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“Terrific and inspiring sfories about the dreamers and doers
who darad to create the modern face of this great nation.” —JACK WELCH
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Optimism and Progress: A Core Element of US Culture

American Progress:. Manifest Destiny
by John Gast (1872)

® “A New Order of the Ages”

® unfinished pyramid as symbol that
US will always grow, improve and
build




“.....banking establishments

are more dangerous than standing armies,
and the principle of spending money

to be paid out by posterity

..... is but swindling futurity

on a larger scale”

“Manufactures are now as necessary
to our independence
as to our comfort.”

Thomas Jefferson


http://banmilleronbusiness.com/files/thomas-jefferson-big.jpg

“We used to be a country that built things.
and not just infrastructure.
If our economy is solely based on services,
| think we’re finished as an economic power.”

Hon. E. Rendell
Governor,
Commonwealth
of Pennsylvania



US Services and Manufacturing
2000-2009

® financial services expanded from 10 to 45% of
the earnings of the S&P 500 in 2009

® in 2000 high-technology products generated
positive trade balance but a $50 billion deficit in
2007

® 47% of revenue for US S&P countries now
earned overseas

® the equity cult: from 1952 to 2006 US pension
funds increased equity weightings from 17% to
69%

® $249 billion net loss in US stock-based mutual
funds since 2007



Systemic Risk

delusional faith in unfettered markets and global
free trade

— transactional and short term focus

replacement of domestic manufacturing base with
service industries

off-shoring of high-value design and engineering
may follow manufacturing

“bread and circuses”: rampant consumerism,
political populism and quick fixes

trade imbalance, deficits and unsustainable debt

ad hoc and conflicting economic, political and
regulatory policies

decline of the national innovation ecosystem?



“Suppose the US Treasury Held an Auction
and No One Came”




Where the Jobs Aren’t and Won’t Be!
Time 17 January 2011

® historical rises in unemployment largely cyclical

® political unwillingness to confront the problem that
unemployment may now be a deeper, structural
problem is a greater threat to prosperity than high
unemployment itself

® impact of globalization and technology
— hyperefficiencies and domestic workforce

® repeated stimulus(i)/QE(s) and endless extensions of
temporary benefits will not resolve the problem

® “he-cession”: males represent 60% of long-term
unemployed

the education premium

® focus on new economy with cutting edge technologies
Infrastructure and education



he McGraw-Hill Companie:

WAL MART’ S VMOMENT | THE NEW FACE UF FURECLUSURE

PLUS ,
CLOUD COMPUTING 2.0

INNOVATION,
INTERRUPTED

How America’s
failure to capitalize
on innovation hurt
the economy—and
what happens next
MMMMMMMMMMMMMMM



From Small-Time to Prime-Time:
Companies with #1 Global Market Share

Company Industry Country

flash memories, hard disks, South Korea
flat screen monitors

market pulp for Brazil

ARACRUZ paper products
synthetic fuels South Africa
logic semiconductors Taiwan
liguefied natural Malaysia
gas shipping

G@ .

GAZPROM natural gas Russia

Tenaris

oil pipes Argentina



http://www.samsung.com/us/index_main.html
http://www.aracruz.com.br/home.do
http://www.misc.com.my/index.php

“Intel can move wherever it must to thrive
but | sometimes wonder
how my grandchildren
will earn a living”

Dr. Craig Barrett
Former Chairman, Intel




Intel Investment in PRC Fabrication Facility

“Intel’s goal is to support
a transition from
manufactured in China

to b |
innovated in China” 1 i - A by LS 77‘1 | ‘
Remarks by Paul Otellini |

CEQO, Intel at celebration
to launch the initiative.
Great Hall, Bejing

® investment will generate additional $1 billion in
profits over 10 years versus operating same facility
In US



215t Century Dung

® US exports of scrap metal and waste exports to
Chinain 2008 of $7.6 billion

® exceeds exports of next three strongest categories
— semiconductors, aircraft and parts, oil seeds and
grain
® US trade deficit with China
— $250 billion (with $100 billion in high-tech goods)

— computer equipment now China’s biggest export
to US ($46 billion)



Vulnerability of Global, National and Local
Supply Chains in a Major Epidemic/Pandemic

Medicines

® “just-in-time” supply networks
- major hospitals 2/3 deliveries per day

® majority of drug intermediates, excipients and final
products sourced off-shore

® 95% generic drugs used in US (64% of total Rx) are
made off-shore, primarily in PRC and India

® no national stockpile for routine prescriptions
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Disruptive Innovations

® non-linear and radical shifts in technology
trajectories that replace the status quo

— products and/or services
— processes: reduced time and cost
® Schumpeterian ‘creative destruction’

— a.k.a. dislocation, discontinuity, tipping
points, inflection, ‘Black Swans’

® new value proposition rarely sensed and often
rejected by current KOLs/companies/financial
markets

® typically arise at margins of existing domains
or at the convergent interstices between
previously separate domains
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The Strategic Environment for Technology

COMPETITIVENESS

* new strategic
spaces/markets

* new strategic
surprises/dislocations

Disruptive
Technologie

Technology

Technology
Acceleration

Convergence

Dual-Use
Technologies

New Business Models, Technology Diffusion
Networks and Alliances and New Global Competitors




A Strategy for Science & Technology
Soundbite or True Strategic Inflection?

“We need to out-innovate,
out-educate and out-build
the rest of the world.”

“This is our generation’s
Sputnik moment.”

“We need to celebrate not
just the Superbow! winners
but our scientists.”

State of the Union Message
January 25, 2011



Meeting Previous Grand Challenges
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http://www.solarnavigator.net/geography/germany.htm
http://www.americanidolshome.com/

Transcending Boundaries:
Emergent Domains Arising from Technology Convergence

Systems and Targeted Rx and Regenerative
Synthetic Biology Gene Controls Medicine

Bio- Cognitive
Enhancement Enhancement




Molecular Novel Micro- Ubiquitous
Sensing
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Dlgltal Intelhgent Competition
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Ambient
Intellllgence

Massive Computing Power and Analytical Parsing


http://foundry.lbl.gov/assets/docs/pubs/MFTH_090501_JNMolecular.pdf
http://en.wikipedia.org/wiki/File:Flag_of_Israel.svg
http://en.wikipedia.org/wiki/File:Flag_of_France.svg

The Economic, Social and Clinical Benefits of Proactive Mitigation
of Disease Risk and Chronic Disease Co-Morbidities

Health Status 20% of the Population

Generate 80% Cost

multiple

co-morbidities /

end-of-life
care

chronic
disease
nrogression

Healthy/

chronic disease
Low

early stage

acute disease

Cost



From Pharmaceuticals to Pharmasuitables

Individual
Variation and AE risk

Disease Subtyping:
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Right Rx for Right Disease Right Rx for Right Patient



Tracking and Mitigating The Major Cost of
Inefficiencies in Healthcare

OQvert Error Non-Compliance Adverse Rx Events

Certain medicines may
affect your ability to drive

Hospital-Acquired Cost of Hospital Inaccurate, Inaccessible
Infections Re-admissions or Ilgnored Information




m.Health

Remote
Health
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and
Chronic
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The Key Strategic Elements in the Evolution of Healthcare

biomarkers
for health status
profiling

molecular
diagnostics
for disease prediction,
prevention,
earlier
detection

molecular
medicine

health
status
onitoring

risk m.health

management

sprevention { e
-disease subtyping optimized
decisions

and Rx choice - integrated
scompliance care continuum
*m.health

e.care: EMR, PHR
integrated care
and
WEIIESS


http://www.photoshopessentials.com/images/photo-effects/photo-fill/dragging-selection.jpg
http://www.photoshopessentials.com/images/photo-effects/photo-fill/dragging-selection.jpg

How Much New Technology Can We Afford?




Global Demographics

® sustaining a population of 9 or 10 billion
® urbanization
® non-renewable resources

® almost 90% of world’s youth is growing up in
countries that can’t support them

— Infant and maternal mortality

— education

— access to capital

— physical security

— good governance and legal systems



The Global Public Health Challenge
Posed by Rapid Urbanization in Developing Countries

o

L

Toxic Waste

Expanded Eco-niches

Major Deficits in Health
Infrastructure

and Increased Zoonotic Risks



The Global Food Supply: A Major Choke Point in
Sustaining a Future Population of a 8-9 Billion People

Food; foreign policy 6




The battle of Bangkok
The America’s surprising primaries

E cono mi S t Does Facebook know too much?

Labour after Gordon Brown

How to plug an oil well

e

dna: Deoxyribonucleic acid
bases: Adenine

Thymine

Guanine

Cytosine

structure: Double Helix

22-26 Angstroms

“NCGH

DNA

i

The first artificial
organism and its
consequences




Synthetic Biology and Building A New Industrial Ecology
Engineering Novel Organisms with Novel Functions




Bio-inspired Systems Engineering

high performance materials made in completely
different ways

mimic resource efficiency of natural
ecosystems

- self-sustaining renewal resources
- limit/eliminate waste stream

manufacturing at room temperature in water
versus high temperatures and toxic solvents

highly distributed manufacturing units



4

Source: Wired 10-10

Site: geekologie.com




Nano- and Meso-Scale Engineering and Directed
Molecular Assembly for Novel Materials, Sensors
and Self-Assembling Devices
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Robotics
4D Jobs: Dull, Dirty, Detailed and Dangerous




“Every age has its own kind of war,
Its own limiting conditions
and its own peculiar preconceptions.”

Claus von Clausewitz

® security policy is determined by changing threats and
their deployment

® thereis no single security policy that serves all needs
equally well




Revolutions in Military Affairs (RMAS)

® “discontinuities in warfare”

® disruptive, transformative technological innovations

— stirrup, long bow, machine gun, tank, aircraft

— nuclear weapons, ICBMs, satellites

— precision-guided munitions, UAVs, advanced
C4SIR

— extending the battlefield in time and space

® but battlefield not reshaped until military culture and

doctrine can assimilate

— “fighting the last war”: denial and delay

® cver greater need to think holistically about CONOPs

Impact

® cultural variances and the complexities of cooperation



Convergence and Complexity in National Security

® new doctrine(s) for new threats

® asymmetric warfare, terrorism and non-state
actors

® homeland defense

® \WMD proliferation

® cyberspace

® militarization of space

® instabilities generated by natural phenomena
— climate change
— disease, food production, water scarcity
— depletion of natural resources

® openness and stability of global common
spaces/resources (the commons)



The PRC Strategy for Cyberwar

® “to cut off the enemy’s ability to:
— obtain, control and use information
— Influence, reduce and destroy
decision-making and command decision”

Wang Houqging and Zhang Xingye, Eds.
Science of Campaigns
National Defense University Press, 2000

Capability of the People’s Republic of China to
Conduct Cyber Warfare and Computer Network
Exploitation

China’s Use of Perception Management

Prepared for - . .
and btrateglc Deceptlon

The US-China Economic and Security Review Commission

NORTIHROFP GRUPMMAN

Source: Jane’s Int. Rvw. 3-10



Cyber-Attacks and Vulnerable Infrastructure:
Compromising Critical Systems
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http://www.flyingwithoutfear.com/uploaded_images/8635-711946.jpg

The Infocosm: Emerging Networks of Global Connectivity




Mobile Spatial Interaction (MSI)

® new interfaces between mobile handheld devices
and physical, natural and urban surroundings

— spatial sensing, smart lenses, magic wands
— geo-referenced digital content in objects

— tactile and auditory cues without switching gaze
between the environment and the device




Enhancing Human Capabilities to Use the Increased Volume,
Diversity and Complexity of Information Flows
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Touch the Future:
Computing Platforms as Socio-Biological Systems

. modlflcatlon of social patterns

 modification of cognitive
process/brain structures

* “the brain(s) in the cloud”

* brain: machine interface technologies
and machine intelligence



USG National Industrial Policy

® a ‘no-touch’ subject in USG policy
— “the taboo of picking winners”

— sustained political support financial subsidy of
bloated/sunset industries (agriculture, banking,
oil, automobiles)

® Pervasive and dangerous timidity to support high
risk research in emerging research fields



National Industrial Policies

* ® 863 Program

¥
L ® State-Owned Assets Supervision and
Administration Commission (SASAC)

® world’s largest sovereign wealth fund

- ® Council on Economic Planning and
Development

® Green Silicon Island

® Singapore Development Authority
® A*STAR

® Ministry of International Trade and Industry



http://mansfield.edu/international/media/images/flag_china.jpg
http://bouldermapgallery.com/catalog/images/Taiwan.Decal.jpg
http://web.singnet.com.sg/~skkhoo/gif/singapore_flag.gif
http://www.mapsofworld.com/images/world-countries-flags/japan-flag.gif

® explicit industrial policy via national development bank (BNDES)
® |oan interest less than half market rates for targeted industries
— biotechnology (agriculture), pharmaceuticals, IT
® support of M&A activity by Brazilian companies
— Brasil Foods
— Braskem( petrochemicals)
— Electrobras (electricity)
® Petrosal

— new sovereign wealth fund to develop pre-sal off-shore oil
reserves

— $224 billion over next five years
— 65% of equipment must be purchased from Brazilian companies


http://www.33ff.com/flags/XL_flags/Brazil_flag.gif
http://www.swotti.com/tmp/swotti/cacheBHVSYSBKYSBZAWX2YQ==UGVVCGXLLVBLB3BSZQ==/imgLula Da Silva4.jpg
http://www.google.com/imgres?imgurl=http://nosda18.files.wordpress.com/2009/05/bndes.jpg&imgrefurl=http://nosda18.wordpress.com/2009/05/21/o-bndes-e-os-ativos-intangiveis/&usg=__1FylCc8S2PXTAO767vxu5dlgkfs=&h=222&w=256&sz=24&hl=en&start=1&zoom=1&um=1&itbs=1&tbnid=dXTy9YIvKf4tUM:&tbnh=96&tbnw=111&prev=/images?q=BNDES&um=1&hl=en&sa=N&rls=com.microsoft:en-us:IE-SearchBox&rlz=1I7GGIT_en&tbs=isch:1

“Fortress America”: NRC Report

® outdated USG export controls created market
niche for foreign competitors

aerospace

- European Aeronautic Defence and Space
Company

— S\ Propulsion Laboratory
satellites

- Thales Alenia Space

carbon composites

- M. Torres (Spain)

miniaturized electronics
- multiple countries
® off-shoring by US companies to avoid export
controls and access foreign markets



The Fundamental Question

“Has our capacity to build complex systems
transcended our evolutionary cognitive abilities and agilities
to comprehend multidimensional and non-visual data

and devise ways to mitigate the intrinsic risks generated
by escalating complexity?”

=Y VE -_— oo = i




The Imperative to Develop New Analytics
for Design Parameters in Complex Systems
and Predictive Modeling of Non-Linear Dynamics

® dangerous knowledge void in relation to rapid evolution
of large scale networked systems

® poor prediction of precursors of critical transition or
cascading system collapse

— tipping point, critical thresholds, catastrophic
bifurcations

— “normal accidents” (C. Perrow)

® evolution of systems too complex to be understood and
too iImportant to be turned off



“Plug the Damn Hole”

Alleged commentary to staff _

i

President Obama &Q
e
Washington Post 25 May 2010 * o " o A =

THE 29 July 2010
Ignorance lays Parliament

open to ‘nonsense debates’

00 challenging. Paul Jump repi




A Deficit of Trust

® deep disenchantment and corrosive cynicism about
government and corporations

® |obbying, pork and overt corruption
® partisan divisiveness and vitriol
® an ignorant political elite

® quick fixes for cosmetic actions and sound bites that
play out within elected terms

® corporate short-termism to ‘meet the Street’s
expectations’



Back to the Economic Future
Why Is the Newest Thinking in Economics Decades OId?

John Maynard Keynes

x Friedrich Hayek

Modified from Bloomberg Business Week 17 Jan. 2011



Legislative Burdens and Regulatory Uncertainties

Financial Reform Law 2010

® 23,000 pages
® 243 explicit new rules yet to be written
® 67 studies to be done by 11 Federal Agencies

Health Care Reform 2010

® 2300 pages

® patient protection section as typical

— 38 new studies and 59 evaluations to be
conducted by Federal Agencies



The Fragmented Silos of USG:
A Dangerous Vulnerability
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Two Recent Perspectives on USG Dysfunction

“Optimizing the Federal innovation enterprise
might require “reorganization of agencies.”
You can’t understand how screwed up it is.”

William Daley
White House Chief of Staff
cited in Science 14 January 2011

“The Federal government buys paper clips,
which have a 35 day life span,
the same way it finances bridges
that have a 30 or 40 year life span.
It makes no sense at all.
No business would do it.”

Hon. E. Rendell
Governor, Commonwealth of Pennsylvania


http://upload.wikimedia.org/wikipedia/commons/2/2b/DaleyWilliam.jpg

The Retreat from Complexity




The Imaginot Line

® |eadership delusion that current pre-eminence can be
sustained with existing (historical) approaches

® comfort, complacency and catastrophic hubris

- legislature, governance institutions, corporations,
sports teams, countries, Individuals

® the poverty of imagination and agility
- Ideas (timidity)
- Incentives (protecting the status quo)
- Institutions (sclerosis)
- iIdeology (myopia)






BOLDNESS!

CIA Recovery of Soviet Submarine K-129

at Depth of 16,500 feet (August 1974)

“A government or organization too timid
to undertake calculable risks
In pursuit of proper objectives
would not be true to itself
or to the people it serves.”

CIA Studies in Intelligence Failure 1985
National Security Archive
Declassified 13 Feb. 2010



http://images.google.com/imgres?imgurl=http://www.offshore-technology.com/projects/canyon/images/1_canyon_express.jpg&imgrefurl=http://www.stormfront.org/forum/showthread.php?t=302798&page=8&usg=__pkylhMqR4l6si_kWSm_92bI7XME=&h=451&w=400&sz=45&hl=en&start=13&um=1&itbs=1&tbnid=TFXpkMy3-YmR-M:&tbnh=127&tbnw=113&prev=/images?q=Hughes+Glomar+Explorer&ndsp=18&hl=en&rlz=1T4GGIH_enUS276US276&sa=N&um=1

Things That Still Matter

Reset



http://upload.wikimedia.org/wikipedia/commons/thumb/f/f5/Reset_button.svg/250px-Reset_button.svg.png

The Core Challenges in Out-Innovate, Out-Educate, Out-Build:
Understanding Complexity and Complex Systems

® financial markets

® information networks, grids and global systems
® knowledge networks and education

® healthcare delivery

® ecosystems and environmental sustainability

® food and water resources

® distribution logistics

® epidemics and other large scale disasters

® national security (connecting the dots)




The Core Challenges in Out-Innovate, Out-Educate, Out-Build:
Understanding Complexity and Complex Systems

® financial markets

® information networks, grids and global systems
® knowledge networks and education

® healthcare delivery

® ecosystems and environmental sustainability

® food and water resources

® distribution logistics

® epidemics and other large scale disasters

® national security (connecting the dots)

COMMON DESIGN PRINCIPLES
* scale-free networks

* highly-optimized tolerance/robustness -
* novel convergence and trigger of cascading instability




Mega-Trends:
Things That Still Matter

Innovation

strategy

policy

aspiration and incentives
ethics

creating a better future
operational excellence
accountability
competitive performance
educational standards
Individual competence



thr mst b a futr, rt?

“Why Johnny Can’t Read”
Rudolf Flesch 1955

“Why Johnny Can’t Write”
Newsweek 8 Dec. 1975, pp 58-65

“Why Johnny Now Speaks Like His Texts
and His Tweets”




RISING ABOVE
THE GATHERING STORM,
REVISITED

REPORY TO THE PRAERIDENT

June 2005

COMPUTATIONAL SCIENCE:
ENSURING AMERICA'S
COMPETITIVENESS

One Hundred
Thirty-Three

Thousand
H1BVisa

Applications Submitted

InTwoDays



The Gathering Storm:
The USA is Losing Scientific and Technical Leadership

® Annual Competition in
algorithm coding

® 4200 competitors (2009)
® finalists

— China (20)

— Russia (10)

— USA (2)

[TorCoper]

® rapid growth in number and
nationalities competing III-I—

® major presence of PRC teams

Massachusetts

Institute of

® contest winners now largely Technology
non-uUsS
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Educational Kryptonite

“By 2010 of the 123 million jobs
available for highly skilled, educated people
the US education system at best
might be able to provide 54 million qualified applicants.”

Bill Gates
Waiting for “Superman”
David Guggenheim Documentary 2010




REPORT TO THE PRESIDENT

PREPARE AND INSPIRE:

K-12 EDUCATION IN SCIENCE,
TECHNOLOGY, ENGINEERING, AND MATH
(STEM) FOR
AMERICA’S FUTURE

Executive Office of the President

President’s Council of Advisors on
Science and Technology

SEPTEMBER 2010

PREPUELICATION VERSION

Source: http://www.whitehouse.gov/sites/default/files/microsites/ostp/pcast-stemed-report.pdf

| Sear Sie [E_llﬁ oh)
EHQAUNAGTEl BHNE “If's time to restore science to its rightful place, and . .. to wield technology's
wonders to meet the demands of anew age.” President Barack Obama

About Change the Equation WhySTEM?Featured ProgramsGetConnected

7 ) President ObamaLaunches Change he Equation

At Write House Ceremony, President Ohamais
announcing the launeh of Change the Euatian (CTEg),
ACEQHed initative:to cultivats widlespread teraoyin
stience:; technolagy; engineerinicsand math (STEM).

Ligarm bore

Improving STEM teaching atall grade levels, with a Inspiring student appreciation and excitementfor Achieving a sustained commitmentto improving STEM

[arger and more diverse cadre of highly-capableand  STEM programs and careers toincrease success and  education from business leaders, government

inspirational STEM teachers. achievementin school and opportunities for officials, STEM educators and other stakeholders
collegiate education, especially among females and  through innovation, communication, collaboration and
students of color. data-based decision making.

Source: http://www.changetheequation.org/




Reset and Redesign

® commit to radical reform of educational
systems to embrace emerging career
requirements

— professional incentives
— standards, metrics and accountability
— K-12, higher education (not just STEM)

— cultural recalibration of ‘success’ and ‘what
matters’ (rewards)

® rationalize immigration policies
— current challenges

— attracting foreign talent to expand
knowledge-based capabilities



The Academy

house of mirrors (Dr. Michael Crow)
adaptive agility or denialism and decline?

how to use scientific knowledge not accorded sufficient
attention

reconceptualize science as path to outcomes rather than
as outcome in its own right

radical redesign of the structure and sociology of the
enterprise

— from knowledge compartments (silos) to knowledge
networks (systems)

new metrics
— groups versus the individual hero



Business Education; _
Have MBA Programs Distorted Priorities and Metrics
for Business Performance?

® aspiration of best graduates to join major financial
and consultancy houses

® ranking of B.schools by graduate starting salaries

® primary source of now discredited financial market
prediction models

® narrow, disproportionate focus on
finance/economics versus analysis and management
of the trends shaping escalating complexity

® predominant curriculum channeling to non-S&T
topics creates dangerous knowledge void In
corporations/financial markets



Reset and Redesign

® set national goals for 2025

— grand challenges in education, health, energy
and sustainability

— knowledge management
— national security

— high-value jobs and manufacturing
capabilities for new industries as 20% total
employment



Challenges Are Global But Politics is Still Local:
The Cultural and Institutional Limits of Governance

e Supranational oversight and
harmonized regulation

*global commons

« WMD proliferation

* cyber-vulnerability

 terrorism

T e * climate change

THE PROBLEM WITH » infectious disease

PRESIDENTS e finance and trade

WE NEED GLOBAL, NOT JUST
NATIONAL, LEADERS.

Building A New International Consensus




Understanding New Patterns of Convergence
and the Evolution of Escalating Complexity

Systems and _ _
y : Ubiquitous Brain: Machine Infoc?ct)ﬁm Global
Synthetic ) _ an e

Biology Sensing Interactions Metaverse Governance

>

plorspace” “Connected “Smart Space” “Cyberspace” “Shared Space”
Space”

Constantly Emerging and Evolving
Multi-Dimensional Matrices
of Knowledge Ecologies

_System
Global Challengeszz Innovation




“What have future generations
ever done for us.”

Groucho Marx




Aspiration and Engagement with Grand Challenges

“The only way of discovering
the limits of the possible
IS to venture a little way past them
into the impossible”

Arthur C. Clarke
Profiles of the Future (1962)






