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Deterministic and Non-Deterministic
Finite Automata



Question

Design a DFA over the alphabet (a, b) that accepts strings of the form:

ab®*1 | k=0



Solution

States: 90, g1, g2, 93
Alphabets: a, b

ab®*1 | k=0



Solution

States: 90, g1, g2, 93
Alphabets: {a, b}

ab®*1 | k=0



Solution

ab®*1 k=0
States: QO0, Q1, Q2, Q3
Alphabets: a, b




Solution

ab®*1 k=0
States: QO0, Q1, Q2, Q3
Alphabets: a, b




Solution

States: QO0, Q1, Q2, Q3
Alphabets: a, b

ab®*1 | k=0




Solution

ab?*1 k=0
States: QO0, Q1, Q2, Q3
Alphabets: a, b

ab(bb)*




Question

Find the Grammar and regular expression of the given DFA automata below.




Solution

S—1A
A—O0A|1B
B—1C
C—1C



Solution

OO O

0 0

S—1A
A—0A|1B
B—-1C

C—1C

0,1



Solution

1

S—1A
A—O0A|1B
B—1C
C—1C
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Regular Expression?

0,1



Solution
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0
S—1A
A—0A|1B N
B—1C Regular Expression:

C—1C 10*111*



Question

For the given transition table:

A.

B.

Draw the Deterministic Finite Automaton (DFA) based on
the transitions and output.
Simplify the dependency table. Show all steps clearly.

State | Inputa | Inputb | Output
QO Q1 Q2 0
Q1 Q3 Q2 0
Q2 Q1 Q3 0
Q3 Q4 Q1 1
Q4 Q4 Q4 1
Q5 QO Q3 0




Solution

State | Inputa | Inputb | Output
QO Q1 Q2 0
Q1 Q3 Q2 0
Q2 Q1 Q3 0
Q3 Q4 Q1 1
Q4 Q4 Q4 1
Q5 QO Q3 0




Solution

State | Inputa | Inputb | Output
QO Q1 Q2 0
Q1 Q3 Q2 0
Q2 Q1 Q3 0
Q3 Q4 Q1 1
Q4 Q4 Q4 1
Q5 QO Q3 0




Solution

Q2

Q3

Q4

Qo

Q1

Q2

State | Inputa | Inputb | Output
QO Q1 Q2 0
Q1 Q3 Q2 0
Q2 Q1 Q3 0
Q3 Q4 Q1 1
Q4 Q4 Q4 1
Q5 QO Q3 0

Q3

Q4




Solution

State | Inputa | Inputb | Output
QO Q1 Q2 0
Q1 Q3 Q2 0
Q2 Q1 Q3 0
Q3 Q4 Q1 1
Q4 Q4 Q4 1
Qb Qb Q3 8

Qo Q1 Q2 Q3 Q4
Qo — X X X X
Q1 — X X X
Q2 — X X
Q3 — X

Q4




Solution

State | a | b Output
QO Q1 | Q2 0
Q1 Q3 | Q2 0
Q2 Q1 | Q3 0
Q3 | Q4| Q1 1
Q4 | Q4| Q4 1

Qo Q1 Q2 Q3 Q4
Qo — X X X X
Q1 — X X X
Q2 — X X
Q3 — X

Q4




Question

Design an NFA over the alphabet {a, b} that accepts all strings which:
e (Contain at least three a,
or

e Contain exactly two b.



Solution

Contain at least three “a” or Contain exactly two “b”.

Alphabet 2 = {a, b}.

Accepting set = {F}. b b a,b
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Question

Consider the following right-linear grammar over the alphabet {a, b}:
S —aA|DbB | d
A—aS|b

B — aA|bS

A. Design a Non-deterministic Finite Automaton (NFA) that accepts the same language.
B. Derive the regular expression corresponding to this language. Show your reasoning.



Solution

S—aA|bB|a
A—aS|b

B — aA|bS

A. Design a Non-deterministic Finite Automaton (NFA) that accepts the same language.




Solution

S — aA bB|a
A—aS|b
B — aA|bS

B. Derive the regular expression corresponding to this language. Show your reasoning.

S=aA UDbB U a
A=aS Ub
B=aA U bS



Solution

S — aA bB|a
A—aS|b

B — aA|bS

B. Derive the regular expression corresponding to this language. Show your reasoning.

Eliminating Aand B

S=aA UDbB U a

A=aS Ub A=aS Ub=>B=a@S Ub)UDbS=aaS U ab U bS
=>3S=a(@S Ub)UDb(aaS U ab U bS) U a

B=aAUDbS = (aa U baa U bb)S U (a U ab U bab)



Solution

S — aA bB|a
A—aS|b

B — aA|bS

B. Derive the regular expression corresponding to this language. Show your reasoning.

S=aA UDbB U a
A=aS Ub
B=aA U bS

Eliminating Aand B

Apply Arden’s rule

A=aS Ub=>B=a@S Ub)UDbS=aaS U ab U bS
=>S=a(@aS U b) UDb(aaS U ab U bS) U a
=(aa U baa U bb)S U (a U ab U bab)

R=(aa U baa U bb),P=(a U ab U bab)

e¢ R, then=>8S=R*P=(aa U baa U bb)*(a U ab U
bab)
=> | (aal|bblbaa)*(alablbab)




DFA-NFA Equivalency



Question

Find the DFA equivalent of the given NFA below.

S
! I| !-fl | | | (L
.
b
.-fr-- HH‘-. -'{:;- _Hk".
—» 0| = » L g3 ||
W ' \
Mg N i’“t:—j}{f
b B b
.i.....-._."'- -\"\.\_\_x". ...
| gz |
L |
X
s
Ik )



New State Next State Next State
with ‘a’ with ‘b’

d, {a,} d, {q.} d, {q,, q,}

d, {q.} X X

d, {q,, q,} d, {q,, q,} d, {9,}

tf1 | (L
| 4
.a-/
- b
)@
il
b ;
b H“\H ’,f‘f b

1



New State Next State Next State
with ‘a’ with ‘b’

d, {a,} d, {q.} d, {q,, a,}

d, {q.} X X

d, {q,, q,} d, {q,, q,} d, {9,}




Question

S—aaY¥Y|W
X—-Y|aWw

Y — aX | bbW
W — A

For the given grammar above;
e Draw the NFA that accepts the same language.
e Heuristically, find the regular expression.
e Find the DFA equivalent.



S —»aa¥Y|W
X->Y | aWw

Y — aX | bbW
W — A




S —»aa¥Y|W
X->Y | aWw

Y — aX | bbW
W — A

A | aaa*(aalbb)




New State

d, {S,W}
d, {T}

d, {Y}

d, {X,Y}
d, {Z}

d. {X,Y,W}

dg {W}

Next State
with ‘a’

d, {T}

d, {Y}

d, {X,Y}
d, {X,Y,W}
X

d. {X,Y,W}

X

Next State
with ‘b’

X
X

d, {Z}
d, {Z}
dg {W}

d, £}




New State

d, {S,W}
d, {T}

d, {Y}

d, {X,Y}
d, {Z}

d. {X,Y,W}

dg {W}

Next State
with ‘a’

d, {T}

d, {Y}

d, {X,Y}
d, {X,Y,W}
X

d. {X,Y,W}

X

Next State
with ‘b’

X
X

d, {Z}
d, {Z}
dg {W}

d, £}




Question

S > 0A | 1B|0S
A—1B|0S |1
B—->1B|0C |01
C—->1C | 1

For the given grammar above;
e Draw the NFA that accepts the same language.
e Find the DFA equivalent.



S > 0A| 1B|0S
A — 1B | 0S| 1
B->1B|0C| 0|1
C—1C | 1



New State

d, {S}
d, {S,A}
d, {B}

d, {C}

Next State
with ‘0’

d, {S,A}
d, {S,A}
d, {C}

X

Next State
with ‘1’

d, 1B}
d, {B}
d, 1B}

d, {C}



New State | Next State | Next State
with ‘0’ with ‘1’

d, {S) d, {S,A} | d,{B)

d, {SA} | d,{SA | d,{B}

d, {B} d; {C} d, {B}

d, {C} X d, {C}



Recognizing Regular Expressions



Question

For the given automata;

e Heuristically, find it's regular expression.
e Systematically create the regular expression and compare

it to the previously defined expression.
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No loop, we can check paths to accepting states

Ford, — A

Ford, —a’

Ford, — a'b

Ford, — bb or a’bb

Thus we can state: RegEx — a* va*b v a*bb
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ReGex will be d0 Y d1 \Y; d3 \Y; d4

dovd1vd3vd4=)\va+va+bvbbva+bb=a*va+bva*bb
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Question

L= {w: w has at least two a's OR an odd number of b's} is given.

e Design a DFA recognizing both parts of the given language separately.
e Systematically combine two DFAs.



L1= {w: w has at least two a's} L2= {w: w has an odd number of b's}

b
X OROS O 20
44—
\V U LY
b a

b
Current Next State | Next State Current Next State | Next State
State with ‘a’ with ‘b’ State with ‘a’ with ‘b’
A B A X X Y
B C B Y Y X



Current Next State | Next State New State | Next State | Next State

State wiha |winb with'a® | with b’

A B A A-X B-X ALY

8 C B B-X C-X B-Y

C C C C-X C-X CY
A-Y B-Y A-X

Current Next State | Next State

State with ‘a’ with ‘b’ B-Y C-Y B-X

X X % C-Y C-Y C-X

Y Y X



New State | Next State | Next State
with ‘@’ with ‘b’
A-X B-X A-Y
B-X C-X B-Y
C-X C-X C-Y
A-Y B-Y A-X
B-Y C-Y B-X
C-Y C-Y C-X

ba(a+aa*(a+$+b(a+ba*b)*(b+ba*(a+%$))))

+(a+bab)(bb)*(b(a+aa*(a+%))+(a+baa*b)(
atba*b)*(b+ba*(a+$)))+($+bb)(bb)*(ba(a
+aa*(a+$+b(a+ba*b)*(b+ba*(a+$))))+(a+
bab)(bb)*(b(a+aa*(a+$))+(a+baa*b)(a+b

a*b)*(bt+ba*(a+3))))



Question

Using a systematic approach, check whether each of the following regular expression couples are disjoint,
and if they are not, find the shortest non-empty (not A) string that matches both of them

A.L1=a(ab)*band L2 = a(a v b)*ab

B.L1=a(ab)*aand L2 = a(a v b)*ba



L1 = a(ab)*b and L2 = a(a v b)*ab

L1

a, b

L2

Current Next State | Next State
State with ‘a’ with ‘b’

o[0] q1 X

q1 g2 g3

g2 X q1

q3 X X

Current Next State | Next State
State with ‘a’ with ‘b’

p0O p1 X

P’ p1,p2 P’

P2 X p3

p3 X X




Current
State

Current
State

Next State
with ‘a’

q1
g2
X

X

Next State
with ‘@’

Next State
with ‘b’

Next State
with ‘b’

Current
State

g0-p0
g1-p1
q2-p1
q2-p2
q3-p1

q1-p3

Next State
with ‘a’

q1-p1

q2-p1,92-p2

X

X
X
X

Next State
with ‘b’

X
g3-p1
q1-p1
q1-p3
X

X



Current | Next State Next State
State with ‘a’ with ‘b’
q0-p0 q1-p1 X

q1-p1 q2-p1,92-p2 | q3-p1
q2-p1 X q1-p1
gq2-p2 X q1-p3
q3-p1 X X

q1-p3 X X

b

@ ﬂ

L1 and L2

As there is no reachable final
state, we can not find a string



L1 = a(ab)*a and L2 = a(a v b)*ba

(i (L
1] q

b a

L1

Current Next State | Next State
State with ‘a’ with ‘b’

o[0] q1 X

q1 92,93 X

g2 X q1

q3 X X

Current Next State | Next State
State with ‘a’ with ‘b’

p0O p1 X

P’ P’ p1,p2

P2 pP3 X

p3 X X




Current
State

Current
State

Next State

with ‘a’
q1
92,93
X

X

Next State

with ‘a’

Next State
with ‘b’

X
X
q1

X

Next State
with ‘b’

X

p1,p2

Current
State

q0-p0
g1-p1
q2-p1
q3-p1
q1-p2
g2-p3

q3-p3

Next State
with ‘a’

q1-p1
q2-p1,q3-p1
X

X
q2-p3,q3-p3
X

X

Next State
with ‘b’

X

X

q1-p1,91-p2
X

X
X
X



Current | Next State Next State
State with ‘a’ with ‘b’
q0-p0 q1-p1 X

q1-p1 g2-p1,93-p1 | X

g2-p1 X q1-p1,91-p2
q3-p1 X X

q1-p2 g2-p3,93-p3 | X

g2-p3 X X

q3-p3 X X

{1

—b@ - 411 Ga2in ; (12

i

b

(i

Shortest string: aaba

L1 and L2



