Math 3342 Final Exam

Question 1. (12 points) Please make a Turing Machine which computes the function f(z#y) = zy where
x,y € {a,b}* and # is a separator symbol.
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Question 2. (12 points) Please make a Turing Machine that accepts the language {a™b™a™ | m > 0}.
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Question 3. This whole page is about this language:
L ={x € {a,b}" | x never uses 3 consecutive b’s}

a) (b points) Please give a DFA for L. (Hint: First make a DFA for the complement, then modify it.)

L
CDM(WL H._(_ \OQ \‘.DFA: Qr \-( :2:
u,’a'}‘ > S ke P‘lb
' >0 gL b b A
a o S A5 () O
L ®) —
0077 &
= & S
[

b) (5 points) Please give a grammar for L.
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¢) (2 points) For each of the following 4 categories of languages, say if L is in that category or not: regular,
context-free, recursive, recursively enumerable. (You don’t have to prove anything.)
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Question 4. (6 points each) Consider a language whose definition has the following format:
L={a"b'c"}

where the 7s are some integer variable names like n, m, k, etc. The two 7 could be the same as each other,
or they could be two different symbols.

a) Please give an example of how you could fill in both ?s to make L regular. Say how you would fill in
the 7s, and then show that your language is regular.
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b) Please give an example of how you could fill in both ?s to make L non-regular. Say how you would fill
in the 7s, and then show that your language is not regular.
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Question 5. (5 points each) In each part, give a grammar for the given language:
a) {a"*a™*" | n,m,k € N}
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b) {a"b"zz® |z € {a,b}*,n € N}
S 3,5,
6\ - o\6|‘o \| 2
gL_‘—’ o-%p”\ \\ \OSZL l z

¢) The set of all strings that look like:
TLT, TETLTL, TLT, TT, TTXTLT.

These are blocks of the letter x separated by commas, with a period at the end. Each block of x’s
must be nonempty, and there must be at least one block.
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Question 6. (5 points) Only one of the languages above is regular. Decide which one, and give a regular
expression for that language.
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Question 7. (8 points) Choose one of the languages from the previous page, and make a Turing Machine
which accepts it.
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Question 8. (8 points) Please say what language this DFA accepts, and then prove that all strings in that
language are indeed accepted.
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Question 9. (8 points) Please give a stack machine for the language {a™ba™b}, and show a specific derivation

on your stack machine for the string abab.
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Question 10. (8 points) My stupid friend once heard something about the Halting Problem, and now he
goes around at parties saying stuff like this:

Because the Halting Problem is unsolvable, it means that whenever you look at a Python program,
it’s impossible to tell whether or not it will go into an infinite loop.

Briefly explanation why this is not exactly correct, and how you would say it differently so that it is correct.
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