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Today	
  

•  A	
  reminder	
  of	
  the	
  extraordinary	
  progress	
  that	
  computer	
  science	
  
has	
  achieved	
  

•  How	
  did	
  America	
  become	
  the	
  world	
  leader	
  in	
  this	
  field?	
  
•  Why	
  is	
  it	
  imperaQve	
  that	
  we	
  remain	
  the	
  leader?	
  
•  How	
  should	
  our	
  compeQQveness	
  be	
  defined,	
  going	
  forward?	
  
•  The	
  coming	
  decade:	
  DramaQc	
  improvements	
  in	
  technology	
  and	
  

algorithms	
  enable	
  “smart	
  everything”	
  
•  A	
  modern	
  view	
  of	
  the	
  field	
  
•  Some	
  research	
  and	
  educaQon	
  policy	
  implicaQons	
  



Forty	
  five	
  years	
  ago	
  …	
  

Credit:	
  Peter	
  Lee,	
  MicrosoY	
  Research	
  











With	
  4+	
  decades	
  of	
  hindsight,	
  which	
  had	
  
the	
  greatest	
  impact?	
  

•  Unless	
  you’re	
  big	
  into	
  Tang	
  and	
  Velcro	
  (or	
  sex	
  and	
  drugs),	
  the	
  
answer	
  is	
  clear	
  …	
  	
  

	
  

•  And	
  so	
  is	
  the	
  reason	
  …	
  

EXPONENTIALS        US 



•  Processing	
  capacity	
  
•  Storage	
  capacity	
  
•  Network	
  bandwidth	
  
•  Sensors	
  
•  Astonishingly,	
  even	
  algorithms	
  in	
  some	
  cases!	
  

Every	
  aspect	
  of	
  compuQng	
  has	
  experienced	
  
exponenQal	
  improvement	
  



•  Constant	
  capability	
  at	
  exponenQally	
  decreasing	
  cost	
  
•  ExponenQally	
  increasing	
  capability	
  at	
  constant	
  cost	
  

You	
  can	
  exploit	
  these	
  improvements	
  in	
  two	
  ways	
  

Storage	
  Price	
  /	
  MB,	
  USD	
  

John	
  McCallum	
  /	
  Havard	
  Blok	
  	
   Ray	
  Kurzweil	
  

Microprocessor	
  Performance,	
  MIPS	
  

RAM	
  

Disk	
  
Flash	
  







Then	
  and	
  now	
  …	
  

•  20	
  years	
  ago,	
  microprocessors	
  had	
  4	
  million	
  transistors	
  
–  Today	
  they	
  have	
  4	
  billion	
  

•  20	
  years	
  ago,	
  the	
  Internet	
  had	
  1	
  million	
  users	
  
–  Today,	
  it	
  has	
  1	
  billion	
  

•  20	
  years	
  ago,	
  only	
  15%	
  of	
  households	
  had	
  a	
  computer	
  
–  Today,	
  nearly	
  everyone	
  owns	
  a	
  mobile	
  phone	
  
–  In	
  the	
  past	
  year,	
  more	
  than	
  half	
  of	
  all	
  mobile	
  phones	
  purchased	
  

worldwide	
  were	
  smartphones	
  –	
  pujng	
  the	
  Internet	
  in	
  the	
  owner’s	
  pocket	
  



Waking	
  up	
  

Credit:	
  Jeanneke	
  Wing,	
  MicrosoY	
  Research	
  



Falling	
  asleep	
  



Turning	
  on	
  the	
  lights	
  



Turning	
  up	
  the	
  heat	
  



Searching	
  for	
  informaQon	
  



Searching	
  for	
  direcQons	
  



Searching	
  for	
  love	
  



Reading	
  books	
  



Listening	
  to	
  music	
  



Watching	
  movies	
  



Cleaning	
  the	
  house	
  



Shopping	
  



Taking	
  a	
  stroll	
  



VisiQng	
  grandma	
  and	
  grandpa	
  



During	
  the	
  decade	
  of	
  the	
  2000’s	
  …	
  

•  Search	
  
•  Scalability	
  
•  Digital	
  media	
  
•  Mobility	
  
•  eCommerce	
  
•  The	
  Cloud	
  
•  Social	
  networking	
  and	
  crowd-­‐

sourcing	
  



How	
  did	
  America	
  become	
  the	
  world	
  leader	
  in	
  this	
  field?	
  

1995	
  



2003	
  



2012	
  



•  Key	
  takeaways:	
  
–  America	
  is	
  the	
  world	
  leader	
  in	
  informaQon	
  technology	
  due	
  to	
  a	
  rich	
  

interplay	
  of	
  government,	
  academia,	
  and	
  industry	
  
–  Every	
  major	
  market	
  segment	
  bears	
  the	
  clear	
  stamp	
  of	
  Federal	
  

research	
  investments	
  
–  There’s	
  nothing	
  linear	
  about	
  the	
  path	
  from	
  research	
  to	
  major	
  market	
  

segment:	
  ideas	
  and	
  people	
  flow	
  every	
  which	
  way	
  
–  UnanQcipated	
  results	
  are	
  oYen	
  as	
  important	
  as	
  anQcipated	
  results	
  
–  The	
  interacQon	
  of	
  research	
  ideas	
  mulQplies	
  their	
  impact	
  
–  EnQrely	
  appropriately,	
  corporate	
  R&D	
  is	
  very	
  heavily	
  Qlted	
  towards	
  D:	
  

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



Why	
  is	
  imperaQve	
  that	
  we	
  remain	
  the	
  world	
  leader?	
  



•  “A	
  key	
  driver	
  of	
  economic	
  compeQQveness”	
  
•  “Crucial	
  to	
  achieving	
  our	
  major	
  naQonal	
  and	
  global	
  prioriQes	
  in	
  

areas	
  such	
  as	
  energy	
  and	
  transportaQon,	
  educaQon	
  and	
  life-­‐long	
  
learning,	
  healthcare,	
  and	
  naQonal	
  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”	
  

Why	
  is	
  imperaQve	
  that	
  we	
  remain	
  the	
  world	
  leader?	
  



How	
  should	
  our	
  compeQQveness	
  be	
  defined?	
  

•  “At	
  the	
  Qme	
  of	
  the	
  High-­‐Performance	
  CompuQng	
  Act	
  of	
  1991,	
  
the	
  importance	
  of	
  high	
  performance	
  compuQng	
  and	
  
communicaQon	
  (HPCC)	
  to	
  scienQfic	
  discovery	
  and	
  naQonal	
  
security	
  was	
  a	
  major	
  factor	
  underlying	
  the	
  special	
  akenQon	
  given	
  
by	
  Congress	
  to	
  NIT.	
  Although	
  HPCC	
  conQnues	
  to	
  contribute	
  in	
  
important	
  ways	
  to	
  scienQfic	
  discovery	
  and	
  naQonal	
  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	
  compeBBveness.	
  



During	
  the	
  current	
  decade	
  …	
  

•  Smart	
  homes	
  
•  Smart	
  cars	
  
•  Smart	
  health	
  
•  Smart	
  robots	
  
•  Smart	
  crowds	
  and	
  human-­‐

computer	
  systems	
  
•  Smart	
  interacQon	
  (virtual	
  and	
  

augmented	
  reality)	
  
•  Smart	
  discovery	
  (exploiQng	
  

the	
  data	
  deluge)	
  



DramaQc	
  improvements	
  in	
  technology	
  and	
  algorithms	
  
enable	
  “smart	
  everything”	
  

•  A	
  proliferaQon	
  of	
  sensors	
  
–  Think	
  about	
  the	
  sensors	
  on	
  your	
  phone	
  

•  More	
  generally,	
  the	
  creaQon	
  of	
  almost	
  all	
  informaQon	
  in	
  digital	
  
form	
  
–  It	
  doesn’t	
  need	
  to	
  be	
  transcribed	
  in	
  order	
  to	
  be	
  processed	
  

•  DramaQc	
  cost	
  reducQons	
  in	
  storage	
  
–  You	
  can	
  afford	
  to	
  keep	
  all	
  the	
  data	
  

•  DramaQc	
  increases	
  in	
  network	
  bandwidth	
  
–  You	
  can	
  move	
  the	
  data	
  to	
  where	
  it’s	
  needed	
  



•  DramaQc	
  cost	
  reducQons	
  and	
  scalability	
  improvements	
  in	
  
computaQon	
  
–  With	
  Amazon	
  Web	
  Services,	
  or	
  Google	
  App	
  Engine,	
  or	
  MicrosoY	
  Azure,	
  

1000	
  computers	
  for	
  1	
  day	
  costs	
  the	
  same	
  as	
  1	
  computer	
  for	
  1000	
  days	
  

•  DramaQc	
  algorithmic	
  breakthroughs	
  
–  Machine	
  learning,	
  data	
  mining	
  –	
  fundamental	
  advances	
  in	
  computer	
  

science	
  and	
  staQsQcs	
  

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



Smart	
  homes	
  (the	
  leaf	
  nodes	
  of	
  the	
  smart	
  grid)	
  

Shwetak	
  Patel,	
  
University	
  of	
  Washington	
  
2011	
  MacArthur	
  Fellow	
  



Smart	
  cars	
  

DARPA	
  Grand	
  Challenge	
   DARPA	
  Urban	
  Challenge	
  

Google	
  Self-­‐Driving	
  Car	
  



Smart	
  health	
  

Larry	
  Smarr	
  –	
  “quanQfied	
  self”	
   Evidence-­‐based	
  medicine	
  

P4	
  medicine	
  



Smart	
  robots	
  



Smart	
  crowds	
  and	
  human-­‐computer	
  systems	
  
(+	
  smart	
  educaQon)	
  

Zoran	
  Popovic,	
  
UW	
  Computer	
  Science	
  &	
  
Engineering	
  

David	
  Baker,	
  
UW	
  Biochemistry	
  



Smart	
  crowds	
  and	
  human-­‐computer	
  systems	
  
(+	
  smart	
  educaQon)	
  

Zoran	
  Popovic,	
  
UW	
  Computer	
  Science	
  &	
  
Engineering	
  



Smart	
  interacQon	
  



Smart	
  discovery	
  (data-­‐intensive	
  discovery,	
  or	
  eScience)	
  

Transforming	
  science	
  (again!)	
  



Nearly	
  every	
  field	
  of	
  discovery	
  is	
  transiQoning	
  from	
  
“data	
  poor”	
  to	
  “data	
  rich”	
  

Astronomy:	
  LSST	
  
Physics:	
  LHC	
  

Oceanography:	
  OOI	
  

Sociology:	
  The	
  Web	
  

Biology:	
  Sequencing	
  

Economics:	
  POS	
  terminals	
  

Neuroscience:	
  EEG,	
  fMRI	
  



The	
  Fourth	
  Paradigm	
  

1.  Empirical	
  +	
  experimental	
  
2.  TheoreQcal	
  
3.  ComputaQonal	
  
4.  Data-­‐Intensive	
  

Jim	
  Gray,	
  
MicrosoY	
  Research	
  



A	
  modern	
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http://cra.org/ccc 

The mission of Computing Research Association's Computing 
Community Consortium (CCC) is to catalyze the computing research 
community and enable the pursuit of innovative, high-impact research.  
 

CCC communicates the importance of those 
visions to policymakers, government and 
industry stakeholders, the public, and the 
research community itself. 
 

CCC conducts activities that strengthen the research community, 
articulate compelling research visions, and align those visions with 
pressing national and global challenges. 

The Computing Community Consortium 



http://cra.org/ccc 

The CCC Council 

§ Executive Committee 
§  Susan Graham, UC Berkeley (Chair) 
§  Greg Hager, Johns Hopkins Univ. (Vice Chair) 
§  Ed Lazowska, Univ. Washington (Past Chair) 
§  Elizabeth Mynatt, Georgia Tech 
§  Fred Schneider, Cornell Univ. 
§  Sue Davidson, Univ. Pennsylvania 
§  Ann Drobnis, Director 
§  Andy Bernat, CRA Executive Director 
 
 



ImplicaQons	
  for	
  naQonal	
  leadership	
  

•  If	
  you	
  care	
  about	
  naQonal	
  security,	
  the	
  financial	
  system,	
  access	
  
to	
  jusQce,	
  precision	
  agriculture,	
  the	
  balance	
  of	
  trade,	
  health	
  care,	
  
urban	
  ecology,	
  transportaQon	
  efficiency,	
  energy	
  independence,	
  
educaQon,	
  scienQfic	
  discovery,	
  …	
  then	
  you	
  need	
  to	
  care	
  about	
  
advances	
  in	
  computer	
  science!	
  

•  Issues	
  such	
  as	
  online	
  privacy	
  and	
  security,	
  Internet	
  governance,	
  
soYware	
  patents	
  /	
  intellectual	
  property,	
  electronic	
  voQng,	
  etc.,	
  
are	
  now	
  front-­‐and-­‐center	
  on	
  the	
  policy	
  agenda	
  and	
  require	
  a	
  
combinaQon	
  of	
  technical,	
  legal,	
  and	
  sociological	
  approaches.	
  

Ed	
  Felten	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Steve	
  Bellovin	
  	
  	
  	
  Latanya	
  Sweeney	
  

Chief	
  Technologists	
  of	
  the	
  
Federal	
  Trade	
  Commission	
  



ImplicaQons	
  for	
  university	
  leadership	
  

•  Every	
  21st	
  	
  century	
  ciBzen	
  needs	
  to	
  have	
  facility	
  with	
  
“computaBonal	
  thinking”	
  –	
  abstracQon,	
  modeling,	
  algorithmic	
  
thinking,	
  algorithmic	
  expression,	
  problem	
  decomposiQon,	
  
stepwise	
  fault	
  isolaQon	
  (we	
  call	
  it	
  “debugging”).	
  
–  ComputaQonal	
  thinking	
  is	
  not	
  “this	
  parQcular	
  operaQng	
  system”	
  or	
  “that	
  

parQcular	
  programming	
  language.”	
  	
  
–  ComputaQonal	
  thinking	
  is	
  not	
  even	
  programming.	
  It’s	
  a	
  mode	
  of	
  thought	
  –	
  

a	
  way	
  of	
  approaching	
  the	
  world.	
  	
  
–  Programming	
  is	
  the	
  hands-­‐on,	
  inquiry-­‐based	
  way	
  that	
  we	
  teach	
  

computaQonal	
  thinking	
  and	
  the	
  principles	
  of	
  computer	
  science.	
  



•  Fields	
  from	
  anthropology	
  to	
  zoology	
  are	
  becoming	
  informaQon	
  
fields.	
  Those	
  who	
  can	
  bend	
  the	
  power	
  of	
  the	
  computer	
  to	
  their	
  
will	
  –	
  computaQonal	
  thinking	
  but	
  also	
  computer	
  science	
  in	
  
greater	
  depth	
  –	
  will	
  be	
  posiQoned	
  for	
  greater	
  success	
  than	
  those	
  
who	
  can’t.	
  If,	
  as	
  an	
  insBtuBon,	
  you	
  aspire	
  to	
  excel	
  in	
  anything,	
  
you	
  need	
  to	
  excel	
  in	
  computer	
  science.	
  



•  While	
  fluency	
  with	
  computaQonal	
  thinking	
  and	
  with	
  computer	
  
science	
  are	
  important	
  to	
  all	
  fields,	
  the	
  job	
  prospects	
  in	
  the	
  field	
  of	
  
computer	
  science	
  itself	
  are	
  extraordinary,	
  and	
  these	
  jobs	
  are	
  
creaQve,	
  interacQve,	
  change-­‐the-­‐world	
  jobs.	
  
–  The	
  U.S.	
  Bureau	
  of	
  Labor	
  StaQsQcs	
  recently	
  released	
  its	
  job	
  projecQons	
  for	
  

the	
  decade	
  2012-­‐2022.	
  Computer	
  occupaQons	
  will	
  be	
  responsible	
  for	
  71%	
  
of	
  all	
  the	
  job	
  growth	
  in	
  all	
  fields	
  of	
  STEM	
  (Science,	
  Technology,	
  
Engineering,	
  and	
  MathemaQcs)	
  –	
  the	
  many	
  dozens	
  of	
  fields	
  that	
  comprise	
  
the	
  life	
  sciences,	
  the	
  physical	
  sciences,	
  the	
  social	
  sciences,	
  engineering,	
  
and	
  the	
  mathemaQcal	
  sciences	
  –	
  and	
  for	
  57%	
  of	
  all	
  available	
  jobs,	
  
whether	
  newly-­‐created	
  or	
  available	
  due	
  to	
  replacement.	
  	
  

–  “STEM	
  worker	
  shortage?”	
  FuggedabouQt!	
  “It’s	
  all	
  computer	
  science,	
  all	
  
the	
  Bme.”	
  	
  



Job	
  Growth,	
  2012-­‐22	
  –	
  U.S.	
  Bureau	
  of	
  Labor	
  StaQsQcs	
  
Computer	
  OccupaQons	
  =	
  71%	
  of	
  all	
  STEM	
  



Students	
  are	
  figuring	
  this	
  out:	
  Introductory	
  course	
  
enrollments	
  are	
  exploding	
  

0	
  
100	
  
200	
  
300	
  
400	
  
500	
  
600	
  
700	
  
800	
  
900	
  
1000	
   University	
  of	
  Pennsylvania	
  

total	
  

CIS	
  110	
  

CIS	
  120	
  

0	
  

200	
  

400	
  

600	
  

800	
  

1000	
  

1200	
   MIT	
  

total	
  

6.01	
  

6.00	
  

0	
  

500	
  

1000	
  

1500	
  

2000	
  

2500	
   Stanford	
  

total	
  

CS	
  106A	
  

CS	
  105	
  

CS	
  101	
  

0	
  

100	
  

200	
  

300	
  

400	
  

500	
  

600	
  

700	
  

800	
   Harvard	
  

CS50	
  



0	
  

500	
  

1000	
  

1500	
  

2000	
  

2500	
  

3000	
   University	
  of	
  Washington	
  

CSE	
  142	
  

0	
  

200	
  

400	
  

600	
  

800	
  

1000	
  

1200	
  

1400	
   University	
  of	
  Michigan	
  

EECS	
  280	
  



Blowing	
  past	
  previous	
  highs	
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With	
  increasing	
  proporQons	
  elecQng	
  follow-­‐on	
  courses	
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And	
  increasing	
  proporQons	
  of	
  women	
  

20%	
  

25%	
  

30%	
  

35%	
  

40%	
   University	
  of	
  Washington	
  

CSE	
  142	
  %	
  female	
  



Demand	
  for	
  the	
  major	
  is	
  exploding	
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As	
  well	
  as	
  non-­‐major	
  demand	
  for	
  upper-­‐division	
  courses	
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ImplicaQons	
  for	
  K-­‐12	
  educaQon	
  
	
  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	
  naQonwide,	
  
computer	
  science	
  is	
  
not	
  offered	
  

	
  

•  In	
  31	
  of	
  the	
  50	
  states,	
  
computer	
  science	
  does	
  
not	
  count	
  towards	
  the	
  
math	
  or	
  science	
  
graduaQon	
  
requirement	
  

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



Hadi	
  Partovi	
  
Code.org	
  



Is	
  this	
  a	
  great	
  Qme	
  or	
  what?	
  

http://lazowska.cs.washington.edu/Wenk.pdf 


