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Problem 1: [12 marks] 
 
Consider the following list : 7,5,6,1,3,8,13,25,4,2  
 
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 4 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 2: [3 marks] 
 
Apply merge sort algorithm to sort the list: 10,9,1,5,77,1,9,2,5 in ascending order. 
 
Problem 3: [8 marks] 
 
a) Apply quick sort to sort the list: 5,3,9,7,1,6,2 in ascending order. 
b) apply partition algorithm to partition the list 9,11,7,14,15,10,12,2,11,3,9,6  
 where the pivot is the 6th element in the list. 
(Don’t swap the pivot with the first element) 
c) How many comparison are needed to sort the list 1, 2, 3,4,5,6 in ascending order 
(Justify your answer). 
 
Problem 4: [10 marks] 
 
a) Write in (pseudocode) a divide and conquer algorithm for finding a position of the 
smallest element in an array of  positive integers. n
b) Find the efficiency of the algorithm in part a) using master method. 
c) Find the number of key comparisons in the worst case and best case. 
d) Do you think someone can discover an algorithm to find the smallest position in an 
array which is has better efficiency than you have in part b? Explain . 
 
 



Problem 5: [4 marks] 
 
A d-ary heap is like a binary heap with one possible exception: the non-leaf nodes have d 
children instead of 2. 
 
a) How would you represent a d-ary heap in an array. 
b) Build a minimum 3-ary heap for the list in problem 1 by using bottom up algorithm.  
 
Problem 6: [5 marks] 
 
Design an algorithm for checking whether an array A[1... ] of integers is a binary heap 
or not and determine its time efficiency. 

n

 
Problem 7: [8 marks] 
 
a) Build a binary heap for the list 1,3,10,1,7,5  
( you should decide minimum or maximum binary heap that would required lesser 
number of operation in part b ). 
b) Delete 7 from the heap and then re-build a minimum binary heap ). 
c) Sort the heap in part a in ascending order. 
 
Problem 8: [10 marks] 
 
An array A[1... -1] contains all the integers from 1 to n  with exactly one number 
{1,2,..., }  missing from A. 

n
n

a) Write (in pseudocode) an algorithm to find the missing integer in )(nΟ time and  
additional space. 

)(nΟ

(Hint : use an auxiliary array B[1... ] to record the elements of A ). n
 
b) Write (in pseudocode ) an algorithm to find the missing integer in )(nΟ time and 

 additional space, without ever changing the entries of A . ) 1 (Ο
 
Problem 9: [10 marks] 
 
A sorting algorithm is said to be parsimonious if it never compare the same pair of input 
value twice (Assuming that all input values are distinct). 
Which of the following sorting algorithm is parsimonious? 
a- Quick sort. 
b- Merge sort. 
c- Bubble sort. 
 
for part a, justify your answer with either a counter example or a brief argument. 
(Did you realize why the quick sort is very efficient sorting algorithm in the average 
case?).  
 
  


