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Simula/on	  

•  Longitudinal	  simula/on	  (LOBO)	  
Integra/on	  of	  equa/ons	  of	  mo/on,	  

moving	  par/cles	  
Fpar/cle	  à	  vpar/cle	  à	  xpar/cle	  

Par/cle	  Weigh/ng:	  Calcula/on	  
of	  charge	  density	  at	  the	  grid	  

(Par/cle	  to	  Grid)	  
(x,v)par/cle	  à	  (ρ,J)grid	  

Integra/on	  of	  field	  
equa/ons	  on	  grid	  
(E,B)grid	  ß	  (ρ,J)grid	  

Force	  Weigh/ng:	  Calcula/on	  
of	  Force	  at	  each	  par/cle	  

(Grid	  to	  Par/cle)	  
(E,B)grid	  à	  Fpar/cle	  

Source:	  Fig	  2-‐3a,	  Plasma	  Physics	  	  via	  
Computer	  simula/on,	  Birdsall,	  Langdon	  

/mestep	  

Space	  charge	  solver:	   In (t
*) = FFT [I(Zi ,t

*)]
E(Xi ,t

*) = FFT −1[−ZnIn (t
*)]
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Simula/on	  parameters	  

•  Grid:	  128	  –	  512	  points,	  equidistant	  
•  500000	  macro	  par/cles	  
•  ellip/c	  or	  gaussian	  distribu/on	  
•  RF	  not	  switched	  on	  
•  Cut-‐off	  frequency	  as	  input	  parameter	  
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GPU	  compu/ng	  –	  basics	  
•  since	  the	  end	  of	  the	  1990’s,	  GPUs	  are	  explored	  as	  
basis	  to	  solve	  compute	  intensive	  problems	  

•  massive	  parallel	  execu/on	  of	  the	  same	  code	  	  
with	  different	  data	  (data	  parallelism)	  

•  structuring	  achieved	  by	  mapping	  	  
the	  problem	  onto	  
threads,	  blocks	  and	  grids	  

•  drawback:	  bo6leneck	  	  
is	  the	  /me-‐consuming	  	  
copying	  of	  data	  

©CUDA	  Programming	  Guide,	  NVIDIA	  
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GPU	  Compu/ng	  –	  Memory	  Model	  	  

•  Read-‐write	  per-‐thread	  registers	  	  
•  Read-‐write	  per-‐thread	  local	  memory	  	  
•  Read-‐write	  per-‐block	  shared	  memory	  
•  Read-‐write	  per-‐grid	  global	  memory	  
•  Read-‐only	  per-‐grid	  constant	  memory	  	  
•  Read-‐only	  per-‐grid	  texture	  memory	  	  

©CUDA	  programming	  guide,	  NVIDIA,	  2007	  

Register	  Memory	  

Shared	  Memory	  

Global	  Memory	  

Memory	  
Space	  Band	  

width	  

©Michael	  Bussmann,	  HZDR,	  2007	  
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GPU	  Compu/ng	  –	  applied	  	  

•  Statements:	  
– The	  number	  of	  Grid	  points	  is	  smaller	  compared	  to	  
the	  number	  of	  par/cles,	  e.g.	  256x256	  vs.	  500000+	  	  
=>	  exchange/share	  the	  Grid	  

•  Setup	  using	  the	  GPU:	  
– Every	  thread	  treats	  1	  par/cle	  
– Grid	  resides	  in	  global	  memory	  and	  is	  updated	  
– Sta/c	  data	  (if	  any)	  is	  kept	  in	  constant	  memory	  
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GPU	  compu/ng	  –	  code	  snippet	  

•  Fits	  well	  for	  data	  parallelism	  
•  Single	  step,	  calcula/ons	  without	  FFT	  (cul):	  
0.124	  sec	  (serial)	  down	  to	  0.00029	  sec	  (GPU)	  
version	  (GPU	  /me	  0.298016	  sec)	  
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GPU	  compu/ng	  -‐	  analysis	  
•  How	  it	  is	  done	  
–  Theore/cal	  analysis	  on	  each	  single	  kernel,	  
treated	  as	  if	  the	  GPU	  really	  was	  SIMD	  /	  PRAM	  

–  e.g.	  upda/ng	  par/cle	  posi/ons	  in	  O(1)	  instead	  of	  O(n)	  	  
– Data	  transfer	  host	  <-‐>	  device	  can	  be	  calculated	  by	  data	  
amount	  

•  However..	  
–  Blocks	  are	  executed	  in	  an	  undefined	  order	  when	  the	  
GPU	  has	  /me	  for	  it!	  	  

– Overhead	  of	  the	  opera/ng	  system	  when	  issuing	  GPU	  
calls?	  

– Different	  GPU	  Cards	  behave	  differently?	  How	  can	  we	  
derive	  general	  predicates?	  
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First	  findings	  
•  Tips	  for	  GPUs:	  
– Keep	  par/cles	  on	  the	  GPU,	  use	  the	  GPU	  only	  for	  
long-‐term	  calcula/ons	  with	  li6le/seldom	  output	  

– Different	  (old?)	  programming	  paradigm,	  	  
try	  to	  structure	  the	  code	  well	  

– 10^6	  par/cles	  is	  ok,	  but..	  (GPU	  should	  be	  kept	  busy)	  
•  General	  /ps	  for	  paralleliza/on:	  

(1)	  localize	  the	  calcula/on,	  avoid	  data	  moving	  
(2)	  parallelize	  the	  most	  /me-‐consuming	  rou/nes	  (!?)	  
(3)	  for	  GPUs:	  use	  faster	  memory	  where	  possible	  
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Outlook	  
•  Next	  steps:	  integrate	  MPI	  again	  
– Longitudinal	  (1D):	  par/cles	  can	  be	  arbitrarily	  
distributed,	  but	  FFT	  needs	  to	  be	  done	  over	  all	  
par/cles	  

– Transversal	  (2D/3D,	  PATRIC):	  addi/onal	  
complexity:	  distribute	  “slices”	  of	  the	  beam	  to	  have	  
nearby	  par/cles	  reside	  on	  the	  same	  node,	  
par/cles	  move	  between	  the	  nodes	  
à	  look	  at	  integra/ng	  an	  MPI	  framework	  that	  
allows	  data	  to	  be	  transferred	  between	  GPUs	  
directly:	  “CUDA-‐aware	  MPI	  frameworks”	  

	  


