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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. (33 points) Analysis of Algorithms 
a) Prove or disprove:  n2logn = 
b) Suppose that you are given the code for a recursive program. Specify each of the major steps that need to be taken to determine and verify the provided algorithm’s asymptotic notation for its upper bound (i.e, its “Big O”).  You may provide a small example (at any step) to illustrate if it helps to make your answer clear. 
2. (33 points)  NP and NP-Complete Definitions
a) Define NP completeness.  Define NP-Hard.  Define what it means to be an optimization problem. Draw a Venn diagram (i.e., a diagram with circles to show the sets) to show the current belief of how they (and P) relate. Specify an example problem that is contained in each set.

b) Student1, Student2 and Student3 all think that they deserve the Turing Award this year. 
· Student1 states that he has found a polynomial time algorithm to solve the Directed Hamiltonian Cycle Problem.  
· Student2 states that he has found a polynomial time algorithm for the Halting Problem.
· Student3 says he used Cook’s Theorem and The Traveling Salesperson Problem to show that P != NP. 
What student or combination of students Student1, Student2, Student3, none of them, or all of them should get the award?  Discuss the reasoning behind your decision.  
3.(33 points)  Reductions and NP Complete
a) What is the Clique Decision Problem?

b) Show that the Clique Decision Problem is NP-Complete.  Provide a small example (two or three clauses) to illustrate the transformation used for the reduction.
