
Sorting, Hashing, Binary Search Trees

November 4, 2014

Homework 4

Due Date: Thursday, 6 November 2014 by end of lecture

• Whenever we ask you to design an algorithm, we always want to see three things: a description of the
algorithm, a run-time analysis, and an explanation/proof that the algorithm does what you claim it
does. You should always try to present the bounds in Θ notation. Describe your algorithm in precise
English and avoid pseudocode unless absolutely necessary. Never submit C or Java code.

• No need to re-prove anything that was proven in the textbook or the lecture - you can refer to the
lecture slides or textbook chapter instead.

• The points for extra credit questions will be calculated separately. Students with many extra credit
points will get their grade bumped up if they are on the boundary.

Problem 4-1. 25pts
Suppose we have an arbitrary data type that supports constant-time comparisons and copies but no other
operations. For example, we could compare x to y and swap them if x < y in constant time. Can we
implement a data structure over this data type such that INSERT and EXTRACT-MAX both run in
o(log n) time? If so, provide main ideas behind the implementation. If not, prove it is impossible.

Problem 4-2. 25pts
Given n integers in the range from 0 to n3 − 1, show how to sort them in O(n) time. [Hint: start by
considering the case where n is a power of 2, and then extend to arbitrary values of n.]

Problem 4-3. 25pts
CLRS 11-1, page 282 (page 249 in 2nd edition).

Problem 4-4. 25pts
Suppose that a search for key k in a binary search tree ends up in a leaf. Consider three sets: A, the keys to
the left of the search path; B, the keys on the search path and C, the keys to the right of the search path.
Provide a small counterexample that disproves the following claim: Any three keys a ∈ A, b ∈ B, c ∈ C must
satisfy a ≤ b ≤ c.
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