COP 3530 Spring 2003

Computer Science III

Final Exam

April 24, 2003

Name: __________________

1) (14 pts) Circle the correct answer. (Correct = +1, Blank = 0, Incorrect = -1.)

a) 6n2 - 6n(-1+n) = ((n)


True


False

b) n2 + (n - log2n)(n - 1) = O(n10)

True


False
c) 5nlog2n = O(n1.5)



True


False
d) 3n = O(2n)




True


False
e) 3n2 - 7n + nlgn = ((n2/lg n)

True


False
f) Amortized analysis of an extendable
True


False
    table depends on how often the table

    is extended.

g) The running time of an inorder 

True


False
     traversal on a binary tree of n 

     nodes is O(n).

h) The running time of a search method
True


False
    in a binary search tree of n nodes takes 

    ((lg n) time.

i) Four straight insert operations into an
True


False
   AVL Tree can each cause restructuring

   operations.

j) A single deletion in a 2-4 Tree can reduce
True


False
    its height by 2.

k) A splay tree where every other operation
True


False
    is splayed has the same amortized worst 

    case run-time as a normal splay tree.

l) The black height of a Red-Black tree is
True


False
    the same as the height of its 

    corresponding 2-4 Tree.

m) A skip list can have a height h that is
True


False
     greater than n, the number of nodes in

     the skip list.

n) The flow of a network is equal to the
True


False
     sum of the capacity of the edges 

     leaving the source.

2) (5 pts) Use fast exponentiation (or its iterative variant) to compute 450 (mod 27).

3) (15 pts) In the country Dynapro, the valid denominations of coins are 3 cents, 7 cents, 8 cents, and 12 cents. Using dynamic programming, determine the total number of ways to make change for 30 cents in Dynapro.
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4) (10 pts) One idea to adjust Dijkstra's algorithm to work for a graph G with negative edge weights is as follows:

1) Find the minimum edge weight. Let this be d. (We are assuming this is a negative value.)

2) Add d+1 to the weight of each edge in G to create G'.

3) Use Dijkstra's algorithm on G' to determine the shortest paths from the source vertex.

4) Simply adjust the weight of each of the shortest paths found by subtracting out the appropriate multiple of d+1.

Explain why this idea is faulty and show a specific example of a graph for which this idea produces at least one incorrect shortest path.

5) (20 pts) The adjacency matrix of the graph G which represents a flow network is below:

	
	a
	b
	c
	d
	e
	f

	a
	inf
	5
	inf
	inf
	inf
	6

	b
	inf
	inf
	6
	7
	inf
	inf

	c
	inf
	inf
	0
	inf
	inf
	inf

	d
	inf
	inf
	13
	inf
	inf
	15

	e
	12
	inf
	inf
	14
	0
	inf

	f
	inf
	inf
	7
	inf
	inf
	inf


(Note: Each edge weight represents the capacity of that edge in the flow network.)

a) Which vertex is the source? 

______

b) Which vertex is the sink?

______

c) Draw the network.

d) Determine the network flow of the network using the Ford-Fulkerson Algorithm. List each augmenting path found, in the order they were found. Also, list how much flow each augmenting path added to the network.

e) What is a partition of vertices in this flow network that has a minimum cut?

6) (15 pts) The maximum spanning tree of an undirected graph is the spanning tree whose sum of edge weights is maximal. Determine an algorithm the find the maximum spanning tree of an undirected graph. Prove that your algorithm works. Apply your algorithm to the graph with the adjacency matrix below, giving its maximal spanning tree and weight.

	
	v1
	v2
	v3
	v4
	v5
	v6
	v7
	v8

	v1
	0
	7
	inf
	4
	6
	5
	6
	2

	v2
	7
	0
	9
	7
	inf
	6
	inf
	inf

	v3
	inf
	9
	0
	8
	inf
	inf
	inf
	inf

	v4
	4
	7
	8
	0
	5
	inf
	8
	inf

	v5
	6
	inf
	inf
	5
	0
	7
	inf
	7

	v6
	5
	6
	inf
	inf
	7
	0
	4
	inf

	v7
	6
	inf
	inf
	8
	inf
	4
	0
	8

	v8
	2
	inf
	inf
	inf
	7
	inf
	8
	0


7a) (15 pts) Write a static method binaryCounter that takes in a positive integer n and displays the values from 0 through n to the screen in binary, with one value per line. Each value should be displayed using ceiling(log2(n+1)) bits. For example, binaryCounter(16) should produce the following output:

00000

00001

00010

00011

00100

00101

00110

00111

01000

01001

01010

01011

01100

01101

01110

01111

10000

Fill in your method below. You may write auxiliary methods on the back of the test.

public static void binaryCounter(int n) {

}

7b) (10 pts) Consider a binary counting display where the amount of time it takes to advance to the next number is proportional to the number of bits that need to be changed. (Thus, to display 1011 would only take one simple operation because the previous value displayed was 1010 and only the least significant bit must be changed. However, displaying 1000 would take four simple operations, since all four bits have to be changed.) Assuming that n is of the form 2m for some positive integer m, what is the running time of this binary counting display, in terms of n, the number of values displayed? (The values displayed will be 0 through n-1. Leave your answer in big-Oh form, but do an accurate analysis of the total number of bits that need to be changed.)

8) (20 pts) In a directed weighted graph, the bandwidth of a path from vertex u to vertex v is defined as the minimum weight edge on the path from u to v. The maximum bandwidth between two vertices u and v is defined as the maximum value of the bandwidth of any path from u to v. If no such path exists, then the maximum bandwidth between the two vertices is defined as zero. Give an algorithm to compute the maximum bandwidth between all pairs of vertices in a directed weighted graph G. Provide time efficiency analysis of your algorithm.

9) (1 pt) Who is Dijkstra’s Algorithm named after? ______________________________
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