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Hybrid Solvers: Al-Integrated Numerical
Simulators for Reliable Real-Time Inference

ABSTRACT

What if high-fidelity simulations that take hours or days could be reduced to
seconds, without compromising physical reliability? Numerical simulations
based on partial differential equations are foundational to modeling complex
physical systems, yet their computational cost often limits large-scale
uncertainty quantification, design exploration, and real-time decision-making.
Recent advances in Al-based surrogate modeling, particularly neural
operators, offer a compelling alternative by learning mappings between
function spaces rather than individual solutions. However, achieving
accuracy, stability, and reliable generalization, especially over long time
horizons and across multiple scales, remains a critical challenge. This talk
introduces hybrid Al-integrated numerical solvers that combine classical
physics-based simulation with neural operator surrogates to deliver fast and
physically consistent predictions. The focus is on operator-learning
frameworks that explicitly embed physical structure, stabilize long-horizon
inference, and couple seamlessly with traditional solvers in both space and
time. By selectively replacing the most expensive components of numerical
solvers using physics-informed learning and domain decomposition, these
hybrid approaches achieve substantial computational savings while
maintaining control over error growth. Through representative examples in
mechanics, the talk demonstrates how hybrid neural-physics solvers enable
scalable, trustworthy modeling of complex dynamical systems. The broader
vision is to move beyond black-box acceleration toward reusable, foundation-
style AI components that can support next-generation scientific computing
and real-time engineering decision-making.

BIOGRAPHY

Somdatta Goswami is an Assistant Professor in the Department of Civil and
Systems Engineering at Johns Hopkins University, with a joint appointment
in Applied Mathematics and Statistics and the Data Science and Al Institute.
Her research lies at the intersection of scientific machine learning,
computational mechanics, and physics-informed modeling, with a focus on
neural operators, foundation models for scientific computing, and data-
efficient learning of complex dynamical systems. She develops hybrid Al
physics frameworks to accelerate high-fidelity simulations while preserving
physical consistency, with applications spanning atmospheric flows, fracture
mechanics, and multi-physics systems. Dr. Goswami’s work aims to enable
scalable, reliable, and interpretable machine learning tools for next-
generation engineering analysis and scientific discovery.
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