/* Fast Fourier Transform with structured complex type
by T. Hirata, 2002, modified by S. Tanaka, 2006 */

#include <math.h>

#include <stdio.h>

#include <time.h>

#

#

define twoPl  3.1415926535%2.0
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g define N 512

10 typedef struct {

11 double real;

12 double imag;

13 } complex;

14

15 FILE *fpW;

}9 FILE *fopen() ;

18 complex cPlus (complex zz1, complex zz2);
19 complex cMinus (complex zz1, complex zz2) ;
20 complex cMultiply (complex zz1, complex zz2);
21 complex twiddleFactor (int n, int k);
22 void butterfly (int n, complex x[], complex y[], complex z[]) ;
23 void shuffle (int n, complex x[], complex y[], complex z[]);
%g void fft (int n, complex x[1) ;
26 void main( void )
27
28 int t, fn;

29 complex data[N];
30 double power;
31 double start, finish;

32

33 for (t=0; t<N; t++) { /*x T—2DER */

34 datal[t].real = 0.5 + 1.0 * cos (2xtwoPIxt/N)
35 - 1.0 * cos (3xtwoPI*t/N)
36 + 2.0 * sin(4xtwoPI*t/N) ;
37 data[t]. imag = 0.0;

38 ]

39

40 start=clock () ;
41 fft (N, data);
42 finish=clock () ;

43

44 foW = fopen (“fft-complex. txt”, “w”);

45 fprintf (fpW, ” BEET7—1) TZEHHY);

29 fprintf (fpW, “t, fn Re (F (fn)) Im(F (fn)) IRIE¥N”) ;

48 for (fn=0; fn<N; fn++) {

49 power = data[fn].realxdata[fn].real + data[fn]. imagxdata[fn]. imag;
50 fporintf (fpW, “ %3d %14. 6 %14. 6 %14. 6f ¥n”

g; fn, data[fn].real, data[fn]. imag, power) ;

}
53 printf ("Elapse time: %f seconds!¥n”, (double) (finish-start)/CLOCKS PER_SEC) ;
54 printf ("Result written to 'fft-complex. txt. ¥n");

57

gg complex cPlus (complex zz1, complex zz2)

60 complex res; res.real=0.0; res. imag=0.0;
61 res.real = zz1.real + zz2.real;

62 res. imag = zz1. imag + zz2. imag;

63 return res;

64 }

65

66 complex cMinus (complex zz1, complex zz2)



complex cMultiply (complex zz1,

complex twiddleFactor (int n

complex res; res.real=0.0; res. imag=0.0;

res.real = zz1.real — zz2.real;
res. imag = zz1. imag — zz2. imag;
return res,;

complex zz2)

complex res; res.real=0.0; res. imag=0.0; _
res.real = zz1. real*zz2 real - zzl. imag*zz2. imag;
res. imag = zz1.real*zz2. imag + zz1. imag*zz2. real;

return res,;

int k)

complex w;
w.real = cos (twoPI*k/n);
w. imag = -sin(twoPI*k/n) ;
return w;

%oid butterfly(int n, complex x[],

int k; complex t
for (k=0; k <= n/2 1; k++) {

complex y[1, complex z[])

y[k] = cPlus (x[k], x[k+n/2]);
tmp = cMinus (x[k], x[k+n/21) ;
}z[k] = cMultiply (tmp, twiddleFactor(n, k)):

void shuffle(int n, complex x[],

int k;

for (k=0; k <= n/2-1; k++) {
x[2%k] = y[k];

}x[2*k+1] = z[k];

void fft(int n, complex x[])
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complex y[N], z[N];
if (n>1 {
butterfly (n, x,y, z);
fft (n/2,y);

fft (n/2,2);

shuffle (n,x,vy,2);

complex y[1, complex z[1)



