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Stochastic Landau-Lifshitz=Gilbert (SLLG)

Find random magnetization M : Q x [0,7] x D — R3 such that

dM = [M X Heg(M) — M x (M x Hog(M))]dt + [M x g] o dW

Example: H (M) =AM + (0,0,-1)
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Reducing SLLG to a Parametric LLG Equation

SLLG: Find M = M (w,t,z) : Q2 x [0,T] x D — R3
dM = [M x AM — M x (M x AM)]dt + [M x g] o dW

1. Doss-Sussmann transform
m(w,t,x) = e V@OXD N (0 ¢, x)
2. Leévy-Ciesielski construction

Wy .,t) = Z Un 1 (1) 9l € T : parameter space in RY
neN

Parametric LLG: Find m = m(y,t,z) : T x[0,T] x D — R3

om=mx Am —m x (m x Am) + F(W([g'), m)

Goldys, Le, Tran 2016, J. Diff. Eq.
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Reduced Order Modelling:
POD — Tangent Plane Scheme (POD-TPS)



POD-TPS Algorithm

Proper Orthogonal Decomposition—Tangent Plane Scheme

m : T — L*0,T, H (D)?)

Algorithm 1 Offline Phase (IV;, N;, h, m")
1: fori=1,...,N; do
2: Sample y; € T’

3 wi(y,),...,v"V(y;) < FEM+time stepping(N;, h, m°, y,) > v/ (y,) € RV
4: end for

5: Assemble S = [v'(y))]...|v"""(yy,)] > S € RNwx(Nelt)
6: U ,X,V < SVD(S) >S=UsV"
7: return X, U

® Columns of U : Reduced Basis
® Nonzero diagonal of ¥ : Singular values
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Academic example: A perturbed relaxation problem

Mesh mY A sample of mat ¢t =1

T =1, N, = 10% 4+ 1 time steps, h = 1/8 mesh size, y e T =R
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Tangent Plane Scheme (TPS) Algorithm [AFKL'21]

® V = [V]3 space of magnetization's velocities: D — R3

* Tangent Planeto m: K(m) ={veV: [j(m-v)¢=0 VpeV}
Algorithm 2 Online Phase: TPS(N;, m°, ), v)
for For 5 =0,1,...,N; — 1 do > T =g
Find v/ € KC(m/) such that in K(m/)’ > Saddle point pb.
A +m! x v/ — A (m! +1ol) = F(W(y, jT),m’)
m/ = ﬁ’ifﬂb
end for

return m/, v/ for j =0,..., Ny > m’ ~m(y,t;), v~ dm(y,t;)

e FEM-TPS: V = FEM Space e POD-TPS: V = span(Velocities Reduced Basis)

Akrivis, Feischl, Kovacs, and Lubich 2021, Math. Comp.
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Example: Convergence under Reduced bases enlargement
e OG-1x (#RB) = #RB,) e OG-3x (#RB, = 3#RB)) e Supremizer stabilized [GV'12]

Error Inf-sup constant
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Gerner and Veroy 2012, SIAM J. Sci. Comput.
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Example: Convergence under online 7-refinement

Error Inf-sup constant
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Example: Convergence under offline h-refinement

Error Inf-sup constant
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Sparse grid Interpolation



Sparse Grid Interpolation of m : I' — M

1D interpolant I, v € Ny
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Parameter-to-magnetization map regularity
m:y Levy-Ciesielski W(y) LLG™?! m(y)
Parameter-to-magnetization map regularity [ADFST'25]

3 (pn)pen C Ry such that m : T' — M admits a holomorphic, bounded extension on

rc {(Zn)neN € (CN : |hn{zn}‘ < p”} C (CN

An, Dick, Feischl, S, and Tran 2025, JUQ.
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Holomorphic Extension Radii (py,)nen for SLLG
Holder space 0 < oo < 1 Lebesgue space ¢ > 1

W(y7 ) S Ca([oa T]) W(y? ) € Lq(07 T)
95 gy (n)] ¢ vy =1
95 [logy(n)] 5 v > 1

052 Nlogy (n)]
Slow growth p, ~ 272 2 Fast growth p, ~

102 - | —+— Lebeesgue 3/2
| |~ Lebesgue 1/2
] ~—=— Holder a =1
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Convergence of Sparse Grid Interpolation

Sparse grid interpolation convergence [BG'04] [NTT 16]

There exists 7 > 0, C; < oo such that

[ = Taull g msy < Cr #HLT

‘ Holder 0 < aa < 1 ‘ Lebesgue ¢ > 1

T

C;

1
2

%
9] N[
B

s-independent

Bungartz and Griebel 2004, Acta Numer.

Nobile, Tamellini, and Tempone 2016, Numer. Math.
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Challenging example: Perturbed switching dynamics

1, Ny =10% h=1/8, H(x) = (0,0, —1) external magnetic field, y € T C R'®°

T =

15
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POD-TPS and SG-RBP on perturbed switching

Average z-component m Dirichlet energy Dirichlet energy error
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Thanks for Listening!

Fernando Henriquez, Michael Feischl, AS (2025+).
Reduced Order Modelling of the Stochastic Landau-Lifshitz—Gilbert equation. In preparation.

Xin An, Josef Dick, Michael Feischl, AS, and Thanh Tran (2025).
Sparse grid approximation of nonlinear SPDEs: The Landau—-Lifshitz—Gilbert equation.
In: JUQ 13 (2), pp. 472-517, DOI: 10.1137/24M1646054.

stochllg: FEM for Stochastic LLG (Python) https://github.com/andreascaglioni/rom-sllg.

POD-TPS: Reduced basis for Stochastic LLG (Python, in preparation)
https://github.com/andreascaglioni/stochllg.

SGMethods: Sparse Grids Interpolation (Python).
https://github.com/andreascaglioni/SGMethods.
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