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Course Video U3. Fast Fooree Transtoon (FFT)
Section 4.3: Fast Fourier Transform (FFT)
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The secret of MATLAB'S/EIGEN’'S/PYTHON'S ££t ():
the Fast Fourier Transform (FFT) algorithm

(discovered by C.F. Gauss in 1805, rediscovered by Cooley & Tuckey in 1965,
one of the “top ten algorithms of the century”).
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C++ code 4.3.0.5: Recursive FFT = GITLAB

// Recursive DFT for vectors of length n =2t
VectorXcd fftrec (const VectorXcd& y) {
using idx_t VectorXcd :: Index;
using comp = std::complex<double>;
// Nothing to do for DFT of length 1
const idx_t n = y.size();
if (n == 1) return y;
if (n% 2 != 0) throw std::
const Eigen::Map<const
Eigen:: Matrix<comp, Eigen :: Dynamic, Eigen :: Dynamic, Eigen :: RowMajor>>
Y(y.data() ,n/2,2); // for selecting even and off compoents
const VectorXcd ci fftrec(Y.col(0)),c2 = fftrec(Y.col(1));
const comp omega = std::exp(—2+«M_Pl/nxcomp(0,1)); // root of unity wy
comp s(1.0,0.0);
VectorXed c¢(n);
// Scaling of DFT of odd components plus periodic copying
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runtime_error ("size(y) must be even!");

17 for (long k = 0; k < n; ++k) {

18 c(k) = c1(k%(n/2)) + c2(k%(n/2)()*s; 64 £ er?
/19>S *= 0mega; "\]/ oot
20 } - o

21 return c; (625% - 0/}7) C'Z &7 é

}
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Visualization of computational cost of fftrec () from Code 4.3.0.5:

1x DFT of length 2
2x DFT of length 251
4x DFT of length 252

2L % DFT of length 1
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The execution time for fft depends on the length of the transform. It is fastest for powers of two. It is
almost as fast for lengths that have only small prime factors. It is typically several times slower for
lengths that are prime or which have large prime factors — Ex. 4.3.0.12.

Never implement DFT/FFT by yourself!
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Under all circumstances use high-quality numerical libraries!
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