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Theory of Computation Michael Sipser

18.404/6.840
Tuesday, October 26, 2004 80 minute length

MidTerm Examination

INSTRUCTIONS: Answer all questions as clearly as you can. Be concise. If you get stuck,

= state what you are trying to do in order to have a chance at partial credit.

You may use (without proof) any theorem that we have stated in lecture or recita

tion, or which has been assigned in a problem set, or which is proven in the text.

You may not use the statements given in problems that appear without solutions in the

text but that weren’t assigned or covered in lecture, unless you prove them.

Open Book/Notes/Handouts.

Other books, bibles, or materials from outside of class not permitted.

Problem Possible Actual

1 20

2 25 23
3 30

4 25

Total 100
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1. (20 points)
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(b) Let = {0, 1} and let A = {wI w does not contain 1010 as a substring}.

Give the state diagram of a deterministic finite automaton that recognizes A.
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(a) Is the class of languages that are recognized by ildeterrninistic finite automata closed

under complement? Explain why or why not.
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2. (25 points) Let Z = {O, 1}.
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(a) LetA={wIw=Ou1Ou1Okfori,j,/c>Oandikandj1c}.

Prove that A is not a CFL.
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(b) Let w e . A run of Os in iii is a substring of one or more consecutive Os that appears

in w, where the substring cannot be extended by Os. In other words, a run of Os is bordered (
on both sides bya 1 or the end of w. For example, the string s 0011000100000 has three

runs of Os which have lengths 2, 3, and 5. Let LONG-AT-LAST = {wI w contains a 0

and the rightmost run of Os in w is at least as long as any other run of Os in w}.

Prove that LONG-AT-LAST is not a CFL. You may use the result of part (a).
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(c) Prove that the complement of LONG-AT-LAST is a CFL. £-‘Otr d-’-’
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3, (30 points) Note: Avoid Rice’s theorem. It’s not helpful in either of the parts below.

(a) Let LEX { E) I E is a Turing-enumerator that prints strings in lexicographic order}.

Show that LEX is undecidable.
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(b) Let INFINITETM {(M)j M is a TM and L(M) contains infinitely many strings}

Show that INFINITETM is not Turing-recognizable.
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4. (25 points) Define the following two languages:

OH- GHEGK={(M, w, h)f 11 is an accepting computation history for TM M on input w}.

OH-SEARCH= { (M, w) there exists au accepting computation history for TM M on input w}.

In each of the following three parts, give a brief reason for your answer. Detailed proofs are
not necessary. You may assume that the TMs in the above languages are the single-tape,
deterministic variety.

(a) Is OH-GHECK decidable?
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(b) Is OH-SEARCH decidable?
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(c) Is OH-cHECK mapping reducible to OH-SEAROH? Explain why or why not.
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