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Performance portability for the MIRCO BEM
solver for rough surface contact

Matthias Mayr, Institute for Mathematics and Computer-Based Simulation (UniBw M)
Johann Duffek, High Performance Computing (HSU/UniBw H)

Abstract

For accurate numerical modelling of contact problems in engineering, we are developing
multi-scale strategies to include rough surface topologies at the micro scale into macro-
scale finite element contact solvers. This enhances the accurate prediction of the actual
contact area, the stick/slip transition for friction, and electric or thermal conductivity
through the contact interface.

Within a multi-scale strategy, the micro-scale model (solved by MIRCO, https://github.
com/imcs-compsim/MIRCO) needs to be evaluated >1000 times per a single evaluation
of the macro-scale model. Hence, the MIRCO runtime absorbs most of the overall
computing time. Thereby, high-performance computing and performance engineering
are key deliver the required computational performance to solve meaningful engineering
problems on modern computing hardware with accelerator devices.

Project Results

We completely ported the OpenMP parallelized regions of MIRCO to the Kokkos
programming model. This required a major change of the program structure due to the
necessity to substitute the used C++ vector and Teuchos containers with Kokkos:: View
objects. We accompanied this change with further transitions of key program logic to
Kokkos calls in order to circumvent memory migration regarding the possible use of
accelerators.

The provided test cases were used to ensure the continued functionality of the program.
Optimizations where not conducted due to time constraints. The modified source code,
findings, and approaches where communicated on project finalization.

Outlook

The project outcome will serve as a starting point for further investigations into the
performance. In particular, we will target further performance improvements in the
Kokkos implementation. Future work will also explore to offload computational work to
accelerator devices such as graphical processing units (GPUs).
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Figure 1: Exemplary realizations of rough surfaces on the micro scale
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