
GPU Acceleration and Portability of the TRIMEG Code for Global
Gyrokinetic Plasma Simulations using OpenMP

G. Daneri, Z. X. Lu, M. Hoelzl

Max Planck Institute for Plasma Physics, Boltzmannstr. 2, 85748 Garching b. M., Germany

The TRIangular MEsh-based Gyrokinetic (TRIMEG) code solves the gyrokinetic equations using
a particle-in-cell (PIC) scheme to simulate electromagnetic instabilities throughout the full
tokamak volume. TRIMEG has recently been upgraded with a high-order C1 finite element
method, enabling accurate physics at reduced grid resolution compared to conventional C0
approaches. It furthermore supports a novel field aligned finite element method for efficient global
simulations with many toroidal harmonics .

In this work, we focus on the acceleration and portability of the TRIMEG code on multiple GPU
(Graphics Processing Unit) architectures. The OpenMP framework is chosen as the
methodological approach for GPU offloading in Fortran on different hardware platforms,
specifically, NVIDIA and AMD accelerators. The particle pushing procedure, as well as particle-
to-grid operations have been adapted for GPU execution. The resolution of the gyrocenters’
equations of motion exposes a high degree of parallelism, as each particle can be processed
independently, making it particularly suitable for GPU offloading. The kernels were analyzed with
the available profiling tools to gather metrics about resource occupancy, throughput, and memory
usage. Their performance was evaluated by carrying out GPU grid size exploration, as well as
multi-node scalability studies. In addition, the efficiency of hybrid MPI-OpenMP offloading
parallelization was assessed.

Significant speedup can be achieved with a sufficiently large workload, even when
oversubscribing GPU resources with several MPI processes. A speedup of ~30 has been
achieved by the particle pusher kernel when simulating 32e6 electrons on a single GPU node,
equipped with two AMD MI300A GPUs. The corresponding CPU performance was obtained on
an AMD EPYC 9754 with 128 cores. The Ion Temperature Gradient (ITG) mode was simulated
using the GPU-accelerated version for the economical Cyclone case and the TCV case, and its
correctness was verified by comparing the physics results in terms of the energy growth rate and
the two-dimensional mode structures.

Future work on optimization of TRIMEG towards large scale predictive simulations for large
devices will also be discussed, including GPU offloading of the field solver, the particle-to-field
projection and the integration of the Kokkos framework.
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