CS3133
HW#3

Due: Monday, September 15

1.(9 points) Give regular expressions for the following sets of strings over {0,1} :

a All strings for which the number of 0's is divisible by 3.
b All strings which contain 00 and it contains 111, though not necessarily in that order.
¢ All strings of odd length which contain 11.

2. (5 points) Which of the following "identities™ are true for all regular expressions R, S
and T? If an "identity" is false, provide a counterexample.

a R(S+T)=RS+RT
b (R') =R’

¢ (R'S") =(R+S)
d RR=R

e (R+S)*:R*+S*

3. (10 points) a Either give a regular expression for L = {0'1”“2n [1,m,n> O} or prove that
it doesn't exist.
b Either give a regular expression for L = {0'1”‘2” [I>0An>m> O} or prove that it

doesn't exist.

4. (10 points) Define function ® : =" x=" — 2% for any alphabet £ by

c e®x={x},

e X®¢ = {X} ,

« ax®by ={a}-{x®by} U{b} - {ax®y}
forall a,beX,x,yeX . For example, 01® ab = {0lab, 0alb,0abl,ab01,a0b1,a01b} . We
extend the definition to languages by L, ® L, = U X®y. For example,

xely
yely

{01,0} ® {ab} = {01ab, 0alb, 0abl,ab01,a0b1,a01b,0ab, a0b,ab0}
Prove that for any regular languages A and B, language A® B must be regular.



CS3133
Solutions to HW#3

1. a (101'0101)
b We can treat this as the union of two cases, where either 00 appears before 111 or 111
appears before 00.
((0+2) 00(0+1) 111(0+1)" ) +((0+1) 122(0+1) 00(0+1) )
¢ We can build the regular expression around 11. We know that either it is preceded by a

string of odd length and followed by a string of even length or that it is preceded by a
string of even length and followed by a string of odd length. The strings of even length

are described by (00+01+10+11)* and the strings of odd length are described by
(00+01+10+11) (0+1). So an answer is
(00+01+10+11) (0+1)11(00+01+10+11) +(00+01+10+11) (0+1)11(00+01+10+11)

2. atrue

b true

c true

dfalse Let R=0. RR=000=R

efalse Let R=0 and S=1. 0le(R+S) =(0+1) though 01¢R" +S" =0"+1"

3.2 001122

bThere does not exist a regular expression for L = {0'1”‘2” [ >0An>m> 0} because it is
not a regular language. If it were, the Pumping Lemma assures us of the existence of a
k>0 such that 012" can be expressed as xyz such that {xy'z|i >0} c L. There are two

cases to consider:
« 0y Inthis case xy°z does not contain any 0's, and hence xy°z ¢ L
» 0¢ y Inthis case y contains a nonempty string of 1's and does not contain any 2's.

So xy’z contains at least as many 1's as 2's, so it must follow that xy’z ¢ L.
Both of these cases are impossible.

4. 1f Lo and L, are regular, then there are DFAs M, =(Q,,%,5,,S,, F,) and
M, =(Q,.%,6,,s,,F) suchthat Ly=L(M,) and L, =L(M,). The idea behind the

following machine is to run Mg and M; in parallel, using nondeterminism to guess which
machine should consume the next input symbol and advance its state. A string is accepted
by Ny v, If there exists a path which consumes the string and takes each of Mo and M,

to final states.
Ny, om, = (Qo XQl’Z'A'{(SO'Sl)}' Fo % Fl)



where A((qi,qj),a)

{(50 (4.a).q, ),(qi,cSl(qj,a))} :



