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A New Radix-8 FFT Kernel Suitable for Multiply-add Instruction

DAISUKE TAKAHASHI®® and YASUMASA KANADAT

In this paper, we propose a new radix-8 fast Fourier transform (FFT) kernel suitable for the
CPU with multiply-add instruction. The proposed radix-8 FFT kernel requires less floating-
point instructions than does the conventional radix-8 FFT kernel on processors which have a
multiply-add instruction. We implement this algorithm and evaluate its performance on the
IBM RS/6000 590 workstation and NEC SX-4 shared-memory vector parallel computer both
of which have a multiply-add instruction. The result shows that our radix-8 FFT kernel is
faster than the conventional radix-8 FFT kernel or Goedecker’s radix-4 FFT kernel.
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Fig.1 Conventional radix-8 FFT kernel.
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Fig.2 New radix-8 FFT kernel.
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Table 1 Number of floating-point instructions for FFT

kernels on a processor with multiply-add instruc-

tion.
goooooo | ooo ooo
Conventional Radix-4 28 8 8
Goedecker Radix-4 22 8 8
Conventional Radix-8 84 16 16
New Radix-8 66 16 16

goooooooobooooooooboo
6.1 DO000O0OO0OO0ODOOOOO0OO0OO0O0OO0
gbooooboooooboooooooOooOOodg FrT
goboooooooobooobo10000
gl1gooooooooboobooobooooo
goboo0oo0ooOo0oo0oO0Oo0o0oooooo 1000
gooooooooooboobooooooood1d
oooooooooboooo 800 FFTOOOOO0O
000 8O0 FFTOOOOOOODOOODODOOD 84
Oo0ec0000000OODOOOOOO 21%000
gooooooooo
n=p'00000000n0 FFTODOOOO T
OO0p0O0 FFTOOOOOOOODOO 7T,000000

1 t
T=1T, —log,n=1T, —
p P D p P

(4)



2022 goooooooo July 2000
02 0000000000D0O0O00D00O000 FFTOOOOOOO n0O FFTOOOOOO
Table 2 Number of floating-point instructions for n point FFTs on a processor

with multiply-add instruction.
goooooo o000 4+ 000 O
Conventional Radix-4 3.5nlogy, n 2nlogy, n 1.75
Goedecker Radix-4 2.75nlog, n 2nlogy n 1.375
Conventional Radix-8 3.5nlogy n 1.333nlog, n 2.625
New Radix-8 2.75nlog, n 1.333nlog, n 2.063
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Table 3 Number of floating-point instructions for FFT kernels on a processor
without multiply-add instruction.
oo 0o ooo ooo
Conventional Radix-4 12 22 8 8
Goedecker Radix-4 14 22 8 8
Conventional Radix-8 32 66 16 16
New Radix-8 38 66 16 16
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Table 4 Number of floating-point instructions for n point FFTs on a processor
without multiply-add instruction.
0o +00 ooo + 000 0
Conventional Radix-4 4.25n log, n 2nlogy n 2.125
Goedecker Radix-4 4.5nlogy n 2nlogy n 2.25
Conventional Radix-8 | 4.083nlog, n 1.333nlog, n 3.063
New Radix-8 4.333nlogy n 1.333nlog, n 3.25
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Fig.3 Relative RMS error of radix-8 FFTs (IBM
RS/6000 590).
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Table 5 Performance of radix-4,8 FFT kernel (execution times of 64 and 1024
evaluations of 64-point FFTs) on IBM RS/6000 590.
6400 640 FFT 102400 64 0 FFT
Time (msec) | MFLOPS | Time (msec) | MFLOPS
DCFT (ESSL) 0.5157 238.26 17.139 114.71
Goedecker Radix-4 0.4913 250.10 16.094 122.16
Conventional Radix-8 0.5304 231.68 12.031 163.41
New Radix-8 0.4865 252.61 11.465 171.49
06 408000 FFTOOOOO65536 00 640 FFTOOODOO NEC SX-40
Table 6 Performance of radix-4,8 FFT kernel (execution times of 65536
evaluations of 64-point FFTs) on NEC SX-4.
Conventional Radix-4 Goedecker Radix-4 Conventional Radix-8 New Radix-8
# CPU Time (sec) GFLOPS Time (sec) GFLOPS Time (sec) GFLOPS Time (sec) GFLOPS
1 0.07844 1.604 0.06931 1.815 0.07458 1.687 0.06817 1.846
2 0.03942 3.192 0.03479 3.617 0.03750 3.355 0.03410 3.690
4 0.01974 6.373 0.01745 7.209 0.01873 6.717 0.01710 7.359
07 408000 FFTODOOOD 1024 00 4096 0 FFTODOODOO NEC SX-40
Table 7 Performance of radix-4,8 FFT kernel (execution times of 1024
evaluations of 4096-point FFTs) on NEC SX-4.
Conventional Radix-4 Goedecker Radix-4 Conventional Radix-8 New Radix-8
# CPU ™ Tine (sec) | GFLOPS | Time (sec) | GFLOPS | Time (sec) | GFLOPS | Time (sec) | GFLOPS
1 0.16720 1.505 0.14463 1.740 0.16147 1.559 0.14119 1.782
2 0.08399 2.996 0.07239 3.476 0.08054 3.125 0.07067 3.561
4 0.04205 5.985 0.03628 6.936 0.04044 6.224 0.03548 7.092
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