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ABSsTRACT. High-fidelity simulations of complex multiphysics systems are often prohibitively
expensive, motivating the development of hybrid multiscale methods that combine models of
differing fidelity. In this talk, we present a flexible framework for coupling full-order mod-
els (FOMs) and reduced-order models (ROMs) using the Schwarz alternating method [3]. By
decomposing the computational domain into subdomains and iteratively exchanging inter-
face information, this approach enables the coupling of heterogeneous models and discretiza-
tions, retaining high-fidelity resolution where needed while leveraging computationally efficient
ROMs elsewhere.

The accuracy and robustness of such hybrid simulations depend critically on the qual-
ity of the underlying ROMs, particularly for strongly nonlinear dynamical systems. To ad-
dress this challenge, we introduce neural network operator inference (NN-Oplnf) [1], a non-
intrusive model reduction approach that combines the expressive power of neural networks
with structure-preserving operator representations. By expressing reduced dynamics as a sum
of composable neural network operators with prescribed algebraic structure, NN-OpInf enables
the construction of flexible nonlinear ROMs that retain important physical properties of the
governing equations. We demonstrate the accuracy and stability of this approach on nonlinear
convection-diffusion-reaction problems and finite-deformation solid mechanics.

Finally, we demonstrate the integration of structure-preserving NN-Oplnf models within
the overlapping Schwarz framework. Numerical results for nonlinear solid mechanics illustrate
the advantages of NN-Oplnf over conventional polynomial operator inference [2] in coupled
simulations, highlighting the potential of combining structure-preserving data-driven ROMs
with domain decomposition for efficient and robust multiscale modeling.
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