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Abstract: - Data structure is a systematic way to organize, manage and store data in a computer's memory so that it can be accessed and
modified efficiently. Sorting is a fundamental operation in data structures that deals with arranging the elements of a list or array in a
specific order. This order can be numerical, alphabetical, or any user-defined order. In computer science, sorting is not just about
arranging numbers, it is about organizing data so that it can be used efficiently. In C programming, sorting algorithms are commonly
applied to arrays using loops, functions, pointers, and sometimes recursion. Time complexity describes how the running time of an
algorithm increases as the input size increases. Space complexity describes how much additional memory an algorithm needs while
sorting. Bubble Sort, Selection Sort, Insertion Sort, and Quick Sort can generally be implemented in-place. The aim of this paper is to
analyse a role of different sorting algorithms in context of time and space complexity.
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1. Introduction

Data structure is a systematic way to organize, manage and
store data in a computer's memory so that it can be accessed
and modified efficiently. It defines the relationship between
the data elements and the operations that can be performed
on that data [1]. Selecting a right data structure makes a
program efficient in terms of both Time and Space. In
today's world, every application deals with a huge amount of
data - Facebook has billions of users, Google handles
millions of searches per second. Without a proper data
structure, handling this data is impossible.

A sorting algorithm is a procedure used to arrange data
elements in a particular order, usually ascending or
descending. Sorting is fundamental in computer science
because organized data makes searching, processing, and
analysis more efficient.

In C programming, sorting algorithms are commonly
applied to arrays using loops, functions, pointers, and
sometimes recursion. Time complexity describes how the
running time of an algorithm increases as the input size
increases. Space complexity describes how much additional
memory an algorithm needs while sorting [2].

Bubble Sort, Merge Sort, Selection Sort, Insertion Sort,
Heap Sort and Quick Sort can generally be implemented in-
place. Sorting is one of the most fundamental and important
operations in data structures. It is the process of arranging a
collection of data elements in a specific logical order. Data
in its raw form is meaningless. Sorting makes it meaningful
and useful.

Sorting is important due to following reasons: -

o Fast: - It is much easier to search an element in sorted
data. Binary Search only works on sorted data.

o Expands Readability: - Sorted data like a dictionary,
phone book, or marksheet is easier for humans to
understand.

o Effective Data Processing: - Many other algorithms like
merging, finding duplicates, finding min/max work much
faster if data is already sorted.

e Basis for other Data Structures: - Sorting is used in
databases, file systems, and operating systems.

e Data Analysis: - It becomes easy to find minimum,
maximum, median and duplicate values.

In other words, without sorting, data is just unorganized
information. Sorting converts it into meaningful and useful
information. Sorting is a fundamental operation in data
structures that deals with arranging the elements of a list or
array in a specific order [3][8]. This order can be numerical,
alphabetical, or any user-defined order. In computer science,
sorting is not just about arranging numbers, it is about
organizing data so that it can be used efficiently.
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Figure 1.1: Classification of Sorting

C language is well suited for implementing and studying
sorting algorithms because it provides direct control over
memory, arrays, pointers, and program execution. Sorting
algorithms mainly work with arrays and element
comparisons, which can be implemented efficiently in C. C
is good for sorting algorithms because it is fast, memory-
efficient, and provides direct access to arrays and memory. It
also makes it easy to implement different sorting techniques
and compare their execution time and memory requirements.
Therefore, C is widely used for learning, implementing, and
analyzing sorting algorithms.
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2. Objectives of the Study

1) To study the comparison and relevance of different
sorting algorithms in data structures.

2) To analyse a role of different sorting algorithms in
context of time and space complexity.

3. Review of Sorting Complexity

The Parameters for Performance Analysis for sorting
algorithms as: -

Time Complexity: Time complexity represents the amount
of time required by an algorithm as the input size increases.
It is generally expressed using Big-O notation.

e Best Case: Minimum time required.

o Average Case: Expected time for a typical input.

e  Worst Case: Maximum time required.

Space Complexity: Space complexity represents the amount
of additional memory required by an algorithm during
execution.

1) Bubble Sort: This sorting repeatedly compares two
adjacent elements. If they are in the wrong order, they are
swapped. Bubble Sort is a simple and comparison-based
sorting algorithm [4][7]. It is used to arrange a list of
elements in ascending or descending order. The basic idea of
Bubble Sort is to compare adjacent elements and exchange
their positions if they are in the wrong order. This process is
repeated for multiple passes until the entire list is sorted.

Table 3: Insertion Sort: Time and Space Complexity

Insertion Sort Time Complexity | Space Complexity
Best Case O(n) 0
Average Case O(n2) 0
Worst Case 0O(n2) 0

4) Merge Sort: This sorting uses the divide-and-conquer
technique. It divides the array into smaller parts, sorts those
parts, and then merges them together. Merge Sort is an
efficient comparison-based sorting algorithm that follows
the Divide and Conquer approach. It divides the array into
smaller sub-arrays, sorts them, and then merges them to
form a sorted array.

Table 4: Merge Sort: Time and Space Complexity

Merge Sort | Time Complexity | Space Complexity
Best Case O(nlog n) O(n)
Average Case O(nlog n) O(n)
Worst Case O(nlog n) O(n)

5) Quick Sort: This sorting also uses divide and conquer. It
selects an element called a pivot and rearranges the array so
that elements smaller than the pivot are placed before it.
Elements larger than the pivot are placed after it. The

process is then recursively applied to the two partitions.

Table 5: Quick Sort: Time and Space Complexity

Quick Sort | Time Complexity | Space Complexity
Best Case O(nlog n) O(n)
Average Case O(nlog n) O(n)
Worst Case On2) O(n)

Table 1: Bubble Sort: Time and Space Complexity

Bubble Sort Time Complexity Space Complexity
Best Case O(n) 0
Average Case O(n?) 0
Worst Case O(n?) 0

2) Selection Sort: This sorting divides the array into a
sorted and unsorted portion. It searches for the smallest
element in the unsorted portion and places it at the
beginning [5][6]. Selection Sort is a simple comparison-
based sorting algorithm. It sorts an array by repeatedly
finding the smallest element from the unsorted part of the
array and placing it at the beginning of that unsorted part.

Table 2: Selection Sort: Time and Space Complexity

6) Heap Sort: This sorting uses a special tree-based data
structure called a heap. For ascending sorting, a max heap is
commonly constructed. The largest element is repeatedly
removed from the heap and placed at the end of the array.
Heap Sort is a comparison-based sorting algorithm that uses
a special binary tree structure called a Heap. It is based on
the heap data structure and is commonly used to sort
elements efficiently. For sorting in ascending order, Heap
Sort uses a Max Heap, where the largest element is always

present at the root.

Table 6: Heap Sort: Time and Space Complexity

Heap Sort Time Complexity | Space Complexity
Best Case O(nlog n) o)
Average Case O(nlog n) o)
Worst Case O(nlog n) o(1)

Selection Sort Time Complexity Space Complexity
Best Case On2) 0
Average Case O(n2) 0
Worst Case O(n2) 0

3) Insertion Sort: This sorting builds the sorted array one
element at a time. Insertion Sort is a simple comparison-
based sorting algorithm. It builds the final sorted array one
element at a time by taking an element from the unsorted
part and inserting it into its correct position in the sorted
part. It works similarly to how people arrange playing cards
in their hands.

4. Comparison of Sorting Algorithms

Sorting algorithms are used to arrange data in a particular
order, usually ascending or descending. The commonly
studied sorting algorithms are Bubble Sort, Selection Sort,
Insertion Sort, Merge Sort, Quick Sort and Heap Sort.
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Table 7: Comparison Table for Sorting

Sorting Best Case | Average Case | Worst Case | Space | Stable | In-Place
Bubble Sort O(n) O(n?) O(n?) o) Yes Yes
Selection Sort O(n?) O(n?) O(n?) o) No Yes
Insertion Sort O(n) O(n?) O(n?) o) Yes Yes
Merge Sort O(n log n) O(n log n) O(nlogn) | O(n) Yes No*
Quick Sort O(n log n) O(n log n) Om? O(logn) | No Yes
Heap Sort O(n log n) O(n log n) O(mlogn) | O1) No Yes

From the comparison, Merge Sort, Quick Sort, and Heap
Sort generally provide better performance for large datasets
than Bubble Sort, Selection Sort, and Insertion Sort.
Insertion Sort is efficient for small or nearly sorted data,
while Merge Sort provides consistent O(n log n)
performance. Quick Sort is often very fast in practice, but its
worst-case performance can be O(n?). Heap Sort guarantees
O(n log n) time with O(1) extra space. For general-purpose
sorting, Quick Sort or Merge Sort is commonly preferred,
depending on memory requirements, stability, and input
characteristics.

5. Results and Discussion

There is no single sorting algorithm that is best for every
situation. Bubble Sort is best for learning basic sorting
concepts, not large datasets. Selection Sort is useful for
understanding selection-based sorting and minimizing
swaps. Insertion Sort is excellent for small or nearly sorted
data. Merge Sort is good when predictable O(n log n)
performance and stability are important. Quick Sort is
excellent practical choice for arrays because of its speed and
relatively low memory requirements. Heap Sort is useful
when guaranteed O(n log n) worst-case performance and
O(1) auxiliary space are important. Performance analysis
shows that Bubble Sort, Selection Sort, and Insertion Sort
have O(n?) average-case complexity and are generally
suitable for small datasets. Merge Sort, Quick Sort, and
Heap Sort are more efficient for large datasets because they
generally provide O(n log n) performance. Merge Sort
provides predictable performance and is stable but requires
additional memory. Quick Sort is usually very efficient in
practice but can degrade to O(n?) with unfavourable pivot
choices. Heap Sort guarantees O(n log n) worst-case
performance while requiring only O(1) auxiliary space.
Therefore, the choice of sorting algorithm depends on the
size and nature of the input, available memory, stability
requirements, and expected performance. C language is well
suited for implementing and studying sorting algorithms
because it provides direct control over memory, arrays,
pointers, and program execution. Sorting algorithms mainly
work with arrays and element comparisons, which can be
implemented efficiently in C. C is good for sorting
algorithms because it is fast, memory-efficient, and provides
direct access to arrays and memory. It also makes it easy to
implement different sorting techniques and compare their
execution time and memory requirements. Therefore, C is
widely used for learning, implementing, and analyzing
sorting algorithms.

6. Conclusion

Sorting converts it into meaningful and useful information.
Sorting is a fundamental operation in data structures that

deals with arranging the elements of a list or array in a
specific order. This order can be numerical, alphabetical, or
any user-defined order. In computer science, sorting is not
just about arranging numbers, it is about organizing data so
that it can be used efficiently. In C programming, sorting
algorithms are commonly applied to arrays using loops,
functions, pointers, and sometimes recursion. Time
complexity describes how the running time of an algorithm
increases as the input size increases. Space complexity
describes how much additional memory an algorithm needs
while sorting. Bubble Sort, Merge Sort, Selection Sort,
Insertion Sort, Heap Sort and Quick Sort can generally be
implemented in-place.
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