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University of M’sila                 Department of Computer Science 

Module: Data Structures and Algorithms 3                                       2nd Year Bachelor's Degree 

Exercise Series 2 (2025-2026) 

Exercise Series N°02 : Sorting Algorithms  

Exercise II.1 (Bubble Sort) 

Q1) Consider a list of 10 elements: 𝒏𝒖𝒎𝑳𝒊𝒔𝒕 = [𝟕, 𝟏𝟏, 𝟑, 𝟏𝟎, 𝟏𝟕, 𝟐𝟑, 𝟏, 𝟒, 𝟐𝟏, 𝟓].  

Display the partially sorted list in ascending order after three complete passes of Bubble 

sort. 

Q2) For the following array 𝒙, show 𝒙 after each of the first two passes of simple selection sort 

to arrange the elements in ascending order: 

𝒊 0 1 2 3 4 5 

𝒙[𝒊] 30 50 70 10 40 60 

Q3) a) For the following array 𝒙, show 𝒙 after each of the first two passes of bubble sort to 

arrange the elements in descending order: 

𝒊 0 1 2 3 4 5 

𝒙[𝒊] 60 50 70 10 40 20 

b) How many passes will bubble sort make altogether? 

c) In what situations will bubble sort make the most interchanges? 

Q4) Show how Bubble Sort sorts the following list 𝒙 = [ 𝑨 , 𝑩 , 𝑫 , 𝑭 , 𝑬 , 𝑪 ] of six items by 

showing the state of the list after each swap. 

Exercise II.2 (Selection Sort) 

Q1) Show the array, A, at the end of each iteration of the outer loop of selection sort. 

Index: 0 1 2 3 4 5 6 

Original array 2 1 3 8 4 6 0 

Q2) Suppose Selection Sort takes 𝟏 𝑺𝒆𝒄𝒐𝒏𝒅 to sort 𝟏. 𝟎𝟎𝟎 𝒊𝒕𝒆𝒎𝒔 on your new laptop. 

Approximately, how long will the same machine take to sort 𝟖 𝒕𝒊𝒎𝒆𝒔 as many 

(𝟖. 𝟎𝟎𝟎 𝒊𝒕𝒆𝒎𝒔)? 

Q3) Identify the number of swaps required for sorting the following list in ascending order using 

selection sort and bubble sort and identify which is the better sorting technique with respect 

to the number of comparisons. 

𝑳𝒊𝒔𝒕 𝟏 63 42 21 9 

Exercise II.3 (Insertion Sort) 

Q1) a) Linear insertion sort has just correctly positioned 𝒙[𝟑] in the following array 𝒙: 

𝒊 0 1 2 3 4 5 

𝒙[𝒊] 20 40 60 30 10 50 

Show 𝒙 after each of 𝒙[𝟒] and 𝒙[𝟓] is correctly positioned. 

b) In what situation will linear insertion sort make the fewest interchanges? 

Q2) Give the worst possible order of input for insertion sort with the following integers: 

𝟏, 𝟐, 𝟑, 𝟒, 𝟓, 𝟔, 𝟕. Assume that the result of sorting should be in ascending order. 
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Q3) The basic operation in the simple selection sort algorithm is to scan a list 𝒙𝟏, 𝒙𝟐, ⋯ , 𝒙𝒏 to 

locate the smallest element and to position it at the beginning of the list. A variation of this 

approach is to locate both the smallest and the largest elements while scanning the list and 

to position them at the beginning and the end of the list, respectively. On the next scan this 

process is repeated for the sublist 𝒙𝟐, 𝒙𝟏, ⋯ , 𝒙𝒏−𝟏, and so on. 

a) Using the array 𝒙, show 𝒙 after the first two passes of this double-ended simple selection 

sort. 

𝒊 0 1 2 3 4 5 

𝒙[𝒊] 30 50 70 10 40 60 

b) Write a function to implement this double-ended simple selection sort. 

c) Determine its computing time. 

Exercise II.4 (Quicksort) 

Q1) Which two techniques reduce the probability of Quicksort taking the worst execution time? 

Q2) For the following array 𝒙.  

𝒊 0 1 2 3 4 5 6 7 8 9 

𝒙[𝒊] 45 20 50 30 80 10 60 70 40 90 

In Quicksort, show the contents of 𝒙 after the function call : Pivot = partition(x, 0, 10); is 

executed , and give the value of the array index Pivot. 

Q3) We make the call:            int Res = partition(Vec, 0, 6); 

for each of the 2 example arrays a given in the table below. Give the arrays after the call, and 

the value returned in Res. Use the partition method with the LAST item used as a pivot. 

 0 1 2 3 4 5 6 Res 

Original array a example 1 13 7 12 8 6 15 10  

Array example 1  after partition         
         

Original array a example 2 17 11 12 16 3 8 9  

Array example 2  after partition         

Q4) We make the call:            int Res = partition(Vec, 0, 6); 

for each of the 2 example arrays a given in the table below. Give the arrays after the call, and 

the value returned in Res. Use the partition method with FIRST item used as a pivot .  

 0 1 2 3 4 5 6 Res 

Original array a example 1 13 7 12 8 6 15 10  

Array example 1  after partition         
         

Original array a example 2 17 11 12 16 3 8 9  

Array example 2  after partition         

Q5) The core of the Quicksort algorithm is the partition algorithm that separates smaller items 

from larger items in an array. Here is an implementation of partition that partitions the values 

from index start to index stop inclusive. 
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public static int partition(String[ ] data, int start, int stop){ 

String pivot = data[start];  

int low = start – 1;  

int high = stop + 1;  

while (low < high){ 

do high-- ; while (data[high].compareTo(pivot) > 0);  

do low++; while (data[low].compareTo(pivot) < 0); 

if (low >= high)  

break; 

String temp = data[low];  

data[low] = data[high];  

data[high] = temp; 

 } 

return high;  

  } 

Suppose the variable data contained the following array: 

𝒊 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

𝒅𝒂𝒕𝒂[𝒊] man jay ram owl eel fly kea hen ant pig tui dab cat gnu bat 

Show the contents of data and mid (the return value) after the statement  

int mid = partition(data, 0, 14); 

Exercise II.5 (Merge Sort) 

Q1) Complete the following diagram, showing the intermediate steps that merge-sort uses to sort 

the following array of integers from smallest to largest. 

 
Q2) Show the array below after each call to the Merge (not Mergesort). Highlight the elements 

that are modified or “touched” by merge. 

Index 0 1 2 3 4 5 

Original array 15 11 12 13 17 10 

Q3) Trace through Merge-Sort on the input (14, 11, 4, 13, 7, 6, 12, 5, 10, 8, 15, 9, 16, 3, 1, 2) 
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Exercise II.6 (Sorting Algorithms) 

The lectures gave code for five common sorting algorithms: Bubble Sort, Selection Sort, • Insertion 

Sort, Quicksort and Merge Sort 

Q1) Each of the examples below shows a different sorting algorithm caught part of the way 

through its operations on an array. Use your knowledge of the algorithms to decide which is 

being used in each case. Each algorithm appears once only. Write your answer below each 

picture. 

  

Algorithm: ………………………….. 

Justification: ………………………… 

Algorithm: …………………………… 

Justification: ………………………… 

  

Algorithm: …………………………… 

Justification: ………………………… 

Algorithm: …………………………… 

Justification: ………………………… 

 

Algorithm: …………………………… 

Justification: …………………………. 

Q2) One algorithm performs much better when most of the items are already in order. Which 

one? 
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Exercise II.7 (Sorting Algorithm Steps) 

For the following array 𝒙 = 𝟎, 𝟒, 𝟐, 𝟕, 𝟔, 𝟏, 𝟑, 𝟓. Show the steps taken for each sort as we have 

learned in the lecture. Sort elements so that the result is ordered from smallest to largest. 

Q1) Bubble Sort 

Q2) Selection Sort. 

Q3) Insertion Sort. 

Q4) Quicksort (Assume that we always choose the last element as the pivot. Show the steps taken 

at each partitioning step.) 

Q5) Merge Sort 

Exercise II.8 (More Sorting Algorithm Steps) 

For the following array 𝒙.  

𝒊 0 1 2 3 4 

𝒙[𝒊] 7 5 4 2 3 

Q1) Demonstrate the changes made by each swap operation of bubble sort in ascending order 

when performed on the 𝒙 array. 

Q2) Demonstrate the minimum valued elements found during each iteration and the changes 

made by each swap operation of selection sort in ascending order when performed on the 

𝒙 array. 

Q3) Demonstrate the changes made by each swap operation of insertion sort in ascending order 

when performed on the 𝒙 array. 

For the following array 𝒚.  

𝒊 0 1 2 3 4 5 6 7 8 

𝒚[𝒊] 8 5 7 2 6 1 4 9 3 

Q4) Demonstrate how the array is sorted by showing which elements are selected as pivot 

elements, how sub-arrays are sorted against these pivot elements, and how the process is 

applied again to each sub-array when a Quicksort is performed on the 𝒚 array. 

Q5) Demonstrate how the array is first split apart, and then how it is merged when merge sort 

when performed on the 𝒚 array: 

Exercise II.9 (Time Complexity & Auxiliary Space & Sorting Algorithm) 

Give the worst-case time complexity for each sorting algorithm, as well as the amount of additional 

memory required (in addition to that needed for input). 

Sort Worst Time Auxiliary Space 

Bubble  … … 

Selection  … … 

Insertion  … … 

Quick  … … 

Merge  … … 
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Exercise II.10 (New Sorting Algorithm) 

Professor Stankowski proposes the following algorithm for sorting an array 𝑽𝒆𝒄 of 𝒏 numbers: 

i) If there is only one number, return. 

ii) If there are two numbers, perform a single comparison to determine the order. 

iii) If there are more than two numbers, then first sort the top two-thirds of the elements 

recursively. Follow this by sorting the bottom two-thirds of the elements recursively and 

then sorting the top two-thirds of the elements again. 

Q1) Write a recursive algorithm to implement the above strategy  

Q2) What is the comparison complexity of Professor Stankowski’s algorithm? Formulate a 

recurrence relation and solve the same to justify your answer. 

 


