Equivalence of NFAs and DFAs

Linz: 2.3 Equivalence of Deterministic and Nondeterministic Finite
Accepters, page 58
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Equivalence of Machines

For DFAs or NFAs:
Machine M7 s equivalent to machine M

if L(My)=L(M5)
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Example

NFA My
L(M)={10}* 0
1 \qy <X @
N 4
DFA M5 01
L(M3)={10}*
% 1 O|1 1

/




Since L(My)=

machines My

NFA M,

0
DFA M2 _. . () 1 @
0

L(M3)=110;*

and Mo are equivalent

0
1 =\q1/ 2.1 =@
N 2 /‘

01

. -
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Equivalence of NFAs and DFAs

Question: NFAs = DFAs?

Same power?
Accept the same languages?
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Equivalence of NFAs and DFAs

Question: NFAs = DFAs? YESI

Same power?
Accept the same languages?
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r Languages
accepted
_ by NFAs

We will prove:

\

>

y

r Languages
accepted

_ by DFAs

NFAs and DFAs have the same

computation power

\
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Step 1

) )

r Languages ( Languages
< accepted  __ ) < accepted

by NFAs _ by DFAs

Proof: Every DFA is trivially an NFA

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



Step 2

) )

f Languages f 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 DFA



NFA to DFA

-

NFA M

DFA M’
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NFA to DFA

-

NFA M

DFA M’

R
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NFA to DFA

-

NFA M

DFA M’

0
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NFA to DFA

-

NFA M

DFA M’

o
0
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NFA to DFA

-

NFA M

DFA M’ L S
@
b




NFA to DFA

-

NFA M

DFA M’ ‘/ab\ S
"l




NFA To DFA
NFA M L(M) L(M")

—
DFA M’ b a
@

b
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NFA to DFA: Remarks

We are given an NFA M

We want to convert it
to an equivalent DFA M’

with  L(M)=L(M’)
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If the NFA has states

Jo 01,02,

the DFA has states in the powerset

2,100 10§ 1001, A2 /: 193, U4 A7 - ---
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Procedure NFA to DFA

1. Initial state of NFA: Jo

!

Initial state of DFA: {CIO}
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Example

Qo)—2 L

NFA M

DFA M’
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Procedure NFA to DFA
2. For every DFA's state {qi ,qj' ey qm}

Compute in the NFA
o*(gj,a),

5*(qj,a), - = {0i,4j,- dm}

J

Add transition to DFA
5({q| 1 qj RILY Qm}i a):{q;1q’1 RILY C|I"n}




NFA M Qa
@a ()25

0*(dp,a) =101, U2}

DFAM’

6(10o @) =10y, 0y |




Procedure NFA to DFA

Repeat Step 2 for all letters in alphabet,
unti
no more transitions can be added.
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Procedure NFA to DFA
3. For any DFA state 10i»0jy Om}

If some CIj Is a final state in the NFA

Then, {9 2r s Om )
is a final state in the DFA

4. If the NFA
accepts the empty
string, then the
vertex {q0} is also
made a final vertex.

Linz 6th, Theorem
2.2, page 62.
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RyanS
Text Box
4. If the NFA accepts the empty string, then the vertex {q0} is also made a final vertex.

Linz 6th, Theorem 2.2, page 62.





Theorem
Take NFA M

Apply procedure to obtain DFA M’

Then M and M’ are equivalent :
L(M)=L(M’)
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Finally

We have proven

r Languages \
accepted

>

_ by NFAs

y

r Languages
accepted

_ by DFAs

\
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We have proven

r Languages \
accepted

>

_ by NFAs

r Languages
{ accepted
_ by DFAs

\

Regular Languages
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We have proven

r Languages \
{ accepted

>

_ by NFAs

Regular Languages

r Languages
{ accepted
_ by DFAs

\

Regular Languages
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We have proven

f Languages \
{ accepted

>

_ by NFAs

Regular Languages

Thus, NFAs accept the reqular languages

f Languages
{ accepted
_ by DFAs

\

Regular Languages
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