CS 4330 HW3 Solution
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Suppose for contradiction that As is a regular language. Let p be the pumping length of

1.29(b)

Ay and w = aPbaPbaPb where |w| > p. By pumping lemma, we can split w into 3 parts z,y, z.
By (3) conditions of pumping lemma, |zy| < p or x,y consists only a’s. By (2) condition,
ly| > 0 so y must contain at least 1 a. Let y = a* for some k& > 1. Then by (1), we know that
xy'z € Ay for all i > 0. Suppose i = 2, then 29?2 = a?*baPbaPb & A,, which is a contradiction.
Therefore, A, is not a regular language.

1.32

To prove B is regular, we will prove that B¥ is regular. Let M be a DFA recognizing B®

as follows
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Since B is regular and regular language closed under reverse operation, B is regular
1.34
To prove D is regular, let M be a DFA recognizing D as follows



1.41

Shuf fle(A, B) = {w|w = a1b;...ayby, where a;...ay € A and b;...b;, € B, each a;,b; € ¥}

Let Ma = (Qa,%,04,q4, Fa) and Mp = (Qp,%, 05,98, Fp) be DFA that recognize lan-
guage A and B respectively. To prove that the class of regular languages closed under perfect

shuffle, let’s construct DFA Mgpusrie = (Qshuffies 2, OShuf fies AShuf fies Fsnuffie) that recognize
Shuf fle(A, B)

Since Mgpyufrie need to switch between state in My and Mp, Qshusie = @a X Qp X
{odd,even}. The odd characters are for the character in A, and even characters are for the
strings in B. the start state will be the start state of M4, which is (g4, ¢z, odd).

The transitions will be defined as follows

5((qa7 Qv, Odd)a "L‘) = (5A(Qa7 l’), Qv, 6?]671)
5(((]0,7 Qb, even)a I) - (Q(M 5B(qb7 l’), 0dd)

The accept states of Mgp,rfe Will be in even position and must be in accept states of My

and Mp

F(Mshugsie) = {(4a, @, even)|qa € Fa,qy € Fp}
1.42
Shuf fle(A, B) = {w|w = a1b;...axb,, where a;...ar, € A and by...by € B, each a;,b; € ¥*}



Let Ma = (Qa,%,04,q4, F4) and Mg = (Qp, X, 5, qs, F5) be DFA that recognize language
A and B respectively. The difference of this problem from 1.41 is that a; and b; can be of
arbitrary length. We can adopt similar ideas to 1.41 by designing a machine that interleaves
between states of M, and Mpg. However, each character can come from a string in A or B.
Thus, we can create a NFA Mgy, f 7. that nondeterministically go to My or Mp where

Qshurfie = Qa X Qp

The new start state will be (qa, q)

The accepting states would be Fgp,rpie = {Fa X Fp} since accepted string is the interleaving
of string from A and B.

The transition functions will be defined as

6((ga, @)7) = {(04(ga; ), OB (a, ) }

Since Mgpyffie recognizes Shuf fle(A, B), Shuf fle(A, B) is regular.

1.46

a) A={0"1"0"}

Suppose for contradiction that A is a regular language. Let p be the pumping length of B
and w = 0P10” where |w| > p. By pumping lemma, we can split w into 3 parts z,y, z. By (3)
conditions of pumping lemma, |zy| < p or x,y consists only 0’s. By (2) condition, |y| > 0 so y
must contain at least a 0. Let y = 0* for some k& > 1. Then by (1), we know that xy‘z € A for
all i > 0. Suppose i = 2, then zy?z = 0P*¥10P € A, which is a contradiction. Therefore, A is
not regular.

c) A= {w|w € {0,1}* is not a palindrome}

Since regular language is closed under complement, if we can prove that complement of A
is not regular, it follows that A is not regular. Suppose for contradiction that complement of A
is a regular language. Let p be the pumping length and w = 0P10” where |w| > p. From part
a, we proved that w violates pumping lemma. Thus, A is not regular.

1.47

The language is not even context-fre; see Problem 2.42.



