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ABSTRACT

In this talk we present a surrogate-based design optimization method involving parameter space reduction
and reduced order modeling [1]. We focus on the structural optimization of passenger ship hulls. We
exploit proper orthogonal decomposition (POD) to reduce the dimensionality of the stress tensor field and
the active subspaces technique for the parameter space. We propose a multi-fidelity approach, where the
low-fidelity model is built through parameter space reduction without the need of running any simplified
simulation [2]]. We integrate a low-dimensionality bias within a nonlinear autoregressive scheme of
Gaussian processes. We apply this method to every POD modal coefficient. Then, we interpolate the
latent variables to reconstruct the solution manifold and predict the state for unseen parameters.

The Bayesian optimization loop is performed using this surrogate model. The approximated optima
are validated through high-fidelity simulations and the reduced order models are updated with this new
information, resulting in better accuracy in the neighborhood of these added points. Thus, the surrogate
model is driven by the optimizer to be accurate in regions with high potential, while accepting more
uncertainty in the rest of the design space.

We implemented the numerical pipeline using ATHENA [3] for the active subspaces reduction, and
EZyRB [4] for the proper orthogonal decomposition with interpolation method.

REFERENCES

[1] M. Tezzele, L. Fabris, M. Sidari, M. Sicchiero, and G. Rozza. A multi-fidelity approach coupling
parameter space reduction and non-intrusive POD with application to structural optimization of
passenger ship hulls. International Journal for Numerical Methods in Engineering, 2022. doi:
10.1002/nme.7159

[2] F. Romor, M. Tezzele, M. Mrosek, C. Othmer, and G. Rozza. Multi-fidelity data fusion
through parameter space reduction with applications to automotive engineering. arXiv preprint
arXiv:2110.14396, 2021.

[3] F. Romor, M. Tezzele, and G. Rozza. ATHENA: Advanced Techniques for High dimensional
parameter spaces to Enhance Numerical Analysis. Software Impacts, 10:100133, 2021. doi:
10.1016/j.simpa.2021.100133

[4] N. Demo, M. Tezzele, and G. Rozza. EZyRB: Easy Reduced Basis method. The Journal of Open
Source Software, 3(24):661, 2018. doi: |10.21105/j0ss.00661


https://onlinelibrary.wiley.com/doi/10.1002/nme.7159
https://www.sciencedirect.com/science/article/pii/S2665963821000543?via%3Dihub
https://joss.theoj.org/papers/10.21105/joss.00661

