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6 May 1998

Dr. Matthew Wilding

Show all your work!  Good luck.

(8) 1)  a) How can an array of values be sorted using a heap?

            b) Show that the algorithm you describe in part a) is O(n log n).

(5) 2) Show an AVL tree containing integers of depth 4 with the fewest possible nodes.




(5) 3) Insert 13 into this AVL tree using our algorithm:

                         




(20) 4) Consider the following weighted graph:    
























































































































































































































































a) Use the topological sort algorithm to demonstrate that there is a loop in the graph.   (Show your work, especially the final state of the data structure.)

b) Use the shortest path algorithm to find the shortest path from A to G.  (Show your work, especially the final state of the data structure.)

c) What is the complexity of the algorithm you used in part b) in terms of V, the number of vertices?  Why?

d) How could one simply modify the graph (by adding or removing a single edge, or modifying one edge’s weight) so that a shortest path could be found in the graph using a less-complex algorithm? Use that algorithm to find the shortest path of the modified graph.  (Show all work!)

e) How could one simply modify the original graph (by adding or removing a single edge, or modifying one edge’s weight) so that the algorithm you used in part b) would not work?

(8) 5) Assume that one of the operations of the weighted graph ADT is edge(v1,v2,g) which takes two vertices of type VERTEX and a graph of type GRAPH and returns a non-0 integer weight if it exists and 0 if it doesn’t.  Define using Pascal the types VERTEX and GRAPH and edge so that this function is O(1).  (Assume the vertices are numbered from 1 to constant MAX.)

(12) 6) Assume a hash table implemented with closed hashing, M buckets, and linear probing.  

   a) Using Big-O notation, what is the complexity of inserting an element into an empty hash table?

    b) Using Big-O notation, what is the complexity of inserting into the hash table immediately after inserting M-1 elements? 

   c) If after inserting M-1 elements we then delete all but one element, what is the complexity of inserting into the hash table?

   d) How would your answers to b) and c) be different if you were to use open hashing with M buckets?  Explain.

(8) 7) Chose 2 dissimilar private key encryption systems we discussed in class.

    a) Describe each system

           system 1:

           system 2:

    b) What is the private key for each system?

            system 1:

            system 2:

    c) Describe for each system how one might “break” the code.

             system 1:

             system 2:

(8) 8) Assume EA, DA, EB, and DB are Ann’s and Bob’s encrypt and decrypt functions, with standard public key encryption properties that we discussed in class.  

      a) Bob wishes to send Ann a signed secret message M.  What does Bob transmit?

      b) How could Ann prove that Bob in fact sent the message if he later repudiates it? 

(15) 9) Consider the following array of values:  4   6   11   5   13

       a) Sort the array using insertion sort and list each comparison you make.  Use –100 as a sentinel value.

       b) Sort the array using heapsort and list each comparison you make.

      c) Sort the array using quicksort, choosing as the pivot the first element of the partition.  List each partition that is sorted, as well as each comparison you make.

(5) 10)  Define T(n) = O(f(n))

(1) 11) What is the name of the most prestigious award in Computer Science?

(5) 12) what was the most interesting thing you learned in this class?

Extra Credit: Assume we have a minimax checkers program like we implemented: for depth=0 it uses a simple piece-counting routine to select a move and for depth=n+1 it selects from among all possible moves that it evaluates using depth=n.  Place redmen (using an r) and black men (using a b) on the following 5x5 board such that if we calculate a red move using depth=1 we get a different result from calculating a red move using depth=2.  Explain how each move is calculated.
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