Part I: True/False section (2 pts for a correct answer, -1 for an incorrect answer, 0 if the question is left blank.)

1) Let A denote a regular language. If B ( A, B is also regular
True

False

2) The intersection of two context –free languages is also 

    context-free.






True

False

3) If a language is not recursive it is not context-free either.

True

False

4) There exists a language that a non-deterministic Turing

    machine recognizes that a standard Turing machine can

    not.








True

False

5) A non-deterministic Turing machine can decide certain

    problems with less transitions than a standard Turing

    machine.







True

False

6) By reducing a problem P into the halting problem we

    can show that the problem P is undecidable.


True

False

7) 3-SAT can be reduced to SUBSET SUM in polynomial

    time.







True

False

8) 3n – 6 = O(n1.1/ lg8n)





True

False


9) If f(n) = O(g(n)), and g(n) = O(h(n)), then f(n) = O(h(n)).

True

False

10) If a problem X is NP-Complete, then its complement is

      also NP-Complete.





True

False

Part II : Language classes (3 pts. each correct answer, -1 for each incorrect answer, and 0 for each unanswered question.)
Each answer in this section will be one of the following:

A. Regular Language

B. Context-Free Language

C. Recursive Language

D. Recursively Enumerable Language.

For each of the following languages, give which class the language lies in, most accurately. (For example, if a language is context-free, but not regular, you must answer B. Answers C and D will be incorrect in this situation, even though the language is recursive and recursively enumerable.)

11) {aia2i | i ( N}




A
B
C 
D

12) {<M, w>| M is a Turing machine that accepts

        the string w.}




A
B
C
D

13) {<D1, D2>| D1 and D2 are DFAs that accept

        the exact same language}


A
B
C
D

14) {ai+3bici+1 | i ( N}




A
B
C
D

15) {<M1, M2> | M1 is a Turing machine with

        more states than M2.}



A
B
C
D

16) {aibi+jcj | i,j ( N}




A
B
C
D

Part III: Long Answer

17) (10 pts) Show that the number of functions f: N ( {0,1} is uncountable. (Hint: Use diagonalization.)

18) (10 pts) If L1 – L2 is a regular language is either L1 or L2 necessarily regular? Is it possible for both to not be regular? Prove your answers.

19) (10 pts) Here is the specification for an NFA:


Q = {q0, q1, q2}, ( = {a,b}, q0 = q0, F = {q1}

(
a
b
(

q0
q0, q2
q0
q2

q1
q1
q2
q0

q2

q1


      Create a DFA that accepts the same language as this NFA. (Please use the textbook

      construction and do not minimize the DFA when you are done.)
      What is the regular expression that corresponds to this language?

20) (10 pts) Let L = { x | x ( (a (b)* ( the substring aa occurs in x twice as much as the substring ab.} Show that L is not regular by using the pumping lemma.

21) (10 pts) Here is a CFG without ( rules or chain rules. Convert it into an equivalet Chomsky Normal Form grammar.


S ( aABA | bBa


A ( Ba | Bb


B ( AA | a

22) (20 pts) Let a limited-stack PDA be a normal PDA with one difference: the stack may only hold up to c alphabet characters, where c is a constant. If a transition on a limited-stack PDA attempts to push a character onto a full stack, the PDA automatically rejects the input, much like when a normal PDA has no transition to follow. Prove that the class of languages accepted by a limited-stack PDA is precisely the regular languages.

23) (10 pts) Let L = {<D1, D2> | D1 and D2 are DFAs that accept languages L1 and L2, respectively, such that L1 ( L2}Prove that L is decidable. (Hint: Several decidable languages were presented in class. You may assume that these languages are decidable in answering this question.)

24) (15 pts) Let L = { <M1, M2> | L(M1) ( L(M2) = ( }. (Note: L(M1) is the set of strings that the Turing Machine M1 accepts.) Prove that L is undecidable by reducing the halting problem to it.

25) (15 pts) Let SUBSET-SUM-k = { <S, t, k> | S is a set of positive integers, such that 

                                                            there exists a subset B of S of size k, such that the

                                                            sum of the elements in B is equal to t, the target.}

Prove that SUBSET-SUM-k is NP-Complete by reducing SUBSET-SUM to it.
26) (2 pts) What country did the U.S. fight in the Korean War? ________________
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