreme poverty

OAbsolute  @Relative
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90%
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60%
50%
40%
30%
20%
10%

0%,
1820 1840 1860 1880 1900 1920 1940 1960 1980 2000 2015

Data source: World Poverty in absolute numbers (Max Roser based on World Bank and Bourguignon and Morrisson (2002))
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Unit 8 —
Deep RL

Literate and illiterate world population, 1800 to 2014

OAbsolute  @Relative
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90%
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60%

50%

Population

40%
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0%
1800 1850 1900 1950 2000 2014

Data source: Literate World Population (Our World In Data based on OECD and UNESCO)
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The Polity IV score captures the type of political regime for each country on a range from -10 (full autocracy) to +10 (full
democracy). Regimes that fall into the middle of this spectrum are called anocracies.

Population in Democracy Population in Closed Anocracy | Population in Autocracy
Population in Colony

OAbsolute  @Relative
1%

Enlightenment

%
1816 1840 1860 1880 1900 1920 1940 1960 1980 2000 2015

Data source: World Population by Political Regime they live in (by Our World In Data)

Number of world citizens living under different political regimes

NYCDATA SCIENCE
ACADEMY



Global child mortality, 1800 to 2015

Share of the world population dying and surviving the first 5 years of life.

World - Share dying in first 5 years | World - Share surviving first 5 years of life
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Data source: Global child mortality (since 1800) based on Gapminder and World Bank
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Outline

The View From Here

@ The Al Revolution

The View From Here
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Human-Level
Intelligence Station

The View From Here E i i i i
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The View From Here

Human-Level

Intelligence Station

Hey look!
AL is arriving

439 ¢
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Human-Level
Intelligence Station

It's coming
FASTI

The View From Here E ; i i i
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Human-Level
Lintelligence Station
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Exponential Growth of Computing
Twentieth through twenty first century
Logarithmic Plot

All Human Brains

The View From Here

One Human Brain

One Mouse Brain
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The View From Here

Computer

| Performance
/ — Human
Performance

We are here

Time
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Median Median

Expert Expert
Prediction Prediction

for AGI for ASI

(2040) (2060)

| @ o o |
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Usage frequency of Al capability for each domain’

Economic Environment
empowerment

Domain —»  Equality and Health
inclusion and hunger

Crisis Public and

Capability ial sector

'

Deep learning on
structured data

Education

Natural-language
processing
Image and video
classification

Object detection
and localization

Language
understanding

Sound detection
and recognition

Sentiment analysis

Language translation

The View From Here Fac

detection

Tracking

Emotion recognition

Person identification

Optical-character and
handwriting recognition

Speech to text

Content generation

Reinforcement learning

Near-duplic:

similar detec

Usage frequency of analytics capability for each domain

il ] ) o ()
[McKinsey Global Institute] s



https://www.mckinsey.com/featured-insights/artificial-intelligence/applying-artificial-intelligence-for-social-good

The View From Here

Human Progress

I

waitbutwhy.com

Time
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The View From Here

Human Progress

Time

waitbutwhy.com
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Stay in Touch
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