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Particle-In-Cell (PIC)
In the Maxwell context

With f 0 ∈ <3×3×1 we denote the initial phase space. The discrete force field is Fk

with k = {i , j , k}. A particle i is denoted by (x , v)i ∈ <3 and pushed from time step n
to n + 1:

Generate
IC
f 0

Density interpolation
to the grid (scatter)
(x , v)ni → (ρ, J)k

Force calculation
(field solve)
Fn
k → Fn+1

k

Push particles (push)
(x , v)ni → (x , v)n+1

i

Force interpolation
from the grid to the

particles (gather)
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IPPL Independent Parallel Particle Layer v 2.0

FFT based Poisson Solver PCG

heFFTe D-Operators Interpolation

Fields Mesh Particles

Load Balancing Domain Decomp. Communication

Kokkos
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ALPINE (A set of pLasma Physics mINiapps for Exascale)

Penning trap diocotron inst. hose inst.

FFT based Poisson Solver PCG

heFFTe D-Operators Interpolation

Fields Mesh Particles

Load Balancing Domain Decomp. Communication

Kokkos
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PIC steps from a HPC perspective

Scatter (Particles → Grid)

• Multiple particles write to the same grid location→atomic add

• Halo accumulation from neighboring GPUs/MPI ranks (we use the Kokkos model
of 1 MPI rank per GPU)→halo communication

Field solve

• FFT-based solvers: Fully distributed FFT using heFFTe(cuFFT + global
communication)

• Iterative solvers: Matrix-free solvers (inner product→Reduction, action of matrix
on a vector→halo communication)

Gather (Grid → Particles)

Similar to scatter without the atomic operation
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PIC steps from a HPC perspective contd.

Push

• Particles pushed locally

• Particle update: particles sent to processor which holds the corresponding portion
of field→communication

• Load balancing of particles:→communication

Thoughts: Here we appreciate NVIDIA input/consulting/collaboration

• PIC algorithm is communication bound

• Current mode of communication: CUDA-aware openmpi 4.0.5 (not all the
features are working)

• Communication between GPUs must be done efficiently

• Profiling with NVIDIA toolkit should reveal more information
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Preliminary FFT benchmark run on Gwendoline

3D complex-to-complex double precision FFT on 1 GPU using heFFTe.

Currently facing some issues with using certain components of CUDA-aware MPI for
multiple gpus
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