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Motivation - Precise Simulations of Multi Bunches
in High Intensity Cyclotrons

PSI Ring Cyclotron
(https://www.psi.ch/ltp/facilities)

core (< 3σ)

halo (> 3σ)
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Towards Exascale Computing

• Naive Meshing: Cartesian Uniform
• Waste of memory in regions of void

• Waste of computational power

* Adaptive Meshing:
* Save memory

* Save computational effort

* Used in CFD, astrophysics, etc.

* Issue of state-of-the-art solvers:

Implementation is hardware specific
(e.g. CPU, GPU)
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How to solve Poisson’s Equation with AMR?

Lev
el 0
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Dan F. Martin and Keith L. Cartwright. Solving

poisson’s equation using adaptive mesh refinement.

Technical Report UCB/ERL M96/66, Univ. Calif.

Berkeley, 1996.

• Poisson’s equation:

∆φ(x , y , z) = − ρ

ε0

φ(∞) = 0

with charge density ρ, vacuum permittivity ε0 and
potential φ.

• Difficulty: Continuity conservation of φ!

• Solution: elliptic matching condition, i.e.

Dirichlet + Neumann condition at coarse-fine
interfaces
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Implementation Overview

• Adaptive mesh refinement using AMReX1

• Multigrid using Trilinos with 2nd generation packages, i.e.

• Tpetra (matrix / vector data structure)

• Ifpack2 (smoothers e.g. Gauss-Seidel, Jacobi)

• MueLu, Amesos2, Belos (linear solvers)

1 Kokkos allows portable code between hardware architectures without
changing your code!

1 GPU

1 OpenMP / PThreads / serial

1Zhang et al., (2019). AMReX: a framework for block-structured adaptive mesh refinement.
Journal of Open Source Software, 4(37), 1370, https://doi.org/10.21105/joss.01370
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Two AMR level - 144× 144× 144 base level grid

CPU GPU
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Two AMR levels with 144× 144× 144 base level grid

Timing CPU [s] Fraction [%] GPU [s] Fraction [%]

total solve 74.65 100.00 723.14 100.00

bottom solver 21.87 29.30 12.58 1.74
bottom solver setup 0.56 0.75 2.58 0.36
matrix setup 32.86 44.02 509.77 70.49
prolongation 0.27 0.36 0.14 0.02
smoothing 12.58 16.85 160.98 22.26
restriction 2.82 3.78 12.57 1.74
E-field 0.39 0.52 5.70 0.79

others 3.30 4.42 18.82 2.60
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Remarks and Summary

• Hardware-architecture independent AMR Poisson solver
M. Frey, et al., On architecture and performance of adaptive mesh refinement in an electrostatics

Particle-In-Cell code, Computer Physics Communications, 2019,

https://doi.org/10.1016/j.cpc.2019.106912

• Matrix setup is bottleneck on GPUs → TRILINOS

• Future Works T-FLOWS (B. Niceno LSM)
• second order accurate, finite volume solver for the Navier-Stokes equations
• unstructured grids of all cell shapes, thus including polyhedral cells, hanging nodes
• domain decomposition and MPI
• conjugate gradient, bi-conjugate gradient and conjugate gradient squared
• diagonal or incomplete Cholesky preconditioners
• bottleneck is the pressure-Poisson equation (80% of CPU time)
• multiple materials are supported (for conjugate heat transfer problems, for example)
• several original turbulence models & multiphase flow models
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