Computer Science II (COP 3503)
Summer 2007 Exam #1 
6/6/07

Lecturer: Arup Guha

Name: ____________________
1) (20 pts) In this question, you will determine the maximum total number of swaps when running the MakeHeap method on a set of n random integers, where n = 2k – 1, for some positive integer k. In the MakeHeap method, we run percolateDown on the first half of the elements. If an element is on the second to last level of the tree, then it will be swapped at most once. If an element is on the third to the last level of the tree, then it will be swapped at most twice, etc. 

a) (6 pts) Fill in the chart below that shows the number of nodes at each depth, and the maximum number of times that node might get swapped. Some of the chart has been given to you.
	Node Depth
	# of Nodes at that depth
	Maximum # of Swaps

	0
	1
	

	1
	2
	

	2
	4
	k – 3

	3
	
	

	… (don't fill this in)
	… (don't fill this in)
	...(don't fill this in)

	k – 3
	
	2

	k – 2
	
	1


b) (4 pts) To determine the maximum number of swaps executed by Make-Heap, add up the maximum number of swaps for each node in the tree. Explain WHY the sum of the maximum number of swaps of all the nodes in this tree is equal to 
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c) (10 pts) Determine the value of the sum in part b utilizing the subtraction idea. Leave your answer in terms of k.

2) (10 pts) Determine whether the following statements are true or false. Circle the correct answer.

a) n2/5 = ((nlogn)



True



False

b) n/logn = O(n)



True



False
c) n2logn = ((n2)



True



False
d) 2n = O(1.9n)




True



False
e) log 100 n = ((log 2 n)


True



False
f) (2n+6)2 - 4n2 = ((n2)


True



False
g) 17n0.5 + (.5)2n = O(
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)


True



False
h) 1/n = O(1/n3)



True



False
i) 4n = O(23n)




True



False
j) 2O(n) = O(4n)




True



False

3) (4 pts) What is the MCSS of the following sequence of numbers?

8,  2,  -7,  5,  2,  -5,  1,  -11,  3, -10,  1,   8,   -5,   4,   -7,   1,   -5,   4,   5,   -3,   6

____________

4) (6 pts) Consider implementing a hash table of size 13 that uses linear probing. Assume that the hash table stores alphabetic strings (case insensitive). Let the hash function f of an alphabetic string be defined as follows: take the number of consonants in the string and add that to two times the number of vowels, then take this sum and compute it modulo 13. Show the result of inserting the following strings into an initially empty hash table in this order: "cat", "dog", "crept", "encyclopedia", "window", and "mississippi".

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

	word
	
	
	
	
	
	
	
	
	
	
	
	
	


5) (5 pts) Insert  85 in the following AVL tree and redraw the tree if it needs rebalancing.






58





     /
        \




            24
           78 

                                              /                      /      \




       12 
      66      88

                                                                           /    \







80   98

6) (5 pts) Delete  12  from the following AVL tree and redraw the tree if it needs rebalancing.






66





        /         \





     32         80

                                                   /             /     \

        



12           70    95

 




    \






     75  

7) (5 pts) Show the intermediate steps and final result of inserting 45 into the 2-4 Tree shown below. Put a box around your final answer.





13,       25,     40




      /             |          |           \

               


   5             22        33     42, 50, 60
8) (5 points) Show the intermediate steps and final result of deleting 13 from the 2-4 Tree shown below. Put a box around your final answer.





22,     45





      /            |           \

                                                   13          40         60

9) (6 pts) Draw the result executing the following operations on a disjoint set of the elements {1, 2, 3, 4, 5, 6, 7, 8, 9}. Note: Do not use path compression, but when you are adjoining trees, make sure to make the shorter tree the child of the larger tree. Also, whenever there is a choice because both trees are of the same height, choose the minimum value to be the root of a tree. Also, if a Union operation is done with two values that aren't the root of their trees, make sure to first find the roots of those respective trees.
(1) Union(5, 7)
(3)Union(2, 4)

(5)Union(3, 9)


(2) Union(1, 3)
(4)Union(3, 7)

(6)Union(8, 2)
10) (5 points) Determine, with proper justification, the theta run-time of the following pseudocode in terms of n. (Hint: You may assume that the 
[image: image3.wmf]å

=

=

n

i

n

i

1

)

(lg

1

q

.
for (i=1; i<n; i++) {

  for (j=0; j<n; j = j + i)
    sum++;

}

11) (5 points) Determine, with proper justification, the theta run-time of the following pseudocode in terms of n:

while (n > 0) {

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

    sum++;

  n = n - 1;

}

12) (5 points) Determine, with proper justification, the theta run-time of the following pseudocode in terms of n:

for (i=1; i<=n*n; i++) {

  j=0;
  while (n*j < i)

    j++;

}
13) (15 points) You are given a set of small boxes numbered 1 through n. The first k boxes contain pearls while the last n-k boxes do not. You have two magic wands that can test whether a box is empty or not in a single touch, except that a wand disappears if you test on an empty box. Give an algorithm that always determines the exact value of k and minimizes the number of boxes tested (let this be t) in terms of n. (If you only had one wand, the only algorithm that would always determine k would search the boxes in numerical order.)  Find a simple function f(n) such that t, the number of boxes tested, is O(f(n)) and justify this bound. (Note: The smaller t is in the worst case, the more credit you will get on this question.) To make the description a bit easier, assume that n is both a perfect square and a perfect power of 2.

14) (4 pts) What is Prince Harry's first name? ___________________________________
Scratch Page – Please clearly mark any work on this page you would like graded.
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