3.3). THE FAST FOURIER TRANSFORM
The ubia,.&ly & DT in prachce 11 because thee is a fust algorthm -I-w compbd\'ng them .
Applying the DFT means multiplying by Fa~) vhich has no nen-2e elaments so seemu To requine
Ofr2) flochng pant opesstions. < n muldiplicahou for each entny
In fack it is possible o do the fransfomation « o dever odes fo reduce the opemion count to
O(ni,o\z’n) — caled the fast Pwies Trnsfom (FFT).

- was known o Gauss, but redsscovered by Cooley & Tuley (19¢5).

= led to rewolution in electronic analyss, contrsl systems and compresion.

—in porficulou, can onalyse streom dats (on sama fimescale an dato acquired ).

The k@ idea is the foupwinj 'fuo“odsa.'h'ot\:
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and F,.A is the Founer madny 5\' sie 4 x%  The thid madvix P is o perutotion matnx
that :e,f)oru‘t?-f tha tcoming rectr C it odd ardt even Pou‘h’:
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The pemutaton madtny is
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M&M (assumer nw ever\).
Let w, = e’lﬂ;/'\ ("'D l(.a.wp‘}mck Gt which n we are 'luubllg al.,m
Tha jh enty Ji' ?’ F.2 isn

5 = Sk, = 2w b S e

- ) = J 7k +1

. = wie, = W, G F w’ c

j g n Sk ko ~ 2 k=0 N Zu
1
even odd

(

%-1 %1

. . A
Z (w,,’)JkCzu + () Z (W) Caie
k:o h=o

makrix factsdsation .
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The reduchon -Fom fo o two Fo’c cutr tha work (almost) in half. But +o reduce it much futher,

We con apply the -[-Bciozisab‘on recussively, 2. replace fu by ho £, 7, ek
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How many mubbplicabom ore wsed?  Suppose n= 27 Withowt the FPT ve noeded n* = 4 operahions.

Now we have m shes, fom 2 down b 2° Fach stoo hes "4 mulhplcahor fo asemble the

owtputs fom diaganal Df. (a1 1, no mulbilicodiou are nosdad sinwe F, = 1)
Hence the opernhion coud ir
3{"" = %lﬂgg(n).
eqg. 'lf n= 2'°= IOZ‘-I’ ther n'= 2205 ’M)
Wile Am = S(1024).
- The same idea Wodks for the nuwere (s Problem Sheod 3).

" A quick way fo fnd e oda § the T5 (aftw o full eowtion) is o wite the aumben 0,...,n-1 @

bate 2 and revene the ode 4 thaic bit: (bit- revenal)
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