IA R\] SET ISSN (O) 2393-8021, ISSN (P) 2394-1588

(@ International Advanced Research Journal in Science, Engineering and Technology
Impact Factor 8.066 :: Peer-reviewed & Refereed journal :: Vol. 10, Issue 12, December 2023
DOI: 10.17148/IARJSET.2023.101214

Understanding Operating System Concepts
Using VR

Gokul St, Dr. Preethi N. Patil?
PG Student, Master of Computer Applications, Rashtreeya Vidyalaya College of Engineering, Bengaluru- 560059

Assistant Professor, Department of Master of Computer Applications, Rashtreeya Vidyalaya College of Engineering,
Bengaluru- 5600592

Abstract: Memory management is a crucial component of operating systems that has an immediate influence on system
performance, stability, and reliability. Operating systems depend on paging, segmentation, fragmentation and swapping
to effectively manage memory and allocate system resources. However, using conventional teaching methods might
make it challenging and hard to learn these concepts. The project “Understanding Operating System Concepts using VR”
seeks to address this issue by providing users with a hands-on, interactive approach to learn these techniques. The
software application offers a visual representation of each memory management technique, allowing users to observe and
understand these concepts clearly. To develop the VR application - Oculus Quest, Unity, C# programming language,
custom 3D models using Blender, and Oculus prefabs will be used. The Oculus Quest VR headset, which is integrated
using unity's oculus assets, will be used to experience the application which provides a self-contained VR experience.
The 3D models for the application will be created using Blender, which will be integrated into unity. C# programming
language will be used to implement memory management concepts. Test runs will be conducted to ensure that the VR
experience is interactive, and that the ideas are conveyed in an innovative and educational way. The program will be
created to be simple to use and accessible, giving curious students a great resource. This project is an innovative way to
teach memory management OS techniques to students and enthusiasts of operating system concepts. Using Unity to
create a virtual reality environment provides an immersive and interactive experience that can help learners better
understand these complex concepts. By visualizing how memory is managed in an operating system, learners can gain a
deeper understanding of how these techniques work and how they affect system performance.
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. INTRODUCTION

Memory management is a crucial component of operating systems that has an immediate influence on system performance,
stability, and reliability. OS depend on paging, segmentation, fragmentation and swapping to effectively manage memory
and allocate system resources. However, using conventional teaching methods might make it challenging and hard to learn
these concepts.

The project “Understanding Operating System Concepts using VR” aims to address this issue by providing users with a
hands-on, interactive approach to learn these techniques. The software application offers a visual representation of each
memory management technique, allowing users to observe and understand these concepts clearly.

To develop the VR application - Oculus Quest, Unity, C# programming language, custom 3D models using Blender, and
Oculus prefabs will be used. The Oculus Quest VR headset, which is integrated using unity's oculus assets, will be used to
experience the application which provides a self-contained VR experience.

The 3D models for the application will be created using Blender, which will be integrated into unity. C# programming
language will be used to implement memory management concepts. Test runs will be conducted to ensure that the VR
experience is interactive, and that the ideas are conveyed in an innovative and educational way. The program will be created
to be simple to use and accessible, giving curious students a great resource.

This project is an innovative way to teach memory management OS techniques to students and enthusiasts of operating
system concepts. Using Unity to create a virtual reality environment provides an immersive and interactive experience that
can help learners better understand these complex concepts. By visualizing how memory is managed in an operating system,
learners can gain a deeper understanding of how these techniques work and how they affect system performance.
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1. BACKGROUND

Traditionally, methods of education have relied on traditional teaching strategies including textbooks, lectures, and
streamlined computer simulations. Although these approaches provide theoretical information, they frequently lack the
hands-on and immersive components required to help students fully understand how memory management works in
actual operating systems.

For many years, the foundation of education has been the use of textbooks and lectures, which provide an orderly and
systematic method of imparting knowledge. Textbooks assemble a plethora of theoretical information that explains
operating system memory management ideas, methods, and techniques. Lectures add to these resources by giving
professors' explanations and perspectives. Nevertheless, these techniques frequently fail to capture the fine details and
complexity of memory allocation, addressing, and management in real-world situations.

Computer simulations are often limited by their simplified form, even if they are useful for visualising complex topics.
They could fall short of accurately simulating the complex and dynamic nature of real operating systems, but they do
their best to imitate memory management procedures in controlled settings. The realism and real-time interactions that
students may experience when learning about memory management in real systems are frequently absent from these
simulations.

Furthermore, additional difficulties and complications are brought about by the changing operating system environment,
which emphasises the necessity for educational techniques to change and offer a more immersive learning approach.
Students may find it difficult to understand the nuances of memory management, including dealing with sophisticated
concepts like memory fragmentation, virtual memory systems, and dynamic allocation algorithms, if they do not have
sufficient hands-on experience or exposure to real-world circumstances.

As a result, the necessity for creative teaching strategies that close the knowledge gap between theory and practice in
memory management education is becoming more widely acknowledged. Increased emphasis is being placed on hands-
on experience with real operating systems, interactive simulations that closely resemble real-world events, and practical
exercises. These more recent methods seek to provide students a greater comprehension of memory management concepts
by putting them in direct contact with the intricacies and difficulties encountered in practical applications.

1. LITERATURE REVIEW

Johanna Pirker et al. [1] this literature review explored the educational potential of 360° virtual reality videos and true
VR experiences. It delves into existing research to assess the impact of these immersive technologies on learning. The
review examines the effectiveness and challenges of integrating 360° VR videos and full VR in educational contexts,
offering insights into their benefits and limitations for enhancing educational outcomes.

Alex N. Attridge et al. [2]envisions the role of virtual reality (VR) in engineering education as a catalyst for innovative
and experiential learning. It discusses how VR technology can transform traditional teaching methods by providing
immersive and interactive learning environments. The paper emphasizes the potential of VR to enhance students'
creativity, problem-solving skills, and understanding of complex engineering concepts. Overall, it highlights VR's pivotal
role in shaping the future of engineering education through dynamic and engaging learning experiences.

Mariapaola Puggioni et al. [3]designed an educational platform to enhance students' learning through Virtual Reality
(VR). Scool AR provides immersive and interactive learning experiences, aiming to improve comprehension and retention
of educational content. The paper discusses how ScoolAR leverages VR technology to create engaging lessons across
various subjects and grades. Ultimately, it highlights the potential of VR-based platforms like ScoolAR to revolutionize
the educational landscape and foster more effective learning outcomes.

Rula Al-Azawi et al.[4] explores the integration of augmented reality (AR) and virtual reality (VR) into educational
methods, assessing their current applications and future prospects. It discusses how AR and VR technologies are
enhancing learning experiences by providing immersive and interactive environments. The paper emphasizes the
potential of AR and VR in transforming traditional teaching approaches, making education more engaging and effective.
Overall, it highlights the growing significance of these technologies in shaping the future of education.

L. Abazi-Bexheti et al.[5] investigates the integration of Virtual Reality (VR) and Augmented Reality (AR) in educational
contexts. It explores current research and developments in using VR and AR to enhance teaching and learning.
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The paper delves into the impact of these immersive technologies on student engagement and educational outcomes.
Overall, it highlights the evolving landscape of VR/AR integration in education and its potential to revolutionize
traditional educational practices.

Federico Terraneo et al.[6] presents a memory management system that relies on feedback mechanisms and employs
active swap-in strategies. It focuses on optimizing memory usage by dynamically swapping data in and out of memory
based on real-time feedback. The paper discusses how this approach can improve overall system performance,
particularly in memory-constrained environments. Ultimately, it introduces an innovative method for efficient memory
management in computing systems.

Kazuhiro Saito et al.[7] introduces a novel page replacement algorithm that utilizes swap-in history for remote memory
paging. It addresses the challenge of efficient memory management in remote memory systems. The algorithm leverages
historical data about past swap-in events to make informed decisions regarding page replacement, improving overall
system performance in remote memory environments. Ultimately, it presents an innovative approach to optimize page
replacement in these contexts.

Qi Zhang et al.[8] introduced as a shared memory swapper designed to enhance the performance of virtual machines
(VMs). This paper focuses on optimizing the execution of VMs by efficiently managing memory allocation and
swapping. It offers a solution that adapts to varying workload demands, ensuring optimal VM performance by
dynamically adjusting memory allocations. Overall, "MemFlex" is presented as a valuable tool for achieving high-
performance VM execution in diverse computing environments.

J.E. Shemer et al.[9] discuss the design of Bayesian storage allocation algorithms for paging and segmentation in
computer memory management. It explores how Bayesian principles can enhance memory allocation decisions. The
paper emphasizes the potential for these algorithms to improve system performance and resource allocation in memory
management systems. Overall, it presents an innovative approach to optimizing storage allocation based on Bayesian
techniques.

M. Milenkovic examines [10]microprocessor memory management units (MMUSs), which are crucial components
responsible for managing memory in a computer system. It discusses the MMU's role in translating virtual memory
addresses to physical memory locations and its significance in ensuring data integrity and efficient memory usage. The
paper highlights the importance of MMUs in modern computer architecture, emphasizing their role in enhancing system
performance and security. Overall, it provides insights into the fundamental functions and significance of MMUSs in
microprocessor design.

Ali Pourganjalikhan et al.[11] presents an adaptive memory management approach tailored for video object segmentation
tasks. It addresses the challenge of efficiently allocating memory resources in dynamic video processing environments.
The paper introduces techniques for dynamically adjusting memory usage based on video content and segmentation
complexity, improving the overall performance of video object segmentation algorithms. Ultimately, it offers a solution
to optimize memory allocation in real-time video processing scenarios.

Tommy Dang et al.[12] outlines the process of establishing a virtual reality (VR) and augmented reality (AR) learning
environment using the Unity development platform. It discusses the key steps and considerations for creating immersive
educational experiences. The paper emphasizes the potential of Unity as a versatile tool for building interactive and
engaging VR/AR educational content. Overall, it provides a practical guide for educators and developers interested in
harnessing Unity for immersive learning environments.

Sa Wang et al. [13]introduces a novel approach to virtual reality (VR) utilizing the Unity3D platform. It presents
innovative methods and techniques for creating immersive VR experiences. This paper highlights the potential of
Unity3D as a foundation for cutting-edge VR applications, offering fresh insights into the development of VR technology.
Overall, it provides valuable contributions to the field of VR by showcasing a new method built on Unity3D.

Tommy Dang et al.[14]explores the implementation of virtual reality (VR) and augmented reality (AR) development in
the classroom and investigates whether it's a passing trend or a valuable educational tool. It evaluates the practicality and
effectiveness of integrating VR and AR into the learning environment. The paper aims to determine if these technologies
are genuinely beneficial for education or simply a temporary hype. Overall, it provides insights into the real-world
implications of VR and AR in the classroom.
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Tero Kaarlela et al.[15] explores the integration of digital twin technology and virtual reality (VR) for enhancing safety
training. It investigates how digital twins can be used to create realistic and dynamic training environments in VR. The
paper focuses on the potential benefits of this combination, such as improving safety awareness and preparedness.
Overall, it showcases the promising applications of digital twin and VR technologies in the context of safety training.

V. METHODOLOGY

The first emphasis on VR technology emphasises the use of tools and methods unique to the development of VR
applications. Building an immersive virtual environment specifically for the purpose of examining memory management
ideas requires a foundational understanding of 3D modelling, interaction design principles, and programming interfaces
such as Unity3D. By utilising these strategies, the developer hopes to establish a learning environment that goes beyond
conventional ways and lets users interact with memory management concepts in a dynamic way.

One important point that was brought up during the planning stage is that the VR scenario has to be carefully detailed
and matched with predetermined learning goals. This stage consists of storyboarding and organising the situation in a
way that encourages user participation and critical thinking in addition to education. An immersive learning experience
was made possible by the scenario's enhanced realism, interaction design, and integration of 3D features. Furthermore, it
is essential to incorporate error situations and feedback systems as these promote hands-on learning opportunities and
allow users to actively investigate and comprehend memory management ideas.

The next stage is all about thorough testing and improvement. In order to find technological flaws and optimise the system
for improved performance, alpha testing is essential. In the meanwhile, beta testing makes use of user input to enhance
usability and functionality. Iterative refinement guarantees an ongoing cycle of improvements by emphasising both user-
centered and technical correctness. The end result of this painstaking process will be a polished, functional, and
interactive VR-based memory management learning system, signifying the project's developmental journey's conclusion.

All things considered, these approaches combine technological know-how, instructional design, and user-centricity to
produce a comprehensive strategy for creating a virtual reality learning environment. Through the incorporation of
immersive experiences, systematic planning, iterative improvement, and user input, the developer hopes to close the gap
between operating system memory management theory and practice.

V. DETAILED DESIGN

Virtual Reality (VR) Environment: The VR environment serves as the backdrop for the entire educational experience.
It includes 3D models, textures, and interactive elements that create an immersive learning space. Users wear VR headsets
to explore and interact with this environment.

Memory Management Scenarios: These are the core components of the VR application. Memory management
scenarios are carefully designed interactive simulations that illustrate concepts like memory segmentation and swapping.
They include visual representations and dynamic elements to facilitate learning.

User Interface (Ul): The Ul in the VR application provides an intuitive way for users to navigate, select scenarios, and
access educational content. It includes menus, buttons, and interactive elements that enhance the user experience.

3D Models: 3D models represent objects within the VR environment. These models can be representations of hardware
components, data structures, or any elements relevant to memory management. They are created using software like
Blender and imported into Unity for integration.

Unity 3D Engine: Unity serves as the development platform for building and deploying the VR application. It provides
tools for scene creation, asset management, scripting, and VR integration.

Interactive Controllers: Interactive controllers, often handheld devices, enable users to interact with objects within the
VR environment. These controllers provide haptic feedback and simulate real-world actions like grabbing and
manipulating objects.

Scenario Building Tools: These are software tools that developers use to create and edit memory management scenarios.

They often include features for adding interactive elements, scripting interactions, and testing scenarios within the VR
environment.
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Animation Controllers: Animation controllers are used to create dynamic movements and actions within the VR
environment. For example, animations can illustrate how data is moved in memory during a swapping scenario.

XR Interaction Toolkit: This toolkit provides a framework for handling VR interactions. It includes scripts and
components for implementing object grabbing, user interfaces, and locomotion within the VR space.

Multimedia Integration: Multimedia elements like audio and video can enhance the learning experience. Audio cues,
for instance, can provide explanations or guidance, while videos can be integrated into scenarios to provide real-world
context.

Memory Management Module: This component manages the flow of data and interactions related to memory
management scenarios. It communicates with the VR environment, user inputs, and developer inputs to ensure the
seamless presentation of educational content.

Scenario Editor: A tool used by developers to create, modify, and test memory management scenarios. It includes
features for placing objects, scripting interactions, and adjusting scenario parameters.

These detailed design components work in harmony to provide a compelling and instructional VR experience. The VR
environment and its scenarios provide an immersive area for learning, while the development tools and components allow
developers to build and modify the instructional material.

The user interface and interaction controls make it accessible and straightforward for users to browse and engage inside
the VR environment, enabling a rich and dynamic learning trip.

VI. EXPERIMENT RESULTS

Figure 6.1 Swapping Memory Management Scene

The screenshot of the swapping memory management scenario provides a visual snapshot of a pivotal concept within the
project "Understanding Operating System Concepts Using VR." In this scenario, users can witness and interact with
dynamic memory management processes, including the transfer of data between main memory and secondary storage.

The screenshot captures a moment in this immersive educational experience, showcasing how data is relocated to
optimize memory utilization. It serves as a visual aid for learners, reinforcing their understanding of memory swapping
within the context of a virtual environment, ultimately enhancing their comprehension of complex operating system
concepts.
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Figure 6.2 Segmentation Memory Management Scene

The screenshot of the segmentation memory management scenario offers a glimpse into the immersive learning
experience of the "Understanding Operating System Concepts Using VR" project. In this scenario, users are presented
with a visual representation of memory segmentation, a fundamental operating system concept. The screenshot
encapsulates a moment when users can interactively explore segmented memory regions and witness how processes are
allocated and managed within these segments. This visual aid not only reinforces users' comprehension of memory
segmentation but also provides a tangible and engaging way to grasp the complexities of memory management in the

context of a virtual environment. It exemplifies the project's commitment to delivering hands-on, educational experiences
that enhance the understanding of intricate operating system concepts.

VII. CONCLUSION

In conclusion, "Understanding Operating System Concepts Using VR," signifies a big leap in memory management
education. The VR application's development has turned difficult concepts like swapping as well as segmentation more

approachable and exciting. By immersing people in a virtual world, it has changed the passive process of learning into a
participatory, unforgettable experience.

A significant milestone of this project is the successful construction and deployment of the VR application. It allows
users to see memory management activities in an unprecedented manner. Positive comments and user engagement

demonstrate VR's potential in enriching education and serve as a model for immersive technology integration across
multiple educational disciplines.

The aim is to further strengthen the VR application and broaden its instructional value. "Understanding Operating System

Concepts Using VR" means not only a project, but a look into the future of education—a future where technology and
immersive experiences transcend the bounds of learning.
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