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Abstract —

Modeling and Simulation (ModSim) have become essential tools in science and engineering,
enabling the precise analysis and prediction of complex systems. In Computational
Electromagnetics (CEM), these techniques have advanced significantly over the past six decades,
addressing increasingly sophisticated challenges and driving innovation across various industries.
CEM plays a pivotal role in the design and optimization of modern electromagnetic systems.
Emerging technologies, such as 5G and beyond, metasurfaces, and quantum devices, present
new challenges in modeling multiscale, multiphysics, and electrically large systems. Accurate
simulation of these systems requires efficient handling of billions of unknowns and the incorporation
of various physical effects, demanding innovative methodologies.

Overcoming these challenges necessitates the development of hybrid numerical methods, problem
decomposition strategies, and parallelization techniques optimized for advanced computing
architectures. Recent hardware advancements, including Graphics Processing Units (GPUs) and
specialized computational platforms, have further revolutionized the computational capabilities of
CEM. Additionally, the integration of machine learning (ML) into CEM workflows has emerged as
a transformative approach, offering the potential to accelerate simulations, optimize resources, and
enhance accuracy.

This keynote presentation explores the latest advancements in electromagnetic modeling and
simulation, with a focus on numerical methods, their challenges, and future directions. It will
highlight the critical role of interdisciplinary collaboration in addressing emerging complexities and
driving innovation in the field. By combining advanced numerical methods, ML, and high-
performance computing, the next generation of CEM tools can significantly enhance the accuracy
and efficiency of simulations, enabling breakthroughs in fields ranging from telecommunications to
quantum technologies.
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