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

First Semester of 2003 PhD Qualifying Exam   Computer Algorithms

1. [10%] Please explain why an algorithm with time complexity ((n3) may run faster than an algorithm with time complexity ((n), where n is the length of the input.
2. [15%] Please sort 12, 10, 8, 24, and 5 by the heap sort algorithm.  (Show your answer in details)
3. [25%] Input a positive number N and a parameter m.  Please write a polynomial-time randomized algorithm to test whether N is a prime or not, with probability of being correct at least 1-2-m.
4. [25%] There are n items a1, a2, ..., an with 0 < Size(ai) ( 1 and 1 ( i ( n.  The bin packing problem is to determine the minimum number of bins of unit capacity, i.e., the capacity of each bin is 1, to accommodate all n items.  The problem is NP-hard.  Please design a polynomial-time approximation algorithm for the bin packing problem and prove that the number of bins used in your algorithm is at most twice of the optimal solution.
5. [25%] 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.
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