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Model Synthesis for Scientific Agents

Applications of generative modeling and deep learning in physics-based systems have traditionally focused
on building emulators - computationally inexpensive approximations of input-to-output maps. However,
the remarkable flexibility of data-driven architectures opens opportunities to broaden their scope to
include model inversion and identifiability analysis. We present InVAErt networks, a framework for data-
driven analysis and synthesis of parametric physical systems. Through numerical experiments, we
demonstrate the framework's versatility across a wide range of problems, including linear systems of
equations, spatio-temporal PDEs, and lumped-parameter physiological models. We further introduce an
extension for systems with observational noise, enabling the separation of structural from practical
identifiability in complex ill-posed inverse problems. Finally, we discuss recent efforts to integrate InVAErt

networks with large language model agents for applications in cardiovascular healch.



