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1. For any language L, let L' = {z | 3z,y s.t. zzz®y € L, |z| = |y| = |2]}. Is the language
L' regular whenever L is? Why/Why not? (7 marks)

/‘)./iet L be any language. Let x ~, y iff for all 2, 2z € L if and only if 2y € L. -Show tha{t
~r, is an equivalence relation. Is this relation of finite index whenever L is regular?

Why/Why not? Can it be of finite index if L is not regular? Why/Why not? (7 marks)
or PDA e
\/{ Write down a context-free grammar, for the language of words over {a,b,c} consisting

of those words where between every pair of ¢’s the number of a’s and b differ by at
most 1. For example aaacacbeb is in the language but abcabbcabbe is not. (7 marks)

4. Is the finiteness problem for CFLs decidable? why/Why not? What about the co-
finiteness problem i.e. whether the complement is finite. Why/Why not? (7 marks)

‘/ Consider the language
{#M | M halts on infinitely many inputs and fails to halt on infinitely many inputs}

Is this language recursive/r.e? Why/Why not? (7 marks)

,6./ Consider a two tape finite state machine. This is an automaton (Q, X, 6, s, F') whose
input consists of a pair of words (z,y). The two words are written on two input tapes
and the automaton has heads on both tapes. In each step the automaton can read the
next letter on one of the two tapes, move the head on that tape right by one step and
change its state. So, 6 C (Q x {1,2} x ¥ x Q). A transition of the form (p, 1, a, q) says
that from state p one can read a on tape 1 and change state to ¢ (and move the head
on tape 1 right by one step).) A pair of inputs is accepted if the automaton enters an
accepting state after reading both inputs fully.

(«)45, the emptiness problem for such automata decidable?

(7 (}aj/ Is the emptiness of the intersection decidable for such automata? That is given
a A and B can we determine if there is a pair of words (z, y) that is accepted by
both A and B.

(Either case you need not write out detailed proof. A short clear argument in English
should suffice).

If you have time left you can ponder over, what do the answers to the two questions
above tell you about intersection closure for such automata. (7 marks)
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