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	02
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	Instructions:
	
	
	
	


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

1. This exam consists of 4 questions on 9 pages, including this cover page. Also a two page reference sheet will be distributed which you keep it with you. 
2. You have to answer all 4 questions.

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

4. The questions are not equally weighed.

5. The maximum number of points for this exam is 150.

6. You have exactly 120 minutes to finish the exam.

7. 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 for me not to miss grading it.

Question 1 (35 points): Trees, BST, Binary tree traversals
1.  (15 points) Given the following binary tree,  

 SHAPE  \* MERGEFORMAT 



A] (3 points each) What will be the output if the tree is traversed using:

i. The breadth first traversal algorithm 

ii. The preorder depth first traversal algorithm 

iii. The inorder depth first traversal algorithm 

B] (2 points) Determine the height and the size of this tree
C] (2 points) What are the proper ancestors of node 25? 

D] (2 points) What is the degree, the level and the height of node 9? 

2. (4+6 points) Insert 7 in the following binary search tree and then delete 10. Explain clearly your steps.
[image: image2.png]



3.  (10 points) Design and implement a recursive method isSemiBST() that takes a binary tree as a parameter and returns true if the given tree satisfies the following ordering property: 

  -  the key of each node is greater than the key of the left child (if any) and 

  - the key of each node is smaller than the key of the right child (if any) 

Otherwise it returns false. Note that you should not use: any iterative statements, instance or static variables, iterator or traversal methods, or helper methods. 
bool isSemiBST(BinaryTree t){
Question 2 (40 points): Heaps & AVL
Given the following MinHeap:
       SHAPE  \* MERGEFORMAT 



1. (8 points) Redraw the heap after inserting 15 to the above MinHeap. Explain clearly the steps.
2. (8 points) Redraw the heap after extracting the minimum from the original MinHeap. Explain clearly the steps.
3. (18 points) Build an AVL-tree for the following set of numbers inserted to the tree in the given order: 18, 15, 16, 10, 12, 13, 14.  Show each key insertion detail by stating which key inserted, what rotation required (if any), and the tree after insertion. 

4. (6 points) Complete the code for the following method to sort the given array in descending order with the help of a heap data structure.

      public  static void  myHeapSort(Comparable[] array){

Question 3 (50 points): B and B+ trees 
1.  (10 points) Show the resulting tree after deleting the key 33 from the following B-Tree of order 5.

 SHAPE  \* MERGEFORMAT 



2.  (15 points) Insert the following keys, in order, into an empty B-Tree of order 3. Show all intermediate steps. In particular, make sure you show the change in the B-Tree in case of a split.

4 , 15 , 8 , 20 , 7 , 10 , 13 , 12 , 22 , 11

3.  (15 points) Assume that you have a B+ tree of order 50, where each leaf node can hold up to 10 records.

A] Compute the minimum number of records that this tree will hold if it consists of 

i) 1 level.

ii) 2 levels.

iii) 3 levels.

B] Compute the maximum number of records that this tree will hold if it consists of:

i) 1 level.

ii) 2 levels.

iii) 3 levels.

4.  (10 points) Develop an algorithm that is defined on B+ trees that returns all the records associated with keys that are between key k1 and key k2, where k1 < k2 (These are called range queries). You may assume that you have access to methods that search for a certain key in a node and that follow (return a reference to) a certain child of a node.
Question 4 (25 points): Huffman Coding
Consider the following text message between the double quotes: 
“adddacaddabbbbrraa”.

1. (12 points) Build a Huffman coding tree that can be used to encode this message.

2. (5 points) Show each symbol and its Huffman code representation.
3. (3 points) Show the Huffman code for the following last portion of the message: “brraa”.
4. (5 points) Assuming that an uncompressed form of the text message will use one byte per letter, compute the compression ratio of the message. Ignore the space used for storing the Huffman coding tree.
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