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This exam is closed book and closed notes.
Show partial solutions to get partial credit. .

If your questions are not written legibly, you won’t get full credit.
Clarity and succinctness will be rewarded!
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1. Short questions:

- (a) What is the Church-Turing Thesis?
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(b) Is there an unrestricted grammar generating the following language?

SA = {e(T): T is TM that accepts e(T)}.
Give a two-sentence reason of whether this is true or not.
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(c) What is the language associated with the Halting problem?
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(d) Show that Turing acceptable languages are closed under finite union.

| ASSlum ¢ To actcepts Ly (¢ ¢ k)
, o _ .

Thir Mae foltewing The's actept UL,

ts !

o Quess LUtk & Mu Ty

o Simmltalt ol T{ in /xma/le[ vy bao h,};uf
—one GHp o & ke

© GG om S Lul Ti cctepls Matan tectpt



(e) Give a language that is not Turing acceptable.
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(f) Are non-deterministic Turing machines more powerful that deterministic Turing Ma-
chines? Why or why not?
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(g) Give a closure property that holds for Turing decidable languages that does not hold for
Turing acceptable languages.
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2. The following Turing machine a,ccepts'thedlanguage of palindroms over {a,b}: {w:w=wk}.
Modify the machine so that it accepts only palindroms of odd length that have an ‘a’ in the
middle position. ‘ . S
Examples of such palindroms are:
abbabba aaa baaab

* Hint: You need to delete two transif,ions.
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3. S_hbw that the following grammar is ambiguous:
S —aS|aSbS | A

Hint: A‘three’ letter word suffices!
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4. Give a short proof that context free languages are not closed under intersection. |
Hint: Do a proof by contradiction.
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~ ¢ Convert the following context-free grammar into Chomsky Normal Form. Show jout steps! -
_ The terminal letters are a and b. B E I ’

S = ASB| A
A—aAS|a
- B SbS|A|bb
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6. Give a complete pfo_of that the following language is not context free:
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Hint: Use the followmg version of the pumping lemma for context free languages. Think
* carefully about whether to pump up or down! :

If L is context free, then there exists N such that: If u € L and [u] > N then u can be

written as vwzyz for whlch .

a) |wzy <N,
b) |wy] > 0,and
¢) vw™zy™z € L for all m > 0
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7. Can the following grammar '
o S — AB| AC | BC
A—AA|AB|a
B— BB|BC|b
.~ C—-CC|AC|a
generate the string babaa? Use the CYK algorithm. Show your work by giving the table. How
can the table be used to answer the question whether the string can be generated or not!
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8. a) Does the following grammar generate a word in a*?

S — ABaTc| BB
B — BaA|b|aA
A—BA| A
T —aca

If so then give a derivation tree for a word in a*.

b) You are to sketch an algorithm for deciding the following problem:
Input: A context-free grainmar G.

Question: Does G generate a word in a*?
That is, L(G) N a* is non-empty?

Reason that your algorithm runs in polynomial time.

Hint: Which productions can never be used in the derivation for a word in the language
a*? ' :
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ﬂ. Extra Credit: Prove that the Halting problem is undecidable.

‘3 l’”"‘"}f" ‘)(\-‘tm oy
gogomd 106 (ectunt.

L



