
CMSC 452 Spring 2020—Take Home Final
REALLY DUE Thursday May 14 at 7:00PM, 2020

Instructions. The rules.

1. This is an open-everything exam. You can use any non-organic source.
So any books, the web, but (a) you can’t get help from a human being,
and (b) what you write must be your own work, not copied from some
source.

2. There are 5 problems which add up to 100 points. The exam will be
available on May 12 at 7:00PM, and due on May 14 at 7:00PM.

3. For each question show all of your work and write legibly. Clearly
indicate your answers. No credit for illegible answers. Recommend
that you TYPE.

4. Please write out the following statement: I pledge on my honor that I
will not give or receive any unauthorized assistance on this examina-
tion.

Fill in the following:

NAME :
SIGNATURE :

UID :
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1. (20 points—5 points each) Give an example of each of the following.
No proof required.

(a) A language that is regular but not finite.

(b) A language that is context-free but not regular.

(c) A language that is NP-complete whose input is not a formula or
a graph.

(d) An undecidable language that is NOT about Turing machines.
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2. Let (20 points)

COLc = {G : G is c-colorable}.

Show that

COL10 ≤ COL100.

Explain it intuitively and formally, as was done in the solution to the
HW that was similar.

Write answer on this page and the next page, if needed.
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3. (20 points) For this problem you may assume the following theorems.

Theorem 1: If x, y are relatively prime then

• For all z ≥ xy−x−y+1 there exists c, d ∈ N such that z = cx+dy.

• There is no c, d ∈ N such that xy − x− y = cx + dy.

Theorem 2: The product of the first L primes is ≥ 2L

Theorem 3: The sum of the first L primes is ≤ L2 log2(L).

And now for our problem.

Let

Ln = {ai : i 6= n}.

Assume n is a square (so
√
n is a natural number). Construct an NFA

for Ln which has

≤ A
√
n + B(log2 n)C states

where A,B,C are constants that you will find and state. You need
not get optimal values for A,B,C. (Feel free to bound a term like
log(log(n)) by log(n).)

Write answer on this page and the next page, if needed
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4. (20 points) In this problem we use WS1S notation. (Make sure to label
states A for accept, R for Reject, S for Stupid.)

Draw a DFA for

{(x, y) : x ≡ y (mod 3)}.

Write answer on this page and the next page, if needed
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5. (20 points) Let M1,M2, . . . be a list of TMs. Let

HALTONZ = {e : Me(0) halts}.

For this problem you may assume HALTONZ is undecidable.

Let F be a function that has the following behavior:

F (e) =

{
the least s such that Me(0) halts in s steps if Me(0) halts

some number larger than 2ee otherwise

(1)

Show that there is NO TM that computes F .

(NOTE: It is NOT enough to show that no TM can do the algorithm
above for F . You need to prove that there is NOBODY clever enough
to have some TM, perhaps a really strange one, to compute F .)

Write answer on this page and the next page, if needed.
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