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This review paper comprehensively examines the technological trends of micromagnetics and multiscale modeling as methodologies
for realizing precise magnetic structure control at the domain level in the development of high-performance permanent magnets,
which are key to the eco-friendly mobility and energy industries. It covers numerical approaches that utilize energy minimization
algorithms based on the domain-level continuum hypothesis to precisely analyze the mechanisms of reverse domain nucleation and
magnetization reversal propagation within complex grain boundaries and core-shell microstructures. Furthermore, by discussing the
realization of multiscale computational simulation—which organically integrates proprietary parameter derivation based on density
functional theory (DFT) with machine learning (ML) database predictions to overcome the physical spatiotemporal constraints of
micromagnetic simulations—and covering research based on this approach, this paper aims to summarize the key role
computational science will play in the optimal design of next-generation high-performance rare-earth and non-rare-earth permanent
magnets, as well as the future directions for their development.
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Fig. 1. (Color online) Method for partitioning a system for micromagnetic simulation. (a) Finite difference method (FDM), and (b) Finite element

method (FEM).
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Fig. 2. (Color online) (a) Trajectory of the magnetic moment
following the Landau-Lifshits-Gilbert (LLG) equation. H,: effective
magnetic field, . gyromagnetic ratio, oz damping constant. (b)
Trajectory of the magnetic moment minimizing its magnetic energy.
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Fig. 3. (Color online) Various computational methods to implement grain structures. (a) Voronoi tessellation for 2-dimensional grain structure
using Mumax®. Reproduced from [18], under the terms of the CC BY 3.0 license. Copyright © 2014 The Authors (Vansteenkiste ef al.), published
by AIP Publishing. (b) Synthetic grain structure created with Neper for the micromagnetic simulation. Adapted from [16], under the terms of the
CC BY 3.0 license. Copyright © 2018 IOP Publishing Ltd.. (¢) Tomography-based grain structure reconstruction. Adapted from [35], under the
terms of the CC BY 4.0 license. Copyright © 2024 The Authors (Bolyachkin ez al.), published by Springer Nature.
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Fig. 4. (Color online) Example of permanent magnet property calculation through the implementation of micromagnetic simulation of a core-shell
structure. (a) Schematics of characteristics of shell structures. (b) Definition of nucleation point and its nucleation energy. (c) Relation between the
shell formation depth and coercivity. Adapted from [38], under the terms of the CC BY 4.0 license. Copyright © 2025 The Authors (Lee ef al.),
published by Elsevier Ltd.
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Fig. 5. (Color online) Example of micromagnetics — machine learning integrated framework. The proposed workflow integrates high-throughput
micromagnetic simulations with forward and inverse machine learning to analyze the impact of nanostructure and phase properties on the
coercivity of SmCo-1:7 permanent magnets. Reproduced from [41], under the terms of the CC BY 4.0 license. Copyright © 2026 The Authors
(Yang et al), published by Springer Nature Limited.
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