
Catalyzing Science and Industry 
Linkages and Innovation  

An Overview from the National Science Foundation

Edward Seidel

Assistant Director, Mathematical and Physical 
Sciences, NSF



ñReaffirming and strengthening Americaôs role as 

the worldôs engine of scientific discovery and 

technological innovation is essential to meeting 

the challenges of this century.ò  President 

Obama (2009)

ñTechnological progress cannot continue without 

the input of basic research and the conceptual 

breakthroughs it makes possibleéone must 

have the knowledge in the first place. Science is 

the raw materialérefine into their products.ò 

Nathan Myhrvold, former CTO of Microsoft

ñHalf our economic growth in the last half -
century has come from technological 
innovation and the science that supports 
it.ò President Clinton (1997)



We are in a period of unprecedented 

change in Science and Societyé
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Profound Transformation of Science
Gravitational Physics

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

×Problem: single ñparticleò (apple) in 
gravitational field (General 2 body-
problem already too hard)

×Methods

üData:  notebooks (Kbytes)

üTheory:  driven by data

üComputation:  calculus by hand (1 Flop/s)

×Collaboration

ü1 brilliant scientist, 1 -2 student
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Just ahead:  Complexity of Universe
LHC, Gamma-ray bursts!

×Gamma-ray bursts!
üNow: complex problems in relativistic 

astrophysics

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

üScalable algorithms, complexsimulation 
codes, viz, PFlops*week, PB output!

×Gravity and general relativity are 
transformed
ü 4 centuries of small science, small data 

culture

ü 2-3 decades of radical change in both 
data (factors of 1000 per~5 years) and 
collaboration 
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Grand Challenge Communities Combine it All...
Where is it going to go?

6

Same CI 

useful for 

black holes, 

hurricanes



Data, and lots of it!
ñHeroic Age of Digital Observationò
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Scientific Computing and Imaging Institute, 

University of Utah

Data Crisis:  Information Big Bang
PCAST Digital Data

NSF Experts Study

Wired, Nature

Storage Networking 

Industry Association 

(SNIA) 100 Year Archive 

Requirements Survey 

Report

ñthere is a pending crisis 
in archivingéwe have to 
create long - term methods 
for preserving 
information, for making it 
available for analysis in 
the future.ò 80% 
respondents:  >50 yrs;  
68% > 100 yrs

Industry



Society and Industry, too!

× YouTube:  US Presidential 
elections!

× Twitter and Facebook:  Revolution 
in Middle East!

× Second Life: 20 million 
inhabitants!  U of IL global campus!

× US mobile phone traffic:               
1 exabyte in 2010!! (1 Billion 
Gbytes!)

× Proctor and Gamble
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National Science Foundation (NSF)

Biology
Technology

MaterialsEngineering

Mathematics

PolarNano PhysicsClimate Change

Earth ScienceAstronomy

Education



NSF in the Broader Context

üStrong Role in Presidentôs Strategy for U.S. Innovation
ïBuilding blocks of innovation; catalyzing breakthroughs; promoting 

competitive markets

üTotal FY12 NSF request: $7.767 billion

üOneNSFConcept
ïSupport fundamental research in all disciplines

ïAddress multidisciplinary challenges of national/global significance

ïSpark greater innovation and opportunity for scientific discoveries

ïCreate networks and infrastructure for the nation

ï Improve organizational efficiency

ïCatalyze human capital development



NSF Organizational Chart          
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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


Cyberinfrastructure Framework for 21st Century 
Science and Engineering (CIF21)

ü Coherent program building on other CI 
investments across NSF

ïeXtreme Digital (XD), Software Infrastructure 
for Sustained Innovation(SI2)

Education: integral and embedded

Community 

Research

Networks Data-Enabled Science

Access and

Connections to

CI Resources

New Computational

Resources
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Recommendations for 

Innovation:  Academia,  

Industry, Society



ñComputational [and data-
intensive] science (CDS&E) --
the use of advanced computing 
capabilities to understand and 
solve complex problems -- is 
critical to scientific leadership, 
economic competitivenesséone 
of the most important technical 
fields of the 21st century 
because it is essential to 
advances throughout societyò

Collaborations for Complex Problems
2006 ñPITACò Report Summary



US Council on Competitiveness

× Ping Golf

üMoved from workstation to Cray, now 
make prototype only at last stage of 
design

üToo effective:  had to simulate ñless 
effectiveò design!

× Proctor & Gamble

üPringles ñflyingò off manufacturing line 
causing significant lost product and 
revenue. Using CFD codes that Boeing 
uses, airflow over the Pringle modeled, 
design so Pringles did not ñlift offò
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Innovation Economy

×The Innovation Economy requires vibrant 
communities

When we make a decision about where to locate a Hewlett-Packard facility, we 
have one criterion in mind. We go where the highly skilled and creative people 
are.ò  Carly Fiorina(c 2002)

×Creating environment of global leadership & 
innovation to attract best in world
ñResearch Centers are the most important factor in incubating high-tech 
industries.  Cost factors wane in the later stages of development.  Low cost is 
not a sustainable advantage.ò

×A knowledge-based economy
ñKnowledge-products show infinite expansibility. They do not get used up, 
physically.ò Thomas Jefferson, c 1780 

ñThe overwhelming majority 
[of businesses] said 

[CDS&E] was not only 
beneficial but also 

essential to company 
survivalò

ñA dearth of qualified 
computational scientists 

was a significant 
impedimentò

ñCompanies indicated that the 
most important aspects of 

their partnerships were 
access to [computing and 

data] resources and 
[CDS&E] expertiseò



US Government Agencies

×NSF, DOE, other US agencies keen to develop  
industrial partnerships

üMany possibilities...

üInternships, larger programs
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