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Uncertainty-Informed Analysis and Optimal Design:
from Model Validation to Topology Optimization

In recent years, evaluating the predictive capability of computational models has become an
indispensable part of simulation frameworks. A report by a National Science Foundation blue ribbon
panel on simulation-based engineering science identifies Uncertainty Quantification as a key player
in the future of predictive analysis because some degree of uncertainty is inevitable in both “the
ability of a model to reflect reality and in the data the model uses”. Whether attributed to the
discrepancy between the mathematical model and the physical reality or the variability in the
parameters that define the model or the inputs, this uncertainty must be taken into account to achieve
reliable predictions of the response or to arrive at designs that are robust. A set of structural
mechanics problems in which the incorporation of uncertainty is at the heart of the modeling process
will be discussed. These include, among others, developing probabilistic frameworks that look at the
mechanics of thin-walled structures through an uncertainty-informed lens and strategies for robust
topology optimization where robustness in design is achieved through systematic embedding of
uncertainty in the built geometry and material properties into the objective and sensitivity
calculations. A consistent data-driven framework that draws upon advances in data mining,
information theory, and statistical inference and estimation techniques to build realistic stochastic
models from experimental measurements will be presented. Recent advancements in uncertainty
quantification based on spectral representation and propagation of uncertainty and multi-fidelity
information fusion that lie at the core of developed methodologies will also be discussed.
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