
7. Complexity: P & NP

NP-complete
L' is NP-complete iff L'  NP and L' is NP-hard

Polynomial-time reducible (≤p)
L ≤p L' ⇔ ∃f, f polynomial-time, f: A* → A*,
∀w  A*, w  L ⇔ f(w)  L'

Non-deterministic
Polynomial (NP)

- Def. 1 (parallel computation):
  NP = { L  A* |  NTM N,  polynomial p⊆ ∃ ∃
  such that L = L(N) and x  A*: tN(x) ≤ p(|x|)∀ ∈ }
- Def. 2 (sequential verification):
  NP is the class of languages that have
  deterministic polynomial-time verifiers

Polynomial (P)
- P = { L  A* |  TM M,  polynomial p⊆ ∃ ∃
  such that L = L(M) and x  A*: tM(x) ≤ p(|x|)∀ ∈ }

NP-hard
L' is NP-hard iff ∀L  NP, L ≤p L'

Decision Problems
binary output (yes/no)

Optimization Problems
find an optimal solution,
most common in praxis

Evaluation Problems
determine the value

of an optimal solution

Bound Problems
given a bound B, determine

whether the value of an optimal
solution is above or below B

SAT
Satisfiability of boolean expressions

3CNF
Satisfiability of boolean expressions
given in 3-conjunctive normal form

CNF
Satisfiability of boolean expressions
given in conjunctive normal form

Clique
Given a graph G and an integer k,
does G contain a clique of size ≥ k?

Set Cover
Given a finite set U (“universe”), n subsets,
and an integer k ≤ n, does there exist a
selection of k subsets whose union is U?
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