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College of Computer Science and Engineering

Information and Computer Science Department

First Semester 101 (2010/2011)

ICS 202 – Data Structures 
Major Exam 2
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Please circle your section number below:

	02 – Wasfi – 10-10:50am
	05 – Alvi – 09-09:50am


	Question #
	Max Marks
	Marks Obtained
	Remarks

	1
	10
	
	

	2
	15
	
	

	3
	10
	
	

	4
	15
	
	

	5
	15
	
	

	6
	10
	
	

	7
	10
	
	

	8
	15
	
	

	Total
	100
	
	


Instructions:

1. Write your name and ID in the respective boxes above and circle your section.

2. This exam consists of 13 pages, including this page, containing 8 questions.

3. You have to answer all 8 questions.

4. The exam is closed book and closed notes. No calculators or any helping aids are allowed. Make sure you turn off your mobile phone and keep it in your pocket if you have one. 

5. The questions are not equally weighed.

6. The maximum number of marks for this exam is 100.

7. You have exactly 120 minutes to finish the exam. Make sure your answers are readable.

8. If there is no space on the front of the page, feel free to use the back of the page. Make sure you indicate this in order not to miss grading it.

9. Reference sheets will be given to you separately. 
Q. 1: [10 marks] Consider the following method for checking if an integer m > 0 consisting of n digits has all of its digits even
public static boolean IsAllEvenDigits(int m) {


if(m == 0)



return true;


else



return((m % 10) % 2 == 0) && IsAllEvenDigits(m/10);

}
(a) [2 marks] Write a recurrence relation representing the time complexity T(n) of this method in terms of n, where n is the number of digits in m. 
(b) [6 marks] Solve the recurrence relation to find the exact expression for T(n).

(c) [2 marks] What is T(n) in terms of big-O notation?

Q. 2 [15 marks] 

(a) [9 marks] Generate the expression tree for the following expression:
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where * represents multiplication.
(b) [6 marks] Write down the post-order traversal of the following n-ary tree.

[image: image2]
Q. 3 [10 marks] Write a method that implements the traversal algorithm that takes as input a binary tree and produces the reverse preorder traversal of the binary tree. For example, for the binary tree below, it should visit the nodes 8 10 9 5 6 7 2 and 3, respectively.

[image: image3]
public void reversePreorderTraversal(Visitor v) 

Q. 4 [15 marks] Consider the following integers 4, 6, 10, 20, 8.
(a) [4 marks] Construct a max-heap in top-down order by inserting the integers one-at-a-time in the order given. Show the resulting heap after construction.
(b) [4 marks] Construct a max-heap in bottom-up order by considering the integers as an integer array. Show the resulting heap after construction.

(c) [2 marks] For the integers given above, which method of heap construction is more time-efficient. Justify your answer.

(d) [5 marks] Write a method public static boolean isMinHeap(int[] arr), which when given an array arr returns true or false based on whether the array is a min-heap or not. Assume that the root of heap starts at index 1.

Q. 5 [15 marks] For the following sentence: she sells sea shells on the sea shore
(a) [3 marks] Construct the table of frequencies for each letter (ignore spaces)

	Letter
	
	
	
	
	
	
	
	
	
	

	Frequency
	
	
	
	
	
	
	
	
	
	


(b) [9 marks] Construct the Huffman code tree. Make sure you show all intermediate steps.

(c) [3 marks] Give the table of codewords corresponding to each letter.

	Letter
	Codeword

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Q. 6 [10 marks] Consider the following AVL Tree. 
	
[image: image4]
	(a) [2 marks] Is this AVL tree balanced? If no, balance the tree by doing necessary rotations and show the newly balanced tree. 




(b) [8 marks] Using the balanced tree from part(a), show the intermediate and final trees when the integers 1 and 4 are inserted, in this order in this AVL tree.
 [Show all steps and rotations involved]
Q. 7 [10 marks] Assuming an initially empty B-tree of order 5, insert the following keys into the B-tree. Make sure you show all the intermediate steps (the structural changes in the tree.)

2, 8, 20, 30, 15, 50, 60, 40, 80, 90, 70, 34, 37, 32, 9, 10, 11
Q. 8 (a) [5 marks] Consider the following B+ Tree of order 3, where each leaf node can hold up to 5 keys.

[image: image5]
Insert the key 48 into the above B+ tree, and show the resulting tree after insertion.

(a) [5 marks] Consider the following B+ Tree of order 3, where each leaf node can hold up to 4 keys. 


[image: image6]
Delete the key 15 from the above B+ tree, and show the resulting tree after insertion.

(b) [5 marks] Given a database system where the size of each block of secondary storage is 2048 byte. Assume the database will store records with the following properties:
i. The search key of each record is a string of 16 bytes.

ii. A reference to a record has a size of 2 bytes.

Propose a suitable B+ tree structure, specifying the order of the B+ tree and the size of each leaf node, that are most suitable for the above application, provided that a reference to a node in the B+ tree has a size of 2 bytes. Make sure you clearly justify your answer. An answer without justification is worth zero marks.
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