gbobobooooboobooboobo 20050 HPCDO 1040 60

IPSJ SIG Technical Report 0 200501007
FXTPACK
T
FXTPACK
FXTPACK FMM (Fast Multipole Method)
FMM

High Performance Implementation and Evaluation
of the Spherical Harmonic Transforms
in the Fast Orthogonal Function Transform Routine FXTPACK

RELI SUDA'

This paper discusses the performance of FXTPACK, an implementation of fast orthog-
onal function transform algorithm, evaluated mainly for spherical harmonic transforms.
FXTPACK uses the new algorithm with the generalized Fast Multipole Method (FMM) to
eliminate split Legendre functions, which are needed for the fast transform algorithm with the
conventional FMM. The new algorithm reduces floating-point operation counts for spherical
harmonic transforms slightly, but the effects are clearer in Legendre polynomial transforms.
The computational times are evaluated for several different implementations of the transforms,
and several implications useful for high performance implementations are obtained.
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Table 1 Comparison of speedup rates of spherical
harmonic transform by old and new algorithms
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511 1.76 1.78 1.01
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Fig.2 Relative computational costs of Legendre
polynomial transforms by the new algorithm
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IBM xSeries

335 CPU Xeon 2.8 GHz, DDR2
1GB OS  Redhat kernel 2.4.20-19.8smp,
Intel C Compiler 7.1
-03 -fno-alias 10
1
3 m
4.1
2
FMM
FXTPACK
CRS (Compressed Row
Storage)
SAR (Simple Array Representation)
CRS
CRS
4.2

B2AR (Block-2 Array Representation)

1/2

2
2 B2AR
Table 2 Block rates, non-zero rates, and transform times
of B2AR
1.10 97.7 % 97.1 % 9.67 ms | 6.89 ms
1.30 96.7 % | 97.5% | 9.63 ms | 6.86 ms
1.50 95.5 % 97.9 % 9.61 ms | 6.86 ms
1.70 92.8 % 98.3 % 9.64 ms | 6.91 ms
1.90 82.0% | 98.9% | 9.54 ms | 6.87 ms
2
1.10 97 %
1.90 82 %
1%
SAR 10.35 ms,
6.96 ms
B2AR-1.90 B2AR-1.30
B2AR SAR
B2AR
4.3
(1) m
2 (2)
(3)
(4)
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4 6

Fig.4 Times of six-vector expansion transforms
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3

Table 3 Fastest implementation and transform times for each number of simultaneous transforms

b2ar-1.90-single
b2ar-1.90-unroll
b2ar-1.90-unroll
b2ar-1.30-unroll
b2ar-1.50-unroll
b2ar-1.30-unroll
b2ar-1.30-unroll
b2ar-1.30-unroll
b2ar-1.30-unroll
b2ar-1.50-unroll
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—
[=)

9.54 ms
5.65 ms
4.30 ms
3.60 ms
3.42 ms
2.95 ms
2.77 ms
2.64 ms
2.70 ms
2.56 ms

b2ar-1.30-single
b2ar-1.30-unroll

sar-unroll

6.86 ms
3.86 ms
2.89 ms
2.47 ms
2.68 ms
2.20 ms
2.40 ms
2.29 ms
2.75 ms
2.37 ms

sar-unroll
sar-unroll
sar-unroll
sar-unroll
sar-unroll

sar-unroll

sar-inloop

FMM
FXTPACK

FMM FMM

170
3.7 Mflop
6 1.7 Gflops
CPU  Xeon 2.8 GHz
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