
CSE 203A Final Exam

Fall 2017

This is a take home final exam for CSE 203A. Rules:

• The exam is due at 11:59pm on Thursday December 14th. Please submit your solution electronically
be emailing it (either scanned or as a TeXed pdf) to dakane@ucsd.edu.

• You may not collaborate or consult other people for solutions/hints/advise (though you may ask course
staff for problem clarifications).

• You may use any course materials including the textbook, things covered in lecture or materials form
the course webpage. You should not search for problem solutions elsewhere on the internet. If you
incidentally stumble across something while working on the exam, you should cite it (points may be
taken off if it looks too similar to your solution or trivializes the problem, but it will not be considered
academic dishonesty if you cite it).

• All solutions should come with an appropriate proof or justification.

Question 1 (Matrix Rank, 40 points). .

(a) Let G be a random bipartite graph with n vertices on each side where each left vertex is attached to
C log(n) random vertices on the right (for C a sufficiently large constant). Show that with at least 99%
probability that G has a perfect matching. Hint: you will likely want to use the Marriage Lemma, which
in this case states that G will have a perfect matching unless there is some set S of right vertices with
fewer than |S| vertices on the left that connect to it. You will likely need slightly different arguments for
S of different sizes.

(b) Let A be an n × k (n ≥ k) matrix over some finite field F. Give an RP algorithm to test whether A is
full rank using O(nk log(k) + k3) time, and prove correctness of your algorithm. You may use the result
from part (a), even if you did not complete that part. You may also assume that |F| is sufficiently large.
Hint: Construct some k×k matrix B by adding a random multiple of each row of A to C log(k) random
rows of B. Show that B is probably full rank if and only if A is. Note: with some improvements the
runtime can be improved to O(nk+MM(k)), where MM(k) is the matrix multiplication time for k× k
matrices.

Question 2 (Expander Walk Commute Time, 30 points). Let G be a d-regular, connected graph on n vertices
where the second largest eigenvalue of the adjacency matrix of G is at most d/2. Show the commute time
between any pair of vertices of G is O(n). You may prove a bound of O(n log(n)) for partial credit. Hint: Use
an argument similar to the one we used to analyze the application of expanders to probability amplification.
In particular, show that hu,v is the total weight of eu(I − PD)−1, where P is the transition matrix of the
random walk and D is a particular diagonal matrix, and use eigenvalues of P to analyze this.

Question 3 (Streaming Algorithm for Approximate Median, 30 points). Design a streaming algorithm that
given a stream i1, i2, . . . , im ∈ [n] and some ε > 0 returns an x so that with at least 2/3 probability between
(1/2− ε)m and (1/2 + ε)m of the ij are bigger than x. Your algorithm should run in O(log(n)/ε2 + log(m))
memory. Prove the correctness of your algorithm. Hint: maintain a list of elements so that after t updates,
your list is a uniform random list of k elements of i1, . . . , it.
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