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• Future

• Research Software Engineering Research
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Past: 
Focus on Architecture Description and Reuse
• Architecture description languages

• Formalization of architectural models

• Architectural styles and design patterns

• Software product lines for reusing software 
components

4 [Shaw and Garlan 1996][Hasselbring 2002]



Will Tracz at ICSE 1995, Seattle

“The state of the art of Software Architecture is like teenage sex:

• It’s on everybody’s mind all the time

• Everyone talks about it all the time 
(but they don’t really know what they are talking about)

• Everyone thinks everyone else is doing it

• The few that are doing it:
• are doing it poorly,

• think it will be better next time, and

• are not practicing it safely.”
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Present: Establishment of Domain-Specific 
Architectures and Focus on Quality Attributes
• Various domain-specific architectures emerged, particularly from 

industrial practice. Examples:
• Data warehouse / lake / data streaming architectures

• Microservice architectures

• Focus on Quality Requirements
• Performance

• Scalability

• Fault tolerance

• …

6



Example: otto.de
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Microservices: [Hasselbring 2016, Hasselbring & Steinacker 2017]
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Quality: Scalability, Agility and Reliability
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[Hasselbring & Steinacker 2017]

Reliability
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Migrating toward Microservices

[Knoche and Hasselbring 2018] [Knoche and Hasselbring 2019]
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https://summit-community.de/veranstaltung/softwarearchitektur-softwareentwicklung/

Migration von Legacy-Anwendungen



Future: Proper Integration of Architecture 
Work into Agile Software Development
• The tension between the agile and architecture communities still is fairly 

high. 

• Ford is often cited for his statements 
• “Architecture is the stuff that’s hard to change later” and 
• “By deferring important architectural and design decisions until the last responsible 

moment, you can prevent unnecessary complexity from undermining your software 
projects”

• However, making Architectural Decisions is a key IT architect’s 
responsibility

• Christiane Floyd auf der Tagung Software Engineering im März 2007:
“Vorgehensmodelle kommen und gehen,
aber Architekturprinzipien bleiben bestehen.”
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Agile Architecture Work 

• Finding the right balance for architecture work is the art of agile 
architecture ownership. 

• Integrating Architecture Owners into Agile Teams

• Architecture owners should decide at the most responsible moment, 
not the last possible / responsible moment.

• We can expect a coalescence of architecture work and agile software 
development practices. 
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Aus der Forschung in die Praxis

13

[Züllighoven 2004] [Gryczan & Züllighoven 1992]

Werkzeug- und Materialansatz (WAM-Ansatz)
Werkzeug Automat Material



Flexible 
Architekturen
auch in der 
Weiterbildung / 
Zertifizierung
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Aus der Praxis in die Forschung

Some experience with research software15

OceanTEA [Johanson et al. 2016] GeRDI [Tavares de Sousa et al. 2018]

ExporViz [Fittkau et al. 2017] 
[Zirkelbach et al. 2019] [Hasselbring et al. 2020] 

Titan [Henning & Hasselbring 2021] 
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Past, Present, Future

[Johanson & Hasselbring 2018]



Software Segmentation

18

All Software

Research
Software

Software in 
Research

Research Software
created during the research process or for a research purpose
Software in Research
used for research but not created during or with research intent

[Chue Hong et al. 2022] 



Research Software &
Research Software Engineering

19

• Research software is software 
• that is employed in the scientific discovery process or

• a research object itself. 

• Computational science (also scientific computing) 
involves the development of research software
• for model simulations and 

• data analytics

to understand natural systems answering questions that 
neither theory nor experiment alone are equipped to answer.
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https://www.software.ac.uk/

https://research-it.manchester.ac.uk/https://rsgsoton.net/
https://www.epcc.ed.ac.uk/
research/research-themes



Research Software should be open and FAIR

21
[Hasselbring et al. 2020a, 2020b]
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Analyzing the structure of UVic for modularization
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[Jung et al. 2021,
Claus et al. 2022 ] 
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Modular Scientific Code

Highlights

• Ch4-project is a fluid dynamics code used in academia for the study of fundamental problems in fluid 
mechanics.

• It has contributed to the understanding of global scaling laws in non-ideal turbulent thermal convection.

• It has been used for the characterisation of statistical properties of bubbles and particles in developed 
turbulence.

• It is currently employed for a variety for research projects on inertial particle dynamics and convective 
melting.

• Its modular code structure allows for a low learning threshold and to easily implement new features.
26



Modular Scientific Code

From [Calzavarini 2019]:

• “A dream for principal investigators in this field is to not have to deal with 
different (and soon mutually incompatible) code versions for each project and 
junior researcher in his/her own group. 

• In this respect an object-oriented modular code structure would be the ideal 
one, 
• but this makes the code less prone to modifications by the less experienced users. 

• The choice made here is to rely on a systematic use of C language preprocessing 
directives and on a hierarchical naming convention in order to configure the 
desired simulation setting in a module-like fashion at compiling time.”
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[Hasselbring et al. 2024]



Dynamic Software Analysis with the Technology 
Research Software

[Fittkau et al. 2013, 2014, 2015e, 2017, Hasselbring et al. 2020]30



Experimentation with various Hardware Devices

Virtual Reality

3D Print

Augmented
Reality

Projection
Dome

[Hansen et al. 2024]

[Krause et al. 2021] 

[Fittkau et al. 2015d]

[Fittkau et al. 2015c]
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Multi-User Collaboration

[Krause et al. 2022, Krause-Glau et al. 2022, 2024a, 2024b

Krause-Glau and Hasselbring 2022, 2023]

On-Screen

AR

VR
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Dynamic Analysis
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[Krause et al. 2020] 



Identified Business Objects (Selection)
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Partitioning into bounded contexts
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Resulting Bounded Contexts
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Domain-Driven Database Design

37 [Krause et al. 2020] 



Re-Engineering ExplorViz toward a 
Microservice Architecture

38

[Fittkau et al. 2013b, Fittkau and Hasselbring 2015, Zirkelbach et al. 2018, 2019,  2020,
Krause et al. 2018, Krause-Glau and Hasselbring 2022] 

“eat your own dog food”



Research Software Engineering 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 [Felderer et al. 2023, 2025].

Sample RSE Research Question: 
“Which categories of research software require 

which software architecture structures? ”

https://irser.github.io/



Slides
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https://oceanrep.geomar.de/id/eprint/60906/
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