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Instructions Textbook, pages 129, 130, 145, 146, 164
Problems:
4.1.1d), e) and f)
4.1.2b), c) and d)
4.2.1Db) and d)
4.2.5 d)
4.4.2

41.1d)

We assume that L is regular language. 3w € L, let t be the constant stated in pumping
lemma. Consider w = 0'1%2'€ L, jw|=2t +s>=1t

By the pumping lemma, we can break w = xyz, suchthat y !'= ¢, [xy| <=t and ly| >= 1.
Since [xy| <=t, y consists of only 0’s, we have

x = X
z = 0PI

Letk=0

xy*z = xy%z = xz = OXp" P12t = O I1 st
Sincely| >=1, t-ly|<tand t-ly| '=t, xzisnot in L. Therefore, L is not regular language.

4.1.1¢€)
We assume that L is regular language. 3w € L, let t be the constant stated in pumping
lemma. Consider w=0'1°€ L, jw|=t+s>=t
By the pumping lemma, we can break w = xyz, suchthaty != ¢, [xy|<=tand |y| >= 1.
Since [xy| <=t, y consists of only 0’s, we have

x = X

y= oV



z= 0"

Letk=s+1
kaz = Xy(S+l)Z =XZ :O|X|0(3+l)|y|0t_|xylls: O(t+s) ls

Since t>=1 and t+s>s, xy®zisnot in L. Therefore, L is not regular language.

4.1.1f)
We assume that L is regular language. 3w € L, let t be the constant stated in pumping
lemma. Consider w=01?€ L, jw|=3t>=t
By the pumping lemma, we can break w = xyz, suchthaty != ¢, [xy|<=tand ly| >= 1.
Since [xy| <=t, y consists of only O0’s, we have

x = O

y= oV

7= Ot-|xy|12t

Letk=0
xy*z = xy°z = xz = O¥lg"¥11?* ="M

Since ly[>=1, t-ly| < t and 2(t-|y|) < 2t, xzisnot in L. Therefore, L is not regular language.

4.1.2b)
We assume that L isregular language. Let w=0"n"3isinL. Jw € L, let n be the constant
stated in pumping lemma. By the pumping lemma, we can break w = xyz, such that y !=
e, Xy|<=nandly| >= 1.
Since [xy| <=n, y consists of between 1 and n 0's.
Let k=2, w=xyyz has length between n*+1 and n*+n. Since the next perfect square after n*
is (n+1)°. Thus, the length of xyyz cannot be a perfect square.

(n%) < (N*+1) <= |xyyz| <= (n*+n) < n*+3n’+3n+1 = (n+1)*
But if the language were regular, then xyyz would be in the language, which contradicts
the assumption that the language of strings of 0's whose length is a perfect cube is a
regular language. Therefore, L isnot regular language.



4.1.2¢)

We assume that L isregular language. Let w=0"2"k isinL. 3w € L, let n be the constant
stated in pumping lemma. By the pumping lemma, we can break w = xyz, such that y !=
¢ , Xyl <=nand ly| >= 1. Since [xy| <=n, y consists of between 1 and n 0's.

Let k=[Ig(n+1) | and w=0"2"k, then n=2*-1 < 2*
Consider xyyz whose length is
xyyz| = [xyz| + ly| = 2y|
241 <= |xyyz| <= 2 +n < 28+ 2¢
2k <= Inyzl <= 2k+1
The length of xyyz is not a power of two, which contradicts the assumption that the
language of strings of 0's whose length is a power of 2 is aregular language. Therefore, L

is not regular language.

4.1.2d)
We assume that L is regular language. Let w=(0+1)"%isin L. 3w € L, let n be the
constant stated in pumping lemma. By the pumping lemma, we can break w = xyz such
that yl= ¢, [xy| <= n, and [y|>=1. Since |xy| <=n, ly| is between 1 and n.
Consider k=2,
kyzl = Ixy’zZl = [yzZl+lyl = MWwi+lyl =nP+ly|

so we have

n? < n+1 <= [xy*z| <= n +n < n® +2n+1 = (n+1)?
Thus,
The length of [xy*z| is not a perfect square because n?and (n+1)®are consecutive perfect
squares, so there is no perfect square number between them. Therefore, xy*z is not in this
language L. L is not regular language.

4.2.1b)
> basbabbaa

4.2.1d)
- a+ abba



4.25 d)
d(R+$) _ R dS

From (a),
da da da
From (b), if e O L(R) @ = (EJS
da da
ifeOL(R), —d(RS) :(ﬁ)8+§
da da da

drR* _d({&}) , drR, d(RR) , d(RR?)  d(RR’)

From (c),
da da da da da da

:{}+£+ER+£R2 +ER3+“_
da da da da

=g({} +R+R*+R*+..)

:E[R*
da

Consider T=(0+1)*011=R*S, where R=0+1, S=011. Using rules from (a) to (c), we can
obtain,

— === S=§+£R*S
da da da da da da

There are two cases: a=0 and a=1.

If a=0,

E ={1J},£ ={¢&}. So, d—T =11+£(0+1)*011=11+(0+1)* 011
da da da

If a=1,

as ={},E ={&}. So, ar ={} +£(0+1)*011=(0+1)* 011
da da da



d[(0+D*0LY _dT _

Therefore, 11+(0+1)*011, ifa=0
da da
(0+1)*011, if a=1
4.4.2 Q)
B | X
C | X | X
D
E
F
G
H X
I X | X
A | B G | H

* X indicates pairs of distinguishable states, and the blank squares indicate those pairs that
have been found equivalent.

b) the minimum-state equivalent DFA.

0 1

>{ADG} | {BEH} {B,EH}
{BEH} | {CFI} {CFl}
*{CFFl} | {ADG} {B,EH}




