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Trade Off in Software Engineering
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Software Engineering Research
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Felderer, M., Reussner, R., Rumpe, B. (2021) Software Engineering und Software Engineering Forschung im Zeitalter der Digitalisierung. Informatik Spektrum.



Application Domain: Mobility
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Established System and Software Development Processes and Artifacts



Problem: Automated Test Case Dependency Detection
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Estimated time with our dependency aware approach= 5 h
Total actual time at BOMBARDIER= 45 h

40 h saving

ExtDoors -S- IVV-
022

Brake- IVV-031

Brake- IVV-041

Drive-S IVV-024ExtDoors-S- IVV-011

53
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Exec. order Test case ID Exec. 1 Exec. 2 Exec. 3 Exec. 4

1 Drive-S IVV-024 Fail Fail Fail Pass

2 Brake- IVV-031 Fail Fail Pass -

3 ExtDoors-S- IVV-011 Fail Pass - -

4 ExtDoors -S- IVV-022 Not run Fail Pass -

5 Brake- IVV-041 Fail Pass - -

Improving Efficiency (Time) taking Quality and Resources into account

TC 1 TC 2 TC 3 TC 4 TC 5 TC 6 TC 7 TC 8 TC 9 TC 10

Req 1 Req 2 Req 3 Req 4 Req 5 Req 6 Req 7

TC 3

Test case name

Undue fourth stage

Test Case ID Test Level Pass/Fail Comments

SwTS-DBC-IVVP-IVVP-038538 

(v.1)

Sw/Hw Integration

Test configuration

TCMS baseline: TCMS 1.2.3.0

Test Platform 3.24.0

Requirement (s)

SRS-DBC-REQ-1306 (v.1)

The actual speed is above 35km/h

Initial State

Initial state: Ready to drive

DM1 cab active

Ready to drive

Step Action Reaction Pass/Fail Comments

1 Set the train at speed 36 km/h Check that on IDU no event regarding 

”undue fourth stage” is shown

Pass

2 Lock and set from VCS Brake 

IO panel the signal ”relay 

Brake 4th stage” from DM1

Check that on IDU an event regarding 

”undue fourth stage” is shown

Pass As 

maintainer

3 Repeat for all cars Check that: -the speed above are 

fulfilled

Pass

Clean-up



Approach: ML-Based Test Case Dependency Detection
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Application of timely ML approaches to develop an automated test case depencency detection method

Tahvili, S., Hatvani, L., Felderer, M., Afzal, W., Bohlin, M. (2019) Automated Functional Dependency Detection Between Test Cases Using Doc2Vec and Clustering. AITest 2019.



Evaluation and Implementation
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TC 1 TC 2 TC 3 TC 4 TC 5 TC 6 TC 7 TC 8 TC 9 TC 10

Req 1 Req 2 Req 3 Req 4 Req 5 Req 6 Req 7

TC 3

Functional dependencies between approx. 4000 reqs (blue) and 

approx.2000 tests (red) via artifact analysis and survey

Empirically Evaluated Method is implemented in Industrial System Development Process



Research software is a

critical artifact that requires

software engineering
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and 

fancy



Well, just apply

software engineering techniques …
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Trade Off in Software Engineering: Specifics of RSE
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Trade Off in Software Engineering: Specifics of RSE
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Research Related



Trade Off in Software Engineering: Specifics of RSE
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Quality

Verification is Difficult

FAIR Principles



Trade Off in Software Engineering: Specifics of RSE
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Time

Time-Limited Contracts

Dev Processes Restrict



Trade Off in Software Engineering: Specifics of RSE
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Resources

Funding for RSE

Limited SE Knowledge

Practice Training Infrastructure

Career Path Advocacy Research



Trade Off in Software Engineering: Specifics of RSE
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Always a Problem:
Joint Goals, Knowledge Gaps, Mutual Understanding
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V. Garousi, et al.: Characterizing industry-
academia collaborations in software 
engineering: evidence from 101 projects. 
Empirical Software Engineering, 2019 N = 101
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The Most Important Thing: Talking To Each Other
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DLR Software Engineering Network
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DLR Software Engineering Guidelines

23 https://zenodo.org/records/1344612



Guidelines „Efficient Development of Research Software“

https://dl.gi.de/handle/20.500.12116/45663 or https://fg-rse.gi.de/ 24

1. Executive Summary (for Decision Makers)

2. Introduction

3. Guidelines for Software Development

• Categories of research software

• Minimum requirements for core competencies

• Development processes

• Projekt planning

• Methodical Foundations

4. Licensing and usage (Legal safeguarding)

5. Support Services

• Technical (Git, Overleaf, FDM-Tools)

• Personel through trained RSEs



Research software is created

during the research process

or for a research purpose

25
Hasselbring, W. et al. (2024) Toward Research Software Categories. CoRR abs/2404.14364.

Modeling, Simulation, Data Analytics

Research Infrastructure Software

Technology Research Software



Modeling, Simulation and Data Analytics

26 https://bacardi.dlr.de/BACARDI (Backbone Catalogue of Relational Debris Information)



Software in Research and SE
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Domain 

Research / Problem

Modeling, Simulation, Data Analytics

TC 1 TC 2 TC 3 TC 4 TC 5 TC 6 TC 7 TC 8 TC 9 TC 10

Req 1 Req 2 Req 3 Req 4 Req 5 Req 6 Req 7

TC 3

SE Method



Technology Research Software (1/2)
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https://www.dlr.de/en/sc/research-transfer/projects/islandviz



Technology Research Software (2/2)
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https://www.dlr.de/en/sc/research-transfer/projects/scosa-flight-experiment

ScOSA (Scalable On-board Computing for Space Avionics)



Research Infrastructure Software (1/2)
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https://rcenvironment.de/RCE (Remote Component Environment)



Research Infrastructure Software (2/2)

31



Software in Research and SE

32

Research Infrastructure 

Software

Software Platform or

Software System

Domain 

Research / Problem



Research Software in Space (TRL 9)
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Research Software can also be successful outside research …
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Momentum of the Area Research Software Engineering

35
https://www.dfg.de/en/research-funding/funding-opportunities/programmes/infrastructure/lis/funding-opportunities/research-software-infrastructuresFelderer, M., Goedicke, M., Grunske, L., Hasselbring, W., Lamprecht, A.-L. (2025) Investigating 

Research Software Engineering: Toward RSE Research. Communications of the ACM.
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SE Practices for Research Software Engineering
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Automated Metamorphic Testing

of Scientific Software 

(Kanewala et al.)

Evaluating Hierachical Domain-Specific Languages

for Computational Science 

(Johanson et al.)

Carver, J. C., Hong, N. P. C., Thiruvathukal, G. K. (2016) Software engineering for science. CRC Press.



Metamorphic Testing

39

Describes the distribution of atoms of a molecule around its axis

Kanewala et al. (2016) Automated Metamorphic Testing of Scientific Software. Software Engineering for Science. CRC Press



Metamorphic Testing
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Domain-Specific Languages in Computational Sciences

41 Johanson et al. (2016) Evaluating Hierachical Domain-Specific Languages for Computational Science. Software Engineering for Science. CRC Press.



Domain-Specific Languages in Computational Sciences
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Many other relevant topics …

Agile Software Development

DevOps Practices

Software Security

GenAI for Software Development

Repository Mining

43 Schönborn, M. T. (2023) Adopting Software Engineering Concepts in Scientific Research: Insights from Physicists and Mathematicians Turned Consultants. Computing in Science & Engineering.



44

Software 

Engineering

Research

Research 

Software 

Engineering



45 Mendez D. et al. (2022) Open Science in Software Engineering. Contemporary Empirical Methods in Software Engineering. Springer.



Software is currently mentioned, not cited …

46

PUB: cites publication

PRO: cites project name/website

INS: instrument-like

URL: URL in text

NAM: in-text name only

Druskat, S., Chue Hong, N. P., Kornek, P., Buzzard, S., Konovalov, A. (2023) Don’t mention it: challenges to using software mentions to investigate citation and discoverability, PeerJ Computer Science.



Citation File Format (CFF)

47 https://citation-file-format.github.io/
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Quantum Computing

50

Quantum

Simulation

Combinatorial

Optimisation

Quantum Enhanced

Machine Learning
Classical

Simulation

Required Error Correction

Quantum computing is a multidisciplinary field comprising aspects of 
computer science and physics that utilizes quantum mechanics to solve 

complex problems faster than on classical computers



SE Research Process for Quantum Computing
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Felderer, M., Reussner, R., Rumpe, B. (2021) Software Engineering und Software Engineering Forschung im Zeitalter der Digitalisierung. Informatik Spektrum.



Project ELEVATE: Use Case Discovery @DLR
ENHANCED PROBLEM SOLVING WITH QUANTUM COMPUTERS

Topic: Improving the prediction 
of material properties with 
quantum computing. 
(Material Design)

Topic: Development of a hybrid 
quantum algorithm for 
transmission network expansion 
planning. (Optimization)

Topic: QML for analysing
multimodal spectral data from
satellite observations. 
(Quantum Machine Learning)

Hyperspectral Data 
Unmixing

Transmission Expansion 
Problem

Atomistic simulation 
of engineering alloys

ELEVATE: Investigation of DLR use cases in 42 voucher studies

52



Key Challenges
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Where does QC offer a
realistic benefit?
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Quantum software as a bridge-builder and research area
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Basermann, A., et al. (2024) Quantum Software Ecosystem Design. Quantum Software. Springer.



Virtual Product House (VPH): Overview

▪ Objectives

▪ Virtual Aircraft Development & Evaluation

▪ Reduce physical tests

▪ Improvements in aircraft emissions

▪ Virtual Certification

▪ Digital Twins are key

55



VPH:
Phases Considered

▪ Key phases are

▪ Digital Design

▪ Virtual Manufacturing

▪ Virtual Testing

▪ Virtual Certification as vision

▪ Software platform key enabler

and research topic

56

Digital

Design

Virtual

Manufacturing

Virtual

Testing

Inputs

Virtual
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Software Engineering

As

designed

As
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tested



Virtual Product House
Virtual Design

57

▪ Digital aircraft (component) design process

▪ Input: Initial design of aircraft component

▪ Output: sized component structure (“As designed”)

Boden, B. et al. (2021) RCE: An Integration Environment for Engineering and Science. SoftwareX 15:100759.



Current and Future Certification Process
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EASA Industry VPH

Requirements Scenarios Binary

Judgement

Risk

Consideration

EASA
Industry / 

Research
VPH

Risk

QuantificationAirplane

Design

Binary

Judgement

Airplane

Idea

Current

Future

Now: Conservative Airplane Design driven by Top-Down Waterfall Process

Future: Risk-Driven Agile Airplane Design



Advanced Automated Testing for VPH

▪ Judgement currently based solely on experience of Subject Matter Expert (SME)

▪ Automated testing support required that takes

▪ Provides fast feedback

▪ Takes parameter space (length, width, shape, no. of flaps, …) into account

▪ Takes massive amounts of data into account

▪ Provides suitable oracles

▪ Considers human-in-the-loop
59

SME
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Research software engineering provides an interesting

application context for empirical software engineering

61

Dealing with development under resource constraints

Dealing with highly dynamic requirements and complex domains

Dealing with long-lived software artifacts and reuse

Dealing with vast configuration spaces

Dealing with software development by domain experts

Dealing with simulations, digital twins and big data



There is little knowledge about the relation between

Software Engineering and Research Software Engineering

Research Questions for RSE

62

What are suitable

lifecycle models for

research software?

Is research software

of poorer quality than

industry software?
Which skills and 

educational formats

are required for RSE 

practitioners?

What is specific

about RSE compared

to other SE 

specializations?

How to organize

software-centric

scientific processes?

How to integrate SE 

techniques into

research software

development?



Trade Off in Software Engineering: Specifics of RSE
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Research software is created

during the research process

or for a research purpose
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Felderer, M., Reussner, R., Rumpe, B. (2021) Software Engineering und Software Engineering Forschung im Zeitalter der Digitalisierung. Informatik Spektrum.
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