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ABSTRACT 

This talk will describe a novel approach for creating adaptive hybrid models through domain 

decomposition (DD) and the Schwarz alternating method (SAM) [1], towards enabling 

predictive digital twins. In this approach, the solution on the full domain is obtained via an 

iterative process in which a sequence of subdomain-local problems are solved, with 

information propagating between subdomains through transmission boundary conditions 

(BCs). The models being coupled can be subdomain-local full order models (FOMs) and/or 

subdomain-local data-driven reduced order models (ROMs). During the past five years, our 

group has pioneered the use of the SAM to couple domain decomposition (DD)-based 

reduced-order models (ROMs) constructed using a variety of data-driven methodologies, 

including intrusive projection-based ROMs [2], Physics-Informed Neural Networks (PINNs) 

[3], non-intrusive Operator Inference (OpInf) ROMs [4,7], and, more recently, Kernel ROMs 

(KROMs) [5] and Numerics-Informed Neural Networks (NINNs) [6].  Numerical examples 

drawn from fluid dynamics will illustrate the robustness, convergence behavior, and flexibility 

of the proposed methodology, demonstrating its potential as a general framework for hybrid 

modeling.  We will also discuss some preliminary work on enabling on-the-fly ROM-FOM 

switching within the SAM coupling framework, toward the design of a hybrid DD + SAM-

based coupling framework. 

REFERENCES 

[1] A. Mota, I. Tezaur, G. Phlipot.  “The Schwarz alternating method for dynamic solid 

mechanics”, Int. J. Numer. Meth. Engng. 123 (21) 5036-5071, 2022. 

[2] C. Wentland, F. Rizzi, J. Barnett, I. Tezaur. “The role of interface boundary conditions and 

sampling strategies for Schwarz-based coupling of projection-based reduced order models”, J. 

Comput. Appl. Math., 465 116584, 2025. 

[3] W. Snyder, I. Tezaur, C. Wentland. “Domain decomposition-based coupling of physics-informed 

neural networks via the Schwarz alternating method”, Computer Science Research Institute 

Summer Proceedings 2023, S. Seritan and B. Reuter, eds., Technical Report SAND 2023-13916R, 

Sandia National Laboratories, 2023, pp. 390-411.  

[4] I. Tezaur, E. Parish, A. Gruber, I. Moore, C. Wentland, A. Mota. “Hybrid coupling with Operator 

Inference and the Schwarz alternating method”, submitted to Int. J. Numer. Meth. Engng. 

[5] A. Celaya, K. Kirk, D. Fuentes, and B. Rivière. “Solutions to elliptic and parabolic problems via 

finite difference based unsupervised small linear convolutional neural networks”. Computers & 

Mathematics with Applications, 174:31–42, 2024. 

[6] A. Diaz, J. Needels, I. Tezaur, P. Blonigan.  “Kernel manifolds: nonlinear-augmentation 

dimensionality reduction using reproducing kernel Hilbert spaces”, Int. J. Numer. Meth. Engng. 

126(24) e70230, 2025. 

[7] E. Parish, A. Gruber, P. Blonigan, I. Tezaur. “NN-OpInf: an operator inference approach using 

structure-preserving composable neural networks”, submitted to J. Comput. Phys. 

http://www.sandia.gov/~ikalash

