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An Open-Source Benchmarking
Pipeline for Rare-Event Estimation

Description

High-stakes engineering systems (i.e., autonomous systems, infrastructure,...) usually underly stringent reliability targets.
Failure probabilities in this context are too small (pr << 10#) for crude Monte Carlo estimators because it would require
prohibitive numbers of expensive model evaluations (e.g., finite-element analyses or high-fidelity simulators). While many
rare-event estimation algorithms have been proposed, meaningful comparison is frequently hindered by inconsistent prob-
lem definitions, non-uniform computational budgets, and heterogeneous reporting practices. The focus of this Seminar Lab
is thus the development of a reproducible, extensible benchmarking pipeline for rare-event estimation. Rather than center-
ing on a specific algorithmic family, the project will deliver an open-source Python framework in which rare-event estimators
can be integrated through standardized interfaces. The pipeline will formalize benchmark case studies (limit-state functions
and input models), define evaluation budgets and stopping criteria, and implement robust diagnostics and performance
metrics that capture accuracy, estimator variability, computational efficiency, and sensitivity to tuning. Emphasis is placed
on experiment configuration, reproducible execution (seeds, logging, and automated reporting), and documentation so that
future researchers can add new algorithms and compare them transparently.

4 Tasks

> - Specify benchmarking requirements (scope, assumptions,

2] plug-in API, and reproducibility standards).

1 - - Define benchmark problems (limit-state functions, input distri-

< 0- butions, reference solutions, and evaluation budgets).
1 - Develop the experimental pipeline in a Python repository
(configuration, logging, storage, and automated reporting).
=27 - Define and implement metrics/diagnostics (accuracy, sample
-3 efficiency, robustness, and tuning sensitivity).
4L : : : - Validate the pipeline via pilot studies and synthesize recom-
-5 0 5 10 mendations for reporting and practical use.
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Figure 1. Sampling of rare-event failure regions.

Supervisors
Theresa Hefele (theresa.hefele@tum.de), Pablo G. Morato, and Daniel Straub
Engineering Risk Analysis Group, Technical University of Munich

References

[1] Papaioannou, |., Betz, W., Zwirgimaier, K., & Straub, D. (2015). MCMC algorithms for subset simulation. Probabilistic
Engineering Mechanics, 41, 89-103.

[2] Moustapha, M., Marelli, S., & Sudret, B. (2022). Active learning for structural reliability: Survey, general framework and
benchmark. Structural Safety, 96, 102174.

[3] Papaioannou, I.,Zwirgimaier, K & Straub D. (2012). Assessment of MCMC algorithms for subset simulation. https://me-
diatum.ub.tum.de/doc/1120238/document.pdf



