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This morning … 

  Why must America remain the world leader in computer 
science? 

  How did we gain the lead, and how can we retain it? 
  How should our competitiveness be defined? 
  The coming decade: Dramatic improvements in technology 

and algorithms enable “smart everything” 
  Cyberinfrastructure to support 21st century “smart 

discovery” 
  Implications for academia 
  Implications for research policy 
  Implications for K-12 education 





Why must America remain the world 
leader in computer science? 

  “A key driver of economic competitiveness” 
  “Crucial to achieving our major national and global 

priorities in areas such as energy and transportation, 
education and life-long learning, healthcare, and 
national and homeland security” 

  “Accelerates the pace of discovery in nearly all other 
fields” 
 
 

  “The dominant factor in America’s science 
and technology employment” 

  An intellectual agenda “as rich as that of 
any other field of science or engineering” 



How did we gain the lead, and how can 
we retain it? 

1995 



2003 



2012 



  Key takeaways: 
  America is the world leader in information technology due to 

a rich interplay of government, academia, and industry 
  Every major market segment bears the clear stamp of 

Federal research investments 
  The path from research to major market segment is not 

linear: ideas and people flow in all directions 
  Unanticipated results are often as important as anticipated 

results 
  The interaction of research ideas multiplies their impact 
  Entirely appropriately, corporate R&D is very heavily tilted 

towards D: engineering the next release of a product, vs. a 
5- 10- or 15-year horizon 



How should our competitiveness be 
defined? 

  “At the time of the High-Performance Computing Act 
of 1991, the importance of high performance 
computing and communication (HPCC) to scientific 
discovery and national security was a major factor 
underlying the special attention given by Congress to 
NIT. Although HPCC continues to contribute in 
important ways to scientific discovery and national 
security, many other aspects of NIT have now risen 
to comparable levels of importance.” 

N.B. This does not say that the importance of HPCC is 
decreasing! It simply notes that other aspects of the 
field have risen to comparable levels of importance, 
and must be weighed in assessing our competitiveness. 



The coming decade: Dramatic improvements in 
technology and algorithms enable “smart everything” 

  A proliferation of sensors 
  Think about the sensors on your phone 

  More generally, the creation of almost all information 
in digital form 
  It doesn’t need to be transcribed in order to be processed 

  Dramatic cost reductions in storage 
  You can afford to keep all the data 

  Dramatic increases in network bandwidth 
  You can move the data to where it’s needed 



  Dramatic cost reductions and scalability improvements 
in computation 
  With Amazon Web Services, or Google App Engine, or 

Microsoft Azure, 1000 computers for 1 day costs the same as 
1 computer for 1000 days 

  Dramatic algorithmic breakthroughs 
  Machine learning, data mining – fundamental advances in 

computer science and statistics 

The “big data” revolution is what actually puts the 
“smarts” in “smart everything” 



Smart homes 

Shwetak Patel, 
University of Washington 
2011 MacArthur Fellow 



Smart cars 
DARPA Grand Challenge DARPA Urban Challenge 

Google Self-Driving Car 



Smart health 

Larry Smarr – 
“quantified self” 

Evidence-based 
medicine 

P4 medicine 



Smart robots 



Smart crowds and human-computer systems 

Zoran Popovic, 
UW Computer Science & Engineering 

David Baker, 
UW Biochemistry 



Smart interaction 



Smart discovery (data-intensive discovery, or eScience) 

Transforming science (again!) 

Jim Gray, 
Microsoft Research 



Observation 
Experiment 

Theory 

Credit: John Delaney, University of Washington 
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Computational 
Science 

Observation 
Experiment 

Theory 



Computational 
Science 

eScience 

Observation 
Experiment 

Theory 

(Augment, not 
replace!) 



eScience is enabled by data more than by 
cycles 

  Massive volumes of data from sensors and networks 
of sensors 

Astronomy: LSST 
Physics: LHC 

Biology: Sequencing 

Oceanography: OOI 

Sociology: The Web 
Economics: POS 

terminals 
Neuroscience: 

Hawkmoths 



eScience is about the analysis of data 

  The semi-automated extraction of knowledge from 
massive volumes of data 
  There’s simply too much of it – and it’s too complex – to 

explore manually 
  It’s not just a matter of volume – it’s “the 3 V’s”: 

  Volume 
  Velocity (rate) 
  Variety (dimensionality / complexity) 

  It’s not just a matter of data movement and data 
storage – it’s about data analysis – “from data to 
knowledge to action” 



eScience utilizes a spectrum of computer 
science techniques and technologies 

  Sensors and sensor 
networks 

  Backbone networks 
  Databases 
  Data mining 
  Machine learning 
  Data visualization 
  Cluster computing 

at enormous scale 
(the cloud) 

  Collaboration and 
crowd sourcing 



eScience is married to the cloud: Scalable 
computing and storage for everyone 



eScience will be pervasive 

  Simulation-oriented computational science has been 
transformational – and will continue to be of great 
importance – but it has not been pervasive 
  As an institution (e.g., a university), you didn’t need to excel 

in order to remain competitive 
  eScience capabilities must be broadly available in any 

institution 
  If not, the institution will simply cease to be competitive 



My personal story, and the story of the 
UW eScience Institute 

Early 1980s 

Late 1990s 



Credit: John Delaney, University of Washington 



Credit: John Delaney, University of Washington 



2004 
Mark Emmert 

Ed Lazowska 
Computer Science & Engineering 

Tom Daniel 
Biology 

Werner Stuetzle 
Statistics 



UW eScience Institute 

  “All across our campus, the process of discovery will increasingly 
rely on researchers’ ability to extract knowledge from vast 
amounts of data... In order to remain at the forefront, UW must 
be a leader in advancing these techniques and technologies, and 
in making [them] accessible to researchers in the broadest 
imaginable range of fields.” 

  In other words: 
  Data-intensive discovery will be ubiquitous 
  We must be a leader in inventing the 

capabilities 
  We must be a leader in translational activities – 

in putting these capabilities to work 
  It’s about intellectual infrastructure (human capital) and 

software infrastructure (shared tools and services – digital capital) 



This was not as broadly obvious in 2005 
as it is today 

  But we asked UW’s leading faculty – across all ages 
and fields, regardless of “label” – and they confirmed 
this view of the future 
  From the start, this effort 

has been bottom-up, 
needs-based, driven by the 
scientists 



We’re at the dawn of a revolutionary 
new era of discovery and of learning 



Implications for academia 

  A modern view of computer science 
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  On the methodology side, seek faculty in “Pasteur’s 
quadrant” 

 
 

Considerations of use 
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  Strive to educate students who are “Pi-shaped” 
 

 
 

Credit: Alex Szalay, Johns Hopkins University 



  Resurrect the water cooler!  (Data is today’s unifying 
force!) 

 
 



  NSF has a unique role in driving advances in 
computer science 
  Computer Science does not have an NIH or a Department 

of Energy 
  NSF provides 75% of Federal support for academic 

computer science research 
  Other fields are becoming information fields, not 

just computational fields 
  The intellectual approaches of computer science are as 

important to advances as is cyberinfrastructure 
  New approaches will enable new discoveries 

Implications for research policy 



  Meeting evolving cyberinfrastructure needs requires 
research, not merely procurement 
  This is true for HPC … and for data-intensive discovery … 

and for cyber-enabled advances in education and assessment 
  Meeting evolving cyberinfrastructure needs requires 

investment in intellectual as well as physical 
infrastructure 



  Advancing data-intensive discovery requires broad-
based programs that strive to create a “virtuous 
cycle” – and that drive institutional change 



  Nationally and institutionally, there are various 
policies that distort behavior 
  One example: Appropriate use of cloud resources is 

discouraged by 
  Indirect cost on services 
  MRI viewed as a pot separate from Directorates/Divisions 
  Institutional subsidies (power, cooling, space) 



Implications for K-12 education 
 Computer Science in K-12, 1983 

IBM PC XT 
4.77 MHz 8088 
128 KB RAM 
PC DOS 2.0 



Computer Science in K-12, 2013 

401 page report 
15 page index 





  In 9 out of 10 high 
schools nationwide, 
computer science is not 
offered 

  In 36 of the 50 states, 
computer science does 
not count towards the 
math or science 
graduation requirement 

Yet computer science – “computational thinking” – is a key 
capability for just about every 21st century endeavor 



Is this a great time, or what?!?! 
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