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N Re af fandsmengtleening America® role as
the world® engine of scientific discovery and
technological innovation is essential to meeting

the challenges of this century. ®resident
Obama (2009)

1 H aolirfeconomic growth in the last half -
century has come from technological
/nnovation and the science that supports
it. Bresident Clinton (1997)

NTec hn ojpragrgss caanot continue without
the input of basic research and the conceptual
breakt hroughs 1t makes
have the knowledge in the first place. Science is
the raw materi al erefon e
Nathan Myhrvold, former CTO of Microsoft an ©
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THE TIMES
THEYARE
A-CHANGIN’

We are In a period of unprecedented
change I n Science

a I



Profound Transformation of Science
Gravitational Physics

1 Galileo, Newton usher in birth of
' modern science: c. 1600

Probl em: single np
gravitational field (General 2 body-
problem already too hard)

Methods

U Data: notebooks (Kbytes)
U Theory: driven by data
U Computation: calculus by hand (1 Flop/s)

N Collaboration
MR U 1 brilliant scientist, 1-2 student



-_0; Just ahead: Complexity of Universe
| LHC, Gammaay bursts!

Gammaray bursts! _______

i Now: complex problems in relativistic
astrophysics

i Relativity, hydrodynamics, nuclear
physics, radiation, neutrinos, magnetic
fields: globally distributed collab!

i Scalable algorithms, complex simulation
codes, viz, PFlopsweek, PB output!

Gravity and general relativity are

"

transformed gt =
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u 4 centuries of small science, small data e
culture =

i 2-3 decades of radical change in both
data (factors of 1000 per~5 years) and
collaboration




Grand Challenge Communities Combine it All...
Where Is it going to go?

| Scientific =:
CURITIE

useful for
black holes,
hurricanes




Data, and lots of it!
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Age of Digital Observati
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Data Crisis: Information Big Bang

Wired, Natugs

PCAST Digital Data Industry

there is a pending crisis
I n archivyinaoe

Sources: Lesk, Berkeley SIMS, Landauer, EMC

Scientific Computing and Imaging_Institute,

University of Utah



Soclety and Industry, too!

YouTube US Presidential 4 Youlfube
elections!

Twitter and Facebook: Revolution
in MIdC”e East! CAMPAIGN TOOLKIT

Second Life: 20 million
iInhabitants! U of IL global campus! ﬂ

US mobile phone traffic:
1 exabyte in 2010!" (1 Billion
Gbyted)

Proctor and Gamble

facebook

ou connect and share with the peor

! Media and Middle East Turmoil
H i Share - Public Event




National Science Foundation (NSF)
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NSF In the Broader Context

UStrong Role i n President 0s

I Building blocks of innovation; catalyzing breakthroughs; promoting
competitive markets

U Total FY12 NSF request: $7.767 billion

U OneNSFConcept

I Support fundamental research in all disciplines
I Address multidisciplinary challenges of national/global significance
I Spark greater innovation and opportunity for scientific discoveries
I Create networks and infrastructure for the nation

I Improve organizational efficiency

I Catalyze human capital development




NSF Organizational Clalt s e

gual Employment
Opportunity Programs

National Science Board Office of the General Counsel

(NSB) : : .
Office of Integrative Activities
ffice of International
Office of the ence & Engineering
Inspec(t(c))erC;eneral e of Legislative &
ic Affairs

'of Polar Programs



http://www.nsf.gov/dir/index.jsp?org=mps
http://www.nsf.gov/dir/index.jsp?org=geo
http://www.nsf.gov/dir/index.jsp?org=eng
http://www.nsf.gov/dir/index.jsp?org=cise
http://www.nsf.gov/dir/index.jsp?org=bio
http://www.nsf.gov/oig
http://www.nsf.gov/od
http://www.nsf.gov/nsb
http://www.nsf.gov/oci
http://www.nsf.gov/od/oeo/index.jsp
http://www.nsf.gov/od/ogc/index.jsp
http://www.nsf.gov/od/oia/index.jsp
http://www.nsf.gov/oise
http://www.nsf.gov/olpa
http://www.nsf.gov/dir/index.jsp?org=OPP
http://www.nsf.gov/dir/index.jsp?org=SBE
http://www.nsf.gov/dir/index.jsp?org=ehr
http://www.nsf.gov/bfa/index.jsp
http://www.nsf.gov/oirm/index.jsp

1 Coherent program building on other CI
Investments across NSF

I eXtreme Digital (XD), Software Infrastructure
for Sustained Innovation(Si/2)

Community

Research _
Networks Data-Enabled Science

New Computational

Access and
Connections to
Cl Resources

Resources




Recommendations for
Innovation: Academia,
Industry, Soclety
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Collaborations for Complex Problems :
2006 f ReporASDmmary

nComputational [and data- — —— -
intensive/ science (CDS&E)--

COMPUTATIONAL SCIENCE:

l‘he l/se Ofadvanced Compuflhg ENSURING AMERICA’S

COMPETITIVENESS

capabilities to understand and
solve complex problems -- IS
critical to scientific leadership,
economi ¢c compet
of the most important technical
fields of the 21st century
because it is essential to
aavances throughout societyo




US Council on Competitivenes.




AThe over whel

[of businesses] said at| on Econom

[CDS&E] was not only
beneficial but also
essential to company

survivalg nA dearth of

computational scientists
was a significant
) I mpedi ment
ACompani es
most important aspects of
their partnerships were

access to [computing and brtant factor in incubating high-tech
aataj resources and later stages of development. Low cost s
[ CDS&E]

A FUELICLY SUFFORTED INDEFENDENT ECOMOMIC THIME TARE,

\III KEN INSTITUTE

A knowledge-based economy

A K n o w l-peodugte show infinite expansibility. They do not get used up,
physicall y. o Tdald8sas Jeflfferson,



US Government Agencies

NSF, DOE, other US agencies keen to develop
Industrial partnerships ‘

Office of Science V75

U Many possibilities...
u Internships, |arger programs Advancing America's Scienc

and Industrial Competitivenes

Press Release 08-031

NSF Partners With Google and IBM to Enhance
Academic Research Opportunities

Computer science researchers at universities and colleges will be able to utilize
large-scale computing cluster

Microsoft and NSF partner for the cloud

5 February 2010

Microsoft and the Mational Sclence Foundation (NSF) have signed an agreement
to offer individual researchers and research groups free access to advanced
cloud computing resources.







