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Name

Midterm Exam

Instructions: read these first!

Do not open the exam, turn it over, or look inside until you are told to begin.

Switch off cell phones and other potentially noisy devices.

Write your full name on the line at the top of this page. Do not separate pages.

Read questions carefully. Show all work you can in the space provided.

This is a closed book, closed notes exam. Do not refer to any printed material or com-
putational device, except your cheat sheet. Your cheat sheet can be a single 8.5 × 11
sheet of paper printed on one or both sides.

Where limits are given, write no more than the amount specified.
The rest will be ignored.

Avoid seeing anyone else’s work or allowing yours to be seen.

Do not communicate with anyone but an exam proctor.

If you have a question, raise your hand.

When time is up, stop writing.

Question Points Score

1 10

2 20

3 20

Total: 50
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1. [10 points] In the vertex cover problem, we are given an undirected graph G = (V,E). A vertex v ∈V is said to cover an
edge e if v is one of the end-points of e. Our goal in the vertex cover problem is to find the smallest subset S of nodes
such that every edge e in E is covered by some v ∈ S.

(a) [5 points] Consider the following greedy algorithm for vertex cover.

S=NULL; Uncovered=E;
While Uncovered is Non-Empty:
Pick v in V that covers the Largest Number of Edges in Uncovered
Add v to S
Uncovered = Uncovered - All edges covered by v
EndWhile
Output S

Does this algorithm work correctly? If so, provide a short proof of correctness; otherwise, provide a counter-
example.
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(b) [5 points] Now consider the following greedy algorithm.

S=NULL; Uncovered=E;
While Uncovered is Non-Empty:
Pick an arbitrary e=(u,v) in Uncovered
Add u and v to S
Uncovered=Uncovered - ((All edges covered by v) Union (All edges covered by u))
EndWhile
Output S

Does this algorithm work correctly? If so, provide a short proof of correctness; otherwise, provide a counter-
example.
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2. [20 points] A contiguous subsequence of a list S is a subsequence made up of consecutive elements of S. For instance,
if S is 5,15,−30,10,−5,40,10, then, 15,−30,10 is a contiguous subsequence but 5,15,40 is not. Give a dynamic
programming algorithm for the following task. Your input is a list of numbers a1, . . . ,an. Your output is the contiguous
subsequence of maximum sum (a subsequence of length zero has sum zero). For the preceding example, the answer
would be 10,−5,40,10 with a sum of 55. For full credit, your algorithm should take O(|S|) time, where |S| is the size
of the list S.

(a) [4 points] Write down the subproblems that you will need to solve, and what each subproblem represents.

(b) [4 points] Write down a recurrence relation for your subproblem.

(c) [5 points] Write down the base case(s), evaluation order, and the final solution.
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(d) [2 points] Prove by induction that your algorithm is correct.

(e) [5 points] What is the running time of your algorithm? Justify your answer.
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3. [20 points] For each of the following statements, say whether they are correct or incorrect. If they are correct, provide a
brief justification or proof; if they are incorrect, provide a brief justification or counterexample.

(a) [5 points] Let G = (V,E,W ) be a weighted undirected graph where the weight of each edge is a distinct integer.
Then G has an unique MST.

(b) [5 points] Let C be any cycle in a weighted undirected graph G. The lightest edge of C always belongs to some
MST of G.

(c) [5 points] Suppose we have an union-find data structure on n nodes. After k union and l find operations, the rank
of any node cannot be more than log2 k. (Assume that we use path compression during find operations.)
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(d) [5 points] If a dynamic programming algorithm has n subproblems, then its running time is O(n).


