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DLR in Numbers

10,000 Employees

20% develop software

55 Institutes and Facilities

35 Locations and Offices
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DLR Institute for Software Technology
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200 Employees

3 Departments

3 Main Locations

https://www.dlr.de/sc/
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DLR Institute for Software Technology

Artificial Intelligence

Quantum Software and Algorithms

• Research on dependable software systems and algorithms with a focus on aeronautics, space, energy, 
transport and security

• Designing and transferring efficient development processes and sustainable digital solutions through the 
use of state-of-the-art software technologies

High-Performance Computing

Visualisation in VR and ARSoftware for Aeronautics and Space

Software and Systems Engineering



Research software is created

during the research process

or for a research purpose
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Central element of digitalisation in
academic and industrial research
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Modeling, Simulation, and Data Analytics Software
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Modeling, Simulation, and Data Analytics Software
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Modeling, Simulation, and Data Analytics Software
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Embedded Control Software
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Software Prototypes in Engineering Research
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Software Prototypes in Engineering Research
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Software Prototypes in Engineering Research
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Infrastructure and Platform Software
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Empirical Investigation on Research Software
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Year: 2018

N: 773[1] Kurnatowski, L., Schlauch, T., Haupt, C. (2020) Software Development at the German Aerospace Center: Role and Status in Practice. ICSE (Workshops) 2020.



Research Software can also be successful outside research …
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Research Software - Goal

Enables or supports scientific investigation with the aim to

create and validate knowledge

28

The goal of business software is helping to perform business

functions with the aim to support running a successful business



Research Software – Functional Requirements

Functional requirements are often unknown up front

29

Verification and Validation are difficult



Research Software – Non-Functional Requirements

Research reproducibility is key
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Research software is a

critical artifact that requires

software engineering
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Well, just apply

software engineering techniques …

33



34

NATO Software Engineering Conference (1968)
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Software 

Engineering

Mission-critical

business and embedded

software

Computational 

Science

Scientific data processing

applications



Trade Off in Software Engineering
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Functionality

ResourcesTime

Quality



Research software engineering is the use of 

software engineering practices in research applications
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Is it different?



Difference: Software Developers

Formally trained software engineers are seldom the 

developers of research software (also in industry)
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Difference: Time Scale

Long-lived software primarily developed by individuals with

time limited contracts
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Difference: Process

Overly structured software processes restrict research
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Trade Off in Software Engineering: Specifics of RSE
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Functionality

ResourcesTime

Quality

Funding for RSE

Limited SE Knowledge

Time-Limited Contracts

Processes Restrict

Verification is Difficult

FAIR Principles

Requirements Unknown

Research Related
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Research 

Software 
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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.)

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



Metamorphic Testing
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Describes the distribution of atoms of a molecule around its axis



Metamorphic Testing
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Domain-Specific Languages in Computational Sciences

48



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

Agile software development

Continuous software development

50 [3] Schönborn, M. T. (2023) Adopting Software Engineering Concepts in Scientific Research: Insights from Physicists and Mathematicians Turned Consultants. Computing in Science & Engineering.



Software Engineering Initiative at DLR
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Community Building & 
Experience Exchange

Guidelines & Tools Trainings Consulting



DLR Software Engineering Network
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DLR Software Engineering Guidelines

53
https://zenodo.org/records/1344612
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Research Software Publishing
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Software is currently mentioned, not cited …
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PUB: cites publication

PRO: cites project name/website

INS: instrument-like

URL: URL in text

NAM: in-text name only

[4] 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)

58 https://citation-file-format.github.io/
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Software 

Engineering

Mission-critical

business and embedded

software

Computational 

Science

Scientific data processing

applications

NATO Software Engineering Conference (1968)
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PROFES 2023



Online Testing of Collaborative AI Systems

62

[5] Adigun, J., Huck, T., Camilli, M., Felderer, M. (2023) Risk-driven Online Testing and Test Case Diversity Analysis for ML-enabled Critical Systems. The 34th IEEE International Symposium on Software Reliability Engineering.



Online Testing Approach
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Non-trivial implementation of an industrial collaborative AI system simulation



Pipeline for Continuous Development of ML models

65 [6] Steidl, M., Felderer, M., Ramler, R. (2023) The pipeline for the continuous development of artificial intelligence models – Current state of research and practice. Journal of Systems and Software, 199, 111615. Elsevier.



Synergies in AI Engineering

Computational Science offers FAIR simulations, mathematical models,

heterogenous large-scale data and use cases for AI Engineering

Software engineering offers SE processes and techniques for AI 

Engineering
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Quantum Computing

67

Quantum

Simulation

Combinatorial

Optimisation

Quantum Enhanced

Machine Learning
Classical

Simulation

Required Error Correction

Quantum computing is a multidisciplinary field comprising aspects of 
computer science, physics, and mathematics that utilizes quantum 

mechanics to solve complex problems faster than on classical computers



Quantum Computing Software Stack

In particular, techniques from computer science, programming languages and 

software engineering are needed to realize a quantum computing software stack

68 [7] Basermann, A., et al. (2024) Quantum Software Ecosystem Design. Springer (to appear)



Quantum Computing Platform
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… a Quantum Computing Platform supporting hybrid computing

requires even more software engineering



The recent disruptive technology Quantum Computing relies on physics

and computational science and is based on research software

Software engineering is required to develop a quantum software stack

and a quantum computing platform
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Research software engineering provides an interesting

application context for empirical software engineering

72

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



There is little knowledge about the relation between

Software Engineering and Research Software Engineering

Research Questions for RSE

73

What are suitable

business models for

research software? What are the types

and maturity levels of

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?



https://dlr.de/sc
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