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In	  the	  last	  20	  years:

• Large-‐scale	  simulation	  (“theoretical	  
experiments”)	  has	  emerged	  as	  a	  
complementary	  means	  of	  scienti?ic	  discovery,	  
engineering	  design,	  and	  policy	  support,	  
beyond	  theory	  and	  experiment.

• We	  have	  witnessed	  phenomenal	  
improvements	  of	  capability	  and	  cost-‐
effectiveness	  of	  scienti?ic	  simulation:	  
thousand-‐fold	  performance	  improvements	  and	  
thousand-‐fold	  cost	  reductions	  per	  delivered	  
?lop	  per	  decade	  over	  more	  than	  two	  decades,	  
as	  measured	  by	  the	  Gordon	  Bell	  Prizes.

• Computer	  engineering	  (as	  in	  Moore’s	  Law)	  and	  
algorithmic	  invention	  (as	  in	  complexity	  
reduction	  to	  accomplish	  the	  same	  task)	  have	  
had	  complementary	  roles	  in	  extending	  the	  predictive	  power	  of	  simulation.

• A	  “tall	  essential	  stack”	  of	  developments	  from	  ancient	  to	  recent	  have	  contributed	  to	  the	  
ubiquity	  of	  large	  scale	  simulation	  in	  computer	  science	  and	  engineering:	  scienti?ic	  modeling,	  
numerical	  analysis,	  computer	  architecture,	  software	  engineering	  —	  allowing	  people	  who	  
are	  expert	  in	  something	  else	  (e.g.,	  cellular	  biology,	  chemical	  process	  engineering)	  to	  
compute	  like	  experts.

• Investment	  in	  community	  standards	  and	  libraries	  for	  encapsulating	  expertise	  for	  scienti?ic	  
productivity	  has	  been	  important,	  and	  the	  agencies	  participating	  in	  the	  Federal	  Networking	  
and	  Information	  Technology	  Research	  and	  Development	  (NITRD)	  Program	  have	  played	  
essential	  roles	  in	  supporting	  these	  achievements	  and	  reinforcing	  career	  reward	  structures	  
that	  support	  their	  development	  (e.g.,	  MPI,	  PETSc,	  VisIt).

• There	  have	  been	  many	  examples	  of	  thresholds	  of	  performance	  for	  qualitatively	  new	  
advances	  in	  the	  predictive	  power	  of	  simulations	  and	  the	  understanding	  they	  yield,	  and	  their	  
economic	  bene?it	  (e.g.,	  Boeing	  wing	  design,	  Alzheimer’s	  disease	  mechanisms)	  and	  security	  
bene?its	  (e.g.,	  stockpile	  stewardship,	  earthquake	  damage	  prevention).

In	  the	  years	  ahead:

• It	  is	  critically	  important	  that	  we	  continue	  to	  push	  simulation	  to	  extreme	  scales.
• Open-‐source	  development	  in	  terms	  of	  boundary-‐less	  free	  contributions	  will	  continue	  to	  be	  

important,	  as	  it	  places	  pressure	  on	  leaders	  to	  use	  their	  thin	  advantage	  at	  any	  given	  time	  to	  
stay	  ahead.

• We	  must	  leverage	  lessons	  that	  we	  learned	  in	  the	  last	  20	  years.	  For	  example,	  ideas	  that	  at	  
?irst	  seemed	  “pure”	  and	  “curiosity	  driven”	  but	  subsequently	  reappeared	  as	  critical	  practical	  
enabling	  technologies	  (e.g.,	  space	  ?illing	  curves	  as	  a	  means	  of	  laying	  out	  memory,	  Schwarz	  
alternative	  procedure	  as	  a	  means	  of	  producing	  concurrency)	  serve	  as	  a	  motivation	  for	  a	  
portfolio	  that	  must	  include	  long-‐term,	  blue-‐sky	  investment	  along	  with	  short-‐term,	  mission-‐
driven	  investment.



• There	  will	  increasingly	  be	  synergisms	  between	  large-‐scale	  data	  sets	  and	  large-‐scale	  
simulation:	  inversion,	  data	  assimilation,	  uncertainty	  quanti?ication,	  and	  the	  vast	  
improvements	  in	  accuracy,	  understanding,	  and	  speed	  coming	  in	  the	  future	  due	  to	  their	  
fusion.

Ultimately,	  the	  U.S.	  innovation	  ecosystem	  —	  spanning	  government,	  industry,	  and	  academia	  —	  
makes	  advances	  in	  supercomputing	  possible,	  and	  provides	  the	  U.S.	  with	  signi?icant	  advantages	  over	  
other	  nations.


