Assignment 4 (100 points, Chapters 6, 7, 8)
Submission: Please type your answers in this WORD file and submit to Tracs.
Note: You do not need to answer questions labeled with “self-study”, but you’re required to study them.
1. (12) Write a regular expression to describe each of the following languages:
(1) {w ( {a, b}* : every a in w is immediately preceded and followed by b}
(2) {w ( {0, 1}* : (y ( {0, 1}* (|wy| is even)}
(3) {w ( {0, 1}* : w corresponds to the binary encoding, without leading 0’s, of natural numbers that are powers of 4}
(4) {w ( {a, b}* : w has bba as a substring}
(5) (self-study) {w ( {a, b}* : w has both aa and bb as substrings}
Solution: (a ( b)* aa (a ( b)* bb (a ( b)*   (   (a ( b)* bb (a ( b)* aa (a ( b)* 
(6) (self-study) {w ( {a, b}* : w has both aa and aba as substrings}
Solution:

(a ( b)* aa (a ( b)* aba (a ( b)*      
(  

(a ( b)* aba (a ( b)* aa (a ( b)*      
(  

(a ( b)* aaba (a ( b)*      
(  

(a ( b)* abaa (a ( b)*  
2. (15) Simplify each of the following regular expressions.

(1) (a ( b)* (a ( () b*
(2) ((* ( b) b*
(3) (a ( b)*a* ( b
(4) ((a ( b)*)*
(5) ((a ( b)+)*
(6) (self-study) a ( (a ( b)(b ( a) )* ( a ( (a ( b) a )* ( a ( (b ( a) b )*.

Solution: a ( (a ( b)(b ( a) )*.
3.  (8) Let L be the language accepted by the following finite state machine:
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Answer Yes or No: Does each of the following regular expressions correctly describe L?
(1) (a ( ba)bb*a
(2) (( ( b)a(bb*a)*
(3) ba ( ab*a
(4) (a ( ba)(bb*a)*
4.  (15) For each of the following statements, state whether it is True or False.

(1) (ab)*a = a(ba)*
(2) (a ( b)* b (a ( b)* = a* b (a ( b)*
(3) (a ( b)* b (a ( b)* ( (a ( b)* a (a ( b)* = (a ( b)*
(4) (a ( b)* b (a ( b)* ( (a ( b)* a (a ( b)* = (a ( b)+
(5) (a ( b)* b a (a ( b)* ( a*b* = (a ( b)*
(6) a* b (a ( b)* = (a ( b)* b (a ( b)*
(7) If ( and ( are any two regular expressions, then (( ( ()* = (((( ( ()

(8) If ( and ( are any two regular expressions, then ((()*( = (((()*

5.  (10) Given a regular grammar G and a list of strings, identify the strings that are in L(G). 
(1) Given G:

S ( aS | bS | aT
T ( bW 

W ( bX 

X ( aX | bX | (
List the first eight elements of L(G) in lexicographic order (shortest first, then alphabetically if same length).

(2) Given G:

S ( aT
T ( bT
T ( a
T ( aW
W ( (
W ( aT
List the first eight elements of L(G) in lexicographic order.

6.  (10) Let L = {w ( {a, b}*: every a in w is immediately followed by at least one b}.

(1) Write a regular expression that describes L.

(2) Write a regular grammar that generates L.

(3) (self-study) Construct an FSM that accepts L. 
Solution:
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7. (30) For each of the following claims, state whether it is True or False.  Briefly explain your answer.
(1) If L1 and L2 are regular languages, then L1 ( L2 = {w : w ( (L1 - L2) or w ( (L2 - L1)} is regular.
(2) If L1 and L2 are regular languages and L1 ( L ( L2, then L must be regular.

(3) If L is regular, then so is {xy : x ( L and y ( L}.
(4) The union of a finite number of regular languages must be regular.
(5) The union of an infinite number of regular languages must be regular.
(6) The union of an infinite number of regular languages must not be regular.
(7) The intersection of a regular language and a nonregular language must be regular.
(8) The intersection of a regular language and a nonregular language must not be regular.
(9) If L1 and L2 are not regular languages, then L1 ( L2 is not regular.
(10) There are uncountably many non-regular languages over ( = {a, b}.

8. (self-study) Use the Pumping Theorem to prove the non-regularity of the following languages.
(1) {w ( {a, b}* : w = wR}
Solution:

Let w = akbkbkak.  So y must be ap for some nonzero p. Pump in once (ie q = 1), the resulting string is not in L. 
(2) {w ( {a, b}* : w contains exactly two more b’s than a’s}
Solution:

Let w = akbk+2.  y must equal ap for some p > 0.  Pump in once (ie q =1), the resulting string is not in L. 
