COT 4210: Discrete Structures II 

Exam #2

April 6, 2005

Name: _______________

Lecturer: Arup Guha

(Directions: Please justify your answer to each question. No answer, even if it is correct, will be given full credit without the proper justification.)

1) Let M be the Turing machine defined by

	(
	B
	0
	1
	#

	q0
	qreject, B, R
	qreject, 0, R
	qreject, 1, R
	q1, #, R

	q1
	q2, B, L
	q1, 0, R
	q1, 1, R
	qreject, #, R

	q2
	qreject, B, R
	qaccept, 1, R
	q2, 0, L
	qreject, #, R


a) (8 pts) Trace a computation of M on the input string 011.

b) (6 pts) Describe in English the set of strings M accepts.

c) (6 pts) When a string is accepted by M, what string is left on the tape of the M after M has accepted, in terms of the original input string?

2) (20 pts) Let L = {<A, B> | A is a DFA, B is a DFA and L(A) is a subset of L(B).}. Show that L is decidable by giving a high level algorithm that shows how to decide whether or not an ordered pair <A, B> belongs in L or not.

3) (20 pts) Is the set of fractions greater than 0 and less than 1 countable? If so, give a one-to-one function that maps an arbitrary fraction in the given range to a natural number. (Note: Your mapping could have multiple fractions of the same value in the domain. For example, 1/2 could map to 1 and 2/4 could map to 5.)  If not, prove that this set is not countable. (Typically, a diagonalization argument is used to prove a set is not countable.)

4) (20 pts) Consider the following language: 

CFLTM = {<M> | <M> is the encoding of a Turing Machine and L(M) is a context-free language}

Prove that L is undecidable.

5) Let M be the DFA with the following description:

Q = {q0, q1, q2, q3, q4, q5}

( = {a, b} 

Start State = q0


F = {q5}

	(
	a
	b

	q0
	q1
	q3

	q1
	q1
	q2

	q2
	q2
	q5

	q3
	q3
	q4

	q4
	q4
	q5

	q5
	q5
	q5


a) (12 pts) Trace the actions of the algorithm shown in class to determine the equivalent states of M. Give the values of D[i,j] and S[i,j] computed by the algorithm.

b) (2 pts) Give the equivalence classes of states.

c) (6 pts) Give the state diagram of the minimal state DFA that accepts L(M).
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