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Abstract

Nowadays, cloud computing and virtualization are two major study areas. Unlike in the past, virtualization is being used by 
a growing variety of organizations for power reduction, testing and development, disaster recovery, server consolidation, 
dynamic load balancing, improved system reliability, and security. It also offers high availability for critical applications and 
expedites their deployment and migration. Through cloud computing, information technology resources can be provided to 
end users as services via the Internet. Virtualization is one of these crucial cloud computing core technologies. We provide a 
thorough overview of virtualization in this paper	 . 
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Introduction to Cloud Computing

To put it simply, cloud computing is the practice of 
accessing and storing data and applications via the Internet 
rather than the hard disk of our computer. The Internet can be 
compared to a cloud [1]. Due to its on-demand, pay-as-you-
use model [2]. Which bases payment on client usage, cloud 
computing has cheap operating and capital costs. Through 
internet-connected devices, users can use applications that 
are available remotely and are not located on the work site. 
By doing this, computer resources can be used effectively 
and efficiently, possibly consuming less processing power, 
allowing for cooperative resource sharing [3]. 

The Internet has made it possible to access data and 
applications from anywhere at any time. Juniper research [4] 
predicts that the value of mobile users and enterprise cloud-
based applications will rise greatly. Aepona [5] determines 
MCC (Mobile Cloud Computing) as a new paradigm for mobile 
applications, where data processing and storage are moved 
from mobile devices to powerful and centralized computing 

platforms located in clouds. These centralized applications 
are then accessed over wireless connections based on a thin 
local client or web browser on the mobile devices [6].

Virtualization

When anything is constructed virtually instead of 
physically, it is referred to as virtualization. The integration 
of software and hardware engineering that yields Virtual 
Machines (VMs) and permits the operation of several 
operating systems on a single platform. The most significant 
development in the field of information technology at the 
moment is undoubtedly cloud computing [7]. In computing, 
virtualization refers to the production of virtual-rather than 
actual-hardware, software, platforms, operating systems, 
storage, and network devices [6]. IT enterprises that operate 
in virtualized settings must adapt to and handle numerous 
changes, as the virtual environment is subject to more rapid 
changes than the real environment. Cloud computing is 
scalable and adaptable due to virtualization [8].
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Another way to think of virtualization is as a technique 
that allows the physical resources of a server to be logically 
divided and used as separate, isolated machines known as 
virtual machines. The single CPU multiplies into numerous 
virtual CPUs, RAM multiplies into numerous virtual RAMs, 
and hard disks undergo the same transformation. A 
technology that makes it possible to build an abstract layer of 
system resources and conceal the complexity of the hardware 
and software working environment is virtualization [9,10]. 
The advantages of virtualization include enhanced hardware 
independence, guest operating system separation, and 
virtual machine encapsulation in a single file. Hypervisor 
[11] technology, which is a software or firmware component 
that may virtualize system resources, is frequently employed 
to implement virtualization (Figure 1).

Figure 1: Virtualization.

Literature Survey

Numerous research papers, articles, and books covering 
different facets of virtualization and its integration with 
cloud computing can be found by conducting a literature 
review on virtualization techniques and their function in the 
cloud computing environment. An outline of some important 
topics and sources in this field is provided below [12].

Technologies for Virtualization

Various virtualization methods, including hardware-
assisted virtualization, para-virtualization, and complete 
virtualization, are frequently the subject of research. 
•	 The architecture, design, and use of hypervisors-which 

are essential to virtualization-are examined in papers. 
•	 Xen, KVM, VMware ESXi, Microsoft Hyper-V, 

and Virtual Box are notable technologies [13].  
Performance of Virtualization

•	 Research looks into the CPU, memory, storage, and 
networking overheads related to virtualization 
performance. 

•	 We investigate methods for enhancing virtualization 
performance, including hardware acceleration, 
lightweight hypervisors, and para virtualization [14]. 

Management of Virtual Machines

•	 Numerous facets of virtual machine (VM) management, 
including as resource allocation, migration, provisioning, 
and monitoring, are covered by research.

•	 The topic of virtual machine administration is frequently 
brought up when talking about automation and 
orchestration platforms like Kubernetes, Open Stack, 
and VMware vCenter.

Safety and Seclusion 

•	 The literature examines side-channel attacks, hypervisor 
vulnerabilities, and VM escape assaults as examples of 
security issues in virtualized environments.

•	 Methods like memory encryption, secure boot, and 
sandboxing that improve security and isolation are 
examined [15]. 

Virtualization and Cloud Computing

•	 The integration of virtualization with cloud computing 
platforms and services is covered in papers [16].

•	 The models of Software as a Service (SaaS), Platform as 
a Service (PaaS), and Infrastructure as a Service (IaaS) 
are covered, along with how virtualization makes these 
services possible. 

Resource Allocation and Efficiency

•	 The goal of research is to optimize resource consumption 
in virtualized systems by using methods such as load 
balancing, dynamic resource allocation, and workload 
consolidation [17]. 

•	 Resource management in cloud systems is becoming 
more and more optimized through the use of machine 
learning and AI-based techniques. 

Energy Effectiveness

•	 Research looks at how much energy virtualized data 
centers use and suggests ways to manage virtual 
machines (VMs) and server consolidation more 
efficiently. 
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•	 Initiatives for green computing and methods for cutting 
carbon emissions in virtualized systems are also covered 
[17]. 

Best Practices and Case Studies

•	 Case studies and actual virtualization implementations 

in cloud computing environments from a variety of 
businesses and topics are included in the literature. 

•	 Shared are best practices for creating, setting up, and 
maintaining cloud-based virtualized systems (Table 1). 

Title Description
Virtualization Techniques: Enabling Cloud Computing 

Infrastructure
Emphasizes the enabling role of virtualization in cloud computing 

infrastructure.
A Comprehensive Survey of Virtualization Technologies 

for Cloud Computing
Indicates a thorough examination of various virtualization 

technologies in the context of cloud computing.
Virtualization in Cloud Computing: Techniques, 

Challenges, and Opportunities
Highlights virtualization techniques along with associated 

challenges and opportunities in cloud computing.
Exploring Virtualization Techniques and their Impact 

on Cloud Computing
Suggests an exploration of different virtualization techniques and 

their specific impact on cloud computing.
Virtualization Paradigms: Bridging the Gap in Cloud 

Computing Environments
Emphasizes how virtualization paradigms bridge the gap within 

cloud computing environments.

Table 1: Survey Paper Comparison.

Advantages and Disadvantages of 
Virtualization

Here is a quick rundown of virtualization’s benefits and 
drawbacks [14].

Benefits

•	 Financial savings via consolidated hardware. 
•	 Better scalability and resource utilization. 
•	 Improved backup and disaster recovery capacities. 
•	 Security and isolation advantages. 
•	 Testing and development effectiveness. 
•	 Legacy application support. 

Drawbacks

•	 Overhead in performance. 
•	 The complexity of management. 
•	 Conflict over resources. 
•	 Risk of a single point of failure. 
•	 The price of licensing. 
•	 Security concerns. 
•	 Hardware dependency.

In short, virtualization presents a number of advantages, 
including flexibility and cost savings, but it also presents 
issues that businesses have to cope with, including 
performance overhead and dangers to security [18].

Role of Virtualization in Cloud Computing

Virtualization plays a vital role in cloud computing for 
small firms, but they must take certain unique concerns into 
account based on their needs for and scaling [16].

Cost-effectiveness

Budgets for IT infrastructure tend to be limited in small 
enterprises. Through the use of virtualization, they can take 
use of cloud services, which usually have a pay-as-you-go 
pricing structure, eliminating upfront hardware purchases 
and saving money on recurring maintenance [19,20].

Scalability

Without requiring an important upfront investment, 
virtualization in the cloud allows small enterprises to adjust 
their computing capacity in response to demand. This 
scalability is necessary for helping business expansion and 
adjusts to shifting workloads.

Flexibility

Small businesses may access and control their IT 
resources from any location with an internet connection 
thanks to cloud-based virtualization. This flexibility makes 
resource access and collaboration easy, and is especially 
useful for companies with dispersed or remote personnel 
[21].
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Resource Optimization

Small businesses can maximize resource use and attain 
greater efficiency by utilizing cloud virtualization. They can 
minimize waste and cut costs by accurately configuring 
virtual machines with the CPU, memory, and storage 
capabilities needed by their applications.

Disaster Recovery and Business Continuity 

Robust disaster recovery and business continuity 
solutions are accessible to small businesses through cloud-
based virtualization. In the event of hardware malfunctions, 
natural disasters, or other occurrences, virtual machines 
are quickly backed up, copied, and recovered, ensuring little 
downtime and data loss [22].

Security and Compliance

Cloud service providers usually provide strong security 
protocols and compliance certifications. This is especially 
beneficial for small firms that have little resources and 
experience in IT security [23]. Small organizations may 
effectively safeguard their data and apps through using these 
security features through cloud virtualization. 

Application Development and Testing

Cloud-based virtualization environments are useful for 
application development and testing in small businesses. 
They can test apps independently without harming live 
systems, easily provision virtual machines with varied 
configurations, and experiment with different software 
environments.

Access to Advanced Technologies

Advanced virtualization technologies, such as server 
less computing and containers, are often made available 
by cloud providers [23,24]. These technologies can assist 
small enterprises in modernizing their infrastructure and 
applications without having to make an important upfront 
investment.

Virtualization Techniques

Here’s a quick rundown of virtualization methods [18].

Complete Virtualization

Constructs fully functional virtual machines (VMs) that 
replicate real hardware. Every virtual machine (VM) has its 
own separate operating system.

Para-virtualization

To improve performance and resource usage, the guest 
OS must be modified. 

Hardware-assisted Virtualization

Makes use of CPU capabilities to improve the 
effectiveness and performance of virtualization. Apps and 
their dependencies are packaged into lightweight containers 
that share the host operating system kernel through a 
process called containerization. 

Operating System-level Virtualization

Permits the sharing of the host OS kernel among several 
separate user-space instances, or containers. 

Storage Virtualization

This technique abstracts physical storage resources to 
facilitate effective storage allocation and management [18]. 

Network virtualization

Is a method of separating network resources-firewalls, 
switches, and routers, for example-into a software-based 
model. It makes it possible to build virtual networks that 
function apart from the real network infrastructure. Network 
virtualization is made feasible by technologies that include 
Software-Defined Networking (SDN), Virtual LANs (VLANs), 
and Virtual Extensible LANs (VXLANs) [19].

Characteristics of Virtualization 

Improved Security

Fresh possibilities for providing a safe, controlled 
execution environment arise from the capacity to openly 
manage a guest program’s execution. Usually, the virtual 
machine is the target of all guest program actions, which are 
then converted and applied to the host applications [25].

Managed Execution

The most important features are sharing, aggregation, 
emulation, and isolation. 

Sharing

A separate computing environment can be created on 
the same host thanks to virtualization.
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Aggregation

Though sharing physical resources throughout multiple 
guests is possible, virtualization also makes the opposite 
process possible.

The Use of Virtualization 

•	 Consolidation of servers.
•	 Allocation of Resources.
•	 Savings on the Costs.
•	 Flexibility and Scalability.
•	 The Legacy of Disaster Recovery and Business Continuity.
•	 Testing and Development for Remote Work Enabling and 

Application Support.
•	 IT Education and Training Cloud Usage and Migration 

[25,26].

The Following Hardware and Software are 
needed for Virtualization

Software Prerequisites

•	 Software for hypervisors (such as VMware, Hyper-V, 
KVM, and Virtual Box).

•	 Operating systems that work with both host and guest 
computers.

•	 Software for resource provisioning, monitoring, and 
allocation.

•	 Software for networking to control network traffic.
•	 Software for managing storage.
•	 Software for disaster recovery and backup.

Hardware Prerequisites 

•	 CPU with several cores and hardware extensions for 
virtualization (such as AMD-V and Intel VT-x). 

•	 Enough RAM to support operating several virtual 
computers at once. 

•	 Storage to hold data and virtual machine images Gigabit 
Ethernet or more rapid networking gear.

•	 Motherboard that allows expansion slots and hardware 
virtualization extensions. 

•	 Sufficient cooling and power supply to enable higher 
hardware use. 

•	 Depending on the particular virtualization technology 
and deployment environment, these specifications could 
change [27-30].

Virtualization Types 

An operating system (OS) or application can run in 
numerous virtual instances on a single physical machine 

thanks to a technology called virtualization. Virtualization 
comes in a variety of forms, each with specific applications 
and characteristics (Figure 2) [31]

Figure 2: Virtualization Types.

Server Virtualization

The method of splitting real servers into several virtual 
servers, each running its own operating system and set of 
applications, is referred to as server virtualization. Virtual 
machine monitor (VMM) software, which separates the 
physical hardware resources and controls the virtualized 
settings, makes this process simpler (Figure 3).

Figure 3: Server Virtualization [13].

Client Virtualization

In cloud computing client virtualization is the process 
of virtualizing desktops and programs and delivering them 
to end users via the internet from servers housed in the 
cloud. Many benefits come with this strategy, such as cost 
savings, increased flexibility, better security, and central 
management. A virtual machine (VM) environment on the 
machine used by the user is known as client virtualization. 
Frequently referred to as “endpoint virtualization,” the user’s 
PC operates several virtual machines (VMs), each of which 
comes with an operating system and a collection of apps.

https://medwinpublishers.com/ART/
https://portal.issn.org/resource/ISSN/2997-6197


Advances in Robotic Technology
ISSN :2997-6197

6

Jain R, et al. Survey on Virtualization Technique and Its Role in Cloud Computing Environment. Adv 
Rob Tec 2024, 2(1): 000112.

Copyright© Jain R, et al.

Storage Virtualization

In cloud computing, storage virtualization is the 
abstraction of physical storage resources and the 
development of a virtualized storage layer that is distributed 
over several storage systems or devices. In cloud systems, 
this virtualization layer enables flexible allocation of 
resources and management, improved efficiency, scalability, 
and centralized management. Functional RAID levels and 
controllers are an essential part of storage virtualization for 
storage servers. Device-connected operating systems and 
applications can directly access the drives for writing [32].

Memory Virtualization 

Application-Level Integration

In cloud computing, the process of easily integrating and 
working together various cloud-based services, applications, 
and platforms is known as application-level integration. 
Collaboration across several cloud environments, workflow 
automation, and data exchange are made feasible by this 
integration. By easily integrating and managing interactions 
between various cloud-based services, apps, and data 
sources, application-level integration in cloud computing is 
essential to enabling enterprises realize the full potential of 
technology that is cloud-based (Figure 4) [33].

Figure 4: Integration at the Application Level.

Operating System Level Integration

In cloud computing, operating system-level integration 
refers to the direct integration of cloud resources, services, 
and management tools into the operating system (OS) 
environment. The objectives of this integration are to optimize 
cloud utilization, boost productivity, and improve user 
experience. By enabling smooth access to cloud resources, 
management tools, and security features straight from the 
OS environment, operating system-level integration in cloud 
computing improves the interoperability, manageability, 
and security of cloud environments. Administrators and end 

users alike will benefit from this integration’s streamlining of 
cloud usage and enhanced user experience (Figure 5) [34].

Figure 5: Integration at the Operating System Level.

Software Virtualization

It gives the primary computer the capacity to run and 
build one or more virtual environments. It is used to turn on 
a whole computer system so that a guest operating system 
can function. For example, allows a Microsoft Windows 
operating system to run native on Linux as a guest (or vice 
versa, running Windows as a guest on Linux). 

Software Virtualization Types Are 

•	 Operating systems
•	 Virtualization for applications 
•	 Virtualization for services [32].

Advantages of Software Virtualization

Below is a list of cloud computing software virtualization 
advantages?

Testing

Because testing can be done within the same program 
and no additional hardware is needed, testing the new 
operating system and software on virtual machines, or VMs, 
is simpler. The virtual machine may be moved or deleted for 
additional testing after the test.

Utilization

If software virtualization is tuned correctly, resource 
utilization efficiency is increased. The user can adjust the 
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virtual machine (VM) to suit their needs by changing its 
RAM, storage space, etc. When considering the number of 
physical machines required achieving the same result, a lot 
less hardware is required [35].

Effective

It is effective in that it does not require the utilization of 
12 physical boxes since it can run twelve virtual computers. 
This includes both the cost of power and server maintenance.

Reduced Downtime

As the virtual machines (VMs) are operating, the software 
is being updated. Virtual Machines can be configured to 
switch between operating and non-operating states, leading 
to extremely little downtime

Flexible

It offers the user versatility so they can change the 
software to suit their needs. The change can be completed in 
a matter of minutes, and it can be readily adjusted when the 
workload changes (Figure 6) [34].

Figure 6: virtualization of software. 

Desktop Virtualization 

It offers security and convenience for work. Due to the 
potential of remote access, you can operate on any PC and 
from any location. Employees have a great deal of flexibility 
to work from home or on the go. By keeping sensitive data 
on a central machine, it also guards against data loss or theft. 
Cloud virtualization makes it simple to create new virtual 
servers, saving you the trouble of keeping track of numerous 
ones. It’s important to keep track of everything, including 
how your physical resources are used for virtual resources. 
Look for solutions with user-friendly tools that make it easy 
to measure and track use. Not every scenario may be solved 
by virtualization (Figure 7) [33].

Figure 7: virtualization of desktops [36].

Conclusion

Network virtualization is the method of removing 
networking resources from the physical network 
infrastructure that underpins them. It makes it possible 
to build virtual networks that function in addition to the 
actual network design. More automation, scalability, and 
flexibility in networking are made feasible by this. Cisco ACI 
and VMware NSX are two examples. One of the most current 
advances on the Internet is cloud computing. Virtualization 
is the process of using computer resources to mimic other 
computer resources or entire systems in the context of cloud 
computing [27]. 

AI (Artificial Intelligence) and cloud computing are two 
powerful technological forces that are reshaping the business 
landscape [37]. Let’s explore their symbiotic relationship and 
how they drive innovation, efficiency, and strategy:

Cloud Computing 

•	 The cloud computing market is projected to double from 
its current size to an impressive $947 billion by 2026.

•	 Cloud services provide the essential computing resources 
and infrastructure needed for various applications.

•	 Cloud adoption enables faster scalability, cost savings, 
and flexibility for businesses [33].

Artificial Intelligence (AI) 

•	 The AI market is slated to grow more than  5 times, 
reaching $309 billion.

•	 AI encompasses technologies that enable computers 
to perform advanced functions, such as understanding 
natural language, recognizing patterns, and making 
decisions.
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•	 Machine learning (ML) algorithms are a key component 
of AI, and they require substantial computational power 
for training [38].

The Symbiotic Relationship 

•	 Automation: AI and cloud computing converge in 
automating processes such as data analysis, security, 
and decision-making.

•	 Efficiency: AI streamlines simple tasks, allowing IT 
professionals to focus on more innovative development.

•	 Cost Savings: AI-driven insights can lead to significant 
cost savings within enterprises.

•	 Connected Experiences: AI-powered services like virtual 
assistants (e.g., Alexa, Siri) seamlessly combine cloud 
resources and ML models to enhance user experiences 
[39-42].

Applications of AI in Cloud Computing 

•	 Data Analysis: AI algorithms analyze large datasets 
efficiently, providing valuable insights.

•	 Machine Learning: Cloud systems offer the necessary 
compute power for training ML models.

•	 Server less Computing: AI cloud services enable server 
less architectures.

•	 Container Orchestration: AI enhances container 
management and deployment [43].

AI and cloud computing work together to enhance 
each other’s capabilities.  AI automates complex tasks 
[44], optimizes system performance and improves 
user experiences, while cloud computing provides the 
infrastructure needed to train and deploy AI models at scale.
In terms of virtualization methods, this survey study has 
provided an in-depth review of the research being done in the 
field of cloud computing. We’ve covered a lot of procedures, 
plans, and their subtle elements. Through the Internet, cloud 
computing offers customers a variety of services, including 
data storage computation, and application [31]. Infrastructure 
costs have decreased as a result of the resources that CSPs 
have made available to users. Although the cloud is utilized 
for many different things, compute and storage are two of the 
most common uses. This essay focused on cloud storage. The 
design, models, and challenges associated with cloud storage 
systems were reviewed [44]. It was also done to compare a 
few of the storage features offered by IBM and Amazon, two 
renowned cloud storage service providers.
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