ECS 120: Theory of Computation Section 1
UC Davis — Vladimir Filkov June 11, 2003

ECS 120 Final Exam

Instructions:

Read the problems carefully and ask questions if anything is unclear. Make sure you
understand what a problem asks of you before writing the solution.

You can use as known (i.e. refer to) all problems we have solved in class or homeworks.

Please answer the questions succinctly and thoughtfully. Use the back of the pages if
needed.

Good luck!
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ECS 120 Midterm 1

1 Theory [12 points]

1. (2 pts.) Finish the definition:

A pushdown automaton is a 6-tuple . . .
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2. (3 pts.) What does it mean for a decision problem A to be reducible to decision

problem B?

B s kot wwre &Gt 1o colue 4o B

3. (4 pts.) Finish the definition:
A language L is NP-complete if . . .
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4. (3 pts.) The Church-Turing Thesis states that . . .
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2 Short Problems | | [18 pts.]

1. (9 pts.) Using the pumping lemma for CFLs show that the language
L = {0%192°37]5 > 1 and j > 1} is not context-free.
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2. (9 pts.) Describe a procedure that accepts the following language:
L = {{M)|M is a TM that accepts some odd length string }.
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3 Justified True or False - [24 points]

Put an X through the correct box. Provide a brief (but convincing) justification. No
credit will be given to correct answers that lack a proper justification. Where appropriate,
make your justification a counter-example. Each question in this section is worth
4 points.

1. If A and B are recursively enumerable languages then so is A \ B. .

I”.e. ec\vxavm%gs are wot cloged
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2. If L is not co-r.e. then L is not a regular language.

Explain:

L fé to-r.e => L-¢ rs)ve =) L_4= RGWQL?.
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3. nlogn = O(nk)

Fse]

Explain:
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True Fﬁ e
Explain:

RM Ma:\ LQAM(MO\@% o€ C‘edw /
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@39,% n, NP o BxP TIMe.

If L CLC Lyand Ly and Ly are regular then L is Turing acceptable.

4. If A is a regular language and A <, B then B € P.

L,= #
L,-Z7
L = Apy

6. If SAT is NP-complete and SAT <, L then L is NP-complete.
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4 A Decision Procedure [14 points]

You are given some CFG G over the english alphabet, and are curious to find out if G can
derive your first name. Describe a decision procedure that does that. (You can assume
that you have procedures that can convert PDAs into CFGs and CFGs into PDAs).
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5 A Reduction

6

[15 pts.]

We showed in class that Ery = {{M)|M is a Turing machine and L(M) = @} is unde-
cidable. In this problem you will determine where exactly in the Chomsky Hierarchy to

place this language.

(a) [3 pts.] A warm-up question: if Epjs is not acceptable can Epy be acceptable?

Why, or why not?

Suee 1t Camn . €, LQ\A.%\,LQG-QS o€ V\-O‘l”
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(b) [6 pts.] Prove that Er,, is acceptable.
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(c) [6 pts.] Prove that Erjs is not acceptable. (Note: to show this you can use part (b),
but only if you've proven it correctly. Otherwise use a reduction.)
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6 NP-completeness [16 pts.]

Let V be a set of {0,1} variables, and I a set of linear inequalities over V. A solution
to I is an assignment of 0’s and 1’s to all v; € V such that all the inequalities are true.

For example, I = {v1 > 1,ve > 0,v1 + v < 3} is a set of three inequalities over V' =
{v1,v2}, with solution v; =1 and vy = 1.

Show that the following problem of solving integer inequalities is NP-complete:
INT_INEQ = {{V,I)|V and I are sets as above and there exists a solution to I}
Hint: Reduce 3SAT to INT_INEQ by following the directions bellow.

(a) [3 pts.] Let TRUE correspond to 1 and FALSE to 0. For each variable in 3SAT
construct two inequalities constraining a literal and its complement to have different
values. One of them will be v; + 7; > 1. What’s the other inequality and why?
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(b) [4 pts.] For each clause in the 3SAT instance construct an inequality, which in
order to be satisfied will require at least one variable to be 1. Finish the construction and
calculate the total number of inequalities.
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(c) [4 pts.] Show that any 3SAT instance gives an instance of INT_INEQ.
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(d) [5 pts.] Show that any INT_INE() instance gives an instance of 3SAT.
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