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Lec. 5 : NFA-DFA equivalence



Definition of NFA

@ Let N=(Q,2,5,90,F) be a nondeterministic

finite state automaton and let w=wiw....w
(n20) be a string where each symbol wie2.

@ N accepts w if 3 m2n, 3 so,s1,...,Sm and
I Y1Y2..Ym =W, WIith each yie 2¢ s.t1.
1. So=4qo
2. si+1 €0(si,yiv)) fori=0..m-1, and

3. SmeF






Regular Languages

THEOREM 1.39

Every nondeterministic finite automaton has an equivalent deterministic finite
automaton.

COROLLARY 1.40

A language is regular if and only if some nondeterministic finite automaton rec-
ognizes It.
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NFA-DFA equivalence

(without empty transitions)

o Let N=(Q,2,5,90,F) be an NFA (without empty
transitions) accepting language A. We show a
DFA M =(Q’,2,58',q0,F") accepting A.

2 Q' =PQ)={RIRcQ }

2 8'(Ra)={qeQ|3reR, qed(ra)}

o qé = {qo}



NFA-DFA equivalence

(without empty transitions)

o Let N=(Q,2,5,90,F) be an NFA (without empty
transitions) accepting language A. We show a
DFA M =(Q’,2,6,q0,F") accepting A.

o Q=PQ)=1R|RcQ}
@ 6'(Ra)={qeQl3areR, qed(ra)}

@ qé = {qo}
@ F'={ ReQ’ | RnF£2 }



q0011=q{1,2} qomo:q{ 2} q1011=q{1,2,4} q101o=q{2,4}

q0101=q{1,3} q01oo=q{3} q1101=q{1,3,4} qnoo:q{s,4}

q1001=q{1,4} q1000=q{4} q1110=q{2,3,4} q1111=q{1,2,3,4}



q1001=q{1,4} qIOOqu{4} q1110=q{2,3,4} q1111=q{1,2,3,4}
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NFA-DFA equivalence

(with empty transitions)

o Let N=(Q,2,5,90,F) be an NFA accepting
language A. We construct a DFA
M =(Q',2,5',q0,F') accepting A as well.

2 Q'=PQ)=1R|RcQ }

E(R) = {q| g can be reached from R by traveling along 0 or more € arrows}.

8 0'(R,a)={qe Q| areR, qe E(8(r,a)) }, V ae

@ qo = E(qo)
o F'={ ReQ' | RnF#2 }
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THEOREM 1.45

The class of regular languages 1s closed under the union operation.
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The class of regular languages is closed under the union operation.
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Kleenes
Theorem

o Let Na=(Qa,2,94,90n,Fa) be a NFA accepting La and
Ne=(Qs,2,08,908,F8) be a NFA accepting Ls (QaNQz=2).

@ Consider Ny=( {qo}UQaUQs ,2,5u,90,Fu) where
6u(qo,€) = {qoa.qoss, Su(qo,a) = @ for all a#eg,
du(q,a) = dx(qg,a) for all geQx, Xe{A,B}, and all q,
Fu = FaUFs.

@ Lu = La U Lg.
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THEOREM 1.47

The class of regular languages is closed under the concatenation operation.
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The class of regular languages is closed under the concatenation operation.
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Kleenes
Theorem

@ Let Na=(Qa,2,5a,90a,Fa) be a NFA accepting La and
NB=(QB,Z,6B,qOB,FB) be a NFA accepting Ls (QaNQ3e=2).



Kleenes
Theorem

@ Let Na=(Qa,2,5a,90a,Fa) be a NFA accepting La and
NB=(QB,Z,6B,qOB,FB) be a NFA accepting Ls (QaNQ3e=2).

@ Consider N¢c=( QpUQs ,2,9¢,qon,Fe) Where
Oc(q,a) = dg(q,a) for all qeQg, all a,
0c(q,a) = da(g,a) for all qeQa, all a#e,
5¢(q,€) = alq,€) for all geQa\Fa,
6¢(q,€) = da(g,€)U{qos} for all geFa.



Kleenes
Theorem

@ Let Na=(Qa,2,5a,90a,Fa) be a NFA accepting La and
NB=(QB,Z,6B,qOB,FB) be a NFA accepting Ls (QaNQp=92).

@ Consider N¢c=( QpUQs ,2,9¢,qon,Fe) Where
Oc(q,a) = dg(q,a) for all qeQg, all q,
0c(q,a) = da(g,a) for all qeQa, all a#e,
5¢(q,€) = alq,€) for all geQa\Fa,
6¢(q,€) = da(g,€)U{qos} for all geFa.

% Lc = Laols.
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Kleenes
Theorem

o Let Na=(Qa,2,54,90n,Fa) be a NFA accepting La.

@ Consider Ns=( QaU19o} ,2,8s,90,FAU{qo}) where
0s(go,€) = qoa, and ds(qo,a) = @ for all a#e,
5s(q,a) = da(q,a) for all qeQa\Fa, all g,
6s(q,€) = da(q,€)Uiqoa} for all geFa,
0s(q,a) = 0a(q,a) for all qeFa, all a#e.



Kleenes
Theorem

@ Let Na=(Qa,2,54,90n,Fa) be a NFA accepting La.

@ Consider Ns=( QaU19o} ,2,8s,90,FAU{qo}) where
0s(go,€) = qoa, and ds(qo,a) = @ for all aze,
5s(q,a) = da(q,a) for all geQa\Fa, all g,
6s(q,€) = da(q,€)Uiqoa} for all geFa,
0s(q,a) = 0a(q,a) for all qeFa, all a#e.

o Ls = (La)™
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