Dept. of Computer Science and Engineering, National Sun Yat-sen Univ.

First Semester of 2006 PhD Qualifying Exam   Computer Algorithms
1. [20%] Use the algorithm of quick sort to sort n elements.  Please explain why the best, the worst, and the average time complexities of the algorithm are O(nlogn), O(n2), and O(nlogn), respectively.
2. [20%] The satisfiability (SAT) problem is NP-complete.  Please prove that the 3-satisfiability (3-SAT) problem is also NP-complete.
3. [20%] Entity A and entity B know a large prime x and they keep x confidential.  Design a randomized algorithm D based on the quadratic-residue problem for interactive proofs such that B can be convinced that A is the real A with probability 1-2-2n after D has been performed successfully where n is a positive integer.
4. [20%] Please design a nondeterministic sorting-searching algorithm to sort n elements stored in array A[1..n] and check whether a given element k is in array A or not.  Note that both the sorting and the searching procedures in your designed algorithm must be nondeterministic.
5. [20%] Let (a1, a2, a3, a4) be four sorted identifiers.  Consider a search operation for an element x.  Assume that the probability of (x = ai) is pi with 1 ( i ( 4, and the probability of (ai < x < ai+1) is qi with 0 ( i ( 4 where a0 = -( and a5 = (.  It follows that 
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Please find an optimal binary search tree consisting of the four internal nodes {a1, a2, a3, a4} by the dynamic programming approach.  You must explain how to obtain your answer.
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