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= six digits accuracy lost per R-decade.

High Precision Floating Point Multistage Hybrid Method

Symmetries = O(M)
compute time

M subcells In B

= High Precision Analytic Expression Evaluation

GE) 105
“Low + Refined Resolution High Order Asymptotics Conclusions
& 10 f y ' 100 p——————— - — T - — T ; — > The demag tensor is used to compute self-magnetostatic fields in a
x i Use only when necessary. N n ] . .. . SR .
S 1o [ ] i O :. i micromagnetic simulation. The initialization of tensor values is a one-
s | _> i e ] time cost.
2 1025 [ i | 1 . . . .
g o 10°F A R " n = 77‘63 ] - Numeric evaluation of analytical expressions for the demag tensor
w0k g N . 677?7@0, "n i”%,«o . _ suffers from large cancellation error. Six decimal digits of accuracy
T T T T T O .0l Aa, 7‘%} " ;C: 70 : are lost for each 10-fold increase of cell offset R. Higher precision
Offset R/ (cell volume)™ > 100 F A ’77,01«0 , m L7 Double- calculations can address this.
= A Y m_ X precision . . .
3 [ oV YN 2)(2 ol . limit - Dipole approximations of the tensor values converge only slowly with
N ' ALSx - 1 R, especially for non-cubic cells.
> 10-15 [ A 7 O ] , €SP y
References o “al AA—a 4 AAA el B =_;.='-.,.A-_:, ~ High-order asymptotic expressions for the demag tensor are fast to
(1) M.E. Schabes and A. Aharoni, “Magnetostatic ’: 00 ® ] compute and accurate for large R, but are sensitive to cell geometry.
interaction fields for a three-dimensional array of g 10-20 L . ..\;doub\e ’ Accuracy can be improved by subdividing cells, but with an O(M)
ferromagnetic cubes,” IEEE Trans. Magn., MAG-23, 3882- o o® .z\o,do\éo% A ) speed penalty, where M is the number of cells in the subdivision.
3888 (1987). % i s i N\a\\J,\Q v ] - A multistage hybrid method using the analytic expressions with extra-
(2) A.J. Newell, W. Williams, and D.J. Dunlop, “A S 1025 - L, s - precision arithmetic in the near field (small R), high-order asymptotic
generalization of the demagnetizing tensor for nonuniform 3 e —° i expressions with subdivided cells in the mid field (medium R), and
magnetization,” J. Geophysical Research — Solid Earth, 98, < w0 f P ° i high-order asymptotic expressions without subdivided cells in the far
9551-9555 (1993). 107 1 _ di B field (large R) can compute the demag tensor with near double-
(3) K.M. Lebecki, M.J. Donahue, and M.W. Gutowski, i e—o S  ©9 T precision accuracy without excessive computation time.
“Periodic boundary conditions for demagnetization L ] ] : — > An illustrative example: a dual-core laptop can compute the demag
interactions in micromagnetic simulations,” Journal of 1 10 100 tensor for a 2 million cell simulation in 5 seconds.

Physics D — Applied Physics, 41, 175005 (2008). Offset R /(cell volume)”?’



	PowerPoint Presentation

