
CSE 101 Exam 2

Winter 2023

Instructions: Do not open until the exam starts. The exam will run for 45 minutes. The problems are
roughly sorted in increasing order of difficulty. Answer all questions completely (though pay attention to
exactly what the question is asking for). You are free to make use of any result in the textbook or proved in
class. You may use up to 6 one-sided pages of notes, and may not use the textbook nor any electronic aids.
Write your solutions in the space provided, the blank page after this one, or on the scratch paper provided
(be sure to label it with your name). If you have solutions written anywhere other than the provided space
be sure to indicate where they are to be found.

If the problem asks for an algorithm, giving a correct algorithm with worse runtime efficiency than what
is asked for will be awarded partial credit.

Please sit in the seat designated below.
Do not discuss this exam online or with people that you do not know where in the room

here until 4pm.

Name:

ID Number:

Seat:
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This page is left blank for scratch work.
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Question 1 (Divide and Conquer Runtimes, 30 points). Consider the three following divide and conquer
algorithms:

• Algorithm A when run on an input of size n solves three recursive subproblems of size n/3 in addition
to Θ(n) overhead work.

• Algorithm B when run on an input of size n solves three recursive subproblems of size n/2 in addition
to Θ(n2) overhead work.

• Algorithm C when run on an input of size n solves three recursive subproblems of size n/9 in addition
to Θ(1) overhead work.

What are the asymptotic runtimes of these three algorithms?
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Question 2 (Crossing the Stream, 35 points). Roxy is a frog trying to make it across a stream by hopping
between lilypads conveniently arranged along a line. From any lilypad, she can hop to any other within 5 feet
and she is trying to make it from one bank of the stream to the other in as few hops as possible.

Roxy thinks that she can minimize the number of hops by at each hop, leaping to the furthest lilypad she
can reach. So for example, if there are lilypads at 1, 4, 6, 7, 10, and 13 feet from the near bank and the far
bank is at 15 feet, she should hop to the lilypads at 4, 7, and 10 feet before hopping to the far bank.

Prove that this strategy always successfully reaches the far bank in the smallest possible number of hops.
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Question 3 (Finding the Crossover Point, 35 points). Let A and B be two unordered lists of n distinct real
numbers each so that the smallest element of A is less than the largest element of B. Your goal is to find
the largest integer k so that the kth largest element of A is larger than the kth smallest element of B (you
can return k = 0 if no element of A is bigger than any element of B).

For example, if A = (10, 3, 6, 8) and B = (1, 9, 2, 7) the answer would be 2 since the 2nd largest element
of A (i.e. 8) is larger than the 2nd smallest element of B (i.e. 2), but the 3rd largest element of A (i.e. 6)
is not larger than the 3rd smallest element of B (i.e. 7).

Give an algorithm that given A and B finds this k. For full credit, your algorithm should run in expected
O(n) time or better.
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