Supporting Competence
Development and Problem Solving
in High Performance Computing:

Insights into Performance Engineering Projects
from an Educational Perspective



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-Universitat/Universitat der Bundeswehr Hamburg
Holstenhofweg 85, 22043 Hamburg

Published by Marie Rathmann & Alexander Kolling
Layout: HSU/MZ/Grafikstudio
Cover: © AszmiStock - stock.adobe.com







Finanziert von der
Europdischen Union
NextGenerationEU

hpc.bw < diec.bw

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



Table of Contents

Preface from the EQItOrS .....eeceeceeceeeceeeceeecreecrecrecceeceeeceeecreeceeccssssscsssssssssssssssssssssssssssses 8
R (=Y o < N 10

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

Performance Engineering Projects

Monte Carlo simulations of real fluidS ......cccceeveieiiriiniriiercceceerteeeeee e 24
benEFIT- Numerical simulation of non-destructive testing in concrete..........cccecuueeeen... 26
Optimization of an IGA Code in MATLAB for parallel COmputing.......ccccccuveeeeecveeeeeccnnnnen. 28
Constructive heuristics and dispatching rules for the two-stage no-wait

hybrid flow shop scheduling Problem ...t seeee e e 30
Dynamic program to solve the single machine scheduling problem with

position-dependent MaINTENANCE ......ciiiiiiiieriiereeeeeee e e e s e s cvereaeeeeeeeesessnnns 32
Enabling global sensitivity analysis of large-scale FEM modelsusing QUEENS.............. 34
Molecular Monte Carlo Simulations 0N GPUS .........ciiiieiiiiiiieiiiiieieeceeeeeeveeeeeeeeeeeeeae 36

Predicting seabed object burial dynamics under wave and

currentinfluence in the NOrth Sea........cov i 38

Automated keyword extraction from court deCISIONS .......ccccveeeeeeeeieiecececiirerereeeeeeeeeeeenns 40
Advisory Projects

Individualized and Automated Feedback for Students

of the Longitudinal Study of the DigiTaKS* Project .........cceveeeveieiieriiiieineeeeeeeceeeeeeeee 44

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

Modeling Cold Plasma lonization and Startup of the

CSTAR Experimental Capacitively Coupled Plasma (CCP) Thruster......ccceceeevvvvvveeennnn. 52

Modeling Hypersonic Reentry from the Martian Thermosphere

AOWN 10 ThE TrOPOSPNEIE «.ueeeeeeieieieieeeccccertee e eerrrre e e e e e s s e s s sseseeeeeeeesssssssnnnnsnsnnns 54

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

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

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

Nozzle Design in Cold Spray APPLCAtIONS ......cceveeveiieiiriiiieeierirteeeeesireeeeesereeeeseeneesenns 64

DSMC-based simulation for the development of Atmosphere-Breathing Electric

PropulSiON(ABEP) SYSTEMIS . ..ueeiiiiiiiiieeeeeieccccccreereee e s s ssesecsereneseeeesssssessssesenaaeessssssssnnnns 66

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



30

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

Andreas Hipp, Operations Research (HSU/UniBw H)
Imane Bechelaoui, High Performance Computing (HSU/UniBw H)
Simon Schlumbohm, Statistics and Data Science (HSU/UniBw H)

Abstract

Finding the best heuristic to solve a
scheduling problem is the focus of
this project. The problem includes
an important number of parameters
known as a two-stage hybrid flow shop
(HFS) with identical parallel machines
in stage one (P), a no-wait constraint,
and objectives of minimising makespan
(Cmax) or total completion time (ZCJ.).
The system has two identical machines
in stage one (m,=2) and one in stage two

Figure 1: Schedule for two-stage HFS with no-wait constraint

(m,=1), withalljobsreleased at rj=0 and nojob preemption allowed. The no-wait constraint
eliminates inter-stage waiting, introducing idle times (ITF, ITB, ITC) to align operations.

In order to validate the method practically, the main task of this project is to implement
the given algorithm for different datasets. Given that the mathematical model solves
optimally small instances, but the specific problem in this work is challenging in today’s
state-of-the-art since it contains an NP-complete constraint.

Project Results

The scheduling problem developed in this project successfully optimises the job sche-

duling process by minimising the make-
span. The implementation uses a dyna-
mic programming logic and performs
effectively across datasets of different
sizes with varying processing times
across two stages.

These results demonstrate the effecti-
veness of the described scheduling ap-
proach in balancing workloads across
multiple stages and reducing overall
processing time.

Figure 2: Influence of the instance size on the algorithm runtime



Outlook

To further enhance the efficiency, it will be crucial to develop strategies capable of hand-
ling significantly larger datasets, particularly those exceeding 500 jobs. Recommendati-
ons include utilising advanced heuristics such as genetic algorithms or Particle Swarm
optimization. Additionally, exploring machine learning approaches for predicting and dy-
namically adjusting schedules based on job characteristics could offer substantial im-
provements.

Work is currently underway on a scientific paper, which is being developed and refined for
future publication.
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