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Defini(on	  

•  Computa(onal	  science	  is	  an	  interdisciplinary	  field	  in	  
which	  realis(c	  mathema(cal	  models	  combined	  with	  
scien(fic	  compu(ng	  methods	  are	  used	  to	  study	  
systems	  of	  real-‐world	  scien(fic	  or	  societal	  interest.	  	  

•  The	  2005	  Report	  to	  the	  President,	  Computa(onal	  
Science:	  Ensuring	  America's	  Compe((veness,	  states	  
that	  "the	  most	  scien(fically	  important	  and	  
economically	  promising	  research	  fron(ers	  in	  the	  21st	  
century	  will	  be	  conquered	  by	  those	  most	  skilled	  with	  
advanced	  compu(ng	  technologies	  and	  computa(onal	  
science	  applica(ons.”	  
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The	  Three	  Pillars	  of	  Modern	  Science	  

Computa(on	  has	  established	  itself	  as	  the	  third	  pillar	  of	  modern	  science.	  	  
Computa(onal	  science	  involves	  the	  appropriate	  use	  of	  a	  computa(onal	  architecture	  
to	  apply	  an	  algorithm,	  or	  method,	  to	  solve	  a	  scien(fic	  applica.on,	  or	  problem.	  	  
The	  combina(on	  of	  Applica(on,	  Algorithm,	  and	  Architecture	  results	  in	  a	  Model.	  	  
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Simula(on:	  The	  Third	  Pillar	  of	  Science	  

•  Tradi(onal	  scien(fic	  and	  engineering	  paradigm:	  
1.  Do	  theory	  or	  paper	  design	  
2.  Perform	  experiments	  or	  build	  system	  

•  Limita(ons	  
–  Too	  difficult	  –	  e.g.,	  building	  large	  wind	  tunnels	  
–  Too	  expensive	  –	  e.g.,	  build	  a	  throw-‐away	  passenger	  jet	  
–  Too	  slow	  –	  e.g.,	  wait	  for	  climate	  change	  or	  galac(c	  evolu(on	  
–  Too	  dangerous	  –	  e.g.,	  weapons,	  drug	  design,	  climate	  

experimenta(on	  
•  Computa(onal	  science	  paradigm	  

3.  User	  high	  performance	  computer	  systems	  to	  simulate	  the	  
phenomenon	  
•  Base	  model	  on	  physical	  laws	  and	  efficient	  numerical	  methods	  
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Computa(onal	  Science	  Fuses	  	  
Three	  Disciplines	  
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What	  do	  Computa(onal	  Scien(sts	  Do?	  

•  Combine	  scien(fic	  programming	  and	  
mathema(cal	  skills	  with	  knowledge	  of	  
applica(on	  fields	  to	  computa(onally	  model	  
systems	  of	  interest.	  

•  Mathema(cal	  and	  programming	  skills	  
– calculus,	  linear	  algebra,	  differen(al	  equa(ons,	  
sta(s(cs	  

– simula(on	  methods,	  parallel	  compu(ng,	  scien(fic	  
compu(ng	  libraries	  and	  tools,	  visualiza(on	  
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Example	  1:	  Climate	  Modeling	  
•  Very,	  very	  simple	  climate	  model	  
•  Community	  Earth	  System	  Model	  (CESM)	  

–  Huge	  DOE	  and	  NSF	  funded	  project	  
–  Project	  goals	  

•  to	  develop	  and	  to	  work	  con(nually	  to	  improve	  a	  comprehensive	  CESM	  
that	  is	  at	  the	  forefront	  of	  interna(onal	  efforts	  in	  modeling	  the	  climate	  
system,	  including	  the	  best	  possible	  component	  models	  coupled	  
together	  in	  a	  balanced,	  harmonious	  modeling	  framework;	  

•  to	  make	  the	  model	  readily	  available	  to,	  and	  usable	  by,	  the	  climate	  
research	  community,	  and	  to	  ac(vely	  engage	  the	  community	  in	  the	  
ongoing	  process	  of	  model	  development;	  

•  to	  use	  the	  CESM	  to	  address	  important	  scien(fic	  ques(ons	  about	  the	  
climate	  system,	  including	  global	  change	  and	  interdecadal	  and	  
interannual	  variability;	  and	  

•  to	  use	  appropriate	  versions	  of	  the	  CESM	  for	  calcula(ons	  in	  support	  of	  
na(onal	  and	  interna(onal	  policy	  decisions.	  
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Example	  2:	  Mul.scale	  Quantum	  Simula.ons	  
	  in	  Nano	  Science	  

•  The	  tools	  are	  based	  on	  exis(ng	  real-‐space	  
mul(-‐grid	  (RMG)	  method,	  which	  is	  now	  
well-‐established	  and	  has	  been	  successfully	  
applied	  to	  a	  large	  number	  of	  systems.	  	  
–  Biomolecular	  version	  of	  the	  code	  is	  now	  

able	  to	  perform	  long-‐(me	  quantum	  
molecular	  dynamics	  simula(ons	  of	  
solvated	  biomolecules.	  

–  Challenges	  are	  in	  reformula(ng	  and	  
tuning	  the	  codes	  to	  run	  efficiently	  on	  
petascale	  systems.	  

•  Project	  Team	  
–  NCSU:	  J.	  Bernholc,	  W.	  Lu,	  C.	  T.	  Kelley,	  M.	  

Hodak,	  E.	  Briggs	  
–  UTK:	  S.	  Moore,	  S.	  Tomov,	  H.	  Jagode	  

	  

•  Goal:	  establish	  a	  suite	  of	  petascale	  
simula(on	  tools	  that	  enable	  
transforma(onal	  research	  at	  the	  
fundamental	  quantum-‐mechanical	  level	  in	  
nano	  science	  and	  technology.	  	  

•  Development	  of	  such	  tools	  requires	  
interdisciplinary,	  synergis(c	  research	  in	  	  
–  methodology,	  implementa(on	  and	  

prototype	  applica(on	  of	  quantum	  
methods,	  	  

–  profiling,	  performance	  modeling	  and	  
automa(c	  op(miza(on	  of	  kernels.	  

•  Study	  of	  copper	  binding	  to	  the	  prion	  
protein	  (PrP),	  which	  is	  responsible	  for	  a	  
group	  of	  neurodegenera(ve	  diseases	  
called	  the	  transmissible	  spongiform	  
encephalopathies,	  such	  as	  Cruetzfeldt-‐
Jakobs	  in	  humans	  or	  “mad	  cow”	  disease	  in	  
ca>le.	  
–  Implica(ons	  for	  pa(ents	  suffering	  from	  

these	  diseases,	  as	  well	  as	  from	  other	  
neurogical	  diseases,	  such	  as	  Alzheimer’s	  
or	  Parkinson’s.	  	  

•  Interfaced	  the	  quantum	  simula(on	  results	  
with	  NAMD;	  	  parts	  of	  the	  simula(ons	  for	  a	  
biomolecular	  fragment	  are	  performed	  with	  
the	  RMG	  code	  using	  quantum	  methods,	  and	  
the	  results,	  including	  vibra(onal	  aspects,	  are	  
fed	  to	  NAMD	  for	  molecular	  mechanics	  
simula(on	  of	  the	  en(re	  protein	  
–  Expect	  to	  provide	  similar	  interfaces	  to	  

other	  molecular	  dynamics	  codes	  

	  



Significant	  Result	  

•  Study	  of	  copper	  binding	  to	  the	  prion	  protein	  (PrP),	  which	  is	  responsible	  for	  a	  
group	  of	  neurodegenera(ve	  diseases	  called	  the	  transmissible	  spongiform	  
encephalopathies,	  such	  as	  Cruetzfeldt-‐Jakobs	  in	  humans	  or	  “mad	  cow”	  
disease	  in	  ca>le.	  

•  "Func(onal	  implica(ons	  of	  mul(stage	  copper	  binding	  to	  the	  prion	  protein,"	  M.	  
Hodak,	  R.	  Chisnell,	  W.	  Lu,	  and	  J.	  Bernholc,	  Proc.	  Nat.	  Acad.	  Sci.	  106,	  11576	  
(2009).	  	  

•  This	  work	  could	  have	  implica(ons	  for	  pa(ents	  suffering	  from	  these	  diseases,	  
as	  well	  as	  from	  other	  neurological	  diseases,	  such	  as	  Alzheimer’s	  or	  
Parkinson’s.	  	  
	  

Simula(on-‐derived	  structure	  of	  
Cu-‐prion	  complex	  

Cu-‐prion	  complex	  is	  much	  s(ffer,	  which	  
lesser	  tendency	  for	  misfolding	  

Protec(ve	  role	  of	  copper	  in	  prion	  
diseases	  



Supercomputers	  
•  See	  a	  list	  of	  the	  world’s	  fastest	  at	  
www.top500.org	  	  

•  Strategic	  importance	  of	  supercompu(ng	  
–  Essen(al	  for	  scien(fc	  discovery	  
–  Cri(cal	  for	  na(onal	  security	  
–  Fundamental	  contributor	  to	  the	  economy	  and	  
compe((veness	  through	  use	  in	  engineering	  and	  
manufacturing	  

•  Supercomputers	  are	  the	  tools	  for	  solving	  the	  
most	  challenging	  scien(fic	  problems	  through	  
large-‐scale	  simula(ons.	  
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Units	  of	  Measure	  
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Moore’s	  Law	  
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16	  Slide	  courtesy	  of	  Jack	  Dongarra	  
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Industrial	  Use	  of	  Supercomputers	  

20	  



Hierarchical	  Heterogeneous	  
Architectures	  
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Moore’s	  Law	  Reinterpreted	  
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Power	  Efficiency	  
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High	  Cost	  of	  Data	  Movement	  
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Conven(onal	  Wisdom	  is	  Changing	  
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Goals	  of	  This	  Course	  

•  Acquire	  a	  broad	  range	  of	  skills	  and	  knowledge	  
needed	  to	  use	  computa(onally	  intensive	  
methods	  

•  Develop	  an	  awareness	  of	  the	  resources	  
available	  to	  keep	  abreast	  of	  the	  rapidly	  
changing	  field	  of	  computa(onal	  science	  
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Major	  Course	  Topics	  
•  Basic	  skills	  in	  Unix/Linux	  	  
•  Scien(fic	  programming	  languages	  
•  Parallel	  compu(ng	  architectures	  
•  Parallel	  programming	  paradigms	  
•  Performance	  op(miza(on	  
•  Scalability	  
•  Dense	  and	  sparse	  linear	  algebra	  libraries	  
•  Libraries	  for	  other	  numerical	  methods	  

–  Eigenvalue	  problems	  
–  Fast	  Fourier	  transform	  
–  Numerical	  op(miza(on	  
–  Par(al	  differen(al	  equa(ons	  
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Course	  Info	  
•  Website:	  h>p://svmoore.pbworks.com/	  	  

–  Syllabus	  
–  Lecture	  material	  
–  Labs	  

•  Instructor:	  	  Shirley	  Moore	  	  
–  Office:	  CCSB	  3.0422	  
–  Office	  hours	  3-‐4pm	  MW,	  others	  by	  appointment	  

•  TA:	  Henry	  Moncada	  
–  Office:	  	  CCSB	  3.1202H	  
–  Office	  hours:	  	  TBD	  

•  Course	  format	  
–  One	  hour	  lecture/theory	  
–  One	  hour	  lab/hands-‐on	  prac(ce	  (starts	  Wed.,	  Aug	  27)	  

•  Class	  prepara(on	  
–  Read	  material	  prior	  to	  class	  	  
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The	  Future	  of	  High	  Performance	  
Compu(ng	  

•  Lecture	  by	  Kathy	  Yelick,	  UCBerkeley/NERSC	  
–  h>ps://www.youtube.com/watch?v=-‐O-‐C_d5VDko	  
–  minutes	  5:30-‐12:30	  

•  Will	  what	  you	  are	  learning	  in	  this	  course	  
become	  obsolete	  –	  if	  so,	  how	  soon?	  

•  Is	  the	  Linpack	  benchmark	  used	  to	  determine	  
the	  TOP500	  obsolete?	  
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