COP 3503 Summer 2002

Computer Science II

Exam #1

June 17, 2002

Name : __________________

1) (10 pts) Using the definition of (, prove that n2 - 4n + 8 = ((n2). (Note: In order to get credit for this question, you must state which values of c and n0 you are picking.)

2) (10 pts) Consider executing the O(n2) and the O(n) MCSS algorithms on the list of numbers below:

9, -3, 7, -12, 3, -2, 5, -8, 8, 13, -20, 6, -4, 3, -5, 3, -2, 18, 9, -4, 5

In both algorithms, we keep track of the "best sum seen so far." Let the variable that stores this value be sum. Every time we see a better sum, we CHANGE the value stored in sum. For both algorithms, sum is initialized to 0. For each algorithm, how many times is sum changed? Also, list each value of sum during the algorithm. (Hint: Do not take too much time tracing through the O(n2) algorithm. Instead consider how it works to answer the question.)

O(n) algorithm : ______ , List of values of sum: ________________________________

O(n2) algorithm: ______ , List of values of sum: ________________________________

3) (10 pts) Use induction to prove that the following summation is true for all positive integers n:


[image: image1.wmf]2

2

)

1

(

2

1

1

+

-

=

+

=

å

n

n

i

i

n

i


4) For the unsorted array A[0..15] shown below, answer the following questions:

	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	value
	8
	6
	10
	4
	14
	9
	15
	3
	13
	7
	2
	16
	5
	12
	1
	11


a) (4 pts) Assuming that A is being Merge-Sorted, show the contents of the array right after the 7th call to the Merge method. (Note: there are a total of 15 calls to the Merge method in the entire Merge Sort.)

	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	value
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


b) (4 pts) In an insertion sort of A, which values in the array would occupy the location A[0] at some point during the sort? (Note: 1 is NOT the only answer to this question!!!)

______________________________________

c) (4 pts) In a Quick Sort of A, the partition elements (not indexes!!!) were 8, 4, 2, 6, 12, 10, 15, and 13, in that order. After the partition with the element 15, what are the possible values of A[12]?

_______________________________________

d) (8 pts) Show the values stored in the array after a Shell-sort, where you do a 5 sort, followed by a 3 sort, and then a 1-sort. (No need to show the values after the 1-sort, the array is just sorted then.)

	index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	5-sort
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3-sort
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


e) (4 pts) Using logs and factorials in your answer, what is the least number of comparisons that any comparison algorithm sorting the numbers above can make?

_____________

f) (4 pts) Assuming that 16! = 2.1x1013, log22.1 = 1.07, and log210 = 3.32, what is the minimal integer greater than your answer for part d? This value denotes the actual minimal number of comparisons necessary to sort an array of size 16. (Note: log ab = log a + log b.)

______________

5) (10 pts) Consider the following matrix representing a weighted graph. (Note: an entry in the matrix below in row vi and column vj indicates the weight of an edge from vertex vi to vertex vj. If an entry is (, no edge between the two vertices exists.)

	
	v1
	v2
	v3
	v4
	v5

	v1
	0
	-1
	-2
	4
	3

	v2
	4
	0
	(
	(
	(

	v3
	(
	(
	0
	-1
	(

	v4
	3
	5
	(
	0
	(

	v5
	2
	(
	1
	5
	0


a) Draw the graph G represented by the matrix above.

b) Go through the first iteration of Floyd-Warshalls algorithm run on graph G, and show the updated shortest path lengths that use only v1 as an intermediate vertex.

	
	v1
	v2
	v3
	v4
	v5

	v1
	
	
	
	
	

	v2
	
	
	
	
	

	v3
	
	
	
	
	

	v4
	
	
	
	
	

	v5
	
	
	
	
	


6) (10 pts) Pascal's Triangle contains combinations that can be computed recursively. Here is the mathematical definition of how to compute the value C(n, k) for any positive integer n and non-negative integer k ( n:

C(n,k) = 1, if k=0 or k=n

              C(n-1,k-1)+C(n-1,k), otherwise.

Write a recursive method to compute C(n,k). You may assume that the n passed to this method is positive and 0 ( k (n. The prototype is given for you below:

public static void choose(int n, int k) {

}

7) (10 pts) It turns out that the solution above is quite inefficient. Thus, this is a situation where a dynamic programming solution can be devised and is more efficient than its recursive counterpart. Write a function using dynamic programming to solve the problem above. Some of the code has already been written for you below:

public static int combination(int n, int k) {

       int[][] table = new int[n+1][n+1];

       for (int i=0; i<n+1;i++) {

              table[i][0] = 1;

              table[i][i] = 1;

       }

}

8) (9 pts) Solve the following recurrence relations using the formula given in the textbook:

a) T(n) = 5T(n/2) + O(n2)

T(n) = _________________________

b) T(n) = 8T(n/3) + O(n2)

T(n) = _________________________

c) T(n) =32T(n/4) + O(n2.5)

T(n) = _________________________

9) (3 pts) Tiger Woods, who just captured golf's U.S. Open is named after this Indian land mammal. 

____________________
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