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        Closed Book, Closed Notes You will be given extra paper to write on.
Do the problems you know first.   All problems require explanations, but do not waste time writing unimportant information.  

1.  (30 points) Analysis of Algorithms 
a) What is the recurrence formula T(n) for the time of a merge sort?  Explain why.
b) What is the closed-form expression for this T(n)?  To determine this, show me how it is derived.  Specifically, no credit will be given for a memorized answer; the problem is to show the technique to generate the closed-form expression from your recurrence formula.

c) Is the algorithm O(n2)?  Prove or disprove.
2.  (20 points) Dynamic Programming:
a) Consider the Longest Path Problem (The longest (non-cyclic) path from a given point to another given point). Can this problem be solved using Dynamic Programming? Discuss why or why not.

b) A student says, “Dynamic programming does not really work like it claims since the answer I got for the final solution did not contain a sub-answer that said it was best in the middle of the problem.”  Explain why the student is correct or incorrect. 
3. (25 points)

a) Let L1 and L2 be two decision problems.  What does it mean to say that L1 reduces to L2 in deterministic polynomial time?
b) How would you use the concept of reduction to add to the set of known NP-complete problems?
c) Show that dec_clique and opt_clique are polynomially equivalent.
4. (25 points)

a) Define NP completeness.  Define NP-Hard.  Which is the larger set of problems?

b) List 3 known NP-complete problems.
c) Give two examples of NP-Hard problems that are not NP-Complete.  
