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1. Consider the following two problems:

Problem Π1: Given a graph G, what is the size of the largest clique in G?

Problem Π2: Given a graph G, what is the size of the smallest vertex cover of G

Which of the following best describes the relationship between problems Π1 and Π2?

A. Π1 can be reduced to Π2 in polynomial time.

B. Π2 can be reduced to Π1 in polynomial time.

C. A and B.

D. none of the above.

C

Answer:

Following the reductions, we have |V C(G)| = n − |INDEP (G)| = n −
|Clique(complement(G))|.

2. In the 2CNF-SAT problem, you are given a formula which is a conjunction of clauses, where

each clause is a ∨ (i.e., or) of two literals, and you have to decide whether there is a satisfying

assignment. For example, F = (x1 ∨ x2)∧ (x3 ∨ x4) is a valid instance of 2CNF-SAT. Then:

A. 2CNF-SAT is in P and in NP .

B. 2CNF-SAT is NP -Complete.

C. 2CNF-SAT is NP -Hard.

D. 2CNF-SAT can be solved in sub-linear time, using random assignment.

E. None of the above.

A.

Answer:

2CNF-SAT can be solved in linear time using a clever elimination algo-

rithm.

3. A person goes into a grocery store, and decides to buy items with total weight as large as

possible, restricted only by the current amount of money he has. (Assume that the person

knows the weight of every item in the grocery store.) What of the following statements is

correct?

A. This problem is not actually hard, there is a polynomial time algorithm.

B. This problem is NP-hard, and it can not be approximated.

C. This problem is NP-hard, but it can be solved in polynomial time if he is allowed to buy

fractions of items.
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D. None of the above.

C

Answer:

This problem can be reduced from Partition, and as such it is NP-

Complete. It is easily polynomial if allow fraction of items, because then

you can just compute what items give you the most return for your money.

4. A tournament is a directed graph with exactly one edge between every pair of vertices.

(Think of the nodes as players in a round-robin tournament, where each edge points from

the winner to the loser.) A Hamiltonian path is a sequence of directed edges, joined end to

end, that visits every vertex exactly once.
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A six-vertex tournament containing the Hamiltonian path 6→ 4→ 5→ 2→ 3→ 1.

Given a tournament G, determining if it has a Hamiltonian path, takes:

(a) O(n2) time.

(b) O(n2 log n) time.

(c) This problem is NP-Hard.

(d) Constant time, because all tournaments have a Hamiltonian path.

D

Answer:

This is an practice exercise from hw0.

5. Given a graph G with n vertices, deciding if G has a simple path of length at least n/2:

(a) Can be done in Θ(n3) time.

(b) Can be done in Θ(n3 log n) time.

(c) Can be done in Θ(n2 log n) time.

(d) Can be done in Θ(n4 log n) time.

(e) None of the above.
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Answer:

This problem is NP-Complete.

6. Let G = (V,E) be a directed acyclic graph with n vertices and at most one edge between any

two distinct nodes. What is the largest |E| can be?

A. n(n− 1)(n− 2)/6.

B. n3/2.

C. 7n + 6.

D. n(n−1)
2 .

E. n!.

D

Answer:

This is just
(
n
2

)
.

7. Given a tree T with n vertices, �nding the largest independent set in T is:

A. NP-Hard.

B. Can be done in O(n) time.

C. Can be done in O(n2) time and there is no faster algorithm.

D. Can be done in O(n log n) time and there is no faster algorithm.

B

Answer:

This is a standard dynamic programming question, and can be easily

solved in linear time.

8. If f(n) = O(F (n)) and g(n) = O(G(n)) (assume that g(n), G(n) ≥ 1 for all n) then

A. f(n)
g(n) = O

(
F (n)
G(n)

)
.

B. f(n)
g(n) = o

(
F (n)
G(n)

)
.

C. f(n)
g(n) = Θ

(
F (n)
G(n)

)
.

D. f(n)
g(n) = Ω

(
F (n)
G(n)

)
.

E. None of the above.
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E

Answer:

Set f(n) = g(n) = 1, f(n) = 1 and g(n) = n2 - this disproves A, B and

C, as 1/1 >> 1/n2. As for D, set f(n) = g(n) = 1 and f(n) = n and

g(n) = 1 - again, this is incorrect.

9. Consider the following problem:

Problem: Largest Subset

Instance: A set P of n real numbers, and parameters k and l.

Question: Is there a subset of k numbers of P such that their sum exceeds

l?

The Largest Subset problem is

A. NP-Complete.

B. NP-Hard.

C. Unsolvable.

D. In P .

E. None of the above.

D

Answer:

Just pick the largest k numbers in P and compare their sum to l.

10. Consider the following problem:

Problem: Subgraph embedding

Instance: A graph G and a graph H both with at most n vertices.

Question: Is there a mapping f : V (G) → V (H), such that uv ∈ E(G)
implies that f(u)f(v) ∈ E(H), and for any u, v ∈ V (G) such that u 6= v, we

have f(u) 6= f(v).

The problem Subgraph embedding is

A. Can be solved in O(n2) time.

B. Can be solved in O(n2 log n) time.

C. Can be solved in O(n3 log n) time.

D. None of the above.

D

Answer:
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This problem is NP-Complete, because it can be reduced from Hamiltonian

path, just pick V (G) to be a path over n vertices.

11. Given a graph G, with positive weights on the edges. Computing the shortest path between

two vertices u, v ∈ V (G), is

A. NP-Complete.

B. Can be done in polynomial time.

C. None of the above.

B

Answer:

This is just Dijkstra.

12. Depressed after seeing a play by Arthur Miller, the traveling salesman, decided that the next

time he plans his tour, he would allow himself to visit a town more than once, if it means he

can drive less. Let us call the decision version of this problem TSP REVISIT. The problem

TSP REVISIT is

A. Can be solved in O(n6) time using dynamic programming.

B. NP -Complete.

C. Equivalent to computing MST of the weighted graph.

D. None of the above.

B

Answer:

NP-Complete by inspecting the TSP NP-Completeness proof.

13. You are given a standard chessboard with a speci�c con�guration of white and black pieces.

You are asked to decide whether if the white moves �rst, it wins the game. This can be

determined by a program in:

A. Constant time.

B. Linear time.

C. Quadratic time.

D. Cubic time.

E. none of the above.

A.

Answer:
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This is a constant size problem, and as such can be solved in constant

time.

14. The Knapsack problem, is the following:

Problem: Knapsack

Instance: A set U of n elements, for each u ∈ U a size s(u) ∈ Z+ and a

value v(u) ∈ Z+, and B, V ∈ Z+. (Note, that all the numbers are positive

integers.)

Question: Is there a subset U ′ ⊆ U such that
∑
u∈U ′

s(u) ≤ B and
∑
u∈U ′

v(u) ≥

V ? .

A. The Knapsack problem can be solved in polynomial time.

B. The Knapsack problem can not be solved in polynomial time, unless P = NP . It remains

NP -complete even if B = V = O(n).

C. The Knapsack problem is NPC. However, it can be solved in polynomial time if B =
V = O(n).

D. None of the above.

C

Answer:

Use dynamic programming.

15. Given two sorted arrays A and B (containing all distinct values), given a number x, deter-

mining how many elements of A[1..n] ∪B[1..m] are smaller than x can be done in:

A. O(log (nm)) time.

B. Linear time (i.e., O(m + n)).

C. O(nm) time.

D. None of the above.

A

Answer:

Perform a binary search on both arrays.

16. Consider the following closest-point heuristic for building an approximate traveling-salesman

tour. Begin with a trivial cycle consisting of a single arbitrary chosen vertex. At each step,

identify the vertex u that is not on the cycle but whose distance to any vertex on the cycle

is minimum. Suppose that the vertex on the cycle that is nearest u is vertex v. Extend the

cycle to include u by inserting u just after v. Repeat until all vertices are on the cycle.

This heuristic returns a path of length
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A. at most O(log n) longer than optimal.

B. arbitrarily longer than the optimal TSP.

C. at most twice the optimal.

D. None of the above.

B

Answer:

Since the TSP does not obay the triangle inequality, it easy to construct

an example where the path is aribtrarily longer than the optimal solution.

17. Given an instance of Max 5SAT (every clause has �ve literals), one can α-approximate it in

polynomial time. Where α is

A. O(n2).

B. 1/4.

C. 7/8.

D. 31/32.

D

Answer:

Follows immediately from the analysis done in class for Max 3SAT.

18. Joe Smith was asked during a previous exam in 373 to prove that Min Edge Coloring is

NP-Complete.

Problem: Min Edge Coloring

Instance: An undirected graph G = (V,E), and a parameter k.

Question: Can one �nd a coloring χ, of the edges of G using k colors, such

that for any two edges e, e′ that share an endpoint, we have χ(e) 6= χ(e′).

And here is the proof that Joe Smith provided:

Proof: Clearly, the problem is in NP, as given a coloring, we can verify that it is valid by

just scanning the graph. As for the reduction, we will reduce it from Graph Coloring.

Indeed, given an instance G, k of the Min Edge Coloring problem, we construct a graph

H = (E(G),W ), where every edge of G is a vertex in the new graph, and two vertices of

H are connected i� the two corresponding edges in G share an endpoint. Clearly, there is a

valid coloring of the vertices of H using k colors, i� there is a valid coloring of the edges of

G using k colors. Thus, Min Edge Coloring is NP-Complete. �

This proof is

A. Correct.
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B. Incorrect because there was never a student name Joe Smith in cs373, he does not own

the Brooklyn bridge, and Min Edge Coloring is not NP-Complete.

C. Incorrect.

D. None of the above.

C

Answer:

The reduction is in the wrong direction.

19. During your visit to Greece, the oracle of Delphi had given you a black-box that can output,

in constant time, given a circuit, the smallest circuit that is equivalent to it (i.e., circuit with

minimum number of gates). Using this black box, you can:

A. Solve 3SAT in polynomial time.

B. Solve all problems in NP in linear time.

C. Solve all problems in co-NP in linear time.

D. Solve the Halting problem in polynomial time (namely, given a program and an input,

decide whether the program stops on the given input).

E. None of the above.

A

Answer:

Turn the 3SAT formula into a circuit, and ask what the smallest equivalent

circuit. If this is an empty circuit that always output false, you that the

given formula is not satis�able.

20. What is the solution to the recurrence f(n) = f(bn/6c) + f(bn/3c) + f(bn/2c) + 5?

A. 42.

B. Θ(n2/ log∗ n).

C. Θ(n).

D. Θ(nlog2 6).

E. Θ(
√

n).

C

Answer:

For example, by drawing the recurrence tree.
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