
Fast Fourier Transform

1 DFT vs FFT

1.1 Discrete Fourier Transform (DFT)

Figure 1: Discrete Fourier Transform

DFT transforms a sequence of complex numbers (or real numbers in some applica-
tions) into another sequence of complex numbers. For example, as shown in the picture

above, we want to transfer n× 1 vector a⃗ to P⃗ . Now the matrix M⃗(ω) in the image is
called the DFT matrix, with element as:

M [i, j] = ωij (1)

Here, ω is the primitive nth root of unity:

ω = e−
2πi
n (2)

The time complexity of DFT is O(n2).

1.2 Fast Fourier Transform (FFT)

FFT is Cooley and Tukey’s fast polynomial evaluation based algorithm to compute
the matrix vector product in O(n log n) time.
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2 Polynomial Multiplication

2.1 Serial Case

Suppose we have P (x) as a polynomial of degree m− 1:

P (x) = a0 + a1x+ a2x
2 + ...+ am−1x

m−1 (3)

And we have Q(x) is a polynomial of degree n− 1:

Q(x) = b0 + b1x+ b2x
2 + ...+ bn−1x

n−1 (4)

Now we want to compute:

R(x) = P (x)×Q(x) (5)

Then we have R(x) as a polynomial of degree as m + n − 2 and its m + n − 1
coefficients c0, c1, ..., cm+n−2 are given by:

ci =

min(i,m−1)∑
j=max(0,i−n+1)

aj × bi−j (6)

And the time complexity is O(mn).

2.2 Parallel Case

Here.
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https://www.youtube.com/watch?v=h7apO7q16V0
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