Computer Science II (COP 3503)
Spring 2007 Exam #1 
2/12/07

Lecturer: Arup Guha

Name: ____________________
1) (20 points) Determine the average depth of a node in a complete binary tree of n nodes, where n = 2k – 1, and the height of the tree is k – 1. To start the problem, complete the chart below which shows the number of nodes at a particular depth in the tree:
	Depth of a Node
	# of Nodes at that depth

	0
	1

	1
	2

	2
	4

	3
	

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

	k – 1
	


To determine the average, sum up the depths of all the nodes in the tree and divide by the number of nodes. Leave your answer in terms of k. (Note: this is a bit easier than answering in terms of n.)

2) (10 points) Determine whether the following statements are true or false. Circle the correct answer. Assume all logarithms are base 2.
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3) (8 pts) Show the intermediate steps and final result of deleting 5 from the AVL Tree shown below. Put a box around your final answer.
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/

\





         10

30





     /         \
         /       \





   5         15             25      40

                                                              /
      /         /     \

                                                           12            22      35     50

                                                                                    /

                                                                                  31

4) (6 pts) Show the intermediate steps and final result of inserting 27 into the 2-4 Tree shown below. Put a box around your final answer.





10,     20,      30





      /           |           |           \

               


   5           16    21,24,25     31

5) (10 points) Show the result of running the Make Heap Algorithm on the following set of numbers: 45, 12, 18, 24, 33, 6, 22, 4, 5, 17, 2, 3. Put a box around your final answer.

6) (8 points) The hash table shown below, which uses quadratic probing is about to be expanded.
	Index
	0
	1
	2
	3
	4

	Value Stored
	
	4
	
	
	7


The new table size will be 11 and the new hash function will be f(x) = x2 % 11. The new value to be added to the table is 15.

	Index
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Value
	
	
	
	
	
	
	
	
	
	
	


7) (10 points) Consider a disjoint set of 10 elements that does NOT use path compression, but DOES always attach a smaller tree as a child to the larger tree instead of vice versa. If trees of equal size are attached, then the tree with the minimum value is the root of the resulting tree. The "marker" for each tree will always be the minimum value in that tree. Draw the result of the following operations (in the order they appear) on the disjoint set. Put a box around your final answer; it should have two separate trees.
Union (3, 5)

Union (2, 9)

Union (1, 7)

Union (7, 5)

Union (2, 10)

Union (4, 8)

Union (9, 6)

Union (10, 8)

8) (5 points) Determine, with proper justification, the theta run-time of the following pseudocode in terms of n:

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

  if (i%2 == 0)

    sum++;

  else {

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

      sum++;

  }

}

9) (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/3;

}

10) (5 points) Determine, with proper justification, a Big-Oh run-time of the following pseudocode in terms of n:

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

  j = i;

  while (j > 0) 

    j = j/2;

}
11) (12 points) Describe an algorithm that can solve the following problem in O(n) time, where the input is an nxn array of 0's and 1's:
Given a square two-dimensional array of 0's and 1's where each row contains all 1's before all 0's, determine the maximum number of 1's in any of the rows.

Here is an example of a matrix that is valid input for the problem:

1
0
0
0
0
0

1
1
1
0
0
0

0
0
0
0
0
0

1
1
0
0
0
0

1
1
0
0
0
0

1
1
1
0
0
0

For this input, the correct output is 3, since there are 3 1's in rows 2 and 6, and none of the other rows have more 1's.

Credit will be based upon the correctness of the algorithm, its time-efficiency and how clearly and specifically the algorithm is explained.

12) (1 point) What is Queen Elizabeth II's first name? ____________________________
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