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Exercise 1 . L = { x ∈ {a , b } ∗ : x = am bn , n > m > 0 } is not regular.
Exercise 2 . L = { x ∈ {a , b } ∗ : x = am bn , m

�
n } is not regular.

Exercise 3. L = {x ∈ {a , b } ∗ : | x | a
� | x | b } is not regular .

Exercise 4. L = { x ∈ {a , b } ∗ : x = am bn , m > n > 0 } is not regular.
Exercise 5. L = {x ∈ {a , b } ∗ : | x | a > | x | b } is not regular .
Exercise 6. L = {x ∈ {a , b } ∗ : x = ww , where w ∈ { a , b } ∗} is not regular .
Exercise 7. L = {x ∈ {a , b } ∗ : x = xR } is not regular .
Exercise 8. L = {x ∈ {a , b } ∗ : x

�
xR } is not regular .

Exercise 9. L = {x ∈ {a , b } ∗ : x = ambn , m+ n= l2 , m, n, l > 0} is not regular .
Exercise 1 0. L = {x ∈ {a , b } ∗ : x = an! , n > 0} is not regular .
Exercise 1 1 . L = {x ∈ {a } ∗ : x = ap , p is a prime number} is not regular .
Exercise 1 2 . L = { x ∈ {a , b } ∗ : | x | a is a prime number } is not regular
Exercise 1 3. L = { x ∈ {a , b } ∗ : x = ambn , GCD(m, n)

�
1 } is not regular.

Exercise 1 4. L = { x ∈ {a , b } ∗ : x = ambn , GCD(m, n) = 1 } is not regular.
Exercise 1 5 . Let Σ = { 0 , 1 , + , = } and the language L = {x = y + z : x , y , z ∈ { 0 ,
1 } ∗ so that x is the sum of y and z } . L is not regular.

Exercise 1 6. How do you simulate an NFA in a C program?

Exercise 1 7. Let Σ =

{ [
0
0

]
,

[
0
1

]
,
[

1
0

]
,
[

1
1

] }
= { a0 , a1 , a2 , a3} . A string over Σ may

be interpreted as two rows of 0 ’ s and 1 ’ s e. g. x = a0 a2 a2 a3 a1 =

[
01 1 1 0
0001 1

]
=

[
xt
xb

]
. We

define the language L over Σ , L = { x ∈ Σ ∗ : 3xt = xb } . Show that L is regular.

Exercise 1 8. Let L be a language over Σ . We define the language NOEXTEND(L ) = {x ∈
Σ ∗ : x is not a proper prefix of any string of L } . Show that if L is regular, then so is
NOEXTEND(L ) .

Exercise 1 9. Let L be a language over Σ = {a , b } . We define
L 1 + 3

3

=
{
x z ∈ { a , b } ∗ : ∃ y ∈ {a , b } ∗ , | x | = | y | = | z b and x yz ∈ L

}
. The language L 1 + 3

3

need

not be regular even if L is not regular.

Exercise 20. The shuffle of two strings x , y ∈ Σ ∗ is the set of all strings generated by shuff-
ling the characters of x and y ( the relative order of characters in the original strings are pre-
served) . As an example

a b ‖ cb = { a b cd , a cb b , ca b b , c b a b } . We can define x ‖ y inductively as follows:

x ‖ y =




x if y = ε ,
y if x = ε ,
(u ‖ v b) · {a } ∪ (ua ‖ v ) · { b } , if x = ua , y = v b.

The shuffle of two languages L1 and L2 is L1 ‖ L2 =
⋃

x ∈ L 1 , y ∈ L 2

x ‖ y

1



As an example { a b , a } ‖ { cb } = { a b cb , a cb b , ca b b , c b a b , a cb , ca b , c b a } .
Show that if L1 and L2 are regular, then L1 ‖ L2 is also regular.

Exercise 21 . If L is a language over Σ , let L 1

2

= {x ∈ Σ ∗ : there is y ∈ Σ ∗ , x y ∈ L } . Show
that L 1

2

is regular if L is regular.

Exercise 22 . The perfect shuffle of two strings x , y ∈ Σ ∗ of equal lengths is the string of
double length. If x = x1x2 � xk and y = y1 y2 � yk , the perfect shuffle x | | p y =
x1 y1x2 y2 � xkyk . The perfect shuffle of two languages L1 and L2 is L1 ‖ p L2 = {w ∈ { a , b } ∗ :
w = x1 y1x2 y2 � xkyk , where x1x2 � xk ∈ L1 and y1 y2 � yk ∈ L2} . Show that the class of reg-
ular languages is closed under perfect shuffle .


