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Abstract—Cloud computing has become a fundamental 

component of modern IT infrastructure, transforming 

how businesses store, process, and manage data. 

However, its architecture characterized by being 

shared, distributed, and highly virtualized introduces a 

range of serious security concerns that challenge 

traditional defense mechanisms. This comprehensive 

review paper aims to systematically examine the major 

cloud security challenges that enterprises face today, 

alongside detailed analyses of contemporary threat 

models, key vulnerabilities, proven mitigation 

strategies, and real-world practical applications of 

secure cloud frameworks. To enhance understanding 

and provide analytical depth, the paper incorporates 

additional diagrams and insightful visualizations, such 

as the Cloud Architecture Layered Model and the 

STRIDE Threat Model Wheel. The core focus areas of 

this review include Cloud Computing principles, Cyber 

Security frameworks, effective Data Protection 

methods, the specifics of the STRIDE Model techniques 

for Virtualization Security, best practices for Identity 

and Access Management (IAM), the role of Encryption, 

and securing diverse Cloud Applications. 

 

Index Terms—Cloud Computing, Cyber safety, 

information safety, STRIDE model, Virtualization 

safety, IAM, Encryption, Cloud programs. 

 

I. INTRODUCTION 

 

The adoption of cloud computing offers compelling 

blessings, supplying scalable, bendy, and on-demand 

offerings that force operational performance 

throughout simply all industries. In spite of these 

advantages, the transition to the cloud introduces 

particular and huge-ranging protection worries that 

necessitate cautious consideration and specialized 

answers. Key among these are multi-tenancy risks, in 

which multiple companies share the identical 

underlying infrastructure, raising the threat of fact 

leakage or unauthorized get right of entry among 

tenants. Moreover, the virtualization generation 

underpinning the cloud is liable to virtualization 

attacks, inclusive o f  t h e  ones focused o n  the 

hypervisor, which could compromise several digital 

machines simultaneously. The reliance on and 

publicity of management interfaces means that 

insecure APIs give a significant attack surface, and in 

the end, these risks culminate in consistent 

information breach threats. Effective addressing those 

complicated risks calls for moving beyond single-

point solutions to put in force strong and layered 

protection techniques that defend each side of the 

cloud environment. This paper serves as a crucial aid 

for knowledge of the complexities of securing this 

dynamic infrastructure. 

 

II. CLOUD SECURITY REQUIREMENTS 

 

Achieving sturdy cloud protection is going beyond 

merely imposing remote controls; it requires 

integrating protection principles across all operational 

elements, guided by center requirements. The 

foundation of this framework calls for ensuring 

confidentiality, integrity, availability, authentication, 

and non-repudiation. The requirement for 

confidentiality is broadly speaking met via strong get 

entry to control mechanisms and superior encryption 

techniques, making sure that facts are available best 

to legal entities, whether it's miles of information at 

relaxation or information in transit. Integrity 

guarantees the accuracy and trustworthiness 

of data and is included through hashing algorithms, 

digital signatures, and strict version management, 

thereby preventing unauthorized or unintentional 

modification. Availability is maintained via 

redundancy, disaster restoration making plans, and 
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protection in opposition to Denial of service (DoS) 

assaults. Sturdy Authentication is essential inside the 

cloud's perimeter-less surroundings, normally relying 

on techniques like Multi-thing Authentication (MFA) 

and centralized identification and get right of entry to 

management (IAM) systems to confirm the 

identification of customers and services. 

 

III. THREAT MODELS AND ATTACKS 

 

To systematically examine security weaknesses, the 

STRIDE version is utilized to become aware of and 

categorize threats into six foremost categories: 

Spoofing, Tampering, Repudiation, Records 

Disclosure, Denial of carrier (DoS), and Elevation of 

Privilege. The structure of the cloud, mainly its multi-

tenancy and virtualization, makes it liable to a unique 

set of attacks. The maximum critical threats 

frequently target the hypervisor-the layer that 

manages and isolates digital machines (VMs) as a hit 

hypervisor-stage assault can lead to the compromise 

of all guest VMs it 

hosts, doubtlessly breaching a couple of clients' 

environments. Furthermore, facet-channel exploits 

are sophisticated attacks that exploit shared bodily 

assets to deduce touchy information (like encryption 

keys) from co-resident VMs. Moreover, Insecure 

APIs and Interfaces are exposed control APIs that, if 

poorly secured, become essential access points for 

attackers to execute provider configurations, leading 

to unauthorized access, information loss, or service 

interruption. Eventually, multi-tenancy risks, which 

includes the co-mingling of various clients' sources at 

the same bodily server, introduce the chance of go-

tenant attacks or statistics leakage. These threats 

require continuous monitoring and sophisticated 

security tooling to detect and neutralize, given the 

dispensed and complex nature of cloud infrastructure. 

Particular Cloud Threats and distinctive attack 

Vectors 

• Hypervisor assaults: The maximum severe threats 

regularly target the hypervisor—the layer that 

manages and isolates digital machines (VMs). A 

successful hypervisor-level assault can lead to the 

compromise of all guest VMs it hosts, probably 

breaching multiple customers' environments 

concurrently. 

• aspect-Channel Exploits: these are sophisticated 

attacks that exploit shared bodily sources to deduce 

sensitive information, along with encryption keys, 

from co-resident VMs. Those attacks leverage the 

shared nature of cloud infrastructure in which tenants' 

workloads run in near proximity. 

These threats require continuous tracking and 

complicated security tooling to hit upon and 

neutralize, given the dispensed and complex nature of 

cloud infrastructure. Analysis of the STRIDE model 

distribution indicates that statistics Disclosure (20. 

zero%) and Elevation of Privilege (20.0%) constitute 

the most considerable chance categories inside the 

cloud context. The high rate of facts Disclosure 

regularly reflects pervasive statistics breaches 

because of insecure configurations and multi-tenancy 

dangers, at the same time as the prominence of 

Elevation of Privilege highlights the hazard of 

exploiting susceptible IAM controls or virtualization 

vulnerabilities. 

 

IV. SOLUTIONS AND MITIGATION 

APPROACHES 

 

Mitigating complicated cloud threats calls for a 

defense-in-intensity method utilizing more than one 

layer of interconnected 

answers. identification and getting admission to 

management (IAM) is paramount, with Multi-thing 

Authentication (MFA) serving as a foundational 

defense towards credential compromise. IAM 

guidelines ought to put into effect the precept of least 

privilege, ensuring users and services only have the 

minimal permissions necessary to carry out their 

responsibilities. For network security, micro-

segmentation is vital, as it creates incredibly granular 

protection zones around individual workloads, 

substantially restricting an attacker's capacity to move 

laterally throughout the network and containing the 

scope of the harm. In terms of facts safety, 

Encryption-at-relaxation ought to be universally 

implemented to shield information confidentiality, 

and superior answers like box isolation make certain 

that breaches in one containerized workload do not 

have an effect on adjoining ones. past static controls, 

dynamic gear are needed, especially AI-based 

anomaly detection systems that use device mastering 

to analyze protection statistics and discover diffused, 

non-signature-primarily based threats. Subsequently, 

preserving stronger compliance standards enforces a 



© December 2025 | IJIRT | Volume 12 Issue 7 | ISSN: 2349-6002 

IJIRT 188614 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2309 

baseline security posture across the company, which 

is carried out via normal audits, non-stop 

configuration management, and automatic policy 

enforcement, all key to maintaining cloud resilience. 

 

Table 1. Summary of Cloud Security Mitigation Strategies 

 
 

V. APPLICATIONS OF CLOUD SECURITY 

 

Cozy cloud frameworks and the implementation of 

robust safety controls are foundational elements that 

guide virtual transformation across a big selection of 

important industries. The potential to cozy records 

and operations in a distributed environment permits 

complicated and touchy sports, supporting industries 

like healthcare, finance, academia, e-trade, and smart 

metropolis infrastructures. In practice, cloud safety 

allows secure telemedicine through compliant 

platforms, the secure execution of virtual banking 

operations, the usage of encrypted information 

analytics for commercial enterprise intelligence, and 

the successful operation of huge scalable business 

operations. For example, within the monetary sector, 

cloud protection underpins virtual banking and high-

quantity transaction processing, requiring superior 

encryption, micro-segmentation, and compliance with 

strict policies. In healthcare, it permits the relaxed 

garage and transmission of patient statistics (EHRs) 

while adhering to stringent compliance standards. 

 

The powerful implementation of strong cloud safety 

frameworks is fundamental to retaining trust and 

permitting critical operations across diverse traumatic 

industries. Beyond the foundational examples, the 

application of robust cloud protection is what 

facilitates key improvements in exceedingly regulated 

and technologically established sectors. 

 

In the monetary region, cloud protection is not 

simplest, approximately allowing virtual banking, 

however also approximately the comfy execution of 

high-extent transaction processing. This calls for an 

aggregate of advanced encryption for records 

confidentiality, micro-segmentation to restrict the 

scope of lateral movement by way of attackers, and 

strict compliance with worldwide and neighborhood 

economic guidelines. The resilience of the cloud 

environment, maintained through redundancy and 

protection against Denial of carrier (DoS) assaults, is 

crucial for uninterrupted service in trading and fee 

systems. 

 

Within the context of e-commerce and massive-scale 

commercial enterprise operations, the ability to at 

ease big scalable enterprise operations is underpinned 

by means of cloud safety. This involves deploying 

answers like container isolation to shield adjoining 

workloads and making use of centralized identity and 

access management (IAM) structures to manipulate a 

big, dynamic consumer and carrier base. The non-

stop tracking and use of Al-primarily based 
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anomaly detection systems are key to identifying 

subtle threats across those enormous, dispensed 

infrastructures. Adherence to evolving compliance 

requirements and normal audits guarantees a 

sustained, resilient security posture essential for 

worldwide trade. 

 
VI. FUTURE SCOPE 

 
The future of comfortable cloud ecosystems could be 

defined with the aid of disruptive architectural and 

cryptographic improvements designed to address 

emerging threats. The adoption of 0 belief 

architecture (ZTA) is shifting from a satisfactory 

practice to an essential requirement, working at the 

precept of "by no means consider, continually 

verify". every user, device, and alertness attempting 

to access a useful resource must be authenticated and 

authorized, irrespective of its area. Private 

Computing is an emerging generation that protects 

data in use through acting computations inside a 

hardware-based relied on Execution environment 

(TEE), making sure that facts remain encrypted 

during its lifecycle. Moreover, Homomorphic 

Encryption (HE) permits agencies to perform 

complicated mathematical operations and analytics 

without delay on encrypted facts without ever having 

to decrypt it. 

 

Similarly to the forward-looking technologies and 

fashions, the continuous effort to obtain sturdy cloud 

protection may also be substantially pushed by 

compliance and regulatory alignment. Adherence to 

established frameworks, consisting of the NIST 

special guides, is important for adequately leveraging 

the total financial and operational capacity of cloud 

generation. Furthermore, non-stop industry research 

and the adoption of sturdy, evolving compliance 

requirements are critical for keeping the vital 

baseline security posture and acceptance as true 

within the disbursed cloud environment. These 

combined efforts architectural shifts (like ZTA), 

cryptographic innovation (like HE and private 

Computing), and rigorous governance will define the 

course to lengthy-time period cloud resilience. 

 

 

Figure: STRIDE Threat Model Wheel 

 
 

VII. RESULTS AND DISCUSSION 

 

Accomplishing strong cloud safety calls for a 

protection approach guided via essential standards: 

Confidentiality, Integrity, Availability, 

Authentication, and Non-Repudiation. Confidentiality 

is ensured through strong admission to controls and 

advanced encryption for facts at rest and in transit. 

Integrity, which ensures facts accuracy, is maintained 

through hashing algorithms, digital signatures, and 

strict 

version control. Availability is blanketed via 

redundancy, catastrophe recovery, and DoS attack 

prevention. sturdy Authentication, normally using 

Multi-factor Authentication (MFA) and centralized 

identity and get admission to control (IAM), verifies 

customers and offerings in the perimeter-much 

less cloud environment. Finally, non-repudiation is 

carried out via preserving comprehensive, tamper-

evidence audit logs that definitively document 

moves. 

Moreover, the STRIDE risk model Wheel categorizes 

and visualizes the distribution of threats. This 

analysis found that statistics Disclosure (20.0%) and 

Elevation of Privilege (20.0%) represent the 

maximum substantial danger classes within the cloud 

context. The high percent for information disclosure 

displays the pervasive threat of facts breaches 

stemming from insecure configurations and multi-

tenancy risks. 

 

VIII. CONCLUSION 

 

Cloud computing gives gigantic possibilities for 

scalable, on-demand services however introduces 
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serious, wonderful security concerns stemming from 

its shared, distributed, and virtualized architecture. 

Successfully addressing these challenges calls for a 

disciplined and layered protection method guided by 

using the middle security standards of confidentiality, 

integrity, availability, authentication, and non-

repudiation. The key threats, especially the ones 

associated with hypervisor attacks, insecure APIs, 

and multi-tenancy risks, necessitate a multi-faceted 

mitigation method using contemporary high-quality 

practices like MFA, sturdy container isolation, and 

established encryption. Continuous monitoring via 

dynamic equipment, such as AI-based total anomaly 

detection, is likewise important for identifying 

advanced chronic threats that pass static controls. 

Looking in advance, the destiny of secure cloud 

ecosystems will be defined with the aid of disruptive 

architectural models and cryptographic 

improvements. 

To deal with vulnerabilities within these layers 

systematically, the STRIDE risk model provides a 

vital mnemonic framework. This model classifies 

safety risks across six classes: Spoofing, Tampering, 

Repudiation, Facts Disclosure, Denial of provider 

(DoS), and Elevation of Privilege. The analysis of 

danger distribution highlights that records Disclosure 

(20. zero%) and Elevation of Privilege (20.0%) are 

the most good-sized threats, underscoring the 

necessity of robust 

IAM and comfy configurations to counter them. 
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