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Einar’s Axiom

2

“Every good talk has a Venn Diagram!”



3

Marrying concurrency theory with variability modelling
leads to behavioural variability model that is 
compositional, expressive, and succinct. 
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Variability: Incremental
• Neat structure

• Limited variability

• Reasonable analysis
possibilities

Core 
Product

[Kästner, Apel, Kuhlemann. 
Granularity in Software Product Lines, ICSE 2008]

[Simao and Petrenko, 
Fault Coverage-Driven Incremental Test Generation, 
The Computer J., 2010]
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Variability: Annotational
• Less clear structure

• More expressive:
(space and time variability)

• Difficulties with 
analysing deletion 
and modifications

[Varshosaz, Beohar, MRM,
Delta-Oriented FSM-Based Testing, ICFEM 2015]

[Schaefer et al. Delta-Oriented Prog., SPLS 
2010]
[Apel et al. Strategies for product-line
verification: 
Case studies and experiments]
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Product Lines: Compositional

• Clear structure
• Very expressive 
• Difficult to  implement and 

analyse

Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ

[Beohar and MRM, Spinal Test-Suited for  Software Product Lines]
[ter Beek, Damiani, Lienhardt, Mazzanti, Paolini,  Efficient Static Analysis and Verification of Featured Transition  Systems]
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Behavioural Variability
Labeled Transition 

system (LTS)
Finite State 

Machine (FSM)

Calculus of 
Communication 
Systems (CCS)

Featured LTS 
(FTS)

Modal Transition 
System (MTS)

1- Selecting
Modal Transition 
System (1MTS)

Disjunctive 
Modal Transition 
System (DMTS)

Parametric 
Modal Transition 
Systems (PMTS)

Featured FSM 
(FFSM)PL-CCS
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[Ghassemi and MRM,  Product line process theory]
[Beohar, Varshosaz. MRM, Basic Behavioral Models for Software Product Lines: Expressiveness and Testing Pre-Orders]
[Varshosaz, Luthmann, Mohr, Lochau, MRM, Modal transition system encoding of featured transition systems]
[ter Beek, Damiani, Gnesi, Mazzanti, Paolini, On the  Expressiveness of Modal Transition Systems with Variability Constraints]
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Featured Transition Systems

[Classen, Cordy, Schobbens, Heymans, Legay, Raskin,  Featured Transition Systems: Foundations for 
Verifying Variability-Intensive Systems and Their Application to LTL Model Checking]
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Featured Transition Systems

[Classen, Cordy, Schobbens, Heymans, Legay, Raskin,  Featured Transition Systems: Foundations for 
Verifying Variability-Intensive Systems and Their Application to LTL Model Checking]

What is the behavioural model for the feature cleaning (c)?
How about mapping (m)? 
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Featured Transition Systems

[Classen, Cordy, Schobbens, Heymans, Legay, Raskin,  Featured Transition Systems: Foundations for 
Verifying Variability-Intensive Systems and Their Application to LTL Model Checking]

Moral of the story: 
There is too much happening in 
a Featured Transition System!
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Feature Models

Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ
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Behavioural

Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ
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Feature Models
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Research Questions

• RQ1. How do the expressiveness 
and succinctness of BFMs 
compare to FTSs? 

• RQ2. In practice, how does the 
size of a BFM compare to the size 
of an FTS?
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Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ



RQ1: Expressiveness, Succinctness

• For every acyclic FTS, 
there is a trace-equivalent BFM with 
at most polynomial growth in size. 

• For every BFM, there is 
a  trace-equivalent FTS, with 
an exponential blow-up in size.  
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Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ



RQ2: Practical Size
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Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ
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Marrying concurrency theory with variability modelling
leads to behavioural variability model that is 
compositional, expressive, and succinct. 



Future Work

• Other composition operators

• Compositional model-checking

• Compositional model learning
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Figure 2: Features in DeltaJFigure 2: Features in DeltaJFigure 2: Features in DeltaJ

Henry, MRM, Neele, Sammartino. 
Compositional Active Learning of Synchronizing Systems through Automated Alphabet Refinement. 
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Thank you

Mohammad Mousavi

mohammad.mousavi@kcl.ac.uk

© 2026 King’s College London. All rights reserved
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