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Modern supercomputers adopt the use of GPUs to enable better performance on many prob-

lems, but developing parallel applications that run at high performance requires a thorough un-

derstanding of the hardware and software platforms. Numerical electromagnetics for example,

is one of the �elds that bene�t from modern HPC machines, with various numerical methods

that showed improved performance after implementation on GPU. In particular, Discontinuous

Galerkin Time Domain methods are usually implemented on GPUs for their scalability.

Gmsh DG, developed at the Applied and Computational Electromagnetics research group

of the University of Liège, is a solver for Maxwell's equations using the Discontinuous Galerkin

method, targeting high-performance parallel systems. This thesis aimed to implement performance

optimizations, a thorough performance analysis and support for multiple GPUs systems.

During the work two optimization were implemented, allowing to improve the overall applica-

tion performance by reducing memory tra�c, increasing locality and enabling the use of compiler

optimizations.

The performance of the application were evaluated on real-world problems, performing scaling

analysis on a multiprocessor system, showing a perfect scaling up to the bandwidth saturation of

the NUMA domains of the AMD processors used for testing. Furthermore, the results show that in

order to outperform single GPU execution, about 64 dedicated cores are required. The evaluation

was also carried out for the single computational kernels, highlighting how all of them, both on

CPU and GPU, exploit to the maximum the bandwidth available and especially for high orders

of approximation some kernels show performance very close to the maximum peak achievable by

the hardware.

Finally, the work focused on implementing multi-GPU support for the application and testing

its performance on the available platform, our measurement show that the solver can achieve good

performance that become optimal as the problem size increases.


