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Problem Statement: Inscenario-based system design, particularly in domains such as autonomous
driving, it is common to distinguish between abstract scenarios and concrete scenarios.

Abstract scenarios are declarative, high-level behavioral specifications without committing to
specific parameter values or exact execution details. For example, an abstract scenario may spec-
ify that “a vehicle approaches an intersection and yields to another vehicle,” without defining exact
speeds, timings, or trajectories.

In contrast, concrete scenarios represent fully instantiated executions, including precise values
such as positions, velocities, timings, and environment configurations. These scenarios are typically
executable in simulation environments and correspond to specific realizations of abstract behaviors.

To systematically derive test cases, an abstract scenario is typically expanded into a set of
concrete scenarios by instantiating its parameters. This set should not be generated arbitrarily;
rather, it must satisfy a predefined coverage criterion (e.g., covering critical parameter ranges,
edge cases, or diverse behavioral variations). Ensuring such coverage is essential for adequately
exploring the space of possible system behaviors induced by the abstract specification.

Working with concrete scenarios enables iterative refinement: individual scenarios can be ad-
justed, optimized, or “repaired” (e.g., o correct infeasible configurations or to better expose system
weaknesses), while still maintaining traceability to the originating abstract scenario. This supports a
feedback loop in which insights gained from concrete executions inform improvements to both the
scenario set and the abstract specification itself.

A key challenge is determining whether a given concrete scenario satisfies or conforms to an
abstract scenario. This requires defining a meaningful notion of distance or similarity between sce-
narios that captures both structural and behavioral differences.

Unlike traditional model comparison problems, scenario comparison involves multiple dimen-
sions, including ordering of events, timing constraints, and parameter instantiations. Therefore, stan-
dard techniques are not directly applicable and require adaptation.

Obijective: The goal of this thesis is to investigate and develop methods for measuring the distance
between concrete and abstract scenarios.



The work aims to:

« formally define the relationship between abstract and concrete scenarios based on existence
distance measures, for example timed automata,

« identify relevant dimensions of similarity (e.g., structure, timing, parameters),

« design a distance metric that quantifies how well a concrete scenario fulfills an abstract spec-
ification,

. evaluate how well this metric reflects semantic scenario conformance.

Research Questions:

« RQ1: How can abstract scenario and concrete scenario trace be formally represented to
enable comparison?

« RQ2: What are the key dimensions (e.g., structural, temporal, parametric) that define similarity
between scenarios?

« RQ3: How can a distance metric be defined that quantifies the degree to which a concrete
scenario satisfies an abstract scenario?

« RQ4: How well does the defined distance reflect the semantic correctness or validity of a
scenario?

Tasks:
. Study existing representations of abstract and concrete scenarios.
+ Define a formal model for representing scenarios.
« Identify relevant comparison dimensions (structure, timing, parameters).
+ Design and formalize a distance metric.
+ Implement a prototype for computing concrete scenario execution trace distances.

+ Evaluate the approach using representative scenarios.

Resources:
« OpenSCENARIO Standard:

- https://www.asam.net/standards/detail/openscenario/

— Chatterjee, K., Ibsen-lensen, R., Majumdar, R.: “Edit Distance for Timed Automata.” In:
HSCC (2014), pp. 303-312.
https://dl.acm.org/doi/10.1145/2562059.2562141

« Edit Distance and Similarity Measures:

- Fisman, D., Tzarfati, .: “When Is the Normalized Edit Distance over Non-Uniform Weights
a Metric?”
https://drops.dagstuhl.de/entities/document/10.4230/LIPIcs.CPM.2024.14

+ Scenario Generation and Autonomous Driving:


https://www.asam.net/standards/detail/openscenario/
https://dl.acm.org/doi/10.1145/2562059.2562141
https://drops.dagstuhl.de/entities/document/10.4230/LIPIcs.CPM.2024.14

- Hossain, A.: “Generating Test Scenarios for Autonomous Driving: A Taxonomy and Survey”
(2025)
https://www.preprints.org/manuscript/202508.2130
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