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Abstract - Effective algorithm visualization in computer
science education greatly enhances the level of
understanding and interest in the subject. This paper
presents a development and evaluation of a web-based
visualizer of data structures intended for learning sorting
algorithms. Our system allows interactive and dynamic
visualization of various sorting techniques, including
Bubble Sort, Merge Sort, Quick Sort, and Heap Sort. We
provide a real-time graphical display for the user to view
step-by-step executions of such algorithms. This provides
insight into their operational mechanics and performance
characteristics. We present the architecture of the
visualizer, methodologies for algorithm visualization, and
some feedback from users during testing phases. Both
qualitative and quantitative metrics are used for assessing
the improvement in algorithmic understanding. Our
findings indicate that the visualizer significantly enhances
students' understanding of the concepts in sorting
algorithms and that it is indeed a very important tool for
computer science educators and learners alike.

Keywords: Data Structure, Visualizer, Visualization in

computer science, Dynamic visualization.
I. INTRODUCTION

Sorting algorithms form a vital part of computer science;
they find applications right from data processing to real-time
systems. Traditionally, most methods lack the potentials to
clearly explain their dynamic nature and operational details. In
view of this gap, we are developing a web-based visualizer for
data structures that targets sorting algorithms like Bubble Sort,
Merge Sort, Quick Sort, and Heap Sort. It provides an
interactive, real-time graphical representation that is useful in
understanding step-by-step processes of algorithms. By
making this visualizer more intuitive and engaging, it
enhances the learning of concepts regarding sorting algorithms
and will definitely be one of the helpful tools for instructors
and learners alike in computer science education.

1.1 Project Aim and Objective:

This project will implement a web-based visual data
structure visualizer with the purpose of improving
understanding and the educational process concerning sorting
algorithms through interactive and dynamic visualization.
Objectives:

© 2024-2017 IRJIET All Rights Reserved

1. Design and Development: Develop an intuitive web-
based platform that will facilitate the illustration of
various sorting algorithms, namely Bubble Sort, Merge
Sort, Quick Sort, and Heap Sort. The user must be
allowed to interactively engage in the sorting processes
in real time using the platform.

2. Interactive Visualization: Embed interactive graphical
elements to enable users to go step-by-step through every
stage of the sorting algorithms by underlining the most
important  operations:  comparisons, swaps, and
movements of data.

3. Learning Efficiency: Establish the efficiency of the
visualizer in comprehensively learning different sorting
algorithms through tests and solicitation of user
feedback. Perform qualitative and quantitative analysis
of several metrics to establish the impact on learning
outcomes.

4. Usability and Accessibility: The visualizer needs to be
user-friendly and accessible to meet a wide range of
users' needs, from novice to advanced. The interface
therefore needs to be structured in a way that its use and
interaction are relatively easy.

1.2 System Objectives:

The system shall be designed to provide the primary
function-a web-based, interactive visualizer capable of
dynamically displaying real-time graphs of the following
sorting algorithms: Bubble Sort, Merge Sort, Quick Sort, and
Heap Sort. This system intends to fortify the user's
understanding by allowing them to visually trace along and
interact with these sorting processes. The key features are
step-by-step execution, immediate visual feedback on
operations, and intuitive controls that make the activities
highly engaging yet easy to perceive by the user.

Meanwhile, the system is designed to be user-friendly
and accessible across devices and browsers, hence a DDA-
compliant system that should find application in serving a
wide range of learning needs.

Accompanied by detailed documentation and support, the
visualizer tries to support both learners and educators in
teaching and understanding sorting algorithms more
effectively in order to improve educational outcomes and
foster a more interactive learning environment.
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1.3 Background of Project:

Sorting algorithms are the backbone of computer science,
very important in efficiently processing and organizing data. It
plays an integral part in most computing tasks, from database
management systems to real-time systems. However, the
abstract nature of sorting algorithms most often makes the
intricacies of various sorting algorithms hard to grasp with
theoretical explanations and static diagrams.

Recent developments in educational technologies have
created new opportunities to address these challenges. These
come in the form of interactive visualizations that allow a
viewer to experience algorithmic processes in real time
through graphical means. Thus, observing sorting algorithms
in interaction will convey an intuitive sense of their operating
principles and relative efficiencies more clearly to the learner.
This project continues this educational trend by developing a
web-based data structure visualizer destined for sorting
algorithms. In such a way, the tool will narrow the gap
between theory and practice, make the learning process more
interactive, and easy for both students and educators alike.

Il. COMPONENTS
2.1 Software Components for Processing the System:
1. Frontend Components:

Mainly, HTML, CSS, and JavaScript are the foundational
technologies availed. Your system design focuses on browser-
based processing without an actual need for a server-side
backend.

2. HTML (User Interface Structure):

Defines the structure of a web page, which includes the
structure of the buttons and input fields for algorithm selection
and the graphical canvas to render the data being sorted.

Makes a simple interface to choose any of the sorting
algorithms and array size with a button to begin the operation
of sorting.

3. CSS (Styling and Basic Animation):

Styles the interface and visualization elements, such as a
bar and block, to make it look good.

Basic animations-color change, hover, layout adjustment,
etc.-should be handled inside the visualizer.
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4. Javascript [Core Logic and Interaction]:

Implementation of Sorting Algorithms: Java functions
implementing each sorting algorithm, for example, Bubble
Sort, Quick Sort, etc.

Data Generation: Functions that generate random arrays
and/or take input from the user for an array to sort.

5. Version Control & Collaboration:

GitHub Repository: GitHub handles the version control
to make it easy for collaborators and to deploy easily. In case
it is required, a website can also be hosted on GitHub pages.

1. METHODOLOGY

The following will be the steps for the Data Structure
Visualizer project:

1. Planning and Requirement Analysis:

Define the objective: To design a web-based sorting
algorithm visualizer using HTML, CSS, and JavaScript.

2. Design Phase:

a. Design a simple user interface with controls for users
to select any algorithm and visualization elements-data
representation with bars or blocks.

3. Development Phase:
HTML.: Give the structure to the webpage.
CSS: Style the interface by adding basic animations.

JavaScript: Sorting algorithms will be implemented along
with real-time data visualization and user interaction
management..

4. Deployment Phase: Version control is done using GitHub.
For hosting to go online, use GitHub Pages. 6. Documentation
Phase: This will involve thorough documentation on the code
and features of the projects. This will get the project ready for
future reference or presentation.

IV. RESULT

The Data Structure Visualizer project is an exhaustive,
interactive, web-based system that provides help to understand
various data structures and algorithms. Here are the contents
of the homepage of this website:
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4.1 Data Structures Visualizations:

4.1.1 Arrays: Array visualizations have been done for linear
search, binary search, and sorting algorithms. A user can get a
feel as to how elements are searched for, using different search
algorithms and how elements are sorted using different sorting
algorithms.

Data Structure Visualizer

Home  About  Contact  Feedback

In computer science, an array is a data structure consisting of
a collection of elements (values or variables), of same
Arroy memory size, each identified by at least one array index or
el Bt 8= key. An array is stored such that the position of each element
can be computed from its index tuple by a mathematical
formula.[1][2][3] The simplest type of data structure is a linear
array, also called one-dimensional array.

Ay

Stack is a linear data structure that follows a particular order
stack in which the operations are performed. The order may be
Data Ehuchire LIFO(Last In First Out) or FILO(First In Last Out). LIFO

implies that the element that is inserted last, comes out first

and FILO implies that the element that is inserted first, comes

Figure 1

4.1.2 Stacks: Some basic visualizations present stack

operations, push and pop.

Stack

ttem 1:23
ttem 2: 98

Psh o

Figure 2

4.1.3 Queue: Offers visualizations of the operations in a
queue, enqueue and dequeue.

This page says

Enqueue Operation:

1. Enqueue operation adds an element to the
back (also known as rear) of the queue.

2. ltinserts the new element after the existing
elsments in the queue

3. The enqueue operation is analogous to adding
people to the end of a line or queus in real-ife
scenarios.

4. After the engueue operation, the new element
becomes the last element in the queve.

Queue

ttem 1: 79
Item 2: 66
Dequeue Operation:
Enquove  Doguove 1. Dequeue operation removes and retums the
element from the front of the queue.
2.1t retrieves and removes the oldest (first)

element from the queue.

3. The dequeue operation is akin fo serving the
person at the front of the line or queue in real-ife
scenarios.

4. After the dequeue operation, the second
element in the queue becomes the new front

Figure 3
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4.1.4 Linked Lists: Offers a view to the structure and
manipulation of the linked list, including insertions and
deletions.

e st is & undamental ata strcture NGAMPUREYt  Contat
science. It consists of nodes where each node contains data

and a reference (link) to the next node in the sequence. This
allows for dynamic memory allocation and efficient insertion

and deletion operations compared to arays.

Linked List

Data Structure

Figure 4

4.1.5 Trees: Offers visualization of tree structures with
common operations such as insertions and deletions. Common
traversal methods in a tree.

Atree data structure is a hierarchical structure that is used to
Tree represent and organize data in a way that is easy to navigate
Data Structure and search. It s a collection of nodes that are connected by
edges and has a hierarchical relationship between the nodes.
The topmost node of the tree is called the root, and the nodes
below it are called the child nodes.

Figure 5

4.1.6 Graphs: It includes basic visualizations of graph data
structure and standard algorithms such as DFS and BFS.

Data Structure Visualizer Homet  IAboN: oiact
A Graph Data Structure is a collection of nodes connected by
Graph edges. It's used to represent relationships between different
Data Structure entities. Graph algorithms are methods used to manipulate
and analyze graphs, solving various problems like finding the
shortest path or detecting cycles

Gagh

Figure 6

4.2 Algorithm

4.2.1 Array: Offers linear search and binary search in the
array.

8000000

Enter a number to search: [

Figure 7
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4.2.2 Video Lectures on Sorting Algorithms: It shows a
variety of sorting techniques, including Bubble Sort, Merge
Sort, Quick Sort, and many others. In each one of them, it
visually demonstrates step by step how a certain algorithm
will sort an array.

SIZE OF THEARRAY: e

SORTING VISUALIZER
SPEED OF THE
ALGORITHM:

GENERATE NEW
v

—_—
BUBBLE SlS8=eyjle INSERTION MERGE QUICK HEAP

TIME COMPLEXITY SPACE COMPLEXITY

Worst casa: O(N*2) Worst case: o(1)
Average case: O(NA2)

Bost case: Q(N2)

Figure 8

V. CONCLUSION

The Data Structure Visualizer project effectively creates
an engaging web-based tool for better comprehension of the
most important data structures and algorithms. This tool will
let users visualize the workings of these structures with
interactive visualizations for arrays, stacks, queues, linked
lists, trees, and graphs. Furthermore, it provides real-time
animation of sorting algorithms and basic operations,
enhancing the educational experience for users by showing, in
action, this generally complex process.

The project contributes to the learning and teaching of
basic computer science interactively. It makes the study of
data structures and algorithms intuitive by putting together
detailed visualization with interaction.

VI. FUTURE SCOPE

The Data Structure Visualizer project has lots of possible
extensions and improvements. Among the foreseen
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Visualization: Enhance the visualizations using more
detailed graphics and animations. You could use WebGL
to show 3D visualizations or add more learning content,
like the complexity analysis of algorithms.

Cross-browser  compatibility: Compatibility should
ensure the best experience from any kind of
device/browser, adding mobile devices support.
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