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Formal Languages and Automata Theory

1. Obtain the minimum DFA equivalent to each one of the following grammars describing the

intermediate steps: G>NFA—DFA—minimal DFA.

Pr={S::=aA|bB|c

A::=aB|b|cA
B::=a|bA|c
}

a) Ga=({abc} {SAB} S, Pa)

b) Gg=({ab,c}, {S,B,C,E}, S, Pg)
Pg={S:=a|aS|aB|cC

C:=c
B:=bE|b
E::=bB|b

¢) Gc=({ab,c}, {S,AB,CD}, S, Pc)

}
d) Gp=({cfd} {ABCD,EF} A Pp)

Pc={S:=aA Po={A:=cB|cE|f|fC
A:=aA|bB|a B::=cB|fD|dE
B::=bB|bC|b C:=cA
C::=bC|cD|bB D::=cD|fD
D ::=bC|bB |cC E::=ckE|fF|dF
} F:=cF|fF

}
Solution:
Section a:
NFA DFA Minimal DFA
NFA= ({a,b,c}, {Q0,01,02, | DFA=({a,b,c}, {Q00,01,02, Same DFA.

Q3},£,00,03)

f(QO, a) = Q1
f(QO, b) = Q2
f(QO, ¢) = Q3
f(Q1,a) = Q2
f(Q1, b) = Q3
f(Q1,c)=0Q1
f(Q2,a) = Q3
f(Q2,b) =Q1
f(Q2,c)=Q3

Q3,041},£,00,03)

f(QO, a) = Q1
f(QO, b) = Q2
f(QO, ¢) = Q3
f(Q1,a) = Q2
f(Q1, b) = Q3
f(Q1,¢c)=0Q1
f(Q2,a) = Q3
f(Q2,b) =Q1
f(Q2,c)=Q3
f(Q3,a) = Q4
f(Q3, b) = Q4
f(Q3,¢c) = Q4
f(Q4,a) = Q4
f(Q4, b) = Q4
f(Q4,¢c) =04
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Formal Languages and Automata Theory

Section b:

NFA

DFA

minimal DFA

NFA=({a,b,c}, {Q00,01,02,
03,07},£,00,Q03)

DFA=({a,b,c}, {Q0,0Q1,03,
04,05,06,08},£,00,{03,0
4,06,08})

DFAmin=({a,b,c}, {Q0,0Q1,
Q3,04,05,Q09},£,00, {03,0
4,091)

£(Q0, a) = Q0,Q02,03
£(Q0, ¢c) = 01 £(Q0, a) = 04 f(Q0, a) = Q4
£(Ql, c) = Q3 £(Q0, b) = Q5 f(QO0, b) = Q5
£(Q2, b) = 02,03 £(Q0, ¢c) = Q1 f(Q0,c)=Q1
£(Q7, b) = 02,03 £(Q1l, a) = Q5 f(Q1,a)=Q5
£(01, b) = Q5 f(Q1,b) =Q5
£(Q1l, ¢) = Q3 f(Q1,¢c)=Q3
£(Q3, a) = Q5 f(Q3,a) = Q5
£(Q3, b) = Q5 f(Q3,b) =Q5
£(Q3, ¢c) = Q5 f(Q3,c)=Q5
£(Q4, a) = Q4 f(Q4, a) = Q4
£(Q4, b) = Q8 f(Q4, b) = Q9
£f(Q4, c) = 01 f(Q4,¢) = Q1
£(Q5, a) = Q05 f(Q5, a) = Q5
£(Q5, b) = 05 f(Q5, b) = Q5
£(05, ¢) = Q5 f(Q5, ¢) = Q5
£(Q6, a) = Q5 f(Q9, a) = Q5
£(Q6, b) = 08 £(Q9, b) = Q9
£(Q6, c) = Q5 =
£(08, a) = Q5 Q9. €)=Q5
£(Q8, b) = Q6
£(Q8, c) = Q5
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Section c:

NFA

DFA

Minimal DFA

NFA=({a,b,c}, {Q0,Q1,02,03
,04,05},£,00,05)

DFA=({a,b,c}, {00,01,02,03
,04,06,07,08,09},£,00, {Q7

DFAmin=({a,b,c}, {Q0,01,02
,Q6,07,08,Q09,010}, £,Q0, {Q

f(Q0, a) = Q1 ,081}) 7,Q08})

f(Q1, a) = Q1,05 £(Q0, a) = o1 f(Q0, a) = Q1

f(Q1,b)=Q2 £(Q0, b) = Q6 f(QO, b) = Q6

f(Q2, b) = Q2,Q3,Q5 £(Q0, c) = Q6 f(QO, ¢) = Q6

f(Q3, b) = Q2,Q3 £(Q1, a) = Q7 f(Q1,a) = Q7

f(Q3,¢c) = Q4 £(Q1l, b) =02 f(Q1,b) = Q2

f(Q4, b) = Q2,Q3 £(Ql, ¢) = Q6 f(Q1,¢c)=Q6

f(Q4, ) = Q3 £(Q7, a) = Q7 f(Q7,a) = Q7
£(Q7, b) = Q2 f(Q7,b) = Q2
£(Q7, c) = Q6 f(Q7,¢) =Q6
£(Q2, a) = Q6 f(Q2,a) = Q6
£(Q2, b) = Q8 f(Q2, b) = Q8
£(Q2, ¢c) = Q6 f(Q2, c) = Q6
£(Q8, a) = 06 f(Q8, a) = Q6
£(Q8, b) = 08 f(Q8, b) = Q8
£(08, c) = 04 f(Q8, c) = Q10
£(Q4, a) = Q6 f(Q9, a) = Q6
£(Q4, b) = Q9 f(Q9, b) = Q8
£o4, c) =03 f(Q9, c) = Q10
£(Q9, a) = Q6 f(Q6, ) = Q6
£(Q9, b) = Q8 f(QG’b):QG
£(Q9, o) = o4 (Q6, ¢) = Q6
£(Q3, a) = Q6 f(Q10, a) = Q6
i Q10 509
(06 a) = 06 f(Q10, ¢) = Q10
£(Q6, b) = Q6
£(Q6, c) = Q6

Section d:

NFA DFA Minimal DFA

NFA=({c, f,d}, {Q0,01,02,03
,04,05,06},£,00,06)
f(QO, ¢) =Q1,Q4

f(Q0, ) =Q2,Q6
f(Q1,¢)=Q1
f(QL,f)=Q3
f(Q1,d)=Q4

f(Q2,¢) = Q0

f(Q3,c) = Q3
f(Q3,f)=Q3

f(Q4,¢) = Q4
f(Q4,f)=Q5

f(Q4,d) = Q5

f(Q5,¢) = Q5
f(Q5,f)=Q5

DFA=({c, f,d}, {Q0,Q5,0Q7,08
09,010,011}, £,00,08)
f(Q0, ¢) = Q7
f(Q0,f) =Q8
f(Q0, d) = Q9
f(Q7,¢)=Q7
f(Q7,f) = Q10
f(Q7,d) = Q11
f(Q8,¢) = Q0
f(Q8, f) =Q9
f(Q8, d) = Q9
f(Q10, ¢) = Q10
f(Q10, f) = Q10
f(Q10, d) = Q9
f(Q11,c) = Q11
f(Q11,f)=Q5
f(Q11,d) = Q5
f(Q5,¢) = Q5
f(Q5,f)=Q5
f(Q5, d) = Q9
f(Q9, ¢) = Q9
f(Q9,f)=Q9
f(Q9, d) = Q9

DFAmin=({c, f,d}, {C1,C2,C3
},£,C3,C2)
f(C3,c)=C1
f(C3,f)=C2
f(C3,d)=C1
f(Cl,c)=C1
f(C1,f)=C1
f(C1,d)=C1
f(C2,¢c)=C3
f(C2,f)=C1
f(C2,d)=C1
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Formal Languages and Automata Theory

2. Given the alphabet {a,b}, construct a DFA which recognizes string with length “3” of the universal
language. Obtain the G3 corresponding to this automaton.

Solution:

S::=aA | bA Gramatica Bien Formada
A::=aB | bB S::=aA | bA

B::=aC | bC A::=aB | bB

Bi=a|b Bi=a|b

C::=aD | bD

D::=aD | bD

3. We have a door with only one lock. To open it, it is necessary to use three different keys (called a,b,
and c), in a predefined order, which is following described:

e Key a, then key b, then key c, or
e Key b, then key a, then key c.

If this order is not followed, then the lock is blocked (for instance, if the key a is used and following it
is introduced again).

Once the door is open, the introduction of keys in the lock (in every possible order) does not affect the
closing device (i.e. the door remains open).
Consider that the names of the different keys are symbols of an alphabet, over which a language L
whose words are the valid sequences for the opening of the door is defined. For instance, abcbc is a
word included in the language. It is required:

a) Design a finite automata FA which accepts L.

b) Well-formed Grammar which generates words in L
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Solution:

Formal Languages and Automata Theory

To

{a,

a,b,c} {S A BCDE}SP)
S:=aA|bC

A:=bD

C:=aDb

D:=cE|c
E:=aE|bE|cE|a]|b]|c

4. Given the RE (bea*)*, which represents a regular language, construct a FA accepting this regular
language

Solution:

R = (ba*)*

Dq(R)

Du(R)

Dq(R1)

Dy(R1)

Dy((ba*)*) = Dy(ba*)(ba*)*
(Bath)a™ + 8(b)D,(a*)) (ba*)*
(¢a* + ¢D4(a*)) (ba*)*

Dp((ba*)*) = Dy(ba*)(ba*)*
(Do(b)a* + 8¢b3Dp(a*)) (ba*)*
(ra* + ¢Dy(a*)) (ba*)* = a*(ba*)*
D;(a*(ba*)*)

Dy(a*)(ba*)* + 8(a*)Dy((ba*)*)
Dy(a)a*(ba*)* + AB:(Ry
Aa*(ba*)* + Ao = a*(ba*)*
Dp(a*(ba*)*)

Byfax}(ba*)* + 5(a*)Dp((ba*)*)

d(ba*)* + ADy(R) = o +R1
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Formal Languages and Automata Theory

R = (ba*)* R1 = a*(ba*)*

Da(R) = ¢ 3(Da(R)) =3(¢) = ¢
Dy(R) = R1 3(Du(R)) =38(R1) = 8(a*(ba*)*)) = A
D.(R1) = R1 d(D4(R1)) =3(R1) = d(a*(ba*)*)) = A
Dy(R1) = R1 3(Dp(R1)) =3(R1) = d(a*(ba*)*)) = A
P={

R — bR1 R—b

R1— aR1 Rl1— a

R1— bR1 Rl1—>b

R—>X\
}

G=({ab}, {R,R1},R,P)

AF = ({ab}, {R,RL, F}, f, R, {F})

5. Determine the language recognized by the following automaton. To do this, use the characteristic
equations.

Solution:

X0 =aX4 + bX1

X1 =aX0+hbX2+b+aX3
X2 =aX1l+aX2+a

X3 =bX1

X4 =bX0

X0 = (ab)* b (ab)* b (ab)* a*
6. Given the following right-linear grammar, G= ({0,1},{S,A,B,C},S,P),where P={ S::= 1A | 1B, A ::= 0A
|0C|1C|1,B::=1A|1C |1, C ::=1}. Calculate formally the RE of the language associated to this
grammar.

Solution:

ER= (A+1)(10*(01+11+1))+111+11
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7. Simplify the following regular expression: ¢ = a + a(b+aa)(b*aa)*b* + a(aa+b)* by using the
equivalence properties of the regular expressions.

Solution:
o =a(aa + b)* + a(aa + b)* = a(aa + h)*

8. Calculate the derivative Dyp(e) where a = a*ab, using the definitions of the derivatives of regular
expressions.

Solution:

Day(a*ab) = A

9. Obtain the grammar for the regular expression a(aa + b)*.

Solution:

R, = a(aath)*

R; = (aath)*

Da(Ro) =R Ro::=aR; S(Da(Ro)) =) Ro::=a
Ds(Ro) = ¢

D.(R;) =RO R, = aRy 3(Da(R1)) = ¢

Db(Rl) =R, Ry = bR1 S(Db(Rl)) = R, = b

G =({a, b}, {Ro, R:i}, Ry, P)

P={
Ry ::=aR; | a
R; ::=aRy
Ry :=bRy|Ry =D
}
EN IFLAP : {T5PZE22.jfF) =10l x|
File Input Test View Comvert Help
Editor
k
‘] I ] |
Automaton Size
I [}
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10. Given the following regular expression a*c*(a+b) (ch)*, construct formally an equivalent regular
grammar.

Ry = a*c*(a+b)(cb)*

R, = a*c*(a+b)(cb)* + (ch)*
R, = (ch)*

Rs;= c*(a+b)(cbh)*
R4=b(cb)*

Ro->aR, |a | bR, | b | cRs
R, ->aR, |a|bR,| b | cRs
R2->CR4
R3'>aR2|a|bR2|b|CR3
Ry -> bR, | b
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