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object has been visited yet by the iterator. The hasNext() method returns true unless all three parts of the tree have been visited: the root, the left subtree, and the right subtree. It does that by using the lIt and rIt iterators recursively.
M . N complex multiplica;ions. Therefore, the FFT will be more efticient in finding these M samples if
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		object has been visited yet by the iterator. The hasNext() method returns true unless all three parts of the tree have been visited: the root, the left subtree, and the right subtree. It does that by using the lIt and rIt iterators recursively.
Because some of the f N log, N multiplications in the decimation-in-time and decimation-in-frequency FFT algorithms are multiplications by fI . it is possible to more efticiently implement these algorithms by writing programs that specitically excluded these multiplications.
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		The next() method also uses the lIt and rIt iterators recursively. If the root has already been visited, then the iterator visits the next node in the left subtree if there are any, and otherwise visits the next node in the right subtree if there are any. If the root has not yet been visited, then this must be the first call to the iterator on that particular subtree, so it initializes the lIt and rIt iterators, sets the rootDone flag, and returns the root. The remove() method is not implemented because there is no simple way to remove an internal node from a binary tree.
( a ) How many multiplications are there in an eight-point decimation-m-time FFT if we exclude the multiplications by fI
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		The next() method also uses the lIt and rIt iterators recursively. If the root has already been visited, then the iterator visits the next node in the left subtree if there are any, and otherwise visits the next node in the right subtree if there are any. If the root has not yet been visited, then this must be the first call to the iterator on that particular subtree, so it initializes the lIt and rIt iterators, sets the rootDone flag, and returns the root. The remove() method is not implemented because there is no simple way to remove an internal node from a binary tree.
(c) Generalize the results in parts (a)and ( b )for N = 2". ( a ) For an eight-point decimation-in-time FFT,we may count the number of complex multiplications in the flowgraph given in Fig. 7-6. In the first stage of the FFT, there are no complex multiplications, whereas in the second stage, there are two multiplications by W:. Finally, in the third stage there are three multiplications by W x ,w;, and W:. Thus, there are a total of five complex multiplies. ( b ) A 16-point DFT is formed from two &point DFTs as follows:
1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 2 3 4 5 6 7 8 9 10 11 12 13 14
where G ( k ) and H(k) are eight-point DFTs. There are eight butterflies in the last stage that produces X ( k ) from G ( k )and H(k). Because the simplified butterfly in Fig. 7-5(b)only requires only one complex multiply, and noting that one of these is by WP, = 1, we have a total of seven twiddle factors. In addition, we have two 8-point FFTs, which require five complex multiplies each. Therefore. the total number of multiplies IS 2 - 5 + 7 = 17.
( c ) Let L ( v ) be the number of complex multiplies required for a radix-2 FFT when N = 2". From parts (a) and (h) we see that L(3) = 5 and L(4) = 17. Given that an FFT of length N = 2"-' requires L(v - I) mul~iplies.for an FFT of length N = 2", we have an additional 2"-I butterflies. Because each butterfly requires one multiply. and because one of these multiplies is by W: = 1, the number of multiplies required for an FFT of length 2" is
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