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e Enrique Alfonseca Cubero, Manuel Alfonseca Cubero, Roberto Moriyon Salomén.
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Formal Languages and Automata Theory

1. We want to design a device that, given a string which consists of binary numbers, will be able to find
if the keyword “1011” is included in the input string and it also would be used as a basis to count the
number of times this keyword is included. For instance, for the input string 0101011011011, the
device would detect two occurrences of the keyword (the “1” in the seventh position is not
considered as the beginning of a new apparition). It is required to design the corresponding DFA.

Solution:

DFA=({0,1}.{p,q.r,s,t}.f,p,{t}), where f:

1]

2. In several programming languages, comments are included between the marks “/*” and “*/”. Let L
be the language of every string of comments limited by these marks. Then, every element in L begins
/* and ends with */, but it does not include any intermediate */. To simplify the problem, consider
that the input alphabet is {a, b, /,*}. Indicate the DFA which recognizes L.

Solution:

DFA=({/,*,a,b} {S,A,B,C,D,Z} f,S,{D}), where f:

Alternative solution:

DFA=({/,*,a,b}.{S,A,B,C,D},f’,S,D), where f:
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Formal Languages and Automata Theory

3. Design a DFA to recognize binary numbers which multiple of 3.

Solution:

DFA=({0,1},{p,q,r,w},f,w,p), where f:

State=t Input=0 Input=1
W p q
*p p q
q r
r q r
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Formal Languages and Automata Theory

4. Calculate the Q/E of the following automata:

a

Solution:

a) Q/E0={{q1}{q2}}={C1,C2}=Q/E
b) Q/E0={{q0,q1}{0q2}}={C1,C2}
Q/E1={{q0}.{a1}{02}}=Q/E

¢) Q/EO0={{p.q.rs}{u}}={C1,C2}

Q/E1={{p,q,r,s}.{u}{t}}={C1,C2,C3}

Q/E2={{p,q,r}.{u}.{t}.{s}}={C1,C2,C3,C4}
Q/E3={{p,q} {u}.{t}{s} {r}}={C1,C2,C3,C4,C5}
Q/EA={{p} {u}{t}.{s}{r}.{q}}={C1,C2,C3,C4,C5,C6}=Q/E

5. Obtain the minimal DFA for the following DFA.
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DFA_1=({a,b,c},{Q0,01,Q2,Q3,Q4},,Q0,Q3)

; (QO, b) = Q2 ;
;F(QL, b) =Q3;
;f(Q2,b)=Q1;
f(Q3,a)=Q4;
f(Q4,a) = Q4 ;

f(Q0,a) = Q1
f(Q1,a) = Q2
f(Q2,a) = Q3

f(Q3,b)=Q4;
f(Q4,b)=Q4;

f(QO0,c) = Q3
f(Q1,c)=Q1
f(Q2,¢c)=Q3
f(Q3,c) = Q4
f(Q4,c) = Q4
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Solution:

Formal Languages and Automata Theory

DFA_2=({a,b,c}, {Q0,Q1,Q3,04,Q5,Q6,Q8},f,Q0,{Q3,04,06,Q08})

f(Q0,a) =Q4;
; f(Q1,b)=Q5
; f(Q3,b) = Q5
, (Q4,b) = Q8
; f(Q5, b) = Q5
; 1(Q6, b) = Q8
, f(Q8, b) = Q6

f(Q1,a) = Q5
f(Q3,a) = Q5
f(Q4,a) = Q4
f(Q5, a) = Q5
f(Q6, a) = Q5
f(Q8, a) = Q5

f(QO, b) = Q5

1 f(Q0, )= Q1
;f(Q1,c)=Q3
1 1(Q3,¢) = Q5
1 f(Q4,c)=Q1
;f(Q5,¢) = Q5
; f(Q6, ) = Q5
 f(Q8, ¢) = Q5

f(Qo,
f(Q1,
f(Q7,
f(Qz,
f(Qs,

a)=01
a)=Q7
a)=Q7
a)=Q6
a)=Q6
f(Q4,a) = Q6
f(Q9,a)=Q6
f(Q3,a)=Q6
f(Q6,a) = Q6

b)=Q6;
b) = Q2
b) = Q2
b) = Q8
b) = Q8
b) =Q9
b) = Q8
b) =Q9
b) = Q6

; f(Q1,
; 7(Q7,
; f(Q2,
; F(Q8,
; F(Q4,
; F(Q9,
; F(Qs,
, F(Q6,

DFA_3=({a,b,c},{Q0,Q01,02,Q03,Q4,Q6,Q7,Q8,Q9},f,Q0,{Q7,Q8})

; F(QO,
; 1(Q1,
; 1(Q7,
; 1(Q2,
; 7(Q8,
; 1(Q4,
; 1(Q9,
; F(Q3,
; F(QS,

f(QO0, ¢) = Q6
c) = Q6
c) =Q6
c)=Q6
c)=0Q4
c)=Qs3
c)=0Q4
c)=0Q4
c)=Q6

DFA_4=({c,f,d},{Q0,Q5,08,Q9,010,Q11,Q12},f,Q0,Q10)

f(Q0, ¢) = Q9 f(QO, f) = Q10 ; #(QO, d) = Q8
f(Q9, ¢) = Q9 f(Q9, f) = Q11 ; #(Q9, d) = Q12
f(Q10, ¢) = Q0 ; f(Q10, f) = Q8 ; f(Q10, d) = Q8
f(Q11, ¢) = Q11; f(Q11, f) = Q11; f(Q11,d) = Q8
f(Q12, ¢) = Q12; f(Q12, f) = Q5 ; f(Q12, d) = Q5

f(Q5,¢) = Q5; f(Q5, f) = Q5 f(Q5, d) = Q8
f(Q8,¢) = Q8; f(Q8, f) = Q8 ; f(Q8, d) = Q8

1) DFA =DFAmin

DFA

DFA minimal

f(QO,
f(QO,
f(QO,
f(Q1,
f(Q1,
f(Q1,
f(Q2,
f(Q2,
f(Q2,
f(Qs,
f(Qs,
f(Qs,
f(Q4,
f(Q4,
f(Q4,

DFA=({a,b,c}, {Q0,Q1,0Q2,
03,04},£,00,03)

a)=0Q1
b) = Q2
c)=Q3
a)=Q2
b) =Q3
c)=0Q1
a)=Q3
b)=0Q1
c)=Q3
a)=0Q4
b) = Q4
c)=Q4
a)=Q4
b) = Q4
c)=Q4

Same DFA.
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Formal Languages and Automata Theory

2) DFA <> DFAmin

DFA DFA minimal
DFA=({a,b,c}, {Q0,Q01,0Q03,04,Q05,Q06,Q08} | DFAmin=({a,b,c},{Q0,Q1,03,04,0Q05,Q09}
,£,00,{03,04,06,08}) ,£,00,{03,04,09})
£(Q0, a) =04 ; £(Q0, b) = Q5 ; f(Q0, a) = Q4 ; f(Q0, b) = Q5 ; f(QO, c) = Q1
£(Q0, c) = 01 f(Q1,a) = Q5; f(Q1, b) =Q5; f(Q1,¢c) =Q3
£(Ql, a) =05 ; £(Q1, b) = Q5 ; f(Q3,a) = Q5; f(Q3,b) = Q5 ; f(Q3, c) = Q5
£f(Ql, c) = Q3 f(Q4,a) = Q4 ; f(Q4,b) =Q9 ; f(Q4,¢c) =Q1
£(Q3, a) =05 ; £(Q3, b) = Q5 ; f(Q5, a) = Q5 ; f(Q5, b) = Q5 ; f(Q5, ¢) = Q5
£(Q3, c) = Q5 f(Q9, a) = Q5 ; f(Q9, b) = Q9 ; f(Q9, c) = Q5
£(Q4, a) =04 ; £(Q4, b) = Q8 ;
£(Q4, c) =01
£(Q5, a) = 05 ; £(Q5, b) = Q5 ;
£(Q5, c) = Q5
£(Q6, a) =05 ; £(Q6, b) = Q8 ;
£(Q6, c) = Q5
£(08, a) = 05 ; £(Q8, b) = Q6 ;
£(08, c) = 05
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Formal Languages and Automata Theory
3) DFA <> DFAmin

DFA DFA minimal
DFA=({a,b,c},{Q0,01,02, | DFAmin=({a,b,c}, {Q0,01,
Q3IQ4IQ6IQ7IQ8IQ9}IfIQO Q21Q6IQ7IQ8IQ9IQ10}IfIQ
»{Q7,08}) 0,{Q7,08})
£(Q0, a) = 01 f(Q0,a) = Q1
£(Q0, b) = Q6 £(QO, b) = Q6
£(Q0, c) = Q6 f(QO, c) = Q6
£(Q1l, a) = Q7 f(Q1, a) = Q7
£(Q1l, b) = Q2 f(Q1,b) = Q2
£(Q1l, ¢c) = Q6 f(Q1,c) = Q6
£(Q7, a) = Q7 f(Q7,a) = Q7
£(Q7, b) = Q2 f(Q7,b) =Q2
£(Q7, c) = Q6 f(Q7,c)=Q6
£(Q2, a) = Q6 f(Q2,a) = Q6
£(02, b) = 08 f(Q2, b) = Q8
£(Q2, c) = Q6 f(Q2,¢) = Q6
£(Q8, a) = Q6 f(Q8, a) = Q6
£(Q8, b) = Q8 f(Q8, b) = Q8
£(08, c) = 04 f(Q8, c) = Q10
£(Q4, a) = Q6 f(Q9, a) = Q6
£(Q4, b) = 09 f(Q9, b) = Q8
£(Q4, c) = Q3 f(Q9, c) = Q10
£(Q9, a) = Q6 f(Q6, a) = Q6
£(Q9, b) = Q8 f(Q6, b) = Q6
£(Q9, c) = 04 f(Q6, ¢) = Q6
£(Q3, a) = Q6 f(Q10, a) = Q6
EES? 2; = 82 f(Q10, b) = Q9
£ (06, a) = Q6 f(Q10, ¢) = Q10
£(Q6, b) = Q6
£(Q6, c) = Q6
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Formal Languages and Automata Theory

4) NFA <> DFA <> DFAmin

6. Given the language (01)" with n>0, indicate which of the following finite automata generates this
language. In addition, obtain the minimal equivalent DFA for the selected automaton. FA=[{0,1},

DFA

DFA minimal

DFA= ({c, £,d}, {Q0,Q5,Q8,
09,010,011,012},£,00,01
0)

f(Q0, ¢c) = Q9
f(QO, f) = Q10
f(QO, d) = Q8
f(Q9, ¢) = Q9
f(Q9, f) = Q11
f(Q9, d) = Q12
f(Q10, ¢) = QO
f(Q10, f) = Q8
f(Q10, d) = Q8
f(Q11,c) = Q11
f(Q11, f) = Q11
f(Q11,d) = Q8
f(Q12,c) = Q12
f(Q12,f) = Q5
f(Q12,d) = Q5
f(Q5,¢c) = Q5
f(Q5,f) = Q5
f(Q5,d) = Q8
f(Q8, c) = Q8
f(Q8, f) = Q8
f(Q8, d) = Q8

DFAmin=({c, £,d}, {Q0,Q10
,Q13},£,Q0,010)

f(Q0, ) = Q13
f(QO, f) = Q10
f(Q0, d) = Q13
f(Q13, ¢) = Q13
f(Q13, f) = Q13
f(Q13, d) = Q13
f(Q10, ¢) = Q0
f(Q10, f) = Q13
f(Q10, d) = Q13

{AB,C,F}.f, A {F}]
f(A,0)=B, f(A, )= 4, f(C,0)=B, f(B,1)=C, f(B,1)= %

Solution:

FA=[{0,1}, {AB,C,F}, f, A, {F}]

FA=[{0,1}, {A,B,C,F}, f, A{F}]

FA=[{0,1}, {AB,C,F}. T, A, {F}]

" f(A0)=B, f(A, 1)=F, f(C.0)=B, f(B,1)=C, f(B.1)=F

. f(A, B)=0, f(AF)=2, f(C,B)=0, f(B,C)=1, f(B,F)=1

f(B,0)=A, f(F, »)=A, f(B,0)=C, f(C,1)=B, f(F,1)=B

The correct option is “b”:

NFA=[{0,1}, {A,B,C,F}, f, A, {F}]
f(A,0)=B, f(A,})=F, f(C,0)=B, f(B,1)=C, (B,1)=F
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Formal Languages and Automata Theory

7. Obtain the minimal equivalent DFA for the following Non-Deterministic Finite Automata. Describe
the intermediate transformations: NFA—DFA—Minimal DFA.

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

f(QO, ¢) = Q1,Q4; f(Q0, f) = Q2,Q6; f(Q1, ¢) = Q1
fQLf)=Q3; f(QL,d)=Q4;  f(Q2,¢c)=Q0
f(Q3,c)=Q3;  f(Q3,f)=Q3;  f(Q4,c)=Q4
f(Q4,)=Q5  f(Q4,d)=Q5  f(Q5¢c)=Q5
f(Q5, f) = Q5

1.-NF

>

NFA:({Cyf,d},{QO,Ql,QZ,Q3,Q4,Q5,Q6},le0,{Q6}) where f iS,

c f d
—Q0 | Q1,04 | Q6,Q2
Q1 Q1 Q3 Q4

Q2| QO

Q3| Q3 Q3

Q4| Q4 Q5 Q5
Q5| Q5 Q5

2.- NFA —» DFA

c f d
—-Q0 | Q7 Q8 Q9
{Q1,Q4}= Q7| Q7 Q10 | Q11
{Q2,Q6}=| *Q8 | QO Q9 Q9
{Q3,Q5}= Q10 | Q10 Q10 Q9
{Q4,Q5}= | Q11| Qi1 Q5 Q5
Q5| Q5 Q5 Q9
Q9| Q9 Q9 Q9

DFA=({c,f,d},{Q0,Q5,Q07,08,Q9,Q010,Q11},f",Q0,{Q8})
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3.- DFA —» DFAmIn
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Q/EO = {{Q0,Q5,Q7,Q9,Q10,Q11},{Q8}} = {C1,C2}

Q/E1 = {{Q5,07,Q9,010,Q11},{Q8},{Q0}} = {C1,C2,C3}
Q/E1 = Q/E2 = Q/E

DFAmin=({c,f,d},{C1,C2,C3},f *,C3,{C2}), where ’is

c f d
—C3 C1l C2 C1
Cl Cl Cl C1
*C2 C3 Cl C1

8. Draw the graph of a Determinist Finite Automaton. The alphabet is {0, 1} and the language ( m >
0,n > 0, p =1 ). The problem can be solved by directly designing the DFA, or by starting from the
NFs and then obtaining the equivalent DFA.

Solution:

1
A 0
g
0 1 A
—q0 q0 gl
ql q2 ql
*q2 92
Universidad
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Formal Languages and Automata Theory

0 1 A AL %
—q0 qo gl go,ql g0,q1
ql q2 ql ql ql
*g2 q2 q2 q2
A*OL* A*IA*
— 0 90,q1,92 ql
ql q2 ql
*q2 q2
DFA:
0 1
—{90,q1}=q0 g3 ql
{90,91,92}=*q3 a3 ql
ql q2 ql
*q2 q2 q4
q4 q4 q4

9. Given the NFA (with lambda transitions) described by the following table, obtain the minimal

equivalent DFA.

a b c A

—p p q q

q q p.r r

r S p
*3 S
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Formal Languages and Automata Theory

Solution:
a b c A AN AAA A*
_)p p q q plqu p,q:r plqu
q q p.r r a.r.p p.q.r p.q.r
r S p rp.q p.q.r p.q.r
*s S S S S
A*ad* | A*bA* | A*CA*
—p p.q.r p.q.r S
q p.q.r p.q,r S
r p,q.r p,q,r S
*s S
DFA:
a b c
—{p.a.,r}=t t t S
*s S ) )
) ) o )

DFA=({a,b,c}, {t;s,0}, f, t, {s})
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