graph representation of a decimation-in-time FFT
a
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hows a path from sample x[7] to DFT sample X[2]
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9.45. A modified FFT algorithm called the split-radix FFT, or SRFFT, was proposed by Duhamel
a.nd. Hollman (1984) and Duhamel (1986). The flow graph for the split-radix algorithm is
Slm}laf to the radix-2 flow graph, but it requires fewer real multiplications. In this problem,
we illustrate the principles of the SRFFT for computing the DFT X[k] of a sequence x[n]
of length N.

(a) Show that the even-indexed terms of X[k] can be expressed as the N/2-point DFT

(N/2)—1
X2k = Y (elnd +xln + N/2DWa

7 :‘:O

fork=0,1,..., (N/2) -1
(b) Show that the odd-indexed teyms of the DFT X[k] can be expressed as the N/4-point

DFTs

X[4k + 1]

(N/4)—-1
= Y {Gxln] = xln+ N/2D) = j(xln + N/41 = x[n + 3N /4D Wy, Wyt

n=0

fork:O,l,...,(N/4)—1,and

X[4k + 3]
(N/9H)—1
= Z {(x[n] — x[n+ N/2D + j(x[n+ N/4] — x[n + 3N/4])}W1:\3/”W]‘\‘/k”
n=0

fork=0,1,...,(N/4) —1 :
(¢) Theflow graphinFigure P9.45 represents the preceding decomposition of the DFT for 4

16-point transform. Redraw this flow graph, labeling each branch with the appropriate
multiplier coefficient.
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(d) Determine the number of real multiplications required to implement the Fig

n
transform when the SRFFT principle is applied to compute the other DF:S ;red {0
ure P9.45. Compare this number with the number of real multiplicatio®® ; (clas s, 85
implement a 16-point radix-2 decimation-in-frequency algorithm. In bot
sume that multiplications by WY, are not done.
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).58. In this problem, we will :
8-point decimation-in-time FFT algor1
input and output vectors, respectively.
that the output is in norm

intermediate vectors shown on the flow graph.

o B ] "}Q

write the FFT as a sequence of matrix Operatiopg
. . » 0 .
thm shown in Figure P9.58. Let 5 and 1 dnsxcier he

Assume that the input is in bit-rey
al order (compare with Figure 9.11). Let b, ¢,d, and o i € apg
n

6110
€rsed or te the

Ote the

Figure P9.58
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(a) Determine the matrices Fy, Ty, F, T,, and F5 such that

b = Fqa,
¢ =Tyb,
d = Fpe,
e = Tad,
f = Fse.

(b) Theoverall FFT, takinginputa and yielding output f can be described in matrix notation
as f = Qa, where

Q= F3T,F, T F;.

Let Q¥ be the complex (Hermitian) transpose of the matrix Q. Draw the flow graph

for the sequence of operations described by Q. What does this structure compute?
(¢) Determine (1/N)QX Q.



