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iteration of the loop at step 4 would apply the insertion sort to the entire sequence. This entire process would apply the insertion sort 58 times: 40 times to subsequences of size n1 = 5, 13 times to subsequences of size n2 = 15, 4 times to subsequences of size n3 = 50, and once to the entire sequence of size n4 = n = 200. At first glance, the repeated use of the insertion sort within the shell sort would seem to take longer than simply applying the insertion sort directly just once to the entire sequence. Indeed, a direct calculation of the total number of comparisons, using the complexity function n2, yields 40(n12) + 13(n22) + 4(n32) + 1(n42) = 40(52) + 13(152) + 4(502) + 1(2002) = 53,925 which is quite a bit worse than the single n2 = 2002 = 40,000 But after the first iteration of step 4, the subsequent subsequences are nearly sorted. So the actual number of comparisons needed there is closer to n. Thus, the actual number of comparisons is more like 40(n12) + 13(n2) + 4(n3) + 1(n4) = 40(52) + 13(15) + 4(50) + 1(200) = 1,595 which is quite a bit better than 40,000. Theorem 14.8 The shell sort runs in O(n1.5) time. Note that, for n = 200, n1.5 = 2001.5 = 2,829, which is a lot better than n2 = 2002 = 40,000. EXAMPLE 14.7 The Shell Sort
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		and we need one instruction to output the value of y(n). In addition, there are eight other instruction cycles required for each n in order to perform such functions as setting up memory pointers, zeroing the accumulator, and so on.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
(a) With these requirements in mind, determine the maximum bandwidth signal that may be filtered with an FIR filter of order N = 255, in real time, using a single DSP chip.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
(b) A speech waveform x , ( t ) is sampled at 8 kHz. Determine the maximum length FIR filter that may be used to filter the sampled speech signal in real time.
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		public class TestPolynomial { public static void main(String[] args) { Polynomial p = new Polynomial(3, -8, 0, 0, 2, 1); Polynomial q = new Polynomial(0, 5, 6, 9); System.out.println("p: " + p); System.out.println("p.degree(): " + p.degree()); System.out.println("q: " + q); System.out.println("q.degree(): " + q.degree()); System.out.println("p.plus(q): " + p.plus(q)); System.out.println("q.plus(p): " + q.plus(p)); System.out.println("p.plus(q).degree(): " + p.plus(q).degree()); Polynomial z = new Polynomial(0); System.out.println("z: " + z); System.out.println("z.degree(): " + z.degree()); System.out.println("p.plus(z): " + p.plus(z)); System.out.println("z.plus(p): " + z.plus(p)); System.out.println("p: " + p); Polynomial t = new Polynomial(8.88, 44); System.out.println("t: " + t); System.out.println("t.degree(): " + t.degree()); } }
(a) For the given DSP chip, we need N 1 I instruction cycles to compute a single output value for an FIR filter of order N. Therefore, with N = 255, we need 266 cycles, or 266 x s to compute each output point. Thus, the signal to be filtered cannot be sampled any faster than
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		public static void sort(int[] a) { // POSTCONDITION: a[0] <= a[1] <= ... <= a[a.length-1]; int d = 1, j, n = a.length; // step 1 while (9*d < n) { // step 2 d = 3*d + 1; // step 3 } while (d > 0) { // step 4 for (int i = d; i < n; i++) { // step 5 int ai = a[i]; j = i; while (j >= d && a[j-d] > ai) { a[j] = a[j-d]; j -= d; } a[j] = ai; } d /= 3; // step 6 } }
= 266 x
The output is:
( h ) Starting with the difference equation that defines the Fibonacci sequence, divide both sides by x ( n
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