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Error Analysis and Control of Fast Spherical Harmonics Transform

RELII SuDAt and MASAYASU TAKAMItC

Spherical harmonics transform is divided into Fourier transform and associated Legendre
transform, and the latter is usually computed directly in time O(M?3) for cut-off frequency M.
We have proposed a fast Legendre transform algorithm which runs in time O(M?2log M). In
this paper, we propose schemes for error analysis and control of our fast transform algorithm.
Our scheme evaluates the error with a weighted matrix norm to reflect some characteristics
of application in error analysis. By introducing diagonal scaling, the consistency inequality
became tight enough to solve the spurious instability of shift of split points and to enable
effective error control. We also present a practical algorithm of error control and evaluations
of those schemes through numerical experiments.
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int fast_pp(m, no, ni, M, c)
cp = dir_pp(m, no, n1, M)
c=min{c,cp} // 000000
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¢o = fast_pp(m, no, v, X, ¢)

¢, = fast_pp(m, v, n1, X, ¢t — co)

if (co+ec1<eqOO ¢i4+co+ec1<c)

return ¢; +co+c¢1 //0000+00000

else if (¢; +ca < ¢)

return ¢; +¢¢ // 0000+00000

else

return cp // 000000000 O0O0O0OO

01 000o0ooooooooooobooo
Fig.1 Pseudo-code of preprocessing algorithm.
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Table 1 Achieved precision and looseness of bounding inequality.

oooo oooo oooo ooooo

M K We oo ooo oo ooo FMM ooo Fr ooo Fr
341 19.5 1.09 1.1e-10 2.5 438.1 12.0 79.4 4.2 5.7 4.2 1.0
511 20.2 1.16 1.2e-10 2.6 1320.4 26.3 570.1 5.6 7.2 5.6 1.0
682 20.1 1.18 1.5e-10 2.6 1946.5 31.72 160.5 4.7 7.6 6.1 1.0
1023 | 20.4 | 1.26 1.2e-10 4.1 6526.7 158.6 359.9 6.1 7.5 7.9 1.0
1365 | 20.2 1.32 1.4e-10 5.6 3418.8 98.3 755.5 9.7 7.8 9.7 1.0
2047 | 21.0 | 1.43 1.6e-10 6.3 14734.4 246.4 440.9 17.0 7.4 18.3 1.0
2730 | 20.9 1.52 1.2e-10 5.4 1884.3 181.2 726.6 17.2 7.7 24.2 1.0
4095 | 21.6 1.66 5.4e-9 6.1 10325.6 | 1066.3 | 1499.0 61.3 9.4 72.5 1.0
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