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4{% Nondeterminism

Nondeterministic Finite Automaton (NFA)
accepts if there is a way to make it reach
an accept state
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O L(M)={1,00}
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ggl Nondeterminism
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,g-g Formal Definition

An NFAis a 5-tuple M = (Q, %, 8, q, F)
Q is the set of states
Y is the alphabet
8: Qx X, — P(Q) is the transition function

0, € Q is the start state
F < Q is the set of accept states

P(Q) is the set of subsets of Qand Z, = Z U {g}
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,,fl‘gl Example

1
N = (Qr z# 81 QO# F)
E’ 0

Q ={do,d1, 92, A3, A4}

7
@ F ={q4}
£ Of

8(0,,1) = {a.}

Q 8asl)= @
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,,fl‘gl Example
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N = (Qv Z! 6! QOv F)
Q ={do, 41, 92, 93}

0,

8(de,1) = {0, a4}

z={01} 8(a.,€) = {d1,02}
F ={as} 3(00)= &
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&S
454 INFAs ARE SIMPLER THAN DFAs
A DFA that recognizes

the language {1}:0/—\0

—_— —_— —_—

An NFA that recognizes the language {1}:

_.Q_1.©
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4{2}' Equivalence of NFAs & DFAs

Theorem. Every NFA has an equivalent DFA

Corollary: A language is regular iff
it is recognized by an NFA
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,ffgl Examples: NFA to DFA
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cS ~Regular
4s4| Operations on languages

Complement: mA={w|wgA}
Union:AuB={w|weAorweB}
Intersection: AnB={w|weAandw eB}
Reverse: AR ={w,;..w, |w,..w; e A}
Concatenation: A°B={vw|veAandweB}

Star: A*={w,...w, | k=20and eachw; e A}
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©8 | Closure properties of the class
454) of regular languages

THEOREM. The class of regular languages
is closed under all 6 operations.

If Aand B are regular, applying any of these
operation yields a regular language.
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&S
454 Closure under reverse

Theorem. The reverse of a regular language is also regular

Proof: Let L be aregular language and M be a DFA that
recognizes it. Construct a NFA MR recognizing L®:

« Define MR as M with the arrows 1
reversed

« Make the start state of M be the O
accept state in MR € lg 3

» Make a new start state that goes to all

accept states of M by e-transitions. O O O
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4‘{3-3 New construction for AU B

Construct an NFA M:

O L(Mg)=B
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@O

4‘{3-3 Concatenation operation

Concatenation: A°B={vw|veAandweB}
Theorem. If A and B are regular, A °B is also regular

Proof: Given DFAs M, and M,, construct NFA by
connecting all accept states in M, to start states in M,

@))€

| L(My=A L(M,)=B

s ©
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gg;l Star operation

Star: A*={w,;..w, | k20and eachw; e A}

Theorem. If A is regular, A* is also regular.
&€

»@ -‘»p L(M)=A g

€

91112009
Sofya Raskhodnikova; based on slides by Nick Hopper L3.17

GS | The class of regular languages
454 is closed under
Regular operations
Uniont:AuB={w|weAorweB}

Concatenation: A°B={vw|veAandw eB}
Star: A*={w,..w, |k20and eachw; e A}

Other operations

Complement: —A={w|w g A}
Intersection: AnB={w|weAandweB}
Reverse: AR ={w;..w, |w,..w; e A}
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