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(30%) Among all the sorting algorithms, quick sort and merge sort are two represen-
tatives. In order to avoid the worst-case behavior for classic quick sort algorithm, the
randomized quick sort algorithm is a variant.

(a) Please calculate the expected running time of the randomized quick sort algorithm.

(b) Please write down the pseudo codes for the randomized quick sort and the merge
sort algorithms, respectively.

(c) Please give an example to show that the merge sort algorithm could be a better
choice than the classic quick sort algorithm.

(12%) For a given ordered number sequence “50, 1, 3, 5, 25, 2, 4, 6, and 7,” please
write down all the steps for building:

(a) A binary search tree

(b) A B-tree

(c) An AVL-tree

(8%) Suppose the complexity of a recursive function T(n) = 2xT(|2])+n is O(nlog, n),

please calculate the complexity for T(n) = 2xT(|/n]) + log, n.

(15%) Rank the following functions according to ascending growth rate: logn, nlogle,

logn!, 2v2leen . /logn.

(a) (15%) A subsequence of a sequence is a sequence that appears in the same relative
order, but not necessarily contiguous. Let S; and S, be two sequences. Give an
algorithm in detailed steps that produce a shortest sequence S containing both S; and
Sy as its subsequences.

(b) (5%) Give an example to demonstrate how your algorithm works.

(15%) The Knapsack Problem: Given a set S of n items, where each item ¢ is with
profit p; and size s;, and a knapsack with capacity B (of course B > s;, Vi). Find a
subset (meaning, no fractional selections) of items whose total size is bounded by B
and the total profit is maximized.

A basic greedy strategy for this is to sort the items by decreasing profit-to-size ratio,
then pick items in that order until the knapsack is filled.

Prove that this basic greedy strategy is not only suboptimal, but it can perform arbi-
trarily badly.
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