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•  Mar	
  2004:	
  Hugh	
  Pilcher-­‐Clayton	
  and	
  
Richard	
  Kenway	
  a?end	
  German	
  Science	
  
Council	
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PRACE	
  past	
  

•  Apr	
  2006:	
  Scien<fic	
  Case	
  for	
  a	
  European	
  
Supercompu<ng	
  Infrastructure	
  

•  Jan	
  2007:	
  HPC	
  in	
  Europe	
  Task	
  Force	
  (HET)	
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, 3IP) 

EC:	
  60	
  Mio.	
  €	
  +	
  Member	
  States:	
  60	
  Mio.	
  €	
  +	
  400	
  Mio.	
  €	
  cycles	
  



6	
  PRACE	
  Advanced	
  
Training	
  Centres	
  
•  BSC	
  
•  CINECA	
  
•  CSC	
  
•  EPCC	
  
•  GAUSS	
  
•  Maison	
  de	
  la	
  

Simula<on	
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PRACE	
  present	
  …	
  2010	
  -­‐	
  14	
  



•  Hos<ng	
  members:	
  
France,	
  Germany,	
  Italy,	
  
Spain	
  

•  100M€	
  each	
  in	
  kind	
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24	
  Member	
  States	
  



–  Phase	
  1:	
  differen<ated	
  
by	
  <me	
  alloca<on	
  

–  Phase	
  2:	
  size/cost?	
  

it’s	
  not	
  size	
  that	
  counts	
  …	
  yet	
  

www.prace-­‐ri.eu	
   CUG	
  2012	
   6	
  

DECI	
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Tier-­‐0	
  Capability	
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Tier-­‐0	
  Project	
  Alloca<ons	
  
•  Compe<<ve	
  peer	
  review	
  for	
  

–  academic	
  research	
  worldwide	
  
–  open	
  industry	
  research	
  in	
  Europe	
  

•  projects	
  with	
  the	
  greatest	
  poten<al	
  for	
  new	
  
knowledge	
  that	
  are	
  only	
  possible	
  at	
  <er-­‐0	
  
–  up	
  to	
  3	
  year	
  alloca<ons	
  

103	
  2941	
  inc.	
  4th	
  Call	
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First	
  Results	
  

supernova	
  

fusion	
  
turbine	
  

organic	
  solar	
  cell	
  material	
  

swine	
  ‘flu	
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3	
  Pillar	
  Mission	
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PRACE	
  future	
  …	
  2015-­‐19	
  



•  Expert	
  panels	
  
– Weather,	
  Climatology,	
  Solid	
  Earth	
  Sciences	
  
– Astrophysics,	
  HEP,	
  Plasma	
  Physics	
  
– Materials	
  Science,	
  Chemistry,	
  Nanoscience	
  
–  Life	
  Sciences,	
  Medicine	
  
–  Engineering	
  Science,	
  Industry	
  Applica<ons	
  

•  Update	
  original	
  case,	
  incorporate	
  EESI	
  reports	
  
•  Deadline	
  Jun	
  2012	
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Update	
  of	
  Scien<fic	
  Case	
  2012-­‐20:	
  
petascale	
  to	
  exascale	
  



•  Requirements	
  
–  quan<fy	
  uncertain<es	
  (ensemble	
  +	
  mul<model)	
  
–  large	
  spa<al,	
  long	
  <me	
  scales	
  →	
  most	
  powerful	
  HPC	
  available	
  
–  2x	
  resolu<on	
  →	
  10x,	
  bio/chem	
  →	
  10x,	
  ensembles	
  →	
  10-­‐100x	
  

compute	
  
–  full	
  spectrum	
  of	
  HPC	
  systems	
  =	
  <ers	
  0,	
  1	
  and	
  2	
  

•  10-­‐100	
  x	
  100	
  Pflop/s	
  sustained	
  +	
  10	
  PB	
  on-­‐line	
  +	
  100	
  PB	
  off-­‐line	
  
•  suppor<ng	
  both	
  capacity	
  and	
  capability	
  jobs	
  
•  end-­‐to-­‐end	
  data	
  infrastructure	
  for	
  analysis	
  +	
  visualisa<on	
  

–  mul<year	
  access	
  to	
  stable	
  <er-­‐0	
  plaoorms	
  for	
  bit-­‐level	
  
reproducibility	
  

•  possibly	
  dedicated	
  with	
  high	
  volume	
  data	
  storage	
  and	
  fast	
  I/O	
  
•  co-­‐design	
  and	
  competence	
  centres	
  suppor<ng	
  soqware	
  

development	
  (strong	
  scaling	
  challenge)	
  
–  community	
  coordina<on	
  of	
  codes,	
  simula<ons	
  (different	
  

models)	
  and	
  data,	
  training	
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Weather,	
  Climatology,	
  Solid	
  Earth	
  Sciences	
  
•  Climate	
  &	
  Weather	
  

–  whole	
  Earth	
  system	
  models	
  (bio/chem,	
  cloud-­‐
aerosol)	
  →	
  coupled,	
  mul<scale	
  

–  improved	
  resolu<on:	
  global	
  100km	
  →	
  20km,	
  
regional	
  10km	
  →	
  1km	
  

–  be?er	
  extreme	
  event,	
  regional	
  climate,	
  
weather	
  and	
  air	
  quality	
  forecasts	
  

•  Ocean	
  
–  cri<cal	
  for	
  climate	
  change,	
  food,	
  transport,	
  

natural	
  hazards	
  
–  include	
  be?er	
  observa<onal	
  surface	
  data	
  

(ARGO),	
  biogeochemistry	
  
–  improved	
  resolu<on:	
  	
  global	
  10km	
  →	
  1km	
  

•  Solid	
  Earth	
  
–  earthquake	
  protec<on	
  of	
  buildings,	
  

hydrocarbon	
  explora<on,	
  waste	
  sequestra<on	
  
–  >	
  4Hz	
  resolved	
  frequency	
  for	
  ground	
  shaking	
  +	
  

geological	
  <mescales	
  
–  10x	
  be?er	
  spa<al	
  resolu<on,	
  be?er	
  soil	
  

models,	
  3D	
  seismic	
  imaging	
  of	
  Earth’s	
  interior	
  



•  Tied	
  to	
  long-­‐term	
  big-­‐science	
  projects	
  
–  essen<al	
  for	
  interpre<ng	
  experiments	
  &	
  observa<ons	
  
–  LHC,	
  FAIR,	
  SKA,	
  Euclid,	
  LIGO,	
  ITER,	
  …	
  	
  

•  Precision	
  theory	
  
–  discrepancy	
  from	
  standard	
  model	
  =	
  signal	
  of	
  new	
  physics	
  

•  Model	
  explora<on	
  
–  which	
  virtual	
  world	
  matches	
  observa<on?	
  
–  fills	
  a	
  methodological	
  gap	
  in	
  astrophysics	
  (can’t	
  do	
  

controlled	
  experiments)	
  
•  Today	
  

–  codes	
  scale	
  to	
  100,000+	
  cores	
  
–  successful	
  track	
  record	
  of	
  co-­‐design	
  
–  efficient	
  use	
  of	
  accelerators	
  

•  Requirements	
  
–  large	
  range	
  of	
  scales	
  in	
  space	
  and	
  <me	
  →	
  weak	
  scaling	
  
–  huge	
  simula<ons	
  (precision)	
  

•  2015:	
  10	
  x	
  10	
  Pflop/s	
  year	
  sustained	
  
•  2020:	
  10	
  x	
  100	
  Pflop/s	
  year	
  sustained	
  (1	
  Eflop/s	
  peak)	
  

–  many	
  smaller	
  simula<ons	
  (model	
  explora<on)	
  
•  integrated	
  large-­‐memory	
  clusters	
  

–  observa<onal,	
  experimental	
  and	
  simula<on	
  data	
  storage	
  
and	
  integra<on	
  

–  10-­‐20	
  year	
  commitment	
  to	
  HPC	
  infrastructure	
  
–  algorithm	
  and	
  soqware	
  development	
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Astrophysics,	
  HEP,	
  Plasma	
  Physics	
  

core-­‐collapse	
  supernova	
  
0.15s	
  aqer	
  bounce	
  (PRACE)	
  

electrosta<c	
  poten<al	
  fluctua<ons	
  	
  
in	
  a	
  tokamak	
  plasma	
  (PRACE)	
  

dark	
  ma?er	
  density	
  

laser	
  wakefield	
  accelerator	
  
(PRACE)	
  



•  Human	
  genome	
  sequencing	
  
–  2000:	
  scien<fic	
  milestone	
  (100	
  Gflop/s,	
  1TB)	
  
–  2012:	
  100	
  per	
  week	
  (100	
  Tflop/s,	
  1PB)	
  
–  soon:	
  $1000	
  per	
  genome,	
  sequences	
  integrated	
  into	
  clinical	
  trials	
  

•  Drug	
  discovery	
  
–  virtual	
  screening	
  of	
  molecular	
  compounds	
  for	
  therapeu<c	
  target	
  

•  Mul<scale	
  simula<on	
  
–  DNA	
  →	
  proteins	
  →	
  cells	
  →	
  organs	
  →	
  whole	
  body	
  
–  hierarchical	
  parallelisa<on	
  

•  Requirements	
  
–  few	
  huge	
  simula<ons	
  (eg	
  brain)	
  

•  2020:	
  1	
  Eflop/s	
  (peak)	
  
•  (strong)	
  scaling	
  difficult	
  on	
  flat	
  architectures	
  
•  academic	
  +	
  industrial	
  co-­‐design	
  centre	
  for	
  exascale	
  

–  flexible	
  access	
  to	
  a	
  range	
  of	
  computa<onal	
  resources	
  
•  high	
  data	
  rates,	
  up	
  to	
  100PB/y	
  
•  real-­‐<me	
  access	
  for	
  pa<ent	
  treatment	
  
•  visualisa<on	
  and	
  computa<onal	
  steering	
  

–  security	
  for	
  private	
  data	
  
–  exascale	
  soqware	
  and	
  data	
  management	
  tools	
  

www.prace-­‐ri.eu	
   CUG	
  2012	
   15	
  

Life	
  Sciences,	
  Medicine	
  

data	
  stored	
  at	
  EBI	
  (TB)	
  

Pharmacogenomics	
  aims	
  to	
  predict	
  
individual’s	
  response	
  to	
  medica<on	
  



•  Replace	
  experiment	
  to	
  achieve	
  faster/cheaper/be?er	
  design	
  
–  horizontal	
  coupling:	
  structures,	
  fluids,	
  acous<cs,	
  heat	
  transfer,	
  passengers	
  →	
  mul<physics	
  
–  ver<cal	
  coupling:	
  con<nuum,	
  mesoscale,	
  molecular	
  dynamics,	
  quantum	
  chemistry	
  →	
  mul<scale	
  
–  digital	
  prototyping:	
  engine	
  performance,	
  fuel	
  efficiency,	
  crash	
  tests,	
  noise	
  reduc<on	
  (whole	
  aircraq	
  >	
  1	
  Zflop/s)	
  

•  When	
  experiment	
  is	
  not	
  possible	
  
–  nuclear	
  power	
  plant	
  safety	
  (>	
  1	
  Eflop/s),	
  biomedical	
  flows	
  

•  Codes	
  are	
  not	
  well	
  organised:	
  in-­‐house	
  +	
  commercial	
  packages	
  
•  Turbulence	
  

–  cri<cal:	
  combus<on	
  (good),	
  drag	
  (bad)	
  
–  need	
  5x	
  Reynolds	
  no	
  →	
  1000x	
  compute,	
  100x	
  storage	
  
–  replace	
  models	
  by	
  DNS	
  

•  Combus<on	
  
–  fast	
  chemical	
  reac<ons	
  over	
  a	
  large	
  range	
  of	
  spa<al	
  scales	
  
–  burners,	
  turbines,	
  forest	
  fires,	
  explosions	
  

•  Oil	
  &	
  Gas	
  
–  seismic	
  imaging,	
  reservoir	
  modelling,	
  mul<phase	
  fluids	
  (>	
  1	
  Eflop/s)	
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Engineering	
  Science,	
  Industry	
  Applica<ons	
  

•  Requirements	
  
–  pre-­‐processing:	
  parallel	
  mesh	
  genera<on	
  tools	
  
–  post-­‐processing:	
  visualisa<on	
  	
  of	
  massive	
  data	
  
–  mul<	
  1	
  Eflop/s	
  +	
  10-­‐100	
  PB	
  	
  
–  dedicated	
  HPC	
  +	
  large	
  data	
  store	
  +	
  fast	
  I/O	
  
–  centres	
  of	
  competence,	
  co-­‐design	
  
–  security	
  of	
  codes	
  and	
  data	
  



•  9er-­‐0	
  exascale	
  capabili9es	
  (compute	
  +	
  data)	
  
–  mul<	
  100	
  Pflop/s	
  sustained,	
  some	
  >	
  1	
  Eflop/s	
  	
  
–  fast	
  I/O	
  to	
  mul<	
  PB	
  on-­‐line	
  storage	
  
–  some	
  dedicated	
  facili<es	
  (climate,	
  industry,	
  medicine)	
  

•  integrated,	
  diverse,	
  flexible,	
  responsive	
  9er-­‐1	
  infrastructure	
  
–  real-­‐<me	
  interac<ve	
  access	
  (medicine,	
  industry)	
  
–  end-­‐to-­‐end	
  data	
  management	
  (including	
  <er-­‐2)	
  
–  co-­‐scheduling,	
  computa<onal	
  steering	
  and	
  visualisa<on	
  

•  soHware	
  and	
  algorithm	
  development	
  support	
  and	
  training	
  
–  strong	
  scaling	
  challenges	
  
–  skills	
  shortages	
  
–  long-­‐term	
  investment	
  

•  centres	
  of	
  competence	
  
–  thema<c:	
  exper<se,	
  programme	
  management,	
  support	
  
–  co-­‐design:	
  algorithms,	
  applica<on	
  soqware,	
  architectures	
  
–  soqware/tools:	
  development,	
  exper<se,	
  support	
  
–  skills	
  reten<on,	
  career	
  development	
  

•  long-­‐term	
  funding	
  horizon:	
  10-­‐20	
  years	
  
–  match	
  life<mes	
  of	
  experimental	
  programmes	
  
–  hardware	
  stability:	
  3-­‐5	
  years	
  

www.prace-­‐ri.eu	
   CUG	
  2012	
   17	
  

Scien<fic	
  Requirements	
  for	
  PRACE	
  2.0	
  



•  Pre-­‐Commercial	
  Procurement	
  (PCP)	
  
–  co-­‐design	
  doesn’t	
  fit	
  
–  dis<nct	
  from	
  PRACE	
  objec<ves	
  
–  PRACE	
  3IP	
  trial	
  (10M€,	
  energy-­‐efficient	
  HPC)	
  
–  ETP4HPC	
  industry	
  forum	
  

•  ISV	
  licencing	
  
–  must	
  change	
  to	
  “pay	
  per	
  use”	
  
–  need	
  support	
  to	
  rewrite	
  codes	
  

•  Tier-­‐0	
  access	
  
–  support	
  for	
  soqware	
  development	
  +	
  demonstrators	
  
–  large	
  companies	
  buy	
  their	
  own	
  produc<on	
  facili<es	
  
–  business	
  model/access	
  for	
  SME’s?	
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Industry	
  Issues	
  

Hicham	
  Lahlou,	
  Xcelerit,	
  receives	
  the	
  Award	
  for	
  the	
  	
  
Most	
  Innova<ve	
  Industrial	
  HPC	
  Applica<on	
  in	
  Europe	
  

“develop	
  HPC	
  technology	
  link	
  in	
  HPC	
  
value	
  chain”	
  
•  public-­‐private	
  partnership	
  (ETP/

PRACE/EC)	
  
•  increase	
  European	
  vendors’	
  

share	
  of	
  global	
  HPC	
  supply	
  chain	
  



•  Strategy	
  Workshop	
  (14	
  May)	
  &	
  Council	
  (6	
  Jun)	
  
–  Restate	
  PRACE	
  strategy	
  
–  Elect	
  new	
  Chair	
  and	
  Vice-­‐Chair	
  

•  Ques<ons	
  
–  What	
  are	
  the	
  unique	
  characteris<cs	
  and	
  added	
  value	
  of	
  PRACE?	
  
–  What	
  will	
  be	
  the	
  rela<onship	
  between	
  <er-­‐0	
  and	
  <er-­‐1	
  access?	
  
–  Is	
  representa<on	
  by	
  providers	
  on	
  Council	
  appropriate	
  and	
  how	
  will	
  
na<onal	
  funding	
  agencies	
  be	
  involved	
  in	
  policy	
  making?	
  

–  Should	
  members	
  contribute	
  money	
  or	
  cycles	
  and	
  how	
  will	
  juste	
  retour	
  
work?	
  

–  What	
  will	
  the	
  rela<onship	
  be	
  with	
  industry	
  users	
  and	
  vendors?	
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Governance	
  and	
  Funding	
  Issues	
  



•  Strategy	
  
to	
  support	
  world-­‐leading	
  open	
  research	
  by	
  academia	
  and	
  industry	
  through	
  the	
  provision	
  
of	
  a	
  level	
  of	
  compu9ng	
  infrastructure	
  and	
  access	
  which	
  is	
  beyond	
  the	
  capabili9es	
  of	
  any	
  
one	
  European	
  na9on	
  
–  world-­‐wide	
  compe<<on	
  +	
  best-­‐prac<ce	
  peer	
  review	
  
–  mul<-­‐na<onal	
  facility	
  procurement	
  and	
  opera<on	
  (<er-­‐0)	
  
–  shared	
  access	
  to	
  na<onal	
  infrastructure	
  (<er-­‐1)	
  
–  larger-­‐scale	
  resource	
  alloca<on	
  than	
  is	
  possible	
  na<onally	
  

•  Governance	
  
European	
  organisa9on	
  owning	
  and	
  opera9ng	
  
–  <er-­‐0	
  facili<es	
  
–  centres	
  of	
  competence	
  

•  Funding	
  
Long-­‐term	
  na9onal	
  commitments	
  
–  EC	
  leverage	
  where/when	
  strategies	
  align	
  

•  Direc9on	
  
Jointly	
  by	
  researchers	
  and	
  providers	
  
–  to	
  meet	
  the	
  needs	
  of	
  the	
  most	
  demanding	
  computa<onal	
  research	
  
–  to	
  provide	
  industry	
  with	
  exper<se	
  and	
  development	
  opportuni<es	
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PRACE	
  for	
  Science	
  and	
  Industry	
  


