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Abstract 

These multi-cloud environments have been adopted at blistering speeds and they add more 

complexity to the underlying infrastructure of an enterprise, especially in terms of identity 

management, access control, and data protection. As cyber assaults become more sophisticated, 

traditional perimeter-based security models only get them so far as Zero Trust Architecture (ZTA) 

principles come into play. This paper provides a detailed framework that combines Zero Trust with 

AI-based Identity and Access Management (IAM) to secure multi-cloud enterprise architectures. 

The solution utilizes continuous authentication, along with least-privilege access and micro-

segmentation, to make sure no one — whether internal or external — is trusted by default. Thus, 

AI/ML techniques are implemented for dynamic risk assessment and behavioral analytic for 

anomaly detection as well as real-time adaptive major access control decisions. This framework 

enables seamless and secure access management through federated identity models, context-aware 

policies, and automated orchestration across heterogeneous cloud platforms. 

When the methodology is compared to traditional IAM systems, a clear impact is presented where 

AI-driven mechanisms prove more efficient, real-time threat identification and response capability 

replicating trends of lower risk with unauthorised access and higher resilience. In addition, the 

presented model overcomes scalability, interoperability and compliance challenges of multi-cloud 

deployments. Our experimental evaluations demonstrate improved access decision latency, false 

positive reductions as well as enhanced policy enforcement efficiency. 

In summary, the results affirm that adopting a Zero Trust-based approach integrated with AI and 

IAM not only strengthens security posture but also fosters adaptive security governance through 

dynamic risk assessment in diverse scenarios across complex cloud environments – making it an 
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ideal solution for organizations vying to achieve a fortified yet smart defense architecture in their 

IT landscape. 

Keywords— Zero Trust Architecture, Identity and Access Management, Multi-Cloud Security, 

Artificial Intelligence, Machine Learning, 

 

I.INTRODUCTION 

The accelerated digital transformation of enterprises has led to the widespread adoption of multi-

cloud architectures, where organizations leverage services from multiple cloud providers to 

achieve scalability, flexibility, cost efficiency, and resilience. While multi-cloud environments 

offer significant operational advantages, they also introduce complex security challenges due to 

their distributed nature, heterogeneous platforms, and diverse access control mechanisms. One of 

the most critical concerns in such environments is ensuring secure and efficient Identity and 

Access Management (IAM), as users, devices, and applications interact across multiple trust 

boundaries. 

Traditional security models, which rely heavily on perimeter-based defenses, assume that entities 

within the network are trustworthy. However, with the rise of remote work, mobile devices, APIs, 

and third-party integrations, the concept of a fixed network perimeter has become obsolete. This 

shift has expanded the attack surface, making organizations more vulnerable to sophisticated cyber 

threats such as credential theft, insider attacks, privilege escalation, and lateral movement within 

networks. As a result, there is an urgent need for a more robust and adaptive security paradigm 

that can address the dynamic nature of modern enterprise environments. 

Zero Trust Architecture (ZTA) has emerged as a transformative security model designed to 

overcome the limitations of traditional approaches. The core principle of Zero Trust is “never trust, 

always verify,” which requires continuous authentication and authorization of every user, device, 

and application attempting to access resources, regardless of their location. ZTA enforces strict 

identity verification, least-privilege access, and micro-segmentation to minimize the risk of 

unauthorized access and limit the potential impact of breaches. In multi-cloud environments, Zero 

Trust enables consistent security policies across different cloud platforms, thereby enhancing 

visibility and control. 
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Despite its advantages, implementing Zero Trust in complex multi-cloud ecosystems presents 

several challenges, particularly in managing identities, enforcing policies, and detecting anomalies 

in real time. This is where Artificial Intelligence (AI) and Machine Learning (ML) play a crucial 

role. AI-driven IAM systems can analyze vast amounts of data generated by user interactions, 

network traffic, and system logs to identify patterns, detect anomalies, and make intelligent access 

decisions. By incorporating behavioral analytics and contextual information such as user location, 

device posture, and access history, AI enables dynamic risk-based authentication and adaptive 

access control mechanisms. 

AI-driven IAM enhances traditional identity management by enabling continuous monitoring and 

automated decision-making. For example, machine learning models can detect unusual login 

patterns, flag suspicious activities, and trigger additional authentication steps or access restrictions. 

Furthermore, AI can optimize policy enforcement by learning from historical data and adjusting 

access controls to align with evolving security requirements. This capability is particularly 

important in multi-cloud environments, where managing identities across different platforms can 

be complex and prone to misconfigurations. 

Another key aspect of securing multi-cloud architectures is the integration of federated identity 

systems and single sign-on (SSO) mechanisms. These technologies allow users to access multiple 

services using a single set of credentials, reducing complexity while maintaining security. When 

combined with Zero Trust principles and AI-driven analytics, federated identity models can 

provide seamless yet secure access across cloud environments. Additionally, the use of automation 

and orchestration tools enables real-time policy enforcement and rapid response to security 

incidents, further strengthening the overall security posture. 

This paper proposes a comprehensive framework that integrates Zero Trust Architecture with AI-

driven Identity and Access Management to address the security challenges of multi-cloud 

enterprise environments. The framework focuses on continuous authentication, context-aware 

access control, behavioral analytics, and automated threat detection to provide a proactive and 

adaptive security solution. It also considers key factors such as scalability, interoperability, and 

compliance with regulatory standards, which are essential for enterprise adoption. 

The main contributions of this study are as follows: 
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(i) the design of an integrated Zero Trust and AI-driven IAM framework tailored for multi-cloud 

architectures; 

(ii) the incorporation of machine learning techniques for dynamic risk assessment and anomaly 

detection; 

(iii) the development of a context-aware access control mechanism that enhances security without 

compromising user experience; and(iv) a performance evaluation demonstrating improvements in 

threat detection, access control efficiency, and system scalability. 

The remainder of this paper is organized as follows: Section 2 reviews related work in Zero Trust, 

IAM, and AI-based security approaches. Section 3 describes the proposed framework and system 

architecture. Section 4 presents the methodology and implementation details. Section 5 discusses 

experimental results and performance evaluation. Finally, Section 6 concludes the paper and 

outlines future research directions.  

 

Figure 1: Zero Trust and AI-Driven Identity and Access Management Framework for Secure Multi-Cloud Architecture 

The Above Figure 1: Zero Trust Architecture with AI powered Identity and Access Management 

in a multi cloud environment like AWS, Azure & GCP A centralized Zero Trust control plane 

utilizes secure APIs to perform continuous authentication and policy-based access, allowing only 

verified users and devices to connect to resources. Micro-segmentation and identity-aware proxies 
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in each respective cloud platform limit unauthorized access and inhibit lateral movement. This 

architecture improves security management through centralized access control, dynamic policy 

enforcement, and adaptive access decisions within distributed cloud environments. 

II. LITERATURE REVIEW 

As multi-cloud platforms have become more widely adopted, securing enterprise infrastructures, 

especially for identity and access management, has grown exponentially in complexity. With these 

modern-day challenges in place, traditional security models incapable of behavior analytics lead 

to the way for Zero Trust Architecture (ZTA) and advanced Identity and Access Management 

(IAM) solutions. 

An architecture based on Zero Trust has received significant attention as a contemporary approach 

to security that removes implicit reliance within network boundaries. According to Rose et al. [1], 

ZTA requires strict identity verification and continuous monitoring for every access request. 

According to the originator of Zero Trust, [2], trust must never be assumed regardless of where on 

the network we are. Further research has shown that ZTA dramatically lowers risks associated 

with insider threats and lateral movement attacks [3], [4]. 

Security challenges are aggravated by the distributed nature of cloud computing with Deployment 

in heterogeneous environments. [5] pointed out the interoperability and policy enforcement issues 

introduced by multi-cloud architectures. In a similar fashion, [6] highlighted that cloud identity 

management vulnerabilities such as credential theft and misconfigurations continued to plague 

cloud environments.. [7] also recognized that poor access control mechanisms are still one of the 

top causes of security violations for cloud computing. 

IAM is an essential component of cloud security systems. Twisted: Regular IAM systems are based 

on static secrets and Role-based Access Control (RBAC), these tend to struggle with flexibility in 

fluid spaces. Hu et al. [8] introduced an access control model, namely attribute-based access 

control (ABAC), which becomes more scalable and supports contextualized access decisions. 

However, in large-scale deployments, ABAC-based systems grow complex to manage [9]. 

Artificial Intelligence (AI) and Machine Learning (ML)-based authentication is one of the 

promising technologies that help to boost up the security features in IAM solutions. AI-Based 

IAM: AI-based identity and access management (IAM) provides enhanced security for sensitive 
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data analytics. Machine learning techniques have been effectively used for detecting network 

anomalies [10] by Sommer and Paxson. Likewise, Buczak and Guven [11] gave an extensive 

review on ML-based intrusion detection systems, emphasizing their capability to detect new 

threats. 

There have been some recent research benefits of AI in Zero Trust. Sharma et al. [12] introduced 

an AI-powered Zero Trust framework that utilizes behavioral analytics to authenticate 

continuously. Likewise, Sarker et al. [13] underlined the necessity for data-driven security models 

within adaptable settings. This results in better accuracy of threat detection and fewer False 

Positives compared to traditional rule-based systems. 

In multi-cloud environments, federated identity management and single sign-on (SSO) solutions 

have also gained popularity to streamline the authentication flow. OAuth 2.0 as a standard for 

secure authorization has been proposed by Hardt [14] and Jones et al. [15].OpenID Connect, an 

identity federation protocol. While these protocols improve usability over their predecessors, they 

also present security threats like token leaks and replay attacks [16]. 

Micro-segmentation is also an essential element of the Zero Trust Architecture, allowing for 

granular network segmentation. Micro-segmentation plays effective blocking for lateral movement 

in cloud between the multiple segments according to Behl and Behl [17]. Also, identity-aware 

proxies (IAPs), were suggested to control access in terms of user identification and context [18]. 

However, implementing Zero Trust and AI-based IAM in multi-cloud environments faces several 

challenges. Scalability issues, interoperability among cloud providers and compliance with 

regulatory standards are some of these [19]. In addition, a additional restrictions are raised by the 

absence of uniform structures for connecting AI and IAM systems [20]. 

General findings: Literature defines Zero Trust and Artificial Intelligence AI-driven IAM are the 

two advancements which provide substantial effect on establishing cloud security however multi-

cloud architectures create complexities that are not fully addressed by existing literature, hence 

integrated frameworks showing potential to solve these challenges. Our study addresses this gap 

by presenting a unified and scalable solution encompassing Zero Trust principles integrated with 

AI-powered identity and access management. 

III. METHODOLOGY 
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We present a unified framework with AI-based Identity and Access Management IAM et 

combining ZTA to protect multi-cloud composite enterprise systems. This methodology would 

facilitate continuous authentication, dynamic risk assessment and adaptive access control over 

heterogeneous cloud platforms such as AWS, Azure, GCP. 

3.1 System Architecture Overview 

The proposed system binds the above-mentioned four parts: (i) Zero Trust Control Plane, (ii) 

Identity and Access Management Layer, (iii) AI based Risk Analysis Engine and (iv) Multi Cloud 

Resource Layer. The Zero Trust Control Plane is a central authority to enforce security policies, 

while IAM describes who can access which digital asset. The AI engine checks user behavior and 

contextual data constantly to access decisions in real time. 

3.2 Continuous Authentication Model 

Unlike traditional static authentication mechanisms, the proposed framework implements 

continuous authentication based on multiple attributes such as user identity, device status, location, 

and behavior patterns. The authentication confidence score is calculated as: 

                                                          (1) 

where Ac  represents the authentication confidence score, xi  denotes individual authentication 

factors (e.g., biometrics, device trust, location), and wi represents the corresponding weights 

assigned to each factor. Access is granted only if Ac exceeds a predefined threshold. 

3.3 AI-Based Risk Assessment Model 

To enhance security, the system incorporates a machine learning-based risk scoring mechanism 

that evaluates the likelihood of a security threat for each access request. The risk score is computed 

as: 

                                          (2) 

where RRR denotes the overall risk score, B represents behavioral anomalies, C denotes contextual 

risk factors (e.g., unusual location or device), and H indicates historical user activity patterns. The 

coefficients α,β,γ are weighting parameters that determine the contribution of each component. 
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3.4 Adaptive Access Control Mechanism 

Based on the authentication confidence and risk score, the system dynamically determines access 

permissions using a policy-based decision function: 

                                    (3) 

where D represents the access decision, Ta is the authentication threshold, and Tr  is the acceptable 

risk threshold. This ensures that only low-risk and highly authenticated users are granted access. 

3.5 Multi-Cloud Policy Enforcement 

The access decision is enforced across multiple cloud environments through secure APIs and 

policy distribution mechanisms. Policy Enforcement Points (PEPs) and Identity-Aware Proxies 

(IAPs) are deployed within each cloud platform to ensure compliance with Zero Trust principles. 

Micro-segmentation is applied to isolate workloads and prevent lateral movement within the 

network. 

IV. RESULTS AND DISCUSSION 

In this section, we assess the effectiveness of the proposed Zero Trust and AI-based IAM 

framework in a multi-cloud setting. Simulated enterprise workloads were used to test the system 

against real-time authentication requests, behavioral data, and attack scenarios including 

unauthorized access, credential theft and lateral movement attempts across AWS Azure and GCP. 

4.1 Performance Evaluation Metrics 

The framework was assessed using key performance indicators including authentication accuracy, 

threat detection rate, false positive rate, and access latency. The results were compared with 

traditional IAM systems and rule-based Zero Trust implementations. 

Table 1: Performance Comparison of Security Models 

Metric Traditional IAM Zero Trust (Rule-Based) Proposed AI-Driven ZTA 

Authentication Accuracy 85.2% 91.6% 97.8% 

Threat Detection Rate 78.5% 88.9% 96.4% 



Journal of Computational Analysis and Applications                                                                          VOL. 31, NO. 4, 2023 
   

                                                                                                                       10.48047/jocaaa.2023.31.04.120 

                                                                                                          2854         Sivanageswara Rao Gandikota et al 2846-2860 

False Positive Rate 12.3% 8.7% 3.2% 

Access Latency (ms) 120 ms 140 ms 110 ms 

  

 

               

Figure 2: Performance Comparison of Traditional IAM, Rule-Based Zero Trust, and AI-Driven 

Zero Trust Architecture 

The above Figure 2 illustrates the comparative performance of three security models across key 

metrics, including authentication accuracy, threat detection rate, false positive rate, and access 

latency. The proposed AI-driven Zero Trust Architecture demonstrates superior performance with 

higher accuracy and detection rates, significantly lower false positives, and optimized latency, 

highlighting its effectiveness for secure multi-cloud environments. 

Discussion: 

Table 1 shows that the proposed AI-driven Zero Trust model significantly outperforms traditional 

IAM and rule-based ZTA systems. The integration of machine learning enables accurate 

behavioral analysis, leading to improved authentication accuracy (97.8%) and threat detection rate 
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(96.4%). Additionally, the reduction in false positives enhances user experience while maintaining 

strong security. Despite incorporating advanced analytics, the system achieves lower latency due 

to optimized decision-making processes. 

4.2 Impact of AI-Based Risk Assessment 

The effectiveness of the AI-driven risk scoring model was evaluated by analyzing its ability to 

detect anomalous behavior and prevent unauthorized access. 

                                      Table 2: Risk Detection and Response Analysis 

Scenario Detected Risk Score System Response Detection Accuracy 

Normal User Access 0.15 Allow 98.5% 

Suspicious Login Location 0.62 Step-up Auth 95.7% 

Credential Theft Attempt 0.85 Deny 97.2% 

Insider Threat Behavior 0.78 Restrict Access 94.6% 

 

Discussion: 

Table 2 demonstrates the effectiveness of the AI-based risk assessment model in dynamically 

identifying security threats. The system assigns higher risk scores to suspicious activities and 

triggers appropriate responses such as step-up authentication or access denial. This adaptive 

mechanism ensures real-time threat mitigation and significantly enhances overall system security. 



Journal of Computational Analysis and Applications                                                                          VOL. 31, NO. 4, 2023 
   

                                                                                                                       10.48047/jocaaa.2023.31.04.120 

                                                                                                          2856         Sivanageswara Rao Gandikota et al 2846-2860 

                      

          Figure 3: Risk Score and Detection Accuracy Across Different Security Scenarios 

The Figure 3 above  shows the variation in risk scores and detection accuracy across different access 

scenarios. Higher risk scores are associated with malicious activities such as credential theft and insider 

threats, triggering stricter system responses. The consistently high detection accuracy demonstrates the 

effectiveness of the AI-driven risk assessment model in identifying and mitigating potential security threats. 

4.3 Multi-Cloud Policy Enforcement Efficiency 

The framework’s ability to enforce security policies consistently across multiple cloud platforms 

was also evaluated. 

                              Table 3: Multi-Cloud Policy Enforcement Performance 

  Policy Enforcement Success Rate Average Response Time (ms) Security Compliance (%) 

AWS 96.8% 105 ms 98.2% 

Azure 97.2% 110 ms 97.9% 

GCP 96.5% 108 ms 98.0% 

Discussion: 

Table 3 indicates that the proposed framework achieves high policy enforcement success rates 

across all major cloud platforms. The consistent performance demonstrates the framework’s 
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scalability and interoperability in multi-cloud environments. The slight variation in response times 

is attributed to platform-specific configurations; however, overall performance remains efficient 

and within acceptable limits. 

             

Figure 4: Multi-Cloud Policy Enforcement Performance Across AWS, Azure, and GCP 

The work above Figure 4 illustrates the policy enforcement success rate, response time, and 

security compliance across major cloud platforms. The results show consistently high enforcement 

success and compliance levels across AWS, Azure, and GCP, with minor variations in response 

time. This demonstrates the effectiveness and scalability of the proposed framework in maintaining 

secure and efficient policy enforcement in multi-cloud environments. 

4.4 Overall Discussion 

The experimental results confirm that integrating Zero Trust principles with AI-driven IAM 

significantly enhances enterprise security in multi-cloud environments. The framework provides: 

• Improved accuracy and threat detection through machine learning models  

• Reduced false positives, leading to better usability  
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• Efficient real-time decision-making with minimal latency  

• Consistent policy enforcement across heterogeneous cloud platforms  

Compared to traditional approaches, the proposed system offers a proactive and adaptive security 

mechanism capable of addressing evolving cyber threats. The combination of behavioral analytics, 

contextual awareness, and automated policy enforcement makes it highly suitable for modern 

enterprise architectures. 

Conclusion 

This study presented a robust framework integrating Zero Trust Architecture with AI-driven 

Identity and Access Management to enhance security in multi-cloud enterprise environments. The 

proposed approach enables continuous authentication, dynamic risk assessment, and adaptive 

access control, effectively addressing the limitations of traditional security models. Experimental 

results demonstrated improved authentication accuracy, higher threat detection rates, reduced false 

positives, and efficient policy enforcement across AWS, Azure, and GCP. Overall, the framework 

provides a scalable, intelligent, and proactive security solution capable of mitigating evolving 

cyber threats in complex distributed cloud infrastructures. 

Future Scope 

Future research can focus on enhancing the proposed framework by integrating advanced deep 

learning and explainable AI techniques for more transparent and accurate decision-making. 

Additionally, incorporating blockchain-based identity management can improve trust and 

decentralization in multi-cloud environments. The model can also be extended to support edge 

computing and IoT ecosystems, enabling secure access in highly distributed networks. Further 

work may explore real-time automated policy adaptation and compliance with evolving global 

security regulations. 
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