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ABSTRACT

Nowadays the concept of digital twin is well widespread in the industrial community. The simulated
systems incorporate real-time data acquisition, complex dynamical behaviour, multi-phase and multiphysics. This results in the need of better integration of all the components of these new digital representations, more sophisticated numerical analysis techniques involving data-driven models. These new
challenges are crucial when dealing with industrial design optimization [1, 2]. We present different
modular techniques easy to integrate in existing numerical pipelines in a non-intrusive way.
Shape parameterisation and morphing capabilities are the first step in every shape optimization cycle.
Techniques such as free form deformation and radial basis functions interpolation are general purpose
methods to deform a body. To explore sufficient large design space looking for unconventional solutions,
we need to increase the number of geometrical parameters. Moreover other physical and/or structural
parameters can play a huge role in the analysis. This leads to intractable problems with too many input
parameters. Active subspaces can be used to reduce the dimensionality on the input parameter space
taking linear combinations of all the original parameters (see [3] for a naval engineering application).
After reducing the number of parameters, we still need a huge amount of output fields evaluations at
untried inputs during the optimization cycle. Reduced order methods (ROM) allow to represent a system
using only few basis functions that retain the most energetic components. We will focus on non-intrusive
ROMs such as proper orthogonal decomposition with interpolation and dynamic mode decomposition,
as data-driven techniques for fast and reliable evaluations of the output fields of interest [4]. The intrusiveness is to be intended in terms of numerical implementation, since non-intrusive methods do not
require rewriting of the numerical schemes and are easy to implement even without accessing the source
code. This aspect is particularly relevant when commercial codes are employed.
REFERENCES
[1] M. Tezzele, N. Demo, A. Mola, G. Rozza. An integrated data-driven computational pipeline with
model order reduction for industrial and applied mathematics. Submitted, Spec. Vol. ECMI, 2018.
[2] G. Rozza, M. H. Malik, N. Demo, M. Tezzele, M. Girfoglio, G. Stabile, and A. Mola. Advances
in Reduced Order Methods for Parametric Industrial Problems in Computational Fluid Dynamics.
Glasgow, UK, 2018. ECCOMAS.
[3] M. Tezzele, F. Salmoiraghi, A. Mola, and G. Rozza. Dimension reduction in heterogeneous parametric spaces with application to naval engineering shape design problems. Advanced Modeling
and Simulation in Engineering Sciences, 5(1):25, Sep 2018.
[4] N. Demo, M. Tezzele, G. Gustin, G. Lavini, and G. Rozza. Shape optimization by means of proper
orthogonal decomposition and dynamic mode decomposition. In Technology and Science for the
Ships of the Future: Proceedings of NAV 2018: 19th International Conference on Ship & Maritime
Research, pages 212–219. IOS Press, 2018.

