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HiPACE++: Run efficiently



NVIDIA A100 (40 GB/80 GB)

• NERSC Perlmutter:
• 1536 × 4 × A100 40 GB
• 256 × 4 × A100 80 GB

• JUWELS Booster Module:
• 936 × 4 × A100 40 GB

• DESY Maxwell (mpa):
• 8 × 4 × A100 40 GB
• 1 × 4 × A100 80 GB

AMD MI250X (2 × 64 GB)

• OLCF Frontier:
• 9472 × 4 × MI250X

• CSC LUMI:
• 2560 × 4 × MI250X

• CINES Adastra:
• 338 × 4 × MI250X

Common HPC platforms today:

HiPACE++ supports 
AMD/APPLE/INTEL 
CPUs and
AMD/NVIDIA GPUs
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2^n-1 much faster 
than 2^n on GPU
(especially MI250X)

A100 is 120 times 
faster than 4C CPU 
at 1023^2Bad scaling at 

low resolutions 
on GPU (not 
enough work)

Need to hit 
specific 
resolutions for 
field solvers
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Fixed time for 

initialization, beam, 

diagnostics, etc.

No extra GPU memory 

needed for a high zeta 

resolution

Same behavior for 

timesteps

11.07.2023 Alexander Sinn, HiPACE++: Run efficiently 7



0

10

20

30

40

50

60

0 8 16 24 32 40 48 56 64

to
ta

l r
u

n
ti

m
e 

in
 s

ec
o

n
d

s

particles per cell (ppc_x*ppc_y) 

particles per cell scaling (A100)

0 eV 20 eV 20 eV sorting every 6 slices

0

25

50

75

100

125

150

175

200

225

0 32 64 96 128 160 192 224 256

to
ta

l r
u

n
ti

m
e 

in
 s

ec
o

n
d

s

particles per cell (ppc_x*ppc_y) 

particles per cell scaling (A100)

0 eV 20 eV 20 eV sorting every 6 slices

11.07.2023 Alexander Sinn, HiPACE++: Run efficiently 8



0

25

50

75

100

125

150

175

200

225

0 32 64 96 128 160 192 224 256

to
ta

l r
u

n
ti

m
e 

in
 s

ec
o

n
d

s

particles per cell (ppc_x*ppc_y) 

particles per cell scaling (A100)

0 eV 20 eV 20 eV sorting every 6 slices

0

10

20

30

40

50

60

0 8 16 24 32 40 48 56 64

to
ta

l r
u

n
ti

m
e 

in
 s

ec
o

n
d

s

particles per cell (ppc_x*ppc_y) 

particles per cell scaling (A100)

0 eV 20 eV 20 eV sorting every 6 slices

Fixed time for fields

0.7 ns per particle*slice

1.58 ns per particle*slice

0.8 ns per particle*slice

4 ppc have similar 

cost to fields
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3 slices per rank
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10^8 beam particles use 6 GB 
(12 GB for initialization)

The number of beam particles is not limited by 

computational performance.

Instead, it is limited by GPU memory, max int, 

multi-rank communication performance and

diagnostic output size.
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Profiling

Total time, exclusive and inclusive per-function 

timings and per-function memory usage (GPU only)
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Profiling

Total time, exclusive and inclusive per-function 

timings and per-function memory usage (GPU only)

Field solvers:

• hpmg::MultiGrid::solve1()

• AnyDST::Execute()

Plasma:

• ExplicitDeposition()

• DepositCurrent_PlasmaParticleContainer()

• AdvancePlasmaParticles()

Beam:

• AdvanceBeamParticlesSlice()

• DepositCurrentSlice_BeamParticleContainer()
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Questions?
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