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Disclaimer: most of the things I present today have
been done together with a team of people!
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over 150 people

worldwide, in academia
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1968 vs. 2018
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We have to deal with complexity by hierarchically ordering 

function and variability 

(E.W. Dijkstra: NATO Software Engineering Conference, 1968)

We have to understand how to design and implement reliable 
software such that maintenance, changeability, and 

variability are easier to handle. […]  

Software engineering will be part of systems engineering of 
cyber-physical systems closely connected to the real world. 

(M. Broy: IEEE Software, 2018)

We have to understand how to design and implement reliable 
software such that maintenance, changeability, and 

variability are easier to handle. […]  

Software engineering is part of systems engineering of 
cyber-physical systems closely connected to the real world. 

(M. Broy: IEEE Software, 2018)

mailto:rick.rabiser@jku.at
https://rickrabiser.github.io/rick/


Rick Rabiser – rick.rabiser@jku.at

https://rickrabiser.github.io/rick/

Cyber-Physical Systems I’ve worked 
with (just a selection)…
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Continuous Casting Machines Medical Systems Drone Control SystemsElectric Arc Furnaces

Blast Furnaces Rolling Mills
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Key Challenge of working with CPS: 
Multidisciplinarity
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(c) Alois Zoitl

(c) G. Renee Guzlas, artist

Cross-cutting issue: 

systematically dealing 

with variability!
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Variability and Multidisciplinarity in Practice

• Oct 4/5, 2021: Facebook, Instagram, WhatsApp Down for

several hours (7h+) world-wide

• Facebook Stocks down by more than 5 percent, over 40 

Billion US Dollars

• Reason? Software configuration error with effects on 

routing!

• Why so long to fix problem?

◦ People with knowledge about routers are not the same 

people with knowledge how to fix the software

configuration problem

https://en.wikipedia.org/wiki/2021_Facebook_outage
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Industry and Variability

“Industrial reality 

shows the number 

of variation points, 

variants, and 

dependencies 

easily reaches 

staggering levels 

Jan Bosch, Raffael Capilla, Rich Hilliard: Trends in Systems and Software Variability. IEEE Software, vol. 32(3), pp. 44-51, 2015.
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[...] often resulting in a situation in 

which no one […] has a 

comprehensive overview of the 

available variability.”
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Variability?

“the ability of a system or 

artifact to be efficiently 

extended, changed, 

customized or configured for 

use in a particular context”

(Capilla et al. 2013)

(c) Charles Krueger, BigLever
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SECPPS (Software Engineering in 
Cyber-Physical Production Systems) and Variability

• Goal: address the challenges in adopting state-of-the-art SE tools and techniques in the 

production automation domain and discuss various approaches to tackle the issues 

• Founded by: Rick Rabiser, Birgit Vogel-Heuser (TU Munich), Manuel Wimmer (WIN/SE, JKU), 

Andreas Wortmann (Uni Stuttgart), Alois Zoitl (JKU)
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SECPPS

Challenges

Complexity Multidisciplinarity Variability

Agility
Real-Time

Requirements

Education
Knowledge

Managment

Data Analytics 

& AI

ETFA 2022

Industry Voices

ETFA 2023

DSLs Maturity Model

DSL Ecosystem Maturity Model
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Earlier Research: My Journey of Developing a 
Configuration Tool 2006-2013

102006 2007 2008 2009 2010 2011 2012 2013

Research Results from Christian Doppler Lab ASE

- Flexible Variability

Modeling Approach

- Derivation Model

- Config. Prototype

- Model Fragments

- Evolution Support

- Case Studies

- Multi Product Lines

- Product Line Bundles

- Distributed Configuration

Refactoring & Maturation Project

- Sales Support Workflow 

- Focus on End Users

- Deployment Support

Industrial Rollout at SVAI

- Conf. Tool for Generating 

Documentation / Business 

Calculations / etc.

ASE 2012

CW Usab

Study
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Recent Research: V4rdiac: Multidisciplinary 
Delta-Oriented Variability Management in CPPS
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Product configuration 

interface based on 

variability models

Expressing variability 

from different aspects 

(e.g., business, signal, 

process) using 

heterogeneus

variability models

Express control 

software variability 

using delta 

models

Control software 

generator based on 

selected configuration 

options

SPLC 2023

Ind. Challenges
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Recent Research: 
Universal Variability Language (UVL)

• A community effort towards a 

unified language for 

variability models

◦ https://universal-variability-

language.github.io/

• UVL is a direct result of the 

efforts within the initiative

◦ https://modevar.github.io/

• Want to try it? https://uvl.uni-

ulm.de/
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UVL Support

• Language Levels (Boolean, Arithmetic, Type, …)

• Multi modeling concept (via imports)

• UVL Tool Support
◦ (ANTLR) Parser Implementations for Python and Java
◦ Integrated in FeatureIDE and FLAMA and TRAVART
◦ Importers/exporters for other tools, e.g., pure::variants
◦ Rust-based Language Server Protocol for integrating UVL 

in any IDE: UVLS
◦ Web-based playground based on UVLS UVL Playground
◦ Visual Studio Code extension based on UVLS

• Examples: https://github.com/Universal-Variability-Language/uvl-models
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UVL Publications

• Chico Sundermann, Kevin Feichtinger, Dominik Engelhardt, Rick Rabiser, and Thomas Thüm. 2021. Yet another textual variability 
language? a community effort towards a unified language. SPLC ‘21. https://doi.org/10.1145/3461001.3471145

• Chico Sundermann, Stefan Vill, Thomas Thüm, Kevin Feichtinger, Prankur Agarwal, Rick Rabiser, José A. Galindo, and David 
Benavides. 2023. UVLParser: Extending UVL with Language Levels and Conversion Strategies. SPLC ‘23 - Tool Track. 
https://doi.org/10.1145/3579028.3609013

• Chico Sundermann, Tobias Heß, Dominik Engelhardt, Rahel Arens, Johannes Herschel, Kevin Jedelhauser, Benedikt Jutz, Sebastian 
Krieter, and Ina Schaefer. 2021. Integration of UVL in FeatureIDE. MODEVAR@SPLC ‘21. https://doi.org/10.1145/3461002.3473940

• Kevin Feichtinger, Johann Stöbich, Dario Romano, and Rick Rabiser. 2021. TRAVART: An Approach for Transforming Variability Models. 
VaMoS ‘21. https://doi.org/10.1145/3442391.3442400

• Dario Romano, Kevin Feichtinger, Danilo Beuche, Uwe Ryssel, and Rick Rabiser. 2022. Bridging the gap between academia and 
industry: transforming the universal variability language to pure::variants and back. MODEVAR@SPLC ‘22. 
https://doi.org/10.1145/3503229.3547056

• José A. Galindo and David Benavides. 2020. A Python framework for the automated analysis of feature models: A first step to integrate 
community efforts. MODEVAR@SPLC ‘20. https://doi.org/10.1145/3382026.3425773José A. Galindo, Jose-Miguel Horcas, Alexander 
Felferning, David Fernandez-Amoros, and David Benavides. 2023. FLAMA: A collaborative effort to build a new framework for the 
automated analysis of feature models. SPLC’ 23 - Tool Track. https://doi.org/10.1145/3579028.3609008

• Jose M. Horcas, Jose A. Galindo, Mónica Pinto, Lidia Fuentes, and David Benavides. 2022. FM fact label: a configurable and interactive 
visualization of feature model characterizations. SPLC ‘22. https://doi.org/10.1145/3503229.3547025

• David Romero, José Á. Galindo, Jose-Miguel Horcas, and David Benavides. 2021. A first prototype of a new repository for feature model 
exchange and knowledge sharing. SPLC ‘21. https://doi.org/10.1145/3461002.3473949

SECPS: A Story of Variability and 

Complexity 14

mailto:rick.rabiser@jku.at
https://rickrabiser.github.io/rick/
https://doi.org/10.1145/3461001.3471145
https://doi.org/10.1145/3461002.3473940
https://doi.org/10.1145/3442391.3442400
https://doi.org/10.1145/3503229.3547056
https://doi.org/10.1145/3579028.3609008
https://doi.org/10.1145/3503229.3547025
https://doi.org/10.1145/3461002.3473949


Rick Rabiser – rick.rabiser@jku.at

https://rickrabiser.github.io/rick/

Tools? THE most used SPL/Variability Mgmt Tool?

• Microsoft Excel!
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„The Williams car build workbook, with roughly 
20,000 individual parts”

https://tech.slashdot.org/story/24/03/20/2142229/formula-1-chief-appalled-to-find-team-using-excel-to-manage-20000-car-parts
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Custom-developed „PL“ Tools

• Typical scenario:

◦ Company recognizes need to manage variability

◦ Company implements their own solution to manage variability

• However, there are many commercial and academic PL tools existing

◦ pure::variants (now part of PTC), FeatureIDE (Open Source FOSD IDE), …
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Recent Work: Remaining Industry Challenges?

M. Becker, R. Rabiser, G. Botterweck: Not Quite There Yet: Remaining Challenges in Systems and Software Product Line Engineering as Perceived by Industry Practitioners, SPLC 2024.
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Come to my SE Talk 

• Fr, 11:45, Audimax-1

• Not Quite There Yet: 

Remaining Challenges in 

Systems and Software PLE 

as Perceived by Industry

• Or read the paper 
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Useful Material/Further Reading: Useful Links

• Variability Modeling Body of Knowledge: https://github.com/SECPS/VMBoK

• Universal Variability Language: https://universal-variability-language.github.io/

• MODEVAR Initiative: https://modevar.github.io/

• Open Source Feature-oriented SW Development IDE: https://featureide.github.io/

• Online Var Modeling and Configuration Tool: https://variability.dev/

• Software Product Line Conference: https://splc.net/

• Variability Modeling Conference: https://vamosconf.net/

• Repository of Teaching Material: http://teaching.variability.io/

• Repository of Case Studies: https://but4reuse.github.io/espla_catalog/
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Useful Material/Further Reading: Textbooks

• S. Apel, D. Batory, C. Kästner, and G. Saake, Feature-Oriented Software Development: 
Concepts and Implementation: Springer, 2013.

• R. Capilla, J. Bosch, and K. Kang, Systems and Software Variability Management: Concepts, 
Tools and Experiences: Springer, 2013.

• P. Clements and L. Northrop, Software Product Lines: Practices and Patterns: SEI Series in 
Software Engineering, Addison-Wesley, 2001.

• J. Martinez, W. K. G. Assunção, T. Ziadi, M. Acher, S. Vergilio, S., Handbook of Re-Engineering 
Software Intensive Systems into Software Product Lines. R. E. Lopez-Herrejon (Ed.). Springer 
2023.

• K. Pohl, G. Böckle, and F. van der Linden, Software Product Line Engineering: Foundations, 
Principles, and Techniques: Springer, 2005.

• F. van der Linden, K. Schmid, and E. Rommes, Software Product Lines in Action - The Best 
Industrial Practice in Product Line Engineering: Springer Berlin Heidelberg, 2007.
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Useful Material/Further Reading: Papers (to start
with and find other material)

• M. Becker, R. Rabiser, G. Botterweck: Not Quite There Yet: Remaining Challenges in Systems and 
Software Product Line Engineering as Perceived by Industry Practitioners, SPLC 2024.

• T. Berger, J.P. Steghöfer, T. Ziadi, J. Robin, J. Martinez, J.: The state of adoption and the challenges 
of systematic variability management in industry. Empirical Software Engineering, 25, 1755-1797, 
2020.

• K. Czarnecki, P. Grünbacher, R. Rabiser, K. Schmid, and A. Wasowski: Cool Features and Tough 
Decisions: A Comparison of Variability Modeling Approaches. VaMoS 2012.

• M. Galster, D. Weyns, D. Tofan, B. Michalik, P. Avgeriou: Variability in software systems—a 
systematic literature review. IEEE Transactions on Software Engineering, 40(3), 282-306, 2013.

• M. Raatikainen, J. Tiihonen, and T. Männistö: Software product lines and variability modeling: A 
tertiary study. Journal of Systems and Software, vol. 149, pp. 485-510, 2019.

• R. Rabiser, K. Schmid, M. Becker, G. Botterweck, M. Galster, I. Groher, D. Weyns: A Study and 
Comparison of Industrial vs. Academic Software Product Line Research Published at SPLC, SPLC 
2018.
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Variability Model(s) (Repositories)

• https://github.com/SoftVarE-Group/feature-model-benchmark/tree/master/feature_models

• https://www.uvlhub.io/

• https://but4reuse.github.io/espla_catalog/

• https://github.com/tuw-qse/cpps-var-case-studies
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