FINAL

CIS 130 - Fall 08
Manfred Warmuth

NAME:
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Student 1D;

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!

question 1; (out of 20)
question 2: (out of 10)
question 3; (out of 10)
question 4: (out of 10)
question 3: (out of 10)
question 6; (out of 10)
question 7; (out of 10)
question 8; (out of 10)
question 9: (out of 10)
Total: (out of 100)

extra credit;

(out of 10)



I. a) List a closure property of deterministic context free languages that does not hold for general
context free languages '
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b) What is the Church-Turing Thesis?
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¢) Give a language that is context free but not regular, and a second language that is not context

free.
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d) Give a description of the grammar class that generates the regular languages.
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e) Let L be the language containing only the single word w, where

' W= 0 if God does not exist
"7} 1 if God does exist.

Is L decidable? Why or why not?
(Note that the answer does not depend on your religious convictions.)
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f) Give a language that is not Tui‘ing acceptable.
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g) Are Turing acceptable languages closed under infinite union? Prove your answer.
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f) What does the universal Turing machine do?
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¢) What is the language associated with the Halt.ing Problem?
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2. Is the following Turing machine accepting the words ({()()) and (}(()?
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In general, a (deterministic) Turing Machine accepts a word w, if when started on the left end of the
tape A, wi, ..o Wy, A, A, ... from the start state, then the machine runs into the accept state 7,.
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What is the language over the alphabet {(,)} accepted by this Turing machine and how is it related
to the language of balanced parens?
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Fix the machine so that it accepts the language of balanced parens.

Hint: Essentially you need to add onc state.
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3. Can the following grammar

AB|AC|BC
AAJAB|a
BB|BC|b
CCJAC|a
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generate the string baab?
Use the CYXK 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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4. Convert the following grammar into Chomsky Normal Form. Show your steps! The terminal letters |
are g and b.

S — AAS|BA
A — aA]h
B -y SblbA|A
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5. Construct a PDA accepting all words that are palindromes of odd length. Morc precisely the PDA
is to accept the language

L={we {a,b}* : |w] is odd and w = w®},

Check your PDA on small words!
State your acceptance criterion!
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6. Reason that for any context-free language L C X* (where Z is a finite alphabet), the following lan-
guage is context-free as well:
' L={xeL:|x|>10}.

Hint: What is the language of all words over the alphabet X of length at least 10?7
Use a closure property!
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7. Let § be the set of all triplets of natural numbers, i.e. 8 = {(i, j,k)|i, j,k € N}.

Show that S is countably infinite.

Hint; First show that the set of all pairs is countably infinite.
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8. Show that the set of all subsets S of the natural numbers N is uncountably infinite.

Hint: Use a diagonalization argument.
Assume $ countably infinite. Then ... § £ istalle
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9. Show that if the Halting Problem was decidable then Collatz’s Conjecture could be resolved.

Lothar Otto Collatz conjectured that for any integer n, the iterated application of the following
function always converges to 1.

o(n) = nf2  if neven
| 3n+1 ifnodd

Example sequence: 7221134 1752261340201051684 1
The conjecture has been checked for all # < 2 101,

Hint: First use the Halting Problem to decide whether a particular integer # converges to 1. Now use
this in a loop and apply the Halting Problem again. ‘

For your construction may assume the existence of a TM T, that computes function c.
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10. (Extra Credit): Prove that the Halting Problem is undecidable.
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