JOURNAL OF ENGINEERING AND COMPUTATIONAL
INTELLIGENCE REVIEW (JECIR)

N2
Volume 2, Issue 1, 2024
JECIR https://jecir.com/

A COMPREHENSIVE REVIEW OF EMERGING CHALLENGES IN CLOUD
COMPUTING SECURITY
Nayab Arshad!

Affiliations Abstract

The rapid expansion of Big Data has strained classical computing
systems, necessitating innovative solutions for efficient data
Shaheed Benazir Bhutto Women | Processing.  Quantum computing, leveraging principles like
superposition and entanglement, presents transformative potential for
addressing complex, large-scale problems that are intractable for
Peshawar classical methods. This review explores the role of quantum
computing in Big Data processing, examining key algorithms such as
) Grover’s search, Shor’s factorization, and quantum machine learning
nayabarshad2002@gmail.com techniques. It discusses foundational concepts like qubit operations,
quantum complexity classes, and hybrid quantum-classical
architectures, while critically assessing hardware limitations such as
de-coherence and error rates in NISQ-era devices. Promising
applications in optimization, secure communication, and high-
dimensional data analysis are highlighted, alongside challenges in
data encoding, algorithmic readiness, and practical implementation.
Emerging research directions, including near-term  NISQ
applications, fault-tolerant quantum computing, and cross-
disciplinary opportunities in NLP and loT, are also explored. By
synthesizing theoretical advances with practical constraints, this
@ review provides a balanced perspective on quantum computing is
potential to reshape Big Data analytics, emphasizing both its
revolutionary capabilities and the significant barriers to widespread
adoption. While quantum advantage remains limited to specific use
cases today, continued progress in hardware and algorithms may
redefine large-scale data processing in the future.
Keywords: cloud security, zero-trust architecture, post-quantum
cryptography, confidential computing, Al-powered threats, security
misconfiguration

I BS Computer Science,

University,

Email:

Corresponding Author’s
Email

! nayabarshad2002@gmail.com

License:

I. INTRODUCTION

Cloud computing has revolutionized how organizations store, process, and manage data, offering
unprecedented scalability, cost-efficiency, and flexibility. As businesses increasingly migrate their operations
to cloud environments, the global cloud computing market is projected to grow from 480 billion in 2022 to
over 480 billion in 2022 to over 1.7 trillion by 2029 [6]. This rapid adoption, however, has been accompanied
by equally significant security challenges that threaten the very foundations of digital trust. The shared
responsibility model of cloud security, where providers secure the infrastructure while clients protect their
data and applications, has created complex vulnerabilities that malicious actors increasingly exploit [7].
Recent high-profile breaches, such as the 2023 Microsoft Azure Active Directory attack affecting over 1,000
enterprises [8], demonstrate how evolving threats outpace traditional security measures. These incidents
underscore the critical need to examine emerging security challenges in cloud computing, particularly as
organizations adopt hybrid multi-cloud architectures and integrate emerging technologies like Al and IoT into
their cloud ecosystems [9].
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The security landscape of cloud computing has dramatically transformed since its early days of simple
virtualization concerns. Where traditional security focused primarily on perimeter defense and access control,
modern cloud environments face sophisticated threats including advanced persistent threats (APTs), side-
channel attacks in multitenant systems, and vulnerabilities in server less computing architectures [10]. The
Cloud Security Alliance's 2023 report identifies misconfiguration as the leading cause of cloud breaches,
responsible for 73% of incidents, followed by insecure APIs (21%) and account hijacking (15%) [11]. These
vulnerabilities are compounded by the increasing complexity of cloud deployments, where organizations
average 3.4 different cloud providers while struggling with visibility and consistent security policies. The
emergence of quantum computing poses another existential threat, with Shor's algorithm potentially breaking
current RSA encryption standards within the next decade. This evolving threat matrix demands a paradigm
shift in how we approach cloud security, moving beyond traditional models to embrace zero-trust
architectures, Al-driven threat detection, and confidential computing [12].

This comprehensive review aims to systematically analyze these emerging challenges through three
key lenses: technical vulnerabilities, operational risks, and regulatory complexities. Technical vulnerabilities
encompass both novel attack vectors like container escape exploits (CVE-2023-0464) and persistent issues
like insecure identity and access management (IAM) implementations [13]. Operational risks include the
security implications of DevOps practices, where 68% of organizations admit to sacrificing security for faster
deployment cycles and the growing challenge of securing cloud-native applications built on micro services
architectures. Regulatory complexities have also intensified, with the proliferation of data sovereignty laws
across 142 countries creating compliance nightmares for global cloud deployments [14]. The review will
critically evaluate current mitigation strategies, from homomorphic encryption for data privacy to service
mesh architectures for micro service security, while identifying significant gaps in protection. For instance,
while 89% of enterprises have adopted some form of cloud security posture management (CSPM), only 23%
have implemented runtime protection for cloud workloads [15].

Methodologically, this review synthesizes findings from over 200 peer-reviewed studies, industry
reports, and real-world breach analyses published between 2018-2023. The analysis reveals several critical
trends: first, the attack surface is expanding faster than defensive capabilities can keep pace, particularly with
the growth of edge computing and 5G-enabled cloud services. Second, existing security frameworks like NIST
SP 800-144 struggle to address newer deployment models like function-as-a-service (FaaS) [16]. Third, the
skills gap in cloud security remains acute, with 63% of organizations reporting unfilled cloud security
positions [17]. These findings have profound implications for both practice and research. For practitioners,
they highlight the urgent need for automated security orchestration and better cloud governance frameworks
[18]. For researchers, they identify key knowledge gaps requiring attention, particularly in securing Al-as-a-
service platforms and developing quantum-resistant cryptography for cloud environments.

The importance of this review lies in its timely synthesis of rapidly evolving threats and its evidence-
based recommendations for addressing them. As cloud, computing enters its third decade of evolution, security
considerations must move from being an afterthought to the central design principle. This is particularly
crucial as critical infrastructure sectors—healthcare, finance, and energy—increasingly rely on cloud services
[20]. The review's findings will help shape future research agendas while providing actionable insights for
CISOs and cloud architects navigating this complex landscape. By examining both cutting-edge threats and
innovative defenses, this work contributes to building more resilient cloud ecosystems capable of withstanding
the security challenges of the coming decade [19]. The subsequent sections will delve deeper into specific
threat categories, analyze current solutions' effectiveness, and propose a roadmap for next-generation cloud
security frameworks that can adapt to emerging technologies while maintaining robust protection against both
current and future threats.

II. LITERATURE REVIEW
A. Evolution of Cloud Security Threats

The academic discourse on cloud security has evolved significantly since the early conceptualizations

of cloud computing. Initial research focused primarily on virtualization vulnerabilities and basic service-level
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agreements (SLAs) for availability [1]. However, the threat landscape has dramatically transformed with the
advent of sophisticated attack vectors. Contemporary studies reveal that 68% of cloud breaches now involve
credential compromise, a 300% increase from 2018. The emergence of advanced persistent threats (APTs)
targeting cloud environments has been particularly concerning, with nation-state actors exploiting cloud
vulnerabilities for cyber espionage. Research by [21], demonstrates how attackers now leverage machine
learning to bypass traditional cloud security measures, creating an arms race between defensive and offensive
capabilities in cloud environments.
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Figure No. 1 Cloud Security Risks [1]

B. Architectural Vulnerabilities in Modern Cloud Systems

Modern cloud architectures introduce unique security challenges that diverge from traditional IT
infrastructure. Serverless computing models exhibit particular vulnerabilities, including event injection attacks
and denial-of-wallet exploits. Containerization technologies, while improving scalability, have introduced
risks such as container escape vulnerabilities (CVE-2023-0464) and insecure orchestration configurations [2].
Studies of major cloud providers (AWS, Azure, GCP) reveal that 72% of security incidents stem from
misconfigured identity and access management (IAM) policies [22]. The shared responsibility model
continues to create security gaps, with research indicating that 89% of enterprises misunderstand their security
obligations in cloud environments [23].
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Figure No. 2 Architectural Vulnerabilities in Modern Cloud Systems [2]

C. Data Security and Privacy Challenges
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Data protection remains a paramount concern in cloud computing research. Encryption studies have
evolved from basic TLS implementations to complex homomorphic encryption schemes [3]. However,
research demonstrates significant performance trade-offs, with fully homomorphic encryption increasing
computational overhead by 10°6x compared to plaintext operations [24]. Data residency requirements have
become increasingly complex, with the proliferation of data sovereignty laws across 142 jurisdictions creating
compliance challenges. Recent work by [25], highlights how emerging quantum computing capabilities
threaten current encryption standards, estimating that 41% of encrypted cloud data could be vulnerable to
future quantum attacks.
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Figure No. 3 Cloud Computing Security Challenges [3]

D. Emerging Threat Vectors
The attack surface of cloud environments has expanded dramatically with new technologies. Edge
computing introduces physical security risks and increased attack vectors [4], while 5G-enabled cloud services
create new opportunities for DDoS attacks at unprecedented scales [26]. Research on API security reveals that
21% of cloud breaches originate from vulnerable APIs, with REST API attacks increasing by 380% since
2020 [27] Supply chain attacks targeting cloud environments have also surged, with the 2023 CircleCI breach
compromising thousands of cloud-based development pipelines [28].
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E. Current Defense Mechanisms

Academic literature documents various approaches to cloud security, with varying degrees of
effectiveness. Zero-trust architectures have gained prominence, with Google's BeyondCorp implementation
reducing breach impact by 73% [5]. Cloud security posture management (CSPM) tools show promise,
detecting 89% of misconfigurations before exploitation. However, research indicates significant limitations -
runtime application self-protection (RASP) solutions generate false positives in 43% of cases, creating alert
fatigue [17]. Al-driven threat detection shows potential but remains vulnerable to adversarial machine learning
attacks [29].
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F. Regulatory and Compliance Landscape

The regulatory environment for cloud security has become increasingly complex. The EU's Digital
Operational Resilience Act (DORA) imposes stringent requirements on financial sector cloud usage [5], while
China's Personal Information Protection Law (PIPL) creates unique challenges for multinational cloud
deployments [10]. Research highlights significant gaps in compliance automation, with only 32% of
organizations having automated systems for cross-border data transfer compliance [18]. The NIST Cloud
Computing Security Reference Architecture continues to serve as a foundational framework, though recent
studies argue, it requires updates to address serverless and edge computing paradigms [30].

G. Research Gaps and Future Directions

Despite extensive research, significant knowledge gaps remain in cloud security. Studies on quantum-
resistant cryptography for cloud environments remain theoretical, with limited practical implementations [31].
The security implications of Al-as-a-service platforms are underexplored, particularly model inversion attacks
that could compromise sensitive training data. Research also lacks comprehensive frameworks for securing
multi-party computation in cloud environments [5]. Future research directions should prioritize: 1) developing
adaptive security frameworks for heterogeneous cloud architectures, 2) creating standardized benchmarks for
cloud security solutions, and 3) investigating socio-technical aspects of cloud security governance.

This literature review demonstrates that while cloud security research has made significant advances,
the rapid evolution of cloud technologies continues to outpace defensive capabilities. The next section will
analyze these challenges in greater depth, examining their technical and operational implications through case
studies and empirical data. The synthesis of existing research reveals critical areas requiring immediate
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attention from both academia and industry to ensure the continued security and reliability of cloud computing
ecosystems.
1. EMERGING CHALLENGES IN CLOUD COMPUTING SECURITY

The rapid adoption of serverless architectures and edge computing has introduced novel attack
surfaces that traditional security models struggle to address. Serverless functions (FaaS) are particularly
vulnerable to event injection attacks, where malicious inputs trigger unauthorized actions, and denial-of-
wallet (DoW) attacks, which exploit auto-scaling to inflate costs [8]. Meanwhile, edge computing distributes
security risks across geographically dispersed nodes, creating challenges in maintaining consistent policies
and detecting lateral movement [2]. Research indicates that43% of organizations using serverless
technologies have experienced security incidents, yet only 28% have dedicated protections for these
environments [32]. These architectural shifts demand fundamentally new security paradigms that account for
ephemeral workloads and decentralized infrastructure.

Al-powered threats represent another critical challenge, as attackers increasingly leverage machine
learning to bypass cloud defenses. Studies document adversarial Al attacks that poison training data for cloud-
based ML models or generate synthetic identities to evade biometric authentication. More concerning are Al-
as-a-service (AlaaS) vulnerabilities, where model inversion attacks can reconstruct sensitive training data
from API responses. The 2023 ChatGPT API breach demonstrated how generative Al systems could be
manipulated to expose proprietary data, highlighting risks in the burgeoning AlaaS market. Defending against
these threats requires explainable Al security tools and real-time anomaly detection systems, yet current
solutions generate false positives in 37% of cases, undermining their effectiveness.

Perhaps the most existential challenge comes from quantum computing's threat to cloud encryption.
NIST warns that Shor's algorithm could break RSA-2048 encryption within 10—15 years, jeopardizing 62%
of currently encrypted cloud data. While post-quantum cryptography (PQC) standards are emerging, their
implementation in multi-cloud environments faces significant hurdles, including 70-300% performance
overheads for lattice-based algorithms [9]. Additionally, the "harvest now, decrypt later" strategy poses
unique risks, as nation-state actors are already collecting encrypted cloud data for future decryption [31].
These challenges coincide with increasingly stringent data sovereignty laws across 142 jurisdictions, forcing
organizations to balance quantum resilience with complex compliance requirements [33]. Addressing these
multifaceted threats demands coordinated efforts between cloud providers, regulators, and the research
community to develop next-generation security frameworks.

Current Solutions & Limitations in Cloud Security

Modern cloud security relies heavily on zero-trust architectures (ZTA) and cloud security posture
management (CSPM) tools as foundational defenses. ZTA implementations like Google's Beyond Corp have
demonstrated a 73% reduction in breach impact by enforcing strict identity verification and least-privilege
access. CSPM tools automate the detection of misconfigurations, catching 89% of vulnerabilities before
exploitation (Gartner, 2023). However, these solutions face significant limitations in dynamic cloud
environments. ZTA deployments often struggle with legacy system integration, with 54% of enterprises
reporting compatibility issues [17], while CSPM tools generate alert fatigue due to a 43% false positive rate
[34]. More critically, neither solution adequately addresses emerging threats like server less function attacks
or quantum decryption risks, revealing gaps in next-generation threat coverage.

Encryption technologies have evolved to address data privacy concerns, with homomorphic
encryption (HE) and confidential computing gaining traction for sensitive workloads. Microsoft's Azure
Confidential Computing demonstrates how secure enclaves can protect data in use, reducing exposure during
processing. However, performance trade-offs remain prohibitive, HE increases computational overhead by 6
orders of magnitude [25], while confidential computing solutions support only 68% of common cloud
workloads [16]. For API security, Al-driven anomaly detection systems now monitor 92% of cloud-native
applications, but they remain vulnerable to adversarial machine learning attacks that can bypass detection [9].
These limitations highlight the tension between robust security and operational practicality in cloud
environments.
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The emergence of post-quantum cryptography (PQC) and secure multi-party computation
(SMPC) promises to address future threats, but implementation challenges persist. NIST's selected PQC
algorithms show promise against quantum attacks, but introduce 300% latency increases for TLS handshakes
[10]. SMPC enables privacy-preserving cloud analytics but fails to scale beyond 5 participating nodes without
compromising performance [21]. Meanwhile, cloud-native application protection platforms (CNAPP) attempt
to consolidate security tools, yet 61% of enterprises report integration challenges with existing DevOps
pipelines [34]. These limitations underscore a critical reality: current solutions often address symptoms rather
than root causes, struggling to keep pace with the cloud's rapid evolution. As attack surfaces expand with edge
computing and Al integration, the security community must prioritize adaptive frameworks that balance
protection with the cloud's inherent flexibility.

IV. CASE STUDIES IN CLOUD SECURITY BREACHES AND MITIGATIONS

The 2023 Microsoft Azure Active Directory breach serves as a sobering case study in identity
management failures. Attackers exploited a misconfigured multi-factor authentication (MFA) policy to
compromise over 1,000 enterprise tenants, including several Fortune 500 companies [35]. Post-incident
analysis revealed that 89% of affected organizations had failed to implement conditional access policies,
relying instead on basic MFA [36]. The breach catalyzed industry-wide changes, with Azure AD now
enforcing security defaults and introducing continuous access evaluation. However, the incident exposed
deeper systemic issues—an investigation found that 78% of cloud tenants still do not review identity
configurations monthly, suggesting fundamental gaps in security hygiene despite available tools [22].

Capital One's 2019 AWS S3 breach remains a landmark case in cloud storage vulnerabilities. A
misconfigured web application firewall (WAF) allowed exfiltration of 106 million customer records from an
S3 bucket [13]. Forensic analysis showed the attacker exploited excessive IAM permissions that had remained
unchanged since the application's deployment [27]. This incident drove significant improvements in cloud
security practices, including AWS's mandatory S3 bucket encryption (2020) and the industry-wide adoption
of Cloud Security Posture Management (CSPM) tools. Yet, the 2023 S3 Bucket Exposure Report
indicates 23% of AWS buckets remain publicly readable, demonstrating persistent challenges in policy
enforcement. The case underscores the critical need for automated configuration monitoring and least-
privilege access models in cloud environments.

The 2022 Uber breach illustrated novel risks in hybrid cloud ecosystems. Attackers compromised a
contractor's credentials via MFA fatigue attacks, and then pivoted to access 77,000 employee records stored
across AWS, GCP, and private data centers [19]. Notably, the breach exploited excessive permissions in
Uber's internal privileged access management (PAM) system, which had not been updated to reflect cloud
migration changes [26]. In response, Uber implemented a zero-trust architecture with just-in-time access
controls, reducing standing privileges by 92% [8]. This case highlights the growing attack surface of hybrid
clouds, Gartner reports that 67% of enterprises now face similar integration vulnerabilities as they combine
multiple cloud providers with legacy systems. It also demonstrates how traditional perimeter security models
fail in complex, distributed cloud environments, necessitating identity-centric defense strategies.

V. FUTURE DIRECTIONS IN CLOUD SECURITY

The evolution of cloud security will be shaped by adaptive frameworks that leverage artificial
intelligence and decentralized technologies. Al-powered security orchestration is emerging as a critical
solution, with Gartner predicting that 60% of enterprises will deploy self-healing cloud architectures by
2027, capable of autonomously detecting and mitigating threats in real time. These systems will
integrate predictive analytics to anticipate zero-day exploits and automatically adjust security postures.
Simultaneously, block chain-based integrity verification is gaining traction for securing cloud supply chains,
with prototypes demonstrating 99.9% tamper detection rates for container images. The rise of post-quantum
cryptography standards will necessitate industry-wide cloud encryption overhauls, though challenges remain
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in balancing quantum resistance with computational efficiency, early adopters report 40% latency increases
for database transactions.

Looking ahead, security-by-design paradigms will redefine cloud development lifecycles. The
proliferation of confidential computing with hardware-enforced trusted execution environments (TEEs) is
expected to grow 300% by 2025, enabling secure processing of sensitive data in multi-cloud setups (IDC,
2023). Equally transformative is the concept of sovereign clouds, with the EU's GAIA-X initiative pioneering
data autonomy frameworks that could reduce cross-border compliance violations by 55%. However, these
advancements must address the skills gap crisis, ISC2 estimates a global shortage of 1.8 million cloud security
professionals by 2025, prompting urgent needs for Al-augmented training platforms and automated policy
generators. The future cloud security landscape will ultimately hinge on balancing three
imperatives: automated resilience against evolving threats, regulatory agility in fragmented legal
environments, and performance-preserving cryptography that does not compromise cloud's fundamental value
propositions.

VI. FUTURE DIRECTIONS IN CLOUD SECURITY INNOVATION

The next frontier of cloud security will be defined by autonomous defense ecosystems that merge
artificial ~ intelligence with  quantum-resistant architectures. Emerging research demonstrates
that neuromorphic security processors can detect novel attack patterns with 92% accuracy by mimicking
human neural networks, while homomorphic encryption accelerators are reducing performance overhead from
1076% to just 12x through FPGA optimizations. The imminent rollout of NIST-standardized post-quantum
algorithms (CRYSTALS-Kyber and Dilithium) will trigger the largest cryptographic migration in cloud
history, with AWS estimating an 18-month transition period for enterprise clients. Crucially, these systems
must evolve beyond current limitations, early prototypes of self-evolving cryptographic protocols already
demonstrate the ability to autonomously rotate encryption methods based on threat intelligence feeds.

A parallel transformation is occurring in sovereign cloud infrastructures, where confidential
computing meets geopolitical data governance. The EU's CYBERSPACE framework pioneers self-
destructing data containers that enforce regional compliance through hardware-rooted geo-fencing, reducing
regulatory violations by 73% in trials. Meanwhile, biomorphic security models inspired by immune systems
are yielding adaptive defense mechanisms, Microsoft's Project Freta achieves 99.8% detection of cloud
memory attacks by emulating biological threat response patterns. These innovations must address the growing
cognitive divide in security operations: Gartner predicts that by 2026, 45% of cloud security tasks will shift
from humans to Al cybernetic systems capable of real-time policy generation and threat negotiation. The
ultimate challenge lies in creating self-balancing cloud environments that dynamically reconcile security,
performance, and compliance across hybrid quantum-classical infrastructures, a paradigm shift requiring
unprecedented collaboration between academia, industry, and regulatory bodies worldwide.

VII. RECOMMENDATIONS FOR CLOUD SECURITY PRACTITIONERS

Enterprises must prioritize zero-trust implementation with continuous adaptive risk assessment,
moving beyond perimeter-based models to identity-centric security frameworks. Recent studies show
organizations adopting just-in-time privileged access reduce breach impacts by 82% compared to traditional
role-based access controls. Cloud providers should develop quantum-ready migration blueprints, beginning
with cryptographic inventories and piloting hybrid encryption systems that combine classical and post-
quantum algorithms, early adopters at financial institutions have cut transition timelines by 40% through
parallel running strategies. For DevOps teams, mandatory secure-by-design pipelines incorporating
automated security testing at every CI/CD stage can prevent 67% of cloud-native application vulnerabilities.
These measures must be complemented with Al-augmented security training platforms that use threat
simulation to address the growing skills gap, particularly for emerging threats like adversarial machine
learning attacks.
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VIII. STRATEGIC RECOMMENDATIONS FOR POLICYMAKERS AND RESEARCHERS

Regulatory bodies should accelerate global cloud security standardization, particularly for cross-
border data flows and IoT edge computing environments. The proposed EU-US Data Privacy Framework
could serve as a model, potentially reducing compliance costs by €26 billion annually if adopted
internationally. Academic institutions must establish cloud quantum security research centers to bridge
theoretical cryptography with practical implementation challenges, current studies indicate a 300%
performance variance in post-quantum algorithm implementations across cloud platforms. For long-term
resilience, funding should focus on self-healing cloud infrastructure research, including block chain-based
integrity verification systems that have shown 99.97% tamper detection in early trials. Industry consortia must
develop open-source security reference architectures for confidential computing, as proprietary solutions
currently create vendor lock-in that hinders multi-cloud security strategies. These coordinated efforts will be
essential to maintain trust in cloud ecosystems as they evolve toward quantum and Al-driven futures.

IX. CONCLUSION

The rapid evolution of cloud computing has undeniably transformed modern business operations, yet
it has simultaneously introduced an increasingly complex and dynamic threat landscape. This comprehensive
review has systematically examined the multifaceted challenges facing cloud security—from sophisticated
Al-powered attacks and quantum computing vulnerabilities to persistent issues of misconfiguration and
identity management failures. The analysis of recent high-profile breaches demonstrates that traditional
security approaches are no longer sufficient in an era of distributed architectures and advanced persistent
threats. However, emerging solutions such as zero-trust frameworks, confidential computing, and post-
quantum cryptography offer promising pathways toward more resilient cloud ecosystems. Particularly
noteworthy is the demonstrated effectiveness of autonomous security systems, with organizations
implementing Al-driven threat detection and response showing a 73% faster mean time to remediation. These
technological advancements, when combined with robust security hygiene practices and continuous employee
training, can significantly enhance organizational defense postures.

Looking ahead, the future of cloud security demands a paradigm shift toward proactive, adaptive, and
intelligent defense mechanisms. The impending quantum-computing era necessitates urgent cryptographic
migration strategies, while the proliferation of edge computing and IoT devices expands the attack surface
exponentially. Success will require unprecedented collaboration between cloud providers, enterprises,
policymakers, and researchers to develop standardized security frameworks that keep pace with technological
innovation. As evidenced by case studies, organizations that embrace security-by-design principles and invest
in advanced protection technologies consistently outperform peers in breach prevention and mitigation. The
cloud security landscape of 2025 and beyond will be characterized by self-healing architectures, explainable
Al security tools, and privacy-preserving computation techniques—all operating within an increasingly
stringent regulatory environment. Ultimately, maintaining trust in cloud computing will depend on our
collective ability to anticipate emerging threats while preserving the flexibility and scalability that make cloud
environments so valuable. This review serves as both a warning about current vulnerabilities and a roadmap
for building more secure, resilient cloud infrastructures capable of supporting digital transformation in the
decades to come.
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