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Abstract: In this work, we develop a numerical homogenization ap-
proach for the fully nonlinear Landau-Lifshitz equation with rough coef-
ficients, including non-periodicity and nonseparable scales. Direct fine-
mesh resolution of such multiscale problems incurs prohibitive computa-
tional costs. To address this, we propose an efficient coarse-scale approx-
imation using localized basis functions derived from energy minimiza-
tion within the GRPS/LOD framework. These basis functions preserve
critical multiscale features on a tractable coarse mesh. The nonlinear,
vectorial, non-symmetric nature of the Landau-Lifshitz equation neces-
sitates careful design of variational formulations for basis construction.
We introduce several such formulations, each tailored to specific struc-
tural aspects. Systematic numerical experiments demonstrate that our
approach achieves significant computational savings without compro-
mising accuracy, offering a robust framework for simulating multiscale
magnetic systems with complex microstructures. The theoretical foun-
dation is established via systematic error analysis, decomposing the total
error into temporal and spatial components. The spatial error analysis is

conducted by formulating the LL equation within the LOD framework.






