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A Blocking Algorithm for Parallel FFT on
Shared-memory Parallel Computers

DAISUKE TAKAHASHIT®

In this paper, we propose a blocking algorithm for parallel one-dimensional fast Fourier
transform (FFT) on shared-memory parallel computers. Our proposed FFT algorithm is
based on the six-step FFT algorithm. We show that the block six-step FFT algorithm
improves performance by effectively utilizing the cache memory. Performance results of
one-dimensional FFTs on the SGI Onyx3400 and Sun Enterprise 6000 are reported. We
succeeded in obtaining performance of about 1929 MFLOPS on the SGI Onyx 3400 (MIPS
R12000 400 MHz, 16 CPUs) and about 520 MFLOPS on the Sun Enterprise 6000 (UltraSPARC
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168 MHz, 16 CPUs).
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1 COMPLEX*16 X(N1,N2),Y(N2,N1),U(N2,N1)
2 DO I=1,N1
3 DO J=1,N2
4 Y(J,I)=X(1,T)
5 END DO
6 END DO

7 DO I=1,N1

8 CALL IN_CACHE_FFT(Y(1,I),N2)
9 END DO

10 DO I=1,N1

11 DO J=1,N2

12 Y(J,I)=Y(J,1)*U(J,I)

13 END DO

14 END DO

15 DO J=1,N2

16 DO I=1,N1

17 X(I,N=Y(J,D

18  END DO

19 END DO

20 DO J=1,N2

21  CALL IN_CACHE_FFT(X(1,J),N1)
22 END DO

23 DO I=1,N1

24 DO J=1,N2

25 Y(J,1)=X(I,T)

26  END DO

27 END DO

01 000 six-step FFTOOOOOO
Fig.1 Conventional six-step FFT algorithm.
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1 COMPLEX*16 X(N1,N2),Y(N2,N1),U(N1,N2)
2 COMPLEX*16 WORK (N2+NP,NB)
3 DO II=1,N1,NB

4 DO JJ=1,N2,NB
5 DO I=II,II+NB-1

6 DO J=JJ,JJ+NB-1

7 WORK (J,I-II+1)=X(I,J)

8 END DO

9 END DO

10  END DO

11 DO I=1,NB

12 CALL IN_CACHE_FFT(WORK(1,I),N2)
13 END DO

14 DO J=1,N2

15 DO I=II,II+NB-1

16 X(I,J)=WORK(J,I-II+1)*U(I,J)
17 END DO

18 END DO

19 END DO

20 DO JJ=1,N2,NB
21 DO J=JJ,JJ+NB-1

22 CALL IN_CACHE_FFT(X(1,J),N1)
23 END DO

24 DO I=1,N1

25 DO J=JJ,JJ+NB-1

26 Y(J,D=X(I,D)

27 END DO

28 END DO

29 END DO

02 0000 six-step FFTOOOOOD
Fig.2 A block six-step FFT algorithm.
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Fig.3 Memory layout of a block six-step FFT algorithm.
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Table 1

Performance of one-dimensional FFTs.

Sun Ultra 10 (UltraSPARC-IIi 333 MHz)

PentiumIII PC (1 GHz, Intel i840)

n 0000 six-step FFT FFTW

0000 six-step FFT FFTW

Time MFLOPS Time

MFLOPS

Time MFLOPS Time MFLOPS

2121 0.00143
213 | 0.00297
21 | 0.00908
215 | 0.02122
216 | 0.04526
217 | 0.09707
218 | 0.22981
219 | 0.46862
220 | 0.96896
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126.27
115.81
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114.77
102.66
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108.22
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94.71
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0.04434
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0.19250
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339.73 346.08
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Table 2 Performance of parallel one-dimensional FFT based on conventional six-
step FFT on the SGI Onyx 3400.
P=1 P=2 P=4 P =38 P =16
n Time | MFLOPS Time | MFLOPS Time MFLOPS | Time MFLOPS | Time MFLOPS
2121 0.00114 216.49 0.00079 310.99 0.00092 265.94 0.00090 273.86 0.00091 269.87
213 | 0.00231 230.49 0.00162 329.28 0.00146 364.66 0.00151 352.29 0.00157 338.30
21 | 0.00472 242.89 0.00322 356.01 0.00215 533.63 0.00254 450.98 0.00258 443.85
215 1 0.00979 251.05 0.00650 378.35 0.00426 576.24 0.00404 608.65 0.00427 575.36
216 | 0.02024 259.08 0.01323 396.16 0.00850 617.09 0.00598 876.29 0.00694 755.44
217 | 0.04204 265.00 0.02710 411.04 0.01718 648.61 0.01183 941.41 0.01107 | 1006.29
218 1 0.08810 267.80 0.05578 422.93 0.03505 673.14 0.02366 997.08 0.01682 | 1402.42
219 1 0.26565 187.50 0.13436 370.70 0.08005 622.23 0.05129 971.04 0.03441 | 1447.35
220 | 0.57635 181.93 0.29911 350.56 0.16857 622.04 0.10729 977.37 0.06578 | 1594.05
03 00000000 six-step FFTOOOOOOOOO FFTOOOO SGI Onyx 34000
Table 3 Performance of parallel one-dimensional based on block six-step FFT on
the SGI Onyx 3400.
P=1 P=2 P=4 P =38 P =16
n Time | MFLOPS Time | MFLOPS Time MFLOPS | Time MFLOPS | Time MFLOPS
2121 0.00106 232.56 0.00082 299.50 0.00084 290.85 0.00087 283.06 | 0.00098 251.23
213 | 0.00217 245.92 0.00156 341.41 0.00147 362.09 0.00154 344.78 | 0.00163 325.71
21 | 0.00452 253.91 0.00310 369.52 0.00210 546.05 0.00222 516.59 | 0.00233 491.61
215 | 0.00932 263.56 0.00616 398.76 0.00402 611.88 0.00364 674.41 | 0.00389 631.65
216 | 0.01943 269.81 0.01247 420.46 0.00787 665.86 0.00567 925.44 | 0.00567 924.52
217 | 0.04042 275.63 0.02549 437.14 0.01580 705.00 0.01107 | 1006.57 | 0.00957 | 1163.88
218 1 0.08606 274.16 0.05327 442.93 0.03216 733.64 0.02149 | 1098.02 | 0.01432 | 1647.14
219 | 0.23337 213.43 0.12039 413.72 0.07030 708.53 0.04339 | 1147.96 | 0.02809 | 1773.43
220 | 0.50064 209.45 0.26313 398.50 0.14857 705.79 0.08917 | 1175.93 | 0.05437 | 1928.68
04 SGISCSL 1.30 zZZFFTOOOOOOOO SGI Onyx 34000
Table 4 Performance of SGI SCSL 1.3 ZZFFT routine on the SGI Onyx 3400.
P=1 P=2 P=4 P =38 P =16
n Time | MFLOPS Time | MFLOPS Time | MFLOPS | Time | MFLOPS | Time | MFLOPS
212 1°0.00082 297.92 0.00102 240.05 0.00107 229.76 0.00113 216.84 0.00122 202.08
213 1 0.00181 294.47 0.00315 169.13 0.00338 157.67 0.00388 137.07 0.00420 126.91
214 1 0.00398 288.01 0.00444 258.34 0.00450 254.84 0.00483 237.42 0.00495 231.66
215 1 0.00768 319.94 0.01242 197.92 0.01329 184.89 0.01533 160.35 0.01628 150.99
216 | 0.01774 295.46 0.01886 277.93 0.01910 274.45 0.02046 256.31 0.02099 249.80
217 1 0.03838 290.30 0.07413 150.29 0.08263 134.84 0.09949 111.98 0.10731 103.82
218 | 0.08198 287.77 0.16175 145.86 0.17922 131.64 0.21430 110.09 0.23042 102.39
219 | 0.22444 221.92 0.15331 324.88 0.09688 514.10 0.06358 783.34 0.03849 | 1294.13
220 | 0.54573 192.14 0.31626 331.55 0.18967 552.85 0.12860 815.40 0.07668 | 1367.45
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05 SGIOnyx34000 0000 FFTOODOODOOOOOOO n=220D 1CPUDO
Table 5 Cache hit rates of FFTs on the SGI Onyx 3400 (n = 220, 1 CPU).
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L2 data cache
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Fig.4 Performance of 220—point FFT on the SGI
Onyx 3400.
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Fig.5 Performance of 220—point FFT on the Sun
Enterprise 6000.
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Table 6 Performance of parallel one-dimensional FFT based on conventional six-
step FFT on the Sun Enterprise 6000.

P=1 P =2 P=4 P =38 P =16
n Time | MFLOPS Time | MFLOPS Time MFLOPS | Time MFLOPS | Time MFLOPS
2121°0.00495 49.63 0.00365 67.25 0.00272 90.48 0.00159 154.50 0.00143 172.03
213 1 0.01025 51.93 0.00728 73.16 0.00522 102.04 0.00336 158.62 0.00246 216.08
21 1 0.02170 52.86 0.01437 79.79 0.00980 117.07 0.00638 179.81 0.00385 298.26
215 | 0.05627 43.67 0.03162 77.73 0.01956 125.63 0.01257 195.46 0.00786 312.74
216 1 0.12085 43.38 0.06506 80.58 0.03845 136.35 0.02396 218.85 0.01593 329.12
217 | 0.25439 43.79 0.13403 83.12 0.07361 151.36 0.04608 241.77 0.03070 362.89
218 | 0.52539 44.91 0.27441 85.98 0.14600 161.60 0.08691 271.45 0.05713 412.98
219 1 1.07031 46.54 0.55566 89.64 0.33398 149.13 0.17212 289.38 0.11035 451.35
220 | 2.17969 48.11 1.12305 93.37 0.70020 149.75 0.34814 301.19 0.21631 484.76
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Table 7 Performance of parallel one-dimensional based on block six-step FFT on
the Sun Enterprise 6000.

P=1 P =2 P=4 P =38 P =16
n Time | MFLOPS Time | MFLOPS Time MFLOPS | Time MFLOPS | Time MFLOPS
2121 0.00455 54.05 0.00391 62.91 0.00282 87.30 0.00160 153.76 0.00173 142.22
213 | 0.01071 49.71 0.00757 70.36 0.00517 103.09 0.00328 162.31 0.00271 196.32
21 1 0.02176 52.71 0.01465 78.29 0.00938 122.21 0.00664 172.79 0.00401 286.33
215 | 0.04919 49.96 0.02985 82.34 0.01782 137.89 0.01189 206.75 0.00793 309.73
216 | 0.10400 50.41 0.06018 87.12 0.03436 152.57 0.02148 244.03 0.01550 338.19
217 | 0.22217 50.15 0.12109 92.00 0.06738 165.34 0.04230 263.40 0.02856 390.03
218 | 0.46094 51.18 0.24512 96.25 0.13452 175.38 0.08044 293.28 0.05249 449.47
219 | 0.93555 53.24 0.49219 101.20 0.29590 168.33 0.16235 306.78 0.10132 491.59
220 | 1.91797 54.67 0.99609 105.27 0.62109 168.83 0.32617 321.48 0.20166 519.97
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