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Abstract

The Applied and Computational Electromagnetics research group of the University of Liège
has previously developed a solver based on the Discontinuous Galerkin (DG) method for
solving Maxwell’s equations. This master’s thesis focuses on its performance analysis and
optimization on multi-GPU architectures when solving large-scale problems.

Initial profiling on the Lucia supercomputer revealed that inter-GPU communication, rather
than computation, was the primary bottleneck. We addressed this by updating MPI
communication from blocking to non-blocking. An extensive set of benchmark tests was
conducted on Lucia (NVIDIA GPUs), showing a significant reduced communication overhead
and improved scalability — up to 6 times faster execution in some cases. The same tests
were then performed on LUMI (AMD GPUs) by using even more computing power (up to 512
GPUs), confirming the robustness of our improvements across architectures, despite a 30%
performance penalty due to hardware differences, notably cache size.

A second and final optimization step was carried out in order to mask communication with
computation, which needed the application of the DG operation to be restructured. While
this step was only benchmarked on Lucia due to time and resource constraints, results
showed another considerable performance improvement of up to 11 times faster execution
compared to the solver with blocking communication.

Our work only focused on the solver’s resolution phase, leaving the initialization phase —
currently a major performance and memory bottleneck — largely untouched. Addressing
this phase could make it possible to solve even larger problems and support a greater
number of GPUs for a given problem in future work.
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