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SUMMARY:	
  While	
  pseudo-­‐spectral	
  methods	
  have	
  been	
  popular	
  in	
  the	
  early	
  PIC	
  codes,	
  the	
  finite-­‐difference	
  <me-­‐domain	
  method	
  has	
  become	
  dominant	
  with	
  the	
  rise	
  of	
  massively	
  parallel	
  compu<ng	
  owing	
  
to	
  its	
  locality	
  advantage	
  that	
  lends	
  to	
  message	
  passing	
  that	
  is	
  limited	
  to	
  neighboring	
  processors.	
  Recently,	
  a	
  novel	
  paralleliza<on	
  strategy	
  was	
  proposed	
  [1]	
  that	
  takes	
  advantage	
  of	
  the	
  local	
  nature	
  of	
  
Maxwell	
  equa<ons	
  that	
  has	
  the	
  poten<al	
  to	
  combine	
  pseudo-­‐spectral	
  accuracy	
  with	
  finite-­‐difference	
  favorable	
  parallel	
  scaling.	
  In	
  this	
  talk,	
  we	
  will	
  present	
  the	
  latest	
  developments	
  in	
  the	
  implementa<on	
  
of	
  spectral-­‐based	
  solvers	
  in	
  Warp	
  and	
  discuss	
  our	
  latest	
  findings.	
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  Paralleliza7on	
  Concept	
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Explana9on	
  on	
  single	
  Kronecker	
  pulse	
  

Scaling	
  Study	
  Arbitrary	
  Order	
  FDTD+PSTD	
  Enables	
  Tunable	
  Solver	
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  e.g.	
  OpenMP	
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Ul9mate	
  flexibility	
  is	
  provided	
  by	
  run9me	
  auto-­‐tuning	
  	
  
of	
  order	
  of	
  accuracy	
  vs	
  locality	
  and	
  mul9-­‐level	
  

concurrency	
  for	
  a	
  given	
  architecture	
  	
  
	
  

Step	
  1:	
  mul9ply	
  wave	
  numbers	
  by	
  func9on	
  to	
  emulate	
  
FD	
  stencil	
  at	
  any	
  order	
  

–  k*=g(k,n)×k	
  

Step	
  2:	
  rewrite	
  equa9ons	
  in	
  matrix	
  form	
  to	
  enable	
  
arbitrary	
  9me	
  step	
  via	
  pre-­‐computed	
  subcycling	
  
	
  

Bn+1
z = Bz

n + iky
* Ex( )( )− ikx

* Ey( )( )F-1	

 F	

 F-1	

 F	



Bz
Ex

Ey

!

"

#
#
#

$

%

&
&
&

n+N

=

a11 a12 a13
a21 a22 a23
a31 a32 a33

!

"

#
#
#

$

%

&
&
&

N

×

Bz
Ex

Ey

!

"

#
#
#

$

%

&
&
&

n

 0  20  40  60−20

−15

−10

−5

 0

# cell

lo
g1

0(
E/

Em
ax

)

 0  20  40  60−20

−15

−10

−5

 0

# cell

lo
g1

0(
E/

Em
ax

)

 0  20  40  60−20

−15

−10

−5

 0

# cell

lo
g1

0(
E/

Em
ax

) red:	
  FDTD	
  
Blue:	
  PSAOTD	
  (order=2,	
  N=1)	
  
Black:	
  PSAOTD	
  (order=2,	
  N=4)	
  

FDTD	
  converges	
  to	
  PSTD	
  when	
  order	
  goes	
  to	
  infinity	
  	
  
and	
  PSATD	
  when	
  9me	
  step	
  goes	
  to	
  zero.	
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PSAOTD	
  (order=64,	
  N=10)	
  

PSATD	
  

FDTD	
  converges	
  to	
  	
  
PSTD	
  when	
  order	
  goes	
  to	
  infinity	
  	
  

and	
  PSATD	
  when	
  9me	
  step	
  goes	
  to	
  zero.	
  

Flexible	
  order	
  of	
  accuracy	
  and	
  subcycling	
  of	
  9me	
  steps	
  enable	
  control	
  of	
  locality	
  
	
  

PSAOTD	
  equivalent	
  to	
  FDTD	
  at	
  low	
  order	
  
to	
  machine	
  precision	
  

	
  

PSAOTD	
  enables	
  extreme	
  accuracy	
  in	
  
space	
  and	
  <me	
  while	
  preserving	
  locality	
  

Strong scaling of new pseudo-spectral solver 

Finite 
Difference 
  
 
 
Pseudo-Spectral 
 
 
Ideal FD 
 
 
Ideal P-Spectral Edison (NERSC) 

Median values 

number of cores 

Hopper (NERSC) 

Strong	
  scaling	
  of	
  Warp’s	
  spectral	
  PIC	
  solver	
  on	
  a	
  test	
  problem	
  of	
  a	
  4,096x4,096	
  2-­‐D	
  
plasma	
  with	
  periodic	
  boundary	
  condi<ons	
  and	
  64	
  macropar<cles/cell	
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Difference 
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Hopper (NERSC) Edison (NERSC) 
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Performance	
  variability	
  for	
  different	
  runs	
  of	
  	
  the	
  solvers	
  in	
  Warp	
  on	
  Hopper	
  and	
  
Edison.	
  Performance	
  plots	
  are	
  rela<ve	
  to	
  the	
  best	
  run<me	
  per	
  configura<on.	
  

number of cores number of cores 

number of cores 

Hopper	
  is	
  a	
  Cray	
  XE6	
  with	
  6384	
  nodes.	
  The	
  nodes	
  have	
  two	
  twelve-­‐core	
  AMD	
  
'MagnyCours'	
  2.1-­‐GHz	
  processors	
  per	
  node,	
  24	
  cores	
  per	
  node	
  (153,216	
  total	
  
cores)	
  Peak	
  Gflop/s	
  rate	
  is	
  8.4	
  Gflops/core.	
  A	
  single	
  given	
  compute	
  node	
  is	
  always	
  
allocated	
  to	
  run	
  a	
  single	
  user	
  job;	
  mul<ple	
  jobs	
  never	
  share	
  a	
  compute	
  node.	
  
	
  
	
  Edison	
  is	
  a	
  Cray	
  XC30	
  supercomputer	
  with	
  5,576	
  computes	
  nodes,	
  133,824	
  cores	
  
in	
  total.	
  It	
  has	
  5576	
  nodes.	
  Each	
  node	
  has	
  two	
  sockets,	
  each	
  socket	
  is	
  populated	
  
with	
  a	
  12-­‐core	
  Intel	
  "Ivy	
  Bridge"	
  processor,	
  or	
  24	
  cores	
  per	
  node.	
  

number	
  of	
  cores	
  

Strong	
  scaling	
  of	
  the	
  Parallel	
  Pseudo-­‐Spectral	
  Solver	
  
based	
  on	
  domain	
  decomposi<ons	
  vs.	
  A	
  global	
  

domain	
  FFT	
  on	
  NERSC’s	
  Hopper	
  


