
Sorting and Merge Sort 

1. Introduction to Sorting 

What is Sorting? 

Sorting is the process of arranging data elements in a particular order based on a 
specific criterion, usually numerical or alphabetical order. The purpose of sorting is 
to organize data so that it can be accessed, searched, and processed more 
efficiently. When data is sorted, many computational tasks become faster and 
easier to perform. 

In computer science, sorting is considered one of the most fundamental 
operations because many algorithms assume that data is already sorted before 
they can operate efficiently. For example, searching for a student record in a 
sorted list is significantly faster than searching in an unsorted list. 

Sorting can be performed in ascending order, where values increase from smallest 
to largest, or descending order, where values decrease from largest to smallest. 

Example 

Unsorted Data: 

8 3 6 1 9 2 

Ascending Order: 

1 2 3 6 8 9 

Descending Order: 

9 8 6 3 2 1 

 

 

 



Importance of Sorting 

Sorting plays a critical role in modern computing systems. Databases, search 
engines, operating systems, and business applications all rely heavily on sorting 
techniques to manage and process information efficiently. Without sorting, many 
operations would require significantly more processing time. 

Sorted data improves the performance of searching algorithms such as Binary 
Search. It also makes data analysis easier because patterns, trends, and 
relationships become more visible when information is organized logically. 

In practical applications, sorting is used in student record management systems, 
payroll systems, e-commerce websites, inventory systems, banking applications, 
and scientific research databases. 

 

2. Types of Sorting Algorithms 

Sorting algorithms can be classified into different categories depending on how 
they operate. Each category has its own strengths, weaknesses, and ideal use 
cases. Understanding these classifications helps programmers choose the most 
appropriate algorithm for a particular problem. 

Some sorting algorithms compare elements directly to determine their order, 
while others use mathematical techniques or auxiliary structures to achieve sorting 
more efficiently. The choice of algorithm often depends on the size of the dataset, 
available memory, and performance requirements. 

The two major categories are Comparison-Based Sorting and Non-Comparison-
Based Sorting. 

 

A. Comparison-Based Sorting 

Comparison-based sorting algorithms determine the correct order of elements by 
comparing pairs of values. These algorithms repeatedly perform comparison 



operations such as greater than, less than, or equal to in order to decide where 
elements should be placed. 

Most traditional sorting algorithms belong to this category because comparison is 
a simple and general method that works with almost any type of data. However, 
comparison-based sorting algorithms have a theoretical lower bound of O(n log n) 
for average-case performance. 

Examples of comparison-based sorting algorithms include Bubble Sort, Selection 
Sort, Insertion Sort, Merge Sort, Quick Sort, and Heap Sort. 

Examples: 

Compare 8 and 3 
Compare 3 and 6 
Compare 6 and 1 

 

B. Non-Comparison-Based Sorting 

Non-comparison sorting algorithms do not determine the order of elements by 
directly comparing values. Instead, they use additional information about the data, 
such as digit positions, frequency counts, or value ranges, to place elements in 
their correct positions. 

Because they avoid direct comparisons, some non-comparison sorting algorithms 
can achieve linear time complexity under specific conditions. However, they are 
usually applicable only to certain types of data and may require additional 
memory. 

Examples include Counting Sort, Radix Sort, and Bucket Sort. These algorithms are 
often used when sorting large amounts of numerical data with known constraints. 

 

3. Common Sorting Algorithms 

Bubble Sort 



Bubble Sort is one of the simplest sorting algorithms to understand and 
implement. It repeatedly compares adjacent elements and swaps them whenever 
they are in the wrong order. This process continues until the entire list becomes 
sorted. 

The algorithm is called Bubble Sort because larger elements gradually move 
toward the end of the array, similar to bubbles rising to the surface of water. 
Although simple, Bubble Sort is inefficient for large datasets because it requires 
many comparisons and swaps. 

Bubble Sort is mainly used for educational purposes to introduce students to the 
concept of sorting algorithms. 

Example: 

8 3 6 
 
3 8 6 
 
3 6 8 

 

Selection Sort 

Selection Sort works by repeatedly finding the smallest element in the unsorted 
portion of the array and placing it in its correct position. The algorithm divides the 
array into a sorted section and an unsorted section. 

After each pass, one additional element is placed into its final sorted position. 
Although Selection Sort performs fewer swaps than Bubble Sort, it still requires a 
large number of comparisons. 

Selection Sort is easy to implement and understand but is generally not suitable for 
large datasets because its time complexity remains O(n²). 

 

Insertion Sort 



Insertion Sort builds the final sorted array one element at a time. It takes an 
element from the unsorted portion and inserts it into its proper position within the 
already sorted portion of the array. 

This algorithm is highly efficient for small datasets and nearly sorted data because 
it performs fewer operations when the array is already close to being ordered. It is 
commonly used in practical applications for small collections of data. 

Insertion Sort is also considered stable, meaning equal elements maintain their 
original relative positions. 

 

Merge Sort 

Merge Sort is an advanced sorting algorithm that follows the Divide-and-Conquer 
paradigm. Instead of sorting the entire array directly, it repeatedly divides the 
array into smaller subarrays until each subarray contains only one element. 

The smaller sorted subarrays are then merged together in a systematic manner to 
produce a completely sorted array. This approach significantly improves efficiency 
compared to simple sorting methods. 

Merge Sort guarantees O(n log n) performance in all cases, making it one of the 
most reliable sorting algorithms for large datasets. 

 

Quick Sort 

Quick Sort is another Divide-and-Conquer sorting algorithm. It selects a pivot 
element and partitions the array into two groups: elements smaller than the pivot 
and elements larger than the pivot. 

The same process is then applied recursively to each partition until the entire array 
becomes sorted. In practice, Quick Sort is often faster than Merge Sort because it 
requires less additional memory. 



However, its worst-case time complexity is O(n²), which can occur when poor pivot 
choices are repeatedly made. 

 

4. Comparison of Sorting Algorithms 

A comparison of sorting algorithms helps programmers understand the trade-offs 
between speed, memory usage, simplicity, and scalability. No single sorting 
algorithm is ideal for every situation, and each algorithm is designed with different 
objectives in mind. 

Simple algorithms such as Bubble Sort and Selection Sort are easy to understand 
but become inefficient when dealing with large datasets. Advanced algorithms 
such as Merge Sort and Quick Sort provide much better performance and are 
widely used in professional software development. 

The table below summarizes the most important characteristics of common 
sorting algorithms: 

Algorithm Best Case Average Case Worst Case Space 

Bubble Sort O(n) O(n²) O(n²) O(1) 

Selection Sort O(n²) O(n²) O(n²) O(1) 

Insertion Sort O(n) O(n²) O(n²) O(1) 

Merge Sort O(n log n) O(n log n) O(n log n) O(n) 

Quick Sort O(n log n) O(n log n) O(n²) O(log n) 

 

5. Introduction to Divide-and-Conquer 

Divide-and-Conquer is a powerful algorithm design technique used to solve 
complex problems efficiently. The basic idea is to break a large problem into 
smaller and more manageable subproblems, solve each subproblem 
independently, and then combine the solutions. 



This strategy is widely used because solving several smaller problems is often 
easier and faster than solving one large problem directly. Divide-and-Conquer 
forms the foundation of many important algorithms in computer science. 

The technique consists of three main stages: 

1. Divide the problem into smaller subproblems. 
2. Conquer by solving each subproblem recursively. 
3. Combine the solutions to produce the final answer. 

Algorithms such as Merge Sort, Quick Sort, Binary Search, and Strassen's Matrix 
Multiplication all rely on the Divide-and-Conquer strategy. 

 

6. Introduction to Merge Sort 

Merge Sort is one of the most important sorting algorithms in computer science 
because it combines efficiency, predictability, and elegance. It was developed by 
John von Neumann in 1945 and remains widely used today. 

The algorithm repeatedly divides the array into smaller halves until each subarray 
contains only a single element. Since a single element is already sorted, Merge Sort 
then merges these subarrays together in sorted order. 

Unlike Bubble Sort and Selection Sort, Merge Sort maintains a guaranteed time 
complexity of O(n log n) regardless of the input arrangement. Because of this 
consistent performance, it is commonly used in database systems, large-scale 
applications, and external sorting systems where reliability is essential. 

How Merge Sort Works 

Merge Sort is a sorting algorithm that follows the Divide-and-Conquer technique. 
Instead of sorting the entire array at once, it repeatedly divides the array into 
smaller parts until each part contains only one element. Since a single element is 
already sorted, Merge Sort then combines these small sorted parts to create larger 
sorted parts until the entire array becomes sorted. 



The main idea behind Merge Sort is that it is easier to sort many small arrays than 
one large array. After dividing the array into smaller pieces, the algorithm merges 
them back together in sorted order. This merging process is what gives Merge Sort 
its name. 

Merge Sort is considered one of the most efficient sorting algorithms because its 
performance remains consistent regardless of whether the input data is already 
sorted, partially sorted, or completely random. 

 

Example of How Merge Sort Works 

Suppose we have the following array: 

8 3 6 2 

Step 1: Divide 

Split the array into two halves: 

8 3 | 6 2 

Split again: 

8 | 3 | 6 | 2 

Now every subarray contains only one element. 

 

Step 2: Merge 

Merge the first two elements: 

8 and 3 

Sorted result: 

3 8 



Merge the second two elements: 

6 and 2 

Sorted result: 

2 6 

Now merge the two sorted arrays: 

3 8 and 2 6 

Final result: 

2 3 6 8 

Array is now completely sorted. 

 

Merge Sort Visualization 

            8 3 6 2 
           /       \ 
        8 3         6 2 
       /  \        /  \ 
      8    3      6    2 
       \  /        \  / 
       3 8        2 6 
          \      / 
           2 3 6 8 

Notice that the algorithm first divides downward and then merges upward. 

 

How Merge Sort is Implemented in C++ 

Merge Sort implementation consists of two functions: 

1. mergeSort() 



Responsible for dividing the array into smaller subarrays. 

2. merge() 

Responsible for combining two sorted subarrays into one sorted array. 

The recursion occurs inside the mergeSort() function, while the actual sorting 
occurs during merging. 

 

Merge Sort Program 
#include <iostream> 
using namespace std; 
 
void merge(int a[], int left, int mid, int right) 
{ 
    int temp[100]; 
 
    int i = left; 
    int j = mid + 1; 
    int k = left; 
 
    while(i <= mid && j <= right) 
    { 
        if(a[i] < a[j]) 
            temp[k++] = a[i++]; 
        else 
            temp[k++] = a[j++]; 
    } 
 
    while(i <= mid) 
        temp[k++] = a[i++]; 
 
    while(j <= right) 
        temp[k++] = a[j++]; 
 
    for(int x = left; x <= right; x++) 
        a[x] = temp[x]; 
} 
 



void mergeSort(int a[], int left, int right) 
{ 
    if(left < right) 
    { 
        int mid = (left + right) / 2; 
 
        mergeSort(a, left, mid); 
 
        mergeSort(a, mid + 1, right); 
 
        merge(a, left, mid, right); 
    } 
} 
 
int main() 
{ 
    int a[] = {8, 3, 6, 2, 7, 1}; 
 
    int n = 6; 
 
    mergeSort(a, 0, n - 1); 
 
    cout << "Sorted Array: "; 
 
    for(int i = 0; i < n; i++) 
        cout << a[i] << " "; 
} 

Output 

Sorted Array: 1 2 3 6 7 8 

 

Understanding the Program 

Finding the Middle 

int mid = (left + right) / 2; 

This line divides the array into two halves. 

Example: 



0 1 2 3 

Middle: 

(0+3)/2 = 1 

 

Recursive Calls 

mergeSort(a,left,mid); 
 
mergeSort(a,mid+1,right); 

These statements continue dividing the array until only one element remains. 

 

Merging 

merge(a,left,mid,right); 

This statement combines the two sorted halves into one larger sorted array. 

 

Time Complexity of Merge Sort 

To calculate the time complexity, we examine two things: 

1. Number of Levels 

Each division cuts the array into half. 

Example: 

8 
↓ 
4 
↓ 
2 
↓ 
1 



The number of divisions is: 

\log_2 n 

For example: 

n = 8 
 
log₂(8) = 3 

There are 3 levels of division. 

 

2. Work Done at Each Level 

Consider: 

8 elements 

Level 1: 

4 + 4 = 8 

Level 2: 

2 + 2 + 2 + 2 = 8 

Level 3: 

1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 = 8 

At every level, all n elements participate in merging. 

Work per level: 

O(n) 

 

Final Time Complexity 

Total work: 



Number of Levels × Work per Level 
log₂(n) × n 

Therefore: 

O(n log n) 

 

Recurrence Equation 

The recurrence relation for Merge Sort is: 

T(n)=2T\left(\frac{n}{2}\right)+n 

Explanation: 

2T(n/2) 

means solving two smaller subproblems. 

+n 

means merging the two halves. 

Solving this recurrence gives: 

O(n log n) 

 

Space Complexity 

Merge Sort requires an additional temporary array: 

int temp[100]; 

This temporary array stores merged elements before copying them back into the 
original array. 

The size of the temporary storage grows proportionally with the number of 
elements. 



Therefore: 

Space Complexity = O(n) 

 

Best, Average and Worst Case 

One special feature of Merge Sort is that its performance does not change based 
on the input arrangement. 

Case Complexity 

Best Case O(n log n) 

Average Case O(n log n) 

Worst Case O(n log n) 

Unlike Bubble Sort or Quick Sort, Merge Sort always performs the same divide-
and-merge process. 

 

Summary 

Merge Sort is a Divide-and-Conquer sorting algorithm that repeatedly divides an 
array into smaller subarrays and then merges them in sorted order. It is highly 
efficient because it guarantees a running time of O(n log n) in all cases. The 
algorithm requires additional memory for temporary storage, giving it a space 
complexity of O(n). Due to its reliability and predictable performance, Merge Sort 
is widely used in large-scale software systems, databases, and external sorting 
applications. 

 


