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Abstract

A common problem in the numerical simulation of complex real-world systems is the fact that the
parameters of the models usually exhibit some degree of uncertainty and exact values for their
quantification can hardly be provided. This non-determinism in numerical models may arise as a
consequence of different sources: natural variability or scatter, which is often referred to as aleatory
uncertainties, as well as so-called epistemic uncertainties, which arise from an absence of information,
vagueness in parameter definition, subjectivity in numerical implementation, or simplification and
idealization as it usually appears in every modeling procedure.

Aleatory uncertainties have successfully been taken into account by the use of probability theory, in
particular if sufficient data is available to derive probability density functions. The modeling of epistemic
uncertainties, i.e. the inclusion of vague knowledge or imprecision, however, still remains a challenging
topic. As a practical approach to solve this limitation, an interdisciplinary methodology to an advanced
modeling and analysis of systems is presented, which allows for the inclusion of uncertainties from the
very beginning of the modeling procedure. This approach is based on fuzzy arithmetic, a special field of
fuzzy set theory, where the uncertain values of the model parameters are represented by so-called fuzzy
numbers. Those fuzzy numbers do not only reflect in a rather intuitive and plausible way the blurred range
of possible parameter values, they can also be seen as a possibilistic enclosure of imprecise probabilities
in the case of insufficient knowledge. As a result of this advanced modeling technique, more
comprehensive system models can be derived which outperform the conventional, crisp-parameterized
models by providing simulation results which reflect both the system dynamics and the effect of the
uncertainties.

In the seminar, the fundamentals of fuzzy set theory and fuzzy arithmetic are introduced from scratch,
and the chances and challenges of fuzzy arithmetical uncertainty analysis are discussed and illustrated by
some exemplary applications from the fields of mechanical engineering and control engineering.
Furthermore, the relation between fuzzy arithmetic and probability theory is extensively elucidated, and
an approach to optimization under uncertainty is presented in the framework of robust controller design.
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