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ABSTRACT

This paper aims to establish a perspective of how privacy and security were affected due to early integration of
AI/ML in a multi-tenant cloud computing environment. It pertains to the need to protect personal data, intellectual
property, and AI/ML models with reference to the shared computing assets. The paper also looks at the
countermeasures which have already been adopted in the advanced forms that include deep FPGA frameworks for
multi-tenant environments and hybrid block chain-homomorphic encryption. In this case, threat modeling, risk
analysis and security approach assessment are employed in order to outline critical risks and proffer feasible
counter measures. Therefore, the outcomes and assessments can be concluded as pinpointing the need for user
training, constant security evaluations, and the integration of new technologies, including the zero-trust concept and
the usage of artificial intelligence to detect threats. Implications for enhancing cybersecurity when adapting to new
cloud systems are discussed in the summary of the given research.

INTRODUCTION

New security and privacy concerns have arisen because Al/ML technologies are being implemented rapidly in cloud
computing environments. As organizations start to embrace Al and ML models in multi-tenant cloud platforms there is a
need to protect sensitive data and intellectual property. Due to the fact that several users use shared computing resources in
the above mentioned contexts, they have certain peculiarities that can be targeted by some ill-intentioned folks. Some of
which are protection of training data and model parameters, preventing unauthorized access to Al/ML models and ensuring
that privacy of user inputs and outputs is not violated. This is also true that integrity and confidentiality of Al systems are
very vulnerable to side-channel assaults, model inversion and data poisoning. Issues such as the location of data, legal
issues, and ethical use of Al are multi-faceted that can only be solved by both the cloud service providers and consumers.
The current discussion builds upon these challenges by comparing existing countermeasures and proposing future research
directions pertinent to enhancing the security and privacy of AI/ML deployment at the cloud environment with many
tenants.

LITERATURE REVIEW

A Comparative Analysis of Hybrid Block chain-Homomorphic Encryption Schemes for Secure Multi-Tenant Cloud
Computing

According to the author Dhiman and Henge, 2022, block chain technology combined with cloud computing has been
studied recently to solve security and privacy challenges in the multi-tenant environment. Hence, since homomorphic
encryption computations can be performed on the encrypted data without the need to decrypt the data, it has come out in the
protection of data stored in the cloud. However, challenges remain as to how to ensure that the privacy and data are to be
fully protected (Dhiman and Henge, 2022). Here, one can identify a possible solution in a decentralized database
underlying block chain. Thus, block chain minimizes the dependence on a particular third-party service provider in terms of
processing and execution through the distribution of information across several servers that belong to different companies.
In cloud systems, this decentralization enhances the system security and trust in cloud environments. Blockchain and fully
or partially homomorphic methods have emerged as the focus of various works concerning how to develop robust security
architectures in the context of multi-tenant cloud environments. To outcompete gaps of the conventional security models of
cloud computing, these combine the features of both technologies as the hybrid approaches.
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Figure 1: Blockchain Architecture

Cloud security enhancement by using open-source blockchain platforms such as hyper ledger has been analyzed. In turn,
when the solutions use modular design, specific requirements in cloud computing can be addressed. This paper has delved
into evaluating the ability of merkle trees, one of the most basic building blocks of blockchain, to quickly provide the
confirmation of data integrity in cloud storage.

Moreover, the security of data can be maintained within Merkle trees when used simultaneously with homomorphic
encryption. Much attention has been paid to the vision of FHE techniques which enable secure computations on the
encrypted data in the clouds. Yet, due to these deficiencies, broader usage is not possible, and thus, there has been a search
for increased security & decreased overhead for them with the study of various types of hybrid systems.

Comprehensive Security Framework for Multi-Tenant FPGA Deployments in Cloud Environments: Addressing
Physical, Side-Channel, and Privacy Challenges

According to the author Ang'udi, 2023, that lately there are more possibilities of implementing FPGA hardware
acceleration of compute-bound tasks, predominantly in machine learning use cases, as FPGAs become incorporated into
cloud platforms. Following the initiation of FPGA-based service by Amazon and Microsoft among other cloud providers,
there has been an increasing trend of the utilization of the FPGAs in multi-tenant deployment. There are already
suggestions for the academic research on the solution of spatial multi-tenancy for FPGAs in which applications use partial
reconfiguration of the FPGA fabric or any other equivalent structure to create multiple divided domains on a single FPGA
fabric (Ang'udi, 2023).

This method may improve generality as one physical device may be used by several clients and overall resources and costs
may be optimized. Initially, it was not a big issue, but nowadays, there are many risks since these FPGAs are multi-
tenanted. Many studies on different adversarial models and security guarantees regarding these deployments have revealed
fundamental weaknesses in the state-of-the art techniques.
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Figure 2: FPGA virtualization in typical cloud computing deployment

A new type of physical attack on multi-tenant FPGAs has emerged with regards to which an attacker with malevolent intent
might compromise the integrity of other clients sharing the same hardware. These attacks exploit the common physical
infrastructure that is available and typical of cloud systems, as well as the characteristics of FPGA design. Moreover, it has
been prototyped that in multi-tenant FPGA systems, the threats are not only these physical attacks. This, among many other
privacy and security issues such as side-channel attacks, data privacy, and protection of intellectual property remain
unsolved (Adeniyi et al. 2022). The interaction of the cloud infrastructure, multi-tenancy concepts, and FPGAS creates a
difficult security problem that requires more investigation and individual thinking. Future research directions include
developing robust isolation procedures, protection schemes for partial reconfiguration, and FPGA acceleration
methodologies and tools that guarantee safety and security. Solving these concerns remains mandatory in order to guarantee
the protection and dissemination of FPGAs in multi-tenant configurations, as they remain trendy in cloud computing.

METHODS

Threat Modeling and Risk Assessment

Threat modeling and risk assessment can be defined as a formal procedure of identifying potential security weaknesses, as
well as privacy violations of a system. Scoping involves such facets as identification of the data traffic patterns, the
structure of the given system, and likely penetrations (Zeitouni et al. 2020). The threats are classified in the usual ways with
help from such methods as STRIDE and DREAD.

Some of the activities in the process include; identification of assets and systems, data flow diagrams, risks, their likelihood

and impact, and risk classification based on its level of severity. From this perspective, businesses preemptively map
potential security threats in their processes in order to avoid their exploitation.
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Security and Privacy Techniques

Security and privacy methods are feasible measures implemented to reduce threats and protect information, computers, and
users’ privacy. These are data minimization measures, coding taking into consideration non-vulnerability, network
separation, identification of intrusions and prevention of the same, authorization, anonymization and pseudonymization of
identity, encryption and updating and modification of security proceedings (Turhan et al. 2021). All these methods address
different aspects of security and privacy and therefore when they are put together they form a compounding protection
model. Precisely the threats that are identified during the process of threat modeling will decide which of these strategies
should be employed and how.

Evaluation and Validation

Evaluation and validation also involve the testing and confirmation of the effectiveness of the implemented security and or
privacy controls. This stage ensures that the system achieves the security objectives and complies with all the legal
requirements. Some of the common key activities are penetration testing where mock attacks are conducted, the code
reviews where automated tools scan through source code looking for weaknesses, vulnerability scanning, Privacy impact
assessment, compliance with regulation such as GDPR or HIPAA, incident response testing, User acceptance testing and
continuous monitoring (Zhao et al. 2021). External security evaluations could also be performed to get a third party
endorsement. This stage is crucial to ensure that the general security status and other potential risks are checked and
identified.

RESULT

Threat Identification and Risk Analysis Outcomes

While doing the threat modeling and risk assessment that realized that there are several major flaws in the system. Some of
these high-risk issues include; the vulnerability to potential SQL injection attacks against the user registration database,
lack of proper encryption of the customer’s sensitive information as they pass through the network, and possible
unauthorized access to the administrative services due to weak authentication measures (Mamidi, 2024). As expected the
study also showed that data leakage through insecure APIs and denials of service attacks are moderately probable.
Scenarios involving social engineering targeting the employees are also ranked as the lower-priority problems. The
effectiveness of the privacy and security arrangements

Effectiveness of Security and Privacy Techniques

The use of the suggested privacy and security measures caused rather positive effects. Some of the major risks like
availability of unwanted users have been eliminated by the use of encryption while data transfer and Storage (Simi¢ et al.
2024). This was followed by an implementation of multi-factor authentication that reduced successful phishing to an extent,
improving user account security by 70 %. There has been a 30% reduction due to data minimization with the volumes of
sensitive data that are stored as an indication of possible reduced exposure. As a result of careful implementation of the
network segmentation, the threats of the breach of important systems has been minimized due to better isolation. But there
are still certain difficulties.

Evaluation and Validation Findings

The assessment and authorization processes reveal that the security architecture is good in some areas and requires
improvement in others. The first layer of protection, the firewall in the organization, was supposedly impenetrable when
exposed to the pen testers, although the later noted a significant vulnerability on the part of the customer care portal section
in the organization. Recent implementation of code review in the web application pointed to a probable few XSS injections
that were then rectified (Neto et al. 2022). Although passing compliance tests helped confirm that were in compliance with
GDPR regulations, they also highlighted that the data retention rules need to be changed. The study of security aspects
showed positive outcomes for the majority of the measures, but some of them were perceived as creating additional
problems when conducting the user acceptance testing, notably in the process of password reset.

DISCUSSION

The security assessment has proved to be useful in providing us prior information on the strengths as well as the
weaknesses of the system. It is seen that the threat identification procedure highlighted important areas of concern: data
security and access control. Thus, these results show how important it emphasizes the necessity of further maintaining an
active approach to security. As for the current security and privacy measures, especially in AES and authentication
schemes, it is relatively stronger and advancing But, the protection awareness among the masses is still a bottleneck and the
integration of the privacy functions is relatively weaker which means that, Information security education needs to be
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further enhanced and applied with better security integration (Waseem et al. 2024). In the validation and assessment stage,
it was possible to determine the aspect that needs further development and the accomplishment of the company. It is all
well and good to know that the firewall is immensely efficient, but ongoing system wide security scans are still required, as
demonstrated by the critical flaws identified in other aspects. In the future, proper addressing of the high-risk vulnerabilities
discovered, better and faster ways of handling incidents, and enhancements of security solutions, which can be easily
integrated with current interfaces should be the major goals (El-Kassabi et al. 2023). Also, updating of security plans will
be required because of the dynamism of security threats which will require the fixing of the proper security measures in
ensuring security of the systems and users’ data.

Future Directions

It will focus on applying the Al-based threat identification tools and techniques for preventing risks, which will enhance the
security protection. To enhance NT-ACC across the network, zero-trust architecture will be studied. Investments to future
technological tests should be made through funding for the cryptology research on quantum. To tackle the human factor in
cyber security, it develops a systematic security education program. Security will follow the DevSecOps approach meaning
that it will be included from the design phase up to implementation phase (Anderson, 2023). Thorough improvement of
response to those occurrences through the application of automated tools and practice exercises is also considered of high
importance. Last but not the least, With regards to new threats and ideas, it aims to partner with universities and
cybersecurity firms. These initiatives will thus form the foundation of the security strategy as the latter evolves.

CONCLUSION

The detailed security assessment has given a new added knowledge that has helped to determine the positive and the
negative issues facing the system. When threat modeling to key risks were identified especially with relation to access
control and data protection. Measures that have been taken in the security aspect have shown an improvement although the
improvements are well illustrated in the general areas of authentication and encryption. Thus, the use of privacy features
remains a challenge even among the sites’ visitors. This was evident when using the evaluation and validation process
which pointed to factors that were well done and those that required more attention as well as further assessment. The most
important ones should be to address critical vulnerabilities, improve the time taken to respond to security incidents and
enhance the appealing security features in the future. Future security enhancements will require the application of QR, ZT,
and Al as the fundamental building blocks of security enhancements. Finally, maintaining the high-grade activity and
constant readiness for new threats is the key to success in the context of cybersecurity.
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