
1 |

Supporting Competence  
Development and Problem Solving  
in High Performance Computing:

Insights into Performance Engineering Projects 
from an Educational Perspective

Marie Rathmann & Alexander Kolling (Eds.)



Contact:
hpc.bw – Competence Platform for Software Efficiency and Supercomputing 
info-hpc-bw@hsu-hh.de

Project Management at HSU/UniBw H:
Prof. Dr. Markus Bause
Prof. Dr.-Ing. Michael Breuer

Project Coordination: Marie Rathmann

Imprint: 
Helmut-Schmidt-Universität/Universität der Bundeswehr Hamburg
Holstenhofweg 85, 22043 Hamburg 
 
Published by Marie Rathmann & Alexander Kolling 
Layout: HSU/MZ/Grafikstudio 
Cover: © AszmiStock - stock.adobe.com



hpc.bw, funded by dtec.bw — Digitalization and Technology Research Center of the 
Bundeswehr. dtec.bw is funded by the European Union — NextGenerationEU.



7 |

Table of Contents
Preface from the Editors..................................................................................................8

Preface ..........................................................................................................................10

Advancing High Performance Computing Education:  
Individual Competence Development through Practice and Infrastructure..................12

Performance Engineering Projects

Monte Carlo simulations of real fluids ............................................................................. 24

benEFIT- Numerical simulation of non-destructive testing in concrete........................... 26

Optimization of an IGA Code in MATLAB for parallel computing...................................... 28

Constructive heuristics and dispatching rules for the two-stage no-wait  
hybrid flow shop scheduling problem .............................................................................. 30

Dynamic program to solve the single machine scheduling problem with  
position-dependent maintenance.................................................................................... 32

Enabling global sensitivity analysis of large-scale FEM modelsusing QUEENS.............. 34

Molecular Monte Carlo Simulations on GPUs ................................................................. 36

Predicting seabed object burial dynamics under wave and  
current influence in the North Sea.................................................................................... 38

Automated keyword extraction from court decisions...................................................... 40

Advisory Projects

Individualized and Automated Feedback for Students  
of the Longitudinal Study of the DigiTaKS* Project........................................................... 44

Enabling High-Throughput Studies of Reactive Materials ................................................ 50

Modeling Cold Plasma Ionization and Startup of the  
CSTAR Experimental Capacitively Coupled Plasma (CCP) Thruster............................... 52

Modeling Hypersonic Reentry from the Martian Thermosphere  
down to the Troposphere.................................................................................................. 54

Personnel scheduling in Roll-on/Roll-off terminals......................................................... 56

HPC for semi-parametric statistical modeling on massive data sets.............................. 58

Density Functional Theory Calculations of Positron Lifetimes........................................ 62

Nozzle Design in Cold Spray Applications ....................................................................... 64

DSMC-based simulation for the development of Atmosphere-Breathing Electric 
Propulsion(ABEP) systems............................................................................................... 66

Performance portability for the MIRCO BEM solver for rough surface contact ............... 68



| 68

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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