
“CS 374” Lab 21 — November 13 Fall 2015

We’ve seen various classes of languages that are closed under complement: if a language is in the
class, then so is its complement. For example, the complement of a regular language is also regular. The
complement of a decidable language is also decidable. The complement of a language in P is also in P
(why?). However, we do not know whether or not NP is closed under complement. Define coNP to be
the set of complements of languages in NP. In other words, coNP is defined as the class of languages L
such that L is in NP. The question of whether NP is closed under complement, is exactly the question of
whether NP = coNP, which is a question related to the question of whether or not P = NP. In these
problems, we investigate some relationships between NP and coNP.

1. We saw that NP is the class of languages of the form L = {x | ∃w ∈ {0,1}p(|x |) s.t. (x , w) ∈ L0}
for some language L0 in P and some polynomial p. Express any language L in coNP in terms of a
language L1 ∈ P, similar to the above expression for languages in NP.

2. Suppose NP⊆ coNP. Show that then NP= coNP.

3. Show that if any NP-complete problem is in coNP, then NP= coNP.

Hint: You may use the fact that if L ∈ coNP and there is a polynomial time reduction from L′ to L,
then L′ ∈ coNP. Think about this part at home.
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