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We introduce a[conccptual machinc]

that occurs in Practicc more
frequcntly than the transition graPh.
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A nondeterministic finite state machine
(NFA) is a transition graph with

*a unique start state

ecach of its edge labels is a single alphabet.
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A nondeterministic finite automaton
(abbreviated NFA) is a 5-tuple (Q, Z, q,, 5, A) where
*(Q means a finite set of states.
*X is a finite input alphabet.
*q, € Q named Initial state.
*A cQ, Ais the set of all accepted states.
*J is a function from QxX to P(Q)
where P(Q) is the power set of Q.
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Fora NFA, M =(Q, %, q,, 6, A) and any pe Q, 5*(p,A) = {p}.
For any peQ and x=a;a,a,...a,€2* (withn >1)

&*(p,x) is the set of all states q for which

there is a sequence of states p=p, p,p,...pn.1, Pn=9 satisfying

*p;€d(p;q.a;) foreachiwith1 <i<n.

8*(than) — Uall red*(p,y) S(r,an)
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e CEPTANCE BY ANFE

The set of all strings that leave the NFA in the
final state is called the language defined by
the NFA or the language associated with this
machine.
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EXAMPLE

a,b
A a :® a,b :< C) a,b ‘
6*(A,aa)
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EXAMPLE

_’@a,ba :® ab :<C) ab ‘

0*(A,aba)
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WITH A-TRANSITION

Hey

A nondeterministic finite automaton with
(NFA-A) is a 5-tuple (Q, %, qy, 8, A) where

*(Q means a finite set of states.

*X is a finite input alphabet.

*q, € Q named Initial state.

*A cQ, Ais the set of all accepted states.

*J is a function from Qx(XU{A}) to P(Q)

where P(Q) is the power set of Q.
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WITH A-TRANSITION

For an NFA-A M=(Q, %, qy, 6, A) statespand q € Qand a
string x = a;a,a;...a, €2*, we will say M moves from p to q
by a sequence of transitions corresponding to x if

there exist an integer m > n, a sequence b;b,b;...b,, €2 U{A}
satisfying x = b;b,b,...b,, and

a sequence of states p = py, Py, Po ---» Pm=q S0 that
foreachi, 1 <i<m, p; € 6(p;1,b)-
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WITH A-TRANSITION

there exist an integer m > n, a sequence b,b,bs...b,, €2 U{A}
satisfying x = b,;b,bs...b,, and

a sequence of states p = py, Py, Py ---» Pm=9q SO that
foreachi, 1<i<m, p; € 8(p;1,by)-

For x € 2* and p € Q, 6*(p,x) is the set of all states q € Q
such that there is a sequence of transitions corresponding to
x by which M moves from p to q.
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WITH A-TRANSITION

|A-c|osure|

Let M=(Q, %, qy, 6, A) be a NFA-A.

Let S be any subset of Q.

The A-closure of Sis the set A(S) defined as follows:
*Every element of S is an element of A(S).

*For any q € A(S), every element of 5(q,A) is in A(S).
*No other elements of Q are in A(S).
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WITH A-TRANSITION

|A-c|osure|

ForaNFA-AM = (Q, %, qq, §, A).

The extended transition function §*: Q x2* — P(Q) is defined as follows:
For any q € Q, 6*(q,A) = A({q})

Foranyqe Q,ye2*andae 2,

8*(q1ya) = A( Y red*(q,y) 8(rla) )

A string x is accepted by M if §%(qy,x) N A = <.
The language recognized by M is the set L(M) of all strings accepted by
M.
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THEOREM

NGHHUN

For every nondeterministic finite
state machine, there is some finite
state machine accepts exactly the
same language.
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THEOREM

NGHHUN

For every nondeterministic finite
state machine with A, there is
some finite state machine accepts
exactly the same language.
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THEOREM

NGHHUN

For any alphabet X and

any L c 2%,

these three statements are equivalent:
*L can be recognized by FA
*L can be recognized by NFA
*L can be recognized by NFA-A.
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EXAMPLE

a,b

a,b

ﬁ a,b
NFA
a
A >
=)
DFA
a
A >

s ©
& &

Two machines accept the same language (a+b)*ab(a+b)*
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EXAMPLE

a,b

NFA

a

a,b

VN

B

@ @&

Two machines accept the same language (a+b)*aa(a+b)*
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EXAMPLE
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EXAMPLE

otce-1

Two machines accept the same language (a+b)*(aaa+bbb)(a+b)*
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