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ABSTRACT. In this paper, we propose a blocking algorithm for parallel one-dimensional fast
Fourier transform (FFT) on symmetric multiprocessor (SMP) clusters. Our proposed parallel FFT
algorithm is based on the six-step FFT algorithm. The six-step FFT algorithm can be altered into
a block nine-step FFT algorithm to reduce the number of cache misses. We show that the block
nine-step FFT algorithm improves performance by effectively utilizing the cache memory. We use
the block nine-step FFT algorithm to implement the parallel one-dimensional FFT algorithm. We
succeeded in obtaining performance of over 1.3 GFLOPS on an 8-node dual Pentium III 1 GHz PC

SMP cluster.
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1 COMPLEX*16 X(N1,N2,N3),Y(N3,N2,N1)

2 COMPLEX#16 U2(N3,N2),U3(N1,N2,N3)

3 COMPLEX#16 YWORK(N2+NP,NB) ,ZWORK (N3+NP,NB)
4 DO J=1,N2

5 DO II=1,Ni,NB

6 DO KK=1,N3,NB

7 DO I=II,II+NB-1

8 DO K=KK,KK+NB-1

9 ZWORK (K, I-II+1)=X(I,J,K)

10 END DO

11 END DO

12 END DO

13 DO I=1,NB

14 CALL IN_CACHE_FFT(ZWORK(1,I),N3)
15 END DO

16 DO K=1,N3

17 DO I=II,II+NB-1

18 X(I,J,K)=ZWORK(K,I-II+1)*U2(X,J)
19 END DO
20 END DO
21  END DO
22 END DO
23 DO K=1,N3

24 DO II=1,N1,NB

25 DO JJ=1,N2,NB

26 DO I=II,II+NB-1

27 DO J=JJ,JJ+NB-1

28 YWORK(J,I-II+1)=X(I,J,K)

29 END DO

30 END DO

31 END DO

32 DO I=1,NB

33 CALL IN_CACHE FFT(YWORK(1,I),N2)
34 END DO

35 DO J=1,N2

36 DO I=II,II+NB-1

37 X(I,J,K)=YWORK(J,I-II+1)*U3(I,J,K)
38 END DO

39 END DO

40 END DO

41 DO J=1,N2

42 CALL IN_CACHE_FFT(X(1,J,K),N1)
43  END DO

44 END DO

45 DO II=1,N1,NB

46 DO JJ=1,N2,NB

47 DO KK=1,N3,NB

48 DO I=II,II+NB-1

49 DO J=JJ,JJ+NB-1

50 DO K=KK,KK+NB-1

51 Y(X,J,I)=X(I,J,K)

52 END DO

53 END DO

54 END DO

55 END DO

56 END DO

57 END DO
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O 1: dual PentiumIITPCSMP OOOOOO0OOOO0DOO FFTOODO

P Block Nine-Step FF'T FFTW
(Nodes x CPUs) N " Time MFLOPS Time MFLOPS
1x1 2231 5.40606 178.45 10.50152 91.86
1x2 223 | 3.33968 288.86 7.49437 128.72
2x1 224 | 7.46566 269.67 16.55127 121.64
2x2 224 | 499214 403.29 11.96556 168.26
4x1 225 | 822695 509.82 17.79209 235.74
4%2 225 | 6.01907 696.84 15.44108 271.63
8x1 226 | 868712 1004.26 19.33295 451.26
8x2 226 | 6.58020 1325.82 18.06414 482.95

O 2: dual PentiumIII PC SMP OOOO0O0OO0O0OO
oooooooo

P
(Nodes x CPUs) N | Time | MB/sec
1x2 225 1 0.46537 | 72.10
2x1 224 | 218825 | 30.67
2%2 224 | 2.00209 | 25.14
4x1 225 | 2.48046 | 40.58
4%2 225 | 2.60625 | 22.53
8x1 226 | 3.01393 | 38.97
8x2 226 | 3.46417 | 18.16
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