
Lecture #5: Introduction to

Nondeterministic Finite Automata

Key Concepts

Definition 1. A nondeterministic finite automaton is a 5-tuple (Q,Σ, δ, q0, F ), where

• Q is a finite, nonempty, set of states;

• Σ is an alphabet such that Q ∩ Σ = ∅;

• δ : Q× Σλ → P(Q) is a transition function;

• q0 ∈ Q is the start state; and

• F ⊆ Q is the set of accept states.

Here, Σλ = Σ ∪ {λ} and δ is a total function from Q× Σλ to P(Q).

Definition 2. Let M = (Q,Σ, δ, q0, F ) be a nondeterministic finite automaton. The, for q ∈ Q,

Clλ(q) is the set of states that reachable from q by following zero or more λ-transitions.

Clλ(q) is sometimes called the λ-closure of the state q.

Definition 3. Let M = (Q,Σ, δ, q0, F ). The extended transition function of M is the total

function

δ⋆ : Q× Σ⋆ → P(Q)

such that, for q ∈ Q and ω ∈ Σ⋆,

δ⋆(q, ω) =















Clλ(q) if ω = λ,

⋃

r∈δ⋆(q,µ)





⋃

s∈δ(r,σ)

Clλ(s)



 if ω = µ · σ for µ ∈ Σ⋆ and σ ∈ Σ.

Definition 4. Let M = (Q,Σ, δ, q0, F ) be a nondeterministic finite automaton. Then, for every

string ω ∈ Σ⋆, M accepts ω if

δ⋆(q0, ω) ∩ F 6= ∅

and M rejects ω otherwise.

Definition 5. Let M = (Q,Σ, δ, q0, F ). Then the language of M , L(M), is the set of strings

ω ∈ Σ⋆ such that M accepts ω.
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