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Consider a set S of n > 2 distinct numbers given in unsorted order. Each of
the following four problem parts asks you to give an algorithm to determine
two distinct numbers z and y in the set S that satisfy a stated condition.
In as few words as possible, describe your algorithm and justify its running
time. To keep your answers brief, use lgorithms from lectures and the book
as subroutines.

2. In O(n) time, determine z, € S such that
le =yl 2 w-2|
forall v,z € 5.

b.In O(nlgn) time, determine z,y € S such that = # y and

le-yl<hw—
for all w,z € S such that w # =.
¢ In O(n) expected time, determine z,y € S such that
z,

where Z is given, or determine that no two such numbers exist.
(Hint: y=27 - z.)

d.In O(n) time, determine 7,y € S such that

T4y

1
ol (e mips)
le-sl< T

., determine any two numbers that are at least as close together as the
average distance between consecutive numbers in the sorted order.
(Hint: Use divide and conquer.)
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Give a short answer for each problem below. The more concise and precise
your answer, the more poits you will receive.

a. Prove that (n + 1) = O(n?) by giving the constants no and c in the
definition of O-notation. Justify your answer.

b. Suppose that you want to sort n numbers, each of which is either 0 or 1.
Briefly describe an asymptotically efficient algorithm for this problem.
‘What is its running time?

c. Briefly describe what we mean by a randomized algorithm, end name
two examples.

d. Consider a priority queue that supports the operations INSERT and EXTRACT:
Min. Argue that in the worst case, if we perform a mixture of n INSERT
and EXTRACT-MIN operations on the priority queue, there is at least one
operation that takes 2(ign) time. Assume that the order of elements in
the priority queue is determined by comparisons only. (Hint: For any set
of numbers, at least one number must equal or exceed the average.)

Problem 4 [20 points]
Consider the following

a. Label the following binary tree with numbers from the set {6,22,0,14,13, 1.
so that it is a legal binary search tree.

N\ N

b. Label each node in the figure above with r or b denoting the colors RED
and BLACK, respectively, 50 that the tree is a legal red-black tree.

. Make the left child of the root be the root by performing a single rotation.
Draw the binary search tree that results, and label your tree with the keys
from part (). Is it possible to label the nodes with colors so that the tree
is a red-black tree? Justify your answer.







