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Research Software 

RDA FAIR for Research Software (FAIR4RS) WG [Chue Hong 2022] :
• Research software includes source code files, algorithms, scripts, 

computational workflows, and executables that are created during the 
research process or for a research purpose.

• Software components (e.g., operating systems, programming languages, 
libraries, etc.) that are used for research but were not created during or with 
a clear research intent should be considered `software in research´ and not 
`research software´.

• Thus, research software is a separate metaphor of software in research.

Research software should be FAIR [Hasselbring et al. 2020b, Lamprecht 
et al. 2020] and open [Hasselbring et al. 2020a].
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Software Engineering: Origin
Software Engineering and Computer Science for generality 
[Randell 2018]:
• That NATO was the sponsor of this conference marks the 

relative distance of software engineering from 
computation in the academic context. 

• The perception was that while errors in scientific data 
processing applications might be a nuisance, they are all 
in all tolerable. 

• In contrast, failures in mission-critical military systems 
might cost lives and substantial amounts of money.

• Based on this attitude, software engineering—like 
computer science as a whole— aimed for generality in its 
methods, techniques, and processes and focused almost 
exclusively on business and embedded software

4 http://homepages.cs.ncl.ac.uk/brian.randell/NATO/index.html



Computational Science: Challenges
The Productivity Crisis in Computational Science
• As early scientific software was developed by small teams of scientists primarily 

for their own research, modularity, maintainability, and team coordination could 
often be neglected without a large impact.

The Credibility Crisis in Computational Science:
• Climategate. The scandal erupted after hackers leaked the email correspondence 

of scientists just before the 2009 United Nations Climate Change Conference. 
• The emails uncovered a lack of programming skills among the researchers and 

exposed to a large public audience the widely applied practice in climate science 
of not releasing simulation code and data together with corresponding 
publications [Merali 2010]. 

• This in itself was, of course, enough to undermine the scientists’ work, as the 
predictive capabilities of simulations are only as good as their code quality and 
their code was not even available for peer review—not to mention public review
[Fuller and Millett 2011].
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So, Software Engineering for 
Computational Science
[Johanson & Hasselbring 2018]:
• Among the methods and 

techniques that software 
engineering can offer to 
computational science are

• testing without test oracles,
• modular software architectures, 

and
• model-driven software engineering

with domain-specific languages.
• This way, computational science may achieve 

maintainable, long-living software 
[Goltz et al., 2015; Reussner et al. 2019], 

• in particular for community software.
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Categories of Research Software
Research software mainly falls into one of the following categories (and 
sometimes combinations):
1. Modeling, simulation and data analytics of, e.g., physical, chemical, social, 

or biological processes in spatio-temporal contexts.
• Numerical and agent-based modeling and simulation (in silico experiments)
• Data assimilation
• Data science and data engineering

2. Embedded control software for complex physical or chemical experiments 
and instruments, including many forms of sensor-based data collection.    

3. Software prototypes in engineering research.   
4. Infrastructure and platform software, such as research data and software 

management systems.
These categories have varying quality requirements!

(in collaboration with Michael Felderer, Michael Goedicke, Lars Grunske, Anna-Lena Lamprecht, Bernhard Rumpe)
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Example for Category 1 (Modeling and simulation): 
Modularization of Earth-system simulation software
as basis for domain-specific languages
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Software Modularization

How to
• improve maintainability, stability, reusability, reproducibility, … ?
• enable scalable execution in the Cloud?
• parallelize for high performance computing?
• test for higher quality?
• achieve higher flexibility?

[Johanson & Hasselbring 2017, Claus et al. 2022, 
Jung et al. 2021, 2022a, 2022b] 



Example for Category 1 (Data analytics): 
OceanTEA
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Paper on the analysis results: [Johanson et al. 2017]
Paper on the software architecture: [Johanson et al. 2016]
Code: https://github.com/cau-se/oceantea 
Software service with data: https://oceantea.uni-kiel.de/



Example for Category 2 (Embedded control software): 
Entwicklung von Software für Unterwasser-Roboter

11 [Barbie et al. 2021] 

Digital Twin
Physical
Twin

Digital Twin 
Prototype



Examples for Category 3 (Software prototypes): 
Software Impacts
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Kieker: A monitoring framework for software 
engineering research 
[Hasselbring and van Hoorn 2020] 

ExplorViz: Research on software visualization, 
comprehension and collaboration 
[Hasselbring et al. 2020c] 

The Titan Control Center for Industrial DevOps 
analytics research 
[Henning and Hasselbring 2021] https://github.com/cau-se/titan-ccp

https://github.com/kieker-monitoring

https://github.com/ExplorViz



Examples for Category 4 (Infrastructure): 
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Another Categorization: 
Stages of Research Software
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Individual Researcher

Local Research Group

Community (incl. Non-Researchers)



Outlook: RSE Research
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Research Software Engineering Software Engineering Research

Research Software Engineering Research 
aims at understanding and improving how software is developed for research.

RSE Research, in short.

See also: https://github.com/NLeSC/RSE-research [Lamprecht et al. 2022]
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