CS390   Final Exam

May 2008

1. Prove by General/Structural Induction that |x| = |x|, where x is a string of {a, b}* and    represents symbol a or b.  Also |w| and {a, b}* are defined recursively as follows: [15 Points]
      Definition of  |w| for a string w:

Basis Clause: |

nductive Clause: For a string w of {a, b}* and a symbol   of {a, b},  |w| = |w| + 1.
      Definition of {a, b}*:

      Basis Clause:  belongs to {a, b}*.
Inductive Clause: If w is a string of {a, b}*, then wa and wb are strings of {a, b}*.    

Extremal Clause: Nothing is in {a, b}* unless it is obtained by using the above two clauses.

2. Using Myhill-Nerode theorem prove the following (a) and (b):
(a) {anbn | n is a natural number} is non-regular. 
[10 Points]
You may use {an | n is a natural number} as the infinite set of strings to be distinguished. 
(b) {x | x is a string of 0’s and 1’s and the number of 0’s in x is greater than or equal to twice

the number of 1’s in x}. 
[10 Points]
     Here you need to find an infinite set of strings and a string to append to distinguish them.

3. For the following grammar answer the questions below:
S -> aTa | bUb

T -> Sa | a

U -> Sb | b

      (a) Which of the strings aaaa, abaabb, babbbaabb are in the language ?    [6 Points]
(b) Describe in English the language generated by the grammar.
[10 Points]
4 (a) Construct a Turing machine that does subtraction of natural numbers. Assume that the number at the left on the tape is always equal to or greater than the number at the right. Use basic Turing machines such as TR , Ta, TSL, etc.
[10 Points]
(b) What would you do to do subtraction if the number at the left is not necessarily greater than or equal to the one at the right ?

   Explain your ideas in English. Do not draw any Turing machine.
[8 Points]
5. Which of the following statements are true and which are false ?  No proofs are necessary. 
[15 Points]
(a) For sets of states S and T of an NFA-S 
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(b) For a DFA, q, xy )q, x ), y ).

(c) (ab*)* = (a + b)*

(d) A union of infinitely many regular languages is regular.

(e) The Kleene star of the complement of a regular language is non-regular.

(f) If a language is non-regular, then it has infinitely many strings as its members.

(g) For a language L, (L+)* = L*.

(h) Every regular language is accepted by some PDA.

(i)  A context-free language is accepted by a PDA with a stack of finite length.

(j)  If a language is not decidable, then it is not accepted by any Turing machine.
6. Convert the following NFA to DFA:  [16 Points]

	
	a
	b

	1
	{1, 2}
	{2, 3}

	2
	{3}
	{4}

	3
	{4}
	{1,2,3,4}

	4
	
	


4 is the accepting state.

