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Intro	
  

•  The	
  human	
  vascular	
  system	
  is	
  incredibly	
  
complex.	
  

•  Did	
  you	
  know	
  that	
  our	
  body	
  moves	
  5	
  liters	
  of	
  
blood	
  traveling	
  60,000	
  miles	
  in	
  just	
  1	
  minuet	
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Outline	
  

•  Science	
  
•  HPC	
  
•  Visualiza'on	
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People	
  

•  Science	
  
•  Visualiza'on	
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People	
  –	
  Science	
  

•  Brown	
  University	
  
•  George	
  Karniadakis	
  

–  PhD	
  1987	
  
–  Turbulence	
  Research	
  at	
  Stanford	
  	
  
–  Stochas'c	
  simula'ons	
  and	
  mul'scale	
  modeling	
  of	
  

physical	
  and	
  biological	
  systems	
  

•  Leopold	
  Grinberg	
  
–  Ph.D.	
  Applied	
  Mathema'cs,	
  Brown	
  University,	
  	
  
2009	
  	
  
–  Biomedical	
  modeling,	
  Cardiovascular	
  Flows,	
  	
  
Mul'scale	
  flow	
  simula'ons	
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People	
  -­‐	
  Visualiza'on	
  
•  Joseph	
  A.	
  Insley	
  

–  MFA	
  degree	
  in	
  1997	
  and	
  the	
  MS	
  degree	
  in	
  computer	
  science	
  in	
  2002,	
  both	
  from	
  the	
  
University	
  of	
  Illinois	
  at	
  Chicago	
  

–  senior	
  soaware	
  developer	
  in	
  the	
  Mathema'cs	
  and	
  Computer	
  Science	
  Division,	
  
Argonne	
  Na'onal	
  Laboratory	
  

–  distributed	
  and	
  grid	
  compu'ng,	
  par'cularly	
  in	
  the	
  area	
  of	
  scien'fic	
  visualiza'on	
  
•  Michael	
  E.	
  Papka	
  

–  Deputy	
  Associate	
  Laboratory	
  Director,	
  Argonne	
  Na'onal	
  Laboratory	
  
–  PhD	
  degree	
  in	
  computer	
  science	
  from	
  the	
  University	
  of	
  Chicago	
  

•  Suchuan	
  Dong	
  
–  PhD	
  degree	
  in	
  mechanical	
  engineering	
  from	
  the	
  State	
  University	
  of	
  New	
  York,	
  

Buffalo	
  
–  His	
  research	
  interests	
  include	
  high-­‐performance	
  compu'ng,	
  flow	
  structure	
  

interac'on,	
  biofluids	
  and	
  turbulence	
  simula'ons,	
  and	
  bubbly	
  flows	
  
•  Nicholas	
  T.	
  Karonis	
  

–  PhD	
  degree	
  in	
  computer	
  science	
  from	
  Syracuse	
  University	
  in	
  1992	
  
–  His	
  current	
  research	
  interest	
  is	
  message-­‐passing	
  systems	
  in	
  computa'onal	
  grids	
  

6	
  



Science	
  

•  Goal	
  –	
  to	
  enhance	
  the	
  ability	
  to	
  chart	
  the	
  
behavior	
  of	
  individual	
  red	
  blood	
  cells	
  and	
  
improve	
  predic've	
  capabili'es	
  in	
  medical	
  
procedures	
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Science	
  –	
  Why	
  Are	
  We	
  Interested	
  

•  Science	
  knows	
  that	
  red	
  blood	
  cells	
  become	
  
s'ffer	
  when	
  a	
  human	
  is	
  infected	
  with	
  malaria.	
  
Brown	
  team	
  is	
  looking	
  into	
  why	
  this	
  happens	
  
and	
  how	
  it	
  can	
  affect	
  other	
  cells	
  and	
  plasma	
  
moving	
  through	
  blood	
  vessels,	
  

•  How	
  cells	
  interact	
  with	
  the	
  artery	
  walls	
  
•  The	
  way	
  blood	
  cell	
  interact	
  with	
  each	
  other	
  
and	
  the	
  artery	
  can	
  by	
  symptoms	
  of	
  disease	
  or	
  
other	
  pathologies	
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Science	
  –	
  What	
  Can	
  It	
  Be	
  Used	
  For	
  

•  Chart	
  blood	
  flow	
  more	
  accurately	
  	
  
•  Help	
  pathologists	
  predict	
  condi'ons	
  

–  Aneurysms	
  -­‐	
  localized,	
  blood-­‐filled	
  balloon-­‐like	
  bulge	
  in	
  the	
  wall	
  
of	
  a	
  blood	
  vessel	
  

–  Hydrocephalus	
  –	
  accumulaAon	
  of	
  water	
  in	
  the	
  brain	
  
•  Could	
  benefit	
  surgeons	
  afemp'ng	
  to	
  figure	
  out	
  best	
  coarse	
  

of	
  ac'on	
  in	
  delicate	
  opera'ons,	
  guide	
  pharmaceu'cal	
  
manufactures	
  to	
  more	
  effec'vely	
  deliver	
  medica'ons	
  

•  Predic'on	
  of	
  human	
  blood	
  viscosity	
  from	
  large-­‐scale	
  
simula'ons	
  
–  The	
  apparent	
  increase	
  of	
  viscosity	
  in	
  some	
  diseases	
  such	
  as	
  

diabetes	
  and	
  HIV	
  provide	
  an	
  accurate	
  indica'on	
  of	
  the	
  state	
  of	
  
the	
  disease	
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HPC	
  

•  Modeling	
  of	
  the	
  three-­‐dimensional	
  unsteady	
  fluid	
  
dynamics	
  within	
  sites	
  of	
  interest	
  such	
  as	
  arterial	
  
branches	
  requires	
  enormous	
  processing	
  power.	
  

•  Previous	
  approaches	
  
•  Current	
  work	
  
•  Implementa'on	
  for	
  SC	
  2005	
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HPC	
  –	
  Previous	
  Approaches	
  

•  Blood	
  flow	
  simula'ons	
  in	
  1D	
  are	
  able	
  to	
  measure	
  
elas'city	
  	
  	
  
– Unable	
  to	
  predict:	
  
–  Elas'city	
  with	
  blood	
  movement	
  through	
  the	
  arteries	
  
– How	
  blood	
  vessels	
  that	
  contact	
  with	
  bone	
  or	
  muscle	
  
affects	
  flow	
  

•  Team	
  found	
  that	
  1D	
  and	
  3D	
  simula'ons	
  yield	
  
similar	
  results	
  un'l	
  elas'city	
  is	
  taken	
  into	
  
account.	
  Understanding	
  the	
  proper'es	
  of	
  
elas'city	
  is	
  essen'al	
  for	
  the	
  research	
  preformed	
  
in	
  these	
  simula'ons	
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HPC	
  –	
  What	
  3D	
  Brings	
  to	
  the	
  Table	
  

•  Modeling	
  blood	
  vessels	
  in	
  3D	
  allows	
  researches	
  
to	
  observe	
  individual	
  red	
  blood	
  cells	
  traveling	
  
through	
  an	
  artery	
  and	
  their	
  proper'es	
  under	
  
different	
  condi'ons	
  

•  Use	
  simula'on	
  to	
  decide	
  on	
  the	
  best	
  method	
  and	
  
loca'on	
  in	
  placing	
  a	
  stent	
  in	
  an	
  artery	
  

•  Researches	
  would	
  be	
  able	
  to	
  more	
  accurately	
  
observe	
  the	
  interac'on	
  between	
  these	
  devices	
  
and	
  blood	
  vessels	
  and	
  predict	
  whether	
  the	
  
chances	
  of	
  a	
  blood	
  clot	
  are	
  increased	
  by	
  inser'ng	
  
a	
  stent	
  in	
  cre'n	
  situa'ons	
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HPC	
  –	
  Recent	
  Work	
  

•  Cray	
  XT5	
  –	
  worlds	
  fastest	
  academic	
  
supercomputer,	
  NICS	
  

•  Code	
  running	
  on	
  approximately	
  30,000	
  cores	
  
of	
  99,074	
  

•  Coupling	
  	
  
– NEKTAR	
  –	
  flow	
  dynamics	
  
– LAMMPS	
  –	
  par'cle	
  dynamics	
  

•  To	
  get	
  a	
  complete	
  picture	
  of	
  bloods	
  proper'es	
  
as	
  it	
  travels	
  in	
  vessels	
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HPC	
  –	
  SC	
  2005	
  

•  TeraGrid	
  
– An	
  open	
  scien'fic	
  discovery	
  infrastructure	
  
combining	
  leadership	
  class	
  resources	
  at	
  11	
  partner	
  
sites	
  to	
  create	
  an	
  integrated,	
  persistent	
  
computa'onal	
  resource	
  

– 2.5	
  petaflops	
  of	
  compu'ng	
  capability	
  and	
  more	
  
than	
  50	
  petabytes	
  of	
  online	
  and	
  archival	
  data	
  
storage,	
  with	
  rapid	
  access	
  and	
  retrieval	
  over	
  high-­‐
performance	
  networks	
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Vis	
  

•  Components	
  of	
  the	
  arterial	
  tree	
  visualiza'on	
  
applica'on	
  running	
  on	
  a	
  'led	
  display	
  at	
  SC	
  
2005	
  [15]	
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Vis	
  –	
  Why	
  are	
  we	
  interested	
  

•  Computa'onal	
  Steering	
  –	
  interac'vely	
  guiding	
  a	
  
computa'onal	
  experiment	
  into	
  some	
  region	
  of	
  
interest	
  

•  US	
  Department	
  of	
  Energy	
  Office	
  of	
  Science	
  Data-­‐
Management	
  Challenge	
  Report	
  [3]	
  points	
  out,	
  
“Long-­‐running	
  simulaAons	
  can	
  become	
  vastly	
  
more	
  producAve	
  if	
  some	
  informaAon	
  can	
  be	
  
visualized	
  in	
  real	
  Ame,	
  allowing	
  decisions	
  to	
  abort	
  
or	
  steer	
  the	
  simulaAon.”	
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Vis	
  -­‐	
  	
  Goal	
  

•  provide	
  high-­‐level	
  feedback	
  about	
  the	
  state	
  of	
  
the	
  ongoing	
  simula'on,	
  as	
  close	
  to	
  real	
  'me	
  
as	
  possible	
  

•  enable	
  users	
  to	
  inves'gate	
  par'cular	
  areas	
  of	
  
interest	
  in	
  greater	
  detail	
  

•  have	
  lifle	
  impact	
  on	
  the	
  performance	
  and	
  
stability	
  of	
  the	
  running	
  simula'on,	
  that	
  is,	
  any	
  
failure	
  in	
  the	
  visualiza'on	
  should	
  not	
  cause	
  
the	
  simula'on	
  to	
  fail	
  as	
  well	
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Vis	
  –	
  Components	
  

•  Display	
  
– Low	
  resolu'on	
  client	
  
– High	
  resolu'on	
  client	
  

•  Data	
  Transformer	
  

•  Performance	
  monitoring	
  
– geeVis	
  

•  Future	
  work	
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Vis	
  –	
  Display	
  

•  The	
  Low-­‐Resolu'on	
  Client	
  displaying	
  the	
  1D	
  
data	
  for	
  the	
  55	
  major	
  arteries	
  on	
  the	
  right,	
  and	
  
the	
  boundary	
  data	
  of	
  11	
  of	
  the	
  3D	
  bifurca'on	
  
meshes	
  on	
  the	
  lea.	
  [19]	
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Vis	
  -­‐	
  Display	
  
•  Low	
  res	
  display	
  process	
  

–  Ini'alize:	
  
•  Load	
  in	
  popular	
  2d	
  model	
  of	
  the	
  55	
  major	
  arteries	
  as	
  vtkobject,	
  pressure	
  values	
  are	
  

calculated	
  from	
  samples	
  at	
  arterial	
  walls	
  at	
  the	
  inlet	
  of	
  the	
  artery	
  
•  Construct	
  3d	
  models	
  based	
  off	
  this	
  vtkobject	
  
•  Color	
  lookup	
  table	
  is	
  constructed	
  based	
  on	
  expected	
  pressure	
  values	
  
•  The	
  3d	
  bifurca'ons	
  are	
  loaded	
  as	
  a	
  bifurca'on	
  group	
  and	
  is	
  populated	
  with	
  boundary	
  

meshes	
  from	
  the	
  data	
  transformer.	
  The	
  3d	
  mesh	
  shares	
  the	
  same	
  lookup	
  table	
  

–  Aaer	
  init:	
  
•  A	
  second	
  thread	
  is	
  created	
  that	
  is	
  responsible	
  for	
  communica'on	
  with	
  the	
  data	
  

transformer	
  

–  The	
  main	
  thread	
  of	
  the	
  display	
  process	
  controls	
  visualiza'on	
  representa'on	
  
•  Two	
  main	
  regions:	
  

–  The	
  artery	
  model	
  with	
  1d	
  data	
  on	
  the	
  right	
  
–  The	
  bifurca'on	
  model	
  with	
  3Ddata	
  on	
  the	
  lea	
  
–  Both	
  with	
  'me	
  step	
  label	
  
–  A	
  shard	
  scalar	
  bar	
  is	
  displayed	
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Vis	
  –	
  Using	
  Low-­‐Resolu'on	
  Client	
  	
  

•  Having	
  two	
  side	
  by	
  side	
  representa'ons	
  gives	
  the	
  
scien'st	
  a	
  befer	
  idea	
  of	
  what	
  is	
  happening	
  in	
  the	
  
simula'on	
  
– One	
  can	
  see	
  that	
  the	
  pressure	
  is	
  ini'ally	
  greatest	
  at	
  
the	
  first	
  artery,	
  that	
  is	
  closest	
  to	
  the	
  heart	
  

– As	
  the	
  simula'on	
  progresses	
  this	
  high	
  pressure	
  travels	
  
through	
  the	
  arterial	
  tree	
  toward	
  the	
  extremi'es.	
  

–  Seeing	
  the	
  result	
  of	
  the	
  3D	
  simula'on	
  on	
  these	
  
reduced	
  boundary	
  meshes	
  both	
  assures	
  the	
  scien'st	
  
that	
  the	
  simula'on	
  is	
  progressing	
  as	
  expected	
  and	
  
enables	
  viewers	
  to	
  discover	
  areas	
  of	
  interest	
  to	
  
explore	
  in	
  greater	
  detail.	
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Vis	
  –	
  High-­‐Resolu'on	
  Client	
  

•  Similar	
  to	
  low	
  res	
  client	
  
•  Only	
  visualizes	
  a	
  single	
  3D	
  mesh	
  at	
  a	
  'me	
  

•  In	
  addi'on	
  to	
  boundary	
  pressure	
  values,	
  it	
  
includes	
  full	
  3D	
  pressure	
  representa'on	
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Vis	
  –	
  Data	
  Transformers	
  

•  Used	
  for	
  data	
  retrieval	
  
•  Uses	
  file	
  locks	
  to	
  sync	
  
•  Two	
  processes,	
  both	
  read	
  the	
  same	
  bifurca'on	
  mesh	
  
•  The	
  data	
  transformer	
  process	
  reads	
  the	
  pressure	
  scalar	
  
values	
  and	
  velocity	
  vector	
  values	
  
–  Process	
  1	
  

•  Generates	
  isosurfaces	
  from	
  evenly	
  distributed	
  pressure	
  values	
  
across	
  range	
  for	
  'me	
  step	
  

–  Process	
  2	
  
•  Generates	
  arrows	
  
•  Colored	
  by	
  pressure,	
  or	
  magnitude	
  

–  Communicate	
  through	
  MPI_Send	
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Vis	
  –	
  Performance	
  Monitoring	
  

•  Use	
  geeVis	
  for	
  instrumenta'on	
  
– Logs	
  events	
  of	
  interest	
  in	
  Visualiza'on	
  

•  Transfer	
  event	
  
–  Source	
  and	
  des'na'on	
  of	
  transfer	
  
–  Bandwidth	
  
–  Amount	
  of	
  data	
  received	
  

•  Synchroniza'on	
  info	
  
•  Size	
  of	
  data	
  buffer	
  that	
  was	
  received	
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Vis	
  -­‐	
  geeVis	
  

•  Displays	
  a	
  image	
  of	
  world	
  map[24]	
  
– Plots	
  loca'on	
  of	
  the	
  source	
  and	
  des'na'on	
  of	
  the	
  
transfer	
  event	
  on	
  the	
  map	
  

– Spheres	
  move	
  along	
  link	
  showing	
  transfer	
  

– Can	
  mouse	
  over	
  sites	
  to	
  get	
  performance	
  info	
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Vis	
  –	
  In	
  Ac'on	
  

•  Running	
  on	
  nine-­‐node	
  cluster	
  [15]	
  
•  Each	
  screen	
  is	
  unique	
  process,	
  ether	
  high-­‐res,	
  
or	
  low-­‐res	
  client	
  

•  Clients	
  communicate	
  through	
  shared	
  files	
  

•  Can	
  select	
  different	
  regions	
  to	
  views	
  
•  Can	
  view	
  both	
  real	
  'me	
  Data	
  or	
  playback	
  
processed	
  'me	
  steps	
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Vis	
  –	
  Success	
  Finding	
  

•  Visual	
  feedback	
  of	
  the	
  state	
  of	
  a	
  complex	
  simula'on	
  
distributed	
  across	
  many	
  sites	
  is	
  extremely	
  helpful	
  

•  The	
  use	
  of	
  mul'ple	
  views	
  of	
  data	
  is	
  beneficial	
  
•  Middleware	
  solu'ons	
  can	
  be	
  used	
  to	
  great	
  advantage	
  
for	
  the	
  connec'on,	
  management,	
  and	
  separa'on	
  of	
  
the	
  visualiza'on	
  applica'on	
  from	
  the	
  simula'on	
  

•  Because	
  none	
  of	
  these	
  components	
  are	
  directly	
  
connected	
  to	
  the	
  simula'on	
  itself,	
  they	
  cannot	
  
nega'vely	
  impact	
  the	
  stability	
  or	
  performance	
  of	
  the	
  
simula'on.	
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Vis	
  -­‐	
  Future	
  work	
  

•  Addi'onal	
  control	
  over	
  parameters	
  used	
  in	
  
visualiza'on	
  

•  The	
  ability	
  to	
  manage	
  the	
  values	
  used	
  in	
  
crea'ng	
  the	
  isosurfaces	
  

•  Cunng	
  planes	
  and	
  streamlines	
  

•  Parallelizing	
  the	
  visualiza'on	
  algorithms	
  in	
  the	
  
data	
  transformer	
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Ques'ons?	
  

•  Thank	
  you.	
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