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With the rapid development of big data and intelligent computing, physical electronics research
is gradually shifting from traditional analytical modeling to data—driven and intelligence—driven
paradigms. This review summarizes the theoretical foundations, technical pathways, and recent
advances in integrating these two approaches, with a focus on the current state of research in
multiphysics coupling computation, multiscale modeling of micro/nanostructures, and data—driven
discovery of physical laws. To date, key technologies such as physics—informed neural networks,
surrogate models, and adaptive discretization methods have become essential for improving the
efficiency and accuracy of solving complex physical systems. However, several challenges remain:
the lack of a self—consistent theoretical framework for cross—scale correlations from micro to macro
scales, insufficient generalization capability of multiphysics coupling models under strong nonlinear
conditions, and the absence of a unified standard for balancing computational efficiency and physical
fidelity.
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