
CSE 555 HOMEWORK FOUR

DUE 09 APRIL 2020, BY EMAIL TO COLBOURN@ASU.EDU

When proving NP-completeness in this homework, use only the known NP-completeness
results in Sipser’s Chapter 7. Do not simply cite NP-completeness results from other
sources.

(1) I am interested in the question CountSAT: Given a 3CNF formula φ and
an integer k, does φ have at least k satisfying assignments? My friend claims
it is NP-complete because 〈φ〉 ∈ 3SAT if and only if 〈φ, 1〉 ∈ CountSAT.
Is my friend’s argument sufficient? If yes, explain. If no, can you complete
the argument?

(2) A 2-factor in a graph G = (V,E) is a subset E ′ ⊆ E so that every vertex
v ∈ V appears in exactly two edges of E ′. The Burlington problem is:
Given a graph G and an integer c, does G contain a 2-factor having at most
c connected components? Show that Burlington is NP-complete.

(3) The Cornwall problem is: Given a graph G and an integer c, does G
contain a 2-factor having at least c connected components? Show what you
can about the computational complexity of Cornwall.

(4) Flip is the following problem. You are given a set T of n tiles
[
ti
bi

]
, 1 ≤ i ≤ n.

Each ti and each bi is a string in {0, 1}` (that is, each is a binary string of
length `). You only have one copy of each tile. You can turn the tiles upside
down if you want;

[
100
010

]
upside down is

[
010
100

]
– you cannot rotate the tiles. An

instance of Flip is represented by O(n`) bits. The decision question for Flip
is: By turning a subset of the tiles upside down and leaving the remainder
right side up, is it possible that among the n strings now appearing on the
top, in each of the ` positions, at least one of the strings contains a 0, and
that the same is true for the n strings now appearing on the bottom. Show
that Flip is NP-complete.

(5) Suppose that we are provided an oracle to answer the question: Given 〈T 〉,
does the set T of tiles have a Flip solution? The oracle takes zero time to
compute, but we must write the question to it, and read its answer, and these
do take time. We want to find a solution (solve the construction problem,
not just the decision problem). Can you use the oracle (repeatedly) to find a
Flip solution, if one exists, in polynomial time? Explain.
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