


Nondeterministic Finite Accepter (NFA)

Alphabet ={a}




Nondeterministic Finite Accepter (NFA)

Alphabet ={a}

Two choices @ a

a

%l_,

&



Nondeterministic Finite Accepter (NFA)

Alphabet ={a}

Two ChOiC:S @ a No transition
%

a
@ No transition



First Choice




First Choice




First Choice




First Choice




Second Choice




Second Choice




Second Choice

No transition:
the automaton hangs




Second Choice

@-2-{a)




! Observation

An NFA accepts a string

It

there I1s a computation of the NFA
that accepts the string
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a@/l@a







(read head doesn’'t move)







String aa Is accepted



Language accepted: L ={aa}

@A (@)




Another NFA Example
















Another String

























Language accepted

L ={ab, abab, ababab, ...}

tab}”

o2 (@)- (G2 @)
&&J







Language accepted

L ={4, 10, 1010, 101010, ...
= {10}*

0

RGP

S




M :(Q, >, 0, Jo F)
Q . Set of states, i.e. {CIO, U1, qz}
>: Input aplhabet, i.e. {a, b}
O @ Transition function

Oo - Initial state

F : Final states



Transition Function §

6(do, 1) =10y




0(01,0) =190, 92}




0 (0o, 4) =1do. 2}










6*(0g,aa)=1{04,0s




6 *(gg,ab)=10y,03,00 |




only if

there is a walk from (; to
with label W




F =100,05}
%
& DGy A

)

6 *(0p,aa)=10s,05 aa e L(M)



F =1{do.0s}
%
% I

S~

§*(dp,ab)=102,03,dpy  abeL(M)



F =100.05
-
& a3

6*(qg,abaa)=104,05; @abaeL(M)



F =1{do.0s}
%
% I

S~

5 *(qg,aba)=1{q } aba ¢ L(M)



d

a%b@ﬂ

)

L(M)={aa} U {ab}* U {ab}"{aa}



The language accepted by NFA M is:
L(M) = {w, Wa, Ws,...§

TS * (do, W) ={Cli, G-}

and there Is some

qx € F  (final state)









For DFAs or NFAS:

Machine M1

I

IS equivalent to machine

M,



NFA M1




since L(Mq)=L(M,)={10}*

machinesl\/l1 anoM 5 are equivalent

0

NFA Ml Lo 0.1 @
1
4 e

0,1

0
DFA My (g9 (G)—1 @
1 —/
" o N




Same power?
Accept the same languag

58




-~

Equivalence of NFAs and DFAs

Question:

NFAs = DFAs? YES!

7\

Same power?
Accept the same languages?




( Languages

accepted
by NFAs

\.

We will prove:

\

( Languages
accepted

_ by DFAs

\




( Languages

accepted
by NFAs

\.

We will prove:

) "

S 4

\.

Languages
accepted
by DFAs

NFAs and DFAs have the same
computation power

\




( Languages

accepted
by NFAs

\.

\

Step 1

( Languages
accepted

_ by DFAs

\




Step 1

N\ )

( Languages ( Languages
< accepted ¢ _) < accepted

by NFAs | | by DFAs

Proof:  Every DFA is also an NFA




Step 1

) )

( Languages ( Languages
< accepted  _) < accepted

| by NFAs by DFAs

Proof:  Every DFA is also an NFA

A language accepted by a DFA
IS also accepted by an NFA




( Languages

accepted
by NFAs

\.

\

Step 2

( Languages
accepted

_ by DFAs

\




Step 2

) )

( Languages ( Languages
< accepted (< accepted

by NFAs | by DFAs

Proof: Any NFA can be converted to an
equivalent DFA




Step 2

) )

( Languages ( Languages
< accepted (< accepted

| by NFAs | by DFAs

Proof: Any NFA can be converted to an
equivalent DFA

A language accepted by an NFA
: IS also accepted by a DEA
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NFA H@aa ZL

a
DFA b
e
b
st




We are given an NFA

M

We want to convert it
to an equivalent DFA

M’
With

L(M)=L(M")



If the NFA has states

Uo,G1.G2;---

the DFA has states in the powerset

&, 100 /1% ) 191, G2 §: 103, U4 07 Jo- oo






PV‘-I aalalffa

78




10i,0j O

2 . For every DFA’s state

Compute In th@ NFA
o~ Qi’a>

5*(%8)’ - = {0i,qj,- am}

Add transition”

S0 jeees Amds @)={0, Qjeee A}



NFA

a
A%a : A @

0 *(dp,a) =101, 92}

6(1do ha) =101,y |




for all letters

until
e transitions can be added.

81







3. For any DFA state {qi,qj ,---’qm}

If some qj is a final state in the
NFA

Then,{CIi,qJ' ,---’qm}

IS a final state In the DFA



DFA




M and M’ are equival

L(M)=L(M")
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( Languages \ ( Languages \
accepted » =—— 4 accepted
_ by NFAs _ by DFAs

We have proven

Regular Languages




We have proven

( Languages \ ( Languages \
{ accepted [ = 4 accepted
by NFAs by DFAs
\. J \.

Regular Languages Regular Languages
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