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The mapping between the s-plane and the z-plane is illustrated in Fig. 9-1 I . Note that although the jR-axis maps onto the unit circle, the mapping is not one to one. In particular, each interval of length 2 n / T , along the jR-axis is mapped onto the unit circle (i.e., the frequency response is aliased). In addition, each point in the left-half s-plane is mapped to a point inside the unit circle. Specifically, strips of width 2 n / T , map onto the z-plane. If the frequency response of the analog filter, H,,(jR). is sufficiently bandlimited, then
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		Although the impulse invariance may produce a reasonable design in some cases, this technique is essentially limited to bandlimited analog filters.
Theorem 12.4 In a binary search tree of size n, the insert() and the search() functions each require O(2lnn) O(1.39lgn) comparisons in the average case. The proof of this result is beyond the scope of this outline.
Although a bit complicated, the insertion algorithm for AVL trees is very efficient. The rotations that keep it balanced make only local changes to a few references and balance numbers. Review Questions
To see how poles and zeros of an analog filter are mapped using the impulse invariance method, consider an analog filter that has a system function
Given an analog filler with a system function H,(s), the digital filter is designed as follows:
CHAP. 12]
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		12.1 12.2 What are the advantages and disadvantages of using a binary search tree  What are the advantages and disadvantages of using an AVL tree
The bilinear transformation is a rational function that maps the left-half s-plane inside the unit circle and maps the jC2-axis in a one-to-one manner onto the unit circle. However, the relationship between the jR-axis and the unit circle is highly nonlinear and is given by thefr-equency warpb~g,funcrion
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		As a result of this warping, the bilinear transformation will only preserve the magnitude response of analog filters that have an ideal response that is piecewise constant. Therefore, the bilinear transformation is generally only used in the design of frequency selective filters. The parameter T, in the bilinear transformation is normally included for historical reasons. However, it does not enter into the design process, because i l only scales the jR-axis in the frequency warping function, and this scaling may be done in the specification of the analog filter. Therefore, T, may be set to any value to simplify the design procedure. The steps involved in the design of a digital low-pass filter with a passband cutoff frequency w,, stopband cutoff frequency w.,, passband ripple 6 , , and stopband ripple 8, are as follows: Prewarp the passband and stopband cutoff frequencies of the digital filter, w, and o,, , using the inverse of Eq. (9.12) to determine the passband and cutoff frequencies of' the analog low-pass filter. With T, = 2, the prewarping function is
The imbalance problem illustrated in Example 12.6 can be avoided by imposing balance constraints on the nodes of the binary search tree. Define the balance number at any node of a tree to be the difference between the height of its left subtree and the height of its right subtree. An AVL tree is a binary search tree where the balance number at each node is either  1, 0, or 1. The name comes from the two inventors of this method: G.M. Adel son-Velskii and Y.M. Landis. The tree in Figure 12.12 is not an AVL tree because it is imbalanced at node C. Its balance number there is 2, which is outside the allowable range. It is also imbalanced at node G. The tree in Figure 12.11 is an AVL tree: Every balance number is either  1, 0 or 1. EXAMPLE 12.7 An AVLTree CLASS
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