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Figure 11.38 shows the expression tree for a*(b + c)*(d*e + f) is: In a binary tree of height h = 4, 5 In a binary tree with n = 7 nodes, 2 n h 31. 6.
complex multiplies. Therefore. it would be more efficient to pad a 21-point sequence with zeros and compute a 32point DFT. The increasedefficiency is a result of the fact that 32 = 2' is a much more composite number than 2 1 = 7.3.
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		Therefore the total number of different binary trees of size n is f(n) = 1 f(n 1) + 1 f(n 2) + 2 f(n 3) + 5 f(n 4) + 14 f(n 5) + + f(i 1) f(n i) + + f(n 1) 1 In closed form, the formula is.
Suppose that we would like to compute a 15-point DFT of a sequence x ( n ) .
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		For a given number of nodes, the highest binary tree is a linear sequence For a given number of nodes, the lowest binary tree is a complete binary tree To verify the recursive definition for the Figure 1138 An expression tree given tree, we first note that the leaves C, E, and F are binary trees because every singleton satisfies the recursive definition for binary trees because its left and right subtrees are both empty (and therefore binary trees) Next, it follows that the subtree rooted at B is a binary tree because it is a triplet (X,L,R) where X = B, L = , and R = C Similarly, it follows that the subtree rooted at D is a binary tree because it is a triplet (X,L,R) where X = D, L = E, and R = F.
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		the first consisting of three 5-point DFTs, and the second stage consisting of five 3-point DFTs. Make a sketch of the connections between the five- and three-point DFTs, indicating any possible twiddle factors, and the order of the inputs and outputs. (b) Repeat part ( a ) for the prime factor algorithm with N I ==5 and N 2 = 3, and determine how many complex multiplies are saved with the prime factor algorithm.
11.20 11.21 11.22
(a) Using a mixed-radix FFT with N I = 5 and N2 = 3, the index mappings for n and k are as follows:
Finally, it follows that the entire tree satisfies the recursive definition because it is a triplet (X,L,R) where X = A, L is the binary tree rooted at B, and L is the binary tree rooted at D Figure 1139 on page 227 shows all 42 different binary trees of size n = 5 There are 132 different binary trees of size 6: 1 42 + 1 14 + 2 5 + 5 2 + 14 1 + 42 1 = 132 A nonempty binary tree consists of a root X, a left subtree L, and a right subtree R Let n be the size of the binary tree, let nL = |L| = the size of L, and nR = |R| = the size of R Then n = 1 + nL + nR .
Therefore,
CHAP. 11]
Y(z) = X(z)
So there are only n different possible values for the pair (nL , nR ): (0, n 1), (1, n 2), .., (n 1,0) For example, if n = 6 (as in Problem 1121), the only possibilities are (0,5), (1,4), (2,3), (3,2), (4,1), or (5,0) In the (0, n 1) case, L is empty and |R| = n 1; there are f(0) f(n 1) different binary trees in that case In the (1, n 2) case, L is a singleton and |R| = n 2; there are f(1) f(n 2) different binary trees in that case The same principle applies to each case.
1 1 2 5 14 42 132 429
+ G(z)Y(z)
1 - G(z)
Therefore the total number of different binary trees of size n is f(n) = 1 f(n 1) + 1 f(n 2) + 2 f(n 3) + 5 f(n 4) + 14 f(n 5) + + f(i 1) f(n i) + + f(n 1) 1 In closed form, the formula is.
0 1 1 2 2 6 3 20 4 70 5 252 6 924 7 3432
H(z)=
To find G(z), we begin by writing the node equations for this network:
11.20 11.21 11.22
1 2 3 4 5 6 7 8
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