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2 Summary

This thesis contributes towards the development of GPU-accelerated direct and iterative solvers for
computational wave scattering. This research was carried out in the context of experimental Finite
Element code HELM developed in a computational stochastic research group.

The research extends the physical modeling capabilities of the HELM C++ framework by formal-
izing a scattered-field weak formulation with Perfectly Matched Layers to accurately model complex,
heterogeneous media.

The core of the work investigates two primary solution strategies on modern GPU architectures.
First, a numerical performance evaluation of GPU-accelerated direct solvers is presented, demon-

strating that the NVIDIA cuDSS library offers a performance advantage over both its predecessor,
cuSOLVER, and CPU-based solvers like KLU2, achieving speedups of up to an order of magnitude
on a single GPU.

Second, an iterative solver based on a Multigrid Shifted Laplacian preconditioner is explored. In
particular, an implementation of this preconditioner in the MueLu package from Trilinos is used.
Several contributions were made to the MueLu implementation to enable its use with general ordinal
types, as well as to permit a nearly complete GPU-resident multigrid V-cycle for complex arithmetic.

A comparative scaling analysis reveals that while the GPU direct solver is faster for the tested
2D problems, the iterative multigrid method exhibits superior asymptotic complexity, suggesting it
is a viable path for large-scale 3D and parallel problems. Key limitations, including the parallel
scalability of the Restricted Additive Schwarz smoother and remaining host-bound computations,
are identified. Future work could focus on integrating Optimized Schwarz methods and achieving a
fully GPU-resident workflow by offloading the coarse-grid solve and matrix reordering.
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