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The Equivalence of NFAs and DF As

Sipser:  Section 1.2 pages 54 - 58

O
_ Unfinished Business
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Theorem. A language is regular if and only if it is accepted by
a nondeterministic finite automaton.

Proof. (=) Let A be aregular language ...
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A finite automaton is a 5-tuple (Q, Z, J, ¢,, F), where

. Qis a finite set called the states,

. Zis a finite set called the alphabet,

. 0 @x Z— Qis the transition function,
. g0 € Qis the start state, and

. FS Qis the set of accept states.
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A nondeterministic finite automaton is a 5-tuple (Q, Z,
J, 4o, F), where

—_

. Qis a finite set called the states,

. Zis a finite set called the alphabet,

. 8 @Ax 2, — AQ) is the transition function,
. g0 € Qis the start state, and

. FS Qis the set of accept states.
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Theorem. A language is regular if and only if it is accepted by
a nondeterministic finite automaton.

Proof. (<) Suppose A is accepted by a nondeterministic
finite automaton ...
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Definition. Two machines are eguivalent if they recognize the
same language.

Theorem. Every nondeterministic finite automaton has an
equivalent deterministic finite automaton.

Proof.
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Proof. Let N=(Q, Z, 9, 5, F) be an NFA recognizing
language A.

We construct a DFA Mrecognizing A.

L Q'=AQ.

2. ForRe Q'and ae Z, let 3'(R, a) = U,ep K, a).
3. 9 = {4}

4. F'={Re Q' | Rcontains an accept state of N}.
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Proof. Let N=(Q, Z, 9, ¢;, F) be an NFA recognizing
language A.

We construct a DFA Mrecognizing A.
L Q'=AQ.
2. ForRe Q'and ae Z, let 0 (R, a) = U,ep &Ar, a)).

where HR) = {¢ | ¢ can be reached from R
along O or more ¢ arrows }.

3. % = E{q}-

4. F'={Re Q' | Rcontains an accept state of N}.
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