Nondeterministic Finite Automata Definitions

Nondeterministic Finite
Automata

Allow transitions from state ¢; on symbol a to
many states (or none at all):

In this case, no input is consumed.
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Nondeterministic Finite Automata

Definitions

Formal Definition of NFA

A nondeterministic finite automaton
(NFA) is a 5-tuple M = (Q, X, 6, qo, F') where

e () is a finite set of states;

e > is the input alphabet;

o §:Q x (XZU{A}) = P(Q) is the transition

function;

e qo € @ is the start state; and

o F'C (@ is the set of final or accepting

states.
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Nondeterministic Finite Automata Definitions

Example NFA

ote that our A IS an A-)\ in the te t.

CS 4114 Lecture Notes



Nondeterministic Finite Automata Definitions

Confi urations Yields
Relation

A configuration of M is an element of
Q X 2 .

or an input € 2 , the initial or start
configuration is

(QO7 )

he ields (in one step) relation s a

binary relation on Q x X . If ¢;,q € Q,
€2 U{\} and € X , then

(gi, ) (g, )
if and only if

g €90(q;, )
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Nondeterministic Finite Automata

Definitions

Example Computations

(g0,a  a) (¢, a) (¢, a)
(¢, a) (¢, a)
(q , a) (¢ ,a)
(g0,a  a) (¢, a) (¢, a)
(¢, a) (¢, a)
(¢, a) (¢, a)
(¢ ,a) (g0, a)
(q ,A)
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Nondeterministic Finite Automata Definitions

Acceptance

A strin € 2 is accepted by the A M if

(QO7 ) (Q’La >‘)7

for some q; € F'.

he language (M) accepted by the A
M is the set of all strin s accepted by M.

aid another way,
) ={ € (w0 ) @M

for some q; € F}
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Nondeterministic Finite Automata Definitions

Example

et

M — ({QO7Q7Q7Q7Q }7{0’7 }757QO7{Q7Q})’

where § IS i en by this table:

q |6 (qg,\) |6 (g,a)|d (g, )
q0 {g0,9 }| {q}
q {q }
q | {ao} {q }
q {q }

q {q ,q}

e raw the state dia ram for M .

e hatis (M)
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Nondeterministic Finite Automata Definitions

EXxercise

e | e an A M to accept the lan ua e

= { €{, } contains
the substrin }

e | e an A M to accept the lan ua e

= { €{a, } () mod or
() mod 5}
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Nondeterministic Finite Automata Definitions

am da Closure

he lambda closure

- :Q — P(Q)

IS defined recursi ely as follows.

e asis If g, € Q, then

q; € M- (g;)

e ecursie tep Ifg €A\ (¢g;) and
g €46(q,)N), then

q € M (q;)
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Nondeterministic Finite Automata Definitions

Example

hat is

A- (g0) =
hat is

A~ (¢ ) =
hat is

M- (¢ ) =
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Nondeterministic Finite Automata Definitions

Extended Transition
Function

he e tended transition function

d:Q xX —P(Q)

IS defined recursi ely as follows.

e asis If = , then
0(q;, ) = A- (g;)
e ecursi e tep If - then = ,
where €2 and € 2. efine
o(q, ) = g U A (g )
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Nondeterministic Finite Automata Definitions

Example

hat is

5(QO7 a’) —
hat is

6(go,a a) =
hat is

5(QO7G’ ) —
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Nondeterministic Finite Automata Definitions

T IniIn A out
Nondeterminism

e If there is an acceptin path, then M
always ma es the ri ht uess.

° hene er there are multiple choices for
the ne t transition, M splits into parallel
machines, each ta in one choice.

e At each step, M ma es all possible
choices. he state of M is then a
subset of Q.

e epresent the initial confi uration and all
possible computations in a computation
tree. hen is a computation tree
infinite

n the other hand, nondeterminism is not
randomness.
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Normal Form for NFASs

An A is in normal form if

e he start state has in-de ree and

e here is a sin le final state with
out-de ree

ery A has an e ui alent A (one
acceptin the same lan ua e) that is in
normal form.
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Nondeterministic Finite Automata

Norma Form

Normal Form Example

his A is not in normal form:

h
0o @

@

4>\qO

his is an e ui alent A in normal form:
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Nondeterministic Finite Automata Norma Form

Normal Form Construction
tart with an AM=(Q,x,0,qo, F).

tend M to an e ui alent A
M = (QU {QO7q }7276 7QO7{q }) where

® g5 IS the new start state

e he only nonempty transition from g4 is
5 (QO7>‘) — {CIO}

e ¢ IS a new state that is the only final
state

e here are no nonempty transitions from
q and

e he only transitions into ¢ are
g €6(q;,\) fore ery g, € F.
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Nondeterministic Finite Automata
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