CS320: Problems for Day 10, Winter 2023

Problem 1  Let L be the set of strings over alphabet {a,b,c} that do not start with ¢ and do not end with a.

(a) Draw a state-transition graph of a deterministic finite automaton that accepts L. If such automaton does not
exist, prove it.

(b) Is the complement L of the language L decidable? Explain your answer briefly.

Problem 2 Let L be the language accepted by the Turing machine:
M = (Q727F357q07F)

such that:

Q={q9,01,92,8,9};

¥ ={a,b,c};

I ={B,a,b,c};

F={q}

and ¢ is defined by the following transition set:
[90,a,q1,0a, R],

[90,b, g2, b, R],
[qucyq?nC)R]a
[qlvbaqlvba R]a
[(I270»(I2,C, R]a
[q3aa7q3aa7R]a
[qlaBan7B7R]7
[QQaBanerR]a
[QBaBaqvavR]

Write a complete formal definition or a state-transition graph of a finite automaton M’ that accepts L. If such
automaton does not exist, prove it.

Problem 3  (a) Write a complete formal definition of a Turing machine M; over input alphabet {a, b} such that
M; halts on every input. If such a machine does not exist, explain why.

(b) Write a complete formal definition of a Turing machine M, over input alphabet {a,b} such that M does not
halt on any input. If such a machine does not exist, explain why.

(c) Write a complete formal definition of a Turing machine M3 over input alphabet {a,b} such that M3 halts on
every input and rejects X*. If such a machine does not exist, explain why.

(d) Write a complete formal definition of a Turing machine My over input alphabet {a,b} such that M, does not
halt on any input and accepts ¥*. If such a machine does not exist, explain why.

Problem 4  Consider a Turing machine:
M = (Q? E? F7 67 q)

such that:

and ¢ is defined by the following transition set:

[q07aaq17B7R]
[qoaba qlvBaR]
(91, a,90, B, R]
[QIaba q07BvR]
[917B7Q1737R]

(where B is the designated blank symbol.)

(a) Write a complete formal definition of a Turing machine M7 such that M; halts on input # if and only if M does
not halt on input 7, for all n € ¥*. In short:

(M(n) ) = (Mi(n) /)



and also:

(M(n) /) = (Mi(n) )

If such Turing machine M; does not exist, prove it.
(b) Is the language accepted by M recursive? Explain your answer.
() Is the language accepted by M recursively enumerable? Explain your answer.

Problem 5  Consider the Turing machine:

M = (Q7 E’]‘_‘767 q’ F)

such that:

Q={qr s t,v};

Y = {a,b};

I'={B,a,b,¥};

F={t};

and ¢ is defined by the following transition set:
[¢,a,q,a, R]
[¢,b,q, ¥, R]
[q’B7r7B7L}
[r,a,r, a, L]
[r,U,s,¥, L]
[87 a” S’ a’ L]
[s,9,t, U, L]
[t,a,t,a, L]
[t, ¥, v, U, R]
[v7 a’ ’U, a7 R}
[v, U, v, ¥, R
[v, B,v, B, R]

(where B is the designated blank symbol.)
M accepts by final state.

(a) Write a regular expression that defines the set of strings on which M diverges. If such regular expression does

not exist, prove it.

(b) Write a regular expression that defines the set of strings on which M halts and accepts. If such regular expression

does not exist, prove it.

(c) Write a regular expression that defines the set of strings on which M halts and rejects. If such regular expression

does not exist, prove it.

(d) Write a regular expression that defines the set of strings on which M terminates abnormally (attempts to move
the head to the left of the leftmost cell.) If such regular expression does not exist, prove it.

Problem 6  Consider a Turing machine:
M = (Q7 Ea Fa 57 qO)

such that:
Q =1{90,q91,q}
¥ ={a,b,c}
I ={a,b,c,B}

and ¢ is defined by the following transition set:



[q07 a,qi,a, R]
[QOa ba q0, ba R]
[q07 ¢, 4o, ¢, R]
[q07Baq0>B7R]

[qla a,qq,a, R]

[QIa ba qi1, ba R]

[lh, ¢, 41,6, R]

[(IhBthB,R]

(where B is the designated blank symbol.)

(a) Let L be the set of those strings over ¥ on which the Turing machine M does not halt. Draw a state transition
graph of a deterministic finite automaton M; that accepts L. If such finite automaton M; does not exist, prove it.

(b) Is L a recursive language? Explain your answer briefly.

Problem 7  Consider the Turing machine:

M = (Q’ Z7F’ 5’ q)

such that:

Q = {q,r,s,t};

Y ={a,b,c};

I ={B,a,b,c};

and ¢ is defined by the following transition set:
lq,a,7,0, R]
lq,b,7, a, R]
lq,¢,t, ¢, R
[t,a,t,a, R
[t,b,t,b, R]
[t,B,s, B, R]

(where B is the designated blank symbol.)

(a) Does M halt on input abba? If your answer is “yes”, write the configuration in which M halts. If your answer
is “no”, write the configuration of M after it makes exactly 9 moves.

(b) Does M halt on input abebbeb? If your answer is “yes”, write the configuration in which M halts. If your answer
is “no”, write the configuration of M after it makes exactly 9 moves.

(c) Does M halt on input cbab? If your answer is “yes”, write the configuration in which M halts. If your answer is
“no”, write the configuration of M after it makes exactly 9 moves.



