Fast Fourier transform (FFT)

And examples of how to compute things quickly

Herman Kamper
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Fast Fourier transform (FFT)
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The FFT and DFT lead to precisely the same result. They differ only in the way that

they are calculated.



Decimation in time ..
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Eight-point DF

EVEN SAMPLES BUTTERFLY COMPUTATIONS
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Four-point DF

EVEN SAMPLES BUTTERFLY COMPUTATIONS
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Computational complexity

1200

1000 -

800 -

600 |-

Complex multiplications

T

200

|

0
0

1
10

D&=T -

15

N
\ au¥ S71b Qnmr{u amuckey s,

1
20

25

30

35

N - Po:‘..%

OFT .

° £°3"M lov yers

L]

2

Cou?le.x ale P (Q.Jt.r

') COMVlQ.K Mu..l‘E_S

2 j?.
:Eur FF 0

IS
2

N for oireck T

Si2a tor FRT



In-place computation of the FF

Decimal index

Binary index

Bit-reversed index
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Decimation in frequency
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Summary

Decimation in time:
e Split z[n] into even and odd parts
e Helpers: Xi[k] and X5 [K]

e Input: Bit-reversed ; Output: Nice

Decimation in frequency:
e Split X[k] into even and odd parts
e Helpers: x1|n] and z3[n|

e Input: Nice ; Output: Bit-reversed



Calculating IFF
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What to take away

e Some technical tricks
e Divide and conquer: Store intermediate results and use them later

e You need to understand implications of the tricks:

o When can you (not) use in-place computations?
o Why radix-27

o Why are things slower with np.fft.fft when the input is not radix-27



