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Problem 1: [15 marks] 
 
a) Apply merge sort algorithm to sort the list: 10,9,1,5,77,1,9,2,5 in descending order. 
b) Apply quick sort to sort the list: 5,4,9,77,1,6,1 in ascending order. 
c) apply partition algorithm to partition the list 10,11,7,1,4,9,15,12,2,11,3,9,6,3  
 where the pivot is the 6th element in the list. 
(Don’t swap the pivot with the first element) 
d) How many comparisons are needed to sort the list 1, 2, 3,4,5,6 in ascending order 
using the quick sort algorithm (Justify your answer). 
 
Problem 2: [8 marks] 
 
Find the total number of key comparison in the average case of the quick sort. 
(Note: If the partition can be happened in each position   i )1( ni ≤≤  with the same 
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approximation of the harmonic series to solve it) 
 
Problem 3: [15 marks] 
 
Consider the following list : 7,5,6,1,5,3,13,25,4,2,11 
 
a) Build a minimum binary heap using bottom up algorithm. 
b) Build a minimum binary heap by successive key insertion (top up algorithm). 
c) Show the steps to delete the node with the value 3 from the heap (rebuild the heap after 
deletion). 
d) Write the array representation for the binary heap in part a, b and c. 
e) Is the binary heap in part a is the same as the binary heap in part b? Why? 
( what is the common and the differences between the binary heap in part a and b ). 
 
 
 



Problem 4:  [20 marks] 
 
Consider the problem of finding the position of the maximum element in array of n  
distinct integers. 
  
 a) Write (in pseudocode) brute-force algorithm to find the position of the maximum 
element of an array of integers using loops.   
b) Convert your algorithm in part a by using recursive algorithm instead of loops and 
without using any global variables.         
c) Write (in pseudocode) divide and conquer algorithm to find the position of the 
maximum element of an array of integers. 
d) Find the efficiency of your algorithm in part a,b and c.                      
e) Show that the algorithm in part a is optimal. 
(We say that an algorithm is optimal if there is no algorithm can perform fewer basic 
operation (both algorithm considered to be in the worst case)). 
[Hint: Show that any other algorithm must perform at least the same number of 
comparison as the algorithm of part a, use the fact that the array has distinct elements.] 
 
Problem 5: [12 marks] 
 
a) Build a binary heap for the list 2,3,1,13,2,8,5  
( you should decide minimum or maximum binary heap that would required lesser 
number of operation in part b ). 
b) Delete 8 from the heap and then re-build a minimum binary heap. 
c) Sort the heap in part a in ascending order. 
 
Problem 6: [12 marks] 
 
a) Construct Huffman code for the following set of frequencies: 
 

LETTER A B C D E F 

Frequency 25 4 11 15 6 18 

 
b) Draw the tree corresponding to the fixed length code and the tree corresponding to the 
optimal prefix code. 
c) if this letter was in a file and we want to compress this file using the Huffman code, 
what will be the compression ratio ? 
 
Problem 7: [12 marks] 
 
Consider the cost matrix C for the assignment problem (assigning n people to n jobs so 
that the total cost is small as much as possible) 
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a) Solve the assignment problem using the best-first branch and bound algorithm. 
b) Solve the same instance with the bound function based on the matrix column rather 
than rows. 
 
Problem 8: [6 marks] 
 
a) Construct huffman code for the following text: 
                    “this is the last assignment” 
b) Using the code in part a), encode “test” 
 
Problem 9: 
Bonus Problem ( Optional ) [10 marks] 
 
Design decrease by half algorithm for computing ⎣ ⎦n2log  and write its efficiency. 
(Hint: First prove that for any ,there exist positive integer  such that 

,then use it to show 
1>i m
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And then start writing your algorithm). 


