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1|Introduction    

The growth of cloud computing has raised the need for information security and left some other non-

traditional security hazards. There is a pressing requirement for an intensified research effort into technology 

that can enhance security measures in various types of cloud computing applications, thereby supporting 

infrastructure, goods, and technologies meant to provide safety. Many products offer cloud computing [1]. 

The rapid growth of centralized computing has meant that information security is undoubtedly a vital issue, 

and some new types of insecurity have emerged. Research must be done to create more secure cloud-based 

services for companies to use. This will help to support the technology, infrastructure, and security goods for 

cloud computing applications as well as services. Some global Information Technology (IT) enterprises have 

unveiled many products based on cloud computing, but it still poses considerable security challenges [1]. It 

has experienced few cases of breaches; furthermore, the term' cloud computing' itself has become common 

among people who are increasingly enlightened about it. Today, when using or moving towards clouds, there 

are mostly security issues that attract attention more than ever before, hence becoming the greatest problem 
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  now. Without resolving this problem, the cloud would not help industries transform or upgrade applications 

easily. Therefore, studies should be carried out in the field of cloud computing security with great practical 

significance. These problems include increased threat levels because of the proliferation of computing within 

organizations and accompanying sensitive data movement trends; besides, system administrators cannot 

know all the objects on their network ultimately since devices like tablets keep emerging every day [2]. This 

is due to a few security incidents, as well as the widespread adoption of the cloud computing concept and 

people's growing awareness of it. As a result, security is now the most significant concern when using cloud 

computing or migrating to the cloud. This problem is not solved; cloud computing would be complicated for 

industrial upgrading and applications. Therefore, cloud computing security research has important practical 

significance. 

      1.1|Cloud Security 

Cloud security is provided as a service. Software as a Service (SaaS), Platform as a Service (PaaS), and 

Infrastructure as a Service (IaaS) are examples of services that have emerged because of XaaS. In today's 

world, cloud computing is a significant factor that contributes to the development of the industry and other 

sectors. This is an emerging field that has been explored from several viewpoints, including SOA, service-

oriented architectures, and cloud virtualization. Cloud computing is an emerging field in which computing 

services are available as internet-based services. This is emerging, but it comes with some issues and 

challenges. Whenever it comes to data theft, this is an area of concern. 

      1.2|Virtualization 

Virtualization has become important again in improving system security and helping deliver the value of cloud 

computing. It enables businesses to reduce IT costs while increasing the efficiency, utilization, and flexibility 

of their existing computer hardware. Academics focus on cloud computing security and have hosted 

worldwide conferences on the topic. Our expertise includes cloud computing research, deployment, policy, 

and security. Berkeley cloud computing white paper problems list the consequences faced [2]. The paper [3] 

covered cloud storage, put forth concepts for a cloud storage system's architecture and touched on pertinent 

problems, like storage security, but it omitted the necessary remedy. The articles covered the problems with 

cloud computing's privacy, security, and credibility, as well as some potential solutions to boost trust and 

security. The adoption of cloud Infrastructure-as-a-Service (IaaS) is hampered by multi-tenancy, in which 

numerous tenants share the underlying physical infrastructure provided by a cloud service provider. In the 

context of a public cloud, a tenant could be an enterprise, whereas, in the case of a private cloud, it could be 

a department inside a business. Virtualization technology enables the service provider to save costs by 

delivering virtualized hardware resources like virtual machines, virtual storage, and virtual networks as a 

service to multiple tenants. For example, a tenant's virtual machine may be hosted on the same physical server 

as that of many other tenants. It is well known that the isolation of the execution environment provided by 

hypervisors, which enable virtualization technology, has various disadvantages [4]. 

Experts have also directed their focus to cloud computing security, hosting multiple international conferences 

on the subject and conducting research on cloud computing technology, deployment, policy, and security 

concerns. Ten obstacles and possibilities related to cloud computing have been listed in the Berkeley cloud 

computing paper [3]. Bijon et al. [4] discussed cloud storage, put out concepts for a cloud storage system's 

construction, and touched on pertinent problems, including storage safety, but it omitted the necessary 

remedy. The papers covered the problems with cloud computing's privacy, security, and credibility, as well as 

some potential solutions for improving trust and security. A quantitative approach to risk assessment and the 

security effects of cloud computing was provided in the article [3]. In this paper, we will survey and verify 

cloud security and virtualization, their impact on security, and future possibilities. We present the details of 

cloud security solutions as well as virtualization, highlighting their features, advantages, potential security 

problems, and flaws, with a focus on their deployment in the cloud. I am also looking forward to correcting 

the flaws and trying to come up with the solution needed for the deployment soon. 



Cloud Security and Virtualization 

 

36

 
  

 

Fig. 1. Virtualization with cloud computing. 

 

2|Literature Review 

Cloud security is a set of policies, strategies, controls, procedures, and practices designed to protect the data, 

resources, and applications hosted on the cloud from various threats. Cloud security entails multiple aspects, 

such as data center security, access control, threat prevention, detection and mitigation, redundancy, legal 

compliance, and cybersecurity policy. Virtualization technology has been adopted at a significant level by 

many data centers in the industry. It provides benefits like server consolidation, live migration, data security, 

and less power consumption. At the same time, storage virtualization abstracts physical storage (SAN, NAS) 

resources from front-end applications running in the system. Storage virtualization is helpful for maintaining 

large volumes of data with a continuous backup facility. Bele and Desai [5] look at the idea or concept of 

virtualization beyond mere server virtualization and give us other lines to explore when looking at the value 

of virtualization overall. Any technology that really permeates the market typically can perform multiple 

functions but is usually part of a larger technology. The main research questions addressed by the literature 

review are: 

I. What are the benefits of cloud security for organizations and users? 

II. What are the main challenges and risks associated with cloud security? 

III. What are the current and future developments and trends in cloud security? 

Identification of cloud security as: 

I. Security democratization: cloud security enables organizations to access advanced security solutions and 

services without requiring extensive resources or expertise. 

II. Continuous visibility: cloud security provides organizations with real-time monitoring and reporting of their 

cloud assets and activities, enhancing their situational awareness and accountability. 

III. Increased resiliency: cloud security enhances the availability and reliability of cloud services and resources, 

reducing the impact of disruptions and disasters. 

IV. Comprehensive defense: loud security offers a holistic and multi-layered approach to protect cloud assets 

from a wide range of existing and emerging threats, such as DDoS attacks, malware infections, data breaches, 

and identity theft. 

V. Automated regulatory compliance: cloud security helps organizations meet the legal and ethical requirements 

and standards of their industry and jurisdiction, reducing the risk of violations and penalties. 

The cloud computing infrastructure's virtualization methods inherently provide a vulnerable surface. The 

following are the main security issues we can see in a cloud situation. Privilege user access: to reduce the 



 Panda et al. |Manag. Anal. Soc. Insights. 1(1) (2024) 34-42 

 

37

 
  possibility of high privilege role abuse, only a small group of trustworthy users should be able to access 

sensitive data in the cloud. Reliability and availability: the cloud provider must build up an efficient replication 

and recovery strategy to restore services in the event of a security breach-lack of data/computation isolation: 

One instance of client data must be totally isolated from data belonging to other customers [6]. The autonomy 

of position in the way but to some extent position independence, that is, the user does not know and can't 

control their resource's physical location while in case some of them have a virtual position at the higher 

abstract levels such as country, state, province or data center. This word has many meanings because there 

are different books. There was no strict definition of virtualization during its formative stage, as it was usually 

used undefinedly. Virtualization is generally taken to be a method where computer components operate on a 

hypothetical base rather than a real one and can be seen as a solution for simplification of management and 

optimal usage of resources [7]. 

 2.1|Cloud Security Framework and Benefits 

To start with, a cloud security architecture is an integrated set of guidelines and techniques on application and 

data protection aimed at organizations' ability to securely deploy and manage their applications and data in 

the cloud computing environment. A cloud security architecture is also capable of managing these issues, 

particularly due to the use of a cloud, such as the volatile nature of a setup that includes cloud-based elements, 

the evolving threat landscape, and the division of responsibility between service providers and their clients. 

Apart from that, by implementing cloud security architectures, organizations can meet industry-specific and 

jurisdiction-specific security requirements and comply with regulations [6]. There are different frameworks 

for cloud security, such as ISO/IEC 27017, CSA STAR, CIS, and MITRE ATT&CK, among others. Based 

on their scope, objectives, and approach, a particular framework may be most beneficial for cloud service 

suppliers' customers at different levels or types.   

Fig. 2. Cloud computing framework. 

Visibility cloud security enables organizations to monitor and report their cloud assets and activities in real 

time, enhancing their situational awareness and accountability. Higher availability of disasters. Effective 

attacks. Data mechanisms and pay cloud security allows organizations to access advanced security solutions 

and services without requiring extensive resources or expertise and only pay for what they use. 

2.2|Virtualization Framework and Access Control 

The virtualization security framework is organized effectively into two modules: virtual system security and 

virtualization security management. Two modules perform their duties without disturbing each other so that 

the entire framework can be more efficient. The virtual system security consists of three layers [7]. the first 

layer is the physical resource layer. The second layer is VMM, which is the most essential layer that should be 
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  heavily facilitated with security mechanisms to protect VMs from running. The top layer is VMs that provide 

virtualization services to consumers [8], [9]–[11].  

 

Fig. 3. Virtualization with cloud computing. 

 

2.2.1|Instruction set architecture level 

It is an abstract model of a computer. It is also referred to as architecture or computer architecture. A 

realization of an Instruction Set Architecture (ISA) is called an implementation. An ISA permits multiple 

implementations that may vary in performance, physical size, and monetary cost (among other things) because 

the ISA serves as the interface between software and hardware. Software that has been written for an ISA can 

run on different implementations of the same ISA. This has enabled binary compatibility between different 

generations of computers to be easily achieved, as well as the development of computer families. Both 

developments have helped to lower the cost of computers and to increase their applicability. For these 

reasons, the ISA is one of the most essential abstractions [8], [12], [13]. 

2.2.2|Hardware abstraction layer level  

Virtualization at this level exploits the resemblance in guest architectures and host platforms to cut down the 

interpretation latency. The virtualization technique helps map the virtual resources to physical resources and 

use the native hardware for VM computations. When an emulated machine communicates the physical 

resources, the simulator takes over and multiplexes appropriately. It is performed on top of the bare hardware. 

This approach generates a VM in a virtual hardware environment. Computer resources such as processors, 

memory, and I/O devices are virtualized. The objective of this virtualization is to increase the hardware 

utilization by multiple users concurrently. Examples: Xen, VMware, VirtualBox, Virtual, Denali, User-Mode- 

Linux (UML), and Plex86 [14]–[16]. 

2.2.3|Operating system level  

Operating-system-level virtualization, also known as containerization, refers to an operating system feature in 

which the kernel allows the existence of multiple isolated user-space instances. Such instances, called 

containers, partitions, Virtualization Engines (VEs), or jails (FreeBSD jail or chroot jail), may look like real 

computers from the point of view of programs running in them. A computer program running on an ordinary 

operating system can see all resources (connected devices, files and folders, network shares, CPU power, 

quantifiable hardware capabilities) of that computer. However, programs running inside a container can only 

see the container's contents and devices assigned to the container [17], [18]. 
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2.3|Research Gap 

In spite of notable progress in cloud computing and virtualization technologies, a significant gap in research 

persists concerning the intricate relationship between security measures and virtualized environments within 

cloud infrastructures. While current literature provides insights into general best practices for cloud security 

and virtualization methods, there's a scarcity of exploration into the specific complexities and vulnerabilities 

that arise when these two domains intersect. Furthermore, there's a noticeable absence of empirical studies 

evaluating the effectiveness of security controls tailored for virtualized cloud environments, which leaves 

organizations seeking guidance on securing their cloud deployments without practical direction. Moreover, 

the rapid evolution of cloud architectures and virtualization platforms introduces dynamic complexities that 

warrant further investigation. Emerging trends such as containerization, serverless computing, and edge 

computing add layers of complication to the security landscape, yet research efforts have yet to fully elucidate 

their implications on cloud security within virtualized contexts. 

Additionally, there's a gap in research focusing on the socio-technical aspects of cloud security and 

virtualization, including factors such as human behavior, organizational culture, and governance frameworks 

in mitigating security risks. Closing these research gaps is critical for developing comprehensive strategies to 

secure cloud-based systems leveraging virtualization technologies effectively. Future research endeavors 

should prioritize empirical studies that assess the efficacy of security measures tailored to virtualized cloud 

environments alongside interdisciplinary inquiries that consider both technical and socio-organizational 

dimensions of cloud security. By addressing these gaps, researchers can offer actionable insights to inform 

the design, implementation, and management of secure cloud infrastructures in an increasingly virtualized 

landscape. 

In modern computing environments, cloud security and virtualization play crucial roles. Evaluating existing 

models is essential to effectively address security challenges. This paper presents a comparative analysis 

methodology for assessing these models. 

2.3.1|Review of existing models 

Prominent models, frameworks, and approaches for cloud security and virtualization are identified and 

reviewed. Notable examples include the Cloud Security Alliance (CSA), Cloud Controls Matrix (CCM) [19], 

NIST Special Publication 800-144 [20], and ISO/IEC 27017 [8]. Each model's essential features, strengths, 

and limitations are summarized. Criteria for evaluating model effectiveness and suitability are defined. Factors 

such as comprehensiveness, scalability, adaptability to different cloud architectures, and alignment with 

industry standards and best practices are considered. Stakeholder and expert feedback are incorporated. A 

systematic comparison of identified models is conducted based on evaluation criteria. Key features, strengths, 

and weaknesses are compared side-by-side, highlighting similarities and differences in approach, scope, and 

applicability. Case studies or real-world examples illustrating model applications in various cloud 

environments are included. Practical considerations, such as implementation challenges, resource 

requirements, and organizational readiness, are discussed. The effectiveness of each model in addressing 

specific security concerns and mitigating risks is analyzed. Gaps and limitations in existing models are 

identified based on the comparative analysis. Opportunities for improvement and enhancement to address 

emerging threats and technological advancements are explored. Recommendations for future research 

directions and model development are proposed. The findings of the comparative analysis are summarized, 

providing insights into existing model strengths and weaknesses. Recommendations are offered for 

organizations seeking to select or adapt models for their cloud security initiatives. 

3|Findings from Analysis 

The comparative analysis of existing models for cloud security and virtualization revealed several key insights 

into the strengths, weaknesses, and applicability of different approaches: 
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  I. Cloud security models: the review highlighted diverse frameworks such as ISO/IEC 27017, CSA STAR, 

CIS, and MITRE ATT&CK, each offering unique perspectives on cloud security architecture and benefits. 

While ISO/IEC 27017 emphasizes industry-specific security requirements and regulatory compliance, CSA 

STAR focuses on transparency and assurance in cloud service provider evaluations. CIS offers prescriptive 

security controls, whereas MITRE ATT&CK focuses on adversary tactics and techniques. Understanding 

the scope, objectives, and approach of these frameworks is crucial for organizations to select the most 

suitable model based on their specific needs and requirements. 

II. Benefits of cloud security: the analysis underscored the multifaceted benefits of cloud security, including 

visibility, higher availability, adequate protection against DDoS attacks, data security, and pay-as-you-go 

flexibility. Cloud security enables organizations to access advanced security solutions without requiring 

extensive resources or expertise, enhancing their ability to meet legal and ethical requirements while reducing 

the risk of violations and penalties [21], [22]. 

III. Virtualization security frameworks: in exploring virtualization security, the study identified the importance 

of effective organization and management, mainly through virtual system security and virtualization security 

management modules. Understanding the layers of virtualization, from the physical resource layer to VMs, 

is essential for implementing robust security mechanisms to protect against vulnerabilities and threats [23], 

[24]. 

IV. Levels of virtualization: the analysis delved into different levels of virtualization, including ISA Level, 

Hardware Abstraction Layer (HAL) level, and operating system level. Each level offers distinct advantages 

and challenges, from binary compatibility and performance to hardware utilization and resource allocation. 

Examples such as Xen, VMware, and containerization technologies showcase the diversity of virtualization 

approaches available to organizations [25]. 

V. Implications for research and practice: these findings have a significant impact on both research and practice 

in cloud security and virtualization. By understanding the strengths and weaknesses of existing models and 

frameworks, organizations can make informed decisions when selecting, implementing, and managing cloud 

security measures. Future research should focus on addressing gaps in current approaches, exploring 

emerging trends and technologies, and advancing the state-of-the-art in cloud security and virtualization [26]. 

In conclusion, the comparative analysis provides valuable insights into the complexities and opportunities 

inherent in cloud security and virtualization. By leveraging these findings, organizations can enhance their 

security posture and resilience in an increasingly digital and interconnected landscape. 

4|Conclusion 

In conclusion, the comprehensive review of cloud security models and virtualization frameworks illuminates 

the diverse landscape of approaches available to organizations seeking to fortify their digital infrastructure. 

The exploration of ISO/IEC 27017, CSA STAR, CIS, and MITRE ATT&CK frameworks underscores the 

importance of aligning security measures with industry-specific requirements, regulatory compliance, 

transparency, and adversary tactics. Moreover, the benefits of cloud security, including enhanced visibility, 

availability, protection against DDoS attacks, and flexible scalability, highlight its pivotal role in modern data 

protection strategies. Similarly, the examination of virtualization security frameworks emphasizes the 

necessity of robust organization and management, considering the layers and levels of virtualization. This 

synthesis not only informs decision-making processes for selecting suitable security models but also 

underscores the need for ongoing research and innovation in cloud security and virtualization. By addressing 

existing gaps, exploring emerging technologies, and advancing best practices, organizations can effectively 

navigate the evolving landscape of cybersecurity threats and challenges in the digital age. 
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