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Children try to manipulate every
screen of any up.nduu.—.uu)_
multi-touch display, like th




Heard often during live TV:
“Dad, will you puleease fast forward
through the commercials!!!”




Moore’s Law
original 1965 paper
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Transistor count

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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Transistor count

Microprocessor Transistor Counts 1971-2011 & Moore’s Law
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It still works,
more or less
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U.S. Consumer Bandwidth

GLOBAL INNOVATION + TECHNOLOGY RESEARCH
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gigabits per second

U.S. Consumer Bandwidth
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Bandwidth Boom

U.S. Consumer Bandwidth Per Capita

ENTROPY ECONOMICS
GLOBAL INNOVATION + TECHNOLOGY RESEARCH

2.35 megabits per second —




ENTROPY ECONOMICS
GLOBAL INNOVATION + TECHNOLOGY RESEARCH

Bandwidth Boom

U.S. Consumer Bandwidth Per Capita

Between 2000 and 2008: 2.35 megabits per second —

- Total residential bandwidth grew 54x.
- Total wireless bandwidth grew 542x.
- Total consumer bandwidth grew 91x.

2000

-Residential bandwidth per capita grew 50x.

-Wireless bandwidth per capita grew 499x.

- Total consumer bandwidth per capita grew 84x, for a compound
annual growth rate of 74%.
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International Broadband
Comparison

IP Traffic per Internet User - 2010
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2007 projection for 2015

exaflood

Analyzing bandwidth and digital application trends, we projected a 56% compound annual
growth rate through 2015 ...

..when U.S. IP traffic could reach:

4 Movie downloads and P2P........................ |00 exabytes
1 Video calllng and wrtual wmdows ........ _.._.....400 exabytes
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Prefixes

kilo = 103




update

exaflood

> receives uploads of 24+ hours of video every minute

YouTube

> receives 34,560+ hours of video each day

> streams |+ B videos per day or ~300+ petabytes per month
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d
P YOII- Mobile Video Playbacks

200V

exaflood

3x increase in one year

/\/\/
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update

Netflix Total Subscribers
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Accelerating Net New Subscribers




exaflood

Netflix Total Subscribers Accelerating Net New Subscribers
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update

exaflood

Netflix Total Subscribers Accelerating Net New Subscribers
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millions of subscribers
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update

exafloo

> 4 billion mobile phones / |+ billion new devices per year /
soon 10 billion mobile devices worldwide

Mobile Revolution

> 2.5 billion camera phones / Nokia largest “camera” company / Apple
may soon displace as largest “‘camera” company (most flickr photos)
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U.S. Internet Traffic

PB/month
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U.S. Internet Traffic
(log scale)

—  PB/month




10,000.000

U.S. Internet Traffic
(log scale)
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—  PB/month

- World Internet traffic at end of 2009 was around I0 OOO PB/month. Sl
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10,000.000

U.S. Internet Traffic
(log scale)
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Wireless Exaflood

Cisco projects 26-foid growth
of mobile data traffic through 2015.

Source: Cesoa VNI, 201
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Digital Boom

THE WORLD'S CAPACITY TO STORE INFORMATION

This chart shows the world's growth in storage capacity for both
analog data (books, newspapers, videotapes, etc.) and digital
(CDs, DVDs, computer hard drives, smartphone drives, etc.)

In gigabytes or estimated equivalent

2000
1986 1993
ANALOG
2.62 billion

ANALOG STORAGE DIGITAL
DIGITAL
0.02 billion
COMPUTING POWER
In 1986, pocket calculators accounted for much
of the world's data-processing power.
Percentage of available processing power by device:
Personal Video game Servers,
Pocket calculators computers consoles  mainframes
{
1986 41% 33% 9% 17%
2007 66% 25% 3 6
Mobile phone.cl,;, Supercomputers
PDAs 0.3%

“The World’s Technological Capacity to
Store, Communicate, and Compute Information”
by Martin Hilbert and Priscila Lopez

2007
ANALOG

18.86 billion gigabytes
Paper, film, audiotape and vinyl: 6.2%

Analog videotapes: 93.8%

ANALOG
o

Other digital media: 0.8%*

v
DIGITAL

Portable media players, flash drives: 2%

Portable hard disks: 2.4%

CDs and minidisks: 8.8%

Computer servers and
mainframe hard disks: 8.8%

Digital tape: 11.8%

DVD/Blu-ray: 22.8%

PC hard disks: 44.5%
123 billion gigabytes

*Other includes chip cards, memory cards,
floppy disks, mobile phones/PDAs,
cameras/camcorders, video games

2007
DIGITAL

276.12 billion gigabytes

flood

digitization of music

digital cameras arrive
~2000

graphics processors

iIPhone video
recorders

PC terabyte drives
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New Computing Cycle Characteristics

Reduce Usage Friction Via Better Processing Power + Improved User Interface +
Smaller Form Factor + Lower Prices + Expanded Services = 10x More Devices

Computing Growth Drivers Over Time, 1960 — 2020E

1000000 - Mobile ( Smartphone

Internet Kindle
100,000  Jy Tablet

MP3

Cell phone / I O b|”|0n

PDA

Car Electronics m0b||e Inte rnet

GPS, ABS, AV

Mobile devices

Video

Home later this year

Users Entertainment

o= ‘ *************** units Games

Mainframe Wireless Home
1 & 00 mmEEEme Appliances

1B+ Units /

Devices / Users (MM in Log Scale)

1MM+ Units

1960 1970 1980 1990 2000 2010 2020

Note: PC installed base reached 100MM in 1993, cellphone / Internet users reached 1B in 2002 / 2005 respectively;

M O rg a n Sta n l.ey Source: ITU, Mark Lipacis, Morgan Stanley Research. 7



Connectivity = Cloud Computing
Consumers Expect to Get Their Stuff 24x7 from Palms of Their Hands

Music Video Photos Apps / Documents Shopping / Stuff
in the Cloud in the Cloud in the Cloud in the Cloud in the Cloud

\
KHANACADEMY

()

(3] photobucket

Boaiire

User Generated Content Professional Content
Facebook is the leading - 4 F Leading repository TBD
repository for user-generated U n Ifled Dlg Ital

Apple iTunes? Amazon.com?

photos / videos / comments / Locker Netflix? Hulu? Spotify?

links to music / social games

M O rg a n Sta n ley Note: Apple iTunes yet to offer full length media streaming. Source: Company websites. 13



amazoncom now sells more ebooks than paper books



amazoncom now sells more ebooks than paper books

Since April 1,201 1, it has sold 105 ebooks for every 100 paper books
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Price of higher education has increased 440% over last 25 years
That’s four times the rate of inflation

And double the increase in health care



Price of higher
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Now it is true that college-educated
people normally earn more than non-
college-educated folks. But over the
past two decades the costs of
university education — tuition, room,
board and fees — have increased at a
rate six times greater than the increase
In the average earnings of college
graduates. And in the past decade
college graduates’ earnings have
actually fallen. The value proposition is
on a downward trajectory.

— Louis Lataif, Boston Univ.

ir last 25 years
n
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Now it is true that college-educated
people normally earn more than non-
college-educated folks. But over the
past two decades the costs of

Price of higher university education — tuition, room, ir last 25 years
board and fees — have increased at a
rate six times greater than the increase

L In the average earnings of college
U.S. student debt = $830 billion ... more than U.S. credit card debt

re

A college graduates’ earnings have
actually fallen. The value proposition is
on a downward trajectory.

— Louis Lataif, Boston Univ.




Tuition and fees going up
Return on investment for many students is questionable

Budgets of families, states, and nation are tapped out
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TurrioN AND FEDERAL LOAN AID

~+Tuition Public -~ Tuition Private

-+~Federal Loan Aid -«-Federal Loan Aid per FTE Student

175
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145

135

125

Index (1996=100)

115

105

-—l‘/

95

."

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Sources: Digest of Education Statistics, tables 320 and 210; College Board, Trends in Student Aid 2007; Bureau of Labor Statistics,

CPI-U; and CCAP calculations.
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Price of Education

Price of Information



Price of Education

t

Big things happen in big gaps

}

Price of Information



Information

-+

Education



The Original University Model

was based on the geography of information

|. Library — access to information
2. Student proximity to professors
3. Professor proximity to other professors



Price of Education

Price of Information



Price of Education

Cost of Education
277
—_—

Price of Information



What is education!?
What is merely information!?

What is instruction?
What is “college™?
What is vo-tech!
What is value!

How do we measure!



What is a college’s product? What does it seek to maximize!

What do employers want!?

— Four-year BAs
— particular skills

What do young people want!?

— liberal education
— good jobs and good life

What does America need?



America’s Two Productivity
Disasters

|. Health Care
2. Education



America’s Two Productivity
Opportunities

|. Health Care
2. Education



A One-Man Global School

KHAN

ACADEMY




A One-Man Global School

2,100 lessons ...
KHAN ... in math, science, history, economics

ACADEMY




A One-Man Global School

2,100 lessons ...
... in math, science, history, economics

KHAN

ACADEMY

from addition to linear algebra ...
..from earth science to organic chemistry



KHAN

ACADEMY

A One-Man Global School

2,100 lessons ...

... in math, science, history, economics

from addition to linear algebra ...

..from earth science to organic chemistry

exercises and assessments



KHAN

ACADEMY

A One-Man Global School

2,100 lessons ...
... in math, science, history, economics

from addition to linear algebra ...
...from earth science to organic chemistry

exercises and assessments

as of noon today ... 59, 663,083 lessons delivered
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Calcuius: Derivatives 1 (now HD version)
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Children try to manipulate every
screen of any up.nduu.—.uu)_
multi-touch display, like th




MEASURE OF PERFORMANCE

DISRUPTIVE
INNOVATIONS

_________________________________________________________ . Source: Clayton Christensen



MEASURE OF PERFORMANCE

DISRUPTIVE
INNOVATIONS

~ Disruptee

Entrants nearly always win

- Disruptor

s Source: Clayton Christensen

TIME



MEASURE OF PERFORMANCE

Incumbents nea

DISRUPTIVE
INNOVATIONS

Disruptee

Fixed line telephony

rly always win e

Entrants nearly always win

Disruptor

Mobile phones

TIME

. Source: Clayton Christensen
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Full service department stores Discount retailers



Entrants nearly always win

Disruptee

Fixed line telephony
Full service department stores

Traditional doctors office

Disruptor

Mobile phones
Discount retailers

Retail clinics

Source: Clayton Christensen



Entrants nearly always win

Disruptee

Fixed line telephony
Full service department stores
Traditional doctors office

Four-year colleges

Disruptor

Mobile phones
Discount retailers
Retail clinics

Community colleges

Source: Clayton Christensen



Percent of U.S. Adults Ages 25-29 With a Bachelor's Degree or Higher, 1969-2009

Percent
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Enrolliment (in millions)
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Year

| | 1 I
05 2010 20152019

National Center for Education Statistics

Hooray for girls!



Enrollment (in millions)

20

18

16

14

Male

/—/¥

Projected

9.3

7.1 L

| | | | | | | 1 | |
1970 1975 1980 1985 1990 1995 2000 2005 2010 20152019

Year

|

National Center for Education Statistics

Hooray for girls!

What’s going on with boys?
Not preparing boys well?

Not seeing value in college? Simply
responding to the market!?

Cultural problem?

Or are boys a leading indicator of a
Higher Ed Bubble?

Are too many girls going to college!?



Federal Revenue in trillions of USD

Revenue Scenarios
with 20% tax/GDP ratio

ENTROPY ECONOMICS

15
2025 Revenue
19 4% growth 5.2804
4.5680€+ ¢ - _
2.5% growth 42464 ¢..u. T $322 billion difference
2% growth 3.9461
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ENTROPY ECONOMICS

Revenue Scenarios
with 20% tax/GDP ratio

Federal Revenue in trillions of USD

15
2025 Revenue
19 4% growth 5.2804
4.5680€+ ¢ - _
2.5% growth 42464 ¢..u. T $322 billion difference
2% growth 3.9461
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