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		CHAP. 11]
(a) Derive the r a d i x 4 decimation-in-time FFT algorithm when N = 4".
(b) Draw the structure for the butterfly in the radix-4 FFT, and compare the number of complex multiplies and adds with a radix-4 F F T to a radix-2 FFT.
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		11.23 Show that, for all n 8, the function f(n) derived in Problem 11.22 produces the same sequence as the following explicit formula 2n n 2n ! - 2n 2n   1 2n   2 2n + 3 2n + 2 f n = ----------- = ----------------------- --------------------------------------------------------------------------------------------------n+1 n! n + 1 ! n n 1 n 2 n 3 2 1 For example, 8 4 8 7 8 7 6 8! f 4 = ------- = --------- = ------------------------------- = --------------- = 14 4 4 3 2 1 4!5! 5 11.24 Prove Corollary 11.3 on page 203. 11.25 Prove Theorem 11.2 on page 205.
11.26 Draw the forest that is represented by the binary tree shown in Figure 11.29. 11.27 Derive an explicit formula for the number f(h) of complete binary trees of height h. 11.28 Derive an explicit formula for the number f(h) of full binary trees of height h. 11.29 Implement the each of the following methods for the BinaryTree class: a. public int leaves(); b. c. d. e.
We then express X ( k ) using the decomposition given in Eq. (7.7) with NI = N/4 and N2 = 4,
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		+ n2),and the outer summation is a 4-point DFT,
CHAP. 11]
// returns the number of leaves in this tree public int height(); // returns the height of this tree public int level(Object object); // returns -1 if the given object is not in this tree; // otherwise, returns its level in this tree; public void reflect(); // swaps the children of each node in this tree public void defoliate(); // removes all the leaves from this tree
for kl = 0. 1 , 2 . 3 , and n2 = 0, I , . . . (N/4) 1. If N2 = N/4 is divisible by 4, then the process is repeated. In this way, we generate v = Iog, N stages with N/4 butterflies in each stage.
Since multiplications by ij only requires interchanging real and imaginary parts and possibly changing a sign bit, then each 4-point butterfly only requires 3 complex multiplications. With v = log, N stages, and N/4 butterflies per stage, the number of complex multiplies for a DFT of length N = 4" is
11.26 Draw the forest that is represented by the binary tree shown in Figure 11.29. 11.27 Derive an explicit formula for the number f(h) of complete binary trees of height h. 11.28 Derive an explicit formula for the number f(h) of full binary trees of height h. 11.29 Implement the each of the following methods for the BinaryTree class: a. public int leaves(); b. c. d. e.
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