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‘could leave half of world unemployed

Scientist Moshe Vardi tells colleagues that change could come within 30 years,
with few professions immune to effect of advanced artificial intelligence

‘Public alienation undermines scientific efforts to improve lives'

‘Rogue scientists' could exploit gene editing technology, experts wam
gton
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Birth of Artificial Intelligence
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¢ Alan M. Turing, 1902-1954
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¢ Turing, 1950: " I believe that at the end of
the century the use of words and general
educated opinion will have altered so much
that one will be able to speak of machines
thinking without expecting to be
contradicted.” R
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Crux of ]paper: A compelling philosophical
analysis for the feasibility of intelligent
machines.
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I Al: Early Optimism

¢ 1958, H. A. Simon and A. Newell: "within ten
years a digital computer will be the world's
chess champion”

L

¢ 1967, M. Minsky: "Within a generation ... the
problem of crea’rin? ‘artificial intelligence’ will
substantially be solved."



http://en.wikipedia.org/wiki/H._A._Simon
http://en.wikipedia.org/wiki/Allen_Newell
http://en.wikipedia.org/wiki/Marvin_Minsky

I “Al Winters”

¢ The first AL winter 1974-1980: slow progress
and dearth of research funding

L

¢ The second AI winter 1987-1993: the
"Japanese Fifth-Generation bust” and dearth
of research funding



Al Breakthroughs, I
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Al Breakthroughs, 1l
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¢ 2011: IBM's Watson defeats the two greatest
Jeopardy! champions, Brad Rutter and Ken
Jennings, by a significant margin.
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http://en.wikipedia.org/wiki/Brad_Rutter
http://en.wikipedia.org/wiki/Ken_Jennings
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Al Breakthroughs, Il
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¢ 2016: AlphaGo beats Lee Se-dol to take
Google DeepMind Challenge series!
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Al Breakthroughs, 1V
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¢ 2017: Artificial intelligence goes deep to beat
humans at poker!
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¢ "AlphaGo combines tree-search techniques
with search-space-reduction techniques that
use machine learning.”

= In other words, AlphaGo develops "intuition”
for Go playing.

¢ Machine learning provides a response to
Polanyi's Paradox (1966): "We can know more
than we can tell... The skill of a driver cannot
be replaced by a ’rhor'ough schooling in the
theory of the motorcar'




& 2005 'DARPA Grand Challenge STanfor‘d
autonomous vehicle drives 131 miles along an
unrehearsed desert trail.




'S 2007: DARPA Urban Challen e - CMU
autonomous vehicle drives b5 miles in an urban
environment while adhering to traffic hazards
and traffic laws.

is unitedito catalyze

a technical, cultural and industrial
revolution for a.new class.of: robgglcs 5& al
to advance the state-of-the-art

in driver safety.
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Transportation Revolutions, I
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Transportation Revolutions, Il

Approx. 3500BC: domestication of the horse
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Transportation Revolutions, Il
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THE MONGOL EMPIRE

Land under rule of
the Moengol Empire
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Transportation Revolutions, Il
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Transportation Revolutions, 1v
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Transportation Revolutions, IV
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Transportation Revolutions, IV
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Transportation Revolutions, IV
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The most important industrial product of the
20'h Century:

¢ Shaped US urban geography

¢ Gave rise to a mighty American industry
= Led fo victory in WWII

¢ "Car Culture"” -
= Adulthood and
freedom!
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Worldwide:

¢ 1.25M deaths in 2013, 20-50M were injured or
disabled, annual cost > $0.5T

¢ More than half of all road traffic deaths
occur among young adults ages 15-44

¢ Road crashes are the leading cause of death
among young people ages 15-29,




Human error accounts for more than 907 of
car crashes!

Top Driving Behavior in Fatal Crashes (US,2014):
¢ Driving too fast - 18.8%

¢ Under the influence - 12.3%

¢ Failure to keep in lane - 8.5%

¢ Failure to yield way - 6.9%

¢ Distracted - 6.7%

¢ Careless driving - 4.8%
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¢ 30+ companies are now working on self-driving
cars - est. market: $2-5T over next decade

¢ Technical issues to be resolved in 5-15 yrs
¢ Many legal issues need to be resolved

¢ Profound business disruption:

® Major industrial contraction (cars are now idle
90% of the time)

= "Major loss of business” for insurance, legal,
and medical industry

¢ Huge societal benefit: reduce accidents,
liberate elders and the disabled




The Most Common Jobs (2014)
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l What about the Drivers?

¢ 4M truck+taxi drivers in the US

¢ 15M US jobs involve operating a vehicle

L

¢ Automation of the whole supply chain is
expected: cargo ships, ports, trucking,
war'ehouses ellver'y

¢ Bottom Line: Massive loss of jobs!
= But there will be new jobs. Right?



Container Terminal in S. Korea
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¢ K. Rogoff: "Since the dawn of the industrial
age, a recurrent fear has been that
technological change will spawn mass
unemployment. Neoclassical economists
predicted that this would not happen, because
people would find other jobs, albeit possibly
after a long period of painful adjustment. By
and large, that prediction has proven to be

correct.”
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The Neoluddites
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¢ P. Krugman: "Can innovation and progress really
hurt large numbers of workers, maybe even
workers in general? The truth is that it can,

and serious economists have been aware of
this possibility for almost two centuries.”
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The Debate in A Nutshell

+ Neoluddites: “This time it is different.”
¢ Neoclassicals: "This time it is not different.”

Who is right?




¢ McKinsey believes as much as 45% of current jobs
could be replaced using technology that already
exists;

¢ Gartner predicts one in three jobs will be converted
to software, robots and smart machines by 2025;

¢ According to an Oxford University Study, about 47
percent of total US employment is at risk;

¢ OECD: Across the 21 OECD countries, only 9% of jobs
are automatable.

¢ PwC: More than a third of U.S. jobs could be at “high
risk” of automation by the early 2030s.
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Future of Work, Ii
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Why so many different predictions?

¢ "Predictions are easy, especially about the far
future!”

= Paraphrasing a Danish proverb.

¢ "Correct predictions are hard, especially about
the far futurel!”

¢ Let's consider the past!
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Case Study: US Manufacturing
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Manufacturing is largest sector

Manufacturing

Government

Professional Business Services
Real estate

Finance, Insurance

Health care

Wholesale

Retail
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Source: BEA

. 2014 gross output, in trillions of dollars
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US Manufacturmg

Manufacturing Output, 2013

$3.2T -
Source: United Nations
$2.8T -
59 AT~
$2.03 Trillion $2.14 Trillion

$2.0T -
$1.6T -
$1.2T -
$0.8T -
$0.4T -
$0.0T -

U.S.A. Germany + Korea

+ France + Russia

+ Brazil + UK

CarpeDlemAF



Manufacturing: Output vs. Jobs
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US Real Manufacturing Output vs. Employment, 1947 to 2014
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Manufacturing: GDP vs. Jobs
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Figure 1
Manufacturing Value Added and Employment as a Share of the Total US Economy,
1960-2011

(in 2005 prices)

Manfacturing employment share

Manufacturing share of real GDP

(’ €1 0,858 0 -0 AR G A8 I8 8 B 0 0 0 P8 B 4 0 A0 DB 8 P00 BN P. G A P8 U, h T 0

1960 1970 1980 1990 2000 2010

Source: Industry Accounts of the Bureau of Economic Analysis,
Note: Output is measured as value added in 2005 prices, and employment is reported as persons engaged
in producton (full-ime equivalent employees plus the self-employed).
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Real US Manufacturing Output per Worker, 1947 to 2014
$200,000 -

$171,000

in 2010
2014 dollars

$160,000 -

$120,000 -

$85,000
in 1997
$80,000 -

$40,000 -

Sources: BEA and BLS
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Tesla Model S Factory Floor
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¢ Over the past 40 years, automation has had a
very harsh impact on middle- and working-
class Americans!

¢ William Galston, WSJ, July 6, 2016: "Educated
professionals—including most politicians—live
in an economic and cultural bubble, and they all
too easily assume that what they see and hear
around them represents the entire country.”
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The Great Coupling
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US Productivity, GDP, Employment, and Income: 1953-1981

1953=100

==Labor Productivity
—Private Employment

~Median Household Income
Real GDP
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The Great Decoupling
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US Productivity, GDP, Employment, and Income: 1953-2011

1953=100

==Labor Productivity
—Private Employment

~=Maedian Household Income
Real GDP
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Real Median Income

Reai median yéarly inéomés; White men with m; ¢ollege degréé

Non-Hispanic white men saw their best income growth in more than a decade in 2015
- but they're still way down from 1975 levels, after adjusting for inflation

50,000

4484
-

0,000
1975 2015

Source: CBPP analysis of Census Bureau data
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Percentage Change in Income 1980 to 2013

350%

300%

250%

Bottom 90% ToplD%to Toplkto Topll*xto Top0.0l%
1% 0.1% 0.01%

politicsthatwork.com




A tale of two countries

The share of U.S. pre-tax income accruing to the bottom 50 percent and top one percent of income

earners, 1962-2014

Bottom 50% of
income earners

Top 1% of
income earners

10
1962 1971 1980 1989 1998 2007

Source: Thomas Piketty, Emmanuel Saez, and Gabriel Zucman, "Distributional National Accounts: Methods and Estimates for the United
States," 2016, Cambridge, MA: National Bureau of Economic Research

Note: The unit is the individual adult and incomes within married couples are split equally.
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The Great Gatsby Curve

This graph, named after Fitzgerald's novel, traces the The U.S. has the worst of

connection between income inequality and social mobility both worlds: low social
mobility and rapidly
increasing inequality

0.5 )
—_— @ @ ""
Italy UK.

A -
Intergenerational France 3
earnings elasticity:
A higher number
means citizens
born poor are
likely to stay poor

Germany _.=*" ®Japan

v ® e throwback: The top

» New Zealand 1 percent'’s share of
® Sweden G U.S.income in...

Inequality

Australia @

1928 19.6%

'.""Finland Canada @ L L
® Norway 2007 18.3%

® Denmark —— ——
2012 [////.// //19.3%’

|
4 Gini coefficient®: A higher value indicates greater inequality » 0.40

‘1985 VALUES. GRAPHIC BY BLOOMBERG BUSINESSWEEK. DATA: OECD, CORAK 2011, PIKETTY, SAEZ 2013




Inequality vs Social Mobility, I

Stalling Out
Average share of U.S. 30-year-olds who earn more, after
adjusting for inflation, than their parents did at age 30
100%
90
80

Most earn 70
more than
their 60

parents 50

Most earn 40
less than
their 30

t
parents >0

10
O

1940 1950 1960 1970 1980

Year in which child was born >

Source: Raj Chetty, David Grusky, Maximilian Hell, Nathaniel Hendren,
Robert Manduca, and Jimmy Narang

THE WALL STREET JOURNAL.




Inequality vs Growth

Lasting effects
More inequality seems to spell less sustained growth.
(years in growth spell)
45
40
35
30

25
20

15

10 L L

i *®* 9

(] i i ' i i i i

30 35 a0 45 50 55 60 65
Ineqguality

Sowcas: Pann World Tables; and Wide Wodd Inaquality Database.

Niote: Inequality is measunsd by the Gini coefficient, which ranges from zeeo, whene all
hiouseholds have the same incomss, to 100, whens one household has all the income. All
spells lasted a minimum of five years. Mo Incomplete spelis ane included, The data cover the
periad fram 1950 1o 2006. Countries in the sample inclisde Belgiue, Beazil, Camesoan,
Colombia, Ecuador, El Salvados, Greece, Guatemala, lamaica, Jordan, Pakistan, Panama,
Singapare, Thailand, and Zambia.
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The middle class is shrinking

Social Class Self-ldentification

Middle class based on self-identification as upper-middle or middle class. "If you were asked to use one of
these five names for your social class, which would you say you belong in: upper class, upper-middle class,
middle class, working class or lower class™
B % Upper class

B % Upper-middie and middle class 30 Working and lower class

63 B0 63 61 61 63

—— ‘,\[\— . -
50 51

a7

2

p—

2001 2003 2007 2009

GALLUP
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¢ "The Secret Shame of Middle-Class
Americans”. Nearly half of Americans would
have trouble finding $400 to pay for an
emergency. (The Atlantic, May 2016)

¢ "Americans Living on the Financial Edge”:
two-thirds of Americans would have trouble

immediately paying an unanticipated bill of
$1,000. (Associated Press, May 2016)
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Source: Organization for Economic Co-operation and Development
Shaded areas indicate US recessions - 2015 research.stlouisfed.org




Labor-Force Participation - Men

Percent
100

98 L
96
94
92
90
88
86
84
82

ED i i
1964 1974 1984 1994 2004 2014

2015
S Bachelor's or More

High School or Less Some College

Source: Bureau of Labor Statistics, Current Population Survey (Annual Social and Economic
Supplement); CEA calculations.
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Young Men without Work

Unemployment of young men on the rise
The percentage of young men who say they did not work in the previous year
has more than tripled since the 1970s.

PERCENT NOT WORKING
25

20

15

1977 1985 1995 2005

Note: Data are for men age 21-30 with less than a bachelor’s degree.

Source: Aguiar, Bils, Charles and Hurst. “Leisure Luxuries and the Labor Supply of Young Men”.
THE WASHINGTON POST
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The End of Marriage

| =
EELELELEEE  cHARTZ !
Growth of Out-of-Wedlock Childbearing in the
United States, 1929-2010
PERCENTAGE OF CHILDREM
BORMN OUT OF WEDLOCK
abise A40.8%
1930 1940 1950 1960 1970 1980 1950 2000 2010
Source: LS. Government, U.5. Census Bureau, and Mational Center for Health Statistics.
SR 117 & heritage.org -
THN AT NN ERAE ]




Labor Share of National Income

Labor's share of US national income
51% of GDI
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45

43

41
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Job Polarization
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Smoothed Changes in Employmentby Skill Percentile 1980-2005
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Jobs: Routine Vs. Nonroutine,
Cognitive Vs. Manual

Py
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Jobs and Education

Gained 8.4 million jobs
in the recovery

\“ Lost 1.8 million jobs
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Real Hourly Wages by Education
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Figure 4 - Real Hourly Wages by Education, 1973 - 2007
(all workers, normalized 1973=100)
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usS Whlte Mortahty, 45-54
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I Death vs Trump J
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¢ Washington Post, March 4, 2016:
"Eerie correlation in the voting data: it seems
that Donald Trump performed the best in places

where middle-aged whites are dying the
fastest.” f
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Vitality and the Vote

Vitality and the vote

United States, health metrics against swing to Donald Trump, by county
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Political Consequences
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Republican-leaning metros have more routine jobs
Share of jobs that are routine vs. Obama’s vote margin over Romney
in the 2012 presidential election, by metropolitan area™
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I All That Is Solid

¢ "All that is solid melts into air, all that is holy
is profaned, and man is at last compelled to
face with sober senses, his real conditions of
life, and his relations with his kind."

¢ K. Marx, F. Engels, 1848: The Manifesto of the
Communist Party
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"Information technology and automation are a
central reason why median wages have been
stagnant in the US over the past decade,
despite rising productivity.”

¢ Agree: 43%

¢ Uncertain: 30%

¢ Disagree: 24%

¢ Strongly disagree: 4%




¢ Technology has been destroying jobs
since the start of the Industrial
Revolution, yet new jobs have continually
been created.

¢ But we have never faced machines that
may be able to outcompete us in almost
everything!

¢ Thought experiment: Suppose that
machines can do everything we can do.
What is our comparative advantage?
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¢ Take water at room temperature and
heat it up one degree per minute. It gets
warmer and warmer, and then it
suddenly boils!

¢ Malcolm Gladwell, 2005: "The tipping
point is that magic moment when an ideaq,
trend, or social behavior crosses a

threshold, tips, and spreads like
wildfire."
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Tipping Point: Industrial Revolution
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W. Leontief, 1983: Imagine a pair of
horses in the early 1900s talking about
technology. One worries all these new
mechanical muscles will make horses
unnecessary. The other reminds him that
everything so far has made their lives
easier: "Even if this car thingy takes off,
there will be new jobs for horses we can't
imagine.”

Fact: The horse population peaked in 1915
-- from that point on it has been nothing
but down.
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¢ A: Will technology destroy or downscale
jobs? Yes!

¢ B: Will technology create jobs or upscale
jobs? Yes!

¢ Will B offset A?
¢ What is the relative speed of A and B?

¢ What is the skill level of destroyed vs.
created jobs?
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¢ Detroit 1990: The three largest

companies had a combined market value
of $65 billion (real), with 1.2 million
workers.

¢ Silicon Valley 2016: The three largest

companies had a combined market value
of $1.5 trillion, with about 190,000
workers.
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June 13, 2016: Bloomberg News

¢ "As we move toward an economy where,
because of automation, you need fewer and
fewer people to make more and more stuff,
more and more of us are going to have to move
intfo the service sector. The service sector
historically has been a low-wage sector.”

¢ "Because of automation, because of

globalization, we're going to have to examine
the social compact, the same way we did earl
in the 19th century and then again during an
after the Great Depression.”
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.......................................................................

Renewing the Social Compact - Labor laws
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¢ 1842: Right to strike

¢ 1915: Right to unionize

¢ 1924: Abolish child labor

¢ 1938: 40-hour work week

¢ 1964: Equal pay for women and minorities
¢ 1970: Health and safety laws

¢ 2020: Universal basic income?
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Jason Furman, Chairman, Council of Economic
Advisers, July 2016:

"My worry is not that this time could be
different when it comes to AI, but that this
time could be the same as what we have.”




