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Abstract:

Metasurfaces and metamaterials offer unprecedented capabilities for manipulating
electromagnetic waves, enabling applications ranging from beam shaping and wavefront
engineering to near-field focusing. However, the inverse design of large-scale metasurfaces
remains computationally challenging, particularly when discrete structural configurations,
multiple design objectives, and practical fabrication constraints are involved. This talk introduces
quantum-inspired computing as an efficient approach to addressing these challenges. By mapping
electromagnetic optimization problems onto Ising models and quadratic or higher-order
unconstrained binary optimization (QUBO/HUBO) formulations, quantum-inspired algorithms,
particularly simulated bifurcation, provide an alternative framework for exploring large
combinatorial design spaces. Several representative examples will be presented, including
programmable metasurface beam shaping, sidelobe suppression, space-time wavefront control,
and multi-target near-field focusing. The talk will also discuss how physics-based modeling and
quantum-inspired optimization can be integrated into metasurface inverse design, with particular
attention to discrete unit-cell configurations, design scalability, and practical implementation.
Finally, opportunities for bridging computational optimization, metamaterial design, and
experimental realization will be highlighted.
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