
CSE 101 Final Exam

Winter 2023

Instructions: Do not open until the exam starts. The exam will run for 180 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 12 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. Clarifications to some problems may be posted on the main
screen. It is recommended that you check periodically to avoid missing any. 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.

Name:

ID Number:

Seat:
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This page is left blank for scratch work.
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Question 1 (Maximum Independent Set, 30 points). What is the size of the maximum independent set in
the tree below?

Note: You do not need to provide the set itself, just its size.
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Question 2 (Vertex Cover, 30 points). When running the 2-approximation algorithm for vertex cover on the
following graph, what cover is returned? When the algorithm has multiple possible options of which vertices
to add next, please make sure to prioritize adding the alphabetically first valid option.
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Question 3 (Shortest Cycle, 35 points). Give an algorithm that given an unweighted, undirected graph G
computes the length of the shortest cycle in G. Note that a cycle here is not allowed to repeat edges.

For full credit, your algorithm should run in polynomial time in the number of edges and vertices of G.
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Question 4 (Minimal Effort Academics, 35 points). Gamzee needs to take 2n classes in school. The ith

class requires ai hours of study to pass, but bi hours of study to get an A in it (for some bi ≥ ai ≥ 0). In
order to satisfactorily complete his schooling, Gamzee must pass all 2n classes and must get As in at least
n of them. Give an algorithm that given ai, bi determines the fewest number of hours of study necessary to
accomplish this goal.

For full credit, your algorithm must run in expected time O(n) or better.
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Question 5 (Gameshow Finale, 35 points). Dirk returns to the gameshow one more time. As before there
are n challenges available to him. Again, each challenge has a probability pi that he will pass the challenge
and a (non-negative) reward Ri that he will win if he does pass it. Dirk may attempt any number of challenges
in any order, but may not attempt the same challenge more than once. He may quit at any time and leave
with all of the rewards of challenges that he has completed so far, however if Dirk fails any challenge he
attempts, he will forfeit any rewards won thus far, and leave with nothing.

Dirk would like to find an algorithm that given pi and Ri determines the maximum possible expected
reward that he can achieve. Prove that this problem is NP-Hard.

Hint: Consider instances where pi = e−Ri for each i. You may use the fact that the function f(x) = xe−x

achieves its maximum value of e−1 at x = 1 and nowhere else.
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Question 6 (Palindrome Detection, 35 points). A palindrome is a collection of words whose letters (ignoring
spaces) form the same sequence if read forwards as they would if read backwards. For example, “A MAN A

PLAN A CANAL PANAMA” is a famous palindrome. As in the above example, a palindrome is allowed to use
the same word more than once.

Give an algorithm that given a list of k words, each of which is provided as a string of at most n letters,
determines whether or not there is a (non-empty) palindrome consisting only of words from that list.

For full credit your algorithm should run in time polynomial in k and n.
Hint: Try constructing the solution by building up both ends of the palindrome, adding one word at a

time to either end, trying to keep the two sides roughly balanced.
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