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• For any R ∈ QD, define E(R) to be the set of states 
that can be reached from R by going along empty-
string transitions, including the states in R
themselves.  i.e., for R ⊆ QN, 

E(R) = {q | q can be reached from R by following
zero or more ε transitions}

• For example, in N1:

◦ E({ q1}) = 
◦ E({ q0}) = 
◦ E({ q0, q1}) = 
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• Then:

δD(<R, x>) = {q ∈ QN | q ∈ E(δN(<r, x>)) for some r ∈ R}

• For instance:

δD(<{q0} , 1>) =
{ q ∈ QN | q ∈ E(δN(<r, x>)) for some r ∈ R } =
{ q ∈ QN | q ∈ E(δN(<q0, 1>)) } =
{ q ∈ QN | q ∈ E({ q0, q1}) } =
{ q ∈ QN | q ∈ { q0, q1, q2}) } =

{ q0, q1, q2}
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Perhaps an Example?

• How do we turn this machine into a DFA?

ΣD = ΣN = 

QD = ℘(QN) = 

sD = E({ sN}) = 

FD = { R ∈ QD | R contains an accept state of N} = 

δD(<R, x>) = {q ∈ QN | q ∈ E(δN(<r, x>)) for some r ∈ R}
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QN = {A, B, C, D}

ΣN = {0,1}

sN = A

FN = {D}

• ΣD = ΣN = {0,1}

• QD = ℘(QN) =

{ ∅, A, B, C, D, AB, AC, AD, BC, BD, CD,
ABC, ABD, ACD, BCD, ABCD}

• sD = E({ sN}) = E({ A}) =

• FD = {R ∈ QD | R contains an accept state of N} = 

{D, AD, BD, CD, ABD, ACD, BCD, ABCD}

A

1

0,1 0,1

A B C
1

D
0,ε

D

C

B

A

ε10

{ A, B} ∅

∅
∅

∅
∅

{ A}

{ C} { C}

{ D} { D}

{ D}



ABCDACDABCD

DCDBCD

ABCDADACD

ABCDACDABD

ABCDACABC

DDCD

DCDBD

DCBC

ABCDADAD

ABCDAAC

ABCACAB

DDD

D∅C

∅CB

ABCAA

∅∅∅
10

D

C

B

A

ε10

{ A, B} ∅

∅
∅

∅
∅

{ A}

{ C} { C}

{ D} { D}

{ D}

1

0,1 0,1

A B C
1

D
0,ε



ABCDACDABCD

DCDBCD

ABCDADACD

ABCDACDABD

ABCDACABC

DDCD

DCDBD

DCBC

ABCDADAD

ABCDAAC

ABCACAB

DDD

D∅C

∅CB

ABCAA

∅∅∅
10

AB ABD0

1

0

1

B

∅

BDBC CD

BCDC D

0

1

0

0

0,1

1 1 0,1 0

0,1

0 1

A ADABC AB
CD

AC ACD

0

1 1

00 1

1 0

1

0 1 0



A ADABC AB
CD

AC ACD

0

1 1

00 1

1 0

1

0 1 0

C
CBB

DC
BB

C
DDDDDCBB
AAAAAAAAAA

0ε1ε10ε10

...

...

�

...

...

... �

...

...

...

�

1

0,1 0,1

A B C 1 D0,ε


